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1.1

INTRODUCTION

This unit has been designed to introduce you to scientific apparatus with which
you will be involved in laboratory work. This unit can be divided into two
parts: The first part deals with identification, use and basic maintenance of
common pieces of laboratory apparatus and equipments. The second part helps
you to apply this knowledge by dealing with selection and setting up of
apparatus for common kinds of experiments.
Since cleaning and maintenance are dealt with at some length in Unit 3, this
unit simply outlines the basic maintenance techniques required for you to use
the apparatus straight away, in a professional manner and without causing any
damage.

Objectives
After studying this unit, you should be able to:
identify and name common pieces of apparatus,
select the most appropriate apparatus for a given experiment and give
reasons for the choice,
state why glass is such a useful material in the laboratory and how to
clean and care for specific items,
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state and demonstrate how to use common pieces of apparatus safely
and correctly,
explain how to support apparatus correctly,
select the apparatus needed for a simple distillation and state how it
should be assembled,
describe the working of centrifuge,

and Equipments

1.2

IDENTIFICATION OF APPARATUS

The first stage in identification of apparatus is to make sure that you call pieces
of apparatus by the same (correct) name as everyone else involved in scientific
work. Given below is a list of common laboratory apparatus. We strongly
advise you to read through this list as there will be all kinds of tit-bits of
information provided that you'll need to know. Diagrams of the apparatus are
given in Appendix I.

Absorption tower - This is used to dry gases when a solid drying
agent is being used.
Aspirator - Plastic ones are probably more useful than glass, but the
plastic taps can leak. Beware of this if you are keeping corrosive
substances in them. When draining a liquid from an aspirator, through
the tap, you will need to loosen the caplstopper.
Beaker - What would laboratory life be like without beakers? Of
course, beakers that you provide for use should be sound. Discard any
that are chipped (unless you can flame-polish the chip) and, most
certainly, any that are cracked.
Beehive shelf - This is used to support a gas jar when a gas is being
collected over water.
Bell jars - The open type needs a ground - glass stopper which should
be lightly greased.
Boiling tube
Bosshead - This diagram is actually the wrong way round, for correct
use. It is mechanically more stable if the bosshead is screwed to the
retort rod with the gap away from you so that the clamp rests on top of
the other jaw.
Buchner funnel - This is used, mainly in organic chemistry, for
collecting precipitates and filtering under reduced pressure. It is used
with a small filter paper. Sintered glass Buchner funnels of different
porosities are also available.
Bunsen burner - Bunsen burner is the most common means of heating
in the lab Bunsen burners should be checked for serviceability at least
once a year. The following is a recommended maintenance checklist.
(a)
(b)
(c)

(d)

Unscrew the chimney and ensyre that the hole is clear.
A smudge of petroleum jelly' aroufid the thread will ensure that
the chimney can be refitted easily.
Make sure that the collar W s easily. To overcome some
peoples' tendency to remove the rubber tubing to use for other
purposes, you might like to wire the tubing onto the burner's
gas inlet tube.
Check the rubber tubing for splits, etc. frequently and replace it
if it is showing signs of wear. Plastic tubing should not be used

as it can easily be melted or softened and distorted when the
Bunsen burners are put away.
Bunsen burners are available both for use with natural (mains) gas and
with bottled gases. Do not mix up the different types of burners, as they
are not interchangeable. (Bunsen burners for use with bottled gases,
have larger holes at the base of the chimney for tile gas to pass
through.)

Bunsen screw or Hofmann clip - This is called to adjust the flow rate
of a liquid, usually water, through a piece of flexible tubing.
Burette - A burette is a glass tube fitted to a tap. This is discussed in
more detail in Unit 2.
Burette stands - This can also be used as a funnel stand.
Ceramic gauze - These used to contain asbestos, in place of the
ceramic, but any asbestos gauze should have been discarded long ago.
The gauze's purpose is to diffuse the heat provided by a Bunsen burner
so that the vessel being heated does not suffer from thermal shock. If
the ceramic is missing from parts of the mesh in the center of the gauze,
the gauze should be discarded. Stainless steel gauze without the
ceramic center can also be used.
Combustion boat - This is used to hold a powder, which is then
heated, in a stream of gas in a combustion tube. Combustion boats are
made of silica or porcelain.
Conical beakers - These are often used in gravimetric analysis or in
the preparation of compounds in chemistry.
Conical flask - This belongs alongside the beaker and the test-tube as
a comer stone of practical science.
Cork borers - It is used to bore a smooth hole of desired size in a cork.
Cork borer sharpener
Crucible and lid - Crucibles are used for heating a dry substance
strongly and they are usually made of porcelain. As a result of the high
temperatures at which they are used, crucibles are liable to break and
may be difficult to clean. You should always check for hairline cracks
before use. The easiest way to do this is to turn the crucible upside
down on a wooden bench; lift one side about 5 mrn above the bench
and let it drop back. A "flat" sound indicates a crack - which may be
too fine to see but which would cause the crucible to shatter when
heated.
Crucibles and lids can also be made of silica, nickel and platinum.

Crucible tongs
Deflagrating spoon -This is used to support substances that are to
react with gases contained in gas jars.
Desiccators Desiccators are used to remove the last traces of moisture
from apparatus or substances and to keep them dry. Placing them on the
wire rack over a desiccant -a substance that readily absorbs water,
dries objects. The most common desiccant is ankjdrous calcium
chloride but others are also used. The ground-glass rims of the lid and
the base should be lightly greased and the lid slide about to spread the
grease to give an airtight seal. When placing something hot in a
desiccator, beware of pressure building up inside because it can'blow
the lid off (and onto the floor)! Either leave the lid ajar or open the tap

-
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until the object has cooled. When removing the lid, SLIDE it across the
base. Do not try to lift it off - many back injuries have been caused in
this way.
Distillation flask -Its name tells its use. It is often used with
condenser (item 36).
Drechsel bottle - Note the spelling. This is used to wash or dry gases
and as a device to prevent suck back.
Dropping funnel - This is used for adding a liquid to a reaction
mixture.
Evaporating basin - These are available in glass or porcelain.
Porcelain basins are liable to crack when heated strongly, like
crucibles, and they should be checked for integrity before use, in the
same way as crucibles.
Filter flask -The side arm is connected to a vacuum pump or a filter
pump. It is often used in conjunction with Buchner funnel (item 8). If it
has a ground glass neck, it is known as a Buchner flask (but its purpose
is the same).
Filter pumps - This type of pump is attached to a cold water tap,
which when turned on, creates a partial vacuum. Always ensure that the
broader end of the pump is connected to the water supply.
Flat-bottomed flask - This type of flask should not be heated or
subjected to pressure changes as the glass is under stress around the flat
bottom.
Funnel - This is used for ordinary filtration by gravity, in conjunction
with a filter paper.
Gas jar.
Gooch crucible -These are used in gravimetric chemical analysis for
the collection and drying of inorganic products. The sintered glass discs
are available in a range of porosities - the higher the number, the
smaller the pore size, the finer the particle that can be retained and the
slower the filtration.
Hand lens - This is best used by holding it close to the eye. The object
being examined is then brought up to the lens and hence into focus.
Hydrometer - This is used to measure the relative density of a liquid.
Lab jack - This is much better than a pile of books, or even a brick or
two, to support apparatus. It has a hole drilled in one comer so that a
retort rod can be fitted.
Liebig condenser - Note the spelling. When using this condenser,
water is fed into the outer jacket via the connection near the
condenser's outlet. Wastewater then drains out via the connection near
the distillation flask.
McCartney bottle - These are used for cultures in microbiology.
When in storage, make sure that the tops are loose so that the rubber
lining of the cap does not stick to the top of the bottle.
Measuring cylinder - It is used to measure the volume of the liquid.
We will discuss these in more detail in Unit 2.
Mohr clip - This is used to clamp rubber tubing either shut or open.
There is no "in-between" position with this clip.
Pestle and mortar - The container is the mortar. When they are used,
the pestle should be grasped firmly by the handle and moved in a
circular, grinding motion in the mortar.

Petri dish - This is also used for cultures in microbiology. Glass Petri
dishes can be re-used but the disposable plastic ones should not be reused, as they cannot be adequately sterilized.
Pipeclay triangle - This is used to support a crucible over a Bunsen
flame. The white pipeclay is fairly fragile and breaks quite easily after
being heated but the broken pieces, when CLEAN, are useful as a
source of porous pot - used to prevent "bumping" in boiling liquids.
Iron wire triangles covered with tubes of ceramic are also available.
These last longer than pipeclay triangles.
Pipette - Pipettes are designed to transfer non-quantity of liquid from
one container to other. These are also discussed in more detail in
lJnit 2.
Pipette fillers - When filling pipettes, you should always use pipette
filler.
Pneumatic trough.
Retort - This is one of the classic pieces of lab apparatus. Its main use
is for the preparation of nitric acid because this must not come into
contact with rubber or plastic.
Retort clamp - This should be used so that it is screwed up from the
top or from the right.
Retort ring - The large ones can be used to support wire gauze under a
vessel, instead of using a tripod stand, and they can often be used to
support separating funnels. The small rings are used as gravity funnel
stands.
Retort stand - This is used in conjunction with Boss Read, Retort
clamp and Retort ring (item 7,47 and 48).
Round-bottomed flask - This type of flask should be used whenever
it, or its contents, are exposed to strong heat or variations in pressure
from atmospheric pressure.
Separating funnel - This is used to extract a substance from a solution
by mixing the solution with an organic solvent in which the substance
is more soluble. When using a separating funnel, hold it firmly in both
hands, with one hand over the stopper and shake well. At intervals, turn
the funnel upside down and open the tap to let any build-up of vapour
escape. When running off the lower layer, remove the stopper first.
Spatulas - These should be made of nickel or stainless steel. Plastic
spoons are not satisfactory as several chemicals attack them.
Spotting or dimple tile - These are often used in biology experiments
to follow the course of a reaction by removing drops of the reaction
mixture at intervals, adding them to a reagent already present in the
dimples and noting any colour change.
Swann Morton scalpels - (a) handles and (b) blades.
Syringe - This can be used for measuring small volumes fairly
accurately and quickly. However, it is not accurate enough to use for
volumetric analysis.
Test tubes - Test tubes with a diameter of 16 rnm are often preferred
because a thumb fits over the end quite easily! Never boil a liquid in a
test-tube. Instead, use boiling tube (item 6).
Test-tube holder - (a) is a stainless steel wire clamp type - also known
as a Nuffield test-tube holder (b) is a wooden test-tube holder. This
type should be checked regularly as the jaws quickly char and break
easily.
Test-tube rack - Wooden racks last longer if given two coats of clear
varnish when new. Loose pegs can be re-stuck with good wood glue.
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Thermometer
Thistle funnel
Tripod stand -This should always be handled by the lower part of the
legs so that you do not risk burning your fingers.
Volumetric flask - A volumetric flask is used to prepare a definite
volume of a solution of precisely known concentration.
Wash bottle -This usually contains pure water. If you ever fill a wash
bottle with anything apart from distilled water make sure that it is
clearly labelled - all around the bottle - and kept apart form those
containing water.
Watch glass -This term usually refers to the smaller glasses. Those
with diameters in the region of 100 mm are sometimes known as clock
glasses.
Winchester carriers -The enclosed type should be used, with its lid,
for carrying bottles of corrosive or hazardous liquids.
Winchester quart - This holds approximately 2.5 dm3 or half-agallon. It is so called because standard measures were formerly
deposited at Winchester (in the days before Imperial measures).
In the next section, we will go on to consider different pieces of apparatus for
heating.

1.3

APPARATUS FOR HEATING
-

-

-

The following apparatus methods are commonly used for heating in laboratory:

1.3.1

Bunsen Burner

There are several ways in which heat can be produced in general science lab.
Bunsen burner (Fig.l.1) is the most common means of heating in the lab. A
Bunsen flame is the hottest when the air hole is fully open - it can reach
temperatures in the order of 1000 "C. Don't use the Bunsen burner with the air
hole closed - unless you want everything covered with soot!
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Fig: 1.1: Bunsen burner.

While Bonsen burners are useful for general heating purposes, they should not
be used near flammable liquids. Instead you can use some of the apparatus
listed in the following sections.

1.3.2

Air Bath

This is essentially a small oven and you can easily improvise, using a suitable
tin and two heat resistant sheets to form a lid (Fig. 1.2). The oven can be
supported on a tripod and heated with a burner.

Fig.l.2: Air bath.

1.3.3

Water Bath

This is basically a container of water, which surrounds the vessel to be heated.
The container is itself heated by another means, e.g. a Bunsen burner or
electricity. A simple water bath may consist of a beaker of water or an
aluminium container covered with a set of removable rings - Fig. 1.3.

Fig.l.3: Water bath.

Electrically heated water baths may have a constant-level device fitted, which
overcomes problems due to water evaporation. This device can be used if the
water bath is to be used at a temperature that is high enough to cause
significant evaporation of the water, or if the bath is to be used for a long
period. In any case, the water inlet should be firmly wired onto a tap and the
water outlet onto the constant level device to prevent flooding the lab. Water
baths can be used to heat a reaction mixture up to 100 OC.
1.3.4

Oil Bath

This is similar to a water bath but oil is used in place of water. Liquid paraffin
can be used but this starts to char and produce fumes at about 200 OC, a silicon
fluid is suitable. The bath is heated by conventional methods.
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1.3.5

Sand Bath

In its simplest form, a sand bath consists of a tray of sand on which the vessel
to be heated rests. A Bunsen burner then heats the sand bath. The sand diffuses
the heat and distributes it evenly while providing a physical barrier between
the heat sources and the object being heated.
Sand baths are also used as a means of heating to a high temperature. It can be
used to heat an object that cannot be heated directly on a Bunsen burner. More
sophisticated sand baths have electric heating elements buried in the sand. You
need to use only the minimum quantity of sand as it can take a long time to
heat through.

1.3.6

Hot Plate

This is a metal slab with an electric heating coil in it (Fig.l.4). It can be used to
heat a water, oil or sand bath or a vessel directly if a Bunsen burner cannot be
used. It is especially useful when preparing solutions. Unfortunately, there is
no indication that a hot plate is hot after it has been used. Therefore, care is
needed and a warning notice is useful. A hot plate can be heated up to about
250 "C.

Fig.l.4: Hot plate.

1.3.7

Heating Mantle

This consists of a flexible electric heating element covered in a glass fiber yarn
(Fig.l.5). It is normally mounted in a metal container with an energy regulator

Fig.l.5: Electric heating mantle.

to provide temperature control. A mantle is flexible enough to fit snugly round
the flask being used. As it runs at a relatively low temperature, it can be used
when there is a fire risk. In spite of this, the normal, maximum working
temperature of a heating mantle is about 450 "C.

&.
1

Heating Block

13.8

This consists of an aluminium block, which has been ddled to accept test
tubes of varying sizes. The block fits into a metal case containing an electric
heater and a thermostat. It is used when a liquid heating medium is
undesirable, for drying materials, and for finding melting or boiling points. Its
maximum working temperature is likely to be 100 OC. A melting point
apparatus is a special type of dry heating block and can be used up to 360 "C in
some cases.

Immersion Heater

13.9

There are small heaters available for heating individual beakers of liquid; and
these immersion heaters may be coiled and rod-shaped. They should only be
used for heating water and great care should be taken not to submerge any part
of the heater's handle. The heating element should.be examined, before use,
for any signs of damage to the surface.

SAQ 1
If you had to heat a round-bottomed flask in a Bunsen flame, what would you
place between the Bunsen flame and the vessel being heated?

.............................................................................................
.............................................................................................
.............................................................................................

SAQ 2
What type(s) of heater would you recommend for each of the following
applications?
a)

An experiment to find the effect of saliva on starch (this needs to be kept
at body temperature - about 37 "C).

b)

An experiment to prepare a flammable liquid.

c)

An experiment to plot the cooling curves of paraffin wax, which melts at
64 "C.

d)

Finding the melting point of benzoic acid - which is thought to be
between 100 "C. and 150 OC.

e)

Distilling an aqueous solution of sodium chloride.

1.4

.......................................................................................

....................................................................................
LABORATORY GLASSWARE

You cannot have failed to notice that a lot of lab apparatus is made of glass and
we shall now spend a little time considering the implications of this. Glass is of
major importance in the lab. Can you imagine performing experiments in metal
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containers? At least they wouldn't break so easily! Carrying out an experiment
in a glass vessel allows you to see what is happening. Glass, in itself, is a
strange material. It is relatively inert, i.e. it is unlikely to react with the
contents of glass containers. Glass can withstand a certain amount of heat and
it is quite easy to clean (although you might not always agree).
In order to make the best use of our lab glassware, there are a few points to
consider. These points are given below:
i)

ii)

....
111)

iv)

1.4.1

If a glass vessel, e.g. test-tube, beaker, flask, etc. is to be heated, it must
be made of borosilicate glass. Soft glass or soda glass can be heated to
about 450 "C before softening and distorting. Borosilicate glass can be
heated to about 500 O C before it softens and distorts. However,
borosilicate glass is mechanically stronger than soda glass and can
withstand changes in temperature much better. For more detail about
glass see Unit 4 of Block 2.
Glass vessels must also be free from cracks. When a crack is heated, it
spreads and the vessel shatters.
When a vessel is heated, it should be brought up to temperature
gradually to avoid thermal shock. It is bad practice, for example, to
leave a lit Bunsen burner under gauze on a tripod stand and then stand
something like a beaker on the hot gauze. Instead the vessel should be
placed on the gauze and then the Bunsen placed underneath it,
All glassware should be clean and free from other blemishes such as
scratches and chips around the rim. These defects reduce the
mechanical strength of the surface of the glass making it susceptible to
breakage.

Jointed Glassware

Since the mid- 1960s, there has been an expanding use of glassware with
standardized ground glass joints e.g. Quickfit. This makes your job simpler
and, to a certain extent, safer as the use of ground glass joints eliminates the
use of rubber bungs and glass tubing.
There are few points to remember when using ground-glass joints. A glance at
Fig.l.6 shows that with the range of standard components, assemblies can be
built up for most of the routine lab needs.

i)

ii)

A ground-glass joint consists of a cone and a socket. Each part has a
number fired onto it, e.g. B 19/26. This number indicates that the internal
diameter of the socket (external diameter of the cone) is, in this example,
19 mrn at the widest partand the length of the joint is 26 rnm. The letter
B refers to the taper of the joint.
Each cone should be lightly greased before use with good-quality rubber
grease so that it turns easily in the socket. This ensures an airtight fit and
that you will be able to dismantle the joint after use, as well as protecting
the ground surfaces. Disposable plastic sleeves are available for use
between the ground surfaces instead of grease. There are solvents, e.g.
trichloroethane that dissolve the grease. Therefore, it is a waste of time
greasing apparatus that is to be used with such solvents.
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Fig.l.6: Jointed glassware.

iii)

Ground-glassjoints should not be used for solutions of strong alkalis,
e.g. sodium hydroxide, as the alkali will seep into the joint, possibly
causing it to fuse together.
If you are unfortunate enough to be presented with a seized joint, there are
several remedies - given below, in order of use:
(a)

(b)
(c)
(d)

(e)

(f)

Run the joint under the hot tap and try to turn the cone in the socket.
Soak the joint, inside and out, in a detergent solution overnight, at least,
or for several days.
If (b) fails, wash it and allow it to dry thdroughly, inside and out.
Heat the outside of the socket VERY CAREFULLY AND SLOWLY by
holding it over the top of a small, semi-luminous Bunsen flame. (Never
mind the soot as that will wipe off). Use a cloth to hold the joint when
you try to separate it.
If (d) fails and a muffle furnace is available that is large enough to hold
the pieces that are fused, put the joint in the muffle hmace and heat it to
500 "C. Allow it to cool slowly and it should then come apart.
If none of these steps works, you still have a choice of action. You can
either throw away the seized pieces or you can put them on one side and
periodically try any of the above processes. This has &en been known to
work!
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It is important that the ground-glass surfaces are kept clean and free from any
abrasive material, e.g. grit.
SAQ 3

Which of the following would you give as a good reason for using glass in the
lab?
It is trahsparent.
It breaks easily.
It is cheap.
It is unreactive.
It can be heated to 506 O C .
f ) It is easy to clean.

a)
b)
c)
d)
e)

SAQ 4

"It is quite in order to boil a solution in a soda-glass test-tube over a Bunsen
burner." Is this statement TRUE or FALSE? Give reason.
SAQ 5

What two steps you take before you use-? interchangeable ground glass joint?
(a)

....................................................

(b)

...................................................

SAQ 6

Give three reasons for your answers to SAQ 5.
(a)
(b)
(c)

1.5

..................................................

...................................................

...................................................

SETTING UP DEMONSTRATImS

One of the functions of a lab technician is to set up experiments for someone
else to use (this is particularly so for an educational lab technician) and this is
the area to which we shall now turn our attention.
There are two ways of answering a request for the demonstration of a
particular experiment. You can either provide the apparatus and materials that
have been requested and leave them for the user to assemble; or you can set up
the experiment so that it is ready to run. If you choose the latter option, you
must be absolutely sure that everything is present and correct.
Let us consider the setting up common demonstration for simple distillation.
There are several kinds of distillation but we shall concentrate only on the
simple distillation of an aqueous solution at atmospheric pressure. Our purpose
is to familiarise you with setting up apparatus for an experiment.

.

1.5.1

Selecting the Apparatus

The first step is to decide on the scale of the experiment. If the group is large it
is likely that macro (large-scale) apparatus will be better. If it is for a small
group, or if there is a fire risk or other hazard, semi-micro apparatus could be
used. In this example, we will distil an aqueous solution, say brine, and wq
shall use large-scale apparatus, e.g. to distil 250 cm3of solution.

I
b

I
I

The next step is to select the apparatus:
For this demonstration, a Liebig condenser will be the most satisfactory. Do
you remember what one looks like and how it is connected to the cooling water
supply? If not, refer back to Appendix I Fig. 36.
A suitable thermometer will have a range of -10 to 110 OC marked in onedegree divisions. It is always worth spending a moment to consider at what
temperature the solution will boil so that you can use a thermometer of
adequate range.
The rubber tubing should fit snugly onto the inlet and outlet arms of the
condenser but you may need to use an adapter to connect a wider piece of
rubber tubing to the cold tap.

1.5.2
I

I

Setting up the Apparatus

Once you have collected together the apparatus you can begin to set it up (if
the lab is empty). By convention, an experident runs from the observer's left
to his right - indeed, this is how diagrams in books, are drawn. Therefore, the
experiment will appear back-to-front to a demonstrator who stands behind the
bench on which it is set up.

I

Just before you begin to set up the apparatus, you need to give some thought to
its support.

rl
L1.j

You also need to consider how the flask for the distillation is to be heated.
Fig.l.7 shows a diagram of apparatus that could be used for a simple
distillation.
As this is the distillation of an aqueous solution (which we expect to boil at
about 100 OC), a Bunsen burner can be used to heat the flask.
You can use a retort ring or a tripod stand to support the gauze under the flask.
(The flask should be resting on the gauze.) If you use the retort ring, you can
clamp it to the same retort stand that you use to support the flask - which
answers part of one of the questions we asked earlier. The assembly should be
supported by the neck of.the flask and along the length of the condenser, at
least. You might also like to clamp the receiver but if you do, make sure that
the assembly fits together comfortably with no strain at any of the connections.
Do not over tighten any of the clamps. They should be just tight enough to
hold the apparatus firmly i.e. "finger-tight".
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Fig.l.7: Apparatus Assembly for a Simple Distillation.

When inserting the thermometer, make sure that the bulb is level with the side
arm of the flask or still head. This ensures that the thermometer registers the
temperature of the vapour being condensed. Next, you should check that the
flask, stillhead and thermometer are vertical. The height of the assembly may
need to be adjusted. The end of the receiver adapter should never be below the
surface of the distillate. The pressure inside the system should be atmospheric
at all times and this is achieved by leaving one end open. If you need to collect
the distillate in a closed vessel, use a receiver adapter with a vent in it.
When you have connected the rubber tubing to the Liebig condenser, make
sure that it has no kinks in it and that the pieces lie behind the assembly (from
the observer's viewpoint).
You're nearly ready, now, there are just two more points to note. The flask
should be no more than half-full of solution to prevent boiling solution passing
down the condenser instead of vapour and, in order to promote even boiling,
"anti-bumping" material should be added. This could be a few pieces of clean,
broken porous pot or pipeclay triangle, or a few glass beads of commercial
anti-bumping granules. Anti-bumping material cannot be re-used and should
not be added to a solution that is already boiling. If a solution cools down and
you wish to reheat it, you must add more anti-bumping material.
If you set up your distillation following these guidelines, you should not have
any problems and the demonstration should run smoothly. Let the apparatus
cool before dismantling it, though.
Variations on this simple assembly are possible - to allow solution to be added
to the flask during the distillation, steam distillation and distillation under
reduced pressure.
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SAQ 7
Would you heat the distillation flask directly with the Bunsen burner? Briefly
state why you would or wouldn't.

.............................................................................................
.............................................................................................

.............................................................................................
1.6

LABORATORY CENTRIFUGE

This section has been designed to introduce you to the technique of
centrifugation, which is very important technique used in the laboratory for the
concentration of suspension and breaking of emulsions. For example, if you
left a suspension of barium sulphate in water to stand, you would find that it
would quickly settle out with a clear division between solid and liquid.
However, if you left a suspension of soot in soapy water to stand, it might be
months before you could detect any clear separation. The difference in
behaviour between these two suspensions is due to the different forces acting
on the particles in suspension. The heavy barium sulphate particles experience
a stronger gravitational pull than the lighter soot particles. Other forces work to
impede the motion of particles in a fluid, such as diffusion and viscosity. In
fine suspensions, the particles cannot overcome these forces. Centrifuges are
widely used in the lab fo'r the concentration or separation of suspensions and
the breaking of emulsions.

1.6.1

Use and Description

The earliest kinds of centrifuge were rather like domestic cream separators hand cranked devices with limited performance. You are more likely to
encounter bench-top centrifuges. An example of this kind of centrifuge is
illustrated in Fig. 1.8.

Fig.l.8: A Bench-top Centrifuge.

It is housed in a tough (steel) cabinet (1) designed to contain ejected objects in
the event of equipment failure. Access to the centrifuge is via a lid (2), which

....
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is similarly constructed. Ontoff and speed controls (3) and a lid-opening
Control (4) are housed on the outside of the cabinet. A variable-speed electric
motor is housed in the base of the cabinet. It derives a central spindle (5) in the
centrifuge on which is mounted a rotor head (6) containing sample tubes in
metal buckets (7). The bucket rest either in the rotor head itself (angle head) or
in pivoted trunnions on the rotor head (swing-out head) - depending on the
type of rotor head used (Sec.1.6.2). The sample tubes contain the substance to
be centrifuged.
1.6.2

Rotor Heads

As you've already discovered, there are two general types of rotor head, which
can be used with a standard centrifuge - the swing-out head and the angle-head
(Fig.l.9). On bench-top instruments these heads may carry from two to eight
sample tubes.

CJ

Fig.l.9: Swing-out Rotor Head.

(1)

Swing-out Head

With this arrangement, the sample tube rests in a cushioned metal bucket (1).
The bucket, in turn, rests in a trunnion carrier (2), which is fitted with two pins.
(3) which are located in recesses (4) in the rotor head arms (5). As the rotor
turns, the trunnions pivot about their pins until at about 2,000 revlmin the
buckets and tubes are horizontal. This kind of rotor head produces a compact
pellet of solid matter in the bottom of the sample tube. The pellet is unlikely to
disintegrate when you decant or remove the supernatant liquid. However, with
some suspensions this head requires prolonged running times, because a
particle at the meniscus in the sample tube has to Uavel the entire length of the
sample tube for separation to occur.
(2)

Angle Head

This is designed to overcome the problem of prolonged running times. In this
arrangement, the head consists of a solid piece of metal with holes drilled in it
at between 100 and 600 from the vertical. Buckets containing sample tubes are
located in these holes and are held rigidly during centrifugation. Particles in the
sample tubes only have the width of the tube to travel, as opposed to the entire
length, in order to achieve separation, thus shorter running periods are
required. Angle heads generally provide greater capacity and more rapid
peleting of solids than swing-out heads, although their solid pellets are less
compact.
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1.63 Advantages and Disadvantages
You might now ask what can the technique of centrifugation offer that a well
managed filtration can't, especially considering the relative costs - a few rupees
for simple filtration equipment and several hundred rupees for a bench-top
centrifuge. Rather than begin upon a lengthy discussion of the pros and cons of
the two techniques, we've drawn up a short table to illustrate some of the
advantage and disadvantages of the two techniques.
Table 1.1: Comparison of Separation Techniques.
Filtration

Centrihgation

Advantages

Disadvantages

Advantages

Disadvantages

1. Low cost
apparatus

1. Slow separations

1. Fast
separation

1. Expensive
equipment

2.

2.

2.

No loss of
liquid

3. Hot separations
possible

3.

Solids easily
recovered

4.

4.

Refrigerated
separations
possible

4.

5.

Breaks some
emulsions

5. Sample may heat up
at high speeds

Handles large
volumes

Filtrate absorbed
in loading

3. Difficult to
recover all of
solid
Simple
4. Refrigerated
equipment and
separations
no maintenance
difficult

5.

Cannot break
emulsions

Can only handle
large volumes on
large machines
3. Hot separations not
possible

2.

Equipment prone to
failure and regular
maintenance
essential

-

SAQ 8
What is the main use of centrifuge.

.............................................................................................
.............................................................................................
.............................................................................................
.............................................................................................
1.7

SUMMARY

After reading this unit, you should be able to:
identify and name common pieces of apparatus,
select the most appropriate apparatus for a given experiment and give
reasons for the choice,
state and demonstrate how to use common pieces of apparatus safely
and correctly,
explain how to support apparatus correctly,
select the apparatus needed for a simple distillation and state how it
should be assembled,
describe the importance and working of centrifuge,
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1.8
1.

TERMINAL OLTESTIONS
Complete the following sentences.
a) Before glassware is issued for use, it should be inspected for
and

b) If any defects are found in glassware the item shobld be
or
(if possible).
2.

Appendix I consists of diagrams of apparatus. Write the name (spelling is
important) of the apparatus next to its number.

3.

List below at least eight sources of heat that could be used in the lab.

4.

Identify the apparatus that you would require for a simple distillation
(ignoring the heat source at this stage). List the apparatus below.

5.

Would you use a filtration or a centrifugation technique for the following
separation?
a) Separation of a suspensoid from 1500 cm3 of mixture.
b) Breaking an emulsion.

1.9 ANSWERS
Self-assessment Questions
(1)

A wire gauze - either plain or with a ceramic centre.

(2)

a)
b)
c)
d)
e)

(4)

Water bath (set at 37°C).
Heating mantle, preferably or a water bath heated electrically, e.g.
by a hot plate.
Bunsen burner or a water bath.
Oil bath or heating block in a melting point apparatus.
Bunsen burner.

This statement is false on two counts.
a)

You should not heat a solution strongly in a soda glass test tube, in
a Bunsen flame because the glass will soften and deform.

b)

You should not boil a solution in a test-tube. A boiling tube should
be used because the larger diameter allows the solution to boil
without spurting out of the tube.

a)
b)

It should be dry and free from dirt, grit, etc.
It should be lightly greased.

..

(5)

(6) a)
b)
c)

To make the joint airtight.
To protect the ground-glass surfaces.
To make it easier to separate the joint after use.

(7)

You should not heat directly, otherwise a 'hot-spot' will develop on the
flask and it could break.

(8)

Centrifuge is used for the concentration or separation of suspension and
the breaking of emulsions.

Terminal Questions
(1)

a)

chips, scratches and cracks.

b)

discarded, properly repaired.

(2)

Please see section 1.2.

(3)

Your answer is correct if you listed,any eight of the following:
a)
b)
c)
d)
e)
g)
h)
i)
j)

Bunsen burner
Water bath
Oil bath
Sand bath
Hot plate
Heating mantle
Heating block
Immersion heater
Oven
Muffle furnace

(4)

a)
b)
c)
d)
e)

Round bottomed flask
Condenser
Receiver, possibly round bottomed flask
Rubber tube
Thermometer, if needed.

(5)

a)
b)

Filtration - for large volumes.
Centrifugation is used to overcome the electrical forces of charged
droplets in an emulsion.

f)
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UNIT 2 MEASUREMENT AND MEASURING
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Objectives
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pH Concept
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2.7 Summary
2.8 Terminal Questions
2.9 Answers

2.1

INTRODUCTION

This unit has been designed to explain the principles of scientific measurement
and to explore the use of basic measuring instruments.
We have already stressed in Unit 1 the importance of efficient, accurate and
precise measurement. In this unit, we extend the theme to cover measurement
and measuring instruments.
One of the skills that a scientist requires is the ability to make measurements
efficiently, and to the reqcired precision. This skill is used, often
unconsciously, when preparing practical work for demonstratipn, or when
apparatus or when testing experiments. For your own sake, you need to be able
to work with just the right degree of accuracy and this may be an instinct that
comes only with experience.
Objectives
After studying this unit, you should be able to:
appraise the different types of balances that are available,
use a variety of modern balances to determine the mass of a quantity,
check one balance against another and state whether they need servicing or
not,
specify an q x q w k t e degree of accuracy for commonly made laboratory
measurements,
use and describe the use of measuring devices to measure volume,
explain the meaning of terms fired onto graduated glassware,
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outline two methods for checking calibrated glassware,
use a buret& to deliver a stated volume of a liquid,
use a pipette to deliver a stated voluine of a liquid and
state the accuracy of the volume delivered in burette and pipette and
define pH and conductivity of a solution.

2.2

MASS AND WEIGHT

Before becoming too involved in discussing the measurement of mass, you
should be able to differentiate between the mass of a body and its weight. The
weight of a body is the force exerted by the body due to gravity. Hence weight
is measured in units of force (Newtons or kg m d2) and varied according to the
strength of the gravitational field. The mass of a body is the quantity of matter
in the body and is measured in units of mass (g or kg). Mass is what is
measured for most laboratory purposes.
Although the SI unit for mass is the kilogram, most lab measurements are
made in grams using balances (a term which implies a greater degree of the
accuracy than the term "weighing machine"). Inthe following section we will
study the different kinds of balances, which are used in chemistry laboratory.

2.3

.

..

BALANCES

Balances are precision instruments and must be treated carefully. The use of
electronic top-pan balances is now widespread but simple double pan balances
may still be in use. You may even be fortunate enough to have access to an
electronic top-pan balance.
Balances may be classified as:

'

rough (weighing to an accuracy of 1 g);
general purpose (weighing to an accuracy of 0.01 g); and
analytical (weighing to an accuracy of 0.001 g or better).

You need to be able to use any type of balance and you must be able to select
the balance which will give you the accuracy that you require. For example,
the preparation of solutions may require the use of any of these balances,
depending on the purpose for which each solution is required. To elaborate,
materials of bench solutions can be weighed out on a rough balance; materials
for reagent solutions can be weighed out on a general purpose balance; and
chemicals for accurate volumetric solutions must be weighed out on an
analytical balance.
Generally three types of analytical balances are used in chemical laboratories.
They are
(i) Double pan analytical balance
(ii) Single pan mechanical analytical balance
(iii) Single pan electronic analytical balance
Ba1~:;ce should never be subjected to harsh treatment of any description. In
order to weigh accurately with any type of balance, remember that the balance
should be placed where it will be undisturbed by draught or vibration. It is a

a -
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good idea to place it on a heavy table or stone slab to damp down vibrations.
Levelling is achieved by turning the foot screws and checking the spirit level.
Solids, liquids and powders should all be weighed in an appropriate container,
but remember that unless your balance has a facility for resetting to zero with
the empty container on the pan, you will need to subtract the weight of the
empty container from your final reading.
Clean balance pans - avoid touching with fingers. There is one other point
which cannot be overstressed. You may damage an analytical balance if you
remove or add anything to the pan while the balance is ON to full sensitivity.
In fact, many modern balances have a semi-release device in addition to OFF
and ON, and this allows some manoeuvering. But you need to check whether
you have this facility on the balance that you are using at any given time. In
the next para we will discuss some general hints.

General Hints:
1.

It is not a good idea to try to weigh liquids. Instead, you should calculate
the volume of liquid which will give you the mass that you require.

2.

You should also ensure that both the container and the material to be
weighed are at room temperature. Hot things should never be placed on a
balance pan as the heat will be conducted from the pan into the balance
mechanism. The outside of your container should always be dry. If npt,
the balance pan will be made wet and your weighing will be inaccurate.

3.

It is a bad practice to add or remove material from the container while it
is on a balance pan, but as your standard of work should be high, you
may not feel bound to this procedure. However, you should wipe any
spillage from the balance pan and case as soon as possible. (It is
recognized that, even at your level of expertise, spillages do
exceptionally occur!)

4.

The last piece of advice concerns the recording of your weighing.
Always have paper and pencil to hand when you weigh material so that
you can write down the mass of material that you require and your actual
weighing immediately. However confident you are that you will
remember what you have weighed out, you can easily be distracted
before you write the masses or readings down UNLESS you do so
immediately.

It is usually necessary to level the balance on the bench or table on which it is
to be used. It will give inaccurate readings if it is not level. As the more
sensitive balances are susceptible to vibration and draughts, they are best
situated on a fixed bench away from a door.
If you find it necessary to move a balance, consult the manufacturer's
instructions first, as it may be necessary to lock the scale pan so that the
mechanism is not damaged.
As far as maintenance is concerned, it is important, particularly for electronic
balances, to keep the balance case and the scale pan(s) clean - free from dust
and chemicals. The way that you use a balance also contributed to the length of
its useful life and its accuracy.

2.3.1 Double-Pan Analytical Balance
Double pan analytical balance is now outdated but still some of our
laboratories do not have electronic, or single pan balance and may have only
double pan balance. A commonly used double pan analytical balance is shown
in Fig.2.1.
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Some of our labs lnay not
have electronic or electrical
balance. But double pan
analytical balance is very
common and is available in
every lab.

Zero point is the point on
the scale at which the
pointer of the unloaded
balance comes to rest.

Fig.2.1: Double pan analytical balance.

How to use Double Pan Analytical Balance
The various parts of the balance are labelled in the figure. Before using the
balance, you have to first determine the zero point of the balance. For this
purpose, the side doors of the balance are closed and the arrest knob (1) is
slowly and carefully turned counter-clockwise. Avoid jerks as they may disturb
the setting of the balance.
When the-mest knob is turned fully to the left, the pointer (2) starts swinging
around the centre of the scale (3). The first two swings are ignored and starting
with the third kwing, the extreme positions of the swing are noted. The swings
to the right are positive and those to the left are negative. The readings to the
left and right are averaged separately and the mean of these averages is found,
which is the zero point. The following example will make it clear.

Ideally the zeto point
should coincide with the
middle or the zero of the
scale.
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Reading on the left
1.
2.
3.
5.

- 5.0
- 4.0
- 3.0
- 2.0
- -- - - - - - 14.0
--------

Reading on the right

+ 5.0

+ 4.0
+ 3.0

- - - - - -- - + 12
---------

Average = - 14.0 = - 3.5 L2.L = 4
4
3
Mean Value = - 3.5 + 4 = 0.25
2
The zero point is

+ 0.25, i.e., 0.25 units to the right.

Such small discrepancies between the zero point and the middle of the scale
may be ignored as they are insignificant. However, if the deviation is large,
e.g., greater than 1.5 units, the balance must be adjusted by means of the
screws (4), for which you may request your counsellor.
After adjusting the zero point of the balance (if necessary), we come to actual
weighing. First of all, the object is weighed on a rough balance to find its
approximate mass. Then, the left side door of the analytical balance is opened
and the object is kept on the left side pan (5) and the door is closed. Similarly,
through right side door, weights equal to the approximate mass of the object
are transferred to the right side pan from a weight box; Fig.2.2.
You must close both the doors of the balance before raising the pans with the
arrest knob.

Fig.2.2: Weight box and weights.

The arrest knob is once again turned to the left and the movement of the
pointer is seen. If it moves more to the left, then the weights transferred are in
excess of the mass of the bottle. In that case some weights have to be removed.
On the other hand, if the pointer moves to the right, then the added weights are
not sufficient and we need to add more weights. Arrest the movement of the
beam by turning the arrest knob fully towards the right and open the right side
door to add or remove some weight(s), as the case may be. Recheck the
movement of the pointer by turning the arrest knob. Continue this process till

the addition of 1 gram weight makes the right hand pan heavier while its
removal makes it lighter, e.g., if the weight is say 15.5 g, then 15 g weight ,
would be lighter and 16 g weight would be heavier. After this, the fractional
weights marked in mg, have to be added in the order of decreasing weight till
the two sides are balanced. Do not use fractional weights of less than 10 mg,
you should use a rider in such cases. A rider, Fig.2.2, is a thin metallic wire
suitably bent to be seated on the beam of the balance. It is normally placed on
the right hand side of the beam (6) with the help of the rider carrier (7). By
varying the position of the rider on the beam (8), the rest point is found, i.e.,
the two pans are balanced. A rider is used for mass adjustments below 10
mg1O.l g.
The beam scale has got markings from 0-10 on either side. It is calibrated in
such a way that each main division is numerically equal to mass in milligram,
when the rider is put on it. Each main division is further divided into 5
subdivisions and each subdivision is equivalent to 0.2 mg. Thus the accuracy
of such an analytical balance can be only up to 0.2 mg. The mass of an object
can be calculated using the following formula:
Mass of the object = (Weights added in grams)
+ (Fractional weights added x 0.001) g
+ (Main division of the rider position x 0.001) g
+ (Subdivision of the rider position x 0.0002) g
Let us illustrate the use of this formula. Suppose that while weighing an object,
the weights added to the right side pan are 15 g, 200 mg and 2 x 20 mg. Let the
rider position be 2 on the main divisions and 3 on the subdivisions.
Then the mass of the object.

You have, so far, seen how to weigh an object accurately. If we want to weigh
a substance in the weighing bottle, we make use of the method of weighing by
difference. For this, the weighing bottle is first approximately weighed. The
substance to be weighed is put into the bottle (a little more than required) and
weighed accurately
(ml g). The substance is transferred into a volumetric
flask and the bottle is again weighed accurately (m2 g). The difference of the
two masses, i.e., (ml - mz) gives the exact amount of the compound transferred
(m 8).
In the next paragraph we shall consider the use of weighing bottle, which can
only be used on balances weighing to f 0.01 g or better.

Use of Weighing Bottle
The weighing bottle (Fig.2.3) is a small vessel, usually made of glass which,
for precise work, will have a ground-glass stopper. Its purpose is to enable
substances to be weighed out of contact with the atmosphere. You should
always ensure that the bottle and lid are perfectly dry and they should be
handled carefully. However, handle weighing bottles as little as possible, so
that they are not contaminated by grease from your fingers.
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Fig. 2.3: A weighing bottle

2.3.2 Single-Pan Mechanical Analytical Balance
The other common balance is single-pan, semi-micro balance, with a total
capacity of 100-200 gm. A typical balance is shown in Fig. 2.4.

Fig.2.4: Single-panmechanical analytical balance.

How to use Single-Pan Mechanical Analytical Balance
You can use the balance following the procedure given below:
(1)
(2)
(3)
(4)

(5)
(6)
(7)
(8
(4)
(10)
(1 1)

(12)

(13)

(14)
(15)

Check that the balance is level.
Set the weight knobs to zero.
Turn the release knob and adjust zero.
Stop the balance by turning back the release knob (it is important to do
this before step 5).
Place the empty container gently in the centre of the pan.
..:lose the side door to protect against draughts.
Turn the higher value weight knob to obtain an approximate mass
reading (but make sure the balance is stopped when each weight is
added, then release it to get a reading).
Release the balance and obtain a reading for the lower value weight knob
on the projected scale.
When the image is stationary, obtain a precise reading, and record it
IMMEDIATELY.
Stop the balance.
Add the container weight to the required weight of the solid, liquid, etc.
and set the weight knobs to this value.
(a) If your balance has a semi-release device, make sure that it is in the
semi-release position and add your sample until you get the reading
you require.
(b) If your balance does NOT have a semi-release device, it should
always be OFF while any kind of activity takes place such as
something being removed from, or added to the pan.
For final weighing, the balance should be released and the sample added
slowly up to the required weight; this will give very precise weight when
it is required. During this stage, the balance and the surface on which the
balance is standing should not be touched.
Stop the balance before moving the container.
Clean the pan gently, return the weight knobs to zero and close the case.

Accuracy of Single-Pan Analytical Balances
The accuracy of modern analytical balance generally depends on the range for
which it is effective. The greater the range, the larger the tolerance, e.g. for a
range of 0 to 4 kg, tolerance is typically 0.1 g.

+

2.3.3 Single-Pan Electronic Analytical Balances
In case of electronic balance also known as digital balance, the mass of the
object being weighed will be digitally displayed. In electronic balances
(Fig.2.5), substance can be added to or removed from the balance without any
problem.
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Fig.2.5: Single-pan electronic analytical balance.

Use of Electronic Balances
Balances of all types should never be subjected to harsh treatment of any
description. Always make adjustments smoothly and carefully. On most
occasions, you will need to ensure that the balance reads zero before you start
to weigh. However, if you are using a balance with a tare facility, it is not
necessary to zero the balance.
The tare facility allows you to cancel out the mass of the container so that you
can weigh out the required mass of material without having to take into
account the mass of the container. Even if you cannot tare out the complete
mass of the container, the tare facility can still be used to adjust the mass
indicated by the scale to a convenient whole number.
For example, suppose you are using a balance that can only tare out 10 g, but
your container weighs 22.45 g and you require to weigh out 8.70 g of material.
Instead of
(I) weighing the container,
(2) adding its mass to the required mass of material, and
(3) adding material to the container until the balance reads the calculated
mass,
you can use the tare facility to adjust,the displayed mass of the container to
read 20.00 g and then add material to the container until the balance reads
28.70 g. This avoids errors in weighing that arise due to miscalculations! Of
course, when you have finished weighing, you should remove any tare and
adjust the balance to read zero.
We mentioned a container in the above example, and this leads to another
important point. You should always use a container for the material that you
are weighing. Never weigh anything (apart form the container) directly on the

balance pan. Even a piece of filter paper is not very satisfactory as solid
chemicals can easily spill onto the balance pan. As already discussed small
glass or plastic weighing bottles are available and these are most useful. For
very accurate weighing, e.g. in the preparation of a standard solution it may be
necessary to use a weighing bottle.
Checking Balances
Regular checks can be camed out using a box of standard weights, which
should be used with extreme care. These weights should not be touched with
the fingers or by metal, and should not be allowed to become contaminated in
any way (e.g. by chemicals).

A quick check can be carried out by weighing the same object on a number of
different balances.. If the readings are clearly different, it is likely that the
balances need servicing. Note that balances should be serviced annually by an
engineer, and a record kept of these checks.
SAQ 1

Just jot down three of the points to be considered when handling standard
weights.

.............................................................................................
SAQ 2
What is the mass of a substance if the following weights are needed to weigh
it?
g

1

mg

position of rider

SAQ 3

Roughly, what would you expect the tolerafice to be on a 0-200 g lab balance?

I

.............................................................................................
.............................................................................................

.............................................................................................

2.4

TYPES OF VOLUME MEASURING DEVICES
-

-

-

-

There are two main groups of devices that can be used to measure volume.
They are
Approximate Devices
Accurate Devices
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They can be manufactured from glass or plastic (but will be referred to here
generally as "glassware") and have different degrees of accuracy.

2.4.1 Approximate Devices
Some pieces of common laboratory glassware have a scale of volumes on their
sides. At best, these devices give only a rough guide to the volume of solution
that they contain e.g. measuring cylinders. Nonetheless, they have a use from
your point of view and for experimental work. Table 2.1 gives the extent of
error (also known as tolerance) in the measurement of volume by different
measuring cylinders.
Table 2.1: Tolerance of Measuring Cylinders.
1000 2000

5

10

25

50

100

250

500

Sub-division
(cm3)

0.1

0.2

0.5

1

1

2

5

10

20

Accuracylimitsor

0.1

0.15

0.25

0.5

0.8

1.5

2.0

.4.0

8.0

Capacity (cm3)

tolerance

(+ cm3)

2.4.2 Accurate Devices
Accurate measuring devices are those which give accurate volume e.g.
burettes, pipettes etc.
The accuracy of graduated glassware can be assessed by weighin the amount
of pure water that it contains or delivers. (It is assumed that 1 cm of pure
water has a mass of 1.OO g at room temperature). In order to obtain good
results when using accurate devices to measure volume, it is necessary to use
them correctly! Table 2.2 shows the limits of accuracy (also known as
tolerance) that can be achieved with careful use of these deviceq

k

Capacity (cm3)

Table 2.2: Tolerance of Accurate Devices.
25
50
2
5
10

1

100

Sub-division
(cm3)

0.01

0.02

0.05

0.1

0.1

0.1

0.2

Accuracy limit or
Tolerance (+ cm3)

0.01

0.02

0.04

0.05

0.1

0.1

0.2

Other information can be given on graduated glassware and you should be
aware of what each mark means:
(1) ml
Graduated glassware is often calibrated in millilitres (ml) and 1 ml is
considered to be equivalent to 1 cm3.
(2) 20 "C
The glassware has been calibrated for use at 20 "C.

2.5

BURETTES. PIPETTES AND VOLUMETRIC FLASKS

Both burettes and pipettes are types of volumetric glassware designed to
deliver a precise volume of liquid (whilst a volumetric or standard flask is
designed to contain a specified volume).

.
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2.5.1 Burettes

A burette is a glass tube fitted to a tap (Fig. 2.6) which is used to transfer
specified but variable volumes of liquid into another container. Burettes
usually have a capacity of 50 cm3and are graduated in cm3 (or rnl). It has a
stopcock at the lower end to control the amount of solution drained. They may
have glass or FTFE (polytetra fluoroethylene) taps or just a glass jet connected
to the graduated tube by a pinch-valve. The tap itself should be lightly greased
only, using vaseline or rubber grease (but not silicone).

Fig.2.6: Burette.

How to use a Burette
Remember that graduated markings in 1 cm3and 0.1 cm3 divisions are marked
on the burette from the top downwards. You should refer to the diagram of a
burette in Fig.2.6 before continuing.
The following procedure will help you in using a burette:
(1)

(2)

$3)

(4)
(5)

You should rinse the burette thoroughly several times with distilled water
(run it through the burette tap each time).
Rinse the,burette with the solution to be measured (run this through the
tap too). For instance, it is filled a little less than half with the solution
and by repeatedly rotating and tilting the burette, the burette solution is
made wet completely from inside.
Repeat step 2.
Place the burette VERTICALLY in a burette stand and clip it in place.
Close the tap. Fill the burette via a funnel with the solution; it should be
filled to about 1 or 2 am above the zero mark.

(6) REMOVE the funnel befom proceeding .to step 7: "run back" of liquid

For coloured liquid
upper pan of the
meniscus should be

&om the funnel (if not removed) can invalidate the reading.
Now
open the tap so that the capillary fills, draining off the excess liquid.
(7)
A reading of the lower part of the meniscus, for colourless liquid, should
now be recorded. This is called initial reading or initial volume.
Place
a conical flask or some such container under the burette; you
(8)
should now release the required volume of liquid by turning the burette
tap on with your left thumb and forefinger. This leaves your right hand
free for mixing solutions or preventing leaks from the burette. The
correct way of delivering the liquid from burette is shown in Fig. 2.7.
(9) Allow ALL the liquid to drain and then record the final reading.
Remember to check this reading against your original reading in step 7.
(10) You should now check that liquid is not clinging to the end of the
capillary. Touch the end of the capillary to the inside of the flask to
remove clinging liquid.
(11) At the end of this procedure, empty the burette and wash it thoroughly
several times in distilled water.

recorded.

Fig.2.7: Delivery of liquid from a burette.

During titration, repetition of the appropriate steps would be continued (i.e.
from Step 5) until consistent readings were obtained. You would know when
the reaction was complete by the colour of the reaction mixture to which you
were adding solution. You would then take and record the second burette
reading. Readings should be to the nearest 0.05/0.1 cm3.

How to read the Burette
If you look closely at the surface of a liquid in a glass vessel, you will see that
where the liquid and glass meet, the liquid creeps up the glass a little. This can
lead to difficulties in reading a volume because this occurs all the way round
the vessel at the liquid/glassjunction. This phenomenon is known as the
meniscus.
After taking out the funnel, the meniscus is adjusted to a definite graduation
mark by drawing out some solution through the graduation mark. While

reading the solution level in the burette, your eye should be on level with
graduation mark,otherwise there would be error due to parallax, Fig.2.8. It is
not necessary to adjust the meniscus at the zero mark level, if it is too high for
the level of your eyes. You can adjust it at, say 5.0 cm3or any other convenient
level.
Error in burette reading is among the most common sources of error in
titrimetric analysis. to make the meniscus more distinct and to ensure that it
looks the same always, it is convenient.to place a screen behind the burette as
This can be made from a small piece of cardboard covered
shown in F*<g.2.9.
with whita paper with the lower half blackened with ink. The black part is to
be held Cawnward. This is called a parallax card. You can ask your counsellor
to show j ou how to make a parallax card.
Inciden-dly, the meniscus at a mercury surface is inverted and the reading is
taken a; the top.

at-Eye level
(this reads
13.8 cni')

Fig.2.8: Eye level for burette reading.

Fig.2.9: Reading the burette: the black
portion of the parallax card is
adjusted to make the meniscus
plainly visible,

SAQ 4
Here is an enlarged view of a meniscus. Where would you take a reading of the
following - at A, B or C?

a) Colourless liquid

b) Mercury

c) Coloured liquid
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a)
b)
c)

2.5.2

...............
...............
...............
Pipettes

Like burettes, pipettes are designed to transfer known quantities of liquids
from one container to another. There are two types of i>ipettesin common use
and these are used slightly differently. The two types are i) Graduated pipettes
and ii) Bulb or one-mark pipettes (Fig.2.10).

(1)

Graduated pipettes

These are available in a range of capacities and are graduated so that a known
volume between zero and the maximum can be delivered. Some are graduated
so that maximum volume is marked near the tip and others have the maximum
volume marked near the top.

mq

Fig.Z.lO(a):Graduated Pipette.

Fig.Z.lO(b): Bulb or one-mark Pipettes.

(2) Bulb or one-mark pipettes
These are also available in a range of capacities, but 25 cm3 is the most
common. They are designed to deliver a fixed volume of liquid at 20°C. This
kind of pipette is also called a transfer pipette.
Pipettes are calibrated to allow for some liquid to remain in the pipette, so do
NOT blow them out. However,.there are occasional exceptions, so check
manufacturer's specifications carefully.

How to use pipettes
The following procedure will help you while using pipettes to measure
volumes of liquids:
(1) As with the burette, you should rinse the pipette thoroughly with distilled
water and then let it drain.
D
(2) ry the outside of the pipette thoroughly.
(3) Place the end of the pipette about 3 cm below the surface of whatever
liquid is being measured, and suck up about 5 cm3 of the liquid into it.

.
'

Put your forefinger over the top of the pipette Fig.2.11; turn it
horizontally and make sure that the liquid covers all the inner surface of
the pipette to a level just above the graduation line.
( 5 ) Drain the pipette and correct way to drain out the solution is shown in
Fig.2.12. Repeat Step 4. Drain again.
Refill
the pipette to just above the graduation line and put your forefinger
(6)
over the top (but avoid close contact between the heat of your hand and
the pipette itself, or the liquid will expand).
Keeping
your eye level with the required graduation mark, slowly drain
(7)
the excess liquid back until the bottom of the meniscus touches the mark.
(8) Any solution still clinging to the end of the pipette Should be removed
by touching it on the inside of the beaker.
Drain
the pipette, delivering the liquid to where it is required. Depending
(9.
on the specified delivery time of the pipette, allow a few seconds and
then touch the end of the pipette to the inside surface of the receiving
vessel. (Remember not to blow the liquid out because the pipette is
calibrated to allow for this).
(10) After use, you should wash the pipette out thoroughly with distilled
water.

(4)

Fig.2.12: Correct way to drain out the solution

Fig.2.11: Handling of a pipette.

Accuracy of Pipettes and Burettes
The tolerances of pipettes and burettes are listed below in Table 2.2. For most
laboratory work class B is adequate, although for critical work class A would
be used. It is however much more expensive.
Table 2.2: Tolerances of Burettes and Pipettes.
Nominal Capacity
in cm3

BURETI'ES
Sub-divisions
Tolerance in cm3
in cm3
Class B
Class A
0.1
0.1

25
50

f 0.05
f 0.05

f 0.1
f 0.1

PIPE'ITES
Nominal Capacity
in cm3
5
10
20
25
50

Tolerance in cm3
Class A
Class B
f 0.015
f 0.03
f 0.02
f 0.04
f 0.06
f 0.03
f 0.03
f 0.06
f 0.04
f 0.08

At the next available opportunity you ought to practise using apipette and a
burette. Practise the procedures outlined above. Even if you think you are used
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.

At the next available opportunity you ought to practise using a pipette and a
burette. Practise the procedures outlined above. Even if you think you are used
to handling burettes and pipettes, try at least'once with each following these
instructions. If it feels awkward, then perhaps your technique needs to be
reviewed in light of current practice.
Whatever the case, you will be expected to demonstrate your ability with this
equipment when you attend your study centre.
2.5.3

.--

Volumetric Flask

A volumetric flask is used to prepare a definite volume of a solution of
precisely known concentration.

Volumetric measuring flask has a flat bottom with a long, narrow neck,
Fig.2.13. It has a calibration mark on its neck which indicates the level up to
which the flask is to be filled to get a volume equal to the one indicated on the
flask.

You will be using volumetric flasks of 100 cm3 and 250 cm3 capacity. The
flask, before use, is cleaned thoroughly, washed with distilled water and
allowed to drain. The weighed compound is transferred into the flask with the
help of a funnel. It is first dissolved in just enough water; the solution is then
.
made up to the mark by carefully adding more distilled water. This can be done
with a wash bottle or better with a pipette. The flask has to be stoppered tightly
and shaken well before use to get a homogeneous solution.

It is sometimes necessary to check the accuracy of calibrated glassware. There
are two ways that you can check the accuracy of the measurements. Both
methods involve weighing volumes of water. This is the one occasion on
which you can weigh a liquid but take great care. In expreiment-4 of Block-4
you will learn how to calibrate valumetric apparatus.

Measurement and
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SAQ 5
What is the tolerance of a 50 cm3nominal capacity burette?

............................................................................................
.............................................................................................
.............................................................................................

SAQ 6
What kind of device would you use to measure:
(1) 100 cm3 of concentrated acid to make up a bench solution?

(2) 25 cm3 of a standard solution?

.............................................................................................
.............................................................................................
..............................................................................................
SAQ 7
An item of graduated glassware has the following markings. What do you
think they mean?
i) 20" C

ii) 25 ml

.............................................................................................
.............................................................................................
.............................................................................................
SAQ 8
Describe the steps to be taken when transferring a certain volume of liquid
from one vessel to another by charging and then discharging a pipette.

2.6 pH AND CONDUCTIVITY
Instrumental methods such as pH metery and conductometry find application
in chemistry and biology laboratories. These methods take advantage of some
physical properties of the compounds, i.e. pH or conductance. pH meter
measures pH and conductance is measured by conductometer. In this section
you will study how to use pH meter in pH measurements and conductometer in
conductance measurements.
2.6.1

pH Concept

Before studying the pH concept we must recall basic concept of acids and
bases.
In 1d84 Arrhenius defined an acid as any compound that the releases proton
(H') in water and a base as any compound that releases hydroxyl ion OH- in
water. In 1923 Bronsted and Lowry put forward independently the definition
of an acid as any substance which donates proton (H') to other substance and

I
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similarly base was defined as any substance which accepts proton (H+). There
is an other definition of acid and base given by Lewis, but we will not discuss
these at this stage.
Thus acids and bases are related in the following way.
Acid +

H+ + Base

From the above you can see that it is quite cumbersome to express acidity or
basicity in terms of hydrogen ion concentration or hydroxide ion concentration.
These concentrations may range from relatively high values to very small ones,
for example, 10 rnol dm-3 to 10-14rnol dm-3. A very convenient concept
called, pH, was proposed by Sorensen (1909). He defined pH by the
relationship,

The measure of the acidity
of an aqueous solution is
the acaal
of
hydrogen
ions in the
.
solution.

In a solution where the hydrogen ion concentration is 10" rnol dm", we,
therefore, have

The measure of basicity,
on the other hand, is the
actual concentration of
hydroxide ions.

Following the same approach for the hydroxide ion concentration, we can
define the pOH of a solution as

-

pOH = -log [OH-]
pH is a measure of acidity or basicity of any solution. Lower the pH, higher is
its acidity.
In a neutral solution, [H'] =[OH-]= lo-' rnol dm-), and pH = pOH = 7.0, so
that in a neutral solution, we say, that the pH = 7.0. In an acidic solution the
[H+]
is greater than lo-' rnol dm" and the pH is less than 7.0. By the same
token, in a basic solution, the [H'] is less than lo-' rnol dm-' and pH is greater
than 7.0. This is summarised below:

J

I

Acidic Solution
Neutral Solution
Basic Solution

I

>

.<

0 c

/

> lo-'

>7

<7

I

<7

In Experiment 9 of Block 4 you will learn how to use a pH meter for
measuring pH of a solution.

'

2.6.2
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Conductivity

The electrical conductance of a solution is a measure of its cumnt carrying
capacity. It is, therefore, determined by the total ionic strength and mobility of
ions. In a conductometry titration, ionic species of interest are converted to
non-ionic forms by neutralisation, as in mid-base titrations, precipitation
titrations, etc. In conductometric titrations, we measure the conductance of an
electrolyte solution using an AC source. An AC source of electric supply is
used to prevent deposition of ionic species on the electrodes. The equivalence
point may be located graphically by plotting the change in conductance as a
function of the volume of titrant added. Look at the titration curve in Fig.2.14
for a strong acid-strong base titration.

i
P

/A
/

S

U

kohlme rt NdUH dddcd (cr;il)

Fig.2.14: Conductometric titration curve for strong acid (HC1)-strong base
(NaOH) titration.

In case of acid-base titration, H+and OH- ions have very large molar
conductivity. For this reason and because H20 has a very low conductivity,
acid-base titrations yield the most clearly defined equivalence points
(Fig.2.14). To further illustrate, consider first the titration of a strong acid, like
hydrochloric acid, with a strong base, like sodium hydroxide. In the initial
stage, the conductance of hydrochloric acid is due to the presence of hydrogen
and chloride ions. As alkali is added, gradually the hydrogen ions are replaced
by slower moving sodium ions of low conductivity.

H+ + C1-+ Na' + OH'

-

~ a ++ C1"

+ HzO

Hence, on continued addition of sodium hydroxide, the conductance will go on
decreasing, until the acid has been completely neutralised. After this point any
subsequent addition of sodiym hydroxide will result in introducing hydroxide
ions of high conductivity. The conductance, therefore, after reaching a certain
minimum value, will begin to increase. On plotting the conductance against the
volume of alkali added on a graph paper, conductometric curve, similar to the
one in Fig.2.14, is obtained. In this figure, curve AB indicates decrease in
conductivity and curve BC indicates increase in conductivity. The point of
intersection, B, of these two curves indicates the equivalence point. A line
drawn from 'B' to the axis indicating volume of NaOH (Ve)added to obtain
equivalence point.
In Experiment 9 in Block4 you will learn how to use a conductivity meter for
measuring conductance of solutions.
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SAQ 9
The pH of the following solutions are listed below. Write the nature of the
solution in the given space.
a) Solution A
b) Solution B
c) Solution C

pH-7
pH - 4
pH - 10

..................
..................
..................

SUMMARY

2.7

After studying this unit you should be able to:
appraise the different types of balance that are available.
use a variety of modem balances to determine the mass of a quantity.
check one balance against siiather and state whether they need servicing or
not.
specify an appropriate degree of accuracy for commonly made laboratory
measurements.
use and describe the use of measuring devices to measure volume.
explain the meaning of terms fired onto graduated glassware.
outline two methods for checking calibrated glassware.
use a burette to deliver a stated volume of a liquid.
use a pipette to deliver a stated volume of a liquid.
state the accuracy of the volume delivered in burette and pipette.
define pH and conductivity.

2.8
1.

2.

3.
4.
5.

TERMINAL QUESTIONS
Before using a balance for the determination of a mass, you should do
three things to ensure the accuracy of the balance. What are they?
What two methods can you think of that can be used to check the
performance of a balance?
List, in order, the steps that you would take when using a top-pan
balance to measure the mass of an object.
What are the two classes of devices for measuring volume?
On the following diagrams, draw lines representing the liquid surface
where you would take readings corresponding exactly to 5.0 cm3of

a) mercury

b) water

-

2.9

-

- - -

ANSWERS

Self-assessment Questions
1.

Any three of the following points, all of which are important:
(i) Only handle the weights with specially-tipped forceps.
(ii) Never touch the weights with fingers.
(iii) Never allow the weights to come into contact with chemicals.
(iv) Never handle the weights with metal-tipped forceps.
(v) Always store the weights in the box provided in a cool dry place.

2.

(5+2+l)g + (200+100+50) x 0.001g + 8 x 0.001g + 2 x 0.0002g
= 8g + 0.350g + 0.008g + 0.0004g
= 8.358 g.
f 0.01g. In fact, the tolerance really depends on the range of the
balance.'Typical figures for lab balances are:

3.

A smaller tolerance may be bought at higher cost. Have a look at
balance catalogues if you can.
4.
5.
6,

7.
8.

9.

(a)C
(b)A. (c)A
f 0.05 cm3 to 0.1 cm3
a) A measuring cylinder or a graduated beaker.
b) A pipette (25 cm3), a burette, or a volumetric flask (25 cm3).
a) 20 C - calibrated for use at 20 C.
b) 25 ml - when used correctly, will deliver 25 cm3of a solution.
a) Draw sufficient liquid into the pipette to exceed the graduation
mark using a pipette filler.
b) Slowly allow the liquid to run out so that the correct part of the
meniscus is level with the graduation in the pipette, when seen at
eye level.
c) Then allow the liquid to drain into the receiving vessel.
a) Neutral solution
b) Acidic solution
C) Basic solution

Terminal Questions
Level the balance by adjusting the height of the balance feet until
the reading on the level indicator is satisfactory.
Clean the balance pans using a camel hair brush or similar, and
without fingering the pans.
Zero the balance using whatever adjusters are provided until a
consistent zero reading is obtained.
Compare results with other balances.
Use standard weights.
Check that the balance is level and that the balance pan is in place.
Switch on at mains outlet and at balance.
Check that &dance reads zero and adjust if necessary.'

Measurement and
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Place container on balance pan and find its mass.
Record this mass on paper.
Place object in container and find the new mass.
g)
Record this mass.
h) Remove container and object.
Check that the balance is clean and that it reads zero.
i)
Switch off at balance and at mains.
j)
(a) Approximate devices.
(b) Accurate devices.
Your completed diagrams should look like this.
d)
e)
f)

4.
5.

a) mercury

b) water .
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3.1

INTRODUCTION

In the last two units you have studied about some scientific apparatus. This
unit has been designed to help you clean, repair and generally maintain the
apparatus in use in your laboratory. In this unit we will be discussing some of
the many skills that you as a lab technician will employ during the course of
your work. Primarily these are:
(1 ) Cleaning and caring for glassware;
(2) :landling and storage of glassware and

Objectives
After studying this unit you should be able to:

I

'

clean glassware using water, a commercial product, and a chromic acid
method,
appreciate the dangers in assembling glass tubes and apparatus,
demonstrate how to insert and remove glass tubing into or from bungs,
appreciate the dangers of suck-back and how to prevent it,
appreciate the need for appropriate methods of storage for glass apparatus,
choose from a list the best chemical method of removing stains and
insoluble residues,
maintain a record of breakages and report them periodically as directed.

-
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3.2

CLEANLINESS

Standards of cleanliness vary from lab to lab depending on the type of work
carried out in a lab. Whatever standard is required, basic methods for
cleanliness of glassware are universal.
'

The reliability of experimental work depends on the availability of clean
glassware. For example, one would have little faith in the accuracy of a
titration reading if greasy, dirty or contaminated burettes or volumetric flasks
were used.

3.2.1
Care must be taken when
mixing the solution and also
when using it. Before mixing
check the quantities of the
chemicals to be used with
your supervisor.

Cleaning Methods

The principal cleaning agents for glassware are:
(1)
(2)
(3)
(4)

(5)

(6)

Water.
Commercial products, e .g. detergents or soaps.
Preparations based on concentrated sulphuric acid, concentrated sodium
dichromate(V1) and concentrated nitric acid.
Organic solvents such as propanone (acetone) or tetrachloroethane are
not recommended for general use, but are required in some cases to
dissolve grease and other organic compounds.
Alkalis, e.g. 5% aqueous solution of sodium hydroxide (caustic soda) or
potassium hydroxide (caustic potash).
Aqueous 1% potassium manganate(VI1).

We must consider the following points while cleaning the glassware:
(1)

(2)

One of the important things about cleaning glassware is that whatever
method is used, apparatus should be cleaned as soon as it has been used.
An alternative to immediate cleaning is to rinse the apparatus in
whatever solvent was used and if it is safe to do so, immerse the
apparatus in water until it is to be cleaned. Don't forget to use tongs to
recover glassware from a bath.
Never use any of the following to remove residues from glassware :
Hydrofluoric acid,
Direct heat alone,
Concentrated nitric acid and alcohol ,
Abrasives.
,

3.2.2
Remember acetone is
highly inflammable.

Selecting the Best Cleaning Method

Most glassware in a normal laboratory may be cleaned by washing with
detergent. It should then be rinsed well under a running tap and finally
washed with a little distilled water and/or a small amount of acetone and
placed in a cabinet to dry. If the stains are not removed by this treatment, the
glassware should be immersed in a solution of an oxidizing agent e.g. aqueous
1% potassium manganate(VI1) - this is particularly useful for a volumetric
glassware.
Any brown stains remaining after treatment with potassium manganate (VII)
solution may be removed with a little concentrated hydrochloric acid.

Traces of grease or oil may be removed by rinsing with a small amount of
acetone. Deposits of tarry substances or resins may require specialised
detergents. These are frequently used in ultrasonic cleaning tanks.

Care and Maintenance
of Glassware

In general, solutiops of alkalis should not be used for cleaning volumetric
if they are used, all stoppers and taps must be removed
glassware.
before immersing the glassware in the alkali, otherwise they may become
fused in place.

ow ever,

Some stains can be difficult to remove e.g.
(1)
(2)
(3)
(4)

Potassium permanganate/manganese dioxide - use an acid solution of a
scrap reducer such as sodium thiosulphate, hydrogen peroxide, sodium
sulphite etc.
Iron (111) oxide (ferric oxide) - soak or boil in 50% hydrochloric acid.
Carbon deposits - aqueous or alcoholic alkali can be used but it attacks
the glass.
Biological deposits - use pepsin in 4% hydrochloric acid or just a long
soak in a commercial detergent.

If vou have to clean combustion tubes in acid. the metallic de~ositswhich have
formed on the glass tubes, e.g. magnesium silicide, can c~use'violentreactions
which have been known to result in spontaneous combustion, or poisonous
gases.
Lastly, consider how much you are paid per minute, and how long it takes to
clean a test-tube. If spare time is never available, or the stain is very difficult
to remove, it inay be more economic to reject the test -tubes, if they are very
difficult to clean.

SAQ 1
Water is the most widely used cleaning agent for laboratory glassware, and
there are commercial cleaning agents available which are also widely used.
Can you write down three other cleaning agents that may be used for lab
glassware?

A test-tubes is stained with a film of tarry substance. What methods might you
use to remove such a stain?

3.3

HANDLING GLASS APPARATUS

Apart from cleaning glass, lab technicians are required to maintain and care for
glass equipment by carrying out simple repairs, setting up apparatus, carrying
out simple tasks using glass tubing and so on.

Acid treatment of metallic
may pmduce
violent reaction and
s~ontaneouscombustion.
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3.3.1 Assembly of Glass Apparatus
Mis-handling of glassware is probably one of the commonest causes of
accidents in the lab. Accidents and breakage can happen either during
assembly/dismantling or during use of apparatus. The following is a list of
some of the questions you should ask yourself when assembling glass
apparatus:
(1)

Is the glassware of the correct type for a particular application? Glass is
of three types:
Sodalime glass- Used for consumable ap?aratus, e.g. tubing, rod, and
also for cheaper containers. It is susceptible to attack
from alkaline solutions and is unsuitable for strong
heating.
Borosilicate glass- Suitable for heating e.g. Pyrex.
Silica glass-

Suitable for extreme and sudden changes of
temperature. It is very resistant to acids and does not
absorb ultra violet light, thus being useful for lenses
and cuvettes.

(2)

Are the apparatus supports stable? Are the retort stands on flat surfaces,
are they distorted, or are their uprights loose or bent?

(3)

Are clamps secure but not too tight? Over-tight clamps will crack glass,
particularly if the glass expands significantly on heating. The jaws of
clamps should have padding to minimize fracture, and should be just
tight enough to prevent play.

(4)

Are any glass joints or tubes under compression or tension? To avoid
this, the main assemblies need to be erected first and their final height
fixed before links are introduced. Linking glass tubes need to be good
fits, i.e. not too long or too short.

(5)

Are all the bungs and any rubber tubing serviceable and suitable? Poor
fits or perished material leads to excess force being exerted on the
glassware during assembly and dismantling. Problems in this area occur
less often if glassware systems which utilize ground glass joints and
standard apparatus, e.g. Quickfit, are used. This apparatus is widely
available.

(6)

Is heat being used? If so, is there some means of dissipating the heat,
e.g. a wire gauze. Is the glassware suitable for heating? Are there any
parts of the apparatus which might receive indirect heat which would not
be able to stand up to it, e.g. hot liquids or gases flowing within the
apparatus.

(7) Are their extremes of temperature in the application, e.g. in distillalion
experiments? Is all the glassware suitable for this treatment?

(8)

Is the glassware in good repair? Scratched or cracked glassware should
never be subject to high pressure or partial pressure.

.

(9)

3.3.2

Have any ground glass joints been lightly greased with petroleum jelly or
a good rubber grease?

Glass Tubes in Bungs

A very common cause of accident involving glassware is using an incorrect
method of inserting a glass tube or rod into a bung. The correct method is
either to lubricate the end of the tube (preferably with glycerol, or else with
soap) and then insert it into the hole by holding the tube (wrapped in a cloth) at
the end nearest to the bung or to use a cork borer. Any other method is likely
to be dangerous. In Experiment 2 of Block 4 you will learn how to use a cork
borer to bore a hole in a cork and to insert a glass tube or a thermometer into it.

3.3.3

Suck-Back

There are several experiments used in general labs where suck-back is a
potential danger, e.g. where a gas is being evolved to be dissolved in or
collected over water.
There are several alternatives for preventing suck-back.
(1)

.

The gas supply tube can be withdrawn from the solvent while it is still
emitting gas, i.e. while heat is still being applied. This is a somewhat
cumbersome answer and can be offensive and unhealthy.

(2)

If there is a rubber junction in the gas supply tube, it can be disconnected
before heat is removed. This method has the same disadvantages as (1).

(3)

If a glass tee is fitted to the gas supply tube and the third orifice .
connected to a rubber tube with a pinch clamp or Mohr clip, air can be
introduced as required to equalize the pressure in the gas supply tube.

(4)

An inverted glass funnel can be used to dissolve the gas.

(5)

An empty gas washing bottle can be connected the wrong way round
between the reaction vessel and the gas outlet.

3.3.4

Gas Pressure in Glass

There are two ways in which accidents can happen when the pressure inside
glass apparatus differs from atmospheric pressure. The first is scratched or
chipped glass is subject to pressure variations, and the second is solvent was
sucked back. The result of both would be explosion, implosion or fracture.
The dangers of explosion (due to excess internal pressure) and implosion (due
to decreased internal pressure) are two-fold:
(1)
(2)

Danger of flying glass.
Danger of sprayed chemicals.

The danger to you of flying glass is the same for implosion and explosion, but
the danger of hot, spurting chemicals is greater with explosion. In either case,
we recommend the use of some kind of safety screen when pressure is being
varied from atmospheric in an experiment. A cheap and effective safety screen
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easily provided by using a car window taken from a scrap dealer. Safety
glasses should still be worn.
Some important tips and precautions about safety and handling of glasswares
are given in appendix I

SAQ 3
: I'

Name two substances that make insertion of a piece of glass-tubing into a
rubber bung easier.

SAQ 4
Fill
a)
b)
c)
d)

in the blanks in the following:
Silica glass is suitable for extreme and sudden changes o f . . .........
To prevent suck-back, an ......glass funnel can be used to dissolve the gas.
......glassware should never be subjected to high pressure.
Glass is of ........types.

3.4

STORAGE OF GLASSWARE

It is recognized that glassware is broken in normal usage. This is a regrettable
but inescapable fact, not only of lab life but of domestic life too. How many
test-tubes or cups and saucers have you inadvertently broken? (We don't want
to embarrass you, so you don't have to answer this question!) How many
pieces of glassware have you found broken in storage'? Apart from handling,
poor storage is frequently the cause of breakages, as well as uncleanliness;
whatever the cause, you should normally record breakages in the lab.

3.4.1

Storage of Glass Apparatus

You will minimize the chances of your lab glassware being broken, damaged
or made dirty by using the best storage techniques. For example:
(1)

(2)

Moveable storage containers e.g. drawers, trays, boxes, trolleys, etc.
Prevent apparatus from moving by using:
(a)

Compartments for smaller items, e.g. tees, angles, spirals, etc. A
good idea is to have an outline drawing stuck to the bottom of
each compartment so that similar components are stored together.
Compartments can be formed by wooden partitions (in which
case some kind of cushioning will be needed), or by polystyrene
moulds; or

(b)

Racks with clips and padded collars for, say, pipettes or burettes;
or just padded slots for optical equipment such as lenses or glass
slides.

Shelves e.g. on walls, on benches, in cupboards (floor and wall):

(a)

Prevent breakage from impact by using shelves of "soft" material,
e.g. wood or plastic, and not glass, marble or metal.

(b)

Prevent apparatus from moving by stabilizing it, e.g. store flasks
in recessed shelves, test tubes on racks, rod or tube in gutters.

(c)

Prevent accumulation of dirt during storage e.g. by placing
beakers upside down, etc.

(d)

Prevent distortion of rod and tube by storing it in guttering and
ot on occasional supports (or standing upright).

I

There are some other common sense precautions which you can also take to
minimize ircakages:

r

Glass apparatus should be properly clamped and supported.
Large bottles filled with liquids must not be picked up with wet hands.
Bottles, flasks, thermometers, etc. should not be placed close to the edge
of shelves or benches.
Try to avoid "loose" tight fits by standardizing the tube sizes (diameters)
used in your lab.

All breakages, except minor items such as test-tubes and microscope slides,
should be recorded in a book and if possible equipment should be repaired.
3.4.2

Glassware Breakage Records

"Yet another record book to be maintained. Do we really need it?" you might
well say. In reply we would put the following questions to you:
(1)

How do you know what to order when submitting your next application
to suppliers for glassware?

(2) When stock-taking, which is af least an annual event in every lab, how
do you know what your stock of glassware should be? We would
assume that your lab set-up is sufficiently professional in outlook to
prevent your answering "By 'guesstimate' " to either of these questions.
What is entered in a breakages book and what is not entered is a matter for
your judgement. We suggest you consider glassware in three categories as
follows:
(a)

Consumables, e.g. test-tubes, microscope slides, tees etc. These are
small items which are inexpensive and easy to replace.

(b)

Replaceable, e.g. flasks, beakers, thermometers, etc. You would not
expect these items to be broken and wasted in normal use. However,
breakages do occur and replacements are available at a moderate cost.
If possible the mercury should be saved from broken thermometers. Any
spillage in cracks should be treated with lime/sulphur for a day at least.

(c)

Valuables, e.g. continuous distillation apparatus, glass aspirators, etc.
These items are expensive and require special care. Spares would not
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normally be held in your lab and there would usually be some delay in
-.
ordering replacements.
Category (a) is therefore the category of equipment which need not to be
recorded. However, you should keep a strict record of breakages to any
apparatus falling into categories (b) or (c), recording the date, a description of
the article, and who broke the article.
One final point about the breakage record is that it might well provide useful
information for safety officers or representatives in highlighting sources of
accidents or unsafe practices.

SAQ 5
Which of the following methods would you say was an acceptable way of
storing burettes, and indicate which, if any, are used in your lab:
a)
b)
c)
d)
e)
f)

Standing upside-down, i.e. on their open end, against the back of a glass
fronted cabinet?
Lying horizontally supported by the two wooden dowels?
Lying on a foam rubber covered shelf?
In a drawer?
In a drawer, clipped into slotted battens?
Clipped into slotted battens against the inside of the back of a glassfronted cabinet?

SAQ 6

What would you say were the two main reasons for keeping a glass breakages
record?

SAQ 7
Would you record the breakage of following:
YeshJo
a)
A test tube
b)
A graduated pipette
YeshJo
c)
A burette?
YeshJo

3.5

SUMMARY

After studying this unit you should be able to:
Clean glassware using water, a commercial product, and a chromic acid
method.
Select the appropriate method (from 1) in a specified situation.
e Appreciate the dangers in assembling glass tubes and apparatus.
e Demonstrate how to insert and remove glass tubing into or from bungs.
Appreciate the dangers of suck-back and how to prevent it.

.

To explain the danger of glass apparatus containing gas pressure other than
air pressure.
Appreciate the need for appropriate methods of storage for glass apparatus.
Choose from a list the best chemical method of removing stains and
insoluble residues.
Maintain a record of breakages and report them periodically as directed.

/
I

3.6

TERMINAL QUESTIONS
On ckaning a burette, you recall the advice: " solutions of alkalis should
not oe used for cleaning volumetric glassware". Accordingly, you
rermve the glass tap before cleaning the burette and then rinse it through
tl- rroughly with water. However, there is some residue remaining in the
barette jet, even after you have passed a fine wire through the hole.
\;/'hich of the,following methods would you use to clean off the final
residue?
a) Rinse the jet in hydrofluoric acid.
b) Rinse the jet in sodium hydroxide.
c) Rinse the jet in alcohol.
d) Rinse the jet in concentrated nitric acid.
e) Heat the tip of the jet with a Buqsen burner to burn off the residue.
f ) Try to scrape out the residue with a more robust piece of wire.
g) Dismantle the jet and connect it to a tap to force water through.

I

1
I

2.

Write down an example of each of the following from the experiments and
work carried out at your workplace:
a) The use of special glass.
b) The use of an anti-suck-back device.
c) The use of glass vessels with high internal pressures.
d) The use of glass vessels with low internal pressures.

3.

Why solutions of alkalis should not be left in the burette for a longer time.

4.

You have washed up after some experimental work has been completed in
your lab and you have used water and a suitable commercial detergent.
Two of the test-tube used have persistent light-brown stains. What is the
next step that you would take to remove these stains?

3.7

ANSWERS

Self-assessment Questions

1.

2.

Three of the following:
Organic solvents, e.g. propanone (acetone).
a)
b) Alkalis, e.g. 5% aqueous caustic soda solution.
c)
Chromic acid-only if unavoidable.
1% acid followed by hydrogen perdxide or potassium
d)
manganate (VII) .
First of all rinse the stained test-tube in a small amount of propanone
(acetone), remembering, of course, that this is a highly flammable, toxic
substance. Should the stain persist, then a more efficient method is
required, e.g. using an ultrasonic cleaner. You must remember not to use
this method with delicate, poor quality, or sintered glassware.
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3.

a) Water - in all cases
b) Detergent
Glycerol can also be used.

4.

a) temperature
b) inverted
c) Cracked
d) three
(e) and ( f ) are the only acceptable methods, and if your lab uses any of
methods (a) to (d), it would be interesting to know how often you get
through burettes! Method (a) would only seriously be considered by a
mad hatter! Method (b) would cause distortion due to sagging between
supports. If the dowels were horizontal (as opposed to sloping down
towards their supported ends) the burettes could roll off. Method (c) would
not necessarily prevent a burette from rolling, and storing on foam rubber
is bad practice due to the accumulation of dirt and the possibility of
causing breakage, unless precautions like those mentioned in method (e)
were taken.

6.

To keep a check on stock for
a) Re-ordering, and
b) Stock checks.

7.

a) No - consumable.
b) No - consumable.
c) Yes - replaceable.

Terminal Questions
1.

(a) to (f) are forbidden methods which will damage any glassware. If
you were tempted to use any of these methods, revise Section 3.2.1. In
addition, if the deposit was greasy, acetone could be forced through the
jet to remove the residue.

2.

Here is a list of some typical examples:
a) (i)
(ii)

Pyrex glass for the Lassaigne sodium fusion test.

Special glass which does not absorb UV light in
spectrophotometry.
(iii) Vitreosil or quartz (silica) tube for passing gas over a hot
solid.

b) Drying gases with concentrated sulphuric acid.
c) Critical temperature determination of a liquid.
d) (i) Vacuum distillation of liquid.
(ii) Vacuum desiccators for drying.
(iii) Boiling water at reduced temperatures.
3.

The alkali solution might attack the glass and thereby fusing the plug of
the burette.

4.

Immerse the glassware in dilute hydrochloric acid. If this does not
remove the stain, add aqueous 1% sodium metabisulphite solution and
leave overnight.
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3.8 APPENDIX - I

-

SAFETY AND THE HANDLING OF GLASSWARE
This section is on safety and the handling of glassware. .It is included because
it provides additional practical advice and suggestions for technicians working
with glassware in the course of their duties. Most of the points are covered
elsewhere in this block but are reiterated here for safety and as a convenient
reference.
Manipulation of Glassware
Broken glass is probably the commonest cause of accidents in laboratories.
The danger due to severe bleeding from a cut is obvious, particularly if an
artery is severed; but even the smallest cut can be dangerous if it becomes
infected by being left uncovered.
Infection can occur by bacteria (biological hazard), by radiochemicals
(radiation hazard) or by toxic chemicals (poisoning hazard), and these could
constitute extremely serious health risks in the long term. In view of this, it is
clearly best to take the simple precaution of cleansing a minor cut and then
covering it immediately with a .&itable dressing. Nevertheless, you will recall
the saying "prevention is better than cure' and a few general guidelines in the
handling of glassware are given here with this in mind.
Storage
(1)

Shelves for storing glassware should be lipped at the front to prevent
pieces being accidentally pulled or knocked off.

(2)

Glassware should be stored at a level which can be reached without
using a stepladder.

(3)

Tall pieces of glassware should be stored at the back, smaller ones in
front; heavy pieces lower down, lighter pieces on higher shelves. Filled
containers should never be stored above head height.

(4)

Glass tubing and rods should be stored horizontally. No piece should
protrude beyond the shelf. Storage racks should never be in a
passageway or near where people walk.

(5)

Droppers and pipettes should not be placed upright in containers. They
should be laid horizontally in boxes or racks.

Carrying and Handling
(1)

Filled Winchesters and other large containers should only be
transported in specially designed wire baskets

(2)

Glassware should never be carried in laboratory coat pockets.

(3)

Bottles carried by hand should be supported by one hand under the
bottom, and never carried by the neck alone.

A flask of liquid should never be snatched up, or pulled sideways, by
the neck- the sudden strain may break it. it should be picked up with
one hand round the neck, the other supporting the bottom.

When filling containers, space should be left so that the liquid can be
poured safely. When pouring, the bottle should be held with the label
on top so that the liquid does not deface the label.
When chemicals, solvents. acids etc. are to be stored in glassware, keep
the vessels well away from direct sunlight andlor the vicinity of
radiators, underfloor heating, etc. since the increased temperature, and
hence pressure, in an enclosed glass vessel could lead to breakage. the
resulting spillage of the contents could be disastrous.
Vessels containing heated liquids should not be securely stoppered
when the liquid cools the vessel will be under vacuum.
When liquid is to be heated, it should not fill the vessel, but about a
quarter of the capacity should be left empty to allow for expansion.
Harmful substances in small bottles, for example carcinogens and
strong acids, should be carried in double containers of resilient plastic
in order to prevent breakage, or to contain the contents if the glass does
break.
When negotiating stairs (stepslstepladders) the load should never be
more than can be supported by one hand. One hand should remain free
for holding on, to guard against a fall in the event of a stumble or loss
of balance.
Glass Under Pressure
(1)

For work carried out at greater than atmospheric pressure, only
glassware designed for pressure must be used.
For vacuum work, only flasks designed for the purpose must be used.
Ordinary thin-walled conical or flat-bottomed flasks should never be
used for vacuum work.
All pressure vessels must be inspected for defects before use. Any
flask which is kept under pressure or vacuum will be under strain ,and
must have no scratches or cracks to weaken it or it may collapse
violently.
Eye protection (safety glasses or full face shield) should be worn. If
practicable, pressure work should be carried out in a fume cupboard.
Pressure vessels should be contained in wire mesh or plastic cages or
(with small vessels) made shatterproof by binding with adhesive tape.
Avoid moving or carrying vessels under pressure.
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With evacuated vessels, never release the vacuum suddrrlly - rllr surge
of air at full pressure can break the vessel.
Whether internal or external, pressure should be applied to, and
released from, glass vessels gradually, and preferably behind a safety
screen.
Pressure should not be introduced into laboratory glassware to expel
the contents.
Vacuum desiccators should be placed on a rubber mat or smooth
surface to avoid irregu!ar pressure on the base. They should be secured
in a cage or other enclosure before being evacuated. Never lever off a
desiccator lid, but always slide it off.
Assenably of Apparatus
(1)

Always ensure that any glass apparatus has been thoroughly purged
before commencing any glassworking operations. This is particularly
important for apparatus which has contained hydrogen or propanone
(acetone).
Apparatus should be assembled with the unit; in line properly
supported by clamps so that no unit exerts a strain on another.

-

Glass is weak under tension. Avoid any pressure which exerts leverage
or bending.
Thin walled vessels should not be carried or clamped by the side or lip.
The fingers, or the clamp, should encircle the vessel.
Flame polish all cut ends of glass tubing in order to strengthen the rim
to take rubber tubing or cork.
Never exert strain on glass tubing by holding it at one end while trying
to push the other end into rubber tubing or bung. Hold the bung in the
left hand (protected by a glove or cloth) and keeping the two hands
almost touching, ease the tube bit by bit into the hole in the bung.
Better still, use the method described in Section 3.3.2.
If the cork or bung is not already holed, use a sharp borer and lubricate
it, Hold the bung or cork with the small side up and the wider base
against a firm surface (not the palm of the hand). Rotate the borer into
the smaller end of the cork about half way down. Then invert the cork
and continue boring from the other end until the boreholes meet.
When using glass apparatus with ground-glass joints, grease the cone
and socket sparingly to avoid seizure. Use only the correct grease for
apparatus to be evacuated and remember that silicone greases are
extremely difficult to remove afterwards. PTFE sleeves can be used in
cases where it is important to avoid the material becoming
contaminated even with traces of grease. Caustic alkalis are notorious
as the commonest cause of 'stuck' joints and stoppers.

(9)

In the event of a ground-glass joint being 'stuck', first tap it with either
a piece of hard wood (not metal) or on the edge of a bench to loosen it.
If the vessel contains hazardous materials, particularly liquids or
solutions, wear protective glasses and gloves when attempting to
separate the cone and socket. Should the above method fail, warm the
socket part of the joint carefully so that it expands and leaves the cone
free. The heating should be performed with extreme caution if the
closed vessel contains, or has contained, a flammable, volatile material.
Use a yellow Bunsen burner flame only if the vessel is known to be
free fiom all traces of flammable substances, otherwise use a cloth
S O P ~ in
C ~very hot water to heat the socket.

(10)

When fitting rubber tubing on to glass tubing with an elbow bend, put a
c'xhe over the glass and grip it at the right angle if this is possible as
v ell as at the end taking the tubing. Do not forget to lubricate the
t ~ b i n gfirst.

(1 1)

Always wipe the outside of a glass vessel dry before heating it with a
Bunsen burner or heating mantle. Generally, heat materials in roundbottomed flasks rather than in flat-bottomed or conical flasks unless
they have been specially constructed to withstand such treatment.

(12)

When dismantling apparatus, never use force to twist or pull a piece of
glass tubing which has stuck in the cork or bung. It is better to sacrifice
the bung by cutting through it with a sharp knife (protect the hand with
a glove or cloth) until the tube is reached, force the two faces of the cut
apart and loosen the tube. In obstinate cases it may be necessary to cut
away a segment of the bung.

Glassware - Breakage and Disposal
(1)

Before use all glassware should be examined for defects. Do not use
any that is cracked, chipped or scratched. Take particular care to
examine flasks for small star cracks.

(2)

Defective glassware should be cleaned, properly wrapped or packaged
and then sent to the glassblower for repair or it should be disposed in
the special container for broken glass.

(3)

Do not expose thick glassware to sudden temperature changes.

(4)

Take care to clear up all coverslips for microscope slides. If left on a
bench, these tiny squares of wafer-thin glass are almost invisible, and,
if subsequently broken, the fragments constitute a danger to fingers.

(5)

When washing glassware by hand, a soft mat or cloth must be laid over
the bottom of the sink. Insides of containers should be cleaned with a
brush, not with the fingers and a cloth, which can easily exert enough
pressure to break off pieces of glass.

(6)

Broken glass must be swept up with a dustpan and soft bristled brush
immediately. It is prudent to sweep a wider area then seems necessary
as glass fragments may be projected for some distance.
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(7)

Use a piece of plasticine, not the fingers, to extract small pieces of glass
from awkward places or sharp slivers from the floor. Use tweezers or
tongs to remove pieces of brdken glass from the grid in sinks.

(8)

Dispose of broken glass in polythene bags within rigid containers
which the glass cannot penetrate.

(9)

Glass/sharps must be kept separate from other waste and clearly
labelled to avoid danger to cleaners, porters and others.

(10)

Do not throw glass into the bin because of the danger of flying
splinters. Place it in cautiously.

(1 1)

Never wear open-toed shoes or sandals in a laboratory.
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4.1

INTRODUCTION

We have covered the use and maintenance of glass apparatus in an earlier unit
(see Unit 1 Sec. 1.4). We will now move on to basic procedures involved in
glassworking. As we have seen, glass is one of the most important materials in
the lab; it is also one of the most versatile, capable of being made into
countless pieces of apparatus by accomplished glassworkers. This unit and
Units 5 along with the experiments are designed to give you confidence and
competence in various basic glassworking techniques.
This unit contains a general introduction to glass and simple laboratory glass
components, which can be used to assemble a complete apparatus. Possible
hazards from glass working and first aid measures in the event of an accident
are discussed in last part of this unit.
Objectives
After studying this unit, you should be able to:
describe properties of glass,
distinguish between soda glass and borosilicate glass,
describe different types of laboratory components available in glass,
state the care involved in the storage of glass rod and tubing,
list possible hazards from glassworking, and
know some first aid treatment for accident from glassworking.

~
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4.2

LABORATORY GLASS

Before going in details of laboratory glass, let us know more about glass.
WHAT IS GLASS?
In this century, we are familiar with glass in many forms - from tableware to
windows, from television screens to chandeliers. What do we mean when we
use that simple word 'glass'? Is all the glass with which we are so familiar the
same? One technical definition of glass is as follows:
'Glass is an inorganic substance in a condition which is continuous with, and
analogous to, the liquid state of that substance, but which, as a result of
reversible change in viscosity.during cooling, has attained so high a degree of
viscosity as to be, for all practical purposes, rigid.'
Now we will take up general properties of glass for further elaborating its
definition.
GENERAL PROPERTIES

I!

Homogeneity
Normally, you would expect a hsed (molten) substance to crystallize at some
point during cooling, but with a glass this does not happen. The ingredients of
glass are balanced in such a way that the melt continues to behave as a melt in
some respects even though it has solidified. Cold glass is indeed rigid and is
brittle, unlike the melt. Its most important feature is that it remains
homogeneous when rigid. There are no crystals in glass and you cannot even
call a whole chunk of glass a crystal since it does not have the regular structure
that would be associated with a crystalline solid. This gives rise to some
exceptional properties.
Being homogeneous in composition, glass does not exhibit fracture planes like
a crystalline solid. Indeed, a crack initiated in a glass sheet, as many have
observed to their dismay, is as likely to turn in one direction as in another as it
progresses. In fact such a crack will not proceed in a straight line unless the
forces which make it progress are equally balanced in both directions which is
highly unlikely.
Vitrescence
The properties of all glasses are expressed in the adjective vitreous, which
simply means glass-like. Vitreous enamel is a glass, which is applied hot and
molten to steel baths and other household ironware to produce a hardwearing
shiny surface. Such surfaces also. fracture conchoidally producing a flake of
the glass and a black chip in the surface.
Viscosity
One of the most important properties of glass is that its viscosity is
proportional to its temperature over a very wide range of temperature. This
means that if glass is heated carehlly, it can be softened rather than melted.

'

This is not the case with other materials, such as ice. You will probably know
that ice remains solid up to 0 O C . At +I O C it is all liquid, and thus there is only
If you try to manipulate glass by heating, it will first creep; then it will soften
to a plastic state; and finally it will melt uncontrollably as the temperature
rises. Soft laboratory glass (soda glass) which started softening at about
560 O C but before that it will bend slowly and creep beyond about 450 "C. This
wide transitional temperature range provides good conditions for manipulation.
However, the glassworker must raise the glass to a higher temperature than its
first softening point so that the glass is adequately plastic.
Devitrification
It is possible for a glass to crystallise locally under certain conditions such as
the surface action of chemicals, or the changes induced by careless heating and
manipulation. This transition is called devitrification since the glass loses its
glass-like properties of transparency and homogeneity. In certain processes, for
example in the making of electrical insulators of extraordinary resistance and
surface inertness, glasses are crystallized and used in this devitrified condition,
This kind of material is called a ceramic.
4.2 1 Types of Laboratory Glass

The larger proportion of all glass apparatus used in labs falls into one of two
categories - soft, or soda glass and hard, or borosilicate glass. Third category
of glass is silica glass. Because of its relatively high cost and extremely high
temperature requirement to work it, it is not commonly used for laboratory
apparatus. Silica glass is very resistant to acid and does not absorb ultraviolet
light, thus being useful for lenses and cuvettes. We are going to concern
ourselves here with only first two types - soda and borosilicate.
Borosilicate glass is often known generically as Pyrex or Borosil. The two
types of glass are quite distinct and are relatively easy to differentiate from
each other by colour. Though no convincing colour difference can be seen by
looking through the shortest dimension of a glass laboratory apparatus like
tube or rod, a look at the ends of a rod or tube will show that soda glass is
distinctly green. Hard borosilicate glass is grey to blue or sometimes
ye!!owish.
The difference in colour, and indeed difference in properties of the two types
of glass, are reflections.of their ingredients. Table 4.1 summarizes the typical
components of the two types of glass.
The most noticeable difference is in the asterisked components, whose
concentrations are almost reversed in the two types of glass. These components
clearly have the greatest effect on the differences in properties.
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Find examples of tubing and
red made tiom soda and
hosilicate glass. What are
the distinctive features that
you notice of each type?
Make a note here.

New formulations of both
types of glass are being
developed cantinuously, and
some may not conform to
the colour information as
given here, Such glasses can
only be differentiated by
tests.
Annealing temperature of
the glass is defined as the
temperature at which strain
in glass is dissipated with
out the glass becoming
plastic enough to move
under gravity. This is just
above sewice temperature.

Table 4.1 ; Percentage Constituents of Glasses

Sulphur Trioxide (SO,)

0.2

1 -

1

Having noted that the two major types of glms used in labs have differerg
compoaition~wmething must now be said concerning their properties. We said
that aoda @as6 is bmed wbl whereas hroeilicate glass is termed bard, but
this distinction wflects a whdo srtuig5: of properties the most salient of which
are their softening and servioe tempe~atyres.The service temperature is the
maximum temperature at which articles msde fropa glass may be safely used.
Table 4.2 i s a resume of goma notable properties of thg two types of lab $ass
with compositions of the main ingredients.
Table 4 2 :Comparison of Ck8rrlfteristicr of Sod@and Barosilicqte Glass

between 20 O and 350

At temperatures higher :tits service temperature, glass creeps and will be
deformed, possibly even under the influence of gravity but certainly by any

internal pressure or the pressure of clamping apparatus. The service
temperature is clearly dependent upon the softening temperature, or the
minimum temperature at which the glass softens.
The coefficient of linear expansion is a ratio to which you can apply any unit
of length, e.g. for soda glass this coefficient can be 9.6 x 10" mm~mm/"Cor
9.6 x 10" kmlkm/°C. In other words, any length of soda glass when heated by
1°C will expand by 9.6 x 10" of that length. For borosilicate glass, the length
of the expansion is less.
From Table 4.2, you can see that the coefficient of linear expansion changes
with composition. If a piece of soda glass is heated in a flame and a piece of
borosilicate glass is similarly heated, it is possible to join the two while they
are soft. However, on cooling, the soda glass contracts much more than the
borosilicate glass and the stress produced by the differing contraction rates will
break the joint. This will happen every time:
It is in fact important that reordered batches of the same type of glass have
closely similar expansion rates; otherwise articles made from mixtures of
batches will be stressed at joint areas and will thus be weakened. As a basic
principle then, you should only join soda glass to soda glass, and
borosilicate glass only to borosilicate glass.
Because borosilicate glass has a lower coefficient of linear expansion it is less
likely to crack than soda glass when heated, simply because it expands less.
Becallse of this property of borosilicate glass, articles made from it are less
likt-iy to shatter when heated and so most laboratory glassware, which is
intended to be heated, is made of borosilicate.
Thin-walled glassware was the first attempted solution to the thermal shock
problem before the advent of borosilicate glasses. Since the walls were thin,
the heat transversed them before strain could damage them. Test tubes made
from soda glass are made with thin walls if they are intended to be heated, or
with thick walls if they are not.
Even today the best borosilicate glassware for heating has thin walls for the
same reason, - thin walls reduce breakage by thermal shock both on heating
and cooling.
Now work through the following SAQs.

1

1

SAQ 1
If you simultaneously heated the ends of two glass rods - one of borosilicate
and one of soda glass - which would you expect to soften first, and roughly at
what temperature would this occur?
Borosilicate/soda glass softens'first at about ... ...........

... "C.

SAQ 2
Which of the following glass joints would be possible? (Tick the correct
answer.)
(i) Borosilicate to Borosilicate.
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Gas-air flame of Bunsen burner
will soften soda glass bot not
borosilicate glass. A natural
gassxygen flame is required to
soften borosilicate glass. This
property of glass can also be
used in identification of their
types.
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(ii) Soda to soda.
(iii) Borosilicate to soda.

4.3

LABORATORY GLASS COMPONENTS

The list of laboratory apparatus components produced commercially in glass is
nearly endless. The laboratory scientist / technician should make a careful
survey of lab supplier's literature before embarking on the design and
construction of a glass apparatus. Very often a complex device can be
assembled in the lab entirely from inexpensive components without requiring
the services of a skilled glassblower. Some of the such most frequently used
glass components are described below.
4.3.1 Glass Rod and Tubing
Glass rod and tubing may be purchased through the usual lab equipment
suppliers. You would generally order stock using information about its
composition (soda or borosilicate), type (tubing or rod), and outside or overall
diameter (0.d.). The other dimension you might use to describe stock is that of
wall thickness where heavy or particularly thin walled tubing is required, and
bore diameter where capillary tubing is required.
Storage
1) Recommended Methods
A laboratory's stock of glass tubing may not be very large, but it is necessary
to give some thought to its storage. .Glass rod and tubing at one time used to be
supplied in naked bundles tied up with string and rubber bands, but with
greater safety awareness now it usually arrives in triangular, cardboard sleeves,
often with foam plastic at each end. These containers are not only extremely
safe for transporting glass rod and tubing but they are also good long-term
storage cases.

If at all possible you should keep the glass in these cardboard sleeves and store
them horizontally rather than vertically. You can store them easily on sets of
brackets screwed to a wall; but for preference store them on long shelves to
avoid distortion.
Y o u aim must always be to maintain separation of the sleeves rather than
piling one upon another. In this way, you can easily remove the type of glass
required from the packing sle'eve' piece without drawing one piece over another
and thus causing surface scratches.
On delivery, you should open each sleeve and check its contents for string,
band and tape, for all of which you should remove in order to fiee the glass.
Then lay the sleeves behind one another, as shown in Fig. 4.2 and label them
clearly.
Storing glass vertically is also acceptable so long as the glass is still in its
packing sleeve. However, you must first remove sleeves from the storage
system before opening them, ahd open them horizontally. If they are left in a
vertical position and opened at their ends, dust will enter the packing unless it
is reclosed.

Also, in this way you have to draw the glass out over its fellows (causing
scratching) and its full length has to be drawn from the sleeve before it will
disbngage.
To have two metres of tube or rod waving in the air barely under control is
hazardous since it may fall when at last it is free, it may break off before it is
free, or it may fall back into the packing sleeve causing more scratching and
possibly breaking. All the foregoing of course applies to any vertical storage
system, which demands drawing up of full lengths of glass. It is better to line
up sleeves and use some kind of loop system to hold them in place, such as that
shown in Fig. 4.1.

Velcro tab

Fig.4.1: Vertical storage for glass rodltubing.

The problem of what to do with short ends of glass is more easily solved in the
horizontal sleeve storage model. You have to agree a local convention that all
such pieces must be returned to the appropriate sleeve at, say, the left-hand
end. Anyone requiring glass should first look in that end of the sleeve to see if
an appropriate length is available. With vertical storage all short pieces
naturally end at the base of the sleeve.
Vertical naked storage (see (4)) requires an additional container, known as the
shorts box, which is deep enough to contain all short lengths of tubing, to
prevent the growth of a glass 'Christmas tree' in the storage rack.
(2) Labelling

Labels should state the composition of the glass - soda or borosilicate; whether
the content is rod or tube; and the outside diameter. Other information such as
heavy wall, light wall, capillary (bore), etc. may also appear on the label - see
Fig. 4.2.
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Fig.4.2: Labeling of horizontally stored glass rodltubing packs.

You may find colour codes of use for the main divisions of any system that
you adopt, e.g. red for soda, blue for borosilicate. The cardboard sleeves are
best resealed with paper masking tape, which is cheap, easily cut, or broken,
,and yet strong enough to make a durable seal. You must resist the temptation
to place more sleeves on a shelf than it will easily hold since this will make
nonsense of any system used.
(3) Stock

Whatever method of storage is used, care must be taken to keep glass of
different composition well seperated or easily distinguished since they cannot
be joined together - see sub Sec. 4.2.2. For many labs the main requirement
will probably be for glass from which to make such items as delivery tubes, air
condensers etc. and the size most often used is 6 mrn 0.d. (0.25 inch, and 6 mm
solid rod is useful for stirrers. You will find it useful to keep a small quantity
of really wide tubes for making column for Column Chromatography.
If glass is properly stored and labelled, confusion about its size should not arise
but if for any reason you need to measure the 0.d. or the bore, the best
instrument for this is the vernier caliper. If you are unsure of how to use this
tool, an explanation is given in LT 4 course.

(4) Loose Vertical Storage
Often in the initial equipping of labs, a loose vertical storage system is
installed which will eventually become an eyesore and a hazard. Its stock
becomes dusty and damaged and all short pieces fall to the bottom or stick out
so that the rack bristles like a Christmas tree with considerable danger to the
ankles and legs of the unwary. For a lab with a low consumption of glass rod
and tubing, this method of storage is arguably the worst and most dangerous
available. It is also the most laborious to maintain in a workable condition. If
loose vertical storage has to be used, then you must include a short box in the
system as described in (1).
Cleaning Glass Rod and Tubing

If material has become dusty and dirty through long term storage difficulties, it
is relatively easy to clean, but more persistent dirt will require special
attention. Advice and techniques on cleaning glassware are contained in the
Unit 3 of Block 1. The following is a list of further recommendations.

(1) Never heat dirty glass in a flame since the dirt may well be combustible
and may produce smoke and possibly fast-burning fumes. Inside a glass
tube the result could be an explosion. Dusts may also contain toxic
materials, particularly if the glass is stored in a lab, or materials, which
may give rise to toxic fiunes when heated.
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(2) Never heat tubing with water in it as the water will boil and may condense
in the tube causing drops to run back to the heated section. This will shatter
the tube.

(3) Wash tubing inside and out with hot water and detergent. Rinse it with
water (distilled water is not necessary). Large diameter tubing can be
corked at one end to facilitate washing. Dry the tubing thoroughly.
(4) If repairs to any glassware are ever attempted, make sure that the article for
repair is cleaned and dried thoroughly beforehand.

(5) Fats andlor greases and oils may be removed by solution with an orgmic
solvent. Carbon tetrachloride or a similar low toxicity, nonflammable
cleaning solvent is suitable.
(6) Water scales may be removed with hydrochloric acid.

(7) Organic substances may be removed with concentrated sulphuric acid
containing a little potassium nitrate.
(8) Mercury compounds may be dissolved by concentrated nitric acid.

This list may serve to underline the hazards of repairing glassware without due
care. In all cases the last rinsk should be of tap water and if you suspect that
there is any trace of solvent within the article for repair, you must blow it dry
for an hour with an airline or pump. It is almost certainly cheaper and safer to
discard any badly soiled tubing rather than to clean it.

4.3.2 Demountable Joints
Laboratory apparatus can be quickly assembled if components are connected
with joint of the type illustrated in Fig. 4.3. Standard-taper gromd joints are
generally available in borosilicate glass.
Ball-and-socket ground joints do not seal as reliably as taper joints. However,
their design permits misalignment and even some slight motion between joined
parts. This type of joint must be secured with a suitable clamp. Ball-and-socket
joints are designated by a two number code (i.e. 28/15). The first number gives
the diameter of the ball in millimeters, the second number the inner diameter of
the tubing to which the ball and socket are attached. Ball-and-socketjoints of
standard sizes are commercially available generally in borosilicate glass.
The O-ring joint illustrated in Fig. 4.3(c) is rapidly replacing the ground joint
as a means of making demountable joints in glass vacuum apparatus. These
joints require no grease. Furthermore, the mating pieces are sexless, since each
member of the joint is grooved to a depth of less than half the thickness of the
O-ring. To date, these joints are only available in borosilicate glass.

The substances used in
methods (6), (7) and (8) are
extremely hazardous. Avoid
bodily contact with these
substances and wear eye
protection at all times. First
aid for contact with or
spillage of acids is immediate
dilution with copious supplies
of cold tap water.
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Fig.4.3: Demountable Joints: (a) standard taper joint; (b) ball and socket;
(c) O-ring joint.

4.3.3 Valves and Stopcocks
A glass stopcock of one of the type's illustrated in Fig.4.4 (a)-(c) has
traditionally been used for controlling fluid flow in glass apparatus. These
consist of a hollow tapered body and a plug with a hole bored through it that
can be aligned by rotation with inlet and outlet ports in the body. The simplest
and least expensive version uses a glass plug with a ground surface that mates
with a ground surface on the interior of the stopccck body. The surface of the
plug must be lightly lubricated with stopcock grease to ensure a good seal and
freedom of rotation. A stopcock of this type may be used to control liquid flow
or gas flow at pressures down to a few cm3. For use at pressures above 1
atmosphere the end of the plug may be fitted with a spring-loaded clip or
collar, which prevents its being blown out. Stopcocks of this type are now
available with a ~ e f l o nplug. These are well suited for use with liquids. No
lubrication is required, and the plug seldom freezes in the body of the
stopcock.

In glass vacuum systems, the stopcock illustrated in Fig. 4.4 (b) is far more
reliable than the simple solid plug design. The plug is hollow, and the small
end of the body is closed off by a vacuum cup so that the interior of the
stopcock can be evacuated. The plug is then held securely in place by
atmospheric pressure.
Valves with threaded borosilicate glass bodies and threaded Teflon plugs (see
Fig. 4.4 (d) ) are rapidly replacing conventional stopcocks for most
applications. These valves are' no more expensive than good vacuum
stopcocks. They require no lubrication, so that only glass and Teflon are
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Solid glass :
plug

(a)

Teflon plug

(b)

Vacuum on this
side holds plug
in place

Teflon plug with
O-ring seals

Fig.4.4: Stopcocks and Valves for controlling fluid flow: (a) glass stopcock with solid
glass plug; (b) high-vacuum stopcock with vacuum cup and hollow plug; (c) glass
stopcock with Teflon plug; (d) threaded glass vacuum valve with O-ring sealed Teflon
stem.

exposed to the interior of the system. They are suitable for use with most
liquids and gases and may be used at pressures from 10-6 torr to 15 atrn.
Now work through following SAQ.

SAQ 3
You should never commence glassworking with dirty or dusty stock, and it is
obviously better to keep your stock clean than to have to clean it every time
you want to use it. How would you store glass rod and tubing to prevent it
becoming dirty while in store?

4.4

POSSIBLE HAZARDS FROM GLASS

Any lab technician is avme that broken glass has very sharp edges and may
easily cause cuts and grazes, which are often deep and painful. Broken ends of
tubing and rod are always sharp and often splinter in such a way as to leave
microscopically thin silvers, which easily penetrate the skin. After penetration,
they break leaving a splinter erpbedded in the flesh. You must treat all broken
or cut ends of tubing and rod with great respect and NEVER place them in
your mouth.
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Tubes and rods, particularly before cutting, are long and unwieldy items and
may easily cause damage to an innocent bystander. The end of one of these
objects in someone's eye will almost certainly result in blindness. Anywhere
else it will result in some sort of cut.
4.4.1

Dangers from Cut Glass

Cutting rod and tube alike may give rise to a cutting edge. Although not
immediately visible, sharp tongues of glass may be left. Cut glass tube or rod
ends can be made safe by:
(1)
(2)

Filing, and
Flame polishing.

These techniques are fully explained in next Unit. Other dangers arising from
cut glass lie in the splinters and bits that are formed on breaking the glass,
Thorough cleanliness will minimize this hazard.
4.4.2

Dangers from Heating Glass

Heating glass to its working temperature in a flame means that you will have
very hot pieces of glass in your working area. Glass stays hot for a surprisingly
long time, even when it isn't glowing and it looks cool, and so hazards are
correspondingly great. Here are some precautions you should take.
(1)

(2)
(3)
(4)

(5)
(6)
4.4.3

Develop a habit of picking up a length of tubing by its middle since this
is not normally heated unless you are making bends.
Always test a piece of glass lightly with your fingertips before
committing them to a real hold on the glass.
Always, test the end of a tube with your fingers before putting it to your
lips to be blown.
Put heated glass on d rack (see Figs. 5.4 and 5.5) to cool. Do not put it
on anything else because hot glass, which may not look hot, i.e. it may
not even be slightly glowing, can set alight paper or clothing and even a
wooden bench top.
All waste glass must be consigned to a suitably marked metal bin.
Never put anything other than glass in this bin.
Burns are best avoided by giving undivided attention to the work being
done and to nothing, and no one, else.
Protective Clothing

As always, you must wear a lab coat. Also, you must never practise
glassworking without wearing safety goggles. Should the worst happen, sharp
fragments of possibly hot glass may spatter in all directions. It is not unknown
for a glassworker who is concentrating on heating part of a job in a flame, to
injure his or her face with another part of the work, which he/$he is not
watching.
When soda glass is being heated in a quiet flame, the emissions fiom it are not
particularly dangerous, but you should avoid long-term exposure of the eyes to
heat. If the odd bit of glasswork is being done, it is not necessary for you to use
anything better than a polycarbonate eye shield.

However, if more intense .work is being carried out, you will need a good pair
of glass-lensed eyeshields. These will filter out most of the heat. Look in
laboratory supplier's catalogues to see the variety and cost of a good pair of
plain-lensed glasses (also see Appendix ). Darkened lenses are required if glass
is to be heated to white heat since both infrared and ultra-violet rays will be
emitted.

4.4.4 Respiratory Hazards
The classic glassblowers' disease is that of emphysema. This is a permanent
over-expansion of the lungs leading to aggregation of the alveoli and
consequent reduction of the surface area of the lungs. This leads to breathing
difficulties, extreme shortness of breath, and eventually death. The symptoms
are not unlike those of asthma.
Emphysema is not reversible or curable. It is not inevitable and is easily
avoided by blowing glass not from the lungs but from the cheeks, having
sealed off a mouthful of air from the windpipe. This is explained in next Unit.
Glass is blown by the mouth whilst breathing continues from the lungs via the
nostrils.
Glass consists mainly of silica and silica is surface active. In other words it is
biologically active. Silica dusts in the lungs produce a condition known as
silicosis, which is due to silica particles first producing a reaction in the mucus
membrane of the lung and then scarring. The scar tissue is stiffened and
thickened and becomes useless for respiratory exchange. This condition is also
similar in its symptoms to asthma.
To avoid silica dusts, glassworking areas should be freely ventilated and
cleaned, preferably with a vacuum cleaner kept for the purpose. Over-blown
bulbs may cause tiny fragments of silica to be wafted around in the air.
4.4.5

First Aid in Glassworking

First aid is dealt with fully in the LT-I Course. The remainder of this
paragraph is only a summary of first aid specific to glassworking.
The causes of injury likely in glassworking are relatively easy to predict.
Victims are likely to pick up very hot objects and are equally likely todrop
them quickly. If the objects are glass they may shatter and give rise to splinters
and flying glass particles. Victims are also likely to encounter sharp edges and
points. Almost all injuries in the glass shop are avoidable by adopting sensible
and safe working practices, such as:
(1)

(2)
(3)
(4)
(5)

(6)

'Testing glass for heat before picking it up;
Flame polishing all cut ends;
Keeping the bench free of shards;
In the case of forced flames; always ensuring they are turned to a soft,
cool flame when not in use;
Carrying glass rod or tubing vertically, not horizontally; and
Using correct storage methods - see sub Sec. 4.3.1.

However, accidents do occur and first aid treatment may save much pain. A
summary of the appropriate action follows:
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Burns
Slight burns, e.g. caused by picking up a hot tube and quickly letting it go.
These bums damage the outer layers of skin and smart. They are generally
accompanied by prickling of the scalp. Small, superficial bums are best
untreated - they will stop stinging fairly quickly. Cooling of little bums
actually increases their nuisance value, as they are more painful when feeling
returns than if they are left.
If the victim demands treatment, a proprietary burn jelly or lotion should be
sparingly applied, but do not apply a dressing.

Larger burns, e.g. smoke are produced from the bum by hot glass with a
larger patch of burning and perhaps blistering on the skin. Cool the area of the
burn under cold running water for 10-15 minutes, or wait unit the pain is
alleviated. This reduces pain and prevents local underlying tissue damage. Do
not lance any blisters, as these are part of the healing process.
Deep burns, with larger areas of skin death, and possible charring. Patient may
suffer shock in relation to the extent of burning. Cool as before using running
cold water or even ice packs (ice wrapped in cloth) in severe cases. The pain of
severe burning is indescribable and should be allayed. Seek medical assistance.
Large area burns present a real threat to life and any bum larger than a few
square millimeters will produce much pain and should be treated most
seriously. Badly burned victims should be taken to hospital quickly and will
need cooling in transit. The first action is to call an ambulance. If the patient is
unconscious, remove any artifacts, which may become trapped by swelling of
the burnt area. Observe respiration and place the patient in recovery position.
Cuts
Small superficial cuts to fingers and hands: Assuming there is no glass in
the cut, the cut is best washed in running water, dried and allowed access to air
so that the body's own mechanism-treats it. Cuts on the palms of the hands and
pads of the fingers will need to be covered to prevent the ingress of dirt. (These
should be uncovered again as soon as possible to promote drying).
Larger cut:. If these will not seal, or the edges need holding together, then a
sterile dressing and bandage should be used.
If embedded glass is suspected, or blood loss is significant, the victim should
be taken to hospital.

Serious cuts involve loss of flesh and/or fast blood loss. Immediately remove
the victim to hospital after applying sterile dry dressings and bandages. Apply
direct pressure to the wound to stop blood flow using a pad of cotton or clean
cloth. If the flow can not be stopped, transport the victim to hospital. Raise the
injured part if possible to reduce blood pressure at the wound.
Glass in the eye: Cover the eye lightly with a pad of gauze and get the victim
to keep his eyes as still as possible. Closing both eyes helps. Hospital treatment
with all speed is vital. DO NOT attempt to remove objects from the eye - you
may do more harm than good.

It should be emphasized that unless you are truly proficient in first aid matters,
the best course of action is to do as little as possible beyond making the patient
as comfortable and as safe as you can whilst urgently summoning professional
assistance. Inept first aid can so easily make matters much worse.
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Now work through following SAQ.

SAQ 4
Complete the following table relating to the hazards of working with glass rod
or tubing. In column (1) we've listed some glassworking hazards. In column
(2) you should give an example of an accident that could result from each
hazard in column (I). For each accident, you should briefly state how it could
be avoided in column (3). We've included an example for you to get the hang
of it.

I

1

I
(d)

Glass

(e)

Injury to eyes

(f)

Injury to lungs

4.4
t

Large flames using
excessive oxygen
leading to asphyxiation

7

3

Ensure adequate
ventilation in working
area.

I

i
I

SUMMARY

In this Unit you were introduced to

I

?

6

(v)

different types of laboratory glasses
characteristics of soda and borosilicate glasses
commonly used components in glass
possible hazards from glass
first aid treatment for accidents from glassworking

4.5

TERMINAL QUESTIONS

(i)
(ii)
(iii)
. (iv)

1.

If a student showed you two pieces of unmarked glass tubing and asked
you whether they were made of borosilicate or soda glass, how would
you tell.what each tube was made of? State TWO different methods.

2.

For glassworking, your stock of rod and tubing should really be in top
condition. How would you ensure that rod or tubing does not become
bent in storage?

. .
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3.

When glass is so hot that it is glowing, it is obviously dangerous and you
would naturally treat it as such. Apart from such glowing glass, how is
hot glass hazardous?

4.

WARNING: When glass rod or tube is cut, two main hazards arise:
(a) The cutting process forms minute fragments and splinters of glass
which may cut or penetrate the skin
(b) The cut ends of rod and tube form dangerous cutting edges.
Can you think of at least two ways in which you can minimize these
hazards?

4.7

ANSWERS

Self Assessment Questions

1.

Soda glass softens first at about 560°C - see Table 4.2.

2.

(i) And (ii) are possible but (iii) will always fracture on cooling due to
different coefficients of expansion.

3.

The best way is to keep the glass stored inside its original delivery
containers as illustrated in Fig. 4.2. If you have to use a vertical storage
system (see Fig. 4. l), you.wil1 need some system for covering the open
end of the containers. By keeping the glass in the delivery containers as
shown in Fig. 4.2, you will also minimize scratching, cracking and
chipping.

4.

Your answer is correct, if you've written down one from each of the
following groups of examples.

[

(1) 'Hazard

Feature
(b) Flames

1 (2)

Typical
Accident
(i) Ignition

(ii)

(i) Keep working area of flame
completely clear. Glassworking areas
should be free of volatile substances.
Drafts can blow a flame onto skin,
hair, clothes, etc. and must be avoided.
Use only serviceable burners and
light correctly. A non-return valve
must be fitted between the torch and
gas meter.
Work in a well-lit area but away
from windows. Keep clear of the
area above the flame.

Back burning in fuel
pipes.

(ii)

Invisibility in direct
sunlight causing
bums or (i) above.

(iii)

(iv) Radiation damage to
eyes from heated
objects.

(iv)

Wear correct safety eye protection.

(i)

Bums

(i)

Store hot glass in a particular rack
for cooling. Always test before
grasping an object that might be hot.

(ii)

Ignition

(ii) Put hot glass only in a special rack to
cool before use, further manipulation
or disposal.

(iii)

(c) Heat

1 (3) Preventive Measures

'

.

.

(d) Glass

(i)

Cuts from newly cutrod or tubing ends.

(i)

Don't handle newly cut ends.
Always file and flame polish them.
Do not place unpolished ends in your
month.

(ii)

Simultaneous
breakage and cuts.

(ii)

Always cany lengths of rod or
tubing vertically. Use only the
recommended methods of storage
and cutting. When cutting, always
use a safety cloth when breaking rod
or tubing. Wear protective clothing.
Keep the working area clear.

(iii)

Cuts from free glass
dust and splinters.

(iii)

Keep the working area clean at all
times. Wear protective clothing and
avoid contact with working surfaces.

(iv)

High softening
temperature causing
bums or fires
because glass at
400°C shows no
apparent difference
to glass at room
temperature.

(iv)

See (c).

I

(e) Injury to , (i)
eyes

Cuts or penetration
by glass fragments
or ends of rods or
tubes.

(i)

Wear safety glasses or goggles at all
times.

(ii)

Eye damage due to
radiation emitted
from very hot glass
heated over long
periods.

(ii)

Ensure that your safety glasses are of
the correct type.

(i)

Silicosis or
emphysema caused
by prolonged
working in
atmospheres
containing glass dust
and fragments.

(i)

Never overblow bulbs. Certainly do
not inhale in the vicinity of an
overblown bulb. Reduce dust levels
by continual and scmpulous
cleanliness in the working area.
Ensure adequate ventilation.

(ii)

Emphysema caused
by blowing at high
pressure from the
lungs.

(ii)

Blow from the cheeks only.

( f ) Injury to
lungs

Terminal Questions
I.

If you looked at the end of the tube you would see a distinctive
colour. If it was blue-grey or yellowish, this would indicate
borosilicate glass tubing. If it was green, it would indicate soda
glass tubing.
It
is much harder to scratch borosilicate glass than it is to scratch
(ii)
soda glass; so if you took a suitable metal or glass edge you could
carry out a simple scratch test by scratching lightly on the tubing.
(iii) By joining the tubes.
(i)

Classworking Techniques I

Laboratory Techniques I

2.

It must be supported over its entire length, i.e. on a shelf in a horizontal
storage system as opposed to containers being supported on brackets.

3.

There is not any difference in appearance between cold glass and that
which is heated to over 400 "C. The main hazards that arise from this are
(i) Handling: keep hot and cold glass separate and always test it before
grasping.
(ii) Fire: hot glass can set fire to paper or even lab benches.

4.

4.8

(i) Filing, and
(ii) flame polishing.

APPENDIX

Eye Protection

Prolonged exposure to heat and/or infrared radiation has been linked with the
condition known as cataract of the eye. In this condition, part of the transparent
lens becomes cloudy and may become completely opaque, a condition which
can only be rectified by surgical operation. If glass is heated to a high enough
temperature not only does it give out infra-red radiation but may be responsible
for changes in the cornea of the eye and can certainly give rise to temporary
blindness or bubbled vision by destruction of retinal pigment.
It is axiomatic that the wearer of adequate eye protection is virtually immune
from these and other troubles. In the manipulation of soda glass, UV rays are
probably never emitted, such energiks not being normally reached. The heat
and infrared is easily absorbed by use of the clear glass safety lenses (which
also protect eyes form mechanical damage) fitted to spectacles such as the
'Solar Safety' type. Ordinary spectacles, if worn, are also sufficient to prevent
these unwanted effects but are not so strong as the safety variety which are of
toughened glass manufactured to an Indian Standard.
When borosilicate glass is being manipulated the temperature often rises high
enough for UV to be emitted. As we have stated above, these emissions are
hazardous and must be countered by the wearing of the appropriate eye
protection. Didymium spectacles protect the eyes form all radiation from
heated glass, including UV; and they reduce the glare associated with whitehot glass, enabling the operator to see more easily what is happening to the
glass at the hottest point. Pyrex glass must not be worked without the
protection of the specialist glasses, which are obtainable from the usual
laboratory supply, houses.
For more information on glassworking tools and eye protection, ask your
laboratory supervisor (or tutor or counsellor).

.
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5.1 INTRODUCTION
This unit has been designed to introduce you to practical aspects of
glassworking. It is intended to be a companion to Unit 4, which contains a
general introduction to glassworking and the experiments based on glass
working techniques given in Block 4 of this course. Together the two units and
experiments give you confidence and competence in various glassworking
techniques.
Thls unit is in three main parts:
(i) Tools
(ii) Forced air Burner
(iii) Glassworking Operations
You must read through this unit carefully before attending practical sessions at
your Study Centre.

After studying this unit, you should be able to:
r
r
0
0

describe the basic tools used in glasworking,
describe fuel gases, types of flames and types of burners used in
glassworking operations
li-t the basic techniques of manipulation of glass, and
appreciate the importance of annealing to reduce strain.

5.2 TOOLS
This section deals with some of the tools required for heating and manipulating
glasswork along with tools for cutting glass tubing and rod. The tools that you
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require for glassworking are simple and relatively inexpensive. Probably the
most costly item in which you may invest will be a good glass knife.
5.2.1 Heating Tools

Using Bunsen burner and batwing burner you can perform simple
glassworking operations. For hrther advanced manipulations you may require
a forced air burner. In this sub section simple heating tools, Bunsen burner
'
and batwing burner are discussed. The forced air burner will be discussed in
the next section.

Bunsen Burner
Operations and maintenance of Bunsen burner have already been discussed in
Unit 1 of Block 1 of this course. Here we will take up setting of Bunsen
burner for the purpose of glassworking operations.
Bunsen burners tend to be rather variable in the flames they are capable of
producing, so you are well advised to sort through your lab's stock of burners
to find one that is most suitable. For glassworking, the burner with the most
powerful flame is the best.
To find such-a.burner,carry out the following procedure on each burner:
(1) Connect the burner to a gas supply and adjust the air collar so that when
the burner is ignited, a low luminous flame will be obtained, i.e. reduce
the air supply.
(2) Turn on the gas supply to half pressure and ignite the gas.

(3) Increase the gas pressure to full and open the air collar to allow the
maximum air supply.
(4) Discard any burner which at this stage tends to lose the flame from the top
of the burner, pops, or allows a non-burning gap between the top of the
burner and the base of the flame.

(5) Retain a burner, which provides a good flame and high blue cone with a
broad flame above it.

(6) Ensure that the rubber supply tube is in good condition and is a correct fit
on the input tube, as the burner will be used for long periods at a time.

Batwing Burners
If you also have a batwing or fishtail burner this will be usefbl in the bending
of tubing. The flame from this kind of burner is broad (see Fig. 5.1), and will
heat a longer span of tubing than an ordinary Bunsen burner.

.

The batwing is taller than a Bunsen and does not usually have an adjustable ~ i r
collar, the gas-air mixture being fixed at a given ratio.
While you are working, the burner should stand on a heat-resistant board to
prevent damage to lab benches. This board should preferably be of the

ceramic type and you can put all hot ends of glass that are to be discarded on
the board to cool off before throwing them in the bin. You may find it useful

Fig.5.1: Batwing burner.

to have two or more of these boards with which to cover the bench so that you
have a greater heat-resistant working area for the disposal of odd bits and
shard:, of glass. For the flake glass resulting in the breakage of blisters, it is
useful to have an open metal tin on the bench.

5.2.2 Manipulation Tools
Having provided with a means of heating glass, you will need tools for the
actual manipulation of the glass. These will include:
(1)

Carbon Blocks

You will need one or two of these for making stirring rods, flat-bladed stirrers,
etc. Each block should be of at least 50 mm x 50 mm x 8 mm and you will
find that the usual lab equipment suppliers stock these. Carbon electrodes
would serve the purpose equally well. In fact, almost any flat carbon plate will
do, provided that it is dense enough not to burn when hot glass is placed on it.
(2)

Reamers

Two kinds of brass reamers are essential for glasswork. One is a brass plate
reamer as illustrated in Fig. 5.2. It is made from 2 mm brass plate, shaped as
shown in figure and inserted into a wooden file handle.

Fig.5.2: Brass plate reamer.
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A second brass reamer is required (see Fig. 5.3); this is made fiom 3-4 mm

b r a s rod. The rod isfiled to a long point at one end, and the other end is
inserted into a wooden file handle as before.

Fig.5.3: Brass rod reamer.

(3

Racks
Youwill find two kinds of racks useful. One or two V racks will be useful for
cutting long tubes and for supporting hot-ended tubes, which are cooling off.
It is beg to make a rack with more than one V slot to accommodate various
sizes of fube (see Fig. 5.4). Neither the angle nor the width of the V is critical,
but check the maximum sizes of tubing you may use. The sheet containing the
Vs should be of aluminium and the base should be heavy, and preferably mac'e
of hardwood. The overall height of the rack should be about 100 mm.

Fig.5.1: V rack.

The other kind of rack that you will need is like a test-tube rack (see Fig. 5.5).
It should be fairly tall (100-150 mm high) and be able to accommodate several
tubes standing vertically.
A test-tube rack of hardwood or folded aluminium will sufice, but its bnse
may require widening to prevent it ftam toppling over. However, a drilled
wooden block provides a better rack because tubes will not tend to slide to a
shallower angle, as they do in a test-tube rack.

An excellenr substitute for this is an airbrick with about ten round holes in it.
You would have to stand this on a ceramic mat.
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(4)

Wire Gauze

This is required to remove sharp points from glass. The gauze used for heating
gIassware can be used.

(5) Protecting Cloth
You will need this to protect your hands when cutting glass. Any heavy cloth
will do.

Rubber Bungs
You will also need an assortment of small rubber bungs to fit tubing of 8 mm
diameter and over; rubber 'policemen'; and Pasteur pipette teats for tubing
.with diameters of less than 8 rnm.
(6)

(7)

Marker

To mark glass, you will require a glass marking pencil or pen or a diamond
scriber. Although diamond scriber useful, this is not indispensable.

5.23 Tools for Cutting Class Tabmg and Rod
Glass fractures in a somewhat unpredictable way. This behaviour is discussed
in Unit 4. Unpredictable fractures occur not only in sheet glass but also in rod
and tubing. To produce the correct kind of break, a crack formed in glass must
be led in the required direction. In this sub section we are concerned primarily
with the tools for cutting tubes and rods. The actual method is described in
experimental part of Block 4.
The tools required to break small tube and rod, say up to 8 mm outside/overall
diameter (o.d.), are simple. They are a glass cutting knife or file, a cloth and a
V 'rack (see Fig. 5.4). The knife or file may be one of several designs, the most
familiar of which is the tungsten carbide @assWPe. This is clamped in place
by A brass plate in the way shown in Fig. 5.6.
You can sharpen the knife fiom time to time on an oilstone and you can use
either one or two edges on the blade by slackening the clamping plate and
turning the blade. Like all cutters, it will require more frequent sharpening if
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Fig.5.6: Tungsten carbide glass knife.

you are cutting brosilicate rather than soda glass. Another kind of glass cutting
knife with a cast aluminium handle is illustrated in Fig. 5.7.

Fig.5.7: Glass knife with cast aluminium handle.

Alternatively, you can use a small, new triangular file of the type used for
sharpening saws, or an ampoule file. These are sufficient to score the initial
nick required to cut or crack small diameter tubing or rod. A worn metal file
or a used hacksaw blade will produce suitable cutting edges of 20-30°, but you
would have to prepare these on grinding wheel. Grinding is a skill in its own
right with its own set of hazards, which we will not discuss here.
Another kind of cutter is a disposable blade cutter. This blade is not like a
large ampoule file, and you can use it without a handle. Packs of these blades
are available from the usual lab equipment suppliers, and one pack will last
some time. It is usually used with the kind of knife illustrated in Fig. 5.8.

Fig.5:8: Glass knife with replaceable blade.

For cutting wider tubing (over 8 mm 0.d.) a diamond tipped, wide tubing cutter
is used (see Fig. 5.9). Glass is placed in the wide V in the tool. Diamond tip is
mounted on the moving arm opposite the V support.

Glassworking Techniques I 1

Fig.5.9: Wide tubing cutter.

Glass Cracker

For cutting wide tubes after scoring the glass you require wire loop cracker
(see Fig. 5.10) or hot wire glass cracker (see Fig. 5.11) for starting the crack.
. The loops are made of steel or iron wire.

Score
Fig.S.lO: Wire loop glass cracker.

In hot wire glass cracker the wire is heated by electric current and glass tube or
rod is placed in the wire so that the score line is rested on hot wire.
Score

Fig. 5.11: A hot wire glass cracker.
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Now work through the following SAQs.

SAQ 1
Can you write down the names of TWO different types of burners that can be
used for glassworking in a general lab?

ii)

..........................................................................

SXQ 2

Describe how you would set a Bunsen burner to produce an appropriate flame
for glassworking.

ii)

5.3

...........................................................................
FORCED AIR BURNER

If you want to work on borosilicate glass or want to attempt some more serious
glassworking operations using soda glass, you will require variable flame sizes
and temperatures. This can not be achieved by using Bunsen burner or batwing
burner. Forced air burners are used for such glassworking operations. These
burners are designed for the mixing of a particular fuel gas with exactly the
right quantity of oxidant gas over a range of flame sizes and temperatures.
Before passing on to the types of burner you might use, let-us examine briefly
the most easily available fuel gases.
5.3.1 Fuel Gases

The term fuel gas of course refers to the gas, which is being burned in the
burner as opposed to the gas, which is being used to oxidize it. Oxidizing gases
are air, oxygen, or oxygen-enriched air. The fuel gases that are most often used
are listed in Table 5.1 along with the information concerning their properties.
Table 5.1 : Fuel gases

Value

Relative
Burning
Speed

960

1.o

Liquid Petroleum (LP)
Gas

2520

1 .o

Hydrogen

290

9.2

Fuel Gas

Natural Gas

1

Attainable

It is clear from Table 5.1 that both natural and LP gas have high calorific
values, i.e. they contain a great deal of chemical energy. Furthermore, they
have low burning speeds, and this means that they need large amounts of air

,

with which to combine to realize their potential. Natural gas: air mixtures are
in the ratio of approximately 10:1 and LP gas: air mixtures are about 30: 1.
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Burners designed to use these two fuels will differ considerably from each
other, and they will differ again from those designed to use fast-burning fuels
with relatively low calorific values which only require a small gas: air ratio.
Hydrogen is such a gas and requires a gas: air ratio of only 2: 1.
For working with soda glass, such as you will be attempting, gas and air flames
produce sufficient heat. You will be using natural gas from the gas main
supply in conjunction with compressed air. You would only need oxygenenhanced flames, if you were working with borosilicate glass, since a much
holler flame is required.
Now work through the following SAQs.

SAQ 3
Using the information contained in Table 5.1, complete the following
sentences using the appropriate words from those given:
(i)
(ii)
(iii)

Natural and LP gas have ..................... calorific values.
(high, moderate, low)
Natural and LP gas have ..................... burning speeds.
(high, moderate, low)
Considering the burning speeds of natural and LP gas they would need
a ................... of air with which to combine in oxidation. (little, lot)

5.3.2 Types of Forced Air Burners
There are basically two types of forced air burners:
Those which mix the fuel gas with air or oxygen and then convey the
(i)
mixture to a jet where the mixture is burnt. These are known as
premixing or carburetion burners (see Fig. 5.12(a)).
Those
which mix the fuel gas and oxidant at the combustion point, i.e.
(ii)
at the burning jet. They are known as orifice, or nozzle-mixing burners
(see Fig. 5.12(b)).

(a)

Premixing burner

Air
Gas

/
-

(b)

Orifice mixing burner

Fig.5.12: Types of gas burners.

Forced air burners are
also called as "torch"
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There are variations in detail within these two basic designs. For example,
there are some premixing airlgas burners. which premix a little oxygen with
the air; and there are some orifice-mixing types. which inject a little oxygen at
the combustion site. These systems are known as oxygen bleed burners, or
oxygen enrichment burners, and are usually used for working with soda glass.
There are also those, of both basic patterns, designed to use pure oxygen as the
sole source of oxidant. These are used for working with borosilicare glasses,
which have higher working temperatures than those of soda glasses.
Burners for usi with natural gas and other slow-burning gases are generally of
the premixing type and have multiple jets (see Fig. 5.13 (a)).
These are designed to mix thoroughly the supply of fuel gas with oxidant gas
to ensure full combustion of the fuel. When gas from this type of jet burns, it
produces multiple blue cones (see Fig. 5.13 (b)).

I

( ) Jet of a premix burner for slow burning fuel gas.

(b) Flame at slow burning fuel gas jet.
~id.5.13:Premix burner jet for slow-burning gas.

i

Whatever the basic attem of a burner, it will be designed for the mixing of a
particular fuel gas th exactly the right quantity of oxidant gas over a range of
flame sizes and tem eratures. Despite this, the burner will almost certainly be
capable of producing oxidizing flames, which have an excess of oxidant, and
reducing flames, which have an excess of fuel gas (or a deficit of oxidant).
Mainly, though, the burner will be called upon to produce neutral flames,
which are the result of the complete combustion of fuel gas, by exactly the
correct quantity ofoxidant.
Now work through the following SAQs.
SAQ 4
Below, the ratios of THREE gas: air mixtures are listed, one each for natural
gas, LP gas and hydrogen, as used typically in a burner for glassworking. Can
you identify which gas belongs to each ratio?
i)

ii)

2:l
1O:l

iii)

-

30:l

SAQ 5

If you were to work with borosilicate glass, what gas would you use apart from
fuel gas and air?

SAQ 6

Is an orifice-mixing burner designed to mix fuel gas and air or oxygen
(i) before,
(ii) at, or
(iii) after
the combustion point?

SAQ 7

Tick mark the correct answer:
v

.

Would you be able to use natural gas in an LP gas burner for glassworking?
Yes 1 No

5.3.3 Types of Flames
The flames used in glasswork should normally be fairly quiet. Rasping flames
are generally rich in unused oxidant and are therefore oxidizing flames. Extra
oxidant will not make a flame hotter if all the fuel gas is already being burned.
Fig. 5.14 shows the range of flames generally available in a forced-air burner.
The luminous flame itself, i.e. without oxidant, is not normally used. A gas
flame with just a touch of forced air is known as a bushy flame and is used for
preheating glass before melting and for annealing work which is complete
(Annealing is explained in sub Sec. 5.4.3). Intermediate flames are used for
general melting, joining and bending and for finishl.lg work. Needlepoint
flames are used for blowing small holes or blisters, drawing off glass blobs and
wherever spot heating are required. The intermediate flame is highly adaptable
an4 variable in size between the bushy and the needlepoint. Just what size of
flame you would use for a particular job is largely a matter of experience.

(a)

Luminous flame

(b)

Intermediate flame

(c) Needlepoint flame

Fig.5.14: Types of flames.

Now work through the following SAQs.
-

-

SAQ 8
Would you say that a rasping or roaring flame in a burner signifies:
i)

A well-adjusted burner where the fuel gas and oxidant are in the most

efficient balance;
ii) A flame rich in unused oxidant; or
iii) A flame rich in unbent fuel gas?

5.3.4 Health and Safety Aspects of Fuel Gases
Fuel gases are, of course, flammable, and as with all flammable gases or
vapours, when they are mixed with air or oxygen they may form explosive
mixtures at worst, and violently burning mixtures at best. It follows then that if
you are concerned with the handling of fuel gases, you must be constantly on
your guard against leaks of fuel gas which may build up into dangerous
concentrations, particularly in confined spaces. Proper ventilation is vital.
Jubilee clips fitted to all supply pipes to the torch will minimize the danger of a
pressure pipe blow off and consequent leak of gas into the atmosphere. It
should be noted that natural gas' and LP gas are heavier than air, whereas
hydrogen is lighter than air. Natural or LP gas build up their concentrations
from the floor upwards and may creep about a building at floor level.
Hydrogen on the other hand will concentrate at higher level.

None of the fuel gases that we've mentioned are particularly toxic in
themselves, but they will all cause asphyxiation if inhaled to the exclusion of
oxygen. Whereas hydrogen is odourless, both natural and LP gases have a
distinct smell.
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Oxygen, though not a fuel gas, is in itself a source of hazard since if air
becomes enriched with oxygen, combustion will take place much more readily
and rapidly. Thus any fire started in an oxygen-enriched atmosphere, will bum
quickly. Again this is particularly relevant to confined spaces.
Natural gas, supplied via the gas main MUST be drawn through a non-return
valve in the main supply to prevent air or oxygen under pressure from being
forced into the main thus creating the possibility of explosion. If you are in any
doubt that this kind of valve is fitted to the main at your place of work, you
must confirm that one is present before commencing forced airlgas work.
Particulars of the types of valves supplied are available (as well as supply and
fitting services) fiom your local gas agency.
LP gas, MUST be supplied via a regulator valve, which is usually obtainable
fiom the supplier of the gas. NEVER connect an appliance directly to the
cylinder.
Hydrogen is supplied in steel cylinders, which MUST be fitted with a
regulator. This should preferably be a two-stage regulator, which gives an
indication of both the pressure inside the cylinder and the pressure delivered to
the burner. This latter pressure should be adjustable via the second stage of the
regulator.
Oxygen is also supplied in steel cylinders and must be drawn via a two-stage
regulator.
Oil and grease can ignite spontaneously and bum with explosive violence in
the presence of oxygen.

Warning: Never grease
or oil oxygen regulator
Equipment, or pipelme,
or valve.

It is always preferable where possible to keep cylinders of fuel gas and oxygen
in an outside store, preferably designed for .the purpose, and to pipe in supplies
to the workbench via regulators and valves. In this way, should a fire develop
in a workroom, the main supplies will not be involved and therefore cannot
burst and add to the conflagration.
Fuiiher hazards are present in the evolution of gases in the combustion process.
Carbon monoxide is evolved by the improper adjustment of flames.
The heat produced by burning gases also causes oxidation of nitrogen in the
atmosphere to produce poisonous products. These are especially hazardous and
are formed wherever high-temperature naked flames are used, whether
properly or improperly adjusted. Again a good flow of air will disperse these
gases.
A summary of hazards and safety precautions*is contained in Table 5.2.

Warning: Workroom
must be ventilated
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Table 5.2: Hazards and safety precautions with fuel gases

(1) Fuel gases mixed with air or
oxygen will explode or bum
rapidly.

(a) Check for leaks, e.g. using soapy
water.
(b) Ensure adequate ventilation.
(c) Eliminate all sources of ignition.
(d) Fit jubilee clips to all supply pipes to
the torch.

(2) Fuel gases can cause asphyxia if
inhaled to the exclusion of
oxygen.

As ( I ) (b).

I

I

(3) Oxygen-enriched atmospheres
encourage rapid combustion.

As (I) (a)-(d)

is in use with gas mains,
airloxygen leaks into the gas
main can cause explosions.

is fitted to the gas mains supply.
(b) Ensure that oxygen cylinders are fitted
with a pressure regulator, preferably a
two-stage regulator.

violently with oils and greases
and can cause explosions.

fittings or pipe work that are fitted to
oxygen cylinders.
(b) Keep oily rags, gloves or hands well
away from oxygen cylinders and
fittings.

(6) Stored gas increases the hazard
level in the event of an
emergency especially in the case
of fire, which may cause them to
burst.

(a) Gas cylinders could be stored in a
specially constructed store outside the
main building.
I

(7) Carbon monoxide is produced by
incomplete combustion of fuel
gas in wrongly adjusted burners.

adjusted.
(b) As ( 1) (b).
I

(8) Oxides of nitrogen, especially
with oxylgas flames may be
formed.
-

-

As (1) (b).

-

Now work through the following SAQ.
-

SAQ 9

Can you write down the TWO main dangers of the common fuel gases?

(i) ............................................... .......... ............ ...... ...............
(ii). .......... .............................................. ............. ....................

5.4 GLASSWORKING OPERATIONS

-

Clearly, glassworking is a mechanical and manual skill and real prediction
concerning the behaviour of glass under certain conditions of temperature and
pressure may only be made in the light of considerable experience. To
achieve this, you are introduced to some basic glassworking operations. These
are as follows:
cutting of glass
flame polishing
use of carbon block
blowing bulbs
bending tubing
pulling points
joining glass tubing
forming a test-tube end and
making T joint.
Details of all these are given in experimental part of Block 4 of this course. If
you want to do any serious apparatus construction, we advise you to first
master yourself in these simple glassworking operations.
Now we will take up a few important points regarding preparation for
glassworking and annealing.
5.4.1

t

Preparation

(1)

First of all, remember:
(a) Never rush;
(b) Work through the given exercises steadily and in order; and
(c) Practice makes perfect.

(2)

A place to work: Prepare yourself for work by first finding an
appropriate and comfortable spot. Choose a bench that is well lit but not
in direct sunlight. Flames are difficult to see in direct sunlight, but you
need good light to see the progress of your work. Note also that although
ventilation is necessary to remove heat and fines, draughts can blow a
flame about so that you cannot heat the glass sufficiently. Draughts may
also cause the glass to cool too quickly once removed from the flame.

The best position is at a working-height bench and seated on a lab stool.
YOU should be able to sit at ease with your elbows on the bench - this is
most important. The correct position should not strain your back. The
glass being worked upon should be below eye level when your elbows
are on the bench (see Fig. 5.15).
It is most important for your elbows to rest on the bench top since this is
the only way in which the glass being worked can be held steadily in the
correct part ofthe flame. A Bunsen flame is at its hottest just above the
blue cone and even soda glass will not become satisfactorily plastic
unless it is kept within this region.
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Fig.5.15: A comfortable position for glassworking.

(3)

Tools: The simple tools, which you will require, have been previously
listed and described. You should place these within an arm's length of
your working area.

(4)

Dress: The following are essential before starting any practical work.
(a) Put on your lab coat.
(b) Put on your eye protection.
(c) Ensure any loose, flammable items such as ties, sashes, long hair
etc. are firmly tucked in or tied back.

5.4.2

Annealing

Much strain is inducedin the glass during heating, but unfortunately not all cf
this dissipates as the glass cools. Indeed the cooling of glass, which has been
melted in some areas and remained solid in others, may produce much strain
itself.

Strain Analysis
Strain shows itself in several ways, not the least obvious being the
disintegration of finished glass articles, and may be investigated in glass by theuse of crossed polarizers. A device utilizing this technique is known as a strain
analyser and is set up simply by.placing one polaroid sheet in front of a light
source and then placing a second polaroid sheet about 30 mm in front of the
first. The second sheet is rotated until the light source is blacked out. At this
point the polaroids are crossed, i.e. the polarized light from the first is in
antiphase to the second and is therefore absorbed. If any transparent object that
is capable of changing the polarization of light is now placed between the
sheets, the changed fraction of light will pass through the second sheet (see
Fig. 5.16).
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View here

'5
Polaroid sheets
Fig.5.16: Diagram of a strain analyser.

The light emerging from the second sheet will be coloured. The colours give
an indication of the amount of strain present.

If a T-joint, for instance was prepared and you viewed it in a strain analyser.
you would be able to see where strain was set up by the making and cooling of
the joint. Generally speaking, you would see the greatest strain as the brightest
band and this would tend to run around. rather than through the heated area see Fig. 5.17.

Fig.5.17: Strain pattern in a glass T-joint.

Removing Strain
To remove the strains, the area containing them must be heated evenly at the
annealing temperature of the glass Gust above the service temperature) so that
the glass becomes just relaxed. Clearly the area betwe~rlthe relaxation zone
and the non-relaxed glass will again be strained on cooling. However even
when the joint is made by an expert, the glass around the joint is of less even
wall thickness and of less circular shape than the rest of the tubing. Relaxing
the joint itself and a little tubing beyond the joint causes the strain to move
from the joint to the still circular tubing which is more able to cope with the
force. This process is called annealing.

Relaxation is defined as that
state in which strain is
dissipated without the glass
becoming plastic enough to
move under gravity - not an
easy point to recognize. The
evolution of orange soda
glow is probably the best
indicator to use.
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Hand Annealing
Newly manufactured glassware must always be annealed in order to avoid the
possibility of fracturing due to stress. This is accomplished by heating the
article in a soft bushy flame, which must be large enough to cover the whole
area where the glass has been melted. The piece is rotated in the flame until an
even orange glow is seen around the area where the glass has been worked.
This is held for three seconds. The piece is then removed from the flame and
must be kept rotating, to stop the glass fiom drooping, in case of overheating.
This should be carried out by holding the glass with one hand only. On no
account should the glass be pushed, pulled, or blown after it is taken out of the
flame from annealing - this will only re-introduce strain into the article. If the
glass droops when being annealed it should be re-formed and annealed again.
Viewed in an analyser, an annealed T-joint looks like that illustrated in Fig.
5.18.

Fig.5.18: Strain pattern in an annealed glass T-Joint.

Complex, thick, or large glass pieces are commercially annealed in an oven.
This is precisely controlled so that it just removes all the strain in the entire
workpiece without the relaxation - an exacting operation indeed.

SAQ 10
Why is it advisable to anneal glass after heating and working?

5.5 SUMMARY
In this unit we have described the basic tools needed for glasworking
operations such as heating tools, manipulation tools and tools for cutting glass.
tubing and rods. Annealing are also discussed in last part of unit.

5.6 Terminal Questions
1. Describe how you would set a batwing burner to produci?an appropriate
flame for glassworking.
2. Can you give examples of when the following glass-working tools are
used ?

I

1tem
(1)

Carbon blocks

(2)

Wire gauze

)

~

--I

x

n

r

n

F
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3. How can you minirnise hazardous causes when glass rod or tube is cut?
4. Can you write down another name for a carburetion burner?
5.

Is a carburetion burner designed to mix fuel gas and air or oxygen
(i) before,
(ii) at, or
(iii) after the combustion point?

6 . Can you list the THREE main types of flames and give an example of the
type of work for which each might be used?
Flame Type

7

Typical Uses

7

(iii)

7. Here is an illustration of two glass T-pieces that have just been made. Can
you draw in where you would expect to see stress lines if you viewed them
through a polaroid stress analyser? Note that one T-piece has been
annealed and that the other has not.

Annealed T-piece

Stressed - T- piece
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8. When annealing a finished piece of glasswork, how would you know
whether the glass had reached the correct temperature for annealing?

5.7 ANSWERS
Self Assessment Questions

1. (i) An ordinary Bunsen burner.
(ii) A batwing burner
(iii) A fishtail adapter
Refer to sub Sec.5.2.1.
2. (i) Set the burner's air intake collar to minimum air intake.
(ii) Half turn on the gas supply and ignite the burner to produce a
luminous flame.
(iii) Adjust the burner so that it is operating under full gas pressure and
maximum air supply. Refer to sub Sec. 5.4.1 and 5.4.2.

3. (i) Natural and LP gas have high calorific values. (In fact they have ,lery
high calorific values and therefore contain a great deal of chemical
energy.)
(ii) Natural and LP gas have low burning speeds. (With their low burning
speeds, natural and LP gas need very large amount of air with which to
combine in order that their potential may be realized.)
(iii) Considering the burning speeds of natural and LP gas they would need
a lot of air with which to combine in oxidation. (Natural gas-to-air
mixtures are in the ratio of about 10:1 (gasair) and LP gas-to-air about
30: 1).
4. (i) 2:l is the ratio for hydrogen:air.
(ii) 10:1 is the ratio for natural gas:air.
(iii) 30: 1 is the ratio for LP gas:air.

5. Oxygen is required to attain the higher temperatures required for working
borosilicate glass.
6. An orifice-mixing burner is designed to mix fuel gas and air or oxygen at
the combustion point. (As the name suggests, the orifice-mixing burner is
designed to mix the gases a the jet orifice which is the combustion point.)

7. No. Don't forget that burners are designed for one particular type of fuel
gas and the precise design will depend on factors such as are listed in Table
1. Each design is aimed at producing a range of flame sizes and
temperatures for a particular gas.
8. The correct answer is (ii) - see sub Sec. 5.3.3.

!
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9. Explosion andlor fire.
10. To remove the internal stresses formed by heating and cooling glass. This
makes for a stronger piece of work.

Terminal Questions
1.

You can't. The burner can only be on or off since its gas-air mixture is
preset - see sub Sec. 5.2.1.

2.

j

I

I

In forming rod stirrers and flat-bladed stirrers.

(ii) Wire gauze is used for 'filing' off tongues and sharp protrusions on
the newly cut ends of glass rod or tubing.
(iii) A file is used in nicking small diameter (8 mm 0.d. or less) glass rod
or tubing.
(iv) A hot wire glass cracker is one method of cutting large diameter (10
mm o. d. and above) glass rod or tubing.

3. Your answer is correct if you wrote down any three of the following:
i) Always fire off tongues and sharp protrusions using wire gauze.
ii) Always flame polish newly cut ends.
iii) Keep working surfaces scrupulously clean.
iv) Always carry glass rod or tubing vertically.
v) Avoid contact with cut glass edges.
vi) Always wear the appropriate safety clothing.
vii) Ensure that waste glass is disposed of in metal bins specially
provided for the purpose.
4. A premixing burner.

5. The correct answer is (i). If your answer to SAQ 4 was correct you should
have been able to deduce from the word 'premixing' that mixing takes
place before the gases pass through the combustion point in a carburetion
burner.
Flame Type

Typical Uses

(1) Bushy

a) Preheating before melting
b) Annealing

(2) Intermediate

a)
b)
c)
d)

General melting
General joining
General bending
Finishing work

(3) Needlepoint

a)
b)
c)
d)

Blowing holes
Blowing blisters
Drawing off glass blobs
General spot welding

'

:
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7. Compare your answer with sub Sec. 5.4.2, Figs 5.17 and 5.18.

8. You should heat the glass to its service temperature. This is indicated by a
sodium emission (orange) in the flame of the burner - see sub Sec. 5.4.2.

UNIT 6 SOLUTIONS
Structure
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The Chemical Nature of water
Water as a Solvent
Types of Water
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6.5
6.6
6.7
6.8

Summary
Terminal Questions
Answers
Appendix
A : Tap Water Analyses

B: Testing Samples of Water

6.1

INTRODUCTION

This unit and the Unit 7 have been designed to cover the basic information and
skills needed to help you understand and prepare solutions. Since water is the
"universal solvent" the unit begins by looking at water, and moves on from
there.
This unit has three main parts. In first part, you will study the chemistry of
water. Here you will also learn the production and use of pure water and the
preparation of other types of water in labs. In second part, you will study the
components and types of solution. The last part of this unit will cover the
different terms used to express the concentration of solution.

Objectives
After studying this unit, you should be able to:
demonstrate that water is a polar solvent and explain how the polarity
affects its solvent properties,
state three types of water that are commonly found in the lab,
describe hardness of water and demonstrate how i: b:an be estimated,
describe a waterstill and an ion-exchange column an.1 their methods of use,
recognize the components of sea water, and temporary and permanent hard
water,
state the two components of a solution,
define the terms aqueous, saturated, super-saturated and give an example of
a suspension,
define the solubility of a substance,
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state the effect of temperature on solubility of solids and gases, and
express the concentration of a solution in terms of percentage, molarity and
normality.

6.2

WATER

This section is devoted to the study of water "in depth", as it were! Water
plays a vital role in science and it is important that you are familiar with its
chemical characteristics. Production and use of pure water are also covered iil
this section and there are some "recipes" for different types of water.
We all take water for granted without stopping to consider what it actually is,
and why it takes the form it does. In the laboratory, water has many uses both
as an anonymous substance (e.g. as a means of dissolving other chemicals),
and as a substance in its own right (e.g. for experiments on water).
Occasionally we even find water where we don't want it! Even though water
is a common substance - available from the tap or falling from the sky, etc. - it
should not be assumed to be a simple substance. As most substances are
soluble to some extent in water, water has been described as the universal
solvent.
6.2.1

The Chemical Nature of Water

The chemical formula of water is H 2 0 and the molecule may be represented as
shown in Fig.7.1. You can see that water is 'bent' or V-shaped, with a
H-0--H angle of about 105". .Water is a hydride of oxygen. (A hydride
means a compound of hydrogen).

Fig.6.l: Diagram of water molecule.

In each molecule of water, the oxygen atom carries a slight negative charge
and each hydrogen atom carries a very slight positive charge. These charges
are due to the distribution of electrons and bonds in the water molecule. The
oxygen atom has a greater attraction for electrons, the shared electrons tend to
spend more time close to the oxygen than to either of hydrogens. Thus the
oxygen atom gains a slight excess of negative charge, and the hydrogen atoms
are slightly positive. This is shown in Fig.6.1 where G(de1ta) indicates a
partial charge (less than one unit of charge).
In fact, the slight electric &ages carried by water molecule cancel each other
out, leaving the molecule electrically neutral overall. However, because they
carry charges, the molecules are described as polar molecules. It is because of
the polar nature of water that it is such a good solvent.

A Demonstration of Water's Polar Nature
It is easy to demonstrate the fact that a water molecule carries slight electric
charges. (If you have the equipment available and the time, you could carry
this out for yourself. Fill a 50 cm3 burette with water and place the burette in a
stand. Turn on the tap until a small, steady stream of water flows from the jet.
Then take perspex or polythene strip and rub it vigorously at one end with a
duster to charge it electrically. Hold the strip so that the charge end is near
stream of water. It is observed that the stream of water is attracted to plastic
strip.
Now try the following SAQ.

SAQ 1
What is the chemical formula of a molecule of water? Indicate the partial
charges on oxygen and hydrogens.

6.2.2 Water as a Solvent
A lot of inorganic compounds are ionic in character (e.g. copper(I1) sulphate,
sodium chloride etc.) and the ions in these crystals attract the water molecules
(with opposite charges attracting). This attraction weakens the forces holding
the crystal lattice together and single ions become separated - each surrounded
by a cluster of water molecules.
A schematic of an ionic solid dissolving in water is shown in Fig.6.2. Note
that the positive ends of the water molecules are attracted to the negatively
charged anions while the 'negative ends' are attracted to the positively charged
cations. This process is called hydration. The hydration of these ions tends to
cause a salt to 'fall apart' in the water, to dissolve. The strong force present
among the positive and negative ions of the solid is replaced by strong waterion interaction.

Fig.6.2: Polar water molecules interact with the positive and negative ions of a salts.

Solutions
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You can therefore see that water is a good solvent because it is polar in nature.

6.2.3 Types of Water
In the laboratory, you will be familiar with two types of water - tap water and
pure water. The nature of tap water depends on the area in which you live and
the origin of the water supply. Pure water is produced in the laboratory either
by distillation or deionization.
I

We shall now go on to consider water in more detail.

I

1

Tap water
If you live in a "hard water" area, you will already be familiar with one of the
properties of hard tap water - it forms a scum with soap. If you add aqueous
silver nitrate to tap water or try to make up a solution of silver nitrate using tap
water, it forms a white precipitate. This is because hard water contains a
variety of dissolved substances. Metal chlorides, hydrogen carbonates and
sulphates, especially those of calcium and magnesium, give water its property
of "hardness". Incidentally, scum is formed because the calcium and
magnesium salts of soap (made from an organic acid) are insoluble.
ppt = precipitate

2 C17 H35 COONa + M~+---+ (C17 H35COO)2 M k + 2 ~ a '
Sodium stearate
Hardness
PPt
(soap>
causing cations
There are two types of hardness which are known as temporary and permanent.
Temporary hardness can be removed from water by boiling. It is caused by the
hydrogen carbonates which on boiling are converted to insoluble carbonates
which cause the scale in stills, kettles, water baths, etc.
heat
Ca(HC03)2

----,

CaCO3 -1 + H 2 0 + C 0 2
PPt

heat
Mg (HC03)2

Mg(OH)2& + 2C02
PPt

Permanent hardness is caused by the sulphates and chlorides. Boiling has no
effect on these and they can only be removed by distillation or deionization.
Later in this unit, we shall discuss the preparation of samples of temporary and
permanent hard water.
Tap water also contains dissolved gases, e.g. nitrogen, oxygen, carbon dioxide
and chlorine. It is not a requirement of this course for you to know how these
substances become dissolved in water in the first place, but if you are
interested you can find the information in most basic chemistry textbooks.
Appendix A contains the analyses of tap water from different areas.
Tap water can be softened artificially, e.g. by the addition of washing soda,
which is hydrated sodium carbonate (Na2C03.10H20). This dissolves readily
and splits into sodium ions (Na'), and carbonate ions ( ~ 0 3).~ The
- carbonate
ions react with any calcium and magnesium ions in the water to produce
insoluble calcium and magnesium carbonates, effectively removing them frbm

solution so that they cannot react with the soap. However, water softened in
this way still contains many dissolved ions, etc.
It is the presence of these dissolved gases and solids that make tap water
unsuitable for the preparation of most solutions in the laboratory. This means
that we must have a means of purifying water for our needs.
Now try the following SAQs.
SAQ 2
G i r e two properties of hard water.

SAQ 3

Frum the following list of substances select any that cause (i) permanent
hardness, and (ii) temporary hardness in water.
(a)
(b)
(c)
(d)

Calcium chloride
Sodium chloride
magnesium sulphate
Sodium sulphate

(e)

i)
ii)

(a) (b) (c) (d) (e) ( f ) (g) (h) - mark the appropriate.
(a) (b) (c) (d) (e) (f) (g) (h) - mark the appropriate

(f)
(g)
(h)

calcium hydrogen carbonate
magnesium carbonate
calcium sulphate
magnesium chloride

Distilled Water
Distilled water is essentially condensed steam. Tap water is boiled and the
steam (which contains only HzO molecules) is condensed back into liquid.
Thc dissolved gases present in tap water are boiled out and the dissolved solids
remain in the boiler. In the laboratories, stills are used to prepare distilled
water. Although designs of stills vary, they all have the same basic features
shown in Fig.6.3.

Use and Care of a Still
Ideally, the still should be plumbed into the cold water supply but if you have
to use plastic or rubber tubing, wire it on to the tap and the connecting points n
the still so that any increase in water pressure will not blow the tubing off.
When using a still, turn on the cold-water supply before the heat, and after use
turn off the heat before the water supply. This prevents the boiler accidentally
boiling dry. ~ l ~ c t r i c aheated
l l ~ stills usually have a cutout device incorporated
in the element, similar to electric kettles. When distilled water is being
produced, adjust the rate of flow of the "feed'water so that the waste water is
merely warm to the touch.

Solutions
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If the tap water is hard, you will need to descale your still at intervals (the
frequency depending on the hardness of the water). It is important that the
scale is not allowed to accumulate as it reduces the efficiency of the boiler and
it can cause localized "hot-spots" on electric heating elements which may
damage them.

Boiler

Fig.6.3: Components of a still.

The scale, consisting mainly of metal carbonates, is soluble in
acids but you should not use mineral acids on metal heating elements or in
metal boilers. Instead a solution of citric acid (2-hydroxy propane - 1,2,3tricarboxylic acid), left to stand in the boiler overnight, may be used.
Commercial descalers use formic (methanoic) or sulphamic (arnidosulphuric)
acids but these are very corrosive and more expensive.

SAQ 4
(i)
(ii)

What type of substance can be used to descale a still?
Give two examples.

(ii)

(a)...................................................................................

(b). .............;............
.....................................................

Deionized Water

Solutions

This is produced by passing water through an ion-exchange resin, W ~ I L G I I
consists of small plastic beads that have H' ions and OH- ions attachedto them
(described as a mixed-bed resin). The cations (positively charged ions) and
anions (negatively charged ions) present in tap water displace these ions and
themselves become attached to the beads. The displaced H' and OH- ions and
combine to give water molecules:
R'H2 + ca2'

H' (aq)

+

R'Ca + 2H'

+ OH- (aq) + HzO(l)

This means that the effluent passing out of the resin column contains only H20
molecules (and any electrically neutral molecules that are not exchanged).
The purity of the deionized water effluent is normally monitored by a meter,
which measures electrical conductivity. Pure water is a very poor conductor
but water containing ions is a better conductor. Therefore, an increase in
conductivity indicates that some of the impurities in the feed water are passing
straight through the resine column, and that the resin should be replaced or
charged. Resin is charged by passing first a dilute acid solution than dilute
alkali solution. The reaction during charging of resin may be represented as:
R'Ca + 2HC1+ R'H2 + CaC12

As resins are expensive, deionization is an expensive means of producing pure
water in hard water areas.
Small quantities of ion-exchange resins are sometimes used for experimental
purposes. These should always be stored wet as accidents have occurred when
dry resins have been used in glass columns. When water is added to a dry
resin, some of it is absorbed causing the beads to swell. This expansion can
create sufficient pressure to make the glass tube explode. To avoid this
happening, do not let resins dry out.
Use of Pure Water
While distilled and deionized water are chemically pure and suitable for
scientific purposes in the laboratory, they are not necessarily microbiologically
pure. This makes them unsuitable for drinking and for use in eyewash bottles
until they have been boiled. .
In a chemistry laboratory distilled and deionized.water are routinely used to
prepare laboratory solutions.Both distilled and deionized water are best used
fresh as they reabsorb gasev from the atmosphere and may leach soluble
components from the containers if left to stand for a long time.
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Now try the following SAQs.

In not more than three sentences, describe how tap water is deionized.

.............................................................................................
..............................................................................................
SAQ 6
Give one reason why it is inadl~isab!eto drink distilled or deionized water.

.............................................................................................

.............................................................................................

..............................................................................................
6.2.4

Water as a Material for Experiment

Water itself, may be the subject for experiments in which it may be necessary
to prepare different types of water, e.g. sea water, permanent and temporary
hard waters. In the next sections we shall consider some of the methods of
preparation of different types of water.

Sea Water
Synthetic sea water can be prepared using the substances listed in Table 6.1.
Table 6.1 A mix for a sea water
Quantity

Substance
I

1

Sodium chloride
Magnesium chloride, MgClj 6H20
Magnesium sulphate, MgSOi 7H20
Potassium chloride
Potassium bromide
Calcium sulphate, CaS04.2H20
Calcium carbonate

Suspend the calcium carbonate in pure water and bubble carbon dioxide
through it until the suspension becomes clear. Add the remaining ingredients
and make the solution up to 1 dm3in a measuring cylinder, using pure water.

Permanent hard water
This is prepared by making a saturated solution of calcium sulphate in pure
water. Filter off any excess solid and add an equal volume of pure water to the
saturated solution.

Temporary hard water

Solutions

This is repared by bubbling carbon dioxide through a measured volume (e.g.
250 cm ) of lime water (saturated calcium hydroxide solution) until the
solution becomes clear and then adding three times the volume of pure water,
e.g. making the 250 cm3 up to 1 dm3.

F

Estimation of hardness of water
This can be done by titrating the water sample with a standard soap solution.
The soap solution is added from a burette to a known volume of the water
sample until permanent lather is produced, i.e. one that lasts for 30 seconds.
The volume of soap solution used will be directly related to the hardness of the
water as a lather is formed only when the hardness is removed from solution
by the soap in the form of scum. When using commercial standard soap
solution,l cm3 of soap solution is equivalent to 1 mg of calcium carbonate and
therefore the volume of soap solution used can be converted to give a value for
the hardness of the water sample in terms of milligrams of calcium carbonate
(see appendix A).
If you only need to show that hardness varies in different types of water
without making an exact measurement, a "home-made" soap solution is
adequate. This can be prepared by dissolving 20 g of soft soa in 500 cm3 of
ethanol (industrial methylated spirits) and making up to 1 dm in measuring
cylinder with pure water.

B

For more accurate results the soap method has been replaced by the
compleximetric method. This depends upon the fact that when
ethylendiaminetetraacetic acid (abbreviated as EDTA) or its sodium salt
solution is added to a solution containing certain metals, chelated soluble
complex is formed. If the pH value of the solution is made 10 and a dye,
known as 'Eriochrome Black T'is added, it becomes light red in colour. If
ELI TA is added to such a solution the calcium and magnesium ions will form
complexes with EDTA. When the forination of complex with free ions is
completed EDTA extracts the ions from the dye and the solution turn blue.
This is the end point. If certain other metallic ions are present, they interfere.
This interference can be removed by adding certain salts.
The reaction taking place on the addition of Eriochrome Black T to a solution
containing ca2' and M ~ may
~ ' be represented as:
ca2'

+ Eriochrome Black T + (Ca2'
Blue

Eriochrome Black T)
Light red complex

At the end point:
(ca2+Eriochrome BlackT) + EDTA + Eriochrome BlackT +CaEDTA
Light red complex
Blue
SAQ 7

Which of the following substances would you use to prepare a sample of sea
water? (Not all the ingredients for a complete recipe are given.)
(i)

calcium sulphate

Hardness of a water
sample can also be
determined by
conductometric method.
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(ii)
(iii)
(iv)
(v)
(vi)

6.3

copper(I1) sulphate
magnesium chloride
magnesium sulphate
sodium chloride
sodium sulphate

SOLUTIONS

If you add a small amount of common salt to water and stir the mixture, after a
short time the salt would dissolve completely in the water. The particles of salt
in the liquid must now be very small, as they cannot be seen - even under the
most powerful microscope. They can easily pass through a filter paper. This
uniform mixture of salt and water is known as a solution. Solutions play an
important part in a science lab. Now, we shall discuss the terminology used to
describe solutions.
6.3.1 Components of a Solution
Activity 1

Can you think of six
solutions that you
commonly encounter?.List
them below and identify
the solute (s) and solvent
(s) in each case
Solution

Soluble

Solvent

Just above we introduced the idea of a solution of salt in water. This solution
consists of two components. The common salt crystals are known as the
solute and these are dispersed in the water, which is known as the solvent.
The solute gives the solution its identity and is often a crystalline solid.
However, the solute can also be a liquid or a gas. Water is the most common
solvent and solutions made up with water are known as aqueous solutions.
For example, in aqueous zinc sulphate, solid zinc sulphate is the solute and
water is the solvent, and in aqueous ammonia, ammonia gas is the solute and
once again water is the solvent.
'Other solvents can be used, however, including ethanol (giving alcoholic
solutions), xylene, etc.

Check your list with our
answer at the end of this
unit.

SAQ 8
Complete the following sentence.
A solution is produced when a

.................... dissolves in a ..................

6.3.2 Types of Solution

There are terms, which we use to describe solutions, depending on the amount
of solute that has dissolved, and how well the solute has dissolved. We shall
now discuss these.
Saturated Solution
If you were to add more and more salt to the solution described above in the
introduction of this section. You would find that no matter how well the
solution was stirred, eventually no more salt would dissolve. When this stag2
is reached and some undissolved solid remains, the solution is said to be
saturated.

Super-saturated Solution
In some cases, more solute than expected for making saturated solution will
dissolve in the solvent forming a super-saturated solution. These solutes
contain a lot of water of crystallization in their crystals. Super saturation is the
first step in precipitation. Since it is a transient condition, the system will strive
to relive itself towards the saturation condition.
Suspensions
h;oing back to the original example of a salt solution, if you had used a
substance such as chalk in place of the salt, not even a small amount would
have dissolved. However, if the mixture were stirred rapidly and thoroughly,
the chalk would become uniformly dispersed in the water giving the mixture a
cloudy appearance. This mixture is known as a suspension and the "solute"
and "so1vent"can be separated by filtration, The particles of "solute" in a
suspension are significantly larger than those in a true solution and are often
large enough to be seen with the naked eye.
Colloids
There is a type of solution which appears clear or only slightly cloudy but
whose "solute" particles are of an intermediate size between those in a solution
and a suspension. This type of solution is known as a colloid. In a colloid the
"solute" apd "solvent" cannot normally be separated by filtration. Some
example of colloids are milk, starch solution, etc.

SAQ I)
Complete the sentence using the correct definition from the alternatives given.
LC

A saturated solution.. . . ... . .......... . .

(Write (i), (ii), (iii) or (iv) in the space provided.)
(i)
(ii)
(iii)
(iv)

is made up in water.
contains sufficient solute so that no more will dissolve.
is formed when a liquid dissolves in water.
contains sufficient solute so that no more will dissolve even if some
solute remains undissolved.

6.3.3 Solubility
Imagine that you have a beaker containing 100 cm3of pure water at a
temperature of 25 OC (about room temperature) and that you add common salt
in 1 g portions, stirring after each addition until it dissolves. As the
temperature of the water is 25 OC you would find that the thirty-seventh 1 g
portion would not dissolve. If you repeated the exercise, so long as the
temperature remained at 25 "C, you could never make the thirty-seventh 1 g
portion dissolve. This is because the maximum amount of common salt that
will dissolve in 100 cm3 of pure water at 25 OC is 36.2 g. This quantity is
known as the solubility of salt in water at 25'C and 1 atmosphere pressure.

,
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You can define solubility in general terms as:
The maximum amount of a substance that will dissolve in a given volume (or
mass) of a solvent, at a specified temperature and pressure, in the presence of
undissolved solute.

Effects of Temperature on Solubility
Imagine that you still have your saturated salt solution containing 37 g of salt
and 100 cm3 of water with some undissolved salt at the bottom of the beaker.
What would happen if you heated the beaker over a Bunsen flame? Instinct
should tell you that the excess salt would dissolve.
What would happen if, instead of heating the beaker, you cooled it in an ice
bath? Again, instinct probably tells you that the amount of undissolved salt in
the beaker would increase, i.e. the salt would be less soluble in the cooler
solution.
Actually, salt is not a good example to use here as its solubility does not vary
very much whatever the temperature, but in general, it is true to say that most
solids are more soluble at higher temperatures. This is not true of gases,
however. Gases are more soluble at lower temperatures. Increasing the
temperature of a solution whose solute is a gas at normal temperatures causes
the gas to be expelled from the solution. (Imagine what happens, for exampl :,
if you warm up a glass of Coca-Cola!).
Now try the following SAQs.

SAQ 10
What is the relationship between the solubility of a substance and its saturated
solution?

SAQ 11
Which of the following need to be considered when stating the solubility of a
substance?
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

temperature;
pressure;
mass of solute;
volume of solvent;
mass of solvent;
formula of solute;
identity of solvent;

(i) (ii) (iii) (iv) (v) (vi) (vii) - mark the appropriate.

.
'-

Solutions

6.4 CONCENTRATION OF SOLUTIONS
The second-most important piece of information about a solution (after the
identity of its solute and solvent, i.e. the solution's name) is its concentration.
This may be expressed in one of a number of ways and the use for which the
solution is intended may dictate which way it is used. The simplest way of
expressing concentration is by mass per unit volume - usually as grams per
dm3 (litre), i.e. g dm" or g/drn3. We shall now look at this in more scientific
6.1.1

'

Percentage

";zre

are three ways in which the percentage of solute in the solution can be
!.-ven and these are stated as.

(1)
(2)
(3)

wt./vol. - which means weight (actually mass) of solute per 100
volume of solution;
vol./vol. - which means volume of solute per1 00 volume of solution; or
wt./wt - which means weight (actually mass) of solute per 100 weight
(actually mass) of solution.

You should note that percentage concentration refers to the mass or volume of
solute in 100 cm3 or 100 g of solution and not the mass or volume of solute
plus 100 cm3 or 100 g of solvent.
For example, phosphoric(V) acid (syrupy orthophosphoric acid) is supplied
88% wt./wt. pure. This means that 100 g of the concentrated solution contains
88 e of phosphoric(V) acid.
General solutions, i.e. solutions used as reagents, etc. and not for analytical
work, are often defined with percentage concentrations.

6.4.2

Molarity

The International Union of Pure and Applied Chemistry (IUPAC) defines
concentration as:
the amount of substance per unit volume.
And IUPAC also defines amount of substance in moles.
The SI symbol for the mole is "mol".

The word 'mole' comes from
the Latin moles, meaning a
mass or a pile of somethin?.

The mole can be thought of as:
The mole represents a number of atoms or molecules equal to Avogadro's
number. Avogadro's number ( 6 . 0 2 2 ~ 1 0 is
~ ~the
) number of atoms in exactly
12 gofcarbon-12. Thus,
6.022 x

atoms or molecules = 1 mol

Mole can also be related to molar mass. The molar mass of a substance is the
mass in grams of one mole of that substance.
For an element, the molar mass is the mass in grams numerically equal to the
relative atomic mass or atomic weight.

For most volumetric
analysis purposes the molar
mass is the same as the old
atomic weight and
molecular weight based on
hydrogen.
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For a compound, the molar mass is the sum of the related atomic masses of all
the atoms that have combined in one molecule or formula unit in grams.
Molar mass has the unit of grams per mole. For example the molar mass of
oxygen is 36.00 glmol. Molar mass therefore provides the conversion factors
that relate the mass in grams and the number of moles of a substance.
No. of moles (n) = massfmolar mass

Or mass = (no. of moles) (molar mass)

The relationship among Avogadro's number, the mole, and molar mass can be
summaried as:

Avogadro's no.

/

molecules
mratornsl

I

x(rno~armass)

),--

7,L-J

<

grams

x ( ~ v o ~ a d r o no.)
's

molar mass

The IUPAC unit of
volume is the dm3.
1 dm3= 1000 cm3

This mole concept is also useful in expressing concentration of solution. The
usual unit of volume is the dm3 (litre). The~cfore,a one molar solution is
defined, as one that contains one mole of solute in each dm3of a solution. It is
prepared by dissolving one mole of the substance in the solvent and diluting to
a final volume of ldm3 in a volumetric flask. More generally the rnalarity of a
solution is expressed as moles / dm3. Molarity is abbriviated as M,and we talk
of the molarity of a solution where we can speak of its concentration. We can
be more general and calculate the moles of solute in any volume of the
solution.
Molarity =

no. of moles of solute
volume of solution in dm'

One molar solution, written ,1 M, contains 1 mol of a substance dissolved in
enough water to give exactly 1 dm3 of solution. For example, ldm3 of a 1 M
NaCl solution contains 58.5 g of dissolved sodium chloride. And 1 dm3 of a
0.1 M NaCl solution contains 5.85 g of dissolved sodium chloride.Molarity provides the connection between the molar amount of a solute in
solution and the volume of the solution.
No. of moles of solute = molarity x volume of solution

Where M = molarity of the solution

V

= volume

of the solution

n = no. of moles of solute.
From eq 6.1 n = mlM,
Therefore,

mlM,= M x V

Where m = gram mass of solute
Mr = molar mass

In next unit you will be using these two equations for the calculations of the
amount of the solutes for the preparation of the solutions of required
concentrations.
6.4.3

Normality

This is an old-fashioned method of expressing concentration but you may still
come across it in older books and worksheets. It is based on the equivalent of
a substance. The equivalent of a substance is:
the mass of that substance that contains 1 g of replaceable hydrogen or that
will displace 1 g of replaceable hydrogen from an acid.
A normal solution, symbol N, contains one equivalent of solute in 1 dm3 of
solution. A 2 N solution contains two equivalents of solute per dm3 of
solution, etc.

6.5

SUMMARY

The first part of this unit was devoted to the study of water and its chemical
examination, production and use.
In second part of this unit was devoted to solutions. A solution is a
homogeneous mixture of two or more components. Solution can be formed in
all the three phases, namely, solid, liquid and gaseous. The solubility of solids
in liquids generally increases with rise in temperature.
In last part of this unit we discussed the different terms used to express the
concentration of solutions.

6.6

TERMINAL QUESTIONS

1. Name two types of water that would routinely be used to prepare
laboratory solution.

2. What type of water would be used in a water bath?
3. Why is it necessary to descale a still regularly ?

Solutions
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4. Which do you think is chemically purer, distilled or deionized water ? In
one sentence, justify your answer.
5. You find an unlabelled bottle on your draining borard. You think that
contains distilled water but it could be tap water. What tests would you
use to distinguish between the two ?

6. Classify the following as (1) solution, (2) suspension or (3) Colloid.
(a) chlorine water
(d) vinegar
(b) gloss paint
(e) starch solution (boiled)
(c) milk of magnesia (f) hydrochloric acid

7. (i) Complete the following sentence.
On heating, the solubility of most solids in water
..... ....whereas the solubility of all gases.. . ....
(ii) Give an example from your own experience of what you would see
happening when a solution of a gas is warmed.

8. 40 cm3 of an aqueous solution of copper(I1) sulphate contain log of
CuS04 ..5H20. Express the concentration of this solution as a percentage
wt./vol., vol./vol., or wt./wt.

6.7

ANSWERS

Self Assessment Questions

2. (i) It forms a scum with soap.
(ii) It forms a white precipitate with aqueous silver nitrate.

3.

( 9 (a) (c) (g) (h)
(ii) (e).

4.

(i) acids.
(ii) citric acid, formic (methanoic) acid, sulpharnic (rnidosulphuric) acid,
acetic (ethanoic) acid and orthophosphoric acid can a?+be used but
critic acid is the most satisfactory one to use in the lab.

5.

Tap water contains, amongst other things, calcium, magnesium, sulphate
and chloride ions. Ion-exchange resins consist of small glass beads with
H+ and OH- ions loosely attached to them. When tap water passes over
the resin, its ions displace the H+and OH- ions from the resin and these
displaced ions immediateIy join together to form water molecules.

6 . It may contain micro-organisms that have not been destroyed during the
purification process.
7. (i) (iii) (iv) (v).
8. A solution is produced when a solute dissolves in a solvent.

Solutions

9. (iv) is the correct definition - see sub. Sec. 6.3.2.

10. The solubility of a substance is the amount of that substance that will
dissolve in a stated quantity of solvent to form a saturated solution. sub.
Sec. 6.3.3.
11. (i), (ii), (iii), (iv), or (v), and (vii). Solubility is expressed as grams of'
solute dissolving in 100 cm3 and (100 g) or 1 dm3 (1 kg) of solvent at a
specified temperature and (usually) at atmospheric ressure. For example,
x grams (iii) of solute w dissolved in 100 cm3/1 dm? (iv) or 100 g/l kg (v)
of solvent y (vii) at A "C (i) at atmospheric pressure (ii).

Terminal Question
1.

(i) distilled
(ii) deionized.

2.

Tap water (although this will produce lime-scale).

3. When water boils, temporary hardness is removed and leads to the
formation of solid carbonates which are deposited on the heating element
and inside the boiler. This impairs the efficiency of the still and can lead
to localized hot-spots on the element.
4.

(i) Distilled.
(ii) Deionized water may contain-neutral molecules that are not attracted
by the electric charges on the resin beads but which may react with
other substances.

5.

(i) Add dilute nitric acid followed by aqueous silver nitrate.
(ii) Add soap solution and shake to see if a lather is produced.

6. (i) (a); 2 (b); 2 (c); 1 (d); 3 (e); I

(0.

7. (i) On heating, the solubility of most solids increases, whereas the
solubility of all gases decreases.
(ii) The gas will be evolved. For example, when a glass of cold water is
drawn from the tap and allowed to stand in a warm room, tiny bubbles
of air come out of solution and collect on the inner surface of the
glass.

8. 25% wt.1~01.
If 40 cm3 contain 10 g then 1 cm3contains 10140 g and 100 cm3 of
solution would contain (10140) x 100 = 25.
Activity
1.

We have 1isted.some common solutions. If there are any in your list that
don't appear here and you're not sure that what you've written is correct,
contact your counsellor now or when you next attend your study centre.
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1

Solution

Solute

Solvent

(I)

Hydrogen chloride

Water

(gas)

(2) Dilute sulphuric acid

Sulphuric acid
(liquid)

Water

(3)

Sodium hydroxide
(solid)

Water

Dilute sodium
hydroxide

I

(4) Ammonia solution
(5)

1

Dilute hydrochloric
acid

Lime water

(6) Phenolphthlefn
indicator

(7)

I

Ammonia (gas)
Calcium hydroxide
(sol~d)
Phenolphthalein -

I

Bromine water

I

Water
Water

Alcohol

1

Bromine (liquid)

I

water

-

--
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APPENDIX

A

Tap Water Ana!ysis
Table 1 Typical Analysis of Hard Water
Maximum

Minimum

Mean (of
all sample)

PH

7.8

7.0

7.2

Turbidity (FTU)

1.60

0.05

0.36

Nitrate (mg dm" as

13.50

7.60

12.50

360.00

276.00

3 16.00

Total hardness
(mg dm" as CaC03)

236.00

202.00

214.00

Alkalinity
(mg dm" Ca(OH)2)

38.00

30.00

34.00

Chloride (mg dm" as
C1-l

47.00

27.00

38.00

Sulphate
(mg dm" as so:-)

0.13

0.0 1

0.04

Iron (mg dm" as ~ e * '

0.50

0.0

0.2 1

Free chlorine
(mg dm" as C12)

0.40

0.0

0.22

Parameter

NO; )

Total chlorine
(mg dmm3
as CI)

'

Table 2 Typical Analysis of Soft Water
Panmeter
PH
Turbidity (FTU)
Nitrate (mg dm" as NO; )

Total hardness (mg dmJ as CaCOp)
Alkalinity (mg d d Ca(OH)2)
Chloride (mg dm" as CIS)
Sulphate (mg dm'3 as SO4 " )
Iron (mg dmL3as ~ e * ' )

Typical Result
9.0
0.3
0.4
47

32
9
30
0.04

B

-

Testing Samples of Water

As you have learnt from this unit, water from different sources contains
differing amounts and kinds of impurities. These impurities limit the uses of
the different types of water.
This experiment enables you to assess four different types of water that are
readily available. You will need samples of each - tap, rain, distilled and
deionized water. If distilled or deionized water is not readily available, these
will have to be prepared.
Requirements
large watch glasses
10 and 25 cm3pipettes
platinum or nichrome wire
beahers
test-tubes
burette and stand
conical flask
water samples
concentrated hydrochloric acid
dilute nitric acid
aqueous silver nitrate
universal indicator solution
soap solution.

Method
(I)

Obtain I00 cm3 samples in beakers of
(a)

(b)
(c)
(d)

tap-,
rain water,
distilled water, and
deionized water

(2)

Carry out steps (3x7)on portions of each sample in hun.

(3

(a)
(b)
(c)

Weigh a watch glass as accurately as possible.
Using a pipette, place 10 cm3of water on the glass.
Allow the water to evaporate completely. Re-weigh the watch
glass and record your result (sub-Sec.6.3.1). This will show the
presence of dissolved solids.
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(4)

(a)
(b)
(c)

(d)
(e)
(f)
(g)

Take a small watch glass containing a little conc, HCI
Dip a platinum or nichrome wire in it.
Hold the wire in a colourless Bunsen flame.
Repeat (c) until the wire does not colour the flame.
Next, dip the wire into a water sample.
Then hold the wire in the Bunsen flame.
Observe any colour produced. (A persistent yellow flame
indicates the presence of sodium ions.) Record your
observations.

(5)

(a)
(b)
(c)

Add a little dilute nitric acid to the water sample in a test-tube.
Then add a drop of aqueous silver nitrate.
Record your observations. (A white precipitate indicates the
presence of chloride and/or sulphate ions.)

(6)

(a)

To about 10 cm3 of a water sample in a test-tube, add 2 drops of
universal indicator solution.
Compare the colour produced with the colour chart and deduce
the pH of the water.
Record the pH. Note that pure water should have a pH of 7, i.e.
neutral - neither acid nor alkaline; and dissolved gases and
solids will affect the pH.

(b)
(c)

(7)

To obtain an indication of the hardness of the water, titrate a water
sample against soap solution as follows.
Pipette 25 cm3 of water into a clean conical flask.
(a)
Fill the burette with soap solution, and then run out into another
(b)
container sufficient solution to fill the jet and to remove any a:r
bubbles. Note the burette reading.
Add soap solution from the burette to the water in the conical
(c)
flask 0.5 cm3 at a time, shaking the flask vigorously after each
addition.
When the lather produced lasts for at least 30 seconds, note the
(d)
burette reading and find tha volume of soap used.
(e)
Record this volume.

Reeult
Tabulate your results in the following table:
Type of
Water

Mass of Solid
after
Evaporation 0

Colour of Fhme

Addition of
Silver
Nitrate

Vol. of Soap
Solution Used

Tsp
Rain

_

Distilled

Deionized

Report
Conclusions drawn about the suitability of each type of water for the
preparation of laboratory solutiohs.

(cm3)
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7.1 INTRODUCTION
%
.

In the preceding unit you have learnt about the solutions and their various
properties. You were introduced to different terms e.g., percentage, normality,
molarity, etc which are used to express the concentration of solution. It was
also discussed that the solubility of solids in liquids generally increases with
rise in temperature. In this unit, we shall be discussing the techniques for
preparation of solutions.

Objectives
After studying this unit, you should be able to:
s calculate the amount of solute needed to prepare a solution of given
concentration when the solute is:
(a) solid,
(b) liquid,
(c) present in a more concentrated solution.
describe and use the important steps and safety precautions to be taken
when preparing solutions and
e define 8tandard solution and give the chargcteristics of a primary standard.

7.71;. CALCULATIONS OF MASSES 4NR VOLUMES

TO PREPARE SOLUTIONS
It is not always a straightforward matter to calculate the mass or volume of
solute required for a solution even when 1 dm3 of solution is to be prepared.

For solids, purity and the presence of water of crystallization must be
considered. As it is easier (and more desirable) to measure the volume of a
liquid rather than its mass, its relative density is important as well as the purity.

7.2.1

Solids

Suppose, for example that you wanted to prepare 1 dm3 of a solution of
copp,er(II) sulphate of concentration 0.5 rnol dm". Copper(I1) sulphate is
available as an off-white, anhydrous powder (of formula CuS04) and as blue
hydrated cyrstals (of formula CuS04 5H20).The relative molar masses (M,) of
the two forms can be calculated and, hence, the molar masses (Mr) can be
found by the following method:
Atomic mass of Cu [Ar(Cu)] = 63.5

A substance's molecular
weight or molar mass is
the mass in grams of 1
mole of the substance.

From above for CuS04 1 rnol weight = 159.5 g
0.5 rnol weight 159.5 x 0.5 = 79.8 g
Similarly for CuS045H20 1 rnol weight = 249.5 g
0.5 rnol weight 249.5 x 0.5 = 124.75 g
For above calculation you can also use the formula mentioned in sub-Sec. 6.4.2
(Eq.6-2).
According to this m = Mr x M x V
a
where m = mass of solute in grams
M,= molar mass of solute (glmol)
M = molarity of the solution
V = volume of the solution
In the case of above example, weight of CuS04 can be calculated by putting
the values given

Similarly for CuSOd. 5H20

Of course, in.practice you would use the hydrated copper(I1) sulphate to
prepare your solution as this is cheaper, but both solutions would contain 0.5
rnol of copper(I1) sulphate when made up to 1 dm3.

Preparation of Solutions

If, however your hydrated copper(I1) sulphate was only 90% pure, the mass
that you weighed out (from your previous calculation) would not contain 0.5
mol of copper(I1) sulphate. Instead it would contain only (90/100)x0.5 = 0.45
mol. You can see therefore that a greater quantity of the impure solid would be
needed, but exactly how much more?
Well, the fact that the solid is 90% pure tells you that every 100 g of solid
contains 90 g of copper(I1) sulphate crystals. To put it another way, there are
90 g of copper(I1) sulphate crystals in 1OOg of impure solid. Therefore there
must be 1 g of copper(I1) sulphate crystals in 100190 = 1.1 g of solid.
Now try the following SAQs.
SAQ 1

Calculate the mass of 90% pure hydrated copper(I1) sulphate that would be
needed to prepare 1 dm3 of a solution containing 0.5 mol dm" of copper(I1)
sulphate.

SAQ 2

Calculate the molarity of a solution which contain 6.00 g of NaCl (M,
58.44) in
200 cm3 solution.

SAQ 3

Calculate the number of moles and number of grams of KMn04 (M,158.0) in
3.00 dm3 of a 0.25 M solution.

7.2.2

Liquids

Suppose that you wanted to prepare 1 dm3of a solution of phosphoric(V) acid
(orthophosphoric acid) of concentration 1 mol dm-3.The information that you
require can be found either in a supplier's catalogue or on the label of a bottle
of concentrated acid. The information is as follows:
Relative molar mass of H3P04 = 98
Purity = 88%wt/wt

Purity is also known as assay.

In general, ifp is the purity of
the solute, Eq.6.2 can be
written as:
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Density

=

1.75 glcm3

This immediately tells you that 1 dm3 of a solution of phosphoric(V) acid
containing 1 mol of H3P04required 98 g of solute.
The purity tells you that there are 88 g of H3P04 in 100 g of concentrated acid
and, therefore, there is 1 g of acid in 100188 = 1.136 g of concentrated acid.
From these deductions, it is easy to calculate the mass of concentrated acid that
will provide you with 98 g of H3P04.
Well, it should be easy!
Now try the following SAQ.
SAQ 4

Work out the mass of concentrated acid that will give 98 g of H3P04 in the
above example.

In general, if d is the
density and I" is the
volumc of solute, the
Eq.7.1 will have following
form:

It is not a good practice to weigh out concentrated acids on a balance and so
you would measure the acid by volume. You would need to convert the mass
you calculated in SAQ 4 into a volume and you do this using the density of the
acid. For example, if 1 ml(1 cm3) of concentrated acid has a mass of 1.75 g,
'then 1 g has a volume of 111.75 = 0.57 cm3.Now apply this method to the
phosphoric(V) acid example.
Now try the following SAQ.
SAQ 5

where V' is the volume of
solute used for the
preparation of solution of
volume V. For the
.
preparation of 1 dm3
solution, above equation
can be written as,

Calculate the volume of conchtrated phosphoric(V) acid that would contain
the mass of H3PO4,which you worked out in SAQ 4.

If you always perform this type of calcuIation in these easy stages, you will not
have any problems working out the correct quantities, whatever the
concentration, purity or density of the solute. You will find it helpful to record
the results of your calculations for future reference so that you don't have to
repeat the calculation each time that you prepare a particular solution. Compile
you own recipe book!

Preparation of Solutions

7.2.3

More Concentrated Solutions

It is often helpful, in terms of economy of time, space and money, to prepare a
solution of known concentration from a more concentrated solution that is
already available (called stock solution). Water is then added to achieve the
molarity desired for a particular solution. This process is called dilution. For
example, the common acids are purchased as concentrated solutions and
diluted as needed. A typical dilution calculation involves determining how
much water must be added to an amount of stock solution to achieve a solution
of a desired concentration. The key to doing these calculations is that, since
only water is added in the diluf on, all of the solute in the final dilute solution
must come from the concentrated stock solution, that is:
Moles of solute before dilution = moles of solute afier dilution
Molarity provides the connection between the molar amount of a substance in
solution and the volume of the solution.
Moles of solute = volume of solution x molarity
If M jand M2 are the molarities before and after dilution, respectively and Vl
and V2 are the volumes before and after dilution respectively.
Moles of solute before dilution (i.e. original solution) = M IVl
Moles of solute after dilution (i.e. final solution) = M2V2
On combining above equations, you can write

For example, suppose that you require 1 dm3 of hydrochloric acid of
concentration 0.2 mol dm" and you have a quantity of hydrochloric acid
containing 0.50 mol dm" left over from a previous experiment.
You know that,
*

0.50 rnol dm" x Voriginal
= 0.2 mol dm" x 1 dm3

Thus, to make 1 dm3 of a 0.2 mol dm" of hydrochloric solution, you can
measure out the required volume i.e. 400 cm3 and dilute it to a total volume of
1 dm3.
A dilution procedure typically involves three types of glassware: a measuring
cylinder, a pipette and a volumetric flask. Selection of these apparatus depends
on ultimate use of the solution and the accuracy to which the stronger solution
was prepared, i.e. acckate solution can only be prepared .if the original,
stronger solution was also accurately prepared. In next section we will take up
this issue.
Now try the following SAQ.
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SAQ 6
You wish to prepare 500 cm3 of 0.100 M K2Cr207solution fiom a 0.250 M
solution. What volume of the 0.250 M solution must be diluted to 500 cm3?

7.3 ACCURACY AND PRECISION OF MEASUREMENTS
OF SOLUTES
It is important that you, the lab technician, are aware of the use to which any
solution that you prepare is to be put. This enables you to judge the degree of
accuracy that is required in preparing a solution. It is pointless, for example,
for you to spend time weighing out a solid to the nearest milligram if the
solution is to be measured out in measuring cylinders. This is not to say that
you would be any less careful in the way in which you work.

I

I

Some general rules are as follows:
1.

Solutions whose concentrations are specified as percentages or greater
than 1 mol dm3 can be made up in measuring cylinders.
2. Solid solutes should be weigh~dout to an accuracy of 0. lg for 100cm3
of solution and f 0.5g for 1 dm3.
3. Liquid solutes, or stronger solutions, can be measured in measuring
cylinders.
4. Solutions of concentration less than 1 mol,dm4 or those required for
volumetric analysis (titration), should be made up much more accurately,
weighing to an accuracy of 0.001g. Use pipettes to measure volumes of
solute and make the solution up to its final volume in a volumetric flask.

+

+

Activity 1
At your workplace there will be
different kinds of solutions used
for different purposes. List six
examples of general solutions
used at you workplace and two
examples of standard solutions.
Include their concentrations in
each case.
General
Solutions

Concentration

1
2

3
4

SAQ 7
Here is a list of laboratory apparatus. Select those items that you consider to be
most suitable for use in preparation of
i)
ii)
iii)

1 dm3 of dilute sulphuric acid.
100 cm3 of a solution containing sulphate ions.
250 cm3 of hydrochloric acid containing 0.10 mol dm-3(made fiom a
more concentrated solution containing 1.0 mol dm'3).

Apparatus

5
6

Standard
Solutions

1
2

Now try the following SAQ.

Concentration

(a)
(b)
(c)
(d)
(e)

(0
(g)

measuring cylinder;
graduated beaker;
50 cm3 burette;
volumetric flask;
10 cm3 graduated pipette;
25 cm3 bulb pipette;
5 cm3 syringe.
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(Circle the letters below corresponding to your answers.)
i)
ii)
iii)

7.4

abcdefg
abcdefg
abcdefg

GENERAL GUIDELINES FOR PREPARATION
OF SOLUTIONS

Thel.2 are two classes of solutions in everyday use - general solutions, e.g.
ben :?I solutions, reagents for biology and chemistry, etc., and standard
so'.rtlons, which are, used in volumetric analysis and some biology
ex! criments. A standard solution is one whose concentration is accurately and
pr :cisely known. It is used to determine the concentration of another solution,
~ i t which
h
it reacts, by a process known as titration.
The following points can save you time and effort when preparing both types
of solutions:
(1)
(2)
(3)
(4)

(5)
(6)

Assemble all the apparatus and materials that you need before you start
work.
Work in a clear space, preferably adjacent to a sink and water supply.
Wear goggles when dissolving, mixing and pouring.
Add concentrated acids (even small quantities) to water.
Always use pure water when preparing an aqueous solution.
As mentioned earlier in previous unit, most solids tend to dissolve
faster in warm solvent and you can use heat to speed up the preparation
of some solutions. However, use heat with care as some solutes are
adversely affected by heat. Do not use heat if the solute is:
potassium manganate(VII),
potassium chlorate(V),
potassium or sodium nitrate,
ammonium nitrate,
silver nitrate,
an enzyme,
an indicator (unless otherwise stated in the recipe, etc.).
The general rule for heating solutions is "if in doubt, don't". Of course,
you should not attempt to heat a solution, which has a volatile and
possible flammable solvent such as an alcohol or propanone.

(7)

(8)

(9)

Warm solution should be cooled to room temperature before being
made up to the required volume. This is especially important when
volumetric flasks are used as these flasks are calibrated to contain their
designated volumes at precisely 25OC.
Finely divided solids usually dissolve faster than large lumps. You will
save time if you grind up the larger crystals, etc. with a pestle and
mortar.
Use the fume cupboard if fumes are likely to be evolved, e.g. when
preparing bromine water.

Now try the following SAQs.

WARNING: Never add wate~
to concentrated acids. The
heat produced may cause the
water to boil and the acid to
spray out in a very dangerous
manner. It may even cause htm
container to crack or break.

WARNING: Before grinding,
ensure that the substance is
not likely to explode or ignite
when subjected to mechanical
shock. This can happen with
powerful oxidizing agents
such as potassium manganate
(VJI) and potassium chlorate
(V) as well as substances that
contain relatively large
proportions o f hydrogen dnd
oxygen in their formulae, e.g.
ammonium nitrate.
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SAQ 8
Explain, in two sentences, what could happen if you added water to a beaker
containing concentrated sulphuric acid, and why?

SAQ 9
Decide if the following statements concerning the use of heat in the
preparation of solutions are true or false. (Write T or F against each).

(1).
(2)
(3)
(4)

A hot plate is preferable to a Bunsen burner
All solutions can be heated.
Stirring while heating speeds up dissolving.
A hot solution can be made up to volume with hot solvent.

SAQ 10
When must you see a fiime cupboard in the preparation of a solution? Make
your answer one sentence long and then give two specific examples of the
preparation of solutions for which you must use a fume cupboard.

Example 1

Example 2

--

7.5 METHODS OF PREPARING SOLUTIONS
Generally, any solution can be prepared by following a simple, common
procedure. However, there are some exceptions, which we shall discuss in sub
Sec. 7.5.3. With all solutions and chemical substances, labelling is an aspect of
the lab technician's work that is important. This is dealt with in detail in the
Course Laboratory Safety but the immediately relevant aspects of labelling are
discussed in sub-Sec. 7.5.2.

First of all, consider the general method of preparation.
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7.5.1

General Methods of Preparation

In general any solution can be prepared by the following method, but note the
exceptions in sub Sec. 7.5.3.
(1)

Weigh the required mass or measure the required volume of solute.

(2)

Take a beaker whose total volume is less than the volume of solution
that you require and half-fill it with solvent. (This avoids using too
:nuch solvent.)

(3)

Add the solute in the beaker and stir until it has mixed/dissolved. A
magnetic stirrer, especially one with an integral hot plate is invaluable.

(4)

Transfer the (cool) solution from the beaker to a clean measuring
cylinder or volumetric flask. (This need not be dry as long as it has
been rinsed with solvent.) Transfer is best done by decanting (see Fig.
7.1). This is the process by which the solution is poured down a glass
rod that has its lower end below the top of the receiving vessel.

<
Beaker

\

Neck of Container

--f- Solution

-3-J
Fig.7.l: Decanting

If, however, after a reasonable amount of stirring, you are left with
some undissolved solute in the solution, you can either decant the
solution (the supernatant) and add a little more solvent to the
undissolved solute, or you can gently warm the solution and undissoved
solute if this is possible.
Rinse out the beaker with a little solvent and decant the washings into
the measuring vessel with the rest of the solution. Repeat this step twice
more and then rinse the glass rod, adding all the washings'to the
solution.
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(6)

Add the solvent to the solution so that the solution is almost the
required volume. The final volume is best reached by adding solvent,
drop by drop, from a wash bottle or dropping pipette. If you are using a
volumetric flask, you should now insert its stopper and shake the flask
well. This means that, if any of the solution is spilt later, the
concentration of the rest of the solution is unaffected.

(7)

Transfer the solution to a suitable container. As a solution may affect or
be affected by its container or the environment, you should use the
correct bottle, aspirator, etc. The choice of container depends on the
following:
(a) Use bottles with rubber or plastic stoppers for alkalis as alkalis
attack glass and will fuse glass stoppers into the necks of the
bottles.
(b) Use glass bottles with glass stoppers or screw caps for organic
solvents as these can attack plastics.
(c) Use amber glass bottles or opaque plastic containers for solutions
that are affected by light, e.g. silver nitrate, potassium manganate
(VII), hydrogen peroxide, some organic solvents, etc. If the
container is wet, rinse it out at least three times with solvent and
allow it to drain. This container can then be used for general
solutions. If a standard solution has been prepared, however, the
container should then be rinsed out a hrther three times with a
little of the standard solution, which is discarded after each
washing.

(8)

When the solution has been decanted into the container, fit the top and
then shake it well. This is important because the people who ultimately
use the Solution may not remember to shake it before use!

(9)

Label the container. Your solution should be labelled with at least its
identity afall times even if left, for example, in a measuring cylinder
for a few minutes while you are away.

(1 0)

Wash up the glassware that you have used. This is best done
immediately, while it is still wet and while you can remember what you
have uied it for.

7.5.2

Labelling

-

The amount of information given on the final container depends on the
ultimate use of the solution and its anticipated lifetime. The label should show:
The identity of the solution in words;
Its concentrations;
The formula of the solute;
(4) The nature of the solvent;
( 5 ) The date on which the solution was prepared, if you feel it appropriate.
It is important that you use the correct terminology for names and
concentrations, as users will take their information from your label. For a stock
solution, it can be helpful to rabel the container with the recipe so that itjs
readily available next time.
(1)

(2)
(3)
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Labels can be printed on coloured plastic tape. This gives an opportunity to
"colour-code" solutions, e.g. red labels for acids, blue labels for alkalis. Paper
labels and spirit-based felt-tip pens can also be used. If you do use paper
labels, try to use self-adhesive labels, if possible. Do not lick gummed labels,
use a damp sponge instead. Don't forget to stick the appropriate hazard
warning label(s) onto the container.

I

Now try the following SAQs.

Which of the following materials would you say are suitable for use as the
stopper of a bottle containing aqueous hydroxide?
i)
ii)
iii)
iv)

glass
polythene
rubber
Cork.

(i) (ii) (iii) (iv) - mark as appropriate.

SAQ 12

I

t

From the list given below, can you select three solutions that should be kept in
amber or opaque hottles?
i)
sodium hydroxide
ii) silver nitrate
iii) potassium manganate(VI1)
iv) ethanoic acid
v) hydrogen peroxide

7.53 Exceptions to the general method
As mentioned earlier in sub Sec. 7.5.1 of this unit there are a few exceptions to
the general method of preparing solutions. Those that you are most likely to
encounter are discussed below.

1

(1)

Sulphuric Acid

For acid of concentration 0.5 mol dmJ and greater: As a great deal of heat
is evolved when concentrated sulphuric acid is diluted, you will find it helpful
to use two beakers.
(1)

Fill each beaker to about one third of the required volume with water and
stand these two beakers on a cloth in a sink or trough of cold water.

(2) Measure the appropriate volume of concentrated acid and add equal
amounts to each beaker drop by drop and with constant stirring. You may
find that the solution begins to boil. If so, stop adding concentrated acid
immediately and allow the beakers to cool.

!
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(3)' When all the concentrated acid has been added, rinse the measuring
cylinder with pure water and add the washings to one of the beakers.
(4) Let the solutions cool to room temperature before making up to volume
in the usual way.
Sodium (and Potassium) Hydroxide Solution

(2)

For solutions of concentration 1 mol dm" and over: Once again, a great
deal of heat is evolved when these substances dissolve in water and sharp
fumes may by given off. A good method of preparation is as follows:

Fill two beakers to one third full with pure water. The beakers' combined
volumes should be the same as the required volume of solution. Stand
them on a cloth in cold water.

(1)

(2) Divide the weighed amount of solid between the beakers and stir each
solution after each addition. Do not let the solutions splash, as they are
very caustic.
(3)

Keep the solutions stirred well as both substances will fuse to the glass if
!left.

(4)

When all the solid has dissolved, allow the solutions to cool and make up
to volume as usual.
Lime water

(3)

This is a saturated solution of calcium hydroxide, a substance that is only
slightly soluble in water at room temperature (0.156 g in 100 cm3). It can be
prepared in an aspirator or a Winchester quart as follows:

(1) Fill the container with pure water and add sufficient calcium hydroxide
so that some remains undissloved.
(2) Shake the container at intervals to mix the contents and leave it to settle.
(3)
(4)

Limewater can then either be drained off or carefully poured off, taking
care not to disturb the undissoved solid.
'

Enzymes

Vigorous stirring can disrupt large enzyme molecules such as diastase, pepsm,
etc. A satisfactory method of preparation of solutions of enzymes is to weigh
out the required mass of solid and then to sprinkle it on to the surface of the
required volume of pure water in the final container. If this is done the day
before the solution is required, the enzyme will be able to dissolve slowly.

(5)

Stains and Indicators

These can be prepared by the method given for enzymes unless they need to he
filtered before use. If this is so, they should be made up in the usual way in a
beaker, stirred until a saturated solution is produced and then filtered.

Preparation 01 Solutions

7.6

NOTES ON OTHER SOLUTIONS

7.6.1 Reagents for Biology and Chemistry
These are generally made up with pure water in a measuring c linder and used
in bottles no bigger than 500 cm3 (usually 125 cm3 or 250 cm ) to enable them
to be held in one hand. Some reagents are named after people, e.g. Fehling,
Lucas, Benedict, etc. and of course these names do not give any indication
about the compositions of the solutions. As the users of the solutions may not
have any idea of the nature of the solutions, it is especially important to use the
appropriate hazard warning label(s).
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As it is usually much cheaper to prepare these solutions yourself than to
purchase them ready-made, you will find it helpful to keep a record of their
recipes.
Preserving fluids can usually be made up with tap water, especially if large
quantities are required, e.g. for a formalin tank. However, you will find that
small specimens and those kept for display keep better if preserved in fluid
made up with pure water.
Reagents used in chemistry are mainly simple salts dissolved in pure water. If
concentrated acid is one of the ingredients, it should be added to the initial
quantity of water in the beaker before any other ingredient is added.
Chlorine water and bromine water should be prepared in the fume cupboard.
Iodine is considerably more soluble in aqueous potassium iodide than water.

7.6.2 Bench reagents
These are the solutions that you find in any chemistry lab. They include the
dilute mineral acids and aqueous alkalis. They are best prepared in bulk (in
multiples of 1 dm3), kept in stock containers, and dispensed to the lab bottles
as required. Always use pure water in their preparation and make them up to
volume in measuring cylinders.

7.6.3 ' Standard Solutions
For titrations, standard solutions are required. As defined earlier a standard
solution is one whose concentration is accurately and precisely known. It is
used to determine the concentration of another solution, with which it reacts,
by a process known as titration.
Certain substances can be measured out and made up to the required volume
directly, giving a solution whose concentration is known exactly. These are
known as primary standards. In order to be used as a primary standard, a
substance must b c
(1)
(2)
(3)

Easily and cheaply available;
Available in a very pure state;
Unaffected by water vapour and the atmosphere (or stable enough to be
heated to dryness);
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(4)

Stable over a long period of time.

Once a primary standard has been prepared, it can be used to standardise other
solutions, which then become secondary standards. These can be used in
further experiments to find the concentrations of other solutions and so on.
Primary standards that you may encounter include pure, dry sodium carbonate,
oxalic acid and sodium tetraborate. High grade, e.g. AnalaR, chemicals should
be used in the preparation of any solution for volumetric analysis and they
should be weighed to an accuracy of k0.00 1 g using a weighing bottle and one
of the methods described in previous unit.
Alternatively, proprietary packs nf coscentrated solutions, can be diluted with
pure water and made up to the designated volume in a volumetric flask. These
are useful (for example), in an educational lab when preparing solutions for
practical examinations. If a solution is required to have an exact concentration
of a solute that is not a primary standard, you will need to:
(1)
(2)
(3)
(4)

Prepare a more concentrated solution;
Standardise it against a primary standard;
Calculate its concentration;
Dilute it to give the appropriate volume and concentration.

Now try the following SAQs.

SAQ 13
Select the correct definition of a standard solution form those given below.
(i) Contains 1 mole of solute per dm3 of solvent.
(ii) Contains 1 mole of solute per dm3 of solution.
(iii) Contains a known mass of solute in a known volume of solution.
(iv) Contains 1 kg of solute in a known volume of solution.
(i) (ii) (iii) (iv) - delete as appropriate.

7.7 SUMMARY
In this unit, we have described the important steps and safety precautions to be
taken when preparing solutions. We have also defined what is a standard
solution and have given the characteristics of a primary standard.

7.8 TERMINAL QUESTIONS
1.

Calculate the mass of magnesium sulphate crystals that you would need
to prepare 200 cm3 of a solution containing 2 mol dm".
(M, of MgS04.7H20 = 246.3)

2.

Below is some informgtion about an acid.
06430 formic acid, 90% LRG
(methinoic acid)
H.COOH = 46.03
Assay
89.5% min
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About 1.205 g
Weight per ml
Maximum limits of impurities:
Chloride (C1- )
0.01%
Sulphate ( ~ 0 4 ~ 1 0.0 1%
Iron (Fe)
0.001%
Non-volatile residue 0.05%
(i) Name two places where you might find this information.
(ii) Calculate the volume of acid that would be required to prepare 500
cm3 of a solution containing 2 mol dm3 of this acid.
Potassium chlorate(V), ammonium nitrate and certain other substances
should not be ground up with a pestle and mortar. Can you explain why
in one sentence?
4.

It is bad practice to lick labels. Can you give two reasons why this is so?

5.

You are required to make up a primary standard solution. Can you think
of four characteristics of a solute, which would be suitable for this
purpose?

6.

List six areas in which you think errors can occur during the preparation
of standard solutions.

7.9

ANSWERS

Self-assessment Question
1.

137.5 g of 90% pure CuS04.5H20 would be needed.
If there is 1 g of CuS04.5H20 in every 1.1 g of impure solid (as stated in
the text), there would be 125 g in 125 x 1.1 = 137.5 g of impure solid.

2.

Since 1 dm3 = 1000 cm3
200 cm3 = 0.200 dm3
Using formula,

6.00 g

M(m01e1dm3) =

5844gl rnol x 0.200dm3

3.

n=MxV
n(mo1) = 0.250 mol/dm3 x 3.00 dm3
= 0.750 mol
m=nxMr
m = 0.750 mol x 158.0 glmol
m = 119g

4.

There is 98 g of H3P04 in 111.3 g of concentrated acid.
If there is 1 g of H3P04 in 1.136 g of concentrated acid (as stated in the
text), there will be 98 g in 98 x 1.136 = 111.3 g of concentrated acid.

I
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5.

63.46 cm3 of concentrated acid contains 98 g of H3P04.
If 1 g of concentrated acid has a volume of 0.57 cm3(as stated in the text)
111.3 g of concentrated acid (containing 98 g of H3P04) will have a
volume of 111.3 x 0.57 = 63.46 cm3.

7.

(i) (a); (ii) (b); and (iii) (d), (e) and (f). In the preparation of (iii), (g)
could be used but is not really satisfactory.

8.

A great deal of heat is given out when water and concentrated sulphuric

,

acid mix. This heat could cause the mixture to boil and erupt from the
beaker or even to crack the beaker - see Sec. 7.4 step (4).
9.

(i) T; (ii) F; (iii) T; (iv) F.

10. When unpleasant andlor poisonous fumes are given off, you must use a
fume cupboard. Examples of when to use a fume cupboard include the
preparation of sulphur dioxide solution, chlorine water, bromine water
and, possibly ammonia solution and dilute hydrochloric acid - see
section 8.4 step (9).
11. (ii) and (iii) - see sub-Sec. 7.5.1 step (7) for an explanation.

13. (iii)
Terminal Questions

1.

Mass of magnesium sulphate crystals = 98.52
Mr of hIgSO4.7H20 = 246.3
1 mol of MgS04.7H20= 246.3 g and 2 mol = 492.6 g
If 1 dm3 of a solution containing 2 mol dm" was needed 492.6 g of
MgSO4.7H20would be required. To make up 200 cm3, therefore, only

This calculation can also
be carried out using the
formula mentioned in part
B 1 of Appendix B.

492.6 x

2.

= 84.04 cm' of fiunmeric
acid for 1 dm' or
42.02 cm3of fummeric
acid for 500 cm3
solution.

200
= 98.52 garerequired.
1000

(i)

(a)
(b)

From a supplier's catalogue.
From a supplier's label on the bottle.

(ii)

Volume of acid required = 42 cm3
500 cm3 of a solution containing 2 mol dm-3contains 1 mol,
which in this case, has a mass of 46.03 g.
As 1 cm3 has a mass of 1.205 g, 1 g has a volume of

46.03 g would have a volume of 46.03 x 0.83 = 38.2 cm3.
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But thesolution is only 90% pure, i.e. there are only 90 cm3 of
acid in every 100 cm3 of solution.
In order to obtain 1 cm3 of acid, 100190 = 1.1 cm3 of solution
must be taken. Therefore, to obtain 30.2 cm3 of acid, 38.2 x 1.1
= 42.02 cm3 of solution must be used.
3.

The mechanical stresses caused by grinding could produce enough
friction to make them explode - see section 7.4 step(8).

4,

(1)
(2)

5.

A solute should be:
(1)
(2)
(3)

(4)
6.

(1)
(1)
(2)
(3)
(4)
(5)

The gummed surface can be contaminated by the bench top.
The gummed surface and the face are likely to be touched by
dirty fingers!

Easily and cheaply available;
Available in a very pure state;
Unaffected by water vapour and the atmosphere; and
Stable over a long period of time.
Inaccurate weighing.
Impure solute.
Splashes during preparation.
Inaccurate measurement of volume.
Not shaking the flask to mix solution and then spilling some.
Use of tap water instead of pure water.

Activity 1

General solutions could include:
Copper(I1) sulphate solution,
Barium chloride solution,
Silver nitrate solution,
Ethanoic acid,
Sodium carbonate solution,
Potassium hydroxide solution,
Potassium manganate(VI1) solution,
Iron(II1) chloride solution, etc.
&d their concentrations could be given either in terns of percentaee or
mol dm" depending on the custom in your lab.

The most common standard solutions are:
Hydrochloric acid 0.1 rnol dm'3 or 1 rnol dm-3
Sodium hydroxide 0.1 rnol dm" or 1 rnol dm",
Sulphuric ayid 0.05 rnol dm" or 0.5 rnol dm",
And potassium manganese(VII), 0.02 rnol dm".
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7.10 APPENDIX
A.

Preparation of Bench Solutions

Preparation of solutions accurately and efficiently is an important part of a lab
technician's job. The achievements of others' work can depend on your work.
In this exercise you will prepare some bench solutions such as dilute sulphuric
acid, dilute hydrochloric acid and sodium hydroxide solution.
Objectives
Calculate the amount of solute needed to prepare a solution of given
concentration when the solute is:
a) solid
b) liquid
c) present in a more concentrated solution
State and use the appropriate means of measuring solutes and solutions,
for solutions for different uses.
Describe the important steps and safety precautions to be taken when
preparing solutions.
A1

Apparatus and Materials Required

Measuring cylinders (1 dm3, 500 cm3,250 cm3)
Beakers (1 dm3)
Stirrers
Concentrated hydrochloric acid
Concentrated sulphuric acid
Sodium hydroxide, solid
A2

i)

Calculation of Solute Quantities
Find out the concentrations of bench hydrochloric acid, sulphuric acid and
sodium hydroxide solution that are suitable for use in a chemistry lab.
These are the solutions that you are to prepare.

ii) Either study the label of a Winchester quart of concentrated hydrochloric
acid or refer to a supplier's catalogue or lab manual, and make a note of
the information that you will require.
iii) Repeat this for a Winchester quart of concentrated sulphuric acid and a
bottle of sodium hydroxide.
iv) Using the information you find on the labels or elsewhere, calculate the
volumes and mass of solutes that you will require to prepare 1 dm3 of each
bench solution.
v) Round your figures up tp the nearest 5 cm3 or 1 g and record them for your
own use.
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A3 Safety

Safety handling of concentrated acids is essential. Note the following.
i)

Winchester quarts should always be carried from room to room in a
Winchester carrier - preferably an enclosed type. However, do not attempt
to pour from a Winchester while it is still in its carrier.

ii) When unscrewing the lid of a bottle, the bottle must be held firmly around
its shoulders while its cap is unscrewed. Beware of a build-up of pressure
inside the bottle, especially in hot weather, and hold the cap through a
cloth if you are apprehensive.
iii) IT is good practice - for any size of bottle - to pour with the label
uppermost so that drips from the neck of the bottle do not run down the
label.
iv) When pouring from a Winchester, the body of the bottle should be held
firmly with both hands - one on each side of the label with thumbs to the
front and fingers round the back.

Fig.Al: Pouring from a Winchester.
v)

A4

i)

Never hold a Winchester quart with just one hand and keep your hands
away fiom the neck of the bottle. When pouring from a full Winchester,
pour very slowly so 'that the liquid does not splash.
Method

Using the results of your calculations for the h drochloric acid, measure
the volume of HCl for the preparation of 1 dmY of dilute hydrochloric acid.
Prepare 1 dm3of bench dilute hydrochloric acid by diluting this solution to
1 dm3 in a volumetric flask.

ii) Pour this solution into a suitable container and label it.
iii) Wash up the glassware used.
iv) Using the results of your calculation for the sulphuric acid, measure the
volume of sulphuric acid to the preparation of 1 dm3of dilute sulphuric
acid. Prepare 1 dm3of bench dilute sulphuric acid by diluting this solution
.to 1 dm3 in a volumetric flask.
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v) Pour this solution into a suitable container and label it.
vi) Wash up the glassware used.
vii) Using the results of calculations for the NaOH, wei h accurately NaOH
for the preparation of 1 dm3 solution. Prepare 1 dm of bench aqueous
sodium hydroxide by diluting the weighed NaOH to 1 dm3 in a volumetric
flask.

B

viii)Pour this solution into an appropriate container and label it.
ix) Wash up the glassware used.

B

Preparation of the Chemical Reagents

B1: Preparation of the solutions of commonly used Acids and Bases:
The solutions of commonly used acids and bases can be prepared by using
following formula (Eq. 7.3) and the information given in the Tablel.
V'=

100xM x M
pxd

Where V' is the volume in cm3 of concentrated reagent required for the
prephation of one dm3of dilute solution, M is the desired molarity of
solution(final), M, is the molar mass of the reagent. d And p are the density
and the percentage assay of the reagent.
Table 1
Concentration of Commonly Used Acids and Bases
Reagent

Relative
Density,
Molar Mass g cm"
' (Mr)
(209

Assay /
Purity

YO
approx.

Acetic acid
Ammonium hydroxide
(as NH3)
Ethylenediamine
Formic acid
Hydrazine
Hydroiodic acid
Hydrobromic acid
Hydrochloric acid
Hydrofluoric acid
Nitric acid
Perchloric acid
Phosphoric acid
midine
Potassium hydroxide(soh)
Sodium hydroxide (soh)
Sulfuric acid
Triethanol atnine

* V', cm3 *=volume in cm3 needed to prepare I dm3 of 1 molar solution.

Molarit
of conc.
Reagent
M

V',cm3 *
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B2: General Reagents, Indicators, and Special solutions:
Unless otherwise stated, the term gper dm3 signifies grams of the solute
indicated dissolved in water and made up to one dm3 of solution.
Acetic acid, CH3COOH-6M 350 cm3 glacial acetic acid per dm3.
Alcohol, amyl, C5HI,OH: Use as purchased.
Alcohol, ethyl, C2H50H: 95% Alcohol, as purchased.
Alizarin, dihydroxyanthraquinone (indicator): Dissolve 0.1 g in 100 cm3
alcohol; pH range yellow 5.5-6.8 red.
Aluminon (qualitative test for aluminium). The reagent consists of 0.1%
solution of the ammonium salt of aurin tricarboxylic acid.
Ammonium acetate, NH4CzH302-3M

23 1 g per dm3

Ammonium carbonate, (NH~)zCO~.HZ&I.~M
171 g per dm3; for the
anhydrous salt: 144 g per dm3.
Ammonium chloride, NH4C1-3M

161 g per dm3

Ammonium hydroxide, NH40H-15M The concentrated solution which
contains 28% NH3; for 6 M 400 ml per dm3.
Ammonium molybdate, (NH4)zMoO4--0.5 M Dissolve 88.3 g of solid
. (NH4),jMo7o24.4H~O
in 100 cm3 6 M NH40H. Add 240 g of solid NH4N03and
dilute to one dm3. Another method is to take 72 g of Moo3, add 130 cm3 of
water and 75 cm3 of 15M NH40H; stir mechanically until nearly all has
dissolved, then add it to a solution of 240 cm3 concentrated HN03 and 500 cm3
2f water; stir continuously while solutions are being mixed; allow to stand 3
jays, filter, and use the clear filtrate.
Ammonium nitrate, NH4N03-M

80 g per dm3

4mmonium oxalate, (NH4)2C204.H20--0.25M 40 g per dm3.
Ammonium sulphate, (NH4)2S04-0.25 M 33 g per dm3; saturated: Dissolve
780 g of (NH4)2S04 in water and make up to one dm3.
Aqua,regia: Mix 3 parts of concentrated HC1 and 1 part of concentrated HN03
just before ready to use.
Barfoed's reagent (test for glucose): Dissolve 66 g of cupric acetate and 10
cm3of glacial acetic acid in water and dilute to one dm3.
Barium chloride, BaCl2.2HzO--0.25 M 61 g per dm3.
Benedict's qualitative reagent (for glucose): Dissolve 173 g of sodium citrate.
and 100 g of anh drous sodium carbonate in about 600 cm3 of water, and
dilute to 850 cmY;dissolve 17.3 g of CuS04.5HzO in 100 cm3 of water and

I
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dilute to 150 cm3; this solution is added to the citrate-carbonate solution with
constant stirring. See also the quantitative reagent below.
'

Benedict's quantitative reagent (sugar in urine): This solution contains 18 g
copper sulphate, 100 g of anhydrous sodium carbonate, 200 g of potassium
citrate, 125 g of potassium thiocyanate, and 0.25 g of potassium ferrocyanide
per dm3; 1 cm3 of this solution = 0.002 g sugar.
Bismuth nitrate, Bi(N03)3.5H20--0.08
place of water.

M 40 g per dm3, using 1:5 HN03 in

Bismuth standard solution (quantitative color test for Bi): Dissolve 1 g of
bismuth in a mixture of 3 cm3 of concentrated HN03 and 2.8 cm3 of Hz0 and
make up to 100 cm3with glycerol. Also dissolve 5 g of KI in 5 cm3 of water
and make up to 100 cm3with glycerol. The two solutions are used together in
the colorimetric estimation of Bi.
Bromochlorophenol blue, dibromodichlorophenol-sulfonphthalein
(indicator): Dissolve 0.1 g in 8.6 cm3 0.02 M NaOH and dilute with water to
250 cm3; pH range yellow 3 . 2 4 . 8 blue.
Bromocresol green, tetrabromo-m-cresol-sulfonphthalein(indicator): Dissolve
0.1 g in 7.15 cm30.02 MNaOH and dilute with water to 250 cm3; or, 0.1 g in
100 cm3 20% alcohol; pH range yellow 4.0-5.6 blue.
Bromocresol purple, dibromo-o-cresol-sulphonphthalein (indicator): Dissolve
0.1 g in 9.5 cm30.02 MNaOH and dilute with water to 250 cm3; or, 0.1 g in
100 cm3 20% alcohol; pH range yellow 5.2-6.8 purple.
I

I
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Bromine water, saturated solution: To 400 cm3 water add 20 cm3 of bromine,
Bromopheyol blue, tetrabromophenol-sulfonphthalein(indicator): Dissolve
0.1 g in 7.45 cm3 0.02 MNaOH and dilute with water to 250 cm3; or, 0.1 g in
100 cm3 20% alcohol; pH range yellow 3.6-4.6 violet-blue.
Bromophenol red, dihromophenol-sulfonphthalein (indicator): Dissolve 0.1 g
in 9.75 cm3 0.02 M NaOH and dilute with water to 250 cm3; pH range yellow
5.2-7.0 red.
Rromthymol blue, dibromothymol-sulfionphthalein(indicator): dissolve 0.1 g
in 8.0 cm3 0.02 M NaOH and dilute with water to 250 cm3; or, 0.1 g in 100
cm3 of 20% alcohol; pH range yellow 6.0-7.6 blue.
Calcium chloride, CaC12.6H20--0.25 M 55 g per dm3.
Calcium hydroxide, Ca(OH)2-0.02 M: log per dm3 for saturation.
Calcium sulphate, CaS04.2H20-0.03 M Mechanically stir 10 g in one dm3
of water for 3 hours; decant and use the clear liquid.
Ceric ammonium nitrate: Dissolve 20 g of ceric ammonium nitrate in 500
cm3 of warm 2M nitric acid solution.
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Chlorine water, saturated solution: Pass chlorine gas into small amounts of
water as needed; solutions deteriorate on standing.
Chloroform, CHC13: Use commercial grade.
Congo red, sodium tetraazodiphenyl-napthionate (indicator): Dissolve 0.1 g in
100 cm3 water; pH range blue 3.0-5.2 red.
Cress1 red, o-cresol-sulfonphthalein (indicator): Dissolve 0.1 g in 13.1 cm3
0.02 44NaOH and dilute with water to 250 cm3; or, 0.1 g in 100 cm3 20%
alcl.l,ol; pH range yellow 7.2-8.8 red.
Dimethyl glyoxime, (CH3CNOH)2-0.05 M 6 g in 500 cm3 of 95% alcohol.

2,4 - Dinitrophenylhydrazine: Dissolve 1 g of 2,4 - Dinitrophenylhydrazine
i:~5 cm3 of concentrated H2S04. Add this solution slow1 with shaking and
cooling to a mixture 'of water (7 cm3)and ethanol (25 cm3r). Mix thoroughly
and fiiter if necessary. Two regent is used in identification of carbonyl group.
Ether, (C2H5)20--Use commercial grade.
Fehling solution (sugar detection and estimation): (a) Copper sulphate
solution: dissolve 34.639 g of CuS04.5H20 in water and dilute to 500 cm3. (b)
Alkaline tartrate solution: dissolve 173 g of rochelle salts (KNaC4H406.4H20)
and 125 g of KOH in water and dilute to 500 cm3. Equal volumes of the two
solutions are mixed just prior to use.
Ferric chloride, FeC13-0.16 M: 27 g per dm3.
Formalin solution: Use the commercial 40% solution of formaldehyde.
Glyoxylic acid solution (protein detection): Cover 10 g of magnesium powder
with water and add slowly 250 cm3of a saturated oxalic acid solution, keeping
tht ,nixture cool; filter off the magnesium oxalate, acidify the filtrate with
acetic acid and make up to a liter with water.
Hagar's reagent (for alkaloids): This reagent is a saturated solution of picric
acid in water.
Hydrogen peroxide, H202-3% solution: Use as purchased.
Hydrogen sulpbide, H2S: Prepare a saturated aqueous solution.
Iodine solution: Dissolve 20g KI and 10 g iodine in 100 cm3 of water.
Litmus (indicator): Powder the litmus and make up a 2% solution in water by
boiling for 5 minutes; pH range red 4.5-4.3 blue.

Lead acetate, Pb(C2H30z)2.3H20-0.25 M 95 g per dm3.
Lime water, see calcium hydroxide.
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Lucas reagent: Dissolve with cooling 35 g of anhydrous ZnCl2 in 25 cm3 of
concentrated hydrochloric acid. This reagent is used in differentiation ofp, s,
t - alcohols
Mercuric chloride, HgC12--0.25 M 68 g per dm3.
Methyl orange, orange 111, tropeolin D, sodium p-dimethylaminoazobenzenesulfonate (indicator): Dissolve 0.1 g in 100 cm3 water; pH range red 3 . W . 4
orange-yellow.
~ o l i s c hreagent: Dissolve 1 g a-nophthol in 100 cm30f ethanol. This reagent
is used in identification of carbohydrates.
a-Naphthol solution: Dissolve 144 g of a-naphthol in enough alcohol to
make one dm3 of solution.
Nessler's reagent (for free ammonia): Dissolve 50 g of KI in the least possible
amount of cold water; add a saturated solution of HgC12 until a very slight
excess is indicated; add 400 cm3 of a 50% solution of KOH; allow to settle,
make up to one dm3 with water, and decant.
Nitric acid, FINO3--5 M 3 15 g per dm3; sp. Gr. 1.165.
Nitrohydrochloric acid: see aqua regia.
Phenolphthalein (indicator): Dissolve 1 g in 60 cm3 of alcohol and dilute
with water to 100 cm3; pH range colorless 8.2-10.0 red.
Potassium chromate, KzCr04--0.25 M 49 g per dm3.
Potassium dichromate, K2Cr2Or-0.12 M (K2Cr20718): 38 g per dm3
- ~M
I . 55 g per dm3.
Potassium ferricyanide, K ~ F ~ ( c N ) ~16
O -M- ~53
. g per dm3
Potassium ferrocyanide, L I F ~ ( C N ) ~ . ~ H ~14
Potassium hydroxide, KOH--0.5 M 3 12 g per dm3.
Potassium iodide, KI-0.5 M 83 g per dm3.
Potassium permanganate, KMn04-4.1 M (KMnOJ10): 16 g per dm3.
Potassium thiocyanate, KCNS--0.5 M 49 g per dm3.
Schif'f's reagent: Dissolve 1 g of rosaniline hydrochloride in 100 cm3 of water
and pass SO2 gas till the solution become colourless. This reagent is used in
identification of carbonyl group.
Sehanoffs test reagent: Dissolve resorcinol(0.25 g) in 500 cm3 of 6 M
hydrochloric acid. This reagent is used in identification of fructose.
Siber nitrate, AgN03--0.25 M'43g per dm3.

Soap solution (for hardness in water): Clark's Methods - Prepare stock
solution of 100 g of pure powdered castile soap in a liter of 80% ethyl alcohol;
allow to stand over night and decant. Titrate against CaClz solution (0.5 g
CaC03dissolved in a concentrated HCl, neutralized with NH40H to slight
alkalinity using litmus as the indicator, make up to 500 cm3; 1 cm3 of this
solution is equivalent to 1 mg CaC03) and dilute with 80% alcohol until 1 cm3
of the resulting solution is equivalent to 1 cm3of the standard CaC12 making
due allowance for the lather factor (the lather factor is that amount of standard
soap solution rsquired to produce a permanent lather in a 50 cm3portion of
distilled wate-;. One cm3 of this solution after subtracting the lather factor is
equivalent tc, 1 mg of CaC03.
Sodium arbrate,NaC2H302.3H20:Dissolve 1 part of the salt in 10 parts of
water.
*

Sodium rcetate, acid: ~ i s s b l v e100 g of sodium acetate and 30 cm3 of glacial
acetic acid in water and dilute to one dm3.
Sodium hydroxide phosphate, NaHP04.12H20-0.5
Sodium hydroxide, NaOH-5

M: 60 g per dm3.

M 220 g per dm3.

Sodium h droxide, alcoholic: Dissolve 20 g of NaOH in a alcohol and dilute
to one dm with alcohol.

?

Sodium nitroprusside (for sulphur detection): Dissolve about one gram of
sodium nitroprusside in 10 cm3of water; as the solution deteriorates on
standing, only freshly prepared solutions should be used. This compound is
also called sodium nitroferricyanide and has the formula
N~~F~(NO)(CN)S.~H~O.
Starch solution (iodine indicator): Dissolve 5 g of soluble starch in cold water,
pour the solution into 2 dm3 of water and boil for a few minutes. Keep in a
glass-stoppered bottle.
Starch solution (other than soluble): Make a thin paste of the starch withcdd
water, then stir in 200 times its weight of boiling water and boil for a few
minutes. A few drops of chloroform added to the solution acts as a
preservative.
Sulphuric acid, H2S04-5

M 490 g per dm3, sp. gr. 1,153.

Tartaric acid, H2C4H4o6:Dissolve one part of the acid in 3 parts of water; for
a saturated solution dissolve 750 g of tartaric acid in water and dilute to one
dm3.

Thymol blue, thymol-sulfonphthale@(indicator): Dissolve 0.1 g in 10.75 cm3
0.02 MNaOH and dilute with water to 250 cm3; or, dissolve 0.1 g in 20 cm3
warm alcohol and dilute with water to qOO cm3; pH range (Acid) red 1.2-2.8
yellow, and (alkaline) yellow 8.0-9.6 blue.
Tincture of iodine (antiseptic): add 70 g of iodine and30 g of KI to 50 cm3 of
water; make up to one liter with alcohol.
;

Preparation of Solutions
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Tollens' reagent: Add a drop of dilute sodium hydroxide (10%) solution to 1
cm3 of silver nitrate solution (5%) in a test tube. Turbidity appears. Dissolve
it in the minimum amount of N a O H solution. NB: Do not store the reagent
because it decomposes on standing.

I

Trinitrobenzene, 1,3,5-trinitrobenzene (indicator): dissolve 0.1 g in 100 cm3
alcohol; pH range colorless 11.5-14.0 orange.
Wijs solution (for iodine number): dissolve 13 g resublimed iodine in one liter
of glacial acetic acid (99.5%), and pass in washed and dried (over or through
H2SO4)chlorine gas until the original thio titration of the solution is not quite
doubled. There should be only a slight excess of iodine and no excess of
chlorine. Preserve the solution in amber colored bottle sealed with paraffin. Do
not use the solution after it has been prepared for more than 30 days.
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8.1

INTRODUCTION

Summary

Terminal Questions

The quality and diversity of our life today, as opposed to man3 experiences of
two thousand years ago, stems largely from our ability to modify the
environment in which we exist.

The importance of chemistry in this advance is crucial, as this science offers
the possibility of bringing about change at a molecular level. Either in the
laboratory or on a much larger industrial scale, chemical changes can be
engineered to produce, under controlled conditions, tailor-made substances that
underpin social, medical and economic progress. The materials which are
required for the synthesis of drugs, fertilizers or polymers necessary to support
our late-twentieth century life style, are rarely in the finished form. The
processes of extraction, separation, preparation and finally purification that is
necessary are often costly and complex. In this unit and other units of this
block, we will examine how some of these techniques can be carried out in the
laboratory.
Objectives
After studying this unit, you should be able to
@

@

@

@

describe methods of heating and agitation used during the preparative
processes,
discuss the advantages of using an apparatus with interchangeable p u n d
glass joints,
explain the reflux process, and
describe the apparatus necessary for controlled addition of a reagent.

8.2 HEATING AND AGITATION
In chemical shorthand, a chemist could reduce a given process to a convenient
equation such as:
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This tells us that two substances, A and B, after being mixed for a period of
time under suitable conditions, are chemically changed to two new substances,
. C and D. Thus the formation of the strongly smelling organic chemical, ethyl
ethanoate (ethyl acetate) could be written:
CH3COOH + CH3CH20H +CH3COOCH2CH3
(ethanoic acid) (ethanol)
(ethyl ethanoate)

+ Hz0
(water)

The above equation tells us that if we mix equimolar amounts of ethanoic acid
and ethanol, then ethyl ethanoate and water are formed. This would of course
be an unnecessary and expensive way to prepare water. However, ethyl
ethanoate is a fairly useful chemical as it is used as a solvent for lacquers.
What the equation does not tell us is anything about the conditions of this
reaction. Is it necessary, for instance, to apply any heat? Should we stir or
agitate the reaction vessel? Does the reaction take place more quickly if a
suitable catalyst is used? In addition the reaction could be reversible. In other
words, will the products when formed tend to react together to re-form the
original reactants, so that a mixture of ethanoic acid, ethanol, ethyl ethanoate
and water will be present?
This reaction is indeed reversible and is therefore more correctly written as
follows:
CH3COOH

+

CH3CH20H

+

CH3COOCH2CH3 + H20

Here onwards, we will be concerned more with the techniques that may be
used to achieve this reaction.
8.2.1 Heating
You can refer back to Sec. 1.3 of Unit 1, Block 1 where the apparatus used for
heating has been discussed. You will find that a variety of techniques are
available to you for heating in the lab. The technique which you select will
depend on the following factors:
(1)
(2)
(3)
(4)

The apparatus to be heated;
The substance to be heated;
The temperature range required; and
The period of heating.

The following are the more usual techniques used in, for example, a typical
educational laboratory.

(1) Direct Burner
Typically this will be a hand-held Bunsen burner. It is used in a simple
distillation where a flask is heated directly. Heating with direct burner requires
a careful control as very often the flammable liquids are involved. Also many
organic compounds are unstable at high temperatures which can result from
localized overheating.
'(2) Burner With Tripod and Gauze

It involves a bench top burner placed beneath a metal tripod which supports a
wire gauze. The gauze spreads the heat of the burner flame heating an object
above the gauze more evenly than the direct flame. This technique is used for
most experiments, distillations, and-particularlyfor reflux work (see Sec.8.4).

(3) Air Bath

The Preparative Techniques

This method is useful for destructive distillation and where direct heating of
solid matter leads to extensive charring. It is also suitable for any application
which requires quick cooling, good temperature control, cheap and simple
apparatus, and inspection of the contents.
(4) Sand Bath

Heating using a sand bath is more uniform than with using a gauze, but
temperature control is difficult since sand is a bad conductor and takes a long
time to heat up and cool down. This is not a routine lab technique, but it may
be used where high temperatures are required.

(5) Water Bath
'This technique is primarily used for liquids with a low boiling point.
Electrically heated baths are used for flammable liquids. The temperature
range is ambient to 85" C.

(6) Oil Bath
Oil baths operate on exactly the same principle as the water bath and may be
heated by a burner or electrically. Usually oil baths are set up in a fume
cupboard to remove any toxic fumes generated by the high temperatures used.
A thermometer must always be used to avoid excessive heating. The
apparatus being heated is always immersed in the oil which is generally the
paraffin. This technique is used where a temperature range higher than that
available with a water bath is required, and where substances need to be held at
an elevated temperature for a substantial time. The temperature range is 80250°C (max.) depending on the type of oil used.
(7) Hot Plate
A hot plate for laboratory use consists of a heavy iron plate which contains an

electric heating element . It can be free standing, for mounting on a retort
stand, or mounted on its own base incorporating temperature controls and a
thermostat. Hot plates are used where a naked flame is unsuitabIe.

(8) Heating Mantle
Heating mantles are designed to fit snugly flasks which are of a nominal
capacity, typically in the range 10 cm3 to 2 dm3. A temperature control and a
thermostat are common features of many heating mantles.
Heating mantles are useful for flammable liquids with a low boiling point and
where even heating is required for long periods. The temperature range is
ambient to 450°C. Combined heating mantles/mechanical stirrers (see
sub.-Sec.8.2.2) are also commercially available.

ACTIVITY 1
Compile a database of types of heating apparatus in use in your
laboratory. Include as much relevant information as you can:
such as heating range, what is normally heated on it, capacities,
etc.

The paraffin is odourless
and colourless when clean.
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Now try the following SAQ.
SAQ 1

List the heating techniques you would use to boil
(i) a flammable mixture with a boiling point of 73" C.
(ii) a flammable mixture with a boiling point of 120' C.

........................................................................................
8.2.2

Agitation

Normally homogeneous solutions do not require agitation, but in some cases
e.g. when a substance has to be added in portions or drops and immediately
brought into contact with the entire solution, you will have to use an agitation
technique. This is particularly important when a precipitate is formed rnc!
absorption may occur, or locally generated heat may cause decomposition of a
sensitive preparation. For heterogeneous mixtures, agitation is a must. You
can shorten reaction times, accurately control temperature and increase yields
in this way.
There are two basic methods of mechanical agitation-shaking and stirring.
Shaking is quick, cheap and easy, and it may be a more appropriate technique
for small quantities of homogeileous solutions. Mechanical stirring is
undoubtedly more efficient but you need to set up special apparatus for this.
There are several kinds of apparatus used for stirring. The main kinds of
stirring apparatus are as follows.
(1) Geireral Purpose Mechanical Stirrer
lnduction

n

controller

Fig.8.1: General Purpose Mechanical Stirrer.

:

This consists of a small electric motor, usually an induction motor which
avoids the ignition hazard of sparking brushes, with a drive connected to a
chuck (see Fig.8.1).
The chuck can accommodate a variety of stimg rods made of glass rod, teflon
or stainless steel (see Fig.8.2). Teflon stirrers have the advantage that they do
not.break themselves or the reaction flask.

Fig.8.2: The Stirring Rods.

The stirrer is mains powered and can be mounted on a retort stand over the
stirring vessel which may be closed or open. Stirring speeds can be controlled
by a rheostat control on the stirrer. The more usual lab stirrers, with a nominal
power output of about 6 W, are used with low viscosity liquids, e. . aqueous
solutions and light oils and can handle volumes up to about 60 dm . Viscous
liquids and suspensions require more powerful stirrers, which may have a twin
drive to accommodate two stirring rods (see Fig.8.3).

5

Heavy Duty Stirrer.

Fig.8.3 :Heavy Duty Stirrer.

P
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(2) Magnetic Stirrer
This instrument dispenses with the need for stirring rods as depicted in Fig.8.3.
It operates by revolving a bar magnet horizontally (see Fig.8.4) in a container
on which stands the reaction vessel. One or more magnetic 'fdllowers'
(needles) made of a magnetic slug encased in glass, PTFE or ~lypropylene,
are placed in the stirring vessel. As the bar magnet revolves beneath the
stirring vessel, the followers are induced to move with the magnet and so
agitate the mixture in the stirring vessel. The followers are removed with
forceps or with another encased magnet having a handle.

Magnetic
follower

I

a

I

Bar magnet

Fig.8.4: Magnetic Stirrer,

This apparatus is used in closed systems where:
(a) Gas volume changes have to be observed,
(b) Air has to be excluded to prevent oxidation, or
(c' An anhydrous environment is required
and in open systems as well.
It is also used in containers where the introduction of a stirring rod is difficult.
Combined hot platelmagnetic stirrers are also commercially available,

(3)

Hershberg Stirrer

This is a kind of stirring rod (see Fig.8.5) and it consists of a hollow glass tube
sealed with a glass ring. The ring is threaded with 1 mm diameter wire, e.g.
chromel, nichrome or tantalum, as illustrated. The stirrer is easily passed
through narrow necks, and the wire paddle closely follows the contour of the

Fig.8.5: Hershberg Stirrer.

reaction vessel, e.g. a round-bottomed flask. It is therefore useful for stirring
pastes and solids which cling to the stirring vessel wails.
(4)

Mercury Sealed Stirrer

.

These stirrers are used for:
(a) Simultaneous stirring and refluxing of a mixture.
(b) Stirring in a sealed vessel;
(c) Agitation without escape of gas or vapour; and
(d) Stirring in an inert atmosphere.
Fig.8.6 shows how mercury can be incorporated between an outer tube and an
inner bearing tube which contains the stirring rod. In this way, a seal is formed
which prevents the passage of gas fumes to or from the liquid being stirred.
Bearing points are lubricated with glycerol or silicone grease.

Fig.8.6: Mercury Seated-Stirrer.

Now try the following SAQ.

SAQ 2
Write down Two methods of maintaining even and gentle boiling when using a
direct burner.
(i) .................................................................................
(ii) ..................................................................................

You can check your answers with ours at the end of the unit.

8.3 APPARATUS WITH INTERCHANGEABLE GROUND
GLASS JOINTS (QUICKFIT)
Now-a-days corks and rubber stoppers can be entirely dispensed with for joints
and connections in glass apparatus assemblies. This is due to the availability
of a wide range of glassware of standard shapes and sizes which rely on
ground glass joints. In sub.-Sec. 1.4.1 of Unit 1 of Block 1, you have already
seen a range of standard components, which can be used to built assemblies for
most of the routine lab needs.
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Remember that the B series of
joints is most commonly used
for general work and joints are
described as

-

'814123'

where 14 = outside diameter of
the small end of the cone in mm
and 23 = length of the ground
zone in mm.

One of the best-known brands of this type of apparatus is manufactured by
Borosil although other manufacturers also market similar apparatus. The
apparatus with ground glass joints have the following main advantages:
(1) Corrosive substances are easily manipulated without introducing
impurities from the apparatus, unless the glass itself is attacked by such
substances.
(2) Accurate alignment of apparatus is easier.
(3) Joints fit well, provided the apparatus is correctly aligned and the joints
are clean prior to greasing.
(4.) Rapid assembly of component parts.
(5) With standard part sizes, any broken parts are easily replaced.
( 6 ) Most common operations of organic chemistry can be carried out in
apparatus built from standard components.
(7) Wider passages are possible at joints which decreases the danger in violent
reactions and diminishes the likelihood of choking.
Although this kind of apparatus is quick and easy to use, you must bear the
following precautions in mind:
(1) All ground glass surfaces must be clean.
(2) Apparatus must be adequately supported by clamps and stands.
The usual precautions listed in IJnit apply with regard to alignment,
cushioning and over-tightening of clamps.
( 3 ) Joints should be lightly lubricated with silicone grease where
(a) Reduced pressure is to be used,
(b) High temperature distillation is to be carried out, or
(c) Alkalis are in use.
(4) All joints must be cleaned after use.

8.4

REFLUXING

Many organic reactions occur slowly at room temperature-usually too slowly
for our purposes. In order to speed up such a reaction, we apply heat to the
reactants to raise their temperature, An adequate reaction rate is often
achieved by elevating the temperature of the mixture to boiling point and
sometimes this temperature has to be maintained for an appreciable time.
Under these conditions, the volatility of the mixture can cause considerable
problems due to evaporation of solvent and the flammability of escaped
vapour.
To overcome these problems, it is usual to heat the reactants under reflux.
Typical apparatus for this is shown in Fig.8.7 (a). A flask is filled not
more than half its capacity with the reaction mixture and some anti-bumping
material is added for uniform boiling. A water condenser is then fitted
vertically in the neck of the reaction flask and heat is applied to the flask, using
any of the usual techniques.
The temperature of the mixture is raised to boiling point ,and the mixture is
allowed to simrnet. Vapour escaping from the mixture condenses in the
condenser and drains back down into the flask. This apparatus is suitahle for
mixtures which have a boiling point below 130°C. Above this temperature, an
air condenser as shown in Fig. 8.7(b), is used. In case an air condenser is not
available, a normal water condenser, without using water, can be used. Also

remember to use as guard (drying) tube when it is necessary to cany out the
reaction in anhydrous conditions.
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glasswool

Fig.8.7: Reflux Heating Apparatus: (a) Using a Water Condenser and (b) Using Air
Condenser and a Guard Tube.

Now try the following SAQ.
SAQ 3
Is the reflux process designed to (tick the correct answer):
(i) Recycle impure solvents;
(ii) Enable heating of flammable solvents with a direct burner; or
(iii) Enable heating of liquids without loss of vapour.

You can check your answers with ours at the end of the unit before continuing.
15
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8.5 CONTROLLED ADDITION OF-A REAGENT
In this section, we will show you two examples of Quickfit apparatus
assemblies that allow controlled addition of a reagent. In each assembly, the
common components are a Liebig condenser and a cylindrical separatory
funnel.

8.5.1 Reflux Heating with Controlled Addition
Fig. 8.8 shown below gives the arrangement for heating a homogeneous
reaction mixture under reflux with controlled addition of a liquid. A two way
adapter has been.used with the flask to fit the condenser and the separatory
funnel. But you can also use a two-necked flask instead of the too way adapter
and straight away fit the condenser and the separatory funnel in the two joints
of the two-necked flask. The mode of heating and use of the guard tube would
depend upon the nature of the reactants. Similarly, the nature of condenser (air
or water) would depend upon the refluxing temperature. Note that here the
process of' boiling would ensure the mixing of the contents of the reaction
mixture

Condenser

Addition funnel

Magnetic stirrer bar

Fig. 8.8: Apparatus Assembly for Reflux Heating with Controlled Addition.

Reflux Heating with Controlled Addition and Stirring

8.5.2

In case, the reaction involves a solid component or immiscible liquids, then
stirring is also required along with refluxing. For this purpose, we can use the
following set-up of apparatus, as shown in Fig. 8.9. Note that a three-necked
flask has been used to accommodate the stirrer. Alternatively, a magnetic
stirrer with hot plate can be used alongwith the two-necked flask for fitting the
condenser and the separatory funnel.

Condenser

Fig.8.9: Apparatus Assembly for a Reflux Heating, Stirring end the Controlled Addition
of a Reagent.

SAQ 4
Which of the following pieces of apparatus is essential in any assembly for an
experiment which include the controlled addition of a reagent? Tick the
correct answer.
(i)
(ii)

A Liebig condenser
A separatory funnel
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(iii) A thermometer

Check your answer with ours at the end of the unit before continuing.

8.6 SUMMARY
In this unit, you have learnt
various methods of heating and agitation used in preparative processes.
the advantages of using apparatus with interchangeable ground glass joints.
about the situations when the reflux process is used.
the use of apparatus necessary for controlled addition of a reagent.

8.7 TERMINAL QUESTIONS
1. What are the advantages and disadvantages of a sand bath ?
I

2.

(a) Write three advantages of using an apparatus with interchangeable
ground glass joints.
(b) What precautions would you take while using such an apparatus ?

3.

Would you say that the reflux process is usually carried out in an open or
a closed apparatus assembly? (Tick the right answer and give reason for
your answer.)

'.

open

Closed

:

Reason:

8.8

ANSWERS

%

Self Assessment Questions
1. (i) An electrically heated water bath, a hot plate or a heating mantle.
Your choice between these alternatives will be governed by the length of
time for which boiling is to be maintained
(ii)An electrically heated oil bath, a hot plate or a heating mantle.
Revise Sec.8.2.1 if you wrote down the wrong technique. Remember that
you must not use a direct burner with flammable liquids.
2. Any of the following techniques are commonly used.
(i) Addition of anti-bump material to the liquid.
- *_
(ii) Use of a wire gauze on a tripod.
(iii) Use of a heat resistant sheet on a tripod.
You would have written down methods (i) and (ii). If you didn't ,revise
sub-Sec.8.2.1.

3. The correct answer is (iii). The reflux process enables you to heat liquid;
without loss of vapour by condensing the vapour and draining the
condensate back to the heating vessel. Revise Sec.8.4 if your answer was
wrong.

4.

The correct answer is (2). A separatory funnel is essential since its
stopcok arrangement allows a high degree of control when dispensing
liquid. Revise Sec.8.5 if your answer was wrong.

Terminal Questions
1. Advantages : (i) Heating is more uniform than with a wire guaze.
(ii) Can be used when high temperatures are required.

Disadvantages: (i) Sand takes long time to heat up and cool down.
(a)(i) Corrosive substances can be easily manipulated.
(ii) Rapid assembly of component parts.
(iii) Broken components can be changed easily.
(b)(i) All glass surfaces must be clean before and after use.
(ii) Apparatus should be supported by clamps.
(iii) Joints should be lubricated with silicone grease.

i

Open. The vapour is allowed to enter a condenser with both ends open.
The apparatus does not have to be closed in order to contain the vapour.
Revise Sec.8.3 if your answer was wrong.
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9.1 INTRODUCTION
There are a number of areas of chemistry where it is essential to be able to
separate the liquid and the solid components of a mixture quickly and
efficiently. In analytical chemistry, a technique known as gravimetric analysis,
requires the determination (usually to an accuracy of four decimal places) of
the mass of precipitate produced by a particular chemical reaction. This is a
highly skilled operation and the key step involves transferring the contents of a
beaker, containing liquid and solid, to a filtering device which traps the solid
and allows the liquid to pass through. No loss of solid should accompany this
process.
The purification of an organic substance often involves a filtration step. Thus,
when the desired product is first obtained, it is often contaminated with
numerous impurities. The process of recrystallisation (covered in Unit 11)
enables most of these impurities to be removed. Again it is necessary by the
process of filtrtion to remove the crystals from the liquid which contains
dissolved impurities. You should note that this liquid, which consists of a
saturated solution of the solid together with dissolved impurities is known as
the 'mother liquor'.
Perhaps the most basic method of filtration is that of pouring a mixture through
a plug of fibres such as cotton wool or glass wool. But you would find it
difficult to remove the residue or pecipitate from the fibres. This is therefore
a crude method.

The most commonly used filter material, or medium, is paper. Filter paper
circles are probably quite a familiar sight in your lab. Different grades of
paper are produced for a variety of applications and there are different
techniques for folding filter raper circles to suit various applications. Papers
vary from the small types through which liquids are poured in a science lab, to
large sheets through which liquids or gases are forced in industrial
applications.
Other materials are also often used as filters. Porous sintered glass is one that
you will probably encounter. The main advantage of these kinds of filters is
that they are re-usable and strong, although they are expensive. Pressure and
suction are used to enhance the speed of filtration, although you are more
likely to find pressure techniques used in an industrial environment rather than
a school or college lab.
Objectives

After studying this Unit, you should be able to
filter a suspension using a normal folded filter paper and a funnel.
fold and use a fluted filter paper,
wash the residue collected on a filter paper until free of contaminant, e.g.
chloride,
explain the need for a range of filter papers,
state the meanings of the terms porosity, ashless, hardened, acid-washed,
etc. as applied to filter papers,
describe the arrangement of apparatus necessary for Buchner funnel
tiltration. including those needed to recover both the residue and the filtrate,
carry out a filtration using a Buchner funnel and flask to collect both residue
and filtrate,
explain the need for small Buchner type funnels,
use Hirsch funnel and/or Willstatter filter nail correctly,
state the dangers associated with, and the necessary precautions in the use
of partly evacuated glassware, and
discuss the factors which influence the choice of filtration techniques in a
given set of circumstances.

9.2 CHOOSING TECHNIQUES AND FILTER MEDIA
If you intended to carry out a filtration, you will be interested in the particulate
matter (the residue or precipitate), or in the filtrate or both. For qualitative
purpbies, you will not usually be concerned that some of the filtrate will be
absorbed by the filter medium and thus contaminate the particulate matter.
However, if you intend to cany out quantitative filtration (gravimetric
analysis), the filtration process is always followed by washing of the filter
(precipitate) to remove traces of filtrate. In gravimetric analysis, you often
have to be very careful to ensure no loss of filtrate due to spalshing.
Let us now study about the factors which govern the choice of correct filtration
technique and correct filter medium.
(1) PARTICLE SIZE

Theapproximate size of the particles to be filtered determines the porosity of
the filter medium. If the medium has large pores, a fine precipitate would pass
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through. On the other hand if you are filtering a coarse precipitate using a fine
filter, the process would be unnecessarily slow.

(2) VOLATILITY OF THE LIQUID
The nature of the liquid carrying the particles influences the choice of
technique. In many filtrations involving inorganic compounds, such as barium
sulphate or silver chloride, the liquid is aqueous, Since water is relatively
involatile and not hazardous, you could very well choose a simple technique
involving a filter funnel and paper, especially where time is not an important
consideration. If you were tackling a filtration involving an organic
compound, you might find that the liquid is non-aqueous, such as an alcohol,
ether or petroleum spirit. There the problem arises that the liquid is volatile
and the vapour could be flammable or toxic or both.
(3) TYPE OF ANALYSIS
In qualitative analysis, you may be only interested in removing a precipatate
from a mixture in order to test the remaining liquid. There a cheap filter paper
would suffice. However, if you were performing a gravimetric analysis, you
would be very concerned that the paper should not contaminate the precipitate
or filtrate. In such a case, you would chose a paper which has been processed
to remove contaminating mineral matter. These are the single acid washed or
double acid washed papers, which are more expensive - they are known as
'ashless papers7. Analysts often prefer to dispense with paper altogether by
using, e.g. sintered-glass or porous-alumina filter crucibles.
(4) VOLUME TO BE FILTERED
Some apparatus is quite suitable for handling large volumes of mixtures to be
filtered, e.g. the suction filtration method employing a Buchner funnel. Other
apparatus is more suitable if you were filtering a few cubic centimetres of
liquid, such as the Willstatter filtration nail (apparatus for filtration will be
discussed in more detail in Secs. 9.6 & 9.9). You should note that the size of a
filter paper is determined by the volume of the particles not the volume of the
mixture to be filtered- a small amount of solid in a large volume of mixture
would be 'lost' on a large paper. The volume of the mixture determines the
technique to be used.

(5) COST
Cost is a very important factor. A school technician having to provide
filtration equipment to 30 pupils would find glass filter funnels and cheap
qualitative papers the least costly option. On the other hand, a science teacher
pushed for time may want you to set up a suction filtration apparatus, which is
more expensive, if hetshe wished to demonstrate a filtration. In industry, it may
be necessary to strive for the greatest yield attainable together with high purity,
and consequently the cost of the filtering process is secondary to the cost of
recovering the product. If this is so, considerable sophistication is applied in
refining the filtering process.
Now try the following SAQ.
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Before you start a filtration exercise, you will have to consider a number of
factors in order to choose the correct technique and correct filter medium. List
these factors.
(i)
(ii)
(iii)
(iv)
(v)
(vi)

..:............................................................................
................................................................................
...............................................................................
..............................................................................
................................................................................
..............................................................................

Check your answer with ours at the end of the unit before continuing.

9.3 SPECIAL TECHNIQUES FOR GRAVIMETRIC
ANALYSIS
In gravimetric analysis, you must not lose even a single grain of a precipitate
and you will need to know how to use a pouring rod, a 'policeman' and a
plastic wash bottle. The technique of washing the precipitate would need to be
mastered to avoid splashing and you should be aware that it would be difficult
to avoid spalshing if a fluted paper (see Sec.9.5) was used. Very often the
filtrate from a gravimetric separation is required for a further precipitation. In
this case you would need to ensure that no loss of filtrate occurs due to
splashing or 'sucking back'. Both of these problems will be dealt with in Sec.
9.8.

There are a number of parameters regarding the filter paper to be used in a
filtration. Let us now study them one by one.
9.4.1

Filter Speed and Porosity

The aim of filtration is to produce a clear filtrate as fast as possible. This aim
is directly dependent on the type of filter paper you use, and the type of filter
paper you use will be determined by the particle size of the precipitate in the
mixture you are to filter. The fact is that fast paper retains coarse particles and
slow paper retains fine particles; so the finer the precipitate, the slower the
filtration.
The size of the gaps (pores) between the fibres determines whether a paper is
fast or slow. A fast paper has large gaps (pores) between its fibres and allows
a lot of liquid (and fine particles ) to pass through it and a slow paper has
small pores and retains fine particles allowing only small quantities of liquid to
pass through it. We say that a slow paper has low porosity since it absorbs
rel-tively small amounts of liquid, and conversely a fast paper llns high
porosity. Once a filter paper is in use, its porosity gradually decreases becaux
it not only retains particles on its surfaces. but also in its pores. Thus. its flow
rate also decreases and it becomes more efficient at retaining sol~ds.
Generally, though, the more retentive the paper. i.e. slower nith smaller porc

,
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size, the more quickly it will clog, and you should never use a more efficient
paper than is required for this reason.

I

I

I

9.4.2

Paper Quality

The filter paper which you use in the lab should not introduce impuxjties into
the filtrate or cause any other physical or chemical change in the substances
being analysed. High purity cellulose is used for manufacturing filter paper so
that natural impurities in the cellulose fibres are kept to a minimum. These
impurities can be measured by determining the ash content of a paper after it
has been ignited in air.
Typically, paper used for qualitative analysis might have gi 0.06% ash content
by mass, but better grade paper for quantitative analysis may have an ash
content of as little as 0.008%. This grade of paper is oft4n described by
manufacturers as 'ashless' and can be three times the priQe of ordinary paper.
This high level of purity is achieved by treating the filter paper in strong
mineral acid after manufacture (sometimes called acid washing). This process
also has the benefit of hardening the paper which greatly increases its wet
strength.
Filter papers of high wet strength are produced by incorporation of synthetic
resins during manufacture. This quality is suitable for some applications, such
as carrying out a filtration under reduced pressure or when filtering chemicals
which tend to destroy the cellulose matrix.
9.4.3

Paper Size

Your primary consideration for selecting a suitable size should be the bulk of
the precipitate you are to collect - not the volume of the liquid to be filtered. A
useful guideline is that at the end of the filtration, the whole precipitate
. shouldn't take up more than a third of the filter's capacity.
9.4.4

Paper Surface

A creped paper has a greater surface area than a plain one of the same diameter
and provides an improved rate of filtration. The creped surface also holds
particles of coarse or gelatinous substances away from the apex of the cone.
Now try the following SAQs before proceeding further.
SAQ 2

What determines the porosity of a filter paper ? Tick the correct answer.
(i) The size of its pores
(ii) size of its fibres
(iii) Tts chemical treatment during manufacture

0
0

SAQ 3

Jf a manufacturer described a filter paper 'ashless'. Would you expect it to
contain? Tick the correct answer.

(i) No impurities at all,
(ii) A negligible amount of impurities, or
(iii) A small proportion of impurity which should be measured in
quantitative analysis?

Check your answers with ours at the end of the unit before continuing.

9.5 FOLDING CIRCULAR FILTER PAPER
You can fold a circular filter paper in two basic ways - the quadrant fold and
the fluted fold (see Fig. 9.1)

v

Fluted fold

Quadrant fold
Fig. 9.1: Folded Circular Filter Paper.

Quadrant folding is the normal method, because it is simple to perform and the
paper is easier to 'wash' (see Sec. 9.7) than a fluted paper. You can quadrant
fold a filter paper by using following steps:

(2

(1) Take a circular filter paper and fold it exactly in a half.

-

-+

(2) Now fold it once again so that the two halves do not quite meet and
enclose an angle of 3-4'.

(3) Tear off the corner of the smaller 'half to a depth of about one-third the
radius of the paper.

(4) Now open out into a cone, when you will observe that it has three
thickness of paper on one side. The smaller 'half, produced in (3), should

Filtration

1,aboratory Techniques I 1

be on the outside of the cone.

The use of fluted filter paper increases the surface area and hence increases tlie
rate of filtration.
Let us now understand the steps involved in folding a fluted filter paper.

--C

(iii)

(viii)

Fig. 9.2: Foldinga Fluted Filter Cone.

Filtntioa

(1) Fold a circular paper in half- see Fig. 9.2 [step (i)], and then open it [step
(ii) J

.

(2) Now fold it in half again in the same direction but at a right angles to the
original fold (step iii).

(3) Open the paper again (step iv) and fold it in half so that the new fold is in
the same direction as and at 45' to the original folds (step v).
(4) Open the paper (step vi) and fold it in half at right angles to the last fold
(step vii).

(5) Open the paper (step viii) and fold each of the eight sectors formed by
folds so far in half (step ix), but make these folds in the opposite direction
to the folds made so far.

(6) A sixteen-faced cone with alternate folds made in opposite directions will
be formed.
(7) To shape the folded paper to fit snugly into a filter funnel, pinch folds
together in groups of two or three until a regular shape is formed.

ACTIVITY 1

I Take a circular filter paper and practice folding it as a quadrant fold. Take
another circular filter paper and practice folding it as a fluted filter paper.
Follow the instructions as given above. Check from Fig. 9.2 that you are
certain of the method of folding a fluted filter cone. Ensure that you make
all the folds as sharp as possible by pressing them on a hard surface.
If you found that folding a fluted filter cone was too laborious or
complicated, you should practice the folding more (at least 4-5 times) so
that you feel confident of doing it.
Before continuing try the following SAQ.

Which of the following numbers represent the correct number of folds you
would make in (i) a normally folded filter paper and (ii) fluted paper ?
2,4,8, 16,32
(i) ..............................................
;
.
.....................................
(ii) ...................... ............................................................

.
.

Check your answer with ours at the end of the unit before continuing.

9.6 A SIMPLE FILTRATION
You will be expected to cany out a simple filtration in one of the experiments
when you attend the practical session, and our aim is to ensure that you are
hlly prepared before you go to carry out your practical.

Laboratory Techniques I1

9.6.1

Selecting Apparatus

I

You will require the following apparatus :
(1) Two beakers
(4) A filter funnel
(2) A pouring rod
(5) A funnel stand
(3) Filter paper
A typical arrangement of the apparatus is shown in Fig. 9.3. One glass beaker
is required for the mixture to be filtered and a pouring rod is required so that
you are certain of pouring all the mixture gently and evenly onto the filtershs
previously mentioned, the size of the filter paper will depend on the voltme of
precipitate you have to collect. The size of the paper will dictate the size of the
filter funnel which you will use since the filter paper's top edge should come to
within 1 or 2 cm of the rim of the funnel. You should always use a funnel with
an angle as near to 60' as possible.
A funnel stand will support the filter funnel adequately, and a second beaker
rests on the lab bench to collect the filtrate.

Fig. 9.3: Apparatus for a Simple Filtration.

9.6.2 Preparing Apparatus
(1)

Before assembling apparatus, you must check that all glassware is clean
and free from cracks or sharp edges.

(2)

Quadrant fold a piece of filter paper as described in Sec, 9.5.

(3)

Place the paper in the funnel and wet it with a suitable solvent (usually
deionized water). Press the rim of the paper against the side of the

-.*

funnel. ' If correctly fitted, the paper should hang away from the funnel,
except at its edge. This is why the angle of the cone should be slightly
bigger than the angle of the funnel.
(4)

Pour some of the so!vent into the funnel, place a finger over the end of
the stem and allow the stem to fill with liquid. Keeping the finger in
place, slide the wet paper up the funnel to remove air locks from the stem
(press on the side of the cone having three thicknesses). Now slide the
paper back into its original position. If correctly fitted, the stem will
remain full of liquid on removing the finger.

(5)

Put the funnel i n a funnel stand and place the receiving beaker beneath it.

(6) Adjust the height of the stand and the position of the beaker so that the
stem of the funnel protrudes into the beaker and just touches the sidz of
the beaker. The bevel at the end of the stem should face into the centre
of the beaker. Your apparatus is now ready for work.
9.6.3 The Filtration
(1)

H d d the pouring rod so that one end is close to, but not touching, the
filter paper. If nornlally folded paper is used, the end should be over the
triple thickness of the paper.

(2)

Place the tip of the beaker containing the mixture against the pouring rod
and gently pour the mixture via the rod into the funnel.

(3)

When pouring, ensure that you don't pour too much liquid onto the filter
paper. Its level should never be higher than about 10 mm below the top
of the paper.

(4)

Ensure that all the precipitate in the mixture is poured out of the first
beaker by agitating the last part before pouring.

(5)

Don't remove the filtrate beaker or filter paper until you are certain that
separation is complete.

Befare continuing try the following SAQs.
Mark the correct answer in the boxes.

0

-SAQ 5

Choose the correct option(s) for completing the following statement:
A folded paper should be placed in an ordinary filter funnel so that

(i) upper parts fit tightly.
(ii) it is a loose fit.
(iii) it protrudes out of the funnel's rim.
(iv) its rim is within 10-20 m m of the funnel's rim.

Filtration
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SAQ 6

I

Choose the correct option(s) for completing the following statement:
When pouring a mixture from a beaker into a filter cone, would you pour :
(i)
(ii)
(iii)
(iv)

The mixture directly onto the filter?
Using a glass rod?
Into the centre of the cone?
So that the mixture entirely filled the funnel ?

Check your answers with ours at the end of the unit before continuing.

9.7 WASHING THE RESIDUE
Most precipitates are produced in the presence of one or more soluble
compounds which may not be volatile at the temperature at which the
precipitate dries out. In order to remove these compounds, the precipitate has
to be washed with a minimum quantity of washing liquid.
In washing inorganic precipitates, such as those obtained from quantitative
analysis, pure water is not normally used as it may dissolve appreciable
amounts of the solid. To prevent this solubility, the washing water should
contain a common ion. Thus, silver chloride has a solubility of 1.4 mg per
dm3 at 2 0 ' ~ . If the wash water contains 0.05 g per dm3 of silver nitrate, the
solubility is considerably reduced. The common ion, silver (A~'), added in
the form of silver nitrate, suppresses the tendency of the precipitated silver
chloride to be partially soluble in pure water.
In addition to the problem of losing the precipitate by solubility in the wash
water, a futher loss may occur if the precipitate is of a colloidal form. This
type of loss can be minimized by adding an electrolyte to the wash water.
Ammonium salts are particularly useful here. The colloidal precipitate
of iron (111) hydroxide which has a tendency to pass through the filter paper, is
washed with water containing ammonium nitrate to prevent the precipitate
from being washed through.

In organic chemistry, where a recrystallization is being carried out, it is usual
to wash the precipitate with the same solvent (ice-cold) from which the
recrystallization was done. This principle can be illustrated when
benzenecarboxylic acid (benzoic acid) is prepared in its impure form by the
hydrolysis of the appropriate ester.
Recrystallization is done using water as the solvent, as benzenecarboxylic acid
is appreciably less soluble in cold water than in hot. Washing the precipitate
with a minimum amount of chilled water is recommended in this case.

An ideal washing liquid is the one which
(1) Doesn't dissolve the precipitate but easily dissolves foreign substances;

(2) Has no dispersive action on the precipitate;

(3) Doesn't form volatile or insoluble products with the precipitate;
(4) Is easily volatile at the precipitate's drying temperature; and
(5) Will not interfere with any subsequent analysii of the filtrate.
To wash a precipitate, you must carry out the following steps :

(1) Remove the filtrate beaker from under the filter funnel and replace it with
a clean beaker.
(2) Treat all the precipitate with a small measure of washing liquid and allow
it to drain into the beaker.

(3) Repeat step (2) and discard the contents of the beaker.
(4) Rinse the beaker and repeat step (2).

(5) Test the liquid in the beaker for the presence of 'foreign substances', e.g.
if the precipitate was lead sulphate produced by the addition of sulphuric
acid to lead nitrate then the washing liquid would be used to remove
excess sulphate. At this stage the addition of a little barium chloride
solution to a portion of washings would indicate the presence of sulphate
by the formation of barium sulphate as a white precipitate. A positive
reaction indicates to you that further washing is required, and you should
repeat the process until a test on the washings proves negative.
(6) Ensure that washing liquid is added in sm'all amounts and not in one or
two large gushes.

9.8 REDUCED PRESSURE FILTRATION
Reduced pressure or suction filtration is a technique used for speeding up a
filtration, and the technique requires a special filter arrangement as well as the
use of hardened filter paper. Most lab suction filters are a variation of the
Buchner funnel (see Fig. 9.5). We will consider the basic Buchner funnel and
also the Hirsch and Willstatter nail funnels, the latter being used for very small
scale filtrations.

9.8.1 Selecting Apparatus
You will require the following apparatus:
(1)
(2)

Buchner funnel
Small, hardened circular filter paper
(3) Conical flask with side arm
(4) Rubber adaptor (to fit in the neck of flask and support Buchner funnel if
standard-joint apparatus is not in use)
(5) Thick-walled pump tube
(6) Water pump
(7) Anti-suck-back device, e.g. a one-way valve.
A typical arrangement of the apparatus is shown in Fig. 9.4.
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Fig. 9.4: Apparatus for Vacuum Filtration.
'Z

The Buchner funnel is a glazed pottery funnel incorporating a sintered glass
disc (a) or a perforated plate (b) (see Fig. 9.5).

Fig. 9.5: Buehner Funnels.

You are more likely to encounter the perforated plate arrangement. A
hardened circular filter paper is placed flat over the perforated plate and the
funnel is mounted in an adaptor or ground glass joint in the neck of the conical
flask. The stem of the funnel should protrude below the level of the flask's
side arm to prevent any filtrate entering the vacuum line. Thick-walled rubber
tubing connects the flask to an anti-suck-back device such as shown in Fig. 9.6
and similar tubing connects the anti-suck-back device to the vacuum pump.
This need only be a water pump for most lab purposes.

I
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Fig. 9.6 : Anti-suck-back Device.

9.8.2

The Filtration

(1) Once you've assembled the apparatus as described in sub-Sec.9.8.1, put
the filter paper in the Buchner funnel so that it lies flat without folds.

(2) Wet the paper with a suitable solvent.

(4) Decant the mixture into the funnel as described in sub-Sec.9.6.3 using a
beaker and *glass rod and ensure that the mixture is poured onto the
centre of the filter disc.

(5) Don't switch the pump off during filtration unless there is an anti-suckback device connected as this will cause suck-back which may be
dangerous and will contaminate the filtrate. Also, if cracks appear in the
filter cake formed by the precipitate, smooth these over with a spatula as
air will be drawn through them.

(6) If you have not incorporated an anti-suck-back device in your assembly,
when filtration is complete, disconnect the filter pump while it is still
running in order to prevent suck-back.
(7) If some precipitate remains to be decanted, you should recover a little of
the filtrate to transport the precipitate onto the filter. Remember that the
filter pump must not be connected when you do this.
(8) Now wash the precipitate as described in Sec.9.7, but once again you must
remember to disconnect the pump.

(9) Once you've completed washing the precipitate, reconnect the pump to the
system and dry the precipitate through suction.

In a suction filtration, you must not connect the vacuum pump directly to the
receiving flask. What apparatus is connected between the flask and the pump?

.......................................................................................
.......................................................................................
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SAQ 8

What advantages has the Willstatter nail method over theBuchner funnel?

'

,'
.
........................................................................................
.......................................................................................

9.10 SAFETY

As a lab technician you are expected to have safety awareness. You have
already covered safety points for dealing with glassware, in Unit 4 on Glass
Working Techniques I, however, we shall draw your attention to the hazards
involved in subjecting glassware to low pressure as described in Sec. 9.8. The
pressures involved are not very low which reduces the hazards, but you shouid
still remember that the two main dangers of implosion are:
1. Flying glass, and
2. Sprayed chemicals.

There are two ways in which you can decrease the riskj;. The first is to ensure
that none of the glassware subjected to low pressure is cracked, chipped or
substandard in any way; and the second is to ensure that some kind ofsafety
shield is used to surround dangerous parts. We recommend that in any case
I
,
you should still wear safety glasses.
I

9.11 SUMMARY
In this unit, you have learnt
'
To filter a suspension using a normal folded filter paper and funnel.
To fold and use a fluted paper.
To wash the residue collected on a filter paper until free of contaminant,
e.g. chloride.
about the need for a range of filter papers.
the meanings of the terms porosity, ashless, hardened, acid-washed, etc. as
applied to filter papers.
the arrangement of apparatus necessary for Buchner funnel filtration,
including those needed to recover both residue and filtrate.
how to carry out a filtration using a Buchner funnel and flask to collect
both residue and filtrate.
the need for small Buchner-type funnels.
how to use Hirsch funnel andlor Willstatter nail filter correctly.
about the dangers associated with, and the necessary precautions in the use
of partly evacuated glassware.
different factors which influence the choice of filtration techniques in a
given set of circumstances.

9.12 TERMINAL QUESTIONS
1. What type of filtration would you carry out if the liquid involved is v o l a t ~ ! ~
or the vapour produ'ced is flammable and lor toxic?

I
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2. One supplier claims that 'treatment of filter paper by sb-ongmineral acid
after manufacture has two benefits'. What do you think these benefits
might be ?
3. List THREE qualities that you would look for in a liquid to be a washing
liquid.
4.

If you are setting up a suction filtration what particulhr quality would you
look for in a filter paper ?

5.

Name the filter funnels shown below:

w
I

2

3

6. Write down TWO safety precautions that you would take when operating a
suction filtration.

9.13 ANSWERS
Self Assessment Questions
1.

Factors to be considered before canying out filtration are :
(i) The physical characteristics of the particular matter.
(ii) The volatility of the liquid which carries these particles.
(iii) Whether the filtration is for qualitative or quantitative purposes.
(iv) The volume of liquid that has to be filtered.
(v) Whether the residue, the filtrate or both are required.
(vi) Cost.

2.

(i) Revise Sec. 9.4.1 if your answer was wrong.

3.

(iiij Ashless means that the manufacturer has minimized the level of
impurity. In quantitative analysis, this still needs to be measured by
igniting a filter paper and determining the mass of the residue. A typical
level of impurity of an ashless residue is about 0.010%. Revise Sec. 9.4.2.

4.

A normally folded filter paper is folded twice in the same direction and a
fluted paper is folded sixteen times, each fold being in the opposite
direction to its neighbour. If your answer was wrong, revise Sec. 9.5.

5. (i) and (iv) are correct options

Revise sub.-Sec. 9.6.1 if your answer was wrong.

6. (i) Incorrect
(ii) Correct
(iii) Incorrect. Pour onto the triple thickness side of the filter cone if you
are using a normally folded paper.
(iv) Incorrect. It is never done so. You must only fill the cone up to
within about 10 mm of the edge of the paper.
If your answer differed from ours, revise Sec. 9.6.3.
7. An anti-suck-back device. If your answer was wrong, revise sub-Sec.
9.8.1.
8. Because of the small size of the funnel and filter paper in the Willstatter
method, it is ideal for small volume filtrations where a large proportion of
the mixture would be used in loading apparatus such as the Buchner
funnel. Revise Sec. 9.9.

Terminal Questions
1. A fast filtration assisted by suction is necessary.

2. (i) It will have a low level of impurity due to reduction of trace elements
by acid.
(ii) Treatment in acid will harden the paper giving it good wet strength.
Revise sub-Sec. 9.4.2 if your answer did not include these points.

3. Any three of the following :
(i)
(ii)
(iii)
(iv)
(v)

It does not dissolve or disperse the precipitate.
It does dissolve foreign bodies.
It does not form volatile or insoluble products with the precipitate.
It is easily volatile at the precipitate's drying temperature.
It does not contain any substance which would interfere with
subsequent determinations in the filtrate.

Revise Sec. 9.7 if you didn't get three of the above points.
4.

Good wet strength so that the paper does not disintegrate under suction.
You must use a hardened paper. Look at sub-Sec. 9.4.2 again if your
answer didn't agree with ours.

5. (i) Is a Buchner funnel.
(ii) Is a Hirsch funnel.
(iii) You should have recognised this as the Willstatter nail funnel.
Revise sub- Sec.9.8. land Sec.9.9.

6. Any two of the following :
(i) Do not use chipped, cracked or substandard glassware.
(ii) Always incorporate an anti-suck-buck device in the apparatus.
(iii) Wear safety glasses.
Revise Secs. 9.6 and 9:10.
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Fractional Distillation
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Components
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10.1 1 Summary
10.12 Terminal Questions
10.13 Answers

10.1 INTRODUCTION
In the last unit, you studied the techniques of filtration which would be used
to separate a solid substance from a liquid substance. In this unit, we
introduce you to another technique used in the laboratory and is called as
distillation. The process of distillation can be used to purify an impure liquid.
Recrystallization is the process used to purify solids and will be discussed in
Unit 11. A simple distillation apparatus may be used when the impurities are
non-volatile. You may be familiar with the lab exercise in which impure
water, such as that obtained from a tap is purified using this technique, and
pure water distils over, leaving behind the solid impurities (sand, small
particles of grit, etc.).
To understand the basic principles of distillation, you need to look a little
more closely at the relationship between vapour pressure and boiling point of
a pure liquid and extend t k s e ideas to mixtures of liquids, where both the
vapour pressure and the boiling point depend on the composition of the
mixture. When the required product is mixed with a number of components
having similar boiling points, then a more sophisticated technique, known as
fractional distillation, must be used. This is essentially the technique used in
an oil refinery to separate crudepetroleum into its six principal fractions.
We will also be discussing the types of columns used in fractional distillation.
,

Finally, we wjll consider the assembly and use of distillation equipment. You
will have the opportunity of carrying out a distillation in practical session.

Objectives
After studying this Unit, you shodd be able to
define the term boiling point,

a

'

state the differences between miscible, partially miscible and immiscible
liquids,
explain the relationship between vapour pressure and boiling point curves
for ideal liquidlliquid mixtures,
describe the changes in the composition of liquid and vapour during
distillation using vapour pressure diagrams (non-azeotropic systems),
draw and label the component parts of an apparatus for simple
distillation,
assemble and use, with relevant safety precautions, a simple distillation
apparatus to separate a binary mixture,
explain in simple terms the process of fractional distillation,
describe a range of laboratory fractionation columns and qualitatively
discuss their relative merits,
assemble and use, with relevant safety precautions, a fractional
distillation apparatus to isolate a product from a reaction mixture,
recognize that the products of fractional distillation are not necessarily the
pure components, and
describe and use both simple distillation and a small-scale method for the
determination of boiling point.

10.2 BOILING POINT AND VAPOUR PRESSURE
If a pure liquid is kept in a closed evacuated container, it will evaporate or
give off vapours. At a particular temperature, this vapour attains a definite
pressure, called the saturated vapour pressure. This means that an
equilibrium is set up, whereby particles leave the liquid phase at the same
rate as they return to it from the vapour phase.
Figure 10.1 shows how the vapour pressures of four liquids, i.e..

0
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Fig. 10.1 : Vapour Pressure/Temmprature Curves.
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ethoxyethane, propanone, water and bromobenzene vary with the
temperature.

Polar liquids have higher
boiling points than the nonpolar ones.

As the temperature rises, the vapour pressure increases, i.e. the number of
particles which can overcome the force of attraction to other liquid particles,
increases. At a certain temperature, the vapour pressure eventually equals the
Generally the boiling point of external pressure, and the temperature at which this happens is called the
a substance depends upon its boiling point. The boiling point at a pressure of 760 mm of mercury is
molecular mass and forces of
called normal boiling point.
attraction between the

molecules.

Since each liquid shows a characteristic variation of vapour pressure with
temperature, so these differences will be reflected in their boiling points.
Ethoxyethane (ether), for instance, has a higher value of vapour pressure
hence, its boiling point is much lower than that of bromobenzene. The point
of intersection of the horizontal line corresponding to a pressure of 760 mm
of mercury with the individual vapour pressure curve determines the boiling
point value for each liquid.
Although the actual vapour pressure may be measured using a mercury
column and therefore given in units of millimetres of mercury (mm Hg), we
measure all scientific quantities, such as pressure, using the International System of Units (SI Units). Under this system, pressure is expressed in unit
called the Pascal and it is represented as Newton metre-2 which is
abbreviated as N m-2.. For large pressures, the more usual unit is kN m-2,
where 1kN me2= 1000~ m - ~ .
Now try the following SAQ.
SAQ 1

What is the SI unit of pressure? Tick the correct answer.
(i) mm of mercury
(ii) atmospheres
(iii) newton metre-2
(iv) lb inch-2

1
7

Check your answer with ours at the end of the unit before continuing.

10.3 LIQUID MIXTURES
Mixtures consisting of two liquids can be classified into three categories as
follows.
10.3.1 Completely Miscible Liquids

Two liquids are called completely miscible when there is complete
miscibility of one liquid in another in all proportions. An example of such a
system is ethanol and water. Whatever ratio of ethanol to water is taken in
their mixture, only one layer will be formed and a solution of ethanol in water
(or water in ethanol) will re&lt.

10.3.2 Partially Miscible Liquids
This is an intermediate state between complete miscibility and the state of
almost complete immiscibility. Here, the component liquids are partially
miscible. For example,if a little phenylamine (aniline) is added to water at
room temperature, it will dissolve completely to form one layer; but if the
addition is continued, a point is reached when no further dissolution occurs
and two layers form. One of these layers is a saturated solution of
phenylamine in water and the other is a saturated solution of water in
phenylamine.
10.3.3 Immiscible Liquids

Two liquids are said to be immiscible when they form two separate layers
when added together in any proportion. In practice, almost all liquids
dissolve in each other to some extent. However, the mutual miscibility of the
tetrachloromethane-water system is so low that total immiscibility is
assumed.
The process of steam distillation can be utilized for distilling immiscible
liquids where one of the immiscible liquids is water. This technique allows a
liquid of higher boiling point than water to be distilled at a much lower
temperature than its true boiling point. Thus,chlorobenzene has a boiling
point of 132" C, yet when it is distilled with stem, the distillate (71% by
mass chlorobenzene and 29% water) is obtained at 90' C . The lower
temperature has the obvious advantage of less decomposiGon of the product,
which is always a possibility in a distillation experiment.

10.4 IDEAL SOLUTIONS
In Sec, 10.2, we saw that the vapour pressure of a pure substance increases
with temperature until the point where the vapour pressure reaches
atmospheric pressure. When a solution consists of two miscible liquids, both
liquids contribute to the vapour pressure of the mixture.
To understand the way in which the vapour pressure of a two-component
liquid mixture is influenced by its composition we must first define precisely
the quantities of each of the components in the mixture. Usually we express
the composition of a liquid mixture in terms of its mole fraction or molar
percentage composition. Consider a mixture of 4.6 g of ethanol (relative
molecular mass 46) and 9 g of water (relative molecular mass 18). This
mixture contains:
4.6

-= 0.1

and

moles of ethanol,

46
9
- = 0.5 moles of
18

water.

The mole fraction of ethanol is thus :

5

Similarly, the mole fraction of water = 6
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The previous values can be converted into molar percentage
compositions as follows:
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I
-xlOO
6

=

16.7%

5 x I 00 = 83.3Yo

and

6

Fig. 10.2 shows the situation where two completely miscible liquids.
A and B form a solution at a particular fixed temperature. Fig.
10.2(a) shows how the vapour pressure of component A varies as its
molar percentage in the mixture changes. It is not surprising that at
the extreme left of the diagram, where only component A is present,
the vapour pressure shown is equal to vapour pressure of pure A at
that temperature. Similarly, Fig. 10.2 (b) relates the vapour pressure
variation of component B.
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Fig. 10.2: Component Vapour Pressures in an Ideal Mixture.

Fig. 10.3 superimposes the two separate graphs of Fig. 10.2 to show how the
total vapour pressure vafies with composition. The variation is linear in this
case and this type of graph will arise if the solution is 'ideal'. By ideal, we
mean that there ars no temperature or volume changes on mixing the
components and the intermolecular attractions between all the particles in the
solution are equal. The mixture will boil when the total vapour pressure
equals the external pressure.

Pure
Fig. 10.3: Summing of Vapour Pressures.

Note that, in an ideal solution, as can be shown byFig.lO.3,the t d vapmr
pressure is obtained by adding the individual partial vapowpremtrm d the
components Partial vapour pressure of a component in a mixture is simply
the vapour pressure that a component would exert if the second cornwas absent.

.

Because it is more convenient to measure the temperature of a boiling liquid
rather than the vapour pressure of a mixture, boiling point curves are more
ofkn used than vapour pressure curves. The two curves are actually
reflections of each other, as a liquid of high vapour pressure boils at a lower
temperature than a liquid of lower vapour pressure. This relatio~lsi~ip
is
depicted in Fig.lO.4 (a) and Fig. 10.4 (b).
Boiling point of pure B,

' Boiling point o f pun A
Molar %
Component with
High Vapow Ressure
A

Molar %

I

1

B

Component with
Lower Vapour Rarswc

Fig, 10.4: Comparison of Vapour Pressure and Boiling Point Curves.

As was shown in Fig. 10.1 with pure liquids, at a given temperature the most
volatile liquid will have the highest vapour pressure. It will also boil at the
lowest temperature.

With mixtures such as those depicted in Fig.lO.3, the vapour pressure of a
pure substance A is greater than that of a pure substance B. The vapour in
contact with a solution of known composition would therefore be expected to
be somewhat enriched in the more volatile component A. In other words. on
boiling an ideal liquid mixture, the vapour is richer in the more volatile
component.
For a two component system of liquids A and B, by knowing the respective
pure state vapour pressures of two components in a mixture and the mole
fraction of each in the solution, it is possible to calculate their composition in
the vapour phase. The resulting graph would look like the one shown in

*

Molar % Y
0.38

x

0.70

6

Fig. 10.5: Vapour Pressure - Composition Curl r.
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*Inaddition, the graph shows two points y and x joined by a horizontal line
representing the liquid in'equilibrium with its vapour. The more volatile
liquid A which has a mole fraction value of 0.38 (point y) in the liquid, is
enriched in the vapour phase (point x) to a mole fraction value of 0.70.
Fig. 10.5 also has a corresponding boiling point curve as shown in Fig. 10.6.
It shows that the composition of vapour phase above a boiling liquid is
always relatively richer in the component having the lower boiling point.
TC
Boiling point

composition f
curve
:
A

Y

x

B

Molar %

,

Fig. 10.6: Boiling Point - Composition Curve.

By boiling a liquid of composition x, a vapour of composition y is obtained,
which has a greater mole fraction value of A, the lower boiling (or more
volatile) component. From a practical point of view, this corresponds to a
simple distillation involving a two-c&mponent system.
This results in the distillate becoming richer in the more volatile component
and the residue liquid richer in the less volatile component. Distillation is
thus seen as a 'Boil-Condense' sequence on the curve shown in Fig. 10.6. By
repeating this process a number of times, the distillate becomes progressively
richer in the more volatile component.
In practice, this would offer a very tedious method of separating two
components by distillation, and hence a technique known as fractional
distillation is used which is described in Sec. 10.6.
Now answer the following SAQs.

SAQ 2
Which of the following liquids do you think would be suitable for steam
distillation ? ~ i c the
k correct answer.
(i) Chlorobenzene
(ii) Ethanol
(iii) Ether

SAQ 3
Which of these clauses correctly complete the following definition? Tick the
correct answer.

An ideal solution is the one . . . .. . . . .. .. . .. . . . .. .. ... ..
6)
(ii)

. . . .....which mixes in all prbportions with water'.
.. . ..... where the total vapour pressure is obtained by adding together

the individual vapour pressures of the two components at each
temperature'.
(iii) . .. . . ... where the mole fraction of each component is equal'.

Check your answers with ours at the end of the unit before continuing.
--

-

10.5 A SIMPLE DISTILLATION APPARATUS
A simple distillation apparatus which is suitable for purifying an impure
liquid contaminated with non-volatile components is shown in Fig. 10.7. The
ground glass joints provided by Quickfit assemblies are almost universally
used nowadays, instead of bored-cork assemblies.

It-

Thermometer
Rubber thermometer adapter
fitted w e r glass thermometer adapter

Glass thermometer adapter

nd-bottomed flask

Round-bottomed

Fig. 10.7: Assembly for a Simple Distillation.

You must ensure that apparatus is carefully supported by the use of stands so
as to minimize the risk of strain due to poor alignment of the components.
The apparatus should be clamped firmly (without too much pressure), around
the neck of the distillation flask and the condenser. The receiving flask also
needs to be supported.
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The distillation flask should be about one-third full and should contain a few
anti-bumping grannules to prevent superheating. Make sure that the
*errnometer is positioned such that its bulb is opposite the qondenser inlet.
Heating is best carried out using a liquid bath or an electric heating mantle
ahd should be sufficient to maintain a ring of condensing vapour just above
t4e level of the thermometer bulb. A satisfactory rate of distillation is
iddicated by the presence of a drop of liquid formed by condensation of
vapour on the bulb of the thermometer.
A water condenser, as shown in Fig. 10.7, is used for compounds boiling up to
about 180°C. Above this temperature, water is drained out of the condenser
or alternatively a special air condenser is used. As the name suggests, the
function of the condenser is to cause the vapours of the liquid to condense so
that they collect in the receiving flask.
In your practical sessions, you may have the opportunity of assembling this
type of apparatus and using it to purify an impure liquid. If only non-volatile
impurities are present, then the sample apparatus which we have described
above can be used. Should the impurities themselves be volatile liquids, a
single distillation of this kind would do little to separate the components of
the mixture. unless their boiling points were markedly different.

The process of fractioilal distillation is used where both components are
volatile liquids and we will explain this technique in Sec. 10.6.

The fact that the vapour of an ideal solution is richer in the more volatile
component than the liquid with which it is in equilibrium, is the key to a
process known as fractional distillation. This can be illustrated with
reference to the system cont:iining 2-methylpropan- 1-01 and propan- 1-01.

1

I
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Consider a mixture of these two alcohols as shown in Fig.lO.8. When the
mole fraction of propan-1-01 is 0.2, the mixture will boil at 100°C (shown by
point C). This liquid mixture will be in equilibrium with vapour (represented
by point D), having the mole fraction of propan-1-01 0.4. Thus, the vapour
contains more of the more volatile propan-1-01 than the liquid. If this vapour
were condensed to a liquid, it would have the same composition as the
vapour, and it can be represented by point E. The mixture represented by E
would boil at 94 "C and be in equilibrium with a vapour with a composition
represented by point F (mole fraction of propan-1-01 approximat'ely 0.62).
If this sequence of events is repeated, a stepwise progression is obtained to
point L, where almost pure propan-1-01 is obtained. This isolation of these
various fractions (fractional distillation), as outlined above, is very tedious
and fortunately it is possible to carry out all these stages in a fractionating
column in one continuous process. At the enQf such an operation, provided
the liquid mixture is ideal, the components of such a liquid system are
distilled over in the order of their separate boiling points - the lowest boiling
liquid distilling over first.
A typical laboratory set-up is shown in Fig. 10.9. The fractionating column
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consists of packed glass beads or coils.

.*

We will discuss other types of columns in Sec.lO.7. The column provides a
large surface area so that good contact is made between ascending vapour
.,
and descending liquid.
+

ir

Lf#e mixture contains more than two components, after the most volatile ,
component has distilled away, the temperature will rise sharply to that of the
boiling point of the next most volatile component. At this stage, the
receiving flask should be changed. Removal of the various fractions in this
way means that the boiling point of the mixture in the flask will steadily rise.
Conditions in the column are therefore in a state of flux and slow distillation
is essential if the system igto have time to re-adjust conthually to achieve
good separation.
An industrial version of the laboratory fractionating column is shown in
Fig. 10.10.

-

Condenser

4
*;J
-

Gasoline and naptha

Bubble cap

L
-

Reflux from kerosene fraction

Kerosene

--

light gas oil fractid

Rrtlux from heavy gas oil M i o n

\

Heavy gas oil

steam

w

Pump

Fig. 10.10: Distillation of Crude Oil.

Crude oil is continually fed in at the base of the distillation tower and, unlike
the laboratory case, a constant temperature gradient is set up. This enables
various fractions to be drawn off at different heights in the tower, the most
volatile fraction ocurring at the highest point of the unit. At each stage in the
tower, ascending vapour is forced to pass through liquid contained on trays
on which sits a 'bubble cap'. Excess liquid overflows
to a lower level and is eventually drawn off thus forming the various fractions
kuch as the kerosene fraction shown in the diagram.
--
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LABORATORY FRACTIONATION COLUMNS

1.1 Scc. 10.6, we discussed the underlying theory of fractional distillation and
extended the scope of the process to include industrial applications.

-

Essentially, the column represents an improvement over the simple
distillation unit by increasing the surface area available for the distillation
process. It provides a large heat exchanging surface with a gentle
temperature gradient from top to bottom. At any point in the column, there is
an equilibrium between the ascending vapour phase and the descending
liquid phase.
Fractional distillation is in effect a technique for carrying out a whole series
of simple distillations in one continuous operation.
In addition to packing a column with glass beads or helices (Sec. 10.6), there
are three other designs which are illustrated in Fig. 10.11.

Small amount

Vigreux Colomn

Pear Column

(a)

(b)

Dufton Column
-

(c)

Fig. 10.11 : Fractionating Column Design.

The Vigreux Column is one of the moderate efficiency made by indenting a
glass tube, so that the points of a pair of indents almost touch each other. The
indentations should have a slight downward slope when the tube is vertical.
It is essential that the pairs of indentations are arranged to form a spiral, so
that the vapour will not pass directly through the whole length of the tube
without meeting at least one indentation.
The column introduced in Sec.lO.6 with its glass packing is known as a
Hempel column. This column, and the other two columns shown in
Fig. 10.13, are of greater efficiency than the Vigreux column.
I

1

I

I
I

In the Dufton column, a glass spiral that has been wound on a central tube or
rod is placed inside a plain tube. The spiral must fit tightly inside the tube in
order to prevent any appreciable amount of vapour from leaking between the
walls of the column and the spiral.
A modified Hempel column is shown in Fig. 10.12. This incorporates a
small reflux condenser known as a 'cold finger'. This reflux condenser can
be raised or lowered to decrease or increase the amount of refluxing liquid. It
controls the volume of liquid returning to the column and therefore permits
the effective use of the whole column length for fractionation.
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It is desirable to surround all the fractionating columns described above by a
glass jacket or by a layer or two of insulating material. Such insulation will
reduce the effect of draughts and improve column performance. For high
boiling point liquids, the column should be heated electrically to a
temperature only a few degrees below the boiling point of each component of
the mixture.

Fig. 10.12: Modified Hempel Column.

Figure 10.13 illustrates a sophisticated precision fractionating co!umn
incorporating all the modifications that we've discussed so far. The column
is provided with an electrically heated jacket incorporating a variable
resistance. The still head design enables all the vapour at the top of the
column to be condensed, so that a portion of the condensate is returned to the
column by means of the specinl stopcock and the remainder is collected in the
receiver.
The advantages of the still head are:
(1)
(2)
(3)

True equilibrium conditions can be estaldished before any distillate is
collected;
Reflux is more easily cc:~:rolled since careful adjustment of the reflux
condekser is unnecessary; a d
Changing from a lower to a higher boiling point fraction is
comparative!^ easy using the stopcock.
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Fig.lO.13: Precision Fractionating Column.

The dotted line in Fig. 10.13 refers to the modification needed for fractional
distillation under reduced pressure.

10.8 SITUATIONS WHERE FRACTIONAL
DISTILLATION DOES NOT PRODUCE PURE
COMPONENTS
The pair of liquids, 2-methylpropan- 1-01 and propan- 1-01 constitute
practically ideal solutions when they are mixed. Other pairs of liquids often
deviate to d greater or lesser extent from ideal behaviour and are said to form
non-ideal solutions. These deviations may be of two distinct types.
If the total vapour pressure (PT) is lower than predicted by the ideal
system described in Fig. 10.3, it is referred to as a negative deviation.
An example of such a systein is trichloromethane-prop~nesystem and
is discussed in the next section.
(2) If the total vapour pressure is higher than predicted by the ideal systeln
described in Fig. 10.4, it is referred to as a positive deviation. An
example of this type of systein is ethanol-benzene system. This is also
discussed in the next section.
(1)

Where these deviations are vary large, it is impossible to separate the two
components by fractional distillation.
-

10.9 AZEOTROPIC MIXTURES
The trichloromethane-propanone system shows very large negative
deviations from ideality. When the mole fraction of trichloromethane is 0.65,
then both liquid and vapour have the same composition. A mixture of this
composition will distil without any change in composition. Such a mixture is
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known as an azeotropic (or constant boiling ) mixture. Other azeotropic
mixtures are as follows:

Notc that a constant boiling
tempcramre during

Azeotropic Mixtures (by wt.)

d i i l l r t i does not always
indicate that a pure
compwnd is being distil led.

ethanol (95.5%) and water (4.5%)

78.3

ethanal(32.4%) and benzene (67.6%)

68.2

Boiling Temperature CC)

benzene (74.1 %), ethanol (1 8.5%)
and water (7.4%)
The constant boiling
temperatures of a motropes
can be either above or
below the boiling points of
the individual corn'ponents.

Thus, azeotropic mixtures cannot be separated into the components by
fractional distillation, no matter how efficient the distilling apparatus. In
such mixtures irrespective of the initial mixture compositions, a point is
reached by fractional distillation, which effectively forms a 'block' to the
separation of the pure components by this technique.

10.10 DETERMINATION OF BOILING POINT
In this section, we will describe two methods for determining the boiling
points of liquids. The boiling point is an important physical property of a
liquid as it enables us to determine the purity of the substance. The
impurities in a substance will cause a rise in its boiling point.
The boiling point is also sensitive to alterations in atmospheric pressure.
Local atmospheric pressure must be taken into account when using the
boiling point as a criterion of purity. In addition, azeotropic mixtures (see
Sec.lO.9) , with their constant boiling points, are also not uncommon. Thus,
a mixture of 79.4% tetrachloromethane and 20.6% methanol boils steadily at
55.7" C.
10.10.1 Experimental details for boiling point determinations

In Sec. 10.5, we referred to a semi-micro assembly for carrying out a simple
distillation. The experimental set-up detailed in Fig. 10.7 can also be used to
determine the boiling point of a liquid. However, in practice, and especially
for mixtures, more reliable readings are obtained using the apparatus shown
in Fig.lO.9. Such a set-up would enable you to record boiling-point values,
to construct a boiling point-composition diagram as discussed in Sec. 10.6.
When only small quantities of a liquid sample are available and the
determination of boiling point by distillation is impracticable, a semi-micro
technique due to Siwoloboff can be employed. A melting-point tube
(4 x 80 mm), sealed at one end, is placed mouth downwards in a sample of
the liquid under examination contained in an ignition tube, see Fig. 10.14.
The ignition tube is attached to the stem of a thermometer of convenient
range by a small rubber band, the sample in the ignition tube being located
alongside the bulb of the thermometer.
The thermometer and attached tube are then gently warmed in a paraffin, or
silicone oil bath, care being taken to ensure that the rubber band is above the
bath liquid.

Semi-microTechnique for Boiling Point Determination of Small Samples

Fig.lO.14: Semi-micro Technique for Boiling Point Determination of Small Samples.

It is important that the thermometer is adjusted so that the scale is visible,
through the vent, in case the temperature lies in the range that would
otherwise be obscured.
As the temperature rises, bubbles issue with increasing rapidity from the
mouth of the melting -point tube until they from a continuous stream. At this
point, heating is stopped and the bath is allowed to cool. The temperature at
which the bubbles cease and the liquid starts to suck back into the tube is
talcen as being the boiling point of the sample.
Although not as accurate as the distillation method, the Siwoloboff technique
gives a good enough approximation for most laboratory purposes.

10.11 SUMMARY
In this unit, you have learnt
the definition of the term boiling point.
the differences between miscible, partly miscible and immiscible liquids.
the relationship between vapour pressure and boiling point curves for
ideal liquid and liquid mixtures.
I
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about the changes in the composition of liquid and vapour during
distillation using vapour pressure diagrams (non-azeotropic systems).
drawing and labeling the component parts of an apparatus far simple
distillation.
assembling and use, with relevant safety precautions of a simple
distillation apparatus for separation of a binary mixture.
the process of fractional distillation. .
about a range of laboratory fractionation columns and their relative
merits.
assembling and use of fractional distillation apparatus with relevant
safety precautions for isolating a product from a reaction mixture.
that the products of fractional distillation are not necessarily the pure
components.
to use both simple distillation and a small-scale method for the
determination of boiling point.

10.12 TERMINAL QUESTIONS
1.

Which of the following is the correct definition of the boiling point of a
liquid? Tick the correct answer.
(i) The temperature at which pn equilibrium is set up
between the molecules in the liquid phase and the molecules in the
•
vapour phase.

(ii) The temperature at which the vapour pressure above the liquid
equals the external pressus.

0

(iii) The temperature at which the pressure exerted by the vapour above a
0
liquid just exceeds that for an equal amount of water.
2.

A solution contains 5.8 g of propanone (CH3COCH3)and 9.0 g of water.
Which of the answers given below states the mole fraction of propanone
in the solution? (Take relative atomic masses to be H = 1, C = 12 and
0 = 16). Tick the correct answer.
(i) 0.100
(iii) 0.1667

(ii)

0.8333

(iv)

None of these

3. If a mixture contains two liquid components of differing volatility, then
the vapour would be richer in

(i) the more volatile component;
(ii) the less volafile component; or
(iii) neither as their mole fractions will be equal in the
vapo& phase irrespective of their initial compositions

0

'

Tick the correct answer from ;he above choices.

4. Do you think that the glass packing in a fractionating column
is esseptial to

(i) increase the surface area of the colump;

•

(ii) reduce the distillation rate so that a better separation is
achieved; or
(iii) stop the liquid in the flask bumping.
Tick the correct answer from the above choices.

19.13 ANSWERS
Self Asseskment questions

1. The accepted international unit of pressure is the Newton metre-', so
your answer should be (iii). All other units given do in fact measure
pressure, but they are not part of the Systeme International d' Unites
(SI).
2, The only one of these three liquids suitable for steam distillation is
chlorobenzene (i). Not only is it immiscible with water, but it also has a
higher boiling point than water. If your answer was incorrect, then you
need to revise Sec. 10.3.
,

3. An ideal solution is the one where the total vapour pressure is obtained
by adding together the individual vapour pressures of the two
components at each temperature. So the correct definition was (ii).
Revise Sec. 10.4 if your answer was incorrect.
4.
,

The only statement which is true is (ii). At this point, the mixture will
distil without any change in composition. If you did not select (ii) as
your answer, you must revise Sec.lO.8.

Terminal Questions

1. (ii) is the correct answer. If you had a different answer, revise Sec. 10.2.
2. (iii). The mole fraction of propanone in the solution is 0.1667. the
relative molecular mass of propanone is 58 and of water is 18. Therefore
the numbel of moles are, respectively,

Thus, themole fraction of propanone is
0.1 - -''I - - 0.1667
0.1+0.5
0.6

3. The vapour would be richer in the more volatile component. If you did
not get (i) as your answer, revise Sec. 10.4 where the early discussion
states the relationship between component volatility and vapour phase
composition.'

4. (i). The glass packaging servis to increase the column's surface area (i).
It ensures good contact between ascending vapour and descending liquid.
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11.1 INTRODUCTION

-

In the last unit, you have studied about the distillation process and
determination of boiling point of a liquid. The boiling point is characteristic of
a liquid and helps in its identification. Similarly, in case of a solid, its purity
can bc judged by determining its melting point and then comparing this value
with its previously accepted value as reported in chemical literature. A pure
crystalline substance will have a sharp and specific melting point, whereas an
impure solid will melt over a greater range of temperature. In addition, any
impurities present in a substance will usually cause its melting point to be
lower than its true value. Since the melting points are sensitive to traces of
impurity, the accurate determination of melting point is an excellent guide to
the state of purity of the substance.
One method of purification of' solids which is commonly used in the laboratory
is that of recrystallisation. The technique of recrystallisation and the
subsequent recovery of a dry pure solid is discussed in this unit. The method of
mixed melting point is also described as a test of purity.
Objectives
After studying this unit, you should be able to:
state the general requirements for successful recrystallisation,
discuss choice of solvent and the factors to be ccnsidered including
precautions necessary where flammable solvents are used,
describe methods for indiction of crystallisation,
carry out recrystallisation of an impure product including selection of
solvent,

a
a

dry the crystals and determine their melting point,
use the method of mixed melting points to confirm the identity and purity
of the recrystallised material; and
deduce the identity of a compound from the provided mixed melting point
data.

11.2 REQUIREMENTS FOR RECRYSTALLISATION
The purification of solids by crystallisation is a method based on the fact that
different solid substances usually have different solubilities in a given solvent.
Thus, the underlying principle of the process of recrystallisation is that you can
dissolve an impure substance in a solvent and filter off insoluble impurities so
that when the recrystallisation occurs, only the required substance crystallises
while the soluble impurities stay in solution.
The following examples will make the method clear.
Example 1

Suppose a solid sample contains 47.5 g of A and 2.5 g of B, i.e. a 5% impurity
of B. Let both A and B be soluble in a recrystallising solvent, and the
solubilities at 20° C are 10 g and 4 g per I00 g of solvent, respectively. (In
practice, the impurity level will usually be less that 5%.) If 50 g of the mixture
of A and B is dissolved in 100 g of solvent and the resulting solution is
allowed to cool to 20°C, 37.5 g of A will crystallise out, and 10 g will remain
in the solvent (as determined by the solubility of A). Similarly, as the
solubility of B is 4 g per 100 g of solvent, all of B will remain in the solvent.

Example 2
If the original mixture of A and B contained B as a 10% impurity, i.e. 45 g of
A with 5 g of B, similar treatment would have produced crystals containing 35
g of A and 1 g of B. The impurity would have been reduced from 10% to
about 396, but this first crop of crystals would need to be recrystallised again to
eliminate B. It may not, therefore be possible to achieve complete purification
by a single crystallisation.
The basic sequence of events that you will be expected to cany out in the lab
when purifying a substance by recrystallisation is as follows:
(1)

Select a solvent that will dissolve both the required substance and
its impurities at or near to its own boiling point.

(2)

Heat the solvent to boiling and add sufficient of the crude material to
saturate the solution.

(3)

Filter the hot solution to remove any insoluble impurities.

(4)

Cool the hot filtered solution to allow the pure solid to recrystallise.

(5)

Separate the crystals from the 'mother liquor', i.e. the saturated solution
in contact with crystals, by further filtration and drying.
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(6)

Test for purity, usually by a melting point deterinination, and if necessary
cany out a second recrystallisation using fresh solvent.

Now try the following SAQ.
SAQ 1
A solid sarnple contains 35 g of X (the desired substance) and 5 g of Y (the
impurity). The solubilities of X and Y in a recrystallising solvent at 20' C are
5 g and 3 g per 100 g of solvent, respectively. Calculate the number of
recrystallisations required to produce pure X, if the solid sample is dissolved in
100 g of solvent, and both components are completely soluble in the solvent at
its boiling point.

Check your answer with ours at the end of the unit befort: continuing.

11.3 CHOICE OF SOLVENT AND PRECAUTIONS WITH
FLAMMABLE SOLVENTS
In this section, you will study about the selection of a suitable solvent for
recrystallisation . we will first discuss the properties of a suitable solvent and
then explain how to experimentally determine its suitability. Lastly, we would
mention, the precautions to be taken with flammable solvents.

11.3.1 Properties of a Suitable Solvent
(1) A suitable solvent must not react chemically with the substance to be
purified.

(2) At room temperature and below, the substance must have relatively low
solubility in the solvent, but at elevated temperatures, it must have high
solubility.
(3) The solvent should either dissolve impurities readily so that they remain in
solution while the pure substance crystallises out, or it should dissolve the
impurities only slightly so that they remain as solids and can be removed
by filtration.

(4) The solvent should yield well formed crystals of the purified substance.

(5) You mu$ be able to remove the solvent easily from the purified crystals
once they have formed. A solvent with relatively low boiling point will
make this possible and the crystals will dry quickly.
Finally, if you arrive at a situation where more than one solvent appears to
suit your requirements, you will have to consider other factors, e.g. cost,
flammability, ease of manipulation, etc. We have listed some of the common
solvents in Table 11.1.
58

Recrystallisation and Melting
Point Determination

Table 11.1: Some Common Solvents for Wecrystallisation

I

Solvent

/

Ethanoic acid

---oP
118

r-

Boiling

(

,II

Notes
Not very flammable. Pungent
Use whenever possible.

I

I

I Ethanol (absolute)
Ethyl ethanoate
(ethyl acetate)
Methylated spirit
(industrial)
Methanol

78

Flammable.

77-82

Flammable.
Flammable and poisonous.
I

161

I

I~iphlpefroleum spirit

1 40-60

( Flammable.

( Propanone (acetone)

]

/

Trichloromethane

I (chloroform)

1 (petrol)

56

(diethyl ether)

i

Non-flarmnable. Toxic vapour.

Flammable. Preferably dry before

possible.
This solvent has a tendency,
especially if it is from an 'old'
I
batch, to form peroxides and
explode on distillation. The
presence of peroxides is ind~cated
by formatron of a red colour when
the solvent is shaken with an
aqueous solution of iron (11)
ammonium sulphate and
potassium thiocyanate.

1

11.3.2 Experimental Determination of Suitable Solvent
You will not always be able to choose a solvent on the basis of what we have
discussed in sub-Sec. 1 1.3.1 because you may not always have sufficient
information available about the substance you wish to purify. In this case, you
will have to conduct an experinlent to test the suitability of one or more
solvents. 'The method is as follows.
(1)

Select a likely solvent.

(2)

Place a small quantity, e.g. 0.1 g of the substance in a test-tube and add
the solvent one drop at a time and agitate the mixture continually.

(3)

When you have made up about 1 cm3 of the mixture, note the following:
(a) If the solid has dissolved before heating, or if it dissolves with gentle
heating, stop the experiment. The solvent is unsuitable and you need
to try again with another solvent.
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(b) If the solid has not dissolved, heat the mixture gradually to boiling
point. You will have to take certain safety precautions with
flammable solvents. For example, select an appropriate method of
heating ( not a direct burner), or heat under reflux.
(4) If after heating, the solid has not completely dissolved, add 0.5 cm3solvent
and reheat the mixture. Repeat this step until all the solid is dissolved or
until you have about 3 cm3of mixture, whichever occurs soonest.

(5) If the solid has not completely dissolved and you have added 3 cm3 of
solvent, stop the experiment and try another solvent since the solid is only
sparingly soluble or insoluble in the present solvent.
(6) If the solid has almost completely dissolved, it may be necessary for you
to carry out a hot filtration to clarify the solution before cooling.

(7) If the solid has completely dissolved, i.e. the solution is clear, allow the
test-tube to cool to see if the required substance crystallises.
(8) You may have to induce crystallisation by:
(a) Scratching the side of the tube with a glass rod to generate fine
particles as nuclei for crystal growth;
(b) Cooling the solution below room temperature with an ice and salt
mixture; or
(c) 'Seeding' the solution with a few crysta!~of the pure solid.
If none of these methods induces'crystallisation, you will have to try
another solvent.

(9) Once crystallisation is complete, make a note of the approximate yield as
you may want to try other solvents to obtain a better yield.
After conducting this experiment for several solvents,you might find that none
is completely suited to your needs. You may find that a compromise is
possible by using a mixture of two solvents, in one of which the solid was too
soluble, and in the other it was not soluble enough. A typical example of
mixed solvents or 'solvent pairs' is ethanol and water.
Let us now study about the precautions while using the flammable solvents.

11.3.3 Precautions with Flamrnale Solvents
As we mentioned in Table 1 1.1, you should use distilled water as a solvent
whenever possible. When heating water to dissolve a crude solid, it will be
sufficient if you heat the mixture in an open flask using a direct burner,
although the burner's flame must be small so that the mixture is heated gently
and only just brought to boil.
Often you will have to work with other solvents which may be highly
flammable or form explosive vapours or have a relatively low boiling point. In
these cases, you must take special precautions to avoid overheating, fire or
explosion. The'most common method to overcome these problems is to heat
the solvent under reflux (this is covered in Unit 8 of this course ), and cany out

- the recrystallisation under reflux. In this way, dangerous vapours are
contained within the apparatus assembly.
A second precaution you should take is to select an appropriate heating
technique (see Unit 8). In the case of flammable solveilts, you would robab ably
use a beating mantle, a hot plate or an clectrically heated liquid bath of some
kind, e.g. a water bath for solvents with a low boiling point.
Now try the followiilg SAQs.

When selecting a solvent for a particular crude solid, would you select one that

(i)

Easily dissolves the solid at room temperature;
(ii) Easily dissolves impurities at room temperature;
(iii) Does not dissolve the solid easily at room temperature but does
so at elevated temperatures; or
Does
not dissolve the impurities at any temperature ?
(iv)
Tick the correct answers.

Can you write down TWO other desirable qualities of a suitable solvent, apart
from those mentioned in answer to SAQ 2?
(i)

...............................................................................

(ii)

...............................................................................

Check your answers with ours at the end of the unit before continuing .

11.4 INDUCING CRYSTALLISATION
As we mentioned in sub-Sec. 11.3.2 while describing an experimental method
for finding a suitable solvent, you will sometimes find that crystallisation does
not take place without some encouragement. It may be that the solution has
become supersaturated and the presence of a littie amount of a viscous
substance is acting as a protective colloid which prevents the separation of first
crystals. There are various techniques at your disposal of which three were
mentioned in sub-Sec. 11.3.2. These techniques are as follows:

(1)

Use of a glass rod. See sub-Sec. 11.3.2 point No. (8) (a).

(2)

Seeding the solution with some of the solid or with isomorphous (similar
shaped) crystals. The crystals to be used for seeding are obtained as

(a)

(b)
(c)

Put a few drops of the solution in a test-tube.
Rotate or roll the test-tube so that a thin layer of solution wets the
inner walls of the test-tube.
Cool the test-tube in a freezing mixture of ice and salt.
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(d)

Remove the crystals formed on the inner walls of the test-tube and
seed the bulk of the solution with them. Crystallisation should then
take place.

Step (d) above might cause problems if the crystals are impure or have a low
melting point as they will tend to melt during this operation. You can
overcome this by moistening a small glass bead with solution; placing the wet
bead in a test-tube; cooling the tube as described; and when crystals have
formed on the bead, rolling the bead out of the tube into the bulk of the
solution.

(3)

Cooling the solution in a freezing mixture containing ice and salt or ice
and calcium chloride. However, if you use this technique, you must bear
in mind the fact that the crystallisation rate will decrease with
temperature and you may cool the solution below the best temperature
range for crystallisation. Thus, if you find that after cooling,
.crystallisation does not take place or does so only slowly, gradually
allow the solution to warm up until the best temperature for
crystallisation is reached.

(4)

As a last resort, leaving the solution in a fridge or ice chest (but not if the
solvent is flammable because certain solvents still have a relatively high
vapour pressure and a dangerous build up of flammable vapour could
occur over a period of time). If you use this method, you may have to
wait some time before crystals form.

(5)

Adding a few pieces of solid carbon dioxide. This will create several
local cold spots in the solution which will help form crystals.

We have given you these methods of induction in order of preference. The
glass rod method is probably the.quickest and easiest to use. It also happens to
be the most popular method.

11.5 CARRYING OUT RECRYSTALLISATION
--

-

-A

During your practical session, you will have the opportunity of carrying ou; 3
recrystallisation yourself. However, we have included descriptions of the main
methods used so that you are well prepared before you actually do the
cry stallisation.
We have assumed, in the following procedures, that you have already selected

an appropriate solvent (sub - Secs. 1 1.3.1 and 11.3.2) and worked out the
rough proportions of the solvent and the solute.
d

11.5.1 Recrystallisation under Reflux
The apparatus assembly for recrystailisation under reflux is illustrated in
Fig.ll.1.
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Fig. 11.1: Apparatus for Crystallisation Under Reflux.

Now, you can proceed as follows:

(1)

Before assembling the apparatus, place the crude solid in the flask
together with slightly less than the required amount of the solvent and
some anti-bump material such as pumice granules or pieces of broken

(2)

Mount a Liebig condenscr vertically in he neck of the flask.

(3)

Using an appropriate heating technique, boil the mixture.

(4)

Add more solvent via the condenser until the solution is clear apart from
insoluble impurities.

(5)

Rapidly filter the heated solution using an appropriate filtration
technique (see Unit 9 on Filtration). You must make every effort to
prevent crystallisation during the filtration. The techniques you should
use to achieve this include:
(a)

(b)

!c)
Id)

Using a large funnel with a wide stem to avoid clogging;
Warming up the filtratioil apparatus by heating up a separate flask
of suiveni and pourillg it through the filter or by warming it with
steam before the saturated solution is filtered;
Using a fast paper with fluted folds;
ITsing reduced pressure as iliustrated in Unit 9 on 'Fiitration',

(6) Set asiuc the flask coi~ikning:::~!iltercC
and the crystals to fom.

. !...

I?.,

, ,! low i t to cool

To obtain large crystals, redissolve any crystals which have separated by
warming the solution (under reflux if necessary). Then insulate the flask by
wrapping it in a towel or similar cloth and allow the solution to cool very
slowly.
If you require small crystals, vigorously stir the solution while it is still hot and
then cool it rapidly, for example, in a cold water or ice bath. If large volumes
'of solution are to be processed, then you may have to consider using a special
filter funnel with heating coils for the filtration. Hot water passes through the
coils and keeps the funnel and paper warm throughout the filtration.
This technique is really only necessary where crystallisation occurs soon after
the heat source is removed from the boiling solution. If the solution is
aqueous, or it is one which does not separate out rapidly, you can use a
Buchner funnel and a suction filtration technique (see Unit 9.)
11.5.2 Recrystallisation Using The Open Flask Method
This technique is similar to that outlined in sub-Sec. 1 1.5.1, the only difference
is that the mixture of solvent and solid is not heated under reflux but is heated
in an open flask. You should never use the open flask method where
flammable andlor toxic solvents or vapours are involved.
The procedure for the open flask method is the same as that described in sub Sec. 1 1.5.1, except that step (2) is omitted.

11.6 CRYSTAL DRYING AND MELTING POINT
DETERMINATION
The next step after the recrystallisation is drying of crystals. The melting point
of dried crystals is then determined to check the purity of the sample. In this
section, we will discuss both these aspects.
11.6.1 Crystal Drying
Some of the common techniques used for drying of crystals are given below:
(1) Absorbent Bed in Air
Crystals which are moist with water or another solvent can be dried in air by
spearding them thinly on a bed of several layers of absorbent filter paper or a
porous plate. The crystals are protected from dust by a 'shelter' constructed of
an inverted watch glass or sheet of perforated filter paper. The porous pIate
method is less attractive since porous plate is relatively expensive and once
dirty, it cannot easily be cleaned.

(2) Absorbent Sandwich
The crystals are placed on an absorbent bed as described in (1) above and
several sheets of drying paper are placed on top of the crystals. The papercrystal-paper sandwich is then h l y pressed together. If the absorbent paper
becomes too soiled with mother liquor, the crystals must be transferred to clean
paper. This method has the disadvantage that the crystals can become
contaminated with paper fibres.

.-

(3) Steam Oven or Air Oven

The crystals which have a melting or decomposition point above 100°C can be
dried in an oven. The crystals should be placed in an open container and then
kept in an oven for some time till they are dry.
(4) Vacuum Desiccator

This is probably the best method of removing water and low boiling solvents.
A vacuum desiccator is illustrated in Fig. 11.2.

Fig.ll.2: Vacuum Desiccator.

A vacuum pump is connected to the exhaust tube via a stopcock. The lid and
body of the desiccator have ground surfaces which are smeared with grease to
form an airtight seal.

In one part of the desiccator body is placed a substance which will readily
absorb the solvent to be removed; and in another part is placed the material to
be dried out. More than one reagent may be used. For example, a typical
general purpose system is concentrated sulphuric acid with flake sodium
hydroxide placed elsewhere in the desiccator and being covered with zinc
gauze. However, calcium chloride is used most commonly.
Another useful filler consists of shavings of paraffin wax placed on sodium
hydroxide. This is used when removing organic solvents such as ethoxyethane
(ether), trichloromethane (chloroform), tetrachloromethane (carbon
tetrachloride), methyl benzene (toluene) etc.
The substance being dried must always be placed in a suitable container in the
desiccator, e.g. a watch glass, and covered with, say, an inverted watch glass to
prevent material being sucked away should air be admitted to the system.
As with all experimental work involving vessels operating at reduced pressure,
you should ensure that the desiccator is surrounded by a safety screen.
11.6.2 Melting Point Determination

There are two methods used commonly for the determination of melting point.
The first method involves the use of a boiling tube and the second one is based
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on t:he use of an electric melting point apparatus. Both these methods are
disc:ussed below in detail.
(1) Boiling Tube Assembly

In the introduction to this unit, it was stated that the melting point of a
substance was a good indicator of its purity. Hence, melting point
determinations are an important feature of practical chemistry. The typical
apparatus used for melting point determination is illustrated in Fig. 1 1.3.

I

Heavy
stirrer

Fig. 11.3: Boiling Tube Assembly for Melting Point Determination.

The stepwise procedure for melting point determination is given below:

(b)

(c)

(f)

After purifying and drying the required solid substance as previously
described, crush a little of it on a watch glass using a spatula so that the
solid is reduced to a fine powder.
Take a melting point tube (available commercially as a thin glass tube
about 70 mm long x 0.1 mm internally) and close it by heating at one
end. Press the tube into the powder so that the tube is filled with some
amount of the solid.
Tap the tube so that the solid falls to the bottom of the tube. Repeat step
(b) until the tube is filled to about 10 mm.
Repeat steps (b) and (c) until you have at least three filled tubes.
Half fill a boiling tube with liquid paraffin or other heating oils such as
silicone oil (suitable for heating up to about 220 " C).
Fit the boiling tube with a vented cork in which should be mounted a
thermometer
a stirring rod.,
The melting point tube is mounted immediately next to thermometer so
that the solid under examination is well immersed and is next to the

I

thermometer bulb. A rubber band will help you to attach the capillary
tube, but ensure that the rubber band does not come into contract with the
heating oil at any time.
(h) Heating is canied out with a semi-micro burner and a flame of about 30
height beneath a wire gauze on a tripod. Leave the burner in
position so that a uniform rate of temperature rise is achieved.
soon-asyou see signs of melting, e.g. contraction of the solid, a d h p
(i)
appearance, etc., note the temperature and remove the burner. This is
only an approximate measure of the melting point.
(j) Remove the melting point tube from the apparatus, and replace it by a
fresh one loaded with the solid sample.
Allow
the temperature to fall at least 15OC before applying heat again.
(k)
This time apply the heat with more care and at a slower rate of
temperature rise i.e. not more than 2°C per minute.
(1) When the solid melts - the temperature at which the menisscus is
formed is taken as the meltillg point. Note this temperature and remove
the burner.
(m) Repeat steps (j), (k) and (1) using a third melting point tube.

-

You should now have a reasonably accurate idea of the melting point of the
solid, and if pure, the solid will melt sharply. The range should not exceed
0.5' C to 1' C. You should compare your result with available data, e,g.
melting point tables.
Note : Never re-use a sample in a melting point tube, i.e. do not let it
solidify and try to use it for a second reading. Some solids partly
decompose on heating, and the decomposition products then act as
impurities. This affects the melting poiot.

(2) Electric Melting Point Apparatus

.

An alternative method to the boiling tube method is the use of an electrical
melting point apparatus. This convenient device relies on the use of a
thermometer and melting point tube in intimate contact in the same way as the
boiling tube technique; but it removes the necessity for a liquid bath and uses.a
heating tunnel. A lamp illuminates the sample and a simple optical system
enables you to observe the sample closely. A variable resistor in the heater
circuit enables reasonably accurate temperature control to be maintained.

ACTIVITY 1
With either the Boiling Tube assembly or the Electric Melting Point
apparatus, the key to determining a correct melting point value is in
selecting a slow rate of heating (see point (k) above).
important technique,
and using the method
e reading you record on
e for a particular pure
nzoic acid which melts at
If you have access to the electrical method, try this technique as well
with various heating rates. As with all practical work carried out in
your own laboratory, consult your mentor or trainer first.
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11.7 MIXED MELTING POINT METHOD FOR
DETERMINING IDENTITY AND PURITY
We have already stated that an impurity or a foreign substance in the sample of
an organic compound will affect its melting point. You can use this property
of organic compounds for determining a conycfiid's identity and purity.
For example, if you were g i v e ~ & b s t a n c eto identify and you suspected that
it was naphthalene ( \ ? r ~ i ; ; k l t sat 80 "C when pure), you would simply mix
equal masses o&n@%thalenewith the unknown substance and cany out a
melting pKnt determination. If the mixture melted at 80 "C, you will have
confirmed that the u r i o w n substance was naphthalene. If the mixture melted
at a temperature below 80 "C, you would know that the unknown substance
was not naphthalene.
The recommended procedure is that you would prepare at least three mixtures
of different measured proportions of the known and unknown substances, carry
out melting point determinations and analyse your results.
Now try the following SAQ.
SAQ 4
You are given specimens of pure 2-phenylpropenoic acid (cirmamic acid)

(m.pt. 133°C) and carbamide (urea) (m.pt. 133°C). You are also given an
unknown substance, which is either 2-phenylpropenoic acid or carbamide.
Describe briefly how by means of the 'mixed melting point' technique, you
could establish the nature of the unknown, indicating how the evidence leads
you to your conclusion.

.......................................................................................
...........................................
.......................................................................................
.......................................................................................
.......................................................................................
........................................................................................
.............................................

Check your answer with ours at the end of the module before continuing.

11.8 SUMMARY

,

In this Unit, you studied about
the general requirements for successful recrystallisation.
the choice of solvent and the factors to be considered including precautions
necessary where flammable solvents are used.
the methods for induction of crystallization.
how to carry out recrystallisation of impure products including'selection of
solvent.
the drying of crystals and determination of the melting point.

the use of the method of mixed melting points to confirm the identity and
purity of the recrystallised material.
how to deduce the identity of a compound from provided mixed melting
point data.

11.9 TERMINAL QUESTIONS
1. What would be the TWO main differences in the apparatus used between,
say, a recrystallisation carried out using an aqueous solution and one using
petroleum spirit as a solvent?
2.

Can you name TWO methods for inducing crystallisation?

3. The 'absorbent sandwich' method of drying crystals has the disadvantage
that it can introduce impurities in the form of paper fibres into the purified
solid. Can you name one method of drying crystals that doesn't have this
disadvantage?

11.10

ANSWERS

Self Assessment Questions

1. Two recrystallisations will be required. This conclusion is reached as
follows. If 40 g of the mixture is dissolved in 100 g of solvent, and the
resulting solution is allowed to cool to 20°C: 30 g of X and 2 g of Y will
crystallise out. To remove Y completely, recrystallisation with another
100 g of solvent is required.
2. The correct answers are (ii), (iii) and (iv). An appropriate solvent should,
among other things, either easily dissolve impurities at ambient
temperature (ii) the required solid easily at elevated temperatures (iii). If
you wrote (i) as part of the desired qualities of a solvent ,you have
overlooked the fact that ifthe solid is easily soluble at ambient
at .
this temperature. Revise subtemperature, it will not clystallise readily Sec.ll.3.1.
3. Any two of the following will give you a correct answer. The solvent:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Must not react with the crude solid.
Must be easily removable after recrystallisation.
Should yield well formed crystals of the purified substance.
Should be of as low cost as possible.
Should be non-flammable if possible.
Should be easily manipulated if possible.

Revise sub-Sec. 11.3.1 if you did not have two of these six points in your
answer.
4. If the unknown was, say, cinnamic acid; then on mixing it with the pure
specimen of urea and determining the melting point, a value considerably
below that of 133" C would be observed. This would indicate that the
unknown was not urea. By way of confirmation, when the unknown was
mixed with cinnamic acid;.then a reading of 133°C should be recorded, as
essentially two portions of the same substance are being mixed.
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The reverse set of observations would be recorded if the unknown was urea
instead. Terminal Questions

1. The basic difference in the nature of these experiments is that one solvent is
non-inflammable (for the aqueous solution). and the other, petroleum spirit
is highly flammable.
With a non-inflammable solvent, the open flask method is sufficient. With
a flammable solvent, you must heat the solvent under reflux, i.e. using a
vertically mounted Liebig condenser, and you must use an appropriate
heating technique, i.e. one that does not utilize a naked flame.
Revise sub-Sec. 11.3.3 if your answer did not include these points.
2. The two commonest methods for inducing crystallisation are:
(i) Using glass rod and scratching
(ii) Seeding

Others are
(iii) Cooling in a freezing mixture
(iv) Long-term cooling in a fridge.
Revise Sec. 1 1.4 if you did not get these right.
3. Any of the following
(i) Absorbent bed in air.
(ii) Steam oven for solids with a melting or decomposition point above
100" C.
(iii) Vacuum desiccator.
Revise sub-Sec. 11.6.1 if your answer was wrong.

UNIT 12
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12.1 INTRODUCTION
In chemistry and biology, it is frequently necessary to separate, isolate, purify
or identify components of complex mixtures. In Units 9 to 1 1 , we considered
these problems in systems where the chemical and physical properties of the
components in a mixture were markedly different and the components were
few in number. For example, the isolation of pure benzenecarboxylic acid
(benzoic acid) requires the use of fractional distillation column to remove the
more volatile ethanol. The chemical structures, intermolecular forces and
hence boiling points of these two substances differ considerably, allowing the
use of such a technique of separation. However, where the components of a
mixture resemble each other very closely in structure, methods such as
fractioi~aldistillation are of little value. But there are methods and techniques
available for separation of such mixtures. In this unit and in Unit 13, you will
be studying about these techniques, which are known as chromatographic
techniques.
objectives

After studying this unit, you should be able to:
describe the need and origin of chromatography
explain the meaning of the terms chromatography, stationary phase and
mobile phase,
explain the mechanisms of partition as applied to chromatography,
set up the experimental arrangement for paper chromatography, and
run a paper chromatogram and separate a mixture of 2 or 3 components.

12.2 THE NEED FOR CHROMATOGRAPHY
We have mentioned in the introduction about the separation of mixtures having
components which are closely related structurally. Consider such three
structurally related phenols as illustrated in Fig. 12.1 and their similar here
boiling points. These compounds when present in a mixture are not separable
even by the most sophisticated distillation column. Similarly, in biochemistry,
one way to identify an unknown protein molecule is to hydrolyse (break down
with water or in a aqueous media) the complex protein molecule into its
constituent amino acids. But again, as these amino acids are closely related
chemically and physically, none of the techniques described in Units 9 to 11
would cope up with these type of separation of mixtures.

2-Methylbenzenol
(0 - cresol)
B.pt. 191°C

3-Methylbenzenol
(m - cresol)
B. pt. 20 1"C

4 -Methylbenzenol
(p - cresol)
B. pt. 201OC

Fig. 12.1: Three Structurally Related Phenols.

Similarly when we carry out reactions in the laboratory, many a times the
resulting product is not a single compound+hta mixture having components
which are structurally related.

.

Thus, a technique was needed which could be used to separate such closely
related substances.

12.3 THE ORIGINS OF CHROMATOGRAPHY

The term chromatography
is applied to the process
which involves the
distribution of a sample
between a stationary phase
and a mobile phase.

It was only when the process of chromatography was devised that complex
separations as required in the above biochemical example could be achieved.
The word chromatography is Greek in origin (chroma - colour; graph writing). The technique of chromatography was first applied to the separation
of coloured pigments and dyestuffs, as evident from the pioneering work of the
Russian chemist Mikhail Tswett who in 1906 separated the pigments from
leaves into coloured bands by passing a solution of the pigments down a glass
tube packed with powdered chalk. The separation of pigments that Tswett
achieved was due, not to their colour, but to the differing capacities of the
various pigments to attach themselves to the chalk (called 'adsorption'). The
most highly adsorbed pigment remains close to the top of the column and the
least adsorbed pigment is 'washed through' to form the lowest band in the
column.

In 1941, Martin and Synge used liquid-impregnated columns of adsorbent to
obtain good separation of components in complex mixtures. The ~ c h a n i s m
of separation was in this case a partitioning or distribution phenomenon

involving each component in the mixture. We will consider the nature of these
two mechanisms of separation in more detail in this unit and Unit 13,
respectively.
Apart from column chromatography, many other practical techniques are
found under the general heading of chromatography and these include:
(1)
(2)
(3)
(4)
(5)

Thin-layer chromatography (TLC)
Gas-liquid chromatography (GLC)
High performance liquid chromatography (HPLC)
Gas chromatography
High resolution gas chromatography.

The last four methods are useful in achieving.a high degree of separation or
resolution and often involve elaborate and expensive equipment.
In this unit and Unit 13, we shall be studying the simple laboratory
chromatographic methods "which are relatively cheap." Nevertheless, the
basic principles remain the same and with skilful usage surprisingly good
separations can be achieved. You will also do some experiments based on
chromatography during practical ses~ions.~.Let
us now study the language of
these techniques. But before that answer the following SAQ.

SAQ 1
Which of the following characteristics would you say must be present for a
mixture to be satisfactorily separated by column chromatography? (Tick the
correct choice).
(i)
(ii)
(iii)
(iv)

Be coloured
Be volatile
Be related by similar chemical structure
Show a differential adsorption to the column.

12.4 TERMINOLOGY OF CHROMATOGRAPHY
Various terms are frequently used and they form the language of
chromatographic techniques. These are explained below:

(i) 'CHROMATOGRAPHY'
The historical origins of the word chromatography have already been discussed
in Sec. 12.3. All types of chromatography have certain basic features, although
from the design of the apparatus, this may not be apparent. The basic
methodology involved is as follows:
The mixture to be separated is added to a moving 'solvent' which may be liquid
or gaseous. This moving stream, now containing components, is passed over
or through a fixed medium, which is specially designed to separate the
individual constituents in the original mixture. However, there are many
variations and hence in many cases, it is difficult to see the common link
between the various chromatographic methods.
(i) 'MOBILE PHASE' AND 'STATIONARY PHASE'
The moving component in the chromatographic technique is called the mobile
phsse, which is normally a liquid or mixture of liquids, except in gas
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A. J. P. Martin and R. L.
M. Synge were jointly
awarded the Nobel Prize
in 1952 for their work
on partition
chromatography.
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chromatography where a gas is embloyed. The fixed medium is called the
stationary phase. Thus, if the sample consisting of a mixture of components
(usually referred to as solutes) is added to the mobile phase, then the
components by a variety of physical process will be carried along in the
moving stream to varying degrees which we will consider in more detail in
Sec.12.5 of this Unit and Sec. 13.2 of Unit 13.
Table 12.1 classifies some of the chromatographic methods. However, the
nature of the process whereby separation takes place is rarely confined to one
physical mechanism; and although the table indicates the nature of the
distribution process in each case, this is merely the most important factor.
Table 12.1 : Classification of Chromatographic Methods
Nature of the
Separation
Process
Partition

Mobile
Phase

Stationary
Phase

Kind of Chromatography

Liquid

Liquid

Partition chromatography (cdumn, paper
chromatography)

Partition
Adsorption

Gas.
Liquid

Liquid
Solid

Adsorption

Gas

Solid

Gas-liquid chromatography
Adsorption chromatography (column)
Thin-layer chromatography
Ion-exchange chromatography
Gas-solid chromatography

As we shall see in Unit 13, Sec.13.4 in case of TLC sepaiations, when the
physical conditions change within the apparatus due to the presence of varying
quantities of water vapour, the mechanism of the separation process can
change from meinly adsorption to mainly partition.
Now work through the following SAQ.

SAQ 2

.

For the examples given below, indicate what is (a) the mobile phase and (b) the
stationary phase ?
(i)

Paper chromatography.
(a)

.................................................................................

(b) ................................................................................
(ii)

Thin l&er chromatography.
(a)

................................................................................

(b) ............................................................................
(iii)

L.:,

.

Partition column chromatography.
(a)

.................................................................
.-...........;...
,

(b)

...................................
.... .,. ............................ :..........
..
;

"

;

(iv)
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Ion-exchange chromatography.
(a)

..................................................................................

(b) .................................................................................
Let us ;ow understand the basic ideas involved in partition chromatography.

12.5 PARTITION CHROMATOGRAPHY
a

The underlying principles governing the separation of components in liquidliquid chromatography can be demonstrated usirqj'a static partitioning model.
Suppose a solution of two solutes in water is taken in-a separating funnel as
shown in Fig. 12.2 (a).

Fig.12.2: Partial Separation of Solutes using Two Immiscible Solvents.

I

In the figure, the two solutes are represented by black and white circles.-lf a
second solvent immiscible with and lighter than the first is added to the funnel

and the contents are shaken together, then some of the solute molecules will
transfer to the second solvent forming the upper layer (shown as shaded area).
As you can see in Fig. 12.2 (b), the white molecules are more soluble in the
second solvent. If the stopper is removed and the lower layer is run off via the
tap, then a partial separation has occurred, with black molecules predominantly
in the first solvent and white molecules predominantly in the second solvent.
This is shown in Fig. 12.2 (c).
In the purification of phenylamine (aniline), it is necessary to remove the
phenylamine from the aqueous distillate that is obtained by the process of
steam distillation. If this distillate is added to a separating h e 1 and some
ethoxyethane (ether) is added, two immiscible layers will form. Because
phenylamine is more soluble in the ether layer, we say that it is 'extracted' into
the organic or ether layer and therefore this technique is called extraction - a
very useful laboratory technique in the purification sequence of certain organic
compounds. The solute, phenylamine, thus partitions or distributes itself
between the upper organic layer and the lower aqueous layer, according to its
relative solubility in the two solvents.

ACTIVITY 1
You can show this phenomenon readily in your own laboratory as follows:
(1)
Although solid iodine is
deep purple in colour, its
colour in KI solution is
brown while in the
organic layer it reverts to
purple colour again.

(2)
(3)

Dissolve a small crystal of iodine in 5 cm3 of aqueous potassium iodide
solution in a test-tube. Note the brown coloration that forms.
Then carefully add 5 cm3 of tetrachloroethane (carbon tetrachloride)
using a dropping pipette and shake the test-tube gently. Notice how the
tetrachloroethane layer, which was clear, is now purple.
Cork the test-tube and shake vigorously, with care. The purple colour
in the organic layer intensifies while the aqueous layer becomes paler.

The colour changes that you observed in Activity 1 reflect the fact that the
iodine, which started off in the aqueous layer, has transferred mainly to the
organic layer. No matter how much the mixture is shaken, the concentrations
of iodine in the two layers will remain constant, irrespective of the actual
volunes of both solvents, provided only that the temperature remains constant.
When an equilibrium is reached, i.e. there is no more tendency for the iodine
to pass into the organic layer, we can define mathematically this partition or
distribution process by the following expression.
Concentrationof solute in organic layer
Concentrationof solutein aqueous layer

............

where KD is called the partition or distribution coefficient.
This value of KD is independent of the amount of solute taken or volumes of
solvent used but depends on temperature because solubility is temperature
dependent.

If you feel reasonably confident mathematically, you might like to study the
numerical example provided below which shows you how to calculate KD in
the above system.

EXAMPLE
In an experiment, 50.00 cm3 of an aqueous iodine solution is shaken with
20.00 cm3of tetrachloromethane until distribution equilibrium is reached. The
initial concentration of the iodine in the aqueous phase was 1.97 x 1o - ~mol
dm-3 but after equilibrium this aqueous concentration had decreased to 5.30 x
mol dm-3. Calculate the partition coefficient for iodine between
tetrachloromethane and water.
The distribution equilibrium involved in this problem is:

Square brackets enclosing
the symbol for iodine in
Eq. 12.2 are used to denote
concentrations.

for which the equilibrium constant can be written as:

We have to find out the numerical value of Kn, so numerical values must be
obtained for both concentration terms. The equilibrium concentration of iodine
in water is given in the problem as:

I

[I21 in H 2 0 = 5.30 x 1o - ~mol dm-3

!
I

1
I

The equilibrium concentration of iodine in tetrachloromethane can be obtained
from the amount of iodine that was removed from the aqueous phase during
the distribution process. This, of course, is the difference between the initial
number of millimoles of iodine in water and the final number of millimoles of
iodine in water.

I

1

mmol
x 50.UO cm3
mmol
No. of mmol of I2 finally in HzO
mmol cm-3 x 50.00 cm3
= 5.30 x
= 0.0265 mmol
No. of mmol of Iz in CC14 at equilibrium = 0.985 - 0.0265 mmol
= 0.959 mmol
No. of mmol of I2 initially in H 2 0

=

1.97 x

= 0.985

Since this is in a volume of 20.00 cm3 of tetrachloromethane:
I

[Iz] in CCl4 = 0.959 mrnol = 4.80 x
20.00cm3

I

,

mmol cm-3 = 4.80 x 1o - ~mol dm-3

Substituting the two equilibrium concentrations of iodine into the partition
coefficient expression, i.e. Eq. 12.2, we get
KD=

4.80 x lo-* mol dm-j
=90.6
5.30x10-~m o ~ d m - ~

1 mol dm" = 1 mmol cm"
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Do not worry too much if you find the previous calculation puzzling. It has
been included here to show the theoretical principles and mathematical
background behind a practical subject.
The examples we have just studied relate to static systems, where a
component, on the basis of solubility consideration, partitions itself between
two immiscible solvents. But in partition chromatography, one of the
immiscible solvents is mobile.
Let us now study paper chromatography which is an example of partition
chromatography.

In paper chromatography, the stationary phase is water held on paper in
cellulse fibres and the mobile phase is some solvent which runs up or down the
paper and the solutes are partitioned between it and the water. The solutes
separate out according to their
coefficients; the one which favours the
mobile phase being carried along the paper more quickly, for example,
pigments in chlorophyll.
The basic principles of chromatography can be easily demonstrated using the
simplest of apparatus and chemicals. You can try the following experiment in
your own laboratory. The exercise will take up very little time.
I

12.6.1 The Experimental arrangement for Paper Chromatography
Method
(1)

Make a pinhole at the centre of a Whatman No. 1 filter paper of 12.5 cm
diameter.

(2)

Thread a string through the hole and cut to 0.5 cm length on one side and
5 cm on the other.

(3)

Place a drop of BDH universal indicator in the centre of the filter paper
and allow it to dry out and turn brown in air.

12.6.2 Running a Paper Chromatogram
(1)

Fill a petri dish of 10 cm diameter (or shallow crystaliising dish) with the
solvent nabout one-third 111. (Ethyl ethanoate is a suitable solvent). -

(2)

Place the filter paper over the petri dish so that the longer end of the
string dips into the solvent.

(3)

Place another similar dish on top to make a closed system, see Fig. 12.3.

(4)

Allow ethyl ethanoate (the solvent) to ascend the string and spread over
the filter paper, thus developing a chromatogram of the constituents of
the indicator.

Chromatography - I
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Petri Dish
Filter Paper

Solvent

Fig. 12.3: Paper Chromatography.

12.6.3 Identification of Compounds
After a suitable time, say about one hour you will see bands of different dyes
present in the universal indicator - a purple colour ahead, a yellow colour about
half-way, and a red-brown dye remaining close to the centre, see Fig. 12.4
below.

Fig.12.4 : Chromatogram run using
ethyl ethanoate.

Fig. 12.5: Chromatogram run using ethanol.

If you have used methanol as the solvent, you will see an outer yellow band,
with an inner red band and no residue at the centre, see Fig. 12.5.

12.6.4 Mechanism of Separatio~i
To understand how the above separations took place, we need to look more
closely at the structure of the filter paper. We know that filter paper consists of
numerous cellulose fibres which attract a certain amount of water from the
atmosphere. Each fibre can be considered to be made up of a number of cells
and each cell consists of a fibrous part with its associated water. The
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separation is achieved by partitioning the components of a mixture between the
moisture in the cells and the moving solvent flowing over these cells.
(Remember the static model which you have read earlier.) It is the relative
solubility of each component in the stationary phase (water) and the mobile
phase (solvent) which decides the rate at which the component is transferred to
the moving phase. Those components which are more soluble in the mobile
phase move further; and those components which are more soluble in water
will tend to remain longer in the water adhering to the fibres.
+

ACTIVITY 2
To demonstrate the water content of a filter paper, weigh a filter
paper circle on an analytical or top-loading balance (accurate to +
0.01 g). Dry the circle in an air oven set at 105 O C for one hour.
Then cool it in a desiccator and reweigh it. You can then calculate
the percentage of absorbed water.

A pictorial representation of the partitioning process is given in Fig. 12.6.
......." ... ......... ...................

Moving solvent

-."."-.T-.----..-..-.--.-..--.-.-....--.~..

......
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(a) Start of separation
........,...................

0
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6

Origin

x O x /
0

................................

0,

0

1

'2

3

(b) After one partition
............

(d) After a second partition
(c) Solvent moves to the
next cell canying dissolved solutes

(e) Cell number from the origin
Fig. 12.6 : A Diagrammatic Representation of the Partitioning Process in Paper
Chromatography.

I

Two components A and B are to be separated. Let the component A
(represented by the circles) is twice as soluble in the stationary phase, i.e. its
partition coefficient according to Eq. 12.1 is 0.5. Similarly, let the component
B (represented by the crosses) is twice as soluble in the mobile phase; then its
partition coefficient according to Eq. 12.1 is 2. Fig. 12.6 (a) represents the start
of the process, where equal amounts of A and B (equal numbers of crosses and
circles) are dissolved in the water cell. In Fig. 12.6(b), an equal volume of
moving solvent is in contact with the first hypothetical water cell, and
partitioning (i.e. dividing of the components between the two liquids according
to their solubilities) will take place so that twice the number of molecules of B
will be found in the mobile phase. Remember that R is twice as soluble in the
moying solvent. Pictorially, then, there are twice as many crosses as circles.
The situation is reversed in the static water cell where twice as many molecules
of A are to be found.
Chromatography is a dynamic partition process so that a mobile solvent moves
onto a situation represented by Fig. 12.6 (c). A second partition will take place
to give situation represented by Fig. 12.6 (d), where two adjustments will take
place one at the origin and one at cell 1. At the origin, components A and B
will again partition into the mobile solvent in the ratio of 2: 1 in favour of B.
Thus, there are now two crosses in the moving phase and only one in the water
cell. A second readjustments will also occur between the mobile and stationary
phases in cell 1. In this case, however, as A is more soluble in the water, there
will be twice as many molecules of A in this phase (two circles as opposed to
one in the mobile phase).

-

By an extension of this process, it is possible to see why B is carried along in
the mobile phase to a greater extent than A. Fig. 12.6 (e) represents the
distribution of A and B along the paper after ten such partitions, showing that
the two components are beginning to separate. In practice, this process is
repeated countless times, eventually giving a sharp separation of the two
components.
SAQ 3
In paper chromatography, the rate at which the components move in the rnobile
phase is decided by which of the following factors? Tick the correct answer.
The number of components in the mixture that is spotted on the paper.
The relative solubilities of the components in the mobile and the
stationary phases.
(iii) The time for which the chromatogram is allowed to run.
(i)
(ii)

12.7 APPLICATIONS OF CHROMATOGRAPHY
Chromatography is used to separate the constituents (usually organic but not
entirely exclusive) of a mixture. The green colouring matter of leaves may be
separated into their constituents, namely chlorophyll and xanthophyl (the
yellow pigment). Chromatography is also used to isolate, purify or identify the
components of complex mixtures in the laboratory both for analytical and
preparative purposes. Chromatography is used in labs right from the simple
techniques such as paper chromatography to the sophisticated ones such as
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HPLC and Gas chromatography which find applications in research labs and
industries.

12.8 SUMMARY
In this unit, you have studied
the need and origin of chromatography.

*
9

*
-

the meaning of the terms chromatography, stationary phase and mobile
phase.
in simple pictorial terms, the mechanism of partition chromatography.
the use of paper chromatography in separating the components af a
mixture.
- -

- --

-

12.9 TERMINAL QUESTIONS
1. Explain the terms the mobile phase and the stationary phase.
2. Why is the value of KDtemperature dependent?

3, What main factor decides the rate of transfer of a component to the moving
phase in paper chromatography?

12.50 ANSWERS
Self Agsessment Questions

I , You should have answered (iv) as this is the chief mechanism of separation
a column. It usually happens that there is a structural similarity between
components separated in this way though this is not an essential
characteristic.

QQ

2. (i) (a) liquid
(b) liquid
(ii) (a) liquid
(b) solid
(iii) (a)liquid
@)liquid
(iv) (a) liquid
(b) solid
3. (ii) is the correct answer. Paper chromatography separations are mainly
decided by the differential solubilities of the components between the two
liquid phases.

Terminal Questions
1. The terms mobile phase and stationary phase as used in the chromatography
are as follows:
(i) Mobile phase - Liquid or gas that is used to elute the components of a
mixture.
(ii) Stationary phase - The solid or the liquid component that is used to
hold the mixture components as the eluent moves with each of the
separated components.

2. This is so because solubility of the solute is temperature dependent.

3. The main factor is the relative solubility of each component in the stationary
phase (water) and the mobile phase (solvent), which decided the rate of
transfer of a component to the moving phase in paper chromatogratphy.

Chromatography - I

83

UNIT 13 CHROMATOGRAPHY - I1
Structure
introduction

13.1

Objectives

13.2

Adsorption Chromatography

Solute - Adsorbent Interaction
Adsorption Systems

13.3

Thin Layer Chromatography (TLC)
Experimental Arrangement for TLC
TLC Kits and their Use

13.4

Running A TLC Chromatogram (Ascending Technique)
Method
Retardation Factors

13.5
13.6
13.7
13.8
13.9

Identification of Components
The Need for Controlled Conditions in Separations
The Value of Chromatographic Identifications
Reasons for Unsatisfactory Results in Chromatography
Column Chromatography
The Experimental Arrangement for Column Chromatography
Running a Column
Separation of Components
Applicat~onsof Column Chromatography

13.10 Summary
13.11 Answers

-

13.1 INTRODUCTION

-

This Unit is a continuation of Unit 12.

In Unit 12, we discussed how to separate and identify the components of the
universal indicator BIIH. However, it is not possible to isolate various
constituents using the filter paper in all cases. In this unit, we are going to
discuss yet another technique of chromatography which can be used for
mixtures other than those which are coloured provided that the separated
substances are capable of being identified in some convenient way. For
example, examination of components under ultra - violet light which may
cause fluorescence, and so indicate the position of the substances. Here, we
will first discuss the Thin Layer Chromatography. Then, the need for
controlled conditions in chromatographic separations would be highlighted
followed by the reasons for unsatisfactory results in these techniques. Finally,
there will be a brief discussion on column chromatography.
Objectives

After studying this unit, you should be able to
draw and label the diagram of typical experimental arrangement for thin
layer chromatography and column chromatography,
use chromatographic techniques to separate and identify the components in a
given sample mixture (with 2 or 3 components),
list the factors influencing Rr value of a component e.g, chemical
constitution, nature and activity of stationary phase or mobile phase,

a
a
a

state the need for careful control of conditions for reproducible
chromatographic separations,
recognise that chromatography "identifications" are NOT conclusive, and
state common causes of unsatisfactory results in chromatography.

13.2 ADSORPTION CHROMATOGRAPHY
The partition process previously described in Unit 12 is the main separatory
mechanism in paper chromatography. In this unit, some of the theoretical and
practical aspects of thin-layer and chromatography and will be discussed. The
main mechanism operative in achieving a separation of components in this
case is adsorption which is a surface phenomenon. On the other hand,
partition is referred to as a bulk phenomenon as the solutes are dissolved in the
liquid interior. In adsorption, the component particles are held electrostatically
at the interface of the solid - liquid phases. The forces holding atoms or
molecules onto the surface of the solid phase may be physical or chemical in
nature. The physical forces may be weak forces such as:
(1) van der Waal's forces.
(2) Dipole interactions between polar surfaces and polar molecules, or
(3) Hydrogen bonding

,a
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The nature of these forces will be exp!ained later on. Weak interactions
between solute and surface occur which are rapidly reversed when the mobile
phase makes contact, the component being desorbed by an extent which
depends on solvent polarity.
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Adsorption can also involve chemical bonding between solute and surface in
which case it is knawn as chemisorptian. These are much stronger forces that
make it difficult to remove a solute from the surface. Ion exchange columns
involve such forces. The separation of components in a mixture by the
adsorption process depends on the varying affinities that the components have
for the solid adsorbent. The component which has a high affinity for the
adsorbent will move slowly while the component having less affinity for the
adsorbent will move more rapidly.

;ltt

Let us now study these solute - adsorbent interactions in detail.
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Solute Adsorbent Interactions

To understand the nature of these forces in a little more detail and how they
can lead to chromatographic separations, we need to consider the concept of
polarity in molecules. When two different atoms are joined by a covalent
bond, the attraction of the atoms for the bonding electrons will not be the same.
The capacity that each atom has for attracting bonding electrons is known as its
I
eleetrooegativity and varies from element to element.

g
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The American chemist, Linus Pauling, has assigned electronegativity values to
elements; for example, carbon 2.5, hydrogen-2.1, oxygen 3.5 and chlorine 3.0.
The larger the difference between the values of electronegativities of two
atoms found in a covalent bond, the more polar the bond is.
Let us now, compare the structures of two structurally related compounds:

-
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H

H

I

I

H

I

H-C-C-H

I

H

H

H-C-C-0-H

I

I

H

H

Ethane

6-

6+

I

H

Ethanol

Firstly, at a quick glance, they look very similar - mainly a collection of carbon
and hydrogen covalent bonds (represented by C - H). However, in the
structure of ethanol in the right one hydrogen atom is replaced by a group of
two atoms called a hydroxyl group, written as 0 - H.
Secondly, the affinity of oxygen for the bonding electrons is much greater than
its partner, hydrogen. This fact is indicated by the use of the Greek letter
(delta) and a plus or minus sign, depending on whether the atom possesses
slightly more or slightly less of the bonding electrons than a corresponding
bond where the atoms are identical. This type of bond is called apolar
covalent bond.
A molecule can contain polar covalent bonds, yet as a whole it can be nonpolar. The shape of the molecule is also important because is some cases the
effects of two or more polar bonds can be cancelled out.
Here are three examples shown in Fig. 13.1.

(a) Tetrachloromethane (CCI,)

(b) Trichloromethane (CHCI,)

(c) Water (H20)

Fig. 13.1: Polar and Non-Polar hlolecules.

Tetrachloromethane molecule shown in Fig. 13.1(a) is a symmetrical and a
non-polar molecule.
But, both the molecules shown in Fig. 13.1 (b) and (c) are polar.
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Thus, ethane is an example of a non-polar molecule because of its symmetry as
well as non-polar nature of C-H bonds while ethanol is an example of a polar
molecule.
There are many other functional groups like the hydroxyl group, which give
the molecule its chemical character. Adjacent polar molecules can interact
electrostatically and this phenomenon provides an additional attractive force
which is not found in molecules such as ethane (a member of the hydrocarbon
family). The attraction between polar molecules also gives rise to a higher
boiling - point than for a non - polar substance of similar mass. The weaker
the intermolecular forces, the lower the boiling point of a covalent substance.
This situation is illustrated for ethanol in Fig. 13.2.

CH3

CH3

CH,

CH3

CH2

CH2

CH2

CH2

As-

As-

2-

6",+

I

I

I

I

",+

",+

",+

Fig. 13.2: Hydrogen Bonding between Ethanol Molecules.

The intermolecular forces in this case are known as hydrogen bonds
(represented in Fig. 13.2 by dotted lines) and are found where a hydrogen atom
is bonded to a highly electronegative atom such as oxygen or nitrogen or a
halogen atom.
There are nevertheless very weak intermolecular forces called van der Waal's
forces in structures such as ethane. These interactions arise as result of
electrons oscillating within the molecules and increase in magnitude as the size
of the molecule increases although shape of the molecule is also important.
The van der Waal's interactions are not permanent interactions between
specific parts of the molecule, as in the case of hydrogen bonding, but
continually appear and disappear as a result of the electron movements always
taking place within the molecules.
A third type of weak physical attraction between molecules is exhibited by
structures such as ketones, of which propanone (acetone) is an example. The
intermolecular forces in this case are permanent dipole forces. These are
stronger than van der Waal's forces, but weaker than hydrogen bonds.
Actually, hydrogen bonding is only an extreme form of this type of attraction.
r
i

Mob ing up the scale in terms of solute - adsorbent interaction strength, we
come to Lewis acid - base attraction called coordination which is exhibited by
certain basic organic compounds called amines. Amines are related
structurally to ammonia ( a weak base) and the commonest type can be
represented by the general formula R-NH2. They vary in base strength and a
strongly basic amine would interact more strongly with an acidic adsorbent
than a weakly basic one would. Finally, we come to salt formation as an
adsorption phenomenon, which can occur with certain organic acids
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represented by the formula R - COOH. The strongest attractions arise in this
case as the interactions involve ions.
Some examples of possible interactions of organic compound with alumina
are given in Fig. 13.3.

6-

6+ /

0 - A1

68+
Q - pt.1

Adsorbent

Solute
Co-ordination interaction
( Lewis bases)
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Dipole-dipole interaction
( Polar molecules)
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0- Al

Adsarbent

/
\

\

Solute

6-

0 - A1

/OLH

06-

Hydrogen bonding
( Hydroxylic compounds )

Solute
( Anion)

RCOO -

Adsorbent + Cation
Salt fomration
(Acids)

Fig. 13.3: Adsorptlon Forces of Organic Compounds with Alumina (AI,O,).

I-Iaving surveyed the types of weak physical forces that operate at a molecular
level it is now time to apply these ideas to adsorption systems.

13.2.2 Adsorption Systems
An adsorption system consists of a stationary phase, a mobile phase and the
components to be separated.
The stationaryphase is almost invariably highly polar, typically silica gel or
alumina, which will adsorb molecules strongly. In silica gel, the adsorption
sites are the oxygen atoms and silanol groups ( Si - OH) which readily form
hydrogen bonds with polar molecules. If the sample components are adsorbed
too strongly, they may be difficult to remove (elute) with a suitable solvent.
Conversely, if the solutes lack polarity, e.g. hydrocarbons, and the solvent is
sufficiently polar, then elution will occur too rapidly with little or no
separation.
Turning to the mobile phase, it is again important to appreciate the polarity of
the individual molecules. This leads to the construction of an elutropic series

as given in Table 13.1 where solvents are arranged in order of increasing
ell-'ing power. The most polar among the solvents is listed at the bottom.
Table 13.1: Part of an Elutropic Series
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Hexane
Petroleum spirit
Cyclohexane
Tetrachloromethane
Methylbenzene
Benzene
Ethoxyethane (diethyl ether)
Trichloromethane
Dichloromethane
Tetrahydrofuran
Propane
Ethyl ethanoate
Cyanomethane
Pyridine
Propan-2-0 1
Ethanol
Methanol
Water
Organic acids

To use an elutropic series, such as that given in Table 13.1, with a view to
select an appropriate solvent to give good separation of a specific mixture
components, you should consider the following two points.
(1) A solvent which is strongly polar will compete for adsorption sites on the
surface of the stationary phase with the solutes to be separated. These
solutes will therefore be easily displaced and produce shorter retention
times, i.e. the time taken for a solute to emerge from a TLC plate or
column. If the retention tine of various components is reduced, then the
poorer separations result.
(2) Solvents which are poorly adsorbed due to low polarity do not compete
effectively with solute molecules. Hence they do not displace solute
molecules from the surface as rapidly, and so retention times become too
long. Again this will lead to poor separations.
\

In practice, the best separations are achieved by eluting with the least polar
solvent possible.
You can extend the range of possibilities provided by an elutropic series by
using mixed solvents. In an analytical laboratory, where many routine
separations are performed daily, the technique has been refined so that specific
mixtures of solvents in carefully formulated proportions will give the best
separations for a particular range of components. This leads to the compilation
of a series of tailor - made solvent recipes.
At a more mundane level, a simple technique which enables a rapid choice of
solvent to be used for a particular-mixture is illustrated in Fig. 13.4.
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Thin capillary

I

Fig. 13.4: The Choice of a Suitable Solvent for a Mixture.

A series of spots of the mixture are applied at intervals on the TLC plate. Trial
solvents (1,2,3 and 4) are then applied to the centre of each spot by means of a
thin capillary and the spots are allowed to migrate radially. You can see that
Solvent 2 would be the most suitable solvent in this case.
Now work through the following SAQs.
SAQ 1

Which of the following represents the main attractive force in separating a
sturcturally related series of hydrocarbons (low polarity) where adsorption at
the interface of the mobile and stationary phase is the major distribution
mechanism ? (Tick the correct box.)
(i)
(ii)
(iii)
(iv)

Hydrogen bonding
Dipole-dipole interactions
van der Waal's forces
Salt formation

SAQ 2

An Elutropic series is an arrangement of solvents reflecting : (Tick the correct
box.)
(i) Increasing polarity of the solvents;
(ii) Increasing ability to separate all mixtures into their components; or
(iii) Decreasing t i s e to produce a satisfactory separation of components
in a mixture.

Now check your answers with ours at the end of the Unit. Revise if necessary
before continuing.

13.3 THIN LAYER CHROMATOGRAPHY
Although paper chromatography can provide separations of a range of closely
related chemical substances, such as amino acids, thin layer chromatography
(TLC) offers an even more comprehensive techniques in this field. Whereas
paper chromatography is restricted to celluslose fibres and their capacity to
adsorb water as the stationary phase, TLC utilizes a range of solid adsorbents.
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In addition, satisfactory separations can be achieved in a fraction of the time
needed using paper methods. Finally, the solid adsorbent can be easily scraped
ery and further treatment of a particular spot
Bearing in mind these advantages of thin layer techniques, let us study it in
more detail.

13.3.1 The Experimental Arrangement for TLC
As the name suggests, thin layer chromatography involves chromatography on
a thin layer (0.1 - 2 mm thick ) of an adsorbent bound to a plate of thin glass,
plastic or metal foil using a material such as silica gel or alumine. There are a
number of commercially available TLC kits for studying and teaching the
principles involved. You should consult laboratory suppliers catalogues to see
what is available. These kits enable you to coat your own TLC plates by
means of a special applicator and they also include all the necessary chemicals
and apparatus to undertake a variety of illustrative experiments. Some of the
components from one such kit, such as the chromatank, the spreading jig,
atomizer and spotting guide, are illustrated in Fig. 13.5.

Atomizer

I

Spotting guide

Spreading jig
Chromatank
Fig. 13.5 : Commercially Available TLC Items.
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Although it is possible, using a special applicator, to coat the adsorbent to the
backing with commercially available kits, it is more usual to obtain precoated
plates or foils. The adsorbent is usually a finely divided material such as silica
gel or alumina.
Samples for analysis are applied carehlly by means of a thin glass capillary
tube, so that the individual spots are small. Usually about 1 mm3 is applied. A
ruler or raised perspex template parallel to the edge of the plate is used to make
a base line a few millimetres above the bottom edge, so that the samples can be
added at regular spacings along this line. The edges of this line are marked so
that Rf (Retardation factor) vallies can be calculated (see next section). This
procedure also ensures that all samples start from a common origin, which is
necessary in order to calculate accurate Rf values for a range of sample spots.

The plate is then placed vertically in a closed glass developing tank filled with
about 10 mrn depth of the eluting solvent, see Fig. 13.6.

Line at which the solvent

TLC plate or

front will be stopped

paper strip

Spots
Eluent

Developing chamber
Fig. 13.6: Developing Tank tor Thin Layer Chromatography.

The choice of solvent, which will migrate up the plate by capillary action, is a
matter of previous experimentation. Ideally, a solvent should be chosen with a
polarity such that it will separate many of the component solutes in a mixture.
In practice, it is impossible to find a solvent which will separate all the
components of a multi -component mixture. A technique called two
dimentional chromatography has been introduced to reduce this problem. The
discussion of this technique is beyond the scope of this course.
Now try the following SAQ.
SAQ 3

Compare the advantages and disadvantages of TLC and paper chromatography
in routine laboratory separation of complex mixtures.
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Check your answer against ours at the end of the unit before continuing.

13.4

RUNNING A TLC CHROMATOGRAPH
(ASCENDING TECHNIQUE)

After learning how to choose the solvent system and assemble the apparatus,
let us now study how to proceed for running a TLC chromatogram.
13.4.1 Method
It is usual to add the chosen solvent to the developing tank about an hour
before use, so that the free space in the chamber becomes saturated with
solvent vapour before the plate is placed. A lining of chromatography paper
should also be added to facilitate this saturation. The plate is prepared and
when the spots are dry and the tank is saturated, the plate is ready for
development. This is the name given to the process in which the solvent flows
up the plate to produce a separation. As the solvent moves upwards in this
way, the individual components in a sample mixture will begin to travel
upwards as well, with the least strongly adsorbed component moving the
greatest distance. Eventually if the choice of solvent was correctly decided,
then a series of 'ports' travelling up the plate will be observed, provided the
solutes are coloured. As we had stated earlier, the most polar solute will
remain nearest to the base line.
The chromatogram is run until the various components separate out into
distinct spots. At this point, the position of the leading edge of the solvent known as the solvent~onr,is marked. In practice, only the ends of the solvent
front are marked in. It is necessary to do this because when the plate is
removed from the tank and dried, this line will disappear and its position needs
to be specified as all migrations of the compounds are quoted relative to the
solvent front. A typical TLC chromatogram is shown in Fig. 13.7 in which
substance A has moved farther than B.

I

Base line

R'~) = %

RAB)=

b

I

Solvent front

Fig. 13.7: A Typical Chromatogram Showing Separation of Two Components A and B
and Their Relative Rf Values.
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13.4.2 Retardatioh Factors

A quantitative measure of the movement of each component can be obtained
by specifying its retardation factor (or Rf value) which is defined by the
following relationship.

Rf

=

Distance moved by thecentreof thesolute spot
Distance moved by solvent front

Because of a number of additional factors which operate during the
development process, the initial circular spots become progressively elliptical
in the direction of flow. Thus, due to tailing some uncertainty arises in
establishing the centre of a particular spot. In such cases, it may be necessary
to measure the distance from the most intense part of the spot.

Rfvalues range from 0.00 to 1.00. Small Rfvalues indicate little tendency to
move with the solvent and thus reflect strong solute-adsorbent interactions.
Large Rfvalues conversely indicate a lower polarity of solute and weaker
solute-adsorbent attractions (provided the solvent is less polar than the
adsorbent).
If the components are invisible then it will be necessary to 'locate' the spots.
There are a ,number of ways in which you can do this. Some commercial
plates contain a fluorescing dye so that when the dried plate is held under an
ultraviolet light, the entire layer flouresces except where the spot is located,
which appears as a dark patch. Alternatively, the plate may be sprayed with a
locating agent, a substance which will, by chemical reaction, exhibit a
coloured spot. For example, iodine vapour can also be used in some cases to
render the spots visible, as iodine forms brown complexes with many organic
compounds. In some cases, the plate will have to be heated after spraying to
make the spots visible as is the case with ninhydrin.
Factors Influencing R fValues

TLC separations rely primarily on adsorption differences between solutes and
active sites on the adsorbent. To a lesser extent, separations also rely on the
partitioning mechanism. On the other hand, with paper chromatography the
partitioning process is of greater significance.
A number of attempts have been made to predict Rfvalues without having to
determine them experimentally. Not surprisingly, in view of what we have
discussed previously, the theoretical calculation of Rfin paper chromatography
is based on:
(1) A consideration of the partition coefficient for a particular solute - solvent
system.
(2) The polarity of the functional group on the solute, and
(3) The cross-sectional areas of the mobile and stationary liquids.

However, theory and practice do not always tie up closely and it is usually
necessary to determine Rf values experimentally.

Similar theoretical considerations can be applied to TLC to calculate R f values.
Because of the poor reproducibility of R f values determined in separate
analyses, it is usual to run standards and unknowns on the same plate at
the same time to obtain valid identifications. This eliminates four inherent
variable factors:
(1) The adsorbent,
(2) The solvent,

(3) The sample, and
(4) The development process
all of which contribute to lack of reproducibility.
These four factors illustrate how diMicult it is to control absolutely the TLC
conditions. Thus, different batches of the same adsorbent chemical may cause
up to a 50% difference in Rf values for the same solutes. Other factors which
also affect Rf values are as follows:
(5) The purity and activity of the surface are also important. Impurities in the

,

solvent will seriously affect Rf values.
(6) With solutes, chemical properties as well as their sample size and
concentration is critical.
(7) Finally, factors such as the degree of salination of the atmosphere and
temperature in the developing chamber can also influence Rf.

Once these variables can be eliminated, it is possible to make meaningful use
of Rf values in TLC.
It is interesting to look closely at R f values obtained from TLC analysis of
some amino acids on silica gel, using a butanol-ethanoic acid-water mixture as
developing agent. Having removed all the variables mentioned in the last para,
if the analysis is carried olQ+
for all these structurally related compounds on the
same plate, then R f values Listed below should reflect only the differences due
to structure of the solute.

COOH
COOH
I

CH2

CH2

CH2

I

I

l

T

.

I

L

NH2- CH- COOH
Aspartic acid

I

H2N- CH- COOH
Glutamic acid

CH,

CH,

\ /
CH

I

CH2

I

H2N- CH - COOH
Leucine

Without going too deeply into correlations between R f values and structure, the
following general prin~iplesapply:
(1) .in increase in the number of polar groups, such as - NH2 and - COOH,

reduces the Rf value as solute - adsorbent interactions increase.
(2) The hydrocarbon part of the structure, i.e.
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-CH,-CH,-ad
The old adage of 'like
dissolves like' is relevant
in the above situation.

-CH,-CH

,
CH,
'CH,

the non-polar constituent of the molecule tends to give the solute greater
affinity for the mobile phase. This increases Rf values.
Now work through the following SAQs.
SAQ 4

A mixture containing two solutes has been separated on a TLC plate using the
usual technique. Solute A has an Rjvalue of 0.25 and solute B has an Rj value
of 0.50. Which soiute will be located nearest to the solvent front when the
plate is removed fiom the tank and dried? (Tick the correct box).
Solute
Solute

A
B

SAQ 5
How could you visualise the positions of solute spots in a mixture, which you
know before running the chromatograrn, to be colourless?

Before proceeding further, you can check your answers with those given at the
end of the unit.

13.5 IDENTIFICATION OF COMPONENTS
The range of applications for TLC is enormous. It can be used for the detection
and analysis of mixtures of vitamins, chlorophylls, steroids, dyes, food
additives, pesticides, amino acids, detergents - to mention but a few.
Clinically, it has been utilized to identify sugars in the diagnosis of diabetes,
and for the detection of traces of poisons in forensic science. In chemistry, an
organic chemist performing a synthesis would use the technique to see whether
the compound he or she is attempting to prepare has been obtained, and what
impurities may be present in the product.

96

As an example of the application df TLC to an identification problem, consider
a situation where a mixture is known to contain a number of dyes. To aid
identification, pure samples of each dye are available. If the mixture of dyes as
a saturated solution in a particular solvent is spotted and alongside samples of the pure dyes are spotted, then comparison of Rf values will reveal the nature

of the dyes in the mixture. In practice, a small TLC plate is spotted with only
three solutions - two spots of a given standard dye reference and one spot of
the unknown mixture.
This situation is shown in Fig. 13.8. Here, a comparison of distances moved by
the unknown sample and the standard is made.

Spot containing
known volume
of mixture

Base line

~tanhards

(a) Plate before development

(b) plate after development

Fig. 13.8: Comparison of the Movement of a0 Unknown with a Standard.

As can be seen from Fig. 13.8 that the mixture contained six components, one
of which can be identified as it has the same Rfvalue as one of the dye
standards spotted on either side. The remaining five dyes would be similarly
identified by preparing additional plates containing the spot of the dye mixture
flanked by twc spots prepared from other dye standards. Alternatively, by
using a much larger 0.2 m square TLC plate, it is possible to cany out the
analysis by applying a much larger number of spots, thus speeding up the
process.

A PRACTICAL APPLICATION ,OF TLC
When you attend your practicals in study centre, you will be able to try your
hand at TLC. Beforehand, you must make sure that you are familiar with the
material presented in these two units on chromatography which outline some
of the theoretical considerations, technical terms and practical advice on how
to obtain a good chromatogram.

13.6 THE NEED FOR CONTROLLED CONDITIONS IN
SEPARATIONS

f
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We have already mentioned the possibility of making up your own TLC plates
using special coating techniques. However, apart from a certain amount of
enjoyable slopping around with slurries and applications, it is unlikely that you
will be able to prepare reproducibly satisfactory TLC plates. Indeed, the
separation properties of commercial plates may v w by as much as fifty
percent fiom one manufwturer to another and even h m a single producer,
properties will vary fiom batch to batch.

Powdered solids w d as &orben@ need to be in a highly purified state with B
very narrow range of p d c i e sizes. They also need to-be coated to 8 unifor~~~
thickness.
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Although TLC provides a simple powerful and rapid means of separating
mixtures in a wide variety of applications, as with any analytical technique, a
high degree of reproducibility is a prerequisite. In addition to the problems
associated with plate preparation as outlined above, other factors need careful
control. Thus solvents also need to be of a high degree of purity and even small
amounts of water can cause changes in.chromatographic behaviour of solutes.
Sample application needs steady hands, and when using an applicator such as a
capillary, the drop is touched onto the surface of the plate, quickly and cleanly
never allowing the tip to come into contact with the plate because the coating
will be damaged. The degree of saturation in the tank is an important variable
in TLC as solvent vapours are adsorbed readily onto the fine particles of the
solid.
As a result of this lack of reproducibility which is implicit in running TLC
plates on different occasions, it is essential to run standards with the unknown
samples at the same time preferably on the same plate in order to obtain valid
identifications by this separative technique. On the standard 0.2m x 0.2m
plate, it is possible to spot a few unknown samples and about ten spots of
standards and knowns. Thus development conditions are const&t, although
probably not reproducible for that particular analysis.
Now try the following SAQ.
SAQ 6

List the experimental variables that are difficult to control when making up
your own TLC plates which lead, thereafter, to poor reproducibility of
separation.

Check your answer %th ours at the end of the unit before continuing.

13.7 THE VALUE OF CHROMATOGRAPHIC
IDENTIFICATIONS
As a result of some of the factors we listed in the last section, you will
appreciate that TLC identifications are unlikely to be conclusive. Other
methods of component identification, such as ultraviolet and visible
spectroscopy, or nuclear magnetic resonance (NMR)are used in conjunction
with TLC. The spot of the component can be removed from the TLC plate by
a variety of techniques, e.g. by scraping it off, and then the adsorbent is
separated from the sample by dissolving the solute in a suitable solvent.
Having isolated the component, it can be identified by alternative analytical
means.

.

13.8 REASONS FOR UNSATISFACTORY RESULTS IN
CHROMATOGRAPHY
In Sec: 13.6, a number of factors were discussed which were liable to influence
Rf values. They can be summarized as follows:

1

(I)
(2)
(3)
(4)
(5)

The thickness of the thin layer on the plate.
The purity of the solvent.
The concentration of the solute in the solution used to spot the plate.
The degree of saturation of the tank.
The temperature at which development is carried out.

Lack of attention to any of these points is likely to lead to unsatisfactory results
in TLC work. Apart from this list, a number of operator effects can be
included. Thus, the TLC plate should never be handled except by its edge so
that fingermarks do not appear on the plate surface after development. Such
'ghost' spots can lead to all sorts of ingenious interpretations. Skill in applying
a sample spot is very much part of the human factor to be considered in
achieving a satisfactory TLC separation.
Incorrect choice of solvent, as we discussed previously, could seriously affect
the chances of success in separating a complex mixture. In particular, the
polarity of the solvent and the chemical nature of tbe solute are important
considerations here. Remember from sub-Sec. 13.2.2 that a solvent which is
too polar or too non-polar could give rise to retention times that were either
unacceptably short or too long. As the adsorbent activity or polarity can vary
considerably from alumina to cellulose, its relationship with the solvent and
the solute mixture must also be carefully assessed with a view to create the
perfect adsorption system for each TLC separation.
Now attempt the following SAQ.
SAQ 7
What, in your estimation, is the value of TLC analysis in a modern laboratory
where more sophisticated instrumental techniques are also available?

I

Check your answer with ours at the end of the unit before continuing.

13.9 COLUMN CHROMATOGRAPHY
As we have already discussed. TLC uses an adsorbent bonded to a plate of
thin glass or plastic. Column chromatography, on the other hand as the name
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suggests, uses a column of an adsorbent packed in a burette like glass tube.
Classical liquid column chromatography is characterised by Gse of relatively
wide diameter glass column, packed with a finely divided stationary phase,
with the mobile phase percolating through the column under gravity. In this
unit, our discussion will be restricted only to liquid -solid chromatography
(LSC).
13.9.1 Experimental Arrangement for Column Chromatography

Fig. 13.9 given below shows an experimental set-up for the column
chromatography.
fl--

Stand

Fig. 13.9 : Bet-up for Column Chromatography.

Column chromatography technique is used to separate components of a
mixture by the adsorption process which was discussed in Sec. 13.2 onAdsorption Chromatography.

13.9.2 Column Packing

Basically, these are two methods of packing a column: Dry Packing and
Slurry Packing. In both the methods, initially, a glass wool or cotton wad is
placed at the bottom of the column and the coli~mnis filled up to three-fourth
of its length with the solvent. A small amount of solvent is drained to remove
the air bubbles, Then a thin layer of sand is put on the glass wool (or cotton)
with the help of a funnel.
After this, in case of dry packing, the adsorbent material (Silica gel or alumina)
is added and at the top of it, a thin layer of sand is placed. But in case of slurry
packing, the adsorbent material is placed in the solvent to make column.
Similar to the dry packing, thin layer of sand is added on top of the adsorbent
material. The fine sand packed on top of the adsorbent material protects the
packing arrangement of the adsorbent material from disturbance. If this is aot
done and the adsorbent material gets disturbed. then uneven packing
arrangement would result into "tailing" of mixture components and hence the
separation of the components would become difficult.
13.9.3 Running a Column

A column is packed as shown in Fig. 13.9. A liquid mixture under separation
is gently run into the column. The fine sand serves to protect the packed
adsorbent from disturbance. When the mixture under separation goes through
sand, it makes contact with adsorbent material where it is adsorbed.
Components of the mixture are adsorbed at different rates. As the eluent is run
into the column, the components are washed down the column at different rates
due to their difference in adsorption rates; hence the different layers of the
components appear in the column.
The running of the eluent should be done in such a way as to maintain distinct
layers of the components until they are collected in the receiving beaker one
after another. Care should be taken to ensure that air bubbles are not
introduced in the column. This is done by making sure that the level of eluent
is kept well above the fine sand level.
13.9.4 Separation of Components

The role of the solvent in liquid solid chromatography is very important since
the mobile phase (solvent) molecules compete with solute molecules for polar
adsorption sites. The stronger the interaction between the mobile phase and
the stationary phase, the weaker will be solute adsorption and vice -versa.
Solvent purity is very important in liquid solid chromatography since water
and other polar impurities may very significantly affect column performance.
The presence of UV - active impurities is undesirable when using U.V.compinl type detectors. In general, the compounds best separated by liquid
solid chromatography are those which are soluble in organic solvents and are
non-ionic.
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13.9.5 Applications of Column Chromatography
Column chromatography is used to separate and isolate plant pigments.
Pigments in h i t s such as carotene, lycopene in tomatoes, and enantiomers
using a more highly developed form of column chromatography known as high
performance liquid chromatography (HPLC) can also be separated.

List the factors to be considered while packing a column .

13.10

SUMMARY

In this unit, we discussed
a

a

diagrams of typical experimental arrangements for TLC and column
chromatography.
use of c h r o r n a t ~ techniques
c
to separate and identify the components
in a given simple mixture having 2 or 3 components.
the factors influencing the Rr value of a component, e.g. chemical
constitution, nature and activity of a stationary phase, nature of mobile phase
etc.
the need for careful control of conditions and materials if chromatographic
separatick are to be reproducible.
that chromatographic identifications are not conclusive.
the common causes of unsatisfactory results in chromatography.

13.11

TERMINAL QUESTIONS

1. Arrange the hllowing attractive forces in order of increasing interactive
strength between the components and the stationary phase in TLC :
(i) Dipole-dipole
(ii) Co-ordination interaction.
(iii) Hydrogen bonding
(iv) Salt formation

2. Which of the following are polar solvents? (Tick the correc'. box.)
(i) Water
(ii) Hexane
(iii) Trichloromethane
(iv) Tetrachloromethane
0

3. In order to be able to identifj one of the components of a sample mixture
run on a TLC plate, what additional help would you need?
4. The following R,values are reported in a biochemical journal for the paper

'chromatography separation of a group of structurally-related compounds
called amines using butanolethanoic acid-water as the mobile solvent.
Amine
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

RfValue
CH3-NH2
CH3- CH2- NH2
CH3- CH2- CH2- NH2
CH3- CH2- CH2- CH2- NH2
NH2 - CH2- CH2- NH2
NH2 - CH2- CH2- CH2- NH2
HO - CH2- CH2- NH2

0.37
0.45
0.58
0.77
0.14
0.15
0.33

What tentative conclusions could you draw about the effect of the structure
characteristics of amines on their Rr values?
5. To obtain good reproducible results for the separation of amino-acids on
TLC plate, an operator must observe some of the precautions in handling
the plate. Can you list these?

13.12

ANSWERS

Self Assessment Questions
1. You should have answered (iii). Hydrocarbons are non polar in nature and
the only forces of attraction between their molecules are van der Waal's
forces.
2. (i), the eluting power-of a solvent is approximately proportional to its
polarity or dielectric constant. An elutropic series is constructed on this
basis. Factors (ii) and (iii)both depend on the actual nature of the
components in terms of their polarity; and so the total adsorbent - solute solvent has to be considered and not just the solvent.

p

I

3. By being able to provide a range of solid adsorbents in the TLC technique
(as opposed to only cellulose fibres in paper chromatography), a greater
number of separations can be attempted. -tion
times are greatly
Muted, and finally recovery of separated components is easier. In paper
chromatography, the zones can be cut out with scissors, but separation
from the paper can be tedious.
4. Solute B. The larger the Rf, the M e r the solute has travelled from the
origin; and it is therefore located nearer to the solvent h n t when it is
marked in.

5. Yoil can buy plates commercially which incorporate a fluorescing dye for
such colourless solutes. Alternatively, spraying the plate with a number of
chemicals such as ninhydrin or exposing it to iodine vapour will often
reveal the position of colourless solutes.

Chromatography -

6. The degree of purity of the adsorbent and difficulties in obtaining a
uniform particle size both significantly affect reproducibility. The
thickness of the thin layer also tends to vary from coating to coating.
7. It provides a fairly quick and relatively cheap means of analysing complex
mixtures, and in expert hands enables tentative identifications of
components to be made. The individual spots can be removed from the
plate, if desired, and more elahorate tests can then be performed to
establish the nature of the components. Thus, TLC enjoys an important
place in purification and identification of substances when supported by
other analytical data.

8. (i)
(ii)
(iii)
(iv)

Nature of solvent (whether ionic or non-ionic)
Size of packing particles
Removal of air bubbles
Protection of packing particles by use of fine and to ensure even
pakcing.

Terminal Questions
1. (i) (iii) (ii) (iv). If you are uncertain about the origin of these forces and
how stmng they ate, then refer to Fig. 13.3 where these forces are
illustrated.

2. Only water and trichloremethane are polar. As you will recall from sub

-

Sec. 13.2.1, tetrachloromethane is NOT polar due to its overall symmetry.

Haxane is, on the other hand, non-polar, as the individual bonds are nonpolar.

3. For positive identifications of solute run on a chromatogram, it is necessary
to have samples of the pure components available so that these may be run
at the same time and Rr values are compared. However, this technique is
only valid if Rr values for the component solutes are well differentiated and
it is known beforehand what is likely to be present. Thus, if it is known, for
instance, that a mixture contains a number of solutes selected from a range
of eight amino acids (each one having a well defined Rfvalue), then the
above procedure may well be satisfactory. More frequently, TLC
identifications are not conclusive and need further clarification using
alternative analytical techniques. For instance, you can never be sure
whether a spot is due to one solute or twd or more having the same Rf
values.

4. With structures (i) - (iv), as the length of the carbon chain increases, Rf
values also inmase. This is because the less polar hydrocarbon fragment,
which is more soluble in the mobile phase, increasingly outweighs the polar
end, NH2. Structures (v) - (vii), which contain an additional polar group,
show a marked decrease in Rfvalue, relative to structure of the same chain
length, containing only one polar group. In Unit 12 and Sec. 13.2 of this
unit, we r e f d to bond polarity and electronegativity values. Using these
arguments, it is possible to reason that the presence of - NH2 and - OH
groups confer a degree of polarity in the molecule, which4s not found in
hydrocarbon structures.

-

5. The hands must be thoroughly washed before the plate is touched, as amino
acids are present in perspiration. The plate should be handled by its edges
only at all times, since finger marks show up as confusing coloured spots
after treatment with the locating agent. The use of disposable gloves in this
particular case would also be advisable.

-

EXPERIMENT 1
SERVICING BUNSEN BURNERS
Structure
1.1

Introduction
Objectives

1.2
1.3

Requirements
Procedure
Dismantling
Cleaning
Reassembly

1.4

Summary

1.1

INTRODUCTION

You are aware that the Bunsen burner is the most common means of heating in
a lab. It is also one of the most neglected pieces of equipment because it is
generally reliable without frequent maintenance. However, due to continuous
use at times it may fail. Therefore, as with any other laboratory equipment, the
Bwnsen burners should be checked and serviced periodically. In Unit 1 of
B l o 4 1, you have already studied servicing of Bunsen burners. In this
experiment, you will be required to actually service a faulty Bunsen burner.

Objectives
After performing this experiment, you should be able to:

0

1.2
1.
2.
3.

4.
5.

1.3

dismantle a Bunseq burner,
clean different parts of a Bunsen burner, and
reassemble and test a Bunsen burner.

REQUIREMENTS
Bunsen burner
Stove pin or a piece of wire
Emery cloth or sand paper
Acetone
Dilute hydrochloric acid

1 No.
1 No.

PROCEDURE

You have studied different parts of a Bunsen burner in Unit 1. Servicing of a
Bunsen burner involves three steps, which are dismantling, cleaning and
reassembly.
1.3.1 Dismantling

To dismantle a Bunsen burner:

1.

Remove the rubber gas supply tube - cut it off if it is badly perished.

2.

Unscrew the gas inlet pipe from the burner base.

Basic Experiments
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Vice is a metal tool, used
in woodwork, etc. with a
pair of~iawsthat hold a
ihing securely while
work is done on it.

3.

Unscrew the air entrainment tube from the threaded collar in the burner
base. This is often "seized on", but resist the temptation to use a vice to
clamp the tube, as this will distort the tube and impair the functioning of
the burner.

4.

Once the air entrainment tube has been removed, slide the air regulating
sleeve off the tube. If this is stiff or seized, avoid the use of pliers or
vices.

5.

Unscrew the jet from the threaded collar in the burner base.

Air regulating sleeve
Jet

1
q
--.

Inlet tube

Gas supply pipe

--------.------------

Base

Fig.l.1: The Bunsen burner.

1.3.2
(1)

Cleaning

The Jet
a) Clear any blockage in the jet using a stove pin or a piece of
wire.
b)

Clean off any encrusted deposits using a fine grade sand paper or
emery cloth.

c)

Wash the jet in water or use a little dilute hydrochloric acid for
heavy stains or persistent coatings. Sealants may be removed with
propanone (acetone).

d) Blow the jet dry with compressed air or a dryer.

(2)

The Gas Inlet Tube
Clean the gas inlet tube in the same way as the jet and wipe the base
clean with a dry lint-free cloth. Ensure that any perished rubber on the
serrated tube grip is removed. Ifthe rubber supply tube is in any way
cracked or perished, replace it. Consider wiring it on so that it is not
easily removed.

(3)

The Air Entrainment Tube

a) Remove any deposits from the tube and regulating sleeve using a
fine grade of emery cloth, and then wash the tube and sleeve with
water.
b) Thoroughly wipe and blow dry the tube and the sleeve.
C) Before fitting the sleeve to the tube, apply a small amount of light oil
or petroleum jelly to the inside of the sleeve to ensure that it moves
freely on the tube. Wipe off any surplus oil or grease.
1.3.3 Reassembly

Reassembly of the burner is the reverse of the dismantling procedure.
However, you should note the following:
(1)

It should not be necessary to use grease or sealants when refitting the jet,
the gas inlet tube, or the air entrainment tube.

(2) Retighten the air entrainment tube to a reasonable hand tightness only.
(3)

1.4

Test the burner before returning it to storage by igniting the gas with the
air regulating sleeve half-closed. Check that the sleeve is moveable and
that the flame can be adjusted.

SUMMARY

In this experiment, you have performed the following:
dismantled a Bunsen burner,
cleaned different parts of a Bunsen burner,
reassembled different parts of a Runsen burner, and
tested a serviced Bunsen burner.

Experiment I

EXPERIMENT 2
TO BORE A HOLE IN A CORK
Structure
2.1

Introduction
Objectives

2.2
2.3
2.4

Requirements
Procedure
Summary

2.1

INTRODUCTION

Whi.le working in a Chemistry laboratory, you will be often required to insert a
glass tube, or rod or a glass thermometer into a cork. For doing this, you will
have to first bore a hole in the cork. Objective of this experiment is to make
you learn how to bore a hole in a cork and how to insert a glass tube or a glass
rod or a glass thermometer into it.

Objectives
After performing this experiment, you should be able to:
bore a smooth hole of desired size in a cork,
insert a glass tube or a glass rod or a thermometer into a cork, and
remove the glass tube or rod or a thermometer from a cork.

REQUIREMENTS

2.2
1.
2.
3.
4.

Cork
1 No.
Set of cork borers
1 No.
Glass tube
Glycerol or soap solution

2.3

PROCEDURE

1. Take a cork of proper size. Soften it by wrapping it and rolling it underfoot.

2. Take a borer of an appropriate size and lubricate it with glycerol or soap
solution.

3. If there is no existing convenient hole, bore a hole in the cork halfway from
one direction, and then line up the borer from the other side and bore a hole.
to meet the first. While boring a hole, hold the cork or bung with the small
side up and the wider base against a firm surface; not the palm of the hand.
Rotate the borer into the smaller end of the cork half way down.

4. Rembve the borer from the cork. Then invert the cork and continue boring
from the @her end until the bore holes meet. Remove the borer and make
sure that the sides of the hole are smooth.

5. Make sure that the cork is right way round.
6 . Insert the lubricated borer again, and then using the next size up, stretch the
cork by inserting the larger borer over the original borer.

7. Remove the original smaller borer and insert the glass tube or rod or
thermometer in its place.

8. Then remove the remaining borer.

I

I

To remove the glass tube or thermometer, simply reverse these procedures, i.e.,
insert a lubricated larger borer over the tube or thermometer. Remove the tube
or'therrnometer first and then remove the borer from the cork. Remember,
however, that it is always better to sacrifice a cork by cutting it than it is to
struggle lo remove stuck glass.

2.4

SUMMARY

In this experiment, you would have performed the following:
bored a smooth hole in a cork or rubber bung,
inserted a glass tube or thermometer in the hole in the cork,
removed the glass tube or thermometer from the cork.

Experiment 2
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EXPERIMENT 3
PREPARATION OF HYDROGEN SULPHIDE
GAS USING A KIPP'S APPARATUS

11*

Structure
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Introduction
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3.2
3.3
3.4
3.5

Principle
Requirements
Procedure
Summary

3.1

INTRODUCTION

In qualitative analysis. hydrogen sulphide gas is uspd as a group reagent for
precipitation of the cations of analytical groups 2 and 4. On passing hydrogen
sulphide gas into their solution, the cations are precipitated as their sulphides.
The laboratory technicians are required to set up the Kipp's apparatus for
generating hydrogen sulphide gas, which is then used by the students for
qualitative analysis. Therefore, the objective of this experiment is to
demonstrate the setting up and working of a Kipp's apparatus for generating
hydrogen sulphide gas.
Objectives
After performing this experiment, you should be able to:
set up a Kipp's apparatus for generating hydrogen sulphide or any other
gas,
explain the working of the Kipp's apparatus, and
take appropriate safety measures while handling hydrogen sulphide gas.

3.2

PRINCIPLE

I'n laboratory, hydrogen sulphide is prepared by the action of dilute sulphuric
acid on iron sulphide in a Kipp's apparatus:
FeS

+

HlS04

+FeS04

+ H2S ?

Figure 3.1 shows the essential features of a Kipp's apparatus. It is made up of
glass or of plastic. Iron sulphide is placed in the middle bulb and the apparatus
is filled up with dilute sulphuric acid, with the tap open, so that the solid is just
covered. The gas is generated and collected in the middle bulb. When the tap is
opened, pressure in the central bulb fa!ls as the gas escapes allowing the acid to
rise up into this bulb from the bottom one. This causes the liquid in the top
reservoir to flow down the central tube. More gas is produced in the central
bulb by the action of the acid on iron sulphide. When the tap is closed, the
build up of pressure caused by the evolution of the gas forces the liquid back
into the lower reservoir and up the central tube to the upper reservoir. Iron
sulphide in the central bulb dries up and no more gas is produced.

,
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Gas

Fig.3.1: Kipp's Apparatus

3.3

REQUIREMENTS

Apparatus
Kipp's apparatus
Fur2ei

3.4

Chemicals
Iron sulphide
Dilute sulphuric acid

PROCEDURE

Take a clean Kipp's apparatus and fix the upper bulb into the central bulb.
Place sufficient amount of iron sulphide into the central bulb and fix the tap
(stopcock) into it. With the help of a funnel, add dilute sulphuric acid into the
upper bulb till the lower bulb is completely filled and the iron sulphide is just
covered with acid. The acid will react with iron sulphide to produce hydrogen
sulphide gas which will fill up the middle bulb. The gas can be delivered by
opening the tap.
Hydrogen can be generated similarly by putting granulated zinc on top of some
glass marbles in the central bulb and filling the apparatus with 50%
commercial hydrochlaric acid, w'lth the tap open, so that the solid is just
covered. As very pure zinc does not react readily with acid. it is necessary to
add a few drops of copper(I1) sulphate solution to the acid.

Carbon dioxide can be made by putting several lumps of calcium carbonate
(marble) on top of glass marbles in the central bulb and filling the lower
reservoir, through the top of the upper one, with 50% commercial hydrochloric
acid, with the tap open. The acid level should just cover the solid in the central
bulb.
*

7

Safety
Hydrogen sulphide is a hazardous gas. It is as toxic as hydrogen cyanide by
inhalation. Hydrogen sulphide, therefore, should be handled in a fumeboard.
If a fumeboard is not available, it may be kept in an open space outside the
laboratory.
Hydrogen Sulphide rapidly desensitizes the sense of smell, so that one may
be misled into believing that the concentration is diminishing. In high
concentrations, it may cause immediate unconsciousness followed by
respiratory paralysis; at lower concentrations it causes irritation of all parts of
the respiratory system and eyes, headache, dizziness and weakness.
In case of inhalation of the gas, the person should be immediately taken out
to fresh air. Provided breathing has not stopped and the person is c.onscious,
there is little else that needs to be done except tormaintain careful observation
on hisfher condition. If breathing has stopped, artificial respiration should be
administered until it resumes naturally or medical attention becomes
available.

3.5

SUMMARY

,Inthis experiment, you would have performed the following:
set up a Kipp's apparatus for generating hydrogen sulphide, hydrogen
and carbon dioxide gas,
taken appropriate safety measures while handling the hydrogen sulphide
gas.

EXPERIMENT 4
CALIBRATION OF VOLUMETRIC
APPARATUS
Structure

4.1

Introduction
Objectives

4.2
43
4.4

,

Principle
Requirements
Procedure
Calibration of a Pipette
Calibration of a Burette
Calibration of a Volumetric Flask

4.5

Observations

!

Calibration o a Pipette
Calibration o a Burette

4.6

Calculations

Calibration of a Pipette
Calibration of a Burette

4.7

Summary

4.1

INTRODUCTION

You havestudied the use of various volume measuring devices such as
measuring.cylinders, burettes, pipettes and volumetric flasks in Unit 2, Block 1
of this course. Measuring cylinders are used for approximatemeasurement of
volume for various purposes and do not require any calibration.
Burettes, pipettes and volumetric flasks are used for accurate quantitatiye
measurements. When using apparatus of standard quality. it is not desifable to
attempt calibration of such apparatus for three reasons. Firstly. the process of
caliltration is time consuming. Secondly, due to possibility of introduction of
errors in calibrating the apparatus, the apparatus thus calibrated by an
inexperienced beginner may be less accurate than the apparatus calibrated by
the manufacturer. Thirdly, the error permitted in a determination may take care
of any inaccuracies in the calibration of the apparatus. However, if the
apparatus being used is not of standard quality. it is advisableto check the
calibration of the apparat& before performing any measurements with such an
apparatus. In this experiment. you will perform the calibration of a pipette, a
burette and a volumetric flask.
Objectives
After performing thjs experiment. you should be able to:
justify the need for calibration of apparatus,
state the steps involved in the calibration of volumetric apparatus,
calibrate burettes,
and volumetric flasks.

1
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4.2

PRINCIPLE

Calibration of a burette and pipette is carried out by measuring the mass of a
known volume of water delivered by the burette or the pipette. By knowing the
temperature and the density of water at that temperature, the true volume
delivered by the burette or the pipette is calculated. This will be the volume
delivered by the burette or the pipette and not the one which is etched on the
apparatus. The volumetric~flasksare calibrated by filling them with a
calibrated pipette.

4.3

REQUIREMENTS

Apparatus
Analytical balance
Beaker
Burette
Conical flask
Cork
Pipette
Thermometer
Volun~etricflask

4.4

1 No.
1 No.
1 No.
4 No.
4 No.
1 No.
1 No.
1 No.

Chemicals
Distilled water

PROCEDURE

4.4.1 Calibration of a Pipette
Take a clean 100 cm3 conical flask.fitted with a cork or stopper. Weigh the
conical flask with cork accurately on an analytical balance to the nearest
milligram and record its mass in your notebook. Pipette out 10/20/25 cm3
(equal to the capacity of the pipette) of distilled water from a beaker into the
conical flask and weigh the flask with its contents. Record the temperature of
the water with a thermometer. Calculate the mass of water delivered from the
difference of the two readings. Repeat the procedure 3-4 times. Take average
mass and divide it by density of water at room temperature to calculate the
actual capacity of pipette. Values of density of water at different temperatures
are given in Table 4.1.
Table 4.1 : Density of water.

4.4.2

Calibration of a Burette

Take a clean 100 cm3 conical flask fitted with a cork. Measure its mass
accurately to the nearest milligram on an analytical balance and record the
mass. Clean the burette thoroughly and grease the stop-cock properly. Fill up
the burette with distilled water and note the room temperature. Ad-just the
water level to the zero mark. Touch the tip of the burette to the wall of a beaker
to remove any adhering drop. Take the initial reading of the water level in the
burette.

I

Run 10 cm3 of distilled water into the conical flask. Touch the tip of the burette
to the wall of the flask. Cork the flask and weigh it accurately on an analytical
balance and record the mass. The difference between this mass and the initial
mass of the flask gives the mass of water delivered. Calculate the volume of
water actually delivered by dividing the mass by density of water.
Repeat the process with 20 cm3, 30 cm3, 40 cm3 and 50 cm3 water, thus
calibrating the burette over its entire length.
4.4.3

Calibration of a Volumetric Flask

Volumetric flasks may also be calibrated in a manner similar to that described
for burettes and pipettes. But their large volume requires the use of an
oversized analytical balance. Therefore, the volumetric flasks are calibrated by
the procedure described below.
Take a clean 250 cm' volumetric flask. Using a calibrated 25 cm3 pipette,
carefully transfer 25 cm' of distilled water 10 times in succession, to the flask.
Tf the level of water in the flask does not correspond with the mark on the neck
of the flask. paste a label with its upper edge on a level with the bottom of the
meniscus of water. This will represent the correct calibration of the flask. You
can similarly calibrate the volumetric flasks of other capacities, if required.
If you want to find the true volume of the water in the flask upto the graduation
mark shown on the flask, you may do so with the help of a calibrated burette
by transferring water exactly up to the graduation mark.

4.5

OBSEK\rATIONS

4.5.1

Calibration of a Pipette

i)

Mass of the empty corked conical flask = FYIg

ii)

Mass of the corked conical flask + distilled water

iii)

Temperature of water . . .. . . . . . . . ... = t°C

iv)

Density of water at t°C

4.5.2

=d

Calibration of a Burette

i)

Temperature of water = t°C

ii)

Density of water at roc= d

iii)

Mass of the empty corked conical flask = w lg

-

W2g
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iv)

Mass of the corked conical flask + 10 cm3 disti1le.d water = r t t 2 g

v)

Mass of the corked conical flask + 20 cm3 distilled water = MI, g

vi)

Mass of the corked topical flask + 30 cm' distilled water = w 4 g

vii) Mass of the corked conical flask + 40 cn13 distilled water = w;g
viii) Mass of the corked conical flask + 50 cn~histilledwater = ns6g

I

e

4.6

CALCULATIONS

4.6.1 Calibration of a Pipette
Mass of water delivered by the pipette = (W? - CYI)g

wcT
= x cm3
d
Hence, the pipette is calibrated to deliver = x cm3

Volume of water delivered by the pipette =

'

4.6.2 Calibration of a Burette
Mass of 10 cm3 water delivered by the burette

= (wz -

Volume of 10 cm3 water delivered by the burette
Error in volume

wl)g

-

MJ2 M', =
= --- xl

= (x

d

cm 3

- 10) cm'

% Error

Similarly calculate the calibrated volume atid error in burette for 20 cm5,
30 cm3, 40 cm3 and 50 cm3 and tabulate the results as given below.
Table 4.2: Calibration of a burette

( S.No.
1
2

3

4.7

Volume of
Water delivered
10 cm'
20 cm3
30 cm3

Volume of water as Error in cm3
found by calibration
XI cm3
( 1 1 - 10)
( x 2 - 20)
x2 cmJ
x2 cm'
(.r3 - 30)

% Error

I OO(x - I O)/.r,
1OO(x2 - 20)/.rz
1 OO(x; - 3 O)/x,

SUMMARY

In this experiment, you would have performed the following:
calibrated a pipette,
calibrated a burette,
calibrated a volurnetric flask.

EXPERIMENT 5
PREPARATION OF DISTILLED WATER AND
DEIONISED WATER
Structure
5 .

Introduction

5.2
5.3

Principle
~e~uirements
Procedure

Objectives

5.4

-.

-

Preparation of Distilled Water
Preparation of Deionised Water

5.5

Summary

5.1

INTRODUCTION

You require large quantities of pure water for various purposes such as
preparation of solutions for analysis and also as a reaction medium in a
laboratory. You have studied in Unit 6 of this course that the tap water is an
impure form of water due to the presence of dissolved solids or gases in it, and
thus it is unsuitable for experiments. Pure water can be obtained either by
distillation or by demineralisation or deionisation of tap water, as discussed in
Unit 6.
In this experiment, you will study the working of a distillation still and a
deioniser which are used [or preparing distilled water and deionised water,
respectively.
Objectives
After performing this experiment, you should be abIe to:
prepare distilled water and deionised water,
use a distillation still and a deioniser,
explain the working of a distillation still and a water deioniser unit,
recharge a water deioniser unit, and
use and descale the distillation still.

5.2

PRINCIPLE

Distilled water is essentially condensed steam. Tap water is boiled in a water
still and the steam, which contains only water molecules, is condensed back
into liquid. The dissolved gases present in tap water are boiled out and the
dissolved solids remain in the boiler.
+

Deionised water or demineralised water is obtained by passing tap water
through ion exchange resins. Ion exchange resins are complex organic
polymers which contain replaceable H' and OH- ions attached to them. The
resins having H' ions are known as cation exchange resins and the resins
having OH- ions are known as anion exchange resins, respectively. When both
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H+ and OH- ions are incorporated into a single resin, such resin is tenhed as a
mixed bed resin. As their names indicate, the cation exchange resins and the
anion exchange resins exchange their H+ and OH- ions with the cations (e.g.,
~ a ' ,ca2+,M ~ " , etc.) and the anions (e.g., C1-, HCO; ,SO:-, etc.) present in
tap water:
R-H
2R-H
2R-H

+
+

+

~ a 'd RNa + H+
ca2' d R2Ca + 2H+
M ~ *------+
+
R2Mg + 2H+

R'-OH + C1.- d RrCl + OHR'-OH + HCO; -+RrHC03 + OH-

H' + OH-

H20

Thus, after passing tap water first through a bed of cation exchange resins and
then through a bed of anion exchange resins pure water (free from ionisable
impurities) is obtained. The purity of the deionised water is monitored by a
electrical conductivity meter. As you know, pure water is a very poor
conductor having a conductivity of less than 30 microsiemens per centimetre.
But, water containing ions is a better conductor. Therefore, an increase in the
conductivity of the water coming out of the deioniser indicates that some of the
impurities in the feed water are passing straight through the bed of the resin,
which has become exhausted.
\

The exhausted cation exchange resin can be recharged by passing a 30%
solution of commercial hydrochloric acid through it. The H+ ions replace the
metal cations and the cation exchange resin is charged again:
RNa + H+ 4 RH + ~ a +
R2Ca + 2 ~ ' ----+
2RH + ~ a "
The resin is finally flushed with pure water to remove excess of acid from it.
The exhausted anion exchange resin can be similarly recharged by passing a
8% solution of sodium hydroxide through it. The OH- ions replace the anions
and the resin is recharged:
R'C1 + OH-

*R'OH

I

&So4 + 20H-

+ C1-

2RrOH + SO:-

The resin bed is finally flushed with pure water to remove excess of alkali
from it.
Thus, pure water can be conveniently prepared by distillation or by using a
deioniser. But, ion-exchange resins are expensive, deionisation is an expensive
means of producing pure water.

5.3

REQUIREMENTS
-

1.

Water still

1 No.

-

-
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2.
3.
4.

Deioniser Unit 1 No.
30% Hydrochloric acid
8% Sodium hydroxide

,,5.4

PROCEDURE

5.4.1

Preparation of Distilled Water
Take a water still. Although designs of stills vary, they all have the same
basic features as shown in figure given below.

Cooling w a l e ? cut.

Condenscf
I
-

C o o l ~ ~ rw;llov
y
In

O t , l l ~ llor cli.;l!!led W:~IPI/-1

Cunslanl level device

Boiler

-

Fig.5.I: A water still.

The still is normally plumbed into the cold water supply. If it is not,
connect the still into the cold water tap by means of plastic or rubber
tubing. Wire the tubing on to the tap and the connecting points on the
still so that any increase in water pressure will not blow the tubing off.
When using a still, turn on the cold water supply before heating, and
after use turn off the heating before the water supply. This prevents the
boiler accidently boiling dry. Electrically heated stills usually have a cutout-device incorporated in the element, similar to electric kettles.
When distilled water is being produced, adjust the rate of flow of the
feed water so that the waste water is merely warm to the touch.
If the tap water is hard, you will need to descale your still at intervals, the
frequency depending on the hardness of the water. Do not allow the scale
to accumulate as it reduces the efficiency of the boiler and it can cause
localised "hot spots" on electric heating element which may damage
them. Although the scale, consisting mainly of metal carbonates, is
soluble in mineral acids, but you should not use mineral acids on metal
heating elements or in metal boilers. Instead a solution of citric acid
should be left to stand in the boiler overnight.
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5.4.2

Preparation of Deionised Water

A deioniser unit generally consists of two low density polythene cylinders
which are filled with cation and anion excharge resins. The cylinders are
connected in series by means of flexible tubes and a hard rubber multivalve
block incorporating four rubber diaphragm valves. The cylinders are firmly
mounted on a mild steel tubular PVC coated frame work supported on a mild
steel under frame having wheels for easy movement of the unit from place to
place.
Some deioniser units consist of only a single cylinder filled with a mixed bed
ion-exchange resin which is capable of exchanging both the cations and
anions.
The frontal panel, which is made of mild steel, is fitted with the multi valve
block and a conductivity meter, which is connected to a 2201230 volt single
phase AC line and a conductivity cell. The conductivity cell is fitted in the
treated water outlet line of the anion exchanger. The conductivity meter has a
range of 0-40 microsiemens/cm.
Go through the instructions about operating and recharging the deioniser unit.
The instructions are given in the manufacturer's manual of the unit. Operate
the unit accordingly. See that the conductivity of the deionised water is below
30 microsiemenslcm. If it is more, it indicates that the resins have been
exhausted. Recharge the resins as per the instructions given in the manual.

5.5

SUMMARY

In this experiment, you would have performed the following:
handled and operated a water still,
prepared distilled water,
descaled the water still,
operated a water deioniser unit and prepared deionised water,
recharged the resins of the deioniser unit.

!
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EXPERIMENT 6
CENTRIFUGATION OF A COLLOIDAL
SUSPENSION
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6.1

INTRODUCTION

You have studied in Unit 9 of this course that the components of a suspension
can be easily separated by filtration. But, the components of a colloidal
suspension or emulsion cannot be separated by filtration. However, they can be
separated by the technique of centrifugation, which you have studied in Unit 1
of this course. In this experiment, you will use a laboratory centrifuge to
separate the components of colloidal suspensions.
Objective

After performing this experiment, you should be able to:
use a benchllaboratory centrifuge to separate the components of a
colloidal/fine suspension.

6.2
F

t

PRINCIPLE

If you left a suspension of silver chloride in water to stand, you would find that
it would quickly settle out with a clear division between solid and liquid
phases. However, if you left a suspension of soot in soapy water to stand, it
might be months before you could detect any clear separation. The difference
in behaviour between these two suspensiolis is due to different forces acting on
the particles in these suspensions. The heavy silver chloride particles
experience a stronger gravitational pull than the lighter soot particles. Other
forces, such as diffusion and viscosity, work to impede the motion of particles
in a fluid. In finelcolloidal suspensions, the particles cannot overcome these
forces.
In centrifugation, we utilise centrifugal force to stimulate a greatly increased
gravitational field in a sample by spinning it at very high speed. The equipment
used to do this is called a centrifuge. The performance of a centrifuge is not
only stated as its maximum rotor velocity but also as its relative centrifugal
force (RCF). This is a measure of the strength of pull acting on an object in the
centrifuge. It depends on the speed of rotation and the distance of the sample
from the centre of rotation (radius).

Colloidal solution: The
colloidal solutions or
colloidal suspensions are

true solutions and
suspensions. When the
diameter of the particles
of a substance dispersed
in a solvent ranges from
about 1 0-9metre to 2 x
10"metre, the system is
termed a colloidal
solution, colloidal
dispersion or simply a
colloid.
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RCF is always expressed in terms of the force of the gravitational field, g, at
sea level.
(rev~min)~
x radius (mm) x g
RCF =
89,500
So a centrifuge using a rotor arm of 10 cm radius and turning at 1,200 revlmin
develops an RCF of 164 g (164 times the earth's gravitational field). Thus, due
to this much larger RCF, the suspension separates into its components.

6.3

REQUIREMENTS

Boiling tube
1 No.
Test-tubes
4 No.
Bench centrifuge with tubes
Concentrated hydrochloric acid
Cotton wool
Detergent solution
Dilute barium chloride solution
Dilute sulphuric acid
Graphite powder
Toluene

6.4

PROCEDURE

(1)

a)

Fill a test-tube with cold water, and a boiling tube with some
water and a few drops of detergent solution.

b)

Dampen a wisp of cotton wool with a few drops of toluene and
ignite it.

c)

Hold the test-tube containing cold water in the flame to obtain a
coating of fine soot over it.

d)

Wash off some of the soot into the boiling tube containing water
and detergent solution.

e)

Three-quarters fill two centrifuge tubes with the sooty water.

f)

Stand the tube with the remainder of the liquid in a test-tube
rack.

g)

Place the centrifuge tubes in opposing buckets and spin. After
spinning for two to three minutes, compare the centrifuged
samples with the untreated liquid.

(2)

Three more colloidal solutions can be prepared as follows:
a)

A precipitate of barium sulphate produced by adding dilute
sulphuric acid to aqueous barium chloride.

b)

A colloidal suspension of sulphur produced by adding a few
drops of concentrated hydrochloric acid to a solution of sodium
thiosulphate.

c)

A colloidal suspension of graphite produced by stirring a little
graphite powder into water.

(3)

'~epeatsteps (e), (f) and (g) of (1) above with these suspensions.

6.5

RESULTS

Tabulate your results indicating whether separation was achieved or not by
centrifugation and comment on the success of this method for obtaining
sedimentation in these solid-liquid systems.

6.6

SUMMARY

In this experiment, you would have used a laboratory centrifuge for separating
the components of colloidal/fine suspension.
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PREPARATION OF LABORATORY
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7.1

INTRODUCTION

Objectives

Preparation of solutions - standard solutions as well as reagents, is an
important part of a laboratory technician's job. In Unit 6 and 7 of this course,
you k d studied the concept of solutions and the techniques for preparation of
solutions. In Appendix to Unit 7, you have studied the procedure for preparing
various reagents used in a laboratory. In this experiment, you will prepare a
solution of sulphuric acid of concentration 6 M which is commonly used in
chemistry laboratories. In Experiment 8, you will prepare a standard solution
of oxalic acid.
Objectives

After performing this experiment, you should be able to:
calculate the amount of salute needed to prepare a solution of given
concentration,
prepare a solution of sulphuric acid of molarity 6 M,
prepare a solution of any other acid,
prepare any other reagent of given concentration,
use various volume measuring devices, and
follow safety procedure in preparing solutions.

7.2
1.

2.
3.
4.
5.
6.

7.3

REQUIREMENTS
Measuring cylinder of 1 litre capacity
Measuring cylinder of 500 cm3 capacity
Beakers of 500 cm3 capacity
Glass rods
Concentrated sulphuric acid
Distilled water

1 No.
1 No.
2 No.
2 No.

PRISYCIPLE

You have studied in Unit 7 that the mass of solute required to prepare a
solution can be calculated by using the formula given below.

t
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where m = amount of the solute required in gram
M, = molar mass of the solute in g mol-'
M = molarity of the solution in mol dm-3
V= volume of the solution in dm3
If the percentage purity of the solute isp, then
100xM x M x V

m=

r

P
*
Solutes in the solid state can be directly weighed. However, it is not very
convenient to weigh out corrosive liquids on a balance; their volume can be
easily measured. If the density of the liquid is d, then volume V' of the solute
will be
100xM x M x V

Molar mass of sulphuric acid is 98.08 g/mol, density and assay of laboratory
grade sulphuric acid are 1.84 g/ cm3 and 96%, respectively. Therefore, for
preparing 1 litre 6 M sulphuric acid, volume of concentrated acid required
according to Eq.7.3, will be

Therefore, by diluting 333 cm3 of concentrated sulphuric acid to one litre with
distilled water, you can prepare one litre solution of sulphuric acid of molarity
6 M. In Table 1 of Appendix to Unit 7, we have listed the relative molar mass,
density, assay and molarity of various commonly used acids and bases. By
using these data and the Eq.7.3, you can calculate the volume of a concentrated
sample required for preparing a dilute solution of that sample.

7.4

PROCEDURE

1.

Take two clean beakers of 500 cm3 capacity and place them over a wet
cloth in a sink. Add 250 cm3 of distilled water and a stirring rod to each
beaker.

2.

Take 335 cm3 of concentrated sulphuric acid in a cylinder of capacity
500 cm3. Add slowly and drop by drop a small amount of acid to one
beaker. Stir the mixture with the glass rod and allow it to cool. Then add
roughly an equal amount of acid to the other beaker in a similar manner.
Thus add the entire amount of acid to both the beakers adding only a
small amount each time and allowing the heat generated to dissipate.

3.

Now, transfer the solution from the beakers to a one litre cylinder. Wash
the beakers and the other cylinder with water and transfer the washings
to the one litre cylinder. Make up the solution to the mark with water.

Caution: Always add acid
to water. NEVER add
water to acid. The reaction
will be highly violent. 'The
acid may splash and may
cause injury to you and
other workers in the
laboratory.
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8.1

INTRODUCTION

Titrimetric analysis or volumetric analysis is an important chemical method of
analysis for determination of the concentration of various solutions. Titrimetric
analysis is based on quantitative performance of suitable chemical reactions.
Therefore it is a quantitative method of analysis. Titrimetric analysis is
performed by accurately measuring the volume of a standard solution which is
required to completely react with a known volume of an unknown solution.
Therefore, it is also known as volumetric analysis. Laboratory technicians are
required to perform a number of titrations in the laboratory. In this experiment,
you will perform a titration of oxalic acid with sodium hydroxide.

Objectives
After performing this experiment, you should be able to:
prepare a standard solution,
perform a titration of oxalic acid with sodium hydroxide,
determine the concentration of sodium hydroxide solution,
perform any other titration provided proper instructions are given,
determine end-point in a titration, and
classify various types of titrations.

I

8.2

TITRATION

In titrimetric analysis, one determines the volume of a standard solution which
is required to react quantitatively with a known volume of the other solution,
the concentration of which is to be determined. For this purpose, an aliquot of
the solution to be estimated is pipetted out and is transferred into a conical
flask. The standard solution is added dropwise from a burette to the solution in
the conical flask.

Basic Experiments
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The conical flask is continuously shaken to enable the two solutions to mix
thorougldy. Standard solution (Unit 7 of Block 2) is added till the two
solutions react quantitatively. This process is called tiration. The solution in the
conical flask is called the titrand and the one in the burette is called the
titrant. The total volume of titrant used in the reaction is called the titre.
We have said above that in a titration, the titrant is added till it reacts
quantitatively with the titrand. Such a stage, at which the quantities of titrant
and titrand are in their stoichiometric proportions (in terms of equivalents or
moles), is called the equivalence point. A question arises now, as to how do we
know that the equivalence point has been reached? At what stage shall we stop
adding the solution from the burette? Essentially we need some substance
which can indicate this stage by a change in a physical property like colour. A
substance which is used to indicate the equivalence point of a titration through
a colour change is called an indicator. Equivalence point so obtained is called
end point. It is not necessary that the end point is coincident with the
equivalence point, because of the delay in getting the indicator to show the
change, and other factors. Ideally end point and equivalence point should be as
close as possible. The indicator, to be used in a given titration, would depend
on the nature of the chemical reaction involved between the two reacting
solutions. The basic requirement for an indicator is that it should have
distinctly different colours before and after the end point because we need to
know the end point visually. If no visual indicator is available, the detection of
equivalence point can often be achieved by following the course of the tihation
by measuring the potential difference between an indicator electrode md a
reference electrode or the change in the conductivity of the solution.
8.2.1 Types of Indicators

The indicators can be of three types depending upon their usage:
i)

Internal indicators: These have to be addeq! into the reaction solutian.
Examples are: phenolphthalein, methyl oranpe, diphenylamine, etc.

ii)

External indicators: These are not added into the solution. The
indicator is kept out on a plate. A drop of the solution being titrated is
taken out with the help of a rod and put on the indicator. A change in
colour indicates the end point. Potassium ferricyanide is one such
example.

iii)

Self-indicators: Sometimes either the titrand or the titrant changes its
colour at the end point and acts as a self-indicator. The example is
potassium permanganate used in permmgmatometry.

8.2.2

Types of Titrations

Depending upon the nature of the chemical reaction involved in a titration, the
latter can be classified into the following types:
i)

Acid-base titrations or Neutralisation titrations: The reaction in
which an acid reacts with a base to give salt and water is called a
neutralisation reaction and the titration involving such a reaction is
called an acid-base titration or a neutralisation titration. An example is
the reaction between NaOH and HCI :

NaOH

+

HC1 ---b

NaCl

+ H20

The indicators used in these titrations depend upon the pH at the end
point, the familiar examples are phenolphthalein and methyl orange.
ii)

Oxidation-Reduction or Redox titrations: Titrations involving
oxidation-reduction reactions, i.e., those in which one component gets
oxidised while the other gets reduced are known as redox titrations. An
example is the titration between oxalic acid and potassium
permanganate in acidic medium, in permanganatometry. In this case,
potassium permanganate gets reduced to ~ n while
~ oxalic
+
acid gets
oxidised to CO2 and water. In this titration, potassium permanganate
acts as a self-indicator. The following equation represents the reaction:

Titrations involving potassium dichromate (Chromatometry) and iodine
(iodometry) are also examples of redox titrations.
iii)

Precipitation titrations: In certain reactions, when the two
components react, a precipitate is formed. The end point is indicated by
the completion of precipitation. Such reactions are termed as
precipitation reactions and the tirations as the precipitation titrations; an
example is the titration between potassium chloride and silver nitrate as
per the following equation:

..

Titrations involving AgN03 are also called argentometric titrations.
iv)

Coslplexometric titrations: A complexation reaction involves the
replacement of one or more of the coordinated solvent molecules,
which are coordianted to a central metal ion, M, by some other groups.
The groups getting attached to the central ion are known as ligands, L.
M(H20), + nL

=+ML,

+ nHzO

The titration involving such type of a reaction is called a
complexometric titration. For example, determination of hardness of
water using ethylenediaminete&aacetic acid (EDTA) as the complexing
agent. The indicator used in thR case is eriochrome black T.
8.2.3

Standard Solution

A standard solution is defined as the one whose concentration (strength) is
known accurately, i.e., we know exactly how much of the solute is dissolved in
a known volume of the solution. A standard solution may be prepared by
dissolving an accurately weighed, pure stable solid (solute) in an appropriate
solvent. Preparation of a standard solution is generally the first step in any
quantitative experiment, so it is important to know how to prepare a sta~dard
solution.
Primary and Secondary Standards
In titrimetry, certain chemicals are used frequently in defined concentrations as
reference solutions. Such substances are classified as primary standards or
secondary standards. A primary standard is a compound of sufficient purity
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from which a standard solution can be prepared by weighing a quantity of it
directly, followed by dilution to give a definite volume of the solution. The
following specifications have to be satisfied for a substance to qualify as a
primary standard:
1.

It must be easily available and easy to preserve.

2.

It should not be hygroscopic nor should it be otherwise affected by air.

3.

It should be readily soluble in the given solvent.

4.

The reaction with a standard solution should be stoichiometric.

5.

The titration error should be negligible.

Few available primary standards for acid-base, redox and comlexometric
titrations are given in Table 8.1.
Table 8.1: Some primary standards.
Type of titration

Formula unit

Relative
molar

Potassium hydrogen
phthalate (KHP)

CsHs04K

204.23

Acid-base

Anhydrous sodium
carbonate

Na2COj

106.00

Acid-base

S.No.

Compound

1.
2.

mass, M ,

I

I

Sodium Salt of EDTA

3.
4.

Copper(I1) sulphate
Potassium dichromate
I

I

Arsenic(II1) oxide

7.

Potassium iodate

8.

9.

"'

Redox
I

Redox

197.85

As20;
I

I

Redox

214.00

KIO3
I

I

I

Sodium oxalate

NazCz04

134.00

Redox

Fendus-ammonium
sulphate

FeS04.(NH4)2S04.6H20 392.16

Redox

I

10.

Iodometric
1

I

I

I

Complexometric

294.19

K2Cr207
I

6.

I

249.54

CuS04.5H20
I

I

5.

I

372.30
Na2HZCIOH1208N2.2HZ0

I

Oxalic acid

-

r--

,

(COOH)7.2H20

I

I

I

63 .OO

Redox/acid-base

Solutions prepared from the primary standards are called primary standard
solutions.
Substances which do not satisfy all the above conditions, are known as
secondary standards. In such cases a direct preparation of a standard solution is
not possible. Examples are alkali hydroxides and various inorganic acids.
These substances cannot be obtained in pure form. Therefore, concentration of
these can be determined by titrating them against primary standard solutions.
This process is called standardisation and the solution so standardised is called
a secondary standard solution:

1

Preparation of a Standard Solution
To prepare a standard solution of volume, v cm3, of known molarity, M mol
dm", the mass of the solute required, m g, of molar mass M, can be calculated
as follows:
Mass of the solute (m)=

M.M,.V
g
1000

The solute is then weighed on an analytical balance, transferred into a standard
flask and dissolved first in a small quantity of the solvent, the solution is then
made up to the mark and shaken thoroughly to get a homogeneous solution.
In preparing a standard solution whose concentration is, say, around 0.1 M, the
amount of the substance weighed need not be exactly equal to that
corresponding to 0.1 M. It can be slightly less or more, but the weighing must
be accurate. From the weight of the solute actually taken, molarity of the
solution can be calculated using Eq. 8.1.

8.3

TITRIMETRIC EXPERIMENT: DETERMINATION
OF THE STRENGTH OF GIVEN SODIUM
HYDROXIDE SOLUTION

Having learnt about titration in general, types of titrations and indicators, you
would now like to learn how you would do an experiment, make observations,
record data and calculate the result. It is also important to examine the result
critically, compare it with known or expected value, look for the sources of
error so that improvement can be made. We will illustrate all this in the
following example. Of course, you will have to perform various experiments
according to the procedure given in each case. We consider here a simple
titration involving a weak acid and a strong base, viz. oxalic acid and NaOH,
using phenolphthalein as the indicator.

8.3.1 Principle

!

Sodium hydroxide is not a primary standard. Therefore, it should be
standardised with a suitable primary standard such as oxalic acid. Sodium
hydroxide reacts with oxalic acid according to the following equation:.

From the above reaction, you can see that sodium hydroxide reacts with oxalic
acid in 2: 1 molar ratio. Hence
No. of molesof oxalicacid
-1
No. of molesof sodium hydroxide 2

where 1111 = molarity of oxalic acid
Vl = volume of oxalic acid taken
MZ= molarity of sodium hydroxide
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V2

= volume

of sodium hydroxide taken

A slight excess of sodium hydroxide at the end point imparts a distinct pink
colour to the solution, when phenolphthalein is used as an indicator.
8.3.2

Requirements

Apparatus
Analytical balance
1 No.
Beaker 400 c d capacity
1 No.
1 No.
Burette 50 cm3 capacity
Burette stand
1 No.
1 No.
Conical flask 250 cm3 capacity
Funnel small
1 No.
1 No.
Pipette 20 cm3 capacity
Volumetric flask 250 cm3 capacity 1 No.
1 No.
Wash bottle
1 No.
Weighing bottle
8.3.3
1.

Chemicals
Oxalic acid
Sodium hydroxide solution
(approximately MI10)
Phenolphthalein indicator

Procedure
Preparation of a standard solution of oxalic acid

As the concentration of the given sodium hydroxide solution is approximately
0.1 M, you will have to prepare a standard solution of oxalic acid of about 0.05
M concentration. As the molar mass of oxalic acid is 63, you will require
1.5750 g of oxalic acid for preparing 250 cm3 of 0.05 M solution. This can be
calculated as shown below.
m

=
=

=

MxM,xV
0.05 mol dm-3x 12.60 g mol-' x 0.25 dm3
1.5750 g

In Unit 2 of this course, you have studied the handling of different types of
analytical balances. Weigh out an empty weighing bottle on an analytical
balance and record its mass. Then weigh out the weighing bottle with about
1.60 g of pure oxalic acid accurate1 and record the mass in your note book.
Then transfer the solid to a 250 cmY clean volumetric flask through a glass
funnel. Weigh the weighing bottle again accurately and record its mass.
Dissolve the solid in 40-50 cm3 of distilled or deionised water. Make the
solution up to the mark wi!h distilled water. Stopper the flask and shake it well
to make the solution homogeneous.
2.

Standardisation of sodium hydroxide solution

First collect the sodium hydroxide solution in a 250 cm3 bottle from your
counsellor. Take a clean burette. Rinse the burette with sodium hydroxide
solution and fill it up with this solution. Note the initial reading of the burette
and record it in the observation Table 8.2 under the initial readin column.
Pipette out 2fl cm3 of standard oxalic acid solution into a 250 cm conical flakk.
Add one or two drops of phenolphthalein indicator. Titrate this solition by
slowly adding small amounts of sodium hydroxide solutioa from the burette
and continuously shaking the conical flask. Continue adding sodium hydroxide
solution until a permanent pink colour appears. This indicates the end point of
the titration. Note the burette reading and record it in the observation Table 8.2

Q

under the 'final reading' column. The difference of the two readings gives the
volume of NaOH used.
Repeat the titration to get at least two concordant readings to ensure a correct
and exact measurement. Record your readings in Table 8.1 and calculate the
strength of sodium hydroxide solution. This solution now can be used to
determine the strength of other acid solutions.

t

8.3.4 Observations

I

I

i

..........g

Approximate mass of the weighing bottle

=rnl =

Mass of weighing bottle + oxalic acid

= m 2 = ..........g

Mass of weighing bottle after transferring oxalic acid = m3

=

..........g

= 63.0 g

Molar mass (Mr) of oxalic acid

mol-'

= 250 cm3 = 0.25 dm3

Volume of oialic acid solution prepared

Table 8.2: Titration of oxalie acid with sodium hydroxide solution
r

S.No.

Volume of oxalic
acid

vt
1.
2.

3.

Burette Reading
Initial

Volume of NaOH in
cm3(Final-Initial)

Final

v2

20 cm3
20 cm3
20 cm3

8.3.5 Calculations
m

Molarity of oxalic acid solution MI = Mr. V

-

(m2 -m3)
63

Volume of oxalic acid taken Vl = 20.0 cm3
Volume of sodium hydroxide used = V2 cm3
Molarity of sodium hydroxide solution = M2
Using Eq. 8.2,

"4

mol dm-
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8.3.6 Result
Molarity of sodium hydroxide solution = . .. . . .... . . . . . ... mol dm-3

8.4
-

SUMMARY
-

-

-

-

In this experiment, you have performed the following:
prepared a standard solution of oxalic acid,
performed an acidimetric titration of a standard solution of oxalic acid
against a sodium hydroxide solution,
determined the strength of the sodium hydroxide solution.

EXPERIMENT 9
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9.1

INTRODUCTION

In Unit 2 of this course, you had studied the concepts of pH and conductance.
Measurements of pH and conductance find many applications in the fields of
chemistry, biology, soil science, food technology, in monitoring of
environmental pollution, industry, etc. Therefore, this experiment has been
designed to enable you to use a pH meter and a conductivity meter for
determining the pH and conductance of any solution.

Objectives
After performing this experiment, you should be ableto:

a

a

operate a pH meter and a conductivity meter,
calibrate a pH meter using a proper buffer solution,
determine the cell constant of a conductivity cell,
measure pH of a solution, and
measure conductance of a solution.
-

9.2

-

MEASUREMENT OF pH

You have studied that the pH scale is a convenient means of expressing the
relative acidity or alkalinity of solutions. The pH of the system plays a very
vital role in success of many chemical and biochemical reactions. Importance
of pH of soil in growing crops is well known. The pH of pure water is 7.0,
therefore, the pH of any water sample may give an indication cjf the type of
impurity present in water. In this experiment you will measure the pH of a
given solution.

9.2.1 Requirements

Apparatus
pH meter
1 No.
Glass electrode - reference electrode assembly

1 No.
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Beakers 100 cm3 capacity

3 No.

Buffer qolution of pH 4: It is prepared by dissolving buffer tablet of pH 4 in
a 100 cm3 volumetric flask and diluting it up to the mar with distilled water.
Alternatively, it may be prepared by dissolving 1.021 g of potassium hydrogen
phthalate (C8H5O4K)in distilled water in a 100 cm3 volumetric flask and
making the solution up to the mark.

"I

Buffer solution of pH 7: D i s s o h buffer tablet of pH 7 in distilled water ir a
100 cm3 volumetric flask and make up the,solution up to the mark.
Alternatively, dissolve 0.340 g of potassium dihydrogen phosphate (KH2P04)
and 0.3550 g of disodium hydrogen phosphate (Na2HP04) in distilled water in
a 100 cm3 volumetric flask and make up the solution to the mark.
Buffer solution of pH 9.18: Dissolve a buffer tablet of pH 9.18 in distilled
water in a 100 cm3 volumetric flash and make up the solution up to the mark.
Alternatively, dissolve 1.906 g of borax in distilled water in a 100 cm3
volumetric flask and make up the solution up to the mark.
9.2.2 Principle
Hydrogen ions in solution, like other ionic species, conduct an electric current.
When a glass electrode is dipped in a solution containing hydrogen ions, a
potential difference develops across a very thin glass membrane separating two
solutions of different hydrogen ion concentrations - one within and the other
outside the glass electrode. A pH meter is an electronic voltmeter that
measures this difference of potential and through its internal calibration,
converts it to a pH reading which is displayed on a scale. The scale is
normally taken extending from 0 to 14 pH units with a least count of 0.05 pH
units or better. A pointing needle moves across the graduated scale and the pH
of the solution can be read directly on the scale. These days digital pH meters
are becoming more popular as compared to scale - needle instruments.

9.2.3 Procedure
To ensure reliability of the pH readings, you should first calibrate the pH
meter. You should adjust the pH meter so that the readings agree with a
known standard buffer. Buffers are solutions that resist changes in pH when
small amounts of a strong acid or a base are added. Because they maintain a
constant pH, buffers are good reference solutions. The pH value of a solution
changes with temperature; the instrument must be set to the temperature of the
solution. For accurate measurement of the pH, a buffer of appropriate pH must
be used for calibration.
Fig.9.1 gives the front view of a typical, direct reading pH meter.
Measurement of pH of a solution with such an instrument can be made
following the procedure given below in a stepwise manner. But, if the pH
meter, which you have in your laboratory, is of a different type, go through its
instruction manual and then use it accordingly.
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1. 0 d o f f switch
2. Set Zero
3, Selector switch
4. Electrode support

5. Temperature compensation knob.
6. Set buffer
7. Meter
Fig.9.1: A direct reading pH meter (front view)

1.
,

I

Set the selector switch to 'zero' position and adjust the zero position by a
screw driver if the pointer does not indicate zero.

2.

Mount the electrode assembly - a glass electrode and a saturated calomel
electrode or a combination electrode in the clip on the stand. Wash the
electrodes well with distilled water.

3.

Connect the power cable to a 220 V AC supply. Switch on the
instrument and wait for a few minutes till the instrument warms up.

4.

Take about 20 cm3 of the standard buffer solution of pH 7.0 in a beaker
and lower the electrode assembly into it. It should be ascertained that the
glass electrode membrane is completely immersed in the solution. The
electrodes should not touch each other or the sides or the bottom of the
beaker. Swirl solution in the region of the glass electrode surface gently
so as to bring it into pH equilibrium.

5.

Measure the temperature of the solution and adjust the 'temperature
compensation knob' to this temperature.
Put the selector switch to a suitable pH range (0-7 for acidic or 7-14 for
basic solutions) and adjust 'set buffer knob' in a manner that the pointer
reads the pH of the standard buffer solution placed in the beaker, i.e., pH
7.0.
Put the selector switch back to the 'zero' position. Remove the
electrodes from the buffer solution. Wash the electrodes with distilled
water and wipe them dry with a tissue paper. Transfer the standard
buffer to the storage bottle.
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8.

You will need to make an additional adjustment when precise pH values
are rcquired in the acid or basic range. To do this, select the pH 4.0
buffer for an acid reading or the pH 9.18 buffer for a basic reading.

9.

Take about 20 cm3 of second buffer solution (of pH 4.0 or 9.18) in
another beaker and place the electrode assembly into it. Set the selector
switch in the suitable pH range position (0-7 or 7- 14) and read the pH of
the solution on the scale. If the meter reading does not agree exactly
with the known pH of the buffer, set the 'slope' control until the required
reading is obtained. The instrument is now ready for measuring the pH
of the unknown solution.

.

10. Put the selector switch back to zero position and remove the electrodes
from the buffer solution. Wash the electrodes with distilled water and
wipe them gently with tissue paper. Transfer the buffer solution to the
storage bottle.

'

11'.

Take about 20 cm3 of unknown solution in another beaker. Introduce the
electrodes into the solution and swirl the solution gently. Put the selector
switch back in the suitable range position and read the pH of the solution
on the scale.

12.

Put the selector switch back to zero position. Remove the electrodes
from the solution and keep the electrodes in distilled water when not in
use.

Precautions

(i)

Never touch the membrane of the glass electrode with anything else
except soft tissue paper since it is fragile and is easily ruined if scratched
or bumped.

(ii)

The electrodes must not be removed from the solution unless the
selector switch is at zero.

(iii) .Never dip the glass electrode in a solution with a dehydrating action.
(iv) If used for measuring pH of albuminous substances, the glass electrode
must be cleaned with suitable solvents and then the electrode be placed
in distilled water for a few hours before it is used to measure the pH of
the other solution.
(v)

For basic solutions with pH more than 1 I , gIass electrodes of special
composition are required to avoid interference due to sodium ion.

(vi) The glass electrode may be covered with a sleeve to save it from jerks.,

9.3

MEASUREMENT OF CONDUCTANCE

In Unit 2 of this course, you had studied the principle of conductometry, which
deals with the measurment of electrical conductance of solutions containing
ions. Measurement of conductance is potentially a very sensitive method for
measuring ionic concentrations. It has many applications in chemical analysis.
Measurement of conductance is one of the best ways for checking and
monitoring the purity of water. A continuous recording of conductance is
helpful in monitoring the purity of water purified by ion-exchange or obtained

from large distillation units. Moisture content of soils can also be determined
in the fields using portable instruments. Conductometric measurements are
also used to ascertain the end-point in many titrations, e.g., acid- base,
precipitation and complexometric titrations. These are also used in .
determining equilibrium constants, e.g., ionisation constants of weak
electrolytes, solubility products of sparingly soluble salts, hydrolysis constants,
etc.
Tbe objective of this experiment is to train you in the use of a conductivity
meter for measurement of conductance of solutions.

9.3.1 Requirements
Conductivity meter
Conductivity cell
Wash bottle
Thermometer

1
1
1
1

0.10 M KC1 solution: Weigh out 0.7446 g of KC1 accurately and dissolve it in
distilled water in a 100 cm3 volumetric flask. Make up the solution up to the
mark with distilled water.

9.3.2 Principle
Solutions containing ions conduct electric current due to the movement of ions
towards oppositely charged electrodes. The ability of a solution to conduct
current is given by its conductivity. The conductivity of a solution is
proportional to the number of ions, the charge on each ion and the speed with
which the ions move. The speed of an ion in turn depends on the nature of the
ion, nature of the solvent, presence of other ions, temperature and the applied
field.
The conductance G is defined as the reciprocal of resistance R, i.e.,

Resistance is measured in ohm ( a ) and conductance in siemens (S), i.e.,

The resistance of a homogeneous body of uniform cross section is proportional
to its length, 1 and inversely proportional to area of its cross-section, A. The
proportjonality constant, p, is called the resistivity (specific resistance). The
units of p are m:

The conductivity k (Kappa) is the inverse of resistivity, i.e.,

,

The units of k are S m-I.
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Conductivity of a solution can be defined as the conductance of a solution
contained between two parallel electrodes which have cross-sectional area
1 meter square and which are kept 1 meter apart.
Taking the inverse of Eq. 9.2, we get

Using Eq. 9.1 and Eq. 9.3, we get,

or k

=G

(//A)

------------------ (9.5)

The ratio IIA is called cell constant and it depends on the geometry of the cell the distance between the electrodes (I) and the area of the electrodes ( A ) .
Eq. 9.5 can be written as
Conductivity

=

conductance x cell constant

....................... (9.5)

The cell constant values are usually obtained by an indirect method and not by
measuring I and A directly. The indirect method involves measuring the
conductance G of a standard solution of KC1 of known conductivity, k. Table
9.1 gives the k values of KC1 solutions at three different concentrations and at
three different temperatures.
Table 9.1 : Conductivity of KC1 solutions

Standard KC1 solution (0.10 M or 0.02 M or 0.01 M ) is taken in the cell for
which cell constant is to be determined. Conductance of this solution is then
measured with a conductivity meter or bridge and its temperature is noted. The
conductivity at the temperature is obtained from Table 9.1. We can get the
conductivity value of standard KC1 at the temperature other than those given in
Table 9.1 from a plot of conductivity against temperature using the values
given in Table 9.1. Then the cell constant can be calculated using Eq.9.5:
Cell constant ,=

Conductivity of KC1solution
conductanceof KCI solution

.............

You can now use this cell of known cell constant for finding out the
conductivity of any other sample. For this, you have to measure the
conductance of the given sample using a "conductivity bridge" and then use
Eq. 9.5 for calculating the conductivity of the sample solution.

9.3.3 Procedure
A typical conductivity measuring system consists of a power source, a
Wheatstone'bridge, a conductivity cell and a null detector.

To avoid the effects of polarization, i.e. the change in composition of the
measuring cell, alternating current (AC) is used. The instrument has an
arrangement to convert the supply of 50 Hz to higher frequency, say 1000 Hz.
For low conductance solutions, the lower frequency is preferable and for high
conductance solutions higher frequencies are preferably used.
A conductivity bridge is very simple to design. Several inexpensive
conductivity bridges are commercially available. The instrument comes as a
battery or as a line operated unit. Usually a "magic eye" is used for null point
indication. A battery operated instrument is used for field work, where as a
- line operated instrument is preferable for laboratory use.

Figure 9.2 gives the top view of a typical conductivity bridge, which can be
operated following the procedure described below. But, if the instrument
available in your laboratory is of a different type follow the procedure given in
its manual.

1. Capacitance correction
2. Graduated dial
3. Magic eye

4. Coarse balance
5. Range selection knob
6. Pine balance knob

Pig.9.2: (a) Conductivity Bridge (top view).
(b) Electrodes (conductivity cell) support.

1.

, 2.

Plug in the instrument to power supply.
Put the frequency selector switch to required frequency (say 1000 Hz).

3.

Keep the sensitivity knob roughly midway between the lowest and
highest sensitivity.

4.

Clean the conductivity cell with distilled water (conductivity water).
Connect the conductivity cell electrodes to the appropriate terminals of
the instrument.
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5.

Take the standard KC1 solution (say 0.1 M ) in a clean beaker. Introduce
a stirring rod (to be used for magnetic stirring) in the solution and put the
solution beaker on a magnetic stirrer plate.

6.

Insert the conductivity cell in the solution. Ensure that the platinum plate
electrodes are completely immersed in the solution and they do not touch
the stirring rod.
I

7.

Switch on the instrument and zllow it to warm up for 2-5 minutes.

8.

Measure the conductance, Gs, of the standard KC1 solution. First adjust
the coarse balance by rotating the range selection knob, and then increase
the sensitivity to obtain the fine balance. Convert the reading for the
proper value (Gs) by multiplying the factor used on the range selection
knob.

9.

Remove the KC1 solution from the beaker wash the conductivity cell
properly with distilled water. Take the unknown solution in the beaker
and measure its conductance, Gu, in the manner as for standard KC1
solution.

10.

Calculate the cell constant from the conductance and conductivity values
of the standard, KC1 using Eq. 9.6.

/

1 1. Calculate the conducfivity (specific conductance) of the unknown
solution using Eq. 9.5.
12.

For titration work, the value of cell constant is not required to be
calculated, since the cell constant will remain unchanged during the
course of any given titration.

Precautions
(i)

The conductivity cell, when not in use, should be kept in distilled water
to prevent drying of the platinum electrodes.

(ii)

In case of fouling of the conductivity cell electrode plates, clean them b).
keeping in dilute K2Cr207containing HzS04 solution (i.e. dilute chromic
acid) for 24 hours and then washing with running water followed by with
distilled water.

9.3.4

Observations

i)

Mass of KC1 taken for preparing 100 crn3 0.1 M solution = 0.7446 g

ii)

Temperature of standard KC1 solution = ............. t OC

iii)

Molarity of standard KC1 solution = ........ M

iv)

Conductance of standard KC1 solution = ....x S

v)

Conduc@nce of unknown sample solution = ....y S

93.5

Calculations

i)

Conductivity of 0.1M KC1 solution at t OC from graph = z S m-'

ii)

According to Eq.9.6,

'

.
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Cell constant =

Conductivityof standard KC1solution
Conductanceof KC1solution

iii)

According to Eq.9.5,
Conductivity = conductance x cell constant

9.3.5

Result

Conductivity of unknown solution = .............. S m-'

9.4

SUMMARY

In this experiment, you might have performed the following:
operated a pH meter and a conductivity meter,
calibrated a pH meter using a proper buffer solution,
measured the pH of a solution,
determined the cell constant of a conductivity cell, and
measured the conductance of a solution.

EXPERIMENT 10
PREPARATION OF POTASH ALUM
Structure
Introduction
Objectives

Principle
Requirements
Procedure
Observations
Calculations
Result
Summary

10.1 INTRODUCTION
Potash alum is used in purification of water. Potash alum,
K2S04.A12(S04)3.24H20,is an example of a double salt. A double salt is made
up of two single salts which crystallize as a single substance, but ionise as two
distinct salts when dissolved in water. Ferrous ammonium sulphate,
FeS04.(NH4)2S04.6H20, which is commonly known as the Mohr's salt, is
another example of a double salt, which is used in redox titrations. In this
experiment, you will learn how to prepare and purify potash alum.
Objectives
After performing this experiment, you should be able to:
prepare a double salt such as potash alum,
perform crystallisation, and
calculate percent yield of potash alum.

10.2 PRINCIPLE
When a hot concentrated solution of an equimolar mixture of potassium
sulphate and aluminium sulphate is allowed to cool, potash alum crystallises
out as colourless crystals.
K2S04+ A12(S04).18H2O + 6Hz0

-----+ K2S04.A12(S04)3.24H20

When dissolved in water, the alum furnishes potassium ions (K'), aluminium
ions ( ~ l " ) and sulphate ions (SO:-) Jhe names and gram formula weights of
main compounds involved in this experiment are listed below.

. Name
Potassium sulphate
Aluminium sulphate
Potashalum .

Formula

Gram Formula Weight
glmole
174.25
K2 S0 4
666.42
Al~(S04)~.
18H20
K2S04.A12(S04)3.24H20 948.76

.
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10.3 REQUIREMENTS
Apparatus
Beakers 150 cm3
Bunsen burner
Evaporating dish
Funnel glass
Funnel stand
Glass rod
Measuring cylinder
Porcelain plate
Tripod stand
Watch glass
Wire gauze
Filter paper

Chemicals
Potassium sulphate
Aluminium sulphate
Sulphuric acid
Distilled water

2 No.
1 No.
1 No.
1 No.
1 No.
1 No.
1 No.
1 No.
1 No.
1 No.
1 No.
Few circles

10.4 PROCEDURE
Weigh 5.0 g aluminium sulphate and powder it. Transfer to a 150 cm3 beaker.
Add in 15 cm3distilled water contianing 1 cm3 concentrated sulphuric acid.
Warm to dissolve and add more sulphuric acid if necessary to get a clear
solution.
Weigh 1.5 g potassium sulphate and powder it. Transfer to another 150 cm3
beaker. Add 10 cm3 distilled water. Stir to dissolve. Warm if necessary.
Filter the two solutions through a previously moistened paper into an
evaporating dish. Heat the solution on a wire gauge and concentrate the
solution to the crystallisation point, which can be checked as follows. After
every two minutes take some solution on a glass rod and blov; out air on it.
When a solid crust is formed on the end of the glass rod, this indicates that the
solution has been concentrated to the crystallisation point.
Cover with a watch glass and allow the solution to crystalllise. When the
crystallisation is complete, decant the mother liquor and wash the crystals with
5 cm3 ice cold distilled water. Dry the crystals by pressing them gently
between pads of filter papers. Allow to dry on a porous plate. Weigh the
crystals and record the yield. Calculate the percentage yield.

10.5 OBSERVATIONS
i)

Mass of potasssium sulphate taken =

g

ii)

Mass of aluminium sulphate taken =

g

iii)

Mass of potash alum formed
(experimental yield)

-

g

10.6 CALCULATION OF PERCENT YIELD
Your objective should be to prepare as high a yield of potash alum as possible.
To measure the efficiency of the procedure and your own performance, you
should calculate the percent yield, where
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Percent yield =

experimental yield
x 100%
theoretical yield

The theoretical yield is the calculated maximum amount of product which
might be obtained under ideal conditions from the starting materials. In an
experiment, the theoretical yield is seldom, if ever, reached. In this experiment,
the theoretical yield will be the maximum amount of potash alum which might
be obtained from the specified amounts of starting materials.
In calculating the theoretical yield, you should first calculate the moles of each
reactant and then find the limiting reagent. The limiting reagent determines the.
theoretical yield of the product. The reactant that is consumed completely in I
i
chemical reaction is called the limiting reagent.
g of Al,(SO4),, 18H,O taken'
No. of moles of A12(S04)3.18H20 taken = ---gram molecular weight

"'

-

No. of moles of K2S04 taken =

-

5'0 - 0.0075 mol
666.2

g of K2S04
-- . taken
gram inolecular weight
-'SO

174.25

- 0.0085 mol

Since, aluminium sulphate and potassium sulphate react in equimolar ratio, the
former is the limiting reagent because it is present in less amount. Thus, the
theoretical yield of potash alum is 0.0075 mol. The theoretical yield in gram
can be calculated by multiplying the yield in rnol by the molecular weight.
Theoretical yield = 0.0075 x 948.26 = 7.1 g
Percent yield

=

experimental yield
x !00%
7.1

10.7 RESULT
The percent yield of potash alum =

%

10.8 SUMMARY
In this experiment, you have performed the following:
prepared potash alum,
crystallized potash alum, and
calculated the percent yield of potash alum.

EXPERIMENT 11
PREPARATION OF p-NITROACETANILIDE
Structure
11.1

Introduction
Objectives

11.2
11.3
11.4
11.5
11.6
11.7
11.8

Principle
Requirements
Procedure
Observations
Calculations
Result
Summary
-

--

-

1 1 . INTRODUCTION
Nitration is an important reaction which is used in the preparation of nitro
compounds. Nitro compounds are used as starting materials for many
important commercially useful materials such as dyes, drugs, explosives, etc.
In this experiment, you will preparep-nitroacetanilide by the nitration of
acetanilide.

Objectives
After performing this experiment, you should be able to:
prepare p-nitroacetanilide,
recrystal1is.e thep-nitroacetanilide,
perform the nitration of other compounds, and
determine the melting point ofp-nitroacetanilide prepared.
--

11.2 PRINCIPLE
p-Nitroacetanilide is prepared by nitration of acetanilide. The acetarnido group
(-NHCOCH3)in acetanilide is ortho and para directing. Therefore, on nitration
a mixture of o- and p-nitroacetanilide is formed:

The acetamido group being a bulky group causes steric hindrance at the ortho
position. Therefore, the p-nitroacetanilide is formed as the major product. On
crystallisation fiom ethyl alcohol,p-nitroacetanilide crystallises out as almost
colourless crystals while the ortho isomer remains in solution.
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The names and gram molecular weights of main compounds involved in this
experiment are listed below.

Name

Molecular Formula

Acetanilide
p-Nitroacetanilide

C6H5NHC0CH3
p-02NC6H4NHCOCH3

Gram Molecular Weight
g/mole
135.10
180.10

11.3 REQUIREMENTS
r

Apparatus
Beaker (100 cm3)
Conical flask (100 cm3)
Measuring cylinder (10 cin3)
Cooling bath
Glass rod
Glass funnel
Filter paper
Filtration assembly
Melting point apparatus
Thermometer

2
1

1
1
1

1
1
1

1

Chemicals
Acetanilide
Cilacial acetic acid
Concentrated sulphuric acid
Concentrated nitric acid
Common sa!t
Ethyl alcohol
Ice

11.4 PROCEDURE
1.

Add 2.5 g (0.01 85 mol) of finely powdered acetanilide to 2.5 cm3 of
glacial acetic acid contained in a 100 cm3 beaker. Add 5 cm3(9.2 g) of
concentrated sulphuric acid with stirring. The mixture would become
warm, and would form a clear solution. Cool the solution to 0-2OC with a
freezing mixture of ice and salt.

2.

Add a cold mixture of 1.5 cm3 (2.1 g) of concentrated nitric acid and 1.0
cm3 (1.8 g) of concentrated sulphuric acid slowly with stirring. Maintain
the temperature below 10°C Curing the addition. After all the mixture
acid has been added: remove the beaker containing the reaction mixture
from the freezing mixture and allow it to stand at room temperature for 1
hour.

3.

Pour the reaction mixture into 50 cm3of cold water contained in a beaker'
with stirring. Crude nitroacetanilide separates out at once. Allow it to
stand for 15 minutes. Filter on suction. Take the residue in a beaker, stir
with cold water and filter again. Repeat the process till the crude
nitroacetanilide is free of acid. Check with a litmus paper.

Take the crude product in a 100 cm3beaker and dissolve it in minimum
amount of hot ethyl alcohol. Filter if necesnary. Allow the filtrate to cool,
Cslourless crystals ofp-nitroaeetanilide will be obtained.

4.

5.

6.

.I

Filter the crystal on suction, wash with a little cold ethyl alcohol and dry
in air. Note the yield.
Determine the melting point of the product as described in Unit 1 1 of
Block 3 and record it.

=.

11.5 OBSERVATIONS
i)

Amount of acetanilide taken = 2.5 g.

ii)

Amount ofp-nitroacetanilide formed =

iii)

Melting point ofp-nitroacetanilde =

g.
"C.

11.6 CALCULATIONS
I

Amount of acetwilide taken = 2.5 g
L.3

Therefore, moles of acetanilide taken = -= 0.0185 mol
135.1
As you have used nitric acid in excess, the limiting reagent is acetanilide.
Ideally 0.0 1 85 mol p-nitroacetanilide should be formed.
Hence, theoretical yield ofp-nitroacetanilide = 0.0185 mol

%Yield

i)
I

ii)

experimental yield
x 100%
theoretical yield
- experimental yield 00%
3.33
=

-

Yield ofp-nit~oacetanilide=
%
Melting point ofp-nitroacetanilide =
(Reported value = 2 14°C)

"C.

1 . 8 SUMMARY
In this experiment, you have performed the following:
e
performed nigation of ace@nilide,
r
recrystallisedp-nitroacetanilide,
* calculsted percent yield ofp-nitroacetanilide, and
determined the melting point ofp-nitroacetanilide.

EXPERIMENT 12
EXPERIMENTS BASED ON
CHROMATOGRAPHY
Structure
12.1

Introduction
Objectives

12.2

Se~arationof Constituents of a Mixture of Red and Blue Inks by Papel
Chromatography
Principle
Requirements
Observations
Calculations
Result

12.3

To check the Purity- of p-Nitroacetanilide by Thin layer
Chromatography
Principle
Requirements
Procedure

12.4

Separation of a Mixture of Potassium Permanganate and Potassium
Dichromate by Column chromatography
Principle
Requirements
Procedure
Observations
Result

12.5

Summary

12.1 INTRODUCTION
Chromatography is essentially a separation technique which effects a
separation by distributing the components of a mixture in two phases. One of
the phases is stationary and the other is mobile. The mobile phase flows
through the stationary phase. During the process of movement of mobile phase,
small differences in adsorption-desorption or partitioning or ion-exchange
behaviour of different components of the mixture are multialied many fold and
thus enabling their separatibn, The ability a f chramatogcaphy to sep&te
different solutes depends on the- selectivity of the process and the degree to
which the system can distinguish between different solutes.
In Unit 12 and 13 of Block 3, you have studied the principles and applications
of paper chromatography, thin layer chromatography and column
chromatography. Now, you will perform one experiment each based on these
techniques.
Objectives
After performing these experiments, you should be able to:
explain the principle of paper chromatography, thin layer
chromatography and column chromatography,

-

*

I

I

set up an experiment each based on paper, thin layer and column
chromatography,
run a paper chromatogram, thin layer chmmatogram and column
chromatogram,
separate a mixture into its components using paper, thin layer and
column chromatography, and
check the purity of a compound using paper and thin layer
chromatography.

12.2 SEPARATION OF CONSTITUENTS OF A MIXTURE
OF RED AND BLUE INKS BY PAPER
CHROMATOGRAPHY
This experiment is based upon paper chromatography. Paper chromatography
is a very useful technique for separating mixtures of metal ions, anions, amino
acids, sugars, dyes, drugs, etc. In this technique, only a very small amount of a
sample is required for analysis.
In Unit 12, you have studied the separation of coloured components of a BDH
Universal indicator by circular paper chromatography. In this experiment, you
will separate the components of a mixture of blue and red inks by ascending
paper chromatography, although the same can be done by circular paper
chromatography also.
Objectives
After performing this experiment, you should be able to:

I

!
r
I

a

explain the principle of paper chromatography,
set up an experiment for paper chromatography,
run a paper chromatogram,
separate and identify components of a mixture of blue and red inks,
determine Rfvalues of coloured constituents of blue and red inks.

12.2.1

Principle

Paper chromatography is based on the principle of partition of a substance
between two immiscible solvents in which one of the solvents is static while
the other is mobile. In paper ehromatography, the water held in cellulose fibres
acts as a static phase whereas water or any other solvent acts as a mobile
phase.
In this experiment, 50% ethyl alcohol is the mobile phase. As the mobile phase
rises along the paper, the mixture of inks is separated into its constituents,
which appear as spots of blue and red colours on the paper.
I

The distances of the solvent front and the spots from the original line are
measured. Rfvalues of blue and red components are calculated using the
following formula:

Rf =

Distance travelled by the bluelred ink from the base line
Distance travelled by the solvent from the base line

-
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12.23

Requirements

Apparatus
Boiling t u b
1 No.
Cork
1 No.
1 No.
Dropper
2 No.
Metal paper clips
Spotting capillaries 2 No.
Whgtman No. 1 filter paper
12.2.3

Chemicals
Ethyl dcohsl
Distilled water
Blue and red inks

.I

Procedure

Proceed according to the following steps:
1.

Cut a Whatman No. 1 filter paper strip of 15 crn x 2 cm size to fit in a
boiling tube.

2.

Draw a horizontal line with the help of a pencil at a distance of 2 cm
from one edge of the paper and put a dot at the centre of this line, This
end will be the bottom of the strip and development will take place from
this end.

3.

With the help of a fine capillary tube, put a drop of the mixture of red
and blue inks at the centre of the line marked already. Let it dry in air.
Put another drop on the same spot and dry again.

4.

Take a clean and dry bailing tube and add to it 50% ethyl alcohol to a
height of about 1 cm. The alcohol should be added carefully with the
help of a dropper or the measuring pipette so that the walls of the boiling
tube are dry.

5.

Suspend the spotted and dried paper atrip in t h boiling
~
tubs: with its
~
end touching the alcohol. The
upper end pinned ta the cork and t k lower
paper strip should be vertical and the spot should always be above the
alcohol level.

6.

Allow the alcohol to rise along the paper and wait till the alcohol
(solvent front) reaches near the upper end of the paper.

7.

Remove the paper strip fiam the bailing tube and mwk the solvent front
with the help of a peneil.

8.

Dry the paper strip and put pencil marks in the centre of the blue and red
spots.

9.

Measure the distances of the two spots and the solve~tfiost from the
base line and record them in your note book.

10.

Calculate the Rr values of the blue and red inks by using the Eq.12.1.

12.2.4

Observations

1.

Distance travelled by the solvent front

2.

Distance travelled by the blue component = y cm

3.

Distance travelled by the red component

= x

= z

cm

cm

Experiment 12

4.

Any other

12.2.5 Calculations
The Rf value of blue constituent =
Distance travelled by theblueconstituent
Distance travelled by the solvent front

---y

The Rf value of red constituent =
Distance travelled by thered constituent
Distance travelled by the solvent front
12.2.6 Result

--z

x

x

The Rf value of blue constituent = ............
The Rf value of red constituent = ............

12.3

TO CHECK THE PURITY OF
p-NITROACETANILIDE BY THIN LAYER
CHROMATOGRAPHY

In Unit 13 of this course, you had studied the principle and applications of thin
layer chromatography (TLC) in separation and identification of various
components of an organic mixture. Thin layer chromatography is an efficient
method of separating complex mixtures. It is a sensitive, fast, simple and
inexpensive analytical technique of carrying out small scale experiments.
Objectives
The objective of this experiment is to demonstrate the application of thin layer
chromatography in checking the purity of an organic compound e.g.,
p-nitroacetanilide which you have prepded by the nitration of acetanilide.
After performing this experiment, you should be able to:
set up a TLC experiment,
perform the separation and identification of components of an organic
mixture,
check the purity ofp-nitroacetanilide or any other similar compound.
12.3.1 Principle

-

The thin layer chromatography is similar to the paper chromatography in that
the sample is spotted near one end of a TLC plate of glass or of plastic coated
with a thin layer of an adsorbent. The TLC plate is placed in a covered jar
containing a shallow layer of developer. The developer rises up by capillary
action and the solute is distributed between the stationary phase (adsorbent)
and the mobile phase.
A solute which is more strongly adsorbed onto the stationary phase will spend
less time in the mobile phase, and hence it will migrate more slowly up the
TLC plate. The sample is subsequently separated by development (elution).
Treatment with a detector forms the coloured zones of the solutes. The
components of a mixture are identified by the calculation and comparison of Rf
values.
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12.3.2

Requirements

Apparatus
TLC plates
TLC Jar
(An alternative is a beaker covered
with a watch glass or aluminium foil)
Spotting capillaries
Measuring cylinder
Screw-cap Jar

Chemicals
Silica Gel G
Chloroform
Ethyl acetate
Iodine
Methanol
Toluene

12.3.3 Procedure
1.

Take a silica gel G coated TLC plate from your teacher and dry the plate
in an oven for 30 minutes at 100 OC,so that the plate is activated for
adsorption chromatography. If silica gel coated plates are not available in
your laboratory you can prepare the same by one of the following
methods.
Preparation of TLC Plates
By Dipping: Take 33 cm3of methanol and 67 cm3 of chloroform
i)
in a 150 cm3screw-capjar. Add 35 g of silica gel G to the jar. Put
the cap and shake the capped jar vigorously for about a minute to
prepare a slurry of silica gel G. Stack two clean microscope slide
plates back to back, holding them together at the top. Dip the plates
into the slurry for about two seconds. Touch the bottom of the
stacked slides to the mouth of the jar to drain off the excess slurry.
Let them air dry for a minute or so to evaporate the solvent,
separate them and wipe the excess adsorbent off the edges with a
tissue paper. Activate the plates by drying them for 30 minutes in
an oven at 100 OC.
ii) By Spreading: Take a clean microscope slide plate. Mix about
10 g of silica gel G with 20 cm3of water. Stir and shake well the
mixture to remove any lumps and pour the mixture on to the slide
plate. Spread it out with the help of a TLC applicator. Let the plate
air dry for ten minutes and then dry it at 100 OC in an oven for 30
minutes to activate the adsorbent.

3.

Cut a piece of chromatography paper, 30-50 mm wide and just long
enough to extend from the bottom of the developing chamber to the lid.

4.

Crease the paper lengthwise and stand it in the jar near to one of its
walls. It will serve as a wick to keep the atmosphere in the jar saturated
with solvent vapour.

5.

Prepare a solvent mixture'having four parts of toluene and one part of
ethyl acetate and pour it into the developing chamber to a height of about
1 cm. Close the chamber and allow it to stand until the wick is
completely wet with the solvent. Allow at least thirty minutes for this
step.

6.

Take three small test tubes and number them 1,2 and 3. Take 10-15 mg
of acetanilde in test tude 1, lo- 15 mg of the sample of p-nitroacetanilide
prepared by you in test tube 2 and 10-15 mg of pure p-nitroacetanilide in
test tube 3. Add 1 cm3 of ethyl alcohol to each test tube and shake to
dissolve the solid.

Take an activated TLC plate. Draw a horizontal line with a pencil at 1.5
cm from one end of the plate. Mark the centre of the line with a pencil
and mark two points at 1.0 cm distance from the centre of the line on
both sides.
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Take a melting point capillary and place it in the solution of the sample
ofp-nitroacetanilide. Let the solution rise in the capillary. Take out the
capillary fiom the solution and apply a drop of the solution at the centre
point of the line. In order to avoid poking a hole in the coating while
applying solutions, the tip of the capillary should not touch the surface of
the layer, just the drop of liquid should touch it.
Allow the spot to dry. You can blow out air in order to aid evaporation.
Apply another drop of the solution at the same place and allow the spot
to dry. Your aim should be to build up a visible spot of about 2 mm
diameter.
In a similar manner, apply spots of acetanilide on one side of the centre
and pure (standard) p-nitroacetanilide on the other side of centre at the
marked points. Apply at least two drops of each solution and use a fresh
capillary for each solution. Draw a pattern of the TLC plate in your
notebook and mark the correct positions of spots of each solution in it.
Place the TLC plate in the developing chamber with the spots at the
bottom. The plate should stand backwards, leaning against the jar. The
plate should not lean to the side, for the solvent will move vertically from
the bottom of the chamber. The spots should be above the surface of the
developing solvent at the bottom of the chamber. Recap the jar quickly
so that the saturation in the chamber is not lost.
Allow the plate to develop until the solvent front has reached the upper
edge of the TLC plate. This may take about 10-15 minutes.
Place about 5.0 g of solid iodine in another capped jar or in a screw cap
bottle. Wait for 10-15 minutes so that the jarlbottle becomes saturated
with the vapours of iodine.
Remove the developed plate from the chamber and dry it in air. Place it
in the iodine chamber for a few minutes. Yellow spots will appear on thc
plate. Measure the distance of the spot and the solvent front from the
base line and calculate the Rfvalue ofp-nitroacetanilide as you have
done in the preceding exercise.
Record your observations and identify the components of the sample of
p-nitroacetanilide and discuss the results.

12.4

SEPARATION OF A MIXTURE OF POTASSIUM
PERMANGANATE AND POTASSIUM
DICHROMATE BY COLUMN
CHROMATOGRAPHY

In Unit 13, you had studied the principle and applications of column
chromatography in separating components of an inorganic or an organic

Rf values
o-nitroacetanil ide = 0.36
p-nitroacetanilide = 0.07
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mixture. In this experiment, you will use column chromatography to separate
potassium permanganate and potassium dichromate from their mixture.

Objectives
After performing this experiment, you should be able to:
set up an experiment for column chromatography,
prepare a column for column chromatography,
separate various components of a mixture, and
separate potassium permanganate and potassium dichromate from their
mixture.

12.4.1

Principle

You have studied in Unit 13 that in column chromatography the stationary
phase material is filled in a burette like glass tube. Any of the three possible
mechanisms - adsorption, partition or ion-exchange can be employed by using
a particular type of the stationary phase inside the column. For example, for
separations based on adsorption, an adsorbent is packed in the column. The
mobile phase percolates through the column under gravity.
In this experiment, alumina is used as the adsorbent. Dilute nitric acid and
dilute sulphuric acid are used as the mobile phases to elute KMn04 and
K2Cr207,respectively. On developing the column, KMn04 and K2Cr207are
eluted as pink and yellow coloured solutions, respectively.

12.4.2

Requirements

Apparatus
Chromatography column or
a 25 cm3 burette
Beakers 100 cm3 capacity
Conical flasks
Funnel
Burette stand

1 No.
2 No.
2 No.
1 No.
1 No.

Chemicals
Alumina
Nitric acid
Sulphuric acid
Potassium permanganate
Potassium dichromate
Cottonlglass wool

Solutions Required
1. 0.5 M Nitric acid solution: Prepare 0.5 M HN03 solution by diluting a
stock solutim of HNO3 of known specific gravity and percentage. The
commercial nitric acid is of sp.gr. 1.42 and of purity 69%. 32 cm3 of the
commercial acid should be diluted to 1 litre to make a 0.5 M solution.
Caution: While diluting
always add acid to water
very slowly and with
constant stirring. Never
add water to acid.

2.

1.0 M Sulphuric acid solution: Prepare 1.0 M H2S04solution by diluting
a stock solution of &So4 of known specific gravity and percentage. The
commercial sulphuric acid is of sp.gr.1.84 and of purity 95%. 56 cm3 of
commercial acid should be diluted to 1 litre to make a 1.0 M solution.

3. Solution containing a mixture of KMn04 & K2Cr207:14.7 g of
K2Cr207%nd7.9 g of KMn04 should be dissolved in 1 litre of distilled
water to make a solution which is 0.05 M with respect to both K2Cr207
and KMn04.
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12.4.3 Procedure

1.

Preparation of column: Take a glass column or a burette, about 20 cm
long and 1-2 cm in diameter. Place some cottordglass wool into the bottom
of the column. Pour nearly 10 cm3 of hot water and remove air from the
wool. Allow some water to flow by opening the stopcock. Take about 20 g
of alumina in a beaker containing 100 cm3 of water. Heat the beaker to
boiling of water to remove the dissolved air. Now transfer a small quantity
of alumina slurry to the glass column with the help of a funnel and a glass
rod. Tap the column with a glass rod covered with 5 cm rubber tubing.
The process of pouring slurry and tapping is continued till a column of
about 15 cm length is formed. Drain off the excess water leaving a waterlayer of about 5 mm thick above the alumina surface. Now cut out a small
disc of filter paper (diameter equal to that of glass column) and place it
into the column at the top surface of alumina to ensure that the column
packing is not disturbed when more liquid is added to the column.
Alternatively, you can use a wad of cotton or glass wool. When preparing
and operating the column, always ensure that the liquid level is above the
top of the alumina bed. Failure to maintain the liquid level can lead to
trapping of air-bubbles in the alumina which could seriously impair the
efficiency of the column and affect the separations of the two coloured
components.

2.

To ensure that the column is free form all reducing impurities, first place
1 cm3 of laboratory KMn04 (about 0.02 M) solution on your column with
the tap closed and wash it through with 0.5 M HN03 until the washings are
colourless. This would require you to run off about 10.0 cm3 coloured
solution. It also provides you with practice in transferring a solution onto
the column.

3.

Pipette out accurately 5 cm3 of the mixture of KMn04 and K~Cr207and
drip into the column in the form of thin layer of solution at alumina
surface, keeping the stopcock closed.

4.

Allow to run the mixture evenly into the adsorbent until the liquid level is
just above the top of alumina.

5.

Add 1 cm3 of 0.5 M HMN03 and again run the column until the liquid
meniscus is just above the top of the column.

6 . Develop the column first with 0.5 MHNO3 to elute KMN04. Collect the
fraction of effluent, which is pink, in a conical flask marked as number 1

7. Next develop the column with 1 M H2S04 to elute K2Cr207.Collect the
fraction of effluent containing dichromate (light yellow) in a second
conical flask (No.2).
12.4.4 Observations

The two components are separated in the form of two different coloured zones
and are collected in different fractions.
12.4.5

Result

The mixture is separated into its components. Potassium permanganate is
collected as a pink coloured solution whereas potassium dichromate is
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collected as a yellow coloured solution.

12.5 SUMMARY
In this experiment, you have performed the following:
separated a mixture of blue and red inks into its constituents,
determined the Rr values of blue and red rinks,
checked the purity ofp-nitroacetanilide by thin layer chromatography,
and
separated a mixture of potassium permanganate and potassium
dichromate by column chromatography.
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1 3 . INTRODUCTION

-

"

In Units 4 and 5 of Block 2, you studied different types of glass and their
characteristics, basic tools needed for glassworking, techniques of
glassworking, possible hazards from glass and first aid treatment for accidents
from glwsworking.

In this experi&nt, you will perform certain glassblowing operations with soda
glass by using B-msenfbatwingburner. In the next experiment, you will
perform these operations with borosilicate glass by using premixing type
burners. In these experiments, the techniques which you will be expected to
master are arranged in a logical progression with eadier techniques being the
foundations for later work. Therefore, you should not be tempted to rush at the
exercises or attempt to progress through them at too fast a rate. Just work
through them steadily, taking long enough over each exercise to truly master
the manipulations involved. Glasswork is an art, and only repeated practice

I
I
I

I

Basic Experiments
in Chemktry

will bring skill. If you are working in a laboratory, you can complete most of
the glassworking operations involved in this experiment at your work place. In
case, you have any difficulty in completing the work, try to do the same in
laboratory sessions at your study centre.

Objectives
After performing this experiment, you should be able to:
cut soda glass rod or tubing,
flame polish soda glass tubing and rod,
blow bulb in a soda glass tubing,
bend narrow bore soda glass tubing,
pull points in a soda glass tubing, and
join soda glass tubings of small and equal diameter..

13.2 CUTTING SODA GLASS RODITUBING
The unpredictable way in which glass fractures is discussed in Unit 4. This
unpredictability is equally true of rod and tubing and in order to produce the
right kind of break, the crack formed must be led in the required direction.
Although the same principle is involved, two different techniques are used for
two different ranges of size of rod or tubing. .The two size ranges are up to 8
mm outside/overall diameter (0.d.) and over 8 mm 0.d.

13.2.1 Requirements
Glass rod or tubing of various diameters and lengths
A V-stand
A cloth
A glass cutting knife or file

13.2.2 Procedure 1 for RodITubing under 8 mm 0.d.
(1)

Take a clean and flawless length of glass rod (or tubing) and place it flat
on your work-bench.

(2)

Measure the length of rod required and mark it for cutting,

(3)

With the rod supported to prevent it from rolling on the work-bench, cut
a nick in the rod using your glass cutter. The nick is cut by drawing the
cutter quickly across the rod once only- see Fig. 13.1. The effect on the

Fig.13.1: Cutting a nick in glass rod.
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rod is shown in Fig. 13.2.

\
Fig.13.2: A nick.

The nick is deep but is sharply cleft so that a crack can lead directly
from the bottom of the V. In fact, heat is developed in the nicking
which initiates the crack from the source.
(4)

DO NOT cut a nick in the rod by pushing the cutter against the rod and
supporting the rod with the thumb as illustrated in Fig. 13.3. Although
you won't cut yourself with the cutter, the glass may break prematurely
w d you stand a good chance of embedding glass in your thumb.

Fig.13.3: Incorreet method for cuttiag a nick.

(5)

If the rod you are cutting is long, e.g. 2 mysupport the end farthest
from the cut in a V-stand - see Fig. 13.4. This will prevent any
whipping action in the long part of the tube in step (8) which will cause
it to break into two or three pieces.

Fig.13.4: Supporting a length of rod during breaking.
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(6)

Make sure that you know where the nick is and which way it is f ~ i n g ;
and loosely wrap the area of the nick with the cloth. You will need to
know the'exact location and orientation of the nick in the next step. .

(7)

Hold the rod horizontally in front of you with both hands. With the
nick facing away from you and a hand placed either side of the nick
and shielded by the cloth, place your thumbs together on the rod
opposite the nick. The correct position is shown in Fig. 13.5 where the
cloth has been omitted for clarity.

Fig.13.5: Hand position f ~ breaking
r
a rod (safety cloth omitted for clarity).

SAFETY

(8)

,

WARNING:When glass rod
or tube is cut, two main
hazards arise:
(a) The cutting process forms
minute fragments and
splinters of glass which
may cut or penetrate the
skim. Avoid contact.
(b) The cut ends of rod and
tube fonn dangerous
cutting edges which must
never be handled or
touched.

Apply pressure with the thumbs and fingers in the directions indicated
by arrows in Fig. 13.5. This breaking action produces symmetrical
forces about the nick which run across the tube giving a right-angled
break.

(9)

DO NOT pull either part of the rod to one side, otherwise one cut end
will include sharp tongued edges.

To overcome these hazards:
(1) Always maintain an awareness of these hazards.

(2) Keep the working area clean.
(3) Only dispose of cold glass waste into metal waste bins specially marked
for this purpose.
(4) Avoid brushing working surfaces with your hands.
(5) Always remove any tongues from newly cut surfaces. You should do this
by 'filing' them off with a wire gauze - see Fig. 13.6.
Hold the gauze at a slight angle and move it down quite sharply in the
direction illustrated in Fig. 13.6. The wires rattle over and remove the
sharp tongue quite satisfactorily.
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Fig.13.6: Removing tongues with wire gauze.

(6) Flame polish cut ends as soon as practicable.
13.2.3 Procedure 2 for Rodmubing over 8 mm 0.d.
Cutting wider tubing (or rod) is more difficult since you must score the glass
for all its circumference. When cutting small tubing, the forces generated are
roughly symmetrical because they are large in relation to the small distances.
However, with tubing of, say 10 mm 0.d. and above, the forces lose symmetry
over the greater distances causing a bad break. In order to avoid this, a crack
has to be led all the way around when cutting a larger piece of tube.

I

(1)

Carry out steps (1) and (2) of Procedure 1.

(2)

If you are using a glass knife, as in Procedure 1, with one hand hold the
knife firmly against the glass, and with the other hand rotate the rod
axially - see Fig. 13.7. The resulting score should meet itself after one
revolution of the rod to form a complete ring.

Fig.13.7: Scoring a ring round wide tubing.

(3)

An easier method is to use a diamond tipped, wide tubing cutter. Place
the glass in the .wide V in the tool - see Fig.13.8, and position the
diamond tip (mounted on the hinged arm) on the side of the glass
opposite the V support. Holding the cutting arm firmly with light
pressure only on the glass rod with one hand, you should turn the glass
rod axially with your other hand until a complete ring has been inscribed.
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In steps (2) and (3), ensure that you do not turn the glass for more than
one revolution.

Fig.13.8: Diamond tipped, wide tubing cutter.

You should now start the crack, for which you can use one of the three
methods described in steps (6), (7) and (8).
Hot spotting is a technique using a 2 rnnl diameter glass rod (pulled from
a piece of scrap rod) the tip of which is heated.
(a) Heat the tip of the 2 mm rod in a flame until it forms a small, molten
blob.
(b) While the tip of the rod is still molten apply it to the ring scored in
steps (2) or (3) - see Fig. 13.9.

Fig.13.9: Leading a crack by hot spotting.

(c) The hot spot will start a crack which may progress all round the
tube. If it doesn't, reapply the reheated hot spot to any uncracked
areas until the crack is complete.
Another technique is to use heated wire loops - see Fig. 13.10. The loops
are made of steel or iron wire, in the form of a hook and with one end
mounted in a wooden handle. Different sized loops are required for tubes
of different diameters.
(a) Select a hook that fits fairly closely the tube to be cut.
(b) Heat the hook in a flame until it is red hot.
(c) Apply the hook td the score in the glass rod to make a crack.

Fig. 13-10:Wire loop glass cracker.

(8)

A third technique is that of using an electrically heated wire. The
equipment used is illustrated in Fig. 13.1 1. The power supply used is
usually a low voltage lab supply or battery charger.
(a)

(b)
(c)

Turn the power on so that the wire becomes red hot by the electric
current.
Place the glass in the wire so that the score line rests on the hot
wire. Note that the wire sling must make contact with at least a
third of the score - see Fig. 13.1 1.
Gradually rotate the glass until the crack is complete.

Score

Fig.13.11: A hot wire glass cracker.

(9) After cutting the tube as described in steps (6), (7) or (S), make the cut
edges safe using a wire gauze or flame polishing. Mastery of the
.
techniques of cutting glass is basic and you will only attain this by
frequently practising the techniques described in this exercise.
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13.3

FLAME POLISHING

When a glass rod or tube is cut, the edges that result are sharp and sometimes
contain sharp tongues. For safety, newly cut glass rod or tube is nearly always
flame polished to smoothen round these edges. During this exercise, you will
gain polishing experience, as well as gain insight into the behaviour of glass
when it is heated.
13.3.1 Requirements
Bunsen burner.
Several lengths (250-350 mm) of newly cut 8 mm 0.d. soda glass tubing,
4 mm 0.d. rods.
If a stock of such glass is not readily available in these lengths, you will have
to cut your own as in the preceding exercise.
13.3.2 Procedure
Procedure 1 for tubing
(1)

Examine the cut ends of the tubing to find any tongues of glass left by
the cutting and remove these with a wire gauze. Even though most of
the ends of your cut pieces will not have tongues, they will nevertheless
have very sharp edges and are hazardous.

(2)

Seal a tube's end with a small cork or rubber policeman to stop internal
airflow; otherwise condensation from combustion will form and may
drain to the tube's heated section and fracture it.

(3)

Turn on the Bunsen burner, setit to produce a luminous flame, light it,
and then adjust it for full gas and air.

(4)

Hold the glass in your right hand at an angle to the flame and pass the
unsealed end fairly rapidly through the flame several times to warm up
the glass - see Fig. 13.12.

Fig.13.12: Warming a glass tube before heating.
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If you simply place the end of the tube directly into the hottest part of the
flame without warming it up first, the glass may crack ahd shatter where
it enters the flame.
(5)

When the glass is warm, place the cut end of the tube firmly and steadily
into the flame just above the blue cone - see Fig. 13.13. This is the
hottest part of the Bunsen flame and all of the glass which you heat will
be heated in exactly this area.

Fig.13.13: Using the hot test part of a flame.

( 6 ) Turn the glass slowly and axially in the flame. As the glass heats up,
you will see that the flame takes on a yellow/orange glow around and
above the glass. This indicates both that the glass is well into the flame
and that the glass is getting hot.

(7)

Watch the end of the tube carefully. You will see it soften and become
rounded. There is an optimum point in the rounding sequence at which
flame polishing is achieved. If you take the glass out of the flame too
early, it will not be rounded and polished. If you take it out too late, it
will have collapsed and narrowed the end of the tube - see Fig. 13.14.

-

Cross sections

1
Not too little

Not too much

But just right

Fig. 13.14: Heated tube ends.

(8)

When the tube is flame polished, remove the bung from the tube and
place the glass tube into a rack with its hot end uppermost to cool.

Basic Experiments
la Cbembtry

(9) When-youare sure the polished end is cool, close that end and polish the
other end. Practise on several tubes keeping the end of the tube in the
correct positi6n while rotating the tube axially. You will find it helpful
to use both hands to hold and rotate the glass in order to keep the tip
which you are heating in exactly the right part of the flame.

Procedure 2 for rod
(1)

Carry out steps (1) and (3)-(6) of procedure 1. When you hold the rod in

the flame, ensure that the rod is held at a steep angle (near vertical).

(2) Co~tinueto turn the rod as it softens, remembering to maintain the rod's
steep angle - see Fig. 13. IS. The rod should be allowed to form a
r ~ w d e dend without any bulging.

Fiq.13.14; Heating ~ksured In a flolmo.

(1) When &is is ackieved, remove the rod Born the flme, still maintaining
d hardened. The
the angle and *e axial mation, until the r ~ hqs
hardening generally takes a little lapger than it does In the polishing of
tubing since a greater volume of glass has been softened. If the angle
and/or the axial motion is lost on removing the glass from the flame,
distortion will result - see Fig. 13.16.

Right

Wrong

Loss of angle and axial spin

Fig.13.16: Heated rod ends,

(4)

Blgc~the rrt~deier)
and @isbed length, hat end uppernost, in a rack ta
cool. Once the length of tube bas cooled off, flame polish its other end
in the way described in steps (1) - (3).
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13.4 USE OF CARBON BLOCKS
In this exercise, you will learn how to pr#duce stirring rods and paddles from
glass rod by using a carbon block. Durihg the exercise, you will be introduced
to the plasticity and movement characteristics of larger bodies of softened
pass, and also the possibility of controlling shape by applying pressure. This
is a valuable technique for the lab technician to know.

Bunsen burner
Carbon blocks
Wire gauze
Several len@hs (250-300 rnm) of 4 nun 0.d. soda glass rod
13.4.2 Procedure
To Make a (GrindingPlat'

(1)

Clean both ends of a piece of glass rod using a wire gauze.

(2) Flame polish one end ~f the r ~ only
d and a l l ~ wit t~ cosl.

(3) Plwe a carbon block new t h Bwseq burner within easy reach 04 your

rib€
hmd.

(4) Take the cooled length of rod and he41 the unwarked end using the swne
angle and spin as in step (2). This time dlow 4 little so4 glass to colle~t
at the c r d of the r
d (only experience will tell you how ~ n u ~so
h )@at the
end clf the rad looks like the 'won$' pat af F ~ J .13.16.

(5)

Still turning ths glass and maintaining its a n ~ lmove
~ , the glass r
the flame to the arbo on block.

~ from
d

(6) 8bp taping the rsd md flqNe~the bat glass veflically against the block
- see Fig. 13.17. A

little smoke ofterl arises at this point. The glass will
cool fairly rapidly and you will be left with a 'grinding flat'.

Fig.ld.17: Making a grinding flat from glass rpd.

1
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(7)

Place the worked rod in a rack, hot end uppermost, to cool off

To Make a Flat-bladed Stirrer
With two carbon blocks it is possible to make flat-bladed stirrers' which you
can use in a motorized stirring appargtus.
(1)

Carry out steps (1)-(4) of above method. Ensure that a second carbon
block is available and that a somewhat larger collection of softened glass
is allowed to form at the heated end of tHe rod.

(2)

Sandwich the hot end of the rod between two carbon blocks to make a
paddle - see Fig. 13.18.

Fig.13.18: Sandwichinga heated rod end.

If the blocks are thrust together too violently, a weak point will arise at
the junction of the rod with the paddle. The aim should be for a well
spread but sufficiently thick paddle'for durability.
(3)

The disc of glass hardens rapidly. You should remove the paddle almost
immediately from the carbon blocks.

(4)

Place the paddle, hot end uppermost, in a rack to cool off. A paddle is
illustrated in Fig. 13.19 mounted in a mechanical stirrer.

--.
.- --

-

Fig.13.19: Mechanical stirrer fitted with a glass paddle.
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13.5 BLOWING BULBS

I

In this exercise, you will learn how to blow a bulb from a piece of soda glass
tubifig. The aim is to produce a bulb with the same wall thickness as the
tubing from which it has been blown. This is an exacting task for which
experience is required to estimate how much glass has to be melted to make a
bulb of a given size. The experience which you gain will be applied to other
techniques.
For economy, after each bulb is blown it is cut off the tube and the tube is used
for at least another two bulbs.
13.5.1

Requirements

Bunsen burner
Several lengths (250- 300 mm) of 6 mm and 8 mm 0.d. soda glass tube, flame
polished at one end

SAFETY
(1) Ensure that you are wearing appropriate safety equipment, i.e. a
properly fastened lab coat and safety glasses.
Do not blow glass from your lungs.

(2)

(3) Do not overblow bulbs causing them to burst.
Do not blow glass while it is still in a flame.

(4)

(5) Always rotate the glass tube while you are blowing.
Do not attempt to blow bulbs from tubing less than about 120

(6)

mm long.

(7)

Make sure that the flame polished end of tube which is to be put
in your mouth for blowing is thoroughly clean and cool.

(8)

Do not inhale in the area of a burst bulb.

13.5.2

Procedure

(I)

Take a 250-300 mm long piece of 6 mm 0.d. tubing and warm up its
unpolished end.

(2)

Hold the tube horizontally and heat the unpolished end in the hottest part
of the Bunsen flame while rotating the tube axially.

(3)

Heat the tube and allow this process to continue so that the walls at the
end of the tube merge. NOTE THAT YOU SHOULD STILL BE
HEATING THE TUBE HORIZONTALLY to prevent water of
combustion from passing along the tube and condensing at the cooler
(unstoppered) end.

(4)

Once the walls of the tube end have merged, there is no further
possibility of condensation and you can then tilt the tube to a steep angle.
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(5)

Allow a small amount of glass to collect at the closed end of the tube
while rotating it at a steep angle to keep the mass symmetrical Fig. 13.20.

Fig.13.20: Heating tubing before blowing.

(6) When enough glass is plastic, remove the glass mass from the flame and,
while continuing to rotate the tube axially, bring the cool, polished tube
end to your lips. This will be a complicated movement which you should
work out for yourself. Whatever happens, carry this out so that the cool
end of the tube arrives at your mouth well before the mass of glass at the
other end of the tube has begun to harden.

(7) Place the tube's polished end between your lips, and inflate your cheeks
from your lungs. You must continue to rotate the tube axially throughout
this step.
(8) Close your throat from your windpipe so that you can breathe without
deflating your cheeks.
(9) Blow into the tube using only pressure from your cheeks and not from
WARNING: You must not
inhale in the area of an
overblown glass bulb. Fine
floating silvers of glass can
enter your lungs and cause
permanent lung damage.
Remelt overblown bulbs
before disposal.

your lungs. You should be able to breathe quite normally whilst still
applying internal pressure to the tube. You must continue to rotate the
tube axially throughout this step.
(10) Watch the far end of the tube as you blow down and rotate the tube. Once
the initial resistance due to the viscosity of the glass is overcome, the bulb
will swell rapidly. It may burst if you don't check the inflating pressure.
If you overblow the bulb, you will see that it becomes thin and may break
up forming floating silvers of glass in air.
(1 1) When you have blown a bulb, place it and the tube to which it is attached
in a rack to cool off.
(12) When the glass is cool enough to handle, cut the bulb off the tube.
(13) Test your bulb by tapping it on a wooden bench-top. If you've blown a
good bulb, it will withstand this test. If not, put the flake glass in the
metal tin.
(14) Repeat steps (1)-(13) at least twice with the same piece of tubing so long
as it is not shorter than about 120 mm.
(1 5) Repeat steps (1)-(13) using a length of 8 mm 0.d. tubing.

t

It will take you a little time to become conversant with the plasticity of hot
glass. You will also find it tricky to master the co-ordination of movements
required to remove the glass from the flame quickly and inflate the bulb.
Using 8 mm tubing makes these tasks more exacting, but with practice you'll
perfect them.

BENDING NARROW BORE TUBING

13.6

i
iI
I

I

1

In this crucial exercise, you will really begin to appreciate the true
waywardness of hot glass. If you avert your concentration for a moment, all
will be lost. If you cease to turn the glass axially, it will sag. Fail to keep the
glass aligned axially, it will kink. Twitch your shoulders, and the glass will
lengthen or concertina. You must strive for control and maintain it through
practice; and it will help you to maintain control if you keep the glass in a
state of light plasticity, rather than a full melt. Should it happen during, say,
forming a U-bend that the routing of your hands is less than perfect, all is not
lost. Often the most fruitful practice in gaining sympathy with the medium is
to be had by correcting mistakes. Hardened glass can be softened again and
again, and it can be re-modelled and re-blown to modify its shape. With each
operation, you gain valuable experience.
13.6.1

Requirements

Lengths (250-300 mm) of 6 mm 0.d. soda glass tubing, flame polished at both
ends
Rubber policemen or pipette teat
Bunsen burner
Retort stand, clamp and boss
13.6.2

Procedure for Forming a Bend Using an Ordinary Flame

(1)

Take either a rubber policeman or a pipette teat and close one end of a
length of tubing.

(2)

Set your Bunsen to its hottest flame and adopt the hand positions
indicated in the Appendix. All the while the tubing is hard, you will find
it easy to maintain the rotation of the tube. As soon as the tubing softens
under heat, there will be no rigid connection between its ends and you
must maintain an exactly similar rotation of both ends in relation to each
other by your own efforts. You must match the turning motion of your
left hand by that of your right. This matching of rotations is not
something which most people are born able to achieve, it is a skill to be
practised and acquired over time. The classic aid to learning the skill is
to mark your tubing in three places with a glass pencil or diamond
scriber. Make one mark at the point of heating and other marks about
20 mm on either side of it, all three marks being in a straight line. The
straightness of the line should be maintained all through the heating
process.

(3)

Observe a warm-up routine and heat the glass tube at its centre whilst
rotating it axially.

(4)

When the glass is sufficiently plastic to deform under its own weight, it
may be removed from the flame and bent. Clearly, if the centre section
of the tube is plastic, not only may its ends move at different angular
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velocities relative to each other, but they may also move away from their
axes as in Fig. 13.21 .
I

Heated section

I

I
I

I

I

I

Fig.13.21: Kinked tubing.

It takes little imagination at this point to realize that the ends of the
tubing may also drift more closely together - or further apart!
(5)

When making a bend, aim first for a bend of approximately 90°, i.e. a
right angle. (Those bends of a smaller internal angle, e.g. 60°, are known
as fast, and those obtuse bends of more than 90' are known as slow.)

(6)

To bend the plastic glass, stop rotating it. Still holding the tube in the
flame, slip both hands underneath the glass at each end. The glass is
moved lengthways side to side in the flame for about three seconds to
allow the underneath glass to thicken slightly.

(7) Rernove the glass from the flame and, keeping the extra heated side
downmost, place the open end between your lips whilst bending the
glass upward. During the bending you can gently blow the glass to
counteract the narrowing of the bore which takes place at the bend as the
glass is manipulated - see Fig. 13.22.

Not too little

Not too much

But just right
Fig.13.22: Shaping a glass tubing bend by blowing.

(8)

Clearly, on bending the tubing, it will be stretched at point A (Fig. 13.22)
and compressed at point B. To avoid over-stretching and compression, it
is advisable to heat a longer section of glass so that the bend itself is of
greater span. The very best bends have a span, which may equal eight to
twelve diameters. To achieve this length of bend, it is obvious that either

the glasssust be moved lengthwise in the flame, which adds to the skill
required, or the flame must be increased in width. It is excellent practice
to move the glass and you should do this. It is an exercise which will
markedly enhance your control over the glass and be valuable in later
exercises.

13.6.3 Procedure for Forming a Bend Using 3 Wide Flame
-3

(I)

Fix a clamp to a retort stand at about 80-100 mm from the base of the
stand.

(2)

Clamp an unlighted Bunsen burner in the clamp at about 30' above the
horizontal.

(3)

Light the burner and set it for glassworking. Then adjust its angle to
produce a flame suitable for your work - see Fig. 13.23.

I

1

Fig.13.23: Retort-mounted bunsen.

WARNING
(a) Do not use this method with short pieces of rod or tubing (less
than about 400 mm).
(b) Keep your hands away from the slanted flame.
(c) DOnot attempt this method unless you are certain of the
security of the clamping system which holds the burner.
(4)

Alternatively, a greater length of tubing is more easily heated with a
batwing burner or a Bunsen burner fitted with a fishtail flame spreader.
The batwing makes the bending of 6 mm and 8 mm tubing relatively
easy and is a thoroughly good way of making quick bends, but its use as
an exercise to develop your skills is severely limited.

13.6.4 Procedure for Forming a U-Bend
The effects of gravity on soft glass tubing are best appreciated at this stage
when attempting to produce a U-bend. To do this a quite long section of
tubing must be heated so that a good separation may be achieved between the
parallel arms of the U (To form a U bend with 25 mm distance between the
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limbs, 50 mrn of glass tubing must be heated). This being the case, if you
don't manipulate the glass in a truly vertical plape (see Fig. 13.24), distortion.
occurs to the soft glass. You must remember that not only will you have to
shape the bend and blow it, but that you must keep the arms of the U parallel in
two planes.

--*"-"-------------'-~--------'-------'--'--''
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Forming a U-bend.

From the front of the U it may look as if the arms are parallel, Whereas if you
look at them from the side they are not. Conversely, the arms may look
parallel from the side of the U, and be at an angle when viewed form the front.
While you concentrate on the arms, the bend may distort. Fig. 13.25 is an
illustration of an exaggerated fault.

Fig.13.25:

A typical fault in a

U-bend.

ina all), remember what we said earlier - that you learn even by making
mistakes, and ezpecially, by correcting them.

I

13.7

-.

,.PULLING POINTS IN GLASS TUBING

Pulling points, or spears as they are sometimes known, is one of the most basic
exercises in glass manipulation. It cannot be emphasized too strongly that time
devdted 40-attaining skill in point pulling is never wasted. Points drawn by this
method make excellent Pasteur pipettes since the extended tube is of g6od
wall-thickness and is thus unlikely to fracture in use.

137:l

Requireqents

Bunsen burner
3Q6mm lengths of .I0 mm 0.d. glass tubing, flame polished at both ends.

I

13.7.2

b

I

Procedure for Pulling a Point in a Glass Tubing

(1)

Take a length of tubing and make three marks on it as explained in subSec. 13.6.2, using a glass pencil or knife. Make the marks so that the
centre mark is at the centre of the length to be heated and the other two
are one tubing diameter either side of the central mark. The three marks
must be in line.

(2)

Holding the glass properly and rotating it axially, heat the centre of the
tube and allow it to become plastic.

(3)

As the tube is heated and turned, push the ends together very gently.
This pushing should be so gentle as to be almost imperceptible, but it
should result in a slight gathering of the glass between the outside marks
on the tube so that a small bulge appears, as shown in Fig. 13.26.

I

Fig.13.26: Glass tubing slightly compressed before pulling.

f

(4)

During heating, use your left hand to control the smoothness of rotation
while your right hand follows to keep the tube straight and free from
twisting, as shown by the in-line marks. The slight pressure required is
the product of both hands.

(5)

When all the glass between the marks is plastic, remove the tube from
the flame and draw the plastic glass into an axial tube of reduced
diameter. The drawing of the tube requires a little thought since the
narrow tube is expected to be of roughly the same wall thickness as the
tubing from which it is drawn. A small reduction in thickness is
acceptable, but the point pulled should be strong enough to withstand
cutting without shattering, and may be needed at a later stage as a handle
to support glasswork being undertaken. The centre position of the
gathered glass will hold the heat most efficiently since it is of the
greatest mass. It will therefore remain plastic for the longest time.

I

(6) The tube is drawn by the right and left hands being gently separated and
the glass is maintained in axial alignment by rocking. You will find that
it is virtually impossible to maintain complete rotation while drawing out
the glass, so a back and forth rocking is substituted using only the finger
and thumb of each hand.
Shoulder

Gather

Fig.13.27: Shape of tubing at first pull.
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If you draw the glass quickly at this point, the constrictions will be
drawn into two thin-walled tapers with a thick blob of glass left in the
centre.

Ln Chemistry

(8)

Instead, draw the glass slowly so that the constrictions begin to harden
first and the central blob is drawn upon to supply plastic glass for the
drawn tube.

(9)

Draw the tube until it is about ten to fifteen centimetres in length and see
that the drawn tube is a continuous slow taper to its centre. As the
.
tubing is drawn, the glass gathered in the centre is just used up - see
Fig. 13.28.

r'

Fig.13.28: Drawn tube.

(10) Cutting the drawn tube at point X-X (see Fig. 13.28) should give you a
tube with a wall thickness not unlike that of the original tube - see
Fig.13.29.

(1 1) Flame polish the cut ends of the drawn tube before use.

Fig.13.29: End view of drawn tube showing the proportion of glass to bore.

13.7.3 Procedure for Pulling a Point at the End of a Glass Tubing
If only one point is required at the end of a single piece of tubing, it may be
pulled by welding an odd piece of tube to the end and using this as a handle
with which to pull the point. A similar handle may be used to pull a point at
the end of a long piece of tubing should that be necessary. The end of the tube
and the handle are heated simltaneoulsy in the flame and simply pushed
together and allowed to harden - see Fig. 13.30.

Handle

X

Fig.13.30: Attaching the handle.

0

'The joint Gill last sufficient time for you to pull the point. Once the handle,
which may be 9 piece of similar diameter tube, or smaller, or a piece of rod of
the same co'mpos$ion, is attached, the glass is heated at X-X and a noint pulled
in the usual way. If the tube is a long piece, its other end is supported in a Vrack, while the handle is attached and the point pulled - see Fig. 13.31.
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Fig.13.31: Pulling a point in long tubing.

13.8 JOINING GLASS TUBINGS OF EQUAL DIAMETER
In this exercise, you will be instructed on how to join glass tubing of equal
diameter. In attempting this manipulation, inexperienced workers often
produce many strange distortions in the tubing at fitst. If this is what happens
to you, always try to rectify distortions by heating and blowing to restore the
shape of the glass. Doing this is excellent practice in glass manipulation, so do
not be tempted to discard failures immediately. Always try to turn them into
successes; and although it is of course impossible to make such a joint
invisible, you can always try.

13.8.1 Requirements
Bunsen burner
300 mm lengths of 10 mm 0.d. glass tubings, flame polished at both ends
Rubber policeman/bungs

13.8.2 Procedure
(1)
(2)

(3)

Plug one end of a tubing by using a bung or policeman or pulling a point
on it and sealing the end over by heating the point in the flame.
Take a sealed spear in your left hand and an unsealed spear in your right
hand.
Bring the original width ends close together, but not in contact with each
other, and heat them in the flame. Rock both spears axially as you heat
them - see Fig. 13.32.

Fig.13.32: Simultaneous heating of two spears.
85

This method of turning the glass allows the two pieces to be joined, pulled and
blown before the seal has cooled and with good control over the hot glass. If
both hands are incorrectly placed over the top of the glass - see Fig.13.33, as
Soon as the join has been made the right hand position must be altered before it
is possible to blow the glass. This manoeuvre often results in the loss of
control of the hot glass,-or in the join becoming cold before it can be blown.

Warning: Always use
correct hand positions.

Fig.13.33: Incorrect right hand position.

(4)

When the ends of both spears are plastic, push them together gently, still
with axial movement, so that they join. Then pull them very slightly
apart so that the glass join does not maice a bulge.

(5)

Give a slight blow into the unsealed spear to restore the diameter of the
glass.
You should now have a tube with a ring around it where the two ends
were joined like that shown in Fig. 13.34.

Fig.13.34: Glass tubing after initial joining.

(6) The task now is to melt the glass ring and re-form it to the same contour
of an uncut section of glass tubing, i.e. to make the mend invisible! Heat
the glass join from below without turning the tubing so that a quarter
section of the tube is directly heated. The undersideZof the tube softens
and begins to run together. The distortion produced is shown in
Fig.13.35. To allow the melting to proceed to an adequate degree
requires a certain nerve.
(7)

When the glass has melted sufficiently for the lower section of the ring
to have.been absorbed into the glass, remove the tube from the flame.
1

(8)

Blow the tube to restore its shape.

(9)

Next, heat the section diametrically opposite the treated one, and then
deal with the remaining two quarter sections in the same way.
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Fig.13.35: Distortion produced on reheating initial join.

13.9 BLOWING A BULB IN THE MIDDLE OF A TUBE
I

The aim of this exercise is to blow a bulb in the middle of a tube so that the
wall thickness is consistent from tube to bulb. This exercise requires more
control than is required in pulling points. This manipulation is a stepping stone
to techniques that you will come across later, as well as providing valuable
experience now.

13.9.1 Requirements
Bunsen burner
300 mm lengths of 10 mm 0.d. glass tube, flame polished at both ends
Rubber policemen/bungs

1

13.9.2 Procedure
(1)

Plug one end of the piece of tubing to be manipulated by
(a) Using a bung or a policeman; or
(b) By pulling a point on it and sealing the end over by heating the point
in the flame. (Two 300 mm tubes may be prepared by pulling points
in the centre of a 600 mm length of tube.)

(2)

Using the classic hand positions and with your elbows firmly upon the
benchtop, heat the section of glass in the centre exactly according to the
instructions (1) to (3) of sub-Sec. 13.7.2. Glass is gathered at the centre
in the same way. It must here be emphasized that your hand positions
are crucial, your right hand holding the non-capped end of the tube
should be palm uppermost to facilitate the transfer of the open end to the
mouth for blowing.

(3)

Rotate the tubing axially during the building up of the central reservoir
of plastic glass ahd observe the necessary precautions to prevent twisting
of the glass. Use three marks in line as before if necessary.

(4)

When the glass has reached the stage of Fig. 13.36, place the open end of
the tube in your mouth, whilst continuously rotating the tube axially, and
give a controlled blow from your cheeks.

I

I
I

1
I
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Fig.13.36: Glass tube slightly compressed before blowing.

It is vital that you can see the bulb grow to appreciate the requirement
for pressure. It is further necessary to gauge the sphericity of the bulb.
This will only come with experience. Do not be unduly concerned if
your bulb is not located exactly centrally and axially in the tubing. To
guarantee such a result, you need a great deal of practical experience to
gain the required control. However, as before, you can try!

(5)

Do not attempt to make too large a bulb with only one heating of the
glass. A bulb of 20 mm diameter is as much as you will expect to
achieve if the wall thickness of the bulb is to be of a safe order.

(6)

To produce a larger bulb, more glassmust be gathered up to be blown.

(7)

Take a 10 mm 0.d. tube, 300 mm long and make two marks at its centre
3 5 mm apart.

(8)" Heat the glass as in step (2) and allow all the glass between the marks to
be gathered up in preparation for blowing. The wall thickness between
the marks will be about doubled and the bore will only be slightly
reduced - see Fig. 13.37.

-+-

Fig.13.37: Glass gathered to blow a large bulb.

In the gathering, of course, the marks will drift more closely together, and
when the bulb is blown, about 20 mm apart and the wall thickness of the bulb
will be approximately the same as that of the tubing from which it is made see Fig. 13.38.

Fig.13.38: A 20 mm bulb blown in tubing.

13.10 SUMMARY
In these experiments, we have described the basic tools needed for
glassworking and some simple glassworking operations as listed below:

(1) Cutting glass tubing and rod.

(2) Flame polishing glass tubing and rod.

(3) Using carbon blocks to produce stirring rods and paddles.
(4) Blowing a bulb in soda glass tubing.
(5) Bending narrow bore tubing.

(6) Pulling points in glass tubing.

(7) Pulling a point at the end of a tubing.
(8) Joining glass tubing of equal diameter,

(9) Blowing a bulb in the middle of glass tubing.
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EXPERIMENT 14
GLASSWORKING OPERATIONS USING A
PREMIXING BURNER
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Summary

Forming a Test-tube End
Requirements
Procedure

Rimming and Flanging
Requirements
Procedure

Joining Tubing of Equal and small Diameter
Requirements
Procedure

Joining Tubing of Unequal Diameter
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Procedure

Making a T-Joint
Summary
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14.1 INTRODUCTION
In Experiment 13, you had performed glassblowing operations with soda glass
using only a Bunsen or a batwing burner. In this experiment, you will perform
some glassblowing operations involving the use of a premixing burner. In
Unit 5 of this course, you have studied the working of such type of burners.
By using pure oxygen, as an oxidant, these burners can be used for working
with borosilicate glasses which have higher working temperatures than those
of soda glasses.
After performing this experiment, you should be able to:

control a premixing burner,
fonn a test-tube end,
form rims and flanges on tubing,
join tubing of equal and small diameter,
join tubing of unequal diameter.

14.2 OPERATING A PREMIXING BURNER
In this exercise, you will become familiar with the different parts of a
premixing gas burner, and then you will learn how to ignite this kind of burner,
After you have gained confidence in flame control and adjustment, you will be

required to repeat the earlier exercise of pulling points in glass tubing, using a
premixing burner and your new skills,
14.2.1 Requirements

Premixing burner
Lighter
10 or 12 rnrn 0.d. glass tubing
Gas and compressed air supplies.
1

14.2.2 Procedure

(2)

Look at the burner in front of you. +e red tap is the fuel gas control
and the green tap is the control for the oxidant gas, in this case
compressed air. Observe the jet. It has a central hole surrounded by
many smaller holes - see Fig. 14.l(a). This is a premixing burner for
use with slow burning fuel gas. The jet is replaceable and there are
several sizes available for various uses. Ensure that your burner is
fitted with a number one size jet. Figure 14.1 (b) shows the basic
aspect of the kinds of flames you might expect from this type of
equipment.

(a) Jet o f a premix burner f o r elow burning fuel g a a

> a cez

jb)

Flame a t slow burning fuel gas j e t

Fig.14.1: Premix burner jet for slow-burning gas.

Flames and how to start them

When lighting up or shutting down a burner, it is important that you follow the
correct procedure in order to avoid accidents. It is clearly necessary to ensure
that all connections to the burner are sourid and gas-tight and that tubing is free
from leaks. The burner itself should be checked to ensure that its own taps are
closed.
Ignition sequence

.

Ignite the burner using-the following sequence:
(1)

Ensure that the burner taps are shut off.

(2)

~ n s u r ethat the supply taps are on (fuel and oxidant) and at the correct
pressures for the burner - refer to the manufacturers' information for
gas pressures.
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(3)

(4)

Turn on the fuel gas tap of the burner slowly while holding a lighted
splint or taper at the combustion jet and ignite the issuing gas. (Do not
turn the gas on and then fumble for a lighter).
Regulate the burner fuel gas tap to give a yellow luminous flame of,
say, 200-250 mm in length - see Fig. 14.2 (a)

(a)

Luminous flame

(b)

Intermediate flame

(c)

Needlepoint flame

Fig.14.2: Types of flame on a premixing burner.

(5)

Gradually open the oxidant gas tap to give a hotter flame. A noisy
flame will result and a blue cone will develop.

You should now have a bushy flame of perhaps 200 mm or so in length. This
flame will be fairly noisy with a low pitched rushing sound.
NB (1) Attempting to ignite a gaslair mixture may cause an
explosion which will be shattering to the nerves, if not the
workroom.
(2) It is impossible to ignite oxidant gas alone.

(3) Too much oxidant too soon may blow out the flame.

(4) When extinguishing the flame, turn off the oxidant gas before the
fuel gas. If the fueldgasis turned off first, a loud crack is often
the result, or a small explosion, which may damage the jet of the
burner.
Adjusting the flame
(1)

Gradually increase the.air and note how the flame increases in noise.
Increase the aii until the flame can be seen to be separating itself from
the jet. (There may not be enough air pressure to achieve this.)

I
I

Beyond this point it will be blown out. Readjust the air to give a bushy
flame.
(2)

Gradually increase the fuel gas and note how the flame lengthens and
softens. Readjust the gas to give a bushy flame.

(3)

Gradually decrease the fuel gas and watch the blue cone shorten. The
flame develops a distinct hiss, and small blue cones can be seen at the
surrounding jets - see Fig. 14.2 (b).
6
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(4)

Now increase the air. The flame will become even noisier and may
blow out. The blue cone will become ragged. Readjust the air to give a
relatively quiet, stable, blue cone flame about 150 mm long. This is a
general purpose (GP) flame.

(5)

Decrease the air a touch, then decrease the gas. This is the way to
produce a needlepoint flame - see Fig.14.2 (c). By decreasing the gas,
better combustion results, giving a small, hot flame. Keep the cone
stable - if it becomes ragged it will not be so hot.

(6)

Now practise changing the flame from the GP intermediate flame to the
needlepoint. Aim to achieve this by altering only the fuel gas tap. You
will often find it necessary to change from one flame to the other
quickly. In the compromise you must obtain, it is best to have slightly
too little air in the GP flame. This gives it some reducing properties.

,

14.2.3 Summary

(1)

Ignition (obtaining a bushy flame):
Check that the burner and supply tubes are gas tight.
(a)
Check that the burner's taps are closed.
(b)
Turn
on both of the gas supplies and check that the supply
(c)
pressures conform to manufacturers' recommendations.
Hold a lighted splint or taper at the combustion jet, SLOWLY
(d)
open the burner's fuel gas tap, and ignite the issuing gas.
Regulate
the burner's fuel gas tap to obtain a yellow luminous
(e)
flame of 200-250 mm in length.
Gradually open the burner's oxidant gas tap to obtain a hotter
(f)
flame with a blue cone.

(2)

To obtain a GP flame (from a bushy flame):
Gradually close the burner's fuel gas tap until the flame contains
(a)
small blue cones around the jet and the flame hisses.
Gradually adjust the burner's oxidant gas tap to obtain a
(b)
relatively quiet, stable blue cone flame of about 150 rnm in
length.

(3)

To obtain a needlepoint flame (fiom a bushy flame):
First of all obtain a GP flame.
(a)
Gradually
close the burner's oxidant tap first of all, and then
(b)
close the burner's fuel gas tap until a flame is obtained similar to
that shown in Fig. 14.2 (c), with a stable cone.
To obtain a smaller, hotter and more efficient flame continue to
(c)
close the burner's fuel gas tap.

Experiment 14

Basic Experiments
in Chemistry

14.3 FORMING A TEST-TUBE ENP
In this exercise you will learn how to seal tubing to form the end of a test-tube,
using a glass point that has already been made and a needlepoint flame on a
premixing burnzr. After sealing the tube you will learn how to adjust the
thickness of the wall of the end to obtain a wall of consistent thickness
throughout the tube.

14.3.1 Requirements
Glass point pulled in previous exercise from 10-12 mm 0.d. tube
Premixing burner

14.3.2 Procedure
Take one of the points that you made in an earlier exercise (10-12 mm 0.d.
glass) and, holding both the open tube and its point in the classic hand
positions, rotate the tube axially and direct a small, hot (needlepoint) flame at a
point close to the point's shoulder. Continue to rotate the tube in the flame and
a constriction will develop due to the softening and falling-in of the glass - see
Fig.14.3 (a).
When the constrictions is very deep, remove the glass form the flame and
quickly pull a long, thin point form the constricted glass. The thickness of the
wall of the point is immaterial - see Fig. 14.3 (b).

(a) Heating the shoulder

(b) Pulling a thin point

(c) Detaching the point

(if) Adjusting the end's shape

Fig.14.3: Forming a test-tube end.
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Still using the small flame and rotating the tube, reheat the glass at point X see Fig. 14.3 (b), as near to the shoulder as possible and pull off the point,
drawing off from point X as much glass as you can. You will be left with a
small blob of glass at X - see Fig. 14.3 (c).
The skill that you develop should relate to the quantity of glass contained in
the blob left at X. This should be as small as possible without actually leaving
a hole! If the blob is too large, more glass may be drawn off by attaching the
point at X again, reheating it redrawing the point from the blob. When the blob
is satisfactory, heat the whole end of the tube in a GP flame in order to run the
blob into the wall.
Remove the glass from the flame and blow gently into the tube to form a testtube end with walls of the same thickness as that of the tubing from which it is
made - see Fig. 14.3 (d). Some instructors maintain the glass should be biown
vertically. This method is as follows. When sufficiently hot, remove the glass
form the flame and, continuing rotation, point the tube end toward the ceiling.
Stop the rotation when the tube is vertical and blow gently into the tube to
form a test tube end. (To do this you will have to tip your head back.) This
procedure stops the molten glass from drooping while it is being blown.
A thin-walled end will be mechanically weak and a thick-walled end will be
thermally weak. Do not overblow the tube as this will make the end of the tube
of greater diameter than that of the rest of the tubing.
Flame anneal the tube end in a large, soft flame (see Unit 5, Block 2) and set it
aside to cool.

14.4 RIMMING AND FLANGING
In this exerc,iseyou will learn how to use a reamer (described in Unit 5) to
form rims and flanges on glass tubing. The rims you form will be entirely
external. In the course of forming a flange, you will make a tapered tube, e.g.
for corking. Your final flanged tube will be the same kind of flanged glasswork
that is used for sealing against your finger in dipping tubes. The flanging
exercise, as you will see, is an excellent exercise for devzloping your
perception of the temperature-plasticity relationship of glass, and for the
coordination of your hands and eyes.

14.4.1 Requirements
Premixing burner
Pointed reamer or carbon rod
Test-tube (from exercise 14.3 ), or 10-12 mm tubing sealed point, or 10-12 mm
tubing stoppered at one end.

14.4.2 Procedure

Rimming
(1)

Take a test-tube made in the last exercise, or a 10-12 mm tubing
stoppered at one end.

(2)

Holding the closed end of the tube in your left hand, advance the open
end of that tube into a small flame (between the GP flame and the
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needlepoint), while axially rotating the glass. I-Ieat only the last
millimetre or so of the tube and ensure that the pointed reamer is ready
near your right hand.
(3)

Observe the heated tube. If only the last millimetre or so is heated, a bead
will form around the tube edge and will fall inwards - see Fig. 14.4 (a).

3
(a) Collapse of tube walls

(b) Reaming the bead

'LJ

(c) Forming the external flange

NB:
When metal tools are used,
they shduld always be
lubricated using either
beeswax or paraffln wax.
Beeswax is the better of the
two as it has a higher melting
point and does not bum off
the tool so quickly.
This serves two purposes,
namely:
(1) It stops the hot glass
from sticking to the tool;
and
(2) It stops metal oxides
from the tool getting into
the glass which may
cause fiactuting when
the glass cools.

(4)

Preheat the reamer by passing it through the flame several times and
apply a little beeswax or paraffin wax.

(5)

Withdraw the tube from the flame, and while turning it axially, apply the
reamer in the manner shown in Figs. 14.4 (b) and (c), pushing the bead
out rather than in. The tool is simply angled while the tube is being
turned. The finished tube should have a purely external rim as shown in
Fig. 14.4 (c). You must resist the temptation to hold the glass still and to
move the tool!

(6)

Flame anneal the rim - see Unit 5, Block 2. and set the tube aside to
cool.

Flanging
(1)

Take a similar tube to that taken in above for 'Riming' and heat the last
5-10 mm in a similar flame while axially rotating the glass.

(2)

Allow p e glass to become plastic and preheat and wax the reamer. Do
not allow the glass to fall in.

(3)

Place the reamer in the glass and gently change its angle while rotating
the glass. You should keep the back edge of the glass in the flame as the
glass is rotated, this will prevent the glass from hardening prematurely.

(4)

Continue until the glass looks like that in Fig. 14.5 (a). This is known as
the taper stage and the glass can be left thus to accommodate the taper of
a cork or rubber.

(5)

Reheat the taper and extend the angle of the reamer to produce the flange
shown in Fig. 14.5 (b).

(6)

Flame anneal (Unit 5, Block 2), the flange and set the tube aside to cool.

(a) The taper stage

(b) Forming the flange

i
I

Fig.14.5: Forming a flange.

Some authorities maintain that in all cases of rimming and flanging the reamer
should bc held still and the glass tilted as the flange is made, i.e. the angle of
the glass is changed not that of the reamer. You should try both methods and
see which one you find most comfortable.

!

14.5 JOINING TUBING OF EQUAL AND SMALL
DIAMETER
This is not the same exercise as described in the preceding experiment. It is a
delicate exercise and is only simple if you carry it out with meticulous care. An
alternative technique for joining tubing of equal diameter is to spot weld it
using a needlepoint flake (As in next exercise).

14.5.1 Requirements
Premixing burner
Two pieces of tube approximately !50 mrn in length, and up to10 mm 0.d.
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14.5.2 Procedure

Joining Tubes
(1)

Stopper the piece to be held in the left hand and ensure that the two ends
to be joined are clean and cut squarely.

(2)

Preheat the ends of the tube to be joined - see Fig.14.6 and particularly
note the hand positions. Then while rocking or rotating the tubes axially,
heat the ends in a smqll, pointed flame with a good, firm blue cone. The
ideal flame for this is not a needlepoint and should be perhaps a few
centimetres longer.

Fig.14.6: Preheating tube ends simultaneo~sly.

(3)

When the ends are soft, press them together in the flame and pull very
slightly apart to produce the effect shown in Fig. 14.7. Restore the
diameter of the tubing with a blow.

Fig.14.7: First join.

(4)

After the initial join, pull and blow, weld the join using a needlepoint
flame - see Fig. 14.8. Rotate the glass and continue to heat the joint.
Melt the glass and quickly push the ends together to build up a little
thickness. Blow it to restore the diameter. DO NOT MELT TOO MUCH
GLASS!

(5)

To tidy up the joint use a longer flame and again quickly heat the glass to
avoid the build up of too much glass. If you allow the glass to build up
too much, the result will be the formation of shoulders - see Fig. 14.9,
which will have to be reworked.
Rotation

Fig.14.8: W~ldingthe joint.
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Fig.14.9: Shoulders formed by gathering too much glass.

(6) Remove!the work from the flame, blow a small symmetrical bulge in the
tube, and very gently pull the ends apart, rotating the glass as you pull
until the diameter of the joint matches that of the rest of the tube.

Joining Glass Rod
Using a similar technique but smaller flame sizes, i.e. a needlepoint, heat the
ends of the rod and join them together. Heat as little glass as possible. Heat the
join further while rotating the rod, and allow a small amount of glass to gather.
You should never have a rod with a symmetrical bulge in it analogous to the
state of the-tubing as shown in Fig. 14.9. You cannot, of course, blow rod!
Remove the joint from the flame, allow a second for it to cool and pull the ends
very carefully with rotation to restore the joint to the rod's original diameter.
This is a tricky operation requiring some experience to perfect.
--

-

--

-

14.6 JOINING TUBING OF UNEQUAL DIAMETER
There are two methods ofjoining tubes of unequal diameter. The first method
is used where the diameters are very different, say 6 mm and 20 mm; and the
second method is used where the diameters are closer, say 8 mm and 12 mm.
The 35" flat brass reamer described in Unit 5 is needed for the second part of
this exercise. There is no real substitute for this tool.
14.6.1 Requirements

Premixing burner
Lengths of different diameter glass tubing e.g. one each of 6 mm and 16 mm,
and one each of 6 m m or 8 mm, and 10 mrn or 12 mm 0.d.
35" Flat brass reamer
Stopper for 16 mm 0.d. tube.

14.6.2 Procedure

Joining Tubes of wjdely Differing Diameter
(I)

Select two lengths, e.g. 150 rnrn each, of glass tubing, one each of 6
mm and 16 mm 0.d. Check that they have clean square ends.

(2)

Flame Polish one end of the 16 mm tube for blowing and have ready a
stopper which wilk fit the polished end.

(3)

Flame polish one en4 ~f the piece of 6 mm tubing and keep it ready.

(4)

Draw a point on the unpolished end of the 16 p m tube using the
technique in Experiment. 13.7. When attaching the glass handle, ensure
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that you fit it axially to the tube so that the point that you pull will be
symmetrical and axial.
(5)

Heat the shoulder of the 16 mm point and make a test-tube end on it, as
you have done in Expt. 14.3.

(6)

Direct a needlepoint flame at the centre of the test-tube end and blow
out a small bulge - see Fig. 14.10 (a). This is best done by angling the
closed end of the tube into the flame so that the heat can be more easily
concentrated on the central spot - see Fig. 14.10 (b). This is done at a
10" diagonal angle.

-

3
)
(a) Blowing a bulge in the end of the tube

(b) Concentrating heat on the central spot

h

u
(c) Thinning the wall of the bulge

(d) Forming a blister
Fig.14.10: Joining tubes of widely differing diameters.

(7)

Reheat and re-form the bulge twice. This will result in thinning of the
wall of the bulge as in Fig. 14.10 (c).

(8)

Heat the bulge again and blow out a blister as shown in Fig.l4.10(d).

(9)

Crack off the thin part of the blister and reheat the edges of the hole
until it matches the diameter of the small tube (6 mm).

(10) Stopper the wide tube.
(1 1) Hold the wide tube in your left hand and heat the opened blister end with
rotation in order to build up a little thickness.
(12) Just before the large tube i i ready to be joined, place the small tube in !he
flame as well.

(13)

eatb both tubes, rotating the large one and rocking the small one, until
the small tube is ready for joining. Do not let the small tube melt too
muck.

(14) When the two tubes are sufficiently hot, join them together, Pull them
slightly and blow the combination to widen the seal ready for finishing.
The tube should be rotated as it is blown in order to keep the seal central
and axial

(15) Heat the combination to allow the glass to flow together using a 10 OC
angle as before. So that you do not heat the narrow bore tube too much,
direct the flame toward the large tube - see Fig. 14.1 1, where you can see
that the flame splash is taken up by the large bore tube rather than the
small bore tube.

Fig.14.11: Finishing the joint.

(16) When the join has melted out, remove it from the flame and blow it to
restore the shape of the shoulder. The glass must be constantly rotated
axially until it has been solidified throughout the final melting and
blowing operations.

(17) Flame anneal your work and set it aside to cool.

Joining Tubes with a small difference in Diameter
(1)

Select two lengths, e.g. 150 mm each, of glass tubing, one each of 6 or 8
mm and 10 or 12 mm 0.d.. Check that they have clean ends.

(2)

Polish one end of each tube and have ready the 10" reamer, and a stopper
or teat for the wider tube.

(3)

Holding the narrower tube in the left hand, rotate it and heat the last 2 or
3 rnm of the unpolished end in a small, hot flame.

(4)

Preheat and wax the reamer.

(5)

Remove the glass form the flame and turn it against the reamer to open
out its end -see Fig. 14.12.

(6)

Examine the opened tube to see if its diameter now matches that of the
wider tube. If it is not yet wide enough, reheat and, heating the tube
further back, open out more of the glass. You must retain the 35" angle.
Do not open the tube at a greater slope or the strength of the finished
article will be lost. You must resist the temptation to hold the tube still
and turn the reamer!
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~ i ~ . l 4 . 1 Using
2:
a reamer to spread the end of a glass tube.

(7)

Stopper the wider tube and, holding it in your left hand, heat the
unpolished end together with the opened end of the narrower tube in a
small, hot flame.

(8)

Join the two and give a slight blow.

(9)

EITHER remelt and reform the joint as in earlier method. 'Joining Tubes
of Widely Differing Diameter' OR spot weld it.

(1 0) Adjust the joint axially, flame anneal it and set it aside to cool.

14.7

MAKING A T-JOINT

By now you should have amassed enough technique and experience of
glassworking to enable you to make a T-joint. This is an exercise which can
give you great satisfaction since, in a real sense, it is what glassworking is all
about - the making of something both useful and, hopefully, beautiful by the
exercise of acquired skills. If your hand positions are not yet as second nature
to you, you should remember them now; and maintain your equanimity and
tranquility - even if you are not at first successful!
14.7.1 Requirements
Premixing burner
300 mm length of 10 or 12 mm 0.d. glass tube.
14.7.2 Procedure
(1)

Take a length of about 300 mm of 10 or 12 rnm glass tube and pull
points at about the 200 mm mark.

(2)

Seal the point on the 200 mm length and flame polish its open end.
Flame polish the open spear and the open end of the 100 mm length. Set
the glass aside to cool.

(3)

When cooled, preheat the midpoint of the 200 mm tube and then direct a
needlepoint flame at one spot at the midpoint. Do not rotate the tube. As
the glass becomes plastic it will be pushed into an internal bulge by the
pressure df the flame - see Fig. 14.13 (a).

(4)

Allow the bulge to grow until it is pushed into the tube by about a third
of its diameter - see Fig. 14.13 (a).

(5)

Remove the glass form the flame and blow the bulge out into a small
bubble - see Fig. 14.13 (b). This will need very carefully controlled
blowing to ensure that the bubble does not become too big or burst!

(a) The initial internal bulge

(b) Forming a small bubble

Fig.14.13: First steps in making a T-joint.

(6) Using the tip of the needlepoint flame melt the bubble flat, but leave a
rim (or shoulders) protruding - see Fig. 14.14.

Fig.14.14: Flattened bubble with shoulders.

(7) Remove the glass from the flame and blow a small blister - see Fig. 14.5.
You will have to do this quickly as the glass is thin and will cool rapidly
once it is out of the flame. Again a controlled blow is necessary or the
blister will burst.

Fig.14.15: Forming a blister to leave shoulders.
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(8)

Break the blister off, stopper the tube, and then heat the edges of the hole
in a small flame. The result should be a rim around the hole - see
Fig. 14.16.

Fig.14.16: Hole with shoulders ready for joining side arm.

If the hole is blown right out h d cracked off without leaving shoulders,
it is likely that when the side arm is joined, the seal will not be complete
and a hole will be left - see Fig. 14.17. This will be difficult and time
consuming to repair.

(a) Hole blown out without leaving shoulders

T'

2

Hole
(b) Hole left after initial joint
Fig.14.17: Hole for side arm.

(9)

Heat the end of the 100 rnrn tube together with the shoulders of the hole
in a small flame.

(10) When the two tubes are plastic, join them and give a slight pull and a
slight blow. This will open out the seal and establish whether or not it is
airtight. If the joint is not airtight, reheat the whole joint in the G.P.
flame until it is soft then bend the joint with the hole in the crease of the
bend. This should bring the edges of the glass together and seal the hole.
(1 1) Using a needlepoint flame, spot weld the joint in four places - see
Fig.14.18.
(1 2) Blow at each weld to restore the shape of the glass. Take great care when
you are heating the joint X (Fig. 14.18) that you do not inadvertently heat
the hand holds.

(13) By heating and blowing, restore any parts of the joint which are out of
shape back to the proper form.
(14) If necessary, adjust the T-angle to 90°using a large soft flame. Do not
overhe& the joint or it inay distort.
(15) Anneal the piece in a soft bushy flame - see Unit 5.
(16) Set the glass aside to cool.

r\--

Open spear
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Fig.14.18: Spot welding the side arm.

(17) Cut off the spears and flame polish the ends of the T-piece.

14.8

SUMMARY

In this experiment you have performed the following glassworking operations
using a pre-mixing burner:
Control a pre-mixing burner
Form a test-tube end
Form rims and flanges on tubing
Join tubing of equal and small diameter.
Join tubing of unequal diameter.
Make a T-joint
Appreciate the importance of annealing to reduce strain.

14.9

APPENDIX

Hand Positions

111

Glassworking is a truly skilled pursuit and the way in which you hold glass in
your hands is critical to the manipulations mentioned in Experiments 13 and
14. In preparation for these experiments, you must examine the positions of
your hands and concentrate on achieving the posture recommended for
glassworking.
Requirements

300 mm length of 6 or 8 mm glass tubing or rod, flame polished at both ends.
Procedure
(1)

First of all, look at Fig. A-1 which is a drawing of the left hand in
glassworking. This is the position that you will be aiming to achieve, so
note the relative positions of the thumb and fingers.
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Fig. A- 1: Position of the left hand.

(2)

Rest your left elbow on the bench top and hold the piece of glass in
your left hand.

(3)

Look at your hand holding the glass and compare it with Fig. A- 1.

(4)

Adopt the position of the left hand portrayed in Fig. A- 1.

(5)

Using the fingers and thumb of your left hand, turn the glass axially.
You should be able to hold the glass lightly with your little finger while
turning it with your index finger and thumb.

(6) Practise this movement, keeping the glass horizontal to the bench and
keeping the right hand end of it in one spot.
This is the classic left hand position, and with a little practice, you will
find it easily possible to turn the glass axially and continuously. You
should aim to be truly at ease with this position for any angle of your
wrist. Flex your wrist down and up whilst practising the axial turning.

(7) Now look at Fig. A-2. This is the position for the right hand. Take the
glass in your right hand and rest your right elbow on the bench top.
(8)

Look at your hand holding the glass and compare it with Fig. A - 2.

(9)

Adopt the position of the right hand portrayed in Fig. A- 2.

(10) Using the fingers and thumb of your right hand, rock the tubing axially
while keeping the tip, which points toward your left, in the same spot.

Fig.A-2: Position of the right hand.

:"I

(1 1) Practise this movement until you are at ease with it in this position.
Now it is time to put the left and right hand positions together - see Fig. A-3.
You may now see an analogy between the hand positions and the way in which
work is held in a lathe - the left hand is the driver and the right hand the
tailstock.

Fig.A-3: Positions of left and right hands together.
I

I

I

(12) Turn the glass axially with the left hand whilst allowing it to 'run free' in
the right. During glass working operation 'Bending Narrow Bore
Tubing', the tube will be heated in the length between your right and left
hands. As the glass softens, the section in your left hand will tend to'be
rotated independently of the piece in your right. If this were to continue,
the central section would become a spiral. It is therefore the job of the
right hand to keep the right section turning at the same speed as the left.
In fact, the work of turning is divided between the two hands. Most of
the 'driving' is done by the left hand and the right hand is more
supportive than motive. The left hand turns the glass for about a quarter
of a turn; and then the right hand takes it on a quarter of a turn while the
left hand recovers its original position. The left then takes the glass on a
filrther quarter of a turn while the right recovers it s position, and so on.
This sounds more complicated than it actually is, so try it with the cold
tube. This is how glass is held and rotated when being heated in the
middle.
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Course Name:
Course Code:
Credits:

Laboratory Techniques in Chemistry
LT- 03
02 Credits

Experiment 1: Servicing Bunsen burners
Experiment: Cork boring
Experiment 3: Preparation of H2S gas by using Kipp’s apparatus
Experiment 4: Calibration of Volumetric Glassware
Experiment 5: Preparation of Distilled and Deionised Water
Experiment 6: Centrifugation of a Colloidal Suspension
Experiment 7: A Simple Titration
Experiment 8: Preparation of Bench Reagents
Experiment 9: Use of pH meter and Conductometer
Experiment 10: Preparation of Potash Alum
Experiment 11: Preparation of p-Nitroacetanilide
Experiment 12: Experiments based on Chromatography
Experiment 13: Glassworking Operations using Bunsen/Batwing Burner
Experiment 14: Glassworking Operations using a Premixing Burner

Lab Requirements for LT - 03

1. Stove Pin or a piece of wire
2. Emery Cloth or sand paper
3. Cork
4. Set of cork borers
5. Glass tube
6. Kipp’s apparatus
7. Funnel
8. Analytical balance
9. Beaker
10. Burette
11. Thermometer
12. Water still
13. Deioniser
14. Boiling tube
15. Test-tubes
16. Bench centrifuge with tubes
17. Measuring cylinder
18. Glass rods
19. Analytical balance
20. Beaker 400cm3 , 100cm3
21. Burette 50 cm3
22. Burette stand
23. Conical flask 250 cm3,
100cm3
24. Funnel small
25. Pipette 20 cm3
26. Volumetric flask 250 cm3
27. Wash bottle
28. Weighing bottle
29. pH meter
30. Glass electrode

31. Conductivity meter
32. Conductivity cell
33. Bunsen burner
34. Evaporating dish
35. Funnel glass
36. Funnel stand
37. Glass rod
38. Porcelain plate
39. Tripod stand
40. watch glass
41. Wire gauze
42. Measuring cylinder (10cm3)
43. Cooling bath
44. Filtration assembly
45. Melting point apparatus
46. Boiling tube
47. Cork
48. Dropper
49. Metal Paper clips
50. Spotting capillaries
51. Glass rod or tubing of various
diameters and length
52. V-stand
53. A glass cutting knife or file
54. Carbon block
55. Lighter
56. 10 or 12 mm o.d. glass
tubing
57. Gas and compressed air
supplies

