7
THELIQUID STATE

You arefamiliar with gases, liquidsand solidsin your daily life. You are aware that water
can exist asaliquid, asolid (ice) or as a gas (vapour). These are called three states of
matter. In lesson 6, you have learnt about the differences in properties of these three
states of matter. The properties of gaseous state can be explained intermsof large separation
of molecules and very weak intermolecular forces. In thislesson we shall study about the
intermolecular forcesin liquids and see how their properties can be explained in terms of
these forces.

Objectives

After reading thislesson, youwill beableto:

e  explainthe properties of liquidsin terms of their structure (molecular arrangement
and intermol ecular forces);

e differentiate between evaporation and boiling;
e  definevapour pressure of aliquid and correlateit withits boiling point;
e  define surface tension and explain the effect of variousfactorsonit;

e  explain the consequences of surface tension and

e defineviscosity of aliquid and correlateit with intermol ecular forces.

7.1 Nature of Liquids

Look at Figure 7.1 in which the molecular arrangement has been shown in the three states
of matter. What do you notice?

In figure 7.1a, you would find that the molecules are far apart. A gaseous state can be
represented by this arrangement. In liquid state (figure 7.1b), molecules are closer as
compared to gaseous state. You would notice that they have very little spaces between
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Statesof matter them. However, there is no order in arrangement of
molecules. Further we say that, these molecules can
move about, but with |esser speedsthan thosein gases.
They can still collide with one another as in the
gaseous state. You would recall that the moleculesin
gases have very little attraction between them. But in
liquid state the attraction between the molecules is
comparatively much stronger as compared to that in
the gaseous state. The attractions are strong enough
to keep the moleculesin aggregation. Contrary tothis,
insolids(Fig. 7.1a) you noticethat the moleculesare
arranged at the closest possible distance.

Solid stateisawell ordered state and has very strong
intermolecular forces. You would learn more about
solidsinlesson 8.

We would say, in a gas there is complete chaos due
9 C to very weak intermolecular forces, whereasin solids
p thereisacomplete order dueto strong forces. Liquids
9 falls between gasesand solid state. Liquid molecules
(y have some freedom of gases state and some order of
( )Cf solid state. Intermolecular forcesinliquids are strong

c

enough to keep the molecules close to one another

Fig.7.1: Arrangement of but not strong enough to keep them in perfect order.

molecuelsin (a) solids;
(b) liquids and (c) gases

7.2 Properties of Liquids

In this section you would learn how the properties of liquids can be explained in terms of
molecular arrangement and intermolecular forces. Let us consider a few properties of
liquidsas examples.

7.2.1 Volume and Shape

You would recall that the liquids (for example water) take the shape of the container in
which they are kept. However, they have a definite volume. How can you explain the
properties of definite volume and variable shape? In liquids, the attractive forces are
strong enough to keep the mol ecules moving within adefinite boundary. Thus, they maintain
a definite volume. These intermolecular forces are not strong enough to keep them in
definite positions. The molecules can, therefore, move around and take the shape of the
container in which they are kept.

7.2.2 Compressibility

Compressibility of asubstanceisits ability to be squeezed when aforceis applied onit.
L et usstudy the compressibility of liquidswith the help of thefollowing activity.
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P Acivity 7.1

Aim: To study the compressibility of water.

What is required?

A 5 mL syringe and water.

What to do?

(i) Takethe syringe and fill it with water by pulling out the plunger.

(i) Note the volume of water.

(ii1) Pressthe plunger while blocking the nozzl e of the syringe with afinger.
What to observe?

Observe the volume of water in the syringe while pressing the plunger. Does the volume
of water change by pressing the plunger? You would observe that it does not change.

The above activity clearly shows that liquids are largely incompressible. It is because
there is very little empty space between the molecules. In contrast, the gases are highly
compressible because of large empty spaces between their molecules.

The large difference in the free space in gaseous and liquid states becomes evident
from the fact that the volume occupied by a given amount of a substance in liquid
state is 100-1000 times less than that in the gaseous state.

7.2.3 Diffusion

Diffusionisthe process of spreading of a substance from aregion of higher concentration
to aregion of lower concentration. Let us study the phenomenon of diffusion in liquids
with the help of the following activity.

Pl Acivity 72 ]

Aim : To study the phenomenon of diffusion through water.
What is required?

A glass, water, blueink and a dropper.

What to do?

() Take some water in the glass.

(ii) Add afew drops of blue ink into water with the help of adropper.

What to observe?

Observe the water and ink in the beaker.

Initially theink does not mix with water. After sometimeit starts spreading slowly. After
a few hours the whole of water in the glass becomes coloured due to diffusion of ink
through water.
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The above activity demonstrates that diffusion occursin liquids. Why does it happen?
Because the molecules of both the liquids are moving and help in the diffusion process.

7.2.4 Evaporation

You know that water |eft in an open pan evaporates slowly until the pan becomes dry.
Evaporation is the process by which a liquid changes into vapour. It occurs at all
temperaturesfrom freezing point to boiling point of theliquid.

Inaliquid, at any temperature, asmall fraction of the moleculesismoving with relatively
high velocity. Such molecules have high kinetic energy. These can overcome the
intermolecular attractive forces and escape through the surface of the liquid.

Rate of evaporation of aliquid depends on anumber of factors. For example, moreisthe
surface area, faster will be the evaporation. For faster drying, we increase the surface
area by spreading the wet clothes. If we supply heat to the liquid, evaporation is faster.
The wet clothes dry faster in the sun. Theincrease in temperature increases the kinetic
energy of the molecules of the liquid and the liquid evaporates at a faster rate. We feel
cool after the bath. Why do we feel so? It is because during evaporation water takes the
heat from our body and we feel cold.

Now let uscomparetherate of evaporation of two liquids, for example, water and a cohol.
Which of these two liquids evaporates faster? You must have experienced that al cohol
evaporates faster. Why does this happen? The number of molecules escaping from a
liquid depends upon the attractive forces. When these forces are stronger, fewer molecule
escape. In alcohal, these attractive forces are weaker than those in the water. Hence,
alcohol evaporates faster than water.

7.3 Vapour Pressure and Boiling Point

In the previous section you have learnt that liquids evaporate when kept in an open
vessd. Different liquids evaporateto different extent under similar conditions. The extent
of evaporation of aliquid is measured with the help of vapour pressureof aliquid. In
this section, you will study about it and al so about the boiling point of a liquid.

7.3.1 Vapour Pressure of a Liquid

You know that aliquid placed in an open vessel evaporates completely. If, however, the
liquid is allowed to evaporate in a closed vessel say in stoppered bottle or a bell jar,
evaporation occurs, but after sometimethelevel of theliquid doesnot change any further
and become constant. Let us understand how does it happen. In the closed vessel, the
molecules evaporating from the liquid surface are confined to a limited space. These
mol ecules may collide among themsel ves or with the molecules of air and some of them
may start moving towards the surface of the liquid and enter into it. Thisis known as
condensation. In the beginning, rate of evaporation isgreater than the rate of condensation.
But as more and more molecules accumulate in the space above the liquid, rate of
condensation gradually increases. After sometime, rate of evaporation becomes equal to
the rate of condensation and an equilibrium state is reached (Fig. 7.2). The number of
mol ecul esin the vapour above theliquid becomes constant. These moleculesexert certain
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pressure over the surface of the liquid. This pressure is known as equilibrium vapour [| tatesof matter
pressure, saturated vapour pressure or simply as vapour pressure. The vapour

= — =

oy &

Initially moleculesevaporate After sometime At equilibrium the rates of
condensation begins eavporation and condensation
becomeequd

Fig. 7.2 : Establishing (vapour liquid) equilibrium under a evacuated jar

pressure of aliquid hasacharacteristic value at agiven temperature. For example, vapour
pressure of water is 17.5 torr and that of benzene is 75.00 torr at 20° C. The vapour
pressure of aliquid increases with increase in temperature. It is so because at a higher
temperature more molecules have sufficiently high energy to overcome the forces of
attraction and escapeto form vapour. A plot of vapour pressure asafunction of temperature
iscalled vapour pressure curve. Figure 7.3 depicts the vapour pressure curves of some
liquids
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Fig. 7.3 : Vapour pressure curves of some liquids.

What would happen if we remove some of the vapour from the closed vessel. Would the
vapour pressure of the liquid increase, decrease or remain constant? Vapour pressure of
theliquid would remain constant at that temperature. In the beginning, the vapour pressure
would decrease after the removal of the vapour, but soon more liquid would evaporate to
mai ntain the equilibrium and the original vapour pressure would berestored. So the vapour
pressure of aliquid has a definite value at a particul ar temperature.
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7.3.2 Bailing

You must have seen the formation of bubbles at the base of avessel, inwhich aliquidis
heated. Therate of formation of bubblesincreaseswith incresein heat supplied. What are
the bubbles made up of ? The first bubbles that you see are of the air, which is driven out
of theliquid by increasein temperature. After sometime, bubbles of theliquid areformed
throughout it. These bubbles rise to the surface and break. When this happens, we say
that theliquid isboiling. The bubblesof theliquid would formonly if its vapour pressureis
egual to the atmospheric pressure.

The temperature at which boiling occursis called the boiling point of the liquid. At this
temperature the vapour pressure of the liquid is equal to the atmospheric pressure. The
boiling point, therefore, depends upon the atmospheric pressure. For example, water boils
at 100°C at 760 torr and at 97.7°C at 700 torr.

The normal boiling point of a liquid is defined as the temperature at which the
vapour pressure of a liquid is equal to one atmosphere or 760 torr.

Theboiling point of aliquid depends uponits nature. A morevolatileliquid would boil a a
lower temperaturethan alessvolatileliquid. You can again refer to figure 7.3 and note that
diethyl ether boils at a much lower temperature than water, because it is highly volatile
liquid. The boiling point of ethanol liesin between those of diethyl ether and water. Vapour
pressures or boiling points of liquids give us an idea of the strength of attractive forces
between moleculesin liquids. Liquids having lower boiling points have weaker attractive
forcesin comparison to those having higher boiling points.

You can make aliquid boil at temperature other than normal boiling point. How? Simply
alter the pressure above the liquid. If you increase this pressure, you can increase the
boiling point and if you can decrease this pressure you decrease the boiling point. On the
mountains, the atmospheric pressure decreases and therefore boiling point of water also
decreases. Peopleliving on hillsface problem in cooking their meals. They, therefore, use
pressure cooker. How food is cooked faster in it? The lid of pressure cooker does not
alow water vapours to escape out. On heating the water vapours accumulate and the
inside pressure increases. This makes the water boil at a higher temperature and the food
is cooked faster.

7.3.3 Evaporation and Boiling

Evaporation and boiling, both involve conversion of aliquid into vapour and appear to be
similar. However, they differ from each other in some aspects. Evaporation occurs at all

temperatures from freezing point of aliquid to itsboiling point, while boiling occurs at a
definitetemperatureonly i.e, at itsboiling point. Evaporation occursslowly whileboailingis
afast process. Evaporation of aliquid occurs at its surface alone while boiling occurs
throughout the liquid. These differences between evaporation and boiling have been

summarizedinTable 7.1.
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Table7.1: Differencesbetween evapor ation and boiling

SNo. Evaporation Boiling
1 It takes place at all temperatures. It takes place at a definite temperature.
2 It isaslow process. Itisafast process
3 It occurs only at the surface of It occurs throughout the liquid.
theliquid.
e
@_ . Intext Questions 7.1
1. Match the following.
Column | Column 11

(i) Liguidshaveadefinitevolume.  (A) Themoleculesinaliquid can move

about.
(i) Liquids acquire the shape of (B) Themoleculesinliquidsare closeand
their container. have very little free space.
(iii) Liquids arelargely (C) Theinter molecular forcesliquidsstrong
incompressible. enough to keep the molecules moving

with in adefinite space.

2. Whenaliquidishesatedtill it startsboiling.

(i) What are the small bubbles that appearsinitially at the bottom and sides of the
vessel made up of?

3. LiquidsA, B and C bail at 65°C, 120°C and 90°C respectively. Arrange them in the
decreasing order of the strength of intermolecular forces.

7.4 Surface Tension

Liquids show the effects of inter molecular forces most dramatically in another property,
namely, surface tension. Any molecule in the interior of liquid is equally attracted by
neighbour molecules from all sides and it does not experience any ‘net’ force. On the
other hand, any molecule at the surface of aliquid is attracted by other molecules at the
surface of the liquid or below it. Due to the imbalance of forces, any molecule at the
surface experiencesanet inward pull (Figure 7.4). Asaresult the surfaceisunder tension
asif theliquid were covered with atight skin (or stretched membrane). The phenomenon
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is called surface tension. Quantitatively, the surface tension is defined as the force
acting on an imaginary line of unit length drawn on the surface of the liquid and
acting perpendicular to it towardstheliquid side asshown in Figure 7.5. It isrepresented
by the Greek letter gamma, r. I1ts Sl unit isnewton per metre (N m*) and CGSunitisdyne
per centimetre (dyne cn?). The two units are related as: 1 N m™ = 10° dyne cnm?

'—\ =

Fig. 7.4 : Forces acting on molecules, at the surface and in bulk of liquids

Surface molecules of aliquid experience a constant inward force. Therefore they have a
higher energy than the moleculesin the bulk of theliquid. Dueto thisreasonliquidstend to
have minimum number of molecules at their surface. Thisis achieved by minimising the
surface area. In order to increase the surface area more molecules must come to the
surface. This can happen only if some energy is supplied or work is done. The energy
supplied (or work done) for increasing the surface area of a liquid by a unit amount
isknown asits surface energy. Itsunits arejoul e per square metre Jm2 or N nr* (since
1J=1N m). Thusdimensionally, the surfacetension and surface energy are similar quantities
and they have the same numerical value.

'—\ i

Fig. 7.5 : Surface tension force acting on the surface of a liquid.

Effect of Temperature

Onraising the temperature surfacetension of aliquid decreases. It completely vanishes at
the critical temperature. This happens due to the following two factors:

(i) On heating, theliquids expand. Thisincreasestheintermolecular distances.

(i) On heating, the average kinetic energy of molecules and hence their chaotic motion
increases.

Due to both of these factors, the intermolcular forces become weak and the surface
tension decreases.

Effect of Adding Surface Active Solutes
The solutes which get more concentrated on the surface of the liquid thanin the bulk are
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called surface active solutes or surfactants. Alcohols are examples of such substances.
Their addition to a liquid lowers its surface tension. The cleaning action of soaps and
detergents is based on this fact.

Some Effects of Surface Tension

Surfacetension resultsin many interesting and important propertiesof liquids. Let usnow
study some of them.

() Spherical Shape of liquid drops

You have aready learnt that liquids tend to have a minimum surface area. For a given
volume, the geometrical shape having minimum surface areais a sphere. Hence, liquids
have a natural tendency to form spherical drops, when no external force acts on them.
Rain drops are distorted spheres and the distortion is due to the friction of air.

(i) Wetting and Non-wetting properties non-wetting

When adrop of liquidis placed on asolid surface, wetting liquid
theforce of gravity should causeit to spread out liquid
and form athin layer (Fig. 7.6). Such aliquid is
called awetting liquid. This happensin case of
most of the liquids. For exampl e, drops of water
or acohol spread out on the surface of glass.
Someliquids behave differently. When adrop of mercury is placed on the surface of glass,
it does not spread out (Fig. 7.6). Such liquids are called non-wetting liquids.

VAl dee OSSO T
Fig. 7.6 : Wetting and non-wetting
liquids on the surface of a solid.

Wetting or non-wetting nature of a liquid depends upon two types of forces. The
intermolecular attractive forces between molecules of aliquid are called cohesive force
while those between the mol ecul es of theliquid and the solid (whose surfaceisin contact
with theliquid) are called adhesivefor ces. If adhesive forces are stronger than cohesive
forces, the liquid would be wetting in nature and when cohesive forces are stronger than
adhesive forcesit would be non-wetting in nature on the surface of a particular solid.

(iii) Capillary Action

Let uscarry out thefollowing activity.

Pl Acuviy 73]

Aim : To study the capillary action.

What isrequired?

Glass capillary tubes, water, mercury and two petri dishes.
What to do?

() Take some water in a petri dish

(ii) Diponeend of a3-4 cmlong capillary iniit.

(iii) Take some mercury in another petri dish.

(iv) Dip oneend of another 3-4 cm long capillary init.
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What to observe?

Observethelevels of water and mercury in the capillaries. Isit below or abovethelevels
of theliquidsin petri dishes.

@ (b)
Fig. 7.7 : Capillary Action

You would observe that when one end of acapillary tubeisdipped in water, it risesin the
capillary as shown in Fig. 7.7(a). On the other hand when one end of a capillary tubeis
dipped in mercury, itslevel falsinthecapillary asinFig. 7.7(b).

The phenomenon of riseor fall of aliquidin acapillary isknown ascapillary action. The
rise of water in the glass capillary is due to its wetting nature as the adhesive forces are
stronger then cohesive forces. Water tends to increase the area of contact with glasswall
of the capillary by rising init. Mercury being non-wetting with respect of glass (itscohesive
forcesare stronger than adhesiveforces) tendsto minimisethe areaof contact by depressing
insidethecapillary

(iv) Curved meniscus

When a wetting liquid such as water is taken in a glass
tube, theliquid tendsto rise dlightly along thewalls of the
] /\ tube for increasing its area of contact with glass. The
surface of the liquid (meniscus) becomes curved. It is
concavein shape[Fig. 7.8(a)]. Whenanon-wetting liquid
like mercury istaken aglasstube, it tendsto decreaseits
areaof contact and depresses aong thewalls of the glass
tube. The meniscusis convex in shapein this case [Fig.

Fig. 7.8 : Curved meniscus of 7.8(b)].

liquids
(@Concave  (b) Convex
meniscus meniscus

7.5 Viscosity

Every liquid has the ability to flow. It is due to the fact that moleculesin aliquid move
freely, although within alimited space. Water flowsdown ahill under gravitational force
or through pipes when forced by a pump. Some external force is aways required for a
liquidto flow. Someliquidslike glycerol or honey flow slowly while otherslike water and
alcohol flow rapidly. This difference is due to the internal resistance to flow which is
called viscosity. The liquids with higher viscosity flow slowly and are more viscous in
naturelike glycerol or honey. Water and al cohol have lower viscosity and are less viscous
in nature. They flow morerapidly.
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Surface of asolid
Fig. 7.9: Flow of different layers of aliquid

The viscosity is related to the intermolecular forces. Stronger the intermolecular forces
more viscous are the liquids. Let us understand this with the help of Figure 7.9. When a
liquid flows steadily, it flowsin different layerswith onelayer sliding over the other. Such
aflow isknown aslaminar flow. Consider aliquid flowing steadily on a plane surface.
The layer closest to it is amost stationary due to adhesive forces. As the distance of the
layer from the surface increases, is velocity increases. Thus different layers move with
different vel ocities. Dueto intermol ecular forces (cohesiveforces) each layer experiences
aforce of friction from its adjacent layers. This force of friction, f between two layers

depends upon:

(i) area of contact between them A.

(ii) distance between the layers, dx.

(iii) difference in velocity between the layers, du.

These quantities are related as

f_hAﬂ
- dx

du
Here h (Greek letter “‘eeta’) is called the coefficient of viscosity and I is the velocity

gradient between the layers.
IfA=1cm? du=1cms?!anddx=1cm, then
f=h

Thus, coefficient of viscosity istheforce of friction between two parallel layer of theliquid
which have 1cm? area of contact, are separated by 1cm and have avel ocity difference of
lcm s, It may be noted that f is also equal to the external force which is required to
overcome the force of friction and maintain the steady flow between two parallel layers
having A area of contact, and which are dx distance apart and moving with a velocity
difference of du.

Units

CGS unit of viscosity isdyne cms. Thisunit isaso known as poise(P). The Sl unit of
viscosity isN m2s or Pas. The two units are related as :

1Pas=10P

131




MODULE-3

Sates of matter

132

Theunit paiseisfound to betoo large and its submultiples centipoise (1 cP= 102 P) and
milli poise (1 mP =102 P) are used for liquids and micropoise (uP = 10-°P) is used for
gases.

Effect of Temperature

Viscosity of a liquid decreases on raising the temperature. It is due to decrease in
intermol ecular forces on heating as discussed in previous section (Section 7.4).

o
€ Intext Questions 7.2

|
1. Fillintheblanks.

(i) A molecule at the surface of aliquid has............... energy than the one within
theliquid.

(i) Surfacetension of liquid.................... on cooling.

(iii) Meniscus of anon-wetting liquid is................ in shape while that of awetting
liquid is.....ccevvrieennnne in shape.

(iv) Whenoneend of aglass capillary tubewasdippedinaliquid, thelevel of liquid
inside the capillary was observed to fall. The adhesive forces in this liquid
AC.veeen than the cohesive forces between the liquid and glass.

(v) Liquid X is more viscous than liquid Y. The intermolecular forcesin Y are
................... than in X.

2. What arethe Sl units of

(i) Surfacetension.

2

L)

ﬁ'fﬁﬂ' What You Have L earnt

s

e Inliquidsthe intermolecular force are quite strong as compared to gases but weak
enough to allow the moleculesto move within alimited space and theintermol ecul ar
distanceis short.

e Liquids have definite volume but no definite shape, are almost incompressible and
can diffuse.

e Liquids evaporate and exert adefinite vapour pressure at specified temperature.

e Boiling point isthe temperature at which the vapour pressure of the liquid becomes
equal to the external pressure.
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e Surface tension is the force acting on an imaginary line of unit length drawn on the | Statesof matter
surface of theliquid and acting perpendicular to it towardstheliquid side.

e Due to surface tension, liquids tend to have minimum surface area and show the Z
phenomenaof capillary rise or fall and curved meniscus. /
e Viscosity istheinternal force of frictiontotheflow of liquid. '

l‘? Terminal Exercise

1. Explainthefollowing propertiesof liquidsonin basisof their structure:
() Volume (ii) Shape (iii) Compressibility  (iv) Ability toflow
Why diffusion canoccur inliquids. Explain.

Define (i) vapour pressure and (ii) boiling point.

Differentiate between evaporation and boiling.

Explain the effect of temperature on vapour pressure of aliquid.
Define surface tension and giveits CGS and Sl units.

What is surface energy?

Why is energy required to increase the surface area of aliquid?

© © N o g &~ w D

What isthe effect of addition of a surface active substance on the surface tension of
aliquid.

10. Why areliquid drops spherical in shape?
11. What are wetting and non-wetting liquids?

12. The cohesiveforcesactinginliquidsA and B are C, and C, respectively and C, > C
Which of them would have higher surface tension.

2

13. Liquid A risesin glass capillary tube. If onedrop of it is put on aplane glass surface,
would it spread out or not. Explain.

14. A liquid forms a convex meniscusin glass tube. Comment on its nature.
15. Defineviscosity.

16. What is coefficient of viscosity?

17. Give CGSand Sl units of coefficient of viscosity.

18. What isthe effect of temperature on (i) vapour pressure (ii) surfacetension and (iii)
viscosity of aliquid?

-
@ Answersto Intext Questions

7.1
1. ()C: (i)A; (ii)B
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Statesof matter | 2. (i)Air (i) Liquid.

3. B>C>A

7.2

1. (i) more
Notes (i) increases

(iii) convex; concave
(iv) stronger
(v) weaker

2. (DN (i) Nm?s

3. Molecules in the surface of aliquid have higher energy due to an inward force on
them. Thereforeliquidstend to have minimum number of moleculesin the surface or
have minimum surface area.

134




