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5.1 Kinetic Molecular interpretation of Liquids
5.2 Intermolecular forces (Van der Wall's forces)
5.3 Physical properties of Liquids

5.4 Energetics of Phase Changes |
5.5 Liquid Crystals 3

et W
e -

e ’ '
= The student will be able to:

Describe simple properties of liquids e.g., diffusion, compression, ,”:
motion of molecules, spaces between them, intermolecular forces and ket
energy based on kinetic molecular theory. (Understanding) ¥
Explain applications of dipole-dipole forces, hydrogen bonding, and LO¥E
forces. (Applying) 3
Explain physical properties of lfquids such as evaporation, vapor pressure, £552
point, viscosity and surface tension. (Understanding) o
Use the concept of hydrogen bonding to explain the following propcf‘{ﬁ_.‘f
high surface tension, high specific heat, low vapour pressure, high Sk
vaporization, and liugh. bo'h?g pomt. Nld anomalous behavior of water ™
density shows maximum at4'C. (Applying) -
Define molar heat of fusionand molar heat of vaporization. (Remembcnng) |
escribe how heat of fusion and heat of vaporization affect the particles B
up matter. (Understanding) : .
R elateenerey changes with changes inintermolecular forces. (Applyu.\g)
Define dynamic equilibrium between two physical states. (Remember
Describe Jliquid crystals and give theirusesin daily life. (Applying) l ym!J :
pifferentiate liquid erystals from pure liquids and crystalline solids. (APP
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m‘,-oduction gL e =hevslonees L
Do you know. what is liquid? The water you use for drinking, washing, sv '—' ing,

gnd as @ sofvent, ic blood ml.ming in the veins and arteries of your body, the n R
vou use for drinking and making tea, the mereury in thermometer which is usedto
measure the temperature, the petrol and diesel used as motor fuels, the oils used in
engines, gear boxes, in the hydraulic brakes and other hydraulic systems aﬂdme
vegetable oil used for cooking are g liquids. Out of 118 elements orily‘ two
glements (bromine and mercury) are liquid at room temperature and normal
pressure. There are four more elements which have melting points slightly above
room temperature, these elements are, gallium, rubidium, cesium and francium.
Liguids have definite volume but they do not have definite shape. In this chapter we
focus on the properties of liquids and the forces of attractions that exist between
them.

51 Kinetic Molecular Interpretation of Liquids

Thekey points of kinetic molecular theory are given below:

Il Liquids consistofatoms or molecules,

i) The molecules of liquid are so close together that there is very little empty

space. For that reason, liquids are much denser and are much more difficult to

tompress as compared to gases. The spaces between liquid molecules are greater

ansolids and smaller than gases.

) Liquids do notshow an appreciable increase in volume, when they are heated.

") The intermolecular forces in liquids are stronger than' gases b.ut weaker th_an

“lids. Because of this, liquids have lower melting and boiling points than solids

“Whigher melting and boiling points than gases. ‘ .

! The liguid nglolecules hﬁfe high kinetic energy than solids and low ‘““"“;

ey than gases, Their kinetic energy decreases by de§m851n§;:2mzmﬁ

e Y increasing temperature. They are converted inlo SOl s %Y (T 18
€nergy (on cooling) and are converted into VApOUrs bY INCTEASING

(on heatip :

12). : hy their
The liquid molecules are in state of constant monon t:?et tzrflo\:v ;nd e:rc
es slip and slide ver one another. That are, ﬁlerefﬁf‘; ado (s the shape of
™ the contginer, Hence, it has no definite shape and acop

i) 1T Whi hth Jaced. e The diffusio
AU bl e hich they are miscible. The diffusion
e o o difuse into other liquids w1th1\fhc diffusion in liquids occur slowly

€ment of liquid ly past the molecules of other liquid.

D ——

ha T3

v

*Molecyles of one liquid slow
(I81)
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| S.2 Intermolecular Forces (Van der Waal's Forces) |
To know the properties of liquid, we have to know the types of attractiye forg j

presentin them. There are two types of attractive forces which are associateq .
liquid; that is, intramolecular forces and the Intermolecular forces. The fotces Y
attraction exist between atoms within each molecule are called imr:,molccug.-
forces whereas the forces of attractions exdst between molecules of a substang,
called intermolecular forces. Intramolecular forces are chemical bonds (dj

in 2" chapter). Physical properties of a substance such as boiling point, ygp,
pressure, surface tension, viscosity, heat of vaporization, heat of fusion, heat of
sublimation etc. depend upon intermolecular forces. The stronger
intermolecular forces in a substance, the more difficult it is to separate molecuyle
The chemical properties, shapes of molecules and bond energies depend upy
intramolecular forces. Intramolecular forces are much stronger than intermoleculy

forces.

n

and one atmospheric pressure. Water molecule has two hydrogen atoms and o
oxygen atom which are linked through strong covalent bonds. It is important {o ook
that the conversion of liquid into vapours to overcome intermolecular forces need
little energy as compared to decompose the molecules mnto their component aions
to overcome the covalent bonds. Consider the following conversions:

HOs — > HOy  AH= +40.67kimol

Consider the example of water; it exists in liquid state at room temperanr:

B, —— g Oy AH= +934kJmol
Erom the above conversions, it is noted that 40.67kJ/mol energy 151 i
to vaporize one mole of liquid water and 934kJ/mole energy is required for™
dissociation of one mole of gaseous water molecules into hydrogen and oY%
atoms. Now it is clear that the intramolecular forces are stronger ™
intermolecular forces because the strong attractive forces need much enertt®
break. :
Keep In Mind | -———-—'—"/
intermolecular forces are broken duri e of Wit
;l::;e::nulcs whereas the intramolecular f:;nesim th:r gte)lc:e;:ﬁ(;f :Ziﬂoer:;x;n ol
| water molecules. g )

of Intermolecular Forces

[ntermolecular forces as a whole are usually known ag Van der Waals force® | A
Dutch scientist Johannes Vander Waals (1837.1923) who suggest the imP" |

(182) |
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solecular forces and studied the non-ideal behavior of real gases. T

1< naé"rmw of intermaolecular torees; that are, AL "
\T Y . - s AP . / ‘ .

FE Sipole-dipole interactions, hydrogen bonding and London forces

™ [)ipnlt'°dil"‘|&‘ Interactions -

) N W een > S : :

_ gractive forees between the positive ends of one molecule with the negative

ofother poleculeare cal "‘d.‘ lipole-dipole interactions or dipole-dipole forees.

These forees are present in polar molecules of the same or a different type. A
i molecule is sometimes described as dipole. The diatomic molecules which
weclements of different electronegativities like HCI. has an unequal distribution
sekotron density and therefore has partial positive charge at one end and partial
egtive charge at the other end. In HCI molecule, chlorine is more electronegative
fur hydrogen atom. Due to this chlorine gains partial negative charge whereas
simgen gains partial positive charge. When the molecules come close to each
fie. the positive end of one HCl molecule attracts the negative end of other HCI
wcule, called dipole-dipole interaction.

Covalent bond Dipole-dipole forces
{strong) : (weak)

Figure 5.1: Dipole-dipole Forces between HCl Molecules
The repulsions can also occur when negative ends or positive ends of two
" come close to each other, In liquids, the molecules which are attracti.ng
4 Pend more time near each other than other molecules that are repelling
§ % The overa]) effect is a net attraction strong enough to keep the molecules
L "M moving apart to form a gas. Dipole-dipole forces are only about 1-4%
l ong as a covalent or jonic bonds. These forces are very weak in gases

.mg " liquids, The compounds having these forces generally have high

!
:{mm' boiling points, heat of vaporization (AH,,,) and heat of sublimation

‘i‘ -

quﬂ'"’!‘h of dipole-dipole forces depends upon the dlstan.c? bet;?en the

b" . electronegativity difference. Greater the electronegativity difference

™ B3 1 be its polarity. The greater
" bondeq atoms in a molecule, greater will be its polar by e geaies

of g Substance, the greater will be the strength of dipole-dipole forces

(183)
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T
and higher wil| be the boiling point of the substance. For example, pr
asemldeh}'de both have same molar masses (44gmol ') but different S
dipole-dipole forces. The boiling point of polar acetaldehyde (20.85°¢) i8 b s
than that of non-polar propane (-42.15°C). This is because polar molegyjeg
stronger intermolecular attractions than non-polar molecules. The electronsy

molecules can form instantaneous dipoles, so all polar molecules also shoy | o |
forces. i

Intermolecular forces also have an effect on solubility. As yoy know, i
dissolves like, the polar molecules dissolve (mix) in polar solvents and non-p:]
mplcculcs dissolve in non-polar solvents. The polar molecules are not dissolvinﬁ:f
non-polar solvents. Water, for instance, is a polar liquid and can mix with other poly
liquids such as ethanol, acetic acid etc. and can't mix with non-polar liquids i
gasoline, oil ete. therefore the oily stains on cloth cannot be washed away withwi
and it can be washed away with gasoline a non-polar solvent. 1

5.2.2 Hydrogen Bonding
The force of attraction between partial positive hydrogen atom of @

molecule and lone pair of highly electronegative atom of another molecule is calld
hydrogen bonding. g
These are not real chemical bonds in formal sense. Hydrogen bonds#
intermolecular forces that occur between molecules. These forces are special i
of very strong dipole-dipole forces and are generally much weaker than¢ ;
bonds. Hydrogen bond is about five to ten times stronger than other dipole'di"_
forces. Hydrogen bond is formed between those two same or different MO=
which have the following characteristics: ‘
i) One molecule has a hydrogen atom covalently bonded to a small i
electronegative atpm such as fluorine, OXygem, nitrogen and rarely chlorin
ii)  The other molecule has a small, highly ¢ ectronegative atom such 83
oxygen, nitrogen and rarely chlorine '

For example. the molecules like HF
bonding. In a molecule such as HF, the fluori

NH, and H,0, experience MY
ne atom pulls the electrons ™ g
ons, and as a result of this the B ,
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atom 18 small in sjzc and can approach a highly electrone ;, ive .
gnd thus results inan extra strong dipole-dipole attraction. This
qraction between polar molecules is called hydrogen bonding. Th
hydrogen bonds depends upon the polari ty of the bond and thcdistaﬂcéﬁ',. W

mokw‘;‘c‘& B : : : |
SR s chengy T T : S st S
m\ede.d to bl'eak “‘hydrogen l{'i/f.': -__'lhl' 7 !.-ﬁ/ E- ﬁ ?‘ l{
pond is 15-40kJmol  whereas H

the amount of energy needed 1

1o break covalent bonds et o |

between hydrogen and oxygen CH;CH, e H— 8 o
sioms is 150 -1100kJmol " g b r ;
Hiyerogen dornigs are shown by Frgure 5.2; Hydrogen Bonding

dotted lines (...) and covalent

bonds are shown by solid lines (—). Some examples of hydrogen bonds are given in

figure 5.2. : :
Hydrogen bonding acts as a bridge between two electronegative atoms.

fence, it is also called bridge bonding. Due to Hydrogen bonding, molecules are

oined with each other in a zigzag manner.

\pplications of Hydrogen Bonding

lvdrogen bonds play an important role in our life. It helps in explaining the
Foperties of some substances.
| Physical Properties

ngen bonding affects thermodynamic properties like melting point, boiling

bint and heat of vaporization of compounds. The molecules that form hydrogen
| lting and boiling points. For

"ds have much higher heat of vaporization, mel ' ,
“mple, the hydrides of group IVA(14) have low boiling points than group VA(13),
;lf(ltS) and VIIA(17) hydrides. This is due to lack of hydrogen bonds among
ides of less electronegative elements 0f group IVA. o
B [ED1e 5.1 The Boiling Points of Grou IVA. VA, VIA, and VIIA Hydndes

444444
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Ui Hg;‘(l)'l"e’gell ?onding and Stn_ncturc of Ice

S cules have tetrahedral a
!?llllclllres. Two lone pairs of electrons on £/ N
OXygen atom occupy two corners of the
tetrahedron and other two comers are
occupied by hydrogen atoms. In the liquid &
state, the water molecules experience
h)'dl'ogen bonds that continually break and
reform as the molecules move around and 4 /’ 3
thus. the molecules are associated with LY
each other irregularly. When temperature

W

is decreased, the molecules of water arrange themselves in a regular hexag
pattern in such a way that empty spaces arc created in the structure of ice mé

expands. Hence, ice occupies 10%
more space and its density
decreases. The result is that, the ice
cubes and icebergs float on waler.
Hence, ice i$ an insulator of heat
and it prevents the underneath

water from freezing.
Therefore, fish and other

aquatic life (animals and plants)
can survive without being frozen

under this layer of ice in the winter season. Ifice were a typical solid, it woul

Wates i
molecule

Figure 5.4: Structure of Tee

o

high density than liquid water. Then the lakes and oceans would freeze from b
to top. This would have harmful effects for aquatic life. }

The expansion of water upon freezing shows adverse effects 100
winter nights, it causes watet pipes to burst and cracks the radialof ;

prevent this we use antifreeze in the radiators of car. In cold weather cities s

(A ¥

up streets and produces potholes in it. The ice formation 1s also
splitting of rocks where water leaks through cracks of rocks.

jil) Biological Significance

Biological molccu‘les such as proteins and Deoxyribonucleic acid (DNA:'
roles in biochemistry. .The typical structures of proteins and DNA g
rcquiI'Cd for their functions arc due to hydrogen bonding. Proteins are

Jong chain ©

ol

f amino acids. The long chains of amino acids are coiled’
her into @ spiral, called helix. Helix may either be right handed 0f
(186)
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dght handed helix the -NH groups of one spiral form hydrogen
_p of other spiral. On the other hand DNA has
fws. These two long molecular chains (strands) of DNA coiled arou 1
« sk held together by hydrogen bonds, Life would be impossible
| Wga\b()ﬂd.

i neresting information:

P are the major components of skin, hair. and muscle and are essential forthe | ©
niraction of muscles, digestion ©of food, and clotting of blood. BNA, presentinthe |
| cwlsoforganisms, Carries genetic information from one generation to other. : g

nater. Specific heat is the amount of energy required to raise the temperature of
*gmm of a substance by one degree Celsius. Due to hj
:waterin swimming pools, lakes and oceans takes time in gaining the energy
" 1he sun in the daytime to become warm. Once jt has warmed up, it does not
M down rapidly. Because of this property, water has an enormous effect on
&t and moderates the temperature at the surface of earth, If there were no
00 the surface of earth, the temperature would shoot up in the daytime and
X ﬁlﬂS!eeply atnight because the rocks have much lower specific heat and has
..Qp’sfcity 0 gain energy in the daytime from the sun and release that energy at

3 Itils_"’ater that absorbs much heat from the sun during the daytime and
o S Stored heat at night and helps to keep up the temperature of the air of
- "®88Uch as Karachi and Gwadar.

Table 5.2- Specific Heats of Some Substances

o “W arge mass of water such as in Karachi are usually lower in
‘ 1”8!101' in %wm, than those areas which are far away from large
~349) such s S, ;.

(187)
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V) Solubility of Hydrogen Bonded Molecules

Compounds which conl.z,i,, hydrogen bonds are soluble in ¢ach other FOrex |
ethanol and acetic acid are soluble in water due 10 presence "rhydfflgcn
whereas methane and benzene are insoluble in water due (o absence of

bonding. hm“

|

vi)  CleaningAction |
Clcaning action of detergents and soaps is because of hydrogen bonding, Ve
soaps and detergents for washing our bodies, clothes. dishes and so on, Theg b
of soaps and detergents is polar and the other 1s non-polar. The polar en;;:
hydrogen bonds with water and are soluble in water. The non-polar end attryy,
and grease that are present at the surface of dishes and cloths.

vii) Hydrogen Bondingin Food Materials |

The food materials (carbohydrates) also form hydrogen bond due to presencay
OH groups in their structures. i
viii) Hydrogen Bondingin Paints and Dyes !
The adhesive properties of paints and dyes are because of hydrogen bonding |
stickiness of honey and glycerin is also due to hydrogen bonding.

ix) Surface Tension and Viscosity |
Water has high surface tension and viscosity as compared to many other hqmdti
to presence of hydrogen bonding. This is because the presence of hydroget®
make it more difficult for molecules to escape from the liquid state; addid
energy is required to overcome the hydrogen bonds. |

Conceptual Check Point:
e Which has the higher boiling point, H,0 or H,S? Why?
‘o Whatbondsarcbroken whenwaterboils?

3
AL

\_ammonia? : b s
5.2.3 London Forces
The weakest types of intermolecular forces which occur between
molecules (polar or non-polar) and produced due to temporary dipoles®”.
London forces.” These forces of attraction are also known as LcndO“d
forces or instantaneous dipole-induced dipole forces,

In 1930, Fritz London a German physicist, recognized these weah”
attraction between non-polar molecules and for this reason these forees ™
are known as London forces. He found that the non-polar gases ¢4

(188)
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he n‘gh' conditions of pressure and temperature,

I .
"mr’an’ the non=polar molecules must show
'hm,h\'llmf forces that are differem from other

n an atom or molecule and produce an
sis dipote. These torees are present in halogens,
" s, and non-polar molecules such as H,, N, CH 0

5 0., SiH, and CCl, and so on. In the absence of
| o forces, such substances could not condense to form
I e or solidify to form solids. Condensation of some Fritz London

ssoceurs only at very low temperatures and/or high (1900- |954)

&'ﬁ.ﬂ.‘

Letus consider the example of neon to understand how non-polar atoms and
wiccules attract each other. The distribution of electron density in a non-polar
sand molecules like nzon atom is uniform and symmetrical. When atoms of
moome close to each other, then the electrons of one atom repel the electrons of
tiiom. In this way, symmetry or equality of electronic cloud is disturbed.

electronic cloud bends towards one side and nucleus ( positive portion)
other side. This is called instantaneous dipole. This instantancous dipole
 the electronic cloud of the other nearby atom. So a dipole is induced
“*n second atom, This is called induced dipole. As a result of this, weak
i forces are generated. called London forces or London dispersion forees,
M Oceurs with other nearby atoms and, thus, throughout the sample.

ar when the electrons again become symmetrical around

[nstumtancous dipoles

There are move ¢RXTrons on s u&
of peon atoms than v the _dbﬂ wie

w = W
o dipale dipole dpose

| M Figure 5.5, London Forces berween Neon
4. BLondon Forces

o gy - Pon the following factors:
" % Sl'ch g
T Uleg

(183)
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i) Atomic or Molecular Sizes Keep In mind
The strength of London forees depend upon Pt:i:rimbjliw i the
the size of atoms and molecules. The 1arger | the electronic cloyd :;“tm e
atoms and molecules, with greaternumber of_} distorted or polarizeq. * Subsigy
electrons and heavy mass, polarize more The polarizability increges o
easily as compared to small atoms and m‘u"l‘:’e&:f clectrons jn gy o4
molecules. We may say that the strength of polagmbil‘{:ff‘g:& The greyed
London forces is directly proportional to the | eleciran cloud ca':."";e«s,ﬂy‘;
polarizability of the atom or molecule. For |(polarized). Hence, more pofe
example, in VIIA group (Halogens), the atoms and molecules haye g
fluorine and chlorine are gases, bromine is \London forces.
liquid, and iodine is solid at room

temperature and one atmosphere pressure. X
The big difference in the physical states of Table 5.3: T'}“ Boiling Points of Haky
halogens indicates that the polarizability of _ and Nobie Sen
the halogens increases down the group
~ because of which the strength of attractive
forces (London forces) increases down the
group. The boiling points of both polar and
non-polar molecules increase when the sizes
and molar masses of molecules increase. For
example, the boiling points of halogens and
noble gases increase from top to bottom in a
group of periodic table due to increase in
atomic size and molar masses.

When the molar masses and
molecular sizes of alkanes (saturated
hydrocarbons) increase, then the
polarizability increases which results in the
increase of strength of London forces. For
example, the first four alkanes (from
methane to butane) are gases due to smaller

molecular size, the next sixteen alkanes

(from pentane, C;H, to eicosane, C, H, ) are
liquids due to relatively higher molar masses
and molecular sizes and the higher alkanes

(from heneicosane, C, H,, on ward) are

solids because of greater molar masses and
molecular sizes,

—— =B
| N LN
. v

L)

o
» "
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V
of Molecules

wgter the polarizability of molecule, stronger would be the:
(;::“mnlcculcs h:n‘c strong forces of attractions, For cxample?, three cor
,]n':h ame molecular '0_"]?""‘: CsH,,. boil at different temperatures, n-pi
y30°C,ise-pentane boils at 28°C yng neo-pentane boils at9,5°C.

ll{ ;i[
H—C—H H—C—H
o HoH I H s 4
| L e | |
ST ‘f"‘f—C—C—H H~—C’—(—(I'.'—H
| ‘ | i
HHHH H H H H H H ’ H
wpentane (Boiling point =36 'C)  Isopentane (Boiling point = 28°C) H— (|' —H
e H
Figure 5.6: Different structures of Pentane and Neopentane
their Boil ing Points (Boiling point = 9.5°C)

12 and thus the same molar mass,
iling points increase as the forces

- The valence electrons in the carbon-carbon bonds of n-
'}I'mearc closer to the surface of the molecules while

Strons in the carbon-carbon bonds are well inside th
i8sin n-pentane and iso-pentane are stronger than th

pentane and iso-
In neo-pentane the valence
e molecule. Hence London
0se in neo-pentane.

L0 forees are present among both the polar and non-
e &IC in constant motion in all molecules whereas
only among polar molecules.

%&w Properties of Liquids

Migg,... > Ofliquids depend on the nature and strength of intermolecular forces.

polar molecules because
dipole-dipole forces are

7

By, M We consider five such properties which are associated with liquids in
a‘l ' tion, Vapour pressure, boiling point, viscosity and surface tension,
- Byg

Poratiq
(P

] i ot sules i $ 1IN an open container
B U8 Conversion of liquid molecules into vapours in an op
Uy

g alure is called evaporation. In this pro{:ess, molecules escape from
_“eand change into vapours spontancously. ‘ '
NQ::% the cXample of a liquid which is present in the beaker. At a given

4l the liquid molecules do not have same kinetic energies in the

‘ (131)
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bcal_cer. Molecules having low kinetic energy move slowly while the

having high kinetic energy move faster. If one of the l-li;_:ller'specd-!n '
approaches the surface, then it may escape and overcome the anmm{:ﬁl‘%
neighboring molecules and leaves the bulk of the liquid. This .‘ipontanem,:!l "y
of liquid molecules into vapours is called gvaporation. &

When we open a bottle of perfume, We detect =

the smell of the perfume when their gaseous molecules | [Keep in ming@ "
entered and reached our nose. Here our experience tells \"apofiﬂlio W f'l_
us that the molecules escape from the liquid surface, of | by which Ti(::igw '.-,l
perfume and enter int0 gaseous state. These gaseous |changes 10 a g .
molecules travelling in the upward direction when they evaporation is the pogl
enter and reach our nose, we become awarc of the smell | P Which moleciles g

from the surface of 3 gl
of the perfume.

: boiling liquid and e i
Evaporation is an endothermic process because | gas phase. Evaporatinn i
energy is required to overcom

|
:

—

e the intermolecular |fype of vaporization.

forces of attraction holding the molecules together.

interesting Information:

that your body regulates its temperature through evapo

It is interesting to know
the warm weather 0T when you exercise. During hot summer days your e
water to the surface of your skin by means of sweat glands. As the water on ' t

of your body evaporates, it removes high energy molecules from your body :
energy molecules are left behind. In this way the temperature of your bocy fll*

\ Zourbody becomes cool down

Factors Affecting Evaporation
Temperature ' |
Evaporation occurs at all temperatures. Rate of evaporation in
increase in temperaturc and decreases with the decrease in

increasing temperature, the kinetic energy of molecules increases
the rise of rate of evaporation. If you warm the glass of watef, it cvapor® e
o the greater the temperature, the greater is the kinetic energy 4

"
{1 '.“
o

A
.

Creds /

ferm
which

es ¥l

becaus :
isthe gvaporation.

tual Check lioint*:

Concep

Vg wetlaundry hung 1  clohes-line dris fste i he hot a5
cold days of winter? ' Rl

)
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rface of the .liquift'
versa, The greater
the surface of the

e Ares . ‘
S;‘,,::non is the surface phenomenon. It occurs on the su
3

™ the surface arca, greater will be the evaporation and vice
| .m,rea provides a greater chance for molecules to come (0
‘c ¢
ﬂ gnd changes into the gas phase.
|.

ptual Check Point: )

O ter dries fuster, the water present in the bottle or the water sprinkled on the:
he waterin both the cases has the same volume. o)

imermolecular Forces =3
ifierent liquids have different rates of evaporation at the same temperature. This 1s
g to the different nature and strength of intermolecular forces. Stronger the
sermolecular forces, lower will be the rate of evaporation and vice versa. For
aample, Gasoline evaporates more quickly than water. Because the intermolecular
fmes between the gasoline molecules are weaker than the intermolecular forces
fetween water molecules.

(onceptual Check Point:

: s
o P -
M) -

\Wtichlquid evaporates more quickly: gasolineorgasoil?

2 Vapour Pressure

.- Pressure exerted by liquid vapours in

f lbnum.wnh its pure liquid at a given * Theterm vapour is usually
~relreis called vapour pressure. used for the gas phase of g

iledCousider we have a liquid in an evacuated f.‘:lbs.‘g"“ 'ha:. dis found as
%4 conta: wquid or solid ‘at normal
*ontain Cr. Its vapours are formed because of temperature and pressure.
Fration h be :
B gins together above the surface |4 The processes of
o cmolecules move freely colliding with | vaporization and condensation

;.,%:' ‘;iffl'!!le walls of container and also with |are examples of phase
by Liquid. Condensation (the conversion of \Aanges. ¥

"h,dm,l'qllid) occurs because a molecule striking the liquid surface becomes
!q’y: M::"ermolecular forces in the liquid. In the beginning, the traffic is only

iy i €S are moving from the liquid to the empty space and rate of
o\, Breater than rate of condensation. By the passage of time, the
e, But-aﬂe‘ __tabove the liquid increases as the number of vapours molecule
"8, . Some times, the rate of evaporation and condensation becomes
n figure 5.7(c). At this stage, number of molecules leaving liquid

|. (193)
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surface is equal to number of molecules going back to liquid, Thig ——
equilibrium state, Thus, at this stage, there 15 no net change in the Masses 0{:

LoV by ‘ '.,,":-
phascs. _ lvapration | V(lpuum Y

‘—-“-l“'d CTondensation

The pressure of the vapours of a substance 1n equilibr_ium With itsmecr

is called its equilibrium vapour pressure (or justthe vapour pressure), Ttig o
to note that the value of the vapour pressure of liquid is maximum g o |

rature and that it is constant at constant ten V'T:.,;

4
™

state at a given tempe H
equilibrium the volume of the liquid doesnot change.
.

¢ Molecules leaving liquid surface
@+ Molecules going back 10 liguid
®  Molecules in the vapour state

Figure: 5.7- A liquid 15 allowed to evaporate in a closed vessel.

(a) mually only evaporation occurs,

(b) condensation begins but the rate of evaporation is greater than rate ¢ :

(c) dynamic equilibrium is established, now the rate of evaporation is gyual fo 1% \.
condensation )

asaepet :
e Of qow | n ",’ ’

2

Equilibrium in which evaporation and condensation are going 0=
dynamic equilibrium, |

Factors Affecting Vapour Pressure i
The vapour pressure of a liquid dependg on the magnitude of ‘h‘? ' I,.,.:.'
forces present in them and on the temperature, Vapour pressif® “ . i
upon amount of liquid. It also does not depend on the surface arc® Of
an increase in surface area at equilibrium equally affects the rat€ ofe®

the rate of condensation.

(194)
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ol Forces
{gpout pressure i inversely related to intermolecular attra tions.
p cmolecular torujcs. greater “.'l” be the vapour pressure. For example the s 1

ure of water (18 mx‘an) s lower than chloroform (170mmHg). The lower
qgpour pressure fJfWﬂle IS de: 10 the presence of strong hydrogen bonds whichare
sentin chloroform. Chloroform has weak London forces. In general, the liquids

with large molecular sizes or greater molar
ure due to strong dispersi

aze. The larger the molecular size of a liquid

18, the more polarizable it is, and the
greater the dispersion forces are,

The liquids which evaporate easily and haye high vapour pressures are said to be
wlatile, while those that do not vaporize easily and have low vapour pressures are said
0 be nonvolatile. Volatile liquids such as nail polish remover evaporate readily while
(ton-volatile liquids such as motor oil evaporate slowly if not heated.

J

lemperature |

Vipour pressure increases with increase in temperature. For example, the vapour
tesure of water at 25°C is 24 mmHg and at 100°C its value is 760 mmHg. This is
*use with the rise in temperature the average kinetic energy of the liquid
Wecules increases which is high enough for molecule to escape from the liquid
“hce It results in the increase of the number of vapours, thus the vapour pressure
"Beliquid increases.

lf!"“"elllent of Vapour Pressure 2
“mple Mercury barometer can be used to measure the vapour pressure of a liquid.
tiop o liquid whose vapour pressure is to be determined is place under the
6T tube filled with Hg, with the help of a bent tube or dropper. The liquid
W\viu Tise aboye mercuty column, because most of the liquids are less dense than
Y 4nd on reaching above the surface of mercury, a part of liquid will
;!' 5. The vapours will now push the Hg column downwards. As a result of
,,nhs_lenglh of Hg column decreases. This change in length of mercury level

it Position to its final position is equal to the vapour pressure of liquid,

(195)
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Figure 5.8: Measurement of Vapour Pressures of Water and Diethyl Ether -

The vapour pressure of water and diethyl ether at 25°C and 760 mm i

mm Hg and 545 mm Hg respectively. | |
Vapour pressure of liquids can be measured at various tenperatures.

Table 5.4: Vapour Pressure of Water at Various Tempersiures

----------

- v »

3 3 Bonlmg Pomt sht?
o AtmF

The temperature at which vapour pressure of a liquid becomes equal E

pressure or external pressure is called boiling point of liquid. ol ASEF ’

When liquid is heated, its average kinetic energy is In¢r¢? (eitd

this, more molecules escape from liquid surface, hence vapour Pfess
goes on increasing till it becomes equal to atmospheric press
pressure. Then the liquid starts boiling. Small bubbles of
spontaneously below the surface of liquid and they start rising:
consist of vapourized molecules of the liquid, not of air. Temperd
called boiling point.

(136)
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Table 5.9 Borling Pomts of Some ¢ ommon Liguids ot Omne ,-'\.nnn:nphcr lrcx :
pstoe | 560 ' Ethyl alcohol T did]
 Ammonia : -33.3 | Ethylene glycol 197
enzene 80.5 Mercury 356.6
wButyl alcohol 17 Phenol | 1818
Carbon disulphide 46.3  Water 100.0

Temperature of a liquid remains constant during boiling, why? When a
gud 15 heated, the average kinetic energy of its molecules increased, so the
aperature of the liquid also increased. At boiling, the kinetic energy of molecules
¢the maximum. Now the heat supplied is only used to break the intermolecular
irees and convert the liquid into vapours. Any more heat supplied will not increase
& temperature of liquid. In this way, the temperature of the liquid molecules
mains constant,
aetors Affecting the Boiling Point
eboiling points of the liquid are affected by the factors given below:

itermolecular Forces

boiling point of a pure liquid is directly related to the strength of intermolecular
%. The stronger the intermolecular forcgs, the higher are the
leIm'ims of the liquids and vice versa. For |
o e the boiling point of water (100°C) 1s —_— =
N::m; ethyl alcohol (78.26°C). This is due to ﬁcuﬁ‘ﬁﬁmﬁwﬁ i
Mg IMermolecular forces among water
€5

boiling points of liquids do
“compared to ethyl alcohol. not depend upon amount of
ol (At \iquid. >
%mi 5 Mospheric) Pressure
nis d

Mgy tpend upon external pressure. It increases with increase in external
iy orind decreases with decrease in external pressure. For example, the boiling

aler at one atmosphere (760mmHg) is 100°C. At high altitude,
ﬂ\zg,c Pressure ig ess than 760mmHg; hence water boils at temperature
y 10gec: g o the boiling point of water at Murree hills wh;re atmospheric
tily 921 atm (700mmHg) is about 98°C and at the top oi Mount Everest
"Pheric pressure is 0.3 16atm (240mmHg) is about 71°C. On the other

(187)
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hand the boiling pomt increases when the external pressure increggeg Fo
(1074 6mmHg)is 110°C, Texanay

the boiling point of water at | Al4aum

Keep In Mind

RUR——————

The boiling point depends on the pressure of the atmosphere because th pyae
vapour cannot even form until the temperature of the llquld‘rauscs toa point at wﬁ~- :
 vapour pressure of the liquid becomes equal the atmospheric pressure,

Applications

The change of boiling point of a liquid with external pressure has very Moy
applications inchemistry as well as in our daily life. |
Boiling Point and External Pressure (Pressure Cooker)

Boiling point of a liquid increases with increase in external pressure. This prapen
is used in pressure cooker ¢.g. When a liquid is heated in a closed vessel i.e. presg
cooker, more and more vapours are gathered over the liquid surface. These vapn
cannot go out from cooker, hence pressure 18 developed. It increases with incrse
in temperature. Due to high external pressure, boiling point of a liquid i.e.wmﬂ
increased. A commercial pressure cooker reaches an internal lemperaie s
140°C.An increase in temperature of only 10°C will cause food to cok®
approximately half the normal time. Therefore food cooks more quickly in ot
It saves time and greater energy costs. In the hospitals, the same principleis el
the sterilization of instruments and laundries in autoclaves where tempei’
high enough to destroy bacteria. Autoclave produces steam at 2atm because®
pressure, temperature of steam is increased and it destroys bacteria a such#%
temperature and pressure efficiently. :

Conceptual Chéck Pomt

Vacuum Di (RM e - | b
e Pressure Distillation) o0
Distillation at low pressure is called vacuum distillation. Boiling P i

decreases with decrease in external pressure. This process 1 T

liquids which decom L bt i
pose at their boiling poi der to bo!
lower temperature, distillation BpORteRTn o ed

o is carried out under reduced pres® "
ponls and dgcomposes at 290°C at 760torr (1atm) but on loweringP \
itcan be boiled at 120°C without decomposition |

(138)
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334 Viscosity

g

slowly it flows. Consider the example of oil

uhich is flowing through a pipeline in the form of

wyers. Each layer experiences resistance to the

t fow of other layer due to internal friction. The

nernal friction is produced because of cohesive

fice (forces of attraction among liquid molecule)
tatreduces the rate of flow of oil.

Jorces, ‘
e ——
e Y

liquids such as honey and glycerin flow very slowly'wh-ilcn'i“ji;fsqs" h a
wlineand ?vater flow speedily, The internal resistance to flow of ahqmﬂfx ;
iscosity. 1t 18 denoted by eta (1), The greater the viscosity of thehqmﬂ, e

g
The liquids which flow
lkli:y(l‘); a_[f; called viscous
: N N cy ! :ma
internal m:taﬂ?r to flow

because of strong '"l ¢ )

e .
e e
M
s oy
 —————

Fraure shows the infernal resistance to flow of a liquid. The velocity of flow of'a liquid
niarer to the sides of tube is less than the velocity of flow in the center of tube

Tl
~ Therate of flow of the oil close to the margins of pipeline is not as much as

ﬁkmof flow in the middle of the pipeline.
= Table 5.6: Viscosi

of Some Common Liguids at 20°C
S AR o
?E:b = : :‘3{: e 2 =

%P L v - -
o (At e e B ATY
% r
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Conceptual Check Point: S SEE R
, orwater, when they are pouring iy "

Which Iiid takes much time, the olive oil

Factors Affecting Viscosity
The viscosity of a liquid is relate
molecular size and molecular shape.
Intermolecular Forces

The stronger the intermolecular forces,
liquid molecules cannot move around
increases. In general, the Tiquids with s

have relatively low viscosities due to W _ e
with polar molecules such as ethyl alcohol have higher viSCOSITIES du€ 10 Stronge

intermolecular forces. On the other hand, the liquids which have ability to fin
hydrogen bonds have higher viscosities than thOSPt w?uch are unable to i
hydrogen bonds. For example, the viscosity of watf:r is hlghe}' than methyla Z
because of strong hydrogen bonding in water. It 1s-mt'erestn_1g to know that |
glycerine has higher viscosity than that of all other liquids. It is more viscousl

water because its molecule has more sites for making hydrogen b?nds as ¢ |
to water. Each water moleculehas only one ~OH group and glycerine has three-%

s for making hydrogen bonds.

d to 1ts intermolecular forces, temperau‘:

the greater the viscosity of liquids
each other freely so the resistance 10 iy
mall non-polar molecules such asw
cak intermolecular forces and the ligjg

group

em nture . % = 1]
'\l/-iscols,iet}' generally decreases with increasing temperature and lﬂm;_

decreasing temperature. Because at high temperature molecules have h:g :
energy and can overcome some of the intermolecular attractive forces it
one another bet\.vecn the layers.‘For example, the viscosity of honey and¢
decreases as their temperature rises,

- more V iscous than petrol, bg.cause the larger size molecules (di€5° l
n higher molar masses are difficult 1o slip past one another.

(200)
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glrowson VI
olecular Shape | R
;w_‘.u}r also depends on thc.* shape of molecules. The viscosity of megulal’ naped
polecules such as g{ywnm is greater than regular shaped moleculwsuchia&#ﬁlff
The molecules of viscous liquid become entangled rather. than to slip past one
motherasthe molecules of less viscous liquids do. 3
Messurement of Viscosity !
itis difficult to measure the absolute value of viscosity; therefore relative viscosity
ofliquids is measured. The relative VISCosity is the ratio of viscosity ofa liquid to the
Mity of water taken as standard. The Ostwald viscometer is used to
measure the viscosity of liquid. It has
o bulbs, one at each limb. Definite
mount of liquid is taken in bulb B and
isucked from bulb B to mark X. The
quid is, then, allowed to flow from
kX0 Y. The time of flow of liquid
‘moed. The viscometer is now
W and the same process is
el with the same amount of
8 same temperature. The
~ S 0fboth the water and given
are meagyreq by specific gravity
o ' e same temperature.
e 300Sity of the liquid is

oy from  the equation given

Figure 5.9: Ostwald's Viscometer

t or

dyt "

*Tyis the viscosity of liquid, 1, is the viscosity of water, d, is the

; (201
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density of liquid. d is the density of water, 1, 15 the time of flow oniCIuidM ;
the time of flow of water. | | ] -1,
The unit of viscosity 15 PoIse (I poise = 100 centipoige), Thegt F

2 3 et d

Newton-second per meter square, Nsm * (one Nsm? i h

ls '}.

ViSCOsity 18
kilogram per meter per second, Kgm
. A B
| poise= 10 Kgm s .

§.3.5 Surface Tension
A property common to all higuid is surface tension; it 1s defined as the s
cnergy required to increase the surface of a hquid by a unit area. It is dengues
Greek letter y (gamma). The unit of surface tension is erg per centimett
(erg/cm’) or dynes per centimeter (dynes/cm). Its STunitis Newton pertnetrsgs
(N/m’) orjoule per meter square (J m’).

The surface tension is due to variation of attractive forces atthe surfac
liquid. The molecules present inside the body of the liquid are compis
surrounded by other molecules and are drawn equally in all directions Wi
molecules at the liquid surface are drawn downward and from the sides by @

molecules but they are not drawn
upward. This inward pull causes
the surface to contract. To increase
the liquid surface, the molecules .
require energy to come from the | Eth
interior to the surface of the liquid | gan.
to overcome the intermolecular
attractive forces directed =

downward. This amount of energy
which is required to expand the
surface of a liquid by a unit area is

called surface tension.
= [;:lc to surfacc'tensiqn the water surface behave like @ § !

rubber. A razor blade if kept carefully on the surface of the water

floatalthough it is made of steel.

Table 5.7: Surface Tension of Soms Cile®
‘Substances at 0C =

Factors Affecting the Surface Tension

The magnitude of the surf kb - = e
factors: i : ¢ surface tension of the liquid depends po l

(202)
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olecular Forces | .
fquids with strong ntermolecular forces have higher surface tension than
.h‘,-dq with weak intermolecular forces. Water, for instance, has higher surface

W 1 than many other liquids such as ethyl alcohol,
“wl,m qand ether. This is due to the presence of strong Wf
&ggﬁcé ponds in water molecules, Rain drops or the .
jps 00 the axy surface of an apple or leaves are |Secause of Meh, surtie
mrsphcncal inshape. In ‘t‘s!’hencal drop, nearly all |spider can stand, walk or run
&camac[i()ﬂ at the surface 1s mward, thus the sphere |on water without breaking the
siheless surface area per unit volume than any other surface.

Substances such as soaps and detergents which are used for washing are
sawn as surfactants. They can be added to water to reduce the surface tension of
wer by the breakage of hydrogen bonds. This increases the interaction of water

iih grease and dirt and it becomes easier to remove grease and dust particles from
efabrics.

imperature

besurface tension of the liquid decreases as the temperature is raised. By raising
etmperature the kinetic energy of liquid molecules increases and hence, the
kgth of intermolecular forces decreases which results in the decrease of surface
B0n.

Pﬂl‘emem of Surface Tension

fike tension of liquid can be measured by
Smometer method, It is also called drop
g ‘Stalagmometcr consists of glass bulb
Ie;;n tubes 4 and C as shown in the
Wm’ is filled in the dry clean
M!Oﬂ T Up to mark X and then it 1S
op ¥ down slowly from mark X to

) W t:f drops. The number of drops
B, Valer is counted. The
LT

'S now cleaned and the same Ry
feg. e with the same volume of the given liquid at same temperature.
k“l? *both the water and given liquid are measured by specific gravity

Ky temperature, Surface tension of the liquid is calculated by the
loyw:

i (203)
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Surface Tension
acts along the
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Where, ¥, is the surface tension of the liquid, ¥, is the Surfage gue
water, 1, is the number of drops formed with liquid, n, s the pupp, ‘
formed with water, d, is the density of liquid, and d,, is the density of ygge,

5.4 Energetics of Phase Changes
The process in which a substance is transformed from one physical state (5.
physical state is called phase change (state change). Phase change is an e 3

physical change. Six possible phase changes takes place among the smm i

Solid——Gas
Liquid——Solid | Freezing
Gas—Liquid | Condensation

Heat of Sublimation

The 10rt o
Bt S::;;J]‘:'l :t}' of Substances eXperience two types Ofcha',.lgﬁ |
T ENANEES 10 4 liquid at it melting point, and liquid "

(204)
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(jis boiling PO"{"" Butwe alsoexperience, the chan geof solid into gas directlysuch |
1 ; apversion of ice nto vapours below 0'C. Therefore, we are going 1o mmsm@,ﬁ Sl

-

;mlwchange(’fﬁ‘Si""- vaporization and sublimation. o ".j‘,
Jfolar Heat of Fusion
rhe amount of heat required 1o convert one mole of solid into liquid state at its

qeling point is called molar heat of fusion (or molar enthalpy of fusion). It is
genoted by AH . The molarheat of fusion for ice is 6.02 KJ/mol.

H,0,,— H,0, AH,, = 6.02kJ/mol

lee Water

Table 5.9: Mol

T: tetrachloride CCly =23 251

nbing lcahol) (CH,).CHOH w05 | s

(acetone) CH;COCH; ~94.8 57

il cther CH:CH,OCH,CH, 1163 73

4 Freezing is the reverse of fusion (melting). The amount of heat released in ;
#Angasubstance is equal to the amount of energy required to melt that substance 1
) but the Sign is negative.

%io‘” — > H0 AH,,, =-6.02kJ/mol
=5 fee:

Eﬁhrﬂm‘lf\’aporization

ke “1tof heat required to convert one mole of a liquid into vapours at its
&t p° m is called molar heat of vaporization (or molar enthalpy of
%0? It is denoted by AH,,,. Molar heat of vaporization of water is

B

B
0
t}gqm\) H,0,, A e 40.67kJ/mol
m

Stea
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5 ({1 Molar Heat of Vaporization
R -L,‘.lj]ﬁ" PO T
L ?{.{ Ot

SV ) i
11l |
‘ v é ,‘ ,._‘!' Ll 3
A Y ese el
. ¥
154 i

i.' Carbon tetrachlonde s i
 Diethyl ether | CHCH, Oy

Condensation is the reverse of vaporization. Theiamqgmt‘:}; W
condensing a substance is equal to the amount of heat required to ey,
substance (liquid), but the sign is negative. o

K0y —— 1,0,  AH,= 4067k

Molar Heat of Sublimation 1
The amount of heat required to convert one mole of a solid into vapours it
called molar heat of sublimation (or molar enthalpy ofsubhmaﬁen)lﬁﬂ
AH,;, Molar heat of sublimation for iodine is 62.2 kJ/ mol. |

lZ(t) | 622K |
e AH,,= 62.2kI/mo
Solid foding lodine v:\lgours o
= 0?: reverse of sublimation is called deposition, The amount o/
i ) substance is equal to the amount of heat required 5
substance (solid), by the signisnegative.
L, ' | AT

The molar i | it
and vaporizatiop. catof sublimation is equal to the sumofthe moler

AHwb g AHl‘u«"" AH
vip

Dry ice (so; | e
The process 6f§:1))llli(::;:bm~l dioxide) and iodine sublime at f’fd';:f‘y7 o
effigeratore o the purification of 10€*
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54.2 Energy Change and Intermolecular Forces s |
im qubstance 1lm.1 generally have stronger intermolecular attractive forces need |
preater amount of energy to change theij; physical states from solid to liquid or
jiguid to vapours. For example, the liquids having hydrogen bonds among their
motecules such as water, cthylene glycol. and ethy! alcohol have high values of
jeits of vaporization. These liquids have stronger intermolecular attractive forces
pence need high amount of energy to separate their molecules from each other. ’
Heats of vaperization are generally much higher than heats of fusion. For
fusion {to mave around the particles freely) of a substance less amount of energy is
pmvidcd because the small change occurs in the intermolecular distances during the
melting process. On the other hand, large amount of heat is required for liquids to
treak the intermolecular attractive forces completely to separate their molecules
fomeach other during vaporization.

54.3 Change of State and Dynamic Equilibrium
The process of conversion of liquid to vapours is called evaporation while the
TEVEISE Process (conversion of vapours to liquid) is called condensation. The
Stiation in which a forward process {evaporation) and a reverse process
(eandensation) are occurring simultaneously and at the same rate is called dynamic
tuilibrium, Dynamic equilibrium is established between liquid and vapours in a
thsed container. For a dynamic equilibrium to occur, the rates of two opposing
1ge must be equal so that no net change occurs in the volume or amount of
“mponents (liquid or vapours) of the system because the two opposiie processes -
Wnterbalance each other, The term dynamic equilibrium is not limited to .
“ration and condensation processes. You will encounter it, in many of the P
. in chemisuy, [t indicates the equality in rate between two opposing process

“IV type (ie. for all the reversible chemical reactions and all the physical
m;ies). For example ice exists in dynamic equilibrium with water when the

4re s kept constant at 0°C.

lee Q:ff_“:'L‘;! Water

I8
5 :;‘“Illld Crystals

% Tief Degory tion

-"“ﬂlglgf,""e‘“ale sza:l: between solids and liquids in which substances have

Mﬁysgist Particles like solids but freedom of motion like liquids 18 called
Solid s==== Ljquid Crystals ¥ Liquid

: Dstalline solid have specific melting points. The temperature of solids

: (207)
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renjmins constant at melting point until all the solid melts, l'luwever, there
solids which change into turbid liquid before changing into clear 1iqu-are‘°'§
turbid liquids have (he properties of solids such as optical activity and lhatl;lf The,
such as fluidity, viscosity, and surface tension and are called liquid m};‘ql&
erystalline solid may be isotropic or anisotropic while liquid crystalg am_;:*
1Isotropic, B
Liquid crystals were first discovered by an Austrian Botanist and o
Frederick Reinitzer (1857 - 1927) in 1888, He was studying an organic ¢opy
cholesteryl benzoate. He found that this compound has an interesting ‘mdmﬂ
property. This solid compound i
melts at 145.5°C and is transformed
mto viscous milky liquid and
becomes a clear liquid at 178.5°C.
By cooling, the reverse process

occurs, the clear liguid first changes

to viscous milky liquid at 178.5°C i i
and then solidifies at 145.5°C. He Liguid State Liguid Cryni!ﬂn_n!ﬂ-
concluded that he had discovered a Figure 5.11: The liquid and liquid erystallinepss

new state of matter that has a place of cholesteryl benzoate.
between the crystalline solid and liquid states: the liquid crystalline state.

5.5.2 Applications (uses) of Liquid Crystals .
This special kind of material has many applications in our daily life. Liquid
are not only used for your wrist watch and packet calculator, these mataﬁﬂ‘_s‘ i
used in the many fields of science and engineering and have been applied™®
products in our society. Some uses of liquid crystals are: N
i) They are used as temperature sensors to detect the faulty conneet™
microelectronic circuit boards. y
ii) Theyare used in thermometers to measure the body temperature of ikl ""'y
iii) They ar¢ used to detect blockage of veins, arteries and infected ‘
rumors. Special liquid crystal devices can be attached to the skinto show? 4
temperatures, This is useful because of the physical problems, guch as =
a different temperature than the surrounding tissue.

jv) Theyareusedasasolventinchromatographic separations.
y) The most common application of liquid crystal technology is 114
displays (LCDs.). They are used in display of electrical deviees suc
wristwatches, clocks, flat-panel televisions, computers, laptop sereens:

(208)
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« and many other electronic devices, Thye devices, in whi
roknown as LED devices.

Sﬂﬂ"’ of the iquid crystals are used in hydraulic by
] vwxhll.'

i )

B e e —— —

— ﬂmmu —;‘h

45‘ ;acallcd chemical
2 change in which




melting and evaporation.

> Evaporation is the process of conversion of liquid in vapgy
condensation is the reverse of vaporization (the conversion of Va;:
!iqllid). The direct evaporation of solid i« known as sublimation, Ey s
15 an endothermic process while condensation is an exothermic pmcm'a..
evaporation and condensation botl
temperature of climates. Evaporation
rate in the hot summer days 0
inerease while condensation s the reverse process
prevent further tem perature drop.

%» The pressurc exerted by vapours in dynami
a given temperature ina closed system 18 €2
evaporating tendency of the liquid.

% The temperature at which vapour pressu
external pressure or atmospheric pressure is
The temperature at which the vapour pressure ofali
atmosphere pressure is called normal boiling point,

ds show properties <uch as viscosity (the resista

tension (a measure

quid) that depend on
ty and surface tension of a liquid increas

s increase and they decrease as temperd
f a substance from one physical s

hange. The changes of states are the
atter can be changed

y» Liqui
and surface
surface of I
Jiquid. The viscos
intermolecular force

The trapsformation o
statc is called phase ¢
They are not chemical changes. The m

tate toanother physical state by cooling, nef

» T he amount of energy required to vaporize one mole of the hquﬁ:(.1

| point i(s)_called molar heat of vaporization whereas the ene,{gy.ﬁﬁ@w
onemole ofthesolid atits melting point is called molar heat 9t &

The intermediate state of substance that displays p coperti

and a SOlld 15 callcd |iquid CT}’Stal. quuid crysmls flow b cso|
and it part icles exist i big_hl)_{t_)rdercd patterns as ind crystali?

/""’“‘ (210)
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position of a substance does not alter is called physical chanoan
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1 play key roles in modem-mg :
is a cooling process and OCCurs gt gy

absorb heat and prevent the h:mpqﬁ
and it occurs at migh;

¢ equilibrium withits pure g
{led vapour pressure. Itshows
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i) 'THyd

“ Questions and Problems

FOUT ANEWEES are given for eag h yuestion. select the corre Lone
i) Greater the strength ol"imermolcculur forces, greater will be:
(a) Heatof fusion (BYboiling point
(¢) viscosity (d)all of these
i) Which hydride of £roup VITA has higher boiling point:
(a) HF (b)HC|
(¢) HBr (d) HI
i) Which liquid hag Weak intermolecyar forces:
(a) Gasoil (b) water
(¢) ethylalcohol (d) gasoline
IV) The conversion of Vapoursinto liquid is called:
(a) Condensation (b) fusion
(¢) evaporation (d) sublimation
v)  The vapour pressure of water at 100°C s:
(@) 260mmHg (b) 760 mmHg
(c) 1074 mmHg (d) 1489 mmHg
Vi) The boiling point of glycerine at 50 mmHg is:
(@) 100°C (b) 120°C
(€) 240°C (d)360°C
¥ii) Food cooks more rapidly at:
(@) Karachi (b) Quetta
(©) Murree (d) Mt. Everest

Vi) Surface tension is measured by:

(@) Stalagmometer (b) thermometer
B ‘_;gc) viscometer (d) manometer
sl \fiscosity ofliquid increases with decrease in:

- Mmolecular magg (b) intermolecular forces
(9 emperature (d) atmospheric presure
'_ X) Which one ofthe following is more volatile?

f"’ Water (b) methylalcohol

) gasoline (d) diethyl ether

, ;‘m‘i‘"he blanks wi th suitable words given in the brackets:
e Mramolecular attractive forces are stronge,

; th
lccu!arattracti-\ae forces. (less/more) o
focarbons are insoluble in water due to absen e,

of
(201
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Q3.

ogen bond)

~(ionic bond/ hydr
ow of liquid 1s called

iii) Internal resistance to fl
— 1

liquid (fluidity / viscosity).
¢ with increase in

“‘") Vapour pressure 1ncrease

liguid. (surface area /temperature ) ~—— i}

v) Substances which have hoth the propcrties of .
—

called liquid crystals. (solids and liquids/liquids and gases)
vi) Molar heat of vaporization ud 088 than molar ey,

fusion. (lesser/greater)
vii) Water is liquid while H.S is gas at room temperature because oy
presence of B e in waler H]OICCUICS. (COHH

bonds / hydrogen bonds)

viii) Ice occupies 10% _____ /Space (than water. (more/less) |
ix) The eclement ___ _is found in the liquid state whiey
element s found in the gaseous state. (chlorine /bromis |
x) The surface tension 1S denoted by Greek letter |
(gamma,y/ eta,n)

[ abel the following statements as True or False.
i)  Liquids and gases both have definite volume. |
ii) The thermal expansion for a liguid is generally less than that &
corresponding gas. .
iiiy The density the same as
corresponding £as. e
iv) The intermolecular forces between particles of a liquid ¥
cohesive forces (oF cohesion) while the forces of 88
between particles of liquid and another surface are called
forces (or adhesion). e J
v) The intermolecular forces and temperature are €
which affect the vapour pressure of a substance. e
vi) London dispersion forces are the weak intcrmolecular G |
absentin all of the molecules of liquids and solids.

vii) Viscosityis the inverse of the fluidity of liquid. |
viii) Surface tension, viscosity, and vapour pressure a1 g

of a liquid is nearly

indcpelldenl. 5
ix) Liquid crystal is a turbid liquid that displays som®

pelow the melting point of solid. @
x) Speciﬁc heat is the amount of heat required 10 raise the

jgofa substance by 1°C.
(212)
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Q.18.
Q.19.
Q.20.
Q.21

Q.22.
Q.23.

Q.24

Q.25.
Q.26.

Q.27.

Q.28.
Q.29.

Q.30.

_ The bubbles are formed when water starts boiling. What is prese

2 Why do&'(hi? l?oﬂ ing point of water is much hi gher than that ()fﬂz‘sﬂTL
. Why the boiling point of water in pressure cooker is hight* ™

. Explain why the egg takes a longer time to cook it in boiling Wit "

. Explain why each liquid has its own boiline moi
2 boiling point? 3
. Why the temperature of boiling liquid reml:\ins constant ever

i

poration. fixplain the factors "y

Define and explain eva

evaporation. ace by inereas

Why the rate of evaporation 0! liquid increasc DY TGS INEICMpeny
cess and oceurs at all lemperatype

The evaporation is the cooling pro g o
Why the wet clothes hanged outdoors dry rapidly onanot summer gy H

a cold winter day? Explain. , )
How does perspiration cool the skin of your body in hot weathey? 1
Earthen ware such as pitcher keep water cool while those made of
plastic or glass such as jerrycan and glass bottle are unable to ke
cool, why? o, S 1
What is the equilibrium vapour pressure of the liquid? Discuss the aon
that affeet vapour pressure. How is it measured? |

What is meant by dynamic equilibrium? Explain it between two physi
states. |
The change in the surface area of a liquid does not cause the changeint
equilibrium yapour pressure of liquid, how? "
Explain why we feel sense of cooling on the bank of lake after bath?
Why autoclaves are considered as the efficient sterilization instrume
How would you change a substance from liquid state to gaseqls 4
without increasing the temperature of the liquid? E

Define and explain the boiling point of liquid. What are the fxs
affecting boiling point of liquid? How does the boiling point of alif
depend on external pressure? |

¥

the bubbles that form?

ordinary saucepan?

altitude than doesat lower altitude?

heat is being added continuously?

Explain why the steam at 10 o
liquid waterat 100°C? g 100° C burns your skin much more gVt
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y 30, What is a |\h.‘l,\L“ change? Name g POssible changes that can oceur among

 he vapour, liguid, and solid Phiases of'a -‘i'llbrslzmu-_

o4l Pefine I.Iw lcs.'m.snmlzn- heat nr\fa|)t‘n'i?.ulionund molar heat of fusion. Give
their units. Why the molar heay OF Vaporization i greater than that of molar
heat of fusion?

QL. Which process is exothermic, the fusion or condensation?

g42. Why dothe droplets appear on the autsige o1 ihe glass full of ice eold water

~ inthe summer time?

Q4. W’it i‘s the viscosily' of & liquid? How does viscosity change with
ncreasing temperature? What is the effect of intermolecular forces on the
viscosity ofliquid? How is it measured experimentally?

Q44. Why does gas oil flow at a higher speed through a pipe when the
temperature of oil increases?

Q45 The drivers are suggested to use the lower viscosity motor oils in the winter
and higher viscosity motor oils in the summer, why?

Q46 What is the surface tension of the liquid? Why are the molecules at the
surface of the liquid act differently from those situated inside? What
factors affects the surface tension of a liquid? How can it measured

~ experimentally?

047, Arazor blade if kept carefully on the surface of water can be made to float

_ dlthough it is made of steel and is much denser than water, how?

o E’Fpiﬂiﬂ Why a small drop of water assumes nearly a spherical shape on the

A Surlace of waxy bonnet of car? ‘

);‘ g Whﬂlamsurfactants" What is the role of surfactants? |

-50‘_ 'f”’f’_"-dﬁé&visaosiw and surface tension change with temperature? Diseygg
; Berelation o intermolecular forces with these properties, ‘
%2 | %&ar&"liguid crystals? Give theirapplications in daily life.
.l"l Lis the difference between a liquid crystal and a typical solid crysgg)
kethatof g 17

(Z15)
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