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Thc student will be able to:

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

Energetics of Phase Changes |
Liquid Crystals :

Describe simple properties of liquids e.g., diffusion, compression, exp
motion of molecules, spaces between them, intermolecular forces m anéti
energy based on kinetic molecular theory. (Understanding) ,
'Explam applications of dipole-dipole forces, hydrogen bonding, and
forces. (Applying)
Explain physxcal properties of llquuis such as evaporation, vapor pressure, DS
point, viscosity and surface tension. (Understanding) 3
f hydrogen bonding to explain the following propcruewf W=

Use the concepl 0 by
high surface tension, high specific heat, low vapour pressure hgh“_
vaporization, and high boiling point And anomalous behayior of watet ¥
density shows maximumat4'C. (Applying)

bering)

Define molar heat of fusionand molar heat of vaporization. (Remen
Describe how heat of fusion and heat of vaporization affect the pamcl,CS

up matter. ( Understanding)
Relate energy changes with changes inintermolecular forces. (Applying)

Define dynaml(- equilibrium between two physical states. (Remembcnn
Describe  liquid crystals and give theiruses in daily life. (Applying)
Di fferentiate liquid erystals from pure liquids and crystalline solids. (App!
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[ntroduction |
po you know. whatis liquid? The water you yse for drinking, washing, swimming,
andss  solvent, the blood running in the veins and arteries of your body, the milk
you use for drinking and making tea, the mercury in thermometer which is used to
measure the RIS the petrol and diesel used as motor fuels, the vils used in
engines, geat bOXes, in the hydraulic brakes and other hydraulic systems asd.the
vegetable oil used for cooking are all liquids. Out of 118 elements only two
slements (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

Ihekey points of kinetic molecular theory are given below:

| Liquids consistofatoms or molecules.

i} The molecules of liquid are so close together that there is very little empty
$pace. For that reason, liquids are much denser and are much more difficult to
‘ompress as compared to gases. The spaces between liquid molecules are greater

tansolids and smaller than gases. :
) Liquids do notshow an appreciable increase in volume, when they are heated.

" The intermolecular forces in liquids are stronger thanga;&s but weaker thgn
“lids. Because of this, liquids have lower melting and boiling points than solids
“Whigher melting and boiling points than gases.
g and boiling poin : | A o

) The liquid molecules have high kinetic energy than solids and l"“’ﬁ:‘:‘;ﬂ;
%i than gases, Their kinetic energy decreases by dec'rewnfj(;sml:pegcr:asing
,e25¢ by increasing temperature. They are cx.mvened mtobso. eZs II: et
energy (on cooling) and are converted into vapours by INCTEAsIng &I
(on heatine). : &

The liquid fn)olecules are in state of constant mofﬂ:eﬂ at:i: xzr;o\:'h:nd M‘L
weg - P and slide over one another. That arc i ond, dopts the shape of
%1 the container. Hence, it has no definite shape and adopis f 2
iy inq " Which they are placed. 2
e 05 diffuse into other liquids with whi
iy Movement of liquid molecules. The , |
Molecyles of one liquid slowly past the molecules of other lig

(I81)
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ch they are miscible. The diffusion
diffusion in liquids occur slowly
uid.
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| S22 Intermolecular Forces (Van der Waal's Forces)

To know the properties of liquid, we have 10 know the types of attractiye f%

present in them. There are two types of attractive forces which are associateg yi
liquid; that is, intramolecular forces and the Intermolecular forces. The f e Y
u.llructinn exist between atoms within each molecuie are called imr:uno]o: W
lorces whereas the forces of attractions exdst between molecules of a Substange ‘
called intermolecular forces. Intramolecular forces arc chemical bonds (discusgy |
in 2" chapter). Physical properties of a substance such as boiling point, yap,
pressure, surface tension, viscosity, heat of vaporization, heat of fusion, heg ¢
sublimation etc. depend upon intermolecular forces. The stronger t,
intermolecular forces in a substance, the more difficult it is to separate molecig
The chemical properties, shapes of molecules and bond energies depend upy
intramolecular forces. Intramolecular forces are much stronger than intermoleculy |
forces. ;

Consider the example of water; it exists in liquid state at room tempesane.
and one atmospheric pressure. Water molecule has two hydrogen atoms and on
oxygen atom which are linked through strong covalent bonds. It is important tonok
that the conversion of liquid into vapours to overcome intermolecular forees neeé
little energy as compared to decompose the molecules into their component aions
to overcome the covalent bonds. Consider the following conversions:

HOp — > HO  AH= +40.67Kmol’
H,0,, ——=—=—3 2H,+0,, AH= +934kJmol’

Erom the above conversions, it is noted that 40.67kJ/mol energy 18 roqui®
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 008
atoms. Now it is clear that the intramolecular forces are strong®
intermolecular forces because the strong attractive forces need much enc®”

break.

Keep In Mind )

tolecular forf:&c are broken during the pre ration of ¥
molecules whereas the intramolecular forces are broken d:ri(:lfg‘:;:p:eoom i )

_water molecules.

of Intermolecular Forces

lmc,—molecul.ar forces as a whole are usually known ag v |s forees® ¥ |
Dk Scie""su"hmesV““d"'WaaIS(lsw-l923)'wha:si§gfsiameim i

(182)
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tecular forees and studiced the non-idea! behavior of real gases.
: AT (ypes ol intermaolecular torees: that are,
W pipole-dipole interactions, hydrogen bonding and London forces
4 |)i|m|c-di|wlt‘ Interactions
o el keeseste . . o ~
_ gactive forees between the positive ends of one molecule with the negative

Jfahermoleculeare called dipole-dipole interactions o dipole-dipole forces.
These forces are present in polar molecules of the same or a different type. A

i molecule 18 sometimes described as dipole. The diatomic molecules which
weciements of different electronegativities like HCI, has an unequal distribution
seectron density and therefore has partial positive charge at one end and partial
gmive charge at the other end. In HCl molecule, chlorine is more electronegative
f hydrogen atom. Due to this chlorine gains partial negative charge whereas
wingen gains partial positive charge. When the molecules come close to cach
4. the positive end of one HCl molecule attracts the negative end of other HCI
wecuke, called dipole-dipole interaction.

Covalent bond Dipole-dipole forces
(strong)

Figure 5.1: Dipole-dipole Forces between HCI Molecules

The repulsions can also occur when negative ends or positive ends of two
% tome close to each other. In liquids, the molecules which are attract'fng
i $pend more time near each other than other molecules that are rer:::g
g Ticoverall effect is a net attraction strong enough to keep the mo o
Ry frog Moving apart to form a gas. Dipole-dipole forces are only abO}u o

) *190 a5 4 covalent or jonic bonds. These forces are very weak In ga§e§
“ 'ln l*qulds. The compounds having these forces generally have hlg
"u:tm' boiling points, heat of vaporization (AH,,;) and heatof i‘;bt::‘::ﬁ:
S S1gth of dipole-dipole forces dependsupon the et FEE0
Q"lql::i °1°Cfroncgmivity difference. Greater the electroncgativ ty

‘Nﬁn’ bo"ded atoms in a molecule, greater will be its polarity. 'I’he gr‘eate{
ofy Substance, the greater will be the strength of clipole-dipole torces

(183)
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N
and higher will be the boiling point of the substance. For example, Pro
acetaldehyde both have same molar masses (44gmol ) but differen; Str ‘
dipolc~dipole forces, The boiling point of polar acetaldehyde (20-35°C) is b Y
than that of non-polar propane (-42.15°C). This is because polar molecyly)
stronger intermolecular attractions than non-polar molecules. The elcclromm

molecules can form instantaneous dipoles, soall polar molecules also shoy| -
forces. 3

dissolves like, the polar molecules dissolve (mix) in polar solvents and i
molecules dissolve in non-polar solvents. The polar molecules are not diSSOM]gi
non-polar solvents. Water, for instance, is a polar liquid and can mix with other polg
liquids such as ethanol, acetic acid etc. and can't mix with non-polar liquids iy
gasoline, oil ete. therefore the oily stains on cloth cannot be washed away with vl
and it can be washed away with gasoline a non-polar solvent. ’

Intermolecular forces also have an effect on solubilily. As you kmw’::

|

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 s cald
hydrogen bonding. !‘
These are not real chemical bonds in formal sense. Hydrogen bondsi
intermolecular forces that occur between molecules. These forces are special i
of very strong dipole-dipole forces and are generally much weaker than chem
bonds. Hydrogen bond is about five to ten times stronger than other dipole—diﬂ
forces. Hydrogen bond is formed between those two same or different moe=
which have the following characteristics: l
i) One molecule has a hydrogen atom covalently bonded to a small

electronegativeatom suchas fluorine, oxygen. nitro gen and rarely chlorine:
ii) The other molecule has a small, hi o

; . ghly e ectronegative atom such a3
oxygen, nitrogen and rarely chlorine

For example, the molecules like HF, NH, ang H,0, experience W03
bonding. In a molecule such as HF, the i 3 2 . o
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atom 1S small in §izc and can approach a highly electronegalive atom?
and thus results inan extea strong dipole-dipole attraction. This u

smc(jon between pOlilf molecules is called hydmgen bonding‘j he
hydrogen bonds depends upon the polarity of the bond and the distance be

molecules.

The amount of energy . B -5 T o
needed to break hydrogen |A1’F 0 F}",/ E: f tf '
bond s 15-40kJmol  whereas H 1
the amount pf energy needed o I_"
to break covalent bonds _ , ] |
between hydrogen and oxygen CH,CH,- ot — & N
sioms is 150 ~1100kJmol . i 15 ;’i‘ %
Hydrogen bonds 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

ained with each other in a zigzag manner.
\pplications of Hydrogen Bonding

fydrogen bonds play an important role in our life. It helps in explaining the
'lh’cttiesofsome substances.

| Physical Properties

Idrogen bonding affects thermodynamic properties like melting point, boiling
bint and heat of vaporization of compounds. The molecules tha't .form h.ydrogcn
ds have much higher heat of vaporization, melting a.nd boiling points. For
ample, the hydrides of group IVA(14) have low boiling points than group VA(13),
'A(IG) and VIIA(17) hydrides. This is due to lack of hydrogen bonds among

moﬂessdlectroncgative elements of group IVA.
B ' U VA, VA, VIA, and VIIA Hydrides

oM.,
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W) Hydrogen Bonding and Structure of Ice

ater molecules have tetrahedral a
structures. Two lone pairs of electrons on &N
OXygen atom occupy two corners of the "'3
tetrahedron and other two comers are PR
occupied by hydrogen atoms. In the liquid ; ‘
state, the water molecules experience
hydrogen bonds that continually break and o
reform as the molecules move around and Y m
thus, the molecules are associated with W W |
each other irregularly. When temperature  Figure 5.3: Hydrogen BO“diﬂsi"Wm!
is decreased. the molecules of water arrange themselves in a regular hexag
pattern in such a way that empty spaces are created in the structure of icead
expands. Hence, ice occupies 10%
more space and its density i
decreases. The result is that, the ice :
cubes and icebergs float on waler.

Hence, ice is an insulator of heat
and it prevents the underneath

water from freezing. : ‘
Therefore, fish and other wata” ]} |

aquatic life (animals and plants) molecule

can survive without being frozen Figure 5.4: Structure of1c¢

under this layer of ice in the winter season. Ifice were a typical solid, itwould?
high density than liquid water. Then the lakes and oceans would freeze from™=
to top. This would have harmful effects for aquatic life.

The expansion of water upon freezing shows adverse effects 100
winter nights, it causes water pipes to burst and cracks the zadiatt?!? '-I_.
prevent this we use antifreeze in the radiators of car. In cold weather cltﬁ‘—, ,
up streets and produces potholes in it. The ice formation is also resp™
splitting of rocks where water leaks through cracks of rocks.
jil) Biological Significance 0 §
Biological molecules such as proteins and Deoxyribonucleic acid (DN g
roles 1n biochemistry. .The typical structures of proteins and D o
required for their. functfons arc due to hydrogen bonding. Proteins are .
long chain of t}mmo acids, T.he long chains of amino acids are coiled = v
other into & spiral, called helix. Helix may either be right handed o1 ¢

(1BE)
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4t handed helix the -NH groups of one spiral form hy “"‘
.o of other spiral. On the other hand DNA has?' 178
¢ These two long molecular chains (strands) of DNA coiled.am_, nd
;‘:‘; held together by hydrogen bonds, Life would be impossibl - with
Wmnd- -

steresting information:

Wm the major componems of skin, hair, and musele Sgent ﬂlk‘ '_
wnmaction of muscles. digestion of food, and clotting of blood. BNA. 3
i wlisoforganisms, carries genetic info

rmation from one generation to other. %
| Extraordinary High Specific Heat Capacity of Water
nestrong hydrogen bonding is responsible for the extraordinary high specific heat

water. Specific heat is the amount of energy required to raise the temperature of
% gram of a substance by one degree Celsius. Du
SWaler in Swimming pools, lakes and oceans takes ti

1he sun in the daytime to become warm. Once it has warmed up, it does not
% 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
M the surface of earth, the temperature would shoot up in the daytime and
“fallsteeply gt night because the rocks have much lower specific heat and has
) %itytogain energy in the daytime from the sun and release that energy at
; ,h‘i_’ Water that absorbs much heat from the sun during the daytime and
ﬂm Slored heat at night and helps to keep up the temperature of the air of
- 88uch as K arachi and Gwadar.

Table 5.2: Specific Heats of Some Substances

o g : i i ally lower in

B Tand y o ear large f water such as in Karachi are usu _

A hlsbct in S:f m omawnathose areas which are far away from large
~L5) such ag ;. y

(187)

Sconned with CamScanner



‘_') So|ubillty of Hydrogen Bonded Molecules
Compounds which cum'uin hydrogen bonds are soluble in each other. Fofex i
ethanol and acetic acid are soluble in water due to presence of hydmgc“
whereas methane and benzene are insoluble in water due 10 absence of hroe
bonding. b

vi)  Cleaning Action |
C*|ca‘ning action of detergents and soaps is because of hydrogen bOﬂding.
soaps and detergents for washing our bodies, clothes, dishes and so on, The o
of soaps and detergents is polar and the other 18 non-polar. The polar L'nd:g
hydrogen bonds with water and are soluble in water. The non-polar cndaxw
and grease that are present at the surface of dishes and cloths.

vii) Hydrogen Bonding in Food Materials
The food materials (carbohydrates) also form hydrogen bond due (o presenzy

OH groups in their structures. 1
viii) Hydrogen Bonding in Paints and Dyes |
The adhesive properties of pants and dyes are because of hydrogen bonding
stickiness of honey and glyeerin is also due to hydrogen bonding. .
ix)  Surface Tension and Viscosity |
Water has high surface tensionand viscosity as compared to many other liqui

to presence of hydrogen bonding. This is because the presence of hydroges ?

make it more difficult for molecules to escape from the liquid statel -sddi!i1
energy is required to overcome the hydrogen bonds.

Conceptual Check Point:
 has the higher boiling point, H,0 or H,S? Why?
::“"’ P P ~wi: S A AR 4 A W =

;e Whichhasthehigher boiling point, H,0 &

5.2.3 London Forces
The weakest types of intermolecular forces which occur between al 0
molecules (polar or non-polar) and produced due to ternporary dipoles®
Londan forces. These forces of attraction are also known as Londo?
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 can o’

(188)
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nsh‘ L’ﬂlllil!l!‘li\ ol Mressure and [u"“)crn""»c' T
ke s the non-polar molecnles must show
;hﬂ"";z\,um forces that are different from other

W\‘k\‘ﬂ"“ forees because lhc.\ orgmate from motion of
i an atom or molecule and produce an
s dipole. These forces are present in halogens,
,,,;,gm&‘ﬂ"d non-pt‘v(lfi'r nmqus!cs such as H,, N., CH “
A S0 SiH, and CCl, and so on, In the absence of
| ion forces, such substancc.s.could not condense to form
meo;solidify to form solids. Condensation of some Fritz London
asncesoccursonly at very low temperatiires and/or high (1900-1953)

R

Letus consider the example of neon to understand how non-polar atoms and
wecules attract each other. The distribution of electron density in a non-polar
s and 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
Faiom. In this way, symmetry or equality of electronic cloud is disturbed.
e, electronic cloud bends towards one side and nucleus (positive portion)
s other side. This is called instantaneous dipole. This instantaneous dipole
¥ the electronic cloud of the other nearby atom. So a dipole is induced
“ed) in second atom, This is called induced dipole. As a result of this, weak

it forces are generated, called London forces or London dispersion forees,
. oceurs with other nearby atoms and, thus, throughout the sample.
e r when the electrons again become symmetrical around

Instantanecs dipoles
”‘.wmm‘tmmm"&
of neon atons than oo the ether wde

e
g <
{stantancous

-

Induced :
dipole dipole dipoke

M‘ F‘U“"-' 5.5: London Forces berween Nean
"¢ Londop Forces

Upery

~Upon the following factors:
0lpgy i

Cular
: %les S1Z¢5
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.i) Atomic or Molecular Sizes Keep In mind|
[he strength of London forces depend upon Polarizability is th
the size of atoms and molecules. The 1arger | ihe clectronic élnug ::? teat g4
atoms and molecules, with greaternumber of | distorted or polarized, ? Substy
electrons and heavy mass, polarize more The bréﬂlﬂri'fﬂbihly in o
easily as compared to small atoms and 2::)chch0€ nilcctl"ons i gy gl
molecules. We may say that the strength of polurizabilitymil]::s' The
London forces is directly proportional to the |electron cloud Ca',t:ufe .
polarizability of the atom or molecule. For |(polarized). Hence, more popn L
example, in VIIA group (Halogens), the |atoms and molecules hyye g o
fluorine and chlorine are gases, bromine is \London forces. |
liquid, and iodine 1is solid at room

temperature and one atmosphere pressure. 5
The big difference in the physical states of '3°1¢ S5k 30“"‘8 Points of Hskg
halogens indicates that the polarizability of Noble Gaser iy
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 4) 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.

Uil

(190)
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V
of Molecules

. gter the polarizability of 4 molecule, stronger would be the Le 4011
e .molecules have strong forees of

fencs altractions, For example, three com

eI S o ' : : o 4
m‘thsmncm‘"“"l‘" "’f’"“'"-? <H, .. boil at different temperatures, n-pentane b
34°C.iso-pentane boils at 28°( and neo-pentane boils at9.5°C.
5.

||4 rll
H—C—H H—C—H
I : 1 I l
B‘(l,_(l_‘_('f_lc—(],—n - H- (l‘—»?—c*-—('—n H~-C»—C—-f—ﬂ
s o i
HHHH A H H H R H ’ H
vpeniane (Boiling point =36 C)  Isopentane (Boiling point = 28°C) H— (“ —H

H
Figure 3.6: Different structures of Pentane and Neopentane
their Boiling Points (Boiling point = 9.5°C)
All have the same molecular formula, C.H,, and thus the same molar mass,
ntthey differ in the arrangement of the atoms. Bo

iling points increase as the forces
dixtraction between molecules Increase,

- The valence electrons in the carbon-
Etane are closer to the surface of the molec
%tons in the carbon-carbon bonds are we
inesin -pentane and iso-pentane are stron

carbon bonds of n-pentane and iso-
ules while in neo-pentane the valence
Il inside the molecule, Hence London
ger than those in neo-pentane.

_"%ep In Mind

— |

9001 forees are present among both the polar and non-polar molecules because

e T 10 constant motion in all molecules whereas dipole-dipole forces are
< ronly among polar molecules.

?- l"'Y.llcalProperties of Liquids :
Mg, > Ofliquids depend on the nature and strength of intermolecular forces.
B, Ve consider five such properties which are associated with liquids in
aJ : tion, Vapour pressure, boiling point, viscosity and surface tension.

' Byg
:% Ea-al::n'ation
e

J

' i Into v 51 en contamer
By US conversion of liquid molecules into vapours in an open ‘
N %mre is called evaporation. In this process, molecules escape from
Q‘,n% "f“’e 4nd change into vapours spontaneously. ) i
\'&fg. the Example of a liquid which 1S present in Fhe !)eaker. \ta given
“ the Tiquid molecules do not have same kinetic energies in the

| (130
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beaker. Molecules having low kinetic energy move slowly while the me|
having high kinetic energy move faster. It one of the higher spegqd mﬁ“ﬂ‘
approaches the surface, then it may escape and overcome the aftractigy "
neighboring molecules and leaves the bulk oflhc.liquld- This spontanegy
of liquid molecules into vapours is called ¢ vaporation.

When we open a bottle of perfume, we detect : :
the smell of the perfume when their gaseous molecules Keep in minq e
entered and reached our nose. Here our experience tells Vaporization is . B
us that the molecules escape from the liquid surface, of by which liquid o @l
perfume and enter into gaseous statc. These gascous ch.anges to 3 gyl
molecules travelling in the upward direction when they | Evaporalion 1s the pug
enter and reach our nose, we become aware of the smell

!

——

by which molecules sl
from the surface of 3 s

of the perfume. boiling hiquid and enier '»
Evaporation is an endothermic process because | gas phase. Evapordto
the intermolecular |type of vaporization. |

her.

energy is required to overcome

forces of attraction holding the molecules toget }

interesting Information:

|15

= interesting to know that your body regulates its temperature through eva
g;sxrm weagthcr or when you exercise. During hot summer days you:) lm o
water to the surface of your skin by means of sweat glands. As the watet i ,
of your body evaporates, it removes high cnergy molcmxles from your i
energy molecules are left behind. In this way the temperature of your

A xourbody becomes cool down.

Factors Affecting Evaporation
erature ' 4
g:ggration occurs at all temperatures. Rate of eva ration mcrﬁase:ﬂm‘;
increase in temperaturc and decreases with the decrease 1 | e |
increasing temperature, the kinetic energy of molecules mcrci_lsesa oS
the rise of rat¢ of evaporation. If you warm the glass ol'.wat_er, it eV port
pecause the greater the temperature, the greater is the kinetic enereY

is the evaporation.
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rface of the h‘lmd'

versa, The greater
the surface of the

ration is the surface phenomenon. It occurs on the su
P the surface area, greater will be the evaporation and vice
M o ared pmvndcs a greater chance for molecules to come to

ﬂ‘"’ andchanges into the gas phusc

imemolecular Forces

fecent liquids have different rates of evaporation at the same temperature. This is
4 10 the different nature and strength of intermolecular forces. Stronger the
‘wermolecular forces, lower will be the rate of evaporation and vice versa. For
‘mple, Gasoline evaporates more quickly than water. Because the intermolecular
Jdmes hetween the gasoline molecules are weaker than the intermolecular forces
efween water molecules.

Conceptual Cweck Point:

Wichliguidevay
53.2 Vapour Pressnre
= Pessure exerted by liquid vapours in
lbnum with its pure liquid at a given ® Theterm vapour is usually
urezscalled\upourpnssure used for the gas phase of a
N Consider we have a liquid in an evacuated ;“;""3““;‘ “‘“: d‘s found as
“Ontainer, Its vapours are formed because of | ;'\ OF solid at normal

tem d

m(’n Which begins together above the surface |, mn:o g?f::es of
B, they emolecul&s move freely colliding with | vaporization and condensation
fm,& With the walls of container and also with |are examples of phase

, °ﬂlqmd Condensation (the conversion of \Aanges. .
M 'q“‘d ) oceurs because a molecule striking the liquid surface becomes
%y MOIecu] molecular forces in the liquid. In the beginning, the traffic is only

©S are moving from the liquid to the empty space and rate of
% Breater than rate of condensation. By the passage of time, the
% above the liquid increases as the number of vapours molecule
.'u Hafier Some times, the rate of evaporation and condensation becomes

in fi 1gure 5.7(c). At this stage, number of molecules leaving liquid

|- (153)
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| to number of molecules going back to liquid, This 3

surface is equa !
q age, there 15 no net change in the mam&’

equilibrium state. Thus. at this st
phases.

3 l | \ﬂ]“'llﬂilnl S
Lu]“ll ‘7('u“h;ﬁ‘ll~:|l|m'.

Vapours "

.L.

The pressure of the yapours of . |
is called its equilibrium vapour pressure (or just th'e wfpcf ur pressure), Ttig
to note that the value of the vapour pressure of liquid is maximum gt :
state at a given temperature and that it is constant at constant tempey

equilibrium the volume ofthe liquid does not change.
.

a substance in equilibrium with its

& Molecules leaving liquid surface
@+ Molecules going back w0 liquid
&  Molecules in the vapour state

Figure: 5.7: A liquid 15 allowed to evaporate in a closed vessel.
(a) mitially only evaporation oceurs, A
(b) condensation begins but the rate of evaporation 1s greater than ral€ 0“"“&
(c) dynamic equilibrium is established, now the rate of evaporation is gqual 10 1% 55

condensation

Equilibrium in which evaporation and condensation are g0

dynamic equilibrium. i

Factors Affecting Vapour Pressure e
The vapour pressure of a liquid depends on the magnitude of 1€ ™ 4
forces present in them and on the temperature, Vapour pressure 11 i
upon amount of liquid. It also does not depend on the surface ‘md
an increase in surface area at equilibrium equally affects the rate Of €

the rate of condensation.

(194)
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mttf"‘o'“"l" Forces A

polt PIESSUTE i inversely related to intermolecular attractions. We: ker th

m'mm,legular Iorgcs. greater \sjlll be the vapour pressure. For"e’xﬁiﬁplét h ot r
ure of water (18 mmHg) is lower than chloroform (170mmHg). The lower

apour pressure of water is duF 10 the presence of strong hydrogen bonds whichare
ssentin chloroform. Chloroform has weal London forces. In general, the liquids

with large molecular SIZES Or greater molar masses have relatively low vapour
ure due to strong dispersion forces.

sze. The larger the molecular size of a liquid

! : 15, the more polarizable it is, and the
yreater the dispersion forces are,

Temperature

V‘PUW pressure increases with increase in temperature. For example, the vapour
"essure of water at 25°C is 24 mmHg and at 100°C its value is 760 mmHg. This is
“ause 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
Slace. It resuylts in the increase of the number of vapours, thus the vapour pressure
fbeliquiq increases.

lf"““’ﬁmentot‘Vupour Pressure

| Mmercury barometer can be used to measure the vapour pressure of a liquid.
dmp of liquig whose vapour pressure is to be determined is place under the
% tube filled with Hg, with the help of a bent tube or dropper. The liquid
Wi Irise gbgye mercury column, because most of the liquids are less dense than
it ind on reaching above the surface of mercury, a part of liquid will
il' et - The vapours will now push the Hg column downwards. As a result of
"ﬂits"‘ll ‘.glh of Hg column decreases. This change in length of mercury level

Ual position to its final position s equal to the vapour pressure of liquid.
(135)
o
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Pom = T8Ommiip

(2)
Figure 5.8: Measurement of Vapour Pressures of Water and Diethyl Ether H

The vapour pressure of water and diethyl ether at25°C and 760 mmHg "
mm Hg and 545 mm Hg respectively. |

Vapour pressure of liquids can be measured at various temperatures

Table 5.4: Vapour Pressure of Water at Various Temperaiures

| B s | X T e 2
T Y T | R T L
"?'.;.:;:;:‘.;Q!; .‘!.-* =T e Al <A ;7;*1;‘(‘!;.1&;‘1;“: REERTSY
5.3.3 Boiling Point
The temperature at which vapour pressure of a liquidbecomﬁeqﬂalw | :
pressure or external pressure is called boiling point of liquid. o AS?
When liquid is heated, its average kinetic energy is incre®®
this, more molecules escape from liquid surface, m:m;oz'vapoufl”'ess“,ﬂ3 of W
goes on increasing till it becomes equal to atmospheri¢ P poS
pressure. Then the liquid starts boiling. Small bubblées of v'bubbw‘vv ;'
spontaneously below the surface of liquid and they startTising: 1™ isF
consist of vapourized molecules of the liquid, not of air- Temperd
called boiling point,

(136)
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rbie 5.5 Bovlimg Pomts of Some ( ommon Liguids ot One Atmosphere l'rt‘ﬂ.‘-'
sm- X ‘m ‘ ! N :',-; {. '.Q‘,,\
ORISR 4.2 SR R S St
Acetic acid M85 || Carbon tetrachloride| 765 |
cetone 56.0  Ethyl alcohol 783 |
b e R e ——— e [l e e M S| L -
Ammonia S <333 Ethylene glycol 197
rm_zene | 80.5 Mercury 356.6
i wlohol 7 ||Phenol 181.8
Carbon disulphide 46.3 - Water 100.0

Temperature of a liquid remains constant during boiling, why? When a
qud 15 heated, the average kinetic energy of its molecules increased, so the
anperature of the liquid also increased. At boiling, the kinetic energy of molecules
‘e 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
mmgins constant,
aclors Affecting the Boiling Point
eballing points of the liquid are affected by the factors given below:

iermolecular Forces

%boiling point of a pure liquid is directly related to the strength of intermolecular

5. The stronger the intermolecular forces, the higher are the
le,I’Oints of the liquids and vice versa. For s

the boiling point of water (100°C) is ' Vi

3 N l e

h‘g:""“lﬂhyl alcohol (78.26°C). This is due to Fach liquid has its own

. particular boiling point.
Mtermolecular forces among waler boiling points :%ﬁoqmds’r::
I'k"‘“‘sCt)lnpm'ed to ethyl alcohol. not depend upon amount of
%:",(Atuwspherlc) Pressure @“'fL : ' >,
M"Oﬂns depend upon external pressure. It increases with increase in external
e o—'f’nd ses with decrease in external pressure. For example, the boiling

T at one atmosphere (760mmHg) is 100°C. :At high altitude,
th Pressure is Jess than 760mmHg; hence water boils at temperature

kl C. So the boiling point of water at Murree hills wh;re atmospheric
‘g 0.92 1t (700mmHg) is about 98°C and at the top of Mount Everes
osmhﬁc pressure is 0.3 16atm (240mmHg) 1s about 71°C. On the other

(187)

Sconned with CamScanner




hand the boiling pomt increases when the external pressure InCreases, po.
the boiling point of water at | 414atm (1074, 6mmHg)is 110°C, ey

Keep In Mind

e ————————

The boiling point depends on the pressure of the atmosphere because the
vapour cannol even form until the temperature of the llqmd_mnscs to @ poipt ""M :
 vapour pressure of the liquid becomes equil the atmospheric pressure, i

Applications
The change of boiling point of a liquid with external pressure has very impo
applications in chemistry as well as in our daily life.

Boiling Peint and External Pressure (Pressure Cooker)

Boiling point of a liquid increases with increase in external pressure. This l“l’lﬂ;
is used in pressure cooker ¢.g. When a liquid is heated in aclosed vesselie.

cooker, more and more vapours are gathered over the liquid surface. These vapon
cannot go out from cooker, hence pressure 1s developed. It increases with incres
in temperature. Due to high external pressure, boiling point of a liquid e
increased. A commercial pressure cooker reaches an internal lemperait &
140°C.An increase in temperature of only 10°C will cause foed to Mlll
approximately half the normal time. Therefore food cooks more quickly inmi{
It saves time and greater energy costs. In the hospitals, the same principleSuss
the sterilization of instruments and laundries in autoclaves where tempeies
high enough to destroy bacteria. Autoclave produces steam at 2atm becale: .
pressure, temperature of steam is increased and it destroys bacteria at such#%
temperature and pressure efficiently. G-

Conceptual Check Proi‘n‘t;:

gisﬁllatio I ¥ ;

: nat low pressure is called vacuum distillation. Boiling %

l’ccr'eascs wtwth decrease in external pressure, This process 1S used tt{l’“f é

l:)cz:;crislev;hnch decom-po_se at their boiling points. In order 10 boil ( -
perature, distillation is carried out under reducedpmssp“r:gﬂ' %

boils and decomposes at 290°C : ; ¥
itcan be boiled at 120°C without decomopo(slitai:z) et

(138)
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stual Check Point: &

\’mosm
. liquids such as honey and glycerin flow ye ¢
m{meandwa‘“ﬂo“ speedily. The internal resistance to flow of a []qmdfg fled
scosity. 1018 denoted by eta (1), The greater the viscosity of the hquid.\
m slowly it flows. Consider the example of oil -
yhich is flowing through a pipeline in the form of

. Each layer experiences resistance to the | The liquids which ﬁow
ﬂoWOf other layer due to internal friction. The ;‘:W‘l’i are called viscous
jwiernal friction is produced because of cohesive wide. They

force (forces of attraction among liquid molecule) internal resiatance m flow

ry slowly while oth ers suc

atreduces the rate of flow of oil. bmfo use of strong W
e ——————
-ﬁ
%
“

%

lFgme shows the internal resistance to flow of a liquid. The velocity of flow of'a liquid
Mlb‘lbesidw of tube is less than the velocity of flow in the center of tube

The rate of flow of the oil close to the margins of pipeline is not as much as ,
{kﬂb of flow in the middle of the pipeline.
of Some Common Liguids at 20°C

_ Table 5.6: Viscosi

NN

— e ————— e w8 5 T

> 1.55%10°
Lk 1.01x10° ‘u
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Conceptual Check Point: | B
. Which liquidlkca much time, the olive oil or Water: when they are pouring in

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 liquids with s

have relatively low viscosities due to We
with polar molecules such as ethy] alcohol have higher viscosities due (o strong
intermolecular forces. On the other hand, the liquids which have ability to
hydrogen bonds have higher viscosities than those which are unable to f
hydrogen bonds. For example, the viscosity of water is higher than methy| alec

because of strong hydrogen bonding in water. It is interesting to know that

glycerine has higher viscosity than that of all other liquids. It is more viscous e
water because its molecule has more sites for making hydrogen bonds as com o

to water. Each water molecule has only one ~OH group and glycerine has three

groups for making hydrogen bonds.
Con heck Point:

d to its intermolecular forces, tem

the greater the viscosity of liquids hee.
each other freely so the resistance g M
mall non-polar molecules such as%
ak intermolecular forces and the ligg

.

T SN

s o e X B, -

g W i -1 47 15 .
"

Temperature |
viscosity generally decreases with increasing temperature and increas®

decreasing temperature. Because at high temperature molecules have high
energy and can overcome some of the intermolecular attractive force> o>
one another between the layers. For example, the viscosity of honey nd co0s

decreases as their temperature rises,

molﬂ g

d decre.aSCS by ucllecreasing mole’cular sizeg or molar masses For exampl f
_, more viscous than petrol, because the larger size molecules (diese! |

is mor :
with higher molarmasses are difficult to slip past one another

(200)
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(icosity also depends on the shape of molecules, The viscosity of irregular shape:
solcules such as gl?'cermc IS greater than regular shaped molecules mhmeﬂltr
1he molecules of viscous liquid become entangled rather than to slip past one
aotherasthe molecules of less viscous liquids do, e
Messurement of Viscosity 4

itis difficult to measure the absolute value of viscosity; therefore relative viscosity
ifliquids s measured. The relative viscosity is the ratio of viscosity ofa liquid to the
:iiuxsity of water taken as standard. The Ostwald viscometer is used to
masure the viscosity of liquid. It has

wo bulbs, one at each limb. Definite
mount of liquid is taken in bulb B and
tsucked from bulb B to mark X. The
guid is, then, allowed to flow from
@kXto0 Y. The time of flow of liquid
‘moted. The viscometer is now
hnad and the same process is
el with the same amount of
@ 8 same temperature. The

“‘5 of both the water and given

i Measured by specific gravity
e ‘thﬁ' Same temperature.
e S00Sity of the liquid is

e from the equation given

Figure 5.9: Ostwald's Viscometer

"W \\'L Or

d't' xnw

2 is the viscosity of liquid, n,, is the viscosity of water, d, is the

(200
h
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density of liquid, d, isthe density of water, 1; 15 the time ofﬂowq.ﬁicmid%i |

the time of flow of water. |
The unit of viscosity 1§ POIse (1 poise = 100 centipoise), The'si
ton-second per meter Square, Nsm* (one Nsm? i .
In Al

)
s ).

viscosity is New
kilogram per meter per second, Kgm
: - 1.
| poise=10"Kgm 's .

§.3.5 Surface Tension o
A property common to all liquid is surface tension: it is defined as the

energy required to increase the surface of a hiquid by a umt area. It is desquit
Greek letter y (gamma). The unit of surface tension is erg per centimet:
(erg/em’) or dynes per centimeter (dynes/em). Its Shunit is Newton permeters
(N/m’) or joule per meter square (Jim’). |
The surface tension is due to variation of attractive forcesat the surf
liquid. The molecules present inside the body of the liquid are comglé
surrounded by other molecules and are drawn equally in all directions whit
molecules at the liquid surface are drawn downward and from the sides o1&
molecules b.u ; lh L are ol drawn Table 5.7; Surface Tension of Soms LI .
upward. This inward pull causes c 2
the surface to contract. Toincrease [
the liquid surface, the molecules
require energy to come from the | Ethyl alen 5
interior to the surface of the liquid | gae= = | &
to overcome the intermolecular -- e =
attractive forces directed b= "'
downward. This amount of energy
which is required to expand the
surface of a liquid by a unit area is
called surface tension. 40l
Due to surface tension the water surface behave like @ su:"an

rubber. A razor blade if kept carefull * the waler
floatalthough it is made of stecl. y on the surface 0

Factors Affecting the Surf ~

. | ace Tension e *
The magnitude of the surface tens; oy e e OOE
factors: - fe Setislon,Of the liquid et |

(202)
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olecular Forces | \f

_ids with strong mtermolecular forces have higher surface tension than

Lk gewith W cak intermolecular forces. Water, for instance, has higher surface
o than many other liquids such as ethyl alcohol,

bd’om Because of high surface

on the waxy surface of an apple or lcaves are " ;
b | I 'tension, some animals such as
mehencal inshape. In a spherical drop, nearly all |spider can stand, walk or run

i
s his is due to f
s and ether. This 1s due to the presence of strong

ponds in water molecules, Rain drops or the "

*mmctlon at the surface 1s inward, thus the sphere [on water without breaking the
wsiheless surface area per unit volume than any other Rirhace. ]
Substances such as soaps and detergents which are used for washing are
win as surfactants. They can be added to water to reduce the surface tension of
wier by the breakage of hydrogen bonds. This increases the interaction of water
ahgrease and dirt and it becomes easier to remove grease and dust particles from
efabrics.
mperature
besurface tension of the liquid decreases as the temperature is raised. By raising
etmperature the kinetic energy of liquid molecules increases and hence, the
magth of intermolecular forces decreases which results in the decrease of surface

%kunt of Surface Tension
on of liquid can be measured by
Smometer method. Tt is also called drop

ki Stalagmometer consists of glass bulb
W‘Nb&A and C as shown in the

Capillary Tube

‘ \  Surface Tension
acts along the
wa“ is filled in the dry clean J circcumference
. er up to mark X and then it is
&i’w down slowly from mark X to
°f drops. The number of drops
M Water is counted. The
1S now cleaned and the same
h;:m"d with the same volume of the given liquid at same temperature,
k‘ Ofboth the water and given liquid are measured by specific gravity

Km'ﬂbel lempcrature Surface tension of the liquid is calculated by the

i | (20)

Figure §,10: Stalagmormeter
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l’ : ‘lw d_f or
Y ﬂ,dw

Ny dt

T n,d,

W

Where, v, isthe surface tension of the liquid, vy, isthe surface '
water, n, is the number of drops formed with liquid, n_ is the “uNbér ‘
formed with water, d, is the density of liquid, and d,, is the density of Water

5.4 Energetics of Phase Changes ,
The process in which a substance is transformed from one physical staie s
physical state is called phase change (state change). Phase change is an g j
physical change. Six possible phase changes takes place among‘them

Table 5.8:Possible Changes of States i

o oo Ry A

Solid—Liqud | Melingorfusion | Iee.
Liquid——Solid | Freezing

] The substances can be changed from one state to another ™
C‘;O mgT'll:em- Heat energy s absorbed or evolved, when a phase charge
phase. The change in energy during physical or chemical change of? '

pressure s called enthalpy change. It s denoted b

o ; | the &

| thermic changes are the reverse of "

;h:nfe;:(: thcl};m freezing, condensation, and deposition. A

A4, ar Heat of Fugjop, p T gion "
olar Heat of Vaporizd

Mk fs"blimation ar Heat of Vap p

bEaic: Aes:)rll?c‘:‘:; 'ty of substances experience two types of chﬂ"g ¢

T NANEES 0 a liquid ag it melting point, and a liguid®”

e e e
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cathalpy change of fusion, vaporization and sublimation.

\folar Heat of Fusion

the amount of heat requir ed o convert one mole of solid into liquid state at its
geliing point is called molar heat of fusion (or molar enthalpy of fusion). It is
denoted by AH - The molar heat of fusion for ice is 602 KJ/mol.

H,0, — H,0, AH, = 6.02k)/mol

lee “’nlcr

Table 5.9: Molar Heat of Fusion and Melting Point of Some Substances

— R s

(CH;):.CHOH. -89.5 54
CHiCOCH; 948 | 51
CHiCH;0CH,CH, -116.3 03

Freezing is the reverse of fusion (melting). The amount of heat released in
Fang asubstance is equal to the amount of energy required to melt that substance
), but the sign is negative.

{x{%o"' — 2 H0, AH,, =-6.02kJ/mol
e Ice

lar

- HeatofVaporization

E_g“m‘_ “' of heat required to convert one mole of a liquid into vapours at its
o P is called molar heat of vaporization (or molar enthalpy of

Mm) IUis denoted by AH, . Molar heat of vaporization of water is

AH = 40.67kJ/mol

(205)
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e 510 \olar Heat of nmmmtlun md Boiling Point
— ;7‘—:"'2‘3" W
LN ‘ 'gﬁ'.“‘
H,O
L~ G
Q—'E—myl alcohol 3 CHGCH!Q&.“‘ HJE_______
el > 10 SO0
Diethylether “g ‘

condensing a substance is equal to the amount of heat wqmma o B
substance (liquid), but the sign is negative. v

Steam Water '
ll

Molar Heat of Sublimation

The amount of heat required to convert one mole of a solid into vapour di
called molar heat of sublimation (or molar enthalpy of subhmauenﬂl
AH_ Molar heat of sublimation for iodine is 62.2 ki/ mol.

by —— H,, = 62.2kIimol
Solid lodine lodine %‘,{om AH,, = 62.2KMC
T The reverse of sublimation s called deposition, The gmmmw |
e osition of a substance is equal o the amount of heat requird
substance (solid), but the signis negative.
by ol --
N R I = -62.2k1’“'°
Odin;;tllmm Solid mino AH A
¢molar heat™
and Vaporimﬁ(m heat OfSUbllmatlon s equal to the S!lm oﬂhe mow
Aty = A + Al ”
Dry ice (solid ¢

The process of gy atzon dioxide) and iodine sublime 2t 0" Thiﬁ
f‘sed N {rost-free refr gen S used for the Dllnﬁcahon Oflw’ne eold

Incregs; tators ¢
lh(‘:cok;ngthe o MPerature of e Ll M
surface is the SXample ofd “at regular intervals- The
eposntxon.
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<42 Energy Change and Intermolecular Forces L RS
iw sabstance that generally have stronger intermolecular attractive mrﬁ@d,;

sqter amount of CHETEY to change their physical states from solid to hqmd"ar o
figuid (o vapours. For example. the liquids having hydrogen bonds among their
motecules such as waer, cth;.'lcne glycol. and ethy! alcohol have high values of
i of vaporization. These liquids have stronger iniermolecular attractive forces,
nence 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 move around the particles freely) of a substance less amount of energy is
provided 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
break 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
reverse process (conversion of vapours to liquid) is called condensation. The
§inmﬁon m which a forward process (evaporation) and a reverse process
fendensation) are occurring simultaneously and at the same rate is called dynamic
®uilibrium. Dynamic equilibrium is established between liguid and vapours in a
ssed container. For a dynamic equilibrium to occur, the rates of two opposing
thange myst pe equal so that no net change oceurs in the volume or amount of
mponents (liquid or vapours) of the system because the two opposite processes
oun ce each other. The term dynamic equilibrium is not limited to
“oration and condensation processes. You will encounter it, in many of the
Inchemistry. It indicates the equality in rate between o 0pposing process
%:z 'pe (ie. for all the reversible chemical reactions and all the physical
8¢5), For example ice exists in dynamic equilibrium with water when the

%m’e iskept constant at 0°C.

lce

Wy Water

Sl pes

"h' rlef[)es"i tiOl‘]

Fn;;nctmcnbedjmc smtl; between solids and liquids in which sL.lbsganc‘e-s have
HQ'V:;[] Of particles like solids but freedom of motion like liquids is called

: 3

 Solid s==== [ jquid Crystals == Liquid o
e'c'ys“‘"iﬂti' solid have specific melting points, The temperature of solids

K. 207}
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felljlaills constant at melting point until all the solid melts. l‘lowcver, thete ;
solids which change nto turbid liquid before changing into clear 1iqni:1r %
turbid liquids have the properties of sol ids such as optical activity and lhéz 01: ]\
such as fluidity, viscosity, and surface tension and are called liquig g
erystalline solid may be isotropic or anisotropic while liquid crystals ::?&‘A
ISotropic, ﬂ"b
Liquid crystals were first discovered by an Austnan Botanist and
Frederick Reinitzer (1857 - 1927) in 1888, He was studying an organic gome
-

cholesteryl benzoate, He found that this compound has an interestingand
property. This solid compound
melts at 145.5°C and is transformed
into viscous milky liquid and
becomes a clear liquid at 178.5°C.
By cooling, the reverse process

occurs, the clear liquid first changes

to viscous milky liquid at 178.5°C " ,
and then solidifies at 145.5°C. He Liquid State Liquid Crysulline Sakt
concluded that he had discovered a Figure 5.11: The higuid and liquid crystllisepss
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 Liguid Crystals i
This special kind of material has many applications in our daily life. Ligud
are not only used for your wrist watch and packet calculator, these materialsi*
used in the many fields of science and engineering and have been applied®?
products in our society. Some uses of liquid crystals are: .
i) They are used as temperature sensors to detect the faulty cO™ e
microelectronic circuit boards. ;-
ii) Theyareusedin thermometers to measure the body temperature of infé
iii) They are used to detect blockage of veins, arteries and infectet "o
rumors. Special liquid crystal devices can be attached to the skint0 sho“‘-’-’-,
temperatures, This is useful because of the physical problems, cuchas U0
a different temperature than the surrounding tissue.

iv) Theyare usedasa solvenf inchromatographic separations. i
v) The most COHUT\OH application of liquid crystal technology h:h 5
displays (LCDs.). They are used in display of electrical devices 3= 8
wristwatches, clocks, flat-panel televisions, computers, laptop screen™

(208)
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and many other electronic devices, The devices, in v
) dm‘knmm as LOCD devices.

e W S of the liquid erystals are used in hydrauhc M

\lﬂd‘y values.

I ules
worthy in polar

A o '
5 called chemicyl
he change in which

q_ - «q' é‘c"r’]\




€
-
rv

&
’

composition of

ml‘?[?osm()n of a substance does not alter is called physical chan\

elting and evaporation. 5 Sy
Evaporation is the process of conversion 0l liquid In vapoupg .0
condensation is the reverse of vaporization (the conversion of y ol R
liquid i i id is knc sublimation By

quid). The direct evaporation of solid is known as sublimation, Fyg

- - M z “'; )
is an endothermic process while condensation 1s an exothermic progesy =
evaporation and condensation both play key roles in mOderalin;'
temperature of climates. Evaporation is a cooling process and oceursatay, 3
rate in the hot summer days 10 absorb heat and prevent the temperye
increase while condensation is the reverse process and it occurs at nighy

prevent further temperature drop.

» The pressurc exerted by vapours in

a given temperature in a closed system is ¢a
fthe liquid.

evaporating'tcndcncyo |
5 The temperature at which vapour pressurc of the liquid becomes M.-
external pressure ot atmospheric pressure is called boiling point of the i 4
The temperature at which the vapour pressure of a liquid becomes equalio®®
atmosphere pressure < called normal boiling point. N |
$ Liquids show properties such as viscosity (the resistance 0 flow ofd e |
and surface tension (a measure of how difficult it is to sﬁetqh C 5
surface of liguid) that depend on the attractive forces among the “
liquid. The viscosity and surface tension of a liquid inercase as thc : "
intermolecular forees increase and they decrease as temperature 1
The transformation of a substance from one physical stat® toam}z ‘
state is called phase change. The changes of states ar¢ the phy$"™

dynamic equilibrium with its pure Higud
{led vapour pressure. I showsi
|

|

¢ chemical changes. The matter can be changed from 027

<tate toanother physical state by cooling, heating dchanging?™ i,
- mount of enerEyFoquirsd o vepoHES e moleof he UL g0
paihti“s,called molar heat of vaporization whereas the energY ’f:sq‘o& _
onemoleof {he solidatits melting point is eallodmdlar-hWQf < T
5 The intermediate state of substance that dis;ilaysprcpelfﬁe? 9_2 o
and a solid is called liquid crystal. Liquid crystals flow like
a8 esoxstnbighy odred atems 5 D
| (0]
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@hﬂoﬂﬁ and Problems

11 Pour answers are given lor cach
: i) Greaterthe strength of inge
(a) Heatof fusion

Jueston, Select the correct one
rmolecular forces. greater will be:
(b) boiling point

(¢) viscosity (d)all of these
i) Which hydride of group VIIA has higher boiling point:
() HF (bYHC
(¢) HBr (d)HI
i) Which liquid has weak mtermolecular forces:
(a) Gasoil (b) water
(¢) ethylalcohol (d) gasoline
Iv) The conversion of vapours into liquid is called:
(a) Condensation (b) fusion
(¢) evaporation (d) sublimation
V) The vapour pressure of waterat 100°C js:
(@) 260mmHg (b) 760 mmHg
(¢) 1074 mmHg (d) 1489 mmHg
Vi) The boil ing point of glycerine at 50 mmHg is:
(@) 100°C (b) 120°C
(€) 240°C (d)360°C
Vi) Food cooks more rapidly at:
(@) Karachi (b) Quetta

?_ (©) Murree (d) Mt. Everest

- Viil) Surface tension js measured by:

(a) Slalagmometer (b) thermometer

:_'.(¢) viscometer (d) manometer

1x) - Viscosity of liquid increases with decrease in:
fa molecular mass (b) intermolecular forces
(o) emperatyre (d) atmospheric presure

X Which one ofhe following is more volatile?
9 Waer | (b) methylalcohol
L Sasoline (d) diethyl ether

.gu'ilﬂhe blanks with suitable words given in the brackers:

b 'iml’.lmolccularaumcti\{e TGRORRAN = SHfiiges thap,
ﬁ) irattractive forces.(less/mf)w)

- Hydrocarbons are insoluble in water due 1o absenca

of
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_(ionic bond/ hydrogen bond)

1i1) Internal resistance 10 flow of liquid 1s called
—

liquid (fluidity / viscosity).
ases with mcrease in

“_") Vapour pressure 1ncre

liquid. (surface area / temperature) iy

v) Substances which have both the properties of
—

d liquids/liquids and gases)

called liquid crystals. (solids an
than molar hey ‘

vi) Molar heat of vaporization 15

fusion. (lesser/greater)

vii) Water is liquid while H.S is gas at room temperature because fy

presence L in water molecules. (covale

bonds / hydrogen bonds) _

viii) lce occupies 10% space than water. (more/less) I
s found in the liquid state whie §

ix) The clement __ =
is found in the gaseous state. (chlorine/ bromise| 1

element
x) The surface tension 1S denoted by Greek letter l

(gamma,y/ eta;n)

[abel the fol lowing statements as True or False.
i) Liquids and gases hoth have definite volume.
ii) The thermal expansion for a liguid is genera

corresponding gas.
iii) The density

corresponding gas.
The intermolecular forces between particle =7
Alu*

cohesive forces (pr cohesion) while the forces @&
between particles of liquid and another surface are jed 4%

forces (or adhesion). b
The intermolecular forces and temperature arc the W

[ly less than that &

of a liquid is nearly the same as that O

s of a liquid e

which affect the vapour pressure of a substance. oS
yi) London dispersion forces are the weak ntermoleculd” for*=o
absentinall of the molecules of liquids and solids. QJ

vii) Viscosity1s the inverse of the fluidity of liquid. Al
viii) Surface tenston, viscosity, and vapour press are

independent. g 6?
ix) Liquid crystal is a turbid liquid that displays some

pelow the melting point of solid. EM
x) gpecific heat is the amount of heat required 10 raise the'

|gofa substance by 1°C.
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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.

Q3L

Q.32.
Q.33.

Q.34.

Q.35.

0Q.36.
0.37.

Q.38.

K

Ve
increase by increasing tempe, |
My

¢ and oceurs at all lemperatyy, o
: e
jry rapidly onahot Summcrdq

Fxplain  the factors i

Define and explain evaporalion

evaporation,

Why the rate of evaporation 0
The evaporation is the cooling proces
Why the wet clothes hanged outdoors < |
a cold winter day? Explain. " = |
How does perspiration cool the skin of your body in hot weather?
Earthen ware such as pitcher keep water cool while those made of .
plastic or glass such as jerrycan and glass bottle are unable to keepy :Aj
cool, why? o : !
What is the equilibrium vapour pressure of the liquid? Discuss the fug
that affect vapour pressure. HOW s it measured? o~ )
What is meant by dynamic equilibrium? Explain it between iwo phyig

states. s
The change in the surface area of a liquid does not cause the changs

equilibrium vapour pressure of liquid. how? .
Explain why we feel sense of cooling on the bank of lake afterbath?

Why autoclaves are considered as the efficient sterilization instrumest
How would you change a substance from liquid state to g
without increasing the temperature of the liquid? 1
Define and explain the boiling point of liquid. What are the %
affecting boiling point of liquid? How does the boiling point ofak
depend onexternal pressure?
The bubbles are formed when water starts boiling, What is presei'®
the bubbles that form? .
Wh)' does lhe.: l?oiling_point of water is much hi gher than that GfH _‘-.
Why the boiling point of water in pressure cooker is high" ¢
ordinary saucepan? | -
Explain why the egg takes a longer time A
R . ng wal
altitude than does at lower altitude? ek
Explain why each liquid has i
Wlf the tey . lqmdhas.“.sownbo'hngpomt? o
y the temperature of boiling liquid remains constant eve® ok
heat s being added continuously? S con .
Explain why the steam at 100°C | - , joret®
liquid waterat 100°C? € bums your skin much more**
Why the sprinkling of the boiline
the sprinkling Ofbgiling :,I;?;lmg diethyl ether does not bur® s
ron your Skiﬂ? Exp]ain, :
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WSE Change? Nanae . . wir AMONI
Vi, \What 1s a | hase ch MEe? Name all Possible changes that can occur among

the vapeur. hguid, and solid Phises ofasubstance

Quill Pefine the terms molar heat o f\"?ll)()l’i’l.nti(m and molar heat of fusion. GIve
their units. Why the molar heat Of Vaporization is greater than that of molar
heatof fusion?

4l Which process is exotheny c, the fusion or condensation?

042 Why do the droplets appearon the outside ofthe glass full ofice cold water

~inthe summer time?

Q43. What 1s the viscosity of g liquid? How does viscosity change with
increasing temperature? What js the effect of intermolecular forces on the
viscosity of liquid? How is it measured experimentally?

Q44. Why does gas oil flow a1 4 higher speed through a pipe when the
temperature of oil increases?

045, The drivers are suggested to use the lower viscosity motoroils in the winter
and higher viseosity 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
fictors affects the surface tension of a liquid? How can it measured

_ Sperimentally?

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

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

048, Explain why a small drop of water assumes nearly a spherical shape on the

: E v

. Sirface of waxy bonnet of car?
. Wh&tmsurfactams" What is the role of surfactants?

P Howrdoos e osity and surface tension chaoge it temperature? Discygs
o Berlation ofintermolecular forces with these properties,

'ﬂ * Whatare figyig crystals? Give theirapplications indaily life.

% What s gy difference between a liquid crystal and a typical solid'crysg

kethatopnp oy
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