29

CEAPTEBR 2

THE THREE STATES
OF MATTER
GASES, LIQUIDS AND SOLIDS

INTRODUCTION

Matter is defined as any thing which occupies space and has
mass. The three states of matter-gas, liquid and solid are easily recog-
nized through their properties.

A gas has no shape of its own; rather it takes the shape of its container. It has
no definite volumée but can be compressed or squeezed into smaller volume. A
gas diffuses, that is, it distributes itself through out a vessel.

A liquid has no definite shape; it takes the shape of its container. It however
occupies adefinite volume ofitsown. Althoughitisnot absolutelyin-compressible,
it is compressed to a negligible extent even by high pressures.

A solid possesses both definite shape and definite volume. Like a liquid, it
is not compressed or squeezed appreciably by high pressures.

The same substance, say water, can exist in all the three states, for example,
as solid ice, liquid water and the gascous steam. Despite the same chemical
composition, water shows different behaviour in three different states. The only
conclusion which can be drawn,is that the particles which make up the three states
of matter for any given substance differ only in the manner in which they are
arranged and they are not different in kind. The theory which deals with the way

—————— R ——
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: bstance determines the properties thy,
s awhi ngement of particlesofasu s
;Zt\;l:;fx};;h:v;rlr;ofscss and particularly the state 1 wt‘lCh [ HAEY fohe fomg
under a given set of conditions is known as the kinetic theory.

2.1 KINETIC THEORY

The Kinetic theory is so named because it deals with that property of the
particles which is so crucial in understanding the three states of mater,
namely the motion of the particles. Because the particles are in constant

motion, they possess kinetic energy which tends to keep the particles well
spaced out in any substance. Thus in terms of kinetic theory.

L. The gaseousstateis the one in which the molecules are widely separated from

one another but having negligible volume. The gases are easy Lo Compress
due to large empty spaces.

The gas mol.cc.:ules are in continuous motion, travelling in straight paths
between collisions, butinrandom

directions (Fig. 2.1 distance
between collisions is the mean free path, (Fig. 2.1). The average

FIGURE 2.4

® random motion of a gas molecue. The
average dis s ns is M
— mean f p::ce between collisio

id
these collisio € with one

ns are Perfectly o) another ang wih the walls of containe® o
astic (result in 10 loss of energy)-

Gas pressure i g
€ result oy
the container (fig. 22) Of the Collision of gas molecules with the wausof
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S

=g

FIGURE 2.2
Gas pressure is the result of the collision of the gas
molecules with the walts of the container.

5. Inanideal gas, there are noattractive orrepulsive forces between molecules.
Thus each molecule acts quite independently of the others.

6. The average kinetic energy of gas molecules depends upon the absolute
temperature. At any given temperature, the molecules of all gases have the
same average kinetic erergy ('/, mv?).

The kinetic theory was extended to account for the behaviour of liquids and
solids.

For a liquid, the kinetic theory suggests that the particles of a liquid are fairly
randomly arranged (as in gas), but consists of clusters' in which they are very
close together. This makes liquid have a definite volume, but since the particles
are still fairly free to move, it does not have any definite shape of its own.

For a solid, the kinetic theory postulates that the molecules are closely
packed, so that the forces of attraction between the molecules are very strong and
free movement of particles can not take place. Thus in a solid, the particles are
arranged in a fixed pattern and they form alattice of vibrating masses. This makes

a solid have a definite shape.

2.2 GASEOUS STATE

We select to begin our study of matter with the gaseous state because (i) itis
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the simplest to study and (ii) it can be readily converted into the condensed stareg

~liquid and solid; hence many of our conclusions concerning gases apply directly
to these states.

BEHAVIOUR OF GASES

The assumptions of kinetic theory account for most of the properties
associated with gases and we can obtain better understanding of gas behaviour,

1. Diffusibility

The distribution or spreading of gas molecules through out the vessel is
known as diffusion. Unlike liquids or solids, the gases diffuse very rapidly.

A drop of perfume for instance, slowly evaporates out the fragrant gas announces
the presence of wearer. It is d

ue to the diffusions of perfume through the ai.

In terms of kinetic theory, diffus;

of a gas are wide on is explained as follows. The molecules

example, the air effuses from the ti ortiny holes in the vessel (fig. 2.3). [
gradually T as aresult of which the tire loses pressur
\ j
00 o
o
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\ FIGURE 23 5
\ Effusion of gas through a small ho
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Scanned with CamScanner



33

2. Compressibility:

In contrast to liquids or solids, all the gases are easily compressed or
squeezed. In terms of 'kinetic theory', gases are easily compressed due to large
cmpty spaces. By applying pressure, the molecules come closer. Air, forinstance
is squeezed into automobile tires. When the tire is punctured, the air rushes out.
Itis the reverse of compressibility — the expansibility, thus volumes of gases are
highly affected by the changes in pressure. [Yolume is measured in cubic
decimetres, dm?® or cubic centimetres, cm’. (1 dm® = 1000 cm’]

3. Pressure:

All the gases exert pressure. It may appear surprising but itis a fact that we
are being pressed upon by an enormously heavy blanket of atmosphere. The
mass of atmosphere on our body at seal level and at 0°C is 14.7 psi (pounds
per square inch, 1b/in?) or there is about 20 tons total pressure on our bod-
ies.

When a gas is confined in a closed container, it exens pressure on the walls
of the container which isdue tothe collisions of gas molecules with the walls The
tires of automobiles are filled with airuntil the guage shows the pressure of about
28 psi. This means that the pressureinside the tireis 28 psi greater than the outside
pressure; since the-external atmospheric pressure is 14.7 psi, hence the total

pressure on the tire is 28 + 14.7 = 42.7 psi.

Since pressure is defined as a force pushing on a unit of area, therefore
pressure may be measured in psi(pounds per square inch, 1b/in?), Kilograms per
square metre (Kg/m?). The S.I. unit of pressure is pascal (1 pa = 1N/in?).
Since the units of a newton of force are Kg/m.s?, the S.1. units of pressure are:

2
_ Force _ newton _ Kgm/s® _ Ko/ m s?
Pressure = T = = pba g/

Normal atmospheric pressure at sea level at 273 K (0°C) is expressed in sevenal

ways.
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14.7 pst, 760 mm of mercury = 760 torr (. 1 mm = 1 torr);

76 cm = 1 atmosphere (atm ). Since they arc more useful for our purpose
than the S.1. units, therefore we will use these units).

Problem 1: What is the pressure in torr of 3.5 atm?

Solution: . 1am - = 760 torr
L 3 36:“:‘0" x 3.5 atm = 2660 torr

Problem2: How many atmospheres correspond to 950 torr?

Solution : S T760torr =  1aim

S 950tor = 1 atmx 950 torr -
760 o = 1.25 atm

Temperature may be defined as that property which determines the flow of heat.

The common scale of temperature is Celsius (Centigrade). The S.I unit is
however, Kelvin ( K).

K = C3273
e.2.7°C=7 +273=280 K.

2.3 GAS LAWS

The mass, volume, temperature and pressure of gases bear a simple
mathematical relationship to each other. Furt

athe: : her, other variables, such as rates of
diffusion of dxff.ercnt gases are related mathematically. The precise statements of
these relationships are known as the gas laws

.

BOYLE'S LAW
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indicated that the confined air was subjected to the atmospheric presure Fig:

P P

Is |

FIGURE 2.4

Boyle's J-tube experiment.
Adding mercury to the
open arm of the tube
compresses the trapped
sample of air to a smaller
volume.

(a) (b)

_——
=

2.4(a). Boyle added more mercury as a result of which the mercury level raised
above the original level (h) and the increased pressure reduced the volume of the

air Fig:. 2.4(b). The total pressure was calculated as:

P = P + P, where P, = excess pressure.

total atm

Boyle compared the volume of the air with the total pressure and observed the
inverse or non-linerar relationship:

“The volume of a given mass of a gas s Inversely proportional to

the pressure exerted on it at a given temperature’.

portedin 1660 isknownas Boyle's law. According tothis

This relationshipre if pressure is doubled, volume will be reduced to

law, at constant temperature,
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half, if pressure is reduced to half, the volume will be doubled. Boyle's law can
be explained in terms of kinetic theory as follows :

If the volume of a gas is decreased at constant temperature, the averag
velocity of the gas molecules remains ¢

; onstant, so they collide more frequently
with the walls of smaller vessel. The more frequent collisions cause higher
pressure,

: lf. the volume of a gas is plotted against the total pressure, parabolic curve
s obtained showing the decrease in vol

ume with increasing pressure Fig: 2.5(a).

.

[ 4

total . )/me
(a)

(%)

FIGURE 2.5 :

Graphical representation of Boyle's law, (a) A versu prassure is
nonlinear showing that the relationship is lnv::d(:)o :"’,','m of v:u:: mmh
reciprocal of the pressure is a straight line.

J\_‘-_
A graph of volume with I/P gives a strai

ght line Fig. 2.5(b) The Boyle's law i
g-2.6. Applying the pressure brings th
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FIGURE 2.6

Increasing the Pressure on a mass of gas
forces the molecules closer together.

Ve — (Temperature constant )
P
1
V=KX -
P

PV =K i.e. the product of pressure and volume
lemperature is always constant. If P, and V, are
volume, P, and V, are the changed pressure and vo

of a given gas at constant
the initial pressure and
lume, then according to

Boyle's law:
By VA SRS e P, V,=Kie
PV = P,V

1 1 e Ladely |

This is the mathemarical expression of Boyle's law which is used while
solving the problems on Boyle's law.

Problem : What volume does 400 cm? sample of a gas at 700 torr occupy when
the pressure is changed to 2 atm?

Solution: Tabulate the data. (700 torr = 700/760 = 0.92 atm)
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P v T
Original 092am  400cm’ K
Changedto 2.0 atm \4 K
According to the Boyle's law,
LY = Y,
Vv, = PV,
P,
_ 0.92 atm x 400 cm’
2 atm =184 cn’

CHARLES § LAW:

Itis a matter of common observation that substances expand on heating i
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V e T (absolute) (P isconstant)
V.= KT

\',

N R

i ¥

In other words the ratio of volume of a given mass of a gas to its absolute
temperature is always constant provided the pressure is kept constani.

If V,, V, are the original and changed volumes; T,, T arc the original and
changed temperatures, then according to the Charles’s law,

vl vz
Tl Tz
vl v!
— = —=K
Tl TI

This is the mathematical representation of Charles 's law which is used while
solving the problems on Charles's law.

The graphical representation of the observation of Charles is shown in Fig.
2.7. When the volume of the gas is plotted against the temperature, straight line
is obtained. If this straight line is extra plotted, it will be seen that itintercepts the

temperature axis at ~273. 16°C (Fig. 2.7)

It suggests that the volume of a gas would theoretically be zero at
~273.16°C. In fact this temperature has never been achieved for any gas. In fact
all the gases condense tO liquid at a temperature above this point, so that gas
behaviour can no longer be observed. The temperature of —273.16°C is referred
10 as the Absolute zero or zero degree of the absolute scale (Xelvin Scale). At
absolute zero, the volume of gases is considered to be zero and all the motion
ceases toexist. As already pointed out that centigrade scale is changed into Kelvin

scale by adding 273.
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°C+273= K
K-273=s °C

1 1 1
100 200 300 °C

Temperature

FIGURE 2.7

Graphical representation of the
sample of gas. The gas volume

volume temperature relationship of a
decreases with decreasing temperature.

Problem.1 A child's balloon has
is 35°C. What is the volume,

10 5°C? Assume that pressure insi
Sure insi - . . yre
at all times. de the balloon is equal to atmospheric pre*

; a volume of 3.80 dm® when the lcmpcnlmf
if the balloon is put into a refrigerator and G

Solution : Tabulate the data.
Original
V. =
1 = 3.80 dm?, T, = 354273 = 38K,P=K

Chan =
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According to Charles’s law
Vv

] & V2
Tx 'I‘z
V‘ 'I'z
V;l g e
T

AVOGADRO'S LAW :

.In 18.1 1, Amadeo Avogadro advanced a brilliant hypothesis regarding the
nclatxons{up between the volume and the number of molecules of a gas. This
hypothesis, now called Avogadro's law which states:

“Equal volumes of ali gases at the same temperatureand pressure
contain the same number of molecules”, Thus the volume of a gas is
directly proportional to the number of molecules of the gas at constant
temperature and pressure.

¢-eV e n (at constant temperature and pressure) where ‘n' is the number of
molecules of a gas. Thus 1 dm’ (or cm’, m’ or other unit of volume) of oxygen
contains the same number of molecules as 1dm’ (or cm?’ etc.) of hydrogen or of
any other gas, provided the volumes are measured under the same conditions.

Based on Avogadro's law, 22.4 dm® of any gas at S.T.P. (standard temperature
is 273 K and standard pressure is 1 atmosphere) constitutes 1 mole of that gas;
22.4 dm’ at S.T.P. is called the molar gas volume or the volume of one mole of

agasatS T.P. '

The mass in grams of 22.4 dm’ of a gas at S.T.P. is the mass of one
mole of that gas, e.g. 22.4 dm’ of 0, at S.T.P. is equal to 80 g (one mole),

It is shown in the fig. 2.8. ,
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=
/ﬁ\ /"‘-‘\
/ﬁ /ﬁ\ 3 22.4 dm?
22.4 dm? 22.;10dm'-‘ 22.:10?m i
;: 80, 44g 2g
e R S -
32 a.m.\u 80a.m. U 44 4.M.U 2d.m.u
Mass of one molecule: (
FIGURE 2.8 |
Measured at STP,224dm? of a gas equals a mole.

N
W.m
as illustrated in the following cm‘:l!:lme therelative molecular mass of g2
Example :

At standz.xrd conditions, | gy of O

Hence a molecyle of CO has mas‘:\llzcss/ :ls 1dm? of O, under similar conditif)gs‘
Accordingly. if - A3 time ule ot Yy
oF OO ol!u lyd lbe \\:e take the molecy)gy mass of s dinolec Jar meS
: 235 32, then the molecy
1.25
T43 x32 .

28 &/mo)
The Generg Gas equalion (Tdeg

83s equay;
L On). 2
co E_quauon Of state: le
Moined 1oge oy 10 pi YIE'S law
numbcr of ve

b
Moles qf

' Charleg < Taw MY
§enery) relation rles's law ang Avogadro's 1aw ™
4 gas, between th resst
€ volume, temperature, P
c .
Cording v, BOch‘s |
aw:

\%

OS¢ A =
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: Ny
Am:z 10 Charles’s 'Iaw V' e T (absolute) (Pisconstant) =
Bt Avogadro'slawV e (Pand T constant) '

Combining these laws we get:

V-‘% xTxn
V-Rx-ll-)- XTxn

: PV=n R.'I‘. This is known as the equation of state because when we
specify the four variables - pressure, temperature, volume and number of moles
we define the state for a gas. :

Where R is a constant and is called gas constant. The above equation s
known as the equation of state or ideal gas equation.

For 1 mole of a gas , n =1 therefore PV =RT.

PV
— =R
] i
If pressure changes to P, and temperature to T, then volume also changes to
A"
1
Then PV
=R
TI
F,.V
Similarly ——— =R
TZ
PnV
.e P' vl = -PI_Y—I- ......... : = R
T i ¥ Tn
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This relationship is used to solve problems regarding changes of volumes of
gases, due to the changes in the pressure and temperature.

The value of R (The gas constant):-

(i) When P is expressed in atmospheres, V in litres ordm’ .

PV
Lo tmosphere
T | atmosp

22.4 dm® (Molar volume)

A

1 mole x 22.4dny’ Sincen = |
lmolex273 K T=273K
= 0.0821 dm’ atmosphere K mole’!

(i) When P is expressed in newtons per square metre

N m2, Vin cubic metres;

P = 101300 Nm??

V= 0.0224 m’ (since | dm’ = 10 m?)

n =i ]

T = 283K

R = PV _ _101300(Nm) x0.0224 (m)

nT 1 (mole) x 273 CSNE=s
= RIBNmKimot o g3i43 ket mol

Problem - | - 83143 J/(mol K)

What will be the vol : .
e time occupied by 14 g of nitrogen at 20°C and 740107
Data:

P =

740
740 1017 = m =0.974 atm.
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v - 2
n = _iig = 0.5 mole
28
R = 0.0821 dm’- atm K mole!
T = 20+273=293 K.
PV = nRT
V im aRT
P
2 ‘8_8927‘4" 23 . 12345dm
Problem - 2

A certain mass of nitrogen gas at 20°C and at 740 torr pressure occupies
12.345 dm’. Calculate the volume that it will occupy at S.T.P.

Data: V, = 12345dm’
W w02
P, = 740 tomr
P, = 760 -tor
T, = 20+273= 293 K
T, = 273 K
We know that:
P, vz _P, v,
T, T,
= Pl Vl X TZ
: T, P,
)
= 740torrx 12.345dm < 273 K = 1112 dm’
Problem - 3 ¥4

Calculate the volume that will be occu pied by 0.8 moles of oxygen gas taken
at 30°C and at 800 torr of pressure?

T e ——
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Solution:

Data: PV = nRT

V=" nRT
0=08mole T

ol ¢
R =0.0821 atm/K mo v 0.8 x 0.0821 x 303
T=30+273= 303K i 10s3
p= 30010 _; 053 Atmosphere
760 = 18.899 dm’

GRAHAM'S LAW OF DIFFUSION:

Diffusion means mixing up of molecules of different gases moving in
opposite directions. We know that gas molecules are constantly moving in
haphazard direction. Therefore when two gases are placed separated by a porous
m.embranc. they diffuse through the membrane and intermingle with each other.
Light gases diffuse more rapidly than the heavier one. Graham (188 1) established

a quantitative relationship between the SR :
o . rates o
densities and is termed as Graham's law of d'f dlst;f::non of gases and their

Where 'is the rate of diffusion ang @' the density of the gas
e gas.

If we consider t :
WO gases, having densities d, and d, respectively ; thef
1

r, oc ——
Va,

K

va,
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Similarly :

Since the density of a gas is proportional to its molecular mass, we can write
the above equation as : M

JM_

andd, %ﬂ-)

Problem - 1

The ratio of the rates of diffusion of two gases Aand Bis 1.5: 1. If the relative
molecular mass of gas A is 16, find out the relative molecular mass of gas B?

Solution:
According to Graham's law :
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SM = (L5Px 16
= 225x16
= 36
Problem -2

Compare the rates of Helium and sulphur dioxide.

Solution :

The molecular masses of Helium and sulphur dioxide are 4 and 64
respectively. Hence,

The = Msoz = -6—4 = _8- = 4
1'soz J M, J4 2

Helium diffures four times as fast as SO,.

DALTON'S LAW OF PARTIAL PRESSURES:

When two or more gases which do not react chemically, are mixed in ¢
same container, each gas will exert the same pressure as it would exertifit alore
occupied the volume containing the mixed gases. This portion of !¢ ol

pressure of a mixture is known as the partial pressure, Based on this beh2"™

of gases, John Dalton formulated alaw in 1801 which is known as the Daliot?
law of partial pressures. It is stated as :

"The IOEal pnessyn of a mixture of gases is the Qum of the partial'pfﬁ‘s"“S
of the gases in the mixture”. This law is stated mathematically.

P o= p ok p

‘al
Pis the total pressure; the small p's refer 1o the part of the pressur® (Pa:l:;
pressure) exerted by each gasin the mixture. If the gas"A' exerts 8 pressi™® of ﬁ
atm., and gas 'B' 0.2 atm., the total pressure of the mixture would be 0.5 awm
2.9). Partial pressure of a gas is calculated by using the equation:
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PA=0.3 atm Pg=0.2 atm Prota = 0.3 + 0.2 =0.5 atm
FIGURE 2.9 .

Partial pressure of gas

moles of the gas

Total pressure Total moles
S i W R
Py ™ =
(total)

In terms of kinetic theory, Dalton's law can be explained as follows: Ina

non-reactive mixture, each gascxerisaseparate pressure on the container because
of collisions of its molecules with the walls of container, Thus the total pressure
in the container is caused by the sum of all the collisions.

Application: This law applies most commonly to the case of a gascollected over
water (See fig. 2.10). For example, suppose 100 cm? of an insoluble gas are
collected over water at a pressure of 745 torr and at 15°C. If it is saturated with

water vapour, the pressure of the dry gas is (745-13) torr, since the vapour
pressure of water at 15°C is 13 torr. Thus

The pressure of moist gas = Pressure of dry gas + pressure of water vapour
The pressure of dry gas = Pressure of moist gas - pressure of water vapour
745 torr - 13 torr
P dry gas = 732t

Now using gas equation, we can calculate the volume of the dry gas at S.T.P,

e — ——
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100cm’>x 273 K _
PV, PV PV,T, 732tomx 91 3emy

= L +273) K
= orV,= P, T, ~760 torr x (15+275)

FIGURE 2.10 =
Collection of a gas over W2

-—;’.—4

Problem - 1

In the preparation of oxygen in the laboratory, 500 cm?® of the most#
was collected over water at 25°C and 724 torr. What volume of dry oxyie”
S.T.P. was produced? (Pressure of water vapours at 25°C = 24 o).

Solution:

Pressure of dry O, is calculated by using Dalton's law

pdﬂoz i pmohtgu-pHo
2

= 124 torr - 24 1omr
= 700 torr

Now calculate the volume of dry gas at S.T.p

P Vl T P‘:. v!
T Tz ) (Gas €quation)
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P| V: Tz
dry gas -
Pl Tl
5 700 torr x 500 cm? x 273 K = 42196
760 torr x 298 K
Problem - 2

A mixture of gases at 760 torr contains 2 moles nitrogen and 4 moles carbon
dioxide. What is the partial pressure of each gas in torr?

Solution:
Total moles (n) = 6 moles; total pressure = 760 torr
P = Puoul) X n(an)
i M ousty
760 torr X 2 mol 253.33 torr
P, = 6 mol
760 torr X 4 mol = 506.67 torr
Peo, =~ 6 mol

Check: Total pressure = Sum of partial pressures = 760 torr
2.4 IDEAL GASES

An ideal gas is oncwhose behaviour can be predicted precisely on the

: . Two significant properties of
i i molecular theory and gas laws ke
ﬁia?g :’:::llial the molecules do not attract each other and they occupy negligible

: i h gases such as hydrogen and oxygen

; Iy, no such gas exists, although |
Zia::‘g : Gil;;tc)'gmad y from the ideal behaviour at moderate temperatures and
pressures, The main Cause of deviation of the real gases from the ideality, is the
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At nominal pressure, however the brake liquids can transmit the

applied force to perform certain machenical function such as braking the
motions in a motor car.

In terms of molecular model, the compressibility of liquids can be explained
as f.ollows: The liquid molecules due to their closeness roll over one another,
Owing to very little space the liquid molecules cannot be pushed close by
pressure. Very high pressures are required for squeezing a liquid.

3. EXPANSION AND CONTRACTION: A liquid normally expands on
heating and contracts on cooling (as does mercury or alcohol in thermometers),
The molecular model explains this behaviour as follows: On heating, the kinetic
energy and so the velocity of molecules increases. As a result, the volume taken
by each molecule increases on heating. It results in the expansion. Contraction
may similarly be explained.

Thedistance between liquid molecules are so small that properties of liquids
are largely determined by the intermolecular attractions. Viscosity, surface
tension and vapour pressure, for intrance, are not only dependent on the
intermolecular forces but they are also modified with the temperature changes.

2.7 - VISCOSITY

Like gases, liquids have the ability to flow (fluids) but unlike gases they have
definite surface. Different liquids have different rates of flow. Some liquids like
honey, mobil oil etc. flow slowly and are called viscous liquids, while gasoline,
etheretc. which flow quickly are called less viscous. The intermolecular attractions

account for this behaivour of liquids.

Inter molecular attractions between the molecules within the bulk of liquid
occur in all directions (Fig. 2.11) i.e. the molecules are attracted mutually in all

020956902

OO O O O RE 2.11

OO OO O l':ggmlechlar qttrgctions bgtween mqlecules
% OOO O OO _OJ in the bulk of a liquid occur in all directions.

o —————
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directions. These intermolecular attractions wh.ich”dmw lh:; ;:Ciu:: ;'lr:l;c%cs

together are responsible for the viscosiry, Lhat. 1S, IS resis : lo .lh o

liqids that have stronger intermolecular attraction have gr;atg :sé?;;t;?k hm;
i i t 1o each other. oho

molecules are less easily moved about with respec

(C,H,OH), forinstance, is more viscous than ether (C,I*]?.O. C,H)) bccf'alus:c there

are hydrogen bonds among alcohol molecules. The grading of motor oils is done

on the basis of Viscosity for example, sea grade 30 oil is less viscous than
the grade 40 oil.

The viscosit
centipoises and
N.s.m™?

Y is expressed in poises {1 poise

= 1 gm/cm.S) or its multiples -
millipoises. The S.1. unit

is newtonx seconds per square metre

1 centipoise = 1043 N.s.m2

Viscosity of certain liquids atdifferant lemperatures is given in the table 2.1,
Table 2.1 - vj

Viscosity (ccmipoise) atdifferent temperatures
VISCOSIT_Y
LIQUID 0°C 20°C 50°C
Water 1.789 1.005 0.55
Zthyl alcohol 1.78 1.19 0.701
Glycerine 12100 1499 —
Acetone 0.395 0.322 0.246
From t}‘xc above table, yoy must have noticed that the viscosity of a liquid
decreases with the rise in lemperature, In fact
volume of liquid ncr i
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O Oo
0OH
80000%00000
O Q0RO 00O FIGURE 2.12
O O O O Intermolecular attractions at a liquid
\Q_ O O OOO = ;:T:vce occur only within the surface and

resultant attractive force acting downwards. (Fig. 2.12). These forces which tend
to pull the surface molecules downwards are responsible for the surface tension.
Itis designated by Y. The dimensions of surface tension are dynes/cm or érgs/cm?
(numerically the values in both the units are equal). Hence the surface tension may
be regarded as the force per unit length or energy per unit area of the surface of
liquid. Table 2.2 gives the surface tension of some liquids at 20°C.

Table 2.2 — Surface tension (dynes/cm or erg/cm?) at 20°C.

Liquid s ~ Liquid v
Water 72.583 Acetone 23.7
Ethyl alcohol 22.03 Benzene 28.88
Chloroform 27.1 Mercury 471.6

This table shows that the surface tension of water is higher than most of the
organic liquids because there are Swonger intermolecular attraction in water

(Hydrogen bonds).
It is interesting to note that the surface tension tends to reduce the surface

area of the liquids. For this reason, @ freely falling drop of liquid is spherical (Fig.
2.13), since sphere has the smallest ratio of surface area 1o volume.

It is our common observation that a liquid always rises in a capillary tube
(fig. 2.14), the cffect is referred to as the ‘capillary action’ . Capill

— e —
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FIGURE 2.13

A free-falling drop of water is nearly spherical A
droplet ol wateron awaxed surface forms a "bead”
as it attempts to become spherical.

action of liquids is also due to their surface tension. The surface area to volume

ratio of a capillary of small bore is much smaller than the containerin which liquid
is placed.

FIGURE 2.14
Capillary action

e RS
Like viscosity, the surface tension of a li

. quid also decreases with the rise of
temperature owing to the weakening of the i |

nter molecular attractions.
2.9 - VAPOUR PRESSURE

Water slowly evaporates at room temperature. Gasol; i
b 8 e : ne evaporates qu
readily without boiling. A liquid that Cvaporates readily is said to be volatile:
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Ifaquantity of a liquid is contained in a tightly covered container at a certain
temperature, molecules will evaporate from the liquid surface into the enclosed
space. Since these molecules move about above the liquid and can not escape,
some of them will collide with the liquid surface and re-join it (condcnsation) Fig.
2.15). As aresult of the two Opposite processes-evaporation and condensation, a

~

AR RIRA I s T A

Figure 2.15. In an open container a liquid will evaporate
away but in a closed container the rate of condensation
becomes equal to the rate of evaporation, and the liquid-
vapour system is in equilibrium.

state of equilibrium is finally established. This equilibrium is marked by the
attainment of a vapour pressure which is defined as the pressure exerted by the
vapours when they are in equilibrium with the liquid phase. It is constant at
constant temperature. The vapour pressure is independent of the amount of liquid
present. For example the vapour pressure of water at 20°C is 17.5 tor.

The evaporation and the vapour pressure can be explained in terms of kinetic
theory. Evaporation occurs when highenergy of moleculesatthe surface of liquid
break’ away from their neighbours and escape into the gas phase. During
evaporation, the escape of high energy molecules lowers the average kinetic
energy of the remaining molecules, consequently the temperature of the remaining
liquid falls down. Thus it is said that evaporation is a cooling process.

E— o —— e —
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2.10 - CHANGE OF STATE - BOILING

more molecules acquire increased kinetic

the evaporation becomes more rapid. Asa
- . -+ 0

consequence, the vapour pressure of the liquid Increases. For example at 40°C

the vapour pressure of water is 55.3 torr and at 95°C it is 634 torr. It is illustrated
by the vapour pressure-temperature curve in fig. 2.16. When the vapour pressure

"When a liquid is heated, the
energy and escape into the air and

760} ---=========3~ --
570
380
190

p intorr.

FIGURE 2.16

The vapour prassure-
temperature curve for
Tin°C 100°C : water.

e - - -

—

of liquid equals the atm?s'pheré pressure, the bubbles of vapour form easily and
rise to the surface. Thc. liquid is said to boil. Thus the boiling point of a liquid s
the temperature at which the vapour pressure of the liquid equals the outsice

pressure. When the outside pressure is the atmospher: the
ili irit i en IT),
boiling poirt is referred to as the normal boiling f’oi,uc pressure (760 torr)

The boiling point of liquids varies with th
regions, the boiling point of water wil
pressure is below 760 torr. Thus in suc
time to cook because of the low boili

the contrary, food cook more rapidl

€ outside pressure. In mountain®®’
1 be below 100°C because the atmosphe™
hregions of high altitude, foods take 107
Ngtemperatures. In the pressure cooker e
y because of the higher boiling temperatif®

ain liquids tend to decompose at their boilif

pressure. By lowering the pressur:retgir}illed at low temperatures under n:dulfctr

decomposition is prevented o B POIntof the liquidis reduced and!

. .For exampl N q L o bU[

itdecompose i Ple, glycerine boi 0 tor”

tboils a1 210°C and g It eate undc:::lg\?::d%rg::z\:%o o
an easily be digtifjeq Without dccompo.fition

point temperatures. Such liquids
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2.11 SOLID STATE

A solid state is that state of matter in which atoms, molecules or ions are
held together by strong attractive forces. Due to strong attractive interatomic,
molecular or ionic forces, the particles cénstituting the solid can not move,
however, they possess some vibrational energy at even near absolute zero.

Progress in science and technology leads to advancement in
knowledge about solid state also. Hence we mustendeavour to understand the nature
and behaviour of solids.

1- Behaviour of Solids

Compared with the other two states of matter i.e. gases and liquids, the
solids have highest degree of order, This orderlin=s accounts for many behaviour
of solids. Some of these are: s
(i) Compressibility:~ The compressibility of sclids is nearly zero. In terms of
kinetic theory, the particles of solids are so tightly bound together that only slight
unfilled space is left, hence density of solids is wcuch higher than gases and
liquids, so they can withstand considerable external stress.

(ii) Deformity:— Solidsare deformed or shattered
by. high pressure. This is because when some

particles are dislocated the force of attraction is so | Force
strong that the rearranged atoms are held equally
l (a)

well to their new neighbours as shown in Fig.2.17.
(iii) Diffusibility:= In terms of kinetic theory,
there is no translational movement of molecules in
solid, but nevertheless particles are vibrating at
their mean positions. This vibrational motion is
responsible for diffusion in solids.

(iv) Melting:~ Solids on heating melt at a particu-

lar temperature. (b)
T » ; Solid
ln lerms Of klnellC Lheory \.Vhen S.Ohds ?fe (a) Belore dcfonnlty
heated vibrational energy of their particles in- (b) After deformity
creases; until at melting point some particles are FIGURE:2.17

vibrating with sufficient energy to overcome the
forces holding them, hence they become mobile i.e. solids fuse.
(v) Sublimation:— There are some solids substances, as camphor, iodine, solid

CO,, naphthalene etc. which change directly to vapour on heating without
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; i led sublimation. In terms
passing through liquid phase. This phenomenon is ca ec S0 1 i
of kinetic theory, the inter-molecular force 1n such solids 1s le: an or .n?ry
solids, hence high-energy molecules at solid surface overcome the attractiye
forces and directly pass into vapours. . -

2~ Classification of solids:- Solids have been classified mainly as:

(i) Crystalline (ii) Amorphous ;

(i) Crystalline solids:~ Crystalline solids have characteristic geometrical shape
due to highly ordered three dimensional arrangement of particles. They are

bounded by plane surfaces called faces; which intersect each other at particular
angles,

(ii) Amorphoys solids:

~These are the solj i
Th 1ds w
& word amorphous mean “without fopmy hich do not

olids hg

: : sub.
particles are e to Arange 53
amorphous goig results. Exam

Ve a .

Ce in :?ndzm p NOn-repetitive three
ui . 3 :

themselyeg iq State is cooled rapidly, the

n
Ples are. glags, p?:s[f"deﬂy fashion, hence an

IC, rubber etc.

o

00 « z
g5 i "i

Y
Crystalline
Quart,
S fo ed
FIGURE. 2 1 QUarg, . TN Crystalline

Is
Melteq and cooled rap!dV’

FIGURE, ) 19
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The difference between ¢
below:

rystalline and amorphous solids is summarized

Crystalline Solids

Amorphous Solids

() Geo
Particles of crystalline solids
arc arranged in an orderly three di-
mensional network called crystal lat-
tice, hence they have definite shape.

metry

Particles of amorphous solids
are not arranged in a definite pattern,
hence they donothave adefinite shape.

(i) Melting point

Crystalline solids haye sharp
melting point, this is because attractive
forces between particles are long range
and uniform. Thes¢ forces breakdown
at the same instant, at melting pdint.

Amorphous solids melt over a
wide range of temperature i.e. they do
not have sharp melting point, because
the inter-molecular forces vary from

place to place,

(iii) Cleavage and cleavage plane

The breakage of a big crystal
into smaller crystals of identical shape
is called cleavage. Crystals cleavage
along particular direction, the plane
which contains the direction of cleav-

age is called cleavage plane.

Amorphoussolids donot break
down at fixed cleavage planes,

Crystal before cleavage

Note: Smaller parts are of same
FIGURE.2.20 shape as big crystal, FIGURE.2.2]
(Iv) Anisotropy and Isotropy
Physical properties of crystals Amorphous solids are isotro-

such as electrical conductivity, refrac-

pic ie. their physical Properties are
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tive index, etc. are different in differ- | same€ in all directions.

ent direction. This property is called
anisotropy. For example graphite can
conduct electricity parallel to its plane
of layers but not perpendicular to
plane.

. (v) Symmetry

When crystalline solids are ro- Amorphous solids are notsyn-
tated about an axis, their appearance | metrical.
does notchange i.e. they possess sym- '

metry.

2.12 TYPES OF CRYSTALS

Crystals are classified in the following four types:

(i) Atomic crystals (ii) Ionic crystals (iii) Covalent crystals

(iv) Molecular crystals

This classification is based on the nature of forces or bonding between the
atoms, ions or molecules constituting the crystal.
(i) Atomic crystals:~ Examples of such -
crystals are metals, hence they are also called
metalliccrystals. They consistof atoms packed
and held together by metallic bond.

In metals, the valence electrons move
freely in crystal lattice and are said to form an
electron gas, in which positive ions are im-
mersed. Such crystals are characterised by:

(a) Lustre (b) High melting point (c) Electri- FIGURE:2.22

cal and thermal conductivity (d) Malleability ratorst
|view?

(drawing into sheets) (e) Ductility (drawn ?y‘;:‘;l':’fxt’;f::ﬂb e ath

into wires). mean positon.

il

(ii) Tonic crystals:— Such crystals consist of positively and negatively Lha\c
ions, held together by electrostatic forces of attraction, Individual ion8
identity. They are characterised by: i
(a) High melting point (b) Conduction of electricity in fused state: 85 “,’;l i
solution form. (c) Brittleness and hardness (d) Indefinite growth of cryst®

el
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it is broken or is stopped from growing.

‘(@ rorv

o0

Two dimensional view of Three dimensional view of
fons in fonic crystal. lons packing in Na Cl
FIGURE.2.23

FIGURE.2.24

(iii) Covalent crystals:- Such crystals consist of atoms held together by
covalent bonds. Covalent bonds are very strong. They require large amount of
energy to break them. Examples of covalent crystals are: graphite, diamond,
silica and carborundum.

In diamond each carbon atom is joined to four other carbon atoms at an
angle of 109°, called tetrahedral angle. Due to close packing of atoms and large
number of covalent bonds, diamond is very hard and has high melting point.

In graphite each carbon atom is joined to three other carbon atoms at an
angle of 120°, forming layers of hexagons. Adjacent layers are held together by
weak Vander waal's forces. Due to space between layers graphite is soft and as
layers easily slide over one another so graphite has greasy texture. Graphite
conducts electricity in the plane of layers, as each carbon has one free electron,
Covalent crystals are characterised by:

(a) High melting point (b) Low density (c) High refractive index

":"“ﬂ-w -9
e o e o
| m.ﬁ-":. s
| l¢ vander waal's
| force of attraction

<ils" . — gt O W @

Space lattice of

Space lattice of graphite
dlamond

FIGURE.2.25 FIGURE.2.26
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(iv) Molecular crystals:—Such crystals are co‘mposed of ,ngollfcuks- -;UCh aIS ice,
1,, CO,. The molecules are held together euhc?r by the ? OW‘“E} OFC?SZ
(a) Hydrogen bonding (which is an electrostatic force of attraction 'buwecn
partially positive hydrogen atom of one molecule and an electronegative aton,
of other molecules). 5 :
(b) Weak Vander waal's forces (which arise due to attraction between atomic
nuclei of one molecule and electrons of other molecule). Such crystals ar
characterised by:

(a) Low melting point (b) Non-conduction of heat and electricity.

N GBSl il
o b‘.‘r;f tied

e R
~:.’?¢’x:‘°’ o
gy

\ /

f‘;"‘?‘gér"o?g?’"

ﬁ;""ﬁ”? %

~

/

Unit cell of solid CO;
Structure of ice
Each water molecule is attached to four others
through hydrogen bonding.
FIGURE:2.27 FIGURE:2.28
2.13 ISOMORPHISM Dl
When two substances have same crystal
structure, they are said to be isomorphous and :
phenomenon is called isomorphism, For example a[
NaF and MgO both form cubic crystals hence are 5
isomorphous. Other examples are:
CaCO, and NaNO, Tri be
ZnSO4 and NiSO, Orthorhombic
Isomorphi b i
rphic supstances hay -
properties: ¢ following -
(i) They have different physical an :
properties. g M
" ricure2?’

_adl

Scanned with CamScanner



65

(ii) They have same empirical formula.
Pairs

Ratio in atoms
NaF and MgO 1:1
NaNO, angd CaCoO, 1:1:33
ZnSO4 and NiSO4 1:1:4

(iif) When their solutions are mixed, they form mixed crystals.
(iv) They show property of over growth; i.e. if crystal of one substance is

suspended in saturated solution of other substance, the crystals of latter begin to
grow over the former in similar pattern.

2.14 POLYMORPHISM

A substance under different conditions
can form more than one type of crystal,

The substance which can exist in more

than one crystalline form is called Polymorphous Trigonal crystal
and the phenomenon is known as Polymorphism.,
Forexample CaCOgexists in nature in two crys-
talline form (i) Calcite, which is trigonal (ii) Ara-
gonite, which is orthorhombic

FIGURE:2,30 | Orthorhombi crystal
FIGURE:2.30

UNIT CELL: A crystal is formed by a large
number of repetition of basic pattern of atoms,
ions or molecules in space,

The basic structural unit which when
repeated inthree dimensions generates the crys-
tal structure is called a unit cell,

A unit cell has-a definite geometric
shape and hence is identified on the basis of (i)
Length of its edges, denoted by letters, a, band
¢. (ii) Angle between the edges, represented by
letters, o, B and ¥. o

The length and angles of a unit cell are
collectively known as Cell Dimensions or Cell Parameters of a unit cell,
Parameters,

N

— v — - - —

Q-

.

- —-7;-7

o]

FIGURE:2.31
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Space or crystal lattice:~ If atoms, 10ns OF mo; e
ccules constituting a crystal are rfaplacefl by POL‘;‘
and placed at the same places asina }Jml c.cll, en
the three dimensional array of poinis 1S called
crystal lattice or space lattice.

All points in a crystal lattice have same
environment and can not be distinguished from
cach other. Three dimensional lattice with a unit
cell is shown in the diagram. :
The crystal systems:-Based on the difference in
shapes and dimensions of unit cells, all the known

crystals have been classified into seven groups .with a unit cell
called crystal systems. The seven crystal systems FIGURE:2.32
are as follows:

Crystal lattice

—

(i) Cubic system:~ In cubic system, all axes are of equal length and ll ¥
are of 90° 1.e.

'a=b=c¢

Q= B — ‘Y — 90°
Examples: NaCl, ZnS and diamond.

(i) Tetragonal system:- It has two ax

e h, the third is 67
All angles are of 90° i e s of equal length, the
a=bszc
% =P=y=090°
Examples:

SnO,(white), BaS0, .4H,0

et LR

L7
Ce”
FIGURE: Tetragonal unit**
(i) Orthorhgpy, 23

: 5 :

A /
E.O,J A
Flo L - \‘1 v
0N Jﬁ
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asbssc
o= B =7v=90°
Examples are: FeSO, 7H,0, ZnSO, 7H,0, KNO,

0

o=

od C
&;b a
Orthorhombic unit cell

Crystal

FIGURE:2.35

(iv) Trigonal or rhombohedral system:~ It has three axes of equal length. All
angles are equal but more than 90° and less than 120° i.e.

a=b=c :

o =p=y+90° '
(Angles >90°<120°)

Examples: Calcite, KNOs. AgNOg, and ice.

FIGURE:2.38

Rhombohedral unit cell | Crystal

In this system, two axes are of equal length, but the

third is different. Two angles are of 90° and third is of 120° i.e.

a=b#C
a_—_-,B:goo
y=120°

(v) Hexagonal system:=

= S S
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Examples: Graphite, snowflakes and quartz (8102)

FIGURE:2.37

Hexagonal unit cell Crystal

(vi) Mono clinic system:~ It has all three axes of unequal lengths. One of the
axis is at right angle to the other two i.e.

a#b=c
a=y =90°
B=90°
Examples: CuSO, 5H,0, Na,CO,; 10H,0, cane sugar.

FIGURE:2.38
: Monoclinic unit el Crystal
(vii) Triclinic system:-In thi
e G SSystem all axes are of different lengths and angles
a#bszc o

% #B#yx90°

Examples: CuSO, . 5H,0, K,Cr,0,

FlGURE:2.39

Triclinic unit cell me
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2.15 CHANGE OF STATE (MELTING OR FUSION)
(i) The melting point:- When a pure crystalline solid is heated, a temperature
is reached where it changes sharply into liquid. This is melting point of solid.
Melting point is defined as that temperature at which there is equilibrium
between solid and liquid phases.

Melting point is affected by: (a) Impurity:— Pure substances have sharp

melting point. Moreover impurities lower the melting point. Hence melting point
1s used as criteria of purity of solids.

(b) Pressure:- Those substances which expand on melting, have a rise in
melting point when pressure is increased.

Melting point of ice decreases on applying pressure because ice is the
solid whose volume decreases on melting.
(ii) The latentheat of fusion:-It is defined as the heat energy required tochange
1 g of a solid into liquid at its melting point.

Even though heat is being supplied during melting but temperature
remains constant because all of the energy is used up by the molecules to
over come the intermolecular forces.

e ——— e —
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PROGRESS TEST 2

Interms of the atoms, ions, and molecules that comprise substances, why are
some materials solids, some liquids and still others gases at 25°C.2

The process of diffusion occurs most rapidly in gases, less rapidly in liquids
and very slowly in solids. Why? |

Why does water spilled on a floor ¢vaporate more rapidly than the same
amount of water in a glass?

Would a pressure cooker be of any value on the Mount Everest?

(1:3[:1((1;:: di;onic c.om'pounds are known, but many of the known covalent
P are liquids and some are gases. Account for these differences.

What is kinetic theo :
ry and how doe . :
of gases, liquids and solids? § i fcconnt fos the tollowing fropsee

() Diffusibility (ii) Compression (iii) Expansion

1.40 dn? :

- 90%mt o::)l:r:sc ?f 4 Bas measured at a temperature of 27°C and a pressi®

mass of th ound to have mass 2,273 Calculate the molect
Ot the gas [Hint: Calcyla - g

molecular mass) (3372 amu) Acn;n“ by the formula PV=nRT and 11

A 12.5 dm’ vesse) contains 4
pressure in .
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12,

13,

14,

15.

16.

17,

71

State the following gas laws and explain in terms of Kinetic theory.
(2) Boyle's law (b) Charles's law (c) Dalton's law of partial pressure.

Define the following :(i) Melting point (ii) Boiling point (iii) Diffusion
(iv) Latent heat of fusion,

Four containers of equal volume are filled as follows:

(1) 2.0g H, at O°C (ii) 1.0g H, at 273°C (jii) 24 g 0,at0°C
(iv) 16 g CH, at 273°C.

Which container (a) is at the greatest pressure (b) is at the lowest pressure.
[a = (iv) b = (iii)] Ans.

Explain the relationship between intermolecular attractions and the kinetic
cnergy of molecules in determining the physical state of a substance.

Describe gases, liquids and solids on a molecular basis and explain their
behaviour and change of state.

Co-relate the energy changes accompanying changes of state.

Explatn in terms of kinetic molecular model:

(a) Why liquids and solids cannot be compressed :n}?s gases can?

(b) Why solids do not flow as llgulds'and gases do :

(c) Why foodiscookedmorequicklyinapressurecookerthaninacovered
pot?

Explain (i) Viscosity (ii) Surface tension (iii) Vapour pressure.

18. What are crystalline and amorphous solids ? Explain dlfferent

19,

20,

Crystal systems.

State and explain Avogadro's law. How it helps in determining relative
molecular mass?

What are solids? Describe Atomic, Tonic and Molecular solids,

e — R —
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22,

23.
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Explain the following:

() A falling drop of a liquid is spherical.

(i) A drop of ink spreads on a blotting paper.

(i)  Evaporation is a cooling process.

(iv)  Boiling point of a liquid remains constant although heat is
continuously supplied to the liquid.

(v)  Honey is more viscous than water.

(vi)  Mercury has its meniscus upward.

40 dm®of hydrogen gaswascollected over water at 831 torr Hg pressure

at 23°C. What would be the volume of dry hydrogen gas at standard |

conditions ? The vapour pressure of water at 23°C is 21 torr of Hg. |
(Ans - 39.23 dm?®). |

What is the density of methane gas (CH,) at 127°C and 3.50 atmo-
sphere. .

(Ans:- density = 1.70 g/dm®).
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