Unit

STATES OF MATTER

Shape Definite shape No deﬁmte shape No deﬁmte shape
Velume Definite volume Definite volume No definite volume
Order Ordered Disordered Highly disordered
Density High Intermediate Low
Metion Vibrational metion only Random motion, kinetic Random metion due to high
cuergy is low kinetic energy
Compressibility Nearly incempressible Slightly compressible Highly compressible
Intermolecular interaction | Very high Considerable Very small
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INTERMOLECULAR FORCES

e Intermolecular forces are the forces of attraction or repulston between atoms and molecules and these forces influence
physwal properties and semetimes chemlcal properties.
Lundon forces SOtE Dlpole-lzpele forces. . {0 }):poleﬂndm ed dipole forces
1. | Positive and negative centres Between molecules having Between polar and non-polar molecules
overlap permanent dipole
2. | No polarity in the system Polarity in the system Induced polarity in non-pelar molecules
Very weak attractive forces Weaker than the coulombic forces | Depends upon polarisability and size
4. | Responsible for condensation of lﬂduw‘ dipole Permam,m dipole
gases
(o) (& v_© ‘ =¥
Electron cloud gets deformed due to
influence of dipole
5. | Example : Non-polar molecules | Fxampte : H,O Example : HC1
H,, N,, O,, Cl,, He, Ne
Hydrogen Bond The bond between the hydrogen atem of one molecule
@ If a hydrogen atom is bonded to a highly electronegative and the more electronegative atom of the same or anether

element such as fluorine, oxygen, nitrogen, then the shared
pair of electrons lies more towards the electronegative
element. This leads to a polarity in the bond in such a way
that a slight positive charge gets developed on H-atom,
viz,

g0 BrFv gitinNge

molecule is called hydrogen bond.

Strength of hydrogen bond : Hydrogen bond is a
weak bond having bond energy ranging between 10 and
45kImol ™. The hydrogen bond energy depends upon the
electronegativity and size of the atom linked to hydrogen.
For example, fer



H* ... F* bond, the bond energy is 45 kJ mol™
H®" ... ® bond, the bond energy is 25 kJ mol™
H> ....N> bond, the bond energy is 13 kJ mol™

IN ERMOLECULAR FORCES vs HERMAL ENERGY
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|
Intermolecular interaction become stronger —>

(l Gas Liquid Solid |
~N

e Intermolecular forces tend to keep the particles
(atoms or molecules) together. Thermal energy of a . Thermal energy increases
substance tends to keep its particles away from each . . ] . )
other. Thus the two compete with each other. The three Melting point : The melting p omt 'of_a solid s'ubstar.lcc
states of matter, are the result of competition between | depends en the nature of bonding in it. A solid having
intermolecular forces and thermal energy. : ionic interactions has high melting point. Thus, ionic
. . . a - ) / cd
e  The particles in solids have very strong intermolecular solids have h1g'her meltmg point. Molecular solids
. L have lower melting point.
forces and very little kinetic energy or thermal energy. e R % ,
Th icles i liquid h Kineti Bailing points : Boiling point depends upon the strength
® ¢ particles in E]l;y qu lldave more KIneue energy or of the cohesive forces in any liquid. Liquids having
thermal fznerg.yt 1 10 SOLAS. o stronger intermolecular interactions, in general, will
e  The particles in gases have very large kinetic energy or have higher boiling point. Hydrogen bonding raises the
thermal energy and negligible intermolecular forces. boiling point of a liquid.
GAS LAWS
Boyle’s law 1 Determining volume using
V o ; equation ;
4 VT;‘ PV, =Py =
PV = constant
(at constant temperature) : - TT1 2
Y P—>p
Charles’ law Vo T Te calculate volume at
28 T different temperatures.
? = constant v o
V=V 14—
(at constant pressure) - . 27315
T22‘4 Emol® Ml = volume at 9°C
¢ TK) —  —27315C 0 +(°C)—
l(a}:g/-Lussac’s PPoc T R_A
7= constant I T
(at constant volume)
|
i
e  Avogadro’slaw : Equal volume of all gases under similar Charles are strictly applicable under all conditions of

conditions of temperature and pressure contain equal |

number of molecules.
V o n (at constant temperature and pressure)
n = number of moles

Ideal Gas Equation

An ideal gas is defined to be a system in which there are

no inter molecular/ interatomic forces. Such a system
can only exist as a gas.

Any real system will approach ideal gas behaviour in
the limit that the pressure is extremely low and the
temperature is high enough to overcome attractive
intermolecular forces.

An ideal gas is a gas to which the laws of Boyle and

temperatures and pressures.

From Boyle’s law we get, |7 o 1 (at constant »2 and T)
F

From Charles law we get, o< T (at constant » and P)
From Avogadro’s law we get, ¥ o< n (at comstant 7" and P)
Combining the above three equations we get

V oe< % or, ¥ = R% [where R = ideal gas constant]
or PV=nRT

Ideal gas equation is a relation between four variables
and it describes the state of any gas. For this reason,
it is also called Equation of State.



States of Matter : Gases and Liquids

o R=0.082 lit-atm mot ! K™
=8.314 x 19" erg mol K™ (C.G.9S)
=8.314 Jmol ' K (MK.9)
=2 calorie mol ™ K’

Mlustratio
The pressure exerted by 12 g of an ideal gas at temperature ¢ °C

in a vessel of volume ¥ litre is one atm. When the temperature ;
is increased by 10 degrees at the same volume, the pressure !

increases by 10%. Calcutate ¢ and 7 {(mol. wt. of gas = 120).
Seoln.: Given: P=1atm,w=12 g; T=(t+273) K;

f7T=¢+10+273=1+283K; P=L+§(~)%=1.1atm

From, gas equation, Py = KRT
M
12 i
IXV = ~=R(t +273) (1)
M
1.1><V=£R(t+283) (i
M

By (1) and (i1) {=—173°C or ¢t=108K
Also from (i), on substituting ¢
V=082 litre

e  Dalten’s law of partial pressures : If a mixture of two or
more gases, which do not react chemically, is enclosed in
a vessel, the total pressure exerted by the gases is equal to
the sum of their partial pressures.

Py =Prt Pyt Pyt ...

P,, P,, P; = pressure of the gases 1, 2 and 3 which they
would exert if present alene in a vessel i.e., partial pres-
sure of gases 1, 2 and 3 respectively.

A sample of butane gas C,H,, of unknown mass is contained
in a vessel of unknown volunse ¥ at 25°C and a pressure of
760 mm Hg. To this vessel 8.6787 g of neon gas is added in
such a way that no butane is lost #fom the vessel. The final
pressure in the vessel is 1920 mm Hg at the same temperature.
Calculate the volume of the vessel and the mass of butane.
Ans.: Partial pressure of C4H;q (7;) = 760 mm Hg

By Dalton’s law of partial pressure, Py =p; + 2

1920=760+p, or p,=1160 mmHg

P2 =Xz % Digral

where x, = mole fraction of Ne

Xy = B 160 0.60; Moles ofNe= 86787 _ 0.43
Powr 1920 2
vy = —12 = 88 -0
Tom iy 0.43 +n

Molecular weight of C,H o =48 + 10 = 58
So, amount of C,;H,, =n x 58=1624¢
Again for C;H,

PV=n RT;T=273+25=298K

P= @ atm
768

_mRT _0.28x0.0821x298
P 760
760
e Graham’s law of diffusion : The rate of diffusion of
a gas is inversely proportional to the square root of its
density.

14 atm = 6.85 atm

Rate of diffusion () o 1

N
d
or A= ’_2 or o M2
5] dl o) Ml

As we know,
molecular mass (M) = 2 x vapour density (d)

Alustration 3

The pressure in a bulb dropped from 2000 to 1580 mm of
mercury in 47 minutes when the contained oxygen leaked
through a small hole. The bulb was then completely
evacuated. Amixture of oxygen and another gas of molecular
weight 79 in the molar ratio of 1 : 1 at a total pressure of
4000 mm of mercury was introduced. Find the molar ratio
of the two gases remaining in the bulb after a period of
74 minutes.

Ams.: The molar ratio of oxygen and the other gas in the
evacuated bulb =1 : 1 and the total pressure of the gas mixture

I is 4008 min, hence the partial pressure of each gas is 2000 mmn.

The drop in the pressure of oxygen after 74 minutes
_ {2000-1580)x 74
e
After 74 minutes, the pressure of oxygen
=2000—787.2=1212.8 mm of Hg

Let the rate of diffusion of other gas be r», then
no 2
0, Y79
Drop in pressure for the other gas

= 787.2x1f% =501.01 mm of Hg

Pressure of the other gas after 74 minutes
= 2088 ~501.01 mm = 1498.99 mm of Hg
Moles of unknown gas

r

Molar ratioc =

Moles of O
_ 149899 _ 12361
1212.8

Avogadro’s number and ideal gas equation : Amedeo
Avogadro stated that one mole of any gas at standard
pressure and temperature contains the same number of
molecules. The value is called Avogadro’s number and
represented by N, N4 or N,,.

Ny = 6.023 x 18” molecules/mole
Ideal gas equation can be written in terms of Avogadro’s
number as
PV= NyT,
k= Boltzmann constant = 1.38 x 1072 J/K
Thus gas constant R = kN,



