XI
Chemistry
States of Matter

. Matter can exist (mainly) inthree states- solid, liquid and gas.

. State of matter is determined by the nature of intermolecular forces, molecular
interactions and thermal energy of particles.

. Changeinthephysicalstatedoesnotchangethechemical propertiesofasubstance.
. Ratesof Chemicalreactionsdepend uponthe physical state.
. Physicallawsgovernthe behavior of matterindifferentstates.
1. Intermolecular Forces
. Forcesofattractionandrepulsionbetweeninteractingparticles(atomsandmolecules).
. Covalentbondingisnotintermolecularforce.
2. Van der Waals Forces
. Attractive intermolecularforces.

. These forces include dispersion forces or London forces, dipole-dipole forces and dipole-
induced dipole forces.

. Ion-dipoleforcesare notvan der Waals forces.
a )Dispersion forces or London Forces
. Forceofattraction betweentwotemporaryinstantaneousdipoles.

. Thereforces are always attractive.

. Interactionenergy « 1/r6, wherer isthedistancebetweenthetwoparticles.
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Fig. 5.2 Dispersion forces or London forces befween atoms.



b) Dipole — Dipole Forces

Presentbetweenthemolecules possessing permanentdipoles.
Forstationary polarmolecules: interactionenergy « 1/r3

Forrotating polar molecules : interaction energy « 1/r6 where, r = distance between
polar molecules.
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intermolecular Force between diploles

c) Hydrogen — bonding

Aspecial case of dipole-dipoleinteraction.

ExistsinthemoleculeswhicharehighlypolarcontainingN-H, O-HorH-Fbonds.

Energy of H-bond ~ 10to 100 kJ mol ™1,
Oneoftheimportantforcesinproteinsandnucleicacids.

Itdeterminesthestructure and properties of many compounds.
INTERMOLECULAR HYDROGEN BOND
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Hydrogen bond
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d) Dipole — Induced Dipole Forces

Existsbetweenpolarmoleculeshavingpermanentdipoleandnon-polarmolecules.
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0 Existence of the three states of matter - It is due to the balance between intermolecular
forcesandthethermal energy ofthe molecules.

. Predominance ofintermolecularinteractions
Gas— liquid— solid
' Predominance ofthermal energy

Gas«— liquid— solid

Comparison between gaseous and liquid states

Gaseous Liquid State
State
Highly compressible + Not compressible

Muchlowerdensity thansolidsandliquids| ¢ Denser thangases

Volume and shape are not fixed ¢ Volumeisfixed but shapeis not

Interactive forces are negligible ¢+ Interactive forces are stronger than those
in gaseous state.

Behaviour of gases is governed by general + No such general laws exist.
laws of gases




3.The Gas Laws

1. Boyle'sLaw (p -V relationship)
At constant T & n (no. of moles)
p -1
X
4

PV=Constant OR

P1v1=sz2

Ataconstanttemperature, the pressure exerted by afixed massofagasisinversely proportional
toitsvolume.

Graphical Representation

Isotherm-line/plotbetweenp &V atconstanttemperatureforagivenamount(n)ofthegas.

Isobar —line/plotbetweenV andI atconstantpressure(p)andn.

Isochore - line/plotbetweenp andI atconstantvolume (V) &n.

T T 5

p p T, T3>T2>T1
T
(ba
r)
3, — 1
V (dm3) v
(a) (b)
I
T>T>T,
P
v
.
.
T
p—
(o)

(ISOTHERMS)



Charles’Law (T-V relationship)

AtconstantPandn

Vo T

v_ constant

-

i.e V_1 = V_z or ﬁ =T2_
T, T, Vi T,

Forafixed massofagas, ataconstant pressure, the volume of agasisdirectly proportional toits
absolute temperature.

Kelvin Temperature Scale or Absolute Temperature Scale

T=(273.15 + t °C) K

Also, known as thermodynamic scale of temperature.
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Thegraphs shown are isobars
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Charles saw a linear relationship between the volume and
temperature of a gas. Extrapolating backwards, he found
that the point where a gas would have no volume would
be -273 degrees Celsius. Since that's as cold as he
thought things could ever get, that originated the idea

of absolute zero.
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Absolute Zero (the lowest possible temperature) - The lowest hypothetical orimaginary

temperatureatwhich gasesare supposed tooccupy zerovolume. Absolute Zeroisequal to

-273.15°C

-273.15°C = 0K
3.Gay Lussac's Law (p — T relationship)
p «T (V, n constant)

p

= constant
-
P1 - P2
T1 T2
Graphical representation(isochore)
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Pressure P

Y

Temperature T (K)

4.Avogadro'sLaw (V- nRelationship): AtconstantpandT
V xn

V = kn

. This law states that equal volumes of all gases under similar conditions of temperature
and pressure contain equal number of molecules.

. No.ofmoleculesinonemoleofagas=6.022x 1023 =Npa (Avogadroconstant).

. MolarVolume-Volumeoccupied by one mole of each substance.

. It containsthesame numberof moleculesi.e. Na.

Molar Volume at different T and P are as follows:

Conditions Temperatur| Pressure| Molar

e Volume
NTP (Earlieralso 273.15K 1 atm 29.4 Lmol_l
called STP)
STP 273.15 K 1 bar 29.7 Lmol'l
SATP 298.15 K 1 bar 24.8 Lmol'l

. STP: Standard Temperature and Pressure
. NTP : Normal Temperature and Pressure

. SATP: Standard Ambient Temperature and Pressure



5. Density relationship

m  m = mass of the gas

n ===
M (M=molarmass
v =k XD
M
M=k 1
"4
M = kd
where, d = density of the gas densityofagas x molarmass (M)

Ideal gas equation or Equation of State

Gases candescribedintermsof fourvariables: pressure (P), volume (V),
temperature (T), andtheamountofgas (n). There are five relationships
between pairs of these variablesin which two of the variables were allowed to
change while the other two were held constant.

Pxn (T andVconstant)

Boyle's law: P« 1/V (T and n constant)

Gay Lusac’'slaw: P « T (V and n constant)

Charles'law: V « T (P and n constant)

Avogadro's hypothesis: V « n (P and T
constant)

Each of these relationships is a special case of a more general relationship
known as the ideal gas equation.

In this equation, R is a proportionality constant known as the ideal gas constant

and T is the absolute temperature. The value of R depends on the units used’

Pressure Temperature

PY=nI$T




Universal Gas Constant :R is called gas constant. It is
same for all gases. R= 8.314 Pa m® K'! mol™® = 8.314 x 1072

bar L K™! mol™! = 8.314 J K™ mol™?
P1V1= P2V2

T1 T2

Ideal gas equationinterms of density (Relationship between molar mass and density of a
gas)
p = dRT (M isthemolarmass, d isthedensity)

M
Valuesofthegasconstant:

0.0821LatmK ! mol™!

82.1cm3 atm K'1 mol'1

3

0.083 bar dm> K1 mol™?

Inthe C.G.S. units

- moI'1

8.314 x 107 ergs K~
InS.I. units

8.314 1K L mol™l (107 erg = 1)
Interms of calories

1.987 calories K™ mol™! (4.184 1 =1 calorie)



Dalton's Law of Partial Pressures: Lawisvalidfornon-reactinggases, atconstantvolume&
constant Temperature.

_ mRT
P’1 = v
n,RT
P, = vV
RT
Fa = HB_V_
Py = Py + Py+ Py

RT
(ny +my + 1) -

P, _{ n, ]RTV

It

P . ny+n, +ny | RTV
ko'
= _— = x
" 1

(n = n+ny+m)
P, =n P

PTotal =p1 +p2 +p3 + (atconstantT, V)

where, pTotal = Total pressure exerted by the mixture of gases
p1,p2, ---=partial pressuresofgases, 1,2 ------ res.
Gasesaregenerally collected over waterand therefore are moist.

pdrygas = PTotal — Aqueous Tension

Aqueous Tension : Pressure exerted by saturated water vapour.
PTotal : Total pressure of the moist gas.

Partial Pressureinterms of mole fraction
Pi = Xj Ptotal

where, pj = Partial pressure of the ith gas

Xj = mole traction of the ith gas.



Different Pressure units and their relation

1Pa=1Nm2 or

1kg mls

2

1 bar = 105 Pa

1 atm = 101.325 kPa
1 Torr = (101325 / 760) Pa = 133.32 Pa
1 mmHg =1Torr = 133.322 Pa

1 Psi = 6.894 kPa
*Psi = Pound per square inch Standard pressure =1bar Normalpressure=1atom

Kinetic Molecular Theory of Gases : This theory helps us to understand the behavior of
gases. This theory provides a microscopic model of gases.

Postulates:

Gases consist of large number of very small identical particles (atoms or molecules)
which are soforapart onthe average that the actual volume of the moleculesis negligible
ascomparedtotheempty space betweenthem.

This explains the high compressibility of gases
Noforce of attraction between the particlesofagas.

Particles, within the container, are in ceaseless random motion during which they collide
with each otherandwiththe walls of the container.

All the collisions are perfectly elastic i.e. total energy of molecules before and after the
collision remains same. The energy may, however, be transferred from one molecule to
the otheron collision.

Due to the bombardment of the molecules on the walls of the containing vessel, pressure
isexerted by the gasonthewalls ofthe containing vessel.

Particlesofthegasmoveinstraightline(i.e.itobeysNewton'sfirstlawofmotion).

Atany particular time, different particles in the gas have different speeds and hence
different kineticenergies.

AverageK.E.ofthegasmoleculesisdirectly proportionaltotheabsolutetemperature.



Ideal gas and real gas

A gas which obeys ideal gas equation, pV = nRT under all conditions of temperature and pressure.
No gasobeysidealgasequationunderallconditionsoftemperatureand pressure.

Real gas

A gas which obey gas laws at low pressure and high temperature. All gases are real gases.

Causes of Deviation from Ideal Behaviour

Assumptions of Kinetic theory of gases which do not hold good in all
conditions :

Theintermolecularforceofattractionbetweengaseousmoleculesisnegligible.
2. Thevolumeoccupied by the gas moleculesis negligible in comparison to the total volume

ofthe gas.
Compressibility Factor (Z) - Gives the extent to which real gas deviates from ideal
behaviour.
z =PV
nRT
. Forlmoleofgas, Z = PV
RT

. Z=1AGasisideal ; pV=nRT
. Z=1AGasisreal; PV + nRT

. Z<1AGasshow-vedeviationanditismorecompressiblethanidealgas
(usually atlow pressure).

. Z>1AGasshows+vedeviationanditislesscompressiblethanidealgas
(usually athigh pressure).

Plot : variation of Z with p for some gases
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Thedeviationfromidealbehaviorbecomeslessandlesswithincreaseintemperature.



Boyle's temperature: Temperature at which a real gas obeys ideal gas equation over an

appreciable range of pressure.

Compressibility Factor The most useful way of displaying this new law for real
moleculesis to plot the compressibility factor, Z :

Forn=1

Z=PV/RT

Ideal Gaseshave Z=1

Significance of compressibility factor (Z )

7 =P Vreal
nRT
fortheidealgas,V = MRT
ideal
p
7 = Vreal
Videal

Z istheratioofactualvolumeofagastotheca

ideal gas.

Van der Waal’s equation

VVolume Correction
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% The actual volume free to move in is less because of particle size.

< More molecules will have more effect.

+» Corrected volume V' =V -nb

% “b”is a constant that differs for each gas.
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Pressure Correction

% Because the molecules are attracted to each other, the
pressure on the container will be less thanideal. 0:{
.\
% Pressure depends on the number of molecules per liter. Q//f
% Since two molecules interact, the effect must be squared J

an2 _

Significance of van der Waals constants

. a:Itisameasureofmagnitudeofintermolecularattractiveforceswithinthegas.

- Greaterthe value of 'a', stronger are the intermolecular forces of attraction and gas
canbeliquefied more easily.

. b : Itisameasure ofthe effective size ofthe gas molecules.Itisrelated to
incompressible volume ofthe molecules

NOTE: “a” and "b” are determined by experiment.

“a” and “b” are different for each gas, bigger molecules

have larger "b” “a” depends on both size and polarity.



Value of the Gas Constant

The value of the gas constant 'R' depends on the units used for
pressure, volume and temperature.

. R =0.0821 liter-atm/mol-K

8.3145 J/mol-K

8.2057 m?3-atm/mol-K

62.3637 L-Torr/mol-K or L-mmHg/mol-K

« R
« R
R

Also refer to the given video link:
https: outu.be/Qw Jy1Ydfrk


https://youtu.be/Qw_Jy1Ydfrk

