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When Z < 1: it refirs 1o negative deviation. [t implies that the gos is more
compressible than expected from idenl behaviour. ;
When Z > 1, it refers to positive deviation. It implies that the gas is less
compressible than expected from ideal behaviour.

Ca f deviati i shaviour ks i cinet _
'he';i;‘_ 00 I‘dg'::?;;?naiﬂ-m ideal behaviour s due to two assumptions of kinetic slume V changes to volume (V -b). where b is called the excluded volume

5o isti h gas. It s alsa refer to as co-volume
| The volume occupied by gas molecule is negligibly small as compared o/ Mieh 1sla Lﬂl‘:Eﬂﬂl ghamcter;;::n;f;ﬂ:nrs;:&
the total volume accupied by the gas, nd its value depends upon
1. The force of attraction between gas molecule are negligible, volume = (V-b)
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oth the pressure P and volume V factors in ideal gas equation needed

arrection in order to make it applicable to real gasses.

‘olume Correction: -
The moleeules are nor compressible. vandet Waals suggested that the

Ideal volume =V excluded volume (b)

The van der Waal's Equation: - " - - "

« The ideal gas equation is nbt much use ar high pressures = ' V-b

= One of the most useful equations to predict the behavior of real gases was 4 '.. * § “

developed by Johannes van der Waals (1837-1923) g e . . i

= He modified the ideal gas law 10 account for: g A = ses
The finite volume of gas malecules il « * .s i
The attractive forces between gas mulecules Tdeal gas Real gas

P= 'ﬁ (the idenl g law) "
Figure:- volume of real gas
van der Waals equation: - *ressure Corrections -
*  The van der Waals constants @ and 5 are different for different gasses The other molecules on all sides attract a molecule in the interior of the
*  They generally increase with an increase in mass of the molecule and,a; These attractive forces cancel out. But a molecule about ta strike the wall
with an increase in the complexity of the gas molecule (i.e. volume,f \he vessel is attracted by the molecules on one side only. Hence it
and number of atoms) wperiences an inward pull, Therafore it strikes the wall with reduced veloeity

®

Pa—

nRT Ma
V-nh W

Correction {or volume

of molecules (decreases
volume as a function of
the number of molecules)

Correction for malecular
attraction (decrcascs pressure
as volume decreases and the
number of molecules increases)

md the actual pressure of the zas p. will be less than the ideal pressure. 1Fthe-
ictual pressure P, less than P, by a quantity p, we have

P=P_ -por P =F+p
*is determine by the force of attraction between molecule (A) striking the wall
ol container and the molecules {B) pulling them inwards. The net force of the

wtraction is therefore, proportional to the conceniration of (A) type molecules
ind alsa of (B) types of molecules,

Fhai is
! I | 2007, 16 2
g.tzherDgeg]dau!c;gt!h!:::i:.:!:twn“ i ‘ ) PeC,xCyor P Oy CyporPx %"':T or |5‘=£1\:r1T
Q. Under what condition gasses deviate from ideal gaslaw. Derive Vander yhere n is total numbers of gas molecules in the volume V

Wall's equation explains its application to real gas and ideal gas. (2011} ng g is the proportionality constant characteristic of the i,
Q.  Derive Vander Waal equation for one mole of 1 gas. (2012) [hus the pressure P in the ideal gas equation is corrécted as
Ans. Vander Waals (1873) encountered the deviation of real gases from ideal
behavior and gives two postulate of the kinetic theory. These are as follows: -
(i)  Gaseous molecules are point masses and have no volume,
(i)  Intermolecular attraction between gases molecule is negligible, Skt
That is why, the ideal gas equation PV = nRT, which is derived from the >10Stituting the values of the corrected pressure and volume
kinetic theary, could not hold for real gases. vander Waals gives an idea that ™" the ideal gas equation PV = nRT, we have

e i

Jor n molecules of gas. [P +%";-]
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Figure:- (a) a molecule ahout to sirike the
wall has net inward pull,
(b) & molecule in the interior of
the gas has balanced attraction.

i

Velocity
reduced

@—®

(B)

&L\\\\\\\\\\\\\\\\\\\\

Wall

Figure:- The striking molecule A is pulled inward by melecules B
which reduce the velocity of A and cause the decrease of pressure
This is known as Vander Waals Equation for n moles of a gas. For | mole ofa

gas (n = 1) Vander Wall's Equation becomes
P+Z | v-b
) (¥~b)=RT
constants a and b in Vander Walls Equation are called Vander Wall's Constants.
Note: - Excluded volume is four times the actual volume of the molecules:-

The excluded volume is not equal to the actual volume of the gas
molecules. In fact, it is four times the added volumes of the molecules and can

be calculated as follows.
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inolecules of radius r eolliding with each utvhur.
v each other more than a distanee 2r. ’i_’hcrs:[uft':e.
the space indicating by the dotted :apl?crc having sphere (3;; 5“|:1!.I: l:;;zm:
available to all the other malecules of the gas. In other wo

spherical space is excluded volume per pair of molecules. Thus
Excluded volume

Let us consider two
Obviously, they cannol approac

Figure:- excluded volume for
a pair of gas molecule

4 R (o S|
Excluded volume for two spherical = 3 Ry ﬁ[ 3 i )

g 2ar |- an,
Excluded volume for permolecule (V) = 578 377 |5 %m
Where V_ is the actual volume of a single molecule. Therefore, in general,
excluded volume of the gas is four times the actual volume of the molecule.

Q.3 DefineP,V,T- (1999)
Ans. Anders (1869) studied the P-T conditions of liquefactions of several

gases. He established that for every gas there is a temperature below which
the gas can be liquefied but above it the gas defies liquification. This

temperature called critical temperature of the gas,
The critical temperature T , of a gas may be defined as that temperature

above which it cannot be liquefied no matter how much the pressure applied.
The critical pressure, P, is the minimum pressure required to liquefy the

£as at its critical temperature.
The critical volume, V_is the volume occupied by a mole of the gas at

critical temperature and critical pressure,
P V. and T - are collectively called the critical constant of the gas. All

real gases have characteristic constants,

Q4 Write down the value of Vander Waals critical constants P, and T,
(2002)

a

Ans. The value of P is = PP TIRE
Where a and b are Vander Walls constant and R is gas constant,

and T, =

(__For more details Visit Us At- www.winsomepublication.in )
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Q.5 Explain critieal phenoming on the basis of isotherms of CO, gas. Define
eritical constants and devive the values of PV, T-Irom Vander Walls
equation, (2007)
Other Related Questions -
Q. Derive expressions for eritical constants in terms of Van der Waals
constants *a’ and *b". How are the eritical constants fnte reelated with each

other ? (2010,13,17)
Ans.  vander Waals Equation and Critical C onstant: -

Thomson (1871) studied the isotherms of carbon dicxide drawn by
Andres, He suggested that there should be no sharp poinis in the isotherms
below the critical temperature, These 1sotherms should really exhibil o complete
continuity of state from gas 1o liquid. He showed a theoretical wavy curve,
The curve MLB in figure represents a gas compressed in a way that it would
remain stable. The curve MNC represents a super heated liquid, This type of
continuity of state is predicted by Vander Wall's cubic equation,
Aceording 1o ligure. for any siven value of pressure (P) and temperature
(T} there should be three value of Volume (V). these values are indicated by
points B, M and C of the wavy curve. The three values of Volume (V) become
closer as the horizontal pan of the isotherm rises, Al the critical point these
values becomes identical. This enables the caleulation of T.PandV interms
of Vander Wall's Constant. The vander Wall's equation may be written as

ritical point

o I Isothermal
kL p

: |

T

H

= — vV —
=8

Fig. - Isathermal of
an ideal gas at tem-
perature T,

ey,

Volume =——
Figure: Tsotherm of carban dioxide according to Vander Wall's Equation.

[P+%}(V—b]=gr
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7 12 yal—ab=0
: a_ab_pr_g= PI*-(RT+POI
PY—Ph+ -5 )
V=Y.
And (V=¥ )-0 = 2 )
gingioh = )
At u:nn‘:::1 _PW Vv V- i

’ ! ion gives
Thus et eritical point vander Wall's equation giv

£ N fa), (a) o |
l-'l—[fr:—'+b}lr {—E]# [E-J

Equating coefTicient of equation (1) and eq. (2}

W, =FPL+{} ......... (3}
! A4
32 =% ....... ()
pda Bt : bRy
R ;-

from equation {4) and equation {3) i
v =3b
subliiuti(ng the valug in equation {4)

it

P.=—s PSS 1|
B _
subtituiing the value of V_and P, in equation (3)
... iy
 27Rb

Knowing a and b which can be deduced from deviation of id.?al gas
equation. The critical constants can easily be calculated. Cumr:r{.:]y, since P,
and T, can often be determined experimentally with comparative ease, the
values may be employed o caleulated the constant a and b

a=W3p andbz-';i

Q6. With the help of vander Wall’s equation explain the behaviour of real
gas, when
(i) The pressure is too high
(ii) The temperature is high. _ (2016)
Amps.  The vander Waal's equation is

[“ "",:—:]l'."’ ~b)=RT ()

(__For more details Visit Us At - www.winsomepublication.in )
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or

a ab
PV +—-Ph-—=
T . RT
neglecting ab V-, which is vers small quantits, we have
. a
PV-Pb+—= i
b Tl i)

ITP and V| represents pressure and volume then the ideal g2as equation will be

PV =RT

Y coaspavicas I

By eq. (i) and (iii). we get e
PV - Pb—\—a.= RT=PV

REEON 1)

or P\'-Pb*\—?:p\:

(i) At low pressure: -
The factor Pb is very small and is neglected, so we have PV + a/V =

PV, thus the observed product of pressure and voiume is less by a'V than
expected for an ideal gas.

(i) At high pressure: -
The factor a’V can be neglected so from equation (iv), we have PV -

Pb="P V. hence, the observed product is oreater by Pb, than expected foran
ideal gas.

(fii) At high temperature: -
The factors Pband &'V are nesglected and the equation (iv) becomes

PV =PV, =RT which is the same as desired.

Q.7 One mole of diethyl ether occupies 15 liters at 27°C caleulate the
pressure if Vander Walls constant for di ethyl eather are a=17.38 atm liter®
mole?and b=0.134 liter* {Imp.)
Ans.  As we know

2.
(PJ;._:'J(}'—nb}:HET

dividing by (V - nb) and solving for P
nRT e

V-nb -F'?
Heren= [, R =0.0821 liter atm mol" K*', V= 5L and the values of'a and b, we

have

P=

_ 1%0.0821x500 1”x17.38
15:(1x0.134)  15x15

T=273+227=3500K

( Shop Online_at www.winsomecollection.co.in )
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_A10s 1738 _ 456 007724 = 2.7028tm
14.766 225
ineti 7 and
Q.8 What are the main postulates of the kinetic theory of gas® Dedu::m .
expression for kinetic gas equation.
roscopic model of a

Ans. Postulates: -
The kinetic molecula

iroa i d o
. The prediction and calculotion l'.-last' 3 this model.
f:;erimen:al observations. This establishes the basic correctness of th

{1) A gas consist of a large number of identical molecules of m::: Jem:ba:i:
dimension of these molecules are very-very small c!::mpar:s
between them. Hence the molecule is treated as point massTs. I
{2) There are practically no attractive forces between the molecules.
molecules therefore, move independently.

i d

3) The malecules are in a state of ceaseless an ‘ otior ;
< with each other and with the walls of container. The direction of the_lr
n. These collisions are known as elastic

motions changes only on collisiol
collision in which the energy and momentum of the molecule are

conserved. B "
The pressure of a gas is the result of the collision of the molecules wi

is based on the mic "
e n the model agree well with the

random motion, colliding

)
the walls of the container, L
The average kinetic energy of the colliding molecules is directionally to

(3) )
its lemperature.

Average Kinetic energy of the molecules: - . ;v
The pressure of the gas in terms of kinetic model is given as

FE L{ ']—E—]mrr" where T= rool mean square speed.

Using the above relationship and gas law a connection between the average

; R
ranslation kinetic energy, 7 mii*  ofa molecule at the temperature T of the

gas can be derived. Thus we have (PV = RT) for one mole of gas or

I . -
;N qmii~ = RT
[N =N, for one male of gas = Avogadro constant]
I! =2 SRF

— il -
or 5 ]
2 21 A

K= -~ = Boltzmann Cnns;anlJ
Na

That is average translation kinetic energy, (3/2) KT, of a molecule is

directly proportional 1o the temperature of the gas. Also the average kinetic

energy per mole of the gas is equal 10 (3/2) KT.
For more details Visit Us At - www.winsomepublication.in )
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QY9  The critical constant for water are T =647 K, P =218 ag,_
0,057 L/mol ealculate vander Waals constant a and b, '

Chemistry 111 Paper - Unit 1-11

- B.5¢. I* Yoear -
Al f % such an

By including more and more terms in higher powers : .
-;— (which also

heen used by various investigators 1o express

Ans.  We know that b b
approacn Nas
a =3PV 2=3x218x 0.057=2.112 L*atm mol* PPt Z) cither as a function of 1/V or as a function of P as shown by the
b=V./3=0.057/3=0.19 L mol" s iy
Q.10 Derive expression for pressure from the kinetic theory of Bases ang ol i BT, C'(-? = D{? Hetinl e AN
T respectively

derive Boyle's law, Charler’s law form it. (2005, 06|

Other Related Questions -

Q. Show that the value of Boy
the help of van der Wall's equation.
Ans.  Boyvle’s Law: -

The kinetic molecular mode! assumes that pressure of & gas is due fp
the collision of the gas molecule with the walls of the container, The more gf
the frequency of collision, the higher would be the pressure. The reduction in
the volume of the gas, increase the value of (N/V to which pressure is directly
proportional in the above model. Therefore as the volume of the gas is reduced
the pressure increases, or in other words, the pressure is inversely proportional
to the volume.

We have already derived that

le Temperature (T,) may be calculated wigh
(2018)

20NY1 5 2{N3
P==| — |—mii® == = |2
o J[V]z 3[1*}2”
ar PV=NKT
Pe :

Form this equation it can be seen that at a constant temperature for
fixed number of gas molecules the pressure is inversely proportional to volume.

Charle's Law: -
From the above relation PV = NKT, it can be seen that at constant

pressure and for constant amount of gas n = (N/N ) volume is directly
propoertional to the temperature which is the statement of the Charl’s Law.

Q.11. Derive the virial equation of state and hence show that Boyle's
temperature isa/R,, (Imp.}
Ans. Any variable quantity 'y’ can be expressed irrespective of any theory
with more and more accuracy by an algebraic expression (polynomial) of the

type
Y=A+Bx+C+Dx'.............

)

Shap Online at www.winsomecollection.co.in

C

ending on temperatures
since the contribution from the square

ly smaller than the [* two terms

RT
Where B, €, D are constant dep

called 11, 111, 1V Virial Coefficient of gas.

cubes offer higher powers :r:e Mc::::;:
uation reduced to PV = co
Eiigmperamrc at which B = 0 this temperature for any gas is called boyle

temperature. terms of vander

The virial ¢

quation coefficient can be expressed in
Wall's equation as by arrang

ng vander Wall's Constant.

o T = M
[P+;'_5]{V..b)=ﬁ = _V-b VZ
multiplying by V
RT a
e g
ity Vb ¥
dividing by RT
= =1
PV_V _a =[V—b}]_ :(]—-{,—} S0 SO .}
RT v-b RIV \ ¥ ) &IV \' V)] RTV

i =1
now eq. (2) is the binomial series [l -F] which can be expressed as
2 3
L TR DN g 13
RT V pZ 3 RTV
neglecting higher terms
- +£_ a B " b
vV RTV yE
PV 1 al ¥ B
e m | - el
RT V(b RT}+;T+F3

comparing this eq, with eq. (1) for n= 1 we gat

a 2
and D(T) =b" etc.

(__For more details Visit Us At - www.winsomepublication.in
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From experiment ofreal gas it is found that I virial coeflicient is negative
at low temperature reaches at maximum and then decreases the lemperature a
which II virial coefficient maximum is called the boyle temperature,

PV =RT{1+

Comparing this equation with virial equation of state

B(7)), (1), o(7)

V _\m h‘..w

PV =RT| 1+

Since in the Vander Waals equation is very small, the term involving V?

V?3........ etc can be neglected so the vander Waals equation can be written in
the virial term as

Bt
R
>

Since at boyle temperature the 11 virial coeflicient is zero

po Y
RTj
v

0 (where T is boyle temperaturc)

;L. O a8

RT, RT, Rb
Where T, is boyle temperature of the gas obeying van der wall’s
equation.

Or =Ty =

Q.12 Give the Maxwell’s Law of distribution of molecular velocities.
(2006)

Other Related Questions -

Q. Explain Maxwell’s distribution law of molecular velocities after giving

mathematical expression and graph. ' (2012)

Ans. Maxwell worked out the distribution of molecules between different

possible velocities by applying probability consideration

3/
/
dn, 2
n

MC*

M e 2RTC’dC

2rRT

Where dn_= number of molecules having velocity between C and (C+

dC), n = total number of molecules, M = molecular mass, T = temperature on
absolute scale,

=4r

C

Shop Online at www.winsomecollection.co.in
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-~ +dC’
Out of a total n molecules having the velocities between C and .

M Y2,
| dn¢ T2RT 2
e e ==l e 8
O n dC : 2aRT . \
372 E
ldne _ (M| '
n dC 2nRT .
1 dn¢ z .
g Ity of findin
Where mm is called Boltzmann factor, "~ give the probabilty o g

€

| molecules having velocity C.

|

The distribution can be graphically represented as

Most Average
o0s i

.. velocity )
probable velocity rms velocity

dnellT,/ 7 L i

dnc ji 1,

de

T; %
AN
C” dc C+dC

Velocity (C)

Fig. - Distribution of molecular speeds in a gas at different temperatures
From above graph we see that
(i) Fraction of the molecules to high to low velocity is very small
(ii) There is a certain velocity for which the fraction of the molecule is maximum

most probably velocity, which depends upon the volume of the gas at

given temperature.
Effect of temperature on distribution.

The Boltzmann factor increases markedly with increases in temperature

most probably velocity is increases with increase in temperature or in other

io_dm_.wmnm:a.sﬁoﬂmeqo?n:.mo:o:omao_mnc_nmsmismEw_:.m_onanm
cansiderably. ‘

Q.13. Calculate critical constant of a gas if values of its vander walls
constants, ‘a’ and ‘b’ are 0.75 dm® atm mol? and 2.26 x 10 dm?® mol",
respectively. (2008)
Ans. 'V =3b=3(0.0226dm’ mol")=0.0678 dm’ mol*

a _  0.751dm°atm mol™

— 3 -
275" 27(2.26 102 dm’mol™ )
(_ For more details Visit Us At - www.winsomepublication.in )
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. , ! ; ill be exact differential if
Lo Bt 8(0.751dm"atm mol ™ ) According to enter reciprocal relation dP Wil :
C = 3 T " I
27Rb 27(0.08206dm’"atm K™'mol™}(2.26 xm'zdm3mr‘) a(RT/P) 3(R/V)
= 120K T | Lk
H

Q.14. Write Berthelot's equation of state for real gases. (2007, 1§ i i
Ans. For real gas Berthelot proposed the following empirical equalil;;n it -—RT = —— which is true. So dP will be exact differential.
explain the bevaviour of real gas L4

{P+aNTV? )} (V_-b)=RT

This equation basically the correction of Vander Waals equation excepQ.16. Write the short note on Law 0

that correction factor, however this equation is quite accutare for the mol

a
mass of the gas. i

Q.15.

If pressure, volume and temperature of one mole of agasare

a
related as [P +?)("' 'h) =RT chow that

(i) P is a state function and
(i) dp is an exact differential

: . i
e [P +—r—)(v-b}=RT
B
Let P be a state function of two variable (V and T) of system

P=f(V,T)
Since P is state function hence differential of P will be a exact differential can
aP

be written as
dP=[ Jd"v’+(
Vv )

ideal gas equation PV = Rt

Pany

v
£

)

J _R
V V
Putting in eq.(i)

dP:[ Jor

(2010, 17)
(|

P

JdT
ar Jy

So

P

oT

_RT

=—— and (
; VP
RT

)

TS

R

Vv

esponding states.
m— ng{zllﬂti. 11,14,17,18)
ding state: - )
= Brcog;;segs“::anialgly it has been concluded that all gases give the
arbon dioxide near the critical point. The actual
rmn varies with the critical constants of the gas. !f
f pressure, volume and temperature 1S
ther isotherms would concide. Under
isothermal diagram and one

Ans,

same type of isotherm as ¢
position of the critical isothe
for each different gas a suitable scale 0
selected, it will be possible that all the 0
such circumtances we should have one
fiundamental equation for all gases. .

1f the pressure, volume and temperature of a gas are expressed in
terms of the critical pressure, volume and temperature resp:cmrel}:, thus,

P=nP, V=4V and T = 8T, sustituting these values in Vander
Waal's equation, becomes

[ ]['W. - b)=RET,

Substituting P_=a/27b%, V_=3b, T_= 82/27Rb

a
P
n 3 #-V-

€

na a "y BaB
[ﬁ+ 9%'b° )(m =3

a 3 8ab
‘-ﬁ‘[ +F}b{3¢—u—i—{6

Ln--%][h-i]:%

The quantities 7, & and 8 are called the reduced pressure, volume
and température respectively.

This equation is known as the reduced of state and is independent
on the nature of the substances as it does not contain the critical constants.
It is applicable to all substances in the liquid or gaseous state. According to
the reduced temperature and pressure, they will also have the same reduced
volume.

This statement is known as the law of corresponding states and the

Shop Online at www.winsomecollection.co.in
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subswunces under such conditions are said 1o be in corresponding states, & a 2IRT 304 0.083 %37
F = —_—= = e ———, )
Mo T = 37RE b s =

Q.17.  Compare among the Root mean square speed, Average speed ap,

:::t probable speed with mathematical details (equations). (Iﬂlzj % T 34" 13b
(i) The average velocity V_
(ii) The rool mean square velocity (V_ ) - T
(iii) The most probable velocities Wi We keiow that Tc 276°
W= o w ‘Jﬁ _ [RT > a=2ER > BAIb=270x728
:l] o M ‘: } e M C \"“‘, = '?
84.13 _ o042 mol”
Root mean square speed, average speed and the most probable speed haw “3xT28 0.042
following relationship: =% y -
S W Hence a=84.13%0.042 =353 atmmol™
The ratio between the three speeds is given below: s
u,,cu,u, 0o 1011281224 Q21.  Whriteshort note on critical constants. #015)

Ans.  Critical Constants: - ) -
Q.18.  Oxygen has density of 1.429 g/litre at N.T.P. Calculate root mea Critical Temperature T - The critical lemperature isthe maximum t::}'rptrmnc
square and average velocities of oxvgen molecules. (2011 at which a gas can be liquified i.e. the temperature above which a liquid cannot

Ans. Root mean square velocity ekt N _
ART  [3xB.315x298 . Critical Pressure P_ - The critical pressureis the minimum pressure required to

== J? :‘f 72 =N cause liquefication at the temperature T . ‘
Critical Volume V- The critical volume is the volume occupied by one mole of

Average Veloctiy

Ve ||.SRT » iEnS.SISxES‘E =19.86
am 3 4=l

Q.19.  Compare inversion temperature (T ) and Boyle's temperature (T

a gas al critical temperature T_and critical pressure P,

Q.22. Foranideal gas v = RT | show that dV is an exact differential .
l]‘

mathematically. (2012 4. We know that work differential dw is calculated as: (2016)
Ans.  The Boyle's temperature (T,) and inversion temperature (T ) al dw=PdVv reeeene1)
related to the two van der Waals constants as: since volume V is a state function i.e. it is independent of the path [V = { (T,P}]

_ ¢ ] hence dV is an exact differential. Therefore

' Eatsrofrat
b 2 av av
. dV=| — | dT+|—| d
Note: [&'T], (&Pl P

Boyle's temperature is the temperature at which the gases obey the ides
gas laws over a wide range of pressures,

Inversion temperature is the temperature at which the Joule Thompsd
ceefficient changes its sign i.e., from positive to negative or vice versa.

For an ideal gas, we know that PV = RT which means: V=RT/P.

Q.23.  The Vander Waal's constant ‘b’ for CO,in 4.28 x 10" dm*mol™. If
€O, molecule is assumed to be spherical then calculate its molecular diam-

Q:20.  Calculate the van der Waals constants a and b, If T, =31C,P, =73 eter. . (2018)
atm. and R = 0,082 atm dm’K"' mol". (2013 SoL  For 1 mole of the gas,
Sol.  GiveT,=31°C=304K, P, =72.8 atm and R =0.082 atm dm’k" mol’ b=dNv,

J (__For more details Visit Us At - www.winsomepublication.in )
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where N is Avagadro's number and v, is actual volume of the gas molecyly
0.4428

v, - litres
"4V ax6.022x107
=LT77 %107 litres = 1.777 107 em”
But V",—ﬂrrr =i, 2T
3 342
30V, 6x1.777xi0Y .
e e = 33 90 10
B 3143 >
i o 3
which gives a=324%10" emor3.24 A
Q.24.

Al 340K and atmospheric pressure N, O, is 66% dissociated imy
NO,. What volume of 10g N,0, accupy under these conditions. (2013
Sol. 10gN,0,=10/92=0.1087 mol of N.O, |
As N,0, is 66% dissociated, so the mol of undissociated N.Q,

34
=0.187x— =0.0369
100 "

Now find out the volume of N,O, use the following equation.
PV=nRT

Heren=0.03696 mol, R = 0.082 Latn K mol!, T=340K P= | st
Hence V= 103696x0082x340 .
Q.25.

Average root mean square, most probable and average speeds are i
the order of increasing value. Discuss the effects of tem perature and pr
sure on these speeds. (201
Ans.  Average root mean square (C,,)s most probable (C_) and averag|
speeds (C, ) the relationship among velocities are ;
8
: =42, /—:v3

oM M 2 \/; B

=1:1.128:1.224

- 3RT
CNF .C“ ,'crms =JT:

In Awe root mean square, most probable and average speeds th
temperature are in the temperature in square root. So that the averagt
T00t mean square, most probable and average speed varies as the squart
root of the absolute temperature.

Root mean square ( rms) velocity is mathematically defined as

&

3RT

SRT
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C o = VIRT/M

where R is universal gas constant

iz the molar mass of the zas. .
1t is clearly evident from the expression that at

rms speed is going to be constant.
If the gas is considered to be an i
as follows

Viewit = JIRT /M =+3Pv/M

since for Imole of an ideal gas Pv = RT. where P and v are pressyre
of the gas respectively.

now when pressure is doubled at constant temperature then volume hcc:mz
half and the product PV remains constant ( Boyle's law) and hence rrn: hpend
remains same. The effect of temperature and pressure for most probable a
average speeds a similar explanation can be apply as above.

T is absolute temperature and M

constant temperature

deal gas equation (i} can be rewritten

and vulumé

Write short note on collision frequency and mean free path. (2018)
Collision Number: - )

It can be shown on kinetic considerations that in a gas tl:l_e
number of molecules with which a single molecule will collide per unit time 15

0Q.26.
Ans.

given by J2nd 7 y.p where pisthe average velocity of the molecules and
o is the number density. i.e.. the number of molecules per unit volume of the
gas. This expression, evidently, gives the number of callisions suffered by a
single molecule per unit time per unit volume of the gas. This is known as the
collision number. Thus
L= Jird? Y.p sy

The total number of meleculas colliding per unit time per unit volume

of the gas is , therefore given by ~/2 d * y.p . Since each collision involves

two molecules, the number of collisions of like molecules oceuring per unit time
per unit volume of the gas is given by

2 = 3(VIxa 19 ) = o= (xd%1p?) D

Collision Frequency - The number Z, in eq.(if) gives the collision frequency of
the gas. Thus, collision frequency is the number of the moleculer collision
occuring per unit time per unit volume of the gas.

It readily follows that the number of collisions of molecules of type 1
with those of type 2, would be given by

I a
Zyy = =(xd*vp,p:)
(__For more details Visit Us At - www.winsomepublication.in_)
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where r. and r_ are the number densities of molecules of type | and 2. repectiyy
The number density p is equal o P/KT, as shown below:

For an ideal gas. PVr nRT =nN kT

P=nN kT'V=NKTV vz Se— )
" hul W= nM );sth total number of molecules inn molescfthe :.35 Singg —

is the number of molecules per unit volume. hence p = N/V, Thus, P=pkT

AL - B.Sc 1" Year - Chemistrs {11 Paper = Unit | - 21

Nnxllﬂ

-1 .p i E]
lTr-—K-[T

12T €L
o proportional to temperature and in-

Thus mean free path is directly

n=

e

. p=PkT g
Eq.(i) and (ii) may thus be written as versely to p .
£= SIrd el i kT «{v) Q.28. Show thdt F:tl:ded;'uh;:ae for each molecule of a gas is gmnl!}]
*yp? the actual volume of each molecu
e L Ans.  Consider the molecules A and B of equal radius r of a;); f:g: ;
o ! ‘E( KT }: """""" ) molecules when touching from any direction will alwaysdh:::w e
It may be noted that while units of Z, are s, those of Z | are shm, seperated by 2r. This means that effective volume occupie
Mean Free Path: - 4 Yy
At a given temperature, a molecule travels in a straight line befi 15 3"'(2"]]1-°-3- T

collision with another molecule. The distance travelled by the malecule bell o o frective volume occupied by

collision is termed free path. The free path for a molecule varies from timy
time. The mean distance iravelled by a molecule between two successive ed each molecule = lg im’ = 4_1 r
sions is called the Mean Free Path, It is denoted by . if |, L, I, are the 23 3
paths for a molecule of a gas, its free path S s 4 =
L= b+l 4441, The volume of the individual isolated molecule ==
Thu the excluded volume is four times the actual volume of a molecule.

n
where n is Lhe number of molecules with which the molecule collid
Evidently, the number of molecular collisions will be less at a lower pressure

lower density and longer will be the mean free path. The mean free path isa

related with the viscosity of the gas
The mean free path, &, is given by the expression

¥ 3
— a‘ = —_—
z "rd

where P = pressure of the gas, d = density of the gas, i = coefficient

viscosity of the gas

Q.27.  Show that mean free path is inversely proportional fo pressure. (ol
Ans.  Theaverage distance covered by a molecule between two s
collisions is called mean free path and is denoted by 2 .
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A=
Jznnin
where n = no. of molecules/cc. Again, if P and T denote the P“’s""""‘
temperature of the gas, from kinetic theory.
Px 10" =nRT/N,
R
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" Unitll

Thermody namics and Thermochemistry
The thermodynamics deals with the studs of flow of heat, it deals with eng
changes accompanying physical and chemical processes. Thermodynay

relationships between them is known as Thermaodynamics.
) Terminology of thermodynamics; -

Three thermoedynamic term

v w

(BY Surrounding (C) Process

Isothermal process
Adiabatic process
Isobaric process
Isochoric process
Reversible and
imevertible process

v
LAY Svsem

¥
Open system 1solated sysiem

Closed svsiem

Eneray &

G -

(A) System: -

_ A system will be defined as any specified portion of a matter in te
universe, which is under study.

(i) Isolated system: -

A system, which can exchange neither
surroundings, is called lsolated system,
(i) Closed system: -

energy nor matter with ¥

(__For more details Visit Us AL- www winsomepublication i)

Al :
‘ith its
A svstem. which can exchange energy but not matter with 1
surrounding is called a closed systen.
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(i) Open system: -

A system, which can exchange matiér as well as energy with its

i i ater
™ syrrounding is said to be open system. consider in the operation of w
Migy
is based on three generalization called the first, second and third law o
thermodynamics, These laws based on human experienced: there is 1o formy
proof of these laws. In other word we can say.  the branch of science whigy

deals with the study of different forms of energy and the quantitatiy,

placed in a open beaker. the water vapour \\'il_i txtlllf;;'-gi.: 11:;:;:::";:;*1 'l;%
while heat acquired. Following vaporization Will b&
surrounding hence it is open system.
(BY Surrounding: - N

The test of the universe, which might be in a position exchange
energy and matter with the system, is called surrounding.
() Process: -

When a thermodynamic system changes from one state to another the
operation is called a Process.
(i) Isothermal process (AT =0} -

A process is said to be isothermal if the temperature of the system
remains constant during ¢ach step of the process that is AT = 0.
(iiy Adiabatic process: -

A process is said 1o be adiabatic if no heat enters or leave the system
during each step of the process that is AQ = 0.
(i) Isobaric process: -

A process is said to be isobaric if the pressure of the system remains
constant during each siep of the change in the state out the system that is AP =0,
(iv) Isochoric process: -

A process is said 1o be isochoric if the volume of the system remains
constant during each step of the process that is AV =0,
(v) Reversible and irreversible process: -

A process carried owt infinitesimally slowly so that the driving force is
only infinitesimally greater than the opposite force is called a reversible process.

A process, which does not take place infinitesimally slowly is said to be
irreversible process.

Q.1.  Write short note on extensive and intensive properties. (2009, 15)
Ans:  Extensive properties: - .

The se are those properties, which depend upon the quantity of the
matter contained in the system, The common examples of these properties are
mass, volume and heat capacity. Besides these, some other properties, which

is thermodynamic parameter e.g. - internal energy, enthalpy. entropy, Gibbs
free energy ete.

Intensive properties: -

These are those properties, which depends only upon the nature of the
substance and are independent of the amount of the substance present in the

C
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system. The common examples of these propertics are temperature, pressyp,
refractive index, viscosity. density, surface tension, specific heat, fm!Ziné (i) By supplying heat o the system.
point. beiling paint ete. (ii) By doing work on the system.
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Q2 Define state functions. Explain why the quantities work (w) and heg Suppose the internal energy of the system = E,

(q) are not the state functions? (2009 |r it absorbed heat g, its internal energy become =E,+q :
If further work w is done on the system, the intemal energy will further increase

Related ions -
Q. What do you mean by state function and path function. (Impy and become = E +q+w
Ans: Path function and state function: - ' Let us call this finial internal energy as E, then
The physical and thermodynamic properties, which depend upoy E,=~E, +tq+w or E-E,=q+w
AE=q+w

only initial and final state is termed as state function. In such case we cg Or v ) . - _
calculate only difference in contrast path function, which determined eacj Above equation is math""_““"“' [omulalmnof_ﬂiei s nfm:mndynam}cs.
and every instant. Example of state function is Internal energy (dE), Enthalpy If the work done is the work of expansion, then w would be (-} sign.
Entropy, free energy ete.

It is interesting 1o note that a state function is an exact differential while thy
differential of path function is inexact differential. An exact differential is thy =
which can be integrated between appropriate limits to give a definite value. Fo , ;
example enternal energy is state function because of Q.4 Find the exp ression for work done in isothermal reversible expansion.

Hernce above eguation is as
AE=q-W
AE =q-PAY

oo w=PAY

Ans. lsothermal Reversible Expansion: -

E - " . )
j dE=E, -E Reversibility and maximum work: - Let us consider an ideal gas keptina
e eylinder fitted with frictionless and weightless piston. The external pressure
5 K d ity function: and whid applied on the gas is P, suppose the gas expands (V increase) reversibility
In contrast absorbed enerzy and work done are pa i from V, 1oV, at constant T. .
cannot be integrated. dW = (P-dP)A.dI D)

’ . dlisinfinitesimally small displacement of piston, A= cross-section,
Q.3. State the first law of thermodynamics and obtain a mathematical g0 A di=dV

formulation of the law, Hence dW = (P -dP)dV

Related ions - 2, dP is very-very small so it is neglected.

Q.  State “First law of thermodynamics”. (2008, 12 dw,_ =PdV i)

Amns: First law of thermodynamics: - total amount of work done by the gas will be obtained by integrating eq(2).
The first law of thermodynamics is simply the law of conservational % . )

energy, which states  Energy can neither be created nor destroyed although j — .[ P ssw s Ly [ heiA mole of an ideal gas

it may be converted from one form to another.” Or the total energy of the rev ! v g PV=RT = P= %

universe (i.e. system and surrounding) remains constant although it may

undergo transformation from one form to another form. since T is constant.

Mathematical formulation: - v,
(i.e. relationship between internal energy work and heat). LW, = RTI a RT(InV)Y: =RT(InV, - InV;)
The internal energy of s system can be increased in two ways. As given @ Y v '
igure.
Vs, WV
= W, = RTh— =-RTIn—L
J | - Vi T v,
St oo
E, eatabsorved~ |E,*q| “(workdoneon |FT9™ Atconstat T PV, =BV, = T

V; P

= the system)
For more details Visit Us At - www.winsomepublic @ C Shop Online at www.winsomecollection.co.in
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Substituting in eq.(1) we get
gp =qu t AnRT

Show that for a constant volume progess tg =dE and for a constant

Al (2016)

ure process dq =dH.
H__“.?ﬁ __3._..,... use the definition of the enthalpy H of a gas:

H=E+PV
(| Then; dH=dE +PdV + V P
11 Substitute into the first law equation:
W dQ=dH-VdP-PdV +PdV
dQ=dH-VdP
is an alternate way to present the first law of thermodynamics. For an ideal gas,
nythe equation of state is written:
PV=RT
ywhere R is the gas constant. The heat transfer of a gas is equal to the heat
capacity times the change in temperature; in differential form:
dQ=CdT
If we have a constant volume process, the formulation of the first law gives:
dE =dQ = C (constant volume)dT -
Similarly, for a constant pressure process, the formulation of the first law gives:
dH = dQ = C (constant pressure) dT

().8. Show that the decrease in Gibb's free energy at constant temperature
and pressure is equal to the net work over and above the mechanical work.
(Imp.)
Ans: Energy of the system, which does not increase even in isothermal and
isobaric process, is called as Gibbs free energy or thermodynamical potential.
The free energy G is defined by the relation
G=H-TS A 2
(he values G, H and S depend on the state of the system. If three function of
he eq.(1) al on conslant temperature in two different states of the system are
1, H,, 8 and G, H,, S, then by relation we have
G,=H,-T§, VAR | )
G,=H,-T§, sssinaiasiliy
ubstracting eq.(ii) by eq.(iii) we get
G,-G,=H,-H,-TS,+TS,
» AG=AH-TAS .. veaesiV)
s we know AH=AE +PAV
itting the value of AH in eq.(iv) we get .
AG=AE +PAV - TAS ik V)
10ther relation as we know i.e. AA = AE - TAS
itting AA value in eq.(v) we get
AG=AA+PAV )
idalso AA=-W_ Putting AA value in eq.(vi) we get

Shop Online at www.winsomecollection.co.in
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AG=-W +PAV o !
Multiplying both side of eq(viby (Ysign R 'Using the first 1aw of thermodynamics, show that
Hence .‘Wml_m,”wm, _.jﬂ,w“:m of maximum net work th i G ™ m.m.,ml“u iy = hw_.i_u
3 at can be obtained from, o\ aT ), * \ar) (2006, 18)
(2016)

system at constant temperature and pressure. G is k i

Remark: - Sign no=<w=mmo= - ¥ EEERESE e Q.
(i) Work done on the system, W is positive. o
(ii) Work done by the system, W is negative.

(iii) Heat absorbed by the system, q is positive.

{iv) Heat given out by the system, q is negative.

Q.9. Explain the meaning of internal energy of a system.
Ans: Every substanc
depends upon its chemical nature or temperature pressure, and volume th
energy is known as intrinsic or internal energy. The change in intrinsic energ

is a measurable quantity.

Let E, and E; be the energies 0
Suppose a system while undergoing change from state A to state

heat q from surroundings and also performs some work equal to W
in the internal energy AE accompanying the above process will be by

f the systems state A and B respective

energy. It is defined. a

system by on¢ d
It is cApIess
(ImySpecific he

e is associated with a definite amount of energy, whigits temperature by 1

j Where q = heat absorbed by

B absorbefrom T, 10 T
the changMolar heat capacity: —

temperature

Show that C,- c.~R for one mole of an ideal gas.

Heat capacity: -
It is th

e capacity of the system to absorb and store the
s the heat required to increasing the tempe

rature of the

suree.
od in two-way (a) specifich
at — The amount of heat absorbed by
oC it is defined by C hence

q
m(T, -Ty)
m gm of substance to increase its temperature

eat (b) molar heat capacity.
1 gm of a substance 10 raise

C=

The amount of heat absorb by one mole of substance to raise its

by 1°C, it is denoted by C.

The heat capacity is the rate of change of heat with T that is

AE=E,-E,
= AE=q-W coeenned1) o dq from the first law of thermodynamics
eq.(1)isa mathematical statement of the I* dT dq=dE + PdV
law of thermodynamics.

g o g BBERN e 1)
dT
Q.10.  Show that foranidealgas: At constant volume dV =0
d
..w.ﬁu..,. =0 (2007 equation (1) becomes C= IW At
ov )+ dT
Related Questions - In terms of partial differential differential eq.(2) become
Q. Show that: . -
o *]| —
JE ov v ﬂ
C. € =| P¥ = =t . 2010, 13, 14 arsy
o av ) |\ T )y’ Gk
T P o At constant pressure from eq.(1)
Q. Define ‘heat capacity’ of 2 system and obtain ouv..nmmmc__._.o_‘ h dE + PV
capacities at constant volume and constant pressure. Show that for .n_a__n“ Cc=
c,-C,=R (2008, 201 dT
Since P is constant
Q. Heat capacity of 2 system is defined as dE v
C=— +P| —
_4q dT dT .
dT el SR Online_at www.winsomecollection
At - iii.é,:moamncu__onn_o?_:
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oV
or

—

o (3]

|
P

Now H=E PV

Differentiating this eq. with respect to temperature at constant P we gy

Twﬁ HTJ _:Am{

— I
._l..‘-_, gﬂ. A u

Comparing equation (4) and eq.(5) we gel
cH

= W TL

Relation between C and C,: -

The heat capacity is the rate of change ol heat with temperature difTerentiating with respect to T at

From the first law of Thermodynamics

_ dE + PdV
dT

dg=dE+PdV = L

Since P is conswant hence

(%), &)
= | —— +_U sy
ar J, aT Jp
mmu
_____.

Also ﬁ__.nﬁll
- (B (3
8T )y \&T ), \aT)y

aT
We know that E is the state function and is regard as a function of any
two of variables P, V and T. If we write E as a function of V and T, then
E=f{VT)
Hence change in E ie. dE can be expressed as

6E av
=|=—| dV+] —
dE ﬁmc@q H.ﬂ.udn.ﬁ

Dividing this equation by dT, keeping P as a constant, we get

Cp

iy

‘ram ¢, (1) and eq. (2)

AL - Se I year - Uhemistry 111 Paper - Uit 11 =31
_..._... i a-..m.”._ H nn_{_ w .
= (&)
mﬁ_..w + A
I ..,.H.—. P

E with respect 10 Vatc

H

ik

s L R 1]
eV .

ﬁ._. |H.ﬂ - H

sor an ideal gas—
i) The variation of

()

ii) For | mole of gas
py=RT

onstant T is zero. That is

RRRSES )

0]

constant pressure, we get

.A5)

oV
Pl —
= hm_,_.u_..

R

av _Nmﬁllu.—ﬂ =R t.

vm T H. eT H.

‘ram eq.(3), (4) and (5) we get
c,-C,=R

\lternate derivation of C,— C,

\s H=E+PV

Yifferentiating with respect to T

dH _ dE _ dl PV)

4T 4T dT
For one mole of gas PV=RT
ddH _ dE = d(RT)
dT dT dT

+

dE
and — =C
ar ¥

dH
=
gr "
= Cp-Cy=R

2.11. Whatis the inversion temperature and deduce the Joule
2ffect.

Diher Related Questions -
Q. Write shurt notes on inversion temperature.
Q.  Explain Joule-Thomson coefficient.

Ans: Joule Thomson effect: -

! If a steam of gas at high pressure is atlowed to expand by passing
through a porous plug into a vacuum on a region of low pressure it gets cool,

=

Thomson
(Imp.)

(2014)
(2017)
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By the definition of enthalpy
H=E+PV =& dH = dE + PdV + VdF seeri W)
From second law of thermodynamics
-9 PR (1,
L T
But from first law of thermodynamics
dg = dE + PdV e )
= gg= SEXPV Tds = dE + PdV
substituting the value in eq.(vi) we get
dH=TdS+VdP = .rieeen (ix)
VdP=dH - TdS
= V= [ﬂ] - T[ﬁ ............... (x)
aP J; aP
Bur we know that

as v .
(EFJT '[El‘ [Maxwell Relation]

Putting this value in eq.(x) we get

oH av
V=|—| +T|—| s i
(&) (&), e
From eq.(v) and eq.{xi) we get
_(&H _2a
@) - =" X
-. 1 [éH
M .EP-[E;J: (xiii)

From eq.(xii) and eq. (xiii) we get
-t (2
i~ [RT h]
MNow we can conclude that if

o
(i) E’:‘_ > b then u is positive,

—_ 3 ;
{ii) =T <b then y is nepative.

AL - [35c 1 Year = Cheminiry U Paper - Uit 1l - 37

(i) _2_3_ =bthen B = o
. mﬂ;umra under this condition s ealled inversion temperatures
i

denoted by T;, Hence

28 .p

when p = 0 then RT,

_ 2a
= T %

Joule Thomsan Coeflicient For Ideal Gas: =
The enthalpy is given by the relation

H=E+PV

(5T _(8H) 4
Now subtituting the eq.(i) ineq. ~*| gp " &p Dot
6T __ 1 [38(E+PV)
[-ﬁf]“ il = 8P

&.-<[E) )]

Multiplying and dividing the first factor of right hand side by 8V,

()25,

In case of ideal gas,
8E
[ﬁl =0

(.E.I ) _ E{PV}

5P ), _c_,[_'m:_l

Al constant temperature,

PV = constant

S(PV)
BP

&T
| [ar]u o

)

fram eq.(ii)

i)

Hence ( ) =0 putting in eq.(iii)
T

...... (iv)
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) T n-Coefficient is zero,
gas, Joule-Thomsa

Thus for an ideal or perfect
s

uring reversibe isothermal eXpansig, {

AL« 1S 1 Yeur < Uhemisiry 1 Poper = Unit 10 = 39

(Ve < Ve (2011)
and adiabatic expansion of an ideal gas

to a common final volume V. ITP _ and

Lo that
i)

i ] andd
RIS e .
Let us consider isothermal

Q.14.  Calculate the work done d il :
one mole of an ideal gas at 27°C from a volume o n' toa volume DI'J-EIdw ?m"; jnitinl volume ¥ _and pressure
(R~ 8314 JK' molc?) P arethe final pressures, then _
v, T Py =PV, for isothermal expansion
Ans.  W=-nRT/ ”VI‘ siid P:V.' =P, V) . for adiabatic expansion i
P \‘,'Ul‘l!i'ﬁgty '.l";"\fn= g 0w
n= | mole T=27+273=300K ::d VY =PIP,
¥, =15dm Since for expansion V, =V, and also for all gasesy> |, hence__
V,=30dm’ ’ VN>V skl
P/ >PR, or Po =P S 11

R=8314 KJ* mole!
_EE

V,
W=-2.303nRT .’ug—v—' = -2303%1x8314x30000g -

W=-172898)

Calculate the work done during reversible isothermal exapansioy

Q.15
of one mole of an ideal gas at 37°C from a volume of 20 dm” 10 4 volume of 3§
dm’ (R=8.314 JK 'mol"), (zo11)
i wz_,.um{.la-_nmnr}(a.swn '}I{]m}m[;g:::‘]
= ~(2303%1%310x8.314)log > = - 1045.21
Q.16.  Show that for an ideal gas [a—HJ =0
ar ), " (201)
Ans.  Foran ideal gas
H=E+PY
For Ideal gas PV=nRT
So H=E+nRT
Since E is a function of T for Ideal £8as
E=fT)
Hmcc:, H=M{T)+nRT PSR ()
Equation (i) means that H is a function of T, i.e.
H=8T) (i)

Differentiating eq.(ii) with respect to P at constant T, we get

()

aP
Q.17.  Compare isotherm al and adiabat
I i¢ expansion of an ideal pas and
(__For more details Visit Us At - www.winsomepublication.in )

"I."hc above conclusion recievs support from the argument that since adiabatic
expansion, there isa fall of temperature, hence, according to the Charles law (P
T at constant = V), there is a corresponding fall of pressure so that P, < F“P.

Mow let us consider the expansions in which the final pressurs P, is
the same in both cases. IfV_and V__, are the final volumes in isothermal an;l

adiabatic expansions, respectively, then
for isothermal expansion

PV, =PV,
and PV 1=P(V ) foradiabatic expansion
Accordingly, P/P=V /V and P/P =(V_ V) wrsrsiaskFE}
for eg.ivi) Vme VooV S AT
or InfV_/Vy=yIn(V__/V)

Since ¥ =1, it follows that
I e (vi)

Vo VeV IV or V<V
This conclusion also recieves support from the argument that since in adiabatic
expansion, there isa fall of lemperature, hence according to the Charles law (V =
T at constant P), there is a corresponding decrease in volume so that V<V .

Q.18.  Write short note on cyclic rule. (2012, 13, 18)
Ans.  Consider the set of state variables {x, y. 2}, of which any two may be

considered independent. The differentials dx and dy then become

dx = [%] dy+ [‘%} dz
(2] (2]
so that %= [%" ]. [g] dx +[(%l 1{%]‘ [%} ]dz

This relationship applies to any {dx, dy}. In particular, if we choose
to make dz = 0, then the coefficients of dx must be equal. Hence, we obtain the
familiar chain rule
E_ Shop Online at www.winsomecollection.co.in 7)
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& ( fl‘] =1
I P.'" @ & x
which can be extracted to an arbitary number of derivatives, all evaluated wiy,

the same constraints, simply by linking each denominator with the next ny.
merator until the chain is closed upon itsell’ ez,

ZEE)E) )

Alternatively, if we choose dx = 0, then the coeflicient of dz must vanish, sp

OCEE

" This relation is known as cyclic rule.

Q.19.  Onemole of an ideal gas is expanded isothermally and reversibly at
27°C from a volume of 2.28 m* to 4.56 m". Calculate g, w, AE and AH for this
process. (2012)
Sol.  Temperature T=27°C =27 +273=300K
Since the process is Isothermal,
Therefore, AE = 0 and AH = 0 (as for an isathermal expansion of an ideal gas
AE=0and AH=0)
As work done in reversible isothermal expansion is given by:
w=-2303nRTIn (V,/V))
=-2.303 (1 mol) (8314 J K™ mol") (300 K) log (4.56 m'/2.28m")
=-1720.151]
From first law, AU=qg+w
Since AU=0,q=-w=1729.15]

Q.20,  Differentiate H=E+ PV with respect to V at constant T to show that

aH
";v' i =0 foran ideal gas.

Sol.  We know that
H=E+PV
Differentiating w. r. t. V at constant T

(2013)

AL - 1S 1 Yeur = Chemintry M1 Poager = Uit 11 - &1
E) o
Foran ideal gas | oy JT ek 2)
far | mole of an ideal gas
PV=RT
- PdV + VdP=RdT
At constant temperature, dT = 0

pdV +VdP=0
or P+V o =0 ik 3)
EV T
Form equations { 1): (2) and (3) we pet
[E] :ﬂ
av

This was to be proved.

Q.21.  Explain the term bond energy. (2013,19)
Sol The bond energy is defined as the average amount of encrgy (per
mole) required to break a particular bond in a molecule producing free atams or
radicals. Thus, the C - H bond energy is one fourth the amount required to
dissociate | mole of methane (CH,) into gaseous carbon and hydrogen atoms.
It is possible that different energies are required to remove the four hydrogen
atoms successively from a methane molecule and so the bond energies are
mean value. Due to this reason the value of bond energy may vary from one
compound to another,
Q22. Shewthat T,V]" =T,V]".
Ans.  Reversible adiabatic expansion of an ideal gas-
In adiabatic changes there is nio heat transfer between system and surroundings.
& dg=10
By First law of thermodynamics
dg=dE+PdV
For adiabatic process
0=dE +PdV =5

(2013,17)

pdV =-dE

Sinr.e%%=cv or AE=C,AT=C,(T,-T,)

oH) _(E av ap Hence PdV=-C,dT W .
av av P = | +V|= For one mole of an ideal gas .
¥ T AV N ) PV=RT = P=RIV e (i)
6E] [ af-] From eq.(i) and (ii)
=|l— | +P+V|—
v av k1) dv & Ly .dl]
T ’ w(§)eeer = TERLT
For :
Tiore details Visit Us At - www.winsomepublication.in C Shop Online_at www.winsor ecollection.co.n
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R r"(H i

[ntegrating above eq. we 21
vdV __f,' F:EI in
vy RINT

TN ) L. T.]F
o= | == — = —
Vi T y AT

9 \'I:TI..\ B =V:T_f" "

= VT™® = conseant e (iv)
Another form of eq.(iv) as follows
¥, € T,
Fromequ(iii) ("5~ = "L"“[—'J
q.(iir) V, R T:
Mow CP_C\ =R *
V. Cy T, C,~-C
P et [} . =3 el (] e = I
v (CF_C\ } T, c, ! v ’ T
v,
= (C_-IJ{H S=ifp—Lt = {T_I}fn_:zg"n.rl
¥ i 3 i T"
wi S
= fn[E;J = fnL Y 1—, " — Tl
1\"'I i T;' : V. - T.
= TV =V _
= T V"™ = constant
Q:23.

Write short notes on Bond energy and resonance energy

Other Rela uestions - (2014, 15, 19)

Q. Explain the bond ene
these energies.

Ans, The heat of formatio

EasE0Us oxygen in n of carbon monooxide from solj

much high than the nom) £ - 1 PO enirgy is 210 cal Ths e g

bond, Taking the heat nffn —_0 value and it shows the pi’ﬂ'ser; 15 Valtie is

each C-O bond s 168 kegl rr - O C2r00n dioxideas 94,0 ¢ LA

Possibility or resong cal. On comparing this value with the al, the energy of

appreciable conmr nce is found, with a triple bonded value of C=0, the
ution. Ifthe structure of carbon df'uxidswcmm making an |

Sy CF‘C:O- The |

TEY and resonance energy. Give applications of
(2018)

heat of formation

T

Se. I? Year - Chemisiry {11 Paper = Univ [T - 43

210 keal. so that the total is at least 280

From these two values it appears rl:m'l l"esunanc:c should occur. Since t-he

(ual energy of formation of earbon dioxide is2x 168= 336 keal, *:hemhhzmg
" due Lo resonance isabout 336 - 300= 36 keal mole: That is to say, 858
oA ence of resonance an additional 36 kcal are required to dissociate!

arbon dioxide into its constituent atoms. o
. in henzene has been explained in the same

The exitence of resonance in
ous atoms is 1036 keal, but the sum of

heat of formation from gase . 1
fsix -C-H, three C-C and three C=C linkage is only 999 keal, includinga
£40 k cal. It is of interest to compare the observed and calculated
hexane, the former is 1398 keal. The comparison of
d energies was used by L. Pauling and J.Sherman to
evaluate the resonance energies in a number of organic compounds.
Resonance energy = Actual or experimental heat of formation - heat

of formation calculated from tond energy data.

AL -B
equal 10 that in carbon monooxide i.€.
k cal.

mole of €

way. The
energies 0
resonance energy o
heat of formation of cyclo-
observed and calculated bon

stem in an isothermal reversible
he work done in an isothermal
(2017)

.24, Show that the work done by thesy
expansion of an ideal gas is greater than t

irreversible expansion.

Ans.  Isothermal Irreversible Expansion Of an Ideal Gas: -
When a gas expands against a constant external pressure

= constant). There is considerable difference between the gas pressure

(Fa
nd the external pressure. The temperature does not change

(inside the cylinder) a
during this process.
¥ Vs
W=-[ TP.dV =-F, L dv =P (V;-V,) =P, AV
Work done in Isothermal Reversible Expansion of an Ideal Gas: -
As a small amount of work done 8W on reversible expansion of a gas
through a small volume dV against an external pressure “P* can be given as
dW=-PdV '
So the total work done when the gas expands from initial volume V| to final
volume V_ is given as I

faw = [ pav
As according to ideal gas equation PV = nRT

p=IRT

v
v,
So W, = _L" nRTdV (as temperatureisconstant) .
So W,, =-nRTIn FVA =-2.303nRTlog,, Y
1 (V1)

Shop Online at www.winsomecollection.co.in
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“‘.,‘.. = 2 3RT h-‘ﬁm — Show that numerically the work in the reversible isothermal expan-
T “::}. & ol expansion and it is maxjy ;5;:11:;1[»11 ideal gas is greater than for  van der Wall's gas. . LR
Here negative sign indicates work oL ey TN gy we know that for an ideal gas, work done w is given as:
greater thun work in the irreversible process. Ans. W, =-nRTIn (VJ/V)
it Waals Gas, work done is given as:
Q.25.  Show that: pul TR V, —nb 1
=q, +AnRT (2019 & a— N -5 (1 [
Ans.  Fora r:?:!::{riuf.al constant prressiire, such a;thl-: taking place ip Woas: = =0RT I"[ Vi 'Hh‘}' ™ [Vi AL }
open cofee-cup calorimeter, the heat Now is equal 1o the change in enthalpy, ; 1 :
a reaction is ci;rriad out at constant volume (as is the case in a sealed E : i ¥>snb; shien Abave aquation WHLreclic i
calorimeter) and there is no mechanical or electrical work involved, no work; V; o 11
done. Under these conditions, with w = 0, the heat flow is equal to the chang Wygy =—0RTIn v, i Ve ¥
in energy, AE. Hence we have .
AH= q, AE=q, e (i) Hence, numerically
{q, = heat flew at constant prressure, g, = heat flow at constant volume). S an® (Vs—-V;)
Almost always, when you carry out a reaction in the laboratory, vy Woseal = Wiaw =—a0 (F = ?} - T
do so a1 constant pressure, that of the atmosphere. I 172
We can obtain a relation between AH and AE for a chemical reactions Hence for the expansion of a gas, V, >V, which shows that numeri-
constant temperature by starting with defining equation relating enthalpy, Hucally the work of expansion in the reversible isothermal expansion of an ideal
energy E gas is greater than van der Waals Gas,
H=E+PVY
Where V is the volume at pressure P. It follows that Q.28.  Caleulate q, w, AU and AH for the reversible isothermal expansion of
AH=AE +A(PY) ‘one mole of an ideal gas at 27°C from thevolume 10 dm’ to 20 dm’.  (2019)
To evaluate A(PV) for a reaction note that |Ans.  Temperature T=2TC=27+273=300K
the PV product fora liquid or solid can be ignored, since their molar volume kSince the process is isothermal, therefore AU = 0 and AH =0 (as for an isother-
. typically only about 0.1 of that for a gas. mal expansion of an ideal gas AU =0 and AH=0).
. gasses 1aking part in the reaction can be assumed to obey the ideal gaths work done in reversible isothermal expansion is given by:
law, PV =nRT. W =-nRTIn(V V)
It follows that =-{1 mol)(8.314 JK*' mol")(300 K) In (20 dm’/10 dm”)
A(PV)=An RT. =-17288)
where An_is the change in number of moles of gas when the reactiof "om firstlaw,  AU=g+ W
takes place. SinceAU=0,q=-W=172881
Finally, we obtain the relation .
AH=AE+AnRT

E
=  q,=q tAnRT

Q.26  For adiabatic reversible adiabatic expansion of an ideal gas, show

that w=nC (T,-T,) (2017)
Ans. Work dene in reversible adiabatic expansion of an ideal pas:
g, =0

T
AE=w=[ nC.dT=-nC,(T,-T)

(__For more details Visit Us At - www.winsomepublication.in ).__ Shop Online at www.winsomecollection.co.in
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= " Chemical Kinetics

Chemical Reaction

Kinetic
consideration

aracterized by thermodynamic and kinetic

v
Thermodynamics
consideration

Each chemical reaction is ch
consideration.
Chemica
of reactants and product at equilib
working out for getting maximum yie
kinetic part.
Rate of a Reaction: -
(i) A— product

_d(a)
dt
(ii)A+B—>C+D

o __d(a)__d®) _dCc]_dD]

' dt dt dt dt
The idea of rate in chemistry is the same as in every day life, such as
the rate of flow of water through a tap, the rate at which a car travels etc. For
a chemical reactions the average reaction rate may be defined as the change
in the concentration of reactants and products per unit. The positive sign
indicates that a concentration of products increases with the time for a reaction.

N,+3H,— 2NH,
d[N,] _1d[H,]_ 1 d[NH;]

Reaction rate = -———=————"—=
dt 3 dt 2 dt

This needs to a forward definition of the reaction rate as “the time
derivatives of the concentration divided by the appropriate stoichiometric

coefficient and converted to constant number.”
In case of gasses reaction, since concentration of any gas component

would be proportional to the partial pressure. The reaction rate can be expressed
for the above reaction as
1 dpy, 1 dpny, |

dpy, 1
dt 3 dt 2 dt

| kinetics means about the relative stability and concentration
rium. The studies have also been useful in

Ids of several industrial products that is

R, =

Reaction rate = —

Q.1  Write the differential rate equations of the following reactions :
(__For more details Visit Us At - www.winsomepublication.in )
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(i) 2A+B— Products
(i) A+2B+2C—» products

(i) 3A + B 2C+D+2E 200y
Ans. (i) 2A + B —» Products: -
| 1d[a] 48]
Rem:onrat==-ET* di
(ii) A + 2B + 2C - produets: -
afa]_14e]__14[c]
Reaction rate=-T=“2‘ dt 2 dt
(iii) 3A + B > 2C+D+2E: -
’ | 1dfa] 1d[B]_d[c]_d[D]_14[E]
Reaction “"F-ET:_E dt di dt 2 dt

Q.2 Write the differential rate equations for the following single Step
reactions :

(1) 2N, (g) > 2NO(g) + 0,(9)

(2016
(i) A+2B+C 3D +2E (2006)
Ans. (i) 2NO, (g) - 2NO(g) + O,(g): -
_ __1d[No,] _1d[No] _d[0,]
Reaction rate = -— = % & at
(ii))A+2B+C— 3D+2E:-
. dfa]__14d[B] _ d[c]
Reaction rate = - i
_1d[p] _ 1 4[]
3 oAt 2 a
Q.3 Writeshort notes on the following :
() Order Of reaction. (2004)
(if) Molecularity of a reaction, (2004)
(iiii) Differentiation Between Order and Molecularity. (2014)
(iv) Pseduo Order Reaction. (Imp)
Ans. (i) Order Of reaction: -

Order may hcldeﬁm:d as sum of the power to which the concentration
term should be raised in order to express the rate of reaction,
A - product

r=KC°,

C

Shop Online ‘at www.winsomenaﬁectiun.c.u in
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Where r = rate. K = rate constant, C°_ concentration term.
Above is the zero order reaction

- Unit [V =57

A + B —» product
r=KC'\Cly

since (1+1)=2, hence it is a second order reaction.
A = product
r=KC',
Hence it is a first order reaction
A+ B+ C — product
r=KC' C'.C'
since (1-+ 1+ 1)=3, hence it is a third order reaction.
as  r=KC'.C,, (1+2)=3third order reaction
r=KC, third order reaction
= KC’AC’F(I+ 1)=3 third order reaction
In short if the rate of a reaction varies as the n® power of concentration
of Aand m* power of the conceniration of B then the order of reaction is (n+

m), the order of reaction may not be always be a whole mumber, it may be
fractional quantity also,

r=KC,"C "order=(n+m),r=KC JC™ order= (ntm/2)
{ii) Molecularity of a reaction: -

Chemical reaction may be classified in twa tvpes
(1) Elementary reaction
(2) Complex reaction

An elementary reaction is a simple reaction, which occurs, in a sing
step. A complex reaction is one, which occurs in two or more steps.
Molecularity of an elementary reaction: -

The molecularity of an elementary reaction is defined as the number

reactant molecules involved in a reaction, the elementary reaction havi

molecularity 1,2, 3 are called unimolecular, bimolecular and termolecular react
(a) Mono Molecular Reaction: -

Molecularity =1
Example Br, — 2Br

H-C-COOH - COOH-ICI-H
H-C-COOH H-C-COOH
( malaic acid) (Fumaricacid)
(b) Bimolecular reaction: -
Molecularity=2

(i) CH,Co0C H,+H,0 - CH,COO0H +C H OH

Ethy acetate aciticacid ethyl alcohol
(i) 2HI — H_L,

(__For more details Visit Us At - www.winsomepublication.
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(e) ‘l‘ermnknulnrﬂelttinﬂs: -

Molecularity-3 '
(i) 2NO+ 0, 2NO,

{ii) 2NO +Cl,— 2NOCI
Molecularity of 8 Complex Reaction: -

Most complex reactions occut in a series of steps, each step is 4
clementary reaction. The stepwise sequence of elementary reactions fiy
converts reactants and products is called mechanism of reaction. In
mechanism some of the steps will be fast and other will be slow. The slows

step is the rate-determining siep.
2N,0; — INO; * Q.
Which is 2 complex reaction it oecurs in the following steps,

Step 1- IN,0; INO, +INO, {fast)
Step [I- NO, +NO; — NO +NO, + 0, (solw)
Step 11l- NO+NO; — INQ, (fast)

IN,04 —» 4NO; +0,

Step 11 is the rate determining step and has molecularity 2.

By the transition state theory, which consider the formation of a
activated complex from the reactants defined molecularity as equal to the
number of molecules, atoms or ions of the reactants used in forming tht
activated complex.

A+B — (AB)* = AB

4

activated complex

(iiif) Differentiation Between Order and Molecularity: -
(i) Order is an experimentally deduced number where as m L
theoretically deduced number. olecularity is4
(i) Order and molecularity not necessarily equal for com ;
are generally different. plex reactions they
(iif) The order of the reaction being an experimental va)
where as the molecularity of the molecules pmicjpaﬁn;; can be_fractiunal
whole numbers only thus rate low for the reaction, areaction can b¢
(iv) Pseduo Order Reaction: -

A reaction in which one of the reactant is :
<hows an order different from the experimental m‘ :‘lﬁih“} a large extent
one is refer to as « pesudo order reaction” for e.g. ley 1 not the actual

A +B — products
Rate = K[AT[B]

( Shop Online at www.winsomecollg
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As ‘B is present in large excess the cOnCEntration remains m“m:l
during the reaction, thus we have .

Rate = K'[A]

Thus the actual order is
reaction i3 said to be * Pesudo first order” for e.g.
Hydrolysis of an Ester:~

CH,COO0C,Hy * H.O — CHJCOOH +* C,H,D'H

2" but in practice it will be first order hence the

(ethyl acetate) excess
Here a large excess of water is used and the rate may be written as
Rate =K [CH,COOC,H,JH;0]
Rate = K [CH;CO0C;Hs]

The reaction is actually second order but

in practice it is found to be
first order hence this is a pesudo first order reaction. .

Q.4 Define theterms of rate and order a react ion. (2008, 13,16)

Ans. (i) Rateofa Reaction: =
The rate by which concentration of reacting molecule decreases which

respect to time or the rate by which concentration of product molecule increases
with respect to time is called rate of reaction.

_ In other words the rate of reaction is defined as the change of
concentration with respect 10 time during the course of any chemical reaction
Unit of rate = Mole 1it™} sec)

(if) Order of Reaction: -
The number of reactant molecule whose concentration changg

determines the rate of reaction is called the order of reaction.

In other words, the order of a reaction is the sum of the exponents !
which the concentration terms are raised in the rate law expression. E.g.,
order of reaction = (m + n)

Order of reaction can be determined only on the basis of experimen’
These value may be zero, whole number, fractional or even number.

Q.5 Derive expression for the rate constant of a zero order reaction.
(2006, 0

Ans. Zero Order Reaction: -
A reaction is said to be of zero order if its rate is independent
concentration of the reactant.

A —» product
Reaction rate is given by equation

- WAL i
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k
a first order reversible reacti = .
For eaction A ‘__I'L-L_ B, derive the inte-

instant if % 1% b:r' ;
Semtion urwﬂd““" e i
rate of forma ated rate CXPression. (2019
< = ﬁr g, Kinetics of first order opposing reactions: )
TjT= K[2 — get Opposed or reversible reaction are those reaction in which forward
Separating the variables al;-nl:lutfu constant} and packward reaction taking place simultaneously, For example.
c=Ki+1 (1=in®
When x=0.1= OtheﬂI =4 » T“CIELL ﬂvR—J
ool rate ufﬂ“aﬁon for ze10 OTCET .+ia] constant (when t=0)
Thus this is the Bﬂﬂﬂ"] Reaction: Initial €€
Characteristic of Z¢ ﬂfﬂrde;mdum < linearly Wlﬂ;tlme plot of 1y s a sk 0
centration of the ing through origin, stant after time t{a - x
et "h‘”wsmhnew z on / time. K=x /1t 3 X

with respect of time "' Wi are concentrati

(if) The units of zero order 13(€ naCL.

gilibrium constant (a - x)
ical mmhmanun of H,a B b

ab

¢.g. photo chemi
where K, = velocity constant of forward reaction
i tion, deriv K. = Velacity constant backward reacti
first order rgverslhlﬂ‘ reac 3 € the 2 f T won.
Q.6 -ﬁ?ﬁ Ful"htﬂhm’t Rnieﬂffﬂmd teaction= K.(a‘x}
integrated rate ullfﬁ*""' Rate of backward reaction = K x
2,303 Met rate formation of B at time t = forward rate - backward rate
K= ——lug »
X=X dx b

—=K(a-x}-Kax @

where K¢ =(K, + k Jand x, is the concentration of Bat equilibrium. (2003 As dt

Other Related Questions -
dx =0

k
Q. Forafirst-order reversible reaction A't's' derive the integrateg /! the equilibrium stage x = x, and “3r
T So K (a-x)-Kx,=0orK (a-x)=Kx, R {11
2303, X g Kale-x) )
(K, kl:]__t"hgﬁ ' o ! Xy o)
where X_is the concentration of B at equilibrium. (2007, 2011, 13) From equilibrium (i) and (iif)
Q. Derive an expression for the rate constant of a first-order reaction dx (ax,)
(2015) o K, (a-x)-K,*—2"x
Q. Derive integrated rate aqnanon for the rate constant of a first order >
reaction.
- ¥ Il (2'11] 2 P
Q. : Discuss the kinetics of a first order reversible reaction =K, [a.x., x.x,; = :uh]
A =L B - ' ’
K, and derive the rate equation for (k,+k )as
e a(x,-x) i)
; —=K,—— i)
{k|+k_=)= mlug__x___ dt Ry
I ¢ t X, =X lhl&gmmg equation (iv)
ere X, is the concentration of B at equilibrium, gﬂm
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K s point corresponds to m_: 'cm::lreti:nh:tl?;;?;];ﬁ; o
g Do fdiee Jing time °t i callcd the half life time of the reaction e seerrei
[ X sponding t ; e reaction, the expression
Hx, =8 & colT® palf life time 1, of the first order reaction is obtained by putting . i
i for it and a/2 in place of *x” ineq. L Bl 1l
l 1} ¥ :l_l\l T O f\l‘} Jace Q
e :
. % 4 g 2.3;03 tngaix I z.[sm g
when x=0 1=0 B B R
So -Inx,=¢ ) . 2.303 a 2.303
Putting - In .‘ihn\ralue in equation (V] We get & W .;K—-iugm = hp= m log2
ak,
—nfx -x}-—--—'F"r“"‘b 9 0.693
=i, L 4= 280300 = ua=== i)
e aK,t Hence the time required for the completion ofa definite fraction of the
tn X, — (%, -X}= X reaction is independent of initial concentration of reaction.
() The term & / (a-x) being dimensionless, the units ‘K’ are independent of the
m( X ‘| _aKL gnits in which the concentration are-measured. The units of “K" are those of
X, =%, % (time)".
2.303 i Kt
; N 2 % - lo = ——=loga-log(a—x)
K! :LIHI i :i‘sﬂ.fﬂg s 5 ““"”H{Viij 1 ga—ﬂ 2303
al | x—X at X, —X Kt
The equation (vii) give K, in terms of easily measured quantities, {3 log(a-x) = loga - 2303
From equation {ii) ey :
Kf{l: ‘f; B 'fr“ﬁ Thus a plot of log (a-) Vs time t must be a straight line, the slope of line
A L 3} aK, ,gqua]sto{-xi"z.SD}) .
(K, +K.)= aK, A few example of the reaction that obey first order reaction are
L ernee Vi) (i) The composition of H,0, in aqueous solution.
from equation (vii) & (viii) we gel I{{:‘i}n“]::g?g::u‘}rcj:z ‘s:;itram.
2.303 X 2
Lihe Ve '“g[ " J o k= 222 tog—— can be change 0
. ' P
Characteristics of First Order Reaction: - v "
f!} Equaﬁﬂﬂ {'{IF} shows tha y 23':'3 '] he[&\? ﬂﬂdv is the
: t the itk 0. K=——log— ¥ o '
concentration of the first order reaction | Pmiucl For the decomposition of H,0, K : g v,
decreases exponentially with the time for a N : ‘volume at t

first order reaction the concentration of the  :gncen Reactant
- cac

reactant cecreases and that of the product trgj
Increases exponentially with time as shown s —_—
in the figure. :
The intersection point of
the two curves ¢
“ orrespo iti
—— e Sl Ponds to the condition

[ T R—— ———

(a-

((a)=0and t = t respectively. . iy
| ) For the decomposition of NH,NO, (Ammonium Nitrste)

2303 v, =
K= lo L eV _is volume when 1
DBy, v Y
2303, Vo=V
etate. K= —— "8y _v

(¢) For decomposition of ethyl a¢
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au, - B3
| i W HCL K= _3_::'_':'3 log ;u = i 'subst'lt“li"‘s the value of 1 in the above eq. we get
(d) For the optical rotation of s . iy K= 2.303 {Iog[h—_i]— !ugE}
] rotation hent=0and! = trespectively. (b-a) S a
r is optical 1o

and r, i5 OF “wgtllll Kz_z_ltﬁ—logﬂ__ﬂ. ........ 0
Q.. F“r.gmndnrd:!rrencﬂmll ':{h-n}‘ bla -x) . .

-x) Equation (1) is the general rate eq. for second order reaction the reaction
. et (2,1l not hold good when the concentration of both the reactants are equal L.e.

* t{a-b) a(b-x) iA]=[B] ora=bh
' The differential rate expression for equal concentration of both the

Other Related Question -
Other Rela for the rate constant of second orderres o0y is

Q. Obtain an cxpressiof
Q. ch initial concetrationsof he reactants are not equal. L B dx
Q. Derive the equation for a second order reaction when £ o Ka-x) = - =Kidt
A +B - Product {2 dt (a-x)
Ans. Second Order Reaction: - . ) ptegrating the eq. we get
A reaction is said to be a second order reaction when its rate dep
upon two concentration terms. - K+l
A+ B — products (a—x)
The reaction rate may be expressed as 1
= = then I = —
_dA]__dB]_dx et
dt dt  dt K[AYB]
If*a’ and ‘b’ be the initial smount of Aand B and at amy instantxn,  K't= LU R
of each have reacted then (z-x) a a(ax)
d
E?=K(a-x)fh-xl 1% @
T

Wh i oristan .
com:mm:::,ﬁ;llznndmg; ST‘ r“.rrﬂ"_’l reaction ‘“d_{a"‘] and ‘(M:harlcterislles of Second Order Reaction: -
any specific instant separating the variably) The unit of K for a second order reaction is time“'eoncentration’.
2) when a # b we know that the general equation of second order rate is

dx
T T
separating into partial fraction = ﬁ;ﬂj‘} | :‘Eh = ~: ;
a a—
I [ dx  dx
s o . ” h )
b—a{g_x b_x}—Kdt e above eq. may be written as
. . alb— =
Integrating and converting the logarithm to the base 10 og bt{a :; = K::I;U ;} 1
2303 1 = ;
T [~logla=x)+log(b-x)] =Ki+1 s
ey - We see that this is the eq. of a straight line passing through origin and
: § is
. 2303, b e i
.a]

b-a : m=
! 2303
Sh —
c op Omine at ww‘“'“’“‘“““ﬁ):&i more details Visit Us At - www.winsomepublication.in )
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8 How canorderofa reaction be determined by Van’t Hoff’s differential
‘) -
method® e o ot N e
Ans. According to this method divided by the Vant Haff the rate '’ of a n®
order reaction is given byr=KCr ‘
Taking log we get
log r=log K +nlogC
which is the form of r = C + mx |
Thus if the double logarithmic ppt of rate Vs concentration give the
straight line then the slope give the value of n and the intercept gives the ‘
logK  also if r,and r, are the rates at two different reactant concentrations C,

and C, then.

—

J e KnCIn =[_C_| : | &
:> - PEEELE--
2 Knc2n CZ

taking log we get,

Slop=n

log r

I
log —-=n log —- %
g, g (

Intercept = log Ka

2 log C

Ostwald’s Isolation Method: - .
This method is used for determining the order of complicated rea

by isolating one of the reactant. Let a reaction be

A+B+C — Products . _ B
The order of the reaction with respectto A, B and C is fietermm? by taken it mf
large excess. The order of the reaction is then determine by using any one 0

the method describe earlier likewise the order of the reaction s determine wnl:l
respect to B and C ifnA, nB and nC are the order of the reaction w.r.t. A,B an

C respectively then the expression

n=n, +n_+n '
: ks R jon: - Imp.
Radioactive disintegration follows first order.reactlon. . alhreacftior‘:gf
Radioactive disintegration is very Sm}ﬂar toa Che:?:concenmﬁon
the first order kinetics, because its rate of reaction varies as
o one molecular species only.

Let ug consider a reaction
A - B

ction

@more details Visit Us At - www;winsomepubhcatlon.m_)
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K = rate constant, E = energy of activation, R and T = used notations
nd K, are the values of the rate constant at temperature T, and T
ively, one can derive from Arrhenius equation. '

g2 = B_ |7t
K,  2303R | TT,

9 Deriveequationk= Ae’¥FT from Van’t Hoff equation. Where Ais th

frequency factor and E is activation energy and K is the rate constant.
| (201

where
If K2
rgspecl

Ans. Derivation of Arrhenius Equation: -
Let us consider following reversible reaction

A+B =C*+D e )]
Rate of the forward reaction = K, [A] [B], Rate of the backward reaction
K,[C1(D]
Atequilibrium K, (A][B]=K,[C] D]
' K
K, [A][B] [A][B] K,
As we know from the thermody namics, Vant Haff equation
dinKc _ AE R )
dT RT |
Substituting the value of KC from eq. (2) in eq. (3), we get
|ave
dl"%’ AE dlnK, dinK, AE
n
l=—— = ke be—— L. @)
dT RT" dT dT RT
Vant Haff proposed that the above eq. could be split into two equation
follows
d anl = _E;L-’—+l .(5)
dT RT"
dIinK, _ E; R
s fora dT RT? ()
ar:tt(wK:; where AE=E -E,and 1 is constant. It was observed that I was indeper
of temperature. Therefore I must be equal to zero in eq.(5) and ¢q.(6)
dInK, _ E \ L | ) |
dT  RT’
by the
ks = | eerennl®

dT RT? L
D LFor more details Visit Us At - www.winsomepubllcatlon.
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Integrating eq.(7) and eq.(8) we £°¢ E,=5.36 k)/mol
E corareiinikd) P
in K =.._l.l_]r.u.- constant A ! Q12 A reaction is first order. After 350 §, 28% of reactant remains.
Wwhat !s:l:e::;:;t:m:m of the reaction? How lsng will it a take 90% of the
terial to ce?
and ImKi= %+ commpk | mee (10) md — (2007)
- K - tar S et __ﬂ_
£q. (9) and &q. {107 can e written 85 ANS. We know : log A
s g
i o an 2303, 100
K, = ﬁ.e'E"” md K, =A€= T K=—T" Uﬂ-m (Let us assume 100% of material inintial time.)
II"I g:ﬂera1 K a3 AE-E”H gy 8 e .Ul} K=3.6X lu.|s.[
Equation {12) is known as integrated form of Arrehenius equation. Time taken when 90% of material reactant
s g 2303, A
Q.10 The half-life period for a certain firsi-order veaciion is 2.5 x 1075, K= S log T:—
How long will it take for 1/5 of the reactant to be left behind? (2006)
0.693 4 2303 100
Ans. Asweknow L. =—— ORI E= I':"g][)tl.‘:p—ll}
Tl:=1-5“|ﬂai t=6395.
K= 0.693 _ 0277 %107 Q.13 Show that in the caseofa unimolecular reaction, the time required
S0 25x10' | for 99.9% of the reaction to take place is ten times that required for half the
Rate of first order reaction reaction. -
3303, A Ans.  For 50% reaction For99.9%
K=—""log=F 2303, 100 2303, 100
1 A | =g = ,=—log
t, 100-50 . 100-99.9
o 2andy
0277x107 ==——log~ 03 2303, 100
Sn 1 L—— 0.277=10" - 2303 log5 K, =_zi._]ug1 K, =—'35[]—-IugL—
5 t L, - G 0.l
t=58x10's 2,303 2303
K, =—-!:——D.30 Ki= : %3
Q.11  Therate constant of a reaction of 27°Cand 37°Care 13, g2 gt 1 ¢
and 2.6 x 10° sec” respectively. Determine its activation eneryy 1 Ki_Yvo B
frequency factor. and the K, t of =10,
Ans. T,=27C K,=13%10°8" T.=2‘r+m=““’> :
= = ¥ i = . P
T,=37C K, =280 1o T =34 mayg, Q14  Halflife period for a firstorder reaction 100 minutes. How long
T will it take period for a 75% of the reactantto react? (2015)
IBEI,_ ~2303R| TT ! Ans.  The reaction is of first order
13x107 E, x[”“‘m] K= 2.303%0.3010 _ zr.sg;_@_-g?_lﬂ ______ @
log 35107 2.303x8.318 1310x300 T 10
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2,303 it
{ = ——=|og
i“ .!.. H{ﬂ—ﬂ]
Lcln-n,x=3n-'tl1a-x=u."-l.'f='?
_2303, _Lsiﬂimgs,:g'—}-@xﬂ.ﬁﬂﬂ ....... (i)
T ald® T T

equating eq.{i)and (ii)

2303%03010 2303 oot . p=20minutes
10 T
Q.15 Energy of activation and its determination. (2009, 2008)
Other Related Questions -
Q.  Writeshort notes on Energy of activation. (2014,17)

Q.  What is activation energy? Deseribe a method for the determination
of activation energy for a chemical reaction. Calculate activation energy for
a chemical energy for a chemical reaction whaose velocity constant is tripled
when temperature is raised from 22°C to 32°C. (2004, 2010)
Ans.  Activation Energy: -

Activation energy is defined as minimum energy necessary
to cause a reaction between the colliding molecules,
Calculation of E 4 using Arrhenus equation,
¥ method InK=InA-ERT
Above equation i5 just liketoy=mx +b
Thus if we plot the natural logarithmic of K against 1/T we get a straight line.
From the slope of the line we conclude the value of eq,

E
=i
slope 7

Hence by this eq. we calculate the activation eneray.
1174 ethod — By following equation we can calculate activation energy,
_ from eq. taking logarithmic form

K g [1_4
R z.su:n[ T T:l "
Numeical: - Siope « MK
Now we are given that InK MK lope +
Tl=22‘C=2?J+22-295K,K,=K{:my] |
When T, = 32°C =273 + 32 =305 K, K, = K (say) = __\{.
Substituting these values in the eq. ‘Fﬂ"
£ B kX ]
log 3 T2303R[T T

Shop Online at www.winsummnlhcum%
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lngﬁ= E, 305295

K 2303x8.314| 305%295

- logd= 04771 = Ey x——luu—
19,147 89979

= E, = 822 KJmol"

Q.16 What are consecutive reactions? Discuss the Kinetics of the first-
order consecutive reactions :

A—% yp_ % sCA (2006, 2008, 2010, 2012)
Other Related Question -
Q. Write short note on First order consecutive reactions. (2016)

Ans. It is defined as the reaction which proceeds from reactants to final
products through one or more Intermediate stages. The overall reaction is &
resut of several successive or consecutive steps. The conseetive or successive
reactions may be represented as each stpes or stage has its own reaction rate
and velocity constant. y

A—S BB LHCA

Initial conc. a 0 0

Conc. after imet % ¥ z

The rate of disappearence of A is given by
-dwdr=K, x = = dwix= K. dt
—ji:-sk]dHC =  dm=K +C

When t =0 and x = a we get
-lna=0+C = C=-lna
snx=kt-Ina = Ina—lnx=k 1t
Inx-Ina=-k = In{x/a)=-kt
Kllaa'__e,lnll =% x:tg_g‘“‘- ...--{l}

in equation | satate conc, of A fall off exponentially with tim
Rate of formation of B=kx
Rate of formation of B=k x
so the rate of concumpation of B = rate of consumpation of B into C~ Rate 0
formation of B

-dyfdi=k.y -kx
from eqation (1)and (2) weget

| -dyldt=ky - kae*" T T, -4

Equation 2 is the differential equation of first order.

(C For more details Visit Us At - e winsomepublication.in_
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Q.17. Derive expressions fort,, ina
(i) Zero order reaction (i) Second order
Ans. Half-life period (Zero order): - Half life
half of the substance has reacted.

This implies that

reaction. (2011, 15) |
period (1, ,) is the time in whicl, |
|

When [A]=22 mdt=2 e (i)
And we know ) )
K=2{(A],=[A] il

Putting half life condition i.e. (1) in (1)

o1 [AL - [Ald] A
" 2K
. A |
L2 4= =—2"]% |
(ii)  We know that second order reaction

e

putting the half life conditioni.e. x=a/2,t=(,,

] all | ald |
Hence K,=— =— PSS
B T a{u —%)} 1,2 alai2) ay,

| . |
Thus M= Kaa
Q.18. Write shortnote on side reactions. 2012)
Other Related Questions -
Q. Write short note on parallel reaction. @013
Q. Write note on Kinetics of parallel reactions. (10] )
Ans. parallel or Competing Reaction or side reactions. - L

The reaction in which a substance
reacts or decomposes in more than one way
are called parallel or side reactions.
(-d[A])dt=(k, + kJ[A]= k, [A]
k™ fractional yield of B x K,
k= fractional yield of € * k,,

Ifk, » Kk, then

Shop Online at www.winsomecoliection gy
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A = Cisside renction

Let after a delinite interval x molflitre of B

and y mol/litre of € are formed, .
Xy = K |'llk.‘ ‘
d| Bl/dt ky Cone
e dlc)/dt k.
Variation of concentration A, B D

and C with lime may be graphically repre-

Time F——
sented as, shown in figure
Example:
OH
N
OH k % Mai
6 (Main)
H
(Side)
NO,
Cl .
k U + HCI (Main)
" Q
CHCL, (Side)

.19, The ratc constants of a reactionis 1.5x107s" at50°Cand 4.5%10"s"
at 100°C. Evaluate Aand E (2012)
Other Related Questions -

Q. The rate constant of a reaction are 1.5x10%s™ and4.5% 10°s" at
300 K and 350 K, respectively. Calculate energy of activation (E ) of the reac-
tion, (2015)
Ams. GivenasT,=50+273=323K,K,= 1.5x10’s"
T,=100+273 =373 K,K,= 4.5x10s"
K E T,-T
N log—i=——8 _a_L]
m R 2.3[:-3&[ T, . —
For more details Visit Us At - www.winsnmpubllcaﬂbﬂ- in__
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‘1'_5“]“.. E __.i:———J "”}pr{) ] : ime g CB”iSi'UTI ie direct
= OB 510" = m [ 373%3223 o mwllved in the forming and breaking of bonds ERN ot e
' ’ For 4 reaction, ;
= E, =3792x10" | A+B-C+D

rate constant of a bimolecular ga _k =1 - T (iv)
Q.20  Derive an expression for the ( 25‘]2 where P~ probable ﬁ'acl:al{ of collision with Proper orientation. This probability
v 16) | petor is @ measure of discrepancy between simple collision theory ant,:rlj

reaction on the basis of collision theory.

Other Related Questions -

Write short note on collision theory of bimolecular reactions j,

| gxperimental results.

Using eq. (ii) and (iv)

Q.

gases, (2014) k = 2pe %"

Q. On the basis of collision theory derive the expression for the rate =Zpe

constant when bimolecular collisions are taking place between dissimilar = Value of p varies between | to 10%,

molecules. (2018) when p = 1, reation obeys collision theory.

Ans.  Collision Theory for Bimolecular Reactions: - Limitation of collision theory: - Though it is logical and correct but still
(i} is applicable to simple gaseous reactions only.

A chemical reaction take place only by collision between the
reacting molecules. But not all collisions are effective. In actual practice, rate
of the reaction is much smaller than the number of collisions between the
reactant moelcules. In order 1o overcome this discrepancy it is assumed that
molecules are activated and cnly those moelcules possessing energy greater
than or equal to the threshold energy are able to for the product.

The reaction rate constant (k) depends upon the number of effective
collisions per cc second,
ie. k=2Zf oxonidl)
where Z = number of molecules per cc taking part in the collision
f= fraction of molecules that are activated
According to kinetic theory of gases, fraction of molecules possessing energy

greater than a particular value is given as

{ii) For complex reactions, the experimental rate constants are quite different

from the calculated value.
| (iii) It is supposed that only the kinetic energy of the colliding molecules

| contribute to the energy required for passing the energy barrier. There is no
| justification for ignoring other forms of energy associated with moving

molecules i.e. rotational and vibrational energies.
(iv) It does not talk about how a simple collision result in the breaking up of

old bonds and formation of new bonds resulting in the product formation.

N, 0, decomposes atcording to the equation,
IN,0, -+ 4NO, +0,

The rate can be expressed as

[ Q.21.

AN -E /BT ~
e Sl i dINO
o (ii) L:r“shk.m,uﬁl. ‘m"-a,m,oa
Using eq.(i) and (ii), we get t
k= Ze bR . {11} d|0,] _ k,IN,0,]
Using this equation, rate constant of various gaseous bimolecular reactions dt ; '
were calculated. Fors Jmple elementary reactions like d,"':"'“PDSiliun of Hi the | Howarek ,k and k, rel ated? (2013)
theoretical and experimental values were found 1o be in gogg ' v
; heoritical values was f agreement. For K [NO ]
the other reactions, the theoritica’ ¥ ound 10 greater than the Sol Rate= — A ——1—
observed value. To account for relatively smaller value of ryyq oo oo : 2K, (K, +K,)
gollknCens wa:sfm:; dﬁ:ﬂf the essential requiremey Q22 First-order reaction is found to be 15% completed in 20 minutes.
according to modifie g ' for a reaction to Calculate the time taken to complete 75% of the i s
E?;Zfifirs?én between the reactant molecules t kiney Sol. The equation rate of frst order reactior =
* AR, i.e. must po nt ki
ji) activation of molecules 1.€ e ehergy 10 cause K = 2303 log——
action. mecollec - e
1 re Shop Online_at WWW.Winso tion.coin t a-X B iR
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o
p—— L — X wm - -



Y

AL = s 17 Year = Chemustny 11 Paper g, v I
A e

have a-x =q-0.154=0.83a and | = 20 minutes
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2303 2.303
(2303, a 2303, 447-0008 =5 03010====x0,6020
~720 F08a 20 _
using again first order reaction equation. { t_0.6020 _
00082303 0,2 2303, T 03010 |
3 = 8 "*—'n ~0.75 1 | g, the time required for 50% reaction is half that for 75%Yeaction.
= t= 2303 6,602 =173 3minutes. ! 25 Therate constantof a reaction becomes double on changing tem-
0.008 | perature from 20°C to 30°C, Calculate the energy of activation. (2016)
taps.  Using eq.
Q.23. A mixture of N {g) and H,(g) in the mole ratio of 1:3 contains - | & [
NH, (g) at equilibrium at 480 K and total pressure of 1 atm. Caleulate Kp o, | log—==—0 i1
the reaction. @014 k, 2303R TT,
Ans.  Now the reaction is Herek k=2, R =2.0¢cal, T,- T, =10
N, + 3H. & 2ZNH,initial T1,=273+20=293"Kand T, =275 + 30 =303°K
: 3 9 O 10
N o] =
(I-x) 3(1-x) 2 g o= 3303x2  293x303
iven 2x=16/100= - s .
- ko P L 0.3010%2.303% 2% 293x 303
Tmailmn[snl-;..+_,,;_u;-r2;.{:4-23:4_2{&“):1% == E=
Total pressure = | 10
(1-0.08)x] =12308.3 Cal/ mole.= 12. 3 KCal/ mole
PN, =———=0.2335atm
94 0.26.  Write short note on parallel reactions. (2015)
pNH, = 2en] _2xoame) 0.04 Ans.  In parallel reactions a reactant undergoes {wo Or more concurrent
394 - Y reactions to give different products. The grouping might be expanded to in-
3(1-0.08)x1 clude two or more reactants undergoing reaction 10 give @ common product.
pPH. = 304 = 0.70atm Parallel reaction are also called competitive reactions.

Q.24.  Show that in a first-order reaction halflife perigg

for 75% of the reaction. is halfof the time

Sol. Far 50% reaction, we have (2014)
K =z'3mxﬂ.30|ﬂ :
....... i)
For 75% reaction,
a=100,x=75,a-x=25
2,303 2.303
K= 2_3'2 JOEJ"ED_ =" —log4= —t__:e 0.6020
X & ool

Equating eq.(i) and (ii)

C

027. Discuss the kinetics of the first-order parallel reactions :
B
Ky
alk,
& ] ined
Explain clearly how the values of k, and k, cin be detem;?:u .
separately. ( : )
Sol.  First order parallel reaction (x)

At initial state (a)
X is the amount which decompaose
after time T then

C(x)

For more detalls Visit Us AL~ www.winsomepublication.in
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Oducyg, 15 i
| "eriprocal of e
Elwtmhnmhlry—i he electric i::).) . C=1 of s res;
i 5 I :nﬂduﬂ the T R‘
Conductor (which specifie Cﬂ'lldtlth\rlt_y: =

ici The reciproe lofh .
Electricity Sonduct, : = Specific Fesistance j .
Metallic conductor {rhon ?ff!ec!ri‘”t}' o c(_'rildul:t.&nc:_ s TEPresengey by g {kaPPE}. Called Specific cunductiv':ty
Flow of electricity takes place With B
fake place without the dfmmpcsuiqn Thus, K= ; s pf. S B
the decomposition of the subg ance) - 3
of the substance) {Here WE are congeyy, N
electronic cnnductanc,e} Then, = E-a—
i gh a condy ; : _ .
The strength of current (1) flowing throug] ctor is Boven, Since resistance (R) is reciprogq) of elec

Irical Conductange (C) which i

by Ohm’s Lav, which states that the current strength (]) ﬂDWlng thr““m expressed in Ohry1 o, tho. The g celacallon 2 B

conductor is governed by Ohm's Law, which states that {he Clrren; Strpy (8) Thus equatioy May represente

: : d as
(1) fowing through a conductor at a given lemperature is pmpnmuna[

ional to the res; t K -—-.__.“C
Potential difference (E) and inversely propartiona Sistance (R), 2 g
E E ; .
Mathematically I:E or R=T Th“-"ffalcm a=1]em? ::.E(E]

The resistance of a conductor of uniform cross section jg dirggy '™ Such way i Ll
Proportional 1o jts length ( ¢ ) and inversely proportional 1o cruss-ggcﬁw conductance,
itis measured is Ohm (Q)

R —{ R :
or =p—
:l:E| pA

CM a=] e’ thep eonductance i lermed aq specific

!
Since 2 cell constan; then we €an write

Where pis resistivity or specific resistance and may be defineg %4 Molar Condyey
resistance in Ohm of g conductor of em length +nd One em cross sectioy By measuring

Then, R =p E=lem,A = om® 8 molar conductance js used. It is defined g5 the conducting power of all the
1ons produce by one mole of an electrolyte in a given solution. 1y is denoted

Q.1  Define specific conductance ang equivalent conductance, Explai by & or y ang A alinfinite dilution.

clearly why op dilution the specifi conductance decrease but the equivals

conductance increases? (2006, 13,1"

Other Relateq Questions - Vot Mot With Dilution

Q. Define cong uctance, specific conduetapee and equivalent conductaw: Variation of Mojay Conductance i -

Explain clearly why on dilution (he Specific conductance decreases s Molar c““d"m"‘f‘* of an electrolyte S en il mwmfm mlm

equivalent conduetance increases, (2008 his is due g increase in the Jugseo of dmumt::;nl;f gl ;:: IYtin the

. : i i like HCL,KCl& B 15not 5o s

Q. Explain specific congd uctance and equiy len nce. Whatl ICrease in the epge of electrolyte 4 s

the effect of dilution op them? “duivalence conducta (201f <ase of acetic acid or NH OH the electrolyte as sn-unga;l:g;iglt;;ﬂﬂe these
- . Wl as we d

Q. Write .s!_mrt note on refatjon between Specific equivalent and moke® 9f2% category CH,COOH, NH,OH are kno

lar cond uctivities and effect of dilution on l‘-ﬂnductivity. (209

& details Visit Us At - WWw.winsome ublication.in
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’ it is seem thyy ;. M
: some electrolytes | at in
lotting the graph of Sty
On “_5 s & tendency of molar conductance {0 approach 4 . _.___
electrolytes there roach zero. gy

he concentration app
ductance at this point

" N .
ero conc. or infinite dilution it is denoted by ?._.. This value in the casey
ned by extra polatic. This molar conductance S
rconductance is says A the mnm..aan_.

limiting value when 1

Tho malarcon is known as molar _"..n._._.ﬁ_c‘un.._ug |
¢ Ul

strong electrolyte is obtai
to zero concentration, when the mola

dissociation o is given

KCl
BaCl,

Nickel Sulphate
CH,COOH

i

Concentration

Molar conductance at given conc,
Maolar conductance at infinite dilution

A
o

Hom
Equivalent Conductance (3, or A )i -

Equivalent conductjvity of a solution at a dilution V may be defined as
the conductance of all the ions produced from one gram equivalent of the
electrolyte dissolved in Vee of the solution when the distance between the
two electrode is one cm and the area of the electrodes is 5o Jarge that whole of
the solution is contain of between them.,

7. = KxV Where K = Specific conductivity, y =Volume of solution in
cc containing 1 gram of equivalent of the electrolyte,

o=

Where x = normality or weight of solute,
Effect Of dilution on the conductivity: -

The conductivity of a solution is due to presence ofions ;
and greater the number of ions, the greater will be H_sEE n En.uo_::n__
diluting a solution this has different effects on specifio aﬂ“._anﬁ:ia., On

equivalent (and also molecular) conductivity. The gpe; o dWctivity and
decreases on dilution, while those of equivalent S_.___.__._ﬂw?:”__n __“M_E_._n:.i ty
molecular

-

AL - BSe. I Year - Chemistry 117 Paper - Uiy v - g3

conductivity Increases and attains a maximum value at infinite dilution know
45 equivalent or molecular conductivity at infinite dilution The h.: s
the value of specific conductivity on dilution is due 1o the fact that EMH_M_U_:
of ions present per ces, decreases while equivalent or molecular _E__..ﬁ__..ﬂ_mi_uq
will increase as it is numerically equal to the produet m?nngmn no_._n_._n._iq
and the dilution. The variation of equivalent or molecular conductivity sww_
dilution can be expressed by, the curve shown in figure,

By the study of the curve it may be
concluded that on increasing the dilution, the A
value of equivalent or molecular conductivity OR A
wil increase and attains a maximum value and M OR*
then there is no change in this maximum value &)
on further dilution because at this dilution the  Infinite Dilution —
glectrolyte is completely ionised and this maximum value is known as equivalent
or molecular conductiity at infinite dilution represented by A, or u, respectively.

Q.2 How does equivalent conductance vary with concentration in the case
of (i) strong electrolyte and (ii) weak electrolytes. (Imp.)
Ans:

A A

Weak Electrolyte

Strong Electrolyte

Jc g

The equivalent conductance of a solution does vary linearly with
concentration this variation can be studied by plotting A values against the
square root of conc. it has been found that variation of equivalent conductance
with fC depends upon the nature of electrolyte the behaviour differ for
streng and weak electrolytes.

Strong electrolyte are completely ionized at all concentration the increase
it equivalent conductance is not due increase in the number in forces of
altraction between ion ions of equivalent charge at High concentration the
force of attraction between the opposite ions increase consequently it effects
the speed of ions with which they more towards oppositely charge towards
this phenomenon is called ionic interference as the solution _x.na:.ﬁm more
and dilute the equivalent conductance increase till it eaches a limiting value
this value is known as equivalent conductance at infinite dilution ar zero

p Shop Online at www.winsomecollection.co.in )
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h Hittort™s method .« R

\ o, ~Bse ,,r.“_ﬂﬁ.,__..nm in same cases cay )
W iation of equivalent S ‘ MWV Moving boundary method
m _rm.w”.”upﬁu_“w %_“_“M imperial equatioh 1y oyl Hitor{’s Method: -
- . i ”i:n_, is like ~ . . \ . In this _:n:_ma the determination of transport number is based on
A=2"— KN | o Laaiinst JC it gives a straigh ling Hittorf s rule. According —.c n._:m rule ﬁ.:o loss of conc. around any electrode is
Here K is constant when A is plof€e ™= proportional to the speed of ion moving away from that electrode i.e.
which is true for strong electrolyte. ] = _— Full around anode Speed of cation v
anion. Describe Hi = = ey
Q3 State and explain the transport IV q.“.“,.: (2009 .w,_w“.., Fullaround cathod ~ Speed of anion ~ v._
= ; berol2 i <UL | e g
method of determining the transport num ) | The transport number of anion is calculated from the changes in conc.
Other Related Questions - ort number (2003, around the electrode experimentally. The apparatus used in this method consist
Q. Write short notes on the ._..w_.n_._% il you determine transport numpg, | of two <w3_nm_ m_m:. tube joint through a U tube in the middle, all the three
Q. What is transport number? How? (2007, 14, 1§ E.co are provided with stop carks at the bottom. The U tube is also provided
of an ion by Hittorf’s method? . o Discuss moving boundary methgg with stop carks at the :.6 of :z... two limbs. The silver anode is shield in a glass
Q.  Whatis transport number of anion: (2003) tube and the cathode is the piece of freshly silvered foil. The apparatus is

for its determination. . filled with the solution of HgNO, and the stati i d fi /

" mine transport numbe 2 static current 1s passed for two to
Q. Define transport number. How iy G ’ Gc._.w_. | three hours. .
an ion? Give one method. )

Ans. The fraction of that current carried by the cation or the anion is termeg

as its transport number or Hittorf's number. [f v_ represents the speed of :ﬁ La\_ﬂx = ,yI:_
. TG €sistance o
migration of the cation and v_ that of the anion. VAR e
v Ele .
Transport number of cation =—— 3 Silver
V. +V. = E Voltmeter
* Anodic e _” 3 y
i V. compartment =23 B 5 Cathodic
Transport number of anion = = = === Compartment
V. +V 2S =
Ift_is transport number of cation t_is transport number of anion , =
V ¥ .
Then t = = and £ = — g & Middle
TV, 4y V. +V. ompariment
v, =speed of cation, v_ = speed of anion When the current has been passed for about 3 hours the stop corks at
, the top of U tube are closed. The whole liquid in the anode compartment is
t. v carefully drained into a weighed flask and its weight detefmined its silver
—_—= z - - m .
i content is determined by titrating against a standard solution of potassium
t &t =] thiocynate. If there is no change in conc. of the solution in the U tube then
S this means experiment has been successfully performed.
v, t t For Numerical Calculations: —
If speed ratio _~ be denoted by v then ¥ =—=—— Two different cases may arise.

Case I: - When electrodes are Unattackable

After passing electric current —

Let the weight of anodic solution taken out = ag

i Weight of AgNO, present in it by titration = bg

cae.:.ﬁ_mzoz Of Transport Number-: - giNu, Welght oTwater -t
ere are two methods for determination of transport number of an ion.

(_For more details Visit Us AL www winsomepublication.in_)
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Before passing electric current _ . :
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Let weight of AgNO  in (a- b) of water before passing electric Clrre
be = cg "
Fall in concentration = (¢-b) of AgNO,

c—-b
——g eqvt. of AgNO
_qom q gNU,

ﬁm eqvt. of Ag =d (say)

170
Suppose the weight of Ag deposited in Ag coulometer be = w.g

= _iq._..dn eqvt. of Ag = w (say)g eqvt. of Ag

d

Transport no. of NO, ion Tzo v.. - -

Casell: -
When electrodes are attackable (Ag electrode are used)
Concentration of anodic solution increase = (b-c)g of AgNO,
b- b~
A nvx_ccmon.}mnA 9)
170 170
If this happen that no Ag+ ions has migrate from the anode,
Then conc. of Ag" ion would have been equal to w
Therefore concentration decrease due migration of Ag’ ion = w — F

w-F

Hence transport number of Ag' ion LI =

g eqvt. of Ag = F(obtain)

w-F

And transport number of NO_"ion (t,, )= ”

Discuss the moving boundary method for determination of transport

Q.4

number. (.}
Other Related Questions - .

Q. How will you determine the transport E.::u«.. with the help of mov-
ing boundary method. 2018)

. Moving Boundary Method: - .
Ans g The moving boundary method is very accurate w0 has

i isi nt.
d directly for precision measureme .
been use Y sist of a long vertical tube filled with two elecirg e »

aratus con ‘
. gonthﬂdm tube filled with a solution of CdCl, at the lower end ang HCl
”:M upper end in such a way that there is a sharp boundary between the tubes,

( Formore details Visit Us At- Eii.i_smoaoue_gg
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And the anode (cadmium stick) is introduced at the bottom.

n mm-_m_.m_ if the transport number of a cation at is to be determined. The

electrolyte (AX) solution is taken in the upper part of the apparatus and the

layer of mother electrolyte Bx having common ion X© is introduced in the
lower part of the apparatus the electrolyte Bx is selected so the velocity of B!
jon is less than of A" jon,
Calculation: -

Suppose the boundary moves through a distance (cm
(say from aa’ to bb’) . Then the volume of the liquid that has moved up A cm’
when A is the cross-section area of the tube in cm?. Let the concentration of
the acid be C gram equivalent per liter.

)

Coulometer u .
o Cadmium snode

o

o
| ax v -
<+ AX Solution - pel I .

' Final Bounclary AX Solution
Al Ix® s

P Initial Boundary ~

Lem =t BX Solution

o't 1 x@ '

@ “—— BX Solution

LAC
Then the number of gram equivalent of ions carried towards the cathode 1000

Since each gram equivalent carries one faraday of electricity the

v (AC
tlectricity carried by ions = g faradays.

ﬂmzou Online at www.winsomecollection.co.in
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e as measured ._._,.m

erent fiY
he cireu!l:
(AC

i
“Transport number of ions = 75000

law n—.mn_ﬁm.n

Cansider the toral cu

Coulometer also included int

Then, .
hen mobilities: ﬁm_”_nm.__:.:.__.._

Q.5 Stateand explain Kohlrauseh

Other Relat uestions =

( MD_..—W._..._W- _m__
% Baemdsasn e _,_HM,__ its use for the determination of
. : h's Law €x
Q.

ite dilution. (Im
What is Kohlrausch's & a _m__mﬂ_:nn_u_.:_n: . mp,)
equivalent conductance ol acetic E.._mtus. m_._u%ﬂan_: migration of jong,
Q.  Stateand explain Kohl (2010)
Q.

ﬂ_:w_
hlrausch’sla®: . .4
Q.  Write short note on Kohlrausch's W and its application. (2019

. { =
b:wd_nu_ana_._%::__:c

Juctance of any MO cations appears 1o be
" " nion with which they

with which they g
about the same irrespective of the nature of anion v are
associated.

Similarly the difference int
any two anions is always about the
which they are associated. “The equivalent conductance of an electrolyte

Kohlrausch’s Law states, _
at infinite dilution is equal to the sum of the equivalent conductance of the

component ions”.
Mathematically expressed as,

A, =7 +4A,
Where A_and A, = equivalent conductance of cation and anion

Write short notes on Ko

he molar conductance al infinite dilution of
same irrespective of the nature of cation,

Application: -

(i) Calculation of molar conductance at infinite dilution ol weak electrolvie -
The application of Kohlrausch law unable 10 indirect the evaluation

the molar conductance of CH,COOH adding infinite dilution can be obtain

from the knowledse of molar conductance at infinite dilution of HC1, C11,COCH

and NaCl as shown below -

A®, (CH,COOH) = A HCl+ A’ (CHLCOOH |- A
Write in form of ion

(vat )

in

] o - Q ] i 1] i i
Jn._.”_._.ﬁg. +u.__.=.. ...—=,+.__.rﬁ_ A q:.ﬂs.._.}_r..lg}uf.-.} ..“_u

= .}n +>n + >= ] ¥

AT Moo TR A A

=A% 4 A8
n A o0

= A", (CH,COOH)

( For more details Visit Us At - WWW.winso mepublication.in J
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g6 Discussy arious applications of conductance ::..:E_..,.“:q:? |
. (2005.2011)
ther Related Questions -
0 write short note on Conductometeric Titrations (1999, 2002)
0 Give three applicationsof conductivity measurement with mathematical

...._—_uqa.wm_n._._a and proper graphs wherever necessary, (2012)
@ Writeshortnoteon application of conductance measurement in con-
ductomet ric titrations. (2019)
ans. Conductometeric Titrations: -

This method of analysis is applicable to any titration in which there
is sharp change in conductivity at the end point determination of the end
point of a titration by means of conductivity measurement is known as
conductomeltric titration.

In conductometric titration the titrate is added from burrate and the
canductivity readings corresponding to various increments of titrant are plotted
against the volume of the titrant. Two curues will be obtained which will
intersect each other at a point called end point as equivalent point when the
reaction is not quantities there is some curvature in the curve near the end
point. which may be due to hvdrolysis dissociation of product or appraciable
solubility in the case of precipitation reaction. Since resistance and hence
conductance changes with temperature, so titration must be done under
constant temperature bath.

T__, - {_J_ 2
~ x observed conductivity
Where v is the volume of the titrant added, V is the original volume.

Acid-base titrations and redox titrations are often performed in which
common indicators are used to locatz the end point .g.. methyl orange, phe-
nolphthalein for acid base titrations and starch solutions for iodometric type
redon process. However, elecrical conductance measurements can also be
used as 4 tool to locate the end point, e.g., in a titration of a HCI solution with
the strong base NaOH,

As the titration progresses. the protons are neutralized to form water
by the addition of NaOH. For each amount of NaOH added equivalent amount
of hydrogen ions is removed. Effectively, the mobile H' cation is replaced by
the less-mobile Na® ion, and the conductivity of the titrated solution as well a:
the measured conductance of the cell fall, This continues until the equivalencs
_ Point is reached. at which one obtains a solution of sodium chloride, NaCl. |
more base is added, an increase in conductivity or conductance is observed
since more jons Na* and OH- are being added and the neutralization reactiol
"0 longer removes an appreciable amount of H'. Consequently, in the titratio
f a strong acid with a strong base, the conductance has a minimum at th

Actual conductivity =

n” Shop Online at www.winsomecollection.co.in
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pe used: instead oﬂ.m__-d,_aﬂmnnﬂo« &.f.“..
This minimum ¢ The n.:a__na_ﬁ:_.n CHIAON Clrvp ity
of the titration: vty values as function 0F th,
conduct tve can be used 1o 2raph,

ded j.ﬂ:ﬂu:.nﬁ cu

I Neaf

AL -

equiralence point.
determine the endpoint
plot of the measured ﬁon.“_...._n_E,
volume of the NaOH solunon added
.ﬂ_.i_._—.

; ; ¢ ? in the beginnin
caliv derermine the equi alenc ik mnm.m.._?nu_r base | = £ Cop.

For reaction bemwecn & oble - ions ar€ nﬂnh_ _._nw._.__.uz o
hity ses  bit as - tonce point volume, due to g
MHMHM mﬂ“ﬂﬂ <lightly up to the «ﬁ.__.,_.,u_ﬂ_wﬁm_ﬁ_ﬂ_ i e ST SRS e
a.&Eam of the szl cation and anion {This _u.“un.__q o there. A fter the mn_s?m_auﬂ
i jei is not cons . ,
strong base is negligible and is no GO 5
vom.“p_m achieved the conductivity increases rapidly s,
Advantages: - .
Over the volumeinc
conductometric frations. ﬁ%&na_.:
the case of coloured as turbid liquids whe

Thev can be employed for the ang
very weak acids. . |
No special _...”.mBE_nE are necessary as the titration approaches the equivalent

int. Since this found graphically.
e It is not :mnﬁmmw_ 10 measure the actual conductance as we may use

any quantity that is proportional o it {he same can be plomted against the

volume of alkali solution used up.

(itration there are some .ma_. anlages.gf
etric titrations are part icularly useful iy
re ordinary indicators cannot function,
lysis of all solutions and also for

= Write short note on theory of acid base indicator in brief. (2014, 18)
Other Related Question -
Q. W rite short note on theory of acid base indicators. (2016, _.u_. 1%
Ans.  The pH value at null point is not exactly 7, but due to hvdrolysis, the
pH value is either towards acidic side or alkaline side. The indicators change

ALl < B.Se 1% Year - Chemistry 101 Paper - Unity - 93
Calculate the effective mobility of a proton in water

o8 o i o The equivalent
conductance of H' ion at infinite dilution is 349.82 ohmy! 2 equiv'. (Imp.)
. -, A
mobility U = 2
e, R 0
_ 394.82 ohm em’equiv™ or Scm® mol™
96500  Cmol V S Sec

=4.091 x 10° em® V"' sec?

@.9. Caleculate L” value of acetic acid given that L? values of HCI, NaCl and
CH,COONa are 426.16, 126.45and 91.01 chm™' em* equivalent respectively.
4ns. Remark:-

During solving such type of Kohlarash Law problem, your attitude
in such a way that how can obtain a desired compound from other compound
which equivalent conductance is given.

CH,COOH = CH,COONa + HCI - NaCl
Writing the equivalent conductance (i.e. ionic form)

o 0 el o o g
__ bn:daco. * }x. }n.:"n.m_n. t _}zﬂ * >=. * >q
| ] i
“ ) ﬁ.}__?.-. i3 .}_ﬂlu
=N TN H AL, FAL A S AY
CH.COD Ny H* L MNa” or

{Hence as you add and subtract according you solve
_ A’cy coon = 91.01+426.16-126.45 = 390.72 ohm™'cm™

Ostwald’s Dilution Law; -

Since weak electrolytes are not completely dissociated, there exists

their colour at different pH value i.e. the ionization of indicators depends on | equilibrium between the ions and undissociated molecules of the electrolyte.
the pH value. In a titration, only that particular indicator can be used which | This equilibrium is called ionic equilibrium. Ostwald applied the law of mass

changes its colour near the null point,

alion to the ionic equilibrium of weak electrolytes and derived an equation

In the following table. the various indicators are given which are | known as Ostward’s dilution law.

used at different pH-value.

M indcitor pH range | Colour in acidic | Colour in
| | medium alkaline solution

Methyl orange | 3.1 1044 | Red Yellow

Congo red 30350 | Violet Red

Methy| red 42106.3 | Red Yellow

Phenol red 6.81084 | Yellow Red

Cresol red 72108.8 | Yellow Red

Phenolphthalein | 8.2 10 10 Colourless Pink -
(__For more details Visit USAtl-waoer

—— =" WWw.winsomepublication.in

Let us consider and aqueous solution of the weak electrolyte HA at
tonstant temperature. In aqueous solution, HA remains in equilibrium with its
ions,

HA=——H"+ AP
i=0 a ] o
After time 1, consider a dissociation take place then,

t=t C(l-a) Ca Cu

[w]x]
[HA]
ﬂm:ou Online at Eii.imzmoamoo—_mnzo?no._=

According to law of mass action Ke

|
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" hat when an electrg) n.&.::21:::.._ (ii) becomes :

Arrhenius Theory:=  —_  ¢g7) E.o_uom&.,_“n:d_wé i nn:_nmms " =G’ or o

Svante Arrhenius 10 ( Jisation € the € e Ioniisnd gl >
dissolved in water it undergo _n.,__n called ionS- m._c_.,.“,.s_mr.inm and th ,o.nm oy :
up into electrically charse uua_raau& electroly il ¢ long, or |a= ,\@
occur at equilibrium between un » Eﬁauo_:m das W

established the equilibrium may

AB——=A"+ B .
m is dynamic nature
lyte solution 1

ire
s diluted t

: are fo

ne equilibrium is disturbed on
rmed, as the result of which Py
extent at dilution the moamms.g
t conductance Or equivale,
rhenius also proposed thy

The equilibriu
When electro s
electrolyte molecules preak up an 100
solution exhibits greater conduct
is complete. At limiting <£:m
conductance at infinite dilution W

the degree of jonisation

of equivalen
i1l be reached. Ar

A

g
Where A is equivalent conductance

A¢=is equivalent conductivity at infinite E_E:.u: .
idely used for the estimation of the degre|

May be expressed as &=

This expression has been W
of ionisation of electrolyte.
CaxCa
K.=
¢ c(1-a)

-

(0]

.10- Write on short on Buffer solutions. (2007, 10, 13, 15, 19)
ans: A buffer solution is defined as a solution, which resist any small change
in its pH value, even when small amount of the acid or the base are added to it.
Type of buffer solution: -

There are two types of buffer solution, these are —
(i) Solution of single substances — The solution of the salt of weak acid and
weak base e.2. ammonium acetate (CH,COONH ) acts as buffer.
(ii) Solution of mixtures — These are further of two types.
@  Acid buffer — It is the solution of a mixture of a weak acid and a salt of
this weak acid with a strong base (e.g. CH,COOH + CH,COONa)
~ Basic Buffer - It is the solution of a mixture of a weak base and a salt of
this weak base with a strong acid e.g. NH,OH + NH,Cl.
puffer Action: -
The property of a buffer solution to resist any change in its pH value
even when small amounts of the acid or the base are added to it is called buffer
action.

How a buffer action?
Taking an example of a buffer solution with sodium acetate and acetic

acid. The pH of the buffer is governed by the equilibrium.

@C_ Mole/liter]...ecwnn(i)
(1-@)

The equilibrium constant K

Tonisation constant. If one mole of an electrolyte be

solution then,

C=o
\'

V is known as Dilution for the solution
Substituting the value of C in equation.

K

-

is called the Dissociation constant o
dissolved in V liter of the

CH,COOH == CH,C00° + H®
And also sodium acetate ionizes as

CH,COONa —>CH,C00° +Na®
Above mixture when we add acid or base in small amount the following

mechanism take place.

Addition %o:-J ﬁ. H,0

CH,CO0H uaz TOIUOOO. .

CH ,COONa === Na" |CH,C0O0

BufTer solution

04 L
K "g:::..: ..... .A_C
- . . = L o * OIUOOO*.—
" oﬁﬁ_.“w_. H. m“mm_wzﬁmﬂ_nw__w expression representing the variation of Emu h.*am.qa It is quite clear from %%M“%mﬂ%ma when add base in buffer it react
ution is known as Ostwald’s dilution law. The np:___aﬂ% With H* and to form H,O and when acid is add it form again CH,COOH and
: ay the

constant K is called the dissociation constant
electrolyte.

In case of dissociation a is very sma] a is usually the case for web

or ionization constant 0

over effect on H* or OH- concentration is nullified. Hence in such a w
buffer solution is termed as Resistance solution.

U:ou Online at <<<s.<.<<..=mo=_moo__moz.o:.oo.,:
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Q.11. Derive the Henderson €4

Other Related Questione=
Q.  Derive Henderson s
}ru. The behavior of wea

Hasselbatch E._-maﬂ: -
Let a equation

[ ][~]
[HA]

K[HA] = [H’ [a°]

(7] [

of the buffer solution,

HA

.mﬁn-

=

—

|

K st
A
n_umwiamE
]

[HA]

[47]

1]

[+

P hnﬁ_ H =- _Dmr.. ?UW

[v]
[HA]
Case 1: - When an acid is exactly half neutralized i.e. [A]=
= pH=pK+log(1/1)
=  pH=pK

= pH=pK-log

= pH=pK +log

[HA]

on half neutralization,

o]
[HA]
]

—

[HA]

Case 2: - When the ratio =100:1

= pH=pK+2

Case3: - When the ratio 1:10

Physiologic byffers includeg [HCo

Orthophosphide [H,PO,1) [HPO, 7] gng intra

y1[H,co ).
Cellular proteins.

1
ic described by the Imznma-_”

|||I|l||||||||l||||.,|-|l|
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: idand 0.12 mole of potassium acetate give that the ionisation constant for
u.."".n _w.nm__.._ is 1.75x 1074,
s G _ .
=1.75x 10", salt concentration = .08 Acid concentration = 0.12
hnﬂw&mnw Henderson equation .
[sait] - i 0.08
_H_In_uﬂnicmﬂﬂ = L75x10 +_cmo_i.m

pH=-.17607

(.13. What is hydrolysis? (2005)
Ans. The idea that the solution of salts prepared by the combination of
equivalent quantities of acid and base will be neutral, is found to be
e2 @ solution of sodium chloride s neutral but the aqueous solution of
copper sulphate is acidic and that of potassium cynaide is strongly alkaline,
This is due to the fact that the character of the solution (neutral or acidic or
ulkaline) depends on the relative strengths of acid and base from which the
It is prepared. The salt sodium chloride prepared by the combination of
gacid (HCI) and strong base (NaOH), so the resulting solution is neutral,
the other hand, copper hydroxide a weak base and sulphuric acid is a
ong acid so the solution of copper sulphate will be acidic. Sumilarly the
lution of potassium cyanide will be strongly alkaline as hydrocyanic acid is
weak acid and potassium hydroxide is a strong base. This alkalinity or
idity of a solution is due to the tendency of the salt to react with water and
referred as hydrolysis. In other words, we may say that the process of
omposition of salt by water into free acid and free base is termed as
bydrolysis or salt hydrolysis.
This behaviour of salt is due to the fact that water is slightly ionised
o H* and OH- ions. These ions react with the ions given by the salt producing
Nacid and an alkali. The resy Iting solution will be either acidic or alkaline as
H"or OH-" ions are in excess in solution but the product of H* and OH- ions
ill be constant,
The equilibrium constant, in case
into free acid and free base or in the
hydrolysis constant.

of the decomposition of salts by
process of salt hydrolysis reffered

14, Depjye expressions for (i) hydrolysis constant, (i) degree of hydrolysis
(iii) pH of an aqueous solution of a salt of weak acid and strong base, (iv)
tion between K,K andK_ (2006, 17)

. Salt Of Weak Acids And Strong Bases: -




- %
:3
Ch i

reaction. In this reversip)
q btaining 35_5153 constg
0

drolytic constant m.—«._du
etate salt in water

e ._.mmn
nt S.E

- rsible
In general hydrolysis1sa o

: jon an
\ve can apply Law of mass mn:o:_. hy
known as hvdrolysis constant m.%q sodium ac
(i) Hydrolytic constant — consl

g “H.COOH + Na OH
CHICOD N+ HA-O—H 7 CHICO . o
% 2 ' both side in above equilibrium hence it my,, B "
ince. Na” is common i
out and equation can be written as
) oH~ +CH,COOH

= 4 = O =2 ;
CH,CO0™ +H-0-H+— PRI w— oFwa,
&

: Hibrium an
Applying law of chemical equilibrium
constan

[ OH" ][CH,COOH]
h ﬁﬁ.I..ﬁ.OD - g
i) D { Hydrolysis (a): - ! . .
o m..wﬂﬂvwmm ﬁ.«n m_MM sEm one mole of the salt dissolved in V liter of solutjg,
Then the equilibrium concentration are

CH,COO™ +H,0==CH,COOH+OH"
I-a a L

v

K

Al
\

-

o’

[CH,COOH][ OH" |
= (1-a)V

[ CH,CO0" ]

K,

If & is small as compared to unity, (1-«)in above equation must by
replace by | so that

o Year - Chemistry I Paper - Cz_._< _“
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All equilibrium, [CH,COOH] = [OH"] and let the concentration of the
it [CH,CO07 is C mollitre. »
w ]

ing in €q.(i)
_U_x_ﬁw:wu:_mﬁ_ 2
— —A.:, s ﬁOI u
Kamx C

sesussrss(i1)

| ﬁoz.u_n

putting in eq.(ii)

K

(]

+ —ﬂ,..._.ﬂn
[]= —Iml
log[ H" | nw
Multiplying by - ve sign

r

log Kw + _

|
logka——logC
7 eeamolog

X | l- 1
LomTJ_ gu lm_omﬁélm_omxm— +m_omn

4
2

L

H=
Y 2

PKw +—pka +._m1_om0

_uINu+H

K.C
Where C is initial conc. of the salt,

(iii) pH of aqueous solution of a salt of w
At equilibrium, we have the equat

eak acid and strong base: -
ion,

CH,COO" + HOH CH,COOH + oH-
Applying law of mass action,

g = _n:_noo:;o:g
[cH,co0 ] . (i)
(__For more details Visit Us Af———

}g‘:moamccu:

1
Ka+—loaC
PRt loe

 (iv) Relation between K, K, andK,
The ionic product of water (K,) is expressed as

K, =[H"][on"] .
K, is the dissociation constant of the acid, here acid is
CH,COOH —=CH,C00" +H'

% [cH,co0" |[H°]
* [cH,CO0H]
Dividing equation (i) by (iif) we get
[oH-][CH,CO0H]
=
[cH,C00 ]
From equation (i) = Ky
Shop Online a

Twww.winsomecollection.co.in
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sis constant K, of the salt varje

" a: is ﬁ;”.n ”_Mw” mﬁﬂ hﬂaﬁ*_wzm weak acid. Therefore the Snw_ﬂﬂaﬁg; (i) Degree Of Hydrolysis: -
as the dissociatio a ]
; e salt. € o .
€ m attained is )
; i sion for the h :

Q.15. Definesalt 3&:.55.9 Obtain ox.w_dm I Ydrolysis Congyg NH,'+H,0 NH,OH+ H?
for the salt of strong acid and weak base. 20 0 ta oo 1

d Strong Acids: - 1) v v v

Ans: Salt Of Weak Bases An .
Applying law of mass action

The hydrolysis of a salt of a weak base and strong acig iy
represented by the equation . . be HZI.“ O:_MI@ a o .
NH, +CI + H0 &= NHOH + CI' + H K, = . _ V'V __a
Since CI is common both side of the equation, it may be left out and i _HZIh Q A_ M\o& Q -a)V

. e .
cquation exn Do WRGSLES When o is small (1 - ) may be considered as equal to one, then

NH,” +H,0==NH,OH + H* o .
K,=% =K, xV=a’ =a=.K,xV

(i) Hydrolysis Constant: - _ v
Applying law of mass action t0 the above hydrolysis reaction, Ty, ‘ K
hydrolysis constant K, is given by We know from above equation K» =7
b
K, uﬁ: JHEA,OR] LS
[NH," ][H,0] *=\K, =
Since H,O is large excess and it is taken to be constant and hydrolysis constagy| (iv) Derivation Of pH: -
is reduce to
We know that _.,I- g == =aC
" [H* ][NH,OH] v
n _Hzx ...H_ Substitution the value of a in equation (i)
(ii) Relation K, K _And K,: - g K " K,C
w Y= = Css H = |-
We know that ionic product of H,O (K ) is represent as, | HI g K, xC X _” H_ K,
K, u?-#ozg SN () Taking log
: 1 1 1
For dissociation of weak base NH,OH=—=NH," +OH" logH" = 3 logK, + m_omn |m_omﬂ..

' Reversible sign
|

mz:._%o:-u_ , _
K, = s 3 1,k -—logC+—logK
Then, b _‘ZI..OI_ SN ¢ 1) Lom_“m uuiu_omws S e gk,
Divided (i) by equation (i) | " ! 10gC-~logpK,
+ :“..Iﬁ il..l 2
k, [H Ez:._o:_lm : | = PRT) . 2
= = =1
K, [NH/] __ g B
~winsomecollection.co.in D)

i) |

(— For more details Visit Us At - www.winsomepublicatiol
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. lutions wi 2
Thus pH of the solution is always being [€ss than 7 s0 il be mn_&a.

Ky

Q.16. Define degree of hydrolysis and derive nm_m ..m”:“””rw..ﬁ betwee,,
K., K, and K, for the solution of salt of weak acid and v nEE.

ﬁocﬁ
Other Related Question -

Q. Write short note on Hydrolysis of CH; COONH, . (201,
Ans.  Salts Of Weak Acid And weak Bases: - .

Such of salt both anion of weak acid (CH,COO") and the cat
weak base (NH,") undergo hydrolysis simultaneous

CH,COOH + NH,0H

CH,COO" + NH," +H,0
(1) Hydrolysis Constant: -

Applying law of mass action to the above hydrolysis reaction we have the
hydrolysis constant K,

k. —_ [CH,COOH][NH,OH]

" [cH,coo ][NH," ][H,0]

m. H, O_ is very large and is taken to be constant
3 ?m.hoo::z:bi

k CH,C00" J[NH,"]
(ii) Relation Between K, K, And K,:-

K,

Applying law of mass action to the ionisation of weak acid, weak base, _

NH,OH and water we can write CH,COOH
CH,COOH —=CH,C00" +H"~

i h:-#nxunoo@

‘STTCHCOOR] . = e (i)
NH,OH == NH," +OH-
% - [OH ][NH,"]
L
TLI&OIQ AT (111)
H,O=—=H'+OH"
K, =[H “Jlon] iieeadEV)

Dividing (iv) by (iii) and (ii) we have

~

For more details Visit Us At - WA A e mr e e

L
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K, _[H][OH" J[CH,COOH][NH,0H]
K, xK, ﬁn:unoogﬁ:%z:a#ozg
_ [CH,COOH][NH 0H]
[CH,C00" ][NH,"]

- 103

Q.17. Show the for ammonium acetate solution,

the degree of hydrolysis, x
is given by :

(2007, 19)

Ans. Relation Between Hydrolysis Constant And Degree Of Hydrolysis: -

Let us start with 1 mole of the salt of a weak acid and base. Ifais the
degree of hydrolysis the equilibrium concentration are

CH,COO" + NH,' + H,0==CH,COOH+ NH,OH

l-a -a a a
v v v

*

T<IQ 3

-

— — QI
tol-a l-a (1-a)
< .
When a is very small the (1 - a) may consider as one, then
K, =a

o =R,
K

K, =——%
R K

<|e

K

=]

X

<

; ion between k , k and and k_in hydrolysis of salts of
Establish relation K, 2014)

Q.18.
k acids and strong bases. . .

H»m Hyd wo_uamm of salt of weak acid and strong gwm...

" ! The hydrolysis of sodium acetate is represented at

ililbrium as '
o CH.COONa+HOH — CH,COOH +NaOH
3

: — the above reaction.
i o the ionic form of . .
w%ﬁ%wwﬂooéza + HOH o= CH,COOH +Na"+OH
3

+OH
or CH.COO: +HOH = OWMM_M_NWEE
. CH,CO0: - ,
i f mass action
fouicrint WW. winsomecollection.co.in Y
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[CH,COOH][OH ]
s T
[cH,C00" ]
Where K, is the hydrolysis constant.
K, =Kx[H0]
here K is equilibrium constant. .
By electrolytic ionization of weak acid,
CH,COOH = CH,CO0 +H’
Applying law of mass actions,

[CH,C00™ ][H"]
[CH,COOH]

Unj
.,

K, o)

K =

. _[cH,coo™][H°]
i K

[CH,co0H]

G

Where K, is the ionization con

i stant of the acid. Putting the value fyo &q.(i)
in eq.(i)
‘ " [cK,co0J[on- J[n°]
[CH,co0™ Tk,
or K, = .MP

where k, is ionic product of water,

Q.19. Calculate
250°C, K|
Ans:

degree of hydrolysis of 0,1 Ms
=18x10*, K=1x10"

olution of sodium actuate at
First we decide a

. - (2001)
g1ven salt is which type h i
f . Pe here CH. COONa it must be
%:: from CH,COOH + NaOH reaction i e weak acid mzm strong base h
€ can use the formula g o L

A.U. - B.Se. I* Year - Chemistry il Paper - UnitV - 103
[Salt] o (0.02)
g =— 8.1x10 2
Pou = Py, 108 | Base) log 8.1 T..ou [Base]
we know that p,,  pg, = 14
e ﬁo.omw
== A%107% )+
| e e

—  Baseamount =1.62x107%

Q.21. For the indicator thymol blue PH =2, when half of the indicator is
present in ionic form. Calculate the percentage (%) of the indicator in the
ion.

unionized from in a solution of 4.0x 10° MH* (2012)
Since at pH = 2.0, half of the indicator is present in the unioni

Sol. zed form
then
HI]=[11

]
[H1,]

n

Pu =pK, +log

1, =indicator

and we know that

Pk, =Py =2

pH of the solution containing 4.0x 10 M of Heis
Pu =—log(4.0x107) =24

1)

[H1,)

[HL, ]

Adding | on both side, we get

Thus log

=Py —Px, =24-2.0=04

n

aq- N-M

]
C[EL] 1 g
[G)eMmn] 3>
Thus the percentage e

us

or
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