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CHEMISTRY FOR JEE MAIN & ADVANCED

classes

Classes for Acade

1.

properties.

2. The compressor has to run for longer time releasing more
heat to the surroundings.

4. In a reversible process, the driving and the opposite
forces are nearly equal, hence the system and the
surroundings always remain in equilibrium with each
other.

7 A — B, volume is not changing (Isochoric)

B — CIsobaric
C — A Temperature is constant (Isothermal)
8. MD)w=-P _.AV=- AngRT and Ang is—Ve for [ and IT
alsoAV=—ve forIV
o V2t 120x120x(10%60
9 H=W=i{’Rt=——= ( )
R 6
=14.4x10° joule

11. Case (i) AV=0,W=0

Case (ii) P=constant, W=-P(2V -V )=-PV,
Vo
14. W=-2.303nRT log—=
Vi
20
=-2303%x1x8.314x107x298 logﬁ
=-298%x10"%x8.314 x2.303 log 2.
16. At constant volume AH=AU+ VAP

1

19.

20.

EXERCISE - 1

Single Choice

= —560=AU+10x(-30)x 0.1

7. Let final common temperature is T,
Heat gained by Zinc piece = Heat lost by water

0.4 (T,—20)*x65.38=4.2(100-T)*x 180 = T,=97.3°C

W =-300, because the work done by the system.

compression is allowed, so w =0 and AU = q.
AU<0,w=0
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Entropy is extensive property & others are intensive

= AU=-530kJ

We know that AE = Q+ W =600 +(~300) = 300J

Bomb calorimeter is commonly used to find the heat of
combustion of organic substances which consists of a
sealed combustion chamber, called a bomb. If a process
is run in a sealed container then no expansion or

HINTS & SOLUTIONS
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22.

23.

24.

26.

28.

30.

32.

36.

37.

38.

41.

For isochoric process AV =0 soq =AE i.e. heat given
to a system under constant volume is used up in
increasing AE .

When a real gas is forced through a porous plug into a
region of low pressure, it is found that due to expansion,
the gas on the side of low pressure gets cooled.

The phenomenon of producing lowering of temperature
when a gas is made to expand adiabatically from a region
of high pressure into a region of low pressure is known
as Joule-Thomson effect.

TV '=T,V,”! = 300xV"*=T,(8V)"” = T,=150K
W=nC (T,-T)=1x3R(150-300)=3x2(-150)
=-900 cal

AH = heat given. So, process is isobaric.
w=-P_ (AV)=—1x2litre.atm=-202.6J

Hence, q=202.6J=AH.and AE=q+w=0.

State 1 . State 2

(1L, 10atm, 300 K) (4L, 5 atm, 600 K)
Heat given, =150 "(600—300)=15000J
W=-P_(V,-V)=-1(4-1)=-3Latm=-300J
AE=q+W=15000-300=147001J
AH=AE+P,V, —P V =14700J+(20-10) x 100J
=15.7KJ

In isothermal reversible process ideal gas has constant
temperature and so AE=0 and AH=AE=0.

Mixing of non-reacting gases increases randomness and
S0 increase entropy .

NaNQO, is a solid, which is converted to liquid ions.

Reaction is endothermic and no. of moles increases on
decomposition.

T2 5
AS_ =nC IH?ZZX —-1|RIn2 =3RIn2
gas v,m 1 2
I V2 1
AS=nC  In T, +nRIn v, =C, ,In2+RIn )
~(C,,~R)In2
AS C, 1 2 2 3R1 _573 3R1 o7
= =2x = =
gas n V,mr1 Tl 2 n 473 n 473 )"
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42.

44.

46.

IZ V2
-2 2
Tl nR /n :

For adiabatic process (Q =0)

AS=nC_/n

T
2 =—-nR /n &

AE=W = nC /n AS=0.
v Tl |
\
AS =nRIn —— =2xRxIn2=11.52J/K
system Vl
_3Aba000
surrounding - 3 10 -
AS,, =+11.52-11=+0.52J/K
H,0() —>H,0(g) AHVap = ASWTB_P_ =xT,
AH,(H,0.9)=AH(H,0)+AH _~ =x,+xT,

AH .. =2AH,(CO,, g)+3AH(H,0, g) - AH(C H,,g)
=2x,+3(x,+x,T)-x, =2x,+3x,+3x,T, —x,.
1x—-401.7
47. AS( o =———=-1.09JK"
system) 368

48.

51.

The ice-water both absorbs the 401.7 J mol™' at
temperature 273 K

_ 1x401.7

273
=-1.09+1.47 =0.38 JK™!

Equilibrium at standard state means equilibrium constant
is 1.

AG=(AH)-T(AS)
NN

=1.47JK"' and AS

surrounding (universe)

—ve —-ve
since both are —ve, the reaction would have a —ve AG

0
K (=569K)

below a temperature of

58

. It is because of the fact that for spontaneity, the value of

AG = (AH—TAS) should be <0. If AS is — ve, the value of
TAS shall have to be less than AH or the value of AS has

X
to be less than —— 1i.e.,

T 208"

. AG for 3Fe(s) +20,(g) — Fe,O,(s) can be obtained

by taking
1
[(@)+4x M]3

1
Hence, we get AG, = [-19+4 x (= 177)] % 3 =-2423k

cal for 1 mole Fe30 A
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61.

62

63.

64.

66.

1

- Al ==B(®P,= P, P, =4p,
Ps _Pala 1

K= Pn Py, 4

At equilibrium, AG=0.

1
AG®=—RT /nK,=-RTInK,=-RT In 7 =RTIn4

. Work is not a state function becuase it depends upon
the path followed.

In isothermal process, AT =0
In isobaric process, AP =0
In adiabatic process, q = 0.
In isochoric process AV =0

For IV volume is constant (isochoric)
For I pressure is constant (isobaric)

Process direction in V—P diagram is clockwise so, process
direction in P—V diagram is anti-clockwise.
Net work done on the system = Area of the ellipse

PR (V- W)

2 2
At A and D the temperatures of the gas will be equal, so
AE=0, AH=0
Noww=w, +w, . +w, =PV 2PV In2+P V,
=—2P, V, In2
W_ = area enclosed
Tz— B C
P
1 A b
vV —>
Ve nRT
P
2R x300 _ 600R
V.= ) 1
v _ 2R x300 _ 300R v 2R x400 _ 400R
L) | ) 1
800R
V,= T

81
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67.

69.

70.

V, 1
W. = nRTT,In —2=2R (300)In = =600 RIn2
AB A \(A 2
W_.=-2(400-300) R=—200R
VD
W, =—2R(400)ln ——=-800RIn2
Ve

W, =-1(600R—800R)=200R
W_ . =W, ,+W,_ . +W_+ W, =200 RIn2
=—100RIn4

I — Work done by the system in case of infinite stage
expansion is more than single stage expansion.

IIT - Single stage process is a irreversible process.

IV — We have 5 points on PV diagram.

latent heat of vaporisation of water =2.25 x 10°J/kg
AH=2.25x10°J/keg.

workdone=-P_ (V,-V))

AH=2.25x10°J/kg

AH=AU +PAV

1
— M’=1L

m
(a) Now, volume of water V= (F] = 1000

1000
volume of steam = W =1666.67L

2.25x10°=AU+1[1666.67—1]101.325
AU=225x10°-1.68 x 10° =20.8 x 10°=2.08 x 10°J

(b)

Volume=35x10%x3=150m’=150x 10°L
T=27°C=300K ; P=1latm

PV=nRT = 1x150x10*=nx0.082x300

= n=6097.6

Total energy released per second = 150 x 50 =7500 J/sec.
Amount of energy released by persons = energy gained
byair = [7500]t =nC[dT]

7
= 7500t =6097.6 < 5 x8312x15

354.87 )
= t_=35487sec.= =5.91 minutes.
sec 60
EXERCISE -2

Part # I : Multiple Choice

7
AH=(nC,, +n,C, AT = (O.5x§R+O.5x 4Rj (-100)

5
=-375Rand DU=(0.5x 7 R+0.5x3R)

(-100) =—275R.
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13.

14.

16.

17.

19.

22.

24.

AS=nC, 1 (TfJ+ RI [Vf] s om0
n n n n n298 n

AH=nC AT =n(C+R)AT=1x7x75=525 cal

Boiling of a liquid at normal boiling point is a equilibrium
process and on decreasing the pressure equilibrium will

go forward and AG will be negative and vice versa.

3
nlcv’m1 +nzcv’m2 1><3R+2><§R
Avg.C, = ny + 1, = 3 =2R
T V=T,V = 320 1%—1 —T,x(@)>" = T,=160K
AU=(n, +n,) Cy, AT=3x 2R x (160 - 320) =960 R
d d
dE=dW +dQ:—dW=dQ—dE - 3Q-_dQ
“dW dQ—dE
c, 7R ( 7R)
= — = C =
(Cp _Cv) 2R ¢ 2
(A)w=—nR AT=-2x 8314 x 100 =—1662.8 ]
400 400
AU=n J.CVm dT =2 % j (20+102T)dT
300 300

-2
{20x100+%(4002 —3002)} — 47007

4700=q- 1662.8
q=6362.87.

1
T oc T ; TV2 = constant

For adiabatic process, T\/7~1 = constant

y=1= 5 Y = 5
Molar mass = 102 gram/mole
P =650 torr . T=77+273=350K
Q=ix1t=0.25x600=150
E=QxV=150x12=1800J
This heat is supplied to the system at constant pressure
that’s why this is used for change in enthalpy
For vaporisation of 1.8 gram, amount of heat
required q=1800J
For vaporisation of 102 gram, amount of heat

. 1800
required q = 18 ~ 1021]
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25.

27.

28.

=102 x 10°J=102 KJ/mole

AH= AU +PAV

AH= AU+ AnRT

For determination of AU per mol (An = 1)

102 (KJ/mol)=AU +(1 x 8.3 x350) x 10
= AU= 102-2.9=99.1 KJ/mole

Given energy = 1560 kJ

1560 x 50
100

44 kJ Utilised energy for evaporation of H,O = 18 gram
780 kJ Utilised energy for evaporation of

Utilised energy = =780kJ

18
HO0= 4, x780=319gm

This is adiabatic irreversible process so, for this process
PV = Constant, is not applicable
W == cht (VZ - Vl)

But for adiabatic process

PoVo —PyV.
W—dU—[ 2V2— M 1]
y-1
PV=nRT

= 10x10=nx0.082 %273

PoVo — PV
y-1

= n=4.47 moles

_cht (VZ _Vl) = [

1x Vo —10x10

= —Ix(V,-10)=— =

V, -100
0.67
= 106.7=1.67V, -
" nR[T,-T]=P,V,-PV,
_ 447x0.082[T,-273]=64—100=-36
= (T,~273)=-982

= (10-V)= = 6.7-0.67V,=V,~100

V,=64

= T2 =174.8 K
q=0,AU=W
nCv(Tz_Tl) = cht(VZ_Vl)
3 nRT, nRx300
ns R(T, 300)=-2 1

3
= 5 (T,300)=(600~T,) = T,=420K

3
W=nCy(T,-T)=2x 3 x2 (420-300)=720 cal.

32.

36.

37.

38.

0.40=aT3 +bT, = 0.40=ax(1000)+bx 10
= 0.4 =1000a+10b (1)
0.92=aT3 +bT, _ 0.92=ax8000+20b

wl2)
from Egs. (1) and (2)
a=2x107,b=0.038
aT® +bT a[Ty - T71
S = JT.dT = ST, T)

=0.427 J/K-mol

. As dew formation is spontaneous process, therefore,

entropy or randomness of the universe will increase. As
randomeness of the system has decreased but
randomness of the surrounding will increase larger so
that change is positive.

D) No. of moles of = & =0.1
(D) No. of moles of sucrose = 347 O
- (AG),, = useful work done by the system

180x0.1x300

~AG=-AH+T.AS =+ (6000 x 0.1)+ 1000

=605.4KkJ.
(A) AG 300 =AH 555 ~ T AS 399
AH 50 =20-4=16kJ/mol

AHT, =AHT, +AC [T,~T|]

0 o 20x200
AH 450 =AH 54, + W kJ/mol =16+4
=20kJ/mol.
AG=AH-TAS

AH= ZAHP —ZAHR

AH=-110.5+266.3=155.8KJ

AS= Z Sp ™ Z S
AS=197.6+27.28—(57.5+5.74)=161.64 J/mole K
For reaction to be spontaneous, AG <0

AH-TAS<0 = T>2H
- = 17AS

155800

T Tel64 04K

Part # I1 : Assertion & Reason

1.

Work done against vacuum is zero. It is free expansion.

83
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1.

EXERCISE -3

Part # I : Matrix Match Type

(A) Reversible isothermal expansion of ideal gas

Vs
V. and AE=AH =0 (as AT =0)
1

(B) Reversible adiabatic compression of an ideal gas
nR(T2 — Tl) P2V2 — PIVI
y-1 y-1

W =-2.303nRT log

PV"=constant and W =

(C) Irreversible adiabatic expansion of an ideal gas
nR(T, -Ty)
y—1
(D) Irreversible isothermal compression of an ideal gas

AH=0(as AT=0)

(A) A process carried out infinitesimally slowly is called
reversible process

(B) Aprocess in which no heat enters or leaves the system
is called adiabatic process

(C) A process carried out at constant temperature is called
isothermal process

(D) Aprocess in equilibrium has AG =0

(E)A(s) — A(g)

process of conversion of solid to gas is called
sublimation
(F) In a cyclic process, state function have no change in

their value.So, AE=0, AH=0.

(A) AGSys =0 = equilibrium and free energy is zero. So,
no useful work.

(B)AS_, ...>0 = Spontaneous process and able to do
useful work.
(C)AS_, ...<0 = Nonspontaneous process and unable

to do useful work.
D) AGSys > (0 = Nonspontaneous process and unable
to do useful work.

(A) For reversible process AS . =0 and for adiabatic
process ASSySwm =0
(B) For reversible process AS . =0, and in

vaporisation entropy of system increases

(C) Number of gaseous moles decreases. So, entropy of
system decreases and N, is more stable. So, process is
spontaneous. For spontaneous process AS >0
(D) Number of gaseous moles increases. So, entropy of

system increases.
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Part # II : Comprehension

Comprehension#1 :

y
2. H,+ 2 0, —— H,0 AH=-57.8 kcal/mole

¢ (N)=c, (N,)—R=6.3 cal/*C mole

¢ (H,0)=9.3 cal/°C mole

Assuming that both H, & O, are consumed.

For 100 moles of air taken 40 moles of H,O is formed.

80 moles of N, left.
40%57.8x10°=80x6.3x(T,~T,)+40x9.3x(T,-T))
T,=2937K.

4. For rigid and adiabatic container W = 0, Q = 0 dU
=Q-W=0

E,-E,=0So E,=E,.

Comprehension #2 :

1. Work done in isothermal process will be more than
PV?= const, process whatever be the value of K, and K,
as is shown in the diagram.

PV=const.

AE/ PV’=const.

v, vy, Vv
2' Clearly (Vf ) isothermal > (Vf )adiabatic
P
P -
. Isothermal
X adiabatic
T R, s
T . cd
- A\
adiabatic isothermal
O\
\|e‘5\‘)¥c o
e .a\oa\\ P,V
20V
irreversible Pe
5. Peve - > 2V°, —
isothermal 2

For reversible adiabatic,
Pe . ¥

? (2vey=PV,
Forreversible PV2=K
E 0)\2 — 2

5 QVoP=P,
So,P,>P,
Since final volume is same
Po T

So, T,>T,

= P,=2P°
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Comprehension # 3 :

1. Since AE=q+w=80-30=50
So for ADB
AE=q+w ; 50=q-10 ;q=60J]

3. InADB process, DB process is isochoric so w, =0
SO’ AIEAD - qAD + WAD

-40=q,,+(-10); q,,=-30J

Arp = 9ap T s > 60:730+qDB

qp =907

Now,

Comprehension # 4 :
3. Reaction to be spontaneous

AG<0 = AH-TAS<O0
AH 100x10°

= AT>—— = T>——— = T>2000K.
AS 05x10

5. UseAG=AH-TAS

300%(-7.2)

AG=-15- 1000 = —12.84 Kcal mol™!

Comprehension #5 :

600
2. AS=2303x1xC,log =23.03

300
10
= 6= log2
10
CV:CP_R: |092 -8.3

3. For reaction to be spontaneous,
AG<0 = AH-TAS<0

AH
= T<E = T<428.6K.

Comprehension#6 :
2. AH= AHcpon —AH, — AHy, =201+114-2x0=-87
320

Ty
3. 88, =48, HAC,In T =—16+(~43)In 550 =—18.58

AC,=44-29.4-2x28.8=-43.
5. A Ggpp =AHz —T.A Ssy0

320 x (—18.58)
1000

—87.86— =—81.91 kJ/mol.

Comprehension#7 :

1. U=a \/V Here U = Kinetic energy of ideal gas
U=nC,T
=nC,T=a vV ..(0)

LBV
" nR

sub. (2) in (1)

(%).PV =V

...(iif)

(aR) L
=P= c, \/V
o d
w=-[Pdv —_(éjj%

W

%

1
=—(a) (y- 1)~m (

w=-2() (1= DV -V,

work done by the gas = —w = 2(a)
G- DV, -,)
2. For diatomic gas with no vibrational degree of freedom
C, = 3 R +2x 1 R
Vo2 2
C,=52R
AU = oV, - \/v_l) ~1007J
w=2() (1= D (V2 = Vi ) =@ =1 100

w3

C,
r=¢c,
(7 _(2
(Y_l)(s 1) (5)

w=(2) (éj (100)J = 80J

3. AU=q+w = 100J=q—80J

q=1807
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EXERCISE - 4
Subjective Type
1.()H,0 (g) —_— H,O(¢)
V(g) = V(«)
W=-"P, (V,= V)
W = +ve
(i) H,O(s) _ H,O(g)
V(g) = V(s)
=—ve
(iii) H,O (0) _ H,O(s)
vV, > V( N

®
W=-P V,-V,)

ext

= —Vv¢€

() 3H,(g) + N, ——> 2NH(g)
W=-P (V,-V)
=-P_, (0, RT —nRT)
=-AnRT
W=+Ve
) CaCO,(s) —> CaO (s) + COL(g)
W=-P_AV
AV>0
=-ve
2. AE=-651] w=20]J
Aq=AV -w —65=AV-20
AV=-45]
3. AH =-2808 kJ mol

glucose -

(a) Energy need to climb 3m = Mgh=62.5 x 10 x 3
Aq = 1875 Joule

Now useful energy from 1 mole of glucose = 2808 x Z

=702kJ

1875
702 %103

= No. of mole of glucose required =
=2.67x 10 mole
grams of glucose = 180 x 2.67 x 107°=0.4807 gm
(b) Energy need tp climb 3000 m will be 10’ time.
= wt. should be 10° time = 0.4807 kg
4. q,=q,+ AngRT
40.66 x2=q +2x8.314 x 373

= q,=(81.32-6.202) kJ
q,=75.118 kJ
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10.

AH =1 kcal
AH = AE + PAV
1%x10°%x4.18=AE+1.013x10°x3x 10"

4149.61)
———|cal

AE = (4180 - 30.39) Joule = ( 4.18

AE =0.993 kcal
3
NH,CN(s) + E 0,(g)—> N,(g) + CO,(g) + H,0(¥)

1
AH,, = AE + AngRT =-742.7 + EX 8.314 x 298

=-742.7+1.239
AH,, =-741.46

AH =1440 cal
AH=AE+P(V,-V))

1440=AE+1.013% 10°(0.0180—0.0196) x 10”
AE=1440-1.013 x0.0016 x 10~
AE=1440.168

W = [P dV

= —jp(vz ~-V;)=-1.01x10°(0.1)x 10°°
W=-10.1]

Zn(s) + 2H (aq) == Zn"'(aq) + H,(g)
AH=-36.5kJ

AQ=AE-W -36.5kJ

=AE+1.01 x10° (500 x 50 x 10°°)
AE=-39.03kJ

W=-P_(V,-V)=1.013x 10" x 500 x 50 x 10"°
W=-2.53

1
w. ——nRT(I&] =-5x8.314 x 300 (1——j
irr P] 4

W, =-9353KkJ

W =-2.303 nRT log(ﬁj
rev v,
W =-2.303 x5 x8.314 x 300 log4

W =-17.29k]
and Aq=AE - W
at AT>0 AE>0AH—>0

W =—q=1729kJ
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11. n =1 State - 1
T,=300V,=27V, TV, '=T,V,” PV =nRT = P =1 atm
-1 1 State - 2
(Lj = (&j T, =300 (LT P, P
T, Vi g 27 T_IZT_2:> P, =2 atm
1 2
T,=100K 546 o
Adiabatic condition AQ =20 =AE=W=nC(T-T) P, =573 am
W =1 x 25 x -200 W =-5.000 kJ/mole State - 3
PIVI = PZVZ
12. Process reversibly adiabatic 2x22.4=448xP,
T,=298.15K V=2V, P,=Tatm
TZ =248.44K Pvi=K PV =nRT Step Name of process q w AE AH
T A Isochoric 2R(273) 0 2R273)| SR@T3)
ZoyY = —1_ -1 2 2 2
IV, Vi=K TV =TV, B Isotherm 546R In2 |-546RIn2 | 0 0
T, v, O\ ! C Isotherm FR(273) | RQ73) | +RE273) |ZREQT3)
(T_lj = (sz (29815j = 2.7*1 overall
2 1 248 .44
12=2" log 1.2=log2. (y-1) State-A— (Isochoric)
logl.2 -~ B
V-1="0a0 y—1=0.263 W=0 Aq=AE
og?2 3
Now nC,(T,-T) :T
5
c _( R j_ nR(T, — T)) AH=nCdT  AH=1x ERQB)
Vim -
ool (r—1)
3314 State - B —  (Isothermal)
Cy A =—— Cy., =31.61 = =
Y =0 2€3 um =316 AE=0 AH=0
. AH=AE + APV
P, isQ=-—w=+42.303 x 1 x 8.314 log(2) x 546
13. W=-2.303 nRT log| Q=546 R In2 W =546 R In2
) AE=nC,AT W =nR(T,~T,)
=-2.303 x1x8.314 x298 log (gj State - C —  (Isobaric)
= W= + _
W 3,988 kI Aq=AE-w=AE+P(V,- V)
5
14. or AH= AE +PAV = 5R(—273)
A2 Y
44,81 3 1
c " 15. H(g) +§ 0,(g)—> H,0(Y)
24L ] > 2 1
A AC =C ~Cp, . —=C
> preaction pHZO([) pHZ(g) 2 pOZ(g)
273K 546K 1
1
Lol =75312-38.83— %29.16
State P \% T
1 1 224L | 273 ACP i 210K
AH,,,= AH,, + nCp AT
2 Zaim | 224 [ 546K —(L285.76+1%21.9x75 x 107)kJ
3 latm 44.8 546K AH_ =-284.12k]J
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16

17.

18.

19.

20.

. C,=22.34+48.1x 10" TJK ' mol

n=1 T,
AH= [ nC,dT = [(22.34 +48.1x10°T)dT
Tl

48.1x107° x298x3
2

=22.34 %298+ 298

AH =13.064 kl/mole
W=-P(V,-V)=-nR(T,-T)

W =-20477
AE=13.064—-2.477
AE=10.587kJ
AS=288J/K AH=30.5kJ
30.5x10°
AH=TAS ———=T=1059K
28.8
ndeT
AS =
T

25.5 B B
=1 [ 13.6 % 10°-42.5 % 107 T) dT

=2303%255log2+13.6x10°x300-42.5% 10"

2
AS=20.618kJ

Br,(/)+ClL(g)—>2BrCl(g) ,  AH°=29.3kJ
AS, =1523 AS, y=223.0

AS, o =239.7 Jmol ' K
AS,=2%239.7-223-152.3=104.4
AG=AH-TAS

=29300-298 x 104.4=-1721.8J

CCL(¢) —> CCl,(g)
P=latm

T=298K AS=9498JK"
AH=AH —AH, =(-106.7 +139.3) k]
=32.6kJ/mol

AG= AH, - TAS
AG=32.6x10"-298 x 94.98

A G=4.296 kJ/mol

88

(6002 —3007%)

21.
@

H,0 (g) + CO(s) == H,(g) + CO(g)
ArHO298

= AH,(g) + AH CO, (g) - AH,, (s) A H,0(g)
=-94.05+26.42 +57.8 =—9.83 k cal/mol
AG=-94.24+0+32.79 + 54.64

AG=-6.81

(iii)) AG=AH—-TAS ~6.81 =—9.83 298 A S

(i)

9.83-6.81 —AS
298
AS=-10.13 cal/ mole
(iv) but at constant P
AH=AE+APV - Ang =0
AH=AE, =-9.83 k cal/mol

T 298

S°,0s [H,0(2)]
= + — -
AS=AH0()+AS,,—AS, ~AS

U}
r CO
-10.13=-ASH,0(g) +47.3+31.2+51.1
ATSHzo(g) =45.13 cal/ K mole

22. Step-1

Ice (200 K)—— Ice (273 K)

AS C1 Ty 1%2.09x10°1 273
=m n—= . n
! P, 200

AS,=650.312]/°C
Step-2

Ice (273 K) —— Water (273 K)

AH, 3.34x10°
AS =—Ft=—"——-=1223.44]/°C
2 273 273
Step-3

Water (273 K) — Water (373 K)
AS.=1x4.18 x 10°1 375 _ 1304.6 J/°C

T P73 =
Step-4

Water (373 K) —— Steam (373 K)

_AH, 22.6x10°
4373 373
Step-5
Steam (373 K)—— Steam (400 K)

AS

=6058.98J/°C

400
AS,=1x2.09 x 10°In ——=146.06 J/°C
373

AS =9383.4]J/°C



THERMODYNAMICS

23.

@

(b)

24,

(i)

5
YZE,PI:Iatm,T1:300K,P2:2atm

PV" = constant

P' " T"= constant

TP V"= constant
(= _ 1=y

T1P 1 - T2P2

-2/5
T,=300 (E] =395.85

3
w=AU=nCdT =1 x EX 8.314 x 95.85

w=1195.37]J

V2:ﬁ=16.25L

P2
AU =w
1x1.5x8.314(T,-300)

RT, RT,
PZ Pl

=—-2x 101.3[

T
(T,—300)=1.333 (300 —72)

nRT, _ 17241

T,=420K V,=

2

w=AU=1.5x8.314(420-300)
w=1496.52]

V,=20L,y=7/5,T =673K,
P,=0.2 MPa =2 atm, P, = 0.7 MPa = 7 atm

PV
n=-1"1

=2.5
RT,
AU=AH=0
P, 7
gq=-w=nRT In—=2.5%x8314%x673In—
P, 2
q=17.52kJ w=-17.52kJ]
Plvly:PZVZV
_ _ 17 _
7(20)'=2(V,) :>V2—(3.5)57—48.92L
T :ﬁ =470.46K
2 nR

q=0,w=AU=2.5x2.5 x 8.314(470.46 — 673)
w=AU=—10.524 kJ
AH=2.5%3.5x 8.314 (470.46-673)=— 14.73kJ

(iii)g=w=AU=AH=0
(iv) gq=0,AU=w

\J

2.5%2.5x8.314(T,-673)

—_101.3%2x2.5%0.0821 (%_%j

T,-673=-0.79 (% - 96.142)

T,=536.91K
w=AU=25x%x2.5%8314(-136)=-7.1k]
AH=2.5%3.5%8.314(-136)=—9.9kJ

AU=AH =0
v _nRT  2.5x0.821x673 oL
> p, 2 B

w=-P,(V,~V)=-2x49=-98.13 L-atm
w=-98.13 x 101.3=-9940.9J
w=-994k]  q=-w=9.94Kkl

25.(1) The entropy change of the system ASSys‘ will be same

(i)

in all the three process as it is state function.

AS  =nR 1n%: 1x8.3141In3=9.134J/K
1

For reversible process

AS =0

AS . =—AS =-9.134JK

AS  =9.134J/K

— _qinev. _ qrev‘ - 8366:|
Assurr.i T - _|: 298

=~ AS_, +2.807
AS,=AS_ +(-AS_ +2.807)=2.807 I/K

(iii) For free expansion system doesn't absorb any heat so

26.

q=0
ASSYS_ =0
AS = ASSYS‘ =2.807 J/K

(l) ASSY& = 0’ ASsurr. - 0’ AST =0
(i) AU=w,=nC(T,-T)=-P(V,-V)
0.5% 1.5 x 8.314(T,—473)

T, 473
=-101.3%2%0.5% 0.0821| 5"~

T2
T,-473=—1.333 [7—94.6j

T,=359.49K

89



CHEMISTRY FOR JEE MAIN & ADVANCED

ASSys' = n[Cp ln£+Rlni}

1 2

359.49

=0.5 [2.5><8.314ln +8.314ln%}

AS  =0.957J/K
since no heat is transfered q = 0
AS =0
AS,=AS  =0957J/K

(iii) In free expansion g =w =AU =0
T is constant.

P 5
AS,, =nRIn—1=0.5x8314 x In>=3.81JK
o P 2

2
ASSU]T. = O
AS,=AS_ =381 JK

27. P,=latm, V=1L

P,=1001 atm, V,=0.99L LetP=a+bV
On finding a = 100001, b =-10’so
P=(100001—10°V)

Vo
w=-[PdV = *(100001-10°V)dV
Vi

_ 10° o (2
w==100001 (V,= V) + = (V] - V)

5

10
w=-100001(-0.01) + (=0.0199) =5.01 L-atm

2
w=501 AU =w=501J
AH=AU+ (P,V,~P V)

=501+ (1001 x 0.99 1 x 1) x 100=99500]
AH=99.5kJ

3 1000 3
n————

28.(i) AS :nCIIl&:lX—Rl =—RInl0
s YT, 2 100 2
AS_ =0 (Reversible process
3
AS_ =-AS_=—-—RInl0
surr. Sys. 2
. 3
(i) ASSYS': ERInlO
w=0
3
q=AU= —ER(9OO)
xS, = =3R(00)_ 300
T 2x1000 2
AS —iRlnIO 3R 0.9 —ER 1.402
= S R(09)= R (1402)

920

30.

@

29. G=H-TS=U+PV-TS

dG =dU + PdV + VdP — TdS — SdT
w=0,dV=0,dV=dq=TdS so
dG =TdS + VdP — TdS — SdT

dG = VdP — SAT = AG = VAP f.[SdT
VdP=V (P,—P)

P,

T2
VdP=24.6 (4/3—-1)=8.2 L-atm =820

Ty
JST=[ (10 +0.01TI4T=10(T,~T y+0.005(T;-T)

SAT = 10(100) + 0.005 (400°—300%) = 1350
AG=820-1350=-53017
n=2

2 x0.0821x300
o 1

=49.26 L

Ty

49.26  V,
v, ~

300 550
w=—PAV =1(90.31 -49.26)
w=-41.05x101.3=-4158.36J

Vi _
T, = V,=9031L

—41.05 L-atm
-4.15k

q=AH= [nC,dT
-3
=2 [12.552(T2 -T) +%(Tj Tf)}

2
36810 350

q—AH_2‘:12.552(250) +
q=AH=24.04kJ
C,=C-R=4238+8368x10°T
AU=nCdT=19.9kJ

(iii)) w=0

31.

q=AU=199k]
AH=nC dT =24.04kJ
At298 K,
AG°=-6333 kJ/mole
AH° =-5737 kJ/mole
& AG°=AH°-TAS®
so AS°=2kJ/mole
At310K
AG=-5737-2x310=-6357 kJ/mole
Additional non-PV work = |AG — AG®| = 24 kJ/mole
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32. AC,=33.305-75.312=-42.007 J/K mole

AH 40639
AS,, :T :W: 108.95 J/K mole
AC dT
d(AS)= .
T
T.
Arsm - Arsm = AGC In—=
1
373
AS,,,=108.95 (42.007 In Ej =115J/Kmole

d(AH)=ACdT
AH, —AH., =-42.007 (50)

373 323

AH,,,=42739.35 J/mole
AG, . =42739.35-323(115)

T 323

=5594.35J=5.59 kl/mole
EXERCISE -5

Part#1 : AIEEE/JEE-MAIN

1.

W=-PAV
=—1x10°(1x102-1x107)
=—1x10°%x9x10°=-9001.
For spontaneous process, AG=—ve, K>1andE’  =+ve.
In isolated system, the expansion of gas is carried out
adiabatically. Since heat exchange between system and
surrounding is not possible i.e. ¢ = 0 and secondary w,_
is always greater than w, therefore for reversible process
there must be comparatively higher decreases in internal
energy i.e. AU for reversible process will be more
negative. Hence, final temperature in reversible process
will be smaller than irreversible process.

(1), > (),
In an isolated system, there is no exchange of energy or
matter between the system and surrounding. For a
spontaneous process in an isolated system, the change
in entropy is positive, i.e. AS > 0.
Most of the spontaneous chemical reactions are
exothermic. A number of endothermic reaction are
spontaneous e.g melting of ice (an endothermic process)
is a spontaneous reaction.
The two factors which are responsible for the spontaneity
of process are
(i) tendency to acquire minimum energy
(ii) tendency to acquire maximum randomness.
AG®°=AH°-TAS®
for a spontaneous process AG® <0

o

AS°

= AH°-TAS°<0 = TAS°>AH° = T>

9.

179.1x1000

1602 = T>11179K~=1118K.

=
. 1 3
AS°reaction =50 — 5 (60)— 5 (40) =—40 JK!

For reaction to be at equilibrium
AG=0

CH,OH(f) + % 0, (2)—> CO,(g) +2H,0(/)

3
AG,=AG,(C0,2)+2AG,(H0,(0)-AGCHOH, ()~ 5 AG(0,9)

10.

11.

12.

13.

14.

15.

=-394.4+2(-237.2)~ (~166.2)~0=—394.4 474 4+
166.2=—868.8 x 166.2
AG,=-702.6KJ

702.6
% efficiency = x100 =97%.

726
AG=AH-TAS
For spontaneous reaction AG must be negative
At equilibrium temperature AG=0
to maintain the negative value of AG

T should be greater than T .

V2 V2
AS=nRIn v, =2.303nR log v,

100
=2.303x2x8.314 xlog W =38.3 Jmol'K™!

Negative A G°value indicates that + 2 oxidation state is
more stable for Pb*". Also it is supported by inert pair
effect that +2 oxidation state is more stable for Pb and
+ 4 oxidation state is more stable for Sn.
AG®=AH°-TAS®

—RTInK =AH®-TAS®

AH°-TAS°®
RT

The process is isothermal expansion Hence,
qg=-w Au=0

q=+208J

w =-208 J(expansion work)

AHQ (¢)=-393.5 AH? (w,g)=-283.5

InK =—

C + % 0,(9—> CO(q)

grophitro

AH2 (w,g)= AHJ (c)— AH? (co, g)
=-393.5+283.5 =-110.0Kg.
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17.

18.

19.

From I*'law: AU=q+w

For adiabatic process : q=0

S AU=w

.. Work involve in adiabatic process is at the expense of
change in internal energy of the system.

From thermodynamics

-AH’  AS’
+
RT R

for exothermic reaction, AH = —ve

Ink =

0

slope = = +ve

So from graph, line should be a & b.

15
CH )+~ 0(8) > 6CO,(@) + 3H,00)

Ang =6—7.5=—-1.5 (change in gaseous mole)

AUor AE=-3263.9k] = AH=AU+ AngRT

Ang =15 = R=28.314 JK ' mol
T=298K

So AH=-3263.9+(-1.5)8314x 10° x298=-3267.6kJ
AH = Heat at constant pressure

AU/ AE = Heat at constant volume

R = gas constant

Part # 11 : IIT-JEE ADVANCED

1.

H=E+PV
PAV=nRT.
AH=AE +nRAT

For isothermal and reversible process
AT =0.
AH=AE+0.
AE =0.
AH is also equal to zero.

and AH=AE +PAV

Giventhat, AH,  =30kJ/mol=30x10°J/mol.
AS,,.=75 J/mol.
AHyap
We know that, AS= .o
BP

AH=TAS = 30x10°=T x75. T=400K.

In adsorption there in bond formation between the gases
and solid surface which decrease the entropy.
(a) (i) AG® for the reaction

AG°reac. =2AG°; (NO,) - AG®,(N,0,)

100-100=0

Now, AG=2.303RTlogQ,+AG’
2
H Q ho, _ 100 _ o
ere = =——=10atm
P Py,0, 10

92
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11.

12.

13.

16.

So, AG=2303RTlogQ,+0=2.303RTlogQ,=2.303RT
log,,10=2.303 RT =5.7 kJ/mole
(ii) Since Q,, is more than K,
(calculate K, by putting the value of AG® in the equation
AG°=2.303RT logK,as AG°=0that’s why K, comes as 1.)
Hence, the reaction will proceed in backward direction.
AU=W

nCv(T,-T) =-Px(V,-V)

2
=T =5 00821

From first law of Thermodynamics, AE=q+w
= nC dT =nCdT - PdV
Now according to process, P =V and according to ideal
gas equation, PV =nRT
We have, V?=nRT
On differentiating, 2VdV =nRdT
nRdT
2
So, from first equation we have,
nRdT
2

3
SRO-D=1 ==

and

PdV=VdV=

nC dT =nCdT -

R
2

C —— D; AS=30;

So, C. =C E
o, C, 5
A —> C; AS=50;
D—> B; AS=-20
ForA —— B:AS=50+30-20=60

AG® = AH® — TAS® = — 54.07 x 1000 — 298 x 10
=-54070-2980=-57050

AG°=-2.303 RTlog, K

—57050=-2.303 x 298 x 8.314 log [K=-5705 log, K
log,,K=10

H,O(/,1bar, 373K) —— H,O(g, 1bar, 373 K)
AS>0; AH>0; AG=0
At equilibrium AG (Gibbs energy) = 0 but AG® (standard
Gibbs energy) = 0
As AG (Gibbs energy) is more negative reaction will be
more spontaneous.
Statement 2 is 11" law of thermodynamics which
concludes that total heat can never be converted into
equivalent amount of work.
Process shown by solid line is reversible isothermal
So, work W =-4x0.51n(5.5/0.5)

" =—2In11Latm.
For dotted process (three step irreversible) work done
will be

Hence,

2
W,=—{4x15+1 ><1+§><2.5} L atm.
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17

18.

19.

20.

= 6+1+i L = ﬁL
=—{ 3} atm. R atm.
so,&= 26 ~2

W, 3x2Inll

(A) €O, (s) — CO, (g)

It is phase transition. The process is endothermic
(sublimation).

Gas is produced, so entropy increases.

(B) On heating CaCO, decomposes. So, process is
endothermic.

The entropy increases as gaseous product is formed.

(C)2He ——> H (g)

Entropy decreases as number of gaseous particles
decreases.

(D) It is phase transition.

White and red P are allotopes.

Red P is more stable than white.

So AH is —ve.

- —>

vV —
(A)AS |, =AS_+AS | (Correct)
(B) WHy: WH+ WHZ (Incorrect)
© W,HHZ = foy (Correct)
D) AS,HHZ = AS#y (Incorrect)
(P, VvV, T)
isothermal
? (P, V. T)
adiabatic
(P, V,, T)
\%

(A) T, =T, (due to isothermal)

(B) T,>T, (incorrect) cooling will take place in adiabatic
expansion)

o) w.

isothermal

>W .. { with sign, this is incorrect}
(D) A[Jisothc:rmal = O > AUadiabatiC =—Vve

So, answer is (A) and (D)

For H,0 (¢) - H,0 (g) at T=100°C, 1 atm
equilibrium exists. .. AG=0,AH-TAS=0

22.

23.

AH =TAS >0 for system, since evapration is endothermic

Dsurr
= O’ also (As)surrounding - T

-~ (AS)

system

Heat gained by system = heat lost by surroundings.
E qsurr. <0 .. (As)surr. <0

P, V. T,
N
pl
...................... PVO
(A) 1sothermal
adiabatic

V—

|Wisothermal| = |Wadiabatic|

(B) (i) zero T, =T,=T =constant AE=nC AT=0
(ii) positive T, = T, (During adiabatic expansion
internal energy decrease)

(C)P_, =0isothermal - AE=0 ..q=0
(D) W =0 adiabatic > q=0 S AE=0
At equilibrium

graphite - Diamond
G;raphitc + Vgraphitc dp = G([))iamond + VDiamond dp
(Ggiamond - GZraphite ) = (Vgraphite - VDiamond )dp

2900J =2 x 10°m’ x (P,-P)

P, -P, :2—29x108Pa = P, -P :?XIOSXIO’S

29000 29000

bar = P, =1+ =14501 bar

AC = isochoric process
AB = isothermal process

BC = isobaric process

=q,.=AU, .= nCv,m(TfT1) =AU,

A
=W BT -nRT, /n v,

= WBC = sz(Vlsz) = Pz(szVl)

= dgc ™ AHBC - nCP,m(Tle) - AHAC
= AHCA = nCPm(Tl—TZ)

= AUCA = nCVm(Tl—TZ)

AH_, <U_, since both are negative (T, <T,)
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26.

S VOCKTEST oy

2
3.H= w=12Rt=E=‘20X—1202(‘0X6°) =14.4x10° joule
4. D)w=-P_. AV:fAngRT and Ang is—Ve for [ and I

10.

11.

12.

18.

As temperature increases concentration of product
decreases
so reaction is exothermic = AH° <0

InK

—T‘>1:>anTl >InK,

InK,

InK, T

so, K >K; Also, nK T
T, 1
or

T InK; >T,InK; = -RTInK; <-RT,InK,

or AG% < AG%

or AH° —T ,AS° < AH°-T,AS°

As AGT <AGY , since as temperature increases

AG increases this is possible only when AS° <0

alsoAV=—ve forIV

For isochoric process AV =0 soq =AE i.e. heat
given to a system under constant volume is used up in
increasing AE .

Reaction is endothermic and no. of moles increases on
decomposition.

T, 5
AS =nC. In—==2x|—--1/RIn2 =3RIn2
gas v, m 'I"1 2
T \7 1
AS=nC__In +nRIn =C In2+RIn§
v, m T1 V‘1 v, m
=(C,,~R)In2

It is because of the fact that for spontaneity, the value of
AG=(AH—TAS) should be <0. If AS is — ve, the value of
TAS shall have to be less than AH or the value of AS has

.o X
to be less than T ie, 508 -
AG=(AH)—-T(AS)

NN
-ve  —ve

since both are —ve, the reaction would have a —ve AG

3000
58

3
below a temperature of K (=569K)

Ts Vi 373
AS:nCVln T +nR In v, ISInE +2In10
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19.

21.

22.

23.

24.

AH=nC,AT=n(C +R)AT=1x7x75=525cal
Work done against vacuum is zero. It is free expansion.

Rearrangeing the relationship AS; _ Ay,
We have T _ Ay
fus
3 -1
12.36x10” Jmol _1336K

= 9.250JK "mol™’
This 1336273, or 1063°C

V.
(i) q=-w=nRTIn 72 =2722.26]
1

v,
AS,, =nRIn 2 =8314x2.303 xlog3 =9.135 JK"
1
:_ASSU[T

AS, =0 (reversible)

total

q=2722.26—-836.8=1885.46]

As entropy is a state function and AS of system will
be same as above one.

AS, =9.135]K"

1885.46
~ 208

AS,,,=2.808 JK"

(iii) AS, =9.135] K!
q=0 = AS__=0and AS_,=9.135JK".
(a) In case of adiabatic reversible expansion,
dq,=0 = AS=0.
(b) In case of irreversible adiabatic expansion :
W=-P (V,-V)=-3(16-8)=-3x8=-24L.atm
AU=q+w hereq=0 = AU=W
= nC,(T,-T))=-24
= 1x1L5R(T,-T)=-24

T_T-—"24
= 27T 15%0.082

(i)

=-6.327J K

= T,=805K

Ty Vo 805
AS=nC, In T, +R1In v, =1.5%x8.3141In 1000
+8.314In2 = AS=3.06JK!

(c) In case of free expansion (Adiabatically)
W=0, q=0, AU=0
= nC,(T,-T)=0 = T,=T,

Vs
AS=nRIn [71] =RIn(2)=5.76 J/K.

Work done in isothermal process will be more than
PV? = const, process whatever be the value of K and K,
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as is shown in the diagram.

PV=const.

AE/ PV’=const.

v, v, Vv
25. Clearly (Vf)isothermal > (Vf)adiabatic
P
P-1--y---mmmmmmmmmme
Isothermal
adiabatic
P,-{--~----"e---T70----
T : >
Vadiabmic isothermal V
“9\S
‘exleﬁ\bé\o .\
d\a‘oa 19
irreversible po 2
28. P°,v° ; > e, —
isothermal

For reversible adiabatic,

[o]

P . ¥
> (2Vey'=P,V, =
For reversible PV2=K

PO

> (2V°y=P\V;} = P,=2P°
So,P,>P,

Since final volume is same

Po T

So, T,>T,

29. (A) Reversible isothermal expansion of ideal gas

Vv
W =-2.303nRT log 72 and AE = AH =0 (as AT =0)
1

(B) Reversible adiabatic compression of an ideal gas

nR(T; - Ty)

PV = constant and W = ?
_ PaVy —PyVy
==

(C) Irreversible adiabatic expansion of an ideal gas

nR(T, -Ty)
y-1
(D) Irreversible isothermal compression of an ideal gas

AH=0(asAT=0)
30. (A) Aprocess carried out infinitesimally slowly is called

reversible process

(B) A process in which no heat enters or leaves the
system is called adiabatic process

(C) A process carried out at constant temperature is
called isothermal process

(D) A process in equilibrium has AG=0

(E)A(s) — A(g)
process of conversion of solid to gas is called
sublimation

(F) In a cyclic process, state function have no change
in their value.So, AE=0, AH=0.

31. AH=30.84kJ/mole
PV=nRT = 1xV,=1x0.082x353
= V,=(0.082x353)Lit.

as initial volume is negligible so, AH=AE+P,V,

AH=AE+AnRT = 30.84=AE+1x83x353 x 103

AE=27091

Q=ixt=(0.5%t)

Energy=QxV=05xtxV=0.5x12xt=6t

6t=30.84 x 1000 x 0.1

t =514 sec.

dv V.
13, Idw _ j-P.dv __ jzo.— =_201n ~2 =—46.06
Vv v,
L-atm=-4665.8]
AU=q+w =400 = q—4665.8
34. n(no. of moles of O,) =4

= q=5065.87

V,=20Lit V,=60Lit
T,=270K
W=-P_ dV
— 228 % (60-20) = 80040 —_3 581 am
760

=-31.58x101.35J=-3.2kJ
In case of adiabatic process,
dE=dq+dw& dE=dw(. dq=0)

AE=W=-32Kk]
_ nR B 3
W= == (T,-T)=-3200= AT= -320001.4-1)
=1 4x8.312
AT=-38K
7
AH=nC,AT=4x 5 R(-38)=—4.42kI.
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