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HINTS & SOLUTIONS WORKBOOK - 2

Thermodynamics
Daily Tutorial Sheet Level-0
Very Short Answer Type (1 Mark)
1. AH = AU + AnRT, Ang=1-3=-2
-22.3kJ
2. AU = —x78
0.532

AH = AU + AngRT

15
CeHgl)+~-05(g) ——> 6CO,(g) +3H,0()

15
An,=6-—=-1.5
& 2

3. (iii) CH, (g) +20,(g) —— CO,(g) + 2H,0(/)
Ang = (np—nr) =1-3=-2
AH° = AU° + AngRT
AH° = - X -2RT
AH° < AU°, hence option (iii) is correct
4. Enthalpy change for the conversion of 1 mole liquid water at 10°C into 1 mole liquid water at 0°C,
AH, = C,Hy0(/)x AT = -75.3J mol 'K ! x10K = -753J mol !
Enthalpy of fusion,
AHy = AHging = = AHpgon = —6.03kJ mol ™!
Enthalpy change for the conversion of 1 mole of ice at 0°C to 1 mole of ice at 10°C,

AHg = C H,0(s) x AT = ~36.8J mol 'K ' x10K = -368J mol '
AHy, = —(0.753+6.03+0.368)kJmol ! = ~7.151kJ mol !
5. Enthalpy change for the formation of 1 mole of H,O(/),
1
Hy(g) +—0p(8) ——> H0(0); AH® = -286kJ mol ™!

Energy released in the above reaction, is absorbed by the surroundings.

It means qg,,,. =+286kJ mol !

+286kJ mol~!

As = dsurr _ - 0.9597 kJK " mol™! = 959.7J K~'mol™!
T 298K
6. The two condition under heat becomes independent of path are
(i) when volume remains constant
(ii) when pressure remains constant
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Short Answer Type-I (2 Marks)

7.

10.

11.

12,

13.

13
@A) C4Hyp(8) +—~0,(8) ——> 4CO,(g) + 5H,0(1)

58 gm butane —— 2658 kJ energy

2658
11200 gm butane = =8 x11200kJ energy

2658 11200
—X

58 20000
(B) Number of days = 26 x 0.67 = 17 days

Number of days = = 26 days

Given that, quantity of water = 18.0 g, pressure = 1 bar
As we know that, 18.0 g H2O = 1 mole H20
Enthalpy change for vaporizing 1 mole of H20 = 40.79 kJ mol.

Enthalpy change for vaporizing 2 moles of H,0 =2 x 40.79 kJ = 81.358kJ
Standard enthalpy of vaporization at 100°C and 1 bar pressure AvapH’ =+40.79kJ mol !
Given that C, = heat capacity at constant volume.

C_ = heat capacity at constant pressure

P
Difference between Cp and C, is equal to gas constant (R).

Cp - C, =nR (where, n = no. of moles)
=10x4.184J =41.84J

In the first case, as the expansion is against constant external pressure
W= —peg (Vo —V;) = —2bar x(50 -10)L

= —-80L bar (1L bar = 100 J)

=-80x100J = - 8kJ
If the given expansion was carried out reversibly, the internal pressure of the gas should be greater than
the external pressure at every stage. Hence, the work done will be more.

When compression is carried out in infinite

Pr
steps with change in pressure, it is a reversible T

process. The work done can be calculated from p &~
P
— V plot as shown in the given figure. Shaded

area under the curve represents the work done

on the gas.

V—

No, enthalpy is one of the contributing factors in deciding spontaneity but it is not the only factor.

Another contributory factor, entropy factor has also to be taken into consideration.

(a) The net enthalpy change, AH for a cyclic process is zero as enthalpy change is a state
function, i.e., AH (cycle) =0

(b) Gibbs energy for a reaction in which all reactants and products are in standard state ArGO is
related to the equilibrium constant of the reaction as follows

A.G=AG°+RT InQ
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At equilibrium, O = A.G°+RT In K (. ArG =0) & Q= keq
or A.G° =-RT InK
A.G° =0 when K=1

For all other values of K, ArGO will be non-zero.

Short Answer Type-II (3 Marks)

14.

15.

Suppose total volume of the gas is Vi and pressure of the gas inside cylinder is p. After compression by
constant external pressure, (pext) in a single step, final volume of the gas becomes V.

Then volume change, Av = (Vf 7V.)

1

If W is the work done on the system by movement of

the piston, then Pext . o Area=p, (V,— V)
W= pec (ZAV) | —1 - p:l«’-\\g |
W = — pext (Vi = Vj) p '

This can be calculated from p - V graph as Ve V,

shown in the figure. Work done is equal to V—

the shaded area ABVV;
The negative sign in this expression is required to obtain conventional sign for W which will be positive.

Because incase of compression work is done on the system, so AV will be negative.

Representation of potential energy/enthalpy change in the following processes

(a) Throwing a stone from the ground to roof.

Roof level (Final point)

Energy
supplied
to stone

Ground level (Starting point)

Energy ——

Distance from ground —

1 1
(b) EHZ(g) +5 Cly(g) = HCI(g) ; A,H® = - 92.32 kJ mol !
1 1
Reactants (— H, + —Clzj
2 2

& AH® = H°(P) - H(R)
T = negative

tal = Heat given to the

surroundings

Product(HCl)

Reaction coordinate —
Energy increases in (a) and it decreases in (b) process. Hence, in process (b), enthalpy change is the

contributing factor to the spontaneity
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16. The given diagram represent that the process is carried out in infinite steps, hence it is isothermal

reversible expansion of the ideal gas from pressure 2.0 atm to 1.0 atm to 1.0 atm 298 K.

W = —2303nRT log 2L

P2
2
W = - 2.303x1molx8.314JK ' mol ! x 298 Klog 2 [ LW T]
P2
W =-2.303x1x8.314 x 298 x 0.3010J
W =-1717.46 J
17.  As(C,-C,J=R = C,=C,+R
- -5
=  C,=3R+R=3/R
Heat given at constant pressure
- —1x5 _
(AH) = nC,AT = 1x5/ R x (373 - 298)
— 5 —
= (AH) =15/ x1.987 x 75 = 372.56 cal
Work done in the process = — PAV
nRT, nRT,
=_p(V2_V1):, 2 -1 (As, PV = nRT)
P P

= -nR(T, - T;) = -1x1.987 x (373 - 298) = 149.05cal
From first law of thermodynamics
AE =q+ W =372.56 -149.05 = 223.51cal
18. Work is carried out at constant P and thus irreversible.

Work done = —PxAV = 1><(2.5—2.0) = - 0.5litreatm

0.5x1.987x4.184
=— joule = -50.63J
0.0821

From I law of thermodynamics
q=AE-W
300 = AE +50.63
AE = 249.37 joule

19. Volume of 1 mole liquid = 100 mL at pressure 1 bar

Volume of 1 mole liquid = 99 mL at pressure 100 bar

The process being irreversible as it is steeply changed from 1 bar to 100 bar
w =-P (V2 — V1) =-100 x (99 — 100) = 100 bar mL

Also AE =q+w

AE =w (.. q =0, adiabatic nature due to insulation)
AE =100 bar mL

Also  AH=AE+PAV = AE +(P,V, - P,V;)

=100 + (100 x 99 — 1 x 100) = 9900 bar mL
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Long Answer Type (5 Marks)

Vy
20. w = -2.303nRT log—=
Vi

(i) where w is work done by the system under isothermal reversible conditions (work done by the

system is negative)

P,

-10x10% = -2.303x1x8.314xT log—~ ... @)
gP
2

Also, PV, =RV, (at constant temperature)

1x107 x V; = P, x10V,

From Eq. (i)
3 107
-10x10 =—2.303><1><8.314><Tlog—6

10
T =522.27K
Using PV = nRT for one mol of gas
1x107 x V; = 1x8.314 x522.27
V, =4.34x10"* m®
(ii) If 2 moles of gas have been used, the temperature would have been - =261.13K

21. We know,
Path CA - Isothermal compression
Path AB - Isobaric expansion
Path BC - Isochoric change

Let V, and V; are initial volume and final volume at respective points.

For temperature T: (For C)
PV = nRT)
2x10=1x0.0821 x T
T =243.60 K
For temperature Tz (For C and B):
PV _ PV,
T Ty
2x10 20x10
T T,

T.
?2 =10 T2 =243.60 x 10 = 2436.0 K
1

V. 10
Path CA: W = +2.303nRT; log71 =2.303x1x2x 243.610gT =+1122.02 cal
f

AE = 0 for isothermal compression; Also q = W
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Path AB : W = —P(V;r - Vj)
=-20 x (10 — 1) = —180 litre atm

-180x2
=———— =-4384.9 cal
0.0821
Path BC: W=-P(Vi-Vi) =0 (*> V¢—Vi = 0) since volume is constant

For monoatomic gas heat change at constant volume=q,, = AE

Thus for path BC :
q, =C,xnxAT = AE

3 3
q, = ERX 1x(2436 —243.6) = 5><2 x1x2192.4 = 6577.2cal
Since process involves cooling
q, = AE = -6577.2 cal
Also in path AB, the internal energy in state A and state C is same. Thus during path AB, an increase in
internal energy equivalent of change in internal energy during path BC should take place. Thus AE for
path AB = +6577.2 cal
Now q for path AB = AE - W, =6577.2 + 4384.9 = 10962.1 cal
Cycle: AE =0;
q=-W=- [WpathCA + WpathAB + WpathBC]
= -[+1122.02 +(-4384.9)+ 0 |
q=—-W-=+3262.88 cal
22. For adiabatic expansion,
T'P"" = const.
Y

- @4

yxlog% = (l—y)log%

2 1
= 1.4log 22> (1-1.4)1 :
4log—— =(1-1.4)log—
€ T, $10
T, =141.4 K
n 14 0.0821(141.4 -273)
Work done in adiabatic expansion in L atm = (T2 -T 1) =—x
(v-1) 32 (1.4-1)
w_ . =-11.82 Latm

rev.

.14 2x(141.4-273)
In calorie = —x———— 7
3 (1.4—1)

w = —-287.88cal

rev.

23. Initially n = 3 mole,
T, = 200K, P, = 2.0atm, C, = 27.5JK ' mol*

After compression
T, = 250K, P, = ?
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.

Cp =27.5+8.314JK 'mol ™! = 35.814 JK " mol

1- 1-
P TY =P - Ty

Y

T

1- 1- 1
P, = P Y[—]
I2

1.30
-0.3 -0.3 (200
()™ () 3]
P, =5.2atm

NRT  3x0.0821x 200
P 2

Let the final pressure be P, and volume be V,,. ( V=

Now for volume V,, : P,V{ = P,VJ

y

Vo _ R
Vl P2
1.3
V» | _ 2
2463| 5.2

V, =11.8litre
For adiabatic process q = 0

Since whole of the work done is made on the cost of internal energy of the system.
Thus AE =W =+4.157kJ

Also AH =mxC, xAT = 3x35.814 x50 = 5372.1 = 5.372kJ
Let, AS, = Entropy change due to fusion of ice.

AH; 6000 J
T, 2731

AS, =21.96 Jmol 'K

AS, = Entropy change for heating 1 mole of water from 273.1 K to 373.1 K at constant pressure.

T2 Cp Ty Ty
Then, AS,, = —dT = C_In—= C_x2.303log—
2y P P T

373.1
75.2 x2.3031og
273.1

75.2x2.303x0.1354

23.45 Jmol ! K'!

AS, = Entropy change due to conversion of water into steam, or entropy change when

water is in equilibrium with vapour.
AH, 40600

ASy =—Y= J mol'’K1=108.8 J mol'! K™!
T, 373.1

Total entropy change =AS = AS; + AS,, + ASg

AS =21.96+23.45+108.8 =154.2 Jmol ' K}

=24.63 litrej
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25. We have to find out AHp, = nC,, dt
No. of moles of Ar

PV 1x1.25

RT  0.082x300

For adiabatic expansion,

n= =0.05

TV(V_l) = Constant
Cpo=Cv+R=12.48 + 8.314 = 20.8 Joules

C
_P =1+—
v CV
R R
= y=l+— = yl=— = TV(R/CV)= Constant
CV CV
T, V. R/Cy
= T1V1(R/CV) = T2V2(R/CV) - L2
Ty Vi
T, R _ 'V, 8314 250
= In —=—Imh—= —
T, C, Vv, 1248 1.25
Antilog 0.199 = 1.58
300 8.314 300 300 300
= log—— = log2 = log——=0.199 = —=158 = Te=—
T, 12.48 T, T, 1.58
T2 = 189.87 K

AT =Tz - Ty = 189.87 - 300 = -110.13
AH = 0.05 x 20.8 x (-110.13) = - 114.53 Joules
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