CHAPTER

Thermodynamics 6

& NCERT rocus

Topic 1
1. (b): State function is a property of the system whose
value depends only upon the state of the system and is

independent of the path or the manner by which the state is
reached.

2. (c) : Adiabatic system does not exchange heat with the
surroundings.

3. Heat absorbed by the system (g) = 701 J
Work done by the system (w) = =394 J

According to first law of thermodynamics,
AU=q+w=701+(-394) =701 -394 =307
4. Mass of Al=60 g

Rise in temperature, AT = 55 - 35 = 20°C

Molar heat capacity of Al = 24 J mol~! K~

Specific heat capacity of Al = 5—;‘ Jg K

Energy required =m x ¢ x AT

= 60><§—Z7l><20=1066.67J =1.07 kJ

Topic 2

1. (b) : By convention, the standard enthalpy of formation
of every element in its standard state is zero.

Any=1-3=-2
AH°=AU°+AngRT=—X—2RT
AH® < AU°

3. (a):(1) CH,+ 20, - CO, + 2H,0;
AH =-890.3 kJ mol™

(2) C+0,—CO, ; AH=-393.5k) mol"!

(3) H,+ %oza H,0 : AH = —285.8 kJ mol”’

or 2H,+0,— 2H,0 ; AH =-571.6 k) mol™

Add equations (2) and (3) and subtract equation (1) we get,
C+2H, — CH,

AH =-393.5-571.6 + 890.3 = ~74.8 kI mol™’
Enthalpy of formation of CH, is ~74.8 kJ mol™".

ANSWERS

3

AU =-742.7 k)/mol

8314 4
2" 71000
7=298 K
AH = AU+ AnAT =—742.7+ 1% 321 1 908
271000

=-742.7 + 1.2 =-741.5 kl/mol

5. The enthalpy change on freezing from 10°C to —10°C
may be expressed as
Liquid (10°C) 225 Liquid (0°C) ~225 Solid (0°C)
2 Solid (<10°0)
AH, = nCp[H,0p] x AT =1 x 75.3 Jmol™' K™ x (~10)
=-753 Jmol™" = - 0.753 k) mol™’
AH, = n(=Ag H) = =1 x 6.03 = =6.03 kJ mol™’
AH; = nCp[H,0] x AT =—1 x 36.8 x 10 =-368 ) mol”"
=-0.368 k) mol™’
AH = AH, + AH, + AH,
=-0.753 - 6.03 - 0.368 k) mol™" = ~7.151 kJ mol™"
6. C+0,—C0,; AH=-3935k
When 44 g of CO, is formed from carbon and dioxygen
gas, heat released = 393.5 kJ
When 35.2 g of CO, is formed from carbon and dioxygen
gas, heat released
_393.5x35.2 13851.2
Y
Thus, AH =-314.8 kJ
7. N0y +3C0y = N,0y) + 3C0,
AH = {ArHIN,O )] + 3A¢HICO )1} = {A¢ HIN, O )
+3AH[CO 1}

=314.8 kl

=81+ 3 x(-393)-{9.7 + 3(-110)}

=81-1179-9.7 + 330 =—777.7 k) mol™
8. Ny +3Hyp — NHy AH =924 K mol™

Standard enthalpy of formation of NH )

= % =-46.2 ki/mol



9. The given thermochemical equations are
3
1) CH30H, + =0, — CO,, + 2H,0;
(1) CH30Hy + 7 Ogg) = COqg) + 2,0y
AH°® =-726 k) mol™!

(2 Clgraphite) + Oaig) = COyg AH® =—393 kJ mol™!

graphite
1
3) Hyy + = Oy — Hy0p AH = — 286 kJ mol™
B3) Hag)+ 5 Oaig = Hi0py A
The required thermochemical equation is
1 .
2 x eqn. (3) + egn. (2) — eqn. (1) gives the desired equation.

AH = (=286 x 2) + (-393) — (-726)
=-572-393 + 726 =-239kl
A;H° for CH;0Hy = =239 k) mol™
10. Given:
() CClyy— CClygy A,,H° = 30.5 k) mol™!
(i) Cgy+ 2Clyy— CCly AcH° ==135.5kJ mol”™
(i) Ciy— Cigp AH° = 715.0kJ mol™!
(i) Clygy = 2Clyy AH° = 242 k) mol™
Required equation is :
CClyg — Cig +4Clg s AH =7
From Hess's law,
eqn.(iii) + 2 x egn.(iv) — egn.(i) — eqn.(ii) gives required
equation :
AH =715.0 + 2(242) — 30.5— (~135.5) = 1304 kJ mol™"

Bond enthalpy of C - Clin CCl, (average value) = #

=326 k) mol™
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Topic 3
1. (d):A+B—=>C+D+q, AS=+ve
Here, AH = —ve
AG = AH-TAS

For reaction to be spontaneous, AG should be —ve.
As AH =—ve and AS is +ve, AG will be —ve at any temperature.
2. When energy factor has no role to play, for the process to
be spontaneous AS must be +ve .., AS > 0.
3. According to Gibbs—Helmholtz equation,
AG = AH —TAS.
At equilibrium, AG =0

AH 400 _ 4000

T=a"02" 2

Thus, the reaction will be spontaneous at temperature above
2000 K. [ Above 2000 K, AG = —ve]

4. AH is negative because bond energy is released and
AS is negative because there is less randomness among the
molecules than among the atoms.
5. AH®=AU° + An AT
AUP =-105kI mol™, A =8314) K mol™, T=298 K
Ang:Z—(2+ 1)=-1
AH® =-10.5-(1) x 8.314 x 1073 x 298
=-10.5-2.48 =—12.98 k) mol™’
Now AG® = AH° — TAS®
=—12.98 - 298 x (~44.1 x 1073)
=-12.98 +13.14 = 0.16 k) mol™’
Since AG® is positive hence, the reaction is non spontaneous.

6. We know that AG° = —2.303RT logK
=-2.303 x 8.314 x 300 x log10 = -5744.14 J/mol

7. AHPIH,0,) = ~286 ki/mol

=2000 K

qsurroundings = +286 kJ/mol
q__ 2861000 .
AS(surr) =598~ 208 =959.73 J K~ mol
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