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Chapter Two

1. Which of the followmg spec1es has the h1ghest entropy ) at 25 °C?

2. Arrange the following compounds in order of increasing standard molar entropy at
25°C: C3Hg(g) , CHA(8) ZnS(s) , and H,0(1)

a) ZnS(s) < H,0(l) < C3Hg(g) < C,H,(g)

b) C,H4(g) < H,0(l) < C3Hg(g) <Zn3(s)
C) Zn5(s) < C3Hg(g) < C;H4(g) < H0()
d) C3Hg(g) < CoH4(g) < H0(l) < ZnS(s)
e) Zn5(s) < H,0(l) < C;H,(g) < C3Hg(g)

(Solid) __ (iquid) _ (Gas >

Entropy increase

[ Molar mass [ Entropy
InS(s) < HZO(l)< C2H4(g) < C3H8(g)

C;Hg = 44 g/mol
C,H, = 28 g/mol




Chapter Two

1. Which of the followmg spec1es has the h1ghest entropy ) at 25 °C?

2. Arrange the following compounds in order of increasing standard molar entropy at
25°C: C3H8(g) ’ C2H4(g) ’ ZnS(S) ’ and HZO(I')

a) ZnS(s) < H,0(l) < C3Hg(g) < C,H,(g)

b) C;H,(g) < HO0(l) < C3Hg(g) <ZnS(s)
C) Zn5(s) < C3Hg(g) < C;H4(g) < HO(L)
d) C5Hg(g) < CoH4(g) < HO(l) < ZnS(s)
L&) ZnS(s) < H,0(1) < CoHa(g) < CiH(e) I

3. Determine AS° for the reaction SO5(g) + H,0(l) — H,SO,(I) if you know :
S°(S0;)=256.2 J/K.mol, S°(H,0)=69.9 J/K.mol, S°(H,S0O,)=156.9 J/K.mol,

a)169.2 J/K.mol | b)1343.2J/K.mol | ¢)-169.2J/K.mol | d)-29.4 J/K.mol | e) 29.4 J/K.mol
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3. Determine AS® for the reaction  SO,(g) + H,O(l) — H,SO,(l) if you know :
S°(S0;)=256.2 J/K.mol, S°(H,0)=69.9 J/K.mol, S°(H,S0O,)=156.9 J/K.mol,

a)169.2 J/K.mol | b)1343.2J/K.mol | ¢)-169.2J/K.mol | d)-29.4 J/K.mol | e) 29.4 J/K.mol

AS® = ¥nSO (products) - ¥ mHO (reactants)
AS” 0= (5°(H50,))-(5°(50;) + 5°(H,0))
AS° . =(156.9)-(256.2+69.9)

rxn—

=-169.2 J/K.mol
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3. Determine AS° for the reaction SO5(g) + H,0(l) — H,SO,(I) if you know :
S°(S0;)=256.2 J/K.mol, S°(H,0)=69.9 J/K.mol, S°(H,S0O,)=156.9 J/K.mol,

a)169.2 J/K.mol d)-29.4 J/K.mol | e) 29.4 J/K.mol

b)1343.2J/K.mol  ¢)-169.2J/K.mol
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4. A negative sign for AG indicate that, at constant T and P,

a) The reaction is exothermic b) The reaction is endothermic

c) The reaction is fast d) The reaction is spontaneous .

5. Ozone (05) in the atmosphere can react with nitric oxide (NO):
0;(g)+NO(g)—NO,(g)+0,(g) , Calculate the AG® for this reaction at 25°C.
(AH°= -199kymol, AS°=-4.1 (JIK.mol)

a)1020 kJ/mol | b)-1.22x103kJ/mol | c)-1.42x103kJ/mol | d)2x103 kJ/mol | e) -198 J/K.mol

AG® = AHP — TAS®
-199 - ((25+273)x (-4.1))

——

2198 kJ/mol 1000
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4. A negative sign for AG indicate that, at constant T and P,

a) The reaction is exothermic b) The reaction is endothermic

c) The reaction is fast d) The reaction is spontaneous .

5. Ozone (05) in the atmosphere can react with nitric oxide (NO):
0;(g)+NO(g)—NO,(g)+0,(g) , Calculate the AG® for this reaction at 25°C.
( AH°= -199kJ/mol, AS°=-4.1 J/K.mol) I‘

a)1020 kJ/mol | b)-1.22x103kJ/mol | c)-1.42x103 kJ/mol

6. Sodium carbonate can be made by heating sodium bicarbonate:
2NaHCO;(s)—Na,CO4(s)+C0O,(g)+H,0(g) , Given that AH°= 128.9 kJ/mol and AG°=33.1
kJ/mol at 25°C, above what minimum temperature will the reaction become spontanoius
under standard state conditions?

a) 0.4 K b) 3.9 K c) 321 K d) 401 K e) 525K

d)2x103 kd/imol | e) -198 J/K.mol |
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6. Sodium carbonate can be made by heating sodium bicarbonate:
2NaHCO;(s)—Na,CO4(s)+C0O,(g)+H,0(g) , Given that AH°= 128.9 kJ/mol and AG°=33.1
kJ/mol at 25°C, above what minimum temperature will the reaction become spontanoius
under standard state conditions?

a) 0.4 K b) 3.9 K c) 321 K d) 401 K e) 525K
AH=®@

AG° = AH® — TAS°
N—

TAS® = AH® — AG°

AH® — AG°
T
1289 -33.1

25+ 273

AS° =

=0.321 kJ/K.mol

AH=TAS
AH 1289

I'=%5 “osz1
= 401K
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Chapter Two
7. For the reaction H,(g)+S(s)—H,S(g), AH°kJ/moI and AS°/K.moI. Which of

the following statement is true?

a) The reaction is only spontaneous at low temperatures.

b) The reaction is spontaneous at all temperatures.
c) AG® become less favorable as temperature increases.
d) The reaction is spontaneous only at high temperatures

e) The reaction is at equilibrium at 25°C under standard conditions.

1 R=R R Factors Affecting the Sign of AG in the Relationship AG = AH — TAS

AH AS AG Example

+ + Reaction proceeds spontaneously at high temperatures. At low 2HgO(s) — 2Hg(/) + O,(g)
temperatures, reaction is spontaneous in the reverse direction.

+ - AG is always positive. Reaction is spontancous in the reverse 305(g) — 20a(g)
direetromat att emperatures.

< AG is always negative. Reaction proceeds spontaneously at all 2H,0:(aq) — 2H,0(1) + O1(g)
lemperatures.

= — Reaction proceeds spontaneously at Tow temperatures. At high NHi(g) + HCl(g) —> NH,Cl(s)
temperatures, the reverse reaction becomes spontaneous.
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7. For the reaction H,(g)+S(s)—H,S(g), AH°=-20.2 kJ/mol and AS°=+43.1 J/K.mol. Which of
the following statement is true?

a) The reaction is only spontaneous at low temperatures.

b) The reaction is spontaneous at all temperatures. ﬁ

c) AG® become less favorable as temperature increases.
d) The reaction is spontaneous only at high temperatures

e) The reaction is at equilibrium at 25°C under standard conditions.

8. Determine the equilibrium constant Kp at 25°C for the reaction N,(g)+3H,(g)« 2NH;(g)
(AGf°(NH3(g))--16 6 kJ/mol)

- RT InKp
‘@ “RT AG°
3 ln@? AGO Inkp = —pr
= - tant a
AG Y hAG f(products) 2 m f(reac ants) ) 339 7
AG’ = (2xAG®:NH;) - ((AG®¢N,)+(3xAG*(H,)) -~ —8.314x298 7
=(2x -16.6)-(0+(3x0)) = -33.2 kdJ/mol 1000
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7. For the reaction H,(g)+S(s)—H,S(g), AH°=-20.2 kJ/mol and AS°=+43.1 J/K.mol. Which of
the following statement is true?

a) The reaction is only spontaneous at low temperatures.

b) The reaction is spontaneous at all temperatures. .

c) AG® become less favorable as temperature increases.
d) The reaction is spontaneous only at high temperatures

e) The reaction is at equilibrium at 25°C under standard conditions.

8. Determine the equilibrium constant Kp at 25°C for the reaction N,(g)+3H,(g)« 2NH;(g)
(AG,°(NH5(g))=-16.6 kJ/mol)

a) 1.52x106 b) 6.60x10 c) 8.28x102 d) 2.60 e) 13.4
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9. For the reaction 2C (graphite)+ H,(g)—C,H,(g), AG°=209.2 kJ/mol at 25°C. if
P(H,)=100atm and P(C,H,)=0.10 atm, calculate AG for this reaction?

a) 207.8kJ/mol | b) 226.3 kJ/mol c) 192.1 kJ/mol d) 17.3 kdJ/mol | €)-16.9 kJ/mol

AG = AG° + RTInQ

PCH
Q= P22
H

2

0.1

AG = _ _ i

G = 209.2 +8.314x298In 100
1000

AG = 209.2 —-17.11
=192.1 kJ/mol
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