Chapter 19: Chemical Thermodynamics

Kahoot!

1. Which process is NOT spontaneous at 25C? melting of an ice cube, sublimation of dry ice, boiling of liquid Ny,
freeing of ethyl alcohol

2. Entropy is a measurement of the _ of a system. randomness, internal energy, temperature, polarity

Entropy is a state function, so the change is given by Stinai ___ Sinitial- +, -, X, /

4. The 2" law of thermo states that Suniy __ Whenever a spontaneous process occurs. increases, decreases, remains
unchanged, reaches equilibrium

5. Entropy decreases when . a liquid becomes a gas, a solid becomes a liquid, a gas becomes a solid, the number of
moles of gas increases

6. Which process does NOT illustrate a decrease in S? Nags) + Brygy -> 2NaBr(), CaCOs) -> CaOys) + COx(g), NH3(ag) +
H2S(g) -> (NH4)2S(ag), NHs(ag) + HaS(g) -> (NH4)2S (),

7. The 3™ law of thermo states that the entropy of a pure, perfect crystal is ___ at 0 K. increasing, decreasing, infinite,
zero

8. The pressure, temperature, and units for standard molar entropy are . 1 atm; 0C; kJ/mol -K, 1 atm; 298K; J/mol-
K, 0 atm; 298K; J/mol-K, 1 atm; 0C; kJ/mol-C

9.  Which of the following are true? delta_G = delta_H + T*delta_S, delta_ G = delta_H - T*delta_S, delta_G = delta_H
X T*delta_S, delta_ G = delta H/ T*delta_S

10. If delta_H > 0and delta_S <0, the reaction is ___. spontaneous at all T, non-spontaneous at all T, spontaneous at
low T, spontaneous at high T

11. Ifdelta H<0and delta_S >0, the reaction is ___. spontaneous at all T, non-spontaneous at all T, spontaneous at
low T, spontaneous at high T

12. Atequilibrium, the value of delta G is . +, -, fluctuating, 0

w

Whiteboard Examples:

Hess’s Law Example: Calculate AH? (HNOS(aq)) given the following information:

AH? (NH,,)) = ~46.1kJ /mol, AH® (H,0,,) = ~285.5 kJ / mol

3NO,q, +H,0y) = 2HNO, ;) + NO AH® =-138.4kJ
2NO(g) +Oz(g) - NOz(g) AH® =-114.0 kJ
4NH3(g) +502(g) —>4NO(g) +6HZO(|) AH® =-1169.6 kJ

2(3NO,,, + H,0,, —> 2HNO, ) +NO,))  AH® =2(~138.4 kJ) = -276.8 k]
3(2NOy,, +0y,) —> 2NO, ) AH® =3(~114.0kJ) = ~342.0 kJ

%+ 2H,0,, +48NO, +30,,, — 4HNO,,,, +%+% AH® = -618.8 kJ

4NQ,, +2H,0,) +30,,, —> 4HNO, AH® =-618.8kJ

2(9) 3(aq)
4NH, ) +950,,, —> 4NO,, +6H,0, AH® =-1169.6 kJ

%+%+30z(g) +4NH, ) +50,,, — 4HNO;,,, +%+4KH20(,) AH® =-1788.4 kJ

AHp = 4AH?(HNO, ) +4AH? (H,0,)) —[4AH? (NH; )) +5AH T (O, )]

~1788.4 kJ = 4AH? (HNO,,,)) +4(~285.5 kJ ) —4(~46.1 kJ) —8(0.0 kJ)
AH? (HNO,,,)) = ~207.7 kJ

(9)

Example Entropy of Reaction: Compute the AS] for C3Hg(g)+ 50(g) —> 3COz + 4H,0(g) using the data in Appendix C.

Compound S° (3/mol K)

CsHs(g) 269.9

Oz 205.0
COyg 213.6
H20) 188.7

ASS, =3(213.6) + 4(188.7) —[269.9 +5(205.0)] =100.7J / K




Gibb’s Example I: The standard enthalpy and entropy changes for the combustion of methane are -801 kJ and -5 J/K,
respectively Is the reaction spontaneous under standard conditions?
AG =-801 kJ - 298K * (-5 J/K x 1kJ/1000J) = -803 kI
yes it is spontaneous and it is also exergonic

Gibb’s Example Il: Is the reaction below exothermic or endothermic? Is the reaction spontaneous at all temperature?

Determine the Gibb's free energy from AG, and from AH - TAS at STP
Na(g) +3Ha(q) = 2NHg(g)

Compound AH? (k)/mol) S° (J/mol*K) AG? (kJ/mol)
Nagg 0.0 1915 0.0
Hae 0.0 130.6 0.0
NHs(g 46.1 192.3 165

AH Q. =2(-46.1) —[0.0+3*0.0] = -92.2kJ
therefore it's exothermic
ASp, =2(192.3) —[191.5+3(130.6)] = —198.7J / K
therefore at STP the reaction is spontaneous
AGY, =2(~16.5)—[0.0+3(0.0)] = —33kJ
Alternatively, we can use AG = AH - TAS

AGS, = AHS, —~TASS. = —92.2kJ / mol — 298K (~198.73 / mol+K) x —<

1000J
Since both AH & AS < 0 the reaction will be spontaneous only at low temperatures

=-32.99kJ / mol

Gibb’s Example llI: Using the data below calculate AG for the reaction at 25°C.
NOyg) +Oyq) = NOyg) + Oy

NO Osg) NO, ) Oue)
AG® (kJ/mol) 87 163 52 0
Pressure (atm) 1.00x 10°® 2.00x10° 1.00 x 107 1.00x 103

AG;,, =[(52+0)—(87+163) ] = —198.2;
o PP _ (1.00x107)(1.00x10°7) _ 5
PwPo,  (1.00x10°)(2.00x10°)
AG =AG" +RTInQ = -198-2 +8.314 2 x 14 x 208.15K In 50

mol mol«K
AG =-188-1

mol




