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¢ and d; It takes an outside energy sourceitd b house and to launch and keep a satellibehit.

Of the three phases (solid, liquid, and gas)ds are most ordered and gases are most disdrdere
Thus, a, b, and f (melting, sublimation, and Ingj)iinvolve an increase in the entropy of the gyste
since going from a solid to a liquid or a solidaagyas or a liquid to a gas increases disorder. For
freezing (process c), a substance goes from the dsordered liquid state to the more ordered solid
state, hence, entropy decreases. Process d (mixinvg)ves an increase in disorder (entropy) while
separation increases order (decreases the entfdpg system). So of all the processes, a, b, dfan
result in an increase in the entropy of the system.

AG =AH ! TAS; A process is spontaneous wia€h < 0. For the following, assuméH andAS are
temperature independent.

a. WhenAH andAS are both negativaG will be negative below a certain temperature wlibe
favorableAH term dominates. WheaG = 0, themAH = TAS. Solving for this temperature:

At T < 3.0 x 18K, this process will be spontaneousy < 0).

b. WhenAH andAS are both positiveAG will be negative above a certain temperature ekiee
favorableAS term dominates.

_ AH _ 18000J

AS  60.J/K

=3.0x 16K

At T > 3.0 x 18K, this process will be spontaneousy < 0).

c. WhenAH is positive and\S is negative, this process can never be spontarsany
temperature becauaés can never be negative.

d. WhenAH is negative andS is positive, this process is spontaneous agmaiperatures because
AG will always be negative.

a. Decrease in disordem(< 0); AS°() b. Decrease in disordekrf < 0); AS°()
c. Increase in disordesS°(+) d. Increase in disordenS°(+)

Because there are more product gas molecudes rikactant gas moleculesn( > 0), AS will be
positive. From the signs @fH andAS, this reaction is spontaneous at all temperatlir@sll cost
money to heat the reaction mixture. Because tlsene thermodynamic reason to do this, the purpose
of the elevated temperature must be to increasmathef the reaction, i.e., kinetic reasons.

6 C(s) + 6 ly) — 6 COx(Q) AG® = 60394 kJ)
3 Hy(g) +3/2Q(g) — 3 HO(l) AG® = 3(237 kJ)
6 CO(g) + 3 HO() — CeHe(l) + 15/2 O(Q) AG® =11/2 (16399 kJ)
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6 C(s) + 3Kg) — CeHe(l) AG° = 125 kJ

AG® = 3 NpAG? progucts ™ 22 NAGY regctants

AG° = [157.37 kJ +168.85 kJ) + 305.30 kJ)] — [3(0) + 260.72 kJ)] =310.68 kJ

For a temperature change from 25°C to ~20°C (rammperature), the magnitude afz° will not
change much. ThereforaG° will be a negative value at room temperaturd{€3, so the reaction
will be spontaneous.

The In K vs. 1/T plot gives a straight line w#lope #AHE/R and y-intercept =ASE/R.

1.352 x 10K = IAHE/R, AHE =1(8.3145 J/ KKmol) (1.352 x 16K)

AHE =11.124 x 16 J/mol =1112.4 kd/mol

114.51 =ASE/R, ASE = (114.51)(8.3145 J/ Kmol) =!120.6 J / KKmol

Note that the signs faxH®° andAS° make sense. When a bond foriid? < 0 andAS°® < 0.
Ba(NQ),(s) = Ba&'(aq) + 2 NQ (aq) K = K AG° =1561 + 2(109)! (1797) = 18 kJ

AG° =IRT InKg, In Kgp= —AGT —18000J =17.26, K,=e '
RT 8.3145J/K » mol (298K)

=7.0%0"

A graph of In K vs. 1/T will yield a straighbé with slope equal taAH°/R and y-intercept equal to
AS°/R.

Temp (°C) T(K) 1000/T (K K In Ky
0 273 3.66 1.149°% 134.408
25 298 3.36 1.0008°7% 132.236
35 308 3.25 2.0918°% 131.499
40. 313 3.19 2.9219° 131.165
50. 323 3.10 54718 130.537
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The straight line equation (from a calculator) lis:K =16.91 x 16 (%j 19.09

~ AH°

Slope =16.91 x 16K = , AH° =1 (16.91 x 16 K x 8.3145 J/KKmol)

=5.75 x $@/mol

y-intercept 99.09 =%, AS° =19.09 x 8.3145 J/Kmol =175.6 J/KKmol

. —AH® AR
From Exercise 16.67, In K R + R For K at two temperatures @nd T,, the

(o}
equation can be manipulated to give (see Exel@sé&r): In% = AH (i - i}
1

R (T, T,
n 325x 1072 _ AH° 1 1
884 8.3145J/K » mol| 298K 348K

15.61 = (5.8 x10 mol/J) AH°), AH°® =19.7 x 10 J/mol

ForK=8.84 at T = 25°C:

- (-9.7 x 10* J/ mol) . AS° AS 37

In 8.84 = , =1
(8.3145J/K * mol) (298K)  83145J/Ke+ mol 83145

AS° =1310 J/KXmol

We get the same value faB° using K = 3.25 2072 at T = 348 K data.

AG° =IRT In K; When K = 1.00, thenG®° = 0 since In 1.00 = 0. AssumingH° andAS° do not
depend on temperature:

o _ 4
AG® = 0 =AH° | TAS®, AH® = TAse, T =AH = =97 x10°J/mol_ 5 5\
AS —310J/K » mol

AGE = AHE ! TASE =128.0 x 16 J — 298 K[(175 J/K) = 24,200 J



-AG° —-24,000J

AGE=IRTInK, InK = = =19.767
RT  83145J/K e+ mol x 298K
K=¢e%"% =573 x107
B + HO = BH" + OH K = Kp=5.73 x10°°

Initial 0.125M 0 ~0
Change Ix + X + X
Equil. 0.1289 x X X

+ - 2 2
Ky=573x10°5 = BHIIOHT _ x° X (oM =2.68 x10°M

[B] 0.125-x  0.12F

pH =1l0g(2.68 x10) = 2.572; pOH = 14.000 — 2.572 = 11.428; Assuomstgood



