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Free energy

- First order kinetics

Second order kinetics

Arrhenius
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R = 0.08206 L * atm/(mol * K) = 8.314 J/K or J/(mol * K)
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1T(K) = 7(°C) + 273.15

AG = AG° + RTIn @

AG® = -RTIn K
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-137.16 | H,0(]) -285.83
-394.39 | OH (ag) -229.99
~385.98
-586.77 | S(s) 0
-527.81 | S*(aqg) 33.1
HS (ag) -17.6
86.60 | H.S(g) -20.50
104.18 | H,S(aqg) -39.7
51.26 | SO.(g) -296.84
97.79 | SO,(aq) ~322.98

Sﬂ

J/Kemol

69.95
-10.75

32.06
~14.6
62.8
205.76
121
248.21
161.9
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AG®

k3 /mol

-237.14
-157.24

85.8
12.08
~33.33
~27.83
~300.12
-300.68
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CIRCLE your recitation section in the list below.

A W 800 NS130 @ B: F 100 HMZ210
C: T 900 NS108 ~ D: W 900 NS 317
E: Th 9:00 HMZ210 F: F 12:00 NS 128

SCORED GRADE: __

All answers should be with the correct significant figures.

The Periodic Table and the Information Page will not be collected They can be
used as scratch paper or as cover paper. Do not turn them in.

Be certain your answers are clear. If an answer is not clear, it can be
considered wrong.

Problems marked with ** in the margin are from the assigned homework.
These total 34 points.

Place your name in the space provided at the top of each question page. This
helps to 1dentify the pages if they are accidentally separated during grading and
processing.

Work promptly. Use your time effectively.
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1. (30 pts) Indicate whether each statement is true (T) or false (F) Be certaln T
or F is clearly indicated. - . -

Every reactmn with a positive AS s 18 allowed
S° of SF4(g) 1S greater than S° Of SFG(g)
- AG#? for Oz(g) 1S Zero.

The direction of allowed, net change is always towards equiljbrium;_? o

The units of k for a second order rate law are (conc__1 . t"',l)'.

For any elementary step, E, g = —E, ;.-

Increasing T increases ty,.

A catalyst does not change AH f,m
For any givenreaction with @ > K, the exergonic direction is forward.

‘Whenever AG°® is zero, then Kis one.

2. (6 pts) Consider the followrng formation equations with their equilibrium
constants at 298.15 K.

1/204(g) + Clyge - CLOGE = K= 98x.10—-18

Use these to calculate (and mrcle below) the equilibrium constant of the
followmg reaction. '

No(@ + 2CLO(g) - 2NO( + 2Cl(g)
37 63 91 _ 240 630 980
1,300 2,900 3,100 4,700 0,200 6,700

3. (6 pts) Consider the following equilibrium system.
2 CINO(g) = 2NO(@ + Cl,(g)
The following conditions were measured at equilibrium.
1.11 atm CINO 0.0051 atm NO 0.0031 atm ClI,
Circle the value for K. ' '
1.9%x10° 42x10° 65x10° 3.7x107 56x107 84x107
22x10° 5.6x10° 79x10° 1.3x10° 4.6x10° 7.9x107
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(6 pts) lee the sign of AS° for each of the followmg processes.

Combustion reaction of 089@)
to COQ(g) and SO,(g)

Formation reaction for H. O(l)

Lattice energy equatlon for NaCl(s)

(10 pts) The following equation is balanced. .
2 Hsd5(aq) + SOu(aq) - 3 S(s) + 2 H,O()
Circle the value Of AG® in kJ . _
~81.67 -87.20  -91.59 —96.06 -102.22  -109.54
—115.42 -117.94 -122.51 -127.64  -133.08 -136.89

For the following conditions at 298.15 K, circle AG (in kd). (Above answer must
be correct for credit here.) .

0.0652 M H,S  0.560 M SO,  2.45mol S 500. g H,O
76.6 79.3 _87.2 895 ~100.4 ~102.9

—-112.6 -118.1 -121.9 —129.5 —-130.4 —-137.9

(8 pts) The following is an elementary step.
2NO(@) - Nyl@ + Oy

Write the fate law.

What 1s the molecularity of the step?

s the step exothermic or endothermic?

(6 pts) The equilibrium vapor pressure of water at 50.00 °C is 92.6 Torr. Circle
the value of AG,  (in kdJ) at this temperature.

vap

3.40 3.08 4.05 4.53 0.32 0.66
0.138 0.72 7.49 1.97 3.15 3.43
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8. (6 pts) Write the @ expression for the following equation.

MgCOys) + 2H'ag) = Mg*(ag) + COxg) + H00)

9. (10 pts) The followmg reaction 1S second order i in N 0,; k = 0. 68 (L/mol)/s at )

500K .
- ' 2N02(g) - NO(g) + NOS(g)

The reactlon begins with [N{)z] 0. 0341 mol/L C1'rcle the concentratlon (In
mol/L) of NO‘, Wthh remains after 30.s.

0.010 0012 0014 0016  0.018 0.020
0.022  0.024 0026  0.028  0.030 0.032

Circle the percent completion after 30. s. (Above answer must be correct for
credit here.)

4.8% 7.0% 13%  19% 24% 30.%
36% 42% 48% 53%  59% 65%

10. (6 pts) Circle the change in free energy (in kJ) at standard conditions for the
combustion of 7.94 g Hg(g) to form H,O()).

—-101 —180. —260 —344 —422 —009
—033 -6067 —745 —-321 —934 —-985

11. (6 pts) Consider the following equilibrium system, for Wthh K = 0.0222 at

298.15 K.
CHyug) + CiHgle) = 2C,Hg(9)

The reaction begins with all reactants and product at standard conditions.
Circle the pressure (in atm) of C,H at equilibrium.

0.0810 0.0962 0.113 0.208 0.396  0.407
0.593 0.656 0.751 0.887 0.904 1.01



