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[. (44 points) Short Answers

1.~ (4 pts) When water vapor condenses on a cold glass of iced tea, heat is transferred from the (Circle one:

@rroundings ) to the (Circle one: system, @.

2. For each of the following processes, give the sign of AH®, AS°, AG® (at room temperature)'.A =AY -TA 4
a 2H: (@) + O2(g) > 2H0 (® D a O e

b. CO;(g) — CO; (s) e &) A S ace (Y)

3. The fact that the disorder of the universe is increasing is a restatement of the (Cirle one: 1% ,@ 3
law of thermodynamics.

4. (3pts) The value of the AG’ for Hg(l) is and the value of S° for Hg (1) is .

a. notzero, notzero

b. zero, Zero

C. notzero, zero
@ ZEero, not zero

¢. none of the above

5. (4 points) The following reaction is ( zero, first secon ) order overall and
(@econd , third )with respect to [KI].

C3HgBrp, +3 KI — C3Hg + 2 KBr+ KI3 Rate = kx[C3HgBr3][KI]
6. Nitryl bromide, NO,Br, decomposes by the following proposed mechanism.

NO,Br(g) — NO; (g) + Br (g) slow
NO,Br (g) + Br(g) -—» NO;7 (g) + Bra (g) fast

a. (3 pts) Write the overall, balanced chemical equation for this process.

FOR, «, o ‘
L 18/ if;)——%é?r\/%cwi,—@ﬁ

b. (3 pts) Mathematically give the relative rate of appearance of Br; to the relative disappearance of
NOzBI'.

™ !
Y. = 4 Al — +ALR]
ralce ~ 2 —_ ~
c. (4 pts) The reaction is (Circle one: zero,second ) order with respect to [NO,Br| and

( Circle one@ first , second )with respect to [Br].
R~

d. (2 pts) Identify all intermediates involved in this process.
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7. (6 points) A£Ot of T (x-axis) vs. In k (y-axis) would yield a straight line with the slope

equal to _~ [ andthe y-intercept equal to lﬂ Zﬁ .

8. The newly discovered element, Motherinlawium (M), was found to react violently with water.
M+H;O — boom!

The kinetics of the reaction with respect to Motherinlawium (M) were studied, and the data was plotted.

1/[M] v. Time
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a) (3 pts) Determine the order of the reaction with respect to | M] O/d ¢ Ve

b) (4 pts) Determine the value and units of the rate constant, k for this process.

Rate Constant, k,w 0

[Ta

1
M.,




II. Calculations. Show clear, complete setup for full credit.

9. (11 points) A 15.0 g sample of nickel metal is heated to 95.0°C and dropped into a calorimeter containing
55.0 g of 23.0°C water. Assuming that the calorimeter absorbs a negligible amount of heat (in other words
it is a perfect calorimeter), calculate the final temperature (in °C) of the nickel and the water. (Note: The
specific heat of nickel is 0.444 J/°Cg).
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10. (10 points) Consider the following reaction:
2802(g)+02(g) — 2503 (2) AG®reaction = - 142 kJ
Given that AH®; for SO5 is -297 kJ /mol and that AH®; for SO3 is -396 kJ /mol, calculate S°reaction (in J/K)

at 25°C. . e
o B . - S°reaction
ARG, e = 2ANEOR {24 AP YA V) don ————K.
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11.  Ammonia reacts with O2 in the presence of a platinum catalyst to produce nitric oxide, NO, and water.

4 NH3(g) + 5 02 (g) — 4 NO(g) + 6 H20 (g)

a. (6 pts) Calculate the heat of this reaction at constant pressure using the following data:

N2(g) + O2(g) — 2NO(g) AH=  +180.6kJ
N2(g) + 3 H2(g) — 2 NH3(g) AH = —-91.8KkJ
2 Ha(g) + O2(g) — 2 H2O(g) AH=  —483.7kJ

e = T 3BT

2emvn gy —> MG FIRGY ) AWT 2049 26Ty
ZQCN\ Cad -#02(9)«5 Qrvocgjx>

AW= 2(4g0 L rmy
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b. (3 pts) The reaction of NHj3 with O, is an (Circle one: endothermic, @ermic ) Pyocess.

c. (4 pts) What quantity of heat is evolved or absorbed in the oxidation of 10.0 g of NH3?
RES e
Heat (inJ) _I* > > 105
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12. (12 points) The following reaction was studied at -10°C:

2 NO (g)

and the corresponding data were collected.

+ Cl(g) > 2NOCl(g)

A

initial rate
experiment [NO], (M) [Cla]o (M) (mol L-TsT) |
|
1 0.10 0.10 018 |
2 0.10 0.20 036 |
3 0.20 0.20 1.45
a. (3 points) Determine the order of the reaction with respect to [NOJ.
Order of [NOJ
~
Raxc,?) _ L"H,_ ,{,\CU.;“«')] f_d’?o
T 7 _
Y . = M~ M
O3b 4 0.3 (0,26]
N . ~1 N\ —-
Ho = (&.0) =) M2
b. (3 points) Determine the order of the reaction with respect to [Cl>].
2
Ale? _ O, )3b A o1 (ox ‘51 Order of [Ch]
AC() lo’] EO ] 0’] (\
2.0~ : -
o (9\ v y,‘ % M h\
c. (1 point) Write the rate law expression.
- 2~ Al
ree= A" [
d. (2 points) Calculate the overall order.
Overall Order
e. (3 points) Determine the value and units of the rate constant, k
1(1 — rate O 9 _‘S’/’ 2
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13. (11 pts) NH4NSiO rearranges in water to give (NH»),S10, and the rate law for the reaction was
experimentally determined to be: rate = k[NH4N Sl(@
‘?\ )f\l f O\ \

NH;NSiO (aq) — (NH,),Si0 (aq)
A 0.476 M solution of NH4NSiO was prepared in the lab. After 50.00 minutes, the concentration was 0.270 M.

a. What is the half-life (in minutes) of NH;NSiO? C
Half-life of NH,Nsi0 5.0,

—"/LU\?& 1 l~-/ i ~ 200 zppld
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b. What will the NH4NSiO concentration be after 3.67 hours?

[NH,NSiO]O) - (¢ m
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