Exoun

MULTIPLE CHOICE (3pts each): Write the ONE letter corresponding to the correct answer on
the line next to each question. The LETTER ASSOCIATED WITH THE CORRECT ANSWER
MUST BE WRITTEN ON THE LINE NEXT TO THE QUESTION in order to receive full credit.

1.) Forthe reaction 2A {g) <> B (g), Ko = 0.874. If the pressures of A & B are A=245atm 1)) __ <7 D

= -, . L' ’)
and B = 4.87atm Q- 5%12 - L{’-l.%’ﬂ = _(:_.S:__ 0.1
a.) the reaction has stopped L g )Lfﬁg reverse reaction is favored
¢.) the reaction is at equilibrium @the forward reaction is favored

Q -~ Kp
2.) An equilibrium reaction has a free energy of +18.6k}/mol at 25°C. What is the 2.) [3 [N 1 503
equilibrium constant for this process?

5.51x10A-4 b.) 1.01 c.) 1.37x107-39 d.) 1.81x10A3 K . o WG
AG> —RTLn kK 1% L RSOl = — (8314 wity 2¥hmet €5 (A %r. 5 K T T
3.) Which response best describes equilibrium? y (

a.) The concentrations of reactants and products are equal.

b.) The reaction has reached a point where no more products or reactants are being formed.
(c) The rate of the forward and reverse reactions are equal.

d.) The reaction has begun to form reactants and not products.

4.) Which of the following molecules would have the greatest entropy? (Assumeall 4. C,

are liquids.)
a.) CeHi4 b.) CsHi1z2 @C7H16 d.) GHio
5.) For agiven reaction, AH = -34.2kl/mol and AS = -284)/molK. At 300K, this 5.) 6
reaction is '
a.) spontaneous @nonspontaneous c.) at equilibrium d) at completlon

AG= 342 Kol ~ (20001 % -0.,2%" WLWQ‘ Wy =+ 51 B fmo
6.) Which of the following Keq values describes the process in which the reverse 6.)
reaction is the most highly favored?

' SereLtign 3

a.) 4.96x10A5 b.) 2.65x10A-2 c.) 1.87x10A3 7.86x10A-4 & Lo
7.) When the reaction 2A(g) + B(g) ~-> 3C(g) occurs, the entropy of the system 7)) _C___ -5 " .

a.) increases b.) decreases "/E)stays the same k

Tage e v PONNLIEs M ped B & otk O Cenen

8.) For the reaction 2A + B <—-> C Keq =1 45 What is Keq for 4A + ZB <-->2C? 8.) !;

a)0.690 b) 3.05 c) 2.90 - {(dp210

letigy * = A.103%

9.) Which responsé best déscribes how a catalyst works: 9) K 2

a.) by shifting the equilibrium toward the products
by lowering the activation energy

c.) by acting as an additional reactant

d.) all responses are correct

10.) Which of the following processes is most likely to be spontaneous? 10.) B

@ nitrogen & oxygen gas mixing together when two gas tanks are connected
b.) water boiling at 80°C under atmospheric pressure
c.) carbon dioxide and water forming a tree

d.) sodium chloride precipitating out of an unsaturated solution

20225_A



SHORT ANSWER (10 pts each): Completely answer all of the following questions. Read all
questions carefully!! SHOW ALL WORK. Make sure to include units and report all
mathematical answers to the correct number of significant figures. Write final answers in
designated locations when indicated.

1. Given the following reaction, indicate how each of the listed stresses would impact the
equilibrium. Use toward reactants/products, not left/right.

2 S03(g) €= 2S02(g) + 02 (9) AH = + 198 kJ/mol
a.) Add SOs Answer: touwsord Gaodnds
N e ds tes 5T
b.) Add a catalyst Answer: N0 0oL
c.) Increase temperature Answer: 'fz;}ui}-g;i;"wﬁ [ e eh v

. P X ~ .
Loy @y e
- B B R T I e N '\
d.) increase pressure Answer: _frroier b Vo bty
Senoe” Auged vt L poe e lay

e.) Briefly describe one method (not including any of the stresses mentioned above or their
opposites) that you could use to increase the amount of SOx:. '

Rernoyt 20, o0 Oy

2. The reaction 3A (aq) €<~ 2B (aq) + C (ag) has an equilibrium constant of 0.876. If you start
with a flask containing 0.987M A, what are the equilibrium concentrations of all components?
(Hint: You do not need the approximation method.)
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3. The molar enthalpy of vaporization for a compound with a molar mass of 56.948g/mol is
37.6 kJ/mol at 68.2°C. What is the change in entropy, in }/K, when 19.5g of this compound
moves from the liquid to the gas phase at this temperature?

) 1 ) “:3‘4 :
IMo o \Answer: __ o2 2"} i i<
- . v [3Naked w

=138 4y9 b
MILISI

OO0V H M 14‘5’ K

2 310 S e

4. The following reaction is run in a flask and allowed to reach equilibrium:
3A (ag) + 2B (I) €~ C(aq) + 2D (aqg)
After being allowed to reach equilibrium, the flask contains 0.25M A, 0.97g B, 0.56M C and
0.30M D.

a.) Write the equilibrium expression for this reaction.

p “ 2y ' a
Keo, L3N

Answer: | £ 43 3
b.) Calculate the value of Keq. Answer: 3.4 >
o0
o oy o
‘g xj; T
\e#’% - CO a 6‘}- = 3*?[%%@

Cr GRS ??E O
c.) What is the value of Keq for the reverse reaction? Answer: O GIEC

(
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5. Given the reaction A + 2B = 3C, where the rate law is Rate = k[B]?

a.) Which option provides the most likely mechanism for this reaction? 2
Answer: Omfhon

Option 1: Option 2:

A+B>C+D A+B>2C+D nO S¥P 5
A+C>2D B+D>C has ot~ JEL”
AA+B-23D 4 e el

Option 3: ~ / Py Option 4:

28> A+ D Rode= RkIG 2A> C +B

2A+D>3C__ - 2B+C>3D

A+AB=>BL AA+ 0 = 3D

b.) BRIEFLY describe two reasons why you chosé your option for part a.
Steps o A4 wk it A % -3
Orep 1 has Hede= le fd”

6. For the reaction 2A(g) <- B(g), AG®° = +26.3 kJ/mol. If [A] = 0.94M and [B] = 0.56M:

; % Baa b
a.) What is the value of Q? Answer: 1@ §

8y Sla
Q= . [0

A = ), 1785
oy road)®
b.) What is the value of AG at 298K?
AN o + BT 20 Q Answer: _+ 35,3 E:‘éfm"l
- e Clﬁu@‘(nﬁn >
EAET TR = %(&W' L AT (e O lEE 1Y)

= 363 Tt — RN sl =+ 39,17 B jmol

c.) Is the reaction spontaneous at these concentrations? Answer: _30 I.

d.) BRIEFLY explain your answer to part c.

AG » po&hvt
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7. Given the information in the table below, answer the following questions about the reaction
Ni(OH)z (s) €-> Ni2*(aq) + 20H-(aq)
Note that the table contains information for all versions of the exam. You will not use all
values. Include signs with all numerical answers.

AH (kj/mol) AS (J/molK)
OH- -229.94 -10.5
Al3+ -524.7 -313.38
Al{OH)3 -179.91 216.43
Cu?+ 64.39 -99.6
Cu(OH); -450.37 108.43
Mn2+ -218.8 -83.68
Mn(OH):z 700.0 94.9
Nj2+ -64.0 -159.4
Ni(OH)2 -538.06 79.5
0y, ABHTG k‘,m‘m i
a.) What is the value of ASixn? Answer: __ —%%%,9 9 , rao { /<

U594 ra{-io.s0 = Lna)
== 3599 3ok
' + 14,1 l"’fgiwr‘f
b.) What is the value of AHxn? Answer: ATl B

(4.0 +a (-2 Guld — (- 53%.0L)

= F 1Y BT ol

T 88 k3, .
c.) What is the value of AGmn at 50.0°C? Answer: 1 534 1 [“‘QE
+303:43

ok G

91y (03555 Slmot iy = 4 A1

N~ AW =THhS

Py :
v l?”\/m;ilé
= Wy W ol —[{33%

d.) Is this reaction spontaneous at 50.0°C? Answer: AR )

e.) BRIEFLY explain your answer to part d.
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