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.) Which response best describes equilibrium? 1) __D__
a.) The concentrations of reactants and products are equal
b.) The reaction has reached the point where no more reactants or products are being formed
c.) The reaction has begun to form reactants and not products
@The rate of the forward and reverse reactions are equal.

2.) For the reaction A(g) + 2B(g) <--> C(g), the value of Kp = 2.68x10°. What is the 2.) ___B__
value of Kp for the reaction 2C(g) <-->2A(g) + 4B(g) ?

a)3.73x10™ 1.39x107”7 Z c¢)7.18x10° d.) 7.46x10™

_ (M ALgy )0 A
3.) Areaction A + B--> Cis nonspontaneous at 25°C. If AHrxn = 28.7kJ/mol and 30 _ /1

3ern = 39.7J/molK, at what temperature will this reaction become spontaneous?
é‘ 449.8°C b.) 722.9°C c.) -272.4°C d.)11.8°C —_—
O = 28.18 3ol = (T)(0. 6391 ©F)p0l m} Answerr= 1~ 213.15
4.) Which of the following can be described as a measurement of the disorder of a 4) __C_,__
system?
a.) free energy b.) enthalpy @ entropy d.) spontenaeity

5.) Which of the following processesis most likely to result in an increase in entropy? 5.) __Q:_
a.) C7He03 (aqg) + C2H402 (aq) —-> C9H100s5 (aq)
b.) H20 (I) -—> H20 (s)
(©) C4Hs04 (s) --> 2 CO2 (g) + 2 N2 (g) + 2 CHa (g)
d.) All of the above responses would lead to an increase in entropy

6.) At 298K, the Kc for the reaction A(g) <--> B(g) + 2C(g) is 56.3. What is the value 6.) __é__
of Kp at 298K?

(a)3.37x10° b) 3.46x10° c) 563 d) 1.38x10?

p=(50L.3) CO.08WL - 29%)*™

7.) Which of the following options would allow you to produce more of the product 7. ___6_
of the following reaction? N2(g) + 3H2(g) <--> 2NH3(g) AH° = -91.88kJ

a.) Increase the volume of the reaction flask remove NH3 from the reaction flask
c.) add a catalyst d.) increase the temperature

oo hgn companad ® K C
8.) For the sublimation proggss A (s) <--> A-g), the value of Kpis 12.58. If the 8.)

pressure of the gas is 20.52atm, which of the following responses is correct?

a.) The reaction is at equilibrium b.) The rate is higher in the forward direction
@The rate is higher in the reverse direction d.) The reaction requires a catalyst

9.) Which of the following processes is LEAST likely to be spontaneous? 9. _D__

a.) iron rusting near the ocean b.) sugar dissolving in a cup of hot coffee

c.) water freezing at -20°C college student's dorm room cleaning itself
10.) Which of the following molecules is most likely to have the highest entropy? 10.)___: }_

a.) C2Hs b.) CaH10 c.) CeH14 C8H18
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SHORT ANSWER (10 pts each): Completely answer all of the following questions. Read all
questions carefully!! ALL WORK MUST BE SHOWN TO RECEIVE FULL CREDIT. If your work is
in a different location, you must make a note of this in the given work area for the problem
in order for the work to be considered for partial credit. 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.) A compound with a molar mass of 145.894g/mol has a molar enthalpy of vaporization of
37.2kJ/mol and a boiling point of 97.6°C at 1.00atm. What is the change in entropy in J/K
when 122.9g of this compound boils at 1.00atm? Include the correct sign with your answer.

IW\OI

- o)
lQ'qucG (HS-CGC'L!‘Q\ - O,8L{’AL{ W\O\ Answer-_jh 8L|6 l IK

0.843U ol (+_3”L2_N> = +3L337 kD

O\
310.N31¢ -
sy (02
41.L°C +13.15= 316.95 Y = 0.084533 VK | T
= §U4.523 Ok

2.) Use the information provided to answer the following questions about the following reaction.
Make sure to include the correct sign with all numerical answers.

C2Ha(g) + 3 02(g) > 2 CO2(g) + 2 H20(1)

AH° (kJ/mol) | S° (J/molK) AH® (kJ/mol) | S° (J/molK)

Cz2Hz2 (9) | 226.6 200.8 CO2 (9) | -393.5 213.6

C2Hs4 (g) | 52.3 219.5 HO () | -285.8 69.9

C2Hs (g) | -84.7 229.5 02(g) 0 205.0

CsHs(g) | -103.9 269.9 "

J
a.) What is the value of AH° for this reaction? Answer: _ I [ Os O’ )w\o\
LS \ _ 3)
(2(-3935 k3 lwa) + 2 (—285.% B mel [ (5235 msl) + 3(65 )
kS

["')8").0 I{S[VY\O‘ - 591.L [WB - CSQ\’S k'S)Ir\rml—) < oV 0”757
b.) What is the value of AS° for this reaction? Answer: AL }W‘Ol K -0 mK

(2( 23 LS mot 6) + 2(1A.4S|wol KF\B'G (2195 lmol k1 3 (26563 [mol zi)
(4372 mol ¢ + rs%.%"slmo\la ~ (2185 ol K + 150 Jlmol I

c.) What is the value of AG® for this reaction at 25°C? Answer: SR l ) l W\OI
AGP© TQHG—TQSG +am-)s =29%.(sk

S
= —1916:9 Blwol — (298-1510) (- 0.2L15, S Imel Q)
s & WS eg) 118 758 A i o 331 - 1513 S [

d.) Is this reaction spontaneous at 25°C? Answer: _\| @ S
e.) Briefly explain your answer to part d. 1

AN V\LW\FC
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3.) A given equation 2A (aq) + B (I) €= 3C (aq) + D(aq) has the following equilibrium amounts:
A =0.956M, B = 0.887mL, C = 0.724M, D = 0.246M

a.) Write the equilibrium expression for this reaction.

N (c’ffb—)
R T m?

0. [0

b.) Calculate the value of K¢ for this reaction. Answer:

[Lo. 124) (o346

(0.956)

= —9_.-00!335‘1%__—— = O 1072 l'—\q
0.913430

4.) The reaction 3A(g) €= 2B(g) + C(g) has a Kc value of 47.8. If you start with just 1.65M of
compound A, what are the equilibrium concentrations of each compound? Do not use the

approximation method.
1.LS -3(0.%001&3

VA LRy = arbcrd\+ C(%\

Ke =

I Lus [A]::O.an«\\
2 (o.1so0H
E = —HM( +\( B: = 0.9LM™
- ~ AX X
e g O-HEM
(N LA
L{')\% — A
N Ej} 1 [LD(Q—SC[_X 5
(Lm% %: [166-3KY Cus 3»53
.58 U X (’ 1. b5 3;«3( 9;1\(3*1’501*)\(
- +
3-L3A94 =723 S 3% A

= ,.981Y X 2
3.1 QR (qtqus 3% = B8 A 34X
309 %= 04500

5.) A reaction has AH®xn = +26.9kJ/mol and AS°xn = +125.6 J/molK.
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2.91 X 10°

a.) What is the value of Keq at 455K? Answer:

AGO= L9 )mol —HSSI (o,la\%u mlmoll?)
= —720. A4S kﬁ_}mo‘

00‘0: -KT Q-MK __3,-—]8-9\(&'/')'0'T|w\0|
0. 221§ "LT,W\;)\ = ‘(@’\3)’4 X 107> m-)mo%('-l%k) bn

bnK ="Naq%L
=Ml = 2904 x 10

b.) If the value of Keq is 0.1 at 298K, would you expect to have more products at 298k or at

455K?
Answer: L[ 65 l<

c.) Briefly explain your answer to part b.

voelue of Keq 'O hkﬁt{/\n-r\ ot Hu \r\&g"\mw

6.) The reaction 2A(aq) €<= 3B(aq) has a AG® of +77.6kJ/mol at 298K. What is the value of AG at
298K when [A]=0.765M and [B]=0.228M? Include the sign with your answer.

AG\: AGO + (KT %Q Answer: ",’(Qr)\cl (Q:Y“Y\b‘

3 3
G- —E—% = @_‘3\_"‘% = 0.02039>
[6.7u5

AG = -l E ol {( §3IY X107 E‘)mo\\c\(a%\é(%(c.moasaﬂ

S
4
= 9190 Dol + ([ (2 41$D( 3.8 HSSB

=M b Bland — G 0117 P o)
= 1.43%% %2 | imo)
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7.) Given the reaction 2NOCI(g) €-> 2NO(g) + Cl2(g) AHixn = +77.16kJ/mol, state whether each
of the following stresses will shift the equilibrium toward the reactants, toward the products,

or have no impact on the equilibrium.
Yowond veoctunts

a.) Increase the pressure

fowaoard prodocks

b.) Increase the volume

wond vreactounts

c.) Add NO

d.) Add argon gas NOo \VV\“\&.C;\"

4o wond p/\odud-s

e.) Increase the temperature
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