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For best results please don’t leave blanks on the objective or written-out problems.
Please show all steps or logic on the written problems so partial credit can be awarded.
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MULTIPLE CHOICE - three (3) points each.
l. Which of the following statements is true?

a) For an endothermic reaction, the value of the equilibrium constant K increases as the
temperature increases.

b) For a reaction at equilibrium, if the volume of the reaction container increases, the
reaction must shift to the right to reestablish equilibrium.

c) Liquids are sometimes included in the K expression for a reaction.

d) At equilibrium, the rate of the forward reaction and the rate of the reverse reaction
both equal zero.

e) Reactions that have mostly reactants at equilibrium with very little products present
have large K values.

2. Consider the reaction of ethane with F»:
CaHa(g) + 6 Fa(g) — 2 CFa(g) +4HF(g) AH; =2?

Assume the enthalpy change for the above reaction is AH;. Using the following reactions
and their enthalpy changes, one can construct a thermochemical cycle to determine AH;.

Ha(g) + Fa(g) — 2 HF(g) AH)
C(s) +2 Fa(g) — CFa(g) AH3
2C(s) + 2 Ha(g) — CaHu(g) AH4

Which of the following expressions for AH; is correct?
a) AH; =2 AH; — AH4 + 2 AH3 b) AH; =2 AHy — 2 AH4 + AH3
c¢) AH;=AH3+ AH, -2 AHy4 d) AH; =6 AH> + 2 AH3 — AH4

e) AHi;=AH4 - AH; — AH3
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3.

100 mL of water is placed in a beaker. When 1.0 g of a soluble ionic solid is added, the
temperature of the resulting solution increases from 21.5°C to 24.2°C as the solid

dissolves. For the dissolving process, what are the correct signs for ASsys, ASsurr, and
ASuniv?

ASsys ASsurr ASuniv

a) = = =
by + + -
c) =+ - 5
d) + + +
€) e — ¥

For which process is AS® expected to be positive?

a) L(g) — L)

b) H2O(l) —» H20(s)

¢) CH3OH(g) +3/2 0x(g) — COa(g) +2 H0(1)
d) Oa(g) +2 CO(g) — 2 COA(g)

e) Na(g)at2atm — Ny(g)atlatm (Assume constant T and n.)

A spontaneous chemical reaction is favored by which of the following?
a) increasing enthalpy and increasing entropy
b) decreasing enthalpy and increasing entropy

¢) increasing enthalpy and decreasing entropy
d) decreasing enthalpy and decreasing entropy

Which of the following always describes a process at equilibrium?

a) AG=1 b) AH=TAS «¢) Q=1 d) AG=AG® ¢) K=1
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7.

10.

11.

Which of the following statements is false?

a) The equilibrium position represents the lowest free energy state available to a
reaction.

b) Chemical reactions want to minimize free energy.

c) Ifthe free energy of reactants is lower than the free energy of products, then the
reverse reaction is spontaneous.

d) The value of the free energy change for a reaction is dependent on the temperature.

e) The process H>O(l) - H>O(g) is spontaneous at all temperatures and partial
pressures of HoO(g).

Consider the following reaction at 298 K:
2 HBr(g) + Cla(g) — 2 HCl(g) + Bra(g)  AG°=-81.0kJ
Calculate AG at 298 K for this reaction at the following initial partial pressures.

Pugr=1.00 atm Puci= 0.500 atm PCI =5.00 atm PBr =0.200 atm
2 2

a) —69.6kJ b) -71.3KkJ c) —81.9kJ d) -90.6kJ e) —92.4 kJ

For a reaction at some initial concentrations and temperature, Q > K. Which of the
following relationships must be true regarding this reaction at these conditions?

a) AG=0 b) AG®=0 ¢) AG>0 d) K<0 e) AG<0

Which of the following indicates the most acidic solution?

a) pH=1.2 b) [H]=1x10"* M ¢) [H]=03M

d) pOH=5.9 e) [OH]=0.5M

The pOH of a sample of baking soda dissolved in water is 5.74 at 25°C. Calculate the
[H'] in this baking soda solution.

a) 1.0x107 M b) 5.5%x10° M c)1.8x107% M

d) 1.9x107° M e) 62x10° M
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12.

13.

14.

L5.

16.

How many of the following statements (I-[V) about a 1.0 M solution of weak acid is/are
true?

[. Asthe K, value increases, the pH of the solution decreases.

II. As the Ka value increases, the percent dissociation of the acid increases.
III. As the K, value increases, the Ky value of the conjugate base decreases.
IV. As the K, value increases, the [H] in solution increases.

a) 0 (none) b) 1 c) 2 d 3

e) 4 [All of the statements (I-IV) are true.]

Which of the following statements (a-d) is false?

a) The pH of a 10. M solution of KOH is 15.00.

b) The pH of a 1.0 x 10! Af solution of HCI is 7.00.
c¢) The pH of a 0.20 M solution of Ba(OH); is 13.30.
d) The pH ofa 10. M solution of HCl is —1.00.

e) None of the above statements (a-d) is false.

Consider a 0.10 M solution of a weak acid HA. If pH = 3.00 for this solution, determine
the equilibrium concentration of the conjugate base ([A7] = ?).

a) 1.0x10%M b) 1.0x10°M ¢) 1.0x10%2M d) 1.0M e) 1.0x107° M
What is the pH of a 0.015 M solution of aniline, CéHsNH,? Ky for CsHsNH is
3.8 x 10710,

a) 11.24 b) 7.00 c) 838 d) 2.76 €] 5.62

Arrange 0.10 M solutions of the following compounds by increasing pH:
HC,H302 HCN H>NNH;3ClO4 NH3

a) HC;H30, < HoNNH;3ClO4 < HCN < NH3
b) HCN <HC,H30; < HoNNH;3ClO4 < NH3
¢) HCyH30, < HCN < NH3 < HoNNH;3ClO4
d) HCN <HC,H30,; < NH3; < HoNNH3ClO4
e) HoNNH3ClO4 < NH3; < HCN < HC,H30,
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1'%

18.

19.

Which of the following reactions is correctly identified with the appropriate equilibrium
constant?

a) CsHsN(aq) + H2O(1) =— CsHsNH"(aq) + OH (aq)
Ka reaction for CsHsN

b) NHi(aq) + H3O"(aq) =~— NH4"(aq) + H20(1)
Ky reaction for NH3

¢) H30%(aq) + OH (aq) === H,0(l) + H20(l)
K, reaction for H3O*

d) HC3Hs02(aq) + HO(l) =— C3Hs027(aq) + H3O"(aq)
Ka reaction for HC3HsO»

H>COs and HaSOq are both diprotic acids. For H,COs, K, =4.3 x 107 and K, =
5.6 x 107", For HySOx4, Kg>>1land K, =12 1072, Which of the following

statements concerning a 0.10 M H>CO3 solution and a 0.10 A H2SO4 solution is true?

a) The [H'] in the 0.10 M H>COs solution will be greater than the [H*] in the 0.10 M
H>SO4 solution.

b) The [H'] in the 0.10 M H2SO4 solution will be less than 0.10 M ([H"] < 0.10 M).
¢) At equilibrium, the [SO4*"] will be greater than the [CO3>7] ([SO4>"] > [CO5>7)).
d) The pH of the 0.10 M H2COs3 solution will be less than 1.0 (pH < 1.0).

e) Atequilibrium, [H2SO4] > [HSO47] in the 0.10 A H2SO4 solution.

Consider separate 0.25 M solutions of the following three salts:
KNO2, (C2Hs)sNHNO3, (C2Hs);sNHNO;

Rank the three salt solutions in order of increasing pH (most acidic to most basic).
[Ka for HNO> = 4.0 x 10 and Ky for (CoHs)sN =4.0 x 1074].

a) (C2Hs)sNHNO; < KNO; < (C2Hs);NHNOs

b) KNO; < (C2Hs)sNHNO3 < (C2Hs);NHNO,

c) KNOz < (C2Hs)sNHNO2 < (C2Hs)sNHNO3

d) (C2Hs)sNHNO; < KNO; < (C2Hs)sNHNO;

e) (C2Hs):NHNO; < (CaHs)sNHNO; < KNO»
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20.

21.

22.

23.

A chemist wishes to prepare a buffer at pH = 3.5 and has the following acids available,
along with the potassium salts of their conjugate bases. Which acid/salt combination is
the best choice for preparing the buffer?

a) HCoH302 (Ka= 1.8 x 107°)/KC,H30, b) HOCI (Ka= 3.5 x 1078)/KOC]

¢) HNO; (Ka= 4.0 x 107%/KNO, d) HCN (Ka= 6.2 x 1071%/KCN

e) HCIO; (Ka= 1.2 x 1072)/KClO,

Consider a buffer solution containing NaF and HF. Which of the following statements is
false?

a) If [F7] = [HF], then the pH of the solution equals the pKa value for HF.

b) If [F]> [HF], then the pH of the solution is greater than the pKa value for HF.

¢) If [HF] > [F7], then the [H'] of the solution is greater than the K, value for HF.

d) IfHCl is added to the buffer, then the [F7] of the resulting solution should increase.
e) If NaOH is added to the buffer, then the pH of the resulting solution should increase.
Five different bases, all with the same initial concentration and volume, are each titrated
with 0.1 M HNOs;. Which base titration has the lowest pH at the equivalence point?

a) CH3NH, (K =4.4 x 107 b) NH;3 (Kp=1.8 x 107)

¢) CsHsN (Kp=1.7 x 107%) d) CeHsNHz (Kp=3.8x107'% e) NaOH

Four different bases all with the same initial concentration and volume are each titrated
with 0.1 M HNO3. Which base titration has the highest pH at the halfway point to
equivalence?

a) CH3NH; (Kp = 4.4 x 107) b) NH3 (Kp = 1.8 x 107%)

¢) CsHsN (Kp=1.7 x 107) d) C¢HsNHz (Kp = 3.8 x 10719
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Consider the titration of 30.0 mL of 0.30 M HCN by 0.10 M KOH for the next five questions.

Kafor HCN = 6.2 x 10719,

24.

25.

26.

27.

Calculate the pH when 0.0 mL of KOH has been added.

a) 9.73 b) 4.27 ¢) 3.61 d) 4.87

Calculate the pH after 15.0 mL of KOH has been added.

a) 9.21 b) 8.51 c) 12.50 d) 7.70

Calculate the pH after 45.0 mL of KOH has been added.

a) 8.30 b) 10.11 ¢) 9.09 d) 4.79

Calculate the pH at the equivalence point in this titration.

a) 11.04 b) 10.33 c) 12.08 d) 8.83

Summer 2025

e) 5.29

e) 9.91

e) 9.21

e) 7.00



USEFUL CONSTANTS AND RELATIONS:

N=6.022 x 103; PV =nRT

L e atm

R =8.3145 J/mol.K = 0.08206

mole K

AG=AG°+RTInQ; AG = Wmax
K=°C+273
F =96,485 Coul/mol e~
Volt=J/Coul
E=FE%- Eln Q

nF

~0.0591

E=E° log Q (at25°C)

— ZAG?

f, reactants

AG®, = TAG?

f, products

-AG
Asuniv =
T

—AH
ASsyr = ——
T

AG =-nFE

AG® =-nFE°

AG°=-RTInK

AG = AH - TAS

AG® = AH® — TAS®

E*= % log K (at 25°C)
Amp = Coul/sec

k=A e Ea/RT

amount dissociated :

% dissociation = 100

initial concentration

Kw = KaeKp = [H'][OH"]
Kw=1.0x 10"

pH + pOH = 14.00
pKa + pKp = 14.00

(at 25°C)

pH = —log[H"], [H"] =108

pKa=-log Ka

pH = pKa + log E)i_s—e—]
[acid]

ACld Ka

HF 7.2 %x107*

HC,H30; 1.8 % 10~

HCN 6.2 x 10710

Base Ko

NH;3; 1.8 x 107

H,NNH» 3.0x10°

K, +pK
DH = pK,, 2p as

Zero order reaction:

LA = [Als =~k
= %
tin2 ok

First order reaction:

In [A] - In [A]o = —kt

In [ﬁj - kt
[Alg
0.693

tip= ——
k

Second order reaction:

or
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