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F'or 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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How many of the following four relationships describe a basic solution?
[H]<1.0x107M: pOH<7.00: pH=>7.00. [OH]>1.0x10"M

a) 0 (None) b) 1 e} 2 d) 3

e) 4 (All describe a basic solution.)

Consider several 1.0 M solutions each containing a different acid, HA. How many of the

following four statements (I-1V) is/are true?

[. As the Kq value of the acid increases, the pH of the solution increases.
[1.  Asthe K; value of the acid increases, the percent dissociation ot the acid increases.
II1. As the K, value of the acid increases, the [H'] of the solution increases.

[V. As the K, value of the acid increases, the Ky value for the conjugate base decreases.
a) 0 (none) b) 1 ¢) 2 d) 3 e) 4 (All statements are true.)
One mole of a weak base, B. is dissolved in 1.0 L of water and no other substance is
added. Which of the following, to a close approximation, is true?

a) [BH']>[B] b) [B]=[OH] ¢) [BH]=[OH]

d) [H']>[OH] e) [BH']> [OH ]

H2SOg4 is a diprotic acid with the following K., values:
H>SO4 = HSO4 -+ H” Kar =1 x 107
HSO4™ = S04 + H' Ko =12 x1072
Which of the following statements (a-c) is true?
a) ‘'The pHot'a0.10 M H>SO4 solution should be greater than one (pH > 1.00).
b) HSOy is a stronger acid than F>SO4.
¢) HSOy4 is a stronger base than SO,

d) None of the above statements (a-c) are true.
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5. The equilibrium constants K. Ky, and Ky refer to specific reactions. Which of the
following four reactions (a-d) is incorrectly matched with the equilibrium constant?

a) H"+OH™ s H,O Kw for H.O

b) HONH: + H,O s HONH;" + OH" Ky for HONH»
¢) I +H.0 s OH +HF Ky for F

d) NHy" s NH; + ' Ka for NH4"

¢) All the above reactions are correctly matched with the equilibrium constant.

The next three questions refer to the titration of 100.0 mL ot 0.40 A/ HOBr by 0.20 M/ KOH. The
K. value for HOBris 2.0 x 107

0. Calculate the pH after 0.0 mL of KOH has been added.

a) 3.19 b) 2.67 c) 3.067 d) 4.55 e) 7.00

7. Calculate the pH after 50.0 mL of KOH has been added.

a) 8.22 b) 9.18 c) 8.70 d) 3.19 e) 7.00
8. Calculate the pH after 100.0 mL of KOH has been added.
a) 3.19 b) 9.18 c) 8.70 d) 8.22 ¢) 7.00

9. Calculate the pH after 200.0 mL of KOH has been added.

a) 10.91 b) 3.09 c) 12.20 d) 4.79 e) 7.00
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Arrange the following 0.10 M solutions in order of increasing pH:
HI. HF. NaF, Nal

a) HI < HF < NalF < Nal b) HI < HF <Nal < NaF ¢) HIF < HI < Nal < NaF
d) HF < HI < NaF < Nal ¢) NaF <Nal < HI < HF
When first studying acid-base chemistry, students sometimes assume that the conjugate
base of a weak acid is a strong base. However, this assumption is false. Which of the
following best explains why the conjugate base of a weak acid is not a strong base?
a) The conjugate bases ol weak acids all have Ky, values greater than 1.
b) The conjugate bases ol weak acids all have Ky values equal to 1.
¢) The conjugate bases ol weak acids all have Ky values less than 1.
d) The conjugate bases of weak acids all have Ky, values less than Ky (= 1.0 x 10~'%),
Consider 0.25 M solutions of each of the following potassium salts:

KCIL. KBr. KNO;3;. KClO4
How many of the solutions are basic?
a) 0 (none) b) 1 ¢) 2 d) 3

e) 4 (All are basic solutions.)

Which of the following solutions has pOH = 3.007
a) 3.0 M NaOH b) 5.0x 10 * M Ca(OH), ¢) 1.0x 107" M HCI
d) 3.0 M HCI e) 1.0 10" M NaOH
A 1.0 L flask is filled initially with 4.0 mol of Hz and 6.0 mol of F». This mixture then
reacts by the following equation:
Ha(g) + Fa(g) = 2HFK(g) K=Y
At equilibrium. 3.5 mol of I'> remains. Calculate the value of K for the above reaction.

a) 2.0 b) 1.2 ¢) 0.95 d) 5.0 e) 4.8
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The [H'] in a butfer solution consisting of HONH3Cl and HONH> is equal to the K, value
for HONH; " ([H"] = Ka = 9.1 < 1077 A/). Which of the following statements about this
solution is false?

a) In this solution, the concentration of HONH;3" equals the concentration of HONH,
([HONH;"] = [HONH:)).

b) TfNaOH is added to this solution, the pH will increase.

¢) IIHClis added to this solution, the [H'] will increase.

d) ITHCl is added to this solution, the concentration of HONH3" will decrease and the
concentration of HONH: will increase.

¢) The pH of this solution would be higher than the pH of a solution where the
concentration of HONH3' is greater than the concentration of HONH,
([HONH3"] > [HONH2]).

Consider the process N2(g) — Na(l). The boiling point for N2 is 77 K. Predict the signs
for ASuniv, ASar, and AS,,s when this process is carried out at 50 K.

ASuniv ASsure ASsys
a) - -
B = + +
o - % =
dy + - +
e) + + -

Consider the following reaction at equilibrium:
Na(g) + 3 Ha(g) S 2 NHs(g) AH=-92.0 kJ
Which of the following changes will shift the equilibrium to the right (to products)?

increasing the temperature

decreasing the temperature

increasing the volume of the reaction container
decreasing the volume of the reaction container
removing some NH;

adding some NHj3

AN DN B L) —

a) 1.4.6 b) 2.3.5 c)1.6 d) 2.4.5 g) 1.3, 3
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A solution is to be buffered at pH = 4.5. Which of the following pairs of substances
would be the best choice for buffering this solution?

a) HNO: (K, for HNO> = 4.0 x 10™) and KNO;

b) HOCI (K, for HOCl = 3.5 x 107%) and Ca(OCl)»

¢)  HCIO4 (K, for HCIO4 = 107) and NaClOy

d) CH3NH: (Kp for CH3NHz = 4.4 x 107") and CH3NH3NO;

e) CeHsNHa (Kp for CeHsNH, = 3.8 x 107!%) and CeHsNH3Cl

Sublimation occurs when a substance changes from the solid state directly into the
gaseous state. A common example of sublimation is solid CO» (dry ice) changing into
gaseous CO2. However, another substance that undergoes sublimation is Ix(s). Given the
following thermodynamic data at 25°C for the I sublimation process. estimate the
temperature at which [(s) sublimes. Assume AH® and AS® are temperature independent.

I(s) —> L(g)  AG°® =19kJ; AH® =62kJ
a) 398 K b) 298 K ¢) 430.K

d) 456K e) 333K

Consider the reaction:
ChO(g) +3/2 0x(g) = 2 C(ClO2(g)

for which AH = —126.4 kJ and AS = —-74.9 J/K. Which of the following statements (a-d)
about this reaction is true?

a) The reaction will decrease the entropy of the universe at 298 K.

b) As the temperature increases, the reaction will eventually cease to be spontaneous.
¢) The reaction will increase the positional disorder of the system.

d) At274.8 K. the reaction is at equilibrium.

¢) None of the above statements (a-d) are true.

Consider the following reactions for which the sign of the enthalpy change is given.
Which of the reactions can never be spontaneous at any temperature?

a) 2 HOx(l) — 2 H,O(1) + Ox(g) AH(-)
b) 3 02(g) = 20s(g AH(+)
¢) (CaCOs(s) — CaO(s) + COx(g) AH(+)
d) 4 Fe(s) +302g) = 2 FexOs(s) AH(-)
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Two gas cylinders each contain 1.0 mol of the same ideal gas. but the first cylinder is 50
L and the sccond cylinder is 150 L. What is the relationship between the entropy values
for the gas in each of the two cylinders? Assume a constant temperature.

a) Because the identity of the gas is the same in each cylinder, the entropy value is the
same in each cylinder.

b) The gas in cylinder 2 has a larger entropy value than the gas in cylinder 1.

¢) The gas in cylinder 2 has a smaller entropy value than the gas in cylinder 1.

d) This can’t be predicted unless the identity of the specific ideal gas is known.

[T the reaction quotient for a reaction is equal to 1.0. which of the following relationships
must be true?

a) AG = AG° b) AG°=0 c) AS°=0

d) AG=0 e) AH°=TAS®

Diborane (B2Hs) is a highly reactive substance and was once considered as a possible
rocket fuel. Using the following data:

AH®
2 B(s) + 3/2 O2(g) — Ba0s(s) ~1273 kJ
BaHe(g) + 3 O2(g) — B20s(s) + 3 HaO(g) -2035 kJ
H>O() — Ha(g) + 1/2 O2(g) 286 kJ
H>O(l) - H2O(g) 44 kJ

calculate AH® for the following reaction to produce diborane:

2 B(s) + 3 Ha(g) — BoHe(p) AH® =7
a) —96klJ b) —52klJ c) 36KkJ
d) 520.KkJ e) 2582klJ

Which of the following statements is false?

a) The sign of AG for a rcaction indicates whether the reaction is spontaneous.

b) IIAG® is positive for a reaction. then K is less than 1 (K < 1).

¢) When Q =K for a reaction. then AG = 0.

d) The entropy of the universe is increasing.

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



USEFUL CONSTANTS AND RELATIONS:
N=6.022 <102 PV =nRT Ku = KooKy = [HT][OH ]

o - ~14 P o

R =8.3145 Jimol.K = 0.08200 -2 o= LU0 fat2>°C)
mole K pH + pOH = 14.00

AG=AG°+RTIn Q, AG = Wmax pKa + pr =14.00

K=°C+273 pH = —log[H']. [H] = 10-P"
F=96.485 Coul/mol e pKa=—log Ka
_ . [base]
Volt = J/Coul pH=pla log o
E:EO—Ean Acid Ka
nF HF 7.2 x 10
., 0.0591 . HC3Hs50: 1.3 x107
E=E°- lOg Q (at 25 C) HCN 6.2 x lO~IO
o | R Base Kb
AG T ZAG I oproducts XAG [, reactants N}b 1.8 %10 5
H>NNH- 3.0 x10°
rq = —AG
Asumv - “I“ pK e pl\'.‘l
pH s I 2
2
-AH
ASgurr = e Zero order reaction:
AG = —nFE L] —[Aln=-t
, tin = Ay
AG® = -nFE° 2k

First order reaction:

In[A]-In|A]Jo=-kt or

AG° = -RT InK

AG = AH - TAS

ln[ A] }= —kt
AG° = AH® - TAS® [Aly

o= 0999000k (at 25°0) tip = O'i%

Amp = Coul/sec Second order reaction:
k= A o EalRI ﬁ — [—A]]—U«: Kkt

amount dissociated "

_ |
% dissociation = 100 i = k[A],

initial concentration
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