CHEMISTRY 104 Name

Hour Exam I
Summer 2023 Net ID

Multiple Choice Questions

GRADING: MC (60)
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Total 120

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.

1. Consider a 0.10 M aqueous solution of sulfurous acid, H2SO3 where K, =1.5 x 1072

and K, =1.0x10". Which of the following statements is false?

a) A 0.10 M H2SOs3 solution would have a lower pH than a 0.10 M H,SOj4 solution.

b) Sulfurous acid is a diprotic acid.

c) A combination of NaHSOj3 and Na,SO3 could be used to form a pH = 7.0 buffer
solution.

d) The second dissociation can be ignored when calculating the pH of this solution.

e) SO3* is a stronger base than HSOs".

2. Which of the following only contain compounds which would produce basic solutions
when 0.10 mol of compound were dissolved in 100.0 mL of solution?

a) NH3, NaOH, NH4NO; b) NaF, KOH, KClO4 ¢) NaCl, KCl, LiNO3
d) NH4NO3, NH4Cl, SO3 e) NHs, KCN, CaO
3. Consider a 0.10 M solution of a monoprotic acid, HA, in which the acid is 10.0%

dissociated. How many of the following four statements (I-1V) is/are true?
[. Atequilibrium, [A"]=0.10 M.
II. Atequilibrium, pH > 1.00.
[II. At equilibrium, [A™] = [H].
[V. Atequilibrium, [HA] > [A7].

a) 0 (none) b) 1 c) 2 d) 3 e) 4 (All are true.)

4, Consider the reaction: NH4NO3(s) = N2O(g) +2 HoO(g) K, =4.85

200. g of NH4NOs(s) are placed in a reaction vessel containing HoO(g) at a partial
pressure of 2.0 atm and N>O(g) at a partial pressure of 2.0 atm. After equilibrium is
reached, will the mass of NH4NO3(s) increase, decrease, or remain unchanged?

a) The mass of NH4NOs(s) will decrease (< 200. g).

b) The mass of NH4NOs(s) will increase (> 200. g).

c) The mass of NH4NOs(s) will remain unchanged (= 200. g).
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3. Consider the following endothermic reaction at equilibrium:
SiHCI3(g) + 3 H2O(g) = SiH(OH)s(s) +3 HCl(g) AH =+450kJ

Which of the following would cause the reaction to shift toward reactants (shift left) to
reestablish equilibrium?

a) Adding H,O(g).

b) Increasing the temperature.

¢) Adding Ar(g).

d) Increasing the volume of the reaction container.
e) Adding SiH(OH)3(s).

Consider the titration of 50.0 mL of 0.20 M hydrazine, HNNH>, by 0.20 M HNOs for the
next two questions. The Ky value for HoNNHais 3.0 x 107°.

0. At what volume of HNO3 added does the pH of the resulting solution equal 8.48
(pH = 8.48)?

a) 0.0 mL b) 20.0 mL ¢)25.0mL d) 40.0 mL e) 80.0 mL

7. At what volume of HNO3 added does the pH of the resulting solution equal about 7.9
(pH ~ 7.9)? Hint: No detailed calculation is necessary to answer this question.

a) 0.0 mL b) 20.0 mL ¢)25.0 mL d) 40.0 mL e) 80.0 mL

8. Which of the following statements is true concerning a CoHsNH» / CoHsNH;3" buffer
solution. Ky for CoHsNH> = 5.6 x 107+,
a) Ifinitially in the buffer, [CoHsNH;] = [CoHsNH3"], then pH = 3.25.
b) Ifinitially in the buffer, [C2HsNHz] > [C.HsNH3"], then pH > 10.75.
¢) Ifinitially in the buffer, [C;HsNH3"] = 2 [CoHsNH,], then pH = 11.82.
d) Ifinitially in the buffer, [C2HsNH:] = 6 [CoHsNH3"], then pH = 6.72.

e) Added NaOH to the buffer solution will cause the C2HsNH;3" concentration to
increase.

28 Calculate the [H'] in a 0.20 M CsHsN solution (Kp for CsHsN = 1.7 x 107).

a) 29x10° M b) 5.4x107"° M ¢) 1.8x10° M d) 3.4x107"% M
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10.

11.

12.

14.

Consider a buffer solution consisting of 0.050 M HF and an unknown concentration of
NaF. What concentration of NaF is necessary to form a pH = 3.00 buffer solution? K,
for HF = 7.2 x 1074

a) 0.036 M b) 0.069 M c) 0.050 M d) 0.72M e) 0.018 M

Which of the following statements is false?

a) The conjugate acid of CsHsN is CsHsNH",
b) At 25°C, a solution of an acid in water cannot have a pH greater than 7.0.
c) At25°C, a solution of a base in water cannot have a pOH greater than 7.0.

d) Because HSO4™ is the conjugate base of a strong acid, the Ky, value for HSO4~
should be between 1 and 1 x 1014,

e) In general, the stronger the acid, the weaker the conjugate base.

The following acids are listed in order of decreasing acid strength in water:
HI > HNO; > HOCI > HCN
Which of the following statements is false concerning these acids?

a) HIis assumed to be 100% dissociated in water.
b) The K, value for HNO> is larger than the K, value for HCN.
¢) The K, value for NO»™ is larger than the Ky value for I,

d) The [H"]in a 1.0 M HOCI solution would be larger than the [H"] ina 1.0 M HCN
solution.

e) The pH ofa 0.10 M HCN solution would be lower than the pH of a 0.10 M HNO»
solution.

[fa2.0 M solution of a monoprotic acid is 5.0% dissociated, calculate the K, value for
the acid.

a) 1.0x1072 b) 2.0 x 1072 ¢) 5.0 x107?

d) 1.0x 1073 e) 5.3 x1073

Equal volumes of 0.10 M HCl and 0.10 M Ca(OH), are added together. The pH of the
resulting solution is:

a) acidic (pH < 7.0). b) basic (pH > 7.0). ¢) neutral (pH = 7.0).
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15. For the process of melting of an ice cube at —10°C, what are the signs for ASqr, AS, and
ASuniv?
ASsurr AS ASuniv
a) + - -
b) + + 0
c) - + -
d) + - +
e) - + +
16. Consider the following reaction:

2NO2(g) = 2NO(g) + O2A(g) AG®98k = 69.7 k]
[f the temperature is raised to 400. K, what will happen to the value of K?

a) K will increase as the temperature is increased to 400. K.
b) K will decrease as the temperature is increased to 400. K.

¢) K will remain unchanged as the temperature is increased to 400. K.

17. For which of the following five processes is there a decrease in the entropy of the system
(AS <0)?

a) 2MgO(s) — 2 Mg(s) + O2(g)
b) 2HxO(g) — 2 Ha(g) + OaAg)
c) L) — L(s)

d) NaBr(s) — Na'(aq) + Br(aq)
e) Ha(g) > 2 H(g)

18. Consider the following reaction at 800. K:
Na(g) + 3 Fa(g) — 2 NF3(g) AG®g00k = ?

An equilibrium mixture at 800. K contains the following partial pressures: Py, =0.021
atm, P =0.063 atm, Py =0.48 atm. Calculate AG® for the reaction at 800. K.

a) —~39k] b) 71kJ gy —71 Kkl d) 26.5k] e) -265KkJ
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19, Which expression correctly gives the value for the standard enthalpy of formation
for liquid carbon disulfide (CS2) using the following data:

o

C(graphite) + Oz2(g) — COa(g) AH —=-393KkJ

xXn

S(s) + 02(g) — SOa(g) AH =-296kJ

rxn

CSa(1) + 3 Oa(g) — COa(g) + 2 SOx(g) AH =-1072Kk]

a) [-1072 + 393 +296] kI b) [1072 - 393 — 2(296)] kJ
¢) [2(1072) - 393 — 296] kJ d) [-1072 + 393 +2(296)] kJ

e) [1072-393 —296]kJ

20. Consider the following plot of total free energy vs. X (fraction of A and B reacted) for the
reaction of A+ B — C +D.

R P

Note: Assume G°(products) = 150 J and G°(reactants) = 50 J.
Which of the following statements (a-c) is/are true?

a) The reverse reaction is spontaneous at standard conditions.
b) K is greater than 1 for this reaction at 298 K.

¢) All reactions want to maximize free energy, so a mixture of only A and B will
react completely to form a mixture of only C and D.

d) All of the above statements (a-c) are true.

e) None of the above statements (a-c) are true.



USEFUL CONSTANTS AND RELATIONS:

N=6.022 x 10%; PV =nRT

L e atm

R =8.3145 J/mol.K = 0.08206

mole K

AG=AG°+RTInQ; AG = Wnax
K=°C+273

F=96.485 Coul/mol e~

Volt =J/Coul
E=E°- R In Q
nF
E=po- 2091 10: 0 @ 25°0)
AG ?xn = ZAG 1?, products ZAG ?, reactants
ASuniv = :”é‘(*}“
T
ASsurr = :A—H
T
AG = -nFE
AG® = -nFE°
AG°=-RTInK
AG = AH - TAS

AG® = AH®° - TAS®

po_ 00591

log K (at 25°C)
Amp = Coul/sec

~E./
k=A ¢ B/RT

% dissociation =

amount dissociated 8

initial concentration

100

K = KaoKp = [H7][OH]
K =10 x [0

pH + pOH = 14.00
pK, + pKp = 14.00
pH = —log[H*], [H'] = 10-PH

(at 25°C)

pKa = —-log Ka

pH = pK, + log 1225
lacid]

ACld Ka

HF 7.2 %10

HC3Hs0, 1.3x 107

HCN 6.2 x 10719

Base Kb

NH;3 1.8 x 107

HoNNH; 3.0 x10°°

K., +pK.
oH = PRa 2p By

Zero order reaction:

[A] - [A]o=—kt
— [A—](l
"2 2k

First order reaction:

In[A]-In[A]o=-kt or

ln(lé—]—J: —kt
(Al
- 0.i93

Second order reaction:

1

[A]

tin =

1

(Al
]

k[A]y

kt
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