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Instructions:

1. This exam consists @b questions.
2. No scratch paper is allowed’ou may do the work in the test margins and on the backs of the test pages.

3. Mark the answers you choose on the test itself for your own information and also on the standard answer sheet you provided.
Scoring will be based on the answer sheet

4.  When you finish, turn in both the test form and the answer form. The test form and your personal report
will be returned to you at the next class. Write ymaime on both forms

Useful Information: R =0.08204. atm/molK = 8.314 JholK
latm = 760 mm Hg

1. Which of the choices below, when added to 50.0 mL of 0.y dfocyanic acid, HCN, will cause the pH of the solution

increase?
. 10.0 mL of 0.50 M HCN

II.  10.0 mL of 0.10 MNaCN
. 10.0 mL of0.10 M HNQ,
IV.  10.0 mL of 0.10 M KOH

a) IVonly

b) landlll

c) landll

d LllandIV

e) IllandIV



2. Which of the following will give a buffer solution when equal volumes of the two solutions are mixed?

. 0.10 M HNQ, and 0.10 M NaN©
II.  0.10 M HCN and 0.10 NNaCN
. 0.10 MHCl and 0.10 MNaCN
IV.  0.05 MNaOH and 0.10 M HCN
V. 0.20 MNaOH and 0.10 M HCN

a) landll

b) lland IV

c) llonly

d) 1,1, and IV

e) LIL 1, IV, andV

3. A bufferis prepared by addid®5.0 mL of 0.100 M HCN to 100.0 mL of 0.200M&ACN. What is the pH of this buffer? (K
for HCN is 4.9 x 10°)
a) 9.31
b) 9.61
c) 9.01
d 9.11
e) 9.51

4. 100.0 mL of a buffer which is 0.10 M in HCN and 0.10 M in KCN has 20.0 mL of 0.HCMadded to it. What is the pH
after theHCI has been added? (K 4.9 x 10° for HCN)

a) 9.31
b) 9.49
c) 9.01
d) 9.13
e) 8.36

5. A 50.0 mL sample of 0.200 MBr solution istitrated with 0.100 MNaOH. What is the pH of the solution after adding 80.0 mL

of base?

a) 2.69
b) 5.60
c) 1.65
d 181
e) 153

6. Consider the titration of 25.00 mL of 0.150 M acetic acid HO,, K, = 1.8 x 1&) with 0.100 MNaOH. What is the pH after
the addition of 30.00 mL dflaOH?

a) 5.35
b) 4.74
c) 4.14
d) 4.65
e) 4.57



10.

11.

3

Consider the titration of 40.00 mL of 0.100 M Nwith 0.250 MHCI. What is the pH at the equivalence point?, fi€ NH,
is 1.8 x 1¢°.)

a) 4.63
b) 5.20
c) 4.74
d) 7.00
e) 4.93

What is theK, expression for GEPQ,),?

a) K, = [Ca%1° [PQ* T

sp

[Cay(PO,),]
b) Ky = [CETIPO T
0 K, = [Ca(PO,)]
[Ca”]1PO,”

d) K = GBICaN*2PO™)?
e) Ksp = [C§+]2 [P043_3

At 25°C, a certain saturated solution of silver phosphatg?@ghas the following concentration of ions:
[Ag] = 3.0x1G M
[PO?*] = 6.7x10M

What is the value df, for silver phosphate at 25°C?

a) 4.9x10Y
b) 6.0x10%
c) 2.0x10°
d) 1.8x10%
e) 6.0x10°

The solubility of calcium phosphate, £R20,),, is 1.6 x 10 moles per liter at 25°C. What is the solubility product constapt,
for calcium phosphate at 25°C?

a) 2.8x102
b) 6.3x10*
c) 15x10%
d) 4.4x10°
e) 1.1x10*

What is the molar solubility of strontium flude, SrF, in pure water at 25°C?
(Ko for SR, = 7.9 x 10°at 25°C.)

a) 7.3x10
b) 9.2 x 10°
c) 2.0x10°
d) 2.3x10*
e) 5.8x10
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13.

14.

15.

16.

What is the molar solubility of Cakn 0.050 MNaF?
(K for Cak is 3.9 x 10')

a)
b)
c)
d)
e)

3.9x10°
1.6 x 10°
1.4 x 10°
7.8 x 10'°
2.8 x10°

K, for silver sulfate, AgSO,, is 1.2 x 1. If 100 mL of 0.080 M AgN@is added to 100 mL of 0.015 M,&80,, which
statement best describes what happens to the resulting solution?

a)
b)
<)
d)

The solution is supersaturated, and a precipitate will form.
The solution is supersaturated, but a precipitate will not form.
The solution is saturated, and no precipitate will form.

The solution is unsaturated, and no precipitate will form.

Which of the ionic solids below will become more soluble as the pH is lowered?

a)
b)
<)
d)

. AgBr
II. PbCl
. Mg(OH),
IV. ZnS
Il only
land Il
Illand IV
I, 11, and IV
I, Ill, and IV

Which of the following statements true?

a)
b)
c)
d)
e)

In any spontaneous process, the entropy of the system always increases.

All spontaneous processes are exothermic.

In order for a process to be spontaneous, the process must be exatimerinécentropy of the system must increase.
In any spontaneous process, the total entropy of the universe always increases.

All of these statements are true.

Consider the following processes:

L N.O,9) F 2NOJg)

Il CgHg(g) + 5Q(9) + 3 CQ(g) + 4 HO()
. H,0(g) £ HO()

Which of these processes have a positive valuA$Gr

a) lonly

b) land Il

c) land lll

d) I, I, and llI

e) lland Il



17.

18.

19.

20.

21.

Consider the following reaction, which is spontaneous at room temperature:

NHy(g) + BR(g) F HyNBF(s)

Which of the following statements must be true of thistieae

a)
b)
c)
d)
e)

AH<O0

AH >0

AG > 0 at all temperatures

AG < 0 at all temperatures

choices (a) and (d) are both correct.

Consider the followinghermochemical equation:

Cl(g) + GH4(9) £ CH.,CIxI) AH° =-217.5kJ
Based upon aonsideration of the entropy change and the Gibbs free energy change, when is this reaction expected to be
spontaneous?
a) spontaneous only at low temperatures
b) spontaneous only at high temperatures
c) spontaneous at all temperatures
d) not spontaeous at any temperature
e) not enough information is given

Solid carbon dioxide is commonly known as dry ice. What are the sigx3, @H, andAS for the sublimation of dry ice at
25°C?

a)
b)
<)
d)
e)

|
+|+-+|E

+ 4+ +

The enthalpy of vaporization of benzene is +30.8 kJanits boiling point of 80.0°C. What is t&° of vaporization of
benzene at its boiling point and afin pressure?

a)
b)
c)
d)
e)

+11.5J/ moK
+ 0.385 J/ moK
+ 385 J/ moK
+ 87.3 J/moK
-11.5 J/ molkK

Use the thermodynamic datadslto determine the standard free energy chah@é, for the following reaction at 25°C.

K(s) + 1/2C)g) — KCI(s) AH° = -435.9kJ

The standard molar enthalpies of these substances are as follows:

a)
b)
<)
d)

K(s) S° = 64.67 J/md{
Cl(g) S° = 222.96 J/ md{
KCI(s) S° = 82.7 J/ mdK

-473 kJ

-408 kJ

27.4 kJ

-375 kJ
-496 kJ



22. What is the standard free energy chadgg;, at 25°C for the reaction

2NO(g) + Q(9) ~ 2NOJ(9)

given these thermodynamicluas:
AG® for NO(g) = +86.55 kJ/mol
AG® for NO,(g) = +51.31 kJ/mol

a) -35.24kJ
b) +35.24 kJ
c) -70.48kJ
d) +70.48 kJ
e) -140kJ

23. Consider the following reaction:
Hy(g) + Ch(g) _ 2HCI(g) AG° =-190.0 kJ at 25°C
What is the value oG at 25°C when each gas is at the partial pressure specified below?
0.50atm Hy(g)

0.50atm CL(g)
10.0atmHCI(g)

a) -159 kJ
b) -175kJ
c) -183kJ
d) -205 kJ
e) -197 kJ

24. The standard enthalpy of formationahimonia, NH(g), is given below:
AG% = -16.66 kd/mol at 25°C for NF))

What is the equilibrium constant at 25°C for the reaction shown?

Nx(g) + 3H(9) .~ 2NH(9) K =7???
Hint: Don't just blindly plug in numbers. Thirbout this!
a) 6.9x10
b) 4.7x10
c) 8.3x1G
d 1.0
e) 14x10°

25. What is the significance of the third law of thermodynami€®ose the one best answer.

a) The absolute entropy of a substance decreases with increasing temperature.

b) The entropy of the universe must increase for any spontaneous process.

c) The absolute value of entropy can be measured for some very pure substances.

d) The change in entropy of the universe equals the sum of the change in entropy of the systencpéuge in entropy of
the surroundings.

e) Energy is conserved.

Answers

1. e 6. a 11. e 16. a 21. b
2. b 7. b 12. b 17. a 22. ¢
3. e 8. b 13. ¢ 18. a 23. b
4, d 9. d 14. c 19. e 24, a
5. d 10. e 15. d 20. d 25. ¢



