FORMULA SHEET (tear off)

NA = 6.022 x 1023
1 amu = 1.661 x 10-27 kg
1 atm = 760 torr = 760 mm Hg

C = (5/9) (F - 32)
C = K - 273.15
1 atm = 1.013 bar

F = (9/5)(C) + 32
K = C + 273.15
pV = nRT

R = 0.08206 Latm/molK
R = 8.314 J/molK
F = 96485. C/mol

1 Latm = 101.3 J
1 J= 1 kgm2/s2

(1 volt) (1 Coulomb) = 1 Joule

pA = XA pA
Tb = Kb mB

[B] = k pB
Tf = Kf mB

pA = XBpA
 = MBRT

H = U + pV
Grxn = Grxn + RT ln Q

G = H - TS
ln K = - Grxn/RT

Kp = KC (RT)n

If ax2 + bx + c = 0, then x = ( - b  [b2 - 4ac]1/2 )
2a
KaKb = Kw = 1.0 x 10-14 (at T = 25C)
pH = pKa + log10{[base]/[acid]}

pH + pOH = pKw
pH + pOH = 14.00 at T = 25. C

G = - nFEcell

ln K = nFEcell/RT

Ecell = Ecell - (RT/nF) ln Q
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.
Do all of the following problems. Show your work.
*****Unless otherwise stated, you may assume T = 25. C*****
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Part 1. Multiple choice. Circle the letter corresponding to the correct answer. There is one and only one correct
answer per problem. [4 points each]
1) A 1.000 L sample of a buffer solution contains 0.100 moles of acetic acid (CH 3COOH), a weak acid, and 0.100
moles of sodium acetate (NaCH3COO) a soluble ionic compound. 1.00 mL of a 1.00 M solution of sodium
hydroxide (NaOH), a strong soluble base, is added to the solution. The pH of the solution
a) will increase by a large amount (more than 0.50 pH units).
b) will increase by a small amount (less than 0.10 pH units).
c) will decrease by a large amount (more than 0.50 pH units).
d) will decrease by a small amount (less than 0.10 pH units).
e) will not change.
2) Potassium hydrogen phthalate (KHP, M = 204.2 g/mol) is a weak monoprotic acid often used to find the
concentrations of stock solutions of strong soluble bases. Consider the titration of a 1.5 g sample of KHP (dissolved
in ~ 25 mL of water) with a stock solution of NaOH, a strong soluble base, whose concentration is approximately
0.10 M. Which of the following would be the best indicator for the titration?
a) Thymol blue (pKa = 2.0)
b) Bromcresol blue (pKa = 4.5)
c) Bromthymol blue (pKa = 6.6)
d) o-Cresolphthalein (pKa = 9.0)
e) All of the above indicators would be equally good for finding the equivalence point for this titration
3) In which of the following buffer solutions will the molar solubility of copper II hydroxide (Cu(OH) 2, Ksp = 2.2 x
10-20) be largest?
a) A buffer solution at pH = 5.0
b) A buffer solution at pH = 7.0
c) A buffer solution at pH = 9.0
d) A buffer solution at pH = 11.0
e) The molar solubility will be the same in all of the above buffer solutions
4) Consider the reaction forming the complex ion Cu(CN) 42-(aq)
Cu2+(aq) + 4 CN-(aq)  Cu(CN)42-(aq)

Kf = 1.0 x 1025 (at T = 25. C)

A system initially contains 0.100 M Cu2+ ion and 0.100 M CN- ion at T = 25. C. At equilibrium
a) the concentration of Cu(CN)42- ion will be small (less than 10-4 M)
b) the concentration of Cu2+ ion will be small (less than 10-4 M)
c) the concentration of CN- ion will be small (less than 10-4 M)
d) Both b and c
e) None of the ion concentrations will be small
5) For which of the following substances will the oxidation number for oxygen be equal to -2 ?
a) OF2
b) H2O
c) H2O2
d) Both b and c
e) Both a and b and c
6) A reduction reaction takes place
a) At the cathode of a galvanic cell
b) At the anode of a galvanic cell
c) At the anode of an electrolytic cell
d) Both a and c
e) Both b and c
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Part 2. Short answer.
1) Define the following terms [4 points]
a) end point

b) oxidizing agent

2) The solubility of aluminum fluoride (AlF3, MW = 83.98 g/mole) is 5.59 g/L at T = 25. C. What is the value for
Ksp, the solubility product, for AlF3? [8 points]

4

3) A buffer contains significant amounts of hypobromous acid (HBrO), a weak acid, and sodium hypobromite
(NaBrO), a soluble ionic compound. Write equations showing how this buffer neutralizes added strong acid (HCl)
and added strong base (NaOH). [6 points]

4) What is the oxidation number for sulfur (S) in each of the following molecules or ions? [2 points each]

H2S

________________

H2SO3 ________________

S2O32-

________________

S8

________________

5) Balance the following oxidation-reduction reaction for the indicated condition. [10 points each]
H3AsO3(aq) + Cr2O72-(aq)  H3AsO4(aq) + Cr3+(aq)
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(in acid solution)

Part 3. Problems.
1) Nitrous acid (HNO2, M = 47.02 g/mol) is a weak monoprotic acid, with Ka = 4.6 x 10-4 at T = 25. C.
A student adds 4.04 g of potassium hydroxide (KOH, M = 56.1 g/mol), a strong soluble base, to 500.0 mL
of a 0.4268 M aqueous solution of nitrous acid. The addition of KOH causes no significant change in the volume of
the solution.
a) Write the reaction that occurs when the KOH is added to the nitrous acid solution. [4 points]

b) What is the pH of the above solution after the addition of KOH? [12 points]

c) Does the addition of the potassium hydroxide lead to the formation of a buffer solution (yes/no, and a
justification for your answer)? [4 points]
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2) Consider the following galvanic cell (at T = 25. C)
Cu(s) | Cu2+(0.5000 M) || Ag+(0.00200 M) | Ag(s)
Find the following. You may need to use some of the reduction data given below in doing part of this problem
Ag+(aq) + e-  Ag(s)
Cu+(aq) + e-  Cu(s)

E = 0.80 v
E = 0.52 v

Cu2+(aq) + 2e-  Cu(s)
Cu2+(aq) + e-  Cu+(aq)

E = 0.34 v
E = 0.16 v

a) The half cell oxidation reaction, the half cell reduction reaction, and the net cell reaction [6 points]

b) Ecell [4 points]

c) Ecell [6 points]
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