FORMULA SHEET (tear off)

NA = 6.022 x 1023
1 amu = 1.661 x 10-27 kg
1 atm = 760 torr = 760 mm Hg
R = 0.08206 Latm/molK
R = 8.314 J/molK

C = (5/9) (F - 32)
C = K - 273.15
1 atm = 1.013 bar
1 Latm = 101.3 J
1 J= 1 kgm2/s2

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

pA = XA pA
Tb = Kb mB

[B] = k pB
Tf = Kf mB

pA = XBpA
 = MBRT

H = U + pV

G = H - TS

Grxn = Grxn + RT ln Q

ln K =  Grxn/RT

Kp = KC (RT)ng

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

pH + pOH = pKw
pH + pOH = 14.00 (at T = 25. C)
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.
Do all of the following problems. Show your work.
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Unless otherwise stated, you may assume T = 25. C in all problems.
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) The numerical value for the equilibrium constant depends on which of the following?
a) temperature
b) pressure
c) volume
d) Both b and c
e) Both a and b and c

2) The gas phase equilibrium for carbon dioxide (CO2), carbon disulfide (CS2), and carbonyl sulfide (COS) is
described by the following reaction:
CO2(g) + CS2(g)  2 COS(g)
0.010 moles of CS2(g) is added to a system initially at equilibrium, while keeping temperature and volume constant.
As the system returns to equilibrium, which of the following will occur?
a) moles of CO2 in the system will increase
b) moles of COS in the system will increase
c) moles of COS in the system will decrease
d) Both a and b
e) Both a and c

3) Which of the following compounds is a strong soluble base?
a) AgOH (silver hydroxide)
b) CsOH (cesium hydroxide)
c) NaOH (sodium hydroxide)
d) Both b and c
e) Both a and b and c

4) An aqueous solution has pH = 6.18 Based on this information, which of the following can be found?
a) [H3O+], the concentration of hydronium ion in the solution
b) [OH] the concentration of hydroxide ion in the solution
c) pOH
d) Both a and b
e) Both a and b and c

5) The salt of a strong acid and a weak base is
a) a strong acid
b) a weak acid
c) a strong base
d) a weak base
e) none of the baove
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Part 2. Short answer.
1) For the chemical reaction
Ba(s) + 2 H2O()  Ba2+(aq) + 2 OH(aq) + H2(g)
give the expressions for KC, Kp, and K. If an expression for one or more of these equilibrium constants cannot be
given, put n/a (not applicable) as your answer. [9 points]

2) Thermochemical data can be used to find the value for an equilibrium constants for reactions that are difficult or
dangerous to study in the laboratory. For example, consider the following reaction involving chlorine oxides,
compounds found in the stratosphere of the Earth.
2 ClO(g) + O2(g)  2 ClO2(g)
Based on the information below, find the numerical value for K, the thermodynamic equilibrium constant, for the
above reaction. [10 points]
substance

Hf (kJ/mol)

Gf (kJ/mol)

S (J/molK)

ClO(g)
ClO2(g)
O2(g)

101.8
89.1
0.0

98.1
105.0
0.0

226.6
263.7
205.0

3) Define the following term – polyprotic acid [4 points]
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4) For each of the following questions circle the correct answer. There is one and only one correct answer per
problem. [3 points]
a) A value for KC that greatly favors formation of products instead of reactants
KC much less
than 1

KC approximately equal
to 1

KC much greater
than 1

b) The pH that is closest to that for a neutral solution?
pH = 3.00

pH = 6.00

pH = 9.00

HBrO4

HIO4

c) The strongest weak acid?
HBrO3

5) Hydrogen peroxide (H2O2) is a weak monoprotic acid, with Ka = 2.4 x 10-12. Aqueous solutions of hydrogen
peroxide are often used as antiseptics.
a) What is the conjugate base of hydrogen peroxide? [4 points]

b) A 3 % solution of hydrogen peroxide (available for purchase in most drug stores) has [H 2O2] = 0.80 M.
What is the pH of a 3 % solution of hydrogen peroxide? [10 points]
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Part 3. Problems.
1) Nitrogen trifluoride (NF3) is a gas used in the manufacture of light emitting diodes and photovoltaic cells. It is also
a potent greenhouse gas. Nitrogen trifluoride exists in equilibrium with nitrogen (N2) and hydrogen (F2).
N2(g) + 3 F2(g)  2 NF3(g)

KC = 5.8 x 1031

In a particular closed system maintained at a constant temperature the initial concentrations of nitrogen and nitrogen
trifluoride are [N2] = 0.0320 M, [NF3] = 0.0840 M. There is no fluorine (F2) initially present in the system.
a) Give an ICE table corresponding to the above reaction and initial conditions. [8 points]

b) Find the concentration of F2 present in the system when equilibrium is reached. Give your final answer in
terms of molarity. [10 points]
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2) A chemist prepares an aqueous solution of potassium hydroxide (KOH, MW = 56.11 g/mol), a strong soluble base.
The pH and final volume of the solution are pH = 12.44 and V = 250.0 mL.
a) What is the concentration of hydronium ion (H3O+) in the solution. [4 points]

b) The chemist preparing the above solution forgot to write down how much KOH was used in its
preparation. Based on the information in the problem, find the number of grams of potassium hydroxide in the
solution. [12 points]
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