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
 = [B]RT

Kp = KC (RT)n
H = E + pV
Grxn = Grxn + RT ln Q

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

If ax2 + bx + c = 0, then x = ( - b  [b2 - 4ac]1/2 )
2a
KaKb = Kw = 1.0 x 10-14 (at T = 25C)
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Do all of the following problems. Show your work.
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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) For which of the following reactions can an expression be written for both KC and Kp?
a) 2 H2(g) + C2H2(g)  C2H6(g)
b) MgCO3(s)  MgO(s) + CO2(g)
c) HNO2(aq) + H2O()  H3O+(aq) + NO2-(aq)
d) Both a and b
e) Both a and b and c
2) Consider the following chemical reaction at T =25. C.
N2O4(g)  2 NO2(g)
The equilibrium constant for this reaction at this temperature is KC = 0.0046
For a closed system with an initial value for reaction quotient Q C = 1.00 at T = 25. C, which of the
following will occur as the system approaches equilibrium?
a) Moles of N2O4 will increase
b) Moles of NO2 will decrease
c) Moles of NO2 will increase
d) Both a and b
e) Both a and c
3) Which of the following compounds is a strong soluble base?
a) Ba(OH)2
b) Co(OH)2
c) Fe(OH)3
d) Both a and b
e) Both a and b and c
4) Which of the following substances is classified as a salt?
a) NaCl
b) NaNO3
c) NaOH
d) Both a and b
e) Both a and b and c
5) In the reaction
Al(H2O)63+(aq) + H2O()  Al(H2O)5OH2+(aq) + H3O+(aq)
the Al(H2O)63+ ion functions as
a) the conjugate acid of H2O
b) the conjugate base of H2O
c) a Bronsted acid
d) a Bronsted base
e) none of the above
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Part 2. Short answer.
1) A system containing the gases Cl2, NO, and NOCl will achieve equilibrium. The process that takes place is
2 NOCl(g)  2 NO(g) + Cl2(g)
Consider a system initially at equilibrium. For each of the changes given below, indicate (by circling the
correct answer) whether the change will lead to an increase, decrease, or no change in the number of moles of Cl2 in
the system. In all cases temperature is held constant at T = 500. K. [4 points each]
Add 0.20 moles of of NOCl to the system under conditions of constant volume
moles of Cl2
will increase

moles of Cl2
will remain constant

moles of Cl2
will decrease

moles of Cl2
will remain constant

moles of Cl2
will decrease

moles of Cl2
will remain constant

moles of Cl2
will decrease

Double the volume of the system
moles of Cl2
will increase

Addition of a catalyst to the system
moles of Cl2
will increase
2) The equilibrium constant for the reaction
F2(g)  2 F(g)
is KC = 8.1 x 10-24 at T = 25. C.
A system initially contains 0.0840 mol/L of F2(g) at T = 25. C. No F(g) is initially present in the system.
What will the concentration of F(g) be in the system when equilibrium is reached? [10 points]
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3) Define the following [5 points each]
amphoteric

Lewis base

Part 3. Problems.
1) Thermodynamic data are given below (at T = 25. C) and may be of use in doing this problem.
Substance
Br2(g)
Cl2(g)
CH3Br(g)
CH3Cl(g)

Hf (kJ/mol)

Gf (kJ/mol)

30.907
0.00
- 35.4
- 81.9

3.110
0.00
- 26.3
- 58.4

What are Grxn and Keq for the following reaction, at T = 25. C [12 points]
2 CH3Cl(g) + Br2(g)  2 CH3Br(g) + Cl2(g)
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S (J/molK)
245.46
223.07
246.4
234.6

2) The numerical value for the equilibrium constant for the reaction
Br2(g) + Cl2(g)  2 BrCl(g)
at T = 25. C is KC = 7.90
a) What is the numerical value for Kp for the above reaction at T = 25. C? [4 points]

b) A system at T = 25. C initially has 0.100 mol/L Cl2(g) and 0.360 mol/L BrCl(g). No Br2(g) is initially
present in the system. What will be the concentrations of BrCl, Br 2, and Cl2 when the system reaches equilibrium?
[14 points]
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3) Find the pH of the following two solutions (both at T = 25. C).
a) 6.44 g of potassium hydroxide (KOH, MW = 56.11 g/mol), a strong soluble base, dissolved in water, to
form a solution of final volume V = 400.0 mL. [8 points]

b) A 0.0800 M solution of propionic acid, a weak monoprotic acid, with Ka = 1.4 x 10-5. [10 points]
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