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

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]}
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.
Do all of the following problems. Show your work.
Note: Unless otherwise stated you may assume T = 25.0 C and aqueous solutions in the problems below.
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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]
*********************************************************************************************
Values for Kb for three weak bases are given below and may be useful in answering questions 1 and 2.
aniline (C6H5NH2, Kb = 2.34 x 10-5) methylamine (CH3NH2, Kb = 2.70 x 10-11) pyridine (C5H5N, Kb = 5.62 x 10-6)
*********************************************************************************************
1) For the weak bases aniline (C6H5NH2), methylamine (CH3NH2) and pyridine (C5H5N)
a) C6H5NH2 is the strongest base and CH3NH2 is the weakest base
b) C6H5NH2 is the strongest base and C5H5N is the weakest base
A
c) CH3NH2 is the strongest base and C6H5NH2 is the weakest base
d) CH3NH2 is the strongest base and C5H5N is the weakest base
e) C5H5N is the strongest base and C6H5NH2 is the weakest base
2) For the cations C6H5NH3+, CH3NH3+, and C5H5NH+
a) C6H5NH3+ is the strongest acid and CH3NH3+ is the weakest acid
b) C6H5NH3+ is the strongest acid and C5H5NH+ is the weakest acid
C
c) CH3NH3+ is the strongest acid and C6H5NH3+ is the weakest acid
d) CH3NH3+ is the strongest acid and C5H5NH+ is the weakest acid
e) C5H5NH+ is the strongest acid and C6H5NH3+ is the weakest acid
3) Which of the following salts will form an acidic solution when added to water?
a) the salt of a strong acid and a strong base
b) the salt of a strong acid and a weak base
B
c) the salt of a weak acid and a strong base
d) both a and b
e) both a and c
4) A Lewis base is
a) an electron pair donor
b) a proton donor
A
c) a proton acceptor
d) both a and b
e) both a and c
5) A small amount (1 drop, 0.1 mL) of a 0.100 M solution of sodium hydroxide (NaOH, a strong base) is added to
250.0 mL of a buffer solution with an initial pH = 5.00 After addition of the drop of sodium hydroxide solution
a) the pH of the solution will decrease by a large amount (more than 0.1 pH unit)
b) the pH of the solution will decrease by a small amount (less than 0.1 pH unit)
D
c) the pH of the solution will be exactly the same as before addition of the drop of strong base solution
d) the pH of the solution will increase by a small amount (less than 0.1 pH unit)
e) the pH of the solution will increase by a large amount (more than 0.1 pH unit)

Version 1 D, B, A, A, B

Version 2 C, A, B, C, E
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Part 2. Short answer.
1) For each of the following questions circle the correct answer. There is one and only one correct answer per
problem. [4 points each]
a) The substance expected to be the strongest acid
H2S

H2Se

HCl

HBr

b) A pH where a mixture of acetic acid (CH3COOH, Ka = 1.8 x 10-5) and sodium acetate (NaCH3COO)
could be used to make a good buffer.
pH = 4.5

pH = 6.5

pH = 8.5

pH = 10.5

2) What is the difference (if any) between the end point and the equivalence point of a titration? [4 points]
The equivalence point in a titration is the point where sufficient titrant has been added for the neutralization reaction
to be complete, with no excess acid or base. The end point of the titration is where the indicator being used to follow
the reaction changes color. Indicators are chosen to make the end point as close as possible to te equivalence point.

3) Methyl red is a weak acid (Ka = 8.1 x 10-6) often used as an indicator in acid-base titrations. The acid form of the
indicator (HInd) is red, and the base form of the indicator (Ind-) is yellow.
a) Methyl red would be a bad choice as an indicator for which of the following types of titrations (circle the
correct answer) [4 points]
titration of a weak acid
with a strong base

titration of a weak base
with a strong acid

titration of a strong acid
with a strong base

b) One drop (0.1 mL) of a solution containing methyl red is added to 250.0 mL of a pH = 4.50 buffer
solution. What percentage of the methyl red molecules will be in the acid (HInd) form? [8 points]
HInd(aq) + H2O(l)  H3O+(aq) + Ind-(aq)

So

[Ind-] = KInd
[HInd] [H3O+]

KInd = [H3O+] [Ind-]
[Hind]

But KInd = 8.1 x 10-6
[H3O+] = 10-pH = 10-4.50 = 3.16 x 10-5 M

Since the solution is a buffer, the pH can be assumed constant. So
[Ind-] = 8.1 x 10-6
[HInd]
3.16 x 10-5
% acid form =

= 0.256

so [Ind-] = 0.256 [HInd]

[HInd]
x 100 % =
[HInd]
x 100 %
[HInd] + [Ind-]
[HInd] + 0.256 [HInd]
=

Version 1 38 %

1
x 100 % = 80 %
1 + 0.256

Version 2 66 %
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4) A 20.00 mL sample of a stock solution of a weak monoprotic acid HA is titrated with a 0.1826 M solution of
potasssium hydroxide (KOH), a strong soluble base. After the addition of 15.26 mL of the KOH solution the
equivalence point of the titration is reached. What is the concentration of weak acid in the weak acid stock soution?
[8 points]
Reaction is

HA(aq) + KOH(aq)  KA(aq) + H2O(l)

moles KOH = 0.01526 L 0.1826 mol KOH = 2.786 x 10-3 mol KOH
L soln
Based on the balanced reaction, moles HA = moles KOH = 2.786 x 10 -3 moles
So

[HA] = 2.786 x 10-3 mol = 0.1393 M
0.02000 L

Version 1 0.1564 M

Version 2 0.1469 M

Part 3. Problems.
1) Propionic acid (C3H5COOH, Ka = 1.32 x 10-5) is a monoprotic weak acid
a) Give the formula for the conjugate base of propionic acid (including correct charge). [4 points]

C3H5COOb) Find the pH for a 0.0758 M solution of propionic acid. [12 points]
The reaction is

C3H5COOH(aq) + H2O(l)  H3O+(aq) + C3H5COO-(aq)

Ka = [H3O+] [C3H5COO-] = 1.32 x 10-5
[C3H5COOH]
Initial
H3O+
C3H5COOC3H5COOH
Assume x << 0.0758

0
0
0.0758
then

Change Equilibrium
x
x
-x

x
x
0.0758 – x

(x) (x) = 1.32 x 10-5
(0.0758 – x)

x2
= 1.32 x 10-5
0.0758

x2 = (1.32 x 10-5) (0.0758) = 1.00 x 10-6

x = (1.00 x 10-6)1/2 = 1.00 x 10-3

The assumption that x << 0.0758 is correct

So [H3O+] = x = 1.00 x 10-3 M

pH = - log10(1.00 x 10-3) = 3.00
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2) Pyruvic acid (C3H4O3, MW = 88.1 g/mol, Ka = 3.2 x 10-3) is a weak monoprotic acid, and sodium pyruvate
(NaC3H3O3, MW = 110.1 g/mol) is the sodium salt of the conjugate base of pyruvic acid.
A solution is formed by dissolving 1.418 g of pyruvic acid and 3.715 g of sodium pyruvate in water. The
final volume of the solution is 500.0 mL. What is the pH of the solution that forms? [12 points]
moles pyruvic acid = 1.418 g 1 mol = 1.610 x 10-2 mol pyruvic acid
88.1 g
Sodium pyruvate is a strong electrolyte and a soluble ionic compound, reaction by the process
NaC3H3O3(s)  Na+(aq) + C3H3O3-(aq)
So moles pyruvate (the conjugate acid of pyruvic acid) = moles sodium pyrutave
= 3.715 g 1 mol = 3.374 x 10-2 mol pyruvate
110.1 g
From the Henderson equation
pH = pKa + log10{[base]/acid]}
Note that

[base] = moles base/volume = moles base
[acid]
moles acid/volume
moles acid

Since the volume is the same for the acid and conjugate base, the ratio of concentrations is the same as the ratio of
moles.
So

pH = - log10(3.2 x 10-3) + log10{(3.374 x 10-2 mol)/(1.610 x 10-2 mol)}
= 2.495 + 0.321 = 2.82

Version 1 pH = 2.65

Version 2 pH = 2.17
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