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MONOPROHCACIHD-BASEEQUHABRIA

Write a charge balance for an aqueous solution of glycine, which reacts as follows:

*H3NCH,CO, = HoNCH,CO,+ HT *H3NCH,CO, + H,O = "H3NCH>CO;H + OH”
glycine

Write a charge balance for a solution of Al(OH)3 dissolved in 1 M KOH.

Possible species are A3+, AIOH2*, Al(OH), , AI(OH)3 and Al(OH); .

Write a mass balance for a 0.05 M solution of glycine (Problem S9-1) in water.

Suppose that 0.30 g of AIOOH (FM 59.99) plus 150 mL of 3.0 M KOH are diluted to 1.00 L to
give the same species produced by Al(OH)3 in Problem S9-2. Write mass balance equations

for aluminum and potassium.

Use the systematic treatment of equilibrium to calculate the concentration of ngzJr ina
saturated aqueous solution of (Hgy)3[Co(CN)g]2 which dissociates into mercurous ion and
Co(CN)36' (cobalticyanide) .

A solution is prepared by mixing M; moles of the salt MCl, (which dissociates completely to
M2+ + 2CI") and L moles of the ligand HL in 1 L. The following reactions may occur:

M2t + L) &= MLt K=1.0x108 HL(ag) = L " +H" K;=1.0x10"

(a) Write a mass balance for the metal species.

(b) Write a mass balance for the ligand species. (c) Write a charge balance.

(d) Suppose that M;=L;=0.1 M (exactly) and the pH is somehow fixed at 5.00.

(This means that the charge balance no longer applies.) Use the equilibria and the

two mass balances to find the concentrations of ML*, M2+, L", and HL.

| et SeetionS - : Mgt = and HE

The acid HA has a solubility of 0.008 5 M in water at 25°C.
KS
HA(s) = HA(aq) Ks=[HA(aq)] = 0.008 5 (a)
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Chapter 9: Supplementary Problems

S9-9.

If NaOH is added to a suspension of solid HA in water, more acid dissolves because of the
reaction K=6.3x10°

HA(aq) + OH = A(aq) + HyO (b)
Consider a saturated solution, whose pH is somehow fixed at 10.00, in contact with excess
solid HA. Calculate the total concentration of HA + A"

Consider a saturated solution of SrSO4 in which the following reactions can occur:
SrSO4(s) = Sr2+ + SO Kgp=32x107
SO% + H,0 = HSO; + OH Kb =9.8 x 10-13

(a) Write mass and charge balances for this solution.

(b) Find the concentration of Sr2* in the solution if the pH is fixed at 2.50.

18

S9-11. Consider a saturated solution of calcium oxalate, CaC>Og4, in which the following reactions
canoccur:  CaCyO4(s)y = Ca2* + C05  Kgp=13x108
C,0%5 + H0 = HC,0; + OH Kp1 = 1.8 x 10-10
HC0; + H0O = HCy04 + OH” Kpy=1.8x10-13
(a) Write mass and charge balances for this solution.
(b) Find the concentration of Ca2* in the solution if the pH is fixed at 2.30.
S9-12. Consider a saturated solution of zinc arsenate, Zn3(AsQ4);, in which the following reactions
can occur:
Zn3(AsOg)a(s) = 3Zn2*+ + 2As0% Kgp=1.0x 1027
AsO% + H,0 = HAsO% + OH Kp1 = 3.1 x 103
HAsO% + H,0 = HAsO; + OH Kip =9.1 x 10-8
HyAsO; + HrO = H3AsO4 + OH” Kp3=1.7 x 10-12
(a) Write mass and charge balances for this solution.
(b) Find the concentration of Zn2* in the solution if the pH is fixed at 6.00.
$9-13. [[E[E[E
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CHAPTER1G:—SUPPEEMENTARYPROBLEEMS 19
POLYPROHCACID-BASEEQUHABRIA

S10-1. Calculate the pH of (a) 5.0 x 104 M HNO3 and (b) 5.0 x 104 M (CH3)4NTOH".

S10-2. Calculate the pH of 2.0 x 10-7 M (CH3)4NTOH".

What fraction of the total OH™ in this solution is derived from dissociation of water?

S10-5. Find the pH and fraction of dissociation (o) of a 0.010 0 M solution of the weak acid HA with
Ka=1.00 x 104,

S10-6. Calculate the pH of 0.085 0 M pyridinium bromide, CsHsNHBr".

S10-7. Find the pH and concentrations of cyclohexylamine (CgH11NH?) and cyclohexylammonium

ion (CgHj 1NHJ3r ) in a 0.020 M solution of cyclohexylammonium iodide.

S10-10. Compound A reacts with HyO as follows:

o) o}
C¢Hs 0] CeHs >/~o
>< +H,0 =H >< +H"
0] >7o
o)

H HO
0

The equilibrium constant (in aqueous methanol solution) is 10-3-4. Suppose that this same
equilibrium constant applies in pure water. Find the pH of a 0.020 M solution of compound A.

S10-11. Find the pH and fraction of association (a) of a 0.050 M solution of the weak base B with
Kp=1.00 x 104,

S10-12. Find the pH and concentrations of (CH3CH;),NH and (CH3CH2)2NHJ2r in a 0.030 M solution

of diethylamine.
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Chapter 10: Supplementary Problems 20

S10-13. Find the pH and fraction of association (o) of 0.026 M NaOCI.

S10-14. Calculate the fraction of association (o) for 1.00 x 10-1, 1.00 x 10-2, and 1.00 x 10-12 M

sodium formate.

S10-15. Ifa 0.030 M solution of a base has pH = 10.50, find Ky, for the base.

S10-16. Ifa 0.030 M solution of a base is 0.27% hydrolyzed (o = 0.002 7), find K}, for the base.

sodium hexane-2,4-dionate

S10-18. Which buffer system will have the greatest buffer capacity at pH 8.5?
(a) dimethylamine / dimethylammonium ion  (c¢) hydroxylamine / hydroxylammonium ion

(b) ammonia / ammonium ion (d) 3-nitrophenol / 3-nitrophenolate i0

S10-19. Find the pH of a solution prepared from 2.53 g of oxoacetic acid, 5.13 g of potassium

-
oxoacetate and 103 g of water. OY CO2H OY COz; K

H H
Oxoacetic acid Potassium oxoacetate
FM 74.036 FM 112.126

S10-20. Write the Henderson-Hasselbalch equation for a solution of methylamine. Calculate the
quotient [CH3NH3]/ [CH3NHJ3r ] at (a) pH 4.00, (b) pH 10.64 and (c) pH 12.00.

S10-21. Given that pKy, for iodate ion 105 is 13.83, find the quotient [HIO3 ]/[103 ] in a solution of
sodium iodate at (a) pH 7.00 and (b) pH 1.00.

S10-22. (a) Calculate the pH of a solution prepared by dissolving 10.0 g of tris(hydroxymethyl)-
aminomethane ("tris") plus 10.0 g of tris hydrochloride in 0.250 L of water.
(b) What will be the pH if 10.5 mL of 0.500 M NaOH is added?

S10-23. How many milliliters of 0.113 M HBr should be added to 52.2 mL of 0.013 4 M morpholine to
give a pH of 8.00?
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Chapter 10: Supplementary Problems 21

S10-26. (a) Use the systematic treatment of equilibrium (neglecting activity coefficients) to write all of

the equations necessary to find [OH-] in a solution of a weak base, B, whose equilibrium
constant is Kp and whose formal concentration is F. Combine the equations so that the

only variable is [OH-] and rearrange your answer to the form
[OH-]? + a[OH-]2 + b[OH-] + ¢ =0.
(b) Use a spreadsheet to find the pH of 10-3 M B with Ky, = 10-5 and of 10-> M B with
Kp =109, You can solve the cubic polynomial by guessing values of [OH-] and having the
spreadsheet evaluate the polynomial. When the polynomial is zero, you have guessed the

correct value of [OH-].

102771 onond ok £ o acid-issl below—_Is-the-dissosiationof thi

0 4781 15 4758 30 4757 45—4777
5 4770 20 4756 35 4762 50—4-787

S10-28. Use the systematic treatment of equilibrium (neglecting activity coefficients) to write all the
equations necessary to find the pH of a weak acid, HA. Combine the equations so that the
only variable is [H*] and rearrange your answer to the form [H*]3 + a[H*]2 + )[H*] + ¢ = 0.

S10-29. EEE] Use the equation from the previous problem to find the pH of a 1.00 x 10-4 M solution
of acid with pK; = 4.00. To find the pH, guess values of pH and use a spreadsheet to evaluate

the polynomial. When you have guessed the right pH, the polynomial will be 0.
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CHAPTER H—SUPPEEMENTARYPROBLEEMS 22
ACHD-BASETHTRATHONS

S11-1. Write the chemical reactions whose equilibrium constants are Ky, and Ky for the amino acid
serine. Find the values of K1 and Kpp.

S11-2. Consider the diprotic acid HyA with K1 = 1.00 x 10-5 and K5 = 1.00 x 10-9. Find the pH and
concentrations of HoA, HA", and A2" in the following solutions: (a) 0.100 M HpA, (b) 0.100
M NaHA, and (c) 0.100 M NayA.

S11-5. How many mL of 0.423 M KOH should be added to 5.00 g of tartaric acid
(2,3-dihydroxybutanedioic acid, FM 150.08) before diluting to 50 mL to give a buffer of
(a) pH 3.00 and (b) pH 4.00?

S11-6. How many mL of 0.421 M HCIl should be added to 50.0 mL of 0.055 5 M disodium malonate
(NaO,CCH»CO7Na, FM 148.03, the salt of malonic acid) to adjust the pH to (a) 6.00 and

(b) 3.20?

S11-7. How many grams of oxalic acid (FM 90.04) should be mixed with 5.00 g of K»2C»04
(FM 166.22) to give a pH of 3.20 when diluted to 250 mL?

S11-11. Consider the neutral base pyrrolidine, C4HgN, designated B.
(a) Which is the predominant species, B or BHT, at pH 11? at pH 12?
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Chapter 11: Supplementary Problems 23

(b) At what pH is [BH"] = [B]?
(c) What is the quotient [B]/[BH] at pH 12.00? at pH 2.00?

S11-12. Which is the predominant form of sulfurous acid at pH (a) 2, (b) 4, (¢) 6 and (d) 8?
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S12-4. When 16.24 mL of 0.064 3 M KOH was added to 25.00 mL of 0.093 8 M weak acid, HA, the
observed pH was 3.62. Find pKj, for the acid.
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Chapter 12: Supplementary Problems

b)-Caleulate-the pH-at the f al b
S12-11. How many milliliters of 0.043 1 M NaOH should be added to 59.6 mL of 0.122 M leucine to
obtain a pH of 8.00?

25
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