Chem 116
Test 3 Practice Problems
Solutions

1. Complete the following table by calculating the mg®ntries and indicating whether the
solution is acidic or basic.

acidic

or
[H,O'] [OH] pH pOH basic?
5.0x10°M 2.0x10'M 7.30 6.70 basic

2. Using the Table of Conjugate Acid-Base Pairs, decidéh&heach of the following equilibria
lies to the left or right.

H,C,0,(aq) + SQ(ag) = HC,0,(aq) + HSQ(ag) right
HC,0, (aq) + SQ(ag) = C,0,2(aq) + HSQ(ag) left
HC,0,(aq) + OCf(ag) = C,0,4(aq) + HOCI(ag) right
HOBr(aq) + OCH(aq) = OBr(ag) + HOCI(@aq) left

3. Using the Table of Conjugate Acid-Base Pairs, decidéhgha solution of NaHD,(aq) is
acidic or basic.

HC,0, + HO= C,0,* + H,0" K, = 6.40 x 10 (from table)
HC,0, + HO=H,C,0,+OH  K,=?

CalculateK, for HC,0O,” from theK, of its conjugate acid, }J&,0,.

K, 5.90x102

K, >>K,, therefore the solution is acidic.



4. TheK, of HPQZ is 3.6 x 10",

(a) What is the value d€, for the phosphate ion, BO?

(b) Calculate the concentration of hydroxide ion, [Pkh a 0.10 M solution of N®O,.

The analytical concentration of the base, P too close to the value Kf to ignore
hydrolysis. The more exact mass balance expressishlme substituted into the
denominator of th&, expression.
-12
K, - —OHI" 58«10
0.10 - [OH ]

[OH]?+ 2.8 x 10f0H]-2.8 x 10°=0
Solving the quadratic equation and taking the positive root:
[OH]=0.040 M =0.041 M
(c) What is the percent hydrolysis of phosphate ionQril@ M solution of N&#O,?
0.040Q
0.1

% hydrolysis = 0 x 100% = 41%

5. Consider the titration of 25.0 mL of 0.120 M acetic aciH{COO,H, K, = 1.76 x 10°) with
0.100 M NaOHé&q).
(a) How much 0.100 M NaOld() must be added to reach the equivalence point?

v - MaVa | (0.120M)(25.00mL) _ o4 o
b Mb 0.100M .

(b) How many millimoles of CECO,H are present in the initial sample?

mmol CH,CO,H = (0.120 M)(25.0 mL) = 3.00 mmol
(c) What is the initial pH of the sample solution?

Use Assumptions | and II.

[H,0] = (0.120)(1.76x10F) = 1.45x103

pH = 2.838



(d) What is the pH of the solution after adding 5.0 mL of 0. M0RaOH(@aq)?

mmol OH added = 5.0 mL x 0.100 M = 0.50 mmol

CHCOH + OH < H,0 + CHCO,
Add 3.00 0.50
Get 2.50 ~0 0.50

UseK, to calculate the concentration of hydronium ion in ldgiim with these amounts
of acid and conjugate base.

[H,O ](0.50)
2.50
[H,0'] = 8.8 x 10° M

K, = 1.76x10° =

pH = 4.05, = 4.06
(e) What is the pH of the solution after adding 15.0 mL ®00.M NaOH&q)?

mmol OH added = 15.0 mL x 0.20 M = 1.50 mmol

CHCOH + OH < H,0 + CHCO,
Add 3.00 1.50
Get 1.50 ~0 1.50

This is the half-titration point, where equal amourftaad and conjugate base exit in the
solution.

[H,0 ](1.50)

K, = 1.76x10° =
1.50

Therefore, [HO"] = K, and pH = K,

pH = —log (1.76 x 10) = 4.754



( What is the pH at the equivalence point?

All the acid has been converted to conjugate baserefne, calculate thk, for acetate
ion, calculate the analytical concentration of tbetate ion in the resulting solution, and

usekK, to calculate the concentration of hydroxide ion. M lealculate pOH, and by
subtraction from 14.00 calculate pH.

CHCOH + OH <= HO0 + CHCOS
Add 3.00 3.00
Get ~0 ~0 3.00
14
K, - 1.00x10™ _ 5 g x 1010
1.76x10°

volume = (25.0 + 35.0) mL = 55.0 mL

C - 3.00 mmol

= 0.0545.M
55.0mL 3s

[OH ] = 4/(0.0545)(5.68x139% = 5.57x10°M
pOH = 5.254- pH = 8.746

(g9) What is the pH when 5.0 mL of 0.100 M NaQ@#Hl( has been added beyond the
equivalence point?

This is after adding 35.0 mL of 0.100 M NaOH, which supplies 3.50I0H".

CHCOH + OH < H,0 + CHCO,
Add 3.00 3.50
Get ~0 0.50 3.00

Only the excess sodium hydroxide is an important sourbgdooxide ion.

volume = (25.0 + 35.0) mL = 60.0 mL

[OH ] - 0.50mmol _
60.0mL
pOH = 2.08- pH =11.92

8.3x10°M



