Chem 102 Conference Solutions, Week of April 21, 2008

1. (6 pts) Cyanic acid (HCN) dissociates with a K, of 6.2 x 107° M in water. Write
the balanced chemical reaction for the process.

HCN (aq) + HO () ! H30" (aq) + CN" (aq)
2. (12 pts) Provide answers to the following (place the answer in the blank space

provided):

2 a. The pH of a 0.010 M solution of HBr.

1x103 b. The K, of a weak acid with a pK, of 8.0.

neutral c. Will 0.10 M NaNO3 be neutral, acidic or basic?

25 d. How many mL of 0.100 M NaOH are required to titrate 50.0 mL of
0.050 M HNO., a weak, monoprotic acid?

3. (6 pts) H2S is a diprotic acid with pK,1 = 7.0 and pKa2 = 12.9. Will a solution of
0.10 M HS" be acidic, basic or neutral? Write the balanced equation for the reaction of
HS™ with water that you expect.

pK; of HS  is 12.9, pK, of HS  is 7.0 (its conjugate acid is H.S; pK, =7)
HS  is a better base than acid.

HS (aq) + H20() <> H2S(aq) + HO (o)



4. (10 pts) You are given 1.00 L of 0.100 M hydrofluoric acid, HF, a weak acid with
pKa = 3.2). To this solution, you add 0.025 mol of NaOH.

a. Write the net ionic equation for the reaction that takes place, and give the final
concentrations of the reactants and products after the reaction has occurred.

HF(aq) + OH'(aq) — Faq) + H20)

HF: 0.075M,OH: 0 M, F: 0.025 M

b. What is the pH of this solution?

This is a buffer; a solution of weak acid (HF) and its conjugate base (F)
pH = pK, + log1o([F]/[HF]) = 3.2 + l0og10(0.025/0.75) = 2.7

5. (6 pts) The following plot, taken from the study of the Smoking Hills region, plots
aluminum concentration in ponds vs. pH. In one or two sentences, explain why there is
more aluminum found at low pH in the ponds.

Aluminum enters the ponds through the dissolution of clays and minerals like
Al(OH)s, which increase in solubility through the common ion effect, in which the
anion concentration is reduced by reaction with H".

AI(OH); (s) © AI** (aq) + 3 OH (aq)
H* (aq) + OH (aq)! HO; this removes OH", drives above rxn to the right.

6. (8 pts) A 5.00 g sample of soil is eluted with 50.0 mL of 1.00 M ammonium
acetate, pH 7, which is collected in a 50 mL volumetric flask. Flame photometry reveals
that the eluted solution contains 2.30 ppm of Na*. What is the partial saturation of the
soil in sodium (in meq/100 g)?

2.30 ppm = 2.30 mg/L x (1 g/1000 mg) x (1 mol/23 g Na) x (1000 mmol/1 mol) x 0.050 L
=5x 10” mmol Na
=5 x 10 meq Na (in 5.00 g soil)
= 0.10 meq Na/100 g soil (= the partial saturation)



7. (20 pts) Consider the following unbalanced reaction.
MnO2(aq) + C2HsOz(aq) = CH202(aq) + MN*'(aq)

a. Please give oxidation states for the following elements in this unbalanced redox
reaction and indicate which species is the oxidant and which is the reductant.

Ox. number of Mn in MnO; is: 4 Ox. number of Mn in Mn*? is: 2

Ox. number each C in Co;HgO2is:__ -1 Ox. number of C in CH,0: is: 2
Reductantis;__ C;HgO,__ Oxidant is: MnO;

b. Balance the reaction using the half-reaction method. Be sure to show your work.

Half-reactions are:

3(MnO.+ 4 H' + 2 e = Mn? + 2 H,0)
C,HsO, +2H,0 - 2CH,0,+6 H"+6e

3 MnO, + 6 H' + C,H¢O, — 3 Mn?' + 4 H,0 + 2 CH,0,

8. (6 pts) Consider the following titration of a weak base with HCI . What is the pK,
of that base? Show your reasoning explicitly.

0 T T | T T
0 0.1 0.2 0.3 0.4 0.5

mol HCI

pKi; = pH at the midpoint of tirtration (0.2 mol HCI above). The pK,=9, thus pK, =
5.



9. (16 pts) You are presented with two solutions, 1.0 M FeCl, and 1.0 M NaNO..
Using the following standard reduction potentials, predict whether a spontaneous redox
reaction will take place at the standard state.

a. If a spontaneous redox will take place, write down the balanced reaction and
calculate E,". If a spontaneous reaction will not take place, show why the best
reductant is unable to react with the best oxidant in the mixture spontaneously by
calculating Ex," for that combination.

Na*aq + € — Na) Ereql =-2.71V
Fe* g + € — Fe?'(oq) Ereall = 0.77V
NO; (aq) + 2 H'(aq) + € — NOg) + H20y Eregl = 1.19V
CI2(9) +2e —2 CI_(aq) Eredl = 1.36 V

Fe® aq+ NOz(aq) + 2 H (aq) = Fe*'ag + NO( + H20

Enn® =119V -0.77V=042V

b. What is " G’ for the reaction you presented in part “a”?

AG’ = -nFE’ = -(1 mol ¢')(96485 C/mol)(0.42 V) = -40500 J

10. (10 pts) What is the pH of a solution of 0.10 M pyridinium, a weak acid with a
pKa of 5.17?

Ka=10""= (x)(x + 107)/(0.1 - x) = x%/0.1
x =[H;0"1=8.9x 10*

pH = 3.1



Constants and Equations
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