CHEM126-A Spring, ‘10
Hourly Exam # 2 K E : Dunnivant

Secret Code (/

There are 100 points.

Closed book, closed Internet, closed notes, closed cell phone, closed neighbor!

CLARIFICATIONS ARE ALLOWED BUT NO OTHER QUESTIONS!
I'll be in every 30 minutes or so. If you need me come to my lab or office.

1. (10 pts) a) Draw a typical pH (on the y axis) versus mL. of titrant added
(on the x axis) plot for a diprotic weak base being titrated with a strong
acid.. b) Place small squares (three are needed) where the buffer
capacity is the least. ¢} Place small circles (two are needed) where the
buffer capacity is the greatest. d) Place small arrows (two are needed) at
the equivalence points.

2. (5 pts) What two major parameters determine the pH of a weak acid or
weak base solution?
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3. (10 pts) Starting with
HAGg + H2Og <===> H30"aq + A

derive the Henderson-Hasselbalch equation. Show all steps.
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4. (10 pts) Two solutions are mixed together, 35.0 ml. of a 0.025 M solution
of HCI and 15.0 mL of a 0.030 M solution of NaOH. What is the final pH
of the mixed solution?

What source of H3O" did you ignore in your calculation?
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5. (5 pts) Acetic acid (CH3COOH) has a K, of 1.75 x 10°. The chiorinated
form of acetic acid, trichloroacetic acid, has a K; of 0.170. Clearly explain
" how/why the chlorinated form results in a stronger acid.
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6. (20 pts) Butyric acid, CHzCH,CH2COOH, is a weak acid that smells really
foul. It has a K, of 1.51 x 10°°. 50.0 mL of a 0.0250 M butyric acid
solution is titrated with 0.0300 M NaOH. Determine the pH of the solution
at the following titration intervals. Conduct your calculations below and on
the back but fill in the table with your answers. BE NEAT AND

ORDERLY.
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7. (20 pts) You are conducting a chemical experiment (no biology concerns
are necessary) that requires a pH buffer. You need to buffer 1.00 liter of
solution at a pH of 4.89. The concentration of conjugate acid jn the 1.00 L
needs to be 0.250 M. Answer the follow questions.

a) Which of the following buffers is best to use? Circle I_pe best.

Hydrotelluric acid, HTe, Ka1 = 2.3 x 107 | C;’-{

| cLofesT TP
Butanoic acid, CHsCH,CH2COOH, K, = 1.5 x 107 G2 & Y. 99
Carbonic acid, H,CO3, Ka1 = 4.3 x 107 ( @f :)77

Hydrosulfuric acid, HsS, Ka = 8.9 x 10 .05

T

b} What is the concentration of sodium salt of the conjugate base required
to make the buffer solution?
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c) How many grams of the sodium salt of the conjugate base do you need
to weigh out? (for the molecular weight take the conjugate base and add

one sodium to it)
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8. (20 pts) You have a large volume (10.0 L) of calcium nitrate waste
solution that contains trace amounts of cadmium ion (Cd*"). Most calcium
nitrate solutions can be disposed of by pouring them down the drain, but
the cadmium must be first removed. You decide to remove the cadmium
by precipitating it as the carbonate salt (you add sodium carbonate to form
CdCOs). Ksp for CdCO; = 1.0 x 1074 Ky, for CaCO3 = 4.96 x 10°°.

a) What concentration of dissolved CO3s*” must you obtain in the 10.0 L of
waste to lower the Cd?* concentration to the EPA limit of 2.00 parts per
billion or 1.79 x 107" M?

Note, ignore pH changes in this problem that, in the real world, will affect
your calculations.
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b) If the initial concentration of Cd** in the waste solution is 0.010 M, what
mass of CdCO; (in grams) did you prtz(;jpitati%— -
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Bonus: There is a minor problem with the approach used in the last question
(and it is not the pH problem noted above). Clearly identify it and you will receive
extra credit.
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