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The Management will appreciate your not writing in this space.

1. (20 points) Calculate the pH of each solution below. Assume all values are sufficiently precise

that you can calculate pH to two decimal places.

(a) 0.516 mol of triethylamine, (CH;CH,);N, dissolved in water to a final volume of 700 mL.
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g (b) 0.0270 mol of chlorous acid, HO—-CI=0 dissolved in water to a final volume of 500 mL.
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(¢c) An aqueous solution containing 0.15 M benzoic acid (PhCO,H) and 0.30 M potassium \L//
benzoate (PhCO,K) in 763 mL of water. / 5 f =
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2. (12 points) Acetic acid (AA) has K, = 1.8 x 10™. Peroxyacetic acid (PAA) has K, = 6.3 x 10™.
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{ (a) Explain briefly, in[erms of structures, why the acidities of these\*ﬁr/npounds are so different.
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(b) Explain briefly, in terms of structures, why peroxyacetic acid is a str ger acid than water.
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3. (13 points) (a) A 1.00-L aqueous solution made by dissolving 0.0500 moles of the artificial
sweetener saccharin (below) in water has a pH of 1.88. What is the pK, of saccharine?
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(b) Hs attached to neutral Ns are not normally very] acidic. (For example, the pK, of NHj3 is about \\\/
38.) Explain briefly, what it is about the structure gf saccharine that makes that H so acidic

o B
Sacchavrn’s ‘—'c[ ) 2
cav\\u&cje_ Lage @/\L\,\/ N c/>/: <
s ~
TS vesewmawnce - 7\ IRV
bl e PV A 7 e
page 2

un&a/va c,l«cw&é



4. (30 points) Under certain conditions, carbon dioxide will establish an equilibrium with carbon
monoxide and oxygen, as shown below. The reaction as written has K = 2.00 x 107° MP%

2 C02 ) —_— 2 CO + 02

(a) 1.00 mol of CO; is placed in a 2.00-L container. What are the concentrations of CO,, CO, and
O, present after equilibrium has been established? (Find the correct concentrations to three

&  significant figures.)
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(b) The container used in part a has a movable piston that is suddenly pulled back to increase the
2 volume by a factor of 10 (i.e. to a volume of 20.0 L). How would you expect the reaction to shift

. . ?
in response to this volume change? ¢_.{/ o4 7@, v TBU
(¢) Calculate the new equilibrium concentrations of the three species.
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(d) In a separate 1.00-L vessel, 0.470 mol of CO and 0.820 mol of O, are combined. What are the
concentrations of all species present after equilibrium has been established?
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5. (25 points) (a) What is the K, value of anilinium bromide, C¢HsNH;Br (aka PhNH;Br)? (Use

information in the attached data tables.) / 0—"! _ —5
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Suppose you titrate this solution with 0.500 M aqueous NaOH.

(d) How many mL of aqueous NaOH solution is needed to reach the equivalence point?
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(e) What is the pH of the solution at the equivalence point?
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(f) What is the pH when exactly half of the amount of NaOH needed to reach the equivalence /
point has been added? J
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(g) How many mL of NaOH has been added when the pH of the solution is 5.00?
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6. (15 points) Strontium fluoride, SrF,, is very slightly soluble in water, with K, = 7.9 x 10710,
(Ignore any acid-base chemistry involving fluoride ion.)
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(b) How would you expect the addition of 0.50 M NaF to affect the [Sr2+]‘?'
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(c) Calculate [Sr**] in a saturated SrF, solution containing 0.50 M NaF.
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7. (8 points) A 0.10 M solution of CH3SOs;H in water hasapH of 1.0.
Suggest a structure for CH3SO3H that is consistent with this observation. > Cem / %&6
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8. (12 points) 100 pounds of each substance below is dissolved in a small pond. Assume each

pond initially consists of pure water (no algae, beer cans, or aquatic critters). Would each pond
become acidic, become basic, or remain neutral?
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(20 points) The reaction below is energetically favorable overall. To understand why and to
estimate the energy change, we need to take several factors into account.

o ‘o
O /\ - / \ N 'lé‘r e}

—'CHZ CH,— CH,

(’Br

(a) First, let's consider the changes in bonding. Use the table of bond dissociation energies (D-
values) on the following page to estimate the energy change that comes from bonding changes (in

KJ/mol).
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(b) Like in one of your homework problems, we also have to account for the fact that the product

has a three-membered ring and therefore some "uncomfortably acute" bond angles. This raises its
7 energy by about 120 kJ/mol. Combine this with your value from part a to adjust your estimate of (

the overall energy change in the reaction.
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(c¢) What other factor have we not accounted for? And how would this affect our estimate of the t

6 overall energy change? Z
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