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1. (2 points) The Claus process, which is used to remove sulfur found as sulfur dioxide in petroleum, is

based on the reaction:
2H,5(g) + SO:(g) = 35(s) + 2H.0O(q).

Assume temperature and volume are constant unless otherwise specified and considering each change
separately: state the effect (increase, decrease, no change) that the change has on the original
equilibrium values of the quantity specified in the second column.

Change Quantity Effect
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2. The following rate data were collected for the reaction:
2A(g) + 2B(b) +C(g) > 36(g) +4 F (g)

Initial concentration (mol L)

Experiment [Al [Bl [€) Initial rate
moles L™ moles L™ moles L™ (Moles of G) L''s™
1 10x1073 100x10°3 700x10°3 2.0x10°3
2 20x10°3 100x10°3 300x10° 4.0x10°3
3 20x1073 200x10°3 200x10°® 16 x1073
4 10x10°? 100x1073 400x10° 2.0x10°3
5 462 0.177x1073 12.4x10°? ?

a) (4 points) What is the order for each reactant and the order overall? (Show your work!)
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b) (1 point) Write the rate law for the reaction.
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d) (1 points) Predict the initial rate for experiment 5.
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3. The gas phosphine, PH;, decomposes by the reaction:
4PH3(9) - Pq(S) + 6H2(g)

In an experiment, pure phosphine was placed in a rigid, sealed 1.00 L flask at 0.64 bar and 298 K.
After equilibrium was attained, the total pressure in the flask was found to be 0.93 bar.
a) (4 points) Calculate equilibrium partial pressures of Hz(g) and PH3(g).
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b) (2 points) Calculate the mass (in grams) of phosphorous once equilibrium was reached.
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Mass Py = W, hp, = 9(30.9F) (585073 mdas) = 0269

¢) (2 points) What is K. for this reaction? s
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d) (4 points) Given AsH° data below for phosphorus species, determine K , the equilibrium constant,
for this reaction at 450 K.

4PH3(g) > Pa(s) + 6Ha(g)

Substance | P4 (s, white) | P(g) P(s, red) P2(q) P4(g) PHs(qg)
AH° 0 3146 -17.6 144 58.9 5
(kJ/mol)
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e) (1 point) A catalyst is added to the reaction mixture. What is the role of a catalyst and how will
this affect the equilibrium concentrations?
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4. A solution contains 0.64 M of dimethylammonium chloride, (CH3).NH.CI. Dimethyl amine, (CH3):N,
has a K; of 1.3x1073,

a) (2 points) What happens when the solid dimethylammonium chloride, (CH3),NH-C| salt is added to
water? Write all relevant chemical reations (Hint: dissolution and hydrolysis).
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b) (4 points) Determine the equilibrium concentration of ALL species and the pH in an aqueous
solution of 0.64 M (CH3):NHCl .
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Bonus: What is the significance of the intermediate and the transition state species in chemical
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5. a) (3 points) The K. of formic acid, HCOOH, is 1.8 x10™*: determine the ratio of concentrations of
the formate anion, [HCOO'] to formic acid, [HCOOH] in a 1 L buffer solution which has a pH of 3.65.
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b) (1 point) 1.65 g of solid Ca(OH) are added to the buffer solution, what happens to the pH
(increase, decrease or stay the same)? Justify you answer.
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¢) (2 point) Which buffer species reacts with Ca(OH), ? Write the net ionic equation for this
reaction.  ~ ~ S\ reack wirn e acd HeooH
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f) (2 points) What is [HCOO }J/[HCOOH] af ter addition of 1.65 g Ca(OH), if the pH of 1L of the
buffer solution changed by 0.05 units?
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g) (4 points) (Continued from previous page) What were the original concentrations of HCOOH and
HCOO  in the buffer (given a 0.05 unit change in pH after the addition of Ca(OH).)?
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6. (2 points) Complete the following acid/base reactions (paying particular attention to the arrow
used and states of products) and, where appropriate, identify acid/base conjugate pairs:
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