Chemistry 271 - 22XX Your Name: Yoy~
Prof. Jason Kahn
University of Maryland, College Park Your SID #:

General Chemistry and Energetics

Exam II (100 points) Your Section # or time:

April 3, 2017
You have 53 minutes for this exam.

Explanations should be concise and clear. There is extra space on the last page if you need it.

You will need a calculator for this exam. No other study aids or materials are permitted.
Generous partial credit will be given, i.e., if you don’t know, guess.

Useful Equations:

K, =[H][AVIHA] pH =~ log([H'D) K, =[BH'][HO J/[B]

R =0.08206 L-atm/mole K~ k;=1.38x 10 J/K InK,, = —AH°/(RT) + AS°/R
R = 8.314 J/mole K = 1.987 cal/mole K = Nk, K xK,=K,

°C =°K -273.15 P(v)dy = Cvexp(-—mv*/2kT) Ink=(-E/RT)+1n A

pH = pK, +log([AI/[HAD  K,=K/RD" K, =[H'[OH]= 107"
e”+1=0 PV = aRT Fgmvg +V{r)} Yie) = BY(r)

pK, = —log(K)) pH(e.p.) = %2 (pK,; + pPK,;)

Honor Pledge: At the end of the examination time, please write out the following sentence and sign it,
or talk to me about it:

“I pledge on my honor that [ have not given or received any unauthorized assistance on this examination.”
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1. Acid-base equilibria I (30 pts)
(a; 15 pts) Calculate the pH and the pOH of a 0.075 M solution of benzoic acid (C;H;COOH}), pK, = 4.20,
making the approximation that “x is small.” Would rthat approximation be better at 0.00075 M benzoic

acid (after all, the value of “x” would certainly decrease)? Circle one: Yes or @ Explain your
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(b; 8 pts) What does it mean when a lab buffer is labeled “10X”? With refereuce to the Henderson-
Hasselbalch equation, explain how a buffer can maintain a constant pH upon dilution. What was my
cynical rationale for suppliers’ statements that buffers are effective only within 0.7 pH units of the pK,?
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(c; 7 pts) Consider a buffer solution that has been pushed to the edge, with [A7)/[HA] = 500/1. What is the
pH, as a function of the pX, of HA? It is easy to understand why this “buffer” cannot maintain the pH
upon addition of more base: there is practically no acid HA left. Tt is less intuitive that this “buffer” also
cannot maintain a constant pH upon addition of a small amount of acid, even though there is plenty of

base A”. With reference to the Henderson-Hasselbalch equation, explain why this is true.
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2. Reaction coordinate diagrams and catalvsis (20 pts) -

(a; 9 pts) On the {ree energy reaction coordinate diagram below, identify the kinetic products and the
thermodynamic products of the A + B reaction. Add in a sketch of the reaction coordinate diagram for
efficient catalysis of the reaction that leads to the thermodynamic product.

A

Free energy

Reactants A+B e ’ Qf.’nj chUiY
* | e |“ra,rya
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Products P+

l’\'mﬂltb Ffodlu(‘} +2

Products R+5
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(b; 5 pts) Is it possible to catalyze the reaction you chose and not catalyze the other one at the same time?

Circle one: @ or No. Isitpossible to catalyze conversion of the reactants to the thermodynamic

. product and not catalyze the reverse reaction at the same time? Circle one:  Yes or {No

T2 = +3

Score for the page /A
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(c; 6 pts) Kinetics: For a catalyzed reaction, at a very high concentration of reactants, what is the reaction
order with respect to catalyst? What is the reaction order with respect to reactants?
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3. Acid base eqguilibria IT (35 pts

Enzymes usually have titratable groups in their active sites. Their reaction mechanisms may include
intermediates that exhibit “reverse protonation,” in which a proton is switched from a basic residue to an
acidic residue, as shown below. These states are fonnd at low concentration, but they can still be important,
especially if they are highly reactive. (This question was inspired by our discussion of stronger acids and
bases reactiug to give weaker acids and bases, but m reverse.)

Kgp
O
Lysine ’
Y51 %Hs O Aspartate NH,
O CH
“Ground Siate” = GS © “Reverse Protonated” = RP

(a; 8 pts) Write down the acid dissociation reaction and the equation defining K (LysNH,™) for the side chain
of the protonated lysine residue (LysNH;") at the far left. Not a trick question, you can ignore Aspartate
for the moment. The pK, of the deprotonated LysNH, form is 4.33. What is the pK, of the LysNH,™?
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(b; 5 pts) Write down the acid dissociation reaction and the equation defining K (AspCOOH) for the
protonated Aspartic acid residue (AspCOOH) at the far right. [gnore Lysine.

Asp- Cooh == AspCO0™ H"”j 2
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(c: 13 pts) Derive an expression for the equilibrium constant for formation of the reverse-protonated form,
K, = [“Reverse protonated”]/ [“Ground state™], in terms of K, (LysNH;") and K, (AspCOOH). Using the
pK, for LysNH," that you calculated in (a) [or use 8.5 if you could not calculate it] and given that pK, for
protonated AspCOOH = 3.81, calculate the numerical value of the equilibrium constant K.
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*’r?.
(d; 5 pts) Does K, depend on the pH? Circle Yes or Does the total concentration of the two
species (GS and RP) depend on pH‘? Circle @ or No Explain your reasoning for both answers.
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3. Polvprotic Titrations (15 pts) O
I-malic acid is an important metabolite; among other things, it is an HO

intermediate in the TCA cycle. It has two pK’s for the carboxylic acids: OH
pK,; = 3.40 and pK,, = 5.20 for the steps below.

+

O OH
[MalateH, | < [MalateH | + H* < [Malate>] + 2 H*

L-Malic acid

(a; 15 pts) On the graph on the next page, draw a titration curve for the titration of 100 ml of 0.150 M malic
acid with 0 to 300 ml of 0.150 M NaOH. Hints, though you know how to calculate them yourself: The
pH of 0.150 M malic acid is about 2.1, and the pH of 0.850 M disodium malate is about 8.9. Label and
give the pH values for the beginning of the titration, the half-equivalence points, the equivalence points,
and the 300 ml endpoint of the titration, assuming that the pK,’s are well separated enough for our usual
assumptions to hold. Indicate the buffer regions. Use the space below for ungraded work and use the
diagram on the next page for your answer.
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A Titration Curve
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Page Score
2 /23
3 21
4 /19
5 /13
6 9
7 /15

Total /100
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The true answer for malic acid — in real life the pKa’s are not separated enough to give two
visibly separate buffer regions

Acid-Base Titration

pKai(A) = 3.4 pKa2(A) =5.2 pKb(B) =-50 CA=0.15M CB=0.15M Init.vol of A= 100
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