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Exam II <100 points) 

Your Name: 

Your SID#: 

Your Section# or time: 
October 31, 2018 

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: 

Ka= [H+][A-]/[HA] pH = - log([H+]) 

R = 0.08206 L·atm/mole K kB= 1.38 x 10-23 J/K 

R = 8.314 J/mole K = 1.987 cal/mole K = NAkB 

°C = °K-273.15 P(v)dv = Cv2exp(-mv2!2kT) 

pH= pKa + log([A-]/[HA]) Kp = Kc(R1)rui 

eilr + 1 = 0 PV = nRT 

pKa = - Iog(Ka) pH(e.p.) = ½ (pKa1 + pKa2) 

Kb= [BH+][HO-]/[B] 

lnKeq = -M-I°l(R1) + ~ 0 /R 

Kax Kb= Kw 
Ink= (-Ea/RT)+ In A 

Kw= [H+][oH -] = 10-14 

[ ~:

2 

V2 + V(r)] IJT(r) = EIJT(r) 

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

"I pledge on my honor that I have not given or received any unauthorized assistance on this examination." 
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1. Acid-base equilibria I (42 pts} 
(a; 15 pts) Calculate the pH and the pOH of a 0.125 M solution of propanoic acid (CH3CH2COOH), pKa = 

4.87, making the approximation that "xis small." Would that approximation be better or worse for 

chloroacetic acid (CICH2COOH), with a pKa of 2.87? Circle one: Better or Worse. Explain your 

reasoning. ,._2 
C rt.} C ft t. Ce>c:¼ ~ ~ f- ~ C '1 l C Hi. coJ:J "'42 = I 0- '<,l:f : l ,3'{ q O )Clo ,..~ 

~ 

., 7 J 
')( = J o.,2s~ L1'""k1ctf" ::: 1,2 t4i,. ,c;3 

(4'<.. (), \'l.S" ✓) 

[ ~ -tJ "' I, l. '1'1 .. ,<> J @ 
~ n = 2 .i't ~· ea~:: l 't-et-t !- ti,~ 
-@- @ 

~klors~,e,t\"2. a.(A?). ~,\ ~ Y:btm ~1S"u&-k.,/ fp '4 ~~ .-{¥:M'- ~~ R-

(>"' ,7,-ac,~ _. -\-~ ,c = '[_cw, .. -Co<>-J ... ~II I.< I~ 

(c" /;vf ~Q>.oli IV!.!!-f c. ). 

(b; 5 pts) Without doing a calculation, how do you know that the pH of 0.1 M chloroacetic acid is less than 

2.87? f+3'1 
~ Pk MJ ¥ ~ ~ e ~ ~ ,.;1- 1t... , ~ [A' J ~ r kA-J ""'~ 

i,v<.. ~ Ji+f {,,- .._ i.,r.,.lt. Gl, i>\ [A'J <~ (1114-J. j@, f.,...- d 
..( ~r \.~W"'I c,r 

w,,,:~ J 11-r(. 

Score for the page __ ,_/_2,_0_ 
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(c; 6 pts) Consider the three 

titration curves in the 

graph at the right, which 

are three different 

concentrations of the 

same weak acid, titrated 

with a concentration of 

strong base equal to the 

Acid-Base Titrations at Different (but equal to each other) Concentrations of Acid and Base 
14~---~---~---~-------~---~ 

~ 
' 

acid concentration in each 

case. Circle the 
6 

I vi°¥ 4rJt[~ 
~~,~\ (Ar~@ 

2 /..~• /~ 

the weak acid abo~ ·3 ~,c~4 & '(!:!) 
~ I • t-lA 

'-{ ,3 (. "i-\-'1.'f) i .o so.o 75.o 100.0 125.o 
0 ~ ~ 2, Added volume of Base O \ 

3,fs•tl.O 3 4.'5 -&.I.,: 4 

(e; 6 pts) At least one of the curves above was not much help for part (d). Explain why, in terms of the 

concentration choices in 

the box in the i:raph. 

(d; 3 pts) Estimate the pKa of 

150.0 

Henderson-Hasse~equation and the assumptions that go into using it as a shortcut. 
4t · 

I l-.t d.&..r 1-4- J rvet ~''w7-t p llo.. - ;+ 1 ~ d(l.J-t, 
1 

~ ~ [ i.tJll-J Ov:,( [*"J ,v '<- >'~flt?."¥' -f-i, c½ ~~ 
( ~, 7 

t.vl~ ~c1 ~J:-h/41, ,~ ~fe.r. 

f l,,t :: p \le. + lcf ~ 3 flW- -lo ltritr -\t.d 4 ..,,., 
~ 

~ 

(f"/!I pts) In the graph above, sketch in the titration curve you would get for titrating 0.2 M of the same weak 

acid with 0.4 M strong base. { 

- w {(\ s ~ ~ ~ ~ ft- o,.L vt\. o. ~ ~IYC--

~ - 17 (J ' " 4<. d- .52,? ~' $4 y.,__ -<.,J, ,:A- 2,~,.,.,. 
-r. .c.-,-· v, -- J I 

- { ~ { f- ( Vl ~ h_ )k r -- l.3 .Gt 

I~ 
Score for the page __ .,__~ __ 
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2. Equilibria {27 pts) 
Consider the protein-DNA binding reaction shown below . We add a known total concentration [Ph of a 

protein to a known concentration of DNA, fDh. When the protein binds DNA, it displaces three sodium 
ions that were previously bound near the DNA (which, as you know, is a polyanion). 

+ \ 

' 
+ 3 Na• 

DNA {D} Protein {P} Complex {P•D} 
(a; 9 pts) We cannot actually detect the Na+ directly, so the apparent equilibrium constant is quoted just in 

terms of protein and DNA: Kb d = [P• D] . We want to calculate the concentrations of [P] = the 
m ,apparent [P][D] .. 

free protein; [DJ = the free DNA; and [P•D] = the protein DNA complex at equilibrium. That is three 
species. Write down the three equations that we need. [Note: the Na+ is irrelevant at this point ; it is 
baked into Kbind ,apparentJ. Hint: "Conservation." 

,----- ,I_ ._ [P·»J 
~ r,.J;,N1°'-fp--rA - [ P) [1>] 

l 3) 

@ 
1),- ~ L~J + [P· "DJ ~~"' of M~ ?nfi~ 

%~ [~) +[P-~J 
~ ~ v-v-' 

0t. bet~ 

,, 

(b; 6 pts) Frequently the experiment can be set up so that the protein concentration is much larger than the 
DNA concentration, so the free protein concentration IPl:::: PT, which is known. Given this assumption , 
derive that the fraction of DNA that is bound to protein, 0, is given by the following expression: 

B= [P•D] [P•D] = Pr @@ [DJ, [P•D]+[D] P, +(11 K,..,) 

l\}-\) 1 = K.!,.,-.(. • LP] [o1 iO ~ J~ [ s ... ~@ 
l<'.~ l~) [DJ . ,v l(w [9Jr[l,J :.. :::. 4..<~~-r 

e -= \4. . ...t l?J [-vJ + r\)1 rv 14,,.i lpJ.~ + foJ r ~~ ¾ +1 
I "-@fw-

1> iV ;i.e. L-°I I. ~ It~.... -J,.y ... ~..-#,.--. ~ &-::: - 1>'! . tf '-'7. 
P1 -r-( ,( \ti~) 

Score for the page __ __,_/_I_S-_ 
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(c; 6 pts) If (1/Kbind) = 6 x 10-9 M, what value of Pr gives 0 = 0.1? How about 0 = 0.5? (We measure Kbind 
by titrating DNA with increases concentrations of protein and measuring how much of the DNA is 

bound.) 'i);-r- r,) 

r, (f+J\~ Q~- Yf" ,. 
O, l = 'l>,r -r~ b'<lo__.,W\ 1 ~ · - 'P-r + 6 ,.,,.-~I'\\ 

1>'f ( o,~) ~ b ~ { er' W\ ::. l>-r s ~: Cv~ 

"· q 'PT ~ b-r. ,er"' Wi @ -'· f P'f ::: 3 "10
1 
I"\ 

1>,r ~ ,.c.T l<I0-10 M +i. @1'-r ::: 6 ~ to~1 ~ 

(_'Tu~~~~~ 

516 

eJ- ~t,j
1

~ ~ 0;fr;~t) ~ ~-r ~ Yv.) 
~ 6 pts) Write down the true equilibrium constant, · eluding consideration of the Na+ ions. Will the protein 
' bind (circle one) more tightly or less tightly:~~ the concentration of Na+ ions in solution 

increases? -- ~ 

rl - [\). 'O) [1Jo.tj @ ... 1/ . r -r13 
t-1.:...i, -tv.... - L 1>] [ ?] - r....,, t.tJc.J 

~ \ V'-4~~ 
A-s rJa.+-t J llb..-,...., IJ C...rltJ Jo ll,.p, i . ~ - Lt.C,l.././;'cr l '-~ 

3. Short answers {33 pts) 
(a; 9 pts) When blood arrives back at the heart after passing through the tissues, it is in the T state and it is 

carrying protons. In the lung, it is then flooded with 02. Explain how this leads to the release of protons 
from hemoglobin. What happens to those protons? 

l k + h ~ l,>l" - L l.,, o/ 
@ 0 2- !-., ,i.-,,(0 s ,,Klc.t-.,. 11 b fr> fk 

Trt + t- L.f o ~ ~ {l.'1 + ( Oz,) '1 

@'Th (l .s-1,;t 11 "'s7 iu,,-< h-- 1k 'T Jilk.~ 
{l_\11:f-( 01,)'f 7 ~( Oi,}~ -t- H +' 

p ,..,1,.... ~ '1/l /L. h';°c.or h ~ ~ ~ "'- -ft.... t. B c.,, f,i 

J r,,c. (gJ I, IJ,.e,.t Ive b~ c.J-. Score for the page / 2-j 
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(b; 8 pts) The amino acid Histidine is shown in its predominant form at pH 7. Draw the structure of the 
minor form present at this pH. What is the pl of histidine? What is the char&e of histidine at pH 12? 

pKa of protonated side chain Ht}-.. = 6.04{ C ~.If- p ~ :i) ""a,,,,-f:,,-,... J 

6/6 

HN ' H / ~ I f I 

~ K ✓, ~ .___2. ...... \c...--.....__~ 

N +H3N coo- @>? t~h j t,\ ~ l.. -, .1 -· _., _, 

pKa=9.17 pKaofCOOH= 1.92 (_ ~l'l /°';'&,f @ 
,J\,,/4 f,,r-~ ~ :::: 0 Lv,A ,._ p· aJ- p 1,t ,,_ {,. o'< d. r1-) / 2.::: ~ 

A-t p W \l. I Q/J. )-;,< ri,..rlf),t.. 8""1r ""' ~~ /,> ~ : ;J,@ 
(c; 9 pts) What is the pKa of the hydronium ion H3O+? Explain why we can only set an upper limit on the 

1¾~~: :i~~ :dr:;ori~::: •~;;:sotu¥ ef f ~(>h iv ~r 

-... K io-r ,, .... /Jr" 

\l::-\ S'() P. \L,_ = o@ t.€P 
A,_ ( ~ o.d ( f It,_ L O ) w~l I •~.) ~ vf4dll. :-= -t.-vfv .. 

(1~'1>\+.. -j-o \1.-i,P I ;p l.v< ~ \171>-t-- ,.._ ~vcf,o I, I iv 

I, w< U<•••>IA ~ ~ S ~ J-u... a.ct~ fi 
(c/1 pts) Explain why the pH of 100 mM HOAc plus 50 mM NH3 is the same as the pH of 100 mM HOAc 
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