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Pref. Jasen Kahn : a

Umiversity of Maryla)md, College Park  Your SID #:

General Chemistry and Energetics Your Section #:

Exam I (100 points total) October 12, 2011
Y ou have 50 minutes for this exam. N= [33
Exams written in pencil or erasable ink will not be re-graded under any circumstances. L+D

Explanations should be coneise and clear. I have given you more space than you should need. 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.
Partial credit will be given, i.e., if you don’t know, guess.

Useful Equations: _

K,=[H'][ATV[HA] pH = —log([H']) K, = [BH'][HO)/[B]
F=ma e"+1=0 PV = nRT
K,=[H][HO]=10" pH=pK, +log(IA"J/[HA])  pH(ep.) = (pK,; + PK,;)/2
R=0.08206 L-atm/mole K~ 0°C=273.15K pK, = -log(K)

K, = K(RT)* PYla® = 47/MG ata ;’; — dac

“I pledge on my honor that I have not given or received any unauthorized assistance on this examination.”

+1 point extra credit for filling in this box

—
)
s




pH of 1 M HC Q PH= “Lg ({:“f])

Cok-]
pOH of 0.01 M KOH A ph= {15+ “; [uoh] ~ 175
_ o,

pH of equal volumes of 0.1 M HOAc (pK, 4.75) + 0.1 M NaOAc ‘} S

pH of 0.001 M NaOH LI p oK +3

pK, +pK, = ?‘( w o | LL (for K, and K, referring to a conjugate acid/base pair)

-3

[OH] at pH 7 o "M
: -b

[H*]atpH 6 o~ M

When Q > K, the reaction will preceed (circle one) forward.

*\ .
The Henderson-Hasselbach relationship is always ‘t'r we , sometimes__ A3 C&r (

o Q l\w ‘
- af( st &

The pH at the first equivalence point of a polyprotic acid titration is given by (&

Seore for the nage
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1 ts) Short Answer (2 each

pH of 1 M HNO, @ PI’“"L’? M

)

pOH of 0.1 M NaOH 1 POM g _(g [H(/‘]

pOH of equal volur.nes of 0.1 M HOAc (pK, 4.75) + 0.1 M NaOAc q . 25"
pU= P+ [oa E'r‘]/[w?] 2 YW /(9 (1) = Y25, po=lt-yH

pHof 0001 MNaoH__ 14 =3 = ||

pK, +pK, = P\Z W0 I L{ (for K, and K, referring to a conjugate acid/base pair)
4
[H] at pH 7 lo M
~ s ~y G \
" [OH"] at pH 9 10" M Cf- L0 Wl/t() M "MW/EV!’ZJJ

When Q < K, the reaction will proceed (circle one) ( forward; backward. =

The Henderson-Hasselbach relationship is always ’ﬂ-V‘V\C , sometimes MW

. é“i SLWMI? “@ Lw {«é_)

/‘

The pH at the first equivalence point of a polyprotic acid titration is given by {; <. 'lo MQ | )‘";0 ’44 LI)

* Score for the nage
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30 ptz) Acid-Base Eguilibria

Consider the pH obtained upon dissolving a weak monoprotic acid HA in water, as a function of its total
concentration C, and its K,. This is a problem you have done many times, here we are exploring a
general formula. The equilibrium is of course

HA = H" + A- K, = [H'][AV/[HA]
(a; 12 pts) Initially, assume that “x” can be ignored in the denominator and show that pH = —% log(K, x C,)

L NS S
T | Co °© o - O‘QC;-'X - z: 13 b an-
C |=-%x 1tk +x @‘J I,iglcé&
Clex x = @ (1" gveny 4
< (3? 7
| W
’xl": K«.(o

6D K= Vi (mutrbe )

D
phesly = -l (fed’)= —2 by (k)

(b; 8 pts) Now, repeat the problem but do not assume that “x” is small, i.e. use _the quadratic formula to.
derive a general formula for the pH. ' '

Gl = 2 xPsklad) s KRGk

@ Yir KX~k 20
_. JhE oo | ~KetVia? Kaal eré‘@}
X = -k + Mi_q._z 2_”@_ dw@&]m |
| m
[PL(;: _[g (x) o> - 1ﬁ(2"(\/22““4& - Ka))J@

= ly (VL) - I?Z\/ Ke® 1 G “(*)

Score for the page
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(c; 4 pts) Show that the more complicated expression you just obtained reduces to the simpler expression
from (a) if K, << C,. (This gives us a more precise description of exactly when x is negligible in the
denominator.)

ph = i|03 ({(WQZWMJQ ‘K)) @

For K<< Gy we b 4 KaGo 2> Ka? ah VMKGo > Ki

” P’m-'fg;(é@wqa') = oy (/@) -t by G

(d; 6 pts) Physically, what happens to the % Dissociation of a weak acid as K, increases or C, decreases?
Give an explanation for the C, effect based on LeChatelier’s principle or the dynamic balance of rates.

As Kalor CGof | 4D incruses. (42)

@ TE G v wa (J.fw)J[u(uk_‘]'l/ Fo e Tyilom by fo
Pa(‘S«C Jalwfe Gorth AR — ‘/-b ‘

0_:'

Q. 46 A3 § 0 o~ § P fe Fot MJ re- ajfouchn b an

3. (20 pts) Buffers and Titration Dilution Series of a Weak Acid/Strong Base Titration
3 :
hows sev ! L ! ’ ‘ ;

- The graphs o- S aeven 12 + co=05M L ﬂ?mﬁoan‘msoui mcj mratio t
titrations at progressively lower ; -= f:% - % i)o SM I T 0 p i
concentrations. of a weak acid M 1 mmco=00005M [T :; ya ] e

. . . 1| = <=co=0.00005Mm z s -
titrated with str?gg base. The x 1077 = emco = 0.000005 4 [T s ’c.-““"‘
axis is in terms of equivalents g ] =—==—Co =°-°°°°‘;°5 M ss ’,' —
of base added relative to the 8 [ AL P

T Chanye 1 [Basa] Relatrwe 1o 12 oD —
acid, so the actual concentration I J ! ’;,_,.4
of base added is also decreasing ] i ’Z

e e — ’J
as CO decreases. } e e e e | = {- ——k ml—ﬂ‘ ) [
5 SN ;
As usual, we ignore 1 e i

o . . a 5= '
dilution during each individual

. . . 3 .
titration, so the total acid @ -

. ) |
- 2 t—r . . . . . . . . . . .
[['{A] + [A J 1s constant. 0.0 0.10 0.20 0.30 0.‘40 0.50 0.60 0.70 0.80 0.190 1:0 1.1 1.2

Equivalents of Base

Score for the naee



Chemistry 271, section 23xx Exam 1. 10/12/11 i 5/8
(a; 6 pts) What is the pK, of the weak acid being used, and how do you know?

@0 a.'::.S——- Hat's /"A I e Qa%ﬁ‘_,o{-/ff‘
po»oé) H hAne Car /€, 00k g (Jo fle //( o
1L %’%""@* /w‘*‘?‘ @/‘\/"*"’L"“//’W‘

(b; 4 pts) Why does the pH at the equivalence point decrease as C, decreases? A qualitative answer is fine.

a' At K%Vu&a 'oa.\t/-u-c ha fu Joéfaéqwiaxﬂ&
WA e by bes b F T bas 4s G b, [
M[WTJM&Q&(X"M /d(.?»é&(az«‘ﬁ%

Tt}uﬁa/?(w‘\l«—

(c; 6 pts) The graph illustrates the critical features of buffers. How does it show us the utility of “10X” or
“100X™ reaction buffers in the 1ab?

@“’]L Avdt 'ﬁur Curvtt ¢ O~ /y, %‘é%
Ohr{/‘ e Mﬁ“/‘ﬁ f,q, ’f'\i/zj);‘_ m}z,,yeH 9 N;M
4 L] dopts oo Neebveg (alfun] oo 24 Ly
e apemater, Tt “Be tgr bt f ¢ bffe- -
| @0(5(»«6& dntf agp e P B Cotrfiudd §hocke §4idont vinck,
(d; 4 pts) Explain why the pH at the end (1.2 equivalcnts,upper right area) of the C, = 0.05 M titration is 12. :
T (o= 005 et ur b ohelsl (L gpiveleds
He (o] Gooem | co Qad o.00m wcafgg)
19_&8«2m1 ,4014: 2, ph=12,

* Score for the nage
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(a;6 i)ts) What is the pK,, of the weak acid being used, and how do you know?

[ 23xx]

(b; 4 pts) Why does the pH at the equivalence point decrease as C, decreases? A qualitative answer is fine.

[22%x]

(c; 6 pts) The graph illustrates the critical features of buffers. How does it show us the utility of “10X” or
“100X” reaction buffers in the lab?

[Z}xx]

/.
S
o

(d; 4 ptsy Explain why the pH at the end (1.2 equivalents, top right corner) of the C, = 0.5 M titration is 13.

|~Zzﬁat\}~e£d: = 0.2 7{,“«4,.4; Axh bagc ¥ 0.5 m G
2 0 M aE cz%-xy,m pomby S

pOU-= I?(lo': ) PH =13 /@g,ﬁﬁ:/
7

Score for the nage
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4. (10 pts) pH effects on Enzymes

The proposed mechi}mism shown is the
essence of catalysis by aspartyl
proteases, a class of enzymes that
includes HIV protease. They have
classic bell-shaped pH rate profiles like
those we have seen in class, with pK_’s
typically at around 3 and 5.

(a; 10 pts) Which residue is associated with
the pKa of 3, and what is its function

3{ n ‘l-u P' H
o‘\\<p "‘;(" 4
sp3 WO °
Asp3s o H Asp218 -
o .0 O e o o
O, 0 @)
o ) b . ¢
gl‘)k"" H:N*{ L
Gh
H &y " o

[o \ g
o o) o 0
(o) ———= o
(D @ D
©) ®

Fig. 3 Propesed catalylic mechamsm [or aspartic proteases.

in the mechanism? In other words, why does the reaction fail when it is performed at a pH much below
37 Which residue has pKa = 5, and what is its function? Why does the reaction fail at basic pH?

O

= AR Ky 218 s Lopratoete, SW? 2 e shog
a LA ?)’ e Furv, afsoultfd

_\ j:?L LYW o L).( u&/nh«.lc( ‘f‘(/ QL/MQé/v—vﬁv\ /4%”1/0/

e

F ar e WMW“/TQ#&O{L

TE I g oo low, +hd A5y 200 10

I”WPWW@AM otem - Wovk,
sy 35 % hey ,o)(wzf, e profrsth #pom

b M’]”

oo N b hedaA

,9% >> :f‘ J &579,»/7.7‘&/{ RN

W X%L lf'{—‘« n" W"A'(\’de’r;fm the r':acgc 1 ro

Wt o b dvomym- ~ burd.,
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HSO,~ Vi N
_ ery wea

NO; bases

Cl-
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5. (20 pts) Equilibrium Manipulations. ‘ H,S0,
We will confirm that any acid on the left column of the Strong | HNO;
. . acids HCI

table can protonate any base that is below it in the

j . o \__H;0" H,0 \
right column. For example, formic acid, HCOOH, TTHCIO; Cl0;-
pK, = 3.75, should be able to protonate sulfite, SO, HCIO, Clo,"
The pK, of hydrogen sulfite (HSO;") is 6.97. HSO,"~ SO,
(a; 3 pts) What is the net reaction for formic acid H,50; HSO;”
H;PO, H,PO,~

rotonating sulfite?
p ahng HF

€@ WCooh+ 505 s eoPrhse® |

Weak | CH;COOH

§ HCOO™ [ Weak
CH;CO0~ bases

acids & -
(b; 7 pts) Write down the base dissociation reaction for Hzf{o; ESCP;
. > B8 .
sulfite and calculate its pK; and K. Hso,- o [ sog-
H,PO," HPO,2-

Y clo-

@ 5032’}"/'?/0 ? HSO\B‘ f‘l’(o G ;1214(3
@ P(gﬁ' (“(“ng(%ﬂQf): .
l(’( -6,8% = ?‘03 very\::izxzc ;S{:

: - 1.‘ 03 Chemistry: The Science in Context 3/e Figure 17.4
K — LO © 2012 W.W. Norton & Company, inc.

(c; 3 pts) Add the acid dissociation of formic acid and the base dissociation of sulfite to get a reaction
including formic acid protonating sulfite.

HCBO W == H*r HCoo® [y = Ka(Hioun)
503"+ M0 2 W50 T+ Ho T IGep 2 4 (503%)

-

@é U coor +50,° 7+ Hyo & Koo+ HS8,  +N* #1107~

Score for the nage
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5. (20 pts) Equilibrium Manipulations.

We will confirm that any acid on the left column of the SZ;’:{% 1
table can protonate any base that is below it in the
right column. For example, nitrous acid, HNO,, pK, =
3.62, should be able to protonate sulfite, SO,*. The
pK, of hydrogen sulfite (HSO;™) is 6.97.

(a; 3 pts) What is the net reaction for nitrous acid
protonating sulfite?

@ HNO, + SOJV;E NO, + HSO‘;"

Weak

Weak bases

id
(b; 7 pts) Write down the base dissociation reaction for Aad
sulfite and calculate its pK, and K.

© SO+ M0 2 ksoy"+ MO

@ 'pL/;, = 1Y~y ka % W”f)

2 [Y~ 69F = Z03 Very weak

Strong
-
) bases
acids
Z Chemistry: The Science in Context 3/e Figure 17.4
@ l<b - l() - ‘I 5 — [0 - ¥' 03 © 2012 W. W. Norton & Company, Inc,
-

(c; 3 pts) Add the acid dissociation of nitrous acid and the base dissociation of sulfite to get a reaction
including nitrous acid protonating sulfite.

_Hdez. = /“(‘“—J—/\[obﬁ 1K = ke (H/\/@L,)
$0327 ¢ Mo = Hso3 ™ r MO~ )C> 14y (5o Zj

- £- ~ _
+3 w\/o,,JrSogz FH, 0 = HBE0™ L NI, H17T O

I > I (ferv, )
X /(\,, {ft/:? 2\')

Score for the nage




858

d; 3 pts) What other equilibrium do we need to add to give us the net rcaqﬁqg‘irqr_n part (a)t?, |

W wantel e fo el
H‘-/—Mo — M0 IC,, /0 IY /Kt./

sumal all 3 rXnf — HCoerJ'a3 --—9. How ,‘—/{J‘a“?

(e; 4 pts) Calculate the overall equilibrium reaction constant for the reaction of part (a).
K“ﬂ” Ke (ncoon) - 14, (9057) - )/nc,f +2)
= 3?‘3’ - 11 o

103 1070

(134-10- 1) . @

!

= 1o TS 107 S 1000

~ 5D ucaabf ,arv/'ma‘c.r Jo; %"

LO =¥ Pase | Score
. o -
| 2 - 120
3 120
4 /10
5 no |
- 6 no
'7 T
8 | 7
Total 101

Score for the page
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(d; 3 pts) What other equilibrium do we need to add to give us the net reaction from part (a)? \
NoA Nyl p+ppo~ = Hyo ((?2/15«/-
Iy
= /0

(e; 4 pts) Calculate the overall equilibrium reaction constant for the reaction of part (a).

o o
5“""’& Zrems = HWOL+ S0, = N0y + HSos

) Protect o g = I Chrid) + s (50,7 S

342 ~FO3 My (I4~3.62~%032)
10 - |0 ‘ /mw (0~

—
a—

(14~ I'0.6.>")q 4235

= 10 = |0 >looo
>
0 = 23U
2~ Score

) I’U\f?L WNMJ" 50‘3 | Palge ,
4 2 /20
3 120
4 /10
5 120
6 10
7 /13
8 /7
Total /101

Score for the nage
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