
 

Chemistry 271, Section 22xx Your Name:                                  KEY  
Prof. Jason Kahn 
University of Maryland, College Park Your SID #:  
 
General Chemistry and Energetics Your Section #:  
Exam I (100 points total) March 1, 2010 
 
You have 50 minutes for this exam.  
Exams written in pencil or erasable ink will not be re-graded under any circumstances. 
Explanations should be concise 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. 
Generous partial credit will be given, i.e., if you don’t know, guess. 
 
Useful Equations: 
Ka = [H+][A–]/[HA] pH = –log([H+]) Kb = [HA][HO–]/[A–] 
F = ma ¸eiπ + 1 = 0 PV = nRT 
Kw = [H+][HO–] = 10–14 pH = pKa + log ([A–]/[HA]) pH (e.p.) = (pKa1 + pKa2)/2 
R = 0.08206 L·atm/mole K 0 °C =  273.15 K pKa = –log(Ka) 
 
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 I have not given or received any unauthorized assistance on this examination.” 
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1. (21 pts) Multiple choice: Circle the single best ansrver for each question

(A; 3 pts) K. and Krdiffer whenever

(a) All  of the reactants and products are gasses.

Q) None of the reactants or ploducts is a gas.
/^(

+ t (9fn" number of moles of gas changes during the reaction.
(d) The temperature changes during the reaction.
(e) None of the above

(B; 3 pts) At equil ibrium,

(a) The rates of the forward and reverse reactions are zero.
(b) The concentrations of reactants and products remain constant.
(c) Al l  molecular motion has stopped.

@) The rates of the forward and reverse reactions are equal.

+3 @(b)and(d)
(C; 3 pts) The pressure of a sealed container of ideal gas molecules increases with temperature because

(a) The number of moles increases.
(b) Each molecule swells and occupies more volume, so the excluded volume effect increases the

pressure.

+ \  
( c )  The  va lue  o f  R  i r t c reases .

'  J (11/ The molecules are movins faster, so they exert more force when they hit the sides of the container.
(e) The intermolecular attractions between icleal gas rnolecules weaken.

(D; 4 pts) The Henderson-Hasselbach relationship is useful as a shortcut for

(a) Calculating IA-l/tHAl given the pK, and pH.
(b) Calculating the percent dissociation of a weak acid dissolved in water.
(c) Calculating the pH of a buffer of known composit ion near i ts pK,.

R 
Calcu lat ing the pH at  the equiva lence point .

@ (a) and (c)

+L{

(E; 4 pts) When a buffer solution of HA/A- is diluted more and more

(a) The pH becomes more basic.

| (b) The pH becomes more acidic.
+LJ (c)  The oH remains the sanre.' t A -

g) The pH moves closer to neutral i ty.
(e)  The change in  pH is  Lrnpredic table.

(F; 4 pts) This effect on pH upon buffer di lut ion arises because

(a) Dilut ion g[gcreases the extent of dissociation of HA
(b) Water selEdissociation can no longer be ignored as a source of HO- and H*.

+L/ 
(c) The Henderson-Hasselbach relationship ir P( true at low concentrations.

I (d) The increased extent of HA dissociation or HO- production cannot balance the stress
and/or HO- concentrations arising from dilut ion.,/^

(9) (b) and (d)

Score for the page

on the H.
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2. (35 pts) Reasoning about acid-base chemistry
Let's imagine that five years from now you are asked, "What is the pH at the equivalence point of a titration

of a weak acid HA with a strong base?" You remember that it had something to do with pK,'s or Kr's,
and concentrations, but you have forgotten the details. We will use logic and intuition to recover the
equation, and f ive years from now the interviewer wil l  see that you can think your way through a
problem. We ignore d i lu t ion throughout .

-\(a; 2 pts) At the equivalence point of a t i trat ion of a weak acid HA with NaOH, the dominant "A" species
+?') '  .  t) -

{/ present is fl

(b; 7 pts) At that notional instant, rve make our usual assunrption that there is no H* or HO- present. (We can

imagine that we are dissolving the salt NaA and nothing has equil ibrated yet.) Therefore, what is the

dominant equil ibrium that wil l  develop? What is i ts equil ibrium constant? What is the symbol we give to

that equil ibrium constant?
\

,  - . \  A .

Gg 4-sAto =- fuhArn.e\ _ 7 ' , v Y :

f ntilLt^J J(_-f =

fc^T1,, tt^-<
(c; 2 pts) Since pH = -log([H.l) our desired f inal expression for pH at the equivalence point wil l  probably

include the log of K,,or Kr, i .e. the pK,, or pKb.Also we recognize that since HO- is dominant over H* at

the equivalence point, perhaps we should be calculating pOH, which we can subsequently convert to pH

using the equation oU ?t"
(d; 5 pts) Now, let's figure out how the result for pOH must depend on pK;\s we go from stronger acids

, we know that K" becornes (circle one) larger (smaller, and therefore pK,,

,4,
tL) 6r *) r/aia.af
t for pOH must depend on pKu

becomes aller . Since KoKt= Kn,we know that pK, + pKo= pK-, so pK, becomes

. As acid strength decreases the pH at the eouivalence noint must becomed strength decreases the pH-41.-t!re equivalence point must become

so the pOH becom.r larg*r 6.al lJl .  The simplest way for al l  this to be

I I\s_y
I

LP'*u^

refletEd in our f inal result is that pOH must be directly proport ional to pKr.

(e; 3 pts) Let's think about the effect of concentration. As Cn (the initial concentration of weak acid, i.e. the

total concentration of "A") increases, the concentration of A- at the -equivalence point (not a tr ick
question) lqcv^te..lt ! .  So it  provides (circle one; (morej less HO-. So pH goes

up\ doror, ? So our answer for pOH must decrease as Cff iur.s. Consider the l ikely f 'unctional-
form: are we going to add or mult iply a concentration l ike 0.01M to a pH (the answer is no). So, we

$

Ln-J

guess that log(Co) wil l  appear in the answer.

Score lor  the pase I  t l
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( f :  5  ots)  The s imolest  ecuat ion that  sat is f ies the above is  oOH = DK^-  loe (C") .  Let 's  ask i f  th is  makes

sense. If the weak acid HA has a pK, of 5, the pKuf or A- is t1 If the concentration Co is 0.1 M, the

above equation would give the pOH at equivalence as . The corresponding pH would

The pH of the salt of a weak acid and

a strong base must come out to be (circle one

(g; 6 pts) At this point we dredge up a memory of simple acid dissociation equil ibria, which involved things

like x2 and /(Co-.{), and we realize that upon taking logs there is a factor of 2 or Vzfloatingaround

somewhere .Weguess tha t@Showtha tconve r t i ng tomore f requen t l yuSed

terms gives pH =7 + Yz (pI(" + log(Co)). Deriving this on the f ly gets you the job.

- t?G)

be I ? Does this make sense?

i \- 1, 11 ( ru - y)vo- - 1O 6'' >*L'r

,  { /
lLl4 >
X r -

il{-11 =-}

l l{ = ?
.t

(h; 5 pts) Calculate the pH of a solution of 0.150

it1 : + + t(1|{ rtcy(,
[ ' ! i  

'  
f '

[+ 1 5- 1u41wl
\---l 

' l ' ' /

3. (31 pts) Calculations and titrations
Consider a mixture of two weak acids:

chloroacetic acid, pKu=2.87 and
para-nitrophenol, pK" = 7 .24.

( t tLn l -J, lMlv,  , / -
/ e

Wt"  l ,

n ,  . \ \  ( . r , 4 t , r , ^

l*, G )
/ ' /

.i (("
+ L Gr^ {-'T c)

, . \
rlry G )
.J ' /

M potassium formate (pK,, of formi

- .  . \  \  / ' t  r . - t r \
l t l . ))  = |  + Ll / . \^)

, L^.,

@h"-
/ . "

tt {t"'

c  ac id =3.15) .

= f ,tl6

(a; 6 pts) Why is chloroacetic acid a stronger acid
than acetic acid? Why is p-nitrophenol a stronger
acid than phenol? (There is more space on the
next page for yoyr-answer)

-rr t, ;\ t-- r\--(.^; Nl- $i* q,- L t 
-

(

S [Y \,' 1zs tr * Lt A-ce

Q) ur w*+-

"'ar-o'
n

Chloroacet ic acid

ni t rophenol

(-i- 11 t . lur

l(- ' '  .(,r*,|W.r,,\j luu\
' l Score for the o^r, f Lt^
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/ , :  t 1

6LfJkt* ,vr l'L- i' 
t't'lv'-,"L--GL un-,t>-

{Vr\,\: Wt l,l- e y^.h^ O 6- n*-;.r>+--
Q-4,.*,q-,1a,<-

(b; 10 pts) We would l ike to calculate the pH of the mixture, at 0.075 M each. First, calculate the exact pH

of 0.075 M chloroacetic acid, pKu= 2.87 , alone: set up the ICE table, recognize that this is a relatively

dilute solution of a relatively strong acid, so just skip to solving the quadratic. . /L
' i , ' t A -

I  T 11 l l  t ' t  H r  *( ,-Jt7 *16 ' ' '  ;  (  )" t  1 " ' { -
!  -  

l l t ' I '  t r  

/ ' =  x . - r  r r v . .  I

I  
f '  f  . | ( , t n  r '  C  /

r -1 \ l  v tv  ' l  '  |u 'v \  L- /  L '  L '
a -  |  1 l

\  e  l l

lnr j \  L X r- 'x iX ^i= J.\,a *,"-3 (rc
.  , . l l  

t r  -  ' \ ,

\rttl

1 ; ctt\--T' T 7< -("5 x=kr=/1l
12) 6

nL = (O"+f -d \1  1 .7 \1 . , , .3 )  . - l  3 , t , tn t r ]  7  rCcT '1  ' t ,3 \ \ * rc  t  
(  ( ' - r ,1 ,

( \Lth-'-
7'L+ XU.)\.r . , ;  t)E(r,ci) ')(r ir ' ,*,r) 'C / ,r"^ta

(c; 5 pts) At pH 2.24,use the H-H to calculate the fractional dissociation of p-nitrophenol (pK" =7.24).You

may approximate 100000 as hgdiqociat ion of  p-n i t rophenol  go ing to  af fect  the pH of  th is

GJ,n rc^
mixture of weak acids?

t  l O c i
*

Lu'qJ
L4
[u A]

i  +  i i . i , i ' i
Score for the pug, I I J

,f t(= f lQ. | ,-+

2,L'l =

L,t-1
- - -

Lr^r1)

7.2t/

G,ru-+ tv)
: lu : (,-

r )

I-' . 'l
/  r .4 '  I

\ 4

L , r -  I  i -  " ^ 1Lt1 ) t f_ufi

(

{  Cc ,e \c 'c  t  f i ' i t t t1

L,

t t

L)
l ( . ' ,
Ai (J  , -

t .  /  \ c '

(ir.. A rr.l ;.lii ,);u .. \ f'r^



tion of strlns bale .: 
::]:,Y,:::::::':::: ::,T:

rnolecule berow. Give n'merical values for pH at the beginning, the two harf-equivalence points' and

the two equivalence points (recall

that the pH at the equivalertce poitt t

of a weak acid titration is given bY

pH = 1 + Vz (PK,+ log(Co)) '  [Hint:

assume the two titratable protons are

independent, ancl ask which PK, is

the relevant one at the second

equivalence point. I  Ignore di lut ion'

W J ,7'2\ , s' ,t, (
L

Q,. 1",)- l, tu-

9<-['*r)'r

0L, ip b-7
l-.----' - )
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6
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q-L,' (a"' '&'ct L-

r ^  f -
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@)l;- '7''\
,9t'i rflut/-l^

Lf 
7't.t\t 

-ur-''t-

tf ' 'nI

.n/\.
1 1  / v \r>AJJi

vr,
q ,

5,t\((L' ' i - i '6r)/ l

;l;*-/-e-*:q!
1i

Equivalents of NaOH

2.5
," ltc



4. (13 pts) Muttipte Equitibria
The equil ibrium between the two triose sugars shown below, dihyroxyacetone phosphate (DHAp) andGlyceraldehyde-3-phosphate (GAP), is a ci"it ical asped of glycolysis. The equil ibrium constanr is - 0.05.Strbsequent steps inglycolysis that convert GAP to'pyruvaie have a large oulra l l K,q,about 500.

K -6nn'  \ a n  v v v

--------l- O
-->

€

. \ [ cr'+el
/ r - r )H12[t^r+ri

LG,+"j -

DHAP
(a; 8 pts) Considering only rhe

calculate the concentration
useful in subsequent steps.

(b; 5 pts) In terms of LeChatelier's principle, explain how the later reactions (GAp <-> pyruvate) place astress on the first reaction and how this solves the problem of dead-end molecules left as DHAp. [Interms of thermodynamics, this is linkage or coupling, using a favorable reaction to drive an unfavorableone.  I

L-r \
\u4- \Jr

/ ' \
( t )

, \:9-/
W ^:il,

Pyruvate
DHAP + GAP equil ibriurn, at a total concentratio' of 2.3 'MGAp+DHAp,
of each. It  turns o'r that DHAP is a molecular dead end, that onry GAp iswhat percentage of the total molecules is in the useful GAp fbrm?

Lcuol'- c.c,{ L>e,+qiGD {.- '*Vn''') rLr
ItWl,r Lr\-" /v\ br^i ,/r

Lf l  . ; a
t 4  v t t \ , t ^

}  2 , - \ , , , iL \

u Lt\ 5r,-t,s lL h>.

H.rC

oPO3

GAP

bn +(J t

1 ,-'l

LI\nt+1 )
-
t .

,u\f u tr,to] 2.L,^ ) Qt'
l ,c f

L c',+r1 l o,c 5- - -=  / '  1 ' ,aL ! t
l ,C>

a

Dr,Ar.i G+r

lc-\<r {Vyr,,

(Ln.f \ L l I , a  >  r  t . 4 a
t t  t t  U  / ' l l (fuu

t '
, uwl/r,?.L--.

' t  
. -

u7, t W vtz--t
i
I

vN-,oVt(

Page Score

2 t2 l
3 t19
4 t22
5 t15
6 n0
7 t13

Total

,!. [-o ^rtJ sve+w't ( ,r"LLa,i;t 1
Scoreforthe pog" /  lZ
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