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CHM152 /54  Exam 2 100  P ts  Fa1 l  2004

f o r  g a l l i c  a c i d ,  ( H C 7 H 5 O 5 )  i s  4 . 5 7  x  1 0 - 3 ,  w h a t  i s  t h e  K 5  f o r  t h e  g a l J _ a t e

T  =  2 5 o C

MULTIPLE CHOICE

1 .  G iven  tha t  t he  Ku

i o n  ( N a C 7 H 5 O 5  )  ?
a )  4 . 5 7  x  1 0 - :

@  2 . 1 9  x  r o - t 2
c )  5 . 4 3  x  1 0 - s
d )  7 . 8 1  x  1 0 - 6
e ,  z . L y  x  I U .

2 .  T h e  p H  o f  a  0 . 1 0

a )  2 . I  x  1 , 0 - a
6 l  q . 3  x  1 o - 8
Y  e . 8  x  1 o - 8

d )  6 . 6  x  L 0 - a
e )  2 . 0  x  1 0 - 5

K u | ) ' :

M soLu t i on  o f  a  weak
a , r

U + ftt-o
0. .1o-x

0 , .  l 0  -X

3 .  Cons ide r  t he  f o l - l - ow ins  reac t i on :

P c l s  ( g )  *  P C l :  ( s )  +  C 1 2  ( S )

/  o -  l Y

.po!= 4 - lg
base  i s  9 .82 .  Wha t  i s  t he  Kx  fo r  t h i s  base?

+ l t {  + o*" V: ; : -
A  o  ^ b  -  6 ,  1 6 > \  , \ L*X +x k (6.6't  tr to-t)tu 

= l, i,{ 6"r',',1, ", @x
k,  = ?, )XtD-g

o

I n l t i a l l y ,  0 . 8 4  m o 1  o f  P C l s  ( g )  w a s
PC ls  (g )  was  p resen t .  The  va lue  o f

,4  0 .62 { ' \  - '  * - }
f i$ 2.0 x to-2 { ' l -* t  ; ;

c )  0 . 1 2  T  0 "  g q
d )  0 . r 2
e )  0 . 6 0  C  

- X

F  0 , 9 v ' y
4. whar is rhe pH or i ,., f-"tJ;.I""=

K a 3  =  4 . 2  x  1 n - 1 3 \  r r  ^

a )  1 . 8  
t v  - - '  

H r  l " o v
b )  o . 4 o  <  

' ' )  
-  

(

c )  2 . 5  J -  o ( ,  )

6 t 1 ) o . e e  C  - V
\< (  n  rav t  n  €

l >  o l r  )  -X

5.  For  the endothermic react i -on
f", , t tcaco3 t" l  = c"o l" l  + co2G)

n l e r - c r i  i n  a  1 . 0  L  f l a s k .
K" for  th is  react ion at

? u t ,  ' ?  ' : r< ' ?

o o
+ x ,  t x
v k

0--7L x -- 6.lL
of  phosphor ic  ac id?
- \  A + t-< t-r 1-

' o
+ V

V

th is

Kr= 0 .  oL
( K a r  =  7 . 5  x  l - 0 - 3 ,  K a 2  =  6 . 2  x  1 9 - 8 ,

l-1"- fD?I- €- C1'"\it' F tt
. o  k  t k l '

+ Y  ' \ a - l  
A - S - X

x 7.f y6-i = - 12*
2,r

f  =  0 . C . 3 {

a a r r i  l  i  l r r i  r r m .  O  ' 1 2  
m O L  O fv Y s 4 * + v : 4 q r . r t

t  a h h a  r t  l t t  F A  1  <

=  (o .14 '

on fy  wou l -d  f avo r  sh i f t i nq  t he  equ i l - i b r i um pos i t i on  t o  f o rm  more  COo qas .

\g1/  increasing the system temperature f ieuf t  1 l  . . \  
- - l '<  

<-JLC.*T 
- '

b)  decreasing the system temperature
n \  i  n n r a a q i  n n  l - ->  -ne  sys tem p ressu re
a l )  i  n r - r e a s i  n c  l - r o t h  f  h a  q \ / q t a m  t . as /  y  p e _  - _ _ . , .  _ _ m p e r a t u r e
e)  bo th  decrea i l ig  the  sys tem tempera ture

t he  sys tem p ressu re
inc reas ing  the  sys tem p ressu re

^ - l
a l l u

-;
a t l u

O . 1 T
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eguiL ibr ium,
al - I  chemical  processes have ceased.
the rate of  the forward react ion eguals Lhat  of  the reverse.
the rate constant  for  the forward react ion equal-s  that  of  the reverse.
both the rate of  the forward react ion equals that  of  the reverse and the rate constant
fo r  t he  f o rwa rd  reac t i on  equa l s  t ha t  o f  t he  reve rse .
none of  the above

,7
6 .  A r

t  o t ,

d )

7 . Ac id u"^tes{ ^cLo( k rrt 5ir aryoY{
H O A c  1 . 8  x  1 0 - s  - /
H C H O 2  1 . 8  x  1 O - 4  / /  C o q l .  F r t - ^
H C ] - O '  3 . 0  x  r o - s <  v
H F  6 . 8  x  1 0 - a  -  l {  \

K  V  :  t o
Which  one  o f  t he  f o f l ow ing  i s  t he  s t ronges t  base ,  I \ a -  f \ 5  

-  
t

-  \  n  l  ^ -
d l  v 6 9

b.L cHo?-
ae)) cro=
V r -

e) OAc and CHO2

8. Consider  the fo l - lowing incomplete table of  data for  the equiJ- ibr ium beLween d in i t rogen
tetrox ide and n i - t roqen d iox ide.

Exp  #  Eou i l i b r i um NcOr  Concen t ra t i on  Equ iL ib r i um NOc  Concen t ra t i on

1
z

3

0 . 0 0 1 4 0  / Y
0 . 0 0 4 5 2
0 . 0 0 2 8 0

0 . 0 1 7 2  M

0 . 0 2 4 3

t he  m iss ing

k . =
c )  0 . 0 8 1 4

A 3:31t, Iryu"l'rJ d) 'a\ l  = 
G

-lta^
* o , L l i

9.  What  is  the concentrat i -on

, , . i :op concentrat ion of  2.31
(  a l  q . 3 3  x  1 0 - 1 1
Y .

b )  2 . 3 1 -  x  L 0 r o
c )  9 . 7 2  x  1 ' 0 - a
d )  1 . 0 1  x  1 0 - s
e )  2 . 3 1 '  x  1 0 - 1 8

( i n  M l  n f  h w d r n n i U m  i o n s  i n  a
x  1 0 - 4  M ?

: ? ,

a hydroxide

3 18o- "

10 .  Ca l - cu l -a te  t he  pH  o f  a  so lu t i on  made  by  d i sso l v i ng  1 .81  g  o f  sod ium

waLer  and  d i l - u t i ng  t o  a  t o ta l  vo lume  o f  500 .0  mL .  Fp f  l he  cap roa te

di ;:lil ctn"e-,tlt7 lv"Q,!,r o,- g, 
Nnt * t

Y; : l ; l o
G. i  a . s3  x  ro - !  J  O ,oY | l  d -

v q'\-T*"; -x x
[!= ffiT.7fr-ddy-_ ,
x: v.;rn'rft

d a 0 o l r . F l  €  T N o z
From the in format ion in  the tabfe,  determine the va. Iue of
a a r r i I i h r i  r r m

a )  0 . 0 4 8 6
b )  9 . 5 4  x  L 0 - a

NO.  concen t ra t i on
z ( '  

< \

(Na r l '

tnf i&t  J:  /u- tv
[tf rDj - 

la- ''/r,3t 
]r i v

t t t *
0f----siq

A  r E L  i



?Heo *  2H,  +  O2

i s  t he  equ l l i b r i um cons tan t  exp ress ion  fo r  t he  reac t ron
a )  2 H 2  G )  +  0 2  ( i l  =  2 H 2 o  ( g )
b )  H z o ( s )  =  H | ( s )  +  1 . / 2 o ) G )
€ J  H t o ( s )  =  2 E ( s )  +  o ( g ) -

Q  ? E z o ( s )  
=  2 H ? ( s )  +  o 2 G )

e e j /  n 2 - v 2 - n 2 a

VERSION 2

1 1  T h c  a n r r i l i h r- v ! l u m  e x p r e s s i o n

7 2 .

K _- ' c

l l  ) .
4CuO (s )  +  CH4  (g )  :  Cc -Z IS )  +  4Cu  ( s )  +  2HZO (g ) 4 n *  L

u^t';
What is  the

react ion?
f a D  6 5 8
x'f ?1 tu t

^ t  / A  I

d )  4 . 6 3
e )  I . 5 2  x

b )  N H 2 .

c )  N H r  *

@ t t i .
e )  N H a O H

o f  K .  f o r  t h i s  r e a c t i o n  i s  1 . 1 0  a t  2 5 . O o C .
(R  =  0 .082 I  L -a tm /K -mo l_ )

(P
1o-3 (n = Qt ti) (u.ot.1 e5v

a) , .  dec rease  the  concen t ra t i on  o f  NHt  (g )  a t  equ i l i b r i um
I b) , )decrease the concentrat ion of  H2G) at  equj - l ibr ium
\-1

c )  t nc rease  the  va l_ue  o f  t he  equ i l i b r i um 'cons tan t
d )  cause  the  reac t i on  t o  sh i f t  t o  t he  r i qh t
e)  remove a l_ l_ of  the H2 (g)

14 .  Wha t  i s  t he  con juga te  ac id  o f  NH3?
a)  NH:

For

a l

h \

. l \

Kn at 25" C?

3H2o  (11  +  3So2  (s )
H 2 o  ( 1 )

= k.' fr]-)u.
.&qg =

13 .  Cons ide r  t he  f o l l _ow j_ng  reac t i on  a t  equ i l i b r i um:

,A\2 N H r ( g )  ;  N z ( s )  * ( t n r t y  a n o  =  + e 2 . 4  k r

Adding } i2 (s) to the "o"Ha egui l ibr ium wi l t  <- '

va ]ue  o f  K^  f o r  t h i s

AdS an ff

which one of the fol- lowing does K. =
a 2 G )  + 1 2 ( S ) =  2 H F ( g )
2 S o s  ( g )  =  2 S o 2 G )  +  o 2 G )
A 1 2  ( s o 3  )  s  ( s )  +  6 H C 1 ( g )  =  2 A t - C t g  ( s )  +
N H a B r  ( s )  +  K O H  ( s )  t  N H :  ( S )  +  K B r  ( s )  +
2 H F ( g )  = H Z ( s ) + F 2 ( e )

BetU grvrf e d\ = o
/  r \ I  \

I F r{v$n/
t  - -  /
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1 6 .  A  3 . 2 5  L  t a n k  w a s  f o u n d  t o
egu i l i b r i um was  a t t a i ned .
-

c o n t a i n  0 . 3 4 3  m o 1  0 2 ,  0 . 0 2 1 2  m o l
The equi l ibr ium constant  for  the

llry
S O : ,  a n d  0 . 0 0 4 1 9  m o l  S O 2 .  w h e n

reac t i on  be low  i s

2So3  (s )

f  c , .oei l .
a )  6  . 1 8

b )  L . 3 4

(0) a. rz
d )  4  . 3 5
e )  8 . 7 8

=  2 s o Z ( s )

X I .U  Z

x ] - v .

x  1 0 - 3

X  I U  4

+  o 2 ( s l

0.3Y: n' k,

ft, :

ail'-
O$ = l- ' f  0'b\"

are favored

wi thout  changing the composi t ion

1 7 .  A a t  i s  t h e  p H  o f  a
I  e \ ]  1 2 . 4 8

b )  L 2 . 1 8
c )  L . 8 2
. l t  1 n  ? q
u /

e )  1 , . 5 2

2 0 .  T h e  I H . ]  a n d  p H  o f  a  0 . 0 2 1
r c  q n a a t  i  r z a  l  r r

a )  4 . 8  x  1 0 - 1 3 ,  1 , 2 . 3 2
b )  4 . 8  x  L 0 - 1 3 ,  - L 2 . 3 2

G l  o  . 0 2 t ,  + 1 . 6 8
Y  o . o 2 t ,  - 1 . 6 8
e )  4 . 8  x  1 0 - 6 ,  + 5 . 3 2

of  bar ium hydroxide?
--> 'Br,'' ' --+" J

&6i l  = o.03o

0 . 0 1 5  M  s o l - u t i o n

B" (otl), : t -\ J

P

18 .  The  e f f ec t  o f  a  ca ta t ys t .  on  an  equ i t i b r i um i s
a)  j -ncrease the rate of  the forward react ion
h l  i n n r a a q a  t h a  a n r r i  l  i 1 - . r i r r -  ,v t  cons tan t  so  t ha t
c )  sLow the  reve rse  reac t i on  onLv

/<Sr
(d ) )  i nc rease  the  ra te  a t  wh i ch  equ i l i b r i um i s
v the equi l ibr ium mixture

e )  s h i f t  t h a  a n r r i  l  i h r i r l h  l - ^  t h a  r i a l r tL V  U r r u  !  r Y r r  u

19.  Which one of  the fo l - lowing is  the weakest  ac id?
a )  H F  ( K a  =  6 . 8  x  1 0 - 4 )

b )  H C I O  ( K a  =  3 . 0  x  1 0 - 8 )

c f  H N O 2  ( K a  =  4 . 5  x  1 0 - 4 )
.A
\ 9 f  H C N  ( K a  =  4 . 9  x  1 0 - 1 0 )

e )  A c e t j - c  a c i d  ( K a  :  1 . 8  x  1 0 - s )

1 - ^

on ly
products

achi-eved n f

t .

HNO3 so lu t i on  a t  25oC a re

S-t"-t ar-t,l, *"--@:
D F i  . .  L o s  l o . ) L t l
I t r

M and _
= (H rog

21 .  Wha t .  i s  t he  I
a t  25o  C?  (Ka

a )  4 . 5  x  l - 0 - 8
b )  1 ,4
c )  2 . 1  x  1 0 - s

16') o. re
\1
e )  1 . 4  x  1 U -  5

i on i za t i on  o f
=  3 . 0  x  t 0 - 8 )

h l4pochlorous ac id

L J , ^ | )  \  ' " ' \
I I t-<* 't rtr*

. 1  n l (
\ ) ,  v  ' )

+* F

0 , 0 t 5 -  /

0 . ; ' l  f  *  X
\  l .

X " "  * . . , j  X l t ,

i n  a  0 . 0 1 5  M
,  / - A  ^ a-r LJd l,r

0
'+^ t

x
e )u16 tan '

agueous sol -ut ion of  HCI-O

I t l  
r l r

(HClO )

l *  |
l t

x
Y

I

e

tI
\
\y
l<' ) d ,

( t ' . .  
, ' " t  :  { } ,

'{' 
I ot 'fi
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2 2 .  C o H o  ( s )  +  3 H 2  ( O )  +  e 6 H 7 2 ( 9 )

When  l - . 00  mo l  C6H6  and  3 .00  mo l -  H2  were  p laced  i n  a  200 .0  L  con ta ine r  and  a l -Lowed  to  reach
equ i l i b r i um ove r  a  ca ta l ys t  a t  an  e ieva ted  tempera tu re ,  t he  resu l - t i ng  m ix tu re  con ta ined
0 . ] - 3 7 m o 1 C 6 H 1 2 . T h e e q u i 1 i b r j . u m a m o u n t ( m o 1 ) o f H 2 i s - . T h e i n i t i a ] . a m o u n t o f

caHtz was zero. 
eH, . t .3lt^ i C6 lh:-

a )  0 . 1 3 7  f
b)  0 .411 : ,  i ,nod 3 'o i4 l  P,  3 .ao-  3  (A,  tn)

A g.g1rr a st - 3J!___ -! I*..*t
Y3:33 E, l .oo-r , ' ' ! ; -3} t -v

E l. ou - o.I?7 i s -t T'tSt)/ X = 0.1?1 r"" I

2 c o 2 G )  = 2 c o ( s )  + o 2 G )

Qr".tt:(g ) + 3 r.'ole r 9As
The y ie ld of  dd (S)  in  react idr i  can be maximized by carry ing out  the react j -on
l )  : t  h i c h  1 ' c m n a r i i - l r 1 6  r n i  l . r i a } r4 t  , . - y . t  p f e s s U f e

b]  at  h igh temperature and low pressure
zSr

GJ). t  low temperature and l -ow pressure
d)  at  l -ow temperature and h igh pressure
e)  in  the presence of  so l - id  carbon

24 .  O t  t he  f o1Low ing  subs ta -nces ,  an  aqueous  so lu t i on

'##tt Aii,i',', , ,,9H:-
o f w i l l -  f o rm  bas i c  so lu t i ons .

a )  NH4C l ,  Cu  (NO3  )  2
b )  K 2 C O 3 ,  N H 4 C I

c)  NaF onl -v
/-A

GPNar, K2CQ3
e )  N H a C I  o n l y

r a  c h a ^ l -  i  r r a  l  r r

a )  0 . 0 0 0 6 0 ,  - 2 . 6 2
b )  0 . 0 0 1 2  ,  + 2 . 9 2

f fS,o .0024, +r.r . .38
\ : t - o  . 0 0 2 4  ,  + 2  . 6 2

e )  0 . 0 0 1 2  ,  - 2 . 9 2

F + Dt+

) , (  2

M and

?" j ;
26 .  A t  a  ce r ta j -n  t empera tu re ,  a  f i - ask  a t  equ i l i b r i qn  con ta ins  0 .0114  M HC. l - ,  0 .0931  M C I2 ,

0 . 0 1 5 4  M  H 2 .  W h a t  i s  t h e  v a l u e  o f  K .  f o r  t h e  e q u i l i b r i u m :  2 H C l ( g )  +  C I 2 G )  +  H 2 G ) ?

f; l;i13' a.H c4 st ) U, (n i *
Y t  1 . 6 3  x  1 0 - s
d)  6 .25  x  toa  E,  O,  o l l \  A ,  0X3 |
e )  0 . 1 2 6

#,Q,
Q,  o t t ?

u<0(o .onDq o

te<,, ,
NaF

C o i - + H . o ? N c o r+ ot+

Y  / h 6 :  f t r

5fro"r br,<
2 5 .  T h e  I O H - ]  a n d  p H  o f  a  0 . 0 0 1 2  M  B a ( O H l i s o l _ u t j - o n  a t  2 5 o C  a r e(:7+

fo+ )  =  &-  x  o .  D l lL  L  ,D.o  D2?

L " 1  C '  o o t v

:  )  l .3 t

\1
t \ L  *

. - j - E - + .

la , o l('l-J*
!

t l ,
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The  equ l l i b r i um cons tan t
equi l ibr ium constant .  for
J A + Z b Z U + . E ;

Z U + I ! J A + Z E

a )  5 . 7 8  x  1 0 - 2

b )  4 . 2 2  x  I 0 - 3

c L  1 . 7 8  x  1 0 - s
. , a t ^ ^ -
(S)t/ zJ t

e )  T h e  r r a  l r r a  n f  K av t

f  n r  r o r n f  i  n n  / ' 1  \
\ f ,

r e a c t i o n  ( 2 t  i s

l )
KELs

b e l o w  i s  4 . 2 2

cannot  be determined f rom the data q iven.

x  1 0 - 3 l,'ne vafue of  the

( 1 )
( 2 )  

r
---L'-- -3

L1,711\/o

28 .  Ca l cu fa te  t he  pH

"l \-l:1 bl-:4
b )  8 . 9 4  

' 4
.-^ T( c \  4 . 4 1
Vo /  t . J z  c
a t  -  |  a  Iv t E

z Y . 0 . 1 2  M
3 . 2  x
4 . 8  x
1 . 8  x
4 . 8  x
8 . 6  x

o f  0 . 0 3 8 5  M  h y p o c h l o r o u s

H c/oQil = /+f
O .og (8  0

o , o 3 S s - x  x

a c i d .  ( K a  =

+ Cl-0-
o

* y
,K

ry

3 . 0  x  L 0 - 8 )

3 . O Y / o ' 8

)x

J-') tO s

- I/r')
7l+=

Wt{at is

X <

0 .  0  3 S 8 -  X

= 3 , 3 p l / ' ,
' Lo2 - J -=  ? ,  ?€
the Ku of  th is  ac id?A

b )

. l \
.1
r e i

so. l -ut ion of  a par t icu l -ar  weak acid
r o - 3  r l r ,  +  l - l o  +  X -, o - ,  r  
i r - ;  : Lo . ra .  o  o
io-r ,  c  -X rX t -X
l - 0 - 5  F  A  r - \  - V  V  /  '

L  U , l , t -  ^  / \  - a . 1 t l

\ =  l U  = 0 .
the fo l - lowing ac ids is  not  a s t rong

h a s  p H  =  2 . 4 9 .

K" 0 -

o 0 3 a Y
acid?

u , l ^

k :
I  r l -

. D n l q
x
{n
t v =

Io ,  o o  3 1 - ?o .  i ? ,  -

Q),1 H2co:
b)  H2Soa
c)  HNO3
d )  H C I O a
a \  I la l
v /

31 .  N i t r osyJ -  b rom ide  decomposes  acco rd ing  to  t he  f o l l ow ing  egua t i on :
t .

2NoBr  ( s )  =  2No  (S )  +  e r2  ( v )

A sample of  NOBr (0.64 mol)  was p laced in a 1 j !9_L
equ i l i b r i um the  f l ask  con ta j -ned  0 .46  moL  o f  NOBr .
respect j -ve ly ,  are in  the f l -ask at  equi l ibr ium?
a )  0 . 1 8 ,  0 . 1 8

h )  0 . 4 6 , 0 . 2 3  ) N O B t  €  a f v O
4)  o . ra ,  o .oeo - . , -  ? i  r  h j  0
d )  0 . 1 8 ,  0 . 3 6 0  J .  ( , "  " l
e )  0 . 4 6 ,  0 . 4 6  

C ,  
-  J _  X  

t ; U (

E, 0.6?-a,x J- x

o.6Ll -dx = 0"/{

f l - ask  con ta in ing

How many mol-es of

f Bn'
o

tx
X

no  NO o r  B r2 .

NO and Br2,

t l

LX=0.X = O,Oq
X= o' of
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32.  Consider  the fo l - l -owing equi_ l ibr ium:

2sO2G)  +  o2 (v )  ;  2So :  (9 )

From which of  the fo l lowing star t ing condi t ions would i t  be impossib le for  th is  equi l - ibr ium
to be achieved?
a )  1 . 0  m o l -  S O a  ( S )  i n  a  l - . 0 - L  c o n t a i n e r .
b )  0 . 2 5  m o l  S O 2  ( V ) ,  0 . 5 0  m o l  0 2  ( 9 )  ,  a n d  0 . 1 0  m o l -  S O :  ( g )  i n  a  l - . 0 -  L  c o n t a j - n e r
c )  0 . 2 5  m o l -  S O 2  ( S )  a n d  0 . 2 5  m o l  O 2 G )  i n  a  1 . 0 - L  c o n r a i n e r
d )  0 . 5 0  m o l -  O 2 G )  a n d  0 . 5 0  m o l -  S O t  ( S )  i n  a  1 . 0 - L  c o n t a i n e r

^/-ir-
( e )  )Equ i J - i b r i um can  be  ach ieve . l  f r nm an r r  n r  t \ ssg  s ta r t i ng  cond i t i ons .

33.  What .  is  the concentrat ion ( in  M) of  hydroxide
a )  4 . 2 8 2
b ) ^  9 . 7 1 8

@ t . 9 i  x  1 0 - 1 0
d )  5 . 2 2  x  l } - s
e )  1 . 6 6  x  1 0 4

?DH= 
1?-  r f t

'  
\ f l " ) :  / c :

l  n n q  I  n

.-
I t

f .7 t (

a  so l -u t j - on  a t  25oC w i th  pH  =  4 .282?
1 l  r ,
/  r v

=


