
K,
4

= b4’1bJ2+12
[A~+][M~+]~

IUWWh~ [A2+] ,,,‘io =
50 x 0.10 - (0.20 x 49.95) x ;

99.95

s 5 x 10-S

pA = 4.30

. [A’+]  = 5x IO-’. .
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:. [M’+] pAi7ndln,n5o,iiw 0.2x0.05= =
01 100.05

1 x IO-4

oinJijGuln75lntnso

A2’  + 2M” --L  A4’  + 2M2’

ih5ful1n'il d0n~5ln~n5kdn~5rth  [M’+]  Gugnnuyn  Ild+N+  fU !"i

n”mshnsm&:~  [Mu+]  WI: [A~+]  &&hf%~d%~x~~  [A”‘] hh~~u~ow

l%JPh

’ [A4+]  = ‘;$.;;.  .

= 5x10-2 M

[M2*] = 50x0.1x2
100.05

= 0.10 M

wwiivii4  q n4lunufmfh I&

&I = (5 x 10-Q  (0.1)’
(5 x lo-‘)(l  x 104f

= 1x10”
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log Keq  = ME”,  -E”,)
0.059

b) [B3’l  = lo0
0 . 1 0 x 0 . 0 5  = 5x lo-5

[Fe3+] z & = 5 x 10-z

[B’+] P &- = 5x IO-*

[Fe3*][Bz*]
%,  =  1x1@ =  [&*][B3+]

= (5 x 10-q  (5 x 10-q

[Fe’+]  (5 x 10e5)

. [Fe2+] = (5x lo-2) (5x lo-*). .
(1 x 16) (5 x 10-q

= 5~10~  M

o"lU?Uih%l%  Fe” = 5x104x100x56

= 2.8 i%Gins’u
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[Fe’+]  = 8-2(0.1x10)
110

= 5.45x  l(r2  M

[Fe’*]  = 2(0.1  x 10)
110

= 1.81 x 16’ M

[Fe2*1E = EoFe  - 0.059 log ,Fe3+]

= 0.771+2(1.28)
3

:. E;\,n,,yn = 1.11 V
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c )  ,ih?ilJblUn5Uos’  6 0 . 0  tlY.WJ.

[fp]A 4 =
(60x0.10-  ;)

nnwm 160

= 1.25x1(r2 M

8

b2+hi,iin&,  = &

= 2.50x  lo-*  M

LB-1E = F$!ylog-
iB4’1

= 1 . 2 8 - F  log2.50 x lo-*
1.25 x lo-*

=  1 .27

[Fe)‘]1.11 = 0.771 +o.o591og  ,Fe2’,

[ Fe3’] ‘0.339. .’ ‘og(Fe2’1  = 0.059

= 5.746

Fe3’. ..gzT= 5.57 x ld
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% Fe2’  = 8 100
557x16  x8

= 1.79x10‘4

2-6Fe2’  + Cr207  + 14H’  * 2Cr3+  + 6Fe3’  + 7H20

[ CrtO:-]  J = 0.1 x 0.025
nlnwgRnulJa  = 100.1

= 2.5x10-’  M

3.00x2
[Cr3+l  = rm.l

= l.oOxlO-2 M

E = E;, - yog [Cr $+;:+I  ,4
2 7

= 1.33-q& (1 .OO x 10-y
(2.5 x IO-‘)  (1)14

= 3x10-2

E  =  E;/O.O5910#
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1 . 2 7  =  0.700-0.059log  ‘$

0.059 log[Fe’+]  = 1.27-0.700-  1.523

= -0.953

log[Fe*+]  = -s

= - 16.152

[Fe”]  = 7.1x10-"

h?U&lh%J  Fe”  &&XI~ = 7.1 x 10-I’  x 100.1 x56

= 3.98x lo-” ikGf6.J

?%I  l.OM

a) 5.00 AU.%IU. f) 25.10 RlJ.‘ll%J.

b) 12.50 tUJ.llU. g) 30.00 AlJ.mJ.

c) 20.00 AlJ.mJ. h) 40.00 RlJ.TlU.

d) 24.95 R¶J.IIU. i) 50.00 W.TlU.

e) 25.00 RLI.lW.
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10) aJ~lu?~~lcr?7uij~~RlFluoJn?rmmra  (titration error) hldYltnr9l  Fe”  &XI

Sn*’  &‘La’  m-bromophenol indophenol (g,,  = 0.25 V) t~U’iU?itfN~0~

2Fe” + Sn*’ f 2Fe*’ + Sn4’

= 0.771+ 2(0.154)
3

1 - Y
0 . 2 5  =  0.771-0.059log  y

1 - Yl o g  y = 0.771 -0.25
0.059

= 8.83

1 - Y- = 6.76~108
Y

I - Y  =  6.76~10%’

Y = 1
6 . 7 6 x

= 1.48x 1O-9

Iut&  X ii0 tffuzi?uvo~nisc?nrntn~~~~~  Fe3’
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[Fe]. .
’ = [Fe3*]  +[~ti]

1 [Fe3+]  +[~8]
j; =

[Fez’]

= w+l+1

[I@+]

* ; = (A)+1. .

1=-
1 - Y

X =  1 - Y

= 1-1.48x 1tP

% titration error = (x - 1) x 100

*. . Vo titration error = [(I-1.48xl(r9)-l)]XlOO

= -1.48x 10-7

11) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  diphenylamine sulfonic acid LOU

^au~mtno~uYoJn,r’lntn~u~*~~~  ,

a) 25.0 RY.lIU.  llOJ 0.02 M Fe3’ ii?0 0.01 M Sn”

b) 50.0 WlJ.W.  YIUJ 0.10 M H3As@ 8T.l  0.10 M Ce4’

c) 30.0 cJY.W.  UDJ 0.05 M Cr& ii?U 0.10 M Sn”

d) 25.0 61ll.WJ.  YIOJ  0.10 M Fe”  /i?U 0.10 M Ce4’

e) 50.0 RU’IIU. 2105 0.01 M Fe(CN$  &fJ 0.01 M Ce4’

~~~~~l~UUl~~~~~U~cJocl~~t~~l~~~~~?l~tY’u~U’uuoJ HCl = 1.0 M

(lRtd0 a) IlnZ  b))

a> OltJA711Jd  14.2 %&4d0l&lfl~l~H’  I V&l 576 %.&WlQ~  diphenylamine

sulfonic acid dn’l

l? = 0.85 v 4, = &,,, = F& = I&
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[ Sn*+]

log [ Sd’]
0.154-0.85--=( )x2

0.059

= -23.59

[ Sn*+]
- = 2.51x  1O-24
[St++]

. % titration error =. . ISn“jxlOO
[ Sn4’]

= 2.57x  1O-24 x 100

= 2.57x  IO-**

b) Ce4’ + e * Ce” l?=1.70 v

HjAsO.,  + 2H+ + 2e * HIAsOs + H,O EY = 0.577 v

5u~r"dMJfi7 F = 0.85 V

b%hWn'l  E VEJJ  H,AsO~ dQ”hWI

E = E”-y,og [%AQl

[I-b As041

0.85 = 0.577-y log ;;;;z;
3 4

0.059--y- b3 [H&OS]
[HMh]

= 0.517-0.85

log
[H&O,] = (0.577-0.85)2

[ %A~041 0.059
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. [J-hAsQ~. .
[ % AsO,]

=  ( x - l )  =  -5.62~10-‘~

Vo  titration error = - 5.62 x 10-l’  X 100

= -5.62x  lC*
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1) Vanadous ion, V2+, can be oxidized in three discrete steps to VOs’ in 1.00 M H+ by
Ce4+. If 20.00 mL  of 0.01142 M VSO, is being titrated with 0.03891 M Ce4’, calculate
the electrode potential of the half-cell solution at the following points.
(a) after addition of 5.00 mL (e) after addition of 15.00 mL
(b)  at first equivalence point (0 at third equivalence point
(c) after addition of 7.50 mL (a) after addition of 20.00 mL
(d)  at second equivalence point
Select an indicator that could be used at each equivalence point.

2) A 50.00-mL  aliquot of a mixture of 0.03140 M FeClr and 0.1108 M TiCls buffered at pH
2.00 was titrated with 0.03442 M K2CrZ07.  Calculate the electrode potential of the solution
after the addition of the following volumes of titrants.
(a) 10.00 mL (c)  30.00 mL (d) 40.00 mL
(b) 20.00 mL

3) Is there any chance that K2Cr207  could be used to titrate CrC12?  If so, specify the general
conditions and write a balanced reaction for the titration.

4) A sample of pure ascorbic acid (vitamin C) weighing 283.4 mg was dissolved in 29.00
mL  of 1.00 M HCl and treated with 25.00 mL  of 0.06441 M Fe(NOs)s.

OH

,O
I

0

7-T
CHCHzOH

-

HO OH

+ Fe)’

OH

-
0 CHCH20H + Fe2+  (unbalanced)

ascorbic acid dehydroaecorbic acid

The electrode potential of the half-cell solution was 0.390 V.
(a) Calculate the standard electrode potential for the ascorbic acid half-cell.
(b)  What would the electrode potential have been if the HCl solution was 0.100 M?

5) The electrode potential of a TiO*+  1 Ti”+  half-cell depends on PH.
(a) Does this mean that Ti02+ or Ti3+ could be determined by titration with an acid?

Explain your answer.
(b)  Calculate the electrode potential of an equimolar mixture of TiO’+  and Ti3+ at pH

values ranging from 1 to 7 in l-unit increments.
(c)  Plot the electrode potential versus pH and determine the slope. of the line.
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6) The  difference in electrode potential at 95% and 105% titrated can be taken as a rough
measure of the size of the equivalence-point break in a titration curve. Calculate this
diffetence  for the titration of 25.00 mL  of a solution containing Fe*+ at the following
concentrations with Ce4’  at the same concentration as the Fe*‘.
(ii) 1.00 x 10-l M (b) 1.00 x lO-3 M (c) 1.00 x 10-s M

7 ) Calculate the potential at 25°C of a cell consisting of an see  and an Ag/AgCI  indicator
electrode dipping into a titration vessel, which initially contained 50.0 mL of 0.0150 M NaCI, after
the addition of 5.00 mL of 0.100 M AgNO,.  The see  is attached to the negative terminal of the
DVM.

8) Calculate the potential (relative to the standard hydrogen electrode) at the equivalence point
for the titration of Fe’+ with MnO,-  at pH  4.00 and 25°C.

9) Calculate the potential at 25°C of a cell consisting of an see  and a platinum wire indicator
electrode dipping into a titration vessel, which initially contained 20.00 mL of 0.0100 M  MnO,-
buffered at pH  4.00, after the addition of 5.00,  10.00, l5.00, 17.00, 19.00, 20.00, 21.00,  23.00, 25.09,
30.00, and 40.00 mL of 0.0500 M Fe’+. Plot the titration curve and indicate the equivalence point.
The see  is attached to the negative terminal of the DVM.

10) The following data were obtained from a potentiometric titration of 50.0 mL of hydrochloric
acid with 0.100 M sodium hydroxide by using a glass pH  electrode. Calculate the original concentra-
tion of hydrochloric acid.

NaOH  volume, mL pH

9.00
14.00
19.00
21.00
23.00
24.60
25.00
27.00
29.00
35.00
40.00

1.12
1.30
I.50
1.88
2.14
2.50
6.97

11.01
11.55
11.80
12.16
12.33
12.61

11) Calculate the potential at 25°C  of a cell consisting of an see  (negative terminal) and a platinum
wire indicator electrode dipping into a titration vessel, which initially contained a pH  2.00 solution of
20.00 mL of 0.0105 M Fe’+, after the addition of 4.00 mL of 0.0105 M potassium permanganate.

12) A 1.000-g sample of a brass was dissolved in nitric acid and boiled to near dryness. The
resulting solution was dissolved in about 25 mL of water and neutralized by the addition of ammon-
ium hydroxide. The neutralized solution was reacted with a large excess of potassium iodide as shown
in the following equation:

2Cu’  + + 41- = 2CuI  + I 2

The iodine liberated from the reaction required 24.30 mL of O.looO  M thiosulfate solution to reach
the endpoint of the potentiometric titration. Calculate the percentage by weight of copper in the
brass.
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