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100 E, = 3.0 - e D 1
1 LBroy 6 [BIOS] [H*]“ ( )
E, = Egoy-298950 [H:S0,) @)

2 T[SOFI[H ).
(1)x6+(2)x2(E,=E;) [H*] = 1.00

63103+ 2E5o; - 0,059 log LB 1L B803 ]

8E =
: [%;][,Sgﬁ
g _ SEfo3+2ES]
_ 8
_ (6x1.45)+2x0.17)
8
= 1.130 V
3 0.1 } 10
l = e———— . T
01 -[BrOJ} 5 (Br) = oo
E = 1.45-0039,,, [Br)
6 [BrO31[H* ¢
[H*] = 1.00
0.059 , _ 10
E = 1.45-9059,, 10
6 8o
= 1430 V
e 0.5 - 10
1 B =03 . = 10
05 [BrO3} = 22 N ; [Br] = o0c N

0.059, 10
E = 1.45-9:059,, 10
S-T¢ leegs

1.437

fl
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110 [BrO;] = - N ; (Br) = 4% N

Tnmstunesd o

1.5 1
14 1 ‘r"
1.3

1.2

101
0.9 1
0.7
0.6 1
051
0.4
031t

0.2 M
!

0.1

0 20 40 60 80 100 120 % Munsua

f) H;As0, mmsady ce (luansazaensa H,50,) 19 HAs0, fu ce

Ce* +e == Ce» E° = 14V
H3As50,+2H" +2e = HAsO,+2H,0 E° = 0.559 V
2Ce* +HAsO; + 2H,;0 = 2Ce™ + H,A50,+2H*
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1
Wwa'lnunsud
0.100 N Ce*
(cm?) E
10 [HsA$0;] = -~ N, [H:;As0,] = —— N
o ° 110
E = E.,_O.059 log [ H3As0;5 ]
2 [ H;AsO, 1 [H']?
[H*] =1
E = 0.059 - 2:059 42
2 1
=05V
20 [HsAs0;] = <& N, [HAs0,] = <= N
120 ’ 120
- 0.0%9, 8
E = 0.559-232 103
= 0.541 V
50 [ H3As0,] = [ H,AsO,]
E = 0.55 V
S - 2
_ _0.059, 1
E = 0559-93210g ]
= 0.587 V
95 [HaAs0;] = &3 N [HsAs0,] = 23 N
195 195
- 0059, 0.5
E = 0.5%9 5 logg.5
= 0597 V
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99 [H:As0;] = &4 N [H:A0,] = 22N
0.059 0.1
E = 05592221053
= 0.618 V
3
_ 1.44+2(0.559)
3
= 0.853 V
T ey o 10
101 {Ce™} 301 N ; [Ce*] 301
E = 1.44-0.059 log(—:—ol
= 132V
4 = 0;5 . 3 = .I_O_
105 [Ce*] = 22 N ; [Ce*) = o
E = 1.44-0.05910301%
= 1.363 V
. w1 »y o 10
110 [Ce*] = 55 N, [ce*) = 52
E = 1.44-o.os9logll‘-’
= 1381 V
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TnmsFunesd o
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0 20 40 6 g 100 120 % Tnunsud

g HS Inmsady ce (uensazmonsa na) Wi s uaz o

Ce* +e = Ce* E° = 128V
S(s)+2H*+2e = H,S E° = 0.141 V
2Ce* +H,S = Ce* +S(s)+2H*
WSunalmumsud
0.100 N Ce* E
(cm®)
9
10 H,S] = —
[HaS] T
E = po_0.059  [H;S]
3 log (A
[H'] =1
0.059 9
E = 0.141-2222 jog 2
7 %i0
= 0173V
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8
2 H =
0 [HsS] 120
_ _0.059 8
E = 0.141 - loglzo
= 0.176 V
. 50%0.1 1
H = = e
50 [H:S] 150 Tk
0.059 , 1
E = 0.141 - 297 15, L
2 B3
= 0.185V
1
= —N
90 [H,S] 190
0.059 1
= 0.141-2922 150 1
E = 0.141-=5"log o
= 0.208 V
' 0.1
9 H N |
9 [H;S] 799
B _0.059 0.1
E = 0.141 5 log 159
= 0238 V
lm E - E?‘E4'+3ZE?”S
_ 1.2842(0.141)
3
= 0521V
. 0.1 3 10
—3 ——-N = m—
101 [ Ce™} T , [ Ce ] 201
E = 1.28-0.059 logl—lg
= 1.162
' 0.5 10
0 4+ — "'—N 3+ - LY
108 { Ce™ ] 01 y [Ce™ ] 308
10
E = 1.28-0.059 log .2
8 0s 030.5
= 1203V
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110 [Ce*] = E:T)N'[C"-J‘l - 211%

E = 1.28-0.059 |og‘T°

1.221 V

minstuines g

13t
1.24 P@’
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E ool
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% Tnunsua

h Ti* ninsany Fe(CNy (lugisazenunsa) W TiO, 1y Fe(CN)Y

456

Fe (CN)}" +e = Fe (CN)¥ E° 0.71V

TiO* +2H*+e = Ti** + H,0 E° 0.1V

Fe(CN)¥ + Ti** + H,0 == Fe(CN){ + TiO* +2H*
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YSualnunsua
0.100 N Fe(CN)y E
(cm®)
10 Ti*] = —~?-N, i0*] = L
[TE] = N {Ti0™ ] = 15N
13+
E = E°-0.059log — LI 1 __
[ TIO* JIH*)?
[H*] = 1
E = 0.1-0.059 log %
0.044 V -
20 T'y —SN’ o L = _2.
[Ti*] = 2N, [Tio*] = LN
E = 0.1-0.059 log g
0.065 V
50 [Ti*] = [TiO¥]
E = 0.100V
9 [Ti*] = -LN,[TiIO*] = 2N
9 19
E = 0.1-0.059 log%
0.156 V
o5 ] = 95N [Tiow - 93
[T™] = N [Ti0* ] = o8
0.5
E = 0.1-0.059 log &2
%35
0.176 V
. 0.1 . 9.9
99 Ti** == N = ==
(Ti*] = SN (Tioj) = 22
0.1
E = 0.1-0.059 log %}
€99
0.218 V
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= 0.405
—y - 01 PRT)
101 [Fe(CN)T ] = 2011\1,[&:(0\1.).i ] = 5N
_ _ 10
E = 0.71-0.059 log }
= 0.592V
105 F = 93 £y = 10
[ Fe (CN)s 205N.[FC(CN)¢. ] 20-5N
= ~ 0 10
E = 0.71-0.059 log 5%
= 0.633V
110 [Fe(CN)'] = =L N,[FecN)*}] = 0N
310" 210
E = 0.71-0.059 Iog%)
= 0.651 V
Tynsvunosw n)
0.7
&
0.5 I
E
0.4% db
0.3
0.2¢
0.1
0 + -+ + t >
20 40 60 8 100 120 % Tnunsud

458 CH233(H)



10) R mImInNAewsauesn1sininse (itration error) lumsininse re* dp
sn** \§ie 14 m-bromophenol indophenol (B, = 0.25 V) iludufimans

ANl

2Fe* + Sn»* = 2Fe?* + Sn*

Ep + 2B,
3

_ 0.771+ 2(0.154)
- 3
0360 V = Eyuen = Es, = Ep, = E,

Eﬁ'wﬂmgn

‘ -t - al 1
uatums Inmsniiofogagdssdim  E_ = 025 Vv
d a ay
nyagdeziii B, = B, = 025 V
\ d
y Ao iawauluaued Fe mndosnnmsinmsa

g+
. a ' 5, S a &
. 1-Y fio inwauTunves Fe* maduninmsininia
[Fe] _ 1-v
[Fe*] Y
0.059, [Fe*]
E = - lo
E;e 1 g[FCJ*]
1-Y
0.25 = 0.771-0.059log ~—
1-Y _ 0771 -025
log"—~ = 0.059
- 883
1Y _ 6.76 x 10°

l-Y = 676x10°Y

_ 1 _ g
Y = 6 76 x = 1.48x 10

4 .
Tuiie x fie (myduvoamsgninmsaves Fe*

o IA -,
s Tuaved Tnunsuan iy
suu lravesaisdloy e

) ¢e - -] o 24 o -, &
Yinalnmiuafidnfe YSunuves[Fe] Mifavu
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Winaesded s fis USinuves [Fe) fipady Twdmfinaves [Fe*]
findo
_ [Fe?*)
"~ [Fe] +[Fe¥)
[Fe*] +[Fe?]
[Fe?]
[Fe*]

Eod L
|

| v
H

|" ||.<
!

e’

+

1
= 1-1.

N

8x 107

{x - 1) x 100
[(1-1.48x10°)-1)] x 100
-1.48x 107

% titration error

!, % titration error

i

11) ioﬁ'lmmmmwﬁmmwaamv‘lnmmtﬁalﬁ diphenylamine sulfonic acid 1w
SudaunnFunsnirininsasneluil ,
a) 250 QU.TU. %89 0.02 M Fe* @t 0.01 M Sn*
b) 50.0 8U.UY. U9 0.10 M H,As0, #3tf 0.10 M Ce*
c) 30.0 RY.WY. U8 0.05 M Cr,03 42 0.10M Sn®*
d) 25.0 SU.47%. Y99 0.10 M Fe** @0 0.10 M Ce*
€) 50.0 K., U83 0.01 M Fe(CNE™ @2t 0.01 M Ce**
suuiituarTasaasenmtinnsadiaududuves HCl = 1.0 M

Ao

(swiedo ) ung b))
J o~ ol (4 L3 - - L .
a) AN 14.2 'lunuﬁommmm'n | YU 576 DUAIAIADS diphenylamine
sulfonic acid ﬂfh

E°=0-85V#§:Esys:EFe:ESn
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T8 E vodlnumsud

0.059  [Sn*]
Bo = B3 loggay

0.059 . [Sn*]
0.85 = 0.154- o
2 s
0.059 , [Sn*]
lo = 0,154-0.85
2 %50
| (v} /o.s4-0.85 ) x2
8 Tsn*] 0.059
= 2350
Sn**
["4] - 2.57x 10
(Sn*]
o] - ] [Snb] a ¥ - o
neayd ey 558 Awnsenldd RervduTuavedlnunsuddau
n
- :i [ ] ¥ JA . 4‘ «l ) 1
wunhignInimsn (dwnidugaauyn) = -1 93 x Swnnh |
I [Sn?']
. % titration error = = x 100
[Sn4¢]
= 2.57x 107%* x 100
= 2.57x 1072
b) Ce* + e = Ce E =170 v

H,AsO, + 2H' + 2e = H;AsO; + H,0 E = 0577 v
a = ool Yol 3
dudmeinlslim B - 0.85 V
n . d
TN E vod H,As0, Ngnlnimsa

0.059 [H;As0,]

E = E°-
2 [H3A504]
0.85 = 0.577-y log [HJA—SO:’]—
[H;AsOf
H,AsO
0050, 1o FBASOS 37185
2 [H;As0,)
log A0S (0.577-0.857
® [H,450] 0.059

CH 233 (H) 461



-9.25

H;AsO
HAO] ¢ awioo
[H;AsO,]
d o H,AsO;] o . o 3 do
figayd irvdu (A0 2o suniddh B e Tuavesmssaosaitda
[H;AsO]
hd 1 4 J J
gn'inman (Galifagamuye) = -1 ¥ x dandesnh 1
H3;AsO
(X [3—3] = (X'I) = “5.62)(10-10
[H; AsO,]
Oy titration error = =562 x 107! X 100

~5.62x% 1078
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1) Vanadous ion, V**, can be oxidized in three discrete steps to VO,* in 1.00 M H* by
Ce**. If 20.00 mL of 0.01142 M VSO, is being titrated with 0.03891 M Ce**, 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 (f) at third equivalence point
(c) after addition of 7.50 mL (g) 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 aiquot of a mixture of 0.03140 M FeCl, and 0.1108 M TiCl, buffered at pH
2.00 was titrated with 0.03442 M K,;Cr,0,. Cdculate the electrode potentid of the solution
after the addition of the following volumes of titrants.

(a) 10.00 mL (¢) 30. 00 mL (d) 40. 00 mL
(b) 20. 00 mL

3) Is there any chance that K,Cr,0; could be used to titrate CrCl,? If so, specify the generd

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(NO,),.

OH OH
0 PO CHCHOH + F' — 0 CHCH,OH + Fet* (Unbalanced)
HO OH 0) 0]
ascorbic acid dehydroaecorbic  acid

The electrode potentia 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 el ectrode potential have been if the HCl solution was 0.100 M?
5) The electrode potential of a TiO** | Ti** half-cell depends on pH.

(2) Does this mean that TiO** or Ti** could be determined by titration with an acid?
Explain your answer.

(b) Calculate the eectrode potential of an equimolar mixture of TiQ** and Ti** at pH
values ranging from 1 to 7 in |-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
difference for the titration of 25.00 mL of a solution containing Fe** at the following
concentrations with Ce** at the same concentration as the Fe®*.

(®) 1.00 x 10°' M () 1.00 x 1073 M (¢) 1.00 x 10-s M
7) Calculate the potential at 25°C of a cell consisting of an see and an Ag/AgCl indicator
electrode dipping into a titration vessel, which initially contained 50.0 mL. of 0.0150 M Na(}), after
the addition of 5.00 mL of 0.100 M AgNO,. The sce 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 MnQO,~ at pH 4.00 and 25°C.
9 Calculate the potential at 25°C of a cell consisting of an sce 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, 15.00, 17.00, 19.00, 20.00, 21.00, 23.00, 25.00,
30.00, and 40.00 mL of 0.0500 M Fe?*. Plot the titration curve and indicate the equivalence point.
The sce 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 glasspH €electrode. Calculate the original concentra-
tion of hydrochloric acid.

NaOH volume, mL pH

4.00 112

9.00 130

14.00 1.50

19.00 188
21.00 214
23.00 250
24.60 6.97
25.00 11.01
27.00 1155
29.00 11.80
35.00 12.16
40.00 12.33
50.00 1261

11) Calculate the potential at 25°C of a cell consisting of an sce (negative terminal) and a platinum

wire indicator electrode dipping into atitration vessel, which initially contained apH 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 neutrdized solution was reacted with a lage excess of potassum iodide as shown
in the following equation:

2Cu? ++ 417 = 2Cul + |

The iodine liberated from the reaction required 24.30 mL of 0.1000 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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