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16.2. hXh Oxidation  Reduction TitrationsLLI=115857015yblP)

(1) frl~~t'lLt'l7T1~Ldfl3~aJ~lJ  Permanganate ( MnO,.)

2Mn0,. + 5H&O,  + 6H’ === 5Mn” + 8H,O  + 1 oco, t

(2) ~~~~~~IIwI~~J&&I  Dichromate  ( Cr,0,2w)

2Cr,0,2- + 3C,H,OH + 16H’ === 4Cr 3* + BCH,COOH  + 11 H,O

[Ce(SO,&  + [Fe(CN)J4-  === [Ce(SO,&  + [Fe(CN),f-

(4) ~~~h?~dkb&Jn'rJLI  Iodine : lodimetty  - lodometry

Red, + [la]- === ox ,  +  31- (lodimetry)

0% + M- ===  Red, + [is]- (lodometty)

u31-  2-+ w3 ==ii  31-  + s,o,2-

H&O,  + [Id- + H,O ===  HAsO,*-  +  4H+ +  31-



H,AsO,  +  31-  +  2H+ === H&O,  + [Id- + H,O

= = =  3 1  +  s,o,
2-

‘NO, KMnO,

Na2C204 KMnO,

Fe KMnO,

Fe C43OJ2

Fe K2Cr207

K2Cr207 Na2S203

cu

As203

Na2S203

12

SH,AsO,  + 2MnO,-  + 6H’ = 2Mn*’  + SH,AsO,+  3 H,O

5c*od2- + 2MnO,-  + 16H+  q 2Mn*+  + 1 OCO, + 8 Hz0

5Fe*+  + MnO,- + 8H’ = 5Fe3+  + Mn*+  + 4 H,O

Fe”  + Ce4+ = Fe3+  + Ce3+

6~~3”  + Cr,O,‘-+  14H* = 6Fe3’  + 2Cr3*  + 7 H,O

Cr,O,*-+  61‘  + 14H’ = 2Cr3’  +I2 + 7 H,O

2cu*+  + 41‘  = 2Cul  (s) + I*

I, + 2s,o,*-  = 21-  + s,o,2-

HAsO, + I2 + 2H,O  = H,AsO,  + 2l- + 2H+



513

Tris(2,2-bipyridine)ruthenium  (II) hiau

Tris-( 1.1 0-phenanthroline) iron(H) Aidau

Diphenylaminesulfonic acid l?JWlJ

Diphenylamine Ii-J,

Methylene Blue lilt%.4

lndigotetrasulfonate &GU

Phenosafranine LLRJ



MnO,- + 8H’ + 5e- === Mn2+  + 4H,O

irUuMUnl5Wl~al7~llOJ  arsenic (Ill) LLB::  As,O,

As,O, + 20H- ===  f&O,-  + H,O

2AsO,-  + 2H,O z==  Aso,- ++ 4H + 2e-

5AsO,- +2H,O  + 2MnO,-

mhwni~  (16.5) aetkii

5 mole AsO,-

LMi 1 moles As,O,

(16.2)

(16.3)

(16.4)

==z  5AsO,- + 20H-  + 2Mn’+  8 H,O (16.5)

= 2MnO,-

= 2 mole AsO,-

<J&4 512 moles As,o, = 2 mole AsO,-

5 moles As,O, = 4 moles MnO,-



F e

M O

Ti

U

V

A s

Sb

‘-‘,C,O,
Mg,Ca,Sr,Ba,Zn,Co

HNO,

2M03+  +H,O  = HMo,O,+  + 11 H’ + 60

Ti3’ + H,O  = Ti02* +2H+  +e

lJ4’ + 2H,O  = UOz2’+4H’+2e

V02+  + Hz0  = V0,‘+2H’+e

H,AsO, +H,O  = H&SO,  +2H’ +2e

H,SbO, +H,O  = H,SbO, +2H’ +2e

H,C,O,  =2H’ +2CO,(g)  +2e

H,C,O,  =2H’ +2CO,(g)  +2e

HNO, + H,O  = NO,.  +3H’ + 2e-

H,O,  = 2H+ + O,(g) +2e

S2- +f3OH-  = SO,‘-  +4H20 +8e-

h~n~~'lu  H,SO,

jW3lfTiau~~tlrFIu~ttantaai

l?il~‘Lw  Fe3’  ulnliiuwatt&

bIlnm’lq~  Fe”

j~7ririaum’?urauff”ittanl~ai

tfhh Fe3’  uintiiuwattRi

bIlnmbqd  Fe”

i2i7~~friou~~iuTPu~tta~t~a~

aan%~rmlicil’?uain7~  ~ntnmh

1 M H,SO,

i?d-iauh.I  Bi i&mai

YlntnmhuwrJ

~ntnmlnum

htnmlmum~

tilnnrnautilurRft-aan~t~~

tt&~tt~uh  H,SO,

1%~  KMnO,umthwattR’?

ihtnsmiiau&

~ntnmlnum~

ltu  KMn0.,bilJmnliiuWa

tt&Intnm~aunt-k



a~~&i?oLh~  arsenic (III) oxide (MW=  197.84) n<n 0.2033 ?l%JVklJ~a’  KMnO,  iJorthd~~UlWitl

9-m 5 moles AssO = 4 moles MnO,-

0.2033 4 0.2033
- mole As,O, = - x -moles MnO 4 = 8.221 x 1 Oe4 mole197.84 5 197.84

R~XWVKI  KMnO,  44.02 mL ! KMnO,  8.221 x lo-’  mole

Nl7RXWU  KMnO,  1000.00 mL d
1000.00

KMnO, 8.221 x 10e4 x - = 0.01842M
44.02

N KMnO, =
ll.l7mg,  / cm3
55.85mg,,  / meq

= 0.2000 meq/mL

38.82 mL  x 0.2000 meq / mL.  x (134.00 I 2) mgNa c o / meq
% Na,C,O,  = 2 2 4 x l 0 0

520.8 mg

= 99.9%



hldlJil  16.3

rnx?~~ri~~n~n  2.9500 niu knauniu  anhydrous Sodium Oxalate hydrated Oxalic acid

(H&O,  2H,O) ~azr~&tl  ~lUlR~Rl~1~u~luLLAIL~001JF1UdljjUl01~LilU  100.0 mL (thil  rn~

~XWI A ) &~IxWI~  A UI 25.00 mL tiinl~‘lnmwrrbmsazw  0.1020M  NaOH  ~IWJU

25.00 mL

(H&O,  + OH- === C,O,‘-  + 2H,O)

&~mxi~~~u  A din  25.00 mL vfl~~t’lilwn~~UAY?~lnlS~nLnTR~~m5R~R7u  0.1040M  KMnO,

@II&W 49.42 mLPJfhU?tUtd&llUn’uoJ  Na,C,O,  11%  HZC,Od~UmWhOhJ

11036Yll

y mm01

2 mm01

25.00
z mmol x 2 meq/mmol  x -

100.00

z

uw::

= 25.00 mL x 0.1080 meq / mL

= 5.400

5.400 mmol x 2 meq/mmol  x 25.00

Y

ns1t-h Iuai7~~adwJ~znolJmiu

= y mmol x 2 meq/mmol  x 25.00

= 49.42 mL x 0.1040 meq/ mL

= 4.879

5.400 mm01  x 126.07 mgH,C,,,2H,0  / mm01

2950.0 mg
xl00 = 23.08% H&O.,  . 2H,O

4.879 mm01  x 134.00 mgNnIc,o,  / mm01
2950.0 mg

xl00 = 22.16% Na,C,O,



CaCO,  +  2H’  = = =  Ca” +  H,O  +  C O ,

Ca” + CA
2-

=== CaC,O,

CaC,O,+  2H+ === Ca” + H&,0,

2MnO,- + 5H,C,O,+  6H’ = = =  2Mn2’+  8H*O  +  loco,

262.1mg
= 39.12 mL / Nmeq/mL

N = 0.1 OOON

% Ca =
(36.42 - 0.10)mLx0.1000meq/  mLx20.04mgc,  /meq

192.2mg

= 37.8



mmol c,o,i%nmzmau~  gCa
1000.0 mgCa y mgMg

= 40.08 mgCa ’ -Olc204 + 23.04 mgMg ’ -Ok204

= 24.95 + 0.041 15y

Lwntnr~ulumPrrA

24.95 + 0.04115~ 35.75
=-

24.95 33.00

w&w16

Y = 50.5 mg,,  / gcs



AdlJ~  16.6

RIX?IAW  A thu1w  5 0 . 0 0  mL ds:nowhu  NaNO,  11~::  NaNO,  ~l~~liilun~~ltrJ~~nm~olnioRlf

A:R?U  0.2500M  KMnO,,h?U  40.00 mL

(2MnO,- +  5HN0,  +  6H+  = = =  2Mn2+  +  5NO,-  +  3H,O)

tIwixxaiu  A uih  50.00 mL viinls%?ri NO,-  ttar  NO,-  du  NH,  olnhhJlYhn7~~ntn~~

6Jal3iww  H C I  lu’u6i.4  0.2500 M IhU’Il.4  40.00 mL oJfilU?fULkJlfUlih4niuvoa  NaNO,  UR:

NaNO,  ~u~~.Rz~IU  A 1 L

(Y gNa03 / L,

0.069OOg  1  mm01
x 2 meq/mmol  x 0.5OOOL = 40.00 mL x 0.2500 meq/ml

Y = 6.9009  /L

(

6.900gNaNo3  /L ’ gNaN02
+

0.06900 g/mm01 0.08499 g/  mm01
) x 0.05000L

= 40.00 mL x 0.2500 mmol/mL

2 = 8.499 g /L



5 Fe” + MnO,-  + 8H’ ===  5 Fe” + Mn” + 4H,O  ( in l.OM H,SO,) (16.6)

0.059 [Fe+2  1
E = E;e+2,Fe+3  - Tlog  [Fe+3]

(50.00 x 0.0500) - (10.00 x 0.1000)
+ w4no41

E = 0.674 - 0.059 log
50+10

10x0.100

60
-L-o4 1

= 0.674 - 0.059 log 1.50 / 1 .OO  = 0.66V

2. &a.~~a  ( L&J  KMnO,  25.0 mL  )

E, = E”
0.059

Fe+2  +Fe+3  - 1 log
[Fe+2]

[F~z+~]
(16.7)



. Ifi+2  1

[Mno;l~+18
(16.8)

run,>d (I 6.8) x 5 u~:u~R’w&flni?u6~1run1~  (16.7) $nniuua:W*~o

0 . 0 5 9  [Fe+‘]  [Mn+2]
6E, = E;e+2,Fe+3  +5Eotioi,~+2  -llog [Fe+3I  FlnOqIIH+18 (16.9)

[Fe2+] 5

[MnO;]=;  +
[ Fe’*] = 5 [MO‘,]

wit [ Fe+3]  = 5 [Mn”]

UnUfilhJni5  (16.9) LTIW~

0

EFe+3,Fe+2
+ 5E”

fio&fi+2

0.059

Eq

1

= -6 - - l o g6 IPI8 .
(16.10)

~.~TI~ALR~U~~  1 .O M H,SO,  mord  [H’] = 1 .O M UnUfilaJ~Umnl~ (16.10) tm:bi

E, =
0 . 6 7 4 + ( 5 x 1 . 5 1 )  0 . 0 5 9  1

6
- - l o g  - -

6 [1]8  -
1.37 v



5 2 3

E

1 50.00 x 0.500
-0.059

E 1.51 1%
8( ) [Fe+3l75.05

= - - =
1 25.05 O.lOO-  50.00 x 0.05 )+[Fe+2]x(l)  8

1.48 V
5 x

3 ’ 75.05

(n) ilJt~~wtnof~YaJnl~‘1nLnSOlft~~lJR72RtR7u  Fe(lll)  thh 0.0500 N ‘huw 50.00 mL  niu

RII~LRIU  Ce(lV)  t&h 0.1000 N R7’IRL87o~JJroJotilUA*I~~tR~U  H,SO,  t&Jlh 1 .O M

(Y) aJdlU?~FI71Ut~~YU’UYW21ElJrODDU  Fe”. Fe3+ ( ce3+  LLR:: Ce”  +Jyfi

fi1nu,+1’1$Ciy1~++  e-  = I&*+ E” = + 1.695 : Fe3++  e-  = Fe*’ E” = + 0.771

ovww?Jfh  E” (n1nwux-I  C)

URRJ~I  ce4+ + ce*+  rpi%ad  tttx Fe*++~e~+  pmdIari

Fe*++  Ce4+ ===  Fe3++  Ce*+ (16.1 1)

fhnJC(t~?fM~Jd@%Ir7  n7UttiiijnU’lu~viln,~n~~~J  dfhlh%J K = 8 . 9  x  10”

<JJu”url@%Jd  (16.11) ~ulXIMlL%JTbt~n’



E = E&3+,&+ - 0.05910 log log Fe2+1
[Fe3+]

(16.12)

(50.00 x 0.0500 - 10.00 x 0.1000) + rc1p4+
1

0.674 0.05916 log
60.00 L-- 1

= - 10.00 x 0.1000 rp,4+,

1.50
= 0.674 - 0.05916 log -  =

1.00
0.66 V ([Ce”]  hJWlfl~f&JfhiiJiJ)

E, = E;e3+,Fe2+
[Fe2+  ]

- 0.05910 log -
[Fe3+  ]

(16.13)
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&+I
E, = E;e4+,ce3+  - 0.05910  109  rCe4+l

2E, = EFe3+,Fe2+  + E - o.05g1010g  @2+1[Ce3+1
[Fe3+][Ce4+]

C(?WZlpTlilA:rm’

[Fe”]  = [d+]  LLR::  [Fe3+]  = [d’]

11~3~16~1

[Fe*+  1[Ce4+]- -  =
[Fe3+] [Ce3+]

mmmi~  (16.15) tlar (16.16) xi%

E, =
E;e9  ,&2+  + EEe4+  ,,$+

= 0.674 + 1.44 =  , ,06v
2 2

(16.14)

(16.15)

(16.16)

(16.17)



E = EO’
C&,C2+  -

0.05910 log log [Ce3+1
[Ce4+]

25.00 x 0.1000
- [Fez+1

= 1’44  - o.05g16  log  (25.05 x 0.100?~0.00  x 0.0500)

75.05
+ [Fe2+1

2.50
= 1.44 - 0.05916 log o.= 1.28 V ([Fe*+] oinfh;m”>

(b) %!I

+p L710~l~Cc,  =
50.00 x 0.0500

= 0.0333 M
75.00

Wnrund  (16.11)

d?muyrn~ci  [Fe ‘+I = [Ce3+]  = 0.0333 - Fe’+ m 0.0333t.A

utminnmG~w’w4

[Fe2’]
E = 1.06 = 0.674 - 0.05916 log [FeS+l

+qja IFeZ+’  = 3 . 4  x 10“
[Fe3’]

[Fe”] = 3.4 x lo-‘x  0.0333 = 1.1 x 10“  = [&‘+I



mnd 16.2 6hTnulv(+h  (tiuurk~  SHE) YDJnl7~nln7~~nilJ  0.0500 N Fe (II) +IWU  50.0 mL

&u  0 . 1 0 0 0  N  KMnO,

L/%JI~I¶  Yad. KMnO,  (ml) &lurlYm  (V)

5.00 0.64

10.00 0.66

12.50 0.674

20.00 0.71

24.00 0.76

24.95 0.83

25.00 1.37

25.05 1.40

25.50 1.49

30.00 1.50

50.00 1.51

1.3 -

1.2 -

>
$ 1 . 1 -
3
B
a0 l.O-b
Y
a

0.9 -

0.9 -

Q . 7 -

- O.O1OM

I I , I , I
0 10 20 30 40 5 0

Volume MO,-. mL

pd  16.1 mo~YnJn~~~nmsaJrvri7jn7~7~~~lJ 0.0500 N Fe (II) h&1U 50.0 mL ho

0 . 1 0 0 0  N KMnO,



=E”’Fe+3+Fe+* +6ECr  0
0.059

7E, [Fe*+] [cr3+  120  *-+Cr3+ log
2 7

-1 Fe3+l Kr,O~*-I[H +
1

14 (16.19)

d~WU$=m~~~n’il  [Fe*]  =6[ Cr,0,2m]  U&X [ Fe3+]  = 3[ Cr3+]  ttnuci1RJhw-m  (16.19) tu&mu

0.059
E, =

E;‘+i++z  + 6E;r,0,2.,Cr3+
-7log

Wr3+  leq
7 [,+I”

(16.20)



fil E,  ~~cnul~~Filu?~~~~ln~(un15  (6.20) lw~t-hil  [ Cr3’],  bhILI  lhlht9iilnnwrJlu

2. Inuni? qllJ  &lHGJllijiijul

” ” C”Y
FWWUlWlJU

E,  = bE&,,I +~&w, 0.05916- (16.22)
a+b a+b



16.5. &I&Wlt+lGlh  Redox  Titratlcn

n%

0 . 8 5

=  E;e++c+, - -  -
0.059 log [Fe”]

1 [Fe”]

[Fe+*]
=0.674 - 0 . 0 5 9 1 6  log-

[Fe”]

[Fe”]

[Fe”]
= 1.06 x lO-3

[Fe*+] = 1.06 x 1 O-3[Fe3*]

[Fe’2l  = 1.06 x lo-‘[Fe”]

[Fe”]+[Fe”] [Fe”]+l.O6x  10”[Fe”3]c  ““’ lo-’

~J~uSilR7lUiiRW~l~Y~Jnl5~nm~Pliidl~riln’LI  - 1.06 x 1 oe3x 100 = -0.11%



ihLi~d  16.10

BtjOtilJ  cognac 5.00 mL  r?ln75lioolJniorileU~~~l~~~~U  500.00mL  (R15R:RXl A)

!hmm~Ri~~  A ui 10.00 mL  ~luln~uuatriirJlonlU~~~~u~~~~~l~n~~~~J  0.1 OOON K,Cr,O,

4’1uau  50.00 mL  ~Jioniuow?rgnoon~~ilnrfiiluns~o~~~n  fisuitwinthwuoo  K,Cr,O,  dxdd

~&hdfjn”sui  vflnl~~ntn~mniomra~aloUlBlSyFlU  Fe@) tu’uuir  0.1006 N dlu?u  16.24 mL  F)J

dlU?CU  % W/V  llFJJtWllUdU&7l~6WilJ

II .
am7

~~ir”70ior~~~‘~i~~u~u~~~jiJni~~t~~~~

2Cr,O,‘- + BC,H,OH  + 16H+ ===  4Cr3+ + 3CH,COOH + 11 H,O (16.23)

2Cr,O,‘- +  6Fe*+  t  14H’ ===  2Cr3’  +  6Fe3’  +  7H,O (16.24)

;JJu”U  % W / V  YLlJlWllU~Fi’lU~76~i?alilJ

(50.00 x 0.1000 - 16.24 x 0.1006) meq (0.04607 / 4)gC2H50H  / meq
= xl00

5.00 mL(10.00  / 500.0

= 38.77



NA =N
‘.12  gK2Cr207  ’ L

WG’, = (294.19/  6)g / eq

= 0.1250 eq/L

= %ew  =

86.284  gFeS04  .(NH4)2S04  .6H20  ’ L

392.148  1  eq

= 0.2200 eq/L

ffuyfi~  y mL  YOJRIJR~RIU A fu?~~~t~uRJ~U  1000 mL  1IOJRl5RLRW  B blR&%~  Ud?WOJ  Fe

(II) pwxl~~R~tfrilu  Fe(M)  ttAr  (1 OOO+y  ) mL  m~mm3m1  C p-h&4  [ LhloMhI  0.1250

N Fe(ll)]  nyjl.fU meq ?lOJ  Fe(ll)  d~JflJtnijRa$URl~R~RlU  C ~J&ht?h%J  meq llOJ  Fe(ll)  b.Wl7

RtRlU B ~JdFilIkXWl~l  meq WIJ  Cr(VI)  hd@i?u7ilTXll~R:Rlu  A &bfiO

(1 OOO+y)mL(0.1250  meq/mL) = (1000 x 0.2200-0.1250~)  meq

Y = 380.0 mL  URJR’I’IRfRW  A



&d~Un' 16.12

~JF~IU~~UL~OA’IIII~~CCI?IUY?~~VOJ  Potassium ferrocyanide. K,[Fe(CN),].3H,O til#ln~lA73

n’?arh 1.6801 niu n’a~‘lh~xxwx~  ce(lV)h~~h&-Ju  39.63 mL ?-hud~~  WI~~A~AIU  As(M)

50.00 mL~J~xnaw?ho  4.848 nhIaJ As,O,siaijns auyafk  49.06 mL YaJiTI~RtRlu  Ce(lV)

Sh  ~~n”soiuaJni5hnsniio

[Ce(SO,),f  + [Fe(CN),14-  === [Ce,(SO,)$  + [Fe(CN)$

n?l~ru”uuirriluuai~aJ~~~~~l~  As(lll)  ikiitviinir

(16.25)

N
4.848  gAs203 1 L

As@) = = 0.0980
(197.84  / 4kAs203  / eq

N 50.00 mL  x 0.098Omeq  / mL
Ce(IV) = =

49.06 mL

G?Jlk  % K,[Fe(CN),].3H,ObMI~~~athJdfhl~ln’y

0.0999

39.63 mL  x 0.0999meq  / mL  x 422.41mgK4[Fe(C~6].3H20  / meq
=

1680.1 mg

= 99.5



mn~d  16.4. n731J3Lqn~ncnlsmtnslsci?uloloffw

Nlk&l d~i%uinirud nuiukq

4 3 4
C e 2Ce + +2l-  = 2Ce + + I2 ow-&Mtilu  ce + lntn7ollui-m

H2S04

M n 2MnO,-  +1  01-+8H+  = 2Mn2++512+8H20 ooW%dfiouniu  persulphate,bwlm~u

0.1 M HCI

Cr Cr207 2-  + 61- + 14H’  =2Cr3’+312+7H20 fh#brfriWhU  HCIO,

lo,- 103-+5l-+6H+  = 312+3H20 hnmh 0.5 M  HCI

F e 2Fe3’+21-=2Fe2’+  I, !lntnwIuns~

CU 2Cu2++41  = 2Culc,)+l, hn7ah  NH,HF  Buffer n’ pH  3

Cl* Cl, + 21  = 2c1- + I, lntn7~lunmt700i~
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4 Br, + 21‘  = 2Br - + I,

HOC1 HOC1  +21-+H+  = Cl-+I,+H,O

“A H,O,  +21-+2H+  = 1,+2H,O

HNO, HN02+21-+2H+  =2NO  +1,+2H,O tal N o  aonh-iluufi~  c o ,

03 0, + 2l-+2H+ = O,+I,+H,O r-h  0, hf’m~ra~u  KI uhh~%hnm



6--m&h~G/  16.13

fimhad7JMu’n  0.5258 n%.J Ikno&w As,O,  11~:: As,O,  ~~A~IJ&I  hmiw1uh~15~:~1u

NaOH ~r~a&th~~lh-noll  sod. arsenite ttar  sod. arsenate l% pH WIJ~~I~&X%W~~  8 UR:

As(W)  yonn%~~rfiilw  As(lV)  ~nunl5~nms~~~~5atA7LI  triiodide lu’uh 0.1002N  h.~?u  26.33

mL  97n~u~l~~~5A~Aluriluns~  tkwtu KI ulntiiuwo  r?ln~5~nlnsol~n~o~u~r~~~uniu~sRralu

Na,S,O,  lu’uh 0.1005N  h4?U 39.68 mL  L~OMIL%~~US?WIIEIJ  As [I$ As(V)] QJdlUXU

ttiait%ue;ua~  As,O,  , As,O,  Ua: As h~‘s~~i?DfhJ

13th

rJ~n”suldor~~tiin~u~u~~~~,~nl~t~”~~~

H,AsO,  +  [IJ- +  H,O = = = HAsOe2- + 4H+  + 3l- (16.29)

H,AsO,  +  31.  +  2H’  = = = H&O,  +  [IJ- +  H,O (16.30)

[la]-  + s20a2- = = = =  31-  +  s,o,2- (16.31)

% As,O,  , As,O,  ttat As ~uRI~~~‘?o~~IJ  ikilLhih

%  As,o,  =
26.33mLx0.1002meq/mL(197.84/4)mg~o,  /meq

525.8 mg
xl00

= 24.82

%  As,O, =
(39.68 x 0.1005 -26.33 x 0.1002) meq(229.84/4)mghol  / meq x , o.

525.8mg

=14.75

% As = 39.68 mL x 0.1005meq  I mLJ74.92/2)mg,  I meq x, o.

525.8mg

=  2 8 . 4 1



[131-  + 2s,o,
2- ====  31-  + s,o,*- (16.33)

&&J  nloitaun’YaJttann*rInRoiUIUff73Bi?ali7J

%CI  =
36.26 mL  x 0.1052meq  / mL  (35.45/  2)mg,,  / meq

567.4mg
x l 0 0

=11.92

G%OU’IJ~  1 6 . 1 5

hnis’z%  I2  ‘luni~~i~uinrin:iiw  C (ascorbic acid, C,H,O,,  MW = 176.13) ‘LU&IUI  k~nt?in

‘2 + W’,O, = = =  I- +  C,H,O,  +  2H’  +  2e- (16.36)

$inisuRtfininefiu  C ttaza~w-xI~u!&nt+u  25.00 mL  ~l~~~nlnTR~~a7~~~alUUl~~~7U~O~O~UL’UVLI

u’w  0.0221 M d~l??b  25.20 mL  ~S~~~XUIV~IJ?RYEIJ?FIC~U  C (mg) lUfJ7Ld&

oinll$Tui

1 mole I2 E 1 mole C,H,O,

25.20
z-x 0.0221 mole I2 s 5.57 xl Oe4  mole C,H,O,

tw~l~a~~ulu”lt3”i~~~~u  c = 5.57 xl O-4 x 176.13 g = 98.0mg



~I&IJ~  16 .16

~UnlTrLf%JlfU  ethylene glycol , CH,OHCH,OH  6%~  periodic acid ktudfjl..kvia\dd  hmamii

k16 ethylene glycol 6~ periodic acid AulnliiurcorrA~nnlllrsu7ru~uriuou  bh’dsrna~

formaldehyde bVIKU&l?nir  periodate ions ~n%?rfr%b  iodate ions LkJlfU~~ln~~U~aTt~Jn~~

periodic ihb~~ikhdfji%Jl  Fl:Qn%ni&ih  nm  iodic &uiTlSAtALI  As(lll) hJl?X?iUWUR~

nn~~lrlru~U~uau~UK13A~RlLl~dl)n~lLilUdlJdaU  (pH 7-g) ~ui~~11inriiu~a~~~~a~in

d&iiuiaaJ  As(lll)vllnl~~nms~l~~~7~~~i~~i~~~ula~a~u0JFjlu~~~lu~uii~~nSIUYOJ

ethylene glycol fkhKrl5~r~~o6~a~lJ  1 mL ~nua,~“illu’or?Rdmlnnl~~~aJ~J~

RI~JA~RIU Adlu?u  10.00 mL ~~n751~a47Jniusi7nR'wouii~u?ols,~u  100.00 mL isunilms

RtR1r-I B 9lnIk&IhtalKISRtRlu  B Ul 10.00 mL L?iURl~~:mu  H,IO, 10.00 mL UA:RIJA:RIU

As(lll)~lu?u  25.00 mL ~Ul01SVOJm5R~C1lL1~a~a~ui~~yi  0.1005N  &ii&~it

40.32 mL &IMiIJnl~hnmIaJ  ethylene glycol (volume s) 20.32 mL klH%lUlJRJd  (volume b)
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CH,OHCH,OH  + 10,.  (excess) ‘“’ >  2CH0,  + IO,-  + H,O (16.37)

IO,-  (unreact) + H&O,  (excess) pH7-9 P IO,-  + HAsO,‘- + 2H’ (16.38)

H,AsO,(unreact)  + IO,-  +  H,O pH8-9 HAsO,*  + 2H’ + 31‘ (16.39)

fis~~rt& ethylene glycol  (mg/mL)  ~WKISR~fi’IU  A ~UKlS9hfJdlJ  dfhLVhf%

= (s-b)mL(N,z  meq/mL)(62.07/2)  mgCH,OHCH,OH  / meq

=  (40.32-20.32) mL(O.1005meq/mL)(62.07/2)  mgCH,OHCH,OH  / meq

= 62.4



U’IUORh%  10 L&I  (acetylsalicylic acid, HOOCC,H,OCOCH,)  V&l  6.255 nh ~hWJJWl&ln

&Ul 0.1251 f&l URrYhnl~  bromination 9hTl~RLR1LI KBrO,  llhh  0.0400M  h47U  20.00 mL

&Xii KBr  LhC~$hl  75g/L.  Wklnn’lr  bromination ri%l&dlJRu@lLth  fhTl~R~RlCJ~~~~lfil

I.@%JI~~  KI  ulnliiuwo  IlRtvl?n75m,nsalalo~u~~~n~u:usi?oRIIALR’IO  Na,S,O, tu’uiiu 0.1039

N ~IWU  14.12 mL oJ~~WJ~U~~%.II~U  Aspirin rilunr'u~uulrroiRtrriR~n~ra~u

BrO,-  + 5Br-  + 6H+ === 3Br, + 3H,O (16.40)

HOOCCBH,OCOCH,  + 3Br, q == HOOCC,HBr,OCOCH,+  3Br-  + 3H’ (16.41),

3Br,+  31.  === 3Br-  + [IJ- (16.41)

FJI- + 2s,o,2- =z= 31-  + s,o,2- (16.42)

[(20.00mL)(0.0400  mmol/mL)(6meq/mmol)-  (14.12mL)(0.1039  meq/mL)] x (0.1802/6

g,,dmed

= 0.1001 g
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Hg,CI,  ) UR~~nlns~RIJALR’ILl~r~~~II  KMnO,  alU?U 31.98 mL ( ?“a  Zimmermann

Reimhardt ) ~JdlU?fU~lt&lilTfU6oJ  Fe , Fe0 LLR:  Fe,O, (LUQi’)dlJ

mlu Fe = 17.86 %;  Fe0 = 8.36 46;  Fe,O, = 16.25 %

16.5. ri+oriiJuioiitairn  +~u-w 0.1604 g hul~c~~ouar~n~~nouol~l~~n~u~~  As,S,

~~~?~IURISR:RIU  KMnO,  tu’uh  0.2000 N h&au 50.00 mL (5 As.&  + 28MnO,-

+54H+  === 1 OH,AsO,  + 15SO,‘- + 28Mn ‘+  + 12H,O  ) fiulnr  KMnO,  &JvuiiuwofJI

hnmniuaim:mu  F&O, ru’uuic  0.1000 M ‘hU?U  18.24 mL hilU1tUMl

t~ait~ueiolit~irn~wf~~~aLiiJ

mllJ 27.28 %

I  6.6. ~uni~Mi~5uinilerlnJt~ut~oiaanllnA  ~~~~~~oni-irntn~~niuKIIRLAlu  KMnO,

( 5H,O,  + 2MnO,-  +6H*  === 502+2Mn2’+  8H,O  )

n) a&nmumt~aim&haJ  H,O,  (W/V) h%aLilJ  h~~~ayR~lnnlmcIRaJ

&eiahiwY  : hfmkadi.wl  10.00 mL UtT~t~a~lJkhl%m~t~u  100.0X mL ( R75

RXIU A ) tm!fuLh  50 % H,SO, dlu?u 5 mL RJ~.&TI~R~RIU  A ~1~x4  20.00 mL fil

n7~~n~n~~~75R~RlU~~~~~UO~R~RlU  KMnO,  hXlU 32.85 mL ( RlSRtRlU  KMnO,

~IWJU 23.41 mL WJ;Rt%!  Na,C,O,  0.1683 g ) \Unl~lGiU~ll~RJ~~~~l~~  KMnO,

0.20 mL

u) ilJFi’lu?IWM1~5U,IW11OJLL~~Oan~.LFIu~Bnutn~u~rrsrwil;rn7Jmrns~

ROU n) 2.98 %

II) (32.85-0.20)mL  X 0.1073 mEg/ml  X (22.412)  ml O,/mEg  = 39.2 ml 0,



16.7. rn¶~~Aluaiin~~J~~~nu~~au  Na,C,O,. NaHC,O, UatffIrl~oo~u’n  0.1790 g UIR:~U

hhlf  ~l~~~JRrR7Udqn~l~Un~~U~~~nt~~~~,U~~~~~,U KMnO,  t!ihYi  0.1250 N

dluw  19.20 mL ~iR7’I~~0LiiJUignlu~uiort~u  2 ttiwoJ~outtsn  wuiivYaJl-6715

RIIRIU  NaOH  ty’uh  0.0950 N hux.&  12.00 mL t&hVWI  NaHC,O, hub?

~U6~~n7tUlilU^oU~l~l~a~  ?JdlU3lItMlllhil~ud  Na,C,O,  WR::  NaHC,O, hhOLi7J

otau NaHC,O, = 35.67 %:  Na,C,O,  =47.16 %

16.8. K134i?oti7JaiinnifJ~~~n~~~~U BaC,O, 1lA::  Car&O, MIkI  0.4800 9 &fIJ’la’  KMnO,

&Juir 0.1040 N thU?U 49.50  mL hldhlWl  ~JFilU?IU)L/ll~Oil~UOillJln~OllOiAI

%h’LUn’?WilJ

6Klu BaC,O, = 72.54 %;  CaC,O, = 27.46 %

16.9. rtlm3n’7urilJuiln~n  0.5697 g UltmmJllf&i3~  ~inl-jmlnm~~u~sa-R7rr  K,Cr,O,

( ijJlldd&k4~QCUU~&Viii  1 .OOO  %  Fe hli  ) ?JtilUXUMlUDhJ~~  llR&?~&lDJ

LTI~RZWIU  K,Cr,O,

o\Elu N = 0.1020, M = 0.01700

1’6.10. IhTlWhhJfki  K,Cr,O,  100% dlU?U 0.2157 g UIA:RW~&I  l&J  H,SO  11X KI

uvM%&woaJ~ti ro’lnlu~?nlldouoonui~ini-;2ntnsolnum~~~~~u  Na,S,O,  tu’uh

0.1250 N @IU?U 35.20 mL ~J~IM&u+WLI~J  K2Cr207

mlu 49.02 g/eq

16.11. hfl7T~audllJYOJrUTnSrUW~Uln  0.2683 g u7~Auun’Y~allUuL~rloiun~~~  H$JXIln

ri7R7u~sUinr~UlnliiUY(OYOJ  Na,O,  mkmrhniJ8~nnls~Rauniuri7  ~!7m~Rt~lu~~

b$hnsn  ltR1l%JRlxiLR1u  Fe2+  lu’uh  0.1022 N h1U 50.00 mL  tIJld  H~JFlln

%n%woJ Cr(VI) t%t~uad~Ja~~d  fiUXti?KtJ  Fe2* ~u?ntiiuworntnsa~7uLlffllReRiu  K,Cr,O,

lu’u$U  0.0999 N dlUaU 18.04 mL oJ~~U?~~ll~a~l~UkuJ~~Tl~U~~U~~u~lJ



nj 3.20 mmol Y) 8.00 mmol ft) 16.00 mmol

OlDU n) +0.664  V 3) 1.06 V fl) 1.44 v

16.13. ri+ki~J&wtdstnou  Ce(lV)  ui+f  99.0 96  %huau  1.9 168 rbd!ntn~~&aug

RIIR~RILI  Fe” ru’uuir 0.1000 N hrn.a 30.00 mL  OJ~l~~i7HWUnBUI?RVOJK131)5tnOU

Ce(lV)

m u 632.5 g/q

16.14. wwhLilJH<n  0.2150 g dstnou~~u~~ltouro~~d  (NaN,) U~XE?-&I~J  n’o~tm’

RIXCRICI  Ce(lV)  lu’uu’u  0.1064 N +IWU  24.25 mL  lihn’I5o0n‘?htf  N-, h

&JOdlJ

2N-,+2Ce(lV)  3  3N,  ?+2Ce ( I l l )

% NaN,  th%~tti~~~

mau n )  +0.209  V  u) +q.369  v  n) +0.529  v



U%@h47U  0.2084 g ~~~l’l~m~~~Rlu~D~~iiuL~ua~u Lh’lngil~~~ 36.09 mL  F~J

sflu?D(y1lL~D~l~ub;nlll~Ju~~n~oJm’7oLilJ

(AQY 95.67 %

16.19. WlWbKilJllihdJMlh  0.9400 g lhrnf.lll6~~  NaAsO, llac~Jl$oUrnrnsmnirrRlf

a~al~uln5;lU~a~am’UQ7W?U 29.38 mL  ( fflXi:F1ltrb1b&.4  35.45 mL  au&p&I  As,O,

0.1767 g ~~dl~XUlLbil~W5hIiua~  NaAsO, b4cn’?oril~

G-IQU 20.46 %

1 6 . 2 0 .  rdor?~u  KI uinl~uwo~J~~‘lu~¶~~~l~n~~  XeO, &d%~las  2 5 . 0 0  mL  -+J&  I2 p7

rldooaanuilus=~iiJnl~~~~ XeO, t&t Xe kphmwiiiomsR~~lu  Na,S,O,&h

0.0341 N h41U 44.00 mL  FlJrilU?rU~lT~Rl5”JI~~J~~~~~~U  XeO,

tm!J 0.01000 mmol/mL



16.22. ai3a~alU&afhJn~n  0.4831 g dXnw&U  ethylene glycol, ethanolamine tLBt&  $1

n7x~ai)-wkrJii7  Qud&~lanih  100.00 mL ( ~I~RLWIU  A ) l.kTl3a~wiu  A UI

50.00 mL bwIsm6~um~a~sJlu  HCI tu”uu”w  0.1007 N ~-IU?U  20.25 mL ~w~a~~tw  A
N

~EILI dxnamh!  ethylene glycol = 42.47 %,  ethanolamine = 53.08 %, tta&  4.45 %

1 6 . 2 3 .  tiiaiT&alil.duatw~n  0 . 0 5 5 0  9  ulax~u’lu&  ttAtri~~~niul~~R7rR-R7LI  KBrO,

ru’uuir 0.0500 M ~lU?u  20.00 mL ifd  Kbr ad 75 g/L Mkolnt~m~~njuln~5t~~

T~~~dutw$~d  lkw~sR:aiuCfu~t~u  K I  u~nt~utiAiviin~~~ntn~ol~a~a~u  %%pkauaanul

niumsa:alU  Na,S,O,  da&4  0.1012 N hum  2 7 . 1 5  mL oJ6lu?ntMit~a~trauoi

ua.3ha~Iu&iafiw

mau 9 2 . 8  46
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