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Oxidation Reduction Theory :gla ¥y sawsy) 4y ki

(Redox = Reduction &Oxidation)

bamsY) cillas Led Juaad Al clle Wil A ddlaat) cleldl) 1
AilaasS 3 ga Aol 52 £la Y1 g

Red, + Ox; = OXx, + Red;
Fe2+ _|_Ce4+ — FeS+ _|_CeS+
Sn?t+ 1, = Sn** +2I-
Half Reactions :<3le il diladl
(1) Ox;+ne" — Red; (2) Red, — Ox,, ne
Ce** +e- — Ce®*(reduction) , Fe?* — Fe3* + e (oxidation)
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half cell:4dil) chai eile i
Fest-e — Fe’* . Zng -2e" —Zn?" (oxidation)
(Anode)
2ClI- - 2 — Cl,(g) , 2H,0 -4e- — 0O,(g) +4H* (Anode)

Agt+e — Ag(s), 2H"+2e— H,(g) ( reduction)
(Cathode)

Fe3* +e— Fe?t, |, +2e — 2I- (Cathode)
Electrochemical cell :dsilas) ,gsl) 4da)

Cuad 39S bty QB Cpa 95 O B ke
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Balancing redox reactions & ¥ 9 sy e WS 45 ) ga
H,O, + MnO, — O, + Mn2* :1J4a
2(MnO, + 8H* + 5¢- — Mn2* + 4H,0) (1)
5(H,0, — O, +2H* +2e") (2)

Total reaction:
5H,0, + 2MnO, +6H* — 50, + 2Mn?*+ 8H,0
( Disproportionation: <yl Jeldl) H,0, — H,0 + O, :2JL«
H,O, — O, + 2H* + 2e- (1) reducing
H,O,+ 2H* + 2e- — 2H,0 (2) oxidizing
Total reaction: 2H,0, — O, +2H,0
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MnO, + H,C,0, — Mn2* + CO, :3Jvx
2(MnO, + 8H* + 5e- — Mn2* + 4H,0) (1)

5(H2C204 —)ZCOZ + 2H+ +2€' (2)
2MnO4- + 5H,C,0, + 6H* — 2Mn2*+ 10CO,+ 8H,0
MnO, + Mn2* — MnO, (i 51 Jslaa) - 4G

2(MnO, + 2H,0 +3e" —>MnO, +40H") (1)
3(Mn?*+ 40H- — MnO, + 2H,0 + 2¢e°) (2)
2MnO, + 3Mn?4* +40H- — 5MnQO, +2H,0

MnO, + FeZ* — Mn2*+ Fe3* (552 (maan Jglan) 15U
Cr2072' + Fe?* - Cr3+ + Fe3* (@ﬁ (D djlae) 6 LA
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MNO, + Mn2* — MnO, (< s 5 Jglaa) 14
2(MNO,- + 4H* + 3e- >MnO, +2H20) (1)

3(Mn?*+ 2H,0 — MnO, + 4H* + 2¢e°) (2)

2MnO,; +3Mn?* +6H20 + 9’(% —2MnO, +3Mn0, + 12H+4H20 + 6e:

A0H-+2MnO, +3Mn?*+2H,0 — 5MnO,+ 4H* +40H-
40H-+2MnO, +3Mn?*—-5Mn0O, + 2H,0
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duilias) ¢l LMY Bectrochemical cells

(Galvanic cell)

Electrons are
én transferred from
one half-cell to
the other using
.. an external metal

o ——
conductor.

Zn?*
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Galvanic cell
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Cu + 2Ag*<=>2Ag + Cu?*
(a) Galvanic or Voltaic cells

Voltmeter

[,_> O E’Ug -

= Salt bridge
/ Saturated KCI solution ™
\\ \

- [
Copper e
electrode Silver
@ electrode
CuS0O, e _\...\_ . AgNO,
solution {\ 7’/ solution
oS
[Cu?*] = 0.0200 M [Ag*] = 0.0200 M
“
Cu(s) = Cut(ag) + 2e Aglag) + e = Ag(s)

Anode Cathode



Electrolytic cell 2Ag + Cu2* <=> 2Ag* + Cu
, i X

Voltmeter

M. e = Ty y

RV

Salt bridge

:

[

Silver
electrode

<
/ﬁ - AgNO,
\v’/ solution

[Cu?*| = 0.0200 M [Ag'] =0.0200 M
Cu*t(ag) + 2¢~ = Cu(y) Agls) = Ag*lag) + ¢
Cathode Anode
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Schematic representations :4xilums) <l 4dal) Jid

Zn / Zn?* (IM) // Cu?* (IM) / Cu

The anode is always on the left Sl e 3639
/ = boundaries Jis [ s g YV R P L

/] = salt bridge o~

Ecell = €cathode — €Anode Aibass) K1) AR G gaS ilaa
Types of electrochemical cells 4l sl 4dal) g 6

b Jeldl) 5 aa 5o 4l 0 5aS ()5S Galvanic cell : dxlalal) 4l
@\-‘*LJ-‘C JLMU il ‘\-\H‘ O8aS ( oSy Electrolytic cell :3.:",:“)6“ :‘,:‘4—1\-

Jelall a8 gh g game A1) G 0SG5S Equilibrial cell:ds)y) giall aulad)-
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Nernst equation < 5 483 (AdAl) Chuai () gas)a g A () gaS
dG = nFe 5dG=Vdp-SdT = A8all z it

Metal of valency n in equilibrium with its ions :

(Reactant)M — M"™ (resultant) + Ne-

A G=Gresu|t' Greact

A G=nFe ,n= number of electrons,F=faraday=96500
coulomb,
e = electrode potential in volt

G=G%+RTInC, G%=s.f.e(standard free energy)
AG= nFe=G%+RTIn[M"*]-G°+RTIn[M]
NFe=(GPin-Gmeta) tRT(IN[MN™*]-IN[M])

nFe= GO, ,-GO ..y +RT In ([M"*]/[M]) divided by nF
e= (G%on-G’meta)/NF+(RT/nF) In([M™]/[M])
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(GO, -GC eta)/NF= constant=e’(s.e.p)
S.e.p= standard electrode potential gt s bl a9 581 ¢ gas
e=e? +RT/nF In[M"*]/[M]

0

e=¢e -
nF [Red]

R=8.314 joul, T=273+25 C°% -F=96500 coul, In=log x2.303
2.303x8.314x298/96500=0.059 v

0 0.059 l0g [oX]
N |[Red]

RT In [OX] Nernst equation

In general form

e==¢
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, 0.059,  [0X]

e=e6 A | Nernst equation
N [Re d]
6 @O 0.059 [Re d]
N [ox]

,aa ol A glua (slall) i) gaad) 9 a1 IS AL 3) gal) a8 5 3450
[oX]=[Red]=1 M => e=e0 : Luic

01948 (5 gbews (i) 9as (5} @=@0 il 9 | og [Oxd]/[Red]=0
Al Ja g ) (8 AN Cluad
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rAall) iU gast Jgaa g a9 ) qulad
H,(g) = 2H" +2e-, H,(pt)/2H*(1M)

Electrode potentials
(bl G g )dagd) uba
Hydrogen electrode (SHE)
The ultimate reference electrode.

H, is constantly bubbled
into a 1 M HCl solution

Pt/ H, (latm), IM H* // Pt bladk
phtn*""_:’

E° = 0.000000 V

All other standard potentiaks
are then reported relative to SHE
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i

.

SHE=0.792v

E° Ag/Ag+ VS
PH, = 1.00 atm

H, gas

CAgNO3
CHC|04



A} Chial Guuas @lld g Jasga gl dmacaS (pa g i) lad Jary o) (Say
H, (g) =2H* : Jelil) Jdo cud d Mo by Loy Juagn Al
t+2e-

e = e%+ 0.059/2 log [H*]?/pH, (pH,)=latm.[H*]=1 M
e=e% 0.059 log[H*] /pH2=0+0.059/2l0g1/1=0(SHE)
e=0 :daulal Al

e=e0+ 0.059 log[H*] :duuldll ,& Al

e=e® + 0.059x%-(- log[H*]) = €°-0.059pH
e=0-0.059pH= -0.059pH
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Bl Craa g gt uma.u.mumﬁ‘\zt uuys@.u‘_u:ﬁe:m
palind) 2andd A8l Gl galt) jlany 3 (AW Jgiall ma g, Jglaa u.‘n
A gia 25 da o) (A bl g gl qubill dsadlly

Mg/MgSQO, (€°=-2.37 v) ,Zn/ZnSO4%(e%=-0.76 v):\uul
Mg + ZnSO, -MgS0,+Zn,

Zn +MgSO, —»Mg +ZnS0,

Sn4+/Sn2+(e%=0.154 V) , Fe3*/Fe2*(0.771 V)

Sn2+ + FeS+ — Sn4+ + FeZ+,

Fe2* + Sn4* = Sn?* + Fes3*
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Standard reduction potentials

Half reaction e,V
F,+2H' + e =2HF 3.06
s Ce* + @ = Ce* (in IN HCI) 1.28
O,+4H' +» 4o =2 H,0 1.229
Ag* +e =Ag 0.800
2H° *2¢ = H, 0.000
Fe?* + 2¢ = Fe -0.440
E Zn?* + 20 = In 0.763
‘g AP + 3o = Al -1.66
«E Li* +e =L -3.04

Dr.J.Diab
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Standard potentials of an electrode in a solution of unit
molar concentration. (Displacement series)

da) V) ddedis

Electrode Eo,volt Electrode Eo,volt
Li/Li+ -3.01 H2/H+ 0

K/k* -2.92 Cu/Cu?* +0.34
Ba/Ba*? -2.90 Ag/Ag* +0.791
Na/Na* -2.71 Hg/Hg2* +0.85
Mg/Mg?* -2.37 Au/Au?* +1.70
Al /A3 -1.66

ZN/Zn?* -0.76

FelFe?t -0.44

Fe/Fe3* -0.04
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sign of electrode potential 253N &y gas 5 L)
1 ZN Al

39 SNV 3 ,LE) zn = -0.76 volt 1esusl -

Jdelaal 3L zn = +0.76 volt 1 Sl

: Cu Al

395N 5 L& Cu = +0.34 V 1msusi-

Jdelaall 3,LE)  Cu = -0.34 v 1Sl
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duilias) o<l LMY Becdtrochemical cells

Galvanic cell

N —2€ = Zn%*

2 S
Cus +2e" = Cu,
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EceII = €cathode — ©Anode :QSQ.@SU@SM 4,3&\ Ggas ‘*m

Zn / Zn?* (IM) // Cu?* (IM) / Cu

eo=-0.76 v e=0.34 v
The anode is always on the left Sl e 3639
/ = boundaries Jis [ s g YV R P L

/] = sakt bridge ko
Types of electrochemical cells :4xilias) <l 4141 g 6

Jeladll y aa e LAY S <5 Galvanic cell : dstatal) A1),

Jelall ; e 4030 4 oS (S5 Electrolytic cell :agid <) 4uial).

3 5y 5 2 g2ne 4030 G 0eS (5 5SH equilibrial cell 46 sial) Aal)-
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Al AIAd) ) gas a1l
calculate the potential of the following cell
Zn/Zn?*(AM) /I Cu?*(1 M)/ Cu
e=-0./6v e=0.34v
/n—=2e =27Zn%t Cu% +2e =Cu
ecy = 0.34 +0.059/2 log [Cu?*])/[Cu] = 0.34 v
e,, =-0.76 + 0.059/2 log[Zn?*][Zn] = -0.76 v
€= 0.34-(-0.76)=1.10 v
Al dl) ) L8 4dlite 4l g Sl Jeldnl)
EceII = eoCathode — eoAnode (Apalal) AlLay)
EOc:eII: eOCathode — eOAnode (Al Allaly)



Calculation of cell potentials
Example e

Determine the spontaneous direction and E_, for
the following system.

Pb / Pb?* (0.01M) // Sn?* (2.5M) / Sn

Half reaction E°
Pb?* + 2¢ = Pb 0126 V
Sn?* + 2¢ = Sn 0.1386V

Note: The above cell notation may or may not
be correct.

Dr.Jehad Diab



Calculation of cell potentials

PbZ* « 2¢'=Pb 026V
Sn?* +2e=5n 0136V

Pb2*+ Sn = Pb + Sn*? (at standard conditions)

At first glance, it would appear that Pb?* would be
reduced to Pb. However, we're not at standard

conditions.

We need to determine the adval E for each half
reaction before we know what will happen.

Dr.Jehad Diab



Calculation of cell potentials

For lead: pp

0.0592 1
E =-0126- log 1
2 90.01

=-0.185 ¥

For tin: s
E =.0136. 2.0592 . 1
2.5

=.0.124 'V

Under our conditions, tin will proceed as a reduction.



Calculation of cell potentials

ox  Sn?* + 2¢ = Sn D124V cathode
red = {Fh‘b * Qe = Fh} '{'U.]EE "H'] Anode

Sn?* + Pb = Sn + Pb?* 0.061V
Al Y 2 Al
E cell = € cathode — € anode =-0.124-(-0.185)=0.061 v

5o determining the spontaneous E_; is really

nothing more then doing two sets of cakulations
prior to the final calawlation.

Pb2t +Sn = Pb + Sn*2 (Al dlal)

Dr.Jehad Diab



Types of electrodes Uy g s

1. Electrodes of first kind: metal or none metal
dipped in a solution of its ion, examples:
Mo/M#*-Ag/Ag*, Mg/Mg?*Zn/zn?4*
H,(pt)/2H*,Cl,(pt)/2C"-

2. Electrodes of second kind: a metal in contact
with one sparingly soluble salt and an
electrolyte of the same anion:Hg,Hg,Cl,/2CI-,
Ag, AgCI/Cl,pb,pbS0O,/SO,*

3. Electrodes of third kind: redox electrodes
consist of an inactive metal in a soln.
containing mixture of two salts of two
diff.oxidation states of species:pt/Fe?* Fe3*
pt/Sn2t/sn4*
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Reference electrode : an electrode whose potential
relativeto SHE is known and against which potential of
unknown electrode may be measured .its potential is
Independent on the analyte concentration.

pt, H,(1 atm) /2H*(1 M) ,0 volt

Hg,Hg,Cl,/KCl(sat), 0.244 volt

Ag, AgCl / KCl(sat) ,0.222 volt

Indicator electrode: an electrode whose potential
IS related to the logarithm of the concentration of one
or more species in contact with the electrode.
Firstkind, second kind and third kind electrodes may
be indicator electrodes.

E cell =E indicator ~ E reference

Dr.J.Diab



K, Elaols sausy) edleldl ¢ ) ¢ill cull Gilua
calculation of Equilibrium constant
Sn?t + 2Fe3*=8n*" + 2Fe?*

Sn%* = Sn* + 2e’, e2=0.15 v (anode)
2(Fe3* + ee= Fe?*) ,e=0.77 V (cathode)
Keg= [SN*][Fe?"]? / [Sn**][Fe*]?

e,=0.15 + 0.059/2 log [Sn**] / [Sn?*] (1)
Anode

er.=0.77+0.059/2 log [Fe3*]? | [Fe?*]? (2)
Cathode




Ecen= €re - €sn

at equilibrium: E, = epe — €5,=0, €r.= €g,
0.15+0.059/21og [Sn**] / [Sn?*] =

0.77+ 0.059/2 log [Fe3*]? [ [Fe?*]?

0.059/2 log [Sn#*] / [Sn?*] - 0.059/2 log
[Fe3*]2 [ [Fe**]2 = 0.77-0.15

0.059/2(log [Sn4*] / [Sn2] —
log [Fe3*]2 / [Fe2*]2)= 0.77-0.15



Sn2* + 2Fe3*=8n* + 2Fe?*

0.059/2(log [Sn#*] -log [Sn?*] -log[Fe3*]? +
[Fe2*]1$)=0.77-0.15

Log ([Sn#*][Fe?*]? | [Sn?*][Fe3*]?) =
(0.77-0.15)%2/0.059 ,

LOQyeq= 2 *(0.77-0.15)/0.059

LOQ yeq= 21, K o, =104

£ Ol il alad) JSE)
logK o, =nm (€%, - €%.4) / 0.059

m Ji N em n=m dh ‘.-.’é Dr.J.Diab



S GAN G889 O g o)y Bans] ia g3 ¢ Ll Jelil) ¢ gyl
high 0.209 Nm =1 <uils \J\ higd 0.36 L glaca aﬁuw\ Gl gasl)
.nm =3 cils)y) Jalgd 0.12 9 nm =2 ils 13

Ae®>0,logK (>0 , K >1
Ae®<0,logK < 0, Kgq<1

P A A A L A G EVEN B
Cu?*+Zn=Cu+2Zn%*, e, =-0.76 v, e%,=0.34 v
logK o = NM(E%y- €%eq) / 0.059
Log K.,=2[(0.34-(-0.76)]/0.059

Keq=1.94x103": All Cu?* will be removed from the
solution.
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As with acid/base titrations, we can get either to the

Titration curves
b ylaal) Cilaisaia

following types of wwrves.

E.v

!

\

-

Volume, ml

Volume, ml
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Titration curves
5 ylaal) ciliiaia

over titration

equivalence

Bk E kR R U N N N RN N W W S R T U U I

point
buffer region

percent titration
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(4 de 100 (N MNO4- Jstaa (e Ja 50 A8l die ¢ gasl) Gual o
Asallail) udl ol laall g [HH]=1 M Wiel Fe2t Jslaw

Mno, +5 Fe?* 8H* = Mn?* + 5Fes*+ 4H,0
er.=e + 0.059/1 % log [Fe3*]/[Fe?*]
eun= €%+ 0,059/5 % log[MnO,][H*]/[Mn?*]
‘Fest A Jeali Fe2t (e 50% -
er.=0.77 + 0.059/1x% log50% / 50%=0.77 v

0.1 o JB1 985 8 3881 A0y -5 3881 Aled g 5 3881 Aufay de ) gasl) Cileaa -
0.1 @ S 33880 dylgi g shlail) ddads ) Jgua oll qugllaal) anall (e Ja
ﬁ&l\%uﬂ Jsyasll o glhaal) anal) cra Ja
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Mno, +5 Fe2* 8H* = Mn?* + 5Fe3*+ 4H,0
er,= 0.77+ 0.059/1 x log 99.9/0.1=0.944 v ( 5! 4,)x)
eunos” =1.51+ 0.059/5 x [0g0.1 % [1]8/ 100 = 1.476 v (344 4:1g)
ALl Adall Aie y gaSl)a
€ o= 0.77+0.059/1 x log [Fe**] / [Fe**] (1)
€ ¢q=1.51+0.059/5 x log [Mno,J[H*]¥/[Mn=*] (2) x 5

1+2: 6€,4= 0.77+5 x 1.51+0.059 x log [Fe**][MnO4- ]
[H*]8/[Fe?*][Mn?*]

[Fe?*]=5[MnQO,] , [Fe3+]=5[Mn?*],

[Fe3*]/[Fe?*]= [Mn2+] / [MnO,]
6€.q = 0.77+5x1.51+.059 log [Mn#*][MnO,][H*]*/[MnO,][Mn=*]




6y = 0.77+5x1.51+.059 log [Mn#*][MnO,][H*]*/[MnO,][Mn="]
6€.4=0.77+5%1.51+0.059 log[H*]3,[H*]=1M
€eq=0.77+5x1.51/6 + 0.059%8/6 log[H"]
€eq=0.77+5x1.51/6 + 0.079 log[H"]

€eq=0.77+5x1.51/6 - 0.079 pH

€6q=0.77+5x1.51/6 + 0.079% log[1] =1.39 v

eeq:(n 1eoox T nZeORed) / n1'|'r]2

1. 0.77v 2.0994v 3.1.39v 4.1475v
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13-
12
1.1 -

0.8 -
0.7 -

Equivalence point
sdlil) Adads

Note the large
jump in E ot the
equivalence

point.

40 60 80 100 120
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1.4 -
1.3 -
1.2 -
1.1 -

0.9 -
0.8 -
0.7 -

0.6

Complete titration curve

100

120
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Redox indicators: gla s sawsy) < i
Potential Indicators: (Jssll jadall -1

Indicator s 29880 & gasll Gably d\gll Adaki (yas
au 9 Reference Electrode 2 s 25580 ) 4wl Electrode
b LaS ¢ Aaidla S) (o By, pulaal) Jslaall ana ATV () ast) 128
pes Adaniina (3l EDE AU 9 (5 g Jrdia Jlarindd 5 AY) G el
A padd) & el
Self-Indicators :Aal &l pdal) -2

B A8t o SIS ¢ sl i uladl) ( slaall (s 13
il (a 0.02M Jstaa b ¢S Shad ¢ B pilaall Algs Akl (ppn
@U‘ JJM‘ L « LJJAJ Adaall ‘ujh.a G198 9 cuALQ M?J““J“M
cilizia julls 3 pilaal) Als UA uj.mea&ujs.\ |\/|n2+Lf“L§$1AJ\u9
) a5 LY llh g Lgiilda) ) 8 Lgn B el s MNO, st J1 g aadly
L) asaadl M0 +2
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@J.AS 5 _silaa
Potentiometric Titration

pH meter
with

millivolt
scale

Indicator
electrode

pt

Saturated
calomel
electrode
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Redox Titration Curves

1.5

I

._.
L)

—
fu—

Equiva]encex
o4 .
point, Fe="

24

Fe”

0.7

Electrode potential, V

0.5

0:3°%
0

—— 4 —

A

U +2Ce*" + 2H,0 = U3 + 2Ce’™" + 4H'

Eq}xivalcnccx
poi’nt. 8 bk

B

5.0

Volume of 0.1000 M Ce**, mL

10.0 15.0 20.0 25.0

30.0
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First derivative curve
A plot of AE/AV VS Vol. of titrant

Efvolts

(1)

0 1 2 3 < S 6 7
[OH J|1c]



Second derivative curve
A plot of A%E/A%V VS Vol. of titrant

Interactive Derivative

Dl:ld T T T T T T T T T —
Crder First Derivative

Scale

srmooath Width = 20

0.0=

0.0

0.0

=

smooth g L

002

-0.03

| 004

1 1 1 1 1 1 1 1 1
o 100 200 300 400 s00 OO SO0 s00 500 1000
Derivative Order =1 Smuooth YWidth = 20  Signal range= 0.070929




£ la Yy SansY) il miia

oa B Aludal Aadll e Bdaall sl Jag
9 .ol elgii) o Ju lea Ly Ut Jglaall ciliaia gl
Wany o<1 g 58K Al die Al Y 4lgl) Aol () el g1l (e
353l Jolaay Axapall Jalgadl lad o) (S Abdia JS84
35l Balad) A sl o ¢l jpdiad) aladiad g el
SN agpadl, |- 3ed )|, glaLy dadi Ay (1)
Ol anie Ce3+ (AAly (Lial) Cet
Specific Indicators : 4 sl & pdal) -3

Al g sl dj&“ﬁ&t@)?‘jsmy‘ Q\#Mgsywdd\m)
D Ada fa Uil il g gia [, sl agd) ae ke U5 Taiaa Sy
9 L) Gadaii Al ) piaal) A Algdl) ddali ) dleal) Jda pLESR) o) ged
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gl ¥ s B ) jaidia

3 s ( SCN- )a_ah\_u.u).\.d\ oqjuﬁ@mﬁ\scy)mdm
addiud Al Glibuw o) 3 LS i | Fe3* e Ol el laize (<5
elKal) dagt vie (T|3+)ej.u\_u.db u—’M‘ Laall oJJL’.AL,’AJ,_MAS
Asxd\ujj@.\umm ¢ ‘JAJMFQ'FSJ.\SJJG\MJ ¢ 3 ylaall s3]
OJJ\JLAM ‘U\.@J ddag) LA‘ Lﬁj\ 9 JAA\)“
true redox *4alall Ji wﬂ\ &IA.J\J\ 9 OA.«.AS\!\ & yridia -4
Indicators
9 BAuS 3a ul.\SJ.AuAu.ﬂLu Ol B dasal A Glmdall sda
LI RARPLN PRY Olgll atiss oMY\g&hJﬂ&&ﬁMmf
gLy g BausY) & pdia cuatnd | daa yall Wil oo BansSgall Lgdlla
OSar g Bulaall Jal e (e Ala e JS oA Jglaall (gas ) A88AY
r b LaS pdiall i 5 Aalaa g Jeldil) Chal 448

INg, + NE™ = INRey
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e=el 4+ 0.059/n x log[In,, ]/[INgeq]

& S gal) JSAN 8l 055N ox [ INReq 2 10/1 Apedll 585 Laric
gl JS&N 058 I,/ INpeg S 1710 Aaadl) (1585 Latie 5 saseall
10980 (AUl g lavall oA

B S gla oY) g B ada gan e=e0 £ 0.059/n
1O sl L) aleal) J slaal) Guas Laads ¢ oll)

from e=e°-0.059/n to e®+0.059/n v

13} Ae=0.06 v s N=1 <ilS 13} Ae=0.12 v (Ao s
N=2 <uls
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o2 S 18 Diphenyl amine(DPA)sda: i
MnO, , Cr,0,2 Jia (e (s (1948 L (Al 3) gal
Al 0.76 5k adall 0, |CIO,

e,=0.76-0.059/2=0.73 v s axxe
g sl Jedd) ¢ 6

e,=0.76+0.059/2=0.79 v iy
2 3al) JSED (3 !
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Examples
1,10 phenanthrolene - Fe salt (Ferroin)

Fe

Redox indicators

(Phen),Fe3* + e = (Phen);Fe?*

pale blue

E°=1.06V

red

Dr.J.Diab



Dr.J.Diab &QJZX‘J sm‘g‘ Q‘M"‘ U.aq ( ) d~3':%

N Jed) o4l BTN 0
el Sl ! e% Volt
NitroFerroin =l 5, BN 1.25
2,3 -DiphenyLamine o n Al asae
dicarboxylic acid et 83 oSl e 1.12
Ferroin CEREDS ) 1.06
Erioglaucin A Boe sasl Ol aac 0.85
DiphenyLamine J o ] C A e
sulfonic acid i o ¢ 0.84
DiphenyLamine g Gl aae 0.76




Applications of Redox Titrations
£ la ¥ 9 sy i plaa ciliyda
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1530 Lcal) daa sall g B gal) i gSI) o3
Auxiliary Oxidizing and Reducing Reagents

Ban] Alla A Leludan o) yall Adl) A juainl) 23 g3 La Bale
gﬁ\em_ﬁﬁuﬁmgﬁ\uﬁtﬁhﬁnﬂ:ﬂhgﬁﬁm
A4l alaal) Jogatl BacLucal) dan jall gl BawSgall Ja) gadl (e
bl J& Single Oxidation State saa s bawsi el
Al ) &JA-“Ji MSJAS\QAJJM\U@ML@&MJLMGQ\
. eral) Ganal) DJAL!.A daﬁ

L dale aad) e 4y giaa die Ja danii JCaial) J glaall «
G Jolaall 138 ¢ AUEY pasld) 9 AN Jgéﬂ\w@yuﬁuﬂ
AU paal) ) DA saal) IS Jgay duag aa e Jala gl ¢
(S I8 (O ) (AU Saall (g Gy dusSiga Jalay gellay
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Sample preparation

Oxidizing Bas Lucall BausS gal) Jal gadl
Sodium bismuthate - NaBiQ,

Very powerful, will even convert Mn?* to MnO,

Not very soluble so excess reagent can be removed
by filtration.

You typically make a suspension with your sample
and then boil it.

Dr.J.Diab



Sample preparation

Oxidizing  3aeluwall dausSgall Ja gall
Ammonium peroxydisulfate - (NH,),S,0,
In acid, we can convert
Cr** —+ Cr,0% Mn?" + MnO,, Ce® » Ce*

Excess is removed by adding o trace of Ag* and
boiling. This decomposes the reagent

Ag

26,02+ 2H,0 79,4502+ 0, + 4H"

Ag) "

Dr.J.Diab



Sample preparation

Oxidizing  3aclicall 5auS gall Jul gall
Peroxide
Not as strong as the other examples

Must be used in acidic solution
H,O,+* 2 H'+ 2e = 2 H,0

Oxidizes Co?*; Fe?*; Mn?* — Co**;Fe3*; MnO,
Excess can be removed by boiling.

Dr.J.Diab



Bac Lusall Az yal) Jal gal)

A. Auxiliary Reducing Agents:
»~ Metals are one group of reducing agents
often used.

»~ The metal (Ni, £n, Al, Cd, Pb, etc) may be
used dependi‘ng on the reduction potential
of the metal relative to that of the

analyte).

» The metal may be mixed directly with analyte
solution and removed mechanically or by

filtration.

Dr.J.Diab



Bac Lucall daa sall ol gal)

Sample preparation

Jones Reductor
Zn(Hg))] — Zn?* + Hg + 2e

An amalgaom is used to prevent
Zn * 2H° — Zn? . H"a."lg.'l

Walden Reductor
Ag HCI , AgCls) +e

Cl is needed to prevent Ag* from enterin
solution - typically use HCI

Jones Reductor is stronger that Walden. Dr.J Diab



+ALll) s gal) culBdat
53S3al) 313l pline (il 53 (2-8) Jsial) padl
53¢t Alidl) i gasl) () Jaadl g (eadad) Julasl) A dlaniicall
o ot JSEAY) ity 1,70 v L0 0.50 o £ g5 Jalgad
2 Jal gadl o0
g e Jalas Lgl pulaa 31 el Al 5 g8 -
¢ 3_leal) A8 3alall g dauS gal) Cp JelEil) de pu -
BauS gall Balall ducl @l Sullaal) culdi -
) A A anin e g A -
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Dr.

Ay e JullaaS Ladiieal) AniLid) CilauS 3all (any (2-8) Jgial

O
o
o

HCIO,

n 98]l :
I Mf}d\ @.\U © “ h?“ * g, + o S
dial slay) i T sl | bl
S| ()

Slisie AS,0,, o
aspdisdl | Mn?* | 151 [Na,C,0,,| MnO, |gope
KMnQO, Fe

Gl Alpha-
o sl 53l Br 1.44 KBrO, | naphthofl | stable
KBro, avone

1.44,1M
’ Na,C,0
M esodll - o) HSO, | -
Cebt Ce 1.70.1M ASESS , | ferroin stable




Osasd)

3 JMS\QAS‘ @u - -hg\*.a % . %
Ll adall | el
ligad ey | = | G e
(3ds2)
Gl S Sb
aslisdl | Cré* | 133 | K,Cr,0, DPA stable
K,Cr,0O,
(393 e .. Modera
- _ ¢ Ll tel
H5|O6Jje3\ I03 1.60 A8203 stzb):e
ub}' e |, slaia)
aslsdl | ICL | 1.24 KIO, k| stable
K|03 ?JJAJJJN‘
, 3 I | 0536 B?S/Z\C;B;)Zj gLl | unstable
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Potassium Permanganate : agsligdl ciliaia e

3alall ol em&:ﬁa ‘ 33...\434.45\ Gilalaay clizia ull Jullae Jassal
dﬁl\&ﬂé&ﬁﬁ.ﬁ*ﬁ‘ 83 L dgll&awgi\g‘ (;*-‘tgé dlss @-“JM
rela g Qg Sl s ol AG ) Galaad) (haea ciliaia ) auSs |, dulaea

2MnO," + 5H,C,0, +6H*— 2Mn?*+ 10CO, + 8H,0
:ZJAN)A-“ Alal) pa i€ B paleal culinia ulf w\ﬂlﬁedﬁuﬁ
o H,0, «C,0,% « Ti®*Sn?*« Fe?* 3l Jha § e iy s 1

& 31 Fe2+ Y eela ) 03 Fed* okl 5 plaal 5 pdlia e 48 4y 2
(_",\'M\

daS A8l T a g el ol il e g SN B e Jia £ g 1L B plaa (k-3
MNO,  « Fe2* ¢ 83yl 3 laa g ddall M) Fe2* (pa da glra g Bl
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s b g (8 o gaald gal) ilitia y il (lay (3-8) Jgall
MnQO, + 8H* + 5e- —» Mn?* + 4H,0

L gyl Jeldil) (aat| 3 leall Balall
S dibela (SN2 —  Sn#t + 2e Sn
bl J& Sn2t
H202 — Oz(g) + 2H+ + 2 e H202
SnCl, =gl |Fe?" — Fed* + e Fe
9 Y o
5 ylaall Ji ol
Fe(CN)g* — Fe (CN)g> + e  |Fe(CN)g*
5l SO, = gla )| VO* +3H,0 — 2H* +V(OH),+e |V

J3 Bi(HQ)
Sﬁb.d\
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P gl )l Mo + 4H,0 - MoO,* + 8 H* + 3e Mo
BJ,)\.:LAJ\ Ja8
Sl el )| W3+ 4 H,0 » WO,2 + 8 H* + 3e W
d.\s EJ:P‘JLSM
3‘):1\.’.,@]\
Siea aaa glasl | US + 2 H,O — UO,2* + 4H* + 2e U
BJ,)\.:LAJ\ Jad
P e )| TRP+H,O0 —  TO?*+2H* + e Ti
Bﬁ\.’.‘d\ Ja8
- H2CZO4 —> 2C02 + 2HT + 2e H2C204
%‘J&“m‘m H,C,0, — 2C0O, + 2H" + 2e |Mg, Ca, Zn
b laacpaes b . Co, Pb,
LailH,CL0, Ag
488115 Ul o3| HNO, + H,O — NO; + 3H* + 2e HNO,

et ciliaia ) 3045
gl
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Tetravalent Cerium Salts @ 4L ) a g ) Z3lal o
Q\MS}AS:UML;A Cuy Sl laany dulaanall LA a g pd) Jallae
Clipdail) alina (B Lgde qugll O OSay 5 p el ) ity Jullaas

D SR psd) il o
Joa g3 deaSly (g2 g (A )3 daS gl BAle g el Jallana Jasilad

:L;«.AAA

2Ce* + H,AsO, + H,0 — 2Ce3* + H,ASO, + 2H*
: ol LS alaal) aaay

2Ce* H,C,0, — 2Ce3*+ 2CO, +2H"

Gl il g laa a9 J) s Y e S 3 plaal 2 gy yaed) (ulila addieg
daaaslal) LeWiay alaal) aldra ) ABLaYL dabuus go LS (1oa gaall g
."' * Yo n
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: ( K,Cr,0-) agpmbipyll cilag S Alie

r O a9 Sl ) Abdal) Lgiliadat A cila g SY) AU B0 LA aa

Cr,0-,2 14H* +6e- —2Cr3* + 7H,0

G9% Ollad) A )l Lghidud Sy 9 ¢ (e by e g <) A0 Jllaa adial
GRS gl ¢ Al o Sl | slall gl (man pa Jolii Y g ¢ Si
A0 Jlally cila g <) A6 (5 glosa , Adaa gia 481 g Al B glaT Aoy Ly las
(B9 (palill] L gaS GalEAT) A (1V) aga sl g Cilinia pall 33 L& 2
Az pall Jal gl (a Baad) pa Lglo i
yaad) Jia daa pal) 3 gall (a8 B plaal cila g Sl (AU (ulifla adiis
8l Adall paad Ay gra g Lgdlaniad (e dag La (81 AL
diml) datlaay SU13 g BauS gall 3 gall B ilaa dilidl 5 AY) clidatl) e
Cra 3L B palae ay ¢ (AUEH Sasd) (e 26 3 e anay Lghlad o) yall
5_dlaal 48y jhal) 62 Gaudai Sl | aleal) ila g S (A0 (AU sl
ol gl S g gl ¢ e g K1 AU ¢ clinia ) g ) oISt g el A
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Titrations including iodine s ddaial) ¢ ylaall
lodimetry gasa) (ubidall-q

3 gall 5 pslaa b adiioue 5 sil) Jaine duS3a Jals( |, )asal

$3 5 (Rl (30 ylay |, @ @l laal) wﬁj_:\gﬂ\

|2 +2e-=2I . I2(S) + |- = |3_ ; |3_ +2e = 3I
w2 J (DH=8) cia 5518 5 Jxina Jas g A B plaall 5 a3
-UM.,. "

r s A (g olAl L gl)

,b + 20H — 10+ I+ H,0 —» 105 + |- +2H*
At o figy Lea dSEl p AL Joay -1; 5 081 aand) Do gl) B
et
aaal) Jglaal) B daa jall Jal gall G (pa Baadl pla ) 568 A -2
H;ASO; + |, + H,0 —H;ASO, + 2| + 2H* ... sl
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Jolaall (A Qida) O, o 2eslll Jolinl) dgbay M) |- J1a =3
:g.a.'a.a;.ﬂ
A+ O, +4H* —2l, +2H,0
S,042 51 AS,0,; Jstaay 35l Jasia,
l, + 25,054 — §,04% + 2I

As,O; +21,+2H,0""5° As, O +4H* + 4I-
lodimetry @) ubally plad A1) 3) gall (aanyels
;" +2e —- 31,1, +2e -2l
H,S +1,—> S+ 2+ 2H*
SO;5% + I,+H,0 —-80,% + 2| + 2H*
Sn2t +1, — Sn*+ 21
ASO;% + |, + H,O -ASO,3 +2 I +3H"*
NLH, + 2 1, — N, +4H* +41I-




lodimetric determination of hydroguinone by back titration
Molecular formula: C4H;O, =110.1

t? +I, — fﬂj +2I- + 2H-

Excess of standard |, is added and excess Is back
titrated with Na,S,0,

|2 + 282032_—) 84062- + 2|_

Dr.J.Diab



lodimetric determination of isoniazide

Isoniaside titration Molecular formula: CgH,N;O0 =137.1

O + 21, +4NaHCO, *'l_—,, Q + N, + 4Nal +4C0,, +3H,0

0 NH-NH, HO™ ™0
NaHCOj is added to remove HI during the reaction

%(w/w)= (vt XFxEx100)/ Mass ayte Dr.J.Diab



lodimetric determination of Vitamin C

Analysis of Ascorbic acid

OH OH
0 0
© oH _, °©° oH +2H" + 2e
HO  OH o 0
ascorbic acid dehydroascorbic acid
CEHBOB CEHEOE

water-soluble vitamin
direct iodimetric titration is a standard method for the analysis of
vitamin C in a variety of citrus fruits and in vitamin tablets.

CeHgOg+ I3 + H20 = CH;Of + 31" + 2H*

Dr.J.Diab



lodometry : s Gubidall
SalaS Janiong¥ 5,49 681 Sacas gall Jal gal) aa o i g e Jale |
|y JS 40 gall 3 plaall (8 30le (5 pay jadia s adal T lai e
il 35Y) ol sliia) e alaie Wb culdla il o ) g3 ey (53
Jaladl (S ey |, i auS 5all daledl Jslae () |- de (e 8305
(S8 omen s B ylaall o g Al 2 e gl A0S 54l
lodometric applications :4: sl cilludail) (e,
2Cu?* + 4 — 2Cul + 1,
2MnO, + 10I + 2H* =5 |,+ 2Mn?* +8H,0
04 + 51 + 6H* — 31, +3H,0
2Ce* + 21" —>2 Ce3* +l,
H,0, +2I +2H* — I, +2H,0

|2 + 282032_ — 34062- + 2|_
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KIO3 :pgalisd) gy
ARG Jillae oo o) Jillaa g (8 S8 L jlas il Ja g
O3 + 51" (Excess) + 6H+(0.1-1m) — 3I, + 3H,0
Oy + 21, + 10CI- + 6H*(3M) — 5ICl,” + 3H,0
O5; + 21+ 6Cl- + 6H*(3M) — 3ICl,- + 3H,0
r Gl gl ) aleal) ciliodal
2 sl ol G ¢ la gmida (A gl g A gal) (o e B alaa
35250 ) agad paall il ol J glaay B pudila g jal) (e Al
p sl 5al) il gy 1 5al) 9 A 5ad) S T £ gada Jaly Al (pa mdiaS o LG
IS s 9ne Jotaa (BB el 0da (g 2T | ) sdgslsl) 35a g Al
ICl, e Jeliil) gl ¢ o€ duny 3y oll) B3 JLE e LU Ale

|2 + 282032_ — S4O62_ + 2|_
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H(psud) ulia)a g all laaS a gl gl Clag
Al yalaa (pa Al oY) ApulBl) da jall (53  gaceld gal) cila gy A g3
Sl g g pladialy 8 pdilall B plaal) ¢ ddle @il Ay Lelillaw adaliy
P Al Jalatl) (B B L ) Aagil) AL Lianad a gauall gl
Aea g (e B by (bl 13 A Br, ¢ agell caaliagg cull juaas
S ¢ Al G, Lgh e 2 sal) Balall (pa (s Jslaa ) a gl gl
1 Bry ¢ pgusl) (s daslas dpaS ) g dall) o ganill gl e g

BrO; + 5Br + 6H* -3Br, + 3H,O (BrO; =3Br, =6e")
dpaS 48La) a5 slally Lgd plaa 31 yal) Balal) Jag 680 B laall ¢ ja) Ll
Jacu gl (aane (g b pgi— ilag ) (oubill) Jlaal) (e da glaa Bail
Baly s IK il a3 5 Adad) aa dda ¢ ja Jo Uiy Cua g ) jalid
il gil) Adacal gy ) adall 2 gall yulag g 3 gal) sl e gl )

CgHsOH + 3Br, (Excess) -C;H,Br;OH

Br, +2I— I, +2Br- , |, +S,03;> — §,04% + 2I
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i S ARy jhay plall B pilae

Many REDOX reagents have been reported. Some get
very spedfic One good example is the Karl Fisher

method for water.

Karl Fisher reagent

A mixture of iodine, sulfur dioxide,
pyridine and methanol.

|2 + SOZ + H20 —> 2H| + 803

C5H5N'|2 + C5H5N'SOZ + C5H5N+H20 —)2C5H5NHI +C5H5N'803

Excess pyridine is added to stabilize the stoichiometry and shift the |
equilibriumto the right. Dr.Jehad diabh



Methanol is added to remove the reactive C;:H:N'S0,
complex.In order not to consume water.

CHEN'SO, + CH,OH —> CHN(H)SO,CH,

Endpoint detection.

(The titration’s end point is signaled when the solution
changes from the yellow color of the products to the
brown color of the Karl Fisher Reagent).

Dr.Jehad diab



Problem: Write the reduction half reactions of the
following and arrange them In order of
Increasing oxidizing strength :

X MnO4 In acidic medium e®=1.51v

* SN e°=-0.14v

» Co3* e°=1.82v

00 00

I\/Ino4 + 8H*+ 5e => Mn?* + 4H,0
» Sn4t +2e => Sn?*
o Co3* + e =>Co?

So: Co3**> MnO4 > Sn3t

00 00 00

DrJ.Diab



Write the Nemst expressions for the following half- cell
reactions: ) e Cilall e cud i A8 g

0.0592 l |
2 8 [Zn**)

:'_(l) Zn*t + 2 = Zn(s) E = E9 —

0.0592 [Fe?" ]

@) P> + e~ =—Fe* [E=FEo— log
) I SR>

(4) MnO; + Se™ + 8H* == Mn** + H,0
~ 0.0592 [Mn?*]

E = EY |
5 8 TMnO; J[H-]*

Dr.J.Diab



Jslaa (B axda g aic 25 Co Al is Gua g pagd) 39 5K (9aS a1
. pH,=1 atmosphere ¢ Lie ( pH=5)sldy

e =eo+ 0.059 log[H*] =-0.059 pH
e =-0.059 x5=-0.295v

of Lle dygia 25 4o al) ie gl o (ulailly dlijl) cly p
AN G 68 qual, g0, = 0.34 v, e%,,=-0.76 v

ecu=0.34 + 0.059/210g 0.01=0.281 v
e,,=-0.076 + 0.059/2 log 0.01 =-0.819 v
E.ci=€cu— €z, =0.281 -(-0.819)=1.10 v
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S A Jolaa b g Ag 29 A8 (e Adlige A (ygas () 229 -3
oaadl) Gl 1S Jslae 2 pudg CU 29 8lly 0.01 M Al
[Cu?t] qal, dasia 25 4aall aie 0.425 v g gbms
Cu + 2Ag* — Cu?* +2AQ (cu-2e=cuz+, 2(Ag*+e=Ag)
€%, =+0.79v ,e%,=0.34v
Ecei = €aq — €cy
0.425=0.79 + 0.59/1*log 0.01 — e,
ec,=0.247 v
ec,= €0 + 0.059/2 log [Cu?*]=0.247

[CU2+]: 7.94 % 104 M Dr.J.Diab



Example 1: A solution prepared by dissolving a
0.2464-g sample of electrolytic iron wire in acid was
passed through a Jones reactor. The iron(ll) in the
resulting solution required a 39.31-mL titration.
Calculate the molar oxidant concentration if the
titrant used was (b) Cr,0.* (product Cr*).

6Fe?* + Cr,0,% + 14H* <==> 6Fe® + 2Cr** + 7TH,0

Moles of Fe?*=6 moles of Cr,0,2
W ge/ MW ge = 6 Ccro07.2 X Veraor2 (L)
0.2464/56 = 6 ccrp07.0 X 39.31/1000
Creoo70=0.01871 M

Dr.J.Diab



6Fe? + Cr,0,> + 14H* <==> 6Fe®* + 2Cr*" + TH.0
W

Fe

molesof Fe*  MWofFe 6

molesof Cr,O© C .,V , 1
= 7 CI’;D? Cry

10,

C L. =00I1871 M

Cr,0 ;

Dr.J.Diab



Example 2: A solution of Na.$.0, was standardized by
dissolving 0.1210 g KIO, (MW =214.00 g/mol) in water,

adding a large excess of Kl, and acidifying with HCl. The
liberated iodine (l.,) required 41.64 mL of the Na.$.0, to

decolorize the blue starch/iodine complex. Calculate the
molarity of the Na,S$.0,

Dr.J.Diab



10, + 51" + 6H* > 3|, + 3H,0 [Eq. 1]
25,0, +|,->85,0 +21 [Eq. 2]
[Eq.1] -[Eq. 2]x3
10, + 6S5,0,> + 6H*—> 35,0, + | + 3H,0

Weight KIO,
molesof IO, =~ MWKIO; 1
molesof S,0; C .V , 6
- 5,0, 5,05
0.121
214 _1

C =<0.04164 6
C =0.08147M



Example: A 1.0120 g mineral sample of Fe was
crushed and dissolved in acid solution. This
sample was passed through a Jones reactor (Fes*
converted to Fe?*). Titration of the Fe(ll) required
23.29 ml of 0.01992 M KMnO,. What is the %Fe In

the sample?
wke2 +
moles of Fe?* 56

moles of MnO;  0.02329x 0.01992

wFe2+ = 0.12990g

goEens = 212990x100 _ 15 0500,

1.0120 Dr.J.Diab
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Example 4.

A 0.1165 g of primary standard Cu was
dissolved and then treated with an excess of
kl. Reaction:

2Cu?t + 41 =» CU,l,(s) +l,
Calculate the normality of Na,S,05 soln. if
36.24 ml were needed titrate the librated I,
l, + 25,05 — §,0¢% + 2I 2CU2*= |, =2e

0.1165

03.54
N =0.10125

= N x0.03624



(Al Ja alic ¢ Omalid (e tablet ddagiias 20 (w9 Al b
pspedl Jolaay pilay, pdan g (A slally © alisd (e pl £ 0.20
Oa e 23.2 dipaall O Gk, O ) _mdia 3520 0.1M SLY
S5 gb Lag Al (8 ) sSul) Qlaaal 4y pial) dpudl) & Lac Ce*
e 200 52 4da (o B dda gusaall (5 ghaa O Cale 13) dda A gdaal)

£ 5.00 dagriaa 20 o)y -
(200 *20) £ 4 C malih (pa dagiian 20 (s gisa-
Gilda gaal) (3 gasa (e £ 0.25=4/( 5x0.2) : £ 0.20 (A< La () -

CHgO; + 2Ce* & C.H O, + 2Ce3* + 2H*
mmOIeSCe4+: 2mmO|eSascorbic acid
23.2 0.1 = (2 xwt)/171.10 =>
wt=(23.1 x0.1 x171.1)/2=198.50 mg 4bsiiaall s gina
% ascorbic acid: (198.50 x100)/200 =99.25%
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Homework

You are titrating 50 ml 0.1M of Co?* solution wuth0.1
M Ce#* titrant.E®-,=0.85 v ,E°-.=1.70.

What is the potential for the titration system after
addition of:

a. 0 ml of Ce#t

b. 25 ml of Ce#*

c. 50 ml of Ce#*

d. 75 ml of Ce#*

Dr.J.Diab



Ce* + Co?" — Ce3*+ Co3
Equivalent point volume:

Ccea+ Veea+r = Ccoor V coo+

0.1 X Veeqs =50 X0.1 ==> Vg = 50 ml

a) Addition of 0 ml of Ce** ,absence of Co3* ,E can
not be calculated

b) Addition of 25 ml of Ce** before the equivalent
point; excess of Co?*

E= 0.85+0.059/1xl0g([25x0.1)/75/(50x0.1-25x0.1)/75=0.85v

c)Addition of 50 ml of Ce%*;at the equivalent point:
E= eV + e%./2=0.85 +1.70/2= 1.275 v

Dr.J.Diab



c)Addition of 75 ml of Ce**.after the equivalent point

.excess of Ce#*

E= e%Ce+0.059xlog[Ce**]/[Ce3"]
=1.70+0.059/1xl0g(75x0.1-50x0.1)/125,(50x0.1)/125=1.682 v

Dr.J.Diab



Problem: Calculate the normality of the solution
produced by dissolving 2.064 g of primary
standard K,Cr,O- In sufficient water to give 500
ml.

N=2.064 g/ (294/6)=0.4219/0.500L=0.0842 N
Problem: calculate the molarity of the I, solution
that is 0.04N with respect to the following reaction:
L, + H,S —2I +2H*+S

M=0.04/2=0.02 M

Problem: calculate the molarity of the KIO;solution
that is 0.04N with respect to the following reaction:
05, +2I+6H*+6Cl- —3ICl,+3H,0

M=0.04/4=0.01 M

Dr.J.Diab



