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" v" NB: For balance basic condition — as acidic But once reaction balance But we may add

Analytical chemistry %ﬁ

OH to neutralize H & create water in its place which can be substracted from water in

other side if present Ex: Cr207-2+ H202 — Cr?+ 02
Half Rxn (red): 66 + 1aH* + €r,0,2,4 5 2Cr** +7H,0
Half Rxn (oxid): ( H,0; o S O, + 2H* + 2e/) x3

after balanced Cr207-2 +8H™*+ 3H202 — 2 Cr? + 302+ 7H20
add S8H20 — S8H*+80H-

Net reaction: Cr207-2 + H20 + 3H202 — 2Cr?+302+8 OH -
D Question: Which of the following corrected balanced reduction half - Reaction
a) Fe"3 +e- — Fe? b) 2Fe + 6HNO3 — 2Fe(NO3)3 + 3H2

¢) Mn*? +4H20 — MnO4 -+ 8H* +5e- d) 2022 — 02 + 4e- &) Mg*2 +2e- —» Mg®

3 Equivalent weight ( eq. wt) in redox reaction

& Definition — weight of substance which react or produce or chemically equivalent to

1 mole of electrons transferred in reaction

So, Equivalent of any species = M.Wt/ no. of e ( form half reaction)

v" NB: some redox substance will have more than one equivalent weight ex: Mn0O4 -
(1) MnO4 +8H' +5e¢— Mn?+4 H20 (instrong acidic medium) So, equivalent wt =M.wt /5
(2) MnO4~+ 4 H + 3 e — MnO: (solid ) + 2 H20 ( in alkaline medium ) So, equivalent wt =M.wt /3

single ‘electrode potential

,
\ ? * if we immerse M ° rod in its M ™ solution, there are 2 process can occur depend on nature of metal

% Oxidation process ( electron loss ) Reduction process ( electron gain )
3 [depend on_electrolytic solution pressure{ ESP) [ depend on_ionic pressure (IP) |
% - Zn? 24 . Cy*? 0
. Ex:Zn'—Zn*"+2e I By Cu+_+2e—>Cu
V f’ 3 b T~
1 asla iJu\.-l \ H 4 \\
v S oslals
\ S I’ ]
\\ ’, \ J\,‘a-)U ,l
~ae- . B
* metal ion (M °) tends to leave the rod * metal ion (M ™) tends to PPT on the rod
So, the rod will be -vely charged So, the rod will be +vely charged
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Z"g)} - > _which process will occur ? this depend on the nature of metal_if
/ (1) IP > ESP — metal will be reduced & deposited on rod ( Ex: Cu,Ag, Pt)
’

(2) ESP>IP — metal will be oxidized & go to solution (EX:Zn, Cd, Co, Ni)

W , ¢ depend on electrochemical activity series of metal ( topH — oxidized & down H — reduced )

So, Cu below zinc in activity serious So, Zn" is easier to oxidize Zn*? & Cu*? easier to reduced to Cu’

.\'_,7 NB: each electrode called half - cell &has its single electrode potential since each type

of rod will be surrounded by equal amount of opposite charge called electrical double layer

% when 2 electrode connected to each other — electrons pass from Zn electrode to Cu_electrode creating
electrical current & form complete Electro-chemical cell (ECC) called
[ Galvanic cell = volatic cell = Daniel cell ] where — chemical energy converted to electrical energy

<

Ce >

1 wt of Cu® Electrod.

| wt of Zn’ Electrode —_ KCl/agar
' & | Cu* conc.

& 1 Zn* conc.

Cathode = reduction
( easily reduced & better oxidizing agent )
more (+ve) potential

anode = oxidation

[}
|
1
1
I
1
1
1
1
( easily oxidized & better reducing agent) :
]
]

more (-ve) potential

6electrochemical cell : composed of 2 half cell connected
1- Externally by wire — used for electronic conduction
2- internally by salt bridge ( Kcl/agar )

6 Salt bridge:
v KCl or KNO3 — where cation Move to cathode & anion move to anode ( in the same mobility )

v Used for — ionic contact without mixing of 2 solution + allow flow of ions to Keep charge

balance & So maintain electron flow (if not present — prevent further electron flow )

< NB: Each electrode has its potential & potential difference between 2 half cell anode &cathode

in cell called emf ( electron —motive force ) Or E cell ( cell potential ) in volt

=
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Dyetermination flotential of half eell (eleetrode potential) !

(1) mathematically: can be measured from Nernest equation

Redox couple Ox. +ne =Red.

Cone.of (Gas constant
onc. o
Nernst l [ox. ]/' oridized 33;‘” K
. 00— form —> emperature

Electrode C°"° of Faraday constant = 96500 coulomb

potential, volt. reduced form

Standard electrode (reduction) ~ No. °f (reductant)

potential, volt. electrons
(constant for every system)
(1) Zn*?+ 2 e — Zn° (ion in metal)
E = E%@uzn°) + 0.059/2 log [Zn*2/Zn°] = E°%(Zu*¥Zn°) + 0.059/2 log Zn*?

So, the potential depend on Zn*? conc.

(2) Fe3+1e — Fe*?

E Fe ey = E%Fetire?) + 0.059/1 log Fe'/Fe*?
So, the potential depend on Both oxidant & reductant conc.

(3) Cet*+ ¢ — Ce*? (ioninion)

E (Ceta/cer3) = E ¥ (Cerarcers) + 0.059 / 1 log Ce*'/ Ce ™

So, the potential depend on Both oxidant & reductant conc.

(4) Cr207-2 + 14 H' +6e > 2Cr?+ 7H2 0

(cro7 ) x@ Y
(Ci")%

E Cr:072/cr3)=E%Cr-0.2/crvs)+ 0.059/6 log

So, the potential depend on Both oxidant & reductant conc. & PH

(3) MnO4-+8H"+5e— Mn*?>+4 H2 QO _(in strong acidic medium)
- | =

0.059 , (Mn04) X (H )8

5 % oMt )'X H20)4

0.059  (MnO4 ) X(H ¥

5 log (M )

* B¢ Mnod/Mn*2) = E © ¢ MnO4/ M

*E Mo/ Mn %) = E O ¢ Mnos -/ Mn ¢ )+

So, the potential depend on Both oxidant & reductant conc. & PH
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2) practically : — half-cell potential can't be determined But emf of whole cell can be

determined So, we can measure it using standard hydrogen electrode half cell (SHE = NHE =

¥ standard hydrogen electrode (SHE) / reference hydrogen electrode / Normal hydrogen electrod (NHE)

pt(s)/H2 (gas), (latm) / H+ (1 M) e

Platinum wire

2H* +2e — H2(gas)

Platinum foil

E ¢nwu2)=E° onwm2) + 0.059 /2 log (H')? / H2 gas Dilute H,50,
So, ifweuse H = I M & pss = 1 atmosphere &E° = zero_at all temperature

E euvm)=E° auvmz)+ 0.059/2log 1 = E° @ne/u2) = Zero volt at all temp

> Used as primary reference to determine potential E0 of any system .

¥ How to determine standard reduction potential experimentally ?

[al
E°. — E° — E° o —ms{| )
cell cathode anode s
+0.34 V = E° — FE° ;
Cu?*/Cu H* /Ha
Standard s—————
hydrogen L
electrode
1MH" o 1 mcu
enetal notes ahout electro-chemical aetivity sexious &Ly Sl dulull bLi
y e
equilibrium E~° (volts)
Li*(aq) —+ e~ — Ligs) -3. 03
by = |
K*taqy + e~ K= -2.92 8
-------------- 1 =
1 Caz2+ +— Ze- —_—— [ -2.87 -
. PR | (aq) —_— ] ags)
[ e J.An._u 55"”‘"“ J.DLA.Jl . D
1 o Sy I Na*raq) —+ e~ — Nags) — - B e
Ioased o JE G = =
1 1 Mg <*(aq) + 2e— —_————a NMga) =2 3T %
1 = o
' Ju+ L;.F Cod L.;m - : Al3*4(aq) + 3e- _—_——ti Algs) -1.66 :‘":
[} . .2
1 d""s}p ot S, : Zn2+aq) + =2e- —_— Znes) -0.76 8
1
e ———————— ! Fe2+paqg) + 2e- ———— Fe(a) -0. a4 %
—
Pb2%aq) + Z2e- e — Pbgs) -0.13 =
=
2H*aq) -+ 2e- _ H2cg) (@] v
CuZ*gaq) + 2e- —_—————a Cugs) -—0.34
Agtaq) + e~ —— Agrs) 0. 80
AuS*tag) + 3e- ] Augs) -—1.50
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» standard reduction potential — useful to determine direction of reaction

» NB: standard reduction potential & standard oxidation potential are opposite in signs

to each for the same chemical reaction.

> questionl : base on activity series which species will be oxidized & reduced Zn*? or H*

> question2: the standard reduction potential of Fe+3 is + 0.77 what is standard

oxidation potential ?

¥ guestion 3

m“

Titrant + 1.33

B Sanjple_ o 0.771
B UNAErgoes cusissvsssasvisssscs B 18 sesnsinssasssvinssosose
Both and € undergoes ... ______.._._.. By A

........ is more easily oxidized.

........ is more oxidized first.

Dr. / shady sha3ban

Analytical king
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Sactors affeet oxidation potential of tedox couple

(1) Common ion effect

EX: MnO4-+8H*+5¢e > Mn*?+ 4 H20

0.0591 [MnO, J[H*]®
E =E%oim? + log
5 [Mn?*]
NB: So 1t Mn*? conc. by common ion — | ratio — | Potential of MnQ4-? /Mn*? system (weaker)
% application: used in Zimmermann-Reinhardt reagent. ( MnSO4 + H3PO4 + H2504)

during titration of ferrous salt (FeCl2) by permanganate

(2) PH effect :- for oxygenated oxidant [ MnO4 — Cr207 - 103 ,...... yi

EX: (MnO4-/Mn*? System) MnO4-+8H™*+5e — Mn*?+4 H20

0.0591 [MnO,J[H'?
E = EnMnO«l-.‘ Mn+2 F o log """""""""
5 [Mn2*]
So, tPH— |H — | potential zeiswa (uSandly

W Another example of PH effect ol

ASQ4 -3 arsnate ; A§(Q3-3 arsenite « B= 1().57) can be determined I2 °@ne / [ ~iodide ( F= 1(). 54)

[} H+
AsOj + 2I' +2H* = AsO;* +1, + H,0
NaHCO, » .

a4 0.059 ;. (ASO4) X (H)
2 (ASO3)

*E c as04” 745037 ) = E 0 4s04 /4503

Direction of reaction is governed by PH of medium

1- in alkaline medium (NaHCO3 ) : arsnite (ASO3 2/ determined iodimetrically (left side )

2- in acidic medium : 1 H' conc. — 1 potential — arsnate ASO4+? is determined iodometrically ( right side)

¥ _Question : according to the previous equation

: |
E m in acidic medium; ) is oxidized by............ Q).... i
E m In acidic medium;.......... ) — is an oxidizing agent. i
E m In alkaline medium,;......... (2 | PEE—. is oxidized by............ (6) i
E m In alkaline medium;.......... 7§ [AREER_—— is an oxidizing agent i

8 0122759671



Analytical chemistry

EO;‘@_ Dr. Shady Sha3ban

4

(3) complex agent effect FeP+1e — Fe*?
0.0591 [Fe3*]
Erlt gt =E g3 g2t + -m-mmmemee- log  -—-mm-
1 [Fe*]

If we add F or PO47 it will complex with Fe"* — | Ratio — | Potential — easily oxidized

(4) PPT agent effect

Ferri cyanide Fe(CN)6 3 + e — Fe(CN)6 ™ ferro cyanide

0.059 [Fe(CN)s3]

E Ferri/ferro = E° Ferri/ferro+ --——— log
1 [Fe(CN)s]

If we add Zn*? ion will PPt ferro cyanide — 1 Ratio — {Potential — ferricyanide easily reduced

& can oxidize iodide into iodine

NB: E(12/1) =053V Ly & Egmisaro) =036V  _ji
® ®
2edox titvation curve
I E(‘I:Ol[)

titrant: Ce*™  —uw____ i i
1 1.2
5 | - i 1.0
sample: -_Fe** L
\ - os
- in 4 . 0.6
o Zo0 e =y 80 Ho0

titrant volume (ml)

reaction T
\ Ct_"“ -+ Ft.z" > Ce!o -+ FeJt

Cen< Ferrous Cerous Fernc
tatmaat asalyte

@ for the following system 4l

Calculate the potential point of titration curve for ml 0.1N Fe*? by 0.1 N Ce** calculate
potential after 10 ml , 50 ml, 99.9 , after 100 ml , after 100.1 ml, after 200 ml

System Fe'3 /Fe"? Ce™ 1 Ce™
standard potential (E°) + 0.77 volt + 1.61 volt

Calculate the potential point of titration curve for Fe*2 by Ce*

(1) at zero titration (0% ) :  potential can't be calculated

(2) during titration ( before 100 % titration ) :

only Fe*? / Fe*? system present So, potential governed by sample redox pair ( Fe **/ Fe **)
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