13 Elektrokemia

13-1 Elektrodpotencialok mérése
13-2 Standard elektrodpotencialok
13-3  Egy AG, €s Ky
13-4 E_, koncentracio fliggese
13-5 Elemek: aramtermelés kémiai reakciokkal
13-6  Korrézio: nem kivant elem
13-7 Elektrolizis: nem spontan reakciok eldidézése
13-8 Elektrolizis ipari alkalmazasai
B Fokusz membran potencialok
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13-1 Elektrodpotencialok merése

Cu(s) + 2Ag*(ag) Cu(s) + Zn?*(aq)

Cu?*(aq) + 2 Ag(s) Nincs reakcid

(a) (b)
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Elektrdod reakcidk, elektrodok

Oxidation

Anod (ox)

Katod (red)
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Galvanelem

0460 | \\'
e Voltmeter

Salt bridge [KNO3(aq)]

(25

.
L J
N 2+\ +
Cu Cu* NO, - Ag
1.00 M Cu(NO3),(aq) 1.00 M AgNOs(aq)
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Terminologia

 Elektromotoros erd, E_,.
— A cella fesztltsege.

 Cella diagram.
— A galvanelem komponenseinek szimbolikus abrazolasa:
— Anod (anode) (oxidacio helye) bal oldalon.
— Katod (cathode) (redukcio helye) jobb oldalon.
 Fazishatar jele: |.
 Fél cellak kozotti hatar jele
(rendszerint s6-hid): ||.
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Terminologia

f’
Flow of

electrons

1103 |

Voltmeter

Salt bridge
KNO;(aq)

1.00 M Zn(NO3),(aq)

Cathode

CuI
|

=

1.00 M Cu(NO3),(aq)

Zn(s) | Zn**(aq) || Cu?*(ag) | Cu(s) E.y=1.103V

Elektrokémia
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Zn(s) | Zn?*(aq) || Cu?*(aq) | Cu(S) Eggy=1.103V

R ’ al
Copper Zinc
(cathode) Salt bridge (anode)
2 Na* sof—?
Cu?*(aq) +2 e~ —> Cu(s) Zn(s) —> Zn**(ag) +2 e~
(a) (b)
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Terminologia

 Galvanelem (cella).

— Spontan kemiai reakcio ami feszultseg kulénbseget
teremt.

« Elektrolizalo cella.

— Nem spontan kémiai valtozas kiilsd fesziiltség hatasara.
 Redoxi par, M/M™

— Keét 0sszetartozo, kiilonbozo6 1onizacids allapotu anyag.
elektronszam véltozés: n e
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13-2 Standard elektréd potencialok

« Az elektrodok k6zotti potencial killonbseg nagyon
pontosan merheto.

» Az elektrodok potencialja nehezen mérheto.
- Onkényes nulla potencialt valasztanak.

Standard Hidrogeén Elektréd (SHE)
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Standard Hidrogen Elektrod (SHE)

2H*(@a=1)+2e<>H,(g,1bar) E°=0V

/<— Pt wire

~—H,(g,1 bar)
Glass tube to .

contain Hy(g) —»

~ Pt(s) electrode
; | E&I—ﬁ(aq, a=1)

\— Bubbles of H,(g)

Pt|H,(g, 1 bar)|[H*(aq, a = 1)
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Standard elektrod potencial, E°

« E° nemzetk6zi egyezmény szerint definialjak.

A redukciora valo hajlamot jelzi egy kivalasztott
elektrod eseteben.
— Minden ion aktivitasa: a=1 (kozelitdleg 1 M).
— Minden gaz nyomasa 1 bar (kozelitoleg 1 atm).

— Ha nem jeldljuk a fémet, akkor inert nem reagalo femet
hasznalunk (pl. Pt).
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Cu(IM) +2e — Cu(s)  E°q2/oy=?

PtiH,(g, 1 bar)|H*(a = 1) || Cu?*(1 M)|Cu(s) E°,,=0.340V
anod katod

Standard cella potencial: a két standard elektrod
potencialjanak kilénbsége.

(@) — (@) (@)
E cella — E katod ~ E andd
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Standard Cella Potencial

PtiH,(g, 1 bar)[H*(a = 1) || Cu?*(1 M)|Cu(s) E°., =0.340 V

E®en = E cathode = E anode

E°en = E cuzicu - E%Hom,

0.340 V = E° 2+)cy -0V
E°cpovc, = 10.340 V

H,(g, 1 atm) + Cu?*(1 M) — H*(1 M) + Cu(s)  E°,;, =0.340V
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Standard redukcios potencial mérese

a0

¢ Voltmeter
H,(g) | H,(2)
1 atm | atm
Cu L | - Zn
- : i -
| 184 -
H™ (aq) Cu?*(aq) H™ (aq) Zn*" (aq)
L am (1 M) L am (1 M)
, (a) , i (b) i
anod katode katod anod
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TABLE 21.1 Some Selected Standard Electrode (Reduction)

Potentials at 25 °C

Reduction Half-Reaction E,V
Acidic solution

Falg) + 2¢ — 2F () +2.866
Oue) + 2H'(ag) + 2¢ — Ou(g) + H,OM) +2.075
S,04 (ag) + 2¢ —> 250, (ag) +2.01
H,O.(aq) + 2H (ag) + 2¢ = 2 H.(X]) +1,763
MnO, (aq) = 8 H'(aq) + 5S¢ — Mn’'(aq) + 4 H,OXD) +1.51
PbO.s) + 4 H'(aq) + 2¢ — Ph'(aq) + 2 H,ON]) +1.455
Clig) + 2¢ — 2Cl(ag) +1.358
Cr0;7 (aq) + 14 H(aq) + 6 — 2Cr (ag) + 7 H.OM +1.33
MnOs(s) + 4 H'(aq) + 2¢ — Mn’'(aq) + 2 H,(X1) +1.23
Osg) + 4H(ag) + 4¢ — 2 H,O) +1.229
2105 (aq) + 12H'(aq) + 10e — Li(s) + 6 H,O(D) +1.20
Bry(l) + 2¢ — 2 Br (aq) +1.065
NO; (aq) + 4 H'(ag) + 3¢ — NO(g) + 2 H,O(l) +0),956
Ag'{aq) + e — Agls) H).E00
Fe''(aq) + ¢ — Fe''(aq) +0.771
Oyg) + 2H (ag) + 2¢ — H,Oyaq) +),695
I(s) + 2¢ — 21 (aq) +).535
Cu’'(aq) + 2¢ — Cu(s) +0.340
SO (aq) + 4 H'(ag) + 2¢ —= 2 H,OXD + SO.(g) +0,17
Sn*'(aq) + 2¢ — Sn’'(aq) +0.154
S(s) + 2H'(aq) + 2¢ — H,5(g) +0,14
2H(ag) + 2¢ — Hilp) 0
Pb*'(aq) + 2¢ — Pbis) 0.125
Sn*'(aq) + 2¢ — Snls) —0,137
Fe*'(aq) + 2¢ — Fels) —0.440
Zn''(ag) + 2e — Zn(s) 0.763
AlY(ag) + 3¢ — Al(s) -1.676
Mg''(aq) + 2¢ — Mgls) -2.356
Na'(aq) + e — Nals) -2.713
Ca**(ag) + 2¢ — Ca(s) -2.84
K'{aq) + ¢ — K(s) -2.924
Li'(aq) + e — Li(s) 3.040
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13-3 E

AG, és K,

cell’

A cellak elektromos munkat végeznek.
— Elektromos t0ltés mozog: W, .uhaszmos = W

 Faraday konstas, F = 96,485 C mol-!

= -nFE

elec —

AG = -nFE
AG° = -nFE°
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Spontan valtozas

AG < 0 spontan valtozas.

Ezért E°.,,, > 0 mert AG®,,, = -nFE°
EOceII > O

— A reakci0 a felirasnak megfelel6 iranyu.
EOceII - O

— A reakcio egyensulyban van.

EOceII <0

— A reakci6 a felirassal ellenkez0 iranyt .

Elektrokémia
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Femek oldodasa savakban

M(s) > M?*(ag) +2e°  E°=-E°\oim

2 H*(ag) +2 & — Hy(g) SIELY

2 H*(aq) + M(s) — H,(g) + M**(aq)
E®cen = EOH+/H2 - Ev2tm = -E 2o

Ha EOM2+/M < O, Eoce” > O EZért AGO < O

A negativ standard elektrdd potencialt fémek hidrogén
fejlodes kozben oldodnak.
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Az E°

 és K., viszonya

cel

AG® = -RT In K, = -nFE°,

Elektrokémia
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Osszefoglalas

Calorimetry:
AHO

Calorimetry and

theoretical calculations: ~

S$%and AS®

\\ AG

Egyensulyi

0sszetétel Equilibrium
s 7 ch composition

MErese measurements

AG® = - RTWK,, / - Aok,

\“cell =~ pF " heg

= AH° - TAS® . AG® = - nFE_, ' Electrical
>l — Ey _ measurements:

. & =

E-and E
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13-4 E

mint az aktivitas figgvenye

log Q
-4

-3
-2
-1
0
1
2
3
4

cell

Zn(s) | Zn**(aq) || Cu?*(aq) | Cu(s) E.y=1.103V

E
1.192 1.18 -nFE_,, = -nFE°,; +RT In Q
—1.14
1.162 o RT
2 110 Ece =E°en-—— INQ
m& . -
1.103 T 1.(|)2 T Valtsuk &t log,, —re és szamitsuk ki
. allandokat:
1073_4_3_2_1 0 1 2 3 4 az allandoka
1044 log [an_l_] Q _ aZn2+ N Zn2+
24
1014 2™ a. |Cu
0989 0.0592 V
A Nernst egyenlet: Ecen = Ecet® - — - log Q
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Pelda 13-8

oy

(7

€

Pt

WIré¢ — [Anode

Fe21(0.10 M)
Fe31(0.20 M)

Hatarozzuk meg az alabbi galvancella feszlltséget E_;:

Pt|Fe2+(0.10 M),Fe3*(0.20 M)[|Ag*(1.0 M)|Ag(s)

Voltmeter

Salt bridge
KNO3(ac1)

Elektrokémia

=g

__|Cathode

e
|

Agt(1.0 M)
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Pelda 13-8

. 0.0592V
EceII = EceII B N Iog Q
Al . . 00592V [Fe3]
H EceII - EceII - N Iog [FeZ+] [Ag+]
f | L)
o S E,=0029V-0018V=0011V

Pt|Fe2+(0.10 M),Fe3*(0.20 M)[|Ag*(1.0 M)|Ag(s)

Fe?*(aq) + Ag*(aq) — Fe3*(aq) + Ag (s)
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Koncentracios elemek

Keét fél-cella azonos elektrédokbdl,

de kiilonb0z0 koncentraciokkal.

Pt|H,, (1 bar)[H*(x M)||[H*(1.0 M)|H,(1 bar)|Pt(s)
(7

) Anode Cathode 2 H+(1 M) + 2 e — HZ(g’ 1 atm)

Salt bridge
H,(g, 1 atm) KNO3(aq) H,(g, 1 atm)

H,(g, 1 atm) - 2 H*(X M) + 2 &

Pt = Pt
e B 2 H* (1 M) — 2 H*(x M)
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Koncentracios elemek

0.0592V

Boon = Bear” - = =109 Q - 2HAM) - 2H'(x M)
000592V %2
Ec:eII = EceII B |Og ?
n
0.0592V, X2
Ecey =0 - ; log T
Een = - 0.0592 V log X gt
S Stabil H,0
ECE” = 00592 . pH [V] EEE 7 H; fejl('idés \\‘
0 2 4 6 pH 8 10 12 14
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Oldhatdsagi szorzat meghatarozasa

e
4 Ag
Agl(satd aq)

AgI(s) o~

Ag|Ag*(telitett Agl)||[Ag*(0.10 M)|Ag(s)

I ~ Ag*(0.100 M) + e — Ag(s)
Salt bridge | Ag(S) —> Ag*(telitett) + e
KNOB(aq) Cathode

Agl

Ag*(0.100 M) — Ag*(telitett M)

Ag™(0.100M)
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Pelda 13-10

Oldhatdsagi szorzat meghatarozasa Galvan elem (Voltaic Cell)
segitségével.

Agl: hasznaljuk az el6z06 dia adatait (az aktivitasokat
kozelitstik a koncentraciokkal).

Agl(s) — Ag*(aq) + I(aq)

Ag*(0.100 M) — Ag*(telitett M)

., 0.0592V 0.0592 V [Ag*]
E(:eII = Eceu - |Og Q — Ecell - g - telitett Agl
" n [AG*]o.10mAg+
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Pelda 13-10

AgH]..
E = E.. - 0.0592 V|Og[ g ]telltettAgI
[AG*]0.10 m Ag

Legyen [AQ*] glitett agt = X -

_0.0592V, X
Ecell = EceII B n Iog 0.100

0.417 =0 - 0'05192 V(Iog X —log 0.100)

B 0417 _
log x = log 0.100 - 00500 -1-7.044 =-8.044

x=10804=9039-109 K, = x2=8.169-10"7
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13-5 Elemek: aramtermelés kemial

reakciokkal

 Elsddleges cella (elemek).
— A reakcié megfordithatatlan.

« Masodlagos cella (akkumulator).
— A reakcié megfordithato (toltés).

» Tuzeldanyag cellak.

— Az athalado anyag kemiai energiajat alakitja
feszultseggeé.
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A Leclanché (Szaraz) Elem

v— Insulation

— Graphite rod
(cathode)

— MnO, and carbon
black paste
making contact
with cathode

|~ NH,Cl/ZnCl,
paste (electrolyte)

Zinc metal can
(anode)

Elektrokémia
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Szaraz elem

Oxidacio: Zn(s) — Zn%*(aq) + 2 e
Redukcio: 2 MnO,(s) + H,O(l) + 2 e — Mn,0O4(S) + 2 OH"
Sav-bazis reakcio: NH,* + OH — NH;(g) + H,O(l)

Csapadékkeépzddes: NH,; + Zn?*(aq) + Cl-— [Zn(NH,),]Cl,(s)
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Alkall szarazelem

Redukcio: 2 MnO,(s) + H,O(l) + 2 e — Mn,04(S) + 2 OH"
Oxidacio (2 lepés):
Zn(s) — Zn%*(aq) + 2 e

Zn?*(aq) + 2 OH-— Zn (OH),(s)

Zn(s)+ 2 OH — Zn (OH),(S) + 2 &
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Olom akkumulator

A leggyakoribb masodlagos elem

Discharge
.
Discharge
L f Charge

Charge
¢ : C
\ Pb02
Ph.afisda ¢ cathode

_+_
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Olom akkumulator

Redukcio:

PbOZ(S) + 3 H+ + HSO4_(aq)+ 2 e — PbSO4(S) + 2 H20(|)

(ag)
Oxidacio:

Pb(s)'l' HSO4_(aq)_> PbSO4(S) + H+ + 2 e-

(aq)

E®cen = E%phogipbsos = E pbsoypy = 1.74V —(-0.28 V) = 2.02 V
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Ezist cink elem: gombelem

Zn anode (—)

Metal

cathode (+) = | Insulation

PRSI A

Zinc/electrolyte —

Separator (porous)

Ag,0 paste

Zn(s),ZnO(s) KOH(sat’d)|Ag,0(s),Ad(s)

Zn(s) + Ag,0(s) — ZnO(s) + 2 Ag(s) E =18V
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Nickel-Cadmium elem

Cd(s) + 2 NiO(OH)(s) + 2 H,O(l) — 2 Ni(OH),(s) + Cd(OH),(s)
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6_1
Anode

g) ol
—=

H,(

Output

......

i:;lﬁ: O\ [—

Tuzeldanyag cella

O,(g) + 2H,0(l) + 4 e — 4 OH (aq)

¥ cunode 2{H,(g) + 2 OH-(aq) — 2 H,0(l) + 2 &'}

O,(g)

2H,(g) + O,(9) — 2 HyO(l)

@LPG)

Electrolyte
KOH(aq)

o _— o o
E cell — E 02/OH™ ~ E HO/Mp

= 0.401V — (-0.828 V) = 1.229 VV

e = AG°/ AH® = 0.83
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Levego elemek

I —> NaOH(aq) out

/.

<— Air in

Alr in —» _

Al anode
Air cath '
ode Air cathode (carbon)
(carbon)
Ailr out -— — Air out

|
L NaOH(aq) in

4 Al(s) + 3 0,(g) + 6 H,0(l) + 4 OH" — 4 [Al(OH),](aq)
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13-6 Korrozio: karos spontan folyamat

pH=14 (egysegnyi aktivitasu OH"):
O,(g) +2H,0(I) +4e —40H(@q) Eg,on-=0401V

2 Fe?*(ag) + 4 e — 2 Fe(s) Erorer =-0.440 V

2 Fe(s) + O,(g) + 2 H,O(l) — 2 Fe?*(aq) + 4 OH"(aq)
E.. =0.841V

pH (erosen savas kozegben):

O,(g) +4H"(aq) +4e — 4 H,0 (aq) Eg,on-=1.229V
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(a)
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Korrdzid vedelem

Film of water

Iron

(a) Copper-plated iron

Elektrokémia

Film of water
- -
g Zn+> 7Zn*"

2e]

I

W = 2 H-C)
46\»(}2 2 '
4 0OH™ <
M
2e

PR £
Zn+> Zn*"

(b) Galvanized iron
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Korrdzid vedelem
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13-7 Elektrolizis: nem spontan reakciok

eloidézese

Galvan Cella:
Zn(s) + Cu®*(aq) — Zn®*(ag) + Cu(s) E=1.103V
Elektrolizald Cella:

Zn%*(ag) + Cu(s) — Zn(s) + Cu’*(aq) E=-1.103V
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Komplikaciok

Tulfeszultseq.
* VersengoO reakciok.
Nem standard allapotok.

Az elektrodok
természete.

CuSOy(aq)

Anode (+) Cathode (—)
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Kvantitativ vonatkozasok

1 mol e =96485 C

Toltés (C) = aramerdsség (C/s) - 1do (S)

e 1ot
F
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13-8 Ipari elektrolizis

Y ~ ‘. :* S 44
% I
\é\*\‘: v B A'. A A ; : > E‘.t.“
R RN

Elektrokémia
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(@)
-
—
©
Q.
o
| N—
d
&)
D
LL]
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KIor alkali eljaras

H,(g) Cly(g) out
) } - fL "
H,
Na in Hg(1)
[
-~ NaCl(aq) NaCl(aq) t ‘ .
s — & ‘ NaOH(aq)
NaOH(aq) NaCl(aq) in NaCl(ag) oy
out
He(l)
\ / y i, / 5
Anode Diaphragm  Cathode
compartment and cathode  compartment

Elektrokémia

(

)

¢}

—_—

<) -

) out
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Fokusz: Membran potencialok

III “’3“’"1’;

"

Elektrokémia



Nernst Potencial, A®

.-\-‘lcm_hrunc
@ D \"’:‘}/ -~
o I o
@Q = E% —_—
Qe <
« - 3
aSro @
N
@®al Mo )
[K™], = [K"], [KT™]l;y=[K");
[C17], = [C1™ ], [CI-]; =[C17 ),
(a)

Net negative Net positive

charge charge
; \ (
S~
P @Q | @ Q@
o = @ &
— (&) @ Q @
goglo <
Qo =
[K™], = [K"], Final state
[C17], > [C17 ], _RT, [K'l
Ad = -F In K1,
(b)
Elektrokémia
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