Reakcije u hemijskim
IzZvorima struje

Predavanje 10, 07.04.2021.

Udzbenik: S. Mentus, Elektrohemija, 2008, strane 120-126

(NAPOMENA: Za ispit dolaze u obzir samo izvori koji su obradeni u udzbeniku)



Hemijski izvori struje — opste osobine

Galvanski element koji koji sluze kao prenosivi izvori elektricne energije
* niska cena,

* najmanje moguce zagadivanje zivotne sredine,

* mala gustina,

* veliki napon otvorenog kola,

* brze elektrodne reakcije,

e veliki stepen iskoris¢enja aktivnih materijala,

* mali stepen samopraznjenja (medusobnog reagovanja aktivnih materijala).



Hemijski izvori struje — opste osobine

Napon baterije

Kapacitet
3 sata daje 1000 mA (1A)
3000 sati daje 1 mA

(i bilo sta izmedu, u teoriji)



Hemijski izvori struje — opste osobine

tesla car weight of batteries Q

Q Al [Eimages & News [ Videos Q Maps : More Settings  Tools

About 1,550,000 results (0.84 seconds)
Gustine snage 85000 Wh / 540 kg

1 ,20() Ib =157 Wh/kg
The 85 kWh battery pack weighs 1,200 Ib (540 kg)
and contains 7,104 lithium-ion battery cells in 16
modules wired in series (14 in the flat section and
two stacked on the front).

Jedna Li-ion ¢elija 12 Wh

(ako radi na 4 V onda ima 3000 mAh)

en.wikipedia.org » wiki » Tesla_Model S ~

Tesla Model S - Wikipedia Konverzija Wh u mAh

Formula je (Wh)*1000/(V) =(mAh).
1.5Wh baterija sa nominalnih 5V, snaga je 1.5Wh * 1000 / 5V =
300mAh.



Hemijski izvori struje — podela
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Primarnil 1zvori
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Primarni 1zvor|

Suvi element / LeklanSeova ¢elija / Zn-C baterija / Zn-MnO2 baterija (1.5 V)

Dry cell battery

Na anodi:
[ Metlow 2Zn+4NH,Cl — ZnCl, + Zn(NH,),Cl, + 4H*+ 4e°

*—— Zinc case

(negative electrode) Na katOdi:
4MnO, + 4H* + 4e- - 4MnO-OH

Electrolyte

Manganese
dioxide paste

Carbon rod

{posifive eletroric) 2Zn + 4NH,Cl + 4MnO, — ZnCl, + Zn(NH;),Cl, + 4MnO-OH



Primarni 1zvor|

Zn-HgO baterija (minijaturna baterija, coin cell, button cell)

poklopac od nerdjajuceg Celika
(izvod anode)

prah cinka (anoda)
izolaciona masa Zn + Hgo - Zno + Hg

membrana natopljena elektrolitom

separator

pasta Zivinog oksida i uglja (katoda) a
kudiste od nerdjajuceg celika R I al_l
(izvod katode) O I Z N O g

2F a0,

n

Steel outer inner top Sealing and
top insulating
Outer steel gasket
case ™

KOH saturated with ZnO in (‘ ; = 1 ) 3 6 V

absorbent material (electrolyte)

HgO mixed with
graphite (cathode)

Inner steel case



Sekundarni izvori

e Olovni akumulator (~2 V)
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Sekundarni izvori

e Olovni akumulator (~2 V)

3.0
Pb | H,50, H,0|PbO,,Pb . Ve
Pb + PbO, + 2H,5S0, = 2PbSO, +2H,0 ¢
. ) E 18 “\Discharging Curve
0 RT pso, " 0 5
E=E — In 5 L 14
2F Abp * Fppo, G 50, "
1'";. 2 4 B 8 10 12
Time in Hours
. RT H 0
E=¢g — In——- Priblizno konstantno




Sekundarni izvori

* Alkalni akumulatori (1.35 V)
Fe | KOH, H,0 | Ni(OH),, Ni(OH),,Ni

Cd | KOH, H,0 | Ni(OH),, Ni(OH),,Ni

Fe + 2Ni(OH), = Fe(OH), + 2Ni(OH),

Cd + 2Ni(OH), = Cd(OH), + 2Ni(OH),

2
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Sekundarni izvori

lzvor/potrosac
. . @ — «— @
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Jos neki tipovi sekundarnih izvora

* Ni-MH baterije

(-) H,O0+M+e = OH™ + MH

(+) Ni(OH), + OH™ = NiO(OH) + H,0 + e~

Disassembled NiMH AA battery: &
1. Positive terminal

L NiMH Rechargeable 2000 mAH nominal ,
P | 200 mA 2. Outer metal casing (also

negative terminal)

3. Positive electrode

4. Negative electrode with current
collector (metal grid, connected
to metal casing)

5. Separator (between electrodes)

10

VOLTS

1

0

0
1.00
20
1

il

0
aa



Jos neki tipovi sekundarnih izvora

e Li-ionske baterije

;’ THE NOBEL PRIZE
@ : IN CHEMISTRY 2019
e" A Anode: Cathode: Ye
e.g., Graphite e.g., LiNiy gCog 15A15 0505

#x

'1‘1

Cu current collector
Al current collector

Li, CxLi*+xe™+6C Li,_ MO, +xLi*+xe™—LiMO,



Jos neki tipovi sekundarnih izvora

* Li-jonske bateriie
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https://www.knowmade.com/downloads/nmc-lithium-ion-batteries/




Jos neki tipovi sekundarnih izvora

Metal-vazduh baterije
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Gorivne cCelije
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Standadi velicina

By Wipsenade at en.wikipedia, CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=12605180



Korisni linkovi

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A Chemistr
v (Zumdahl and Decoste)/11%3A Electrochemistry/11.5%3A Batteries

https://en.wikipedia.org/wiki/List of battery sizes

DODATNO ZA ZAINTERESOVANE

http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-lvana-
Stojkovic-Simatovic.pdf (opste o Li-jonskim baterijama, predavanje Prof. lvane
Stojkovic-Simatovi¢ na doktorskim studijama)

e http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/PhD-PtC.pdf (platinski
katglizatosi za gorivne celije, predavanje Prof. Nemanje Gavrilova na doktorskim
studijama



https://chem.libretexts.org/Bookshelves/General_Chemistry/Map:_Chemistry_(Zumdahl_and_Decoste)/11:_Electrochemistry/11.5:_Batteries
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map:_Chemistry_(Zumdahl_and_Decoste)/11:_Electrochemistry/11.5:_Batteries
https://en.wikipedia.org/wiki/List_of_battery_sizes
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/Doktorske-studije-Ivana-Stojkovic-Simatovic.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/PhD-PtC.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/PhD-PtC.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/PhD-PtC.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/PhD-PtC.pdf
http://www.ffh.bg.ac.rs/wp-content/uploads/2019/04/PhD-PtC.pdf

Merenje standardne
elektromotorne sile, primene

Predavanje 11.

Udzbenik: S. Mentus, Elektrohemija, 2008, strane 125-132



Sta do sada znamo?

AG= - nF¢ =g —InHa

Standardna

0 —AG ° . . ..
e’ = elektromotorna Termodinamika reakcije
Nk sila

Kadaje & = 80




Kompenzaciona metoda merenja EMS

* Instrument sa visokom ulaznom impedansom
 Kompenzaciona metoda merenja EMS
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Hy 3CAS0y-BH;0 thg) By Jeff Keyzer from Seattle, WA, USA - Voltage Reference, CC BY-SA 2.0,

@ = https://commons.wikimedia.org/w/index.php?curid=64480158

cd(Hg) | 3¢ds0,-8H,0, H,0 | Hg,s0, | Hg



Etalon elektromotorne sile
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Etalon elektromotorne sile

e \/estonov element

Cd(Hg) + Hg2504 = 2Hg + CdSO4
cd(Hg) | 3¢ds0,-8H,0, H,0 | Hg,s0, | Hg

. RT &, 8y,
c=¢& ——In
2F  8y(ng)  Bug,s0,

-

Hy carig) g = 1,018300 - 4,06-10(t - 20) - 9,5-10°7'(t - 20)? -1-10°%(t - 20)°



Odredivanje standardne elektromotorne sile i
koeficijenata aktivnosti (vezba na Il kolokvijumu)

H —
Ag
P N o o RT]H
'""‘T‘ﬁa-:l: “ __I_: cC=c — &l ()
-\1H n-__ — .H_ i
[ :ﬂ:“ AgCl F
HCI
RT]I]I: _ )
L= —— i) i g
F ]+ H

1 -
;H:—}H +e AgCl+e— Ag+CI-

] . RT. . ,
E=g ——Inm y:
F

1
—H,+A4gCl>H +4g+CT



Odredivanje standardne elektromotorne sile i
koeficijenata aktivnosti (vezba na Il kolokvijumu)

I . AT . AT

E=g ——hm ——In y:
Ly — = F
Ag
F'l“"-hf-%"' ] — - — ] RE_ 2 0 RE— 2
- —.:E—_ — |&: £+ mhm =" ——Mn ¥
[ = — A F F i}
HCI
1 . JRT
;H: —H +e 4oCl+e— Ag+CI- £+ In m= f(m)
- F

4

1
—H,+A4gCl>H +4g+CT



Odredivanje standardne elektromotorne sile i
koeficijenata aktivnosti (vezba na Il kolokvijumu)

IRT
— ] e— -
£+ In m= fim)
= F
Ag
Wi 02250 =
P‘h“_"_“%-'lz_ A Sl S
= — =1 A .
HCl - 02240
£
1 ) 8
—H, > H +e A4gCl+e—>Adg+CI- i
2 & 02230
— IRT 5
‘ lim £+ In m=g"
g = F
02220

L 1 1 ] [
L 0.0z (.04 IR 008 010

1
—H,+A4gCl>H +4g+CT

m"* /{mol kg ")'*



Odredivanje standardne elektromotorne sile i
koeficijenata aktivnosti (vezba na Il kolokvijumu)

logy. =-05091 +BI

th, = _
Ae log v. = —0.509./m + Bm  HCI(1N)
S — 5 E B
- hj: — - If“:» :
= = [ 2-2.303RT . 2-2.303
HCI g+ : logm=¢g" — = RT -{-0509+/m + Bm|
1
;H: — H™ +e A4gCl+e—>Adg+CI- ' 4606 234RT o 4.606RTEm

- E =&+ RT log m— Am =g

' F F F

1
—H,+A4gCl>H +4g+CT



Odredivanje standardne elektromotorne sile i
koeficijenata aktivnosti (vezba na Il kolokvijumu)

4.606 234RT . 4.606RTEm
_ E =£+ RTlog m— A =" —
T F F F
H,  —
—:“} [—
Ag / T
pot gt - i R :
-TE¥ - _ Nagib > B
_;:‘Iﬁ: I:‘\:H:“ AgCl m =0
1
“H, > H + - . "
>, e AdgCl+e— Ag +Cl log",/: = —0:309\64-3] £ '

4

1
—H,+A4gCl>H +4g+CT



Odredivanje standardne elektromotorne sile
galvanskog elementa sa alkalnim elementima kao
reaktantima

Ali alkalni elementi nisu
stabilni u vodi

Pa nemoj da koristis

vodu

Ali nemam aproti¢ni
rastvarac

Koristi amalgam




Odredivanje standardne elektromotorne sile
galvanskog elementa sa alkalnim elementima kao
reaktantima

Sastav elektrolita!

B e 1,2
- i| I._u_: u o —RIln f"mc"%

B S ) | -
__.: ;- . F Ij-ll.h'rl_ﬁ - flr :.L'.\._,.‘:H"E:I

» RT ey
Na(Hg) <<Na*+e H —eeslq. E=E — In -
2 F o g - Qyyps

Na(Heg)+ HC! = NaCl +éH )



Odredivanje standardne elektromotorne sile
galvanskog elementa sa alkalnim elementima kao

reaktantima

H.
T «—
[ :| I _f‘r |__'
Na(Hg) <>Na*+e H- =eo A, I->0

Na(He)+HCl = NaCl +%H:

=g Elﬂﬂr
- F Lail i

2RT

F

2RT

F

111-'..-: %ol

].I'.I._."':



Odredivanje standardne elektromotorne sile
galvanskog elementa sa alkalnim elementima kao
reaktantima

— — RT
- i| }?r :E_-{_-. F

L

Ina

R I-:-'1

Predavanje 8

—] Told you so!
— . RT
o | fTnE e

: _

Na(Hg) <<Na*+e H =e=—H, .
) ?_ ) g Ako je jedna elektroda Cist metal
Pt Pt

Na(Hg)+HCl = NaCl + é H.




Odredivanje konstante disocijacije slabe
kiseline na oshovu merenja EMS

H* je iz slabe kiseline!

Hroty e =lh A
P'h'"_"_“%:!g_- -

o ~ AgCl

| >

/\

HC

%H: S H +e A4gCl+e— Ag+CI- Sastav elektrolita!

- ‘ Pt, Hz (L atm) | HA(my), NaA(mz), NaCl(ms) | AgCl, Ag

%H:+,igC.i'—:rH' +Ag+CT



Odredivanje konstante disocijacije slabe
kiseline na osnovu merenja EMS

e Sastav elektrolita!

e — Pt, H2 (1 atm) | HA(m1), NaA(mz), NaCl(msz) | AgCl, Ag
- I I
B o1 B oy
;:"Iﬁ: iy :ﬂ:“ AgCl
HCI lzvor Izvor CI- za

protona za katodnu

, anodnu reakciju

SHy 2> H +e 4gll+e—>dg+Cl reakciju

= Zajednicki
anjon
Kontrola

1 disocijacije
3 H,+AgCi->H +A4g+CT



Odredivanje konstante disocijacije slabe
kiseline na osnovu merenja EMS

e=e*-ha  .a + Gl N ) 7
- oim = - =
hy — F = 77 a,
Ag
Pt _""'T‘"-E:Elé R - —I— -
= :ﬂ:“ AgCl RT @w -a
— — 0 Ha “po- -
HC ce=e" " In K
F a,
] N a=my
:H: — H +e 4gCl+e— Ag+CI-
‘ n RIT, Mpgy-M, R, 7Ha 7P RT
g=5" ——Mh - — In - — In K

1 . F m F F
;H:+Ag{f.i'—}H +Ag+CT - -




Odredivanje konstante disocijacije slabe
kiseline na osnovu merenja EMS

I w RI Mgy M. RT . 7 7y RT

E=£ 5 In - - 5 In - — 5 In K
H., —_— .
L — m Y,
Ag
Pl""'-:-_lg:.. e - T
2l P B
| — —— A y
= _ o— g Mogpy - M, Py Vs )
HCI —— = log =—log —log K
0,0591 m Y
lH: — H +e 4gCl+e— Ag+CI-
5

R : Mgy -1 - P
+log = - -
! 051 F

%H:+,igC.i'—:rH' +Ag+CT



Korisni linkovi

* Proucite uputstvo za vezbu (stranica predmetal)

e http://electro.chem.elte.hu:5080/Laboranyag/Chemistry BSc English
Group/BLOCK 09/Electromotive force 2014.pdf

* https://www.sciencedirect.com/topics/chemistry/electromotive-force

* RAD O MERENJU EMS IZ 1883:
https://www.jstor.org/stable/pdf/982459.pdf
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