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7.1. The dién cuwc

Cu(s) + 2 Ag™(aq) — Cu2+(aq) + 2 Ag(s)

| Cu(s) + Zn2+(aq) —— no reaction

7.1. The dién cuwc

Oxidation: Cu(s) — Cu?*(aq) + 2e”
Reduction:  2{Ag™(aq) + e~ — Ag(s)}
Overall: CMQ+2A§H@-—*C§Y&U+2A§Q (20.2)

().460

Voltmeter

Trong té bao dién héa: Salt bridge [KNOs(aq)]

Anode: qua trinh Oxy-
hda xay ra

, < N t5 =2
Cathode: qua trinh Khi a3 B [
xay ra \

Cut -Nﬂj_ - -
1.00 M Cu(NOj),(aq) 1.00 M AgNOs(aq)
Té bao dién hoa
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7.1. The dién cuwc

Oxidation: Cu(s) — Cu?¥( aq) +2e”

Reduction: 2 {Ag™(aq) + e~ — Ag(s)}

Overall:  Cu(s) + 2 Ag'(aq) — Gy aq) + 2 Ag(s) (20.2)

Trong te bao dién hoéa: L Voltmeses \

Salt bridge [ K\O3(aq}]

e lf““ \] y
'“ s

Hiéu thé gitra hai dién cuc

la dién thé té bao, E .

/.,_,
W=

E..1 CONn dugc goi la sirc

dong, emf.

1.00 M Cu(NO3),(aq) 1.00 M AgNO;(aq)
Té bao dién hoa

Oxidation: Zn(s) — Zn*"(aq) + 2e”
Reduction: ~ Cu**(aq) + 2e~ — Cu(s)

Overall: Zn(s) + Cu**(aq) — Zn?*(aq) + Cu(s)

Flow of Voltmeter

electrons
Salt bridge

Cathode

el
1
]

Té bao dién héa sinh ..

ra dong dién bang

=EEsp

(' " KNOjaq)
=

__1 |
d
A-n—.«d-—n-——-/

phan (rng xay ra tw !
nhién, duwoc goi la té i | £

oL,

bao volta hay galva e
1.00 M Zn(NO3)y(aq) 1.00 M Cu(NOs),(aq)
anode — Zn(s)[Zn?*(aq) | Cu®*(aq)|Cu(s) «— cathode E. =1.103V
Half-cell Salt Half-cell Cell voltage
(oxidation)  bridge  (reduction) (20.4)
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7.1. The dién cuwc

Oxidation

oxidaton

M(s) M"(aq) + ne”

A e —
reduction

Nra té bao dién hoa

7.2 Thé dién cwc tiéu chuan

» Dién cwc hydro tiéu chuan (SHE) duwoc chdp nhan

rong rdi nhu 1a dién cwc tham chiéu cé E = 0 volt (V).

on Pt

2H™(a=1) + 2e"===H,(g,1bar)  E° = 0volt(V) (20.5)
_"‘/-—leire
Anode: Pt|H,(g,1bar)| Hf(@a = 1) S
Glass tube to 5
contain HzigJ —

Cathode: H*(a = 1)|H,(g,1bar)|Pt

e

Ptis) electrode

H (ag,a= 1)

Bubbles of H,(g)
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7.2 Thé dién cwc tiéu chuan
» Dién cwc hydro tiéu chuan (SHE) duwoc chdp nhan
rong rdi nhu 1a dién cwc tham chiéu cé E = 0 volt (V).

on Pt

2H(a=1) + 2e"===H,(g,1bar)  E° = 0volt(V) (20.5)

Cu®™(1M) +2e” —> Cu(s)  Egu2*jcu =? (20.6)

e

7.2 Thé dién cwc tiéu chuan
» Dién thé té bao tiéu chuan, E°_, dién thé té bao duoc
hinh thanh t hai dién cwc tiéu chuan.

Pt/Hy(g, 1 atm)[H*(1 M) ||Cu®*(1 M)|Cu(s) ESy = 0.340V (20.7)

anode cathode
N ™ —
H ( ) | Analog 1
2 g multimeter ¥ -4
1 atm ‘ 1 | r
— o | A
Jees) Ly

Test leads Test leads |

1 \ : = Cu2+ (ﬂ_q) 9
il (1 M_)_/ Test probes Test probes
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7.2 Thé dién cwc tiéu chuan
» Dién thé té bao tiéu chuan, E°_, dién thé té bao duoc
hinh thanh t hai dién cwc tiéu chuan.

Pt/Hy(g, 1 atm)[H*(1 M) ||Cu®*(1 M)|Cu(s) ESy = 0.340V (20.7)

anode cathode

» Sy khac biét luon dugc ghi nhan theo cach sau:

Ean =EY I‘]-ghtj — E°(left)
(cathode) (anode)

= EDCuz_i__;’Cu - E?—I_;'Hz = 0340V

= Eg2/cu — 0V = 0.340 V
E& 2 /cu = 0.340 V

7.2 Thé dién cwc tiéu chuan
»>Ban phan &ng kht tiéu chuan duoc viét nhu sau:

Cu*(1M) +2e” —> Cu(s)  Ex2*/cy = +0.340V (20.8)
on Pt
2H™(a=1) + 2e"===H,(g,1bar)  E° = 0volt(V) (20.5)

Cu?* dé bj khtr han H*
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7.2 Thé dién cwc tiéu chuan

»>Tuwadng ty ta xét té bao dién héa sau:
Pt|Hy(g, 1 atm)[H™(1 M) ||Zn?*(1 M) |Zn(s) e = —0.763V  (20.10)
EZen = E°(right) — E°(left)
= Egn2*jzn — 0V = —0.763V
En2t/zn = —0.763 V

»Bdan phan &ng kht tiéu chuan duoc viét nhu sau:
Zn™(1M) + 2e” —> Zn(s)  Eg?*/zn = —0.763 V (20.11)

Reduction Half-Reaction Es, V
Acidic solution

Falg) +2e” — 2Faq) +2.866
Os(g) +2H%ag) + 2e™ — O4g) + H,0(]) +2.075
3,04*(aq) + 2e” — 250,*(aq) +2.01
H,Oy(aq) + 2H¥(aq) + 2™ — 2 H,0()) +1.763
MnO,(ag) +8H%(aq) +5e” — Mn2%(ag) + 4 H,O{)) +1.51
PbOs(s) + 4H™aq) + 2e” — Pb?(aq) + 2 H,0() +1.455
Cly(g) +2e~ — 2Cl7aqg) +1.358
Cr05*7aq) + 14H¥aq) + 6~ — 2Cr¥*(aq) + 7 H,0(1) +1.33
MnOys) + 4H%aq) + 2e” — Mn?"aq) + 2 H,0(l) +1.23
Osg) +4Haq) +4e” — 2H,O(Y) +1.229
21057aq) + 12H%aq) +10e” — Iy(s) + 6 H,0(l) +1.20
Bry(l) + 2e” — 2Br(ag) +1.065
NOsT(aq) + 4Hag) + 3e” — NO(g) + 2H.0(]) +0.936
AgTag) +e” — Ag(s) +0.800
Fe*(ag) + e~ — Fe®Y[ag) +0.771
Oxg) +2HT(aq) + 2e” — HiOx(aq) +0.695
Iy(s) + 2e” — 2[7aq) +0.535
Cu**(ag) + 2& — Cu(s) +0.340
50427 aq) + 4HYaq) + 27 — 2H,O(1) + SO4(g) +0.17
Sn*7(aq) + 2e” — Sn*Y(aq) +0.154
§(s) + 2H%aq) +2e~ — Hi5(g) +0.14
2H*(aq) + 2~ — Halg) 0
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2H%aq) + 2e” — Hailg)

Pb**(aq) + 2e” —= Ph(s) -0.125
8n’aq) + 2~ — Sn(s) -0.137
Fe’*(aq) + 2e” — Fe{s) —0.440
Zn™{ag) +2e” — Zn(s) -0.763
Al*ag) + 3e” — Al(s) -1.676
Mg*(aq) = 2e” — Mg(s) -2.356
Na™{aq) + e” — Na(s) =-2713
Ca™(aq) +2e” — Ca(s) -2.84

K (aq) + e~ — Kis) =2.924
Li%{aq) + e~ — Li(s) =3.040
Basic solution

Osg) + HyO(l) + 26~ — O4(g) + 20HTaq) +1.246
OClITag) + HO{l) + 2e” — Cl7(ag) + 20Hag) +0.890
Oyg) +2H,0(]) + de” — 40H{aq) +0.401
2H,0{l) + 2e” — Hj(g) + 20Haq) -0.828

E¢en = E°(right) — E°(left)
= E°(cathode) — E°(anode)
= E°(reduction half-cell) — E°( oxidation half-cell)

== EoCuz_Jf'lC‘Ll Il Eoan_;"Zrl
= 0340V — (—0.763V) =1.103V

7.3.E.;, AGva K

cells

»>Khi mét phan &ng xay ra trong mét té bao volta, té
bao thwc hién cong (dién):

Walee = zPEcel] (20.13)
- AG = —zFE (20.14)
AG® = —zFE (20.15)

(@) E 12 strc dién déng cha té bao dién héa;

(b) z, sb lwong electron duoc chuyén gitra cac dién cuc;

¢) dién tich trén mbi mol dién tt, goi la hang sé Faraday (F).
Hang sé Faraday bang 96,485 C/mol.
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7.3.E.;, AGva K

»Xem xét té bao dién hda sau:
Pt(s) [Ha(g) [H*(aq, 1 M) [|Cu**(aq) |Cu(s)

cells

2HY(aq) +2e” —> Hy(g) and 2e” + Cu®(aq) — Cu(s)
ES.n = E*(right) — E°(left)
— Erurca — 0V = 0340V

Hy(g) + Cu®*(aq) — 2H™aq) + Cu(s)

96485
Ay = 2FEy =2 K —C X 0.340V
mol

- = —6.5610%10*Tmol™" = —65.6 k] mol™

7.3.E..;, AGva K
Oxidation: %Hz(g) — H¥(aq) + e~
Reduction: %Cuz"'(aq) g —y ;—Cu(s)

Ouverall: %Hz(g) + %Cu“{aq) — IECH(S) + H™(aq)

AG =32.8 k] = AG°/2

.
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7.3.E.;, AGva K

» Két hop cdc ban phuang trinh khi:

cells

Fe3*(aq) + 3e~ — Fe(s)

Fe’(aq) + 2™ —> Fe(s), ° = 0440V and Fe**(aq) + e~ —> Fe¥(aq), E° = 0.771V

Fe’*(aq) + 2e~ — Fe(s); AG® = —2 X F X (—0.440 V)
Fe’*(aq) + e~ — Fe®"(aq); AG®° = -1 XF X (0.771V)
Fe**(aq) + 3™ — Fe(s); AG® = (0.880F) V — (0.771F) V = (0.109F) V

AG® = —zFE33/pe = —3FER3 /pe = (0.109F) V

Ef3*/re = (—0.109F/3F) V = —0.0363 V

7.3.E..,, AGva K
» Bién dbi tw phat trong phan &ng oxy héa khu:
AG = —ZFECEH (20.14)

cells

E.i > 0, phan &ng ty phat theo chiéu thuan
E..i < 0, phan &ng tw phat theo chiéu nghich
E..; = 0, phan &ng dat can bang.

>Néu mét phan &ng té bao bi ddo nguoc, E . s& déi dau

Al(s) + %Cuz"'(l M) — %Cu(s) + AP* (1 M) or

| %Al(s) + Cu? (1 M) — Cu(s) + §A13+(1 M)

1/5/2020
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11. (EX20-6A) Name one metal ion that Cu(s) will displace from aqueous solution, and determine EZ,, for

the reaction.
Tim mét ion kim loai ma kim loai Cu ¢d thé ddy ching ra khdi dung dich, xdc dinh Epul-,, cua phén trng.
Dép dn: E% = 0.460 V
12. (EX20-6B) When sodium metal is added to seawater, which has [Mg’] = 0,0512 M, no magnesium metal
is obtained. According to E°values, should this displacement reaction occur? What reaction does occur?
Cho kim loai natri (Na) vao trong nudc bién cé chira ion kim logi Mg® (0,0512 M) nhung khéng théy cé
kim logi Mg dworc tao thanh. Dua vao béng thé dién curc tiéu chudn hdy gidi thich phén (rng xdy ra?

2H"aq) + 2™ —= Hailg) a
Pb**(aq) + 2e” —= Ph(s) -0.125
Sn’<aq) + 2e” — 5n(s) -0.137
Fe’(aq} + 2e” — Fe{s) —0.440
Zn**(ag) +2e” — Znis) -0.763
Al¥(ag) +3e” — Alfs) -1.676
Mg*(aq) + 2e~ — Mg(s) -2.356
Na™(aq) + e” — Na(s) -2713
Ca®*{ag) + 2e” — Ca(s) -2.84
K7ag) + e~ — K(s) —2.924
Li*{aq) + e~ — Li(s) =3.040
Basic solution

Oy g) + HyO(l) + 28~ — Oy(g) + 20HTaq) +1.246
OCl(ag) + H;O(l) = 2e~ — Cl7(ag) + 20Haq) +0.890
Oyg) +2H,]) + 4e” — 40H(ag) +0.401
2H,0(1} = 2e~ — Hy(g) = 20HTaq) -0.828

7.3.E.., AGva K
» Pap ng cda kim loai dbi voi acid:
Qkim loai M, phan &ng v&i HCI (HX)
Oxidation: M(s) —> M**(aq) +2e”
Reduction: 2H%(aq) + 2e” — Hjy(g)

Overall: M(s) + 2H%(aq) — M?*(aq) + Hy(g)

Ecen = Efrrm, — EM2tm = 0V — E}2*m = —EM2* M

Qkim loai M, phan trng véi HNO; (or HCIO,)

3Ag(s) + NO3(aq) + 4H"(aq) — 3Ag™(aq) + NO(g) + 2H,0 E% =0.156V

1/5/2020
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7.3.E., AGvaK

» Tuong quan gitva E, va K :

cells

AG® = —RTInK = —zFEg

. RT
Ecell = E]-“K (20.16)
RT 8.3145 ] mel™+ K=V X 298.15 K
Egell =—InK = ] InK
zF z X 96485 C mol™"
oell = wln K (20.17)

i L e PR Sy o s i Y, T E
Agflag) +e” — Ag(s) +0.800
Fe*(ag) + e~ — FelY(aqg) +0.771
Oag) + 2H(ag) + 2e” — Hi0Ox(aq) +0.695
Iy(s) +2e” — 217(aq) +0.335
Cu*f(aq) + 2e” — Cu(s) +0.340

15. (EX20-8A) Should the displacement of Cu®* from aqueous solution by Al(s) go to completion? [Hint: Base
your assessment on the value of K for the displacement reaction. We determined E,, for this reaction

in Example 20-6.]
Kim logi Al ¢ thé ddy hodn toan ion Cu® ra khdi dung dich hay khéng? Gei y: Tinh K cda phén g tir Eg,-n,

Pép 4n: K = 10°*
16. (EX20-8B) Should the reaction of Sn(s) and Pb**(ag) go to completion? Explain.
Phén ting gii¥a Sn vé Pb™* ¢6 xéy ra hodn toan hay khéng? Vi sao?
2Haq) + 2> — Hilg) i)
Pb¥*(ag) + 2™ — Pb(s) -0.125
Sn’*{aq) + 2e” — Sn(s) -0137
Fe’*(aq) +2e~ — Fe(s) —0.440
Zn**(ag) + 2e” — Znis) -0.763
AlM(aq) +3e” — Alls) -1.676
Mg*(ag) + 2e~ — Mg(s) -2.336
Na™{aq) + e~ — Na(s) =-2713
Ca’(aq) + 2e” — Ca(s) -2.84
K™(ag) + e~ — K(s) —2924
Li*(aq) + e~ — Li(s) —-3.040
Basic solution
Os(g) + H,0{l) = 2™ —> Oyg) +20HTag) +1.246

1/5/2020
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7.3.E..p, AG va K
» Tuong quan gitva E, va K :
AG® = —RTInK = —zFEZ
Equilibrium
K “+————————— composition

n
443
5
ol

AG®=-RTInK ESw
Calorimetry:

AH? & = ;
! AG® = AH® —~TAS® AG® =—2F EY, P
AG*® Eiq measurements:
Calorimetry and E®and E3

theoretical calculations:

5% and AS®

7.4 E_ 1a ham phu thuéc nong dé

cel
» AG la ham phu thudc néng do

AG = AG® + RTInQ
=zFF i = —zFELii+ BT In{)

. RT
Ecen = Ecen — EIHQ
2.3026 RT
Ecel = Eden — Tlﬂg Q
(Phu'dng Trinh Nernst)
. 0.0592V
I Ecell — Ccell — Tlﬂgg (20.18)

1/5/2020
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7.4 E., 1a ham phu thuéc nong dé
» Pin néng do
Pt{H,(g, 1 atm) [H™(x M) [[H*(1 M) |[Hy(g, 1 atm) |Pt

o B,

e

Anode Salt bridge Cathode
Hy(g. | atm) {’ __KNOjag) Hy(g. 1 atm)

{ o |

7.4 E., 1a ham phu thuéc nong dé
» Pin ndng do
Pt{Hy(g, 1 atm) [H*(x M) [[H*(1 M) |[Hy(g, 1 atm) |Pt

Reduction: ~ 2HT(1M) + 2~ — Ha{g 1atm)
Oxidation: Hofg tatm) — 2H(x M) + 2€~

Overall: 2HT(1 M) — 2HT(x M) (20.21)

E¢en = Efitn, — Efyrm, =0V

. 00592V, x?
) E. = E - — log 2

0.0592 V

Eq =8 = e X Zlcr-giE = —0.0592 V log x

1/5/2020
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7.4 E., 1a ham phu thuéc nong dé
» Do luong K,
Ag(s)|AgT(satd Agl)||Ag™(0.100 M) |Ag  E.p = 0.417 V

Voltmeter

Salt bridge .
KNO,(aq) '

7.4 E., 1a ham phu thuéc nong dé
» Do ludng K,
Ag(s)|AgT(satd AgD)||Ag™(0.100 M)|Ag  E.p = 0.417 V
Reduction: ~ Ag™(0.100 M) + e~ — Ag(s)

Oxidation: Ag(s) — Ag™(satd Agl)
Overall: Ag™(0.100 M) — Ag*(satd Agl)
I F = Eoy — 2052, [Ag™satd agt
n = Ecen — 0
{ s 1 - - z  B[Ag 0100 Msole
Anode M: [ }T K\O}La‘qvj__ Cathod _ . _ 0-0592 10 x
| ’ al | =T %80.100
‘I ﬁj 0.417 = 0 — 0.0592(log x — log 0.100)
"‘""f""" 0417 _
o snees log x + log 0.100

1/5/2020
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7.4 E.,y1a ham phu thuéc nong do
» Cac dién cuc tiéu chuan khac

@ m AgCl
//
5 ] /HC],I.OM ﬂ
Q

I \ 7 \;/O

AW o
LV

B

(a) (b) (c)

7.4 E.,y1a ham phu thuéc nong do
» Cac dién cuwc tiéu chuan khac i
>Dién cwc bac-bac chloride —
Ag(s)|AgCl(s)|C17(1.0 M)
AgCl(s) + e~ — Ag(s) + Cl7(aq)

/A

E° = 0.22233 V at 25 °C

Pt|H,(g, Tatm)[H*(1M)[|CI-(1M)|AgCI(s)|Ag(s)

I \( }K
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7.4 E.,y1a ham phu thuéc nong do
» Cac dién cuc tiéu chuan khac

>bDién cwc Calomel
Hg(1)|[Hg,Cly(s) |C17(1.0 M)

Vi

%ngClz( s) + e~ — Hg(l) + Cl7(aq)

SCE: E° = 0.2412 V at 25 °C
(the saturated calomel electrode, SCE)
1 M KCI: E° = 0.2680 V at 25 °C

Pt/H,(g, Tatm)[H*(1M)[|Cl-(1M)|Hg,Cl,(s)[Hg(l)

7.4 E.,y1a ham phu thuéc nong do
» Cac dién cyc tiéu chuan khac
>Dién cwc thay tinh va phép do pH dién hoa

E..n = 0.0592 pH f LI

HCL 1.0M

‘ 4
AG = G{unknown) — G(1.0 M) ﬁ K E

= G° + RT Influnknown] = G° = RTIn1.0 (a)
= RT In[ unknown]

(d)

== (c)

1/5/2020
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7.5 Ac qui (Pin):
Sinh dién bang cac phan rng hda hoc
» Pin [a mot thiét bi lwu trir ndng lwong hoéa hoc, sau d6
phat lai du'¢i dang dién.
*Pin so cép
*Pin th cap

«Ac quy dong chay va pin nhién liéu

-

7.5 Ac qui (Pin):
Sinh dién bang cidc phan trng hda hoc

» Pin kho (so cép) - Insulation
(Leclanché) Graphite rod

{cathode)

MnO, and carbon
black paste
making contact
with cathode

NH,C1/ZnCl,
paste (electrolyie)

Zinc metal can
= [(anode)

Oxidation: Zn(s) — Enz‘{aq} +2e

Reduction: 2MnOs(s) + H;O(1) + 2e™ — Mn;04(s) + 20H(aq)

1/5/2020
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7.5 Ac qui (Pin):
Sinh dién bang cac phan rng hda hoc
» Pin kho (Leclanché)
Oxidation: Zn(s) — an‘[aq} +2e”
Reduction: 2MnOy(s) + HyO(1) + 2e™ — MnyO4(s) + 20H (aq)

NH;(aq) + OH (aq) — NH3(g) + H20(1)
Zn**(aq) + 2NHj(g) + 2Cl7(aq) — [Zn(NH3),]Clys)

S& dung NaOH hoac KOH thay cho NH,CI lam chét dién ly:
Zn(s) — Zn’(aq) + 2e”

SZI@T aq) + 20H (aq) — Zn(OH)(s)
Zn(s) + 20H (aq) — Zn(OH),(s) + 2e”

7.5 Ac qui (Pin):
Sinh dién bang cac phan rng hda hoc
» Ac quy chi-acid (th& cap). e e

]
1,50, (ag) =
I3
. W o : Ll
Reduction: PbOy(s) + 3H™(aq) + HSO4(aq) + 2e~ — PbSO4(s) + 2H,0(1)
Oxidation: Pb(s) + HSO, (aq) — PbSO4(s) + H(aq) + 2e”

Ovwerall: PbO5(s) + Pb(s) + 2H™(aq) + 2HS50,(aq) — 2 PbSOy(s) + 2H,0(])
Een = Epbo,/phso, — Epvso,ps = 174V — (—0.28V) =202V (20.29)

1/5/2020
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7.5 Ac qui (Pin):
Sinh dién bang cidc phan trng hda hoc

e &

H,50,(ag)

2 PbSO4(s) + 2 H,0(1) — Ph(s) + PbOy(s) + 2H*(aq) + 2 H50, (aq)

Een = =202V

7.5 Ac qui (Pin):
Sinh dién bang cac phan rng hda hoc
» Té bao bac-kém: Pin cuc do (sc cap)
Zn(s), ZnO(s) |[KOH(satd) |Ag-O(s), Ag(s)

Reduction: Ag,O(s) + HO(l) + 2e~ — 2 Ag(s) + 20H(aq)

Oxidation: Zn(s) + 20H(aq) — ZnO(s) + H,O(1) + 2e”
Ouverall: Zn(s) + Ag,O(s) — ZnO(s) + 2 Ag(s) (20.25)
Zn anode (=)

Metal
cathode (+)

Insulation

Zinclelectrolyte — N i — l
/ Separator (porous)
Ag,0 paste

1/5/2020
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7.5 Ac qui (Pin):
Sinh dién bang cac phan rng hda hoc
» Té bao Niken-Cadmium: Pin c6 thé sac lai

Reduction: 2 NiO(OH)(s) + 2H,0(1) + 2e™ — 2 Ni(OH),(s) + 20HTaq)
Oxidation: Cd(s) + 20H(aq) — Cd(OH)4(s) + 2e~

Overall: Cd(s) + 2 NiO(OH)(s) + 2 H,0(l) — 2Ni(OH)5(s) + Cd(OH)a(s)

B

7.5 Ac qui (Pin):
Sinh dién bang cidc phan trng hda hoc

» Ac quy Lithium-ion (th& cap): Pin c6 thé sac lai

Positive electrode Negative electrode

—E—E

&3
el — z. e
S
= %
e
A
LiCo0, Graphite
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7.5 Ac qui (Pin):
Sinh dién bang cac phan rng hda hoc
» Ac quy Lithium-ion (th& cap): Pin c6 thé sac lai

Reduction: Lijy_,yCoO,(s) + x Li*(solvent) + x e=—LiCoOy(s)
Oxidation: Li,C(s) — C(s)+ x Li*(solvent) + x e-

Cai 1

LiCoO4(s) — Li;j-5CoOy(s) + xLi*(solvent) + xe”

Positive electrode

C(s) + xLi*(solvent) + xe~ — Li,((s)

AP,

DT KD

LiColl, Graphise

7.5 Ac qui (Pin):
Sinh dién bang cidc phan trng hda hoc

» Pin nhién liéu (fuel cell)
Reduction: Osg) + 2H,0(l) + 47 — 40H(aq)
Oxidation: 2 {Ha{g) + 20H(aq) — 2H,0O(l) + 2e7}
Overall: 2Hi(g) + Oxg) —= 2H0(])

Egun = E3,jon- — Efyom, = 0401V - (-0.828V) =1.229V  Anode

Reduction: 2{0(g) + 4H" + 4e” — 2H,0(1)}

Oxidation: CHy(g) + 2HO(l) — COa(g) + 8H™ + 8e”
Ouverall: CHy(g) +20(g) — COx(g) + 2H,0(]) Electrolyte
AH® = —890k] AG®° = —818k] £=092 KOHi(aq)

1/5/2020
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7.6 An mon:

Cdc té bao Volta khdng mong muén
Reduction: Oig) + 2HO(1) + 4e” — 40OH (aq)

Oxidation: 2Fe(s) — 2Fe?(aq) + 4e”
Een = Ed,jon- = Eferjpe = 0.401 V — (~0.440 V) = 0.841 V
Film of water [Film of water
§ Cu § Znt> Zn?*
pe-
Fe| ——» Fe? C%:* 2H,0
.Ze(Fe —— Fal e h\"JOH-
R L
Y00+ 21,0 D
e 4 OH™ Znt» Zn’"
Cu
(a) Copper-plated iron (b) Galvanized iron

Fe?t + 2 OH™ — Fe(OH)(s)
4 Fe(OH)y(s) + Oz + 2H,0 — 4Fe(OH)4(s)

2 Fe{OH)3(5} — Fe;04:-H,0(s) + HzO(I}
rust

7.7 bién phan:
giup phan wrng khong tw phat xay ra

Zn(s) + Cu®*(aq) — Zn**(aq) + Cu(s) celi = 1103V

Reduction: Zn**(aq) + 2e~ — Zn(s)

Oxidation: Cu(s) — Cu1+[aq} +2e”

Overall: Cu(s) + Zn?*(aq) — Cu?*(aq) + Zn(s)
Ecen = Efn?*jzn — Eul*jcy = —0.763V — 0.340V = —1.103 V

Thay ddi té bao volta thanh mot té bao dién phan la
dao ngugc hudng ctia dong electron
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7.7 bién phan:
giup phan wrng khong tw phat xay ra

Flow of Volimeter

electrons

Salt bridge Flow of

Anode [ KNO,(aq) athode electrons
1 - | I ) Salt bridge )
it | | | Cathode | /| KNOjag |\ _|Anode
1 I - | &
| | M1 A8
= SB S <
| H | 3 j I
1.00 M Zn(NO3);(aq) 1.00 M Cu(NO3)s(aq) :

1.00 M Zn(NO3)a(ag) 1.00 M Cu(NOa)(aqg)

Thay déi té bao volta thanh mét té bao dién phan la
dao ngugc hudng cta dong electron

7.7 bién phan:
giup phan wrng khong tw phat xay ra

Dy doan phan *rng dién phan:
Qua thé

Phan &ng canh tranh

YV V V

Téac chat khéng & trang thai chuan

» Ban chéat va hoat do cta dién cuc

Reduction:  2Na* +2e” —— 2Na(l)

Oxidation: 2C17 ——= Cly(g) +2e”

Reduction: 2Na(aq) + 2e~ — Na(s) Efa*Na = —271V (20.29)
2H,0(1) + 2e” —> Hy(g) + 2 OH(aq) Efom, = (—0.83V)  (20.30)

Oxidation: 2CI(aq) —= Clyg) + 2~ —Etyjo- = —(1.36 V) (20.31)

b minus 2H,0(1) — Oyfg) + 4HYaq) + 4e” —Ej. om0 = —(1.23V)  (20.32)
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7.7 bién phan:
giup phan wrng khong tw phat xay ra

Dy doan phéan *rng dién phan:

Half-reaction (20.30) + half-reaction (20.31):

Reduction: 2HO(I) + 2e™ — Ha(g) + 20H(aq)

Oxidation: 2CI(aq) — Cly(g) + 2e”

Cwverall: 2CI7(aq) + 2HO() — Cly(g) + Ha(g) + 20HT(aq) (20.33)
Em= E[‘ZIZO_;HZ = EEIZ_;'CI' =083V —-(136V) = -219V

Half-reaction (20.30) + half-reaction (20.32):
Reduction: 2 {2H50(l) + 2™ — Hi(g) + 20H(aq)}
Oxidation: 2HO() — Ox(g) + 4H"(aq) + 4e”
Overail: 2H,0(1) — 2Hx(g) + Oa(g) (20.34)

Egen = Efyom, — EdyjH,0 = —0.83V — (1.23V) = —2.06 V
BT S

7.7 bién phan:
giup phan wrng khong tw phat xay ra

bién phan dinh luong:

1 mole™

number of mole™ = ¢ rrent(c) X time (s) X
u =CH e .
96,485 C

5

» C/s — C —— mole” —— mol product — g product

e
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