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Zn(s)

+ Cu?*(aq) » Zn’Y(aq) +

PHAN U'NG OXY HOA - KHU’




OXH; + KH, == KH, + OXH,

) &W

Cu”" (dd) + Zp(r) = Cu(r) + 72 (dd)
Chat oxyhoa Chdt khir

Chat bi khir  Chat bi oxyhod

Qud trinh khir: Cu*"+2e=Cu  OXH, +ne = KH,

— Dien cuc: Catod
Qua trinh oxyhoa:7Zn - 2e = 7Zn’** KH, -ne+= OXH,

— Dien cuc: Anod
O Dang OXH c6 s6 oxy hoa 16n hon dang KHU lién hop.




OXH +ne= KH
AG(qt oxh)>0 Tinh OXH manh Tinh KHU yéu AG(qt khir) <0

AG(qt oxh) <0 Tinh OXH yéu Tinh KHU manh AG(qt khir) >0

Trong mot cap oxy hoa —khur 1i€n hop: Dang OXH c6 tinh oxy hoa cang
manh thi dang KHU lién hop c6 tinh khir cang yéu hodc nguoc lai.

|AG <0
Cu?*(dd) / Cu(r) Zn**(dd) / Zn(r)
(manh) (yéu) (yéu) (manh)

Kém bén Bénhon Bén hon Kém bén

Cu?t (dd) + Zn(r)*%S° Zn2* (dd) + Cu(r)

oxH, + KH, %50 oxH, + KH,

(tinh OXH manh hon) (tinh khir manh hon) (tinh OXH yéu hon) (tinh khir yéu hon)




CAC LOAI PHAN UNG OXY HOA-KHU

PHAN UNG GIUA CHAT OXH KHAC CHAT KHU
2Ag*(dd) + Cu(r) = 2Ag(r) + Cu?"(dd)

PHAN UNG OXY HOA-KHU NOI PHAN TU
AgNO; (r) =Ag(r) +NO (k) + O,(Kk)

PHAN UNG TU OXY HOA-KHU(PU DI PHAN)
0 +1 -1
ClL, (k) + H,0 () & HCIO (dd) + HCI (dd)



CAN BANG PHAN UNG OXY HOA-KHU
NGUYEN TAC:Bao toan dién tich, dién tir, nguyén tir.

Néu dang KHU va dang OXH c6 so oxy khac nhau sé& co su
tham gia cua mo1 truong.

MT AXIT: DU OXY + 2H*= THIEU OXY + H,O

MnO,(dd) + 8H* +5¢ = Mn?*(dd) + 4H,O
3Fe’’(dd) + 4H,0 +e = Fe,0,FeO + 8HY

Fe,O,FeO + 8H* +2e = 3Fe?"(dd) + 4H,0



CAN BANG PHAN UNG OXY HOA-KHU

MT KIEM : DU OXY + H,0 = THIEU OXY + 20H-

ClO, (dd) +6e +3H,0= CI (dd)+ 6OH-

MT TRUNG TINH:
DU OXY +H,0 = THIEU OXY +20H-
THIEU OXY +H,0 = OXY +2H'




CACH TIEN HANH PHAN UNG OXY HOA-KHU

PHAN UNG TRUC TIEP:
Chat OXH tiép xic voi chat KHU.

Cus0,(aq)

HOA NANG— NHIET NANG

éy
> ’ y = o) electrons
PHAN UNG GIAN TIEP: —
Chat OXH khong tiép xuc truc e
tiep voi chat KHU. + |-
HOA NANG— DPIEN NANG o m




CAC LOAI BIEN cUC

a. Dién cwc kim loai zn |Zn2?*(dd)
Zn?*(dd) +2e = Zn(r)

b. Dién cwc kim loai phi muoi
Ag|AgCl(r) | Cl(dd)
AgCl(r) +1e = Ag(r) + Cl(dd)
c. Dién cwc khi Pt |H,(k) | H*(dd)
2H*(dd) +2e = H,(Kk)
d. Dién cwc oxy hoéa - khur.
Pt | Fe2+(dd), Fe3*(dd)
Fe3*(dd) +1e = Fe2*(dd)

(d)




THE PIEN CUC  y—wm
Dién cuc kim loai M|M"*(dd) 5

is &
Burfac

Qua trinh khir:M""(dd)tne =M(r);AG = -A’= -nN ,eq = _

a leavas the
o an A Zne T ion,

Zn/Zn* Cu/Cu?*" + -
T Qua trinh khir: AG = -nFo
+ -
+ - A gen X )
N ¢@: the dien cuc (the Khw)
. B _

Trong cung dk: ¢(Zn*"/Zn) < o(Cu**/Cu)
— Mat do e trén thanh Zn nhiéu hon thanh dong— tao pin Cu-Zn

> M0 ¢6 tinh oxy hod cang manh (M c6 tinh_khii cang yéu): @ T

— dién cuc tich dién duong T —  mdt dé electron |
> M c6 tinh khii cang manh — M"* c6 tinh oxyhod cang yéu: @ |

— dién cuc tich dienam T — mat do electron T



THE PIEN CUC TIEU CHUAN (THE KHU CHUAN)
Qua trinh khir: M"(dd) + ne = M(r); AGY,o¢ = - nF@’
@l : Thé dién cuc tiéu chuan hay thé khtr chuan.
T=298K (chon)
Dung dich : C=Imol/l
Khi: P, = latm
Rin, 10ng : nguyén chat
Moi truong axit: [H'] =1M — pH=0
Moé1 trueong base: [OH] = IM — pH=14

MOo1 trudong trung tinh: pH=7



THE KHU VA THE OXY HOA

Qua trinh Khu: [J]  F=96500[J/Vmol]
OXH+ ne = KH AG=-nFo(khw)

Qua trinh oxyhoa:

KH-ne = OXH AG’=-nFo(oxh)

AG=-AG> — ¢ (oxh) = - o(khir)

Biét: e = 1,6.101 [C]; N,=6,02.1023[mol"!]
— F=N,.e =96500 |[C/mol] = 96500 [J/Vmol]



PHUONG TRINH NERNST
a OXH + ne + x[MT

oxh

]= bKH+y[MT,,]
AG = AG"+RTInQ — -nF¢p = -nFe' + RTInQ

RT 1
Poxh/kh — (Pooxh/kh T E ln(a)

RT . [OXH][MT,h 1*
= 0 - In R —
Poxtvk = P oxtvkh nF [KH]P[MTyp]>

? 0,059 [oxH[MT T
; _ 0 l oxh
O 25" C|@oihiin = Poxtran + S [K[—[] [MTkh]

THE KHU LA THONG SO CUONG PO

8 314[ ]zx] 298[K]

96500[—2 ]

G 25°C 2,303 = .2,303 = 0,059 (In = 2,303.19)



a OXH +ne+x[MT_ ,]= bKH+y[MT,]

OXH[' [MT,,,, |
[KH]'[MT,, |

THE PIEN CUC (THE KHU) PHU THUOC:
Bén chat cap OXH/KH va ban chat dung méi

0
Poxh/kh = Poxn/kn "" 1

Nong d¢ chat OXH va chat KHU
Nhiét dd
Moi trueong

Anh huéng chat tao phirc va tao két tia



AP DUNG. Viét pt Nernst cia cac dién cuc sau & 25°C:
a. Dién cuc Calomen:Pt,Hg(long)|Hg,Cl,(1)|CI(dd)
b. Bién cuc kim loai: Zn |Zn**(dd)

a. bién cuc Calomen: Pt, Hg|Hg,Cl,|CI

Qua trinh khu: Hg,Cl,(r) + 2e = Hg(long) + 2CI-

5 950 — 0 1
O 25°C Q=@ +O,059.Ig[Cl_]

b.Dién cuc kim loai: Zn |Zn*
Qua trinh khir: Zn*"(dd) + 2e¢ = Zn(r)

O 250C ¢ ="+ 22 Ig[zn?]



AP DUNG. Viét pt Nernst cua cac dien cuc
sau & 25°C:

c.Dién cuc khi: Pt|H, |[H"

d.Dién cuc khi: Pt |Cl- |Cl,

Qua trinh khu: 2H"(dd) + 2e = H,(k)

i +12
G525°C @ =¢" +2 24l

H»

Qua trinh khtr: Cl,(k) + 2e & 2CI(dd)

2 0 _ 0 0,059, Pci,
O 25°C @=¢° + » g[Cl_]2




AP DUNG. Viét pt Nernst cua cac di€n cuc sau:

e. Pién cuc oxy hoa khi: C(gr) [Mn?" [MnO,,H*
Qua trinh khu:
MnO,(dd) + 8H*(dd) + 5¢ & Mn?*(dd) + 4H,0O

0 _ 00059 [Mno, |[H']®
0 25C @ =¢°- S 18 e




CHIEU PHAN UNG OXY HOA- KHU

OXH, (¢, > 9,) + KH, (¢, <¢;)= OXH, + KH;;AG
(tinh OXH manh hon) (tinh khir manh hon) (tinh OXH yéu hon) (tinh khir yéu hon)

OXH, +ne = KH,; AG, =-nko,

— KH, = OXH, +ne ;AG, =+nFo,
OXH, + ne = KH;, ; AG, = - nFo,

OXH, + KH, = OXH, + KH, ; AG = AG, + AG,

— AG = -nF(Q;- ¢©,) = -nF(Qoxni1- Pku2)
®0; >0, —AG<O0:phan ing tu phat



AP DUNG. O dk chuan 25°C, hiy cho biét Cu?* c6 thé oxy
hoa cac kim loai ndo sau day: Ag, Fe, Mg. Cho biét thé
khtr chuan & 25°C ctua Agt/Ag; Fe?*/Fe; Mg2*/Mg;
Cu2*/Cu c6 gia tri 1an luot 1a: 0,8; -0,44; -2,37; 0,34 [V]

Fe, Mg



AP DUNG. O diéu kién chuan 25°C, xét chiéu phan tng:
Sn*" (dd) + 2Fe?(dd) = 2Fe’"(dd) + Sn**(dd) (1)
Agi(dd) + Cr’*(dd) = Ag() + Cr’*(dd) (2)
2Fe?*(dd) + Cl, = 2Fe*"(dd) + 2CI(dd) (3)
Cho biét the khtr chuan & 25°CC :

¢ (Sn*/Sn**) =+0,15V @’ (Fe**/Fe?")=+0,77V
o' (Ag'/Ag) =+0,8V ¢? (Cr’*/Cr*") =-0,41V
¢’ (CL /CI) =+1,36V

(1) chiéu nghich ; (2) chiéu thuin ; (3) chiéu thuén



AP DUNG. Sip xép cac dang OXH va dang KHU
theo chiéu tinh oxy hda tang dan va tinh khir ting
dan & diéu kién chuan. Cho bict:

¢’(MnO, H"/Mn*")=1,51V,; ¢°(Cl, /2CI") =+1,36V
o'(Mg?*/Mg)=-2,37V; ¢°(F, /2F )=+ 2,87V

Dang OXH theo trt tu tinh oxy hoa ting dan (¢°T):
Mg** < Cl, <MnO, <F,
Dang KHU theo trat tu tinh khir ting dan (¢°)):
F- <Mn?" <Cl- <Mg



AP DUNG. Tinh thé khr chuan cta Fe**/Fe cho biét
¢'(Fe?'/Fe) = -0,44V= o, ; ¢’(Fe*'/Fe?*)=0,77V= o,



AP DUNG. Tinh thé khir chuan cua Fe3*/Fe cho biét:
p(Fe?'/Fe)=-0,44V=0p",; @’(Fe*'/Fe** )= 0,77V= ¢’
Sap céac cau tir theo chiéu giam so oxy hoa:
AG,=-n,F¢° AG,= -n,Fo",

Fe3*t —> Fe?t —> Fe

| |

AG;= -n;F o',

0 — 0 0
— ;075 =n0°; T N0,

— %= @"(Fe¥/Fe) = (1.0,77+2.(-0,44)):3
0% = - 0,037[V]



CAU TAO VA HOAT PONG NGUYEN TO GANVANIC

@*(Zn**/Zn) < @*(Cu?*/Cu)
e > Mat do e trén Zn
nhiéu hon dong

e~ los
n atom q

« e—>Znsang Cu

| Voltmeter |

e Salt bridge a

dd CusO, 1M

dd ZnSO, IM -

cu2*

Zn(r) — Zn*"(dd)+2e Cu(dd)+2e — Cu(r)
Zn(r) + Cu**(dd) — Zn?*"(dd) + Cu(r)



KY HIEU NGUYEN TO GANVANIC

Qua trinh oxyhoa —_ = _ s e Qua trinh khw
Anod(-) o0& g & Catod(+)
Zn-2e »>7Zn?*(dd) I Cu?*(dd)+2e > Cu

B— e(— W —

\ Salt bridge
\ [Na;SO,(ad]

g z
Z7TT11 1IN
/{11111 °1
;

AR
/
ILELELLD

L_.gq
MITII
AYIIY Y Y

(- ) le | Zn2+ (dd) | Cu*(dd) | Cu (+)

SUAT DPIEN PONG: E =¢,- ¢.
SUAT PIEN PONG TIEU CHUAN: E’=¢',- ¢".



(-) Zn | Zn*" (dd) || Cu’*(dd) | Cu (+) 25°C
Anod (-) Catod(+)
Zn -2e >7Zn*"(dd) Cu?*(dd)+2e = Cu

0,059
9=¢° + ——lg[Zn** 1T g=g0 + Lg[Cu?*]

Cu’* (dd) + Zn(r) — Zn?**(dd) + Cu(r)
Lic ban dau: ¢_<¢,— E=0¢,-0¢_>0 —>AG,,=-nEF <0
Khi pin hoat déng: 0. T o¢,.| > E |
Pin ngurng hoat dong: .=, > E=0

|Zn**|ch
[Cu2+]cb B ch

—> AGpu, =0—- Q.=



SUAT PIEN PONG CUA PIN
(cathode; red ij};ﬁon)




PIEN CUC HYDRO TIEU CHUAN
Pt | H, | H*(dd)

0 + —
o O'n =0V
[H] =1M ; Py, =latm

Bubbles
of Ho(g)
259C
‘FFEL‘ Inert Pt provides a
1y surface for electron
H*(aq) transfer

(a=1)




E? = @%, (Cu?*/Cu) - @°_(H"/ H,) = 0,34V

o
Voltmeter w

— @Y (Cu”'/Cu) =0,34V

H,(g) ~ Salt bridge

| atm —»

- fch

H*(aq) Cu®*(aq)
(1 M) (1M)



THE KHU CHUAN CUA MOT SO PIEN CUC O 25°C

Reduction Half-Reaction E°,Volts Reduction Half-Reaction E°,Volts
Acidic Solution Acidic Solution
Fy(g) + 2¢” — 2F (aq) +2.866  S(s) +2 H+(dq) +2¢ — HyS(g) +0.14
Os(g ) + 2H%(aq) + 2¢~ — Oy(g) + H,0()) +2.075 2H™(aq) + 2¢” — Ha(g) 0
$,05°(aq) + 2~ — 2.50,>(aq) +2.01 Pb>*(aq) + 2¢~ — Pb(s) ~0.125
H,05(aq) + 2H+(aq') +2¢ — 2H,0() +1.763  Sn*'(ag) + 2¢” — Sn(s) ~0.137
MnO, (ag) + 8 H'(aq) + 5¢~ — Mn*"(aq) + 4 H,0()) +1.51 Co**(aq) + 2e~ — Co(s) ~0277
PbO(s) + 4 H'(aq) + 2~ — Pb*(aq) + 2 H,0()) +1455  Fe™(aq) + 2¢” — Fe(s) —0.440
Cly(g) + 2e~ — 2Cl (ag) +1358  Zn**(ag) + 2¢ — Zn(s) —0.763
Cr0;% (ag) + 14 HY(aq) + 6¢- —> 2Cr¥ag) + TH,O()  +1.33 APf(ag) + 3¢~ — Al(s) ~1.676
MnOs(s) + 4 H'(ag) + 2~ —> Mn**(ag) + 2 H,0()) +1.23 Mg*"(aq) + 2¢~ — Mg(s) ~2.356
0,(g) + 4H(aq) + 4¢- — 2H,0() +1229  Na'(ag) + e~ — Na(s) ~2.713
2105 (aq) + 12H (aq) + 10e” — Ly(s) + 6 H,0()) +1.20 Ca’"(aq) + 2¢~ — Ca(s) ~2.84
Bry(l) + 2¢~ — 2 Br (aq) +1.065  K'(ag) + e — K(s) ~2.924
NO; (aq) + 4H'(aq) + 3¢~ — NO(g) + 2 H,0(l) +0956  Li'(ag) + ¢~ — Li(s) —3.040
Ag;(aq) T e-__ — Agg? +0.800 Basic Solution
Fe'(ag) + ¢” — Fe™"(aq) TOTTL 0yg) + HyO() + 26~ — Oy(g) + 2 OH (ag) +1.246
Ox(g) + 2H(ag) + 267 — Hy05(aq) T0.95  oCr(ag) + Hy0() + 26 — Cl(aq) + 20H (aq)  +0.890
12(52) t2e —2l(x) 0335 0y9) + 2H,0() + 4¢” —> 40H (ag) +0.401
Cu™"(ag) + 2" — Cu(s) 0340 9 H,00) + 267 — Hy(g) + 2 OH (ag) ~0.828
0,7 (aq) + 4H'(aq) + 2¢~ — 2H,0() + SOx(g) +0.17

Sn4+(aq) Fi g — Sn3+(aq) +0.154




PHAN LOAI CAC CHAT OXY HOA-KHU

Phan loai Khoang thé Vi du
Chat OXH manh > 1,5V MnO,-,0,, F,
Chat OXH trung binh |+1,0V ...+1,5V | CrO,>, MnO, ,Cl,
Chat OXH yéu +0,5V..+1,0V |I,, Fe**, Ag*
Chat KHU yéu +0V ...+0,15V | Sn?*, Cu, HI
Chat KHUtrung binh [-0,5V....+0V |H,S, Fe, H,
Chat KHU manh <-0,5V Na, Al, Zn




AP DUNG. Lap pin trong d6 xay ra cac phan trng:

Cd (r) + Cu?* (dd) = Cd?* (dd) + Cu (r)

H,(k) + ClL(k) = 2HCI (dd)

Zn (r) + 2Fe* (dd) = Zn*"(dd) + 2Fe?* (dd)

2H*(dd) + 2Hg(l) +2CI(dd) = H,(k) + Hg,ClL,(r)



AP DUNG. Lap pin trong d6 xay ra cac phan trng:
Cd (r) + Cu?* (dd) = Cd*" (dd) + Cu (1)

(-) Cd|Cd** (dd) || Cu*(dd) | Cu(+)

H,(k) + Cl,(k) = 2HCI (dd)

(-) Pt, H, | H'(dd) || CI(dd) | Cl,, Pt (+)

Zn (r) + 2Fe’*(dd) = Zn**(dd) + 2Fe?* (dd)
(-) Zn | Zn?**(dd) || Fe’*(dd), Fe**(dd) | Pt (+)

2H*(dd) + 2Hg(l) +2CI(dd) = H,(k) + Hg,CL,(r)

(-) Pt,Hg | Hg,CL | CI' (dd) || H'(dd) | H,, Pt (+)




akH, + bOXH, S cQXH, + dKH,
=_-Nn¢ - +ne

AG =-A_,, =-qE=-nN,eE =-nFE =-nF(e, (2) - ¢.(1))

AGO = -nFE" = -nF (g1, (2) - " (1))
AGy=AGY +RTIQ Q=

OXH{|°[KH,]%
KH{]%[0XH,]P

1gQ [V]

0,059
n

HEZEO-i—;an O 25°C, E = E° -

SUAT PIEN PONG CUA PIN

AG [J]=-nEF véi F=96500[C/mol]= 96500 [J/Vmol]
RT/F In = (RT/F) . 2,3031g = 0,059 [V’




QUAN HE GIUA HANG SO CAN BANG VA
SUAT PIEN PONG TIEU CHUAN

O 25°C

AG' = —nE'F=-RTInK

1K_nET
R TRT
0
oK = nk
0,059

F = 96500[J/Vmol]
R=8,314 [J/mol.K]
T [K]

In=2,303.Ig



APDUNG. Cho ¢%(Zn*'/Zn) =-0,76V; ¢%(Cd>*/Cd)= -0,40V
Fe?'(dd) + Za() = Fe() + 207 (dd) (1); AG", =-61,76K]
1. Tinh hang s0 cén bang cua pu 6 25°C:

Cd*(dd) + Fe(r) S Fez+(dd) +Cd(r) (2)

2. Xéc dinh diéu kién i s0 {Fez % dé pur (2) doi chiéu

3. Khi [C(:Z*] 0,01M; [Fe*"J=IM hdy xéc dinh chi¢u phan
(mg, vict ki hiéu pin va tinh suat dign dong E 6 25°C.

4. Tinh the dang ap tao thanh chuan ctia Cd?* cho biet
(AG ) e ddg -84,9kl/mol.

5. Hay tinh AG",qq ciia pw:Cd**(dd)+ Zn = Zn¥*(dd)+ Cd(r) (3)




Ap dung.Cho ¢%(Zn**/Zn)=-0,76V; <p0(Cd2+/Cd) -0,40V
ez+(dd)+Zn(r) Fe(r) + Zn?*(dd) (1) ; AGY9g= -61,76[kJ]
1. Tinh hang s6 can bang cta phan ung & 25°C:
Cd**(dd) + Fe(r) = Cd(r) + Fe**(dd)  (2)

K,=22 (&25°C)



Ap dung.Cho ¢%(Zn?*/Zn)=-0,76V; ¢°(Cd?*/Cd)= -0,40V
Fe?*(dd)+Zn(r)= Fe(r) + Zn2"(dd) (1) ; AG3og= -61,76[KJ]
1.Cd2?*(dd) + Fe(r) = Cd(r) + Fe?*(dd) (2); K=22 (& 25°C)

[Fe?*]

2. Xac dinh di€u kién ti s Ca2T

dé pu (2) doi chiéu.

[Fe®™]
[Ca®™]

> 22 : phan tmg tu phat theo chiéu nghich.



Ap dung.Cho ¢%(Zn?*/Zn)=-0,76V; ¢%(Cd?*/Cd)= -0,40V
Fe?(dd)+Zn(r)= Fe(r) + Zn2"(dd) (1) ; AG3eg= -61,76[kJ]
1.Cd2*(dd) + Fe(r) = Cd(r) + Fe>*(dd) (2); K=22 (& 25°C)

[Fe?™]
[Ca®™]

3. Khi [Cd2*]=0,01M; [Fe**] = 1M hay xac dinh chiéu pu (2),
viét ky hiéu pin va tinh E & 25°C
Fe2*(dd) + Cd(r) = Cd?*(dd) + Fe(r)
(-) Cd | Cd?* (dd) || Fe?*(dd) | Fe(+)
E=+0,019V

2.

> 22 : pu c¢6 kha nang tu phat theo chiéu nghich.



Ap dung.Cho ¢%(Zn2*/Zn)=-0,76V; ¢%(Cd**/Cd)=-0,40V
Fe?*(dd)+Zn(r)= Fe(r) + Zn2"(dd) (1) ; AG3eg= -61,76[KJ]
1.Cd?"(dd) + Fe(r) = Cd(r) + Fe?*(dd) (2); K=22 (& 25°C)

4. Tinh thé dang ap tao thanh tiéu chuan cua Cd2*(dd) cho
blét (AGS()S)'[’[ Fe2+(dd) — '84,91(]/11101

(AG®,98 )1t caz+(da) = -77,18 kJ



Ap dung.Cho ¢%(Zn2*/Zn)=-0,76V; ¢%(Cd**/Cd)=-0,40V
Fe?*(dd)+Zn(r)= Fe(r) + Zn2"(dd) (1) ; AG3eg= -61,76[KJ]
1.Cd?"(dd) + Fe(r) = Cd(r) + Fe?*(dd) (2); K=22 (& 25°C)

5. Hay tinh AGyog pu: Cd?**(dd) + Zn(r) & Cd(r)+Zn**(dd) (3)

(AGqq)..., 5 = -69,48k]



0.0296 V

PIN NONG PO

Anode

Voltmeter

Cu2+
el

0.10 M Cu?*

0

259C

(+)

T
Catho% 1

2 ¢0,>0,
(-)Cu| Cu?*; 0,1M || 1,0M ; Cu?* |Cu (+)

u ) (+)

f L e |
Qua trinh khu:
Cu’"(dd) +2e S Cu(r)

) 0.00V e
Voltmeter
2 Anode Cathode 1

0,059
2
- (1)cwec duong va (2) cuc am

0= @0 + —=Ig[Cu?"]



Q= (p° + mlg[CuZJr] 250C

(-)Cu | Cu*0,IM || 1,0MCu* | Cu(+)
Anod:Cuy (1) -2e 5Cui’y(dd); Catod:Cufy(dd)+2e SCuy,(r)
Pu: Cug(r) +Cuf{\(dd) S Cuf*y(dd) + Cug,(r)

Ban dau: 1,0M 0.IM —» E=2 nglg(l)g = 0,9%V

Phan trng: X X —>E |=0.] - (p_T
Cinbing  10-x 004X - Eg= (01) (0= 0
(0)=(¢.),—1,0 —x =0,1+x —x =0,45M—[Cu*']_,=0,55M




