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Theoretical Studies on the Cyclic Voltammograms
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Abstract  The cyelic voltammgrams of intercalation electrode reactions usually show a large potential difference
between the oxidation peak and the reduction peak. A very low potential sweep rate is ofien required in the
eyclic voltammetric measurement. On the basis of the thermodynamic equation and the charge transfer kinetic
equation of the intercalation electrode reactions, its cyclic voltammograms are treated theoretically. In the
treatment, the effects of such parameters as the thermodynamic parameter b, kinetic parameters D and k.
potential sweep rate v, and the electrode resistance on the cyclic voltammograms are discussed. The features of
the eyelic voltammograms are explained according to the theoretical caleulation,
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Fig.1 Model of the intercalation electrode'®’
A—substrate elecirode;
B—intercalation electrode; C—elecirolyle solution

1 BigHE

EEREFRAREHEO = AR vAREE
PEZAEARA T, MBS o BEEE KT
R REL:

@ =@, - v, 0<t< T2 {2)
%E
¢ =@, - T + 2, T72 <t < T (3)
Ho o, AEFREAHNOEE RN, o HEAWM
HE.
1.1 FHAERRRR
PR R T R (1), K Fick %
TEMRBETHER D ARMEETE, WE AL
W R LI BT B

ovlix,t) _ Fylx.t)

Y 2 (4)
6 & 14
t =0, 0gxgl, ¥=3" (s)
R FM
t > 0, CIIENIY =0 (6)
ox z=0

NAFGOIERE,E x =0 ABE SEK
Bz EEFE) AR T AAIFENRET. 51
bR LS

iy oylx,t)
) =g =75 .

Hep o g At Al A ERWRAE, By R
mol/dm®, A HEWEF, F & Faraday ¥ 3.
F H Laplace ZE ik KR IT T #£(4)98 .

¥(l,t) =" +T1)j;f(r)g{t~r)dr {8)
He,

(7)

f_

D[1+2vexp(-m (9}

Dt}]

BFE/DE> > 1 (#ﬁﬁﬁﬁ] R AHEEE,
Kb E AR A, A9 PR IR T Al DL B R
ik, W,

gft} —,\

3 ol

g{ f) ==s,\'|"

L RRAKIH,

1 [ flr)
— d {10)
V?IDJU\KI—T i

jf(f.t} =}'} +



http://www.cqvip.com

RUEF S i AR R LR R M AR FR 873

Jure 2001
B
(i, =4 dr (11
801.0) +j'mv’?}jﬂnt—rr )
g - v, HABAR.

FTEFREHATEMEE, RICh R
AR T ETHRATEHNNE, &
vt = On {12}

= %z (13)
SH—FH Haar R XEEL (1) TR,
“+ L " I
g(1.n) =6 +1000L M‘mdz (14)

K,

mmﬂf(%\;}
(z) =——————— (15)
T D0

R EHBEREBAE 6(1,n) (0 6,) 58
AR y ZEMF SR,
1.2 TIEEREIE
AT B EA T LA N R RS
FHRE SRz AR FEER,

¢ =g¢"-(8-2)b-

AT, 98 +ﬂ]nm (16}

F"1_¢ [Li*]°
HP#HEEH 6 SBASTZRNEEHE
AR . AREERARNEKRY BFERARR
NETBEEVHMEHER E—FBET, TR
AW RE D EAREH IEEAHFA O
1%

o gLy, RI, 0
p=¢ - o-23 - Kt an
He,
o .o, RT Lit]
@ =¢ + F In [Li+]g (18)

A7) 5 Amond £ EM A BB RS2
FRUHMA HRO17)5RK(2),3) (4)EEEK,
FLIRE| T VT e AT T R (R4 4R ) F R 3
y SR ZEBF TR,

1.3 AWEEETS

TEARE ] e AT B R T, o BB B I 9 R I D
%LLB@%?TMWT@&‘J#JJ’J”"K‘%HI& [e],

FA}f{mc = k”{f] & }[ }Uexp{ Bﬁf‘

(o= ¢" 4 (6, - 5)6) )= Benp{(1- )

-%}b]”} (19)

F
{ﬁ[(p - (pﬂ + (4,

RIFE T T A BN BES , A
Wi HR L A 3 R P T R R AT R, BT LA
AW PR THRE NS, R mRERE W B
(L /(L =1 B 7 R ER y %
Fn, LR,

() = (1= 6)expl- g7le - 6"+
(9, - 23611 - Gexpll - p) 2
[¢-(p°+(@s-%m]i (20}
=l o
K:% (21

HHE20)HE 6, A1 O14) LA BB BidERT
T AR i (i S AL R Y Ml AP Sr R
1.4 iR

FEBH SR - B R (17 FR(20),
MEREEMNEEERS SR, BRlL LiEE %
i, REE AYUER T R, Tl s R 5 # e
Y {E A

FTHEERFIRAEERE, GERETRPH
TRESRNEEHNER. U =—ANBEURMNEG
fugikR(2),(3)hpyetn] « TRETENE o B
EXR(2)FX]:

¢ =@, —-0n, 0<n<T/28 (2)
A

¢ =¢, —tT +dn, oT/28 < n < eT/8(3)

ﬁﬂﬁuw*%ﬁ%ﬁ@ﬁMﬁﬁﬁ

' lg—Ldz =20 ny(1) + S -

S 2 =
[x(i+1) - y(21: (22}
BB y () FRBPRMA TN A,

[n —xiil—dzkiz:‘x(n) +/ (1) - y(a—1) 4+

w

"?“Jn_][xf;+1}_xt; 10 (23)

XHE, %ﬁﬁﬁﬁikﬁ?mﬁmﬁﬁ?uﬁfm
HFRIEH

g, =8 +%!xt‘n}+ﬁx(1)—x(n—l)+

Ev’n-j{x(j+l)—x(j)“ (24}
=1
EXHEMZE ATESI AL & HELKFTE

T EREFTRUBSZENER, n L2 ITER
S¥.

e i


http://www.cqvip.com

874 ¥ %R

Vol 59, 2001

HA{17),(20)FH) ¢ f g, 8 BN 2),(3)
R2A EATREMNSSHBMES . K AF I
B AR R BT RROR & 88 0 b A ol 3 R B M
XyrXarXare oo X, R FERB L L RTR .

/ FAcY o v mhey;

— (25)
! 1000 ¢

2 HESRMITE

BB EESRM T HE T 2SCTREIE S
AREHE TTHETHR ¢,=3.1V,¢"=2.6V,0" =
0,6=0.01 V,A#HHENREHA 3.1 ~ 2.1V, LEH
Bt At P BGE R WA IE , S4B AR . AT
B e A6 T v A B ISEF E APl R E L

B 370 0 IE 2R LA 96 0 B0, B M6 — ¢ % o .
2.1 b EXERKEHREHEM

A B A EBHR T RER (A2,
By, (24), HE TR b RS EFRERLE,
SR 2.3 1 B0 T 4 8 1) e O M T
BRKERI KD, TP P Ay S HRRERE
) W e (U R KL P, Ty, HOIETREE
(L fle i s {3 s 4O 3 B L 10, b (LR G 5%
REMEHE BEMEE, b EHA,EFENE
Z AT BB AR A, v AR T 18, 36 FLierls D
KRR BEETRE RN T ., FHRAR
T BT B 5 L RAFTERA R T2 e M A
FEL (b 30 ), U4 0 4422 P 9 484k W 0 3 [0 e 1 B
Py AR B 55 60 mV.

1 ol AN R (YRE b AT
Table 1 Variation of peak potentials and peak current with 6

BUY) PV e P(V) Xe Sippt ¥ (Py+ PI2UNVY
0.1 2.5 116.8 2.68 -86.0 0.16 2.60
02 2.44 7.1 2.7 -57.3 0.32 2.60
0.3 2.4 T2.8 1.86 —-dd4.2 0.52 2.60

IOD_""I'"'I""I""I""

PENST ORI TS I N S

oV

M2 HBHO¥SE b MEFREMENER

Fig.2 Effect of thermodynamic parameter &
on the cyelic voltammograms
b a—0.1YV 03V c035Y¥

M (17)F(24)FT LA E H, 77T o B 7 5 1R
BT HHEN y REVHARD MAMERE » £
KL B (25) Bk F IR K il 28 b A i i o
NMET#AROTFFEREL, BV 2R —E6t
5RMERAT R RLE R, & — & A 3T 0
BEFERBRPHY AR,

2.2 D,k # vy HEFRE RO

_]Sﬂh..l...l...l...l...'
2 . ¥

P

M3 KEMEFREHENER

Fig.3 Effect of K on the cyclic vollammograms
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Fig. 4 Effect of & on the eyclic voltammograms
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Table 3 Vanation of peak potentials and peak current with R’

R'[V] PV} X, PAV) % A (V) (P,+ P)2(V)
0 1.48 104.7 27 -1 0.24 2.60
0,001 2% 95.1 2.80 -63.0 0.4 2.58
0.001 2.3% 95.1 2.80 -63.0 0.4 2.58
0.004 2.12 30 2 2.94 -45 8§ 0.82 1.53
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