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2 ¢ 2 d¥e d9dx sy @1015% ) v #L% Cs, 94 Ry, A FAY
Ry, R FHAFAERF CE AA37] 94 ALE 234¢ dveu F48 AL A4
AE H B2TET 03 ATTENE S48 P AALAA2 L 2 FoFol A |2 =
Vs V1+el[? o, & FRFAAE | Zupl = wof (010:Cs) (@2t @27 v (0P wrg03) 2+ (o — o3w) %
o MES el ol & dugla dtejel Akl o AALN AL, 94t L AAFZ
< 0.5M NapSO, v 1M NaCl, 19.373% 814, 1M HCL, 1M KNO; A48 A+ o] 59 =)
A2 27 107°M KI =& 60mM DBNA & A7bste] 200~6000Hz M35lel4] AdFoz &
ARGt & ATH =2 42 d9dA g E Cy Cy R D Ro ) §E0) 247 15~404F
fem®, 162~758uF/cm? 11.5~57.60hm-cm? ® 0.5X1072~4,1X10~2 ohm-em? ¢ & B &},

ABSTRACT. This study is focused on the correct measurement of the equations for the deter-

mination of the impedance parameters-the differential capacity of the double layer Cj solution
resistance Rp, transfer resistance R,, and adsorption pseudocapacity Cs. The application of only
an imaginary part of complex function of w at the sinusoidal steady state indicates the following
equations of total impedance: at low frequency |Zirl=1/w; C3 v1F @2 /e? at high frequency
| Zup| = wef (nwsCy) (@ +w2) v/ (@P+ wa0r3) >+ (wao—wgw) 2. The values of the total impedance of
cell, phase angle, and cell current that are necessary for the caleulations of impedance parameters
were experimentally measured from 200 to 6000Hz for the following supporting electrolytes, 0.5M
Na,80,, 1M NaCl, 19.373%c sea water, 1M HCl, 1M KNO, and for 10~2M KI and 60mM DBNA
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{Di-iso-butylnitrosoamine) in these supporting electrolytes. The derived equations in this study shows
that the values of impedance parameters of Cz, C4, R, and Rg are 15~40 uF/cm? 162~758 uF/
cm?, 11.5~57.6 ohm. ¢m? and 0.5X1072~4.1X1072 ohm.cm? respectively.
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Fig. 1. Aperiodic equivalent circuit for an elecerode
at which the faradaic process is adsorption-coupled
charge transfer.

A A7) olFEe L3¢ FANE A2 ¥
A AL Qo] o},

2 AgNA AT TS BB (Fig. 1 32)
ARt Pz 5o donz, 5 afF
Yoz ie AAFAAE 4o FFE #, 9y
AEql AA g dxE Britzd] e s 23
Hi, o] &35 AA o5t 2] A7 o F
Fe] AF 2 $FJEELT 44 7o A
A fdAaE A5 HEYEY d9das
TAE fod, o YHdAE 3 HaF
Fepol .

Fig. 19 AA 998 x ZHe dez
ehg 4 gl

Z(5)=Ro+1/{CsS+1/ (R, +1/CsS)} (D
4714 Roy 499 AY, Cie ¢15EY v
&%, R Al 5AY, G 344185
(adsorption pseudocapacity)ol 2, S B4 3t
oleh, AF5HE AHgste A %‘S))Rﬁc—is—
olmz AA AL Zire )AF 2o} 1}
B 4 A+

sz=R,,+R,+~@:n3— )
=,
_ 1
RotRe=br @

A7 A e=28f o2, £ Fsdolth A%
@WAezyE (HAg deh

Zip= St o )

Se A5 g3z FAHAY, 2F
st 449 e HEpean fastez §=
Vol. 30, No.3, 1986

jo=i2z f(j= VDol z, ¢ & G)H A
S (62} o] =),
(Gotw)i _ 1
(wiCyjo)i — @Cyo
314 A8 09 Zir e Zur=1Z1: <6 BA )
evz 44 &= A4 JHRL | Zpl e
(NA =} 7o) ¥},

Zu:=

(w—wj) (6)

|Zurl =V Pl
= wllc¢ / 1+—‘c%1;— @
244k ALY B, CHColmz (9)He=
35 AA 998 A Zm e @4 ol v
3 4 sl

CoSTCCSR,7C8

cngS + 1
g, ®AdA Cie G o1 AAE 2
=},

ZHF:RQ'i‘

Cd=—w2:’;—f3ngc¢ @
A80] 7H5d FaF YA S W Fs
Gl AFA A I AaA A EE T3
o, AaHaA9 G Aoz Jvehd 4
aAet,

|
Cﬁ--iv—E 10)
Ao -1 1
RCi=- (1), RoRC= o (12)

@, 9, 4D % 24 @A JHdTe
24 (1394¢ d€rh
S 1
ZHF: (d;(t)sc‘ + wIC‘;

S 4
s

_ (7]
T (aywsCy) (Wt wd
f(@?+ waw9) + (wpo—wyw)i}  (13)



276 B -

Table 1. Total cell impedances and phase angles ob-
tained from the variations of frequency on the Pr-
electrode in 1M KNQ; at 13~13.8°C

&Bhi

Table 2. Total cell impedances and phase angles
obtained from the variations of frequency on the Pt-
electrode in 10-2M KI+1M KNO; a¢ 15°C

Phase R Phase

Fre&!it:;:cy lmple%a]nce Cel}(cr::].lx)em Cc%(\;(:{};ge an gl o F re?ﬁigq Im pfg?nw Ce}l( ;lj{i'ent Ce}é (v]gl‘%ge anﬁgl .
200 56.3 4.81 389 58,32 200 117.0 2.40 390 69.18
250 51.8 5.52 390 60.59 250 100. ¢ 2.83 390 69. 53
300 45.5 6.19 390 59.64 300 87.0 3.25 3K 68. 82
350 42.0 6.72 390 59.79 350 76.5 3.63 390 68.75
400 39.5 7.07 390 58. 82 400 69.5 3.96 390 68. 47
500 34.5 8.10 390 58.21 500 58.8 4.67 390 67.39
800 3.0 8.89 390 56. 39 606 50.5 5.42 390 66. 49
700 28.3 9.72 300 55. 46 700 44.5 6. 15 390 635. 36
800 30.0 9.40 390 56. 47 8Q0 40.0 £.82 390 64.62
900 27.3 10. 908 390 54.13 900 36.5 T.42 3%0 63.59
1K 23.5 10. 61 330 55.21 1K 34.5 7.81 390 64.69
1.2K 23.0 12.52 390 53.27 1.1K 32.3 8.41 390 62, 86
1.8K 20.5 12.22 390 50. 59 1.2K 30.0 8.98 390 €1.57
2K 17.3 15. 41 390 60.00 1.38K  27.5 9.81 390 60.15
2.6K 15.5 17.25 391 44.89 1.5K 26.3 10.57 390 58.03
3K 14.3 18.38 391 42.52 1L.7K 3.5 11.38 390 56.97
4K 12.5 20.79 394 37.74 2K 21.3 12.64 390 53.65
5K 11.5 22.49 395 35.71 2.4K 19.0 14. 11 390 51.43
6K 11.0 24.22 385 32.41 2.6K 18.3 14.92 390 48,92
7K 10.5 24.75 394 27.81 2.8K 17.3 15,49 390 48. 50
8K 10.0 25.39 390 27.29 3K 16.8 16.12 3%0 46. 47
9K 10.0 25.67 385 26. 0% 3.2K 16. 3 16. 48 390 41.91
10K 9.7 25.74 379 24,24 4K 14.5 18. 35 389 4. 24
12K 7.5 16. 26 236 20. 34 4. 8K 13.5 19.73 388 35. 49
20K 9.5 9.90 130 13.71 5.5K 13.0 20. 44 383 34.19
30K 10.7 6.72 86 7.18 6K 12.8 20.79 381 33.17
40K 1.7 4.99 85 5.81 7K 12,2 21.43 378 28.82
8K 12.¢ 21. 85 37t 26. 54
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Fig, 2. Closed-loop response of potentiostat having

proportional-plus-integral control action.
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Fig. 4. Log Z vs. log w plot to obtain C,4 Cy C,,
and R; in this aperiodic equivalent circuit.
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Fig. 5. (a) Measuring setup'S, (b) Block diagram of
potentiostat-cel] control system.
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Fig. 6. (a) Steady-state, sinusoidal-excitation res-
ponse and transfer function?®. (b) Steady-state input
and output waveforms,
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F A& Aotk v Fa4rh 200~6000Hz
PB4 o, nonfaradaic A7} faradaic J 2L
A z#ol duz L T4 TE @), 0
Co R, Cy & (1244 QA Ry e
4=},

Table 3o|A B 8§99 Ffo vz} R 9
& AAZ 0.5X1072~4.1X 10 %hm. cm? ) $]
e}, 2ol Harrison'®-2 4 9] 7} 550mV o
A 1M HCL, 1M HCI+0.1M Fe3t g 1M HCI
+0.1M Ce** 5842] Rp 9] ko] 0.864, 1.734
2 1.704 ohm.cm?¢lelx B33z Frisch-
mann” F-& 1M AAAH A FA A FE Ry L
60.2~87.3chm.cm?* Y9S- 2% o} glel, 2 9
TFoll A T Ry 2t ol 89 nxy 5wz
2 9 g F2 Ao}, o] e AYA T}y

Table 3. Newly obtained impedance parameters to investigate the electrical double layer and faradaic behavior

in the various solutions at 12~16.2°C and —390mV

Double layer Adsor tion Transfer Ohmic
Solution ca cn; ) resistance Tempae{:ature
Cs(pF{cm?) Cgfr(,uFZ;nz) R‘(ohm em®)  Rp(102Xohm. cm?)

0. 5M Na;SO, 28.7 746 11.5 3.8 13.0~14.0
0. 5M Ne;S0,+1072M KI 21.4 704 53.7 2.0 15.5~16.2
1M NaCl 34.7 758 15.8 3.5 13.5
1M NaCl+10-2M KI 29.4 694 57.6 0.5 14.0~14. 8
1M NaCl +460m} DBNA 21.0 641 55.0 0.8 14.8~15.0
19. 373%S. W. 22,0 202 51.5 2.6 14.0
19. 373 ;&S. W. +10720f KI 23.4 215 57.6 1.5 13.3
19. 373 %S. W. +60n]‘5ﬂgNA 29. 4 231 57.6 0.9 14. 1~14.5
1M HCl 3.9 162 2.5 0.6 15.7
1M HCI+10-2M KI 35.5 166 23.1 0.4 13.7
1M HCl+60mM DBNA 39.1 174 17.0 0.7 14.0
1M KNO; 36.2 515 15.9 2.6 13.0~13.8
1M KNOy+10-M KI 22.0 562 33.1 1.3 15.0
1M KNO3+60md DBNA 19.5 225 44.7 3.7 13.5~13.9
0.5M NaxSO.* 14.6 233 25.1 4.1 12.0~14.0

*Reference electrode (Ag/AgCl).
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