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BFRICSHEEZET 3274 (BUF RSH &
e &, FoRLETh L v=xF v (UTF RSSR
L) R HRARCEL SHTL T/ BTH 2.
RSH, RSSR 34 v ¥ 7 B0 KRS & LTEET
HLEMD T, EANBLETORRE TEE LK
gkt EBELONTNS.

RSH, RSSR oBHBRIGE 73w b ic X 28R
A% Brdicka itk BRENTLE, £ OREK
LR shTE 7 (Kolthoff and Barnum, 1940;
Kolthoff er al., 1955; Biegler and Breyer, 1959).
LdL, 20BBBRIGEBO TEKETH D, RIET+H
KHEBSh TR, EELE, CoBBRSOWHE
EWLhicTdEEbic, AafLdo RSH, RSSR o
EEEBEEHNELT, BEAHECXIBHE R~
5077 7HREROCTRE Lo THET 5.
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1. RSH, RSSR OBERIS

1.1 B4V o RLE XY~

0.1 M-KNO, =& pH 6.0 o Mcllvaine #2f
WhT 10°M ©oRSH, RSSR % 44 2 Y » 7 #u
gvAby)—icky fiEL, Figs. |, 2 oR%:E
7z. RSH oig#, BiRgsEE (V) 3V/s <ol
MBE (E) % 0V LULB3IETHE —0.425V &
—-0.475V T hehok% s RSH o 1§, £
2P EMT) icBiTHAE, i —0.385V e b
%25 %7:. RSH oBE* BLSE2EE 1 BiIHEX
L, B2WodEuot (BB). T/RE1% —L.5
V pofFs e, —0.385V ik, —0.45V &
TREEZ . ColZoBETRIZ OV hoREIE
fFolBaichNs EELIME»D.

—%, RSSR @ B&icik#B3Z 0V o frHk
—0.455V & —0.97V (LI FT2hEhOH % RSSR
oF ¥, B2HEKT) cBTRE, Tz —0.38V

-0.45V
ISuA
g’
Ei=-1.5V
-0.385vV
1 i
0 -0.5 ~1.0 -1.5

E, VvV vs. SCE

Fig. 1. Cyclic voltammograms of cysteine
(RSH). (RSH)=10*M, V=3V/s, pH 6.0
Mcllvaine buffer.
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1.2 WEIEEKFE

ZhFhoBxRic>0WTRsIEEIcL -2 8
W (I,) oFE{L%HH~ Figs. 3, 4 ofER%=EL. Al
B E 2OV EL, BIEMEME (0 £229&0L1
BHER -5 075 7Tk, 10°M @ RSH#%
BTREIRRREAEEbDNS LD, Fig. 3 iR
Lickic RSH 0% 2§ L RSSR o 1 3Rl
HEEICHELA LT -2 BREMA L. CoXH
REEROEMTHS. —F, RSSR 0 2 K3l
BEOFFBICHALTE -2 BHREBAL, BEREK
WEFOEEE R £/, ChooBRHTFRD
FElEE O AickoTY — 7 BhL (E,) ZRBAN
BT Lk

1.3 pH #&#it

RSH o 23, 5L RSSR o 1 #icoT

T
-0.455v

ISHA

-0.38v

-0.46V

E, V vs. SCE
Fig. 2. Cyclic voltammograms of cystine
(RSSR). (RSSR)=10~M, F'=3V/s, pH 6.0
Mcllvaine buffer.
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v, V/s

Fig. 3. Effect of scan rate (V) on I,. O;
10-5M RSH, second wave, @; 10sM RSSR,
first wave, E;=0V, r=2min., pH 6.0 Mc-
Ilvaine buffer.
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Fig. 4. Effect of scan rate (V) on I, of
RSSR second wave. (RSSR)=10"M, E,=
0V, r=2min., pH 6.0 Mcllvaine buffer.

pH k& 3 v~ &L ©— 2 Ehro £{Lx Mcll-
vaine BEWK T TH~, Figs. 5, 6 oRE%2E 7. pH
izk% RSH o 2o — 7 BRIGIEE A EELAE
3t otds, RSSR o | 7 oh Y5
LELY—sBHEMAL, pH 8 Tt RSH 0%
2@ EBERILEARLE. Cosdn—yEBRO
Z1kid RSH o 2 ¥ oif4, pH 3~8 < pH fi&
E#EFRiIcH b, 8mV/pH Bifi© pH #kichks
RRBMEITE2 L7 %7 RSSR 0% | koEsic
bEIBSRBNBTARLY, ZOBER pH 3~
6 = 58mV /pH ¥ifr, pH 6~8 = 72mV /pH #f
Thote.
BEBXICHA N T, TOEBRIGKES T 270 b
VEEBTENELOES, ¥—~28uopHIRX S
(ki Nernst 55 25°C < 59mV /pH Bifir & 75
3. RSH o 2 ko4 EHfic —&L k.
RSSR o 1 s pH 6~8 T 72 mV /pH BAr & 78

100 |

Fig. 5. Effect of pH on 7,. O; 105M RSH,
second wave, @; 10-5M RSSR, first wave,
E;=0V, t=2min., V=20V /s, Mcllvaine buf-
fer.

Ep, V vs. SCE

1 L ] 1 1 1 ._‘7
3 4 5 6 7 8
pH

Fig. 6. Effect of pH on peak potential
(Ep). O; 100M RSH, second wave, @;
10-5M RSSR, first wave, E;=0V, r=2min.,
V=20V /s, Mcllvaine buffer.

DD, BEBRRIGSHHETHIZ0TIENL, T
# ) #THE RSSR #543# L, RSH & URIGHM
K57 ThH2 & Figs. 5, 6 DL oHEE L.

1.4 MEERTEN & TR AREREAEYE

RSH 0% 2%, XU RSSR o | o@#mk
M2~ Figs. 7, 8 ofHE %2187-. RSH o2
Hovr—s&KE RSH oBEOMHKIE 8x1077~3
X 10"M & 3x10-8~6x 10 M DR T 2 2 hl
EORLOI2KD EREE X, —H4, RSSR o
BRI 2X1078~2X 10M o il © ©— 7 B
{3 RSSR #pr & ERBAKE RLL. 2oz &&p
RSSR @AM A—5 205 7Hic £ 2 HiEERD
AHETH 5.

RSH & RSSR % | oRiE@EHEM (t) &3
v~ BROE|EFEN, Figs. 9, 10 R EB .
Fig. 11 12 RSH OBADRNV 4 €S 5 6TH5. K
OB OMELSICI0M TRE | Brgibhi-is,
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Concn. of RSH, X1076M

Fig. 7. Effect of RSH concentration on 7,
of RSH second wave. E,=0V, r=2min., V=
20V /s, pH 6.0 Mcllvaine buffer.
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Concn, of RSSR, X10-6M

Fig. 8. Effect of RSSR concentration on
I, of RSSR first wave. E;=0V, r=2min.,
V=20V /s, pH 6.0 Mcllvaine buffer.

107°M Tt =0 DL EF I HRESLLFADIT,
T=30s THIFKLEILNZ BB EbIh. Lh
L, &bt 7 #BAL T R EsS5L61 =
s pEE LAHEMRIEILTHY, BEoOBAKIRD
Shizghotz, RSH oW IAERREBEL LS E
E-—-y BEMNEDT A (Fig. 9) 2R, BEX
T ODPOBABEL TV EDTRE NI EELD
. Fig. 7 & Fig. 9 ofsE» 5> RSH 0% 2 $iic
42 REBRIBEYTEEERL &, —~EOKT
EREEESL D TR EHEE L.

—7%, RSSR oiga (Fig. 10), 1075, 107M %#%
T2 o — 7 BIBHBERSHNR 7225 Ll
HARLE. LhL 10*M Tk RSH 04 LR
B, RIERSHESEA B LY~/ BROBDES

20 |-

Ip, uA

o 3 5 7 10
T, min,
Fig. 9. Effect of pre-electrolysis time (1)
on I, of RSH wave. E,;=0V, V=2V/s, pH
5.0 Acetate buffer.

10-4M

L

T, min,

Fig. 10. Effect of pre-electrolysis time ()
on I, of RSSR first wave. E;=0V, V=2V/
s, pH 5.0 Acetate buffer.

L7z, 7% 10%M o RSSR E# it RSH ni 1
AN PRI RAC A7 €:-F o¥ (R New b o

1.5 RIvEsoiE

(a) RSH

RSH 3&x&chy, HFNiEESic BLEh
BEALIRBZODOT, K e 5 sicBEHbhBLYE
i RSH OB LERYINBEUCRLEShZ L s 0Kk eEE
Zohz. SH {LAMIIKBEBLTRLsh, XA
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~0.39v
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-0.395v
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WA 1075M

1=30s

-0.38v [RSH]=

5 10-5M
WA =0

i
0 ~0.5 ~-1.0

E, V vs. SCE

Fig. 11. Cathodic stripping voltammograms
of RSH. E,=0V, V=2V/s, pH 50 Acetate
buffer.

HOKBEEERT 2 E8ELASH TS, RSH
OBF4E, T OKBREN NBEFRBRETERSH, BEE
KR+ rEEZiZ 0%, RSH 0oF 2 or—7 8
fro> pH {k7gtt 25 S8mV /pH BN T ok did
Nernst Ricftd, 2EPFAFTHL T EERL T
3. XOoTH2HOBBEISERO & D KHEE L/

AERAR

2RSH,,;, +Hg = (RS),Hg, s +2H* +2e--- (1)
VAR

(RS),Hg,q4s+2H* +2¢ > 2RSH + Hg -+ (2)

31 BiconT Miller and Teva (1972) 133
L7 RSHg @ Bitic X3d0 & #ELE. Ll
RSHg oBiLEEZ3icidbIDicd ©— T
¥2. CDEXINHPVE -7 BERI WG
vy v RETHLIBED Bk LELIERSh 3
(Laviron, 1974). —f@ic 2 %7 OB S
ZDIRAVDBBEETHS. HOTEERBREEXD
BEAfkBbh3 39T H3. Stankovich and
Bard (1977) i, 2O 1 i3 v 7 P BEAER
T2LE&DRBEMTHY, 77> 5F—BHTHA
3 EHeE LT 3.

(b) RSSR
BIRRIBRENIC LTS5 LN RBEEEE ©—
BN BE»S WoMhT H3. Stankovich and
Bard (1977) i3 RSSR sz 0T BEL,

RSSR 5 (RS),Hg kZEftT 283 & bF,LT
FEERELTHE. oTE | FokERE 2 RSSR
E RS),Hg oWiETH 2 &ELZOh3. £oT
RSSR DB EEEWIES ICZATEMSRMEIIC L T
FdstE % 7R T8, BENE M35 L RSSR » o
(RS),Hg MRS h 2B DT RSH 082
LRI BB ERT O EEZ Sz (Fig. 10).
$7. pH M\ 5 & g OB 1970)
itk RSSR o3sh, 20 HMREBH TH 2
RS- #7:i3 RSH Zk$H#EHm IR L, RSH oig
AEFL RSB > T BTSN3 b0 EHFEL
7. kO TE I BORIGBEERO LS e Lic:

pH 6 LIF
AR
RSSRo1n = RSSR ;45 e (3)
RSSR 4 +Hg = (RS),Hg,q e (4)
featuaiar sy
RSSR 45 +2H*+2¢ = 2RSH;y, - (5)
(RS),;Hg,qs +2H* + 2e = 2RSH,,,+Hg
- (6)
pH 6 LI -
BT
RSSR — RSS~ — RS-, RSH (D

EIRBEBRTROBTHD, FOBTRICHY T
ZBMALBEBER NN Eh D, FEMFORTHE &
EZohl. TORBEBEIIAKTSO RSSR 55H#
ST TEITENIBTHS:

RSSR 10+ 2H* +2¢ — 2RSH,g1n < (8)

PE2T, —LSYV Mo afT2kd4 ) v s K
Z>» 2 bY— (Fig. 2) ©id RSH 35 5 5 UOERK
ENnzDT RSSR oF 1 REHMAL, BEEHO
RSSR B> Uiciz®, E2EERELh L0
EHEE LT,

2. R (I oI

RSH, RSSR 7%wic 2 i+ Rind % &, RSH
DOE 2, RSSR o 1 iy BBRAMkELEN
Hii-tolikE % 7., RSH, RSSR o4 4x10-¢M
&L, (D) oErs%s 1M LT hooED
E— B0 pH KERE 7 = v BEBER D THEA~
Fig. 12 k@R A87:. RSH o825 L%z pH
5 YT 30mV/pH By, ¥/ pHSLIETR
60 mV /pH BA1 T pH offKick> REBTEEL
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Fig. 12. Effect of pH on E, of RSH or
RSSR with Cu (II). O; RSH second wave,
@; RSSR first wave, []; Cu-RSH, ; Cu-
RSSR, (RSH)=4x10"¢M, [RSSR)=4x10"%
M, (Cu)=10"*M, E;=0V, t=2min., V=20
V/s, Citrate buffer.

7e. —%, RSSR icfihs Licdiid pH 4 Tk
t0mV /pH BM{r cREMBTEREL, pH Bk
RSH ic#insis Ui Bicliow. Lo L RSH,
RSSR omggx 2x10°M, #(I) OB ® 2x
1M & L7BaIB B>k BF#H%ERLE. T
54, RSH Ic#AsMEE Loy — 7 o pH {k
WL pH 2~7 T 62mV /pH BAIcRENBITE
Bl —H, RSSR s BB Lo —~2 &
firid pH 2~4, pH 5~7 © pH it LESH%ES X,
ZoM&i3zhsEhn 60mV/pH, 65mV/pH Tho
1. ThoDkH M, 5, RSH H310i3 RSSR
EESHDOBEORICED, RSN IMEDLEMIZ
B AR YIRS 4 A

LU BROKBEAE 0.04M L L7 pH 6.0 0y
T vigigEikth < RSH & RSSR @4 105M
L, BLADRIC2MMBOHERM L. TDL &Y
— 7 BHDE(LE Fig. 13 i L. RSH of 2 3
R0 BEXHTIcoNT D L, RSH i
HEELEBREAL, MEREERL. —5,
RSSR o3 | litsio BEEZ MFKohTHALL
#%, RSH &jdticdd L. zoz&h» S RSSR
RIMOBWMICE D BB REINZOTREOMEHE
Zohtc. FhEMES Lk RSH, RSSR o &
LODHAES BIERIC WAL T E— 2 Bz WA
L, WENICEE L 7.

Z DD LB EFIH LT RSH, RSSR of
BREE KA. pH 6.0 © 7z v BIBEKDTT #
(II) oK 10*M &L, RSH %712 RSSR %
Wmliz, cokxo RSH i HBEAELERE B
&7 RSSR e85 Lo — 7 Bk & RSH,
RSSR o@g4as s n .y b LIz Fig. 14 TH 3.
RSH 0ia 4x1077~4x10-M o#iT, ©—2

1 2 3 4 5
Concn. of cu(ll), X10-35mM

Fig. 13. Effect of Cu (II) on I, of RSH

or RSSR. O; RSH, @; RSSR, []; Cu-RSH,

B; Cu-RSSR, {RSH)=10"5M, (RSSR)=10"5

M, E,=0V, r=2min.,, V=20V/s, pH 6.0

Citrate buffer.

0

0 1 I 1 L. L
0 1 2 3 4 5 6
Concn. of RSH or RSSR, X10-6M

Fig. 14. Effect of RSH or RSSR concen-
tration on Cu (II)-related wave. O; Cu-
RSH, @; Cu-RSSR, (Cu}=10"*M, E;=0V,
r=2min., ¥=20V/s, pH 6.0 Citrate buffer.

ERIEE L ERERERLE. UL RSSR ol
ARERBLE L HETRETIORINETHY,
—~BORETENELT 2.
* ®

RSH, RSSR 0@ IIER K TH 5. 0
SOWRDOE — 7 BURREE, BLUCBEKEFEL
TWab1cd, —~BEESREERE L. F/ Fig. |
T LSV hoR\e| Lz Rrs e 5 a8 bhi:
Bl OV b5 LABA0E 2B EF—D0D
DTH2&EELOoNIH, B 25mV FhTo
foo. ST RSH o 1 EpHEbhAE iz B2
WOEEMRAIICETT S e L. ¥/ RSHo®E
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BRIGT I BREH 3035 1 Ko BEHTHD.
10M o RSH AR AZAEMT I EF1IRBELL
THbh (Fig. 1) 5, fE@EEELT>THELE
AEB LD 202 &b oMNTFRERNT
X2ETRE I BB Io>HLBEOLOIT, BOTREE
MT&TH RSH OBEBHNBEFICIDE I BoRE X
BREsnz b EELE. #2T 1M o84
KHMBEEMEARCLTOE I BRSTOELLE
WeEZohtz. RSSR 043, 0OV 5o 10
Ho#5!cid RSH oF | HicH4 T2 EHELLI
Motz T LFBEERT RSSR 75 (RS),Hg
D EHHED BTOT VRN EEZRBLTH
5. L LRSI DELTH> L RSH ofF 1 ¥
WV AWEMBEbLI. chnid RSSR o Biickd
RSH 2k (K (5, (6), (8)) &hirfHsEX
2% g A

Kolthoff & (Kolthoff and Stricks, 1951;
Stricks and Kolthoff, 1951) ¢ RSH, RSSR &4
ORISHBBICONTHELTHWEY, chiz7an)Y
HTORIGERI:bDTHS. EH oW Fig. 12 o
HE»OHMESLA-BEEZ pH 51U RSH, %
7212 RSSR OBELFHOBEO LKLV ELS D
EfEsE L. UL, #LEE LEAREEOEE, 5
BORRIBIDNTERED LA +HRBBERTET
BoF, AROBETEHESS.

& T RSH, RSSR oM #~5075 7ikick
LEBARIN Lz, RSH TR — 7 B & B,
HDHVEAAEREE EOBRE»LERT, ERIKHE
TH%. RSH oE@8%THicdk ik sEER~%
TohFNRVWEELZONL. —JF, RSSR 04
HEEEEMRD. UL, RSH & RSSR oA
KTHMERETIC LRBOBERLDEELL-DH
HTHD UL LUFAHELHEE LTk RSSR o 2
Bickbh RSSR Zgh L 7:#%, RSSR #+4-4ET
L, RSH &L T4 RSH 82842 HENEZLS
n5.

H b9

2574 v (RSH), ¥=zx+ (RSSR) oBEXKIL
HHEE), BLOBRHER-50/ 7 7Kick 2 ER
kst U7, RSH, RSSR o@BEBXIGIL IET cE M
Th, TAFNORLVEESS LI 2EEOET
¥ onf. TOBBRGER (D~@® THz &
HESN. BHEE—F 0S5 7HICk 2 BMIER
MAEHONZDEF RSH 0 23 (E,=—0.475V,

pH 6.0) & RSSR o 1 i (E,=—0.455V, pH
6.0) Thot. Zhd20700BBBEEN I BFL 1
A, RSH 0% 2 3Bt 2R &9, Bk
RETOREEORLATRE S Lt

RSSR 3 HEHER~-507'5 7ick 2 HECH
MNAETH 5. —4, RSH o0 TR EECELD
2o EOEEFA L HEEEIEUTH I &
YL 7.
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Summary

The electrochemical behaviors and the quantitative analyses of cysteine (RSH)
and cystine (RSSR) have been studied with cathodic stripping voltammetry (c.s.v.).
The electrode reactions of RSH and RSSR were rather complicated and each
voltammogram had two kinds of reduction waves (RSH: first wave; E,=—0.425V,
pH 6.0, second wave; E,=—0.475V, pH 6.0. RSSR: first wave; E,=—0.455V,
pH 6.0, second wave; E,=—0.97V, pH 6.0). Their electrode reaction schemes were
discussed.

Concentration effects of c.s.v. were observed with RSH second wave and RSSR
first wave. Although these two waves behave adsorptively, RSH second wave
didn’t have simple saturation characteristic, which indicated the transition of ad-
sorbed species at electrode surface.

Furthermore, copper (II) was added to the solutions of RSH and RSSR, res-
pectively, and the electrochemical behaviors of these copper-related waves were
also investigated.

It is possible to determine RSSR directly with c.s.v. On the other hand, it
might be effective to determine RSH indirectly with copper-related wave.



