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Effect of Surface Modification on the Electrochemical Properties of

Screen-printed Carbon Paste Electrode

Student : Yan-Chi Wang Advisor : Chiun-Jye Yuan

Department of Biological Science and Technology
National Chiao Tung University

Abstract

Screen-printed carbon paste electrodes (SPCE) are most commonly used
in the fabrication of electrochemical biosensors. SPCE exhibits a great
potential in the generation of disposable sensing system because of its
economic, easily mass-production, and easily patterned. In this study, the
surface of SPCE, which was modified by,three methods, was investigated.

Both of the surface miodifications.of ‘SPCE by SWNT (single-walled
carbon nanotube)/Nafion® coating  and SsSurface treatment by cyclic
voltammograms (CVs) with“4 types of solutions, including 0.1 % HCI , 50
mM phosphate buffer, | M NaHCOj; ,and saturated Na,COs, performed in this
study. The response of pre-treated SPCE exhibited an improved oxidative
current of hydrogen peroxide. Interestingly, SPCE modified with nonionic
surfactants, e.g. Triton X-100 and Tween 20, showed greatly increased
response for hydrogen peroxide, and slightly decreased in response for
ascorbic acid. It had a good reproducibility in duplicate test (Triton X-100,
R.S.D=2.88%; Tween 20, R.S.D=6.9%, n=20), and it was inexpensive and
easy to prepare. Tween 20-modified SPCE response to hydrogen peroxide was
better than Triton X-100-modified SPCE. The glucose biosensor was
fabricated using nonionic surfactants-modified SPCE exhibited increasing

response for sensing glucose. These result indicated that nonionic
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surfactants-modified SPCE has potential for enhancing the reaction current of
oxidase-based electrochemical biosensor.

Microscopic images of SPCE under the scanning electron micrograph
(SEM) revealed that coated on nonionic surfactants the surface of SPCE
forming a smooth film, and Tween 20 coating membrane on the surface of
SPCE was more uniform than Triton X-100 coating, and measuring the water
contact angles at the nonionic surfactants-modified SPCE surfaces showed the
chemical properties on SPCE surface from hydropholicity to hydrophilicity,

and can use in immobilization technology.
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(hydroxyl group) % » @ # fI* k' F G 27330k 5 pEilde T e
FoAER AT R0 Fao #25% (collagen) B A F # Fao: R ¢

% (PVC) % o

FARE R AN B BES FR AR KL Fs T RS
FI* EARA G TR AT RS 2 Gy A Al B
Hojfghd BAPprIecAmE A FLFELT OV T AT R
#oe ¥ ¥ h AR Al § & 2 e H(glutaraldehyde) ~ B R § L AT A+
(bisisocyanate derivatives)= BE@& Fri¥f= "= 5% F (bisdiazobenzidine) > ™
HooreA ey (TG S PRCHBREATHERE Y R EEH
S NHEEHNRBE R R CpHE BT R R E G LEF DR o 2
He VR A2 FRP TRy s+ 2 2 MRae T rEF iy ¥ HH S

FRiF ey £ R

1-4 B » &R (surfactant)
B R A R - L LA S B AR R BT A S A
= > 2g x84 (Head-Group) % k& ¥ (Tail-Group) » EE ¥ ¥+ -KApil{c4 # g >

RS SR VESE TS ER T ST S TR SR ST
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RA R AD AR o BF 3R E 4 dook 0 2R & P doid 2 o 4R
MoK RERAS AR [ oL GFr A 2 A RRE B ST A SRR HR
BoOE AR AR G EEAS fEe KoG SRR T R E Ak
f23Ek fL > & 5 F£ 35 (Anionic) ~ &+ (Cationic) ~ -3t + (Nonionic)
Z 5w E MR (Amphoteric) = 487 ik

1. &8+ 3]

FhG WAL, S LT fRY S RS RRAT T LR E A
AEEAES e A A e Al E G A AR 2 AEATE S K o Al

KAF R AR (- SO S (S0 & ¥ Lk o

2. B A

Rt
>
=K
I
TE
%
3\
&
4y
gh‘&
3N
oy
£
[N
&
47—:
et
%H
ﬂﬁt
ok
:

AREAFIAL RS > TR W R R ERE [67]

MR A 5k B2 )k B (Critical Micelle Concentration, CMC) # .14 » ¥ 7]

a3 AR e B F R 8 23 %A= ke (Micelle)e 4o Triton X-100
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2 Tween 20 [ BT ]
4. 3 R G SR
FheERALE- AFY o FRFLG BESAET BB 4S5 K

rmkE Wo 2k P 7}?—» B R G R o MR R apHE ¥ L @ T

B o BLIPEE BRI R L RS e A AT R R

FIL e v R v AR G AR D RS o

Triton X-100

0 0
Ho’f\/ \/)}()H
0
0 \/ﬁ;oﬁ
/\%O
wxtyiz =20 O W

0
Tween-20

BT~ a3 6 F A Triton X-1002 Tween 205 # 5

1-4-1 50t eve R &
FOR R OB AR B RS AR ARE D e KRR
Moo a g RAINA BB LA x4 > ePF 3w B grifss

(Monomer) B4 K2z R o HB8 o § % @ SR KRR Y ik bk
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A AokAR R e hE MLy ARkAR S > F RS S ERL S

R S R P F T ISR RES T EE VR N ClEDE

-

Sk A S B Mot e m BB

-

RS SIS R R

WA TR B R A TRA MR RR (CMC) - A2 R A 2
o R w A MERAS FRRBEE - L F i 2 FG BE ¢

./’;A‘-.L A
AL F e

q},:,\;j;ﬁ?é o ™H RS
(b)

(a)

2
_f:t::: 7K =
* - — — — L —_— E—
TN N o e N
_____|_++___ —_— — D e o e =
++ B = s e e e ——

CT NS RIS P
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1-5R %P h

SPCE; P# i @ * T NEFTEF* 2 5B pBs H1 > d

|k

)
—

B AR F A

—\
—
=

Bt o RSPCEW¥ 7 £ + WAl A2
TR TR B R AP ALY R

SPCEM e F HE - B HH > #und F L

e

B
EE B F BARSPCEE > %% ¥ T UM st A2 BEL o Y A4

PROBIEF o
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% mHpse
-1 R %R E &
(1) % 5 #3% i*fs (Glucose oxidase ; GOx), EC 1.1.3.4 (Fluca)
(2) ¥ % # (Glucose anhydrous) (Sigma)
(3) $3 o e (L (+)-Ascorbic acid) (Sigma)
(4) ¢ p% (Alcohol) (Sigma)
(5) 3% i & (Hydrogen peroxide) ( Showa)
(6) #4fc & = 4+ (Sodium Phosphate Dibasic Heptahydrate) (Showa)
(7) #4pfe = & 47 (Potasium dihydrogenphosphate) ( Showa)
(8) # i“4r (Sodium chloride)( Amresco)

(9) # i* 47 (Potasium chloride) (‘ICN)

(10) Nafion (perfluorinated ion-exchange resin, 5% w/v solution in
lower alcohol/water) ( Aldrich Steinheim Germany)

(11) Triton X-100 (Biobasic INC)

(12) Tween 20 (Biomedical)

(13) SWNT (Conyuan Biochemical technology Co. Ltd)

(14) SPCE (ApexBio from Hsinchu Taiwan)

(15) o % fE kR &4 (pyridinium methyl sulfate : PVA-SbQ)( Toyo

Gosei Kogyo Co. Ltd., Japan.)

21



22 R RBERY

203 R iR %=+ A5 CHI 440 (CH Instruments) 2. & % k& {7
BB TRFEI R R BEFARIGE o T F AR R T 4R
%t (Standard three-electrode system) » #-% £ § &% (T¥Hi& » Ag/AgCl 3

*%+ 24 > SPCE % (T1 (34> ¥ ¥ =423 10ml v » %

B PRI E R 2 F R B [eo ) R F EasR LT

* Olympus BXS51 £ 5 & &5\ B o 1% DP12 #ci RAp 8 K3 B2

BLom R RS RAEd FEAFLRIRE LT ERETHE o

ARITDIMHO, B3kt 22 2 24 F BRFAERE M T

=%

Aol Edr Y A~ 10mL1XPBS 4 FF Bt ? 2 T8R4 F &
RATE - BE TR AR IR R T RHIEZ £ 7 E %
4 T2 Ag/AgCl ¥21 1vF 42 SPCE &> F B¢ o #-1 1§ RAp 4t
FETRBRTO0TIVe §F R TREF - FLTGREF > £

10 pL, I M H0; *¢ F Jtf 1 o F] & #77 4 S H,00 MAFAR $50 5 et p 0
PBS Apt ]2 0.1% > #F 0 R R RFAT 1L A ge o VAL RAER G

1 mM H,O, > @ '&% s 4r HOp = zts 0 Fk }@“iz' fﬁ L—'I"Fﬁ*’*hﬂ’i; v R j&‘ﬁ
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it TR E® T n (background current)) B G AP AT 17 2 F R T On

oy

i (response current) o @ H & B PFF (response time) # § 74 HOp %
o FRad FRELEL AT 95%F R rEZEFR [69] B F Rk

FRERE [wE- ]

Current

95% response current

Time (t )
® Response time

R R E ERRE T X R

% t 13 4 SPCE
(DFI* ok R % 25 F 4
f1* SFA D FedF kR 2 & #1307 (0.1% HCL, 4 fr KCL, 0.05 M
phosphate buffer, 1 M NaHCO3, 4 fr Na,CO;)’ #2553k (T3 1t
Fohmd 2 Dpgie  DREFHFEHRARLZ KRG TRE G 5K
AThe R RE A S 0.0~20V & 1.0~2.0V>12 0.1 V/s ik B e %7
TR TR E A B S 5 B0 10 Bl 1S Bl B R ALE BB R

",H,* - =4 tﬁiﬁ-’* kkEZ {6 wPE B-SPCE %% 8T %13 o
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Q) F1* 2 KB g 24
F1# 99.5%¢ i 4-f¥ 5% Nafion **#r k& k{17 ¢ B4
2 Triton X-100 22 Tween 20 **#1Z k& (0.5 ~ 10%) o i # SWNT
fl*RFARTE > @ HI5373>7 k&R 2 Nafion > Triton X-100
2 Tween20 377 > #fFe s 2mg/ml kR > B~ 1L.5ul 84 > 1

,{%’(%VI)\F 7&’73 {i?—'h- SPCE }i?pf_é“ '*";}‘Jy% v}{%t‘ﬂs 1— W"L‘

F17% 99.5%2 f MR 2E4E+ AR & 5 1A (Triton X-100, Tween
20) 0 F kR (0.5%=10%) a5 # B3 2 (L KA 0 1] B E o

=23 /i?-’i # SPCE & ["} e _E_%“Jt..fra AR 37C)L¥L /J]:’Ef;; ’

>

PIE 2% e

TERERE

B HMER RIS T A1 PVA-SbQ H -5 5453 PR A
¢ 1 E A A THEL o J1% PVA-SHQ kB & F RMAEE ¢ Wit %
© K BF S é/,?f”% [69, 70] & iFiE4F3d o @ fyt 2 FB&ARA > AikfHL =
KEh 3 A b IR Bl £ AL £ s L ie (7 o 2 7B R e

-

Fe v R cnf 5 HEF LA B R B D 3 T R 1112 (wiw) Gt s
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398 & o £ #-PVA-SbQ & = Z 3 33 ks 151 (wiw) - 52T ko
S HEezfrEiaie (13U/ML) 2 2 PVA-SDQ £ 2 11 1 (viv) A
a3 R L o 2 (5L %% 1.5 uL GOD/PVA-SbQ i% ;% > SPCE 2. 1 it %
BB kIRE2FEFRIIF B FF B LI TRSLFEZTIR
B ACK#24 [ Fts > TP EFHEP o

AEFTCERBIFE S FAARE IM & 100mM kB F FHER
R BT H FERAIF I 2R ARBAER TRIIFE 2R T
0.7V (vs. Ag/AgCl) » A L x4t Z 2 BB RER A EFTIF R

Bz 3B AP HO,*riEF 2 fEAF o

#f§ & (Contactangle) &£

1=
P

f% PR Fp T lul = A% -k SPCE £ 6 & > 1% T %2

W ERARE-W)

2-A R SR RILE S 2

FE R [71]

g
&H

E SREER R A S SN EE RS 81 1 i TR S
TS T S R I3 AL SR CE RE ST RS
THEAG L RFLM - TRFY 717 5 DB FRE T 4 %%
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TRDTRRF AR § A2 - BT > RUSHBITE R TRERY LAY
- RF BT LT - HE-FTFE (FRER L, E) A
TR RBAT R A T E (E<E ) RF P RS > T AR

WAoo ine TiRR o SRR G E R TS (Reduction current ) o @ F T iR

a«»‘f«

BBtk g mpF (E>E) ) #R TeBe I T2 3 d T35

5
in

(QE

WEREAINRRAGFAF L B RS F R ( Oxidation
current ) °

MR e R S J"’TT TELRT R MR e B Fe
FRHM G-FlaF e AT TRaRY B2 A0 I 2+
“EBRE BEH R BRI R o @S = 8 0 A 8] 5 AT
(Diffusion) ~ 324 ( Migration)“% ¥+7 (Convection ) °

Wics g ¥ LFREE T2 FRBYFPERT S R TERICT

B e 2 WA kR L BIF Isdr § K3 kR IRACT MR R R R AL 5

Wi  ERREERAL ST c B AT T g’? =~
HRF Y AT ST TORY G RULDT I AP AAAHTH T

S e B PRI ES  HBBERIRTRE T F R EIT S
BRADT Y WG ATERY CRRRY FTFILRTERERLTES
WEL R H T BRI PRPLEFALFROR A BEITRL 5 TR %

Fok SHR o i d R bR 2 R A R R R A e

26



A om B

Fd

SR L ERRE S0 LT L EEL Sk
R

-

’lf—"— L'I‘a T Mﬁuixgﬁ;,iﬁ_,%( om — ﬁ}i? =3 m:}'ﬁ‘fl?’jﬁ—m Iﬁ_‘%(# 3 j:"_f_
FlaAp e G o 70— R F 4 R IR G -

Reactant (O)

Product (R}
Transpoit of producis
mﬂ$%w£
ﬂ+g-—hﬁ ?ﬂmﬁ

e’ |
KT-T h’g] N

CF PR REL TEAG F BRBTIR [72]

R LSS

B REE G - AR PYREF LIS 2 (Voltammetry) 2. Hojis ¥

P AL A S A CBRRE R koD S RiiR 4 o TR ®

AR D R FH IR 22 b KKIT@{(A)] Y}

(7]‘ 4E }E

* 5 s (forward scan) » 4= [*EBl4 (B)] 4 V, I V,» fiHFH

(reverse scan) » & V, % Vo %ﬁ d BRIz R on—% 2 R PTIEEE

)@#ﬁ«;sﬁ;;z\m KE‘_ﬁ;& ,L1?@7 AP R E—«)

M+(n- 1) «— » M+n +e-

(1)

FPRSAVIIVERFREF O LCEP TP RRE B4 VD

Vo T4 5 P AR M- ERPA AV, t=

A EMOVE g o 2 SEF T e 0 2 3
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e F R EPR e AT HRA G P EBRAM A 25§ e
FAMFR BTG AT R M IR g > Ry g
% = (oxidative peak potential ; E,,) > B #T¥ R it 5 Lo § A% B IR
o BPpATA Rt W ERIFATE S A K TN F R A
FURBAO]a gt EFF Bavid o 5§ TR VL8FH 2

VipF ¢ &2 4B R% T = (reductive peak potential ; E,o) > H T v 5 L

= S N A 4]

[“t® 4 (D))

(A) (B)
Voltage
Current

V2

* Time

Voltage
Vl v, v,
©)
E,

N

constant
diffusion
limited current

[M+(n-1)]

Distance from electrode x
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(D)

5 |a

= 0=

- |

) . ipe
D

Potential (mV)
HHAL C(A)CV L= FR R «(B)CV T i— TR § -
C) Tt mpich ER-RET -
D) ¥ CVIR R g @ -
$T R R BT AR RS A S Rl T IR RS
Erea= (Bpat Epo)/2 » Tpa= Ipe= (2.69x10°) n?ACD"*v'? » & » AE,= Ep,- Epe

=59mVn: 2?9 na @3 AZREAGHCLF Ry BRIk

o
+
&
W

BoDEF i it v i T EARES T Nl B

BT KAy RET I ESECE S RS o

% /% (Constant— Potential method, CP)
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R EZ AL T RAF AT LR FRSFTF L VR EEFE
:ff”%ﬁm%\z)\ ’ ﬁﬁl@ﬂﬂz—g ~ Rﬁ.?/fuﬁ”’%f“j 01,“‘""}'2':" ?fﬁ_j‘% ’éj,i
FARNE AT P T IR E L R R TERT TRA R

GBI fhom GF R 3 Ak SR R 2 A3 $0 0 1% 22T R

T ST RRTIE e HTIREERE T @ 54 d Cottrell * 42
FE @ ivs T L B R FRAAZ TR TIREL LR

BRI -t RE Y BRY BN R & (-teurve)  F 7T

(=i

T Sl R S LS L e SRR R R T AR
Ty tv BRI G ORE  FIERI ok STRELY KRR A D S LI E T B
FRAME > MEFE ARSI T ERBT GO S F- R
BEEE - RATERE - e R EFRER S F R FRIP L T
Paammmd 305%F B e R [PFBIL ) o At kie &
BB gmEe* TH3 #2047 I=nFADCou/S > 12 F B3 nE » n
rR B Fa2ds Vi AsTRAef Do ¥ T2 Hicihdk o

AP TLRCEER  Cui 3R F 22§ P BRFTER -
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Current

4 ivs, t172

Redox substance

Add redox substance / unbalanced

Response current

Background current

P
L

Time

R SRR R T e RS s R TR R

T g LR E [FRl-E =]
hEEEZRPIE cF A FEEAL HO, A BB LT 2V
i (2) AEFwE-0695V
H,0, —» 0, +2H™+ 2 E;=-0.695V )

% A eE o RALFREHE 0TV TRl E H,0,§ 1 F R o

DRBERE R EALIHO, > BRHOERT ¥IHEF Ty §FHE
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A Detect the redox current

Around 0.7V J
e_
-

=
SN

9p04193|3

wyme free

HE - SRR AR R E T LW
~ i =:""p" %

.
i
T -
L i
 —



3-1 4% SWNT ¥ SPCE 274 & i3 4F
SPCE gk e BiLfg* A RBIE » LHfry MERAR ~F EBF
FHRB - FERFIETRICBRFRBERLIE T éil?% [60] 45 2141
2 mg/mL MWNT ** 0.5% Nafion * - # 3 sz d gL T ¥ H0, 2
FRME G 1 (FF 875 (" F o 27 %FEE LTS 7Y B4
SPCE } » #7105 H #-F % 2 mg/mL & & 2. SWNT 23t 0.5%%£ 5%¢* *
FHF M o gt iEE SWNT R F] &3t > SWNT »* MWNT #2 3 - &
TiLEEM & [B- )7 @4t 2mg/mL 4>t 0.5% Nafion pF » 4p %t
K i34 SPCE F B+ 52 H16.2 & » 4 i3>5% Nafion ¥ » 5 i+ 5 H 3.8
25 47 1 mMH,0, &2 @[}%:‘ BoEfLiEitsy ¥OR* A SPCE oo
@ % & SWNT £ 3 0.5%% 5% Nafion F¥ > T &% H,0, ¥ & & ¥ %
* ONT # o * # % Hgg feot B 33 0k > 2 gk @ ¥ 41 % Nafion 73
2% kA& CNT > ] Nafion 3 » + B s ok A8 d § 2 a-kA > ags
)l ']“ijé*'ﬂl‘f‘:;%’}#_ » BT & ek Bt Triton X-100 £2 Tween 20 & 235

PR e R JUF R AAR-CONT s % AR AR 3TRaRP

J4:

BB L 3%k # 3 SPCE i {7 CNT 2 4F o A9 % #7% 2 mg/mL SWNT

7% %% 0.5% ~ 10% Triton X-100 £2 1 ~ 5% Tween 20 7k & & [ > % 32 48
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FELA R 2R A RT BSR4 7 11 & eppendorf 7

APPSR RGHEE - RS BB A A UK e B 5
#4253 22 SWNT/Triton X-100 » 1 * fig& ¢ » 323 % % 3> SPCE >

2 I F Triton X-100 J& & 3 4> 2 $3° 1 mM HyO, & 12 & — 1% 9% 3 4
BH o £ HEF A A3 10% Triton X-100 pF > H & R Ap 3t K 2 4F 7 4% 5
10.1 & > w5 ABchF F & SWNT ;3> H ¢ » a2 k& 2 Triton
X-100 12 4% SPCE > 3§ ™MERPF > [ >t 2%PF » H & R er 7 SWNT
ZARAR E AR AN S%FRAPITE G ARE AT VB R R
Mol RS 4 3 Tween 20 @ 0.8 3 4 5% Tween 20 V- & 13 47 7
BERS 111 Beom ?}*Jc“‘ f1# SWNT/Nafion 2 4F SPCE . i% if it §r ¥
3 6.2 1 o it i g IR Triton'X-100 &2 Tween 20 ¥+ H,O, & f&Lit 2% »

B A T B3 SPCE 22 iV B8 b ac % o

3-2 41#* Triton X-100 &2 Tween 20 ¥ SPCE & {7 % & 3 4F

Triton X-100 &2 Tween 20 }k & ¥+ SPCE i3 4% 82 34

1% 99.5%FE % i34 kR (0.5,1,2,5,7.5,10%) = Triton X-100
2 Tween 20 > #-pt % 554 %4 SPCE & {7 2 &F > ¥ 28 RN ¥ kB 3 4o >
B ImMH0, 2 F it #-¢ 3= [B= 1 o & 10%:k & ¥ > Triton

X-100 &2 Tween 20 APt MR R 2 R F 4 B <37 5 > A 2 10%
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Tween20 H AL E R X B § 2 X o Jap| 5 F]H CMC #& > @ 2835 A
EHEFF T HAAT LA > B AR ERABREH MR TR
SPCE # & 1 » FIf gk g8 § e Rl 2 @ Aok AR o)
Plig & H 4t SPCE £ G fif4 2 21k » Flm g S B R F BT i o
7.5% Tween 20 & 3 247 4% €3 3 SPCE % 22x% > @ 7.5% Triton X-100
s FHREFLRE T L3 F‘“ﬁif&ﬁ—‘ﬁﬁ‘} o =& > $3% SPCE 2 4%

% R “'L'r,"li?é‘?f'%‘ﬁ'ﬁ%?f 7.5%)k R i& {7 12 4% SPCE o

% 1 1T 7 =% Triton X-100 £ Tween 20 i3 4F SPCE 2_ F B & it

EHEAI* 7.5% TritonX-100 2:7.5% Tween 20 i3 47 2. SPCE > 7 F

=

Tg #-03~0.7V KT 3 7y 2 mMIH,0, & @ on @+t pH 7.4, PBS
Bk cw[Bz]¢ v g NEB 42 SPCEy # $#F | mM H0,
FRRAEDPFIITTRT 33 K342 SPCE F & 5 iE° % 77 Triton X-100
% Tween 20 12" £ 5 4 HyO, it 8% > ¥ ¥ F AT 3 s [ R v
B4 H0, % ini—% WA, & 00 d 4> & Tween 20 #& Triton X-100 %413
£%F SPCE »z 4% iz - m d v)I;Lc‘ v CNT ¥ rere L P IP AL T R
H,0,2 F v M1 (7§ =& F F o o714 # 2 mg/mL SWNT ** 0.5%
Nafion 24 SPCE> #+7% 1 T3 i=7-0.1 ~0.7 V #pH % 1 mM H,O,

FRrREmE[Re] - v 02—t @ [M=]4pd 80w
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£ =t &7 12 Triton X-100 &2 Tween 20 i3 4F SPCE » #-+ sz H § (v 5 4
1> & 347 {52 SPCE 3" HyO, 2 & I ILP B = -

% 7 7 f212 Triton X-100 ¥ Tween 20 2 47 2_ SPCE > % 7 ¥t H,O,
2K B At F A R BRI ¥ LS TR f o AT €
FAATEEF oo AT G4 500 pM FFs e 2 0.3~07V 7
1R T o REF BRI E > T2 A4 SPCE vt i [BIT] - 7%
F 2 7.5% Triton X-100 ¥ Tween 20 2 47 2. SPCE > $** FU o e F 14
ki34 SPCE F Bt i £ o 8RR Fla>tH & o B F Triton X-100 &2
Tween 20 &% > #-1¢ FUf o Rl FEHEM > @ 2 B 5 d fefe FE i o

T AP ¢ e HyOp 22k B2 s # 4iip] ¥ Triton X-100 ¥7 Tween 20

Hje
%
=.Q=¥
O
o
-}

e 2 RET IO, B T o 3 (R TR A
BARG R L AT P ERE A RF AN TR E T AR
[52]= A f1* § TR LI THEEF F iAo 7L HO, A fases

[73] o 2 % H,0, 4 284 5

H,0,(aq) — 20H" (aq) (slow) (4)
H,0, (aq) + OH" (aq)— H,O (g) + HO, (g) (fast) (5)
HO, (aq) + OH  (aq)—HO (g) + O, (g)  (fast) (6)

Fl1H,O, 2 f2% - (4) 5 F 4 T 3% @ 12 Triton X-100 & Tween 20
i &F SPCE + > 27 5 -OH ¥ ic A > %7 AL 5 phid 5 -2 30 B %18
7 (5) HF A G oo HO, A fE 0 igm R LTI F s o
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Triton X-100 & Tween 20 % 4 SPCE 2_ i 3 783

F1* Triton X-100 ¥ Tween 20 = & fr & 7% 2% k i3 45 SPCE> &= 7 #
20 | mM H,0, 22 £AF1RIEF i > &2 pHT4PBS i3 ? o 7 4
12 7.5% Triton X-100 i 4F SPCE # & 5T 35 2 607.48 nA > H 4p $H% 3%
£ (relative standard derivation ; R.S.D) % 4.42% o @ 12 7.5% Tween 20 2
4 SPCE 2 F T35 5 174470 nA > B ip 8% 1 5 288% - [B] = ]

3 7.5% Tween 20 2 4F T f& e % 15 =X F J&is - B 4n5 " M F &

‘.\m\L

IR B S F BTHEE D SAF BTHERLE G 5 3.29%
Sl H B A % 0@ 7.5% Triton X-1000i2 47 T & 5 § o & = gt b o p? &g o
Z B F E- PRAFARETRE SR EF T o I R o BEHG
SPCE 2. 3 ;% » &5 243l ol s 50 R o 758 5 3 i3 1]k L3
R 2R VAR T TR RER20K 00 3 i35 F BIMELEA

e L2 2

-3I* R RZZHSPCERFTL 0 B4F

% B2 k2 47 SPCE > %%“,’TT-?—! THEE G 7 ESARF A 0 B 4
HT o8 B3 fl* T /7 k3R (0.1%HCL 44- KCI>0.05
M phosphate buffer » 1 M NaHCO; £ 42 {r Na,CO;) &7 gl R %2 » #F

w1 00~20V e 1.0~20V AT REF > 3 SPCE £ 5 73 1+ 1F
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o RAF A B FREFRES F L pEEY A [RB-]FERE
B4 OV HfFF - %7 245 1 mM H0, 5 i 8 R Fasv %
G IR TEA R P2 A R A B B F I R R

EBHETRF B Mo SEF BHREEES R HTET LT
MERD  eN T RTEAG R TF CFERERRE 50 1 1M
NaHCO; & 1.0 ~2.0 V> 5 B CVs f& » 2 3 122 10 B > 15 B4t it >
fop % % SPCE Az b e A > i S Lo F oo [BI~] &
I fEi3 i ¥ SPCE Y 00~2.0V > &7 ISEICVs §7; > ¢ [H ~ B])
T b n (M=) ¢ PR KO Faaa gy R R

Tt g CV s d 12900V s #as - BREm 3 Spnd

+\4
P

i W R R SPCE £ 6 Lo B FTHRELS 385 - & [R-] 7%
wi5d 1 MNaHCO;i&(7d 0.0~2.0V > 15 B CVs ¥ ¥ 1 mM H,0, & 5
REF B oHAIS3Beafl* 1.0~2.0V>0.05M phosphate buffer -
#7 CVs o #-7 A @ kJZFFRF P > % SPCE ¥ H)0, F BiEiv#/ = o
ST RBR oy KCL 2 b Hepw FEA R Y ¥ 3 2zt d SPCE &

CEBE-

3-4 vt A1 * SWNT » Triton X-100 » Tween 20 & CV i3 &4 SPCE »x %

d CNT k35 HO, % i* & pe ST > e qd 30 CNT 5 - &%
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AL #-H + i34 SPCE F > & AB-g W 4e3F § o 23041 2 R R
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(A)-0.1V
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