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Abstract : The multi-wall carbon nano-tube composite mixed with carbon paste electrode pre-
sented more sensitive and selective amperometric signals in the oxidation of glucose than general
screen-printed carbon electrodes(SPCEs). Redox mediators to transport electrodes from enzyme
to electrodes are very important part in the biosensor. A novel osmium redox complex was
synthesized by the coordinating pyridine group containing primary amines which were elec-
trochemically immobilized onto the MWCNT-SPCEs surface. Electrochemical studies of
osmium complexes were investigated by cyclic voltammetry, chronoamperometry. The surface
coverage of osmium complexes on the modified carbon nano-tube electrodes were significantly
increased at 100 time (I'p=2.0 x 10~ moles/cm?) compared to that of the unmodified carbon
electrodes. It's practical application of the glucose biosensor demonstrated that it shows good
linear response to the glucose concentration in the range of 0-10 mM.
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18l Yo} el e Ex=(glucoseyS S7G3=
A ZUHEE ZX] (clinical monitoring devices)©|th. L
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uf§- Folok sitt. BIEE FTMT)7] S e T
olre] XET A2 B2 WS B3l ATEoRa
ALED FH 2ol Zt AFHE o1& H7IsketHl v}
o] AN AL Fro] & ot mE SV IER Qe 7
gl 7R B At HAL ATk o gk a9
T2E AFEE A71EQ AeEe @ 4 e A
(electrode)?]oll F(glucose)yS AHA7]= @490 GOx
(Glucose Oxidase)?} A} AGHHS- (electron transfer
reaction)2 80|53t & 4kshAR wi7HA (redox mediator)
7t B5H 07 Qlojof st SARESoNA] BT = R
718 A5 detectorol] YT 4= = = (electrode)
2 o 2ge) AESE EAS SAHY F e =2
Arrgo] FR3IEM o]t ol Qloja] 71 AL
B, &l A5 o]9)o] RS AAE o8 5
Azl #t B2 A7 QaEo] Ao ok HE A
Hyxo| w2 e FH (Carbon Nano-Tube CNT),
Nanowires 22|31 WH=QJAFE 7122 3jo] Hlo] 24149
Aes TP B2 ARE 2k AFE0] BaHoK]
3 JThEY B R B (CNT)E ARS-Ste] =l &
L3l WS 23 (binder)2] -7 wEF F 71x]9]
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£-2] g|7k=, 3-aminopyridine, 4-aminopyridine, 5-amino-
1,10-phenanthrolineE ©]8-3}4 8F F<4:(Ru, Os)} 23}
TS FHANA A7k WS B3l A5 SlellA
IR} A7 710 ArATE EdjE st 0

B AXE QAR Az} ol ¥l Y=
AL vigAA TRe] 98 HE [Os4.4'-dimethyl-
2,2"-bipyridine),(4-aminopyridine)Cl1]**-& 4 3} 2L,
S RE(CNTYE 23Eo] 1ald ghaxd=9lollA
I ALI7He] =27 (cyclic voltammetry, CV)©]
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2.1 AleF & A=

Aol AMgE A|2FE-2 potassium hexachloroosmate
(IV), 4,4-dimethyl-2,2"dipyridyl, 4-aminopyridine, sodium
hydrosulfite (Aldrich Chem. Co.y= A flo] Bk
& IHE ARSI, SR AMSSE S, oM EAE
(glacial), 24}, olg&ll F2}o]Z (Aldrich Chem. Co.) %
gk A glo] BAAF T8 TR AT olEks,
WERE, chloroform (Aldrich Chem. Co.) MgSOZ 4
TAA T ARSI, FFHTE 33 SRl ARSI

TLC(Thin Layer Chromatography)y= 4Fsl &Fn|F
(60 Fas4, 0.2 mm, Merck)S ©]€ si3om, & a2
wE22]3] (column chromatography)ell o8¢ 4tsl &
FHH-2 50~200 um (Acrose)©| .

= AZll= carbon ink (electrodag 423 ss, Acheson),
B.CA €9 (Acheson)) MWCNT (Multi-walled carbon
nanotube, carbon nano-material Tech. Co., Ltd.)”} AM-
=3k

A713}8F A ¥l D-(+)-glucose, glucose oxidase
(192,000 units/g) (Aldrich Chem. Co)Z A flo] 44|
ofF & U2 ARSI, AeEEE 0.1 M NaCls
X33 PBS (pH 7.0, Phosphate Buffered Saline)E
ARE-SF3ATE

T2 RIS A% A7) FH SHEYLS Varian
Mercury plus Spectrometer (400 MHz)E A}-83}1¢]
CDCLS &2 Agaton =5 1He] 18 9
SFSEM (Scanning Electron Microscopy)S- 2+ S-4300
(Hitachi/d£yS ARl ). A7)8lsr A3e] &3t
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5 (Cyclic Voltammetry)®] 742 CH Instruments
(M=, g AL2)ALS] model 660B Electrochemical
Workstationg AH8-3}31 .

2.2. [Os(4,4'-dimethyl-2,2'-bipyridine),(4-aminopyri-
dine)Cl]"?*e| &M

[Os(4,4'-dimethyl-2,2"-bipyridine),(4-aminopyridine)CI] 7>
< s QlEl 710 ARE =8 0|83
412 @ ~F 2=} 4-aminopyridineS 1:12] Z W2
ozl FTfolE ek E9HE] o] ¥ ¥ 367
7+ B3 HESEIATE AAEES AAE] flste] 2
S = eSS ARSI B ARrEa TR A}
3 T BVE SRSR|E ol 8sle] SUAIA AT
(Scheme 1). =29 <12 400 MHz NMR¥} €
AEA AIE ARSI

2.3. MWCNT-carbon electrode X|=

MWCNTE 3ARZA (viv 3:1) 89 ool 120°C,
12 A7+ B9t 85 A1A A 5 ARE-EIUT). Acheson
Al hlsEls 3 B4F il B.C.AY FAE
MWCNTS} B Y35 U H&=E 470 (carbon ink/
MWCNT/B.C.A 90:5:5) &3 & wk=2be] (371,38
Akl BERFE187] model BS-860APS ©]8-51] SPCEs
(screen printed carbon electrodes)= A2+ 3Fc). |2k
MWCNTEAF 2] HHS SEMS 53 4315

2.4. Osmium redox complexes®| electropolymeri-
zation

MWCNT=arbon electrode 11l PBS &< 1ol 1 mg/mL
2 =01 98 FE-S 40ul £2]32 660B Electrochemical
Workstation®] =375 (cyclic voltammetry)S 3]
-0.6~1.0mV Ale]2] M5 40cycles RFEA]A oxidation
electropolymerizations 3Ft}. /<= SPCEs W<
MAFL Ao = vk PBS (40 S 283 <3}
ALHAFHE 53 o2F #E°] MWCNT-carbon
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Scheme 1. Synthesis of [Os(4,4'-dimethyl-2,2'-bipyridine),Cl,|*"**
and [Os(4,4'-dimethyl-2,2'-bipyridine),(4-aminopyridine)CI| ",

electrode o 243} HAEAZ gelatgint.

2.5. ¥ Glucose2| ZTHT =X
Oxidation electropolymerizations &3l 2% &S

A3} 2121 MWCNT-carbon electrode 9ol glucoseE
2¥8kr]7]= glucose oxidase (Smg/ml in PBSy= E=%
IHANAELS F glucose (1 mM~20mM)E 83} 7h
660B Electrochemical Workstation®] <3--¢AFHS
ol ol ARE I
3. 8%t A nF
SAE 4919] [Os(44-dimethyl-2,2-bipyridine), CL >
oF HF AFH=0 SSIE [Os(4.,4-dimethyl-2,2'-
bipyridine),(4-aminopyridine)CI] 'S 715521 Ag/AgCl
o tisll AYAT7HE —04V~0.6 VollA &3 FH
(CV)E ol g3l s 34 55 Bl & & AU
t} Fig. 12] CVollr HojF= 73} o] A8 4
MIE [Os(4,4'-dimethyl-2,2-bipyridine),CL* > A 1%k
o] —0.123 V (vs. Ag/AgClelA] Yeht=t] HA37)
287191 CI gzk=e x)3he [xZ7] 287190 7
o gzk=o) ote] M7t oF 230mV 7HE STk
0.112V (vs. Ag/AgCl) ©lIA 581911 [Os(4,4'-dimethyl-2,
2"-bipyridine),(4-aminopyridine)CI[>"¢] 42 8¢l o 4=
AATE*3) MWCONTS}F g =9 £ S A
g 52 SEME Fate] S7g3I%laL, -kl 2
o] MWCNTZ} 25 350l §hae} ] AA A 24k
Hol S-S gl & 4 AN (Fig. 2).

MWCNT-SPCEs ©= 9]0l $Md® dA} olwls 23}
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Fig. 1. Cyclic voltammograms of [Os(4,4'-dimethyl-2,2'-
bipyridine),CL]*"** and [Os(4,4'-dimethyl-2,2'-bipyridine),
(4-aminopyridine)C1]*?".
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Fig. 2. SEM images of screen printed carbon electrodes (a), (b) and MWCNT-screen printed carbon electrodes (c), (d).

3= 92K FE (I1mg/mL, 40 ul in PBS)S L8] &=
FLAUAFH (cyclic voltammetry)yS 3] —0.6~1.0 mV
Aole] A L]olA 40 cycles WHEFAIA H7|8lshEQl W
W o83l gstE ssich EEgk MWCNT-SPCEs?)]
S AEo] ¥t A= vlwetr] 3] gRkAel
SPCEs?lollx{ o] agste} vlassitt (Fig 3). TS
(surface coverage) Q279] & & H|wal] $13) ol

A& ol gstel A shgirh
G = O./nFA

Q. w2 ksl B peake] AE-S B3l DAL, n2 A
2] o5 (n=1) F= #Hlu|o] “3=75k(96,485 C/mole)
T3 A= AJFF] WF(0.07065 cm?Plth. MWCNT-
SPCEs= 2F T'h)=2.0 x 10”mole/em’® #rg Z+l, Lwky
¢l SPCEsAIAE 9F I,=2.19 x 10" mole/cm?] <
At MWCNT-SPCEs 20| UHFE<Q] SPCEs]| B3]
oF 100017FFe] o2F 2MEo] aAslES RISt
(s=%1.0 x 10" mole/em?). L=} o}F1S ¥F3l= THaA|
FE5ZEY] IEASHE Gl NH - o] o3 vk
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Fig. 3. Electropolymerization of osmium complex on the
SPCEs and MWCNT-SPCEs.
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in PBS 1 mly} ¥Hgaled Lho= A AkslEkd wi)
AQl 925 FEo] Mol AAE HET w WA=
Sl FE =Y SRRHYHFHE o83t oy
74 FEE (0mM, 1mM, 2mM, 3mM, 5mM,
10 mM, 20 mMyE= Zg3I3tt. o] o 71sliE K99
HYE —02~0.6V ]2, scan rateS 5mV/sec ©|AT}
(Fig 4). S0AF7F vdehd= 1919 94 & AR/ #hel
A A== g XS 0.6V (versus AgAgCHE
IABIAL ARFAE TG & sEEE HAEe
o] dHAAE BR1 ST (Fig 5). AR Al
oale] & FE7F 10mM7IA]= w5 HFsle] Y8
Ao o] AAHoE Frtehe RS B F Yoy
10mM oPde] WhS3I 2= Adellx] Fol AbslE= Ao
Froll 2ol wet, & 23} (saturationyd o] =l

-16-

PN
-14+ s "
/ .
4 Ry
=12 Glu 0 mM rd ey
/ e
Glu 1 mM / —
-104 Glu2 mM S/ -
2 Glu3 mM / - g
3 -8 Glu S mM / =
bl Glu 10 mM / T
] / .
o
=1
3
&}

-0.2 0.0 0.2 0.4 0.6
Poteritial (Volts vs. Ag/Agcl)

Fig. 4. Glucose concentration dependence of the catalytic
anodic current. Conditions : 1 mg/mL GOx, pH 7 PBS
containing 0.1 M NaCl. The scan rate was S mV/sec.
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Fig. 5. Glucose concentration dependence of the current
density at 0.6 V vs Ag/AgCL
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Aoz A7 Ao W 3
128 mg/dL) Alelgtar 3 uwf 37
FAE & 8§mM o AEEL 3mM ofsleolt), 3=
2 E Ao 4 ARTA] FE s w9
HSE 0mM~10mM Aol AFAAES HofFar 9l
t}. &%sle) MWCNTSPCEsY] Y AE Q2~F &S
olggt 2 Ao Feo] 4 AZETHil (detection limity=

A A ()
ATH (R :0.99544). “dut
FA7}F 4.0~7.0mM (70~

dgolzt & & d= 7

Flim)E AT 5 AATE”
4.8 E

2 d7e AAE Sshe Alsha mzpAel 8%
TEDEY 22Edl dAb ol Zh= d-aminopyridine
S uis] AFAA 9IS Zhe oaF AES st
ATk g 0 F AE] A7 EAS SSNHF
W Bl 2 & S Aok A== MWCNT-SPCEs
AL SEMS 3l & FAkE MWONTS] BEE3)
& ¢ ASink. A71skebARl WS o&-38l] MWCNT-
SPCEs A= floll 243k 025 2as SHYH

6] Q.

g B3l ERlsle] UWHARl SPCEs KT} oF 1000 ©]
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o= Y=, lifetime, real sample (blood sample)5<]
5 7Pt Zash 9 <ol A= X3 Ascorbic
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