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x =
2 AFdME 8F S5 A4S osmiumes FHFEHOE K] FES AU s
ZH22 [Os(bpy)a(ap-im)CI]7*, [Os(dme-bpy),(ap-im)C1]7**, [Os(dmo-bpy),(ap-im)CI]**,
[Os(dcl-bpy)(ap-im)Cl]#olt}. FE 2HEg SHAGHIFTES 23S tdet d7|sisiar s
e o83t 1713 AAE ZAste] FHEr]e] mE 9] ¥SkE o] M9kelA Ey
—-0.06 V~0.313 V vs. Ag/AgCl g1t 4 sigES W74 o=z vgd =

=9 ZH(gold nano-particles)s F= flol] A7|Z2HT2 02 vAsE AlZch It & EalEs
(Glucose Oxidase, GOx)ell 9]¢t Fujnk&-o] HFE RIS, glucoses=ol wE W3}sh=
AR 4= s v 9o 2 - E 471K 2] osmium complexs A ThE HZ <l
sl FujF e o] GEAE AL & & UAA, olF Q1§ redox complexd] 97t Fwj
whgol mA= FEFE gl 5 AU

Abstract : Redox complexes to transport electrodes from bioreactors to electrodes are very important
part in electrochemical biosensor industry. A novel osmium redox complexes were synthesized by
the coordinating pyridine group having different functional group at 4-position with osmium metal.
Newly synthesized osmium complexes are described as [Os(dme-bpy),(ap-im)CI]***,
[Os(dme-bpy),(ap-im)CI] >, [Os(dmo-bpy)»(ap-im)CI]"**, [Os(dcl-bpy)x(ap-im)CI]7**. We have been
studied the electrochemical characteristics of these osmium complex with electrochemical techniques
such as cyclic voltammetry and chronoamperommetry. Osmium redox complexes were immobilized
on the screen printed carbon electrode(SPE) with deposited gold nanoparticles. The electrical signal
converts the osmium redox films into an electrocatalyst for glucose oxidation. Each catalytic currents
were related with the potentials of osmium complexes.
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vlo] @AM ] A7F Eal A|HA], Blo] 2414 <]
3E3l B A4S 2 HAnk ol g HolA A
TS 2S F U9 Ao Al (glucose sensor)o]H,
vlo] A e] 7 F ToIUY MES S
< ol&st AT & ATt A AREE=
A F Aksla A (glucose oxidase)y= |l A
T o, thE §A4RT pH, o7 E, &%
rgeby w3tk sieh/eeld wAste] & Aval
2o E& 3]AE (turnover rate; ~10° s HZE <13}
o il Aadokal & 4 vk ol g AN
o] F2E AHEWA H7A AsHEE & & s
A= (electrode)?lol glucoseE AtsIA 7= E40Q1
GOxZ IEA} (polymer)2tol] A3 sle] Ao 52
A7 Fe7E ool SEAITE glucose”l glucose
oxidasel] o3l A¥slEo] WAehs B HAES AF
AT AAE dALsrlols a0 S5 (active
center)s} A7t UF H7] wjiZe)] olzgt M} He
HES- (electron transfer reaction)S &°]3HA & 4ka}/
SA7NA] (redox mediator)’t E5H o2 Qlojof st}
olgfgt wi7iAl= 4 249 E4F4 (active center)
of A Had & A 2 RS e A
39l 9] (redox couple)yS o] ok 3hH, = ol
Xt Q= 718kl A EART B Alks)-
3k A9 (redox potential)Z zri Uojok 3T}
g AFolu Al &of WsllEdol M3l 9 A
¥l mpo] @AM ZA A 71821 3 (electric response)
o] Wz o]fojxjof g}, olz|gh mi7fAlE 4 FAo
954 (active center)oll FA L 4 IA 2>
BAES zh= 4kl - 3 2 (redox couple)S ©|F
of ap, St el EFetar = 7Skl 7F
AEERT W2 Aks) - 39 9] (redox potential)&
Zka1 Qlofok ghtt, Hgk Aoy AkAe] 7o
S K] 9 mpo| QAN EA] 714 S5 (electric
response)°| W] o]Fojxiel gt AF7AE )
ZA (ferrocene)} H|ZA] FA] 712 F431%E,
polyaniline3} polypyrrole 72 HAxA Ed,
tetrathiafulvalene®} N-methylphenaziniumtetracyano
quinodimethane 22 A= & So| WA= A+
H=d, HA2o JFHeE 8% F521 iron,
ruthenium, osmium 3}FEE0] AFEHAR| L Ut}
olgfgt FEHEL AA A7t WmE fASL e
W, 6819l (hexa-coordination)s ¥ & U= FEIZ
St T3k F2d (pyridine) 3 o T
(imidazole) 2|9 = AA9} wj9IE sl 53]
2,2"-bipyridine complexes®] %5 zl= 2|7+=9) )

A= REAAIE wislSES sedog st 4ls)-
3] S o]FH H7|H o' F2 7194 (reversibility)
S zhe= 25 zHeth 283 pyridine ring®] 49
A HAE e X E7] (electron-withdrawing
substituents)tt HWAE F= X3 (electron-donating
substituents) & TI3ll wi¢lst™ ol 91X 9]
(potentia)Z Fdo] 7153}, A dlZ ruthenium
o o8] X)8k7] (substituents)E 2+ pyridineS Wl
XA A71skEHR] 58S dolE AT WEEE
I} 10

2 A7l M FARE A7AEE N, Madhirieh
H. Finklea®] 1310l o] & 4= 9l 27|21
2log 74" HS(CH,);sCOOHE o] &3}
[Os(bpy)2(4-amonomethyl-pyridine)(H,0)]*"S 3273}
19k pH ®isle] w2 FAE 2Fete AAE
o gt AFE AU 4719 44'-
disubstituted 2,2-bipyridine ligandS B HIAI713L, ©]
9] 25} - &9 HHE A A71H0 SAS
AL, HEE AEeh T HeR | A 9
of 37| flate] dafolnls EdFslal e 1-3-
aminopropyl)-imidazole & B 9IAIZ1 Fo] zt7z}e]
osmium complex®] 4ts}- 797 ¢F 300~400 mV
HLelA Qe 2E RIS 2] 29 i
2k (SAM) AR 218t & e 2KGold nano-
particles)& #1717 F2PIHE o]gated ¢ 23
Aagiez vhE @S (Screen Printed Carbon
Electrodes, SPEs) 9o 2432 A7 oL, 4% &
o 24z} Mercapto 2H&719} 7122475 zh= dLE
A= A7) 2 SRS (SAM)YS A|Z3E ol SAMZE
o] 71=RA7] A7k dAF ol 28TE TS
reodox complexesE oFo|EAGIO R 5 9]0l 37gst
AAT® F YA (Gold nano-particles)s 712
o7 FAHAZIAL SEM oH|AE Fa A5 ¥HE X
Abste] A=9)oll F2E gold particle?] 3|8t
(morphology)y& R1e 4= AL A7) 40 52}
oz v4H & Yx=YA (Gold nano-particles)
flell 3det YAPolRIZE7]E 2= osmium complexes
S A7) ¥ wHEAE (SAM) W2 w43 A)7)aL
A7AQ BA4S olRsit) ARG uiAQ] osmium
complexes”7} 738k =S o83t glucose®t T
AslE 4 (GOx)ol WHe& FMAFE Il
glucose®] =} FZu R Alole] ARFAS AL
o]& Fale] I xAHE tE 9] 471HA]9]
osmium complex’} glucose$} & Akl 4 (GOx)Q] HE
&l Aug FFE HIAEA FRIBKAL, vho] 2414 €]
Agol 71 A3t osmium complex?] 9] HIE
o & 4 AUk
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Scheme 1. Synthesis of 4,4'-disubstituted 2,2'-bipyridine ligands.
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Scheme 2. Synthesis of [Os(4,4'-disubstituted 2,2'-bipyridine),CL]*"**and [Os(4,4'-disubstituted 2,2'-bipyridine), (ap-

im)CI]**,

2. Mz H YUY

2.1 Aef R A=

o AREE AlSFES 2 2'-dipyridyl-N,N'-dioxide,
sulfuric acid (fuming), nitric acid (fuming) (Aldrich
Chem. Co.), sodium sticks (in mineral oil 97%), acetyl
chloride, phosphorus trichloride (Aldrich ChemCo.),
potassium hexachloroosmate(IV), 4,4'-dimethyl-2,2'-
dipyridyl, 2,2'-dipyridyl, 1-(3-aminopropyl)-imidazole,
sodium hydrosulfite (Aldrich Chem. Co.)= AA| glo]
AR Hg iR ARSI, SR ARt sulﬁmc
acid, acetic acid (glacial), ethylene glycol (FAFeRE)
B3 A glo] A w2 ariE ARSIt 12
AP )RS MgSO,

2L ethanol, methanol, chloroform (<

FRAA F AL, FRE 3 FRS] A
& PME}.
TLC= aluminum oxide (60 Fasy, 0.2 mm, Merck)

g ol & ssen, I AZutEIHF (column
chromatography)el ©] €% aluminum oxide&=
50~200 um (Acrose)°]t}.

Z1718}8} ¥ ol = 3-mercaptopropionic acid, potassium
tetrachloroaurate(IlI), NHS (N-hydroxysuccinimide),
EDC(N-(3-dimethylaminopropyl)N' -ethylcarbo
diimide hydrochloride), D-(+)-glucose, glucose oxidase
(192,000 units/g) (Aldrich Chem. Co.)& A §lo] ¥
AAeF 5& aUE ARSI, AdZE 0.1M
NaCl& *3+3+ PBS (pH 7.0, Phosphate Buffered
Saline)E AM&-3FAAT.
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TZ RIS 9% 2] I AHEYLS Varian
Mercury plus Spectrometer (400 MHz)S A}-8-3}¢]
CDCLE 872 ARgailom A= FHe] gR1S 93k
SEM (Scanning Electron Microscopy)2-Z+ S-4300
(Hitachi/ 2)& ARE-sITh. 718kt dge] =2
A FH (CyclicVoltametry) 2] &7 LA 7+ 9] 2}
(Chronopotentiometry) 8-> CH Instruments (7]=, &)
A=A}l model 660B Electrochemical Workstation=-
ARSI

2.2. [Os(4,4"-disubstituted-2,2 ~bipyridine),
(aminopropyl-imidazole)Cl] 22| &

IR =g FEske] 4,4'-Dichloro-2,2'-bipyridine
7= FASIATE a71R]2] [0s(4,4'-disubstituted-
2,2'-bipyridine),(aminopropyl-imidazole)C1]"*" ¥4
7] e} Q1BE =L ol&aje] N o)
Q25 A= 1-(3-aminopropyl) -imidazoleS 1:12]
& H|Z ethylene glycol (10 ml)2} ethanol (10 ml)<]
T3l = ¥ 2 A7 whEskinh. A
B2 GAsl7| flsle] NGl E ethanots ARSI
AzrtEII 2 FAstaL T SulE SAFLTE
o]gate] FUAIA AAUT} (Scheme 2). FFEHS] &
l& 400 MHz NMR¥#} €12284] AFE AT

23. U4 & HF M=

Potassium tetrachloroaurate(Ill) (KAuCl,. 7.56 mg,
0.02 mmol)& 1 M2 H,SO, (10 ml)el] =] KAuCl,
(2 mMY&N-g AZBIATE @25 9o KAuCly,
& (4o s &, N1ERF dUEEe S
HEAZ &, 660B Electrochemical Workstation2]
AR AR Qe Bol MSAAT. e F AT
S0 THE e 92U} % SEME 5o 54
St

2.4. Osmium redox complexes?| M= A3}

F WedAEo] $2 SPEs 9]¢l 3-mercaptopropionic
acid (1 mM, 40 uhS ST L AFLolA 1 AJ7HESk Wt
29 1Y} Whe- ¥ ZFS4E SPEs HHS AlFHsla
ApeolA 22l TS EDC (20 w/50 mg in PBS 300 )
9} NHS (20 ul/30 mg in PBS 300 pl, 20 ul) &3ty
S SPEs floll &8 A=ollA 1 AIZF vkt whe-
T SH42 SPEs S AF5}e] F2ex de
UxJo1S EF3S= osmium complexes (1 mmol)
L3 AFoA 1 AIZF RESSIALE WhEo] T gt
SPEsE S-H& A% ol wel tha PBS (40 pl)
L3 71EAF AoAEE £ HEA T,

660B Electrochemical Workstation®] <-HAAFHS

i ot kI ok

33l osmium complexes”} SPEs 9ol 3} ==
A& gl

25. sE¥ Glucose?| EFT 5H

SAM H'H-S 53l osmium complexE 32743} A1
SPEs #°ll glucoseE 2F3FAI 7] glucose oxidase
(3mg/ in PBS I mly= FE5 IHAAES T glucose
(1 mM~30 mM)E H3}3ll 7 660B Electrochemical
Workstation®] &=3HAAFHES 53 &) AFE &
&kttt

3. 83 3 nE

A E 49199 [Os(4,4'-disubstituted 2,2'-
bipyridine),Cl,]*"** ¢} #F AZE s5u)9<l
[Os(4,4'-disubstituted 2,2'-bipyridine), (ap-im)CI]"*"
elslr] fJste] 71T Ag/AgClol thake], A
T 0.4 V~0.8 Vol BRI RH (CV)S o4
sl 7hsiAl 4 75 ER1 & 5 AU Fig. 19]
CVellX HolFe 21 FE =49 & ol 2o
421l [0s(2,2-bipyridine),CL]*"" A 217ko] —-0.018 V
(vs. Ag/AgCIPIA Y=t dAl57] 287191 CIF
k=s} 218k 22E27] 2871%] imidazole #]7H=0]]
oJste] A7T F 200mV 7HEF F718k] 0169 V (vs.
Ag/AgCl) oM 51191 [0s(2,2"-bipyridine),(ap-im)CI] ">
o] S I T F AAED FHAGHFHE T
3led  [Os(4,4'-disubstituted-2,2'-bipyridine),Cl,]**** <2}
[Os(4,4"-disubstituted-2,2"-bipyridine),(ap-im)C1] "> $]
£ Table 19] AU, Table 194 AAGFA 2
7181 -OCHyell ®lsle] AE7] 2H87] —CIZ |3k
Osmium ZHE29] HLx7E <F 400 mV7E ZFol7} &

Current(uA)
2

—— [Os{bpy) LI
—=— [Os{bpy) fap-im)c]™

T T T T
04 0.2 0.0 02 04 0.6 08

Potential(Volts vs. Ag/AgCl)

Fig 1. Cyclic voltammograms of [Os(2,2"-bipyridine),Cl,]*"**
and [Os(2,2'-bipyridine),(aminopropyl-imidazole)C1] ",
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Table 1. Os(II)/Os(IIl) redox data for [Os(4,4'-disubstituted
2,2'-bipyridine), (ap-im)C1]*** complexes

X E° vs. Ag/AgCl, pH =17.2
(M ()
~OCH; 0252V —0.079 V
-H —0.018 V 0.169 V
~CH; —0.123V 0.118 V
—Cl 0.139V 0313V

< RIS Scheme 3¢] WS B3l QldlE &4
A9l = =dAE 345k 918 KAuCl, (1 mM
in 1M H,S0,, 40188 Chronopotentiometry" 8-S
ol-g3te] 1.0x107A9] FAARE U A7HERt 71l
FA G @A) Al SLAF s
AWIARA] 25 9ol FEEACE o]FA WS AR
S SEME 5ot U Fo] FENE & F
DAL, o] W F 200 nm size®] 2 F =Y RHE]
TAA 1 um size®] & YA THER FPHE AS

Current KAuCl,2mM

@

Fig 2. SEM images of screen printed carbon electrodes®™®
and gold-coated screen printed carbon electrodes.

SEME &3l &<l & & AT} (Fig. 2).'¢"7

= Y=g A7t S35 SPEs 9ol 3-mercaptopropionic
acid (1 mM, 40 phE 223 Lo 1 A7+ F<t vks-
< AIF1H mercapto groupe] A= 7S A S Zh=
S-Au ZAgte] PRl S Sl w ubet AdollA
A7) =9 wHEAbE (Self Assembled Monolayer; SAM)
o] 94L& 7Fs7 skith mercapto WH- ¥ SHRTE
olgsle] AL AHsla EDCS NHSE 412 &5l
(40 plys 23l 2ol 1 A7E st whg-S A7
3-mercaptopropionic acid®] mercapto RHi¥He| 2-8-7]
1 7E=E4717F EDCO| ool &/ds) Huw dA} optl

The preparation of gold-coated SPEs
electrodes

]

NN

Self assembled monolayer ( 3-mercaptopropionic acid)

Scheme 3. Modification procedure on the gold-coated electrode.
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Current(pA)

—— Au{Os(dmo-bpy) (ap-im)Cl] ™
Au{Os(dme-bpy),(apim)Cl]"™
Au{Os(bpy). {ap-im)CIT >

—— Au{Os{dcl-bpy) (ap-im)Cl] ™

02 o0 o2 o4 06 o8
Potential(Volts vs. Ag/AgCl)

Fig. 3. Cyclic voltammograms of osmium complexes on
granulated deposited gold particles.

o] A4S & F = x2o] AFHUTE o] = A
=5 AlFskL gat oS 23slal Qe A FRFe
osmium complex (40 pulyg &|aL 2004 1 A7k 53t
HES-S A)7]H carboxyl groups} complexes®] ©¥lo] &}
2 AgES FAdskAl Holx =210l osmium complex
£ At A1 30T (Scheme 3). Fig. 3= #HF
Ao FRdPATHE Sl vl 7He] osmium complex
7} SPEs¥lell 283} HA=AE SIS, 1RolA
B0l 471412 osmium complexese 2 FEE
AREE Alof| H]5=%E 2] osmium complexZ}t 3278 3}
Hoh= AL current (anodic : —1.1 pA~—1.53 pA,
cathodic : 1.12 uA~1.37 pA) peaks} 217138 2 E3]
SRl gk TeHAF (surface coverage) mole
FE 9 [,="5.05x 10" mole/em’ 7k 7149 o]2igh
Ade BiE =83 v 4945 Ay

20

Current(uA)

02 ' 00 ' 02 ' 04 ' 06
Potential(Volts vs. Ag/AgCl)

Fig. 4. Glucose concentration dependence of the catalytic
anodic current. Osmium complex : [Os(bpy),(ap-im)CI]"%".
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Fig. 5. Glucose concentration dependence of the current
density (E'= 0.6 V). Osmium complex: [Os(bpy),(ap-im)CI|"**,

SAM WS 53l osmium complex & 243} A1
SPEs¥Ioll glucose2} glucose oxidase (5mg/ in PBS
1 mly7F 983t voe= HAAE wi7fAIR]l osmium
complex”} A=l AxE AL v DAst= 4ks)
SRS SSAMATFHE ol8sld o] 7] e
glucosex= (0mM, 1 mM, 5mM, 10mM, 30 mM)&
= 2753t o] W TleliE d9le] MeE 0206V
©]aZ, scan rate 5mV/sec ©|T} (Fig 4). SvidF
7F vehke A91e] 1A F AR #tel -8l A
He 3 AHS 0.6V (versus Ag/AgCHZE IA AL
ABFAE EAIEI glucosed] EEHE WAl
WAFe AHAAE A SIATE (Fig 5). old
glucose?] F=7F 10 mM7HAE F=o) vlglste] U4
g HFe] o] AMHoR FUkele AE B 5 A
ROt 10 mM ool BEESI = AdollA] glucose”t
AbslEls Hojgholl gl wel, & 28} (saturation)

Catalytic Current (uA)

0.5

0.0
1 2 3 4

Osmium complex

Fig. 6. Catalytic current data for [Os(4,4'-disubstituted
2,2'-bipyridine), (ap-im)CI]"**complexes ( X : 1 = OCHj,
2 =CHs;,3=H, 4 = Cl, glucose 10 mM, vs. Ag/AgCl).



182

FEiell et wetk AR F7REe] HAF HoAH
A FAEIAR EEehes e ERIE 4 ATk &
@ ligandl] wet ThE A1) S ZHe 47141€] osmium
complex®l] T3l glucosee} F Atsla s (GOx)2] vt
39 FuAFE 43 A3 glucoseFE 10 mMe]l
71Fet Zhe ARF we Bla® & Ay (Fig 6).
o] Azl B 7PE vk HE Zh= [Os(4.4-
dimethoxy- 2,2-bipyridine),(aminopropyl-imidazole)C1]">*
7} 2F 0.06 LAZS ZHL A7} positiveZ0 & F7 1l wh
2} Zuf) ZAR/e] 7ol SIS & AT (H: 093 pA,
CH;: 1.02 pA, Cl:32pA). 3 glucose”} AF3kem A=}
= d ujo] A9 ol (E°:—440mV vs. NHE) negative
Zoll 91X|8l7] wiitel]l FH positivedt ] A9 7S
Zh= redox complex’} B 93t ARjol g0z =2 =
v AF we VeIt AS ERIE 4 AUk

N

.2 B

2 Ate AAE sl viZRAI)]D redox complex
Zo] 8& T4 osmiumell FE71E HIAIZ] 470
] pyridine ligandot LxjellS Eskal = 1-(3-
aminopropyl)-imidazoles ¥Wi$] AFAIA SHI91E oL
AE 47142 osmium complexZ FHAIFIATH TS
471419] osmium complex®] %714 5448 2HAStH
AFHEE Bl gl & 4 AL, XE)o) uje} e
ol EEs & 4 Ay T 47FA19] osmium
complexg Z=9lell A43}5}7] 918l A 2kek SPEs?e]l
+ WY& (Au nanoparticle)s Al17F A} HE o]
&3 J71H FFoE &8 SEME B3l 59l &
21 Y=YAF (Au nanoparticle)?] 1719} H-3E T
3 &<l & < ATh & =94t (Au nanoparticle)
2 749 A0 SAMPHS F3td 47F19] Osmium
complexs Y43} A1 = UL, S osmium
complex?] o] A= A HFMAFTHS B3l
IRt AAES & F AT ARG wisRAI<l
osmium complex’} 273 =& 531 glucoses}
glucose oxidase?e] W5 A RHES B3l S0
AF7E RS ERISINIL, glucosed] FEol wet o
Al FaiAF7E HelRke v S Feike] g}l
g 4= ATk 471A1€] osmium complexs= ZH} 54
SEE] glucosedl|X A== FuldRFo gho] xjol&
YERIAL, o1& glucoseZ| AFskE ol WHAsk= A9 3t
Ho}h o 2 positived 15 ZH= osmium complex”} A}
A 98 &olghs FRIT & AUt o]F Fal
ulo] Q. AlA o] Aol QoA At e wiZfAIR] redox
complex= WHEah= BA0te] AR Fasithe 2s
AE 45 77 UATh

ol
Ry
r

P 32 o
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N
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