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Figure 1 . Schematic diagrams of the enzyme glucose sensors belonging

to (a) the first generation, (b) second generation, (c) third generation.



A4 Aol wARgY olgd =7 FuE A F¢ T E7)6A4
=z 7R A" A Tx7b dAEWEA wEolxghY olgd #4%
dendrite 7-&%& ¥ W WA of 3 v& 52 dddow QlafA ¢
Fod 249 & TR/ 2 5 Ah'Y Ag, Cu, Au, P9t 2& @ F5
dendrite Tx& o]n] @ HofoA AT o] ¢t Dendrited B o] #% =
= dA A5 dAY A= FulR2 o] & HAY =&, glucose, dopamine¥
o AA =49 AVFEA A5 E By £ AREE V] 9% S99 FH=
AE ol gHE T 7|88 HofolA W A7l o]FojA 1 QY

g3 AAE AT oM =& A= @A FoA He B oshte
e A 2 el Atsh/gkd wigiA 2 g4o] 1A s Vlsoln. 11 3} T

s2v ARA "e o]gd W, AV = WA "H(Self-Assemble

)

N

Monolayer, SAM), &% zH&
H o Sol Ay, 1 T A £
A FHRAoE 2 AEE {7 A Hor V| o] AFE 9

ZFAF(alknoic acid) &2 JF=o{% SAMs, charge—transfer complex

mlm
oftl
oX,
ol
i

i 713 (organosulfur) &2 (% SAMs, 181 53 &7/ S olF
+ 7|74 (organosilicon) 2 WFEo% SAMs7F th. SAM-2 ofF= 7]
dow kA fom Ao Wy ma ol FA HE EAE Abole] A AR
ste djto] e A57F obkx wig EES 24 wE wE 5 Ut 183
7148 BeFolu Av]el dFe A fdob HAd Bkl A fleAME ATt
7beet At = golstrt. ol d wEA "= A= Slol A
(monomer) & #7|3}st4Ql WS o] &8 1SS Foko] AlAE d=o] A
a3 4717 el diel b & anE vehiga 95 A0 o
g5k Aol QlojA 7]Ee] AREH wha

gHsta of A=A n¥AS GODE TH AFS Bl nAHAPoA

GOD7} w3shd AFE A%F F vk

_P
d
=
s
Hu
U
2
a|l
=4
2
=2
ofl
o,
>
Y
(=
olo
o,
o

of
N
N
>
(@R
@
jm
(@R
=
=
@
o
ol
(@R
@
N
N



s

°oR T

S|
&

A} (conducting polymer) & 77|

= A

ol mAZAI O ZH GOD7F 124 3%¥ glucose sensor

[e) =]
= &3

ol

2
Ptk

S

[e)
T

Mo



I A 3

2.1 Aok g g Alx

AReA] AHgE Ede ARA aEAR 2,27 U5 5" "—terthiophene
—3" '=benzoic acid(TTBA)i= #4434 1mM TTBA/0.1 M TBAP/CH:Cl:
gBS A Fslo] AFE3SFT. Tetrabutylammonium perchlorate (TBAP) &=
Sigma Aldrich AFelA] Fqlatel AMbAQl Wo® FAg F 1.33x10° A¥
stoll RSttt 1—ethyl—3(3—dimethylamino—propyl) carbodiimide (EDC),
N—Hydroxy—succinimide (NHS),  Dichloromethane(99.8 %,  anhydrous,
sealed under N: gas) Sigma AldricholAd Y3ttt Pt dendrite A&k
AHEEE 898 Axstr] S AREE = HaClsPt - 6H20, NaySOs (99.99
+%) 2} glucose detection Aol AFE¥E Glucose Oxidase(GOD), Flavin
Adenine Dinucleotide (FAD), B —D-—glucosei= Sigma AldrichelA] %]
sttt ¢ g9 Azl AMHEE NaHPOs, NaH:POs, KCl, NaOH¥= Sigma
Aldrich AtellA Citric acid, Boric acide= DC chemicalelX T3ttt =&
fA] A Zol= Millipore AFY milli-QE AFgste] 42 & ol2std 3z
T (18 MR) = AHE-3sE3I T



A1) A 59 (Chronoamperometry), 8 A4AFH (Cyclic Voltamme
=

S

try, CV), A8 FAF Ae-d 59 (Linear Sweep Voltammetry, LSV)S o] 83+
A713FstA ¢l Alg o A= EG&G Princeton Applied Research, Model 273A
Potentiostat/Galvanostate AFE3lth pH response$} glucose AF3h HE-%-
A&lo+= 8 channel pH/lon meter model KST101A (Kosentech. Co.,
Korea) & AF&3sl3tt.  SEM(Scanning Electron Microscope) image: Pt
npo]l A2 HA5g 7|#Oo R ke Pt dendrites H#A|Z1 F HITACHI, Model
S—3500N& o]&3te] xEW AKES 4%y, XPS(X-ray photoelectron
spectroscopy) spectrum<- SEM¥} 72 ®HHOZ A|Zs|A A8+

& w (UNIST) ol 4] XPS(Thermo Fisher, UK) & o] &30} gt}

e Arigetdel Ade 3 A5 Wle olgste SAed. Ee
Ao &g MFoRE= Pt npo]gE A= (dia. 26 xm)S AFEEI T Pt
nfol g2 A= 0.5M H.SOs £deoA] Cyclic Voltammetry methods
o]-&sto] -0.25 VellAl +1.5V Atole] A& AolFo] cycle SIFE 209 =¢

Pt BUE AE BAAJUA AT EBhel 22BL AAD F 3 TR

dgor: g zZwor  ¥I® /95 (Ag/AgCl  (sat'd) AFE
AbgEtth, Bz dZom: W W A=S W®e Axow AHEs I,

1 h
TR OAHs =xor HYAM ®HY fVless T AAT H



10 4
-
<L
3 0 1
=
c
2
“
3
&
-10 4
20 4
T v T d T T T

1500 1000 500 0 -500
Potential(mV)
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between +1.5V and -0.25V for several times in a 0.5 M

H»>SO, solution.
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Figure 3. Electrodeposition of Pt dendrite on Pt microelectrode.

Figure

Chronoamperometry of Pt microelectrode in 5mM HyClgPt
- 6H,0(0.1 M NaySO4) at initial potential(IE): +1.0V, V1:

—0.3V, elapsed time: 500 s for three times.
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4. LSVs recorded for Pt dendrite oxidation in a 0.5 M HySO,4

solution. The scan rate was 50.0mV/s at IE: +0.3V,
V1: +1.5V.
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M TBAP/CH:Cl: solution by a three time potential cycling
from 0.0V to +1.4V at 1V/s.
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Figure 8.

SEM images of (a) a bare Pt microelectrode and (b)—(d) Pt
particle grown and (e)—(g) Pt dendrite formation onto the
Pt microelectrodes through electrodeposition using
chronoamperometry at (b) IE: +0.9V, V1: —=0.4V, (¢) IE: O
V, V1: =0.45V, (d) IE: OV, V1: =04V, (e) IE: OV, VI:
-0.3V, () IE: —-0.05V, V1: =0.3V and (g) IE: +1.0V,

V1: =0.3 V.



¥
s

i
SEM HV: 20 kv WD: 4.87 mm VEGA3TESCAN  SEMHV: 20 kV
View field: 6.34 ym Det: SE View field: 60.7 ym 10 ym
SEM MAG: 30.0 kx |Date(m/dly): 07/31/12 SEM MAG: 3.14 kx _|Date(m/dly): 07/31/12

R R

o uh

(b)

SEM HV: 20 kV WD: 510 mm | VEGA3TESCAN = SEMHV: 20 kV . VEGA:
View field: 5.43 ym Det: SE 1pm View field: 42.9 ym Det: SE
SEM MAG: 35.1 kx| Date(m/dly): 07/31/12 SEM MAG: 4.44 kx| Date(m/diy): 07/31/12

Figure 9. SEM images of (a) PtDDOx/Pt, (b) TTBA/PtDDOx/Pt

P '.‘Q%» ]

electrode. Electrodeposition of Pt dendrite at IE: +1.0V,

V1: =0.3 V.



Mm-1-2. XPS &4

Figure 103 11 A#E vloj AN 3W AZ A4S XPSE 543
Zolt}, EE XPS spectraxs UWH XFEZE 284.6eVolA Cls peaks
AFE-3Fo] calibration 3}$th Figure 102 XPS survey spectras YER I,
Figure 11& ¥4 M XPS spectra® YEHASITE PtDDOx/Pt, TTBA/
PtDDOx/Pt, GOD—FAD/TTBA/PtDDOx/Pt A =Zo|x+= Cls peak spectra?}
Ols peak spectrags 334 o=z A3 & Q. e mwWoA C-C C-H
bond W&o 284.6eVelAd Cls peak®] yYeERdTE TTBA/PtDDOx/Pt,
GOD-FAD/TTBA/PtDDOx/Pt A=A = 288.18 eVelx C=0 bondE
gele 4 3vh ¥=o] Figure 119 (A)1#=Z 9 (o)X= 285.88 eVellA]
AZF C-N bond7} ##EH=d, o] GODE -NH; I1F% poly—TTBAS]
-COOH ZI&°] 3+# A%< FAste] d3Aor A= 2%d 2S5 vepdth
PtDDOx/Pt, TTBA/PtDDOx/Pt, GOD—FAD/TTBA/PtDDOx/Pt A=A 01
spectrai= Pt dendrite”} oxideBFEH|Z A=l EA8H7] wiZell 529.8 eVellA
peak”} ¥#EETH T, TTBA/PtDDOx/Pt =2 01 spectra°Al 532.6
eVel 533.3eVelr peak’} #EFHE=H o] F 9 peakt 77z -COOH
% -COH bond¢t 0=C-0O bond wj&el] vt PtDDOx/Pt,
TTBA/PtDDOx/Pt A=A Nls peak’} UERA = wbde
GOD-FAD/TTBA/PtDDOx/Pt  A=elA+= 399.78 eVell4x] Nls peak”}
#ZHEY, o= C-N bond® peak® GOD7} = xwWel immobilization

.

Hes Wt} S2p spectrax= TTBA/PtDDOx/Pt EWHeolA 163.88 eV
oA #AE AT GODE immobilization 3 F-°| peak”’} broaddtAl ¥+ ZH &
skQlgk 4 Qltt. o]A X GODZ} poly—TTBAS 3He| immobilizationd &%

As) S2pel FFEL Frl wWEolst B S gtk oed XPS A
poly—TTBA composite o GOD7} A3ZAOS =2 immobilization HASS

Zu.



Ols
© |
* % M M‘“\‘__“-
(b) S2p

Intensity(a.u)

] v ] v ] v ] v ) i I v ] v L v
1400 1200 1000 800 600 400 200 0 -200
Binding Energy(eV)

Figure 10. The XPS survey spectra spectrums obtained for (a) PtDDOx
/Pt, (b) TTBA/PtDDOx/Pt, (¢) GOD—FAD/TTBA/PtDDOx/Pt.
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TTBA/ TTBA/
Pt Pt Ox Pt Pt Ox
S| —45.88 —47.08 —50.44 —-51.89
ope + 0.2913 + 1.073 + 1.158 + 0.9463
R? 0.9936 0.9965 0.9871 0.9912
B
. TTBA/ Pt dendrite T A/
Pt dendrite ) Pt dendrite
Pt dendrite Ox
Ox
S| —-53.95 —54.51 —56.38 —57.25
ope + 0.6163 + 0.0525 + 0.435 + 0.354
R? 0.9785 0.9985 0.9990 0.9986
BA
. TTBA/ Pt particle TT ./
Pt particle . Pt particle
Pt particle Ox
Ox
—-51.92 —54.74 —52.63 —55.45
Slope
*+ 0.74 + 1.542 * 0.771 * 0.8756
R? 0.9968 0.9957 0.9888 0.9868

Table 2. E vs. pH slope of the modified electrode at pH buffer solution.
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Abstract

We report pH and glucose sensors using the conducting polymer
coated—Pt dendrite oxide probe. Scanning Electron Microscopy (SEM)
and X-ray photoelectron Spectroscopy (XPS) were employed to
characterize the structural and morphological features of electrodeposited
dendrite layer. The conductive polymer pH sensor was worked in the
range of pH 3~13. The calibration plots exhibited a Nernst behavior
(slope:=59.2mV/pH) in the buffer solution. Additionally, the
potentiometric analysis of glucose through monitoring pH change was
performed, which was enzymatically generated on the sensor at the
range from 0.5 mM to 10mM with a sensitivity of 6.138 £ 0.4348
mV/mM. In real blood sample analysis, the glucose concentration in

human blood was found to be 4.901 = 0.6338 mM.
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