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Development of Glucose Biosensor Using Sol-Gel Reaction of Tetracthoxysilane

Seong-Cheol Chang and Deog-Su Park*

Abstract

Disposable amperometric screen-printed biosensor strips have been fabricated by a sol-gel encapsulation for the analysis of glucose.
The glucose oxidase(GOx) is entrapped in the gel matrix through sol-gel transition of tetraethoxysliane(TEOS). The biosensor is
fabricated by GOx containing thin film of TEOS gel on the surface of screen-printed carbon electrode(SPCE). The GOx-containing thin
film of TEOS gel offers a one-step modification process on the surface of SPCE. The optimum conditions for glucose determination have
been characterized with respect to the applied potential, enzyme loading ratio, and pH. The linear range and detection limit of glucose
detection were from 2.0 mM to 16.0 mM and 0.25 mM, respectively.
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o] QAN 27} 7hekshs | HhEA]7]et v
to] HAsH/ 233 A 4 QAL A7) A s
4] I 9 85wl A d7]aketd vho] @Al 7E
frefsleh34, 35], £ oA+ alkoxysilane?] & -2 Holdks-
< 0|83} glucose oxidase(GOx)E E&A]7] glucose 44 A
7|3k vlo] @M E A|2ksteltt. TEOSE alkoxysilane A4
2 AMgete] -4 Houhg-& Folo] GOxE silicate 2]
networkel| 28] A|Zlt, QA FEAH=(SPCE, screen— printed
carbon electrode)}2 AI&FeH tf, SPCE ¥Ho| GOx7} £3% 2
= 48 d3|E Hio] LAIAE AAsiTt, ARt vho] @ AlA S] A
718kt B3t glucose A& A HRo] @AM of 7ksl= HY, GOx
o) gHg, pH 5ol o 24 A2 0E 2ARHI.
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2.1 Alet

Qg AA gt 7hE QA= AT YA(Gwent
Electronic Materials Ltd., Product No, C10903D14)E /\Pl;
Atk 9h& o Az Al AHLE KH,PO, K,HPO,SF &k
glucose oxidase(GOx, EC 1.1.3.4. from Aspergﬂlus niger, 150
Units/mg), tetraethoxtsilane(TEOS, 99 %) ¥ glucose:
Aldrich Co. & ]33t} glucose AAl AlR2E 4,194 mM(+
0.059)9 glucose’t 591+ human serum Standard
Reference Materials(NIST, USA)E 3|45}o] AMgs}ich 2E
&9 A zoll= MilliporeAte] milli - QE ARESto] @& & o]
St 32k FRTE ARSI

Az Al AR

2.2 717

< A7)3ket A AT ol 8stsitt. YA GOx

7t HAE AHHTE AHESEaL
NaCl), 22A=2 WigAE 217 ARSsioith. H912d 2 d‘%’f—
A& 93] potentiostat(BAS 100B/W)E AR&sFom, ol4fd
=& printing 317] $I8) ¥4 printer(Model TF-100, MPM
Inc., USA)E ARGt duba o2 MR B x| BAES A
SHHOE WEA| o] FAIAk SFER AFZA Al glucose £
< magnetic stirrerg ©-83}1] 500 rpm 2] £E2 A o] it}
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2.3 QIS biosensor M=

1.0 mL TEOS, 0.2 mL <, 10 4L 1.0 M HCI ¥} 0.2 mL2]
e SR Aol 483} TEOS T 7He] So8 £
7} =L, Aol A 30487t sonication Al71H 5 7H2] Fo] gt 74
Aoz wislo] Emat AgHo] AojAr} phosphate L8N
(pH 7.4, 0.1 M)l =23 GOxE A& YA 7Iste] 587F
sonication A|71 & Z EZ o GOxE TAAZILY,

2.4 TEOS ZNZE & GOx 1¥

Z2 g (polyethylene, PE, ¥4 0.5 mm) 25
stencil& AA8F The AT 7ML I E o|R3}o] Hlo] 2149
2] Aoz AME 438 AHE A= (screen - printed
carbon electrode, SPCE)Z A&stoitt, 24 M= 7465919 ¥
A& 4 mm? °]oH, SPCEE Q143 & Ao A 29 &3t 1z
z *}*Q-ﬁ}dq AIAHE SPEC 39 9ol GOx7F 7% 289 10

£ 7RE T, 4 T ollA 24 A2 3 ARgseith. SPCE 9
°ﬂ A7l GOx9| e A8 of 14 GOx9| AFHAEWt%)=
Ak} 0.2 wt% ~ 1.5 wt% 2 HstAZiT)

3.1 SPCE =22

TEOS (Si (OR),, R = CH,CH, - )=
& 74 Az WtH14-16],

23} 989] oo o 13

Si (OR), + H,0—HO-Si (OR); + R—OH 0
Si (OR), + HO-Si (OR); — (OR) 581~ O~ Si (OR); + R—OH
@
9HO-Si (OR);— (OR) sSi-0-Si OR); +R-OH  (3)
(OeAlA E9] 7H=E3ll(hydrolysis)oll <J3] silanol groups
(Si-Ome] A711L, (2)¢} (3)9] &84S (condensation) & £
siloxane (-Si-0-Si-) 222 Fej9] 334 silicate val gl
network”} AAH T}, GOx+= silicate 12| network Hjoll 25
o] 1A H},
glucose= GOx®l 2l th3at o] B3t

GOx
B-D—-glucose + O —— D—glucono—1,5-lactone + HyO,

-312—



Development of Glucose Biosensor Using Sol-Gel Reaction of Tetraethoxysilane |73

GOx9| ZufjaHg-o] SJaf glucoset wafi=|o] Hy0,7F A3
AAE Hy0,9 5= glucosed ol whet F71she, 44 AY
< 718HH HyO7k ARSI A AR7F 327 Heh GOx7b 14d
Bro] QMM -8 98] 2 glucoseS AZ3IT} Hy0, Abslo] it
SPCE®] £/44& gobi7] 918, 8945 500 rpm 9] =& #o]
FHA HyO, A3} A] 7ksk= Aetel| whe Hy0,9) AFe] Hsks
Fig. 1] U ich
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Fig. 1. Hydrodynamic voltammograms for 1.0 mM H,0, at bare
SPCE (m) and Gel/SPCE(®). Phosphate buffer solution
(pH 7.4, 0.1 M) ; stirring rate, 500 rpm.

phosphate 45-24(0.1 M, pH 7.4 22 A%3 1.0 mM H,0,
SHol dfaf, Aol AAA ¥ bare SPCES A& 47l
Gel/SPCER H,0,0] AJARE ZARI4T} bare SPOES] 74
+0.6 V Hop 2 Ao A Hy0, AHsl7} AJZFE= vhE o,
Gel/SPCE ollA= + 0.1 V ] AJZEm M9} + ko s &
kgl whel AFFARE bare SPCEC| v|s) 274 F7kstsict.
TEOS Z°] Y487l SPCE7} 13 A] ¢ A=H} Hy0,9 4k8h7t
e QoA dojuhar, 4lSE Al BB ARE SRk, o2
3 FAS TEOS A9 silica- oxided 7] Zuj &3}
(electrocatalytic effect)oll <Ja doljuh= ASE ejA St
[36]. Gel/SPCEE o8-8t HyO, AFSIA] + 0.4 V oA 33] &4t
ARAZY A7) £4.7 % 9 FHEEHAE YERIT. GOx
7} Ao 1A% H}o] 2AIM(GOx/Gel/SPCE)E 0]-4-5}o] glucose
O} Eaff Al st HyOp0l thal, 7Fshs Aol whe 4ksh M5
o] H3kE 2ARsIGITHFLg. 2).

phosphate &584(0.1 M, pH 7.4)°ll =21 2.0 mM glucose
Aol disl], GOx7F 201904 -2 Gel/SPCEQ} GOx7t 1%
GOx/Gel/SPCEY] AFeHd 75 ARSI GOx7} LAHEA] 942
Gel/SPCEI A= glucose?] waflak-g-o] dojubA] ¢kof Hy0y7}
Aot ekom | wheka Hy0,9 ARBPR7F A2 yehtA] Gkt
GOx/Gel/SPCE A+ GOx&] aamkso] 93] A7)+ Hy0,9
Absto] &gk AR7F+ 0.2 V oA dojubd | 7ksk= A9t S71%E
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of wah AFE F713kh GOx/Gel/SPCEZ 0|43t glucose A=
A, 7k8t= A917F 29 A=2 Aol HojA|aL A g-lof EA
ok Wl EAEY AL SOl dojdth A Helli= uric acid,
acetaminophene, vitamin C 59| A E4o] 251, A
7} 571814 o9 Al FAlofl Yol glucose®] HFH HE
Al WA YoXITh37], et A=9) o nt WelAe-=
125t + 0.4 V£ glucose®] HEAN= AA3I3At
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Fig. 2. Hydrodynamic voltammograms for 2.0 mM glucose at bare
SPCE (m) and GOx/Gel/SPCE( ®). Phosphate buffer
solution (pH 7.4, 0.1 M) ; GOx loading, 1.5 wt % ; stirring
rate 500 rpm.

3.2 Glucose ZAE zHxA

glucose A% Al GOx/Gel/SPCEQ] A=ZA 1} 24golo] 2
Zlofl whe} vlo] QA 9] w7t kS Wt A & of 1A
GOx9| A HAIE(Wt%), S84 pH ¥3le] w2 glucose
HE JHx2ds 2A8I Fig. 3= 2.0 mM glucose &4
(phosphate &=894 0.1 M, pH 7.4 tjaf, AgN) 17
GOx2] AFHAE(Wt%)E 0%, 0.5%, 1.0%, 1.5% L 2.0 % =
BB 7| HA ARHSEE 2ARSHSIT GOx 9| ool Z7igtel|
2t AFE S7Fskeleh pH #igt] ©E GOx/Gel/SPCES] A5
315 2.0 mM glucose ¥ (phosphate &4 0.1 M, pH 7.4)
off telf ZAkstoith. pH 7.56014 7F8 & HFE Yehlidled, &
% pHe A pHY 7.4 819t} GOxe 24& Uil pH7t
HA7E dd AR gon Ao &4& fAg 4
matrixol] GOxE IZAZ] & He ZoME HfAFE Ve
= pH 7.5 ti3ll pH 6014 72 % ¢ AF7} 320 wEbA GOx

& 1710 A matrix7t AU o 4= 9loh
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Fig. 3. (a) The effect of GOx loading for 2.0 mM glucose at
GOx/Gel/SPCE containing different GOx loading of 0 wt
%, 0.5 wt %, 1.0 wt %, 1.5 wt %, and 2.0 wt %,
respectively. Applied potential, + 0.4 V ; phosphate buffer
solution(pH 7.4, 0.1 M) ; stirring rate, 500 rpm. (b) The
effect of pH for 2.0 mM glucose at GOx/Gel/SPCE.
Applied potential, + 0.4 V; GOx loading, 1.5 wt %; stirring
rate, 500 rpm.

3.3 Glucose &4 &M & dxA=z 24

glucose FE°| WE Ho] o MA S HRWHIE HAFH
(amperometry) 2.2 ZAFsto] AFAE A (Fig. 4).
glucose B4 HAZXAGSAAY 1 + 0.4 V, AF2A4: 1.5 wt%,
pH 7.4)0114 glucose?] FEE 2.0 mM DA HIA7|HA A|7H
of & Ao AFE SA5HITHFig. 4(a)). glucosed iiﬂ%

7¥gtol| wheh AR 7ok, 7 Fof skl Al S AR 1

Z o|yje]l Htf Mol =L Fig. 4(a)9] Azt vs, A5 tﬂﬁ}
£ F% vs. A5 M3k Yefo] HEds 2MskithEig. 4(b)).
2.0 mM ~ 16,0 mM ¢ glucose &&= HYA 2AA2 762
e, 16.0 mM o)/9] IgEoAl= A AoA Heojuh=
= VERIT, A4 23 TRl AAY AHAL y(A
=0.2838 x (mM) - 0.055 °|H, R2 =0.9930 &I S5t 244
S UeRie), Uutzjol 9] glucose] HE7F4.4 mM ~ 6.1
mM Hjo|HE A2 vho] L AlA = A glucose #40] 7Hs

[e]

10 O
o=

<
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Fig. 4. (a) Amperometric response of GOx/Gel/SPCE biosensor
for successive addition of 2.0 mM glucose. (b) Calibration
plot of GOx/Gel/SPCE biosensor. Applied potential, + 0.4
V ; phosphate buffer solution (pH 7.4, 0.1 M) ; stirring rate,
500 rpm, GOx loading, 1.5 wt %.

AR Y] gt glucose B4 HS-S 3] human serum®]|
9] U= glucose?] T8 AFHOR BEX5IGT, B E

4.194(£0.059) mM 9] glucose”} E3H AAAIE<Q] human
serum & pH 7.4 $#5-8M 02 53l th3 glucose Y4 B
< YA Hrlele 258 A7 (standard addition method)
= 5?(40].&11:} A2z A o]

22 human serum® glucose &
15 witth 91 HFOo] QAN S o83l ZAAHSt + 0.4 V, pH 7.49]
A glucose®] =5 AFHOZ FAGH HL 4.107(£0.216) mM
2 el Elo] A B mo A= H-go] 75 BRIttt #
19 A7 human serum®] @3t GOx/Gel/SPCE o] 2414 ¢] &
AATE e ik
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Table 1. Performance test of GOx/Gel/SPCE biosensor for
glucose determination in human serum sample

Certified Founded
concentration concentration % recovery
(mM) (mM)
4.194 4.107 97.9 %
4. 28

B o)M= TEOSS & -2 Holdhe-S o83t glucose
oxidase(GOx)E Z2A7] A7]315+4 A3]4 glucose HFo| 2AlIA]
£ AFsioitt. TEOSO 4F, ¥E3 58 A3t SH|E 235t
Aol Tt WA 2 GOxE silicate 8] networke] Z£3
AlZet, ol g et4AZ(screen - printed carbon electrode,
SPCR)S Ul SPOE Ewo] GOx7} ZEH AL 93 ulo| oAl
AE ARt GOx2 3k, 2A4AY L pHoll w2 Hio] QAIA]
9 48 5= A8 glucose 4 #A 23 okl A
< 2M98H% L glucose”} 23 human serum E5a2 0|43}
o] Hio] QAKX O] A5 7R At AR FHA|mo A= HEo]
7]——‘6}—0 D:]-OIO]—Oﬂl:}

#Alel 2

o] =2 Fattiehal ArabA| Sha e 2o st A
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