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Development of new enzyme-based biocathode and bioanodes for

fuel cell application. _
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hydrodynamic amperometry '
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HFHilsurinslumadifanasdanmuasliidlniiigaduld
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FimwavannsafiulszavinmeesagadiwemndBinmwmdunsliusvlonimnidemadininetegean
o Sl A d. o &’ a o L 24 ' v b a -~ z s
waniduBniBnsvilslumainvenddz amaldiduundmdsmumaunmmdinuanaada Savadady
] & oo ' a _r 4 LY <t
undandsumaunuifidngnmagddunisfauniidundinumuisy (renewable  energy)
o o a & o 1 v o o v a o
Wownldwdinueneenduifleguiluananliuasnglaanaiuisamlaanudndmemig
oy v a o < d o < v =t o & a o
munyasideglunasiiu Usemalnsgalulsunanitneasnssutundndstidnenmlunstringfun
= a A & o < ¢ & a o o Y Y
flagluvszmmnldlumndnnaiduidomdanldlugad Famasdinn vislussAvguvunasszdv
Y & a tave a o a < a v
gramnIsy Msvangadiendidinmaddinghunidundasanamsineasiaansondaliieddy
kod g ﬁ- = T g o ' ) 4 Q‘I
Uszine  inldiduiseundmaunu Sadiwlunisshwiduasiirsdssne Wunisadisemuiuss uae
ansoRIAUBIUNTIUYRIsHIMABNAY
\') o a A < 4" a o v Qv)
WA MTIUTBINMSTINULARIRIFUN 2.2 wadidaindadamnussnaumsdriniueluauas
o Y ' oA ' ] Y & a
ualnadegnuensananfumeuriuuuusuiiiBaiiondu Taueluausznaumesaisayaneirainga
ot ¢ a o ¥ . . e '3 A = vof & »

(fue) WHlwadveiunid (microbial cel) wistoulwlavaryeg v3egnasiegivalnimuuslun
J a R H a aaa a v 45
ansazaneWaundanilimiviu nglea, lemues, winuea a1 wdaufiiesenfinduitiuelun way
- oo & = o a ana av v S8 6
ddnasauiintiussgnesnduhiluldlumainujisesinduiidauelng

Anode Cathode
Fuel(Red)~»Fuel(Ox) + & : O, + 4H* + 4e-~—»2H,0

Semi-permeable
Membrane

P o . 7
JUN 2.2 Huguialuves biofuel cell
msieulmiifudazarian vien1sly biocatalyst Widemmiloninnisldninlanensiuddy
Y a 1a
Wusheenedan  fa

[l 3 o ]
1) anmzlumslelisuuss iy gamafildnuegi 20-40 C e pH vesarsararefildindidvaiu

2) il mwesadieindegna
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3) ansainduantglnila
a ¥ £ -g a &‘ a o 3 v
4) aunsonauniidusadFendiliidends (fuel) vlindeq limmnmas

2.1  Enzyme-based biofuel cell

¢« & o o & ' 6 o v oo Y < ' o -
wadwainddinmbuuvdsdulialwirguuuulwitenaunundinunnmainduiunie
A’ a a o &’ a o Vv a v . @ < a o v '
Wwomdwlindy wadidainddinnlaGusdiuain Galvani In87inen Farunuitnszualidianinsn
a X o ¢ a ' ol v o al « o
Warunmeludnivareqaiia Wunu nuannsaieenselaslailesnniivseginiimelusadnssgnludy
v 2 ] o ] 5 a o é’ . © 3 o
& U A.A. 1911 Potter * wudndiagudaindunaiiy (PY adlluansazangvende EColi vilviia
o dv 5 <l 3 a e vV e 4 < =4 1
Andlnidu 1niudl A, 1931 nganuddoves Cohen  laaLuAmeIWaEAINENTTININNUT
L 3 s <t «8
annsalvAIAEAngta 35 Tan
d 1} <k J - o o L 5
Tunesseidndivatsnguauddelainnisiauiuasuivugstariniiluleusluauarlule
| o a A a o &8 [ a o 9
ualnaiReslsednsnmlunisndndidnnsounasdwiudidnasey Tl aA. 1999 Katz uwavamy
[ « X a o Y a & o Y .
asnsruuwaRdTeIagInsEnaume nglaadildninIahwansie PQQ-FAD uae glucose oxidase
2 . , & o v
wouleyd vy Cu” -polylacrylic acid) fitm  wazdaualnauduusalasld cytochrome C/cytochrome
. 2 N . 3 o o
oxidase electrode vu Cu +-poly(acryhc acid) film mﬂﬂssﬂauwamaéuammgﬂw 23 STUULAd

: o : [J v o 2 Vo a 2 a vl Y]
Wwawdalvinlvifanseua 550 PA/cm” uazanansovmas 21 pW/cm® isenisldau 48 $alus

o ¢ -1 a - Sa a & a a

Jun 23 uamaaﬂﬂssnawamaawamaammwwunqiﬂauaxaanmwrflumamaauasaam
« <t 1 23 9
uaud uansflansiemsiannsauaIn PQQ-FAD/GOx anode was Cytochrom C/COx cathode
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2.2 Laccase-based biocathodes

woulssivarwyiindiil copper 1uawiusznau Wy ascorbate oxidase, laccase, ceruloplasmin
awsolfiluds catalyst  Tumsiinufiseridnduras dioxygen (O) Wduh (H,0) 16 G
nILIUNTs four-electron reduction)  laccase ulbuaulmildawildieianuasiraulafiasly
ussnuaulimanoweni] active site 189 laccase Usznaude copper ions 4 3 ( Cu(ill) 91nn7S
netaladldinaiie EPR)C  ioulesl laccase  AignaesuuuiuAIvedidninsaeiindne 1wy nes
(gold), pyrolytic graphite uay carbon black @130 catalyze UfASIGAndune dioxygen 16 daly
nsfiiisianinsamihiliafiou substrate  dwutoules! laccase’™ ¥ nszuaumsiiienda Direct
electron transfer (DET) athslsfinubiocatalyst waniighiivedoslunaihluwauniiu biocathodelu
A TamAEInm ADTERULaINTTUARIY LAYAIILMNULLYBINTELA (current density) Yaa9a LA
sinimanios

aumRsnTeniweveulul laccase Aonsliliamzianzasio substrate YinlAndafauan
ABUBNIINNTLVIUMT DET U laccase daaunsn catalyze Ufisen3anduves dioxygen (O,) W1
ASPUIINS Mediated electron transfer (MET)  Taglunszuiunisiieulesd laccase 9 catalyze
Ufji3eneendiaduas substrate wiiAAN ¢ U mono-, di- ¥38 polyphenols, arylamines W39a15all
uniduneiia e laccase  WeanFledansimaniiuda svannsaviliuiisendsnduves dioxygen
WRodulidauandluguil 2.4 Substrate Tunsdiivimihftdeinuddnasounntaualnavousadidomds
Frnwluda catalytic  site ¥09 laccase Bl dioxygen (fin electro-enzymatic  reduction 8819
sawdleq ddhuindenden substrate Tunsdiiin mediator

. wmam  wemma wmem avend

o v A « & a o s @y |
U 2.4 31y Laccase WU biocathode Tuieadioundsdanm Tng laccase ¥li dioxygen

(O,) tAim electro-enzymatic reduction 1fhair
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mswrYssninmesugadidemddiinin lasnisiauntiualnalinisiinufitenidndu
. - a a <l & et datae o v
193 dioxygen HusvAvanmgafigaidudnnsvuiumsnifidedumnnlvaruala  Tudl aa. 1999
., 10 as 1 v ¢ v ' . .
Palmore way Kim Wandualnalnslfiouled laccase 1Ju catalyst warld 2,2-azinobis-3-
ethylbenzothiazoline-6-sulfonate (ABTS) 1{u mediator JU#t 2.5 {unsiisuiisulssinininves
14 a -1 a v ¥ < , Y iy o 1%
Fualnagiindnag veagadidonds laud Faliiaisuoy, platinum waztiiniasvauilufves
ghoiovlesd laccase uax ABTS  annisfinsmuindaluiheniueuiiludvinedieeule laccase uay

ABTS WiseAnsnm Tnganunsali power density gafia 42 W cm” fifarasnedng 0.61V (R= 1

19)

45

' ® Carbonwlth
N 40 e o . ABTS/Laccase
£ 35; L # Platinum
G L
% 301 * 4 Carbon
é 251
2 20 * *
E 15. .
= ]
S # n u 0.

AM AM A n
0 : —4 R, » -

0.0 0.2 04 0.6 0.8 1.0 1.2
Celi voltage, E g /V

d =t o Loy 5 o ¥ : o
UM 2.5 naifsuifisudssdvinwtaualvagiining 4 veasadeinddumenveansli
. v 3 a € ¢l
power density AUAIMUANANEYDILYAA

- Porous bioelectrode
Tl A.a 2005 Fameth uazAe.”” Waudalaiin biocathode Tagléwossaniiueu
(porous carbon) %aﬁﬁuﬁ’:guﬂuﬁﬂﬂﬂ'l'l‘ifkau'lmj laccase U catalyst wazly ABTS Uu mediator
fedvosmslinesianiveuddituiiniigifessilinssuaiifnrnuiitosindureseeniiaugtu 3
- 4 i dean Fameth way D'More' léWamvszAvBamuas biocathode wilnillvinavinely
FEUNUNTT encapsulatlon wWendaoule laccase Taeliiuteniu siica wdananldlilugngunes
wessamsuau sn3rurunIs encapsulation um'lesvawﬁmw'uaqmsmmmnwwaqaanmquawu

wartn biocathode mmamu’lﬂuﬂfmmmqwaLi‘luanwmmmmmsanﬂsvmiwuﬂumsm‘hﬂmﬁu
i luwadidomdtinmn
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-Nano-structured biocatalyst
A1§uauuTluiing (carbon nanotube; CNT) Aemsusuiiiigusradiulassmine dhu
Boudnfudugunsenszuen wasliduringudnarfledussiuinlumms Tassadavea CNT Tlaseadns
Wuwuulinanaidier AidnvasduumenveimfveuGssifuduwnenivdwg wieswundu
rugudnane Tassadraves ONT selfedasnuduunuanduniduusseudadunils  sndnwarms
Fusdhvaduanafanarvivll ONT Sauaud@fiunnsnenn carbon-based materials 8 9 1 glassy
carbon (GQ), highly oriented pyrolytic graphited (HOPG), fullerene wazinwys P ONT fidnwauei
fuavie ufwswazmilnamiuvinnd Siuiitann arsBanguge Iaeld annsaussgeraen vide
Twanauiindulfnsluield tilwi vienareduauauld Susgiuiimmavesuuanisinidesaves
prapumsUBLUURTImMIUBLTuTay venaniiddiaruudusaziidminu ° FanpuantAiiay
wariiamsoihanusegndldldogianirsvaiiludy electrochemical  sensors,  protein
electrochemistry, electrocatalysis wazlasianzagibdudululawurosuasivad Bomdtinmn
16
T A 2008 Smolander uazansy' ¥nsAnweRmuT printable biocathode Tngldg
NN 1 carbon-based ink 38 silver-based ink waufu CNT 14 ABTS 1u mediator uas
woulas laccase anifuiuatuunszaunsestifirmumnuszanm 50 fm - biocathode ANty
del¥msutaueluafidu printed Zn layer Faguil 2.6 wudamnsalirianusefnduaawadi 0.6 -

v o Iy - .
0.8 V 1utaan 2-3 Tudlolvasaiudiuniun 2.2 kO

?Z+*zU?Z“"' e

L]

P | « X a a - Y . . 4
JUM 2.6 wwunmesaeadiFemdsinmiusznausae laccase-printed biocathode waAss
« 17
WaaT0e Zn
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18 o < o « & a a v a a & @
Deng wazAmy ~ ymsanwiieRnungadiiomaadanminiiussansnmuniu Ingwann
Hlulsualnauuuvansdu (multilayer) SusSaulaenii Indium-doped tin oxide (ITO) Bianinsaun
inRausioNauYel poly-L-lysine #ill CNT uaz woulesl laccasse fHunsEUIUNTS layer-by-layer-self-

assembly

e
B-PEI [ i
—— —_— —_——
al5Smin b 15min

4 wnnn
¢ 15min d 15min Repeat abcd

1S
i
v
'
¥
»
]
v
L
v
.
h
]
18
1

mmmsm Carbon nanotube annnn Poly-L-lysine  ® Jaccase

<~ Solid support ~—— Branched-polyethylenimine

JUR 2.7 wwunwnszuaumsisdeululaualnauuy layer-by-layer-self-assembly 4031988
& a o Ry 5 18
Womasiinmiawauniulae Deng uazan

lunssvumandeuuansisununmiugun 2.7 dursuwsnasyinisiadevdadianinse ITO
(solid support) &adivszduaume branched-polyethylenimeine (B-PEl) minhddnivsadilaly
Juluansazany ONT uagiaulenl laccase audrdy  nmsAinvmuiudloddalulewalnauuuvaiy
Y . o o & [ Y- ) v aat «
U (multilayer) INauGUINTguiuATIIAT0 glucose Afltauleul glucose dehygrogenase (GDH)
Dy catalyst waz NAD+ 1y cofactor wuingaditaumdsdanmitlfiannsold power density gafia

329 UW cm” fidiamudnading 0.47 v
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2.3 Glucose oxidase-based bioanodes

. . 19 o & a o o v & a
Tul ae. 2002 Pizzariello wasamy  Waunsadoindsdinndalsznausnietiusluavile
« o = v . Y o 1 a
arsuouinsieeuled  glucose oxidase warld ferrocene Wuansinrdsdiannseu nalnns
- o aa a Qs (.2 A [} ~ o 1 4 s ¥/ s . <o Lol .
Winuffseneandiadudguil 2.8 dunalnalidnvazadeduuditieulsiunndfiald horseradish
. s « ol « & a = ahlu " - | Yo ¢
peroxidase UtuMNUBIBDIAITNaURALAnIlLIUN 2.9 wadiaindedanmwitlaianundusntidislndng
' « ] P Yo o 2 cai o r-1 Ha v
wAszuy 0.22 Tad wulawnsanazliiidsesnin 0.15 PW/em' wadhgniWaunduuiiitiengmsly
uld 30 u

Gluconic acid

[moom~amem|

Slucose

d 1) 1 - ot ° 1 oa 19
JUN 2.8 uammsdeiuBidnaseulasdl Ferrocene Wudmiddidnaseu

Veeil
Eanode Ecathode
Ricad F—
Tcell (variable)
—i] - . I
SCE SCE
Anode Cathode
Anolyte Catholyte

Membrane

d (3 ; P al (4 £
3UT 2.9 wunmuansesilsvnautsusaditemilnsiinglrauatlalasauieanlendu
g . - o o au . ) , o
Wamduazeanduaudaiuainu 19 glucose oxidase waz horseradish peroxidase a3auudalna
o o 19
woluauasuAlnan sy
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1 A.a. 2003 neuifoves Xiao™ Iianndalnihiitnseiueuleinglrasendinaitawanly
DuwelusluiwadiFondsdanmw Tneld Flavin adenine dinucleotide (FAD) iousioiy semiconductor
nanoparticle Wushdsdidnaseunasdl dithio Wudidersenindhdsiuiamiddninsaivinge
‘waaLﬁmﬁmhzﬁw%mwmsﬂﬂﬁaﬁtﬁnmsauuamﬁa'gﬂﬁ 2.10

Pe v . . . 20
3Un 2.10 nanalaseairawes Au-semiconductor nanoparticte glucose oxidase electrode

U A.A. 2006 Barriere uazAne - IdAnvisadifomdsdanmiluszneuioueluandeiaoioules
glucose oxidase LLaz“Uz’JLLﬂIwﬂm%ﬁ'JﬂLau'l'ﬁﬂ laccase ngld osmium-based redox polymer Uuans
UhdsBianaseuvuunsinedidniven Anvineligamgl 37 °C wisulusmsavastmines 01 M
Woaatmivles 7l pH 4.4-7.4 wudraunsolyindaan 10 - 40 pW/em’

Tl 9 A.A. 2006 Ivnitski uavaaw 2 WiWmundainfuelusiinmsndaeule gucose oxidase
Tussuuiwadidomasdanim Tasnaeulefuu multiwall carbon nanotube (MWCNT) Gaazaelunis
ddeBidnaseulagnss vinmmaaessmelagamgll 25 °C Tuansavare Weaatwines pH 69 14
auduiuveangla 20 mM Tuensavanedidinlnslent 0.1 M kL Téndunualun -0.38 wag -0.4 Tras
Wisufudlninérads Ayagcl  naviliiAnnisinavesdidansaulaoasdlussuulaglidedldiminds
Sldnmsoy

U aA. 2007 Lui waz Dong - 2 dwanndalniidmiviwadFemndsdanm Tnomsnsaoules
glucose oxidase Way laccase v MWCNT uuanmilafinuelunuazualvaaudsy wadidoinaad
Wantuld ferrocence mono carboxylic acid WuidddEnasey vestauslun 9InkanIsviass
ansalindanu 4.1 pw

Tud A.A. 2008 Togo wasAme: = Anvuasianmstessuuigadifomadnmlitivnalulas
(micro fluidic biofuel cell Tngszuuiiianniuvseneude nglaaualunlasniaoulel gucose
dehydrogenase, lnayWasisa (diaphorase) uay VKs-pendent poly-L-lysine dnutauelnavhinisnds

" . . - Y < o a a o a v
~ toulel bilirubin oxidase vuBBNTIIULAIYA MIFUN 2.11 Feenunsaiiuyszavinmlunisedanseuals

ATUNTPAAUNR 10 %

arnanlulaualnauazlulewelunn Vauuszane 2553- 2554
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gﬂﬁ 2.11 microfluidic biofuel cell
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3.1 gunsaluasarnall

Tumsinenideil finsedisuargunsaimldlummaasddeatnliaunuumsuaruaumnesisami
Aansed 3.1 wae ssvuiavlelenimanaiawuuwenmeslauvs fdn1sian 3.2

< o4 A « Y a )
f13190 3.1 nsellanazgunsainldlumyialeadinbaunuamiuasuenmeslsams

instrument Model Company

Potentiostat, e-Corder EAl61, 210 eDAQ, Australia

Data System e-Chem

Working electrode Glassy carbon electrode (3 CH Instruments, USA
mm)

Reference electrode Ag/AgCl electrode (3 M KCU) CH Instruments, USA

Auxiliary electrode Pt wire CH Instruments, USA

Thin layer flow cell CHI 130 CH Instruments, USA

Flow meter 100624-103 Koflog, Japan

< < « da o o
a3 3.2 inesdleuazgunsaifilitussuuienlewitiinmaiauuuuesmeflsums

Instrument Model Company

Injection 20 pL injection loop Rheodyne, USA.
Pump LC-10AD Shimadzu

Detector EAl61, 210 eDAQ, Australia

Data system eDAQ-chart eDAQ, Australia

Thin layer flow cell CHI 130 CH Instruments, USA

mmanlulaualvauazluleusTusv Vaudszane 2553- 2554
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Cyclic voltammetry and amperometry

msvnaeslepanliauunazuBNeSsVTHANIRIgUR 3.1 (FadmvuTlaanm Ju EA 161 uay
e-corder U 210 (U3¥ EDAQ) uaz TauwvsvEniead vum 25 ml (gUunsn, Ul 3.1) Usznaude
falwih 3 4 s SlwieiianaradeiueuGO) ssaum (3 mm diameter) w38 dalwihnanad
ansueuiilumreigomsvauniuing (GC/oNT) Wudlniildon i Agacct  hudilnih
Sr98auay Tam Pt ifudlniieoe

] ] ; a
3UM 3.1 inssadiefiltlumnaaaderdnhiaunuamiuazuaiweslswmd suunsnuaniloauny
v
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Flow Injection system with amperometric detection

A Q) a L {
syuulenlaenifmasvinwuuteninelsuminaniagui 3.2

a)

Pump Waste

Injection valve

Potentiostat —VW

b)

T S w—

= a < alal o o o | 1
UM 3.2 (a) wuilWdavesszuuienlewiififasainuuuueumeslsumi (b) suwiadientaldlu
MINAGDa
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3.2 mswantalulaualnasfialnsilugadifomdedanmiiivszansamluntsvinli dioxygen

@ . . S . «

(O,) i electro-enzymatic reduction 1w (H,0) 1neld nano-composite  vastaules
laccase

mATluduusnildimunmaiislunsaiueulviuannauuinmiwe st liihsiiananadanveu
Tngldmfveunluing Fudumsiifituiiioguazannsoganseineg Tuviemsveuunluiindld 1Hudh
ﬁaa’(ﬁawmiﬂﬁ‘%\iLaulsnaiu.aﬂma‘lv’ﬂuﬂ%mmﬁqﬁ"u Tumswanndaluleualnalagdioulwivanpaluns
as1vTaufisensanduveteendian lagarldnalinlendnliaunuunilunis@nyviiniséineim
ssfUszneuimneasvestalulonslvn uazidenldaaras 0.0 M Fnsatines pH 50 1T
amsavmeddnlnsladifiomy  lumsdnleednlraunnluunsuveseandiay

dswadl

wouleduaniaa (Laccase, EC 1.10.3.2) 910 Tramestes Versicolor 22.4U/mg (Sigma-Aldrich)
mfusuuluiiay (Carbon  nanotubes; CNT, u3awd 95%), (Nanolab), lauidawefunuluni
(DMF),(Fluka) lalagu (Chitosan; CS, medium molecular weight, 75-85% deacetylated) (Sigma-
Aldrich), Tiugiudayiiu (Bovine Serum Albumin; BSA, non acetylated), (Sigma-Aldrich), &wise
Uines ssuandinuadalululewnse uaslalomondingm

L] =4
MMIABUATINAY

asavasuaninarududu 4 fadniuseiading wisulastusuleduanea 4 Hadnduldly
vInLe 2 addns Tieansazane 0.1 luans Fimsatwines #iew 5.0 YSuas 1.00 dadans ldaslu
110 hansazanslliwg e vertex mixer Uszanad 5 Wi

asavasluiudsudayiiunnutnty 1% wisulastaluiugsudayiiumn 100 lulasdes 1d
Turaatauiinasuune 10 fadans VSulSinmsauietaseth

arsaraearivsuu luiiaududu 3 JadnSudefiaddns  wSaeulnewannanisves J.
Wang war M. Musameh™ laedsmsuveuunluiiog 3.0 fadnsu ldluvineuin 5 faddns Ywa
arsaranglauSanesinuunedyiungs 1.00 Saddns Tdasluvan 1hly sonicate fer3es ultrasonic
sonicator 1Huan 3 Hala

ansazarglalaguaududy 1% wisulnewannanisves T. Tanckuaram wasAmy’ laeds
Ialneu 0.10 nu ldluvinwuin 25 Tadans ViansmesdRnaruidudu 2% Usums 10.00 faddnsld
Tuwan 1lumudie magnetic stirer 1uaan 2 $ala ,

asarargvesianidulsznauasusuniuiil-lalaeu wisulnetilearsazaremiveuniu
Fovamndutu 3 fadndureliadans wazarsazanglalagiuanunduty 1% wegwas 500 Wlasing
ldlurinvunn 2 $addns neaulidrtudewedos vertex mixer Ussana 5 undl
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nawmhdalwnaradasveuludauusiutilniedan q azthdaliiunyenuasein 1ag
Tafamhvestalnimenserglivduidnvatn Tasldusergiviauia 1.0, 03 waz 005 luaseu
mudu antudeliazenameniindu Wl sonicate Tudutiunan 2 uil udathlvuns

mandoutaludh

fouthialiihnanadmiveulusauusfutalwineiinsne q swthdalwianyheauazein Tag
Fnfamihvesialnihfomesgiiviiuindnain Taglinsergfivivuie 1.0, 03 wax 0.05 luaseu
udiu mntudndliazenaetiingu 1y sonicate Tuiidunan 2 it udanhlius

¥2lvW1 GCNaccase

vunarsararuulmivanpanuduty 4 TadniusneliaddnsuSuing 40 lulasans naliluiia
a a v P g v v o a v vy 1 - ¢ o a v «
fgamgiivies MlilWuwimgamgiiveswrldadainiirludnatadmiveundaulsdisiauluivasiaa
(GC/accase)

F3lnh GC/CNT

wonansazaremiustluindrudud 3 fadnsudeiadans vutalninatadaifuey 20
Lilasdns eliluwsilgamgiivesaslddalrindalninanadasuouiidauusiienisuauunludio
(GC/CNT)

2w GC/CNT-CS

veaasazargverfandassneuaifusuunluiing-lalaeu vudaininaradansuen 20
lulasdns  Adliluuiaiigamgiiviesssldialwidaininanadasueuisaul sieYandsssneu
Asusunlui-lalag (GC/CNT-CS)

msatusuleduanpauazaisasaeluiudiudayativuudalih GC/ONT-CS

thilwih GC/ONT-CS Mdnnmswissnesueulsasmsvenovleuamnamndud ¢
finaniudefioddns Viuns 40 llasdns feliliusiaigamaiivies uasnonansazmeluivdsudayiiy
Aty 1% Vines 5 lilasdas Reliliukiigumgiivies sxlddalninaradafueuiitauusing
Tagdasznoumveuuluiid-lalagin  evleduarea wasluiu@iudayiiu (GC/ONT-
CS/laccase/BSA)

N3R5 USUNUBBNTLIU
<t - aa = @ L o 1 4 a o i o4 d' -5
Anwufisendanduvssesndiaumemeaiialendnlunuumilagldinies Innudloawm uaz
& 19 « 14 ¢l o = 1 °
seuy 3 1 T ndnana®ansuey (GO) visethlulawuwe iinannduu Wudlviviaae ey
ASIENgINAN LY 0.0 839-0.6 Thas eududlnni8198 Taunt v e Tuansaransves 8
wisaTwinesAmuutu 0.1 Tuans Wiew 5.0 USues 10 iaddns

mvanniulourinauariulousiung Vauszane 2553- 2554



21

maveassluannsilifiufaseniiau sstharsararedmsasnioivines 10 fedansiousy
meufaarsnau (A wyinmsiamsmaiialeadnlumuusmelavssenieuiaeisneu dwluanme
FifloonFauariharsazarsfinadnineivuns 10 fadns fduddsutasendiau 1yhnmsmaans
melaonsinsivavedeandiau 40 Jaddasneundt

3.3 mananvalulaueluaviialmiluwadiyaindedanmndivszaniamluns catalyze Ugiizen
pandintuvanglag

. oz s aa " .
3.3.1 manawvllulaualunlaeldindiuaiviia polyaniline (co-m-ferrocenylanitine) lu
nsnseuluingladaandiad

mafludndlitaunglealulawuweiiiiausinseizn  wasiianmlglasms
Tuavheser nihnaradanfusuisindwe i Inihein polyaniline (co-m-ferrocenylaniline) uaslala
ydadululelwdmesssmmmndislunniliiouluinglassaniinainrunsianniu ea
Wulvlawuweidwivnnaiautinuveinglas

o a 4
nswseuansazaeildlunislufnieden v

ansavans lelagu mandudu 0.5% wiedlae delalaguun 0.0500 ¢ avaeseasaraiy
acetic acid pnududu 2% Ysuas 10 mL ilunudunannu 2 $lus awlfansazarelalngu
AT 0.5%
arsazarglndiues poly (aniline-co-m-ferrocenlyaniline) AMITNTY 2.5 mg/mL (R38N
Tag 94 poly (aniline-co-m-ferrocenlyaniline) 38 PFCANi 11 0.0050 ¢ aranely tetrahydrofuran
(THF) 2 mL 11U sonicate Wunasvana 1 Falus
msazarengladeandioa mududy 2 myml wisulasdinglaaeendiaai 00020 ¢
smemasazmeneaaiines pH 7 Usuims 1 mL (aulilugidu)
asavany Sodium Citrate ATty 1% wisulae 93 sodium citrate 31 0.1000 ¢ azane
e DI inaudnieouwdiuusinmsidu 10 mLderh DI
ansaraeauNIANBIUIY (AUNPs) Mty 0.01% wisilag Yieansazany HAUCl, 10 10
oL @evnadieni Dl udWSutiinesidu 10 mL feh DI NATTIUA asazany HAUCL 1U3inas 5
mL ﬁmﬂﬁﬂmu'?auﬁqmwnﬁ 65°C (Huran 10 it wieumusasanat INTuRNENsaTans Sodium
Citrate Pty 1% USunes 170 pl Warwdoutigungll 125°C wisumusasanan Wunan 30
U 9zla AuNPs Aandatu 10 mM

a15azagu1MsEIUNgLAA (glucose standard solution) AmENTY 0.2 M inFeulandinglaa
1N 1.8000 ¢ azanefmearsazaeraamnUwires pH 7 Usinandnties udviulimnassigaisavaty

manlulaualnauazlulowsluns Vauuszue 2553- 2554
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Hoaatvines pH 7 Tiasu 50 mlL avldansasareunsgrunglaa (glucose standard solution) A2
gy 0.2 M U3ines 50 mL &aldidu stock solution lunsissuansavarsinnsgunglraniidudu
F199

maaseutalndlulonslunsiindneg Tasldinfiuas uiia polyaniline  (co-m-
ferrocenylaniline)

GC/PFcANi
wieulneveaansazats PFCANI mududu 2.5 fiadnfusefiadans vusalwinaradeduey
40 lulnsanslulasans Adiliukiigumpiivesasldtalwinanadmiveuiludvhedssmsavans
polyaniline (co-m-ferrocenylaniline) ¥38 GC/PFcANi

GC/PFcANi/GOx
thialwih GC/PReaN: Fildnmsinemnssaeulelasmsveaioulsinglnaeendinaniu
it 20 Sindndusiefinddng Uinas 40 lilesdnslulasns dliliuieigungiiies axlddalni
nenadmsusuiilufvhossmeansazann PFCANI uaz ngladsendina (GC/PFCANI/GOX)

GC/CS/PFcANi
veaarsazarglalaeumuutu 0.5% vutliiinanadaisuau 20 lulasdns Aeliliuvian

- v

guMIivies :NtuveRatsazaney PFCANI Autudu 2.5 fiadniusiefiaddns vutalniy 40 lulasing

u

ilasAng Aaliliureilgumgiives aglidalni GC/CS/PRANI

GC/CS/PFcANI/GOx
i GC/Cs/PReANi insaeulellasnsveaieulainglaaeendinamuduiu 40
findnsusiofinddns Viinms 40 lulasdnslulasans Meliliuielqumgiivies axlddalrinanad
miveuilufivheddnansazatn CS, PFCANi uag ngladeandiaa (GC/PFCANI/GOX)

GC/CS/PFcANI/AUNPs/GOx
UlHH GC/CS/PRCANT uvsaansasatseymanaanly Uines 40 Lilasanslulasans
a | ayv & o ot « a v v a a w
el iluiaingamgiivies atuhinssuesulullasmsvesieulesinglrasendinanuidutu 40 fadny
' a aa a a a & v v oo ayv vy P « <
deliadding Usuwms 40 lulasBaslulasdns Aslilvuisngumgiivies azlddalifnanadaiueun
lifivhesissansarany CS, PFCANI, AuNPs uaz nglaaeandina (GC/PFCANI/AUNPS/GOX)

o (4

MIRAARTIEA poly(aniline-co-m-ferroceneylaniline) Ae35n15M1elnAA

4 o/

vy o & a ' a_a da =t ' <
auziiTolaAnuuazianndlnilagldindweslundulndedauniivymelsdudumnunuiuy

b’}
2/

JUNBUMEISn1sFuAT e INTA (electrochemical  synthesis) ie@nuwifisnudululaluns

mywauitulauainauaslulausluas Teuuseanm 2553- 2554
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tuntdigaiusulvinglaassndina lnsmsuanusdndiniienn -0.3 8109 Taad d1uiu 108U
TazdaLanisis Flow diagram

0.1 M aniline + 0.005 M m-ferrocenylaniline + 0.5 M sulfuric acid

l Electrochemical synthesis for 20 &ycles

GC_Poly(aniline-co-m-ferroceneylaniline)

l immersed

30 mg/mL GOx solution
l Overnight

GC_Poly(aniline-co-m-ferroceneylaniline)/GOx

Bontalnihimienlaian GCpoly(Ani-co-m-FcAn)  sntinitluadaeulesd GOx Tnsnisud
iniluansazans 30 me/ml GOx Wunan 1 fiu Aeuthliwrsvinglea

3.3.2 mavartilulavelualasldunlussuindavesamsvauinluiag uazlelagulunisede
wuleingladoandiad

aqail

lalagu (Chitosan; CS, medium  molecular weight)(Sigma), m3uauulufia (Carbon
nanotube : MWCNT, ‘u%qvfé 95%), (Nanolabinc., MA, USA), Li)uhﬁﬂ@lﬂﬁaﬂﬂ%tmﬁ (glucose oxidese)
weslsduasuendadilen (Ferrocenecarboxaldehyde; FcCHO, AR 1nsa)Sigma), Haawanies
wissnlgladsulslasiaurearn uazlnsinadailalalasisuneana (pH 7.0, 0.1M)

NISIAsENESLAY

asazany Iﬂimmu AILNYY 0.5 % (0.5 % chitosan) Wliﬁllﬁ.ﬂﬂ Halalagnu 11 0.0500
avantfisansazans nsnesdan Aty 2% Usines 10 mL antumuduna 2 $alue aeld
asavanslalavuiifidnuas du la Lia

15033 MWCNT-FCCHO wag MWCNT-NH,-FCCHO 43 MWCNT 11 15 mg udaifsnindu
Usu1ms 5 mL 1y sonicate Wuwan 30 vt aaniiu i FeCHO mnandudu 7 me/mL USinms 10
mL Ay stirred Tigamgiiveadunan 24 Faluaudnily sonicate WWuna 30 wiiisnads  wiwan
il centrifuge 15 uiinenalilvmnaznou dedsamiuea 10 mL uazéredaeir DI 10 mL 11
aenau MWCNT FlalUaulfufan1sedes MWCNT-NH,-FcCHO fianunsaweulsluinueaienu Tng
19 MWCNT-NH, unu MWCNT

amivannluloualnauaslulowsluns Yayuszan 2553- 2554
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AT MWCNT-FCCHO-NaCNBH, Way MWCNT-NH,-FCCHO-NaCNBH, Tngdis MWCNT 11
15 mg udndinhndutiines 5 mL vy sonicate Wuaan 10 wnil 9ty Bt 7 mg/mL FcCHO
V35 10 mL vl stirred figamgiiviontiuiaan 1 49luaudfn NaCNBH, 200 mg 1l stired
gampiivieatiuiagn 24 Haluaudnily sonicate Wuaan 30 wiisnadmdnnduily centrifuge 15
wiiideRdlianavney &1edae wvinuea 10 mL uavdredaen DI 10 mL dwsiildluouliud awld
MWCNT-FCCHO-NaCNBH;  n15LA3 83 MWCNT-NH,-FcCHO-NaCNBH,  Aianusaiaieulaluvinues
LR

ansasaneray MWCNT-CS ineslasdinduetniufiogd (MWCNT) 11 4 mg iRnansavane
Talagiu anududy 0.5 % YSuws 1 mL wdathly sonicate Wuaan 30 wnii arsuauunluinduila
Suenusavhmsietouléviueadeaty

arsavarsarvauuluindanududy ¢ fadnfusefiadans Inedenrsuauunlufiog
(MWCNT) 111 4 mg asluvin iis DMF Y3anas 1 mL 1l sonicate 1Wwan 30 ud msuesuunlu
fndriaduansavnnmsniouldvihue i

asazasiovlwinglrasendinaniududy 2 fadnfusefiaddnslnotueulesinglnasendina
1 2 meg arargluansazae WeaiadWives USuws 1 mlLansavareslsduniivendadlan
(FCCHO) anansowndealslag 99 FcCHO 0.2140 + 0.0005 ¢ asanefigiumiuea 10 mL wasluain
Y 50 mL UudSunasiviasusmsumusassdansasane FcCHO  amandudy 20 mm Fldidu
stock solution

3038 FcCHO  Tumsusuunluintlngldnmsaadumemenmsuivismemael wisx

MWCNT-FCCHO Tnedis MWONT a1 15 me udadinhndutBines 5 mL 1y sonicate feiedes
ultrasonicate (Hut3an 10 Wit 910t (@ 7Tme/ml FCCHO USanms 10 mL 1l sti figamgfivies
Hunan 1 %‘[umﬁuﬁu NaCNBH; 200 mg il stirred Viamwnﬁﬁauﬂunm 24 Filuaudnily
sonicate #81AT0Y ultrasonicate WWhunan 30 wifignAT My centrifuge 15 ummmlﬂu
ANAE nauummmmuﬁlam Thansiedoulddade wmuea 10 mL assnis wazdredaeh bl 10 mL
anende u’mﬁlﬁlﬂau’lmmmndmmwLssfm MWCNT-FcCHO

MY v

founhiliinaradarsusuludanvadluiludalwiheiasneg feuhdalnianian
azmﬂiﬂﬂﬂ’ﬂﬁwﬁwmﬂv’ﬂw%ﬁaﬂmasqﬁmﬁuﬁwé’nwmm‘[msﬂ%’mazgﬁuwmm 1.0, 0.3, uav 0.05
lumsaumudiiy Imiuddliaratndethngu 1y sonicate futhusimannlessy 5 vt wdadls
U9

$leidh GC/GOx

veaasazatsuluinglrdoandinanuduty 2iiadiniudeliadans Y 40 lulasdnsuy
flwinanadanfuey  ililiuhiilguvniveserlfdalnianaradansuouiidauvasing
wulwinglrapendina (GC/GOX)

mavannlulaualnauaslulousluan Vauuszanm 2553- 2554
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&
7l Ge/cs
weaansazarelalavuauduty 0.5% UYsinas 40 lulasansuutalwvhnanadasuou nelilv
v o av vy = ¢ o o v
unsigamgiivien azlatalinanadensusuiidaudasmnelalagiu (GC/CS)

3lnin GC/MWCNT

vgaansarargaiusunluiivaundy 4 Sadnfuseiadans Yiues 40 lulasdnsuu
#lwihnmadaniueu faliliuiivigumgiivesaylddalninaradansuauiidauasaiusuunly
#71 (GC/MWCNT)

$2ln GC/MWCNT-CS

= a & P '3 & v v o

YURATAYAIs  MWCNT-CS USu1ms 40 Tulasansuutninvinanadansueu  fal3lvuvan

gaungiviosarlavininanadarsueunidauvasmeaisvsuuilufituasiouleinglaasending
(GC/MWCNT-CS)

FIMRIGC/MWCNT-CS-GOx

hasarany MWCNT-CS Usunns 50 lulasdnsuazansavargieuluinglaassndinaniny
Wty 2 Sadniudeliaddng Usinas 100 lulasdas snwauiuluvialidniuee vertex mixer Wu
a1 5wl agldansaraiena MWCNT-CS-GOx

ihansazay MWCNT-CS-GOx 40 lilasanslilasansuutalwinanadanduoy feliliusied
gunpiiviasarldthlninatadaiveuiidaulshomsveunluindlalneuuazioulesinglrasendina
(GC/MWCNT-CS-GOx)

nsassiatinungled

Anwujiseneendinduvenglaamemeaialeadnliunuums (cyclic voltammetry ; CV) lag
Miedodnnuiloamn wazssuy 3 T2l I Infhnanadansueu (GO) wietalulawruwesi
wannty Wushleiwinau Tnelddnginiilutag +0.15 &1 +0.50 V eufudaluiadrads ialwih
Mauluaisazaneveaiaivivesanugutu 0.1 Tuans WMew 7.0 USuws 10 Haddns desisdums
vendadiles (FcCHO) aududu 0.5 fadluand Wuwhewes wemueivhanslfanisiilifieandiou
(muldvsseniafigensnau)

asvanniulsuslnauazivlouslus Yauuseue 2553- 2554
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und 4

NANINAABILATITAINANITNAADY

4.1 mawantalulonalnavialndluwadifomdedamilivszansawlunsdinld dioxygen
a . . ¥ .

(O,) fim electro-enzymatic  reduction 1Wuun (H,0) Ineld nanocomposite  vastaylasl

laccase

411 miAnymesdUsnauiiinyauvasluloualng
msfinymesrusznauiimnzauvesluleualnalaglduaninalunisiily dioxygen
(0,) \fim electro-enzymatic reduction Juth (H,0) axﬁnmmmﬁmﬂﬁﬁ%mﬁ%ﬂwﬁﬂﬁa 5 wue (a-e)
W a dalnihnanadensue (GO), b: Salwihnanadansueuiiluiniedfeasazaeeuluivanna
(GC/laccase), ¢ $alnfnanadansueuiiludneffmearsazatomsusuunluiog (GC/ONT), d: 2w
naradmiueuiilufvhesshemduauunluiny- lalasuneuingn (GC/ONT-CS) wa e: nana@ariuaud
Tudvheameesuaunluing-lelaguneuinds asaraoulunivanna wazasazansluviudsuday
flu (GC/CNT-CS/laccase/ BSA) wamsvnaaafaguf 4.1
wuinjisesinduvesesndiauiniidndlniiginin -0.6 V disld GC uas GCAaccase
Wudali wiidielddh Go/anT, dace/anT-cs uasdh GC/ONT-CSMaccase/BsA iudalwinldy
URRsE i Fuinfidnglniiszana 0.3 §1-0.4 V 3nsanisneass (Ml 4.1 ¢ |, d uag ) wui
Fnszuay (background cument; B) wastalwiy GC/ONT geigamudag GC/CNT-CS wazdalwiin
GC/CNT-CS/laccase/BSA gy iafansanfidalniih GC/ONT-CS/laccase/BSA nuinlidyga
(Signal; S) nenszuaiiniureseendiaudoauiemnssuanu (5/8) Afidunnilan wanvhianwly
aiian uaslimdndfivantia () Adnglvih -0.35 V wansiufisenidnduveseaniiaugn catalyzed
fevssAnsomgeiian  MetilesnnauaRvesauauuluiiiinuiiiaguasth Iwiles uay
autAndAuldRTuastininedlalasuieiliainsoniueuledléd wazdaaiunisiinuves
wulel Smideativayuseansasmeluiudsusayfiviidagliouleiiussansamlumsiemanniy
dewaliidrnszuaiidnnniign venanifmudn §28a10A GC/ONT-CS/laccase/BSA undeul il
dnvagmemenmitaios feledeieindudeuinmsiaarliviliAansmaseuvesasarasi
thanludvhediiiauiwesdini

mswannlulaualnauazlulouwslunt Vaudseanm 2553- 2554
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40.0 4 X
a) GC 40.0 b) GCllaccase
20.0- 20.0
3 3
= 0.0 e € 0.0 S
g g
- S
3 o
O -20.04 -20.0
- - -~ background - - - - background
N —O0
~40.0 +- — - oz - -40.0 - — ,
0.8 -0.6 04 -0.2 0.0 -0.8 -0.6 0.4 0.2 0.0
Potentaii (V vs. Ag/AgClI) Potentail (V vs. Ag/AgCl)
200.0 C) GCICNT 200.0 d) GC/CNT-CS
150.0+ 150.0
100.0+ __ 100.0
T 500 < 50.0
3 b
~  0.04 c 0.0
c e
g -50.0; S .50.0
3 -100.0. © _100.01
150.0 | - - - - background 150.01 - -- - background
—0, —0,
-200.0 — : : —~——— -200.0 ~ . —— .
-0.8 -0.6 0.4 -0.2 0.0 -08 0.6 0.4 -0.2 0.0
Potentail (V vs. Ag/AgCl) Potentail (V, vs. Ag/AgCl)
20000 @) GC/CNT-CS/laccase/BSA
150.0 -
- 100.0 -
% s0.0]
T 0.0]
e
5 -50.0-
© 100.0.
-150.0 - - - - background
1 —0,
-200.0 4 y : ~ \
-0.8 0.6 -0.4 -0.2 0.0
Potentail (V, vs. Ag/AgCl)

U 4.1 Teadnhaumiluunsiumes (2) $7lnih GC luannzitlifiuiaeandiau (duuse)
warluanneiiioondiou (Euitu), (o) Sl GCllaccase, () daln#ih GC/ONT, (dalndih
GC/CNT-CS  wae( e) $alMHNGC/ONT-CSNaccase/BSA Tuansasanedidninslas@msatwnes
AU 0.1 lwans Mev 5.0 Frinmsivavetesndumilsansavaediu 40 faddnsroud)

mafmnlulaualnavaclulowslun=
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3 a } 4
4.1.2 nsfingmissdusenavaisazarefldludnieavalwiinatadaisusuuas
d o ] o Qs o
ANMIEMNINTENVDINTINAINTEUEIANTUVD 9aNTUIY

nsAnynflervesmsaraeBianinsladmiowyuilvanzay

7MY GC/ONT-CS/laccase/BSA azgninlunmainufisenidnduseseondio
Tuasazanedmsatines aundudu 0.1 Tuand fifitey 4.0, 45, 50, 55, 60, 65 uaz 7.0
puddy  wanisvaeesfagu 4.2 Anssuaidnduluguidudadesn Slwihdinioudu 3
2l drusauenunaaedeu (error bar) wansridsauunasgiu (S.0.) 9innsia

P
(=}
f

[
o
:

AN

Reduction current (uA)
s 8

40 45 50 55 60 65 7.0
pH

LY

d o a U J o= e = . -y L7 1 ]
3UR 4.2 anuduiudseninAinszsuannujitenidnduressandiau fuAfiey voq
a o (4 § o [} (3 )
asavaneddninslas 0.1 luans fwmsatwinas

wuirenudunsa-wasesmnsavansfinasemsvihnuveaeuley fifey 5.0 1
Anszuangeiian uansiieulwiannavineliflumsararedidninslad fey 50 aeandos
fukan1svaaeswes B. Haghighi® uae M. Portaccio - @sldteulwmiuanaalunswamn
TulosurasdmiuinarsusynouRludn (phenolic  compounds)  wazwuiteulviinaring
aunsovnldRigadies 5.0

deiufiervesmsazangligeiudinszuaiiifanas denndeatusnidoves S.
K. Lee uazAmy’ uas R. Santucci wizAmiy %awuiw’lwﬁ’umaumsLéﬂﬂ}jﬁ%aﬁé’n'ﬁ'wm
sondlauluifmiwenanea nmaiasindureseanfiauiidnumis T2 uaeT3 lonsendauas
loludanansadudinadiluiureseendiausuaeuiesiimumis T2 MazT3 vououleiuan
Lﬂalﬂ m'l.mn,aﬂt,ﬂaazymaauummsLﬂummﬂgnsm Anszuaeanasilefiavvesansazany
Wty defunuideitadeniier 50 Wuflewesnsazmedidninsladifemuiivansas
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nsdnuuiurmarfvsuunTuiindiimunsauluwvindvasfagdeusznou
arsuauuluiiav-lalaguaaulnda

TunmsfinywndSinamsveuinlumvhuunindvesiandausenaumivauuily
fnd-lalmeuiivanzan swnien Tulsiwuises GC/CNT-CS/laccase/BSA Taeldasavaroves
Asuaulufiay 1.0, 20, 3.0, 4.0 uay 5.0 fiafinfudeliaddns waufvansazanslalagruaiiy
Wity 1.0% wavastBinamsusuinluing sensinvinuiiienidnduvetsendiaunansiagy
M43

40-
2 30/
L ol
c
£
S 204
L)
[
2
© 10-
=
)
&
ol ——— : : S
1.0 2.0 3.0 4.0 5.0
Concentration of CNT (mg/mL)

d v g ' ! oaa <l 4 = UV bed 3
JUM 4.3 anaduiudsewindinssuaninufisenidnduveseandiauiuauiduduyes
asvsunluiitileluurindvasiaqdaszneuasvsuuniuid-lalae

Nnrammaass Wevsinavesmfveuuluiiatifiuduen 1- 3 fiadniude
fodans mnssuadlaiudy  Fuluwananaudfvesniiveuunluiifuduasiinuiitogs
uasiinuanansalumsihlni s defhBinawesmsvauunluiintinasudwiliannsonde
wulesildunniu mﬂizLLai"i‘lﬁSaﬂmﬁugaﬁu wrgUSunuesarsvaunludiudivnnfiulingu
wldiAnssuaanas dudunaninmsthlwilddeesanfvouunluiing  wldenssuaiu
(background; B) flvualngitu g Signal; S) MnAnszuasinTuveteendiuiioaude
Anseuaiuy (5/8) Safimanas satuadenUsimumiveunluing 3 fiadnfuseiiadans Seld
Fnszuatigeignlslunisveaasisly

nsAnevinalalavunmnsanluwvsndvasianalsenavanivauunluiind-
lalagunayindn

TumsinwmBBunavedlalasuivansaulumindvesiandssnavaivey
unuiiv-lalegu TdSunavedlalagududu 0.05, 0.1, 0.25, 0.5, 1.0, 1.25 uwar 1.5 % u
asvauuluinl 3 fiatindurielindiing wamsnaaouanifagui 4.4

mavaululaualnauazlulouelune Yauusranm 2553- 2554
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40+

w
o
|

#

Reduction current (pA)
s 8

ol

00 03 06 09
Concentration of chitosan (%)

1.2 .

15

JUN 4.4 mwdniudssriuinssuaanujiseidndureseandiau fumnandutuves
Talaeulusivindeesiagdwssnoumiveuunluiing-laleen

wuidlomnuiiiuvesdlalaeufinnniusinssuaildifuiy Wowinasdidn
fulanveslalagufuansiinm Saasduadunmsvrusenoulesivaniaa Anssuailass
Wty LwiLﬁaﬂ'nuLﬂ'u-ﬁ'uqa%umnﬂ'h 1.0 % wuhmnszuasuanas essndiivsualaln
enanniusimmmiaiituasiirrwaanselunsihlnihasas Yiinalelaswiinniundy
1.0% vhlsszavsnmlumaiaureteuluianas ffuSuden 1.0% lalnewdslirmnssuad
gafignudfivanzay

nsAnsnavastBinaeulviuaaed

ieldsnsdiuvasmindfagdasenaumfusuunluiind-lalagufimnzay
ud Iohnsfnymareiinanelesivanea rnudutuiifinede 1.0, 2.0, 3.0, 4.0 uaz 5.0
fiadnSuefiadang namannasnansgufl 4.5

&
(=}
)

30 /\*
00 20 40 60 80 10.0
Concentration of laccase {(mg/mL)

Reduction current (pA)
s 8

d a .7} [ 4 ] Al XYY a as (7] - L. £ %
JUN 4.5 anuduiusssuindinssuannufisenidnfuvetsendiau fuaansutuves
wuleduaarailslunssodalnih GC/ONT-CS/accase/BSA
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PnRanMmAaadluun 4.5 Weauanududuveseuluiuaniaaain 1 - 4
fiafinusiefiadidns avlamnszuaidnduvetsandiauiigiu Wewnuinmeuluigwudiess
Ufiisenlantu Jufuavannsolummmaingu Anssuailndagetiu TneuTuaeulni 4

& 1 a a

nfudeliaddns sxlvdnseuaiundian udloiuaudutuvenauleiguuinnit 4

a @ 1 o aa '

»

[ I = ]
2]
p27 ]

a

umdndamdsuseneviiviunudida  duiulSuiaiiuinniunevaseuleivandsliiinase

1
-

ANTzua searaimdaswnannUiniateulaiiduiinanniiune  dwalmiansiunmums
mewdianasauls sulududeananududuvatoulmivasnean ¢ Jadnsusefiaddns 1dlums
naaawell

nsAnemavestinuasazaneluudiusayiiv

msAnsUTInaasasaelviudiudayiiv  wldrnududuvesansazarglviv
F3usayiiu 0.25, 05, 1.0, 1.25, 3 uay 5% wavawSuasavasluiudsusaysiudedinih
GC/CNT-CS/\accase/BSA foAnszuaifnfutetoondlau wansfgui 4.6

40 -
230-
-
e
£
3 20
Q
=
]
T 101
3
©
[
¢4
o"—‘ﬁ T — L 7 T
60 10 206 30 40 5.0
Concentration of BSA (%)

s

d ar o 4 \J aaa U/ a @ v v
U 4.6 anuduiussenidinsuwannuiionidnduvesesndisuivanududures
asazansluiudfudayiiuildlumasienlulowuges

Weriunnauduiurasnsazaneluiudiudayiiuen 0.25 sufis 1.0% vxlfenszua
ity (Antuanidueussana 120%) Tasdrnududud 1.0% Wanszuageiiae uansis
avsazareluiudiudayliuidwdelunmaihnuressulul asnadeatuanuidsves J. Kulys uay
s> Felduannaiiumisifidoreenfiadunes methyl syringates wazwuIluiudiudayiiu
annsatesiunisifia inactivate veuaulsiuanina
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21NN15NAABWLBAMUTUTULRUNINATT 1.0% Anszuadilanduanas Madlenaduna

4' = <l L7 L7 elel a o Y a Qs 1 Y 13

WamnUiinameduiudiudayiiunfnnifulvmbiianisdavienisdiemdidnaseuld
Anszuaitlsdeanas suiudadenly 1% Tuiudsudayiivlunissnuusdalui

4.13 msdnwdyyrunisasususivestalufin GC/CNT-CS/laccase/BSA #a
YSunuufideandiau
RnranismaaedlunsAngImanziwuizan wuitesdusenaudi q @
nzaslunawdoudalni GC/ONT-CS/laccase/ BSA Apldmsarmesvesaiueumntuiog 3.0
fadnfurefiaddng waufvasazarglalamummndudu 1.0%  dwmeavudalniinarad
afuau 20 lulasdns Aeliluwiaiigungiivies nduiinedusulelaonimeneulsiuaana
aududu 4 fadniusiefiaddnstiinmes 40 lulasdns  AilHueiigamaiivies uazven
arsazaneluiudsusayiiumnndadu 1% Vaines 5 Talesdns Aeliliusiegnmgiivies avld
71w GC/ONT-CS/laccase/BSA (ifaiataivh GC/ONT-CS/laccase/BSA snfinennisaauauas
sovsinaufasandiou Taslumsvaasnsmuaidnsinsivavessendinumilessiuaisazansi
20, 40 wax 80 Heddmssiou AN SVIeABIARITIN W UT 4.7

200 | 3
1] €
150{| i ——
< 1004| i
= ] T @ e s 16
: 50 ' Flow rate of O2 {(mUimin) )
§ 0l s
= 1 e A
S 50
-100 - ....... ~ - ~20 mUmin of O,
-150 - —-—-40 mUmin of O,
200 —— 80 mL/min of O,
-0.8 -0.6 04 -0.2 0.0
Potential (V, vs. Ag/AgCl)

A U U 1 L o aa «l ar O = o ar o
sun a7 mmauwuﬁ‘szmwmnsxuaa1mJgnsmsmmwmaanmﬂuﬂuamwﬂﬁlwammuna
2ONTLAU
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mnsTuasnTUYeteandiauIrduNUEfuSas s Inave i ase ndisuifintunuy
Wuduess (¢ = 0999, Mautuvesaunsdunsaiuy 0.279) fdrwessasinisivadiviims
nAaBa 20 — 80 Taddnssewdt Anszuaildenmsiagh q Srnmuites (precision) fundelvien
%RSD t¥nfiu 3.89 (n=5)

nansvaassanmaiiavadaleadnlaunuumd  wansldidiuin Sl GC/oNT-
CS/\accase/BSA AanntunovauswoUSinuesndey  annsoltiiusnsivineendiou  uay
owssthusegnaldidusinnairlumsiensivinueentniluszuuiiinisivafomeda
weumeslsuvd owauiiusruuliensitiinusendiauiiazain 1aa6a warldarsusune
"oy foly

4.14 Anwrarnatesvasiulawueas

Anwieuiafiosuestalnin GC/ONT-CS/laccase/BSA Tnsmisiwoudalnin 3 4
uazthandadnssuannujisonidnduveseeniioy. wimnefeutalninlidussesom o, 1,
2,3,4,5,6,7, uay 14 u

NGUT 4.8 WU INHIGC/ONT-CS/laccase/BSA Senuatios Tnprnszuaiindy

a Y v oA < ' o - ) « o
vpwanfilauiitaannisiadlawndsulaluil q vdsnwsenlulowueesll 1, 2 way 3 Ju Ja@

' 1 %4 A i 4 s ' a' L4 :\' : o/ [y A (7 1 v
AautnemnuaslindidsaiuasuAY (~100%) wassuanasdiodaluiun ¢ Teednanseuala
Useanm 85% uwasiiondly 7 JuAnszuaanauvdeussuny 76% waranauvdauseunm 70%
ad v Y
wehield 14 U

~ 100 I—-i\i,\

80+ {\{\{‘i\}

20

Relative reduction current (%

4

oA
N
E-9
[-;]
(-]
-
A=
-
n
-t
E Y

U 4.8 Avuafisvasdalnin GC/CNT-CS/laccase/BSA fissaziansn 4 Tunisifiuinu
(Fuiigumaii 4°0)
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diewssuiisufumnatiosvestalnih e1naideres H. L Pang  definwn
il 2 4fin Wud wiad 1 nanadmiveudisauusisansavarsafueuuluinduasioule
LanAa (GC/CNT/laccase) wavdalwihwiladt 2 Salwinanadensuouiivaudsieansazans
ansuauunuiUitimiaddudiu 1-aminopyrene (CNT-AP) wazthinsiaeulwinaainalngldn
ganonleriduiitae (G/ONT-AP/laccase) Fmuindiafiuliiduia 7 fu mnszuaitlsannms
SatalnieiioR 1 vzanaundouszanm 69.3% waslutlndheliedl 2 wdeUszin 853 %
Flshiimuniulunuddeidensaeulefluaminsesniveuuniufiog lalavuitlviu
FudayiiviailauaiosiniudeioudisuiunmeFaeuleslumfusuunluing @lniheida
# 1, GC/CNT/accase) wasiipnuatiostioaningalnfiwiladl 2 (GC/CNT-APAaccase) (ntine
wiilenBeudiouianslumsdodinihddudslwiheied 2 feddidusoulumswioumiuey
unlufinlifimHerdudy 1-aminopyrene (CNT-AP) Fafiunszurumsiideuinagaen dudeu
Hlwiitauniilunidedsdienuasan wasinlumsiounnni S lnivaunSull
anuateshanunsoldiduimanineandiou warensiudszgndlddululewalnaluigad
FomdsTanmld

o & a a a et o
62  meswannsalulosslunviinlmlluvadifomasdanmiiivszansamlums catalyze
Ufjisuneandiatiuranglad

L4 z = o ey
4.2.1 n1snau1valulauslualasldinduesuiia polyanitine (co-m-
ferrocenylaniline) Tumsn3asulusinglagsanding

4.2.1.1 Anvwnasdusznauiiinsanvaslulauslua

A ¥eludrildndwe fthlnfwila polyaniine (co-m-ferrocenylanitine)
739 PFcAN;, lalnenu LLasLaulﬂﬁnq‘Eﬂaean%mam’tﬂums‘luﬁﬂwéﬂsﬂwﬁwﬁmnma%ma"uau
Lﬁ'aﬁ’mmuﬂ%‘lumwsn’a’mﬂ%mm*nmﬁmwanq'l',ﬂa Tnglumsfinwimesdussneuilvansauss
Anvinafaufiteisendiaduvesnglaaiitalnii 5 ¥ia (AE) Ao A: Balwinanadmdueu
(GO), B : Talunanadensuouiludvivesdolwauies PFCANi (GC/PFCAND, $2nHA C : Sl
naasesUsuTlRYhesesInaes PFCAN waznglaaeandiaa (GC/PFCANI/GOX), D : sl
nanadnsueuiludniodselalag iy, Indwes  PFANI waziaulusinglaasendina
(GC/CS/PFCANI/GOX) uazdalwit B : $alnihnaradenfueuiludmosselalaen, Twdues
PFCAN, aqmﬂwmuﬂu (AUNPs) uasﬂq‘lﬂaaan%ma (GC/CS/PFCANI/AUNPS/GOX) o
vnsdnerluanisihifioondiau (naassnslivsserimaiieesneu) nanisdnwim
aadUszneuminzanvedlulawruees uandldfigui 4.9
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Current (pA)
QO © =2 =2 NN DN W W b
o
]

[
o
13}

1
-

00 0.2 04 06 0.8 1.0
Potential (V)

gﬂﬁ 4.9 lgadnhiauwniluwnsuvesansaraisnglaannanguiu 10 mM Fialwih (A) nanad
AsuBY ; GC (duvsy) wastalwdnanadmrsveunsnuusmeianuiluigalsznausing q (8)
GC/PFcANI, (C) GC/PFcANI/GOx, (D) GC/CS/PFCANI/GOx way (E) GC/CS/PFCANI/AUNPS/GOX

wuiiisaluinedia A (GO) uazdalwiheiia B (GC/PFCAN) ngleafinUfisuieentintud
Andluras warliudygindinseuasiluinlugraflawny drudalnfrgia C
(GC/PFCANI/GOX) nglaaifinufiSensendinduiimdndluin +0.65 v uaslidnszuaeluinidu
0.50 pA uaadliiiiudnindes  PFCAN wazieuluinglaasendinatisisaujisonnisia
sandindurenglaa YRS wRadidndlninsas daudalwielin D (GC/CS/PFCAN/GOX)
sandinduvesnglaainiirndndlniih +0.61 v uazlirnszuaslufindu 0.90 pA wandd¥iviuin
msTufnedtalwi Taafalalneuaniuiidengindiues PRAN wasioulusinglnasendina
Helitalviisianmloty dndalwihelia £ (GC/CS/PRCAN/AUNPS/GOX)  Tiannszuaailufin
flgaianfio  1.20 uA Adndlaidh 4060 V. wandliidiudn AuNPs Wushtaeyin RGN
sandiaduvasnglaatinldddurinlidinssuaniTuiingedy fasfudaluin €
(GC/CS/PFCANIZAUNPS/GOX) Sudludalnfnfifianinlalunisasiadaiigeian wmngdumswann
Wungledlulawueeidnfudadentalnihein £ \ussiussneufimnsanmedlulousiun
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4212 Anwwavastiuaeymanauniy (AuNps) lunsTudvedslvih

Tunsnmassiiseyinns@nwiviusuna AuNPs Awnsaulumsiufviendllwdn
a . = a a
YA GC/PFCANI/AUNPS/CS/GOx Hamsnaaadluns@nemusuim AuNPs  ivungaulunig
Tudvhestrlwihnanadmveu uanadagui 4.10

1.5 4
z 1.0 -
=1
E 1
£
5 0.54
0
0.0 1 T L L) L} L)
0 10 20 30 40 50
Volume of AuNPs (ulL)

U 4.10 nmleuduiudsewinenselwiiads Fygiuen 3 $2lnih) veanglea
ANUTLTY 10 mM AudSinnseas AuNPs ilumsludnieatalni GC/PFCANI/AUNPS/CS/GOX

mnsﬂ 4.10 wuinﬁaﬂ‘%mmm AUNPs Lﬁuawﬁu 90 0 -30 L Ansvuadiled
wunTiugedu faiforaiiosain Aunps uﬂmauum'lumsuﬂwﬂ Waztsfise il jisen
aanmmwmna‘lﬂaLnﬂ‘lﬂmumns LLaﬁ'lﬂwwuawu wawilaiiuySne AuNPs untiunda 30
pL atyqnmmnq‘[ﬂauuuﬂuuaﬂm ma]Luaqmnwuwmwuwaam’tﬂﬁwmmsnussq AuNPs 161
$1ife dlainySina AuNPs WHUSInannniuiu 30 pL enszuaildsdiianas nanisAne
WUIBINASYee AuNPs Allumsudveddalnih 30 L Wudimngay

4.2.13  AnwINaveIn2utiutuvesdansaraty  polyaniline (co-m-
ferrocenylaniline) Tun1sluavhedtalni
AInaasisrAnvinavesnududuresaisazarelng PRCANI #lunts
Tl GC/PFCANVAUNPS/CS/GOX Tnaay Tadgyaaanglaa Taglddalwilufivied
aigansazaglndiues PFcAN (lu THF) auidindusing 9 1, 1.5, 2, 2.5 uaz 3 mg/mL USues
40 pL Namsmamuamﬁagﬂﬁ 4.11
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1.5 -+
b}
~ 1.0
z ¥
5 }
5 0.5
©
0.0 -~ : - -—
1.0 1.5 2.0 2.5 3.0
Concentration of PFcANi(mgiml)

gﬂﬁ 4.11 avwarwduiussevianstniiede @ygrunn 3 1) veanglaa
AUty 10 mM fuA TNt uYR NG Lues PFcANi Tun1sludnrgndaldn
GC/PFcANI/AUNPs/CS/GOx

o oA P v v a - .
wamivaaatlugun 4.11 wuiidiomupnududuvesindiues PFANi 910 1.0
<t ' a A-lvd "o & v - | v v
4 25 mg/mL fnszuasludniilaliriuiu uazlvinszuagaianinnanindu 25 mg/mL
5 L4 o a [ . ° o ] a aaa
niimalisannindutes PFANi igaanilunisialndng Tawanansasmsiauizem
V. = ("4 ) 1] A o L) ] v
Iiled uarlulndwesddineslstliananey &1 weilsuduamirdididnasou Taelinglaa
- - a8 - LA d 5 v d‘l ! v a
annsafiaufiseresndintundndiniiime 166ty wannnsmaasawuheadudureddng
< -
\Wed PFCANi itvanyay fs 2.5 mg/mL

) = (3 5
4.2.1.4 dnwuavannududuvadlalagiunlglunislusivhedurlvy

_ Tunsnwmavesrnudndurasarsazarglalaeulalagy via CS Alunis
Tufivhestalai GC/PFCANI/AUNPS/CS/GOX HamsvnaguanifagUil 4.12
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1-5ﬂ b)

21.0-

2

-t

&

E 0.5 -

(8
o0+

0.0 0.2 0.4 0.6 0.8 1.0
Concentration of chitosan (% )

gﬂﬁ 412 nswarudimudssrnernsyiwiieds @yagrmen 3 43lnih) yaanglaany
VY 10 mM duA21uiduduvesarsazarelalngiu lunisludnrendaivda
GC/PFCANI/AUNPs/CS/GOx

wan1svaaaslugufl 4.12 wuiienduiuvesasazarglalagu 05%  azli
mnsvuaﬁmnﬁam Ao 118 pA  Tesundimnenududuvesansazarslalagiuuiniuasyinly
m'lua'lu'ﬁa'lun'ﬁmﬁmﬂawu dasnanautindhiuldfvedlalagutvarsiinin saglieulel
mwmwmmmnwuavmLasumsmmwauau‘lﬁuna‘lﬂaaan«ma ummammwuwmmmnu‘w
Ansudazanas vaiesilsindiiviinadlalaeunniuez :ummvmﬂmwuuauummmmm'lu
msthinfhanas  aruduiuvedlalnsuiimnzailunsliivnesialwids 0.5 %

4.2.1.5 Anwmavasanududuvawaulwinglasaanding (GOx)

Tunismeassiiazfinwinavesnrundutueuluinglageendna (Gox)  #l#lunis
Tudmedalai GC/PFCANI/AUNPS/CS/GOx Hamsvinaaanshuzul 4.13

NAIINMINAABIINGUT 4.12 wuidlariumnududueuleinglaasendinaan 1
Wu2  myml aslddinssuafiingstu  ailieananiuiiionivedalnfannsag
wulwminglaaeandinaldiiuuniy widaiinaududuvsaeuluinglaasendinauniu (-0
mg/mb) WudtAnszuanlfiFunsi waileraifieantaanfanirvasdaiddranunsag
wulwinglaaeandinalsluviinadiia msfuanududuressluinglrasendinaluasazaneilily
nslufvheddslifinadarnszua fnfuruduiuvenevluinglrdeeninafimnvauie 2 mg/mL
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1.5 1 b)
h }—/{\\ N{-—— -/E
z 1.0 4
2
|5
£ 0.5
5] ¥
1
0.0 r ¥ v v — - v
0 1 2 3 4
Concentration of GOx (mg/mL)

~ ,gﬂﬁ 4.13 n3miAuduiudsewinemnsslineds @yaiaein 3 Halwi) vaanglaany
Wadu 10 mM duanududuveiansasatsisuleinglaasandinalumsiudniedgalndia
GC/PFcANI/AUNPSs/CS/GOx

o a « &
4.2.1.6 finwwaval pH fivmnsanvessazanedianinsladinenyu (supporting
electrolyte)

< a & « X a <
HAYINNSANY pH vesnsavaneBidninsladinenyu wanaisgui 4.12
NUN 4.14 a) nudilumsuitersendinduvaingleassiinndndlniiisnas e
o < A’ ﬁ. d" T -

pH vasarsazareBidniasladinanyuindu wansiaundunsa-ua vesaisazarvdidninslad
& o ] ° « < ] ad « & v
namyuiinasisnsvauvesulesd 9nguR 4.14 b) wuhasazareBidninsladiiemyu pH 7.0 gl
U d d. « - A o N d" o
Fnszuanaign  wanuauluinglrasendnaminidlumsianulungladluwaluail awnsavivny
Tomuneainiwinesaiandutu 0.1 M pH 7.0
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a) 4.5
4.0
3.5
-~ 3.0
< 25
= 2.0
o 1.5
5 1.0
O 0.5
0.0 .
-0.5 background
1.0 4+—— v v v T v
0.0 0.2 0.4 0.6 0.8 1.0
Potential (V)
b) 3.0-
2.5
—~ 201
340
T 1.5
g 1
-
3 1.01
0.5 4
4
0.0 ' y — v v r T
5.0 565 6.0 665 7.0 7.5 8.0
pH of 0.1 M phosphate buffer

JU#l 4.14 msfinwirares pH vesnsazaredidninsladifompudansansinnglaa a) leadn
Tauniluunsuvesasazargnglaa mundudu 10 mM lumsarmedidninsladifomuduroas
UMies madudu 0.1 M pH 5, 6, 7, 8 b) nsauduiusszwitwinseuaoiuin pH sl
asaraedidninsladifemplumsTudneddrininanadasuoy

4.2.1.7 msfnwqudnuusvanglaslulewuived

anuafesvanglaaluloivuiwes

lumsfnmauiadosveangladlulawusesiinutuerltinaliauoumesls
uvidlaelinglaaluloisuiesiinnniu (GC/CS/PFCANI/AUNPS/GOX) iWudalnildan Tdndlniud
Hlwildud +07 v lunmeasumnativsvengladlulaleuesvinismaaedaifiuaisazany
wwsgunglaanmnduduiiar 1 mM (12 ) aduarsasans Neamatinesarmidudu 0.1 M pH
7.0 waMIMAABILANIRIUT 4.15
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250 -

glucose

200 -

Current (nA)
-
ES

g

50 -

0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)

= = - «
JUN 4.15 uewwesTsunsuvanglaalulawueeslunisfinmarmatiosvengladlulawuees

- v oA v v - 4 A\Lu & d a
NN 4.15 wulwdlernudindureinglraiudumnszuanidasgeiulasdiodunglaaaiy
v v @ da & v o o ' ]
Wty 1 mM nglaalulaiugeianansansieianssuaiifieiuliogisind vaeivasiwlvdinssus
d o MY al ' va a v v ' v ")
nns19dnlaasaan u.asn1smauauaqmnssuaﬁ‘lmﬁamummvumu'uaanq‘lﬂaﬁm'lnal.ﬁﬂqnu

AnwdindndinA1galun1snsaaia (limit of detection; LOD)

Tunsdnwdadifariigalunsnmsinlngldinaialaslusesnesisums Yiims
naaedasifvasasansnasgunglaarmmunduiy 1 mM 5 a$y) adussasars veawiadmiriasn
Wty 0.1 M pH 7.0 whdnsvuaildainmsininau 5 adt frwamaudssuunasgw 6.0) u
myinansazarmnasgpunglaalasdanann th 3 0. mdnammeutuiuiiduiadiiasgs
Tumsanada Feinamndadrialunmsnma¥ald winfu 0.125 mM fid RSD wiifu 4.34 % wanein
nglealuloiwueesinanniuiiiasinlunisnssimBinunglaaldiemududushssedy mm uays
g

AnwnavasRlsuniu

Tumsfinwravesisumuiiiinasenisnssimsiinunglaasomadn  weumesls
amFlaglluTosuigesiwanntu Tnvansazarsasgiueesfisuniuivinnisiine Wun sucrose,
fructose, ascorbic acid wag dopamine WwIndganvsinglaa uazz’l’tuimmﬂadnqiﬂaﬁﬁﬁiiuniu
anututudeg ddygaensruaildanmaneaedumsasairauiifiaaranennnsgiutes
c-ﬁ'asumumLU‘%‘UULﬁauﬁ'ué’zycmmaaFhnisua*?i‘lﬁmﬂmsazmsmmgwnq‘lﬂaﬁ‘lﬁﬁﬁﬁumu Fath

mrannluleualnauazluleusluns Tauusyanms 2553- 2554
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dygravswminssuawaninafuiu £5% 0971819888180 IMTFINYRIAITUNIUTNITTUNIUITTUY
a o <
AATILI NANTINAADINARIGIINITNA 3

= e Y
A17199 4.1 HaNITANYINAYBIAITUNIU

FITUNIY tearududuiifnm Tolerance limit (mM)
(interferences) (concentration range ; mM)
Sucrose 0.1-11.1 1.1
Fructose 0.1-10 11.1*
Dopamine 0.1-0.2 0.1
Ascorbic acid 0.05-0.15 0.05

Y < 0% '
* wnudgqranddsundaniosnia £5%

A J s
NENTNA 4.1 WUIANTALABIINTFIUVDIITUMU sucrose Uae fructose NITUNIUTEUY
tolerance limit 994 sucrose Wag fructose Ag 1.1, 10 mM @u fIsUMU dopamine ka¥ ascorbic
] o .. . - - |
acid umﬁumumim?ﬁnﬂnqlﬂa tolerance limit Y84 dopamine wag ascorbic FadAUNEN 0.1, 0.05
mM a1y sivdionailleswnainaisisaswilaiilfuansdunidiannsoiaufiieroendiadulan
) o P " @ ' < YRR
ﬁ’nﬁlﬂﬂwﬂnatﬁaanunq‘lﬂa Fioalinanedyg INTeIAINIEuannsIvInla

nmsanemIYamsnsusuaaudunse (inearity range)

lumsfinwdanisnevavendudunswwetasazatsuinsgiunglaa Tasnisfin
arsazansnATunglaafigls iy 2 - 20 mM 1dnanismeasafeguil 4.16

MU 4.16 wudrnszuadfngingi + 0.7 v iisiusuududuasaiionruduiy

vossaraeinspunglaaiuty Wenasansmuansmudiiussznivenududuresasasane
nglaanimdudu 2 1 20 mM Ausnszuaerifnaidunss uansiegy 4.14 b) Ifaumadunsadu
y = 5.5588x+28.27 §if 1 = 0.990 Fafimlndiinety 1 Fsdoinwausuld dufe Anszuaulsiunseiy
rudutuvenglaa fitnmrevausadudunsivesasazaibuinsgunglaa Aes 2 fis 20 mM
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250 a
glucose
E
5
£
3
0 4 . S ¥ . : , ,
0 200 400 600 800 1000 1200 1400
Time {s)
200 -
b
— 150 -
g {
£ 100 -
g
“:3 y=5.588x+ 28.27
50 - r*=0.990
o t T 1 3 T T T T T 1
0 2 4 6 8 i0 12 14 16 18 20
Concentration of glucose (mM)

A =2 H v t
JUT 4.16 nansfnwgaimsmevauandudunss a) uenmeslsunsuveanglaalunsfinundae
v e v v '
mimevaueaduidunsvesnglaalulawuiresnamudutu 2-20 mM  b) AT NUERIEINMTABVEANDY
Hudunsa

4.2.1.8 M5duas12# poly(aniline-co-m-ferroceneylanitine) Aaw38n1maelnia

v

auyfideliRnmuasint v aglfindweslunduindetsuiiivinelstudum|
unuvwnuuiuseiinsduassiniinis  idefnwdierudululdlunisiungiends
wouleiinglaaoandina Tnidalwilh GC_poly(Ani-co-m-Feani imseuldlusilumsarasnglaasend
1w (30 me/mL) Wunian 1 A aldtalnd GC_poly(Ani-com-FcAni Gox  wanimaaeuiosdu
wu31$2 I H1 GC_polylAni-co-m-FcAni Gox tasutuliinsvaussnenislderuves

¢ a o ¢ - Y <
wulwinglaasendina lumsazaedwinesvomaain 7 pH 7.0 Awandlugun 4.17
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copolymer 20 cycles dip GOx

Ul 4.17 lendnhauniluunsuvestalnin  GC_poly(Anico-m-Fcani) GOx  Tuansazans
Urivlesvaleainn # pH 7.0 Anuidntuves glucose A Wu 0, 1 was 2 mM awdsiu

Indefiduiimjielsduiiumjuniuuniauududdaaneisisisasmalai i
awsadaslunmsnsueuluingladeandina wideradeananlassaivsdwdenfuvudnarad
sy Lifimmanduzungu fadu Wewh GC_poly(Ani-co-m-FcAni Wrsaeulesinglaasendina lae
msutsalniluasaraenglaasanding yilieuleinglaasendina liawnsoundidiluunsni
srnduftmivedniediuvudanaradmsveu %’adana’lﬁ%ﬂﬂﬁwfﬁzjmauauawiamﬁmﬁsﬁn@'[ﬂa

pddlsiimutalniwandaunsaneuauesio nsaueareitn wiednmiulfiiuedis
# nmnaaswisluTadumsiaundalndia 6C_poly(Ani-co-m-Feani iiteiludalnitnlunisiansa
woaAasln

msUssgnaldldindueiviia PFCAN Tumsiansinsaueanain

o « . . a9 a ¢ Vo o
nalnlumsdaasient poly(Ani-co-m-FcAni fivalnihnanadimsveuuandlangun 4.18

Orn Oyom @GOOHQ}

Cydic voltammetry
————e B
Oxidation @

GC electrode Poty{Ani-co-mFcAni)GC dectrode @
where x (0 < x < 1) relates to the substitution stoichiometry of m-FcAni unit in poly(Ani-co-m-FcAni),

a ferrocenyl group is labeled as -Fc and A is referred to HSOj4 as a dopant to poly(Ani-co-m-FcAni)
backbone.

d o ¢ o o
3UT 4.18 nalnlumsdansest poly(Ani-co-m-FcAni Aidalnhnanadiniveu
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F2lw1 GC_poly(Ani-co-m-FcAni Avautu mminﬁqu’lﬂszqncaﬂ'&,{lu%ﬂwﬁ'\lu
ms¥ansausanasleld  (fosndalnihinevauairensauoaneidn Tnemnszuaitinlafidndind
+0.25 V Lﬁuéumum'\mﬁuﬁwamwLLaaﬂa%ﬁﬂ Fguit 4.19 @) $lwi GC_poly(Ani-co-m-FcAni
Fvanntuiimnusimazienzasdensaueanaite esinatssuniudieg wu lavndiy waznglaa g
Liliygaiidalnid fgui 4.19 )
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(a) Wleiimsipuueareinuedn (A8) Winudududuiuedar 0.1 mM s1uau 5 ad aduensavany
0.1 M &msaivivas (pH 5.0) uax (b) g uvsinsanoidauedn Arandudu 0.1 mM was 0.2 mM
lefinisidy Tnndiu (0A) uaznglea (Glo) Wilmmdutuiiduadias 1.0 mm

o 14 a
4.2.2 n1snautalulaualualae ldunluasulndavatarsuauuiluiag uaslalagulunns
asuauluinglasaanduag

4.2.2.1 msAnemasdusznauiimnzauveslulauelun
mAdildaumetalunrieulsinglrasendinauufmhuesdalniivin
nanadmiueu Tngldmsveuinluiing. daduamsiiimuiioguasannsogansaneg luieaisveuunly
Fodls Husdeldannsasfusuleinglarsendinaldluuinuitgeiy Masavaelalaglunis
Haeliaulediiimiundiigeiu lunswaundluleusluslaglioulesingladeendindlunsasiain
Uiseeendintuveanglaa wansnymesduszneuiinsanvasdalulouslunuansdesud 4.20
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lafinrsunlerdinlaunaluunsusesnglaaluguil 6.20 Adldtnis 6 wiin (a-
Al A faldinmademsveu GO, B salwihnmadasveuiludvhediengleaosndina
(GC/GOX), C alnnanadmfvauilurhesmuasasanglalneiu (GC/CS), D talninaradmuou
ludvheddsasasmeonifusuunluing (GUMWCND), £ $ilninaadanusuiiluiniodie
msazampmvauuTuiing/lalagiu (GC/MWONT-CS) was F - $alwihnanadmsusuiiludmnosidoe
asazangnanvasasusuunluihv-lalasuuazioulinglaaeandinalGC/MWCNT-CS-GOX) s
aaoslagdl FCCHO Arudardu 05 mM  Wuwiawmes azdiuldidalnitni 5 oiin (AE) nglea
Anuiisoneendnduiidndlnihiigindt 050 v Tusasfdalin F (G/MWONT+CS+GOX) nglaa
Aaufsueendinduiidnglni 032 v uazlidinszudlnihgegaiian desnindalvdeia F o §
wuleiingladeandinaliufivisiswfiser iiawnsansieiangleaiidngdsiiqld flalaeugaels
wulleiifinnunsiunty duasusuiluiidliasnsodliihlia wesdssuiiiolunsqeule]
vlinnnswdedidnaseugdeninglrainuiisoeendinsuldi3aiidnglich dadudalni
%iin GC/MWCNT-CS-GOx Jafudalritlulalousuaivanzay

a o
4.2.2.2 AnwvnaRiaimasiivinsau
& a ¢ al ' o 1 a & o
TunisneassiiasAnvidewesAmnsanlunisdisirddidnaseu Tuthindeia
a ¢ o a [V ’
GC/MWCNT-CS-GOx Taaudiainasnazvinnsfnwilaun ferrocenecarboxadehyde  (FcCHO),
ferrocene (Fc) , potassium heaxacyano ferrate (K; Fe(CN)s) az prussiun blue a2utdutiu 0.5 mM
HANITNAABINANIAITUN 4.21
o ! - aaa a 9/ - &l ¢ o

nnanvaaedlugun 4.21 wwilumsifinujisoeentinduvenglaa aziiandndaas
A o a ¢ o ] alul o 1| ad o t d o o, a ¢ vy d 4
dieliwRaweminlunshddidnaseu Januidiedl FcCHO Wuwdawmesaelvirnsyuangiign

' ° v ch o i a Vo o @ P - a o W
wanedn FeCHO Yhwmhiilumaihddidnesoulaings uaswuhdndivihneeaniaeonludniifmuans1aiy
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t @ e - a o - | o W ' ot <t Y
mdndfiveafinailuinaindt fis 7 0.25 uay 0.30 V mwanu sdwlsisniiswSsufisuiv FcCHO
o v a £ ) J ﬂ' 1 J ] 1
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e‘ sJ H v a aaa o o P t; [ 5 a (e‘
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4.2.2.3 a1sanymriavaarfuauun luinuiimunzas
TunsAnwdwiinussansusuuiluiitnmunzanlunmssssululouslua  ¥linarsusu
yluiaintelunisAnwlaun MWCNT, MWCNT-NH,, MWCNT-COOH  wag SWNT-NH, #anisvnass

LLam'lﬁéi’quﬁ a.22

70.00 -
60.00 -
50.00 -
40.00 -
30,00 -

20.00 -

glucose oxidation current (HA)

SmM

A 42 MWCNT-CS-GOx

B 23 MWCNT-NH,-CS-GOXx
C 17 SWCNT-NH,-CS-GOx
D 23 MWCNT-COOH-CS-GOx

3
5

-10mM 15mi/
ANy glucose (m)

JU# 4.22 nswlwiauanawansisuifisutilulaveluaiildarsueuuiluiiteiingiag lunis

Tuivhesdaluin

vinsamsvaaeslugui 4.22 Aldezduinfidndinind 035 v Salulauelusilludvhes
f18 MWCNT-NH, w‘lﬁmns:LLaﬁqqﬁqﬂsaaaamtﬂuiﬁ MWCNT %A SWNT-NH, uag $2 MWCNT-
COOH mud1iu wanadasusuulufiieiin MWCNT waz MWCNT-NH, detunisareloudidnasou
sywhsansazaneiuiatihdriinldind erfueuuluindeiadug
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4.2.2.4 nsuinadseansnnvastalulausluslnenisese FcCHO  Tuativauuily
ddenmgadunameamiuiuiSmmiaal

msnmasiazAnvimsiiuyssanamlumsess FcCHO  lumdueuinluiiag 2
wia (MWCNT - waz MWONT-NH,) Tagld38msaadunamenmswivismaaiineuiunlu@ivhed
Falwin axdalaiih GC/MWONT-FCCHO-CS-GOx wae 21w GC/ MWCNT-NH,-FcCHO-CS-GOx fu
Flwilden Wathdaiwihaesmiafindeuld inlényuiiseeenfindurenglaa nansvaaes
LanefiagUT 4.23

Nnramanaasiluns Ui 4.23 ﬁvaamnsqmuﬁu’hﬁ’mizuawaanq‘[ﬂam’m
Wity 10 mM Aldandalniafiinsede FccHO  luviemnsusuunlufind  (MWONT-FCCHO  was
MWCNT-NH,-FcCHO) 'lﬁﬁ’zyzymﬁhnszLtaﬁqan'j’uﬂﬁuauuﬂuﬁqﬁ #laifin15m39 FCCHO (MWCNT uae
MWCNT-NH,) athanuladn wameinese FcCHO  lulassadrevesaniveauunluiiing dwalvinisunds
Sinasouidniulddiuinlidnssuasandinduresnglaafifalfiuuntuesdiulida e
WhsuiisuriinvesesvouuniufinUsewite MWCNT uaz MWCNT-NH, wudiasveuuilufindilis
niferdu (MWCNT)  @ansam3e FcCHO 16’1’3‘1m?lm%vauuﬂuﬁuﬁﬁﬁwgﬁqﬁ‘?j’uazﬁiu (MWCNT-NH, )
yrlvdryanauesnglaailanng iy MWONT-FCCHO didngendn
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WlufirUieFe FCCHO (A) MWCNT-FCCHO wae (B) MWCNT-NH,-FCCHO way anduanunludinuithiniy
ATLUINMTS MWCNT uais MWCNT-NH, (control) dutszuansnseuaiiu (eawatined pH 7.0 aanu
Wt 0.1 M)
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4.2.2.5 msfnwaudnsuengladlulawuices

570 GC/MWCNT-FCCHO-CS-GOX nAnunlngldimadiauonmesTsiund iite
Anwinsinufiseeendintuvenglaaiidndini +0.4 v luasazarowsamiatnes pH 7 fy
Wt 0.1 M ¥imsfnunlaeiiu FcCHO aaandutu 05 mM aduansazanoieltifiuduwiiemed
wdFunglaafiay 0.5 mM luasazats wamsmaaewandladegui 4.24a
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4- 3 10
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T 2] o
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Ul 4.24 a) wenmeslsunsuuas b) nswnespuveanglaamnddiy 0.5- 5 mM (aums
Eunsefo y = 3.697x - 0.866 §iF 1 = 0.992)

NNFUR 4.24a wuindlariunududussngleammuduusnsuaiildanugedu
Tnediodunglaaradudy 0.5 mM nglealuleiwumesannsannaialimnssuaiiiuiusdreming
uazAsetsINg nazdletfiuanududuveinglaaiias 0.5 mM Tuaulis 5 mM Fnszuaiildiiizunn
-?Tuuamimq‘iﬂalu‘iawuwa%ﬁﬁ’mmﬁuﬁmsmauauawiammL'ﬁuiu‘umng‘lﬂaﬁtﬁnaﬂﬂmsﬁzymwmﬁ
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IFnmsiafiriatiosh  fauuenansssansdminhldiiuialuloweluslusadidamadanm
widansmhlussendldidusinsaianglralasldinadaeumwestsamildng

9NV 4.24 b Wawaennswieudiiussewinmndniuvesasazmengleaiy
Ansvua seldaumadunsaio y = 3.697x - 0.866 Tf1 I = 0.992 sruUTATwkeINESTSUMETIT
nzﬁﬂa‘lu‘iawuwas‘ﬁﬁmm“z’?uﬁamwhuazmwmﬁawm@a mmiﬂmni'ﬂnq‘iﬂa'luszﬁusfﬂﬁa 0.081
mM Wag RSD iU 3.01% (n=5)
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o/ e

Fauth  GC/MWCNT-FCCHO-CS-GOX fivamnauuniuenanazanunsoldiiulule

3 A’ v o o s < 1 ¢ o
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waslsuvsla
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namsAnyIALATETYe A LW GC/MWONT-FCCHO-CS-GOX wanasiaguil 4.25 wanis
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nnmsiadawrdouldlm q vdneiedlulawuweesly 175y fdfireuthrsiivarlndifefiuen
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UNNn 5

agunan1snaasy

Tumswauntalulouwsnasiinlmiluwadifomdsdinmiliiussans ammlunsily dioxygen
(0y) 1iin electro-enzymatic  reduction [t (H,0) Taeld nano-composite  vaaroulen! laccase
asovanniuiremssiasuliuanealilusmindvesiandaUssnaumdveuuluind lalmw vh
WildluTolwusesiitianwl flawdumzaizas uaslimmatiosia Wesnniandsznauaiveu
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fignissseioulwinglaaeandinaiiniuldedreiivssaninm  $aluToueTunlulouslumuiinluidl
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Development of a Biosensor Based on the Matrix of Carbon Nanotubes-Chitosan Composite

. for Laccase-Catalyzed Oxygen Reduction
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Abstract

: The carbon nanotubes-chitosan (CNT-CS) composite provides a suitable biosensing matrix due to its high
stability, good biocompatibility, and good conductivity. Development of a sensitive and selective biosensor was pro-
. posed by entrapping laccase enzyme into the composite film for detection of oxygen reduction. The nano-composite
of CNT-CS could be conveniently cast on the glassy carbon (GC) electrode surfaces. With the aid of the CNT-CS com-
posite and bovine serum alburmin (BSA), laccase was then immobilized on the nanostructure film to form an oxygen
sensor. Electrochemical reduction of oxygen was studied at the developed biosensor using cyclic voltammetry (CV).
The GC/CNT-CS/laccase/BSA electrode was used as a working electrode, Ag/AgCl as a reference electrode and Pt
wire as a counter electrode. Cyclic votammograms of oxygen were measured in a 0.1 M citrate buffer pH 5.0. The

reduction wave was observed at -0.35 V (Vs Ag/AgCl). The stability was also studied.

Keywords : laccase, chitosan, carbon nanotubes, oxygen reduction

Yuwakomn Sensri, Sanoe Chairam, Duangjai Nacapricha and Maliwan Amatatongchai / Burapha Sci. 1. 16 (2011) 2 : 40-50 [l EREa
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(an ndudums, 2001; Rasooly et al., 2009)

mM3ivauulufil (carbon nanotubes) filassaina
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(oxidoreductase) imiiiltun1sissufisenisindeudie
armpulslasiauvsoaendiau Mieddnasau natsusenay
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Sanchez, et al., 2002)
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Retalriwihanu (working electrode) llanatadnniuou
(ruaduiigudnan 3 fiadwag), A5 eTanes-
Faneinanlsd (Ag/AgCl) wartalvfrdae (auxiliary
electrode) wllaaauwadivlu (Pt) (U3 CH Instruments,
USA) Tiimadindmsinisluaveduiia 3u RK 1200 (flow meter,
0-100 Haddnsmou, UsEm Kofloc; Japan)
2. @5Al

oulwluaaLaa (Laccase, EC 1.10.3.2) 990 Tramestes
Versicolor 22.4U/mg (Sigma-Aldrich) A15uauunlufiag
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Abstract: A poly(aniline-co-m-ferrocenylaniline) was successfully synthesized on a glassy
carbon electrode (GCE) by electrochemical copolymerization using a scan potential range
from —0.3 to +0.9 V (vs. Ag/AgCl) in 0.5 M H,SO4 containing 30% acetonitrile (ACN), 0.1
M aniline (Ani) and 0.005 M m-ferrocenyaniline (m-FcAni). The field emission scanning
electron microscope (FESEM) and electrochemical methods were used to characterize the
poly(Ani-co-m-FcAni) modified electrode. The poly(Ani-co-m-FcAni)/GCE exhibited
excellent electrocatalytic oxidation of ascorbic acid (AA) in citrate buffer solution (CBS,
pH 5.0). The anodic peak potential of AA was shifted from +0.55 V at the bare GCE
to +0.25 V at the poly(Ani-co-m-FcAni)/GCE with higher current responses than those
seen on the bare GCE. The scan number at the 10th cycle was selected as the maximum
scan cycle in electrochemical polymerization. The limit of detection (LOD) was estimated
to be 2.0 UM based on the signal-to-noise ratio (S/N = 3). The amperometric responses
demonstrated an excellent selectivity for AA determination over glucose (Glu) and
dopamine (DA).
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1. Introduction

L-Ascorbic acid (AA, vitamin C) is the major antioxidant found in many plants. As known, AA is
an essential nutrient that has been widely used on a large scale as an antioxidant agent in foods,
beverages and pharmaceutical applications, due to its participation in several human metabolic
reactions [1]. The analytical determination of AA has been reported by many methodologies, such as
enzymatic methods [2], iodometric titration using 2,6-dichlorophenol-indophenol as indicator [3],
spectroscopy [4], chromatography [5], fluorimetry [6] and electrochemistry [7,8]. Due to their quick
response, high sensitivity, low detection limit and simple use, electrochemical methods are currently of
much interest for AA determination by the electrocatalytic oxidation reaction on conventional
electrodes. Though AA is an important antioxidant compound, it is difficult to determine by direct
oxidation on conventional electrodes because of interfering species such as dopamine (DA) and
glucose (Glu) [8,9]. Thus, the development of electrodes for determination of AA in the presence of
many interfering species has recently attracted much attention in the field of electroanalytical chemistry.

Electrodeposition of the conducting polymer film at the surface of an electrode is a modern
approach that has been utilized extensively in a field of electrochemistry to modify electrodes for
determination of AA [10-18]. Consequently, applications of modified electrodes in electrocatalysis and
sensors have been enriched by the specific properties of conducting polymers. These are e.g.,
polypyrrole, polyaniline and polythiophene. Their molecules contain conjugated systems which are the
reason for electron mobility in the molecule. Among conductive electroactive polymers, polyaniline
(PAni) [10-13] and its derivatives [19] have been the most intensively prepared and also studied due to
their unique properties, which are also favorable for their potential applications, such as chemical
sensors and biosensors. However the electrochemical activity and stability of PAni are generally
affected by a variety of solution conditions, such as electrolytes, solvents and pH. For example,
Mu [20,21] reported that PAni by itself reveals excellent redox functions only in acidic media, pH < 3,
and this feature limits its broad use. Thus, the copolymerization of aniline with ring-substituted aniline
derivatives has been studied in order to modify the desired properties of polyanilines. A different type
of conductance exists in the redox polymers, where redox centres are inserted into the polymer. PAni
containing many groups including alkyl (-R), alkoxy (—OR), hydroxyl (-OH), amino (-NH;) or
halogens (-X) and the position of substituents is expected to lead to significantly different chemical
and physical properties from the parent polymer.

The modified electrodes for chemical sensors are generally fabricated by incorporating various
compounds such as biomolecular [22], organic [17] and organotransition-metal compounds [20,23-26],
either by physical or covalent attachment to the polymeric structure, in order to create novel
electrochemical properties. In the field of electrochemistry, ferrocene (Fc) [20,23] and its
derivatives [25,26] have been widely incorporated into polymeric materials, due to their ability to
display the high redox behavior of the ferrocene/ferricinium (Fc/Fc*) couple in organic and aqueous
solvents, including ionic liquids. Ferrocene can be easily oxidized and reduced reversibly. Due to their
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chemical versatility with high thermal stability, ferrocene moieties have been employed in a variety of
applications [27-30], but are the most commonly used as the electrochemical active species for
chemically modified electrodes (CMEs) [31]. The main problem of ferrocene is its tendency to be
washed out of the matrix gradually [22,32]. In addition, ferrocene may be toxic and pollute to
environment, if used on a large scale in the synthetic process for preparation of modified electrodes.
Thus, it would be useful if the ferrocene could also be covalently bonded to the matrix, which is used
to modify the conventional electrodes in order to investigate novel properties as mentioned above.
Thus, in the present work, a poly(Ani-co-m-FcAni)/GCE electrode was electrochemically synthesized
by using cyclic voltammetry. To explore its potential applications, the prepared electrode was used as a
chemical sensor for the electrocatalytic oxidation of AA.

2. Experimental Section
2.1. Chemicals and Solutions

Aniline (Ani), L-ascorbic acid (AA), ethanol (EtOH), acetonitrile (ACN), sulfuric acid (H2SOy),
sodium hydroxide (NaOH) and hydrochloric acid (HCI) were purchased from Sigma-Aldrich. All
chemicals used in this study were of AR grade and used as received, except for the aniline, which was
purified by double distillation under reduced pressure prior to use, and stored at 4 °C in refrigerator
when not in use. All aqueous solutions were freshly prepared using de-ionized (DI) water
(R 2 18.2 MQ cm) purified with a Nanopore ultrapure water system. A 1,000 ppm stock standard AA
solution was prepared freshly each day. The citrate buffer solution (CBS) (pH 5.0) was prepared by
mixing 0.1 M trisodium citrate and 0.1 M citric acid.

2.2. Synthesis of m-FcAni

The m-FcAni monomer was synthesized from m-nitroaniline by following a method described in
detail elsewhere [33,34]. After the solvent was removed, the crude product was absorbed onto silica
and then purified by column chromatography with gradient elution (hexane-ethyl acetate) to afford the
ferrocene derivative. A yellow-orange crystalline solid was obtained after drying under reduced
pressure at room temperature.

2.3. Electrochemical Copolymerization of Poly(Ani-co-m-FcAni)

The GCE was polished carefully with alumina (A,O;) slurry (1.0, 0.3 and 0.05 um, respectively)
using a soft polishing cloth, then thoroughly rinsed several times with DI water. After that, the GCE
was sonicated in DI water for 10 min to remove alumina adsorbed on the electrode surface. The GCE
was cleaned by potential cycling between —1.0 V and +1.0 V (vs. Ag/AgCl) at 50 mV s™ in 0.1 M
H,SO; until a stable clean GCE cyclic voltammogram (CV) was obtained. The poly(Ani-co-m-FcAni)
was successfully copolymerized electrochemically on the GCE surface using a scan potential ranging
from ~0.3 V to +0.9 V (vs. Ag/AgCl) in 0.5 M H,SO4 containing 30% ACN, 0.1 M Ani and 0.005 M
m-FcAni. A thin film of poly(Ani-co-m-FcAni) coated on the GCE was thus obtained. Then, the
poly(Ani-co-m-FcAni)/GCE was washed with 0.1 M H;SO,4. EtOH and DI water to remove unreacted
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monomers from the electrode surface, and dried in air at room temperature (RT, 25 °C) for 1 h. The
poly(Ani-co-m-FcAni)/GCE was kept in 0.1 M CBS (pH 5.0) at 4 °C in the fridge when not in use.

2.4. Instruments and Measurement Set Up
Cyclic Voltammetry

All cyclic voltammetric and amperometric experiments were performed using an AUTOLAB
(PGSTAT-12) electrochemical analyzer (Metrohm, Switzerland) controlled by the GPES 4.9 software.
A conventional three-electrode system was used throughout. The working electrode was the bare GCE
(@ = 3.0 mm) or the poly(Ani-co-m-FcAni)/GCE. All potentials were reported versus Ag/AgCl
(sat. 3.0 M KCl) reference electrode. A platinum (Pt) wire was employed as the counter electrode. The
reaction cell volume of 10 ¢cm® was used for all electrochemical measurements at RT. Measurements
were carried out in 0.1 M CBS (pH 5.0) used as supporting-electrolyte solution. The pH of buffer
solutions was monitored by using a 713 pH meter (Metrohm, Switzerland).

Hydrodynamic Voltammetry

Amperometric measurements at the poly(Ani-co-m-FcAni)/GCE were carried out at the potential
of +0.25 V (vs. Ag/AgCl). The amperometric response of AA was shown in the amperogram. The
current steps were associated with successive additions of 20 pL of 0.1 M AA standard solution into a
stirred batch system using a 10 mL volume glass cell.

Electron Microscopy

The SEM images were recorded employing a JEOL JSM-5910 field emission scanning
electron microscope (FESEM) by accelerating at a voltage of 15.0 kV. The surface of the
poly(Ani-co-m-FcAni)/GCE was analyzed by mounting the sample onto a double-sided carbon tape,
and then gold sputter coating to minimize charging prior to SEM imaging.

3. Results and Discussion
3.1. Characteristics of Poly(Ani-co-m-Fcani)

The potential was ranged from —0.3 V to +0.9 V (vs. Ag/AgCl) at a scan rate of 50 mV s™'. This
condition was also used to investigate the electrochemistry of aniline and its derivatives in an acid
medium. Figure 1(a) shows the CVs of 0.1 M Ani and 0.005 M m-FcAni in 0.5 M H;SO4 containing
30% ACN. From the Ist-cycle to the 4th-cycle, a couple of reversible redox peaks (Ep, = +0.35 V and
Ey,c = +0.27 V) were observed as the iron center of the ferrocene units interconvert between the Fe*
and Fe®* states [29,31,35]. The inductive and steric effects of the ferrocene moieties make the
monomer less reactive and difficult for the polymerization reaction. As the cycling process continued,
two pairs of redox peaks on CVs located at +0.21/+0.09 V and +0.73/+0.67 V were observed from the
4th-cycle to the 10th-cycle. The peak currents increased gradually with increasing scan number,
indicating an autocatalytic polymerization which causes the polyaniline film growth as the electrolysis
proceeds [36]. After rinsing the working electrode with 0.1 M H,SO4. EtOH and DI water, respectively,
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a green-brown thin film was seen on the GCE surface, indicating that the poly(Ani-co-m-FcAni) was
successfully copolymerized electrochemically.

Figure 1. (a) The film growth of the poly(Ani-co-m-FcAni) during electrolysis of 0.1 M
Ani, and 0.005 M m-FcAni in 0.5 M H,80, containing 30% ACN: (1) Ist cyclc and
(10) 10th cycle at the scan rate of 50 mV s~'. (b) The CVs of the poly(Ani-co-m-FcAni)
modified electrode at different pH at 3, 4, 5, 6, 7 and 8 at a scan rate of 50 mV s
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Figure 1(b) shows the responses of the poly(Ani-co-m-FcAni) modified electrode at different pH
values. Strong anode and cathode peaks were observed in low pH solutions (pH < 4), indicating an
excellent redox activity under acidic conditions. With increasing pH values, the redox peaks moved
closer. This redox process leads to the dependence on the pH of solutions, the reactions and the
polymer states [37]. In solutions of pH greater than 4, the poly(Ani-co-m-FcAni) nearly loses its
electrochemical activity entirely, which corresponds to the leucoemeraldine/pernigraniline reaction.
The electrochemical behavior of the poly(Ani-co-m-FcAni), according to the cyclic voltammogram,
was similar to that the pure polyaniline and its derivatives in different solutions [19,20,38]. The
electrochemical copolymerization of the conducting poly(Ani-co-m-FcAni) film modified GCE is
illustrated in Scheme 1.

Scheme 1. The electrochemical copolymerization of the conducting poly(Ani-co-m-FcAni)
film modified GCE.

On O {0000 %H@>

Cydic voltarnmetry

GC dectrode Pay(Ani-comFcAnYGC dectrode

where x (0 <x < 1) relates to the substitution stoichiometry of m-FcAni unit in poly(Ani-co-m-FcAni),
a ferrocenyl group is labeled as -Fc and A™ is referred to HSO,™ as a dopant to poly(Ani-co-m-FcAni)
backbone.
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Based on our results, the proposed mechanism was initiated by the formation and reactions of
cation radicals and dimeric species. The m-FcAni monomer was oxidized to generate the ferricinium
species of m-FcAni'". The formation of the radical cation generated from m-FcAni by electro-oxidation
on the GCE surface was considered as the rate-determining step. This was followed by coupling of
radicals, mainly N- and para-forms, and elimination of a proton to give the dimer which then
undergoes oxidation on the electrode surface along with aniline to give oligomers, resulting in the
chain propagation. Finally, the radical cation of the oligomer reacts further with the radical cation of
aniline to elongate the polymer chain, creating finally a dense, adhesive film at the electrode surface.

3.2. Scanning Electron Microscopy (SEM) Analysis

The surface morphology was investigated by using a field emission scanning electron microscope
(FESEM). Figure 2 showed the typical FESEM surface morphology of the poly(Ani-co-m-FcAni) with
different magnifications. Figure 2(a) shows that the surface of the as-prepared poly(Ani-co-m-FcAni) was
a three-dimensional network. This feature is common in the polyaniline family prepared in the H,SO4
medium [19,38]. Figure 2(b,c) shows the high-magnification FESEM views of small nanostructured
granules with diameters ranging from ~100-300 nm. These nanostructures tend to agglomerate in the
high porosity interconnected network. The electrochemically synthesized poly(Ani-co-m-FcAni) film
with nanostructures on GCE would significantly activate the electrode surface and accelerate the
electron transfer, and had a high surface area as an ideal electrode material favoring a high
performance for electrocatalytic oxidation of AA, as discussed below.

Figure 2. FESEM images of the poly(Ani-co-m-FcAni) film modified GC electrode with
different magnifications at 5 kx (a), 10 kx (b), and high magnification at 30 kx (c).
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3.3. Electrocatalytic Oxidation of A4

The cyclic voltammetric characterization was performed in order to study the electrochemical
behavior of the bare GC and poly(Ani-co-m-FcAni)/GCE towards AA oxidation in 0.1 M citrate buffer
(pH 5.0). The overall reaction of ascorbic acid oxidation can be expressed by the following reaction:

CeHgOg b d C¢HeOg + ZH+ + 2e” ( 1 )
(ascorbic acid) (dehydroascorbate)
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A proposed mechanism for the electrocatalytic oxidation of ascorbic acid to dehydroascorbate at
poly(Ani-co-m-FcAni)/GCE is seen in Scheme 2.

Scheme 2. A proposed mechanism for the electrocatalytic oxidation of ascorbic acid to
dehydroascorbate at the poly(Ani-co-m-FcAni) film modified GCE.

A scorbic acid Dehydro ascorbate
OH OH
Ho\/‘\;‘fo HO \/J\;_O(o
HO oH [0} (0]

Fc¢ >-2H2 F¢
forcotorior  foromototiol]

Poly(Ani-co-mFcAni)e R Poly(Ani-co-mFcAni Yo

The oxidation of AA at the unmodified GCE typically requires undesirably high working potentials
(2+0.5 V vs. Ag/AgCl). To compare the AA oxidation at both unmodified and modified electrodes.
CVs were recorded at a bare GC and poly(Ani-co-m-FcAni)/GCEs. Figure 3(a) shows that the anodic
peak potentials (E,,) of AA at the bare GCE were located at about +0.55 V (vs. Ag/AgCl) in 0.1 M
citrate buffer (pH S5.0). Electrochemical oxidation of AA on the poly(Ani-co-m-FcAni)YGCE
was investigated under the same conditions. Figure 3(b) shows that the E,, of AA at the
poly(Ani-co-m-FcAni)/GCE was located at about +0.25 V (vs. Ag/AgCl). The anodic peak currents
increased with increasing the concentration of AA. Only oxidation peaks were observed at both of bare
and the GCE-modified electrode in the CVs. The results from Figure 3(a,b) shows clearly that the GCE
modified with poly(Ani-co-m-FcAni) film gave a much lower AA peak potential than the unmodified
GCE, due to its participation in the AA oxidation reaction. Compared with the unmodified GCE under
the same conditions, the higher currents for the oxidation of AA at the modified GCE were attributed
to the presence of poly(Ani-co-m-FcAni) on the surface of electrode. These currents were higher than
that on the bare GCE, and the oxidation potential of AA at the poly(Ani-co-m-FcAni) film modified
GCE was also lower about 0.3 V than that on the bare GCE in 0.1 M citrate buffer (pH 5.0). Thus,
these experimental results confirmed that the modified GCE with poly(Ani-co-m-FcAni) film
effectively catalyzed the oxidation of AA, and was expected to provide a better electrocatalysis for AA
oxidation than the bare GCE.
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Figure 3. The CVs of AA at (a) the bare GCE and at (b) the poly(Ani-co-m-FcAni)/GCE
in 0.1 M citrate buffer (pH 5.0) at scan rate of 50 mV s ' in the presence of AA at
concentrations: 0.0, 1.0, 2.0, 4.0, 6.0, 8.0 and 10.0 mM (vs. Ag/AgCl). (¢) CVs with
various potential scan rates in the presence of 2.0 mM AA in 0.1 M citrate buffer (p 5.0)
at the poly(Ani-co-m-FcAni)/GCE. Inset shows the relationship between the cxidation
current and the square root of the scan rate with linear regression, and (d) CVs of 4.0 mM
AA at the poly(Ani-co-m-FcAni)/GCE at different pH buffer solutions.
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To study the effect of scan rate on electrocatalytic properties towards AA oxidation. CVs were
recorded at the poly(Ani-co-m-FcAni)/GCE at different scan rates in 0.1 M citrate buffer (pH 5.0) as
shown in Figure 3(c). As can be seen, the increase in potential scan rate induced a corresponding increase
in peak current and resulted in a shift to more positive values for the electrocatalytic oxidation of AA.
The shift of the peak potential was observed as an irreversible electrochemical reaction and a kinetic
limitation in the reaction between the redox sites of poly(Ani-co-m-FcAni) and AA. This indicates that
the electrocatalytic oxidation at poly(Ani-co-m-FcAni) modified GCE was a surface-controlled
electrochemical reaction and diffusion-controlled electrode process of AA. The peak current varies
linearly with the square root of the scan rate. The linear equation between peak currents and the square
root of the scan rate is presented as follows: Iaa (LA) = 46.9450v (V/s)”2 + 10.1160 with a linear
relative correlation coefficient of 0.999, indicating that regression line is very well fitted with
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experimental data. Thus, these results demonstrated that the poly(Ani-co-m-FcAni)/GCE can be used
for the determination of AA.

The effect of pH to the electrocatalytic oxidation of AA at the poly(Ani-co-m-FcAni)/GCE was
investigated with different pH buffer solutions containing 4.0 mM AA using cyclic voltammetry os
shown in Tigure 3(d). The peak current from the electrocatalytic oxidation of AA in acid solution was
higher than that in basic solution. Due to the instability of AA in basic solution, the catalytic current
decreased at higher pH. The peak potentials shifted towards negative potential with increasing solution
pH between 3 and 6. According to the results obtained from CVs at various pH values, the pH 5 was
chosen as the best for the supporting solution for the further investigation.

3.4. Effect of the Applied Potential and Scan Cycle

In order to optimize the experimental conditions for measurement of AA oxidation at the
poly(Ani-co-m-FcAni)/GCE, the effect of the applied potential and scan cycle used for synthesis of the
poly(Ani-co-m-FcAni) was investigated. Figure 4(a) shows the effect of applied potential at the
poly(Ani-co-m-FcAni)/GCE for electrocatalytic oxidation of AA. It has been clearly shown that the
poly(Ani-co-m-FcAni)/GCE can catalyze AA by applying different potentials in the range from +0,15
to +0.35 V to the working electrode while immersed in the presence of 0.1 M citrate buffer (pH 5.0)
containing 2.0 mM AA. As can be seen, the signals obtained were very reproducible. At the higher
potential applied, an easier AA oxidation process occurred; however, increasing applied potential
typically increases the background current responses from the poly(Ani-co-m-FcAni) film [12]. Thus,
the most appropriate potential of +0.25 V was selected as the applied potential for further studies of
AA electrocatalytic oxidation.

Figure 4. The optimization of the applied potential (a) and scan number (b) for
electrocatalytic oxidation of AA at the poly(Ani-co-m-FcAni)/GCE in 0.1 M citrate buffer
(pH 5.0) at scan rate of 50 mV st (n=3).
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Cyclic votammetry is a simple and rapid technique for controlling the thickness of the polymer
films. By altering the scan number in electrochemical polymerization, poly(Ani-co-m-FcAni) films of
different thickness were obtained. The electrochemical polymerization of poly(Ani-co-m-FcAni) at the
electrode surface was examined for different numbers by cycling in the range from S to 20 scan cycles.
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Figure 4(b) shows the current of 2.0 mM AA in 0.1 M citrate buffer (pH 5.0) when using GCE-modified
with different scan cycles for the synthesized of poly(Ani-co-m-FcAni)/GCEs. As can be seen, the
lowest oxidation current was observed at the Sth-scan cycle. The oxidation current increased upon
increasing the scan cycle from S to 10 and reached a plateau after that. For the 15th and 20th scan
numbers, no enhancement appeared. It could be assumed that a thicker poly(Ani-co-m-FcAni) film was
obtained, resulting a lower catalytic performance [12]. Therefore, the scan number at 10th cycle was
selected as an optimum scan cycle in electrochemical polymerization of poly(Ani-co-m-FcAni) modified
GCE for further detailed studies.

3.5. Amperometric Measurement

Figure 5(a) displays the typical amperometric response of the poly(Ani-co-m-FcAni)/GCE to AA.
The amperometric study was carried out through the successive addition of AA into a continuously
stirred batch system of 0.1 M citrate buffer (pH 5.0). At the applied potential of +0.25 V (vs. Ag/AgCl),
the oxidative current increased with increasing concentrations of AA. A linear relationship between
oxidation current and concentration of AA was observed in the range from 0.05 x 107
to 5.7 x 107 M. Linear calibration was obtained, with a coefficient of 0.997, demonstrating the good
relationship between oxidation current and concentration. The limit of detection (LOD) was estimated
to be 2.0 M based on the signal-to-noise ratio (S/N = 3). These experimental results indicated that the
poly(Ani-co-m-FcAni)/GCE has potential application as a chemical sensor for the determination of AA.

Figure 5. (a) Typical amperometric i-f curve of poly(Ani-co-m-FcAni)/GCE to successive
additions of 0.1 mM AA into a stirred system of 0.1 M citrate buffer (pH 5.0) at +0.25 V.
(b) Amperometric response for interferences recorded using poly(Ani-co-m-FcAni)/GCE
upon successive additions of 0.1 mM AA, 1.0 mM DA and 1.0 mM Glu.
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In biological and soft drink samples, glucose (Glu) and dopamine (DA) are strong interferents that
are electrochemically oxidized at almost the same potential as AA. Figure 5(b) shows the
amperometric responses for AA, Glu and DA at the poly(Ani-co-m-FcAni)/GCE. The successive
additions of the same concentration of 0.1 mM AA, 1.0 mM DA and 1.0 mM Glu were investigated by
applying potential at +0.25 V (vs. Ag/AgCl). It can be seen obviously that additional signals to the
current response of AA were not observed due to the successive additions of Glu and DA. Thus, this
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modified electrode could be applied as the chemical sensor for a practical determination of AA in the
presence of Glu and DA. Other electrochemical experiments were then carried out to study the effects
of foreign species such as glucose, fructose, sucrose, galactose and sodium chloride. Each interference
study was carried out at the applied potential of +0.25 V (vs. Ag/AgCl) in 0.1 M citrate buffer (pH 5.0)
containing 0.1 mM AA. The amperometric measurements can tolerate 200-fold excesses of three
interfering species, namely glucose fructose and sucrose, 240-fold of sodium chloride, and 300 fold
of galactose.

4. Conclusions

In conclusion, a chemically modified GCE based on poly(Ani-co-m-FcAni) was successfully
prepared by electrochemical copolymerization in 0.5 M H,SO4 containing 30% ACN, 0.1 M Ani
and 0.005 M m-FcAni. FESEM images showed that the poly(Ani-co-m-FcAni) film was deposited on
the surface of GCE. From electrochemical experiments, the CVs showed that the E,, of AA was
shifted from +0.55 V at bare GCE to +0.25 V at the poly(Ani-co-m-FcAni)/GCE with a greatly
enhanced current response. The 10th cycle scan number was selected as an optimum one in the
electrochemical polymerization. The amperometric responses demonstrated an excellent selectivity for
AA determination over Glu and DA. Thus, this poly(Ani-co-m-FcAni)/GCE could be applied as an
amperometric sensor for the selective detection of AA in biological and soft drink samples.
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Development of a laccase-based biocathode for fuel cell application

Yuwakom Sensri Sanoe Chairam and Maliwan Amatatongchai
Chemistry Department, Faculty of Science, Ubonratchathani University, Thailand

E-mail: yuwakom.sensri@gmail.com

Abstract

This work presents the development of a sensitive and selective carbon nanotube (CNT)-
laccase-chitosan based biosensor for detection of oxygen reduction. The surface of glassy carbon (GC)
electrode was modified with nano-composites of CNT and laccase in the matrix of chitosan and could
apply as a biocathode in biofuel cell. Electrochemical reduction of oxygen was studied at the developed
biosensor using cyclic voltammetry (CV). The biosensor, GC/CNT(DMF)+CS/laccase, was used as a
working electrode, Ag/AgCI as a reference electrode and Pt wire as a counter electrode. CV of oxygen
were conducted in a 0.1 M citrate buffer pH 5.0. The reduction waves from cyclic voltammogram were
observed at -0.35 V with the i, of 52.1 LIA. Potential use of the biosensor and application in bio-fuel

will be discussed.

Keywords: biocathode, laccase, chtiosan, carbon nanotube, oxygen reduction
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the lichen after transplanted (at 95% confidence limit), where as the amounts of lecanoric acid and atranorin were not
significantly different after transplantation.

C1_C0071: Development of biosensor based on the matrix of carbon nanotubes-chitosan composite for
laccase-catalyzed oxygen reduction

Yuwakorn Sensri"*, Sanoe Chairam' ,Duangjai Nacapricha’, Maliwan Amatatongchai'

! Department of Chermstry, Faculty of Science, Ubonratcbatham University, Ubonratchathani, 34190,
Thailand

2 Department of Chemistry, Faculty of Sciei.ce, Mahidol University, Rama 6 Road, Bangkok, 10400,
Thailand

*e-mail: yuwakorn.sensri@gmail.com

Abstract: The carbon nanotubes-chitosan (CNT-CS) composite provides a suitable biosensing matrix due to
its high stability, good biocompatibility, and good conductivity. Development of a sensitive and selective
biosensor was proposed by entrapping laccase enzyme into the composite film for detection of oxygen
reduction. The nano-composite of CNT-CS could be conveniently cast on the glassy carbon (GC) electrode
surfaces. With the aid of CS and bovine serum albumin (BSA), laccase was then immobilized on the
nanostructure film to form an oxygen sensor and could apply as biocathodes in biofuel cell. Electrochemical
reduction of oxygen was studied at the developed biosensor using cyclic voltammetry (CV). The biosensor,
GC/CNT-CS/laccase/BSA, was used as a working electrode, Ag/AgCl as a reference electrode and Pt wire
as a counter electrode. Cyclic votammograms of oxygen were measured in a 0.1 M citrate buffer pH 5.0. The
reduction wave was observed at -0.35 V (oxygen flow rate equals to 40 mL/min in 10 mL of citrate buffer).
Stability and the possible application of the biosensor in bio-fuel will be discussed.

C1_C0072: Factorial design optimization of eugenol extraction from hely basil by éubcritical water

Kanittha Dararuang, Orapin Chienthavorn
Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand

*e-mail: fsciopc@ku.ac.th, nuna_comingsoon@hotmail.com

Abstract: Subcritical water extraction (SWE) of an active compound (eugenol) from the holy basil (Ocimum
Sanctum L) was achieved. The extraction was studied at a temperature between 160-220°C and a static time
between 30-120 min by using 4-full factorial design from Minitab software. Effects of temperature and
static time were investigated. Fresh leaves were best extracted at 180°C for 60 min and the dried leaves were
achieved at a higher temperature of 200°C at a longer time (120 min). Separation of eugenol was carried out
by using a gas chromatograph with flame ionization detector (GC-FID). Eugenol content in the aqueous
extract in.the fresh leaves (4.11%) was higher than those in the dried leaves (1.70%).

C1_C0074: Modification of QUEChERS method for aflatoxins residues analysis in rice
Kunagom Sanguankaew, Natchanun Leepipatpiboon”

Chromatography and Separation Research Unit, Department of Chemistry, Faculty of Science,
Chuilalongkorn University, Bangkok 10330, Thailand

*e-mail: natchanun.l@chula.ac.th

Abstract: A new non-immunoassay based extraction method for aflatoxins B1, B2, Gl, and G2 was
developed for aflatoxins screening in rice. The associated technique combined moditied QuEChERS method
with ultra performance liquid chromatography tandem mass spectrometry by generating pseudo molecular
ions via electrospray ionization in ES+ mode and monitoring by MRM (Multiple Reaction Mottitoring)
analysis. Aflatoxins were isolated on Acquity UPLC BEH C18 column (100 mm x 2.1 mm, 1.7 pm) with

0.5% formic acid in 5 mM ammonium formate/acetonitrile by gradient elution in 11 minutes, Modified

QuEChERS method employed acetonitrile for solvent extraction. Cleanup was done by dispersive
combination of PSA, C]8, and neutral alumina. Method performance was evaluated as percent recovery
from 0.01-0.1 mg/L, acceptable linearity with all R? values better than 0.99 were observed. Percent recovery
ranged from 85 to 103 with within-day and between-day precisions at three concentration levels (low, mid,

high) showed %RSD values better than 7.4 (n=10). Method’s limits of detection range from 0.5-1.0 pg/kg.
The proficiency testing was performed with Z-score 0.6. This method is rapid and robust, and fit to replace
expensive import immunoaffinity columns and reagents commonly employed in routine analyses of
aflatoxins. .t

C1_C0075: Simultaneous quantitative determination of total methyl ester, linoleic methyl ester and
water In palm oil biodiesel by near infrared spectroscopic analysis
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Development of glucose biosensor based on glucese oxidase entrapped in the
matrix of carbon nanotube/chitosan modified glassy carbon electrode

Maliwan Amatatongchai"?, Jureerat Phanthuwat 'and Duangjai Nacapricha®”

! Department of Chemistry and Center for Innovation in Chemistry, Faculty of Science, Ubonratchathani
University, Ubonratchathani 34190, Thailand.
2 Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs).
"Deparlment of Chemistry and Center for Innovation in Chemistry, Fuculty of Science, Mahidol
University, Bangkok 10400, Thailand.
Tel: +66-45-433110 cxt 4126; Fax: +66-45-288-379; e-mail: amaliwan@gmail.com

Abstract

This work presents the development of a sensitive and sclective carbon
nanotube (CNT)-glucose oxidasc (GOx)-chitosan based bioscnsor for detection of
glucosc. The surface of glassy carbon (GC) electrode was modified with nano-
composites of CNT and GOx in the matrix of chitosan and uscd as glucosc biosensor.
Elcctrochemical oxidation of glucosc was studicd at the developed biosensor using
cyclic voltammetry (CV). Thc biosensor was uscd as a working electrode, Ag/AgCl as
a reference electrode and Pt wire as a counter clectrode. CV of glucose was conducted
in a 0.1 M phosphate buffer pH 7.4 containing 0.5 mM of fcrrocenc carboxaldehyde
(FCA) as the mediator. The oxidation waves from cyclic voltammograms wcre
observed at 460 mV at thc bioscnsor. The results from amperometry indicatcd that
CNT-GOx-chitosan based biosensor enablc very sensitive and stable amperomctric
measurcments of glucose. The results were uscd to construct a simple ampcrometric
detector for detcrmination of glucose as applied to flow injection analysis (F1A).
Potcntial use of this method and application for glucose dctection in flow injection
analysis (FIA) will be discussed.

Keywords: Glucose sensor; carbon nanotube; chitosan; amperometry; flow injection
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