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pM laiﬂmuma%aanlfad‘lu‘[awjuL‘aa%Viﬁ'sum‘?:uﬁ%mai’nﬁ’m‘i’wqm‘lumﬁLﬂsﬁsv'i Wiy 1.8 pM (S/N =3)
Tunsfnvmavesnsunuiiinasemsiassimyinalelasaueioanles wuirdhlulowsugesd
Wauntulvien tolerance  solauniiu (dopamine: DA) nsaueanatn (ascorbic acid:  AA) nglad

(glucose: Glu) uaz n3Ag3n (uric acid: UA) iumiwels dalulawueeiniauiduiimiuaiuiadoss
ndaesiuam

Key words: galwaguiees, msusuuiluial, Anme, sesusatuaieandwa, seuulnadulantu-
avundda, Liu



o

myvaatiatauneilsumisuulmidwivinneiiiinadalnga 4

Abstract

Sulfites are commonly used as preservatives in food and beverages to inhibit
microbiological growth. Despite these advantages, sulfite should be applied in strictly limited
amounts due to its potential toxicity. The level of sulfite in food has been subjected to
legislation since it was discovered that at certain concentration level sulfite causes allergic
reactions in some individuals. This work presents development of two sensitive and selective
sulfites sensors based on i) electropolymerization of aniline (ANi) in matrix of multiwall carbon
nanotube (MWCNT) and electro-deposit of gold nanoparticles (AuNPs) film on the surface of the
glassy carbon (GC) electrode and ii) a glassy carbon electrode modified with multiwall carbon
nanotubes-poly (diallyldimethylammonium chloride)-gold nanoparticles composites (CNTs-
PDDA-AUNPs/GC) and a novel hydrogen peroxide biosensor based on immobilizing horseradish
peroxidase (HRP) on poly(aniline-co-o-aminobenzoic acid) or p(Ani-co-0-Aba) and then covered
with chitosan (CS) film.

Electropolymerization of aniline (ANi) in matrix of multiwall carbon nanotube (MWCNT)
and electro-deposit of gold nanoparticles (AuNPs) film on the surface of the glassy carbon (GC)
electrode was proposed to develop a sulfite sensor. Carboxylic functionalized multiwall carbon
nanotube (MWCNT-COOH) was the optimum matrix for polyaniline electropolymerization and
the optimum composites for modified the electrode was AuNPs_MWCNT-COOH_PANi_GC. The
developed amperometric sensor was performed using 0.067 M phosphate buffer pH 7.0 as the
supporting electrolyte at the potential of 0.6 V (Ag/AgCl and Pt wire as reference and counter
electrodes). The figure of merit of this developed sensor (AuNPs MWCNT-COOH_PANi GC) was
demonstrated. The linear dynamic range of sulfite was found 1 to 16 mM (" = 0.99). The
detection limit was 0.0927 mM sulfite. The developed method provided high precision signal
with RSD of 4.12 (n=5).

A new approach is presented for sensitive and selective measurement of sulfite (SO32-) in
beverages based on a simple flow injection system with amperometric detection. In this work,
the sulfite sensor was a glassy carbon electrode modified with multiwall carbon nanotubes-
poly(dialtyldimethylammonium chloride)-gold nanoparticles composites (CNTs-PDDA-AUNPs/GC).
Electrochemical oxidation of sulfite with this electrode was first studied in 0.1 M phosphate
buffer (pH 7.0) using cyclic voltammetry. The results indicated that the CNTs-PDDA-AUNPs/GC
electrode possesses electrocatalytic activity for the oxidation of sulfite with high sensitivity and
selectivity. Sulfite was quantified using amperometric measurement with the new sensor at +0.4

V vs Ag/AgCl in conjunction with flow injection. The linear working range for the quantitation of

sulfite was 2 to 200 mg L (r2 = 0.998) with detection limit of 0.03 mg L (30 of blank) and an
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estimated precision of 1.5%. The proposed method was successfully applied to the
determination of sulfite in fruit juices and wines with a sample throughput of 23 samples h'.

A novel amperometric biosensor for hydrogen peroxide (H,O,) determination was
proposed by immobilizing horseradish peroxidase (HRP) on poly(aniline-co-o-aminobenzoic acid)
or p(Ani-co-0-Aba) and then covered with chitosan (CS) film. The immobilized HRP displayed an
excellent electrocatalytic activity to the reduction of hydrogen peroxide. The effects of
experimental variables such as the o-Aba mol ratios in p(Ani-co-o-Aba) synthesis, HRP and CS
concentrations, pHs of supporting electrolyte solution and applied potentials for the working
electrode were investigated for the optimized conditions. This novel biosensor exhibits a fast
response toward H,O, with a linear range from 10 to 1,000 uM and a detection limit of 1.8 pM
based on the signal-to-noise ratio (S/N = 3). The developed biosensor shows satisfactory
tolerance with other potential interferences such as dopamine (DA), ascorbic acid (AA), glucose
(Glu) and uric acid (UA), and also shows a good stability for about 2 weeks.

Key words: sulfite sensor, CNTs, PDDA, polyaniline, Horseradish peroxidase, flow injection
analysis, wine



mwawatawsumaTsumiuuubnidmiviessitiinadali 6

U 1
Ui

1.1 Aruddyuasinteeaidy -

dalws (sulfite) Todsumnludalwg (sodium metabisulfite) uazdainasineanlen (sulfur
dioxide) uansdnnguittinudrdguazinwulundndusimensinemsuazndnsineiamns  dalwdgn
Tindnatemsiuansiuyn (preservative) teldgudimaigiavlavesdundd  eealsina
ilownansyiiaiiinansenueguamuarenaiinalfifinernsu (pseudoallergic) Mmsuilangmnsil
antalnfdeuilutiinasnnaviineinisuinries endeu mnudus uazdwiudiuiansdalwsadng
quuss Wiefthelsaveuiin enseraquusieduvinad uasdedin 1] vansusunevialanlngianiy
sgisluglsluazaudniadingminsmuauiinuvesdalaiiivadiuluems Wy 83dms United
States Food and Drug Administration (FDA) vesussiveansgawisnmlnesnngvanglul a.a. 1986 vl
miisq‘luaamﬁm%’umamﬁmﬁmmsu.azLﬂ%‘mﬁuﬁﬁﬂ‘%mmmmialﬂé \iu 10 ppm (154 M) (2] Tu
T A.AL. 2002 B3ANNT Australian Food Standards Code (AFSC) vasUszimmpaainsidslivunalilnid
fivsinamadalndaws 10 ppm seaszylilunanvewdngoue [3)

Uszinalnelinnnihanslungudalwdunldlunszuiunswdnemsvateguuuu iy msldy
Todsumlutalng (Na,5,0s) lumsvend Wuredien dnunalifan wu d19en 39 184 wasiduadluy
kanfTuUTUReBuasfuye 1wy raliiue YiFuniu Smes man uansnidsdinniwamesle
ponles (50, ilflunsamadrloanviafuife fevussgfienisdeaan talidlefinaning i
Gy falilidavi dwiunwsglumsndedilevesineeygwlviifidamesineenledluiiodlelili
\fiu 10 mg/kg (ppm) [4]  ArdvuaUInuEEe (ML) vaeingliavuemnslunasgiuingialuavig
AnNMsUsEYs (Codex General Standard for Food Additives; GSFA) aufidinuLnsgIuALET
INWATUALEWMNIUMITR (une.) (5] fifed “Arfvumuiinageaaves Sulfite Tunguams 04.1.1.2
(surface-treated fresh fruit) %Qﬁﬂiz‘qu%ia&miﬁwuﬂﬁﬁ ML 7 30 mg/kg uae (for use at 50 mg/kg
in longan and lichee only)”  uslutagtunissunadileanmedamesiaoanias Aednwuligm
Wertumsiiviinaudameslasenled  anfrdlunadloganinnasidmunly  vivldussmagéi
Tnglawzussmaasisuigusemvuiudaiufindwadloansolngfiaavestszinalne ey
Wunalunmsindwadleanainyssmalnesniy (4]

uaneniigaiinsmsliasdamesiaeenlaivieladonmailudalndlumsnanland Tagly

funsuniefeniwaliasiinsduasdanaiesiderdunisihidesnsiouhniwalilumin e
mavinafadundlunsruiunsussyrntsdinndudamesineenledasiululnidnaduiteduds
WeguvasivhliiAananin dnfufsfimmudnluiissfemsniaviinadameilneenteshilnifiou
AaBRtuRBLUNTHEN Usnuansdaiaslneenleriioygeliiflundnfasiemsuasnisinensuansing
MU Wy suesgrundadustanavnssuvesiveadlnd wen. 2089-2544) fvuslvinifindalu
Yszna uarlnhindnidansdamesineenled 1akiviu 300 me/dm’ (6] Usemansznsaassuae
atufl 214 w.a. 2543 fvusliiidameslaenlefluriosiulunvususselaainlaliviu 70 myke
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dnUSinafildiunetu (Acceptable Daily Intake; AD) #iesdinseunsislan (World  Health
Organization; WHO) léfmussanuasadoliasliviv 0.7 mymufu (71 snfunmswannmeia
azifitinTwaran saassunlslunsussiiumuBinavesansdalndlusethmalian deals
waz Tl L'?'v'a'lﬁ'l,ﬂumﬂﬁﬂ‘lumsm1aaaummgwuuamﬁ'mﬁﬁmﬁ'meam amudetiuwavmseenivly
seAuaNaINUsEINARA Tasawizagrebslududuinnensuaraims Saamusudusasinaulaly
msinitedusgiaunn  msidswasRauwnaiininse ﬁ"t’?um'l‘t’j’ﬂumﬂﬁmﬁmﬁ't)miﬁmmﬂmmw
uavmmmuaumua.,namnmﬂ m’mﬂaaﬂnu'uaqa'\ms (food safety) wavAuiuaiuaMs (food
security) avm'lwaumﬂm‘lmLﬂum‘uanaLwana'lmnmmwmﬂmmmmsaaaafﬂ,ﬂmnawu

nmidoteRaudalwdinifalsuieeinfianmlbitazanudunizinnzasge annsoantumeouly
natessushagdiliaugen dudeulesas THnatlunisirseiiseas anflganglunisinsien
wazann1stgasiatiusuiaun aﬂm'mﬁhLﬂu'lunws'lﬁivﬁaaﬁm‘?uqdums‘iLﬂswv‘masuﬂwa W v
annseirsvinraul wavinalala

1.2 dnguszasAveslasenisive
mAdeiiudeeniu 2 dw Aenswaumaiialnssiuuudaludanendunisivalunis
Apswiusunudalne Iﬂamsﬁmm%’a‘lwﬁmﬁﬁaL‘duL‘(ja%LLasIaIﬂimuLﬂaiaanlﬁﬁﬁﬁm'lmjﬁﬁamwh
WAEATMLANWIZIAILIIG TasAdediingusy aereail
1) nwwmuwalﬂmauﬁawuwas waztainfilalasiouivasoanleddmiuiainzv
YSuudalnd
1.1 Faudstalnihnaradmsuouiomesdusenauresiagdasenousesuulu (nano
composites) Avanzalunsnsaiauiinadalng dygravedlelaseunesosnles
1.2 finwienavesulsnne 4 Afideanmliresdalnihiivandulunisiessivsua
lelasiauasoanled 1y asiusznauivanzanvsatagdsussnau FlunsiauusTandasenauas
wutlwiuaz pH vesansazas
1.3 sonuuuwarRasEUUTRTsiuuuSnluiRfiodensivalulnseiviinadalng
14 Usnfiupudnunzvounadelunsiirsiginunadalndivautu wu gaens
movausuuudunss (linearity range), Indaiasnaalun1sitasevt (limit of detection), Havow
UMM (interference study) uasyszenalglumsiiasizidiunudalndluiedi luiegrein-ualll an
wazilIgy
2) nmsnandalalulowuiees
2.1 Anvuesiannlulaiwuire iemmasdusznauresiandasznaussduuilu (nano
composites) fwnzanlunsmssiueuluivendindauiainin Welfidululawuwelunsnsania
YSnaudalva
2.2 Anwdanaresiiulsing q Alseanimbiveslulawuigesinauitulunsieszvida
Wd 1wy pH  vesarsarats, wallalunismie (mmobilize) ouleidalnsesndinaasuu nano
composites, Usinmyat CNT Ailflunslufivied, Yhinameasuluifivanzaniieldifu biocatalyst
lumsiinufizen 1eA9d1 nano structured biocatalysts ﬁm%’aulﬁazﬁmmwauau‘lﬁﬁ (enzyme
loading), AIuAWIYBNBUlN] (enzyme stability) warAmAnNsalunsdsiuBAnmseugy Vil
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Tlawuiaifinannsuiiussansnmwlunisnevaustiiity wasiinusmsiaizay annsahlldg
Jululawuweslunsanaiadalwauuuwesmesisumsle

23 penuuURarWAIMATATIATETLULLBNIe L sni T lulalwweeilunis
astadalis  Weldidudidinsesuuusaluddagnsimilunisussiumvsinudalng  Tae
watafivautuesdumadeiessiuuusaludiluszuuiiinsivadidmemeiauvuneumessuvsi
Flulewuwesyiinlni Fsfinismevaussiisanida (high response) uaziimudnzanzasgs (high
selectivity)

24 UsnuguinunzvsunadialumsiinnsimuBinudalidivauiu wu $2ams
nevaussuuiiuduns, Insrinfgalumsiessd, navesnsuniu  wazuszandldlunisiasies
USunudalwalusledne lusegredn-ralal amLLazLLUigUﬁﬁm"mﬂw‘lumﬂmi’uaanLﬁmmﬁa wieldidu
wiadalunInsrvasunmsgundadusiferiuyad anudesiu uaznisseniulussduainasan
Uz Tnaawvagbalusuaufiinensuasams

1.3 Uselemifinainesldsu

1) ledalng uarlalasiulaseanledisuges AflanwliluntsamaiauSunadals g
wua i tutivensnasaunsmiunfatiinadalwildud Samnsoisnussyndlilunueag
F3nunnuneiissintalasiauedeanies Jaduans Reactive Oxygen Species  (ROS) fiwulu
Fuandouuaz Fe5%3n 1wy Wduarsdnnen (bleaching agent) lulssnugnamnIsunssaey wazda
\HuasBuwesiiidon AAnanUAsewng 4 wu U§isesevwinnglaatuieulesinglaasendiaa wan
Fofuannsadneue fivaurtul WussgndldlunisTauiunaaisdng q wanune felum
gRAaMNTTY, Aadey uasnansuing 1wy Wy sanduaudiauee vie nalaaisuees iae

2) Wszuuiinssiuuudnludafiendonisinalasldinaiiauaumesisiumilunisnsiada
lslasinuweioanludfidalwihivaunudetamdausenauseduuiluy sswireprveuuiluiing
(carbon nanotube; CNT) lnaauluw1ifivAa (Gold nanoparticles; AuNPS) wazlwdwaiuilnsa
(conducting polymer)

3) Ilulawugeseiinlmifidannls WAZAIUTNWIBLNE G fannsahlvldlunsiasey
mUInadalndldegnnaduasiivssdvdam  nglusuweiuialmi fivaurtiuainnns immobilize
wulwfatuu nano composites 1iu biocatalyst lumsiinuiSe3snduvesdalng Adndiniie o
A3 nano structured biocatalysts Vim‘%uuﬁumﬁazﬁmmqﬂaaLaulﬂvfl (enzyme loading), A1Y
AsdraaLeulel (enzyme stability) wazaruanunsnlumsdwuBidnasougs

4) 'lﬁaaﬁmmg"ﬁmmmﬁﬂﬂ'lﬂumsﬁwmﬁ'namwluiawuwa% derhuldidueiesdioly
nsaneimnesguRdnsusiemns fn-walil aauazuuszy fdmingluness fusenidsaviie Wy wu
fhaen dle vhdle diedu warlad man eiuyadwaasvsivvewdniusions st
'ﬁmglaLﬁauﬁu'lﬁﬁ’uéauhﬁﬁamﬁﬁﬁmﬂﬁﬂv‘i‘lﬁﬁ'mm%ulﬂﬁsumlulawaaﬂﬁﬁﬂizﬁw‘ﬁ‘mw uay/vio
annsnhlivszgnaldlunsgesualissuuiinsesifivunadnald (miniaturize) wavUszgnaldlums
eseivinadalad lufegrndndusomisiasldmaiainaurtuiiumaialunisniasy
wasgurdaiue ensliiAamsifiuyadt amnudeiy waznssesiulussduanasinusznagii
Tasawzegebslusudufinemsuazemsvasive
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5) wanuiildianniuezgnievengnauiimine Tasnsiwansnaassildluuanivie
usseneluivssAvinsiiieadeniduuagiasame wialuARaimeuwnslunsansivnig

6) guteyadmiumsunsaug mmilafsfuinasgrundaiu Vinudalwaiily
wanfusiownsity fn-naldl aauazuusuitisminglunens Tussnidsaniievedine mhsnudiae
ey mwamsmalﬂlwsiwu lﬂu.n ﬂm.,'mmmams WATAMTINYASANARS UM INeIdEgUaTIusd
gpamnssuiiiefesiundnsusinivhuaniedndud (OTOP)

7) Wadsmuaansauazanuduudwesininideing Tnsemzessbeiuinddeluseiu
alaAliiameuiusEAVUINYA

1.4 YBULIRVBINISIVY

mATviaulafarianiinnsiwuusalulaiag avan uazsings eldlunsvedeum
Usinadalwd ifiethunlslunisiessimnuiinadalwsluseganiasiy wu thdnthwalsd uas 1
welfidumaialumsasisasuinaspundaiusiieduyardud  Tasazuiausendu 2 dw
Moty dugsntsdnwuasimunalifarugesiunnmaiaiuiudals aruddunisiamn
lalasiaunlaseenlamisuweiitonsisiaviunalalasueioenlesfiiaiu Moweiinweumeslsum
Fuszuviianeiuuusalulafendonisive TaglddalniiivaunTuse Yandesenouseiuuily
senInaiuauun iyl lnaduluniiiida waslndwe il - medinisldlagdausznauseiuun
Tundauussr Infgiiananadaniuou ﬂzv‘h‘lﬁlﬁ?‘?ﬂwﬁwﬁﬁamwhqa fiuseandnmlunsmevauaii
1 uazlimudumnzianzaags Wewmnlumsiasglddnd s 35hesevdalnalagldiouleSuon
wasmugiuiTlwihiauuiueiiden Aelignsuniunnesdussneuresmsiegiaiiomnieuled
Fusawmasiimzivawedalwdas awnsmhlvlfidusugesiunisassiatiunaudalwiuuunes
wmaslsumilussuvirssiuuudaluidfendonisivaldetwiivssdniom  widdoludufiany ¢
vaululaugeiitivsedvinmuasiinnusimanizadlumsasisnuinadalng Tnglulaimuges
wwsuuwmvLUmammUivnausvﬂuuﬂu ssninaueuluiiag, aynanes wasoulwidalvneen
Fina Tneaein nano structured biocatalysts vnmiuu'l.muummwa«aulw Anuasvsueulel
warAMIaINInluMsdsididnaseugs m'(,ﬁlu‘[amumaswwmmmuuamw‘hqa fuszansnmlums
RavAYBIISITY wazdimdumzinzags awnsahlvliddululewugesunisnsiviadalisuuy
LLa:JLwaﬂsmw“lusuw‘imswﬁwué’m‘luﬂ'ﬁlﬁadqaﬁﬂizﬁw%mw sEuUiiATsvifiofunsivaniass
LuURWAN UL gniwnlsziiunudneusseanetalumsiinseinudalng wasuszendldlu
My znlsuudalnn lusegrain-nald aﬂu,azLLUngﬁﬁamuw'lumﬂmmuaamammua LU
dhsen  dle e thequ uaring 1an welfinadiafivauiudumaialumsanageuinasgu
HaRsu Lﬁada'lﬁt.ﬁﬂn'\sxﬁugam Audesiu waznseaniuluszivananusumeagd Tnslamz
atbslugududinwasuazemsvasing
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uni 2
ANSVUNIIUTTUNTTY

mMsasiUinadalndsinmddgunnidududineden,  gaamnsINeIMs uas
nandusiannisinuas deswndalwiduansdnnquittinwulundnfusinianisineasuazudadus
awns s Taquszasdvoamsiiuaduomaidluglomnsanuasusgudeiielidudanisasaiulaves
Ydunidlunszuiunmsadauazmsiiuinvindasusiieiiiduasanmwitiduiidesnts  adnalsfinnu
demnaseiaiiiinansenudeguamuazeraiinaliiinennisud nsuslaromsifiansdalndidevu
TudBinannaziinenisuinties eudou mnudus wasdmiudiiunasdalndognazuuse uiedtas
Tsavaudin e1mse1asuussistununad wandsdin  wansusuvailanlasawzetiabslugisuay
suSnMIdingmnemuauUinuvesdalwsiAuadiuluems 15U 8en1s United States Food and
Drug Administration (FDA) veslsuwmaanigeusnilasenngwanslull A.a. 1986 fvualindndus
awnsTIvSIuYedalHAIAY 10 me/ke uasipIasnufTiuSINavasda LW 10 me/L aeadinsseyly
Tuaan 21 mydessivimnadalvdlueamuarudadusiewms i uddyuasiifaulaidedy
sghann  uenINiUiadalug (sulfide) luenmawasmsiiausingnisel “dunsa (acid rain)” ¥l
msinnzimUinaluimetdanndeudinuddiguiu

v <

myeivTinudalndluamsmsisuesgulunisinsisy dvediindelfinatlunis
= ¢ a ¢ o ¢ o . Po Iy a a -t
ey anmbhilunisiwsizudalnesi wazlimungnagldidumaiaiimsielunsainduay
Usshuwasiiviinashegiuee:  aniudadigideduuinnaulanasiauimeadealunisnsiaindalwaing

an il WalinURNIZIINZRIE

21 lulawuwes (biosensor)

Tulewruiees (biosensor)  (WuiaTasfiefldiauiinmvesansiag lnelddyanilésnms
wasududygraumalmi audnvuzsuedulaiguwesie Srnuansaizas (selectivity) was
Al (sensitivity) qqtﬁmﬁﬂuﬁ’umﬂﬁﬂmimw‘fmﬁﬂﬁ'u q wu gi-3d0a awninslWlnamd (UV-Vis
spectrophotometry) lulaiuigasusensuse 2 diu [8-10] Ao

1) @uYeEsMIEIAN (biomaterials)  AiwTiAans (recoenition)  viaideniams
(selection) msﬁaaéwﬁmzﬁwﬂﬁﬁ%mmﬁamﬁashﬁ'nww dudl 1 Hazgnade (immobilization) aguU
HavtuedIun 2

2) M3 EANLes (transducer) Fanswaiiweihavyimihilumsdeinudygafinaluds
dnuszanana (processor) ieNavTauansdyaaliislensu (signal elaboration) Feagyimeiiily

myindyguuazulsiesnuntumoniee fdeans laszunsuduysenavveslulowuweiuansls
AR 2.1



maimunaaweuweslsumiuuulmidmivinsivinudali- 11

BIOSENSOR

Q( —»

O Enzymes, nucleic acids Electrochemical transducer
VAN >

Microorganisms Transistors
O Immunochemicals Thermistors Ampliﬂer Microelectromics
Chemoreceptors Optical transducers
<> O> Mammalian or plant tissue |Piezoelectric crystals
<> Sample Bioreceptor Transducer Processing Data
« »4— >4 —b-<¢ >¢ —»

UM 2.1 Teesunsuvedlulewuweidasznauludie (1) duvesiienwaiiiuasdiluana
(Bioreceptor) uay (2) nsuamirainvitmivdaudygia iundiuvesnisuszanana [8]

nszvaumsinnszanaiwiualiuannsaesuieladaguin 1.2 Buenarsiaula (analyte; A)

o v 1a v o o ¥ ¢ ' ' a aaa a a

Lﬂaauvmqmwmm‘lwﬁﬂwwwaaLaulsau (enzyme layer) HTUNTZUIUNTUNT  (RAUHASE VB Y

uleyl (enzymatic  reaction) nangluiluansndndue (Product; P) fansadalannsuadinees

o d a 4:'1’ LY v < < a <y a 1 o o

YSuneaanszualwiimifetuaunsansiainlalagldindelieTanslwdaiviasunineaiadlnnud
laauew (potentiostat) wazansailuulswalansly

Enzyme
A—— » P Diffusion
(Product)
~H_ _‘_ A’.:_;’Yte_§°ﬁ‘ﬁ°“ - Ditfusion
- - - - - = and
A(Anae) — _ — Convection

JUH 2.2 nesunsuveaujizenniinuuiamidalni Jafeainatsiiaula (analyte; A) indou
ingimihdhihdunszuaumsunsluituveseuleld (enzyme layer) 1AnUfATe Mo dooulY]
(enzymatic reaction) nangluiliuansudnsiue (Product; P) dawsivialdiinsuaiiwes (8]

22 msiadEnudalva (Sulfite measurement)

Wuesglunmsiauianudalvsiau The Association of Analytical Chemists (AOAC) Waiu
913313889 Monier uaz Williams [11] Fatiuisnslénmsnduuaznisinmsn laeGusinthansiesn
wFndndlu 0.5 M HCL agldimsTduialulasiouniu iewdeudalndlioglugudaasinoenles &
aun1s?t 2.1 hilmsiwuandu carrier gas wufadamaslneenlusfiiiniusenuiivlumneiiussy
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SO + 2H* =850, 1 +H:0
S0, +H,0, — S02~ + 2H*

arsazale 3% peroxide uwiadainaslasanlydvziinufiseneonfieduludamanaziiansa fa
o
dunnsn 2.2

Fuuvinuvewalndluasietiedaunsoinsedldlasmslmmsavuiunansefitinty
nAsgIuLas AOAC fidedfe Wumaliafiine WWansinfiiviine wassailunisinseiliigedn uid
fodude JunoumsIwdndldanu ldannsaimseimenfifivunnwesalwi q 16 wagl
wmnzfelfidumeadairmeflunsdindunulsssuazivsinausiegiuees ﬁ’aﬁv’uﬁaﬁcﬁﬁ’aﬁﬂmu
wnaulafieeRannmadalunisasiainusinadalne

23 msiangwmaldaliaunuauni/ueuwmailsiums (direct voltammetric/  amperometric
measurement)
nsnsvinvsinaedalvdlagendamsiausinaaniiiseeendnduresdalwiuenainay
T#38nAsgIures AOAC ud Hannsoialdsematamdlnitiailnense Tnglddinfwiinvowds
WU Pt [12] , Au [13], A1usu [14, 15] waz metal oxide (16] froglgadnliauluunsudildain
ms'l‘z's’i;v"ﬂﬂﬁwﬁﬂﬂma«'iméuau'(.umﬁLﬂswﬁﬂ‘%mmialwﬁuamo’fqgﬂ‘i‘l 2.3

20
A
2
£
]
n
&0 1.
2
IS
£
=
Q
2 0.
15 HA
e e e (0] VPP
06 0.0 0.6 12 0 20 40 60
Potential / V Time/s

U 23 (A leadnhaunuluunsuresdalvsuas weanasiunitalniinanadasuouly
asazaeimired Moy 7 dnsuTilunisaunuy 50mv/s wax (B) Bvswavesweansiiuniiivedyy
vowalnndlenitainmemetinwauinaslswvs [14]

Falwdannsafndygrundriniveudavails wazdadriasmaalunmsinseiedluszdula
Tastuand winvsldiwihweaudamariilumsiinsesidalnditnwuilyguing fouling veetalnih vl
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gopdeanwla (sensitivity) wazAITIBY (reproducibility) unsiasiest  wenvniimstanisiin
sondinduvesdalndilaensainlgdndlnings FlAAadguidesnissuniuanasduiiamisoin
sandundulindndlniisanan mahldussgndldiufegndadidedain wu mailylddudiedns
Inideinm3ndrouinadudou smulgmessmusinzianzas (selectivity) 79 iesamfnns
sUMUINANITTLTUBIRUSENEUTRIENTAI0E1 1 Lednaiiun vi3e IndTuea

24  mavaniuladuenmaiuatlslasiauneeenlvdwuigeidmivinsiinudalg
AMsWAUNISIeseivSunadalvamemaiialaunuuvs/ueuweslsuns Tl
AT NI (selectivity) w1ty Reavilasmstneuled wWu dalndoendina vie dalvdd
la‘ls\ﬁwam‘l%mu@ﬁun’\ﬁﬂé’aﬂmﬂﬁﬂhamem‘%/uamwaﬂsmw‘%'*?'i%v’alwﬁwam%a Tasn13uin
wulwhina3aimmobilize) asuuTansna 4 edwnldiduevleiBueanes (enzymatic reactor) v3e
vunaaeuuRamtisa et dauystia v hdululewuwesdmiuinseidalnd nseds
wulnfansaihlflasnmasdinussneuseg winiluadshemedafiang

1) nselagn1seany (adsorption)

2) mnlegiIsiniAaRusyvmiaall (chemical bonding)

3) mansalaeiSinduweslsiedu (polymerization)

4) mMInlaeIBiAdeu (entrapment)

Fuumazwaiafited-dfodonuandeaiu minsaeuleddingazlsinaiianimIawuunisia
ime mzasiWieuleifindianmasvieuiia aunsaiusisussnausieg fdwrladie inisese
1899m37 wazanansavinlaludSunaunn

Tuaddeil dauusnizdnwinaswauniifauises (chemical sensor) lun1smsaaedm
Usnaudalwd TneszaduiouledSuenmes (enzymatic reactor) vitlvidalws (50,°) gnoenladluidu
dain (50,7 ) waniinanslalasinuneioenled (H,0,) Tusaunisi 2.3 [17]

Sulfite oxidase

S0¥ + H,0 + 0, > H,0, + SO} (23)

Uhnailslnsiauesoenled Afetuszgnansiasodalwihdifautu Tagsesfinyuasiau
Flumsniseuluidalwdeandinansvuianvesudagu ilin beads wio resin  uaziluussylu
cartridge WeorunlddueulniEueaweiddinmusinsazsuazansadsudalwsluibusame

aclolasinuleioanledegniivssdniam mugiumsiaunlslasiauaseanledisuiyes e
m’mamjsmmla‘lﬂsqujasaanhmmnmumamﬂuﬂuamwaﬂsL:u*n“'lui suvliaTsinuUSaluld
21fvn1siva Imam‘lﬂﬂmwwuwm%maﬂmﬂivnamvﬂuuﬂu 38MINASUBUWILUFIY (carbon
nanotube; CNT) Inaaurluwisitaa (Gold nanoparticles; AuNPS) uag sndweiinlwdn lagaainis
am'iwmalwvﬁm'lmLaulftsmu.aﬂmasmugﬂumlﬂﬂmwwuwuu%maﬂ Aelignsuniuain
aaﬁﬂisnawaamiﬁaaehaLfiawﬂnLaulm:]?LLaﬂma%ﬁﬁwwamewia%'alwciqa warmslyianga
Usuna'usuﬁ'umium6"1’91LLUs-z'Jv'alwﬂww'i*u'[ﬁlﬁ%v’alwﬁ"nﬁﬂamwhqa (high sensitivity) fiussansawlu
A1RaVAUBINSITY (rapid response) WazdANTUNL ¥i1¥ g (high selectivity) eswnlumsta
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wlgindlnf s ansauirlUlgidusugasiunsnsivtausunudalnduuuieumesiswuvsiussuu
Jiasenuudniulianenfenisivialaeagraliuseansnin

25  mmaundaindluleiwuiges
nsRaYIIsItas1zrusuudalndlasldluloiguige sIuiinaudniniziansas

(selectivity) 1ntu Tnemsldtevluifauustalaii (enzyme-modified electrode)  vildlasnsnde
wuleidalndoandinaasuuiuiinvestandwsznovszdvuily  vesaiveuuiludiag (carbon
nanotube; CNT) dadutaniifidnunziirudufiavie Sfuiifnun, aunsoussyessey wieluana
'ui‘m51415’:11a'lu'via‘lﬁuazﬁamwﬁw‘lwﬁqﬁqa (18] warlndmunluwiivitAa (gold nanoparticle; AuNPs)
Faflantmirlwihgs (high conductivity) waziiraannsalums catalyze URSoNAR e
biocatalyst ﬁLm%UN?TulﬁﬂxﬁauﬁaﬁﬁLﬂvﬁaﬁmmwaqLaulmﬁ (enzyme loading) kazAINLAIRIADY
1ules (enzyme stability) ga Fadunmuaiifives biocatalyst Miudaanisegsdelululowuees ia
thandaulstalniedananadaniveuliululowuweidmivinssidalndmemaiiaueuwesls
i lulawumesivansumugfuszuuinnesitussluiRiadonisiva

nalnlumsiausinudaliditalulawueed Buaneulnidalidesnivaswiizsimaiia
sanduntuvasdalng vniialu damauarlelasiaueseenlensannsd 2.4 [19]

250327 4+ 2H30% +20, —» 2504%~ + Hy0, 2.4)

nsasItaUsuugalnavinlalasnisesiaindsunuvedlalasiauiiaseanleanitingu Taems
A1 IANTELANARYIWAINUGATE6e aunish 2.5

Hy03 - Oy +2H* 4 2e- (2.5)

TneAni33inseidalndlagldluloouwesinaudui i dod ArlaignIunquain
asflszneutesasiethuilesn wulnidalnsendinaisimzanzasedalnig uaznsléian
L%aﬂsznauszﬁum’lumﬁmus'ilv’ﬂvlﬁwzv‘h'lﬁlﬁ'ﬁv’ﬂwﬁwﬁﬁanwwhga fiuszansamlunismevavasii
7057 wagdimudiwisazasg annsehluldidususeslumsasiavsnadalnsiuuuiounes
Tsumslussuviinnsiwuudaludaviondonisivaldedsiussansnm

26 lalasieulaseanlenwuiwead (Hydrogen peroxide sensor)

Salimi uazAmy [20] @usdsmsdaudsiinihnatadnisueulaeldianidausznouves single
walled carbon nanotubes (SWCNTs) Wag @15U5noauvad Mn (2-(((a-((2

hydroxybezylidene)amino)phenanazine-1-y)methylene)amino phenalto) %38 ansusenauldedou
Mn-phenazine #sdunszvilalagldnszuiumsagud 2.4
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OH O

J\/I{

® |
|
2 1
NﬁNHz F NUN OH
N NH, Methanol, Reflux N \Nl OH

23-diaminophenazine

2]

OH
Mn(OAG)2. 2H20

2 Methanol

/N

y ’
doyadiosiy
I iee00
3111'7; 2.4 Taegunsuuaninszuiunsiunmsdansizi Mn-phenazine complex [20]

dlathialninanadansusuiidauusiae SWCNTs warvansusenauldstiou Mn-phenazine v3e
GC/SWCNTs/Mn-complex uiiasnzsisemaiia cyclic voltammetry wuin lelasiauaseenlosisy
iRnsenduRidnglni -0.2 V uazdunauiu catalytic reduction peak Mdinglwi1Uszanm -0.35 V 1ilath
Trlwdananiirssidismadauenmeslsuninut fransnevavssuududunsa (linearity
range) edlalasiaueseanledaglutiag 1.0 pM- 1.5 mM wasTadidndgausanisitases (limit of
detection) HAwviiu 0.2 pM

¥ A.e. 2011 You uazawy [21] dauusirlninaradanfusulaglilasléandussnaures
multiwalled carbon nanotubes (MWCNT) uaz Pd nanoparticles w&aantiuld Nafion adiausiu nns
WS8u MWCNT-Pd  nanoparticles 138831001581 MWCNT  wneandladlnaldnsanan seving
HNO3H,S0; (Swdau 1:3) Tiarwideuiiguvgi 90 °C Wunan 3 HiluaiteddnasiFovunasinly
Fufiwes MWONT Hunse 9ntiuih MWONT Windsuduansavanslu THE annfwdin NasH asty
arsavaelmARUAASe" thiolation @13 MWCNT Aildarnniswieslutuneuiifen thiolated
MWCNT ilU disperse ludndu (223.8 mg/100 mL) wnthuwien Pd colloid Taeda sodium
tetrachloropalladate  (if) Ymiin 249.83 mg avanglutiUsums 30 mL anvuRy o-
dimethylaminopyridine 10 mL tAuaisazaie thiolated MWCNT (223.8 mg/ 100 mL) adly iy
ABY 9 neAa1Tazany NaBH, adly uazniuaisazatsuszunsd 30 wi JunsETEnsarasasung
wiswgeudush hansazareildlunses redaethndu vkl vacuum oven a¢ld MWCNT-PA
nanoparticles.  11a5a¢a18 MWCNT-Pd nanoparticles U313 5.0 pL vieauufianihdsinfinaad


liubu
Rectangle
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@ Vv

mfupy Mlviuiefigumgiivies antuvesansazany 1% Nafion USums 50 b laindn

GC/MWCNT-Pd/Nafion  @aiiiathunitasisisnemeain cyclic voltammetry wuin lelasiauas
sanleminsrniuidnsiniuszinu -0.28 V Weathihnfhdandauniessidomadauauweslsum
$nu Frenseevaussuuludunsa (inearity range) vaslalasiauiesoanlenagiugin 1.0 pM- 10
mM uaglad finsgauaansilasizyt (imit of detection) SAW¥AAY 0.3 UM (S/N=3)

Tud A.e 2007 Qiu wavame [22] Sreanideisnsdnulstainihlnglénszanedn tin-doped
indium oxide 38 (ITO) FaudsimeTandausznavraslnanunlumiviiAa (AuNPs) FFauUsioy
Prussian blue (PB @Au nanoparticle) 9nlnasuilumiiidaiinSeulaomswisuaisazais A lneld
2% hydrogen tetracloroaurate Y3195 1 mL wwdoaneliivsunes 80 mL nSsuansazany B lnoway
1% trisodium citrate U33n@3 8 mL MU 1% tannic acid U3ues 02 mL nuiunideanalid
Y3nas 20 mL thansazane A srldarudeunilfanufeuiigugi 60 °C mnduiduasazas B uaz
nulmdriudunat 35 ui srlaansazanslnanuiluwiifiAa dansazatenauvel 1.0 mm
FeCl, , 1.0 mM KsFe(CN)g, 0.1 M KCL waz 0.025 M HCL U3u1ms 10 mL inasluansazanslnanunlu
WiARanIUSe s 10 mL nauarsazaneuiian 30 uifiazldiarsazaty PB @Au nanoparticle 1n
arsazany colloid Me3euldly centrifuge wavdradasthndunans q At 1 particle AAldin disperse
Tuthndul3uns 10 mL nfuwdeudalnih MO shewaiia layer-by-layer self assembly a¢lé
lalasiaulosoonteniguiyes

Ping wazAz (23] AauUstalwinanadansueulasldlngldTandausenouves Prussian blue
(PB) waz poly(o-phenylenediamine) (POPD) wnldlunisiauSuailalasiauvasoanled nsaauls
Falw3uanMs deposit Héxwes Prussian blue (PB film) #1enszuIuns electro-deposit lagin
ijv'aﬁ1nma%'mi'uaumqju'lumsasmawamaa 2.5 mM FeCl; 2.5 mM KsFe(CN)g 0.1 M KCl uag 0.1 M
HCL Widinglwih 0.4 v (Wisuity Ag/Ag/l) fitalwilFaw WWuan 40 Sundt il lugaty
asazan 0.1 M KClL uaz 0.1 M HCL uazlvdnglnniAisening 0.35 §9-0.05 V laglgdnsusalunns
auny 0.05 V/s $1u7u 20 s8u 9nuidalwiudredhedindy uazhluviludslumeuiigungdl
100°C Wurian 1 #alus YAl electro-polymerization $uwa POPD Tasmsldnglvsina

I 59 -0.05 fa 0.8 V laslddnsudalunisaunu 0.01 V/s 3wau 15 seu luansazatw 0.01 M
WoaWaUWines pH 55 50 mM wes OPD Tauluwes $alwih Go/PB/POPD MSuldanansa
Yunlifanmafniindureslalasiuileioentes lnglvigisnisnsvavewuududunsaida 0.1 pm -
012 mM uasdnsfpranueansitaseiiiauiniy 005 UM eilafiveurduiiaansaily
Uszgnaldinssiviunalalasiauesoenledlusiegiuaiosiu iy vinduuzun, vuden uasih
ralsfidu thduzse, tueudanas ﬁﬂaiu

2.7 watinlun1sasuauludlueulesisuannas

msthieulsingss (immobilize) asuutansine q tevunlfidueuluniiuennes (enzymatic
reactor) 3avumisatuuAmidrlwiuieiundauustinilidululawuse sdwmiuiiase
Vnaans nmsesaeulalbildmnsiaeulesifimungneds  isgasiild asuaiunsalunisi
Uiisouativualy fafunisaiaeulsl Samnefamssiiasumisenled fe3samsmmamenin vie
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iaduisieulel 'lwaa'lwaﬂwmmwuﬂ Tnensssaaulnifuidaniziliavats Alvainvans
¥iin mLaulmummmmmmin'lumistgnim aamﬂzy'uaamiﬂmau‘lﬁumaamuamﬁa

(1) oulefmanansnnuamnsolunmsisuitensiimendinaniaeule]

(2) ansdeuamnsadiuRsefuieuluifigneds Tasunannnsiarng veshdanevie
BILUTY wasnanSueiunseaniadiie

(3) eadvsvuueuluiniaguiitinnuasia meldanniznislduveeule witinnseda
wulmiazlinauselomnidh activity veuesuluignyhans lnsnsguunsnss vi3sansaaruliiannsad
vujisedueulsdla

Theisen wazanie [17] Wauwaiislumsiwssivsunaudalwdluamnsiagldivaiia HPLC
AUgu immobilized enzyme reactor (IMER) Tnensieulsidalwieondinaninslu copolymer
983 methacrylamide (Eupergit®) nelgdnsidiu 50 units/40mg ¥4 Euperg|t®) mnuuuﬂ‘dmiﬂ
4 carbonate cartridge wagldidu IMER Tuszuvisigiuuu HPLC mgﬂw 2.5

31]'7; 2.5 szuviasisiUinadalwiluowvnssmismaiin HPLC mugiv immobilized enzyme
reactor (HPLC-IMER) ER 1 l9¥alnifieandinaaniiy (pSO) ER2 l9dalwiaandnanindmd (cSO) was
fn5293R (detector) 9T lWHuwanddsm (Pt electrode) Tunsasia¥e Taglgdngluva 200 mv [17]

U HPLC-IMER #inarunauiielisalwsiaandnanniis (psO) WWaasnsmevauswuuiiudunsed
$290.04- 2 mg/L (= 0.9996) usithmudutuvasdalndiiu 2 me/L sziudannuannsalunis
anviailidggraannsensialitututing saiidelddalnioendinanndnd (cs0) At
gy 0.04- 2 me/L msmevausslifudunss (= 0.8809) devhmadpiauuluieswi
Uhinaudalvslusegnmalil wu adu, #Y wazuzun wuhlinad

1wl a.A. 2008 Franchini wazatz [24] leWauwnatinlumsimsizidsnalslasaudes
sonlealuiidasldmadindnge mmuamlumwmﬂam'ﬂwamUﬂnU enzymatic reactor 1nen51n
oulmivaseandiaauinidluisdusiin Amberlite (IRA-173) Iﬂsmt'sqjum 250 mg Ay 0.1% ngm13ad
laduSanms 100 pL aslaalddnmilaomsmuduna 5 v ntuRumeuluivafesndina 200
units Muvawaduan 10 Ui anmf’uﬁm%ulﬂussq'luvia (tygon tubing) Uavanesislouniuay
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1Ty enzymatic reactor Tussutiasizviuuy Flow Injection Analysis (FIA) iinsmIIeInme
wailauaumeilsuviadlnimesiiinsdaulsiounavimiu (Platinum-modified gold electrode)
) Tagldfinglndy 0.60 v lumsia  dygromilannnisinuansdagun 2.6

0.200 T8
g 3
0.175 012
S 010
0.150 f f —o%
e 8‘%
<0125 :
é @07 7 & & 10
= 0.100 d g PO pmoi Lt
0.075
[
0050[
0.025{ W L L
: Al L-.L L
0 250.0 500.0 750.0 10000  1250.0

t(s)

JUN 2.6 Fyraildanmeaialunisina lelasuesoanled A4 enzymatic reactor Ty
sEUUIATIEVLUY FIA filinnsasiviamswmetiawannmailsumsnin W maariiniseauUsiounan

flu (Platinum-modified gold electrode) AmTITUYDY H,0, 310 (a) 1uM ~(e) 10 pM JUunsn
WARINTMUMSFILNLA [24)

2.8 dalnalulowuivas

Abass wazamz [25] Wauwauineslsuminlulawwuigesdmivieseiusunudalng
Tnsldanswauszninveulaidalidoandina uay cytochrome ¢ Fsldidusmusidnaseunauadly
niinasuou wazthlufaiidu screen printed electrode iawIsmdululowwuiwes nalnlunis
Lﬁﬂﬂﬁﬁ%tﬂ‘ﬁ screen printed carbon electrode (SPCE) uamﬁagﬂﬁl 2.7 HalWdiia oxidation lay

M3 catalyze saedadlndoandiad (SOD) waz cytochrome c (Cyt c) #sluluianavzil heme il
< & « v oo oa d 2+ 3+
waniussrusenevanlatudisudidnasou (Fe” /Fe )

SPCE
(+H3V)

2Cytc SO "+ H 0
(zcm X X so v
- YR 2.7 leezunsuuanwjisenfiintuiiavinvesdalndlulewuigesfivauiu
W8 SOD Fadasninaeandiaa uaz Cyt c A9 cytochrom ¢ [25]
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dleAnwnaves pH vesarsazareiildlunsialugae 6.5 - 8.7 wansVAaaILandss
sﬂﬁ 1.7(A) Fanudiiiedn pH Lﬁ'u%vu 9N 6.5 f47.5 Anssuaildiutustrann wazduasidle
pH aa'luma 7.5-8.0 Anszuauanadle pH 'uaamsa.,maummu 8 0 mnwamiwﬂaaﬂuiﬂ 2.8
(B) Wu1 pH wmmuau'l,umsamiwmﬂsmmfaalwm Ao 8.0 Wloswn?t pH 8.7 Fygrauiileaslingd
uazmnszuawlﬂumamaa &1 Abass LLaxﬂmuanﬂiwhﬂmmnﬂLuaamw pH AU 8.0 Fanlnnaen
una uar cytochrom ¢ Wasulassadaidasniniinnsuada (folding) Yhlwt specific activity anas

700 e ey
! pH 8.0
600 | 5 <
£
3 1
% : & 2
= -
% 400 1 | & 100 sec  PH 87
-~ ] @ a
= 300 | g
g | 3
w2 200 F %
100 } j
o 1 1 _ 4 'l L "
6 6.5 7 75 8 8.5 9 Time/sec
pH
(A) (8)

d (7 [ 3 , L QU
3UN 2.8 (A) uanwaval pH vesansazateneainiwiesilelunisindygyiuuas
(B) Anszuaniaannsiasswmalianamnesisumsinelddalwalulsisuigeasvinauidu dedu 0.1
M Na,SO; #iaz 20 pi Tuansazaevieauniviwes (a) pH = 8.0 way (b) pH = 8.7 [25]

Wl Am 2002 Amgdide (26] ImwnanudalunisWaunlulewugesiauld

ouleidalviseandiaa (SOD) uaz cytochrom ¢ M3l screen printed electrode (SPE) unlglu
nsAsITInIUILlia SO, niswsvululalgulresilalaenisdl 1.2 mg cytochrom ¢ way

ulwsidalnsoandina azarsluaisazareivines wazurlyu deposite  uu polycarbonate

membrane lae@anLuY SPE 2 ¥infe s-type Waz b-type biosensor gﬂuuuﬁ'ﬂgﬂﬁ 2.9
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A B

il I ISOI zl FER—————— 2 .
i I . l :
mAg/AgCl

B Carbon Electrode
. PVC Substrate

' Electrolyte Containing SOD and Cyt.c
B Carbon Layer Containing SOD and Cyt.c

Electrolyte
I Polycarbonate membrane

U 2.9 lnazunsuuanadituin (side view) vaslulawwuimasiianniu (A) s-type
biosensor way (B) b-type biosensor [26]

annan1mmasnyin lulewsuweiiiautunin s-type fanmhlunsitasesvigeuay
AMsMaUAUBY (response time) NI 1in b-type 1189910 cytochrom ¢ uay weuluidalnsean
Fnaoguuiamivemsuaieed (Bidnlnan) edlulewuwefinanuniuuassiauiua
Faeslasanlassumatiauauweslsuvinansvaasauansléfigui 2.10

1000 |

29 ppm

Anodic Current/nA

0 400 800 1200 1800 2000 2400 2800 3200
Time/sec

5U# 2.10 dyaraudilaannnisin SO, Mmemaliauesweslsuviflulawugesiianndu (s-
type) [26]

Tudl a.@. 2010 Bahmani wazamz [19] w@ueislumsiaundaludlulawugeslnens
wulnivalriesndinalufiauves potyaniline Uu“t'?ﬂwﬁwasqﬁl,ﬁuu Tulawuweifivannunion
1¢laan1svh electropolymerization 483 a1sazany 0.1 M aniline 713 2.5 mg/mL iouleaidalng
aangmalu fvinazate HCL-NaH,PO, (pH 8.5) Tudndluvlasaunuaisening 1.2 81 -0.5 V (Wisu
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futalnd SCE) Wutian 30 uit eulwidalvsoandinaazgnaialiluiduves polyaniline s¥ni
nsEUIUATS electropolymerization UW 2.11 wanalas3a314ves polyaniline

U 2.11 uanagnslaseaiiawss polyaniline [19].

Dinckaya uwazame [27] sreunisimseudaludlulawuives lagniseiaouleida
seandina Uu'z‘lv’ﬂv{ﬁwﬁmnma%’ms‘uau'ﬁqnmﬁ'aué’wﬁéumwmﬂsaw Fumoulunisimioy
Tlawuwwesisuanninhianinaiadafuauiiviharuazernuudaunguluaisazats mercury
plating solution (200 me/L He,Cl, Tu 2m HCY wululasiauufaluarsazats 5 wait 91niuly
dndliihuntananadasusudidng -0.1 §a 1.2 V assfeaunduiewioufianidalad ormiuls
AndlnAd 0.8 v wiauniuaisazatumednsn1snIuans 1,800 seuseurdt wield mercury W
deposit s lWfnduiaan 90 Juadl ihialwihnaradafueuiiifduuvesusemneiaeuled Tag
dneuluidalisenndina (0.5 U) fiwisuluarsazareweamatminesumaniu gelatin (1me/50
W) ntnhansaratefiedould 50 L umenasuuninliiinaiadensusuiiimduurivesusoniia

Wiiuisluiidu @ °0) Wuian 1 42Tus 9antuthdalwiluguluansazans 2.5% glutaraldehyde
fwTenlu 0.05 M Weawatviwes 1Tunan 5 unii sxlddalwilulaweslaendnnislunisinde
sandluiasansluasaransazgnimdnsalwihaianaradmiveufigniedeudefiduuissessen
lulewwuiwedazransanasvessendisuieuluidalndesndinailulslunisiinu jisodalus
pondladu faunisinviurmeendiauilslulunisiujaserfailuguiuntvesdalng
WlawuwesinaunumnildTafidndlni -0.24 v wazannseldfusetrsemns wu sunils, qU
way Ydu
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3.1 Tanaunsaiuazansiadl

Unn 3

A1INAaaN

gunsaluaiasedionldlummnasuanaianisei 3.1

A151991 3.1 1AS0ILaTILHIUNISYINADY

TuLChivusLal

Ultrasonicator

Glassy carbon electrode (3 mm diameter)
Reference electrode : Ag/AgCl

Counter electrode : (Pt wire)

Vertex

Maonatic ctirrar

3.1.1 loaanlaaunuuns

n1snnasdlgadnliaununansfiagui 3.1

eDAQ (EA 161)

eDAQ (e-corder 210)
Scientific promotion (CT360D)
CH Instrument

CH Instrument

CH Instrument

LMS (VTX-3000L)

HWsAa /-t L

22

wintlwvudloaey u EA 161 way e
corder 9u 210 (U3¥W eDAQ) war Liaunuaviinead vua 25 mL (3Uunsn, guﬁ 1) Usznaumy
Falwi 3 47 Wun Silwihadianaradandusy (GO 535190 (3 mm diameter) wio Talwinanad
m%uauﬁim@iﬂw&Jéé\"v&Jﬂa:ulwz‘%maam%vauuﬂuﬁaﬂlwﬁazﬁauLLazaymﬂwawﬂmﬁwﬂxﬂw“ﬁﬂ%mu

(AUNPs_ MWCNT-COOH_PANI_GO), alwih Ag/agCl lutilnihgnads uarldan Pt sl
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A15199 3.2 arsadiildlunisneaea (da)
A RO U LU AU AT U IVIVYACIN - NanOLab
Hydrogen tetrachloro aurate (HAUCl,) AR Sigma-Aldrich
Sodium sulfite (Na,SO,) AR Acros

Glutaraldehvde AD Siema-Aldrich
3.2 N1SIAS8NEISLAL

asazaeaviidy AndEtu 0.1 M wisulasUweeslifuuiansin YSues 46 L
vanusnuEnsazany H,50, ansdudu 0.5 M USiesidmisy YSuuSunestiasu 5 mL luvieda
Usums

a1varaty MWCNT audiadu 10 me/mL wideslneds MWCNT (w30 MWCNT-COOH
%38 MWCNT-NH,) 11 0.01 + 0.0005 ¢ azarslugnsazaiansanausening H,SO/HNO; (3:1) 1 1NAs
1.00 mL 11U sonicate shewp3oe ultrasonicate tHunan 2 $1lus

ansavatanal MWCNT-COOH/aniline WeslasUwaansazaiwerlidu Anuduty 0.5
MM US195 1.00 mL Wnasluansazatys MWCNT-COC  Auldudu 10 me/mL USaunns 1.50 mL
nadlidniulaedily sonicate feldes ultrasonicate Wuan 10 wad

a1sarany NasCeHsO, anududy 388 mM  wienlaeds NayCoHsOq- 2H,0 11 0.5
+ 0.005 ¢ azaresietn DI USuuSunmslfasu 50 mL

asazarweuMAnesly anududu 002 % wisuatnaisazats HAUCl, Aty
1.0 mM Taede HAUCL ¥1 0.01 + 0.0005 ¢ azatefietn DI-USUUSIRsIfATU 50 mL 9Nt
Waasarats HAUCL Anadudu 1.0 mM U3uims 20 mL Wwuastuiauwts ldwiawdindndwsy
MUENS MuaTsaratefl 1,000 seuseud (rpm) wiouduldmudeudt 75 °C Wunan 10 wift 9y
Funawiuletinnefiiadudswosuiaui ADYY LANANTATAY NasCHO;  AMUINTY 38.8 mM
USines 200 mL  ieisasuudufiugamgiidu 125 °C wdeusuniuansavatesiol 20 Wit ez
1sf ansazansouniAnaslu (AUNPs) AdAuns ﬁﬂﬁmsazmaLéuaaﬁqmwgﬁﬁaq ntnhmsavans
sumanannlu AuNPs ldluiulilugiduiionmad ¢ °C

asazanouMARUUILY (AgNPs) Ay Winansasay silver nitrate A ududu 1.0 mm
UTn1ws 10 mL egatgasluaisazats sodiumborohydride auidudy 2.0 mM U3u@s 30 mL
melian1gfiinisniunaennat asazaedildesiidvdesaine nsmudelusn 3 uidt i
asaralgaynIAuuIly (AgNPs) 'Lummtﬁaﬁqmmﬁ 4°C

asavanedalud anadudu 1M 1 NaSO, 1 12,604 = 0.005 ¢ avanesie DI
Unasidntios wansazansadluniaialiinasowa 100 mL USudSuesliiedadaeii Dl LAy
ansazaneildluninuindu figumni a°C
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ansazawlaleioulalasiauromwanamdudy 0.1 M wsoulaeds Na,HPO, 11 14.196 +
0.05 ¢ avanedieti O Ysunandnies wasluriauSuinsuuin 1,000 mL USudimmsuisinenh
Vil luraudivans

ansararslnuvaidoulelolasiouneara  Adutu 01 M wIeulasds KHPO, 1
13.607 + 0.005 ¢ azanosnet Dl Uinaudntios wadluwiny3unsuuia 1,000 mL YSudSumsouia
Sagnot iulilurauifivans

ansazansieuledsedausfivaseondina (HRP) wlvulaodaeulesy HRP dhuiu d me
azanelur DI Usines 1 mlL agldansavasievlesisesausindesoandoa anududu 4 me/mL

AN58LANUNIADLTRN AIUTNTU 2 % w3oulasn9@Isazaty 99.9 % ninednn Yiumns
0.2 mlL waslumainusuinsaunn 10 mL YsulSumsaudsdedaei o

asavany 0.4% chitosan (CS) wdealaeds CS $1uau 0.2 ¢ azanelu 5 mL 1.0 M HCL &9
nuisl¥aunseits €5 aranefumanun mintuusulSuesIvle 50 mL agldasazarsrnududy
0.4% CS

asazansumsgulalasiaueisonien anududu 1 M wssulaenE@ITazaIBuInIgIu
lalasiaulesesnlan Aududy 30% Ysuim 9.99 mL u  luwiadSudsuinsauia 100 mL Usu
Usnasieh ol iullunaudufvans

3.3 ASHaTalndeliAaruees waztdinHlalasiauaseanlafamsulasiziusuin
Falnd

33.1 msvdldninslnge  Swduvesindasiidu
33.1.1 M5 erndalwiinatadani
¥envazentalwiinnatagaiueu Iﬂaﬁmﬁwﬁvgﬂw%ﬁa&Jmazqﬁmﬁuﬁﬂ
#nvane %’m%@lwﬁﬂmﬂ%magﬁuwmﬂ 1.0, 0.3 uag 0.05 luAsou muddu a1ntudsliazondie
1ndu LU sonicate futh DI Wunan 2 wiit udlurmenasazareasusuluing lelagu

ranlndauudalvinanada  Jeu 20 lulasdes eliluwisigumgiivies

33.1.2 mMansoutaliin MWCN. . COOH_GC
f\ju%ﬂw%nma%m%uauﬁv‘hmmazamLLéaaﬂuaﬁazmamamij
MWCNT-COOH A3ugu 10 mg/mL U3n1ms 1.00 mL wazansasansnoamntvives Aty
0.067M (pH 7) Usuas 11.50 mL WidAndlniuuuleadnszwing 0.0 - 1.0 V. (RE: Ag/AgCL, AE: PY)
30 30U luSMsINITUANY 50 MV/s nwieusaniuansazats 650 seuseundi masanan &1l
e DI aglddalnih MWCNT-COOH_GC il siigungiives
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33,13 N3k, Ju9alWin AuNPs_ GC
uinlwihnaadesueuivihanuazoiaudiaduansavarsnauszwite. AuNPs
AMIdNTY 002 % USuams 1.50 mL wavarsavaioveawaUwiwgd adududy 0.067 M pH 7
USims 11.00 mL Wdnglvsuuuleninsegwane -0.3 09 + 0.9 V. (RE: Ag/AgCl, AE: Pt) 10 s8U
FedRsIMIuanY 50 mV/s nieyeniuansazany 650 sausieud nasaaan avldtaluill AUNPs GC
&ainlniiadhed ol LLé’dﬁﬂﬁLLﬁaﬁqmmﬁﬁaa

3.3.1.4 MawSeutalniin MWCN. . COOH_PAN: 5C
quialnihinanadaiivon.. Marwavernudladluaisazatsnauszving
MWCNT-COOH/aniline  (1.5:1) U31@5 1.00 mL uazasazatgwoaativines auudy 0.067
M (pH 7) U3ums 11.50 mL Tudngluiuuvleadnsening 0.0 - 1.0 V. (RE: Ag/AgCL, AE: Pt) 30
sou ludmsamisuanu 50 mv/s wieusiamuansarany 650 JeURBWTT  MADALIAN L. ANIWOA
weslswiuveseridu dadiunedesidu (PAND  Eedalvindasd o avlédalvih MweNT-
COOH_PANi_GC *?Tﬂﬁﬁwﬁﬁu’ﬂw%LLﬁaﬁqquﬁﬁaa

3.3.1.5 NMSISENTAIA1 AUNPS MWCNT-COOF PAN: 5C
ﬁjuﬂu’alw% MWCNT-COOH_PANI GC imdaudsindedl 2.0.4  aduarsavane
HENTEWIN 0.02 % AuNPs USums 1.50 mL waraisazatsweamadvines aaududu 0.067 M
pH 7 Y5ues 11.00 mL Tudnglndnuuleainsewing -0.3 83 + 0.9 V. (RE: Ag/AgCl, AE: Pt) 10
sou ludmnsinasuanu 50 mv/s wdousaniuansazans 650 SeUsaunT nasanal azladalni
AUNPs MWCNT-COOH_PANi GC &nsilutitngaenir DI LLﬁiﬁﬁlﬁLLﬁﬁﬁquQﬁﬁm

mawioutlndiedn AUNPs MWONT-COOF PANi GC  lutunsumslufvnosdalniie

N3¥UIUNT electropolymerization ailaiu (PAND) uaz electro-deposit auniavosunluvuiintinges
Ilwinanadaisueu uanafagui 3.3
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0.25% PDDA (0.5 M NaCl) 20 mL
l Sanicate 30 minute i Centrifuee 30 minnte

wash with DI water

(3 time) dried -~ MWCNT-PDDA
at 70-80 °C

10 mg MWCNT-COOH

gﬂﬁ 3.6 TUMDUNISAS8UANTAYAY MWCNT-PDDA

ansazany CNT-PDDA-AUNPs w3pulag 93 CNT-PDDA 11 4 mg/mL wiifuansazay
AuNPs Audy 0.02% 1 mL ud sonicate 3 93Laa3glel MWCNT-PDDA-AUNPS

3.3.2.4 n1seaudstalnRnanadaniuou
sk JuglWAY GC/MWCNT-PDDA
T lWiivianuaze1nudiumenansarats MWCNT-PDDA arududu 4
mg/mL USuws 40 pL awuﬁwﬁw%ﬂﬂﬁwmﬂﬂ?uﬁalﬁuﬁaﬁqmmQiﬁawxlﬁ%ﬂﬂﬁw GC/MWCNT-
PDDA

ANSASBUVINNY - Z/MWCNT-PDDA-AUNPS
U AR A LaZ e L E N EREYSaraNy MWCNT-PDDA-AUNPs USues
40 pL asuurmtndWinnuunslwiiaumg ivieass il GC/MWCNT-PDDA-AUNPSs

N5k JuUalWAY GC/MWCNT-PDDA/AUNPS
Ul ivinanuareiaud e sazaty MWCNT-PDDA auiduduy 4
mg/mL USung 40 L asvuihivindlvihoiniundviuisiigamaiivies udivenansasaty AuNPs

anadudy 0.02%  USues 40 pl uddliuiafigumgiivieadnas axlatalwin GC/MWCNT-
PDDA/AUNPs

N5LA58UYILWAY GC/ AUNPS/MWCN. . PDDA
WA I A NEE D 1ALA I NN NYAA1TALAY AUNPs A uwdudy 0.02%
U317 40 pL - asvuivihibivhanuieliuiefigumiivies waivenaisazaly MWCNT-PDDA

Ay 4 mey/ml USunes 40 p wdislviudeiguvgiiviesdnads agldtaluiih GC/AUNPS
/MWCNT-PDDA















-sAnweiavsseynialavzutly (metal 1 1oparticles) fivanzausion  {munda
IWsiwuges

Tunsanwedavatlansuiufivinrausomsiaundalniisuseslalfinadalondnlauny
3 wazwaunaslsuns  annsdnwilagldmataleadnliaunuuvsluns@nudjisen
sondwtuvesdalnifmududy 5,101 ¢ 15 mM laeldansaratsa  waneWoaHaTWires
oH 7.0 arududu 00u. mM iuasBidniesladifonyy Tnendsuifisunisiauiisend
ﬂ’]’jﬂw“ﬂwﬁﬁwmﬁwaqmﬂiamﬁuuawaauﬂu (§21wi#1 AgNPs MWCNT PANi GC  wawdnluiin
AUNPs MWCNT PANI GC) wanisveaaauandlddaguil 4.2

A) AgNPs
140 +
“" o L R
++++-Back ground
3 100 1 -5 mM
3 |
;g 80 4 |=— 10mM
¥ 60 5mM
|:. [ -
O 40 -
20 4
0 IM
0 0.2 0.4 0.6 0.8 1 1.2
Potential (V)
B) AuNs
140
1204
k ground ,
‘é‘ 100 + —m5mM l
80y E
c == 10mM !
£ 60 5mM |
S a0
20 ¢
0 1 '
0 0.3 0.6 09 1.2

Potential (V)

JU7 4.2 lgmdnhaunuluunsuvesansavarsnnssiudaludauidudu 5, 10 uaz 15 mM ¥
vl A) AgNPs_MWCNT_PANI GC uaz B) AuNPs MWCNT PANi GC (luansavareweams
U3 pH 7.0 mnadudu 0.067 M sedmsuialunisuanu 20 mV/s, RE : Ag/AgClL uag AF - Pt)
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defnsanlyednluualuunsy 9ngudt 42 audiuldilunstddndlviuanuain 00 -
10V 49l A) AgNPs MWCNT PANi GC Falwdannsaiiaujizeroondiaduiidndlningenin
10 vV usifiolddalaih B) AUNPs MWCNT PANI GC  dalwdiAnuifsenoandunduléddngludi
0.85 V Tumsesiainufisseendinduvesdalusidy

PnMsAnudyauanssuaiidnnmaineendindulasvesdalwdldmaiauommweslsums
(@ #ndlwih 0.6 V) Teeduasarasinsgiudalidadsar 1 mm adluasazanevoamiativives
oH 7.0 anududu 0067 M agldanzdifinnsnmunasanan (§asn$s 500 pm)  Aalnii
AgNPs MWCNT PANI_GC uazda2lwiln AUNPs MWCNT PANI GC wansvnassuansfasul 4.3

A) AgNPs
10
8 <
g
I
P
c
v
v 44
=
U 1
2
[,
0 o
0 200 400 600 800 1000 770
time (s)
B) AuNPs
10 »
8
g
2 64
Eoa
=]
0 -
29 —
0 = —— L
0 200 400 600 800 1000 1200
time (s)

sUT 4.3 wonweslsunsuvosasarasmsyndalwiienuduiy 17 mv Tuansazane
WoawaUiWies pH 7.0 anududu 0.067 M TdnSlwd 0.6 v madasuSilunmsuany 20 mv/s
(RE : Ag/AgCl , AE : PO awldannsdfinnsniu 500  seusould 5U A) Alvttn
AgNPs_MWCNT_PANI_GC @y 3U B) AUNPS MWCNT PANi_GC
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dofinnsamannuommeilsunsuainguil 43 sxiuliidyanadinssualiiitialéann
11 AUNPs MWCNT PANI GC fanmlifighnindaludh AgNPs MWCNT PANI GC  usifianim
s AN aiialdand i AgNPs MWC... PANI GCE AidnSliihil 0.6 vV uasiins
NUABDAAIMILINTNTD é’agapmmniwaﬁimlé‘lwﬁu’uﬁ 6 -7 (Uszangy 800-1,000s) WUINFeYeyes
nsvuaiildaindrluihdludnioddsoyniavesuly (AuNps) Tdyqraiisouni
Fhﬂsw,aﬁmmimlﬁﬁaU"galw%mmamaéﬁaEngmmE’uqu (AgNPs)
AUNPs MWCNT PANi_GC winganluniswaundudalwsigugosuinnii

€

BURUNEY

o

A

See oy

AN EIMYDAUewaItaRiaanITuauUNuURIg  (MWCNT) AunzaEy

mnwamswmaaaLﬁaﬁnmmaaﬁﬂssﬂauLmz‘dﬁmaaaymﬂiammiuﬁmmzamﬁami
Wauudalidiouses wudrialiheda  AUNPs MWCNT PANI GC snzasiganisimunfy
wuwes  lunsmeaesiezAnwviavesiaiioansveuunluindfimnyauseniswanndali
amsvauuluidi. .aw leun MWCNT, MWCE., NH, uwag MWCNT-COOH

nansVaassAnwIiviaveslaiteanisuouuiluiing TumnzausenisTaUsnudalie
wuwasmamatalordnliaunumms LLamlﬁé’agiJﬁ 4.4

Wothwansvaassanleadnliaunsluunsy (U7 4.9) Adndlwihiivenfinuelufin (€,,) uay
ANTEUERANG 0.6 V (e y) 9 NRanIsVaanafiuindaliindiiaundie MWCNT s53um Salud
Finti,. . .oreendiaturasidgndlninuszana 0.85 v Tunne it Wi diianadie. MWONT-NH, way
MWCNT-COOH  Falvidasnsnifinufisereontinduiidndludiisint fe 0.80 v iflefinisan
szl ddnslwin 0.6 V (i 44 °zJaamsasa'\Ummsgm%’aw&ﬁmmLﬁﬁu‘ﬁu 15 MM 28397lwih
e 3wl wuienszuadiendlih 06 v finsretadednlwihiieunde MWCNT-NH, %

AINTEUANGINGR 039039118 MWCNT-COOH g MWCNT laglvainseuaiindiu 22.56, 12.33 uay
7.31 pA RuaIRu
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AuNPs_MWCNT_PANi_GC

120
100 1 ... back ground
2 80 5SmM
“ = 10mM
£ 60 9 5mM
8 L
J 40 1
20
0 gy
0 0.2 0.4 0.6 0.8 1 1.2
Potential (V)
AuNPs_MWCNT-NH,_PANi_GC
120 =
1001 fack ground
< § ---5mM
3 X 1(:“M
- - m
§ 60 1 5mM
a 40 5
20 3
0 = X
0 0.2 0.4 0.6 0.8 1 1.2
Potential (V)
AuNP- MWCNT-COOH PANI_GC
120 1
100 § -~ —
----- Back ground
< 80 4 ---5mM
% 10mM
§ 60
3 a0 -
20 o
0 4= =y
0 0.2 04 0.6 0.8 1 1.2

Potential {V)

gﬂﬁ 4.4 lgadnlawnuluinsy “UENmsaxawmmg’m%’alwcﬁ*?immL?’Iuﬁu 5,10 way 15
mM - Al ludvnedlagldafioansusuunluindetasig ) (MWCNT, MWCNT-NH,  uag
MWCNT-COOH) Tuansavangnaawadwines pH 7.0 anududu 0.067 M dasusilunisaunu
20 mV/s (RE : Ag/AgCl, AE : Pt)
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nnsineiesldmaianenmeslsurilunismnaiadygruansskannujiseeendingu
vostalw ethanssuadsiildonmsarmaiadalid 3 4 wardufsauunnsgu (50) 1
WisuidisuAnszuaiily Tnglddnlinflusivhedandafeadenivouuiluiinlve 3 ada wanis
ypaeIAnIlAR N MUYiagUR 4.5

0.5
0.4 -

0.3 o

ai( !

0.2 -

0.1 5

MWCNT MWCNT-NH, MWCNT-COOH
Types of MWCNT

JUR 4.5 namuviswanswanisiUSeufisuAnssuavesasazangnnsgudalidamdudu 1
mM Ansradalaainua Wi yivmuisig MWCNT iiasig

LﬁaﬁmmwamsmaaqmmwmwaﬂﬁLmsuuazﬂ'ms:LLaLa?iEJﬁLLamﬁan'sWWl,wia‘lugUﬁ 4.5
WUNAFRGINHN 0.6 v SalniiiRaiuge MWONT-NH, was MWCNT-COOH  Ifanszuaiadsi
ApudnelndlAseiudio 0,350 way 0.323 LA audrdy uerlsauweaslunsasavinvastalnii
TuAveaeg MWCNT-NH, ﬁmqaﬂdﬁu’ﬂw%ﬁ‘luamaéﬁw MWCNT-COOH distiufaine  fandusu
wlufindfimunraudonisnauidaludisuigedfo m%uaumiuﬁaﬂﬁﬁwgﬁaﬁ‘ﬁums‘uan%én
(MWCNT-COOH) &wneliidyamanssuaninlaiiamatos wunzaussnmswaudalusiigumes
wnmaesveuwInindeingu

-ANSANYIENIIZNITNAADINAUITE
TunsAnwusunueriauimanzanlunisiudnigadlwwinatadgaisusu agldasazasy
NALY89 MWCNT-COOH:aniline Tudnsidiunuananatuwansnaiusad 1.0:0.5, 1.0:1.0 , 1.0:1.5 way

1.0:2.0 Nan1sVMAaaIAN Y IMIUSUIUTD 90 UAUN MU ALADNISWAIUNTS LA L9 ULg DA IAlaLDL
weslsums wanlddsgun 4.6
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0.40 s

0.30 «

(nA)

0.20 =

Cu

0.10 =

0.00

0 3mM 0.020mM 0. mM 0.026 mM
Aniline (mM)

JUT 4.7 nsmwviskanwansilieuiisueinssuavesansazaneunasgudalndanududu 1
mM  fiesrataldandalWivaiunnig MWCNT-COOH:aniline  Tudnsdiudieg loaswasuudas
USunauveseriau

Mnuauweilaunsy  (5U7 4.6)  uavAnszuaadefiuansfansmuvisluguil 4.7 wudd
dndlwih 0.6 v dalndh (B) AlSnadusTIie MWCNT-COOH:aniline  (1.0:1.0)  Fsiiufancs
vosovlidu (aniline) g 0.02 mM Tsianszumads 0318 pA  Gairgenindalui (a), (O was
0 wandliiiuinSimveseriuiiminzaudenisiautalwiinaradansvoude ludhsdau
¢Mi19 MWCNT-COOH:aniline  (1.0:1.0)  @efiuinmveteriiduey 002 mM Haelvdyno

< =

Anseuaninladiengs wazdlanuadesd

TumsAnuUSinaues MWCNT-COOH iwsnsausaniswamtiatnfiinaiadaisvey lnoay
AnwinaAauiizotoendinduresdalwiiidrlwibh fivauidsansasatonaussning MWCNT-
COOH:aniline Tudnsdruiiuanenaiugad 0.5:1.0, 1.0:1.0, 1.5:1.0 way 2.0:1.0 INNANTNAaDY
AnwUSENamas MWCNT-COOH flimunzausonsnauda ldsuesmomainuomweslsums
WiothAnseuaildannisinsatalagldilwiiludvhedssaisazals MWCNT-COOH:aniline
Tusasduiiuansnatuis 4 anmg snedsuazmAnTsnuuLmIgIy (SD) uudisuifisuanssua
fnsadndalvidls wafilduanadansmuvisgui 4.8
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0.70
0.60
0.50

4

0.40

T
0.30

0.20

0.10

0.00 =

0.26 mg/ml  0.40mg/ml 0.48m~'ml 0.53mg/ml
MWCNT-COOH (mg/mi)

Current

J# 4.8 nsmuvisuanIan1slUToUiBUAINSTLATRIAsATaBLINTTIUTa IWAAIITNTY |
mM  AnsitalanntlinidRauIse MWCNT-COOH:aniline Tudnsdiumis q lauasuudas
U3umwas MWCNT-COCH

LﬁaﬁﬁﬂﬁmﬂﬁﬂﬂisLLaLaaUﬁLLﬁﬂdﬁx‘iﬂ‘iﬂWLLﬁﬂugﬂﬁ 4.8 wuiniidndlwi 0.6 v 4alwih (D)
Iianssuandogeiign uilidudsauuedsiiganimnszuadfaldandalni (© Fdianszuaade
Anddosty dalwin (O  AiTsnsrdiusendng MWCNT-COOH:aniline  (1.5:1.0) &siiuSunaues
MWCNT-COOH 8¢ 0.48 mg/mL Prulidyyuanssuaiinsatnladanuaies Huaniad
mmsamm'amsﬁ’sum%’alﬂﬁwuwaﬂﬁﬁﬁqﬂ

TumsfnuuTinaweseymeavesuluiimnzauson siaudalwinanadasvey Tnednw
mMafinUiizeneendindurosdalndiidalniniivaundisasararefifivsunnueseynianesuily
Lmﬂshaﬁ’uﬁaﬁ 0.08, 0.12, 0.16, uay 0.24 mM Naﬂ'ﬁvmaaqﬁﬂwmw%mm‘uaawmﬂmauﬂu
(AUNPs) finzassianiswandalwisureidomaiauemweslsund dethmnszuadildannns
fnmatalagldtrlwihludvheddsasazasoumanesunly (AuNPs) Araduduiiuansnefuste 4

anie g Juasmandouuunnnsgiu (D) uSsuiisuainseuaiasiaindalwdls wawle
WARINANSINUYISFUR 4.9
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1.00 +
0.80 =

0.60 s

}

Curre

0.-) =

0.00 - e —
0.08 mM 0.12 mM 0.16 mM 0.24 mM
AuNPs (mM)
JUM 4.9 nswuviawanaanisidSeuliisurnssuarasansazaneinasyudalndainududu 1
mM aradaldantalwihiluAnedimesauniavesunluluySunusiaiy

Wi saunAnsruaadsilananensiuvalusui 4.9 wuiddnglndi 0.6 v 4alnn (B)
FafiUSuneu AuNPs 8¢ 0.12 mM TiFnseuaadegeian Ao 0.854 pA AstuUSinaeseyniAuly
V891 (AUNPs) 0.12 mM wingausansiautilwinatadesusudwivinssigalwnunniga

TunsAnudne pH vesansavaneweamasvines anudadu 0067 M Fwanzausenis
W duasazaredidnlnslafiienyulumsasafadalusiflddalnmouesfivautuiuimsaia
suweadauomweslsum’ lagldarsazareveawstvines 7 pH 50, 6.0, 7.0 , 8.0 war 9.0
sy uansazaeBidnlaslasifonyy NAn1sARBIUARIagUT 4.10

0.5 -
0.4 -
0.3 A

0.2 +

Current (£

0.1 1 :

pH

JUA 410 wansdnszuanierasansaratsnnsgudalid pududy 1 omm Ald
asavaevpawaivines Anuduty 0.067 M Wik pH AsduluasarareBidninsladinenyy
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nuammeaesiegUil 3.10 asiuldiansarareeamatvives mududu 0.067 M @
PH 7.0  aunsonsinininsvuavesansazaisnnsgudalud anududu 1 mm Idaiiaade
0463 pA fafu A1 pH assEsavatevedWntviwes Twuivausonsldiduansararedidning
ladifonulunsasafadalndiflidalndisusesiiiaududuiaseia Aoarsazarsnoaiin
Urwes pH 7.0 Anuudu 0.067 M

-m3fAneIAuanYuzvasTalAuLILes

PnMIRaeLarAILIAmA LTIt fadgelunisiiess Taglunsveasdldin
nMsieseiasaratsasyudalud S s 91 Auiamidaditaiantunisienedldviny
0.0927 mM Teprmdenuunasgduindontu 4.12 (0 = 5 uandbifuidalwiouse i
Faunldidadfalunisimagivinudalidldfanudutuiianfeseduiadluand uaziag
s

PINNsAnwINIReUauauUluduRTwasasaratsunsIugaliinan 1 nna e swanR Iy
a1

16 mM Suifite A)
8 %
7 4
. 6 [
< !
25 4 B)
& ¥=0.4296x- 0.1212
Rz 0.9963
g - r'-—'r* . -
3 3
3 g
1 mM Sulfite 3
2 h—_r‘-‘ z
0
14 - [ H 10 15 20
Sulfite (mM}
0 A . -
0 500 1000 1500 2000 2500
time (s)

JUA 411 wauwmaslsunsu waasnismevausswuuidudunsaesdalud Aldannisdu
ansazavinsgudalidinudutu 1- 16 mM 30 A) judygmuenneslsunsy sUB) uans
NSIMENATFIULAZANNTLEUNTIVDINTIMLATHIUVDITE LG

mngﬂﬁ a.11 wansdnyanildanmstdinadauenmesisumslumsmgrinisrouausiuy
Wudusswosmsazarswmsgiudalwdarududu 1 - 16 mm dlsvinisadunsminnsgiuuans
Amdus serinmmdudurasasazarsussgudalndiuainssua (fagu ) Idaunisidunss
Aoy = 0.4296x - 0.1214 ( = 0.9964)
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0.50 5

0.40 -

1A)

0.30 A

ren

0.20

0.10 +

0.00
#1 #2 #3

Electrode

»
o

sUN

Y

4,12 LAMNIINLVMAUSIUTBUAINTLLATDITA IWANAILIUTU 1 mM AR5337atAa1Nn
Tl AlYEmSuAnwIr9nN1InoUaLR UL UEURTY warfAnwsisunIu

mﬂgﬂﬁ 412 uansensEadRdsfildnnnnsnstasialnie 3 47 Awdeudulegld
S3nseany Benssuaniialaialndifestu fie 0.453, 0.432 uay 0443 pA ewadu et
Anszuaedsilinduinidudssiuunnsguduing % RSD)  wuindnTssuuInAsgIy
Fuimdlunsfinwirundisswesnsvidwestaliiawses (reproducibility) FivamungusiA vy
2.37

€

4.2 Ilwihvianaraderiveuiidauusmeiiafeadasvouuluiind-Rade-syniavesuly

-nsAneasRUssneuiliansay

mMsfnwatAUssneuivinsausenswadalnfwumed Tnodaudsiilniinaiadansuey
#3815 drop casting MnmsAnwURiTeendinduvedalwdndaududu 4 mm lagldmeda
lgranliaunmnand Inglddalniniiiaundeasdussneudisnafuis 4 98a (a-d) Wusalwiildn ua
msmamuaméﬁgﬁﬁ 4.13
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500
400 1
300

(LA

200
100 -

Cur «
o

-100 -

=10

00 02 04 06 0.8 1.0 1.2

Potential (V vs Ag/AgCl)

sUf 4.13 leadnhaunuluunsuvesansazarsunsgudalvianududu 4 mm Farlwiug
azaila (a) nanadiansuou (GO), (b) CNTs/GC, () CNTs-PDDA/GC wag (d) CNTs-PDDA-AUNPS/GC
Tngldasazanoroaadmiesanududu 0.1 M (oH 7.0) Wuasazaied..leslasiienyy,
smsudalumsaunu 50 mvs”

sleRnsananisvaassanleadnliawsluunsulusy 4.13 andfiuindidaludi @) navad
ensusy URRSIeendinduvesdalndifnfidndluing: (Ussum 085 V) luaned dalwih (o)
C..../GC (c) CNTs-PDDA/GC waz (d) CNTs-PDDA-AUNPs/GC lvimnzaannaludnAnglnwnin 0.40,
033 way 0.25 V ud1dfu 41 CNTs-PODA/GC uay CNTs-PDDA-AUNPS/GC ¥il¥iu fR5en
ponfinduresdalwiifnfidndlnindidias 0.45 uay 0.52 v sudduiiedisutudalniinaad
ANSUBUSIIUA UBNANLmvaAInsEaaueluRnilian S1lWn CNTs/GC, CNTs-PDDA/GC
waz CNTs-PDDA-AUNPS/GC SiAnunnmindieifisuivislinaaiensuousssun nansvmaasauans
Titudn ONTs daasuldnsdremdidnaseudalddidu idesanauantinsdlnida ffufifiags
wariimuvnunuaeuisenail diu CNTs-PDDA dunuwlunisisedfii  1neendinturosdalvdlv
\Aaldfdndlnindisnas wag CNTs-PDDA-AUNPs fUszdnsnwluniaissufATerannnia CNTs-PDDA
flosan AuNPs Geflamaudifedanmiilwihiigs SiudiunniiliAanshemadnaseuldis sty
21N8AN15NAA8Y 971WHn CNTs-PDDA-AUNPS/GC Faifiutalufinfimunzaniigalunisidnlu
USunaudalue

Tun1sAinet pH  Y89a15azaenaaWAUMNESATUTY 0.1 M Avunzausonshau
a o & LY & o a & @ ' Q/ I's
asazarwdidniasladiovyulunmsasaiadalwdimemainliaunuuvsinrmnssuavesialwini
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QeuwneslsumIae el iruigesANauIty (CNTs-PDDA-AUNPs/GC) luszuudiiinig
na
nsanevndndlnifumunzasly
mMsmaialnadueatuildsuiunsametauvutesmedlsuvifddalndisues i
WAIL1TU (CNTs-PDDA-AUNPS/GC) axvinlildmaiiaiszdfiazain syadiuasiivssdniamlunis

a1Yadalne Tunisanwundndwiiwunzaulunisasiviagalnafididalwawuigesan1snnass
AagUR 4.16

Curre

0.0

0.0 02 04 06 08 1.0 I
Potential (V vs. Ag/AgCl)

1)

JUH 4.16 Anuduniusszninsenszuaainujiseneondadusesdalndiudndndildundn
T3 WAL SIRMUITY (CNTs-PDDA-AUNPs/GC) Tusyuulnaduiaadu

NnNuaeasdluguil 4.16 wuindauiudndlwiinaus +0.0 fis +0.4 Thad Ansvuailiaziiudy
wansliliiufiansnevaussifduvestatidaluiisugesignauaulaeufisoreendinduresialnad
WU M dAnsewadlaiuunntu waziolanglwiiuinndd +0.4 1ad Anszuaszanad lagdi

Andlwdii +0.4 Laad avlvidnszuagean Sadudndlihimunsaslunisianisnevauesswesinga
Indmuges

AMANYUrYsTalWAIguIYas
Idmaaeuiennuanuizvasssuulnaduadussnadaiidssunsiaiauuuuonmeslsumiv

Tadalidiguigosiimundu (CNTs-PDDA-AUNPS/GC) faogedyaaidildainnisne seuanadisgui
4.17
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12
~. 2500
«
2000
10 + =
S 1500 |
I
8 2 1000
. L
< s 500}
— 0 [
6 - 0 50 100 150 200 250 200 mg L
v [
2 Concentraion (mg LY 150 mg L™ _
= 100 mg 1" '
4 S0mgL” ——
Q b Wmgl' -
JlmgLt .
0.5mgL
2 L}
0
22 ]
0 2000 4000 6000 8000

=:me ()

JUN 417 dedndygraunliainmsieseisiisssuulnaduleatuerunddanisyuy

Y]
v

7579 7ALUULOILNDS IS LUNSTITa WAL UL as AW UITY (CNTs-PDDA-AUNPs/GC) Tawau1Tu

finglinlunisia: +0.4 v (Wisuiu Ag/AgCl), ansavarsiini: Woawniwiwes #ew 7.0, 8nsng
wa: 1.0 mLrmin”

Tunsfnwinmudnuausreszuuiinasiuuukommeslaumifitdalwfiouge Siivaun iy
wUIINIMINAsg LBt a TN saeuaueuuu L dunsvasansaransan s Ldals ogluta
asdudy 0.1 89200 meml’ A1ANRFUYNAY 10058 wiluweuuUsee me/mL Andudsyans
anduwug (correlation coefficient, 1) wihifu 0.998

Fasrinsanlunisnsiatn (detection limit) SAwsinfu 0.03 memL” (36) Ansvuaiiléan
msiadianandies (precision) AunAalyian %RSD Wiy 1.5 (Tavndnynnmesdalisanududy
mg/mL, n = 10) wazawNsaIASITRLS 23 Fegramadalua STUUAAT LTRSS TN
Srdalmaureiivautuitinisnovauswuuludunsaiimnvantaranaiduusslonidmiu
msthluvsegndldlunsesietaunadalndluedostudu i dealsd Hud

NSANBINATBIRITUNULAZNSUTZENA Y TuA081995

TunsAnwnaresdsunufiinasessuunmsinseiuuuuesme Tsuvsinmuniy ssunuy
fivinnasanenleun fructose, glucose, sucrose, ethanol, sodium nitrate, sodium sulfate,
potassium chloride uag ascorbic acid inududusineg Wothuanisvaasseaenlovaunsuiild
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MNMsVRaBINTIYiRansaranenaTRnfsU MuTir it use s uifisufud g unseuad
Innisametnansazanemnasgusalidiilifisunou fdygunszuafinsaialdiinuuansag
fu + 5 % waneifinissuniuresansisunuilivaddunoseuumsiiaTey  Han1TYINaDILAn S
51971 4.3

A1519% 4.3 HARINANIANYINATDITUNIY Wideasazateunsgiudalng Aududy 10
mg/mL (n=3)

Foreign species/added as Results”

Fructose N

Glucose
Sucrose
Ethanol/C,HO > Does not interfere

NO, /NaNO, (Studied up to 1,000 me L)

SO, /Na,SO;

Cl/NacCl

Ascorbic acid/CgHgOg Interfere (at 50 mg LY

WAy IunsUdsuLUasdygiumIngsia + 5 %

NAN13197 4.8 wuIFIsUMIUTivnsAne e 8 wlle  fidsuniu 5 vialaun
fructose, glucose, sucrose, ethanol, sodium nitrate, sodium sulfate way potassium chloride ﬁhj
WARINNTTUNINABTEUUNSAIASIEY  (Wiasiiannunduduiiaefis 1,000 me/mL) 1w ascorbic acid
sunIun3uaszilaglian Tolerance limit iy 50 me/ L

UssiinlseavsnnaasseuuInaduiandusrunddarinsatnmemaiauouweslsiam
3fddalndisudisasiiwauty (CNTs-PDDA-AUNPS/GC) lagnisilussgndldlunisimsizi
Vinudalnslushegrsiualsl (AE) frogralatin (F-H) waglniums (- Yaadnsdinseiildan
szuuinadunatuozuaddainsratadewmaiauoumweslsuminddal Wil ge S wauTy 1
WisuiivuiuiBunasgldun ¥ Tauulalelawums (odometry) wuildnanisnaaasfiasuit 4.18
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wodlelsiwduluvauyadase (radical polymerization) dlolsinznouvedanadiuadves plAni-co-o-
Aba) ud Widsmenouwos p(Ani-co-o-Aba) inTufeansazats HCL thusieaintossu (DI H,0)
LaZEMIUDa MLEdy et dnueuaweiuardsludieudug senly wdfalSlauds arldlawediues
984 plAni-co-o0-Aba) aufigieens Inedaiuuiuia aminobenzoic acid (0-Aba) lulawne..ue$ Swh
TWeanedwesiliidhnamdoumnnviiy

Ul 4.19 asazanoray p(Ani-co-o-Aba) ludmmdudng  ifieufisedududly (a) 1
Wi wag (b) 10 uii

a o

AWedmenaueaunisujisewediwelawtuves

aFulenall

NNTEVIUNTIAATY ANEHITY
aniline (Ani) waz o-aminobenzoic acid (o-Aba) LA

COOH U H CO[—CI)H

Cj / 1 1 1y
o C NH, * XQNHQ e \@I\ \_—_/\;NU&- WTC\JV \@75}
o o (NH4),S,04 X X

in CHCl, in HCI P(Aniy 4-co-0-Abay)

at interface

31]“7‘. 4.20 Ufjisemedwelsiutuas aniline (Ani) wag o-aminobenzoic acid (o-Aba) #e33
Interfacical copolymerization 18 x (0 s x < 1) \Wudhsdruluares o-Aba tulawediwesues plAni-
co-0-Aba)

nsAATIEienanenl
deRansanainlassadisvedtawediuniues plAni-co-o-Aba) ﬁﬁwyjm%uaﬂ%aﬂ (carboxylic
acid  eroup) ‘UuasAusenau AL IdEanIoAnmAuantivenisganaunadlasazaieludamia
azaeduniguedale wu lawfanesunlud (dimethylformamid: DMF) w3e lawfiadananlys
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(dimethyl sulfoxide: DMSO) Tunnsvaaes) auziidgldinlanediueives plAni-co-o-Aba) luusay
SnduTdnnTildinazatose DMSO (dimethyl sulfoxide) 9Nty hluAnwn1saanauuassg
1584 Perkin Elmer Lambda25 UV-Visible spectrophotometer 18 quartz cuvette (10 x 10 mm,
Hellma Analytics) antuanulutenseaauRws 300 1800 nm

1.00 =
]
< D)

- o)
: 0.75 - 4
s
] \
O 0.50
3 b \ \\
v 0.25- \\\
<

0.00

300 400 500 600 700 800

W velenght (nm)

gﬂﬁ 4.21 UV-visible spectra 184 p(Ani-co-o-Aba) luwsardnsauiiduaszild (a) 0.2, (b)
0.4, (c) 0.6 and (d) 0.8 mol w81 0-Aba @9 Ani

dlofiansan Uv-visible spactra 716270 plAni-co-o-Aba) Tusazdnsa wugramsganau
waslugnsnnue medufaus 400 f3 700 nm Fududnuuznisgandunawemedweslunguwedodu
AU wavaenadoetunuiTeRie fnuan ey aminobenzoic acid (o-Aba) lulawedues
Az Idonumsgandunatluiinouenedulszana 390 nm Fadunszuiums T vessEuUa
\wudu (benzenoid  ring) uenaniifanunisgandunasluiinnnueneduusena 620 nm v
nszUILUMs N vesdidnssouglanforvusmenlulasioudaiusyiuesitiageanniididnasou
AsauAsBtey (HOMO) Tud m* Fudluszivesiiriamaniliididnnseunsounsotag (LOMO) [28]

idlerdalWin p(Ani-co-o-Aba)/GCE, HRP-p(Ani-co-o-Aba)/GCE way  CS/HRP-plAni-co-o-
Aba)/GCE lAnuanvazvosiuiidheinies Atomic  force microscope  (AFM, Park Systems
Corp., Korea) fimuaunisuantsng XE| software 9nduvhmsuanuinutdalwidenisduluiiud
WANY 5x5 pm Ly ﬁwaﬁlﬁuﬁmiwﬁé’ﬂwwmaaﬁuﬁﬂﬁaﬁmsmmnmeanszﬁummqa
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asazaeveaatwines (PBS, pH 6.5) agldinlniin CS/HRP-p(Ani-co-o-Aba)/GCE mufiFesns
TuniseSaoules HRP asuu  HRP-p(Ani-co-o-Aba) AnsKHIdEBIANalnn13nTInILITUTIRIRANIS
Il im (electrostic attraction) szwitewy -COO uulasslanediuesiv -NH, vulasaiieves HRP
wdnedauseduiidines cs Feasududunoudgy 4.23

(A) & r O HRP

09
% O “, electrostatic
OZS attraction

p(Ani,_,-co-0-Aba,)
HRP-p(Ani,_,-co-o-Aba,)

>O
8:§ 2
(B) S

(1). HRP-p(Ani-co-o-Aba) - 7

L (2). CS film coating L j
GCE CS/HRP-p(Ani-co-0-Aba)/GCE

311171 4.23 n3aauUsTIHHY CS/HRP-p(Ani-co-0-Aba)/GCE 1aaediy (A) N15@39 HRP asuu
p(Ani-co-o-Aba) Ingadunalnnisasameiusefsganalndinatin (electrostic attraction) (B) wisy
patuidauves CS

N153LAT1EIN10AL WA

Sovhmsveassiednwianantinaeiinimesdanediwesvemedorifukaresiluuule
on uadn mowadalaadnlaawnumm3 (cyclic voltammetry: CV) Famuaudndlnfidioiniadnmu
Foawm Tnglddrlniisaudseae p(Ani-co-o-Aba) iudalwinldew (A-D) 14 Ag/AgCl i lwdh
1989 Wanaunadiviu (Pt WHudalviiinge sudiy arsesaedidnlnsladiienyuildiduansavane
woaaUIHeS pH 6.5 Aavudiudu 0.1 M Tagvhmveaeduanzaelgussennmaing N, 9antu
il ¢ wiie (A-D) iAnwpaauddlasldinedn cyclic voltammetry ¥nnsaunudnglni
faur +1.0 fe -1.0 V Tuansazans Tuasazanewoamntvines (pH 6.5) Audud 0.1 M Aisush
#0 N, Ienamsnaaesdarelud
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200
150 A
100 A /"\
50 A /
; . ‘(ani-aba) 0.2-0.8

«—==P(ani-aba) 0.4-0.6

\)

Current

_50 -
- *(ani-aba) 0.6-0.4
-100 1
P(ani-aba) 0.8-0.2
-150 A

200 Y/

1.5 -1 -0.5 0 0.5 1 1.5
Potential (V, vs. Ag/Agcl)

gil*?i 4.2 lspdnTraunaluunsy 483 plAni,,-co-o-Aba,) o x (0 < x < 1) \Judnsdiuly
av83 0-Aba lulawediwaduas plAni-co-o-Aba)

dlaRasumwanisweassain cyclic voltamogram wunedndlniisaanaaludn (€,
Waanufifseeendiedunazadndlnivisaniineiludn (£,,) 3nn1siiaufisenidndu asulads
MN3199 4.4

A1519% 4.4 dndlriirfvaaniaaludn (£, wazardndlniiseniinonludin (E,,) 99nN13
Waufnseveslalasnuessanleaivilwifidauusmelndues

Electrode code Epc (V) Epa (V) i 030v” (HA)

A (Anig ,Abag g) > 1.0 >-1.0 -1.51 -
B (Anig sAbag ) 0.53 -0.51 -58.30

C (Anig ¢Abagq) 0.21 -0.28 -174.00

D (Anig gAbag ) 0.19 0.56 -42.40

i osov ¥ AD AINTELATIANALWAN -0.30 V

lefansannszua wuin N A (Anig ,Abag ) siAnszualwiusingy -1.51 LA 3l

B (Aniy /Abag,) Tenszualviiaiiu -58.30 A 93lwih C (Anig Abag o) Tenszualwiiumindy -

174.00 pA 1l D (AniggAbag ,) THennszuawify -42.40 UA HansnRaestuan sl 921w

C  (AnigeAbagy) Lﬂu%ﬂwﬂwﬁ‘lﬁmmwauauawamsmalwﬂwqaﬁqm Fauiuadendqludi C gl
AnigsAbags Wunedwesdmiunisadaevle HRP vuthlnihdmduyhmsveassluduneurely

101 pAnip ¢-co-0-Abags) MiiunedwediienIuoulesl HRP udiAdeuieduiidy

999 CS 1841w CS/HPR-p(Anig 6-co-0-Abag a)/GCE Dt ey wdudeudisusutalui

duq 3n 3 #2 16 GCE, p(Anig 4-cO-0-Abags)/GCE uag HPR-p(Anig¢-co-0-Abag )/GCE 1 Ag/AgCl
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Hudlwidsds Warnunaiith (Po Dudaliieag srugdy ansazanedidningladiiemuild
Juarsavanrevoandwines pH 6.5 anududu 0.1 M Tegviimveasdluanzaigliuiseinie
e N, ntuthia Wi 4 vile wAnwnuandimeniuailagldmaie cyclic voltammetry ¥
Asaunuindlafisans +0.40 9 -0.60 V luansazane luansazaeroamatviod (pH 6.5) A
Wt 0.1 M F3usdne N, lﬁwamiwmaaw"’agﬂﬁ 4.25

-100 =
T
< ’ ) i
/ - !
/ by
-504 ! c
< 04 e T=..aqayc
= ’
| 7
................ A !
y /
50+ L7 !
; /
- \ /
100
0.4 0.2 00 02 04 -06

V (vs. Ag/AgCl)

gﬂﬁ 4.25 lwpdnliauwnulauinsuues (@) GCE (black dot line), (b) p(Anigs-co-0-Abag ¢)/GCE
(red dash line), (c) HPR-p(Aniy ¢-co-0-Abag4)/GCE (green short dash line) way (d) CS/HPR-p(Anig ¢
co-0-Abag 4)/GCE (blue solid line)

NANIMAABITILEWUIN T2l GCE (black dot line) lauansdnwarvasiielng Tuatsazaned
Lénimﬂaétﬁawqu FAWHA plAnig g-co-0-Abag)/GCE (red dash line) Iuaninarludin (Ep) Fvon
fieeludin (,,) Admau @iinaraandesy) wendudiildenssualnwihnauaussiigeiian feiiu
naxnauUAsnendvoinedueingunedorday [29-31] w&anfindaeuled HRP aaun plAnig .-
co-0-Abag ) i HPR-p(Aniq ¢-co-0-Abag o)/GCE (green short dash line) §4lsaanaarludn
(E,0) fvonfinenlufin (£,,) wirinszualiiinouaussieianas uazndiniadoutalniduuenas
fhe €S Anszudlniimevaussdiddindian auvgiidinssualwiinevaussidsandusaman
autAlihlwwosansdlaana (CS uaz HRP) dsaenndosfiusnoauddeves Gao et al [32] il
srl3in audRnsilnwvesinlwihezanasiiofaulséne €S uaz HRP

W99 NTiven CS/HRP-p(Anig ¢-co-0-Abag o)/GCE lUAnwIn1snovausssa Lalasiaulas
ponled finududu 0.2 uaz 0.8 mM Tasnswanuardndluinen 0.6 V and +0.4 V (vs. Ag/AcC)
Tuasarans Tuansazanevoamintvines (pH 6.5) Aduse N, luanneilddivuaziy lelasiau
Wosvanlas wamwmaamamﬂugﬂddﬂﬁ
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RSN
- - N?2mM

0.4 0.2 0.0 -0.2 -0.4 -0.6
E/V (vs. Ag/AgCl)

gﬂﬁ 4.26 lwaanliaunuluunsuves CS/HRP-p(Aniy¢-co-0-Abag.)/GCE Adnglwiian -0.6
V and +0.4 V (vs. Ag/AgCl) Tuasazany luatsazauveaativiiwes (pH 6.5) fidusme N, Tu
annenlaidu (curve a, black dot line) wazidu lelasiauiussoanlen Aaumdutu 0.2 mM

(curve b, red dash line) wag 0.4 mM (curve ¢, blue solid line) 19 scan rate 50 mV/s i
QN ilvios

NANNSVAADINUI NSELADDNTATULWUIILUANAY TUVUEANSLhATANTULRLVUNAF N LWHA

(% v
=

Useses -0.25 VvV lUaude -0.6 V. SIHan1snaasInanauauanin nsehanfinduiiinainnisiss

Uisewnsintiluaisneds CS/HRP-plAnig s-co-0-Abag/GCE 3INNTEUIUNSILAATY Aose 98T
@uaunsiiaunlasel

HRP..y + H,O, + 2H" HRP,, + 2H,O (@.1)
HRP., + pP(Ani-co-0-Aba)eq HRP,oy + poly(Ani-co-o-Aba),, (4.2)
poly(Ani-co-0-Aba)e, + e p(ANi-co-0-Aba),ey (4.3)
aun19sIm

H,O, + 2H + 2e + 2H,0 (.0)

1%

NTWNUITEBI Berglund et al. [33] Az ToTmatnausunumnuannalnuoslfjisen
ninulanssialudl
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-0.30

-0.25+4
’ 1 /_\*

0204 *

-0.15+

-0.10+

i/pA

-0.054
] *
0.004 ~ —%

0.0 - ——
0.2 0.4 0.6 0.8

Aba mol ratio

gih‘?i 4.28 Anszuannevause 0.2 mM  lelaswuwedeenlan Adndlvih 03V wu
Flwwn CS/HRP-p(ANi, ,-co-0-Aba,)/GCE ie x (0 < x < 1) 1udnsdnuluaves o-Aba luansarans
luansavaneveamnUnines (pH 6.5) anutudu 0.1 M 14 scan rate 50 mV/s

NANSVIAABINUI WIBld plAniys-co-o-Abag,) Wuss. . euley HRP Anssuainevauawe
lelasiautadeanlasmududu 0.2 mM frdszanm 0.2 uA wariianiintudiold planiys-co-o-
Abag ) LLaSLﬂumnszLLaﬁqaﬁqmﬁémlﬁ wiNty Anszuaiinevauasdiranaiold p(Anig ¢-co-o-
Abag ¢) Uar plAnig,-co-0-Abagg) MINAIY HaMINeaDILT AU plAniy 6-co-0-Abag ¢) LUUTiIA
vaslanedieiffianlunsniseulss HRP WeRnrsenfenalniildlunissdueules anduléin nis
msaeuleyd HRP seustlniinaiin (electrostatic attraction) fiatedevy -COO uulastaiweadlana
Aed Anzidueiuneldin dlamedwesiing -COO agluvunuiunn Uinaneules HRP finse
vudrlwiduasivsinuunduiy . §nvuedinaniinariilfiinnisdaeananisindenseualui
szwinetnlwihassansiluanaveneules Tumesssfudny lawediuesiing -Co0 agluuiua
fidesninng Usinaueulesl HRP findeuudaliiihdussivumtosamulusme sy GRIETeRUER
Fonld planiy ¢-co-0-Abag o) Wurinvadlawedwesnldlunsaiaeulasi HRP Anssuudalwii

TunsAneIU3Inng %CS Aumunzay lagld %CS fusnanstunanun 5 4iia Ao 0.2, 0.4, 0.6,
0.8 war 1.0%CS suasu vimsanwlagltwaiia cyclic voltammetry (CV) sinsawnudinglwii
aus +0.40 §a -0.60 V luanmziiy lelastoudedoanlaimiududu 0.2 mm vudalwih Cs/HRP-
p(Aniy 6-co-0-Abag ¢)/GCE Tuasazans Tuaisazaruwaaaiwiwes (pH 6.5) mnududu 0.1 M 19
scan rate 50 mv/s nsvaapsfigamgiivios Iinanmsvaaosdssy 4.29
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0.2 —

*
0.21- \\
-0.204
v
< */
-0.19+ /

*

s

-0.184

1.0 0.8 0.6 0.4 0.2

C. (% wt.)

gﬂﬁ 4.29 Fnseuafineuausine 0.2 mM lelasiuileseanles idndluii -0.3 v Wewdeu
ANUTNTUYDe CS 370 1.0-0.2 %wt. UulAN CS/HRP-plAnig ¢-co-0-Abag //GCE Tuatsazany Tu
ansazanevieavntviines (pH 6.5) Auntu 0.1 M 14 scan rate 50 mV/s

mnsueuled HRP  aeusalwiinatin (electrostatic  attraction) lage1deny -COO vy
Tnssatrsvadanedwes onavhlidalidlalitianuadosnnne wsizeulesd HRP Vigﬂm“ﬁfﬂﬂy’u%a
ag‘ludqu%uuaﬂqm p19vminnIsgnoonInd il FiduenedifeTudenfinzedoutuuenan
gostrliihdeduiiduves €S wsnzuensnazduasiithondaeulsivutalnildedaiud dadu
ansfifinnuannsoafuls (compatibility) Wuethed wanismeasadilénuin defiuaududuves
CS N 0.2% Ju0.4% Ainszuaiinevavssdiduiuiy waviluunltuanasdenq agradiulddn
unsernanfinnadudu 1.0%CS namsvaaesdnanasnndosiu Liet al [34] Faldsrsanlin
adutures €S Aldlunmsasueuleiedaummnsaniismdaviniy Sdimsfiauiinm cs ady
wnwinlas el i ilaliagesunnmintu %QQEWLWQLSBGNWQWﬂﬂﬁiﬂq&ﬁﬁ@ﬂ‘ﬂ@ﬁ%uﬂém -
dues oy aneditedadenld arududures Cs 7 0.4% lumseIsoulel HRP Airdeuudaluin
CS/HRP-p(Aniy s-co-0-Abag o)/GCE dmsumsimsnzvisudsaussly

TunsfnemU3anm HRP Amnzas 1agld HRP fuansnafusiavun 5 ¥da fe 2,4, 6,8 uay
10 me/mL HRP Tagldimadia cyclic voltammetry (CV) ¥hnnsauwnudnglwdindaus +0.40 f1 -0.60 V
luansazane luasavargvoamadwines  (pH 6.5 aududu 0.1 M luaniidy 0.2 mm
lelnsiauodoanled 14 scan rate 50 mv/s hnsmraesfigumaiies nanisvmassuanafsgy 30
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20.20 T
/ \*
0.154
*
< -0.10- *
= \
*
-0.05-
0.00-
Z 4q 6 8 10
C,re (Mg/nr

sﬂﬁ 4.30 Anseuainouauessie 0.2 mM lelasiauasaenles Adndlwdn -0.3 v Wewdsu
AnuUtumas HRP 970 2-10 mg/ml WUAAHR CS/HRP-p(ANy 6-co-0-Abay o/GCE Tuansazans Tu
ansazaneveamaUwes (pH 6.5) Anududy 0.1 M 14 scan rate 50 mv/s

LﬂuﬁmwﬁuﬁjwmnszLmﬁmauauawzﬁuagjﬁuﬂ%mimmaaLaulqjﬂuuﬂu’ﬂw% ANEE T
¥nswagananlaensiuasumnduduvesoules HRP 910 2-10 me/mL vudalsih CS/HRP-
D(Aniy 6-cO-0-Abag o)/GCE Han1snaassiléwyuin Wetiinaruiduduvesoulesd HRP 210 2 me/mL
Jua  my/ml anszuaihdntu wdwiniu Bufumaduduveseulesd HRP wanduminlng
Anszuaiilddafidmacunniiady wedilunasnanaudafduansldirlniwe soules fedy
AnzgIdvIadonidanututure ol HRP 7t 4 mg/mL lumsadreialuin CS/HRP-p(Anig ¢-co-0-
Abay)/GCE dmumsinanzdiiulsiusialy

TumsAnwwaves pH ﬁuaamiavawaLanimslammamu phosphate buffer AUTNTY 0.1
M fifl pH UaNeENanuy fe pH 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 M thinfessisomeiia cyclic
voltammetry (CV) vhnnsiddndundalniinldaudaus +0.40 §9-060 Vv Tuanneiéiu 0.2 mM
lelasiauadoanlest 1 scan rate 50 mV/s ¥inmswaaosiigungiivies kamvaasauanidiegy 4.31
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-0.2! -

-0.154 N

-0.10 \

*
\
)

g *

-0.054 /*

b
0004 *
0.0 - - —_—
2.V 2.0 o.U 6.5 7.0 7.5 8.0

pH

U7 .31 Anszuaiineuauasse 0.2 mM lelasiauwadosnles Adndlui -03 v vy
TR CS/HRP-plANg ¢-co-0-Abag «/GCE  llawdsy  pH vesarsazaredianinslamiovyu
phosphate buffer Audutu 0.1 M # 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 14 scan rate 50 mV/s

pH wesansazanedidniasladifonyuiiudadonilsiiinassnadwonisvinouvanoules HRP
Hlofnsananseuannauauaifnglni 0.3 v uudalwii CS/HRP-p(Anig ¢-co-0-Abag 4)/GCE W@
snaaesitlamud el pH vesansavaredidninslamionyuain 5.0 f1 6.0 Anszuaildiien
Wuduioadntios LLaxwﬁmqaﬁqﬂﬁ pH WY 6.5 usvidaaniliinan pH qaﬁﬁuwﬁa 8.0 ANTTUA
Matultianawmuddiu nansmaassfildaenndesiu Tanckuaram et al. [35] aldisnauliin
ASEUILNTSINNTaaETvee lelnsiaueseanled Ty H,0 auRnduldiuanneiitanmiy
nsavinties tnaeaulant HPR Suludedld H udifSonsidndures lelasmuesoonles fudu
anfideiadonld pH vesansazanuBidninslasiieviyud pH winiu 6.5 lunsissufAzenisidnduy
994 lelasiouiasoanled uuiali CS/HRP-p(Anis-co-0-Abag a)/GCE dmsunsnaasddusell

nsvaaesitdunsdnwadngliriimnzay vinsanwlagldnaia cyclic voltammetry
(V) Tneiuansavarsunsgy Lelastauwasoantles adluaisarais luasazargveandvives
(pH 6.5) Adudy 0.1 M 9ty Yrndinsigidamain cyclic voltammetry (CV) ¥nsauny
Fndlvihaus +0.40 f9-0.60 V luanmiz Win 0.2 mM lelasiauiadaanles 19 scan rate 50 mv/s
yhmsvnaesigumgiivies nansmaasssgy 6.32
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0.4 -

] *
0.3+ /

* f
ok

-( *
<

0.1

/*
0.04 *

——
0.2V -u.25 -0.30 -0.35 -0.40 -v.ad -u.DV -U.bDd

~V (vs. Ag/AgCl)

gﬂﬁ 4.32 mnsvuaiinovauasse 0.2 mM lalasiauesoanles vutalviln CS/HRP-p(Aniy ¢
co-0-Abay,q)/GCE Tuansazane luansazansneaaivives (pH 6.5) Anududu 0.1 M 1% scan rate
50 mV/s

andndlihifldnseRumsinumeaeuleivud i Aidutadonilifinasonis s e
nsaauives lelasauledeanled angdidudRarsandinszuaiinouausisio 0.2 mm lelasiau
Wadeanles uudalwi CS/HRP-p(Aniq ¢-co-0-Abag ¢)/GCE HANSNAAITLewUI BaiuAdndlwin
ﬁlﬁﬂizﬁuuuﬂu’ﬂw% CS/HRP-p(Ani ¢-co-0-Abag ¢)/GCE wnvlug Anseuadiladedianfudumin
Wity fausir andndlihdldnszfugeazvhliiAanisissufitenisidndures lalasiaued
oonled 167 wiAtinuuresduiigaduiuiiensssgniuniusessuniuiiannsafaujizeints
ndudiednsliiilndifes dady ansdideTudenldmdndlnirildnsedud 0.3 v luniaiss
UfiseImsIdndures lelasiauleseanlys vudlndn CS/HRP-p(Aniq ¢-c0-0-Abag o)/GCE  d1%5U
mslsgisomatindusiely

s yyruwuukeswedlsimiflelasiauvesoeanledlulawuigas (CS/HRP-
p(Ani0.6-co-o-At  ).4)/GCE)

Tunisveaesi Anwiniadaufiisenddnduvedlalnsiouleieanled Adndlvin -0.3 v lngld
wataweumnedlsumilaglddlndi CS/HRP-p(ANi,-co-0-Aba )/GCE  1Tudnldinldanm (we) 14
Ag/AeClTutalningnase (RE) Wareunaditdh (P Hudalwihgae (CE) Tuansazans Tuasazans
Woawmtviwes (pH 6.5) Anududu 0.1 M vimsveasumeliusseaniafing N, luaisazaneiil
nsmu Iinanisvaasauansdsguil 4.33
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-1.

104 W)
-0.84

< 06
0.4+
-0.24

o
0.0
2000 250U 3uuu 3500
Tin s
-1
{ ®
1.0 (B) i
*
* k4
-0.8+4 * *
*
*
<« -0.64 WX
— ***
-0.4 4
-0.24
0.0 - ——
VU U5 11U 1.5 v <» 3.0 35 4.0
[H,0,)/mM

gﬂ‘?i 4.33 (A)  nsvuansAudLRLS nssua-aan (-0 vudalndih CS/HRP-p(Aniq ¢-co-0-
Abags)/GCE Adnglniag -0.3 v (vs. Ag/AeCl) finavausssie lelasiaulaseenles luarsazans
woaaUvines (pH 6.5) Mdudse N, uarniusaeniian (8) nmamsgiuuansauduiudsewing
nszuatuanudutures lelasudosoanles Mavasly

mﬂwamswmaaﬂugﬂﬁ 4.33 wuiiali CS/HRP-p(Anig ¢-co-0-Abag o) /GCE Hanmiligs T
nsmevauesiiiselslasiauileseanles 1@8113’51’03@104%%@@“514&9Lﬁumnmvﬁwﬁumaﬂdmmu
wWaseanledfiiuasluluasazats lurremaud 10 pM fe 4 mM nsMpsgIuLanaAMuduRuS
stwienszuaiiuanududuveslelasioueieenled uanifiguil 4.338
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' o ) . PP, o P ¢ s ¢ o ° 9
F1A9T Michaelis-Menten (KxT) fiusuanneaatmansvaaaulel-suamss auiamlaain
aun15v99 Lineweaver-Burk A9auns

app
] = L + Ky (4.5)
15’5 [max [maxC

o 1, fernszuaiian1iy steady-state dlefin s Auduamsn, |, ﬁamnmmqaqmﬁlﬁtﬂa
Guduanseandusy  war € Aemnududuvesduamsn annisnaasanuin K 59997 1WA
CS/HRP-p(Ani0.6-co-0-Aba0.4)/GCE flgarnnrsauruiianviatu 5.14 wansldiiudn nsduees
wulesl  HRP-lelasauit feanleiimnuusinevibiieuladianunsassufisoimaiiaisnduyes
lalasiuasoanlanlan

Tun1sAnearaadesveslalasiouvedeanlenlvlowwueasfild lngtunfneyinis
Lﬂﬂ‘UgﬂiEJ’l'iﬂﬂ‘U‘u‘UEN lelasiauvoseanled Amdudu 0.2 mM Afndladh -03 v vhnsdinw
wvuesandusrezna 2 dUai Namswma@mammsﬂw 4.34

100{_1 T
-~ p
A 80‘
Q
]
_ 604
Q
£
40 4
@
ZOJ
T
0 - - —r —
0 Z a ] [} 10 £ 14

Time (day)

sU# 4.34 nsAnwaNuadesvedlalasiaulaseanlenlulawmuieas INNAINTEWASANTUYD
Talasiaulosoanlafmnuidudu 0.2 mM AFndlwi -0.3 V mM Tuaisazarsluansazaruwoains
UriWas (pH 6.5).

Tunsfnmnaresiisuniuiifinasonsiiesgivivinalslnsiaueseonled Tneifu
a1savaten1n g lelasueseanled AUdNTY 0.2 MM UEILANEITAZAIENIRTFINAITUNIY
laun auniiu (dopamine: DA) nsateanain (ascorbic acid: AA) nglaa (glucose: Glu) uag NIAEIN
(uric acid: UA) fienududusnududu 1.0 mm wdmndudiouiisvdyanunszuaiildainnis

pyIvinansazatuunsgIu tolasiauUasoanlen wasdygunlaannnadudisuniu Hansveass
WARIgUN 4.35
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-0.30
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-0.254 \1,
|

-0.20 4
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-0.154
-0.10 4
-0.05+
0.00 4 (™)

0.05

350 4uu 45w 500 550 600 650 700 750
Time/s

Ul 4.35 nsAnvwavesshsuniuvadlalasauilesesnludlulowuees 9nAnszuaddndu
ve1 lelasiauwedoonladaruidudu 0.2 mM 7idndliih 03 v mM Tumsazansluaisazane
WeaaUnines (pH 6.5) dlatinsidu (@) 0.2 mM H,0,, (b) 1 mM DA, (c) 1 mM AA, (d) 1 mM Glu
and (e) 1 mM UA

INUANITNABDIVLLAULN WIDTNNSANAITUNIU DA, AA, Glu way UA AILTUTUFINTIT
lalastauasaantana 5 i1 (1 mM) Ansewantaluiinisilasuntal wansliiiulnsisumunane
AINa1Ivie 4 vallsuUNIUNISILASIEN



o

myimuatiaueumeslsumiuuulmidmiviinnsiviinadalnea 70

uni 5
d7UNan1IMAaeY

Tunuddsiniswaugalwsrifawussswarinlwdhlelasiaudssoanlend mivinsey
USunaudalvsuvsaaniliy 3 drusaedl

1) asiadninsindwesiwturesindesiiau

nautalnduresinenisvididninswedweslsiwdueridulvinanedesdauluuming
voufafioadarsusuuilufiod (MWCNTs)  wagnasvirBianiasianindveymialansuily (metal
nanoparticles) uutalwihnanadansueuy  wWeldilusmasainlumaiiawesweslsumimdaudine
zaan Srmfisauasiianmligau TashesuAinszuaninufidoeendinduvesdalud 9n
nsAnwvdaveseymelansurlukazriinvesiaieadmiveuuluindmnsausensWauidalud
wuwed lngldinaialendnliaunuam’ uaswadausuweslsumd wuieymalavsunlud
winvauremanadalifisugesfio ayniaveuilu (AuNPs) wavriinvesdlaieadaisuauuily
Finlfmnzauremsvaudalndiiusesde MWCNT-COOH antuvhnsAinwuiuinaenundudu
Yosariiay (aniline) , MWCNT-COOH uazUSinauas AuNPs fimansausemnaudalndeuises
wuiiinamududuresesiusenousneg luansavarefildlunisdaulstalninanadaniveud
wunzausamsiauSunudalg fe sxliduaruidudu 0.02 mM, MWCNT-COOH auLdndu 0.48
mg/mL  uag AuNPs AMULTNTY 0.12 mM  Tunisfinwmn pH vesarsazatgveamatvivasaany
Waudu 0067 M Fwunzausenisvinanesdalnimsueesiasldnadiawaumestsum’ @Endlwih
+06 V) wui1 pH wsdansazaneveamatwiMelimurzausiensTfiduarsazaredidninslad
Lﬁawqu'lumsmivﬁﬂi'alvdﬁ pH Wiy 7.0 .

Tumsfnwgudnvnzresmadiadiessivenmeslsumi Inslidalndiouge ivaunldibu
fnrin 1§ Ag/aeCl Wudalwiidnede amunaithu (P Wudalnihegae warldansazaneweais
TWies pH 7.0 iy 0067 M uasazaedidnlnsladiionyy Wdndlwia 06 v ud
il nuirdnssuaildannisasietaudsiunssfurmuduiuveadalng Tnssitaenis
mavAuBILUUITLEURTagluTN 1 -16 mM (r = 0.9964) %’a"l.wﬁwuwa%ﬁﬁ'wm??uﬁ%m?wqﬂ‘lumi
Annedldvinfu 00927 mM Tiemnudesuuanasgiudiniindu 4.12 (= 5) uandldidiu
Iialddueifanldifadialunsiessiviinudalndldfinmadutuiaaiseauiagl
ans LLasi’Jmﬁmﬁaqqa lunsfnwravesisumuiiswaiauomwesuvIARALITY Wuiii
JUMUAAne ascorbic acid , sodium sulfate , sodium nitrate way potassium iodide A1
tolerance limit iU 0.05 , 10.00 , 20.00 waz 0.20 mM sy dseludiaunsa
Waudalwiieueesidaninlas anusuwiziaivag LLazﬁmmLﬁaamaqa dmiulelunas
Amswidalwideomaiauauweslsun msfissihdalndisuesivautulUidlunmsinsevida
Inilusegraiademaiaueumeslsumdlidy onesudusestinszuiunislunsueniendsumu

paNfaUYNINTIAsIEY ntguitdediaadinisAnuuasWauissuvimsviseluiteannavasi
UMY
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2) tlwihwiananadansusuiidaulsshoiafeadmiueuunluiind-fiamie-aynianeauily

mswaundalwiiguigaslagnisisnisiniou (drop casting) Mg TanuuIAUlUgNNANYD
ms’uaum‘luﬁaﬂiwﬁLuaéﬁw‘lw%-aqn'1ﬂT,aM:',*vu161mT,uawuﬁwﬁwaaijv'a‘lﬂﬁwnma%m%uauawn
mMsfinasAusynauieg Rumunzauseniswanndalwdiouges Wnoldinataleadnhaunuums
wuiranuuaunlugnuauiimnzande miveuunluiniisimiHitunsuenddn (CNTs-COOH)-Ing
laueadalawiia (PDDA) wazayatanasunly (AuNps)  9slddalwihilluunzaufie CNTs-PDDA-
AUNPS/GC nturmsAnyuiinauanuduiuresaiveuunluidimiladidumiuendanuas
Uinunnuiduduseseyniaeunlufiinzausenswanndalwiisuweslngldinaialvadnl
aunuuvsuaswadaweuneilsums nuhvaeududuresiussneusnalumsazaneildly
mssaulstalninanadmsveufimnzausensiaviinadalng Ao CNTs-PDDA  aadudu 4
me/mL waz AuNPs armdndu 002 % snduihdalwiiwaudsesdussneuiimnzaudy
Flwi Iy lunsdnem pH vesansazaoamiadwines amududu 0.1 M fvizaudenis
Maradalndisuweslagldmaialeadnbaunuams wamsanwmui pH - Amuivaslums
as1vindalvdfe 7.0

dledmailalwadunatuerunddaunldsutunsasisiawuuieimwelsumintadalng
LULERSANAUITY (CNTs-PDDA-AUNPS/GC) asvirlildinadiaiasizvifiazaan samuasi
Uszdvisnmlumsnsiadedalnd lunisAinwnudnvuzvaainatiniinsziuaumeslsums laeldda
TWiouwesinanntuldidusangadn 14 AgaeCl utalnthdreds Taaunmdit (Pt) Wudalwdi
%0 warldarsazaneveaiaivives aududu 1 M (pH 7.0) Wuasavaredaw lumsinemn
Fndlnfrfmunzanlunisasiatadalndiddalndiouwe snuindndlwinfianzaude 0.4 v
mnszuailsninmansniauwsiufumududuresdalnd Taoiitainismevausswuuibudunseeg
Tugas 1-200 ppm (= 0.9997) %’alwﬁwuwaéﬁﬁwm‘?}uﬁ%ﬁﬁﬂvi"ﬁqﬂ'luﬂ'ﬁ"’nﬂswﬁ Wwinfiu 0.03
ppm %’alwﬁmuL‘aas'ﬁﬁ'sum‘ﬁummsnﬁﬂﬂUisqnm"li‘%mﬂzﬁifan"luﬁdaahaugwalﬁ wazlnd

3) mawSeuda i lalasauweseenleslulawuise$ CS/HRP-p(Ani-co-o-Aba)/GCE

nidludilldiaunuesnesTsaminlulawue fuuulmidwiviinssivsinalslnsiou
wWeseanlgalasnsniveuluigeitusftaisandina (HRP) asuulwduwes wiln poly(aniline-co-o-
aminobenzoic acid) #38 p(Ani-co-0-Aba) lasn1sduAsizilanediuesves p(Ani-co-o-Aba) A83s
Interfacical copolymerization 3Mnd5avaenaNYdy  aniline (Ani) wag o-aminobenzoic acid (o-
Aba) lusviharargdunidasaaslinesu (CHCL) wan1sMAaeInuIN plAnig¢-co-0-Abag ) LWUTLR
yaslanadluesnangnlunisasaeules HRP nnsmdsaulesi HRP  Fisusslninadn (electrostatic
attraction) lngandemy -COO vulaseainaedlanedued anavinlidalnidildhifienmeatiosnn
o  wswieuleyd HRP ﬁgnm?au:u‘?aag'ludauﬁu'uuanqﬂ 919amAnnTsuaneanansalwihly fady
nuzitoludoniiezindoutuuengavesiinihdeduiidgues cs waruenanezdiuansiivaende
wuleivudalnildegwiud Suduansidanuannsadiuld (compatibility) Wusgrei wanis
naapaldmuIAuITLTuYes CS 1 0.4% wanzauiigatunisadaeulesd HRP  Ansauusalwdi
CS/HRP-p(Aniq ¢-co-0-Abag 4)/GCE
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Tunsfnwnmaiinufizenidnduredalnsiauesoonled Adndini -0.3 v lagldinada
woumaslsumlaglddalwin  CS/HRP-p(ANi;  co-0-Aba,)/GCE (Hudalwinlau (WE) 19 Ag/agCl
Hudalnideds RE) Waraunadivu (Pt Hudalniiwoe (CE) Tuansavans Tuansavaneveaiia
i3 (pH 6.5) randiudu 0.1 M mamsvaasanudngalniln CS/HRP-p(Anig ¢-co-0-Abagd/GCE i
anmliga Tnsmevaussiiiselalasiauaseenlyd Iﬂa’lﬁél’tgtgmﬁl,ﬁuqq%uLﬁmﬁumﬁmﬁuﬁu
vadlalasiaueseanlediiivasiuluasazate lutasous 10 uM 9 1,000 uM lelasiaues
sonledlulawuigesivaunduitasidadaalun1siasizsd winfu 1.8 uM lunisfinwwazesd
sunuisinarenisiessinuiinalalasaueseented nuidalulawuwesiiamuntulien
tolerance Aalauiiu (dopamine: DA) nsausamalin (ascorbic acid: AA) nq‘[aa (slucose: Glu) uag
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fluorimetry, chemiluminescene and electroanalytical method [4-7]. Among these techniques, the
electroanalytical method is advantageous over other methods because of their robustness, possible
miniaturization, low-cost and ease of operation. Due to their high selectivity and sensitivity, the
development of biosensors based on peroxidase-modified electrodes has been widely studied in the
field of electroanalytical chemistry [8].

The horseradish perox” = e (HRP), a heme-containing oxidoreductase, is a commercially
important enzyme, which catalyzes the reductive cleavage of H,O; by an electron donor [9]. However,
the sensitivity of these biosensors based on the direct electron exchange between HRP and electrode
surface is often relatively low. To increase the current response, HRP is widely fixed onto the
electrode surface with the metal nanoparticles, carbon nanomaterials, and conducting polymers [10-
12].

Polyaniline and its derivatives have been of the most attractive conducting polymers due to
their easy synthesis, low cost and high environmental stability, and variable electrical conductivity,
excellent redox recyclability and optical activity [13-16]. They easily facilitates not only the electron
transfer between the enzyme and electrode surface, but also make a more convenient environment for
localizing the enzyme onto micro-size electrode surfaces in the electrochemical biosensors.

Chitosan (CS) is obtained from the partial deacetylation of chitin as one of the most abundant
polysaccharides in the world [17]. CS is a biocompatible biopolymer possessing diverse properties for
numerous applications, such as film-forming ability, hydrophilicity, high mechanical strength, good
adhesion and chemical inertness [18]. Because of this unique combination of properties, there have
been several reports using CS as ionically immobilizing and physically coating materials for preparing
enzyme biosensors [19-21].

The design of a novel enzyme biosensor based on conducting-functionalized polymers and
polymer-coated supports remain a ¢ 1iificant focus of the study to consider in the enzyme
immobilization strategy. In this study, the poly(aniline-co-o-aminobenzoic acid) or p(Ani-co-0-Aba)
having different carboxylic (-<COOH) groups were prepared by copolymerization of aniline (Ani) and
o-aminobenzoic acid (o-Aba). Then, the HRP immobilized on p(Ani-co-o-Aba) was casted onto the

“assy carbon electrode (GCE) by a simple drop-coating method. The outer layer CS film as a binder
was further coated on the electrode surface. We found that the CS/HRP-p(Ani-co-0-Aba)/GCE shows
an excellent activity for the electrocatalysis of H,O, reduction. To explore its analytical performances,
the proposed biosensor was used for the determination of H,O, over other interfering substances.

2. MATERIALS AND METHODS

2.1 Reagents

Horseradish peroxidase (HRP, EC 1.11.1.7, M, . 40,000 (Lit.), 969.65 U mg'l), ammonium
persulphate ((NH4),S,05) and hydrogen peroxide (H,O,, 30%) were purchased from Fluka. Aniline
(Ani), o-aminobenzoic acid (0-Aba) and chitosan (CS) were purchased from Sigma-Aldrich. All other
chemicals used in this study were of analytical grade and used as received, except for the aniline which
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was purified by double distillation under reduced pressure prior to use and stored at 4 °C in the fridge
when not in use. All aqueous solutions were freshly prepared using de-ionized (DI) water (R > 18.2
MQ cm) purified with a Nano-pore™ ultrapure water system. A stock standard solution was prepared
freshly each day. The concentration of H,O; solution was determined by titration with KMnOy [4].
All measurements were carried out in 0.1 M phosphate buffer solution (PBS) used as supporting-
electrolyte solution. The PBS with various pH values was prepared by mixing stock standard solutions
of NaH,PO4 and Na;HPO4 and then adjusted the pH with NaOH or H3POa.

2.2 Instruments and apparatus

All electrochemical measurements were carried out with an eDAQ potentiostat (EA161)
equipped wit and e-corder (201) controlled by E-Chem software. A conventional three-electrode
system was used with the modified electrode as worki: electrode, the Ag/AgCl (sat. 3.0 M KCI) as
reference electrode, and a platinum (Pt) wire as counter electrode. A 713 pH meter (Metrohm,
Switzerland) was used to monitor the pH of PBS. UV-Visible absorption spectra of solutions were
recorded by using a Perkin Elmer Lambda25 UV-Visible spectrophotometer with the path length of a
standard rectangular quartz cuvette (10 x 10 mm, Hellma Analytics) over the wavelength ranging from
300 to 800 nm. Atomic force microscope (AFM) images were obtained with scanning microscope
probe (Park Systems Corp., Korea.) controlled by the XE! software.

2.3 Preparation of p(Ani-co-o-Aba)

A typical method of the copolymers synthesis ¢ ribed by Huang et al. [22-23] was adopted.
Briefly, two monomers including Ani and o-Aba were dissolved in 5 mL of chloroform (CHCIs).
(NH4)2S,05 used as the oxidant was dissolved in 5 mL of 1.0 M hydrochloric acid solution. After the
reaction was left at room temperature for 24 h, the solid copolymer was collected from the reaction by
filtration. To remove excess acid and unreacted monomers, the filtered solid product was then washed
with several portions of diluted HCI, DI water and ethanol, respectively, and finally dried under
vacuum. The structure of conducting p(Ani-co-o-Aba) from interfacial copolymerization is

summarized in Figurel. When a carboxyl group is deprotonated, its conjugate base fi 1s a
carboxylate anion (-COQ).

COOH ; ; ,CO}({)H
— =\ \ /
X4 D~NHj+ x@—NHz . mb - S D—N%
Ani b (NH4);5,05 - d CY cr,
" in CHCI ‘ in HCl p(ADi} y-co-o-Abay)
' at 1nterface

Figure 1. The structure of conducting p(Ani-co-o-Aba) prepared from Ani and o-Aba , where x (0 <x
< 1) relates to the substitution stoichiometry of o-Aba unit in p(Ani-co-0-Aba).
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2.5 Electrochemical measurements

All electrochemical measurements were carried out with eDAQ potentiostat (e-corder 401)
controlled by EChem software. A conventional three-electrode system consisting of CS/HRP-p(Ani-
co-0-Aba)/GCE working electrode, the Ag/AgCl (sat. 3.0 M KCI) reference electrode, and a platinum
(Pt) wire counter electrode, was used throughout. The cyclic voltammetric and amperometric
experiments were performed in a thermostatic electrochemical cell at 25 °C. The supporting
electrolyte solutions were purged v° rously for at least 10 min to remove O, and kept under N,
atmosphere during the measurements. The CS/HRP-p(Ani-co-o-Aba)/GCE was electrochemically
performed by cycling the potential between —0.6 V and +0.4 V (vs. Ag/AgCl) in the absence or presence
of H,03. Amperometric experiments were carried out in a stirred batch system of 10 mL glass cell by
applying a potential of -0.3 V to the working electrode and adding successively freshly prepared
aliquot of H,O; standard solution to the electrolyte solution. Current—time data were recorded after the
steady state current to be achieved. The CS/HRP-p(Ani-co-0-Aba)/GCE was kept at 4 °C in a dry
condition in the fridge when not in use.

3. RESULTS AND DISCUSSIONS

3.1 UV-Vis absorption spectra of p(Ani-co-0-Aba)

1.00
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: \\\
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Figure 3. UV-Vis absorption spectra of p(Ani-co-o-Aba) for (a) 0.2, (b) 0.4, (c) 0.6 and (d) 0.8 mol
ratio of 0-Aba to Ani.

Considering the nature of carboxylic acid oups, the as-prepared p(Ani-co-o-Aba) could be
soluble in an aqueous alkaline solution or in polar organic solvents such as DMF, DMSO, etc. In this
study, a p(Ani-co-o-Aba) solution was prepared by dissolving each copolymer in DMSO. The
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Figure 4A-C show the representative AFM image (5 pm x 5 um scan size) of the p(Ani-co-o-
Aba)/GCE, HRP-p(Ani-co-0-Aba)/GCE and CS/HRP-p(Ani-co-0-Aba)/GCE, respectively. As shown
in Figure \, the p(Ani-co-0-Al  particles deposited on GCE were in a range of a few hundred
nanometers, which give rise to higher surface and easier immobilization of HRP molecules than the
bare electrodes [23]. As shown in Figure 4B and 4C, the topographical images of the HRP-p(Ani-co-
0-Aba)/GCE and CS/HRP-p(Ani-co-0-Aba)/GCE quite different from the p(Ani-co-0-Aba)/GCE were
observed. This is attributed to the fact that immobilized HRP and CS film coating mainly changed the
surface characteristic of the p(Ani-co-0-Aba)/GCE. These results obtained here were similar to several
enzyme electrodes [28-29].

3.3 Electrochemical behavior of CS/HRP-p(Ani-co-0-Aba)/GCE

All electrochemical measurements were performed in a PBS (pH 6.5) to investigate the
char . of the electrochemical behavior after each modification step. Figure SA shows the CVs of the
bare GCE, p(Anigs-co-0-Abag4)/GCE, HPR-p(Anigs-co-0-Abag 4)/GCE and CS/HPR-p(Aniy¢-co-0-
Abayg 4)/GCE, respectively. Concerning the bare GCE (curve a, black dot line), no peak was observed
as a result from the lack of redox-active material. After modified with the p(Anig¢-co-0-Abag 4) (curve
b, red dash line), the redox peaks were observed due to the electrochemical behavior of an electrically
conductii  polymer [30-32]. According to Gao et al. [33], the current peaks decreased gradually after
immobilization of HRP, and CS coating on t  electrode surface, respectively. These results were

attributed to the insulating property of HRP (curve c, green short dash line) and CS (curve d, blue solid
line) (see Figure SA).
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Figure S. (A) CVs of (a) bare GCE (black dot line), (b) p(Anigs-co-

2.5
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0 e e - v

E/V (vs. Ag/AgCl)

\bag 4)/GCE (red dash line), (c)

HPR-p(Anig ¢-co-0-Abag 4)/GCE (green short dash line) and (d) CS/HPR-p(Anig¢-co-o-
Abay 4)/GCE (blue solid line). (B) Typical CVs of the CS/HPR-p(Aniy ¢-co-0-Abag 4)/GCE in a
Na-saturated PBS (pH 6.5) in the absence (curve a, black dot line) and presence of 0.2 mM
(curve b, red dash line) and 0.4 mM (curve c, blue solid line) of H,O, using scan rate 50 mV/s

at room temperature.
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(*"Fe'Y=0) and a porphyrin II cation radical. Then, the compound I shows the catalytic activity while
its porphyrin radical undergoes the reduction to form the second intermediate (compound II, “Fe'V-
OH), which is subsequently regenerated to the native HRP by accepting one electron from the
reduction state of copolymer, p(Ani-co-0-Aba)eq), on the electrode surface while copolymer itself
changes into the oxidation state, poly(Ani-co-0-Aba)y). The poly(Ani-co-o-Aba) ey could be recycled
to p(Ani-co-0-Aba)eq) at the electrode surface. When electrons were transferred from the electrode
surface, the ampere currents were generated. Thus, the content of H,O, could be determined by the
measurement of currents. This approach was widely researched since it could be used to detect H,O;
with high sensitivity at a low q titatively detectable concentration.

3.5 Optimization conditions for detection of H,0; at CS/HRP-p(Ani-co-0-Aba)/GCE

The optimization conditions for the detection of H,O, were examined by the CV method. In
this work, the voltammetric currents of the novel biosensor could be controlled by changit  the o-Aba
mol ratio in p(Ani-co-o-Aba) synthesis, HRP concentration, CS concentration, pH and applied
potential. The CS/HRP-p(Ani-co-0-Aba)/GCE was investigated by evaluating the reduction current to
0.2 mM H;0; in a Ny-saturated PBS (pH 6.5).

The effect of 0-Aba mol ratio in p(Ani-co-o-Aba) was varied from 0.2, 0.4, 0.6 and 0.8,
respectively. The CS/HRP-p(Ani-co-0-Aba)/GCE prepared with the different o-Aba mol ratios was
investigated by evaluating the reduction current to H,O, at the applied potential of -0.3 V. As shown
in F ire 7A, the current responses increased with increasing o-Aba mol ratio from 0.2 to 0.4 in the
p(Ani-co-0-Aba), but decreased from 0.4 to 0.8. Therefore, a 0.4 mol ratio of the p(Ani-co-0-Aba) was
selected for casting the modified electrode and for further experiments.

The effect of HRP concentration on the CS/HRP-p(Anigg-c: -Abag4)/GCE was studied in the
presence of H,O; at the potential of -0.3 V. As shown in Figure 7B, the current responses increased
with increasing the HRP concentration to maximum value at 4 mg mL™', and then tended to decrease
with further increase in the HRP concentration. This behavior is typical of the enzyme-based
biosensors [35,38). Thus, 4 mg mL"' HRP was chosen for subsequent experiments.

The effect of CS concentration on the CS/HRP-p(Anig ¢-co-0-Abag 4)/GCE was studied in the
pr¢ 1ice of H,O; at the potential of -0.3 V. The concentrations of CS solution were decreased from
1.0 to 0.2%wt. Li et al. [39] suggested that althor . high %CS solutions result in a high stability of
modified electrode, high thickness of film coating also result in a large noise and slow response of
biosensor. As seen in Figure 7C, the current responses increased with the decrease of %CS solution
from 1.0 to 0.4%wt and then decreased from 0.4 to 0.2% wt. These results indicated that 0.2% wt of
CS solution was not sufficient and would result in thin and unstable film on the modified electrode.
Thus, to make a stable biosensor, a 0.4%wt of CS solution was selected for further investigations.

As known, the effect of pH on the H,0, electrocatalytic biosensor is mainly due to the catalytic
activity of the enzyme. In this work, the effect of pHs of a PBS on the current responses of H,O, at the
potential of -0.3 V was investigated from pH 5.0 to 8.0. According to Tangkuaram et al. [20], the
acidic solution greatly enhanced the electrocatalysis of H,O, by the HRP enzyme, because H' is
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from -0.2 to -0.5 V. Low current signal was observed below the potential of -0.3 V, but highly
increased from -0.3 to -0.5 V. Although the CS/HRP-p(Anigg-co-0-Abag4)/GCE could have an
excellent response at higher volt s, the high operating potential could result in interference from

matrix species. Thus, a suitable applied potential of -0.3 V was selected for the determination of H,O,.

3.6 Amperometric measurement of H;O, signal from CS/HRP-p(Anig s-co-0-Abag 4)/GCE

The amperometric measurement the CS/HRP-p(Anige-co-0-Abag4)/GCE was
investigated by successively adding H,O; to a continuous stirring 10 mL PBS solution under the
optimized condition. Figure 8 shows the amperometric signals corresponding to its calibration plot

under the optimal conditions.

using

As shown in Figure 8A, the current increases with increasing the
concentration of H,O; ranging from 10 uM to 4 mM. The response time was very fast, indicating that
the CS/HRP-p(Anig¢-co-0-Abag 4)/GCE had a higher sensitivity to HyO,. The calibration plot was
constructed by plotting between the H,O, concentration and the corresponding current. As shown in
Figure 8B, the linear response range of the biosensor for H,O; concentration v from 10 to 1,000 pM
with a correlation coefficient (%) of 0.9905, and the detection limit of 1.8 uM was estimated based on
the signal-to-noise ratio (S/N  3).
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Figure 8. (A) Typical amperometic response of the CS/HRP-p(Anig ¢-co-0-Abag 4)/GCE at the applied
potential of -0.3 V (vs. Ag/AgCl) to the successive additions of H,O; in a stirring PBS (pH
6.5). (B) The linear calibration plot of H,O, concentrations vs. the corresponding current.

The apparent Michaelis-Menten constant ( K,7”), which gave an indication of enzyme-substrate

kinetics, could be obtained from the electrochemical version of the Lineweaver-Burk equation:

1 1 Ka 174
— I M
1.C

1 1

ss max

where /, is the steady-state current after the addition of substrate, /. is the maximum current
under the saturated substrate condition, and C is the bulk concentration of the substrate. It was found
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electrochemical activity loss about 27% was observed after 13 days. These results suggested that the
novel biosensor was a good satisfactory stability.

One of the most important challenges in the amperometric detection of H,O; is the problem
from other potential interferences. In the experiment, five interfering substances such as dopamine
(DA), ascorbic acid (AA), glucose (Glu) and uric acid (UA) were used to evaluate the selectivity of the
biosensor. Figure 9B shows a typical amperometic responses of the CS/HRP-p(Anigg-co-o-
Abag 4)/GCE at the applied potential -0.3 V (vs. Ag/AgCl) to the successive addition of the identical
concentration of HyO,, DA, AA, Glu and UA in a continuously stirring PBS (pH 6.5). It was seen
obviously that there was no significant change of the current responses generated from DA, AA, Glu
and UA compared to the response of H,O,. Thus, these results strongly demonstrate that this modified

electrode could be applied as the novel biosensor for a practical determination of H,O; in the presence
of AA, Glu, DA and UA.
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Figure 9. (A) Stability study of the CS/HRP-p(Anig ¢-co-0-Abag 4)/GCE. (B) Amperometic responses
of the CS/HRP-p(Anig s-co-0-Abag 4)/GCE at the applied potential of -0.3 V (vs. Ag/AgCl) to

the successive addition of (a) 0.2 mM HyO,, (b) 1 mM DA, (¢) | mM AA, (d) | mM Glu and
(e) 1 mM UA in a stirring PBS (pH 6.5).

4. CONCLUSION

In conclusion, a novel method for fabrication of amperometric hydrogen peroxide biosensor
was achieved by immobilizing horseradish peroxidase (HRP) on poly(aniline-co-o-aminobenzoic acid)
(p(Ani-co-o-Aba)) throi "1 electrostatic attraction and then covered by chitosan (CS) film. A series of
the p(Ani-co-o-Aba) having different compositions were prepared by the copolymerization of aniline
(Ani) and o-aminobenzoic acid (0-Aba). The enzyme electrode exhibited a fast response toward H,0,,
good linear range of response, as well as low detection limit. Based on these results, immobilizing
HRP on p(Ani-co-o-Aba) through electrostatic attraction and then covered by CS film is useful
strategy for preparing the amperometric enzyme biosensors.



mswanwatiaueumessamIwuulmidmiuirneivianadalvsa 92

Int.

J. Electrochem. Sci., Vol. 8, 2013 10263

ACKNOWLEDGMENTS

The financial support from the National Research Council of Thailand (NRCT, 2556A11702005), the
Centre of Excellence for Innovation in Chemistry (PERCH-CIC), the Office of the Higher Education
Commission and Faculty of Science, Ubon Ratchathani University (UBU) are gratefully
acknowledged.

References

1
2
3
4
5.
6
7
8
9.
10.
11.
12.
13.
14,
15.
16.
17.
18.

19.
20.

22.
23.
24,

25.

26,
27.
28.

29.
30.
31.
32.
33.

. S. Neill, R. Desikan and J. Hancock, Curr. Opin. Plant Biol., 5 (2002), 388.

. P.D'Orazio, Clin. Chim. Acta, 334 (2003), 41.

. R. Stolarek, P. Bialasiewicz, M. Krol and D. Nowak, Clin. Chim. Acta, 411 (2010), 1849,
. C.E.Huckaba and F.G. Keyes, J. Am. Chem. Soc., 70 (1948), 1640.

K.A. Fihnrich, M. Pravda and G.G. Guilbault, Talanta, 54 (2001), 531-559.

. R.M. Sellers, Analyst, 105 (1980), 950.
. A.S. Keston and R. Brandt, 4nal. Biochem, 11 (1965), 1.
. T. Ruzgas, E. Csoregi, J. Emnéus, L. Gorton and G. Marko-Varga, Anal. Chim. Acta, 330 (1996),

123.

N.C. Veitch, Phytochemistry, 65 (2004), 249-259.

S.B. Adeloju and G.G. Wallace, Analyst, 121 (1996), 699.

P.N. Barlett and J.M. Cooper, J. Electroanal. Chem. , 362 (1993), 1.

M.V. Deshpande and D.P. Amalnerkar, Prog. Polym. Sci., 18 (1993), 623-649.

S. Bhadra, D. Khastgir, N.K. Singha and J.H. Lee, Prog. Polym. Sci., 34 (2009), 783.
N. Gospodinova and L. Terlemezyan, Prog. Polym. Sci., 23 (1998), 1443.

E.T. Kang, K.G. Neoh and K.L. Tan, Prog. Polym. Sci., 23 (1998), 277.

C. Dhand, M. Das, M. Datta and B.D. Malhotra, Biosens. Bioelectron., 26 (2011), 2811.
C.K.S. Pillai, W. Paul and C.P. Sharma, Prog. Polym. Sci., 34 (2009), 641.

M. Rinaudo, Prog. Polym. Sci., 31 (2006), 603.

Q. Zhang, L. Zhar and J. Li, Electrochim. Acta, 53 (2008), 3050.

T. Tangkuaram, C. Ponchio, T. Kangkasomboon, P. Katikawong and W. Veerasai, Biosens.
Bioelectron., 22 (2007), 2071.

..G. Yang, Y. Chang, H. Yang, L. Tan, Z. Wu, X. Luand Y. Yang, Anal. Chim. Acta, 644 (2009),

72.

J.Huar and R.B. Kaner, J Am. Chem. Soc., 126 (2003), 851.

J. Huang, S. Virji, B.H. Weiller and R.B. Kaner, J. Am. Chem. Soc., 125 (2002), 314.

B. Chico, C. Camacho, M. Pérez, M.A. Longo, M.A. Sanroman, J. M. Pingarrén and R. Villalonga,
J. Electroanal. Chem., 629 (2009), 126.

C. en, L. Wang, Y. Tan, C. Qin, F. Xie, Y. Fu, Q. Xie, J. Chen and S. Yao, Biosens.
Bioelectron., 26 (2011), 2311.

D. Li, J. Huang and R.B. Kaner, Acc. Chem. Res., 42 (2008), 135,

M.T. Nguyen and A.F. Diaz, Macromolecules, 28 (1995), 3411.

X. Yu, D. Chattopadhyay, I. Galeska, F. Papadimitrakopoulos and J.F. Rusling, Electrochem.
Commun., 5 (2003), 408.

X. Yu, S.N. Kim, F. Papadimitrakopoulos and J.F. Rusli ~ Molec. Biosys., 1 (2005), 70.

T. Ahuja, I.A. Mir and D. K. Rajesh, Biomaterials, 28 (2uu7), 791.

Y.-T. Kong, M. Boopathi and Y.-B. Shim, Biosens. Bioelectron., 19 (2003), 227.

A. Chaubey and B.D. Malhotra, Biosens. Bioelectron., 17 (2002), 441.

F. Gao, R. Yuan, Y. Chai, S. Chen, S. Cao and M. Tang, J. Biochem. Biophys. Methods, 70 (2007),
407.



s mataLeuwmesisuniwuulmldmiuims s uiunudalvisa 93

Int. J. Electrochem. Sci., Vol. 8, 2013 1774

34. E.I. Iwuoha, D. Saenz de Villaverde, N.P. Garcia, M.R. Smyth and J.M. Pingarron, Biosens.
Bioelectron., 12 (1997), 749.

35.Z.Du, C. Li, L. Li, M. Zhang, S. Xu and T. Wang, Mater. Sci. Eng., C, 29 (2009), 1794,

36. X. Chen, Z. Chen, J. Zhu, C. Xu, W. Yan and C. Yao, Bioelectrochemistry, 82 (2011), 87.

37. G.I. Berglund, G.H. Carlsson, A.T. Smith, H. Szoke, A. Henriksen and J. Hajdu, Nature, 417
(2002), 463.

38. R. Villalonga, P. Diez, P. Yafiez-Sedefio and J.M. Pingarron, Electrochim. Acta, 56 (2011), 4672.

39. F. Li, W. Chen, C. Tang and S. Zhang, Talanta, . . (2009), 1304.

40. Z. Tong, R. Yuan, Y. Chai, Y. Xie and S. Chen, J. Biotechnol., 128 (2007), 567.

41.C.-X. Lei, S.-Q. Hu, G.-L. Shen and R.-Q. Yu, Talanta, 59 (2003), 981.

42. M.-Y. Hua, Y.-C. Lin, R.-Y. Tsai, H.-C. Chen and Y.-C. Liu, Electrochim. Acta, 56 (2011), 9488.

43. X.B. Kang, G.C. Pang, X.Y. Liang, M. Wang, J. Liu and W.M. Zhu, Electrochim. Acta, 62 (2012),
327,

© 2013 by ESG /e nlnn*-—f\f“"“"“”’:i.org)






MsnaunataLeumSlsuvIwuUnid miuinsevuiinadalns

95

M. Amatatongchai et al. / Talanta 133 (2015) 134-141 135

the measurement. Therefore, modification of electrode is required
to achieve high sensitivity and selectivity.

The use of functional hybrid materials comp . of carbon
nanotubes (CNTs) and conducting polymers for the construction of
chemical sensors and biosensors has attracted great attention {22-
24]. CNTs are increasingly recognized as a promising material for
surface functionalization in electrochemistry and are widely used
in research. The lamellar planes of sp? carbon in graphite sheets
are organized in hexagons with tremendously high degree of
delocalization of n-electrons. Thus, CNTs can display metallic,
semiconducting and superconducting electron transport proper-
ties [25,26] that are able to promote proton or electron transfer
reaction. They also have high thermal capacity and are environ-
mental friendly (25]. Recent studies have demonstrated that CNTs
can impart high electrocatalytic activity and decrease surface
fouling of electrode [27,28]. Poly(diallyldimethylammonium chlor-
ide), PDDA, is a conducting polymer used widely in fabrication of
chemical {29} or biological sensors [23,24,30} and in various
industrial applications |31). For sensor application, it has been
extensively used to immobilize biomolecules and to disperse
nanomaterials in the development of electrochemical transducers
(23,24,30].

Gold nanoparticles (AuNPs) feature excellent conductivity, high
surface area and catalytic properties that make them promising
materials for the electrochemical detection of various analytes
{32). AuNPs can be prepared and conjugated with many functio-
nalizing agents such as ligands, surfactants, polymers and CNTs.
They have been found to play an important role in augmenting the
quality of chemical and biosensors. The synergistic combination of
electroactive AuNPs and conducting compounds such as CNTs
provides electro-sensitive and selective system for detection of
cholesterols {23], hydrogen peroxide |{24] and glucose [33]. How-
ever, to our knowledge, the use of glassy carbon modified with
hybrid nanocomposites of CNTs-PDDA-AuNPs nanocomposite for
amperometric detection of sulfite has not yet been reported.

This work describes a simple and effective method for constructing
a sulfite sensor using carboxylated functionalized multiwall carbon
nanotubes-poly(diallyldimethylammonium chloride}-gold nanoparti-
cles (CNTs~PDDA-AuNPs) composites. The formation of this composite
is through electrostatic interaction. The CNTs-PPDDA-AuUNDPs nanocom-
posite is formed by drop coating on the surface of the glassy carbon
(GC) electrode. CNT-PDDA-AUNPs composite film exhibits high activ-
ity, sensitivity and selectivity in the detection of sulfite.

2. Experimental
2.1. Chemicals and reagents

All solutions were prepared in deionized-distilled water {Water
Pro PS, USA). Sodium sulfite (Na,SO3) and poly (diallyldimethy-
lammonium chloride) (PDDA, MW: 100,000-200,000, 20% w/w)
were purchased from Sigma-Aldrich (St. Louis, USA). Carboxylated
functionalized multiwall carbon nanotubes (CNTs-COOH, dia-
meter: 15 + 5 nm, length: 1-5 pm, purity: > 95%) were purchased
from Nanolab Inc. (MA, USA). Hydrogen tetrachloro aurate (II)
trihydrate (HAuCly - 3H,0, Au > 48%) was purchased from Acros
Organic (Geel, Belgium)

2.2. Apparatus

2.2.1. Cyclic voltammetry

Cyclic voltammetric measurements were carried out using an
eDAQ potentiostat (model EA161, Australia) equipped with an
e-corder 210 and e-Chem v2.0.13 software. The active surface arca
of glassy carbon electrode, {(diameter 3 mm, CH Instrument, USA)

was approximately 0.07 cm?. An in-hovse three-electrode cell,
comprising a working electrode (CNTs YA-AuNPs/GC elec-
trode), a reference electrode (Ag/AgCl) and a counter electrode
(platinum wire) was employed. Measurements were performed
using a phosphate buffer (0.1 M, pH 7.0) as supporting-electrolyte
solution and pure nitrogen was used for deaeration of the solution.

2.2.2. Simple flow injection system with sulfite sensor

The flow injection (FI) system for amperometric detection of
sulfite with the new sulfite sensor consisted of a Shimadzu pump
(mode! LC-10AD, japan), a Rheodyne injector (model 7725, USA}
fitted with 20 pL sample loop and an electrochemical detector. An
eDAQ potentiostat (EA161), equipped with an e-corder 210, Chart
v5.5.11 software and a thin layer flow cell with three electrodes
system (CH Instruments, USA), was used for amperometric mea-
surements, The glassy carbon modified with CNTs-PDDA-AuUNPs
was used as the working electrode, Ag/AgCl as the reference
electrode and a stainless steel tube as the counter electrode.
Silicone rubber gasket (flow channel, 0.1 x 0.6 cm) was used as a
spacer in the thin layer flow cell between the base of the cell and
the working electrode. The analyte solution was passed through an
inlet passage in the base and along a channel in the gasket
contacting the electrode, then to the outlet. The area of working
electrode was ca.0.06 cm®.

2.3. Preparation of sulfite sensor

2.3.1. Preparation of AuNPS

Gold nanoparticles (AuNPs} were synthesized according to the
method previously described by McFarland et al. {34]. In brief,
20 mL of 1.0 mM HAuCl, was heated to boiling on a stirring hot
piate. Then 2.0 mL of 38.8 mM sodium citrate was added to the
solution. The solution was further heated and stirred for about
10 min to obtain a wine-red solution. The solution was then cooled
to room temperature while stirring continuously and stored in a
dark bottle at 4 °C.

2.3.2. Preparation of CNTs-PDDA

A general method for functionalization of multiwall carbon
nanotube with PDDA (CNTs-PDDA) as described by Cui et al. {24]
was adopted. Briefly, carboxylated carbon nanotubes (CNTs-COOH)
were functionalized with PDDA by dispersing of 10 mg CNTs-
COOH into 20 mL of a 0.25% PDDA aqueous solution containing
0.5M NaCl and ultrasonicated, with stirring, for 30 min. The
resulting dispersion was centrifuged and washed with water three
times to remove residual PDDA. Finally, 2 mg of the collected
product was dispersed inl mL water and the resulting solution
sonicated for 5 min before use.

2.3.3. Preparation of CNTs-PDDA-AuNPs

The preparation of CNTs-PDDA-AuNPs dispersion is schemati-
cally shown in Scheme la. The CNTs-PDDA was functionalized
with AuNPs by the following procedure: 0.5 mL of CNTs-PDDA
dispersion (4 mg mL~") was mixed with an equivalent volume of
0.25% AuNPs solution. The resulting solution was then sonicated
for 15 min. The negatively charged AuNPs was adsorbed on the
positively charged CNTs-PDDA by electrostatic attraction.

2.3.4. CNTs-PDDA/GC electrode

Prior to the electrochemical experiments, glassy carbon (GC)
electrode (diameter 3 mm) was polished using 1.0 and 0.05p:m
alumina slurry, successively. The electrode was rinsed with distilled
water and then sonicated in de-ionized water for 5 min to remove
residual abrasive particles. GC/CNTs-PDDA electrode was prepared by
casting 40 uL of the CNTs-PDDA dispersion (2 mg mL™"), mentoned
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Fig. 8. Comparison of the sulfite content found in fruit juices (A-E), white (F-H)
and red (i-L) wines obtained by the developed Fl-sulfite sensor (CNTs-PDDA-
AuNPs{GC) and the iodometric method [33]. Determination for each method was
carried out in triplicate.

compared with the values obtained from the iodometric method
and are shown in Fig. 8. It can be seen that the results from our
developed system are in good agreement to those obtained from
standard iodometric method. The results determined by both
methods are considered not significantly different at 95% con-
fidence by paired t-test (opserved = 1.7276, Leriticai = 2.2009) [39]. The
results confirm that the present amperometric sulfite sensor is
suitable for the determination of sulfite in juices and wines.

4. Conclusion

In this work, a flow injection system with amperometric
detection using a novel sulfite sensor is proposed. The sensor
was a CNTs-PDDA-AuNPs composites-modified glassy carbon
electrode. The nanocomposite materials were formed by coating
negatively charged carboxylated CNTs with positively charged
PDDA, followed by capping with negatively charged AuNPs via
clectrostatic interaction. The presence of CNTs-PDDA~AuNPs on
the modified GC surface produced an electrocatalytic effect for the
detection of sulfite. Enhancement of the anodic peak potential
and peak current at CNTs-PDDA-AuNPs/GC with respect to bare
glassy carbon electrode was obtained. Sulfite was quantified using
amperometric mieasurement in simple flow injection at the CNTs-
PDDA-AUNPs/GC electrode at +0.4V vs Ag/AgCl. The proposed
sensor exhibited wide linearity range (0.1-200mglL~"), low
detection limit (0.03 mgL™!), acceptable reproducibility (%R.S.
D=1.5), and rapid sample throughput (23 samples per hour).
The application of the developed method to sulfite determination
in fruit juices and wines gave results which are in good agreement
with those obtained by the standard iodometric method. The
method was also applicable for colored sample, including red
wines, which is usually a serious interference for sulfite determi-
nation in many analytical methods.
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Abstract: A simple flow injection system with
amperometric detection on a sulfite biosensor was
developed for sensitive and rapid measurement of sulfite.
The biosensor was developed based on the hybrid
materials, composed of carboxylic functionalized carbon
nanotubes, poly(diallyldimethylammoniumchloride) and
gold nanoparticle (CNTs-PDDA-AuNPs) coated on a
glassy carbon (GC) electrode, which constructed an
effective immobilization matrix and made the immobilized
components hold high stability and bioactivity. Sulfite
oxidase (SOx) was immobilized to CNTs-PDDA-AuNPs
and cytochrome C composites film by using glutaraldehyde
(Glu). Electrochemical oxidation of sulfite was studied at
the developed biosensor (GC/CNTs-PDDA-AuNPs/SOx) in
0.1 M phosphate buffer pH 7.0 using cyclic voltammetry.
The biosensor displayed good electrocatalytic activity
towards the oxidation of sulfite. The estimated apparent
Michaelis—Menten constant was 0.49 mM. The developed
biosensor was applied in the flow injection system for
amperometric detection of sulfite using solution of 0.1 M
phosphate buffer (pH 8.0) as a carrier and applying a
potential of +0.3 V at the working electrode. The proposed
sulfite biosensor exhibits linear calibration over the range
of 2-200 mg L'of sulfite with slope of 204.66 nA mg'.L
and correlation coefficient of 0.9991. The detection limit (3
S/N of blank) was 1.3 mg L™ and the estimated precision of
3.8%.

1. Introduction

Sulfiting agent in various forms (sulfite,
sulfur dioxide, hydrogen sulfite, metabisulfite) are
commonly used as preservatives in food, beverages
and several product such as dried fruits and vegetable
to prevent microbiological growth, to control
browning reaction and to assist in preserving vitamin
C [1-3]. However, the level of sulfite in food has
been the subject of legislation since it was discovered
that certain concentration level causes allergic
reactions in some individuals [4, 5]. The United
States Food and Drug Administration (FDA) have
required labeling of products containing more than 10
pug mL' of sulfite in food or beverages [6].
Therefore, it is essential to have accurate and precise
methods available to determine the sulfite content in
these products. Many analytical methods for the
sulfite assays such as high-performance liquid
chromatography [7], spectrophotometry [8] and
electrochemical methods [9] have been reported.
Among these methods, electrochemical detection is
more attractive because of its simplicity, high
sensitivity, fast response and cheap equipment.

In this work, asimple flow injection system,
which employs an amperometric detection on a novel
sulfite biosensor, was proposed. The biosensor was
fabricated using CNTs-PDDA-AuNPs composites as
an effective matrix to immobilized sulfite oxidase
(SOx). The nanocomposite materials were formed by
coating negatively charged carboxylated CNTs with
positively charged PDDA followed by capping with
negatively charged AuNPs via electrostatic
interaction. The CNTs-PDDA-AuNPs nano-
composite is used to construct a sulfite biosensor by
drop coating on the surface of the glassy carbon (GC)
electrode. The developed biosensor (GC/CNTs-

PDDA-AuNPs/SOx) exhibits many good
characteristics including high activity, excellent
sensitivity and selectivity in detection of sulfite.
2. Materials and Methods
2.1 Apparatus

Voltammetric and amperometric

measurements were performed with an e-DAQ
potentiostat (model EA 161, Australia) equipped with
e-corder. Three electrode systems were employed in
this study. The active surface area of the GC
electrode in voltammetry was approximately 0.07
cm?®. The FI system for amperometric detection at the
developed sulfite biosensor comprised of a Shimadzu
pump (model LC-10 AD, Japan), Rheodyne injector
(model 7725, USA) fitted with 20 pl sample loop
and detection system. The electrode area of thin
layer flow cell was utilized at 0.06 cm?.

2.2 Chemical

Multiwall ~ carbon  nanotubes  (CNTs,
diameter: 3015 nm, length: 1-5 micron, purity: >
95%) were purchased from Nanolab inc. (MA, USA).
Sodium sulfite (Na,S05) and poly
(diallyldimethylammonium chloride) (PDDA, MW:
100,000-200,000, 20% w/w) were purchased from
Sigma-Aldrich  (St.  Louis, USA). Hydrogen
tetrachloroaurate (III) trihydrate (HAuCl,.3H,0, Au
> 48%) and cytochrome C (Cyt C, 90% from horse
heart) were purchased from Acros Organic (Geel,
Belgium). Sulfite oxidase (SOx. 30-70 U mg") was
purchased from ProNique Scientific, Inc. (Castle
Rock, USA).  All solutions were prepared in
deionized-distilled water (Water Pro PS, USA).

2.3 Procedures
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2.3.1 Preparation of CNTs-PDDA

CNTs was chemically shorten and
carboxylated by acid treatment mixture of HNO; and
H,SO4 (3:1, v/v) under ultra sonic stirring for 5 h.
After that, the suspension was  trifuged at 10,000
rpm and washed repeatedly with deionized water
until the pH of washing was 7. The resulting product
was then dried at 110°C. The C..._-COOH was then
functionalized with PDDA (CNTs-PDDA) using the
method adopted from Cui et al. [10, 11]. Briefly, 10
mg of CNTs-COOH were dispersed in 20 mL of a
0.25% PDDA aqueous solution containing 0.5 M
NaCl and ultrasonic stirring for 30 min. The
resulting dispersion was centrifuged and washed with
water for three times to remove residual PDDA.
Finally, 4 mg of the collected product was dispersed
in 1 mL water and the resulting solution was
sonicated for 30 min before use.

232 Preparation of sulfite biosensor
(GC/CNTs-PDDA-AuUNPs/SOx)

The sulfite biosensor was prepared by
casting 40 pL of the CNTs-PDDA dispersion on the
surface of the well-polished glassy carbon (GC)
electrode, and then dried at ambient temperature.
The surface of the electrode was further coated with
40 pL of 0.02% AuNPs solution.  After that,
immobilization of SOx was carried out by dropping
15 uL of solution containing of SOx (0.1 U mg™") and
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Figure 1. Cyclic voltammograms of 4 mM sulfite
(solid line) at bare GC and sulfite biosensor
(GC/CNTs-PDDA/SOx) in 0.1 M phosphate buffer
(pH 7). Background voltmmograms (0.1 M phosphate
buffer) is also shown at dotted line for the sulfite
biosensor. The scan rate was fixed at 50 mV s™.

It was observed that the values of peak
potential shifted slightly towards less positive values
(Figure 2b) when the pH increased. Figure 2 ¢ shows
that the maximum peak current was observed at pH 8.
Therefore, pH 8 was selected as the optimum pH for
amperometric detection of sulfite. This result was
consistants with the previous report [12] that enzyme
SOx provides the best catalytic activity at pH 8.

Cyt C (4 mg mL") onto the modified electrode. 8 b) N
Finally, 15 uL of 0.01 % glutaraldehyde was dropped a) o
on the modified electrode and dried at room o N
temperature. ) oHE Ly, PO P v
3 T oo
3. Results and Discussion 5 e 0 \:"’ -
0 / ] 5
3.1 Cyclic voltammetry of sulfite £
S

The electrochemical behavior of sulfite at
sulfite  biosensor (GC/CNTs-PDDA-AuNPs/SOx)
was studied using cyclic voltammetry. Figure 1
compared the response of the bare GC and sulfite
biosensor toward the electro-oxidation of sulfite at
pH 8. Sulfite oxidation is an electrochemically
irreversible process. Bare GC electrode results in a
peak shape signal at about 0.85 V versus Ag/AgCl,
whereas the sulfite biosensor provides the oxidation
peak at 0.30 V. These results show that sulfite
oxidase (SOx) immobilized on the CNTs-PDDA-
AuNPs composite reduces the overpotential of sulfite
oxidation and in fact imparts electrocatalytic activity
for sulfite oxidation. Enzyme SOx was effectively
immobilized on the biocompatibility matrix of CNTs-
PDDA-AuNPs and cytochrome C (Cyt C). Then
SOx catalyzes a 2e” oxidation of sulfite to sulfate as
described in Eq.1.

SO> +H0 57 o SO, + 2H" + 2¢ (n

-2 -

g

Potential (V, Vs.Ag/AgCl)

Mt
(\

Figure 2. (a) Cyclic voltammetric responses of 2 mM
sulfite at various buffer pHs and the dependence of
buffer pH on the (b) peak potential (c) peak current
obtained from the biosensor, scan rate 50 mVs™.

3.2 Michaelis-Menten constant

The apparent Michaelis-Menten constant
(K& ), which gave an indication of enzyme-
substrate kinetics, could be estimated from the
electrochemical version of the Lineweaver-Burk
equation (2) [12].

1 1 KPP
=—+ = @)

t lnax  lmaxC

§s

Where ¢ is a substrate concentration in a bulk
solution, I the steady-state current after the addition
of substrate and I, is the maximum current
measured under saturated substrate conditions.
Figure 3 shows the Lineweaver-Burk plot of SOx
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immobilized on the modified electrode in the
presence of different concentration of sulfite and the
calculated K,**° of 0.49 mM. A low K™ value
obtained represents a strong substrate binding and
demonstrates a high affinity of sulfite for the
modified electrode.

0.74
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v P .
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Figure 3. Linerweaver-Bulk plot of sulfite
immobilized on the sulfite biosensor.
3.3 Parameters affecting the sulfite biosensor

response

Parameters affecti  amperometric detection
of sulfite at GC/CNTs-PDuA-AuNPs/SOx electrode
was examined using the potential of 0.3 V. The
effect of CNTs-PDDA concentration on the current
signal was studied from 0 to 8 mg mL™'. As shown in
Figure 4a the current response increased with
increasing CNTs-PDDA loading from 0 to 4 but
decreased from 4 to 8 mg mL™'. Therefore, 4 mg mL’
' CNTs-PDDA was chosen for modified electrode
and for further experiments.

Figure 4b shows the effect of AuNPs
loading on the oxidation current of sulfite. The
current increased with increasing amount of AuNPs
from 0 to 0.02 and reached the maximum when 0. 02
% AuNPs was casted. Therefore, this condition was
selected for the biosensor fabrication.

As seen in Figure 4c, the current responses
increased with the increase of Cyt ¢ concentration
from 0 to 4 and then decreased from 4 to 16 mg mL".
Thus, to make a sensitive biosensor, 4 mg mL! of
Cyt ¢ concentration was selected for further
investigations.

The effect of SOx concentration on the
biosensor response was studied and the results
illustrated in Figure 4d. It was found that the current
responses increased with increasing the SOx
concentration to maximum value at 0.1 UmL"', and
then tended to decrease with further increase in the
SOx concentration. This behavior is typical of the
enzyme-based biosensors [13]. Thus, 0.1 UmL™" SOx
was chosen for subsequent experiments.

3.4 Effect the potential
In order to obtain the optimal potential for
amperometric  detection in FIA, hydrodynamic
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voltammetric behavior of sulfite was investigated at
various potential from 0.0 to 1.0 V. As shown in
Figure S, the peak area reached a maximum value at
0.3 V. Thus, this potential was selected for for
amperometric detection in FIA system.

0.6 *\
-4
« 0.4
&
«®
5
g 0.2 ¥
4\
0.0d #—@ -k o

Y U2z v4 U6 U3 LY
Potential (V, vs.Ag/AgCl)

Figure 5. Influence of the applied potential on the
biosensor response for [0 mg L™ sulfite.

3.5 Analytical feature

Representative signal profiles for multiple
injections and calibration plot are depicted in Figure
6. Calibration curve is linear in the range of 2 to 200
mg L. The detection limit (3 S/N) is ~1.3 mg L.
The system provides an impressively good precision
(%R.S.D = 3.8) for 20 pL injections (n = 20) of 5 mg
L” sulfite. Throughput of sample is 57 samples h"'.

4. Conclusions

Asimple  flow injection  system  with
amperometric detection on a novel sulfite biosensor
was developed. The biosensor was fabricated using
CNTs-PDDA-AuNPs composites as an effective
matrix to immobilized sulfite oxidase (SOx). The
developed biosensor (GC/CNTs-PDDA-AuNPs/SOx)

exhibits good electrocatalytic  activity, high
sensitivity and selectivity in detection of sulfite.
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A new approach is presented for sensitive measurement of sulfite (S0*)
in beverages based on simple flow injection system with amperometric
detection on sulfite sensor. In this work, sulfite sensor was fabricated using
a glassy carbon electrode modified with gold nanoparticles (AuNPs)/
poly(diallyldimethylammonium chloride)-multiwall carbon nanotubes
(MWCNTs) nanocomposites. Electrochemical oxidation of sulfite was studied
in 0.1 M phosphate buffer pH 7.0 using cyclic voltammetry. The sensor
displayed good electrocatytic activity towards the oxidation of sulfite with
relatively high sensitivity. In the flow injection analysis, sulfite was quantified
using amperometric measurement at the sensor at +0.4 V vs Ag/AgCl. The
linear working range for the quantitative of sulfite was 2 to 140 ppm (r? =
0.9976) with detection limit 0f 0.25 ppm (S/N =3). This method provides high
stability, selectivity and precision. Potential use of this method for sulfite

determination in fruit juices and wines and the agreen  t with the standard
method will be discussed.
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