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Abstract

The development of immuunosensors for determination of tumor marker using
the gold nanowire functionalized chitosan-carbon nanotube was constructed. This
work was composed of 2 parts, following:

1. The fabrication of hydrogen peroxide sensor has been constructed based on
cross-linking chitosan with carbon nanotube (CHIT-CNT), gold nanowire (AuNW) and
thionine (Th) by coating on a glassy carbon electrode (CNTs-CHIT-AuNW-Th/GCE).
Thionine was employed in the matrix of CHIT-CNT to establish a highly effective
chemical sensor for low-level hydrogen peroxide determination since it acted as an
electron transfer mediator that could be seen in the cyclic voltammograms. The
analytical specification of this sensor was studied by an amperometric technique at a
constant potential of -0.45 V. Linear calibration was obtained from 10 pM to 5 mM
with a detection limit of 3.79 uM. The modified sensor exhibited excellent
electrocatalytic activity, fast amperometric response, high sensitivity (41.80 pA mM™)
and good selectivity for hydrogen peroxide. Selected interferences such as ascorbic
acid, slucose, potassium chloride, potassium nitrate, sodium sulfate, sodium chloride,
uric acid, caffeine and oxalic acid were not affected by the analytical signal. This sensor
showed long life time usage (68 times), with repeatability and reproducibility at 5.89
and 1.10 % RSD, respectively. Hair dyes, mouthwashes, antiseptic formulation and

juices samples were selected to test the detective ability of this developed sensor and



showed no different significant results to the standard method at a confidence level
of 95 %.

2. The fabrication of alpha fetoprotein immunosensors was constructed based on
the functionalization of gold nanowires-chitosan cross linked carbon nanotube covered
by the anti alpha fetoprotein on glassy carbon electrode (CNTs- CHIT- AUNW-Th- anti
AFP/GCE). The fabricated film was characterized using scanning electron microscope
and the thickness was found to be 150 nm. Optimization parameters of applied
potential, amount of anti alpha fetoprotein, amount of carbon nanotube, amount of
nanowires and amount of thionine were done with the value of -0.30 V, 75 ng, 80 peg,
100 pg and 80 pg, respectively. The linearity was found to be 0.1 - 10 ng mL™ with
the limit of detection of 15 pg mL™ and with the life time usage of 15.

This alpha fetoprotein was applied for the determination of tumor marker in real
blood samples. The results were tested with the standard method (ELIZA-
fluorescence). There were not significantly different for both accuracy and precision of

this immunosensors compared to the ELIZA-fluorescence method.

Keywords: Alpha fetoprotein immunosensors, Hydrogen peroxide biosensor, Carbon

nanotube, Gold nanowires
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AFP
Anti AFP
AuNW
Bare GCE
CHIT

CL

CNT
ELIZA

g cm’
LOD

ng mL"
M

mL

mV
M.W.

ppm

Th
pl

s at

Adauazdyaneal
Alpha fetoprotein
Anti alpha Fetoprotein
Gold nanowires
Bare glassy carbon electrode
Chitosan
Confidence level
Carbon nanotube
Enzyme linked immunosorbent assay
Gram per cubic centimeter
Limit of detection
Nanogram per milliliter
Molar
Milliliter
Millivolt
Molecular weight
Part per million
Second
Thionine
Microliter
Volt
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ﬁaﬁu’tmmﬁ%’aﬁﬁmnﬁﬁazﬁmmﬁugiuwuwa% (Immunosensor) @1M5Uns19Ina 5taLoN
t TaazUsznoviulasldlalnenu (Chitosan) Ar§uauunTufiag (Carbon nanotube) wae
neaululag (Gold nanowires) wavldansinleiuluarsdsiudianasou §mﬂwawaa'§-?i
Wauntuasiivinnmsinuuuuunesaredelifiasusundeediudyaamawih i
MnUFRssMseendwuredlalasiaudesoentedtninlodu withiiasstusoglu
RRIERE m'tfﬂ,aimwmﬂa%aanl%rﬂmmmmmmﬂgmmnulwiauulm nalnm'imﬂmm
Wustaguin 1 nsamaswenssualiiilefiansusdusdseeiilinsuanduduresansusd

- oas

NSL‘NIF’] ‘t’Nﬂ‘iuLLﬁlW'ﬂ']‘OdLU?NﬂNUﬂUﬂ"J'HJL‘UN‘ZIU‘ﬂENﬁW‘EUQ‘UNUL‘N NMIARIUILATINTIVOY
=1

vilin1snsiansustiuzisaialginensn nsnsiaiaiininuwiiugt 5957 wazlides
A15M79819

ol o -
MU IAYDIlATINNGTITY

L‘waws-uumuu‘[umumE]‘;ﬁ'lwsumwma'rsua Nenuzsalusedudenlaensileidunes
uﬂuhiimnu“l.f-ﬂmmumaulmmiuauuﬂumu

YaULINYDIIATINITIAY

1. Usshvguasvndaunmdnuazeamaululal

2. fastunsaulubissmiulalasadesluinsuouuluintuasnsaanssdeiu
Sudnaseunuuiilii eateilwiilalanauiesoonled fadutrlwihiugi
voeduyluguges
AnwRanuIng 9 171'a'ama@iani:Ltalﬂﬁﬁﬁlﬁmﬂamuﬂuwuma%
Anwraiiudunswestn i dwmunle
ANWUATINAVBINITATIVIA
ANWINAYDIANTTUNIUY
ANEIANSYINET ANNSHEREN
vinsiiguaeu (Validation) 5:113114Lsawﬁa'i'ﬁﬁwumﬁuﬁuﬁ%’mmgw

© P N oL AW

nagauduylugugesiimulbiiewiUsumasisauniduiiegudon
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AFP

H.0,
Lo ] O:
y2e o = AFP (@rsustumie)
Y - Anti-AFP
- _ AuNW
H,0, = Thionin
'Q\'-r\"*'ﬂll
o ;.-.,.L-« . .
@ i = Chitosan linked CNT
B o,

No H,0, oxidation

UM 1 nANN15YINaUve By lueuees

= Vel ' -=‘J’ o Vo e = al - L2
law 1 Woliflarsustuzise (AFP) azviliiiaufjisersendiaduvaslalasinuasoanles

dulvledu wag 2 eflarsusliuziseaziinllalasiauldaiusard ity jizealadsly

Wnufisenla ¢

Yselevunaiainazglasu

nuiddanemneinagldsulselovdauionns luuausing q ausviaaianudiia

AN 1

4 -‘nl 1 Vas
A15199 1 Uselowunaiainaglaiu

Uselavd

fudinainAudnsa

1.4IAN55U

Ioduyluiwuiasdmiunsavarsdansodlsausis

2. psAANging

nsUseavgiaguilulag

i 4 o s
3. wrgunazinlulguselosd

3.1 guyuluviosdu
3.2 lsal3vunazan1iun1sAnenig 9

4. NSHARLNANY

nanunAne Uy mauau 1 au/dl

5. NMSANUANAIIUIVINTG

ANunHan13338lun15UsEYRIvInTs (Proceeding)
1301U215a19391N155LAUUIUIYIRDE19URE 1
1584




Useloyyd FutiarTnAudanse

6. nMstnauenauluivsee UiauonauITelun1sUsEgu NS sEsiu @

PIDILAVUIUNYIADENNUBY 1 AT

nawi] auyfigiu (G13) waznTauuuIANANYRLlATINITIY
duyluwuigos (Immunosensors)

uyluwuiwes Wurleniwedlulawwuiwes (Biosensors) A iaUsunuvosasnga
wanueuRlIuSBuauved lnedygraiilainnisdsuwlasiuammanili Sudyy o
i arudnwzvesduylulsuweisziimudonamzgunniladivuivlulewuives
iindu ﬁmmhmfjalﬂauﬁumﬂﬁﬂa? “ada aLUﬂImIMmum% IUTawuL‘ua%U'svﬂauﬁ’m
2 @ [2, 3] Ap (1) dUvesa15M19%0W (Biomaterials) fivhntiiiansn (Recognmon) W30
\deniane (selection) aﬁmasmmfﬂwmUgﬂ'ﬁmmammuammmw dwd (1) 4 uavmma
(Immobilization) aquumwuwm (2) n3uadwes (Transducer) Fansuauwesiaiii
wiilunsdsiudyaiinarslugiaulseiaana (Processor) iiveaviauansdoya o
Tis1lems1u (Signal elaboration) @sagvinuthilunisindyaruuazuusaeonunduming
fns 4 iFeans luleleuiwesiuanduguil 2

Biosensor Signal elaboration

Analyte {| Receptor || Transducer | Amplifier | |Processor| | Display

Bt f:} Enzymes
4+ " _5 Antibodies o
+¥ 00, G Nuecaas | R |
o< Macrourgamsms - o—— ) .
o Tissues : 0 %
<+ — Cells Pizoelectric .t [ -
<+ Receptors Photometry
oo Etc.

Selective | References
analyte

UM 2 lnozunsuveslulewuiges

Usenausae (1) d1uvessiemnes (Receptors) Miuanstiluiana way (2) nsuannees
= o v oa 1 al LY L]

(Transducer) fivimthidwinudgygyia IWinaiuenisussanana

Tulawwuiwesniaailluirasldiainiidunsiuaiuges urlunissneaddmiunis
vaaosaaiiniidy szdedddalnin 3 vdn Feusazedaviminised
1. alnstlFau (Working electrode : WE) aviluunnvostalwiriivunadn vinls
aunsannan1Irvedlnat s tunaeanIs AT



2. alWi181931 (Reference electrode : RE) futalwiiildidiaudnsInsinilsiu
Tl lda1u 2lwihEsdaifasiardndiuiuou livsviedufunisidsuulasmes
nszualniinlunees liufuduussnevvesansietne Falwihddeiiadestiduysenaung
i liasuwasinediafiul warliuusideunugumaidae Undudsmdndueaasii
ewlsangunsalaudnd-Tanszudluily (Potentiostat) ueniAnainuasisasingain
81989 (RE) warda i (WE) p1adenAdndveaisiinlétidn Avdnddumiug
(Relative potentials) ﬁwzﬂﬂﬁ’nﬁwﬁwmwaiLﬂu%‘;{Lwﬁwé’wﬁa%ana':’/%ana%ﬂaaliﬁﬁﬁ
Adnduviuou auhliansamerdndvesdndalihiselursesdadudalwilldaule

3. 4alwidae (Counter electrode : CE) wilnudnumziianizAevimiidudan
i Budaiisuwdnlihendalniiinnu filsannaiinufAtenaivesarsietig
iR 7l uddsiondsnuitiulfidngdedosnudnd Sanszualni Salnigrels
dufendemieliimavasuuadla 4 iatuluraninujadovesarsietieseninems
AAsed Maliidaesinifuiiiaenn 9 Weldnisiilwidulules

MINUNILITTUNST/ANSEUINA (Information) TAeatas

nsavinasdavlalusiueavildlaenalsisiiuis Radio immunoassay (RIA)
[4, 5135 Chemiluminescence immunoassay (CLIA) [6, 71 7§ Enzyme-linked immuno-
sorbent assay (ELISA) [8, 9] 3§ Chemiluminescent enzyme immunoassay (CLEIA) [10,
11] 35 Time resolved fluorescence immunoassay (TRFIA) [12-14] usiagnslsanianlanan
wildesrianugunsaininguagsiniums narildvaaeuuy dmiuusvmalneainnis
dudugrutayasmitedibinusenunsimuduyluruge sdmiunsainansusiusge

lumiAdeailafienhlulelndwesalslalagiuunldlunisyssivgduylumuires
Tasmsilaidunasunlulaiudsldlalagudenlvinfusuunluiiog lalnwiugnldedis
unsvarelasiidediiiviy q Aerudiuldivarsialuana nisldlalaguiisisaulu
Futeyaodamnney Krajewska [15] ldsausaunsussynaldanlalasmsiudueuled
Ylnr19 9 19U Glucose isomerase, Galactosidase, Lipase, Cholesterol oxidase [16, 17]
wuilalasudevilinmaedoueuleiieiu nafuinvundy msldouaiu lalaey
gnihluldludunisunnd Fwedeu nsudneimns Fansuwnd n1sdasivinieen lu
T1097UY91 Guibal (18] lasausaunislilalaguiunguuaslavensuddu Taodnmana
voslalagniludieiaiunisisafizersendiadu Iendulazfizendu 4 veslavzmaiiy
vibinsiAsufAzenlddtudesanauiianmnguvedlalaguriilflansanusadludy
ngldATu dau Kumar (191 16537 laTaguuarlafiu Tugiunisudn n1sdanasigs ang
Anszinudnvazvaslalagiuiuaiinasidnd Tiimadszgnaldanudiusiie g U
180w wandusinmam mMsvidiwlaiien nsvinded s Smnssunsdanistn s
vuusimeiylaledndian nsvudes uardululemalulad Tnelalasuuarlafuanuiso
vilinsuszgndsusng o ilduaziilszansnmanniu :nsssunisidovestiniduies



(Tangkuaram wazamg [20]) Tunisilalaeuluindszansnmveslalasiaumugesluaiu
argnsldnulaserduandilolasnavilvisueesiiongnisldnuunuiy



aunsnluazisnis
GRETGHY
amaiiildlunismaaesdmiuniouaisazans wisldlumsdunsiviarsuaslddmiy
mMaaunsUTulTuearillalusausuylueuees warlelasuesoanledlulowuwes
WARIAIAIST] 2

o .
A199 2 ansimiiuayian

V.. b . wWedidudenu | _. , .
a1y YaEATLAL - UTYNHNan | Ussine
U3ENS / N30 3
1 Acetic acid (CH3COOH) 99.7 Merck Germany
2 Alpha Fetoprotein Ab207113 Abcam England
3 Anti-alpha fetoprotein Ab3980 Abcam England
4 Alumina powder 99.99 Sigma USA
5 Ascorbic acid (CgHg) 99.5 Sigma USA
6 Carbon nanotube 95 Siema USA
7 Caffeine (CgH1oN4O,) 99 Sigma USA
8 Chitosan 93 Sigma USA
9 Diethyl ether (C4H,00) 99.5 Sigma USA
10 Dopamine 99.5 Sigma USA
11 | Ethanol (CH3CH,OH) 99.5 Sigma USA
12 | Glucose (CgH120) 96 Merck USA
13 | Glutaraldehyde (CsHgO7) 50 Ajax Australia
14 | Gold () chloride trihydrate (HAUCLs) a9 Sigma USA
15 | Hydrogen peroxide (H,0,) 30 Sigma USA
16 Nitric acid (HNO3) 65 Siema USA
17 | Oxalic Acid (HC,04) 99.5 Siema USA
18 Potassium chloride (KCL) 99 Siema USA
19 | Potassium nitrate (KNOs) 99 Sigma USA
20 Potassium hydrogen phosphate 99 Siema USA
(KzHPO4)
o Potassium dihydrogen orthophosphate 99 Siema USA
(KH2PO4)

22 | Sodium chloride (NaCl) 99 Siema USA
23 | Sodium hydroxide (NaOH) 99 Sigma USA
24 | Sodium sulfate (NaSQs) 99 Sigma USA
25 | Thionine acetate (Ci2HsN3S CoHaOy) 95 Sigma USA
26 | Uric acid (CsHaNsO3) 99 Sigma USA
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inIosilouargunsalndrdgiivaldlunismaasudy gunsalldlumsdunseianvie

L= &

4 A d - a a ¢ ¢ ¢
winsilenldlunisuszAvuoarhiilalusiuduylusuges uaglelasiaulaioanlyd

o3

s ) =
TulolguasLanasInsen 3

= o A ¥
A199N 3 LA QlJE]LLaSQU NIEU

GRIAY Fainesilouazgunsnl U3EmilnGn Ussina
1| Sl nanadansueu CH Instruments/&J 3 mm USA
2 {lg?lﬂﬁﬂ‘ti’w; unwaviuy CH Instruments/&J 3 mm USA
3 'i?'zlwﬁ's'ﬁw; nslula Home-made//$J 10 mm Thailand
4 | Halwihdreds; Sanes/Raneinaslse CH Instruments/ 3 M KCL USA
5 (3o et adsumis Mettler Toledo Switzerland
6 | wievine Moy Metrohm/pH lab 827 Switzerland
7| wissinaudnd-nszudluin CH Instruments/ CH1230A USA
8 | wiesdansledin Labquip England
9 | ndesatnmedse Jeol/JFC1200 Japan
10 | Anodisc membrane &3 0.02 lulasiums | Whatman Germany
11 | Electrochemical Cell Home-made vu1n 5 ladans Thailand




nmsUstvglolasiuaseanludiwuias

= o o
N5 UESALN L luN1SNeaBY
ANsAIBUATSUaUUIILAY (Carbon nanotube : CNT)

Fananr5uauunluiiag (Carbon nanotube powder) 0.10xx N§1 WALANNTALUATA
WuYu (Conc. HNOs) adlu 40 §iaddns ¥nlu sonicate 1utan 10 - 12 47lud nTURITS
lvinnnznau Sule1nsneanliurdsuanznaua1suauuIluiiyg anmetiusidanlessuin
| o v Y e ! v oo a v o ¥ & [T
Aoy Wildauseanm 7 uaderlilnalesnu 7 ivihnisanagnaudiluizos q auleen
ol 1 al d' v v v : o l:J @ R al o o]
Moy Wiy 7 dslduaibimihesn Wiawgaznauildeuuisngumgi 90°C

nswwssuansazatglalaenu 0.5 Wosidud (0.5 % Chitosan : CHIT)
Falalawnu 0.54 n¥u azargluiidntes wiares 9 Wunsnesdinduduasluiiay
venouiiiiiey Usvana 4-5 9nntuusulsunsdu 100 faddns wwldaisazarslalaey
ity 0.5 Wedidud vansavansligamgil 4 °C ieluly

mMawseNETaratenganiaflan (Glutaraldehyde : GA)
Uwnansavaiungmiiadles 5.00 Sadans ldadunainuiuinsuuin 10.00 dading
wdUsuUsnassetiuseanlessusuasy 10.00 fadans wiﬁawsazmangm%’aﬁi&ﬁﬁﬁ
ALY 25 Weadidud

NSIA3EUENSaZa8Na9Raalsa 0.1 Wastdud (Gold chloride : HAUCL,)
Faoaraolisun 0.10xx NTY avarem1eu1UsIAIntoesuy wausuUsSuInsAIe1n
Usrranesuliiiu 100 fiadans

nswsenansazarelunsn (Nitric : HNO,)
Tmnsalussniduduan 50.00 Hadans ldaslurininusuinsuua 100.0 Sadans 7
ﬂ‘tf’lﬂ'mﬂmn“l.aaauaq'lummﬁnﬁaa wdUSuUsInnsfeinUsiaeinlessu uasu 100.0
fiadans sxldasazanensaluniniiiiarmidutuy 32.5 Wesidus

nsmseuansazarelgifeylansenlen (Sodium hydroxide)
Halaneulansonlasun 12.0x n$u azaremeulusdanlessu wausuusumsiv
& - oa v a’-al (N v
Wy 100.00 fiaddns azleansavansluneulansonlenniarududu 3.0 wans

nsseuasazareadnatWiWes 0.1 Tuars Wiew 7.4
wiey 1.0 Twatd unadeulalasiaunadawe : K,HPO, (815 A)
Failwunadoulalasiounaamn 43.55x n$u azaslutiusiaainlesound
Usuusumstiidu 250.00 addns
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w3sy 1.0 Tuans Inunadeulalalasiaunadme : KH,PO, (413 B)
Finunadosialalnsauneamn 38.02xx na avarsluhusaainlesouud
Jsuusunaslmdu 250.00 Hadans
dnasarare A Usuiag 40.00 dadans waunuansazals B Ysu1ms 10.00
fadansasiniauiuIasuuIn 500.00 Saaans wiusulsimsisihnaenlessuauasy
500.00 fiaddns wleasazareweamaines 0.1 Tuaii Wiaw 7.4

nsmssuansazatslasausuniu ( Interference)
thansaraislessusuniudideansinseinissuniuldun nsauearaitn 1.87
Tuand nqlad 5.05 lwand nunadeunaslsd 4.56 Tuand nunadonlunsn 3.12 Tuang
Todeudamn 0.92 Tuans laisunaslse 6.14 lwa1s nsng3n 0.04 wans Aundw 0.08 Ty
an$ naneenenan 0.20 Tuand antuthunaransluaisazateneawatwines iudu 0.1 Tu
a9 Mav 7.4 Usums 5.005adans uaalinedaunissuniu

nsdaas1zinesuilulag (Synthesis of gold nanowire)

dwsuusuitignguuie 0.02 luaseu Wkunsatawmesdienadlasldnsvua
15 fladueuutd Wunan 150 Funit mnduthudumiusudsenoudifuead dagui 3 Tag
'lﬁl.l,::iumuLusué’uﬁaﬁuasgﬁnﬁawaéa'tﬁvﬂwfﬂw%ﬁwmu Fanei/Taiesnaslsmiu
M85 warnirlndmdudalniigas anduiiarsazarenesaaslss Wudu 0.1
Wedldus U3unns 10.00 fiaddns wasluwadnintuwadlidnslwiai -0.9 Taad Hunan
20,000 3unit aAsuIaIEEwRLLILILUTY 0ONUNNLTARLTAUAULIUTURUTRIUNS
almnadany 35 Westdus nsnlun3n ndudosurumiusudie 3 Tuas ladedlansen
lad waztdndnates dumisnilowsnnznausonainarsazats udrdransnaudaetii
Unannleosu mamudnvazvemelubiimendesganisaldianaseuluudeinse
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Potentiostat

e O
s -

A vacuum less

|

Growth of AuNW

than 1.0 EZ Pa Aluminium = {EE
Foil
Sputterred Anodisc

membrane

Centrifuge < m
Lan
Dissolving by Washing by
AuNW 3M NaOH 35% HNO,

a
Y

gﬂﬁ 3 JumpUNISAENATIEIVDIUUlIS

nﬂ'sm?ﬂum'sazmu'lﬂ'l',mmua.%au'lﬂ%'ﬁ'wngm’lsﬂaﬁ'laﬁ

vhansarvarelalaenu Wudu 0.5 Wesidus vins@esled (Crosslinks) AILNGN1TIA
dles [Wudu 25 Wesidud lnsdnsidiulasluasewindlalagudongmisadleniniu 1
200 IneUiunansazanelalagiu 0.5 Wesidus Usuins 10.0 iaddns uazngaisnanten
Wt 25 Wesidus Usunas 0.8 iadans thumantu a1sildaviuaaesdivdes 97niy
111U Sonicate 1Wuan 5 Hluaielfarsazarsisanadiu vildauldiduaisazansly
1an 8 Halue arldansludnwazveavaiviln vnisadaslaeiiasmesldlunssuen e
LentneenIINaNITALATIETY thduaaeianeunldlunisvhnisneassely

nsWenduuaaladlalaeiunlsarsuauunluiau
Fanrsuauuluiiay 6.00 Taansy walviinistiusvalsazaelalag1unniIunig
Wweulviengaiseadilen 1.0 faddng thaiaedly sonicate Wuan 12 9l

nsWenYuuaalagdlalagiunlsaisuauunluitvuasnasuiiulag
Favosurlullad 4.00 fadnsu Tdasluarsilavinnisianduuealadlanlaeiunie
ANSUaNLIlUIULa? 9ntuLnly sonicate Wutan 12 $alus
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MsnseuT2 Wiy
sl naradansueudos (Bare GCE)
ﬂTm%:lwﬁ'lﬂmaﬁﬂﬁ‘uauﬁ’mmaxqﬁ‘m (ALO,) UnENdnvan dredetsansiien
INtuwEFenalunin Wty 10 Wesidud Wnaiesdansilein uddruidansuiieasn
%y arlddnlviinanadansveufiazen ﬁagﬁﬁ 4

Rinse with

==

drfinmaim uazuaezgiiv

Sonicate 5 min

-+-)m ninTunin

JUM 4 nsinSeantaliihnanadaniueu

$2lWHn CNTs-CHIT/GCE
pisaaedansuauuluing-lalaeuusuing 10 lulpsans asuiiantdalwiinaa
Apsuouiivnauareaudaialslius S1eiethsansiunuduneuuanisniseioy
ﬂzﬁlﬂﬁ"lﬁd‘éﬂﬁ 5

N

H N H oH £ HG " o
“'rvihl'l-”“ - O - 1 ©
YR SRy
~N
& <
:

CHIT-CNT 10 pl

Bare GCE CNTs-CHIT/GCE

31]1‘7'1' 5 nsiasuta Wi CNTs-CHIT/GCE
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92N AUNW-CNTs-CHIT/GCE
n3salanIvesunlulig-asuauunluiiv-lalae ulsuins 10 lulasans asuuRIved

YANAINA1AFANTUDUNYINA I UALDIALAINGLILALIAT AN9628UIDANTINEINTUYUNDULAR S
WnswseNtIlWiRagUn 6

CHIT-ONT - AuNW 10 ul

Diried

1 =

Bare GCE CNTs-CHIT-AuNW/GCE

Ul 6 nmaLnFoudaluit CNTs-CHIT-AUNW/GCE

ﬁ‘llﬂﬁ"l CNTs-CHIT-AuNW-Th/GCE
p3eaaaInesululIs-asusuuluiit-lalaeuliuins 10 lulasans asuuiave
il naradanfusuiviauarenaudaeslius anduwiiniseselnleduiifiaanu
Wty 1 Daansureiadansaddudn 10 lulasans Heliliusanddreetisansui oani
Sumou LLH@ﬁ%ﬂ‘]‘im%ﬁﬂ‘ﬁ‘jﬂﬂﬁﬂﬁd‘éﬂﬁ 7
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CHIT-ONT ~AuNW 10 ul ) Thionine 10 |_||

Hn

Bare Gov CNTs-CHIT-AuNW-Th/GCE

U 7 nauadesdalniih CNTs-CHIT-AUNW-Th/GCE

msnageuta lnidemaiialunanlraunuund

1t i udfuugstudrefunimagevineasiatnarsazatouinsgu
lelasiauesoanlen Wudu 5 Jadluais wararsazaroveanUwines Wudu 0.1 Tuais A
1y 7.4 Andlwiilvieglutas -1.0 fa 1.0 Taad AnwinisiAaujisorvuiantiitalniad

\inu flagun 8
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nmasauta i dasmadaueselsium’

Hunstadndlnihasiiuadalniiwiin Jaluasazaisnmsgiuvieansazauiaogis
auAnnsasuuamnseualiihdlenaufassfitamddalain lelunsmeaenziinisey
asavaIeyRaonAaT FagURl 9 Hutumeunaneaeudaliihdemadaueudolsies

Potentiostat

Magnetic bar

4 s & o o v - -
Jun 9 ASTAaddIMSUNedRUMEIATALBUIUB LTINS

nsAnewavasindluRnfimanzay (Applied potential)

F7LH 7 CNTs-CHIT-AUNW-Th/GCE gniiavaaeusismadaueualsiums Tagld
Fndluwindeus 0.15 &9 -0.65 1aad lnsandndlnirassay 0.1 Taad lasiAuaisavaiy
Talasiauedoanledadduluarsarareweanatiwines Wudu 0.1 Tuais Wew 7.4 Tilaana
Wudugevine Ao 5 fadluand Nemnszualwifigeiiaslunisiiaujiteneondindunes
lalasiouodoanled o Andlniniu q

msAnsURInaivanzaNvesan s FuU el vy

n1sAneINavasa1ududuatfuauurluiadlunisvinvedduuealad
(Concentration of carbon nanotube)

tidalnUulss ONTs-CHIT-AUNW-Th/GCE #ildannnisnaaasiomaiinleadn-

Taunuuysu1YiN1sAnwINareRLtuduraIn s uewuluiay lasldvadauoulels-
R whansAnwUSnaesnsueuun luinUildlunisnsasuuialniinde 1, 2, 3, 4, 5, 6,
7, 8 Way 9 daaniumplaaans AuaIAy ntnhluneaeulasnisiivaisazanelelasiou
wWossanlesasivluasazareveamativines wWudu 0.1 Twads Wiew 7.4 Tadianuutu 5
faaluans emnsvualnihgeaaiiduiusiuanutuduresaisveuuiluiiag dmsu
Usuugedalwiwhan
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NsANYIEAYeIANULTNTuYasasululasluntsvinfsnduuealad (Concentration
of gold nanowire)
thdliuFuU3s ONTs-CHIT-AUNW-TH/GCE itldannnisnaasssaewmaiialendn
Thaunsavsinisanyvnavesaudaduremesuiluliilasldmade wouUelsumias
ymsAnwiinasemesunluldildlunisassasuudalniie 1, 2,3, 4, 5, 6, 7, 8 waz 9
faanfudeiadans suddu antuthluneaeulseniaivaisazarelelagauodoanlas
asldluansazareveawmatviwes wWudu 0.1 Tuais Wew 7.4 Tislaududy 5 dadluans
iomnszualiihgeaeiidiniusiuanududunesululaddmiuuiussdalniinvha

nsanwnavesaMdudulnletiulunisvinflenduuealad (Concentration of

thionine)

el U UUTe ONTs-CHIT-AUNW-TH/GCE fildannisvaaassasmaiialoadn
Tawnuaniviinisanwinavesnadudusedlnledulasldinadaueudelsiunis
ymsansUsinavedinletiufilélunisnisasuutaluiaime 0.1, 05, 1.0, 1.5, 2.0, 2.5 uay
3.0 fadn3udeiiadans auaisu nduilunaaeulasnisiivaisazanslalasiauied
ponlenasiuluarsazaraveamnivives Wty 0.1 Tuans Wew 7.4 ilanaautu 5 faa
Tuan temnszudlihgsgaiiduiusiuaudutulnlotudmivuiuugedalninienu

msAnsaudnsuzanizvasianidaulsdmiunsaialelasauasoanlad
nInadaunIreaIduldunsanasindinan1sngaadn (Linearity and Liluandit
of Detection)

2 lWiUFUUTE ONTs-CHIT-AUNW-Th/GCE gnimmndeuiemadauesialsiwm’
Ineivansazarvlalasiauneioanledadluluasazsareeamntines wWuvu 0.1 Tuads @
1% 7.4 Tngansazanglalasauveseenledazinnududusig q @ 10, 25, 50, 100, 250,
500, 1,000, 2,500 k@ 5,000 lulastuans amdriy Snduthansdsuwlameanszua
Wny y) undeatuanududuvedlalasiaueseanles (Wnu x) mﬁhmwm{a’mﬁuﬁﬂqmlu
msnsnin nethawwiwesdidessvuinasgiuvesnseudliihildainarsazareuinsg
oA AL TduRTTlFINN S WINATEIY WE AR duBaNINa LY
“Lﬁwi"mmwmﬁm%’uﬁwqﬂlumimaﬁm
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o g 5 A ot é’ .
MsANEINSINE1YeIn15InveItaliiNuiuUFITu (Repeatability)
vl SuUTeme CNTs-CHIT-AUNW-Th/GCE daliidenunviinsnegeuse
=) el =y & s v v i fﬁj
wadaneudelswn’ lnonisdulalasaudeseentealvlannudududaiiolugaad
vaaeuilu 5 dadluand Tuaisazareveamndwines Wty 0.1 luans ey 7.4 vians
ﬂ‘j EJ ar q“l o s g o ﬂf as al
naaa Ut i NUSuUedu iinsiad1diuiu 7 saU lNeNadeuAILAIAITDIAY I
ﬂl = d‘)
nazualininvy

o ¥ y o ey,
n1sAnYINISHANY1YR Y IWNHITIUFUUSS (Reproducibility)

1192 lWHY CNTs-CHIT-AUNW-Th/GCE snvinnisvagaumismatatediualsums lay
nsinlalasiaulesesnladlilanududugareluwadnnageudu 5 dadluand lu
ansazanevoaminUvles Wty 0.1 Tuans Wew 7.4 vinnrsvaaeuriniinuivusedu 3
v & w o VW | - e o -

41 9 nduiin1susuu el lmindameasuiguidndiuau 7 93l iivenaaeu
Uszdnsnmeastaininuiuusstulumsing) (madeuninuiie)

Y g -
nMsAnw1o1gn1sIduvestalWiiuul§edu (Life times)
Ul USUU g8 CNTs-CHIT-AUNW-Th/GCE UINAABUAILYATALDLLUBLIUNT
- T ar v L7y EJ - -
‘[mﬂmsmulﬂmLwLﬂaiaafﬁﬁim“lﬂ;'ﬂmﬁmuwmuqmma’lnwaéwmaauLﬂu 5 fadluand lae
- = g ow & ot ¢ d ¢ =
vagauluiey q 3untsiasunlatenszianlaanainify 50 Weadlgus 1aanTzuan
f52999A%Iwsn (100 Wasidus) Maulalasauladeanianasly iNenaaouAIILAIRIVDY
' oo w o °
A419m749 9 wmmﬂwﬂqwﬂﬂﬁ‘mmu

msAnwETTUNIURiinadadalnihiiufulsedy (nterferences)

FalHUFUUT) ONTs-CHIT-AUNW-TH/GCE gninsmaaeushemeiiauanielsims
Tnensihuansazanglalasnauasoanladlildaududuaningluadimageudu 1 fiad
Twang luansazaneveamindwed wWudu 0.1 Tuars Moy 7.4 Miniuvinsiduanssunaui
14 leiun nanuearasin nglaa nunadounaslsn nwnadoslunin ladoudaumn laso
naolss nIng3n Ay nsneannan arududusiie q aduarsavate eansdang
Huansiigneandladladine amnsasunumsasiaialalasaueseenlest sundraviieu
duduii i@y atusazannniauvinvesdygraiuasieiiaudududingnsuniu
Al
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mansavialalanauaioanisd ludagrlasdaluihiiufulss

insmssuansarateunsgulasldisiAsasazaleu1nsgu (Standard addition
method) Tun1siseuasazanelviinanuidudu 0, 0.1, 0.5 waz 1 Jadluais awainu lu
U3u1As 10 fiadans antuiinaisiedeiiilalasisudeseanles asluatieay 100
Tulmsans

ynsnsaninlalasiauileseanlefainaisietsmandust 14 viaaindalwi
CNTs-CHIT-AUNW-Th/GCE dhewmaiin weselsiund Inolisaisazaisfot1aiiasoniu
U331ms 50 lulasans luansazaneweawatminled Wty 0.1 Tuand Moy 7.4 90y
dnszuaiiintunndentuaududuresaisazarslelasioueseonlediiiy udaly
fnamarudutuvedalasisuaseenlusluasiatiu 4

nsnsaialalasiaueieanlus luihendeunulnendasaninsininiines
Tunisnsrainadaiiavldianisues Tom Markee wiuneLaw (GSI/SOP/BS/RA/C/T) &ailas
vadousil
MIUUFTILDLAUA (F15 A)

Falwunadoulelolad 6.6 n$u loioslonsenlas 0.20x N3y wazwouluiey
Tuauan waselawmsn 0.02xx N wanasamsinararsfeidansuies Uiuusuins
100 fiaddnsieihdansites vasiioudliludie Weldsstunisiaufaseneendindu
veslelolanlonau vldarsavarelaluiid dvniednsaniaslng

WMBUAITILDLAUA (875 B)

Falnunaidon lelasiau waisnan (KHP) 2.0xx nf azatsdennsansiiten U5
U3uns 100 dadans

nswmssuansazarelalasiauleseanlaslaoivasluaisazanrefiagnslninaiy
\utugavihedu 0, 10, 50 uag 100 lulasluand Fuaintiaasazaresedns 10 lulasans
atluvinwIsnmiedne 4 99n Uwearsazareuinsgiulalasiauleseanlanitudu 0, 30,
150 waz 300 lulastuatd arududuay 3 Hadans asluviei 1-¢ vaemuardu Vs
arsara1y A Uiuns 3.0 addns wazldnansazaty B Uiuns 3.0 faddns asluusaguin
arldamsavaneiidmdsainiu 91nturinsaunumAmNE A uYeIE SHANTIART Y Tny
donldanueneaulugig 300 - 500 urluwng (AznuanaiuvesalsuaLiinue1IAaY
351 wluiumsg) ﬁ'ﬂﬂ"m'ﬁ@ﬂnﬁuuawmmiaxmﬂmauﬁmwmmﬁu 351 UluLng waen
NIIMINAMTFIUTEMINAINTAANGURES (Abs) TUAIITUTY

A svnaemaaeisinssuisuma it uiveasdd Milauunndiaiu
wndeeitedla lnodwaniseassildlunaaeusnuiisswazanuusiulunieadi
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n1sUssvguaanilialusAuduyluiwuiees

nswsenaseiiildlunismeass
nswsBuansavanelaaausunau (Interference)
Yransavarglosausuniuiidesnisiiasizvinissuniuliun nsaueansstn 100
fladnsuneiiadans nalaa 0.90 Tadnsudeliadans nsnyin 0.60 HadnTudeladans Awdy
16.0 fiadndurefiadans launilu 600 fadniuredadans nduthunazansluaisazans
WoaatWines Wudu 0.1 Tuans Mev 7.4 Ysums 1.00 fadans uailgvadaunissuniu

nsiaseud2 I
2 naradansusuUdes (Bare GCE)
%’m'ﬁgﬂwﬁﬂﬂmﬂﬁm%uauﬁwma:qﬁm (ALO,) VUENENVaR BNedetndans e
MntuudEenseludn Wudy 10 Wesdud Wietessansleiin wdidahdansifioadn
ase arldinlwinanadasueuiiazen ﬁagﬂﬁ 10

Rinse with
Sonicate £ min

B=a = :>!

FAnVaTR uaTHIDTRIIN

JU# 10 nawsentalwiinatadaiiveu

421WR" CHIT-anti AFP/GCE
lalnruusunng 10 lulasans asuuiiamidrlninaradnsveuiivinauarein
W& 2ntuven anti AFP 15 lulasans arwidudy 5 lulasndudeiadans neliliuteasle
USinaunes anti AFP 75 unlunSuuutananadansuey 3%'ﬂ"|‘im§uwf?ﬂwﬂ’lﬁagﬂﬁ 11
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/ /

CHIT 10 Anti - AFP 12.5 pl

Bare GCE CHIT-anti AFP/GCE

gﬂﬁ 11 nswseudalain CHIT-anti AFP/GCE

#7191 CNTs-CHIT-anti AFP/GCE
nRaaeirsuenuluin-lelasuuiunes 10 lulasans asvuiiamidalniinana
ApsUBLTIvALALeInLET 9ntunen anti AFP 12.5 Tulasdans Annadudu 5 lulasndy
eflaaans nelilvuds 3’5’m‘m%w%'jﬂwﬁﬂﬁagﬂﬁ 12

TR - SR .
. .

<

g

P R T T < L . o
vl
b%

J 7

CNTs-CHIT 10l Anti—AFP 125l -, N

Bare GCE CNTs-CHIT-anti AFPAGCE

JUi 12 nsweduutalnih CNTs-CHIT-anti AFP/GCE
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921W#1 AUNW-CNTs-CHIT-anti AFP/GCE
n3salanIvesunlulii-arsuavuluiiv-lalae ulsuing 10 lulasans asuuiamin
i lwnanadefueuivinauazenuduaeslius 9antuves anti AFP 12.5 lulasans
Aty 5 lulpsnsuseiiadans fellrureisnswsudaluii 1:151}14 13
‘I"N\" Y Y '_'f ™ Y Y

Y

™
>

;\..-

Sy

_f..uu "m.';" ;;,.E ““K“’

2 7

CHIT-CNT -AuNW 10 ul o Anti -AFP 125l aemm T e

Bare GCE
CNTs-CHIT-AuNW-anti AFP/GCE

JUi 13 maumFondaluia CNTs-CHIT-AUNW-anti AFP/GCE

321w CNTs-CHIT-AUNW-Th-anti AFP/GCE
f3sdaeInesululis-asuauuluii-laleagiuusuins 10 lulasans asuuRavid
il nanadanfusuiiviauazeauwdrvasslius anduiinisedelnleduiifiaiu
Wty 1 fadndusefiadansatlusn 10 lulasans antuven antsi AFP 12.5 Tulasans
arandudu 5 lilpsniudediadans vislilvus Bmawdoudalnihegud 10

/

CHIT-CNT “AukW u,n l Thienise Wal yni AFP 1250
Barccr CNTs=CHIT-AuNW-anti AFP/GCE

3l 14 nsisFendalwin CNTs-CHIT-AUNW-Th-anti AFP/GCE
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nsnadaut2luiindrewmedelendnTraunuwns
ﬁwaﬁ‘j’ﬂwﬁwﬁwmuﬂ%’uﬂqﬁuwﬁa 54Uy 11vaaoulaunIIinaITaraIsuIngIgIu
lalasiaulesoonten Wudu 5 adluars way AFP 10 unlundusediadans luaisazaie
WoawaUwies 1 wudu 0.1 luans Wiewy 7.4 ﬁna‘lﬂﬁﬁlﬁaq’lmﬁq -1.0 f19 1.0 Tas Anw
maLﬁ@Uﬁﬁ%ﬂwuﬁmﬁH%ﬂwﬁwﬁLﬁm“f‘l’u ﬁaguﬁ 15

I‘ . o
‘-n.,‘ 1——..——_--2 TDP view

\

S0 @
ot

A s L3 o v - - o
EUVI 15 NSAIAYAAA NI UNAFDUAILNATLA LIAANLIALNILINT

mavadaudanirdemaialasiuneuslsuvi
Dunaslidndlniasiundalwiiviny aluaisazaisuiasgrunieatsazane
fegns wwansAsunlasnssualwidefaufase iRl Taglunsveaesey
fimsauasavarsagaaenia Aaguil 16

|
@

a!u.-

4 s a ar & - =)
JUN 16 midnwaddmiuveaoumevaialasiuwouUslsiuvs
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nsAnuwavasdndluiiimsnsau (Applied potential)

F2LW#1 CNTs-CHIT-AUNW-Th-anti AFP/GCE gninuvegeumewmaialasiuloulels
w3 Taglidndlniadaud 0.0 1 -0.6 Taad Tavandndlifinnieaz 0.1 Taas Tneidis
asavanglalasinuleseanienadluluasavareneamnimives wuty 0.1 Tuans Wi 7.4
Tidaududugniine As 2.5 Tadluars ieuinszualvihiigeiigalunisiiaufisen
sendnduvadlelnsiauladoanles o Andliidu q aanduiinisdiu AFP 0.5 lulasans
AnuLuty 5 lulasnsudeiiadans avlamnududuaaievas AFP 1.25 wiluniuseiladtng

nsAnw R IzaNvasasiinUiuU sl viney

n1sAnYInavasAl1mtuduatsuauuiluiadlunisvianenduusalad
(Concentration of carbon nanotube)

ﬁw%alﬂﬁwﬂ%’uﬂqq CNTs-CHIT-AUNW-Th-anti AFP/GCE #ileiainnisvaaswiemadia

leadanlhaunuwniuyinnisAnwinavesnnududuresnisuauuluial lngldnaia ue
uelsyaainnsAnunusinaesfueuuluiinildlunisassasuudalniihde 20, 40,
60, 80, 100, 120, 140 way 160 lulasniumuddy ntutilunegeulnenisdvaisazaiy
lalaswueseanlunasivluarsasaneeamadwines iWudu 0.1 Tuans WMoy 7.4 Tuliau
VN 2.5 dadluans Lﬁamn‘sxLLﬁlﬂﬁwzﬂaejﬂﬁmmfuﬁ'mm,ﬁu AFP 0.5 lulasans au
Wudu 5 lulasniuseiiadans welamnududugaineves AFP 1.25 unluniuseiadang
ﬁnmn‘smﬂiwﬂwﬁmﬁaul,maaﬁ'umm*ﬁ'uﬁwmm%uauuﬂuﬁiﬂﬁ’m%'uﬂ%’Uﬂqa’ﬁg’ﬂwm
RREY

nsAnenavasaNududuvewmasunlulislunisvindsnguusalad(Concentration
of gold nanowire)

1l UUSs CNTs-CHIT-AUNW-Th-anti AFP/GCE illéinnnisvnaasdemain
lwpanhauwnuamivinsAnuravasnnududuremesunlulisingldnaialasiukesdels
g s sAnwnamemesululfildlunisndsasuudalwiihie 20, 40, 60, 80, 100,
120 uay 140 lulasndy audrsu andutilunaaeulasnisiisaisazatslalasaued
ponlesasluluansaraneveanniwives Wudu 0.1 Tuans e 7.4 Tulaududu 2.5
Jaaluans LﬁawmisLLalwﬁanqmﬁmﬂﬁuﬁwmnﬁu AFP 0.5 lulasdans Auduty 5
lulasniudediaddns awlarinududugavineves AFP 1.25 urlunSudeiiaddns Anwn
navualihiludsuuasiuaududuremesuiiulidmivuiv st liiviha
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nsAnwinavasaududulnlatulunisvinenduuealad (Concentration of
thionine)

i lWihU3uUTs CNTs-CHIT-AUNW-Th-anti AFP/GCE #ildannnismaassdmaiin
lgaanhaunuuviviinisAnuwinavesnnududuves inletulasldivatalasiuweselsam
3FuinsinuUiinaveddnleduiildlunisaisasuudalvdhde 20, 40, 60, 80, 100, 120,
140 waz 160 lulasniumugisu Mnduthlunageulnenisiivansazarslalasiaues
ponlenasluluarsarareveamadwives wWudu 0.1 Tuars Wew 7.4 Wilaandudu 2.5
fiadluans ilemnszudlwilgegaitanndusiinisiiu AFP 0.5 Tulasans aududy 5
lulasnSudeiiaddns aldaududugainoves AFP 1.25 ualuniuseiiadans Anwn
nszualrihidsuwasiunnaduiuremesunlubidmiufuussialiiviay

Wan1sANIAuANAIANIzYasT WA F AL
nsadaungasauludunsuazindinan1snsiain (Linearity and Limit of

Detection)

7INHUFUUTE ONTS-CHIT-AUNW-Th-anti AFP/GCE gninamageusasimaiialas
lukaulalswvs lnedinaisazatslalasiaudesesnlanasluluansazarevoanniwivies
windu 0.1 luand Moy 7.4 Tevansazanelalasiaunedeenlensiinududugavinedu 2.5
fiadluans uagiiiu AFP A uudusag 9 7 0.1,0.5, 1.0, 2.5, 5.0, waz 10 urluniude
fiaddnsauddiu ntinhAnsasuuatwesnssua Wy y) M ndeniuadNtuYes
AFP (wnu x) maeadudusigatunisnsain lnsthaniheesridesvuminsgiues
mmmlﬂﬁwﬁlﬁmna’t‘sasmammgmm'ﬁr;f:l&lﬂ'wm’m%’uﬂ’tﬂaumitﬁumaﬁlﬁmnn'ﬂw
195§IU udIMAmdiduseninashldmsuaadudusinaelunisnsiate

nﬁﬁnEﬂm'iﬁ'm:i"wmﬂ'rs'ﬁ'wm%’a‘lﬂﬁﬁﬂ%’uﬂqﬁu (Repeatability)

il iuFuUTadae CNTs-CHIT-AUNW-Th-anti AFP/GCE falwiluifanyiinis
naaaumsmatalaslukeuelsiums lnsn1sdvarsazarelelasiaueieenledasiulu
asazaronaamatives Wudu 0.1 Tuand ey 7.4 Willaududu 2.5 fadluad dem
nzudlwihgegafianduiinisdu AFP 0.5 lulasans aududu 5 lulasnuseiiadans
wldmnududugavineres AFP 1.25 uiluniudafiadans vinisiagisau 7 seu e
nadaUALARTDdyan TRl R a Ty
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n"ﬁﬁnmmsmﬁw%‘wmﬁgﬂﬂﬁﬁﬁﬂ%ﬁﬂqa (Reproducibility)

1l CNTs-CHIT-AUNW-Th-anti AFP/GCE svinnnsvaaausismadinlasiu-
wouelsumi Taonsiivansazarslalasiaueisenlenadluluansazareweantvines
W 0.1 Twand ey 7.4 Wiianududu 2.5 fiedluand ievnszualwihgeaaiiainiiui
msiis AFP 0.5 lulasdns anuiudu 2.5 lulasndusaiiadans axldnnudu duganieves
AFP 1.25 unlun3useiiadans vhnsiadisauau 7 seu Wilenadeuaupsiivasdy o
navualihiiiniy vhnsmeaeutalwihiiusudgeiy 3 61 anduinisusudgedaluiilm
udmadeuuBns I 5 Talwih Wevaaeudszavnmuesilwihituiudseiulunisda
41 (MadauANLTEs)

1 o e & F f
n1sAnwI1gnsiduresranilinuiudgeu (Life times)
o 5 c‘ at i1 o nv; [-]
U IinIUFuU 9928 CNTs-CHIT-AUNW-Th-anti AFP/GCE 97l Laea11vinnTg
naaaumsmaiialasiukenalsums lnonsiiuaisasarslelasiaueioanlanasluluy
ar & 2 154 = el £ . o - L3 A
ansavareeamiatvined 1Wudu 0.1 Tuans ey 7.4 iilauudu 2.5 adluaid iienn
nazudlnivigege anduwimadia AFP 0.5 lulasans anuidudu 5 lulasniudeiiading vz
v EN . b a i -y = oen A
lanaududuanvinguas AFP 1.25 unlunusdeliadans lnevnaasuluiiey q un1s
| v & - ot « < ' | )
Wasuwlasweanszuanlageiunieanasie 50 Wosldun 193711 19Y89NTEUANNTIVIA
5 ¢ @ 3 = s 1 o at 5 o
ATINTN (100 Wasius) LienadauauAIRIYeasans o Mihuuiudgadalnivinenu

nsAnwEIsTUNIUTRasevalWihiiuFuUTey (nterferences)

AT UUTS CNTs-CHIT-AUNW-Th-anti AFP/GCE gnunumaaousiemadialas
Tuweudelsumilaenisivansazarslelasiauesoanledlildmuduiuaninglueadi
naaouidu 2.5 fadluans luansavareweawadiles Wudu 0.1 Wwand few 7.4 9ntuvh
nsuanssunauily 16un nsaueanasiin nglaa nsag3n aAdu nsmeeneian laudns
ﬁ’«aﬂa'*nLﬁuaﬂﬁﬁgﬂwuu’m'l,wuaama'amm'wmawj'u don (Judu Feeneiinarenisnsiaie
AFP Tnoasaadaitanududusing q suninaeiianududuiinlidyaratusazuinnitan
wihwesdyanaiuazdeeanduduiinansuniudali

nsasaauaanllalusiu (AFP) Tudegrudanlnsdalwiniiufulge
WibumeEudendmiuni1ing1ialagis standard addition nenislddiatndon
100 lulAsans wasiiuasavareansgiu AFP faududuiiuansrefiu anduldans 100
lulasansildannmswioudidu smiuhumeaeulnomeialastuueuelsumilaenis
nansavanelalasiauadeanledlilimuduiugavinelueadivaaoudu 2.5 fadluans
Tuansazaneveamatvies Wudy 0.1 Twand fiey 7.4 anduvinsduansdainiildan
N15LA3BULUY standard addition lagliarududugaiieluwadiiu 0.1, 0.25 wag 0.50
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ulundusefiadans AnwAnszudluindianas udthauaswosanszualnfinungon
nawlilsuiuanadudu wasiumtounduiian AFP lusetaden
thaldnmsmeassnsuiiieuiunanimeassildan ey fiinisinszing
pdiin edAnwiArmududy AFP fivaassturiesufiinsiinszinisadiiniriiaa
wandfusnntesiieds Tnethranisveassildlunadeuaniissiasauusiuluneais



HAN1TIABUAZIATOL
msUsshvglalasiaueseanledivuites

nannsmsvdeuauanvurnasunlulislagldndesgansimididnasauuuudesniig
Mnnsdansimesnlulaslagisnsmaediinih Wethvesiinnsduasziuy
tUsuIYNsdesuumawususaniiellFlanreyniaiiviesnts aantuinluAnw
Snwaurndugnineilagldndosganssmibidnasounuudesnsnn wuimesiiviinis
Fuaseilaiidnvusidudu Sdudiumudnats 200 unluwns uwaglinnuen 10 lulasuns
Failsnvarednuadstunsnoelunuiferounting [21) Fagud 17 wenvniuieiduns
Sutunairdnvarinuiuduremennlulg Jddinisnsaiensisalaseiosinnis
nszaendaussdiendmsaninsiimes Wnadsgud 18 uandliiuindnwuemedugiui
asranuiuusnvasnadusuvemesuilulf e nsimsifnfinuessig Au il 2.2 Kev
MIATITIATIES WU BB T Fsaenpdosiunavesnsifereumiing (22)

gﬂﬁ 17 53U SEM gaaasurlulg ne (n) AMaswee 5,000 Win way () N1asee 25,000

Win

Au Spectrum 1
c Au
Al
: l"‘*“ S . S L R
0 2 4 6 g 10 12
Full Scale 1429 cts Cursor: 0.000 ke

-l ar o «
JU# 18 awnaiuainiaies EDX ypaneululg
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HansnadauUL A g auUsErewmadalendnlaaunuvi

Silagaulsa 4 giauvinsveaaeussmaialendnliaunuami Inednwilugas
Fndluifing -1.0 fis 1.0 Taad SwsInsauny 50 Hadladseiundl aisavarneanatWines
Wutu 0.1 Tuans Ao 7.4 warluarsazanelalasiauilaseenles 5.0 dadluais lauilnans
N SOl

Han1IVAAaUYA IR nanadanuaudey (Bare GCE)

MNMSTMIAaeUTa Iinanadenfusuldes (Bare GCE) wuinnszualuiaitle
1nn1snaialualsazatenaamatwines Wudu 0.1 Twans Wiew 7.4 (n) wazmsiviaty
arsazarvlalasiauedeanles Wudu 5.0 Hadluans luaisazarenedWniwines (Wl
0.1 Wan$ Mew 7.4 (1) Wnansnsaaiauansdaguil 19 Fnnsm (n) sswuitlsivsingiin
mnmU{]ﬂ'ﬁmaanmwumaimnmnwmﬂ H,0, Luaamﬂluum‘mu H,0, aeilnsiinfinves
ponduitinaniidnteswiniy wanievhnsdulelaswueseanles Wty 5.0 Sadl
and nudnszualniaiildannmsesatadiisiudnde aal,nalmmnn'mﬂumwmuw 0.90
Thad esnnisiineendinduvedlalnsiaudeseonles drwdisumisdndln -0.7 Taad
%:Lﬁﬂﬁﬂmﬁﬁn%’u"ﬁalﬁmmﬂaaﬂ%muﬁazmﬂaﬂumia:aw

5
Y

0 4
<
= 1§
~

_5 i

-10 T T T T T

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
E/V
3Uit 19 lenanlaaunluunsuvestalviinaadnsusuides (Bare GCE)

Tu (n) a1sazaruneaNaUwwes Wutu 0.1 Tuais Wew 7.4 (v) a1sazarvlalasiauiles
ponlem 1WuYY 5.0 Jadluas
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HANSNAFEULA WA CNTs-CHIT/GCE

NNSFINTVREBUTINIFALYS CNTs-CHIT/GCE wuinszualuiindiléannnis
psrainluarsarareveaatives Wudu 0.1 Tuans few 7.4 wanisasaaiauanssagui
20 (n) waznsrainluarsararvlalasuleseenlan Wutu 5.0 fadluaid luaisasane
Woawadwiresd Wudy 0.1 Twand ey 7.4 (4) nszualwihitléannnisasataiiindy
a1y nszualniildannnsesaisansazanslalasinueioonlasigandidaunalsan
Fundsitliandndlind 0.90 Taad anfinnszualinildannnaieujize1eondinduyes
lelasiaudeseanian ﬁw’iﬁn‘ssLLaﬁLﬁmﬁuqanfhmﬁazmﬂusuaar-i LLazqaﬁuiwﬂxﬂWﬁﬁﬂmaﬁ
AsupuAeY 18 Wi duitiumisdindursseandauiiasluisludalwinaadensuey
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ﬂixLLalﬂﬁﬂﬁuqan’iwz? () way (1) Meiidasaniivesinaszuitetaglunisdauseq dou
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Tulnssvoslelngu FavildialniAdauUstumiliaiosnin waziinisu s Feviali
nszualwiligety daguil 25 venanddalévihnisiiuinledu deasiinalndufdeiiy
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ol P W ¢ P
AN5199 4 a'z;da.ﬂnwmmsaﬂum'ﬁawlaimmmﬂaﬁaaﬂlﬁﬁwumai

WI53LADS ¥29n15ANWY aneiiwunzay
Fndlu il sundalvin 0.2 Tham e -0.7 Thas -0.45 L@
AN uASUBUITUTIY 1 - 9 fdadnsunoilafans 6 SaansufeNafans
ANt unasululg 1 - 9 fadnsurolianans 5 daansuneliafans
AN Ul oty 0.1 - 3 faansumediaaans | 1.5 daansureliadans

nan1sAnEIAuAnYNzanIzvest Inihdaulslelasnuafivuiged
NANTsAN®IMIY29AMTULEUASS (Linearity)

nsmgaedudunse (Linearity) Tnonisudalnfnfauwys CNTs-CHIT-AuUNW-
Th/GCE Judalwiiidiian wvihnisvaasulagldinadauemdelsumi laoiuansazans
lelasiaueseenlan Wuduns 9 asluarsazareweamnUvines lWudu 0.1 Tuals Wi
7.4 i]zlﬁl,t,amﬂaimﬂiumugﬂﬁ 31 wavidlevhnisndennsnarsduiussewinennududy
lelnsiouasoanles (unu X) funseudlwiniintu oy V) nszualniildasudstiua
anudutuesansazanslelasioueseanlesiivaly dufednududuvesansavans
lelasaueioenlergeiu nazualwihfiesifuntududiu

PNMsAnwYRANUdudunsweInsasiinasazarelalasiauileseenles lag
T2l FWYS CNTs-CHIT-AUNW-Th/GCE wu31aearsdudunssii 1 - 5,000 lulas-
Tuans (y = -0.0417x - 0.718, R? = 0.9994) faguit 32 wininsiinlelnsiauileseanledi
mnm‘ﬂ’m’fuqqn:hﬁn'ixLLalwﬁw*ﬁ"lﬁa1nm'§mwi’m%Lﬁuﬁmﬁwﬁnﬁau \esmnansazane
\Ainn13dud vliuiisedietuiinisfawuudoundy

100
n 9 nq
4 0] a o
-100 4 ]
ol
< -300 -
~
-500 -
-700 T T T T T T
0 100 200 300 400 500 600 700
Time / s

31117: 31 waniUalsunsuva Wi dALUS CNTs-CHIT-AUNW-Th/GCE #iinnsiinansazant
lalasiaueseanlen

AL utuIiAL (n) 10 (¥) 25 (A) 50 (3) 100 (3) 250 (2) 500 (%) 1,000 (%) 2,500 wag (al)
5,000 lulasluans



39

-250
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JUN 32 AudLuSsEnIemutLtulelasiaueseanlannunseualwiiiing unaay
Wuty 10 = 5,000 lulasluans

NANTSAN¥ITATINANIIATI9A (Limit of detection : LOD)
nmsAnwTRsfnnsesIaTavesdaliiaiauYs CNTs-CHIT-AUNW-Th/GCE g
Wananuhwesandsnvuinsgiuvesnszualwihiildannisesisansazaislelasiau
Wossanlasuunuen y asluaunisidunssiiléainnsvuinsgiu udwinisdmauninis
294 Miller [27] wuilddasnnanisnsraiawiiu 3.80 lulasluans waziuSsuwisu Linearity
oy LOD veawuwesiveitedu q fam1sei 5

- = - ' &, v - o w a - ¢
A13197 5 Wisuiisursanududunsiuaziindrfanisnsainvedlalasiauwesoanles
WU AUNUITEY 9

. daspnuduidunss | Iadrian1sesania 4
N15UTUUSe _ - . j 974994
/ fadluans / lulasluans

PQ11-AgNPs/GCE 0.1-180 339 [28]
AgNP/rGO-benzylamine 0.1-100 31.3 [29]
ERGO-Ag/GCE 0.1-100 1.6 [28]
PPy/Mn NWs 0.005-0.09 2.1 [30]
Cux0/Ppy/1GO 0.1-100 0.03 [31]
Graphene-AgNPLs 0.02-10 3 [32]
PDDA-rGO/AgNPs/GCE 0.1-41 35 [33]
AgNPs-MWCNT/Au 0.05-17 0.5 [34]
AgNP/GO/ssDNA/AUE 0.1-20 1.9 [35]
Go/MnO, 0.005-0.6 0.8 [36]
CNTs-CHIT-AUNW-Th/GCE 0.01-10 38 il
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NanN1sANYIN13Ing1 (Repeatability)

T GaLUS CNTs-CHIT-AUNW-Th/GCE vinn1sasiainansasaelalasiaues

IA L7 s - - & v - -
panleanAuTuTY 5 dadluans neldmatiaweuiualsums lenaduaisazarulalasiau
Weseanlgaasluluaisazaneeaatuiwed Wwudu 0.1 Tuand Mew 7.4 ¥n1sneans 7

o Vo f e & o v W € ) o & 1 o ") TRT W

ase nuhAnUesidusilssuunasgiuduinsvindu 4.52 dadumieensule lanadenisng
-
6

A157197 6 N1SANWINTTIAGT (Repeatability)

Asail nseualndn (uA)
1 -134.00
2 -133.00
3 -132.00
4 -128.00
5 -128.00
6 -129.00
7 -128.00
Aaay -130.28
Fin{jmmummg'\u +5.89
Anadidudidonuuinnsguduivg +4.52

nansAnwAIN1sUsiugn (Reproducibility)
hdnludauUs CNTs-CHIT-AUNW-Th/GCE $1uau 7 43l vihntsasieansazane
lelasiaulaseenlediinnududu 5 fadluatd lnsldinaiawenelswuns Taoii
ansavawlalasuedeenledadluluasazareveaminivivies Wty 0.1 Tuans Wew 7.4
nnuidgaaiialdlumandonvunasguiaziediduddidoavunasgiuduing
I¥nadans1ait 7 wudn % RSD Ailsurlaiviu 5 wWedidud Fadedndusiieensuld

A3 7 wan1sAnwAINIsUsEIELGY (Reproducibility)

¢ g nsznalnfiiald (uA) Ao ﬁi'uﬁtlel,uuu'm'ig'm
M %1 | aheit2 | adeit3 | Awede UIN3g1U (SD) duvng (% RSD)
1 -130.3 -129.9 -127.4 -129.2 +1.57 +1.21
2 -123.6 -122.5 -127.6 -124.5 +2.68 +2.15
3 -125.7 -127.7 -125.0 -126.1 +1.40 +1.11
il -125.8 -126.2 -128.4 -126.8 +1.40 +1.10
5 -131.6 -131.5 -129.3 -130.8 +1.30 +0.99
6 -131.4 -131.7 -132.8 -131.9 +0.73 +0.55
7 -135.7 -135.7 -134.2 -135.2 +0.86 +0.64
Wiy | -129.2 +1.42 +1.11
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NAaN1SANYIRI5UNIY (Interference)

MsAnwsUNWITaeA ST lnTdawUS CNTs-CHIT-AUNW-TH/GCE ildlunns
aninlalasiaulaioenlasunitnimadeuiuaissuniu 9 vilafe nsnueanesin nglad
Tnuwadounaslse Inuna@onluesn lodsudamn ledounasla nsng3n anwdu ne
sangnan vnsedeulnsldmaiauenelswnd lneiivarsavarefianududusiig 9 ag
lumsazanevoamatvies Wudu 0.1 Tuas e 7.4 Wemanudadushgaiisunou a1n
nansnaasamnnszLalniilFAan s Asundasauiivesnseuaiuuansinansiu
SUMUM UL lWHALUS CNTs-CHIT-AUNW-Th/GCE nansiasswisamnsnadl 8

o =
N197199 8 BANITANWIEAITIUNIU

#155UN7U anuuduiiosgaisuniu (Hadluand)
nsaLeaRIUN (C4HO) 45.0
nglaa (CgH120¢) 150
Inunadeunaslsa (KCL) 100
Tnunagenluinsn (KNOs) 75.0
Tadsugawn (Na,SOs) 22.5
Tosreumaslss (NaCl) 150
N50Y3n (CsHaN4O3) 0.900
ANNEU (CgHioN4O) 2.40
nImeane1an (C;H;04) 4.50

4 o woow o8 = b, -

Wadiaududuiigansuniuvesarsiuuvaastdaasiluarsazareneads
Uvies 1Wudu 0.1 Tuans Ao 7.4 tevaasuni1ssuniudilanadsgui 33 lasdnans
M08 H,0, 9 0.5 fadluans Aeuudrdeinnsdnanssuniuianudutuigainlaannansg
= = ' £ a g W a = ' @ - W = ar a el
71 8 Fanuinwuwestalilszansnmee H,0, NINBUANGITUNIY (JUN 33 n 1) waznasan
Fsunau (UN 33 n vine) likanisvaaesiidsiivsydnsaiwi assumulidmansynusie

o
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TUsfum3edt 75 unlundy vinisusuldsuliunamesaisuauuiluiiadain 20 - 160
Tulasniu udvin1sansmiiioufunasiswenssuaiunseuanu (Al) lnagaguil 45
wuindleldUsuiauvesarsuauulufiagi 20 Tulasndu tnseua -1.82 lulaswenuds le
WeUnunsuauluiintgetunuinldnssuageiudes q sugeand -7.25 lulasuenuys
Toel#Usunuarsuouwluiingi 80 lulasniu wdsnduiioinuunavesasveuunludiay
7 100 - 160 lalasniu wudinszualniranassnnisidaduauuiluiinudi 80 lulasniu Tu
sefudsaiufe -2.1 - 2.0 lulaswouud$ veidessnuiinuaiveuunluiinigeiuviili
ﬂ".1méﬁumuqa"i']‘uLﬂuwa'{,ﬂﬁmmalﬂﬁwaﬂaa FausadenldUsumasuouuluiiagi 80
lulasnsu Tun1sm3emely
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gﬂﬁ 45 nsnANLdALTLSsErInenseualnii fuUsinaesmueuuluinUiildluntsess
YUt CNTs-CHIT-AUNW-Th-anti AFP/GCE
veaeulagldinaialasiunendelsum’ Wdndlniag -0.30 Thas Hueufuean Wlnlusiu
a3a7 75 unlundu veaeuluaisavarvlelasioulesoented wWudu 2.5 Sadluand il
weanAlelusiu 1.25 uwlunsudeiiadnans

wansAneUSuamssululasienzaslunisuuusedalui

19l CNTs-CHIT-AUNW-Th-anti AFP/GCE smaaeuluansazanelalasiaues
ponles Wudu 2.5 Hadluans Aiwoan Wlalussiu 1.25 ulunSudeliadans naaeusiolas
Tuneuelsam? Taglsdndlnitlunisneasudi -0.30 Taad 1dUsunameuauiueanila
TWsAumsedt 75 urlundu MHUS e fuouunluiiagi 80 lulasniu Tneldsuusunn
gamasululisiugie 20 - 140 lulasniy wavinnN152119N IINNBUAUNAA1IYBINTERANY
nsTuANY (AI)Iﬁmamwmamﬁ'qgﬂﬁ a6 wuiniiieldmesunlulasi 20 lulasndu 16
nszualnings -1.15 lulasuounys dlauysuuwemesunlylisuntunuildnsyuad
aviuides augeanit -3.7 ilasueuuys Taglivenntuladit 100 laulasnin & INTuny
dleldmesululisgetudu 120 was 140 lalasniu Iénszuaanandu -0.96 uaz -0.54 lu
Taswouudd audey dudadenldmesululasi 100 Tulasndy lunisessdmiunis
neaapInely
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3Uﬁ 46 nsmeduNussEmianszualnifuUsamemesuilulisluniseiiuuta
CNTs-CHIT-AuNW-Th-anti AFP/GCE

vaaoulasldivaialasiunomuelswms Wendlwiaf -0.30 Thad Tduouuoar ilaluseiu
f3ai 75 wilundu warUSunaunisusuuluiiagi 80 lulasniu neaevluansazarelelasiau
Wessenles Wty 2.5 fadluans Aifuearilalusiiu 1.25 unlundusedadans

wansAnuUianlefiufivmunzaulunisuiuusedalnila

drlwiln CNTs-CHIT-AUNW-Th-anti AFP/GCE svaaeuluansazanslelasiaues
panles Wty 2.5 Tadluand filueaw ilalusiiu 1.25 urlunsudeiiadans naaeuselas
Tuweuelsiww? Taelidndlniinlunismaasuit -0.30 Taas THUSunavesouiveaniils
WsAumsad 75 ulundy TUsuveInsuouuiluiingd 80 lulasndu THusinauvemasun
Tula3 100 Talasnsu Tausunalnlatdulugae 20 - 160 lulasndu udwinisansivisunu
HARNIBINTEUATUNTELANY (Al) Tﬁmaﬁqgﬂ*ﬁ' 47 wuinileldusuauveslvlediui 20
lulasnsu lanszua -1.46 lulpsuouuys LﬁaLﬁuﬂ'%mmaa‘LwTaﬁuqﬁu ‘Ls'fnszua‘lﬂﬁwqaﬁu
augeani -7.18 Tulasuouuys (4Uiuuvesilotiu 7 80 lulasnin) wdsanduileiiu
Uimavesivlefugetuludas 100 - 160 lulasniu wunszuasglutae -2.1 - -1.81 lu
Tasueuuts dfuiadenlduumvesivlotud 80 lulasniu Alvinszuagefiaalunisais
Hlwiienaaosialy
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31]175 47 nsmeruduiudszrinnsualnihiusinamesnleduildlunsmsuuts CNTs-
CHIT-AuNW-Th-anti AFP/GCE

voasulngldvaialaslunenelsums Wdndlniag -0.30 1aad Iueufvearilalusiy
p3ait 75 wilundu wazUsinandueuunluingd 80 lulasniy Usunamwemesuilulidi 100
lulasndy neaevluaisaranslelasiaudeseanles Wudu 2.5 fadluats Aflueavinille
TUsAu 1.25 wiluniusiodliadans

nswpuansuzvsdlulauiges
wan1snadaudsauduidunse (Linearity)

Y1t CNTs-CHIT-AUNW-Th-anti AFP/GCE naaausielaslukeselsimi oy
gl lunismaaeuit -0.30 Thad M9USunauvesuouiuoar Wlalusiunied 75 wily
n%u THUsInavesmsuouuluingd 80 Tulasniy THUSuaemesunlulag 100 lulasnsu
THUsualnletiu 80 lulasndu s weaeuluarsavarulalasiauesesnles wudy 2.5 fiad
Twans #fweaniMalusiiu luge 0.1 - 10 uﬂun%’miaﬁaﬁémlﬁmaﬁagﬂﬁ 48 anwuinu
L‘?J':J‘ﬁuﬁqa?i’waau.aaﬂﬂmmiﬂﬁﬁuﬁﬂﬁmzua‘lﬂﬁwqaﬁu dlovaududuraswoaniile
TUsauluansivunansvesnszualnia (Al) Iﬁwaﬁagﬂﬁ' 49 Fanuilsnudunudei
aunns y = 2.2757 (ng mLx + 0.1617 (R? = 0.9952) iflothArludrurumiadiasafiantg
n3737m (Limit of detection, LOD) Tagld S/N = 3 wualaa1@ad1ian1sasiainyinau
0.015 wilunsusediadans ¥3o 15 WlAnTuseliaaans
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31Jﬁ 48 TasluneuiUolsunsuvestnlwin CNTs-CHIT-AUNW-Th-anti AFP/GCE fiiaaauriu
AFP fimuidisdy 0.1, 0.5, 1.0, 2.5, 5.0, uar 10 unlunsusiediadans luansazarelalnsiau
wWaseanles Wudy 2.5 Jadluas

Tanglwi -0.30 Taadt Hueuivear Ralusiunded 75 uilunfu waruiuiumsueuun
Tuiindi 80 lulasndy Ysunamemeswnlulisi 100 llasniy warUsuawesdlnledui 80
Tulasnsu

-25
_20 -
y = 2.2757x - 0.1617
<-15 1 R? = 0.9952
<
<10
-5
LOD = 0.0015 ng mL™
0 T T T
0 2 4 6 8 10 12
AFP ng / mL

gﬂﬁ 49 puduiusssninerudutureweanilalusautunseualwiniiAsdues
PN CNTs-CHIT-AUNW-Th-anti AFP/GCE
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ansnadauagnislduvasdlniiiuiuuse

il CNTs-CHIT-AUNW-Th-anti AFP/GCE naaaudelasiunesitelsims Tng
Wdneglninluntsnaaaui -0.30 Tad M4USinaestoufvoanilalusiunied 75 uly
A%y MSunamesansuenwlufingil 80 lulrsnsy Musumvemesunlulas 100 lulasniu
TWUsunlnletiu 80 lulasnsu wmeasuluaisazarvlalasiaudesoanlen Wuty 2.5 fiad
Tuand Aueanlalusiiu 1.25 uiluniudefiadans nadeurme 17 asslaovinisiuse
fuludey qlﬂwamww 50 ilorhnszualwitdisnldndusnlnefndu 100 Wedidus Iﬂ’m
fmwmsunumqwmamlmwamwﬂw 51 Sl iitiesifusanasiu 50 Wesidudanads
wsn wuindalwinitiongmslde 15 nds
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2,05 Nl AR ot
ARSI o
R I e
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Time /s
3Uf 50 TasTuuesuelsunsuresdalwilh CNTs-CHIT-AUNW-Th-anti AFP/GCE finadaufiu
AFP fiaudindu 1.25 unlunsusesiagans luaisazanvlalasiauasoanles Wudu 2.5
Hadluans
TN Slniini -0.30 Taadt duoudnean ilalusiusssi 75 wilunfu uagUSunamfvouw
w80 ilasndy Unavemesunlulasit 100 lulasn3u uavUsinamesivlediuil 80
lulasnsu
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Operation time / N
U7 51 NS INSEMI NI IWINASITIAS I MTs U U oSS uRn1sanasvasnsywadlawisunu
ASILTNUEITWHY CNTS-CHIT-AUNW-Th-anti AFP/GCE
neaaunu AFP Wutu 1.25 wilunsusiefiaddans Tuansarelalasiouesesnlan Wutu 2.5
fadluans

NansMadaUNTSYINE TN Iavasda iU Ul

i lwiln CNTs-CHIT-AUNW-Th-anti AFP/GCE naaausielasiuuesitelsums Tng
idnglniinlunsmaaeuit -0.30 Thad M4USinuveuoviuoar Wlalusiunisi 75 uily
n%u MUSunaesaiuouulufingi 80 lulasniu ldusunameamesunlula 100 lulasndu
THUsunalnletiu 80 lulasnsu uweasuluaisazarsueanWialusiu 1.25 urluniuse
Siaaans Aillalasiuasoanles Wty 2.5 Saaluand laovinismeaeusiovun 7 A% ke
mwmaaaﬁagﬂﬁ 52 ilothnssudalniihilduesnsedt 1 - 7 Tnedn & narfiveass 30 Jund
vodlastuuomelsunsy Tus e An1sven IenanisAuaadansned 11 Faiien
MsYginiu 2.56 % RSD
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1/ pA
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0 10 20 30 40 50 60
Time /s

sU#l 52 TrsTuueselsunsavosdaluiln CNTs-CHIT-AUNW-Th-anti AFP/GCE vinmaTash
v 7 9

naaedluansaranefiisanilalusiuanududu 1.25 uluniudesiadans luansazaioii
lalasulesoanlas 2.5 dadluais

d = ot ‘r.a’ e
A5 11 N15ANWIN159097 (Repeatability)

ASsi nszualuin (uA)

1 -4.224

2 -4.160

3 -4.134

4 -4.0545

5 -3.992

6 -3.963

7 -3.962

ALady -4.070
Andlsaluuannsgiu +0.104

Anvafidudiisauuninsgiuduing 2.56
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Nam‘mﬂaaumswamsgwaaﬁgﬂwﬁﬂﬁﬁuﬂqa%u (Reproducibility)

vl CNTs-CHIT-AUNW-Th-anti AFP/GCE nagauselasiukeselsums Tne
Iendlwiiilunisnaaeuit -0.30 Taad 14USInawesweuivoanilalusiuaied 75 ulu
n% TUsumvesmsuauunluiiagi 8o Tulpsndy TUsunamemesuntula’ 100 lulasndy
THUsunalnletu 80 lulasny umedevluaisazatsusawrWlalusiu 1.25 urluniuse
fladans nillalasiauesaonles Wudu 2.5 Tadluand Imannﬂgaﬁ%maawsﬁ'}mi
stﬁwﬁﬂ‘:{lmnnﬂ% dletnanisnasesitldumearinisusdiuilinadinisei 12 4.
swhilAwediduddonuuinnsgudinivg (9% RSD) wiriu 8.51 Wedidud Fsfiodinisuan
Frvestrlniiulgsiduiivensuls

a4 a5 ] - H ol el
A19199N 12 wan15AnwIAIN1sUsEiugn (Reproducibility)

asadl nszualni (uA)
1 -0.864
2 -0.863
3 -0.772
a4 -0.704
5 -0.829
Alady -0.806
ﬁqLﬁﬂawummgm +0.069
Aasidudidsauuinasgudinivg 8.51

mailsunmdnuziudaliiidu 4
ﬁ’uamé'ﬂummm%ﬂw% CNTs-CHIT-AuNW-Th-anti AFP/GCE d113un33370
uoarWlalusau Lﬁﬂuﬁ’mmé’mmmaa%ﬂwﬁﬂau q duAuInIMATeEaEsEu wuiduy
Tuiwuwesildl LOD wiritu 0.015 wiluniudedadans delndidssiuauideves Zhao uas
Aty [37] ddrapnndudunss 0.1 - 10 unlunfudediadans dvlndiAesiunuideves Q

as < = at aoar o 4 as =
wazAnY [38] AuANETAY 9 Wsuiunwidedulaninignem 13
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4 3 Padrnia
. 2aaaiy . o
Andliinil N3 ANITHER
. - Y LHUASe . ¥ . -
Tulawuivas wAiia T . A5729A W/ 919849
. /unluniu v . x g
/ Than Va ae /unlundy | wWadidud
AefinaanT | , . ..
Aollaaans

MGCE/FesOq@Au NPs-

e Amp -0.2 20t0100 | 0.64 5.22 (N=a) | [39]
Ab1/AFP/Ab2-Au NPs-HRP .
BSA/anti-AFP/SnO2/Au/RGO/GCE DPV -0.6 to 0.0 0.02 to 50 0.01 4.49 (N=3) [40]
[rCx/CS/GCE CVs -0.4 to 0.8 1.0 to 250 0.3 < 5.(N=4) [41]
MGCE/Fe;04-E-PL-Hep/anti-AFP DPV -0.1to0 0.6 0.1 to 100 0.072. 1.00 (N=5) [42]
GCE/eraphene-

grapnen Amp 0.4 0.05t030 | 0.005 4.70 (N=5) | [37]

Ab1/BSA/antigen/Au-Pd-Ab2
PdNi/N-GNRs-

Amp - 0.0001 to 16 | 0.00003 < 5(N=5) [43]
Ab2/AFP/BSA/AB1/CD-GS/GCE
Fes0q~MSN-HRP-Ab2. cv -0.6 to 0.6 0.01to 25 0.004 < 5.(N=5) [a4]
GCE/Pd-rGO/anti-AFP/BSA/AFP DPV -1.0to 0.6 0.01to 12 0.005 4.70 (N=5) [38]
Ab/DAC-IL DPV -01to06 | 0.1to60 0.07 5.50 (N=5) [45]
Anti AFP-CHIT-Th-CNT-

Amp -0.3 0.1to 10 0.015 8.51 ™
AUNW/GCE

#2868 Abl = primary antibody, Ab2 = secondary antibody, AFP = alpha fetoprotein, anti-AFP = o
fetoprotein antibody, Au = gold, Au NPs = gold nanoparticles, AUNW = gold nanowire, BSA = bovine
serum albumin, CD-GS = 3-cyclodextrins functionalized graphene sheets, CHIT = chitosan, CNT =
carbon nanotubes, CS = chitosan, DAC-IL = dialdehyde cellulose/ionic liquid composite film, Fes0q
= iron oxide magnetic nanoparticles, GCE = glassy carbon electrode, GNRs = N-doped graphene
nanoribbons, Hep = heparin, HRP = horseradish peroxidase, IrOx = iridium oxides, MGCE = magnetic
slassy carbon electrode, MSN = mesoporous silica nanoparticles, Ni = nickel, Pd = palladium, Pd-
rGO = palladium-reduced graphene oxide, RGO = reduced graphene oxide, SnO; = tin dioxide, Th
= thionine and TW = this work

nan1snadava1sazatelaaausuniu (Interference)
WA CNTs-CHIT-AUNW-Th-anti AFP/GCE nagaunislasiukaslalsuwins tne
v oar c‘ £ - - =y = - -J
Tienalvdirlunisnagaun -0.30 Tas THUsuuveataudtaan Wlalusaunsan 75 uilu
st e -y n‘::l ar e s
n5u THUSunuveIatsuauulufitug 80 lulasnsy Tousunauvamasunlulag 100 Tulasnsy
THUsuralnleatu 80 lulasnsy umeaavluaisazarswean Wialusau 1.25 urlunsuse
- - e q‘ql L 3 W L - - «
fiaddns nillalaswuledennled Wudu 2.5 fiadluard lneneasvluaisazais nglad
(CeH1206) laWafaguil 53 AunBU (CeHioNgO,) lamadaguin 54 Taunilu (CgHiNO) lanads
] o 7] o P fa W ar | @ o
3UN 55 n3ngIn (CsHaNgOs) lmmamgﬂw 56 WoaAasun (CsHgOp) lmwamgﬂw 57 Nadnuu
-5 g - 5 at - = 15 o eJ o 13 :J
Jameasuddnasanuarsieanilalusiulanadsgui 58 laevnaaauiuaissuniumieiiie
'ﬁqaﬁ’j'151113111LfduLmaéﬁﬁﬁuuwﬁuﬁﬂmmm’lﬁmaﬂﬁaauﬁﬁLLﬁwﬂaaUTumw%ﬂ‘Eﬂaﬂms
UMY
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g‘dﬁ 53 lasluwonUalsunsuveansdnwianssuniaunglaa (CgHiO) Taelddaliin AuNw-
CNTs-CHIT-Th-anti AFP/GCE

daanssunauiaamn q 50 Jund Ingldmnututunglaagavieidu 0.0045, 0.009, 0.023,
waz 0.045 Hadnsunoliadans (Qﬂﬂi“é’) Tuansazateiiiueanilalusiu 1.25 unluniuse
faddns luansararwlalasiueseanlen Wudu 2.5 dadluais
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| / uA

-10 A l l l l

-20 A

_30 I ] T Ll T

0 50 100 150 200 250 300
Time /s

3V 54 TaslunoniUelsunsuween1sdneianssunauAndy (CgHiNeO,) Tagld421niin
AUNW-CNTs-CHIT-Th-anti AFP/GCE

Aaanssuniuiiamn 4 50 Junit Teeldanududuauduaaiodu 0.08, 0.16, 0.40 waz
0.80 fadn3udeiiadans (gnast) luasazaneifiueanllalusiu 1.25 uilunuseiiadans
Tuansazanglelasiaueseanled Wudu 2.5 dadluans
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0 50 100 150 200 250 300
Time /s
gﬂﬁ 55 TasluneuiUelsunsuvasnisdneianssuniulauriiy (CoHiNO,) Taeldda i
AUNW-CNTs-CHIT-Th-anti AFP/GCE
Eﬂa'mumuﬁnamn 9 50 3wl aeldanududulauriiugavinedu 3.0, 6.0, 15.0, waz
30.0 dadnsureliadans (Qnﬁﬁ';) Tuansazarefifuoaniilalusiu 1.25 urluniudeiiadans
Tuansazanelalnsaueseenlas wutu 2.5 dadluans

-60 T T T T T

0 50 100 150 200 250 300
Time / s

gﬂfﬁ 56 laslukauiUoliunsueen1sAne1a1ssunIunsngin (CsHeNOs) Tnolddalaiin
AUNW-CNTs-CHIT-Th-anti AFP/GCE |
daanssunauiiiaamn 1 50 Junit Tasldanuidutunsaginanviieidu 3.0, 6.0, 15.0, uaz
30.0 dadniureiiagans (qnmﬁ) Tuansavanedfiweanillalusiu 1.25 wilunsuseiiaddns
Tuansaranlelasiaueseanlen 1Wudy 2.5 Jadluans
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0 50 100 150 200 250 300
Time /s

sUit 57 Tnsluneuiuslsunsuvesnisdneianssuniuueanaiin (CsHgO) Tnglddalvidn
AUNW-CNTs-CHIT-Th-anti AFP/GCE
5maﬁiumuﬁnamﬂ 150 un# Tneldmnududuneanssingavineidu 0.50, 1.00, 2.50,
wag 5.00 dadansuseliafans (Qﬂﬂi‘?‘;) Tuansazaredisiueanillalusiu 1.25 wilunfuse
Jadans luansazarelalasiauedieenles Wudu 2.5 Hadluand

10
0 - (1) RRRZ (AFP) (3) (@ (5
o] b 3 4 )
oy
> 30 A
-40 1
50 -
_60 1 | 1] ] 1 1
0 50 100 150 200 250 300 350
Time /s

31]171 58 Taslunouilalsunsuueatalwiindauyus AUNW-CNTs-CHIT-Th-anti AFP/GCE i
VAABUAUANANTTUNIU
(1) nglaa (CoHi06) 0.909 dadnsuseiiaddns (2) lauailu (CeHiNO,) 0.60 dadniune
Nadans woawWlnlusau (AFP) Wudu 5 urluniuneladang (3) nsngin (CsHaN4O3) 0.006
fadnsusefiadans (4) AWBY (CaHioN4O,) 5.00 Hadnsureiiadans (5) woarasin (CsHgOs)
2.50 fiadniusiadiadans
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NANTSNATDUAIDEY

a1 CNTS-CHIT-AUNW-Th-anti AFP/GCE naaausielasiukeniUalwmnd el
Fndluitlunsveasuit -0.30 Thast THUSumveswouRuear HlalusAunsei 75 wilundy
THUSunuvesasuauuluiingi 80 lulasndu Tdusuamemesuilulyg 100 Tulasndu 14
Usanadlnlailu 80 Tlasniu vinisneaeulusediadenfiinisiivansinasgiuueariila
sy uddnasluluaisazarsiinaaeuiiilalasiauleseonled Wudu 2.5 dadluans
ydntuIaiadseInsruaiIaldunaufunsyuaiu (Al inensmiiieuiuaai
Autuiasadddluarsazats Tnevinnisaadeuifivuiuiiegiaden fod1e 1 (gﬂ‘ﬁ 59)
fegeit 2 (Ul 60) Megnedl 3 (3UT 61) Faaehadt 4 (U7 62) datnedl 5 (3U7 63) uae
106797 6 (gﬂﬁ 64) wulfagiudeniaududurenean WinlusAuwiniu 2.49 2.13
174 1.72 4.43 war 0.77 wiluniuseiadans muddu wimntuiaihmedadenti 6 T
aouifuuisuinsgiulaeafeds ELISA-Fluorescence Tdnadansnadt 14 Weinans
iaseiilalunaaeuaLLLuLaTA T8 t-Test way F-Test augdsu ldnants
VARDUANINUWAIUR AT 15 WATNANITYIAAEUAIILLILRIATSIST 16 31NNENTIATIEN
Fuadanisaiinuivienuuiuwarasisesduylulsuwefidofisuiuisumsgiuiien
Lisafuatheilduddyiiseiuaudediu 95 wWesidud ﬁaﬁuﬁuy‘IuLﬂauwa%ﬁammm'Hi‘Lu
nsnsiarsawean Mlalusiunauwisuasguninamunslodisgndes
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J ol at L 1 v v k=1 ﬂl - o ] -
JU# 59 nIMAMNALNUS SEIALLTUYB sweaW InlUsAuwvaslUlumpg1aden
foe1el 1 Aunsenanialelaeldtaluin CNTs-CHIT-AuUNW-Th-anti AFP/GCE
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Abstract: A simple preparation chemical sensor for
hydrogen peroxide has been construted based on
cross-linking chitosan with cabon nanotube (CHIT-
CNT), gold nanowire (AuNW) and thionine (Th) by
coating on a glassy carbon electrode (Th/CHIT-
CNT/AuNW/GC). The Th was employed in the
matrix of CHIT-CNT to establish the highly
effective chemical sensor for low-level hydrogen
peroxide determination since it acted as an electron
trasfer mediater. The electrochemical and
electrocatalylic activity of the modified electrode
were studied using cyclic voltammetry and
amperometry methods.The linear calibration was
obtained from 50 pM to 15 mM with a detection
limit of 0.58 puM. The modified sensor exhibited
excellent electrocatalytic activity, fast
amperometric response, high sensitivity and good
selectivity to hydrogen peroxide.

1. Introduction

Nanotechnology has recently become one of the
most exciting forefront fields in analytical chemistry
[1]. A wide variety of nanomaterials, especially
nanoparticles (NPs) with different properties, have
found broad application in many kinds of analytical
methods.  Accordingly, electrode development has
concentrated more on
electrodes with nanotubes or nanoparticles [2].
Nanoelectrochemistry plays a significant role in the
fabrication of various nanomaterials and devices for

surface  modification  of

detecting molecules at very low concentrations.

Electrochemical deposition approaches are often
reported as the methods of choice for simple and low
cost nanostructuring and nanopatterning of electrode
surfaces [3]. The fabrication of metal NPs modified
electrodes by  electrochemical  techniques s
advantageous because it is a single-step process
involving reduction of the metal salt at an applied
potential, which 15 a convenient, fast and low-cost
method [4].

Hydrogen peroxide has wide applications in
environmental, pharmaceutical, clinical, and industrial
research. It is also a by-product of reactions catalyzed

m

by a large number of oxidase enzymes. Therefore, the
detection of hydrogen peroxide is important in
biomedical and environmental applications [5].

Glassy carbon electrode (GC) is a useful electrode
material because of its high electrical conductivity,
impermeability to gases, high chemical resistance,
reasonable mechanical and dimensional stability and
widest potential range of all carbonaceous electrodes
[6]. Many attempts have been made to improve the
electrochemical properties of glassy carbon electrodes
by chemical modifications, such as the addition of a
variety of molecular catalysts and mediators to the
electrode surface by adsorption, covalent bonding of
electroactive catalysts, and entrapment of metals
within an affixed polymer film and vapor or electro-
deposition of metals directly onto the electrode.

Chitosan (CHIT) is a derivative of chitin by the N-
deacetylation. It has been used extremely widely in
many applications for quite some time. It is being a
support for enzymes, with a reasonable number
relating to where it functions as a support for metal
particles in sensors applications. The easily crosslink
property of chitosan with the carbon nanotubes (CNT)
constructed a scaffolds (CHIT-CNT). Due to their
specific structures and unique properties of CNT could
promote the electron-transfer reaction and improve the
conductive property when they were used in the
construction of biosensors [7].

This research, by combining the advantages
features of CHIT-CNT, thionine (Th) and AuNW, the
202 sensor has been constructed by integrating the
CHIT-CNT with Th incorporate the AuNW. The
sensor had good performances in the determination of
H20, at a moderate applied potential with high
sensitivity, fast response time, wide linear range and
good selectivity,

2. Materials and Methods

2.1 Chemical and reagent

Chitosan (CHIT,from crab shells, low molecular),
multi-walled carbon nanotube (CNT), glutaraldehyde
(GA), HAuCly-4H,0, diethyl ether and NaH,PO,
were purchased from Sigma Aldrich. An anodic
alumina membrane with the pore diameter of 200 nm
was supplied by Whatman, A 0.10 M phosphate buffer
solution (PBS) pH 7.4 was prepared and employed as
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a supporting electrolyte. Hydrogen peroxide stock
solution was prepared by dissolving in phosphate
buffer solution. The ultrapure water which was
obtained from Milli-Q gradient system (Millipore,>
18.2 M em™) was used thoroughly experiments,

2.2 Preparation of carbon nanotubes.

Weighing 0.05 g of carbon nanotubes and purify
with nitric acid, after that the solution was sonicated
for 10 hour. The ultrapure water was used to rinse
nitric acid until the pH 1s approximately 7. The CNT
suspension was dried at 80 °C to obtain the CNT
purified powder.

2.3 Synthesized the AuUNW

An alumina membrane was used as a template to
synthesize the AuNW. It was gold sputtered at the
current of 15 mA for 150 seconds prior used as a
working electrode. A graphite rod (5 mm of diameter)
was used as counter electrode while the Ag/AgCl (3 M
KCl) was used as a reference electrode. The gold
chloride solution was poured into the Teflon-made
electrochemical cell. The deposition potential was
operated at -0.9 V for 20,000 seconds. After that, the
membrane was washed with 35% nitric acid to remove
the sputtered-gold. The AuNW suspension was
centrifuged at 5,000 rpm for 15 minutes and poured
the solution to obtain AuUNW.

2.4 CHIT-CNT scaffold preparation

CHIT solution was prepared by adoption from
Tangkuaram [7]. Briefly, 0.5 g CHIT flakes, as
received, were added to water with stirmng. The
concentrated CH3;COOH was gradually added into the
solution to maintain the pH near to 4-5 until its
completed dissolution. The undissolved material was
filtered, while the clear and colourless filtrate’s
volume was adjusted to make up the volume to 100
mL of a 0.5% CHIT solution. The mole ratio of GA to
CHIT was 200:1. The mix solution was extracted with
diethyl ether for separation the unreacted GA. The
CHIT stock solution was stored in a refrigerator (4°C)
when not in use. 5 mg of CNT was dispersed in 1 ml
of 0.5% CHIT solution and sonicated for 30 minutes,
the cross lhnked solution of CHIT-CNT will be
obtained.

2.5 CHIT-CNT/AuNW solution preparation

4 mg of AuNW was dispersed in the CHIT-CNT
scaffold solution and followed by sonication for 30
minutes to receive a homogeneous dispersion.

2.6 Preparation of modified electrodes
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Prior to modification, GCE (3 mm diameter, CHI,
USA) was polished before each experiment with 0.05
um alumina powders, rinsed thoroughly with ultrapure
water and dried at room temperature.

The AUNW/CHIT-CNT/Th/GC modified electrode
was prepared. Briefly, 15 ul. of mixing solution of
CHIT-CNT/AuNW was drop cast on the surface of
cleaned GCE. After being dried in air, the electrode
was drop with 5 puL of Th solution, after it dried,
rinsed thoroughly with the ultrapure water to obtain
the AuNW/CHIT-CNT/Th/GC.

2.7 Experimental measurement

All electrochemical measurement were performed
with a 128N Autolab electrochemical workstation
controlled by Nova software (Autolab 128N,
Netherland) Electrochemical — experiments — were
proceeded in an associated electrochemical cell
comprising of a three electrode, which is a modified
electrode served as a working, Pt wire (0.2 mm
diameter, CHI, USA) as a counter and Ag/AgCl (3 M
KCl, CHI, USA) as a reference electrodes. The
H20asensor was characterized by cyelic voltammetry.
The amperometric measurements were performed 1n a
5 ml of PBS at room temperature with an applied
potential of 0.85 V.

3. Results and Discussion

3.1 Electrochemical characterization of modified
electrode

Cyclic voltammograms for two types of electrodes;
bare GC (Figure 1A) and AuNW/CHIT-CNT/Th/GC
electrodes (Figure 1B) recorded using cyclic
voltammetry by scanning in voltage range of -1.0 to
1.0Vat50mVs'in0, 1,5 and 10 mM H;O; with 0.1
M PBS pH 7.4 as supporting electrolyte. From figure
1A, it was found that almost no current response was
found at bare electrode for both anodic (1.0 V) and
cathodic currents (-1.0 V) [8], however, current
increasing as additions of H20;. For figure 1B, it was
noticed that the electrocatalytic current seems obvious
at 0.8 Vand -0.8 V. From the result, it was understood
that H,0O, was electrocatalyticoxidized by Th. From
our result, the reaction mechanism when using the
AUNW/CHIT-CNT/Th/GC, the Th will catalyze H,0,
and it can be proposed as fipure 2.
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Figure 1. Cyclic voltammograms of A) bare GC and
B) AUNW/CHIT-CNT/Th/GC examined in 0.1 M PBS
(pH 7.4) at different concentrations of H:O: at scan
rate of 50 mV s
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Figure 2. The electrocatalytic mechamsm of
AuNw/CHIT-CNT/Th/GC to H2O: oxidation.

3.2 Studies of the applied potential on amperometric
response

The amperometric response of H:O:; at the
different applied potentials from 0.50 to 0.90 V on the
AuNW/CHIT-CNT/Th/GC shows in figure 3. The
current steeply increase from 050 -0.80 V. it
immediately increase at 0.85 V. This indicates that at
the applied potential of 0.85 V can be used as optimum
potential for both sensitivity and linearity reason.
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Figure 3. Effect of applied potential on the
AuNW/CHIT-CNT/Th/GC response in the presence of
5mM H:0:.

3.3 Amperometric determination of H.O;

The calibration plot using the AuNW/CHIT-
CNT/TH/GC  electrode under the optimzed
experimental condition was showed in figure 4. The
exhibited  the response
corresponding to the hydrogen peroxide concentration.
The linear calibration range of this biosensor was from
50 uM to 15 mM (R*>= 0.9904). The limit of
quantitation was 1.95 pM and a defection limit was
0.58 uM at the signal to nose ratio was 3. The
linearity and detection limit of our sensor agree well
with Tseng et al. [9] that they reported using of the
Prussian blue modified on FTO electrode for H20:
determination.

biosensor sensitive
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Figure 4.Calibration graphs for the H,O, detection at
the AUNW/CHIT-CNT/Th/GC. The applied potential
was 0.85 Vin the 0.10 M PBS pH 7 4 as supporting
electrolyte.

3.4 Influence of interferences

Due to a positive false signal from electroactive
species, the effect of some possible interferences
including caffeine (CAF) and Aspirin (AF)were
estimated. In figure 5, the modified electrode provides
the response current when spikes 2 mM hydrogen
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peroxide with immediately response time in 0.1 M
PBS pH 7.4 compared to 0.1 mM caffeine and Aspirin
with no response current. This sensor show good
selectivity that it can be attributed to the working
potential of 0.85 V without interfere from selected
interferences.

T —

1 L 1 160 110 260 il Jod
Time /5

Figure 5. The influence of electroactive interferences
of 0.1 mM CFA and AF in 2mM H:0,.

4. Conclusions

Combining the good feature of cross-linking
chitosan with cabon nanotube (CHIT-CNT), gold
nanowire (AuNW) and thionine (TH), a new sensor
(TH/CHIT-CNT/AuNW/GC) was  developed.The
appropriate  voltage  oxidation  reaction  to
determineH» 0, was 0.85 V witha wide linearity, high
selectivity and sensivity, and low detection limit. It can
also be applied this sensor as a based sensor in the
detection of alpha fetoprotein (AFP) in the near future.
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