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Author Miss Akhira Saraban
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ABSTRACT

This study used a simple pyrolysis method followed by mechanical ball-milling
to create a nano-bimetallic platinum/nickel composite on multi-walled carbon
nanotubes (nano-Pt/Ni@MWCNT) composite as an electrode material. Results showed
that the nano-Pt/Ni particles could be anchored on the surface of the MWCNT, which
was confirmed by multiple characterizations. The nanostructure of synthesized
composite provides a large specific surface area to expose a large number of active
sites and the resulting enhanced electrical conductivity ultimate improves the
electrocatalytic activity towards promethazine (PMZ). Furthermore, a nano-
Pt/Ni@MWCNT/GCE coupled flow-injection amperometric system was used to
electrochemically determine PMZ. The proposed sensor also demonstrated potential
in analysis in cases involving a large number of samples, which can be rapid analysis
with high sample throughput of around 60 samples h™'. Linearity of response was
shown from 0.10 to 100 uM and from 100 t01000 uM PMZ. The detection limit was
0.03 pM and limit of quantification 0.11 uM. The proposed method demonstrated
excellent reproducibility (RSD = 1.02 %, n = 6), repeatability (RSD = 1.44 %, n = 25),
operational stability (RSD = 2.02%, n=100), and interference tolerance. The viability of
the nano-PtNi@MWCNT/GCE was demonstrated for the detection of PMZ in spiked

saliva, urine and beverage samples, with recoveries from 91 + 3 to 105+2 %.

Keywords: Nano-bimetallic Pt/Ni, multi-walled carbon nanotubes, flow-injection

amperometric system, promethazine, saliva, urine, beverage
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VOUMAIFNIINULEN (high performance liquid chromatography) (Thumma, Zhang, & Repka, 2008),
wadlaaidgdiuaiwud (chemiluminescence assay) (S. M. Sultan, Hassan, & Abulkibash,
2003) waz wadinafiaai3loudianinslnsda (capillary zone electrophoresis (CZE))
(Lara, Garcia-Campana, Alés-Barrero, & Bosque-Sendra, 2005) LII1N15ALATIENI8AT
Fanarananil 1uiEfdndedonasiluiivonsu urdensidosidanaisdsznis gy
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& Limbut, 20200) Ludu dmviansesivafusuifeuinunldlunisuuysaian

Dlndueyniaululane W n3afu (graphene) (Felix et al., 2015) wagviaunlua1suau

LUUNYIratedu (Malti-wall carbon nanotubes) (Xiao, Wu, Yu, & Zhao, 2007)
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glUsN18U (Promethazine) 1 uglunguillulnesdu (Phenothiazine) an
Tdmsumsinvienmsgiud srfidnvausiduiudenla wde dthaa (Taylor, Houston,
Shaffer, & Mawer, 1983) fidonrauniife 10-[2-(dimethyl amino) propyl]-phenothiazine
monohydrochloride wagdignslassasrmuaiifuasnddimnaisuseneulaslendnesls

wAnLeiu (tricyclic aromatic amine) flaguii 1
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111 : g7uveya Pubchem lnganduaunmuisnAussimaansgeLisn (the

national institutes of health; NIH)

M15197 1 wansnaaudinaainaznienmaslusunizu

AENYUE TUsiumau

%ammswmﬂa IUPAC N,N-dimethyl-1-phenothiazin-10-
ylpropan-2-amine

gasluana Promethazine: C;7HoN,S

maimaqa Promethazine: 284.4¢/mol

AVADURT 60 °C

AMsazaNeL 15.6 mg/L (at 24 °C)

a0y Dundv

111 : g7udeya Pubchem laganiduguainunsniduszinaanigaiusn (the
national institutes of health; NIH)
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RaUNAY09919N18 wazauee W N1sedsulivessanieinaun® 91n1sinSaveananuiile

= a [y d! 1 Q’lj =3 d‘ a d‘ a 1 1
#39 WIAUAY F991n15Ma1 T dua1n15NAnNNNNSNasUS UM ulUdaNansenuse
Dopamine D, receptor antagonism (Southard & Al Khalili, 2021) kaz§9891015929% Y
al %) 1 a v -d‘ v a -d! 1 Ady o v 1 YVaa 1
Veui aaunds Unnuwiia eauld ey F9e1nisiantiazyinlvdamansenusanisiatinge

[y

UDIAILLAN

Y

flden waedanusoutne uenandmsldounariluszernauuuasiode
amefiglunanismslauasiludnnzndudedaniuinnumiutn foinise
warNITNINSaNTEANLUL LT (Honarmand et al,, 2016) fewivinlielusiunduly
Uszinalnegndaluendunsneniu wszsiwladf 81 w.e. 2510 (@dnaueimisiazen,

2564 )

2.3 A15ATIERSNUT UMDY

Tudagdunisnmdiesgvienlusiumduaiunsavilavangds laun nadalasulnn
iﬁ\lmaﬂma’muﬁausgd (high performance liquid chromatography) (Thumma et al,,
2008), inAdlaailgiiugiwus (chemiluminescence assay) (S. M. Sultan et al., 2003) uag
wallaafiaansleudidninslnisda (capillary zone electrophoresis (CZE)) (Lara et al,, 2005),
wiatlawialasuilnsns W (gas chromatography) (Kumazawa et al.,, 2011) wallaaialng
ngimm‘w%‘ (spectrofluorometry) (Ensafi, Nasr-Esfahani, & Rezaei, 2018)) tnatalwinud
poLUnINININITU (potentiometric titration)(Golabi & Showkati-Shishevan, 1991) way

wintinaalnslwla sy (spectrophotometry) (Salah M. Sultan & Suliman, 1992) W41

v 1 A A

nMnTeideisdinarivand Huitiundefonsnduiivontu uidnaiidosfnuany
Usznns e dodldfidormglunmsnnaiiessd fduneuninedendesnaneunisniia
Ansevigenn Tnauulumsienest viaedesiinsgitisnun waghiannsaldau
meaulfidesnnedesfefldlunisieneifivuelng femnisieseideomada
maaillihdadudnmadenuilihaladmiunsussgndldidusuroslunsnmaine

TUstum@u easannmadanwadllwidndvelaiusouni13sNnanuinsuntiias @a1u150

a 1% 3 A4 A ¢y va ! A A v a
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1 llunTIAs Iz DRINeNansLasLndvAans e

3. N153ATITIAENATANILAL LT

sala

mylasgineisnandliiduisnsesndmssiniianuladeszigeaiuise
wawnazldeudng awnsansiateanssuniivesld snvaldiiarlunisinszinas
Uszananasiniinazsnn1veaaissdled miunisnsiainsiziaeutisiininadele
"3Lﬂswﬁmﬂmﬁmm§m (Anuar, Basirun, Shalauddin, & Akhter, 2020; D. Chen et al.,
2018; Tian et al,, 2017) fewiluilgtuiedouiiiinmmalinszinaadiniianld
Lﬁaﬂizqﬂﬁlumwnﬁmeﬂué’mﬁm 9 1T fuAananday (Hanrahan, Patil, & Wang,
2004; Kumunda, Adekunle, Mamba, Hlongwa, & Nkambule, 2021), AIUNITRINNEG (de
Oliveira, Camargo, Vieira, & Janegitz, 2020; Zhou, Du, & Zhang, 2021), ATUBINITHAY
HARAUTILESNA1L9 (Cotchim et al., 2020; Saichanapan, Promsuwan, & Limbut, 2020;
Soleh et al, 2020) n3en1uli@inenr1ans (Elbardisy et al., 2019; Promsuwan,

Kanatharana, Thavarungkul, & Limbut, 2020a, 2020b; Saisahas, Soleh, Promsuwan, et

al., 2021; Saisahas, Soleh, Somsiri, et al., 2021) Wuduy

3.1 MANALATIZINILAL LHAN

wadanisiasziniaadlaiy iWunisuszgnalduannisniaailuiunldly

a ¢ o A a = I gy a ¢ Y]
NTEUIUNITAATIZINILAL LNDMUIUIUNIDANUTLTUY I TNRBINITIATIZY TneoTfY
wdnn1snisiadsudievesuszyliinszuinsansdidninsladduiontivasialuiin
lun1simszimaailiituardesgnisildsunlaswesanlnilieingg 1fid1nseualin
ArdEndluin wina1n1silud Fe@nwrarnandfnrslddinrelulradiadlnii
(electrochemical cell) Ingarslvdmaifagamisaihunlidudyyrunisnovauss

ausuileszruIunaensiieg sl wuanszudlnil Nauisanaudyaunineuauss



laanuavean1siinugise3nend (redox reaction) NUsznaumisUfiseneandndunasy

o

AAsesanduiiinainnisateleudianaseuainarsuilsludadnansuils (Maier, 2000)

[l

=2 ] Y1 Ao i.lgj IS (% (% % 2 v a ¢
Jedanalirnszualnih iinladuiianuduiusinenseiuuTuiavesasnfean1sins ey
agmgiin1siasiziniaailnihddasuanuaulasgraunnlunisinsgiaisaiusngg

Wasnldnudte Toiedlunisnmadiesgides danulilienedias asiadaseile

(%
a v A

s201$7 waglinafidanuusudazgndes dmiuauided lidonnadiaiinszvinig
williiuszgnd umueesmanilnihdmiuasiataolusumay esanelusiumdy
fnuaniduansdidninsuendin feansafinufizoreondinduidlelidndlwinuanga
16 ilmadalinsgimaadiinihiadudnmadennieiiunaladmiunsuszgndldidu
wuwoslunsnsntnelusiuniu luinerdwusiasdonldinaianiaedlnih léun

lopdnliaunuiuns (Cyclic voltammetry, CV) hay watdalWadulaadulouinaslsiuns

(Flow-injection amperometry , FI-Amp)

3.2 loaanlraununs (Cyclic voltammetry, CV)

lgpdnhaunuyiidumedailddmiuAnunginssumaeilihvesasiidesns
Anszet Feanunsavenlidiansiigensiessituinuiisemanilniwuuiunduls
wuuifundulslldvdenuuiundulalsianysal Wudnvdanadamaeilnifignldediannly
nsnwnmanTRLasngAinssumaeiliiihwesansiidosnisiing e Tnenstsdndludiun

Fliwinuuduseunnyasuduludadidenly Wunsauwmiludremdh (forward scan)
wazanqedinealinduindagadudu Wunisaunudeundy (reverse scan) fidnsnaununis
(Aristov & Habekost, 2015) @sluauideiazldinadalondnliawnuunidiniulaly
nsAnwIngAnssumaaillniivesenlusiun@u Gaanslugd 2) 303U 2(n)c wuin
v nuiiuulssfseynialansnanvesunafituuazinfavurieuiluaisuoy
wuURTaanedusien ”fp,fg"]mﬂizLLaLLaIuaﬂLLazﬂazLLaLmimaﬂg@ﬂdﬂ%ﬂﬂﬁﬁﬁwmuﬁﬂ%’wgq
FreveuluarfusunuurTivanedu (gU 2(Mb) wasdaluililduiuuge Gu 2(n)a)

wenNulugungy 2(v)c wud ilidvhaunuiulsneeynalanenauvesnaiy

wazdinifiavuviounluArsusukuuNtanatetuiiniuaInnsalun1ssen1siinufasen
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a 1y} =~ Yo a ::4' ~ a Y}
@@ﬂ“ﬁLﬂﬁﬁumqﬂLﬂNIWﬁqlﬁﬂﬂq@ LLaSIVﬂW 3 qMﬂigLLaLL@Iu@IﬂaQWa@ Waldsgueunu

A L] 4

IlinunUsul sesaevieulum SusuLuURTaiaetu (JU 2(0)b) wazdalfinlila

v

U3uUse (§U 2(v)a)

MUAIRU NNanIsaaesausaagulaiinisldeynialansnanvesunanituuas
‘fmLﬁauuviau'ﬂuﬂ'1%UauLLUUmlfma'1a%uﬁﬂw§uﬂ%’Uﬂqqawﬁw%’ﬂw%ﬁwmu PR RTIIRTEY
Uszansamlunisisainisifauiitereendindumaaiilninliegriiden iosandaevili
Frlivhandennidhlas Slufitadeuiinasgs Wesnnsdifuiideusunsnnyily
Pifiniumisnisianizveseyniaululaznauvesuwafidunazinifia dwnalidiouiy

UszdnSnunissimsiinufiseneendiaduvadlusiumidu

920 70
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UM 2. (n) dedralepdnliaunuluwnsudmiunisfinwmamandddaailninvesdslnii

Y

a9 Tuansazanewesnloenlud (1) degrlsadnlaunuluinsuveslusiumduingain

At lting1e 1IN dnusd
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3.3 LaNWalsun3 (amperometry, Amp)

wadalvdduaaduneumelsuniifunisuizinsvrimaniilvindeuldesi
wnsviane iessanldiianlunsiesieides lanansimseiudugn auliinsisias
aunsavigildnaneaswaziiumeluladilianugndegs (Promsuwan et al, 2017)

| I 1Y) ada ¢ v a ~ .:4' Y] a a v

pgslsAnunITUITIRsIEimematanaadlniiionsiatalusiumduliunutos
o @& v = ) & va a ¢ A o o v o =
Indudesdinnswaurgrliidlifianulidesgsd dadndaveni1snsiaind wazdl
ANTUNIEADIUTIUNITU Taendnnisrounaliaszuulnadulaatu(Flow-injection
amperometry , Fl-Amp) slauansluzui 3 uazguil 4 uansdnuazvasuauneslsunsuile

s

91N52VUTTUUINAD UL ATULDLLND SIS NS AN U Ul N TwusT

Computer

fl
Ll

Injection syringe
valve

[|

0.1M PBS Pump Waste
(pH5.0)

Nano-Pt/Ni@MWCNT/GCE

Working electrode

' ¥
[

UM 3. ssuulladuiaaduneninesisuvsiiamunduluing dnusd
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N AAAN
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Time/s
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UM 4. fegrueuneslsunsuilaainssuussuulnaduatuleumeslsuysnimunauly

ANenusi
4. N33R TUSIINITUAE AT ANILAT LHAN

founthifinsmenuiefunsiandlnihdmiildlunsesataslusumiy
TngordenisdaudasiantndaluiivieudieYansieg Wy Fananiniiduie (DNA)
fanarueu woRwesudntlwi uaseyneuilulave Wudu Tnsennidedlddaluig
UuugemeTantinmaduelignsieau dwsuldlunisnsiainenluswmau wu nsld
6&331‘1/\11711m%wamwaﬁﬂ%’uﬂqqﬁwﬁL’SuL@(DNA—modiﬂed carbon paste electrode, DNA/CPE)
(Wang et al.,, 1996) lag %ﬂlﬂ/\lﬂwﬂma%ﬁuauﬁﬂ%’wqaﬁaaﬁLSuLama@ﬁmﬁwiauﬂuﬂﬁuau
(double stand DNA combined with a carbon nanotube-modified glassy carbon electrode,
dsDNA-CNT/ GCE) (Primo, Oviedo, Sanchez, Rubianes, & Rivas, 2014) Tagdaluliihiliinas
Usuugsefiduemard azanansaduivlianavesenlusiumauldlasordenalnvesuss
Wiiafingau (electrostatic force) denalviinnuliiiasgiiiduaziidadiinninsain
gl duldfiaaududus (Primo et al, 2014; Wang et al, 1996) ag13lsfinunis
UsuugstalaiihdeanTanindinanadnadu Ssnsiifedilundves aruadesuesiidue

Plad NS sULaEA1TRTIVIATIAN
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wazdadtennududunsdunisasataelusumduivay dmsunisnsiatn
gy Tneglddalnihiiufudseie Yanansueu wediwesdathliih uazeyniauly
Tang 1y ﬂ’]ﬂ%%ﬁlﬂﬁ’m@Qﬁﬂ%UUEQﬁ?UI@@ﬁﬂaﬂemi’mﬁUmﬂi’ﬂWﬁ (graphite powder-
ionic liquid-coated gold electrode, graphite-IL/Au) (Li, Zhao, & Zeng, 2007) Gﬁy’ﬂWﬁmaa
fiusuugssevieunluaiusuriianisiatsdu (multiwalled carbon nanotube-modified
gold electrode, MWCNT/AUE) (Xiao et al., 2007) ﬁﬂ’jﬂWWWﬂma%'m’%uauﬁﬂ%’w'gaﬁaa%ﬂﬁ panlaA
smAUNIANANITIazlluuuTuTalniln (ZnO combined with poly(p-amino benzene
sulfonic acid) (ZnO-p (ABSA)) (Y. Chen et al., 2014) %@Mﬁﬂﬂma%m%auﬁﬂ%’wqqé’w
Sfr9ns W ueenlan (reduced graphene oxide-modified glassy carbon electrode,
{GO/GCE) (Felix et al,, 2015) 2lulfl1A15UawNATUTUUeF 1By AU TUNDS (gold
nanoparticle modified carbon paste electrode, AuNP-CPE) (Honarmand et al., 2014)
war Palifnanadansuouiivsulsadedatvdaludiiiedefinifa (nickel-doped
bismuth sulfide-modified glassy carbon electrode, Ni-Bi,Ss/GCE) (Promsuwan et al,,

Y

20200) vusu FaTaquuandansaiinainulaiiasigilunisasiainenlusumidu

[ [ Y]

1 1 =3 v a Y [ a [J [ & = ° 1A =
LLG]E]EJWQIiﬂW]?,J YINVDINNAVBIVAN mmimammmmlw%mmummlmwmwamz

a

A9 3nglUsIM U sEAuAdutua b uliagdivaluiidunusuusenie Tag

9

[

wanenaiu windadaenisianiui d@wmsuldlunsiudseansninnisnsiaine lusumau
5. nM3UTuUUszANSAMMwvasRalWihdmsuiiulsEansnmn1snsadnenlusumndu

wilslunadsianunsafinuszansnnlunisnsiatnelusumidu Aenissuileddu
vadanurlusenintveyniaunlulavsuaziansesuasveudmiuldlunsusuussioni
Al lnglanizayniauiluiiniia (Metallic Nickle particles, Ni) #in1slgiuagiawnsvany
dmduldifudussufzomnaadlnin iesnamnsodunseiiieg dauaiosis
ﬂ’]iﬁ’]vLWﬁ’l‘ﬁﬁLL@%UEZ?M%JY]WIUM?Li'\‘iﬂﬁﬁ%mq\‘i (Ritz et al,, 2010) AeuniE SA51i17

aunauluiinifaldesuiuiadndaliduazusulssuutalwihnatadaisueud msuldly

N399I TUSIUNNTY wuIaunsaiiuanuieszilunisnsiataelusumaules
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5.1 aynaunlulavsauunwaditunazinina

(% (% L3

A o & ° . N aaa
LNAVIUN 15D NaIA1917 (Platinum) ADS1SLANNUNLAYBE AU 78 Lavdanwil

q o

1% (%
o a =

Ao Pt 1usglanensuddu J83umn Suwinun aunsadauazfiluuduls Snvisdmu

1 [y 1 ~ a v a d‘ |l ° a v & a
W@ﬂﬂiﬂﬂﬂiaumﬁﬂL‘L!@\‘I"i]'mLLWﬁ‘I/]UlIlI“gG]‘I/TﬁEJiJL‘I/Tﬁ'?!‘l/l%j\‘iiﬂﬂEJE;JJVl 1768.3 °C LLW@V]‘UNL‘UUﬁWG!VI

= £ o

fiauuansaadia 95% Fadulanenfinuuians vliuwafiduigniunldusslevily

Y 9

= A

aruntsunnd Wrnindmduiaieadielunisiada illesainunaiiduazliiAnady Fa
Usgdvznngeninasestienialy wagiugnavnIsuaud gyl uazin3eaUsedu Weein
wwafitudinnununiu 12917 WethuniesesUseauigaisruenuulaedlidesiay
' 5 Y = = ' 9 o i 1 =
avoneguey uasiasasUszauagliiinisdnnsoulddie vinlvldeudideilelavesuayliiinng
Tadendegunse amsanmidnlaenuiu saudensinlddudnuuuiivesinse dwlvg
av v o v D2y ¢ o § v = =~ % A
Alasinsihunldagliiusaaveiang vinligaisnunasininuwiinivesdsalauiuniing

(%
[ ]

s53uALY vihlvsagilyariastume dwuliniia (Nickel) Aesmalindiavesnau 28 agly

[ YR (Y] L . & a o S a a Y d
M1519519 wazlddydnwalfie Niusinlanensiuddu ddv1idu Taruiiuis day
< = ] v o a | =3 a oY va A |
Wlause willeuagdous ansadsnmiduuny wasusUlugumgiinled danumumuse
n1sunseulafuin nusenisiineandindu (udnhlwilad vinlidnifadagnuiunldly
= a o < o A A A v ¢ a
geavnssuvia1nvany ey viuesedldluaiuteu insssllerdn gunsalndngunsallu
Ul wu wedaunaw WWudu

mewsimindnisiieunauilulinfiasiudueyniauilusnaidusnduaseiliet
Tugduuveunialanenauvewnaiitiuasinfaunsdeiunuaudinuanisin i

wazAINANTALUNISIIINSAnU e 10N Binduve U Ty


https://th.wikipedia.org/wiki/%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A5%E0%B8%82%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B0%E0%B8%97%E0%B8%A3%E0%B8%B2%E0%B8%99%E0%B8%8B%E0%B8%B4%E0%B8%8A%E0%B8%B1%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B0%E0%B8%97%E0%B8%A3%E0%B8%B2%E0%B8%99%E0%B8%8B%E0%B8%B4%E0%B8%8A%E0%B8%B1%E0%B8%99
https://www.tpe-trading.com/cablegland/
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5.2 Faqvisunluasuay

ourluArsuay AunuATsnieal 1991 laetininenm1ansy1igyuda Sumio
ijima 1fuianiidsunsaduiorunadushurudnandlussduuTuns adoisenafifiesuady
{#i87 (Single-walled) wiavatetu (Multi-walled) vourluaiiuou ininnsFesiaves

s < = ! [ 1 s 2/ = a o [d
Afuaulunuig I5uiadulasimivigvesasvey Huweudnfiudusunsanssuan
fauauTAnudwswazmioaniundnndr anudangugs Svuradn wanuiRadudad
unnirfanitaly anwnsniirlnih vide nanewduauau (sithlil) 16 uegfufianisvesuun
N153NLEEIveIRERRNAISUBY UanINTviaulumsuaudslisUwuuvensthudugeuiu
' ' = ! Y] a I s . . a

sEndtaHunI Muagaudnyuz Aswuueisuwys(armchain) lasea (chiral) wasdnuen
(zigzag) einailviTlvivieuluarfusullnuauURnawiLanA1931INTanUseLandu 1wy
S < = s g = S 1 = o
fanuudansaazmiley Wnlinun Sanudangugs daruaiunsalunisiilniuazaiy
Fouldfigoy Juililutagiuinisiiandinanunussgnaluiusng 9 88190319909 1wy
suuluwelulad Fluana arsisiad wazdubiinemans Wudu unluninduview

v @& o

luansusudarlgiiuiuiint gl i Tulagludniheunavedansseavuiluvse

q

cala

wodlesniauantAlunshlniiunysegndldsmiuieuluasvouielilunsuiuuss
At laihdmsuldlumasusesmaailwihdmiunmataaatimanedidosnis
Ansredt dsluinendnusatuilfidenldveuluasvounuunimansdudsiuihiidutan
sesfudmiumsduaseieounalavenauvesunantduuasnifalunisiaunssuulnady
RATULOUNES LU IAMTUNTIVIALUSIUNITU

feiu Turidetandenlfeyneuluinifahufuoumeauluuweditiuionasus
\usymalanzuay eseymeaunluuwadithudulansiinszna (Noble metal nanoparticles)
fernsi i fifiden warilussaniawlunisiseujiseniiniden uenaniidiodiy
UsgAvsninmaisaiisenveseunialavenauveseynauiluiinfauasuna il iased
ndudesduaseisauiuiansesdu wu nailu veunlupisueu uas wedlwesvlinilih
Husu Tuussnntansesiuineiu sieunTuafusuwuuntmasduivutanfidauaiing
willwiileasiuuaziduusslovilunmsiiezsimaaiilniiegiann (Ritz et al, 2010)

(Motaghedifard, 2015) lngianizog1ednuautfsunisiifilas fifudinag AUTUINTEe
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[

\leanditufideuinnsunn Gumngsdensiunldiiudumiansianizveseynauily
Tanznanvosunaidunaziniia Tneluinerdnuddldidenldiznisinlslada
(pyrolysis method) 8819418ULALAITUALUULTINAAI8ENUA (mechanical ball-milling)
Wiedansizitagaaulndauily - lulowwadaunafidu/dniavuvouilunisuey

WUURTIVa189U (nano-Pt/NI@MWCNT) diuuufuussintitaluiiiiiau (Uil 5(m))
d2u3UR 5() wananInagannndedqanssaidiinnseuLuudessIu (Transmission
Electron Microscope, TEM) mﬂmww,ﬁuiﬁasm%’mLﬁ]uiwwuaymﬂammamaqLLwaﬁﬁm
uazdnifaruinads 4«3 wlusnsuuvioulumiveunuustivanstu
ogilsfinuusiinveunTunsveunuundmasduargminrlitansessuaymealans
nanveseynAuIlulinfatasunaitulaziilUussyndldlunaieanan (Ritz et al, 2010) u
Saouanvesoumelavgnauvosunaiiduuazdniadufuiouluaisveuiuuniimansdu
fAdanauladmsunisussendldluanudulvg wu nsuszendldluddndlnidmsu
mﬁﬂizL:ﬁumamimmi’mmimaﬁaﬁwEJ1mamﬁqmmw%ﬂvﬂﬂwﬁﬁwgqﬁaaaqmﬂia‘m
nanvesunafituuarinfatmiuteuluasueunuuntmaneduazdisfulsedniain
n513ansiinufAseeendindureslusunidu uenandinerfnusdlitausyuy
Tnladuiaadunenmoslsumidmsumansataelusumiuluadosiulnglddalai viaw
fiusuussssounalanerauveunaiituiasdnifavuviounlunfveu wuuaimanedu
(5Uit 3) Gamainszuuiiianntudasdanulieseigs fnmevaussiisngs fafesmmiia
waranansauszgndlilunsnsininelusumaulusiegnsddgniouasisiug) annsduau
Foyanuisslaifinsldtaluihiiuiul e fannaveynialavenauvosuna iduuazinia
fufureuTuaiveusuustmaetuinyszgndldsmiussuunaduandunoume o’

P Y} =
LW@WTJ"U'J@EJ']IﬂﬁLﬂJVI’]"?]u



16

Calcination
At 300 C for 8h q’
»  Ball milling -
LY, At300mpmfor12h %) . 0
] s\
. @ : 2mgmL?
& Nano-Pt/Ni@MWCNT

suspension (in DMF)

MWCNT Pt2*/Ni,, @MWCNT

Nano-Pt/Ni@MWCNT/GCE

JUN 5. (n) wanstupeunsnseuddliiviaume laguansynialaenauveawnafituuag
TnifavwiswiluaFueuluuRTvaedu (v) uanin nitgveseuNAlasHauveLNaTiTl
wazfinfiavurieuluasusunuundaiatsduainndesqanssaudianasounuudeniu

(Transmission Electron Microscope, TEM)
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6. nsngaunsldlavasiinszinnaun vy

a a o AN vee a a ada ca v o X v | I3

einusiladnuUszadnsnmnee s iaTenlanmuIulszneuniy taennudu
Ld#UAS9 (Linear range) I0g111AN15m353939 (Limit of detection, LOD) UA91AAN1IATIVIALT
UTuna (Limit of quantitation, LOQ) ANAMNE AU ANMULTIBIUDTIE LazATIVIALN

TUsumduludiegrainans Jaane wazlundosny aesieazdennalddl

6.1 ¥23pnuduidunse (Linear range)

Jugaspnuiduduiianinsa binan1sinseiidalsunandnnugnieawazauiies
a = 1y N aa Y v Y v =

wniign AnwleeldansumsglsumdunianududunseunquaNLtuvesEns sy
N999N15BATILVLUAIDE13 31NTUATINIINLINTFIVLAAIANUFURUSTENINIAUTUTY
YBIANTUINTPIUMALFYYIUNITNOUAUDY wazAUIUMAFUIUSEAVTAaNdUNUS (Correlation
coefficient, ) Tnginaudinissensulivasrdulssansandunius tefoiA1egsening 0.990 -1
FALANII1AMUAURUTTZUINAUTUTUVD AT TUTMTULA F Y 1N TADUAUDIA
I lANaNITIATIERgNABY LAz INANNTEUATIAIANLTUTEINTIMILINTTIUALILARATY

ArAu b lun53iAs12Y (Bruce, Minkkinen, & Riekkola, 1998) 91NNaN1SANYINUINTLUU

T aduLRATULBLWES IS INTF1MSUNIR5IIRe T UTTUlueS o snulae g LW vinau

'
= U 1%

7l suﬂqqmaaqmﬂiamwamaaLLwaﬁﬁmLazﬁﬂLﬁauuﬂauﬂum%uamwuwﬁwma%’ju
it uianusonsraaluswmaduldludiemnududuaewisiasous 0.10 v 100
lulasluans Ineflaunsi@adudeo (I (MA) = 0.0191PMZ(UM) + 0.0215, R? = 0.9991) uag
100 84 1000 lulasluans Tnefaun1siadudeo (I (UA) = 0.0136PMZ(UM) + 0.7153, R? =

0.9997) (U1 6)
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16
< 12 A y = 0.0136x +0.7153
R?=0.9997
L
@ B -
=
o
3
4 y=0.0191x+0.0215
RZ=0.9991
D 1 1 1 1 T

0O 200 400 600 800 1000
[PMZ]/uM

SUN 6. LANIANUALNUSTEMINAMUIUTUVDIS UM F UL UYI9ANLLTNTY 0.1 D9 1000

Y

lulasluans (M) wazAnszuadyaun1snevausdiuin (Acurrent, I/uA)

6.2 NINANISASIAIA (Limit of detection, LOD)

[

a o o A Y v o & v d' d' a Y] I a
Pndinn130399inReANITNTUAgAVS ot ignTiaunsnns e laLudeE 97
a130n5293ale TngausadAIwIneINgunis LOD = 30/S Wi O A AlLdeauuninggu
YBILUAIA y baZ S AD AIUTUVDINTINLINGFIU (ICH guidelines, https://www.fda.gov

/media/71725/download) 1NKANISANYINUINITEUUINADULIATULDLLNDS LSLUNTEINSU

n139539¥ne1lUsiumuluasesnulaglddaluinvinunysuussmgeunialanenauvos

LWANHULALINLAAUUYO U UATISUBULUUNTINA18 Y UNNAUITULTA1TnT 10 A TY

5P LUSITUNYNAU 0.03 lulasiuans
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6.3 YAIINAN1INTIVINTIUTUIA (Limit of quantitation, LOQ)

= ) Y v o ~ a o | a a P

Juseauanududuigaianunsaineilaluiiegsiaiuisanivsunale lu
$798197a11015099770 b9 Lagau1safulaaInaunis LOQ = 100/S 1ile O Aa A1
Wy uuuInIgIuYeILUata v kag S Ao A1UTUInI U155 (ICH guidelines,

https://www.fda.gov/media/71725/download) 910HaN15ANEINUI1 T2 UUTHAD ULIAT Y

o [

SUUSIRAE

9

LAURS LSUNSEMSUN1RTITRetUsTUluAS penulael g lwi N vinaund

v
o =<

aunAlangranveunaituLasdnifiauuvieuilua1susukUUNTIa 1 TN LI TY

=De

fAdndndalunisasiataldswmduiwingu 0.11 Tulasluans

6.4 A75UnaU (Interference)

I = o gj 1 a a 4 a d{'

WunsAneanus gzl g luswymdu Inensinsiziansuinou
Alassadelnatfssiuenluswydu vsearsnianudululsnenassnulusiednass Inewa
YoisuNIuITgnUTTIUlagldiasananAdadinaumu (Tolerance limit value) fiasn

[

sunIU NAANITNTUgaainARANSAs UL UaUB I Yy 1IN SN UAUBIYBANTIMTI I
s Uy F U IRy adianuEanainiloenin + 5.0% (Molaakbari, Mostafavi, Beitollahi,
& Tohidiyan, 2017) 3nRaN1SNAEaURISUNILIUAISIN 2 NUINSTUUINadURATULDNL DS LS

a o ) o S Ao X A v Aa
Lll'V]iﬁTVﬁ'Uﬂ'ﬁﬁﬁ'ﬁnﬂEJ']I‘U?L@J‘V]']GZIUWWWU']SUUUNﬂ')']iJa']aJ']iﬂIUﬂ']iwumﬂmjiUﬂrJu‘V]ﬂ
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Y

M99 2 uansr1AindinAIun (Tolerance limit value) ofsuniu Ineuanadu Aiay
W ugeveITuN LTI IAAANS WA UL A YR IF Y 1N 1 TNOUAUB VDA TUINTF I

299 UsIMITUTRENIN + 5.0% (Anwenuuturadlusiumduwinnu 20.0 lulastuans)

Interference species Cnt/ BM Cint/Cemz 20 um % Current change

Inorganic compounds

Na* 2000 100 +1.01
K* 2000 100 -4.39
Mg?* 2000 100 -2.13
Zn* 2000 100 -1.67
ct 2000 100 +1.00
NOs 2000 100 -4.38
SO 2000 100 -2.13
Glucose 5000 250 -2.73
Sucrose 5000 250 +3.67
Urea 100 5 +1.13
AA a0 2 +4.01
UA a0 2 -4.57
DA 40 2 -2.73

6.5 ANUNEVB935 (Precision of method)

Wunsinanuaunsalun1svingvisemugsive sinmundu Ameldaniefwangay
Feazsenuluaanulsauuduivg anuiedunsnsiataauisaglianaiosazues
ANTEAUUNINTFIUAUNNS (Relative standard deviation: %RSD) (Bruce et al., 1998)
Imammaaﬁﬂmmlé’mﬂqm %RSD = (SD/mean) x 100 91NTUUILUNEYYIUNITNOUAUDI
Ay Y v o~ & o Y = =
AlALAaZAMUTNTUT EUNTINNINTFIVIINUUUIANUTUYDINTINUINTTIUNWUT B UL

FaagsosaglunaeineausulaniunginaeiAssociation of Official Analytical Chemists
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(AOAQ) International (Bruce et al., 1998) 21ANANSANYINUIITTUUINADULIATULDULNDSLS
widdmsumansatagilusamdulueiesulaglidalnivihanuiiuiusssounalans
nauvosunaituar iniauuviounTuafueuwUUNT wa e Ui LA A Emnse
Tunsnseudalning 1 Ad (RSD = 1.02 %, n =6) flanAnuanansalunisvinnsaainendia

(RSD = 1.44 %, n = 25) fAnuadesnmuesdeyey1audia (RSD = 2.02%, n=100)

6.6 N15AT1EAUSUMTUTUA9819959 LazAULAIUE19893T (accuracy of
method)

d‘ a L3 1 d‘ I a U L3 a o QU v
LW@WQQUQ’J’INUWL“UEJOEJ“U@\ﬁ%UUIW@@ULﬁ]WU‘L!LLEJQJLW@iIiLﬂJWiﬁWﬂi‘Uﬂ?i@i’JﬁnﬂEJ']

TUswmaulunsesaulagldralvinvitnunusulimseunialaneuanve snaiidunas

1%
(% =<

TN AavUYa U TUANSUBULUUNTINAN8TUNNALUITULARN®IN15AAS1E AU TN R wlu
F1981995991UIU 6 Feg1sduludiagiatinany Jaane warluwesesnu IneleAaneialiu
wlugvediflinneilasuansluguhuuvesatsesazn1sAUNaU (% Recovery) lnuf1saeas
& [y I3 1 = v [ 1 d'a Y 1 a
NMSAUNAU (%Recovery) WWuAanatsnulnalAgsiuresrIRIATEilanuAIa3e Tneulans
agluguATauazn15AUNGU (%Recovery) lagAuInaINATIERI0g 19ANA TN TFIU

Feanusaiuinlaanans

o Y oA Y v o Y] | aa a Y v ) I a
9 @?Jagﬂ'ﬁl@ AAUA U=(FI LW Gmﬁmﬁ[w] WYNNUMIR Nﬁm']ﬁﬁim—m"mlﬂ] p uslum WY W) X 100

PR DN TR LAY

AINNNANITNAFDUAINU LU IUDITZUUINADULIATULDULNDS LSLUNTAINTU

n1515791A81MUsIUNIBY wusruuiRuuildanuududigaiesannlveiSesay
Y Y] ~ ] ' g = A

A1SNAUANYDINISHSIIALUSI U NMITUTUAI98191U1a18 Uadnle wazlulASodny

Tugd 91 + 3 19 1052 % (A15197 3)
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A15799 3. LARIAISPYATNITNAUAUVDINITRTIVILUSIUNMTUlUAEg1911a18 Udanay
LAzl ULATDIRY VBITEUUINADULIATULDULINDSLSUNTA1USTUNTITRTITRe U U T Ul
wisanulagldvalnivihnuiviulseiseynielanenanvednnaiduwastnt Aauuvisuily

ANSUBULUUNUINANEYUN WAL

Sample Spiked (uM) Found (uM) Recovery (%) %RSD
0 N.D. - -
5 5.2+0.1 105+2 1.9
Uaane 10 9.9+0.2 99+2 1.6
15 16.5+0.1 96.5+0.4 1.6
20 20.4+0.8 102+5 0.4
0 N.D. - -
5 5.0+0.3 996 6.4
hane 10 10.3+0.3 103+3 2.7
15 16.6+0.3 97+2 2.0
20 20.2+0.3 101+1 13
0 N.D. ] ]
5 4.5+0.1 91+3 3.2
wiadn 1 10 10.5+0.2 105+2 18
15 15.30.2 102+1 1.0
20 19.6+0.8 984 4.3
0 N.D. ; ;
5 5.020.1 100+1 1.4
wIssu 2 10 9.8+0.0 982 0.4
15 15.4+0.1 103+1 0.9
20 19.8+0.4 99+2 2.1
0 N.D. . -
5 5.140.1 1022 2.0
Wi 3 10 10.2+0.2 1022 2.1
15 16.4+0.1 9621 0.8

20 20.3+0.2 102+1 0.8
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0 N.D - ]
5 5.040.2 104+4 4.1
Wi 4 10 9.8+0.1 981 0.9
15 14.9+0.1 99.2+0.6 0.6
20 20.2+0.2 101+1 0.8

7. unagluazdaiauauuz

1%
v A v o L4

ednusadulaunuisnitvuaziussansamdmsuduasieriounialansnauves
a o a a ' ¢ o S v Yaa a .
unaditfuuazdnifauuvisunluamsusunvuktiatetusenslglaisnisinlslada (pyrolysis
method) LagN1TUALUULTINAAI8gAUA (mechanical ball-milling) Ingaunialangnauves
unaditfuuazdnifauuvisuilunsuouluuNsatetunduagilaidanuausalunisis
nsiinuiseeandndunaailinirvedusumdulan uenaniilaiaunssuulnaduandu
5 = o ) Y] a a a v & ° A o Y
woraslsmidmiunisnsanTaelusumdulueiesnulagldalnivinnunuiulgemie
auMAlavgNauvatnaiitilasinfauwiswIlumS U ULUURTIMAIETY kaEINNAN VNGB
UsEAns nmaassyuuNRauNTudnuInansanTadalusumdulded1esans (60 fednewe
F7la) amnsaasvinlusudulalugiening dadedndalunisesivinuaziiadadialunis
anviadslmnalussauunlulias daanuaansalunswsenalwingnia daienueanunse
Tunsvimsaing 9 danuedesnneesdge 96 danuaunsalunisnuaa@lasunIuga
wazgannsaUssyndldlumsnsainelusunduiiediainans Jaane warlunsosmulaagng
gnsipaziiug JsdioinUszauanudisadmsunsidelineinusatull
Tuswananunsatesranunlanningdnusiluduningtesiuisnsduasei
aunAutugmeIsn1snlslada (pyrolysis method) kagnsuALUUNNAAIEgNUA (Mechanical
ball-milling) luUszendlddmsunsfindu Msoenuu wasn1sdunseiouniauiluyiale
A wa al Y] A o | A a Y o a 9]
nflnaauRnmnzauiununiiluvssendldlusinan uadudnnneamussuulnaduandu
wormeslsumsaunsatluussendlddmsunsiaunwugesmani i vislulewuiwes

FmSumIng I InensNdeIN AT Evied19599L37 (high sample throughput) lusunan
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8. A4NlASUIINNITHIINEITNUS

nNsiInednusadull flsulasuanuieasUszaunisalluniunisdun sy

Y

aunAlanenannledsinlslada wazn1suALUULTINAMIEaNUA LaglasuAlNuiLay

Uszaunsallua UM AILISEUUINA D WAt UL S ISINS A1 S UNIRSI Rl U SR U

IngasAnuInmuaiiinaneuideatull lnsunismeusulvaiunluinsans
Journal of The Electrochemical Society Fnduansarsuiuisfvavegluszaunialng 1
(Q1) wazdl Impact Factor Wiy 4.386 fssvazidunnaluil

Akhira Saraban, Kiattisak Promsuwan, Jenjira Saichanapan, Asamee Soleh,
Kasrin Saisahas, Kritsada Samoson, Sangay Wangchuk, Thunyathorn Sanjailuk, Panitat
Hasin and Warakorn Limbut. 2023. A Ternary Nanocomposite Based on Nano-Bimetallic
Platinum/Nickel Decorated on Multi-Walled Carbon Nanotubes for Flow Injection
Amperometric Detection of Promethazine. Journal of The Electrochemical Society,

170, 067504. (DOI 10.1149/1945-7111/acdb9d)
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A Ternary Nanocomposite Based on Nano-Bimetallic Platinum/
Nickel Decorated on Multi-Walled Carbon Nanotubes for Flow
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‘We propose a nano-bimetallic platinum/nickel composite on multi-walled carbon nanotubes (nano-PUNi@MWCNT) composite as
electrode material, which was prepared via a simple pyrolysis method followed by a mechanical ball-milling process. Results showed
that the nano-Pt/Ni particles could be anchored on the surface of the MWCNT, which was confirmed by multiple characterizations. The
nanostructure of the synthesized composite provides a large specific surface area 1o expose a large number of active sites and the
resulting enhanced electrical conductivity ultimately improves the elecirocatalytic activity towards promethazine (PMZ). Furthermore,
a4 nano-PUNI@MWCNT/GCE coupled flow-injection amperomeiric system was used to electrochemically determine PMZ. The
proposed sensor also demonstrated potential in an.al]ysis in cases involving a large number of samples, which can be rapid analysis with
a high sample throughput of around 60 samples h™". Linearity of response was shown from 0.10 to 100 zM and from 100 to 1000 M
PMZ. The detection limit was 0.03 M and the limit of quantification was 0.11 M. The proposed method demonstrated excellent
reproducibility (RSD = 1.02%, n = 6), repeatability (RSD = 1.44%, n = 25), operational stability (RSD = 2.02%, n = 100), and
interference tolerance. The viability of the nano-PINi@MWCNT/GCE was demonstrated for the detection of PMZ in spiked saliva,
urine, and beverage samples, with recoveries from 95.7 + 0.7 to 105 + 2%.
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Electrochemical sensors based on bimetallic nanoparticles (NPs)
are of considerable interest due to their excellent electrical con-
ductivity, electro-catalytic activity, chemical stability, and water
‘msolubility."2 Compared to monometallic NPs, bimetallic NPs
possess, via cooperative interactions, synergistic properties that
retain the functional features of each component, resulting in
accelerated electron transfer, increased surface area, and enhanced
electro-catalytic activity.™*

In recent years, platinum/nickel (PYNi) alloys have been reported
to enhance the redox processes of electroactive species such as
dopamine,” uric acid,® hydrogen peroxide,” and glucose.* When
applied in an electrochemical sensing application, a Pt/Ni alloy
should, therefore, be capable of increasing the electro-catalytic
efficiency and electro-conductivity of a modified electrode.
However, nano-bimetallic PUNi has a tendency to aggregate during
the process of electrode modification, and the availability of catalytic
sites and durability of the electrode is significantly reduced. To solve
these problems, Pt/Ni NPs could be incorporated into a conducting
matrix material that improves electro-catalytic activity and stability.
Several conducting nanomaterials, including activated carbcm,9
reduced graphene oxide,” graphene quantum dots,” and multi-walled
carbon nanotubes (MWCNTSs),*® have been used as supporting
material to increase the surface area and durability of an electrode
decorated with nano-bimetallic Pt/Ni.

Both monometallic and bimetallic NPs have been synthesized
with  MWCNTs to fabricate composites used to modify
electrodes.'™'' MWCNTs have a tube-like structure, excellent
chemical stability, and various oxygen-containing functional groups
that can bind with ions of metal precursors.'>'* Their large surface
area and electrical conductivity are useful properties in supporting

“E-mail: warakorn.|@psu.ac.th

material for electrodes. Composites of PY/Ni bimetallic alloy with
MWCNTs have been used to enhance the catalytic oxidation of
methanol,**'* to reform glycerol for hydrogen production,’” and to
fabricate a nonenzymatic glucose sensor.” Here, we propose an
electrode material of a monodisperse nano-bimetallic P/Ni compo-
site decorated on MWCNTs (nano-Pt/Ni @MWCNTSs).

The composite was prepared using a pyrolysis method and
deposited on a GCE by drop casting. The resulting mono-disperse
nano-Pt/Ni@MWCNT composite was morphologically, structurally,
and chemically characterized. Different mole ratios between Pt and
Ni were studied to optimize the electro-catalytic activity of the
composite toward the electrochemical oxidation of the antihistamine
drug promethazine (PMZ). PMZ is easily purchased in drug stores or
online but, mixed with a soft drink, it is frequently misused by
teenagers, who experience an effect similar to intoxication with
alcohol.'® The side effects can be extreme, such as cardiac and
reproductive alterations, endocrinal alterations, coma, respiratory
distress, other undesirable responses, and even death by
overdose.' """ Hence, the quantification of PMZ levels in biological
and spiked beverage samples is essential.

When compared to nano-Pt@MWCNTs and nano-
Ni@MWCNTs, the as-prepared nano-PUNi@MWCNTs demon-
strated significant synergistic properties and electro-catalytic activity
towards the oxidation of PMZ. The modified electrode determined
PMZ in a flow-injection amperometric (Fl-amp) system. The nano-
PUNi@MWCNTSs sensing platform was characterized and its analy-
tical performances were investigated in terms of linear range, limit
of detection, repeatability, reproducibility, operational stability.
sensitivity, and selectivity. The modified electrode was applied to
quantify PMZ in spiked biological fluids and beverage samples.
Based on the results, the proposed sensing system can also be used to
determine other misused drugs in pharmaceutical and forensic
analyses.
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Scheme 1. The diagrams represent (A) the nano-PUNi@MWCNT preparation procedure and (B) the flow-injection amperometric detection system.

Experimental

Reagents and instruments.—Multi-walled carbon nanotubes
(MWCNTS, purity >95%, average diameter 60—100 nm, and length
2-5mm) were purchased from Shenzhen Nano-Technologies Port
Co., Ltd. (Shenzhen, China). Platinum (1) acetylacetonate
(Pt(acac),) and nickel(Il) acetylacetonate (Ni(acac),) were pur-
chased from Sigma-Aldrich (St. Louis, USA). 0.10 M phosphate
buffer (PB), used as a supporting electrolyte and carrier buffer
solution, was prepared by mixing solutions of KxHPO, and KH>PO,.
All solutions were prepared using DI water from a Millipore system
(Thermo Scientific TM, USA). The morphology, structure, and
composition of the nanocomposite were characterized using field
emission scanning electron microscopy in tandem with energy-
dispersive X-ray spectrometry (FE-SEM/EDX, Apreo, FEL, USA),
transmission electron microscopy (TEM, JEM-2010, JEOL, USA),
and UV-vis spectrophotometry (T60, PG Instruments, Lutterworth,
UK). All electrochemical measurements were made using a con-
ventional potentiostat setup consisting of a glassy carbon electrode
(GCE), an Ag AgCl ' reference electrode, and a platinum wire
auxiliary electrode. Injected samples were driven through the flow
cell by a peristaltic pump.

Preparation of nano-Pt/NiI@MWCNT composite and electrode
interface modification.—The nano-PYNIi@MWCNT composite was

prepared using a pyrolysis method as follows. In 10.00 ml of DI
water, 25.00mg of MWCNTs were mixed with Pt(acac),—Ni(acac),
combined in %mole ratios of 100:0, 75:25, 50:50, 25:75, and 0:100.
The mixtures were stirred overnight on magnetic stirrers to homo-
geneity at room temperature. The nano-Pt,/Ni,@ MWCNT composites
were synthesized by pyrolysis as follows. The homogenous precursor
was placed in a crucible and calcined at 300 °C for 4 h ramping at 5 ©
C min~ ' under a protective N, atmosphere. The obtained powder was
mechanically ball-milled in ethylene glycol media for 12 h at 300 rpm
with a powder to Zr ball ratio of 1:40 (Scheme 1A). The product was
collected, dried, and washed with acetonitrile (CH;CN) several times
with centrifugation. The washed product was dried at 70 °C in an oven
to attain the nano-PUYNi@MWCNT composite electrocatalyst.

Before modifying the electrode surface, 2.0 mg of nano-Pt/
Ni@MWCNT composite was dispersed in 1.0 ml dimethylforma-
mide (DMF) via ultrasonication for 30 min A dispersion of only
MWCNTs was prepared for performance comparison. A 2.5 pl
volume of the dispersed nano-Pt/Ni@MWCNT composite was then
drop-cast on a cleaned GCE (polished with alumina slurry and
ultrasonicated in DI water) and oven-dried at 70 °C for 10 min. A
bare GCE, and an MWCNT/GCE was also prepared and tested for
control and comparative study.

Electrochemical study—The electrochemical properties and
redox reaction behavior of PMZ were characterized in a 5 ml batch
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using a conventional 3-electrode system, comprising a modified
GCE working electrode, an Ag AgCl ™' reference electrode, and a
platinum wire auxiliary electrode.

The electrochemical properties of the nano-PY/Ni@MWCNT/
GCE, MWCNT/GCE, and bare GCE were studied and compared.
Cyclic voltammetry (CV) was performed in a negative charge redox
probe of 5.0 mM [Fe(CNg)]* ", containing 0.10 M KCI, scanning
from —0.30V to +0.70V at a 0.10 Vs~ scan rate. The charge
transfer characteristics of the synthesized nano-PYNi@MWCNT/
GCE, MWCNT/GCE, and bare GCE were determined by electro-
chemical impedance spectroscopy (EIS), using a frequency range
from 0.10 Kz to 100 kHz, an amplitude of 10 mV, and an applied

8 10 12 keV

Figure 1. (A) FE-SEM and (B) FE-TEM images are of nano-PYNi@MWCNTs, along with the EDX mapping (C) and spectrum (D) of the nano-Pt/
Ni@MWCNT composite.

potential of 0.20V in a negative charge redox probe of 5.0 mM
[Fe(CNg)I***", containing 0.10 M KCI.

The electrochemical behavior of PMZ was investigated by CV at
the nano-PYNi@MWCNT/GCE, the MWCNT/GCE, and the bare
GCE. CV was performed from 0.10V to 1.00V, scanning at
0.10Vs~' in 0.10M phosphate buffer (PB, pH 7.0). PMZ was
detected in an Fl-amp system, which comprised a 3-electrode flow
cell of a modified or bare GCE working electrode, an Ag AgCl™"
reference electrode, and a stainless tube auxiliary electrode. The flow
cell was connected to a peristaltic pump to drive the carrier buffer
and samples (Scheme 1B). The applied potential, carrier flow rate,
and injected sample volume of FI-amp were optimized to obtain the
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highest current response from the oxidization of 20 uM PMZ. All
electrochemical characterizations were carried out using the Autolab
910 PSTAT mini (Metrohm Autolab B.V., The Netherlands).

Spiked real samples analysis—Saliva and urine samples were
obtained from healthy volunteers, and beverage samples were
obtained from local markets. Both types of samples were spiked
with a standard PMZ solution. For analysis, a suitable volume of
each spiked sample was diluted with 5.0ml of 0.10 M PB (pH =
6.0). Fl-amp was performed under the optimum conditions for the
quantitative analysis of PMZ in spiked samples. Recoveries were
calculated to prove the accuracy of the developed PMZ sensor.

Results and Discussion

Morphological characterization of nano-Pt/Ni@MWCNT com-
posite—The surface morphology of the nano-Pt/Ni@MWCNT
composite was characterized using FE-SEM, TEM, and EDX. An
FE-SEM image of the synthesized nano-PUNi@MWCNT compo-
site, clearly showed nanosized Pt/Ni particles well-distributed on the
MWCNTs surface (Fig. 1A). TEM imaging of the nano-Pt/
Ni@MWCNT composite (Fig. 1B) showed PYNi NPs with an
average size of 4 + 3 nm decorated on the surface of MWCNTs.
The formation of NPs was confirmed by an image taken before the
pyrolysis step, which showed the pristine surface of the MWCNTs
(Fig. 1B-inset). EDX spectroscopy confirmed the presence of Pt/Ni
NPs on the MWCNTs. The EDX mapping and spectrum of the as-
synthesized nano-PYNi@MWCNT composite showed high contents

of Pt and Ni elements (Figs. 1C and 1D), confirming, as expected.
the formation of bimetallic P/Ni NPs on the MWCNTs.

The nanostructures of the MWCNTs and the nano-Pt/
Ni@MWCNT composite were characterized by Raman spectro-
scopy. The Raman spectrum of the MWCNTs and nano-Pt/
Ni@MWCNT composite (Figs. 2A, 2a, 2b) both showed a D band
and a G band, at about 1352 ¢cm U and 1585 cm 1, respectively. The
D band indicated defective MWCNTs and non-crystalline carbon
(sp® diamond-like carbons),'®> which was attributed to sp® hybri-
dized carbon that does not have in-plane symmetry with
graphene.'>?! The G band was associated with the stretching
mode of sp2 carbon atoms of graphitic material .2 To evaluate the
degree of disorder of graphitic materials (average size of C-C sp”
damains),12 the ratio between the intensities of the D and G bands
(Ip/lg) is calculated. The Ip/Ig of MWCNTS and the Ip/Ig of the
nano-Pt/Ni@MWCNT composite were 1.02 and 1.36, respectively.
Since the Ip/Ig of the nano-PYNi@MWCNT composite was higher
than the Ip/I; of MWCNTS, the new domains of conjugated carbon
atoms were likely generated after the removal of oxygenous groups.
The §|i1rfaces of MWCNTSs were therefore well decorated with Pt/Ni
NPs.~

To further confirm the formation of nano-Pt/Ni@MWCNTs, FT-
IR spectroscopy was performed. Among the absorption bands in the
FT-IR spectrum of MWCNTs (Fig. 2B spectrum a), the distinct
stretching vibration mode of oxygen-containing functional groups
included stretching vibrations at 1730 cm ™!, attributed to carboxylic
acid group (O=C-OH),'>** and stretching vibrations at 1385 and
1061 cm !, attributed to -O-H and -C-0O, respectively.'>** These
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Figure 4. CV curves (A) of 20.0 uM PMZ were obtained from the bare GCE (black line), MWCNT/GCE (blue line), nano-P/Ni@ MWCNT/GCE (red line) in
0.10 PB (pH 6.0). Chart (B) compares the anodic peak current response from each tested electrode (n = 3). CV curves (C) were produced at varying scan rates at
the nano-PUNi@MWCNT/GCE in PB (pH 6.0) containing 20.0 uM PMZ. Plot (D) is of current response (pA) against the square root of the scan rate %), and
plot (E) is of peak potential (V) against the log of the scan rate (v). The effects of the pH of 0.10 M PB are shown on the peak current response (F) and peak

potential (G) of 20.0 uM PMZ.

absorption peaks suggested the presence of oxygen-containing
functional groups on the surface of MWCNTSs."? The spectrum of
nano-PUYNi@MWCNT (Fig. 2B spectrum b) revealed a decrease in
the height of bands of oxygen-containing functional groups present
in the FT-IR spectrum of MWCNT. This reduction in intensity
implied that the oxygen-containing functional groups were reduced
by the pyrolysis process during the calcination of Pt/Ni ion and
MWCNTS to nano-Pt/Ni @ MWCNTs composite.

The structure and crystallinity of MWCNTs and the nano-Pt/
Ni@MWCNT composite were investigated by XRD analysis. The

XRD pattern of MWCNTs (Fig. 2C pattern a) showed two
diffraction peaks at 26.2° 26 and 43.2° 28, which were attributed
to the (200) and (101) planes of hexagonal graphite.>® The pattern of
the nano-PUYNi@MWCNT composite (Fig. 2C pattern b) showed a
significant decrease in these diffraction peaks, while new diffraction
peaks were present at 40.1°26, 46.9°26, 68.0°2¢ and, 81.3°26, which
were respectively assigned to the (111), (200), (220) and (311)
crystallographic orientations in the face-centered cubic (fcc) struc-
ture of Pt. One small diffraction peak of Ni was present at 44.5° 26,
which was attributed to the (111) plane of the face-centered cubic
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(fce) of Ni crystal. > The higher angles of the Pt characteristic peaks
along with the small characteristic peaks of nickel, suggested that Pt
and Ni NPs were effectively attached to the MWCNT surface.”

Electrochemical characterization of nano-PUNi@MWCNT/
GCE.—Symmetrical redox peaks were obtained from all tested
electrodes. The redox peak currents of the unmodified GCE (I, =
54.3 pA, and [, = 53.6 nA) were the smallest with the largest peak-
to-peak potential separation (AE = 279 mV) (Figs. 3A,3a). These
results indicated a small active surface area with poor conductivity.
Compared to the unmodified GCE, the redox peak current of the
MWCNT/GCE (I, = 61.3 pA, and [, = 60.5 pA) was greater with
a smaller AE of 210mV (Figs. 3A.3b), indicating that MWCNTs
increased the electro-active surface area of the GCE, facilitating
electron transfer. The greater redox peak current (I, , = 72.3 A, and
Ipc = 71.2 pA) of the nano-PUNi@MWCNT/GCE and smaller AE
of 115mV (Figs. 3A.3c) showed that nano-bimetallic PUNi and
MWCNTs significantly increased the surface area and electrical
conductivity of the electrode. The significant electrochemical
properties of the nano-Pt/Ni@MWCNT/GCE may be attributed to
the numerous active sites provided by the decoration of MWCNTs
with nano-bimetallic PUN1i, and the synergistic effect between nano-
Pt/Ni and MWCNTs, which increased the electro-catalytic capability
and electron transfer efficiency of the electrode.

The electrochemical interfacial differences among the various
electrodes were revealed by EIS. EIS spectra (Nyquist plots) were
produced at the bare GCE (Fig. 3B, spectrum a), MWCNT/GCE
(spectrum b), and nano-Pt/Ni@MWCNT/GCE (spectrum ¢) in
50mM Fe(CN)s* ™, containing 0.10M KCL. To assess the
electrolyte resistance (R;), charge transfer resistance (R.), double-
layer capacitance (Cy), and Warburg impedance (Z,), a Randel’s
equivalent circuit model (Fig. 3B-inset) was applied to fit the
experimental EIS data. In the Nyquist plots of the tested electrodes.
a semicircle in the high-frequency region corresponded to the charge
transfer process and a linear part in the low-frequency region
indicated the diffusion process. The diameters of the semicircles
corresponded to the charge transfer resistance (Ry) of each circuit.
The R, at the nano-PYNi@MWCNT/GCE (43 £2) was smaller than
the R, at the bare GCE (1354 ) and the MWCNT/GCE (348 (2).
This result indicated good charge-transfer resistance at the nano-Pt/
Ni@MWCNT/GCE, which was due to the excellent charge-transfer
properties of the nano-sized PUNi and MWCNTs. The electrode
exhibited the fast electron transfer rate necessary for electrochemical
sensing.zm" To estimate the charge transfer rate constant (K,) for
each electrode, the equation Rep = RT!n:FzK,.C was solved based
on the corresponding Rer values. Here, R, T, F, n, and C represent
the universal gas constant, absolute temperature, Faraday’s constant,

electron number of the redox probe, and concentration of the redox
probe. The K of the bare GCE, MWCNT/GCE, and nano-Pt/
Ni@MWCNT/GCE were calculated respectively as 4.09 x 107*,
177 % 10 3, and 1.06 x 10 >ems . The higher K, value of nano-
PUNi@MWCNT/GCE indicated a higher charge transfer rate
between the redox probe and the electrode surface.”” The result
suggested that the electrochemical properties of the GCE were
improved by the nano-Pt/Ni@MWCNT composite in ways that
would be beneficial for electrochemical sensing.

Electro-catalytic activity of nano-Pt/Ni@MWCNT/GCE toward
PMZ oxidation.—The electro-catalytic activity toward PMZ of the
unmodified and as-modified GCEs was investigated under CV at a
scan rate of 50 mV s~ in 0.10 M PB (pH 6.0) containing 20.0 M
PMZ. The unmodified GCE (Fig. 4A curve a) showed a single
oxidation peak with a small anodic peak current. suggesting weak
electrochemical activity toward PMZ oxidation. Curves with double,
negative shifted oxidation peaks and single reduction peaks were
produced at the MWOCNT/GCE (curve b), and nano-Pt/
Ni@MWCNT/GCE (curve c). The better electrocatalytic activity
of the nano-Pt/Ni@MWCNT/GCE toward PMZ oxidation was
indicated by the anodic peak current (I,,,), which was 7.5 and
2.0-fold the I, ,; at the bare GCE and MWCNT/GCE (Fig. 4B). The
significantly better electro-catalytic activity of the nano-Pt/
Ni@MWCNT/GCE could be attributed to the excellent conductivity
and synergistic effect of nano-Pt/Ni and MWCNTSs, which increased
electron transfer efficiency during the electro-catalysis of PMZ
oxidation.

CV curves of 20.0uM PMZ produced at the nano-Pt/
Ni@MWCNT/GCE showed that peak current response increased
with the scan rate from 10mVs ' to 180 mV s~ " (Fig. 4C). The
linear equation of I Wi[b respect to the square root of the scan rate
was I, 1 (uA) = 1.16(v)"?— 2.92, with a correlation coefficient (r°)
of 0.9941. This result pointed to an effect that obeyed the Randles-
Seveik equation I, = 0.4463n **F *AD "Cy*(RT)"?, where A is
the area of the electrode, D is the apparent electron diffusion
coefficient, and C the concentration of electroactive. D could be
obtained from the Randles-Sevcik equation and the slope of the plot
of peak current response against scan rate (Fig. 4D), implying that
the oxidation of PMZ at the nano-PUNi@ MWCNT/GCE was
diffusion-controlled.*” The relationship between the peak potential
(E) and the logarithm of the scan rate (log v) was then plotted and
produced a linear regression equation of E (V) = 0.061 log v + 0.72,
(= 0.9951) (Fig. 4E). Based on Laviron’s equation (E,, = E" +
(2.303RT/anF), log v, and the slope of the plot between E and log v
(0.07), the number of electrons (n) transferred in the oxidation of
PMZ were calculated. The number of electrons was calculated as
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Figure 6. The effect of (A) applied potentials, (B) carrier flow rate, and (C) injected sample volume on the current response of 20.0 uM PMZ. The flow injection
amperogram (D) shows response peaks from various concentrations of PMZ. Insel: the calibration plot of peak current response against PMZ concentration

(0.10 pM to 1000 pM).

Table I. A comparative table of analytical performances of reported electrochemical PMZ sensors that used various electrode modifying materials

and detection techniques.

Detection tech- Potential Linear range LOD
Electrode material nique High throughput (V) (uM) (uM) References
MWOCNT/Si0,/Al04/NboOs/DNA SWV No +0.68 20100 59 37
MWCNT/AuE LSV No +0.66 0.05-10 0.01 38
Bare GCE DPV No +0.67 0.35-3.5 0.14 39
AuNP-GrNP/GCE LSV No +0.69 0.001-10 4 x 107 40
Ni-Bi»S;/GCE Amp No +0.625 0.001-163.17 4% 107 41
ZnO-p-ABSA/GCE DPV No +0.501 0.01-59.84 0.004 42
FeMo NP/GCE DPV No +0.67 0.01-68.65 0.01 43
CW/GCE DPV No +0.65 0.01-436 159 +H
f-MWCNT-PEI/GCE SWv No +0.76 0.497-5.03 023 45
GO-Zn/ZnO/SPCE DPV No +0.70 0.05-177.45 0.3 % 107 46
Nano-Pt/Ni@MWCNT/GCE FI-Amp Yes (60 samples h™') +0.60 0.1-1000 0.033 This study

1.85 (2.0 electrons), which was in agreement with a previous
report.'®

Since the buffer solution pH can affect the electro-oxidation of
PMZ and the sensitivity and selectivity of the sensor, the pH
dependences of the electro-oxidation of PMZ at the nano-Pt/
Ni@MWCNT/GCE were assessed. CV measurements were taken
at a scan rate of 100mV s~ ' at the nano-PyNi@MWCNT/GCE in
0.10 M PB in a pH range of 4.0 to 9.0 (Fig. 4F) The catalytic current

response increased with increments of pH up to 6.0. After this point,
the current response gradually declined. Therefore, 6.0 was the
optimal pH of 0.10 M PB for PMZ detection. In addition, the anodic
peak potentials of PMZ shifted negatively with increments of buffer
pH from 4.0 to 9.0 (Fig. 4G) (CV not shown). The peak potential
shift toward the negative side is evidence of the participation of
protons in the electro-oxidation of PMZ.'*" A lincar relationship
existed between the pH value and the anodic peak potential with a
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regression equation of pH = ~0.0471(E/V) + 0.9181 (R* = 0.9951),
in which the slope was —0.0471 V/pH. These results indicated that
the electro-oxidation of PMZ involved proton/electron transfer. In
the electro-oxidation of PMZ at the nano-Pt/Ni@MWCNT/GCE, the
first anodic peak potential coupled with the peak cathodic potential
indicated a reversible process, which occurred on the nitrogen atom,
whereas the second anodic peak potential represented an irreversible
process on the sulfur atom.'®?!

Optimization of electrode fabrications.—To enhance the electro-
catalytic performance of the electrode toward PMZ oxidation, the %
mole ratio of Pt and Ni precursors used to prepare the nanocompo-
site was optimized with a fixed amount of MWCNTSs. The %mole
ratio of PUNi was varied at 100/0, 75/25, 50/50, 25/75, and 0/100.
Each sample was coated on the GCE by drop casting 2.5 ul of
2.0 mg nanocomposite ml ', and each modified electrode was used
to detect 20.0 M PMZ in 0.1 M PB solution at pH 6.0, using CV.
The catalytic current responses of PMZ were low at the electrode
fabricated with pure Pt and Ni nanoparticles on MWCNTs (Fig. 5A).
However, the catalytic current response was highest at the electrode
fabricated with 50/50 Pt/Ni. This result indicates that nano-Pt/
Ni@MWCNT catalyst displays a higher performance than nano-
Pt@MWCNT and nano-Ni@MWCNT, which may be due to the
synergistic effect of Pt and Ni species that form as alloy nanopar-
ticles on the MWCNTs surface resulting in the increasing the
electrocatalytic activity for PMZ oxidation, demonstrating that
they are Eromising materials for using in electrochemical detection
of PMZ.**** Hence, MWCNTs doped with 50/50 of nano-PtNi
were used in the remaining experiments in this study.

The volume of nano-Pt/Ni@MWCNTs dropped onto the GCE
was also varied to determine the amount that provided the highest
increment in the electroactive surface area without exerting an
insulating effect.®® The volume of 2.0mgml~' nano-PV
Ni@MWCNTSs suspension drop-cast onto the electrode surface
was varied from 0.50 to 7.50 ul (Fig. 5B). A volume of 2.5 ul
(5.0 pg nano-PYNI(50/50)@ MWCNTSs) produced the highest current
response relative to other volumes. This is due to the less composite
resulting in the number of catalytic sites on the electrode surfaces
being less. However, if the layer of composite is too thick, it will
block the electron transfer to the electrode surface. Thus, 2.5 ul of
the proposed composite was selected as the optimal drop-cast
solution volume for modification of the electrode surface to detect
PMZ.

Optimization of FI-amperometric detection of PMZ.—The
detection of PMZ using Fl-amp was optimized for high throughput
by investigating operating parameters of applied potential, carrier
solution flow rate, and sample volume.

Applied potential.—The effect of applied potential was optimized
by testing the catalytic current response of PMZ at 0.50, 0.55, 0.60,
0.65, and 0.70V. These potentials covered the oxidation peak of
PMZ. The catalytic current response was highest as at 0.60 V
(Fig. 6A), which was also close to the peak oxidation potential
observed in the CV study. Hence, an applied potential of 0.60 V was
used for PMZ detection.

Carrier solution flow rate—The flow rate of the carrier solution
was varied at 0.50, 0.75, 1.00, 1.25, and 1.50 ml min~". The highest
catalytic current response would determine the optimal flow rate. As
the flow rate increased from 0.50 ml min ", the response current also
increased up to 1.00 mlmin~'. At higher flow rates, the catalytic
current response decreased gradually (Fig. 6B), perhaps due to
reducing contact time between PMZ and the electrode interface, and
reduced oxidation of PMZ. %7 Thus, the optimal carrier rate was
1.00 ml min~'

Injected sample volume.—The effect of sample volume was
studied by varying the volume from 150 pl to 350 pl. illustrates A

sample injection volume of 250 ul produced the highest current
response (Fig. 6C). At volumes greater than 250 pl the response
slightly decreased and then remained constant. The increment in
catalytic current response following the increase in injection volume
was due to the decreased effects of sample dilution from the flow of
carrier solution, hence maximizing detection. The slight drop and
then the constant current response of PMZ detection by the nano-Pt/
Ni@MWCNT interface was due to saturation of the electrode
sensing interface, signifying maximum reaction rate 3¢
Therefore, the optimal sample volume was 250 pl.

Analytical feature of Fl-amperometric detection of PMZ.—In
the optimal condition for PMZ detection, the linearity, limit of
detection (LOD), and limit of quantification (LOQ) of the Fl-amp
system were determined at the nano-PUYNI@MWCNT/GCE, and
calibration curves were constructed. Peak current response was
plotted against PMZ concentrations from 0.10 to 1000 M (Fig. 6D).
Straight-line plots were obtained in two concentration ranges
(Fig. 6D-inset). One range was from 0.10 M to 100 zM and the
other was from 100 pM to 1000 M. The linear regression equations
for’ the respective plots were I (nA) = 0.0191PMZ(uM) + 0.03]5
(R™ = 0.9991), and I (pA) = 0.0136 PMZ(uM) + 0.7153 (R™ =
0.9997). The estimated LOD and LOQ were based on calculations of
30§ ' and 100 S~ ! (where o is the standard deviation of the blank
(20 measurements) and S is the slope of the calibration curve). The
LOD was 0.033 and the LOQ was 0.110 pM. Table I compares the
performance of the proposed sensor in detecting PMZ to those of
other PMZ sensors using electrochemical detection methods. The
linear range and LOD of the nano-PYNi@MWCNT/GCE toward
PMZ sensing was similar to most previously reported electroche-
mical PMZ sensors. However, in terms of detection potential, the
proposed sensor outperforms those previously reported for the
detection of PMZ (0.60V). Furthermore, the use of nano-Pt/
Ni@MWCNT/GCE as a detector of the flow-injection amperometric
system can be rapid analysis with high sample throunghput around 60
samples h™! for PMZ determination, demonstrating the potential in
the analysis in cases involving a large number of samples.
Nonetheless, it is important to continue developing advanced
materials for the search for highly sensitive sensing systems.

Repeatability, reproducibility, operational stability, and anti-
interfering ability.—To assess the feasibility and applicability of the
developed sensing platform in real-life applications, we evaluated
the developed sensing platform in terms of repeatability, reprodu-
cibility, operational stability, and anti-interference (Fig. 7). The
following optimal detection parameters were applied: 0.10M PB
(pH 6.0), a flow rate of 1.00 ml min 1, a sample volume of 250 pl,
and applied potential of 0.60 V.

In terms of repeatable measurement, one nano-Pt/Ni @ MWCNT/
GCE detected 25 injections of 20.0 uM PMZ. For the 25 injections,
the deviation in percent relative standard deviation (%RSD) was
1.44% (Fig. 7A). The proposed sensor showed good repeatability.

The reproducibility of the preparation of the nano-Pt/
Ni@MWCNT/GCE was assessed using six electrodes prepared in
the same condition (Fig. 7B). Each electrode detected six injections
of 20.0 uM PMZ. The %RSDs obtained from the six electrodes
ranged between 0.42% and 0.96%. The AOAC guidelines on
acceptable %RSD values are based on repeatability and reproduci-
bility studies with 10 mg 1" of an analyte. %RSD should not exceed
7.3%.*" In this study, 20.0 uM PMZ = 5.69mg 1~ ". The reprodu-
cibility of the nano-PUNi@MWCNT/GCE was therefore excellent.

To investigate the operational stability of the nano-Pt/
Ni@MWCNT/GCE, 100 repeated sample injections of 20.0 uM
PMZ were determined using one single electrode in the optimized
operating condition, with the current response recorded as relative
current. As illustrated in Fig. 7C, relative to the current response to
the first injection, the response after 100 injections was 95.1%, with
an overall RSD of 2.02% (n = 100). The operational stability of the
proposed electrode was good for PMZ detection.
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This work proposed an electrochemical sensing approach to the
detection and determination of PMZ. The intended application of the
sensor is the screening of PMZ abuse, especially for forensic
purposes. In order to test the selectivity of the nano-Pt/

90 100 110 120

Ni@MWCNT/GCE, PMZ was determined in the presence of various
organic and inorganic compounds that may be found in beverages.
The selected interfering substances were Na*, K™, Mg, Zn*, CI-,
NO; ™, SO, glucose, sucrose, urea, ascorbic acid (AA), uric acid
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Table IL The highest concentration of an interfering species that induced a change of less than 5% in the current response was considered the
tolerance limit. The study was performed against 20.0 M PMZ in the optimal condition.

Interference species Cpd M Cp/Crmz 20 v % Current change
Inorganic compounds

Na+ 2000 100 +1.01
K+ 2000 100 -4.39
Mg+ 2000 100 -2.13
Zn* 2000 100 —1.67
c1- 2000 100 +1.00
NO3~ 2000 100 —4.38
SO,,E’ 2000 100 -2.13
Glucose 5000 250 -2.73
Sucrose 5000 250 +3.67
Urea 100 5 +1.13
AA 40 2 +4.01
UA 40 2 —4.57
DA 40 2 -2.73

Table ITI. Recoveries of PMZ spiked in urine, saliva, and beverage
samples (n = 3), using the proposed nano-Pt/Ni@ MWCNT/GCE
coupled with flow injection amperometry.

Sample Spiked (uM)  Found (uM)  Recovery (%)  %RSD
Urine ] N.D. — —
5 52+0.1 105£2 L9
10 99 +0.2 9 +2 1.6
15 145+ 0.1 96.5 + 0.4 1.6
20 204 0.8 102£5 0.4
Saliva 0 N.D. — —
5 5.0+03 99+ 6 6.4
10 10.3 0.3 103 +£3 29
15 14.6 + 0.3 97 x2 2.0
20 202+ 0.3 101 £1 1.3
Beverage | 0 N.D. — —
5 4501 913 32
10 105+ 0.2 105£2 1.8
15 15302 102+ 1 L0
20 19.6 + 0.8 98 + 4 4.3
Beverage 2 ] N.D. — —
5 5.0x0.1 100 £ 1 1.4
10 9.8 0.0 98 x2 0.4
15 154 +0.1 103 £1 0.9
20 19.8 + 0.4 99 x2 21
Beverage 3 0 N.D. — —
5 5.1 0.1 102+2 2.0
10 102 +0.2 102+2 21
15 144 £ 0.1 96 £ 1 0.8
20 203 £0.2 1021 0.8
Beverage 3 0 N.D. — —
5 5202 104 £ 4 4.1
10 9.8 £0.1 98 £ 1 0.9
15 149 = 0.1 99.2 £ 0.6 0.6
20 202+02 101 +1 0.8

(UA), and dopamine (DA). The effects of each interfering substance
were assessed by calculating the tolerance limit, which was char-
acterized as the highest concentration in a standard PMZ mixture that
produced a change in the current response with a relative error of less
than +5% compared with the current response of 20.0 uM PMZ.
(Table II) The change in current response from the electro-oxidation
of 20.0 uM PMZ ranged from —4.39% to +1.01% in the presence of
250-fold concentrations of glucose and sucrose, and 100-fold con-
centrations of Na®, K*, Mg>*, Zn®*, CI, NO;~, SO, . These

concentrations are relatively high, hence the nano-PUNi@MWCNT/
GCE was considered highly tolerant. In the cases of urea, ascorbic
acid, uric acid, and dopamine, the tolerance limits were considerably
lower. Changes, either in the pH or condition of the electrolyte, due to
the interfering compounds could have led to below-optimum electro-
chemical detection. These results pose a slight limitation in terms of
sample type. However, this aspect of the sensor may be open to
further studies to expand the range of suitable analytes.

Real sample and recovery test—The real-world applicability of
the proposed electrochemical sensing platform was evaluated by
detecting PMZ in urine and saliva samples and beverage samples.
Each sample was spiked with PMZ standards at 5.0, 10.0, 15.0, and
20.0 pM. The spiked samples were diluted with PB buffer and
analyzed using the developed Fl-amp electrochemical sensing plat-
form (n = 3). The concentrations of PMZ determined were very
close to the spiked concentrations (Table III). Recoveries from the
sequential addition of PMZ standards ranged from 95.7 £ 0.7 to 105
+ 2%, with RSDs ranging from 0.4% to 6.4%. The results of this test
demonstrated the accuracy and applicability of the developed sensor
for the determination of PMZ in real-life samples.

Conclusions

A simple and efficient synthesis method was used to prepare a
nanocomposite of multi-walled carbon nanotubes decorated with
bimetallic platinum/nickel. The nanocomposite showed remarkable
electro-catalytic efficiency towards promethazine oxidation. The
nanocomposite was drop-cast on a glassy carbon electrode. The
modified electrode was coupled with a flow injection amperometric
system. Operating at a low detection potential, the sensing system
achieved high throughput, wide linearity, and low LOD with good
repeatability, reproducibility, operational stability, and selectivity.
The proposed sensing platform successfully determined prometha-
zine in spiked samples and could open up new paths for the
development of biosensors for routine analysis of other analytes.
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