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ABSTRACT

In this work, the electrochemical sensor for determination of
sibutramine in dietary supplement and weight-loss products was developed using a
new electrode material of sodium/ phosphorus dual-doped carbon nanotubes (Na/P-
CNTs), which was produced by a facile hydrothermal method. The Na/P-CNTs
nanocomposite was characterized by SEM, EDX, FTIR, and Raman spectroscopy.
Electrochemical properties of the nanocomposite have been characterized by CV and
EIS. The introduced CNT with doping of Na and P atoms modified electrode was
beneficial for the improvement of electro-catalytic activities and facilitation of electron
transfer pathways, which could contribute to the effective oxidation of sibutramine.
Under optimal conditions of AdSV measurement, the analytical characteristics of Na/P-
CNTs electrode to detect sibutramine show a wide linear range from 0.025 to 10 mg
ke'! and 10-60.0 mg kg'* and a low detection limit of 0.010 mg kg''. Furthermore, the
Na/ P- CNTs electrode exhibited g¢ood repeatability, reproducibility, anti-interferent
ability and short time analysis (120 s) of sibutramine. In addition, the proposed sensor
was successfully applied for voltammetric sensing of sibutramine in weight- loss
products samples with good recoveries from 91+3% to 102+1%. This Na/P-CNT
nanocomposite could become a promising electrode material in the future for the
monitoring of other electroactive species and other electrochemical applications as
electrode modifying material provide excellent performance comparable to standard

methods.

Keyword: Dual doping, Carbon Nanotube, Voltametric Sensors, Sibutramine, Dietary

Supplements
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uar 15 fadndu Selianlddmiumsinvonnaienfiinananglsaduadn uenani
lgynsfiudusilunduiieengisessuuniafueims we Gastrointestinal Agent lned
nalnnseenguiiAsafunszurunsseiuauesnemnsle é’wmmfiuawmwaﬂsﬂsdw
WouunI1IANNNSANTIY 2542 leynsidu (Sibutramine) lasuayaniiunldsnwilunig
miu;wmaﬂiaLLiﬂmmumimUﬂumwuﬂLLavamumuﬂiummwL‘Uuiiﬂmummﬂuimﬂw
FUUTENIUBIMITAUAINUALBONANGINTY WAKE I UABUTUIAUNNSANTIY 2585 N119N1T
Uszimadmaiusznmasziumsoyginnsanniglunaia esndsnsauiiisitestu
pnslifiaUszasduaaditae 2 eddldvhmadnwilaseviaduarldsenulugommiaea
dmiundndneioniienisldavesyud (Committee for Medicinal Products for Human
Use, CHMP) iilousziiufiannandes amnuvasnsiouazanuiivszansaimuesnisianlayy
s ldlunsufoinuedinaudnisnass egralsAnuludouiquisudifentu
mhpnuifuiaveunsUsediu muey wazeygansldordilniluavamelsuniofisdn
Auluuny aedAn1sewviaannInglsy (European Medicines Agency, EMA) in153LAs18%
Wisuisuseninmnudesfiazifetuuazsslenilumsdnvdnoglunasifisensuld 3
ougwliiuTevisuiaseuau sondafiothunldlunmsnudnaseuddsadlilumiugua
YDINNGBE9LNATA 5ﬂﬁaaqﬁmimwﬂmquhﬂ (Williams, 2010) ¢dsliusemsenann
finssenudszdmn 6 WeudmsunsAnuinanismaassrenasadoniiladsinusiele
me’lﬁu (Sibutramine Cardiovascular Outcome Trial, SCOUT) Lﬁamiﬂimﬁuﬁdﬁﬂamw
TumﬁamfmﬁﬂLLazwamwuﬁﬂmawamwwﬁﬂﬂLLawaaﬂLﬁamaq;ﬁﬂmﬁﬁﬂﬁmﬁmn“;Ju
Tsarlauazvaeniden aunseislunmsdnsiy 2553 psAn1soTmIuazevesanigelsng
(Food and Drug Administration, FDA) ldeenuseniafisaiudasasdevedlaynsiuainng
Msfnw SCOUT Lesanwugithedimnuidsslsarilauasnasnidensosay 16 voteild
nsSnwsiglaynsdiu (USFDA, 2018) uaziinisdndulaluiinisaennsulaynsiduesnain
nzidounazianildlumsnsunndluiudl 8 ganay wnsAnav 2553 (Li and Cheung,
2011)

Cl

JUN 1. lassasiemandivaslaynsniiu

(M7: INNUANENTIUNITOMTUALET NBIATUANINQAITLANFA LALNTENTIETITUEY)



M19199 1. UansanwagmaATwarn1enInYedanslaynIiiy

Anwo Tasymnsndiy

Fonuszuuana (UPAC NAME) 1-[1-(d-chlorophenyl)cyclobutyl]-N, N,3-
trimethylbutan-1-amine

gnsluana (Molecular formula)

Sibutramine Ci7H2CIN

Sibutramine hydrochloride Ci7H29CLNO

monohydrate

CAS Number 106650-56-0

waluang

Sibutramine 279.852 ¢/mol

Sibutramine hydrochloride 334.324 g/mol

monohydrate

pKa 9.77

ANADULNAT 191-192 s gaLiea (°C)

Amsaranst 2.9 meg/mL luth pH 5.2

A0IUTNIBNN HaNENUT (crystalline powder) fifidvaudsdesuy
laifindu

11 g1udeya HMDB (The Human Metabolome Database) lagan1iuidgguanuma

aa Y [} & o a s
AU UAUTEWBUINATIULIAILAUINN LL@S@‘UUU?G}ﬂiﬁJLll(?]'ﬂ,‘lﬂallﬂﬂ (TMIC)

[ o/ 1 a v = =

2.2. anuiudunsigianisiianadiafssvasloynsfiuuazunasineninguung

dmsumsiuusemuleynsduluviinaunnvislussesnafneilionsine1nis
¥ a ] 1 o e % U = d' QI dy . . a
A ag1adu dnsnisiauvesilawazaududeniiiiiugsdu (Narkiewicz, 2002) fin
91M15UNUIe Uanfisue nauilodouuss viewn Waudaineinisueulivdunasziiniudi
\@ou (Aratjo and Martel, 2012) ggldennsunselasudunnefawntinuazaieluian lu

a al a o o ¥ = = = 1 ¥ 2 a = =, =

afnmediuTenindlaynafiuiissnenen uiudlagnenidnneilouenlul 2553 b
Uszinaluwnglsuuazeuisnilanennsuegileynsfiusenaintyfenilel 2553 wuiu us
Jaymmsdanasuduleulsynsdusiiundadueiiasuemisuazeraniiminginsmnuag

A Y o aa o Y] J o 9 v A
wagddetinannnissulssnuansialinenand viliilel 2561 nagnsasIsuaueani


http://www.metabolomicscentre.ca/

UszmanisenszaulaynsfiuduingeengrsreiauazUszamussian 1 aunsssiwUydd

A

[

npeengvarednLarUsEam n.A.2559 Inevniilunausiuiunandueiaiuensavding
wirladavsetndmiedieenazdetlasulnudiansiued 5-20 U USudaud 5 wauuimis 2

SUUMANNNINT 115 953anils viserdlanseunsesiinwdnanaus 1-5 U viseuTunsus 2

2 L3

= =2 = vao a [ 1 @A 1 @) a 1% =
NUUUIN 09 1 EUUN i’)lllﬂﬂﬂNW?Uﬂi%WWUNa@ﬂm%ﬂﬂﬂﬁﬂ’m08’3’1LﬂUF’]’J’]iINﬂG]’JEJ Taed

Y

I [
v o Y

Inwdranluiu 3 Inseusuliiiu 6 nluum w3991 NeUsumuNIng 141 (nosAIuAy

[

IMELENHR, 2016)

2.3. MITRIATIRLBYNIIEY
nsnsIvdATsleynsdukazanswniveladvesleynsduainsonsnainseinig
W leaInaneds Wy N15nII9As1eutaeIs leesuludanaunlnsums (Dunn et al,
aa a aa < a aa 6 =
2012) AANaa3dianinsinisda (Wang et al., 2016) FduAalasulnnsd-wugaiunlnsi
3 (Jung et al,, 2006) 5giueadianinainfigiiuaud (Wang et al., 2011) 35lAsulnn
TMYeurAIANTIOULES (Aribumu et al., 2012) uazlasunnnsvewnal-uuaanlnsiy

3 (Wang et al,, 2008) \Uufy 31nF9819089N1505I9ATIEIIReNE T nduisiase

'
=

wnsgunlunaunsaldlunisasaiauasseylaynsdiule egrslsinumaiadaduiile

o v o o P

NANUN T TAAINSUNITRTIVIATIZI LU UIIITNITATIDNATIEALGIAIUNISIATIE

Junaiuu wissdiedwszinivunalugliauisannniluasiaiimsziusnannuing
U

[
o a [ =

nosasdelavsoundsidunudmiunisinsgvideudiegs Snnedalinsldanunends

o & v Y] ° v a ¢ S o g vy Y a A ya
"\]']Lﬂumgﬂaqﬁﬂﬂ?qusﬂquqmmaﬁﬁiLGUEJ'JGU']QJJIUﬂ’]T]Lﬂ5']Sﬁﬂﬁgl’ﬂmuumqi‘mmj%Uiiﬂﬂ%i@&lﬂ

U

o

Uszauddiaammaasuiiiensiainlaynsiiudshiamsilamesies uenanisnmngate
filsnanluireiu Tudegtuiinmnidmarumefinillndhanldiensasiataleynsiiulag
fnstauneugosmaadlifh e dliivieudsaandieg wienisusulgsiiantid
vosdalwilvhaudievlinismevaueswesnmnsiatadiussansnmuazinnuliiin sz

WinLnNgWu egrau TIlihAUSuUgsianta Wil faeninnsniiu (Saichanapan et al,,

a 6

2020) FalwlTusoulndlnuoud (Freitas et al,, 2019) TaluiiiU§uUssdBnAUTA

(Teradal et al., 2013) SalnliUsenuuLmen (Carvalho et al,, 2012) SaluifizaLs Ly

a L%

Gialaaauﬁﬂ%’wgaﬁaEJLumﬂsz?LmJLUiu (Gohary et al., 2011; Zayed and Issa, 2010) 1Jufuy

] [ [y

ag13lsAn a1 tfidivesndavateuszns wiu Tl luseulaUlauousidadine



vaerdndlniriliiieiinujisereendinduvesloynsidunoudageuin (1.9 Tiad)

(Freitas et al., 2019) wagtrlnimeausenuviu ddgwidetuanuduivseglde

3. N159ATITRNBWALANIAT LN

mMseszsimeismaadliinduisnisnssiinneiifiniuldinseigeannsa
wawwarldudne aunsansiaiaansusuanitesld snwsldnailunisinseiuas
UsU1aKa5IALS 482 51A1784LAS 09 ad 1T UNITATI9TLATIZ A DUT 196N 1LAS Bile
3Lﬂswﬁmamﬁmm§m (Chen et al., 2018, Tian et al., 2017, Anuar et al., 2020) G%EJL‘WG}
flutiudsdenmiiinsmmaiinssimaadiifianldifelssendlunismsainseil
FIUF9 9 19U Aud swInd ey (Kumunda et al., 2021, Hanrahan et al., 2004), #1u
n1sunng (de Oliveira et al., 2020, Zhou et al., 2021), ATUBIWISHALHNAN N UINLFSUAIIY
371 (Soleh et al., 2020, Cotchim et al., 2020, Saichanapan et al., 2020) %3 8a 1UN &
Inend1ans (Promsuwan et al., 2020b, Saisahas et al., 2021a, Saisahas et al., 2021b,

Promsuwan et al., 2020a, Elbardisy et al., 2019) Wuduy

3.1. mAdANIASA9AIZIIRAl WA

weianaailii Wdumededidnuuiaservesnsoemdidnaseusewinedali
warasaranefifesnsieszilaerinisasiaduananisnevaueasliitlugiunigg
pg1919u Anszualia (Current) mdngluin (Voltage) mnistlwidy (Conductance) way
A1ANFIUNIY (Resistance) tudu Ferndyaaunisnevausninanasulsiunseiu
Usinamoanuidudureasiideinisasaiiaszet wadamaaitlniiezlddalnian
Tl Taun alwfinvinan (Working Electrode) Fa e ae (Auxiliary Electrode) tag
F2lWH181999 (Reference Electrode) (Motshakeri et al., 2022) sAnnsnouauaamlnii
Fananleannnianud sunlasmandvesansdunisusearsedunidlagaziinufasen
PONTLATUNIDIANTUVDIATUTTNIUT T ULazUlUATI9TAMIAMATIARIG 9 UBIN15ATIT
Asevmaadinii Wiy wakaduikaugadninsalatidandliidn, wmeadaleaanliawnus

73 uazadaaidesaivliaunumns (Elgrishi et al., 2017)
3.2. walladuiuaudaiunlnsalatidandilnin

dunuaudaunlansalnUiaaillniin (Electrochemical Impedance Spectroscopy, EIS)

a A =

W308nTeanilafiinAs AC Impedance Wuwaliansiinsgrinaedlniniiedinsnzris



Srvagnamenmvessadniiafuarautfvesiufindalwihiifinnsusuusaamidalad
sheTaneine Inendnnsveanaia Ae axlinszudlnihuuuaduluguuunauiladduledun
sf?’ﬂWﬂwLLazﬁmumiﬁﬁﬁnﬁﬂﬂmejﬁm6] wildluseuiadlad ilildadyainnis
pevauamelnifiinannsdsuulauravesnssuabiiiianniia mnﬁ'juﬁwméi’fgﬁmm
nsmevauesfIna T lUTieTeimadufiunuddandufiunud Ao Usinaudadouiiuiu
mnudvesdyyauazadufiuaudorsazeglusuvesdndluii, nszualui vonsiluin
dlefnwauantRveansdeloussy nsliivesTanfiviusulgaiamindlai
yhau S5 Tamdufiuudiuazuendnumsnisn snmaesiuir e nluaie
(Nyquist Plot) (Magar et al,, 2021) dwiuineninusatuiilsimedasnanuldiiiednm
UszAndnmaestlaliinfiusuugeiae Tanvounluasuenililedelndeunas eaea
Falwihfiusuugsde Tanrieuluansueu wazdalwildilalldusulss luasazans 0.10 M

KCL 751 5.0 mM [Fe(CN)61"* Fauandluguil 2.

600
500 - --#Bare GCE (a)
-#- CNTs/GCE (b)
400 -~ Na/P-CNTs/GCE (c)
E ®(a)
3 300 .
' ot
200 K
100

0 200 400 600 800 1000
z’/Q

sUN 2. uansddegwalnasuvesduiuaudaiuninsalatidaaidlnivesralninldle
UFuse (a) Talvlihusudsemedanvisunlumsuau (b) uag Plwihnusulsemedanve

ylupsuauilamelafsuazWaanasa () NkaannInendnusd
3.3. mALAlYARNTIARNULUNT

lgadnliauniam3 (Cycilc Voltammetry, CV) iumadamaaiilainfniundnsgiiu

WelSunanieAnwianginssuuasauautaniuedllniivedansnfdeanisinser dunaia



fanamaglidndlniinduseuludnvasluaumdsuunta i dannusednddlnluage
souusnuara3ssUnsiiiamaiinsatudiudu vliluanavudaluiifansudsundas
vosspRundsuisdsmaliiAnnsdiomdidnaseuseninsimindaluiafuansieylu
asavaedidninslad audansivariuresnseualiiivesdaluiioy Tnefededmny
Foausnhmiilunisamuaunsiiemanusnsinduas Saanseualuidiinty uades
Tnnudleauavazdefiuneufinmesuazgeniuifiiiovhnsuszanana lnevdnnsveanada
lgpanliaunuun? fe wieslmnudloaunnteunuiadndliudeuuladudnunsidunss
MnadngluiigaiFudu luddnadndlifigeaaing Tneflaruduiivindu viefiFendy
Al wnugea ﬁ]’mﬂ’juaiywm'n/\lé’zyfywmﬂﬁmzﬁuuammmé’uﬁuﬁ‘iwﬁqﬁ’ﬂeﬂw%
(Wnu y) fAukan (Wnu x) (GUA 3. () WeissAenzvimnlidndluiidnlugavadlaii e
narludnglihasudeulunsuninntu Bendndlwiiwenanin msaunuludrond
(Forward Scan) iSenuiiisenfiiinlugasiin Uiisereendindu famnansdandriinduns
Asenlutaaiinanazdwaliiinnssualnidu waziSonnseudliindiAntuisn nszua
welun Mntudleaunulufgaeumsdnduiaiisinualy nnuiloausnazivdsufienaly

Y v = = a :9; i a é’ a Y [ ! 1
anwaugnseny Feazildsuldluianisuinundudisnanindusendndluiifngiin ns

'
LYY = - o

aunudaundy (Reverse Scan) aunsevisdndlvliindianvindy dndluilnFuduaylidunis
58U (1 Cycle) 3enuUFAseiAnlurasilan URATe3RnTu Somnansiandrifndunsfsen
Tudsdandndmalfifnnssualiingy isiFonnssualiihfifiadudin nssuauala
(D.Walker, 2016) snamsiagrianansauanaduauduiusanusisdnduaznszuai
Aaty Mi3endt Taundluwnsy (Voltammograms) %38 Current-Potential Curve damaia
loadnhauwnuun3 (U7 3. (@) Seahund@nvinalanisiinujiservesans Taefiansan
widmeiArdndlufinasan uaznsruageanvesdygrunuukalnintazualuin lag
Wisuifisuldananuauasvesrinszuauelninuazanszuoluin mnaAwiaosaung
LanaInsiaUasendanadunuuiunduls (Reversible) uwadiwinladivindu wanein
Anufiseuuuiungaullauysal vidovniaiissnszudlanszuaniliansiAnUAzewuy
Aundulailel (Elgrishi et al., 2017) Taglugudl 3. (a) uansfegsluadnlaunuluunsuves
Falwihiiusudgade Taneunluasueuiiiefelufouuasloanesa dalufifiusuuss
e tanvieulumsueu wazdalwihilalausulss Tuansavans 0.10 M KCL T 5.0 mM

[Fe(CN)6]>"* a1nn1svininendnusasal



10

n
v, -
s * % S
= & 3 z
3 N %, £
=
vy
Vi Vi
Time (s) Potential (V)
20
(<)
15 Bare GCE (a) ‘ / A
- CNTs/GCE (b)

10 4 Na/P-CNTs/GCE (¢)

Current (pA)
v

0.10 0.40 0.70 1.00 1.30

E vs Ag/AgCl/V

JUN 3. (N) NswansgUuuudyensedu (1) uwansdygansnevauswevaialeainly
aunuwns (Soleh, 2019) (p) seegsloadnliaunuluwnsuvastalninlilausuuss @)
Pl uSuugemeiagvieulumisueu (b) wastalnihiusulseieTanvieunluasuau
A v a ) a v a a 1
Womelaineuuwazneanesa (o) NlaanInednusi

3.4. mataalesaInliaunuuns

Aflesadnliaunaues (Linear Sweep Voltammetry, LSV) iuwmaiiamandl vl
Prunlddnsunsiainaisusenaumaaiiuseinnaisdunsdusearseiunsd [Wuwmadanld

¥

nude waglidyyrunisnevaussiisaiiiluniieiadiund arowmaddedondunaia

9

a

fandnldnsainaisiidesniniaia lnsudnmsveanaiadidesainliaunuues as
fvuatisdngluivdousadulnihiigniouuntalaiivhauasiussiidnuasfudunss g
daruswiuliihazawnuanusaduigaludussiugagavienngaiEudulusaagarine Tae
Adngliidananilineadlifedanfutuduiaidudiniusiunm (Uil 4. (n) vl
ladyaaunisnszAukasdyaIMNInaUaLDY AdyaIMN IR UaUsILan aglugUlawny
Tuunsuiitufuiladenansdsens wu Shnsdreleudidneseusswiaas vie dnans

aunuveawsaiuliiy (U7 4. (@) Wudu nsnsiavesnaiediflesainliaunuues oz
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wansdyaunisnevaussanwuziduilsidussminanseualniuazardndlai Falaauny

' v
a a =

Tuwnsuanuisawansdisujiseiiintuusnafmidaliinndul jiseeendindunse

¥ £% [
=< v v ]

Fendu IneAnseualiiasindudliodnsinisaunugely Madasduiutunisunsnszany
V9381517 09n139539TAUULILNAN (Rosemary A. Marusak, 2006) mALARINA1IA1UA
iluuszyndlddmnsunsiieseidnunin wasdalsunn lngdnerdnusatuiimaia
a a s

aflesadinlaaunuues wildienigaudeusedninmvestaluihiusulseiieionsuoui

A 1 a % o (% a 4 =
Lﬁ]’e]ﬂ'lEJI"?IL@EJ&ILLﬁZW@ﬁW@iﬁﬁ’]%iUﬂ’ﬁﬁi’m’JLﬂi’?%%ﬁ’]ﬂ%‘gﬂi’mu

voitage et

¥ v s v voitage

UM 4. (n.) uanaguiuudyaunseau wag (V) ansdyginunsnauausivasnailndmailn

s

9
Adesadnlaunuuns (Department of Chemical Engineering and Biotechnology, 2022)

3.5. MANALEAYINTANEANSUT L annuLuns

wanganAinansudaliaunuuns (Adsorptive Stripping Voltammetry, AdSV) 18u
wallanmaaillndindninanysesgnalddmsunisnsinasvselessulanewsodnsizien
Ysuadeeiidesnisanuliliasieninas (Vire et al,, 1989) Inemallakangoninaniyvtala
a 1 ) I = & o = .
aunues wuseenilu 2 Tuneu Ae TunauNsAAduUNsonIsavay (Accumulation Step)

g g" [ ) A o 1% A v a ¢ a a ) o = o 4
Juneuillutuneuinvinliasidesnsiesigiiinnisasauuuianinda vy devil

o 1 a

luanavesasiidensiaseigngaduaguuimtalni Tunaui 2 Ao Junaunisans

Y Y Y

YU (Stripping Step) tudunsunisasundasardndliinlaeaznseduluianavesansf

avaueg UMV uAaU ATl wu UFASesandunsesandndu @
UfAzesenanaziinusnaimtn g liviney wazvinsinadygiunisnavausiaain

ANseRakAlnanuIaleluAndwzUsnglusudymrunisneuauss laga1dnanasuUsiu

ATINUUTUI LA ALTNTUY RS LULANAYRIA T NN BIN1TIATIEH (Omella Abollino, 2019,
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EstefaniaCosta-Rama, 2020) &sluanefinusatuiiinadawanganiinadutaliawnuwums

wszendldivenisnsiviamusunaesleynifiuienaleuulundndueiaiuemis

4. n13UTuUIUsEaENSn Yl

- a ¢ v a v a a N A X o @ v a

[ioN1TIAT LY TNARINSRTIRNAT e R UsEAnSamiiungudndudesdnig
Ysulsanalnlinlvdianuldesgiiiunndy daudnizseasiineinsasiainsiubed
S o w TN v A o v A Yo 9 b
Pndinn13nsrainian Fedagduinsiianiivarnnaleunlddmsunisusuugetalnih
haulunsnsndiesgimaaillii wu Jagmwedwesyianlni (Conducting Polymer)
Janayn1auly (Nanomaterials) 1y Januiluansnediziiuaglane (Semiconductor and
Metal Nanomaterials) saugiadaguiluaisuau (Nanocarbon) 1y iewiluasueu (Carbon
Nanotube) \lusiu dnsuinerinusatull i Tagveunlupisusuunvssgndldlunisinun
USuugatilwihviheudmsunsasainsesilsynsiiulundadasiatuemns

4.1. ieurluAnsuau

nau1luAis uau (Carbon Nanotube, CNTs) qﬂﬁuwmﬁ'afl 1991 1ag lijima wag
Ichihashi e?fﬁﬁm’miugﬂmmviauﬂum%vauwﬁﬁgmﬁm (lijima and Ichihashi, 1993) niou
Tunfueuniedndenide vievan (Bucky Tube) Mourluaiuougninidusnysuves
msuau (Allotropes of Carbon) Uszknvmilawasiduianuludsuszneuseeznouaiven
wnwasuvassifaninnisldseveduluns iy (Graphene Sheets) Tufimmafianfu
Hudnuagviensainszuen (Menezes et al,, 2019) Famnautanalasearanssusives
uiuns iy vieurTuarsuouanunsaudsldidu 2 via Ao viewluasuountaduien
(SWCNTs) dainanmisshuivosusunsiiuiiosusiufion way veurlumsusuuuunt
At (MWCNTS) Safinannisiudud eufinfuresusunsiflumatousiu (Chen et al,
2021) snnlundrifurieulumveuiizuuuuvesmashufudontussrinusiunsfiuega
ANWME ABLUUDISNULYS (Armchair) lasea (Chiral) wagdnugn (Zigzag) (Sinnott and
Andrews, 2001) G?fﬂul,wiazgﬂLLUUéaudqwaﬁaﬂmauﬂ’amﬂw% 70U UANSUD UL LA UK
gudnansszduuludnitadutagiiidnume Mono-Elemental Polymer #iflgnsnduaaia
gnseiduEuAuEna13uIN (Popov, 2004) ey iTsviliviouTuasveudauauiffime
fuanirsantagusziandu Wy faruudusuennior dindfnun Sanubangugs §
auanansalum s lniuazanuouldiden (Odom et al, 2000) Fwvililutlagtuiing

U TanfIna1uUseyndluaIunneg 081903190379 W suwnlumalulad (Nguyen et al,,
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2001) ﬁﬂuqﬂﬂﬁajmqaﬁﬂmaﬁﬂﬁ (Lekawa-Raus et al., 2014, Peng et al., 2019, McEuen
et al., 2002), @15Aai211 (Semiconductor) (Tang et al., 2021, Durkop et al., 2003) AU

[ a

WS (Wei et al., 2020) 1Hudu ’ed]ﬂ‘flgﬂLﬁj’e]L‘U%EJ‘ULﬁEJ‘UﬁU%ﬁ@%UﬂguLLﬁ’JV{auﬂum{Ua‘uﬁ
flufifuasuszans nmnisgeduiiinnninfagUssinndu SeiliveunTuadu sugninanld
Frumealuladfrnndmiussuunisuudeeniiosnualsasieg (Liu et al, 2008, Bianco et
al., 2005) LLawiamT,umi‘Uaugmj’mﬂ%l,ﬁ'w%’wqwuﬁmﬁﬁ%ﬂv@ﬂﬂﬁ’m%’w&uwai‘mq
AT AL 9n 5197 RA56199 WU n919TRa15IEidn (Zhang et al., 2006) B1%1uuAY
(Cesarino et al., 2012) @15¥3luana (Periasamy et al., 2011) AULAINGIAEAS (Dragan

o

et al,, 2021) Uiy wnlundduiiaiiuyszansninlunisgaduansusnadmingalidi

saa wa

e Tudagdudniieuniavedlaneseauunlunienefimesniinaaudilunisunluiun
Uszandldlunisusuugsaniidaladh dduivednusaduiliidenldTanreulunsueud
Jesvoznenmadluisunarioaretalunisusuugedaluih ilefiuaruannsnveanisge
Fuansfidesnsieneilutuneunisaras uazisanmsifnufiseivesansiifesmsiinsesily
funeunsanivlwieduneunisnsiata
4.2 visunluansusuiidedaslufeuuaswoanass
dwfumaifinvszansamidaailwiiwesiagrioulumiveuiieifinauamsaves
na1ssURATe 3 Rendsewindalufivhaoufuansiidesnsiinsiesd anunsavildvainuans
5 Wu n1slenleTagnefiwesiiliil v3e Warmeouninvedlaneseauuily (Metal
Nanoparticle) 111 118971 (Gold, Au), 13U (Silver, Ag), lauaas (Cobalt, Co), NoIAIU7
(Platinum, Pt), naaums (Copper, Cu), wian (Iron, Fe) uaglnunaiday (Potassium, K) 1Uu
AU (Daothong et al., 2009, Krockel et al., 2020, Choi and Yu, 2012, Chen et al., 2015,
Lee et al, 2021) usnaINIFN LAna1231 gﬂﬁ5ﬂﬁﬂj\‘iﬂaQ%gﬁlﬁﬂﬁﬁNﬂi%Lﬁ’e)Li'\‘iUJjﬁ%Eﬂ
pendinduresansiidesmaniminmain Aensidearsussinnamelseznou 1wy lusou
(Boron, B), Mugau (Sulfur, S), lulmsiau (Nitrogen, N) Wgealsa (Fluoride, F) suils
Waaweasa (Phosphorus, P) (Lee et al., 2014, Stephan et al., 1994, Ayala et al., 2008,
Sawant et al., 2019) asuurioulua1uaunouaziuldiienisusuussiamdald
11974 ?faiuussmazmamaaﬁmﬁié’ﬂdnmﬁ?u Woawesa (Phosphorus, P) tinflesiinanldy
pgnunvarsdmiunmsieasuuirfanulumdveuitoifiuussaninmuesnsneuauss

a = o v o <y Y ' aaa a o A o o = a
L“UQLQQJIW‘WW LLﬁ%‘Lﬂll'ﬂSUL‘W@L‘UMG]’JLi\‘l‘UQﬂﬁEJ']E)@ﬂ‘dL@I“U‘lJ‘EJENﬁ’]iV]U']@J’]Wi’J"U’J AYIRTLNNNIT


http://nict.sc.chula.ac.th/site/index.php/technology/risk/nanomaterial/cobalt/cobalt-metal
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aeloudidnasousznindalwivinudvarsditmnsmata leynsdu) idesanide
Wisuiisurunsailanaudilngininvilianuanansalunslididnaseuiiganinsn
lulnsiau (Rawal et al., 2021) fewnidsvinlsiveanefadanau i dudas s fAsend
Weuwimdemioniinsidesielulnsiau uenmiionnezaeuilananutneiu ludoy
(Sodium, Na) \fuvdlslueynaunlulaveiiadla nsludeuilauauifivaglunisuiulse
AautRnInenasnaad SnveeiunmshiniiesTanuardilanauifidusiage
Ufisemanillndihvesiaquilunisusuls (Huang et al., 2016, Matsuhashi et al., 2000,

[

Xiao et al,, 2015) losshonuandanlaaiuludaailni SoilitonAdeinnnediiian
uilumsveuiidedelufeunievoanesa uuuusmidaluiiviheudeldduiuns
ayainansineg fendenszurumssnuiaiiliin wu Sannsfuiidedeeanaa (P-Gr)
dmsunisnsvines@ndiluiu (Acetaminophen) (Zhang et al., 2018) fa@ﬂﬂ?\luﬁﬁa
meneanada (P-Gr) dwiunsnsiaialamiiu (Dopamine) (Chu et al., 2017) Taqns1iliAn
afueululnse (Graphitic Carbon Nitride, g-CsNa) Tiioselavedanilall (Na,K) dwsunis
asratalulasnlusaegnsemsuayin Uigyasa et al, 2020) i’aqﬂiﬂﬂuﬁﬁaﬁamwaﬂ
Woanesauazlunsudnsunisasiadunialulasiaulaeenled (NO,) (Marjani et al., 2021)
Dusiu

TneluingninusatuiaulaihfagviewTuasueuiiFedelafouuaswoareaun
Uszgnaltsnueailniihdmiunmsnsataleynaii lnglddaunsesiianieuluaivouiiie
seludeuuazieanesariunszuIunsuFisenlelnsmosueatigumgil 180 swrnwaldea
Hunan 12 il i fasiduaseildindadehiiiunmsminloseunasyinlius
figaumail 70 ssmwalduadunm 6 $alus fuanslugud 5 MnmsAnvdnvazadugiy
INYIAIUNE099aNTIAULUVABINTIA (Scanning Electron Microscope: SEM) vasviauly
A15UDY (Carbon Nanotube, CNTs) wazviounluasusui i osaelaifonnasoanosa
(Sodium/Phosphorus Dual-doped Carbon Nanotubes (Na/P-CNTs) ﬁﬂLLamﬂugﬂﬁ 6. (n)
waxgUil 6. (@) mudriy nudrtalaifignusuugadevieunTuaiveuidedelndouuay
weanlasafivuaiilvguariivoriegnunniudoisufieutudluwihfignufudafede
wilupsveuiissedaies Jaduteiigaulainiagveuluamsveumunzanlunisiunly
Lﬁaﬂ%’wqﬁg’ﬂw%LﬁaLﬁmﬂﬁzam%mwiuﬂ']'ﬁ@@%’umﬂ%wﬁﬁuuazLﬁal,ﬁmﬁuﬁﬁ’m%nm

At dalii Wesudnwagnislassaiawesianviaunlua1suauLinann1sdnsessine
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vonsezlsindnasusuiidensefuduninennvasusetusslaauduaziinnissiusi
Snuwazad1eve (Chen et al, 2002) denalddnuaiznied uil Aadsunzaunlng way
anautafanuresslifhlaeiansnsedusamnisdiemuszuesdaluiiundeiu
dwaliianuliiesesigedu (Tsierkezos et al., 2014) innluninfufaquiluariuouisa
QN uaraNIINANITEENAIRINTAIsud Al FromniFaiTanrouiluaisuauis
Ussianwdaduisauagviounluansvounimarstuisgmiandofauludueuens
il uenanilifeiusziunmansilumassjitomannsasmameloudidnnseu
Yasasfitndiasgy aunsavhldlagnaduerneusinviadie q lnglamylefe
(Sodium, Na) way Weanesa (Phosphorus, P) WNSNAITENINTDII19UDIIIURIUAIT UDU
srlsuninvisamuuuiululasaiiweisunlumiveu vilileneuuaseanesadgn

dnanldsauduiagroulunisuau Inesiglaisusaseanasaaziduiiaduayunisss

[l

AA5en osnamsaifiusnmduiuideUiinesdadunsduadunisgaduanslayn
fufiAgedu fvesinswesgnsuiiady uazisefitoneondintuvesasloynsdiuuayli
aLaﬂmauumaLLmuLuuezmsuawauﬂumsuauu’%nmﬁmﬂﬁ?ﬂw%ﬁﬂmu (Patifio et al,
2016, Guo et al,, 2016) ¥lWAdyyIunsnevauewliiifiE W wilswFsuiiauiu
HluihildsunmsusulsaftesiouTuasveuilifinminezmeuvedlafivunazweanoda
fafurouluasuoudiiiedrelafonuagroanesaiadutanmadonuidnlua i
UsgAvB ammanennnnsianuiulgedaliihiudiennsedemaiauensesuiinueludn
an3uTahaunuiuns (AdASY) 4101den15iAnsunsAzeuuuln-ln (Pi- P, Interaction)
TEVINNUIUUUTUYTa U IUATS UBULAL I UL ULT uYRan s layns iy dewanslusy
7l 7 dawalifindszAvsnmessnmagaduuasiiunnulilunsinsgiuinuimdhdalwih

ﬁwmﬁm%’umwiaf\]"’i@mﬂwmwﬁu

Pristine carban nanotubes Nl/ P duel-doped Carbon nanotubes
(N/'(NT;)
Na and P Washing and “ .; rr
Precursor drying .‘ ' \ '
Na?,0, 20°C, 6hr
- e

Hydrothermal process
180°C 12h

sUT 5. uanansdunneniagvisunluasusunilemeluineuuasearieda

HunszuINNsUfAzelalasmesuen
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UM 6. MNENgINNABIYANTIANLUUARINTIATIAMAIWENE 30,000 (n) viewlupsuaunll
Wamglafeuwazweanasa (CNTs) (v) vieuilua1susuNilaianeTuiIomesynoulanay
uazwoanada (Na/P-CNTs)

HyC._ _CHy e
CH,
NQ' m
Hy s
a cl

Sibutramine ** Sibutramine

Na/P-CNTs modified GCE

5UN 7. uansnalnmsiinuiseneendindureslaynsiiiu

5.U52ANSAMMU09353LA5189 (Validation Method)
A5UsEEUDaUSEANS ANUNT9IATIEYU93 5 IAT AN LANAILITU @unsaUsEiun
aada 1

Usean5nnluni1snsiaina1sve i s AL UG LA A 8IATININY UL EILA 71 DILND

WNAUANUU TN 0UBITTNTINATIML B INANTIAT I U WS ufisuiunITIATIEn
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ada

AI8ITUINITIN BIFMSUNINAEUUIEANTNIMTDITIATIZUINRIL T UL RN LA
210 AU udunse Inddnlunisasiaie Indnalunisasiatn@eusunm anuli

AT ANLLALGT SIuTamavesiisuniy WDuduy

5.1. dreaududunse (Linearity)

Pnnndudunss fe Tafimnudutumsidoinsianenaliesgiasnsouaning
Tumsasatanimiugniesuazifissnss lnsanunsadnuilsannsthaisazarsannsgiuddl
anuitutuaseuAguAIdItuTesasiegeTidasn s tm I AT N
WeuNIIMLINIFIULERIAUAUTUSIENINANUTNTUT DA TaLABUINTFIUAUAIF Y10
nsnevauBImliii (gﬂﬁ 8) Inauansléiiaannis y = mx + c ilor y Usueniierdayayal
N13RaUANIalNI A1 x Ao AIUTLTUYBIAITALAIBUINTTIU kAT A1 M AB AIAIINTY

s

YBUAUNTINUINTFIU WONAINTYIINITTATIEYN oFuIumIANduUTEE NS andunus

)

(Correlation Coefficient, r) @ 4. JUAIMUIUBNDIAIMUFUNUS TEUIN1AMUTUTUVDIATS

Doy

a3 fuandyinnisnevauesinii Tnenusifseusuldvesd1duuszans
andastusoglurasiinnndivteniniu 0.995 iedndnlng 1 tietsuenldin3sdldwamuty
Tiansinsgifidanugnios wazutudt nnluninfuiienymmarlliinsgivesisi
Iauntuannsafiasaldanmanudureadunsminnsgiu (Bruce et al, 1998) d4lu
Inendnusatuilitinseiraenuiudunsssrinnnuduturesasazaisinnsgiu
YA sfithunnaiienzileynsifiu dsiminelulasndudefaddng (ug mL?) wazen
fyaumanauauosnaliil (Current, 1/uA) Gaialuinanadinnsuauiiuulssdaetansie
wiluasveuiiiFedeludsunasoaretaildiaundudmiunmsetaleynniuiuans
Fresnnududunssiinirdasudadu 2 Fredaud 0.025 8¢ 10.0 TlasnSuredadans (ue
mLY) way 10.0 89 60.0 lulasnsusefiadans (ug mLY) wazdAduuseans andunusd

1NN 0.99 dauansluguil 8
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40
y = 0.208x +21.685 P
R?=0.9985_ . @ 10
30 - e 2 i
g &
=
g 20 - IS"A
= ) 0.025
3 .i 4/»%\ pg mL?
< 101 4 B
NV =1.312x+0.2075 - - . ,
@ R-0.9972 020 050 0.80 1.10
I
0 ’ ' __ EvsAg/Agcl/v
0 20 40 60 80

[Sibutramine] (pg mL?)

JUM 8. uansanuduiusseniteaudutuvaslaynsfivlugisnnududu 0.025 §1 60

lulasnsusediadans (ug mL HuazAnseiadyaimnisneuausdlni (Current, I/uA)

5.2. ARANAUN15A52990 (Limit of Detection, LOD)

|
1o

ININALUNITATIAIN  AD ANANUINTUNTAIP1EAVD9E1SNUNIUIIATILITIAIUTD

q

ASIILATILU A AINH9819 1A8NISUTLLAUAITATIANANITASIVTAGIUITOILATILY be

A < A a o a Y} | :.’/ = a o Y] r-:‘l’
nanaeIstsazilulumumaiinninnnesiaiinsziluaisiegisiu 9 dslusnuideaduil
IAENITNTIVILATIZAAIENAT AN ULEDS AT bW TA8E1N150USEL I UAINITASIRIN
Yninlaanaunis LOD = 30/S Lier1 O Ap ANTERUNIINTTIUYDIEITALA18AIUAY
(Blank) kaz S Ao AIAIINTUYDINTINUIATFIUNTOAIAIINLITLATIZI (Taverniers et al,,
2004) 93l na1adasueunUsuusenetanvieuilumsuasunilenigleifvuuay

o w

WoaneTanliimunduilivadrdinlunisnsiaialeynsidiun 0.010 lulasnsudeliadans

5.3. AAANANI5ATIATIAYIUSUL (Limit of Quantification, LOQ)

o o

Fpdnianisnsiaiadauiuna lumusuumanvedasiiseansingIngIaia sz

PANUITONTINNATIEA LA LUANTA98719 1982 TN1TANUIUMIANTAINTANITATIVTALTIUS U0

Y
ad s =

lavainnangisdausgdumaianisiasginladnanldluns@nwty 9 wWuhegaiuad

[

YnFiAN139159930 (Limit of Detection) alunuiduasaiilaiinadaedlniuiuseyndls
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AMTUNINTIIATIEN bazausaUseliunarIndninnsnsiaingeUsualanaunis
LOQ = 100/S oA O Ao ALTELUNNINTFIUYDIE1TAZAIEAIUAN (Blank) WAy S AD A1

AMUTUTBINTINLINIFIU Y38 A1AUIIATIZI (Taverniers et al., 2004) Fetaluinana

¢ A

Fasueunusulsanigianoulumiveuiidonialafeuwasneanesailanmuiyu Ui

Pndrintunisnsvingalsinalaynsdiun 0.033 lulasniudeliadans

5.4. aul23A5129 (Sensitivity)

Aanul i Ae Miivsusndnsdiunsivdsundasesnmsnevaussidlni
fildunainnsiaseiedeslnnudleaunnuaznsivasuilasidnuaenadeiuaivos
Fyaansnevausmsliin ngiverinugatull Ieruarmmiliinssivedisand
auduvesnTinasglsyniuivisenadudunseiausnil 0025 8 100 lilasndy
defiaddns wuindaluinaradansueuiiuiulssneagouTuasueuiiFodelnfeu
LLazWaaWQ%’aﬁiﬁﬁmmﬁfwfﬁmmlﬁmiwﬁﬁm%"umimmi’mlﬁwﬁﬁmmﬁu 18.7 pA
ug™! mL cm? wasdloiUSsuifisuussansnmuesisinneivesialiiiiusudade Tan
viewilumsueuiiiemelufouuasrloaneda fudalwihiidusugadetansneg dmsuns
psanalsynarfiuduandunned 2 nuirdaliihiivantudaslieseigand St
frsarududunssiiniiend wasdendnialunismsainleynaduia desndald
nana@aiueuiiuul e Tanreulunsueuli feselnfsuuazeanledadldiaundy
Preuiindsransnmlunisgadulaynaiuvuiimtiitali i Sniserneuvesinfeuiay
woaeSailiintofindszavsnmlunsisanaiiaufiteeendinduveslaynsiiu
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M15199 2. uanansSeuiisudssdnsninvesisiieseivestaliing Usuugsiiedanvie
wilumsveuniesglovuuazneanssa Autilinivsulsemedansie dmsunis

n3IvinleynIdiy
Electrode Electrochemical Accumulation Linear Sensitivity LOD Ref.
platform method time (s) range (MA He! (mg kg™
(Mg mL cm™?)
mL™?)
BDDE BIA-SWV - 5-50 - 0.08 (Freitas
et al,,
2019)
HDME Polarography - 1.4 - 0.66 0.4 (Carvalh
33.3 oetal,
2012)
ERGO/GCE DPV - 0.08 - 1.9 0.017 (Teradal
6.7 etal,
2013)
SBT*/ISE Potentiometry - 13- - 3.0 (EL
3343 Gohary
et al,,
2011)
G-SPE DPV 900 0.67 - - 0.10 (Lima et
40 al,,
2019)
PGr-ink/GCE SWV 180 0.015- 10.9 0.005 (Saichan
10, 10- apan et
50 al,,
2020)
Na/P- AdSV 120 0.025- 18.7 0.010 This
CNTs/GCE 10, 10- work

60
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5.5. AMULIUEIYD9I5 (Accuracy of Method)

NNFIATIZVIANULUUEIIBID @unsadmsiznlaainnisuiadlnalAssveauSunu
vionnudiduresansiinassliesgiiuinamsvidemnuiduturesasifiegads 3
SnsrdudsnanazuanseglusUvesiosasnsndufiu wio Recovery (%) Fstunaudiniy
MIIRTziiiemSosaznsnduduauisaviile Tnethansfiseenisiasiziiinguaiy
Wuduuueuduasluansiegsantuthuniinssirnusinaasuseanududuresans
LasAnammiosaznslanduiy Jsansafunamandosaznsnauiuldainauns fa

19N

[ (Ussnauansfinulusiogne +USinauansumsguiiis) - Usinaansinulusiedng]

Souazn1snduAu (Recovery(%)) = — - x 100
YSunaansunnsgIuiiis

FUNUNN158aUSULAVBIANSBEALNISNAUAUILITLNUII VDY The Association of
Official Analytical Chemists (AOAC) lngansasaznsnaumuazAvualiufagAIAuLdudy
Y99a15NA9IN1TUNNINTINNATIER Aauandlunise 3 TngarsanadatusainunUseiuga

ANUUugveIETlagniaTUle tneinerdinusatuillafnyinsasieiannuuiugves

ada

Fiwengilagriinisnsndiassileynadivluiiegimdadueiiaiuemsiansanuld

ML 6 fdrege nevinisiivaisazatsunsguleynsdulumiegesdnaniaiig

4 v A

WU 2.0 6.0 waz 10.0 llasnsusanlansy wulniasesaznisnauaulugie 91 + 3% 09

¥
Y

102 + 1% manandlunis1en 4 FaduanuatnalseansanuesdIsnlawaunudl

a
14AIA

WUUENA
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Analyte, % Mass Fraction (C) Unit Mean Recovery, %
100 1 100% 98-102
10 10" 10% 98-102
1 107 1% 97-103
0.1 10° 0.1% 95-105
0.01 10 100 ppm (mg/kg) 90-107
0.001 10 10 ppm (mg/ke) 80-110
0.0001 10° 1 ppm (mg/ke) 80-110
0.00001 107 100 ppb (ug/ke) 80-110
0.000001 10° 10 ppb (pg/ke) 60-115
0.0000001 107 1 ppb (ug/kg) 40-120

91999910 AOAC INTERNATIONAL (Murillo de Sousa Pinto, 2018)

o a IS Aa v (Y ! a (% 13 a o
M19149 4. LLﬁ@\‘iUiN’]ﬂﬂ‘UQVﬁWUVV}Lﬂ’i’]gﬁlﬂ"iﬂﬂ(ﬂ’ﬁaﬁﬂﬂmamﬂm%Lﬁiﬂ@?ﬁ?i%?ﬂﬁu 6

4

AIDYIP

el

aa s A A o & a a Y} a N da Y
'JﬁL"'UULSUEJTVl’NLﬂQJVLV\lﬂ’W]WGNU']GUUL‘UiUULVlfJ‘UﬂUiJiﬂJ’]vasﬁijﬁ’mJumrJLﬁi']%ﬁl@

M523 0aaUnIns a3 kazA15auazn1sNauAUN PN IT UL asN1wATlnH7

ATy
Sample UV-Visible Developed % Recoveries of Developed Sensor
Spectrophotometry Sensor (n=23)
mg kg™ (n=3) mg kg (n=3)  Spiked Concentration of SBM (mg
kg'l)
2.0 6.0 10.0
S1 13.93+0.01 13.5+0.3 95+3 98+1 99+3
S2 12.90+0.01 12.70+0.05 99+4 95+1 100+2
S3 13.1+£0.1 13.3+0.3 91+3 100+4 99+2
S4 20.01+0.02 20.6+0.4 97+3 100+4 99+1
S5 15.02+0.02 14.6+0.5 1004 99+5 98+4
S6 18.63+0.02 18.5+0.5 93+4 102+1 99+3
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5.6. AMNUiBIvae3s (Precision)

AsNAdBUANILIBIwadIE ansadnzildanaLEnsalunsTg1vesIstu
melfansimnzauiosy Yrananieasy Ingluinerdnugatud nsanwaiiy
Jioere935Taen15n 39 Tagn (Repeatability) §eazinsaudalifrnid s luirdmsunis
AT9iREsTideIMiATEen Tnethunsadnseisiuiy 3 Anududy pnudutuas
15 $1 lovinsesehiaseduihadyaransnevasmcliiitluusaraududusn
A iosazandsauumnsgiuduiug vie Relative Standard Deviation (9%RSD) 411
Tn31duludnerdnudaduivinis@nvinisnsradinszinnsin sugve et 2 ladih
(Reproducibility) TagvhnsieSeudalndinyieu 7 $alwiwagyinisnsiaimsisiansi
AosnTitezinelianizifeiulaauazdIal wazsiAdygiunismeuausmsii
mﬁﬁmmmm%’aaazmLﬁmwummgmé’uﬁuﬁ‘ (%RSD) (Bruce et al., 1998) #3@13150

ANUIULANANNTT AILAR

SD

FovarAUeuuuNInTgIU (%RSD) = — x 100
X

WeA1 SD Ae AndeauuuInggu (Standard deviation)

X A9 ANRALYBINITNAADY (Mean of All the Measurements)

Fanain1seeusulavasdesavandenuuninsgiu (%RSD) aldinusivas The
Association of Official Analytical Chemists (AOAC) lnesagasAleUUNINTFIUILANUA
PAufazA1ANULTUTUYIEISTIABINITUILINTIDIATIZI AILEAIIUAISIE 5 NNRANISANEI

ALY 8998935 1n8N150593TR% (Repeatability) TnglanSoudlndinanad a1suoudn

'
[ =

Uuugsetagrieulumsveuiieselnfouuaslaanadanisialnihdmsunansiata
loynsufinnududu 1.0 5.0 uag 10.0 lilasniudefiadang uasshmsiadianududy
az 15 $1 wuhialaihiiwanndudendoauusnasgudining (RSD) Wiy 4.6%, 3.9% uas
2.4% Fenutudulsynandiu 1.0 5.0 waz 10.0 lulasniusiefiadans mudiiu (Ui 9. (1)
LAZRINNANNIANINSATITTATIER NSRS Bus1va st lnd (Reproducibility) lagvinn1s

wissndalnihnana@esueunuiuugssgianvewnluasueuiidemelafeuuas eanesa
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WU 7 Vi wmTumInsIvinleynsdiunianududy 1.0 5.0 wag 10.0 lulasniudeiadans

WunfiAdeauuLATIUENRNS (RSD) Wiy 4.1%, 1.4% uag 0.8% fAnadudulayns

1 1.0 5.0 wag 10.0 lulasnSusaiadans anuatau (SUN 9. (1) AINNANISNAFBUNUIN

Y

TlinanadansueunusuusseTanvewluaiveuilemeladsuuas Woanesaining

A aa
LNEINIA

M15197 5. Lnauai 89 The Association of Official Analytical Chemists (AOAC) Tun1s

a v oA U o PN Y v v
Wﬁ]qimqﬂqiaﬁlagﬂqLUENL‘UU@J’]@iEWUﬁ@JWUﬁ (%RSD) NANULYNVURY ] VBIAIINABDINIT

AR
Analyte, % Mass Fraction (C) Unit RSD, %
100 1 100% 13
10 10 10% 1.9
1 107 1% 2.7
0.1 107 0.1% 3.7
0.01 10" 100 ppm 5.3
0.001 10° 10 ppm 7.3
0.0001 10° 1 ppm 11
0.00001 10" 100 ppb 15
0.000001 108 10 ppb 21
0.0000001 107 1 ppb 30

£79849391n AOAC INTERNATIONAL (Murillo de Sousa Pinto, 2018)
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18 18
n U
15 {  10pgmL* SIB, RSD = 2.4%, (n = 15) 15 A RSD = 0.8 %

000000090000 g99 &

‘i 12 A § 12
E 9 J € 9 4
£ 5.0 g ML SIB, RSD = 3.9%, (n = 15) 13
S 619000000090000%0 |3 6
31 1.0pgmL'SIB,RSD=4.6%, (n=15) 3 {RSD=41%
0990009009090 09000
0 r v T T T T T 0
0o 2 a4 6 8 10 12 14 16 1.0 5.0 10.0
Number of measurements [Sibutramine] (pug mL?)
120

A

g

Relative current (%)
S

=
3
o
v
k-]
<
&S
(=3
i
*
e
3

SIB + 100-fold AA
518 + 100-fold Glu

SI8 5 100-fold Na*

518 + 100-fold K*

518 + 100-fold Mg™
SIB + 100-fold Zn™

SI8 + 100-fold NO,

SIB 4+ 100-fold CH,COO
SI8 + 100-fold NO,

SIB + 50-fold €O,

%

& P & ¢ 3 3 $ o &

FVEE G F oS oS
&

Possible interferences containing 10 pg mL* sibutramine

UM 9. (n) Auiisswedislaenisnsvingivestalninnaadiansusuiusulseietanve

U

wiluasvsunidemelafouuasweanasaniadrlihdmsunisnsiainlaynsdunaiig
Wiudy 1.0 5.0 wag 10.0 lulasnsudeiiaddns vinnsiagraududuay 15 91 2 (2) N3

M929LATIZENS T BN Ve b laevin s s entaliinatadansueuiusuusesae

[y |

s P v a v o 5 ] o/ (% A
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ARTICLE INFO ABSTRACT

Kepanwds. A new edectrode material of sodinm sed phospliorus dual-doped cnrbon sanotubes {Na/PCNTs) was prodiced by

Dyl doping # Bacile hydrotheronl reaction. The Na/P-CNTs manocomposite wine tsed fo modify an eleetrode for aa eloc-

Carloias natradulacs trowhemionl sensisg system o determine sibutrasine in weight loss prodosts. The punocomposite wie i

:::':"L": aanad teataed by soanming electrun miicroscopy (SEM), energy dispersive X-ovy (FDX) snalysés, and Fourder {i

.lmnym Aiasdt nfrnred (FTIR) nod Nassin sgwetrisenpy, Electrachemical o of the posite were chasweter.
teed iy eyelic voltammetty (CV) nnd electroctensienl impedance spectrosenpy (EIS) The electrode modifontion
smgreoved elocineentalytic setivity and elicton transfer, whch contrilsaed 1o the effective axidation of
selndtrmine, The un-bﬂml 'ﬂftmlumnn al the Ixbrionted clectoode woere lmvestigaated by pacssaring sibute-
Ankne oone 1 dx ,GWmelilnwwﬁm
Q025 1o W) yg mL" wnet 20000 60 g L' and a detection lemit of 0.010 yg L', wd exhibited. good
ropeatabality, reprodocbility, ssti-mterfenme sbility, wnd mpM wrlysin time (120 ») lm silmiramize. The
developed sensor was fully wpplicd w d i A hmﬂghkupmdlmuﬁnmum
coveries freen 91+ 5 % 0 102 ? 1 %, This Na/F-ONT snccomy achivved perfs e o o
staedard metbodds wnd condd e wdegacd (0 inonitor other clocirowctive specices nnd foe vthey cher lmrh'mlml
applications.

1. Introduction of 2018, Canada, the European Undon, and Thailand had enacted laws to

Sibutramine (SIB) 15 an appetite suppressant that can induce rapld
waelght Joss. 1t ks often logally added to dietary supplements sold online
and on the black market. Sibutramine intake should pot exceed 10 mg
pet day [ and loag-term un :onld caun sicle effocts mth as hesdlache,

mwemary impal and
evenlnuwcdbloodm whsdul'notmtalpwﬂymhehml
(2. The intemational datsbase of the World Health Olgnnlxndon

regalaie the tiade, use, and p fon of sl e, 1o Thalland, the
Ministry of Public Health announced the classification of sibutramine as
o Type 1 psychotropic substance undee the Psychotyopic Substances Act
B.E. 2559 (C.E. 2016). Therefore, a fast, simple, and sensitive method of
screening and quantitying sib in dietary suppl is peedod
to ensure the safety of consumers.

Sibutramine can be determined by a variety of analytical methods.
lonmohllity spectrometry |4, capiliary electrophoresss (), gas chro-

(WHO) contains records of »25 cases of sib

phy mass spectrometry (0], demod'tmlummm 71

amem.. which may canmbuu dh«dy 10 serotonexgic pathwoys
Ived in learning and [4]. As a result, many jurisdictions
have taken measures (o curh the nk and prescription of sidbutramine. As

high puinmunu liquid  ehromatography (5], and  liquid
chmmnmgnphym :peummeuy %] have all been u.nd However,

these may req Xp quip long nnalysis time,
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Foooved codfreses sneshorn 1aepen e th (W, Linsdant),

b/ oot/ 100 A/ | nkemoe 20078 1 OmeM

Reevived 1% Nevember 2022; Recvived in mevised form 17 March 2005 Acorpted 18 March 2024

Avnilulide cnline 2] March 20249
O26-265X/6 2029 Ebwevier BY. All tights nescrved



A Esvggoowan & ol

tedious sample preparation, and technical cxpmln. An alternative
spproach to sibutramine detenmination can be explored min; lectro
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phosphotus (P) soarce, was from Sigma-Aldiich (51 Louis, USA), N, N-
Dimethyif ide (DMF) was from Ajax Chemical Finechem Pty Itd.

chemical techniques, especially adsorptive i

(AdSV). Msvt:ﬂnmlmmlvusedbdmlpe[mmnm
pound measurement because it can accurately determine substances at
very low trace coneeatrations [ 10,11 1, tn addition, it is a highly seasitive

(Taren Point NSW, A lia). The supparting el dvte was 40 mM
Briton-Robinson (BR) buffer containing boric acidl, phospharic acid and
neetic acid. M«pﬂ was adjusted using 3.0 M N2OH. All chemical

Hsti d using purified water peoduced with Barstead

[12] ond precise [17] hod that is pleted in a short time. How-
ever, the electrode materials must be highly sensitive, anti-ioterferent,
highly adsarbent, and electrocatalytic toward sibutramine.
The literatuge contains & few reparts of electrochentical siburramine
that used zal el des such a3 a boron doped diamond
electrode (BDDE) [ 1 4], and a hanging mercury drop electrode (HMDE)

[15] but the BDDE usually catalyzes the oxil of sib ata
Md:mkjmpomﬂd(}l.zv)mdh W while the yln
the HMDE s toxic. The drawbacks of these inl el

unphnduthenendlod:vehpcheapud«mdemnnhﬂmmlu
mxlcklnmntlw' loped for electrochemical

o A PR hene.ink (P-Gr Ink) [ 16],
reduced graphene axide (RGO) | 171. a sébutramine (SIB") fon-sedoctive
electrode (1SE) (167, and a ine PYC b sensor [19]. Al

have some limitations, however. Detection sensitivity may be too low ot
the electrode preparntion may be too time.consuming. The use of
:bnnlaﬂynwdiﬂ«ldemudumddpodblyeﬂmmmmmdrm
backs and enh the pes olthr king Carbon

mmmﬁulimmsduﬁwu.um
2.2, Insruments and menssrements

The el hemical systeen for analytical perf testing con-
sisted of 8 modified glassy carbon working electrode (Na/P-CNTs/GCE),
an AZ/ARCI reforence electrode, and a platinum wire counter electrode.
mwmm4mﬂdwimm59mnmm
sl 1o eval the ek prop of the Na/P-CNTy/GCE
aed to study the electrochemical beh of sth at the Na,/?
CNT2/GCE. The electochemical properties of the eléctrode were char-
ncmuodbyunaqzucmlmmmy(cwmomumcmulnln;n
mmooeofso:nmre(m..»’ A with a sean tate of 100 mV's
and by ek chemical imp P Py (!JS)wuhuﬁmmy
range of 0.1 Hz to 50 kHz. The electroch
determination of sibutramine were alsa performed In BR buffer {(pH 8 0)
using CV and AdSV in a poteatial range of +0.20 Vo +1.10V at a scan
tote of 100 mV &', The chemical structure of CNT# before and after

nammterhkdopedwilh‘ pecially ing ma-
terials for this type of electrode mulmmnom

ing with Na and P atomas was analyzed by Raman (RAMAN force,
Nnm pbocon. Japan) and FTIR specuometry (EQUINOX 55, Dnak«.

Carbon nanotubes (CNTs) are a

with a barge sutfoce aren and provide 4 dmm uannpomng vunway o
the electrode [20 24]. CNTs exhibét unigue el
tronic propesties and are widely used in electrochemical sensing qplb
catlons owing w  thelr good conductivity, low toxicity, and
biocampatibility {2520, The presence of hydrophilic and hysdrophiobic
planes In the stracture of CNT3 enbances the adsorption of the analyte
but CNTs poss=ss poor catalytic propesties and many efforts have been
madle to enhance their electro-catalytic activity, One stntegy is to dope
CNT: with tons, metals, or heteroatoms. Doping with metal heteroatoms
tunes the lnninsic properties of CNTy, The lnsertion of metal hetero-
atoms like sodium (Na) and phosphorus (P) into the adjustable intes
laminotion of CNTs can alter electrocatalytic charncteristics, increase
themunberdudwtwlmllwsw also trigger synergistic effects that
ions with target annlytes (265 11 ). Previ-
ous dlu a bie strategy for producing advanced
electrode materials for sibutrumine sensing has to produce abundant
active sites on CNTs while g thelr coaductivity and To
our best knowledge, the present study is the first to describe and apply
the dual doping of Na and P 1o CNTs for edectrochemical sibutramine
sensing.

I this work, 0 facile hydrothermal method was used to develop a
new el le material for sib i g based on Na and P dunl-
doped carbon nanotubes (Na/P-CNTs). Compared to CNTs, the doping of
Nnundewuwmedcbamhnﬂnmochﬂflelho(w

of I and adsorptive sites that activated the electro-
chemical oulubn of sibutiamine. The obtained Na/P-CNTy showed
strang catalytic activity toward the electro.oxidation of sibutramine.
The electrochemical sensing platfoon wos highly sensitive and showed
good antiinterference properties with a wide linear mnge and a low
detection limit for sibuttamine. The developed electrode determined
sibutramine in welghs-loss products with satisfactory resulss.

Hoe imd

2. Experimental section
21. Marterials
Sib hydrochlorid hydinte was purchased from Tor-

onto Research Omulcn!s (Totonto, Cnuda) 'l’e(n-odlmn pyropbos-
phate (NP0, 99 %, ACS reagent), used ns the sodium (Na) and

gary of cacb | G y) The surf: phologies of the el s were
recorded by FE-SEM with EDX analysis (Apreo, PEI, USA). All experi-
ments were conducted In daxd lab cond oe 25 °C

2.3 Preparation of Na/P-GNTx and GCE mud{fication

Thve dual doping of CNTs with Na and P atonss was sccomplished by a

faclle hydrath b enatbiid miark d by dispersing under sonlcuti
ﬁotllxooomgofCthao.OmLofDlwaa i

(DNF) at 2:1 by vol Totr pyrophasphate (1.0 mmel) was
added to the sonicated dsp and somication was ifor 1 h
The obtained mi was transferred (o o Tefloa tube and nutoclaved at

140 °C for 12 b This temperature and time of hydrothermal process
enough the doped the Na and P on material susface | 11,52, The solid
product was washe! three times with desonized wates by centrifugation
19000 rpm for 30 min. The washed product was dried at 70°C for 6 b to
obtain the final Na/P.CNTs nanocomposite. A 2.0 mg mL ' suspension
of Na/P-CNTs was then prepared by dispersing 2.0 mg, of the synthesized
Na/P-CNTs in 1.0 mL of DMF with sonication for 30 min. During this
time, nGC!((hmeﬂ!m)mduudbyphlhmuhem&mwkh
0.5 pm aluwmi The polished electiode was washed with
deioaized water, mlcmadforlmmandthnndnodwﬁhnluvgmgu
To modify the electrode, 2.5 pl of the Na/P-CNTs suspension were drop
casted onta the electrode surface and then oven-dried at 70 *C for 6 min.
The preparation procedure of Na/P-CNTs and electrochemical applica-
tlen of the nsodified electrode are llustrated in Scheins ). For compar-
ison the controlled experiments of CNTs (before hydrothermal and
doping) and H-CNTs (hydrothermnl without Na/P precursecs) modified
GCE was also prepared by the same procedure described above.

2.4, Extraction and analysis of sibaramine (n weight-inss produets

Six welght-lass products wiere mdomly purchased anline axd from
local cosmetic stores in Hat Yad, Songhkhla, Thadand. Foc the analysis, 50
mg of exch product wos dispersed in 3.0 mL of DI water usder sonication
for 5 min. The suspensions were filtered with a syringe filtes (pore size
0.22 ym) [16] and all six solutions were stored of 4 'C until used
Stb in the samples was ds d using AdSY in the optimized
comdition. The same extracted sample solutions wete also analveed by

UV-vis sp ph y®o length of 223 nm [ 23] 1o check the
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procisson of the preposed method, Additionally, standmd sibutramine
solutions ar 2.0, 4.0, 6.0, 8.0, and 10.0 yg mL ' were spiked into the
extracted solutions and determined to estimate the accuracy of the
method.

3. Results and discussions

3.7, Surface phological ch -

An SEM image of the CNTs before doping with Na and P atoms
(Fig. 1A} revealed the usual dense networks of tubular CNTs with
smooth walls. Afier doping Na and P atoms, the structure of CNTs
remained tubular and similar surfaces with undoped CNT (i 1 B),
suggesting that the Joping of Na and P atoms did not canse a change in
the surface morphology of CNT. To confirm the presence of Na and 7
atoms on the CNTy, EDX analysis was carried out. The EDX spectra of
Na/P-CNTs (Fig. 1C) confirmed the p of sadium {Na) and phos-
phorus (P) alongside the expectsd oxygen (0O) and carbon (C). The
respective nssss proportions weye 12,7 %, 17.7 %, 28.2 %, aml 41.4 %,
EDX mapping {Viz. 1D) led that C, O, Na and P co existed and Na &
P were uniformly distributed over the entire sample region, The suc-
cslfnldoplngnlthcmhonhﬂkcdm:wibenmdenxmlﬂed
These results also confirmed the of the hydroth

Mmucmdmcm'lmlmdmdbymnm
and compares] with CNTs. As shown in FPiy 1E, the characteristic
graphitic domains were present, with the D-band at ~1350 cm ' and G-
band at —1575 ey ', The degree of defects in the graphitic system of
carbon materiale can be estimated by caleulating the intensity ratio of
the D band amd G-band (1p/1;). The §)/L; of the CNTs and Na/P-CNTs
were found to be 0.71 and 0.96, respectively, These ratios suggested
that Na/P.CNTs had a higher degree of defects than the CNTs. This
obesrvation could be explained by the fact that the doping of Na and P
m-uutedﬁmdnnhumvahoqhnwdlwpudutp?mm
structure on the CN'I‘: ofi The di J J the inter-carhon
chemical bood to sp' by Inteccalation, multlng in bond formation
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Na/P duel-doped Carbon nanotubes
(N/P-CNTs)

Na/P-CNTs modified GCE

procedure of sodism and phospbons dual-doped orbun nasctulies (Na/F-CNT) ued the wpplication of e modified

mmcmmmdwdwmmumul The
ig (TK) | feg. 1) was then applied 10 estimate
theln-plnnecmtdme(l.)oldncmmmh 27,341,

o= (245 1077) x 2 x /L) !

Considering the Raman excitazion wavelength {1) of 532 nm in our
experiment, the valwes of L, were found 1o be 27.1 and 19.6 am for the
CNTs and Na/P-CNTs, respectively, These values indicate that the in.
plane crystal size of CNTs was reduced by the hydrothermal doping of
CNTs with Na and P atoms [27,35).

FTIR analysis was performed to further determine the chemical
functional groups of CNTs before and after doplng Na and P atoms. The
FTIR spectirum of CNTs (Fiy. [P, green spectrum) before doping dis
plays the transmi peaks assigned to O—H, —CHy and C=C
stretching vibrations at npproximately 3400, 2932 & 2815 and 1633
om, vespectively (26,971, After doping the CNTs, the spectium
(¥1z. 1Fb, blue sp ) the ion peaks of ~CHy and -C=C
were reduced in i ity. This s b Nn and P atoms were incor-
porated on the ONT surface during the hydroth 1 p The peaks
at 1250 cm *, 1000 em ', and 820 cm ! wers attributed to the -P=0,
~P—0, anl -C—P stretching vibeations, respectively [27,50]. Therefore,
these FTIR results support the ful dual doping of Na and P atoms
onto the CNT suface,

32 Ficctrochemical charocterizations

The bare GCE, CNTs/GCE, H-CNTs/GCE and No/P-CNTs/GCE wete
charsetecized by GV at o sean rate of 100 mV s~ in a solution of .10 M
KC1 containing a probe of 5.0 mM [Fe(CN)s]" ™ (Fig 51) At the baze
GCE (a) & small peak current and high peak-to-peak separation (380 £ 5
mV) were produced, indicating very poor canductivity. The CNTs/GCE
(curve b) produced o peak cursent 1.2 times that of the bare GCE with a
lower AE, of 255 + 5 mV, demonstrating that the CNTs could consid-
ernbly enhance the conductivity of the electiode due to their lasge
surface area and high conductivity. As the H-ONT5/GCE (curve c), thee
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Pig. 1. SEM bmagres of carbon nunotibes (ONTs) before (A) and ufler (7) doal doping with Na and P stims by & hydrothermal meshod. EDX spertrum {(C) and
mappangs (D) sev of Na/AVCNTs, Raman spoetrn (), nod FTIR spectra () are of the CNTs before (a) and afier B) dual doping with N and ¥ stoms.

AEp value further decreased 10 145 + 5 mV, due te the hydrothermal
process can tedoce oxygen-containing functional groups on the CNT
surface lnoding to enhancing the electron transferving ability of CNTs
The Na/P-CNTw/GCE (d) produced a further ceduction in AE, to 130 1
5 mV with redox peak curvents 1.6, 1.4, and 1.1 thase produced at the
bare GCE, CNTs/GCE, and H.ONTs/GCE, respectively. These results
inlicared thar twe electrocatalytic reaction between the Na/P-CNTs/
GCE and the redox probe was the strongest and promoted electron
transfer at the electrochemical interface. On the baxis of the CV data
from Pz S1A, the effective surfnce area (ESA) of each elecnode was
ealoulated using the Randles- Seveik equation (Eq. (2)) [ 9],

1 =269 1000 AD e

where | s the anodic peak cuwrrent, nis the electron numbes, A is the
electroactive surface area of electrode, D is the diffusion coelficient, C is
the cancentration of [Fe(CN)]* ** redox probe and v is the scan rate
The ESA of the bare GCE, CNTs/GCE, H-CNTs/GCE, and Na/P-CNTs/
GCE, respectively were caleulated to be 0,038 + 0.00]1, 0.043 -
0.001, 0.053 = 0.003, and 0.070 = 0.002 cmy’, respectively. The larges
effective surface area of the Na/P-CNTs napocompasite wos attributed
to the No and P atoms inserted in the surface of the CNTs. The increased
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area of the electrode interface makes the redox probe or tuget anolyst
easier to with the el de surface for the electrochemscal
reaction,

The charge transfer capacity of the bare GCE, CNTs/GCE, H.CNTs/
GCE and Na/P-CNTs/GCE was evalunted by using EIS performed in o
solution of 0,10 M XCI containing a peobe of 5.0 mM [Fe(cny)'
(Fig S1B). The frequency of the current was vasied from 0.10 Hz 10 50
kHz. Nyquist plots produced by the bare GCE (a), CNTs/GCE (b), H-
CNTs/GCE, and Na/P-CNTs/GCE (c), showed significant differences in
the lengths of the arcs cosvesponding o the charge transfor resistance
(R). The resuits of £IS were in good agreement with the trends seen in

the CV data. The bare GCE produced the Jongest are, tepr ing an R,
of 589 + 6 42, which indicated a vesry poor electron transfer process. The
CNT»/GCE, produced o sh ase, rep ng an R, of 252 £ 5 Q.

The lower R, indicated that the CNTs lmproved charge tansfes at the
electrode surface. At the same time, the R of the H.CNTs/GCE (c) waz
lower at 112 + 3 £1 because the CNT was d with the hydroth I
method will be without oxygen containing functional groups resulting
in the redox probe easily diffusing to the ebecttode sirfoce dwe 1o due to
less edectrastatic repulsion effect. The No/P-CNTs/GCE (d) produced an
Ry 0f 9.6 = 0.3 0, which Is 61.3, 24,1, and 11.6 times lower than the R,
at the bare GCE, CNTs/GCE, and H-CNTs/GCE, respectively, These re-
mn&nmuaudunllhema'ﬁmbemdfedntmdlmm
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sibatramine oxidation was better due to the lasger surface anea of CNTe,
which provide more favorable adsorptian sites. For the H CNTs/GCE (<),
larger anodic peaks appeared and shifted even more negatively (E,, -
+0.71 V). These changes might be related to the larger surface area and
better electrical conductivity of the H-CNTy, effectively increasing
wlectroa nansfer. At the NWO‘TVG&I (), the lrreversible a:ldulln
peak current was further end d and the oxidati ial was
shifted even mote negatively (E,, =~ +0.71 V), leoxklulvo peak our-
rents of sibutramine at the three electrodes were compared (Vig 28]
The peak exurent ar the No/P-CNTe/GCE was 8,52, 2.49 anxd 1.71 thmes
higher compared to the peaks at the bare GCE, CNT2/GCE and, H-CNTa/
GOE respectively, These results suggest that the Na ad P atoens futthes
enhanced catalytic activity and accel d the el fey kinetics
of sibutrumine oxidation. The better performance of the Noa/P-CNTs/
GCE could be attributed to the synergistic effects between Na and P
atoms and CNTs, which are based on the strong electro-catalytic activity
of the Na and P atoms, and the Iarge susface area of CNTs.

The mfluence of scan rate on the electrochemical oxidation of
sibutramine ar the Na/P-CNTe/GCE was investigated by CV, scanning
from 10 to 200 mV s ! in BR buffer at pH 8.0 containing 10.0 ug mL
sbuttamine. The scan rare affected the anodic peak curreat and peak
potential, which gradually incyeased and shifted positively as the scan
ralzmuenwd(Fg 2C). This bebavior indicated the irreversibility of

charge transfec b the electrode surface and electrolyte
and improves electrode conductivity.
I addition, the R, values from the Blsdmmmnppuod wlmnn
equation (I%. (3)) to obtain the app
mlunuommt(wo(unrmenndnwdmodehcmdalm

L, = RT [ FRAC

where R is gas constant, T is the temperature, F is the Faralay constant,
A is electiode area, and C is the concenmrtion of [F{CN)s]** redox
probe wlution. The calculated k, values of bare GCE, CNT3/GCE, H
CNTy/GCE, and Nav/P-CNTs/GCE, respectively, were (1.28 + 0.01) «
0% (302 =006) » 10,7 (6.8 £ 0.2) « 10 ", and (7.9 = 0.2} « 107*
em 5" The ke value of No/P-CNT3/GCE wan estimated to be 61.2-fold,
26.2-fold, and 11,6-fold greater than that of bare GCE, CNTR/GCE, H-
ONTs/GCE, respectively. This shows that when compared to other
modified eboctrodes, Na/P-CNTs modifled electrodes can improve the
electron transfer reaction.

Furthermere, the standond exchange cusyent density (I,) of each
modified electrode was estimated to estimate the electrocatalytic ac
tivity. I, value was calculated based on the Ret value by wsing on
equation (Eq. (4)) [#0].

I, = RT [ndR,

whese 1 is electron for [Fe(CN) 1" " redox probe and other symbols
have thelr standard meaning, Thetefore, [, values were found 1o be 43.1
4 0.4, 102 + 2,229 & 6, and 2667 + 70 uA an ! for bare GCE, CNTs/
GCE, H-CNTw/GCE, and No/P-CNTs/GCE, respectively, The significantly
greater (/) value of Na/P.CNTs/GCE proves that the Na/P-CNTs/GCE
possess musch better intrinsic electrocatalytic activity than other ebec-
trodes, which is astributed 1o the enhancing electvo-catalytic ability and
larger surface area of the Na/P dual doped CNT nanocomposite.

3.3 Electro-kinetic study of sibeeranine oxidarion behavior

The electroelemical behavioe of sibutramine at 10.0 g ml " was
investigated by using CV in 40 mM 8R buffer at pH 8.0 (V2. 2A). At the
bate GCE, o amall, irreversible oxidative peak (a) from the oxidation of
sibutramine was observed at a potential of +0.82 V. The oxidative
irveversible peak current of sibutramine at the CNTs (without hydio-
thermal and doping) medified GCE (b) was larger than that at the bare
GCE, and the potential (E,) was shifted pegatively to +0.77 V. Thh
behavior suggested that the ly ivity of the ol v

xidation at the proposed electiode. Ta further evaluate the
oxidation behavior of sibutramine at the electrode, the logarithm of
apodic peak esurent flog (current/pA)) was plorted agaist the loga-
rithm of scan rate (log (+/mV & ')}, The obtained linear regression could
e expressed as log (curtent/pA) = (0.99 + 0.02} log (wmV s ') - (1.9
+0.3), (R « 0.9989) (Fiz 2D). When considering plots of log (curreat/
wA) against bog (vw/mV s~ '), if the slope value is 0.5, a purely diffusional
process Is Indicated, whereas if the slope value Is 1.0, o purely adsorp-
tion-controlled process is indicated. The obtained slope (0.990) was very

close o 1.0, therefore the th | persp lndamﬂnuwmp—
tion of an adsocption-¢ lled p b ine and the
Na/P-CNTs/GCE.

Additionally, the ber of el £ d from sit

to the surface of the Na/P-CNT&/GCE dutlng the electrocatalytic
oxidation process was calculated from dzeulapeof:heplotof!v:n;/

Ag(:lmdlog[v/mVa 1), which produced a linear equati d og

- (012 + 0.05Nog (v/mVs ') + (087 + 0.03), (R = 0.9987)
(!m 2E). According to the Laviron equation (41, the number of elec-
trons fervod can be ealculated from (Eq. (5)),

o= E' 4 (2300R7] () — wwFlog ¥,

where, F, R, T, n, and a are respectively the Faraday constant, the gas
constant, twemperature, number of electrons, and transfec coefficient.
Based on a slope of 0.124, the ber of el dved in the
oxidation of sibutramine at the Na/P-CNTs/GCE was 0.95 (n = 1), which
Is | with other rep [14.16.17), The mechanlsm of sibutr-
amine oxidation catalyzed by the Na/P-CNTs/GCE can be explained by
the protonaton of tertiary nmine groups of sbutramine during the
electrochemical reaction, in which ane amine group of the sitbutramine
molecule will be oxsdized with the loss of ooe electron and ane peoton
114.18,17].

To further eval the eb salytic oxidation of sibn ine at
the Na/P-CNTs/GCE, the catalytic rate constant (k) of Na/PCNTs/
GCE during the reaction was calcubated, Clnommpenneuy w:u
wed ar a potential of 0.71 V, and the el
umnwcrm/cczmoommmnpnwwnhudwmoun
10 g mb ' (35.7 pM) of sibutramine. The current respone was recor-
ded (Fig. 52). Using the Galus equation (L /T < x*(keyCat)' @) [42] and
e slope of T, /Ty vs 1172 (Fie 52i-inset), the k., of the No/P-CNTs/GCE
for the oxilation of sibutramine was caleulated 25 3.2 » 10 mol ' cm”
7. This is a high value and suggested that the Na/P-CNTs/GCE peo-
vided a relatively large number of catalytic sites, which promoced the
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wginnl log scn onte (40, (1 e plod of pesk potestial (T sgrined Jag sown oste (1), (F) The sedsarption sod electrm-avidation mechanism of sibetrsesine i proposed
for w Nu/P-ONT/GEF.
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electrocaalytic activity of the electrode toward the oxidation of Ace lagion time can atfect e detection petformance of the semsoc, In
sibutrumine. The adsorpti and electr ad hanism of the pr study, 10.0 yg mL ' sibutramine in BR buffer (pH £.00) was
dbulmmine on Na/P-CNTs can be desrxiba! by taking place via z- stirredd for 15,30, 60, 120, 180, anif 240 5 and the cutrent tesponse under

b the ic rings of sit and CNTs. The open circuit potential was detected at the Na/P CNTs/GCE. The cutrent
sibutrmine molecule was oxidized by the p jon of tertiary amine respocse increassd gradunlly with inc of accumulation time up

groups of sibutramine during the olaum-cnlnl}'lu process by Na and P
atoms on CNT surface, which one amine group of sibatramine molecule
will be oxidized with the loas of one electron and one proton (Fiz. 2F),

3.4. Na/P-CNTs lnading for dectrode modification

The loading of Na/P-CNTs on the electrode surface can affect the
performance of the developed sensoc. Susp of 2.0 mg mL 'Na/p
CNTs were drop casted onto electrodes at volumes from 1.0 to 10.0 plL.
The current response of each electrode to sibutramine at a concentration
of 20 pg mL ! was investignted wsing AdSV in 40 mM BR buffer at pH
8.0, The apodic current response increased with increments of Na/P-
ONT: from 1.0 to 5.0 pl, and decreased gradually with further in-
crements (Fie. SA) The larger active surface area of No/P-CNTs pro-
vided move catalytsc and adsorption sites, producing a high current
response, but when excessive amounts of Na/P-CNTs were present, the
thickness of the coating intecrupted electran transfer o the electrode
surfoce and the corrent response decreased [10,47]. Therefore, 5.0 pl
was the mest sultable amosnt of Na/P-CNTs 10 detect stbutramine

35 Accumudation time

During the detection step of AdSV the sample solution is accumula-
tion tinse 1o promote the adsorption of the analyte on the electrode. The

6.0
A
4.5
%3‘0 P %
£ _ £
3 3
a4 1.5 - |
0.0 -
1.0 2.5 5.0 75 100
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20 LR -
c oa ..'“:t"?:“.

-
w
2

50 60 7.0 80 9.0 10.0 1.0
pH of BR buffer

ACurrent/pA
s
4
&
=
u
ACurrent/pA

te 120 5 and then remained constant with furthes increases (Fio 38)
This behavior was anributed o the saturation of the surface of the
electrede with sibutramine (11 457, The optimal accamulation time for
sthutramine detection was 120 5,

3.6. pM of BR buffer

To smdy the influence of buffer pH on the current response of
sibutransine, 10,0 pg mL ™" sibutramine was measured by ASV af the
Na/P-CNTs/GCE In 40 mM BR buffer at pH from 5.0 to 11.0. The cuirent

i | with inc of pH, peaked at pH 8.0 and then
dodlnnl disappeasing at pH > 9.0 {(Fig 3C). At pH > 8,0, the proton-
ation of amine groups of mbutramine was reduced (pKa « 9.8). There
fore, BR buffer at pH 8.0 of was the optimal comlition for the
determination of sibutinmine. In addition, the anodic peak potential
sthowed a negative shift ag pH was Increased from 5.0 to 9.0 and
exhibited a good linear relatsonship with pH. The regression equation
was E/V = (-0.06] + 0.002) pH + (1.1 £ 0.2), R? = 0.988 (Fig 3C-
Inset). This slope of plot between E/V and pH (mplied that equal
numbers of edectrons and protons were invalved in the electro-oxidation
of sibutcamioe on the No/P-ONT&/GCE [16,17,45]
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Fig. 3. The charts show (e eflexts oo current mpumc o (A) Na/1CNTS loserting o the GOE and (B) weovmm lutbon times Churt () shows effers of pH on lln-nm\-nl

respanse wnd peak potentisd (oset) of 10 g mi.*
Tiset: AASY crirves of silntramine o coecontrations fram 0,025 o 10,0 pg wml ',

sibutramine, Chaet (D) shows the calibration plot of the corrent rosponse of sl

W VAONS Conty
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3.7 AdSV determinack

of sid

Sibuttamine concentrations from 0025 0 10 pg mL~" were tkm
mined by AGSV using the propased sensor platfi in the op
tmdmmmﬂmmngumpmdmed.omlmmoozsmlo.oug
mL ' and the other from 10.0 to 60.0 pg mL ' (Fig 3D). The respective
regression equations of the linear ranges were 1 (gA) = (1,31 £ 002)C
(gl ') 4 (0,20 £ 0,04);, R? = 0.9972, and | (§A) = (€.20 + 0,01)C
(ug mL ') + (21.7 £ 0.5); R? - 0,9985. The limit of detection (LOD) of
the proposed electrode roward sibutramine was caleulared at 0,010 pg
mlL ! (LOD « 30/S, where ¢ is the standand deviation of the blank and §
Is the slope of the calibrarion curve), while the ssasitiviey lu the firse
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weight-loss products parchased online and from cosmetics stores, The
samples were analyzed by AdSV using the Na/P-CNTs/GCE in the
optimal condition and the results were compared with the resalts ob-
tained fram UV-spectrophatometry (1), Before determiniag sibatr-
aminie, the matrix effect in the real sumples wos 1 by
duslmﬁd&naummmmawodmphcmbymmy
ANOVA, No maotrix effect was observexl. The curves wer not signifi-
cantly different at a 95 % confidence level Thus, the amount of
sthutramine in all samples was calculated using the standard calibeation
curve. All the samples comtained ﬂbummlmmamn ranging from
l270°005w2ﬂ6-04m3kg (Tsble 2). These results were
d with the spectioph fe data using the Wilcoxon signed-

jon range was cabeulated to be 18.7 yA pg ' ml.em 2, Tabie) mak test, There was a good carrelation andd no significant difference (P
mpmuduoblnhed analytical values with those of previously re- = 0.05) between the results obtained from the two methods. Moreover,
ported £ 5y The pi d platfonn had the sh lysd the 'y of the proposed method was evaluated from the ¥
nmmdnmdaﬂmnmmbe&xmﬁvny.mdlwxlbbm values aftes spiki les with sik at concentrations of 2.0,

mast of the other platforms, These analytical performances <an be
ibuted to the synergistic effect of Na and P doping and CNTa. The Na
and P atoms enable o superior electrocatalytie ability toward sibusy-
The repeatability of the determination of sibutramine using the same
Na/P.ONTs/GCE was investignted by measuring the current resp of

6.0, and 1110 ] ml.‘ m calculated recoveries obtalned from all

samples were in the range of 91 £ 3% to 102 £ | % (Table 2). The

acouracy of the results confirmed that the proposed sensor can be
Lied to determine sib ine in weight-lass products.

4. Conclusi

three sibutrumine concentrations fiftesn times, The relative standard
dwmlnm(m)o(ﬂu beained from 1.0, 5.0 and
10.0 pg mL™’ sibutramine, respectively, were 2.4 9, 3.9 % and 4.6 %
(Fig -M)Thn prod --uuyonho of 1he Na/P-CNTs/GCE
was eval 1 des at different times. Each as
prepared d«uodowuundwdcm three comuaxlm orubun
amine. The RSD values of the i from
measuting 1.0, 5.0 and 10,0 yg mL™* lﬁumlmulnglhuxm
CNTS/GCEs were 4.1, 1.4, aned 0.8 9%, yespectively (I'ix B The RSD
values obtained from testing repeatability and reproducibility are within
the acceptable values of <11 % and <7.3 % recommanded by the AOAC
guidelines at concentrations of 1.0 and 10.0 pg mL ', respectively [44],

These results indi that the proposed ol o hns llent repeoat-
able aml reproducible pr for the ¢l hemical
detection of sibuttamine,

The anti fe pert: of Na/P-CNTs/GCE was evaly
sted in te p of species that can present in real dietay
supplements, The species Included glutathlione (GSH), bic acid
(AA), glucose (Glu), ua'.x'.ux".z.-".no,.m,coo- NO3, and
€04 . The ants-interfs cformance wns d based om the
n:lmncehnnuﬂn.whkhm-ddudm!hehﬁshenmmd
an interf: that affected the P of 10 pg mi !
ik ine to prod a error no higher than £5 % [10], A

400-fold «mmumnon of glutathione and a 100-fold concentintion of
ascorbic acid (AA), glucose (Glu), Na* K’ Mg’ 20’ N0y, CHLL00

NOg, and COS™ sh | relative peak iations lower than L5
M(Plg aC). mmmmnmmmmmmm

A pavel sibutramine sensor was fabeicated based on an electrode

modified with a P of sodium and ph ,' dual-doped
mbon bes. The posite was produced by a facile hy-
] method usi | hosphate as the Na amd P

mmThmdeopIuolwm nmombewmauaandl'
atoms was fi ch dies. The dual
doping of carbon nanotubes with Na and P atoms produced synergies
(hnt on!uucod the electroentalytic oxidation of sibutrumine, The

| was v sensitive and selective. The linear
mnge vru wide, d«mion Tt Jow, p«ﬂslon good, andd antl-
interference properti The d 1 sensor was employed
for the dommnnion of sibutramine in mlgmm products. The ob-
tained recovery values ranged from 9 = 3 % to 102 = 1 %, The pro
pased sensor is a suitable alternative methed of detecing sibutramioe in
routine analysis.
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Fig. 4. (A) The repoutability of silanswmioe determination with the propooed elocteode was coabsnod from the current responses of Gftevn mosssrements of
sitwaramine ar concentrations of 1.0, 5.0 aod 100 yg mL *. (1) The reproducibility of the preparation of the proposed chectrode was assessed from the currenr
Tespimses altnined from six ns-prepanad electrodes tovenrd sbotramine st concentmtions of 1,0, 5.0 and 10,0 pg mb. ' (C) The chnrt shows the anti-interfervmes
perfurmnnee of the progesed electrode Lo possilile imterering speries, The coorent fesponses weee prodocnd o 10.0 g ml " sifastrvmine.
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