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Research Title: Design of Infrared Glucose Analyzer Integrated with
Spectroelectrochemistry
Researcher:  Ms. Metini Janyasupab

Faculty: Engineering Department: Electronics Engineering

ABSTRACT

Detection of glucose level in human body is an important diagnosis to monitor
individual’s health status including to promote prognosis in Non-Communicable Diseases
(NCD). Especially diabetes and metabolic disorders, recent technology approach has been
strategically promoting non-invasive measurement and non-enzymatic slucose detection.
In this research, we developed a preliminary prototype of non-enzymatic glucose analyzer
in urine by incorporating a complete system of (1) non-enzymatic working electrode
fabrication, (2) portable potentiostat, and (3) integrated near-field infrared (NIR) sensor to
provide an enhancement of active element in smart toilet system. Upon successive glucose
in urine measurement, our as-prepared electrode was successfully fabricated by cobalt (Co)
and iron (Fe) bimetallic catalyst supported by nitrogen-doped graphene (NG). Furthermore,
our portable potentiostat also provided a potential capability of glucose detection,
connecting through Wi-Fi connection on mobile devices as well as compatible to integrate

with NIR sensor for further glucose analyzer development.

Keywords : Biosensor, Electrode, Glucose Detection in Urine
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139N nszuaLeludn (anodic current) NTEuaTALTANNLTUIUNTENIANUULTUTOUS VLW

U aa 6

vosismdanantugue vaziinszuanelufnazimgeganazaranadliizoss laawnuluwnsud

Y 9

anwazidufia 138071 weludniia (anodic peak) nsziawsluiniinlaarnidugiudialufs

o a v 1

geanvesiia uaziadianvesfielul fAzenddnduuiieatu (1] vildnnsusedums
femdidnaseuannsaduneldainnistuiindfinfigosiing1n wenanilmaia Differential
Pulse Voltammetry #as Amperometry §3findnnisadneadatuusunnainimsafidyyianing
snsdnditdoududyiadivasuuasdyginnsvudnsinudisu  safuniseenwuulnmud
Teauanfonsadiaadssieiiunlddnmeinisdeihudygindou Yussniiealud 3 42
Taun Gﬂg’aﬁ%‘im (working electrode, WE), %y’aszhﬂmﬁa (counter electrode, CE), LLaz%UéJNSQ
(reference electrode, RE) Faim3nsdlofinanazitousasulniliundidemide wazinau
Anefndiintuszninadarausasdaensds luvasiorfussdifnnszuatuiitariu 3
ﬂszLLafT%Lﬁuﬁuﬁa%@mmwmamwsﬁiﬁé’ﬂuﬂ’lﬁmﬁwﬁ

nelan1suwuginaes Prof. Lineu Prestes nsAnwiaudululalunisesnuuussuu
910 Arduino UNO daifulaTasaaulnsataes (microcontrollen) fil#suaruflonluiiagou
anunsaadalmnuiloaunatuls uidedesifnvesnisesnuuuisasty Arduino UNO lifl
digital to analog port wega1N1TnA3 1Ay 1ae pulse width modulation (PWM) il
75'1Lﬁué’aqa%ﬁmq%mEJmai’]aué’fgfg']zuLLazﬁi’mmaé’auJaunm%umué”lﬁu [2-4] wenani
ussulniidilsannases RE filter avaglutiag 0 s s1ad dsldannsamsiiasevimandiini
frumaila cyclic voltammetry Tuwsasuiladiauldannaeas RC filter 1912995 summing
amplifier Lﬁav‘f']miLLané’zgig']mmﬂmaa"guL‘fJué’zgaunmaudauﬁ%ﬂaué’@mmﬁ?ﬂﬁﬁu
iy warluvaznsseusssulihlfiuivinny itaendeninuseuliingy
fedesnuiaseuaiiluih sududeseenuuunsiaaussindseninsdasnduasdarinny
$182993 differential amplifier sewiaesindl TudruanineasdinssudliiAntufithdiende

%9 Arduino UNO ldlanupPisadnainseaalninlalaensidsesnwuunishkuasnsewa i adu



Duwsssulnindenou lnsandonisuseynsldi99s transimpedance amplifier nown saanu

1% = o 1%
ﬂ@%aLW@LLﬁ@@NalUSQ‘VIU'}Q@

Cell ONAOFF
switch

FoTATASTAT
awilch

AN 2.1 LERI2995115YN UV LT oawaN [2]

LR ANEmansiagimnssuiinduusinaniwinnuszgnlflunsasaansed
Tugnnsadenldladaurgunasluaudedunsiisataanand (400-14,000 nm) §2981auaw
Raman  Spectroscopy, Polarimetry, Photoacoustic = Spectroscopy, Near-infrared
Spectroscopy ﬁgﬂﬁwmmaauiumimsaﬁmﬁwmaﬁgﬂuﬁamw drane vseuuiame [5-9] lu
nauediaudrinsnmaiasonauguieddunsisalutis Near-infrared (NIR) Sanautiad
IFSeusnine ey udsnsesauuuliduda Wunmsidenldvamduiivngaudison
fAuirluan optical window uag#3e therapeutic window LWiwmi@Jm%maaﬁﬂ glulnadu vive
TUsiususlidyanaiimldtemuniodmwadenisiaimasududyanamdnunih [6, 8, 10]
Tunsnsunndszivtnaludenduiinuduiusfunisganduiiniaveseteazla lny
AuaInsagandureslaiiitaeseduniiuaiunsa (Renal threshold) agjsening 140-160
mg.dL™ e?fqmmimiﬂfwmaﬂé’uL%’W:jizuuiui"mﬂwlﬁ mnhmalunszuadeniunniuunios
dawalvinuthnafivgnoonuiluilaanny (gucosuria) Liosanlnlianuisagnganndulduua
Tunamdinanaunsanuldrauasssuaududy 50-250 me.dL veuihnaludlaae [11-
13] Fetfumniinisuszgninisldadu (NR) wasaiaanududurenimaluilaansuoy
n29¥aldilos (self-monitoring) azanunsateligtheuwuldmsuteyaguanuemuiesiie

I3 & Y A a a A g o v = A a
Wudszleailunisinwegrafivszansnmuseilunisihsyiseinisunsndeudusiiinain
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wdld egdlsinunisiddyga NR dordendnmsindygrasinnsduasiiounes
fusglunmsauiuAsuutasasinana (Vibrational interaction) gnunliluviosufiifinisia
Tulsmenunauazaudinermansiite JinszsiviinaiussiaiiuasAuamendudureans
ﬁ?us] Frog1ay 1hnna HAdeygraianiy (signature pattern) Fausidranau short wave (800-
1500 nm), first overtone (1500-1800 nm) wag combination band (2030-2300 nm) Falugaa
qmﬁwﬁauﬁumﬁm?{&muﬂawaﬁusziﬁﬁwﬂszmumsu,aﬂé{’ﬁgcyﬂamwmﬁmmam% L
Principal Component Analysis (PCA), Artificial Neural Networks (ANN), Support Vector

Machines (SVM), Partial Lease Squares (PLS) t9uu [14, 15] LLGiaEJNVLiﬁmmﬁ'ﬁyig’]mﬁiﬁﬁ]’lﬂ

[
fv AY o o

mgunsaltuiifediinludesrnudmizinnzauasiawesdyania Jaduglassadifglu

3

myleszideyaazulsnalaedisgnaes lusuiddeiliauawufanisldwaiiaadnladidnias
wdl [16] FefonsraNaIusEniamsiavson1smteadnInNnszuINn s e uuuR,

SanlnsaonsianUsuiatinnalutaangaiondud unssalugaraudang 800 — 2,000 U

Y

TULAS  1AEATEUIUNITARNAIIALIFUNITATITUNUSLUBIUAIA VLD LAALNIATILAR D UM

[y [

vanwziuuldleuluitasusuanmliienenisdsdyaia NIR Turisrauiinesnisineives

wma lagesnuuugunsaluayszuudiannisindiiauiainisadilufnfslussuugusiue

'
a a

guamdnseiitedigiialsEaviannisshevestisumiludsemalng

]
o w a [

wanInlavdrAgnganyinlissuunisasiadnszauilimanuulisnsuluansuainig

@

vy
o [y a

Fanmarrsaiaulatuiuediutidianivin lagnisiaguiuunseuiunisvaseuledann
Aaaudfanizlusiglaneuisvia loud nes [17], unafdu [18, 19], nesuas [20-23], GniAa
[24-26], wan da [27, 28], Taueari (29, 30] waziwan [31, 32] lain1339831891u3 80750470
nszvaunseendndumaed i ldlasnssfulaanatnie  lagluussnsiglavendui la

veavidinuauiRtumsduarzidudussuisenunauls Melusudunuie Sannuadesg

q

= ! aaa i a P &
wagdanuanunsalunisifaufitewesnseuiunisaendianaseulafigsunsuanalalasiau
Woeseanlys uazluanauinialuaaiuzean@iniuved Co(OH), CoOOH, and CoO, [33-35].

Mog1aay CosN wanA1Audoshigeds 1137.2 pAmM™t.cm? Tunismsraduimnaluaniog
WELNAINENUE Co™ [36]. wazluvhueadeinulausanesnlonlarlauaayinellnangsiune Ia
ypanesndlansantym [37], Cos(PO)s [38,39], CoOx overoxidized polypyrone [40], Cobalt
phythalocyanine [41] k8£LA30UY Cos(PO) [35] WARIAINUANNTITAVBIGTABNG Co*/Co™ hay
co™/co® pgndlsAnulunszuiumsiinanintulaemsiiuanslaionlensenlarluannziua
uingnglunmsthdsdidnaseuludaindidningg e pH luannedazegfivssana 13 tilug
aneildidosuerensnsTnluasTanmuessane  winiinisinaiseang nAazyil
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nszUIuMstemdidnaseuinanszuetnann  astuisduludesdinuszgndlduninues
madelulaswsuunsiuindieluinssufaselavearid  Tednamisevesnsldmsesly
ﬂdﬂﬂﬁU@UﬁL%@éﬁﬂlﬂﬁiLﬁm Ly N-doped carbon dots [42-44], N-doped graphene quantum dots
[45-47], and pyridinic N-doped graphene [48-50] ﬁﬁ@mauﬁ’ammdaﬂ'sqﬂuﬂgjﬁ%maaﬂ%Lmﬁ
é’fﬂsﬁ"uLLazmimmn’i@msﬂq%ﬁmLﬂﬁﬁﬁﬂﬁ'ﬁg Tifisausazanunsatiodiunisilniive s
UFAsen nadnilulnsieulunsfudulsslesiegnannlumnsadulianainanganauuy
Lileulusivisludidnlnslaviansasasiiunarufiotassiannuaiunsonisnisdiom
Budnmseu mIrewmveUszy uasmsaieiusziuluanatinia 51
Tunisesafeluanatdiaialuddnlastadidunats Wuaniisddgy Ay
ansanmlusianme wu Tuilaanziden pH 985213 4 09 8 [52, 53] Fauenaniluilaanzdd
aseineianansadiemdidnaseulsiudidniniald ety raglsdlessu lumsusiun g
3o uaredionty uarernduduisiunszuaunisnsaduimald fahdunsinelassnside

S o a A s & | A ° a X ~ av a
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1
=

Funuirantiveslansimdnuagivinoanledivae.iunisassiussiuluanainaldasedu
131, 54-56] uardauansauanTiadouevluivasoenledandu oM 321 Fafumnueiseds
duanAnlunsdLasIzilansnaulnusati-nanuusasesnsiuiiedelulnsiau danimd
2.21ua15mni’m§wmamQiﬂaiuﬂaawazaﬁ’ﬂaamazﬂaanzmﬂﬁﬂw 1ngAN®IINAITODAUUY

dianinsanaziuivugUnsallmvuileaunnuazAnwinaEudRidweasyadnsujisen

Pyridinic N .’4.\\ {
@ PyrolicN Q Cobalt
©

Carbon () on Glucose

A 2.2 wansdaissufisenlavenaulaveariuazivaniunisiuluanatiinangleg

12



10.

11.

12.

LONE1591999

a1dag Mined. 2534, nMlleTendaadlni. puzindveans wazlseiniuningay
Aau1ns ImennnseIviEauuIuns uasugy.

Metrohm Autolab B.V. 2011. Basic overview of the working principle of
apotentiostat/galvanostat (PGSTAT) — Electrochemical cell setup.

Gabriel N. Meloni. 2016. Building a Microcontroller Based Potentiostat: A
Inexpensive and Versatile Platform for Teaching Electrochemistry and
Instrumentation. Brazil.

Adrian W. Bott and Brad P. Jackson. 1996. Study of Ferricyanide by Cyclic
Voltammetry Using the CV-50W. Bioanalytical Systems West Lafayette, IN.

Eddy, C.V. and M.A. Amold, Near-Infrared Spectroscopy for Measuring Urea in

Hemodialysis Fluids. Clinical Chemistry, 2001. 47(7): p. 1279-1286.

Sakudo, A., Near-infrared spectroscopy for medical applications: Current status and
future perspectives. Clinica Chimica Acta, 2016. 455: p. 181-188.

Vezouviou, E. and C.R. Lowe, A near infrared holographic glucose sensor. Biosensors
and Bioelectronics, 2015. 68: p. 371-381.

Park, H.D., et al., Design of a portable urine glucose monitoring system for health
care. Computers in Biology and Medicine, 2005. 35(4): p. 275-286.

Dou, X., et al., Quantitative analysis of metabolites in urine using a highly precise,
compact near-infrared Raman spectrometer. Vibrational Spectroscopy, 1996. 13(1):
p. 83-89.

Yadav, J., et al., Prospects and limitations of non-invasive blood glucose monitoring
using near-infrared spectroscopy. Biomedical Signal Processing and Control, 2015.
18: p. 214-227.

Global Guideline for Type 2 Diabetes. Diabetes Research and Clinical Practice.
104(1): p. 1-52.

Cowart SL, S.M.G.I.W.H., Hall WD, Hurst JW, editors, Clinical Methods: The History,
Physical, and Laboratory Examinations. 3rd edition. Boston: Butterworths. 1990.

Chapter 139.

13



13.

14.

15.

16.

17.

18.

19.

20.

21.

Ferrante do Amaral, C.E. and B. Wolf, Current development in non-invasive glucose
monitoring. Medical Engineering & Physics, 2008. 30(5): p. 541-549.

Pezzaniti, J.L., et al., Preliminary investigation of near-infrared spectroscopic
measurements of urea, creatinine, glucose, protein, and ketone in urine. Clinical
Biochemistry, 2001. 34(3): p. 239-246.

Goodarzi, M. and W. Saeys, Selection of the most informative near infrared
spectroscopy wavebands for continuous glucose monitoring in human serum.
Talanta, 2016. 146: p. 155-165.

Kaim, W. and J. Fiedler, Spectroelectrochemistry: the best of two worlds. Chemical

Society Reviews, 2009. 38(12): p. 3373-3382.

S. Fu, G. Fan, L. Yang, F. Li, Non-enzymatic g¢lucose sensor based on Au
nanoparticles decorated ternary Ni-Al layered double hydroxide/single-walled
carbon nanotubes/graphene nanocomposite, Electrochimica Acta, 152 (2015) 146-

154.

L.T. Hoa, K.G. Sun, S.H. Hur, Highly sensitive non-enzymatic glucose sensor based
on Pt nanoparticle decorated graphene oxide hydrogel, Sensors and Actuators B:

Chemical, 210 (2015) 618-623.

G.-h. Wu, X.-h. Song, Y.-F. Wu, X.-m. Chen, F. Luo, X. Chen, Non-enzymatic
electrochemical glucose sensor based on platinum nanoflowers supported on

graphene oxide, Talanta, 105 (2013) 379-385.

L. Hou, H. Zhao, S. Bi, Y. Xu, Y. Lu, Ultrasensitive and highly selective sandpaper-
supported copper framework for non-enzymatic glucose sensor, Electrochimica

Acta, 248 (2017) 281-291.

X. Liu, W. Yang, L. Chen, J. Jia, Three-Dimensional Copper Foam Supported CuO
Nanowire Arrays: An Efficient Non-enzymatic Glucose Sensor, Electrochimica Acta,

235 (2017) 519-526.

14



22.

23.

24.

25.

26.

27.

28.

Y. Zhong, T. Shi, Z. Liu, S. Cheng, Y. Huang, X. Tao, G. Liao, Z. Tang, Ultrasensitive
non-enzymatic glucose sensors based on different copper oxide nanostructures by

in-situ growth, Sensors and Actuators B: Chemical, 236 (2016) 326-333.

Q. Wang, Q. Wang, M. Li, S. Szunerits, R. Boukherroub, Preparation of reduced
graphene oxide/Cu nanoparticle composites through electrophoretic deposition:
application for nonenzymatic glucose sensing, RSC Advances, 5 (2015) 15861-
15869.

B. Hai, Y. Zou, Carbon cloth supported NiAl-layered double hydroxides for flexible
application and highly sensitive electrochemical sensors, Sensors and Actuators B:

Chemical, 208 (2015) 143-150.

X. Li, J. Liu, X. Ji, J. Jiang, R. Ding, Y. Hu, A. Hu, X. Huang, Ni/Al layered double
hydroxide nanosheet film grown directly on Ti substrate and its application for a
nonenzymatic glucose sensor, Sensors and Actuators B: Chemical, 147 (2010) 241-

247,

Y. Shu, Y. Yan, J. Chen, Q. Xu, H. Pang, X. Hu, Ni and NiO Nanoparticles Decorated
Metal-Organic Framework Nanosheets: Facile Synthesis and High-Performance
Nonenzymatic Glucose Detection in Human Serum, ACS Applied Materials &

Interfaces, 9 (2017) 22342-22349.

M.M. Farid, L. Goudini, F. Piri; A. Zamani, F. Saadati, Molecular imprinting method
for fabricating novel glucose sensor: Polyvinyl acetate electrode reinforced by
MnO2/CuO loaded on graphene oxide nanoparticles, Food Chemistry, 194 (2016)
61-67.

S. Yang, L. Liu, G. Wang, G. Li, D. Deng, L. Qu, One-pot synthesis of Mn304
nanoparticles decorated with nitrogen-doped reduced graphene oxide for sensitive
nonenzymatic glucose sensing, Journal of Electroanalytical Chemistry, 755 (2015)

15-21.

15



29.

30.

31.

32.

33.

34.

35.

36.

37.

J. Balamurugan, T.D. Thanh, G. Karthikeyan, N.H. Kim, J.H. Lee, A novel hierarchical
3D N-Co-CNT@NG nanocomposite electrode for non-enzymatic glucose and
hydrogen peroxide sensing applications, Biosensors and Bioelectronics, 89 (2017)

970-977.

L.T. Hoa, J.S. Chung, S.H. Hur, A highly sensitive enzyme-free glucose sensor based
on Co304 nanoflowers and 3D graphene oxide hydrogel fabricated via

hydrothermal synthesis, Sensors and Actuators B: Chemical, 223 (2016) 76-82.

X. Cao, N. Wang, A novel non-enzymatic glucose sensor modified with Fe203

nanowire arrays, Analyst, 136 (2011) 4241-4246.

C. Xia, W. Ning, A novel non-enzymatic electrochemical glucose sensor modified

with FeOOH nanowire, Electrochemistry Communications, 12 (2010) 1581-1584.

M. Yang, J-M. Jeong, KG. Lee, D.H. Kim, S.J. Lee, B.G. Choi, Hierarchical porous
microspheres of the Co304@¢raphene with enhanced electrocatalytic
performance for electrochemical biosensors, Biosensors and Bioelectronics, 89

(2017) 612-619.

F. Xie, X. Cao, F. Qu, A.M. Asiri, X. Sun, Cobalt nitride nanowire array as an efficient
electrochemical sensor for glucose and H202 detection, Sensors and Actuators B:

Chemical, 255 (2018) 1254-1261.

L. Xiao, Q. Chen, L. Jia, Q. Zhao, J. Jiang, Networked cobaltous phosphate
decorated with nitrogen-doped reduced graphene oxide for non-enzymatic

glucose sensing, Sensors and Actuators B: Chemical, 283 (2019) 443-450.

T. Liu, M. Li, P. Dong, Y. Zhang, L. Guo, Design and facile synthesis of mesoporous
cobalt nitride nanosheets modified by pyrolytic carbon for the nonenzymatic

glucose detection, Sensors and Actuators B: Chemical, 255 (2018) 1983-1994.

A. Stadnik, F.Q. Mariani, F.J. Anaissi, Effects of precursor salt on colloidal cobalt
oxyhydroxides composition and its application in non-enzymatic glucose

electrooxidation, South African Journal of Chemistry, 70 (2017) 137-144.

16



38.

39.

40.

41.

az.

43.

a4,

a45.

L. Han, D.-P. Yang, A. Liu, Leaf-templated synthesis of 3D hierarchical porous cobalt
oxide nanostructure as direct electrochemical biosensing interface with enhanced

electrocatalysis, Biosensors and Bioelectronics, 63 (2015) 145-152.

Y. Ding, Y. Wang, L. Su, M. Bellagamba, H. Zhang, Y. Lei, Electrospun Co304
nanofibers for sensitive and selective glucose detection, Biosensors and

Bioelectronics, 26 (2010) 542-548.

H. Yu, J. Jin, X. Jian, Y. Wang, G.-c. Qi, Preparation of Cobalt Oxide
Nanoclusters/Overoxidized Polypyrrole Composite Film Modified Electrode and Its

Application in Nonenzymatic Glucose Sensing, Electroanalysis, 25 (2013) 1665-1674.

S. Chaiyo, E. Mehmeti, W. Siangproh, T.L. Hoang, H.P. Nguyen, O. Chailapakul, K.
Kalcher, Non-enzymatic electrochemical detection of glucose with a disposable
paper-based sensor using a cobalt phthalocyanine—ionic  liquid-graphene

composite, Biosensors and Bioelectronics, 102 (2018) 113-120.

H. Liu, Q. Zhao, J. Liu, X. Ma, Y. Rao, X. Shao, Z. Li, W. Wu, H. Ning, M. Wu,
Synergistically enhanced activity of nitrogsen-doped carbon  dots/graphene
composites for oxygen reduction reaction, Applied Surface Science, 423 (2017) 909-

916.

Q. Shi, R. Zhang, Y. Lv, Y. Deng, AA. Elzatahrya, D. Zhao, Nitrogen-doped ordered
mesoporous carbons based on cyanamide as the dopant for supercapacitor,

Carbon, 84 (2015) 335-346.

L. Li, D. Liu, H. Mao, T. You, Multifunctional solid-state electrochemiluminescence
sensing platform based on poly(ethylenimine) capped N-doped carbon dots as

novel co-reactant, Biosensors and Bioelectronics, 89 (2017) 489-495.

M. Fan, C. Zhu, J. Yang, D. Sun, Facile self-assembly N-doped graphene quantum
dots/graphene for oxygen reduction reaction, Electrochimica Acta, 216 (2016) 102-
109.

17



ae.

ar.

48.

49.

50.

51.

52.

53.

54.

B.-Y. Fang, C. Li, Y.-Y. Song, F. Tan, Y.-C. Cao, Y.-D. Zhao, Nitrogen-doped graphene
quantum dot for direct fluorescence detection of Al3+ in aqueous media and living

cells, Biosensors and Bioelectronics, 100 (2018) 41-48.

M. Miah, S. Bhattacharya, A. Gupta, S.K. Saha, Origin of high storage capacity in N-
doped graphene quantum dots, Electrochimica Acta, 222 (2016) 709-716.

H. Miao, S. Li, Z. Wang, S. Sun, M. Kuang, Z. Liu, J. Yuan, Enhancing the pyridinic N
content of Nitrogen-doped graphene and improving its catalytic activity for oxygen
reduction reaction, International Journal of Hydrogen Energy, 42 (2017) 28298-
28308.

Q. Wei, X. Tong, G. Zhang, J. Qiao, Q. Gong, S. Sun, Nitrogen-Doped Carbon
Nanotube and Graphene Materials for Oxygen Reduction Reactions, Catalysts, 5

(2015).

H.-J. Qiu, Y. Guan, P. Luo, Y. Wang, Recent advance in fabricating monolithic 3D
porous graphene and their applications in biosensing and biofuel cells, Biosensors

and Bioelectronics, 89 (2017) 85-95.

Y. Wang, Y. Shao, D.W. Matson, J. Li, Y. Lin, Nitrogen-Doped Graphene and Its
Application in Electrochemical Biosensing, ACS Nano, 4 (2010) 1790-1798.

M. Rahsepar, F. Foroughi, H. Kim, A new enzyme-free biosensor based on nitrogen-
doped graphene with high sensing performance for electrochemical detection of
glucose at biological pH value, Sensors and Actuators B: Chemical, 282 (2019) 322-
330.

P. Arndt, N.D. Leistner, S. Neuss, D. Kaltbeitzel, G.A. Brook, J. Grosse, Artificial urine
and FBS supplemented media in cytocompatibility assays for PLGA-PEG-based
intravesical devices using the urothelium cell line UROtsa, Journal of Biomedical

Materials Research Part B: Applied Biomaterials, 0 (2017).

T. Brooks, C.W. Keevil, A simple artificial urine for the growth of urinary pathogens,
Letters in Applied Microbiology, 24 (2003) 203-206.

18



55.

56.

AM.A. Abdul Amir Al-Mokaram, R. Yahya, M.M. Abdi, H.N. Muhammad Ekramul
Mahmud, One-step electrochemical deposition of Polypyrrole-Chitosan-Iron oxide

nanocomposite films for non-enzymatic glucose biosensor, Materials Letters, 183

(2016) 90-93.

S. Masoomi-Godarzi, A.A. Khodadadi, M. Vesali-Naseh, Y. Mortazavi, Highly Stable
and Selective Non-Enzymatic Glucose Biosensor Using Carbon Nanotubes

Decorated by Fe 3 O 4 Nanoparticles, 2014.

19



unidi 3
25A1HUN15IY

3.1 masdndadiininsanseduluanadiaa

nsadtsidninsaasldszuunmsinuuuaialagldaidninsndnedannlans futay
Rumaelss didnlnsatiemdeainlaneunaity Lagdidnlnsavinauainlaneasueunienis
wndousssufitelanenavlavoari-mdnuuiisesnaiiuiiFedululasiau

3.1.1 Myduasiendussisen

aswnilildwasiolud
Cobalt (II) acetylacetonate (Co(acac),, 99.0%), Iron (Ill) acetylacetonate (Fe(acac)s, 99.9%),
Oleic acid (OAc, 90%), Oleylamine (OAm, 70%), Benzyl Ether (BE, 98%), 1-Octadecene
(ODE, > 95.0 %), and Trioctylphosphine (TOP, 97%) were used as metal precursors and
solvents for nanoparticle synthesis. Natural graphite flakes (99%), sulfuric acid (98%),
sodium nitrate (NaNO3), potassium permanganate (KMnQg), 8¢ ammonia

Sudunay OAm 8 mL, OAc 4 mL, ODE 4 mL waz TOP 2 mL 191818 fundounu
Uszanas 5wl ndsanthild 156.96 me Co (acac); (0.61 mmol) azaneashu 2 mL BE uazsn
yhaganeinToal i, anduliaiufeufignmgil 110 °c aeldufalulpsauwduna 1
Fluniiethaisfevueanuarliaudeusaifiealus to 230 °C Uszua 20 uit laveasiax
uaniuazaineyntaulukanemadsufidudas  ndwendulidedlmiundigumgdfes
waziinly centrifusation 71 10,000 r. p. m. t0ut1a1 20 w19, 0°C, Lagd4me hexane fu
methanol wangapss, Muvuiieafuidiusnaddaesuduannisuay 0.61 mmol Fe(acac), as
Tuvhavatedsiunasaas 0.2 mmol lavsarifioduameiluduneundsiududu Wulsly
hexane.

6

3.1.2 myfuaTgialseensiulemelulasiau

13UINNTITALAURG graphene oxide adluiin (5 mgmL?) wag centrifugation 91 4,000
rom 30 W19l kaziin 30 mL graphene oxide WINANAU 0.6 g. ammonia AUlTLTIAY 15 W

U lUldly 50 mL-Teflon-line autoclave figamail 180 °C 1Wunan 12 Falus. ndaain

Junsasazanasneun DI water Wazauwien 80°C nilsAu.

3.1.3 Mydaasizndaanisiien
Uaansiientenldlunisnaasdduiosujiinstuaiivaslulsmeuia aunsadunseilaniy
M13797 3.1 fasialull
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AITNN 3.1 Eﬁ@]iﬂqia%?’\lsqgﬂﬂaﬁqﬂﬁlmﬂm

Component Quantity (g) Concentration (mmol.L™)
sodium bicarbonate 2.1 25
sodium chloride 5.2 90
sodium sulphate decahydrate 3.2 10
potassium dihydrogen 0.95 7
phosphate

di-potassium hydrogen 1.2 7
phosphate

ammonia chloride 1.3 25
creatinine 0.8 7
urea 10 170

31.4 nMsnndeunuaNTRvImea eeiadiag e UL

Transmission  Electron  Microscopy (TEM), Scanning Transmission Electron
Microscopy (STEM) bright field image, Energy Dispersive X-ray spectroscopy (EDS), operated
by JEOL JEM-200CX at 200 kV, X-ray diffraction (XRD, Scintag X-1, ﬁ’m’luﬁ 40 kV and 40
mA way Cu K O radiation A = 1.54056 R), Fourier Transform Infrared spectra (FTIR,
Shimadzu, IRPrestige-21, Japan, operated at 400-4000 cm!in ATR mode), and X-ray

Photoemission Spectroscopy (XPS, PHI 5000, Versa Probe Il XPS system, ULVAC-PHI, Japan)

3.1.5 MsnaaeunaNUTAnIAil i
noaeuluszuuautiBianinsamewaia OV waz DPV lusnansaanizduiva Ty
Uaanuiiounflannudunarswarlutaansilan 4 audilasuainlsmeuiaaianszds

3.2 N1398NULUURUNIAINTIATN

ISUAUAIBNITANYINITADIIITULULLDUIRBN A IUKNURINSAB9aTANEIUAD (1) 2995
lulod (2) 2995 summing Hay (3) 2933 transimpedance LAYan91395LINABLTDUAU Ardiono
Due wioas1adanaluinteudidisidnnsarinaunars1ede warianseuadyaunadns

a &

1NNTEUIUNTAHLATTEUI199729L8NINTAINULALYI8WED TF99El029957a uTun15hUas

6

dyayranszualiiilunnusinsdnduaninalugigunsaiuszananasield fdannit 3.1
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1 Ve | Differential | Amp.{2} 1 Arduino
1 Amp. 1 Uno
1 Ve lee 1 !
: Transimpedance :

Feedback|control 1 Amp. 1
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- LIFAB
Arg::!no : Re 'We FeE ItoV : ase

I I LabVIEW
. | [ Labview |
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1 |

Generate signal : Summing :
1 Amp.{1} 1

AN 3.1 WHUE995 Ml laawnay

ANA 3.2 naseaiuad blinLadl

Tngazdnudszansammsieudesudeinmil 3.2 Beudadhfuwadiniiniailuufasen
Ferri-Ferrocyanide tilensaounistaudiodidnaseutesdunaziluiioudssiundodumud
Toaunmuuy commercial el uenanimsanyitedesnsiannssdnanlniugunsal
Annnuazidendetugunsaiuuulians Taslddauuas electrochemical gas detector frontend
eanunsouszendifulnnudloausmléiann Texas Instrument LMP 9100 EVM wazifieusiory
UadnUszanana Espressif ESP32 Tumsuananadsninil 3.3 uaz 3.4 auddu eniseanuuy
guUnsalfsnanannsaidouse port szrineduldmiumised 3.2 wanileulusunsuniwn Gt
WiaUszananadsnind 3.5 Weuseiu web browser Tugunsaiilefionienanfiumesls
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AN 3.4 ATZUINSNAABUNLATI LA

M5197 3.2 MSTeLReUSsA ESP32 wag LMP 9100 EVM

Pin

ESP32 LMP 91000 EVM
5V 14
1019 3
1021 8
1022 1
1025 5
1026 11
1027 12
3.3v 15
Ground 2

23



MONF v

Wifi Connection
Verification Parameter configuration

User Input
parameters of
cv

Trigger Front-end/

Collect current-time and
voltage-time START

Rearrage Qutput
cunem—voltage

output

Display and Save /\

AT 3.5 (§18) Systematic diagram A1SYINIUTDAUATOL AT (U31) NTODAWUU layout VB9
NSUARIHAULAUNTIaNsD
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NAN15I8

4.1 wamsdaeneieynaululunsindautadidninge

4.1.1 auuAnienienmn

FussUfRefidnensituiivinaaiussipeluanatimarasdiemdidnnseures
Twanalugsindinlnsn deflaudinisnenimainningis TEM fanmdl 4.1 A-C uansfanis
sunguveseynalanylaueayi-min vuieuszana 176 unluunslagiade Tngaunsalii
spUNUMITmTszey 0208 way 0.253 unlulins Sadustusiu Co(111) and Fe,05(110)
pudIFu uenanigaanunsausuldnnn selected area electron diffraction (SAED) LRI

#NLaIN d spacing A18IUIAVBIL 0.253, 0.208, Las 0.146 UlULLAT ATIAU Fe203(110),
Co(111), way Fe(200) muasy

HV | Mag HV  Mag
200 KV 20000 % 200 KV 100000 x

X Fe{200)
Co(111)
Fez03(110)

=1
neasen: 800

170,05 n

2NN 4.1 (A) TEM image of CoFe-NG, (B)-(C) TEM images of CoFe, (D) HRTEM of CoFe,
and (E) SAED pattern of Fe203 (110), Co(111), and Fe(200)
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EDS Layered Image 2

1pm Tpm
Co Kal Cu Kal

1prm Tpm

Al 4.2 (A) STEM bright field image of CoFe cluster, (B) EDS spectrum, wag (C) EDS

elemental mapping of O, Fe, uag Co
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Y

CoFeNG

# JCPDS No. 26-1080 C

® JCPDS No.02-919 Fe O,

% JCPDS No. 06-0696 Fe

V JCPDS No. 15-806 Co
QJCPDS No.03-0864 CoFe,O,

Intensity (A.U.)

Intensity (A.U.)

20

0.4 4
CoFeNG
CoFeNG+glucose
CoFeNG/DPV+glucose
0.3 4

Absorbance
(=]
N
1

T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm")

At 4.3 (A) XRD patterns of CoFe-NG with the primary peaks indexed to JCPDS
references ez (B) FTIR spectra of CoFe-NG (#7), CoFe-NG mixed with 2 mM glucose in
urine without DPV operation (k4), Wag CoFe-NG after DPV operation in the presence of

2 mM glucose in urine (113u).
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04

CoFeNG
CoFeNG/DPV
" CoFeG
0.4 - £ i3l CoFeG/DPV
2
0.3
® 0.0 ; , i ,
g 1200 1000 800 600
g Wavenumber (cm™)
g 0.2
o]
<
0.1
0.0 v T T T ' T
4000 3000 2000 1000

Wavenumber (cm™)
Al 4.4 FTIR spectra of CoFeNG: CoFe on N-doped graphene before glucose detection
(black), CoFeNG/DPV: CoFe on N-doped graphene after glucose detection by DPV,
CoFeG: CoFe on graphene before glucose detection, and CoFeG/DPV: CoFe on graphene
after glucose detection by DPV.

Taglunwil 4.2 Lanaununwswlauean 1man uaga1fuauainivada STEM fensUszuin
gravimetric percentage of 0.5% Fe, 1.9% Co, W8y 85% C. uaﬂamﬁauﬁ’ﬁﬁuaqrmﬁua’awu
freSaESndlunmi 4.3 A ﬁué’uﬁmmﬁuauﬁ 25.8° (JCPDS 26-1080). waz Co, Fe, Fe,Os,
flu CoFe,0q N33 UUATEN98Y JCPDS 15-806, JCPDS 06-0696, JCPDS 02-0919, wag JCPDS 03-
0864, suAIU. uenaNEddisuisdl 35.7°, 44.2°, uaz 65.0° aenrdasiunamineily
SAED 9100071 1E, udiu lattice phase ve9 Fe,05(110), Co(111), uaz Fe(200) Tughogell

uaﬂmﬂﬁ@mauﬁ’amia%ﬁﬂﬁuazLﬂﬁgﬂﬁﬁ’ﬁmmmﬁﬂ FTIR Tun it 4.38 Tnevmaaey faiss
UfAzelaveasi-imdnuunstiiudelulnsiau (CoFe-NG) ullaangiiten @) Tuilaazifiond

£%

fumanglaanaunisly differential pulse voltammetry (DPV, d@wnd) wazlulaanizingund

v '
a

o I v ¥ = %’ b 1 U v aa dy
u’]ﬁﬂ@ﬂgiﬂﬁ%%ﬁﬂﬂ’]ﬂ“ﬁ DPV (AU1U)  ANFAUNUNITABUAUDNAYALUARILANNIIADUNLTAU

¥ '
= a

¥ilmsuinmsasnaiusy OH inTuiifas 3500-3000 cr™ La¥ANSLAEILULYES OH A9 1600
et Tnedlvnssunisit 1543 e duiusiunsiiniiussiu amide Il (C-N) fsiliulgannsdl
finsra¥nsae DPV lunsdifiany wonaniddafiaag 215-1234, 1150-1157, 1053-1080 way 975-
987 cm! Vsuandawusy C-O-C uay C-O auddiu siailunn 4.4 1duanadls CoFe-G firaa 670
way 560 cm! Tunisadsiuszasslangoanlaalunisnageudnme

28



"
e
A v
3 3
= Lo
£ z
:
s £
E £
&S
[ So
1400 1200 1000 800 600 400 200 0 292 290 288 286 284 282 280 278

Binding Energy (eV)

Binding Energy (eV)

- 3
3 S
s £
> 0n
3 £
c <
H n-
=
T T T T T
. : . . S 404 402 400 398 396
T -
538 536 534 532 530 528 526
Binding Energy (eV)
3
LA
3 Z
s 2
z £
= &
c
Q
E
- ) T ¥ T T 1
730 725 720 715 710 705
Binding Energy (eV)

A a5 T T = T
810 804 798 792 786 780
Binding Energy (eV)

Al 4.5 (A) XPS wide spectrum of N-doped graphene supported CoFe catalyst, (B-F)
High-resolution spectra of Cls, O1s, N1s, Co2p, and Fe2p, respectively

WeBududrusznaumaeiivasnisaiaiusyisazannsanaaeulsmeomaiin  XPS  uansly
AW 4.5 uansisaunniuvessig C, O, Co, Fe, uag N Faflgna Cls Tisunis 284.2, 285.1,
286.5 uag 288.6 eV asanuuszued C-C, C-N, C-O, tay C=0 uu N-doped graphene auasu
wazdlauduiusiudunisaiangy carbonyl group ag hydroxyl group Tugis Ols 7i 5316,
532.4, uay 533 eV Wansfis C-0, C=0, uagngy OH amia . Tudanves Nis 7 399 uay 399.7
eV gudumsiin pyridinic N wag pyrodinic N Tufsaufjisen CoFe-NG. lnsunuimees
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pyridinic N UdAgysionstasaiemdidnaseunaryiglunisan onset potential gnvineiitiives
Co2p uag Fe2p uansaunniuyey Co2+ uay Fe2+ MUAIAUTINAT0 XPS @0nAaadiukaTes
FTIR wagsibmauandinunlunisesisduluanavesiinialy CoFe-NG

4.1.2 auv@aymaadlnii

AsnagovandAdaaiilniiives CoFe-NG dreszuudidninsaauda Usznausae 1.
working electrode (GCE), 2. auxiliary electrode (Pt), haig 3. reference electrode (Ag/AgCl)
T modified Artificial Urine Medium (mAUM), Surine, wasaanizau fidien pH wiriu 6.8, 6.7
WAy 6.5 MINAIGU. IﬂEﬂ,umimaaqﬁqwmﬁmamLsﬁmsﬁu%aqﬁwmaﬂa%am 0 84 3 mM lag
mﬂammamummwmu 500 mM Tuusuie 2.5 L aﬂuﬁaan yUSums 5-mL. Lagiinng
VIAABIULLATEY RDE wmamsmunaumswmaawﬂﬂﬁwummmaumm working electrode
mst'{Lszmizmumimaﬂwﬂﬂammmmﬂsﬂmm‘uﬂ Cyclic voltammetry (CV) 270 0 84 1.2
Vv GDEJ@G]T] 50 mV.s-1 Wiusruan 50 seu. dmIntasnnaeUsiensIn 91 -0.2 to 1.0 V vs
Ag/AgCl 71551 50 mV.s-1 uaznageu DPV 910 0 to 1 V vs Ag/AgCl FrenTiLALASA NS
4mV, amplitude of 50 mV, pulse width of 0.05 s lLa¥ pulse period of 0.5 s. wenaniinig
nageun1siemuvasaIsaugMieunluilaanas 1y ascorbic acid wag uric acid M1aulu
mAUM Feyanisiaazgniiufinluia3es Potentiostat 3u CHI900B potentiostat Uy  RDE
modular workstation (Pine Research Instruments, USA), finnuidaseu 900 rpm Iunﬂﬂﬂﬁi
NAADU.

" CoFe ‘ . CoFeC

5 4.0x10" -
4.0x10*+

Current (A)
Current (A)

4
2.0x10° eesold

0.0 0.0 K i

02 00 02 04 06 08 1.0 02 00 02 04 06 08 1.0
” ”
1.5x10" 4 Potential (V vs Ag/AgCI) 1.5x10" Potential (V vs Ag/AgCl)

| CoFeG = CoFeNG

5.0x10° -

5.0x10° -

Current (A)
Current (A)

R

4
o

0.0

-5.0x10° - -6.0x10° -

-1.0x10* T T T T T T —1.0x10” - T T T T v T
02 00 02 04 06 08 1.0 02 00 02 04 06 08 10

Potential (V vs Ag/AgCl) Potential (V vs Ag/AgCI)

A7 4.6 Cyclic voltammograms 98¢ CoFe Uu@Isaena1sUszinniunaaaulunsnsInina
11m1a 2 mM glucose (Hune) wag background @a1) Tutlaaigifisuyings 0.1 M NaOH
(pH=13)
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L%NgfumﬂwaﬂiwmmﬂﬂizLﬂVl‘U@ﬁﬁ’Ji@WﬁWﬁﬂ"] Carbon, Graphen %38 N-doped
Graphene lusissufAzelutlaanisuifanneduvauasfunansianmil 4.6 wag 4.7
PadPU Bedunuth CoFe-NG wamsautfianianisassannzlunisamaintaad 2 mM uag
sesannfe CoFe-C ftumailSeudisulutssaniedistlaaneiiunndseluifausudiou
AseU 3815819 CoFe-NG wag CoFe-C

4 3.0x10" -
1.0x10™
CoFe =] COFeC
5.0x10° - 2.0x10* 4
< <
E £ 1.5x10"
2 0.0 E
5 3
o © 1.0x10" 4
-5.0x10° 4 5.0x10° -
0.0
-1.0x10* T T T T T T T T T T T T T T
0.2 0.0 0.2 0.4 0.6 0.8 1.0 0.2 0.0 0.2 0.4 0.6 0.8 1.0
5.0x10™ - Potential (V vs Ag/AgCl) 4.0x10° - Potential (V vs Ag/AgCI)
4.0x10™ 3.0x10°
3.0x10" < COFeG 2.0x10° 4 COFeNG
£ 2000 I 1.0x10°
3 € ot
P -4 o .0
§ 1.0x10 - g
Wi 1.0x10° 4
3 -2.0x10° 4
-1.0x10™ -
-3.0x10° 4
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T T T T T T —4.0x10° T T T T T T T
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Potential (V vs Ag/AgCl) Potential (V vs Ag/AgCI)

A7 4.7 Cyclic voltammograms U89 CoFe UuAITBINANUSEIANAUNAdaUlUA1TRTINIA
1m1a 2 mM glucose (@) wag background (@sn) Tullaansiiioy Surine Adunans
(pH=6.8)
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AINT 4.8 Cyclic voltamograms 84 (A) CoFe-NG wae (B) CoFe-C; differential pulse

voltammograms ¥84 (C) CoFe-NG ag (D) CoFe-C; calibration plots 84 (E) CoFe-NG uag

(F) CoFe-C Tutlaanziisumuanau

AN 4.8 hanaNavas CV way DPV Tutlaangiisuidunanslay CoFe-NG fikunliuiil

dyaalwiisdunuanuidntuluvauef CoFe-C anas
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AT 4.9 Cyclic voltamograms 484 (A) CoFe-NG wag (B) CoFe-C; differential pulse
voltammograms ¥4 (C) CoFe-NG uag (D) CoFe-C; calibration plots ¥89 (E) CoFe-NG
wa (F) CoFe-C Tullaanziisy Surine auany

iefudunannmmageuddiu lfihdaansfisunnsgiuiidu negative control 7ifide
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A 4.10 (A-B) Cyclic voltammograms, (C-D) differential pulse voltammograms, e
(E) calibration plot of CoFe-NG Tullaamziftheusziand |

SlordssUfAsen Core-NG wmnasuluilaameau dslunismeasuiuiseenifuaesussam
fio () YaaneiifienpSieftdusind 1 meml ! waz () ﬁaansﬁﬁﬁmiaﬁﬁuqmiw 1 mgmL™
Taglunwdt 4.10 wansliiudsnaautRfisuiaves Core-NG Tumsasainuuy CV wag DPV
TudlaansUssanit | finssuaduanasivualiuwusiunsafussiuihmalutiaans uilums
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A

Conc. of glucose (mM)

B

Conc. of glucose (mM)

3.0x10" 5 < = 3.0x10™ 4 in human urine type 2
in human urine type 2
by CoFe-NG
2.5x10" - by CoFe-NG , g 0] g
—1 .
4] iy —2
2.0x10 5 2.0x10™ il
4
2 1810 z 1.5x10™
E 1.0x10" 5
g o € 1.0x10%
) 3
O .ox10° O s
| 5.0x10°
0.0 -
0.0
-5.0x10° -
-5.0x10°
-1.0x10* — T T r y T T T T T T T T
02 00 02 04 06 08 10 02 00 02 04 06 08 1.0
Potential (V) vs Ag/AgCl Potential (V) vs Ag/AgCI
Conc. of glucose (mM) D Conc. of glucose (mM)
L C in human urine type 2 in human urine type 2
1.2x10 by CoFe-NG —0 1.0x10" - by CoFe-NG
—0
1.4x10° s ——0.25
9.0x10 0.50
1.0x10™ e 075
8.0x10° 1 —1
< 9ox10° < J 2
H £ 7.0x10°- ——3
E gox10° £ )
3 S 6.0x10°
7.0x10°
5.0x10°
6.0x10°
4.0x10°
5.0x10°
T T T T T 5 3,0x10° - T T ‘ . T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.8 0.8 1.0
Potential (V) vs Ag/AgCl Potential (V) vs Ag/AgCl
E CoFe-NG in
human urine type 2
004 =
<
£
£
5 -4.0x10°
o
T
% "
©
£ -8.0x10°
>
2]
T
£
3
‘_g 1.2x10° "\.\
o
a s
-1.6x10° +— T T T T T
0.0 0.5 1.0 1.5 20 25 3.0

Concentration of Glucose (mM)
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Al 4.12 (A) Cyclic voltammograms, (B) differential pulse voltasmmograms, and (C)
calibration plot 983 CoFe-C Iuﬁam'wéﬂwﬂizmmﬁ Il

uazluyhusudeniudeelasngidmeiiedtiugeinanszmuso CoFe-C Mefinmil 4.12 3
a397 d1ldagUandanisnaaaunisliiaiaiiveaiassufAsen CoFe-NG kag CoFe-C lu
Usztnnsegnstaaneanee lag seeuaUszansaan laun Limit of Detection (LOD), Limit of
Quantification (LOQ), Linear range tJufu %aﬂﬂﬂ%agaiumiwﬁﬂﬁa@ﬂlé’dﬂ CoFe-NG
annsansiatassiuinalulaansitdanzdunaislaly tinear range s¥wing 0.25 & 3.25
MM WazUARIRINTATATIR WAL 018 Iay 042 Vv lulganzifouuazdaanzanglie uas
Tinafigalunisiausuiu DPV
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[

13799 4.1 agdanifduedivihveansesisduiianalutididningn CoFe

LOD LOQ Linear Potential
] Trend
Urine (mM) (mM) Range Trend Peak(s) Peak
Catalyst of )
Type n=4 (mM) ofCVv? in DPV  Correspondence
DPV @
V)
mAUM  CoFe- 0.25 0.83  0.25-3.0 + + 0.18-0.20 Electroactive
NG sites
CoFe-C 0.07 0.24 1.0-3.0 - - 0.88 Oxide formation
Surine CoFe- 0.07 0.23 0.25- + + Not Oxidation
NG 3.25 obvious  observed from
0-0.8Vv
CoFe-C 0.34 1.14 0.5-3.5 + + Not Oxidation
obvious  observed from
0-0.6V
Human  CoFe- 0.19 0.64 0.5-2.0 - + 0.18 Electroactive
Urine NG 0.39-0.42  sites
Type I° Oxide formation
Human CoFe- 0.18 0.60 1.0-3.0 - - 0.42 Oxide
Urine NG formation
Type I°
CoFe-C 0.21 0.71 0.25-3.0 - - 0.58 Oxide formation

4.2 wan3inUsEansnmaUnIalingiain

4.2.1 N1390NLUUNAT

Tunsnegevazldinaila cyclic voltammetry (CV) vianisaardndlafinGadu (initial
potential) Ao -0.5 Liad Andluifingaan (maximum potential) A 0.5 Laad ﬁ’ﬂﬁﬁ/\lﬁ’]@?’]?jﬂ
(minimum potential) -0.5 1iad @nelnilranvine (final potential) -0.5 1ad 9nsINITaARNY
(scan rate) 50 fadlandeiund lngldaanlunisaunuuaazsouminnu 40 Juiineleda Tudiu
19929957 a$1981F A lun1sawnuindu Tnenaaeuiananisaiomdidnnseuluaisazaiy
Tnunadeon wessloanluslagld Glassy Carbon Electrode (GCE) Wludidnlnsadaviauuas
mJ%'EJULﬁauﬂizﬁm%mwmsﬁfmuﬁ’um%‘laﬁmmmgm FR466 Integrated Potentiostat System
(eDAQ) Tagldlusunsy EChem lunisifiunanisnnassarnipiesilasennd 4.13 Jadanis
sremdidnnseulniludanivendadisudisudanutedls dofunanisnedeudieicasi
4573 (potentiostat circuit) nsWFInanddnvasiindendstundlimiioutulaoanuaziden
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Yosdy I lilginiuLAT oI TEINAIUN 4.14 udanunsadnunANuduiuesasazany 1,
5, kA 8 mM aanlnilaunu

Cyclic y of in 0.1M KNO, WE=GCE
v T T . T T

Cyclic voltammetry of Potassium ferricyanide in 0.1M KNO, WE=GCE

Current (1iA)
Current (pA)

04 03 02 01 o Tz o T\ ok 05 . 04 08 02 P;; 3 L:q 'ch?‘v 62 03 04 05
Potential vs Ag/AgCl (V) ential vs Ag/AQEI (V)
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AT 4,13 CV vesansazany K3[Fe(CN)6] 1, 5 wag 8 mM Tu 0.1 M KNO3 Ingnaaausie
\A389 eDAQ (418) uag Prototype (¥31) wael GCE 19U working electrode

2.50E-05

2.00E-05 y.=-2E-06x + 7E-06
R&-= 10,9921 L
~
— & /
<C (150E-05 }/ I E it
c W\ -~ £
()
5 i | ® Circuit
3 P ‘,¢
O 1.00E-05 — = — 1
x 7 \ C. |5 = = |jnear (eDAQ)
d Rz =.0.9
5.00E-06 ”~ ‘ = | inear (Circuit)
0.00E+00
0 1 2 3 4 5 6 ; g g

Concentration (mM)

AW 4.14 WIsuLsuns vl calibration curve 91n1A399 eDAQ Hay potentiostat circuit

'
a

WAAIANUANNUSTZIN Anodic peak current WazAMUIULTUYBIANTAZAN K3[Fe(CN)6] 9
AMILdY 1, 5 wag 8 mM Tu 0.1 M KNO3 14 GCE 18w working electrode

Wowdsutnsidningmann GCE undunaatazlavinnismagautuaugnsaning 4.15 wag 4.16
wansfenaanURTiAa18AfIuve9995 LiTuiuriinuedianlnia
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Cyclic voltammetry of Potassium ferricyanide in 0.1M KNO, WE=Gold 8

Cyclic voltammetry of Potassium ferricyanide in 0.1M KNO, WE=Gold

Current (1iA)

Current (uA)

0 01 02 03 04 05 Potential vs Ag/AgC! (V)

Potential vs Ag/AgC (V)

A9 4.15 CV vesansavans K3[Fe(CN)6] 1, 5 uaz 8 mM Tu 0.1 M KNO3 lnevnnaeusie
1389 eDAQ (18) uaz Prototype (¥31) drelanenoaiiu working electrode
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6.00E-06
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3.00E-06

current (A)
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-1.00E-06

-2.00E-06

b= 8E-O7x +2E-07.
R?s 0.9827

@ eDAQ
@® Circuit
y-= 1E-06x~ 2E106 = == linear (eDAQ)

R? = 04999 ! g
e | inear (Circuit)

Concentration (mM)

A7 4.16 1WFsuBunTIn calibration curve MnLATBY eDAQ wag potentiostat circuit

UAAIANENWUSTENIN Anodic peak current tazAMUITNTUTDIENTAZAY K3[Fe(CN)6] 91

'
a

AULUNTU 1, 5 e 8 mM 1w 0.1 M KNO3 1% gold electrode Wy working electrode
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A7 4.19 M5UsENaU prototype wuunnw i iuduwesdunisalumaiaailn
Insdianlnsiadl

= 17:09

Gyl Vollammetry
Quite time (s):
2
Initial voltage (V)2
0.00
Start patential (V):
0.00
First potential (V)
0.50
Second potential (V):
0.00

Stop potential (V):
0.60

Step potential (V):
005

Gyela:

AN 4.20 NITWARINARIUNTIA web browser (A) Uuiiafie wag (B) UUABURLADS

[
a0 =

lnglulesdudsldsonuuuludnvaziduaunsalnnwiain ESP 32 syuvasdiandesudmsu

al

parameter wazannsadniivdoyaasiu micro SD card uonandluniwit 4.17 léuananis
9uves CV luaisazany Ferricyanide ﬁy’ﬂmiﬁawiaﬁuﬁ@ﬁa (A) uazmpuiIlnes (B) Feay
11015079 UTEANSNINN1TYIN9IUVBY prototype ‘ﬁﬁ’uLﬂ%ﬂ‘wmus?ﬂaamemmgmmm%@’w
eDAQ Iemunanisnaaeulunind 4.17 (A) N1swanansIn CV NS DIFURULLAY (B) 27N
eDAQ Tunsinansavans Ferricyanide # scan rate 0.05 V/s 910 0 83 0.6 V s@oap3es 1ng
wildimamavaaeuieiesisasaunsniudeyaluguievensim v finfreadetulasnin
71 4.178 eeflnnuazBeaniniesaniduedesiilaisas filter inndn lumsvadeuiiausey
Hirdestaiiansanusalinansnaaouiivhanfuldusdug

UONIINENINAEU parameter scan rate TBUATDIRULUULEINITNAdEUUTEANSANATS
Arszinsinuvsaedsuilodsuulasmnududuresasazans Ferricyanide Tugud 4.18 (A)
wananTifsUIng OV veelvgundsuanssmunanduduresans Ferricyanide doust 1 fa 7.5 53

Tuans Tngazuandliiiunaidaiauiigaiiiumis anodic peak (0.30 V) uag cathodic peak (0.15 V)
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$8 RZ WU 0.9983 wag 0.9990 mudsu Tun i 4.18B) aghalsAnnunisnuinidumas Near Field
Infrared 1@¥inn15UsENUANSILALNAADUSILAAILUAINA 4.19 way 4.20 AUSIFULAAIDINITASS

LASBIAULUUNANSINSauTR BN InTANnTIaT Ut aatutaanzluladse
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unil 5
agUnan1sIdeuazdaLauaunue

5.1 #3UnNan1s3e

511 mseenuuuiadidninsaiifanuamnsadiniziaizasmenssuiun1sngiadu
TuanathamauuuldftenieulsfannsomldflunslisusaiseTansnaulavoay-mdnild
fhsesfunsiuiFeselulasauiotislunssuiunsadeiusziulalanatnaldfs sl

512 n5zUaun1sAsIaintinnsesinEIuds Differential Pulse Voltammetry lénaiil
Usyavsnmgagarslunisvaaevlutlaanuiion Jaamuiflonsnsgiu (Surine) wasilaanzan
fvae Tapasiierenauntsmsraduiiuszana +0,18 wag +0.42 Volt

5.1.3 dyanatieraudunianuaniuatsdomsaiaiussvatlangivis wave number
Useaas 1543 et uaglidayaiaiieradiu fingerprint Guaa@hLi'wﬁﬁ'%mﬁumﬁuimLaqaﬂfwma
fisywing 1200 4800 em’?

5.1.4 msadugunsaiuagianieioslmnutloawsmanmsovlduasUszauaudiia
Tudesduiinaasunssuiumsloudiedidnmsou lasoenfdsiugunsalliag

5.2 UDLUDLUY
5.2.1 midensaiudusesoumisatasiasedlmnudlofinesaunsausul s
Usgdnsnnluszegidonsll insgnisinndidnlunilalaz nsnoniuvesdyaiuneuening
san1sineaulugul
1] aa a 1 % 4 [} ’5
5.2.2 Mytadianinsainaegennlumsaivgunsalnsiainimaludaanizlagly
sveznall @19famnaaUANLadYsluNSeasUasuIes 1 ino U lUTguas
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unil 6
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1. Full journal publication

Metini Janyasupab, Chen-Wei Liu, Narong Chanlek, Sirinart Chio-Srichan, Chamras

Promptmas, Werasak Surareungchai, “A comparative study of non-enzymatic ¢lucose
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voltammetry,” Sensors and Actuators B: Chemical, Volume 286, 2019, Pages 550-563,
ISSN 0925-4005, https://doi.org/10.1016/j.snb.2019.02.018.
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2. Conference proceeding
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(Scopus)

3. Conference proceeding
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2" International Conference on Sensors, Materials and Manufacturing (ICSMM), National Taipei
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4. Conference proceeding
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press)
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