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Abstract: A sensitive non-enzymatic glucose electrochemicalosdmsor
(Cu/PM0oGR/GCE) was developed based on the combination copper
nanoparticles (CuNPs) and phosphomolybdic acid tfonalized graphene
(PM01-GR). PM@»GR films were modified on the surface of glassyboa
electrode (GCE) through electrostatic self-assemiityn the aid of poly diallyl
dimethyl ammonium chloride (PDDA). Then CuNPs werecessfully decorated
onto the PMg-GR modified GCE through electrodeposition. The phatogy of
Cu/PMa»GR/GCE was characterized by scanning electron aseape (SEM).
Cyclic voltammetry (CV) and chronoamperometry werged to investigate the
electrochemical performances of the biosensor.rébglts indicated that the modified
electrode displayed a synergistic effect of RMBR sheets and CuNPs towards the
electro-oxidation of glucose in the alkaline salatiAt the optimal detection potential
of 0.50 V, the response towards glucose presenlieda response ranging from 0.10
uM to 1.0 mM with a detection limit of 3.0xFOuM (S/N=3). In addition,
Cu/PMa,-GR/GCE possessed a high selectivity, good repibding, excellent
stability and acceptable recovery, which indicating potential application in clinical

field.

Keywords: Phosphomolybdic acid; Graphene; Copper nanopastitlen-enzymatic

glucose sensing; Amperometric detection



1. Introduction

The electrochemical approach for glucose detectias attracted significant
attention for its simplicity, high reliability, ssitivity, selectivity and low cost. Since
the first enzyme electrode was reported in 1962 fdst researches on glucose
sensing have involved the use of glucose oxidatbBoldgh these biosensors express
a highly sensitive performance, the lack of stabibriginating from the intrinsic
nature of the enzymes has limited their applicatiorhe activity of these enzymes
can be easily affected by temperature, pH, humidiixic chemicals and so on.
Considering these drawbacks, non-enzymatic eldwdroccal sensors have become a
highly desirable project for glucose detection [Bje majority of these nonenzymatic
electrochemical glucose sensors rely on the cumesponse of glucose oxidation
directly at solid electrode surface. However, thaeditional electrodes have poor
analytical performance due to their slow electr&deetics and high over-potential.
And the electrocatalytic surfaces of the electrodes always blocked by the
accumulation of chemisorbed intermediates, whiclsulted in a lose of
electrocatalytic activity. In addition, the eledes often suffer from the influence
coming from some electroactive species during elebemical detection of glucose
under physiological conditions.

In recent years, a variety of nanomaterials [3ggpecially the carbon-based
nanocomposites [5-8], have been introduced to #iidation of non-enzymatic
electrochemical glucose sensors due to their ddsir@hemical, physical and

electronic properties, which can enhance the sgnpgrformance. Among these
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materials, graphene-based nanocomposites [9-1# &ewused extensive interest and
become attractive choices for glucose non-enzymesgitsing. The reason is that
graphene-based nanocomposites could provide ldgaachemically active surface
areas and enhance the electron transfer betweetroele and glucose effectively,
leading to a more rapid and sensitive current nes@o Up to now, various
metal-graphene and metal oxide-graphene nanocotapdsve been reported for the
fabrication of non-enzymatic glucose sensor, inicigcbf Pd nanoparticles-graphene
oxide [12], Ag nanoparticles-graphene [13],3Gegraphene [14], Mn@graphene
[15], Ca0O4-graphene [16], Sni&graphene [17], copper oxide-graphene [18,19],
ZrO,-graphene [20] and so on. And the performance & graphene-based
non-enzymatic glucose biosensor relies not onlythenproperties of the individual
components, such as the electron transport alofityye substrates and the catalytic
activities of metal or metal oxide nanoparticlesf blso on the effective structural
integration and electrical communication of the poments. Therefore, it is important
to develop methods to improve the intimate conativeen the components.

The addition of intermedium is an important strgtetp improve electrical
communication. Using this strategy, many multi-comgnt glucose biosensors have
been reported, such as Pd nanoparticles/nafiorfigregp[21], Ni/quercetin/graphene
[22], polyvinylpyrrolidone/graphene/nickel nanopelgs/chitosan [23] and so on [24].
But, many additions like nafion and chitosan areinflganot chosen as electron
intermedium but as stabilizer. Because they are awbttve materials for glucose

sensing, they may degrade the sensitivity of glecdstection. Polyoxometalates



anions (POMs), a type of well-known polynuclear aheixo cluster compounds
represented by Keggin-type phosphomolybdate (BM@5], can be introduced to
fabricate metal nanoparticles/graphene-based giubmsensor as intermedium. One
of the most important properties of PMas the potential for reversible multi-electron
redox reactions, which makes it to be an attraactevedidate for electrocatalysis and
electroanalysis [26,27]. We have reported a novelsphomolybdic acid/graphene
composite modified electrode for determination olicf acid [28]. The synergistic
effect of phosphomolybdic acid and graphene impiovee analytical performances
of the electrode. Additionally, PMg can also act as a dispersant and stabilizer to
prevented the hydrophobic graphene from agglonmgrd®9]. Therefore, PMg is
suitable to fabricate graphene-based glucose etdwmical sensor as active
materials. In order to immobilize PMoon electrode surface effectively and maintain
its beneficial properties, a variety of methods énaveen used, including of
Langmuir-Blodgett (LB) technique [30], electrodepias [31] and so on [32-34]. In
this research, electrostatic self-assembly is useidh the assistance of
Poly(diallyldimethylammonium  chloride) (PDDA), a gtvely charged
polyelectrolyte [35]. And the PDDA can enhance twaductivity further [36,37],
which is beneficial for the performance improvemeinthe electrocatalyst.

Herein, we report a novel non-enzymatic glucosetelehemical sensor based on
cooper nanoparticles (CuNPs) and graphene (GRmnake intimate contact between
CuNPs and GR, which can improve analytical perforoeaof the sensor, PMpois

introduced to the modified electrode through etestatic self-assembly with the



assistance of PDDA. With the synergistic effecPMo;,, GR sheets and CuNPs, this
proposed glucose sensor exhibits excellent eletbdic activity towards the
glucose with a fast amperometric response, lowctietelimit and wider linear range.
It is capable to assay the glucose in human seamplescontained other coexisting

interferences.

2.Experimental
2.1. Chemicalsand materials

Glucose was purchased from Tianjin Guangfu FinenGited Research Institute
(Tianjin, China). Keggin-type phosphomolybdic aditPMo,,04, xH,O (denoted
briefly as PMq@;) was ordered from Tianjin Regent Co., Ltd. (TianjiChina).
Graphite was provided by Qingdao Fujin Graphite,Qdd. (Qingdao, China).
Dopamine (DA) was purchased from Sigma-Aldrich (Swis, MO, USA). Ascorbic
acid (AA) was obtained from Shanghai Reagent Fgdai®hanghai China). Uric acid
(UA) was purchased from Sinogharm Chemical ReageDDA was ordered from
Sigma-Aldrich (St. Louis, MO, USA). CuSONaOH and other reagents were of
analytical grade.
2.2. Apparatus

Scanning electron microscopy (SEM) and transmissleatron microscope (TEM)
images were obtained by JEOL JSM-7001F and JEOL-2EDD, respectively. Cyclic
voltammetry (CV) and amperometric measurements weeeformed using a
CHI-660C electrochemical workstation (Shanghai @ien Instrument Co., Ltd.,

China) with a conventional three-electrode celglédssy carbon electrode (GCE) was
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used as bare electrode, and the modified GCE (Co/PGR/GCE) was used as the
working electrode. A platinum wire was used as #uwiliary electrode. All the
potentials quoted here were referred to a satureddaimel electrode (SCE) as the
reference.

2.3. Preparation of the Cu/PM 012-GR/GCE

GR was prepared according to our previously repartethod [38]. 10 mg GR was
fully dispersed in 10 mL of PMe solution by ultrasonicating for 30 min. Then the
PMo, functionalized GR (PMp-GR) was obtained.

A GCE was first sequentially polished with @& and 0.05um alumina powders.
Then the GCE was ultrasonically cleaned in ethamd double-distilled water
respectively followed by drying at room temperatinefore use. The as-prepared
GCE was soaked in PDDA (10 wt%) for 15 min, anchth@ok it out to dry by air.
After that, a PDDA/GCE was obtained. Then we put DDA/GCE in the
suspension liquid of PMg@GR for 15 min, and then took it out and driednitroom
temperature. Repeated the same process, we cotdih anultilayer PMg,-GR
modified electrode.

Subsequently, the electrodeposition of CuUNPs orPile,,-GR modified electrode
was conducted in a solution consisting of 0.040 ¥8Q, at -0.40 V for 400 s. After
that, the Cu/PMg-GR/GCE was obtained. For comparison, CuNPs deggbsin
GR/GCE were prepared by a similar method as stabede without the addition of
PMoy2, which was denoted as Cu/GR/GCE.

2.4. Analytical procedure



0.10 M NaOH solution was employed as the supportaigctrolyte. CV
measurements were performed with the potentialeafi@.0 V-1.0 V at a scan rate of
50 mV/s. Amperometric detection of glucose wasiedrout by continuously adding
glucose every 50 s under magnetic stirring with dpplied potential of 0.50 V. All
measurements were carried out at room temperahmek the electrolyte was purged
with highly purified N to eliminate the © before conducting the analytical

experiments.

3. Resultsand discussion
3.1. Fabrication and characterization of the Cu/PM 0:2-GR/GCE

The detailed preparation procedure was illustrame@&cheme 1. The PMgpwas
immobilized onto the GR through the non-covalenhding, made of wealt-n
stacking interactions between PM@nd graphene due to the 3D/2D dimensionality
nature of PMg, and graphene [39]. Then the sensor was prepar¢d the
immobilization of PM@,GR onto the GCE through electrostatic self-assgmiitih
the assistance of the positively charged PDDA. BNBR with different layers were
prepared by repeating the electrostatic self-asgeprtbcedure. The electron transfer
ability between electrolyte and electrode surfaib different PMq»-GR layers (4, 6,
8, 10 layers, respectively) was investigated usidMg in 0.10 M HSQO, at 100 mV/s
over a range from -0.40 V to 1.4 V. As shown in.Figthe characteristic peaks of
phosphomolybdic acid were observed, indicating tto,-GR was modified in
electrode successfullyThe increased CV peak currents were observed wigh t

PMo;>-GR layers from 4 to 8. When the layer increasemnfri8 to 10, the peak
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currents only had a little change. Therefore, elghers were chosen as the optimal
thickness of the PM@GR film for electron transfer. The currents of
Cu/PMa-GR/GCE with different PMg@-GR layers towards glucose also verified the
optimal thickness of 8 layers. The whole process Whastrated by following reaction
equations:

PMo0y,"' Oug® +26+2H" —H,PM0,YM01o”' Oag™ 1)

HoPM0, Moo Osg> +26+2H —>H,PMo, Mog "' Oss>  (2)

HsPMo;'Mog”' 046> +26+2H"— HgPMas'Mog"' Osg™  (3)

Subsequently, CuNPs were immobilized on the BMBR modified electrode
using the electrodeposition method according topiteviously reports [40,41]. The
deposition potential, which had great influencesttoa catalytic activity of CuNPs,
was investigated by chronoamperometry with addir@® riM glucose in 0.10 M
NaOH solution under different deposition potentiafs-0.30, -0.35, -0.40, -0.45 V.
The corresponding current-time curves were showrign 2A. The current response
increased significantly with the increase of depasipotential from -0.30 V to -0.40
V. When the deposition potential was -0.45 V, gldlidecline of the current response
was shown. The effect of deposition time was atadisd by chronoamperometry at
different time of 200, 300, 400, 480 s and the ltssmere shown in Fig. 2B. With the
increase of the deposition time, the oxidation peakrent increased and the
maximum peak current appeared in the 400grefore, we have chosen -0.40 V and
400 s as reaction deposition potential and deposiime, respectively.

Scheme 1.



Fig. 1.
Fig. 2.

The introduction of PMg could effectively disperse GR. Fig. 3A and 3B shdw
the images of the dispersion of GR and RPMBR in aqueous solution, respectively.
After placing for 12 h, the PMg@GR solution was still a homogeneous black
dispersion. But the GR solution produced black ipration at the bottom of the
bottle, which indicating the aggregation of GR. Tasults indicated that PMpocould
act as the dispersant to prevent the hydropholighgme from agglomerating.

The morphologies of the GR, PMeGR and Cu/PMg-GR were characterized
using SEM. The top views of the GR (Fig. 3C) clgaitlustrated the typically
flake-like nanosheets. And the TEM image of the BRet of Fig. 3C) also clearly
presented the crumpled and wrinkled flake-like ttrce. As shown in Fig. 3D, 8
layers of PMe,GR illustrated the three-dimensional and multitayecompact
morphology. The results signified that PMbad been successfully deposited on GR,
and that the surface of GR was fully covered byMoR continuous film with an
incompact structure, which was eligible for fastngportation of electrons and ions.
After the electrodeposition of CuNPs, it could lserved that abundant CuNPs were
immobilized on the surface of PMeGR (Fig. 3E). It was evident that spherical
CuNPs with uniform diameters were dispersed orsthitace of multilayer PMe-GR.
As a comparison, CuNPs were immobilized on theaserfof GR without the
assistance of PMa As can be seen in Fig. 3F, CuNPs tended to faygiomerates
on the surface of GR. However, the CuNPs were tmifand had a well dispersion on
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the surface of PM@-GR. The histogram of the CuNPs size distributibavged that
the average diameter of CuNPs supported on P& was measured to be 80 nm
(Fig. 4A), which was smaller than that supporteds#t without PMa, (Fig. 4B, 120
nm). Furthermore, the size distribution of CUNP$d#Mo,-GR was narrow compared
to that on GR. Thus, the structural integratiofPbfo,;, and GR onto electrodes could
effectively promote the uniform growth of CuNPs hvismaller size, which was
beneficial for the electro-oxidation of glucose.€llAMa, contained negative charges
which should be balanced by the dopant counter, iand the PMg-GR had an
incompact nanostructure. Therefore thé'Gan easily diffuse into the surface of the
composite film, which results in homogeneous shgpinCuNPs.
Fig. 3.
Fig. 4.

3.2. Electrocatalysis of glucose at the Cu/PM 0,,-GR/GCE

The electrocatalysis of glucose at different elmtis was investigated using CV.
The CVs of Cu/PMg-GR/GCE, Cu/GR/GCE and PMeGR/GCE in the glucose
solution and 0.10 M NaOH solution without glucoserg shown in Fig. 5. In the
absence of glucose, there was no any oxidation ppp&ared at Cu/PM®eGR/GCE
(curve d). But after the addition of glucose, aeversible redox peak was observed.
As shown in curve a, b and ¢, the maximum curresponse was observed on the
surface of Cu/PM@-GR/GCE. This could be ascribed to the effects m@phbene,
PMoy, and PDDA. Firstly, the existence of graphene, P\dod PDDA improved the

electrical conductivity of the modified electrode dome extent due to their intrinsic
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conductivity. Secondly, the PMgcould form an electronegative surface for the
immobilization of PM@>GR on GCE and promote the uniform growth of CuNPs
with smaller size, which was beneficial for theottecatalysis of glucose. In addition,
the PMaq, prevented the aggregation of graphene, which asa@ specific surface
area for the adsorption of targets.

The mechanism of electrocatalytic oxidation of gke in NaOH solution by
Cu/PMa»GR/GCE could be represented by the following rieast based on
previous reports. The Cu could be oxidized to Quaihd then to Cu (lll) in alkaline
solution. After that, glucose could be electrogataloxidized to gluconolactone by
the Cu (lll) species [41]:

Cu + 20H - 2e — Cu(OH) 1)
Cu(OH) + OH -e — CuOOH + HO 2)
CuOOH + glucose> Cu(OH) + gluconolactone (3)
Fig. 5.
3.3. Amperometric detection of glucose

In order to obtain an accurate testing result afcgte, the effect of detection
potential in electrochemical workstation was ex@tbunder different potentials (0.30,
0.40, 0.45, 0.50, 0.55 V, respectively) with drogsvaddition of 0.10 mM glucose into
0.10 M NaOH solution at 50 s interval. As shownFig. 6, the response current
increased with the detection potential from 0.3M160 V. But when the detection

potential was increased to 0.55 V, the responseeruthad an obvious decrease.
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Hence, 0.50 V was selected as the optimal deteqtaiantial for the detection of
glucose.

Fig. 6.

The current-time response curve of Cu/RMBR/GCE upon the dropwise addition
of glucose into 0.10 M NaOH solution with a detentipotential of 0.50 V was
presented in Fig. 7. After the continuous additodrglucose solution with different
concentrations at 50 s interval, the sensor reptedea stable current-time response.
And the current reached 95% of steady-state cuksghin 5 s, indicating that the
Cu/PMa,-GR/GCE could provide a rapid and steady deteatfoglucose. As shown
in Fig. 7 (inset), the oxidative peak current irased linearly with the increase of
glucose concentration in the range from 0l to 1.0 mM and the regression
equation was | = 0.1532 agN1) + 5.2363 (R=0.9990). The detection limit coudhch
3.0 x 10° uM (S/N=3), which was lower than that of CUNPs-GRE5[@2,43]. The
reason was that the introduction of Piavhich was efficient for the uniform growth
of CuNPs and electron transport. Compared to saimer €u-based non-enzymatic
electrochemical glucose sensors, this proposeceihsos was superior or equal in
sensitivity and linear range (Table Ir).addition, the innovative advantage of this
method was the exploration for the multi-eleme@R(PMa, and Cu NPs) modified
strategies.

Fig. 7.

Tablel

13



3.4. Anti-interference property, stability and reproducibility of the

Cu/PMo12-GR/GCE

Anti-interference property was an important fadtor measuring the performance
of the non-enzymatic electrochemical sensor. Is Work, the anti-interference ability
was tested by successive addition of glucose arer otommon coexisting
interferences, such as dopamine (DA), urinary (W ascorbic acid (AA)As
shown in Fig. 8, a significant amperometric resgonwss observed rapidly with the
addition of 0.20 mM glucosepwing to the fast oxidation of glucose by
Cu/PMaGR/GCE. However, there were no obvious currerparse changes after
the addition of 0.20 mM of DA, UA and AA. The re#isuindicated that the
Cu/PMa»GR/GCE had a good anti-interference ability.

Fig. 8.

In this work, the stability and reproducibility @@u/PMa»GR/GCE were also
investigated.The stability of this sensor was investigated lyrisg it at 4 °C
and measuringhe current response in 0.010 mM and 0.10 mM glicsidution
once a day over a period of 2 weekie relative standard deviations (RSD) were
5.2% and 3.6% respectivellfhese results demonstrated that this proposed isenso
had a satisfactory stabilitfzurthermore, the reproducibility of Cu/PMeGR/GCE
was investigated by measuring the current respon@4.0 mM glucose solution with
five different Cu/PMe,GR/GCEs prepared under the same conditions. TH2 RS

4.1%, indicating thgoodreproducibilityof the developed sensor

3.5. Deter mination of glucose in real sample with the Cu/PMo0,-GR/GCE

14



The applicability of the proposed non-enzymaticcgke electrochemical biosensor
was evaluated by using standard addition method. sStandard solutions of glucose
were added into the human serum to obtain serumplsamwith different
concentrations of glucose. Then the serum sampégs added into 0.10 M NaOH
solution and detected using the proposed electroidad biosensor. According to the
procedure of spiked standards, the spiked reca/argge 93.91-106.2% for different
concentrations of glucose, which were shown in @abl These results clearly

indicated the applicability of the proposed biosens

Table2

4. Conclusions

In conclusion,a novel non-enzymatic glucose electrochemical sensas
fabricated successfully based on Cu NPs RMb;,functionalizedGR with the aid
of PDDA. Owing to the synergistic effect of porousultilayer structure of
PMo12/GR and the catalytic activity d€uNPs,the fabricatedelectrochemical
sensorexhibited an excellent performancenon-enzymatic detection of glucose
with high sensitivity, excellent selectivity, andayl stability. This non-enzymatic
glucose electrochemical sensoould be a promising technique for the practical
determination of glucose. In addition, this workeoéd a promising candidate
for nonenzymaticelectrochemical interface construction and eletteoaical

biosensing.

Acknowledgement

15



We really appreciate the financial support frone tNational Natural Science
Foundation of China (21475071, 21405086, 21275082),laishan Scholar Program
of Shandong Province, National postdoctoral Fouadabf China (2015M582054)

and Postdoctoral Foundation of Qingdao.

References

[1] L.C. Clark, C. Lyons, Electrode systems for tonous monitoring in
cardiovascular surgery, Ann. N.Y. Acad. Sci. 10262) 29-45.

[2] X.H. Kang, Z.B. Mai, X.Y. Zou, P.X. Cai, J.Y. &) A sensitive nonenzymatic
glucose sensor in alkaline media with a copper daster/multiwall carbon
nanotube-modified glassy carbon electrode, AnaicBem. 363 (2007) 143-150.

[3] Y.Z. Wang, K. Qu, L.H. Tang, Z.L. Li, E. MooreX.Q. Zeng, Y. Liu, J.H. Li,
Nanomaterials in carbohydrate biosensors, TrAC-drédnal. Chem. 58 (2014)
54-70.

[4] Y. He, J.H. Li, Y. Liu, Reusable and dual-pdiahresponses electrogenerated
chemiluminescence biosensor for synchronously eyteisg and dynamic cell
surface N-Glycan evaluation, Anal. Chem. 87 (20a5)7-9785.

[5] T. Chen, X.W. Li, C.C. Qiu, W.C. Zhu, H.Y. M&S.H. Chen, O. Meng,
Electrochemical sensing of glucose by carbon chogported CgD./PbO
core-shell nanorod arrays, Biosens. Bioelectron2834) 200-206.

[6] D. Liu, X.P. Zhang, T.Y. You, Electrochemicalenfiormance of electrospun
free-standing nitrogen doped carbon nanofibersthad application for glucose

biosensing, ACS Appl. Mater. Interfaces. 6 (20127%6280.

16



[7] L. Meng, J. Jin, GX. Yang, T.H. Lu, H. Zhan@,.X. Cai, Nonenzymatic
electrochemical detection of glucose based on dialasingle-walled carbon
nanotube hybrid nanostructures, Anal. Chem. 8194p@Q71-7280.

[8] X.H. Zhu, T.B. Zhao, Z. Nie, Y. Liu, S.Z. Yadlon-redox modulated fluorescence
strategy for sensitive and selective ascorbic adetection with highly
photoluminescent nitrogen-doped carbon nanopastigla solid-state synthesis,
Anal. Chem. 87 (2015) 8524-8530.

[9] W.Y. Zhang, L.F. Wu, Z.L. Li, Y. Liu, Doped gpaene: synthesis, properties and
bioanalysis. RSC Adv. 5 (2015) 49521-49533.

[10] X.J. Chen, Y.Z. Wang, Y.Y. Zhang, Z.H. Chen,Yu, Z.L. Li, J.H. Li, Sensitive
electrochemical aptamer biosensor for dynamic setface N-Glycan evaluation
featuring multivalent recognition and signal ampétion on a dendrimer-graphene
electrode interface, Anal. Chem. 86 (2014) 42786428

[11] Y.Z. Wang, Z.H. Chen, Y. Liu, J.H. Li, A furiohal glycoprotein competitive
recognition and signal amplification strategy farlmohydrate—protein interaction
profiling and cell surface carbohydrate expres&waluation, Nanoscale 5 (2013)
7349-7355.

[12] Q.Y. Wang, X.Q. Cui, J.L. Chen, X.L. Zheng, [Gu, T.Y. Xue, H.T. Wang, Z. Jin,
L. Qiao, W.T. Zheng, Well-dispersed palladium naartiples on graphene oxide as
a non-enzymatic glucose sensor, RSC Adv. 2 (20225®249.

[13] Y.W. Zhang, S. Liu, L. Wang, X.Y. Qin, J.Q.afi, W.B Lu, G.H. Chang, X.P. Sun,
One-pot green synthesis of Ag nanoparticles-gragphemocomposites and their

17



applications in SERS, J@,, and glucose sensing, RSC Adv. 2 (2011) 538-545.

[14] H. He, C. Gao, Supraparamagnetic,conductiwe occessable multifunctional
graphene nanosheets coated with high-densitpJ#eaanoparticles, ACS Appl.
Mater. Interfaces. 2 (2010) 3201-3210.

[15] C.X. Guo, M. Wang, T. Chen, X.W. Lou, C.M. IHijerarchically nanostructured
MnO,/Graphene/PEDOT composite for high performance latteries, Adv.
Energy Mater. 1 (2011) 736-741.

[16] C. Karuppiah, S. Palanisamy, S.M. Chen, V.rse®ni, P. Periakaruppan, A
novel enzymatic glucose biosensor and sensitiveemagmatic hydrogen peroxide
sensor based on graphene and cobalt oxide naradgsrtomposite modified
glassy carbon electrode, Sens. Actuators B: Chée(2014) 450-456.

[17] C.Z. Zhu, Y.X. Fang, D. Wen, S.J. Dong, Oneé-pgnthesis of functional
two-dimensional graphene/Sp@omposite nanosheets as a building block for
self-assembly and an enhancing nanomaterial fgebsing, J. Mater. Chem. 21
(2011) 16911-16917.

[18] X.L. Wang, E.L. Liu, X.L. Zhang, Non-enzymatgiucose biosensor based on
copper oxide-reduced graphene oxide nanocomposggsthesized from
water-isopropanol solution, Electrochim. Acta 120%4) 253-260.

[19] T. Alizadeh, S. Mirzagholipur, A Nafion-freeon-enzymatic amperometric
glucose sensor based on copper oxide nanopargcghrene nanocomposite, Sens.
Actuators B: Chem. 198 (2014) 438-447.

[20] C.J. Cai, M.W. Xu, S.J. Bao, C. Lei, D.Z. Jmfacile route for constructing a

18



graphene-chitosan-Zg@omposite for direct electron transfer and glucseesing,
RSC Adv. 2 (2012) 8172-8178.

[21] L.M. Lu, H.B. Li, F.L. Qu, X.B. Zhang, G.L. &m, R.Q. Yu, In situ synthesis of
palladium nanoparticle-graphene nanohybrids andir thapplication in
nonenzymatic glucose biosensors, Biosens. Bio@elef® (2011) 3500-3504.

[22] J.Y. Sun, K.J. Huang, Y. Fan, Z.W. Wu, D.D., IGlassy carbon electrode
modified with a film composed of Ni(ll), quercetand graphene for enzyme-less
sensing of glucose, Microchim. Acta. 174 (2011)-284.

[23] Z.G Liu, Y.J Guo, C. Dong, A high performangenenzymatic electrochemical
glucose sensor based on polyvinylpyrrolidone-graphenanosheets-nickel
nanoparticles-chitosan nanocomposite, Talanta 28Y5) 87-93.

[24] F.Y. Kong, X.R. Li, W.W. Zhao, J.J. Xu, H.Yh€én, Graphene oxide-thionine-Au
nanostructure composites: preparation and appitatin non-enzymatic glucose
sensing, Electrochem. Commun. 14 (2012) 59-62.

[25] M. Ammam, Polyoxometalates: formation, strues) principal properties, main
deposition methods and application in sensing. ateM Chem. A 1 (2013)
6291-6312.

[26] S.S. Zhang, P. He, W. Lei, GL. Zhang, J, Noatapulgite/polyaniline/
phosphomolybdic acid-based modified electrode fdre telectrochemical
determination of iodate, Electroanal. Chem. 724 ®9-35.

[27] P. Swetha, A.S. Kumar, Phosphomolybdic acidoraggregates immobilized

nafion membrane modified electrode for selectivesteipe electrocatalytic

19



oxidation and anti-dermatophytic activity, Electnon. Acta. 98 (2013) 54-65.

[28] Z.H. Wang, Q.H. Han, J.F Xia, L. Xia, S. Bi,YGShi, F.F. Zhang, Y.Z. Xia, Y.H.
Li, L.H Xia, A novel phosphomolybdic acidpolypyrrole/graphene composite
modified electrode for sensitive determination a@lfd acid, J. Electroanal. Chem.
726 (2014) 107-111.

[29] W.Y Zhang, D. Du, D. Gunaratne, R. Colby, Y.H.in, J. Laskin,
Polyoxometalate-graphene nanocomposite modifiedtrelde for electrocatalytic
detection of ascorbic acid, Electroanal. 26 (2Q1[28-183.

[30] C. Musumeci, M.H. Rosnes, F. Giannazzo, M.lan8s, L. Cronin, B. Pignataro,
Smart highk nanodielectrics using solid supported polyoxonageatich
nanostructures, ACS Nano 5 (2011) 9992-9999.

[31] R.J. Liu, S.W. Li, X.L. Yu, GJ. Zhang, S.Jhahg, J.N. Yao, B. Keita, L. Nadjo,
L.J. Zhi, Facile synthesis of Au-nanoparticle/polgmetalate/graphene
tricomponent nanohybrids:An enzyme-free electroagbahiiosensor for hydrogen
peroxide, Small 8 (2012) 1398-1406.

[32] ZM. Cui, CX. Guo, C.M. Li, Self-assembled gsaphomolybdic
acid-polyaniline-graphene composite-supported iefficcatalyst towards methanol
oxidation, J. Mater. Chem. A 1 (2013) 6687-6692.

[33] H.Y. Zhang, A.J. Miao, M. Jiang, Fabricatiorgharacterization and
electrochemistry of organic/inorganic multilayenfs containing polyoxometalate
and polyviologen via layer-by-layer self-assembGhem. Phys. 141 (2013)

482-487.

20



[34] K.M. Wiaderek, J.A. Cox, Preparation and elecatalytic application of
composites containing gold nanoparticles protectdth rhodium-substituted
polyoxometalates, Electrochim. Acta 56 (2011) 33542.

[35] Z.H. Wang, J.F. Xia, X.M. Gud.Z. Xia, S.Y. Yao, F.F. Zhang, Y.H. Li, L.H. Xia,
Platinum/graphene functionalized by PDDA as a noeakyme carrier for
hydrogen peroxide biosensor, Anal. Methods-UK 5.3)0183-488.

[36] L.L Yu, M.X. Shi, X. Yue, L.B. Qu, Detectionfaoallura red based on the
composite of poly (diallyldimethylammonium chlor)jd&nctionalized graphene
and nickel nanoparticles modified electrode, Séwmtuators B: Chem. 225 (2016)
398-404.

[37] Y.X. Fang, S.J. Guo, C.Z. Zhu, Y.M. Zhai, EWang, Self-assembly of cationic
polyelectrolyte-functionalized graphene nanoshemtsl gold nanoparticles: A
two-dimensional heterostructure for hydrogen peatexsensing, Langmuir 26
(2010) 11277-11282.

[38] Z.H. Wang, J.F. Xia, L.Y. Zhu, F.F. Zhang, X.\&uo, Y.H. Li, Y.Z. Xia, The
fabrication of poly (acridine orange)/graphene rfiedielectrode with electrolysis
micelle disruption method for selective determioatof uric acid, Sens. Actuators
B: Chem. 161 (2012) 131-136.

[39] J. Muniz, A.K. Cuentas-Gallegos, M. Robles, Maldez, Bond formation,
electronic structure, and energy storage propemiespolyoxometalate-carbon
nanocomposites, Theor. Chem. Acc 135 (2016) 92.

[40] Z.H. Wang, G.Y. Shi, J.F. Xia, Y.Z. Xia, FEhang, L. Xia, D.M. Song, J,Q. Liu,

21



Y.H. Li, L.H. Xia, M.E. Brito, Facile preparationf@ Pt/Prussian blue/graphene
composite and its application as an enhanced catay methanol oxidation,
Electrochim. Acta 121 (2014) 245-252.

[41] T.T. Yang, J.K. Xu, L.M. Lu, X.F. Zhu, Y.S. @aH.K. Xing, Y.F. Yu, W.C. Ding,
Z. Liu, Copper nanoparticles/graphene oxide/singdl carbon nanotubes hybrid
materials as electrochemical sensing platform fanemzymatic glucose
detection, J. Electroanal. Chem. 761 (2016) 118-124

[42] J. Luo, H.Y. Zhang, S.S. Jiang, J.Q. Jiang)Y.XLiu, Facile one-step
electrochemical fabrication of a non-enzymatic ghesselective glassy carbon
electrode modified with copper nanoparticles arapbene, Microchim. Acta 177
(2012) 485-490.

[43] Q. Wang, Q. Wang, M.S. Li, S. Szuneritsa, RauBherroub, Preparation of
reduced graphene oxide/Cu nanoparticle compositesugh electrophoretic
deposition: application for nonenzymatic glucosessey, RSC Adv. 5 (2015)
15861-15869.

[44] L.Q. Luo, L.M. Zhu, Z.X. Wang, Nonenzymatic parometric determination of
glucose by CuO nanocubes-graphene nanocompositeifiedodelectrode,
Bioelectrochemistry 88 (2012) 156-163.

[45] X.J. Zhang, A.X. Gu, G.F. Wang, Y. Huang, H®). B. Fang, Porous Cu-NiO
modified glass carbon electrode enhanced noneniyrgaicoseelectrochemical
sensors, Analyst 136 (2011) 5175-5180.

[46] X. Wang, C.G. Hu, H. Liu, GJ. Du, X.S. He, Xi, Synthesis of CuO

22



nanostructures and their application for nonenzigngtucose sensing, Sens.
Actuators B: Chem. 144 (2010) 220-225.

[47] P.M. Nia, W.P. Meng, F. Lorestani, M.R. Mahndaan, Y. Alias,
Electrodeposition of copper oxide/polypyrrole/reddc graphene oxide as a
nonenzymatic glucose biosensor, Sens. Actuato@hBm. 209 (2015) 100-108.

[48] L.C. Jiang, W.D. Zhang, A highly sensitive morzymatic glucose sensor based
on CuO nanoparticles-modified carbon nanotube redet Biosens. Bioelectron.
25 (2010) 1402-1407.

[49] J. Zhang, J.L. Ma, Z.B. Zhang, W.C. Wang, ZOhen, A highly sensitive
nonenzymatic glucose sensor based on CuO nandesrtiecorated carbon

spheres, Sens. Actuators B: Chem. 211 (2015) 385-39

23



Tables
Tablel

Comparison of the linear range and detection limeiween this biosensor and other
non-enzymatic Cu-based glucose biosensors.

Table 2

Determination of glucose in human serum using tiopgsed biosensor.
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Figurelegends:

Scheme 1. Fabrication process of non-enzymatic glucose aeb&mical sensor
based on GR, PMgand CuNPs.

Fig. 1. Cyclic voltammograms of the PMeGR/GCE with various thicknesses (4, 6,
8, 10 PMa,-GR layers, respectively) in 0.10 M,8I0,, scanned at applied potential
from -0.20 v to +1.2 v at 100 mV/s.

Fig. 2. Current-time responses of Cu/PM&GR/GCE prepared with different
deposition potentials (A) and deposition time (B)0.10 M NaOH solution with
addition of 1.0 mM glucose.

Fig. 3. The images of the dispersion of GR (a) and PM&R (b) in aqueous solution
after 0 h (A) and 12 h (B). SEM images of GR (C)lagers of PMe-GR (D),
Cu/PMa 2GR (E) and Cu-GR (F). The inset of (C) is the TiEMge of GR.

Fig. 4. Histograms of CuNPs size distributions for Cu/RMBR (A) and Cu-GR (B).
Fig. 5. Cyclic voltammograms of different electrodes (a)/Mao-GR/GCE, (b)
Cu/GR/GCE, (¢) PMp-GR/GCE in 1.0 mM glucose solution and (d)
Cu/PMa»GR/GCE in 0.10 M NaOH solution without glucosearseed at applied
potential from 0.00 V to +0.90 V at 100 mV/s.

Fig. 6. Current-time responses of Cu/PM&R/GCE at different potentials in 0.10 M
NaOH with addition of 0.10 mM glucose at 50 s ingdr

Fig. 7. Current-time of response at +0.50 V with an inseeeoncentration of glucose

per 50 s for Cu/ PM@-GR/GCE. The insets show the linear increase obidative
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peak current with the glucose concentration (A) sredamplified current-time curve
for 0.1uM (B).
Fig. 8. Interference test of the sensor in 0.10 M NaOH-@&60 V with 0.20 mM

glucose and 0.20 mM interfering species.
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Tablel

Comparison of the linear range and detection lettveen this biosensor and other
non-enzymatic Cu-based glucose biosensors.

Biosensor Linearrange  Detection limit Ref.
(mM) (uM)
CuNP/GO/SWCNT 0.001-4.538 0.34 [41]
CuNPs-GR/GCE 0.005-1.4 0.20 [42]
CuNPs/rGO 0.01-1.2 3.4 [43]
Cu/PMaGR/GCE 0.0001-1.0 0.03 This work
CuO-rGO 0.0004-3 0.1 [18]
CuO-GR/GCE 0.002-4 0.7 [44]
Porous Cu-NiO 0.5-5 0.5 [45]
CuO nanorods/graphite 0.004-8 4.0 [46]
CuO/Ppy-rGO/GCE 0.1-100 0.03 [47]
CuO/MWCNTs 0.0004-1.2 0.2 [48]
CuONPs/CSs 0.0005-2.3 0.1 [49]




Table2

Determination of glucose in human serum using the proposed biosensor.
Sample  Concentration Added Found

Recovery RSD

(mM) (mM)  (mM) (%) (%)
1 5.08 100 571 93.91 3.2
2 5.08 500 948 94.05 21
3 5.08 1000  16.02 106.2 3.6
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1. Cu/PMo01,-GR/GCE as a non-enzymatic glucose electrochemical sensor.
2. PMoy; is efficient for the uniform growth of Cu-NPs and el ectron transport.

3. The sensor exhibits good sensitivity and specificity towards glucose.



