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Abstract: 

 We described the novel nanocomposite of silver doped ZrO2 combined graphene-

based mesoporous silica (ZrO2-Ag-G-SiO2, ZAGS) in bases of low-cost and self-

assembly strategy. Synthesized ZAGS were characterized through X-ray diffraction 

(XRD), scanning electron microscopy (SEM), energy-dispersive X-ray spectrometry 

(EDX), transmission electron microscopy (TEM), high-resolution transmission electron 

microscopy (HRTEM), Raman spectroscopy, Nitrogen adsorption-desorption isotherms, 

X-ray photoelectron spectroscopy (XPS), and Diffuse Reflectance Spectroscopy (DRS). 

The ZAGS as a enzyme-free glucose sensor active material toward coordinate electro-

oxidation of glucose was considered through cyclic voltammetry 

in significant organic electrolytes, such as phosphate-buffer (PBS) at pH 7.4 and 
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commercial urine. Utilizing ZAGS, glucose detecting may well be finished with effective 

electrocatalytic performance toward organically important concentrations with the current 

reaction of 9.0 × 10-3 mAcm-2 and discovery restrain of 0.05 mmol/L at the lowest 

potential of +0.2 V, thus fulfilling the elemental prerequisites for glucose detecting within 

the urine. Likewise, ZAGS cathodes can be worked for glucose detecting within the 

nearness of interferometer substances (e.g., ascorbic corrosive, lactose and starch) in 

urine at proper pH condition. Our results highlight the potential usages for subjective and 

quantitative electrochemical investigation of glucose through the ZAGS sensor for 

glucose detecting stage permitted within the urine concentration. 

Keywords:  Glucose sensor; Electrocatalytic performance, Functional stability, 

Interfering agents, Urine. 

 

1. Introduction 

 Biosensors are created for giving symptomatic data as it were for the patient's 

prosperity status. Up to presently, all sorts of explanatory strategies, counting 

electrochemistry, fluorescence, colorimetry, photoelectrochemistry and chemical 

luminescence, have been received for chemical free glucose discovery. [1,2]. Among 

distinctive strategies accessible for detecting of glucose level, electrochemical detecting 

method based upon coordinate glucose electro-oxidation has gotten critical 

acknowledgment over the past few a long time due to its tall affectability, moo restrain of 

detecting, promising reaction time, and moo fetched [3]. As clarified already [4], the 

instrument of coordinate glucose oxidation on the sensor is dependable for the 

chemisorption of the hydroxyl group onto the metal catalyst and shaping the bond among 

the d-electron of metal and glucose atom. The oxidation state of glucose particle is effect 

to the metal surface as well as metal-glucose interaction, lower glucose-metal bond 

quality and desorption of glucose particles. Another conceivable clarification depends 

upon the Beginning Hydrous Oxide/Adatom Arbiter (IHOAM), which demonstrates and 

proposes a pre-monolayer strategy of OHads, and that intervene the oxidation of glucose 

[5]. By considering a imitating method of enzyme-like component, a few metals and 

metal oxides like Au [6], Pt [7,8], Cu [9–12], Ni [13–15], Mn [16,17], Co [18,19], and Fe 

[20,21] have been detailed. Although the advantage of catalytic action and electron 
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exchange is displayed, operation within the strongly soluble condition is not viable for 

most physiological examples. To realize the regularly picomolar (pM) constrain of 

discovery (LOD) for the organic analyte, the distinctive nanomaterials considered [22]. 

Graphene has gotten around the world consideration for the improvement of biosensors 

for the reason that graphene-based biosensors have high electron exchanges rates, high 

charge-carrier versatility, and low electrical claude levels are extremely significance for 

profoundly delicate discovery of organic tests as biomarkers owing to their extraordinary 

electrochemical (amperometric, voltammetry, impedimetric) characteristics [23,24]. In 

addition, graphene shows a tall thickness of edge-plane-like imperfection destinations, 

giving numerous dynamic destinations for electron exchange to chemical and natural 

species [23]. Graphene containing zirconium oxide (ZrO2) offers a solid way to upgrade 

their application by empowering flexible and tailor-made electrochemical properties, 

extraordinary potential applications within the broad fields of catalysis. [25-30]. The 

affectability and conductivity of graphene may be advance upgraded by enhancing Ag 

NPs owing to their high quantum electron exchange and catalytic properties for modifiers 

in biosensors [31,32]. Biocompatibility, nontoxicity, high conductivity, chemical and 

steadiness of SiO2 make to idealize for utilization as busters for adsorption, catalysis, 

chemical divisions, biosensors [33,34]. With persuaded these points, we created the 

ZAGS which effectively synthesized by means of self-assembly strategy. ZrO2, G and 

SiO2 have octahedral coordination, Ag consolidation occupies the opening requested 

destinations whereas ZrO2-G-SiO2 displays within the completely filled layer, giving 

inexhaustible dynamic localization and various pathways for conceivable charge 

transport to electrolyte [35,36]. 

One another idea about created the protein glucose oxidizer based HRP-

GOD/GPTMS/ CS/Au biosensor for the assurance of glucose the current reaction was 6.0 

ⅹ10-6  Acm-2 in 0.1 mmol/L glucose, which is the assurance of glucose extended from 1 

to 351 μmol/L with a discovery restrain of 0.3 μmol/L [37]. In this consideration, ZrO2-

Ag-G-SiO2 (ZAGS) nanocomposite was main active material as electrocatalyst for 

glucose oxidation. ZrO2-Ag-G-SiO2 was effectively synthesized through by utilizing a 

basic, low-cost, self-assembly strategy, and was inspected for nonenzymatic glucose 

oxidation for the quick response. The created catalytic composite shows an especially 
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high effectiveness for glucose oxidation counting an greatly low working potential of as 

it were 0.2 V vs Ag/AgCl with prevalent affectability of 9.0 × 10-3 mAcm-2, a wide 

straight extend of 0.05 to 0.35 mmol/L for glucose sensing, a low discovery restrain of 

0.05 mmol/L (S/N = 3), an significant steadiness, and a high selectivity within the 

nearness of interferometer species. In general, ZrO2-Ag-G-SiO2 affirmed a significant 

catalytic execution in unbiased media without any electron facilitator, provoking to a 

novel headway for glucose detecting within the urine. The electrochemical detecting 

behavior of the ZrO2-Ag-G-SiO2 (ZAGS) anode towards glucose detecting was examined 

utilizing amperometric techniques and is displayed within the taking after segments. 

 

2. Experimental 

2.1 Materials 

 All chemicals used analytical grade without further refinement. Graphite powder 

(99 %), zirconium (IV) isopropoxide (70 wt% in 1-Propanol), Pluronic F127 were 

purchased from Sigma Aldrich. Ethylene Glycol, AgNO3, HCl, Phosphate Buffer, NaOH, 

KOH, Ethylene Glycol were purchased from Dae-Jung Chemical Korea. Deionized water 

(18.2 MΩcm-1) was self-made product. 

2.2 Synthesis of ZrO2 

 In the first step, 6.5 g of Pluronic F127 was broken up in 30.5 ml of ethanol 

(Solution A). At that point 30.5 ml of the zirconium (IV) isopropoxide solution was 

included in 30.5 ml of ethanol and ethylene glycol separately, utilized as a stabilizer 

(Solution B) with vigorous mixing. At that point, the B was included within the A. The 

final obtained solution was mixed at 314 K taken after by including dropwise 20.5 ml of 

H2O to this blend. Hydrochloric corrosive was included to alter the pH 2.4. At that point 

blended at 314 K for 1 h and kept at 354 K in a closed measuring utensil for 24 h. At that 

point sifted and dried at 374 K. The synthesized tests were at that point calcined at 674 K 

for 5 h to dispose of the format. To evaluate warm steadiness, tests without the format 

were calcined at 874 K for 5 h. 

2.3 Synthesis of silver doped ZrO2 (ZrO2-Ag) 

 3.5 g of AgNO3 was broken up in 10.5 mL of deionized water (Solution C). The C 

was at that point poured dropwise to A beneath enthusiastically blending in dim, the 
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blended solution D was ceaselessly blended till the gel was shaped. The gel was at that 

point dried at 374 K for 3·1⁄2 h, calcined at 674 K and after that ground to get the ZrO2-

Ag nanoparticles. 

 2.4 Synthesis of ZrO2-Ag-G 

 To begin with, 0.333 g of graphite oxide (GO) was scattered into 250 mL of water 

and ultra-sonicated for 35 min. Sonicated graphene oxide exchanged to arrangement D. 

At that point 31.5 mL of 1 M sodium hydroxide included into the sonicated forerunner 

blend dropwise for ideal pH. At that point, it blended for 2 h at 374 K. The color of 

antecedent blend turned into coffee color, demonstrates the effectively combined of G 

with Ag combined ZrO2 arrangement E. 

2.5 Synthesis of ZrO2-Ag- G- SiO2 

 For the synthesis of final nanocomposites, 1.1 g of triblock copolymer Pluronic F-

127 was included to an arrangement having 15 ml of deionized water and 61 ml of 2 M 

HCl at 313 K with mixing up to the copolymer was totally broken down. At that point, 

3.20 ml of tetraethyl orthosilicate (TEOS) was included and blended at 314 K for 12·1⁄2  

h. The arrangement was moved to a fixed holder and warmed to 374 K within the stove 

for 20 h. The coming about white accelerate was sifted, washed with water and ethanol, 

and dried at 338 K overnight. At long last, the copolymer was evacuated by calcination in 

discuss at 824 K for 3·1⁄2 h. The solution E was drop-by-drop included to a container 

containing 0.3 g of the silica powder and this mixture blended with 374 K for 24 h and 

ultrasonicates for 11⁄2 h and sifted the powder, washed with 1.5 mL of methanol, and dried 

at 338 K overnight. Calcined at 974 K at a surined of 283 K/min and held at 974 K for 5 

h. Dark color items were found. (Scheme 1. a) 

2.6 Preparation of ZAGS electrode  

  ZAGS coated film was prepared using a routine doctor-blade strategy [38]. For 

the altered doctor-blade strategy, a thick ZS (synthesized ZrO2), ZA (ZrO2-Ag), ZAG 

(ZrO2-Ag-GO), ZAGS (ZrO2-Ag-GO-SiO2) glue was prepared as takes after: To begin 

with, synthesized fabric powder (1.1 g) was mixed with ethylcellulose and acetone (1.5 

ml) in a mortar for 15 min. After that, the prepared glues were coated on FTO glass to 

create a film, after that dried within the open state for 35 min. One drop greasing up oil 
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was put onto the film surface and stabilized beneath 374 K in the dry oven for 25 min to 

decrease breaks. 

2.7 Characterization of the materials 

 The phase structure and purity of as-synthesized products were examined by X-

ray diffraction (XRD, Rigaku, Japan) with Cu-Kα radiation (λ = 1.5406˚A) at 40 kV, 30 

mA over 2θ range of 20–70. Morphologies were studied utilizing scanning electron 

microscopy (SEM) and EDS analysis by utilizing an SEM (JSM-76710F, JEOL, Tokyo, 

Japan), a transmission electron microscopy (TEM) (JEM-4010, JEOL, Tokyo, Japan), 

and a high-resolution TEM (HRTEM) (JSM-76710F, JEOL, Tokyo, Japan) operated at 

300 kV accelerating voltage. X-ray photoelectron spectroscopy (XPS), Diffuse 

Reflectance Spectroscopy (DRS, SolidSpec-3700, Japan), and Raman spectroscopy 

(RAMAN, LabRAM HR-800, Japan) analyses were performed by utilizing WI Tec. alpha 

300 series. Porous characterization of ZAG and ZAGS structures were performed by a 

full analysis of N2 adsorption/desorption tests (BELSORP-max, BEL Japan Inc.). 

(PG201, Potentiostat, Galvanostat, Volta lab TM, Radiometer, Denmark). 

2.8 Electrochemical measurements 

 Cyclic voltammetry (CV) and estimations were performed beneath a three-

electrode electrochemical set up to check the current and voltage profiles, where ZS, ZA, 

ZAG, ZAGS was utilized as working cathode whereas platinum and Ag/AgCl terminal 

was chosen as counter and reference anodes, individually. Electrochemical properties in 

commercial urine utilized with the measured pH 6.0, 6.7, and 6.5, individually. As 

electrolytes, 0.1 M NaOH, 0.1 M KOH and Buffer watery arrangement were utilized. The 

restrain of discovery of the analyte was calculated concurring to the taking after condition 

(Eq. 1): [39-41] 𝐿𝑂𝐷 = 3 𝑆𝐷/𝑁                       (1) 

where 𝑆𝐷 is the standard deviation of the analyte concentration calculated from the 

current reaction of progressive including of glucose into the electrolyte; 𝑁 is the slant of 

the calibration bend which demonstrates the affectability of the anode with a signal-to-

noise proportion of 3. For all ponders, glucose concentration from to 2 molar proportion 

was went with by progressive increments of 0.8 mmol/L glucose into 5 mL testing urine 

arrangement. Moreover, CV tests were performed from -0.3 to +0.2 V versus Ag/AgCl at 
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a filter rate of 50 mV s−1. Moreover, Starch, Vitamin C, Lactose were added as 

interferents within the urine test. All estimations were carried out by voltammetry 

(PG201, Potentiostat, Galvanostat, Volta lab TM, Radiometer, Denmark). 

 

3. Results and discussion 

3.1 Characterization of the ZAGS sample 

 The mesoporous semiconductors were anchored on graphene nanosheet since this 

mesoporous conductive arrangement encourages electron transport among nanostructure 

and electrolytes, hence making this an alluring stage for the design of biosensors. Fig. 1 

illustrates the crystalline characteristic properties of ZS, ZA, ZAG and ZAGS samples 

affirmed by the X-ray diffraction (XRD) technique. The synthesized ZrO2 was indexed at 

24.8°, grid plane (110). All diffraction peaks were well-indexed (JCPDS 37-1484). After 

adjustment with Ag, SiO2 the ZrO2-Ag-G-SiO2 range appeared all diffraction peaks along 

the extra cpeaks comparing to (JCPDS 65-2871) and (JCPDS 39-1425), separately, 

affirming the immaculate crystalline nature of the samples. 

Morphology of ZS, ZA, ZAG, and ZAGS was examined by Scanning electron 

microscopy (SEM). Fig. 2 demonstrates SEM pictures with low and high amplifications. 

Synthesized ZS in Fig. 2 (a) clearly appeared the permeable structure. Fig. 2 (d) showed 

that the ZAG combined with mesoporous SiO2. These figures showed that ZAGS were 

consistently disseminated. Such flake-like nanostructured geometry leads to a unpleasant 

surface of the cathode which can expectedly lead to upgrade of the anode execution on 

account of its high surface region, superior surface-to-volume proportion, and 

presentation of more electro-catalytically dynamic locales on ZAGS. The elemental state 

of the ZAGS nanoparticles was further more analyzed through EDS.  

As shown in Fig. 3, composition of ZAGS was presented to confirm the coexistence 

of Zr, C, Ag, and Si with the evaluated composition within the gravimetric rate of 29 % 

Zr, 35 % C, 12 % Ag and 5 % Si. Nanostructured morphology of the electrodeposited 

film was checked by a profoundly amplified TEM picture of ZAGS in Fig. 4. As 

appeared within the HRTEM picture, the grid space of 0.28 nm was given out to the 

interplanar of the (111) plane of the ZS sample and another cross section space of 0.26 

nm was arranged to the interplanar of the (022) plane of the ZAGS sample. Raman 
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spectroscopy was also performed to characterize the G band showing in the composite.

 As shown in Fig. 5 (a), the G band of as-synthesized sample appeared two peaks 

located at 1331 and 1573 cm-1 comparing to the (D band) and the C-C bond extending 

recurrence (G band), individually. For the most part, the concentrated proportion of the 

D- and G bands (ID/IG) is utilized to evaluate the degree of disorder and the normal 

estimate of sp2 spaces. In this fact, the value of ID/IG was calculated to be 0.94.  Fig. 5 

(b) presents the N2 adsorption-desorption isotherms of ZAG and ZAGS samples. ZAG 

and ZAGS samples display ordinary type IV isotherm, illustrating that materials had 

mesopores. Isotherms of samples display a H2 type hysteresis circle at a relative pressure 

(P/P0) between 0.6 and 0.9, appearing that these materials have extensively and 

consistently conveyed mesopores. In addition, the hysteresis circles continuously move to 

higher relative pressure (P/P0) from ZAG to ZAGS, proposing that these mesopores were 

extending with the counting mesoporous SiO2. A mesopore size as large as 5.67 nm finds 

out the ZAG sample. When combining through mesoporous SiO2 it proceeds to extend up 

to 8.96 nm as well as Wagered surface range too expanded from 8.66 to 9.17 m2 g-, 

individually (Table 1). The electrochemical properties of nanocomposites were 

correlated with the BJH and BET analysis results. From BET analysis, the total pore 

volume and mean pore diameter of sensor active material is reduced due to the oxidizing 

agent treatment. According to the summary results of BET and BJH, the surface area and 

total pore mass (mesopore and micropore) of the graphite increased with SiO2. The 

micro-sized pore state and high surface area are the main parameters that are valuable for 

framing ion-transport tunnels in electro-chemical reactions.  

 The resultant absorbance of UV-DRS is depicted in Fig. 5 (c). Optical band gap of 

the ZC, ZS, ZA, ZAG, ZAGS, can be determined by the (eq. 2): [43] 

                             (𝛼ℎ𝑣)1 2⁄ = 𝐴(ℎ𝑣 − 𝐸𝑔)                                            (2)                      

Where ‘α’ was the molar assimilation coefficient calculated as α = (1 − R)2/2R, hʋ is the 

occurrence light recurrence, ‘A’ is the proportionality consistent, and ‘Eg’ is the band gap 

energy of the fabric. Table 1 outlines the information form (αhv) 1⁄2 as a work of photon 

vitality. Band gaps diminish from 4.79 eV for the ZC to 3.25 eV for ZS. To examine the 

band gap energy, the value of Ag doped ZA diminish to 3.11 eV. Continuously after 

combining with graphene, the band gap energy of the ZAG turned to 2.61 eV. The band 
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gap energy values alter astoundingly to 2.00 eV within the ZAGS after combining 

through mesoporous SiO2. Valence band (VB) and conduction band (CB) possibilities of 

all the tests were calculated based on the taking after conditions [43] 

ECB = X - Ee - 
12 Eg                (3) 

EVB = ECB + Eg                      (4) 

Here, EVB and ECB are valence and conduction band edge possibilities, individually. c is 

the electronegativity of the semiconductor, Ee is the vitality of free electrons on the 

hydrogen scale and Eg is the band gap energy vitality of the semiconductor. In the 

attractive field assurance, one-level compelling mass estimation (EMA) is utilized for a 

basic non-degenerate vitality band. Bloch electrons in a vitality band are treated as free 

electrons with the free electron mass m0 supplanted by the viable mass m*. The 

Schrodinger condition for the work of the conduction electron in electric and attractive 

areas can be appeared with the taking after condition [42]. 𝐵 = 𝜇0𝐼2𝜋𝑟       (5) 

Fig. 5 (d) shows the attractive field bends of the ZAGS sample measured at surrounding 

temperature. The immersion magnetization (MS), which is decided by the plot of M 

versus 1/H utilizing information at moo attractive areas, is watched to be 0.0036.5 emu g-

1 to 0.0046.5 emu g-1.  

For characterization of actual surface chemical compositions of ZrO2-Ag-G-SiO2, 

XPS examination was performed. The outputs are uncovered in Fig. 6 (a). The total range 

of ZrO2-Ag-G-SiO2 appears the characteristic Si, Zr, C, Ag and O peaks ascribed to the 

successful modification. The comparing high-resolution spectra regard to C1s flag 284.5 

eV as a reference official vitality in Fig. 6 (b) ascribed to C-C, bonds of graphene. As 

existing in Fig. 6 (c), Si2p peak found at 102.8 eV. These peaks found at 184.08 eV 

compare to Zr3d in Fig. 6 (d). Other than, the interaction of the carbonyl, and hydroxyl 

groups was moreover confirmed in O1s existing in Fig. 5 (e) with the official vitality at 

531.6 eV comparing to C-O bonds. At last, the peaks at 367.0 and 373.1 eV showed in 

Fig. 6 (f) compare to Ag3d. The general output for XPS deeply suggested that all surface 

chemical compositions of ZAGS found on the surface of the as-prepared nanocomposite. 

3.2 Electrocatalytic activity of the ZAGS electrode towards glucose sensing 
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 The electrochemical tests for working anodes named ZS, ZA, ZAG, ZAGS were 

performed in a three-electrode cell framework with Pt wire as counter electode and 

Ag/AgCl as a reference electrode inside the potential extend of -0.3 to +0.3 V. Fig. 7 (a) 

presents the CV profile of electrochemical reaction in 10.5 mL of commercial urine and 

diverse electrolytes without glucose. There was small oxidation as shown in Fig. 7 (a) 

without the glucose. In addition, ZS, ZA, ZAG and ZAGS anodes appeared a well-

defined oxidation at the potential of +0.2 V. By including of 0.05 mmol/L of glucose, a 

reaction was noticed with the ZS instead of ZA, ZAG and ZAGS electrodes within the 

permitted concentration of glucose, due to the high band gap vitality of ZrO2. After 

combining with Ag nanoparticle and graphene, the band gap vitality diminished (Fig. 5 

(c)), due to ZA, ZAG and ZAGS have great conductivity.  Furthermore, in our sensor 

system, the electrode of Ag-G-SiO2 supported with ZrO2 has quickly transporting 

electrons from the electrochemical response, due to their great conductive property. 

ZAGS anode shows a significant increment in anodic current amounts (4.0 × 10-3 mAcm-2) 

as appeared in Fig. 7 (b). For changing electrolytes such as 0.1 M phosphate buffer, 

NaOH, KOH, noteworthy and quick current reaction amounts (9.0 × 10-3 mAcm-2) were 

observed at the ZAGS cathode with the expansion of 0.55 mmol/L glucose as displayed in 

Fig. 7 (c). The obtained result clearly suggests the high oxidation compares to the electro-

oxidation of glucose at the ZAGS anode [44].  

 In the modeling to illustrate the explanatory parameters (for illustration 

affectability, straight extend, discovery restrain and reaction time), the amperometric 

reaction of the ZAGS electrode was performed at a fixed voltage of +0.2 V (versus 

Ag/AgCl) in 0.1 M PBS by stepwise including of glucose at diverse concentration. A 

well-defined and quick reaction to the ZAGS electrode showed. Fig. 7 (d) shows the 

current reaction which was assessed to be as high as 5.0 × 10-3 mA cm-2 at lower glucose 

concentration (0.05 to 0.35 mmol/L). By including glucose, the current reaction rapidly 

come to a steady-state and accomplishes ~ 98 % of reaction inside 1 s. The reaction 

current was straightly expanded with expanding glucose concentration, ZAGS electrode 

shows high affectability within the direct extend (0.05 to 0.35 mmol/L). By the way, the 

upgraded detecting performance of non-enzymatic glucose sensor is attributed to the 

coordinate development of mesoporous ZAGS film on FTO substrate, which offers a 
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high surface area by ZrO2 attachment, coming about in quick electron exchange by the 

electrochemical reactions of glucose oxidation happening between electrolyte and active 

material. In this modeling, we have utilized the self-assembly strategy to manufacture 

non-enzymatic ZAGS glucose-sensing electrode which accounted for controllable 

nanostructures with incredible reproducibility and cost-effective preparation for steady 

glucose detecting device. 

3.3 Selection of electrolytes towards ZAGS electrode  

 Detecting of glucose by ZAGS test cell with distinctive electrolytes (PBS, NaOH; 

KOH) and distinctive concentrations was examined broad encompassing conditions. 

Glucose oxidation with these electrolytes was measured in 0.1 M NaOH, phosphate 

buffer and KOH by consequent expansion of 0.55 mmol/L of glucose at customary 

interims and tested the current reactions after each infusion. Fig. 8 (a) appears that when 

0.55 mmol/L of glucose in various concentrations of electrolytes brought about in nearly 

the most excellent current thickness towards the phosphate buffer electrolytes. The 

current state of the ZAGS electrode incredibly depends on glucose concentration and 

electrolyte pH (i.e. the sum of OH−), since OH– require to neutralize the protons created 

from dehydrogenation reaction of the reactants. Consequently, “distant better; a much 

better; higher; stronger; an improved" a stronger result is confirmed towards phosphate 

buffer for the ZAGS electrode. 

As portrayed over, the affectability and straight run of glucose detecting can be found 

by plotted current thickness against glucose concentrations as appeared in Fig. 7 (d). In 

0.05 mmol/L glucose concentration, the sensor reaction had an affectability of 4.0 × 10-3 

mA cm-2 and 0.35 mmol/L glucose concentrations. The sensor reaction had an affectability 

of 5.0 × 10-3 mAcm-2. It is that the reaction running is corresponding to the concentration 

running. So, after check this ratio we effortlessly reach to this choice that is able to 

degree a diabetic urine test with this sensor for subjective and quantitative investigation. 

 3.4 Anti-interference ability of the ZAGS sensor  
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 Anti-interference capacity of non-enzymatic based glucose detecting devices may 

be a major challenge, which seems influence the electrode’s detecting performance. To 

check the selectivity of ZAGS electrode with the some kinds of interferometer species 

(such as Vitamin C, Starch, Lactose, Fructose, NaCl, KCl and Urea), the amperometric 

reaction of the detecting anode was checked by including of 0.91 mmol/L glucose and 

each over specified interferometer species was in same concentration within the 0.1 M 

PBS arrangement at +0.2 V (versus Ag/AgCl), as shown in Fig. 8 (b). The expansion of 

0.91 mmol/L glucose leads to a quick current reaction, although interferometer species 

expansion shown insignificant current reactions. As appeared within the histogram of 

each interferometer species expansion and current reaction is appeared here, which 

confirmed the insignificant current reactions compared to 0.91 mmol/L glucose. These 

output about recommend the appropriateness of the ZAGS electrode for the detecting of 

glucose in actual tests. It suggests that the ZAGS electrode was specific towards glucose 

without being influenced by interferer. This upgraded detecting performance essentially 

credited to an great interaction among the nanostructure and anode with the high surface 

area for catalytic destinations, encouraging a reasonable way for electron transport from 

electrochemical movement. The outputs obtained from the proposed strategy were 

compared with other strategies for the location of glucose. The ZAGS electrodes can be 

imagined as a promising plan for non-enzymatic glucose estimation in actual clinical tests 

which may pick up significant benefits for diverse biomolecules detecting. 

3.5 Glucose sensing mechanism 

The electrocatalytic properties of ZAGS active sensing material were inspected 

towards applications including the physiological pH, and the concentration of glucose. 

Considering that glucose can be oxidized to gluconolactone (Fig. 8) at an impartial pH by 

means of a two-electron electrochemical response [50]. Be that as it may, a great sensing 

reaction was observed with the ZAGS sensor in the presence of glucose. This could be 

ascribed to the great electrocatalytic nature of ZrO2, which intercedes the heterogeneous 

chemical oxidation or lessening of the glucose, whereas the change over ZrO2 can be 

persistently and at the same time recouped by electrochemical oxidation or diminishment 

due to their high surface area to volume proportion [51]. Also, in our sensor system, the 

Ag-G-SiO2 works as a supporting matrix with the ZrO2, which shows quickly electron 
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transporting effect with the electrochemical response due to their great conductive 

property. Moreover, the less thick morphology of the Ag-G-SiO2 gives superior 

penetrability of the detecting lattice to the arrangement. The conceivable electrochemical 

responses included in glucose oxidation through the Zr4+/ Zr3+ centers of ZrO2 are given 

underneath [51]: 

 

Zr4+ + Glucose (C6H12O6)  Zr3+ + Gluconolactone (C6H10O6) + H2O          (6) 

Gluconolactone (C6H10O6) + H2O  2H+ + Gluconate (C6H12O7)                  (7) 

        2Zr3+  2Zr4+ + 2e-                                                                                                                   (8) 

 

In this manner, electrooxidation of glucose on ZAGS for the nonenzymatic location of 

glucose at physiological pH was examined.  

 

4. Conclusions 

In this study, we suggests a basic approach for creating ZAGS utilizing the feasible 

self-assembly strategy, creating a catalyst-coated and binder-free composite anode. The 

ZAGS as sensing active material showed a uniform and profoundly mesoporous arrange 

of the catalytic film. Moreover, various dynamic results for the ZAGS sample with 

improved conductivity of graphene oxide made the advanced electrocatalytic 

performance of this electrode towards glucose oxidation. The ultra-high affectability (9.0 

× 10-3 mA cm-2) with a small potential variation as it were 0.2 V versus Ag/AgCl, wide 

direct extend (0.05 ~ 0.35 mmol/L), small detecting restrain (0.05 mmol/L), with 

noteworthy subjective and quantitative investigation, selectivity and solidness make the 

ZAGS as promising electrode to serve as a non-enzymatic glucose sensor. Based on the 

output, ZAGS given a great affectability in commercial urine examples, which is 

acceptable as biosensor to have a tall plausibility for commonsense use. 
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Scheme. 1. (a) Schematic diagram of the synthesis of the ZAGS sample (b) The glucose-

sensing mechanism of the ZAGS sample. 
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Fig.1. XRD patterns of ZC (a), ZS (b), ZA(c), ZAG (d) and ZAGS (e). 
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Fig.2. SEM images of ZS, ZA, ZAG and ZAGS. 
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Fig.3.  EDS of ZAGS Samples. 
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Fig.4. TEM Images of ZS (a) ZA (b); ZAG(c); ZAGS (d) and HRTEM Images of ZS (e) 

ZAGS (f). 
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(d) 

Fig. 5. (a) Raman spectra of ZS, ZA, ZAG and ZAGS sample, (b) Nitrogen adsorption-

desorption isotherms of ZAG, ZAGS; and the corresponding pore size distributions 

(inset), (c) DRS data of ZC, ZS, ZA, ZAG, ZAGS and (d) Magnetic field area of ZAGS. 
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Fig. 6. XPS spectra of ZAGS (a) survey, C1s (b), Si2p (c), Zr3d (d), O1s (e) and Ag3d (f). 
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Fig. 7. (a) Cyclic voltammogram of ZS, ZA, ZAG and ZAGS electrode in urine in the 

absence of glucose at a scan rate of 10 mV s-1 (pH 7.0); (b) Cyclic voltammogram of ZS, 

ZA, ZAG and ZAGS sample with 0.05 mmol/L glucose in urine at scan rate of 10 mV s-1  

(pH 7.0); (c) Cyclic voltammogram of ZAGS sample with different electrolyte : 0.1 M 

PO4
3-Buffer (pH 7.4); 0.1 M NaOH (pH 13) and KOH (pH 13.5) at scan rate of 10 mV s-1  

with the addition of  0.55 mmol/L glucose. (d) (i-t) curve of ZAGS sample with different 

conc. of glucose in 0.1 M PBS (pH 7.4). All experiments run at room temperature (20 

°C). 
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Fig. 8. (a) Sensing of glucose by ZAGS sample with different electrolytes: 0.1 M PO4
3-

Buffer (pH 7.4); 0.1 M NaOH (pH 13) and KOH (pH 13.5) with the addition of 0.55 

mmol/L glucose. (b) Selectivity test of glucose by the ZAGS sample with 0.91 mmol/L 

(Vitamin C, Starch, Lactose, Fructose, NaCl, KCl, Urea and Gucose) in 0.1 M PBS (pH 

7.4). All experiments run at room temperature (20°C). 
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Table 1.Surface properties obtained from nitrogen adsorption–desorption isotherms 

of ZAGS 

№ BET plot 

  ZAGS ZAG 

1 Total pore volume (cm3/g) 2.1069 [cm3(STP) g-1] 1.9895 [cm3(STP) g-1] 

2 Surface area (m2/g) 9.1703 [m2 g-1] 8.6593 [m2 g-1] 

3 Total pore volume 

(p/p0=0.990) 

0.020549 [cm3 g-1] 0.012273 [cm3 g-1] 

4 Mean pore diameter 8.9632 nm 5.6691 nm 

 BJH plot 

  ZAGS ZAG 

1 Mesopore surface area 

(m2/g) 

8.064 [m2 g-1] 5.8875 [m2 g-1]  

2 Mesopore volume (cm3/g) 0.01969 [cm3 g-1] 0.011075 [cm3 g-1] 

3 Average mesopore diameter 3.77 nm 3.77 nm 
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Figure 1

XRD patterns of ZC (a), ZS (b), ZA(c), ZAG (d) and ZAGS (e).



Figure 2

SEM images of ZS, ZA, ZAG and ZAGS.



Figure 3

EDS of ZAGS Samples.



Figure 4

TEM Images of ZS (a) ZA (b); ZAG(c); ZAGS (d) and HRTEM Images of ZS (e) ZAGS (f).



Figure 5

(a) Raman spectra of ZS, ZA, ZAG and ZAGS sample, (b) Nitrogen adsorption-desorption isotherms of
ZAG, ZAGS; and the corresponding pore size distributions (inset), (c) DRS data of ZC, ZS, ZA, ZAG, ZAGS
and (d) Magnetic �eld area of ZAGS.



Figure 6

XPS spectra of ZAGS (a) survey, C1s (b), Si2p (c), Zr3d (d), O1s (e) and Ag3d (f).



Figure 7

(a) Cyclic voltammogram of ZS, ZA, ZAG and ZAGS electrode in urine in the absence of glucose at a scan
rate of 10 mV s-1 (pH 7.0); (b) Cyclic voltammogram of ZS, ZA, ZAG and ZAGS sample with 0.05 mmol/L
glucose in urine at scan rate of 10 mV s-1 (pH 7.0); (c) Cyclic voltammogram of ZAGS sample with
different electrolyte : 0.1 M PO43-Buffer (pH 7.4); 0.1 M NaOH (pH 13) and KOH (pH 13.5) at scan rate of
10 mV s-1 with the addition of 0.55 mmol/L glucose. (d) (i-t) curve of ZAGS sample with different conc.
of glucose in 0.1 M PBS (pH 7.4). All experiments run at room temperature (20 °C).



Figure 8

(a) Sensing of glucose by ZAGS sample with different electrolytes: 0.1 M PO43-Buffer (pH 7.4); 0.1 M
NaOH (pH 13) and KOH (pH 13.5) with the addition of 0.55 mmol/L glucose. (b) Selectivity test of
glucose by the ZAGS sample with 0.91 mmol/L (Vitamin C, Starch, Lactose, Fructose, NaCl, KCl, Urea and
Gucose) in 0.1 M PBS (pH 7.4). All experiments run at room temperature (20°C).


