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Introduction

The physiological activities in the living organisms are intensively governed by the presence of ascorbic acid (Vitamin C) and the abnormal level of ascorbic acid concentration can severely affect the health and cause the scurvy followed by the collagen formation. The ascorbic acid is highly useful in our body for the skin, immune and tissue system developments [START_REF] Yogeswaran | Nanocomposite of functionalized multiwall carbon nanotubes with nafion, nano platinum, and nano gold biosensing film for simultaneous determination of ascorbic acid, epinephrine, and uric acid[END_REF]. Importantly, the ascorbic acid is strong antioxidant and it drives the metabolism of cholesterol effectively in human body [START_REF] Jo | Nonenzymatic amperometric sensor for ascorbic acid based on hollow gold/ruthenium nanoshells[END_REF], hence its accurate and sensitive determination is vital for the practical applications. The conventional methods have been used to determine the ascorbic acid from food and clinical samples [START_REF] Frenich | Determination of ascorbic acid and carotenoids in food commodities by liquid chromatography with mass spectrometry detection[END_REF][START_REF] Silva | Total ascorbic acid determination in fresh squeezed orange juice by gas chromatography[END_REF], and these methods include chromatographic [START_REF] Wang | CuCo nanoparticles supported on hierarchically porous carbon as catalysts for hydrolysis of ammonia borane[END_REF][START_REF] Tian | Simultaneous determination of l-ascorbic acid, dopamine and uric acid with gold nanoparticles-β-cyclodextrin-graphenemodified electrode by square wave voltammetry[END_REF], spectrophotometry [START_REF] Gai | Synthesis of Magnetic, Up-Conversion Luminescent, and Mesoporous Core-Shell-Structured Nanocomposites as Drug Carriers[END_REF], fluorimetry [START_REF] Wang | CuCo nanoparticles supported on hierarchically porous carbon as catalysts for hydrolysis of ammonia borane[END_REF], NIR, MIR and FT-Raman techniques [START_REF] Tian | Simultaneous determination of l-ascorbic acid, dopamine and uric acid with gold nanoparticles-β-cyclodextrin-graphenemodified electrode by square wave voltammetry[END_REF]. These conventional methods are associated with high cost, time taking, complicated, and require well skillful person for the ascorbic acid detection. Furthermore, electroanalytical methods such as voltammetry [START_REF] Chauhan | Fabrication of multiwalled carbon nanotubes/polyaniline modified Au electrode for ascorbic acid determination[END_REF][START_REF] Keeley | Electrochemical ascorbic acid sensor based on DMF-exfoliated graphene[END_REF][START_REF] Singh | Highly selective and efficient electrochemical sensing of ascorbic acid via CuO/rGO nanocomposites deposited on conductive fabric[END_REF][START_REF] Singh | Graphene and its derivatives: Synthesis and application in the electrochemical detection of analytes in sweat[END_REF], amperometry [START_REF] Kumar | Electrochemical selective determination of ascorbic acid at redox active polymer modified electrode derived from direct blue 71[END_REF] and potentiometric [START_REF] Luo | Ascorbic acid sensor based on ion-sensitive field-effect transistor modified with MnO2 nanoparticles[END_REF] have been used extensively due to their high potential, promising and advantageous features such as low cost, simple, highly sensitive and accurate towards the detection of analytes [START_REF] Singh | Recent advances in electrochemical biosensors: Applications, challenges, and future scope[END_REF]. The electrochemical methods have been used through two methodologies for the development of biosensors. First, the use of enzyme immobilization on electrocatalytic materials [START_REF] Greenway | Determination of L-ascorbic acid in fruit and vegetable juices by flow injection with immobilised ascorbate oxidase[END_REF], dye immobilization [START_REF] Fang | Preparation of poly (malachite green) modified electrode and the determination of dopamine and ascorbic acid[END_REF], polymer coating [START_REF] Gao | Voltammetric determination of dopamine in a mixture of dopamine and ascorbic acid at a deactivated polythiophene film modified electrode[END_REF] for the determination of ascorbic acid. The enzyme immobilization on the electrocatalytic materials is suffered by the poor thermal stability, enzyme spoilage, complicated enzyme immobilization process, and high consumption of substrate molecules [START_REF] Gupta | Performance of template-assisted electrodeposited Copper/Cobalt bilayered nanowires as an efficient glucose and Uric acid senor[END_REF]. Second, recently non-enzymatic methods are intensively used for the design of electrochemical sensors due to their several advantages such as highly sensitive, thermally stable, easy to operate, and fast response [START_REF] Kiran | Mechanism of intracellular detection of glucose through nonenzymatic and boronic acid functionalized carbon dots[END_REF]. However, non-enzymatic methods require efficient electrocatalytic materials for the sensitive and selective detection of small biomolecules, hence this method is still at early stage its utilization for the practical applications. Thus, new studies are always welcome by the researchers and industrialists for the synthesis of new functional materials with enhanced electrocatalytic properties for the sensitive and selective electroanalytical applications. Among the materials, transition metal oxides are a unique class of materials, due to unique d-orbital configuration for the tailored catalytic properties for the development of non-enzymatic sensors.

The cobalt oxide (Co 3 O 4 ) among the transition oxides is highly investigated for the electrochemical applications since two decades due to its spinel structure and mixed oxidation states for swift redox reaction kinetics. Moreover, it is low cost, ecofriendly, and easy to prepare [START_REF] Bao | 3D Graphene Frameworks/Co3O4 Composites Electrode for High-Performance Supercapacitor and Enzymeless Glucose Detection[END_REF]. This is the reason, Co 3 O 4 nanostructures have been studied for the wide range of applications such as energy storage systems [START_REF] Srinivasan | Capacitance studies of cobalt oxide films formed via electrochemical precipitation[END_REF], heterogeneous catalysis [START_REF] Tyczkowski | Thin cobalt oxide films for catalysis deposited by plasmaenhanced metal-organic chemical vapor deposition[END_REF], magneto resistive devices [START_REF] Okabe | Low-temperature magnetoresistance of layered cobalt oxides NaxCoO2[END_REF] and electrochromic thin films [START_REF] Kadam | Studies on ionic intercalation properties of cobalt oxide thin films prepared by spray pyrolysis technique[END_REF]. Beside these applications of Co 3 O 4 nanostructures, they have been potentially utilized for the development of electrochemical sensors [START_REF] Huang | Simultaneous electrochemical determination of dopamine, uric acid and ascorbic acid using palladium nanoparticle-loaded carbon nanofibers modified electrode[END_REF] . For example, Co 3 O 4 nanostructures have been emplyed for the development of glucose [START_REF] Kang | Nanoporous cobalt oxide nanowires for non-enzymatic electrochemical glucose detection[END_REF][START_REF] Wang | A graphene-cobalt oxide based needle electrode for non-enzymatic glucose detection in micro-droplets[END_REF], lactic acid [START_REF] Kim | Highly sensitive nonenzymatic lactate biosensor driven by porous nanostructured nickel oxide[END_REF], ascorbic acid [START_REF] Zahed | Ex Situ Hybridized Hexagonal Cobalt Oxide Nanosheets and RGO@ MWCNT Based Nanocomposite for Ultra-Selective Electrochemical Detection of Ascorbic Acid, Dopamine, and Uric Acid[END_REF] and urea [START_REF] Nguyen | Nickel/cobalt oxide-decorated 3D graphene nanocomposite electrode for enhanced electrochemical detection of urea[END_REF] electrochemical sensors. The improvement in the electrocatalytic properties of Co 3 O 4 nanostructures have been done by various methods such as doping, developing composite structures, and surface modifications using different preparation methods [START_REF] Kiran | Mechanism of intracellular detection of glucose through nonenzymatic and boronic acid functionalized carbon dots[END_REF][START_REF] Bao | 3D Graphene Frameworks/Co3O4 Composites Electrode for High-Performance Supercapacitor and Enzymeless Glucose Detection[END_REF][START_REF] Aftab | Facile Electrochemical Determination of Methotrexate (MTX) Using Glassy Carbon Electrode-Modified with Electronically Disordered NiO Nanostructures[END_REF][START_REF] Aftab | Synthesis of Sheet Like Nanostructures of NiO Using Potassium Dichromate as Surface Modifying Agent for the Sensitive and Selective Determination of Amlodipine Besylate (ADB) Drug[END_REF]. Despite these extensive efforts, the electrochemical performance of Co 3 O 4 nanostructures is found poor towards the fabrication of efficient non-enzymatic electrochemical sensors and their realization in real sample analysis.

Therefore, new type of simple and low cost approaches for the synthesis of Co 
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The reaction mechanism of ascorbic acid onto the Co 3 O 4 nanostructures takes place by the transfer of two electrons and protons as shown in Figure 2 and it has been generally represented in the previous studies [START_REF] Frenich | Determination of ascorbic acid and carotenoids in food commodities by liquid chromatography with mass spectrometry detection[END_REF][START_REF] Silva | Total ascorbic acid determination in fresh squeezed orange juice by gas chromatography[END_REF]. The Nernst equation has been used to describe the equal number of protons and electrons transfer during the oxidation of ascorbic acid as given under:

Nernst equation, Ep (V)= -0,059 (m/n) pH + E 0 Eq(1)
Here E p is peak potential, m and n are the number of protons and electrons. The ascorbic acid molecules were adsorbed on the modified GCE when it was inserted in the ascorbic acid solution, then the applied potential favored the oxidation of ascorbic acid into dehydroascorbic nanostructures as shown in Figure 6b. A wide linear range of 0.1mM -6.5mM ascorbic acid concentration using CV measurement. The low limit of detection was estimated by published work [START_REF] Sidra | Functional nickel oxide nanostructures for ethanol oxidation in alkaline media[END_REF], and it was found about 0.001 mM. The linear range and low limit of detection of presented ascorbic acid sensor were superior to many of the published ascorbic acid sensors using various nanostructured materials like Pt-Ti alloy [START_REF] Han | Simultaneous determination of ascorbic acid, dopamine and uric acid with chitosan-graphene modified electrode[END_REF][START_REF] Zheng | Simultaneous determination of dopamine, ascorbic acid and uric acid on ordered mesoporous carbon/Nafion composite film[END_REF][START_REF] Wang | Carbon nanotube-modified electrodes for the simultaneous determination of dopamine and ascorbic acid[END_REF]. In the CV curves, Faradic current is directly used to quantify the kinetics of electrochemical process occurring on the surface of working electrode. Moreover, the peak current is depending on the speed at which electrode material receives number of molecules from the bulk solution of analyte which are connected to mass transport. It has been shown that at low concentration of analyte, diffusion takes place without disturbance, hence peak shift could not take places. However, diffusion is highly disrupted at higher concentrations, thus it offers big barrier for the favorable mass transport and it has compensated by disruptive diffusion. Therefore, the reoccurrence of mass transport without the disturbance and electrochemical reaction needs more potential, thus it causes shift in the peak potential. Furthermore, the electrochemical reaction needs a particular time span to assure the diffusion of reactive species and the charge transfer on the surface of working electrode. Therefore, the shift in the potential could be attributed to the delay of electrochemical process because of the shortness of given time compare to the time given to electrochemical reaction at lower concentration or scan rate. The intersection of CV curves for 6 mM and 6.5 mM concentrations could be indexed to the shift in the peak potential towards low overpotential for 6.5 mM concentration, hence it seems that there is intersection. The calibration of various ascorbic acid concentrations was also made with the use of linear sweep voltammetry (LSV) as shown in Figure 7a. It is clear that the CV results for calibration were further found in good agreement with LSV results and offered another aspect of sensitivity of Co 3 O 4 nanostructures. Interestingly, the LSV results become very much sensitive owing to their higher working range from 0.1-6.5 mM as shown by linear fitting of oxidation peak current form LSV curves versus different ascorbic acid concentrations as shown in Figure 7b. Furthermore, the calibration plot was obtained by using chronoamperometry which is more sensitive electrochemical method and the observed results are shown in Figure 8a. Each chronoamperometric response suggests the successive increase in the current related to rise in the concentration of ascorbic acid, indicating the excellent electrocatalytic properties of Co 3 O 4 nanostructures tuned by the treatment of sodium citrate. We have also plotted linear fitting through the increase in the current during chronoamperometric signal against various ascorbic acid concentrations as shown in Figure 8b. The linear fitting revealed highly sensitive nature of Co 3 O 4 nanostructures by demonstrating linear range of 1-5 mM of ascorbic acid. The chronoamperometry results suggest that the each i-t curve response time is highly durable and could be applied for certain period of time for the detection of ascorbic acid.

The selectivity of as prepared Co 3 O 4 nanostructures towards ascorbic acid detection was studied under the environment of competing interfering agents such as uric acid, potassium ions, sodium ions, ethanol, lactic acid, urea and glucose as shown in Figure 9a. For the selectivity measurement, 0.1mM ascorbic acid solution and other interring agents was used and standard addition method was used to record the change in the oxidation peak current during the record of CV curves as shown in Figure 8a. From this analysis, it is obvious that less than 3% change in the peak current was noticed with the addition of these interfering species, consequently the prepared Co 3 O 4 nanostructures have shown selective response towards the detection of ascorbic acid. Hence, the presented non-enzymatic ascorbic acid sensor has high capability to quantify ascorbic acid from complex matrixes of real samples. The stability of Co 3 O 4 nanostructures was also evaluated in 0.1mM ascorbic acid by measuring different CV curves at the scan rate of 50 mV/s as shown in Figure 9b. The good stability could be attributed to the fact that sodium citrate has added the significant surface roughness of Co 3 O 4 nanostructures which firmly bound with the surface of GCE, consequently we have observed an excellent stability. For better analytical representation, the same stability results of CV analysis were further described by bar graph using error bar as shown in Figure 9c, suggesting acceptable relative standard deviation (RSD) value of less than 1%. From 13 CV cycles of same MGCE has indicated the significant repeatable capability of electrode during stability measurement.

To study the practical aspects of as developed non-enzymatic ascorbic acid sensor for the determination of ascorbic acid for human urine sample using recovery (%) method as given in Table 1. The recoveries of proposed Co 3 O 4 /GCE were found close to 100%. The stability and reproducibility could be seen from the relative standard deviation (RSD) data as given in Table 1. All concrete values of RSD are less than 1%, suggesting the potential practical application of as developed MGCE for the determination of ascorbic acid. It further confirms the real sample analysis of as presented non-enzymatic ascorbic acid sensor. The RSD (%) was calculated as (standard deviation/mean of measured data by 3 repeated measurements) ×100%. The linear range of Co 3 O 4 nanostructures for the ascorbic acid detection was found from 0.5 mM to 6.5 mM using CV and LSV electrochemical modes. Beside this, the Co 3 O 4 nanostructures were characterized with low limit of detection of 0.001 mM, high stability and selectivity. The surface modification of Co 3 O 4 nanostructures using oxygenated groups is facile, low cost, and ecofriendly approach for the wide range of applications such as biomedical, energy conversion and storage systems.
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  obtained and they were named as pristine Co 3 O 4 (sample 1). Secondly, the Co 3 O 4 nanostructures were treated with sodium citrate for the purpose of surface modification. The choice of sodium citrate was taken on the basis of rich source of oxygenated terminals which could easily tailored the surface roughness of Co 3 O 4 nanostructures. In the typical sodium citrate treatment, 5 g of Co 3 O 4 nanostructures were placed in 100 beaker capacity with 20 mL of 0.1M sodium citrate. The reducing agent treatment was carried out for two different times such as 1 and 1.5 h. After this, modified Co 3 O 4 nanostructures were collected on the filter paper, washed with the deionized water and dried for overnight. The treated Co 3 O 4 nanostructures for 1 and 1.5 hours were labeled as sample 1 and sample 2 respectively. The each step involved during the synthesis of surface modified Co 3 O 4 nanostructures is shown in Figure 1.

  3 O 4 nanostructures were studied by powder X-ray diffraction (PXRD) with measurements conditions of CuKα radiation (λ = 1.5418 Å) 45 kV and 45 mA. A low resolution scanning electron microscopy was used under the experimental conditions of 20 kV to evaluate the surface morphology of as prepared Co 3 O 4 nanostructures. The Co 3 O 4 nanostructures catalyst ink was prepared by dissolving o10 mg of Co 3 O 4 nanostructures into 2.5 mL of deionized water and 0.5 mL of 5% Nafion. Then a homogenous catalyst ink was achieved in ultrasonic bath for 10 min. For the cleaning of glassy carbon electrode (GCE), it was polished with alumina paste (0.5µm) and rubbed by silicon paper. Afterwards, GCE was washed several times with the deionized water. Then, drop cast method was used to deposit 10µL of Co 3 O 4 nanostructures onto GCE and it was labeled as modified (MGCE) and was used as a working electrode. The electrochemical experiments were done with three electrode cell configuration involving the silver-silver chloride (Ag/AgCl, 3.0M KCl) as reference electrode and platinum wire as a counter electrode. Keeping in consideration the physiological pH environment for the real sample analysis of ascorbic acid in human body, hence we used the phosphate buffer solution of pH 7.4. Also from the previous works, it has been shown that the electrochemical detection of ascorbic acid is more favorable around pH of 7.3 -7.4. Different ascorbic acid concentrations were made in phosphate buffer solution of pH 7.4. The phosphate buffer solution of pH 7.4 was used as a supporting electrolyte. Different electrochemical modes were used such as cyclic voltammetry (CV), linear sweep voltammetry (LSV) and chronoamperometry. The real sample analysis was also done on the MGCE for the quantification of ascorbic acid from human urine sample. The real sample was collected by healthy voluntary person from our laboratory and the preparation was done by adding 1 mL of human urine sample in 19 mL of phosphate buffer solution of pH 7.4. Then, it was analyzed by presented non-enzymatic ascorbic acid sensor.

3 . 2 .

 32 acid. At the same time, electrons and protons were produced, consequently the free electrons contributed towards the enhanced conductance of MGCE and also electron transfer kinetics as shown in Figure2. During the electrochemical reaction of ascorbic acid on MGCE of Co 3 O 4 nanostructures, the formation of cobalt (II) hydroxide and further its oxidation into CoOOH could be expected, hence such phenomenon has been considered to monitor the detection of ascorbic acid using non-enzymatic approach. The morphology of modified Co 3 O 4 nanostructures was evaluated by SEM as shown in Figure3. The SEM image of pristine Co 3 O 4 nanostructures without sodium citrate (sample-1) exhibited porous flower like structure with dimension of few microns ass shown in Figure3a. However, the citrate ion treated Co 3 O 4 nanostructures with different time intervals like 1 and 1.5 h were also studied by SEM and their corresponding SEM images are shown in Figure3 (b, c). The citrate ions have made the surface of Co 3 O 4 nanostructures relatively rough due to its reducing aspects of sodium citrate and these changes are highly visible for the sample 2 and 3 through SEM images as shown in Figure3(b,c). The surface modification of Co 3 O 4 nanostructures after hydrothermal synthesis has not been investigated and the present approach offers a facile approach for the surface modification of nanostructured materials. The significant heterogeneity on the surface of Co 3 O 4 could be seen from Figure(3b,c), and it could be useful for the electrochemical applications. These surface alterations further proved to be an effective tool for the development of non-enzymatic ascorbic acid sensor in the presented work. To investigate the purity and crystal quality of as prepared Co 3 O 4 materials, powder XRD technique was performed as shown in Figure 3(d). The experiment was performed at 2 theta angle range with scanning from 30 to 80 o . The XRD study has shown that there is an effect on the intensity of diffraction patterns when sodium citrate was used and the some of the reflections of Co 3 O 4 were become more intense, suggesting the improved crystal quality compare to the pristine Co 3 O 4. The diffraction patterns of Co 3 O 4 were fully agreed with the standard JCPDS card (96-900-5889). The Co 3 O 4 samples were identified with cubic crystal phase and there was no any other impurity in the samples, suggesting high quality of as prepared Co 3 O 4 material. Electrochemical measurements for the determination of ascorbic acid using surface modified Co 3 O 4 nanostructures The CV curves at a scan rate of 50 mV/s were measured for the Co 3 O 4 nanostructures in the absence and presence of ascorbic acid in phosphate buffer solution of pH 7.4. The CV curves of pristine Co 3 O 4 nanostructures (sample 1), surface modified Co 3 O 4 nanostructures (sample 2, sample 3) deposited onto GCE were recorded in 0.1 mM ascorbic acid as shown in Figure 4a. The electrocatalytic properties of three samples of Co 3 O 4 nanostructures were studied by CV curves and sample 3 was found with enhanced oxidation peak current and well-shaped peak as shown in Figure 4a. Further to verify, whether peak is coming mainly from ascorbic acid or electrolyte, hence we only tested sample 3 in the electrolyte without ascorbic acid and with the use of ascorbic acid as shown in Figure 4b. The sample 3 has shown non-Faradic process in the supporting electrolyte, however it has described well resolved oxidation peak in the ascorbic acid, suggesting its superior redox electrochemical activity as shown in Figure 4b. The surface area and excellent compatibility of newly prepared Co 3 O 4 nanostructures with the surface of GCE have played a vital role towards the superior performance during non-enzymatic sensing of ascorbic acid in the presented study. Moreover, an enhanced surface roughness and also improved catalytic properties of Co 3 O 4 nanostructures played an outstanding role for the sensitive detection of ascorbic acid. Furthermore, we have studied the Faradic kinetics of Co 3 O 4nanostructures (sample 3) through CV curves at various scan rates ranging from 10-80 mV/s in 0.1 mM ascorbic acid as shown in Figure5a. It was observed that the oxidation peak current was increasing with each rise of scan rate, suggesting the well behaved diffusion electrochemical process on the modified electrode. . The plot of oxidation peak current enhancement with each scan rate was plotted against the square root of scan root as shown in Figure5b, indicating the well analytical features of modified GCE[START_REF] Dos Santos | Photochemical one-pot synthesis of reduced graphene oxide/Prussian blue nanocomposite for simultaneous electrochemical detection of ascorbic acid, dopamine, and uric acid[END_REF][START_REF] Lim | Direct voltammetric detection of DNA and pH sensing on epitaxial graphene: an insight into the role of oxygenated defects[END_REF]. The working range of newly developed nonenzymatic ascorbic acid sensor based on Co 3 O 4 nanostructures was also evaluated in phosphate buffer solution of pH 7.4. Various CV curves measured at scan rate of 50 mV/s in the different concentrations of ascorbic acid as shown in Figure6a. It was obvious that the oxidation peaks were increasing linearly with each rise in increment of ascorbic acid concentration, verifying the sensitive signal of sample 3 against the ascorbic acid molecules. The linear plot of oxidation peak current of each CV curve was fitted against the ascorbic acid concentrations and well defined analytical fitting features were observed through the regression coefficient of 0.99. This confirms an excellent analytical behavior of presented electroanalytical method based on Co 3 O 4
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 1 Figure 1: Schematic diagram for the preparation of S1, S2 and S3 samples of Co 3 O 4 nanostructures and their electrochemical characterization
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 234567891 Figure 2: Illustration for the oxidation of ascorbic acid using proposed Co 3 O 4 nanostructures
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. Materials and methods 2.1. Used chemicals

  for enhanced electrochemical properties of Co 3 O 4 nanostructures. The use of rich oxygenated terminal groups for enabling the surface roughness of Co 3 O 4 nanostructures has not been studied elsewhere. For this reason, we have employed the sodium citrate due to its low cost reducing agent properties via oxygenated terminals for the Co 3 O 4 nanostructures.

	Furthermore in this study, we have highlighted the role of citrate ions from sodium citrate with
	abundant oxygen terminals for making the roughness on the surface of Co 3 O 4 nanostructures.
	Also, presented study has been carried out in different way compare to our previous studies,
	where we have utilized directly surface modifying agents in the precursors of nanostructured
	material [31, 32]. In those studies, we did not highlight the surface roughness factor by the use of
	low cost and mild reducing agent for the prepared nanostructured materials towards the
	development of non-enzymatic sensors. Hence, the proposed research work is completely
	different from our previous studies and such kind of strategy has not been reported to date. At the
	end, modified surface of Co 3 O 4 nanostructures played an important role for the sensitive and
	selective detection of ascorbic acid using non-enzymatic approach
	2Different chemicals such as cobalt sulfate, sodium citrate, urea, ascorbic acid, and 5% Nafion
	were purchased from Sigma Aldrich Karachi, Pakistan and all of them of were of high analytical
	grade. The preparation of desired solutions was done with the deionized water. Prior to
	experiments, the glassware was cleaned with deionized water and dried at room temperature. The
	phosphate buffer solution of pH 7.4 was made with the use of various salts such as 0.1mM
	H 3 PO 4 , 0.1mMNaH 2 PO 4 , 0.1mM Na 2 HPO 4 and 0.01mM NaCl in the deionized water. The pH of
	phosphate buffer solution was adjusted using 0.2 M HCl and NaOH aqueous solutions.

3 O 4 nanostructures have to be studied for the development of new generation of non-enzymatic ascorbic acid sensors. The use of oxygen rich oxygen terminated atoms of anionic species such as citrate, can be effectively evolve the morphology and change the number of surface active sites on the surface of material

2.2. Hydrothermal preparation of Co 3 O 4 nanostructures using sodium citrate as surface modifying agent

  

	cobalt precursor solution was covered with aluminum sheet and hydrothermal process performed
	at 90 o C to 95 o C for 5 h. The prepared cobalt hydroxide material was collected on the ordinary
	filter paper and washed several times with the deionized water followed by drying at 60 o C for
	overnight. Then, the cobalt hydroxide phase material was kept in china clay made crucible and
	annealed at 500
	First, Co 3 O 4 nanostructures were prepared by hydrothermal method followed by thermal
	annealing in air. The synthesis of Co 3 O 4 nanostructures was done with the use of cobalt precursor
	of 0.1 M cobalt sulfate and 0.1 M urea in 500 mL of deionized water. The well dispersion of
	cobalt precursor was obtained through mechanical stirring with glass rod for 10 min. Then, the

o C for 4 h. Afterwards, a typical Co 3 O 4 nanostructures with black color were

Table 1 :

 1 Recovery (%) of ascorbic acid from urine sample using proposed Co 3 O 4 /GCE nonenzymatic sensor For the simplicity, we have provided the comparison analysis of our presented results with reported works as shown in Table2. The quantitative information about the performance of presented non-enzymatic ascorbic acid sensor was collected by the comparative analysis as given in Table 2[23, 13-37, 4, 38-44]. From the previous studies about the determination of ascorbic acid, it can be seen that the composite systems have been used which are complicated and highly expensive to characterize compare to the presented non-enzymatic ascorbic acid sensor. The Co 3 O 4 nanostructures (sample 3) has demonstrated a wide linear range which was verified by different electrochemical modes, confirming their high potential towards the practical applications. This comparative analysis revealed better performance of Co 3 O 4 nanostructures (sample 3) and it can be connected to strong surface modification of Co 3 O 4 nanostructures by the citrate anions. . The improved performance of Co 3 O 4 nanostructures could be attributed from the surface defects, and surface roughness as verified by SEM analysis. Moreover, the citrate ion treated Co 3 O 4 nanostructures significant crystal quality, thereby it played a vital role in driving the ascorbic oxidation reaction.

	Sample (Urine) Added (mM)	Found (mM)	Recovery (%)	RSD(%)
	1	0.523	0.521±0.0085	100.38	0.471
	2	1.084	1.091±0.0068	100.64	0.563
	3	1.532	1.541±0.0075	100.58	0.524

Table 2 :

 2 The comparative study of presented ascorbic acid detection results with already published results of ascorbic acid using different materials gold nanoparticles functionalized beta cyclodextrin grapehene oxide onto glass carbon electrode In this study, we have employed a low cost surface modifying agent sodium citrate with high density of oxygenated terminals and it has significantly modified the surface properties of Co 3 O 4 nanostructures. Furthermore, the citrate ions have enhanced the electrochemical properties of Co 3 O 4 nanostructures towards the development of non-enzymatic ascorbic acid sensor. The structural analysis was carried out using low resolution SEM and powder XRD techniques. The treated Co 3 O 4 nanostructures exhibited rough surface compare to the pristineCo 3 O 4 nanostructures, confirming the significant surface modifications. The Co 3 O 4 nanostructures were observed with enhanced crystal properties. The Co 3 O 4 nanostructures have proved to be an excellent protocol for the sensitive and selective determination of ascorbic acid owing to their strong surface roughness, high surface area and excellent compatibility with the surface of GCE.

	Electrode Material	Linear range	Detection limit	Reference
		(µM)	(µM)	
	Pd/CNF-CPE a	50-4000	15	[25]
	Chitosan-graphene	50-1200	50	[36]
	OMC/Nafion b	40-800	20	[37]
	Carbon nanotube	80-1360	20	[38]
	Voltametric			
	Nitrogen doped graphene	5-1300	2.2	[39]
	(NG)/GCE			
	Au/Ru nanoshells/GCE	5-2000	2.2	[2]
	RGO/GCE d	30-350	14.8	[40]
	ferrocene	3-3000	1.32	[41]
	methanol/CNTY			
	MWCNT/CCE e	15-800	7.71	[42]

b Ordered mesoporous carbon/Nafion composite film. c d Reduced graphene oxide/glassy carbon electrode e MWCNTs: carboxylated multi-walled carbon nanotubes, PANI: polyaniline f Reduced graphene oxide-ZnO/glassy carbon electrode g Reduced graphene oxide/β-cyclodextrin/multiwall carbon nanotubes/ polyoxometalate 4. Conclusions