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Abstract 

 Nanoporous carbon matrix was prepared by the sol-gel process from 

pyrogallol-formaldehyde (PF) mixtures in water using picric acid as catalyst. For the second 

sample, nickel oxide nanoparticles were added in the PF matrix to get a PF/NiO hybrid 

nanocomposite. The samples were heat treated at the pyrolysis temperature of 650 °C for two 

hours. The obtained materials have been characterized by different techniques such as: X-ray 

diffraction (XRD), scanning electron microscope (SEM), transmission electron microscopy 

(TEM), thermogravimetric analysis (TGA), differential thermalanalysis (DTA),nitrogen 

adsorption-desorption isotherms, voltage-current characteristics, electrochemical 

measurementsand UV-Vis-IR absorption. The XRD analysis shows that PF matrix is 

amorphous while PF/NiO nanocomposite exhibited a metallic phase of nickel. The SEM and 

TEM images indicated the presence of nickel particles in the PF/NiO nanocomposite which 

are dispersed randomly in the carbon matrix. The adsorption-desorption of nitrogen revealed 

that the PF matrix is microporous and the PF/NiO nanocomposite is mesoporous. The 

adsorption capacities of carbon dioxide (CO2) and methane (CH4) show that the PF matrix has 

the highest adsorption at low pressures and the PF/NiO nanocomposite tends to adsorb gases 

better at high pressure. The V(I) characteristics showed that the PF/NiO nanocomposite can 

be considered as a smart material. Indeed, the characteristic behavior can be adjusted 

according to the maximum applied current. Electrochemical measurements have shown that 

the PF/NiO nanocomposite is very promising for the detection of non-enzymatic glucose. The 

absorption spectra showed that the addition of the NiO nanoparticles increased the disorder. 

The obtained materials are promoters for various applications such as gas storage, negatronic 

devices and glucose sensor. 

Keywords: Sol-gel; Nanoporous carbon matrix; hybrid nanocomposite; Gas storage; 

Negatronic devices; Non-enzymatic glucose sensor. 



I. Introduction 

 The nanoporous carbon matrix has been widely used to elaborate promising 

materials in several areas like the adsorption and separation of greenhouse gases [1,2]. Indeed, 

this matrix presents a unique pore structure, high stability and low preparation cost [3,4]. The 

nanoporous carbon matrix based on pyrogallol-formaldehyde (PF) is one of the organic gels 

known by itspromising characteristics depending on the synthesis conditions [5].  In fact, 

pyrogallol is considered among the materials which are very good absorbers of water.  For 

this reason, water was chosen as solvent to extract it with conventional drying and thus 

obtaining a very porous material to use it in the field of gas storage. Thanks to these specific 

morphological and textural properties, this nanoporous matrix can have significant 

greenhouse gas adsorption like carbon dioxide and methane. Generally, CO2 and CH4 

emissions are very responsible for current global warming and also for health problems. For 

that, the development of different materials, methods and process are essential for the 

sequestration of these gases. There are several technologies for capture but adsorption are 

considered to be among the most effective separation processes [6,7]. Currently, research 

focuses on the elaboration of different families of porous materials that can capture these two 

gases [8,9].  Among the materials which have been applied as adsorbents, we can cite: 

mesoporous silica [10,11], organometallic reinforcementmaterials [12,13] and microporous 

organic polymers [14,15]. 

 The incorporation of metal oxide nanoparticles in the nanoporous carbon 

matrix fallows as to obtain of the different types of hybrid organic/inorganic nanocomposites 

[16-18]. In recent years, these hybrid nanocomposites have received a great deal of attention 

from researchers from an applied or fundamental perspectives [19,20]. They are widely used 

in various applications such as; photovoltaic cells [21], hydrogen storage [22], negatronic 

devices [23] and electrochemical devices such as sensors [24]. In fact, the metal oxide 



nanoparticles are scientifically and technologically interesting functional materials with a 

variety of properties spanning nearly all aspects of materials science and physics. They are 

very important for research because of their importance in applications in biology, 

environment, analytical chemistry and physics [25]. Indeed, these nanoparticles have a high 

surface/volume ratio, low toxicity, high chemical stability and they have exhibit fast electron 

transfer properties to improve the performance of nanomaterials when used as biomimetic 

membranes for example to detect proteins and retain their activity [26,27]. Nevertheless, the 

incorporation of metal oxide nanoparticles into the nanoporous carbon matrix has paved the 

way for a new generation of materials with unique electrical and optical properties that make 

them attractive for applications in different fields such as optoelectronics [28], sensor design 

[29,30], catalysis [31] and antimicrobial coatings [32]. So, the synthesis of porous 

organic/inorganic nanocomposites has opened up new possibilities for manufacturing 

electrochemical sensors such as non-enzymatic glucose sensors. The non-enzymatic glucose 

sensors is a focused research area with increasing attention in order to well-known rising 

demands for advanced blood sugar detection devices for clinical diagnosis, ecological and 

pharmaceutical analysis [33,34]. The principle of non-enzymatic glucose sensor is based on 

the direct electrocatalytic oxidation of glucose; the key factor being the electrocatalytic 

activity of the electrode material, which affects both sensitivity and selectivity [35,36]. In 

particular, nickel nanoparticles have been widely used for glucose sensing due to relatively 

low cost, high electrocatalytic activity and good selectivity for the glucose oxidation. Most 

nickel based non enzymatic glucose sensors are also prepared by modifying suitable 

substrates with nickel nanoparticles [37,38] or carbon/nickel nanocomposites [39,40]. 

 The principal objectives of this work is the synthesis, characterization and  

the illustration of some potential applications of a PF nanoporous carbon matrix and PF/NiO 

hybrid nanocomposite obtained by the incorporating of NiO nanoparticles in the PF matrix. 



Particular interest was given to the effect of the addition of nickel oxide nanoparticles on the 

adsorption of CO2 and CH4 at room temperature, the V(I) characteristic as a function of the 

maximum applied current and finally on the electrochemical glucose oxidation. 

II. Experimental procedure 

II.1. Preparation 

 The preparation of the PF nanoporous carbon matrix and the PF/NiO hybrid 

nanocomposite were carried out by sol-gel method. For the synthesis of PF matrix, first of all 

we have dissolved the pyrogallol (P) and the formaldehyde (F) in water (W), then the reaction 

has been activated by picric acid. In a second stage, the wet gel was dried in humid 

atmosphere at 50 °C for 15 days. In order to avoid any shrinkage of the obtained xerogel 

monolith, the wet gel was transferred to an incubator and dried at 150 ° C at a heating rate of 

10 °C/day. To obtain PF/NiO nanocomposite, NiO nanoparticles were first prepared from the 

precursor of nickel (II) chloride (NiCl2,6H2O) using sol-gel process as per El Mir et al. 

protocol [41]. In this process the precursor was dissolved in methanol; after 15 min under 

magnetic stirring at room temperature, the solution was then placed in an autoclave and dried 

in supercritical conditions of ethyl alcohol. Secondly, the prepared aerogel were annealed at 

500 °C in air for two hours. Thereafter, the synthesized nanoparticles were incorporated in PF 

nanoporous matrix with mass proportion of 5%. Finally, the PF/NiO nanocomposite was 

obtained after a conventional drying like that of the PF matrix. In the present investigation, 

the annealing of our samples (PF matrix and PF/NiO nanocomposite) was done in a tubular 

furnace under controlled atmosphere of nitrogen at 650 °C during two hours with a heating 

rate of 5 °C/min. After that, the samples were cooled naturally. For electrical measurements, 

the samples were prepared by sculpting monoliths on a parallelepipedic shape (12x6x3) mm3 

and silver paint on two parallel faces was performed to assure the ohmic contact. For 

electrochemical measurements, the preparation of the modified sensors, 5 mg of each PF and 



PF/NiO powder were dispersed in double distilled water than sonicated until homogenous 

black suspensions were obtained. A cell of three-electrode was used which comprises: a 

commercial screen printed carbon based working electrode of diameter equal to 4 mm, a 

carbon counter electrode which ensures the passage of current through the electrolyte and a 

silver reference electrode which makes it possible to impose an electric potential on the 

working electrode which has been modified by wet impregnation; by pouring 5 μl of the 

suspension prepared on its surface and then allowing it to dry at room temperature. 

II.2. Characterization  

 The  crystalline  phases  of  the  obtained  samples  were  identified  by  X-ray 

diffraction (XRD) from a Bruker D5005 powder X-ray diffractometer using a CoKα radiation. 

The synthesized samples were characterized using a JEOL JSM-5310 scanning electron 

microscope (SEM) and a JEOL-100C transmission electron microscope (TEM). For thermal 

gravimetric analysis (TGA) and differential thermal analysis (DTA), a Seteram LabsysTM 

system was used to determine the effect of annealing on the weight loss and on the 

corresponding thermal of our xerogels samples during pyrolysis in nitrogen atmosphere at an 

annealing rate of 5 °C/min to 800 °C. The specific surface area, the micropore volume and the 

micropore width were determined by N2 adsorption-desorption isotherms at 77 K using the 

micrometrics ASAP2000 equipment. The adsorption measurements of CH4 and CO2 were 

measured at low and high pressure in a homemade automatic volumetric apparatus. Before 

starting the measurement isotherms, we used an 80 mg mass of each sample which was 

thermally activated individually under primary vacuum at 150 °C overnight. The used gases 

arevery clean: methane was of 99.9995% purity and carbon dioxide was of 99.995% purity. 

Voltage-current measurements were performed using a computer-controlled setup comprising 

an Agilent 34401A multimeter and a Keithley 220 current source in a temperature range from 

80 to 300 K under vacuum using a liquid nitrogen cryostat. Impedance measurements were 



performed by an Agilent 4294A impedance analyzer. The electrochemical behavior was 

investigated by cyclic voltammetry in 0.1 M KOH solution for a potential range 0-1 V, in 

presence and absence of glucose and at a scan rate equal to 50 mVs-1 with a DropSensμStat 

400 potentiostat/galvanostat. The optical absorbance of the materials was determined using 

Schimadzu UV-3101 PC spectrophotometer with integrating sphere in the wavelength range 

from 200 to 2400 nm. 

III. Results and discussions 

The XRD patterns of the obtained PF matrix and PF/NiO nanocomposite are reported 

in Fig. 1.Two broad diffraction peaks at about 24° and 42° attributed to (002) and (100) 

planes typical of amorphous carbon were observed in the PF matrix. On the other hand, the 

PF/NiO nanocomposite is crystallized. Indeed, there is the appearance of three distinct 

reflection peaks at 44°, 51° and 76° which match with the (111), (200), (220) planes of 

metallic nickel. The crystallite size of PF matrix and PF/NiO nanocomposite were estimated 

from the Scherrer’s formula Eq. (1) [42]: 

 

where λ is the X-ray wavelength, θB is the maximum of the Bragg diffraction peak and B is 

the line width at half maximum. The dimension of the crystallites deduced using Eq. (1), 

indicates that the average value of graphite crystallites increases from 2 nm in the PF matrix 

to 3.5 nm in the PF/NiO nanocomposite and for the metallic nickel is of the order of 35 nm. 

From these results, it can be deduced that the incorporation of NiO nanoparticles into the 

carbon matrix under the impact of pyrolysis temperature equal to 650 °C leads to the change 

of crystalline properties of PF/NiO nanocomposite compared to those of PF matrix. 
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The SEM observations for the considered samples are outlined in Fig. 2. As indicated 

by these images, the two materials are made by agglomerated of carbon microspheres. The 

PF/NiO nanocomposite shows a more compact carbon matrix, thanks to the presence of 

metallic nickel microparticles which can increase the active surface of this nanocomposite. 

TEM image in Fig. 3a depicts that this is an agglomeration of the nanoparticles in PF 

matrix with the presence of a space between the nanoparticles which confirms the existence of 

nanopores. Fig. 3b shows that the PF/NiO nanocomposite consists of metallic nickel 

nanoparticles which are dispersed in an amorphous carbon matrix. The metallic nickel 

nanoparticles average size is around 30 nm. These images are consistent with the results 

obtained by XRD. 

The results from thermal gravimetric analysis indicate a total weight loss of about 67% 

for PF matrix (Fig. 4a) and 60% for PF/NiO nanocomposite (Fig. 4b) during pyrolysis in N2. 

This difference between the values of weight loss between the two samples can be explained 

by the presence of metallic nickel in the PF/NiO nanocomposite which was not lost during 

thermal treatment. A first endothermic peak was observed at 110 °C for the two materials, 

which corresponds to the desorption of water. The second appeared only in the PF/NiO 

nanocomposite at 150 °C is due to the crystallisation of this nanocomposite activated by the 

NiO phase. Then, for a temperature close to 700 °C, there is the presence of a third peak 

which can be explained by the formation of multiwalled carbon nanotubes [43,44]. On the 

other hand, an exothermic peak has been observed around 230 °C only in the PF matrix 

thanks to the desorption of the organic residues of the precursors and of the catalyst. 

 The adsorption–desorption isotherms of the samples are illustrated in Fig. 5. 

According to the Brunauer Emett and Teller (BET) classification, the isotherm of PF matrix 

shows that is of type I and for that of PF/NiO nanocomposite is of type IV. The different 

porosity parameters and the electrical conductivity values of our materials are assembled in 



Table 1. It can be deduced from this study, that the PF matrix is microporous and the PF/NiO 

nanocomposite is mesoporous. Indeed, the pore size is of about 1.9 nm for the PF matrix              

and 2.6 nm for the PF/NiO nanocomposite. The specific surface area and the pore volume 

have been reduced in the PF/NiO nanocomposite compared to that of PF matrix which can be 

attributed to the effect of the Ni nanoparticles. In fact, the Ni nanoparticles probably filled the 

pores in the PF matrix and subsequently increased the electrical conductivity of the PF/NiO 

nanocomposite. 

 The adsorption capacity of CO2 and CH4 of our materials is presented in 

Fig. 6. It is clear that the adsorption capacity of CO2 is higher than that of CH4. Indeed, the 

CO2 molecule has a linear shape which can perform specific interactions with the adsorbent 

unlike the CH4 molecule which is tetrahedral. Also, the experimental temperature used during 

the adsorption equal to 302 K, very close to the temperature of the critical point of CO2. Thus, 

the adsorption of CO2 under these experimental conditions will be favored than the CH4. We 

have shown in ourprevious works that the main factors acting on the adsorption properties of 

CO2 and CH4 are the specific surface area and the volume of the pores [45,46]. But we note 

that for this study as shown in the table 2, at low pressures (5 bar), the PF matrix has the 

highest adsorption capacity for the two gases and at high pressures (25 bar), the PF/NiO 

nanocomposite tends to adsorb gases better than the PF matrix. In fact, for low pressures the 

adsorption takes place in the micropores which are dominant in the PF matrix and for high 

pressures the adsorbed molecules fill the mesopores which exist in the PF/NiO 

nanocomposite. These results are in good agreement with those obtained by Almasi et al. for 

the study of three-dimensional microporous coordination polymers [47]. 

 Fig. 7 shows the voltage-current characteristics of our materials at 120 K 

measurement temperature. For PF matrix (Fig. 7a), the variation is reversible and the 

maximum current applied has no effect on the change of the V(I) characteristic. However, the 



characteristic is irreversible in PF/NiO nanocomposite (Fig. 7b) with the presence of a 

negative differential resistance in the two paths (ascending and descending current). It can be 

deduced from this study, that the maximum current applied to this nanocomposite has 

changed its behavior and it has become more conductive. This dependence of the maximum 

current applied to the PF/NiO nanocomposite can be explained by the high thermal 

conductivity of metallic nickel which produced metallic filaments inside the material and 

which gave a temperature discontinuity at the atmosphere-sample interface. This material 

takes the final characteristic of the second path (descending current) provided that the 

maximum current does not exceed 9 mA. This PF/NiO nanocomposite can be considered 

among the smart materials because their electrical properties can be adjusted by the maximum 

current applied. In literary, smart materials are able to sense environmental changes and 

activate their properties according to these changes. Nowadays, the most developed intelligent 

materials are network polymers, electrorheological fluids, piezoelectric ceramics and shape 

memory alloys [48-50]. 

 The study of the V(I) characteristic at different measurement temperatures 

between 120 and 300K (Fig. 8) indicates that it is a non-linear variation at low temperature 

with the presence of a negative differential resistance only in the PF/NiO nanocomposite. At 

high temperature, the characteristics become linear corresponding to an ohmic behavior. 

Generally, these types of materials are characterized by a space charge. For low applied 

currents, the charge carrier is strongly linked to the network and its energy does not allow it to 

exceed the space charge. After the application of a threshold current, the energy of the charge 

carrier increases and the hopping conduction becomes dominant. This observed change in the 

V(I) characteristic indicates the existence of two different conduction mechanisms depending 

on the measurement temperature. 



From the value of the resistance R given by the multimeter, the electrical conductivity 

of the material studied was calculated using the Eq. (2): 

 

where L is the thickness of the pellet and S is the contact area with the electrode. The 

variation of electrical conductivity versus 1000/T (Fig. 9) exhibits the presence of two linear 

shapes for our materials. The curves exhibit activated temperature dependence in accordance 

with the Eq. (3) [51]: 

 

where A is the pre-exponential factor and Ea is the activation energy. The electrical 

conductivity increases with measurement temperature, which proves the semiconductor 

behavior of our samples. According the Eq. (3), the first linear shape at low temperature with 

weak activation energies (56 meV for PF and 48 meV for PF/NiO) indicating the dominance 

of the hopping conduction mechanism between localized states at this range measurement 

temperature where the V(I) characteristic is non-linear [52]. The second at high temperature 

with important activation energies (100 meV for PF and 93 meV for PF/NiO) corresponding 

to ohmic conduction. In fact, in disordered materials, when the activation energy is in the 

order of 0.1 eV, conduction occurs through the diffusion of electrons or holes in the matrix. 

These results of electrical conductivity are in good agreement with the obtained V(I) 

characteristics. 

             The impedance measurements were carried out in the frequency range between 40 Hz 

and 100 MHz. The analysis of complex impedance spectra permits to have access to 

informations concerning the analyzed material. The experimental impedance data, obtained 

by impedance spectroscopy may be modeled by an equivalent circuit for each sample. Fig. 10 
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shows the Nyquist plot of our samples at room measurement temperature. The variations of 

the opposite of imaginary part depending on real part of the impedance are characterized by 

the appearance of two arc-circles depressed under the real axis obeys the Cole-Cole model. 

Using the Z-View software, the best adjustments were obtained using an equivalent circuit 

formed by: (Rp⁄⁄CPEp) for the PF matrix and another: Rs + (Rp⁄⁄CPEp) for the PF/NiO 

nanocomposite, where Rs is the grain resistance, Rp is the grain boundary resistance and CPEp 

is the grain boundary constant phase element. The impedance of the CPE is written according 

to Eq. (4) [53]: 

 

where ω is the pulsation, Q is constant expressed in .s-β and β is a number related to the 

angle of rotation of the purely capacitive line in the complex Nyquist plane. The CPE 

describes an ideal capacitor with a capacitance C for β = 1 and an ideal resistor R for β = 0. A 

β value less than 1 indicates in general certain electric property heterogeneity within the 

material [54]. Table 3 shows the values of different parameters of two equivalent circuits. We 

can see that the β values are close to 1, indicating that CPEp is similar to a capacity [55]. The 

decrease in the resistance Rp and the capacity CPEp with the incorporation of nickel oxide 

confirms that the electrical conductivity of the PF/NiO nanocomposite is higher than that of 

the PF matrix. The low value of the resistance Rs indicates that the grains of the PF/NiO 

nanocomposite are based on particles of metallic nickel.  

           The electrochemical study of PF matrix and PF/NiO nanocomposite for glucose 

oxidation was investigated by the cyclic voltammetry measurement in presence of 5 mM 

glucose in 0.1 M KOH solution at a scan rate of 50 mVs-1. Fig. 11a shows the cyclic 

voltammetry recorded in absence and presence of 5 mM glucose for our materials. The 
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absence of anodic or cathodic peaks for PF matrix indicates a negligible electrocatalytic 

activity of PF carbon matrix towards glucose. On the contrary, PF/NiO nanocomposite 

presents two oxidation and reduction peaks around 0.4 V and 0.6 V respectively, in absence 

and presence of glucose, which are due to the electrochemical redox reaction of Ni2+/Ni3+ 

couple on the electrode surface [56]. Fig. 11b presents the calibration curve for PF/NiO 

nanocomposite during successive additions of glucose from 20 µM to 3.5 mM in 0.1 M KOH 

at an applied potential of 0.6 V.  A significant increase in current was noticed with the 

addition of glucose to the solution, indicating a prolonged oxidation cycle. This can be due to 

the adsorption of glucose and the oxidized intermediate species on the active sites of 

electrode, which slow down the reaction possibly kinetic coupled with a gradual change in 

local pH on the electrode surface. So, we can deduce that the sensor based on the PF/NiO 

nanocomposite is very promising for the detection of non-enzymatic glucose. Indeed, the 

good distribution of the nickel nanoparticles in the carbon matrix increased the 

electrocatalytic property of the PF/NiO nanocomposite relative to the PF matrix, which we 

observed in the morphological study of these materials. The linear relationship between 

current response and glucose concentration in the range 0.05 mM to 0.75 mM indicates a 

sensitivity of  approximately 76 µA/mM.cm-2 with a detection limit of less than 0.03 µM. 

This sensor based on the PF/NiO nanocomposite shows similar or higher performance than 

nickel based glucose sensors reported in Table 4 [57-59]. 

 The absorption spectra of PF matrix and PF/NiO nanocomposite in the UV 

and visible range are presented in Fig. 12a. These spectra indicate that the absorption is 

important for low wavelengths. Afterwards, there is a decrease with the increase in 

wavelength and the appearance of absorption edges. The optical absorption coefficient near 

the fundamental absorption edge is found to be exponentially dependent on the incident 

photon energy and obeys the Urbach empirical formula Eq. (5) [60]: 



 

 

where E0 is the Urbach energy that characterizes the disorder in the material and α0 is a pre-

exponential factor. According to Eq. (5), the plot of ln(α) as a function of the photon energy 

hν gives a linear shape (Fig. 12b), the values of E0 have been calculated and they are equal to 

0.210 and 0.309 eV for PF matrix and PF/NiO nanocomposite, respectively. It is found that 

the Urbach energy has increased after the incorporation of NiO nanoparticles in the carbon 

matrix. In fact, the amorphous PF matrix is considered to be a homogeneous and dense 

material (no grains), the optical properties of which depend directly on the composition. After 

the incorporation of the NiO nanoparticles, the microstructure of the PF/NiO nanocomposite 

is completely modified where there is the presence of grains and crystallized domains. 

IV. Conclusion 

 In this study, we have investigated the influence of the NiO nanoparticles on 

structural, morphological, textural electrical and optical properties of a nanoporous carbon 

matrix based on pyrogallol-formaldehyde elaborated by the sol-gel method. It has been shown 

that the incorporation of NiO crystallized the PF/NiO nanocomposite with the appearance of 

metallic nickel nanoparticles. The adsorption capacity greenhouse gas shows that the PF 

matrix has the highest adsorption at low pressures and the PF/NiO nanocomposite tends to 

adsorb gases better at high pressure.  Indeed, the PF matrix is microporous and the PF/NiO 

nanocomposite is mesoporous according to the nitrogen adsorption-desorption isotherms. The 

V(I) characteristics and the electrical conductivity explained the dominance of two conduction 

mechanisms in our samples. The electrochemical performance of  the  sensor based of PF/NiO 

nanocomposite for  the determination of glucose in alkaline medium has been investigated, 

demonstrating that both the nickel nanoparticles and porous surface of carbon matrix offer 
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particular advantages of this nanocomposite to use it in the field of detection of non-

enzymatic glucose. 
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Figures

Figure 1

XRD patterns of PF matrix and PF/NiO nanocomposite.



Figure 2

SEM images of (a): PF matrix and (b): PF/NiO nanocomposite.

Figure 3



TEM images of (a): PF matrix and (b): PF/NiO nanocomposite.

Figure 4

TG and DTA curves of (a): PF matrix and (b): PF/NiO nanocomposite.

Figure 5



Adsorption-desorption isotherm of PF matrix and PF/NiO nanocomposite.

Figure 6

Carbon dioxide and (b): Methane adsorption isotherms at room temperature of PF matrix and PF/NiO
nanocomposite.

Figure 7

Voltage-current characteristics of (a): PF matrix and (b): PF/NiO nanocomposite at 120 K.



Figure 8

Voltage-current characteristics of (a): PF matrix and (b): PF/NiO nanocomposite at different
measurement temperatures.



Figure 9

Variation of electrical conductivity versus 1000/T for PF matrix and PF/NiO nanocomposite.

Figure 10

Nyquist plots and equivalent circuits for the PF matrix and PF/NiO nanocomposite at room temperature.



Figure 11

(a): Comparison of current-voltage curves of PF matrix and PF/NiO nanocomposite in presence of 5 mM
glucose in 0.1 M KOH at 50 mVs-1 and (b): Calibration curves of PF/NiO nanocomposite for different
glucose concentrations.

Figure 12

(a): UV-Vis-IR absorption spectrum and (b): Variation of logarithmic of absorption coe�cient with the
incident photon energy for PF matrix and PF/NiO nanocomposite.


