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Preface 

It is a real pleasure and an honour for us to present this special issue 
of Inorganica Chimica Acta dedicated to our friend and colleague Pro-
fessor Claudio Pettinari. This special celebratory issue gathers a collec-
tion of authoritative and stimulating contributions, covering the most 
modern themes of Inorganic and Organometallic Chemistry. All articles 
have been prepared and presented by Claudio’s distinguished col-
leagues, collaborators and friends, who sincerely appreciate him for his 
scientific achievements and for his personal interactions as well. Each 
article was peer reviewed following the usual rigorous procedure 
adopted by the journal. 

Claudio Pettinari graduated in Chemistry cum laude at the University 
of Camerino (UNICAM) in 1989. In his Alma Mater University Claudio 
had a splendid career starting as a technical manager (1989–1992) and 
university researcher (1992–2000), before becoming associate professor 
(2000–2010), and, finally, full professor since 2010. Claudio’s scientific 
path was very brilliant and never interrupted by the numerous and 
prestigious institutional commitments that first engaged him as Vice- 
Rector (2011–2017), and eventually, from 2017, as Rector of the Uni-
versity. In this last prestigious role, he critically contributed (and is still 
contributing) to the rebirth of his University in the very difficult years 
following the tremendous earthquake of August 2016, which devastated 
the Camerino area. 

Claudio’s research activity deals with inorganic and organometallic 
chemistry with applications in the field of innovative materials, 

bioinorganic chemistry and oxidative polymerization and catalysis. He 
is the author of over 400 articles published in peer-reviewed interna-
tional journals and has filed 4 patents. He is the author of textbooks for 
high schools and universities in the area of General Chemistry, as well as 
of the highly reputed book “Scorpionates-II Chelating Borate Ligands”, 
published by Imperial College Press. 

Prof. Pettinari received several prizes and recognitions including the 
Flavio Bonati award by the italian community of organometallic 
chemistry (1998) and the Raffaello Nasini gold Medal awarded by the 
Inorganic Chemistry Division of the Italian Chemical Society (2004). He 
received the Doctorate honoris causa from the University of Galati (RO) 
and has been appointed as Corresponding Foreign member of the Sci-
entific Academia of Lisbon in Portugal. 

Since 2009 Claudio Pettinari has been the Director of the prestigious 
International School of Organometallic Chemistry (ISOC), now in its 
thirteenth edition, promoted by the Italian Chemical Society and 
EUCHEMS. 

In conclusion, this special issue of Inorganica Chimica Acta is 
intending to celebrate the career of Professor Claudio Pettinari, a true 
protagonist of our discipline in the last thirty years, who truly deserves 
to be celebrated by his friends and colleagues. The output of our work as 
guest Editors of this special issue is the present collection of 43 excellent 
articles, which will be useful to the entire community of inorganic and 
organometallic chemists. 
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Glucose biosensor based on activated carbon – NiFe2O4 nanoparticles 
composite modified carbon paste electrode 
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A B S T R A C T   

Carbon-based materials continue to pique the interest of many scientists due to their desirable characteristics 
such as large surface area, high electrical conductivity, and stability. This study aimed to describe the use of local 
coconut shell-based activated carbon (AC) to produce carbon paste electrodes used in the development of glucose 
biosensor. Subsequently, the performance of the carbon paste electrode was enhanced by using NiFe2O4 nano-
particles (NiFe-nps) to improve the electron transfer and redox potential behavior. The results showed that the 
best carbon paste electrode contains an activated carbon-paraffin oil ratio of 2:0.75b/b, with 8% of NiFe-nps 
added to the activated carbon. The detection of hydrogen peroxide using an AC-NiFe2O4/CPE electrode 
showed an oxidation peak at 0.35 V and reduction peak at −0.5 V, with the optimum operational condition using 
100 mM phosphate buffer and optimum pH of 7.5. The glucose oxidase enzyme (GOx) was immobilized on the 
AC-NiFe2O4/CPE electrode for glucose determination, and the modified GOx-AC- NiFe2O4/CPE showed a linear 
response to detect glucose in both the oxidation (0.12 V) and reduction (-0.4 V) peaks. This analysis was con-
ducted using cyclic voltammetry under optimal conditions. The fabricated glucose biosensor did not reveal any 
significant difference in detecting glucose in blood samples when compared to the standard method used in the 
hospital.   

1. Introduction 

Diabetes mellitus has recently emerged as the most studied and lethal 
degenerative disease. According to WHO, approximately 43% of the 3.7 
million deaths caused by diabetes mellitus occur before the age of 70 
years, with the percentage of these deaths being higher in developing 
countries [1A. According to the International Dia%etes Federation (IDF), 
the global prevalence of diabetes mellitus was 424.B million people in 
2017 and is expected to reach C28.C million in 2045 [2A. Furthermore, 
diabetes mellitus was one of the top four comorbid diseases among 
Covid-1B patients in Indonesia, in 2020. The percentages of COVID-1B 
patients who were infected with the disease and those who died from 
it were 34.5% and 11.C%, respectively [3A. 

Early detection of blood glucose is one of the most essential measure 
for reducing diabetes mellitus, and the detection is best achieved using 
biosensors [4A. The biosensor is an analytical method that combines the 
biologically active compound with a transducer to convert biological 
interactions into readable signals [5A. Glucose biosensors mostly utilize 

the enzyme of glucose oxidase as biological sensing and coupling with 
electrochemical detection. Biosensors are still worth developing because 
they offer several advantages such as being easy to prepare in a small 
portable system, being relatively inexpensive, having high sensitivity 
and selectivity and allowing real&time measurements [CA. 

Biosensors are typically developed to increase their sensitivity, 
selectivity, stability and effectiveness, as well as reduce their production 
costs. The performance improvement strategies could be done in the 
biological sensing elements (enzymes, antibodies, cells), supporting 
materials for sensing immobilization or developing new detectors. 
Alternatively, several new materials, such as carbon nanoparticles [7A, 
gold nanoparticles [8A and nickel nanoparticles [BA have been claimed to 
improve the performance of biosensors that use electrochemical 
detection,. 

Carbon-based modified materials have recently received attention 
due to their numerous benefits such as large specific surface area, good 
electrical conductivity, and stability. Furthermore, some of the carbon 
materials that have been explored included nanotubes [7A, graphene 
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[10A, mesoporous [11A, carbon black [12A and activated carbon [13A. 
Preliminary study shows that the activated carbon gotten from local 
coconut shells has a high porosity, surface area, and high electronic 
conductivity, making it promise to be applied in various technological 
innovation. 

This study examined the design of a glucose biosensor using acti-
vated carbon as a base material, which is derived from coconut shells. 
The aim was to use the activated carbon to produce a carbon paste 
incorporated with NiFe2O4 nanoparticles. There have also been a few 
reports of the use of activated carbon from local coconut shells, specif-
ically for biosensor applications. 

2. Experimental 

()*) Materials 

Activated carbon was prepared from local coconut shell, glucose 
oxidase from +sper!illus ni!er (type II, >= 15,000 H/g solid, Sigma) 
NiCl2.CH2 O (Merck, Germany), FeCl3⋅CH2O (Merck, Germany), glutar-
aldehyde 25% (Sigma), albumin from bovine serum (BSA) (Sigma), 
glucose anhydrous (≥B8.0%) (Sigma), hydrogen peroxide 30% (Merck, 
Germany), sodium hydroxide (Merck, Germany), disodium hydrogen 
phosphate (Merck, Germany) and sodium dihydrogen phosphate 
(Merck, Germany). 

()() +pparatus and measurements 

The morphology of carbon paste electrodes was examined using 
Scanning Electron Microscopy (SEM) (GSM-C510 LA, GEOL, Gapan), 
operating at 15 kV. A three-electrode system was used for electro-
chemical analysis, along with an Ag/AgCl (3 M ICl) reference electrode 
(Metrohm, Switzerland) consist of 3 M ICl, a carbon paste electrode as a 
working electrode, and a stainless-steel rod as a counter electrode. 
Furthermore, a potentiostat was used to conduct the electrochemical 
measurements (Rodeostat, IORodeo Smart Lab Technology, HS). 

(),) Coconut shell activated car%on preparation 

The carbonization process was used to create activated carbon (AC), 
which involved burning coconut shells at 300 ◦C for an hour in an 
oxygen-depleted environment to remove the organic elements found in 
the shells. Consequently, this loss of organic molecules led to the for-
mation of carbon pores and the physical activation of the carbon from 
charred coconut shells. The severance of carbon chains from organic 
molecules was enabled by intense heat and water vapor, which was used 
to remove impurities and impure hydrocarbons from the activated car-
bon during the physical activation process. The resulting carbon was 
heated to a temperature of 800–B00 ◦C after the water vapor streaming. 
Hsually, carbon monoxide, carbon dioxide, and hydrogen are produced 
when water vapor reacts with carbon. Lastly, the activated carbon was 
pulverized using a mill shaker for 100 min to obtain micrometer-sized 
particles. 

()-) NiFe(.- nanoparticles /NiFe&nps0 preparation 

The coprecipitation method [14A was used to synthesize NiFe-nps 
with NiCl2⋅CH2O and FeCl3⋅CH2O as ion provider Ni 2+ and Fe 3+. The 
mole fraction ratio used was 1:2, by dissolving 1.188 g of NiCl2.CH2O in 
20 mL distilled water and 2,701 g of FeCl3.CH2O in 20 mL of distilled 
water in a separate glass beaker. The two solutions were then homo-
geneously mixed, and NaOH precipitation agent was then dropped into 
the mixture of Ni and Fe while stirring (1000 rpm) at 85 0C for C0 min. 
The resulting nanoparticles were then precipitated continued by 
washing distilled water for approximately 7 times of 50 mL. The 
retrieved precipitated nanoparticles were dried at B0 0C and the brown 
nanoparticles powder was then used for further procedures. 

()1) Car%on paste electrode manufacture 

The carbon paste electrodes (CPE) were made by mixing AC and 
paraffin oil 5:4 w/w ratio [15A. Subsequently, the mixture was homog-
enized with a mortar and pestle for 30 min, and the resulting composite 
was placed in a 5 mm inner diameter polylactic acid (PLA) tube. The PLA 
tube was then added with a 5 mm graphite rod as a connector, and the 
lower side of the electrode was polished with HVS paper until a Jat and 
shiny surface was observed, which indicated that the electrode of carbon 
paste electrode from activated carbon (AC/CPE) was ready for use. The 
5 mm diameter of carbon paste electrode gives the active surface area of 
the electrode of 1B.C3 cm2. 

()2) 'lectrode testin! on hydro!en pero3ide 

This test was conducted to determine the sensitivity of the carbon 
paste electrode to detect hydrogen peroxide without any modification. 
The electrochemical method used was cyclic voltammetry to easily 
observe the oxidation and reduction peaks of hydrogen peroxide. The 
hydrogen peroxide solution was prepared in 50 mM phosphate buffer 
with pH of 7.0 and concentrations of 2,4,C,8 and 10 mM. 

()4) Car%on paste electrode composite optimi5ation 

The composition of the carbon paste electrode was optimized by 
adding NiFe-nps to improve the electrical conductivity. This optimiza-
tion was carried out in the same way as the manufacture of electrode 
paste, with the addition of nanoparticles at various concentrations of 2, 
4, 8, and 10% w/w. The AC was mixed with NiFe-nps at a certain ratio 
and homogenized using mortar and pestle for about 30 min. The ho-
mogenous mixture was then added paraffin oil with the best ratio pre-
viously optimized and molded in the electrode cover to get the carbon 
paste electrode contains activated carbon and NiFe2O4 nanoparticles 
(AC-NiFe2O4/CPE). The modified electrodes along with various nano-
particle compositions were then tested with hydrogen peroxide and 
compared to carbon paste without NiFe-nps. 

()6) Modi7ed electrode detection test on hydro!en pero3ide 

This test was conducted to determine the sensitivity of the modified 
electrode tested to hydrogen peroxide. Consequently, the Cyclic Vol-
tammetry (CV) method was employed, and the test solution was 
hydrogen peroxide in 50 mM phosphate buffer pH 7. The hydrogen 
peroxide concentration used was 0–10 mM. 

()8) .ptimi5ation of the cyclic voltammetry method 

Cyclic voltammetry optimization was conducted to determine the 
optimal condition of the electrochemical cell with a scan rate. Deter-
mination of the optimal condition of the electrolyte solution was carried 
out with the concentration of 5 mM H2O2 solution in phosphate buffer 
pH of 7. The scan rate used was 0.05 to 0.2 V/s to see the optimum 
oxidation–reduction potential current. Then measurements were made 
using the CV method with the potential used between 1 to −1 Volt, every 
3 repetitions. 

()*9) :uffer p" and concentration optimi5ation 

This test was conducted to determine the optimal conditions for 
electrochemical cells with varying buffer pH and concentration. The 
modified electrode was used to measure the hydrogen peroxide using CV 
with various buffer pH (C.0 – 8.0) and concentration (25 – 200 mM). 
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()*() ;estin! of modi7ed electrodes with <.3 en5yme at various !lucose 
concentrations 

This test was conducted to determine the sensitivity of the modified 
electrode containing the glucose oxidase (GOx) enzyme after an elec-
trochemical test on a glucose standard solution. The GOx was immobi-
lization on the AC-NiFe2O4/CPE was performed according to the 
previous study [1CA. In brief, 25 μL glucose oxidase enzyme (5 H/μl) was 
mixed with 7.5 μL (5 mg/250 μL) of bovine serum albumin (BSA) in 
phosphate buffer and 10 μL of 2.5% glutaraldehyde. The mixture was 
then dropped onto the surface of the activated carbon electrode and 
allowed to dry at room temperature. The excess of glucose oxidase 
enzyme was rinsed with phosphate buffer and the resulting the immo-
bilized glucose oxidase on the carbon paste electrode of activated carbon 
and NiFe2O4 nanoparticles (GOx- AC-NiFe2O4/CPE) was kept at the 
refrigerator at 4 0C for later use. Glucose solution with concentrations 
ranging from 1 to 10 mM was tested. The linearity, limit of detection and 
limit of quantification were further calculated from the responses of the 
glucose standard solution. 

()*,) <lucose determination in %lood samples 

Blood plasma as real samples were collected from the WiEayakusuma 
hospital, Purwokerto, Indonesia. Before blood analysis, a standard curve 
of glucose solution was prepared. The blood plasma samples were then 
dissolved five times in 50 mM phosphate buffer pH 7.0 to reduce the 
possibility of matrix effect. The plasma samples were then analyzed 
using the optimal GOx-AC-NiFe2O4/CPE condition, and the oxidation 
peak of 0.12 V was used to determine the glucose concentration. The 
results of glucose determination of plasma samples using the modified 
electrode were statistically compared to the results of the hospital’s 
standard spectrophotometric method using Wilcoxon Signed-Rank test. 

3. Results and discussion 

,)*) NiFe(.- nanoparticles preparation 

The co-precipitation method was used in this study to synthesize 
NiFe-nps, with FeCl2, FeCl3 as precursors and NaOH as precipitation 
agent [17A. The NiFe2O4 nanoparticles should be formed in the alkaline 
condition [18A, therefore, NaOH was added dropwise until the pH 
reached 11. The resulting NiFe2O4 nanoparticles were brown powder. 

,)() Car%on paste electrode preparation 

The carbon paste electrode (AC/CPE) was created by mixing AC 
(Fig. 1a) with paraffin oil. The AC was molded into a paste using paraffin 
oil as an adhesive. The greater amount of paraffin oil used, the softer the 
carbon paste and the lower the electrical conductivity. However, the 
lower of paraffin oil ratio, the greater the electrical conductivity pro-
duced, but the more difficult it would be obtaining the paste. Therefore, 
the formation of carbon paste formation requires accurate proportion to 
get the best carbon paste. The ratio of AC and paraffin oil used were 
2:1.5, 2:1, and 2: 0.75. The best condition was a ratio of 2:0.75 (b/b), 
whereas the lower ratio was too dry and difficult to make the paste. The 
carbon paste electrode was prepared using an insulator with a diameter 
of 10 mm, with a hole of 5 mm for the electrode, and the thickness of the 
carbon paste of 2 mm. The connector used is graphite with a diameter of 
5 mm (Fig. 1b). The carbon active used in this research was local co-
conut shell carbon active with special treatment of customized milling 
process. The carbon active showed a structure showed a phase trans-
formation from cubic to the rhombohedral crystal structure. The acti-
vated carbon was also showed large specific surface area and improve 
microwave absorption [1BA. 

,),) Modi7cation of +C&NiFe(.-=CP' 

The glucose biosensor based on the use of glucose oxidase enzyme 
with electrochemical detection principle according to the reaction 
below [7A. Therefore, the study for developing glucose biosensor 
modification could be performed by easily direct detection of the 
hydrogen peroxide in the buffer solution. The hydrogen peroxide could 
be electrochemically detected using the oxidation or reduction [20A 
peaks using cyclic voltammetry method. 

Glucose+O2 ̅̅̅̅̅̅̅̅̅̅̅→
Glucose oxidase H2O2 + gluconic acid  

H2O2 →electrode 2H+ +O2 + 2e−

The electrochemical detection used three electrode system of Ag/ 
AgCl (3 M ICl) reference electrode, a counter electrode and fabricated 
carbon paste as working electrode. The carbon paste used activated 
carbon as main building material and NiFe-nps as conductivity 
enhancer. The nanoparticles used in this study were added to the carbon 
paste to increase its conductivity. The nanoparticles added were NiFe- 
nps at concentration of 2,4,C,8 and 10% w/w. The results showed that 
NiFe-nps of 2 to 8% had a significant increase in conductivity 

Fig. 1. The morphology of activated carbon from coconut shell (AC) was observed using a scanning electron microscope (a). The design of carbon paste electrode for 
glucose biosensor using an insulator from polylactic acid (PLA) printed using a 3D printer and a graphite rod as a connector (b). 
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significantly, while higher concentration did not (Fig. 2). 
The morphology of the carbon paste and carbon paste electrodes 

containing NiFe-nps was observed using an electron microscope. There 
was not much difference between carbon paste and carbon paste with 
NiFe-nps. This could be due to the small proportion of addition of 
nanoparticles, only about 10% and because both, activated carbon and 
NiFe-nps, were conductive materials with varying sizes (Fig. 3). 

The modified AC/CPE electrode with and without NiFe-nps were 
determine the electrochemical properties using hydrogen peroxide. The 
AC-NiFe2O4/CPE electrode showed a higher oxidation peak with a 
higher background current compared to the activated carbon paste 
electrode without NiFe-nps (Fig. 4). Therefore, the nickel ferrite nano-
particles were improved the electron transfer rate of the modified 
electrode. 

,)-) Modi7ed electrode for hydro!en pero3ide determination 

The carbon paste electrodes were tested for performance in various 
comparisons using hydrogen peroxide at a concentration of 1 mM in a 5 
mM phosphate buffer solvent with a pH of 7.0. The applied potential 
mention in the electrochemical method used was versus Ag/AgCl (3 M 
ICl) reference electrode. 

The test was carried out using a cyclic voltammetry method with a 
potential range of −1 to 2 V, scan rate of 0.1 V/s and three-times 
scanning. The carbon paste electrode showed an increasing oxidation 
peak with increasing of hydrogen peroxide concentration (Fig. 5). The 
oxidation peak was observed at about 0.35 V and the reduction peak 
decreased by about −0.5 V. 

,)1) :uffer optimi5ation 

The buffer pH and concentration were optimized to achieve the best 
conditions for the determination of hydrogen peroxide. The pH of the 
solution affects the behavior of electroactive compounds on the oxida-
tion and reduction reactions in electrochemical systems. In this study, a 
variation of pH C to 8. The C to 8 range has been selected for further 
application of the modified electrode using glucose oxidase enzyme. 
Buffer pH of highly acidic or alkaline could destroy the enzyme struc-
ture, thus resulting in a low response of glucose oxidase. The results 
showed that pH 7.5 had the highest change in oxidation peak change 
compared to other pH values, while measuring the oxidation of 
hydrogen peroxide at a concentration of 5 mM (Fig. Ca). The concen-
trations of the phosphate buffer have been reported to affect the 

electrochemical determination of hydrogen peroxide. The mechanism 
could be occur through the phosphate-mediated binding site or the 
phosphate free precursor site [21A. In this study, 25 to 200 mM was used. 
The results further showed that an increase in buffer concentration from 
25 to 100 mM indicating an increase in the difference in oxidation peak 
currents of hydrogen peroxide. However, the higher buffer concentra-
tions did not result in an increase in the oxidation peak (Fig. Cb). For 
further study, the 100 mM of buffer concentration was used, since the 
responses was higher than 25 and 50 mM. The selection of low buffer 
concentration of 100 mM instead of 150 mM and 200 mM was also due 
the following reason (1) to eliminate the possible interference of buffer 
capacity in electroanalysis and (2) to reduce the use of relatively 
expensive buffer as electrolyte [22A. 

,)2) <lucose measurement 

Glucose oxidase (GOx) has been immobilized on the AC-NiFe2O4/ 
CPE electrode using glutaraldehyde as a crosslinker and bovine serum 
albumin as a stabilizing agent. The use of albumin and glutaraldehyde 
has been previously reported to offer excellent maintenance the glucose 
oxidase immobilization in the glucose biosensor [7A. The glucose stan-
dard solution was measured using cyclic voltammetry under previously 
obtained optimal conditions. 

Fig. 7A shows the cyclic voltammogram of the modified electrode 
used to detect standard glucose solution ranging from 2 to 10 mM. Both 
oxidation and reduction peaks increase with the addition of glucose 
concentration. Furthermore, the oxidation peak at 0.12 V had the 
highest sensitivity with a slope of 32.01x (Fig. 7B) compared to reduc-
tion peaks at −0.35 V and −0.4 V (Fig. 7C-D). However, reduction peaks 
are preferable in glucose biosensors development to avoid the common 
interference that appear at the oxidation potential, such as 4-acetamin-
ophen at 0.C V [23A, ascorbic acid at 0.4 V and uric acid at 0.5 V against 
Ag/AgCl (3 M ICl) reference electrode [10A. 

The reduction peaks were then analyzed at −0.35 V and 0.4 V to get 
the best equation needed to determine glucose. The reduction potential 
of −0.35 V was chosen for potential a lower reduction potential close to 
zero volts to avoid the possible electroactive interferences. The presence 
of NiFe2O4 nanoparticles in the carbon paste electrode improves the 
electrocatalytic performance of the modified working electrode. The 
nanoparticles and activated carbon of the carbon paste electrode pro-
vided a large number of molecules for electron transfer of hydrogen 
peroxide detection with a redox potential close to zero, which is similar 
to the previously reports on metallized carbon [24A to avoid the 

Fig. 2. Effect of the NiFe2O4 nanoparticles addition on the AC-NiFe2O4/CPE performance.  
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unwanted electrochemical reactions of common interfering substances. 
Additionally, the reduction potential at −0.4 V was also analyzed 
because the CV voltammogram showed that the larger peak increased 
with an increase in the reduction potential. Thereafter, the reduction 
peaks changes at −0.4 V with increasing glucose concentration showed 
better sensitivity and coefficient of determinant with the regression 
equation of y = -21.11x – 25B.4C and coefficient of determination of R2 

= 0.BB05. The calculated limit of detection and limit of quantification 
were 1.1 mM and 3.7 mM respectively. Table 1 compares the fabricated 
glucose biosensor to previously reported carbon paste electrode / acti-
vated carbon-based amperometry glucose biosensor. Most of modified 
electrode with activated carbon or carbon paste electrodes had rela-
tively high applied potentials of about 0.4–0.55 V, while this study had a 

low applied potential of 0.12 V or negative applied potential of −0.35 to 
−0.4 V. The low applied potential in the amperometric glucose 
biosensor has a great advantage of avoiding the common electroactive 
interferences such as uric acid and ascorbic acid. 

,)2) <lucose measurement in %lood samples 

The fabricated glucose biosensor using GOx-AC-NiFe2O4/CPE elec-
trode was validated for glucose determination in blood samples. Sub-
sequently, six blood plasma samples were collected from local hospital 
laboratory. The results showed the comparison of the glucose concen-
tration of blood plasma samples obtained using fabricated glucose 
biosensor with the standard (spectrophotometric) method using a re-
agent based on glucose oxidase and peroxidase [30,31A performed in the 
hospital laboratory (Table 2). The Wilcoxon Signed-Rank test also 
revealed that there was no significant difference between the fabricated 
glucose biosensor and the standard method (P > 0.05). The blood 
glucose measurement was another important analytical performance 
which showed the reliability of the fabricated glucose biosensor. The 
composition of the activated carbon and nanoparticles used could be 
applied in the electrode fabrication in both solid electrode and screen- 
printed electrode in the future application of glucose biosensor. 

4. Conclusion 

The carbon paste electrode for the electrochemical glucose biosensor 
was made of composite AC and NiFe-nps. The optimal condition ob-
tained were the AC – paraffin oil ratio of 2:0.75 and the addition of NiFe- 
nps of 8% w/w. The buffer phosphate used was optimum at a pH of 7.5 
and a concentration of 100 mM. The modified electrode also detected 
was a success to detect standard glucose with a linear response at 2 mM 
to 10 mM. Furthermore, the fabricated glucose biosensor also produced 

Fig. 3. Scanning electron microscope image of carbon paste electrode (A) and Carbon paste with NiFe-nps modified electrode (B).  

Fig. 4. AC/CPE modified electrode with NiFe-nps for hydrogen peroxide 
determination (a) and without the addition of NiFe-nps (b). The baseline 
without hydrogen peroxide was shown in c and d voltammogram respectively. 

Fig. 5. Cyclic voltammogram of carbon paste electrodes in various concentrations of hydrogen peroxide (1–5 mM) in phosphate buffer (A). The linearity of 
increasing oxidation peak with the hydrogen peroxide concentration at 0.35 V vs Ag/AgCl (3 M ICl) (B). 
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similar responses in the detection of glucose in blood sample when 
compared to the standard method used in the hospital. The highlight 
finding in this research was the use of local activated carbon with special 
treatment for glucose biosensor application with showed a good 
analytical performance with a low-cost material. 
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Table 1 
Comparison of activated carbon / carbon paste electrode for amperometry 
glucose biosensor.  

Electrode structure Linear range Applied potential Reference 

GOx-PtNPs-PAA- 
aSPCEs 

20 μM–2.3 mM 0.2 V [25A 

GOx/MCPE 0.5 μM–10 μM 0.4 V [2CA 
AuNiDAC 0.41 μM–1.7 

mM 
0.55 V [27A 

Ni-PdDAC/GCE NCs 0.01 mM–1 mM 0.5 V [28A 
NiO-HAC/GCE 10 μM–. mM 0.55 V [2BA 
FMPS-Gly 0.5 mM – 10 

mM 
0.5 V [1CA 

GOx-AC-NiFe2O4/ 
CPE 

2–10 mM 0.12 V, −0.35 V and 
−0.4 V 

This work 

GOx, glucose oxidaseF PtNPs, platinum nanoparticlesF PAA, poly azure aF MCPE, 
modified carbon paste electrodeF AuNi, Au-Ni alloyF AC, activated carbonF Ni, 
nickelF Pd, palladiumF GCE, glassy carbon electrodeF NCs, nanocompositesF HAC, 
heteroatom-enriched activated carbonF FMPS, 4-formyl-3-methoxyphenoxy-
methyl)polystyreneF gly, glycineF Gr, graphite. 

Table 2 
Blood glucose concentration obtained by fabricated biosensor and standard 
spectrophotometric method performed in the hospital laboratory.  

Sample Fabricated biosensor (mg/ 
dL) 
3 replications 

Standard spectrophotometric method (mg/ 
dL) 

1 137.5 ± 2.5 13B 
2 114.4 ± 0.7 114 
3 B7.5 ± 1.C B7 
4 12B.4 ± 2.5 128 
5 287.1 ± 2.C 288 
C 131.4 ± 1.C 131  
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computational nature are all welcome. Results in Chemistry accepts papers that are scienti�cally sound, technically correct
and provide valuable new knowledge to the chemistry community. Results in Chemistry welcomes four types of papers: Full
research papers Review articles Communications (up to 3500 words) Microarticles: very short papers, no longer than 2-3
pages. They may consist of a single, but well-described piece of information, such as: - Data and/or a plot plus a description
- Description of a new method or instrumentation - Concept or design study - Code

Join the conversation about this journal

Quartiles

SJR

The SJR is a size-independent prestige indicator that ranks
journals by their 'average prestige per article'. It is based on
the idea that 'all citations are not created equal'. SJR is a

measure of scienti�c in�uence of journals that accounts
for both the number of citations received by a journal and
the importance or prestige of the journals where such

citations come from It measures the scienti�c in�uence of
the average article in a journal, it expresses how central to

Total Documents

Evolution of the number of published documents. All types
of documents are considered, including citable and non
citable documents.

Year Documents
2019 13
2020 64

https://www.googleadservices.com/pagead/aclk?sa=L&ai=C58mhrT4uZM2uGJKlwgON8oTYDYyTsPNtzdSmy4gR29keEAEgkNnHe2DpgoCA6A2gAZPdyKACyAEJqAMByAPLBKoEsgJP0MaBqd__oFca2eu-YK9nCecBPkl9h99e2O24A_SScaO6kasH4eZB_a0uxYapBFhiy6aUSDZzSd5xBjcNawerXNt7MruPM673IuUGZDJzcqWcUZ-yvVMOmYXPbRDyPeVSMHx6IAKsAxo5Y2pn9fLG1T1rfKuieCGbpRISh6Vm4gMbJMIYuHJVhK6PxeF9ss1W8HYwoZQ7NeFFqIeG2CKZH8usKxgya0EBJWnYbTQHhyM4FyLTIJOOt4mVbolLAEtbSnHZ2S4oBeInwnEfs5tJSp_MkGdCRkq-xod1QGKILt_-o83uQFvYXvVxBW4aQA-Cutzd5aOpeUMKYZJ3zNQzXNMn0jhdtmU9a2AypNCQPnxhFesG5moWGUQFVikFbFRXBIwC0Ei8qzsy7k3TqHWbmZ7ABOKLx9uUBJAGAaAGLoAH7qXj2wKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ2Zk-hvuLBj-ACgGYCwHICwGADAG4DAHYEwzQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ymOxrbwsz14qn8Aw8aIQU5f3U43ackjvmgPQiQHqTwIk5S0yOdexAVU6Pisq3bOh8NzZdxMs7M1JHslFp9ZIYYAQ&sig=AOD64_3GfRvyNpPnOpKmYR9i8lYBIHH_2Q&client=ca-pub-7636113250813806&rf=1&nb=9&adurl=https://www.vivaia.com/promotion/vivaia-flats-review-green-5666.html%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3D17850924885%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fK56l5HuPprV3OfrzWOWs0F5t-9hpaXWqJ_5nPpEJjnutej9sKZKN4aAuAEEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C58mhrT4uZM2uGJKlwgON8oTYDYyTsPNtzdSmy4gR29keEAEgkNnHe2DpgoCA6A2gAZPdyKACyAEJqAMByAPLBKoEsgJP0MaBqd__oFca2eu-YK9nCecBPkl9h99e2O24A_SScaO6kasH4eZB_a0uxYapBFhiy6aUSDZzSd5xBjcNawerXNt7MruPM673IuUGZDJzcqWcUZ-yvVMOmYXPbRDyPeVSMHx6IAKsAxo5Y2pn9fLG1T1rfKuieCGbpRISh6Vm4gMbJMIYuHJVhK6PxeF9ss1W8HYwoZQ7NeFFqIeG2CKZH8usKxgya0EBJWnYbTQHhyM4FyLTIJOOt4mVbolLAEtbSnHZ2S4oBeInwnEfs5tJSp_MkGdCRkq-xod1QGKILt_-o83uQFvYXvVxBW4aQA-Cutzd5aOpeUMKYZJ3zNQzXNMn0jhdtmU9a2AypNCQPnxhFesG5moWGUQFVikFbFRXBIwC0Ei8qzsy7k3TqHWbmZ7ABOKLx9uUBJAGAaAGLoAH7qXj2wKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ2Zk-hvuLBj-ACgGYCwHICwGADAG4DAHYEwzQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ymOxrbwsz14qn8Aw8aIQU5f3U43ackjvmgPQiQHqTwIk5S0yOdexAVU6Pisq3bOh8NzZdxMs7M1JHslFp9ZIYYAQ&sig=AOD64_3GfRvyNpPnOpKmYR9i8lYBIHH_2Q&client=ca-pub-7636113250813806&rf=1&nb=0&adurl=https://www.vivaia.com/promotion/vivaia-flats-review-green-5666.html%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3D17850924885%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fK56l5HuPprV3OfrzWOWs0F5t-9hpaXWqJ_5nPpEJjnutej9sKZKN4aAuAEEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C58mhrT4uZM2uGJKlwgON8oTYDYyTsPNtzdSmy4gR29keEAEgkNnHe2DpgoCA6A2gAZPdyKACyAEJqAMByAPLBKoEsgJP0MaBqd__oFca2eu-YK9nCecBPkl9h99e2O24A_SScaO6kasH4eZB_a0uxYapBFhiy6aUSDZzSd5xBjcNawerXNt7MruPM673IuUGZDJzcqWcUZ-yvVMOmYXPbRDyPeVSMHx6IAKsAxo5Y2pn9fLG1T1rfKuieCGbpRISh6Vm4gMbJMIYuHJVhK6PxeF9ss1W8HYwoZQ7NeFFqIeG2CKZH8usKxgya0EBJWnYbTQHhyM4FyLTIJOOt4mVbolLAEtbSnHZ2S4oBeInwnEfs5tJSp_MkGdCRkq-xod1QGKILt_-o83uQFvYXvVxBW4aQA-Cutzd5aOpeUMKYZJ3zNQzXNMn0jhdtmU9a2AypNCQPnxhFesG5moWGUQFVikFbFRXBIwC0Ei8qzsy7k3TqHWbmZ7ABOKLx9uUBJAGAaAGLoAH7qXj2wKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ2Zk-hvuLBj-ACgGYCwHICwGADAG4DAHYEwzQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ymOxrbwsz14qn8Aw8aIQU5f3U43ackjvmgPQiQHqTwIk5S0yOdexAVU6Pisq3bOh8NzZdxMs7M1JHslFp9ZIYYAQ&sig=AOD64_3GfRvyNpPnOpKmYR9i8lYBIHH_2Q&client=ca-pub-7636113250813806&rf=1&nb=7&adurl=https://www.vivaia.com/promotion/vivaia-flats-review-green-5666.html%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3D17850924885%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fK56l5HuPprV3OfrzWOWs0F5t-9hpaXWqJ_5nPpEJjnutej9sKZKN4aAuAEEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C58mhrT4uZM2uGJKlwgON8oTYDYyTsPNtzdSmy4gR29keEAEgkNnHe2DpgoCA6A2gAZPdyKACyAEJqAMByAPLBKoEsgJP0MaBqd__oFca2eu-YK9nCecBPkl9h99e2O24A_SScaO6kasH4eZB_a0uxYapBFhiy6aUSDZzSd5xBjcNawerXNt7MruPM673IuUGZDJzcqWcUZ-yvVMOmYXPbRDyPeVSMHx6IAKsAxo5Y2pn9fLG1T1rfKuieCGbpRISh6Vm4gMbJMIYuHJVhK6PxeF9ss1W8HYwoZQ7NeFFqIeG2CKZH8usKxgya0EBJWnYbTQHhyM4FyLTIJOOt4mVbolLAEtbSnHZ2S4oBeInwnEfs5tJSp_MkGdCRkq-xod1QGKILt_-o83uQFvYXvVxBW4aQA-Cutzd5aOpeUMKYZJ3zNQzXNMn0jhdtmU9a2AypNCQPnxhFesG5moWGUQFVikFbFRXBIwC0Ei8qzsy7k3TqHWbmZ7ABOKLx9uUBJAGAaAGLoAH7qXj2wKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ2Zk-hvuLBj-ACgGYCwHICwGADAG4DAHYEwzQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ymOxrbwsz14qn8Aw8aIQU5f3U43ackjvmgPQiQHqTwIk5S0yOdexAVU6Pisq3bOh8NzZdxMs7M1JHslFp9ZIYYAQ&sig=AOD64_3GfRvyNpPnOpKmYR9i8lYBIHH_2Q&client=ca-pub-7636113250813806&rf=1&nb=1&adurl=https://www.vivaia.com/promotion/vivaia-flats-review-green-5666.html%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3D17850924885%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fK56l5HuPprV3OfrzWOWs0F5t-9hpaXWqJ_5nPpEJjnutej9sKZKN4aAuAEEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C58mhrT4uZM2uGJKlwgON8oTYDYyTsPNtzdSmy4gR29keEAEgkNnHe2DpgoCA6A2gAZPdyKACyAEJqAMByAPLBKoEsgJP0MaBqd__oFca2eu-YK9nCecBPkl9h99e2O24A_SScaO6kasH4eZB_a0uxYapBFhiy6aUSDZzSd5xBjcNawerXNt7MruPM673IuUGZDJzcqWcUZ-yvVMOmYXPbRDyPeVSMHx6IAKsAxo5Y2pn9fLG1T1rfKuieCGbpRISh6Vm4gMbJMIYuHJVhK6PxeF9ss1W8HYwoZQ7NeFFqIeG2CKZH8usKxgya0EBJWnYbTQHhyM4FyLTIJOOt4mVbolLAEtbSnHZ2S4oBeInwnEfs5tJSp_MkGdCRkq-xod1QGKILt_-o83uQFvYXvVxBW4aQA-Cutzd5aOpeUMKYZJ3zNQzXNMn0jhdtmU9a2AypNCQPnxhFesG5moWGUQFVikFbFRXBIwC0Ei8qzsy7k3TqHWbmZ7ABOKLx9uUBJAGAaAGLoAH7qXj2wKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ2Zk-hvuLBj-ACgGYCwHICwGADAG4DAHYEwzQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ymOxrbwsz14qn8Aw8aIQU5f3U43ackjvmgPQiQHqTwIk5S0yOdexAVU6Pisq3bOh8NzZdxMs7M1JHslFp9ZIYYAQ&sig=AOD64_3GfRvyNpPnOpKmYR9i8lYBIHH_2Q&client=ca-pub-7636113250813806&rf=1&nb=8&adurl=https://www.vivaia.com/promotion/vivaia-flats-review-green-5666.html%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3D17850924885%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fK56l5HuPprV3OfrzWOWs0F5t-9hpaXWqJ_5nPpEJjnutej9sKZKN4aAuAEEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C58mhrT4uZM2uGJKlwgON8oTYDYyTsPNtzdSmy4gR29keEAEgkNnHe2DpgoCA6A2gAZPdyKACyAEJqAMByAPLBKoEsgJP0MaBqd__oFca2eu-YK9nCecBPkl9h99e2O24A_SScaO6kasH4eZB_a0uxYapBFhiy6aUSDZzSd5xBjcNawerXNt7MruPM673IuUGZDJzcqWcUZ-yvVMOmYXPbRDyPeVSMHx6IAKsAxo5Y2pn9fLG1T1rfKuieCGbpRISh6Vm4gMbJMIYuHJVhK6PxeF9ss1W8HYwoZQ7NeFFqIeG2CKZH8usKxgya0EBJWnYbTQHhyM4FyLTIJOOt4mVbolLAEtbSnHZ2S4oBeInwnEfs5tJSp_MkGdCRkq-xod1QGKILt_-o83uQFvYXvVxBW4aQA-Cutzd5aOpeUMKYZJ3zNQzXNMn0jhdtmU9a2AypNCQPnxhFesG5moWGUQFVikFbFRXBIwC0Ei8qzsy7k3TqHWbmZ7ABOKLx9uUBJAGAaAGLoAH7qXj2wKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ2Zk-hvuLBj-ACgGYCwHICwGADAG4DAHYEwzQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ymOxrbwsz14qn8Aw8aIQU5f3U43ackjvmgPQiQHqTwIk5S0yOdexAVU6Pisq3bOh8NzZdxMs7M1JHslFp9ZIYYAQ&sig=AOD64_3GfRvyNpPnOpKmYR9i8lYBIHH_2Q&client=ca-pub-7636113250813806&rf=1&nb=8&adurl=https://www.vivaia.com/promotion/vivaia-flats-review-green-5666.html%3Futm_source%3Dgoogle%26utm_medium%3Dcpc%26utm_campaign%3D17850924885%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fK56l5HuPprV3OfrzWOWs0F5t-9hpaXWqJ_5nPpEJjnutej9sKZKN4aAuAEEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cp1DMrT4uZKerGdmGwgPepI7QA8vp4O1v3rmYyNMQ7LzDmr0WEAEgkNnHe2DpgoCA6A2gAbnJo50DyAEJqQJGP4Y_64GOPqgDAcgDywSqBKkCT9BEEAiQ2t0PphZo5hF02obNNdtiF8q14EkMZed2nbt6yn3xTjLGSUzqd3EIlMuFoE1hkH9q0AFG4G4yLAqhEVedKmtW4hIN6AC2f2dzwV6w96tMgi1n3mcI1XJGjFOhcB_DzS2GHfYj_3RyoNDQYpXJi73B92_sVllrFVCfK6lai8fVPwKta6bE5nTb-ftupQzNMe5X2NXm0Y9x21CwFrdL8yotuZ-Dro3b4DNKVcuKwVbx9rlbWKA6Ny2pKHS7lhghnw0HpBIQ5BWsldmEBkzEkID2Bas8plxn1hHdP3iEsEJIp2sYpk23i028oMzEYNVt5HL2R9fgpyaToGhRch4n13AElhFUtShsFqfU1d2qvnqxBWI740bb0ClEf8AiTrO3IAXmlT5GwATb-LnslgSQBgGgBi6AB6-23GKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ6pp0Xteb58yACgGYCwHICwGADAG4DAHYEw2IFAHQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ym9kmssBpelhHOWkjCBEukirn95LJPIBn_9i6NgPxxFYnGjsBnj4YDnIHR3_5QKGoo0yZ2mWGsTTBeTcco-FEYAQ&sig=AOD64_2b7Tx3eVFPgBomL6X0_ScaU3zXMg&client=ca-pub-7636113250813806&rf=1&nb=9&adurl=https://intake.msu.edu.my/msu-programmes/%3Futm_source%3Dgoogle_easyuni%26utm_medium%3Dcpc%26utm_campaign%3Dbranding%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fKK5RQrB1uIZMrifvcnULnO0yX_x0HQedYCWbn-LASAr3UtuEIGZfMaAjD5EALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cp1DMrT4uZKerGdmGwgPepI7QA8vp4O1v3rmYyNMQ7LzDmr0WEAEgkNnHe2DpgoCA6A2gAbnJo50DyAEJqQJGP4Y_64GOPqgDAcgDywSqBKkCT9BEEAiQ2t0PphZo5hF02obNNdtiF8q14EkMZed2nbt6yn3xTjLGSUzqd3EIlMuFoE1hkH9q0AFG4G4yLAqhEVedKmtW4hIN6AC2f2dzwV6w96tMgi1n3mcI1XJGjFOhcB_DzS2GHfYj_3RyoNDQYpXJi73B92_sVllrFVCfK6lai8fVPwKta6bE5nTb-ftupQzNMe5X2NXm0Y9x21CwFrdL8yotuZ-Dro3b4DNKVcuKwVbx9rlbWKA6Ny2pKHS7lhghnw0HpBIQ5BWsldmEBkzEkID2Bas8plxn1hHdP3iEsEJIp2sYpk23i028oMzEYNVt5HL2R9fgpyaToGhRch4n13AElhFUtShsFqfU1d2qvnqxBWI740bb0ClEf8AiTrO3IAXmlT5GwATb-LnslgSQBgGgBi6AB6-23GKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ6pp0Xteb58yACgGYCwHICwGADAG4DAHYEw2IFAHQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ym9kmssBpelhHOWkjCBEukirn95LJPIBn_9i6NgPxxFYnGjsBnj4YDnIHR3_5QKGoo0yZ2mWGsTTBeTcco-FEYAQ&sig=AOD64_2b7Tx3eVFPgBomL6X0_ScaU3zXMg&client=ca-pub-7636113250813806&rf=1&nb=0&adurl=https://intake.msu.edu.my/msu-programmes/%3Futm_source%3Dgoogle_easyuni%26utm_medium%3Dcpc%26utm_campaign%3Dbranding%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fKK5RQrB1uIZMrifvcnULnO0yX_x0HQedYCWbn-LASAr3UtuEIGZfMaAjD5EALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cp1DMrT4uZKerGdmGwgPepI7QA8vp4O1v3rmYyNMQ7LzDmr0WEAEgkNnHe2DpgoCA6A2gAbnJo50DyAEJqQJGP4Y_64GOPqgDAcgDywSqBKkCT9BEEAiQ2t0PphZo5hF02obNNdtiF8q14EkMZed2nbt6yn3xTjLGSUzqd3EIlMuFoE1hkH9q0AFG4G4yLAqhEVedKmtW4hIN6AC2f2dzwV6w96tMgi1n3mcI1XJGjFOhcB_DzS2GHfYj_3RyoNDQYpXJi73B92_sVllrFVCfK6lai8fVPwKta6bE5nTb-ftupQzNMe5X2NXm0Y9x21CwFrdL8yotuZ-Dro3b4DNKVcuKwVbx9rlbWKA6Ny2pKHS7lhghnw0HpBIQ5BWsldmEBkzEkID2Bas8plxn1hHdP3iEsEJIp2sYpk23i028oMzEYNVt5HL2R9fgpyaToGhRch4n13AElhFUtShsFqfU1d2qvnqxBWI740bb0ClEf8AiTrO3IAXmlT5GwATb-LnslgSQBgGgBi6AB6-23GKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ6pp0Xteb58yACgGYCwHICwGADAG4DAHYEw2IFAHQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ym9kmssBpelhHOWkjCBEukirn95LJPIBn_9i6NgPxxFYnGjsBnj4YDnIHR3_5QKGoo0yZ2mWGsTTBeTcco-FEYAQ&sig=AOD64_2b7Tx3eVFPgBomL6X0_ScaU3zXMg&client=ca-pub-7636113250813806&rf=1&nb=7&adurl=https://intake.msu.edu.my/msu-programmes/%3Futm_source%3Dgoogle_easyuni%26utm_medium%3Dcpc%26utm_campaign%3Dbranding%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fKK5RQrB1uIZMrifvcnULnO0yX_x0HQedYCWbn-LASAr3UtuEIGZfMaAjD5EALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cp1DMrT4uZKerGdmGwgPepI7QA8vp4O1v3rmYyNMQ7LzDmr0WEAEgkNnHe2DpgoCA6A2gAbnJo50DyAEJqQJGP4Y_64GOPqgDAcgDywSqBKkCT9BEEAiQ2t0PphZo5hF02obNNdtiF8q14EkMZed2nbt6yn3xTjLGSUzqd3EIlMuFoE1hkH9q0AFG4G4yLAqhEVedKmtW4hIN6AC2f2dzwV6w96tMgi1n3mcI1XJGjFOhcB_DzS2GHfYj_3RyoNDQYpXJi73B92_sVllrFVCfK6lai8fVPwKta6bE5nTb-ftupQzNMe5X2NXm0Y9x21CwFrdL8yotuZ-Dro3b4DNKVcuKwVbx9rlbWKA6Ny2pKHS7lhghnw0HpBIQ5BWsldmEBkzEkID2Bas8plxn1hHdP3iEsEJIp2sYpk23i028oMzEYNVt5HL2R9fgpyaToGhRch4n13AElhFUtShsFqfU1d2qvnqxBWI740bb0ClEf8AiTrO3IAXmlT5GwATb-LnslgSQBgGgBi6AB6-23GKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ6pp0Xteb58yACgGYCwHICwGADAG4DAHYEw2IFAHQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ym9kmssBpelhHOWkjCBEukirn95LJPIBn_9i6NgPxxFYnGjsBnj4YDnIHR3_5QKGoo0yZ2mWGsTTBeTcco-FEYAQ&sig=AOD64_2b7Tx3eVFPgBomL6X0_ScaU3zXMg&client=ca-pub-7636113250813806&rf=1&nb=1&adurl=https://intake.msu.edu.my/msu-programmes/%3Futm_source%3Dgoogle_easyuni%26utm_medium%3Dcpc%26utm_campaign%3Dbranding%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fKK5RQrB1uIZMrifvcnULnO0yX_x0HQedYCWbn-LASAr3UtuEIGZfMaAjD5EALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cp1DMrT4uZKerGdmGwgPepI7QA8vp4O1v3rmYyNMQ7LzDmr0WEAEgkNnHe2DpgoCA6A2gAbnJo50DyAEJqQJGP4Y_64GOPqgDAcgDywSqBKkCT9BEEAiQ2t0PphZo5hF02obNNdtiF8q14EkMZed2nbt6yn3xTjLGSUzqd3EIlMuFoE1hkH9q0AFG4G4yLAqhEVedKmtW4hIN6AC2f2dzwV6w96tMgi1n3mcI1XJGjFOhcB_DzS2GHfYj_3RyoNDQYpXJi73B92_sVllrFVCfK6lai8fVPwKta6bE5nTb-ftupQzNMe5X2NXm0Y9x21CwFrdL8yotuZ-Dro3b4DNKVcuKwVbx9rlbWKA6Ny2pKHS7lhghnw0HpBIQ5BWsldmEBkzEkID2Bas8plxn1hHdP3iEsEJIp2sYpk23i028oMzEYNVt5HL2R9fgpyaToGhRch4n13AElhFUtShsFqfU1d2qvnqxBWI740bb0ClEf8AiTrO3IAXmlT5GwATb-LnslgSQBgGgBi6AB6-23GKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ6pp0Xteb58yACgGYCwHICwGADAG4DAHYEw2IFAHQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ym9kmssBpelhHOWkjCBEukirn95LJPIBn_9i6NgPxxFYnGjsBnj4YDnIHR3_5QKGoo0yZ2mWGsTTBeTcco-FEYAQ&sig=AOD64_2b7Tx3eVFPgBomL6X0_ScaU3zXMg&client=ca-pub-7636113250813806&rf=1&nb=8&adurl=https://intake.msu.edu.my/msu-programmes/%3Futm_source%3Dgoogle_easyuni%26utm_medium%3Dcpc%26utm_campaign%3Dbranding%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fKK5RQrB1uIZMrifvcnULnO0yX_x0HQedYCWbn-LASAr3UtuEIGZfMaAjD5EALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cp1DMrT4uZKerGdmGwgPepI7QA8vp4O1v3rmYyNMQ7LzDmr0WEAEgkNnHe2DpgoCA6A2gAbnJo50DyAEJqQJGP4Y_64GOPqgDAcgDywSqBKkCT9BEEAiQ2t0PphZo5hF02obNNdtiF8q14EkMZed2nbt6yn3xTjLGSUzqd3EIlMuFoE1hkH9q0AFG4G4yLAqhEVedKmtW4hIN6AC2f2dzwV6w96tMgi1n3mcI1XJGjFOhcB_DzS2GHfYj_3RyoNDQYpXJi73B92_sVllrFVCfK6lai8fVPwKta6bE5nTb-ftupQzNMe5X2NXm0Y9x21CwFrdL8yotuZ-Dro3b4DNKVcuKwVbx9rlbWKA6Ny2pKHS7lhghnw0HpBIQ5BWsldmEBkzEkID2Bas8plxn1hHdP3iEsEJIp2sYpk23i028oMzEYNVt5HL2R9fgpyaToGhRch4n13AElhFUtShsFqfU1d2qvnqxBWI740bb0ClEf8AiTrO3IAXmlT5GwATb-LnslgSQBgGgBi6AB6-23GKIBwGQBwKoB47OG6gHk9gbqAfulrECqAf-nrECqAeko7ECqAfVyRuoB6a-G6gHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAf_nrECqAffn7EC2AcA0ggTCAAQAhgaMgEAOgifwICAgIAEELEJ6pp0Xteb58yACgGYCwHICwGADAG4DAHYEw2IFAHQFQH4FgGAFwE&ae=1&num=1&cid=CAQSQwDUE5ym9kmssBpelhHOWkjCBEukirn95LJPIBn_9i6NgPxxFYnGjsBnj4YDnIHR3_5QKGoo0yZ2mWGsTTBeTcco-FEYAQ&sig=AOD64_2b7Tx3eVFPgBomL6X0_ScaU3zXMg&client=ca-pub-7636113250813806&rf=1&nb=8&adurl=https://intake.msu.edu.my/msu-programmes/%3Futm_source%3Dgoogle_easyuni%26utm_medium%3Dcpc%26utm_campaign%3Dbranding%26gclid%3DCj0KCQjwuLShBhC_ARIsAFod4fKK5RQrB1uIZMrifvcnULnO0yX_x0HQedYCWbn-LASAr3UtuEIGZfMaAjD5EALw_wcB


4/6/23, 10:38 AM Results in Chemistry

https://www.scimagojr.com/journalsearch.php?q=21101024415&tip=sid&clean=0 3/5

the global scienti�c discussion an average article of the Year Documents

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The chart

shows the evolution of the average number of times
documents published in a journal in the past two, three and
four years have been cited in the current year. The two

years line is equivalent to journal impact factor ™
(Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2019 0.000
Cites / Doc. (4 years) 2020 1.308
Cites / Doc. (4 years) 2021 2.208
Cites / Doc. (3 years) 2019 0.000
Cites / Doc. (3 years) 2020 1.308
Cites / Doc. (3 years) 2021 2.208
Cites / Doc. (2 years) 2019 0.000
Cites / Doc. (2 years) 2020 1.308
Cites / Doc. (2 years) 2021 2.208

Total Cites Self-Cites

Evolution of the total number of citations and journal's self-
citations received by a journal's published documents
during the three previous years.

Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
lf

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document and
external citation per document (i.e. journal self-citations
removed) received by a journal's published documents

during the three previous years. External citations are
calculated by subtracting the number of self-citations from
the total number of citations received by the journal’s

documents.
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% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several countries.
The chart shows the ratio of a journal's documents signed

by researchers from more than one country; that is
including more than one country address.

Year International Collaboration
2019 23.08
2020 18 75

Citable documents Non-citable documents

Not every article in a journal is considered primary research
and therefore "citable", this chart shows the ratio of a
journal's articles including substantial research (research

articles, conference papers and reviews) in three year
windows vs. those documents other than research articles,
reviews and conference papers.

Documents Year Value
bl d

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years windows,
that have been cited at least once vs. those not cited during
the following year.

Documents Year Value
Uncited documents 2019 0
Uncited documents 2020 8
Uncited documents 2021 22
Cited documents 2019 0

Show this widget in
your own website

Just copy the code below
and paste within your html
code:

<a href="https://www.scimag

   SCImago GraphicaSCImago GraphicaSCImago Graphica

Explore, visuallyExplore, visuallyExplore, visually
communicate and makecommunicate and makecommunicate and make
sense of data with oursense of data with oursense of data with our
new data visualizationnew data visualizationnew data visualization
tooltooltool...

Cites / Doc. (4 years)
Cites / Doc. (3 years)
Cites / Doc. (2 years)

2019 2020 2021

0

0.5

1

1.5

2

2.5

2019 2020 2021

0

90

180

2019 2020 2021

0

2

4

2019 2020 2021

17.5

20

22.5

25

2019 2020 2021

0

40

80

2019 2020 2021

0

40

80

https://www.graphica.app/


4/6/23, 10:38 AM Results in Chemistry

https://www.scimagojr.com/journalsearch.php?q=21101024415&tip=sid&clean=0 4/5

Metrics based on Scopus® data as of April 2022

Leave a comment

Name  

Email
(will not be published)

 

reCAPTCHA
I'm not a robot

Privacy  - Terms

Submit

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

speci�c journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.

Developed by:

 

Powered by:

https://www.google.com/intl/en/policies/privacy/
https://www.google.com/intl/en/policies/terms/
http://www.scimagolab.com/
http://www.scopus.com/


4/6/23, 10:38 AM Results in Chemistry

https://www.scimagojr.com/journalsearch.php?q=21101024415&tip=sid&clean=0 5/5

Follow us on @ScimagoJR

Scimago Lab, Copyright 2007-2022. Data Source: Scopus®

Cookie settings

Cookie policy

https://twitter.com/ScimagoJR
http://www.scimagolab.com/
http://www.scopus.com/
https://www.scimagojr.com/cookie-policies.php

	Glucose biosensor based on activated carbon – NiFe2O4 nanoparticles composite modified carbon paste electrode
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Apparatus and measurements
	2.3 Coconut shell activated carbon preparation
	2.4 NiFe2O4 nanoparticles (NiFe-nps) preparation
	2.5 Carbon paste electrode manufacture
	2.6 Electrode testing on hydrogen peroxide
	2.7 Carbon paste electrode composite optimization
	2.8 Modified electrode detection test on hydrogen peroxide
	2.9 Optimization of the cyclic voltammetry method
	2.10 Buffer pH and concentration optimization
	2.12 Testing of modified electrodes with GOx enzyme at various glucose concentrations
	2.13 Glucose determination in blood samples

	3 Results and discussion
	3.1 NiFe2O4 nanoparticles preparation
	3.2 Carbon paste electrode preparation
	3.3 Modification of AC-NiFe2O4/CPE
	3.4 Modified electrode for hydrogen peroxide determination
	3.5 Buffer optimization
	3.6 Glucose measurement
	3.6 Glucose measurement in blood samples

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgment
	References


