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A B S T R A C T   

Glucose detection is one of the frequently occurring research due to increased cases of diabetes and the need for 
continuous monitoring of glucose. MOF template-derived nanocomposites have shown their potential in the field 
of sensors to address the shortcomings due to selectivity and sensitivity of the present-day sensors. A novel MOF 
template-derived ZnCo2O4 Composite (ZnCo2O4@MOF) sensing was designed and prepared in this study, and it 
was employed as an electrochemical sensor for the non-enzymatic detection of glucose with good selectivity and 
stability. The electrochemical characteristics of the present sensor were evaluated using a cyclic voltammetry 
(CV), differential pulse voltammetry (DPV), electrochemical impedance spectroscopy (EIS), and amperometry i-t. 
The template-mediated process and the synergism between the metallic components in the electrocatalyst have 
provided high electroactive surface area, electrolyte diffusion, and excellent stability that promote electron 
transfer and enhance the response current. With a wide linear range (0.1 − 100 μM), and 24.8 nM of low 
detection limit (S/N = 3). The constructed non-enzymatic biosensor exhibited long-term stability and remarkable 
reproducibility. Furthermore, the ZnCo2O4@MOF composite-modified electrode showed an excellent anti- 
interference ability against the common molecules that interfere during the detection of glucose.   

Introduction 

Diabetes is a chronic health disorder, that is marked by the consistent 
inability of the body to appropriately manage the glucose level in the 
blood [1]. Rigorous monitoring of blood glucose levels is significant for 
managing diabetes and to reduce the problems associated with it. Major 
complications like diabetic nephropathy, diabetic retinopathy, cardio
vascular diseases, stroke, and limb amputation have led to reduced life 
expectancy and increased morbidity [2]. The devastatingly increasing 
number of diabetes-related diseases in India has become a huge chal
lenge. These problems are alarming and need to be critically addressed 
with a proper healthcare system and proper monitoring equipment. The 
socioeconomic burden on patients has caused delayed and missed di
agnoses. Hence there is an urgent need to develop a reliable glucose 

monitoring system that is cost-effective and has high sensitivity and 
selectivity [3,4]. See Fig. 1. 

Major technological advances and scientific innovations for devel
oping non-invasive systems to monitor glucose have been witnessed in 
the last decade [5–7]. Glucose can be monitored by switching over to 
electrochemical sensing techniques which are painless and non-invasive 
by avoiding afflicting finger-pricking blood sampling techniques [8–13]. 
Instead, analysis is carried out by exploiting external assays of body 
fluids such as tears, saliva, and breath. Even though great progress has 
been accomplished in the field of glucose biosensing, still it suffers from 
serious flaws. Enzyme-based glucose sensors struggle with the problems 
of pH, temperature, enzyme denaturation, complex process of enzyme 
purification, low stability, and ionic strength. Non-enzymatic glucose 
sensing is of clinical and industrial relevance as it relies directly on the 
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oxidation or reduction of glucose. It is a rapid, stable, and cost-effective 
technique. But it also has some limitations which include surface 
poisoning, lower selectivity, inactivity, and less sensitivity at neutral pH. 

MOFs are versatile materials that serve as both precursors and tem
plates in the synthesis of cost-effective nanomaterials including metal 
oxides, porous carbon, metal sulfides, and layered double hydroxides 
[14,15]. Due to their well-dispersibility, hollow architectures, and easy 
tunability, they are widely used in the field of electrochemical sensing 
[16–18]. Due to the unique advantages of porous carbon materials 
which have huge pores, and higher chemical and mechanical resilience, 
these materials have potential in gas sensing, electrochemical sensing, 
and energy conversion. The activity of these materials relies on the 
preparation method and is crucial for multiverse applications. When the 
materials are prepared by direct carbonization of the precursors, it may 
lead to porous carbons having larger sizes with disordered structures 
and may limit the selective diffusion of molecules or analytes during 
sensing. Hence to deal with this limitation, a template carbonization 
strategy is useful since it controls the pore architectures along with the 
desired size. 

The nanostructures of ZnO and other metal oxide composites are 
suitable candidates due to their good thermal stability, higher electron 
mobility, and large exciton binding energy [19–21]. The ZnO shows 
cubic zinc blende phase and hexagonal wurtzite phases. Among them, 
wurtzite is stable to humidity and can have different morphologies. It 
has polar surfaces consisting of Zn2+ and O2− , having tetrahedral co
ordination, and hence is used in sensing devices and actuators [22,23]. 
The zinc oxide has higher optical transparency and hence can be used in 
the preparation of transparent conductive films. Along with that, the 
isoelectric point of ZnO is 9.5, this allows immobilization of elements 
having low isoelectric points by electrostatic contact. The fascinating 
features of Co3O4 such as electrocatalytic activity, its affordability, and 
its efficiency have attracted their interest in the field of sensing [24–29]. 
It has a close-packed cubic distribution of oxides where Co(II) and Co 
(III) occupy tetrahedral and octahedral sites. On the same lines Co3O4 
has higher electrochemical activity and is a p-type semiconductor. 
Because of its higher electrochemical stability and high activity, it is 
used in the detection of hydrogen peroxide and glucose. The presence of 
zinc, which has higher electron abundance in combination with cobalt 
results in a nanocomposite that is highly electron-rich and hence be
comes an appealing material for sensor application [30]. In this study, 
we have reported MOF template-mediated synthesis of ZnCo2O4 for non- 
enzymatic glucose sensing. The fabricated ZnCo2O4@MOF were exam
ined for their crystal structure and morphological features by XRD and 
FESEM, respectively. The ZnCo2O4@MOF was characterized by XPS and 

EDS to determine its composition. This ZnCo2O4@MOF showed high 
sensitivity and selectivity for glucose detection. Good reproducibility 
and higher recovery rates further encourage the use of ZnCo2O4@MOF 
in the field of biomedical applications. Herin, we demonstrate a novel 
ZnCo2O4@MOF-based non-enzymatic glucose sensor for rapid deter
mination of glucose in natural perspiration. The novel template-assisted 
preparation of ZnCo2O4@MOF has significantly improved the electro
active surface area. The proposed non-enzymatic sensor was examined 
for the quantitative estimation of glucose in human blood serum samples 
at physiological pH, demonstrating its real-time application. The novelty 
of the sensor lies in the microelectrode system with minimal electro
catalyst, improved surface area, rapid current response, outstanding 
catalytic efficiency of the microsensor, wide linear range, lower detec
tion limit, and interference-free detection of glucose in spiked as well as 
the real blood samples makes it a robust electrochemical platform for the 
quantification of glucose. 

Experimental 

Reagents and materials 

Cobalt (II) chloride hexahydrate (CoCl2⋅6H2O), Zinc nitrate hexa
hydrate (Zn(NO3)2⋅6H2O), isonicotinic acid (C6H5NO2), graphite flakes, 
D-glucose (D-C6H12O6), ascorbic acid (AA), sodium chloride (NaCl), uric 
acid (UA), dopamine (DA) were purchased from Sigma-Aldrich chemical 
company. DMF, H2SO4, and HCl were procured from Qualigen’s fine 
chemicals. Ethylene glycol, hydrogen peroxide, and ethanol were pur
chased from SDFCL. Deionized water was used to prepare the aqueous 
solutions. 

Preparation of ZnCo2O4@MOF 

Briefly, 0.5948 g of CoCl2⋅6H2O (0.0025 M) was dissolved in a sol
vent system containing 25 ml DMF and 10 ml ethylene glycol. After
ward, 0.3718 g of Zn (NO3)2⋅6H2O (0.00125 M) and 0.6155 g of 
isonicotinic acid (0.005 M) were added to the above solution. The ob
tained pink solution was transferred to a Teflon-lined stainless steel 
autoclave and then kept in a hot air oven maintained at 150 ◦C for 12 h. 
After that, the solution was subjected to centrifugation at 5000 rpm for 
15 min. Then, it was washed with ethanol three times. The obtained pink 
solid was dried in a hot air oven maintained at 70 ◦C and further cal
cinated at 500 ◦C to get the ZnCo2O4@MOF. 

Preparation of ZnCo2O4@MOF modified CPE electrode 

A carbon paste-loaded diabetic syringe electrode (carbon paste 
electrode-CPE) was polished successively with 1.00 μM, 0.30 μM, and 
0.05 μM alumina slurry to get a mirror-like surface. The surface was 
cleaned by ultrasonicating the CPE in distilled water followed by 
ethanol. ZnCo2O4@MOF electrocatalyst was suspended in DMF (1 ml) 
and sonicated for 10 min to get the homogeneous suspension, then 5 μL 
of the ZnCo2O4@MOF suspension was dropped onto the surface of CPE 
to form a thin film and dried overnight. 

Electrochemical studies 

Electrochemical Experiments for the application of glucose sensing 
were carried out on a CHI 660E instrument equipped with the conven
tional three-electrode system. The fabricated ZnCo2O4@MOF on a car
bon paste electrode was used as a working electrode, platinum wire as 
the counter electrode, and the Ag/AgCl electrode was used as a reference 
electrode. KCl/NH4OH-NH4Cl, pH = 10 suitably adjusted with NaOH is 
used as an electrolyte system. The electrocatalytic activity of the 
ZnCo2O4@MOF/CPE towards glucose was examined using CVs run 
from − 0.8 V to + 0.8 V at a scan rate of 100 mV⋅s − 1 (NH4OH-NH4Cl, 
NaOH, pH = 10) as an electrolyte. EIS was performed at frequencies in 5 

Fig. 1. XRD patterns of ZnCo@INA MOF and ZnCo2O4@MOF. The respective 
peaks are indexed to the standard JCPDS No. 23–1390. 
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mM potassium ferricyanide from 0.01 Hz to 100 kHz with 10 mV 
amplitude to understand the electron transfer properties. The amper
ometric response of the modified electrode for glucose detection was 
measured by successively adding aqueous glucose solution into the 
magnetically stirred electrolyte at an applied potential of − 0.4 V vs. Ag/ 
AgCl. Before a subsequent determination, the remaining glucose was 
removed from the working electrode by several cycles in the 
fresh electrolyteselectrolytes. 

Preparation of human blood serum 

The human blood samples collected were placed in a water bath 
maintained at 40 ◦C for 12 min. Then it was centrifugated by a centri
fuge machine at 4000 rpm for 5 min. The obtained supernatant was 
collected and stored in a lab refrigerator maintained at –10 ◦C to 0 ◦C. 

Characterization 

XRD was performed to determine crystalline phase purity on the 
Rigaku Smart lab, Japan (CuKα radiation source, λ = 1.5406 Å, 2θ = 10 
− 80◦ the scanning rate was 5◦/min, and the temperature was 25 ◦C). 
The composition and morphology were studied by FESEM. Dried sam
ples were glued on the sample stage with conductive tape with the 
observation side facing up. Finally, high-energy incident electrons were 
used on the Hitachi model: S-3400 N. EDS was performed by Peltier 
cooled X-ray head from Thermo, USA. TEM images were recorded by 
JEOL, 2100F model, The high-resolution TEM micrographs were ac
quired on a Cs-probe corrected Jeol 2100F Transmission Electron Mi
croscope operated at 200 kV. The images were recorded on an Ultrascan 
CCD camera upon 1 s exposure for each image. Thermo Nicolet Model: 
6700 instrument was used to record FTIR by dispersing samples in KBr 
(400 to 4000 cm− 1) with an average of 32 scans and a resolution of 2 
cm− 1. Elemental analysis was performed on a Thermoscientific NEXA 
surface analyzer. 

Fig. 2. A) ftir spectra of ZnCo@INA MOF and ZnCo2O4@MOF recorded in KBr. b) Raman spectrum of ZnCo2O4@MOF electrocatalysts.  

Fig. 3. XPS spectra of ZnCo2O4@MOF a) Survey spectrum indicating the presence of Zn, Co, and O; core-level spectrum of b) Zn showing Zn 2p3/2 and 2p1/2, c) 
showing O1s associated under different environment and d) Cobalt showing the presence of Co in variable oxidation states. 
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Results and discussions 

The crystal structure and phase purity were determined by exam
ining the XRD pattern of ZnCo@INA MOF and ZnCo2O4@MOF. The 
diffraction peaks corresponding to the ZnCo@INA MOF are in very good 
agreement with the previous literature. For ZnCo2O4@MOF the peaks 
appeared at 19.14

◦

, 31.34
◦

, 37.01
◦

, 38.71
◦

, 44.9
◦

, 55.72
◦

, 59.49
◦

, and 
65.33

◦

, which accords with the plane indexed to (111), (220), (311), 
(222), (400), (422), (511), and (440), respectively. This data is in 
very good correlation with the XRD of the standard with JCPDS card 
number 23–1390. The CoO crystallite phase was confirmed by the 
distinct diffraction peaks attributed to the presence of ZnCo2O4. The 
primary diffraction peaks of ZnCo@INA MOF are completely different 
from the XRD peaks of ZnCo2O4@MOF. This demonstrates the successful 
formation of MOF template-mediated ZnCo2O4 [31,32]. 

The adsorption peaks range from 1656 − 1590 cm− 1 are associated 
with asymmetric vibrations of the carboxylate functional group and the 
peaks situated in the range of 1400 − 1550 cm− 1 correspond to sym
metric carboxylate functional group in the case of ZnCo@INA MOF. This 
implies the coordination of Zn2+ ions with the isonicotinic acid ligand. 
The peaks arising in the range of 690 − 770 cm− 1 are attributed to vi
brations of metal–oxygen bonds in the synthesized material, as well as 
peaks found below 550 cm− 1 are due to the existence of ZnO in the 
prepared MOF. In the case of ZnCo2O4@MOF, all the peaks corre
sponding to the organic groups have completely disappeared, this is 
attributed to the removal of all organic groups upon high-temperature 
treatment to yield ZnCo2O4. Two prominent peaks were observed in 
the case of ZnCo2O4@MOF at 541.06 cm− 1 and 646.48 cm− 1, these 
peaks indicate the formation of direct metal–oxygen bonds between Zn- 

O, Co-O, and metal–oxygen-metal type of vibrations, respectively 
[33,34]. The Raman spectrum of ZnCo2O4@MOF is shown in Fig. 2b). 
Five fundamental Raman modes were observed, which resemble F2g 
(194.3 cm− 1), Eg (475.4 cm− 1), F2g (514.7 cm− 1), F2g (612.9 cm− 1), 
and A1g (676.6 cm− 1) of ZnCo2O4 phase. Further Raman spectroscopy 
analysis confirmed the formation of high-quality ZnCo2O4@MOF. 

The chemical environment and surface characteristics of 
ZnCo2O4@MOF were arbitrated by XPS. The elements Co, Zn, and O 
were visualized in the survey spectrum (Fig. 3a). To have clear infor
mation from the XPS spectra, the core level peaks obtained for cobalt, 
zinc, and oxygen were deconvoluted. The Zn XPS spectra were visual
ized by the peaks located at 1021.5 eV and 1044.5 eV corresponding to 
Zn 2p3/2 and Zn 2p1/2 (Fig. 3b). The presence of zinc in its ionic state is 
demonstrated by the energy of split separation between Zn2p1/2 and 
Zn2p3/2. The presence of Zn-O bonds was confirmed from the cure- 
fitting analysis applied to Zn2p3/2. Two characteristic peaks that arise 
for cobalt at 781.8 eV and 797.9 eV are ascribed to Co 2p3/2 and Co 2p1/2 
respectively (Fig. 3c). These peaks along with the presence of satellite 
peaks corresponding to Co 2p3/2 and Co 2p1/2 have substantiated the 
existence of mixed oxidation states of cobalt i.e. + 2 and + 3 [35]. The 
oxygen peak was deconvoluted further into three peaks each corre
sponding to the oxygen associated with the metal ions zinc and cobalt. 
The presence of oxygen in the form of hydration and a trace quantity of 
oxygen present in the form of organic functionality, that originates from 
the precursor isonicotinic acid ligand (Fig. 3d). The Zn: Co atomic ratio 
was calculated, by computing the area under the respective peaks 
divided by the RSF factor to the sum area of all the elements divided by 
their RSF. The ratio Zn: Co was found to be 1:1.934 based on the XPS 
band area, which is close to the designed ratio of ZnCo2O4 (Zn: Co =

Fig. 4. FESEM micrographs a-c (Magnification from 1 mμ – 200 nm); TEM images d and e(Magnification from 500 nm – 10 nm); f) HRTEM images recorded at 10 nm 
indicating the lattice fringe (311) in the inset. and g) EDX spectrum of ZnCo2O4@MOF, showing the presence of Zn, Co, and O. 
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1:1.98). Further, the values are reverified XPSPEAK and found to be in 
good agreement. 

The microstructures of the fabricated ZnCo2O4@MOF were explored 
by FESEM. The FESEM shows the pile of ZnCo2O4@MOF nanoparticles 
uniformly distributed in the entire structure. These components gave the 
intricate pattern for ZnCo2O4@MOF which are highly porous with 
several cracks [36,37]. The obtained images of the prepared 
ZnCo2O4@MOF reveal that the particles show uniform stone-gravel 
structures with diameters averaging to < 30 nm (Fig. 4a–c). The TEM 
image of the synthesized ZnCo2O4@MOF is shown in Fig. 4c and e). The 
assembly of ZnCo@MOF on the surface is revealed from the TEM im
ages. Further, the interplanar fringes were identified in the HRTEM 
images (Figures f and g). Also, it can be noted that the formation of 
ZnCo2O4@MOF stone-gravel structures with highly restrained particle 
aggregation thereby increasing electrochemical stability [38,39]. The 
semi-quantitative analysis from the EDS mapping results shows the 
weight percentages of cobalt, zinc, carbon, oxygen, and nitrogen. The 
results are listed in Fig. 4h), the composition mapping of ZnCo2O4@
MOF is in good agreement with that of the experimental composition 
used for the preparation of ZnCo2O4@MOF. 

CV measurements 

The CV responses of ZnCo2O4@MOF/CPE were performed in a so
lution containing 0.1 M KCl at 100 mVs− 1 scan rate in the presence and 
absence of glucose as displayed in Fig. 5a). The CV curve of 
ZnCo2O4@MOF was comprised of redox peaks, this would be attributed 
to the reversible oxidation and reduction of cobalt present in the com
posite, which further ascertains the existence of dual oxidation states of 
cobalt. It was clear from the CV that the oxidation peak positioned at 
− 0.489 V has noticeably shifted to − 0.455 V with an increase in the 
current response upon the addition of 30 μM of glucose. This demon
strates that the electrode is sensitive and shows a response towards 
glucose. Getting motivated from this initial observation, we have 
explored the current response of the sensor with variable concentrations 
of glucose from 5 μM-100 μM. As obvious the current response has 
increased linearly with an increase in the concentration of the glucose 
following the linear regression equation ia= (1.02184e− 7) [glucose] +
(1.24443e− 5) with R2 = 0.987 (Fig. 5c). The electroactive surface area of 
unmodified CPE and ZnCo2O4@MOF/CPE was computed by performing 
the CV tests at varied scan rates. Fig. 5d shows the CV redox current of 
ZnCo2O4@MOF/CPE at various scan rates of 10–100 mVs− 1 in 

Fig. 5. A) the cyclic voltammograms in the absence and presence of 30 μM glucose at ZnCo2O4@MOF/CPE in 0.1 M KCl medium; b) CV response with the variation 
of concentration of glucose (5 μM – 100 μM, SR = 100 mVs− 1; c) corresponding calibration plot in (NH3–NH4Cl, NaOH, pH≈10) at ZnCo2O4@MOF/CPE at a scan rate 
of 100 mVs− 1 d) Effect of scan rate on the current response, showing both anodic and cathodic response (10 – 100 mVs− 1) e) corresponding calibration plot and f) 
Effect of electrocatalyst loading on the current response (2 – 10 μL of ZnCo2O4@MOF suspension on CPE, SR = 100 mVs− 1, pH≈10). 
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the system having 0.1 M KCl solution. As increased scan rates showed an 
increased current response, this shows the fast response kinetics of 
ZnCo2O4@MOF/CPE. Fig. 5e) shows the linear calibration equation for 
change in scan rate. A linear curve of current response vs. square root of 
the scan rate has followed the equation Ipa = (6.97646e− 6) [ν1/2] +
(− 5.56228e− 6), with the regression coefficient R2 = 0.998. Also, the 
reduction peak response was found to be linear with respect to the 
square root of the scan rate and followed the linear regression equation y 
= (− 0.00223) [ν1/2] + (0.00363) with R2 = 0.999. The Electrochemical 
surface area (ECSA) was calculated using the Randles–Sevcik equation 
for unmodified CPE and ZnCo2O4@MOF/CPE. 

Ipa =
(
2.69 × 105) n3/2ACD1/2v 1/2  

where Ipa = response current, n = number of electrons, D = diffusion 
factor, v = scan rate, and C = concentration. The obtained ECSA of 
unmodified CPE and ZnCo2O4@MOF/CPE was 0.32 cm2, and 0.78 cm2, 
respectively. The results show that ZnCo2O4@MOF/CPE possesses high 
ECSA, which contributes to the higher sensitivity and current response 
of the present sensor. 

For effective electrochemical detection of the intended analytes, the 
load of electrocatalyst over the surface of the CPE plays an important 
role. Hence the finely polished CPE surface was loaded with varied 
quality of the active catalyst (2, 4, 6, 8, and 10 μL) and the corresponding 
current response was recorded at the scan rate of 100 mVs− 1 [40,41]. 
The catalyst loading analysis shows that 8 μL catalyst deposited CPE has 
shown the best current response among all the other combinations. 
Hence, the optimized 8 µL concentration of catalyst loading was used as 
standard in all the further studies for the detection of glucose (Fig. 5f). 

The electro-catalytic response of ZnCo2O4@MOF/CPE was further 
evaluated using differential pulse voltammetry (DPV), a much more 
sensitive method for the detection of analytes with enhanced response 
current. Fig. 6a) displays the DPV response of ZnCo2O4@MOF/CPE, 
which was investigated with varied concentrations of glucose [NH3- 
NH4Cl, and NaOH (pH≈10)]. It is observed that the DPV response has 
shown linearity in two concentration ranges, i.e. 0.2–0.5 μM range and 

1.0–5.0 μM with linear regression coefficient R2 = 0.999 and R2 = 0.998 
respectively. Further, stability, selectivity, and reproducibility are 
important parameters for the real-time application of the sensor. The 
repeatability of ZnCo2O4@MOF/CPE with 5 μM of glucose was recorded 
for ten successive measurements Fig. 6c). The bar plot representation 
shows ten repeatable readings of ZnCo2O4@MOF/CPE with a relative 
standard deviation (RSD) of 2.8 %, which shows that the ZnCo2O4@
MOF/CPE sensor has good repeatability. The reproducibility tests were 
conducted with five ZnCo2O4@MOF/CPE electrodes maintaining all the 
experimental conditions the same. Fig. 6d) shows the respective bar plot 
of five electrodes – Better retention of the current response was noticed 
in all the cases with an RSD of 3.2 %, endorsing that the present sensor 
shows good reproducibility. The effect of pH and the supporting elec
trolytes used in the detection of glucose were evaluated. To adjust the 
pH = 5.0 and 6.0 (0.2 M) NaOAc and (0.2 M) HOAc electrolytes were 
used. pH = 7.0 and 8.0 (0.2 M) Na2HPO4 and (0.2 M) NaH2PO4 were 
used and 0.2 M NH3 and 0.2 M NH4Cl, and NaOH were used to adjust the 
pH of the solution to 9.0 and 12.0. The current response of the sensor 
was maximum at pH = 10. As shown in Fig. 6c, the peak current 
enhanced slowly from a pH of 5.0 to 10.0, and consequently declined. 
The improved peak current observed at pH 10 was due to the partici
pation and rapid electron movement to the electrode. Also, the iso
electric point of zinc in its oxide form is IEP = 9.5, hence under alkaline 
conditions the surface of ZnCo2O4@MOF is strongly negatively charged 
repelling the common interferents during glucose detection providing 
high selectivity of the sensor towards the detection of glucose [42]. 
Therefore, pH 10 is preferred to be the optimum pH, and NH4OH – 
NH4Cl, NaOH is used as a supporting electrolyte during the electro
chemical detection of glucose in the present investigation. 

EIS analysis 

To validate the behavior of charge transfer at ZnCo2O4@MOF/CPE 
and bare CPE electrodes, the EIS analysis was carried out at frequencies 
ranging from 0.01 Hz to 100 kHz in KCl solution. The straight line for 
ZnCo2O4@MOF/CPE was observed at lower frequencies which were 

Fig. 6. A) dpv profile of znco2O4@MOF/CPE with varied concentrations of glucose (0.2 – 5 μM, pH≈10), b) calibration plot of peak current vs. concentration in NH3- 
NH4Cl, NaOH (pH≈10), c) repeatability tests with ten successive measurements (5 μM glucose, pH≈10), and d) reproducibility tests with five electrodes maintaining 
similar experimental conditions (5 μM glucose, pH≈10),. 
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almost vertical and approached the (− Z’’) imaginary axis. Low ionic 
diffusion resistance was observed between the modified electrode ma
terial and the electrolyte. Charge transfer resistance is indicated by the 
semicircle in the higher frequency range indicating the diffusion of 
electrolyte at the electrolyte–electrode interface. Referring to the 
Nyquist waveforms, the Rct values of the synthesized materials are in 
the following sequence: ZnCo2O4@MOF/CPE (6.75 Ω) < CPE (12.8 Ω). 
The better electron transfer rate and improved surface area were also 
evident from the decreased charge transfer resistance for ZnCo2O4@
MOF/CPE (6.75 Ω) compared to CPE (12.8 Ω) Table 1, and the corre
sponding equivalent circuit is shown in the inset of Fig. 7a). The double 
layer capacitance of CPE (11.78 μF) and ZnCo2O4@MOF/CPE (78.25 μF) 
clearly shows improved electrochemical active surface area of the 
modified electrode. All these features enhance the electrical conduc
tivity, which can probably improve sensitivity and response time. This 
proves that the ZnCo2O4@MOF/CPE sensor is an ideal choice to accel
erate electron transfer and better glucose detection. 

Amperometric analysis 

Amperometric experiments were carried out to assess the electro
chemical performance of ZnCo2O4@MOF/CPE at − 0.4 V, − 0.45 V, − 0.5 
V, and − 0.55 V potentials in the 1 M KCl solution with NaOH. To further 
carry out the amperometric measurements and to avoid interference 
effects, − 0.4 V was selected to be the working potential. In glucose 
oxidation, a greater anodic current was observed for ZnCo2O4@MOF/ 
CPE at a potential 0.4 V. The amperometric responses with sequential 
step addition of glucose (0.1 – 100 μM) at ZnCo2O4@MOF/CPE were 
recorded and found to be linear with concentration. After successive 
addition of glucose, the current response increased in a stepwise manner 
in less than 1 s on average. This was influenced by the conductive nature 
of ZnCo2O4@MOF/CPE, its rapid response, and high selectivity towards 
glucose. The steady-state condition was attained in not more than 2 s. 
This was due to the phenomena of quick adsorption and diffusion of 
glucose molecules on the surface of ZnCo2O4@MOF/CPE. Thus, the 
fabricated electrode exhibited a rapid response time intended for 
glucose detection. 

The calibration plot of the amperometric response concerning the 
change in the concentration of the analyte glucose is presented in 
Fig. 8b). The plot follows the linear regression equation ia=(0.04646) 
[Glucose] + 0.03338 with R2 = 0.9984. The sensor has shown an 
excellent limit of detection (LOD) of 0.0248 μM (24.8 nM) and the limit 
of quantification was found to be 0.075 μM (75 nM) (Fig. 8c). For the 

practical application of a sensor, it must be interferrant-free, there are 
common interferrants like Ascorbic acid (AA = 5 μM), Uric acid (UA = 5 
μM), Dopamine (DA = 5 μM), and Urea (Ur = 5 μM). To check the 
interference of all these molecules during the determination of glucose, 
their concentrations were maintained tenfold greater than glucose. As 
obvious, no significant current response was noticed for any of the 
molecules, this demonstrates that ZnCo2O4@MOF/CPE is an interferent- 
free highly selective glucose sensor (Fig. 8d). Additionally, the persistent 
nature of ZnCo2O4@MOF/CPE was examined with the addition of 1 µM 
of glucose for 30 days. The bar plot of the amperometric peak current 
response recorded at the successive 5 days gap for the same electrode 
recorded over 30 days showed an insignificant loss in the activity and 
could retain 97.3 % of its initial current response even after 30 days of 
storage, this shows a high storage stability of the present sensor. The 
mechanism involving the cobalt reduction–oxidation system for the non- 
enzymatic glucose detection has been pictorially given in Fig. 8e), where 
the glucose undergoes oxidation to glucanolactone and on the other 
hand cobalt undergoes reduction to Co2+. 

Real sample analysis 

The robustness of the fabricated sensor (ZnCo2O4@MOF/CPE) for 
the determination of glucose in the human serum samples was tested by 
the standard addition method. 0.1 ml of human serum was injected into 
5 ml of 0.1 M NaOH. The blood serum samples were spiked with a 
known quantity of glucose. The relative standard deviations (RSD) were 
investigated using the standard addition method, and the results are 
summarized in Table 2. The recovery ranged between 99.6 and 101.6 % 
for glucose. Therefore, it can be concluded that the ZnCo2O4@MOF/CPE 
sensor is promising for monitoring glucose in real serum samples. 
Further, to compare the competitiveness of the present sensor a table 
comparing the results of the present sensor with that reported in the 
literature was given in Table 3. 

Conclusions 

The interest in designing and optimizing MOF template-mediated 
ZnCo2O4/CPE electrodes was inspired by the emerging applications of 
electrochemical sensors in personal health monitoring devices. Here, 
ZnCo2O4@MOF/CPE was fabricated for non-enzymatic glucose sensing. 
The effective synthesis of ZnCo2O4@MOF/CPE was confirmed by SEM, 
TEM, XRD, FTIR, and XPS analysis. Amperometry was employed to 
detect the glucose concentration and measure its current response. 
Voltametric measurements were done to quantify the output of current. 
The ZnCo2O4@MOF/CPE sensor exhibited a lower detection limit of 
24.8 nM. In addition, it showed a wide detection range of 0.1 μM − 100 
μM. This electrode showed improved reproducibility and recovery rates. 
The performance of ZnCo2O4@MOF/CPE was strongly influenced by the 
synergism between Zn, Co, and O prepared via MOF template mediated 
process leading to greater selectivity and stability. Thus, the fabricated 

Table 1 
Equivalent circuit parameters obtained from EIS for CPE and ZnCo2O4@MOF/ 
CPE.  

Electrode Rs (Ω) Cdl (μF) Rct (Ω) 

CPE  2.14  11.78  12.8 
ZnCo2O4@MOF/CPE  1.52  78.25  6.75  

Fig. 7. A) nyquist plots of cpe, and znco2O4@MOF/CPE illustrated the appearance of the Warburg coefficient, indicating the charge diffusion within the electrode 
system; Inset: The Randle’s circuit used to fit the data. b) Enlarged view of Nyquist plot at higher frequency region. 
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electrode is particularly useful in the clinical and biomedical monitoring 
of glucose. 

CRediT authorship contribution statement 

K. Divyarani: Writing – original draft, Formal analysis, Data 

curation. S. Sreenivasa: Formal analysis, Data curation. Sandeep 
Kumar: Formal analysis, Data curation. Anjana Vinod: Investigation, 
Formal analysis. Fahd Alharethy: Investigation, Formal analysis, Data 
curation. Byong-Hun Jeon: Validation, Methodology, Funding acqui
sition, Formal analysis, Data curation. V.S. Anusuya Devi: . Praveen 
Martis: Writing – review & editing, Formal analysis, Data curation. L. 
Parashuram: . 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Fig. 8. A) Amperometric current response at ZnCo2O4@MOF/CPE for successive glucose addition (Glucose 0.1–1.2 μM, pH≈10, KCl = 0.1 M), and b) Glucose 10 – 
100 μM, pH≈10, KCl = 0.1 M; c) Calibration plot of current response with the concentration of glucose (0.1 – 100 μM, R2 

= 0.9984), c) Selectivity study for the sensor 
in presence of (AA = 5 μM, UA = 5 μM, DA = 5 μM, AcP = 5 μM, and Ur = 5 μM), and e) Storage stability study of the sensor (percentage activity retention v/s time) 
(Electrode preserved in 0.1 M KCl solution). f) Pictorial representation of the mechanism of glucose detection at ZnCo2O4@MOF/CPE. 

Table 2 
Recovery data for determination of glucose in human blood serum samples 
under optimized conditions at ZnCo2O4@MOF/CPE.  

Sample Spiked (μM) Found (μM) Recovery (%) RSD (%) (n = 3) 

Glucose Glucose Glucose Glucose 

Human serum 5  4.98 99.6  0.4 
10  10.1 101  1.0 
25  25.3 101.2  1.2 
50  50.8 101.6  0.6 
100  99.9 99.9  0.65  
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