
 

 

 
Abstract—Biosensors are playing vital role in industrial, clinical, 

and chemical analysis applications. Among other techniques, ZnO 
based biosensor is an easy approach due to its exceptional chemical 
and electrical properties. ZnO nanorods have positively charged 
isoelectric point which helps immobilize the negative charge glucose 
oxides (GOx). Here, we report ZnO nanorods based biosensors for 
the immobilization of GOx. The ZnO nanorods were grown by 
hydrothermal method on indium tin oxide substrate (ITO). The 
fabrication of biosensors was carried through batch processing using 
conventional photolithography. The buffer solutions of GOx were 
prepared in phosphate with a pH value of around 7.3. The biosensors 
effectively immobilized the GOx and result was analyzed by 
calculation of voltage and current on nanostructures. 
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I. INTRODUCTION 

IOSENSORS have a great research interest due to their 
wide range of applications in various fields. One of the 

important uses of biosensor is in medical [1]. Among available 
biosensors, glucose biosensors are becoming more important 
due to promising applications in a clinical lab, chemical 
analysis and environmental surface monitoring [2]. The 
enzymes are most suitable and actively responsive to any 
substrate [3], [4]. Thus the wide range of the glucose 
biosensors works on the bases of immobilization of enzymes 
on electrodes. The most used and realized analytical enzyme is 
the GOx [5]. The GOx is mainly analyzed by physical 
adsorption, sol-gels, cross-linkages, polymers and carbon 
paste [6].             

Semiconductor nanomaterials have extra advantages on 
immobilization of enzymes due to its promising electrical and 
chemical properties. The immobilization of enzyme takes 
place on the nanomaterials by direct transfer of an electron 
from the surface to the surface [6], [7]. 

Biosensors are mostly based on semiconductor materials 
such as TiO2, SnO2 and ZnO [8]. The TiO2 based biosensors 
have achieved excellent performance in terms of sensitivity 
and lower limit of GOx. As the charge mobility of TiO2 is 
lower than that of SnO2 and ZnO. A ZnO nanostructure has 
outstanding results in glucose biosensors due to its favourable 
isoelectric point (IEP). In various ZnO nanostructures, such as 
nanorods, nanowires, nanospheres, nanobelts, nanorings and 
nanoneedles, nanorods are of great research interest due to its 
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promising electrical properties in biosensors [9]. The 
immobilization of analytical enzyme on the basis of the IEP of 
negatively charged GOx depends on the pH of GOx. Normally 
the IEP of GOx is 4.2 at a pH of 7.3 [10]. This difference in 
IEP of ZnO and GOx promotes the direct electron transfer 
from surface to surface and results in enzyme immobilization 
for the detection of glucose [11], [12]. Semiconductors and 
their composites have direct impact on the sensitivity and 
performance of biosensors. The morphology of semiconductor 
nanostructures has further enhanced the stability and 
sensitivity of biosensors [13]. A single crystal semiconductor 
nanocomb of ZnO grown by vapor-phase deposition method 
with mesoporous structures increases the sensitivity of 
biosensors [14]. This increase in the stability and sensitivity of 
nanostructures was due to large surface to volume ratio of 
mesoporous ZnO nanostructures, allowing deposition of more 
GOx for immobilization. The sensitivity of these mesoporous 
ZnO nanocombs is reported around 15.3 μA mM–1 cm–2 [14]-
[16]. The growth of ZnO nanostructures on gold substrate also 
increases the performance of ZnO based biosensors. ZnO 
nanotubular based biosensors for the immobilization of GOx 
increase the sensitivity of device. This increase is due to larger 
aspect ratio and large surface to volume ratio for the loading 
of more enzymes or GOx [17].  

The sensitivity of biosensors for the immobilization of GOx 
also depends on the 1D ZnO nanofibers of dimension 195-350 
nm. The senility of the biosensors for immobilization of GOx 
increases to 21.7 μA mM–1 cm–2 [18].  

In a composite semiconductor based biosensors, the 
efficiency of the device is further increased. Recently the 
carbon decorated ZnO (C-ZnO) nanostructures based 
biosensors have achieved higher efficiency with lower glucose 
detection limits. The C-ZnO nanowires have direct interaction 
of GOx for immobilization [19]. The enzymes or GOx interact 
with hexagonal face of ZnO nanowires which is more 
sensitive to GOx due to higher IEP of ZnO nanowires. 
Furthermore, highly sensitive GOx biosensors are based on the 
hybrid platinum-fullerene like ZnO nanospheres (50-200 nm) 
deposited on glassy carbon electrode for the immobilization of 
GOx. This biosensor exhibits higher stability and improved 
sensitivity of 43.5 μA mM–1 cm–2 [20]. However, composite of 
zinc oxide and carbon nanotube based sensors have been 
reported for the application of DNA immobilization. As the 
electrical conductivity of carbon nanotubes (CNTs) is much 
greater, its electrical response plays an important role in the 
sensitivity of the biosensors. This increase in the sensitivity of 
biosensors results in decreasing the lower limit of GOx and 
other enzymes for immobilization [17], [21]. Furthermore, 
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ZnO nanorods based biosensors with large surface to volume 
ration and easy growth method have attained the researcher’s 
interest [22]-[24]. The ZnO growth via hydrothermal method 
is the simplest and low cost fabrication method which in batch 
processing further decreases the cost of fabrication via 
conventional photolithography method [25], [26].   

Here we report the ZnO nanorods based glucose biosensors. 
The growth of ZnO nanorods carried through a low-
temperature hydrothermal method on ITO substrate [12]. The 
comb-like ZnO nanorods based biosensors were fabricated in 
a batch processing through conventional photolithography.     

II. EXPERIMENT 

Prior to a photolithography process, a thin layer of metal 
was deposited on a glass substrate for making the comb-like 
structure. A thin metal layer of gold was deposited by Plasma 
sputtering method.  

In this method, the metal was deposited by the Ar plasma 
sputtering on glass slides substrate of dimension 3 x 3 cm. In 
organ plasma sputtering the glass substrates were placed in a 
chamber near the metal deposition plates and the chamber was 
evacuated at a pressure of 10-3 tor. The deposition of gold was 
deposited on a glass substrate for 1 min. The deposition of 
metal by plasma sputtering was smooth and plane.  

A. Photomask Preparation  

The photomask was used to transfer pattern on the metal 
deposited glass substrate. Initially, graphical images of various 
comb structures of desired shapes were designed in Adobe 
Photoshop and printed out on a transparent sheet. The pattern 
size of comb-like structures was about 50-60 mm in size as 
shown in Fig. 1.  

  

 
Fig. 1 Camera images of Photomasks of the comb-like structure 

B. Photolithography  

Photolithography process was used to obtain the required 
pattern on metal deposited glass substrates. Before the 
transferring the pattern from a mask to the substrates, a thin 
layer of photoresist was coated on the substrate spin coating 
method.  The substrate was prebaked at 10 min at 90˚C 
followed by photomask alignment on a glass substrate. The 
Photomask was exposed to UV light for 1 min and then 
developed in 99% NaOH solution for 15 sec. The substrate 

was rinsed in Di water and post backed for 25min at 130 ˚C. 
The obtained pattern is shown in Fig. 2.  

 

 

Fig. 2 Camera images of the batch process (3 x 3 arrays) of comb-like 
gold structure patterning on a glass substrate by a photolithography 

process 

C. Hydrothermal Method 

The patterned glass substrate was then prepared for the 
hydrothermal growth such that the nanorods by hydrothermal 
method were grown at the surface metallic comb-like 
structure. Before the hydrothermal growth of ZnO nanorods 
patterned glass substrate was cleaned in acetone ultrasonic 
bath.     

The hydrothermal growth setup was designed locally for the 
growth of ZnO nanorods which maintained the required 
temperature during the experiment. The ZnO seeds layer was 
deposited through a seed solution. The seed solution was 
prepared using 0.15 M of zinc acetate dehydrate dissolved into 
ethanol solution. The ITO substrate was dipped into seeds 
solution for 5 min and annealed at 70oC for 5 min. For a 
proper seed layer deposition, the process was repeated for 3 
times.         

The Precursor solution for the nanorods growth was 
prepared by mixing Zn (NO3)2 and HMT of 1:1in DI water. 
The solution was stirred for 30 mins at room temperature. The 
seeded ITO substrate was placed upside down in the precursor 
solution. The hydrothermal growth was carried at a constant 
temperature 85oC. To maintain the solution concentration and 
temperature in a precursor container, a DC motor-based stirrer 
was used for stirring. The hydrothermal growth for ZnO 
nanorods was carried for 24h. After 24h of the growth process, 
ZnO/ITO substrates were cleaned in DI water and annealed at 
130oC for 15 min. The morphology of nanorods was examined 
by SEM analysis. The ZnO nanorods grown by hydrothermal 
methods are shown in Fig. 3. A dense growth of ZnO 
nanorods is shown in Fig. 3 (a). The diameters of nanorods are 
around 1µm and lengths of the nanorods are 12-15 µm as 
shown in Fig. 3 (b). The density of nanorods mainly depends 
upon the sol-gel concentration and deposition rate. 

The aspect ratios of nanorods are directly proportional to its 
growth time, whereas the diameters of nanorods are controlled 
through the concentration of the precursor solution. It was also 
observed that the nanorods on the ITO substrate are mostly 
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normal to the substrate, which is promising for the ZnO 
nanorods based biosensor applications. 

 

Fig. 3 SEM images of ZnO nanorods by hydrothermal method. (a) 
Dense growth of ZnO nanorods (b) Magnified image of ZnO 

nanorods 

III. RESULT AND DISCUSSIONS  

The grown ZnO nanorods were deposited with GOx 
solution for immobilization of glucose. A 5μL GOx solution 
prepared in a buffer solution of 0.01M phosphate with 
concentration 25mg/mL. The prepared buffer solution was 
doped on ZnO nanorods at 40oC for proper deposition [4]. The 
deposited sample with GOx solution was kept covered 
overnight for the smooth deposition of GOx thin film. 

The ZnO nanorods have a high IEP of 9.5 as compared to 
that of GOx is about 4.1 at a pH 7.3. Thus, the surface of ZnO 
is positively charged and a negatively charged GOx on ZnO 
nanorods is suitable for immobilization of glucose [3]. The 
cyclic voltammograms of ZnO/GOx were obtained for 
biosensors as shown in Fig. 4. 

It was also noted that the increase in pH value of buffer 
solution decreases the sensitivity of the biosensors. 
Furthermore, the increase in pH value also degrades the ZnO 
nanostructures which results into decrease in stability of the 
device.  

On further analyses we observed that increase in the length 
of ZnO nanorods also increases the sensitivity and reduces the 
response time of biosensors. The morphology of ZnO 
nanostructures influences the sensitivity of biosensors, i.e. 
increasing the surface to volume ration increases the 
interaction of GOx molecules with ZnO nanostructures [4], 
[6], [10]. The reaction results in higher immobilization of GOx 
on the surface to ZnO nanostructures. Thick electroplating can 
be received by putting the electroplated material in a bath very 
precisely with the help of the clip patched at the edge. This 
patching also plays an important part in proper electroplating. 
The experimental results of the CV measurements can provide 
a quantitative result of the biosensor which effectively 
immobilized the GOx as shown in Fig. 4. The performance of 
biosensors analyzed are shown in graph with and without in 
the presence of glucose. Which shows that, the current 
increases in the presence of glucose exhibits the 
immobilization of GOx buffer solution. The pH value of the 
buffer solution were kept constant throughout the analyses of 
biosensors. It was further noted that the increase in the 
concentration of glucose in buffer solution decreases the 
stability of the biosensors, which needs to be addressed in 
future work. However, the stability issue could be easily 

resolved through composition of ZnO with other metals such 
as Al, Cu and Au [15], [22].     

 

 

Fig. 4 Cyclic Voltammetry result showing the relationship between 
current and applied voltage 

 
The performance of biosensors were also analyzed under 

varying temperature for optimal conditions. The temperature 
were set in the range of 15oC to 70 oC during performance 
analysis of biosensors as shown in Fig. 5. The optimal 
temperature for the saturation current is around 47 oC and then 
the current deceases and fluctuates up to 70 oC. This decrease 
in current is supposed to be due to degradation of ZnO 
nanostructures which reduces immobilization of GOx. It is 
also reported that decrease in temperature due to increasing 
temperature is degradation of GOx at a certain pH of buffer 
solution. The graph also represents the good performance of 
biosensors at room temperature.      

 

 

Fig. 5 The graph between Temperature and Amperometric current for 
the biosensors 

IV. CONCLUSIONS 

In conclusion, fabricated ZnO nanorods based biosensors 
result in a good sensitivity of 22.7 µAcm-1 mM-1. The 
sensitivity of biosensors was directly proportional to the 
aspect ratio of nanorods. The response time recorded for the 
biosensors were less than 7s. The GOx immobilization further 
increases with increase in length nanorods and pH value of 
buffer solutions. The morphology of ZnO nanostructures 
would further optimize the performance of ZnO based 
biosensors. Due to higher electron mobility of ZnO nanorods 
and good electrical properties, ZnO nanorods based biosensors 
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have a wide range of industrial applications. Fabrication of 
these type of biosensors is low cost and sensitive compared to 
fabrication of biosensors by magnetron sputtering or plasma 
sputtering. 

REFERENCES 
[1] N. A. Rakow and K. S. Suslick, “A colorimetric sensor array for odour 

visualization”. Nature, vol.406, pp. 710-713, August 2000. 
[2] Y. Yang, H. Yang, M. Yang, G. Shen, and R. Yu, “Amperometric 

glucose biosensor based on a surface treated nanoporous ZrO 2 /chitosan 
composite film as immobilization matrix”. Analytica Chimica Acta, vol. 
525, pp. 213-220.November 2004. 

[3] C. X. Xu, X. W. Sun, Z. L. Dong, S. T. Tan, Y. P. Cui and B.P. Wang, 
“Manganese-doped zinc oxide tetratubes and their photoluminescent  
properties”. Journal of applied physics, vol. 98(11), pp. 113513(1-5), 
December 2005. 

[4] J. Chen, W. Lei, W. Chai, Z. Zhang, C. Li and X. Zhang, “High field 
emission enhancement of ZnO-nanorods via hydrothermal 
synthesis&quot; Solid-State Electronics, vol. 52, pp. 294-298, February 
2008. 

[5] Y. W. Heo, S. J. Pearton, “ZnO Thin-Film and Nanowire-Based Sensor 
Applications”, In Semiconductor Device-Based Sensors for Gas, 
Chemical, and Biomedical Applications, vol.149, pp. 156-221, April 
2016. CRC Press. 

[6] B. Wu, G. Zhang, S. Shuang, and M. M. Choi, “Biosensors for 
determination of glucose with glucose oxidase immobilized on an 
eggshell membrane”, Talanta, vol. 64, p.p. 546-553, October 2004. 

[7] S. Ahammad and A. J. “Hydrogen peroxide biosensors based on 
horseradish peroxidase and hemoglobin”, J Biosens Bioelectron, vol. S9, 
pp. 1-11, January 2013. 

[8] T. Kong, Y. Chen, Y. Ye, K. Zhang, Z. Wang, and X. Wang, “An 
amperometric glucose biosensor based on the immobilization of glucose 
oxidase on the ZnO nanotubes”, Sensors and Actuators B: Chemical, 
vol. 138, p.p. 344-350, April 2009. 

[9] X. Lu, H. Zhang, Y. Ni, Q. Zhang and J. Chen, “Porous nanosheet-based 
ZnO microspheres for the construction of direct electrochemical 
biosensors. Biosensors and bioelectronics, vol. 24, p.p. 93-98, 
September 2008. 

[10] Z. W. Zhao, X. J. Chen, B. K. Tay, J. S. Chen, Z. J. Han, and K. A. 
Khor, “A novel amperometric biosensor based on ZnO: Co nanoclusters 
for biosensing glucose”, Biosensors and Bioelectronics, vol. 23, p.p. 
135-139, August 2007. 

[11] P. Bianco, J. Haladjian, C.Bourdillon, “Immobilization of glucose 
oxidase on carbon electrodes”, Journal of Electroanalytical Chemistry 
and Interfacial Electrochemistry, vol.293, p.p 151-163, October 1990. 

[12] B. Najma, A. K. Kasi, J. K. Kasi, A. Akbar, S. M. A. Bokhari. and I. R. 
Stroe, “ZnO/AAO photocatalytic membranes for efficient water 
disinfection: Synthesis, characterization and antibacterial assay”, 
Applied Surface Science, vol. 448, pp.104-114, August 2018. 

[13] R. Tenne, Inorganic nanotubes and fullerene-like nanoparticles. Journal 
of materials research. vol. 21, pp. 2726-43, Nov 2006. 

[14] AE. Nel, L. Mädler, D. Velegol, T. Xia, EM. Hoek, P. Somasundaran, F. 
Klaessig, V. Castranova, M. Thompson. “Understanding 
biophysicochemical interactions at the nano–bio interface”. Nature 
materials, vol. 8, pp. 543, Jul 2009. 

[15] T. Kong, Y. Chen, Y. Ye, K. Zhang, Z. Wang, X. Wang, “An 
amperometric glucose biosensor based on the immobilization of glucose 
oxidase on the ZnO nanotubes”, Sensors and Actuators B: Chemical. 
Vol. 138, pp.344-350, April 2009.  

[16] A. Salimi, E. Sharifi, A. Noorbakhsh, S. Soltanian, “Immobilization of 
glucose oxidase on electrodeposited nickel oxide nanoparticles: direct 
electron transfer and electrocatalytic activity”, Biosensors and 
Bioelectronics, vol. 22, pp. 3146-3153, June 2007. 

[17] O. Y. Nadzhafova, V. N. Zaitsev, M. V. Drozdova, A. Vaze, J. F. 
Rusling, “Heme proteins sequestered in silica sol–gels using surfactants 
feature direct electron transfer and peroxidase activity”, 
Electrochemistry communications, vol. 6, pp. 205-209, Feb 2004. 

[18] T. Kong, Y. Chen Y. Ye, K. Zhang, Z. Wang, X. Wang, “An 
amperometric glucose biosensor based on the immobilization of glucose 
oxidase on the ZnO nanotubes”, Sensors and Actuators B: Chemical. 
Vol. 138, pp.344-350, April 2009. 

[19] M. Ahmad, C. Pan, Z. Luo, J. Zhu, “A single ZnO nanofiber-based 

highly sensitive amperometric glucose biosensor”, The Journal of 
Physical Chemistry C, vol. 114, pp. 9308-9313, May 2010. 

[20] X. Lu, H. Zhang, Y. Ni,Q. Zhang, J. Chen, “Porous nanosheet-based 
ZnO microspheres for the construction of direct electrochemical 
biosensors”, Biosensors and bioelectronics, vol.24, pp.93-98, Sep 2008. 

[21] J. Wang, S. Li, Y. Zhang, “A sensitive DNA biosensor fabricated from 
gold nanoparticles, carbon nanotubes, and zinc oxide nanowires on a 
glassy carbon electrode”, Electrochimica Acta, vol.55, pp. 4436- 4440, 
Jun 2010. 

[22] L. Lu, L. Zhang, X. Zhang, Z. Wu, S. Huan, G. Shen, R. A. Yu, “A 
MgO Nanoparticles Composite Matrix-Based Electrochemical Biosensor 
for Hydrogen Peroxide with High Sensitivity. Electroanalysis”, An 
International Journal Devoted to Fundamental and Practical Aspects of 
Electroanalysis, vol.22, pp. 471-477, Feb 2010. 

[23] A. Wei, X. W. Sun, J. X. Wang, Y. Lei, X. P. Cai, C. M. Li, Z. L. Dong, 
W. Huang, “Enzymatic glucose biosensor based on ZnO nanorod array 
grown by hydrothermal decomposition”, Applied Physics Letters, 
vol.89, pp. 123902, Sep 2006. 

[24] Z. Yan, X. Y. Zhou, G. K. Pang, T. Zhang, W. L. Liu, J. G. Cheng, Z. T 
Song, S. L. Feng, L. H. Lai, J. Z. Chen, Y. Wang, “ZnO-based film bulk 
acoustic resonator for high sensitivity biosensor applications”, Applied 
physics letters, vol.90, pp. 143503, Apr 2007. 

[25] X. Lu, H. Zhang, Y. Ni, Q. Zhang, J. Chen, “ Porous nanosheet-based 
ZnO microspheres for the construction of direct electrochemical 
biosensors”, Biosensors and bioelectronics, vol.24, pp. 93-98, Sep 2008. 

[26] J.K. Kasi, A.K. Kasi, M. Bokhari, and N. Afzulpurkar, “Fabrication of 
Zinc Oxidenanorods Based Gas Sensor”, World applied Science Journal, 
vol.30, pp.198-204, March 2014. 
 

World Academy of Science, Engineering and Technology
International Journal of Chemical and Materials Engineering

 Vol:12, No:10, 2018 

574International Scholarly and Scientific Research & Innovation 12(10) 2018 scholar.waset.org/1307-6892/10009697

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, C

he
m

ic
al

 a
nd

 M
at

er
ia

ls
 E

ng
in

ee
ri

ng
 V

ol
:1

2,
 N

o:
10

, 2
01

8 
w

as
et

.o
rg

/P
ub

lic
at

io
n/

10
00

96
97

http://waset.org/publication/Fabrication-of-ZnO-Nanorods-Based-Biosensor-via-Hydrothermal-Method/10009697
http://scholar.waset.org/1307-6892/10009697

