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In a new approach, shape controlled synthesis of zinc oxide nanostructures were carried out using a
solvothermal route assisted amino acids such as t-Lysine (lysine), 1-Cysteine (cysteine) and r-Arginine
(arginine) as bifunctional species with (or without) urea or oxalic acid as additives which affect the pH of
the reaction. Rod, powder, particle, cube, rock candy-like, sheet, sphere, brain-like, groundnut-like and
pussy willow-like morphologies were obtained through the synthetic route. Particle sizes varied from
25nm to 4 pm. To test the application, nine ZnO nanostructures, formulated by multi-walled carbon
nanotube (MWCNT) on glassy carbon electrode (GCE) were applied as new nanobiosensors for detecting
glucose in a simple and inexpensive way without using any glucose oxidase or nafion. Glucose sensing
accomplished in a phosphate buffer solution (PBS, pH=7) for ZnO/MWCNT/GCE samples. Results showed
that in this non-enzymatic biosensor system, spherical ZnO obtained from zinc acetate/cycteine/oxalic
acid synthetic route has the highest sensitivity of 64.29 pA/cm? mM with repeatable results. For the
mentioned sensor, no interference observed in the presence of dopamine, uric acid and fructose.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

In the past decade, immense effort has been done for the
synthesis of metal oxide nanostructures. Among the metal oxides,
zinc oxide has attracted the attention of many scientists for mainly
two reasons, Firstly, zinc oxide has unique piezoelectric (Li et al.,
2012; Wang, 2007), pyroelectric (Wang, 2008) and semiconduct-
ing (Pan and Feng, 2008) properties, and secondly, has a large
family of nanostructures allowing the synthesis of derivatives
presenting various morphologies. Varied zero dimensional (Liu
and Tong, 2008), one dimensional (Shen et al., 2007), two dimen-
sional (Deng et al., 2005) and three dimensional (Shi et al., 2009)
nanostructures of zinc oxide such as quantum dots (Lu et al,
2006), nanorods (Liu and Zeng, 2003), nanorings (Kong et al.,
2004), nanohelices (Kong and Wang, 2003), nanoribbons (Botello-
Méndez et al., 2008), nanowires (Morales and Lieber, 1998; Ng
et al.,, 2003; Pan et al., 2004; Wang et al., 2005), nanopropellers
(Gao and Wang, 2004), nanonails (Lao et al., 2003), nanoshells
(De La Rica and Matsui, 2008) and other fascinating structures
(Kong et al., 2004) have been reported so far. These nanostructures
have different applications in biomedical sciences (Kim et al.,
2010) as well as biosensors (Cui et al., 2001), solar cells (Briseno
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et al., 2010; Lee et al., 2008), nanotransistors (Ju et al., 2007),
nanoresonators (Kumar et al.,, 2011) and photocatalyst (Akhavan,
2010; Nam et al., 2010).

Nanostructures of zinc oxide have been synthesized in both
solvent and gas phases. However, methods in gas phase (Dai et al.,
2003) are more complicated and expensive than those insolvent
phase. Through the different methods, thermal evaporation
(Tandra et al., 2008; Xing et al., 2005), chemical vapor deposition
(CVD) (Amiza et al., 2009), sol-gel deposition (Liu et al., 2006),
solvothermal and hydrothermal growth (Srivastava et al., 2012).
The two latter are the most convenient because they provide
precise control over the size, crystallinity and shape distribution of
nanostructures. These properties can be varied by changing
experimental parameters such as solvent, temperature, pH, reac-
tion time, type of the precursor and surfactant. Thus, zinc oxide
nanostructures with a vast range of morphologies can be synthe-
sized by using appropriate additives in solvent phase and altering
the reaction parameters specially the pH.

To the best of our knowledge, there is no study using species
having bifunctional activity like those aminoacids, whose isoelec-
trical pH could be held as precise scaling agents to study the effect
of controlled pH over the morphology of final product. In this
article, we use a solvothermal process to synthesize various
morphologies of zinc oxide under auto-controlled pH conditions
occurring by adding amino acids such as lysine, arginine and
cysteine to a water-ethanolic solution zinc acetate. An advantage
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of the amino is also their effect on the shape and size of the
products. Basic and acidic species such as urea and oxalic acid
were used as additives to investigate their effects on the
morphologies.

Such prepared nanostructures have been tested as non-enzy-
matic glucose biosensors. Although glucose is an essential biomo-
lecule of the human life, its excessive amounts in the blood stream
can cause serious health problems. Metal oxide compounds have
devoted a lot of attentions in the area of glucose sensing (Rahman
et al., 2010). Among these type of materials, ZnO nanostructures
with unique advantage including appropriate band gap, optical
transparency, non-toxicity characteristics, highly chemical stabi-
lity, ease of fabrication, electrochemical activity and high electron
transfer properties which makes them one of the most promising
material for glucose biosensing applications (Li et al., 2012).
Different zinc oxide nanostructures have been utilized in enzy-
matic glucose sensors (Kong et al., 2009; Wei et al., 2006; Yang
et al, 2009). However, these sensors utilize glucose oxidase
enzyme that is expensive and unstable. In this regard, rare efforts
started to build non-enzymatic sensors based on zinc oxide by
electrochemical methods. Nevertheless, these attempts suffer from
using one type of zinc oxide nanostructure, using non-economical
gold electrode, applying expensive nafion or undesired detection
limit (Baby and Ramaprabhu, 2011; Singh et al., 2012). In this
study, various ZnO nanostructures synthesized by new additives
and then compared with each other to sense glucose biomolecule
through a non-enzymatic approach. The simple and cheap glassy
carbon electrode (GCE) modified with multi-walled carbon nano-
tube (MWCNT) were employed for this analysis. Finally the best
nanobiosensor based on new zinc oxide nanostructures with the
highest sensitivity will introduce.

2. Materials and methods
2.1. Chemical reagents and apparatus

All used chemical reagents were pro analysis grade purchased
from the Merck Chemical Company and used without purification.
The powder X-ray diffraction (XRD) patterns were recorded on a
Bruker D8 ADVANCE diffractometer using Cu-K, radiation
(A=1.5418 A°). Scanning electron microscopy (SEM) images were
obtained with the LEO 1455 apparatus. Infrared spectra were
recorded on a FT-IR spectrometer Bruker (IFS-88) in KBr matrix
in the range of 400-4000 cm~'. Thermal gravimetric analysis
(TGA) carried out on a Netzsch (TGA F209) instrument with the
heating rate of 5 °C/min under air, in a flow of 25 ml/min from 25
to 800 °C. Electrochemical analysis carried out using AUTOLAB-
state-100 instrument.

2.2. Synthesis of zinc oxide nanostructures

In a typical experimental procedure, 0.4 mmol of zinc acetate,
0.5 mmol of amino acid (lysine, arginin or cysteine) and a 100 mL
solution of distilled water-ethanol (1:1 v/v) were mixed with
vigorous stirring at room temperature to reach a clear solution
(S). This latter was transferred into a stainless steel teflon-lined
autoclave and heated at 180 °C for 18 h. Cooling to room tempera-
ture leads to white precipitated powders which were isolated by
filtration (Samples 1, 7 and 13 in Table 1). Then they were
calcinated at 800°C for 1h to give samples 2, 8 and 14,
respectively.

To test the effect of additives on this new formulation,
0.7 mmol oxalic acid was added to S, which was treated as above
to afford Samples 5, 11 and 17 to obtain 6, 12 and 18 respectively.
The same process with urea as the additive led to 3, 9 and 15

Table1
Summary of the experimental conditions and the corresponding morphologies.

Sample Starting reagents Treatment Product® Morphology

1 Zinc acetate, lysine Autoclave  PZL Hexagonal-rod
2 PZL Calcination ZL Hexagonal-rod
3 Zinc acetate, lysine, urea  Autoclave  PZLU Cubic-like
4 PZLU Calcination ZLU Nanoparticle
5 Zinc acetate, lysine, Autoclave  PZLO Cubic-like
oxalicacid
6 PZLO Calcination ZLO Rock candy-like
7 Zinc acetate, arginin Autoclave  PZA Quasi spherical
8 PZA Calcination ZA Quasi spherical
9 Zinc acetate, arginin, urea Autoclave PZAU Nanopowders
10 PZAU Calcination ZAU Nanosheet
11 Zinc acetate, arginin, Autoclave  PZAO Cubic-like
oxalic acid
12 PZAO Calcination ZAO Nanopowder
13 Zinc acetate, cysteine Autoclave  PZC Sphere
14 PzZC Calcination ZC Nanopowder
15 Zinc acetate, cysteine, Autoclave  PZCU Brain-like
urea
16 PZCU Calcination ZCU Groundnut-like
17 Zinc acetate, cysteine, Autoclave  PZCO Pussy willow-like
oxalicacid
18 PZCO Calcination ZCO Spherical

Reaction conditions: zinc acetate (0.4 mmol); water-ethanol 1:1v/v (100 mL);
amino acid (0.5 mmol); with (or without) urea or oxalic acid (0.7 mmol); auto-
claveat 180 °C for 18 h; calcination at 800 °C for 1 h with the ramping rate of 1 °C/
min.

Note: All products which calcinated at 800 °C are pure ZnO but we show them with
different names to remember their precursors easily.So there is no any difference
between for instance, ZCO and ZLU because both of them are pure ZnO.

2 P stands for precalcination or as-prepared products; Z for zinc; L forlysine; A
for argentine; C for cysteine; U for urea and O for oxalate.

which provide 4, 10 and 16. The summary of the synthetic
conditions is collected in Table 1.

2.3. Preparation of ZnO/MWCNT/GCE sensor and electrochemical
characterizations

0.5 g of multi-walled carbon nanotube (MWCNT) in 20 mL
nitric acid (14.67 N) was refluxed for 36 h. Then it was thoroughly
washed with distilled water to reach the pH=5. Calcinated ZnO
nanostructures (0.24 g) in 10 mL of distilled water and 15 mL of
ethylene glycol treated with 0.08 g of carboxylated multi-walled
carbon nanotube (MWCNT-COOH) under ultrasonic condition for
half an hour. Then it was stirred for 20 h at 80 °C. Finally the
suspension centrifuged, washed with distilled water and ethanol.
Then it dried in an oven at 60 °C to obtain ZnO/MWCNT. 0.05 g of
ZnO/MWCNT dispersed ultrasonically in minimum amount of DMF
and then stirred for 24 h. 10 pL of this suspension dropped on
glassy carbon electrode (GCE) and dried at 50 °C. Before glucose
sensing, the electrode tested in phosphate buffer solution
(PBS) with pH=7 prepared from NaH,PO, and Na,HPO,. Also
the electrode was tested in 0.01 M of ferri/ferro cyanide
(Fe(CN)g>~/4-). Finally the electrode applied as a sensor in desired
solution of glucose. Interference study for the best biosensor (ZCO/
MWCNT/GCE) carried out with addition of 0.1 mM dopamine (DA),
0.1 mM uric acid (UA), 0.1 mM ascorbic acid (AA) and 0.1 mM
fructose at different time intervals. The experiment accomplished
in PBS while the working potential was held at 0.12 V (Baby and
Ramaprabhu, 2011). The reproducibility test essayed for three
different ZCO/MWCNT/GCE biosensors in 10 mM of glucose con-
centration. To investigate the stability and repeatability of the
biosensor, ZCO/MWCNT/GCE was tested twelve times in 10 mM of
glucose concentration. This biosensor (which was stored at room
temperature) tested again for investigating the stability of the
electrode for the same glucose concentration. Also, detecting of
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the glucose in the bare simulated body fluid (SBF) as a human
blood plasma carried out for negative control purpose (Xu et al.,
20009). Positive control was performed by adding 50 pL of certain
concentration of glucose into 25 mL of SBF. The mentioned test
shows the ability of the sensor for measuring the blood glucose
concentration.

3. Results and discussion

Structurally, wurtzite zinc oxide has space group of C6mc with
lattice parameters of a=0.3296 and c=0.52065 nm. The structure
of ZnO can be portrayed as alternatively stacked planes of tetra-
hedrally coordinated 0%~ and Zn?* ions along c axis. Mode of
bonding and structural arrangement in the ZnO crystal lattice
gives a special polarity to its surfaces, most commonly to that of
basal planes. The oppositely charged ions place at different sides of
unit cell for wurtzite ZnO, making dipolar surfaces of positively
charged Zn (0001) and negatively charged O (0001) (Wang, 2004).
Unless other facets composing the ZnO's crystal structure which
also undergo a massive surface reconstruction (Chen et al., 2000;
Emanetoglu et al.,, 1999), ZnO + (0001) surfaces are flat, stable
and without reconstruction (Sunandan and Joydeep, 2009). The
other commonly studied facets for ZnO are (2110) and (0110),
which have lower energy surfaces than (0001) facets. Thus, based
on these structural facts about ZnO wurtzite, in recent years most
of studies have been directed on investigation of parameters that
affect the size and morphology of the zincite crystals. Among all,
parameters such as temperature, time and reactants have been
confirmed as playing crucial roles in the controlled synthesis of
the ZnO architectures.

Since natural molecules of special functionality such as amino
acids or other bio molecules could lead to a more controlled
growth strategy in architecting different ZnO morphologies, the
effect of different pH and amino acids was studied in detail.

Throughout our studies, the molar ratio of Zn/amino acid was
adjusted at about 1:1.25. To study the effect of acidic or basic
conditions on the growing, we used oxalic acid and urea in
approximate amounts 1.75:1 to Zn?* ions in the procedure.

Indeed, considering recent studies in the related field, these
conditions have been believed to be at the forefront of critical
values to the final morphologies in wurtzite structures (Wu et al.,
2008), aside helping evaluator through realizing the importance of
the amino acid’s role in directing and assembling structures
(Zhang et al., 2006).

3.1. Morphology and structural analysis of lysine based syntheses

XRD patterns of precalcinated lysine, lysine-urea and lysine-
oxalic acid samples are depicted in Fig. 1a, ¢ and e, respectively.
Patterns collected for PZL production a first stepare assigned to
ZnO phase, while the patterns collected for compounds PZLU and
PZLO corresponded to phase mixtures in which the ZnO patterns
can be traced as one of the major phases existing in these
compounds. However, the calcination of these three samples led
to corresponding ZL, ZLU and ZLO products in which all the
patterns are the same and all confirm the ZnO crystal structures
for aforementioned products (Fig. 1b, d and f). Peaks at angels of
20=31.6°, 34.2°, 36.0°, 47.4°, 56.5°, 62.7°, 67.7° and 68.9° of these
patterns can be assigned to (1010), (0002), (1011), (1012), (1120),
(1013), (1122) and (2021) diffraction planes respectively, and are
characteristics of the hexagonal wurtzite ZnO phase with JCPDS
card file numbers of 05-0664 and 36-1451. Indeed, the patterns
exhibit sharp and narrow peaks which confirm the high crystal-
linity of these samples. Corresponding SEM images of PZL, ZL,
PZLU, ZLU, PZLO and ZLO are shown in Fig. 1. PZL and ZL (Fig. 1a
and b), display rod-shaped nanostructures with the hexagonal
cross section. It can also be seen that, by using lysine lonely, there
is no notable difference in the morphology of products before and
after calcinations even though their XRD patterns are slightly
different in peak intensities. The average length of ZnO nanorods is
about 2 pm with a cross section size in the range 400-650 nm.
SEM images of the products of lysine with urea (as an additive) are
also shown in this figure. However, results show that before
calcination, almost undesirable cubic-like PZLU morphology was
formed in which size distribution were ranged at 1000-1700 nm
(Fig. 1c). However, after the calcination, morphology was majorly
changed and nanoparticles in the range 50-90 nm with uniform
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Fig. 1. XRD patterns and SEM images of the lysine based products with (or without) urea or oxalic acid before and after calcination: (a) PZL, (b) ZL, (c) PZLU, (d) ZLU, (e) PZLO

and (f) ZLO.
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Fig. 2. XRD patterns and SEM images of the arginine based products with (or without) urea or oxalic acid before and after the calcination: (a) PZA, (b) ZA, (c) PZAU, (d) ZAU,

(e) PZAO and (f) ZAO.

distribution were obtained (Fig. 1d). The same process was also
repeated for the lysine-oxalic acid system. As being depicted in
Fig.1e, before the calcinations, a cubic-like phase with inappropri-
ate morphology formed; however, after the calcination it seems
that this morphology was converted to uniform rock candy-like
structures ranging at 200-450 nm (Fig. 1e and f).

3.2. Morphology and structural analysis of arginine based syntheses
Figs. 2a to f correspond to SEM images of PZA, ZA, PZAU, ZAU,

PZAO and ZAO. PZA and ZA (before and after calcination) were
synthesized from zinc acetate and arginine as the only directing
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agent. The captured morphology for PZA shows three dimensional
quasi spherical nanostructures (Fig. 2a). The morphology of ZA is
more uniform than that of PZA, in which the size range of the
particles are fallen at about 400-800 nm (Fig. 2b). PZAU, which is
formed with urea and arginine, is isolated as nano powders in the
size range 50-90 nm with uniform distribution (Fig. 2c). By
calcinations, these nanoparticles were almost converted into
nanosheets with 30 to 60 nm thicknesses and 1.5 to 2.5 pm length
(Fig. 2d). In the case of the oxalic acid as the second additive,
(Fig. 2e,f), PZAO exhibits cubic-like structures with 1.5 to4pm
height and about 1 pm length. Calcinations led to nanopowders
with uniform distribution in the range 60-90 nm. XRD pattern of
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Fig. 3. XRD patterns and SEM images of the cysteine based products with (or without) urea or oxalic acid before and after the calcination: (a) PZC, (b) ZC, (c) PZCU, (d) ZCU,
(e) PZCO, (f) ZCO; d*, ZCU in 200 nm magnification; e*, PZCO is resembling a real image of pussy willow.
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the as-made zinc acetate-arginine (PZA) showed an amorphous
phase while the calcination product of ZA exhibited the ZnO phase
(Fig. 2a and b). By adding urea and oxalic acid and after the
calcination, the same pure wurtzite phase observed. By adding
urea to zinc acetate-arginine and after autoclave treatment, PZAU
was formed. XRD pattern of this sample was mostly assigned to
pure zinc oxide (Fig. 2¢). By substitution of oxalic acid with urea,
PZAO was formed. XRD pattern of this sample verified two major
phase of zinc oxalate (Ni et al., 2011) and zinc oxide (Fig. 2e).

3.3. Morphology and structural analysis of cysteine based syntheses

PZC, ZC, PZCU, ZCU, PZCO and ZCO correspond to the cysteine,
cysteine-urea and cysteine-oxalic acid and corresponding calci-
nated samples. Surprisingly, both XRD patterns of PZC and PZCU
showed ZnS crystalline phase, while, pattern of PZCO exhibited
zinc oxalate phase (Fig. 3a, ¢ and e). Wurtzite crystalline phases
were however obtained by calcination of these three samples
(Fig. 3b, d and f). As shown in the SEM images, before calcination
of the sample PZC, spherical nanostructures with the size about
1200 nm were obtained. Whereas, after the calcination morphol-
ogy of the corresponding product changed and the nanopowders
in the range 70-150 nm were obtained (Figs. 3a and b). In the
cysteine-urea formulation brain-like structures with the size in
the range 500-1200 nm were seen for the as-made PZCU sample

(Fig. 3c).After the calcinations, the morphology transformed to
novel groundnut-like nanostructures with the sponge-like surface
(Fig. 3d). They are not nanosize but it seems that these structures
are accumulation of nanosized spheres in which sizes are in the
range 25-50 nm (Fig. 3d). By adding oxalic acid to cysteine, PZCO
and ZCO samples were obtained. Before calcinations novel pussy
willow-like structures in the range 150-300 nm were resulted
(Fig. 3e). Their lint sizes are in the range 10-30 nm. Surprisingly,
after the calcination, the morphology converted to nanospheres
with 500 to 1500 nm in diameter (Fig. 3f).

Full description of FT-IR and TG analyzes of the samples could
be found in supplementary information (Figs. S1 and S2).

3.4. Repeatability, reproducibility, stability and interference study of
the biosensor

Fig. 4 shows CV of simple GCE in PBS, ZnO/MWCNT/GCE in PBS
and ZnO/MWCNT/GCE in 10 mM glucose for the nine calcined ZnO
morphologies. The total time for the sample detection was about 60 s.
Spherical ZCO, ZLU nanoparticles, and ZAU nanosheet exhibited the
best response to 10 mM of glucose solution with sensitivity of 64.29,
63.48 and 42.85 pA/cm? mM respectively which is comparable with
another report (Zang et al., 2007). The reproducibility test carried out
for three different ZCO/MWCNT/GCE electrodes in 10 mM of glucose
concentration with standard deviation (RSD) of 3.862. In order to

A 600 B 300 C 4007
<
400 200 ° 300
b 200
Z 200 Z 100 <
< = < 100
< -~ 2 =
g 01 5 04 g 0
B £ Z
S 200 5-100 5-100
- 200
400 @ = bare GCE in PBS N 3 e bare GCE in PBS -300- 8 ——bare GCE in PBS
-600 - b = ZL/MWCNT/GCE in PBS -300 - b ——ZLO/MWCNT/GCE in PBS -400+ b == ZLUMWCNT/GCE in PBS
o € — ZL/MWCNT/GCE in 10 mM Glucose -400 € ——ZLO/MWCNT/GCE in 10 mM Glucose 500 g =S ZLUMWCNT/GCE in10/mM Glucose
45 1 05 0 05 1 15 45 a4 05 05 1 15 A5 -1 05 0 05 1 L5
Voltage (Vvs Ag/AgCl) Voltage (Vvs Ag/AgCl) Voltage (Vvs Ag/AgCl)
300 -
D 400 . E 300, £ F
300 |
200 200
200 5 <
- Z 100/ 100 |
< 100 . g 100 :::5
4 a = 4
g0 o0 g0
£-100-{ = |
H] 3 ©.100 1
© 200 -100
-300-1 A TR TRS 200 22007 @ e bare GCE in PBS
-4001 b - 2 == bare GCE in PBS 300 § b ——ZCUMWCNT/GCE in PBS
200 e ZCMWENTGCRInERS -300 b ——ZCO/MWCNT/GCE in PBS ¥ .
% " =—=ZCU/MWCNT/GCE in 10 mM Glucose
= € ——ZC/MWCNT/GCE in 10 mM Glucose o B TN TG OE it Cilitsse 400 g : : : : :
-600 T T T T T 1 T T T T T e -1.5 -1 -0.5 0 0.5 1 1.5
1.5 -1 -0.5 0 0.5 1 15 -1.5 -1 -0.5 0.5 1 1.5
Voltage (Vvs Ag/AgCl)
Voltage (Vvs Ag/AgCl) Voltage (Vvs Ag/AgCl)
G 400 - H 300 | 300
300 200 200
_ 200 - _ < 100
< 100 | 5 100 %
2 < 50
E o B0 £
= ¥ o
=-100 | A o100
o} © 100 404
200 | )
-300 4 8 == bare GCE in PBS <2004 2 == bare GCE in PBS 300 8 s bare GCE in PBS
400 ) === ZA/MWCNT/GCE in PBS 2300 b e ZAO/MWCNT/GCE in PBS 4001 b ZAU/MWCNT/GCE in PBS
500 & ——ZAMWCNT/GCE in 10 mM Glucose ¢ =——=ZAO/MWCNT/GCE in 10 mM Glucose i ¢ —— ZAU/MWCNT/GCE in 10 mM Glucose
= T T T = T T =0V T T 7 T T 1
45 a1 05 0 05 1 15 A5 a4 05 05 1 15 5 a1 05 0 05 1 15
Voltage (Vvs Ag/AgCl) Voltage (Vvs Ag/AgCl) Voltage (Vvs Ag/AgCl)

Fig. 4. CV of simple CE in PBS, ZnO/MWCNT/GCE in PBS and ZnO/MWCNT/GCE in 10 mM glucose for the samples: (A) ZL, (B) ZLO, (C) ZLU, (D) ZC, (E) ZCO, (F) ZCU, (G) ZA,

(H) ZAO and (1) ZAU.
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Fig. 5. ZCO/MWCNT/GCE applied in (A) plotting CV of changing glucose concentration from 1 to 10 mM in PBS, (B) Calibration curve of this biosensor (C) Interference test at
+0.12 V with 2.5 mM glucose and other electroactive species including 0.1 mM AA, 0.1 mM DA, 0.1 mM UA and 0.1 mM fructose in PBS.

essay the repeatability of the biosensor, ZCO/MWCNT/GCE was
repetitively applied for measuring 10 mM of glucose concentration
for twelve times. The measured RSD was 0.396. The mentioned
biosensor which was stored at room temperature (since a month
ago) was tested again to investigate the stability of the electrode. No
significant reduction in the performance of the biosensor was
observed during the sensing of 10 mM of the glucose. These results
exhibited that the biosensor has acceptable stability, repeatability and
reproducibility.

To verify the sensitivity of ZCO/MWCNT/GCE biosensor as a
function of glucose concentrations, 1, 2, 4, 6, 8 and 10 mM of
glucose solution prepared for biosensing at room temperature
(Fig. 5A). Calibration curve of the biosensor with the correlation
coefficient of 0.995 is depicted in this figure (Fig. 5B). The
detection limit of the biosensor was 0.82 mM (3 SD/m). As can
be seen, enhancement of the current response observed while the
concentration of glucose was increased. Triplicates at each con-
centration could be found in Fig. S3. Also, electrochemical re-
sponse of the interfering dopamine (DA), uric acid (UA), ascorbic
acid (AA) and fructose at the concentration of 0.1 mM, was
examined for ZCO/MWCNT/GCE biosensor at working potential
of +0.12V in PBS (Fig. 5C). Results revealed that DA, UA and
fructose do not show the response in the presence of 2.5 mM of
glucose. Also, the amount of glucose is detectable in the presence
of 0.1 mM of AA (Liu et al., 2013).

3.5. Real sample analysis

Moreover, ZCO/MWCNT/GCE electrode was utilized as a bio-
sensor to detect glucose in blood plasma. For this purpose, a
simulated body fluid (SBF) was selected for determining the
glucose level (Kiani et al., 2014; Xu et al., 2009). Firstly, sensing
the bare SBF solution showed a null response during the experi-
ment (negative control). The same experiment carried out by
adding a standard solution of glucose to SBF. Subsequently, the
electrochemical response increased clearly. The result exhibited
that the biosensor showed a dose dependence response (Fig. S4).
Also, it confirmed that, biosensing of the glucose by means of ZCO/
MWCNT/GCE electrode is feasible without any interference.

This is an advantage for this electrode that without using
nafion or glucose oxidase, glucose is detectable in the presence
of electroactive species (Baby and Ramaprabhu, 2011). Therefore, it

could be concluded that, simple and low cost ZCO/MWCNT/GCE
biosensor can sense the glucose efficiently and selectively.

4. Conclusions

Crystalline nanostructures of ZnO have been synthesized by
solvothermal process through the reaction of zinc acetate with amino
acids (lysine, arginine and cystein) and, eventually, oxalic acid or urea.
These nanostructures have been supported on glassy carbon electro-
des, and these latter have been used to determine the glucose
concentration of aqueous solutions. The best sensitivity was obtained
using the nano sensor of ZCO/MWCNT/GCE with the sensitivity of
64.29 uA/cm? mM. Also this electrode tested in different concentra-
tion of glucose from 1 to 10 mM with acceptable sensitivity response.
Interference study on DA, UA, AA and fructose (0.1 mM) applied for
the simple ZCO/MWCNT/GCE biosensor at working potential of
+0.12V in PBS. Results showed that the sensor can detect glucose
readily. Finally, the biosensor revealed a good dose dependence
response for glucose in the presence of SBE.
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