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Abstract

As the hydrazine is toxic, the methods to detect hydrazine at low concentra-
tions are essential in scientific research. This preliminary study reported on
how to increase the efficiency of ZnO/reduced graphene oxide (rGO) by adding
durian peel ash (DPA) and using three-electrode method. The ZnO/rGO com-
posites were prepared using chemical reaction of graphene oxide (GO) with
zinc chloride. The rGO was prepared by the chemical reduction of GO using
hydrazine. The properties of the samples were investigated using scanning
electron microscopy, atomic force microscopy, X-ray diffraction, and Poten-
tiostat/Galvanostat. The results showed that the optimal condition for the
composite material was 70%DPA:30%ZnO/rGO with the sensitivity of 222.92
mA/mM-cm”® and the current density up to 116.50 + 0.95 A/g. The relationship
between the current and the hydrazine concentration was I (nA) = 48.69 +
21.91C (mM) with R* of 0.9870. The minimum concentration of hydrazine
solution that the modified electrode can measure was 0.125 mM. The DPA
powder can then be used to enhance the hydrazine detection efficiency at low
concentrations.
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1. Introduction

Graphene is a single-layer sheet composed of sp® hybridized atoms [1]. Due to its

significant potential for fundamental studies and technological applications, it
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has been considerably investigated for several years [2]. Graphene, theoretically,
has a large surface area of 2600 m*/g enabling it as a suitable material for various
biochemical applications [3].

Conducting polymers were used as the active area on glassy carbon electrode
(GCE) such as poly(3,4-ethylenedioxythiophene) (PEDOT). PEDOT is a rela-
tively new and well known p-conjugated conducting polymer of the polythio-
phene class so it has received much attention due to its high electrical conduc-
tivity, moderate band gap and excellent environmental stability [4]. The unique
properties of PEDOT can be employed in several fields: chemical and biochemi-
cal sensors, antistatic coatings, electrically switchable windows and polymer light-
emitting diodes [5]. However, metal hexacyanoferrates (MHCFs) such as NdHCF
[6], AgHCEF [7], SnHCF [8], CoHCEF [9], NiHCF [10], CuHCEF [11], etc., have also
gained much attention because of their particular properties and potential applica-
tions [12]. In case of PEDOT, the sensitivity of AgHCF-f-MECNT/PEDOT/GCE
was 62.169 pA-uM'.cm™ and the linear range spans the catechin concentration
of 1 to 50 mM with a correlation coefficient of 0.9819 and the detection limit was
10 M [5].

Hydrazine and its derivatives are well-known compounds due to their exten-
sive industrial applications [13]. In spite of their extensive applications, hydra-
zine and its derivatives are extremely toxic and carcinogenic [14]. Many analyti-
cal methods such as high-performance liquid chromatography [15], spectropho-
tometric method [16], flow injection analysis [17], gas chromatography-mass
spectrometry and potentiometry [18] have been used for the detection of hydra-
zine concentration. However, most of these methods involve time-employing
schemes. The electrochemical technique has an advantage as it is simple, fast,
sensitive and selective. Nonetheless, naked electrodes suffer from serious disad-
vantage such as high over potential and modified electrode applications have
been examined to overcome the defects of bare electrodes. Even though diverse
modified electrodes reported electrochemical determination of hydrazine, only
very few offered trace level detection of hydrazine and henceforth fabrication of
highly sensitive modified electrodes for trace level determination of hydrazine are
greatly desirable. This research aims to improve the method to measure hydrazine
at low concentrations by adding durian peel ash (DPA) in zinc oxide/reduced

graphene oxide composites.

2. Experimental Procedure

2.1. Graphene Oxide Synthesis

Graphene oxide was synthesized by Hummers method, starting with natural
graphite (3 g, 20 um, 99.99% purity, from Lianyungang Jinli Carbon). The re-
maining graphite was heated at 300°C in oven for 2 h. to remove the water con-
tent. The dried solid was then mixed with 1.5 g of NaNO; and 9 g of KMnO,, by
slow adding 69 ml concentrated sulfuric acid to the mixture in a 1000 ml beaker

under cooling and stirred at room temperature for 30 min. The solution would
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be diluted using 420 ml of water so that the temperature of the system went
down to 50°C. Slowly added 3 ml of 30% H,O, to the beaker while stirring. The
suspension was stirred at certain temperature and time and the solution was
washed using deionized water with vacuum filtration. Finally, graphene oxide

(GO) precipitates were dissolved in 30 ml of distilled water.

2.2. Synthesis of ZnO on Reduced Graphene Oxide
Hybrid Nanoparticle Materials

The GO was dispersed in the water to form a 30 ml of 0.2 mg-ml™ by ultrasoni-
cation for 20 min. Added 0.2 M of ZnCl, into the GO dispersion, then added
NaOH 0.1 M, 30 ml. The microwave equipment was used for the synthesis, con-
suming the power of 420 W for 30 s and the sample was suspended for 20 s then
repeated this procedure until 10 min. Then adjusted the pH of the sample to be
neutral. After ultrasonicating for 20 min, the sample reacted for 2 hours at 80°C;
dark grey precipitates were obtained by vacuum filtration. The sample was then
washed using DI-water until the pH was close to 7. The precipitates were dried
in tube furnace at 300°C for 2 hours in Ar-ambient air in order to form the zinc

oxide (ZnO) structure.

2.3. Synthesis of Durian Peel Ash (DPA) Powder

Raw durian peels, obtained generally from a market in Thailand, were used for
the synthesis of DPA. Before carbonization, the durian peels were thoroughly
cleansed using filtered water at least 2 times and the deionized water was used at
the final stage. The durian peels were cut into thin slices of size 2 cm x 1 cm and
combusted in tube furnace at 650°C for 2 hours in Ar-ambient air. The DPA
sheets were dry-milled using stainless ball mill for 12 h. in 50 mL Teflon-bottle.
Then the solid product was sieved using steel wire mesh. The ash product ob-

tained was denoted for the DPA powder.

2.4. Spectroscopic Measurement

Transmission electron microscope (TEM, JEOL 1200) and field emission scan-
ning microscope (FESEM, Hitachi, s-4700) were used to investigate the mor-
phology of the prepared rGO, ZnO/rGO and DPA composites. The GO, rGO
ZnO/rGO and a%DPA:b%ZnO/rGO composites were dropped on the substrates
of glass slide and dried on the hotplate, then the product film was characterized
by X-ray diffraction (XRD) on Bruker D8 Advance diffractometer with Cu Ka

radiation at a slowly scan rate of 0.021 degree/s to study the structural property.

2.5. Electrochemical Measurement

The electrochemical measurement was carried out in aqueous solution and the
composite samples with apparent area of 1 x 1 cm” were synthesized and used as
a working electrode, a Pt wire was used as a counter electrode, a saturated calo-

mel electrode (SCE) was employed as a reference electrode. The loading amount
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of GO, rGO, and a%DPA:b%ZnO/rGO composites were determined by the
weight difference of the above electrode was approximately 1.5 mg. The stock
solution was prepared from 0.1 to 1 mM. Amperometric detection VersaSTAT3
potentiostat with three-electrode cell was employed for electrochemical hydra-

zine detection.

3. Results and Discussion
3.1. Morphology of Hybrid Materials

There is homogeneous growing on the plane of rGO as seen from Figure 1(a),
the SEM horizontal image, and Figure 1(b), the SEM vertical image. The micro-
structure and the dimension of the zinc oxide nanoparticles (ZnO) were similar
to those of the nanoparticles, as seen in Figure 1(c). The synthesis was in fact
carried out in deoxygenated hi-purity water to minimize oxidation [18]. Figure
1(d), the top of the surface of DPA shows a high porosity of DPA and its bottom
surface is shown in Figure 1(e). The average thickness of the as-prepared rGO,
which measured from the height profile of the AFM image, is about 1.04 nm, (ap-
proximately 3 layers of rGO) which corresponds to a few layers of rGO compared
with the theoretical value of 0.34 nm for monolayer graphene, Figure 1(f). The
morphology and the size distribution of ZnO nanoparticles were well-developed

spherical shape at approximately 68.76 + 4.08 nm, as seen in Figure 1(g).

3.2. Structural Property

The X-ray diffraction (XRD) patterns of rGO, ZnO, ZnO/rGO and DPA compo-
sites are shown in Figure 2 with the main peak of XRD of rGO found at 2 theta
of about 25 degrees. The XRD pattern of ZnO nanoparticles is found at room
temperature. After thermal treatment in ambient atmosphere it changes to ZnO/
rGO powder. Additionally, the impurities could not be observed. All possible
peaks of ZnO were observed indicating the polycrystalline nature of the product.
The XRD pattern of ZnO/rGO composite confirms the formation of ZnO nano-
particles through the characteristic sharp peaks at (100), (002), (101), (102),
(110), (200), (103) and (121) planes of the wurtzite structure of ZnO, which is
consistent with the JPCDS 36-1451 database [19].

3.3. Specific Surface Area

The specific surface area (SSA) of the samples was shown in Table 1. and the
kind of microstructure is determined by the selection of the substrate. The acti-
vated process and the preparation were controlled as in [20]. From Table 1, it is
obvious that rGO can give very high SSA of 625.89 m*/g whereas the pure DPA
holds the SSA of 309.70 m?/g. When ZnO is attached to the surface of rGO, the
SSA of 70%DPA:30%ZnO/rGO is decreased to 208.40 m’/g. Babitha and co-
workers explained that when ZnO NPs were developed in situ on the rGO, and
the size of ZnO nanocrystals was controlled, the SSA of ZnO/rGO nanocompo-

site was decreased as ZnO nanocrystals could insert into rGO assembly [21].
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3.4. Electrochemical Properties

Figure 3(a) shows the current density and the concentration of the samples: GO,
rGO and ZnO/rGO. It can be seen that ZnO/rGO gives the best performance,
followed by rGO and GO has the lowest. The best response of ZnO/rGO was
obtained at 0.4 mM of hydrazine concentration. Figure 3(b) exhibits the current
density when varying %DPA with different scan rate of 0 - 0.1 V/s. As expected,
the CVs of the a%DPA:b%ZnO/rGO mixed with Nafion-117 polymer modified

(9]

frequency (count)

30 40 50 60 70 80 90 100 110
0.5 size (nm)

0.0 0.5 1.0 1.5 2.0
Distance (um)
Figure 1. (a) SEM horizontal image of GO; (b) SEM vertical image of GO; (c) growth of
ZnO nanoparticles upon rGO assembly; (d) top surface of DPA; (e) bottom surface of
DPA; (f) AFM image of rGO; (g) size distribution of ZnO nanoparticles.
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Figure 2. XRD diffractogram of rGO, ZnO, ZnO/rGO and DPA composites.

Table 1. Specific surface area and pore size characteristics of the samples.

SSA Total Average Current
Sample (m?/g) pore volume pore size Density
(cc/g) (nm) (A/g)
Graphite (GH) 4.50 0.0755 76.60 5.12+0.25

Annealing in air (AA) 117.26 0.1570 4.37 15.33 £0.22
rGO 625.89 0.9660 6.11 96.23 £ 0.75
ZnO/rGO 97.23 0.7620 3.54 105.69 + 1.75
ZnO 50.21 0.4498 56.90 12.36 £ 2.45
70%DPA:30%rGO 489.00 0.1680 131.40 102.33 +1.22
70%DPA:30% ZnO/rGO 208.40 0.2760 2.69 116.50 + 0.95
DPA 309.70 0.1220 3.47 50.25 +£4.75

Remark: The graphite powder was treated at 300°C for 2 h in air atmosphere before analyzing.

electrode exhibit a single redox couple with the anodic peak at +0.49 V and the
cathodic peak at +0.16 V versus Ag/AgCl/KCl. Figure 3(c) shows the plot of
70%DPA:30%Zn0O/rGO modified electrode signal of the anodic and maximum
peak current vs. the scan rate. The linear relationship in the anodic current of
70%DPA:30%Zn0O/rGO modified electrode according to the scan rate expressed
that the film obtained specific characteristics of the surface controlled thin-layer
electrochemical behavior. The corresponding linear regression equation was I,
(mA) = 17.76 + 0.17 s, with R* = 0.9060 where s is scan rate (mV/s). Figure 3(d)
shows the electrochemical activity of 70%DPA:30%ZnO/rGO. From the shape of
the impedance spectrum, the electron transfer kinetics and diffusion characteris-
tics can be determined. The EIS was conducted in 0.4 mM hydrazine monohy-
drate solution at the frequency range from 10 mHz to 10 kHz. The straight line
showing the relationship between the current and the concentration could be
observed. The high frequency was ascribed to the double-layer capacitance
(CDL) in parallel with Rct at the contact interface between electrode and elec-

trolyte solution [22]. At low frequency, the impedance plot should theoretically
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Figure 3. (a) Optimal condition for electrochemistry measurement of GO, rGO and ZnO/rGO composites; (b) current
density when varying DPA content in ZnO/rGO composites; (c) regression line of 70%DPA:30%ZnO/rGO; (d) electro-
chemical impedance curves of the sample.

be a vertical line, which is parallel to the imaginary axis. As can be seen from
Figure 3(d) and Table 1, the relationship between the imaginary part and the
real part of impedance is quite linear; this result can be caused by the porosity of
70%DPA:30%ZnO/rGO is higher than that of other composites under the study
which reflects that the solution resistance(Rs) decreased with the increasing of
porosity [23].

Figure 4(a) shows the typical amperometric curve of 70%DPA:30%ZnO/rGO
composite on successive step change of hydrazine concentration. Under the pre-
sent condition, the steady state current has a linear relationship with the concen-
tration of hydrazine in the range from 0.1 to 1 mM. It can be concluded that
70%DPA:30%ZnO/rGO composite is a good candidate for the fabrication of ef-
ficient hydrazine sensors. Figure 4(b) shows the positive linear relationship be-
tween the current and the concentration of hydrazine which is I (uA) = 48.69 +
21.91C (mM) with the association coefficient (R?) of 0.9870. The responsibility
of the composite material was 222.92 mA/mM-cm®. The minimum concentra-
tion of hydrazine solution that the modified electrode can measure was 0.125

mM, obtained from 3 x standard deviation/slope.
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Figure 4. (a) Typical amperometric curve of 70%DPA:30%ZnO/rGO composite; (b) relationship
between the current and the concentration of hydrazine of 70%DPA:30%ZnO/rGO composite.

4. Conclusion

The 70%DPA:30%ZnO/rGO/GCE hybrid film has been successfully electrodepo-
sited on GCE. The conclusion from EIS results was that Nafion-117 greatly im-
proved the conductance of the modified electrode. The 70%DPA:30%Zn0O/rGO
hybrid film modified electrode displays the linear response in the range of 0.1 to
1 mM of NH,NH,-H,O solution with the association coefficient(R-squared) of
0.9870. The detection limit was found to be 0.125 mM. Use of DPA with the
modified electrode method can improve the performance of hydrazine detection.
To develop the probe for measuring hydrazine at low concentrations with add-
ing DPA in ZnO/rGO composite is certainly of interest for future research. Be-
sides DPA, other bio ash such as sweet potato should be considered in order to

obtain new methods used to measure hydrazine.
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