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As-grown ZnO-Fe2O3 microwires were prepared by a wet-chemical process using reducing agents in 

alkaline medium and characterized by UV/vis., FT-IR, Raman, electron-dispersive (EDS) 

spectroscopy, powder X-ray diffraction (XRD), and field-emission scanning electron microscopy 

(FESEM). They were deposited on a gold electrode (AuE, surface area, 0.0216 cm
2
) to fabricate a 

chemi-sensor with a fast response towards toxic phenyl hydrazine (PhHyd) chemical in phosphate 

buffer solution (PBS). The chemi-sensor was also exhibited higher sensitivity and long-term stability, 

and enhanced electrochemical response towards toxic PhHyd. The calibration plot was linear (r
2
 = 

0.9389) over the 1.0 nM to 10.0 mM PhHyd concentration ranges. The sensitivity and detection limit 

were calculated about 8.33 µAcm
-2

mM
-1

 and 0.67 ± 0.05 nM (signal-to-noise ratio, at a SNR of 3) 

respectively. Here the possible future prospective uses of the ZnO-Fe2O3 microwires in terms of 

chemical sensing are discussed. 

 

 

Keywords: ZnO-Fe2O3 micro-wire; Wet-chemical method; Phenyl hydrazine; I-V technique; 

Sensitivity 

 

1. INTRODUCTION 

Semiconductor doped materials have attracted much attention because of their unique 

properties and potential applications in all areas of disciplines [1-12]. The simplest synthetic way to 
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doped-materials is possibly self-aggregation, in which ordered aggregate materials are prepared in 

economical approaches [13].  Though, it is still a big-challenge to develop simple and reliable route for 

microstructures metal oxide with designed chemical components and controlled morphologies, which 

strongly influence the properties of semiconductor materials [14]. The significance of safety for 

human-beings as well as environments has been considered with great attention in doped 

semiconductor sensors for toxic chemical detection by reliable methods [15]. Semiconductor micro-

structure materials are very sensitive owing to their smaller particle size and higher active surface-area 

as compared to the transition materials in micro-meter range. Microstructures have also displayed a 

huge-attention due to their promising properties occurring of large active surface area, high stability, 

quantum confinement, and high-porosity, and permeability (meso-porous nature), which are contingent 

on the shape and size of the microcrystal [16]. During the last two decades, semiconductor materials 

have also received significant attention due to their electronic, magnetic, electrical, optoelectronic, 

mechanical properties, and their prospective applications in nanotechnology fields. Doped materials 

might be a promising candidate because of their high specific surface-area, low-resistance, fascinating 

electrochemical, and optical properties [17,18]. Zinc-ferrites are technologically significant doped 

materials due to their exceptional mechanical, electrical, thermal, and magnetic characteristics. 

Recently, it has gained much attention in transition metal doped-semiconductors in order to develop 

their chemical properties and improve their potential applications [19-28]. It has not only studied the 

fundamental of magnetism, but also has enormous potential in technological aspects (ie, magnetic 

materials, sensors, catalysts, and absorbent materials) [29-31]. Till to date, several articles are reported 

on the basis of doped materials preparation and studied the magnetic properties [32,33]. The ZnO-

Fe2O3 micro-wire was prepared using simple, facile, economical, one-step, reproducible and reliable 

low-temperature wet-chemical process. The structure and morphology of the as-grown microwires 

were investigated and applied for the development of highly sensitive chemical sensor. Hence, 

chemical sensing investigations have been explored with the metal oxide for the detection and 

quantification of various chemicals such as methanol, ethanol, chloroform, dichloromethane, and 

acetone, etc, which are not environmental safe [34]. The chemical sensing mechanism with metal 

oxides thin-films is utilized mainly the properties of porous-film formed by physi-sorption and chemi-

sorption techniques. The toxic chemical detection is based on the current responses of the fabricated 

thin-film, which caused by the presence of chemical component in reaction system in aqueous phase 

[35-37]. The key-attempts are focused on quantifying the minimum amount of PhHyd necessary for 

the fabricated ZnO-Fe2O3 microwires sensors for electrochemical approaches.  

Here, a wet-chemical process is used to assemble as-prepared ZnO-Fe2O3 with practically 

controlled microwires-shape structure, which is exposed a control-morphological development in 

microstructure materials and efficient applications. With most of the significant involvement displayed 

on un-doped material, there have been more and more attention focused to explore the doped 

counterparts. For semiconductor materials, doping is an excellent application to enhance the optical 

and electrical properties, which improves the development of frequent electronic and optoelectronic 

miro-devices. ZnO-Fe2O3 microwires allow very sensitive transduction of the liquid/surface 

interactions to modify in the chemical possessions. ZnO-Fe2O3 microwire sensors are fabricated by a 

simple process on a side-polished AuE surface and measured the chemical sensing performance 
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considering PhHyd at room conditions. To best of our knowledge, this is the first report for detection 

of toxic PhHyd with as-grown ZnO-Fe2O3 microwires using simple and reliable I-V method in short 

response time.  

 

2. EXPERIMENTAL SECTIONS 

2.1. Materials and Methods 

Ferric chloride, zinc chloride, butyl carbitol acetate, ethyl acetate, urea, ammonia solution 

(25%), and all other chemicals were in analytical grade and purchased from Sigma-Aldrich Company. 

FT-IR spectra were investigated on a spectrum-100 FT-IR spectrophotometer in the mid-IR range 

purchased from Bruker (ALPHA, USA). The powder X-ray diffraction (XRD) patterns were recorded 

by X-ray diffractometer from PANalytical diffractometer equipped with Cu-Kα1 radiation (λ =1.5406 

nm) using a generator voltage of 45.0 kV and a generator current of 40.0 mA were applied for the 

determination. Morphology, size, and structure of as-grown ZnO-Fe2O3 micro-wire were recorded on 

FE-SEM instrument from JEOL (JSM-7600F, Japan). Raman spectrometer was used to measure the 

Raman shift of as-grown ZnO-Fe2O3 microwires using radiation source (Ar
+
 laser line, λ; 513.4 nm), 

which was purchased from Perkin Elmer (Raman station 400, Perkin Elmer, Germany). Elemental 

analysis was investigated using oxford-EDS system from JEOL (JSM-7600F, Japan). The max (302.0 

nm) of as-grown ZnO-Fe2O3 microwire was executed using UV/visible spectroscopy Lamda-950, 

Perkin Elmer, Germany. I-V technique (two electrodes system) is employed by Kethley-Electrometer 

from USA. 

 

2.2. Preparation and growth mechanism of as-grown ZnO-Fe2O3 microwires 

Large-scale synthesis of ZnO-Fe2O3 microwire was prepared by wet-chemical process at low-

temperature using zinc chloride (ZnCl2), iron chloride (FeCl3), and ammonium hydroxide (NH4OH). In 

a typical reaction process, 0.1 M ZnCl2 dissolved in 50.0 ml deionized (DI) water mixed with 50.0 ml 

DI solution of 0.1 M FeCl3 and 50.0 ml of 0.1 M urea under continuous stirring. The pH of the solution 

was adjusted to 8.1 by the addition of NH4OH and resulting mixture was shacked and stirred 

continuously for 20.0 minutes at room conditions. After stirring, the mixture was then put into conical 

flux and heat-up at 160.0 
o
C for 8.0 hours. The temperature of the solution mixture was controlled 

manually throughout the reaction process at 92.0 
o
C. After heating the reactant mixtures, the flux was 

kept for cooling at room conditions until it reached to room temperature. The final products were 

achieved, which was washed with DI water, ethanol, and acetone for several times subsequently and 

dried at room-temperature for structural and optical characterizations. The growth mechanism of ZnO-

Fe2O3 microwire can be apprehended on the basis of chemical reactions and nucleation, as well as 

growth of ZnO-Fe2O3 crystals. The probable reaction mechanisms are proposed for achieving the 

doped metal oxides, which are suggested in below.  

  

ZnCl2(s)  Zn
2+

(aq)  + 2Cl
-
(aq)      (i) 

FeCl3(s)  Fe
3+

(aq) + 3Cl
-
(aq)       (ii) 
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NH4OH(aq)  NH4
+

(aq)  + OH
-
(aq)     (iii) 

 

Fe
3+

(aq) + Zn
2+

(aq) + 8OH
-
(aq)  ZnO.Fe2O3(s) + 4H2O  (iv) 

 

The precursors of ZnCl2 and FeCl3 are soluble in alkaline medium (NH4OH reagent) according 

to the equation of (i) - (ii). After addition urea (as surfactant) with NH4OH into the mixture of metal 

chlorides solution, it was strongly stirred for few minutes at room temperature.  The reaction is 

enhanced gradually according to the equations (iii) to (iv). Then the solution was washed thoroughly 

with acetone and kept for drying at room temperature. During the total synthesis process, urea and 

NH4OH acts a pH buffer to control the pH value of the solution and slow donate of OH
–
 ions. When 

the concentrations of the Zn
2+

, Fe
3+

, and OH
-
 ions are reached above the critical value, the precipitation 

of ZnO-Fe2O3 (Fe2O3 codoped ZnO) nuclei is initiated. As there is high concentration of Zn
2+

 ion in 

the solution, the nucleation of ZnO-Fe2O3 crystals become easier due to the lower activation energy 

barrier of heterogeneous nucleation. However, as the concentration of Fe
3+

 subsistence, a number of 

larger ZnO-Fe2O3 crystals with a rod-shape morphology form in micro-level. The shape of as-grown 

ZnO-Fe2O3 microwire is approximately reliable with the growth pattern of crystals [38]. Finally, as-

prepared doped products were characterized in detail in terms of their morphological, structural, 

optical properties, and applied for PhHyd chemical sensors.  

 

2.3. Fabrication and detection technique of PhHyd by microwires 

AuE is fabricated with as-grown ZnO-Fe2O3 microwire using butyl carbitol acetate (BCA) and 

ethyl acetate (EA) as a conducting coating agent. Then it is placed into oven at 65.0 
o
C for 3 hours 

until the film is completely dry and uniform. 0.1 M phosphate buffer solution (PBS) at pH 7.0 is 

prepared by mixing 0.2 M Na2HPO4 and 0.2 M NaH2PO4 solution in 100.0 mL de-ionize water. A cell 

is consisted of ZnO-Fe2O3 microwire fabricated AuE as a working and Pd wire is used a counter 

electrodes. As received PhHyd is diluted to make various concentrations (1.0 nM ~ 1.0 M) in PBS 

solution and used as a target analyte. 10.0 mL of 0.1 M PBS solution is kept constant during 

measurements into the electrochemical cell. The ratio of current versus concentration (slope of 

calibration curve) is used to measure of target chemical sensitivity. Detection limit is measured from 

the ratio of 
3N

/S versus sensitivity (ratio of noise×3 vs. sensitivity) in the linear dynamic range of 

calibration plot. Electrometer is used as a voltage sources for I-V measurement in simple two 

electrodes system. The as-grown ZnO-Fe2O3 microwires are fabricated and employed for the detection 

of toxic PhHyd.  

 

3. RESULTS AND DISCUSSION 

3.1. Optical study 

The optical property of the as-grown ZnO-Fe2O3 microwires is one of the significant 

characteristics for the assessment of its photo-catalytic activity. UV/visible absorption spectroscopy is 
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a technique in which the outer electrons of atoms or molecules absorb radiant energy and undergo 

transitions to high energy levels. In this phenomenon, the spectrum obtained due to optical absorption 

can be analyzed to acquire the energy band gap of the metal oxides. For UV/visible spectroscopy, the 

absorption spectrum of ZnO-Fe2O3 microwire solution is measured as a function of wavelength, which 

is presented in Figure 1A.  It presents a broad absorption band around 302.0 nm in the visible-range 

between 200.0 to 800.0 nm wavelengths indicating the formation of ZnO-Fe2O3 microwires.  Band-gap 

energy (Ebg) is calculated on the basis of the maximum absorption band of ZnO-Fe2O3 microwires and 

found to be 4.1059 eV, according to following equation (v). 

 

Ebg  =


(eV) (1)
1240

  (v) 

 

Where Ebg is the band-gap energy and max is the wavelength (302.0 nm) of the ZnO-Fe2O3 

microwires. No extra peak associated with impurities and structural defects were observed in the 

spectrums, which proved that the synthesized microstructure controlled crystallinity of as-grown ZnO-

Fe2O3 microwires [39]. 

. 

 
Figure 1. (a) UV/visible, (b) FT-IR, and (c) Raman spectroscopy of as-grown ZnO-Fe2O3 microwires 

at room conditions 
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The as-grown ZnO-Fe2O3 microwires are also studied in term of the atomic and molecular 

vibrations. To predict the functional-group identification, FT-IR spectra are investigated fundamentally 

in the region of 400 ~ 4000 cm
-1

 at room conditions. Figure 1B displays the FT-IR spectrum of the as-

grown microwires. It represents band at 596, 1409, 1534, and 3151cm
-1

. These observed broad 

vibration band (at 596 cm
-1

) could be assigned as metal-oxygen (Fe-O and Zn-O mode) stretching 

vibrations, which demonstrated the configuration of ZnO-Fe2O3 microwires materials. The 

supplementary vibrational bands may be assigned to O-H bending vibration, C-O absorption, and O-H 

stretching. The absorption bands at 1409, 1534, and 3151 cm
-1

 generally shows from CO2 and water, 

which usually semiconductor nanostructure materials absorbed from the environment due to their high 

surface-to-volume ratio of mesoporous nature [40]. Finally, the experimental vibration bands at low 

frequencies regions recommended the formation of ZnO-Fe2O3 microwires by a wet-chemical method. 

Raman spectroscopy is a spectroscopic technique utilized to display vibrational, rotational, and 

other low-frequency phases in a Raman active compound. It depends on inelastic scattering of 

monochromatic light (Raman scattering), usually from a laser in the visible, near infra-red, or near 

ultra-violet range. The laser light relates with molecular vibrations, phonons or other excitation in the 

modes, showing in the energy of the laser photons being shifted up or down. The shift in energy 

represents the information regarding the phonon modes in the system, where infrared spectroscopy 

yields similar, but complementary information. Raman spectroscopy is generally established and 

utilized in material chemistry, since the information is specific to the chemical bonds and symmetry of 

metal-oxygen stretching or vibrational modes. Usually, there are three vibration modes in ZnO 

nanomaterial crystal: A1, E1 and E2, of which A1 and E1 split into longitudinal (A1L, E1L) and transverse 

(A1T, E1T) ones and E2 contains low and high frequency phonons (E2L and E2H) [41]. As-grown ZnO-

Fe2O3 microwire is significantly altered the Raman spectra as well as the crystal of ZnO nanostructure 

[42]. Here, Figure 1c confirms the Raman spectrum, where key aspects of the wave number are 

executed at about 229 cm
-1

 and 282 cm
-1

 for metal-oxygen (Fe-O and Zn-O) stretching vibrations. The 

large bands can be assigned to a cubic phase of ZnO-Fe2O3 microwires. At 417 cm
-1

, higher wave-

number shift is revealed owing to the different dimensional effects of the microwires. 

 

3.2. Morphological, Structural, and Elemental study 

FE-SEM images of as-grown ZnO-Fe2O3 microwires structure are presented in Figure 2(a-b). It 

exhibits the images of the wire-shapes with micro-dimensional sizes of as-grown ZnO-Fe2O3 

microwires. The dimension of microwire is calculated in the range of 13.89 µm. It is clearly exposed 

from the FE-SEM images that the facile synthesized ZnO-Fe2O3 is microwires in wire-shape, which is 

grown in very high-density and possessing almost uniform microwire shapes. When the size of doped 

material decreases into micrometer-sized scale, the surface area increases significantly, this improves 

the energy of the system, making re-distribution of Zn and Fe ions possible. The micrometer-sized 

wires could have tightly packed into the lattice, which is an agreement with the results obtained by 

scientist [43]. 

. 
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Figure 2. (a-b) FE-SEM images, (c) Powder x-ray diffraction pattern, and (d-f) Electron dispersive 

spectroscopy of as-grown ZnO-Fe2O3 microwires at room conditions. 

 

Crystallinity and crystal phase of as-grown ZnO-Fe2O3 microwires were investigated in this 

study.  X-ray diffraction patterns of codoped spinel microwires are represented in Figure 2c. The ZnO-

Fe2O3 microwires samples were investigated and exhibited as face-centered cubic shapes. Figure 2c 

reveals the characteristic crystallinity of the ZnO-Fe2O3 microwires and their phase arrangement, 

which is investigated using powder X-ray crystallography. All the reflection peaks in this prototype 

were initiated to correspond with ZnO phase having face-centered cubic zincite geometry [JCPDS # 

071-6424]. The phases are demonstrated the key features with indices for crystalline ZnO at 2 values 
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of 33.5(002), 62.4(103), 63.9(200), and 72.1(201) degrees. The face-centered cubic lattice parameters 

are a= 3.2494, b=5.2038, and radiation (CuKα1, =1.5406). The ZnO phases have a high degree of 

crystallinity. All of the peaks match well with Bragg reflections of the standard zincite structure (point 

or space-group P63mc). The reflection peaks were also found to correspond with Fe2O3 phase having 

face-centered cubic hematite geometry [JCPDS # 089-0597]. The crystalline phases are demonstrated 

the key features with indices for crystalline Fe2O3 at 2 values of 24.8(012), 35.7(110), 40.8(113), 

49.5(024), 54.2(116), and 56.5(211) degrees. The face-centered cubic lattice parameters are a=5.039, 

c=13.77, Z=6 and radiation (CuKα1, =1.5406). The Fe2O3 phases have a high degree of crystallinity. 

All of the peaks are well matched with Bragg reflections of the standard hematite structure [point or 

space-group R-3c(167)]. It is confirmed that there is major number and amount of crystalline ZnO-

Fe2O3 present in microwires [44]. The electron dispersive spectroscopy (EDS) investigation of as-

grown ZnO-Fe2O3 microwires is indicated the presence of Zn, Fe, and O composition in the pure 

codoped material with adequate amount. It is clearly displayed that as-prepared codoped materials are 

well-controlled only with zinc, iron, and oxygen elements, which is presented in Figure 3d to Figure 

3f. The composition of zinc, iron, and oxygen is 31.14%, 3.96%, and 64.90% respectively. No other 

peak related with any impurity has been detected in the EDS, which confirms that the microwires 

doped semiconductor products are composed only with zinc, iron, and oxygen. 

 

 
 Figure 3. XPS of as-grown (a) ZnO-Fe2O3 microwires, (b) Zn2p level, (c) Fe2p, and (d) O1s level 

acquired with MgKα radiations. 

X-ray photoelectron spectroscopy (XPS) is a quantitative spectroscopic method that determines 

the chemical-states of the elements that present within a doped materials. XPS spectra are acquired by 
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irradiating on a nanomaterial with a beam of X-rays, while simultaneously determining the kinetic 

energy and number of electrons that get-away from the top one to ten nm of the material being 

analyzed. Here, XPS measurements were measured for ZnO-Fe2O3 microwires semiconductor 

nanomaterials to investigate the chemical states of ZnO and Fe2O3. The XPS spectra of Zn2p, Fe2p, 

and O1s are presented in Fig. 3a. In Figure 3b, the spin orbit peaks of the Zn2p(3/2) and Zn2p(1/2)  

binding energy for all the samples appeared at around 1047 eV and 1022 eV respectively, which is in 

good agreement with the reference data for ZnO [45]. XPS was also used to resolve the chemical state 

of the doped Fe2O3 nanomaterial and their depth. Figure 3c presents the XPS spectra (spin orbit 

doublet peaks) of the Fe2p(3/2) and Fe3p(1/2) regions recorded with semiconductor codoped materials. 

The binding energy of the Fe3p(3/2)  and Fe3p(1/2)  peak at 713 eV  and 725 eV respectively denotes the 

presence of Fe2O3 since their bindings energies are similar [46]. The O1s spectrum shows a main peak 

at 532 eV in Fig. 3d. The peak at 532 eV is assigned to lattice oxygen may be indicated to oxygen (ie, 

O2
-
) presence in the nanomaterials [47]. 

 

3.3. Detection of PhHyd using ZnO-Fe2O3 microwires 

 
Figure 4. Schematic representation of (a) fabricated with microwires with conducting binders (EA and 

BCA), (b) I-V detection methodology (theoretical), (c) outcomes of I-V experimental result, 

and (d) reaction mechanism of PhHyd in presence of codoped ZnO-Fe2O3 microwires. 

 

The potential application of as-grown ZnO-Fe2O3 microwires for chemical sensors has been 

used for measuring and detecting toxic chemicals, which are not environmental affable. The 

microwires modified chemi-sensors have advantages such as stable in air, non-toxicity, 

electrochemical activity, and easy to assemble [48,49]. As in the case of PhHyd sensors, the main 

purpose was to measure the current response using simple I-V method with ZnO-Fe2O3 microwires. 

The fabricated-surface of codoped sensor is made with binders on the AuE (Figure 4a). The fabricated 

AuE was put into oven at 65.0 
o
C for 12 hr to make it dry and uniform. Theoretical I-V signals of 

sensor are proposed having codoped film as a function of current versus potential (Figure 4b). The 

responses of analyte are employed by reliable I-V technique ZnO-Fe2O3 microwires fabricated AuE 

film (Figure 4c). The probable reaction mechanism is generalized in presence of analyte on ZnO-Fe2O3 
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microwires surfaces by I-V method (Figure 4d). Here, PhHyd is converted to diazenyl benzene in 

presence of doped ZnO-Fe2O3 microwires by releasing electrons (2e
-
) to the reaction system, which 

improved and enhanced the current responses against potential during the I-V process at room 

conditions.  

Figure 5a displays the current responses without (gray-dotted) and with (dark-dotted) coating 

of ZnO-Fe2O3 microwires on AuE surfaces. With microwires fabricated surface, the current signal is 

reduced compared to without fabricated surface, which indicated the surface is slightly blocked with 

codoped materials. The current changes are plotted for the microwires modified film before (gray-

dotted) and after (blue-dotted) injecting of 50.0 µL PhHyd in 10.0 mL PBS (Figure 5b). The surface 

current is investigated in every injection of analyte into the solution. 10.0 mL of 0.1M PBS solution is 

put into the cell and added the low to high concentration of target drop-wise from the stock solution. 

The current responses with ZnO-Fe2O3 microwires modified AuE are measured from the various 

concentrations (1.0 nM to 1.0 M) of PhHyd (Figure 5c). It shows the current changes are observed 

with fabricated AuE as a function of analyte concentration at room conditions. It is also observed that 

at low to high concentration of analyte, the current response is enhanced slowly. A calibration curve is 

plotted in higher potential range (calibration curve) based on analyte concentrations (Figure 5d). A 

large range of PhHyd concentration is selected to examine the probable analytical parameters, which is 

used in 1.0 nM to 1.0 M. The sensitivity is calculated from the calibration curve, which is close to 8.33 

µAcm
-2

mM
-1

. The linear dynamic range of PhHyd sensor displays from 1.0 nM to 10.0 mM (r
2
 = 

0.9389) and the detection limit was considered as 0.67 nM [3×noise (N)/slope(S)]. 

 

 
 

Figure 5. I-V responses of (a) without and with coating; (b) without and with PhHyd; (C) 

concentration variations; and (d) calibration plot of ZnO-Fe2O3 microwires fabricated on AuE. 
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During the detection of analyte with fabricated AuE, the resistance values of sensors are 

decreased with increasing working condition due to the fundamental characteristics of the 

semiconductor codoped materials [50]. Here, oxygen adsorption exhibits an essential responsibility in 

the electrical properties of the ZnO-Fe2O3 material with microwires structures [Figure 6a]. Adsorbed 

oxygen ion eliminates the conduction electrons and enhances the resistance of AuE. Reactive oxygen 

species (i.e., O2
−
 and O

−
) are adsorbed on the ZnO-Fe2O3 surface, where the amount of such 

chemisorbed oxygen species strongly depends on the structural properties of codoped microwires. At 

room conditions, O2
− 

is chemisorbed, while in microwires morphology, O2
−
 and O

− 
are chemisorbed, 

and the O2
− 

disappears quickly [51]. Here, PhHyd sensing mechanism of ZnO-Fe2O3 sensor is also 

based on the semiconductors metal oxides, due to the oxidation or reduction of the microwires, 

according to the dissolved O2 in bulk-solution or surface-air of the adjacent atmosphere [Figure 6b], 

according to the equations (vi-vii). 

 

e
-
 (ZnO-Fe2O3) + O2 → O2

-
   (vi) 

 

e
-
 (ZnO-Fe2O3) + O2

-
 → 2O

-
   (vii) 

 

These reactions are attained in bulk-system or air/liquid interface or surrounding air due to the 

small carrier concentration which enhanced the resistance. The PhHyd sensitivity towards ZnO-Fe2O3 

could be accredited to high oxygen shortages, which amplify the oxygen adsorption. Larger the 

amount of oxygen adsorbed on the sensor surface, higher would be the oxidizing potentiality and faster 

would be the oxidation of PhHyd.  

 

 
 

Figure 6. Mechanism of calcined ZnO-Fe2O3 microwires phenyl hydrazine sensors at ambient 

conditions. (a) Magnified FE-SEM image of doped nanomaterials, (b) Reactive oxygen species 

are adsorbed on doped surface, and (c) PhHyd reacts with the adsorbed oxygen on doped 

surface. 
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The reactivity of PhHyd would have been very large as contrasted to other chemical with the 

surface under same situation [52]. When PhHyd reacts with the adsorbed oxygen (
1
/2O2

-
) on the 

exterior/interior of the layer, it oxidized to diazenyl benzene and metal PhHyd, liberating free electrons 

(2e
-
) in the conduction band could be uttered through the following reactions [equation (viii) to (x)], 

which is presented in Figure 5c. 

 

PhHyd+ 
1
/2O2

-
 → Diazenyl Benzene + H

+
 + OH

-
 + 2e

-
 (C.B.)  (viii) 

 

H
+
 + OH

- 
→ H2O        (ix) 

 

Diazenyl Benzene + 
1
/2O2 +H

+
 → Benzenediazonium + H2O  (x) 

 

These reactions corresponded to oxidation of the reducing carriers. These methods increased 

the carrier concentration and hence decreased the resistance on revelation to reducing PhHyd analyte. 

At the room conditions, the exposure of doped surface towards the reducing agents is resulted in a 

surface mediated incineration process. The elimination of iono-sorbed oxygen increases the electron 

concentration, which enhances the surface conductance of the fabricated AuE film [53]. The reducing 

PhHyd analyte donates electrons to ZnO-Fe2O3 fabricated AuE surface. Hence, the resistance is 

decreased and conductance is increased. This is the key factor of analyte response (current response) 

enhancement with increasing potential. Thus generated electrons contribute to sudden increase in 

conductance of the fabricated film. The ZnO-Fe2O3 unusual regions dispersed on the surface would 

increase the ability of microwires to absorb more oxygen species giving high resistance in air ambient. 

The response time was approximately 10.0 sec for the ZnO-Fe2O3 fabricated AuE to achieve saturated 

steady state current. The elevated sensitivity of sensor can be attributed to the good absorption 

(permeable surfaces fabricated with binders), adsorption capability (microstructure materials), high 

catalytic properties, and good biocompatibility of the ZnO-Fe2O3 microwires. The efficient sensitivity 

of the fabricated sensor is comparatively superior to formerly reported chemi-sensors based on other 

composite or materials modified electrodes [54-57]. Due to large surface area of fabricated-AuE, the 

doped-materials offered a constructive microenvironment for the chemical recognition with efficient 

number. The higher sensitivity of ZnO-Fe2O3 microwires afforded high electron communication 

features which improved the direct electron-communication between the active sites of microwires and 

AuE-electrodes. In Table 1, it is compared the performances for phenyl hydrazine chemical detection 

based ZnO-Fe2O3 microwires using various modified electrode materials [58-62]. The modified doped-

film had a superior stability. Moreover, due to high active surface area, the microwires conveyed 

constructive surroundings for the PhHyd detection (by adsorption) in huge-amount. The ZnO-Fe2O3 

microwires display several approaching in providing chemical based sensors and encouraging 

improvement has been accomplished in the research fragment. As for the microwires, doped 

semiconductor materials offer a route to a novel production of chemi-sensors and a premeditate 

attempt has to be forwarded for codoped microstructures to be taken considerably for large extent 

applications. The PhHyd chemical sensor based on microwires is displayed good reproducibility and 

stability for over two weeks and no major changes in sensor responses are found. After two weeks, the 
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chemi-sensor response with codoped microwires is slowly decreased, which may be due to the weak-

interaction between fabricated microwires active surfaces and PhHyd chemical. The significant result 

is achieved by wet-chemical process to prepare ZnO-Fe2O3 microwires, which can be employed as 

efficient electron mediators for the development of effective chemical sensors. 

 

Table 1. Comparison the performances for phenyl hydrazine detection based various material 

fabricated electrodes. 

 
Materials Methods Full conc. 

Range 

LDR Linearity 

(r2) 

Sensitivi

ty 

DL Ref. 

Carbon 

Nanotube Paste 

Electrode 

Cyclic 

Voltammetry 
6.0×10-7 M 

9.0×10-4 M 

0.6 900.0 μM 0.9991 -- 1.31 × 10-7 

M 

[58] 

Carbon paste 

electrode 

Cyclic 

Voltammetry 
0.025  0.2 

mM 

0.025  to 0.1 

mM 

0.9970 -- 2.5 µM [59] 

Glassy carbon 

electrode 

Amperometric 

method 

-- 2.020.0 µM -- 0.016 

µAµM-1 

0.05 µM [60] 

Carbon paste 

electrode 

Amperometric 

method 
1.070.0 mM 0.16.0 mM 0.9984 -- 40.0 μM [51] 

Carbon Paste 

Electrode 

Cyclic 

Voltammetry 
0.07900 μM 7.0×10-8  

9.0×10-4 M 

-- 0.016 

μA.μM-1 

40.0 nM [62] 

ZnO-Fe2O3 

MWs/AuE 

I-V method 1.0 nM  1.0 

M 

1.0 nM  10.0 

mM 

0.9389 8.33 

µAcm-

2mM-1 

0.67 ± 0.05 

nM 

Current 

report 

 

 

 

4. CONCLUSION 

Due to numerous potential applications of transition metal-doped semiconductor materials, a 

well-crystalline as-grown ZnO-Fe2O3 microwire is prepared by simple wet-chemical process at low 

temperature. The detailed structural, morphological and optical characterizations are confirmed that the 

synthesized microwires are well-crystalline with face-centered cubic and possessing good optical 

properties. Microwires are exhibited higher-sensitivity and lower-detection limit with good linearity in 

short response time, which is efficiently utilized as chemi-sensor for the fabrication of PhHyd. This 

novel attempt was to introduce a well-organized route of efficient toxic chemi-sensor development for 

environmental hazardous pollutants and health-care fields in large scale. 
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