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Abstract: 

Since the beginning of the technology era, sensors have been used in medical 

diagnosis, 

space, industry etc. The recent years have witnessed a demand of low-cost, 

portable, low-power consumption sensors which do not emphasize space. 

Technological advances have allowed sensors based on MEMS technology. 

Extensive research on metal oxide (ZnO) based resistive sensors is beingdone for 

sensor applications due to its semi-conducting nature, wide band gap, low cost, 

easyfabrication process.The operation of sensors at room temperature is in 
increasing demand asit can be operated easily. Yet, operation at low temperatures 

doesn’t give proper response forthe material to be sensed. Hence, the sensing 

activities can be enhanced by increasing thesurface of the material, and reducing the 

size which enhances electrical, physical andmagnetic properties. This work is based 

on synthesis of zinc-oxide nanowires for Hydrogenand Ethanol sensing at room 

temperature. Seed layer was deposited on the Silicon substratefor growth of ZnO 

nanowires were grown at different temperatures and theirmorphologies were 

observed. Electrical contacts were made by Ag particles. Hydrogen andEthanol 

sensing was done and their I-V and I-T characteristics were plotted respectively. 

Maximum sensitivity was found for ZnO NW grown at 85˚C with a good response 

time of 11.42 seconds. Ethanol sensing by ZnO NWs grown at 90˚C was found to 

have maximum sensitivity with a response time less than 41.19 seconds. Thus the 

above result gives future scope to a develop a real time efficient gas sensor. 

Keywords:ZnO nanowire, Sensing, Hydrogen, Ethanol. 

 

I.  INTRODUCTION 

The extensive use of speed sensors in controlling the 

speed of AC servo motors, temperature sensors to 

monitors the temperature of environment in 

laboratories, industries have drawn attention to low-

cost, portable, low-power consumption sensors [1]. 

Sensor is a device that detects change of parameters 

in the environment and transforms it to a suitable 

signal. Different types of sensors like humidity 

sensors, proximity sensors, temperature sensors, 

light sensors, chemical sensors have been developed 

to find various applications in different sectors. 

Sensors can be classified as active and passive. An 

active sensor converts the input to corresponding 

signal without the need of an external source[2-5]. 

Technological advances have allowed sensors based 

on MEMS technology [6,7]. Sensors with high 

sensitivity, high response nature, are preferred. ZnO 

nanostructures are used as photo-catalysts, gas 

sensors, bio-sensors. . Various nanostructures based 

sensors have been developed for hydrogen 

sensing[13,14]. Chemical sensors are extensively 

used in industries, hospitals, laboratories etc. 

Chemical sensors detect the concentration of the 

analyte and convert it into appropriate signal. 

Chemicals like Ethanol, Acetone are detected by 

various metal oxide semiconductors [15,16]. In 

chemical sensors, gas sensors are used widely for not 

only leakage detection purpose but to monitor the 

environmental pollution and atmospheric 

composition. Gas sensors, sub-category of chemical 

sensors, can be resistive type, optical, acoustic type 

sensors etc. [3]. Nanostructures of ZnO can be 

synthesised into various morphologies like nanorods, 



  

  January - February 2020 

ISSN: 0193 - 4120 Page No. 2896 - 2901 

 

 

2897 Published by: The Mattingley Publishing Co., Inc. 

nanowires, nanoparticles, mesh-like structures etc. 

by various methods[17-19]. By varying the 

parameters various structures can be formed. Mishra 

et al. reviewed that ZnOnanotetrapods have been 

used for sensing, treatment against viral infection 

and fabrication of ceramics and action as good filters 

in purifying liquids[20]. Pauporté et al. reported that 

Ag doped ZnO nanowire arrays may have 

applications as Light Emitting Diode with a low 

threshold ‘on’ voltage of ~5V and emission of 

violet-blue light at 8V[21]. Kim et al. reported that 

MgO with ZnO nanowires can be used as UV photo-

detector [22].  

 

II. MATERIALS AND METHODS 

For hydrothermal growth of ZnO, Zinc Acetate 

(Zn(CH3COO)2 ) and 

Hexamethylenetetramine(HMTA or C6H12N4 ) are 

used as precursors. The precursor solution with the 

substrate present were heated for 4 hours by global 

heating. HMTA reacts with water to form ammonia 

(NH3) and formaldehyde (HCHO) . The production 

of NH3 is essential as it helps in formation of OH
-
 

ions and forms a complex of Zn which inhibits the 

free concentration of Zn
2+

 and prevents 

supersaturation of the solution. This also results in 

controlled replenishment of Zn
2+

 ions. The formation 

of OH
-
 ions results in reaction with Zn and forms 

Zn(OH)2, which again decomposes to form ZnO 

seeds. The nano wires of ZnO is formed by global 

heating method. The temperature rise takes place 

throughout the solution. The substrate where ZnO is 

to be deposited is kept upside down inclined at 45˚ 

to the vertical, resulting in convenient deposition. 

 

Hydrothermal Growth of ZnO Nanowires 

For hydrothermal growth of ZnO, Zinc Acetate 

,Zn(CH3COO)2 and hexamethylenetetramine(HMTA 

or C6H12N4 ) are used as precursors. The precursor 

solution with the substrate present were heated for 4 

hours by global heating. The production of NH3 is 

essential as it helps in formation of OH- ions and 

forms a complex of Zn which inhibits the free 

concentration of Zn
2+

 and prevents super saturation 

of the solution. This also results in controlled 

replenishment of Zn
2+

 ions. The formation of OH
-
 

ions results in reaction with Zn and forms Zn(OH)2, 

which again decomposes to form ZnO. ZnO is 

formed by global heating method. Global heating 

refers to overall heating of the solution. The 

temperature rise takes place throughout the solution. 

The substrate where ZnO is to be deposited is kept 

upside down inclined at 45˚ to the vertical, resulting 

in convenient deposition. 

 

H2 Sensing of ZnO Nanowire 

H2 is sensed by ZnO through adsorption of H2. ZnO 

is an n-type semiconductor, having electrons as 

majority charge carriers. In normal conditions, O2 is 

adsorbed on the surface forming O2
-
 ions. This 

results in decrease of electron concentration which 

decreases the flow of current. When Hydrogen is 

adsorbed on the surface, it reacts with O2
-
 atoms 

forming H2O. The release of electrons increases the 

current and hence, it is used in H2 sensing.H2 sensing 

of ZnO nanowire is obtained by measuring the 

current change in the device. Since ZnO forms a 

resistive type sensor, change in electron 

concentration determines the rate ofsensing. 

 

Thermal Evaporation Method 

Before sensing, Metallization by thermal 

evaporation is done. Thermal evaporation is a 

Physical Vapour Deposition method by which 

materials are deposited by simple evaporation and 

condensation process. In thermal evaporation 

technique, the source evaporates and due to 

temperature difference, the particles evaporate and 

condense at the substrate. The chamber of the 

apparatus is filled with vacuum. A filament is used 

as a heater in which source material is heated. The 

heat produced by the filament vaporizes the material 

which moves from high temperature to low 

temperature area, where it condenses and gets 

deposited on the substrate. This method is used for 

depositing metals as electric contacts. It is also used 

for depositing metallic contact layers for thin film 

devices like solar cells, OLEDs etc. 
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Need for Ethanol Sensing 

Ethanol is the main constituent in alcoholic drinks. It 

is used in a variety of ways starting from being a 

constituent material in sanitizers, antiseptics to being 

used as fuel. Pure ethanol causes irritation in eyes 

and skin. Ethanol has high flammability and it flash 

point is low (13 ˚C for pure ethanol). Hence it’s 

important to detect concentrations of Ethanol. 

Ethanol sensing mechanism is the same as Hydrogen 

sensing. O2 is adsorbed on the surface and exposure 

to Ethanol instigates a reaction releasing CO2 and 

H2O as products. 

 

III. RESULTS AND DISCUSSION 

Spectral characterization of ZnO Nanowire 

Fig.1. reveals XRD analysis of ZnO seed layer and 

ZnO nanowires grown at different temperatures 

85˚C, 90˚C and 95˚C. For all samples, a distinct 

peak at 34.5˚ was obtained. The peak was obtained 

for (002) plane. It was inferred that the nanowires 

grown were c-axis oriented. Also for increasing 

temperatures, the peak intensity increased. With 

increasing temperature, the growth of ZnO 

nanowires improved. The growth was seen to be 

dense. Nanowires grown at 85˚C have an 

approximate length of 1.2μm,while the length of 

nanowires grown at 90˚C is 1.1μm, and 2.5 μm for 

that 95˚C. Fig.2. shows the Raman spectra of ZnO 

nanowire grown at 95˚C, which show peaks for 

Silicon at shift of 0.002cm and 0.003 cm. 

 

 

 

Fig.1. XRD analysis of (a) ZnO seed layer (b) ZnO 

nanowire grown at 85˚C (c) ZnO nanowire grown at 

90˚C (d) ZnO nanowire grown at 95˚C. 

 

 
Fig.2. shows the Raman spectra of ZnO nanowire 

grown at 95˚C, which show peaks for Silicon at shift 

of 0.002cm and 0.003 cm. 

 

Measurement of Current for H2&EtOH Sensing 

Keitheley 6487 Picoammeter Voltage Source is used 

to find the current response with respect to time and 

voltage. Current increased with increase in voltage. 

When H2 was supplied, there was increase in current 

with respect to Vacuum conditions. Current response 

with respect to time, is measured by exposing the 

material to Vacuum and H2 in periodic intervals. The 

current remained almost constant in Vacuum, while 

it gradually increased when exposed to H2. The 

Current again decreased gradually when Vacuum 

was created. 
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Results of Sensing 

 Sensitivity can be defined as the change in 

resistance of the material or the current when the 

chemical or gas is exposed. It can be mathematically 

defined as: 

S= Ra/Rg or S=Ig/Ia 

 The effective response is determined by measuring 

response and recovery time. Response time is 

defined as the time required to reach the 90% of the 

maximum value of current during the gas/chemical 

sensing state. Recovery time is defined as time taken 

for the the current to reach 10% of its maximum 

value when the environment switches to ambient air 

conditions. The response curve for H2 gas sensing, 

where maximum sensitivity is shown for ZnO 

nanowire grown at 85˚C[23]. the sensitivity was 

found to be 411.04 (~411) at room temperature. The 

response time and recovery time were recorded to be 

11.42 seconds and 16.7 seconds respectively.  

 
Fig. 3. I-T curve for H2  sensing by ZnO Nanowire 

grown at 85˚C, 90˚C, 95˚C. 

 

 

Fig.4. I-T curve showing Ethanol sensing by ZnO 

nanowires grown at different temperatures (85˚C, 

90˚C, 95˚C). 

 

Table1, indicates the H2 sensing response of ZnO 

nanowires grown at different temperatures. The 

sensitivity of sensors greatly depends on the 

morphology of the nanowires. For the ZnO nanowire 

grown at 95˚C, when the material was exposed to 

normal air environment, it could recover 12% of its 

maximum current value[24]. Fig.5 shows the sensing 

response of ZnO nanowires to Ethanol at room 

temperature. The maximum sensitivity was found for 

ZnO nanowire grown at 90˚C with sensitivity being 

10.75 with response time and recovery time being 

41.19 seconds and 10.8 seconds respectively[25]. 

For NW-3(ZnO NW grown at 95˚C), the material 

was able to recover till 18% of its maximum current 

value, while there was no significant sensing for 

NW-1(ZnO grown at 85˚C)[26,27]. 

 

Table1: H2 sensing response of ZnO nanowires 

grown at different temperatures. 

ZnO  NW Sensitivity (S) 

Response 

Time(sec) 

Recovery 

Time(sec) 

    

NW-1 (85˚C) 411.04 11.42 1.62 

NW-2 (90˚C) 24.7 29.17 3.37 

NW-3(95˚C) 6.20 12.88 - 

 

IV. CONCLUSION 

 The growth of ZnO nanowires by hydrothermal 

method was significant for hydrogen and ethanol 

sensing. The growth of ZnO seed layer was carried 

by RF magnetron sputtering followed by ZnO 

nanowires at different growth temperatures. X-ray 

diffraction pattern showed highly crystalline c-axis 

oriented (002) peak for both seed layer and ZnO 

nanowires. SEM micrograph depicts well aligned 

nanowires like morphology grown at different 

temperatures. The average length and diameter of 

ZnO nanowires was found to be around 2.5μm and 

about 35nm respectively. In addition, Raman peak at 

437cm
-1

 confirms the Wurtzite crystallite structure 
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of ZnO. Furthermore in order to develop a 

compatible chemical and gas sensor, ethanol and 

hydrogen sensing measurement has been carried out. 

Maximum sensitivity was found for ZnO NW grown 

at 85˚C with a good response time of 11.42 seconds. 

Ethanol sensing by ZnO NWs grown at 90˚C was 

found to have maximum sensitivity with a response 

time less than 41.19 seconds. Thus the above result 

gives future scope to a develop a real time efficient 

gas sensor. 
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