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ABSTRACT 

In this paper, ammonia (NH3) gas sensitivity was enhanced 

by the development of highly dense copper oxide (CuO) 

nanorods on glass substrates. The layer of copper (Cu) was 

deposited using a vacuum thermal evaporation method. The 

grown layer of Cu was sequentially inserted into an oxidation 

furnace at (400 °C) for (120 min) under atmospheric pressure 

to produce copper oxide (CuO) nanorods. Silver (Ag) 

nanoparticles- deposited copper oxide nanoparticles were 

successfully enhanced via a photo assisted spray pyrolysis 

technique. A metal-semiconductor-metal (MSM) NH3 gas 

sensor with aluminum (Al) contact electrodes was fabricated 

on CuO nanorods. The structure of the crystal as well as the 

morphology of the CuO nanorods were evaluated with field-

emission scanning electron microscopy (FE-SEM), X-ray 

diffraction, and UV-visible spectroscopy respectively. In 

order to create a high-performing MSM NH3 gas sensor, 

silver nanoparticles (NPs) were sprayed by the photo-assisted 

spray pyrolysis technique on the CuO nanorods, which are 

produced via the vacuum thermal evaporation method. The 

results showed that the modified CuO nanorods by Ag 

nanoparticles demonstrated great sensitivity to NH3 gas might 

be much improved, and the sensitivity rises from (376.4 to 

700 %) , fast response and recovery times about (10.4 and 9.5 

s) respectively  to NH3 gas.  

 

 ي الغاز  المتحدسيمات الفضة النانهية على دراسة تأثير قضبان أوكديد النحاس النانهية المعززة بجد
 الحداسية عالي

 نديم خالد حدن ، شهد احمد ذياب
 العخاق، تكخيت ، جامعة تكخيت ،  كمية التخبية لمعمهم الرخفة،  ياءقدم الفيد 

 

 الملخص
عمى قهاعج  (CuO) الشحاس عالي الكثافةمن خلال تخسيب قزبان نانهية من أكديج  ( NH3ا )تعديد حداسية غاز الأمهنيتم تم في هحا البحث، 

. تم نقل الطبقة السدروعة من الشحاس عمى التهالي إلى فخن باستخجام طخيقة التبخخ الحخاري  في الفخاغ (Cu) تم تخسيب طبقة الشحاسزجاجية. 
 عديد خرائصت( الشانهية. تم CuOأكديج الشحاس ) قزبانلإنتاج الزغط الجهي  تحت )دقيقة 024(لسجة  )درجة مئهية 044(للأكدجة عشج 

تم  .ل الحخاري بالخش بسداعجة الزهءبشجاح عبخ تقشية الانحلاعميها  جديسات الفزة الشانهيةتخسيب ب السخسبة يةالشانه اوكديج الشحاس  جديسات
مهرفهلهجيا الشسه . تم تحميل الشانهيةCuO قزبان عمى  Alمع أقطاب اترال  NH3لغاز  MSM معجن–شبه مهصل–معجنترشيع متحدذ 

( وحيهد الأشعة الديشية والتحميل FE-SEM) ذو انبعاث السجالباستخجام السجهخ الإلكتخوني الساسح  يةالشانه  (CuO)قزبانوالتخكيب البمهري ل

http://tjps.tu.edu.iq/index.php/j
mailto:nadimkh4@tu.edu.iq
http://creativecommons.org/licenses/by/4.0/
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جديسات الفزة الشانهية  تخسيب تم، عالي الأداء MSM NH3غاز  متحدذالطيفي للأشعة فهق البشفدجية السخئية عمى التهالي. من أجل إنذاء 
Ag- NPs) ـلخ الحخاري الفخاغي يالتبخالسشتجة ب القزبان الشانهيةعمى سطح ( بطخيقة الخش الحخاري السدتحث بالزهءCuO   عمى الخكيدة السخسب
حيث كبيخة  الامهنيا برهرةغاز حداسية  تحدنأظهخت  Ag لمفزة جديسات الشانهيةالالسعجلة ب CuO قزبانالشتائج أن  وججنا منالدجاجية. 
عمى التهالي إلى  (ثانية 579و  0470)الاستجابة والاستخداد حهالي  مع نقران في زمشي، (٪ 44.إلى  4.670)من ارتفعت الحداسية  وججنا ان

 .NH3غاز 
 

1. Introduction  
Ammonia (NH3) is a dangerous and toxic gas that is 

extensively used in a variety of industrial processes, 

including those in the food, chemical, textile, 

fertilizer, and automotive sectors [1]. Ammonia leaks 

seriously damage the environment, creating dangers 

for human life. Currently, one of the most popular 

commercial sensing element materials is copper oxide 

(CuO). A variety of CuO nanostructures with high 

surface-to-volume ratios have been grown as a result 

of countless in-depth studies because of the 

complementary benefits of CuO nanomaterials with 

well-defined morphological structures. These 

structures are crucial for the production of gas sensors 

because they have high gas sensitivity and quick 

response and recovery times [2]. Among these 

various morphologies, the crystal-like CuO 

nanostructure is a p-type metal oxide semiconductor 

(MOS) material with a narrow indirect band gap of 

(1.2-1.8 eV) [2-4] and exceeds (2 eV) direct band gap 

[5,6] have received a lot of attention recently due to 

their distinctive shape and structure, which produce 

exceptional physical and electrical properties make it 

is a key component in optoelectronics and sensing 

[3,7]. Due to its high potential as a sensing material, 

CuO nanostructure has received extensive attention 

for sensing material applications [4]. P-type metal 

oxide gas sensor has a few benefits over the n-type 

metal oxide gas sensor. The identical morphological 

arrangements of both sensor materials [8]. A p-type 

oxide semiconductor gas sensor responded to some 

gases in a manner that was equal to the square root of 

an n-type oxide semiconductor sensor [9]. Various 

synthetic techniques have been reported in recent 

years for the production of CuO nanoparticles; wet 

chemical methods, low-temperature solid-phase 

processes, oxidation reactions caused by heating 

copper substrates in the air, or electrodeposition [10-

13]. 

Numerous researchers have primarily concentrated on 

the growth of diverse nanostructured CuO materials 

using various growth techniques and explored the 

properties of these materials for gas sensing, such as 

nanowires, nanorods, nanotubes, nanoflowers, and 

nanoparticles [14-24]. This work, focus on the 

electrical parameters of the self-powered UV MSM 

detector with the structure of the Ag NPs/CuO 

nanorods/Galss, fabricated via photo-deposition 

method, despite the fact that there have been 

numerous studies examining the effects of adding the 

Ag NPs on the surface of metal oxides [25].  

In this work, vacuum thermal evaporation was used 

to deposit a two layers of CuO on glass to grow 

copper oxide nanorods (CuO NRs), where Cu 

deposited and oxidize under heat treatment for two 

times via thermal oxidation and then to cool down. 

Photo-assisted spray pyrolysis was used to coat 

nanorods with silver nanoparticles (Ag), and 

aluminum (Al) was deposited as metal electrodes. 

This was done to make a NH3 gas sensor. Before 

looking at how sensitive NH3 is, the shape, structure, 

and optical properties of a rod-like CuO 

nanostructure were also looked at. 

2. Experimental Detail 
Glass substrates were immersed in the mixture of 

acetone and ethanol rinsed in deionized water after 

being heated for (10 min). After cleaning the glass 

substrates were placed over the substrate holder at a 

distance of (20 cm) away from the tungsten boat 

contains high-purity copper powder (1 g, 99.999%, 

Sigma-Aldrich) (Cu)  was thermally evaporated on 

the glass in vacuum thermal evaporator, a copper 

(Cu) layer was deposited on the glass surface the 

resulting sample (Cu/glass) was orderly introduced 

inside a thermal furnace at (400 °C) under ambient 

gas for (120 min), and then the temperature of the 

furnace was lowered to ambient to produce copper 

oxide (CuO) thin film, this thin film was used as a 

substrate and then the process was repeated by 

precipitating copper for the second time and then 

oxidizing it under a temperature of (400 °C) to 

produce copper oxide nanorods.   

Silver (Ag) nanoparticles are deposited by photo (365 

nm wavelength) assisted spray pyrolysis in air 

environment onto the CuO nanorods as substrate. The 

initial solution is prepared from solid silver nitrate 

(AgNO3) (99.9 % purity with a molar mass of 169.87 

g/mol) diluted in distilled water the molarity (M) was  

(0.009 M), this solution is dissolved in a (1M) sodium 

hydroxide solution that has been dissolved in (10 ml) 

of distilled water. The silver deposition process was 

performed under UV- light (365 nm wavelength) with 

a spray rate of about (5 ml/min) on the CuO 

substrates. In order to produce homogenous films 

with good adhesion of Ag on CuO nanorods, CuO 

substrates were heated at a temperature of (70 °C) in 

atmospheric pressure.  

The morphology and crystallinity of the CuO 

nanorods were characterized using field-emission 

scanning electron microscopy (FESEM, NOVA 

NANOSEM 450, USA) and X-ray diffraction (XRD) 

by X-ray diffractometer system type of (Philips PW 
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1710, USA), the source of radiation was Cu (kα) and 

(λ = 1.5406 Å) respectively.  

While the optical properties of the deposited films 

were recorded with  UV–Vis (Shimadzu, UV-3600) 

spectrometers at room temperature. Two 

interdigitated electrodes with four fingers each make 

up the MSM gas sensor. Each finger measures (230 

m) in width, (3.3 mm) in length, and (400 μm) 

separates each finger. Utilizing a metal mask created 

using the contact structure's pattern, aluminum (Al) 

contacts were formed using vacuum thermal 

evaporation [26]. Gas sensor performance 

measurement set-up is shown in Fig. (1). The change 

in sensor resistance when exposed to NH3 gas is 

taken. CuO sensor was placed inside the chamber 

(Fig. 1), later the desired gas (NH3) with 

concentration of (17.25) ppm was injected.  

 

3. Results and Discussion 
3.1 Characterization of the CuO nanorods  

Figures (2 a and b) show the typical FESEM images 

of the CuO nanorods grown on glass substrates. It can 

be seen that the grown CuO consists of well-defined 

nanorod structures composed of regular cubic 

structures. A highly dense rod shape of CuO was 

successfully obtained, with an average length of (200 

nm). The importance of the first thin layer of CuO, 

which acts as a buffer layer, is to prevent the crystal 

mismatch usually seen when CuO is directly 

deposited on glass substrates. Generally, the buffer 

layer acts as an intermediate layer between the 

amorphous substrate and thin film. The reasons why 

the buffer layer plays an important role are as 

follows: Amorphous substrates are not well-defined 

crystals, which causes difficulty in the growth of thin 

films and obtaining a well-defined structure.

 

 
Fig. 2: FESEM images: (a) CuO nanorods deposited on CuO thin layer, (b) CuO nanorods with Ag 

nanoparticles 
  

Therefore, in order to overcome the crystal mismatch 

and begin nucleation and growth, the lattice constants 

of the new material to be deposited and the substrate 

should be the same. Nucleation, growth, enhanced 

compatibility, adhesion, in addition to improving the 

surface shape and crystalline control. The substrate 

and the substance to be deposited must match in order 

to achieve each of these. After the heating procedure, 

nanorods of copper oxide layer are generated between 

the CuO layer and the glass substrate, forming a CuO 

layer between the higher CuO layer and lower glass 

substrate. The following mechanisms of nanonrods 

production are suggested and explained: Nothing can 

reduce the downward diffusion of oxygen to the 

copper oxide substrate or the reaction between the 

second layer of Cu atoms and oxygen in the air for a 

glass-coated copper that has been annealed at (400 
o
C). As a result, the surface of the first layer of CuO 

is swiftly oxidized, and CuO is created by the second 

oxidation of Cu2O in the manner described below 

[25]:  

4Cu + O2   2Cu2O  ….(1) 

2Cu2O + O2 4CuO …(2) 

From the Fig. (2 a and b) it can be seen that the 

annealing temperature can significantly influence the 

size and shape of CuO nanorods. Annealing 

temperatures can increase the diffusion of atoms or 

molecules and enhance the growth of nanoparticles. 

Higher annealing temperatures can result in larger 

particle sizes. On the other hand, lower annealing 

temperatures may decrease the diffusion, leading to 

smaller particle sizes [25]. Therefore, by controlling 

the annealing temperature, it can help to obtain a size 

that is effective in sensors. 

The crystal structure of nanorods is greatly affected 

by depositing Ag nanoparticles. Fig. (2 b) shows that 

the spaces between the CuO nanorods are completely 

Fig. 1: Schematic illustration of measurement set-up 
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filled with Ag nanoparticles. The annealing can 

influence the preferential growth directions of 

nanorods, resulting in uniform shapes and a high 

density of CuO nanorods. One possible method for 

producing CuO on the substrate's surface is the 

oxidation of the Cu substrate by oxygen atoms from 

the air that have spread downward. Due to the 

continual diffusion of oxygen atoms into the deeper 

region of the substrate, the oxide's thickness grows as 

the heating time increases. Copper oxide is made in 

the deeper, oxygen-free zone. The surface area of the 

copper oxide is then turned into CuO nanorods using 

the CuO crystals made in the first layer. 

Figure (3) depicts the XRD patterns of crystal 

structure of CuO nanorods annealed at temperatures 

of (400 
o
C) and Ag-CuO nanorods. It can be observed 

that the X-ray pattern confirms that the samples 

obtained are crystalline and have the monoclinic 

structure of CuO. The decomposition of CuO 

nanorods like is believed to carry out in two steps: Cu 

first decomposes to Cu2O and O2, followed by the 

decomposition of Cu2O to CuO and O2 at a higher 

temperature. The peaks positions and relative 

intensities of the diffraction peaks of (32.5⁰, 35.5⁰, 

and 38.9⁰) correspond to the lattice plane of (110), 

(111) and (002) respectively reflections, in agreement 

with JCPDS data for CuO (JCPDS: card no. 48-1548) 

[27-29]. Therefore, the result here confirmed the 

evaporated films are CuO. The appearance of Ag  

peaks in the XRD pattern of CuO can be attributed to 

small amounts of Ag impurities and, the possibility of 

some Ag forming along with CuO. From the figure, it 

is noticed that the appearance of high peaks was at 

Fig. (3 a), indicates the purity of this thin film.  
 

 
Fig. 3:  XRD spectrum: (a) CuO nanorods deposited on 

CuO thin layer, (b) CuO nanorods with Ag 

nanoparticles. 
 

No peaks of Cu metal are observed in the XRD 

patterns, indicating that phase-pure CuO is readily 

obtained. It can be clearly observed that the Ag peaks 

with different intensities of the peaks in the XRD 

spectra of sample (Fig. 3 b) revealed that the film is 

mainly composed of CuO and contains a small 

amount of Ag. According to the XRD data, CuO 

nanorods and Ag-CuO nanorods were the primary 

phases of nanoscale CuO nanotubes formed on pure 

CuO/glass substrates after vacuum thermal 

evaporation that was followed by oxidation. 

Figure (4) shows the linear relationship between the 

(αhν)
2
 and photon energy (hν) was obtained by 

plotting (αhν)
2
 against (hv) to determine the value of 

the optical energy gap at (α = 0), where α is the 

absorption coefficient and hν is the photon energy. 

The energy band gap of CuO rods  is found to be 

(1.79 eV) for the CuO nanorods sample annealed at 

(400 and 1.89 eV) for the same sample after Ag 

nanoparticles deposited, these are greater than of the 

bulk CuO band gap. The observed deviation to blue 

shift in the value of the energy gap occurred due to 

the quantum confinement effect resulting from the 

reduction in the size and dimensional structure of the 

nanoparticles and the existence of an amorphous 

phase in films [5,6]. The change in energy gap values 

after Ag nanoparticles deposition could be because 

both the electrical structure of CuO nanorods and that 

of Ag nanoparticles can be altered by these actions. 

Quantum confinement might change the materials' 

internal energy levels, which might have an impact 

on the energy gap. CuO nanorods sample annealed at 

(400 
o
C) energy gap (Fig. 4 a) increases in its value. 

These values match to the energy gaps of direct gap 

of p-type CuO [30,31]. Energy gap values showing 

that a direct allowed transition was the cause of the 

absorption edge [32]. It is clear that the direct band 

gap increases with decreasing particle size [33]. At 

the interface between the Ag nanoparticles and the 

CuO nanotubes, the addition of Ag nanoparticles can 

alter or produce new surface states. In addition Ag 

nanoparticles can produce plasmonic phenomena, in 

which the collective oscillations of the Ag 

nanoparticles' electrons take place. The CuO 

nanorods can pair with these plasmonic phenomena, 

which will change the energy gap. 
 

 
Fig. 4: Tauc’s plot: (a) CuO nano-rods deposited on  

CuO thin layer, (b) CuO nanorods with  Ag 

nanoparticles 
 

3.2  Characteristics of the Nanorods -like CuO  

MSM NH3  sensor  
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The schematic of the CuO NRs MSM NH3 sensor, as 

well as the Al finger contacts deposited on top of the 

CuO nanorods is shown in Fig. (1). To describe a 

NH3 sensor performance characteristics, electrical 

responses of the gas sensors fabricated from Al/CuO 

NRs /Al and Al/ Ag-CuO NRs /Al were investigated 

at room temperature, and (17.25  ppm) NH3 gas. 

Figure (5) Shows the electrical responses of rod-like 

CuO as a function of time. The enlarged parts of our 

recorded data have been drawn in Fig. (5 a and b) 

measured at a NH3 concentration of (17.25 ppm) in 

case of gas input and gas stop. The gas response, 

response time, and recovery time were used to 

describe the gas-sensing performances. This formula 

was used to determine the gas response [34].  

           |
         

    
|             

The sensor's reaction grew linearly as the quantity of 

ammonia gas increased. When exposed to fresh air, 

the response immediately returns to the initial value; 

this shows that the Al/CuO/Al sensor has strong 

repeatability and reproducibility. The response and 

recovery times of a gas sensor are another crucial 

fundamental element. For real-time use in practical 

applications, a sensor with quick reaction and 

recovery is required. Response time was found to be 

(12.4 s) for (17.25 ppm) ammonia gas, and recovery 

time is (6.7 s), as shown in Table (1) for the sensor 

based on CuO nanorods. 
 

Table 1: Variation of Sensitivity, Response and 

Recovery time of gas sensor with based on CuO without 

and with Ag nanoparticles 

Sample annealing 

temperature 
Sensitivity 

Response 

time(S) 

Recovery 

time(S) 

Al/ CuO/Al 376.4 12.4 6.7 

Al/Ag-CuO/Al 700.7 10.7 9.7 
 

The reactions at the CuO nanorods surface and the 

diffusion are the basis for the basic operation of NH3 

gas sensor. Surface polarity and enhanced oxygen 

adsorption at the CuO surface upon exposure to 

ammonia gas at room temperature. Based on the 

energy gap values obtained, during thermal treatment 

p-type CuO could be formed [35, 36], which was 

confirmed by the behavior of the sensor where there 

was a change in the resistance values of the sensor 

with its with exposure to ammonia gas [34]. The 

sensor response to (17.25 ppm) NH3 was measured, 

as shown in Fig. (5). The CuO gas sensor's related 

dynamic response characteristics to (17.25 ppm) NH3 

at various times. The real-time on/off switching was 

measured by exposing the NH3 gas. While exposed to 

NH3 gas, the measured current developed rapidly 

before decreasing when there is no gas flow. The 

response and decay times for the sensor CuO they 

were calculated.    

CuO's resistance decreases as a result of the removal 

of electrons by surface oxygen species and the 

formation of holes in the material. Upon exposure to 

NH3, ammonia reacts with CuO, it can act as a 

reducing agent, and possible reduction reaction path 

at the CuO surface can be given as follows [34, 37, 

38], 

                          
   

                          
                            
                            
Based on their reactivity with reducing gas molecules 

and the adsorption/desorption of those molecules, 

CuO sensors' ability to detect the presence of gas as 

an explanation for a change in sensor resistance. In 

the initial stages, oxygen molecules get absorbed 

through the CuO sensor when exposed to air, 

atmosphere, and oxygen ionic species (O
2-

, O
-
, and 

O
2-

) are formed through capturing one electron from 

the CuO surface. 

Consequently, there is a decrease in electrical 

resistance due to an increase in hole concentration. 

When exposed to reducing gases such as ammonia 

molecules, ionic oxygen species (on the surface of 

CuO) interact with these molecules, causing many 

electrons to be released back into the CuO conduction 

band. Recombining these electrons with the existing 

holes raises the electrical resistance of the CuO 

sensor. As a result, the electrical resistance of the 

sensor changes in a manner that is proportionate to 

the presence of ammonia gas. 
 

 
Fig. 5: NH3 sensing responses: (a) CuO nano-rods 

deposited on CuO thin layer, (b) CuO nano-rods with 

Ag nanoparticles 
 

When CuO nanorods surfaces consist of a large 

number of Ag nanoparticles, contact at their 

boundaries lowers the Schottky barrier height at the 

interface of adjacent grains. This is brought on by 

charge trapping at the interface and governs the 

electrical behavior. The conductivity is determined 

based on the height of this barrier. Charge trapping at 

the interface is what caused this process. Majority of 

carriers can be caught in trap states that are present at 

these interfaces. As a result, the band bends, creating 

a barrier at the interface. The conductivity of this 

barrier is regulated by its height [39]. It is evident that 

the relationship between the change in conductance 

and the change in barrier height and the temperature. 

When determining the sensitivity of CuO gas sensors, 
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grain boundaries are a key factor through its effect on 

the value of the height of the Schottky potential 

barrier. Gas molecules react and adsorb on the surface 

of CuO particles as part of the sensing mechanism. 

The electrical characteristics (Fig. 5) of the sensor 

alter as a result of the gas molecules diffusing across 

the grain boundaries and interacting with the CuO 

surface. From the results that we obtained, it was 

shown that the annealing temperature has a large 

effect on the size of the grains and therefore on the 

sensor. Our results showed that with the wide spread 

of the grains on the substrate, the values of the grain 

boundaries decreased, thus decreasing the sensitivity 

of the sensor, and the values of response and recovery 

times decreased, as shown in Table 1. 

4. Conclusions  
CuO nanorods were grown on CuO nanoparticles or 

glass substrates by oxidizing at (400 ᵒC) annealing 

temperatures two layers of CuO that were deposited 

on glass using the vacuum thermal evaporation 

deposition technique. The morphology of the sample 

showed that the grown CuO was nanorods. The Ag 

nanoparticles were deposited by spray pyrolysis on 

CuO nanorods. The results demonstrate that high-

quality CuO nanorods may be produced via 

affordable thermal deposition by appropriately 

regulating the lattice mismatch between substrate and 

deposited film by choosing a layer that acts as a 

buffering layer between the substrate and the layer 

that will be deposited. To enhance NH3 sensor 

performance, the spaces between CuO nanorods are 

coated with Ag nanoparticles. 

The suggested NH3 sensor has exhibited both a fast 

response time and recovery time of less than (10.7 

and 9.7 s) respectively, a wide range of detection of 

NH3 with a sensitivity of (700.7 %).  
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