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Abstract 
ZnO nanostructures of different methods and sizes were grown in a controlled manner 

using a simple hydrothermal and sonochemical technique. Controlling the content of 

concentration and temperature of the reaction mixture, spherical nanoparticles ZnO 

structures could be synthesized at temperatures 100-150 °C with excellent 

reproducibility in solvothermal and at different power and time in sonochemical 

methods. These ZnO nanostructures have been tested for CO2 gas monitoring by 

depositing them as thick films on an inter-digitated alumina substrate and evaluating 

the surface resistance of the deposited layer as a function of operating temperature 

and CO2 concentrations. The gas sensitivity tests have demonstrated that the ZnO 

nanostructures, spherical morphology, exhibit high sensitivity to CO2 proving their 

applicability in gas sensors. The role of the nanostructure on the sensing properties of 

ZnO is also discussed. 

Keywords: ZnO; metal oxides; CO2 gas sensor; sonochemistry. 

 

Introduction 
Metal oxides represent an assorted and 

appealing class of materials whose 

properties cover the entire range from 

metals to semiconductors and insulators 

and almost all aspects of material 

science and physics in areas including 

superconductivity and magnetism. In 

the field of chemical sensing, for more 

than five decades it has been known 

that the electrical conductivity of 

semiconductors varies with the 

composition of the gas atmosphere 

surrounding them. Gas sensors have a 

great influence in many areas such as 

environmental monitoring, domestic 

safety, public security, automotive 

applications, air conditioning in 

airplanes, space crafts and houses and 

sensors networks. Due to this huge 

application range the need of cheap, 

small, low power consuming and 

reliable solid state gas sensors has 

grown over the years and triggered a 

huge research worldwide to overcome 

metal oxide sensors drawbacks, 

summed up in improving the well-

known Sensitivity, Selectivity and 

Stability. The sensing properties of 

semiconductor metal oxide in form of 

thin or thick films other than SnO2, like 

TiO2, WO3, ZnO, Fe2O3 and In2O3, 

have been studied as well as the 

benefits from the addition of noble 
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metals: Pd, Pt, Au and Ag in improving 

selectivity and stability. In 1991 

Yamazoe [1] showed the reduction of 

sensor performance [2]. In a low grain 

size metal oxide almost all the carriers 

are trapped in surface states and only a 

few thermal activated carriers are 

available for conduction. In this 

configuration the transition from 

activated to strongly not activate carrier 

density, produced by target gases 

species, has a great effect on sensor 

conductance. The challenge became to 

prepare materials with small crystallize 

size which were stable when operated 

at high temperature for long 

periods[2].From the preparation side, 

first generation devices were prepared 

by thick film technology starting from 

powders. Since sensor performance 

depends on percolation path of 

electrons through intergranular regions, 

by varying small details in the 

preparation process, each sensor 

differed slightly in its initial 

characteristics. Therefore, the materials 

fabrication processes have been 

improved towards thin film technology, 

a more automated production method 

that offers higher reproducibility and 

compatibility with Si technology, by 

physical and chemical vapors 

deposition. However, the technological 

improvement went along with a 

reduction of sensing performances due 

to a lower porosity of the prepared 

devices. Both thin and thick films 

electrical properties drift due to grain 

coalescence, porosity modification and 

grain-boundary alteration. These effects 

become more critical because the metal 

oxide layers must be kept at a relatively 

high temperature in order to guarantee 

the reversibility of chemical reactions at 

surface. Thus, several solutions have 

been put forward to stabilize the 

nanostructure, e.g. addition of a foreign 

element [3] or phase [4]. An 

unexpected step forward has been the 

successful preparation of stable single 

crystal quasi-one-dimensional 

semiconducting oxides nanostructures 

(so-called nano-belts, nano-wires or 

nano-ribbons) by simply evaporating 

the desired commercial metal oxide 

powders at high temperatures [5,6]. 

Their crystallinity assures improved 

stability and the nanosized lateral 

dimension has good sensing properties. 

Their peculiar characteristics and size 

effects make them interesting both for 

fundamental studies and for potential 

nano-device applications, leading to a 

third generation of metal oxide gas 

sensors. On the other hand, Nano-

materials are at the leading edge of 

rapidly developing field of 

nanotechnology [7-10]. A reduction in 

particle size to nanometer scale results 

in various special and interesting 

properties compared to their bulk 

properties. Metal oxide materials, 

specifically materials with nanoscale 

features, have been the subject of 

numerous research efforts in fields such 

as gas sensors [11,12], fuel cells [13], 

solar cells [14,15] and electrodes for 

lithium ion batteries [16] to name a 

few. However, ZnO is a polar inorganic 

crystalline material with many 

applications due to its unique 

combination of interesting properties 

such as non-toxicity, good electrical, 

optical and piezoelectric behavior, 

stability in a hydrogen plasma 

atmosphere and low price [17]. ZnO is 

a well- known semiconductor with a 

wide direct band gap (3.37 ev) and a 

large exciton binding energy of 60 meV 

at room temperature [18,19] and it has a 

wide range of applications such as solar 

cells, luminescent, electrical and 

acoustic devices, gas and chemical 

sensors, coatings, catalysts, micro 

lasers, memory arrays and biomedical 

applications [17,20]. Till now, many 
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methods have been developed to 

synthesize zinc oxide Nano crystals 

including vapor phase growth [21], 

vapor- liquid- solid process [22], soft 

chemical method [23], electrophoresis 

deposition [24], sol-gel process [25], 

and homogeneous precipitation [26-28]. 

Further works in a FET configuration 

have been reported on zinc oxide 

nanostructures. Fan et al. [29] reported 

oxygen adsorption on the nanowire 

surface. It was shown a considerable 

variation of electrical properties of the 

single crystal ZnO nanowire upon 

oxygen introduction. Furthermore, an 

interesting study of the response to 

oxygen as a function of the nanowire 

dimensions was reported, evidencing an 

increase in the response as the nanowire 

radius decreases. The same group in 

[30] characterized the electrical 

properties of ZnO nanowire field effect 

transistors with scanning probe 

microscopy. The potential drop at 

Schottky barrier contact was analyzed, 

the conductive SPM tip was used as a 

movable local gate in order to change 

the electrical properties of FET device. 

Finally, gas-sensing properties of ZnO 

single nanowire FET were tested 

towards NO2 and NH3 at room 

temperature [31]. As in the previous 

reported investigations, the electrical 

field applied to the back gate electrode 

influenced the sensitivity. A strong 

field was used to refresh the sensor 

after molecules adsorption at room 

temperature; the negative voltage pulse 

produced a complete recovery of the 

conductance value to the initial level 

before NO2 exposure. The negative gate 

potential depleted electron in nano-wire 

and reduced the number of electrons 

available at the vacancy sites, the hole 

migration to the surface instead led to a 

discharge of gas molecules.  

Furthermore, if a dipole moment is 

associated with the adsorbed molecule, 

the gate field can induce a repulsive 

field weakening the bonding. Some of 

the electrical measurement on 

nanowires gas sensors were carried out 

in ideal atmospheres, but clearly, if a 

gas sensing device has to be produced, 

more realistic condition have to be 

explored, air has to be used as a carrier 

gas and the effect of interfering gases 

and humidity have to be taken into 

account in the right concentration 

range. Nevertheless the presented 

experiments show good sensing 

properties, the possibility to use 

dopants and catalyze such in the thin 

film gas sensors and the real integration 

in low power consumption transducers 

of single crystalline nanobelts. The 

integration of top down and bottom up 

approaches prove the feasibility of large 

scale manufacturing of well-organized 

sensor arrays based on different 

nanostructures [2]. ZnO nanoparticles 

were synthesized by sonochemical 

method. In addition, the nanoparticles 

of ZnO were prepared by thermal 

oxidation on Zn substrate through 

importing the polycarbonate membrane 

template for initial deposition of Zn 

nuclei [32]. The above mentioned 

Methods cannot be departed from 

complex chemical reactions or 

processes. Thermal oxidation may 

assist the production of catalysts, 

semiconductor devices or functional 

oxide films under controlled conditions 

[33]. A direct and simple thermal 

oxidation method was employed to 

synthesize ZnO nanoparticles. Using 

this convenient route, with no catalyst 

and template assisted, many research 

teams prepared ZnO nanoparticles 

successfully by oxidizing zinc foils 

under different conditions such as 

different annealing temperatures, time 

or atmosphere [34-41]. X-ray 

diffraction (XRD), scanning electron 

microscopy (SEM), EDAX, Raman, 
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solid state UV-Vis and solid state PL 

spectra were used to characterize the 

morphology, structure and phase of the 

synthesized nanostructures. In the 

present work, we report data about their 

gas-sensing properties, by using them 

as active layers in CO2 gas resistive 

sensors. The gas sensing properties of 

the different nanostructures were 

compared and discussed as a function 

of the morphology of the primary 

nanoparticles. The results presented 

highlighted the role of the shape of the 

primary ZnO crystallites and an 

explanation based on the 

characterization and sensing data 

acquired has been given. 

 

Experimental 
Sonochemical synthesis 

Different amounts of NaOH solution 

with a concentration of 0.1 M were 

added to the 0.02, 0.01, 0.005 M 

solutions of Zn(CH3COO)2.2H2O in 

ethanol. The mixtures were sonicated 

for 30 min. Different amounts of NaOH 

solution with a concentration of 0.1 M 

were added to the 0.02, 0.01, 0.005 M 

solutions of Zn(CH3COO)2.2H2O in 

ethanol/water. The obtained mixtures 

were sonicated for 30-60 min with 

different ultrasound powers. Table 1, 

Sample A shows the conditions of 

reactions in detail. A multi wave 

ultrasonic generator 

(BandlinSonopulsGerate-Typ: UW 

3200, Germany) equipped with a 

converter/transducer and titanium 

oscillator (horn), 12.5 mm in diameter, 

operating at 30 kHz with a maximum 

power output of 780W, was used for 

the ultrasonic irradiation. The ultrasonic 

generator automatically adjusted the 

power level. The wave amplitude in 

each experiment was adjusted as 

needed. The X-ray powder diffraction 

(XRD) measurements were performed 

using a Philips diffractometer of X’pert 

Company with mono chromatized Cukα 

radiation. The crystallite sizes of the 

selected samples were estimated using 

the Sherrer method. The samples were 

then characterized using a scanning 

electron microscope (SEM) (Philips XL 

30) with gold coating. IR spectra were 

recorded on a SHIMADZU- IR460 

spectrometer in a KBr matrix. 

 

Solvothermal synthesis 

Different amounts of NaOH solution 

with a concentration of 0.1 M were 

added to the 0.02, 0.01, 0.005 M 

solutions of Zn(CH3COO)2.2H2O in 

ethanol. The mixture was stirred 

vigorously for 30 min and then sealed 

in a Teflon-lined stainless-steel 

autoclave. The tank was heated and 

maintained at 100, 120 and 140 °C for 

12 h, and then allowed to cool down to 

-10 °C temperature rapidly. The 

product was collected by centrifugation 

and washed with acetone and ethanol 

several times to remove the excessive 

reactants and by products. Then it was 

calcinated under vacuum at 400 °C for 

2 h. The resulting powder was collected 

for further characterization. 
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Table 1. Experimental conditions for the preparation of ZnO nanoparticles 

Sample A Zn(OAc)2.2H2O NaOH Aging time Ultrasound power 

1 50 mL (0.02 M) 50 mL 30 min 30W 

2 50 mL (0.01 M) 50 mL 30 min 30W 

3  50 mL (0.005 M) 50 mL 30 min 30W 

4 50 mL (0.02 M) 0 mL 30 min 30W 

5 50 mL (0.01 M) 0 mL 30 min 30W 

6 50 mL (0.005 M) 0 mL 30 min 30W 

Sample B Zn(OAc)2.2H2O 
NaOH 

(0.05 M) 
Aging time Temperature  

1 15 mL (0.02 M) 20 mL 12 hr 1000C 

2 15 mL (0.01 M) 20mL 12 hr 1200C 

3 15 mL (0.005 M) 20 mL 12 hr 1400C 

4 15 mL (0.02 M) 0 mL 12 hr 1000C 

5 15 mL (0.01 M) 0 mL 12 hr 1200C 

6 15 mL (0.005 M) 0 mL 12 hr 1400C 

 
 

X-ray powder diffraction (XRD) 

measurements were performed using a 

Philips diffractometer of X’pert 

Company with mono chromatized Cukα 

radiation. The particle sizes of selected 

samples were estimated using the 

Sherrer method. The samples were 

characterized by a scanning 

electron(SEM) (Philips XL 30) with 

gold coating. The luminescent 

properties were investigated using an F-

4500 FL spectrophotometer. 

 

Sensing tests 

Sensors were made by depositing by 

drop coating films (1–10 µm thick) of 

the dispersed in water on alumina 

substrates (8mm×4mm) with Ptinter 

digitated electrodes and a Pt heater 

located on the backside. The structure 

of the fabricated sensor device has been 

reported elsewhere [42]. Before sensing 

tests, a thermal treatment at 400 0C for 

2 h was carrying out in order to 

stabilize the microstructure of the 

sensing film. The sensors were then 

introduced in a stainless-steel test 

chamber for the sensing tests. The 

experimental bench for the electrical 

characterization of the sensors allows 

carrying out measurements in 

controlled atmosphere. Gases coming 

from certified bottles can be further 

diluted in air at a given concentration 

by mass flow controllers. Sensing 

measurements were carried out in the 

temperature range from 150 to 400 0C, 

with steps of 50 0C, under a dry air total 

stream of 200 sccm, collecting the 

sensors resistance data in the four point 

mode. A multimeter data acquisition 

unit Agilent 34970A was used for this 

purpose, while a dual-channel power 

supplier instrument Agilent E3632A 

was employed to bias the built-in heater 

of the sensor to perform measurements 

at super-ambient temperatures. The gas 

response is defined as the ratio Rair/Rgas, 
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where Rair is the electrical resistance of 

the sensor in dry air and Rgas the 

resistance at different CO2 

concentrations. 

 

Results and discussion 

The reaction between zinc acetate and 

sodium hydroxide to form zinc oxide 

has been shown in scheme 1. Figure 1 

shows the XRD patterns of the ZnO 

nanoparticles. Figure 1a shows the 

XRD pattern of the sample that 

prepared by ultrasonic method before 

calcination. Figure 1b shows the XRD 

pattern of the direct sonochemicaly 

synthesized ZnO nanoparticles and 

Figure1b shows the XRD pattern of the 

direct solvothermal synthesized ZnO 

nanoparticles. Figure 1b shows the 

XRD pattern of the direct 

sonochemicaly synthesized ZnO 

nanoparticles and Figure1b shows the 

XRD pattern of the direct solvothermal 

synthesized ZnO nanoparticles. As it 

has been seen the XRD patterns are 

quite the same and are in agreement 

with the typical wurtzite structure ZnO 

diffraction (hexagonal phase, space 

groupC6v, with lattice constants a = 

3.24982(9) Å, c = 1.6021 Å, Z = 2, 

JCPDS No.36-1451).Sharp diffraction 

peaks shown in Figure 1 indicate good 

crystallinity of ZnO nanoparticles. No 

characteristic peak related to any 

impurity was observed. The broadening 

ofthe peaks indicated that the particles 

were of nanometer scale. Estimated 

from the Sherrer formula, D = 

0.891λ/βcosθ, where D is the average 

grain size, λ is the X-ray wavelength 

(0.15405 nm), and θ and β are the 

diffraction angle and full-width at half 

maximum of an observed peak, 

respectively. The morphology, structure 

and size of the samples are investigated 

by Scanning Electron Microscopy 

(SEM). 

 

 
Scheme 1. The mechanism of ZnO formation 
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Figure 1. X- Ray powder diffraction pattern of ZnO nanoparticles 

(a) (sample A. No 2) synthesized by sonochemical method (b) (sample B. No 2) synthesized 

by solvothermal method, (c) (sample A. No 2) synthesized by sonochemical method before 

calcinations 

 

Figure 2 indicates that the original 

morphologies of the ZnO particles are 

approximately spherical with the 

diameter varying between 50 to 70 nm 

for synthesis by sonochemical method 

(Figure 2a) and 30 to 50 nm for 

synthesis by solvothermal method 

(Figure 2b). The average size of the 

particles of sample A number 2 was 50 

nm, and the average size of this sample 

A after calcination at 400 °C for 4 

hours has been calculated about 60 nm 

which are in agreement with that 

observed from SEM images. The 

average size of the particles of sample 

B number 2 was 30 nm, which are in 

agreement with that observed from 

SEM images. To investigate the size 

distribution of the nanoparticles, 

particle size histograms were prepared 

for the samples A and B, (Figure 3). 

Most of the particles possess sizes in 

the range from 40 to 80 nm for 

sonochemical method and 20 to 60 nm 

for solvothermal method. For further 

demonstration, the EDAX was 

performed for the samples A and B. 

 

 

Figure 2. SEM images of ZnO nanoparticles (a) (sample A. No 2) synthesized by 

Sonochemical method (b) (sample B. No 2) synthesized by solvothermal method 
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Figure 3. Particle size histograms of ZnO nanoparticles (a) (sample A. No 2) synthesized 

bysonochemical method (b) (sample B. No 2) synthesized by solvothermal method 

 
 

The EDAX spectrum in Figure 4 

shows the presence of Zn as the only 

elementary component. In order to 

investigate the role of sonication on the 

composition, size and morphology of 

the products, we carried out the reaction 

without sonication with the same 

conditions of the optimized samples. 

The XRD patterns of the obtained 

product corresponds to ZnO but the 

SEM images show that the 

nanoparticles of the samples without 

using sonication have larger sizes as 

compared with the samples obtained via 

the sonochemical route. It was 

indicated that the ZnO nanoparticles 

could decompose the organic pollutants 

by formation of exceed superoxide 

and/or hydroxyl radicals at the ZnO 

interface in sonochemical method but in 

solvothermal method the ZnO 

nanoparticles prepared directly without 

interface. Figure 5 shows the solid state 

UV-Vis spectra of the compounds (all 

ZnOnano powders) display one 

absorption wide band with the 

maximum intensity of 376 nm but the 

solid state UV-Vis spectra of the 

sample A before calcinations shows 

two absorption bands in 345 and 360 

nm. 

 

 
Figure 4. The EDAX analysis of ZnO nanoparticles (a) (sample A. No 2) 

synthesized by sonochemical method (b) (sample B. No 2) synthesized by solvothermal 

method 
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Figure 5. The solid state UV-vis absorption of ZnO nanoparticles (a) 

(sample A. No 2) synthesized by sonochemical method (b) (sample B. No. 2) synthesized by 

solvothermal method 

 

Figure 6 shows the PL spectra of ZnO 

in the nano sized forms 

(λexc=360nm).All the nanoparticles of 

ZnO showed a strong and broad 

emission bond centered at 388-390 nm, 

and interface product of sample A 

showed three weak bonds at 384, 549 

and 570 nm. Raman spectra of ZnO 

nanoparticles are shows in Figure 7. 

 

 
Figure 6. The solid state PL of ZnO nanoparticles (a) (sample A. No. 2) 

synthesized by sonochemical method (b) (sample B. No. 2) synthesized by solvothermal 

method 
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Figure 7. The Raman spectra of ZnO nanoparticles (a) (sample A. No. 2) 

synthesized by sonochemical method (b) (sample B. No 2) synthesized by solvothermal 

method 

 

ZnO wurtsit structure shows six 

Raman active modes. Raman spectra of 

ZnO nanoparticles show two sharp 

peaks at 330 and 445 cm-1.This result 

may be explained by the fact that ZnO 

nanoparticles have better crystalinity in 

its nano size form and these emission 

peaks are virtually the same, indicating 

that they are influenced by the size of 

particles. As compared with the other 

methods used for preparing ZnO 

nanoparticles. The solvothermal 

method better than sonochemical 

method and is very fast and does not 

need any additives and surfactants 

during the reactions. The electrical 

characteristics of the ZnO 

nanostructures deposited as thick films 

on alumina substrates have been also 

investigated. As an example, Figure 8 

reports the variation of resistance in the 

temperature range 25–350 ◦C for the 

sample A2 after a heating–cooling 

cycle in dry air. All prepared films 

exhibited similar behavior, 

characterized by a negative temperature 

coefficient of electrical resistance, 

which is consistent with a 

semiconducting-type behavior. At room 

temperature the resistance of the as-

prepared ZNSON film was very high, 

and not measurable with a conventional 

resistance meter. After heating (a), the 

resistance decreased due to the thermal 

activation of electron charge carriers. 

The initial high electrical resistance of 

the as-prepared sample can be 

attributed to the water adsorbed during 

storage at room conditions which 

causes the formation of hydroxyls 

onthe ZnO surface. They attract 

electrons from the bulk and become 

negatively charged and give rise to a 

positive space charge region leading to 

a high electrical resistance. On the other 

hand on the successive cooling cycle 

(b), the samples displayed lower 

electrical resistance in all temperature 

range. This was likely associated to the 

de-hydroxylation of the surface 

occurred during the heating cycle. 

Repeating heating–cooling cycles in 

dry air, a fully reversible behavior with 

negligible hysteresis was observed, due 

to the structural stability of ZnO surface 

layer in dry air in the temperature range 

investigated. 
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Figure 8. Heating–cooling curves showing the electrical resistance 

of ZNSON film as a function of temperature 

 

CO sensing tests 

It is well known that the response of 

resistive sensors is highly affected by 

the operating temperature. Therefore, 

the response of the ZnO sensors as a 

function of the operating temperature 

was first investigated. Figure9 shows 

the response as a function of operating 

temperature from 150 to 400 ◦C for the 

ZNSOL sensor exposed to 400 ppm of 

CO2. A rapid increase of the response 

was observed as the working 

temperature was increased and reached 

a maximum at about 300 °C and started 

decreasing thereafter. This 

characteristic volcano curve can be 

interpreted on the basis of adsorption-

desorption and reaction processes 

occurring on the sensing layer surface. 

For operating temperatures <200 °C the 

sensor response is low because the 

adsorbed CO2 molecules are not 

activated enough to react with the 

surface adsorbed oxygen species. 

However, above 300 °C the decrease in 

CO2 gas adsorption is not adequately 

compensated by the increase of surface 

reaction and the sensor response 

decreases. The transient response was 

found reversible (Figure 10). The 

response time, τres, defined here as the 

time required to achieve 90% of the 

total resistance change when CO2 is 

introduced into air, is fast (τres∼ 25 s). 

 

 
Figure 9. Response to 400 ppm of CO2 vs. the operating temperature of the 

 ZNSOL sensor 
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Figure 10. Transient response of ZNSOL sensor to exposure of 100ppm 

of CO2 at 300 0◦C 

 

A slower recovery time, τrec, i.e. the 

time required to achieve 90% of the 

total resistance change when CO2 is 

turned off and pure dry air is 

reintroduced into the chamber has been 

observed (τres∼ 150 s). The response as 

a function of CO2 gas concentration for 

all the ZnO sensors investigated at 300 

°C is shown in Figure 11. 

 

 
Figure 11. Response to different CO2 gas concentration for the ZnO sensors at 300 ◦C 

The sensors show a good response to 

CO2. The response increased as the CO2 

gas concentration was increased from 

100 to 500 ppm. Figure 12a shows the 

sensor responses vs. CO2 concentration. 

A linear trend was observed, when 

responses are plotted in a log–log scale, 

as a function of the gas concentration. It 

is interesting to observe that all the 

nanostructured films display the same 

sensitivity to CO2, SCO, as calculated 

by the slope of the extrapolated straight 

lines reporting the response as a 

function of the CO2 concentration in 

Figure 12b. The sensitivity with respect 

to CO2 was calculated to be 0.012 

ppm−1. Instead, the responses at a given 

CO2 concentration and the detection 

limits, DL, defined as the lower 

concentration in which the response 
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significantly differentiated from the 

noise signal, i.e. 3 times the standard 

deviation of noise (instrumental 

detection limit), are different among the 

investigated sensors. ZNSOL sensor, 

based on cloudlike particles, exhibits a 

slightly greater response than other 

sensor with various morphology 

particles, while on ZNSON sensor 

(nanoparticle) the lower response was 

found, and the same trend was found 

for the detection limits. The 

extrapolated limit of detection for the 

ZNSOL sensor is about 0.5 ppm, 

allowing a monitoring of CO2 down to 

concentrations in the sub-ppm range. 

Even though a direct comparison with 

recent literature reports on CO2 sensing 

of various ZnO nanostructures cannot 

be made because of the different 

experimental conditions adopted the 

results we obtained clearly indicate the 

good performances of our sensors. 

 

Figure 12.  (a) Calibration curves of the ZnO sensors at 300 °C; (b) calibration curves of the ZnO 

sensors showing the measured sensitivity to CO2 and the extrapolated detection limit related to ZNSOL 

sensor 

 

Conclusion 
A simple wet chemical process assisted 

by sonochemical and solvothermal was 

proposed for the synthesis of different 

ZnO nanostructures for gas sensing 

applications. Moreover, by changing 

the synthesis parameters ZnO 

nanostructures with different 

shape/morphology could be obtained. 

These nanostructures were investigated 

in the monitoring of carbon dioxide, 

showing the maximum of response 

around 300 °C. The higher response 

was obtained for the ZNSOL sensor 

based on ZnO nanoparticles exhibiting 

spherical morphology. A synergic 

effect between small crystallite 

size/high surface area and potential 

barrier modification is proposed for 

explaining the enhanced sensing 

properties of the ZnO particles with 

spherical morphology. In summary, 

from this study, it can be deduced that 

the performance of resistive ZnO based 

sensors to CO2 gas can be controlled by 

tuning the morphology of the metal 

oxide nanoparticles by a rapid synthesis 

procedure assisted by solvothermal and 

sonochemical, providing a simple way 

to fabricate highly sensitive CO2 gas 

sensors.  Higher response was obtained 

for the ZNSOL sensor based on ZnO 

nanoparticles exhibiting spherical 

morphology. A synergic effect between 

small crystallite size/high surface area 

and potential barrier modification is 

proposed for explaining the enhanced 

sensing properties of the ZnO particles 

with spherical morphology. In 

summary, from this study, it can be 
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deduced that the performance of 

resistive ZnO based sensors to CO2 gas 

can be controlled by tuning the 

morphology of the metal oxide 

nanoparticles by a rapid synthesis 

procedure assisted by solvothermal and 

sonochemical, providing a simple way 

to fabricate highly sensitive CO2 gas 

sensors. 
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