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 We report the synthesis, optical characterizations and enhanced carbon monoxide (CO) 

gas sensing properties of Magnesium (Mg) doped 1D zinc oxide (ZnO) nanobelts by vapor 

transport method. The structural, morphological and compositional properties of the samples 

were investigated by powder X-ray diffraction (p-XRD), field emission scanning electron 

microscopy (FESEM) and energy dispersive X-ray (EDX) analysis. Optical characterizations 

were carried out by Raman spectroscopy, Photoluminescence (PL), diffused reflectance 

spectroscopy (DRS), UV sensing and CO gas sensing. Crystalline nanobelts were obtained with 

the average thickness about 34 nm, width 290 nm, and length 3.25 µm. significant changes in 

energy bandgap was observed due to Mg doping. Undoped and Mg-doped ZnO nanostructures 

were tested for gas sensing properties based on resistance change under exposure to air and the 

CO gas. The Mg-doped ZnO nanobelts showed five times enhanced sensing properties towards 

20 ppm of CO gas at 350 °C with good stability, indicating that Mg doping is very much 

effective in improving the CO sensing of ZnO nanobelts. In addition, a model which describes 
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CO gas sensing mechanism for both, undoped and Mg-doped ZnO nanostructures is also 

presented. 

Key words: ZnO, Nanobelts, Mg doping, CO gas sensors, UV sensing 

1. Introduction 

1D oxide semiconductors nanocrystals are considered to be highly efficient source for gas 

sensing due to their high sensitivity to surface chemical reaction, rapid response and high surface 

to volume ratios in comparison to thin film gas sensors. Consequently, synthesis of 1D oxide 

semiconductors nanostructures with different morphologies and size is of significant importance 

from the fundamental research and the novel device development.1-3 Among several excellent 

metal oxide nanomaterials, ZnO is well suited for a number of applications owing to its 

characteristics such as direct and wide bandgap (3.37 eV), high exciton binding energy (60 meV) 

at room temperature, simple fabrication and good biocompatibility.4,5 ZnO nanostructures are 

therefore considered as one of the most promising gas sensing material due to its high sensitivity 

to toxic and combustible gases, carrier mobility, and good chemical and thermal stability at 

moderately high temperatures.6 Different techniques have been applied to improve its response, 

reaction speed, and stability.7,8 However, it still remains a challenge to increase the sensing 

response and detection limit of ID ZnO nanobelts. Many techniques such as doping,9 fabrication 

of hetrostructure,10 systematic controls of morphologies 11
 and functionalization 12-14 have been 

used to improve the stability, sensitivity response and recovery speed of the 1D nanostructure 

based sensors. Doping is considered to be an effective method in for improving gas sensing 

properties of ZnO nanostructure at low temperature. Different researchers have used doped ZnO 

nanostructures for the detection of CO by using different techniques. For example Gasper et al.
15 

showed that the doping of ZnO by transition metal ions lowers the CO detection limit by 1-2 
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ppm at 300°C. Mg-doped ZnO has been studied intensively due to its band gap engineering 

effect. One of the important features of ZnO is that by doping with Mg, increases the bandgap of 

ZnO.16 Changhyun et al.17 demonstrated that Mg doped ZnO nanowire sensors showed 

maximum response of 1.04 (4.65%) for 100 ppm of CO gas at 100 °C. Although Mg doped ZnO 

nanostructures have been utilized for a number of applications. To the best of our knowledge, 

there are reports on the synthesis of Mg doped ZnO nanostructures18,19 but no report is available 

on a very thin and transparent Mg doped ZnO nanobelts using magnesium acetate in the source 

material via vapor transport method and their applications as CO gas sensors with enhanced 

sensing response.  

In this research paper, we report the successful synthesis of very thin and transparent Mg 

doped ZnO nanobelts with an average thickness of  34 nm using a simple vapor transport 

method, vapor liquid solid (VLS) for enhanced CO gas sensing application. The effects of Mg 

doping on the structural, optical, morphological and gas sensing properties of ZnO nanobelts 

were also investigated. Toxic gases can affect human life and health even at levels of few parts 

per million and therefore, highly sensitive gas sensors are required. Since CO gas is tasteless, 

odorless and toxic and as such may not be easily detected by humans. Therefore, it is essential to 

develop a sensitive CO gas sensor to protect human’s exposure to CO gas.  

2. Experimental details 

2.1. Synthesis of Mg-doped ZnO nanobelts 

Vapor transport method has been used for the synthesis of undoped and Mg-doped ZnO 

nanostructures as shown in Fig. 1(a). Two experiments were performed under the same 

conditions for undoped and Mg-doped ZnO nanostructures. Ion sputtering technique was used 

for deposition of a thin catalyst layer (1 nm) of Gold (Au) on Si (100) substrates. Source material 
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containing a mixture of 99.99% pure ZnO (0.5 g) and 99.9% Graphite powder (0.5 g) for 

undoped and a mixture of 99.99% pure ZnO (0.5 g), 99.9% Graphite powder (0.5 g) and 0.1 g 

Magnesium acetate [Mg (CH3COO)2 .4H2O] for doping of Mg was placed in ceramic boat at the 

centre of quartz tube (length 100 cm and diameter 3.5 cm). Substrates were placed on another 

ceramic boat at the downstream of the source material. This quartz tube was then mounted inside 

the horizontal tube furnace. The temperature of the furnace was maintained at 900 °C for 60 min 

in Argon (Ar) atmosphere with a constant flow rate of 50 sccm in the two experiments. The other 

end of quartz tube was connected with a flexible tube (diameter 1.0 cm and length 100 cm) and 

was kept open. Graphite powder was used to lower the evaporation temperature of ZnO (1975 

°C). By introducing graphite powder in ZnO precursor, carbothermal reaction gives rise to the 

formation of Zn and ZnO x (sub-oxides) vapors at 900-1000 °C as given by the reactions.20
 

ZnO + C → Zn + CO    (1) 

ZnO + CO →Zn + CO2   (2) 

ZnO+ (1-x) C → ZnO x + (1-x) CO (x<1) (3) 

ZnO+ (1-x) CO → ZnO x + (1-x) CO2 (4) 

After the reaction, furnace was cooled down to room temperature. The collected 

nanostructure samples were characterized by FESEM equipped with EDX and X-Ray diffraction 

(XRD, X’Pert PRO Difractometer, PANalytical with Cu Kα radiation λ = 1.5418 Å) to find the 

morphologies and crystal structure. Raman spectroscopy (Renishaw, 514.5 nm laser), 

Photoluminescence (PL, DONGWOO Optron, 488 nm Ar laser) and EDX were used to study the 

Mg doping and chemical composition of ZnO nanobelts. UV-VIS diffused reflectance 

spectroscopy (DRS, lambda 950 UV VIS. Spectrophotometer) was utilized to find energy 
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bandgap of the nanostructures. CO gas sensing characterizations were carried out by measuring 

respective resistances by two probe method using a multimeter (Keithly 2100). 

2.2. Gas sensor fabrication and characterization 

The CO gas sensors were fabricated by depositing a 200 nm thick layer of SiO2 thermally 

onto the single crystalline Si (100) wafers. A slurry droplet containing Mg-doped and un-doped 

ZnO nanobelts (20 µL) was dropped onto the SiO2 coated Si substrates equipped with a pair of 

interdigitated Au (200 nm) electrodes with a gap of 50 µm through photolithography technique. 

These sensors were heat treated in air for 4 hours at 400°C before performing the gas sensing 

experiments. The sensing experiment was performed at 350°C with 5 min cycles of dry air and 

20 ppm CO gas. The sensing response (S=Ra / Rg) of the device was measured by resistance 

change upon exposure to air (Ra) and CO gas (Rg) in self-designed gas chamber connected with 

Keithly multimeter, gas flow meters and tube furnace. The schematic design and gas sensing 

characterization setup have been shown in Fig. 1(b) & (c). The inset of the Fig. 1 (c) shows the 

sensor holder with pressure contacts. Optical fluorescent image of nanobelts sensor and 

microscopic image of interdigitated Au electrodes are shown in Fig. 1 (e) & (d). 

 

3. Results and discussion 

3.1. Morphology and Microstructure Analysis 

 The general morphology of the synthesized undoped and Mg-doped ZnO nanostructures 

was investigated by using FESEM, TEM and high resolution TEM. Fig. 2 (a) shows undoped 

ZnO nanorods with uniform diameter and  length having average diameter of 168 ± 30 nm and 

average length of 2.4 ± 1.2 µm. Inset Fig. 2 (a) shows the magnified image of the un-doped ZnO 

nanorods.  Fig. 2 (e) shows corresponding EDX analysis of the undoped ZnO nanorods, clearly 
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showing the Zn and O peaks. The approximate atomic ratios found to be 66.61: 33.39. Fig. 2 (b) 

shows FESEM image of Mg-doped ZnO nanobelts. Inset Fig. 2 (b) shows the magnified image 

of Mg-doped ZnO nanobelts. The general morphology is same i.e. transparent, smooth edges, 

uniform width along the entire length and rectangular cross section for all the nanobelts. The 

average thickness, width and length of the nanobelts are 34 ± 5 nm, 290 ± 160 nm and 3.25 ± 

1.51µm respectively. The corresponding EDX analysis of Mg-doped ZnO sample (Fig. 2 (f)) 

shows the presence of oxygen, magnesium and zinc in the ratios O: Mg: Zn was found to be 

30.79 (O): 3.43 (Mg): 65.78 (Zn). The aspect ratio of un-doped and Mg-doped ZnO 

nanostructures is found to be 14.3 and 8.5(W/T) respectively. FESEM micrographs clearly show 

that the morphology changes from nanorods to nanobelts due to Mg doping. The possible reason 

for the formation of thin and transparent nanobelts is due to the morphology transition of ZnO 

from nanorods to nanobelts by Mg doping because mixing/doping/alloying of specific element 

play a major role in modifying the dimensions of nanostructures21, 22. ZnO nanobelts are formed 

in a continuous ‘1D branching and subsequent 2D interspace filling’ process.23
 For group II–VI 

semiconductors with a wurtzite crystal structure, the characteristic polar surfaces can induce 

asymmetric growth, leading to the formation of unique  nanostructures.24  

Fig. 2 (c) & (d) shows the high resolution TEM (HRTEM) images of undoped and Mg-

doped ZnO nanostructures. The inset TEM image of Fig. 2 (c) clearly shows the catalyst 

particles (Au) on the tips of the nanorods suggesting the VLS growth. HRTEM image (Fig. 2 (c)) 

shows the lattice fringes of undoped crystalline nanostructures where as these fringes are blurred   

in the Mg-doped nanobelts Fig. 2 (d). The corresponding selected area electron diffraction 

(SAED) patterns shown in the inset of Fig. 2 (c) & (d) are consistent with the HRTEM 

Page 6 of 25CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



7 
 

observations. These results confirmed the defect free growth of undoped ZnO nanorods. Similar 

results were reported by J. Singh et al. for the Magnesium doped ZnO nanowires.18 

 

3.2. XRD and Raman spectroscopic analysis of Mg doped ZnO nanostructures 

Fig. 3 (a) shows XRD patterns of undoped and Mg-doped ZnO nanostructures. All the 

peaks match with the hexagonal phase of ZnO (ICDD PDF-2 entry 01-079-0207). The calculated 

lattice parameters a = 3.2650 Å and c = 5.2278 Å are comparable to the pure ZnO a = 3.2533 Å 

and c = 5.2072 Å.  No diffraction peaks for other impurities were observed in the XRD patterns. 

A slight shift in the peak position of doped samples as compared to the un-doped samples was 

observed as shown in the inset of Fig. 3 (a) which indicates that the Mg doping induces lattice 

strain in ZnO nanobelts. The lattice parameter “c” calculated from the (002) plane of the doped 

and the undoped samples were found to be 5.2278 Å, and 5.1840 Å respectively. The decrease 

(ca 0.0438 Å/ 0.83%) of this lattice parameter indicates the lattice compression along c-axis25 

caused by the replacement of Zn by Mg which has a smaller atomic radius (0.57 Å)   as 

compared to Zn (0.60 Å).26, 27  

Raman spectroscopic analysis at 514 nm excitation wavelength was performed to 

investigate the vibration properties of the undoped and Mg-doped ZnO nanostructures as 

presented in Fig. 3 (b). There is a significant difference between these two spectra. The peaks at 

338, 436 and 579 cm-1 were observed for undoped ZnO nanorods. The peak at 338 cm-1 is 

attributed to the A1 symmetry mode, the peak at 436 cm-1 corresponds to ZnO non-polar optical 

phonons E2 (high) mode while the peak at 579 is assigned to E1 (LO) mode which is caused due 

the formation of defects such as oxygen vacancies.28 Mg-doped ZnO nanobelts showed a shift in 

the signals at 335 cm-1 and 438 cm-1 as compared to the pure ZnO. The peak at 438 cm-1 is blue 
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shifted with weak intensity and broadened for the Mg-doped ZnO. Usually the Raman peak 

shifts occurs due to three reasons: phonon confinement effects, 29 lattice strain 30  and the oxygen 

vacancies.31 The broadening of the peak E2 (high) mode can be attributed to the size effect and 

residual stress in the Mg doped nanobelts.32 Therefore, in our case the blue shift in the Raman 

active E1 (LO) and E2 (high) modes of the Mg-doped ZnO nanobelts are strong evidence for 

successful Mg-doping in ZnO nanobelts. 

 

3.3. Photoluminescence spectroscopy 

Fig. 4 (a) & (b) shows the room temperature PL spectrum with He-Cd laser excitation at 

488 nm. Both undoped and Mg-doped ZnO show broad green emission bands centered at 527 nm 

and 530 nm respectively. The PL results clearly show the shift in Gaussian fittings at respective 

bands and presence of new bands at 598 nm and 647 nm for Mg-doped ZnO nanobelts. Green 

emission is generally attributed to various intrinsic defects produced during synthesis of ZnO 

nanostructures.33 The presence of surface defects such as oxygen vacancies (Vo), Zn vacancies 

(VZn), interstitial Zinc (Zni) and anticite defects (O Zn) have been reported by different 

researchers corresponding  to the green emission of ZnO.34-36  In our experiment, an interesting 

phenomenon was observed that the intensity of the visible emission band in Mg-doped ZnO 

nanobelts is much stronger than the un-doped ZnO nanorods. This may be attributed to the 

increase in concentration of oxygen vacancies and surface recombination effects on the thin 

nanobelts system.37, 38 
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3.4. Diffused reflectance spectroscopy 

The optical properties of undoped ZnO and Mg-doped ZnO nanobelts have been 

investigated by UV-visible diffuse reflectance spectroscopy. Fig. 5 (a) & (b) show the plots of 

[F(R)] 2 vs photon energy of synthesized nanostructures. Where F(R) is the Kubelka-Munk 

function which is given by the relation.39 

F(R) = ((1-R)
 2

/2R) = (α /S)    (5) 

Where R, α, and S are the diffuse reflection, absorption and scattering coefficient respectively. 

The bandgap can be defined by extra- ploting the linear part of the plots to the photon energy 

axis.40  The optical bandgap has been calculated and found to increase from 3.18 eV for undoped 

ZnO nanorods to 3.32 eV for Mg-doped ZnO nanobelts, because MgO has a wider bandgap than 

ZnO.41 Hsu et al. reported that doping with Mg increases the band gap of ZnO.16, 42 This increase 

in bandgap might be due to increase in carrier concentration that blocks the lowest states in the 

conduction band, this effect is known as Burstein-Moss effect.40 The schematic diagram of the 

energy transition mechanism from the exitonic and defects states in the undoped and the Mg-

doped ZnO nanostructure is shown in Fig. 5 (c). Exitonic transition energy blue shifted to a high 

energy value due to Mg doping in ZnO.  During the formation of the Mg: ZnO structure, Mg2+ 

ions were substituted for the Zn2+ ions without changing the ZnO structure. However, Mg doping 

in the ZnO acts as donor and the energy bandgap of the structure increases.43 Optical properties 

of the synthesized ZnO nanostructures are in agreement with XRD and EDX results. 
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3.5 UV sensing 

ZnO nanostructures are good materials for ultraviolet light sensors due to its wide 

bandgap (UV range for ZnO is about 368-390 nm).44 Fig. 5 (d) shows the room temperature UV 

sensing results of the Mg-doped and undoped ZnO nanostructures. Sensing response of the Mg-

doped ZnO nanobelts and undoped nanorods was found to be 2.32 and 1.13 respectively. 

Enhanced (two times) sensing response was observed for the Mg-doped ZnO nanobelts. The 

resistance decreases with UV light (wavelength ranges from 315 to 365 nm with 18 W UV 

Phillips Lamp) illumination and increases again when the UV light is switched off. When ZnO 

nanostructures sensor is exposed to air, the negative space charge layer on the surface is created 

and the adsorbed oxygen molecule captures an electron from the conduction band (sensor 

exhibits higher resistivity). When the energy of photon is greater than the energy bandgap Eg, 

radiation is absorbed by the nanostructures sensor, creating an electron-hole pair. The photo-

generated, positively-charged hole neutralizes the chemisorbed oxygen responsible for the higher 

resistance, increasing the conductivity of the device. As a consequence, the conductivity in the 

material increases giving rise to photocurrent. This process goes on in a cyclic manner with the 

on-off switching of the UV light. The enhanced response in the case of Mg-doped ZnO belts was 

attributed to the energy levels introduced by the dopant in the corresponding bandgap and in the 

conduction band of ZnO. These states acted as the “hoping” states and increase the excitation 

probability of an electron to the conduction band.45  

 

3.6 Characterization of CO gas sensors 

Fig. 6(a) & (b) show the sensing response signals of the doped and undoped ZnO nanostructures. 

Previous reports showed that response of resistive sensors is highly affected by the operating 
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temperature. Therefore, in order to optimize the operating temperature of Mg-doped ZnO 

nanobelts, sensors were tested at different temperatures ranging from 200 °C to 400 °C for 20 

ppm of CO gas as shown in Fig. 6 (d). It was observed that sensing response increases with 

increase in working temperature and reached a maximum at about 350 °C and then started 

decreasing. At low temperature CO molecule are not activated enough to react with the surface 

adsorbed oxygen species. Above 350 °C, the decrease in CO gas adsorption is not adequately 

compensated by the increase of surface reaction and the sensor response decreases. This behavior 

may be interpreted on the basis of adsorption/desorption and reaction processes taking place on 

the surface of sensing layer.46 The sensing experiment was performed at 350 °C with 5 min 

cycles of dry air and 20 ppm CO gas. The resistance decreased upon exposure to CO and 

recovered completely to the initial value upon removal of CO. Sensing response of the undoped 

nanorods and Mg-doped ZnO nanobelts was found to be 1.05 and 5.5 respectively. Enhanced 

(five times) sensing response was observed for the Mg-doped ZnO nanobelts. Response and 

recovery times of both sensors were nearly equal as shown in Fig. 6 (a) & (b). Mg-doped ZnO 

nanobelts are capable to adsorb large amount of oxygen due to larger surface area (greater 

number of defects) which increases the chance of ZnO interacting with CO gas and fast 

chemisorptions/desorption properties of the CO gas at 350 ºC as compare to undoped ZnO 

nanostructures.47,48 N. Hongsith et al. reported that the sensor response is proportional to the 

reaction rate constant kco (T) and koxy (T), through oxygen density which is given by the 

following equation.49  

S = Ra/Rg = (ᴦt kco (T) koxy (T) [O
ion

ads]
 b 

[CO]
 b

)/n0+ 1.  (6) 
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Where Ra = resistance in air, Rg = resistance in gas, ᴦt = Time constant, [Oion
ads]

b
 = 

Chemisorbed Oxygen concentration, [CO]b = CO concentration, b = charge parameter and n0 = 

carrier concentration in air. 

 

3.7 Sensing mechanism: Band theory model   

In order to explain the sensing mechanism (shown in Fig. 6 (c)), the band theory was 

applied to gas sensors which have been the subject of intense study for a number of years.50, 51 

The sensing mechanism is based on the principal of change in electrical resistivity /conductivity 

as a result of chemical reaction between gas molecules and the reactive oxygen ions on the 

surface of ZnO nanostructures. The change in electrical conductance is given by equation (2).52  

(7) 

Where l is length of the nanostructure channel, r is the radius, µ is electron mobility e is electron 

charge and ∆n◦ represents the change in carrier concentration. When the surface of the undoped 

and Mg-doped ZnO nanostructures is exposed to the air, the oxygen which takes part in detection 

procedure is consequently ionized into dynamic oxygen species (O2-, O2
- and O-) while moving 

from site to site by capturing electrons from active surface sites of un-doped and Mg-doped ZnO 

nanobelts.53, 54 At high temperature reactive oxygen species are chemisorbed by these ZnO 

nanostructures as a result electron transfer takes place. When the adsorption reaches a certain 

level, a thick depletion layer is formed due to which decrease in carrier concentration takes place 

and this result in increased resistance of the material. In contrast, when undoped and Mg-doped 

ZnO is exposed to the CO gas chemical reaction takes place as adsorbed oxygen ions produce 

( )
l

ren

R
G o

2
1 µπ∆

==∆
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CO2 which leads to increase in carries concentration and a decrease in resistance.55 the 

mechanism can be summarized by the following chemical reactions. 

O2 (gas) → O2 (ad)    (8) 

O2 (ad) +e → O2
-
(ad)    (9) 

O2
-
(ad) +e→ 2O-

(ad)    (10) 

2CO+O2
-
(ad) +e→ 2CO2 (gas) +e-  (11) 

CO+2O-→ CO3
2-→ CO2+1/2O2+2e  (12) 

Table 1 shows the summary of the results which are systematic. Morphology of the 

synthesized ZnO Nanostructures changes by Magnesium doping. PL and Raman peak positions 

are found to be shifted and new peaks were observed which confirms Mg doping in ZnO, Band 

gap of ZnO nanostructures increases due to defects states as a result of Mg-doping and hence the 

CO gas sensing response increases about five times as compared to the undoped ZnO 

nanostructures.  

Conclusion  

Magnesium doped ZnO nanobelts were successfully synthesized using magnesium acetate as 

source material by vapor transport method.  A clear change was observed in the morphology 

from ZnO (nano rods) to Mg-doped ZnO (nano belts). Shifts in the XRD peaks in Mg-doped 

samples as compared to ZnO were an indication that Mg has substituted Zn in the ZnO lattice.  

The doping was also confirmed by EDX, photoluminescence and Raman spectroscopy. The gas 

sensor fabricated from multiple networks of the Mg-doped ZnO nanobelts showed enhanced 

signal responses to 20 ppm of CO gas at 350 °C. The gas sensing response of the Mg-doped ZnO 

nanobelts sensor was improved five times in comparison to undoped ZnO nanorods sensor. The 
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enhanced signal response was attributed to the catalytic effect of dopant, defects, like oxygen 

vacancies (potential barrier modification) and fast chemisorptions and desorption properties of 

the CO gas. Band theory model was adopted to explain the possible sensing mechanism of the 

Mg-doped ZnO nanostructures. 
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Figure Captions 
 

Figure 1 Schematic diagram of experimental setup (a) synthesis of ZnO nanostructure  

(b) CO gas sensing setup (c) Actual image of gas sensing setup. Inset shows sensor with holder 

(d) Optical fluorescent image of nanobelts sensor (e) Microscopic image of interdigitated Au 

electrodes  

Figure 2 (a) FESEM images of undoped ZnO nanorods inset shows magnified image (b) 

FESEM image of Mg-doped transparent ZnO nanobelts inset shows magnified image (c) and (d) 

shows HRTEM images of undoped nanorods and Mg-doped nanobelts, Inset of (c) and (d) shows 

the magnified TEM images with corresponding SEAD images (e) and (f) shows EDX analysis of 

the undoped ZnO nanorods and Mg-doped ZnO nanobelts. 

Figure 3 (a) X-ray diffraction analysis of un-doped and Mg-doped ZnO nanostructures. The 

inset figure clearly shows a slight shift in the peak position of doped samples. (b) Raman spectra 

of undoped ZnO nanorods and Mg-doped ZnO nanobelts. 

Figure 4 Room temperature PL spectra of (a) undoped ZnO nanorods deconvoluted into three 

Gaussian peaks (b) Mg-doped ZnO nanobelts fitted with four Gaussian peaks. 

Figure 5 plots of F2(R) vs. Energy (eV) of (a) undoped ZnO nanorods and (b) Mg-doped ZnO 

nanobelts. The inset figure shows the respective reflectance spectra. (c) Schematic representation 
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of the energy transition mechanism in the undoped and the Mg-doped ZnO nanostructures. (d) 

UV sensing response of Mg-doped ZnO nanobelts and undoped ZnO nanorods 

Figure 6  Signal response and recovery profile  of (a) undoped ZnO nanorods (b) Mg-doped 

ZnO nanobelts (c) Schematic of possible mechanism of how Mg-doped ZnO nanobelts sensor 

responses to CO in air and gas (d) Response temperature curve shows response  increases till 

350°C then decreases.  

 

Table 1: Summary of the results 

 

 

 

 

 

 

 

 

 

 

Morphology of 

nanostructures 

Synthesis 

Temp. 

(°C) 

Band gap 

by UV-

VIS (eV) 

Nanostructure 

size 

 

Aspect 

ratio 

20 ppm of 

CO gas 

Response at 

350°C 

PL peak 

positions 

(nm) 

Raman 

peak 

positions 

(cm
-1
) 

Nanorods 
(undoped) 

900 3.20 
Dav= 168 nm 
Lav = 2.4 µm 

14.3 1.05 
527.4 
558.1 

338.8 
435.5 
576.5 

Nanobelts 
(Mg-doped) 

900 3.33 
Tav = 34 nm 
Lav = 3.25 µm 
Wav= 290 nm 

8.5(W/T) 5.41 

530.2 
567.2 
598.2 
647.7 

335.6 
437.7 
553.2 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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