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Herein, we demonstrate the growth of Fe-doped ZnO nanowires using a typical vapour phase transport process for oxygen gas sensing 
application. The morphogenesis of these nanowires have been evaluated by high-resolution transmission electron microscopy, which 
confirms the formation of ZnO nanowires having diameter 20-50 nm with d-spacing of ~0.270 nm corresponding to (002) planes. The 10 

energy dispersive x-ray analysis result reveals the presence of Fe, Zn and O elements in 9 wt % Fe –doped ZnO nanowires. The Raman 
and photoluminescence spectroscopy results explore the oxygen deficient structure of these nanowires with Fe ion occupying tetrahedral 
sites in ZnO lattice along with some interstitial Zn and Fe ions. Furthermore, these nanowires arrays illustrate a sensitivity of 23 and 31 
with fast response/recovery time of about 38s/46s and 11s/11s at operating temperatures of 100°C and 140°C, respectively. The obtained 
results established that these luminescent ZnO nanowires could be an excellent choice for high-performance oxygen gas sensing 15 

application. 
 
1. Introduction 

Nanoscale zinc oxides (ZnO) are futuristic material for their 
outstanding physical properties and potential strategic 20 

applications. One-dimensional (1D) nanostructures like quantum 
wires are ideal system to be used as functional components in the 
fabrications of nanoscale electronic devices. ZnO nanowire 
exhibits high surface to volume ratio which provides a suitable 
platform for the development of high-performance gas sensing 25 

devices.1,2  Transition metal doping in ZnO is a popular approach 
for achieving better performance for device applications and 
therefore, Fe-doped ZnO nanowires are expected to address 
several problems viz. high response/recovery time, low 
sensitivity and high operating temperature over their thin film 30 

counterpart.3-6 Electronic charge transfer in n-type ZnO gas 
sensor can be tuned by altering the doping levels for increased 
sensitivity towards oxidizing gases such as oxygen.7,8 The Fe-
doping induces disorder in ZnO lattice which in turn affects 
charge transfer to ions absorbed at surface states of ZnO 35 

nanowires.9 The change in electronic properties due to modified 
density of states facilitated by addition of Fe enhances the 
conductivity of ZnO nanowires.7 Oxygen gets adsorbed as O- and 
O2- ions at metal oxide nanowire surface sites that exhibit both Fe 
and Zn ion sites, which results in modification of electronic 40 

transfer through the Fe ions.10 The interaction of gas molecule 
with Fe ions leads to a change in conductivity that  plays an 
important role to determine the sensitivity, response time and 
operating temperature of Fe-doped ZnO nanowire sensor.11 

 45 

Furthermore, it is also interesting to explore the optical  
 

 
properties (photoluminescence) of Fe-doped ZnO nanowires. In 
general, the semiconductor having large band gap such as ZnO 50 

are widely studied for optical and opto-electronic applications. 
The ZnO nanowires have a lower threshold with radiative 
recombination occurring near the band edges due to the carrier 
confinement.12 Emission near band edges is highly dependent on 
the structural defects. The doping of Fe in ZnO nanowires 55 

reduces radiative recombination by incorporation of Fe2+/Fe3+ 
ions, which modifies the carrier concentration.9, 13 The photo-
generated carrier transit time and response time for effective gas 
sensing, both are  subsequently reduced. Moreover, the pristine 
ZnO acts as an intrinsic semiconductor with empty Zn 4s2 orbital 60 

along with oxygen 2p6 orbital. The transition metal doping and 
oxygen deficiency increase the effective zinc 4s2 electrons that 
can be easily ionised.14 Consequently, the performance of ZnO 
nanowire based sensors can be modified by concentration of 
defect.2 Moreover, the band-to-band electronic transitions are 65 

enhanced by Fe-doping at lattice sites for reducing charge 
trapping.15 
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In the present work, luminescent Fe-doped ZnO nanowire 

based oxygen gas sensor has been investigated for fast 
response/recovery time. The ZnO nanowires were synthesized by 
employing an alternative approach using Fe and Zn as starting 5 

materials in a controlled environment for growth of free standing 
Fe-doped ZnO nanowires in contrast to the catalyst coated 
substrates used for obtaining ZnO nanowires during a typical 
vapour phase transport process.16,17 The morphology of 
synthesized ZnO nanowire was examined by using transmission 10 

electron microscopy (TEM). The micro-chemical analysis was 
carried out by energy dispersive x-ray spectroscopy (EDAX) for 
the estimation of elemental proportion of Fe, Zn and O in the 
sample. The structural and optical properties of ZnO nanowire 
have been investigated using x-ray diffraction (XRD), selective 15 

area electron diffraction pattern (SAED), Raman scattering and 
photoluminescence (PL) as well as time-resolved spectroscopy. 
The photoluminescence investigations results also support the 
cause for enhancement of high-performance gas sensing for Fe-
doped ZnO nanowires. Because, Fe-doping enhances the oxygen 20 

vacancies which is clearly observed from the strong green PL 
emission intensity. These vacancies highly desired to create more 
active sites to absorb oxygen gas. The current-voltage (I-V) and 
oxygen sensing measurements demonstrate the high sensitivity 
and fast response/recovery time at lower operating temperatures. 25 

 
2. Experimental  

 

2.1 Synthesis of Fe doped ZnO nanowires and plausible growth 

mechanism  30 

In the present investigation, the precursor materials Zn  and 
Fe fine power (99.99% purity, 50nm grain size) were purchased 
from Sigma-Aldrich Corp. to grow Fe-doped ZnO nanowires. 
One gram of metallic Zn power was mixed with different 
concentrations (1, 4, 7, 9 and 10 wt% ) of Fe powder and the 35 

mixture was placed in an alumina boat to load at the centre of the 
2 inch diameter quartz tube in split furnace for growth of the Fe-
doped ZnO nanowires. Prior to synthesis experiment, initially the 
quartz tube was maintained under rotary vacuum ~ 10-2 torr to 
remove moisture and then purged with continues nitrogen flow 40 

up to 900°C at 1 atm pressure. The furnace is then programmed 
to rise temperature from 25 to 900 °C in 3 hrs, to maintain 900°C 
for 30 minutes and then cooled down from 900 to 25°C in 5 hrs. 
Quartz tube was purged with argon flow (500 sccm) till it reached 
to 100°C while a constant flow of 500 sccm containing 5% 45 

oxygen in argon was maintained from 400°C onwards till it 
cooled down to 400°C. The outlet of furnace was passed through 
a 500 ml water bottle filled with deionised water to keep the 
excess ZnO vapor density high on the cool end of the tube. At 
900°C formation of web like structure was seen at the end of the 50 

tube (which is at room temperature) that becomes denser as the 
reaction progressed. The part of web was collected with the help 
of twizzer on a quartz substrate and drops of silver paste were 
used to place this nanowire bundle firmly from its ends. This 
silver paste was further used to make contacts for obtaining gas 55 

sensing and current-voltage (I-V) characteristics. Some part of 

this nanowire bundle was collected separately for other 
measurements. The schematic diagram of actual set-up is shown 
in Scheme 1a. The optical image and surface morphology of the 
actual gas sensing device is shown in Scheme 1b and 1c, 60 

respectively; the marked red arrow in Scheme 1b exhibits the 
place where SEM image has been taken. For more clarity, the 
magnified view of the Scheme 1c is also shown in Fig. S1 (see 
supporting information). The systematic experimental results 
reveal that, the 9 wt% Fe was obtained the optimum 65 

concentration for efficient growth of Fe-doped ZnO nanowires.  
Beyond 9 wt% concentration of Fe suppresses the ZnO nanowire 
growth and below 9 wt% exhibits the under growth of Fe-doped 
ZnO nanowires, which can be easily seen form surface 
morphology and microstructural information of different 70 

concentrations (1 wt% and 10 wt% Fe in ZnO nanowires) of Fe- 
doped ZnO  nanowires as shown in Fig. S2 (a-d) (see supporting 
information). In Fig. S2 (a and b), the red cross marked circle 
represents the under growth morphology of 1 wt% Fe doped ZnO 
nanowires and cluster formation of 10 wt% Fe doped ZnO 75 

nanowires. 
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Scheme 1: (a) The schematic diagram of actual set-up, (b) optical 95 

image (c) surface morphology of Fe doped ZnO nanowire gas 

sensing device; the marked red arrow in Scheme 1b exhibits the 
place where SEM image has been taken.  
 

The well-established growth mechanism of ZnO 100 

nanostructures reported in the literature is self-catalyzed vapor–
liquid–solid (VLS) technique, which has two important steps: 
nucleation as the initial stage and followed by epitaxial growth. 
This method results concurrently in heterogeneous and multiple 
types nanostructures18-21. But, most of the cases, the self-105 

catalyzed process suffers due to high temperature and mixture 
product of nanostructures, which limits its extensive use to 
synthesize by this technique. To overcome this issue, the metal 
catalyst assisted VLS mechanism could be best alternative for a 
1D growth of single type nanostructures. In present 110 

investigations, the plausible mechanism of Fe-doped ZnO  
nanowires can be understand as by  proposed growth mechanism 
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where, Fe metal catalyst forms liquid alloy droplets at a high 
temperature by adsorbing vapor components. During the growth 
process, the fluctuation of temperature or vapor pressure 
originates at intermediate stage and the Fe-Zn-O alloy becomes a 
solution in which the actual concentration of the components is 5 

higher than the equilibrium concentration. Then, it drives the 
precipitation of the component at the liquid–solid interface to 
achieve minimum free energy of the alloy system Fe-Zn-O. As a 
result, the 1D crystal growth begins, and it continues as long as 
the vapor components are offered. Because vapor (carries solid 10 

components), liquid (catalyst alloy), and solid (precipitated one-
dimensional structures) phases are involved.  Metal catalysts are 
essential in the VLS mechanism, but not all metals can work. The 
metal should meet the following requirements as22: 
(a) It must form a liquid solution with a component of the solid 15 

phase; the solubility limit of the catalyst component in the liquid 
phase must be much higher than that in the solid phase. Under 
this condition, the catalyst easily leads to the formulation of the 
liquid alloy with little contamination in the solid phase. 
(b) The vapor pressure (Vp) of the catalyst component over the 20 

liquid alloy should be small. Otherwise, the catalyst will 
evaporate and eventually disappear in the course of growth. 
(c) It must be inert to chemical reactions. Otherwise, a reaction 
could deprive it of its catalytic function.  
(d) It must not make an intermediate solid. 25 

Additionally, the doping of Fe catalyst ZnO improves the 
active sites for gas sensing applications, which is further 
evidenced and discussed in PL spectroscopy and gas sensing 
sections. 
 30 

2.2 Characterizations of Fe-doped ZnO nanowires 

 
For phase identification, the structural characterization was 
performed using XRD (Rigaku: MiniFlex, Cu Kα1;  λ = 1.5406 
A° ). The Raman spectrum was measured with the incident light 35 

being normal to the sample surface and all the results have been 
obtained by the subtraction of signal from Si substrate used for 
placing ZnO nanowire bundles using 363.8 nm UV line of argon 
laser. High resolution TEM/TEM (Philips CM-200 TEM) 
confirms the formation of nanowires. The room temperature 40 

photoluminescence studies were carried out using a Perkin Elmer 
spectrometer (model LS-55) accommodated with xenon lamp and 
monochromator source of 325 nm excitation wavelength. 
Current-voltage (I-V) and oxygen sensing measurements were 
carried out using a custom built combustible gas sensing facility 45 

(CGSF) at materials research laboratory (schematic shown in 
Fig.1). This unit consists of SS chamber housing with a PID 
controlled heater which also acts as a substrate holder. The cold 
water is circulated in the walls of the chamber to prevent it from 
excess heating. The Cu paste contacts were used to make contact 50 

with sensing layer. A constant gas flow (100 sccm) is maintained 
using mass flow controllers (Aalborg-DFC) and the chamber is 
evacuated with a rotary vacuum pump to maintain a constant 
pressure of 0.28 mbar throughout the gas sensing as well as I-V 
measurements. The system is configured for a two-point 55 

measurement system and is driven with a voltage source. Current 

measurement is done by a Keithley 2400 SMU system which is 
interfaced to computer using National Instrument’s LabVIEW 
software. 
 60 

 
 
 
 
 65 

 
 
 
 
 70 

 

Fig. 1 Combustible gas sensing facility (CGSF). 
 
3. Results and Discussions 

The gross structural analyses of undoped and Fe-doped ZnO are 75 

characterized using XRD. Fig. 2a  shows the XRD patterns of 9 
wt% Fe-doped ZnO nanowire. It can be seen that the samples 
exhibit a hexagonal wurzite phase with space group P63mc 
(JCPDS N0. 36-1451) and no secondary phase was found. The 
XRD patterns of undoped and Fe-doped ZnO are also shown in 80 

Fig. S3 (see supporting information). The major intense peaks of 
the XRD pattern show a slight shifting of the center of the 
diffraction peaks toward a lower angle in comparison to that of 
the undoped ZnO sample (Fig. S3). The shifting of the XRD 
peaks with the doped ZnO indicates that Fe2+ has been effectively 85 

substituted into the ZnO host structure at the Zn2+ site. The lattice 
parameter of 9 wt% Fe-doped ZnO nanowire is slightly deviate 
from the standard JCPDS card; a = b = 3.2468 Å, c = 5.2036 Å. 
The estimated lattice parameters of 9 wt% Fe-doped ZnO 
nanowire are a = (3.2518 ± 0.0037) Å, c = (5.2098± 0.0021) Å 90 

which are slightly larger than those of undoped ZnO a = 
(3.2509±0.0045) Å,  c = (5.2060± 0.0019) Å. The obtained XRD 
results are consisted with earlier reported results for liquid 
polyols Fe-doped ZnO nanoparticles.23  
 95 

 
 
 
 
 100 

 
 
Fig. 2 XRD and Raman spectrum of 9 wt % Fe-doped ZnO 
nanowires. 

The Raman spectrum of Fe doped ZnO nanowires was 105 

obtained by exciting the sample using a 363.8 nm argon ion laser 
as shown in Fig. 2b. Two prominent peaks at 330 and 436 cm-1 
originate from 2E2 mode and nonpolar optical phonon mode (E2), 
respectively.24,25 The high intensity nonpolar optical phonon 
mode (E2) of ZnO nanowire is, generally ascribed to the oxygen 110 

deficiency. However, in this case, it indicates the presence of 
interstitial transition metal ions (Zn2+, Fe2+/Fe3+) due to high 
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doping concentration.26 Other transverse and longitudinal optical 
polar modes appear as small peaks in the spectra indicative of 
weak electron phonon coupling. The full width at half maximum 
(FWHM) of E2 high mode is 10.12 cm-1 indicating the presence 
of Fe ions at the tetrahedral lattice site of wurtzite ZnO 5 

structure.26,27 The presence of oxygen deficient nanowires due to 
Fe ions incorporation is also confirmed by existence of 
corresponding vibration modes as indicated in the Fig. 2b, which 
is consistent with earlier reported results.26 The other less intense 
vibration mode in the Raman spectra is due to occupancy of Fe3+ 10 

ions at Zn2+ site, resulting in host lattice defect and internal 
strains due to different growth directions.28 

 

 

 
15 

 
 
 
 
  20 

 
 
 
 
 25 

 

 

Fig. 3 (a) Bright Field image showing 9 wt% Fe-doped zinc oxide 
nanowires with diameter in 20-50 nm range and length in 200-
500 nm range, (b) SAED pattern corresponding to a bunch of 30 

nanowires, (c) TEM image of 9 wt% Fe-doped ZnO nanowires 
and (d) typical HRTEM image of 9 wt% Fe-doped ZnO 
nanowires. 

 
The microstructure analysis was carried out by 35 

TEM/HRTEM instrument. The bright field image of nanowires is 
shown in Fig. 3(a) which suggests that the formation of 
nanowires having diameter in range from 20-50 nm. Selected area 
electron diffraction (SAED) pattern of nanowires is shown in Fig. 
3(b) which matches well with zinc oxide hexagonal wurzite phase 40 

with space group P63mc (JCPDS N0. 36-1451). The SAED 
pattern exhibits the discontinuous and distinct bright rings, which 
confirms the oriented crystalline nanostructure. The TEM image 
displayed in Fig. 3(c) clearly illustrate the secondary growths on 
primary ZnO nanowire in different orientations. The 45 

incorporation of Fe in ZnO as Fe2+/Fe3+ must have resulted in the 
various growth sites enabling the growth of different 
crystallographic planes on top of one another. The Fig. 3(d) 
exhibits the typical HRTEM image and corresponding lattice 
fringes of 9 wt% Fe-doped ZnO nanowires. The d-spacing, 50 

calculated from the HRTEM image as well as from electron 
diffraction pattern for (002) plane are 0.269 and 0.271 nm, 
respectively. We also evaluated the morphology and 
microstructural changes with respect to different concentration of 
Fe doping as shown in Figs. S2 (a-d). It is interesting to note that 55 

SEM and TEM image of 1 wt% Fe-doping clearly exhibits the 

under growth situation of Fe-doped ZnO nanowires, as shown in 
Figs. S2 (a&c). SEM and TEM images of 10 wt% Fe-doping 
represent the cluster formation of Fe doped ZnO nanowires, as 
shown in Figs. S2 (b&d). Thus, the results of high concentration 60 

Fe-doping above 9 wt%, clearly demonstrates the clusters of 
unconsumed Fe nanoparticles which suppresses the growth of Fe-
doped ZnO nanowires, as a result, the PL intensity and gas 
sensing both get reduced which is further systematically 
evidenced in PL and gas sensing section for different 65 

concentration (1, 4, 7, 9 and 10 wt %) of Fe-doping in ZnO 
nanowires. 

The atomic concentration of host ZnO and dopant Fe are 
quantitatively analysed from the energy dispersive x-ray 
spectroscopy (EDAX). Fig. 4 demonstrates the EDAX spectra of 70 

9 wt% Fe-doped ZnO nanowires. The EDAX spectrum signifies 
the presence of Zn, O and Fe elements. Additionally, we also 
performed the compositional studies on the stoichiometry of 9 
wt% Fe-doped ZnO nanowires. The table 1 shows atomic/weight 
percent of different element present in Fe- doped ZnO nanowires. 75 

The micro-chemical analysis confirmed 7.43 % atomic (8.22 
weight %) of Fe in ZnO. The obtained result is in good agreement 
with amount of Fe utilized to dope (9 wt %) in this experiment. 
Microscopic studies illustrated the presence of Fe at the lattice 
sites nullifying the possibility or signature of its presence at the 80 

surface or on grain boundaries.  
 

 
 
 85 

 
 
 
 
 90 

 
 
 

Fig. 4 Energy dispersive x-ray spectrum of Fe doped ZnO 
nanowires. 95 

 
 

 

 

 100 

 

Table.1 EDAX table of 9 wt % Fe doped ZnO nanowires. 
 

 
In order to explore the detailed optical property of these 105 

nanowires, we have carried out the photoluminescence (PL) and 
time-resolved spectroscopy. For the optimization, the PL 
emission spectra corresponding to the different concentration of 
Fe in ZnO nanowires is shown in Fig. S4. The PL results reveal 
that the peak position and the shape of the emission spectrum are 110 

identical for all samples, but intensity is maximum for 9 wt % Fe 
doped ZnO nanowires. The emphasis has been put on near band 
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edge region for understanding the optical property of system. Fig. 
5 (a) exhibits the excitation spectra of 9 wt % Fe-doped ZnO 
nanowire. The broad peak at 325 nm corresponds to the defects 
site in Fe-doped ZnO nanowire and the peak at 378 nm 
corresponds to the band edge of Fe-doped ZnO. Fig. 5 (b) 5 

demonstrates the emission spectrum of 9 wt % Fe-doped ZnO 
corresponding to excitation at 325 nm. The broad emission 
spectrum centred at 498 nm can be attributed to donor-bound-
excitations of n-type semiconductor.29 The CIE (chromaticity 
diagram) color coordinates obtained from emission spectrum of 9 10 

wt % Fe-doped ZnO, upon 325 nm excitation wavelength, are x = 
0.2321 and y = 0.4300, as shown in Fig. 5c. Fig. 5(d) exhibits the 
emission spectra of undoped ZnO and 9 wt% Fe-doped ZnO 
nanowires corresponding to excitation by band-edge ultraviolet 
peak at 378 nm which results in a prominent strong green 15 

emission peaking at 498 nm wavelength. The influence of oxygen 
partial pressure on the optical transitions of oxides is quite 
apparent in the form of above-mentioned strong green emission. 
Surface states of nanostructured materials are known to critically 
affect the luminescence properties of materials. The emission 20 

peak at 498 nm can be correlated to the excitons bound to the 
structural defects.30 The Fe doping generates defect at band-edges 
due to interionic transition of photo carriers between Fe3+ and O-

/O2-ions.31 The concentrated defect resulting in the strong green 
emission due to radiative recombination of a photo-generated 25 

hole with an electron attributed to an oxygen vacancy in ZnO. 
The increase in the emission intensity is due to Fe doping at the 
lattice site as shown in Fig. 5 (d). The CIE (chromaticity 
diagram) color coordinates obtained from emission spectrum of 9 
wt% Fe-doped ZnO upon 378 nm excitation wavelength are x = 30 

0.2131 and y = 0.4177, as shown in Fig. 5 (e). The decay was 
recorded for the transition at 498 nm emission corresponding to  
378 nm excitation by a time-correlated single photon counting 
technique by using xenon flash lamp as a source of excitation. 
The life-time data obtained from 9wt % Fe-doped ZnO nanowire 35 

was best fitted to a double-exponential function as,  
 

      I0= A1exp(-t/τ1)+ A2exp(-t/τ2)             …………….. (1) 
 

Where τ1and τ2 are the decay life-times of the luminescence, 40 

and A1 and A2 are the weighting parameters. The lifetime data of 
9 wt % Fe-doped ZnO nanowire is shown in Fig. 5 (f). The inset 
of  Fig. 5 (f) demonstrates the exponential fitting of decay profile 
as described in equation (1). The parameters generated from 
fitting are listed in the inset of Fig. 5 (f). The observed life-times 45 

are τ1 ~ 1.65 µs and τ2 ~ 14.25 µs. For double-exponential decay, 
the average life-time (τaν) is usually tailored to substitute the 
various components of the luminescence life-time, which is 
determined by the following equation.32-33 

 50 

��� � 	 �����
	 
 �	�	

	�/����� 
 �	�	�         ………….. (2) 
 

The average life-time for from 9 wt % Fe-doped ZnO 
nanowire synthesized here is calculated as τaν ~ 13 µs.  The 
obtained result is highly-suitable for many optoelectronic device 55 

applications.  
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 75 

 

Fig. 5 (a) PL Excitation spectrum of 9 wt % Fe-doped ZnO 
nanowire, at 498 emission wavelength, (b) PL emission spectrum 
of 9 wt % Fe-doped ZnO nanowire, at 325 excitation wavelength 
and (c) color coordinates of 9 wt % Fe-doped ZnO nanowire 80 

(excitation at 325 nm), (d) PL emission spectra of undoped ZnO 
and 9 wt% Fe-doped ZnO nanowires at 378 excitation 
wavelength, (e) color coordinates of 9 wt% Fe doped nanowires 
(excitation at 378 nm) and  f) TRPL decay profile of 9 wt% Fe-
doped nanowires recorded at room temperature while monitoring 85 

the emission at 498 nm at excitation wavelength of 378 nm; inset 
shows the lifetime data and the parameter generated by the 
exponential fitting curve. 
 
Finally, the gas sensing performance of a fabricated device was 90 

evaluated and a plausible mechanism has been disscussed in 
details. The oxygen gas sensing performance of Fe-doped ZnO 
nanowire as a unidirectional array was examined in control 
atmosphere at different operating temperatures using DC 
resistance measurements. The ZnO nanowires showed 95 

measurable change in the resistance when exposed to oxygen gas 
indicating typical n-type semiconductor behaviour. Oxygen gas 
sensing performance of  undoped and 9 wt% Fe-doped ZnO 
nanowires is shown in Fig. 6.   The Fig. 6(a) exhibits oxygen gas 
sensing characteristics which corresponding to operating 100 

temperature of 100°C whereas Fig. 6(b) corresponds to 140°C for 
undoped ZnO sample. The Fig. 6(c) exhibits oxygen gas sensing 
characteristics which corresponding to operating temperature of 
100°C whereas Fig. 6(d) corresponds to 140°C for 9 wt% Fe-
doped ZnO nanowires. The obtained results clealy demonstrates 105 

the enhancement in gas sensing properties of ZnO after doping. 
For better understanding, the obtained results of doped and 
undoped sample is also comapered in Table TS1 in supporting 
information . We have also evaluated the gas sesnsing proprties at 
different concentration (1,4,7,9 and 10 wt%) of Fe in ZnO 110 

nanowire as shown in Fig. S5.  The obtained result reveals that 
the gas sesnsing performance improves  gardualy with increase in 
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concentration up to 9 wt % Fe doping . Beyound 9wt % , it has 
been observed that the gas sensing performance decreases furhter 
at higher concentration. The decreasement in PL and gas sesnsing 
performance after 9wt % origantes due to unconsumed Fe aprticle 
during growth of Fe-doped ZnO nanowire. In presence of unused 5 

Fe clusters quenches the luminescence and also produce blocking 
effect on gas sensing performance. The obtained result consitent 
with our microstructural results. 

The oxygen sensitivity of ZnO nanowires was measured in 
terms of resistance offered by nanowires in the presence of 10 

known concentration of oxygen in nitrogen and in pure nitrogen.  
Response and recovery time from 9 wt% Fe-doped ZnO nanowire 
was measured as (38±1)s and (46±1)s at 100⁰C to (11±1)s and 
(11±1)s at 140⁰C, respectively . The current- voltage (I-V) 
characteristics exhibited ohmic nature within the full range of 15 

applied voltage and current ranges measured at 100°C and 140°C. 
While, response and recovery time from undoped ZnO was 
measured as (81±1)s and (74±1)s at 100⁰C to (12±1)s and 
(19±1)s at 140⁰C, respectively.  
 20 

 
 
 
 
 25 

 
 
 
 
 30 

 

 

 

 

 35 

Fig. 6 (a &b) Oxygen sensing characteristics for undoped ZnO at 
operating temperatures 100°C and  140°C respectively. (c &d) 
oxygen sensing characteristics for 9 wt% Fe-doped ZnO 
nanowire at operating temperatures 100°C and 140°C 
respectively.  40 

 
The outcome of a typical potential sensor device primarily 
depends on the interaction of test gas and sensing layer.   The 
high surface to volume ratio and 9 wt% Fe-doping is capable of 
enhancing gas sensing capacity and response/recovery time of 45 

sensors by increasing the effective number of active sites for gas 
interaction at the given operating temperature. On oxygen 
exposure to the sensing layer, the oxygen atoms diffuse into the 
sample and get adsorbed at the active sites. The adsorbed oxygen 
atoms at the surface compensates surface vacancies which 50 

instantaneously increases the resistance of nanowires.10 The 
oxygen deficiency and defects on the surface act as oxygen 
absorption sites.34 The lattice distortion due to presence of mixed 
state of Fe2+ and Fe3+ ions modifies the band structure and Fermi 
level.7 The increase in electron density and active surface states 55 

with increased temperature leads to fast response at higher 

temperature which explains the fast response/recovery time and 
high sensitivity at an operating temperature of 140⁰C compared 
to 100⁰C. Further, 9 wt % Fe in the lattice provides the carrier 
electrons a quantum mechanical path for current flow by electron 60 

hopping between Fe3+ and Fe2+ similar to the ferrites which also 
contributed to the fast response/recovery of 9 wt % Fe-doped 
nanowire sensor. The problem of charge trapping at oxygen band 
gap in the conventional oxygen gas sensor devices can also be 
addressed by Fe doping. In the spinal lattice, Fe3+ electrostatic 65 

interaction, Zn deficiency and other disorder giving rise to Fe2+ 
ions leads to deviations from ferrite stoichiometry.35 
Thus, the facile strategy to synthesized Fe-doped nanwire 
provides an economic viable route for large scale synthesis. 
Furthermore, the obtained high-performance gas sensing 70 

characteristics of 9 wt % Fe-doped ZnO nanowire promises its 
potential use in making portable gas sensing devices which is 
highly comparable with reported gas sensors for other materials.36 
 

4. Conclusions 75 

 We have systematically investigated the structural and optical 
properties of as-synthesised  9 wt % Fe- doped ZnO nanowires. 
The Fe doped ZnO nanowires were concluded to possess 
Fe2+/Fe3+ ions at tetrahedral and interstitial sites of ZnO lattice 
giving origin to oxygen deficiency in these nanowires. The 80 

interaction of oxygen ions with modified active sites due to 
presence of Fe2+/Fe3+ ions sites modified the charge transport 
between the ion-adsorbed oxygen and bulk of the ZnO nanowire 
resulting in fast response/recovery time with high sensitivity at 
lower operating temperatures. Hence, the obtain gas sensing 85 

results of luminescent Fe-doped ZnO nanowire rationalize its 
potential application in high-performance gas sensing 
applications. 
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Fig. S1 The magnified view of the surface morphology of 
9 wt % Fe-doped ZnO  nanowires based film which is 
shown in Scheme 1c. 20 
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 35 

 

 
Fig. S2 (a &b) represent the SEM images of 1wt% and 10 
wt% Fe-doped ZnO nanowires respectively. (c &d) 
represent the TEM images of 1wt% and 10 wt% Fe-doped 40 

ZnO nanowires respectively. It can be easily noticed from 
micrographs (a & c) that 1 wt% Fe-doped ZnO nanowires 
shows the under growth morphology of Fe-doped ZnO 
nanowires which is marked by red cross circle and (b & d) 
10 wt% Fe-doped ZnO nanowires exhibits the cluster 45 

formation of unconsumed Fe during nanowire growth 
process. 
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Fig. S3 XRD patterns of undoped and 9 wt% Fe-doped 70 

ZnO nanowires. 
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Fig. S4 PL spectra of different concentration (0, 1, 4, 7, 9 
and 10 wt%) of Fe doped ZnO nanowires. 
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Fig. S5 Oxygen sensing performance of different 
concentration (0, 1, 4, 7, 9 and 10 wt%) of Fe-doped ZnO 
nanowire under different ambient condition of oxygen 
concentration. 5 
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Table TS1 Summary of gas sensing perfomance of 
undoped and 9 wt% Fe-doped ZnO nanowires.   
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Succesful demonstration of Fe-doped ZnO nanowires using a  facile vapour phase transport synthesis method for high-20 
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