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Here, we report the facile synthesis of highly ordered luminescent ZnO nanowires array using low 
temperature anodic aluminium oxide (AAO) template route which can be economically produced in large 
scale quantity. The as-synthesized nanowires have diameters ranging from 60-70 nm and length ~11 µm. 
The photoluminescence spectrum reveals that the AAO/ZnO assembly has a strong green emission peak 
at 490 nm upon 406 nm excitation wavelength. Furthermore, the ZnO nanowires array-based gas sensor 10 

has been fabricated by a simple micromechanical technique and its NH3 gas sensing properties have been 
explored thoroughly. The fabricated gas sensor exhibits excellent sensitivity and fast response to NH3 gas 
at room temperature. Moreover, for 50 ppm NH3 concentration, the observed value of sensitivity is 
around 68%, while the response and recovery times are 28 and 29 seconds, respectively. The present 
synthesis technique to produce highly ordered ZnO nanowires array and fabricated gas sensor has great 15 

potential to push the low cost gas sensing nanotechnology. 

 

1. Introduction 

Among all the nanoscale materials, the metal oxide 

nanostructures are extensively studied because of their potential 20 

applications in various technological areas, such as electronics, 

lasers, electron-field emitters, optoelectronics, biological and 

chemical sensors, logic devices, nanoscale memory, coating 

systems, superconductivity and catalysis [1-10]. Recently, many 

research groups have extensively investigated the various 25 

properties of metal oxide nanonstructures of different dimensions 

(D) and they observed that only some of these possess either d0 

(TiO2, WO3, Sc2O3, V2O5, CrO3 and perovskites such as ScTiO3, 

LiNbO3) or d10 (ZnO, SnO2, Cu2O, In2O3) electronic 

configuration of cations exhibit feasible gas sensing properties 30 

[11]. Although there exist a few metal oxides with dn (0<n<10) 

configuration of cations (NiO, VO2, Cr2O3, RuO2 etc.) which are 

sensitive to the environment in their vicinity, but these are 

structurally unstable as influenced by oxidation or reduction 

processes[12]. Amid the metal oxides nanostructures, ZnO is one 35 

of the most studied semiconducting materials. It possesses 

thermodynamically highly stable wurtzite (hexagonal close 

packed) crystal structure in which lattice constants c/a ~ 1.60 

slightly deviates from the ideal value of hexagonal cell c/a = 

1.633 due to difference between electronegativity values of Zn2+ 40 

and O2- ions. ZnO exhibits almost all the unique properties 

required to make it a feasible gas sensor such as moderate direct 

band gap (3.37 eV), high mobility of conduction electrons, better 

chemical and thermal stability under ambient conditions and good 

activity in redox reactions [13,14]. Thus 0D, 1D, 2D and 3D 45 

nanostructure of ZnO have been extensively studied worldwide to 

utilize their excellent gas sensing properties in the fabrication of 

improved gas sensing devices at low cost. Moreover, the longer 

dimension of 1D ZnO nanostructures (nanotubes, nanowires and 

nanorods) make them suitable to contact with macroscopic world 50 

for electrical and many others physical measurements. Therefore, 

1D nanostructures are more appropriate for the fabrication of 

nanoelectronics devices like gas sensors, electron-field emitters 

and logic devices etc.  

In recent times, many research groups have demonstrated 55 

the excellent sensitivity, response and recovery characteristics of 

zinc oxide gas sensors fabricated with individual nanostructure 

(tube, wire and rod) [15-17]. However, the large-scale fabrication 

process of these sensors still suffers from intrinsic drawback of 

processing an individual nanostructure. To address this issue, we 60 

proposed alternative route to minimize such drawbacks by highly 

ordered template based aligned luminescent ZnO nanowires 

Page 1 of 11 Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



 

2|J

arr

de

na

low

wi5 

me

va

an

rou

tem10 

ord

    

mu

of 

wi15 

oth

me

wa

[29

in 20 

rad

Zn

suc

zin

the25 

ox

    

na

wh

ap30 

foo

co

trin

na

thr35 

Go

thr

an

can

NH40 

ba

op

ad

Journal Name, 

ray. In order 

veloping func

anostructures w

w cost. In gen

ith different dia

ethods like soli

apor deposition,

nd template-assi

ute is the mos

mperatures and

dered nanostruc

      The photo

uch attention be

ZnO via tailor

ith higher exci

her semiconduc

eV) and GaN 

avelength opto

9-32]. Typically

visible  and UV

diative inhalati

nO arises due t

ch as oxygen 

nc vacancies an

e interface betw

xygen vacancies

     The gas se

anowires array-b

hich is highly

plications such

od processing, 

olant and in the

nitrotoluene (T

atural level of N

reshold is ab

overnmental Ind

reshold limit va

nd a 40 h work 

n detect the pre

H3 in the envir

ased sensors, ha

perated at high

dsorption and d

[year], [vol], 00

to control ov

tional devices

with high degre

neral, most of 

ameters and le

id-liquid-vapor

, pulsed laser d

isted methods [

st impressive w

d good potent

ctures [ 23-28].

oluminescent p

ecause of the ab

ring its band g

iton binding en

ctor materials s

(25 meV) wh

electronic devi

y ZnO exhibits

V regions, the 

on of exciton 

to inhalation in

vacancies [33-

nd interstitial zi

ween ZnO nano

s which is respo

ensing propert

based gas senso

y toxic but 

h as in chemic

air conditioning

e manufacturin

TNT), nitrogly

NH3 in the atmo

out 5 ppm. 

dustrial Hygien

alue of 25 ppm

per week. Ther

esence of high 

ronment. Vario

ave been repor

h temperatures 

desorption proc

0–00

ver the materi

s it is necess

ee of regularity

the reported Z

ngths are synth

r process, meta

deposition, wet 

[18-22]. Recent

way because of

ial for large s

 

properties of Z

bility to tune the

gap (direct ban

nergy (60 meV

such as; ZnSe (

hich make it 

ices and gas s

 photoluminesc

UV emission a

while the gree

nvolving intrin

-35], interstitial

inc [38]. In pre

owires in the AA

onsible for stron

ties of the as 

ors were investi

have wide-ran

cal industries, 

g equipment an

ng of commerci

ycerin, and ni

osphere is abou

The America

nists (ACGIH) h

m for a normal 

refore a system

as well as low

ous NH3 senso

rted so far but 

(up to 300 0C

cesses of NH3 

ial properties 

ary to synthe

y and alignmen

ZnO nanostructu

hesized by vari

l-organic chem

chemical meth

tly, AAO- temp

f their low gro

scale synthesis

ZnO has recei

e optical proper

d gap of 3.37 

V) as compared

(22 meV), ZnS 

suitable for s

sensor applicati

cence characteri

at 370 nm is du

en luminescenc

sic defects cen

l oxygen [36, 

esent investigat

AO creates a lo

ng luminescenc

synthesized Z

igated against N

nging commer

fertilizer factor

nd refrigerators 

al explosives (e

itrocellulose). 

ut 1-5 ppb and o

an Conference 

has assigned NH

8 h work per 

m is required wh

w concentration

ors, including Z

most of them 

C) to activate 

which limits t

and 

esize 

nt at 

tures 

rious 

mical 

hods 

plate 

owth 

s of 

ived 

rties 

eV) 

d to 

 (40 

short 

ions 

ristic 

ue to 

e in 

nters 

37], 

tion, 

ot of 

ce.   

ZnO 

NH3, 

rcial 

ries, 

as a 

e.g., 

The 

odor 

e of 

H3 a 

day 

hich 

ns of 

ZnO 

m are 

the 

their 

use in

powe75 

senso

reduc

for a 

recov

        H100 

highly

tempe

The o

emiss

wave105 

nanow

have 

mech

respo

2. Ex65 

2.1. S

ZnO 

alumi

order

were 90 

repor

80 

phosp

templ

This journ

n low tempera

er consumption

ors since they w

ce the working 

smart portabl

very time that ca

Here, in the pre

y ordered lum

erature anodic 

obtained photol

sion peaks at 5

length corresp

wires and AAO

also investiga

hanism, propert

onse to NH3 gas

xperimental

Synthesis of ord

nanowires of u

inum oxide (A

ed nanopores o

prepared and 

ted earlier [44]

 

Figure.  

inserting   so

 

phoric acid solu

late was mount

al is © The Roy

ature applicatio

n is the most i

work day and ni

temperature res

e NH3 gas sen

an be operated a

esent work, we 

minescent ZnO

aluminum ox

luminescence s

02, 457 and 49

ponding to pr

O/ZnO assembl

ated the fabrica

ties including 

at room tempe

l  

dered ZnO nan

uniform size w

AAO) templates

of 45-50 nm dia

detached from 

. After pore wid

1 Schematic dia

lution into the p

ution (for 25 m

ed on the porou

yal Society of C

ons [39-43]. Fu

important dem

night. Thus, to s

searchers are cu

nsor with goo

at room temper

 explore the fac

O nanowires ar

xide (AAO) tem

spectrum exhib

90 nm upon 40

ristine AAO 

ly, respectively

ation as well 

sensitivity, rec

erature.  

nowires array

were synthesize

s. The AAO te

ameters and thic

m Al substrates 

dening treatmen

agram of the se

pores of AAO t

min. at room t

us base of a ho

Chemistry [year

urthermore, low

and on the ga

save energy and

urrently looking

d response and

rature.  

cile synthesis o

rray using low

mplate method

its strong green

6 nm excitation

template, ZnO

y. Moreover, w

as gas sensing

covery and fas

s 

ed using anodi

emplates having

ckness of 12 μm

by the method

nt in 6 wt%  

 

etup used for 

template. 

emperature) th

ollow cylindrica

r] 

w 

as 

d 

g 

d 

of 

w 

d. 

n 

n 

O 

e 

g 

st 

c 

g 

m 

d 

he 

al 

Page 2 of 11Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



5 

10 

15 

20 

25 

30 

35 

40 

 

This journal is 

box (schematic

into the glass 

grease. The bo

vacuum flask t

inset of Figure 

the razor blade

prevent the so

prevent air to e

inside the glass

a stop cock (2)

torr) in the syst

allow saturated

Stopcock (1) w

container was a

glass tube ente

(2) was closed

template insid

Sometimes bub

surface which 

This problem w

glass tube thro

condition for 

removed from 

~ 70°C for 6 h.

to obtain wurtz

nanowires, the 

M NaOH solu

razor blade. Pr

around 70-80oC

razor blade wa

few seconds. 

The sam

electron micr

transmission 

equipped with 

were taken on 

source of excita

 

2.2. Fabricatio

In order

synthesized Zn

of two electrod

were taken and

© The Royal So

c diagram show

tube after app

ottom end of t

through a thin 

1 shows the de

e. The vacuum

olution to ente

enter into the g

s tube can also 

). After attainin

tem, stopcock (

d zinc nitrate so

was closed aga

about to finish. 

ered into the va

d. It should be n

de the tube r

bbles appear in 

prevents the so

was overcome 

ough stopcock 

approximately

the cylindrical 

. Finally, it was

zite ZnO nanow

annealed temp

ution and the fl

rior to FESEM

C. For TEM an

as dispersed in

mple was chara

roscope (FE-

electron micr

LaB6 filament

n Edinburgh, FL

ation.  

on of ZnO nan

r to study the g

nO nanowires ar

des as shown in

d the curvature 

ociety of Chem

wn in Figure 1)

plying a small

this glass tube 

rubber pipe an

etached AAO-te

m flask in the s

r into the vac

lass tube. Furth

be easily contro

ng the desired 

(1) in Figure 1 w

olution to pass 

ain as soon as

Due to vacuum

acuum flask an

noted that durin

remained dipp

the solution ju

olution from en

by pushing m

(1) and the sy

y 8 h. Later, 

box and kept i

s annealed at 43

wires. In order t

late was thorou

loating materia

M analysis this m

nalysis the mate

n methanol and

acterized by fie

-SEM, FEI 

roscope (TEM

t operating at 2

LSP-920, Xeno

owires array g

gas sensing cha

rrays, we fabric

n section 3.3. He

at the end of ea

mistry [year]

) which was in

l amount of va

was connected

nd stop cock (2

emplate suppor

set-up does no

cuum pump bu

her, the solution

olled with the h

vacuum (3–4 ×

was opened slo

over AAO-tem

s the solution

m, some solution

nd after that sto

ng the whole p

ed in the so

st above the tem

ntering into the 

more solution in

stem was left i

AAO-template

in an electric o

35°C for 40 h in

to collect the o

ughly dissolved

al was collected

material was dr

erial collected 

d ultrasonicated

ld-emission sca

QUANTA 2

M, Philips C

200 kV). PL s

on flash lamp 

gas sensor 

aracteristics of 

cated a simple s

ere two thin Cu

ach wire was re

nserted 

acuum 

d to a 

2). The 

rted on 

ot only 

ut also 

n level 

help of 

× 10−2 

owly to 

mplate. 

in the 

n from 

opcock 

process 

lution. 

mplate 

pores. 

nto the 

in this 

e was 

oven at 

n order 

ordered 

d in 0.1 

d on a 

ried at 

on the 

d for a 

anning 

200F), 

CM200 

spectra 

as the 

the as 

system 

u wires 

educed 

eith

on 100 

gap

tha

tec

gla

sho105 

of 

the

ma

bet

3.60 

3.1

ann

“A

are85 

FE

Fig

“A100 

ima

ann

ED

ZnO

ma105 

her by pressing

glass plate wh

p between two 

an 10 μm with

hnique we can

ass plate and in 

ow a magnified

ZnO nanowire

e gap of each p

agnitude 15 Vp

tween points “1

Results and

1. FESEM and 

Figure 2(a

nealed AAO-te

” region. It can

e uniformly fil

SEM image of 

 

gure 2(a) FESE

” region of the 

age of nanowir

nealed AAO te

DX profile for t

O nanowires a

agnified image o

 

Journ

g or by hitting i

hich is covered 

flat ends of th

h the help of 

make 2-3 such

the inset of Fi

“A” region of 

es suspension in

pair of Cu wir

pp (peak to p

” and “2” as sh

d discussion 

TEM studies o

a) exhibits the 

mplate and ins

be seen that alm

led with the m

annealed templ

EM image, and 

filled and anne

res array after p

emplate in 0.1 

the same (c) c

array and (d) F

of “B” region o

nal Name, [yea

it gently. These

with an insula

he wires was a

optical micros

h pairs of Cu w

igures located i

f one of these gl

in ethanol was 

res and an ac 

peak) at 0.5 M

hown in section 

of ZnO nanow

FESEM image

set shows the m

lmost all the por

material. Figur

late after partia

d inset shows m

ealed AAO tem

partially dissolv

M NaOH solu

cross-sectional 

FESEM image

of ZnO nanowir

r], [vol], 00–00

e wires were fix

ating tape, and 

adjusted to be l

scope. Using t

wires on the sa

in  section 3.3, 

lass plates. A d

dropped betw

electric field w

MHz was appl

3.3. 

wires 

e of the filled a

magnified view

res of the templ

re 2(b) shows 

ally dissolving it

magnified image

mplate, (b) FESE

ving the filled a

ution, inset sho

FESEM image

e and inset sho

res. 

0  |3 

xed 

the 

less 

this 

ame 

we 

drop 

ween 

with 

lied 

and 

w of 

late 

the 

t in  

 

e of 

EM 

and 

ows 

e of 

ows 

Page 3 of 11 Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



 

4|J

pro

em

cro

co5 

sho

im

ind

be

10 

ma

are

3(a

sur

pa15 

na

pa

Fig

na

(~ 20 

mu

Fi

SA

Zn25 

HR

3.2

Ph

inv30 

de

Journal Name, 

0.1 M Na

ofile of the sa

mbedded in the 

oss sectional F

mpletely dissol

ows that the len

mage reveals th

dependent and 

tween 60-70 nm

TEM im

agnified HRTE

e shown in Figu

a) the TEM mi

rface and have

attern in Figure 

anowires. All th

attern are index

gure 3(c) co

anowires. The F

0.29 nm) whic

uch lattice disto

gure 3 (a) TEM

AED pattern of 

nO wire showin

RTEM image. 

 

2. Photolumine

hotoluminescen

vestigation to 

fects analysis. 

[year], [vol], 00

aOH solution fo

ame. In the im

template can b

FESEM image

lving the alumi

ngth of the nano

hat the ZnO 

almost paralle

m as Figure 2(d

mage, SAED 

EM image of th

ure 3 (a), (b), (

crograph show

e an average d

3(b) indicates 

he polycrystall

xed with pure Z

onfirms the p

Figure 3(d) cor

ch corresponds

ortion. 

M micrograph o

ZnO nanowire 

ng interplaner sp

escence study o

ce (PL) is an 

explore electro

It can provid

0–00

or ~ 20 min and

mage, tips of th

be clearly seen.

e of ZnO nano

ina template in 

owires are arou

nanowires are

el to each oth

d).  

pattern, HRT

he as synthesiz

c) and (d), resp

s that the nano

diameter of ~ 6

the polycrystal

ine rings obser

ZnO wurtzite p

polycrystalline 

rresponds to a 

s to (100) plane

of ZnO nanowir

(c)  HRTEM im

pacing and (d) m

of ZnO nanow

important tool

onic band stru

de useful quali

d inset shows E

he ZnO nanow

. Figure 2(c) is

owires array a

NaOH solution

und 11 µm. FES

e uniform, de

her with diame

TEM image 

ed ZnO nanow

pectively. In Fig

wires have smo

67 nm. The SA

line nature of Z

rved in the SA

phase. HRTEM

nature of Z

d-spacing valu

es of ZnO with

res, (b) Marked 

mage of a single

magnified 

wires  

l for direct opt

ucture and surf

itative informa

EDX 

wires 

s the 

after 

n. It 

SEM 

ense, 

eters 

and 

wires 

gure 

ooth 

AED 

ZnO 

AED 

M in 

ZnO 

ue of 

hout 

 

d 

e 

tical 

rface 

ation 

about

templ

spectr

evalu185 

range

green

nm e

pristin

repre190 

spectr

subtra

nanow

than 

relate195 

has 

debat

propo

date, 

proba200 

used 

which

nanow

comp

(b) [205 

conse

We p

emiss

forme

which210 

PL in

Figur

AAO

spectr95 

wave

templ

curve

This journ

t the interactio

late with ZnO n

rum of AAO/Z

uated by pre-sc

e of 200-900 nm

n emission spec

excitation wav

ne AAO temp

sented by curve

rum of ZnO 

acting the curv

wires emission 

that of AAO/Z

ed electron hol

been extensiv

table subject o

osed to explain

oxygen vacanc

able candidate 

AAO templat

h introduced 

wires in orde

pared to pristine

46]. The broa

equence of diffe

proposed that A

sion in AAO/Z

ed during synth

h creates higher

ntensity in comp

re 4 (a) The ph

O/ZnO assembl

ra peaking at 

length corresp

late, and AAO

es 1, 2 and 3 res

al is © The Roy

n of free elect

nanowires. Figu

ZnO template at

can of the AA

m. Figure 4(b) 

ctra peaks at 45

velength corres

plate and AA

es 1, 2 and 3, re

nanowires (

ve 2 from curv

spectra (curve 

ZnO assembly (

e recombinatio

vely investigat

f matter. Amo

the visible lum

cies have been

[45]. In the p

e for synthesi

intrinsic defec

r to enhance 

e AAO as well 

ad emission p

erent types of d

AAO plays a ke

ZnO hybrid st

hesis of ZnO n

r defect densiti

parison to pristi

hotoluminescenc

y, (b) three b

457, 502 and 

ponding to Zn

O/ZnO assembl

spectively.  

yal Society of C

trons on the s

ure 4(a) exhibit

at 490 nm emis

AO/ZnO templa

consists of thr

57,502 and 49

sponding to Z

AO/ZnO assem

espectively. He

(curve1) was 

ve 3 and the in

1) was found 

(curve3). The 

on process in 

ted; however, 

ong the differe

minance in ZnO

n widely accept

present investig

is of aligned Z

cts on the su

the strong g

l as ZnO as sho

peaks in the s

defects existing

ey role in enha

tructure. The s

nanowires on 

ies in ZnO, give

ine ZnO and pri

nce excitation sp

broad strong 

490 nm upon

nO nanowires, 

bly which are 

Chemistry [year

urface of AAO

ts the excitation

ssion which wa

ate assembly in

ree broad strong

0 nm upon 406

ZnO nanowires

mbly which ar

ere, the emission

obtained afte

ntensity of ZnO

2.5 times lowe

origin of defec

ZnO nanowire

it remains 

ent mechanism

O nanowires til

ted as the mos

gation, we hav

ZnO nanowire

urface of ZnO

green emission

own in Figure 4

spectra are th

g in the samples

ancing the green

strong interfac

AAO template

es rise to highe

istine AAO. 

 

pectra ( PLE) o

green emission

n 406 excitation

pristine AAO

represented by

r] 

O 

n 

as 

n 

g 

6 

s, 

re 

n 

er 

O 

er 

ct 

es 

a 

ms 

ll 

st 

e 

es 

O 

n 

4 

e 

s. 

n 

e 

e, 

er 

of 

n 

n 

O 

y 

Page 4 of 11Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |5 

The other probable reason behind the strong luminescence in 

AAO/ZnO may be higher interfacial area provided by ZnO 

nanowires to AAO. Higher surface to volume ratio leads to 

higher concentration of defects induced by AAO- template on 

the ZnO nanowire surface, as a result the recombination of Vo+ 5 

from the ZnO surface and free electrons from AAO recombine 

strongly as compared to pristine ZnO to produce strong green 

emission. 

3.3. V-I characteristic of nanowires 

When an ac electric field with magnitude 15 Vpp (peak to 10 

peak) at 0.5 MHz was applied between points “1” and “2” (Figure 

5(a)) (after putting a drop of suspension between gap of the 

electrodes) electric field (E) induces charge separation and the 

resulting polarization develops a dipole moment which aligns the 

nanowires parallel to the field lines. In case of non-uniform field 15 

distribution, the alignment force or the dielectrophoretic force 

( ∝ | | , where  is the gradient vector operator) moves the 

polarized structure towards the region of highest field density 

[47]. ZnO nanowires array trapped between the two Cu electrodes 

due to this dielectrophoresis process is shown in Figure 5(b).  20 

The V-I characteristic of the ZnO nanowires array, 

trapped between the electrodes (Figure 5(b)) is shown in Figure 

6(a). 

 

Figure 5 (a) Schematic diagram of the chamber used for gas 25 

sensing measurements and inset shows magnified “A” region of 

one of the glass plate which consists 3 pairs of Cu electrodes and 

(b) magnified FESEM image of “B” region which shows 

nanowires array kept between one pair of the two electrodes.  

 30 

Cu-ZnO nanowires array, which is basically a metal-

semiconductor-metal (MSM) structure, shows almost symmetric 

characteristics. Such MSM structure can be considered as being 

composed of two Schottky barriers connected back to back in 

series with a semiconducting material. If a barrier at both ends of 35 

the nanowires array possesses similar good quality of contacts 

with approximately lower barrier heights, the symmetric 

characteristics shall be obtained [48]. The resistance of the 

nanowires array is of the order of 6 GΩ at 1 V, which includes 

contact resistance as well. Such high resistivity is due to ZnO 40 

being a wide bandgap semiconductor (Eg = 3.3 eV) at room 

temperature [49]. 

3.4. Gas sensing properties of nanowires 

For investigating room temperature gas sensing properties 

of the trapped ZnO nanowires array, the sensor was kept in an air 45 

tight box (volume 500 cm3). A 1000 ppm NH3 (Chemtron science 

laboratories pvt., India) was used as test gas and using the 

relation (Capacity of syringe used × ppm level mentioned 

on canister = Capacity of sensing container × required ppm level) 

different quantities of 1000 ppm NH3 were inserted into the 50 

airtight sensing box through inserting window using a micro-

syringe so as to yield a desired ppm concentration of NH3. A 

fixed bias of 0.1 V was applied across the electrodes (points “1” 

and “2” in Figure 5(a)) and the change in the resistance of the 

sensor was measured using a pico-ammeter. Before starting the 55 

measurement for every next NH3 concentration the test gas in 

sensing chamber is pumped out using a vacuum pump so that 

sensor recovers its initial resistance value. Figure 6(b) shows the 

response and recovery curves (in terms of resistance) of the ZnO 

nanowires array upon exposure to 10, 15, 25, 50, 75, 100 and 150 60 

ppm NH3 at room temperature. These curves show that the 

change in the resistance sensibly depends on the NH3 

concentration and it increases with increase in the value of NH3 

concentration. The % response (S) of this sensor for 50 ppm NH3 

is shown in Figure 6(c). The % response (S) of a sensor is defined 65 

as│(Ra-Rg)/Ra│×100, where Ra and Rg are resistances of the 

sensor in air and gas, respectively. Figure 6(c) shows that the 

response and recovery times (defined as the time required to 

reach 90% of the saturation value) of the sensor when exposed to 

50 ppm NH3 concentration are ~28 s and ~29 s, respectively. The 70 

response time of the sensor decreases with an increase in the gas 

concentration while the recovery time increases with an increase 

in gas concentration. This behavior of the sensor is shown in 

Figure 6(d).  

NH3 concentration versus % response of the sensor is 75 

shown in Figure 7. It can be seen that the % response increases 

almost linearly with increase in NH3 concentration up to75 ppm 

and above 75 ppm, % response increases slowly with the increase 

in NH3 concentration. 
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sensing characteristic of the as synthesized nanowires array a 

simple sensing system were made using a micromechanical 

technique. The sensor shows good response to NH3 atmosphere at 

room temperature. We believe that these simple and cost effective 

techniques can be extended to synthesize nanowire arrays of 5 

other metal/metal oxides too and may be helpful in studying their 

sensing properties forwards various gases at room temperature. 
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excellent sensitivity and fast response to NH3 gas.                           

Page 11 of 11 Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t


