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Abstract. ZnO nanoparlicles were successfully synthesized by a low cost co-precipitation rnethod

using zinc rutrate and sodium hydroxide as the rarv materials. It was observed that the synthesized

temferatures greatly effect or, ti. size of ZnO nanoparticles. The lower synthesized temperatures

resulted in the .*uit., nanoparticles. By adjusting the mole ratio of sodium hydroxide, the size of

Zno nanoparticles was also changea. Tlie smallest Zno particles was 47 nm obtained with 0.7 mole

of sodium hydroxide. The s[ralle st Zno nanoparticles from each synthesized temperatures were

fahricated as humidit_v sensor, showing an impressive performance under different relative humidity

(lj-g4%RH). It should be noticed that the ZnO nanoparticles humidiqv sensor synthesized at75'C

exhibited high response 2 times higher than that of synthesized at 95 oC. This is atkibuted to the

higher surface area of ZnO nanoparticles for absorbed'water molecule'

Introduction

Humidity sensor is an important device using in industry, biornedicine, automotive, agriculture

and also for human comfort. To achieve a high stability, high sensing response, quick response,

short recovery time and wide range humidity detection, many types of humidity sensors have been

developed over the years. They are surface acoustic wave. capacitive, resistive and optical humidity

sensors U,z].en ong these, mosthumidity sensors are eitherresistivetype or capacitive type, and

the resistive type frumiaity sensors showed lnany advantages, with a good long-term perfonnance,

lor.v cost and a p.o""rrirrg in mass product over the capacitive type humidity sensors [2]'

Currently, ZnO an n-type semiconductor have extensively been investigated since ZnO own

many impressive propertiei. It have been used for variety electronic devices including gas sensor

[3], dye-sensitized solar cell [a] and also humidity sensor t5l. It was also reported that zno

nanostructures humiditv sensoi ixtubited a high stability over a long period test- small drift rn

hysteresis Ioops during adsorbed and desorbed water vapor and highly sensing response [5]

irr this work, ZnO nanoparticles lZNf's\ 'ivere synthesized via a co-precipitatron method since it

is a simple method and does not need an expensive tools. Characterization and humidity sensing

pr"operfi of Z|',lP;; was also carlied out.

Erperimental

ZNI,,c were synthesized via a low cost co-precrpitation method using zinc nitrate (Zn(NO3)2,

gg 9,h Sigma-Aldrich) and sodrum hydroxidi (NaOH, 9?Yo Srgma-Aldrich) as raw rnaterials

Similar to cur previous report t6], 0 t M Zn1NO3)2 solution and 2 M NaOH solution were separately
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prepared using distilled water (DI) as a solvent. Zn(NO:)z solution was stiffed at 75 and 95 oC for

20 min in a container. NaOH solution was slowly added dropwise into the container, and mixed

solution \ry,as successively stirred for 20 min. Then, the mixed solution was allowed to cool dorvn

naturally in the air. precipitated for 24 h. white product in the container was collected' washed by DI

water fbr 4 times, dried in the air for 24 h and annealed at 600 "c for 6 h under air atmosphere to

obtain zNPs. The rnole ratio between Zn(NOr)z andNaoH was set to be l:0'5, l'0'6, l:0'7, 1:0'8

and 1.0.9. ZNPs rvere chara cterized, by scanning electron microscope (SEM), energy dispersive X-

ray spectrometer (EDS); JEOL JSM-6335F, X-iay difkactometer (XRD); Rikaku MiniFlex II and

Raman spectrometer (Raman); Horiba T64000. Moreover, ZNPs were fabricated as humidity sensor

and theirs humidity sensrng response rvas investigated under 17-94% relative humidity (RH) bv

using electrometer. Keithley 6517 A.

Results and Discussion
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Fig. 1 SEM imag es of zNPs synthesized at75 "C(a-e) and 95 oc (f-j) and XRD spectraof zNPs

synthesized at15 oC (k) and at 95 "C (l)'

SEM images of ZNps synthesized at 75 and 95 'C were shown in Fig- 1. It was observed that the

synthesized temperatures greatly affected on a size of ZNI's- TNPs synthesized at 75 oC were

smaller than that of g5 "c. By varying NaoH content, the size of zNps was also adjusted. However,

synthesized at 75 oC wrth 0 7 mole NaOH showed a smallest ZNPs (47 nm)' Fig l(c)' 'l-his

condition also showed the narrowest in size distribution r,vhrch is the best condition for synthesized

ZNI's in our work. The average size was observed to be 52,78, 17, 53 and 47 nm for 75 "C and 92'

10'7,gg,90 and 91 nm for 95 oc, respectively. XRD spectra of 7-NPs were shown in Fig' 1(k) and (l)

lbr synthesized temperatures of 75 and 95 oC The peaks corresponding to (100), (002). (101)'

(102), (110), (103), (200), (112) and (201) diffraction planes were detected in the spectra rvhich in

accordance with intemational centre lor ditfi'action data o9-0206) and no impurities peaks u'ere

cletected. Moreover, the shjft of (002) peak (not shorvn) to higher degree with the increasing of'

NaoH ratio was observed suggested a change of a lattice parameter c of Zno crystal [6]' The higher

degree the (002) plane shifting the more contract the lattice parameter c'
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Chemical composition of synthesized ZNPs was examined, and EDS data confirmed that

syntlresized products were ZnA. The mole ratio of Zn and O atoms was about 1 [3] Raman

technique was perfbrmed for crystal defect investigation as shou'n in Fig. 2(a),for ZNPs synthesized

at 95'C. It was obseled that peaks observing at 332,387, 412, 437,534 and 585 cm-l

cogesponded to E2(HFEz(L), A1(TO), Er(TO), Ez(H), A1GO) and Er(LO) vibration modes. No

def-ect or other impurities peaks were detected in the spectra. Similar result u'as observed for TNPs

synthesized at 75 "C (not shown). These data implied that ZNf's exhibited a high degree crystallinity

with a pure hexagonal wurtzite structure.

Formation of ZNPs could be explained as described in ref. [6, 71. Zirc nitrate solution, acted as

the source of Zn2n ions by generated Zrf* and 2NOr- ions; while alkali salt sodium hydroxide

solution supplied OH- ions by generated Na* and OH- ions when dissolved in DI water. Mixing

together leaded a reaction of those and resulted in a formation of Zn(OH):. By hydrolysis and

condensation processes of zinc nitrate with the help of sodium hydroxide in DI medium at lorv

temperatures, ZNPs can be formed. Znz* and OH- ions played as key factors on growth of ZNPs

adjusted pH value of the mixed solution together with synthesized temperatures. Though NaOH

content impacted the sized af ZNPs, influence of synthesized temperature was more pronounced as

clearly observed in Fig. 1.

101

110

100

9o-
aoE
io 

=d60€
50-
oox
309
20

10

15

10

,a

=_oo
aE

,9
oo
d

J

IE

6
tr
$

(c)*
st0
fzo
ttt

860
*so
Es40
o
Esooa20

(a) (b)::

30

800 1200 1600 2000 2400

Time (s)

Fig.2 (a) Raman spectra of ZNPs synthesized at 95"C,

(b) resistance transient ofthe sensors under various

humidity and (c) sensing responseof TNPs-A and

ZNPs-B sensors.
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'Ihe smallest ZNps from both synthesized, temperatures were selected and fabricated as humiditv

sensors since sensor performance directly related to surface area, Sensors fabricated from ZNP-|

syntlresized at 75 and 95 'C were denote<i as ZNP,c-A and ZNI's-B. The controlled humidity

environment was accomplished using 34.2M NaOH, 16.0 M NaOll. 10 M NaOH,23.4 M NaCI

solutions and Dl water for 17,36. 54,73 and 94oh RII at room temperature. The Resistance

transients under various humidity were shown in Fig 2(b) with 5 V applied voltage. Under high

humidit-v level (94o/o), both sensor showed a lorv sensor resistances; horvever, sellsol' resistances

increased sharply when switched to lorver humidity level. This indicated an excellent humidirv"

sensing property of ZNf,.s Tl-re reduction of sensor resistance under huntid amlrient could be

explained ui th" following. First, the water vapor reacted with ZnO surface by surface collision or

seltionization of' water molecules and dissociated to hydroxide ions (OH-) and protons (H*)

Second, these ionized ions bonded with ZnO lattices via chemisorption process. For more water
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vapor, third, water vapor adsorbed on chemisorbed layer via physisorption process. Finally, H* ions

"ur, 
1r1or. freely in chemisorbed and physisorbed layers w'hich acted as a dominated carrier via

proton-hopping mechanism, resulting in a reduction of sensor resistance with the increasing of RH

value [5].
The sensing response was carried out using Eq. 1

.S'- (/tH Rg,tN)X 100% / Re4"7,, (1)

Rp and Re4,7,, zr1- sensor resistances rn a given humidity and in 94% RH, respectively 121-It was

noticed that the high sensor performance of ZNI's-A was observed. 2 times higher than that of
ZNPs-B as shown in Fig. 2(c). It was about 80.0. 75.8, 64.3 and 61.4% fot 7-NPs-A and 47.2- 37 '9,

32.7 and.30.4% ZNPs-B when switched fromg4o/oRH to 17,36,54 and 73o/oRH, respectively- This

is attributed to a smaller particle size which provided more grain boundary, more surface area and

also more nanopores *,hich offered more active sites for reacting with water molecules [8].

Summary

ZNPs were successfully synthesized using a co-precipitation method. ZNPs exhibited a pure

hexagonal wurtzite crystal structure. The synthesized temperatures greatly effect on the size of

ZNps, whereas NaOH showed a slightly influence. The smallest ZNPs from both synthesized

temperatues were selected and fabricated as humidity sensors. The sensors showed an impressive

performaoce trnder drfferent relative humidity (17-94% RH). However, ZNPs synthesized at75"C

exhibited a better performance than that of synthesized at 95'C which is attributed to a higher

surface-to-volume ratio, providing more active sites for adsorbed water molecules.
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