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ABSTRACT: 

In this paper, ZnO nanocrystals were synthesized using a simple micro-droplets technique from a 

solu- tion prepared by dissolving zinc acetate di-hydrate [Zn(CH3COO)2, 2H2O] in methanol. 
Microdroplets were deposited on glass substrates heated at 100 °C, the obtained samples of ZnO 

films were investigated by XRD, AES, AFM, ellipsometry and PL. XRD patterns reveal the 

wurtzite structure of ZnO where the lat- tice parameters a and c, calculated from XRD signals, 

show a nanometric character of ZnO nanoparticles. The chemical composition of ZnO film 

surfaces was verified by Auger electron spectroscopy (AES). From Auger signals, oxygen (O-

KLL) and zinc (Zn-LMM) Auger transitions indicate well the presence of Zn-O bonding. The 

surface topography of the samples was measured by atomic force microscopy (AFM) where ZnO 

nanoparticles of average size ranging between 20 and 80 nm were determined. Some optical 

prop- erties as dielectric constants, refractive index, extinction coefficient as well as the optical 

band gap were determined from ellipsometry analysis. The dispersion of the refractive index was 

discussed in terms of both Cauchy parameters and Wemple & Di-Dominico single oscillator 

model. The photoluminescence (PL) measurements exhibited two emission peaks. The first at 
338 nm, corresponding to the band gap of ZnO, is due to excitonic emission while the second 

around 400 nm, is attributed to the single ionized oxygen vacancies. 

Keywords: ZnO nanoparticles Micro droplets technique AFM Auger spectroscopy Ellipsometry 
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I. INTRODUCTION 
Zinc oxide (ZnO) is a material which is very familiar to scientists because it is well known for 

its excellent physical properties as ultra violet absorbance, piezoelectricity and luminescence at high 

temperatures. We can count thousands of papers dating back as early as 1935 [1]. More recently, ZnO 

has again entered the scien- tific spotlight, this time for its semiconducting properties. ZnO is a  

semiconductor with interesting characteristics such as a wide and direct bandgap (3.37 eV at room 

temperature) and a larger exciton binding energy (60 meV) [2,3]. It is a very interesting material for 
its large applications in many technological fields for its useful properties (optical, electrical, 

mechanical, chemical.. .). A consider- able research interest in ZnO was performed due to many 

potential applications particularly in short wavelength for optoelectronic devices operating in the blue 

and ultraviolet (UV) region such as light-emitting diodes (LED) [4] and gas-sensing applications [5]. 

 

Today, the research is focused on the nanostructured ZnO because there is a high surface-to-

volume ratio and  show enhanced chemical stability and electrical performances [6,7]. 

Several chemical and physical methods have been used for the preparation of ZnO thin films 

nanostructured such as MOCVD [8], chemical vapor transport (CVT) [9], spray pyrolysis [10–12], 

sput- tering [13], laser ablation [14,15]. 

The purpose of this paper is to provide a simple chemical syn- thesis route of ZnO nanofilms. 
This technique called ‘‘micro- droplets technique” is low cost and easy to implement. It is based on 

the deposit of microdroplets on heated glass substrates. The detail of this technique is described in 

the following paragraph. 

 

Experimental part 

ZnO nanofilms preparation 

ZnO nanofilms were obtained by micro-droplets route. The principle of this method is to prepare a 

solution  by  dissolving 10—2 M of zinc acetate di-hydrate [Zn(CH3COO)2, 2H2O] in a beaker containing 
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150 ml of methanol. Microdroplets of 0.05 ml of volume dropped with pipette from the solution were 

deposited on glass substrates heated at 100 °C. Before deposing the drops and in order to remove the air 

contamination, glass substrates of dimension 

1 cm × 1 cm × 0.2 cm  were  cleaned  in  ultrasonic  bath  for  several cycles, rinsed in de-ionized water and 

finished in air dried. ZnO samples were obtained by dropping the solution 20 and 30 times. 

The samples, named #S1 (for 20 drops) and #S2 (for 30 drops), were studied by XRD, AES, AFM, ellipsometry 

and photolumines- cence (PL) techniques. 
 

Characterization techniques 

The crystallographic structures of the samples #S1 and #S2 were examined by X-ray diffraction 

apparatus using Cu-Ka radia- tion (k = 1.54 Å). DRX results are interpreted in the following struc- tural 

properties. The chemical composition of ZnO samples was controlled by Auger electron spectroscopy 

(AES). Auger spec- troscopy analyses were performed in ultrahigh vacuum (10—9 torr) using primary 

electron energy beam of 2 keV for samples excita- tion and cylindrical mirror analyzer (CMA) for 

Auger spectra acquisition in derivative mode (dN/dE). We comment Auger results in the AES 

analysis. The surface morphology and the grain size  of ZnO films were studied with Bruker 

Dimension Edge Model atomic force microscope. The AFM images obtained in tapping mode are 

discussed in the surface morphology and AFM characterization. 
The optical properties were studied by ellipsometry in the wavelength range 250–800 nm. The 

photoluminescence (PL) mea- surements were used as complement of optical characterization. The 

discussion of optical results is presented in the optical proper- ties of the paragraph 3. 

 

II. RESULTS AND DISCUSSION 

Structural properties 

X-ray diffraction patterns of samples #S1 and #S2 are illus- trated in Fig. 1. From this figure, 

ZnO diffraction peaks are well defined and are indexed as (010), (002), (011), (012), (110) and (013) 

orientations corresponding to hexagonal (würtzite) phase according to JCPDS 036-1451 card. (002) 

peak is the most intense; it can be seen with a preferential orientation along c-axis perpen- dicular to 

the sample surface. In other hand, the XRD spectra show a broad diffraction peaks suggesting that the 

prepared ZnO nano- films are composed by nanocrystallites. As the structure is hexag- onal, the 
lattice parameters a and c may be deduced from the relation (1). In fact, in the hexagonal structure, 

the interplanar dis- 

 

 
Fig. 1. DRX spectra of ZnO nanofilms. 

 
 

tance d is linked to the lattice parameters a and c and the Miller indices h, k, l by the 

relationship (2) [16,17]: 

  1 4  
  

h2 þ hk þ k2
! 

l2 
 

 

¼ 
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where n is the order of diffraction (often n = 1) and k is the X-ray wavelength. 

The calculated values of lattice parameters are resumed in Table 1 and agree well with those 

reported elsewhere [19–21]. 

On the other hand, it is known that in the compactness hcp phase, the c-to-a ratio is 1.602, the 

obtained difference in our case can be attributed to the nanometric character of the crystallites and 

defects. Regarding the width of the diffraction peaks, a study of structural parameters such as the 

size of the crystallites, the stress and dislocations for both (002) and (110) orientations were made 
from the experimental data of X-ray diffraction. These parameters were calculated from the 

following relations [22–27]: 

 

 
 

where k = 0.90 is the Scherrer constant, k = 1.54 Å is the wavelength of Cu-Ka radiation, b is the full 

width at half maximum (FWHM) and h is the Bragg’s diffraction angle. 

The calculated values of these structural parameters are pre- sented in Tables 2 and 3. 

From the calculation of structural constants, it would seem that ZnO oxide contains some defects such 
as high values of both dislo- cation and strain. This observation is coherent with those previ- ously 

discussed and indeed the prepared thin layers are formed by nano-ZnO crystals. 

It is also noted that the crystallites size of the thin film of sam- ple #S2 is greater than those in sample 

#S1. For sample #S2, the crystallites are welded together. In fact, when the number of the drops 

increases, the crystallites of ZnO agglomerate and can be modeled by a spider effect. The kinetics of 

this effect can be described by the following steps: 

At first there is formation of a few stitches of ZnO (Fig. 2(a)) which agglomerate (Fig. 2(b)) and form 

crystallites (Fig. 2(c)) and at the end we observe the formation of ZnO nanocrystallites. The size 

depends on the number of deposited microdrops as indicated in Fig. 2(d). 

 

AES analysis 
Fig. 3 shows Auger spectrum of ZnO films which the same of the samples #S1 and #S2. As indicated 

in this figure, the spectrum is 

 

Table 1 

Lattice parameters of ZnO microdropped thin films determined from XRD signals. 

 
 a (Å) c (Å) c/a 

Sample #S1 3.2231 5.2257 1.621 

Sample #S2 3.2367 5.2256 1.614 

 

Table 2 

Average values of Grain size, dislocation density and microstrain for sample #S1. 
 D (nm) e (10

—4
) d (10

14
 line/m

2
) 

(002) 11.76 99.94 72.31 

(110) 10.69 67.80 87.47 

 

Table 3 
Average values of Grain size, dislocation density and microstrain for sample #S2. 

 D (nm) e (10
—4

) d (10
14

 line/m
2
) 

(002) 17.11 68.68 34.15 

(110) 15.22 47.82 43.16 
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≥ 

× 

composed by three peaks corresponding respectively to C-KLL, O- KLL and Zn-LMM Auger 

transitions. 

The presence of carbon is due to surface residual contamination which is usually present on surface 

samples and often combined to oxygen to form C-O molecules which probably originates in the 

decomposition of the methanol used for the solution. These mole- cules are easily eliminated in situ 

using argon ions bombardment of energy of 500 eV. As shown in Fig. 4 and after Ar+ ions surface 

cleaning, Auger spectrum shows no traces of carbon. 
From the spectrum in Fig. 4, the ratio calculated from the peak to peak height intensities of Auger 

transitions of Zn-LMM and O- KLL (Izn-LMM/IO-KLL) is slightly different to 1. This result indicates 

 

well the formation of zinc oxide but not quite stoichiometric. The films are composed of ZnOx where 

x 1. This result is due to a deficiency of Zn in ZnO films. 

This deficiency could be the result of mechanisms that inter- vene during the growth of ZnO 

nanofilm: Indeed, one could invoke the occupation of the interstitial sites by Zn in the lattice of ZnO. 

It may be also due to the presence of some dispersed residual phases of Zn(OH2) hydroxide on sample 

surface which under Ar+ bom- bardment effect Zn(OH2) is decomposed into small Zn-O nanocrys- 

tallites and release some zinc atoms. This lack of zinc in ZnO is then required for gas sensors and 

magnetic properties of such oxides thin films. 
 

Surface morphology and AFM characterization 

AFM images of ZnO films are shown in Fig. 5. The images were treated using WSXM (Windows 

Scanning Microscope, X is standing for either STM or AFM) software [28]. AFM images in Fig. 5 

(a) and (c) indicate the morphology of ZnO films in  2D  and  3D. The surface of samples #S1 and #S2 

presents a morphology formed by small grains. The surface is homogeneous with slight roughness due 

to the coordination of ZnO nanoparticles between them. 

As shown in Fig. 5(d) and (f), on a zoomed scale (1 lm 1 lm) 

in 2D and 3D respectively, the grains are rounds and are assembled to form ZnO nanolayer with a 

clear grain boundaries. 

The profile presented in Fig. 5(b) shows the variation of the height Z varies where the maximum is 

at 12 nm. The profile is 
 

 
Fig. 2. Descriptive diagram of crystallites formation by spider’s effect. 
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Fig. 3.  Auger spectrum of ZnO nanofilms before Ar+ ions cleaning in auger chamber. 

 

 
Fig. 4. Auger spectra of ZnO nanofilms after Ar+ bombardment. 

 

depending on the grain size as shown in Fig. 5(e). From this profile, it can be deduced that the largest 

grain has a size of about 80 nm. 

 

Optical properties  

Ellipsometry characterization 
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The variation of the real (e1) and imaginary (e2) parts of the dielectric constant of different 

ZnO grown from 20 and 30 drops is illustrated in the Fig. 7(a) and (b) respectively. 
From this dielectric constant study, it is clear that the dispersion of real part decreases with the 

wavelength and the imaginary part is high in the UV range, its value becomes lower in the 

visible domains. Also, these figures reveal that the values of the real part are higher than the 

imaginary one, which shows the transparency of these thin films. 

As verified by calculation methods, Figs. 8 and 9 show the experimental and simulated plots of 
tan(W) and cos(D). 

It is clear from this study that the experimental and simulated values of tan(W) and cos(D) are 

very close and give reliability to the optical parameters values of these thin layers. 

To confirm these observations, a further study of the mean val- ues and standard deviation was 

carried out. Figs. 10 and 11 show the variations in the average between experimental and 

simulated values and the standard deviation. It is clear that the experimental and simulated 

values are very close and are substantially equal to their average values. In addition the 

standard deviation is zero, which proves the consistency between simulation and experimen- 

tal values. 
The optical coefficients n(k) and k(k), for a wavelength k ranging from 250 to 800 nm, have been 

calculated using optical experi- mental measurements. 
The dispersion of the refractive index n(k) and the extinction coefficient k(k), were operated by 

means of the following relations: 

eðkÞ¼ ðnðkÞþ ikðkÞÞ2 ¼ e1ðkÞþ ie2ðkÞ ð8Þ 

e1ðkÞ¼ nðkÞ2 — kðkÞ2 ð9Þ 

e2ðkÞ¼ 2nðkÞkðkÞ ð10Þ 
 

The plots of n(k) and k(k) are presented in Fig. 12(a) and (b). The extinction coefficient k values 

decreases up to certain value of wavelength and then increase. 

It is found that the extinction coefficient k spectra, presented in Fig. 12(a), shows an obvious 

decrease versus wavelength till to reach low values in the visible and near infra red range. This 

con- firms their transparent character and the ability to use ZnO as opti- cal windows. 

Nevertheless, the dispersion of the refractive index is fitted by Cauchy formula [32]: 
 

 
 

where A, B and C are the Cauchy’s parameters and k is the wave- length. Cauchy’s parameters 

values are summarized in Table 4. 
However, the optical dispersion parameters E0 and Ed, derived 
 
from the real part of the final refractive index are evaluated accord- ing to single effective 
oscillator model proposed by Wemple and Di-Domenico [33,34]. It is well known from the 
dispersion theory that in the region of low absorption the refractive index n is given in a single-
oscillator model by the expression: 
 

 
 
where  E = ht is  the  incident  photon  energy,  E0  is  the  single- 
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oscillator  energy  and  Ed  is   the   dispersion   energy.   By   plotting (n2 — 1)—1 versus (ht)2 and  
filling  the  data  to  a  straight  line,  E0 and Ed can be determined both from the intercept (E0/Ed) and 

the slope (—1/E0Ed). Their values are listed in Table 4. 
 

 

 
Fig. 5. 2D and 3D AFM images of ZnO microdropped nanofilms (a) image 3 lm × 3 lm, (b) 

rough profile, (c) 3 D image, (d) Zoomed image 1 lm × 1 lm, (e) rough profile, (f) 3D image. 

 

 
Fig. 6. Plot of tan(w) (a) and cos(D) (b) of ZnO micropropped nanofilms. 
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Fig. 7. Plot of e1 (a) and e2 (b). 

 

 
Fig. 8. Experimental and simulated plots of tan (W): (a) for sample #S1, (b) for #S2. 

 

 
Fig. 9. Experimental and simulated plots of cos (D): (a) for (a) for sample #S1, (b) for #S2. 



Investigation of some physical properties of ZnO nanofilms synthesized by . .  

www.ijceronline.com                                                Open Access Journal                                                   Page 84 

 

 
Fig. 10.  Experimental, simulated, average experimental and standard deviation plot of tan(W): 

(a) for sample #S1, (b) for #S2. 

 

 
Fig. 11.  Experimental, simulated, average experimental and standard deviation plot of cos(D): 

(a) for sample #S1, (b) for #S2. 

 

 
Fig. 12. Extinction coefficient (a) and refractive index variations of refractive index with 

wavelength. 
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Table 4 

Values of Cauchy and Wemple and Di-Dominico parameters of ZnO microdropped thin films. 
 A B (mm

2
) C (mm

4
) E0 (eV) Ed (eV) 

Sample #S1 1.5071 0.00104 0.0115 3.92764 4.41487 

Sample #S2 1.51804 2.7338E-5 0.01383 3.77469 4.33305 

 

 
 

 
 

where Eg is the optical band gap, hm is the incident photon energy and B is a constant. Therefore, the 
optical band gap is obtained using Tauc’s plot by plotting (ahm)2 versus (hm) and extrapolating the lin- 

ear portion to find the intercept with energy axis (Fig. 13). The cal- culated values of optical band gap are 

indicated in Table 5. 

We observe the effect of the micro-drops number on the optical band gap. The high value observed in 

the film prepared with 20 microdrops is probably due to the defects and the non- stoichio- metric 

character mentioned above. 

 

Table 6 

Positions of PL peaks of ZnO microdropped thin films. 

 
 1st position 

Peak (nm) 

2nd position 

Peak (nm) 

3st position 

peak (nm) 

4th position 

peak (nm) 

Sample #S1 338 391 480 690 

Sample #S2 340 392 450 700 

 

Photoluminescence study 

In order to complete the optical investigation of ZnO nanofilms, photoluminescence measurements 

(PL) working at room tempera- ture, were performed in the wavelength range 200–900 nm. PL 

excitation was He/Cd laser light of 325 nm wavelength. 

PL spectra and their deconvolutions (Gaussian analysis) are shown in Fig. 14. In the Table 6, we 
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present the peaks positions. From this figure, we can discuss the following points: 

 

1. The deconvoluted peak around 391 nm (3.18 eV), originated from the exciton recombination 

corresponds to the near-band edge (NBE) transition of ZnO [36]. 

2. According to several authors [37–39], the broad blue emission detected at 480 nm is due to the 

exciton  recombination between the electron localized at the interstitial zinc (Zn i) and the holes in the 

valence band. 
3. The large red emission peak observed at 690 nm is probably related to stoichiometry defects in 

the prepared thin films which have been discussed in Auger spectroscopy analysis paragraph. 

4. The emission at 338 nm is interpreted as due to the some Zn (OH)2 and the effect of the 

substrate which confirms the nano- metric character of the deposited layers 

 

III. SUMMARY 
In this work, we have reported some physical properties of ZnO nanofilms prepared by 

microdroplets technique. X-ray diffraction analysis shows that the prepared film is mainly formed by 

hexag- onal wurtzite ZnO phase. The chemical composition of the ZnO 
 

 
Fig. 14. Room temperature PL spectra of ZnO microdropped thin films. 

 

 

deposits is confirmed by Auger electrons spectroscopy (AES) anal- ysis. Auger peaks of zinc and 

oxygen show a ratio of intensities (Izn- LMM/IO-KLL) slightly greater than 1 let us to think that there is 

some deficiencies of zinc. 
Ellipsometric measurements were used to investigate the opti- cal properties of ZnO 

nanofilms in terms of dielectric function, extinction coefficient and refractive indexes as well as the 

optical band gap. Wemple-Di Domenico single oscillator model and Cau- chy parameters have been 

determined from the calculating refrac- tive index in low absorption range. The optical measurements 

are completed by photoluminescence (PL) where the emission peak of ZnO compound is detected. 

Further studies are in progress in order to determine electrical and thermal properties of ZnO prepared 

by micro-droplets method. 
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