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Influence of the precursors in the morphology, structure, vibrational
order and optical gap of nanostructured ZnO
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The synthesis of ZnO by reaction in solid state from two precursor salts (zinc acetate and zinc sulfate), presented significant differences
concerning morphology, structure, vibrational order and optical gap. As well as covering in the size of the compounds, a homogeneous
distribution of nanoparticles of 213 nm and microstars of 1.@3.19um respectively. The ZnO showed a structural phase with a vibrational

state of the hexagonal type (wurtzite). The variation in the morphology due to the precursor is attributed to the disorder within of lattice,
which contributes to vibrational changes and is correlated to the degrees of freedom of molecules. Measurements of UV-Vis of nanoparticles
displayed a band gag) lower than the one reported for the bulk material.
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1. Introduction 2. Experimental Details

Zinc oxide is a semiconductor with band gap energy closeor the synthesization process, were used the following com-
to 3.37 eV considering its value highly promising for man- pounds: As zinc salt precursors were used dehydrated zinc
ufacturing and application of electronic and optoelectronicacetate Zn(CH COO), - 2H, O and heptahydrated zinc sul-
devices, such as gas nanosensors [1-3], light emitting diodggte ZnSQ-7H, O. As an OH- ion source sodium hydroxide
[4], solar panels [5-7], among others [8-10]. The control onNNaOH and as a complexing agent TEA or triethanolamine
its nanometric morphology is a field of great interest due toN(CH, CH, OH);. In the process, were used two pow-
the wide range of use of low cost techniques, which a”OWder Samp|e3 of ZnO fo||owing the methodo|ogy for reac-
high quality synthesis as: hydrothermal [12,13], sol-gel [14].tion in solid state and varying the zinc precursor salt [19]:
thermal decomposition [15, 16], solid state reaction [17, 18b.19 g (0.01 mol) of the zinc precursor salt macerated during
among others [25]. The latter allows synthesizing polycrys5 minutes, afterwards, it was added 1 ml of TEA followed
talline solids from reactions which are generally in solid statehy 5 minutes of maceration to obtain homogeneous mate-
The main advantage of using this type of methodology is thgjal. The material obtained was a white and hard paste which
non-utilization of solvents, which entails a production costjs |eft to rest at room temperature, then it was added 0.8 g
decrease. In the synthesis of ZnO nanostructures by reactiqn.02 mol) of NaOH and it was macerated during 40 minutes.
in a conventional solid state, it is thought that the greatesthe resulting material was washed repeatedly with deionized
difficulty lies in the precise control of variables as precur-water and ultrasound assisted ethanol, in order to scatter the
sor stoichiometry, maceration time and drying temperatureparticles and possible residual agents that could be found in

which are determinant parameters in the oxide morphologythe structure. Finally, the obtained solution was left to dry in
Different from this conventional method, many authors havehe air at a 70C temperature

reported very successful results in nanostructures elaboration

discarding high temperature thermal process [17,19-22]. In

this paper there are shown structural, vibrational, optical an@. Results and Discussion

morphological changes in ZnO nanostructures, obtained by

reaction in solid state, from two precursors. The structuraB.1. Morphology

characterization of the compounds was carried out by us-

ing a X-ray Bruker D8 Advance diffractometer (radiation of Figure 1 shows SEM micrographs for the sample obtained

CuK,, X = 1.5406,&). The vibrational order was assessed from zinc acetate. The obtained material demonstrates a clear
throughout micro-RamarnufRaman Confocal LabRam HR conformation of agglomerated nanoparticles and with a coa-

Horiba Jobin Yvon) with a monochromatic radiation sourcelescence tendency. This phenomenon is principally attributed

of 473 nm. The band gap was assessed by using a UV/Vi® the thermal treatment which causes the material to become
Perkin Elmer Lambda 20 spectrophotometer. The morpholeompact during the drying process, also to the unstable zinc
ogy was analyzed with a Hitachi SEM-5500 Scanning elechydroxide conformation and to other compounds that were

tron microscope. not completely removed during the washing process. The
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FIGURE 1. SEM images of nanoparticles ZnO powder from zinc acetate.

FIGURE 2. Representative SEM micrographs of ZnO micro-star synthesized from zinc sulfate.
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FIGURE 3. ZnO nanoparticles size distribution synthesized from, (a) zinc acetate and (b) zinc sulfate respectively.

average size of the nanoparticles was of3Inm. Figure 2, 3.2. Structural Properties
presents SEM micrographs for the obtained material from

zinc sulfate. The morphology that can be seen is a type

of microstars with an average size (among the corners) ofhe crystalline (_)rder_of the _nanopartlcles was a_ssessed
through X-ray diffraction. Figure 4 shows the diffrac-

1.03+0.19 um. With the assistance of ImageJ Software, the )
size distribution histograms for the material were calculated®9ram for the ZnO obtained from the two precursors and
JCPDS card no. 01-080-0075 respectively. Both compounds

(Fig. 3a and Fig. 3b). :
present a structure which corresponds to the hexagonal phase
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is the same type as nanoparticles size, which demonstrates

that every particle is conformed by 1 and 2 crystallites. For

- - - - - the material obtained from zinc sulfate, the diffraction does

Starting reactive a(h) c@A) DA not present additional phases. The values for lattice parame-
Zinc acetate ~ 3.25380.0003 5.2086:0.0013 1438 ters are lower than the values reported in the literature. Mi-
Zinc sulfate 3.25160.0001 5.2082-0.0004 19%9 crostars are highly polycrystalline when conformed by many

crystallites.

TABLE |. Lattices parameters and crystallite size.

3.3. Vibrational Properties

Figure 5 shows Raman spectra of the synthesized material in
this work and powder ZnO. There are presented six normal
vibrational modes which correspond to the literature reports
® for ZnO [23]. In Table Il are listed the modes and location, as
well as the intensity relationshig,(/ 1), beingI, the inten-
sity for the most intense mode callédh(high). Longitudi-
* nal optical modes!; (LO) y F;(LO) are not in the reference
@ material, due to the fact that they are only visible when the
axis ¢ of wurtzite structure is parallel to the surface. In the
gaﬁ case of nanostructured material there are no constraints for
S S E— 'g[l longitudinal optical modes since the structures are randomly
40 50 60 70 80 positioned [22]. For the synthesized sample from zinc ac-
20 etate, it is shown a reduction in the mode intensity which

FIGURE 4. X-Ray diffraction patterns of ZnO nanoparticles syn- areé related to the configuration of oxygen atomg(TO)
thesized from: a) zinc acetate and b) zinc sulfate. The solid linesand 4 (LO) of flexion symmetrical movements. This state-
are the intensities and difraction indexes according JCPDS no. 01ment suggests a stoichiometric loss of oxygen atoms. The
080-0075." is due to hidroncincita phase. mode F; (LO) which is related to oxygen defect or vacancy

is not found [24]. This absence demonstrates that during oxy-
(wurtzite) of zinc oxide. Table | shows the structural param-gen loss the structure reorganizes conforming zinc complexes
etersa and ¢ calculated from Cohen method. The crystal- such as hydrozincite, as observed during the X-ray diffraction
lite size (D) was established from Scherrer equation. ThesBattern. Multiphonic mode intensitijoy - Eo y Eon + B
parameters are compared to the reported values for the Zn@e highly dependable on the disorder degree in the lattice,
according to JCPDS card no.01-080-0075. For the obtaine#hich entails a relation with the material morphology. For
material form zinc acetate, the diffraction presents an add|zno microstars Synthesized from zinc sulfate, the variations
tional phase (marked *) located approximately #F32.9 in the vibrational order within bulk material are not relevant,
which is associated with the conformation of zinc complexexcept from the multiphonic mode increasg + E5 and
Zn5(C0;)2(OH)s hydrozincite, which indicates ion excess of the presence of the optical longitudinal mode which is
Zn2t in the material during the reaction. The value of latticecorrelated to the disorder degree of the material. It is not
parametera andc are not significantly far from the value re- demonstrated the presence of the méd€.O) which is re-
ported for the bulk material. Crystallite size for the materiallated to oxygen defects and vacancies in the material.
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FIGURE 5. Micro-Raman spectra of ZnO nanostructured synthesized from; i)(a) zinc acetate, (b) zinc sulfate and powder (reference), (ii)
and (iii) Adjustments to the location of the vibrational modes obtained from acetate and zinc sulfate.
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TABLE Il. ZnO vibrational mode and relative intensity

Reference Zinc Acetate Zinc Sulfate
Mode Wavelenght i Wavelenght 7 Wavelenght i
(cm™") (cm™) (cm™)
Eon-EaL 328 26.5 332 17.6 333 39.9
A1(TO) 376 57.8 392 27.7 390 49.3
FE4(TO) 410 194 428 21.1 424 61.5
Ex(high) 437 100 440 100 440 100
Eopg+FEor 536 4.5 527 14.3 531 40.6
A1(LO) - - 573 7.7 573 44.3
E1(LO) - - - - 583 4.7
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FIGURE 6. Absorbance of ZnO nanostructured synthesized from; (a) zinc acetate and (b) zinc sulfate. The inset shows the extrapolatic
determineE,. The solids lines are the best fit.

3.4. Optical Absorption sulfate. The material obtained from zinc acetate showed a

_ _ _ _mixture of the hexagonal phase (wurtzite) and hydrozincite,
Figure 6 shows the absorption of the synthesized materlegeing this last phase related to an ion excess ZiThe ma-

from zinc acetate and zinc sulfate. From this measurementgerial presented a decrease in the vibrational modes related
it can be established the energy of the band (@&p by uti-  to oxygen sub-lattice. The material obtained from zinc sul-

lizing the Tauc equation fate showed a hexagonal phase (wurtzite) with smaller lattice
" parameters in comparison to the bulk material parameters,
Ahv = B(hv — E) (1) which is related to constraints imposed by the morphology
. . . type. ZnO microstars showed an increase in the multiphonic
WhereA s the absorptlonB IS e.llconstant gnd constant modeF,y + For, and the appearance of longitudinal optical
is taken as 1/2, for direct trap5|t|0n rnaterlalg. From grapr}nodeAl which entails a greater disorder degree. The non
(Ahw)* based on the energy (inset Fig. 6), axis division Cor'presence of the modg(LO) is related to the increase of
responds to the energl,, which results in: 3.160.03 N .
3.06+0.06 eV for zinc acetate and sulfate, showing a deVgen defect and vacancies in the material.
crease in comparison to the bulk material of 3.37 eV.
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