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Optical properties of amorphous ZnO have been investigated at room temperature. It is demonstrated that the

ultraviolet emission components due to the recombination of two di�erent excitons were veri�ed by examining

their relative energy positions and ultraviolet integrated photoluminescence intensity dependence on reaction

time. The dual excitonic emissions are derived from amorphous ZnO and crystallized ZnO nanocrystallite,

respectively. On the optimized condition, the photoluminescence spectrum of amorphous ZnO shows a strong

ultraviolet emission while the visible emission is almost fully quenched. The enhanced ultraviolet emission is

attributed to quantum con�nement e�ect.

PACS: 61. 43. Er, 61. 46.+w, 78. 55. Et, 78. 55.�m

As a wide band gap semiconductor, ZnO has at-
tracted much attention due to the strong commer-
cial desire for blue and ultraviolet light emitters and
detectors.[1�6] Low threshold for optical pumping and
larger exciton binding energy (about 60meV), which
in principle, should allow for eÆcient excitonic las-
ing mechanisms operated at room or even higher
temperatures.[7]

In recent years, intensive development of nanoma-
terials and creating new technologies such as quantum
well lasers has constituted an important branch of op-
tical materials.[8;9] Because of the structural and elec-
tronic con�nement e�ects of these materials, studies
on both size and shape dependences of their physical
properties as well as on the fabrication of potential de-
vices are of particular interest and importance.[10] In
the past decade, various methods have been employed
to study nano-sized ZnO material.[11;12] In most of the
previous work, visible emission dominates the Pho-
toluminescence (PL) spectra of ZnO, while ultravio-
let (UV) emission is often weaker than that of visible
emission.[13;14] There is little work reported on lumi-
nescence of amorphous ZnO with strong UV emission,
while the visible emission was fully quenched. In this
Letter, we report, for the �rst time to our best knowl-
edge, the observation of strong UV emission from
amorphous ZnO while the visible emission is almost
fully quenched at room temperature. The UV spec-
tra are consisted of two emission peaks. Study on PL
spectra of di�erent reaction time suggested that dually
excitonic emissions are originated from amorphous
ZnO and nanocrystalline ZnO, respectively. Amor-
phous materials are composed of localized stated and
expanded state. In our experiment, the complex wa-
ter removed the band tail and swept the band gap de-

fect, so it displays characteristics of analogously crys-
tal ZnO.[15] The amorphous ZnO capped or modi�ed
the nanocrystalline ZnO, where the structure displays
quantum-dot properties, which greatly decreases the
surface trapping and non-radiative charge carrier re-
combination process with the particles. The strongly
enhanced optical emission is associated with quantum
con�nement e�ect.

The typical preparation of amorphous ZnO is
described as follows. We mix 2.2 g (10mmol)
Zn(CH3COO)2�2H2O and 2 g (23.8mmol) NaHCO3

at room temperature. The mixture was pyrolytized
at 160ÆC for 3 h. Zn(CH3COO)2 is changed into
amorphous ZnO while the NaHCO3 is turned into the
corresponding CH3COONa and eventually is washed
away by deionized water. Consequently, a white,
highly u�y, voluminous occular mass in appearance
amorphous ZnO powder can be obtained through the
thermal decomposition process. The microstructure
of the amorphous ZnO was observed by JEOL-2010
transmission{electron microscopy (TEM). The struc-
ture of the amorphous ZnO was analysed by Rigaku
RU-200B rotaex x-ray di�ractometer with Cu K�

radiation (� = 1:5406�A). In low-dimensional mate-
rials, e�ects of their geometrical restrictions are well
reected in their optical responses. In turn, the pho-
toluminescence is good measures to explore the intrin-
sic nature of low-dimensional systems. The PL spec-
tra were measured with a Hitachi MPF-4 uorescence
spectrophotometer by using a 150W xenon lamp with
an excitation wavelength of 325 nm at room tempera-
ture.

In the thermal decomposition process, the by-
product plays an important role to control the par-
ticle growth and agglomeration. The method pro-
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posed here is focused on a strategy for separating these
amorphous ZnO by the by-product CH3COONa that
can distribute on the formed ZnO surface to prevent
them from the agglomeration. Moreover, such a com-
pound can be converted into amorphous ZnO by dis-
solution of CH3COONa. In the experiment, when the
mixture is allowed to decompose at certain temper-
ature, the amorphous ZnO was formed quickly and
was slowly changed into crystal ZnO at the same time.
The growth rate strongly depends on decomposition
temperature.

Figure 1 shows a typical amorphous ZnO TEM
image. The TEM image shows that amorphous ZnO
distributes disorderly and has no distinct morphology,
which show a high u�y, voluminous occular mass
and high disorder in appearance. When we try to ob-
tain a selected area electron di�raction (SEAD) pat-
terns, the patterns cannot be obtained. It is clear
that sample does not have obvious crystal structures.
Experimental x-ray di�raction is used to detect the
amorphous ZnO. Figure 2(a) barely shows any obvious
di�raction peaks, only some very weak, small peaks
which come from crystallized ZnO. Thermal gravity
analysis explains that 3{5% of amorphous ZnO prod-
uct has been turned into nanocrystalline ZnO.

Fig. 1. Typical TEM image of amorphous ZnO.

Figure 3 gives the PL spectra of amorphous ZnO
at room temperature. The amorphous ZnO shows an
extremely enhanced UV emission of about 300% over
that of the high quality crystal ZnO (about 10 nm di-
ameter, visible emission fully quenched),[16] while the
visible emission is very weak. Spectrum separation of
the UV components shows that the UV spectrum of
amorphous ZnO consists of two emitting bands, in-
cluding a strong UV emission at around 378 nm, a
weak UV band at 355 nm. As is well known, bound
excitons which are related to Li+ or Na+ centres in

crystalline ZnO have been reported by several groups

Fig. 2. Typical XRD data corresponding to (a) amor-
phous ZnO and (b) crystal ZnO.

Fig. 3. (a) Room-temperature PL spectra of amor-
phous ZnO (solid line) and reference nanocrystalline ZnO
(dashed line). The sample is taken at 160ÆC for 3 h. (b)
Spectra separation procedure of the excitonic components.

before.[17�19] Na+ is an inevitable dopant in our sam-
ples since we used NaHCO3 for synthesis precursor,
so the UV peaks are associated with bound excitonic
emission. The two excitonic emissions play an impor-
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tant role in increasing ultraviolet integrated intensity.
To provide more information for understanding the
origin of the UV-emission, we have studied the opti-
cal properties of amorphous ZnO ageing with di�erent
heat treatment times.

Figure 4 shows the PL emission spectra of sam-
ples ageing at 160ÆC for di�erent times. First, the PL
emission band shifts to lower energies upon prolonging
the heat treatment. Second, the PL spectrum exhibits
two kinds of UV-excitonic emission. This feature be-
comes less pronounced when the amorphous ZnO is
fully crystallized. Third, the PL spectra show strong
UV-emission while the visible band (about 590 nm)
is relatively weak. Nevertheless, the detailed visible
emission required further studies and goes beyond the
scope of this paper. In sample a, it seems that there
is only a strong UV-emission, but spectrum separa-
tion shows that it is also composed of two excitonic
emissions, which correspond to the peaks at 355 nm
and 374 nm, respectively. Upon increasing the heat
treatment, two peaks are obviously appeared on the
UV spectra. We believed that the main peak is dom-
inated by radiative recombination of nanocrystalline
ZnO, denoted by B. A shoulder denoted by L appears
on the high-energy side of the B band. The L emission
band is localized at 355 nm. The lowest trace shows
the PL spectrum taken from a sample thermal decom-
position for 72 h, where only a commonly excitonic
emission located at 388 nm for nanocrystalline ZnO.
For clarity, the heat treatment time dependence of the
peak energy and UV integrated intensity of these two
bands are shown in Figs. 5(a) and 5(b), respectively.

Fig. 4. Room-temperature PL spectra of samples grown
at 160ÆC for di�erent heat treatment times: (a) 0.5 h, (b)
1 h, (c) 1.5 h, (d) 2 h, (e) 3 h, (f) 5 h, (g) 16 h, and (h)
72 h.

Traditionally, the PL spectrum of amorphous ma-
terial often appears in a long wave region, because
there is a band tail in the band gap, which always

causes redshift of the PL spectrum. In our previ-
ous work,[15] there is a molecular water complex with
amorphous ZnO, where the complex water sweeps the
dangling band and the surface band, so removes the
band tail and explains the characteristics of expanded
states, something like that of ZnO nanocrystallite. As
can be seen in Fig. 5(a), the peak energy of the L
band appears greatly shift to higher energies 355 nm
and barely change with the increasing reaction time
upon heat treatment up to fully crystallite. The B
band peak energy is lower than that of the L band
and slowly decreases from 374 nm to 388 nm with pro-
longing the heat treatment time. According to the
previous reports,[13;20] the particle-size dependence of
band enlargement can be used to calculate the di-
ameter of nanocrystalline ZnO, where Eg = 3:22 eV,
m
�

e = 0:24, m�

h = 0:45 and " = 3:7. The radius
of nanocrystalline ZnO is about 1{1.5 nm when the
heat treatment time is controlled under 0.5{4 h, where
the size is smaller than that of exciton Bohr radius
(� 1:8 nm),[21] showing an obvious blueshift to high
energy. The reaction time dependence of the inte-
grated UV emission intensity of the L and B bands
is shown in Fig. 5(b). The L curve decreases gradu-
ally and disappears lastly but the B curve appears
from lower to the maximum intensity rapidly and
then decreases slowly. At the early stage of heat
treatment, the precursor quickly changes into amor-
phous ZnO, however, the nanocrystalline just begins
to form at that time, so the integrated B intensity
is weak. When the precursor was fully changed into
amorphous ZnO and nanocrystalline ZnO was just
nucleated, The quantum-dot structure of amorphous
ZnO/nanocrystalline ZnO was formed, where the PL
spectrum displays strong UV emission.[22] Upon pro-
longing the heat treatment, the amorphous ZnO con-
tinuously turned into nanocrystalline ZnO, hence the
quantum dot is gradually degenerated, so the B in-
tegrated intensity decreases along exponential decay,
which can be understood in terms of quantum con�ne-
ment, quantum size e�ects. The above discussion also
indicates that the high-energy L band always appears
simultaneously with amorphous ZnO, which reveals
that the L band is associated with excitonic emission
of amorphous ZnO. Interesting features are found in
the L band energy. A question was raised why the
peak energy of L band barely changes with increas-
ing time. By carefully studying the heat decomposi-
tion process and complement with infrared spectra, we
think that structure of amorphous ZnO is composed of
amorphous ZnO cluster, which contains tens of ZnO
molecules and keeps to be a certain stable structure.
When the compound was fully turned into nanocrys-
talline ZnO, no L band can be detected. Study of
dual excitonic emission should lead to a more complete
description of the structure properties of amorphous
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ZnO, which may be helpful to understand the dual
excitonic emission.

Fig. 5. (a) Heat treatment time dependence of the peak
energy for L and B in the UV emission, respectively. (b)
Heat treatment time dependence of the integrated PL in-
tensity for L and B, respectively. The dashed lines are
exponential �t.

In summary, dual excitonic emission has been in-
vestigated at room temperature. Our results indicate

that dual excitonic emission is originated from amor-
phous ZnO and nanocrystalline ZnO, respectively.
The dual excitonic emission is always accompanying
amorphous ZnO. The strong UV enhanced properties
of amorphous ZnO are derived from quantum con�ne-
ment e�ects.
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