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Zinc oxysulfide nanocrystals (ZnOS NCs) were synthesized by forming ZnS phase on a 
ZnO matrix. ZnO nanocrystals (NCs) with a diameter of 10 nm were synthesized by forced 
hydrolysis in an organic solvent. As-synthesized ZnO NCs aggregated with each other due 
to the high surface energy. As acetic acid (AA) was added into the milky suspension of 
the aggregated ZnO NCs, transparent solution of well dispersed ZnO NCs formed. Finally 
ZnOS NCs were formed by adding thioacetic acid (TAA) to the transparent solution. The 
effect of recrystallization on the structural, optical and electrical properties of the ZnOS NCs 
were studied. The results of UV-vis absorption confirmed the band gap tunability caused 
by increasing the curing temperature of ZnOS thin films. This may have originated from 
the larger effective size due to the recrystallization of zinc sulfide (ZnS). From XRD result 
we identified that ZnOS thin films have a zinc blende crystal structure of ZnS without wurtzite 
ZnO structure. This is probably due to the small amount of ZnO phases. These assertions 
were verified through EDS of FE-SEM, XPS and EDS mapping of HR-TEM results; we 
clearly proved that ZnOS were comprised of ZnS and ZnO phases.
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I. Introduction

Transition metal oxides such as In2O3, TiO2, and 

ZnO nanomaterials have attracted a great deal of 

attention from researchers due to their fundamental 

size-dependent properties and many important 

technological applications [1]. Among them, ZnO NCs 

have been receiving much attention in recent years 

due to their high carrier mobility, transparency, 

environmental stability, and solution-processability. 

Because of these advantages, ZnO can be used as 

solar energy converters, photocatalysts, nonlinear 

optics, gas sensors, UV-blockings, light-emitting 

materials, and channel layers [2]. Based on these 

attractive characteristics of ZnO, zinc oxysulfide 

(ZnOS) NCs might offer electrical and optical 

properties that are advantageous for optoelectronic 

device applications such as the buffer layers of solar 

cells [3,4]. In thin film heterojunction solar cells, 

particularly copper indium gallium diselenide 

absorbers, transparent ZnOS films were found to be 

suitable replacements for toxic CdS films as windows 

layers [5,6]. Namely partial substitution of O2- ions 

in ZnO with S2- ions might lead to significant 
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changes in the electrical and optical properties 

because of their large size and the electronegativity 

difference between the two anions. In the case of 

ZnOS thin film, various deposition techniques, such 

as radio frequency (rf) sputtering [7], atomic layer 

deposition [8,9] and pulsed laser deposition [10] have 

been reported. In this article, we developed a newly 

designed solution process to synthesize ZnOS NCs. We 

focused on the effect of recrystallization on the 

structural, optical, and electrical properties by 

increasing the curing temperature of the thin films. 

The TAA ligand was expected to undergo a 

condensation reaction with the ZnO NCs. Condensation 

polymerization is easily understood by comparison with 

the TEOS (tetraethylorthosilicate) based sol-gel 

process. The sol-gel process for the synthesis of SiO2 

materials occurs when the ethoxy groups (-OCH2CH3) 

of the TEOS molecules are converted to hydroxy 

groups (-OH) in the hydrolysis reaction process. The 

hydroxy groups condense with other adjacent hydroxy 

or ethoxy groups to form a structure of Si-O-Si 

bridges. In this paper, one important aspect of the 

proposal was to find a suitable chalcogen (S) 

containing functional group that enable the 

condensation reaction. In the case of the TEOS 

molecule, this role is played by the ethoxy groups 

while our group choose The TAA molecule. It has been 

shown that the thioacetic ligands (-S(CO)CH3) in 

L2Cd(S(CO)CH3)2 (L=3,5-lutidine) undergo condensation 

polymerization and result in the formation of 

thioacetic anhydride (S(COCH3)2) at a relatively low 

temperature (125∼150oC) [11]. Our group applied this 

concept to previous research and it has been verified 

that condensation polymerization can be adapted to 

NCs system. For instance, we attempted condensation 

polymerization in InP quantum dot solid, where 

optical and electrical properties can be tuned by 

using ligand exchange from myristic acid (MA) to TAA 

[12]. Accordingly, we expected that ZnOS thin film, 

which were fabricated by using the condensation 

reaction concept, will tune the optical property, 

crystallinity, and conductivity between ZnO NCs and 

will create a more closely packed matrix. 

Consequently we investigated the influence of the 

condensable ligand in the recrystallization on 

structural, optical, and electrical properties.

II. Experimental Section

1. Synthesis of ZnO nanocrystals

All chemicals were purchased from Sigma-Aldrich 

(St. Louis, MO, USA) and used without any further 

purification. All synthetic procedures were conducted 

under an argon atmosphere with positive pressured 

using typical Schlenk line techniques. Within an 

argon filled glove box, the precursor zinc acetate 

(0.06 mol) and calculated small amount of distilled 

water was added to a diethylene glycol (DEG) 

medium. The hydrolysis ratio () was 

controlled to synthesize spherical and narrow size 

distributed ZnO NCs [13,14]. 10-1 M TOPO 

(trioctylphosphine oxide) and 150 ml of DEG was 

added into a 250 ml 2-neck flask, which was then 

taken out and connected to a Schlenk line. The 

reaction flask was then heated at 180oC for 1 h in an 

argon atmosphere. The reaction flask was slowly 

cooled to room temperature, and separated from the 

Schlenk line. The solution was centrifuged (15000 

rpm, 1000 sec, 0oC) and methanol was added to wash 

the remaining DEG and TOPO [15]. Finally the 

whitish powder was dried at 70oC (10 min) and at 

120oC (10 min) in the air.

2. Preparation of ZnOS NC solution

5 wt% ZnO suspensions were prepared by adding 

methanol (0.76 g) to the synthesized ZnO NCs (0.04 

g) and then 1.15 mmol of AA was added and sonicated 
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Figure 1. The proposed ZnOS formation mechanism.
Thioacetate anions adhered to the surface of
ZnO NCs, which have positive charge char-
acteristics originating from the etching of 
acetic acid. Subsequently the neighbouring
thioacetate attatched ZnO NCs undergo 
condensation that results in the formation of
thioacetic anhydride (S(COCH3)2) and con-
densed ZnOS NCs.

to form transparent ZnO NC solution. Due to the high 

surface area of the NCs, it is easier for them to 

aggregate and it is difficult for them to uniformly 

disperse in any solvent. However after adding acetic 

acid, the surface of ZnO NCs can be etched and form 

the transparent solution [16-21]. To prepare the 

ZnOS NC solution, TAA was added to the transparent 

ZnO solution. The proposed formation mechanism of 

ZnOS is illustrated in Fig. 1.

3. Fabrication of thin films

The transparent ZnO and ZnOS NC solution was 

filtrated (PTFE, 0.25μm) then spin-coated on p-type 

Si (100) wafers (resistivity: 1∼30 Ω.cm, thickness: 

525 nm) and quartz at 2000 rpm. Subsequently, the 

films were cured at the following temperatures: room 

temperature, 100oC, 150oC, 200oC, 250oC, and 300oC 

under air condition for 10 min. After curing, 

aluminum (as an electrode) was thermally deposited 

under vacuum.

4. Characterization

The synthesized NCs were characterized by X-ray 

diffraction (XRD), field emission scanning electron 

microscopy (FE-SEM), energy-dispersive X-ray 

spectroscopy (EDS), high-resolution transmission 

electron microscopy (HR-TEM), Fourier-transform 

infrared spectroscopy (FT-IR), ultraviolet-visible 

absorbance spectroscopy (UV-vis), nuclear magnetic 

spectroscopy (1H-NMR), and X-ray photoelectron 

spectroscopy (XPS). X-ray diffraction patterns were 

obtained on X’Pert PRO Multiple Purpose X-ray 

diffractometer in the range of 2θ=20∼90o with a Cu 

Kα radiation source (λ=1.5405 Å). All SEM images 

were obtained using a JSM-7500F-JEOL instrument 

under a vacuum of approximately 1.0×10-4 torr with 

power of 15 KeV. Samples were prepared on the grid 

by carbon-tape, then coated with platinum. HR-TEM 

was performed in KBSI after focused ion beam (FIB) 

treatment to analyze the cross section of the thin 

films. The FT-IR peak was confirmed by a Spectrum 

400-Perkin Elmer instrument. Optical properties of 

NCs were identified with a SCINCO S-3150 

spectrophotometer. The degree of reaction was 

confirmed by using a Bruker 300.1 MHz machine. 

X-ray photoelectron spectroscopy (XPS) measure-

ments were conducted on a MultiLab 2000 using a Mg 

Kα (1253.6 eV) source at a pass energy of 20 eV and 

under a pressure of 1.0×10-9 torr. An Ar+ ion gun 

sputtering of 2 min at a power of 2 kV and 1.3 μA 

was used for a brief cleaning of the surface of the 

samples prior to measurement.
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Figure 2. (a) FE-SEM images at high magnification, 
which shows the aggregated ZnO NC pow-
ders size to be around 120 nm. It was com-
posed of 1700 pieces of individual 10 nm ZnO
spheres. The aggregation is probably due to
the high surface energy of NCs. (b) XRD 
spectrum for the synthesized ZnO NCs. XRD 
results indicate the formation of wurtzite 
hexagonal ZnO nanocrystals. The diffraction
peaks and their relative intensities of spectra
all coincide with JCPDS card no. 80-0074. 
Grain size of ZnO crystallites was calculated 
using the Debye-Scherrer formula. (c) IR of 
DEG, TOPO, and ZnO NCs. The peaks at 
3000 cm-1 and 1100 cm-1 originated from 
TOPO and DEG. The diagnostic bands at 
1547 cm-1 and 1415 cm-1 related to the sym-
metric and asymmetric stretching modes of 
the carboxylate groups of acetate, which co-
ordinated at the surface of ZnO NCs.

III. Results and Discussion

1. Characterization of synthesized ZnO NC pow-

ders

FE-SEM images at high magnification show the 

aggregated ZnO NC powders size to be about 120 nm 

and that it was composed of individual ZnO spheres 

with a size of 10 nm (Fig. 2(a)). It reveals that around 

1700 piece of ZnO NCs were aggregated probably due 

to the high surface energy of NCs. The crystal 

structure and orientation of the ZnO NCs were 

investigated by XRD pattern. The XRD spectrum for 

the crystalline ZnO NCs were measured at the range 

of 20∼90o (Fig. 2(b)). XRD results indicate the 

formation of wurtzite hexagonal ZnO nanocrystals. 

No excess peaks were detected, indicating that all the 

precursors have been completely decomposed and no 

other complex products were formed. The diffraction 

peaks and their relative intensities of spectra all 

coincide with JCPDS card no. 80-0074. The grain size 

of ZnO crystallites was calculated using the 

Debye-Scherrer formula (D=0.9λ/βcos θ) [22]. D is 

the grain size of crystallite, λ (=1.5405 Å) the 

wavelength of incident X-rays used, β the 

broadening of the diffraction line measured at half its 

maximum intensity in radians and θ is the angle of 

diffraction. The grain size of crystalline ZnO NCs was 

calculated to be about 9.5 nm. Infrared spectroscopy 

analysis was carried out for the DEG, TOPO, and ZnO 

NCs (Fig. 2(c)). The peaks at 3000 cm-1 and 1100 cm-1 

originated from TOPO and DEG, respectively. The 

diagnostic bands at 1547 cm-1 and 1415 cm-1 related to 

the symmetric and asymmetric stretching modes of 

the carboxylate groups of acetate, which coordinated 

at the surface of ZnO NCs [23].

2. Characterization of ZnOS NC solution

To confirm the degree of reaction, 300 MHz 
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Figure 3. 300 MHz 1H-NMR result of TAA and ZnOS NC
solutions to confirm the degree of reaction. 
N, N-dimethylformamide NMR solvent was 
used for the measurement which show a sin-
glet at 8.02δ, and pentet (quintet) at 2.75, 
2.92δ. (a) The result of TAA, shows that the
integral ratio between the singlets at 8.60δ
and 2.49δ was 1 : 3. (b) ZnOS NC solution 
shows that the proton peak of the thiol group
(-SH) at 8.60δ disappeared and the proton
peak of the methyl group at 2.49δ was shift-
ed to 2.31δ. Additionally, the proton peak 
originating from the methyl group of AA still
exists at 1.93δ. Hence, the degree of the li-
gand exchange ratio (∼62%) can be calcu-
lated by comparing the integral ratio be-
tween 1.93 and 2.31δ. 

1H-NMR analysis was conducted (Fig. 3). The result 

of thioacetic acid, as shown in Fig. 3(a), represents 

that the integral ratio between the singlets at 8.60 δ 

and 2.49 δ was 1 : 3. In Fig. 3(b), the proton peak 

of thiol group (-SH) at 8.60 δ disappeared and the 

proton peak of the methyl group at 2.49 δ was 

shifted to 2.31 δ. Additionally, the proton peak from 

the methyl group of AA still exists at 1.93 δ. Hence, 

by comparing the integral ratio between 1.93 and 2.31 

δ, we can calculate the degree of reaction (∼62%).

3. Characterization of ZnOS NC thin films

ZnOS thin films were fabricated on the quartz by 

spin-coating then cured at different temperatures, as 

mentioned before. The size and band gap of ZnOS NCs 

were investigated by measuring the UV-vis 

absorption spectra. An empirical formula (Eq. 1) 

based on UV-vis absorption spectra has been given 

by Meulenkamp to calculate the size of ZnO NCs [24]. 

λ1/2 is the wavelength at which the absorption is half 

of that at the excitonic peak (or shoulder). Namely a 

practical method is to equate Eg with the wavelength 

at which the absorption is 50% of the excitonic peak 

[25].




 




        (1)

UV-vis absorption spectra for TAA ZnO NC thin 

films are presented in Fig. 4(a). The optical band gap 

was estimated by using a Tauc-plot (Fig. 4(b)) which 

was obtained from the curves shown in Fig. 4(a). In 

the case of thin films stored at room temperature or 

cured at 100oC, the absorption appears similarly at a 

low wavelength. But the film cured between 150oC and 

300oC, the absorption peak was red shifted with 

decreasing intervals (Fig. 4(c)). Consequently from 

UV-vis absorption result, we confirmed the band gap 

tunability by increasing the curing temperature of 

ZnOS thin films. This may be because of the growth 

of the effective size due to the recrystallization of 

zinc sulfide (ZnS).

Crystal structure and orientation of the ZnOS thin 
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Figure 4. (a) UV-vis absorption spectra ZnO NC thin 
films thioacetic acid added with that was 
spin-coated on the quartz. The dashed line
show the procedure to determine onset and 
λ1/2 for a NC size. In the case of thin films 
stored at room temperature or cured at 
100oC, the absorption appears similarly at 
low wavelength. But from the film cured at 
150oC to 300oC, the absorption peak was red
shifted with decreasing intervals. (b) Optical
band gap of thioacetic acid added ZnO NC
thin films estimated by using Tauc-plot ((αhν)2

versus hν) which obtained from curves 
shown in Fig. 4(a). Dashed lines show the 
procedure to determine optical band gap. (c)
Summary of onset, λ1/2, NCs size and band 
gap of ZnOS NC thin films, which calculated
from the UV-vis absorption spectra and 
Tauc pot.

Figure 5. (a) Crystal structure and orientation of the 
ZnOS thin films which cured at different 
temperatures. ZnOS thin films have a zinc 
blende crystal structure of zinc sulfide 
showing (111), (220), (311) lattice plane (2θ
=28.5o, 48.5o, 55.6o). There remained only 
ZnS phases due to the low amount of ZnO 
phases that existed in the ZnOS matrix. (b) 
Grain size of crystalline ZnOS thin films were
calculated by using Debye-Scherrer formula.
Full width half maximum (FWHM) of the (111)
main peak was used for calculation. From the
XRD result, we conclude that by increasing 
the curing temperature, recrystallization of 
ZnOS occurs and induces the increase of ef-
fective size.

films were investigated by XRD. XRD patterns of 

ZnOS thin films, which cured at different 

temperatures, are seen in Fig. 5(a). The grain size of 

crystalline ZnOS thin films was calculated by using 

Debye-Scherrer formula (Fig. 5(b)). Among the 

peaks, the full width half maximum (FWHM) of the 

(111) main peak was used for calculation. ZnOS thin 

films have the zinc blende crystal structure of zinc 
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Figure 6. Morphology and composition of ZnOS thin 
films which cured at different temperatures:
(a) room temperature, (b) 100oC, (c) 150oC, 
(d) 200oC, (e) 250oC, (f) 300oC. Cross sec-
tion of thin film was used to measure EDS 
and the results are shown in the upper right
corner of each SEM images. Main line Zn Lα
(1.01 keV), S Kα (2.31 keV) peak was ob-
served and Zn Kα (8.64 KeV), Zn Kβ (9.5 
KeV), O Kα (0.53 KeV) are also detected.

Figure 7. XPS of ZnOS thin films cured at different 
temperatures (100oC, 150oC, and 200oC). 
Surface charging effects were adjusted by 
using the C 1s signal at 284.6 eV as a refer-
ence position. (a) XPS spectra for the O 1s 
core level line of thin films. O 1s-A was as-
signed to the O2- ion in the wurtzite struc-
tured ZnO surrounded by the Zn atoms with 
their full complement of four nearest-neigh-
bor O2- ions. O 1s-B was associated with the 
O2- ion in oxygen-deficient regions within 
the matrix of ZnO. O 1s-C was attributed to 
the presence of loosely bound oxygen on the 
surface of ZnO. (b) The deconvolution of the
XPS spectra of hin films for the Zn 2p core 
level line. The binding energies of Zn 2p3/2

at ∼1021.4 eV was associated with fully oxi-
dized ZnO. (c) XPS spectra for the S 2p core
level line of ZnOS thin films. The S 2p core
level peak is separated by 1.2∼1.3 eV and 
the intensity ratio of the 2p1/2 to the 2p3/2 peak
is 1 : 2 which well matched with previous 
reports.

sulfide [25]. Namely, there remained only ZnS phases 

in the XRD results, probably due to the low number 

of ZnO phases that existed in the ZnOS matrix. From 

the UV-vis and XRD results, we can conclude that 

TAA has etching effect s and that increasing the 

curing temperature, recrystallization of ZnOS 

occured inducing an increase in effective size.

The morphology and composition of ZnOS thin 

films, which cured from room temperature to 300oC, 

were measured by FE-SEM (Fig. 6). The nanocrystals 

became more dense due to the condensation and 

recrystallization between Zn2+ and S2- ions in the 

ZnOS matrix. From this result, we can suggest that 

the decomposition of ZnOS will not occur easily 
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Figure 8. (a) HR-TEM of ZnOS thin films cured at 
300oC. ZnOS thin films have (111) lattice 
plane originating from the zinc blend struc-
ture of ZnS. The range of the crystalline do-
main size of ZnOS is from 2.07 to 2.81 nm and
this result corresponding well with XRD data.
(b) EDS mapping results by using cross sec-
tion of ZnOS thin film. It shows that the ZnOS
layer is consist of Zn, O, and S component. 
(c) Chemical composition of the ZnOS thin 
films were summarized by using At. % from
EDS mapping results.

because of the formation of ZnS phases. A cross 

section of the thin film was used to measure EDS. 

The strong peak of Si at 1.8 KeV is that of the signal 

coming from the substrate because the thickness of 

film was lower than the penetration depth of the 

incident electron (15 keV). Zn Lα (1.01 keV), S Kα 

(2.31 keV) peak was observed and Zn Kα (8.64 KeV), 

Zn Kβ (9.5 KeV), O Kα (0.53 KeV) are also detected. 

Consequently it was confirmed that the thin film was 

composed of Zn, O, and S components.

XPS was performed to investigate the chemical 

composition and to confirm the bonding states of the 

thin films. Surface charging effects were adjusted by 

using the C 1s signal at 284.6 eV as a reference 

position. The deconvolution of the XPS spectra for 

the O 1s core level line of ZnOS thin films are shown 

in Fig. 7(a). The dominant peak centered around 530 

eV (O 1s-A) is assigned to the O2- ion in the wurtzite 

structured ZnO which is surrounded by Zn atoms with 

their full complement of four nearest-neighbor O2- 

ions. The peak around 531 eV (O 1s-B) is attributed 

to the O2- ion in oxygen-deficient regions within the 

ZnO matrix. The binding energy peak at 532.5 eV (O 

1s-C) is attributed to the presence of loosely bound 

oxygen such as CO3, adsorbed O2, adsorbed H2O, or 

the presence of hydroxyl groups on the surface of 

ZnO [26]. The deconvolution of the XPS spectra for 

the Zn 2p core level line is shown in Fig. 7(b). The 

binding energies of Zn 2p3/2 at ∼1021.4 eV was 

associated with fully oxidized ZnO [27]. Deconvo-

lution of the S 2p core levels of ZnOS thin films are 

shown in Fig. 7(c). The S 2p core level peak of ZnS 

is known to contain the S 2p1/2 and S 2p3/2 spin orbit 

splitting, which is separated by 1.2∼1.3 eV and the 

intensity ratio of the 2p1/2 to the 2p3/2 peak is 1 : 2 

[28,29]. Fig. 7(c) shows our ZnOS thin films are well 

matched with the reference. The formation of zinc 

sulfite (ZnSO3) or zinc sulfate (ZnSO4) would be 

favorable in a ZnO-ZnS system because sulfur and 

oxygen have high reactivity, but in our result it did 

not occur; there are no specific peaks corresponding 

to elemental sulfur (164.0 eV), sulfite -SO3 (∼166.4 

eV) or sulfate -SO4 (168∼170 eV) [30]. These results 

imply that the peak can be assigned to ZnS. The 

surface of the ZnOS thin films consisted of ZnS 
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Figure 9. I-V curves (log scale) of the ZnOS thin films 
cured at 300oC. I-V characteristics of ZnOS
NC films were investigated to confirm the im-
pact of recrystallization. It shows low current
density probably due to the collapsed NCs, 
large charging energy of ZnOS, and band 
gap difference between ZnO and ZnS. 
Schematic illustration of MIM devices is 
inserted.

without zinc sulfites or zinc sulfates. From the EDS 

of FE-SEM and XPS results, we conclude that the 

ZnOS thin film consists of ZnS and low amounts of 

ZnO phases.

HR-TEM was performed to investigate the 

crystallinity and lattice plane of ZnOS films. ZnOS 

thin films have (111) lattice plane originated from 

zinc blend structure of ZnS (Fig. 8(a)) and this result 

corresponds well with XRD data. Chemical 

composition of ZnOS thin films were investigated by 

EDS mapping analysis (Fig. 8(b) and (c)). EDS was 

measured by using a cross section of thin films and 

shows Zn, O, and S clearly in ZnOS layer.

In Fig. 1 and UV-vis results we assumed that the 

ZnOS NCs consisted of ZnS and ZnO phases. The EDS, 

XPS and HR-TEM results proved our assumption. 

After elimination of the proton from the thiol group, 

the S2- coordinated with Zn2+ ion instead of with the 

O2- in the ZnO matrix.

In order to confirm the impact of recrystallization 

on ZnOS NC films, current-voltage (I-V) 

characteristics of films cured at 300oC were obtained 

(Fig. 9). Measurement was conducted by using MIM 

(metal- insulator-metal) devices which used heavily 

doped (＜0.005 Ω.cm) p-type single crystalline 

silicon wafer as a back electrode and aluminum as a 

top electrode (inset of Fig. 9). Although our 

understanding of charge transport through NCs is 

still evolving, several phenomena are known to be 

particularly important given the principle of charge 

transport in the NCs. These include tunneling, 

single-electron charging, variable-range hopping, 

and varying wave function overlap [31]. Because 

electrical transport through the thin film is affected 

by direct tunneling between NCs, the current through 

the ZnOS NC thin film cured at 300oC is expected to 

be high. However, as shown in Fig. 9, the current 

density through the ZnOS NC film cured at 300oC was 

quite low. There are three possible proposals to 

explain this phenomenon. First, size and crystallinity 

of ZnOS NCs may partially collapse. Even as the 

curing temperature increases, size and crystallinity 

of ZnOS NCs were not perfectly recovered and result 

in low conductivity. Second, ZnOS NCs have large 

charging energy (εc). The charging energy (εc) is 

defined as the required energy to add an additional 

electron to the NCs. This charging energy is 

proportional to the dielectric constant of the particle 

surroundings (εp=1 for air) and reversely 

proportional to the NC diameter. To calculate the 

charging energy we can use the following equation 

[32,33]. εc=e
2/(4πdε0εp) where e is the fundamental 

unit of charge, 4πdε0εp is the capacitance of the 

particle, ε0 is the permittivity of the vacuum 

(8.85×10-12 (F.m-1)). The capacitance is dependent on 

particle-size. Due to the etching effect of TAA in the 

ZnOS NC thin films, the value of charging energy was 

increased. Accordingly it is more difficult to add one 

electron to ZnOS NCs and results in a decrease of 

conductivity. Third, the band gap difference between 

ZnO and ZnS in the case of bulk state is 3.38 eV 

versus 3.68 eV.
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IV. Summary and Conclusions

Zinc oxysulfide nanocrystals (ZnOS NCs) were 

synthesized by forming ZnS on a ZnO matrix. First 

ZnO nanocrystals (NCs) were synthesized by forced 

hydrolysis then AA and TAA were added to form the 

ZnOS NCs. UV-vis absorption confirmed the band 

gap tunability by increasing the curing temperature 

of ZnOS thin films. This resulted from the growth of 

the effective size due to the recrystallization of zinc 

sulfide (ZnS). From XRD results we identified that 

ZnOS thin films have a zinc blende crystal structure 

of ZnS while difficult to find wurtzite structure of 

ZnO. This is probably due to the small amount of ZnO 

phases in the ZnOS matrix. These assertion were 

verified through EDS of FE-SEM, and XPS, as well as 

EDS mapping of HR-TEM and we proved that ZnOS 

were comprised of ZnS and ZnO phases. Current- 

voltage (I-V) characteristics of ZnOS NC films were 

investigated to confirm the impact of recrystallization. 

The results show quite low properties, probably due 

to the collapsed NCs, large charging energy of ZnOS, 

and the band gap difference between ZnO and ZnS. 

As we have shown the influence of condensable ligand 

on band gap tenability and recrystallization metal 

oxide nanocrystals should be further researched.
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