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Abstract
We report the ZnO/ZnS and ZnO/ZnSe nanocomposites synthesized using the solvothermal-microwave method. Raman 
analysis was thoroughly studied to explain phonon vibration mode in this paper. The strong intensity confirms the high-
frequency phonon mode of hexagonal wurtzite ZnO. Also, the presence of Raman intensity of the cubic ZnS and ZnSe 
structures indicates the longitudinal optical phonon mode. In addition, we find several slight shifts in all ZnO modes 
for ZnO/ZnS and ZnO/ZnSe which demonstrate stress and strain in the crystal lattice. We investigate the change in 
particle size from confocal Raman microscopy. Therefore, the modifications to the material structure and particle size 
have enhanced its characteristics. Accordingly, the nanocomposite heterostructures by the simple chemical method are 
attractive materials suitable for optoelectronic devices.
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Аннотация
Представлены нанокомпозиты ZnO/ZnS и ZnO/ZnSe, синтезированные сольвотермо-микроволновым методом. 
Для объяснения режима фононных колебаний применен метод рамановской спектроскопии. Полученная высокая 
интенсивность рамановского рассеяния подтвердила высокочастотную фононную моду гексагонального вюрцита 
ZnO. Наличие интенсивного комбинационного рассеяния света кубических структур ZnS и ZnSe свидетельствует 
о существовании продольной оптической фононной моды. Обнаружены небольшие сдвиги во всех модах ZnO 
для ZnO/ZnS и ZnO/ZnSe, которые указывают на наличие напряжения и деформации в кристаллической решетке. 
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Исследованы изменения размера частиц с помощью конфокальной рамановской микроскопии. Показано, 
что изменения структуры и размеров частиц материала улучшили его характеристики. Подтверждено, что 
нанокомпозитные гетероструктуры, полученные простым химическим методом, применимы для создания 
оптоэлектронных устройств.
Ключевые слова
гетероструктуры, фононная мода колебаний, комбинационное рассеяние света, сольвотермо-микроволновый 
синтез, вюрцит
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Introduction

Zinc oxide (ZnO) is a widely researched semiconductor 
material due to its outstanding electronic, optical, and 
structural features. It recently also gets more attention in 
several applications, especially in the electronics industry. 
At room temperature, ZnO in a hexagonal wurtzite structure 
(for hexagonal structure, lattice parameters a, b, and c are 
the lengths between two points on the corners of a unit 
cell: a = b = 0.3296 nm and c = 0.5206 nm) has a wide 
band gap energy (direct) of 3.37 eV and a large exciton 
binding energy of 60 meV [1]. ZnO is a versatile material 
due to its high chemical and thermal durability, enormous 
surface area, excellent photoelectric, UV-sensitive, and 
good compatibility [2]. So, it is used for optoelectronic 
devices such as sensors [3], light-emitting diodes [4], and 
photocatalysts [5].

Covering ZnO with other semiconductors in the 
form of core-shell structure can enhance its structural 
and optical properties. Moreover, it can upgrade ZnO 
performance for broader applications. Zinc sulfide (ZnS) 
is a semiconducting material with a broad energy band gap 
of 3.80 eV in hexagonal wurtzite and 3.68 eV in cubic zinc 
blende phase [6]. The large absorption spectrum makes it 
a suitable candidate for sensors and electroluminescence 
devices [7]. On the other hand, the zinc selenide 
(ZnSe) semiconductor has a lower band gap energy of 
2.86–2.94 eV than the ZnO [8]. ZnSe also has higher 
conductivity than ZnO and is sensitive in a wide visible 
spectrum, so it is commonly applied for optoelectronic and 
photoelectric devices [9].

A nanocomposite is a mixture of two or several materials 
at a nanometer size scale. Baranowska et al. [10] reported 
that coating ZnO with ZnS (ZnO/ZnS) nanocomposites 
has enhanced its environmental stability and improved the 
electrical properties of ZnO thin films. Khan et al. [11] 
synthesized ZnO/ZnS hybrid by wet chemical method and 
found that the composites produced a synergetic effect to 
decompose dye efficiency in photocatalytic application 
due to reduced charge recombination and a rise in intrinsic 
oxygen vacancies. Incorporating the ZnS layer on ZnO/
perovskite also demonstrates rapid electron transfer and 
reduces the interfacial recombination, hence enhancing the 
solar cell performance. It also attributed to sulfide which 
has strong surface interaction with Pb2+ resulting in novel 
electron transport route [12]. Visible light photocatalysis 
of porous ZnO/ZnSe that was prepared by microwave-
assisted hydrothermal method recorded a high activity 
properties [13]. Kamruzzaman and Zapien [14] reported 

that core-shell ZnO/ZnSe nanowires realized high-
performance solar cells. It is due to high absorption with a 
low band gap (1.90 eV) as well as reducing surface defects 
that marked by decreased Raman intensity of ZnO. All of 
this performance depends on the optical properties of the 
material. One of them is studied on interactions in crystal 
lattice vibrations related to optical vibration modes.

In this paper, we report the solvothermal-microwave 
synthesis of ZnO/ZnS and ZnO/ZnSe nanocomposites and 
investigate their optical and structural characteristic by the 
Raman spectroscopy analysis. The microwave-solvothermal 
method has been widely reported as an effective method for 
semiconducting oxide nanostructures synthesis [15]. This 
approach has low energy consumption, fast reaction, good 
quality crystal product, and simple method. We carried out 
a Raman analysis to study the structural properties of the 
nanocomposites of ZnO/ZnS and ZnO/ZnSe synthesized by 
this route. Raman spectroscopy is one of the most versatile 
techniques for material characterization. It provides 
information on the crystal lattice structure and defects 
that can be known through the optical vibration mode of 
Raman spectra. We identified the cubic phase of ZnS and 
ZnSe on the Raman spectrum of ZnO/ZnS and ZnO/ZnSe. 
Additionally, a slight shift of the wurtzite ZnO optical mode 
indicates the stress and strain effects of the crystal lattice, 
which reveals that structural alteration has occurred due to 
the coating process.

Materials and methods

Materials
The Flourine Tin Oxide (FTO) substrates (purchased 

from the Kaivo instrument, China) were used throughout 
this work. Analytical reagents, including zinc acetate 
dihydrate (Zn(CH3COO)2∙2H2O), zinc nitrate hexahydrate  
(Zn(NO3)2∙6H2O), and hexamethylenetetramine (C6H12N4) 
were purchased from Sigma Aldrich, USA. Other 
chemicals, such as sodium sulfide (Na2S), sulfur (S), 
selenium (Se), sodium borohydride (NaBH4), and 99 % 
ethanol (C2H5OH) were acquired from R&M Chemicals, 
Malaysia. Deionized (DI) water originated from the Mili-Q 
water purification system (approximately 18.2 MΩ).

Synthesis of pristine ZnO
First, 10 mM of Zn(CH3COO)2∙2H2O was diluted in 

ethanol as seed solution. ZnO seeds are prepared via spin 
coating seed solution at 3000 rpm and thermal annealing 
(300 °C) processes on the FTO substrate. Furthermore, 
pristine ZnO was grown on ZnO seeds by the solvothermal 
method. 100 mM aqueous solution of Zn(NO3)2∙6H2O 
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and C6H12N4 (equimolar) was reacted in vial. Then, it was 
heated at 90 °C for 3 h. The sample obtained was cleaned 
from residual molecules using DI water.

Route of nanocomposites ZnO/ZnS and ZnO/ZnSe
The synthes is  of  ZnO/ZnS and ZnO/ZnSe 

nanocomposites ZnO/ZnS and ZnO/ZnSe were carried 
out by microwave heating. Pristine ZnO was immersed in 
growth solution and reacted with 2 ml of Na2S, NaBH4 + S, 
and NaBH4 + Se (equimolar) in different vials. NaBH4 acts 
as a reducing agent to S or Se solution. The three samples 
were named ZnO/Na2S, ZnO/NBS, and ZnO/NBSe. Each 
sample was irradiated at power 360 W for 20 s using a 
microwave oven. Finally, the nanocomposite samples were 
rinsed in DI water, flushed with nitrogen, and annealed at 
300 °C for 1 h using a tube furnace. 

Characterization
Raman spectra were performed at ambient condition 

using a Confocal Raman Microscopy (CRM 200 WiTec) 
with charged-coupled device (CCD) camera. An excitation 
source of 532 nm (Argon ion laser) and power 10 mW were 
used for recording the spectra. The limit spectral range used 
was 150–650 cm–1 with a typical resolution of 1.9 cm–1 
and was focused into a spot size of about 10 µm diameter.

Results and discussion

Raman spectrum at room temperature conditions of 
ZnO nanocomposites in the range of 150–650 cm–1 is 
shown in Fig. 1. Raman spectroscopy is an effective way 
to study crystal structure, lattice and defect of films surface 
by analyzing the phonon frequency of the Raman peak. 
Raman peaks of pristine ZnO by solvothermal route appear 
at the frequencies 333, 382, 417–424, 438, and 574 cm–1, 
which are assigned as E2

High – E2
Low, A1(TO), E1(TO), E2

H, 
and E1(LO) modes, respectively. It is a characteristic of the 
fundamental optical mode (Γopt) from the Brillouin zone 
consisting of the longitudinal optic (LO) and transverse 
optic (TO) of ZnO with C6v (P63mc) point group symmetry 
[16].

The strong peak E2
H (high-frequency phonons) at 

438 cm–1 demonstrates the fingerprint of the hexagonal 
wurtzite structure ZnO with good crystallinity [17]. The 
vibration of the heavy Zn sublattice and oxygen vibration 
are linked with this non polar mode [18]. It has a relatively 
higher intensity compared to others. Raman peak of pristine 
ZnO is narrow and sharp. ZnO/Na2S displays a wide and 
slightly shifted peak (4 cm–1) at 434 cm–1. It is due to the 
relaxation stress (internal strain) of the intermolecular [19]. 
Raman peak frequencies of ZnO/NBS and ZnO/NBSe are 
similar to pristine ZnO. However, the intensity is very low 
in ZnO/NBSe. It is assumed that the ZnO structure of the 
nanocomposite ZnO/ZnSe has changed.

The second-order Raman spectrum detected at 333 cm–1 
in pristine ZnO is attributed to the phonon boundary zone 
E2

H–E2
L, which is associated with multiphonon scattering 

nonpolar mode [20]. Frequency shifts in ZnO/Na2S and 
ZnO/NBS have occurred at 331 cm–1 and 330 cm–1, 
respectively. Raman peak of ZnO/NBSe remains constant, 
although the intensity is barely apparent. The broad hump 
between 560–610 cm–1 exhibits the lattice vibrations 
E1(LO) mode within the pristine ZnO with a peak at 

574 cm–1. E1(LO) mode refers to the characteristic of 
randomly ZnO crystallite orientation on the substrate [21]. 
It occurs due to intrinsic defects, such as oxygen vacancies, 
interstitial Zn, and the resonance effect in the ZnO crystal 
lattice at the excitation wavelength [22]. A slight shift 
occurs at 572 cm–1 and 571 cm–1 for ZnO/Na2S and  
ZnO/NBS, respectively. This vibration mode was not found 
in ZnO/NBSe because of the broadening effect of this peak.  

The E1(TO) mode from pristine ZnO is detected at 
417 cm–1 and 424 cm–1. On ZnO nanocomposites, this 
Raman peak is not clearly seen. A small shift (3 cm–1)  
occurs in ZnO/NBS at 414 cm–1 and 421 cm–1. 
Furthermore, the lowest intensity is found at 382 cm–1 
which represents A1(TO) mode. The A1(TO) mode of  
ZnO/NBS and ZnO/NBSe shift toward a higher frequency 
at 385 cm–1 and 393 cm–1. This indicates to compressive 
stress effect of the crystal lattice of heterostructural 
materials. Moreover, it is due to interlayer attracting forces 
being decreased [15]. On the other hand, the Raman peak 
is not as apparent in the nanocomposite ZnS as well as 
ZnSe. It is probably due to a change in the structure of the 
nanocomposite there by weakening the intensity of this 
mode. E1 and A1 are polar of Raman and infrared active 
because have LO and TO Raman frequency [20].

Additional mode at 343 cm–1 in ZnO/Na2S and 
342 cm–1 in ZnO/NBS using solvothermal-microwave 
synthesis is related to ZnS indicating T2(LO) optical 
mode. It is attributed to the first-order Raman frequency 
characteristic of zinc blende (β-ZnS cubic) [10]. ZnS has 
F43m (Td

2) space group with a high frequency of single 
LO phonon [23]. TO phonon (277 cm–1) not observed in 

Fig. 1. Raman scattering spectrum of ZnO, ZnO/Na2S,  
ZnO/NBS, and ZnO/NBSe by solvothermal-microwave 

synthesis. The wavelength of the excitation source is 532 nm, 
and the power is 10 mW. The major peak is attributed to E2

H 
at 438 cm–1 from hexagonal wurtzite ZnO. A slightly shifted 
of ZnO Raman peaks (blue text) is found for nanocomposite 

samples. The ZnS (orange graph) and ZnSe (green graph) peaks 
exhibit at 343 cm–1 and 253 cm–1

Raman spectroscopy of nanocomposites ZnO/ZnS and ZnO/ZnSe obtained...
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the Raman spectrum. The cubic structure revealed the low-
temperature phase, while hexagonal ZnS represented the 
high-temperature phase. In a solid-liquid chemical process, 
ZnO and Na2S were reported to create ZnS cubic with good 
crystalline properties [24], which is seen from the high peak 
of Raman frequency. So, the wurtzite structure of ZnO has 
changed due to the presence of the zinc blende structure of 
ZnS. On the other hand, ZnO/NBS reveals the low intensity 
of the Raman peak of ZnS. It is due to NaBH4 does not 
optimally reduce sulfur powder. At ambient temperature, 
sulfur is largely inert to sodium borohydride. To be well 
reduced and have good dispersion, the molar ratio of 
NaBH4 to sulfur is used 15:1 [25]. Overall, the presence 
of a ZnS confirms that the nanocomposite heterostructure 
grown on ZnO was successfully synthesized. But, the 
structure of ZnO/ZnS is still dominated by hexagonal 
wurtzite because the major peak is found in the E2

H mode 
of ZnO. 

Raman spectra of ZnSe synthesized using the 
microwave method are revealed at 199, 236, and 
253 cm–1. The peak at 253 cm–1 is assigned to the first-
order LO phonon mode of zinc blende ZnSe crystal 
[26]. The appearance of the LO phonon demonstrates 
a good crystalline structure. An interesting strong peak 
of ZnSe along with the low intensity of E2

H mode ZnO 
indicates a transformed structure. A similar condition has 
been reported by ZnO/ZnSe nanowires [14]. In a neutral 
solution, the reduction of Se by NaBH4 provides distinct 
outcomes compared to S. It is reported that can reduce Se 
more effectively than sulfur [27]. The TO phonon mode 
of ZnSe is observed at 199 cm–1. Se effect presence is 

associated with a low strain in this mode [9]. Furthermore, 
SO (surface optic) scattering which appears between LO 
and TO frequency is assigned at 236 cm–1. It represents the 
feature of small-size nanostructures [28]. Accordingly, in 
this work, ZnO/ZnSe heterostructure has been confirmed 
completely.

Fig. 2 exhibits the surface morphology of ZnO 
nanocomposites using solvothermal-microwave synthesis 
at a scale bar of 10 µm using CCD camera integrated 
with confocal Raman microscopy. The red box on this 
figure reveals the spot area of the laser source (Ar ion, 
λ = 532 nm). Pristine ZnO (Fig. 2, a) shows a uniform 
nanorod shape and is clearly seen. The nanorod size 
slightly increased in ZnO/Na2S (Fig. 2, b). Whereas in 
ZnO/NBS (Fig. 2, c), the diameter nanorods are increasing. 
Furthermore, the nanorods changed shape and decreased in 
size in ZnO/NBSe (Fig. 2, d). Also, it appears orange with 
large red-brown grains. It occurs because of NaBH4 and 
Se reacted in water to form a brownish-red solution. While 
the reduction of NaBH4 on S produces a white or slightly 
yellow solution. It is not so obvious in ZnO/NBS image. 
The surface morphology was more detail observed using 
field emission scanning electron microscope analysis.

Overall, Raman spectra detected the existence of 
phonon vibration modes for all samples. The vibrational 
modes for ZnO, ZnS, and ZnSe observed confirm the 
formation of ZnO/ZnS and ZnO/ZnSe nanocomposites by 
the solvothermal-microwave method. The heterostructures 
materials from polar semiconductor combination ZnO/ZnS  
and ZnO/ZnSe can be potentially applied to the 
optoelectronic device.

Fig. 2. Images recorded by CCD camera of confocal Raman microscopy in spot size 10 µm of ZnO nanocomposites (the red box is 
spot laser area using Ar ion with wavelength source at 532 nm). Pristine ZnO shows clustered forms of nanorods (a). Next,  

ZnO/Na2S (b) and ZnO/NBS (c) exhibit size gradually increase in the nanorod. In ZnO/NBSe (d), it saw orange small nanorods and 
brownish-red grains
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Conclusion

Synthesis of nanocomposites ZnO/ZnS and ZnO/ZnSe 
has been successfully carried out by the solvothermal-
microwave method. Raman analysis demonstrates 
hexagonal wurtzite ZnO mode from the major peak at 
438 cm–1 which identifies the E2

H phonon. Other peaks 
of ZnO were found at 333, 382, 417–424, and 574 cm–1 
attributed E2

H–E2
L, A1(TO), E1(TO), and E1(LO) modes. 

These modes exhibit Raman frequency shifts in the  

ZnO/ZnS and ZnO/ZnSe nanocomposites. It demonstrates 
stress and strain in the crystal structure. Moreover, the 
LO phonon peaks in the zinc blende (cubic phase) of 
ZnS and ZnSe indicate the existence of heterostructures 
form. The nanocomposite modifies the particle size of 
pristine ZnO. So, it means that structural modification of  
ZnO/ZnS and ZnO/ZnSe have been effectively synthesized 
using the solvothermal-microwave route. Therefore, the 
modified structure has the potential to be suitable for the 
optoelectronics field, such as solar cells.
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