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 Engelhard titanosilicate (ETS-10) supported cadmium sulphide (CdS) nanoparticles were synthesized and characterized by 
various solid state techniques including: XRD, DR UV-Vis, TEM and FESEM. The effect of different synthesis routes of CdS 
nanoparticles on its physicochemical character was studied. It was observed that CdS nanoparticles prepared by both in situ 
sulphur reduction (CdS-IS) and reverse micelle (CdS-RM) methods showed similar properties. However, CdS-IS nanoparticles 
are more feasible and economically practical. The reflectance measurements of the as-synthesized CdS nanoparticles are 
apparently blue-shifted compared to bulk CdS. This phenomenon of blue-shifted absorption edge has been ascribed to an increase 
in bandgap energy with a decrease in particle sizes. The bandgap of the as-synthesized CdS samples was calculated from the 
linear correlation of [F(R) hν]2 and hν. The bandgap of CdS in ETS-10 was noticeably slightly reduced when compared with the 
as-synthesized CdS (8 nm) due to the formation of cluster arrays on the pores of ETS-10. 
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INTRODUCTION 
 
 CdS is one of the few examples of a visible-light-driven 
photocatalyst. This material has great potential for hydrogen 
generation from water [1]. However, the activity of CdS is 
generally poor in the absence of electron donors because 
photogenerated holes in the valence band tend to react with 
CdS causing photocorrosion. ETS-10 is a microporous 
titanosilicate comprising corner-sharing tetrahedral SiO4 and 
octahedral TiO6 linked through oxygen atoms, forming a three-
dimensional 12-membered ring network with pore-opening 
size of about 0.8 nm (Fig. 1). In ETS-10, titanium(IV) is found 
in the centre of the corner-sharing octahedral while the silicon 
is found in the centre of corner-sharing tetrahedral [2-4]. ETS-
10 functions  as  a  co-catalyst  to  prevent  the  photocorrosion 
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Fig. 1. Framework structures of ETS-10. 
 
 
phenomenon in CdS by receiving electrons from the 
conduction band of CdS. ETS-10 also provides a high surface 
area and high crystalline surface which is expected to increase 
the stability and activity in the photocatalytic hydrogen 
evolution process. The molecular design is shown in Fig. 2. 
 Guan  et al.  [5]   have   reported   that   CdS  nanoparticles 
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Fig. 2. Molecular design of ETS-10 supported CdS  

                     nanoparticles. 
 
 
embedded in ETS-4 zeolite nanopores showed stable 
photocatalytic activity in an aqueous solution containing Na2S 
and Na2SO3 as electron donors and the energy conversion 
efficiency (ECE) improved by combining CdS with ETS-4. 
The results suggest that the encapsulation of CdS in ETS-4 
zeolite is effective for separating charge-carriers 
photogenerated in CdS and for improving the activity as well 
as the stability. 
 In this paper, we wish to report the morphology and the 
band gap properties of ETS-10 supported CdS nanoparticles. 
The physicochemical properties of CdS prepared by different 
synthesis routes are also discussed. 
 
EXPERIMENTAL 
 
Synthesis of CdS by Reverse Micelle Method (CdS-
RM) 
 Nanosized CdS was synthesized following the method 
reported by K. Tetsuya, et al. [6]. Two kinds of 
microemulsions, namely A and B, were first prepared. 
Microemulsions A and B contained an aqueous solution of 
Na2S (0.4 M) and Cd(NO3)2 (0.4 M), respectively. Each 
microemulsion composition consisted of a 10 wt% aqueous 
solution, 20 wt% Triton-X, 10 wt% n-hexanol and 60 wt% 
cyclohexane. Microemulsion B was then added dropwise to A 
at 5 °C with vigorous stirring. The mixture was aged for 12 h 
and the precursor particles formed in the microemulsions were 
washed by centrifuging with tetrachloromethane,  ethanol  and 

 
  
water until there was no formation of foam.  
 
Synthesis of CdS by in situ Sulphur Reduction 
Method (CdS-IS) 
 CdS nanoparticles were synthesized following the method 
mentioned above [7]. 
 Cadmium acetate, Cd(CH3COO)2, was dissolved in an 
appropriate ratio of N,N’-dimethylformamide (DMF) in a 
round bottomed flask. Sulphur powder was added to this 
solution in a 1:1 ratio with respect to Cd(CH3COO)2. The 
reaction mixture was then kept under nitrogen flow at 120 °C 
for 4 h after which a yellow bright suspension was obtained. 
The colloidal suspension was cooled, filtered followed by 
washing with water and methanol and dried in a desiccator. 
 For the purpose of comparison, CdS was also synthesized 
using dimethyl sulfoxide (DMSO) as solvent in place of DMF. 
 
Synthesis of ETS-10 
 A pure sample of ETS-10 was synthesized following the 
method reported by Liu and Thomas [8]. Commercial titanium 
oxide, Degussa P25, having the composition 76% anatase and 
24% rutile, was used as the titanium source. Rice husk ash 
(RHA) containing 97% SiO2, obtained from the Zeolites 
Research Laboratory, Universiti Teknologi Malaysia, was 
used as the silica source. The synthesis of ETS-10 was carried 
out in a Teflon-lined autoclave under hydrothermal conditions 
at 220 °C. 
 Degussa P25 TiO2 (4.00 g) was dispersed by stirring into 
distilled water (85.00 g). While stirring, NaOH pellets (6.00 g) 
and KF (2.15 g) were added to the TiO2 solution. After 5 
minutes of stirring, RHA (15.00 g) was added slowly into the 
mixture while stirring vigorously. The mixture was left to 
homogenize under continuous stirring for 30 min. The slurry 
was then transferred into a 240 ml autoclave and heated at 220 
°C for 52 h. The starting gel had the composition TiO2: 
3.75SiO2:1.5NaOH:0.54KF: and 21.25H2O. The crystalline 
samples were washed and filtered. The filtrate which 
contained ETS-10 was then centrifuged, washed and dried.  
 
Impregnation of CdS Nanoparticles on ETS-10 
 The preparation of ETS-10 supported CdS nanoparticles 
was accomplished through impregnation by wet incipient 
technique.  5 wt%  of  CdS   nanoparticles   was   added  into a 
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suspension of ETS-10. The mixture was stirred at room 
temperature for 5 h and dried overnight in an oven at 100 °C. 
The procedure was repeated for 10, 15 and 20 wt% CdS. 
 
Characterization 
 The X-ray powder diffraction (XRD) patterns were 
measured at room temperature with a Bruker Advance D8 
Siemens 5000 diffractometer, using Cu Kα radiation (λ = 
1.5418 Å, 40 kV, 40 mA). The FT-IR spectra were recorded 
using a Perkin Elmer Spectrum One FT-IR spectrometer with 
a 4 cm-1 resolution in the mid-IR region (400-4000 cm-1). The 
diffuse reflectance UV-Vis spectra were recorded on a Perkin 
Elmer Ultraviolet-visible Spectrometer Lambda 900. A barium 
sulfate (BaSO4) standard was used as reference. The spectra 
are represented as the Kubelka-Munk function vs. wavelength. 
The TEM micrographs of the samples were recorded using a 
JEOL JEM-2100 Electron Microscope at 160 kV accelerating 
voltage. The FESEM micrographs of the ETS-10 samples 
were collected on a Zeiss Supra 35VP TEM with accelerating 
voltage 15 kV in the secondary electron imaging mode.  
 
RESULTS AND DISCUSSION 
 
 Although there are several methods known for the 
preparation of cadmium sulphide powder or particles, it is still 
desirable to have a simple one step in situ method to 
synthesize CdS for various optoelectronic applications [9-12]. 
The current method avoids the use of autoclave, dangerous γ-
irradiation or toxic hydrogen sulphide gas for the preparation 
of CdS particles. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 Figure 3 shows the XRD patterns for the synthesized CdS 
samples. It can be observed that these nanocrystals were 
crystallized in the cubic structure with the lattice constants a = 
0.5818 nm, and displayed the (111), (220) and (311) reflection 
peaks which are consistent with the previous studies [13]. The 
appearance of broad humps probably suggests the formation of 
nanosized particles [5-7]. This is in good agreement with TEM 
result, which showed that the size of CdS particles was 
approximately 8 nm. As can be seen in Fig. 4, CdS particles 
were found distributed homogeneously in cubic shapes of 8 
nm. The as-prepared CdS was used as a reference rather than a 
calcined sample. This is because the CdS particles that are 
present in cubic phase are not thermally stable and will easily 
undergo phase transformation from cubic to hexagonal phase 
[6]. Furthermore, the calcination of CdS might result in a 
decrease of the photocatalytic activity due to an increase of the 
particle size and a decrease in the surface area. From the 
micrographs, CdS samples produced through both methods 
show similar surface morphology characteristics and particle 
size. Both synthesis routes gave good result, however, the in 
situ sulphur reduction method was found to be more feasible 
in terms of economical and environmental aspects. 
 Although the reverse micelle method is one of the well- 
known methods in obtaining nanoscale material, preparing 
CdS through this method is complicated, time consuming and 
uses large amount of solvents and surfactants that may lead to 
disposal problem. In the in situ reduction method, DMF was 
used as more than just a solvent. It has been previously 
reported in the literature that DMF, when heated in water, can 
generate hydrogen gas [15]. Khanna et al. have  proposed  that 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. XRD patterns of CdS nanoparticle (a) CdS synthesized by in situ sulphur reduction method in DMF (b) CdS  

         synthesized by in situ sulphur reduction method in DMSO. (c) CdS synthesized by reverse micelle method. 
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the hydrogen gas generated will reduce sulphur to form 
hydrogen sulphide gas instantly [7]. The suggested mechanism 
is shown in Eqs. (1-4).  
 
 HCONMe2  +  H2O    Me2NCOOH  + H2           (1) 
 
 H2  +  S    H2S             (2) 
 
 Cd2+ + H2S    CdS + 2H+                          (3) 
  
 Me2NCOOH    CO2 + Me2NH           (4) 
 
Unlike DMF, DMSO does not exhibit such a property when 
heated in water. Rivka et al. have suggested two probable 
reaction mechanisms for the formation of CdS in  DMSO [16]. 

 
 
 

 
 

 

 
 
 
 
 
The first mechanism involved the reduction of Cd2+ to Cd0, 
followed by a reaction between cadmium and the dissolved 
sulphur to give cadmium sulphide. In contrast, the second 
proposed mechanism probably involved the reduction of 
sulphur to sulphide and followed by a reaction between Cd2+ 
with sulphide to form cadmium sulphide. It is possible that 
both mechanisms operate to a greater or lesser extent 
depending on the reaction conditions. 
 Figure 5 shows the XRD patterns for ETS-10, CdS 
nanoparticles as well as CdS/ETS-10. The highly crystalline 
ETS-10 with high purity could be obtained by hydrothermal 
synthesis under the reaction condition of 220 °C for 52 h. This 
is believed to be related to the fine particles of P25 and RHA, 
which led to the nucleation of ETS-10 directly. For the 
CdS/ETS-10   sample,   a   slight   drop   in   intensity   without 

Fig. 4. TEM micrographs for the synthesized samples. 
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Fig. 5. XRD patterns for (a) ETS-10 (b) CdS (c) CdS/ETS-10. 

 
 

 

 
Fig. 6. FESEM micrograph of ETS-10. 

 
 
formation of any new peak, was  observed  which  corresponds 
to the absence of any extensive formation of CdS over the 
ETS-10 framework [17]. The CdS nanoparticles are believed 
to be seated adjacently besides the ETS-10 without causing 
any pore blockage. The pore blockages can be prevented due 
to the pore size of ETS-10, which is only 0.8 nm while the 
average diameter of CdS nanoparticle is around 8 nm. The 
FESEM micrograph (Fig. 6) shows that the as-synthesized 
ETS-10 displays a truncated bipyramidal shape with the 
particles size not more than 500 nm. 
 The diffuse reflectance UV-Vis spectra of the sample were 
recorded in Kubelka Munk unit whereby the reflectance data 
were converted into [F(R)] according to Kubelka Munk theory 

 
 
where R is the absolute reflectance of the sample. The UV-Vis 
spectrum of CdS nanoparticles prepared from different 
methods is shown in Fig. 7. CdS synthesized by in situ sulphur 
reduction or by reverse micelle showed a strong absorption 
edge at 492 and 536 nm, respectively. It was found that the 
absorption edge of the as-synthesized CdS is apparently blue-
shifted compared to bulk commercial CdS. This phenomenon 
of blue-shift of absorption edge has been ascribed to an 
increase in the band gap energy. In a semiconductor, it is well-
known that band gap energy increases with a decrease in 
particles size [13]. With the decreasing radius, the onset of 
absorption is shifted to higher energy due to the size 
quantization effect. The as-synthesized CdS demonstrated a 
high light absorption capability in visible region, making it a 
potentially important material as a visible-light driven 
photocatalyst.  
 The band gap of the as-synthesized CdS samples was 
calculated from the linear correlation of [F(R)hν]2 and hν [17]. 
The intercept at the energy axis, represented by hν, gave the 
band gap of CdS (synthesized by reverse micelle) to be 2.40 
eV which is lower than that of the CdS (in situ sulphur 
reduction) which is 2.57 eV. The difference in the band gap 
values of both CdSs might be due to the presence of remaining 
initial reagents during the preparation. The factors of 
quantization effect could be ignored since both CdSs were 
present in similar sizes. 
 For the ETS-10 sample, the 254 nm band showed the 
presence of Ti atom bonded to four silica tetrahedra (Fig. 8). 
This band was assigned to the charge transfer band from the 
Si, Ti-linking oxygen atoms to the Ti(IV) central atom in 
directions perpendicular to the Ti-O-Ti-O chains. The 280 nm 
band is attributed to the charge transfer within the Ti-O-Ti-O 
chains of the ETS-10 structure [18]. ETS-10 supported CdS 
shows a wide absorption range from visible region up to ultra 
violet. The band gap of ETS-10 was calculated to be 4.03 eV. 
The bandgap of CdS in ETS-10 was noticeably slightly 
reduced to 2.37 eV (reverse micelle) and 2.54 eV (in situ 
sulphur reduction) when calculated using the same approach 
as described above. This is due to the slight increase in the 
particle size of CdS where CdS forms cluster arrays when in 
contact with the pores of ETS-10. This statement is supported 
by TEM micrographs (Fig. 4) where the size of CdS on ETS-
10 appears to be larger than CdS itself. 
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Fig. 7. DR UV-Vis spectra of CdS nanoparticles synthesized  

        by (a) in situ sulphur reduction (b) reverse micelle. 
  

 

 
Fig. 8. DR UV-Vis spectra of CdS, ETS-10 and CdS/ETS-10. 
 
 
CONCLUSIONS 
 
 CdS nanoparticles (8 nm) with the reflection peaks (111), 
(220) and (311) lattice planes of cubic structure were 
successfully synthesized by both in situ sulphur reduction and 
reverse micelle methods. The band gap energy of CdS (reverse 
micelle) was found to be 2.40 eV, whereas for the CdS (in situ 
sulphur reduction) the band gap energy was 2.57 eV. The 
formation of CdS cluster arrays on the pores of ETS-10 cause 
a blue-shift in the band gap energy. The well-dispersed CdS 
nanoparticles on ETS-10 could potentially create a good 
morphology useful for photocatalytic reaction. 
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