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Colloidal, powdered and thin film forms of MPS capped CdS quantum dots have been 
produced by combination of colloidal chemistry and sol-gel method. Nanoparticles were  
self-assembled directly on a glass substrate using spin coating method without introducing 
any matrix. Colloidal, powdered and thin film forms were characterised by absorbance, 
photo-luminescence, XRD, FT-IR, HRTEM and AFM measurements. The HRTEM 
images give a grain size of 2.5-3.0 nm and this is in agreement with the values found in the 
absorbance and XRD measurement. Average size of the quantum dots increase with 
increasing of heat treatment temperature due to Oswald ripening. 
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1. Introduction 
 
Nano sized materials are attractive because of their unique optical, electrical, chemical 

properties. Unlike the bulk materials, the emission wavelength of the nanoparticles (quantum dots) 
depends on their crystal dimension. They exhibit size dependent molecular like emission spectra 
due to quantum confinement effect [1]. Therefore, many researches have been focused on the 
production of nanomaterials with controllable size. Among the semiconductor nanocrystals, CdS is 
one of the most important II-VI group elements  possesing size tunable optical transitions. Much 
effort has been given to the synthesis and optical property study of CdS related nano paticles and 
quantum dots because they have wide applications for laser light emitting diodes, solar cells and 
some optoelectronic devices based on nonlinear properties [2-7]. There has been extensive work 
on the production and deposition of CdS nanoparticle. Among the various available techniques [2-
4], sol-gel method has advantages to produce CdS in nano-structured, powdered and thin film 
form. Some of the work described the preparation of quantum dots involve colloidal routes during 
which the particles are capped with organic molecules. The combination of sol-gel technology and 
colloidal chemistry improves the solution stability [8]. It was also shown that concentration of  
capping agent has a strong influence on the final size of the CdS nanocrystals [9]. 

3-Mercaptopropyl-trimethoxysilane (MPS) contains bi-functional groups molecule; the 
silane in one side can bond to the glass surface or metal oxide films, the thiol group on the other 
side  can work as a capping agent [7-16]. Typical hydrolysis and condensation reactions in sol-gel 
methods helps organosilanes to bond to the surface of the substrates[17]. There have been various 
studies that used 3-Mercaptopropyl-trimethoxysilane (MPS) as capping agent to  produce QDs. 
They were used in biological applications [18] and nonlinear optical materials [ 9, 10].  
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In the present work, we have  used combination of colloidal chemistry and sol-gel method 
to produce MPS capped CdS nanoparticles. Several properties of the MPS such as control of the 
size of the QDs, bonding on the glass surface and QDs  were used together. The nano particles 
were  produced and  self-assembled directly on a glass substrate using spin coating method 
without introducing any matrix. CdS in powder form were obtained by graining gelled solution. 
Different size of the quantum dots were got by applying heat treatment at various temperatures. 

 
  
2. Experimental 
 
Production of quantum dots and thin films 
CdS nanoparticles were produced using the reaction of cadmium acetate 

(Cd(CH3COO)2.2H2O) with thioacetamide ((CH3CSN2) at a  molar ratio of one. The molar ratios 
of cadmium acetate /methanol and of thioacetamide /methanol were equal to 0.02. MPS was  
mixed with cadmium acetate at a molar ratio of MPS/Cd=0.3 [9,10]. This ratio was decided after 
analyzing the absorption spectrum of the nano CdS at several other ratios (0.1M, 0.2M, 0.5M) and 
considering the previous works [9-11]. Then the solutions in two bakers were mixed and stirred for 
10 minute at 60 0C in Nitrogen medium. The sol which was colorless at the begining turned to 
yellow at the end of the stirring.  

MPS caped CdS sols were first left in room atmosphere for two weeks to bring it  in gel 
form and then it was grained to produce nano particles in powder form.  

On the other hand MPS capped sol was coated on glass substrates (Corning 2947) with 
spin coating method at spining rate of 2000 rot/min for 10 seconds. The coated substrates dried at 
60 oC for 10 minutes for each coating.  Dried films were heat treated at 300 oC and 350 oC for 15 
minutes. Another heat treatment were carried out at 550 oC for 18 hours and the crystal structure. 
Was investigated. 

 
Characterization 
 
The optical absorption spectra of the samples were recorded with an UV- visible 

spectrometer (Agilen 8453). The fluorescence spectra of coloidal CdS quantum dots were recorded 
using a Varian Cary Eclipse spectrometer. X-ray diffraction measurements were performed by a 
diffractometer (XRD, GBC-MMA) operated at 35 kV and 28 mA using CuKα radiation. High 
resolution transmission electron microscope (HRTEM) images of the MPS capped CdS quantum 
dots in powder form has been recorded using a JEOL 2100 HRTEM microscope operated at 200 
kV. The nanoparticles in powder form and KBr were thoroughly mixed, and the mixture was 
pressed to form pellets. The spectrum was recorded using a Fourier transform-infrared (FT-IR) 
spectrometer (Perkin Elmer Spectrum One). The surface roughness of the film was characterized 
by an atomic force microscope (AFM, SPM-9500J3, Shimadzu) operating in the dynamic mode. 

 
3. Results and discussion 
 
The absorbance and luminescence spectra of coloidal CdS quantum dots recorded at room 

temperature are shown in Fig. 1. Energy band gap for the 1s-1s transition of quantum dots, using 
quantum confinement theory is given as 
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where  Eg is the band gap energy of the bulk CdS, h is Planck constant,  me is the effective mass of 
an electron, mh is the effective mass of a hole, R is the diameter of the nanocrystal, e is the electron 
charge, ε is the relative dielectric constant. Second, third and fourth terms in the equations are, 
confinement kinetic energy of the exciton, Coulomb potential energy between the electron and the 
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hole and polarization energy of the tunneling electron, respectively [1,19-22]. First minimum of 
the second derivative of absorbance graph specifies E1s1s energy levels of quantum dots. Using the 
values of Eg = 2.42 eV (for bulk CdS), me = 0.19 m0, mh=0.8 me,  ε = 5.7 [1] and  E1s1s= 3.21 eV in 
eq 1,  the size of the quantum dots (R) was calculated as 2.92 nm. The photoluminescence (PL) 
spectra of the CdS were recorded at room temperature using the excitation wavelength of 350 nm.  
The emmision peak was observed at 550 nm and the width of the peak can be attributed to the 
surface defect emmision of the CdS nanoparticles. [23] 

 
 

Fig 1.  Absorbance (a)  and luminescence (b)  spectra of coloidal CdS quantum dots 
 

XRD powder graph of CdS is shown in Fig. 2. The XRD pattern exhibits prominent broad 
peaks at 2θ values of  25.03o, 26.65o, 28.38o,  43.76o, 47.87o, 51.88o  and  d-spacing values (nm) 
are  0.3555, 0.3342, 0.3142,  0.2067, 0.1899 ve 0.1761 respectively. These results are in agreement 
with 100, 002,101, 102, 110, 103, 112 and 201 planes and show hexagonal structure [24].  

 

 
 

Fig. 2.  XRD patterns  of the MPS capped CdS quantum dots in powder form. 
 

Average particle size can be found from XRD measurements using Debye-Scherrer 
formula [25]. 
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where λ is the wavelength of X-ray (0.154 nm), β is the full width at half maximum (FWHM), θ is 
the angle of diffraction and L is the coherence length. In the case of spherical crystallites, the 
relation between L and D, the diameter of the crystallite, is given by L  = 3/4D. Average particle 
size of the quntum dot were calculated as 2.73 nm using {101} peak.  
 

 
 
Fig. 3. HRTEM picture of MPS capped CdS quantum dots in powder form and FFT  pictures of a quantum 

dot. 
 
 

HRTEM  and FFT (Fast Fourier Transform) pictures of a quantum dot is shown in Fig.3. 
The HRTEM images gives a grain size of  2.5-3.0 nm and this is in agreement with the values 
found in the absorbance and XRD measurement. 

FT-IR graph of MPS capped CdS is shown in Fig. 4. The FT-IR analysis shows the 
characteristic peaks belonging to MPS. The most prominent peaks of these are at 1024 cm-1 and 
1110 cm-1 belonging to asymmetric stretchings of Si-O-C and Si-O-Si bonds respectively [26-28]. 
The peak at 471 cm-1  may belong to Si-O-Si bond [29] or S-S bond [30]. The peaks at 688 cm-1 
and  892 cm-1 belong to C-Si and  Si-OH bonds respectively [27]. The peak at 1248 cm-1 is for Si-
CH2-S stretching [26]. The peak at 1404 cm-1 comes from assymmetric deformation of C-H in CH3 
[31]. The peak 1550 cm-1 may be attributed to S-S bond [29]. The peak at 1660 cm-1 belongs to 
C=C bond [32]. The peaks at 2920 cm-1 and  3153 cm-1 are belong to C-H and  O-H respectively 
[26,27].  
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Fig. 4. FT-IR graph of MPS capped CdS quantum dots in powder form. 
 

OH goups on the glass surface and Si –O bonds of MPS are used for the production of 
self-assembled CdS thin films of quantum dots. CdS quantum dots and glass surface are bonded 
with Si-O-Si bonds. Bonding of self-assembled CdS is shown below.  

 

 
 

Quantum dots are also bonded with Si-O-Si bonds between themselves.  Bonding of MPS 
to CdS quantum dots is done through thiol groups. Cd and S atoms on the quantum dots are 
bonded to S atoms of thiol groups through S-S and S-Cd bonding. [33]. Fig. 5. shows 
schematically the coating machanism of such type of sol on a glass substrate. 

 
 
 

 
 
 
Fig. 5.  Scheme of formation of the self-assembled MPS capped CdS quntum dots thin film precursor on the 

glass substrate. 
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Fig. 6. Absorbance graph of MPS capped CdS quntum dots thin film heat treated at 
different temperatures and second derivatives of absorption spectra for CdS 
nanoparticles. The numbers on the graph show the position of the first peak. 

 
 

 
Absorbance graph of MPS capped CdS quntum dots thin film is shown in Fig. 6. The 

second derivative of absorbance graph is also shown in the same graph. First minimum of the 
second derivative graph of absorbance graph defines E1s1s energy levels of quantum dots. E1s1s 
values at varius heat treatment temperatures and corresponding diameter of quantum dots using eq. 
1 are  shown in Table 1. One observes that the particle sizes of the films dried at 60 oC are the 
same as those of coloidal CdS quantum dots. The results also show that the average size of the 
quantum dots increases with increasing the heat treatment temperature. Small crystals of CdS are 
disolved with increasing heat treatment temperature and they are redeposited on the larger crystals 
due to Oswald ripening [34-36].  
 

Table 1. Calculated value of average radius (Rave) by using the first exciton peak. First exciton peak 
(Elsls) values are extracted from the second derivative of the absorption spectra 

 

 
 
XRD measurements were carried out in order to characterize the CdS particles.  Figure 7 

shows the XRD pattern of three CdS films heat treated at 300 0C, 350 0C and 550 0C. Two of them 
were heat treated for 15 min and the third one was heat treated for 18 hours. The films heat treated 
at 300 0C and 350 0C have shown no observable peaks because the structure is amorphous or has 
very small crystallites dimensions. It is, therefore, difficult to analyze the crystal structure of these 
films. On the other hand, the films heat treated at 550 0C for 18 hours have observable crystalline 
structure. The XRD pattern exhibits prominent broad peaks at 2θ values of 24.940, 26.560, 28.410, 
36.660, 43.820, 47.850, 51.920 and 53.040 with d-spacing (in nm) of 0.3567, 0.3353, 0.3139, 
0.2449, 0.2064, 0.1899, 0.1760 and 0.1725 nm respectively. These results are in agreement with 
100, 002,101, 102, 110, 103, 112 and 201 planes and show hexagonal structure [24]. Average 
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particle size of the quntum dot were calculated as 5.90  nm using {101} peak. This is in agreement 
with the result of  5.86 nm found in absorbance measurements.  

 

 
 
 

Fig. 7. XRD patterns of the MPS capped CdS quantum dots thin films heat treated at 
different temperatures and times. 

 
 

Fig. 8. AFM image of MPS capped CdS quntum dots thin film heat treated at 350°C. 
 
 
Fig. 8 shows the AFM image of CdS thin film heat treated at 350°C. The root mean square 

surface roughness of the film is 44 nm. The image shows that the film is homogeneous and 
without cracks.  
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4. Conclusions 
 
We have investigated  optical and structural properties of colloidal, powdered and thin 

film forms of MPS capped CdS quantum dots produced by combination of colloidal chemistry and 
sol-gel method. Absorption, photo-luminescence and HRTEM, XRD analysis proved the existence 
of CdS nanocrystals. The size of the particles are situated in the range 2.5 -3.0 nanometers, smaller 
than Bohr radius. Nanoparticles were self-assembled directly on a glass substrate using sol-gel and 
spin coating method without introducing any matrix. It was found from the absorbance 
measurements that the average size of the particles increases from 2.92 nm to 5.86 nm when the 
heat treatment temperature of the films increase from 60 0C  for 10 minutes to 550 0C  for 18 hours 
of treatment, which is in  good agreement with the result of  5.90 nm found in XRD measurements 
of the film heated at 550 oC for 18 hours. The results prove the existence of the quantum 
confinement effects. It was found an appreciable blue shift of the exciton peak as compared to the 
band gap of bulk CdS.  
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