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Abstract- This work reports synthesis of CdSe nanoparticles (NPs) using two thiol capping agents including 3- 
mercaptoprropionic acid (MPA) and L-cysteine in the same time. The results showed that highly crystalline nanoparticles 
were obtained in the presence of L-cysteine under the same experimental conditions, highlighting the role of capping agent 
in the formation of CdSe nanoparticles. 
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I. INTRODUCTION 
 
The synthesis of CdSe nanoparticles and the 
investigation of effective control by virtue of reaction 
parameters governing the formation of nanostructured 
materials with dimensions in the range of 1 to 20 nm, 
have attracted a great attention in nano-science due to 
the potential industrial and biological applications of 
these materials [1-3].  
There are a wide range of reports in the literature for 
the synthesis of semiconductor nanoparticles 
including CdS, CdSe, ZnSe and CdTe via different 
synthetic methods to produce highly crystalline 
nanoparticles and among all nano-scale materials, 
CdSe nanoparticles have been the focus of much 
interest due to their unique optical properties [4-9]. 
Meanwhile, CdSe nanparticles can exhibit the effects 
of quantum confinement when sized below 10 nm 
and CdSe quantum dots are one of the most popular 
demonstrations of nanocrystals [10-14]. 
 
The general synthetic process for obtaining all thiol 
capped-nanocrystals is to dissolve a metal salt in the 
presence of the stabilizing thiol, followed by injection 
of the chalcogen source under an inert gas. This 
approach is based upon using Na2SeSO3 and 
cadmium salts as the precursors and 3-
mercaptopropionic acid (MPA) or L-cysteine as the 
capping agent to prepare CdSe nanoparticles via an 
aqueous route [15-18].Zhang used these reactants in 
basic pH and prepared CdSe nanoparticles after 
refluxing the reaction system for 10 hours [15]. Chen 
used the same reactants and same synthetic method to 
prepare CdSe nanoparticles with an increased reflux 
time of up to 64 hours [16], Gupta obtained CdSe 
nanoparticles using the same approach and 
synthesized CdSe nanoparticles in different sizes 
[17], Wageh used this method to synthesise CdSe 
nanoparticles and to investigate the thermal 
degradation of the obtained particles [18]. 
Meanwhile, Liu and Sivasankar replaced MPA with 
L-cysteine in forming CdSe nanoparticles in basic pH 

[19, 20].All of these works are similar in appearance; 
however, the thermal conditions, experimental 
parameters and the aims of the experiments 
distinguish them.  
In the current work, this common synthetic method 
was used to prepare CdSe nanoparticles the presence 
of L-cysteine and 3-mercaptopropionic acid 
(MPA).L-cysteine is a popular capping ligand that 
has a low toxicity, being classified as a semi-essential 
amino acid. This capping agent has both  sulfur and 
amine group in its structure that can promote the 
formation of nanoparticles when acting as a capping 
molecule, in addition to the capacity of L-cysteine to 
participate in biochemical reactions [21].There are 
several reports in the literature that have proposed the 
preparation of nanoparticles including CdS, ZnSe and 
CdSe using L-cysteine as a capping agent [19, 20, 22-
26] but until now, no report has found for obtaining 
nanoparticles with L-cysteine in the presence of MPA 
at the same time.  
 
In this work, we used these two thiol capping agents 
in an optimized molar ratio to investigate the effect of 
the presence of L-cysteine on formation of CdSe 
nanoparticles. In following experiments, Na2SeSO3, 
CdCl2 and MPA and L-cysteine were used, similar to 
previous reports [15-18], butthe preparation of CdSe 
NPs in presence of two thiol capping agents at the 
same time is new aspect of this work. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials  
3-mercaptopropionic acid (MPA) was obtained from 
Fluka. CdCl2.2.5H2O, Se (powder), NaOH, Na2SO3 
and L-cysteine, were all obtained from Sigma-
Aldrich. All reagents were used as supplied, without 
additional purification. Ultra-pure water was used in 
all synthesises. 
2.2   Method 
Na2SeSO3was synthesized according to the literature 
methods [27] and used as source of selenide. Then, a 
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Cd precursor solution (0.12 mM) was prepared by 
dissolving CdCl2.2.5H2O in ultrapure water. MPA 
(5.6 mmol) and L-cysteine (3 mmol) were added to 
the solution and pH was adjusted between 3.5 to 
4using 1M NaOH. The reaction was heated to 80 ºC. 
Then, heating was interrupted and CdSe nanoparticles 
were formed upon addition of the fresh Na2SeSO3 (70 
ml, 4 mmol) to the Cd precursor solution. The system 
was cooled in room temperature,the CdSe NPs were 
formed as cloudy solutions and dried in room 
temperature. The sample was labelled as Sample 1. 
The experiment was repeated in the same condition 
but with adding 5.6 mmol MPA and in the absence of 
L-cysteine. The obtained sample was labelled as 
Sample 2 and was compared to Sample 1.  
2.3 Characterization 
UV-vis absorption spectra were measured with a 
Varian Cary UV spectrometer. X-ray PXRD patterns 
were recorded on a Philips X’pert Multipurpose X-
ray diffraction system (MPD system), using a Cu Kα 
source (λ = 0.154056 nm). Transmission electron 
micrographs (TEM) were recorded by a Philips 
CM200 instrument. Imagej software was used to 
analyse TEM images. 
 
III. RESULTS AND DISCUSSION 
 
PXRD revealed that the obtained nanoparticles using 
both L-cysteine and MPA were formed in the cubic 
phase, as shown in Fig 1.  
UV spectroscopy showed that there is an excitonic 
shoulder at 270 nm with an onset of absorption at 570 
nm and the band gap energy value was calculated as 
2.17 eV, a 0.48 eV blueshift compared to bulk CdSe, 
as shown in Fig 2. However, the obtained 
nanoparticles did not exhibit photo luminescence 
properties due to aggregation.  
HRTEM images of the as-obtained CdSe NPs showed 
that they are highly crystalline nanoparticles due to 
the observation of atomic planes within the particles 
and the observation a symmetric pattern in the FFT 
images of the nanoparticles. The d-spacing of the 
observed lattice planes was estimated as 3.66 ± 0.01 
Å, approximately consistent with the (111) plane of 
ZB in standard cubic structure which is 3.58 Å, as 
shown in Fig 3. 
 

 
Fig.1.  PXRD of the obtained CdSe NPs. 

 
Fig.2.UV-visible spectrum of CdSe NPs. 

 

 
Fig.3. TEM images of as-synthesized CdSe NPs in presence of 

both L-cysteine and MPA (a, b) & FFT pattern of selected area 
(c). 

 
It was found that the presence of l-cysteine promotes 
the formation of CdSe nanoparticles, even when 
using MPA at low concentration, because in the 
absence of L-cysteine CdSe NPs were not formed, as 
described in Table 1.   

 
Table 1.  A comparison between formation of CdSe NPs in 

presence of L-cysteine and without l-cysteine. 
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CONCLUSIONS 
 
In summary, highly crystalline cubic CdSe 
nanoparticles were synthesized in an aqueous 
pathway. The formation of CdSe nanoparticles using 
two thiol capping agents, MPA and L-cysteine led to 
the formation of highly crystalline nanoparticles that 
were not obtained in the absence of L-cysteine under 
the same experimental conditions. It was determined 
that the particle size of as-synthesized NPs were in 
accord with their relevant estimated band gap due to 
quantum confinement effect. 
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