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Abstract- Cadmium selenide (CdSe) nanoparticles formation were observed in thin films prepared through angle lifting 
deposition method and gas exposure.  The thin film was prepared by mixing long chain polymer, poly(3-hexylthiophene)with 
stearic acid on de-ionized water containing cadmium (II) chloride in a hydrophobic bath to produce Langmuir layer. The layer 
was then compressed until it enters the solid phase, and subsequently transferred onto quartz substrate using the angle lifting 
deposition method. The thin film was then exposed to hydrogen selenide (H2Se) gas for 6 hours to create CdSe nanoparticles. 
Field Emission Scanning Electron Microscopy (FESEM) confirmed the presence of CdSe nanoparticles capped by polymer 
that act as ligand, hence limiting the CdSe size to 15-18 nm. EDX reported the weight percentage of cadmium and selenide in 
the thin film, as 9.64% and 13.53% respectively. Photoluminescence (PL) of the thin films before and after exposure show a 
thin film that has been exposed for 6 hours has reduced PL intensity as compared to unexposed samples. The decrease in the PL 
intensity indicates that efficient photo-induced electron transfer is likely. Hence, the thin film has potential to be used in 
electronic applications. 
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I. INTRODUCTION 
 
The synthesis and characterizations of II-VI and III-V 
nanoparticles have been studied extensively in view of 
their potential uses in electronic devices such as light 
emitting diodes (LEDs) and solar cells, drug delivery 
systems and non-linear optics. Various methods have 
been employed to fabricate nanoparticles including 
laser-assisted catalytic growth method, ultrasound or 
γ-irradiation and thermal decomposition of molecular 
precursors. Cadmium selenide and cadmium sulfide 
nanoparticles synthesis has substantial attention from 
the researchers due to its thermal stability and 
outstanding optical-electronic properties. 
 
Among the popular route to synthesize CdSe is by 
reacting dimethylcadmium ((CH3)2Cd) with a 
selenium reagent in the presence of trioctylphosphine 
oxide (TOPO). Kashyout et al synthesised CdSe by 
injecting selenium solution into a heated cadmium 
solution. This method was originally reported by Peng 
et al. Another simple method of producing 
nanoparticles is by using Langmuir Blodgett technique 
as reported by several groups of researchers.  
 
These procedures either produce nanoparticles with 
shells that are stable over long shelf-life but hamper 
the performance of the nanoparticles, or shell-free 
nanoparticles that are less stable and much more 
difficult to handle. Hence, for devices that need 
intimate contact between the nanoparticles and the 
matrices that surround it like ionic sensors, light 
emitting diodes and photovoltaics, direct growth of 

nanoparticles is a promising alternative. Various 
matrices has been employed to embed the 
nanoparticles like graphite, titanium oxide, TiO2 and 
polymer. In our study, the CdSe nanoparticles were 
grown in polymer matrix. Polymer matrices reinforced 
with nanoparticles combine the functionalities of 
polymer matrices with the unique features of the 
nanoparticles that lead to improvements in optical, 
electrical, magnetic, and rheological properties. We 
report the production of CdSe nanoparticles in 
polymer matrix mixed with long tail fatty acid, poly 
(3-hexylthiophene-2,5-diyl):stearic acid (P3HT:SA) 
thin film. We modified Langmuir-Schaeffer method in 
order to fabricate the thin film, and named it Angel 
Lifting Deposition (ALD) technique. The thin film 
was then exposed to H2Se gas to embed cadmium 
nanoparticles. The objective of this study is to produce 
stable CdSe nanoparticles through easy and 
economical synthesis.  
 
II. METHODOLOGY 
 
Poly (3-hexylthiophene -2, 5-diyl) or P3HT, stearic 
acid (SA) and cadmium (II) chloride were purchased 
from Sigma Aldrich. Chloroform (Mallinckrodt) was 
used as the solvent to P3HT and stearic acid. All 
materials used were as-received unless stated 
otherwise. 
 
Angel lifting deposition (ALD) technique was 
employed in fabricating the thin film, adopting 
Langmuir layer principle to transfer the floating 
polymer monolayer onto a solid substrate. This 
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approach overcomes the problem imposed by the high 
molecular weight of the long-chain polymer when 
using the common Langmuir-Blodgett and 
Langmuir-Schaeffer techniques. The ALD technique 
allows us to make large-area thin films and at the same 
time control the polymer ordering. KSV 2002 System 
2 trough was filled with Milli-Q system de-ionized 
water containing 0.5 mM CdCl2.  
 
The Langmuir monolayer was then formed by 
dispensing 400 µl P3HT (0.2 mg/ml) and 100 µl 
stearic acid (0.14 mg/ml) onto the water subphase, and 
set at rest for 10 minutes to allow chloroform to 
evaporate prior to starting the compression. The 
floating layer was compressed with one barrier at a 
constant rate of 10 mm/min until it attained solid phase 
called Langmuir film. Films were deposited by 
carefully depositing one edge of substrate onto 
floating film surface at an angle of 45o and slowly 
dropping it on the solid monolayer and lifting it again 
by raising it the same way. The deposition was done at 
a constant surface pressure that is being monitored by 
an electronic balance attached to Wilhemy plate. 
Thirteen layers of film were deposited in which after 
every deposition, the film was dried using hot air for 
15 seconds to ensure it is fully dry and to initiate 
polymerization. After the last deposition, the film was 
exposed to H2Se gas for 6 hours to embed CdSe in 
between polymer layers. 
 
Morphological study was done using Field Emission 
Scanning Electron Microscope (FESEM), and 
compositional analysis were done using energy 
dispersive x-ray (EDX), model Hitachi SU 8020 UHR. 
Whilst optical studies were done by employing 
Photoluminescence spectrometer, model Perkin 
Elmer, LS 55. 
 
III. RESULTS AND DISCUSSION 
 
Field Emission Scanning Electron Microscopy 
(FESEM) was used to characterize the thin film before 
and after hydrogen selenide (H2Se) gas exposure. 
Before the film was exposed to H2Se gas, we can 
clearly observe P3HT molecules that were surrounded 
by stearic acid (Fig. 1(a)). Initially, when the 
P3HT:SA monolayer were still on the CdCl2 contained 
water subphase, stearic acid molecules capped 
cadmium ion becoming cadmium stearate, CdSt2.   
 
When the thin film was exposed to H2Se gas, the Se2- 
ions are attracted to Cd2+ ions, initiating nucleation of 
CdSe and further aggregation to form larger CdSe 
nanoparticles. The reaction of CdSt2 with H2Se gas is 
as follow: 
  
(CH3 (CH2)16 COO)2 Cd + H2Se    
2(CH3 (CH2)16 COOH) + CdSe            (1) 
 

Fig. 2 (b) shows the nanoparticles produced after the 
P3HT:SA thin films were exposed to H2Se gas 6 

hours. The boundaries of P3HT:SA are less visible, 
indicating the change in film structure due to CdSe 
formation in the thin film. This result is comparable to 
Yang et al that reported cadmium sulfide (CdS) 
formation in stearic acid thin film by Langmuir 
Blodgett technique. As contrast, the CdS nanoparticle 
formed was smaller, ~ 2 nm after 4 hours of H2S gas 
exposure, but get the size enlarge after it has been 
exposed for 20 hours. On the other hand, by 
employing ALD method, the CdSe nanoparticles size 
range is limited from 13 nm to 18 nm. 
 
The long chain polymer acted as confining structure 
for CdSe nanoparticles, as shown by Qiao et al that 
grew CdSe in polyacrylamide by using γ-irradiation, 
where the yield nanoparticles size is limited to 5 nm.  
 

 
 

 
Fig. 1: FESEM images of P3HT:SA thin film (a) before 

exposure (b) after 6 hours H2Se gas exposure 
 

 

a 

b 
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Fig. 2: EDX data of P3HT:SA thin film (a) before exposure  

(b) after 6 hours H2Se gas exposure 
 
The Energy–Diffractive X-ray (EDX) analysis data of 
the P3HT:SA composite before and after H2Se gas 
exposure is shown in Fig. 2 (a) and 2 (b). EDX 
analysis revealed the percentage of cadmium ions 
capped by the stearic acid are around 9 wt% only, 
whilst the number of Se2- ion adsorbed were around 
13.53 wt%. These figures indicating that not all 
selenide ions combined with cadmium ions to form 
CdSe nanoparticles. Some of the selenide ions remain 
as it is in the thin film, and might affect the electrical 
properties of the thin film.  
 
Photoluminescence spectra of Fig. 3 shows the thin 
film exposed for 6 hours has reduced PL intensity as 
compared to unexposed samples. The presence of 
CdSe nanoparticles causes a decrease in the PL 
intensity, indicates that efficient photo-induced 
electron transfer is likely. PL spectra also support the 
structural variation of the P3HT:SA composite film 
before and after gas exposure as shown in FESEM 
images. The normalized PL spectra show a slight 
red-shift in the exposed thin film, that suggest 
different P3HT domains are formed during the gas 
exposure, resulting in a structural rearrangement 
between the P3HT and stearic acid. This result is in 
agreement with Yang et al that stated the change in 
film structure is due to the formation of nanoparticles 
in the film.  
 
CONCLUSIONS 
 
Angle lifting deposition and gas exposure method 
have been employed in order to produce 
nanocomposite thin film. The methods used were cost 
effective and simple. FESEM images evidenced the 
presence of CdSe nanoparticles in the thin film after 
exposed to H2Se gas. This result was support by EDX 
and PL spectra.  
 

The nanocomposite of P3HT:CdSe thin film can be 
applied in the fabrication of electronic applications 
that need intimate contact between p- and  n-type 
materials such as light emitting diodes (LED), 
photovoltaics, and field effect transistors (FET). On 

the basis of these results, future work will be directed 
to the improvement of nanoparticle quantity. 

 
Fig. 3: Photoluminescence of P3HT:SA thin film before and  

after 6 hours H2Se gas exposure 
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