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his research focuses on the synthesis of cadmium selenide quantum dots 

(CdSe QDs)-polyaniline (PANI) nanocomposites. CdSe QDs were 

prepared by co-precipitation, and the polymerization process was carried 

out in the presence of QDs to form an entangled nanocomposite. Structural 

analysis of the sample revealed the formation of the main PANI peaks along with 

an amorphous QDs. Chemical analysis confirmed the successful polymerization 

of PANI and the formation of QD nanoparticles. The thermal behavior of PANI 

samples with and without QDs showed similar weight loss steps with less weight 

loss in the presence of PANI, indicating increased thermal stability of the 

nanocomposite. The microstructure of PANI showed an entangled, coil-like 

nanorod morphology. Due to this cross-linked structure and the polymerization 

process, QDs formed as amorphous particles with a uniform distribution within 

this ordered structure. Structural and microstructural studies emphasized the 

presence of NaCl impurity. The optical behavior of CdSe QDs synthesized at 

different temperatures from 70 to 100 °C showed that increasing the temperature 

shifts the emission to lower energy regions. The emission spectrum of the 

composite sample showed that the blue emission peak at around 420 nm is due to 

the π-π* electronic transition in polyaniline. With increasing the QD 

concentration to 10 % by weight relative to polyaniline, the formation of green 

emission spectrum of QDs due to the electronic transition between these two 

luminescent centers reduced its intensity. These results indicate that due to the 

proper entanglement, the obtained product can be a suitable candidate for 

electroluminescent applications. Prog. Color Colorants Coat. 18 (2025), 445-

459© Institute for Color Science and Technology. 
 

 

 
 

1. Introduction 

Quantum dots (QDs) have increasingly found 

applications in advanced technologies, including light-

emitting diodes, sensors, lasers, detectors, and bio-

imaging [1-5]. Future prospects include novel lasers, 

medical imaging, and quantum advancements [1]. 

Among various types of QDs, their nanocomposites are 

currently undergoing significant development for 

various applications [3]. The simultaneous use of 

organic-inorganic compounds can lead to the production 

of QDs with much better dispersion, uniformity, and 

controllability [4]. Surface modification of QDs using 

covalent and non-covalent bonds significantly influences 

various properties, including drug delivery [5]. 

Furthermore, surface modification of QDs for dispersion 

in polymer matrix is another commonly employed 

T
G 



 A.M. Arabi and B. Shirkavand Hadavand 

446 Prog. Color Colorants Coat. 18 (2025), 445-459

nanocomposite approach, leading to improved properties 

of epoxy polymer films [6]. 

Polyaniline (PANI) is a conjugated polymer 

renowned for its good electrical conductivity, 

environmental stability, flexibility, and cost-

effectiveness [7, 8]. The electrical conductivity in PANI 

is attributed to both electron and hole carriers, exhibiting 

non-ohmic behavior [9]. One of the most extensively 

researched QDs-based materials is the polyaniline-

quantum dot (QDs-PANI) nanocomposites. Various 

oxide and non-oxide compounds have been utilized for 

compositing with PANI including oxide QDs of cobalt, 

silver, and zinc [10], carbon quantum dots (CQDs) [11], 

gold nanowires-graphene quantum dots (GQDs) [12], 

silver nanoparticles, and graphene oxide quantum dots 

(GOQDs) [13], and functionalized GQDs [14]. 

A variety of innovative techniques has been 

employed for synthesizing quantum dot-based nano-

composites. These methods include sol-gel [10], 

electrodeposition [11], hydrothermal pyrolysis and 

interfacial polymerization [12], in-situ oxidative 

chemical polymerization of aniline in the presence of 

nanoparticles and QDs [13], oxidative polymerization of 

aniline in the presence of PbS [14], and in-situ emulsion 

polymerization [15]. 
PANI-QDs nanocomposites exhibit a multi-

functional nature and have been reported to have a 

wide range of applications due to their absorption, 

magnetic, electrical, thermal, photoluminescent, 

antibacterial, and anti-corrosion properties [10]. PANI-

QDs, in the form of dual or multiple nanocomposite 

structures, have been utilized in dye-sensitized  

solar cells (DSSCs), supercapacitors, gas sensors, 

biosensors, and imaging. Energy storage using 

supercapacitors has been a subject of significant 

interest among researchers [11]. Identifying cancer at 

its initial stages using immunosensors [11], optical 

sensors [13], hydrogen production [14], and improved 

photo-electrochemical behavior and corrosion 

protection using cathodic protection coatings [16] are 

among other reported applications. 

One of the most important groups of QDs is CdSe, 

and the construction of such composites with PANI has 

been of interest. It has been stated that PANI-CdSe 

QDs complexes can be widely used in solar cells, 

aerospace, microelectronics, automotive, communi-

cations, biomedicine, and textiles [17]. In solar cells, 

the use of PANI as a filler layer for pinholes in 

CdS/CdTe solar cells improves open-circuit voltage 

and fill factor [18]. Also, PANI, as an electron donor in 

CdSe acceptor solar cells, improves energy efficiency 

[15]. Ternary nanocomposites have also shown unique 

properties in this regard, as an example in 

photophysical properties. Laponite/CdSe/polyaniline 

has the ability to achieve broad-spectrum visible 

emission, which is useful for LEDs and solar cells [8]. 

Another ternary composite, Nafion/CdSe/self-doped 

polyaniline (SPAN), exhibits electrocatalytic behavior 

and has the ability to detect dopamine (DA), uric acid 

(UA), and ascorbic acid (AA) [19]. Due to the charge 

transfer between PANI and CdSe QDs, the relaxation 

process leads to the termination of radiative 

recombination and consequently the quenching of 

emission [17]. 

Advanced techniques have been used for the 

synthesis of CdSe QDs-PANI nanocomposites. The 

synthesis of quantum dots in this method is carried out in 

the presence of trioctylphosphine oxide (TOPO) at 

280°C by reacting cadmium stearate and powdered 

selenium dissolved in trioctylphosphine (TOP), followed 

by separation, purification, and redispersion in hexane 

and chloroform, and then mixing with PANI in hexane 

[17]. However, due to the high complexity, the need  

for controlled conditions and expensive raw materials,  

and the difficulty of controlling the process at  

high temperatures, these nanocomposites have lower 

commercialization potential.  

Hydrothermal methods seem to be more favorable 

due to the low cost of raw materials, the ability to 

control temperature and pressure, the management of 

the compositing stage through surface modification and 

creation of electrostatic tendencies, as well as the use 

of industrial equipment for the synthesis. Researchers 

have focused on important factors such as reducing 

agents (sodium borohydride, ascorbic acid, tri-sodium 

citrate dehydrated, tartaric acid, and 2-amino-

benzenecarboxylic acid), the concentration of the 

surface modifier (3-mercaptopropionic acid), pH value, 

and the concentration of raw materials in the 

hydrothermal synthesis of QDs [20, 21]. However, 

there are limited research on the optimal conditions for 

low-temperature precipitation method (below 100°C), 

especially in the presence of compounds such as PANI.  

In this research, low temperature co-precipitation 

method (below 100°C) and the subsequent poly-

merization were applied for the formation of CdSe 

QDs and their nanocomposites with PANI. The 

chemical, thermal, structural, morphological, and 
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optical properties of these nanocomposites and their 

constituents were also evaluated. 

  

2. Experimental  

2.1. Materials 

All chemicals used, including cadmium chloride 

(CdCl2), selenium dioxide (SeO2), sodium boro-

hydride (NaBH4), mercaptopropionic acid (MPA, 

HSCH2CH2CO2H), aniline (C6H5NH2), ammonium 

persulfate ((NH4)2S2O8), and hydrochloric acid (HCl), 

were of analytical grade. 

 

2.2. Synthesis of hybrid materials 

2.2.1. Synthesis of CdSe QDs 

Quantum dots were synthesized using the co-

precipitation method. In the first step, 0.056 g of 

selenium oxide and 0.2 g of cadmium chloride were 

dissolved in 50 mL of deionized water. After a period 

of stirring, 0.02 g of NaBH4 was added to the solution. 

At this stage, 0.009 g of MPA was added, and after 30 

min of degassing, the synthesis steps were continued 

for 2 hours under a nitrogen atmosphere using a reflux 

system and applying heat in the range of 70 to 100°C. 

To examine the powder form of the quantum dots, they 

were precipitated by using a solvent such as acetone. 

 

2.2.2. Synthesis of CdSe QDs-PANI nano-

composites 

5% by weight of CdSe QDs was dispersed in 20 mL of 

deionized water relative to the PANI. A solution 

containing the QD nanoparticles, 2 mL of aniline, and 

50 mL of 1 M HCl was added to a 250 mL flask. The 

temperature was maintained at approximately 0°C 

using an ice bath. 5 g of ammonium persulfate was 

dissolved in 50 mL of 1 M HCl solution and added 

dropwise to the aniline solution. The solution was kept 

at 0°C for 5 h to ensure the completion of the reaction. 

Then, the product was filtered and dried at 60°C for 24 

h for the subsequent characterization. A sample 

containing 10% by weight of QDs was also prepared 

for comparing the luminescent properties. For the 

preparation of these composites, only the CdSe QDs 

with the highest emission intensity synthesized at 

90 °C were used. 

 

 

2.3. Materials characterization 

To investigate the chemical composition, Fourier 

Transform Infrared Spectroscopy (FTIR, Perkin Elmer 

Spectrum One) was used. To determine the glass 

transition and decomposition temperatures, differential 

scanning calorimetry (DSC, PerkinElmer Pyris 6) was 

employed. For thermal analysis, simultaneous thermal 

analysis (STA, PerkinElmer Pyris Diamond) was 

utilized. The morphology of the products was 

examined using a scanning electron microscope 

(ZEISS and Tescan instruments). For a more detailed 

investigation of the quantum dot nature of the particles, 

transmission electron microscope (TEM, Zeiss EM900) 

was used. The optical behavior of the quantum dots 

was studied using a PerkinElmer Lambda 25 UV-

Visible spectrophotometer and an LS55 luminescence 

spectrometer. The band gap was obtained using the 

Tauc method by plotting the (αhν)0.5 curve versus hν, 

where α is the absorption coefficient and hν is the 

photon energy in eV. Then, the band gap can be 

determined by extending the linear part of the curve 

and extrapolating it to intersect the hν axis. 
 

3. Results and Discussions 

3.1. Structural studies 

Figure 1 shows the X-ray diffraction pattern of  

the quantum dot sample. The observed amorphous 

background is related to the formation of quantum dots. 

Because their size is below the Bohr radius, CdSe QDs 

do not exhibit a distinct crystalline phase in diffraction 

patterns. The observed peaks correspond to NaCl 

consistence with standard card 0628-005. The formation 

of this phase is related to the sedimentation stage of the 

QDs. Due to the presence of sodium and chloride from 

NaBH4 and CdCl2, respectively, the formation of this 

structure is quite plausible. This impurity is removed 

during the subsequent purification and washing steps. 

Figure 2 shows the X-ray diffraction pattern of the 

QDs-PANI nanocomposite. After compositing, the 

amorphous state is more evident with a broader peak, 

which is related to the polymerization method. The 

peaks at 21˚ and 25˚ correspond to PANI and are 

attributed to polymer interactions and momentum 

transfer in a specific direction (perpendicular to the 

polymer main chain) [22]. Chemical analysis of 

polyaniline reveals the presence of benzenoid and 

quinoid groups within PANI chain.  
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Figure 1: XRD pattern of CdSe QDs. 

 
Figure 2: XRD pattern of CdSe QDs-PANI nanocomposite. 

 

The alternating repetition of these two rings induces 

a semi-crystalline state in the conducting polymer. In 

polyaniline, this results in crystallization peaks in the 

range of 10-30°. This crystallinity is observed in both 

directions parallel and perpendicular to the polymer's 

main chain. The combination of high electrical 

conductivity in quinoid groups and low electrical 

conductivity in benzenoid groups creates selective 

conditions for momentum transfer along two 

perpendicular directions within the polymer chain [23]. 

The filtered product was analyzed immediately. The 

persistence of NaCl peaks at 27°, 32°, 45°, and  

57° suggests that the CdSe QDs-PANI nanocomposite 

is sensitive to multiple washing steps required for  

salt removal. The formation of PANI occurs 

homogeneously without phase separation. The absence 

of any other peak suggests that the QDs do not 

interfere with the polymerization of PANI or cause any 

structural disruptions.  

 

3.2. Chemical composition 

As shown in Figure 3, the FTIR spectrum of the 

quantum dot is mainly composed of peaks related to 

MPA. The presence of a peak around 720 cm-1 

confirms the formation of CdSe bonds [24]. However, 

the intense peaks at 1580 and 3400 cm-1 are attributed 

to water bonds. A peak at 1730 cm-1 can be assigned to 

carboxyl groups of MPA. The lack of a peak at  

500 cm-1 (S-S bond of MPA) suggests that the carboxyl 

groups have coordinated with the quantum dot surface 

instead of the attachment of MPA to the Cd ions on the 

surface of QDs. The absence of the peak of thiol 
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groups at 2550 cm-1 in the spectrum suggests a surface 

reaction of MPA with QDs [25]. 

The FTIR spectrum in Figure 4 indicates the 

characteristic peaks of PANI structure. The important 

absorption peaks are located at 3444, 2963, 1631, 

1456, 1261, 1096, and 804 cm-1. The peak at 3444 cm-1 

is characteristic of N–H in the composition and the 

peaks at 2963 and 2927 cm-1 are related to aromatic C–

H bond. The peaks at 1631 and 1456 cm-1 correspond 

to the C=C bond in quinoid and benzenoid rings, 

respectively. Additionally, the peaks at 1261 and 1096 

cm-1 indicate C–N in benzenoid. The peak at 804 cm-1 

indicates the C–H bond. Other weak peaks such as 

1145-1161 cm-1 are related to the bending vibration of 

C-H bond. Additionally, weak peaks at 1050 and  

690 cm-1 are related to the stretching vibrations of 

sulfonate groups (S=O and S–O) [26]. 

 

 
Figure 3: FTIR spectrum of the CdSe QDs. 

 

 
Figure 4: FTIR spectrum of the PANI. 
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3.3. Thermal analyses 

3.3.1. Simultaneous Thermal Analysis (STA)  

Figures 5 and 6 present the STA graphs of PANI and 

CdSe QDs-PANI nanocomposite, respectively. Both 

samples were analyzed under nitrogen atmosphere. 

When comparing the two samples, similar weight loss 

steps are observed. The main weight losses occur in 

three steps in accordance with the TG, DTA, and DTG 

curves. The first step, below 100°C, is related to the 

loss of water, which is an endothermic peak. In the 

second step, in the range of 150-300°C, impurities, 

chemically bound water, and unreacted monomers are 

decomposed. Due to a degradation of different 

compounds, the DTG curve in the second step consists 

of two peaks. A peak around 200°C corresponds to the 

loss of chemically bound water, and a peak around 

270°C corresponds to monomers and other organic 

impurities [22]. The weight loss in the third step, which 

is the most important stage and has a steeper slope, is 

due to the decomposition and degradation of the PANI 

backbone and loss of HCl as a dopant of PANI [27]. A 

slow and gradual weight loss is also observed between 

the second and third stages. It seems that from the 

beginning of the removal of organic impurities or non-

alkyl groups, such as methoxy and ethoxy, the thermal 

decomposition process continues steadily. According 

to the broad DTA curve, endothermic behavior is 

observed before 200°C [28, 29]. From this stage 

onwards (200-600°C), there are two broad exothermic 

peaks. This indicates that the exothermic peak related 

to the removal of other factors and groups is 

completely distinct from the PANI backbone. In the 

CdSe QDs-PANI nanocomposite, higher thermal 

stability is observed, and the final weight loss at 600°C 

for PANI and CdSe QDs-PANI nanocomposite is 

51.46% and 61.56%, respectively. In other words, the 

overall shape of the curves shows a similar trend in 

thermal behavior. However, the composite sample 

exhibits higher thermal stability [22]. This can be 

attributed to the physical and chemical interactions 

between PANI and QDs.  

 

 
Figure 5: STA graphs of PANI. 
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Figure 6: STA graphs of CdSe QDs-PANI nanocomposite. 

 

 

 
Figure 7: DSC analysis of PANI and CdSe QDs-PANI nanocomposite. 

 

 

3.3.2. Differential scanning calorimetry (DSC) 

analysis 

Thermal analysis was done in a nitrogen atmosphere at 

a heating rate of 10°C per minute, from 0°C to 300°C. 

The DSC curves of PANI and CdSe QDs-PANI 

nanocomposite are shown in Figure 7. The Tg in both 

samples was estimated to be in the range of 31-33°C. 

HCl-doped PANI has been shown to exhibit a Tg of 

36°C. The reason for the difference is due to the 

amount of HCl and water, and consequently, the 

molecular weight (MW) of PANI in different synthesis 

methods. Comparing the PANI and CdSe QDs-PANI 

nanocomposite, many similarities and identical steps 

are seen. In both samples, two endothermic peaks are 

observed at 80 and 240°C, with the first peak related to 
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the loss of volatile substances and physical water, and 

the second peak due to bound water, organic 

impurities, and monomers. Most of the differences 

occur in temperature ranges above 200°C [27]. In this 

range, the endothermic peak intensities are reduced; 

particularly above 250°C, the weak multiple-peak 

behavior in CdSe QDs-PANI nanocomposite replaces 

the strong single peak of PANI. This confirms the 

increased thermal stability in the presence of CdSe 

QDs. 
 

3.4. Morphological studies 

SEM images of the PANI sample are presented in 

Figure 8. The nanofiber morphology in the micro-

structure is clearly observed. These fibers have an 

entangled honeycomb-like structure and are composed 

of finer fibers on the nanometer scale [30]. The 

agglomeration of fine fibers creates cavities, which is a 

very suitable shape for creating nano-hybrids with 

quantum dots. PANI is prepared in an acidic 

environment, and strong interactions between the 

charged chains lead to the formation of nanorods [31]. 

Figures 8b and 8c show the FESEM image of  

PANI nanorods at higher magnifications, precisely 

illustrating the aggregation, entanglement, and cross-

linking of these nanorods as well as the formation of 

cavities. The majority of the nanorods have a diameter 

below 20 nm. The morphology also indicates that the 

temperature and reaction time conditions of the 

polymerization are suitable for the formation of 

nanofibers. This form of particles can be appropriate 

for hosting QDs. Increasing temperature and time leads 

to an increase in the diameter of the nanorods and the 

creation of sheet-like and flower-like nanoparticles 

[32], which are not suitable as a composite matrix.  

SEM images of CdSe QDs-PANI nanocomposite 

are presented in Figure 9. Agglomerates of CdSe QDs 

nanoparticles are clearly observed among PANI 

nanofibers. The fibers exhibit a highly cross-linked 

state, while the QDs have amorphous and spherical 

shape. In the backscattered electron images, due to the 

difference in molecular weight between CdSe and 

PANI, the QDs appear as brighter particles. The small 

size of the quantum dot particles is due to the use of 

capping agents and surfactants, which leads to their 

suspension in the aqueous media. In order to form the 

composite, it is necessary to precipitate the suspended 

particles by using precipitating agents. At this stage, 

the quantum dots strongly agglomerate due to their 

hydrophilic nature and the presence of strong capillary 

attractions (due to the high specific surface area). In 

addition, these particles have a semi-crystalline state 

(see XRD pattern in Figure 1). The final state and form 

of these amorphous irregular agglomerates are 

preserved during the polymerization process due to the 

use of water media. However, the distribution of these 

particles in the PANI matrix appears to be regular, 

which is due to the honeycomb-like morphology of 

PANI. 

 

 
Figure 8: (a) SEM, and (b,c) FE-SEM images of PANI 

at different magnifications. 
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Figure 9: FESEM images of CdSe QDs-PANI nanocomposite at different magnifications: (a, b) backscattered and (c, d) 

secondary electron images. 

 

 

EDX and elemental mapping analyses (Figures 10 

and 11, respectively) were used to further examine the 

distribution and entanglement of nanoparticles within the 

nanocomposite. The results obtained from a region with 

a brighter mass compared to the PANI background show 

that the particles are composed solely of Cd and Se, with 

the presence of S attributed to a CdS capping layer 

formed from the reaction of CdCl2 and MPA. Na and Cl 

have been recognized as impurities (as mentioned in the 

XRD pattern, Figures 1 and 2). Elemental mapping 

confirms the uniform distribution of CdSe particles 

within the PANI matrix. The mixing method effectively 

produced a stable physical composite, as supported  

by structural, microstructural, and chemical analyses. 

Significant NaCl presence is observed alongside PANI 

and CdSe, as confirmed by overlapping Na and Cl maps. 

XRD results (Figures 1 and 2) also indicated that this 

impurity necessitates thorough washing. In Figure 11, 

the electron backscattered image reveals that the bright 

irregular agglomerates are quantum dots, NaCl particles 

20 μm 5 μm 

1 μm 500 nm 

a b 

d c 
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exhibit a sheet-like morphology, and the gray back-

ground is related to the PANI matrix. 

 

3.5. Optical properties 

Most researchers have synthesized CdSe QDs using 

hydrothermal [20, 21] or thermal methods at 280 °C in 

the presence of trioctylphosphine oxide (TOPO) [17]. 

Most research in this area has focused on co-

precipitation methods at temperatures ranging from 

0 °C to ambient temperature [33], with less research on 

co-precipitation in the temperature range of 70-100 °C 

in the presence of reducing and surface-modifying 

agents. The most important parameter affecting the 

particle formation process through nucleation and 

growth is the reaction temperature. The product 

obtained at different temperatures has different particle 

sizes, and as a result, the peak position and emission 

intensity shift due to being in the quantum confinement 

regime below the Bohr radius. The emission spectrum 

of CdSe QDs samples is shown in Figure 12. As shown 

in the figure, with increasing temperature from 70 to 

100 °C, the emission peak shifts towards lower 

energies or higher wavelengths along with particle 

growth. The highest emission intensity corresponds to 

the sample synthesized at 90 °C. In other words, the 

highest radiative electron transition occurs in this 

sample. This can also be due to the best covering of the 

CdS passive shell on the surface of QDs, which 

prevents non-radiative electron transitions and 

increases the quantum yield. Therefore, only the CdSe 

QDs synthesized at 90 °C formed composite with 

PANI.  

To investigate the band gap, the (αhν)0.5 vs. hν curve 

was plotted, as shown in Figure 13. As calculated from 

the curve, the bandgap value decreases from 3.2 eV in 

the sample synthesized at 70°C to 2.8 eV in the sample 

synthesized at 100°C, which confirms the changes in the 

emission spectra. This means that increasing the size of 

the particles with increasing the synthesis temperature 

leads to a decrease in the band gap. 

 

 

 
Figure 10: EDX analysis of CdSe QDs-PANI nanocomposite (In accordance with Figure 9c). 
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Figure 11: Elemental mapping of CdSe QDs-PANI nanocomposite. 

 

 

5 
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Figure 12: Photoluminescence spectra of the CdSe QDs synthesized at 70-100 °C. 

 

 

 
Figure 13: Band gap calculated by Tauc method for CdSe QDs synthesized at (a) 70°C, and (b) 100 °C. 

a) 

b) 
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Figure 14 shows the emission spectra of PANI and 

CdSe QDs-PANI nanocomposite. The emission spectra 

of the two samples with 5 and 10 weight percent QDs 

are referred to as PANI-low QDs and PANI-high QDs, 

respectively. The observed emission in all samples at 

around 428 nm is attributed to the π-π* benzenoid 

electronic transition in polyaniline [34]. Due to the 

polymeric structure and entanglement of particles, in 

the PANI-low QDs sample, the 360 nm excitation 

photons do not result in QD emission, whereas with 

increasing the concentration of quantum dots in the 

PANI-high QDs sample, an emission peak is observed 

in the green wavelength region around 550 nm. 

Under irradiation, quantum dots are excited. With the 

movement of an electron to the valence band and leaving 

a hole in the conduction band, an exciton is formed. Due 

to the high surface area of these sub-5 nanometer 

particles, defects such as holes can be trapped within 

their interstitial spaces. The electron transition to these 

trapped surface levels forms the first emission 

mechanism, which has broad peaks. Along with the red 

shift of the excitation wavelength, the emission also 

shifts towards the red. If the surface is coated with 

capping agents and surfactants, exciton emission occurs, 

which is the second emission mechanism. By increasing 

the temperature or time, the emission shifts towards 

lower energies. This shift originates from the particle-in-

a-box model or quantum confinement [35]; a larger box 

has a smaller band gap. Considering the broadness of the 

emission peaks, it appears that the synthesized CdSe 

QDs in different temperature ranges mainly follow the 

first emission mechanism. After the compositing 

process, the interaction between PANI and QDs leads to 

electron transfer from PANI to the surface levels of QDs 

due to the active surface traps. This electron transfer 

reduces the intrinsic emission of PANI and, as shown in 

Figure 14, increases the emission intensity of QDs. 

The simultaneous presence of PANI and QDs led to 

improved thermal stability. In addition, the electro-

optical interaction between these two composite 

components was also confirmed. The resulting 

composite is a suitable candidate for many applications 

such as optoelectronics, sensing, solar cells, and LEDs. 

The electrical conductivity behavior of PANI along 

with the luminescence properties of QDs is effective 

for fabricating efficient LEDs. In solar cells, QDs 

increase efficiency due to the production of electron-

hole pairs. This composite can also contribute to better 

electrical, environmental and mechanical of biosensors. 

 

 
Figure 14: Photoluminescence spectra of the PANI, PANI- low QDs, and PANI- high QDs. 
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4. Conclusion 

CdSe QDs-PANI nanocomposites were synthesized via 

polymerization process. XRD and FTIR results 

revealed the existence of PANI and CdSe QDs 

compounds and phases in the compositing process. The 

Composite showed 10 % by weight decrease of weight 

loss after heating to 600 °C by compared to the PANI 

due to the higher stability of QDs. Morphological 

studies demonstrated that the PANI particles formed 

agglo-merated nanorods in a honeycomb-like form, 

while CdSe QDs were detected as disordered hard 

masses. The nanocomposite was consisted of a matrix 

of PANI nanorods along with amorphous CdSe 

particles that were trapped regularly in the matrix 

cavities. EDX and elemental mapping results 

confirmed the presence of PANI, CdSe, and a small 

amount of sheet-like NaCl impurities. The emission of 

CdSe QDs showed that the peak wavelength and 

intensity of blue to green emission (with the highest 

intensity for the sample synthesized at 90 °C) being 

highly dependent on the synthesis temperature. In 

addition, the bandgap decreased from about 3.2 eV  

to 2.8 eV with an increase in temperature from 70 to 

100 °C, because of quantum confinement effect. The 

emission spectrum of PANI showed a peak in the blue 

region (428 nm) related to the π-π* benzenoid 

electronic transition. Increasing the concentration of 

QDs to 10 % by weight relative to PANI resulted in the 

observation of the QDs emission peak at 550 nm and a 

decrease in the intensity of the blue peak of PANI due 

to a successful electronic interaction between the PANI 

and QDs. 
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