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Here in this paper, we present a new hybrid design from poly (o-toluidine) doped with 

camphor sulfonic acid (POT-CSA) nanoparticles and CdSe capped with tri ethanolamine 

(TEA) nanoparticles. The structural, morphology and electrical have been examined. The 

XRD pattern of hybrid material analog to pattern of CdSe nanoparticles which is cubic 

structure. Conductivity measurements show that the hybrid films semiconducting in nature 

and the value of conductivity have been obtained equal to 0.1 S.cm
-2

.  
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1. Introduction  
 

The development in many fields of applied science and modern technology demand us to 

develop new materials to keep up with this growing technological evolution. We need to 

manufacture and develop inexpensive, flexible and easy to handle materials. These materials are 

hybrid materials. The term "hybrid" denotes to the connotation of as a minimum two components 

that are completely dissimilar to their chemical nature either through simple blending or by 

bonding the components together through particular reactions [1]. These materials reveal new 

beneficial properties and can be very different from those of their separate counterparts. It is for 

that reason expected that this kind of structures would play progressively important roles in 

research and in many applications [2]. The most important of these hybrids are organic-inorganic 

hybrid nanocomposite materials. The benefit of mixing inorganic nanoparticles with polymers in 

organic solvents is to arrange large-area thin films by low budget processing methods like drop 

casting and spin coating. These methods gives easy control of the thickness of films [3]. Bulk 

heterojunction solar cells” made of conducting polymers denote a novel phase in the development 

of photovoltaic devices and this type of excitonic cells are presently the most studied solar cells 

[4]. They combine the exclusive properties of inorganic semiconductors with the film-forming 

properties of the conjugated polymers [5]. Many kinds of inorganic semiconductors and organic 

conductive polymers have been looked upon as possible candidates for photovoltaic hybrid 

materials. CdSe is the most important among the electron acceptors. 

The first hybrid solar cell device using CdSe nanoparticles was reported by Greenham et 

al [6]. Since then, inorganic semiconducting nanostructures, such as CdSe nanostructures, with 

different structures, sizes, shapes, and morphological characteristics have been investigated and 

applied for hybrid bulk heterojunction (BHJ) solar cells [7]. Through the production of CdSe 

nanoparticles, electrical insulated organic structures such as TOPO or dyes have been used as 

stabilizers to hold the particles separated from each other and not composed into greater 

accumulations [8]. The presence of stabilizers in the active layers of hybrid solar cells improves 

the mixing between the electron donor (organic semiconductor) and the acceptor (inorganic 

nanoparticles), but at the same time, increases the series resistance of the cells [9]. enhances the 

performance of bulk heterojunction solar cells by increasing the dispersion of CdSe nanocrystals 

without introducing insulating surfactants [10]. Fine powders of CdSe could be obtained by using 

a complexing agent for the cadmium ion to slow down the reaction kinetics of cadmium and 

selenide. Triethanolamine (TEA) or sodium citrate  have been used as cadmium complexing 

agents [11].   Conjugated polymers, such as poly 3-hexylthiophene P3HT, and its derivatives 
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dispersed with cadmium selenide are finding applications in the development of organic solar 

cells. 

Poly(3-hexylthiophene) (P3HT) is a type of conducting polymer that is used for flexible 

polymer electronic devices like organic solar cells (OSCs) [12]. But there is a problem with using 

P3HT especially in regioregular form, is an expensive polymer because of its complicated 

synthesis approach.. Getting cheap polymer instead of P3HT an interesting and attractive idea. 

Conducting polymer such as polypyrrole, polyaniline, polythiophene etc. exhibits good 

photovoltaic characteristics [13][14]. poly(o-toluidine) (POT) is one of the promising polymers in 

photovoltaic cell due to its tunable electrical properties, environmental stability and its 

ease of synthesis.  The polymer (POT) is one of the most important PANI compensators 

containing the CH3-group at the ortho site of the aniline monomer[8]. POT is often considered 

supreme over poly(aniline) because of its ease in processibility, as a result of better suspension 

properties of POT in solvents with compare to polyaniline, and also due to good thermal and 

environmental suitability [3].  

 

 

2. Experimental  
 

CdSe-TEA NPs. with direct  energy gap 2 eV  have been synthesized according to 

published literature [15,16] except that the final synthesized product centrifuged at 3000 rpm for 

10 min and washed two times (5 min) in ethanol. POT-CSA nanoparticles has been synthesized by 

chemical polymerization [17].  

 POT/CdSe hybrid material was prepared according to our published papers [].  

 

 

3. Result and discussions  
 

Figure 1a shows a typical transmission electron microscopy (TEM) image of such CdSe 

nanoparticles. the morphology exhibits spherical in shape and high aggregation was observed. 

Figure 1b shows the optical absorption and emission spectra of CdSe-TEA NPs. from this figure 

the optical band gap was equal to 2 eV. 

 

 

 
 

Fig. 1. (a) TEM images, (b) UV–vis absorption spectra of of CdSe nanoparticles. 
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Figure 2 shows and   investigate the crystalline structure of CdSe-TEA nanoparticles and 

POT-CSA/CdSe-TEA hybrid material. The inset of figure 3 shows the XRD spectra of POT-CSA 

nanoparticles. The characteristics wide peak at 2θ = 23
o
 confirms the formation polymer with 

amorphous or semi crystalline  in nature.  The peaks obtained in the fig.3 XRD spectra of CdSe-

TEA at  25.4
o
 , 42.6

o
 and 49.4

o
 reflection from (111), (200) and (311) respectively are

 
matched 

with the standard pattern of the cubic crystal of CdSe (JCPDS 19-0191); The XRD patterns with 

their broad bands indicate that the CdSe films involve nano-size particles[20].  No peaks resultant 

from impurities were detected, indicating the high purity of the mater.POT-CSA/CdSe-TEA 

hybrid material were presented in red color.  It is evident from figure that the peaks at representing 

Bragg reflection from (111), (200) and (311) planes of CdSe NPs., which reflects the proper 

inclusion of CdSe particles in the hybrid film. It can be realized from figure below that the 

amorphous nature of polymer was found to be decreasing with the presence of NPs. 

 

 
 

Fig. 2. X-ray diffraction patterns of hybrid films CdSe-TEA, H5 (50% CdSe) and inset POT-CSA. 

 

 

Figure 3 shows the FESEM POT: CdSe thin films. The image shows a uniform 

distribution of the NPs in the POT matrix. Hybrid film demonstrate excellent homogeneous 

nanoparticles diffusion. the interface between POT chains and CdSe nanoparticles is sufficiently 

attractive to prevent  of micro phase separation between POT and CdSe, this interaction speed up 

the properties of charge transport (electrons hopping) through the polymer [18]. Micrograph 

demonstrate that the surface of film turn into denser and rougher with the presence of 

nanoparticles in the hybrid films. 

 

 
 

Fig. 3. FESEM analysis POT-CSA/CdSe-TEA. 
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Figure 4 shows the variation of current with varying voltage for of all films . The variation 

have been found to be symmetric and linear up to the operating range of applied voltage. dark 

conductivities of films were measured to study the effect of CdSe ration on the conductivity of the 

films. Doping (in this case presence of CdSe NPs) is responsible of electrical conductivity 

enhancement. The adding of CdSe  might encourage the creation of more effective network for 

charge transport in the POT matrix, resulting in higher conductivities[19]. 

σd of the thin films as a function of temperature is plotted in Figure 5. The conductivity 

increased with the increasing of temperature, signifying that conduction is by means of an 

activated process, which is the characteristic semiconductors behavior. From the figure we can 

conclude that the conduction is through an activated process with single activation energy. 
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Fig. 4.   I–V characteristics of hybrid devices.  
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Fig. 5. The Arrhenius plot of DC conductivity vs. temperature. 

 

 

4. Conclusion 
 

We have studied the structural, omorphological and electrical properties of hybrid POT-

CSA:CdSe-TEA by XRD UV–Vis spectroscopy, and field emission-scanning electron 

microscopy.  The current density–voltage characteristics were studied. Conductivity measurements 

show that the hybrid films semiconducting in nature and the value of conductivity have been 

obtained equal to 0.1 S.cm
-2

.  
 
 

 

 



625 

 

  
 

References  
 

[1] Reiss, P., Couderc, E., De Girolamo, J., & Pron, A. (2011). Conjugated 

polymers/semiconductor nanocrystals hybrid materials-preparation, electrical transport properties 

and applications. Nanoscale, 3(2), 446-489; https://doi.org/10.1039/C0NR00403K 

[2] Khiew, P. S., Huang, N. M., Radiman, S., & Ahmad, M. S. (2004). Synthesis and 

characterization of conducting polyaniline-coated cadmium sulphide nanocomposites in reverse 

-https://doi.org/10.1016/S0167521; -4), 516-rials Letters, 58(3microemulsion. Mate

8-)00537577X(03 

 

[3] Arici, E., Hoppe, H., Schäffler, F., Meissner, D., Malik, M. A., & Sariciftci, N. S. (2004). 

Morphology effects in nanocrystalline CuInSe 2-conjugated polymer hybrid systems. Applied 

z-2503-003-https://doi.org/10.1007/s0033964; -Physics A, 79(1), 59 
 

[4 ] Kareem, T. A. (2016). Mott-Schottky Analysis of the P3HT: ZnScubic and P3HT: ZnShexa 

Bulk Heterojunction Solar Cells. Acta Physica Polonica A, 3(129), 409-413; 

https://doi.org/10.12693/APhysPolA.129.409 
 

[5] Günes, S., Neugebauer, H., & Sariciftci, N. S. (2007). Conjugated polymer-based organic solar 

https://doi.org/10.1021/cr050149z1338; -ical reviews, 107(4), 1324cells. Chem  

[6] Greenham, N. C., Peng, X., & Alivisatos, A. P. (1996). Charge separation and transport in 

conjugated-polymer/semiconductor-nanocrystal composites studied by photoluminescence 

quenching and photoconductivity. Physical review B, 54(24), 17628; 

https://doi.org/10.1103/PhysRevB.54.17628 

 

[7] Truong, N. T. N., Nguyen, H., Le, P. H. T., Park, C., & Jung, J. H. (2017). Bulk Heterojunction 

Solar Cell Devices Prepared with Composites of Conjugated Polymer and Zinc Oxide Nanorods. 

017/4643512https://doi.org/10.1155/2Journal of Nanomaterials, 2017;  
 

[8] Bhand, G. R., Lakhe, M. G., Rohom, A. B., Londhe, P. U., Kulkarni, S. K., & Chaure, N. B. 

(2017). Optical, structural, and morphological properties of PANI/CdSe (TPs) nanocomposite thin 

films. Journal of Materials Science: Materials in Electronics, 28(17), 12555-12563. 
 

[9] Coria-Monroy, C. S., Martínez-Alonso, C., Sotelo-Lerma, M., Hernández, J. M., & Hu, H. 

(2015). Stabilizer-free CdSe/CdS core/shell particles from one-step solution precipitation and their 

application in hybrid solar cells. Journal of Materials Science: Materials in Electronics, 26(8), 

5532-5538. 

 

[10] Liu, J., Tanaka, T., Sivula, K., Alivisatos, A. P., & Fréchet, J. M. (2004). Employing end-

functional polythiophene to control the morphology of nanocrystal− polymer composites in hybrid 

solar cells. Journal of the American Chemical Society, 126(21), 6550-6551; 

https://doi.org/10.1021/ja0489184 

 

[11] Mohammed, K. A., Al-Kabbi, A. S., & Ziadan, K. M. (2020, March). Morphological and 

Electrical Properties of Capped CdSe Nanoparticles. In IOP Conference Series: Materials Science 

and Engineering (Vol. 757, No. 1, p. 012035). IOP Publishing; 

899X/757/1/012035-https://doi.org/10.1088/1757 

 

[12] Thao, T. T., Trung, T. Q., Truong, V. V., & Dinh, N. N. (2015). Enhancement of power 

efficiency and stability of P3HT-based organic solar cells under elevated operating-temperatures 

by using a nanocomposite photoactive layer. Journal of Nanomaterials, 2015; 

https://doi.org/10.1155/2015/463565 

 

[13] Katore, M. S., Nemade, K. R., Yawale, S. S., & Yawale, S. P. (2016). Photovoltaic 

application of architecture ITO/graphene oxide-polyaniline/aluminum. Journal of Materials 

5-5049-016-https://doi.org/10.1007/s108549835; -n Electronics, 27(9), 9828Science: Materials i 
 

[14] Katore, M. S., Nemade, K. R., Yawale, S. S., & Yawale, S. P. (2016). Photovoltaic 

application of architecture ITO/graphene oxide-polyaniline/aluminum. Journal of Materials 

Science: Materials in Electronics, 27(9), 9828-9835. 
 

[15] Mohammed, K. A., Al-Kabbi, A. S., & Zidan, K. M. (2019, August). Synthesis and 

characterization of CdSe nanoparticles. In AIP Conference Proceedings (Vol. 2144, No. 1, p. 

030009). AIP Publishing LLC. 
 

https://doi.org/10.1039/C0NR00403K
https://doi.org/10.1016/S0167-577X(03)00537-8
https://doi.org/10.1016/S0167-577X(03)00537-8
https://doi.org/10.1007/s00339-003-2503-z
https://doi.org/10.12693/APhysPolA.129.409
https://doi.org/10.12693/APhysPolA.129.409
https://doi.org/10.1021/cr050149z
https://doi.org/10.1103/PhysRevB.54.17628
https://doi.org/10.1155/2017/4643512
https://doi.org/10.1021/ja0489184
https://doi.org/10.1021/ja0489184
https://doi.org/10.1088/1757-899X/757/1/012035
https://doi.org/10.1088/1757-899X/757/1/012035
https://doi.org/10.1155/2015/463565
https://doi.org/10.1155/2015/463565
https://doi.org/10.1007/s10854-016-5049-5


626 

 

[16] Mohammed, K. A., Al-Kabbi, A. S., & Ziadan, K. M. (2020). Effect of Complex Agent Type 

on Structural and Optical Properties of CdSe Nano Particles. Advanced Science, Engineering and 

https://doi.org/10.1166/asem.2020.2577780; -Medicine, 12(6), 771 
 

[17] Mohammed, K. A., Ziadan, K. M., Al-Kabbi, A. S., Abdulzahr, D. S., Judi, H. K., & Hussein, 

H. M. (2021). The Role of Formic Acid as Secondary Dopant and Solvent for Poly (O-Toluidine) 

Intrinsically Doped with Camphor Sulfonic Acid. In Materials Science Forum (Vol. 1039, pp. 260-

https://doi.org/10.4028/www.scientific.net/MSF.1039.260; 268). Trans Tech Publications Ltd. 

 

[18] Sampreeth, T., Al-Maghrabi, M. A., Bahuleyan, B. K., & Ramesan, M. T. (2018). Synthesis, 

characterization, thermal properties, conductivity and sensor application study of 

polyaniline/cerium-doped titanium dioxide nanocomposites. Journal of Materials Science, 53(1), 

591-603.conjugated polymer. Journal of Renewable and Sustainable Energy, 1(2), 023107; 

8-1505-017-https://doi.org/10.1007/s10853 

 

[19] Mo, T. C., Wang, H. W., Chen, S. Y., & Yeh, Y. C. (2008). Synthesis and dielectric 

properties of polyaniline/titanium dioxide nanocomposites. Ceramics International, 34(7), 1767-

https://doi.org/10.1016/j.ceramint.2007.06.0021771;  
 

 

 

https://doi.org/10.1166/asem.2020.2577
https://doi.org/10.4028/www.scientific.net/MSF.1039.260
https://doi.org/10.1007/s10853-017-1505-8
https://doi.org/10.1016/j.ceramint.2007.06.002

