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Nowadays, the continuous rise of the Human population emerges diversification of the energetic sources, for 

reliable energy supply. Furthermore, the sustainable development of the modern communities relays to environmentally 

friendly energy production equipment. The apparent energy demand arisen during the last decades has promoted 

remarkable scientific efforts for elaboration of entire new generations of photovoltaic elements (cells). In that means, 

the present brief literature review is attempt to classify the basic types photovoltaic elements 
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Telluride Solar Cells (CTSC); Dye Sensitized Solar Cells (DSSC), Organic Solar Cells (OSC). 

INTRODUCTION 

Each system, composed by electron conductors 

(electrodes), separated by ion conductor 

(electrolyte) can be considered as “electrochemical 

system” [1]. The basic processes that proceed 

inside the electrochemical systems are: 

electrochemical oxidation/reduction reactions on 

the electrode surfaces (that proceed by participation 

of electrons) and ionic transport between the 

electrodes, through the electrolyte. In order to 

work, all electrochemical systems require external 

electric chain for delivery of electrons for the 

respective electrochemical reactions. Additionally, 

all electrochemical systems could be divided into 

two general groups: (i) – electrochemical sources of 

electricity (they convert the chemical energy of 

spontaneous electrochemical reactions to120 

electric power) and (ii) – electrolysers, and 

Galvanic baths (for conversion of electrical power 

to promote desirable electrochemical reactions). To 

the former kind of electrochemical systems belong 

all batteries from the most classical as the elements 

of Danielli [2], Weston [3], Volta, [4], through the 

widely used lead-acid accumulators (batteries) of 

Gaston Planté [5] to the nowadays elaborating 

lithium-ion batteries [6-10], and various kinds of 

fuel cells [11–16]. 

Alternative approach for elaboration of new 

generations of sources of energy is based on the 

employment of the solar energy for excitation of 

electrochemical reactions or metal/semiconductor’s 

charge transfers on the interface between the 

electrolyte and the electrodes. By that manner, the 

thermodynamic demand for excitation of an 

electrochemical reaction or alternatively electron-

hole charge transition can be satisfied by involution 

of light energy via illumination. The response for 

the necessity for development of systems for 

elaboration of light induced energy sources is the 

solar cells, or otherwise called “photovoltaics”. The 

recent interest to these elements (devices) is 

predicted from their potential application as sensors 

for the industrial automation, as well [17].   

In that means, the purpose of the present brief 

review is description and classification of the 

recently developed generations of photo-

electrochemical cells. 

CLASSIFICATION OF THE BASIC TYPES OF 

PHOTOVOLTAICS 

As a result of the literature review, it was 

established that there is a large variety of 

photovoltaic elements (cells), but all they belong to 

five general groups: Silicon Solar Cells (SSC), 

Copper Indium Gallium Selenide Cells (CIGS); 

Cadmium Telluride solar cells (CTSC), Dye 

Sensitized Solar Cells (DSSC), and Organic Solar 

Cells (OSC). All of them are based either on 

conductor/semiconductor junction, or photo-

activated electrochemical reactions. In the former 

case, the light energy promotes electron-hole 

transitions through the metal/semiconductor 

interface, whereas in the latter case, photoactivated 

oxidation/reduction reactions proceed on the 

interface between electrolyte and electrode. Bube 

[18] summarizes 6 kinds of semiconductor 

junctions, according to the interface between the 
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respective semiconductors. Completely all 

electrochemical devices are based on 

oxidation/reduction reactions on the 

electrode/electrolyte interface, combined by ion 

transport across the electrolyte.  

Silicon Solar Cells (SSC) 

It is the most widely spread kind of solar cells, 

owing their origin since 1953 [19]. Cross-sectional 

schematic view of such kind of photovoltaic 

element is depicted in Fig. 1 [20].  

 

Fig. 1. Schematic cross-section of multilayered triple 

conjunction Si-solar cell [20]. 

Copper Indium Gallium Selenide solar cells (CIGS) 

During the recent decades, large variety of 

semiconductor non-electrochemical photovoltaic 

elements (cells) have (has) been elaborated as an 

alternative to the silicon ones. Among the most 

favorite pretenders are the chalcopyrite CIGS and 

the kesterite Cu2ZnSn(S,Se)4 types of semi-

conductive materials, as is mentioned elsewhere 

[21, 22].  As all the rest types of photovoltaics, 

these cells are with multilayer structure, as well. 

Example for this kind of solar elements is depicted 

in Fig. 2.  

In the construction, shown in Fig. 2, the p-n 

transition proceeds on the Cu(InGa)Se2 – CdS. 

This transition is excitised by ZnO photoactive 

layer. The Indium Tin Oxide and the metallic 

molybdenum perform the function of electric 

contact layers for connection with the external 

electrical chain. 

 
Fig. 2. Schematic illustration of CIGS –photovoltaic 

[20]. 

Cadmium Telluride solar cells (CTSC) 

Besides CIGS, cadmium telluride also can be 

employed as adsorptive material. Nevertheless, Cd 

is considered to be highly toxic metal. Its use is 

limited by severe environmental restrictions [23].  

 
Fig. 3. Cross-section of CdTe –solar cell [20]. 
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The organic chemical synthesis provides a great 

variety of organic conductive materials as an 

alternative to the application of heavy and toxic 

metals. In that means, various materials as organic 

dyes for Dye Sensitized Solar Cells, and even 

entirely organic solar cells are object of intensive 

research activities. 

Dye Sensitized Solar Cells 

These elements are based on photoactivited 

(activated) electrochemical processes, unlike all the 

rest photovoltaics. The interest to these elements 

(cells) has been raised remarkably, after the 

publications of O’Regan and Grätzel [24]. Its 

construction is depicted in Fig. 4.  

 
Fig. 4. Scheme of Dye Sensitized Solar cell [25] 

The principle of function of these cells is based 

on reversible electrochemical oxidation of iodine 

ions (I3
- → I-) from (in) the electrolyte and their 

diffusion through the electrolyte. This process 

proceeds being promoted by photoactivation by dye 

sensitized mesoporous titania [24 – 27]. This oxide 

is considered to be non-toxic and biocompatible 

and even appropriate for fabrication of implants [28 

- 30], or drug delivers [31 – 33]. At last, this oxide 

is described as a versatile material for large variety 

of applications [34].   

According to Stacow et al. [35], the 

photosensitizers are substances, generally with 

organic origin, able to transmit the light energy, 

absorbed by them, to neighboring molecules. 

Nevertheless, TiO2 decomposes many organic 

substances when is illuminated by UV light. This 

fact means that titania is able to deactivate the 

photosensitizer by its decomposition. In addition, 

the presence of a liquid phase together with the 

photosensitizer decreases the life time of these 

elements. Furthermore, the simultaneous presence 

of oxidized and reduced iodine ions in the bulk of 

the electrolyte results in the recombination of the 

former by their “quenching” by the reduced form. 

As a result, difficulties related to the reaching of 

high efficiency exist.  

Among the most durable and reliable 

photosensitizers are the tetrapyrole derivatives, 

such as: porphyrines, chlorines, phatlocyanines and 

naphtalocyanines. These compounds enable 

formation of metal complexes, where the metallic 

moiety could predetermine the optical properties of 

the respective metal-organic complex [36]. The 

properties of the respective metal-organic 

photosensitizer could be rather easily modified by 

involvement of different metal ions. Another 

advantage of these substances is their tremendous 

thermal and chemical durability, resulting in their 

compatibility to TiO2-composed solids. 

Additionally, in the same book, these compounds 

are described as generally non-toxic and 

environmentally friendly substances. Indeed, the 

most famous presenters of these classes of 

compounds are the chlorophyll [37] in the algae 

and plants and the haemoglobin in the human and 

animal’s blood [38]. Generally, the tetrapyrrole-

based dyes have various applications, for instance: 

photodynamic therapy of cancer diseases, bleaching 

of textile and paper, purification of air, or water 

disinfection, as is mentioned elsewhere [39].    

Various approaches for improvement of the Dye 

Sensitized Solar Cells are available. The chemical 

modification of TiO2, as DSSC layer enables 

covalent binding with the organic photosensitizes, 

in order to obtain a robust hybrid material (formed 

by covalent bonded dye sensitizer on chemically 

modified TiO2 with maximal porosity and specific 

surface area). Its activity could be supplementary 

enhanced by its modification with by involvement 

of transition metal ions, [40 - 43], noble metals [44, 

45], or by other supplements [46 - 48] prior to dye 

deposition.  

Other approach for optimization of the DSSC 

elements (cells) is the substitution of the liquid 

electrolyte by solid state ones [49, 50]. However, 

the solid state electrolytes supply unsatisfying 

contact, as is established by Gong et al. [51]. In the 

same article, they propose application of quasi-solid 

(gel) electrolyte, remarking its advantages as: (i) 

relatively high ambient ionic conductivity (6–8 

mS.cm-1), (ii) intimate interfacial contact with TiO2, 

and (iii) remarkable electrolyte stability. At the 

initial step, the solvent with a low viscosity 

penetrates the TiO2. The gels are considered as 

“quasi-solid” state, because they are composed by 

equally distributed liquid in the bulk of a solid 

matrix [52].  
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In quasi-solid electrolytes, framework materials 

play an important role for providing of a liquid 

channel for the I3
−/I− diffusion [53]. Examples for 

such “quasi-solid” electrolytes by involvement of 

nanoparticles [54 - 57], or organic gelator [58 - 63] 

could be found in the literature. In [51] is 

mentioned that an alternative direction for 

optimization of the DSSC-elements (cells) is the 

substitution of the iodine compounds by other 

electrochemical mediators (electrolytes). Different 

works are dedicated in this field [64 - 66].    

Alternative direction for enhancing of DSSC 

efficiency is via employment of carbon nanotubes 

[67, 68]. They can be produced extremely easy by 

simple spray pyrolysis of saccharose [69, 70].     

Besides implementation of organic dyes, 

fabrication of almost entire organic solar cells is 

available, as well.  

Organic solar cells 

The organic chemical synthesis provides a great 

variety of compounds composed by only several 

elements: C, H, N, S, and O. In that means, the 

Organic Solar Cells could be fabricated without of 

any heavy metal (such as Cd), and rather less 

amounts of semiconductors or novel elements. 

Other advantage of OSC is that their industrial 

fabrication could proceed at moderate temperatures, 

without of remarkable energetic expense.  

The functional principle of a typical organic solar 

cell is described to be opposite to this of the light 

emitting diodes [71]. When light is absorbed an 

electron is promoted from the highest occupied 

molecular orbital (HOMO) to the lowest 

unoccupied molecular orbital (LUMO) forming an 

exciton (see Fig. 5). In a PV device, this process is 

followed by exciton dissociation. The electron 

reaches one electrode while the hole must reach the 

other electrode.  

Sn-oxides could be SnO or SnO2, according to 

the oxidation state of tin, whereas the most typical 

oxidation state of Indium is +3. In that means, the 

difference the doping of Sn(IV)-oxide by In(III) 

promotes depletion of electrons (vacancies), while 

the In(III) added Sn(II)-oxide should possess excess 

of electrons. When the element in Fig. 5-b is 

illuminated, the organic substance becomes electric 

conductor, and the more active metals from the 

counter-electrode render their electrons to com-

pensate the electron vacancies in the InxSn1-xO4 δ+.  

The conductivity of the organic substances 

could appear only when they possess a 

“conjugated” structure. This class of organic 

substances has cyclic structures with subsequent 

repetition of double bonds. They enable the 

presence of delocalized π-molecule orbitals 

enabling transmission of electrons through the 

entire organic molecules [72]. All organic 

substances with: (i) aromatic structures, (such as 

benzene, naphthalene, the antraquinones, 

phenantrenes); (ii) pyrrole (iii) aniline derivatives, 

etc. possess electric conductivity. Among the most 

appropriated organic conductors are the mentioned 

in the previous section porphyrines and 

phtallocyanines.  

Regardless the apparent similarity between the 

Dye Sensitized Solar Cells and the Organic Solar 

Cells, the latter (e.g. OSC) are not electrochemical 

devices, because any ionic transport is not involved 

in their function. Consequently, the Organic Solar 

Cells do not relay to the definition for an 

“electrochemical device” [1].   

Nowadays, there are various approaches for 

optimization of the organic solar cells in both 

directions of increasing of their efficiency, and 

extending of their durability [73]. One of the basic 

trends in the elaboration of new OSC is the 

employment of junctions of more than one 

polymer. 

 

 
Fig. 5. Illustrations of light emitting diode (a) and organic photovoltaic element (b) [71], ITO - Indium Tin Oxide 



V. Bozhilov et al.: Classification and functional characterization of the basic types of photovoltaic elements 

21 

Here should be mentioned that when elements as 

O, S, or N are included in the organic compound, it 

could reveal semiconductors properties. The reason 

for these properties is the aptitude of these elements 

to change their oxidation state (for example N(III) 

→ N(V); S(II) → S(VI), etc.). In that means 

various polymers of organic substitution derivatives 

are investigated [74 – 80]. Involvement of carbon 

nano-particles is also described in the literature [73, 

81]. Besides, there are technologies for their easy 

production [69, 70].  

The main disadvantages of the organic solar 

cells are their relatively low efficiency [73], and 

low durability. The main processes of deterioration 

of these elements are: water and O2 uptake that 

lead to corrosion of the metallic electrodes, 

decomposition oxidation and hydration of the 

organic stuff as is describe in detail, elsewhere [82]. 

CONCLUSION 

As a result of the literature review done, several 

important conclusions were reached:  

The photovoltaics can be divided into five main 

groups: (i) - Silicon Solar Cells (SSC), (ii) - Copper 

Indium Gallium Selenide Cells (CIGS), (iii) - 

Cadmium Telluride solar cells (CTSC); (iv) - Dye 

Sensitized Solar Cells (DSSC), (v) - Organic Solar 

Cells (OSC). The former three groups are 

completely composed by inorganic materials, 

whereas the latter two contain organic compounds 

in their structures.   

The latter two groups of PV are more 

perspective for R & D, then the former, because 

they are relatively newer classes, and do not require 

toxic or environmentally incompatible elements, 

such as cadmium.  

From all five groups of PV, only DSSC can be 

considered as photoelectrochemical devices, 

because of presence of purely electrochemical 

processes of oxidation/reduction and ion transport 

between the electrodes. 

Acknowledgements: The authors appreciate the 

EC financial support of this work in 7fp, project No 

286605, “FABRIGEN”. 

REFERENCES 

1. R. Petrucci, W. Horwood, General Chemistry. 

Modern principles and applications, 7th. Edition, 

publ. Prentice Hall Iberia, Madrid (1999) p. 728 – 

729.    

2. http://de.wikipedia.org/wiki/Daniell-Element  

3. I. Nenov, “Bases of the Electrochemistry”, Gov. ed. 

“Technicka”, Sofia, (1989), pp. 164- 165.  

4. http://www.chemieunterricht.de/dc2/echemie/voltaelt

.htm 

5. http://en.wikipedia.org/wiki/Lead%E2%80%93acid_

battery 

6. C. Julien, Z. Stoynov (ed.), “Materials for Lithium 

Ion batteries”, Kluwer academic publishers, (publ. 

house) Dordrecht, (The Netherlands) – 2000.  

7. H. Vasilchina, A. Aleksandrova, A. Momchilov, B. 

Banov, A. Barau, M. Zacharesku,  “Spherical 

graphite as anode in high efficient lithium batteries”, 

Proceedings of the international Workshop “Portable 

and Emergency Energy Sources – from materials to 

systems”, 16 – 22 September 2005 Primorsko 

(Bulgaria), P. 1-4 – P.4-6.  

8. V. Manev, A. Momchilov, K. Tagawa, A. Kozawa, 

Prog. Batteries Battery Mat., 12, 157 (1993).   

9. N. Ilchev, B. Banov, J. Power Sour., 35, 175 (1991).  

10. V. Manev, I. Naidenov, B. Puresheva, G. Pistoia, J. 

Power Sour.,  57, 133 (1995).  

11. S.M. Hristov, R.I. Boukoureshtlieva,Y.D. Milusheva, 

Bul. Chem. Comm., 43, 111 (2011). 

12. Z. Stoynov, D. Vladikova, G. Raikova, D. Soysal, Z. 

Ilhan, S. Ansar, "Impedance Behavior of 

LSCF/YDC/LSCF Symmetrical Half Cell Prepared 

by Plasma Spray", Proceeds. Advances and 

Inovations in SOFCs, Katarino, Bulgaria (2009) p. 

77. 

13. V. Kozhukharov, N. Brashkova, M. Ivanova, J. 

Carda, M. Machkova, Bol. Esp. Ceram. Vidrio, 41, 

471 (2002).  

14. E. Budevski, J. Optoelectronics Adv. Mat. 5, 1319 

(2003).  

15. S. Simeonov, M. Machkova, V. Kozhukharov, J-C. 

Grenier, Annual Proceed. “Angel Kanchev” 

University of Ruse (Bulgaria) 49, 8. (2010). 

16. 16. S. Simeonov, S. Kozhukharov, M. Machkova, N. 

Saliyski, V. Kozhukharov, J. Univ. Chem. Technol. 

Met. 47, 1319 (2012).   

17. Z. Nenova, S. Ivanov, T. Nenov, Sensors in the 

Industrial automation, “Ex-Express” Ltd. ed. – 

Gabrovo, (Bulgaria), 2011, pp. 104 – 107.  

18. R. H. Bube, “Photovoltaic materials”, Imperial Press 

Colledge Press. (1998), 17 – 24.   

19. Chapin DM, Fuller CS, Pearson GL. “A new silicon 

p–n junction photo cell for converting solar radiation 

into electrical power”. Journal of Applied Physics; 

25: 676 (1954) 

20. K. L. Chopra, P. D. Paulson, V. Dutta, Prog. 

Photovolt. Res. Appl., 12, 69 (2004).   

21. D. Fraga, R. Marti, T. Lyubenova, L. Oliveira, A. 

Rey, S. Kozhukharov, J. Carda, Proceed. “Angel 

Kanchev” University of Ruse 51, (9.1), (2012), 46 – 

49.  

22. S. Ahmed, K. B. Reuter, O. Gunawan, L. Guo, L. T. 

Romankiw, H. Deligianni, Adv. Energy Mater. 2, 253 

(2012). 

23. EU Directive 2002/95/EC “Restriction of Hazardous 

Substances in Electrical and Electronic Equipment” 

(RoHS directive 2002), www.broadcom.com/docs/  

www.chem.agilent.com/ 

http://www.chemieunterricht.de/dc2/echemie/voltaelt.htm
http://www.chemieunterricht.de/dc2/echemie/voltaelt.htm
http://en.wikipedia.org/wiki/Lead%E2%80%93acid_battery
http://en.wikipedia.org/wiki/Lead%E2%80%93acid_battery
http://www.broadcom.com/docs/
http://www.chem.agilent.com/


V. Bozhilov et al.: Classification and functional characterization of the basic types of photovoltaic elements 

22 

24. B. O’Regan, M. Gratzel, Nature, 353, 737 (1991).  

25. A. Hagfeld, U. Cappel, G. Boschoo, L. Sun, L. Kloo, 

H. Pettersson, E. Gibson, Practical Handbook of 

Photovoltaics, Elsevier Ed. 2012, p. 498.  

26. Md. K. Nazeeruddin, E. Baranoff, M. Grätzel, Solar 

Energy, 85, 1172 (2011).  

27. M. Grätzel, A. J. McEvoy, “Principles of Dye 

Sensitized Nanocrystalline Solar Cells”, accessible 

via:www.photoelectrochemistry.epfl.ch/EDEY/AJEE

.pdf 

28. S-H. Lee, H-W. Kim, E-J. Lee, L-H. Li, H-E. Kim, J. 

Biomater. Appl., 20, 195 (2006).  

29. K. Gotfredsen, A. Wennenberg, C. Johanson, L.T. 

Skovgaard, E. Hjorting-Hansen, J. Biomed. Mater. 

Res., 29, 1223 (1995). 

30. A. Kar, K. S. Raja, M. Mishra, Surf. Coat. Technol., 

201, 3723 (2006). 

31. Y. Qin, L. Sun, X. Li, Q. Cao, H. Wang, X. Tang, L. 

Ye, J. Mater. Chem., 21, 18003 (2011). 

32. H. Jiang, T. Wang, L. Wang, C. Sun, T. Jiang, G. 

Chen, S. Wang, Micropor. Mesopor. Mater., 153, 

124 (2012). 

33. H. Peng, S. Feng, X. Zhang, Y. Li, X. Zhang, Sci. 

Total Env., 438, 66, (2012).  

34. V. Bozhilov, S. Kozhukharov, E. Bubev, M. 

Machkova, V. Kozhukharov, “Application of TiO2 

and its derivatives for alternative energetic sources”, 

Proceedings of “Angel Kanchev” University of Ruse 

(Bulgaria), 51, (9.1), (2012), 36 – 40.  

35. R. J. Stakow, R. Burstein, UCLA, Grad. Sci. Jour, 68 

(2002). 

36. R. Bonnett, “Chemical aspects of photodynamic 

therapy”, Ed. Gordon & Breach Sci. Publication, 

(London) – 2000, pp. 142 – 145.   

37. D. Schumm, Essentials of biochemistry, 2nd. Ed. 

Little Brown & Co. (Inc.) (Boston OH – USA 

(1988), 286 – 288. 

38. E. Ganchev, T. Nickolov, Biochemistry for medicals 

and dentists, Kl. Okhridsky ed. (1995), 591 – 596.   

39. M. Krysteva, S. Artarsky, S. Kozhukharov, J. Univ. 

Chem. Technol., 38, 793 (2003). 

40. A. T. Vu, Q. T. Nguyen, T. H. L. Bui, M. C. Tran, T. 

P. Dang, T. K. H. Tran, Adv. Nat. Sci., 

doi:10.1088/2043-6254/1/1/015009 

41. M. Chong, B. Jin, Christopher P. Saint, Chem. Eng. 

Jour., 171, 16 (2011). 

42. C. Karanukaran, A. Vijabalan, G. Manikandan, Res. 

Chem. Intermed. DOI 10.1007/s11164-012-0700-0.  

43. J. Zhu, F. Chen, J. Zhang, H. Chen, M. Anpo, J. 

Photochem. Photobiol., A-180, 196 (2006). 

44. N. Dragan, D. Crisan, M. Crisan, M. Raileanu, A. 

Braileanu, A. Ianculescu, V. Teodorescu, “Sol-Gel 

Ag/TiO2 films from nanopowders – structural study”, 

Proceedings, “4th. Balkan Conference on glass 

science and technology & 16th conference on glass 

and ceramics”, 27 September – 01 October, 2011, 

Varna, (Bulgaria), Vol. 2, “Ceramics”, 145 - 150. 

45. D. Crisan, N. Dragan, M. Crisan, M. Raileanu, A. 

Braileanu, A. Ianculescu, D. Mardare, D. Luca, A. 

Nastuta, “Sol-Gel Au/TiO2 films from nanopowders – 

structural study”, Proceedings, “4th. Balkan 

Conference on glass science and technology & 16th 

conference on glass and ceramics”, 27 September – 

01 October, 2011, Varna (Bulgaria), Vol. 2, 

“Ceramics”, 138 - 144. 

46. S-J. Cho, C-K. Junk, Y-H. Song, J-H. Boo, 

“Synthesis of N-doped TiO2 photocatalytic thin films 

with controlled nitrogen partial pressure and study on 

their catalytic activity”, Proceedings “First 

international conference on materials for energy” – 4-

8 July 2010, Karlsruhe, (Germany), B-1121. 

47. M. Crisan, M. Raileanu, A. Braileanu, M. Crisan, N. 

Dragan, I. Nitoi, A. Ianculescu, “Sol-Gel pure and S-

doped TiO2 with ecological applications”, 

Proceedings, “4th. Balkan Conference on glass 

science and technology & 16th conference on glass 

and ceramics”, 27 September – 01 October, 2011, 

Varna (Bulgaria), Vol. 2, “Ceramics”, pp. 151-155. 

48. D. Li, H. Haneda, S. Hishita, N. Ohashi, N. K. 

Labhsetwar, Jour. Fluor. Chem., 126, 69 (2005). 

49. A. Dualeh, R. Humphry-Baker, J. H. Delcamp, M. K. 

Nazeeruddin, M. Gratzel, Adv. Energy Mater. DOI: 

10.1002/aenm.201200701 

50. H. Sakamoto, S. Igarashi, K. Niume, M. Nagai, J. 

Ceram. Soc. Japan, 120, 304 (2012). 

51. J. Gong, J. Liang, K . Sumathy, Renewable and 

Sustainable Energy Reviews 16, 5848 (2012). 

52. S. Kozhukharov, J. Univ. Chem. Technol. Met., 44, 

143 (2009). 

53. F-T. Kong, S-Y. Dai, K-J. Wang, Adv. 

OptoElectronics, ID 75384, (2007), 13 pages. 

54. P. Wang, S. Zakeeruddin, P. Comte, I. Exnar, M. 

Grätzel, J. Amer. Chem. Soc., 125, 1166 (2003). 

55. Z. Lan, J. Wu, J. Lin, M. Huang, J. Sol-Gel Technol. 

53, 599 (2010). 

56. J. Park, D. Roh, S. Ahn, J. Kim, J. Nanosci. 

Nanotechnol., 11, 1718 (2011). 

57. H. Usui, H. Matsui, N. Tanabe, and S. Yanagida, J. 

Photochem. Photobiol. A-164, 97, (2004). 

58. L. Gu o, S.-Y. Dai, K .-J. Wang , X .-Q. Fang , C .-

W. Shi, and X . Pan, Chem. Jour. Chinese Univ., 26, 

1934 (2005).  

59. V. Jovanovski, E . Stathatos, B. Orel, P. Lianos, Thin 

Solid Films, 511, 634 (2006). 

60. L. Wang , S. Fang , Y. Lin, X. Zhou, and M. Li, 

Chem. Commun., 45, 5687 (2005). 

61. P. Wang, S. M. Zakeeruddin, I. Exnar, M . Grätzel, 

Chem. Commun., 8, 2972 (2002). 

62. K. Suzuki, M . Yamaguchi, M. Kumagai, N. Tanabe, 

and S. Yanagida, Comptes  Rendus Chimie, 9, 611 

(2006). 

63. J. Kang , W. Li, X. Wang , Y. Lin, X. Xi ao, and S. 

Fang, Electrochim. Acta, 48, 2487 (2003).  

64. Gorlov M, Pettersson H, Hagfeldt A, Kloo L., Inorg. 

Chem., 46, 3566 (2007). 

65. J. Yum, E. Baranoff, F. Kessler, T. Moehl, S. 

Ahmad, T. Bessho, A. Marchioro, E. Ghadiri, J. 

Moser, C. Yi, M. Nazeeruddin, M. Grätzel, Nature 

Commun., 3, 631 (2012). 

http://www.ncbi.nlm.nih.gov/pubmed/21456275##
http://www.ncbi.nlm.nih.gov/pubmed/21456275##


V. Bozhilov et al.: Classification and functional characterization of the basic types of photovoltaic elements 

23 

66. N Papageorgiou, Y. Athanassov, M. Armand, P. 

Bonhote, H. Pettersson, A. Azam, M.Grätzel, J. 

Electrochem. Soc. 143, 3099 (1996). 

67. K. Atiola, A. Kaskela, J. Halme, V. Ruiz, A. 

Nasibulin, E. Kauppinen, P. D. Lund, Electrochem. 

Soc. 157, 1831 (2010).  

68. G. Hashmi, K. Miettungen, T. Peitola, J. Halme, I. 

Asghar, K. Aitola, M. Toivola, P. Lund, Renewable 

and Sustainable Energy Reviews, 15, 3717 (2011).  

69. M. Fortunato, M. Rostam-Abadi, K. Suslick, Chem. 

Mater., 22, 1610 (2010). 

70. Al. Darabont, P. Nemes–Incze, K. Kertész,L. 

Tapasztó, A. A. Koós, Z. Osváth, Zs. Sárközi, Z. 

Vértesy, Z. E. Horváth, L. P. Biró, J. Optoelectronics 

Adv. Mat., 7, 631 (2005). 

71. H. Spanggaard, F. C. Krebs, Sol. Energy Mater. Sol. 

Cells, 83, 125 (2004). 

72. G. Petrov, Organic Chemistry, “Kl. Okhridsky” 

Acad. Ed. (1996), p. 227.    

73. W. Cai, X. Gong, Y. Cao, Sol. Energy Mater. Sol. 

Cells, 94, 114 (2010). 

74. N. Blouin, A. Michaud, M. Leclerc, Adv. Mater., 19, 

2295 (2007). 

75. F. Banishoeib, A. Henckens, S. Fourier, G. 

Vanhooyland, M. Breselge, J. Manca, T. J. Cleij, L. 

Lutsen, D. Vanderzande, L. H. Nguyen, H. 

Neugebauer, N. S.Sariciftci, Thin Solid Films, 516, 

3978 (2008). 

76. H. Hoppe, N. S. Sariciftci, Adv. Polym. Sci., 214, 1 

(2008). 

77. F. Banishoeib, P. Adriaensens, S. Berson, S. 

Guillerez, O. Douheret, J. Manca, S. Fourier, T. J. 

Cleij, L. Lutsen, D. Vanderzande, Sol. Energy Mater. 

Sol. Cells, 91, 1026 (2007). 

78. C. J. Brabec, J. R. Durrant, M.R.S. Bull., 33, 670 

(2008). 

79. B. C. Thompson, J. M. Frechet, Angew. Chem. Int. 

Ed., 47, 58 (2008). 

80. C.Y.Yu, C.P.Chen, S.H.Chan, G.W.Hwang, C. Ting, 

Chem. Mater. 21, 3262 (2009). 

81. J. K. Lee, W. L. Ma, C. J. Brabec, J. Yuen, J. S. 

Moon, J. Y. Kim, K. Lee, G. C. Bazan, A. J. Heeger, 

J. Am. Chem. Soc., 130, 3619 (2008). 

82. M.Jørgensen, K. Norrman, F. C. Krebs, Sol. Energy 

Mater. Sol. Cells, 92, 686 (2008).  

 

 

КЛАСИФИКАЦИЯ И ФУНКЦИОНАЛНА ХАРАКТЕРИСТИКА НА ОСНОВНИТЕ 

ВИДОВЕ ФОТОВОЛТАИЧНИ ЕЛЕМЕНТИ 

В. Божилов*, С. Кожухаров, Е. Бубев, М. Мачкова, В. Кожухаров 

Химикотехнологичен и Металургичен университет, бул. Климент Охридски 8, 1756 София, България 

Постъпила на 6 февруари, 2013 г.; Коригирана на 10 април, 2013 г. 

(Резюме) 

В днешно време, поради непрекъснатото увеличаване на населението възниква диверсификация на 

енергийните източници. Освен това, устойчивото развитие на съвременното общество се променя към 

производство на екологично чиста енергия. Високото потребление на енергия през последните десетилетия е 

насърчило забележително научните изследвания за разработване на цели нови поколения фотоволтаични 

елементи (клетки). В този смисъл ще бъде представен кратък литературен обзор на основните видове 

фотоволтаични елементи.  


