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1. Synthesis and characterization of  new conjugated oligomers and polymers with 

donor groups 

1.1.  New oligomers and polymers based on triphenylamine and 

indolocarbazole 

1.2. Structural characterization of polymers by IR and NMR spectroscopy, 

optical properties, electronic structure (HOMO and LUMO levels, by 

electrochemical method). 

 

Indolocarbazole-based  polymers 

 

Because, among donor polymers, the fused-ring based polymers have achieved so 

far the best performance we proposed also to use indolocarbazole coupled by  para-

linkages for a higher effective conjugation length. The penta-fused heterocyclic unit of 

indolocarbazole provides a large coplanar π-conjugated system with effect on absorption 

spectrum. And among the five members of indolocarbazole family, indolo[3,2-

b]carbazole (ICZ) isomer has attracted considerable interest in the last years for organic 

electronics. 
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Indolo [3,2-b] carbazol 

 

It is analogue of carbazole and contains indole unit fused to the 2,3 positions of one 

of the benzenoid rings of the carbazole moiety and the two nitrogen atoms are in ex situ 

each to other yielding to a rigid and coplanar structure with a more extended conjugation, 

stronger electron donating character and higher charge carrier mobility compared to 

carbazole. Functionalized ICZs are used as building blocks for synthesis of new hole-

transport materials having good thermal and photochemical stability and applications in 

electrophotography, organic field effect transistors, organic light emitting diodes, 

photovoltaic solar cells, and dye-sensitized solar cells. Although for synthesis of 

indolo[3,2-b]carbazole ([3,2-b]ICZ) skeleton were developed some efficient methods, 

bisbromine derivatives are synthesized by laborious methods and with very low overall 

yields (6 and 7 %). For the introduction of bromine functional groups at 2,8- or 3,9- of 

ICZ we proposed an alternative synthetic scheme based on the use of pre-functionalised 

indole derivatives containing bromine at 5- or 6- position. Thus, three monomers 

containing two bromine atoms in different positions (Scheme 1) were synthesized from 

indole, 5-bromoindole or 6-bromoindole (available commercial products) used in 

condensation with equimolar quantities of aldehydes and in presence of 2 %mole 

hydroiodic acid (57%) as catalyst to obtain the corresponding dibromine-substituted [3,2-

b] ICZs as a mixture of aromatic and dihydro- isomers (Scheme 2). The dihydro- 

compounds are formed from a mixture of trans (predominant) and cis isomers. 



 
 

Scheme 1: Structure of  2,8-dibromo-5,11-di(2-etylhexyl)-6,12-diphenyl-5,11-

dihydroindolo[3,2-b]carbazole (M1), 3,9-dibromo-5,11-di(2-etylhexyl)-6,12-diphenyl-

5,11-dihydroindolo[3,2-b]carbazole (M2) and 6,12-di(4-bromophenyl)- 5,11-di(2-

etylhexyl)-6,12-diphenyl-5,11-dihydroindolo[3,2-b]carbazole (M3) 

 

 

Scheme 2: Synthesis of indolo[3,2-b]carbazole monomers: (i) 0.2 echiv. HI (57%), 

acetonitril, room temperature, 18 hrs, then 80
o
C for 7 hrs. (ii) I2, acetonitrile, 28 hrs. (iii) 

2-etilhexil bromide, NaOH (50%), (C2H5)4NBr, DMSO, room temperature. 

 

 

The structures were proved by FT-IR, 
1
H-, 

13
C-, 2D-HMQC and COSY-NMR 

spectroscopy, and mass spectroscopy. Some results are presented in the next tables and 

figures. 

Table 1: Spectral characterization of monomers 

 

Monomer 
1
H-RMN (δ, ppm) 

13
C-RMN (δ, 

ppm) 
FTIR (cm

-1
) 

 
2,8-dibromo-6,12-

7.15 (s, 1), 7.37-

7.44 (m, 3+4), 

+7.69-7.77 (m, 

7+8+9), 10.56 (s, 

5)  

108.96, 112.58, 

117.00, 119.37, 

123.18, 123.68, 

127.26, 127.84, 

128.89, 129.46, 

133.76, 135.97, 

140.28 

3429, 3060, 3027, 

1604, 1540, 1449, 

1349, 1278, 1213, 

1090, 1027, 879, 

805, 781, 753, 

705, 672, 567 



diphenyl-5,11-

dihydroindol[3,2-

b]carbazole 

 
3,9-dibromo-6,12-

diphenyl-5,11-

dihydroindol[3,2-

b]carbazole 

6.94-7.01 (q,1), 

7.50 (s, 4), 7.60-

7.79 (m, 

2+7+8+9), 

10.74 (s, 5) 

113.59, 117.20, 

118.17, 119.71, 

120.32, 121.22, 

122.62, 128.32, 

129.44, 129.87, 

133.80, 136.32, 

142.66 

3424, 3056, 3022, 

1604, 1536, 1435, 

1349, 1305, 1241, 

1211, 1053, 919, 

840, 803, 775, 

704, 584, 519 

 
6,12-di(4-bromophenyl)-

5,11-dihydroindolo[3,2-

b]carbazole 

6.87-6.91 (t, 3), 

7.12-7.14 (d, 4), 

7.26-7.30 (t, 2), 

7.42-7.45 (d,1), 

7.65-7.67 (d, 7), 

7.91-7.93 (d, 8), 

10.64 (s, 5) 

110.71, 115.47, 

117.25, 120.68, 

120.92, 121.72, 

124.84, 131.81, 

131.90, 133.31, 

135.93, 141.49 

3403, 3053, 1614, 

1539, 1484, 1457, 

1391, 1350, 1314, 

1248, 1215, 1136, 

1069, 1010, 822, 

745, 616, 558, 

534 

 
2,8-dibromo-5,11-di(2-

etylhexyl)-6,12-diphenyl-

5,11-dihydroindolo[3,2-

b]carbazole 

0.58-0.95 (m, 

18+22), 1.04-1.32 

(m, 19+20+21), 

1.71 (m, 16), 3.81 

(d, 15), 6.4 (d, 4), 

7.1 (d, 1), 7.3 (dd, 

3), 7.62-7.73 (m, 

7+8+9). 

10.42, 14.00, 

23.04, 23.14, 

28.16, 29.84, 

39.16, 48.44, 

110.49, 110.52, 

118.45, 122.59, 

124.34, 125.14, 

127.76, 128.54, 

129.11, 129.14, 

131.12, 133.24, 

138.02, 141.98 

3444, 3057, 3026, 

2956, 2926, 2862, 

1599, 1518, 1458, 

1443, 1340, 1283, 

1228, 1165, 1098, 

1067, 1024, 876, 

791, 732, 702, 

645, 586 

 
3,9-dibromo-5,11-di(2-

etylhexyl)-6,12-diphenyl-

5,11-dihydroindolo[3,2-

b]carbazole 

0.58-0.95 (m, 

18+22), 1.05-1.43 

(m, 19+20+21) 

1.85 (m, 16), 3.74 

(d, 15), 6.19-6.21 

(d, 1), 6.87-6.89 (d, 

2), 7.39 (s, 4), 

7.62-7.68 (m, 

7+8+9). 

10.45, 13.96, 

23.02, 23.09, 

25.61, 27.97, 

29.65, 30.32, 

39.05, 48.39, 

67.97, 112.08, 

118.31, 119.12, 

120.97, 121.63, 

122.72, 123.39, 

128.42, 129.01, 

129.06, 131.18, 

3075, 3055, 3024, 

2959, 2928, 2873, 

2857, 1597, 1521, 

1460, 1435, 1382, 

1352, 1314, 1230, 

1163, 1066, 1024, 

927, 888, 828, 

797, 737, 703, 

590 



133.20, 138.19, 

144.16 

 
6,12-di(4-bromophenyl)-

5,11-di(2-etylhexyl)-5,11-

dihydroindolo[3,2-

b]carbazole 

0.62-0.79 (m, 

18+22), 0.95-1.09 

(m, 19+20+21), 

1.69 (m, 16), 3.88 

(d, 15), 6.52-6.54 

(d, 3), 6.85 (s, 4), 

7.30-7.32 (m, 1+2), 

7.55 (s, 7), 7.72-

7.79 (d, 8). 

10.53, 14.01, 

23.07, 23.22, 

28.22, 30.03, 

39.19, 48.40, 

109.35, 116.91, 

118.01, 122.10, 

122.38, 122.47, 

122.63, 125.27, 

132.05, 132.11, 

133.03, 133.21, 

137.74, 143.28 

3071, 3050, 2958, 

2928, 2871, 2858, 

1608, 1517, 1461, 

1385, 1351, 1317, 

1230, 1170, 1147, 

1094, 1071, 1011, 

825, 743 

 
Figure 1: UV spectra of monomers (in THF) 

 

 

 

Table 2: Optical characteristics of monomers in THF solution  

 

Monomer λabs
max

 (nm) λem
max 

(nm)
 

M1b 287, 329, 344, 403, 424 451 

M2b 286, 330, 347, 394, 415 442 

M3b 265, 308, 324, 339, 413 451 

M1c 294, 329, 344, 406, 431 441 si 467 (umar) 

M2c 297, 332, 348, 398, 421 434 si 455 (umar) 

M3c 266, 284, 323, 338, 394, 418 434 si 451 (umar) 

 

Using the synthesized three new monomers, nine polymer structures, of 

polyarylenevinylene (P1-P3), polyaryleneethynylene (P4-P6) and polyarylene (P7-P9) 

type have been sythesized by Stille, Soogashira and Respectively Suzuki 

polycondensation. Their structure s are presented in the following Schemes. 



 

Scheme 3: Synthesis of polyarylene vinylenes (P1, P2 si P3) and polyarylene 

ethynylenes (P4, P5 si P6) containing 5,11-di(2-ethylhexyl)-6,12-diphenyl-5,11-

dihydroindolo[3,2-b]carbazole by (1) Stille si (2) Sonogashira polycondensation 

 
Scheme 4: Synthesis of polyarylenes (P7, P8 si P9) containing 6,12-diphenyl-5,11-

di(2-ethylhexyl)-5,11-dihydroindolo[3,2-b]carbazole units by Suzuki polycondensation. 

 

The polymer structures were proved by FTIR, 
1
H- and 

13
C-NMR spectroscopy and 

molecular weights estimated by GPC. 
1
H-NMR spectra of polymers are presented in 

Figures 2 and 3 while optical and electrochemical properties are summarized in Tables 3-

5. 



 
Figure 2: 

1
H-NMR spectra of a) arylene vinylene (P1, P2 and P3) and b) arylene 

ethynylene (P4, P5 and P6) polymers 

 

 
 

Figure 3: 
1
H-NMR spectra of arylene polymers P7, P8 and P9 

 



Table 3: Optical properties of polymers  

Polymer Solution
 

Film
 

 λ
abs

max (nm) λ
em

max (nm) λ
abs

max (nm) λ
em

max (nm) 

P1 263s, 346, 385s, 433s 462, 492s 261s, 298, 327, 344, 

387, 427 

466, 487, 535s 

P2 292, 351, 409s, 432 485, 519s 293, 353s, 439, 468s 530 

P3 286, 325, 341, 399, 

421 

453 284, 327, 343, 398s, 

421 

458 

P4 302, 345, 400 403, 500 303, 332s, 350, 430 463, 487, 532 

P5 297, 385 500 295, 382 490, 534s 

P6 288,326, 339, 383, 

421 

381, 403, 467 287, 327, 343, 395, 

421 

461, 485, 536 

 

P7 289, 324, 339, 420 442 288, 341, 398, 421 455, 485s 

P8 266s, 287, 324, 340, 400, 

420 

438, 459s 286, 326s, 344, 398, 

421 

465s, 486 

P9 267s, 287, 325, 340, 400, 

420 

437, 457s 282, 326, 398, 421 460s, 484 

 

Table 3: Electrochemical properties of polymers 

Polymer E
ox

(onset)
a
 (V) E

red
(onset)

b
 

(V) 

EHOMO
c
 ELUMO

c 
Eg

d
 (eV) 

P1 0.76 -0.89 -5.13 -3.46 1.67 

P2 0.86 -0.86 -5.23 -3.50 1.73 

P3 0.81 -0.90 -5.18 -3.46 1.72 

P4 0.83 -0.92 -5.20 -3.43 1.77 

P5 0.73 -0.85 -5.11 -3.51 1.60 

P6 0.83 - -5.19 - - 

P7 0.883 -0.920 -5.23 -3.43 1.80 

P8 0.878 -0.882 -5.21 -3.45 1.76 

P9 0.809 -0.797 -5.17 -3.56 1.60 
a
 Oxidation potential 

b
 Reduction potential 

c
 EHOMO = -e(E

ox
(onset) – 0.43) - 4.80 (eV), ELOMO = -e(E

red
(onset) – 0.43) - 4.80 (eV) 

d
  Eg = ELUMO - EHOMO 

 

Triphenylamine-based polymers 

 

The interest for oligomers and polymers that contain triphenylamine units is in a 

continuous growing due to their interesting optical and electrical properties provided by 

triphenylamine molecule. Combining the properties of triphenylamine derivatives with 

the advantages of vinyl segments, new electroactive conjugated polymers have been 

synthesized. Even if triphenylamine units don’t have a planar structure, these do not 

interrupt the π-conjugation system along the backbone due to the presence of the lone 

electron pair on the nitrogen atom. The optoelectronic properties of poly(arylene-

vinylene) can be easily tuned by incorporation of triple bonds as side chains of the 



polymer backbone. Generally, the reaction can be achieved via Sonogashira Pd-catalysed 

coupling reaction between a halogenated aromatic derivative and phenylacetylene, in the 

presence of Pd- based catalysts and triethylamine, as reaction solvent. The conjugated 

polymers with triple bonds as pendant groups, may offer a path to new classes of 

polymers as materials for construction of high performance photovoltaic devices.  

New π-conjugated polymers based on triphenylamine monomers with different 

molar composition, were synthesised by Wittig polycondensation reactions. These 

reactions were carried out in the presence of bisphosphonium salt and potassium t-

butoxide. After purification procedures, the polymers were obtained as yellow -green 

solid powders. The synthetic route toward the poly(triphenylamine-vinylene)s is shown 

in Scheme 5. The subscripts n and m indicate the molar ratio between the monomer 1 and 

monomer 2. 

The poly(triphenylamine-vinylene)s (PAVa and PAVb) contain in their structure 

iodine atoms which act as reactive sites, and thus being susceptible to reaction with a 

terminal alkyne compound. The incorporation of the phenylacetylene as a pendant group 

attached to the poly(triphenylamine-vinylene) backbone was carried out by Sonogashira 

Pd-catalyzed coupling reaction between the iodine atom from the p-position of the 

triphenylamine units and phenylacethylene, in the presence of Pd - based catalysts 

[(PPh3)2PdCl2, CuI, PPh3)] and triethylamine used as solvent.  

The syntheses of polymers were carried out via Wittig polycondensation, and the post-

modification coupling reactions were performed by Sonogashira Pd-catalysed coupling 

reaction. The structures of the resulted poly(triphenylamine-vinylene)s were determined 

by 
1
H-NMR and FT-IR spectroscopy, while their optical properties were analysed by 

UV-Vis absorption and fluorescence spectroscopies (Figures 4-6, Table 4). The 

electrochemical properties were analysed using cyclic voltammetry technique, by 

recording the current intensity vs potential curves for polymers drop-cast on ITO/glass 

electrode surface (Table 5). While applying different potential values to the polymers 

films some changes in colours of polymers films were monitored.  

 
Scheme 5: (a) The synthetic route of the poly(triphenylamine-vinylene)s (PAVa and 

PAVb) via Wittig polycondensation reaction and (b) the post-modification reaction of 



poly(triphenylamine-vinylene)s (PAEa and PAEb) with phenylacetylene via Sonogashira 

cross-coupling reaction 

 
Figure 4: FT-IR spectra of soluble fractions of a) PAVa and PAEa with 1:1 (n/m) molar 

ratio and b) PAVb and PAEb with 2:1 (n/m) molar ratio 

 
Figure 5: a) 

1
H and b) 

13
C-NMR spectra of PAVa (1:1) polymer; a’) 

1
H and b’) 

13
C-NMR 

spectra of PAEa (1:1) polymer in CDCl3 solutions 



 
Figure 6: (a) UV-Vis absorption spectra recorded in CHCl3 solution and (b) UV-Vis 

absorption spectra recorded as solid state (film) deposited on quartz plate of the 

synthesized poly(triphenylamine-vinylene)s and (c) the photoluminescence (PL) spectra 

of poly(triphenylamine-vinylene)s in CHCl3 solutions 

 

Table 4: Optical properties of poly(triphenylamine-vinylene)s 

Polymer 
a)

λabs
-sol 

(nm)
 b)

λabs
-film 

(nm)
 c)

Eg
opt–film 

(eV) 

d)
λem

max 

(nm)
 

λ1 λ2 λ3 λ1 λ2 λ3 

PAVa  313 367 413 316 365 416 2.51 484 

PAVb  309 362 415 317 373 418 2.51 483 

PAEa  275 --- 419 306 --- 434 2.30 473 

PAEb  311 --- 421 307 --- 413 2.51 482 

a) absorption wavelength maxima estimated from UV-Vis spectra of polymers recorded as CHCl3-

solution; b) absorption wavelength maxima estimated from UV-Vis spectra of polymers recorded as films 

deposited on quartz plate; c) optical energy gap calculated from the onset wavelength of optical absorption 

with equation Eg =1240/λabs
max

; d) and PL spectra recorded in CHCl3 solution; 

 

Table 6: Electrochemical data of polymers 

Polymer 
a)

Eox
onset

 

(V) 

b)
Eox

1
 

(V) 

b)
Eox

2
 

(V) 

b)
Eox

3
 

(V) 

a)
Ered

onset
 

(V) 

b)
Ered

1
 

(V) 

b)
Ered

2
 

(V) 

b)
Ered

3
 

(V) 

c)
EHOMO 

(eV) 

c)
ELUMO 

(eV) 

PAVa 

 

c1  

0.801 

0.992 1.267 1.869  

1.213 

1.025 0.858 ---  

-5.141 

 

-2.631 c2 1.107 --- 1.792 1.018 0.792 --- 

PAVb c1  0.978 1.254 ---  1.027 0.887 ---   



c2 0.797 1.106 1.336 1.818 1.224 1.025 0.820  --- -5.137 -2.620 

PAEa c1  

0.777 

1.005 1.245 ---  

1.428 

1.262 1.071 0.909  

-5.117 

 

-2.817 c2 1.165 1.449 --- 1.322 1.060 0.867 

PAEb c1  

0.780 

0.992 1.261 ---  

1.189 

1.083 0.897 ---  

-5.120 

 

-2.610 c2 1.138 1.444 --- 1.071 0.825 --- 

b) a) the oxidation and reduction onset values estimated from the intersection of the two tangents drawn 

at the rising oxidation or reduction currents and the background current in the CVs; b) the oxidation and 

reduction peaks potentials from the recorded CVs; c) EHOMO = -((4.8- E
1/2

(Fc+/Fc)) + Eox
onset

) eV; ELUMO = 

(EHOMO + Eg
opt-film

) 

 

It can be concluded that the attachment of the phenyl-ethynylene groups leads to a 

lowering of the HOMO energy level of the PAEa and PAEb. This can be explained by 

the fact that they exhibit much better intramolecular charge mobility in compared with 

PAVa and PAVb (Figure 7). The low Eg energy value of PAEa film is a result of an 

increase in the conjugation length due to the existence of the phenyl-ethynylene moieties 

along the polymer backbone. 

 
Figure 7: The diagram of the HOMO and LUMO energy levels 

 

The study of morphological and photovoltaic properties of these polymers is in progress. 

 

2. Synthesis of photoactive polymer films from donor polymers and acceptor 

2.1. Morphological studies of the films 

 

The following polymer structures (synthesized in 2012-2013 years) were used in 

spin-coating and MAPLE techniques for obtaining of films in different conditions for 

morphological and photovoltaic studies (Table 7). 

 

 

 
Scheme 6: Chemical structure of the polymers used for photovoltaic studies 



 

Table 7: Films obtained by spin-coating. 

  

Sample Conditions 

P2 glass/ ITO/PEDOT:PSS (3000 rpm, 30 sec, nonthermal treatement)/ Au 

P3 glass / ITO /PEDOT:PSS (3000 rpm, 30 sec, tratat termic la 120º C, for 5 min)/ 

Au 

P12 glass / ITO /PEDOT:PSS (1500 rpm, 30 sec, nonthermal treatement)/ Au 

P4 glass / ITO /P1 (2500 rpm, 30 sec, nonthermal treatement)/ Au 

P13 glass / ITO /P1 (4000 rpm, 45 sec, nonthermal treatement)/ Au 

P15 glass / ITO /P1 (4000 rpm, 45 sec, thermally treated at 150º C, for 10 min)/ Au 

P8 glass / ITO /(P1 + fulerene C61) (2500 rpm, 30 sec, nonthermal treatement)/ Au 

P14 glass / ITO /(P1 + fulerene C61) (4000 rpm, 45 sec, nonthermal treatement)/ Au 

P16 glass / ITO /(P1 + fulerene C61) (4000 rpm, 45 sec, thermally treated at 150º C, 

timp de 10 min)/ A nonthermal treatement u 

P10 glass / ITO / PEDOT:PSS (3000 rpm, 30 sec, thermally treated at 120º C, for 5 

min)/ (P1 + fulerene C61) (4000 rpm, 45 sec, thermally treated at 150º C, for 10 

min)/ Au 

P5 glass / ITO /P3 (2500 rpm, 30 sec, nonthermal treatement)/ Au 

P18 glass / ITO /P3 (4000 rpm, 45 sec, thermally treated at 150º C, for 10 min)/ Au 

P9 glass / ITO /(P3 + fulerene C61) (2500 rpm, 30 sec, netratat termic)/ Au 

P6 glass / ITO / PEDOT:PSS (3000 rpm, 30 sec, thermally treated at  120º C, for 5 

min)/ P3 (2500 rpm, 30 sec)/ Au 

P11 glass / ITO / PEDOT:PSS (3000 rpm, 30 sec, thermally treated at 120º C for 5 

min)/ (P3 + fulerene C61) (2500 rpm, 30 sec)/ Au 

P22 glass / ITO /(P2 + fulerene C60) (30000 rpm, 30 sec, netratat termic)/ Au 

P23 glass / ITO / PEDOT:PSS (5000 rpm, 30 sec, thermally treated at 150º C, for 5 

min)/ (P2 + fulerene C60) (3000 rpm, 30 sec)/ Au 

P26 glass / ITO / (P4 + fulerene C60) (3000 rpm, 30 sec, nonthermal treatement)/ Cu 

P27 glass / ITO / PEDOT:PSS (5000 rpm, 30 sec, thermally treated at 150º C, for 5 

min)/ (P4 + fulerene C61) (3000 rpm, 30 sec)/ Cu 

 

AFM images (Figura 8).  

 



ITO/PEDOT-PSS/P1 

 

ITO/PEDOT/PSS/P1+Fulerena 

 

ITO/P1 

 
RMS= 4,15 nm; RA= 2,94 nm  RMS= 2,89 nm; RA= 2,19 nm RMS=16,78 nm RA=11,46nm 

ITO/PEDOT-PSS/P3 

 

ITO/PEDOT-PSS/P3+Fulerena 

 

 

 

RMS=16,56 nm; RA=12,80 nm RMS=  6,28 nm; RA= 4,91 nm  

ITO/PEDOT-PSS/P4 

 

ITO/PEDOT- PSS/P4+Fulerena 

 

ITO/P4 

 

RMS=18,24; RA=15,63 RMS=28,08; RA=24,25 RMS=15,56; RA=12,34 

ITO/PEDOT-PSS/P2 

 

ITO/PEDOT-PSS/P2+fulerena 

 

ITO/P2 

 



 

RMS= 6,22; RA= 5,19 RMS=42,55; RA=34,79 RMS= 8,08; RA= 6,03 

Figure 8: AFM of films. 

 

 

 

 
                      λexcitare= 335 nm         λexcitare= 435 nm   

       

 
                       λexcitare= 335 nm                                              λexcitare= 435 nm 

 

Figure 9: UV and PL spectra (λexcitare=335 nm ad 435 nm) of thin layers of P4, P4+ 

fulerene (F), P2 si P2+ fulerene obtained by spin-coating 

 



 
 

 
 

 
Figure 10: I-V curves registered for solar cell structures. 

 

 

 



 
Figure 11: PL spectra  of thi layers of polymers ad polymers/fullerene mixtures obtained 

by MAPLE technique on differet substrates:  (a) P1’, P1’:C60, P5’, P5’:C60 on glass, 

λexc.=335 nm; (b) P1’, P1’:C60, P5’, P5’:C60 on glass, λexc.=435 nm; (c) P1’, P1’:C60, 

P5’, P5’:C60 on glass/ITO, λexc.= 335 nm; (d) P1’, P1’:C60, P5’, P5’:C60  on glass/ITO, 

λexc.= 435 nm; (e) P1’, P1’:C60, P5’, P5’:C60 on glass/ITO/PEDOT-PSS, λexc.= 335 nm; 

(f) P1’, P1’:C60, P5’, P5’:C60 on glass/ITO/PEDOT-PSS, λexc.= 435 nm; 

 

 



 
Figure 12: Typical AFM images of films obtained by MAPLE technique: (a) P1’ on 

glass/ITO; (b) P1’:C60 on glass/ITO; (c) P5’ on glass/ITO; (d) P5’:C60 on glass/ITO;  

(e) P1’ on glass/ITO/PEDOT-PSS; (f)  P1’:C60 on glass /ITO/PEDOT-PSS; (g) P5’ on 

glass /ITO/PEDOT-PSS; (h) P5’:C60 on glass /ITO/PEDOT-PSS; 

 

 
 

Figure 13: Typical SEM images for MAPLE layers (a) P1’:C60; (b) P5’:C60; and SEM-

transversal image (c) P5’:C60. 

 



 
Figure 14: I-V characteristics for different MAPLE solar cell structures (a) 

glass/ITO/PEDOT-PSS/P5’/Al (P1); (b) glass /ITO/PEDOT-PSS/P1’/Al (P2); (c) glass 

/ITO/PEDOT PSS/P5’:C60/Al (P3). 

 

Table 8: Parameters of the solar cell structures realized with arylene based polymers: 

Pmax is the maximum power point; Vm and Im are the voltage and current at Pmax. , η is the 

efficiency of cell. 

Sample* Voc 

(V) 

Isc 

(A) 

FF 

(%) 

Vm 

(V) 

Im 

(A) 

η 

(×10
-7

 

%) 

P1: glass /ITO/PEDOT-

PSS/P5’ 

0.073 

 

8.2×10
-11

 25.9 0.036 4.3×10
-11

 0.03 

P2: glass/ITO/PEDOT-

PSS/P1’ 

0.303 

 

12.7×10
-9

 29 0,162 1.5×10
-9

 4.7 

P3: glass/ITO/PEDOT-

PSS/P5’:C60 

0.248 5.1×10
-10

 26.3 0.127 2.6×10
-10

 0.63 

* contact area: 0.52 cm 

Voc; Isc; FF = Pmax / Voc x Isc; 

 

As a conclusion; the presence of the photovoltaic effect has been evidenced in the 

sample realized with P1-P4 layers and  mixed with C60 layer deposited on 

glass/ITO/PEDOT-PSS confirming that this buffer layer has facilitated the charge carrier 

collection. The best dark current density (I~2.5×10-9 A at 0.5 V) has been evidenced in 

the sample realized on PEDOT-PSS buffer layer with the polymer with longer 

conjugation length (P1). The highest current density at illumination, I~1.6×10-9 A at 0.5 

V, has been obtained with the sample containing an P2:C60 mixed layer and PEDOT-PSS 



buffer layer. The high current density in P3 is correlated with lower Isc and FF values 

compared to P2 because the high thickness of the layer favored the recombination and 

reduced the charge carriers collection. The solar cell structure glass/ITO/PEDOT-

PSS/P1/Al is characterized by the best parameters: VOC=0.303 V; Isc= 12.7×10-9 A and 

FF=0.29. 


