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Abstract

In this study different types of DSSCs were fabricated using two kinds of titania (TiO3)
semiconductors as photo anodes and four kinds of counter electrodes, while the sensitized
pomegranate dye (Anthocynin) and the electrolyte (17/13) are the same. TiO2 semiconductors
includes; nanosized powder (deposited on ITO glass) and anodized nanotubes(TNTs) template
on titanium foil. The counter electrodes include; platinium, electropolymerized
polyaniline(PANI), polythiophene (PTh) and polypyrrole(ppy) (also all deposited on ITO
glass). The prepared photoanodes and counter electrodes were subjected to surface structure
analysis by AFM, SEM,XRD and FTIR. The absorption spectra of natural dye was investigated
by UV-Visible spectroscopy which showed absorbed light at 520nm and 310nm. The efficiency
of prepared DSSCs were estimated through 1-V characterization, the fall factors (ff) and
electrical conversion efficiencies (1%) were measured using potentiostat. The efficiencies of all
DSSCs follow the order;

ITO/Pt — Ti/TNTs > ITO/PANI — ITO/TiO2 > ITO/Pt — ITO/TiO2 > ITO/PTh — Ti/TNTs >
ITO/PANI —Ti/TNTs > ITO/PPY — ITO/TiO2 > ITO/PTh — ITO/TiO2 > ITO/PPY — Ti/TNTSs.
The best efficiencies were achieved using Ti/TNTs and ITO/TiO2 as anode and ITO/Pt and
ITO/PANI as cathode they are 2.64% and 0.74% respectively.

Key words: Dyes sensitized solar cells, titanium nanotubes. Nano polyaniline, Nano

polypyroale, Nano polythiophene, pomegranate dye.
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Avg. Diameter:54.25 nm <=10% Diameter:30.00 nm
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Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio
nm)< (%) n(%) nm)< (%) n(%) nm)< (%) n(%)
15.00 0.28 0.28 40.00 6.82 21.02 65.00 9.66 72.44
20.00 1.42 1.70 45.00 9.38 30.40 70.00 7.67 80.11
25.00 1.70 3.41 50.00 10.51 40.91 75.00 7.10 87.22
30.00 3.98 7.39 55.00 11.36 52.27 80.00 5.68 92.90
35.00 6.82 14.20 60.00 10.51 62.78 85.00 7.10 100.00

Granularity Cumulation Distribution Chart
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TNT bl clapal aas 22365 (2) dsoa

Avg. Diameter:64.34 nm <=10% Diameter:40.00 nm
<=50% Diameter:65.00 nm <=90% Diameter:80.00 nm

Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio
nm)< (%) n(%o) nm)< (%) n(%o) nm)< (%) n(%o)
10.00 0.73 0.73 45.00 2.55 11.27 75.00 12.36 65.82
15.00 0.36 1.09 50.00 7.64 18.91 80.00 17.82 83.64
20.00 0.36 1.45 55.00 10.18 29.09 85.00 15.27 98.91
30.00 1.09 2.55 60.00 9.09 38.18 90.00 1.09 100.00
35.00 2.55 5.09 65.00 6.55 44.73
40.00 3.64 8.73 70.00 8.73 53.45

Granularity Cumulation Distribution Chart
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-

{0, b o mumiy g oammd |

48y oy puaaall J gl amia bl 3D 9 2D AFM usa - C 9 B Agdddl & ol A AFM 33 -A (11) Js&
(S 9Y) Gasla (10 0.25M g Jostd ¢ 0.1M) B _salidll

PPY ! clasuall aaa 3358 (3) Joi

Avg. Diameter:94.79 nm <=10% Diameter:75.00 nm
<=50% Diameter:90.00 nm <=90% Diameter:115.00 nm

Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio
nm)< (%) n(%o) nm)< (%) n(%o) nm)< (%) n(%o)
75.00 1.15 1.15 100.00 7.28 67.05 125.00 3.83 95.79
80.00 21.07 22.22 105.00 6.51 73.56 130.00 1.53 97.32
85.00 12.64 34.87 110.00 3.83 77.39 135.00 1.15 98.47
90.00 11.88 46.74 115.00 9.20 86.59 140.00 0.38 98.85
95.00 13.03 59.77 120.00 5.36 91.95 145.00 1.15 100.00
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CSPH Imager Surface Roughness Analysis

Granularity Cumulation Distribution Chart

Percentage(%)
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Oumn
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48y oy paaal) (i) amia kil 3D 9 2D AFM Ugsa - C 9 B A gddd) & i A AFM 39a -A (12) J8&
(s Gaala 0 0.1M e i) Ga 0.3M) 3 _salidl

PANI qhil Glassall aaa 2568 (4) Jgoa

Avg. Diameter:98.76 nm <=10% Diameter:50.00 nm
<=50% Diameter:90.00 nm <=90% Diameter:150.00 nm

Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio
nm)< (%) n(%o) nm)< (%) n(%o) nm)< (%) n(%o)
10.00 0.29 0.29 100.00 10.98 56.36 190.00 1.45 96.82
20.00 1.16 1.45 110.00 7.51 63.87 200.00 0.87 97.69
30.00 2.60 4.05 120.00 9.54 73.41 210.00 0.87 98.55
40.00 2.02 6.07 130.00 6.94 80.35 220.00 0.58 99.13
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50.00 3.18 9.25 140.00 4.62 84.97 230.00 0.29 99.42
60.00 8.09 17.34 150.00 2.89 87.86 240.00 0.29 99.71
70.00 10.69 28.03 160.00 231 90.17 250.00 0.29 100.00
80.00 8.09 36.13 170.00 2.60 92.77
90.00 9.25 45.38 180.00 2.60 95.38

Granularity Cumulation Distribution Chart
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Zl ) o kel (3 clidal 3D 5 2D AFM usea - C 5 B &5sdal) & 0 S AFM 35 -A (13) 8
ATO

Pt bl Clasall aaa 23368 (5) Jga

Avg. Diameter:72.28 nm <=10% Diameter:30.00 nm
<=50% Diameter:70.00 nm <=90% Diameter:105.00 nm
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Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio
nm)< (%) n(%o) nm)< (%) n(%o) nm)< (%) n(%o)
15.00 0.29 0.29 65.00 5.19 41.50 115.00 2.02 9251
20.00 2.02 2.31 70.00 5.76 47.26 120.00 1.73 94.24
25.00 1.44 3.75 75.00 3.75 51.01 125.00 2.59 96.83
30.00 3.75 7.49 80.00 5.76 56.77 130.00 0.58 97.41
35.00 2.59 10.09 85.00 9.22 65.99 135.00 0.58 97.98
40.00 6.34 16.43 90.00 5.76 71.76 140.00 1.15 99.14
45.00 4.32 20.75 95.00 4.90 76.66 145.00 0.58 99.71
50.00 4.90 25.65 100.00 5.48 82.13 180.00 0.29 100.00
55.00 461 30.26 105.00 6.34 88.47
60.00 6.05 36.31 110.00 2.02 90.49

Granularity Cumnulation Distribution Chart
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PTh bl Cleswad) aaa 2355 (6) Jo>

Avg. Diameter:68.04 nm <=10% Diameter:40.00 nm

<=50% Diameter:65.00 nm <=90% Diameter:90.00 nm

Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio
nm)< (%) n(%) nm)< (%) n(%) nm)< (%) n(%)
20.00 0.22 0.22 50.00 5.87 20.87 80.00 7.83 67.17
25.00 0.22 0.43 55.00 8.04 28.91 85.00 8.26 75.43
30.00 0.65 1.09 60.00 8.48 37.39 90.00 9.13 84.57
35.00 2.61 3.70 65.00 6.74 44.13 95.00 7.39 91.96
40.00 4.57 8.26 70.00 7.83 51.96 100.00 5.87 97.83
45.00 6.74 15.00 75.00 7.39 59.35 105.00 2.17 100.00

SEM Measurement :(SEM) (558N gewall sgaas (bl
¢ Jshall) (5 5l s bl ) i AFM ) Gl 48liaYl jemnall TNT calail SEM ) bl e jal
sl Je 30nm, 64 nm,8pm & (L)l dlawe ladl)

20.0kV X7.@8K 4.29sm

A B

&4 3v0l% (NH4F (e 0.4Wt%0) #3al) 48y jhy pianal) TNT ) el ilal) adaall B ¢ (g glall adalall A (15) JS&
Bl g Aol 33al GOV 53 3¢ ga (J SIS (Y (0 87.8v01%  H,0

4 el dadaiall b sl paliaial Gidd (a5 5 Glell dasal Uv-visible pabaid il (16) JSAN aay

310 nm 5520 e
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Jasadl 35S 5 (FF) olal) el ¢(Prng) 3180 (5 yomill 3 53801 V/0C An s3e 5303 Bl €[SC 8 youmd 35803 i (o
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) dia aladialyg Aaal) TNTS -2 ¢ 54 TiO; -1 g 4xaaall DSSCs ) add (7) Jssa

E% Pmax Pin ff Imax Isc Voc DSSC
Vmax
mMW/Cm? | mW/Cm? MA/Cm? mMA/Cm? | mV Y 3 gilslf
mV
0.237 0.238 100 | 0.378 0.85 280 1.81 347 | TiOAITO ITO/PPY
0.194 0.195 100 | 0.290 0.65 300 1.52 441 | TiOAITO ITO/PTh
0.749 0.75 100 | 0.370 3 250 5.82 348 | TiO2/ITO | ITO/PANI
0.489 0.482 100 | 0.296 2.41 200 6.01 275 | TiO/ITO ITO/Pt
0.169 0.17 100 | 0.115 0.85 200 2.81 524 TiI/TNT ITO/PPY
0.483 0.484 100 | 0.486 2.42 200 3.62 275 TiI/TNT ITO/PTh
0.284 0.286 100 | 0.115 1.43 200 471 526 Ti/TNT | ITO/PANI
2.644 2.648 100 | 0.433 6.62 400 11.60 526 TiI/TNT ITO/Pt

& 2588 [TO/PANI 2558 ITO/TiO, iS5 3 8188 ITO/PE 5 2588 Ti/TNTS plasciuly i e Sl Juadl
G Jumy 36U 81 e J gl 20 5 (1 s dawtie Ly V) 5il) e 0.74% 5 2.64% <uilS 5 el drva
I-/13- O Y5 530SY) Jelitl Ale 3l sl il Ailad Casnsy S g (adai€

Ol landa e 3kl camall e s Jie las s 35 ITO/PE las ¢ )le iy (ae | 3 SISS PAN] Jlasinl
e s 2 s il Allad Jiac Lial) sl 53 Cnase | TO gzl 3} Alasl Calaal L2 8 o (Saadl (g 301
b A5 Al Lida ol 5l Al PANT Ol <l 2aLaYl Gy jitue s juasill Jeas AdlSH Jilic dla 5l
DSSC A Jses selaa

ol LS Canl) 138 31 i) ml o) (e

£ 5 Lain LIAL Gl li€ a8 al g oD AdaaSle o8 Cua DSSC ) Jae (A Lt 5 1) 50 202 58Y) 3alll & 53
QS la saidll el 5 1TO gla) o Mg 525 ) OSa G AL jeSI1 5 jalid) Apen) S8 (uSlaal) ladl
:SUS o DSSCs I ST lelasll s 55, 70nm Jlaiey ylad ae 4y 30l Cal1Y)

ITO/Pt—Ti/TNTs > ITO/PANI — ITO/TiO2 > ITO/Pt — ITO/TiO2 > ITO/PTh — Ti/TNTs >
ITO/PANI —Ti/TNTs > ITO/PPY — ITO/TiO2 > ITO/PTh — ITO/TiO2 > ITO/PPY — Ti/TNTSs.
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