Quarterly Scientific Journal of Technical and Vocational University

Autumn 2022, Vol. 19, No. 3, p. 187-201

Journal Homepage: https://karafan.tvu.ac.ir/?lang=en TVU

d 104 1 A.2022.329406.2007

Experimental Study of the Effects of Natural Dyes on the
Function of Solar Cells based on the Nanostructure of
Nanoparticle/TiO2 Nanowires

Javad Azimi!""', Gholamreza Kianiz*/, Ayub Karimzad Ghavidel3""’, Mahsa Mahdavinia*

IMSc, Department of Nanotechnology Engineering, Faculty of Electrical and Computer Engineering, University
of Tabriz, Tabriz, Iran.

2Associate Professor, Department of Organic Chemistry and Biochemistry, Faculty of Chemistry, University of
Tabriz, Tabriz, Iran.

3Faculty Member, Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran.

4PhD Student, Department of Organic Chemistry and Biochemistry, Faculty of Chemistry, University of Tabriz,
Tabriz, Iran.

ARTICLE INFO ABSTRACT

Article Type: To take full advantage of the properties of dyes, nanostructured solar
Original Research cells should be available because in this case a better interaction
between the dye and the background can be created due to the high
surface-to-volume ratio. The aim of this research was the experimental
investigation of natural dyes influence on the function of solar cells
based on nanostructure of TiO2 nanoparticle/nanowires. For this
purpose, an innovative nanostructure was fabricated, and three natural
dyes of saffron, turmeric and rubia-tinctorum were used as a sensitizer
due to their abundance, availability, environmental compatibility, safety
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rosin pigments were obtained at 510, 500 and 460 nm, respectively.
The photoanode’s morphology was investigated by a scanning
tunneling microscope. The characterization and performance of solar
cells were carried out by the solar simulator device. The microscopic
analysis showed that the composition of nanoparticles and nanowires
of TiO2 builds the porous structure with large surface-to-volume ratio,
playing a great role in the amount of dye absorption and efficiency of
solar cells. Generation of short electron transfer path, facilitating the
transfer of electrons to semiconductor conductive band, and reducing
recombination reactions were the main advantages of this structure.
The evaluations also showed that rubia-tinctorum dye performed
better in enhancing the efficiency of solar cells based on TiO2
nanoparticles/nanowires, improving efficiency by 4.04% compared to
other available dyes.
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EXTENDED ABSTRACT

Introduction

Undeniable influence of energy on the development of human societies and increasing
demands to use fossil fuels have led to the need to expand renewable energy sources such
as solar energy more so than in the past to reduce environmental pollution. Therefore,
solar cells have attracted the attention of researchers as renewable energy sources. Among
the different generations of existing solar cells, the dye-sensitized type is considered an
alternative to the previous generation due to such advantages as easy preparation,
adjustable optical properties, no complicated structure, high efficiency, lightweight, and
low cost. A nanostructured solar cell should be available to utilize the full benefit of dye
because a noticeable ratio of surface to volume is provided leading to better interaction
between the matrix and dye. This research attempted to fabricate a highly efficient solar
cell by creating a nanostructure based on the TiO2 nanoparticles and nanowires and dyes
such as saffron, turmeric, and rubia-tinctorum. It was expected that the offered solar cell to
provide advantages such as availability, compatibility, non-toxic and easy process. In this
regard, the characterization and evaluation of performance, and the effect of dye on
efficiency improvement were the main objectives of the current research.

Methodology

The used TiO2 nanowires in photo-anode were synthesized through the hydrothermal
route after preparing the substrates of FTO conductive glass. First, to synthesize the
nanowires of TiOz, their nanoparticles were dispersed within the Sodium hydroxide
solution, the obtained suspension was poured into the autoclave and stored in the oven at
a temperature of 170° C for 3 days. After this operation, the TiO2 nanowires were obtained
after filtration and purification. To prepare the photo-anode, a composite layer containing
TiO2 nanoparticles and nanowires with a ratio of 1:9 was used. TiO2 deposition on the
photo-anode was performed by the doctor blade method. Then, the photo-anodes were
heated at the temperature of 150, 320, and 500° C for 15, 20, and 30 min, respectively.
After the heating operation steps, the obtained samples were kept within the TiCls for 30
min. In the next step, the dyes were provided by a solution of saffron, turmeric, and rubia-
tinctorum in ethanol. To sensitize the solar cell, the photo-anodes were immersed within
the obtained dye solutions for 24 hours. To fabricate the platinum counter electrode, FTO
glasses were used. In this research, to prepare the liquid iodide, triiodide redox electrolyte
was applied. To make an appropriate connection between the photo-anode and counter
electrode, the photo-anodes were removed from the solution containing the dyes. The
serlin polymer was cut accordingly to surround the active area of FTO glass and was
carefully inserted on the FTO in such a way that it did not penetrate the active area while
the counter electrode was heated on the hot plate for several seconds. Two operational
layers of the photo-anode and the counter electrode were placed on top of each other,
opposite to the unmarked part of the layer. Finally, the electrolyte was injected within the
structure through the holes on the FTO. These holes were blocked by serlin and small
pieces of heated glass.
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Results and discussion

The solar cells performances are shown in Figure 1 by the current-voltage curve. The
essential characteristics obtained from this curve are tabulated in Table. 1. The data of the
current-voltage curve indicates that the sensitized solar cell sample with rubia-tinctorum
dye obtained a much better result than the other dyes, offering the open circuit voltage
values of 0.73 V, short circuit current of 10.79 mA, and the efficiency of 4.04. This finding
can be attributed to the efficient absorption of rubia- tinctorum dye. According to this
curve, short circuit density was 2.23 mA/cm? for rubia- tinctorum dye, which was
significantly higher than the turmeric sample. The efficiency of a solar cell depends directly
on the density of the short circuit, open circuit voltage, and filling factor. As these factors’
values were considerable for the samples fabricated by rubia-tinctorum dye, its efficiency
was higher. The samples prepared by turmeric and saffron demonstrated open circuit
voltage of 0.67 and 0.61, and the short circuit current of 8.56 and 5.17, respectively.
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Figure 1. The current-voltage curve of sensitized solar cells with the different dyes: (a) Rubia-
tinctorum (b) Turmeric (c) Saffron.

Table 1. The comparison of obtained parameters from the current-voltage curve of sensitized solar

cells with different dyes.
Surface area Open-circuit SO CHE Fill Efficiency
Sample Dye (cm?) e (1) current factor (%)
M ge (v (mA/cm2) 4
1 Rubia- 0.25 0.73 10.79 0.51 4.04
tinctorum

2 Turmeric 0.25 0.67 8.56 0.58 3.32

3 Saffron 0.18 0.61 5.17 0.38 1.2
Conclusion

In this research, solar cells were fabricated based on the dyes and the nanostructure of
TiO2 nanoparticles/nanowires. The obtained results from the evaluation of the effect of the
used materials indicated that the combination of titanium dioxide nanoparticles and
nanowires had a significant effect on the amount of dye absorption and solar cell efficiency
due to the creation of porous microstructure and high surface-to-volume ratio. This
achievement was due to the enhancement of the connection of the dye with the titanium
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dioxide surface, which made the electron transfer path shorter and the electron transfer to
the conduction level of the semiconductor easier, and reduced the recombination
reactions. The use of rubia-tinctorum dye in the fabrication of solar cells could improve the
open circuit voltage, short circuit current, and efficiency by up to 0.73 V, 10.79 mA, and
4.04, respectively. The better and more practical capability to absorb light by rubia-
tinctorum dye with a maximum wavelength of 460 nm compared to other dyes was
distinguished as the reason for this improvement. Based on the findings, turmeric, with an
efficiency of 3.32 %, acted better than saffron after rubia-tinctorum dyes.

190



514.9,: 9 GI.S AUHE uo..l.ﬁ dollad
YAY=F o) F oylad 04 893 VE+ Y jub
https://karafan.tvu.ac.ir/ :ay pis (w5

d 1’ :10.48301/KSSA.2022.329406.2007

S y93 gk 3,8Mes 0 (ab (LA, WU (200 (w2
09l a1 63 s g/ 13930 LS Lwgil o

Thicsgage Lugee T JaysB olim )87 ol 97T S Lo poMe Y polae Sl

ol oy Gy oS enlS g 5y (puotige 0SS (g )gliBL suoige 09,8 ) i) A gl iy )

OI)JI ‘).l).u ‘)J).u ol&Kuiily ‘(5°“‘“’ XL ‘L;ou.u':ya 9 LJ w‘é 03; ‘)L..Zu‘)
Ol el e sld g (8 oSl (Sl wdige 05,5 ¢ ols Ciid guac -v

Dl €525 05 oSS sorh 01K ¢ oy § I sond 09,5 (555 smiih -¥
oS> Al wleWbl
30 ol ke bl Jobo b cal p3¥ daaslolsy Sleogas 5l JolS (gaiveo sy gy dlis 1o i
I w4 g Vb Cond Jds @ Oy nl 3 Ly il Geies
@ ey B (nl J Bae oS slnl ane g A, G 65 SR VECNY) tallie el o
@b Bl ptie Gadyg Johe SSN n ek GlaalaS, b VENTN e (5,505
(@b G Sl Golite (ny wl peslls 9enSTies Slapewilli] 390 VEVYNY s by
o 5 o Slsl8 s 4 Gubisy 5 Aoy i (b Al a5l g wdgs
oS e glgisay ol ysl8 5 (o9 Sk mile b )5l (05 551y ulS
Jsb s oyt oy iSons] oSy Lansgs AU, iz b b oslic QiS5 b sss s g ko
Foeg B Ve i a Wgy 5 sy oliie) Sl ln aie zse Jslugls
s sy S5 psSagSae il eolial b wilgigh iy, el Cawsay yagil powlis 1uSTe> Pyl
63e8)55 Jobo Lol olfiws Lawgi (g8 Joko 3,Skos 5 Shaanie 0l Pl 2puSlied Slapugil
05165 sl 5 S35l oS5 ol L 5Kss e (slazllT s ol JAPICR
it 3l 4 WS e Sl WU o &) e e b e (5 L5 spsailis
Sl yne Sl a5 oo Wl andper Jshe pledly 5 aloSS; Q32 ol 53 1, S Ly 2 gamno Db 5
g Blojaas colaa 55 098I JU g oG9I JU elisS 1S Sl oy
o ol (ized Nigd oo Dgmite [Llo (ol ppe Sblie 5l (oS 55 o 28Ty g-kiani@tabrizu.ac.ir

92 ge Sladlas, yilu 4y Cad (g0, 1 F 003l 05 b oy, 4105 ols las

Jlydil pstie asye> Jobo [l SIS 05 p0 1) (g icgllae o Slas
ol aiils ‘55,«_.L.._» AeSlgo 6L°ﬁ-.‘.-‘“55u

A @ @ @ ©2022 the authors. Published by Technical and Vocational YOVA-FFY 1 Sy pSU sLLS

University, Tehran, Iran. This article is an open-access article .
distributed under the terms and conditions of the Creative TYAY-AVA2 il sLLS
Commons Attribution-Noncommercial 4.0 International (CC BY-
NC License) (https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/
https://www.doi.org/10.48301/KSSA.2022.329406.2007
https://www.doi.org/10.48301/KSSA.2022.329406.2007
mailto:g.kiani@tabrizu.ac.ir
https://orcid.org/0000-0002-8230-7051
https://orcid.org/0000-0001-7913-8974
https://orcid.org/0000-0001-7839-1337
https://orcid.org/0000-0003-3089-8168

OyKen 3 soudic Slg> VAV=Y ) oF o5l ((1F+1) 14 (31,15 cole aolilad

Aoddo

] sl e g0 laplus sl Sl 2ol (551 ogs 5 Sl ST BBy oy by o (6350 28
2343005 (555 @lie (S @l g Cenl (end SlacS s alp ooz 5 6551 Bilas srae 2w [Y
Sk el Slezrg g adli s (65908 ol daiSgm (nl Bpan 5l (b (Jazmecin ) slaSodll uals sl
3gatali 5 iz ¢yl S aie G lgied (gand i (655 ¢, ol ) Le5v] e 05,5 Bglare 395 & |,
Lol s 85 Lond lacdgw sly cmlio (p ol Wlgi oo

IV 57] s5n o 593 Jphos o &0 SSg58 Jshoo oS0 o 51 i 250 & o 5550 oo
039 b b podiyg e (Gndys> Joho o (Alb (sly (il alabi (gundyo sl ol ag die) p3 iy
gl ogzse o)t lashe ilise gladus o 5o Al 28,5 o e Cjlame b IS 5 508
2 usipl Sl p3 gl 6958 g She (A S b wig) o0 Jladit pow Jus gi2 45 SIS, b esd b
3 g gmed bl el cpl Jds LVe 5] el ons how e (Sliios geog0 4 5l sla
oS Sl (golaidl 480 5 S (159 Y LS ()3l (985 0az «ealiB b (555 Sl Sy «silweslsl
D850l wes (13 Jus sandyss sladshe (3Role (sl 408 lgietr aiilyi go Lo sl 3l g5 0l

VEY 4120 Jlo 50 as 0 YT 5l ala&S,) b ool ulus (gausjo5 sl Jakos 003l «arndS ans aw b
4 45 03 2oy VYT sl 5 s ol sl 00,155 oL CSilos sl il Sguge Y418 Jlo 13 2o
[yl RPWIPPRE SRSHR WL FARPS WP E X1 ¢

IS5 b Jslsce 9159 50 sblostoss sl il 3l USte €S, b sadoulan sudy5 Jsbo
(1) blae 095Ul g Lol yiluST el iUl ) 4 ol oSS, d(agl O =Y+ 0,0 a8 b (4,5
oo Jobo 00 558 (65,1 B (pgzmen Slogas Jds 4 wilgigh 5 peslid amsSTiss 5,50 Y] aasl
WS (oo molp i 3 lp |y (s g (5955 pln 50 plaie Sl g 4SSl (slays SISV
0l s Lol s.\.lfu’.a ol.'ggl |) dYL Ls)lf&Lo 9 @l)LT sod.:.‘SwL.o- Q‘}:.cdq (& s LSLQ‘SJ) )l oolazwl .[\\c]
5 oslitul (St ol ade sl DO cud Kiw S ssmg s 4 Caew 5 YU auie baol
LSLQ"S’) b.s‘)ls Lol [\;]Ml) d}Uﬂ.@ M; u\:‘}su;c )lf)stM) b.b...la 61.@&54) Pl duowww
b ek S, el L s pgllae a0 wilys> 58 plp o (aeme osd sl s 4 b
DIV] el Sl sg 55Ulgs 68

Loy 2SI i 45Ul w9 oK) oole S a5 i &5 Sl o o sk cnl S L
DAL S98 o S 5SI b sl e 5 iy5 Bl ytoss Colis 55 4 e Sily sloyg Sl o 955 s
Y bug ( 2B pew Gk 5l 0bye e g 00,8 oo aunST g iSU ol s 51 L K w2l ol o
DAl Wb o aslsl a5 > ol g 00 S5,y bl g

el 455 590 4SS, b oud ele ot yo3 sl she (b dise) 5o (slos yinS Sliios g5
Bl o)las b A0S, aw 5,5 54 L 1) 615, b oadwle sondyon Jobo 5 Shos o Slidod 09,5
DB 50 sl 3145 il 5 wd ) sl aeSTigs S5 sl WIS 8 a8 sl 5 s sl
5 b Ko s o V-] o solitad andyen Jshe 10 lgies wops VoY osib g +/FY Sady

! Dye-Sensitized Solar Cells

yay



VAV=Y) ¥ o5l ((VF+1) 14 (31,15 ode aolibiad oy srb AN ) Sl T gy

4wl poslis aenSTiss Wigigh 1o NY g DIYY DYFA oS 5 glite slaailasS, 5 ool b ¥ 2l Kon
Salass, s TIO2 5 e (sowdyom slasho  Slinizs IS o 4o st IV ol s aoys 40 633k
Syge Sl p @l b Wy eaiS wles Glpie @ 0p2),5 J5 g 508 o Cuvg psS g aBle (s
3 e 5y b s yom ailaSS) o)lae b oadiags (9wl o> Jobo (olierdy iSIgig o Sloc o5 ol plas aid S
4 o |y 3oys VA 033k g MFA MALCMZ B +/YF oligS Jlasl by 9 +/FO V b +/VA o3gae 4o
LYY] s ls ol yon 4 LaailoSs, b

5 poliss eaSled Slapawgliclydslh p e 5 ESLugl slnl L bl (A3 )5 pol> iagh
S el b gand o> slashe oanS el Q‘?*ﬁ‘*e sy 9 4975 (lhie) pla b el
oz 53l oo leadly 3gae 9 eSS, (ol 180 0 Shoe (b)) 5 (Shaasuin iy (ol o S oy
g delyS 5855 (nl S Sag) (2 ke

bl elosil o9,

Ol 9 3190

CHL) poidly od 5 Wigsh o 45 olsiear (lpl c5le) FTO' Gobls; sloatd ssdod cul o
Vg sl 9nnSles g 3l Wigigh e Cmimmen s S oolinul WIS g o (Gl Spe 5,0
90 3 ooliial b xSl ags ot g (LT S je o808 cle) JsSulS sl L 5 Sl o X0 - -
P99 obies on by e b bl (Gl S eS8 cole) &y Jigiel Jslme sy ey
L) T yocls 5l 55 Jshor ot (sl 50 oslil 5 g ae SladSS, Gy a9z );
405 sl (LIl Sy e85 coli) w0 TV G155 0 sl S g 008 s 3l 5 (0 s Sl 285
cinh <85 ol yiegidg xSl NATSY-CO Joo o)l pegib 8,0 il (STM) © i 2us,
Vo iy Slpl 88 Cale ol 93 b jloas ofws g PhOtONIX AR Y10 oo Lidgh gpdus
oSy Sre o5 (6505 54 b ol aenSTgs sl 5 Slidgl (gla bl oy Al ool
a8 plosl TESCAN MIRA ¥ Jus (FE-SEM) Sloge 525 s, (5,5

b AlaS5 b ooyl gt 93 Job aned
sla 3 FTO (gl (sload o5 0 s g, cal b Wi 35,2501 5 ilgigh angs sl o 5 5 loslel
Oriza 3305 Sl g ¢ blie 59 58U lgicas soliiul (gly oyl 5l solows (59, 9 db ool by YOXY - MM

508 018 s Sl il sy o0 Ly ST oo 19,0 Lo do sallsls 5 Sl e, sl

YYoung et all

2 Fluorine-Doped Tin Oxide

3 Triton

4 Cereline

5 Scanning Tunneling Microscope (STM)

yay



OyKen 3 soudic Slg> VAV=Y ) oF o5l ((1F+1) 14 (31,15 cole aolilad

Pl aaSTiso 0,05k 3l 3 ¥ st ilgish o eoliud (gl ol w0 laprmsil 405 jslaron;
0elesdty (oS s 35 Bsline (blisie (1500 g 0S5 1008 s 5| Ve VP Sl 1 (TIO)
Spawsl Sldoe pl 51 s 285 3 VYe OC glod boysS 10 55, ¥ e 4y 5 o disy, PSSl S o
#3055 35165 (Spanyls Slis, (il sl Calgs 5 08,5 UK Jobro 5,0 0 pyslisd Sl
Sl 55 g ol 5l sge Bi> g bapawgl (g3l alls jslatedy (rizres 35 Gend Sl odeliisa Jpaze
S VAr e jg0 bg aldo ¥ Side 4 SO 55000 gl Voo B0 Joloe b Jbipaiz Jyame (ol Lo
o ools J18 el ¥ e 4 VY OC (sleo boyS S50 40 5aus y5lus 5l osilelay Sligasy 28,5 118 5000 il
2 5 S MalS il b

A ol (V) S b TIO2 (glapumsgil 5 &350 5 JSCiite (oS 5 Y G 5l eilgigh angs slaieay
Sl 250 1Y & TiO2 slapuwsl 5l )5 /40 9 TIO2 )35l 5l 0,5 +/FO Cass ¥ pl ays sl
a XV 0gh 5l s See Ve (G5 eeS )0 (S Sodls ol (sl adl o dings 5 adlal S
Colgs jo a8 S 13 05ee Cod ande Ve Dok dy g b 00938l bgliee a4y ol Sl 1 i Lo ¥ ol e
Sl5g8 (59, » demSls0 poslis Slisda¥ ab 5,lSs ollisle;l dgnl v o celw YE Goe 4y ¢ ol> pas
TiOz s jl (5 oo 5 i ablo] canzr Lo boand SLl & o33 o o plol a5 iy, &
ai B Yo 3l e g 08 SladaY wid Jawg o oxile Sl JB glad 4 glaci s dle lawg ool ags
Cos aiBs Yo g Vo N0 Sley Juolgs 10 00 PC g ¥Y N0+ lod b gy 055 10 5 wad lax b
Joloee (gy0 addo Yo Duw a4 ol Slaiay gains (ool > Jole plesl 5l s 318 o)l >
o s liaty iy S St G slad 55 5 250 525 Syl e I b o 28,5 5 TICls
8l aalsl aids ¥e Sae a8 OC oo boysS J5Is 45 5 Slikos Touse FTO (g9, oty Slasay

Vo a allla jsba (uls) 5 olte) aszs,; loyon 5l aS T hde bl i rnl Gl agd jslaieny
S Pl 5 558,515 (3508 25 (oeblit (00 g 4o Y ooy 5 05 sogid Jsbl 3l 5l s
L o SIS L onsliausss Jyama ieledl o & Jsbons ooty 3| et 535 plosl Jgbl 5 Lol
A5, Lo oy Jsho ool sl i oo WS, 1 i lone i i 5 2035
Bl jgabe e (gled ;o b LA ) ol Joloe 49,0 el YT ke 4 lawslgigd

g oad Sliiay FTO aied g9) ok 25 Slisay (og) & o8 5ol 5l (blie 99280 4 sl
39y SI G o 0ols )13 T+ °C glos b aido Yo Sde 4 0,55 50 Jlaide yiws ¢ Slasa¥ 5l G 00,5 eolazl
38,5 solel i 3 o hlae

e el oud ooliiul s (65 i 90 o) @l Sdg SISl sand e ladshe Sl
LD Aol jo ol ol &yl cubile oSy lawg sl i e O widg iSIl angs gl jelaie
SIS 0y b 28,5 1,3 (o5mn con g wind Ll Jslmo 4 ooyl sy eensliy 0,5 +/F10 olpon & 2 5l 05
o ke O o)l s s Jsbowe 0 05n 51 Sliselsl sl b ey 3 30 oIS 151 g 53,5
a5 03333 358 Jplone

5 A5, 53l s 1 lish gt oo 408 5 S0 & i 0550 5 58 Ll slicos
o 09p0 & 00B82,5 Sy Sl i Sl al plnl il GlacSs) (o905 Bas b Jgll Lawg gisd

! Doctor-Blade
1q¢¥



VAY=Y) ¥ o5l ((1F+1) 14 (31,15 code aoliliasd o Shos p b LAl ) Wil oy oy

ool 51 (S0 09dion (29 Ol g Wy (o Sl 4 e 393 g ol (nl Bl S92y (sund o>
g (F9,93 J plp 53 clidlne (ly (( Bob jlCalnjoddy SoS 4 conlio (55,0 (S5 (0l e
G g adools (3 FTO aceds Jlb il ablol sl oy o sbaiecny ol polie 5500k 4 5k
45 SIS 4 Gl yordy g 00 0,5 4l iz e 4 1Y OC slas o sl (5, blie 9 SUl oS
S5y ST (blae 575U 5 Wlgigh Jld ¥ g0 285 13 FTO (55, cdo L oS Soa5 Jlb ab 5o
5 el S e Sl dl e 55 85,8 3 K0Sy gz Y o] ot SliiaY Ceand 45w S 3 K00
Jodl Jbd 4l mhas (oolad a5 0l 3,5 laigFa balo (45)0 @ FTO aseds ;0 09z laghysw 3k
Jolye o oolaial Jlie 99 S0 Eligm (9,5 Sgiae (sl 0 Els (sloaind «SzoS sladSS 5 (ol jw jl g9 005

el 00 03551 VIS 50 ailaSS ) b oo ol (w93 Jobos angs g (5 jlwoolel

(©) (9)
FTO glaaiusis g3lwoskl g as (I :alaksy b o pwlue (gouid y95 Jolw (g3wedkel Jol o ) JSio
(9 ecod o youly 5539 (5 &S5y b WiTgi g8 (6 3l wlins (Z 0y Sl pguilind sl g0 WiTgigd (&
00 4t 2 (5 y95 Jolow (5 Jillo 2955501 5 wiTgi g JLail

AR\



oyKed 5 soudic Slg> VAY=Yo) ¥ oLy ((1F+1) 18 o030, cole anlilad

cou g o

S BSiub 9 (295 wg S0 (w2

03,51yl o o aid) S Slidgl ag; (39S Sy S 3l Lol sladdl, Sy Ko Y S o
).39.\4.) LJ"‘ 3 as 6)9joul.¢.b | lo}ul.u.: MS‘L;O u‘)oyl) J‘;jjim 4 .]ay)‘c (uzﬂ) Y J‘i"" R W
9 (C) ‘(u) Y LngJim | ).;.Ayl: Yee Ve Lbu—‘ JJAS c.:)y 0dgdro g O 65; g:.s‘).) LJ"‘ JS.\.J Sl dw
S (o pgal 4 Gt Gla ol S )n L) oad fe peslls anSled Slapamgl lacdlTg S 5 ()
B e agam 5 byl ko3l mujes 5 il se slahoo O3 cwin S5 oS o b pglas ol 45 &5 les
ol yiogl YV

=60 SLpuwgili (0 9 (7 (@ pawilind domnSToo ©lydgil (Wl g (F95) 29wy Sao y gl .Y S
gliio (b LSy 33 30 ouuh iaw o guilind’ S|

bd'é&)@&a@w))g
oK Lawg (Jgill Jolowe b oad 38, aslllacd,ge &loS; aw rwadb Jbj)l 4 bgywe & IS
B Y s @ Jobo oogamo ;o aiej plgiea J9bl Jslome 2950 0aaliis &5 oo lon g0 fiogidy i
b ioren ol 00l jae 09> 5l 1) eud oal (slagiy  soles L..a]m g ally pd> mo jegl Al
AR Lu,&; Z50 Job 00g9mme 10 1) e piden ooyhe alaSS, a5 S e 0T suelumsay sladilas,

Vag



VAV=Y) ¥ o5l ((VF+1) 14 (31,15 ode aolibiad oy srb AN ) Sl T gy

39 55 by, Aoy g 00g gl B+ JI YAA w5205 4l ) awgs ouds iz cabs 00gamme 20,10 jiagilli OY ¢
e &laSS ) dusyp a5 WS e SLSLY S 5l sdelussdy il oyl g BB o> gl F5- ’L‘; YAZ o5L
ud.> 6‘)’ ﬂ‘&i) u_i) T LJ?JQ o.>5_>.7m aS LS:[?D" )l ...\3)‘0 )M?JL’ IR ods..\?m )d ‘SJLM&J [.\J).QJ u.&>
b Al gl sseliaon zae Jsb odgaze wib oo yiegl Fre JIYer 0t s 5S>
Sl aladsay pasbis arnSles i alio o s, Loluly o ls Sligen il cnl b LS aalllaes g0
O s (el (65350 yobty lgi oo g w0 (I, S5) Dd plie 5 0)l8 (097 (F0,08 0 o>

IYY] 65 (6 S ol 95Ul (oS 555 5l g Sg0uns |, g 18Ul 5 FTO

497355

Absorbance

0 !
200 300 400 500 600 700
Wavelength [nm]

b9y (& ol i) (© 4925y (AN il yiumy 55 soibantllae GWailassy Jokoro UV cinb Y S5

(STM) gy (g5 9Sus ySno dawgds (5,951 29005 23

B 0y (g (B 29Ky, Sen | FTO slaains mhaw (59, TIO2 39l Slasay () p jolaie
byl e dw Sl j0 50 g alisee gled aw o ol 0ad e cdalin T SIS (o a5 b les el oals
Szl s S35 b Wigish 4l ey pelaw sainslis o F USE 5o Vb 5l g (gl 45 (g 5oty lons
(WY U5 (il 5 (0 F JS8) 9,019, slabes 51 510908 & bgaye 500 w93 10l o0 poslics 9pnSTieo
Ol 45 Sl go 0dyd (o g Sige Dygoss il slai 58 5 4l D50 4 Laprasl gy slei o bl o0
sl iled sk gl o 45 G5 0l Js 4 |, YU e 4 s G o5 a5t 5 ity ] 095
bl 5 il o Yo oo ) e G Bl sy oald slaws ax o @8ly jo .ol i Slaw b ol slaald
£ ¥ USE 0 rizmen [YF] ol olan a0 1) (g5 ol Wb 033k o] 5 5 390 yidon 0S5,
oanlive (50l Lo cloggaily 5 iy S oo olled |y Wigigh sSangSe Lo 5 (oim dw pgas &5
a1y (599, Sloggis 5l syt i b ol o 0B 1y (T 5 il o lgish o ol Jolw 5 3k oS 005 0
Ivol ops (suntyss sl 033 5 (o555 iz (l33l g g 231l pls

yay



oyKed 5 soudic Slg> VAY=Yo) ¥ oLy ((1F+1) 18 o030, cole anlilad

(Al hio (glalos )0 (igi (g r95wg Sro s ounih g TIO2 T3 g8 gelauw 31 (gohms dww ygluai .F JSCo
YU slod (0 9 gon dw Slod (7 19519y Sl (@ ol Sod

S5 Jobas o ofians 3l ool 5y b 2 (sioxho 3f Juol gl

el Sl ot i sy oo S0yl (s ] g oo SSLae (st e
i odil 5 (S0 s e o S5 isS Ll o oz sl el @ lsn Sy ol (s
Ivsl s oo Gladshe o Shae oy 5 Shaasin 1y Sie sloyia b 5l a8 il cans 550 JS
Slasuie Grizred ool 0ad 00,5l O IS 10 (iogh ool 0 eadaisles (5055 slashe 1y (omie o
Wy — b,z sovie srosls jlassl .l oads 05,9 4od> jsbay V i 0 by v )l 5l edelensdy mge
Sbylae 5dg polie g Lo b by, ailaS, b osds polus (g0l ) Joku digei a5 am oo (lid odnliwsa
Ll plo 4 o 1) (g 30slae Jhawy 4 ¥/ F ol 5 yuel boo Vo /YR obigS” Jlail o) 2 w2dg /1YY
Ol Foys S5y 0 Llo 5 (uligy alaSS; 50 558 S5e g e L lUlg 4 Glgi e |y el ul o a5 el axils
oS 55k Jleiz! yuizren Sgd oo 49 Yy LA Coge aS ol G sadsadllas 5 jloe plo 4 Cand &S,
VIVY ooy diged ;o olisS e b2 (JBa lade (o ol aldlin oS (ulis; oSS, 5o (280
lsS e by e a5 alse 51 (S a5 ol il agzo ) diged 3l oy (a0 yie il ,.ATC’J..J
39 lde O S 4 dx g b cpl il el pauils aunSTgo 4Y lawg oad iz aloS; ke wenl 135,50
3 ol eliss e b (JBa o5 39500 Uil 5 Sl ladiges plo 5l ity (lig) aloSS) Lawg ol o
53 e 35 55 ol S oy ol b pains Bl g Johos 0 083l (rizpod w3l i
@loSs, ol 45 358 o oanlive oy, 1o, o il dws o (YL ol axgs b g [YF] o)ls Saiy o5t
g el abgy o (gl 53 Joho Glonily 9900 42 218

YaA



VAV=Y) ¥ o5l ((VF+1) 14 (31,15 ode aolibiad oy srb AN ) Sl T gy

e 'J"UBJ
493))

— Ol |

1 1
0.0 0.2 0.4 0.6 0.8
Voltage [v]

Ol (7 4192955 (@ oaligy (W : gailasSy b ouds e (g yo5 (S ghuw 5Wg (4l yor (oo B JSCio

(b SBalSS ) b oads plue (g 95 Jolw W9 - oLy (S I Jol> gl ol sl i lio ) Jguer

Juail by

diges PIRCIN o gl 5Lyl 5lg by S olossly
[ E. -
(em?) v) Sy (%)
(mA/cm?)
\ b, Y0 VY VIva /) ¥ f
v NSS! Y0 PV NOF IO Y
v RS A ¥ oY YA \Y
S5 A

51 ool b pasli wpnSTss sbpemslicl 35l lugl e s0ed s> sl sbe &S cnl 4o
Slga 23t ol 5l saslianot gl oS adg ey g 4920,) (lyie) oS ulus ab slaalass,
12,5 4> 5zt @ ol |y sadye> Jske po 42854

M a4 prhas S g J5biie Lo, bl s & poslid 9unSTss lapeugl § O35k (S 5
Jlasl 5l | abanlgar )5l ol 5 Ll sandysd Jolho Slonily 5 6lus) Qo s o oliwas 5l
Bl o ol 515 4 09 S0 JUisl g 550bsS S0 JUi) s 45 Col gl annSTgo o b 4SS,
B35 0 oS Py Sl iSly el Carge 5 098 oo et

S VIV g VY oliss” Jlasl ol 5k Sl 5y slie o iy o gy oS, b o a5 (slo oo
5 st U5 & el ol Jds a5 aiises Seas T ¥ e B 1) s0udyen ol clenil, sl 5 oS e
9o g ye LA, plo a4 Cod fogl ¥70 aion zoe Job b (g bawg )5 032 5555

917V 9 1PV 5k e 5y polie s ey 5 (e 5 a1920)) Sl jleslaiul b ond alg sladises
b olig) 5l G 92,5 45 Al aseie gl 4 axgi baisly lis o5 1 ONVY 5 MOP olieS Jlasl oL >
el A3 (0 yo3 Joho 3 Shas Sgrgr 15 (e 4 Can | 6y 3G oy VY Lot

144



o)Sod g soudic Slg> VAV=Y) o o ko ((1F ) 14 (531,18 ole aoliliad

References

[1] Barghi Jahromi, M. S., Kamali, K., & Sefid, M. (2021). Energy and exergy analysis of a
direct solar steam power plant with solar parabolic concentrator for Yazd city with several
water preheaters. Karafan Quarterly Scientific Journal, 19(1), -. https//:doi.org/10.483
01/kssa.2021.287183.1540

[2] Ikpesu, J. E., Iyuke, S. E., Daramola, M., & Okewale, A. O. (2020). Synthesis of improved
dye-sensitized solar cell for renewable energy power generation. Solar Energy, 206(7),
918-934. https://doi.org/10.1016/j.s0lener.2020.05.002

[3] Mohiuddin, O., Obaidullah, M., & Sabah, C. (2018). Improvement in dye sensitized solar
cells from past to present. Optical and Quantum Electronics, 50(10), 377. https://d
0i.0rg/10.1007/s11082-018-1647-1

[4] Sharma, S., Bulkesh ,S., Ghoshal, S. K., & Mohan, D. (2017). Dye sensitized solar cells:
From genesis to recent drifts. Renewable and Sustainable Energy Reviews, 70, 529-
537. https://doi.org/10.1016/j.rser.2016.11.136

[5] Sharma, K., Sharma, V., & Sharma, S. S. (2018). Dye-Sensitized Solar Cells: Fundamentals
and Current Status. Nanoscale Research Letters, 13(1), 1-46. https://doi.org/10.1186/s11
671-018-2760-6

[6] Al Bin saleh, H., Abd El-Lateef, H. M., & Bakir, E. (2022). Simple development of eco-
friendly dye-sensitized solar cells via controlling thickness of TiO2 nanoparticles
and viscosity of electrolyte: Experimental study and DFT calculations. Inorganic Chemistry
Communications, 140, 109472. https://doi.org/10.1016/j.inoche.2022.1 09472

[7] Kumara, N. T. R. N., Lim ,A., Lim, C. M., Petra, M. |., & Ekanayake, P. (2017). Recent
progress and utilization of natural pigments in dye sensitized solar cells: A review.
Renewable and Sustainable Energy Reviews, 78, 301-317. https://doi.org/10.1016/
j.rser.2017.04.075

[8] Ludin, N. A., Al-Alwani Mahmoud, A. M., Bakar Mohamad, A., Kadhum, A. A. H.,
Sopian, K., & Abdul Karim, N. S. (2014). Review on the development of natural
dye photosensitizer for dye-sensitized solar cells. Renewable and Sustainable Energy
Reviews, 31, 386-396 .https://doi.org/10.1016/j.rser.2013.12.001

[9] Boymirzaev, A., & Yokubbayev, A. A. (2021). Recent Advances In Dye-Sensitized Solar
Cells Using Plant Pigments. Theoretical & Applied Science, 97(5), 146-149. https://doi
.0rg/10.15863/TAS.2021.05.97.27

[10] Kokal, R. K., Bhattacharya, S., Cardoso, L. S., Miranda, P. B., Soma, V. R., Chetti, P.,
Melepurath, D., & Raavi, S. S. K. (2019). Low cost ‘green’ dye sensitized solar cells
based on New Fuchsin dye with aqueous electrolyte and platinum-free counter
electrodes. Solar Energy, 188, 913-923. https://doi.org/10.1016/j.solener.2019.06.066

[11] Zeng, K., Tong, Z., Ma, L., Zhu, W.-H., Wu, W., & Xie, Y. (2020). Molecular engineering
strategies for fabricating efficient porphyrin-based dye-sensitized solar cells. Energy &
Environmental Science, 13(6), 1617-1657. https://doi.org/10.1039/COEE04200H

[12] Gong, J., Sumathy, K., Qiao, Q., & Zhou, Z. (2017). Review on dye-sensitized solar cells
(DSSCs): Advanced techniques and research trends. Renewable and Sustainable Energy
Reviews, 68, 234-246. https://doi.org/10.1016/j.rser.2016.09.097

[13] Anbarasan, P., Priyadharsini, C. I., Sathiyapriya, R., Hariharan, V., Parabakaran, K., &
Aroulmoji, V. (2019). Development of TiO2 Nanomaterials and Dyes Selection
(using DFT) for DSSC Applications—A Stepwise Review. International journal of

Yoo


https://doi.org/10.48301/kssa.2021.287183.1540
https://doi.org/10.48301/kssa.2021.287183.1540
https://doi.org/10.1016/j.solener.2020.05.002
https://doi.org/10.1007/s11082-018-1647-1
https://doi.org/10.1007/s11082-018-1647-1
https://doi.org/10.1016/j.rser.2016.11.136
https://doi.org/10.1186/s11671-018-2760-6
https://doi.org/10.1186/s11671-018-2760-6
https://doi.org/10.1016/j.inoche.2022.109472
https://doi.org/10.1016/j.rser.2017.04.075
https://doi.org/10.1016/j.rser.2017.04.075
https://doi.org/10.1016/j.rser.2013.12.001
https://doi.org/10.15863/TAS.2021.05.97.27
https://doi.org/10.15863/TAS.2021.05.97.27
https://doi.org/10.1016/j.solener.2019.06.066
https://doi.org/10.1039/C9EE04200H
https://doi.org/10.1016/j.rser.2016.09.097

VAV=Y) ¥ o5l ((VF+1) 14 (31,15 ode aolibiad oy srb AN ) Sl T gy

advanced Science and Engineering, 6(02), 1326-1350. https://doi.org/10.29294/1J
ASE.6.2.2019.1326-1350

[14] Kushwaha, R., Srivastava, P., & Bahadur, L. (2013). Natural Pigments from Plants Used as
Sensitizers for TiO2 Based Dye-Sensitized Solar Cells. Journal of Energy, 2013(11),
1-8. https://doi.org/10.1155/2013/654953

[15] Dumbravé, A., Georgescu, A., Damache, G., Badea, C., Enache, 1., Oprea, C., & Girfu,
M. (2008). Dye-sensitized solar cells based on nanocrystalline TiO2 and natural
pigments. Journal Of Optoelectronics And Advanced Materials, 10(11), 2996-
3002.

[16] Bartolotta, A., & Calogero, G. (2020). Dye-sensitized solar cells: from synthetic dyes
to natural pigments. In Solar Cells and Light Management. Elsevier. https://doi.or
0/10.1016/B978-0-08-102762-2.00004-5

[17] Urbani, M., Ragoussi, M-E., Nazeeruddin, M. K., & Torres, T. (2019). Phthalocyanines for
dye-sensitized solar cells. Coordination Chemistry Reviews, 381, 1-64 .https://doi.org/10.
1016/j.ccr.2018.10.007

[18] Omar, A, Ali, S., & Abd Rahim, N. (2020). Electron transport properties analysis of
titanium dioxide dye-sensitized solar cells (TiO2-DSSCs) based natural dyes using
electrochemical impedance spectroscopy concept: A review. Solar Energy, 207(4),
1088-1121. https://doi.org/10.1016/j.solener.2020.07.028

[19] Liang, Y., Wu, Y., Feng, D., Tsai, S-T., Son, H-J., Li, G., & Yu, L. (2009). Development of
New Semiconducting Polymers for High Performance Solar Cells. Journal of the
American Chemical Society, 131(1), 56-57. https://doi.org/10.1021/ja808373p

[20] Kohn, S., GroRerhode, C., Storck, J. L., Grotsch, G., Cornelilen, C., Streitenberger,
A., Grassmann, C., Schwarz-Pfeiffer, A., & Ehrmann, A. (2019). Commercially
available teas as possible dyes for dye-sensitized solar cells. Optik, 185, 178-182.
https://doi.org/10.1016/j.ijle0.2019.03.128

[21] Yang, C-H., Chen, P-Y., Chen, W-J., Wang, T-L., & Shieh, Y-T. (2013). Spectroscopic
evidences of synergistic co-sensitization in dye-sensitized solar cells via experimentation
of mixture design. Electrochimica Acta, 107, 170-177. https://doi.org/10.1016/].electacta.
2013.05.062

[22] Sanda, M. D., Badu, M., Awudza, J., & Boadi, N. (2021). Development of TiO 2-based dye-
sensitized solar cells using natural dyes extracted from some plant-based materials. Chemistry
International, 7(1), 9-20. https.//papers.ssrn.com/sol3/papers.cfm?abstract id= 3693716

[23] Kwak, E. S., Lee, W., Park, N-G., Kim, J., & Lee, H. (2009) .Compact Inverse-Opal Electrode
Using Non-Aggregated TiO2 Nanoparticles for Dye-Sensitized Solar Cells. Advanced
Functional Materials, 19(7), 1093-1099. https://doi.org/10.1002/adfm.200801 540

[25] Sasahara, A., Pang, C. L., & Onishi, H. (2006). STM Observation of a Ruthenium Dye
Adsorbed on a TiO2(110) Surface. The Journal of Physical Chemistry B, 110(10),
4751-4755. https://doi.org/10.1021/jp0562882

[25] Rajaee, M. (2017). Modeling and optimizing the CIGS thin film cell structure to
increase efficiency. Karafan Quarterly Scientific Journal, 14(2), 81-94. https://kar
afan.tvu.ac.ir/article_100506 1bb3825c5c742b45c4a64clceb6eb803.pdf

[26] Chikate, B. V., Sadawarte, Y., & Sewagram, B. (2015). The factors affecting the performance
of solar cell. International Journal of Computer Applications, 1(1), 0975-8887. https:/cit
eseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.742.1259&rep=repl &type=pdf



https://doi.org/10.29294/IJASE.6.2.2019.1326-1350
https://doi.org/10.29294/IJASE.6.2.2019.1326-1350
https://doi.org/10.1155/2013/654953
https://doi.org/10.1016/B978-0-08-102762-2.00004-5
https://doi.org/10.1016/B978-0-08-102762-2.00004-5
https://doi.org/10.1016/j.ccr.2018.10.007
https://doi.org/10.1016/j.ccr.2018.10.007
https://doi.org/10.1016/j.solener.2020.07.028
https://doi.org/10.1021/ja808373p
https://doi.org/10.1016/j.ijleo.2019.03.128
https://doi.org/10.1016/j.electacta.2013.05.062
https://doi.org/10.1016/j.electacta.2013.05.062
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3693716
https://doi.org/10.1002/adfm.200801540
https://doi.org/10.1021/jp0562882
https://karafan.tvu.ac.ir/article_100506_1bb3825c5c742b45c4a64c1ceb6eb803.pdf
https://karafan.tvu.ac.ir/article_100506_1bb3825c5c742b45c4a64c1ceb6eb803.pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.742.1259&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.742.1259&rep=rep1&type=pdf

