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ABSTRACT KEYWORDS
Thiswork reports on a method concerning the improvement of the perfor- DSSC;
mance ofchemically synthesized and natural dye-sensitized nanocrystaline TiOZ;

TiO, solar cellsefficiency. This method deal swith adding surface passiva- Efficiency;
tion elements to the electrolyte. Ruthenium N719 is used as chemically AgNO3 additive.

synthesized dye, while pomegranate juice as well as several fruit juice as
neutral dyes. The dependence of the efficiency on the additives has been
discussed. It isfound that the addition of 1 g/ L AgNO, to the electrolyte
solution in Ruthenium N719 DSSC resulted in nearly doubling the short
circuit current and overal light to electricity conversion efficiency with
dlight increase in the open circuit voltage and fill factor. Moreover, in the
case of natural cells, this addition nearly doublesthefill factor, maximum
circuit voltage and conversion efficiency and has no effect on the circuit
current. The addition of AQNO, to Ruthenium cell under anillumination of
40 mW/cn? sun simulator exhibits good photovoltaic performance; the
efficiency reaches3.7%(5.3mA cm2J_,680mV V _, and 69 %fill factor).
This additive accomplished enhancing in the upgraded DSSC efficiency

from 1.9 %10 3.7 %.

INTRODUCTION

Duringthelast few decades, there have beeninten-
siveresearch activitiesto explore green sources of en-
ergy!™8. Anaternative solar cell technology isthe dye-
sensitized solar cell (DSSC) aso known as Gritzel
cdl¥, whichischaracterized aslightweight, portable,
inexpensive, and trangparent rel ativeto conventional
solid state solar cell$™. Hence, most studieson DSSC
areintended to understand the prevailing role of el ec-
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tron transfer dynamicsand kineticsat nanocrystalline
meta oxide/sensitizer dye/dectrolyteinterfaces®. The
Natural (DSSC’s) are among the most promising de-
vicesfor the solar energy conversion dueto their low
production cost and low environmental impact!.
DSSCsexhibit arange of interesting features as ad-
equately inexpensiverenewableenergy sources*9. The
structureof aDSSCismadeof threemain parts, counter
electrode, photo anode and an electrolyte. Counter
electrode, normally conductive glassand afluorine-
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dopedtinoxide (FTO) themost commonly used, coated
with few atomiclayersof carbon or platinum, in order
to catalyse the red-ox reaction with the el ectrol yte™®
121 Photo anode s constructed from semiconductor
oxide porousfilm onaconductiveglass substrate an-
chored amonolayer of dye. Theeectrolytecan bemade
from organic sol vent contai ning ared-ox couplesuch
asiodideltri-iodide,

Thequality and anchoring of the dyeto the surface
of semiconductor oxide porousfilm areimportant pro-
cessesdetermining the photo conversion efficiency PCE
of thecdl™. The huge mesoporous surfacedlowsfor
an adsorption of asufficiently large number of dyemol-
eculesfor efficient light harvesting*®,

Inthe DSSCs, theopen circuit voltage (V) isdic-
tated by the difference between the quasi-Fermi level
of theTiO, and the potential of theredox couple, while
theshort circuit current (J) arisesby theefficienciesof
theelectroninjection fromthedyeinto TiO, and charge
collection. Therefore, both vauesarelimited by there-
combination processes!®® that occur when the
photoinjected e ectron recombineswith theoxidized dye
molecule or reactswith the oxidized form of theredox
coupleinthedectrolyte. The second processhasbeen
well-studied*¥ and deemed to have agreater impact
on device performance than the second one.

Theefficiency limitation of the DSSCsisconsid-
ered asabig challengeto beinawidespread commer-
cid gpplication. Various strategiesare being employed
to overcomesuchintringiclimitation*.

In addition to a redox couple, two types of
additivesare normally introduced into theliquid elec-
trolytes. Specificakali orguanidiumcationsand Nitro-
gen-contai ning heterocyclic compounds such as4-tert-
butylpyridine (4-TBP) and Derivatives of N-
akylbenzimidazole. Thefirst typeismainly devotedto
theenhancement of (Jsc), by shifting theconducting band
(CB) of the TiO, towardsmore positive potentiads, thus
affecting theelectron injection dynamicsof theexcited
state of dye molecules. The second additivestypeis
mainly dedi cated to theimprovement of theVoc!&-28,

It hasbeen found that the photovoltai c performance
of DSSCs can be enhanced substantially by adding a
smdl amount of deferent additive™?.

Theobjectiveof thiswork isto discussand inves-
tigatethe AgNO, additive enhancement of the photo-
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voltaic performance of natural and chemically
synthesizedDSSCs.

MATERIALAND METHOD

Materials

All chemica swereused without further purifica
tion unlessotherwise stated.

Potassiumiodide (K1), iodide(l), distilled water,
ethanol, acetonitrile, FTO (7 Ohm/sq) transmission
(80%) and N719 standsfor di-tetrabutylammoniumcis-
bis (isothiocyanato) bis (2,22 -bipyridyl-4,42 -
dicarboxylato) ruthenium complex both supplied by
[Solaronix]. TiO, nanocrystalline (anatase 10 nm) pu-
rity (99.9%) was supplied by [MK nano— Canada].

Thefruitsfrom which the natural dyeswere ex-
tracted arelistedinTABLE 1.

TABLE 1: Theorigin of theneutral dyes

Type of plant Origin

Pomegranate Iraq

Hibi scus sebariffol Egypt
Raspberry Syrian
Redorange Iran
Grapefruit Indian
Black tea Sri lanka
Borago officinalis Egypt

Preparation

The preparation procedureisdescribed in ref .2,
However, an additioninthiswork wasthedissolving of
definiteamountsof AGNQO, in 10 ml of acetontrile. This
solutionwasaddedto (K1, I) solution under RT tirrer.
A drop of theresulting solutionwasinjected on theedge
of thecdls.

Theareaof al sensitized filmswasfixedto 1 cm?
using atapeof 17 um thick asamask for this purpose
and by doing so all prepared TiO, paste films were
kept unchanged at 17 um. Theillumination was per-
formed by, sunsmulator, mercury tungsten blended lamp
(Robium-D) China. During measurements, theirradi-
anceonthe cellswasfixedat 40 mW/cn.

DSSC performance
Photo response of the DSSC was evaluated by
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recording thel-V characteristics with a 500 Q poten-
tiometer asavariableload asshowninFigure 1.

Here, S and S, aretwo electrical switches used
for open circuit and close circuit measurements. Both
of them should be opened to measureV_, while S
should be open and S, closed to measure | _. In the
caseof normal operation, S, should beopenedand S,
isclosed.

@

LA
=

DSSC

R 500 0}

Figurel: Electrical circuit diagram adapted for measuring
thel-V characteristics

RESULTS

In order to investigate the absorption band of the
selected dyesin theinteresting solar spectral region,
the UV-V 1S absorption spectraought to be record for
these dyes. These UV-V IS absorption spectraof these
dyesareshowninFigure2.

Figure. 2 (a-d) shows the absorption spectra of
four natural dyes. These dyes have notable colorsin
thevisibleregion, but they have only spectral UV ab-
sorption bands and no significant absorption bandsin
thevisibleregion. However, therearetailsof their UV
absorption bandsthat can beweakly consideredin sen-
Sitizing processes. Regard to Figure 2 (eand f) it is
found that rather than the UV peaks, there are other
absorption peaksat about (520 nm) and (535 nm) that
bel ong to pomegranatejuiceand Ruthenium N719 dye
respectively. The positionsof these peaksareinagood
matching with the peak of thevisible solar radiation
spectrum. Therefore, these two dyes were expected
effectively asgood promising dyes.

375

wavelength [nm)

e
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—

615 0

B0 450 580 650

wanelength nm

Figure2: Absorption spectrafor (a) Hibiséﬁsmbdriffol (b) Grapefruit (c) Borago officinalis(d) Black tea (€) diluted pome-

granatejuice (f) ruthenium N719 dye.
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TABLE 2: DSSC perfor mancebeforeand after theaddition of AgNO,

lsc

Vm Vma<

|max

Dye type Process mA vV mA v FF n %
. beore 3.2 0.52 2.2 0.46 0.61 1.95
Ruthenium
after 53 0.68 429 0.58 0.69 3.7%
beore 13 0.55 11 0.2 031 0.55%
Pomegranate
after 13 0.7 12 04 053 1.2%
0,
Hibisaus shdriffol beore 0.56 0.4 0.45 0.23 0.34 0.26%
after 0.6 0.35 0.5 0.3 0.71 0.4%
beore 0.7 0.52 0.59 0.2 0.32 0.3%
Raspbery
after 0.75 05 0.7 0.2 0.37 0.34%
Red orange bdore 0.45 0.36 0.3 0.21 0.39 0.1%
after 0.3 0.41 0.26 0.3 0.63 0.2%
1)
Grapefrit beore 0.2 0.18 0.1 0.1 0.28 0.02%
after 0.22 04 0.15 0.2 0.33 0.1%
beore 0.111 0.3 0.090 0.1 0.14 0.0002 %
Black tea
after 0.045 0.14 0.035 0.03 0.17 0.003 %
L beore 0.005 01 0.002 0.07 0.28 0.00000 3%
Borago officinalis
after 0.023 04 0.080 0.35 0.75 0.0001 %
4 4 -
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concentration of RutheniumN719 dye
Figure 3: Theefficiency of the DSSC before and after the
addition of 1gm./L AgNO, asafunction of Ruthenium dye

The PCE (n) of asolar cell isgiven by?!

Pout (]_5‘(;‘ > VOC)
T Pf‘” B Phi =L
Wl th FF = Prax _ Umax XVinax )

UsexVoe)  UsexVoc)
whereP_ istheoutput electrical power of thedevice
under illuminetion.

Thecurrent-voltage characteridtics filling factor and
efficienciesof dl adopted dyesinthe DSSCsarelisted
inTABLE 2. Theseresultswere obtai ned before and
after theaddition of AgNQ,,

Concentration effect
In order to study the effect of additive concentra-

55 g5

Immersion time (hour)
Figure4: Immersontimeeffect on the DSSC efficiency

tion onthe performance of the DSSC, theeffect of dye
concentration had to beinvestigated firstly. The effi-
ciency of theDSSC asafunction of dye concentrations
beforeand after theaddition of 1 gm. /L AgNO, tothe
electrolytesolutionisshowninFigure 3.

Theprepared TiO, film after annealing processwas
immersed inthe dye solution. Figure4 illustratesthe
effect of immersiontimeonthe DSSC efficiency.

Severd metdlic additivesweretested inthiswork
such as AgNQO,, Cul, AuCl,, CaCO, and AuCl,
+AgNO,. Thefina efficiency of RutheniumN719 dye
cdllsafter theaddition of theabovemateriasarelisted
iINTABLE 3.

From theresultsdepicted in TABLE 3, itisobvi-
ousthat AQNO, isthe best solution for DSSC enhance-
ment. The concentration of AGNO,, whichwas added
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TABLE 3: Ruthenium DSSC efficienciesfor different types
of additives

type additive n%
AgNG; 37%
Cul 17%
AuCl; 1.6 %
CaCO; 1.35%
AUCl3+AgNO; 1.06 %
4 -
-
(¥
5 2
B,
Tl I |
0 = T ¥ T T ¥ I%
0.1 05 10 30 200 400
concentration AgNO3 (gram /L)

Figure5: Addition of AgNO, affection the DSSC efficiency

to the electrolyte solution, can a so affect the DSSC
efficiency, providing that the suitable amount of silver
nitrateisselected from Figure5.

DISCUSSION

The AFM images can examine the film surface
morphology. Theimagereveal sthat thefilmsaverage
surfacefeature sizesarelessthan thegrain size of 94
nm. In addition, theimage disclosesthat all the pre-
pared samples are compact and dense, Figure 6, be-
fore and after an annealing temperature of 723 K
(450°C).

Theas-deposited prepared TiO, filmsyield roughly
nodular, whileanned ed filmsshow anextradistinguished
nodular morphol ogy, which may lead to aconsiderable
increaseinthe deposited film surfacearea. Thewide
surfaceareaisfavourableto givemore homogenoudy
dyedistribution onthe TiO, nanofilm.

Annealing temperature above 723 K (450°C) has
asignificant effect onthefilm morphology aswell as
more TiO, paste adhering on the substrate?. There-
fore, itishighly recommended that the prepared TiO,
films must be annedled at a temperature of 723 K
(450°C) beforebeingimmersedinto the sensiti zed dyes.

Sincethedyeisdesignated asthe main effective
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Figure6: The surface morphology of TiO, paste film, 3D
view, (a) asdeposed (b) after annealing at 723K (450°C)

factor for chargetransfer, therefore, the sel ected dye
concentration potentially governsthe DSSC perfor-
mance. Throughout the present work, the Ruthenium
N719 dyewasfound to perform thehighest efficiency
among al other dyes, hence, it wasadopted inthe con-
centration effect study. When ahighly porous mesofilm
(10 nm anatase TiO, nanopowder) isimmersedinlig-
uid, thisfilm tendsto absorb the surrounding liquid due
todiffusion effect. The adsorbed amount of dye is
normallyaffected by theimmersiontimeand thenthis
timemust beaccounted for. Onceall the prepared films
were coated with the same TiO, nanopowder at the
same annealing temperature 723 K (450°C), theim-
mersontimemay betheuniquedy influentia factor tobe
analyzed at thisstage sinceit isrel atedto the dye con-
centration. Becauseof dl theaboveconditions, thefilms
that wereimmersed for 5.5 hyiel ded the highest effi-
ciency. Thismay be attributed to the low adsorption
rateof TiO,mesoporousfilmfor gpproximately bigsize
Ruthenium N'719 dye. Over thefirst four hours, thefilm

. -
A Tudéan Journal



RREC, 5(5) 2014

Wesam A.A.Twej et al.

147

has not yet adsorbed a sufficient dye amount. At the
fifth hour, TiO, film reaches maximum adsorption re-
laxation capability, whichled to highest sensitizing effi-
ciency. Withimmersion timelonger than 5.5 h, aggre-
gation of dyemolecules could possibly occur insgdethe
porous film. This aggregation may quench the dye
photoactivity, yielding low dye sensitizing and then low
DSSC efficiency®.

Asregardsto TABLE 2, the DSSCsthat givehigher
efficiencies are those used Ruthenium N719 dyeand
pomegranatejuice. Thesetwo cells, when doped with
AgNQ,, experience higher short-circuit current, open-
circuit voltage (V) andfilling factor in comparison to
that without additive. On the other hand, cells of other
dyesshowed unsystematic behavior because of their low
output current and subsequently low efficiency. Ingen-
eral, adding AgNQ, to all DSSCsresulted in various
ratiosof efficiency increase. Among al tested metallic
additives, AgNO, wasfound asthe best for efficiency
enhancement. Thismay beduetoitsredox potentid vaue
whichisrdatively higherforionicsiver (-1.8V NHE)#.,

Inthe caseof 5.5 hoursimmersiontimeand 5x 10
M Ruthenium N719 dye concentration 1 gm. / L of
AgNQ,, the DSSC efficiency was upgraded from 1.95
t0 3.7 %. In addition, after having this concentration of
AgNQ, all thenatural DSSC efficiencieswerenearly
doubled. Itiscommonly understood that the presence
of small amountsof slver facilitatesthe absorbance of
visblelight according to multi-scattering mechanism.

Typica transmission spectrafor different concen-
tration of AQNO, additiveareillustratedin Figure 7.

The spectrainthisfigurecanjustify that acell with
lower AgNO, concentration could exhibit transmittance
higher than that of other cellsand hence, such lower

1

—ememeeee— O1gM [ L

0.5gm /L

1gm/L

Transmittance %

Igm/L

o

200 300 400 500 &00 TOO 800
Wavelength (nm)

Figure7: Transmisson spectrafor DSSC at different AgNO3
concentration
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concentration hasnegligible scattering effectinthispro-
cess. More obvious scattereffect could be observed
withincreasing AgNO, concentration leadingto asub-
sequent reduction intransmittance. Further increaseof
AgNO, concentration resulted in apronounced drop
located at (415nm), corresponding to asurface plas-
mon resonance of silver which favorsmore el ectron
excitation?+2,

AsAgNO, concentration had beenincreased upto
3gm/L), thetransmittance wasreduced to 50 % of its
initial value. Moreover, silver possessestheability to
reduce recombination duetoitstrapping of excited el ec-
tronsthroughout theintroduction of the Fermi level of
slver whichislocated just below the conduction band
of TiO, . Infact, AgNO, isrelatively stableto light,
I.e., thephotoirradiation on the DSSC wasnot affected
by AgNO, concentration’®. Thereisan optimum con-
centration of AgQNO, (1 gm. /L) which brings about
better efficiency enhancement to the DSSC, Figure5.
With concentrations above and below thisvalue, cell
efficiency would be degraded. The dependenceof cell
efficiency upon the concentration of AQNO,may bejus-
tifiedasfollows:

Inthe case of concentration lower than 1 gm. /L,
apresence of Ag* cationcould promotethe el ectrolyte
ability to carry thedectrica chargeastheAg* concen-
trationincreased. Such mechanism givesriseto an effi-
ciency enhancement towardsamaximumvaueat aspe-
cificAgNO, concentration. Onthe other hand, more
increase of AgNO,concentration above 1 gm. /L
wouldlead to an efficiency reduction may beattributed
to undesired possible chemicd reaction. Sincetheuti-
lized dectrolytemainly cons stsof Potassumiodideand
iodide, which are halides, the excess of silver
cation Ag*, may upsurgethesilver ion reaction with
halide sourcesto produce an insoluble yellow preci pi-
tate of silver iodideaccording tothe halide abstraction
reaction(?,

Ag +1"> Agl

Thisprocesswill reduce amount of I-and distorts
theoptimum I/ I*ratio preventingtherequired dyere-
generation. Asthisprocess proceeds, the sensitizing
activity of thedyewill belimited and then the DSSC
efficiency will be decreased.

Results listed in TABLE 2 show that for
chemicallysyntheses DSSC and upon adding AgNO,
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to thee ectrolyte, the short-circuit current and conver-
sion efficiency aredoubled with dlight increaseinthe
open-circuit voltageandfill factor. Alternatively, in natu-
ral DSSC thisaddition brings about doubling thefill
factor, maximum circuit voltage and conversion effi-
ciency keepingthecircuit current unchanged. Thechar-
acteristic features of natural DSSCmay bedueto the
acidic environment (excessof H*) inthenatural juice
which compensatetheiodidesiIver reaction.

CONCLUSION

In conclusion, wehaveinvestigated thefeasibility
of usingsilver nitrate, asan enhancement additiveina
DSSC. Theresultsherefocusonly ontwo sensitizer
dyes: natura pomegranate]uice dye and organometal -
licdyeN719.

Asaresult, the power conversion efficiency was
nearly doubled after addingal gm. /L AgNO,tothe
electrolyteredox solution. Thisaddition concentration
could offer aviablelow-cost aternative enhancement
to conventiona DSSC in both natural and organome-
tallic dyes.

However, astheresultsreported in thiswork, long
immersion timeyields agreat tendency for N719 to
aggregateasit increasesupto six hours.
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