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Abstract

Chalcone and its related compounds are known te-@@njugated compounds, which can be
potentially used in different electronic areas udeg dye sensitized solar cell (DSSC). A total of
six bis-chalcone compound$-§) have been synthesized using a Claisen-Schmidtecmation
method under basic conditions. The compounds wssd as the dye in DSSC to test their solar
conversion efficiency. In the process of solar ¢afirication, titanium(ll) oxide (Tig) coated
glass was used as the working electrode, whereasittture of iodine ¢)), lithium iodide (Lil),

4-tertbutylpyridine  (4-TBP) and 1,2-dimethyl-3-psdipnidazolium  (DMPII) in  3-
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methoxypropionitrile were used as the electrolylee DSSC was fabricated by immersing the
TiO, glass into the respective bis-chalcone compouhdisn and dried into the oven at 45 °C
for 120 minutes. Lastly, the working electrode aodnter electrode were sealed using surlyn of
60 um thickness. The efficiency test was condueteder AM 1.5G illumination with the
incident light intensity of 1200 mW/cmAmong the six bis-chalcone derivatives, compo@nd
namely 1,4-bis-2-hydroxychalcone, was recorded wiéhhighest efficiency (0.054%) compared
to the others (0.022-0.035%). The presencemtanjugated system and the push-pull effect in
the molecule were found to enhance the converdiaieacy of DSSC. Details of the results are

discussed in the present paper.

Keyword: Bis-chalcone, dye sensitized solar ceb8T),z-conjugation system, push-pull effect

1. Introduction

Solar energy has great potential to be used aseavedble energy source in the future. However,
in the current market, over 90% solar cells are enafl silicon, which, despite giving high
conversion efficiency are expensive [1]. As a redle organic type dye sensitized solar cell
(DSSC) was developed, which offers low cost [2whwer, the conversion efficiency is still far
lower than the silicon type solar cell [3]. Desp@SSC giving low conversion efficiency, this
type of solar cell still attracts attention fromffdient fields of researchers due to several
advantages [4]. In addition to the low cost, thganmic dye can be coated onto the plastic type

substrates which can increase the flexibility o tell [2]. Moreover, by understanding the
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structure-property relationship, chemists can stinadly design the dyes in order to enhance the
sun light absorption properties [4].
Chalcone is a natural compound found in apple sggd3he structure of chalcone consists of
two aromatic rings that linked hyB-conjugated keto-enol groupi@. 1).
O
O

Fig. 1. Structure of chalcone

Chalcone and its derivatives are widely used in-lnogar optics (NLO), optical computing,
optical communication, optical limiting, photoirated polymerization, electrochemical sensing
and Langmuir films [6-8]. According to Kamath amahworkers, chalcones are used as NLO due
to their good optical power limiting properties ahéd-order nonlinearity. In general, chalcones
offer large nonlinear coefficients due to the féett they consist of a conjugated double bond in
between two planar benzene rings [9]. The deloattin of n-electrons within these double
bond and benzene rings are the one that responfibléhe third order nonlinear optical
responses. Furthermore, the effect can also bedsed by enhancing the ability of electron
donating groups [10].

In fact, some researchers found that small moleccbmtaining donor (D)-acceptor (A) groups
connected byt-conjugated system can pose high solar converdiarieacy [11-14]. For this
reason, Chambon and co-workers have synthesizedes ®f 2’-hydroxychalcones coordinated
to borondifluoride, a strong-acceptor, in order to enhance the push-pull chardsy having
donor-acceptor (D-A) groups in the molecule. Theugr was able to achieve an efficiency

conversion of 1.13% when the boron-chalcones caxeplevere used as donor materials while



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

[6,6]phenyl-C61-butyric acid methyl ester (§BM) as the electron accepting material in the
solar cells [15]. In addition, flavonoid, which #&natural pigment from the same family with
chalcone, and its’ application in DSSC has beeorted [16].

Herein, we report the solar conversion efficienysia bis-chalcone compoundf&i@.2). The
synthesis, photophysical properties [8], and thaolgical activities [17-21] of compounds4
have already been reported, whereas compobitilare novel compounds. To our knowledge,

none of these compounds have been reported congetimeir solar conversion efficiency in

DSSC.
R O
Z4 R
O R O Z O O A O 7 O
O R o R
Compounds R R' Compounds R
1 H H 5 H
2 OH H 6 OH
3 H OMe
4 OH OMe

Fig. 2. Bis-chalcone compounds6 that have been tested for conversion efficiendy$8C

The influence of the push-pull effect in conversigificiency can be observed by comparing
compounds3 and4 to compoundd and2. There are two methoxy groups present at the Hand
positions at the central phenyl ring, which act esctron donor in compound3 and 4.
Meanwhile, the bis-chalcone analogues in compobraisd6 are located at theetaposition in

order to reduce-conjugated effect along the molecule.

2. Experimental



87  All chemicals used for the synthesis of compouhd@swere purchased from Fluka, Aldrich and
88  Acros-organic. Unless otherwise stated, the chdmiaad solvents were used without further
89  purification.

90 Ethanol (1.00 L) was purified by mixing with 1.50§iodine and 3.5 g of magnesium turning in
91 a round bottom flask. The mixture was refluxed luitsi colour changed from dark brown to
92  colourless and then collectet distillation to obtain dry ethanol.

93

94 2.1 Characterization

95 The IR spectra of bis-chalcone compounds were decbusing a Thermo Scientific Fourier
96 transform infrared spectrometer (FTIR) model - NIEDY iS10 in KBr dish in the range of
97  4000-400 crit. The resolution used for obtaining the IR specti@s 4.000 with the scan’s
98 number of 36 in a deuterated triglycine sulphat&@@3) KBr detector. ThéH NMR spectra
99  were recorded by using JEOL, 500 MHz FT-NMR speuntter, and the chemical shifts were
100 reported relative to TMS internal standard andrezfeedvia residual proton NMR resonances
101 of the deuterated solvent (CRXCdy 7.26;0c 77.7 ppm). The absorption spectra were recorded
102  with JASCO V-630 spectrophotometer. The elementalysis of carbon, hydrogen, and
103  nitrogen were carried out by using CHN analyzerrifeeflash EA 1112 Series. Melting points
104  were determined using open capillary in Stuart MigBting point apparatus.

105

106 2.2 General procedures for the preparation of bédcbne

107 The procedures of preparing bis-chalcone compowrdssimilar to those reported in the
108 literature [8]. Compound$-4 have been reported in literature [8, 17-23], whdenpound$ and

109 6 were newly synthesized. The general procedurdssethalcone compounds4 preparation
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are described as below, whereas the spectroscafacofl compound§-4 can be found in S.I or
our earlier publication [8].

Two equivalent molar amount of R-acetophenone [elrH ( & 3) andortho-OH (2 & 4)]
was added into 100 mL beaker and was dissolve® imR of ethanol. 10 mL of 10 % aqueous
KOH was poured gently into the beaker containingdetophenone and the mixture was stirred
for about 10 minutes. 1,4-terephthaldehyde (0.670050 mol) and 2,5-dimethoxy-1,4-
terephthaldehyde (0.20 g, 0.0010 mol) were addedbeaker 1 & 3) and @ & 4), respectively.
The mixture was stirred vigorously under room terapge for 4 hours. After that, 3M HCI was
added until the solution was neutralized. The olg@i precipitate was filtered, rinsed with
distilled water and ethanol. The washed precipitates allowed to air dried. Finally, the
precipitate was purifiedia slow evaporation by using THF.

For compound$® and6, precaution steps were taken as the precipitaiéyeayglomerate during
the neutralization process. Therefore, the nemtitaiin process was carried out under cold
condition. The preparation procedures and spedpisadata of compoundS and 6 are as
described below:

Acetophenone (0.360 g, 3.0 mmole for compobGhdnd 2-hydroxyacetophenone (0.408 g, 3.0
mmole for compoun@) was dissolved in 20 mL of ethanol, respectivélymL of 10% aqueous
KOH was added gently into the solution and the orixtwas stirred for about 10 minutes. Iso-
terephthaldehyde (0.200 g, 1.5 mmol) was addedtironixture and stirred vigorously at room
temperature for 4 hours. After that, the reactiask was immersed into ice bath and 3M HCI
was added until the solution was neutralized. Thi@ioed precipitate was filtered, rinsed with
distilled water and ethanol. The washed precipitas allowed to air dried. The precipitate was

purified using recrystallizationia slow evaporation in tetrahydrofuran (THF).
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2.2.1(2E,2’E)-3,3’-(1,3-phenylene)bis(1-phenylprop-2-kiene),5

White solid. Yield: 0.530 g, 95%. M.P.: 136.4-137@. IR (KBr, cni'): 1660 ¢C=0), 1607
(vC=C), 1442 and 142&C=C, aromatic ring)H-NMR (500 MHz, CDC}) &: 8.05 (d, 4HJ = 8
Hz, Ar-H), 7.89 (d, 2H,) = 16 Hz, CH=CHj), 7.82 (s, 1H, Ar-H), 7.69 (d, 2H,= 8 Hz, Ar-H),
7.60 (d, 2HJ = 16 Hz, CH=CH), 7.62 (t, 2H, 8Hz, Ar-H), 7.53 (m, 5H, Ar-HFC-NMR (125
MHz, CDCk) &: 190.5, 143.9, 138.1, 135.8, 133.1, 130.3, 12E28,8, 128.7, 128.4 and 123.1.
UV-Vis (DCM) (AmaYnm): 261 and 307. Anal. Cal. for4H;150,: C, 85.18; H, 5.36; Found: C,

85.62; H, 5.43.

2.2.2(2E,2’E)-3,3’-(1,3-phenylene)bis[1-(2-hydroxyphepybp-2-en-1-one)s

Yellow solid. Yield: 0.161 g, 27%. M.P.: 178-180 .°@QR (KBr, cmi'): 3455 ¢OH), 1639
(vC=0), 1575 YC=C), 1487 and 144C=C, aromatic ring)*H-NMR (500 MHz, CDC}) &:
12.74 (s, 2H, OH), 7.96 (d, 2Hd,= 6 Hz, Ar-H), 7.95 (d, 2H) = 15 Hz, CH=CH), 7.91 (s, 1H,
Ar-H), 7.74 (d, 2HJ = 5 Hz, Ar-H), 7.72 (d, 2H) = 15 Hz, CH=CHj), 7.53 (t, 3HJ = 8Hz, Ar-
H), 7.05 (d, 2H,J = 8 Hz, Ar-H), 6.98 (t, 2HJ = 7 Hz, Ar-H).**C-NMR (125 MHz, CDCJ) &:
193.59, 163.74, 144.39, 136.75, 135.61, 130.56,.7829128.91, 121.37, 120.01, 119.08
and118.82. UV-Vis (DCM)Xmadnm): 260, 315 and 351. Anal. Cal. fop,81¢04: C, 77.82; H,

4.90; Found: C, 77.84; H, 4.95.

2.3 Dye sensitized solar cell (DSSC) fabrication
The fabrication method of DSSC followed that repdrtin the literature [24] with slight

modification. Fig. 3 shows a schematic assembly of DSSC, whereas theleed DSSC is
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shown inFig.4. The preparation procedures of each individual mament as described in the

following sub-sections 2.3.1-2.38.

ITO coated glass with
platinum coating

Electrolyte7
Surlyn dupont 60 pm ———" O/

-

TiO, + Dye

—FTO glass

Fig. 3. Schematic structure of DSSC

N

Fig. 4. Completed DSSC

2.3.1 Preparation of Ti@paste
Titanium oxide (TiQ) P25 (5 g) was transferred into a mixture of 30 ofitert-butylalcohol and

15 mL of deionized water in a beaker. It was difice overnight to homogenize the paste.

2.3.2 Preparation of Ti@working electrode
FTO glass (1.5 cmx3.0 cm) was used in the fabonaffhe glass was sonicated with acetone,

followed by methanol and deionized water. It wadlrat 45 °C for about 10 minutes. Upon
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completion, it was treated under UV light for 30noiies. The treated FTO glass was directly
used for the Ti@coating by using the doctor blade technique. Ti@® Toating was started from
the thickness of 5 um, followed by 10, 15, 20, 83, 45 and lastly 50 um. Each coat was kept
for 60 minutes interval gap. The excess Jwas scraped out using microscopic slide to craate
dimension of 0.5 cmx0.5 cm as a working electrotee film was treated to 150 °C for 90

minutes and annealed to 450 °C for 30 minutes.

2.3.3 Preparation of standard dye cis-[bis(isothjanato)bis(2,2’-pyridinyl-4,4’-dicarboxylic
acid)ruthenium(11)](N3) solution

The standard dye namely N3 (0.0223 g, 0.03 mmob diasolved into a mixture of 50 mL
acetonitrile and 50 mLltert-butylalcohol in a beaker. Lights were turned offridg the
preparation due to light sensitive nature of N3e Tlixture was capped and sonicated for about

30 minutes. The beaker was covered with aluminioitd avoid direct contact with light.

2.3.4 Preparation of bis-chalcone compounds as wigedye
Respective bis-chalcone compound (0.03 mmol) wesotlied into 20 mL of acetonitrile and 20

mL of tertbutylalcohol in a beaker. The mixture veapped and sonicated for 30 minutes.

2.3.5 Preparation of Pt counter electrode

The electron beams evaporation technidftig.(5) was used to coat the Pt counter electrode.
This technique involves the use of electricity engrate an electron beam in a high pressure
vacuum chamber of about 7.5%10orr (102 Pa) and control of magnetic field to deflect the

beams by 180° or 270° onto the evaporation matefia¢ kinetic energy produced from the
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electricity drives the generated electron beamsugroh contact with the evaporation material, it
is converted into thermal energy producing heahédt or sublimate it. Once sufficient heat and
pressure were reached, the vapour evaporated upveard formed a thin layer film on the

substrate that is attached onto the substrate dome.

acuum chamber

Substrate
holder

I

Substrate
film
Sensor-—————j’ I':'-. |
y 4 i Vacuum
pump
Magnet /
. 4 / Evaporation
Filament / material — 1 Shutter
S W,
L ey
Power Supply

Fig. 5. Electron beams evaporation technique

2.3.6 Preparation of Electrolyte
The electrolyte consists of 0.05 mol ioding),(10.5 mol lithium iodide (Lil), 0.5 mol 4-
tertbutylpyridine (4-TBP) and 1 mol 1,2-dimethylp8epylimidazolium (DMPII) in 15 mL 3-

methoxypropionitrile (MPN).
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2.3.7 Preparation of dye-sensitized working eles¢ro

The TiOG, working electrode was immersed into thedye in a dark room and put into the oven
at 45 °C for 120 minutes. Upon completion, the filmas taken out and dipped into the
acetonitrile solution three times. It was allowedir dried.

For the bis-chalcone organic dye, the prepared, Working electrode was immersed into the
respective bis-chalcone compound and put into W @t 45 °C overnight. Upon completion,

the film was take out and was allowed to dry in air

2.3.8 Sealing of Dye-sensitized solar cell

The working electrode and counter electrode weatedeusing the surlyn of 60 pum thickness
(surlyn 60 pum). Electrolyte was injected into tmeadl drilled hole. The hole was sealed with
another piece of small glass using the surlyn 60 fSilwer paste was applied on both of the

conductive sides.

2.4 Conversion efficiency measurement

The incident photon to current efficiency (IPCE)swaeasured under light illumination of air
mass 1.5 global (AM 1.5G) with the incident lighténsity of 100 mW/cf The IPCE data were
recorded using Keithley 2400 source meter withmilbating monochromatic light on the solar
cells. The working dimension for the solar cell vea$ at 0.25 cf TheJ/V measurement graph
of solar circuit current density§g mA/cnf) against voltage (V) was plotted using the Origin8
Pro SR4 software. The power conversion efficienicthe solar cell can be calculated using the

equation as shown in Eq. 1 below:
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_]schochF ——  Eq. 1
Pin
where
Jsc = short circuit current (mA/cf)
Voc = open circuit photovoltage (V)
FF = fill factor (%)
Pin = incident light intensity (100 mW/cth
n = power conversion efficiency (%)
2.5 Electrochemical setup
The electrochemical experiments were carried watelectron impedance spectroscopy (EIS)
which comprises three-electrode system; glassyocadbectrode (GCE) as working electrode,
platinum wire as counter electrode and Ag/AgCl afterence electrode. The system was
connected to AUTOLAB PGSTAT302 model potentiostaiveh by General Purpose
Electrochemical System (GPES) software. These @rpats were carried out in
dichloromethane solution containing 0.1 M tetrabautynonium hexafluorophosphate

[NBus]PFs as supporting electrolyte and sample concentratfah x 10° M. All measurements

were performed at room temperature.

3. Results and discussion

3.1 Synthesis and spectroscopic characterization

The bis-chalcone compoundss were synthesized through Claisen-Schmidt condemsathe
reactions were carried out under basic conditian®f12 hours and neutralized using 3M HCI
upon the completion of the reaction. For compoundsd6, precautionary steps were taken as
the precipitate easily agglomerate during the rdimaition process. Therefore, neutralization

process was carried out under cold condition irentd avoid the agglomeration problem.
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249  The formation of bis-chalcone compounds can beicoefl from the presence of C=C-C=0
250 conjugation stretching band at 1600-1700"am the IR spectra (See S| undég. S1-S6) [8].
251  Meanwhile, another strong stretching band appears5@0 - 1600 cm is attributed to the
252  aliphatic C=C bond in the structure. For bis-chaka@ompounsl 2, 4 and 6, a broad signal
253  presents at the region of 3300 — 3400 due to tesemce of OH group at tleetho position of
254 wing phenyl rings.

255 Furthermore, in théH NMR spectra (see Sl und&ig. S7-S12), a pair of doublets can be
256  observed at 8.05-7.80 ppm and 7.71-7.51 ppm wighctiupling constant], values of 16 Hz.
257  The pair of doublets are attributed to @reand p-protons located in the g€C,-C=0O moiety,
258  confirming thetrans conformation of the bis-chalcone compounds wetainbd.

259  For the UV-Vis spectra (S| undéiig. S19-S24), all the bis-chalcone compounds show two
260 absorption bands namely 268—-278 nm for sther* transition in the phenyl ring and 333-383
261 nm for the r>n* in the C=0 moietyig. 6). As well as these two absorption bands, compounds
262  3-4 also have another additional absorption band &t attributed to intra-molecule charge

263 transfer (ICT) due to the electron transfer frommy&gnicr-orbitals to the carbonyt-orbital [8].

379 nm

150 / . N\
/ \\

Abs

0.5 277 nm

240 300 400 500
264 Wavwelength [nm]
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Fig. 6 UV-Vis spectrum of compounal
3.2 Application of bis-chalcone in solar cell eiiéiccy
The standard dyejs-[bis(isothiocyanato)bis(2,2’-pyridinyl-4,4’-dicaslaylicacid)ruthenium(ll)]
complex (N3), was used in order to ensure the starsty of our solar cell fabrication as well as
the measurement. The test was conducted in tripcand a power conversion efficiency of
457, 4.52 and 4.59% was recorded for trials 1,n@ &, respectively. The small standard
deviation (£0.04) indicating the fabrication teatue and measurements were consistent.
Fig. 7 shows theJ/V measurement of the bis-chalcone series which vidded into two
categories, with and without —OH substituted conmaisu From the results obtainebable 1),
compound2 showed the best solar conversion efficiency 064%, which is due to the good
absorption of the compouridye in the TiQ layer, where a yellow color can be clearly seen on
the surface. The result is also supported by thdaictor (FF) value which measured up to
51.604%. Fill factor is generally defined as theaidof the device system work. Several factors
that can affect the FF value include the thickr&s$iO,, the electrolyte, the resistance of the
cell and also the conversion of photocurrent alwbhy the dye [25Thus, the better absorption
of the dye sensitizer allows for more photons agadp absorbed, which results in a greater
photocurrent that could be transported to the nastalline TiQ layer and therefore increase
the overall performance.
On the other hand, the effect of a substituentbsaalearly observed. The structure of compound
2 with an —OH substituent on both ends of the mdéepuomotes the charge transfer within the
molecule and delivers the electron towards the,T8®miconductor layer leading to a solar

conversion efficiency of 0.054%. In comparison wethimpoundl, which does not contain —OH
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287 groups in the molecule, a much lower solar coneersfficiency with only 0.030% was
288  recorded.

289

0.20 0.25

—4— Compound 1 i —=&— Compound 2
—*— Compound 3 i —— Compoung 4
—e— Compound 5 0.20 —4— Compound 6
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290 Fig. 7 J/V measurement of bis-chalcone compounds (without s@#stituent, compounds 3

291 and5, left); (with —OH substituent, compoungs4 and6, right)

292

293

294

295 Table 1: Summary of power conversion efficiencypistchalcone compounds

296

Compound Vo (V) Jsc(mA/cnt) Fill factor (%) Efficiency (%)

1 0.410 0.144 50.649 0.030
2 0.460 0.225 51.604 0.054
3 0.440 0.150 48.570 0.032
4 0.370 0.193 43.970 0.032
5 0.361 0.144 41.620 0.022
6 0.390 0.182 49.423 0.035

297

298  Furthermore, the presence mfconjugation in the structure also plays a vitderon solar
299  conversion efficiency. This effect was observed nviaee changed the substitution position on
300 the central phenyl ring frompara (compound?2) to metaposition (compound). Compoundé
301 showed 20% lower solar conversion efficiency (0%3<ompared to compourizi (0.054%),

302 despite also having the —OH substituted functignalip. According to He and coworkers, the
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conjugation effect in the molecule bonded by a ghanetabranching point is destroyed,
causing the localization of the electron-hole pid electronic decoupling [26]. Hence, this
affects the overall performance of the dye-seresitia facilitate the transfer of the electron te th
semiconductor layer. Due to this reason, the canwerefficiency for compoun8 is the lowest
with a solar efficiency of only 0.022%.

Compounds3 and4 were synthesized with two methoxy groups attackte?dl and 5 positions of
the central phenyl ring at thearabranching point. The initial aim of introducing thexy
groups to the central phenyl ring of compouBdsd4 was to induce push-pull effect along the
molecule. Interestingly, compourdlis highly luminescent with thg emission centered at 505
nm and the® of 0.57 in DCM solution [8]. Indeed, compourddshowed slightly higher
conversion efficiency compared with compourdidand5, and a highei,. and Js; value were
recorded. However, compoury which has both methoxy and hydroxyl substituertugs,
showed the least efficiency in comparison with commls2 and6. This may due to the poor
solubility of compound in the solvent system, where the crystal of compatwas found to
reform on top of the Ti@surface. This caused an increase in the thickoeige dye sensitizer
layer and the direct contact with the counter etelet would results in an increase in cell

resistance and impacting thfe. andJs. values.

3.5 Electrochemistry
The electrochemical behaviours of bis-chalcone aamgds2, 4 and5 were investigated further
by using cyclic voltammetry analysis in order taestmine the redox reaction and potential range

of different electrochemical processes. Cyclic amimograms oR, 4 and5 at glassy carbon
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electrode were recorded in dichloromethane solutiemg 0.1 M [NBy]PFs as supporting

electrolyte in the potential range -3.0 V to 3.@&depicted iifrig. 8.

1.00E-04 -

-2.00E-05 -

-3.00E-05 -

-4.00E-05 -

-5.00E-05 -

Fig. 8 Cyclic Voltamograms of bis-chalcor® 4 and5 in DCM/0.1M [NBw]PF;s at 0.05 V &

scan rate.

Fig. 8 shows the redox potential behaviour with the preseof oxidation and reduction peaks
for all three compounds. The anodic peak which espronded to bis-chalcone oxidation
appeared at around 1.74 V to 2.05 V due to thewuopson of adsorbed chalcone and/or its
oxidative product occurs on the electrode surf2de 28]. For electrochemical reduction, cyclic
voltammogram of reveals well defined quasi-reversible reductiotherange -0.5 V to -2.3 V.

The quasi-reversibility of the reduction processcanfirmed with the corresponding peak
separation value [29] between the catholic peakr@l Ep= -1.58 V) and the two anodic peak

potential Ep= -1.79 V) and p= -1.23 V). The existence of this cyclic voltamnyef€V) wave



340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

18

may be ascribed to the reduction of C=0 group [@]7éd showed a mixed adsorptive and
diffusive response for the system [31]. These figdi were supported by previous literatures
describing on similar type of molecular frameworkkere they focused on proton coupled
electron transfers leading to the reduction of tlaebonyl bond to form the hydroxyl and

hydrogenation of the vinylic bond [27, 31]. In ctusion, the behaviour of compoungs4 and

5, and the existence of redox potential subsequeathe ideal characteristics for potential of the

fabrication of DSSC.

4. Conclusion

Six bis-chalcone compounds were synthesized arid gbkar conversion efficiencies in DSSC
were measured. Compoudyave the highest conversion efficiency (0.054%jeared to the
others (0.022-0.035%). The higher efficiency of ponndsl and2 compared to compounds
ande6, respectively, indicates the importancetafonjugation system in conversion efficiency. In
addition, the presence of push-pull effect in coommb3 also resulted a higher conversion

efficiency compared to compoun@ignd5.
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