1 TH AZOLOTHI AZOLE- BASED ORGANI C DYE FOR DYE- SENSI TI ZED SOLAR CELL AND
DYE- SENSI Tl ZED SOLAR CELL | NCLUDI NG THE SAME Field of the Invention 5 The
present invention relates to an organic dye for use in dye-sensitized solar
cell. In particular, the invention relfates to a thiazol ot hi azol e- based
organic dye for use in dye-sensitized solar cell. 10 Background of the

| nvention As energy consunption increases, there has been a grow ng

interest to V|de al c t he
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has been wvel |cest AND PYEISERSITREDNSOLARCELLNRCLUDING TREVSARER! t er nati ve
to the conventional silicon-based solar cells is dye-sensitized solar cells

(DSSCs). This is attributed to several advantages of DSSCs such as

relativel on cost as conpared to conventional silicon-based

sol ar cel F'ekﬁwghé) rﬁgglﬁghcy and high stability. 20 A DSSC consi sts of four

maj or 5:orrponents nanely a conducting el ectrode coated with netal oxide
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the dye npl ecul es cover,j ng, t he tal oxide sem conductor. This is because

t he dye ZWF*@(‘,‘PNE%‘SE%?W%%R'%”E the efficiency of absorbing Iight and

converting the light energy to generate electrical energy. Conventionally,

dye sensitizers in DSSCs are nmade of noble nmetal conpl exes such as platinum

and r 1@ heBagkgraywngeokthe lgventigges are di sadvant ageous 30 because such netal

conplexes are limted and therefore costly. Further, these materials are

associ ated w th undesirabl e environnmental consequences. Consequently, nore

recent redeanengscormumiiivaninteasssdhere bapbesn mggroninghinterdsteto provide ar e
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renewable energy is solar energy. In this regard, it has been well-established

15  from prior art that a cost-saving alternative to the conventional silicon-based solar
cells is dye-sensitized solar cells (DSSCs). This is attributed to several
advantages of DSSCs such as relatively lower production cost as compared to

conventional silicon-based solar cell, high efficiency and high stability.

20 A DSSC consists of four major components namely a conducting electrode
coated with metal oxide semiconductor, for example, titanium dioxide (TiO,), dye
molecules (or photosensitizers) associated with the metal oxide semiconductor,
an electrolyte and a catalyst counter electrode. Of particular interest are the dye
molecules covering the metal oxide semiconductor. This is because the dye

25 molecules contribute to the efficiency of absorbing light and converting the light

energy to generate electrical energy.

Conventionally, dye sensitizers in DSSCs are made of noble metal complexes
such as platinum and ruthenium. However, such dyes are disadvantageous
30 because such metal complexes are limited and therefore costly. Further, these
materials are associated with undesirable environmental consequences.
Consequently, more recent researches have been focused on employing organic
dyes which are relatively cheaper as compared to dyes containing platinum

and/or ruthenium.



2 Exampl es of organic dyes known in the art include those disclosed in, for
exanpl e, US Patent Publication no. 2010/0012930 Al, published on 21 January
2010 in the nanes of Hyeon Choi, et at, US Patent Publication no. 5

2010/ 0137611 Al, published on 3 June 10 in the nanes of Koji Horiba, et
at, and US Patent no. 7935828, published on 3 May 2011 in the nane of Da

Ni ppon Printing Co., Ltd. However, nobst organic dyes known in art have
relatively | ower solar energy-ton)electricity conversion efficiency and
driving stability as conpared to dyes containing rutheniumnetal conplex.
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dye-sensitized solar cell th seeks to address at |east one of t he above
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for high short ci rcuﬂ? curren rovi an i nproved or ption.
A second Rdniing @geltd. the organic dye in accor dance W th th| s invention is
that the organic dye has excellent 25 photoel ectric conversion efficiency.
A third advantage of the organic dye in accordance with this invention is

that the Po@ens nbst ctgahi®adyds RRAWA G akt Raveelehitively lpwkpeblar efgigy-t6- f ourt h
advant age of the organic dye .in accordance with this invention |s t hat the

or gani® " dgleckisily U@@?Fﬁ%sﬁ@‘éﬁ"‘@aﬁnpyd”)ﬂngl paRilib \asncopwaEsd tiRe ¥ ani ¢ dye
i n accor daggsiniMgtiitHeAium ndia s S that the nolecular structure 30 of the
organi c dye can be facilely designed. In accordance with an enbodi nent of
this invention, an organic dye for use in dye-sensitized solar cell is
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sensitized solar cell that seeks to address at least one of the above problems, or

15 at least to provide an alternative.
Summary of the Invention

The above and other problems are solved and an advance in the art is made by
20 an organic dye for use in dye-sensitized solar cell in accordance with this
invention. The organic dye in accordance with this invention has the advantage
of having a large molar extinction coefficient which allows for high short circuit
current Jy, providing an improved molar absorption. A second advantage of the
organic dye in accordance with this invention is that the organic dye has excellent
25 photoelectric conversion efficiency. A third advantage of the organic dye in
accordance with this invention is that the organic dye can be prepared at a
relatively lower cost. A fourth advantage of the organic dye in accordance with
this invention is that the organic dye can be synthesized easily. A fifth advantage
of the organic dye in accordance with this invention is that the molecular structure

30 of the organic dye can be facilely designed.

In accordance with an embodiment of this invention, an organic dye for use in
dye-sensitized solar cell is provided. The organic dye is represented by the

structure of formula (1):



(I') wherein Dis a donor group; 5 L1 is a single bond or an electron
transfer linking group having at |east one heterocyclic ring selected from
the group conprising a thiophene ring, a furan ring, a benzene ring, a
pyrrole ring, and a condensed het erocy%l ic ring formed from any

conmbi nations of the said rings; and 10 L2 is an electron transfer |inking
group having at | east one heterocyclic ring selected fromthe group
conprising a thiophene ring, a furan ring, a benzene ring, a pyrrole ring,
and a condensed heterocyclic ring formed from any conbi nati ons of the said
rings. 15 In accordance with an enbodgjgrent of this invention, the donor
group Dis represented by: A 29 N Arp—ofdgH/ 20 wherein Arl represents a
substituted or unsulstigut€d far pleqn oup; and Ar2 and Ar3 each

i ndependently represent a tuted or unsubstituted gnpyl group. In
accordance with sone of the enbodinents of this invention, Ar2 or Ar3 25
represents a substituted aryl group, a substituted group of the substituted
aryl groupgneseis® i Cattﬁ'éjmfr .he group conprising an alkyl having 1 to 12
car bon aton%% an an aI "having Ito 12 carbon aton{(s). I n accordance
wi th sdnme of the enbodi rrents of this invention, An represents a

30substi t - f . -carhazol e. A
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2, 7-f | uor asterecyclic ring selected from the group comprising a thiophene ring, a furan

ring, a benzene ring, a pyrrole ring, and a condensed heterocyclic ring formed

from any combinations of the said rings; and

10
L2 is an electron transfer linking group having at least one heterocyclic ring
selected from the group comprising a thiophene ring, a furan ring, a benzene
ring, a pyrrole ring, and a condensed heterocyclic ring formed from any
combinations of the said rings.

15

In accordance with an embodiment of this invention, the donor group D is

represented by:

Ar2 \
N— Arl—
Ard /

20 wherein Ar1 represents a substituted or unsubstituted arylene group; and
Ar2 and Ar3 each independently represent a substituted or unsubstituted aryl

group.

In accordance with some of the embodiments of this invention, Ar2 or Ar3
25 represents a substituted aryl group, a substituted group of the substituted aryl
group is selected from the group comprising an alkyl having 1 to 12 carbon

atom(s) and an alkoxy having 1 to 12 carbon atom(s).

In accordance with some of the embodiments of this invention, Ar1 represents a
30 substituted or unsubstituted 1,4-phenyl, 2,7-fluorene or 2,7-carbazole. A
substituted group of the substituted or unsubstituted 1,4-phenyl, 2,7-fluorene or



4 2,7-carbazole is selected fromthe group conprising an alkyl having 1 to
12 carbon atons and an al koxy having 1 to 12 carbon atons. I n accordance
wi th some of these enbodi nents, Ar2 agd Ar3 each independently 5represent a
substituted or unsubstituted phenyl, 2-fluorenyl, 1-naphthyl, 9-

ant hracenyl, 1-pyrenyl or 2-carbazolyl. In accordance w th another

enbodi nent of this invention, the donor group Dis represented by DI,

wherein D repres nts a bstituted carbazole n 10 alky],. or an
Ayl - substT R Etr o i EIRelRst o ek srouR. GemprEina b A PRYES: S 12
accor dancgarbh Bto?@é‘ﬁn@ﬁnfah@%?hﬁv‘ﬂ?qltﬁﬂrﬂtéarbérlafo@ﬁ.esent5 a single bond, a
vinyl ene or an electron transfer I'inking group having at |east one

heterocyclic ring selected fromthe group conprising a thiophene ring, a

furan rin r NERA yclic
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Pﬁ: SLO??/?] rjltﬁrarcg ﬂziﬁé{?e%’?gr _ggggy%g@l group conprising a thiophene ring, a

f1°’ng, e ring, and a condensed heterocyclic
ring formed from any conbinations of the said rings. 20 In accordance with

anot her odi nent of this_ inve a .sem conduct f.ilmelectrode
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accordance wt hi's invention, an electrolyte and oto-efectrodes is
provi ded. wBﬂeEGoDElsemqn'ﬁnmar&er‘ﬂhﬂng)wp\mm@at Ieast one heterocyclic ring

selected from the group comprising a thiophene ring, a furan ring, a benzene
ring, a pyrrole ring, and a condensed heterocyclic ring formed from any
15 combinations of the said rings; and L2 represents a vinylene or an electron
transfer linking group having at least one heterocyclic ring selected from the
group comprising a thiophene ring, a furan ring, a benzene ring, a pyrrole ring,
and a condensed heterocyclic ring formed from any combinations of the said
rings.
20
In accordance with another embodiment of this invention, a semiconductor film
electrode comprising an organic dye in accordance with this invention is

provided.

25 In accordance with some embodiments of this invention, a dye-sensitized solar
cell comprising a semiconductor film electrode in accordance with this invention

is provided.

In accordance with yet another embodiment of this invention, a dye-sensitized
30 solar cell comprising an organic dye in accordance with this invention, an

electrolyte and photo-electrodes is provided.

BRIEF DESCRIPTION OF THE DRAWINGS



The above and ot her features and advantages of the present invention wll
nore clearly understood fromthe follow ng detail ed description taken in
conjunction with the acconpanying drawi ngs: 5Figure 1 is a graph show ng
the light-to-energy conversion effici e‘hcy of a dye- sensitized solar cell,
fabricated using the organic dye of the present invention. Detailed
Description of the Invention 10 The present invention relates to an organic

dye for use in a dye-sensitized solar cell. The organic dye is represented
by the strle@gpee éf'dio(ﬂ'l‘%,f?ﬁtu(%@n%éd@ﬂ_@geﬁﬁf thecmaef@nnamye igNWHMI™E D is a
donor gr anarsyliu%dbﬁstﬂooehaﬁi the Ribwilg BBtaRbE dedsRptidrP RieR! in! ddHfliGioR" oup
havi ng at |east one heterocyclic ring selected fromthe group conprising a
t hi ophenewith thg accompanying drgwingsbenzene ring, a pyrrole ring, and a
condensed heterocyclic ring formed 20 from any conbi nati ons of the said
rings; and L2 is an electron transfer |inking group having at |east one
het er acy cFigure inig = graptt sitbviingrthé Highttosamergp rpnivansion efficiencyploéaedyea-ng, a

f . D i . I i ng.. d d d het | i
(i ng f or neRNSsKh Sy oshBhtiestat {5 B crgrtie dysiof bR GLESE T TYenERodi nent of
t he invention, the donor group O is represented by:

Detailed Description of the Invention

10 - The present invention relates to an organic dye for use in a dye-sensitized solar

cell. The organic dye is represented by the structure of formula (1):

1)
15 wherein D is a donor group;

L1 is a single bond or an electron transfer linking group having at least one
heterocyclic ring selected from the group comprising a thiophene ring, a furan
ring, a benzene ring, a pyrrole ring, and a condensed heterocyclic ring formed

20 from any combinations of the said rings; and

L2 is an electron transfer linking group having at least one heterocyclic ring
selected from the group comprising a thiophene ring, a furan ring, a benzene
ring, a pyrrole ring, and a condensed heterocyclic ring formed from any

25 combinations of the said rings.

fn an embodiment of the invention, the donor group D is represented by:



6 Ar2 \ N AO Ar3/ wherein An represents a substituted or unsubstituted

aryl ene group; and Ar2 and Ar3 each independently represent a
substituted or unsubstituted aryl 5grqup. In an enbodi nent where Ar2 or Ar3
represents a substituted aryl group, substituted group of the substituted

aryl group is selected fromthe group conprising an alkyl having 1 to 12
carbon atonm(s) and an al koxy having 1 to 12 10 carbon aton(s). Preferably,
An represents a substituted orArﬁmsubstitut ed 1, 4-phenyl, 2,7-fluorene or

2, 7-carbazole. A substituted gro of . the substituted or unsubstituted 1, 4-
phenyl, 2,7-fluorene or 2,7-carb o117 s preferably selected fromthe group
15conpri sing an al kyl having Ao 12 carbon atons and an al koxy having 1 to
12 carbon atons. In a preferred enbodi nent, Ar2 and Ar3 each

i ndependent|y represent a substituted or unsubstituted phenyl, 2-fluorenyl,
1- napht hywheginAthiepresspts a substityipd on ynsuhstifuted apsens group] andanot her
enbodi nmen i ' d u i r ,
wherein [521\.-25%.6? Qg’gn%&gk‘dgpﬁwé@gbﬁﬁsﬁ [e% g%%'%@%ﬁjg)? %ﬁg%ﬁg}&x?@gn aryl
subst i% utgmupndol i ne or an al kyl substituted phenothi azi ne.

In an embodiment where Ar2 or Ar3 represents a substituted aryl group, a
* ‘substituted group of the substituted aryl group is selected from the group
comprising an alkyl having 1 to 12 carbon atom(s) and an alkoxy having 1 to 12

10  carbon atom(s).

Preferably, Ar1 represents a substituted or unsubstituted 1,4-phenyl, 2,7-fluorene
or 2,7-carbazole. A substituted group of the substituted or unsubstituted 1,4-
phenyl, 2,7-flucrene or 2,7-carbazole is preferably selected from the group

15 comprising an alkyl having 1 to 12 carbon atoms and an alkoxy having 1 to 12
carbon atoms.

In a préferred embodiment, Ar2 and Ar3 each independently represent a
substituted or unsubstituted phenyl, 2-fluorenyl, 1-naphthyl, 9-anthracenyl, 1-
20  pyrenyl or 2-carbazolyl.

In another embodiment of the invention, the donor group D is represented by D1,
wherein D1 represents an alkyl substituted carbazole, an alkyl or an aryl
substituted indoline or an alkyl substituted phenothiazine.
25
When the donor group D is represented by D1, L1 represents a single bond, a
vinylene or an electron transfer linking group having at least one heterocyclic ring
selected from the group comprising a thiophene ring, a furan ring, a benzene
ring, a pyrrole ring, and a condensed heterocyclic ring formed from any
30 combinations of the said rings; and L2 represents a vinylene or an electron
transfer linking group having at least one heterocyclic ring selected from the

group comprising a thiophene ring, a furan ring, a benzene ring, a pyrrole ring,



25 When the donor group Dis represented by D1, L1 represents a single
bond, a vinylene or an electron transfer |inking group having at |east one
het erocyclic ring selected fromthe group conprising a thiophene ring, a
furan ring, a benzene ring, a pyrrole’ring, and a condensed heterocyclic
ring formed fromany 30 conbinations of the said rings; and L2 represents a
vinyl ene or an electron transfer |inking group having at |east one

het erocyclic ring selected fromthe group_conprising.a thiophene ring, a
furan ringnd & s@mﬁ@drme%gcocaclwyf%ﬁ@rm@oﬁa?m ?narm"gbl%tmé e@eh%%r ocyclic
ring fornﬁﬁj%%rom any conbi nations of the said rings. In a sel ected
enbodi ment 0f formula (1), an organic dye represented by the 5foll ow ng
general formula (I1) is provided: NC Ar2i-COCH N Arl /SN wherein An

r epr esent A Qr i r : : 3 each
[ ndependeﬁ} Sygéig%%gséejrhﬁgg%s? i ﬁz HEB ﬂ—ﬁgétﬁfdaurﬁg}tﬁ)aﬁﬁcﬁtdg{eg%%e; yh?eéj? ggptﬁé L1

r epr esent llewkiggnerdidognula (i) is peavddedyr oup; and L2 represents a spacer
group. 15 Preferably, An represents a substituted or unsubstituted

1, 4-phenyl, 2,7-fluorene or 2,7-carbazole. A substituted group of the
substituted or unsubstituted 1,4- phenyl, 2,8¢fluorene or 2,7-carbazole is
preferably sel ected fAdm the group i si ng pofCQOAH al kyl having 1 to 12
carbon aton(s) and an aINkUM‘haMi'né 1 téﬁ carbon atonm(s). More
preferably, An is 1,4aphenyl . STON (1)

10  wherein Ar1 represents a substituted or unsubstituted arylene group;
Ar2 and Ar3 each independently represent a substituted or unsubstituted aryl
group;
L1 represents a single bond or a spacer group; and
L2 represents a spacer group.
15
Preferably, Ar1 represents a substituted or unsubstituted 1,4-phenyl, 2,7-fluorene
or 2,7-carbazole. A substituted group of the substituted or unsubstituted 1,4-
phenyl, 2,7-fluorene or 2,7-carbazole is preferably selected from the group
comprising of an alkyl having 1 to 12 carbon atom(s} and an alkoxy having 1 to
20 12 carbon atom(s). More preferably, Ar1 is 1,4-phenyl.

Preferably, Ar2 and Ar3 each independently represent a substituted or
unsubstituted phenyl, 2-fluorenyl, 1-naphthyl, 9-anthracenyl, 1-pyrenyl or 2-
carbazolyl. More preferably, Ar2 and Ar3 each independently is a substituted or
25 unsubstituted phenyl. The substituted group of the substituted phenyl is
preferably an alkyl having 4 to 8 carbon atoms or an alkoxy having 4 to 8 carbon

atoms.

Preferably, the spacer group L1 represents a single bond, a vinylene or one
30 heterocyclic ring selected from the group comprising a thiophene ring, a furan
ring, a benzene ring, a pyrrole ring, and a condensed group formed from any

combinations of the said rings. The spacer group L2 represents a vinylene or



Preferably, Ar2 and Ar3 each independently represent a substituted or
unsubsti tuted phenyl, 2-fluorenyl, 1-naphthyl, 9-anthracenyl, 1-pyrenyl or
2- carbazolyl. Mre preferably, Ar2 aqy Ar3 each independently is a
substituted or 25 unsubstituted phenyl® The substituted group of the
substituted phenyl is preferably an alkyl having 4 to 8 carbon atons or an
al koxy having 4 to 8 carbon atons. Preferably, the spacer group L1
represents a single bond, a vjnylene or one 30 heterocyglic ring selected
from the BROUFCBRAIESITN, SHeERIuBRENIS: PIRYP PTG & MIPPENSciBra 1ing, a
pyrrol e rfupsh riﬁ@,daﬂ)é?ﬁ@ﬁ’@mﬁlggagjwmb fingnBek &r &RdeRYed grRIpRYMEAT M t he
said rings. The spacer group L2 represents a vinylene or 8 one

het er ocycPi¥:compigatiensel tbg spiddiigshe group conprising a thiophene ring, a
furan ring, a benzene ring, a pyrrole ring, and a condensed group forned
from any conbi nations of the said rings. 5In another sel ected enbodi nent of
f or nula ( Inancihersalenied empedinegnt of éarmedh ) antrganit idyeirepregented bly ther nul a

(rrr)y is grayided: .- : erein Dl represents an al kyl
substi tutfez)éjgoé’g]g’bcge?g%,f%m@|SL%P%§%&\"2W yl substituted indoline or an al kyl

substituted phenothiazine; L1 represents a single bond or a spacer group;
and L2 represents a spacer group. :

NC
N— S COOH
D1 —L1—</SIN/>—L2J— -

10
wherein D1 represents an alkyl substituted carbazole, an alkyl or an aryl
substituted indoline or an alkyl substituted phenothiazine;
L1 represents a single bond or a spacer group; and
.2 represents a spacer group.

15
In a preferred embodiment, D1 is an alkyl having 4 to 8 carbon atoms substituted
carbazole, an alkyl having 4 to 8 carbon atoms or aryl substituted indoline or an

alkyl having 4 to 8 carbon atoms substituted phenothiazine as shown below:

S

wherein Ry and R, each independently represent an alkyl having 4 to 8 carbon

20

atoms; and

25  Ard represents a substituted or unsubstituted phenyl. Preferably, the substitute
group of the substituted phenyl is an alkyl having 1 to 8 carbon atom(s) or an
alkoxy group having 1 to 8 carbon atom(s).



15 In a preferred enbodi nent, D1 is an al kyl having 4 to 8 carbon atons
substituted carbazole, an alkyl having 4 to 8 carbon atons or aryl
substituted indoline or an alkyl having 4 to 8 carbon atons substituted
phenot hi azi ne as shown bel ow wher@d n Rl and R2 each independently
represent an al kyl having 4 to 8 carbon atons; and 25Ar4 represents a
substituted or unsubstituted phenyl. Preferably, the substitute group of

t he substituted phenyl is an alkyl having 1 to 8 carbon aton(s) or an

al koxy gr Braferaily, rife spasers geaurb b r&pmﬁ@@?s a gngiecherh yinyene 8hHaBer group
L1 repres i TolaleR Vi iR |G | ect ed
fromthe g%ﬁ%&ggéngﬁbgi ng a f’%.mog?%hg&ﬁ g%mﬁgﬁ? %taﬁﬁrl ngl,e @%e‘ﬁnggﬁg ring, a
pyrrol e rfing, adedzene cindeaspdrae ging, odedondenaedngroupormed iftons apy t he

" sel covBRTEaRY PR Pa TP SHEEL oRul et e Eedls 2 ARGetE i g s ©

benzere 1 bng haterpiydliol ing isB@ctedinflfom Hendesnupe dorgprsipg fao thiephdrieo g ny
conbi nati?ns of the said rjngs. Mre preferabl L1 is a Sg}&‘leﬁgllr)ond or a

] b
vi nyl ene; Tran r@gga; n&ﬁﬂ%ﬁ@@?ﬁ‘r@trf%er' PaAnd i@ gPrislensed groum, 9 0Sonme

L1 ustrat hig cBximihs Of the & aag&.cméy@ pr&mFBRENteH BYsihgle Band o &
i nclude, but are not limted to, the follow ng fornul ae.
vinylene; L2 is a thiophene ring, a furan ring or a bénzene ring.

10 Some illustrative examples of the organic dye represented by formula (1) include,

but are not limited to, the following formulae.
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The organic dye of the present invention has several advantages. The organic
dye has a large molar extinction coefficient which can lead to a high short circuit
current Jsc. The organic dye has excellent photoelectric conversion efficiency and
the performance of the dye is comparable to that of a ruthenium-based dye (as
shown in Example 3 as described herein below). The cost of the organic dye of
the present invention is relatively lower than that of a ruthenium-based dye and
therefore, the dye can be prepared at a relatively lower cost. The molecular
structure of the dye can be facilely designed and the dye can be synthesized

easily as will be illustrated in the examples below.

In another embodiment of the invention, a semiconductor film electrode
comprising the organic dye in accordance with the present invention is provided.
In one embodiment, the semiconductor film electrode may comprise a substrate
having an electrically conductive surface, an electron transporting layer disposed
on the electrically conductive surface and an organic dye of formula (I) disposed

on the electron-transporting layer.



The organic dye of the present invention has several advantages. The
organi c dye has a large nolar extinction coefficient which can lead to a
hi gh short circuit 10 current Jsc. The organic dye has excell ent
phot oel ectric conversion efficiency add the performance of the dye is
conparable to that of a rutheniumbased dye (as shown in Exanple 3 as
descri bed herein below). The cost of the organic dye of the present
invention is relatively | ower than that of a rutheni umbased dye and
therefore, the dye can be prepared at a relatively |ower cost. The
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conprising the organic dye in accordance wt he present invention is
provi ded. elegtroprtrapgapeitingdaier; awouptps-olegiode; aad asbplgriransppringylay®nipri se a

sem conduel e AR SHRELEAN HCISAELRIHRL Qyhich Belgsr ode compri sing

a substra aving an electrically conductive surtace, an electron
transp@rting | ayer disposed on the electrically conductive surface and an

organic d of formil a i ect - i yer; a
cCounter el B Vs aenErd o P BR8Pt BvaruflnsBh vis ARERR Gy bR

sem conduptesent inventdbr ottiichl contuing titiazalothlazoles nesietyodds the ddet of the

Che. pr oscRIANIR It FOFFEbh oS T S AT 2 LTI RA SO ety Qs Befle. Lost.
of the organikakdys, tfe E64t26f MRhMfdcMpg theadyd-Baisittledasdlait benugimgbmeed dye
as descri bed herei nabove, the cost of manufacturing the dye-sensitized

sol ar 1zel pragsichgyenel spmpgesant igyention tshalser ealatively dower than thataplksa
rel ativel Yuth@ﬂiﬁﬁw-t’ié@a (\%%Ia%er%&iz drsghlr,}%gj, um based dye-sensitized solar cell.
e e

The present 1 nvention urther described with reference to the
foll ow ng exenples, hilt it shell Ilrl he nnnQri lad that the inventinn is

in nn WeyleE rBrggér{t ihUelgt%nt pvﬂlsge %ﬁl@rj §&scribed with reference to the following

xamples, but it should be construed that the invention is in no way limited to

s LRSS Lo

20 those examples.
EXAMPLES
In order to clearly illustrate the method for preparing the organic dyes according

25 to the invention, the preparation of some compounds disclosed in the invention

are described in detail as below.
Example 1
30 Synthesis of Exemplary Compounds T1, T2 and T3

The synthetic route to the three organic dyes T1, T2 and T3 is depicted in

Scheme 1.



EXAMPLES In order to clearly illustrate the nethod for preparing the
organi ¢ dyes according 25to the invention, the preparation of sone
conmpounds di sclosed in the invention e described in detail as bel ow.
Exanple 1 30 Synthesis of Exenplary npounds TI, T2 and T3 NC N, S?- COOH
L2 T1-T3 Schenme 1: Synthetic route of thiazol othiazole dyes (11-13) 5The
synthesis began with reacting 2, 5-dibronothiazolo[5,4-d]thiazole with (4-

(di phenyl am po) phenyl ) boroni c acid via Suzuki coupling to afford the
nono- substltd side product 01. This is follo by reacting the

mono- substi tt de product NQL g t hpgsf Ordpd t h e .- bdor onic acid,
5-fornyl f ur an- DTRIPH)C+ Bei-€l Ang—d—forry—phe PG 0’—@( i g8 a Suzuki
éi vefy

coupling to ord corrpound 0% and 0%, HzPespe eNdesired

products T1 and 13 were then obtained from subsequent Knoevenagel
condensation of al dehydes 02, 03 and 04 with cyanoacetic acid in the
presence of pyrrolidine and onit r| | e respectively. Synt hesi s

of Conpound ( Oip),B— e—chiobr o [ a@ ﬁdel t hi azol - &C@&odN, N-

15di phenvl a )— L2—CHO

Pd{PPhajy, K,CO3, THF, H,0 @ O CH,CN
N
02-04 H

g@_«:j::% LQ? COOH 12 “/\S}) [3) @

T4-T3 T1, 02 Tz, 03 T3,04 |

Scheme 1: Synthetic route of thiazolothiazole dyes (T1-T3)

5 The synthesis began with reacting 2,5-dibromothiazolo[5,4-d]thiazole with (4-
(diphenylamino)phenyl)boronic acid via Suzuki coupling to afford the mono-
substituted side product 01. This is followed by reacting the mono-substituted
side product 01 with 5-formylthiophen-2-yl-boronic acid, 5-formylfuran-2-ylboronic
acid and 4-formyl phenylboronic acid via Suzuki coupling to afford compound 02,

10 03 and 04, respectively. The desired products T1, T2 and T3 were then obtained
from the subsequent Knoevenagel condensation of aldehydes 02, 03 and 04 with

cyanoacetic acid in the presence of pyrrolidine and acetonitrile respectively.

Svnthesis of Compound (01) - 4-(5-bromothiazolo[5,4-d]thiazol-2-yD-N,N-

15 diphenvlaniline

2 N S PA(PPhg), KGO Q Ne S
N~ YBiomy + b T LA 100, ST -
@ SN THF, H,0 SN

01



Anmi xt ur eof 2, 5- di br onot hi azol o[ 5, 4-d]thi azol e, (4- (d i phenyl am

I no) phenyl ) boroni caci d, tetraki s(tri phenyl phosphi ne) pal | adi um ( Pd( PPh3) 4)
and 2M of aqueous potassi um carbonate gKZCCB) was prepared under nitrogen
at mosphere. Tetrahydrofuran (THF) was'#njected into the nmixture 5 and the
m xture was refluxed for 24 hours. The m xture was then cooled to room
tenperature before THF was renpved fromthe m xture via evaporation. The

m xture was then extracted with 3 x 20 m of dichloronethane (CH2C12). The
conbi ned Br gam cMibdyEr s wer 8f t hen d?rf’é’d)r%"PFh'WﬂI@ﬂdﬂ izl um sul¢4a

Na2SO4 t
ot amm Lo(IRRRRNED I SATITIERE 2t Bclg, 2 Sotrdls Bl EhiaiRbolddin
5- (5-(4- ((j?qiﬁé’hy)hhandoal\drdnamekm@zpotapsmm carbonate (K,CO3;) was prepared

d] t hi azol vl ar t .

4] (5-br on’d?‘flﬁr %%%ﬁ?ggﬁp gs]ofl ﬁlpeaz o‘]gd‘%%ﬁ*ﬁﬁq\g#a hra’egrslsy'HL q{'rq(t'-:o th(e 50 '%e

12 Ig(rj ?IVD:DEL gl) 39&1@1% a;%ubebna@mmed ifek, 24 bbma;kTh(etmmtmh@m%aﬁgrégpbolad)toadxbmdi gm
an of a us pot assi onat.e S _prepare

nder a namRgere tRBRtie Wab sanyes Be L (RS \BoovaRobaiosh Teo t he

m xture aﬁﬁbawéewﬁh&hérﬁ extrastedelitih e d J0omlZf dienlbomethgnd(BHLTIS). Wahet hen

cooled to roomtenperature before THF was renoved fromthe mxture Vi a

evapor at i 69MbSdTREDaRIG tlayerswaere nihenedriedcwith anbydraus sodiymn spifate
di chl or o ( | th
anhydr ous so?ﬁ%ﬁ?%@ém Jvll\-lggg& ki{'Iéra?ce]I a@?}&@%ﬁmﬁﬁ%’?\fg\%ﬁﬁ?{jg{g‘ 6“5ahrlllx'd%t he
resi die \Aahromﬁwgraehwgpsmoamh chromat ography on silica gel. 30Synthesis of
Compound (03) - 5-(5-(4-(di phenvl am no) phenvl)thi azol or5, 4-
dl t hi azol - 2-v1)furan-2-carbal dehvde 14

Synthesis of Compound {02} - 5-(5-{4-(diphenylamino)phenyl)thiazolo[5.4-

dlthiazol-2-yhthiophene-2-carbaldehyde

15
{HO).B s
Q No S D\CHO Q
'/
d C 'SIN/>_Br Pd(PPh3)s, KoCO3, THF, H;0 <:> <I >_O/
0 <\__:é 02
A mixture of 4-(5-bromothiazolo[5,4-d]thiazol-2-yi)-N,N-diphenylaniline, (5-
20  formylthiophen-2-yl)boronic acid, tetrakis(triphenylphosphine)palladium

(Pd(PPhs)s) and 2M of aqueous potassium carbonate (K;CO3;) was prepared
under a nitrogen atmosphere. Tetrahydrofuran (THF) was injected into the
mixture and the mixture was refluxed for 24 hours. The mixture was then cooled
to room temperature before THF was removed from the mixture via evaporation.
25  The mixture was then extracted with 3 x 20 ml of dichloromethane (CH,Cl;). The
combined organic layers were dried with anhydrous sodium sulfate (Na;SOy).
The solvent was evaporated, and the residue was purified by column

chromatography on silica gel.

30 Synthesis of Compound (03) - 5-(5-(4-(diphenylamino)phenyl)thiazolo[5,4-
dlthiazol-2-yfuran-2-carbaldehyde




A m xture of 4-(5-bronothiazol o[ 5, 4-d]thiazol -2-y1)-N, N-di phenyl aniline,
(5- 5 fornyl furan-2-yl)boronic acid, tetrakis(triphenyl phosphine)pal | adi um
(Pd(PPh3)4), and 2M of aqueous potass%%n1carbonate (K2003) was prepared
under a nitrogen atnosphere. Tetrahydtrofuran (THF) was injected into the

m xture and the m xture was refluxed for 24 hours. The m xture was then
cooled to roomtenperature before THF was renoved fromthe m xture via
evaporation. The m xture was then extracted with 3 x 20 m of

di chl oronet hane (CH2CO 2). The conbined organic |ayers were dried with
anhydr ous diumsul fate (Na28Otk. The sol vent_was evaporated, and the

resi due mé;jpurlfled by columm chjo tograph S|I|ca gel . SyntheS|s of

Conmpound ( (d| ehenvl phenv o[

di t hi azol - 2- %/1 gnza éﬁaepd(,a% ,gt@gtmpq;, f>—§]/
4-(5-bro j azol 0{5 4-d] thi azo I\I—dl@nyl ani 15 ne. (4-

f or nyl phe Yborofif ¢ acid, tetraki s(t ri phenyl sphi ne) pal | adi um

(Pd(PPh3)4) and 2M of aqueous potassi um carbonate (K2CO3) was prepared
under a nitrogen atnosphere. Tetrahydrofuran (THF) was injected into the

m xture and rhixurg Mfurﬁ-(%&m&hiaﬁéﬁﬁi ﬂia'lth%%ob@lyr)w Nle?héﬁyFérﬁlir% wgs- t hen
cooled to roomtenperature 25 before THF was renoved fromthe m xture via

evapordat i GAMYHaNF yibereniqeasic Hetﬁaleﬁ(xtrﬁ&@w@hmmn@)pﬁﬂazwm (F§(PPhs)a).
e nonB SRR bR BLAR (R1001) fod 4B e

atmosphere Tetrahydrofuran (THF) was injected into the mixture and the mixture

was refluxed for 24 hours. The mixture was then cooled to room temperature

before THF was removed from the mixture via evaporation. The mixture was then

10  extracted with 3 x 20 ml of dichloromethane (CH,Cl,). The combined organic

layers were dried with anhydrous sodium sulfate (Na;SQO,4). The solvent was

evaporated, and the residue was purified by column chromatography on silica

gel.

15 Synthesis of Compound (04) - 4-(5-(4-{diphenylamino)phenylthiazolo[5.4-
dlthiazol-2-yl)benzaldehyde

N-_-S (m”ﬁ_<C:>_ <:}
Nw<:>%~f B
@ SIN’% r PA(PPha),, K,COs, THF, H20 @

20 A mixture of 4-(5-bromothiazolo[5,4-d]thiazol-2-yl)-N,N-diphenylaniline, (4-

@*I*@

formylphenyl)boronic acid, tetrakis(triphenylphosphine)palladium (Pd(PPhs)s) and
2M of aqueous potassium carbonate (K.COj3) was prepared under a nitrogen
atmosphere. Tetrahydrofuran (THF) was injected into the mixture and the mixture
was refluxed for 24 hours. The mixture was then cooled to room temperature
25 before THF was removed from the mixture via evaporation. The mixture was then
extracted with 3 x 20 ml of dichloromethane (CH,Cl,}. The combined organic
layers were dried with anhydrous sodium sulfate (Na»;SQy4). The solvent was



evaporated, and the residue was purified by colum chromat ography on silica
gel . Synthesis of Exenplary Conpound (Ti) (i)

2- cyano- 3- (5- (5- (4- (di phenyl am no) phenyQ hi azol o[ 5, 4-d] t hi azol - 2-

yQ hi ophen-2-yCacrylic acid 10 A mPxture of

5- (5-(4-(di phenyl am no) phenyl )t hi azol o[ 5, 4-d] t hi azol - 2-yl ) t hi ophene2- car bal
dehyde, 2-cyanoacetic acid, pyrrolidine and acetonitrile was refluxed for
18 hour. The m xture was then cooled to roomtenperature before it was
added to @eansrateghang theirpsifie svasoprifipd\by colnn fehrerapiography amsied with
wat er . ThseQSresidue was purified by colum chromat ography on silica gel.

Synt hesi s¥of Exenpl ary Conpound (T2) (i)
2- cyano- 3- (5- (5- (4- (di phenyl am no) phenypt hi azol o[ 5, 4-d] t hi azol - 2- yOf ur an- 2-
20yl )acrylic acid A ndxt L& SF C und (T1

5- (5-(4-(di phenyl am no) s =2-yl)furan-2- 25
car balglehyde, 2-cyanoacetic acid, pyrrolidine and acetonitrile was refl uxed

for 18 hoyrs, The m xtur t hen.cqol ed t bef it
dded 1 o (lat 2eVnna GrEHHPReRIRBII R rtE - TERS 2id vashed vi th
wat er. ThenthRphen2-Wrerfliddcld ed by col umm chromat ography on silica gel.

Q N__§ g CHO NC._COOH Q /NIS S| «COOH
SN N D CHCN s N CN
N
02 H ™

A mixture of 5-(5-(4-(diphenylamino)phenyhthiazolo[5,4-d]thiazol-2-yl)thiophene-

10

2-carbaldehyde, 2-cyanoacetic acid, pyrrolidine and acetonitrile was refluxed for

18 hour. The mixture was then cooled to room temperature before it was added

to water. The precipitate formed was then filtered and washed with water. The
15 residue was purified by column chromatography on silica gel.

Synthesis of Exemplary Compound (T2)

(i) 2-cyano-3-(5-(5-(4-(diphenylamino)phenyl)thiazolo[5,4-d]thiazol-2-yl)furan-2-
20 ylacrylic acid

Q N__S 0.,CHO NC._COOH Q N| s 01 ~COOH
O R O
SN N DEHsCN = CN
N
03 H T2

A mixture of 5-(5-(4-(diphenylamino)phenyl)thiazolo[5,4-dJthiazol-2-yl)furan-2-
25 carbaldehyde, 2-cyanoacetic acid, pyrrolidine and acetonitrile was refluxed for 18
hours. The mixture was then cooled to room temperature before it was added to
water. The precipitate formed was then filiered and washed with water. The

residue was purified by column chromatography on silica gel.



16 Synthesis of Exenplary Conmpound (T3) (rii)

2-cyano- 3- (4-(5-(4- (di phenyl am i no) phenyl )t hi azol o[ 5, 4-d] t hi azol - 2-

5yl ) phenyl )acrylic acid

A Xt ur eof 4- (5- (4- (di phenyl ami no) pheny®) t hi azol o[ 5, 4- d] t hi azol - 2- 10

yl ) benzal dehyde, 2-cyanoacetic acid, pyrrolidine and acetonitrile was
refluxed for 18 hours. The m xture was then cooled to roomtenperature
before it was added to water. The precipitate forned was then filtered and
washed with water. The residue was purified by colum chromat ography on
silica gel. 15 EXAMPLE %V@égiglgﬁgﬁerﬁﬂa@(@@mbg[%d_%pounds T4, T5 and T6
The synthetic route to the three organic dyes ) and T6 is depicted in
20 Schene 2. Scheme 2: Synthetic route of thiazol othiazole dyes

17

(T4-T6) 5fhes: 185U S5k 0 1 A ' : _dlthiaral-2-

5. 5-di br of t%i%g%‘f]gf(gii?giqgﬁpé@g%@'wn'?’j'ﬁt'Léngg”?aozr°r'f{;?’t4h‘f]g‘6‘%zé’%?2- yl - bor oni ¢ aci d
vi a Suzukyl)prenpliacrglia acidf f ord t he nono-substituted side product 05. This is
foll owed by reacting the nono-substituted side product 05 with

(9-octyl-9H carbazol - 3-yQooroni ¢ acid, (10-octyl-10Hphenot hi azi n-3-Aboronic
acid and ( 40iyl)-1 ,2,3,3a,4,8b- 10
hexahydr oc opent af ]iSndoI -7-y|)lg,e£/ oS d via Suzuki cowupling to afford

conpound 06, @ o : ey desi red p/zﬁ ct 4 ,/,~¥80Hand T6
were then obfai ked fy t NeZsubs quept,ciKnoe e I on of
al dehydes 07 and 08 with cyanomcetic din the presence of
pyrrolidine—and acetoMitrile respe'éti vel yN 45 T

A mixture of 4-(5-(4-(diphenylamino)phenyl)thiazolo[5,4-d]thiazol-2-
10  ylbenzaldehyde, 2-cyanoacetic acid, pyrrolidine and acetonitrile was refluxed for
18 hours. The mixture was then cooled to room temperature before it was added
to water. The precipitate formed was then filtered and washed with water. The

residue was purified by column chromatography on silica gel.
15 EXAMPLE 2
Synthesis of Exemplary Compounds T4, T5 and T6

The synthetic route to the three organic dyes T4, T5 and T6 is depicted in
20 Scheme 2.



Synt hesi s of Conpound (05)-

5- (5-bronot hi azol 01-5, 4-di t hi azol - 2- vnt hi ophene- 2- car bal dehvde +
(1.1)28Pd(PPh3)4, K2COB Br / CHO THF, H20 NSs.,,yCHO 05 18 A m xture of
2, 5-di bronot hi azol o[ 5, 4-d] t hi azol e, (5 f ormyl t hi ophen-2-yl)boronic acid,
tetraki s(tri phenyl phosphi ne) pal | adi um (Pd(PPh3) 4) and 2M of aqueous

pot assi um car bonate (K2CO8) was prepared under a nitrogen atnosphere.
Tetrahydrofuran (THF) was |nJected into the m xture and the m xture was

refluxed 5 forN urs HO)®. M Xt ur e REPhHh&L@o0l ed N om& Sature
bef ore THFE\/\H§ &8 %1 om ¢ oI eTyE & gvapo éi‘(% e\ xt ure was
then extracted wit 3 x 20 m di chl oror‘ref ane (CH2 2) The conbi ned

organic |layers were dried with anhydrous sodium sul fate (I\ﬂf2804). The
sol vent was evaporated, and the residue was puri i ed by col umm

chr omat ogr aphy @1 —ss(PHga gel . 10 Sy jﬁ ouvel (QBPH

5-(5-(9-octyl- carhazql,-3-
dl t hi azol - 2- éF‘?FEFg&E%EE‘}E rbaI doyd

A m xt ur f .CH3CN
5- (5- bronot hi azol o[ 5, 4-d] t hi azol - 2-yQt hloa-pinene 2- carbpl dehyde, (9-

p1—<¢ I HJ/\rCOOH C8H1V CBHH@ \@ f

T4, 06 T5,07 76, 08

Scheme 2: Synthetic route of thiazolothiazole dyes (T4-T6)

5 The synthesis began with reacting 2,5-dibromothiazolo[5,4-d]thiazole with 5-
formylthiophen-2-yl-boronic acid via Suzuki coupling to afford the mono-
substituted side product 05. This is followed by reacting the mono-substituted
side product 05 with (9-octyl-9H-carbazol-3-yl)boronic acid, (10-octyl-10H-
phenothiazin-3-yi)boronic acid and (4-(p-toiyi)-1,2,3,3a,4,8b-

10  hexahydrocyclopenta[blindol-7-yl)boronic acid via Suzuki coupling to afford
compound 06, 07 and 08 respectively. The desired products T4, T5 and T6 were
then obtained from the subsequent Knoevenagel condensation of aldehydes 06,
07 and 08 with cyanoacetic acid in the presence of pyrrolidine and acetonitrile
respectively.

15
Synthesis of Compound (05)- 5-(5-bromothiazolo[5.4-d]thiazol-2-yl)thiophene-2-

carbaldehyde

N PA(PPhy)s, K005 CHO
S | / CHO  THF, H,0

20



octyl-9H car bazol - 3- yObor oni caci d, t et raki s(tri phenyl phosphi ne) pal | adi um
(Pd(PPh3)4) and 2M of aqueous potassium carbonate (K2CO3) was prepared 20
under a nitrogen atnosphere. Tetrahydrofuran (THF) was injected into the
m xture and the m xture was refl uxed ?gr 24 hours. The m xture was then
cooled to roomtenperature before THF was renoved via evaporation. The

m xture was then extracted with 3 x 20 ml of dichl oronethane (CH2C12). The

nbi ned ic | . dri fth . d ' | f at ‘Na2S}4) .
SRS R L Ao T B R S Y e
chr omat 0gétﬁ@,hXe@ékiﬁiﬁdr@ﬁylﬁﬁbspiﬁi{é:}belﬁdi@nOtP@P'[F’QQ)iPdarfoom of aqueous

5-(5-(10-octyl- 10H phenot hi azi n t hi azol o i
dl t hi azol Peta§siymhicatesate KPP paMEshpErparad unden a Ritragen aatmosphere.

5- (5-br Orf?%tﬁéetﬁfgﬁ]fﬂiaﬁ @)%ﬂﬁj‘é&eﬁ'ixg}?bgEnﬂ%?é‘ﬁﬁ@ﬂ?@ﬁx%@%@%ﬂu&é@'

octyl-10H I azi boroni c
t et r aki s(fori2dHews.phesphiture)vyas theoi cooles! oRYEPPed)pEratarel befre THEqwWa®us

t [ t | .
et anyr 57 et TR Rt M B TR S TR R e G BRI s
[) e;l uxe_(iI_H)E @0 rﬁﬂoﬁdwhm(;o:ﬂemamex(m-lzelzwa'ﬁhé Mﬁmbﬂmnﬂ_ e@anmlayeﬁnwbmmmmt u(r:I e ]
efore .was, removed via eyaporat . e mxture was then extracted wt
353720 m W SUHOOF GRetiTasu BB S0R. Tihe YR A SraparRieda6d Mer o wer e
dried w tRspiuBWHOHiTRADEDIFH CRFNADERBRY} bn sfilka gepl vent was evaporated, -
and the residue was purified by col um chromat ography on silica gel.

Synt h¥si s of Conpound (08)- 5-(5-(4-(p-tolvl)-1,2,3,3a,4,8b-
Lohexahydr oc¥ghMBERIGR ComdHiRk (Ge) 88 @4k lon.darblb G4l niRiydibldih OPhene- 2-

Co
dlthiazol-2-yDthiophene-2-carbaldehyde

Coftir 4 V—piomy,
CaHyo7.
NS §.CHO O g
o~ T )T :
SN
05

CHO

06

Pd(PPhs)y, K,CO3, THF, H,0
15

A mixture of 5-(5-bromothiazolo[5,4-d]thiazol-2-yl)}thiophene-2-carbaldehyde, (9-
octyl-9H-carbazol-3-yl)boronic acid, tetrakis(triphenylphosphine)palladium
(Pd(PPh3)s) and 2M of aqueous potassium carbonate (K;CO3) was prepared
20 under a nitrogen atmosphere. Tetrahydrofuran (THF) was injected info the
mixture and the mixture was refluxed for 24 hours. The mixture was then cooled
to room temperature before THF was removed via evaporation. The mixture was
then extracted with 3 x 20 ml of dichloromethane (CH,Cl,). The combined organic
layers were dried with anhydrous sodium sulfate (Na;SO4). The solvent was
25 evaporated, and the residue was purified by column chromatography on silica

gel.

Svynthesis of Compound (07)- 5-(5-(10-octyl-10H-phenothiazin-3-ythiazolo[5,4-
dlthiazol-2-yDthiophene-2-carbaldehyde

30



20A m xture of

5- (5-bronot hi azol o[ 5, 4-d] t hi azol - 2- yQ hi ophene- 2- car bal dehyde, (4-
(p-tolyl)-1, 2,3, 3a, 4, 8b- hexahydro cycl opent a[ b]i ndol-7-yCboroni c acid,
tetrakis(tri phenyl phosphi ne) pal | adi um®Pd( PPh3) 4) and 2M of aqueous

pot assi um car bonate (K2CO3) was prepared under a nitrogen atnosphere.
Tetrahydrofuran (THF) was injected into the m xture and the m xture was
refluxed for 24 hours. 25 The m xture was then cooled to roomtenperature
before THF was renoved via eva Vﬁtlon The nlxture mas then extracted with
3 x 20 nl of dichl oronethan The cgﬂb mICQ é@s wer e

dried with amhyd ous._s@ti u BBIQ) Na2 oI ve s evapor at ed,
and the résiqul wﬁrlf gaph onM S|I|ca gel .
Synt hesi s of SExéhpl ary Compp@eriagl K{CD4 THE H{G v)

2-cyano- 3- (5- (5- (™-octyl-9H carbazol - 3-yQ hi azol o[ 5, 4- d]th| azol - 2-y1) t hi oph
en2-yQacrylic acid CHO NC COOH C8H17, , CH3CN

A mixture of 5-(5-bromothiazolo[5,4-d]thiazol-2-yl)}thiophene-2-carbaldehyde, (10-
octyl-10H-phenothiazin-3-yl)boronic acid, tetrakis(triphenylphosphine)palladium

5 (Pd(PPhs)s) and 2M of aqueous potassium carbonate (K,CO3;) was prepared
under a nitrogen atmosphere. Tetrahydrofuran (THF) ‘was injected into the
mixture and the mixture was refluxed for 24 hours. The mixture was then cooled

- to room temperature before THF was removed via evaporation. The mixture was
then extracted with 3 x 20 ml of dichloromethane (CH.Cl;). The combined organic

10 layers were dried with anhydrous sodium sulfate (Na,SO.). The solvent was

evaporated, and the residue was purified by column chromatography on silica

gel.

Synthesis of Compound (08)- 5-(5-(4-(p-tolyl)-1,2.3.3a,4.8b-
15 hexahydrocyclopenta[blindol-7-y)thiazolo[5,4-d]thiazol-2-yl)thiophene-2-

s R P N Re
Ll CUS YUS

Pd(PPhy), K,COs, THF, H20

s~ I ij é}m C#;H -

20 A mixture of 5-(5-bromothiazolo[5,4-d]thiazol-2-yl)thiophene-2-carbaldehyde, (4-
{(p-tolyl)-1,2,3,3a,4,8b-hexahydro cyclopenta[blindol-7-yl}boronic acid,
tetrakis(triphenylphosphine)palladium (Pd(PPhs)s) and 2M of aqueous potassium
carbonate (K.CO3) was prepared under a nitrogen atmosphere. Tetrahydrofuran
(THF) was injected into the mixture and the mixture was refluxed for 24 hours.

25 The mixture was then cooled to room temperature before THF was removed via
evaporation. The mixture was then extracted with 3 x 20 ml of dichloromethane

(CH,Cl,). The combined organic layers were dried with anhydrous sodium sulfate



A m xture of

5-(5-(9-octyl-9H carbazol - 3-yQt hi azol o[ 5, 4-d] t hi azol - 2- yQt hi ophene- 2-

car bal dehyde, 2-cyanoacetic acid, pyrrolidine and acetonitrile was refl uxed
for 18 15 hours. The m xture was thenzgooled to roomtenperature before it
was added to water. The precipitate forned was then filtered and washed
wth water. The residue was purified by col um chronmat ography on silica

gel . Synt hes] Exenpl ary Conpound, (T5), 20 e%,v .

e yant. 3NeaS o hen OBy il B ARG 205 Herepiek o Pt bR of - -
yQt hi opheghrdmdtdgraphy bf sfgh del. 21 o _ _

Am xt ur eof 5- (5- (10-octyl- 10H phenot hi azi n- 3-yQt hi azol o[ 5, 4-d] t hi azol - 2-

yl )t hi ophene- 2- car bal dehyde, 2-cyanoacetic acid, pyrrolidine and
acetonitrile was refl ux fralgw T ] was then cooled to room
tenperature before it rfigsis.Br BRUhSIa .@ let‘dyﬁitate formed was then
filtered and washed with 5 water. The residue was purified by colum

(CC[ ;’m”‘t OILAP Xy Bho0-31 (5! (53 0etyl-oRY BBESIS- th B3 SIBR, A GOSN HichhEh-

2- cyano- 324BatFti¢ deidp-t ol y1) - 1, 2, 3, 3a, 4, 8b- hexahydr ocycl opent a[ b] i ndol - 7-
10yQx hi azol o[ 5, 4-d] t hi azol - 2-yQt hi ophen-2-yQacrylic acid :

s 5. CH0 NC._COOH CaH.
L A o
N LCH4CN

10

A mixture of 5-(5-(9-octyl-9H-carbazol-3-yl)thiazolo[5,4-d]thiazol-2-yhthiophene-2-
carbaldehyde, 2-cyanoacetic acid, pyrrolidine and acetonitrile was refluxed for 18
15  hours. The mixture was then cooled to room temperature before it was added to
water. The precipitate formed was then filtered and washed with water. The

residue was purified by column chromatography on silica gel.

Svynthesis of Exemplary Compound (T5)

20
(v) 2-cyano-3-(5-(5-(10-octyl-10H-phenothiazin-3-yl)thiazolo[5,4-d]thiazol-2-
yl)thiophen-2-yl)acrylic acid

go  NCLCOH G Nes Sy
CaHyr /N S B — N /J\:/ v
N I 7 D CHCN 5N |
gPY 9 g
§ H

25



15y hi azol o[ 5, 4-d] t hi azol - 2- yOQt hi ophene- 2- car bal dehyde, 2- cyanoaceti caci d,
pyrrolidine and acetonitrile was refluxed for 18 hours. The m xture was
then cooled to roomtenperature before it was added to water. The
precipitate formed was then filtered dhd washed with water. The residue was
purified by colum chromatography on silica gel. 20 EXAMPLE 3 Fabri cati on
of dye-sensitized solar cell 25Device fabrication: The titanium dioxide
(Tio2) films were fabricated usi n(rzjaa screen printing nmethod according to

t he publ i &hednidireod ok nofr5i(H0-oRlyFAPH-pherethiazinBndliiagiloldifsdithipgrl-3-s ~about
15 pm Th Lo tol at 450 C
For 15 m ABophERY 2og e 2 AERBalIcta PRIIRE R irte W T e
with 40 rrmfkuked rfmram bours eTheotixtors was {rEnGrapledtpuons tasmparaiuem bereit 70 C

for 40 m t i i |y

i ncrease Y"ﬁ‘g asqqm?t ?tg‘ﬁ fh%ﬁ&f%g é%?éri EOE%H%%[}&? ft '}{\%Hngn%%rae% r@h%ﬁélgéncﬁg@ ed at
450 C 5 22vwater. Bhe msidue%aspurtiﬁmi by ¢alomunchrematoghd iy adesiliceegeleat ed fil ns
were cool ed down at around 50 C, it was imersed into a 5 x 10-4 M dye bath
i n dichl oronet hane (CH2C 2) sol utions and mai ntai ned under dark for 18
hours at room tenper at ur gyntfhéss ef Ekémaiey Bampdaaa (Ténsed with CH2A 2 and

et hanol and then dried. 5 To prepare the counter el ectrode, platinum

catal yst was deposited on the cleaned fluorine doped tin oxide (FTC)) glass

by spi nni [ 2 i n@-sd(fso(B O(Q,f('p ? g'1“2'§'3&h4 8biHéRakydzbbyeldbentdlblitddy- (20 MM

2- pr opano | 'at'1 on) th'heat at 400 C tfor 15 mn. Two hol es

were &0il ythiazolo{Hhd- ditb’lﬂﬂoéﬂ yethiepherde-yl)aentic acidri | | - press. The 10

perforated sheet was cleaned with ultrasound in an ethanol bath for 10 mn.

For the assenbly of DSSCs, the dye-covered Ti Q2 el ectrode and

plati num counter electrode were assenbled into a sandwi ch type cell and

sealed with.a hot-nelt gasket of Z@\M&}_ hi ckness nade of the iononer Surlyn
'[Osicﬂ%w

1702 (DuPont The e ec rokyteio( 0. I~ 05 M 0 % COOH
12d|rrethy1 )d@lum dﬁ,}_(I \i

08
A  mixture of 5-(5-(4-(p-tolyl)-1,2,3,3a,4,8b-hexahydrocyclopenta[b]indol-7-
15  yl)thiazolo[5,4-d]thiazol-2-yl)thiophene-2-carbaldehyde,  2-cyanoacetic  acid,

pyrrolidine and acetonitrile was refluxed for 18 hours. The mixture was then
cooled to room temperature before it was added to water. The precipitate formed
was then filtered and washed with water. The residue was purified by column
chromatography on silica gel.

20
EXAMPLE 3

Fabrication of dye-sensitized solar cell

25 Device fabrication: The titanium dioxide (TiO;) films were fabricated using a
screen printing method according to the published method known in the art. The
thickness of the films is about 15 ym. The tri-layer TiO; electrodes were heated
under an air flow at 450 °C for 15 min and 500 °C for 15 min. The sintered fiims
were further treated with 40 mM of titanium tetrachloride (TiCls) aqueous solution

30 at 70 °C for 40 min and washed with water and ethanol, which can significantly

increase the short-circuit photocurrent. The films were then annealed at 450 °C



15 (DWPIl1), and 0.5 MTBP in a m xture of acetonitrile and

met hoxypropionitrile (volunme ratio, 7 : 3)) was introduced into the cell
froma hole in the back of the counter_electrode. Finally, the hole was
seal ed using a hot-nelt gasket. The dfe-sensitized solar cell fabrication
was then conpleted. A high light-to- 20 energy conversion efficiency of
about 5.0% was achi eved under solar sinulator test (AM 1.5, 1 Sun

condi tion ee, F| re 1 results 0 |ned

ot ot tor 30 i Al i? (g Rl Retionde Mickisatel Usoup e CoRREg R gt

rut heni unzlare GUNE, ﬂ‘MHsCimrﬁB@éﬁdnt@na & kiwrenciyo batbnldickioletnbgs t est ed
under the sane exFerlnentaI conditions as the solar cell of the invention.

25 Tabl e (CHaga sotutions @advaaintajnedyunder dark for {Sahowrs@b seom tepasatyng) 0. 42498
'max (A) PhORLERIde RERMENMin& R BRR8 L Ent th &M ¥ind ithdr Aried.

5
To prepare the counter electrode, platinum catalyst was deposited on the cleaned
fluorine doped tin oxide (FTO) glass by spinning with a drop of platinum chloride
(H2P1Clg) solution (20 mM 2-propanol solution) and treated with heat at 400 °C for
15 min. Two holes were drilled on the counter electrode using a drill-press. The
10 perforated sheet was cleaned with ultrasound in an ethanol bath for 10 min. For
the assembly of DSSCs, the dye-covered TiO; electrode and platinum-counter
electrode were assembled into a sandwich type cell and sealed with a hot-melt
gasket of 25 um thickness made of the ionomer Surlyn 1702 (DuPont). The
electrolyte (0.1 M Lil, 0.05 M Iz, 0.6 M 1,2-dimethyl-3-propylimidazolium iodide
15 (DMPII), and 0.5 M TBP in a mixture of acetonitrile and methoxypropionitrile
(volume ratio, 7 : 3)) was introduced into the cell from a hole in the back of the

counter electrode. Finally, the hole was sealed using a hot-melt gasket.

The dye-sensitized solar cell fabrication was then completed. A high light-to-
20 energy conversion efficiency of about 5.0% was achieved under solar simulator
test (AM 1.5, 1 Sun condition) (see Figure 1 and Table 1 below). The results
obtained are comparable to that of a N719-sensitized TiO, solar cell containing
ruthenium-based dye, which showed an efficiency of about 6.98% when tested

under the same experimental conditions as the solar cell of the invention.

25
Table 1
Measurements
Voc (V) 0.60175
fsc (A) 0.0023477
Vmax (V) 0.42498
Imax (A) 0.0017697
Pmax (W) 0.00075209
Efficiency, n (%) 5.0352




5.0352 23 Fill Factor (9% 53.236 Jsc (mA cnR) 14.775 Cell Tenperature
(deg. © 23.560 Rsh (Ohm 1381.0 The above is a description of the subject
matter the inventor regards as the invention. It is foreseeable that those
skilled in the art can and will desigR3alternative nethods and conpounds
that include this invention based on the 5above disclosure. 24

Fill Factor (%) 53.236
Jsc (mA/cm?) 14.775
Cell Temperature (deg. C) | 23.560
Rsh {Ohm) 1381.0

The above is a description of the subject matter the inventor regards as the
invention. [t is foreseeable that those skilled in the art can and will design
alternative methods and compounds that include this invention based on the

5 above disclosure.



CLAIM5: 1. An organic dye for use in dye-sensitized solar cell, the organic
dye represented by the structure of forrmula (1): NC wherein D is a donor
group; 10L1 is a single bond or an electron transfer |inking group having
at | east one heterocyclic ring sel ect®d fromthe group consisting of a

t hi ophene ring, a furan ring, a benzene ring, a pyrrole ring, and a
condensed heterocyclic ring formed fromany conbi nati ons of the said rings;
and isL2 ki ﬁﬁ el ectron transfer |inking group having at |east one

het er ocyc A §ng selected fromthe group consisting of a thiophene ring, a
furan ring, a benzene ring, a pyrrole ring, and a condensed heterocyclic
ring formed from any conbi nati ons of the said rings. 20 2. The organi c dye
accor di nglt o cfai erganicnl¥e dph usgeinddiensensitiersl molas ¢ellprtbe ePrgadichgye Ar2 \ N

Arl- Ar3 rf?p%n?éd“bmerﬁmcﬁﬁsr&tfﬁ)rﬁu%‘ﬁft ituted or unsubstituted aryl ene

group; an
5

NG
COOH

(1
wherein D is a donor group;

10 L1 is a single bond or an electron transfer linking group having at least one
heterocyclic ring selected from the group consisting of a thiophene ring, a furan
ring, a benzene ring, a pyrrole ring, and a condensed heterocyclic ring formed

from any combinations of the said rings; and

15 L2 is an electron transfer linking group having at least one heterocyclic ring
selected from the group consisting of a thiophene ring, a furan ring, a benzene
ring, a pyrrole ring, and a condensed heterocyclic ring formed from any

combinations of the said rings.

20 2. The organic dye according to claim 1, wherein the donor group D is

represented by:

Ar2 \
N— Ar{-—
Ara’

wherein Ar1 represents a substituted or unsubstituted arylene group; and
25 Ar2 and Ar3 each independently represent a substituted or unsubstituted aryl

group.

3. The organic dye according to claim 2, wherein Ar2 or Ar3 represents a
substituted aryl group, a substituted group of the substituted aryl group is
30 selected from the group consisting of an alkyl having 1 to 12 carbon atom(s) or

an alkoxy having 1 to 12 carbon atom(s).



25Ar2 and Ar3 each independently represent a substituted or unsubstituted
aryl group. 3.The organic dye according to claim2, wherein Ar2 or Ar3
represents a substituted aryl grouE, a substituted group of the
substituted aryl group is 30sel ected PPom the group consisting of an al kyl
having 1 to 12 carbon aton(s) or an al koxy having 1 to 12 carbon aton{s).
25 4. The organic dye according to claim2, wherein Al is a substituted or
unsubstituted 1, 4-phenyl, 2,7-fluorene or 2,7-carbazole. 55.The organic dye
according to claim4, wherein a substituted group of the substituted or

unsubsti t 4t ed %hé?&g&ﬂg'd eza?i r{iiHﬁrt%_naaﬁ’r'i 22,,v3ﬁé7r§fnbAﬁP'i§a' SupsthRed & from
the group consisting o n al ky aving 1 to 12 carbon aton(s) and an

al koxy haunsupstitubed. 2. 4epheanyh 2af-Ougrepe o1 @, BTFardaeelgani ¢ dye according to claim
4, wherein An is 1-4-phenyl. 7. The organic dye according to claim 2,
wherein Ar2 and Ar3 each independently represent a substituted or

unsubsg i t 8t ed Phewrygani@ divé wetemlidg tolelainaghihglein @- sulistifdexe gydup df-thgr enyl or

2-carbazolyl .. 15 8. The or [ e . a ding to aim7, wherein Ar2 and
A 5" each PiRABERd eRns R tER D PR cs Shicirith b2t B din g piecis
The nr gnnfrBmtne gaeiPEsHsTingdf Ghalkyl hawhgreton 2 &bew BIm(@) and ak alkoxy
20represented by DL, wherein Dl represents an al kyl substituted carbazole,

an al kyl baviag13e R carpen #top(el i ndol i ne or an al kyl substituted
phenot hi azi ne. 10. The organi ¢ dye according to claim9, wherein L1

represents a single
i0 6. The organic dye according to claim 4, wherein Ar1 is 1-4-phenyl.

7. The organic dye according to claim 2, wherein Ar2 and Ar3 each
independently represent a substituted or unsubstituted phenyl, 2-fluorenyl, 1-
naphthyl, 9-anthracenyl, 1-pyrenyl or 2-carbazolyl.

15
8. The organic dye according to claim 7, wherein Ar2 and Ar3 each
independently is a substituted or unsubstituted phenyl.

9. The organic dye according to claim 1, wherein the donor group D is

20 represented by D1, wherein D1 represents an alkyl substituted carbazole, an

alkyl or an aryl substituted indoline or an alkyl substituted phenothiazine.

10. The organic dye according to claim 9, wherein L1 represents a single
bond, a vinylene or an electron transfer linking group having at least one
25 heterocyclic ring selected from the group consisting of a thiophene ring, a furan
ring, a benzene ring, a pyrrole ring, and a condensed heterocyclic ring formed
from any combinations of the said rings; and L2 represents a vinylene or an
electron transfer linking group having at least one heterocyclic ring selected from
the group consisting of a thiophene ring, a furan ring, a benzene ring, a pyrrole
30 ring, and a condensed heterocyclic ring formed from any combinations of the said

rings.



bond, a vinylene or an electron transfer |inking group having at |east one
25 heterocyclic ring selected fromthe group consisting of a thiophene
ring, a furan ring, a benzene ring, a_,pyrrole ring, and a condensed

het erocyclic ring formed from any con%?nations of the said rings; and L2
represents a vinylene or an electron transfer |inking group having at |east
one heterocyclic ring selected fromthe group consisting of a thiophene

ring, a furan rjn a.benzene rjng pyrrole 30rjing, an ondensed

et or ocycl e T Srasreave pbrording ootaRhar RhReiop T Bt s RIaRT 56 11
The or garki;a;—bgwea@;ﬁgg@ﬁtg@;bgmgfogbmr%,foyphg@ei n D1 is an al kyl substituted
carbazol e represented by the followng formula: S wherein Rl represents an
al kyl having 4 to 8 carbon atons. 12.
9, wherein D1 is an al kyl substituted i
formula: 10 Ar4 - wherein Ar4 @ a substituted or unsubstituted

phenyl. 13. The organic dye accord¥ngNto claim 9, wherein D1 is an al kyl
substituted 15phenot hi azi ne represented®iby the follow ng formnul a:

he organi ¢ dye according to claim
pl i ne represented by the foll ow ng

5 - wherein R, represents an alkyl having 4 to 8 carbon atoms.

12.  The organic dye according to claim 9, wherein D1 is an alkyl substituted

indoline represented by the following formula:

Ard —nN

10

wherein Ar4 represents a substituted or unsubstituted phenyl.

13.  The organic dye according to claim 9, wherein D1 is an alkyl substituted

15  phenothiazine represented by the following formula:

wherein R2 represents an alkyl having 4 to 8 carbon atoms.
20
14. A semiconductor film electrode comprising an organic dye according to

claim 1.

15. A dye-sensitized solar cell comprising a semiconductor film electrode

25  according o claim 14.



wherein R2 represents an al kyl having 4 to 8 carbon atons. 20 14. A

sem conductor filmelectrode conprising an organi c dye according to claim
1.

27 16. A dye-sensitized solar cell conprising an organic dye according
to claim1, an electrolyte and photo- &l ectrodes.

16. A dye-sensitized solar cell comprising an organic dye according to claim 1,

an electrolyte and photo-electrodes.



