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ORGANIC DYE AND DYE-SENSITIZED
SOLAR CELL USING THE SAME
CROSS-REFERENCE TO RELATED
APPLICATION

[0001]

[0010]

In the present invention, an organic dye used in a

DSSC has general formula (1):
2

<1)

Ar

0

This application claims the priority bene?t of Tai

Wan application serial no. 98114228, ?led on Apr. 29, 2009.

The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of

speci?cation.
BACKGROUND OF THE INVENTION

WhereinAr1 represents a substituted or unsubstituted arylene
group, Ar2 and Ar3 each independently represent a substi

tuted or unsubstituted aryl group, Spl represent a single bond
or a spacer group alloWing conjugation betWeenAr1 and the
furan moiety, Sp2 represent a single bond or a spacer group

alloWing conjugation betWeen the furan moiety and Ac, Ac

[0002] 1. Field of the Invention
[0003] The present invention relates to a material of a solar
cell. More particularly, the present invention relates to an

organic dye of a dye-sensitized solar cell (DSSC) and a DSSC

represents an acceptor group, andY represents an anchoring
group, Wherein if Ar2 or Ar3 represents a substituted aryl
group, a substituted group of said substituted aryl group is

selected from the group consisting of alkyl having 1~5 carbon

using the same.

atom(s) and alkoxy having 1~5 carbon atom(s).

[0004]

[0011] According to an embodiment, said Ar1 represents a
substituted or unsubstituted 1,4-phenyl, 2,7-?uorene or 2,7

2. Description of RelatedArt

[0005] The increasing demand for poWer supply as Well as
environmental concern for the consumption of fossil fuel

have triggered global research on the development of clean
and reneWable energy sources. Among possible alternates for
fossil fuel energy, solar energy appears to be very attractive:

covering 0.16% of the land of the Earth With 10% ef?cient
solar conversion systems Would provide poWer nearly tWice
the World’s consumption rate of fossil energy. Though sili
con- and other semiconductor-based solar cells (known as

photovoltaic cells) have dominated the solar cell market for
decades, DSSCs have also attracted considerable interest ever

since the breakthrough made by GratZel and co-Workers

(O’Regan, B.; GratZel, M. Nature 1991, 353, 737). E?iciency

carbaZole. A substituted group of said substituted or unsub

stituted 1,4-phenyl, 2,7-?uorene or 2,7-carbaZole is selected
from the group consisting of alkyl having 1~5 carbon atom(s)
and alkoxy having 1~5 carbon atom(s). In particular, at least
one of 2-position and 5-position of 1,4-phenyl is substituted
by alkyl or alkoxy, and 9-position of 2,7-?uorene is substi
tuted by at least one alkyl. For example, 9-position of 2,7
?uorene is substituted by tWo ethyl.
[0012] According to an embodiment, Ar2 and Ar3 each
independently represent a substituted or unsubstituted phe

nyl, 2-?uorenyl, 1-naphthyl, 9-anthracenyl, 1-pyrenyl or
2-carbaZolyl. Ar2 and Ar3 can both be phenyl or 2-?uorenyl.
[0013] According to an embodiment, the spacer group Sp1
and the spacer group SP2 each independently represent

record of about 1 1% has been achieved With ruthenium-based

vinylene, cyanovinylene or 2,5-thiophene group.

sensitiZers developed by GratZel and other groups. Though
being developed later than ruthenium dyes, metal-free sensi

represents 2-cyanoethenyl.

tiZers also attract much attention and a high ef?ciency of
about 9% has also been achieved for DSSCs based on a

metal-free sensitiZer.
[0006] Various metal-free dyes have been used for the con
struction of DSSCs. The inventors have reported metal-free
sensitiZers Which consisted of an arylamine as the electron
donor, a 2-cyanoacrylic acid as the electron acceptor, and a

[0014]

According to an embodiment, the acceptor group Ac

[0015] According to an embodiment, the anchoring group
Y comprises a carboxylic acid group.
[0016] According to an embodiment, the combination of
the acceptor group Ac and the anchoring group Y comprises

2-cyanoacrylic acid group.
[0017] According to an embodiment, the organic dye used
in the DSSC has formula (2), (3), (4) or (5), Wherein 4-posi

conjugated bridge containing thiophene moieties. Compared

tions of Ar2 and Ar3 are each independently substituted by

With benZenoid moieties, the thiophene can provide more
effective conjugation and loWer the energy of the charge

alkyl having 1~5 carbon atom(s) or alkoxy having 1~5 carbon

transfer transition because of its smaller resonance energy

(thiophene, 29 kcal mol_1; benZene, 36 kcal mol_l).
SUMMARY OF THE INVENTION

[0007] Accordingly, it is interesting to incorporate a furan
moiety With smaller resonance energy (26 kcal mol_l) in a

bridge ofa dye.
[0008] The present invention is directed to an organic dye
used in a DSSC, Wherein the bridge has furan moiety.
[0009]

The present invention is directed to a DSSC in

Which the organic dye of the invention is used.

atom(s).

Nov. 4, 2010

US 2010/0275986 A1

DESCRIPTION OF EMBODIMENTS

-continued

[0024]

An organic dye used in a dye-sensitized solar cell,

having general formula (1):
2
Ar

<1)
0

WhereinArl represents a substituted or unsubstituted arylene
group, Ar2 and Ar3 each independently represent a substi

tuted or unsubstituted aryl group, Spl represent a single bond
or a spacer group alloWing conjugation betWeenArl and the
furan moiety, Sp2 represent a single bond or a spacer group

alloWing conjugation betWeen the furan moiety and Ac, Ac
represents an acceptor group, andY represents an anchoring
group, Wherein if Ar2 or Ar3 represents a substituted aryl
group, a substituted group of the substituted aryl group is

selected from the group consisting of alkyl having l~5 carbon

atom(s) and alkoxy having l~5 carbon atom(s).
[0025] According to an embodiment, said Arl represents a
substituted or unsubstituted l,4-phenyl, 2,7-?uorene or 2,7
carbaZole. A substituted group of said substituted or unsub

stituted l,4-phenyl, 2,7-?uorene or 2,7-carbaZole is selected

from the group consisting of alkyl having l~5 carbon atom(s)
and alkoxy having l~5 carbon atom(s). In particular, at least
one of 2-position and 5-position of l,4-phenyl is substituted
by alkyl or alkoxy, and 9-position of 2,7-?uorene is substi
tuted by at least one alkyl. For example, 9-position of 2,7
?uorene is substituted by tWo ethyl. Ar2 and Ar3 each inde
pendently represent a substituted or unsubstituted phenyl,

2-?uorenyl, l-naphthyl, 9-anthracenyl, l-pyrenyl or 2-carba
[0018]

A DSSC comprising an organic dye as above men

tioned, an electrolyte and photo-electrodes is also provided.
[0019]

The DSSC of the present invention uses the organic

dye having furan moiety, and the performance of the organic
dye is quite close to that of the ruthenium-based dye. Because
ruthenium is not needed in the present invention, the cost of

the organic dye and DSSC using the same is greatly loWer
than that of the ruthenium-based dye and ruthenium-based

Zolyl. Ar2 and Ar3 can both be phenyl or 2-?uorenyl. If Ar2
andAr3 both represent phenyl, 4-positions ofAr2 andAr3 are

each independently substituted by alkyl having l~5 carbon
atom(s) or alkoxy having l~5 carbon atom(s). The spacer
group Spl and the spacer group SP2 each independently
represent vinylene, cyanovinylene or 2,5-thiophene group.
Moreover, the combination of the acceptor group Ac and the

anchoring groupY comprises 2-cyanoacrylic acid group.

DSSC.
[0020] In order to make the aforementioned and other fea
tures and advantages of the present invention more compre

hensible, several embodiments accompanied With ?gures are
described in detail beloW.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

The accompanying draWings constituting a part of

this speci?cation are incorporated herein to provide a further

understanding of the invention. Here, the draWings illustrate
embodiments of the invention and, together With the descrip
tion, serve to explain the principles of the invention.
[0022] FIG. 1 shoWs photocurrent-voltage (J-V) curves of

the dyes in examples 1-4.
[0023] FIG. 2 shoWs photon-to-current conversion ef?cien
cies (IPCE) of the dyes in examples l-4 under different Wave

lengths.

EXAMPLES

[0026]

Four organic dyes of four examples of the present

invention are as folloWing compounds:

US 2010/0275986 A1

Nov. 4, 2010

-continued
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[0027] Compounds 1-4 can be synthesized by synthesis
scheme 1.

—

PPh3Br
1

KO‘Bu, THF,

3
a’ *1

\

/

(a) n-BuLi, -78° c.

re?ux 16 hours
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[0028]

Compounds 1, 3 are synthesized from Wittig

reagents containing a triphenylamine or a diphenylamino-2

?uorene moiety. Reactions of these Wittig reagents with
2-furaldehyde provided intermediates 1b and 3b, which

example, the absorption maxima (kmax) of compound 1 are
485 and 439 nm in toluene and acetonitrile, respectively. This
phenomenon can be attributed to the deprotonation of the

carboxylic acid, which decreases the strength of the electron

underwent formylation to form 1c and 3c. The desired prod

acceptor.

ucts were obtained from the subsequent Knoevenagel con

[0031] A quasi-reversible wave (Eox in Table 1) observed
for each compound in the cyclic voltammetry measurements

densation of 1c (or 3c) with cyanoacetic acid. For the prepa
ration of compounds 2 and 4,5-bromo-2-carbaldehyde was
allowed to react with appropriate phenylboronic acid via
Suzuki coupling, and with stannyl compound via Stille cou
pling, respectively, to form intermediates 2b and 4b. Subse
quent reactions of the intermediates 2b and 4b with cyanoace
tic acid afforded the desired compounds 2 and 4.
[0029] The absorption and the emission spectra of com
pounds 1-4 recorded in THF solution are shown in Table 1.

may be arrtibuted to the oxidation of the arylamine. Because
of the shorter spacers in compounds 1 and 2, the electron

withdrawing acceptor has greater in?uence on the arylamine
and results in higher oxidation potentials of the arylamines.
The excited state potential (E0-0*) of the compounds (-0.
74~—0.80 V, which is related to normal hydrogen electrode),
deduced from Eox and the Zero-Zero excitation energy (E0-0)

from the absorption band edge, is more negative than the

TABLE 1
optical redox and DSSC performance narameters of the dves‘d7

Dy6 (6, M71 ‘@1170
1
2
3
4

469
456
425
459

(33,000)
(33,500)
(44,900)
(35,500)

(‘1%)
608
573
536
592

EWAAEP), IHV
500
570
460
440

(220)
(140)
(130)
(110)

N719C

(V)

(IHA'CIHQ)

fff

(%)

0.69
0.68
0.68
0.68

16.59
14.16
14.08
13.44

0.64
0.66
0.65
0.67

7.36
6.30
6.20
6.12

0.73

16.77

0.63

7.69

“Absorption, emission and electrochemical data were recorded
in THF solutions. Scan rate: 100 mV/sec; Electrolyte:

(n-C4H9)4NPF6; AEp: separation between the anodic and
cathodic peaks. Potentials are quoted with reference to the
internal ferrocene standard (El/2 = +265 mV vs Ag/AgNO3).

[Experiments are conducted using TiO2 photoelectrodes with
approximately 15 pm thickness and 0.25 cm2 Working area on the

PTO (7 Q/sq.) substrates.
‘N719 is a dye prepared from the bivalent anion of the

following compound (N3 dye) and tetrabutylalnrnonium ion having 2
equivalent in the related art.
COOH
COOH

COOH

dVOC: Voltage of open circuit, which is the largest electromotive
force provided by the solar cell.
2156: Current of close circuit, which is the largest current when the
solar cell is switched on.

fff: Fill factor, which is a ratio of the actually largest powers and theoretically largest
powers ofa solar cell.

5'7]: Energy conversion ef?ciency

transitions. The charge transfer characteristic in these com

conduction-band-edge energy level of the TiO2 electrode
(—0.5 V, which is related to normal hydrogen electrode) and
assures that the electron injection process is energetically

pounds is also supported by the large Stokes shifts between
the absorption and the emission bands (3225~4895 cm_l). A
negative solvatochromism, i.e., blue shift of the charge trans

favourable.
[0032] DSSCs are fabricated using these dyes as the sensi
tiZers, with an effective area of 0.25 cm2, nanocrystalline

fer band in more polar solvents was noticed in these dyes. For

anatase TiO2 particles, and the electrolyte composed of 0.05

[0030]

A prominent, band at about 400~600 nm can be

attributed to the superposition of Ill-313* and charge transfer
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M l2/0.5M Lil/0.5 M tert-butylpyridine in acetonitrile solu
tion. The DSSC performance statistics under AM 1.5 illumi
nation are listed in Table 1. FIG. 1 shows the photocurrent

What is claimed is:
1 . An organic dye used in a dye- sensitiZed solar cell, having

general formula (1):

voltage (J -V) curves of the solar cells. The incident photon
to-current conversion ef?ciencies (IPCE) of the dyes on TiO2
are plotted in FIG. 2. The DSSCs exhibit very high conversion

ef?ciencies (6.12%~7.36%) and the best performance of the

2
Ar

<1)
0

DSSCs reaches about 96% of a N719-based DSSC (7.69%)
fabricated and measured under similar conditions.
[0033] The DSSC ef?ciencies are in the order of compound

l>compound 2>compound 3>compound 4, and several fac

Wherein Ar1 represents a substituted or unsubstituted

tors may be in?uential in the DSSC performance: (a) a loWer

arylene group, Ar2 and Ar3 each independently repre

lying HOMO (estimated 30 from the cyclic voltammetry

sent a substituted or unsubstituted aryl group, Spl rep
resent a single bond or a spacer group alloWing conju

method) Will facilitate reduction of the oxidiZed dye and
suppress back electron transfer from TiO2 to the dye, and
consequently lead to largerVOC and JSC (compounds 1 and 2);
(b) compounds With better absorption in the longer Wave
length region are expected to have better light-harvesting, i.e.,

compound l>compound 2; and (c) the higher dye density
adsorbed on TiO2 (compound 1, 45x10“7 mol/cm2; com

pound 2, 41x10“7 mol/cm2; compound 3, 38x10“7 mol/cm2;
compound 4, 46x10‘7 mol/cm2) is bene?cial to light-har
vesting, i.e., compound l>compound 2>compound 3. The
recombination lifetime (TR) of the photoinjected electron
With the oxidiZed dye are also measured by transient photo
voltage at open circuit. The recombination lifetime (TR) of
compounds 1, 2, 3, 4 and N719 are respectively 4.9 ms, 5.8
ms, 4.3 ms, 3.1 ms and 10.4 ms. It is found to be in parallel

With the trend of the solar cell e?iciencies.
[0034] A comparison is made on compound 1 and the

thiophene congener, 3-5 (5-4-(diphenylamino)styryl)
thiophen-2-yl)-2-cyanoacrylic acid (D5). Though D5 has
slightly better light-harvesting (kg 1,5476 nm (37600 M_lcm_

1) in MeCN; dye density on TiO2:4.8><10_7 mol/cm2) than
compound 1 (kg 1,5439 nm (33000 M-1 cm_l) in MeCN; dye
density on TiO2:4.5><10_7 mol/cm2), the performance of
DSSC based on compound 1 is superior to that based on D5

(VOC:0.64 V; JSC:14.61 mA/cm2; ff:0.65;11:6.09%)fabri
cated and measured under similar conditions. Faster recom

gation betWeen Ar1 and the furan moiety, Sp2 represent
a single bond or a spacer group alloWing conjugation
betWeen the furan moiety and Ac, Ac represents an
acceptor group, and Y represents an anchoring group,
Wherein ifAr2 orAr3 represents a substituted aryl group,
a substituted group of the substituted aryl group is

selected from the group consisting of alkyl having 1~5
carbon atom(s) and alkoxy having 1~5 carbon atom(s).
2. The organic dye used in a dye-sensitiZed solar cell as
claimed in claim 1, Wherein Ar1 represents a substituted or

unsubstituted 1,4-phenyl, 2,7-?uorene or 2,7-carbaZole.
3. The organic dye used in a dye-sensitiZed solar cell as
claimed in claim 2, Wherein a substituted group of said sub
stituted or unsubstituted 1,4-phenyl, 2,7-?uorene or 2,7-car

baZole is selected from the group consisting of alkyl having
1~5 carbon atom(s) and alkoxy having 1~5 carbon atom(s).
4. The organic dye used in a dye-sensitiZed solar cell as
claimed in claim 3, Wherein at least one of 2-position and

5-position of 1,4-phenyl is substituted by alkyl or alkoxy.
5. The organic dye used in a dye-sensitiZed solar cell as

claimed in claim 3, Wherein 9-position of 2,7-?uorene is
substituted by at least one alkyl.
6. The organic dye used in a dye-sensitiZed solar cell as

claimed in claim 5, Wherein 9-position of 2,7-?uorene is
substituted by tWo ethyl.

bination lifetime of D5 ("cR:4.3 ms) may deteriorate the e?i
ciency of the cell. Possible nonbonded intermolecular sulfur

7. The organic dye used in a dye-sensitiZed solar cell as
claimed in claim 1, Wherein Ar2 and Ar3 each independently
represent a substituted or unsubstituted phenyl, 2-?uorenyl,

sulfur interaction in D5 may be also deterimental to electron

1-naphthyl, 9-anthracenyl, 1-pyrenyl or 2-carbaZolyl.

injection of the excited dye into TiO2. Another possibility for

8. The organic dye used in a dye-sensitiZed solar cell as
claimed in claim 7, Wherein both ofAr2 andAr3 are phenyl or

the loWer ef?ciency of D5 may be due to the slightly higher

tendency of thiophene to trap charge.
[0035] In light of the foregoing, the DSSC of the present
invention uses the organic dye having furan moiety, and the
performance of the organic dye is quite close to that of the
ruthenium-based dye. Because ruthenium is not needed in the

present invention, the cost of the organic dye and DSSC using
the same of the present invention is greatly loWer than that of
the ruthenium-based dye and ruthenium-based DSSC.
[0036] It Will be apparent to those skilled in the art that

2-?uorenyl.
9. The organic dye used in a dye-sensitiZed solar cell as
claimed in claim 1, Wherein the spacer group Sp1 and the

spacer group SP2 each independently represent vinylene,
cyanovinylene or 2,5-thiophene group.
10. The organic dye used in a dye-sensitiZed solar cell as
claimed in claim 1, Wherein the acceptor group Ac represents

2-cyanoethenyl.
11. The organic dye used in a dye-sensitiZed solar cell as

various modi?cations and variations can be made to the struc

claimed in claim 1, Wherein the anchoring groupY comprises

ture of the present invention Without departing from the scope
or spirit of the invention. In vieW of the foregoing, it is
intended that the present invention cover modi?cations and
variations of this invention provided they fall Within the scope

a carboxylic acid group.
12. The organic dye used in a dye-sensitiZed solar cell as
claimed in claim 1, Wherein a combination of the acceptor

of the folloWing claims and their equivalents.

group Ac and the anchoring group Y comprises 2-cy
anoacrylic acid group.
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13. The organic dye used in a dye-sensitiZed solar cell as

15. The organic dye used in a dye-sensitiZed solar cell as

claimed in claim 1, Wherein the organic dye has formula (2):

claimed in claim 1, Wherein the organic dye has formula (4):

(2)

KM
Wherein 4-positions of Ar2 and Ar3 are each independently
Wherein 4-positions of Ar2 and Ar3 are each independently

substituted by alkyl having l~5 carbon atom(s) or alkoxy
having l~5 carbon atom(s).

substituted by alkyl having l~5 carbon atom(s) or alkoxy
having l~5 carbon atom(s).

claimed in claim 1, Wherein the organic dye has formula (5):

16. The organic dye used in a dye-sensitiZed solar cell as

14. The organic dye used in a dye-sensitiZed solar cell as

claimed in claim 1, Wherein the organic dye has formula (3):

(5)

(3)

Wherein 4-positions of Ar2 and Ar3 are each independently

substituted by alkyl having l~5 carbon atom(s) or alkoxy
having l~5 carbon atom(s).
17. A dye-sensitized solar cell comprising an organic dye
Wherein 4-positions of Ar2 and Ar3 are each independently

substituted by alkyl having l~5 carbon atom(s) or alkoxy
having l~5 carbon atom(s).

of claim 1, an electrolyte and photo-electrodes.
*
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