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 Julolidine dye donor was used for the
ﬁrst time in dye-sensitized solar cells.
 It can extend the absorption region
and reduce aggregation.
 It enhances electron injection.
 Dye regeneration rate, photocurrent
and efﬁciency are doubled by
julolidine.
 DSSC properties are improved by
replacing cyanoacetic acid by rhodanine-3-acetic acid.

a r t i c l e i n f o

a b s t r a c t

Article history:
Received 18 January 2013
Received in revised form
29 May 2013
Accepted 31 May 2013
Available online 11 June 2013

Two novel donoredonorep-conjugatedeacceptor (DeDepeA) metal-free organic dyes (JTPA1 and
JTPA2) with a julolidine moiety as the secondary electron donor for dye-sensitized solar cells (DSSCs) are
synthesized. Their absorption spectra, electrochemical and photovoltaic properties are extensively
investigated and compared with TPA2 dye. Transient absorption measurements show that both sensitizers are quickly regenerated and the dye cations are efﬁciently intercepted by the redox mediator. Both
dyes show good performance as DSSC photosensitizers. In particular, a DSSC using JTPA2 with rhodanine-3-acetic acid shows better photovoltaic performance with a short-circuit photocurrent density (Jsc)
of 9.30 mA cm2, an open-circuit photovoltage (Voc) of 509 mV and a ﬁll factor (FF) of 0.68, corresponding to an overall conversion efﬁciency (h) of 3.2% under AM 1.5 irradiation (100 mW cm2). Under
similar test conditions, ruthenium-based N719 dye gives an efﬁciency of 6.7%. Compared to TPA2, the dye
regeneration rate, the short-circuit photocurrent density and the conversion efﬁciency of JTPA2 are
doubled by introducing a julolidine unit. Our ﬁndings show that the julolidine unit may be an excellent
electron donor system for organic dyes harvesting solar irradiation.
Ó 2013 Elsevier B.V. All rights reserved.
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Because of their low manufacturing cost and relatively high
efﬁciency, dye-sensitized solar cells (DSSCs) have attracted
considerable interest for solar energy utilization [1,2]. Dye sensitizers have been recognized as one of the most important
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components in high performance DSSCs. So far, porphyrinsensitized solar cells have exceeded 12% efﬁciency [3]. While,
ruthenium dyes such as the N719, the so-called “black dye” and
C106 dye show high performance and good stability, with efﬁciencies of over 11%, but they are both costly and toxic [4e6]. Hence,
metal-free organic sensitizers have been recently developed
because of their availability, ease of inexpensive synthesis, generally high molar extinction coefﬁcients, and their tunable absorption
spectral response from the visible to the near infrared (NIR) [7].
A variety of organic sensitizers have been synthesized and investigated, such as indoline [8,9], coumarin [10,11], triphenylamine
[12e15], cyanine [16,17], perylene [18,19], carbazole [20,21], tetrahydroquinoline [22,23], phenothiazine [24e26] and ﬂuorene dyes
[27e29].
Most of the organic sensitizers for DSSCs are characterized by an
electron donor (D), an electron acceptor (A) and a p-conjugation
bridge, which is called the DepeA structure. Generally, organic
dyes used for efﬁcient solar cells are required to possess broad and
intense spectral absorption in the visible light region. One strategy
toward this end is to form a DepepeA structure by introducing
more p-conjugation segments. However, organic dyes with this
structure may facilitate the recombination of electrons with the
triiodide in the electrolyte and the aggregations between dye
molecules [30]. Recently, the notion of incorporating a nonplanar
secondary electron donor unit into the organic donor framework
has been proposed [31e33]. As far as donor parts are concerned,
triphenylamine (TPA) and its derivatives have shown promising
applications in the development of photovoltaic devices [14]. By
introducing the secondary electron donor julolidine unit into the
triphenylamine-based organic dyes, we expect that the absorption
region can be extended and the aggregation will be reduced. The
dye regeneration process and the photovoltaic performance may
also be improved by introducing the julolidine unit.
Based on the above consideration, we designed and synthesized
two novel triphenylamine-based organic sensitizers JTPA1 and
JTPA2 with DeDepeA structure by adding the secondary electron
donor julolidine unit on the far side of the triphenylamine. In these
two dyes, cyanoacetic acid and rhodanine-3-acetic acid operate
as electron acceptors, respectively. The molecular structures of
sensitizers JTPA1 and JTPA2 are shown in Fig. 1. We have also
synthesized the corresponding TPA2 for comparison. The photophysical, electrochemical and photovoltaic properties of the DSSCs
based on the three dyes were systematically investigated and
correlated with their chemical structures.
2. Experimental details
2.1. Materials and reagents
Lithium iodide (LiI), iodine (I2) and 4-tert-butylpyridine (TBP)
were purchased from Aldrich (SigmaeAldrich, St. Louis, MO). All
the other solvents and the chemicals are pure grade and used

Fig. 1. Molecular structure of JTPA1, TPA2 and JTPA2.

without further puriﬁcation. As a comparison, TPA2 dye was synthesized and puriﬁed as has been reported [34]. All chromatographic separations were carried out on silica gel column (200e300
mesh).
2.2. Dye synthesis
The synthetic route of JTPA1 and JTPA2 dyes is shown in Fig. 2.
The two dyes were synthesized by well-known reactions,
for example, the Vilsmeier, Suzuki and Knoevenagel reactions.
Detailed synthesis procedures for the two dyes are shown in the
Supplementary material.
2.3. Analytical measurements
1
H NMR and 13C NMR spectra were measured on a Bruker
Avance 500 spectrometer (Bruker Corporation, Fällanden,
Switzerland) with the chemical shifts against tetramethylsilane
(TMS). Electrospray ionization mass spectrometry (ESIeMS)
spectra were obtained using a LTQ Orbitrap XL Mass Spectrometer
(Thermo Fisher Scientiﬁc, Pittsburgh, PA). UVeVis absorption
spectra of the three dyes and the absorption of dye-sensitized TiO2
ﬁlm based on the three dyes were measured on a UVeVis spectrophotometer (U-3900H, Hitachi, Ltd., Tokyo, Japan). The photoluminescence (PL) spectra were performed under ambient
conditions on a Hitachi F-7000 spectroﬂuorometer. Cyclic voltammograms of the dyes (0.9 mM) were measured with a threeelectrode electrochemical cell with a CHI-660d electrochemical
analyzer (CH Instruments, Inc., Shanghai, China). A platinum disk, a
platinum wire, and an SCE were employed as working electrode,
counter electrode, and reference electrode, respectively. The supporting electrolyte was 0.1 M tetrabutylammonium perchlorate
(TBAP) in dimethylformamide (DMF), which was degassed with N2
for 20 min prior to scan. The scan rate was 100 mV s1. Ferrocene
was added as an internal standard at the end of each measurement
(E0Fc/Fcþ ¼ þ0.63 V vs NHE), and the reported potentials were
referenced against NHE. The highest occupied molecular orbital
(HOMO) energy levels were obtained using the onset oxidation
potentials from the CV curves. Transient absorption measurements
were performed on a LP920 laser ﬂash spectrometer (Edinburgh
Instruments Ltd., Livingston, Scotland) in conjunction with a
nanosecond tunable OPOLette 355II laser (Opotek, Inc., Carlsbad,
CA). The currentevoltage (IeV) characteristics of the DSSCs were
measured under AM 1.5 irradiation (100 mW cm2) which was
provided by a solar simulator (solar AAA simulator, oriel USA,
calibrated with a standard crystalline silicon solar cell), and recorded using a Keithley 2420 source meter (Keithley Instruments Inc.,
Cleveland, OH) controlled by Testpoint software. Action spectra of
the monochromatic incident photon-to-current conversion efﬁciency (IPCE) for the solar cells were measured with a QE/IPCE
measurement kit (Newport Corporation, Irvine, CA).

2.4. Preparation of dye-sensitized TiO2 thin ﬁlms
The colloidal TiO2 nanoparticles were prepared by hydrolysis of
titanium (IV) isopropoxide as described elsewhere [35]. The mesoporous TiO2 electrodes were obtained by screen printing TiO2
paste on ﬂuorine tin oxide (FTO) coated glass (12e14 U per square,
TEC 15, Pilkington LOF, Pilkington North America Inc., Toledo, OH),
then sintering at 450  C under air for 30 min. A TiO2 thin ﬁlm
electrode was obtained and the thickness of the TiO2 thin ﬁlms was
around 10 mm, which was determined by a proﬁlometer (XP-2,
AMBIOS Technology, Inc., Santa Cruz, CA). After the sintering, the
ﬁlms were calcined at 450  C for 30 min in air. The nanostructure
ﬁlms were immersed in a 0.3 mM ethanol solution of the dyes at

G. Wu et al. / Journal of Power Sources 243 (2013) 131e137

133

Fig. 2. Synthetic route to JTPA1 and JTPA2. (a) n-bromosuccimide, dimethylformamide, room temperature, 5 h; (b) 4-(diphenylamino) phenylboronic acid, Pd(PPh3)4, K2CO3, 1,4dioxane, reﬂux, 24 h; (c) POCl3, dimethylformamide, reﬂux, 4 h; (d) cyanoacetic acid or rhodanine-3-acetic acid, CH3CN, piperidine, reﬂux, 15 h.

room temperature for 12 h so that the dyes could be adsorbed onto
the surface of the TiO2 electrodes.
Dye-sensitized solar cells used for photovoltaic measurements
consisted of a dye-adsorbed TiO2 electrode, a counter electrode, a
60 mm thermal adhesive ﬁlm (SurlynÒ, DuPont de Nemours, Wilmington, DE), and an organic electrolyte, which was described in
our previous work [36,37]. The platinized counter electrodes were
prepared by spraying H2PtCl6 solution onto the FTO, followed by
heating at 410  C for 20 min. The organic electrolyte solution was a
mixture of 0.6 M 1, 2-dimethyl-3-propylimidazolium iodide
(DMPII), 0.1 M LiI and 0.1 M I2 in acetonitrile or 0.6 M DMPII, 0.1 M
LiI, 0.1 M I2 and 0.5 M 4-tert-butylpyridine (TBP) in acetonitrile. It
was ﬁlled from a hole made on the counter electrode, which was
later sealed by thermal adhesive ﬁlm and a cover glass. The active
area of the TiO2 ﬁlm electrode was 0.5 cm  0.5 cm ¼ 0.25 cm2.
2.5. Computation methods
To obtain further insight into the molecular structure and
electron distribution of JTPA1, TPA2 and JTPA2 dyes, the geometries
of the three dyes are optimized by density functional theory (DFT)
calculations using the Gaussian 09 program (Revision C.01,
Gaussian, Inc., Wallingford, CT) at the B3LYP/6-31G (d) level. The
excitation transitions of the three dyes were calculated using timedependent density functional theory (TD-DFT) calculations with
B3LYP/6-31G (d).

bipyridyl-4,40 -dicarboxylato)ruthenium(II)], indicating good lightharvesting ability.
The absorption spectra of the three dyes (JTPA1, TPA2 and
JTPA2) and N719 dye adsorbed onto TiO2 ﬁlms are shown in Fig. 4.
When the three dye molecules are adsorbed on TiO2, the absorption
peaks broaden, and are more or less blue- or red-shifted compared
to those in solution, indicating strong interactions between the
dyes and the semiconductor surface. JTPA2 dye shows smaller blueshift values than JTPA1 dye, indicating that JTPA2 dye has a less
tendency to aggregate on TiO2. However, TPA2 shows peak position
red-shift, which may result from J-type aggregation of the dyes on
the TiO2 surface. Additionally, the absorption maxima on TiO2 ﬁlm
of TPA2 are red-shifted 6 nm in comparison to that in solution
while JTPA2 shows 0.2 nm blue-shift, indicating that TPA2 dye has
a more tendency to aggregate on TiO2. Thus, introducing a julolidine unit is conﬁrmed to be an effective way to lower the aggregation tendency.
3.2. Electrochemical properties
To obtain and understand the molecular orbital energy levels,
cyclic voltammetry (CV) was employed to measure the groundstate oxidation potential (Eox) of the dyes in dimethylformamide
(DMF) solution. Cyclic voltammograms of JTPA1 and JTPA2 are
shown in Fig. 5 and Table 1. The HOMO levels of JTPA1, TPA2 and
JTPA2 (0.64 V for JTPA1; 1.27 V for TPA2; 0.65 V for JTPA2) are all
more positive than the I/I
3 redox couple potential value (0.4 V vs

3. Results and discussion
3.1. UVeVis absorption spectra
Absorption spectra of the three compounds (JTPA1, TPA2 and
JTPA2) and N719 dye in ethanol are shown in Fig. 3. The characteristic data are collected in Table 1. In ethanol solution, JTPA1, TPA2
and JTPA2 exhibit two major prominent bands appearing at
200 nme360 nm and at 360 nme600 nm, respectively. The former
is ascribed to a localized aromatic pep* transition and the later is of
charge-transfer character between the TPA donating unit and
the anchoring moiety. Noticeably, JTPA2 dye has a more
bathochromically-shifted absorption spectrum compared to that of
TPA2 dye. This result indicates the absorption region can be
extended by introducing a julolidine unit in a photosensitizer. It also
shows a signiﬁcant red shift for JTPA2 comparing with JTPA1 due to
the extension of p system. All the molar extinction coefﬁcients of
the maximum absorption wavelength for the three dyes are clearly
higher than the value of 1.47  104 M1 cm1 at 535 nm [38] for
N719 dye [tetrabutylammonium cis-bis(isothiocyanato)bis(2,20 -

Fig. 3. Absorption spectra of JTPA1, TPA2 and JTPA2 in ethanol.
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Table 1
UVevis, emission and electrochemical data.
Dye

Abs lamax/nm (3 b/M1 cm1)

Em laex/nm

E0(Sþ/S)c/V(vs NHE)

E0e0d/V (Abs/Em)

E0(Sþ/S*)e/V(vs NHE)

JTPA1
TPA2
JTPA2

331(2.0  104), 410(2.2  104)
458(3.7  104)
331(2.9  104), 471(3.2  104)

523
606
582

0.64
1.27
0.65

2.65
2.43
2.35

2.01
1.16
1.70

Absorption and emission spectra were measured in ethanol (3.0  105 M) at room temperature.
The molar extinction coefﬁcient at lmax of the absorption spectra.
c
The ﬁrst oxidation potential of the dye was measured in DMF with 0.1 M TBAP as electrolyte (scanning rate: 100 mV s1, Pt wires as the working electrode and the counter
electrode, and SCE as the reference electrode, potentials measured vs SCE were converted to normal hydrogen electrode (NHE) by addition of 630 mV.
d
E0e0 transition energy, estimated from the intersection between the absorption and emission spectra in ethanol.
e
The E0(Sþ/S*) of the dyes were calculated from E0(Sþ/S)eE0e0.
a

b

The molecular orbital spatial distributions from HOMO  1 to
LUMO þ 2 for JTPA1, TPA2 and JTPA2 are shown in Fig. 6. The major
electron excitations and corresponding electron transition are listed in Table 2. It can be found that the broad band in the 360e
600 nm region for JTPA2 is composed of two electron excitations
calculated at 494 and 664 nm. But for JTPA1, it is at 437 and 567 nm.
The electron excitations of JTPA2 are red-shifted compared with
those of JTPA1, which corresponds well with the experimental
result. The broad band in the 200e360 nm region for JTPA2 is
composed of several electron excitations calculated around
340 nm. Close electron excitations are also observed for JTPA1 in

this region, which also corresponds very well with the experimental result. Although JTPA1 and JTPA2 have similar absorption
bands in the 360e600 nm region, the nature of the electron excitations are different. The electrons are transferred from HOMO or
HOMO  1 to LUMO for JTPA1 while LUMO þ 1 for JTPA2 as shown
in Table 2. JTPA2 also has an excitation state with the electron
transferred from HOMO to LUMO, however, the oscillator strength
is only 0.0035, which shows that the life of this excitation state is
very short. Thus the functional electron transfer in this band for
JTPA2 is not mainly from HOMO and HOMO  1 to LUMO, but to
LUMO þ 1.
On one hand, it is found that HOMO, HOMO  1 and LUMO þ 2
are mainly distributed at the donor area while LUMO lies at the
acceptor part of JTPA1 and JTPA2 dyes. The electrons transferred to
LUMO can be injected into the conduction band of TiO2 through a
direct injection process, while the electrons transferred to
LUMO þ 2 cannot be injected into its conduction band. They can
only be injected after a thermal relaxation to LUMO, in an indirect
injection process. LUMO þ 1 distributes in the donor area of JTPA1,
while in JTPA2 it distributes in its acceptor area. Thus electrons
transferred to LUMO þ 1 may be injected in a direct process for
JTPA2 and in an indirect process for JTPA1. On the other hand, The
LUMO electron density geometry distribution of TPA2 is mainly
concentrated on the rhodanine framework, especially on the
carbonyl and thiocarbonyl. The conjugation in the anchoring group
is broken for TPA2 due to the presence of the eCH2e group. This
conﬁrms that JTPA2 can give fast electron injection from the LUMO
orbitals to the TiO2 conduction band due to the presence of a
julolidine unit. Consequently, JTPA2 shows a higher solar cell efﬁciency than that of TPA2.

Fig. 4. Absorption spectra of JTPA1, TPA2 and JTPA2 adsorbed on TiO2 ﬁlm.

Fig. 5. Cyclic voltammograms of JTPA1 and JTPA2 in DMF.

NHE) [39] indicating that the oxidized dyes formed after electron
injection into the conduction band of TiO2 can be reduced by I
thermodynamically. The value of the excited-state oxidation po0
tential E(Sþ/S*)
can be derived from the ground-state oxidation
0
couple E(Sþ/S)
and the zeroezero excitation energy E0e0 according to
the following equation:
0
0
EðSþ=S*Þ
¼ EðSþ=SÞ
 E00 :

It is evident the excited-state oxidation potentials of JTPA1, TPA2
and JTPA2 are higher than 1.0 V vs NHE (2.01 V for
JTPA1; 1.16 V for TPA2; 1.70 V for JTPA2). They are all more
negative than the conduction band of TiO2 (0.5 V vs NHE) [40],
which provides sufﬁcient driving force for electron injection.
Therefore, JTPA1, TPA2 and JTPA2 can be used as sensitizers for
effective electron transfer in DSSC.
3.3. Theoretical calculations
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Fig. 6. Molecular orbital distribution of JTPA1, TPA2 and JTPA2.

3.4. Transient absorption measurements
Table 2
Major electron excitations and electron transitions of JTPA1 and JTPA2.
Molecule

Wavelength
(oscillator strength)

Transition assignment

JTPA1

567
437
345
329
309

nm
nm
nm
nm
nm

(f
(f
(f
(f
(f

¼
¼
¼
¼
¼

0.24)
0.78)
0.66)
0.13)
0.12)

HOMO
HOMO
HOMO
HOMO
HOMO

/ LUMO (0.71)
 1 / LUMO (0.70)
/ LUMO þ 1 (0.69)
/ LUMO þ 2 (0.67)
 3 / LUMO (0.60)

JTPA2

773
664
494
356
348
329

nm
nm
nm
nm
nm
nm

(f
(f
(f
(f
(f
(f

¼
¼
¼
¼
¼
¼

0.0035)
0.25)
0.96)
0.33)
0.59)
0.12)

HOMO
HOMO
HOMO
HOMO
HOMO
HOMO

/ LUMO (0.70)
/ LUMO þ 1 (0.71)
 1 / LUMO þ 1 (0.70)
 4 / LUMO þ 1 (0.61)
/ LUMO þ 2 (0.72)
/ LUMO þ 4 (0.58)

Nanosecond time resolved laser experiments were carried out
to elucidate the dye cation dynamics of interception by iodide
[41,42]. Fig. 7 presents the transient absorption spectroscopy of
JTPA2 adsorbed onto TiO2 under different electrolyte conditions.
The transient optical signal was observed at l ¼ 580 nm to record
the concentration of the oxidized state of the photosensitizers after
ultrafast and photoinduced electron injection from the dye into the
conduction band of TiO2. In the electrochemically inert pure solvent, the decay of the absorption signal reﬂects the dynamics of the
recombination of conduction band electrons with the oxidized dye.
The decays are well ﬁtted by a single exponential with a lifetime
sb ¼ 7.8 ms, 4.1 ms and 26.0 ms for JTPA1, TPA2 and JTPA2, respectively. The corresponding rate constants of back-electron transfer
are 1.3  105 s1, 2.4  105 s1 and 3.8  104 s1. In the presence of
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Fig. 7. The transient absorption spectroscopy of JTPA2 stained onto TiO2. The kinetics
observed in acetonitrile with no iodide added (ACN) and in the presence of redox
electrolyte (EL) under similar conditions.

acetonitrile-based redox electrolyte, the decays of the oxidized dye
signal are signiﬁcantly accelerated with sr ¼ 547 ns, 2.2 ms and
2.4 ms for JTPA1, TPA2 and JTPA2, respectively. The corresponding
rate constants are 1.8  106 s1, 4.5  105 s1 and 4.7  105 s1. The
yield of interception by iodide for these three sensitizers can be
evaluated to be 94%, 46% and 92% for JTPA1, TPA2 and JTPA2,
respectively. Obviously, the introduction of the julolidine unit can
improve the dye regeneration process. These results indicate that
the as synthesized sensitizers JTPA1 and JTPA2 are quickly regenerated and the dye cations are efﬁciently intercepted by the redox
mediator.
3.5. Photovoltaic properties
Fig. 8 shows the IPCE of the as-prepared DSSC as a function of the
wavelength. It can be seen that the IPCE value of JTPA1-based DSSC
reaches its maximum of 50% at 440 nm and the onset of IPCE tails off
toward 600 nm. For JTPA2 and TPA2 based cells, the IPCE reaches
maxima of 53% at 540 nm (for JTPA2) and 44% at 470 nm (for TPA2),
respectively. On the other hand, the onset of IPCE for JTPA2 and
TPA2 is extended to 700 nm and 610 nm, which corresponds to redshifts of 100 nm and 10 nm respectively in comparison with JTPA1.
Consistent with the result of the absorption spectra of the dyes in
solution, the broader IPCE values for the JTPA2-based DSSC may be

Fig. 9. Current densityevoltage curves of the DSSCs sensitized with JTPA1, TPA2 and
JTPA2 under light (100 mW cm2, AM 1.5 irradiation) and dark conditions.

attributed to its broader absorption. The relatively higher and
broader IPCE of the JTPA2-based cell may lead to a higher shortcircuit photocurrent density compared with that of JTPA1.
Fig. 9 shows the IeV curves of DSSCs using the as-synthesized
dyes. The photovoltaic data under AM1.5 irradiation (100 mW
cm2) are summarized in Table 3 in comparison with that of N719.
The short-circuit photocurrent density (Jsc), open-circuit photovoltage (Voc), and ﬁll factor (FF) of a cell made from JTPA1 are
5.80 mA cm2, 494 mV, and 0.70, respectively, yielding an overall
conversion efﬁciency (h) of 2.0%. Under the same conditions,
photovoltaic parameters (Jsc, Voc, FF, and h) of the JTPA2 cell are
9.30 mA cm2, 509 mV, 0.68, and 3.2%. As a comparison, the N719
dye gives a referenced h value of 6.7%. It is clear that the Jsc and Voc
of DSSCs with JTPA1 and JTPA2 dyes are much lower than that for
ruthenium-based N719 dye. In spite of their higher molar extinction coefﬁcients, the lower Jsc values of the DSSCs with the two new
dyes are due to their narrower and more hypsochromically-shifted
absorption spectra in ethanol solution and on the TiO2 ﬁlm, which
is a disadvantageous spectral property for light-harvesting of solar
radiation. This result is in good accordance with their IPCE spectra.
The lower Voc of the DSSCs observed with the two new dyes may be
attributed to a faster recombination rate between the injected
electrons and I
3 in electrolytes in comparison to that for N719 dye,
which is similar to that for coumarin, carbazole, indoline, porphyrin
and phthalocyanine dyes [21,42e45]. The relatively higher efﬁciency for the corresponding DSSC based on JTPA2 in comparison
with that for JTPA1 is due to its higher molar extinction coefﬁcient,
minor H-type aggregation, broader IPCE spectra and higher
photocurrent. In contrast, photovoltaic parameters (Jsc, Voc, FF, and
h) of the TPA2 cell are 4.54 mA cm2, 497 mV, 0.69 and 1.6%. This
conﬁrms that the Jsc of a DSSC using JTPA2 is increased by about
Table 3
Photovoltaic performance of DSSCs based on JTPA1, TPA2 and JTPA2 dyes,a
compared with that for N719 dye.a
Dye
b

JTPA1
TPA2b
JTPA2b
N719c

Voc/mV

FF

h/%

5.80
4.54
9.30
11.95

494
497
509
756

0.70
0.69
0.68
0.74

2.0
1.6
3.2
6.7

Irradiating light: AM 1.5 irradiation (100 mW cm2); working area: 0.25 cm2.
The electrolyte was a solution of 0.6 M DMPII, 0.1 M LiI and 0.1 M I2 in
acetonitrile.
c
The electrolyte solution was a mixture of 0.6 M DMPII, 0.1 M LiI, 0.1 M I2 and
0.5 M TBP in acetonitrile.
a

b

Fig. 8. The IPCE spectra of the DSSCs sensitized with JTPA1, TPA2 and JTPA2

Jsc/mA cm2
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105% compared with one using TPA2. This result strongly suggests
that julolidine unit as the secondary electron donor can be an
excellent electron donor system for organic dyes to improve the
photovoltaic performance.
4. Conclusions
In summary, two new triphenylamine-based organic
dyes, JTPA1 and JTPA2, which contain the julolidine unit as the
secondary electron donor have been designed and synthesized for
application in dye-sensitized solar cells. Transient absorption
measurements show that both sensitizers are quickly regenerated
and the dye cations are efﬁciently intercepted by the redox mediator. Under the same conditions, the JTPA1 and JTPA2 sensitized
cells give an overall conversion efﬁciency of 2.0% and 3.2%,
respectively. Our ﬁndings demonstrate that rhodanine-3-acetic
acid acceptor gives better DSSC properties than that of cyanoacetic acid acceptor in the triphenylamine-based organic dyes with
julolidine as the secondary electron donor. Comparing with TPA2,
the dye regeneration rate, the short-circuit photocurrent density
and the conversion efﬁciency of JTPA2 are doubled by introducing a
julolidine unit. It also shows that julolidine unit as the secondary
electron donor can be an excellent electron donor system for
organic dyes harvesting solar radiation. We conclude that by
adjusting the molecular structure of this class of triphenylaminebased dyes, higher efﬁciency may be achieved.
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