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A family of gradient π-conjugated dendrimers, in which the 5,5,10,10,15,15-hexahexyltruxene unit is
employed as the node, oligo(thienylethynylene)s (OTEs) are employed as light-harvesting branching
units, and a 4,7-diaryl-2,1,3-benzothiadiazole is employed as the core, have been developed through
the Sonogashira reaction in good yields. All dendrimers were fully characterized by 1H and 13C
NMR, elemental analysis, and MALDI-TOF MS. Investigation of their steady-state and time-
resolved photophysical properties revealed that the gradient dendritic scaffold resulted in efficient
energy transfer and strong red emission. On the basis of the good solubility and excellent film forming
properties, single-layer red-emitting diodes using these dendrimers as the active materials were
fabricated by a simple solution spin-coating process. Themoderate device performancewas achieved;
for example, themaximum luminance of 1290 cd/m2 with amaximum luminescence efficiency of 1.07
cd/A was performed from BTDyn.

Introduction

In the field of organic light-emitting diodes (OLEDs),
great efforts have been taken to develop new conjugated
materials as well as to optimize device conditions in order to
realize full color displays with high efficiency and long
lifetime.1 Among three-element color light-emitting materi-
als, red-emitters with high brightness and good stability are
scarce compared to the other two colors. More efforts are
needed to achieve promising red-emitting materials. As an

alternative to polymers, π-conjugated dendrimers are also

attractive as shape-persistent molecular architectures for

electronic and optoelectronic devices.2 They provide several

advantages, like well-defined structures, facile purification

by standard methods, and specific structure-property cor-

relations.3 Moreover, the stepwise synthetic methodology of

such a dendritic structure offers the possibility of incorpor-

ating gradient light-absorbing chromophores in each den-

dritic branch,making such dendrimers promising candidates
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for light-harvesting materials.4 Several groups have utilized
conjugated dendrimers as light-harvesting antenna, in which
high-efficiency intramolecular energy transfer from the func-
tionalized outside group to the core group has been reported.5

The energy accumulated at the core can be released either as
core emission or deactivated by an electron-transfer process.6

The site-isolation effect provided by bulky dendrons mini-
mized the undesired core-core interaction.7 A distinct feature
of conjugateddendrimer is that the fluorescencequantumyield
of the core chromophoresmay rapidly increasewith increasing
generation, an important requirement for organic light-emit-
ting materials.

In our previous works, we reported a family of gradient-
conjugated dendrimers constructed with 5,5,10,10,15,15-
hexahexyltruxene units and oligo(thienylethynylene)s (OTEs)
for light-harvesting purposes.8 The investigation of the

photophysical properties showed that those dendrimers have
excellent energy funneling ability due to well-suited photo-
luminescence (PL) emission to excite the red-emitting core.
As a further step, we explored the possibility of incorporat-
ing a red-emitting chromophore into the center of the
molecules to harness the collected light energy. On the other
hand, 4,7-diaryl-2,1,3-benzothiadiazole is known as a good
acceptor unit in linear and dendritic-type molecules for
organic light-emitting diodes, organic solar cells, organic
field effect transistors, and two-photon absorption.9 However,
few conjugated dendrimers containing a benzothiadiazole
unit as the core have been applied to organic red-emitting

CHART 1. Chemical Structure of BTTyn, BTDyn, and Model Compounds
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diode. Therefore, we present here a new family of gradient
π-conjugated dendrimers BTTyn and BTDyn as shown in
Chart 1. The 5,5,10,10,15,15-hexahexyltruxene unit is employed
as the node, oligo(thienylethynylene)s (OTEs) are employed as
the light-harvesting branching units, and a benzothiadiazole is
employed as the core. Our molecular design establishes an

efficient energy transfer framework leading to strong red
emission. In this approach, the unique and nonplanar conju-
gateddendritic architecture has significant consequences on the
fluorescence properties of core chromophores as well as their
performances in optoelectronic devices. Our intention is to
study the relationshipbetweengenerationof the light-harvesting

SCHEME 1. Synthetic Route to BTTyn and BTDyn
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dendron and the energy-transfer process as well as device
performance while keeping the basic dendrimer backbone
and core unit unchanged. Finally, we describe their perfor-
mances in solution-processable organic red-emitting diode and
show that these molecules have drastically different electro-
luminescent behavior with different generation.

Results and Discussion

Considering the large number of reaction steps required to
synthesize our dendrimers, we employ a convergent growth
approach to avoid incomplete conversion in the key reaction
step.10 Scheme 1 illustrates the synthetic approach to den-
drimers BTTyn andBTDyn. The core unit can be introduced
in the final step. Light-harvesting dendrons Tyn and Dyn,
which contain part of the core segment, were reported in our
previous work.8 BTTyn was synthesized through a Sonoga-
shira reaction betweenBTI2 and themonoacetylene dendron
Tyn in 87% yield.11 Difficulty caused by large steric hin-
drance was encountered in the preparation of next-genera-
tion dendrimer BTDyn. After more active cocatalyst ligand
PCy3 was employed to suppress undesired homodimeriza-
tion,12 the convergent Sonogashira coupling between BTI2
and Dyn afforded BTDyn in 76% isolated yields, which
was fairly acceptable considering the size of the desired
dendrimer.

The dendrimers BTTyn and BTDyn are a deep red solid
and readily soluble in common organic solvents such as
CHCl3, THF, and toluene. All compounds were purified
by silica gel column chromatography, and their structures
and purity were verified by 1H and 13C NMR, elemental
analysis, and MALDI-TOF MS. The MALDI-TOF MS
spectrum of BTDyn showed the sharp molecular ion peak
at m/z=6995 Da (calcd m/z=6995 Da), and another signal
corresponding to dehexylated fragment [M-C6H13]

þ (calcd
m/z= 6910Da, foundm/z= 6910Da) was clearly observed,
whichwas similar to those of other truxene derivates.13 These
results clearly indicated the molecular identity and purity
of BTDyn. The thermal properties of our dendrimers
were analyzed by thermal gravimetric analysis (TGA). Both

dendrimers have high thermal stability with decomposition
temperature higher than 380 �C in nitrogen atmosphere.

The photophysical properties of all dendrimers andmodel
compounds were investigated to understand their energy-
transfer properties. Photophysical data from both the solu-
tion and thin films are summarized in Table 1. The absorption
and photoluminescence (PL) spectra in dilute THF solutions
(ca. 10-6 M) are shown in Figures 1 and S1 (Supporting
Information). The absorption spectra of the dendrimers
showed two or three distinct absorption bands. In the short
wavelength range, the absorption peak at about 343 nm in
BTTyn and BTDyn was assigned to the periphery unit (part
of compound TrT).13 Relative to the absorption peak of
Tr(TE)2Tr at about 394 nm, another absorption peak at
about 398 nm for BTDyn was assigned to the middle branch
Tr(TE)2Tr segment.14 In the longer wavelength range, both
BTTyn and BTDyn exhibited an absorption peak at about
509 nm and the similar absorbance intensity due to the same
benzothiadiazole unit as the core group.A comparison of the
4,7-bis(2-thienyl)-2,1,3-benzothiadiazole unit (λmax=447 nm)
with our dendrimers revealed that the terminal thiophene-
functionalized truxene moiety participated in the conjugated
system and thus induced obvious red shift.15 All these
molecules have fairly large molar extinction coefficients at
their absorption maxima, especially in the short wavelength
range. Upon increasing the dendrimer generation, the molar
extinction coefficient of the short wavelength absorption
peak increases dramatically. Meanwhile, both dendrimers
have an obviously higher value of molar extinction coeffi-
cient in shorter wavelength compared with that of the model
compounds. For example, BTDyn has a high value of molar
extinction coefficient (6.6 � 105 M-1 cm-1) at 398 nm, as
compared to that of the middle branch segment Tr(TE)2Tr
(1.4� 105M-1 cm-1) at 394 nm. All results indicated that no
ground-state interactions exist for our dendrimers.

The emission spectra of two dendrimers showed red-
emission and similar intensity at about 631 nm when excited
at 508 nm, as shown in Figure 2. Meanwhile, the emission
maximum λmax of reference compounds TrT and Tr(TE)2Tr

TABLE 1. Photophysical Data of Our Dendrimers Both in Dilute THF

Solutions and in Thin Films

compd

absa

λmax/nm
soln (log

ε)

absb

λmax/nm
films

emis a

λmax/nm
soln

emisb

λmax/nm
films

ΦPL
c

(%)
τ (ns) d

(χ2)

BTTyn 343 (5.51); 345 631 643 25 2.0 (1.22) e

384 (5.23); 522 2.0 (1.19) f

509 (4.98);
BTDyn 343 (5.82); 347 631 638 25 2.0 (1.12) e

355 (5.82); 356 2.0 (1.20) f

398 (5.83); 399
509 (4.98) 518

aInTHFsolution (10-6M). bIn thin films. cInTHF solution (A=0.1)
and rhodamine B as the standard. (ΦPL = 0.65 in ethanol); dIn THF
solution (10-6 M), the fluorescence decay was monitored at the maxi-
mum emission peak (631 nm). Time-resolved fluorescence of all com-
pounds shows monoexponential decay. The percentage in parentheses
indicates the contribution from that component. eEmission spectra were
collected when excited at 343 nm. fEmission spectra were collected when
excited at 509 nm.

(7) (a) Chen, C.-T.Chem.Mater. 2004, 16, 4389–4400. (b) Burn, P. L.; Lo,
S.-C.; Samuel, I. D. W. Adv. Mater. 2007, 19, 1675–1688. (c) Hwang, S.-H.;
Moorefield, C. N.; Newkome, G. R. Chem. Soc. Rev. 2008, 37, 2543–2557.

(8) (a) Wang, J.-L.; Luo, J.; Liu, L.-H.; Zhou, Q.-F.; Ma, Y.; Pei, J. Org.
Lett. 2006, 8, 2281–2284. (b) Wang, J.-L.; Yan, J.; Tang, Z.-M.; Xiao, Q.;
Ma, Y.; Pei, J. J. Am. Chem. Soc. 2008, 130, 9952–9962.
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J. T.; Velusamy, M.; Tao, Y.-T.; Chuen, C.-H. Adv. Funct. Mater. 2004, 14,
83–90. (c) Li, Z. H.; Wong, M. S.; Fukutani, H.; Tao, Y.Chem.Mater. 2005,
17, 5032–5040. (d) Qiu, Y.; Wei, P.; Zhang, D. Q.; Qiao, J.; Duan, L.; Yi,
Y.K.; Gao, Y.D.; Zhang, L.D.Adv.Mater. 2006, 18, 1607–1611. (e) Huang,
J.; Li, C.; Xia, Y.-J.; Zhu, X.-H.; Peng, J.; Cao, Y. J. Org. Chem. 2007, 8580–
8583. (f) Sun,M.;Wang, L.; Zhu, X.; Du, B.; Liu, R.; Yang,W.; Cao, Y. Sol.
Energy Mater. Sol. Cells 2007, 91, 1681–1687. (g) Sonar, P.; Singh, S. P.;
Sudhakar, S.; Dodabalapur, A.; Sellinger, A. Chem. Mater. 2008, 20, 3184–
3190. (h) Zhou, Y.; He, Q.; Yang, Y.; Zhong, H.; He, C.; Sang, G.; Liu, W.;
Yang, C.; Bai, F.; Li, Y. Adv. Funct. Mater. 2008, 18, 3299–3306.
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Wang, J.-L.; Pei, J.; Yu, G.; Zhu, D. Adv. Funct. Mater. 2005, 15, 818–822.
(c) Wang, J.-L.; Duan, X.-F.; Jiang, B.; Gan, L.-B.; Pei, J.; He, C.; Li, Y.-F.
J. Org. Chem. 2006, 71, 4400–4410.

(14) Wang, J.-L.; Tang, Z.-M.; Xiao, Q.; Zhou, Q.-F.;Ma, Y.; Pei, J.Org.
Lett. 2008, 10, 17–20.

(15) Zhang,X.;Yamaguchi,R.;Moriyama,K.;Kadowaki,M.;Kobayashi,
T.; Ishi-i, T.; Thiemann, T.; Mataka, S. J. Mater. Chem. 2006, 16, 736–740.



J. Org. Chem. Vol. 74, No. 19, 2009 7453

Wang et al. JOCArticle

is located at 383 and 460 nm, respectively.14 The fluorescence
quantum yields (ΦPL) of two dendrimers in dilute solutions
were measured to be 0.25 when each solution was excited at
509 nm (absorbance values were ca. 0.1, rhodamine B as the
standard, ΦPL=0.65 in ethanol).16 Using 9,10-diphenylan-
thracene as standard, the fluorescence quantum yields of
antenna parts in dilute THF solution were measured to be
0.54 forTyn, 0.25 forTr(TE)2Tr, and 0.28 forDyn. To study
the effect of generation on the photon-harvesting ability of
the dendrimers, the excitation spectra of our dendrimers
were recorded by themonitoring the emission at 631 nm, and
the spectra were normalized to a constant intensity value at
509 nm, which belongs to the absorption of core group. It
was clearly observed that more photons were collected and
transmitted from the periphery to the benzothiadiazole core
while generation increased from BTTyn to BTDyn. There-
fore, higher generation dendrimers with a larger number of
branch groups will serve as better antenna.

An interesting aspect of our shape-persistent dendrimers is
their highly efficient intramolecular energy harvesting beha-
vior. The emission of the donor part, that is our dendritic
part inBTTyn andBTDyn, overlaps well with the absorption
of the acceptor core.14 This fulfills the prerequisite for the
energy-transfer process according to the F€orster mechanism.17

As shown in Figure 2, the maximum emission peaks were

excitation wavelength independent. When excited at 343 or
398 nm (the maximum absorption of the periphery group
and the middle branch arm), the red-emitting emission came
almost exclusively from the core units with weak residual
fluorescence at the 380-500 nm. This result provides direct
evidence that a highly efficient intramolecular energy trans-
fer process from the periphery group to the red-emitting
core. Meanwhile, the emission intensities excited at 343 nm
for BTDyn were not only several times higher than those
when excited at the core group (509 nm) for BTDyn but also
higher than those excited at 343 nm forBTTyn, which clearly
showed a different “antenna effect” in the different genera-
tion dendrimer.18 At the same time, it is indicated that the
larger light-harvesting antenna with higher absorption coef-
ficient of the dendron at the short wavelength is more
efficient to improve the emission quantum yields of the core
chromophore. To quantify the energy-funneling ability of
our dendrimers, we measured the fluorescence quantum
yields of BTTyn, BTDyn, and TrT upon excitation at 343 nm.
The energy-transfer efficiency is deduced from the ratiobetween
the fluorescence quantum efficiency of the residual emission
(QTrT(core)) between 350 and 450 nm in dendrimers and that of
TrT (QTrT) using the equation.

5e

φET ¼ 1-
QTrTðcoreÞ
QTrT

ð1Þ

Calculated results showed that the energy-transfer efficiency
were 96% for BTTyn and 94% forBTDyn, respectively. More-
over, the energy-transfer rate could be calculated from the
following equation.5b

kET ¼ 1

τTrT

1

ð1=φETÞ-1

� �
ð2Þ

The energy transfer rate is 4.0� 109 s-1 for BTTyn and 2.6�
109 s-1 for BTDyn, respectively.8b The high energy-transfer
efficiency and fast energy-transfer rate can be ascribed to the
large overlap between the emission of the gradient dendritic
branch and absorption of the acceptor core, as well as their
short distances.

Finally, to give more insight into such energy-transfer
processes, the fluorescence lifetime of the dendrimers was
measured in THF solutions using a time-correlated photon-
counting instrument. The results are also shown in Table 1.
The decay of the emission maximum of our dendrimers was

FIGURE 1. Absorption spectra of dendrimers BTTyn, BTDyn, and model compounds TrT and Tr(TE)2Tr (left) and emission spectra of the
dendrimers (right) in THF solutions (10-6 M). Emission spectra were recored at different excitation wavelengths shown in parentheses.

FIGURE 2. Comparison of emission spectra of dendrimers in thin
films at different excitation wavelengths. The emission intensity of
all spectra was normalized when dendrimers were excited at the
longest wavelength absorption region.

(16) Wang, J.-L.; Tang, Z.-M.; Xiao, Q.; Ma, Y.; Pei, J. Org. Lett. 2009,
11, 863–866.

(17) (a) F€orster, T. Ann. Phys. 1948, 2, 55–75. (b) Hu, D. H.; Yu, J.;
Wong, K.; Bagchi, B.; Rossky, P. J.; Barbara, P. F. Nature 2000, 405, 1030–
1033.

(18) Weil, T.; Reuther, E.; M€ullen, K. Angew. Chem., Int. Ed. 2002, 41,
1900–1904.
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found to be well-fitted by monoexponential decay function
when excited at 343 or 509 nm. Fluorescence lifetimes were
all the same (2.0 ns) for BTTyn and BTDyn, whether
obtained by excitation at the terminal group or core group.
A comparison of the 4,7-bis(2-thienyl)-2,1,3-benzothiadia-
zole (τ=14.6 ns) with our dendrimers revealed that our
dendron extends the effective conjugation length and thus
induced the obvious decrease of fluorescence lifetime.19 We
were unable to measure the lifetime of our dendrimer in the
maximum emission band of our dendron due to weak
residual emission. This suggests a highly efficient energy
cascade process in which the final emission came from the
red core chromophore.

We also obtained their thin films used for UV-vis and PL
measurementsbyspin-coatingofa toluenesolution (ca. 10mg/mL)
onto quartz plates at 1000 rpm.Our dendrimers display good
film-forming properties. All absorption spectra basically
split into dendron absorption bands and core absorption
bands. The maximum of the absorption peak was located at
522 nm (345 nm) forBTTyn and at 518 nm (347 nm, 399 nm)
for BTDyn, which were very similar with those in dilute
solutions, as shown in Figure S1 (Supporting Information).
It indicated that no significant intermolecular aggregation
occurred in the ground state due to the dendritic architecture
and the large number of alkyl groups. The bandgaps of our
dendrimers were estimated from the onset of the absorption
spectra in thin films. BTTyn has a bandgap of 2.00 eV and
BTDyn has a bandgap of 2.02 eV, which are very similar to
each other.Relative to those in dilute solution, their emission
spectra in thin films as shown in Figure 2 became broad, and
the emission λmax red-shifted by 12 nm for BTTyn and 7 nm
for BTDyn. Such small shifts implied that intermolecular
aggregation (usually observed for benzothiadiazole deriva-
tives in thin films) was suppressed by the dendritic structure.
Moreover, the energy-transfer process of our dendrimers
seemed to be more efficient in thin films as the residual
emission of our dendrimers between 380 and 530 nm present
in the solution spectra when excited at short wavelength
disappeared in the film emission, possibly due to additional
contribution from intermolecular energy transfer.20 Mean-
while, if we normalized the emission intensity of our two
dendrimers when dendrimers were excited at the longest
wavelength absorption region, we observed that the emission
intensity excited at 345 nm for BTDyn was nearly two times
higher than that when excited at 347 nm for BTTyn. It is
indicated that the larger light-harvesting dendrimer seems to
be a more suitable candidate for red-emitting materials.

For red-emitting diodes, the electrochemical properties
of active compounds are essential.21 HOMO and LUMO

energy levels and the corresponding bandgap of these den-
drimers in thin films were investigated by cyclic voltammetry
on the Pt electrode. Figure S2 (Supporting Information)
shows the cyclic voltammetric response of our dendrimers
in thin films. Oxidation due to the peripheral group and
reduction due to the central benzothiadiazole core show
reversible processes, which indicates their high electrochemi-
cal stability suitable for both p-and n-doping. Relative to the
Ag/Agþ reference electrode, the onset oxidation and reduc-
tion potentials of the materials were 0.91 and -1.12 V for
BTTyn and 0.93 and-1.13 V for BTDyn, respectively. From
these values, the HOMO and LUMO and the bandgap of the
dendrimerswere calculated using the equations listed below.22

HOMO ¼ -eðEoxðonsetÞ þ 4:71Þ ðeVÞ ð3Þ

LUMO ¼ -eðEredðonsetÞ þ 4:71Þ ðeVÞ ð4Þ

EgðcvÞ ¼ eðEOxðonsetÞ - EredðonsetÞÞ ðeVÞ ð5Þ

The electrochemical data of our dendrimers are summarized
in Table 2. The bandgaps of both dendrimers calculated
from electrochemical measurements agree well with those
obtained from the absorption spectra.

The motivation of design and synthesis of π-conjugated
dendrimers BTTyn and BTDyn is to search for new ben-
zothiadiazole derivatives as the red light emission layer in
solution-processable organic light-emitting diodes. Hence,
we used their films directly spin-coated from their solutions
as emitting-layers to fabricate OLEDs devices with the
structure of ITO/PEDOT(30 nm)/EML(BTTyn or BTDyn)/
Ca (15 nm)/Al (150 nm). The thickness of the emission layer
was about 50 nm for BTTyn or 80 nm for BTDyn. Device
characteristics are summarized in Table 3, and the current-
voltageand luminance-voltage curves of bothdendrimers are
shown in Figures S3 (Supporting Information) and 3. The EL
λmax of our dendrimers slightly blue-shifted in comparison
with their corresponding PL λmax. As shown in Table 3, the
nonoptimized OLED device performance based on BTDyn

exhibits good performance with the emission maximum at
about 630 nm, a turn-on voltage of 9.1 V, a maximum
luminance of 1290 cd/m2, and a maximum luminescence
efficiency of 1.07 cd/A. In comparsion, the OLED fabricated
from BTTyn exhibits a turn-on voltage of 3.2 V, a higher
maximum luminance of 2260 cd/m2, and a lower maximum
luminescence efficiency of 0.11 cd/A. Apparently, increasing
the dendrimer generation is beneficial for the device perfor-
mance, with enhancement of 1 order of magnitude. Figure 3
also shows the EL spectra of our dendrimers BTDyn under
different biases. As shown in Figure 3, both devices had red
emission and hardly affected their EL spectra in the range

TABLE 2. Electrochemical Onset Potentials and Electronic Energy

Levels of Dendrimers

compd
Eox(onset)

(V)
Ered(onset)

(V)
EHOMO

(eV)
ELUMO

(eV)
Eg(cv)

(eV)
Eg(opt)

(eV)

BTTyn 0.91 -1.12 -5.62 -3.59 2.03 2.00
BTDyn 0.93 -1.13 -5.64 -3.58 2.06 2.02

TABLE 3. Single-Layer OLED Device Performance of Our Dendri-

mers BTTyn and BTDyn

compd
voltageturn-on

(V)
EL λmax

(nm)

luminancemax.

(cd/m2) at
voltage (V)

ELmax

efficiency at
voltage (V)

BTTyn 3.2 635 2260 (9.7) 0.11 (7.2)
BTDyn 9.1 630 1290 (23) 1.07 (14)

(19) (a) Rose, A.; Lugmair, C. G.; Swager, T.M. J. Am. Chem. Soc. 2001,
123, 11298–11299. (b) Ahn, T. S.; Thompson, A. L.; Bharathi, P.;M€uller, A.;
Bardeen, C. J. J. Phys. Chem. B 2006, 110, 19810–19819.

(20) Jenekhe, S. A.; Osaheni, J. A. Science 1994, 265, 765–768.
(21) Li, Y.; Cao, Y.; Gao, J.; Wang, D.; Yu, G.; Heeger, A. J. Synth.Met.

1999, 99, 243–248.
(22) Sun, Q.; Wang, H.; Yang, C.; Li, Y. J. Mater. Chem. 2003, 13, 800–

806.
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from 6 to 20 V for BTDyn. The results showed that BTDyn

could be a potentially useful solution processable fluorophore
for red OLEDs.

Conclusions

In conclusion, we have developed a family of gradient
shape-persistent π-conjugated dendrimers BTTyn and
BTDyn bearing red-emitting benzothiadiazoles derivatives
as the core and truxene moieties as the nodes and OTEs as
the branching arm for nondoped and solution processable
organic light-emitting diodes. Detailed investigations on
the steady-state UV-vis absorption and PL emission as
well as time-resolved fluorescence spectroscopy of these
dendrimers provide insight into the photophysical process
in such dendrimers. The molecular architecture of our
dendrimer with an energy-gradient dendron and a core unit
suppresses undesired shortwavelength emission and leads
to a stable red emission from these dendrimers, due to
highly efficient energy transfer from the light-harvesting
dendron to the core unit. Good device performance for
single-layer solution processable organic light-emitting
diodes based on these gradient-conjugated dendrimers is
achieved.Moreover, the EL efficiency of dendrimer devices
largely increases with increasing the concentration of light-
harvesting OTEs and truxene moiety from BTTyn to
BTDyn. Our work demonstrated that conjugated dendri-
mers with an excitation energy-transfer process open an
avenue for application in electroluminescent devices. We
note that our present synthetic strategy allows further
functionalization at the periphery of the dendrimers with
n-type (oxadiazole moieties) or p-type (triaryamine
moieties) groups, which might improve the device perfor-
mance. Related works and further modification of device
configuration are ongoing in our laboratory.

Experimental Section

General Methods. Chemicals were purchased and used as
received. 1H and 13C NMR spectra were recorded on an using
CDCl3 as solvent. Chemical shifts were reported in parts per
million (ppm) relative to internal TMS (0 ppm) or residual
CHCl3 (7.26 ppm). MALDI-TOF MS spectra were recorded
on a time-of-flight (TOF) mass spectrometer using a 337 nm
nitrogen laser with dithranol as matrix. Differential scanning
calorimetry analyses were performed on a calorimeter. Cyclic
voltammetry was performed as follows: scan rate, 100 mV s-1;

working electrode, Pt disk; auxiliary electrode, Pt wire; reference
electrode, Ag/Agþ; supporting electrolyte, Bu4NPF6 (0.1 M,
CH3CN).

BTTyn. To a mixture of BTI2 (55 mg, 0.1 mmol), Tyn (246
mg, 0.22 mmol), Pd2(dba)3 (4.9 mg), PPh3 (2.6 mg), and CuI
(1.0 mg) in anhydrous THF (40 mL) was added 40 mL of Et3N.
After 10 h at 40 �Cunder nitrogen atmosphere, themixture was
poured into water. The aqueous layer was extracted with
CH2Cl2. The combined organic extracts were washed with
brine and then dried over MgSO4. After removal of solvents
under reduced pressure, the residue was purified by column
chromatography (silica gel, petroleum ether/CH2Cl2, 10:1) to
afford BTTyn as a red solid (0.22 g, 87%). 1H NMR (CDCl3,
400MHz, ppm): δ 8.36-8.38 (m, 6H), 8.08-8.09 (d, J=3.6Hz,
2H), 7.93 (s, 2H), 7.67-7.71 (m, 12H), 7.47-7.48 (d, J=3.6Hz,
4H), 7.40-7.43 (m, 4H), 7.36-7.37 (d, J = 3.6 Hz, 2H),
7.33-7.34 (d, J=3.6 Hz, 4H), 7.15-7.17 (dd, J=4.8, 3.6 Hz,
4H), 2.95-2.30 (m, 12H, CH2), 2.13-2.14 (m, 12H), 0.88-0.94
(m, 72H). 0.58-0.62 (m, 60H). 13C NMR (CDCl3, 100 MHz,
ppm): δ 154.5, 154.4, 154.3, 152.4, 147.1, 145.3, 145.2, 145.1,
144.8, 140.8, 140.5, 139.6, 138.1, 138.0, 137.8, 133.5, 132.9,
132.5, 131.7, 128.1, 127.6, 125.6, 125.0, 124.9, 124.6, 124.1,
123.0, 122.9, 121.5, 119.3, 119.2, 89.0, 87.5, 55.8, 37.0, 31.4,
29.5, 23.9, 22.2, 13.8. MALDI-TOF MS (m/z): calcd for
C168H196N2S9 2529, found 2637 ([M þ Ag]þ). Anal. Calcd
for C168H196N2S9: C, 79.69; H, 7.80; N, 1.11. Found: C, 79.34;
H, 7.98; N, 0.97.

BTDyn.ToamixtureofBTI2 (30mg, 0.054mmol),Dyn (400mg,
0.12mmol), Pd2(dba)3 (2.7mg), PCy3 (1.7mg), andCuI (0.5mg) in
anhydrous THF (40 mL) was added 40 mL of Et3N. After being
stirred at 40 �Cunder nitrogen atmosphere for 16 h, themixturewas
poured into water. The aqueous layer was extracted with CH2Cl2.
The combined organic layerswerewashedwith brine and thendried
overMgSO4. After removal of solvents under reduced pressure, the
residue was purified by flash column chromatography (silica gel,
petroleumether/CH2Cl2, 8:1) to affordBTDyn as a red solid (0.28 g,
76%). 1H NMR (CDCl3, 400 MHz, ppm): δ 8.36-8.41 (m, 18H),
8.09-8.10 (d,J=3.6Hz, 2H), 7.93 (s, 2H), 7.70 (m,36H), 7.47-7.48
(d, J=3.6 Hz, 8H), 7.41-7.43 (m, 12H), 7.33-7.38 (m, 18H),
7.15-7.17 (dd, J=4.8, 3.6 Hz, 8H), 2.98 (m, 36H), 2.12-2.16 (m,
36H), 0.88-0.97 (m, 216H), 0.59-0.62 (m, 180H). 13C NMR
(CDCl3, 100 MHz, ppm): δ 154.54, 154.52, 154.4, 154.3, 152.4,
147.0, 146.8, 146.7, 145.5, 145.3, 145.2, 145.1, 144.9, 140.8, 140.4,
140.3, 140.2, 139.66, 139.64, 138.1, 138.01, 137.95, 137.8, 133.5,
133.3, 132.9, 132.5, 131.9, 131.8, 131.7, 128.1, 127.9, 127.6, 125.6,
125.0, 124.9, 124.6, 124.3, 124.14, 124.10, 124.0, 123.1, 123.04,
122.99, 122.9, 121.8, 121.7, 121.6, 119.3, 119.2, 88.9, 87.7, 87.6,
87.5, 71.1, 55.9, 55.8, 37.0, 31.5, 29.5, 23.9, 22.2, 13.8.MALDI-TOF
MS (m/z): calcd for C476H572N2S21 6995, found 6995 (Mþ). Anal.

FIGURE 3. I-V-L characteristics for the single-layer device fabricated with dendrimer BTDyn (left) and EL spectra of our dendrimers
BTDyn under different biases (right).
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Calcd for C476H572N2S21: C, 81.73; H, 8.24; N, 0.40. Found: C,
81.42; H, 8.42; N, 0.28.
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