JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Light-Emitting Efficiency Tuning of Rod-Shaped O
Conjugated Systems by Donor and Acceptor Groups

Yoshihiro Yamaguchi, Takahiro Tanaka, Shigeya Kobayashi,
Tateaki Wakamiya, Yoshio Matsubara, and Zen-ichi Yoshida

J. Am. Chem. Soc., 2005, 127 (26), 9332-9333+ DOI: 10.1021/ja051588i « Publication Date (Web): 09 June 2005
Downloaded from http://pubs.acs.org on March 25, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 8 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja051588i

JIAIC[S

COMMUNICATIONS

Published on Web 06/09/2005

Light-Emitting Efficiency Tuning of Rod-Shaped & Conjugated Systems by
Donor and Acceptor Groups

Yoshihiro Yamaguchi,* Takahiro Tanaka, Shigeya Kobayashi, Tateaki Wakamiya,
Yoshio Matsubara, and Zen-ichi Yoshida*

Department of Chemistry, Kinki Usrsity, 3-4-1 Kowakae, Higashi-Osaka, Osaka 577-8502, Japan

Received March 11, 2005; E-mail: yamaguch@chem.kindai.ac.jp; yoshida@chem.kindai.ac.jp

To date, research on light-emitting materials has been animatedScheme 1 @
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not only in chemistry (e.g., molecular materials, probes, sensors,

. . . . . . MeO MeO 1: X=H,Y=CH 6: X=H,Y=CH 11: X=CN,Y=CH
and tracers) but also in biological science (e.g., biosefAsamy =P =2 2: X=COOMe, Y=CH 7 X=COOMe,Y=CH  12: X=CFy Y=N
1 H " — — - A=LUF, V= s A=0R, Y=

materials science (e.g., optoelectrofjc&or further development =Y n 4: X=CN,Y=CH 9: X=CN,Y=CH

. . . L . . . OMe OMe 5: X=CF5, Y=N 10: X=CF3,Y=N
of these fields, creation of highly efficient light-emitting materials
at the desired wavelength region should be indispensable, though % weo Mo wbe Mo MeQ Mo
other factors should also be taken into consideration. Since no B,)ij p Q== — ===

. . OMe Ol OMe OMe Ole OMe
general concept or method for this purpose has been established “ 5
yet, flrst we have ch_osen olignfohenylene ethynylene)s (OPEs, b e 136 e A et S
trimeric to pentameric systems) as the rod-shapeystems and ne e “°“’ BN T "°{-N’_Q'— w‘:
. . . OMe

tried to tune their electronic structures by donor and acceptor groups, 1 " ® *
so that they emit very intense fluorescende £ 1.0, loge > 4.5) 147e  1(s8%) 2 (64%) 1Ble 62, 7(50%), T 1 (65%from16)

at 460 nm as an example of the desired wavelength region. In
connection with this trial, we examined whether any relationship
would be found between the structure and fluorescence quantum
yield (®5) of OPEs modified by donor and acceptor groups, for
the first time. Mardef,Bunz? and othershave reported the relation
of the spectraAaps and Aen) to the structure of doneracceptor
oligo- and polyp-arylene ethynylene)s (OAEs and PAES).

After various trials, we achieved our goal by a combination of
side modification by MeO (donor) groups and end modification
by a CN-substituted benzene ring or ag&lbstituted pyridine ring

X~ »z—> (5% X \"; zZ ——>
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10 (73%)

9(86%),

1
3
5 15/e
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Z=| for1and6, Brfor2-4and7-9, Clfor5and 10

aReagents and conditions: (a) 2,5-dimethoxy phenylacetylene,
Pd(PRP)Cl,, Cul, EgN, THF, rt, 7 h; (b) trimethylsilyl acetylene,
Pd(PRP)Cl,, Cul, EgN, THF, rt, 7 h; (9 1 M aq. KOH, MeOH, CHG,
rt, 0.5 h; (d)13, Pd(PRP)Cl,, Cul, EgN, THF, rt, 7 h; (e) Pd(PiP)Cl,,
Cul, EgN, THF, reflux.

Table 1. Emission and Absorption Characteristics of Parent and
Modified PEs (trimeric, tetrameric, and pentameric systems) by
EWG at the End and by EDGs (MeOs) at the Side (in CHCI3)

- i i Aem Aabs T ke ky

Esgcg;t&?sof OPE rod-shaped moleculéterein we wish to report ompound  @F (m) loge  (m)  (09) - 6
General synthesis of trimeric, tetrameric, and pentameric PE TriPE 050 348 459 328 257 1.9510° 1.95x 103
o . 0.76 401 458 370 263 2.8910° 9.12x 10
groups at each benzene ring) at the side (abbreviated as E (EWG)/3 0.78 411 456 376 275 28310 7.99x 10/
S (EDG) PEs) was effectively accomplished by a repeating g 8-;2 j‘gg 1-22 ggé %ig g% ig iigx ig
Songgashlra Pd-cogpllng react@ras shown in Scheme 1 (for TeraPE 061 387 A77 345 170 384 230x 10f
details, see Supporting Information). 6 081 430 474 390 1.82 4.4610° 1.04x 10°
Emission and absorption characteristics of the parent and the 7 0.85 441 4.84 395 145 58810° 1.04x 10°
modified PEs together with emission lifetime),( radiative rate 8 82‘; ﬁ? i-;i ggg 182 i-g 182 Z-égx ig;
_constant k), and radiationless rate constaky)(are demonstrated 10 082 455 471 401 195 4241 923x 107
in Table 1. PentaPE 0.83 388 4.80 350 1.58 524C° 1.07x 10
As seenin Table 1, the E (EWG)/S (EDG) modification evidently 11 0.96 458 4.96 414 1.10 8.%10° 3.65x 10’
12 0.99 459 492 415 1.20 8.2310°F 8.32x 10°

increasesP; andAey, compared with those of the parent PEs (TriPE
and TetraPE). This tendency is bigger for the tetrameric system
(n = 2) than for the trimeric systerm(= 1). In particular, E
(CN/Ph)/S (MeO) @) and E (CR/Py)/S (MeO) (0) modifications
are remarkable and effective to provide the highly efficient blue
light emitters. We tried to examine the relationd®fto the Hammett
substituent constant§—X).1°

The result is worth noting because the quantum yi®d (inearly
increases with an increase in the electron-withdrawing ability of
X, as shown in Figure 1 (correlation factor:= 0.986 forn =1,
r = 0.943 forn = 2; slope: p = 0.0431 forn = 1, p = 0.121 for
n= 2). To our knowledge, the finding of the linear relationship
between®s ando values is unprecedented. An approximately linear
relation for the plot oflen, versuso was also found as expected
(see Supporting Information).
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aQuantum vyield is calculated relative to quinin®@¢(= 0.55 in 0.1 M
H2SQy).

It was found thaky rather thark ! (see Supporting Information)
varies withop—X, as seen in Table 1. Thus, E (EWG)/S (EDG)
modification of tetrameric PE was shown to bring about the
significant improvement of light-emitting efficiency in the trimeric
and tetrameric systems.

Figure 1 and Table 1 suggest a possibility that E (CN/Ph)/
S (MeO) and E (CKPy)/S (MeO) moadification of tetrameric PE
may provide the very intense blue light emitt@r;(~ 1.0, Aem =
460 nm, loge ~ 5), which is our final goal in the present inves-
tigation. This possibility was realized by preparing the pentameric
systemsll and 12 (see Scheme 1 and Table 1). The absorption

10.1021/ja051588i CCC: $30.25 © 2005 American Chemical Society
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092 state iy = 0.09 D), as expected. On the other hand, calculated
0% . dipole moments of E (EWG)/S (EDG) PEs in the excited state do
XN not exceed those in the ground state (for examples= 0.66 D

0.88

r=0943] andug = 1.99 D for 11, see Supporting Information for others).
Such a dipole moment change in the excited and ground states

of E (EWG)/S (EDG) PEs appears to be responsible for little solvent

dependency to the spectratf and12. From these arguments, it

is inferred that the acetylenic structure of E (EWG)/S (EDG) PEs

in the ground state (see Supporting Information) may also be held

in the excited state as reported for TrilPE.

986 In conclusion, we succeeded in the creation of highly efficient

n=2
(@7 = 01210 p+0.8051)
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Quantum yield ( 4’/)
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080 n=1 4: X=CN

(@7 = 004316 p+0.7597)

078

06 e light emitters by E (EWG)/S (EDG) modification of rod-shaped
OPEs. We also made very interesting findings on the relationships
a o 02 o o1 o3 o5 07 between (1)®; and Hammetio constant, and (2) light-emitting
Substituent constant (djy-X) characteristics Aem, @) and solvent polarity. These should be

Figure 1. The relationship between quantum yieki| and substituent valuable for the molecular design of highly efficient light emitters.
constant for the electron-withdrawing substitueni-{X) for E (EWG)/S

(EDG) PEs. Acknowledgment. This work was supported by Grant-in-Aid

for Creative Scientific Research (No. 16GS0209) and Scientific
Research (No. 16550131) from the Ministry of Education, Science,
Sports, and Culture of Japan.

Supporting Information Available: Synthesis, NMR data, HR MS
data, absorption and fluorescence spectra, platpfersuss and ¢
versuso, and MO calculation for oligo-PEs modified by donor and
acceptor groups. This material is available free of charge via the Internet
at http://pubs.acs.org.
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