New Optoelectronic Materials Based on
Bitriazines: Synthesis and Properties
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A series of bitriazine derivatives were synthesized for the first time by the self-coupling reactions of the monocholoro-triazines in the presence

of nickel catalyst. Such bitriazines show excellent optoelectronic properties.

1,3,5-Triazine-based derivatives, including small molecules to have applications in liquid crystalline materiaisagnetic

and polymers, have been widely used in industry as

materials’ and organic light emitting diodes (OLED).

antibacterial agentspesticides, active dyes,encapsulation However, much less interest has been shown in the
resins of integrated circuit (IC) diésind structural adhesives investigation of bitriazine derivatives that are composed of
for advanced carbon-fiber composites in the aerospacetwo triazine rings'® Structurally, a 1,3,5-triazine unit is a

industry® Recently, some news-conjugated 1,3,5-triazine-  typical electron-accepting unit, and introducing a 1,3,5-
containing compounds have been reported. Such materialdriazine unit into the backbone of conjugated compounds can
exhibit good optical and electrical properties and are expected
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usually improve the electron-injection and electron-trans- ||| 3D

portation abilities of the compounds; such properties are
useful for optoelectronic devices. For the bitriazine deriva-
tives, their interesting chemical structures may endow new
properties such as stronger electron-accepting ability and ease

of forming metal chelates. These motivated us to design and ¢z g

synthesize the following new bitriazine derivativés,—2e,
as shown in Scheme 1.

Scheme 1. Synthetic Procedure
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2a—2ewere synthesized by the nickel-catalyzed Ullmann
self-coupling reactiolt of 1a—1e,which were easily pre-

Figure 1. Single-crystal X-ray diffraction structure @a.

pound is conjugated. The packing structure2afis shown

in the Supporting Information, which suggests that the

molecules aggregate into a herringbone structure; such a

packing model is usually desirable for improvement of

mobility of carriers in organic field-effect transistor (OFETY).
The basic photophysical properties 2d—2ewere char-

acterized by UV-vis and photoluminescent (PL) spectra. The

spectra are displayed in Figure 2, and the data are sum-

marized in Table 1. As shown in Figure23—2egive UV—

vis maximum absorption peaks in an ordedf> 2e > 2c

pared from the reaction between cyanuric chloride and the > 2b > 23, indicating thaRd possesses greater conjugation

Grignard regent¥ The average yields dfa—2eare more
than 50%. This is the first example of the self-coupling

due to the presence of more fluorene units. Comparison of
the UV—vis data of2a with those of3 indicates that the

reaction of monochloro-triazine using organic nickel as the onset position of the U¥vis absorption band dfahas been

catalyst. Traditionally, the chloride group on the triazine ring
was considered as an acyl chlorideso the self-coupling

red-shifted. Analogously2d also shows a red-shift compared
with 4. These results indicate that the bitriazine derivatives

reaction between two monocholoro-triazines was deemedhave greater conjugation in comparison with the triazine
impossible; however, the coupling products were indeed derivatives. Surprisingly2a does not show photolumines-
obtained, suggesting that the monochloro-triazine can alsocence both in THF and in the solid state; such phenomenon

be considered as an aryl halide.

may be attributed to the low radiative decay efficiency of

To compare the properties with bitriazines, the triazine 2a because the lowest excitation energy isf transition

derivatives, 2,4,6-triphenyl-1,3,5-triazir® @nd 2,4,6-tri(9,9-
diethylfluoren-2-yl)-1,3,5-triazined), were also prepared as
shown in Scheme 1.

Figure 1 shows the single-crystal X-ray diffraction struc-
ture of 2a, which indicates that two triazine rings and four

ratherz—s*. A similar phenomenon was also observed in
2,4,6-triphenyl-1,3,5-triazines].’> However,2b, an analogue

of 2a, shows photoluminescence. This means that there are
certainly charge-transfer (CT) interactions between the donor
moiety (—OCH groups) and the acceptor moiety (triazine

benzene rings construct a plane, suggesting that the com+ings) in2b; such CT interactions can enhacnce the photo-
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Z10 - can be seen from Figure 3, the electrochemical reductions
g T (or n-doping) of2d and4 start at about-1.32 and-1.31 V
E and give reduction peaks atl.68 and—1.82 V vs Ag/
& i ] Ag, respectively. The corresponding reduction peak&df
5 03 and 4 appear at—0.81 and —0.80 V, respectively. In
g comparison with4, 2d shows a more positive reduction
2 potential, suggesting that the compounds containing two
0 : triazine rings are more easily reduced than the compounds
400 500 600 700 .. . | I . Such It al . l
Wavelength (nm) containing a single triazine ring. Such a result also implies
that the electron-withdrawing ability of bitriazine derivatives
Figure 2. (A) UV—vis spectra of2a—2e,3, and4 in THF. (B) is stronger than that of the triazine derivatives. The electro-
PL spectra ob—2eand4 in THF. chemical oxidations (or p-doping) @H and4 start at about

1.48 and 1.36 V and give oxidation peaks at 1.84 and 1.53
V vs Ag'/Ag, respectively. These results hint that the
triazine-containing compounds show high oxidation poten-

red-shift (e.g.4: 395 nm:2d: 494 nm), further suggesting tials due to the electron-withdrawing behavior of the triazine.

that the bitriazines have greater conjugation compared to thqureqver, the b|t.r|azme compou_rﬁi_j gives more positive
triazines. oxidation potential than the triazine compoudd also

The electrochemical behavior 8a—2ewas determined indicating the stronger electron-withdrawing ability of bi-
by cyclic voltammetry (CV), and the oxidation and reduction triazine der vatives. - L
onset potentials are listed in the Table 1. As an example, The conjugated triazine derivatives were expected to be

the CV curves of4 and2d are also given in Figure 3. As used as electron transporting materials in OLED because they
' showed high electron affinity and good thermal stability.

_ Unfortunately, overall poor performance of the devices
) ) ) suggested that the reported triazines were not suitable for
Table 1. Optical and Electrochemical Properties2i—2e,3, electron transporting materigéi&For bitriazine derivatives,

luminescence and shift the emission bahth comparison
with 4, 2d shows a maximum PL emission peak with a large

and4 their stronger electron-accepting ability inspired us to
Jmax abs (M) Amaxem (nM)® ¢ (%) Eq™*(V)?  Eqred (V)¢ investigate their application in OLED as electron transporting
2a 273 _ _ 1.19 136 materials. Thus, three nonoptimized OLED devices were
2b 311 473 0.3 1.28 —1.43 fabricated with the following configuration: (1) ITO/NPB/
2c 338 501 7.8 1.28 -1.38 Alg/2a/LiF/Al (device 2a); (2) ITO/NPB/AIgOXD; or (3)
2d 352 494 6.3 1.48 —1.32 3/LiF/Al (device OXD and3).}” Here, device®©DXD and3
2e 338, 348 494 54 1.38 —1.25
3 2170 - - 1.40 -113 (16) (a) Kulkarni, A. P.; Kong, X.; Jenekhe, S. Adv. Funct. Mater.
4 350 395 14.7 1.36 —-1.31 2006,16, 1057. (b) Jenekhe, S. A.; Lu, L.; Alam, M. Mlacromolecules
2001, 34, 7315. (c) Fang, Q.; Yamamoto, Macromolecule2004, 37,
aMaximum UV—vis absorption peak8Maximum PL emission peaks. 5894,
¢ Quantum yields, estimated by using a 0.5 MS&@, solution of quinine (17) ITO, Indium tin oxide-coated glass; NPR4 N*-di(naphthalen-1-
(10 M) as a reference! Oxidation onset potentials vs AgAg. € Reduction yl)-N4 N¥-diphenylbiphenyl-4 4diamine; Alg, tris(8-hydroxyquinoline)
onset potentials vs AdAg. aluminum; OXD, 1,4-bis(5-(4-tert-butylphenyl)-1,3,4-oxadiazol-2-yl)ben-
zene.
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Figure 4. (A) B—V andl—V curves of the devices. (B—I curves
of the devices.

the triazines. All devices show green emission that is derived
from Alg, suggesting that the holes from the anode (ITO)
and the electrons from the cathode (Al) combine in the Alg
layer, and further indicating that the bitriazine derivatives
possess electron transporting ability. The performance curves
of the three devices are shown in Figure 4. As can be seen
from Figure 4A, device2a shows a higer brightness than
both deviceOXD and 3. Moreover, the operation voltage
of device2a at the maximum brightness is also lower than
these of device®XD and3. From Figure 4B, it is obviously
observed that devicga shows a higher luminous efficiency
than those of device®XD and3. In contrast, devic8 shows
poor performance compared to devioXD. These results
imply that the bitriazine derivatives have excellent electron
transporting ability, and they could be used as new compo-
nents in OLED.

To summarize, a series of bitriazine derivatives, as new
organic functional materials, have been synthesized for the
first time by the self-coupling reaction of monochloro-triazine
compounds in the presence of organic nickel catalyst. Such
bitriazines show improved properties compared to the triazine
derivatives and great potential on the optoelectronic devices.
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are used for comparison becau3&D has been proven to
be available electron transporting mateffadd3 represents
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