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Recently,π-conjugated oligomers such as oligophenylenes and
oligothiophenes have received considerable attention as electronic
materials.1 Thin films of these low molecular weight compounds
can be obtained by sublimation under high vacuum and used for
electronic devices such as organic field-effect transistors and
organic light-emitting diodes (OLEDs).2 For OLEDs, each organic
layer (hole-transport, emission, and electron-transport layers) has
to be amorphous, and crystallization during the device operation
results in shorter lifetime. Unlike linear oligomers, dendrimers
have a branched structure and are expected to favor an amorphous
morphology.3 We have been interested in developing new
electron-transport materials4 for OLEDs and designed perfluori-
nated phenylene dendrimers5 because of (1) their low-lying
LUMOs and HOMOs, which are important for electron injection
and hole blocking, respectively, (2) relatively low sublimation
temperature, which makes it possible to deposit high molecular
weight compounds with high glass transition temperatures, and
(3) thermal and chemical stability due to strong C-F bonds.6

However, there have been few perfluorinated phenylene com-
pounds,7 and their general synthetic methods have not been
developed. We report herein the repetitive synthesis of perflu-
orinated phenylene dendrimers and their thermal properties.
OLEDs have been fabricated to investigate electron-transport
properties of these new materials.

The cross-coupling reaction between two different fluorinated
phenyl groups is the most important step for preparing perflu-
orinated dendrimers. We found that organocopper chemistry gave
the most satisfactory results: pentafluorophenylcopper (C6F5Cu)8

was allowed to react with 1,3,5-tribromo-2,4,6-trifluorobenzene
(6) to give 19 in 81%.10 Then, this procedure was applied to
perfluorinated phenylene dendrimer2 (C60F42; MW ) 1518) as

shown in Scheme 1. Trifluorophenylcopper7, prepared from the
corresponding Grignard reagent (C6H2F3MgBr) and copper(I)
bromide without isolation, was allowed to react with6 in a THF/
dioxane/toluene mixture at 80°C for 24 h to afford compound8
in 69%. Bromination of8 gave hexabromide9 in 79%. Again,
the coupling reaction of9 and C6F5Cu yielded2 in 85%.11,12

Similarly, dendrimer 3 (C132F90; MW ) 3295), the higher
generation of dendrimer2, was prepared from compound9 by
repeating cross-coupling and bromination as depicted in Scheme
1. We also synthesized two C60F42 isomers 4 and 5 to see
structure-property relationships. Compounds2-5 were purified
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G., Eds.; Wiley-VCH: Weinheim, 1998.
(2) For recent reviews, see: (a) Friend, R. H.; Gymer, R. W.; Holmes, A.

B.; Burroughes, J. H.; Marks, R. N.; Taliani, C.; Bradley, D. D. C.; Dos Santos,
D. A.; Brédas, J. L.; Lo¨gdlund, M.; Salaneck, W. R.Nature1999, 397,121-
128. (b) Sheats, J. R.; Antoniadis, H.; Hueschen, M.; Leonard, W.; Miller, J.;
Moon, R.; Roitman, D.; Stocking A.Science1996,273,884-888.
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by train sublimation13 and used for characterization. The structures
of 2-5 were confirmed by19F NMR, EI-MS, and elemental
analyses. All perfluorinated phenylenes are colorless solids and
soluble in CHCl3, THF, and aromatic solvents such as toluene.

The differential scanning calorimetry (DSC) measurements
indicated that dendrimers2 and3 purified by train sublimation
are highly crystalline solids (mp) 277 and 426°C, respec-
tively).11 In the case of2, the melting endotherm shifted from
277 to 243°C on the second heating, indicating the formation of
a different crystalline phase. A glass transition was observed at
125 °C, only when the melt of2 was rapidly cooled by liquid
nitrogen. Compound4 showed a melting endotherm at 313°C
on the first heating, and a glass transition at 133°C was observed
on the second heating. Although compound5 is conformationally
more rigid compared with2 and 4, it favors an amorphous
phase: only a glass transition at 135°C was observed.

OLEDs were made on indium-tin-oxide (ITO) coated glass
substrates by high-vacuum thermal evaporation (5× 10-7 Torr)
of TPTE14 (a tetramer of triphenylamine) as the hole-transport
layer (60 nm), tris(8-quinolinolato)aluminum (Alq3) as the emis-
sion layer (40 nm),2-5 (20 nm), LiF15 (0.5 nm) as the electron-
injection layer, and Aluminum (160 nm) as the cathode.11 When
a negative voltage was applied to Al, a green emission due to
Alq3 was observed for each device. This indicates that perflu-
orinated phenylenes2-5 work as the electron-transport layer.
Figure 1 shows the luminance-voltage characteristics for these
OLEDs. The performance of the devices is improved in the order
3 < 2 < 4 < 5.16 The maximum luminance of the device with5
is 2860 cd/m2 at 24.4 V.

To understand the above results, we performed the electro-
chemical measurements on compounds2-5.11 In THF, all
compounds showed irreversible electroreductions by cyclic vol-
tammetry (CV). The reduction peaks shift more positive in the
order3 (-2.66 V), 2 (-2.56 V), 4 (-2.31 V), and5 (-2.24 V
vs Fc/Fc+).17 This order is consistent with the number of para-
conjugated benzene rings in these compounds:2 and3 (biphenyl)
< 4 (p-terphenyl)< 5 (p-quaterphenyl). When the LUMO energy
level of the electron-transport material becomes lower (in this
case, from3 to 5), the electron injection from the metal layer to
the electron-transport layer should be easier. It has been pointed
out that there are no correlations between reduction potentials
and electron-transport capabilities: a good electron acceptor is
not always a good electron-transport material.4a This indicates
that chemical interactions between an organic molecule and a
metal should be taken into account.18 In our case, however, a
F-Li + bond would be much weaker than an O-Li+ bond or a
N-Li + bond in the case of O- or N-containing electron-transport
materials. Therefore, the reduction potentials correlate well with
the electron-injection barriers and the performance of the devices.

In conclusion, we have shown the general synthetic method
for perfluorinated phenylene compounds with relatively high
molecular weights. Contrary to our expectation, perfluorinated
phenylenes4 and5 gave more stable amorphous films and showed
better electron-transport capabilities compared with dendrimers
2 and 3. These findings should be useful in designing new
amorphous materials for electronic devices. We are currently
measuring electron mobilities19 for compounds2-5 to obtain
further information about their electron-transport properties and
preparing perfluorinated phenylenes with longer para-conjugated
units.20
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Figure 1. Luminance-voltage characteristics for the OLEDs, ITO/TPTE
(60 nm)/Alq3(40 nm)/2-5(20 nm)/LiF(0.5 nm)/Al(160 nm).
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