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Poly(p-phenylene vinylene) (PPV)-type polymers and oligomers
have attracted more attention as luminescent materials due to their
applications in organic light-emitting diodes (OLEDS) and
lasers>7 However, H-aggregation that exists widely in such
m-conjugated compounds dramatically decreases the luminescence
guantum vyield upon going from dilute blends or solutions to
films.8~11 The most efficient configuration to prevent any decrease
in luminescence efficiency, prefigured by theoretical investigations
in the clusters of conjugated molecules, is to adjust the long axes
of adjacent chains to be perpendicular in condensed médiain !
such a cross stacking, the luminescence emission will be close to 1
the single molecular emission for the strong oscillator strength in Figure 1. Different conformational structures gfans-DPDSB in crystal.
the transition between the ground state and the lowest excited state.

This type of cross-packing mode has been expected in some liquid
crystal molecules, but the accurate crystal structure has not been
determined>1¢1n our continued effort to inspect the packing mode
of distyrylbenzene (DSB) derivativé$;8we were surprised to find
that 2,5-diphenyl-1,4-distyrylbenzene with two trans double bonds
(transsDPDSB) tends to adopt a stable cross-stacking mode in
crystalline state. The following experiments demonstrate that this
material exhibits excellent thermal stability, charge-transfer ability,
attractive OLEDs performance, and the amplified spontaneous
emission (ASE) in the needlelike crystalline state. Herein we report
the cross-stacking structure and the attractive luminescence proper+igure 2. (a) Crystals oftransDPDSB under UV light (365 nm). (b)
ties oftransDPDSB. Stacking of 1D molecular columns. (c) Cross-stacking molecules in 1D

ansDPDSB was synthesized by Witig reaction and was fully [IOECUE! LD () Scuemate of e somate Sioge b
characterized by NMR, FT-IR, elemental analysis, and differential 5n4 2 67 A respectively. Conformatidnis drawn in blue an in red.
scanning calorimeter (DSC) methods. Single crystaldrans
DPDSB were prepared by vaporizing a mixtureof chloroform and
methanol (1:2) slowly. The crystal data reveal that there are two
crystallographically independent conformationstigihs DPDSB
(Figure 1).

As shown in Figure 2, the most attractive structural feature of

the crystal packing is that the molecules are packed into one- —

dimensional molecular columns along thexis. They overlap upon
the central phenyl rings, and one molecule is rotated relative to the H E
Cross stacking Parallel stacking
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other by an angle of 70about an axis that passes through the
centers of both molecules. For the excited transition dipoles of PPV-
type conjugated molecules along their long axis, the observed
molecular packing intransDPDSB single crystal is the first 50 3 spiitting of the optically allowed transitions of a single chain
example of the cross dipole stacking of conjugated molecules in (sketched in the middle) in a cross-stacking configuratteeng&DPDSB)
solid states, which may enhance the solid-state fluorescenceand a parallel-stacking configuration (H-aggregate).

prefigured by theoretical analysis!® As shown in Figure 3, in

the parallel-stacking dimer, the lowest excited state corresponds to
T Key Lab for Supramolecular Structure and Materials of Ministry of Education, Fhe_ d_eStrUCtIVPf comblna_ltlpn of t_he transm_on dipole momenj[ of the

Jilin"University. T individual chains, and it is optically forbidden. However, in the

+ State Key Laboratory of Integrated Optoelectronics, Jilin University. cross-stacking dimer, the energy splitting between the lowest two
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of Applied Chemistry, Chinese Academy of Sciences. excited states of the dimer is reduced, and a progressive transfer
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of intensity from the second excited state to the lowest excited state To summarize, we are the first to obtain the cross stacking of
occurs. This promotes a finite transition dipole moment between transDPDSB, where the aromatic Cii/hydrogen bonds act as
the ground state and the lowest excited state of the clusters, whichthe driving force. The crystal dfansDPDSB has excellent thermal
is highly beneficial for the light-emission properties. Additionally, stability, good electron-transporting property, and strong pure blue
the overlapped central phenyl rings along one-dimensional molec- emission, which make this material, a promising candidate for
ular columns If axis) can act as a channel for electron transport, OLED and laser. The primary experiments on OLED and laser
producing high carrier mobility. Actually, the single crystati@ns imply the potential applications of this material, and further
DPDSB exhibits very strong pure blue emission, when excited under investigation is presently underway.
an ultraviolet lamp (365 nm) (shown in Figure 2a). OLED studies
have demonstrated good electron-transporting propertyaofs-
DPDSB films (see Supporting Information).

The distance between the central rings of adjacent molecules is
4.1 A (b/2), which means there is no face-to-face interaction.
As shown in Figure 2d, there are two different types of aromatic  Supporting Information Available: Complete ref 27; synthesis
CHIr hydrogen bonds between the adjacent two molecules in eachand characterization, crystal structure determination, photoluminescence
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column, where two carbon atoms of conformatibact as proton
donors and the two phenyl substituents of conformafiarct as
acceptors. The interaction distance and the angle-¢fi€x center
for interaction! are 3.08 A and 154 and for interactiorll are
2.67 A and 157, respectively. Considering that the enthalpy of
aromatic CH# hydrogen bonds 6:510.3 kJ/mol for one unit-22
but 10.3 kd/mol seems to be the best v&kage believe that such

CH/r interactions are the key driving force for the cross-stacking

mode. At the same time the attractive force of such £H/

properties, OLED fabrication, ASE experimenttodinsDPDSB; and
X-ray crystallographic file (CIF). This material is available free of
charge via the Internet at http://pubs.acs.org.
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