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Intense fluorescence of 2,3-dicyano-5-[4-(diethylamino)-
styryl]-7-methyl-6H-1,4-diazepines in solid state could be suc-
cessful in improving interference in cofacial molecular stacking
between the chromophores by the bulky 6-substituent.

Solid fluorescent materials have potential applications to
emitters in electroluminescence devices. The introduction of
substituents into fluorescent molecules can affect the intermolec-
ular interactions to change the emission maximum and fluores-
cence intensity in the solid state.1 2,3-Dicyano-6H-1,4-diaze-
pines are non-planar fluorophores having a methylene group
located out of conjugated �-plane.2 Less paper concerning the
non-doped red emitters in organic electroluminescence have
been reported so far. We report herein the fluorescence spectra
of 6-substituted 2,3-dicyano-5-[4-(diethylamino)styryl]-7-meth-
yl-6H-1,4-diazepines 1–3 in solution and solid state and the cor-
relation between the crystal structures and solid state fluores-
cence. The structures of 1–3 are shown in Figure 1.3

The UV–vis absorption and fluorescence spectra of 1–3 in
chloroform are shown in Figure 2. The compounds 1–3 showed
the absorption maxima (�max) around 491–500 nm with molar
absorption coefficients (") 40400–43400. The emission maxima
(� em) were observed around 595–608 nm with half-width 80 nm,
indicating brilliant red emitting. The relative fluorescence inten-
sity was in the following order: 1 � 2 and 3. Flexible alkyl
groups could accelerate the internal conversion to reduce the flu-
orescence intensity in solution.4

The UV–vis absorption and fluorescence spectra of 1–3 in
vapor deposited thin films are shown in Figure 3. The �max were
observed around 499–551 nm, being slightly bathochromic com-
pared with those in chloroform. The film thickness was 40–
44 nm. The absorbance of films were similar, being 0.47–0.50.
The �em were observed in the range of 663–676 nm, being more
bathochromic compared with those in chloroform. Interestingly,
the fluorescence intensity in solid state was in the following or-
der: 3 > 2 � 1. This is quite different from that in solution. The
UV–vis absorption and fluorescence spectra of 1–3 in solution

and vapor deposited thin film were observed as racemic com-
pounds.

To examine the fluorescence intensity of 1–3 in the solid
state, the crystal structure analysis was performed.5 All com-
pounds were crystallized by solvent diffusion method using hex-
ane and chloroform as racemic crystals. As shown in Figures 4–
6, three kinds of characteristic molecular pairs were found by a
detailed examination of the crystal structures.

Figure 4 shows the stacking pairs of 1–3 between the phen-
ylene rings. Two molecules were found to stack in a tail-to-tail
fashion. The interplanar distance between the phenylene rings
were calculated to be 3.636, 3.832, and 3.415 �A for 1, 2, and
3, respectively. The longest distance of the pair of 2 is ascribed
to the different conformation of the diethylamino group com-
pared to those of 1 and 3.

Stacking pairs between the dicyanodiazepine moieties of 1–
3 are depicted in Figure 5. The interplanar distance between the
planes composed of the dicyanoethylene moiety in the above
group are close: 3.389, 3.325, and 3.400 �A for 1, 2 and 3, respec-
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Figure 1. Structure of 6-substituted 2,3-dicyano-5-[4-(diethyla-
mino)styryl]-7-methyl-6H-1,4-diazepines 1–3.
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Figure 2. UV–vis absorption and fluorescence spectra of 1–3
(1� 10�5 mol dm�3) in chloroform.
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Figure 3. UV–vis absorption and fluorescence spectra of 1–3
on vapor deposited thin film.
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tively, but no significant difference was observed among them.
Figure 6 shows a molecular pair of 1 cofacially stacked be-

tween the chromophores. The chromophores were completely
overlapped each other. The interplanar distance was very short,
being 3.257 �A. This type of pair was not observed for 2 and 3. As
the methylene groups at the 6-position in the diazepine ring are
directed to another molecule, the alkyl group at the 6-position in
2 and 3must inhibit this type of stacking. The fluorescence inten-
sity of 1 in vapor deposited films was considerably weak as com-
pared to those of 2 and 3. From a structural point of view, this
molecular pair is considered to have a great influence on the flu-
orescent intensity in the solid state.

Molecular stacking between �-planes, e.g. chromophores, is
known to play a significant role in fluorescence properties in the
solid state.1 However the influence of the interactions between
molecules on the fluorescence properties has not been fully un-
derstood. The complete overlap between �-conjugated chromo-
phores would be a key structure for evaluating fluorescence
properties in the solid state.

In conclusion, the fluorescence intensity of non-planar 6-
substituted 2,3-dicyano-5-[4-(diethylamino)styryl]-7-methyl-
6H-1,4-diazepines in solid state could be increased by introduc-

ing a bulky alkyl substituent at the 6-position due to prevention
of the cofacial molecular stacking between the chromophores.

The authors are grateful to Miss K. Kobayashi of Riken (The
institute of Physical and Chemical Research) for diffraction
measurement of 3.
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Figure 6. Stacking pair of 1 between whole chromophores.

1 2 3

Figure 5. Stacking pairs of 1–3 between dicyanodiazepine
moieties.
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Figure 4. Stacking of 1–3 between phenylene rings.
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