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Photonics, the optical analogue of electronics, is a new, 
promising area of technology important in computing and 
communication. This new field critically depends on preparation 
of new materials with predictable and tunable optical properties.1 

Organic materials based on charge-transfer (CT) interactions 
play an important role in this field.1"3 We describe here a new 
class of organic charge-transfer dyes wherein the acceptor and 
donor parts are spiroconjugated.4'5 This relatively weak "three-
dimensional" conjugation allows for the implementation of a 
modular design of new materials, i.e., the adjustments within 
donor and acceptor moieties (tunability) may be made indepen
dently and lead to materials with expected properties (predict
ability). 

Compounds 1-4 are constructed from an acceptor part (the 
indandione moiety) and a donor part (substituted diamines). 
The junction between the parts is of the spiro type. Such an 
arrangement allows for a spatial penetration of the lone-pair 
orbitals on the nitrogens and the p orbitals on the carbon atoms 
of the carbonyl groups. If the symmetry of the LUMO of the 
acceptor is the same as the symmetry of the HOMO of the donor 
(antisymmetric versus both molecular planes), then this orbital 
overlap leads to spiroconjugation.4'5 The HOMO energy is 
lowered as compared to the noninteracting donor part, and the 
LUMO energy is increased as compared to a separate indandione 
(Figure 1). In addition, both these orbitals "mix in" a little of 
each other's character, i.e., the HOMO has some electron density 
on the indandione moiety and the LUMO has non-zero p orbital 
coefficients on the amine part. The HOMO-LUMO transition 
should be allowed in these cases and should be of the charge-
transfer type.6 

The spiro compounds were prepared by the condensation of 
ninhydrin with the corresponding iV,7V'-dimethyl-substituted 
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amines.7'8 In the control experiments, the concentrated solutions 
or neat mixtures of 2,2-dimethylindandione and the aromatic 
diamines showed no evidence of intermolecular charge-transfer 
formation. Apparently, the orbital overlap is too small and the 
HOMO-LUMO gap is too large. All spiro compounds showed, 
however, the presence of new absorption bands in the visible region 
(Figure 2). The bands followed the Beer-Lambert law over more 
than a 100-fold change in concentrations, indicating the in
tramolecular nature of the transition. 

In 1, the symmetry of the donor is incorrect.9 The interaction 
between the components is very weak and mainly of inductive 
nature. As the result, the HOMO-LUMO transition is forbidden. 
The charge-transfer band has Xmax = 580 nm (benzene) and a 
low extinction coefficient («5go = 142 M-1 cm-1). In the solid 
state the compound is dark purple. 

In contrast, the naphthylamine moiety in 2 has two degenerate 
HOMO orbitals, and one of them is antisymmetric9 vs the plane 
of the dione. This orbital strongly spiroconjugates with the 
LUMO of the acceptor part. The HOMO's energy is significantly 
lowered by the spiroconjugation, and the energy of the LUMO 
is raised correspondingly, increasing the HOMO-LUMO gap. 
As the result of this orbital "mixing", the CT transition is allowed 
(Xmax = 428 nm (benzene), e428 = 3.8 X 103 M"1 cm"1) and 
significantly shifted to higher energies as compared to 1, despite 
the fact that the frontier orbitals of the separate donor and acceptor 
parts are of nearly equal energy in 1 and 2 (Figure 1). This 
compound is brown-red in the solid state. 

In 3, the HOMO of the donor has correct symmetry, but it is 
of lower energy than that in the naphthyl system. Additionally, 
the seven-membered ring formed may not allow for the perfect 
overlap between the nitrogen orbitals and the corresponding 
carbonyl carbon orbitals. The spiroconjugation is thus weaker, 
and as the result the probability of transition is diminished (\max 
= 428 nm (benzene), £428= 1.35X 1O3M-1Cm-1). Thiscompound 
is orange-yellow in the solid state. 

The HOMO in 4 may be considered as an antisymmetric and 
symmetric linear combination of the nitrogen lone pair orbitals. 
The former can interact with the LUMO of the indandione moiety, 
although the HOMO-LUMO gap is the largest in this case, 
weakening the interaction even further than that found in 3. The 
charge-transfer band has \max = 428 nm (benzene) and «428 -
221 M-1 cm-1. In the solid state the compound is red. It is 
important to note (see below) that despite significant differences 
in the HOMO's energies of the donor part in 2, 3, and 4, the 
corresponding CT bands are nearly isoenergetic. The strength 
of the spiroconjugation thus compensates for bringing the donor's 
HOMO energy closer to that of the acceptor's LUMO. 

The charge-transfer bands showed pronounced solvatochromic 
effect.10 For example, in 2 (the most studied so far) the band 
shifts from 428 nm in benzene to 400 nm in acetonitrile (Figure 
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Figure 1. Schematic representation of the interaction between the acceptor moiety (modeled by 2,2-dimethylindandione) and the donor component 
(modeled by MiV'-dimethyldiamine derivatives). The arrows correspond to the CT transitions in spirocompounds 1-4. The scale (in eV vs SCE) 
approximately reflects the energetics of the system and is based on the redox potentials of the models and the observed maxima of CT transitions. 

the ground state has a dipole along the long axis of the molecule 
with the dicarbonyl moiety being the electron-deficient end and 
the excited state resembles an indandione radical anion-amine 
radical cation pair.6 

There are at least three special features which make these CT 
solids of interest, (i) The strength of CT interactions can be 
easily manipulated by the adjustment of the HOMO and LUMO 
energy of the donor and acceptor part almost independently. 
Bringing these orbitals closer in energy will make interactions 
between them stronger, but at the same time the CT transition 
will move to a higher energy. Thus, (ii) the position of the CT 
band will only weakly depend on the strength of the donor and 
acceptor used to construct the spiro compound. These two features 
are in contrast to the usual situation encountered in "normally" 
conjugated donor-acceptor systems (such as donor-acceptor-
substituted benzenes2'3), where independent variations in the 
HOMO-LUMO gap are impractical, and increasing the donor 
or acceptor strength unavoidably shifts Xn^x to longer wavelengths. 
The third feature involves introduction of conjugating substituents 
into the donor and acceptor parts (one into each). As a result, 
(iii) these compounds will be chiral. The chirality of these systems 
is of the V type", i.e., the whole ir network is chiral. Such a 
construction should lead to very strong interactions with polarized 
light. 

We are currently investigating the photophysical behavior of 
these CT materials13 and preparing new ones according to the 
design principles described above. We believe that the proposed 
modular design approach may be useful in generation of new 
materials14 with interesting electrical, optical, and magnetic 
properties. 
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Figure 2. Extinction coefficients (in M-1 cm-1) of the charge-transfer 
bands of 1-4 in acetonitrile. Only the visible part of the spectrum is 
shown. The indandione and the diamines alone or in mixtures do not 
have any detectable transitions in this spectral region. 

2). Using the solvatochromic data from several solvents11 and 
following the McRae formalism,12 the excited-state dipole moment 
can be estimated to be ca. 9-13 D in the direction opposite to the 
ground state dipole. These estimates are qualitatively consistent 
with the HOMO-LUMO interactions described above, where 
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