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ABSTRACT: The asymmetric isonaphthalene imide, 3-[(4-
nitrophenyl)imino]-1H,3H-benzo[de]isochromen-1-one was
obtained by condensation of 1,8-naphthoylchloride with p-
nitroaniline in the presence of pyridine. The crystal structure
and vibrational and electronic absorption spectra are reported.
The emission spectrum of the crystalline phase demonstrates
dual luminescence, with short and long wavelength compo-
nents, while only the short wavelength component is present
in chloroform solution. The geometrical and electronic structures of the ground and excited states of the molecule are
investigated using density functional theory methods. Dual fluorescence is explained in terms of the excited states of different
nature. The spectroscopic properties of newly synthesized compounds for possible biosensor applications are discussed.

■ INTRODUCTION

Core-substituted naphthaldiimides and their derivatives with an
extended π-conjugated system represent a rapidly emerging
area due to their applications in functional nanomaterials and
implications in biological and supramolecular arrays.1,2 On the
other hand, acylation of amines by derivatives of carboxylic
acids results in O-acylimidates, including isoimides that
represent the labile intermediates and act as precursors in the
synthesis of thermodynamically more stable N-acylimidates, i.e.,
imides.3,4 According to the previously reported data,5,6

interaction of 1,8-naphthaloylchloride with anilines resulted in
yellow symmetric chromophores, N-phenylnaphthalimides Ia,b.
However, taking into account the reported records about
condensation products between phthaloylchloride and
amines,7−9 those findings look ambiguous, as far as the
isomeric asymmetric N-phenylisonaphthalimides IIa,b might
also been expected (Scheme 1).

Since in recent years naphthalimide derivatives are
increasingly used as fluorescent dyes,1,10−16 isonaphthalimides
that possess possible higher reactivity due to their asymmetric
structure in comparison with the symmetric naphthalimides are
of keen interest as precursors in the synthesis of such materials.
With the aim to disclose the actual structure of the interaction
product of 1,8-naphthaloylchloride with anilines, we repro-
duced the reported earlier experimental conditions4 using p-
nitroaniline as a starting agent (Scheme 2). This contribution

summarizes the synthesis and X-ray structural evidence for the
asymmetric isonapthalimide, 3-[(4-nitrophenyl)imino]-1H,3H-
benzo[de]isochromen-1-one IIb, and provides an overview
based on DFT computations of the experimentally detected
dual luminescence of the crystalline phase on the studied
compound that has never before been observed. The reported
claims can lead to the development of better fluorescent dyes
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Scheme 1. Structural Formulas for Symmetric N-
Phenylnaphthalimides Ia,b and Asymmetric N-
Phenylisonaphthalimides IIa,b

Scheme 2. Synthesis of IIb
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while contributing to the theoretical understanding of this
group of compounds.

■ EXPERIMENTAL SECTION

1. General Considerations. Reaction monitoring was
carried out by TLC on the Silufol UV-254 plates, eluting in the
acetone hexane = 1:10 with developing by ninhydrin. Spots
were detected under ultraviolet light. The IR spectrum was
obtained on the instrument Perkin-Elmer 580B in a tablet with
KBr. The mass spectrum was obtained on the MAT 112
instrument at 70 eV ionizing voltage with a direct input into the
source of the sample, sample evaporation temperature 20−70
°C, and temperature of the ionization chamber 220−230 °C.
2. Synthesis. N-(4-Nitrophenyl)isonaphthalimide IIb was

obtained according to the published procedure4 by interaction
of 1,8-naphthoylchloride with 4-nitroaniline in boiling benzene
(yield 50%) and by modified technique given herein. 1,8-
Naphthoylchloride (0.01 mol) dissolved in 100 mL of benzene,
with stirring, was poured in 100 mL of benzene solution of 4-
nitroaniline (0.015 mol) and pyridine (0.03 mol). The reaction
mixture was kept for 20 min and washed with 200 mL of 3%
hydrochloric acid, 3 × 200 mL of water, and the benzene was
then distilled off, and isonaphthalene imide IIb was isolated by
crystallization. The yield of yellow crystalline solid is 95%. Final
product is insoluble in water, methanol, ethanol, hexane, and
ethylacetate and soluble in chloroform upon heating. Mp 262−
263 °C (from acetone). Anal. Calcd for C18H10N2O4:
C(67.92%), H(3.17%), N(8.80%). Found: C(67.87%),
H(3.10%) N(8.85%). IR (ν, cm−1): 3395, 3111, 2922, 2871,
1754 (CO), 1653 (CN), 1582(νasNO2), 1501, 1488,
1335(νsNO2), 1314, 1296, 1216, 1108, 1037 (C−O−C), 877,
839, 770, 753, 700, 680. Molecular ion: (M+): 318 a.e.M.
3. X-ray Crystallography. A yellow crystal of compound

IIb was mounted on a Xcalibur Oxford Diffraction CCD
diffractometer equipped with a graphite monochromator. Data
collection was performed at ambient conditions using MoKα
radiation. The structure was solved by direct methods using the
program SHELXS-97 and refined by full matrix least-squares on
F2 with SHELXL-97.17 All nonhydrogen atoms were refined
anisotropically. All hydrogen atoms were included in calculated
positions and treated as riding atoms using SHELXL-97 default

parameters. An empirical absorption correction using spherical
harmonics implemented in SCALE3 ABSPACK scaling
algorithm was applied. Crystallographic data for IIb:
C18H10N2O4, monoclinic, space group C2/c, a = 29.360(3), b
= 3.8228(3), c = 24.968(2) Å, β = 93.109(10)°, V = 2798.2(4)
Å3, Z = 8, M = 318.28, Dcalc = 1.511 g cm−3, GOF = 1.011, R1
= 0.0486, wR2 = 0.1071, for 1886 reflections with I > 2σ(I); R1
= 0.0778, wR2 = 0.1266, for all 2744 independent reflections.
Crystallographic data (excluding structure factors) for the
structure have been deposited at the Cambridge Crystallo-
graphic Data Centre (CCDC) as supplementary publication
No. CCDC 916517.

4. Electronic Spectroscopy. UV−vis absorption spectrum
was recorded on Perkin-Elmer UV−vis Lambda-25 spectrom-
eter at room temperature. Emission spectrum was measured for
monocrystals at room temperature on an Excitation YAG:Nd3+

laser, third harmonic generation, λ = 355 nm, duration = 10 ns,
time repetition 15 Hz, impulse energy 0.3 kJ. The emission was
registered by a FEU-79 output amplifier; the proper time of the
recording system is 10 ns. Fluorescence decay curves were
measured in the solid form and in chloroform solution.
Experimental lifetimes, obtained from the fitting of the
fluorescence decay curves, were found to be 20 ± 0.3 and 25
± 0.3 ns for the solid and solution forms respectively.
Fluorescence quantum yields, Φ, were measured using the
standard method of comparison with a known “red” standard
dye, Cresyl Violet perchlorate (Sigma Aldrich) in methanol,
which has an absorption peak at 594 nm, fluorescence peak at
620 nm, and a quantum yield of 0.54. For both solid and
solution forms, the Φ were found to be low on the order of
0.01.

■ RESULTS AND DISCUSSION

Two absorption bands at 1754 and 1653 cm−1 in the IR
spectrum of the resulting yellow compound, being similar to
those found for the five-membered isophthalimides,4,7 indicate
in favor of the isonaphthalimide structure IIb. As far as the
retrieval of CSD (version 5.34 November 2012, one update)18

revealed no examples of six-membered isoimides, the single
crystal X-ray diffraction study has been undertaken, and the

Figure 1. ORTEP representation of IIb with numbering scheme. Thermal ellipsoids are drawn at 50% probability level. Selected bond lengths (Å):
O(1)−C(5) 1.194(2); O(2)−C(1) 1.375(2); O(2)−C(5) 1.379(2); N(1)−C(1) 1.263(2); N(1)−C(13) 1.407(2); O(3)−N(2) 1.222(2); O(4)−
N(2) 1.216(2); N(2)−C(16) 1.455(3) Å. The pink and blue arrows indicate two dihedral angles that determine the molecular conformation:
C(18)−C(13)−N(1)−C(1) and C(13)−N(1)−C(1)−O(2), respectively (experimental values are 51.9(3)° and 6.4(3)°).
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final product has been identified as the asymmetric n-(4-
nitrophenyl)isonaphthalene imide IIb.
1. Crystal Structure. Compound IIb crystallizes in the

monoclinic space group C2/c with one molecule per
asymmetric unit. The molecular structure with selected bond
distances is shown in Figure 1. The structural parameters of
planar tricylic core for IIb are comparable with those found for
1,8-naphthalic anhydride and 3-(4,5-ethylenedithio-1,3-dithiol-
2-ylidene)naphthopyranone.19 The N-attached p-nitrophenyl
moiety exhibits a nearly planar geometry with the dihedral
angle between the aromatic ring and nitro group of 4.0(2)°.
The whole molecule adopts an angular shape with the dihedral
angle C(18)−C(13)−N(1)−C(1) of 51.9(3)° that minimizes
the steric hindrance as the H(C18)...O(2) separation of 2.62 Å
indicates.
In the crystal, the molecules stack along the b-axis in a

herringbone type arrangement (Figure 2). The interplanar

separations between the aromatic moieties in stacks are equal to
3.407 Å between tricyclic cores and 3.511 Å between the
phenyl rings of 4-nitrophenyl substituents.

2. Emission Spectra. The most intriguing optical property
of IIb found in the present study is dual fluorescence in the
solid state (Figure 3). The shape of the emission curve indicates
a superposition of at least two bands with peaks at 2.99 eV (420
nm) and 2.39 eV (525 nm). Of the most commonly used
Alentsev−Fock and Gaussian methods the latter was employed
for spectrum resolution herein.20 To our knowledge, such
phenomenon was not previously reported, although dual
fluorescence in solution of other naphthaleneimides is well
documented.21,22

As many as 11 different mechanisms of dual fluorescence
were identified in the literature.23 All these mechanisms can be
classified into three groups: tautomerism, conformational
change, and excimer/exciplex formation. The dual fluorescence
with the low quantum yield is typical for polar solutions of
naphthalimides.21 Previously published studies of dual fluo-
rescence from naphthalimides under pressure reported an
increase in quantum yield in the solvents with increased
viscosity and were interpreted as emission from planar and
twisted intramolecular charge transfer (TICT) states.22

Hindering the twisting motion upon geometrical relaxation of
TICT state decreases intersystem crossing rates into the triplet
state and improves fluorescence quantum yield. Similar effects
were reported for related chromophores upon hydrogen bond
formation24 and DNA intercalation.25,26 Potential sensitivity to
the molecular environment makes the new class of compounds
prime candidates for future biosensor and anticancer28 activity
studies.

3. Computational Studies of Optical Properties and
Potential Energy Surfaces. In order to obtain deeper
understanding of the electronic structure, optical, and
conformational properties of IIb, we performed a series of
quantum chemical calculations using DFT and TD-DFT
methods. All calculations employed the Gaussian 2009 suite
of programs.29 We elected to use range-separated hybrid
exchange correlation functional CAM-B3LYP,30 which was
designed to improve the description of the states with

Figure 2. Packing of IIb molecules. Views along b- (a) and a-axes (b).

Figure 3. Solid-state (a) and solution (b) emission spectrum for IIb at room temperature. Red and brown lines, elementary bands.
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substantial charge transfer character. It is worth noting that the
more popular functionals with low Hartree−Fock exchange,
such as B3LYP or PBE0, overestimate the emission wave-
lengths more than twice in some cases with strong charge
transfer (such as nitro and amino substitutes dyes) and require
empirical linear regression correction in order to produce
results comparable with experimental emission wavelength in
naphthalimide derivatives.31 The solvent effect of the chloro-

form was taken into account using polarizable continuum
model (PCM) in recent solvent model density (SMD)
parametrization.32 The ground state geometry of IIb was
optimized at the CAM-B3LYP/6-31G*/PCM theory level, and
the vertical electronic transitions were predicted in this
geometry at TD-CAM-B3LYP/6-31G*/PCM theory level.
The energies, corresponding wavelengths, and oscillator
strengths (proportional to the absorption intensities and

Table 1. Properties of the Seven Lowest States in IIb Monomers, Dimers, and Trimers: Vertical Absorption Energy (E, eV),
Absorption Wavelengths (λ, nm), and Oscillator Strengths ( f)

experiment monomer dimer trimer

λ E λ f E λ f E λ f

S1 361 3.73 332 0.975 3.67 337 0.023 3.59 344 0.089
S2 4.06 304 0.000 3.69 335 1.456 3.68 336 0.014
S3 4.31 287 0.066 4.05 305 0.000 3.71 333 0.581
S4 4.37 283 0.120 4.05 305 0.001 3.91 316 0.000
S5 4.67 265 0.000 4.13 299 0.074 3.92 315 0.000
S6 268 4.70 263 0.169 4.25 291 0.332 3.94 314 0.000
S7 4.84 255 0.017 4.30 288 0.009 4.02 308 0.047

Figure 4. Theoretical (a) and experimental (b) absorption spectra of IIb in chloroform.
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inversely proportional to the radiative lifetimes) of the seven
lowest singlet excited states are presented in Table 1, while
spectra broadened with empirical 0.33 eV line widths are shown
in Figure 4a. One can see that the multiple maximum observed
at 340−350 nm corresponds to absorption into S1 state, which
has the largest oscillator strength and will be called “bright
state” Sb in the following. The vibronic structure of the
absorption band, partially resolved in experiment, was not taken
into account in DFT simulations. The shoulder at 330 nm
corresponds to absorption into S3 and S4 states, which are too
close to be separated, while S6 state with the second largest
oscillator strength corresponds to the short wavelength peak
observed at 268 nm. The second excited singlet S2 has low
oscillator strength (which will be called “dark state”, Sd) and is
nearly degenerate with Sb. Therefore, these two states may
result in dual fluorescence and will be analyzed in detail below.
The bright state Sb presents essentially HOMO to LUMO

transition of ππ* nature. Examination of the Kohn−Sham
orbitals, involved in this transition (Figure 5b,c) allows one to

conclude that both HOMO and LUMO are delocalized over
the whole molecule (except for the NO2 group in the case of
HOMO). Therefore, the excitation into state Sb is accompanied
by a weak charge transfer onto the nitro group. This conclusion
is supported by the value of the permanent dipole moment for
this state (15.3 D), which is slightly higher than the ground
state dipole moment of 14.4 D. The dark state Sd presents
predominantly HOMO−1 to LUMO transition of nπ* nature
(see Figure 5a,c). Upon excitation into Sd the electron density
is transferred from the oxygen lone pairs localized on the nitro
group into LUMO, delocalized over the whole molecule. As a
result of the charge transfer from the nitro group to the rest of
the molecule, the permanent dipole moment for this state (11.5
D) is reduced in comparison to the ground state moment.
Prediction of the emission spectra requires the geometry

optimization of the excited states. If the states Sb and Sd had
distinctly different geometries, with the dark Sd corresponding
to a deeper energy minimum, this could explain the emission at
two distinct wavelengths, similar to the one observed in polar
solutions of N-phenylnaphthalimides.22 In those systems, the
origin of dual fluorescence was explained by the quick
conversion of the strongly emitting planar bright state into
twisted charge transfer state, which is more stable but emits
weakly. One could expect similar nature of dual fluorescence in
the case of IIb. In order to test this hypothesis, we performed
the relaxed scan and plotted the potential energy curve (also
known as minimum energy profile, MEP) in Figure 6a. All

internal coordinates were optimized during this scan, except for
two dihedral angles marked with the curved arrows in Figure 1:
CCNC (twisting of the nitrophenyl ring) and CNCO (twisting
of the fused naphthalene ring). The {CCNC_CNCO} notation
will be used in the following discussion to identify the
conformation. As one can see from Figure 6a, the S0 ground
state energy is relatively insensitive to the twisting of the
CCNC dihedral (rotation about single N−C bond, scan points
1−10 in Figure 6a) with the shallow minimum corresponding
to {50_04}, fairly close to experimental values {52_06}.
Twisting of the CNCO dihedral angle (rotation about double
NC bond, scan points 11−21 in Figure 6a) is associated with
substantial energy barrier (about 25 kcal/mol). The top of the
barrier appears to be flat, as the CNC angle approaches 180°,
and potential energy becomes insensitive to the changes in the
dihedrals. Increase of the CNCO dihedral angle beyond 90°
(scan points 11−21 in Figure 6a) is leading to another energy
minimum that corresponds to the cis-conformation of IIb.
Optimization of the CCNC dihedral on this interval was
necessary to minimize the steric repulsion. The cis-conforma-
tion is separated from the trans-conformation with ground state
energy barrier of nearly 11 kcal/mol. The profile of the dark
state Sd is very similar. The global minimum corresponds to
{54.7_3.5} for the ground and {38_2.7} for the dark excited
state, fairly close to the crystallographic conformation {52_6.4}.
The metastable cis-conformation corresponds to the local
minimum at {83_180} for the ground and {42.6_180} for the
dark singlet states. The bright excited state Sb, on the other
hand, has a steep slope from the Franck−Condon geometry
toward planarization of CCNC dihedral, and further toward the
twist of CNCO dihedral, the only minimum is achieved at the
orthogonally twisted conformation {0_90} with the permanent
dipole moment of 5.56 D. This indicates much stronger charge
transfer into the nitro group than that predicted for this state in
the optimized ground state geometry. In addition, the oscillator
strength in the optimized geometry of the Sb state is reduced
sharply to the value of 0.002 from the value of 1.125 in the
ground state optimized geometry. This explains the low
emission quantum yield of IIb.
These changes in the oscillator strengths can be explained

with the help of the natural orbitals of the excited states (Figure
7). While the absorbing state (Sb at S0 geometry) presents
transition between two delocalized π-orbitals, its relaxation
results in localization of the transition on the imido bridge.
Hence, the nature of this state changes into n(N)−π*(CN)
with a large twist along CN bond and low oscillator strength.
The Sd state, on the other hand, retains n(NO2)−π* nature and
the low oscillator strength upon its relaxation (which consists of
planarization in this case).
The predicted emission wavelength in the optimized

geometry of the bright state is 813 nm, far from the weak
emission at 390 nm observed in chloroform solution. One can
speculate that the major channel of the bright state decay is
radiationless. This is supported by the MEP of the triplet state,
obtained at U-CAM-B3LYP/6-31G* theory level and presented
by the black circles in Figure 6. The singly occupied orbitals in
this state (not shown) are similar to the essential orbitals of the
dark state (Figure 5b,c). As one can see, at the twisted
conformation {0_90} (point 20 on Figure 6a) the energies of
Sb and T1 states approach each other closely, drastically
increasing the probability of intersystem crossing. Although we
did not attempt to estimate spin−orbit coupling matrix
elements in this study, the sizable value of this matrix element

Figure 5. Essential Kohn−Sham orbitals of the IIb in the dark excited
state optimized geometry: (a) HOMO−1; (b) HOMO; (c) LUMO.
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is expected from nπ* and ππ* nature of the T1 and Sb states
and the El Sayed rule.33 From a close inspection of Figure 6,
one can see that the dark state MEP crosses the bright state
MEP at two points, close to the trans- and cis-conformations:
{30_0} and {-21_150} (points 9 and 28 in Figure 6a). This
indicates the approximate location of the conical intersections,
where internal conversion between the singlet states can take
place rapidly. However, the dark singlet MEP is flat at the
crossing point in the trans-conformation. Therefore, trans-Sd
species do not accumulate long enough to emit light and

convert quickly back to the Sb state to continue their geometric
relaxation. The radiationless decay from the twist-Sd results in
appreciable concentration of the cis-conformation of the ground
state. The absorption wavelength in this conformation is fairly
close to the one of trans-conformation, which makes it difficult
to verify this prediction experimentally. However, the light
absorption by cis-S0 leads to excitation into Sb state, close to the
vicinity of the Sb/Sd intersection. The cis-conformation of Sd is
separated from the intersection point by 1 kcal/mol barrier,
sufficient to accumulate these species for the picosecond

Figure 6. Minimum energy profiles (in eV) for the molecule (a) and stacking trimer (b) of IIb: the ground singlet S0 (solid green line), the lowest
triplet T1 (dotted black line), and two singlet excited states: the bright Sb (solid pink line) and the dark Sd (dotted blue line), as a function of dihedral
twist (labeled by two angle values at the bottom line). Solid blue lines arrows indicate absorption, dotted red arrow indicates emission.

Figure 7. Transition natural orbitals for the absorbing state (Sb in S0 geometry, Sb//S0), and relaxed excited states (Sb and Sd): the electron transfer
occurs from the left (hole) to the right (particle) orbitals.
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lifetime necessary for them to emit. We predict the emission of
cis-Sd to have 370 nm wavelength, close to the experimentally
observed 390 nm.
Next we will move to simulate the solid state spectra. In

order to investigate the possibility of excimer formation, we
performed the computational modeling of the seven lowest
excited states of the stacking molecular dimer taken from the
crystal structure. The results are presented in Table 1 and
Figure 1S. Detailed orbital analysis (Figures 2S and 3S) reveals
that the dimer states S1 and S2 originate in splitting of the
bright monomer state Sb, while the dimer states S3 and S4 result
from the splitting of the dark monomer state Sd. The oscillator
strengths distribution between the S1 and S2 states indicates H-
aggregate nature of this stacking dimer, although the energy
splitting between these states is very low (2 nm). The splitting
typically increases to the detectable values when interacting
chromophores have ionic nature.34 Results of the geometry
optimization for each of the excited dimers (not shown) reveal
that the excited states can be separated into two groups: the
bright states (S1, S2, S7), which emit in short wavelength range
(420−460 nm), and the dark states (S3, S4), which are strongly
stabilized and emit in long wavelength range (620−660 nm).
The reasons why both the bright and the dark states emit light
with comparable quantum yield is not clear from the dimer
model. However, the orbital analysis (Figures 4S and 5S)
demonstrates that electronic excitation in the representative
states S2 and S3 is completely localized upon geometric
relaxation and their electronic structure is almost identical to
the states Sb and Sd of the monomer. The reason for extra
stabilization of the dark state is the proximity of the second
molecule in the dimer. Specifically, two nitro groups with the
large negative charge are positioned at a short distance from
each other. This destabilizes the ground and the bright excited
state, resulting in relative stabilization of the dark state. The
localization of the excitation on one of the two branches of π-
stacking dimer is fairly common.35 Hence, the formation of
excimer in IIb crystal where the excitation is localized over two
or more molecules is not supported by our simulations.
In order to investigate the detailed mechanism of the

molecular packing effects on the excited state processes in the
crystal, we used TD-CAM-B3LYP/6-31G* level of theory to
predict the minimum energy profiles for the S0, Sb, Sd, and T1
states in the stacking trimer. The terminal molecules were
frozen at their experimental X-ray coordinates, while the central
molecule was optimized with CNCO dihedral fixed at nine
values between 0° and 40°. Values of the other dihedral CCNC
were optimized. They appeared to be largely determined by the
steric repulsion between the central and the terminal
monomers and were found to be similar in the ground and
all the excited states. The values for the ground state are shown
as labels next to MEP data points in Figure 6b. The minimum
energy profiles display the pattern that is entirely different from
the free molecule MEP in Figure 6a. One can see that after the
light absorption in the Franck−Condon region {50_04} the
trimer can relax along the bright state MEP into a minimum at
{25_35}, where it emits a photon. The vertical emission energy
was found to be 2.54 eV (488 nm emission wavelength).
Alternatively, the system can undergo internal conversion into
the dark state at the crossing point close to {41_20}, which is
located 0.1 eV (2.7 kcal/mol) above the bright state minimum.
After internal conversion, the system can relax into the dark
state minimum at {57_05}, which is nearly 5 kcal/mol below
the crossing point. This minimum is also well above the triplet

surface. These two factors allow for a lifetime of the dark state
to be long enough to emit a photon with vertical energy 2.13
eV (corresponding to 582 nm wavelength). Thus, our trimer
model of the crystalline material allows us to qualitatively
explain its dual fluorescence, while quantitative predictions are
both red-shifted by 0.4 eV.

■ CONCLUSIONS
In conclusion, the asymmetric isonaphthalene imide 3-[(4-
nitrophenyl)imino]-1H,3H-benzo[de]isochromen-1-one ob-
tained as a product of 1,8-naphthoylchloride coupling with p-
nitroaniline represents the perspective candidate for future
studies in biological systems and materials science applica-
tions.27,28,36 The reported data on structure and absorption
properties of this compound can be useful also in the synthesis
of dyes and luminophores37 including the modified lariate
crown ethers, similar to those for N-substituted isophthali-
mides38,39 using this luminophore as a side substituent attached
to the macrocyclic backbone to provide the spectroscopic
response in the complexation reactions.
The new compound was characterized by single crystal X-ray

diffraction, FTIR and UV−vis absorption spectroscopy, as well
as emission spectroscopy in the solid and chloroform solution.
In the crystal, the molecules stack in columns. The interplanar
separations between the aromatic moieties in stacks are equal to
3.407 Å between the tricyclic cores and 3.511 Å between the
phenyl rings of 4-nitrophenyl substituents. The dual
fluorescence with low quantum yield was observed from
crystalline material. Quantum chemical simulations using time-
dependent density functional theory and CAM-B3LYP func-
tional predict the dark nπ* and the bright ππ* excited states
with substantial charge transfer character to differ in geometry
from each other and from the ground state. Unlike well-studied
TICT mechanism in naphthaleneimides, where relaxation of
the charge transfer dark state results in intramilecular twist, the
isonaphthaleneimide molecule studied here has the bright state
that relaxes into geometry with 90° intramolecular twist and the
dark state that is essentially planar. Experimental geometry in
the solid is intermediate between these conformations. The
simulations predict that the geometric constraints by the
crystalline environment are responsible for the partial geo-
metric relaxation of these states and appearance of the potential
barrier separating them. This barrier explains the dual emission
observed from both of these states in experiment. At the same
time, in solution complete relaxation of the bright state into
twisted conformation is predicted. This twisted conformation
undergoes nonradiative deactivation and does not contribute to
the emission spectrum. The weak, blue-shifted fluorescence
signal detected in chloroform solution can therefore originate
from the dark, nearly planar nπ* state, trapped in cis-
conformation.
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