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Abstract Using TD-PBE1PBE/6-31G* and TD-B3LYP/6-
31G* approaches, we calculated the absorption and emission
spectra of 1,8-naphthalmide derivatives in gas-phase. The
geometric structures optimized by HF/6-31G* and B3LYP/6-
31G* models and the absorption and emission maxima were
in good agreement with existed experimental measurements.
It was also found that the lowest singlet states corresponded
mainly to the electronic transition from the highest occupied
orbital (HOMO) to the lowest unoccupied molecular orbital
(LUMO). Intramolecular charge transfer occurred between
substituents and naphthalimic rings. Study also showed that
most compounds with low absorption excitation energies had
low vertical ionization potentials. Finally, the delocalization
electronic energies between substituents and naphthalimic
rings of isomers were investigated to obtain further sight into
their stability.
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Introduction

1,8-naphthalimide derivatives are of immense interest both for
intrinsic scientific challenges they pose and for potential
applications, particularly for the luminescence properties in

visible light scope. High electron affinity [1], wide gap [2, 3],
and low reduction potential [4], make them good candidates
in organic light-emitting diodes (OLEDs) as n-type materials
[5]. They also have applications ranging from sensitizer for
Grätzel solar cell [6, 7], to logic gate [8], sensor [9] and
charge separation mimic [10], where they act as electron
acceptor [11, 12], electron donor [10] or energy donor [13].
Besides, they are also employed as connected units in
dendrimers and solvatochromic fluorophores to study dy-
namic protein interactions [14].

Although research concerning those derivatives have
explained numerous phenomena and pushed forward their
applications in terms of experimental properties, new
challenges are still on the horizon concomitant with
stimulus searching for innovated and more efficient dyes
and chromophores. On the other hand, present experimental
phenomena always give rise to some unexpected problems.

It is reported that 1,8-naphthalimide derivatives substituted
at 4-position have high fluorescence quantum yield [15]. A
series of 1,8-naphthalimide derivatives are synthesized with
substituents in the 4 or 5 position such as oxadiazolyl [16],
diphenylamino [17], dimethylamino, amino [18]. The oxa-
diazolyl isomers show almost analogue absorption and
emission maxima [16]. Whereas, 1,8-naphthalimide deriva-
tives, substituted by diphenylamino either in the 4 or 5
position, show distinctive absorption and emission maxima
[17]. Isomers’ absorption and emission properties substituted
with dimethylamino, amino and imidazolyl, pyrazolyl,
pyrrolyl in their 4 or 5 position are still unknown.

To the best of our knowledge, theoretical calculations
always play an important role in understanding and
predicting luminescent properties of organic materials.
Some semi-empirical approaches and DFT models have
been reported for naphthalimide derivatives [19–22]. In the
present work, our aim is to investigate the vertical

Electronic supplementary material The online version of this article
(doi:10.1007/s00894-009-0631-x) contains supplementary material,
which is available to authorized users.

Q. Qi :Y. Ha :Y. Sun (*)
College of Chemistry and Chemical Engineering,
Southeast University,
Nanjing 211189, People’s Republic of China
e-mail: sun@seu.edu.cn

J Mol Model (2010) 16:1179–1186
DOI 10.1007/s00894-009-0631-x

dx.doi.org/10.1007/s00894-009-0631-x


excitation energies for 1,8-naphthalimide derivatives in the
presence of diphenylamino, dimethylamino, amino (non-
cyclic substituents) and oxadiazolyl, imidazolyl, pyrazolyl
and pyrrolyl (heterocyclic substituents). Their electronic
interaction energies between substituents and naphthalimic
moieties are also analyzed. In order to reduce the system-
atical deviation, they have been investigated using TD-
PBE1PBE/6-31G* and TD-B3LYP/6-31G* models for
comparison.

Computation methods

All calculations have been carried out with Gaussian03 suite
of programs [23], and with no imaginary frequency in order
to ensure numerically accurate results. We have selected the
parameter-free PBE1 hybrid functional [24, 25] and B3LYP
[26, 27] for all DFT and TD-DFT simulations. 6-31G* basis
sets have been used. The ground state (S0) and the first
singlet excited state (S1) have been optimized for these
derivatives with no symmetry constraint. These minimiza-
tions have been performed with the HF (S0), B3LYP (S0),
CIS (S1) approaches. For all schemes, S0 states have been
confirmed by determination of the vibration frequencies.
Vertical ionization potentials (VIP) are calculated by sub-
tracting the total energies of the neutral molecules from the
charged molecules at neutral equilibrium geometries. Natural
population analysis [28, 29] and natural bond orbitals [30]
are carried out to compute atomic charges and interaction
energies. The nature of electronic delocalization between the
substituent and naphthalimic ring is also quantitatively
determined by the NBO3.1 program [31] contained in the
Gaussian package. They are obtained by subtracting the
energies of the natural Lewis structure with their original
ground state energies.

Results and discussion

Geometries of 1,8-naphthalimide derivatives in the S0
and S1 states

1,8-naphthalimide derivatives can be treated as a combina-
tion of three subsystems; viz. benzene (BN) moiety in the
top position, naphthalimide (NI) moiety in the middle
position and substituent -R (SU) at the bottom position, as
shown in Fig. 1. Substituents are classified into the non-
cyclic and the heterocyclic ring moieties. NI and BN
moieties are in the rigid naphthalimic plane, as illustrated in
Fig. 1. Note that the photophysical properties and the color
characteristics of 1,8-naphthalimide derivatives can be
rationalized in terms of the molecular polarization. Charges
of naphthalimic rings are listed in Table 1, which might
reflect the polarization of the molecules.

Table 1 also summarizes selected optimized bond lengths
and bond angles at HF/6-31G* and CIS/6-31G* levels.
Some N30(C)–C4 (5) and C=O bond distances determined
by the X-ray structural analysis are listed in bold [17]. The
ground state geometries are investigated by the B3LYP/6-
31G* method also, shown in the supplemental material. The
HF and B3LYP models predict slightly longer bond lengths
than the experimental measurements, which is partly due to
solid state effect [32].

Figure 1 illustrates the scheme and bond labels used in
Table 1. Comparison of the S0 and S1 geometries indicates
the contraction of the N30(C)—C4 (5) bond between SU
and NI moieties. The interaction between SU and NI in the
S1 state thus strengthens to some extent. The contraction of
the dihedrals between SU and NI moieties occurs from S0
to S1 state. Small elongation of C=O bond lengths is found
in the NI moiety. Few conformation changes occur on the
rigid NI moiety. Due to the replacement of N atom with C
atom, the oxadiazolyl derivatives keep rigid coplanar
geometries. N atoms in the amino and dimethylamino
derivatives keep a similar hybrid pattern as that of NH3. So
their dihedrals do not list. Except the oxadiazolyls, the
aminos and the dimethyl derivatives, dihedrals of those that
rest in the 4-position change more in quantities from S0 to
S1 than those of the 5-positions.

It is well known that, due to the neglect of electronic
correlation, HF and CIS methods may induce fatal error. As
shown above, geometrical deviation between the HF and
B3LYP models is almost negligible. CIS results are in good
agreement with those of the analytical gradient from DFT
[19]. On the other hand, here we care about the relative
conformation change from the ground state to the excited
state using similar methods. Above limitation will be
reduced.

Table 1 also shows calculated atomic partial charges
(NBO) of the S0 and S1 state at HF/6-31G* and CIS/6-
31G* levels. Positive charges of the connected carbon
atoms (C4) in 4-position isomers increase from S0 to S1

R= oxadiazolyl, imidazolyl, pyrazolyl, pyrrolyl, diphenylamino [-N(Ph)2], 

dimethylamino [-N(Me)2], amino (-NH2), hydrogen (H) R in 4 or 5 position 

Da=1/2(D2+D1) 

Fig. 1 The structure and numbering of 1, 8-naphthalimide derivatives
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state while those (C5) of 5-position isomers decrease.
Charges of naphthalimic ring reduce from S0 to S1 state,
with the exception of the 4-oxadiazolyl, 5-oxadiazolyl, 4-
imidazolyl, 5-pyrazolyl derivatives. Except the oxadiazol-
yls, NBO charges of the naphthalimic rings in 4-position
isomers change more than those of 5-position isomers from
S0 to S1 state. NBO charges of the naphthalimic rings for
these non-cyclics diminish in contrast to increased trend of
those heterocyclics. The above phenomena show the charge
transfer occurs between the naphthalimic ring and the
substituent, which is of great essence to improve the excited
state properties.

Frontier molecular orbitals (FMOs) analysis

The S0 state geometries are calculated by B3LYP/6-31G*
method while the S1 state geometries are optimized by CIS/

6-31G* method. A graphical display of the FMOs and
corresponding energy levels of the S0 and S1 state optimized
by HF/6-31G* and CIS/6-31G* methods is shown in Fig. 2.
FMOs in the top two rows are for HOMOs and LUMOs at
HF/6-31G* level. The following two rows are for HOMOs
and LUMOs at CIS/6-31G* level.

Frontier molecular orbitals of the S0 and S1 state suggest
a delocalization distribution of each conjugation subsystem.
HOMOs are mainly localized on the rigid naphthalimic
ring. HOMO of the 4-oxadiazolyl derivative has a few
electron distributions from its oxadiazolyl part while the 5-
oxadiazolyl has fewer distributions from its oxadiazolyl
part. For HOMOs of the oxadiazolyl derivatives, the
imidazolyl derivatives and the like, the heterocyclic
components exert a few contributions. Those non-cyclic
components exert some contributions in their HOMOs.
LUMOs are mainly localized on the NI moiety but leave a

Table 1 Optimized bond lengths (nm), bond angle, dihedrals, NBO charge (a.u.) and dipole (debye) of 1, 8-naphthalimide derivatives at HF/6-
31G* and CIS/6-31G* levels

Substituents 4-NH2 5-NH2 4-N(Me)2 5-N(Me)2 4-N(Ph)2 5-N(Ph)2 H

B2/(nm) 0.139 0.138 0.142 0.141 0.142 0.142 0.142 0.142 ——

B1/(nm) 0.119 0.120 0.119 0.119 0.119 0.119 0.119

qO/(a.u.) −0.685 −0.692 −0.683 −0.698 −0.682 −0.684 −0.680
qC4/(a.u.) 0.285 −0.166 0.248 −0.162 0.237 −0.158 −0.168
qC5/(a.u.) −0.146 0.306 −0.144 0.300 −0.140 0.258 −0.149
qNI /(a.u.) 0.078 0.066 0.135 0.107 0.175 0.168 ——

Da /(°) —— —— —— —— 58.5 55.6 56.6 53.5 ——

B2/(nm) 0.135 0.135 0.139 0.140(7) 0.139 0.139 ——

B1/(nm) 0.120 0.120 0.120 0.120 0.123 0.120 0.119

qO/(a.u.) −0.713 −0.700 −0.707 −0.701 −0.725 −0.701 −0.702
qC4/(a.u.) 0.292 −0.212 0.258 −0.175 0.213 −0.186 −0.167
qC5/(a.u.) −0.247 0.303 −0.217 0.236 −0.199 0.211 −0.193
qNI /(a.u.) −0.006 0.008 0.061 0.122 0.034 0.048 ——

Da /(°) —— —— —— —— 48.0 50.4 ——

Substituents 4-oxadiazolyl 5-oxadiazolyl 4-imidazolyl 5-imidazolyl 4-pyrazolyl 5-pyrazolyl 4-pyrrolyl 5-pyrrolyl

B2/(nm) 0.147 0.148 0.142 0.142 0.142 0.141 0.142 0.141

B1/(nm) 0.119 0.119 0.119 0.119 0.119 0.119 0.119 0.119

qO/(a.u.) −0.677 −0.675 −0.676 −0.676 −0.679 −0.680 −0.678 −0.679
qC4/(a.u.) −0.093 −0.173 0.204 −0.175 0.225 −0.155 0.220 −0.170
qC5/(a.u.) −0.154 −0.074 −0.155 0.226 −0.137 0.255 −0.151 0.244

qNI /(a.u.) 0.021 0.015 0.229 0.224 0.222 0.218 0.216 0.209

Da /(°) 0 0 −72.8 −57.7 54.4 −53.2 −67.8 65.9

B2/(nm) 0.145 0.145 0.141 0.141 0.140 0.141 0.140 0.141

B1/(nm) 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120

qO/(a.u.) −0.690 −0.697 −0.698 −0.699 −0.699 −0.701 −0.700 −0.699
qC4/(a.u.) −0.081 −0.130 0.218 −0.168 0.227 −0.147 0.235 −0.169
qC5/(a.u.) −0.165 −0.130 −0.200 0.172 −0.240 0.196 −0.203 0.202

qNI /(a.u.) 0.049 0.064 0.200 0.235 0.187 0.220 0.159 0.205

Da /(°) 0 0 −52.4 −71.4 40.0 −49.0 −47.7 −59.5

The bold values are from X-ray data in the reference [17]. Da=1/2(D2+D1)
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few contributions on the top BN moiety. LUMOs of the
oxadiazolyl derivatives are of bonding patterns between
naphthalimic rings and substituents. Similar distribution
contour for HOMOs and LUMOs of the oxadiazolyl
isomers gives rise to similar S1←S0 excitation properties.
LUMOs of those rests are almost with the identical anti-

bonding patterns. Orbital contour of the oxadiazolyls also
suggests the extended rigid geometries of oxadiazolyl in the
4 or 5 positions. For the diphenylamino derivatives,
diphenylamino component contributes many to HOMOs
but few to LUMOs. Different FMOs of the diphenylaminos
suggest their distinctive singlet-singlet transition. Distribu-

HHF  

-7.35       -7.56     -7.56   -7.61     -7.37    -7.56    -7.78 

LHF  

1.22      1.25     1.20      1.18     1.10     1.11     1.06 

HCIS  

-6.80    -7.08      -7.16     -7.37     -7.29     -7.29   -7.89 

LCIS  

1.20     1.09    1.09     0.653     0.571    0.653     0.490 

4-NH2  5-NH2  4-N(CH3)2 5-N(CH3)2  4-N(Ph)2  5-N(Ph)2     H 

HHF  

-7.92   -7.89   -8.03   -8.00   -7.89  -7.78    -7.86   -7.86 

Fig. 2 The contour and
energy levels (in eV) of the
frontier orbitals of
1,8-naphthalimide derivatives.
H(HOMO) L(LUMO)
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tion patterns on naphthalimic ring of HOMO and LUMO in
the 1,8-naphthalimic ring are also similar to the former DFT
study [19]. The above studies indicate that the naphthalimic
ring is the main chromophore, which may be modified by
substituents.

Figure 2 also shows that HOMOs of substituted 1,8-
naphthalmic rings have a diminished energy level compared
with 1,8-naphthalimide. The heterocyclic derivatives diminish
much more than those of non-cyclics. Energy levels of
LUMOs for the heterocyclics decrease while those of non-
heterocyclics increase. Energy levels of HOMOs increase and
those of LUMOs reduce from S0 to S1 state. The 4-position
isomers have lower energy gaps than those of 5-positions for
the non-cyclics. The 4-positions have bigger energy gaps
than the 5-positions for the heterocyclics.

Absorption and emission properties

The molecular geometries optimized by B3LYP/6-31G*
and HF/6-31G* methods are in good agreement with
each other. Here we use the geometries calculated by
B3LYP/6-31G* methods. In order to make a further
comparison, the vertical absorption transition energies by
TD-PBE1PBE/6-31G* are also grounded in the opti-
mized geometries from the B3LYP/6-31G* method, as
shown in Table 2.

There are few experimental data concerning these
compounds so that we cannot make a direct linear
comparison between the experimental values and theoreti-
cal values. Our theoretical work is of practical meaning for
studying the above compounds from a structural and
electronic properties side on the molecular scale. Table 3
gives the calculated emission wavelengths investigated by
the TD-PBE1PBE/6-31G* and TD-B3LYP/6-31G* models.
The vertical transition energies of some organic molecules
calculated by TD-B3LYP/6-31G* approach have a devia-
tion of about 0.25 eV [33]. The vertical absorption and
emission electronic transition energies of these compounds
calculated by TD-B3LYP/6-31G* method in gas-phase are
about 0.1-0.15 eV lower than those obtained by TD-
PBE1PBE/6-31G* method in Tables 2 and 3. The vertical
excitation energies of the S1←S0 transition of the dipheny-
lamino isomers from TD-PBE1PBE/6-31G* method are
2.36 eV and 2.49 eV. Compared with experiment values in
CH2Cl2 [17], both of them are about 0.18 eV lower. The
results from TD-PBE1PBE/6-31G* method are in better
agreement with the experimental values than TD-B3LYP/6-
31G* method. So we calculate the vertical emission
electronic transition energy only using TD-PBE1PBE/6-
31G* model.

Specifically speaking, the first lowest singlet-singlet
transition of the absorption and emission transition between

LHF  

0.536   0.517   0.721    0.724     0.952    0.925   0.895 0.903  

HCIS  

-7.37   -7.29     -7.29    -7.89      -7.10   -7.18     -7.10   -7.23 

LCIS  

-0.0544  -0.0816  0.163   0.136    0.435    0.381   0.408    0.354

4-oxadiazolyl 5-oxadiazolyl 4-imidazolyl 5-imidazolyl 4-pyrazolyl 5-pyrazolyl  4-pyrrolyl  5-pyrrolyl 

Fig. 2 (continued)
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the S0 and S1 state in gas-phase corresponds to the
predominantly electronic transition from HOMO to LUMO.
For the diphenylamino isomers in Fig. 2, they have similar
HOMO and LUMO distribution on naphthalimic rings but
have different electron cloud on their substituents, suggest-
ing different absorption and emission maxima. The 5-
position diphenylamino derivative has a stronger oscillator
than the 4-position and has higher excitation energies,

which is in accordance with experimental measurements
[17]. For the oxadiazolyl, imidazolyl, pyrazolyl, pyrrolyl
derivatives, these 4-positions have stronger oscillator
strength. Bigger dihedrals in Table 1 suggest the lessened
electron density overlap between substituted units and
naphthalimic units. The heterocyclic plane limits interaction
between naphthalimic ring and substituents, which is rather
different from the non-cyclics.

Gas phase emission TD-B3LYP/6-31G* Gas TD-PBE1PBE/6-31G*

Substituent E.E f Configuration E.E f Configuration

4-NH2 2.28(544) 0.163 H->L 0.639 2.38(521) 0.183 H->L 0.642

5-NH2 2.84(436) 0.432 H->L 0.625 2.92(424) 0.457 H->L 0.630

4-N(Me)2 2.40(518) 0.273 H->L 0.633 2.49(498) 0.302 H->L 0.638

5-N(Me)2 2.68(463) 0.364 H->L 0.630 2.78(447) 0.402 H->L 0.636

4-N(Ph)2 2.19(565) 0.379 H->L 0.639 2.29(542) 0.412 H->L 0.643

5-N(Ph)2 2.48(501) 0.459 H->L 0.630 2.56(484) 0.488 H->L 0.636

H 2.60(477) 0.239 H->L 0.630 2.6s0(477) 0.239 H->L 0.635

Gas phase emission TD-B3LYP/6-31G* Gas TD-PBE1PBE/6-31G*

Substituent E.E/(eV) f Configuration E.E/(eV) f Configuration

4-oxadiazolyl 2.55(486) 0.503 H->L 0.617 2.640(470) 0.449 H->L 0.623

5-oxadiazolyl 2.23(557) 0.202 H->L 0.641 2.33(531) 0.227 H->L 0.646

4-imidazolyl 2.50(496) 0.334 H->L 0.631 2.50(496) 0.368 H->L 0.636

5-imidazolyl 2.47(501) 0.250 H->L 0.633 2.58(481) 0.277 H->L 0.638

4-pyrazolyl 2.55(487) 0.403 H->L 0.629 2.642(469) 0.440 H->L 0.634

5-pyrazolyl 2.51(494) 0.274 H->L 0.635 2.58(481) 0.277 H->L 0.638

4-pyrrolyl 2.47(502) 0.362 H->L 0.633 2.57(482) 0.396 H->L 0.638

5-pyrrolyl 2.54(488) 0.297 H->L 0.629 .2.65(469) 0.333 H->L 0.637

Table 3 Vertical excitation
energy (emission maxima),
oscillator strength(f), and main
configuration of 1, 8-
naphthalimide derivatives calcu-
lated at TD-B3LYP/6-31G* and
TD-PBE1PBE/6-31G* levels.
(Based on the geometries
optimized by the CIS/6-31G*)

Gas-phase Absorption TD-B3LYP/6-31G* Gas phase TD-PBE1PBE/6-31G*

Substituents E.E/(eV) f Configuration E.E/(eV) f Configuration

4-NH2 2.70(459) 0.201 H->L 0.647 2.82(440) 0.226 H->L 0.651

5-NH2 3.08(403) 0.372 H->L 0.636 3.19(389) 0.413 H->L 0.643

4-N(Me)2 2.74(452) 0.270 H->L 0.649 2.85(435) 0.299 H->L 0.653

5-N(Me)2 3.00(413) 0.385 H->L 0.642 3.11(399) 0.433 H->L 0.648

4-N(Ph)2 2.38(521) 0.245 H->L 0.669 2.50(495) 0.309 H->L 0.668

5-N(Ph)2 2.58(480) 0.317 H->L 0.653 2.69(460) 0.347 H->L 0.657

H 2.97(417) 0.232 H->L 0.649 3.10(400) 0.232 H->L 0.649

Gas phase B-G* MO character Gas phase P-G* MO character

Substituents E.E f Configuration E.E f Configuration

4-oxadiazolyl 2.82(440) 0.449 H->L 0.634 2.93(423) 0.640 H->L 0.640

5-oxadiazolyl 2.59(479) 0.179 H->L 0.657 2.72(456) 0.206 H->L 0.660

4-imidazolyl 2.86(432(9)) 0.287 H->L 0.645 2.99(415) 0.324 H->L 0.650

5-imidazolyl 2.87(432(5)) 0.233 H->L 0.647 2.99(414) 0.265 H->L 0.652

4-pyrazolyl 2.89(429) 0.357 H->L 0.646 3.01(412) 0.397 H->L 0.650

5-pyrazolyl 2.86(433) 0.250 H->L 0.649 2.99(415) 0.286 H->L 0.653

4-pyrrolyl 2.80(442) 0.150 H-1->L 0.483 2.94(421) 0.341 H->L 0.642

H->L 0.481 H-1->L 0.144

5-pyrrolyl 2.85(435) 0.087 H->L -0.431 3.00(413) 0.228 H-1->L −0.326
H-1->L 0.535 H->L 0.583

Table 2 Vertical excitation
energy (absorption maxima),
oscillator strength(f), and main
configuration of gas-phase 1,
8-naphthalimide derivatives cal-
culated at TD-B3LYP/6-31G*
and TD-PBE1PBE/6-31G*.
(Based on the geometries
optimized by the B3LYP/6-
31G*) (Assignment; H=HOMO,
L=LUMO,L+1=LUMO+1, etc.
E.E (excitation energy))
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Delocalization energy analysis and vertical ionization
potentials

On the basis of steric and electrostatic factors, isomers with
bigger dihedrals are expected to be significantly more stable,
because naphthalimic rings and their substituent are maxi-
mally separated in the conformation to reduce their dipoles.
This can be verified from the more stable 5-position structures
for the diphenylamino derivatives. Table 4 also shows that rest
of the non-cyclic derivatives are in favor of the 5-positions.
The 4-position heterocyclics are more stable than corre-
sponded 5-positions, which are also partly attributed to the
bigger dihedrals in the 4-positions. As seen from Table 4,
delocalization energies between SU and NI of the non-cyclics
are bigger than those heterocyclics. For the heterocyclics,
delocalization energies of the 4 positions are smaller than
those of 5 positions except the oxadiazolyls, indicating the 4-
positions with smaller dihedrals have smaller delocalization
effect between the heterocyclic component and the naphtha-
limic ring. Delocalization energy reflects the different
conformation effect for the heterocyclic and the non-cyclics.

Table 5 summarizes vertical ionization potentials (VIP) of
these compounds. For the heterocyclic derivatives, they have
higher VIP than those non-cyclics, indicating that those non-
cycles have better donating ability. This is in good agreement
with their HOMO energy levels. For the non-cyclic derivatives,
the 4-position isomers have lower VIP than those 5-positions,
which also indicates that these 4-positions are more available
for transferring holes. Other than the pyrazolyl, isomers have
lower excitation energies when they have lower VIP.

Conclusions

The absorption and emission spectra of 1,8-naphthalmide
derivatives in gas-phase have been calculated by using TD-
PBE1PBE/6-31G* and TD-B3LYP/6-31G* approaches. The
vertical absorption and emission electronic transition energies
calculated by means of TD-PBE1PBE/6-31G* method were
0.1~0.15 eV higher than those by means of TD-B3LYP/6-
31G* method. Intramolecular charge transfer between the
substituents and the naphthalimic rings modified their
excitation properties. From S0 to S1, the steric degree between
substituents and naphthalimic rings reduced. Other than
pyrazolyl, isomers with low VIPs have low excitation energies.
Delocalization electronic energies of these non-cyclic deriva-
tives were bigger than the heterocyclics. The non-cyclic 1, 8-
naphthalimide derivatives are in favor of the 5-positions while
the 4-position heterocyclics are more stable than corresponded
5-positions for their 4 and 5 position isomers.
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