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Abstract. Photoinduced intramolecular charge-transfer reactions in 4-amino-3-methyl benzoic acid
methyl ester (AMBME) have been investigated spectroscopically. AMBME, with its weak charge donor
primary amino group, shows dual emission in polar solvents. Absorption and emission measurements in
the condensed phase support the premise that the short wavelength emission band corresponds to local
emission and the long wavelength emission band to the charge transfer emission. Laser-induced fluores-
cence excitation spectra show the presence of two low-energy conformers in jet-cooled molecular beams.
Theoretical calculations using density functional theory help to determine structure, vibrational modes,
potential energy surface, transition energy and oscillator strength for correlating experimental findings

with theoretical results.
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1. Introduction

Since the first observation of dual fluorescence from
4-N,N-dimethylamino benzonitrile (DMABN) by
Lippert er al,' spectral studies of donor-acceptor
charge-transfer molecules have been fascinating to
researchers both from the fundamental and applica-
tion points of view. Upon photoexcitation in the UV
region in suitable polar solvent DMABN shows
fluorescence both in locally excited (LE) and charge
transfer (CT) states. The higher energy, solvent-
independent emission band is assigned to emission
from a benzenoid type #—z* LE state and the lower
energy, highly solvent-dependent, red-shifted emis-
sion band arises from a highly polar intramolecular
CT state. Studies on this type of photophysical phe-
nomenon for donor-acceptor systems are important
for understanding the primary processes of vision
and photosynthesis, where charge transfers play key
roles. Therefore, research has been going on with a
variety of new donor—acceptor charge-transfer systems
and there are various models proposed to interpret
the entire mechanism of photoinduced intramolecu-

*For correspondence

lar charge transfer in DMABN and related molecular
systems.” Briefly, in the twisted intramolecular
charge transfer (TICT) model proposed by
Grabowski ef al* the initially generated LE state
yields another minimum on the excited state poten-
tial energy surface by the twisting of the donor
group into a plane perpendicular to the acceptor
group, leading to a red-shifted CT emission. In the
planar intramolecular charge-transfer (PICT) model,
a solvent-induced vibronic coupling is supposed to
take place between the LE and CT states leading to
formation of a final planar structure.’ Apart from
these two models, a rehybridized intramolecular
charge transfer (RICT) model was proposed by
Domcke and coworkers.® None of these proposed
models fully enable provision of a unified interpre-
tation of the ICT process in donor—acceptor charge
transfer systems. To date, the most accepted one is
the TICT model.* However, it is clear that dual fluo-
rescence depends on the relative energies of the first
two excited states, and solvents of different polari-
ties fine tuned the energy gap between the states in
different ways in different systems. Although
DMABN shows dual fluorescence in polar solvents,
it is well established experimentally and theoreti-
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cally that its primary amino derivative 4-amino-
benzonitrile (ABN) does not show dual fluorescence
even in highly polar solvent due to the large energy
gap between the interacting excited states. From
comparison of the spectral data of DMABN and
ABN. Zachariasse et al® proposed that with the re-
duction of donor strength the energy gap between
the first and second excited states becomes high,
solvent cannot fine tune the large energy gap and
hence dual fluorescence is not observed in ABN.
Absence of dual emission in ABN may be the reason
why most of the molecules so far studied for in-
tramolecular charge-transfer process have tertiary
amine (e.g. N, N-dimethylamine) groups as charge
donors. There are very few examples where a pri-
mary amino group is used as the charge donor.
Zachariasse and his group’ demonstrated ICT in
some fluoro-substituted amino benzonitrile deriva-
tive and very recently Stalin er al'®'* reported
charge-transfer reaction in p-amino benzoic acid, 3-
amino benzoic acid and 2-amino benzoic acid in the
solution phase. There have been several attempts to
investigate the same photo-induced CT process of
bare molecules or their size-selected solvated clus-
ters in jet-cooled molecular beams to obtain better
understanding of the process.”” ' It is reported that
cthyl and methyl-p-amino benzoate do not show
dual fluorescence in the gas phase.'” " Yonaggang’s
group”’* have studied the gas phase water complex
of p- and o-amino benzoic acid using resonance-
enhanced multiphoton ionisation and assigned the
excited state vibrational modes. In this paper, we
present the fluorescence spectroscopy of 4-amino-3-
methyl benzoic acid methyl ester (AMBME) in the
condensed phase and in jet-cooled molecular beams.
We also perform quantum chemical calculations to
predict structure and photophysical properties of
AMBME at density functional theory (DFT) level.
With regard to the TICT model, twisting of the do-
nor side has been considered a variable parameter
for determining the ground- and excited-state poten-
tial energy surface. Solvation calculation has been
performed using time-dependent density functional
theory—polarizable continuum model (TDDFT-
PCM) to correlate some of the experimental spectro-
scopic findings with the theoretical results.

2. Experimental section
2.1 Methods

For the synthesis of 4-amino-3-methyl benzoic acid
methyl ester (AMBME), SOCI, (3-52 ml) was added
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dropwise to a solution of 4-amino-3-methyl-benzoic
acid (Aldrich make) (6 g, 40-3 mmol) in MeOH
(50 ml) under ice-cooled condition. The reaction
mixture was stirred for 24 h at room temperature.
The excess volatile solvent was removed under
reduced pressure and the residue was dissolved in
water, neutralized with aqueous NaHCO; and ex-
tracted with ethyl acetate (50 ml x 3). The combined
organic layer was washed with water and brine, and
then dried over anhydrous Na,SO, the solvent was
removed under reduced pressure to get the desired
compound as a colourless solid (6-3 g, 95%). The
product was recrystallized to obtain the pure com-
pound. '"HNMR (CDCls, 60 MHz) 6 2-1 (s, 3H), 3-7
(brs, 2H), 3-95 (s, 3H), 7-6-7-9 (m, 3H).
Spectroscopic-grade solvents from Spectrochem-
UV and ethanol from E Merck were used after vac-
uum distillation. All solvents were checked for any
fluorescence in the desired wavelength region before
performing any emission studies. Sulphuric acid
from E Merck was used as supplied. Triple distilled
water was used for making all aqueous solutions.

2.2 Steady-state and time-resolved spectral
measurements

Absorption and emission spectra of AMBME were
recorded on a Hitachi UV/VIS U-3501 spectropho-
tometer and Perkin-Elmer LS50B fluorimeter, res-
pectively. All spectral measurements were done at
~10°M concentration of solute in order to avoid
aggregation and self-quenching.

The laser system used for time-resolved experi-
ments consists of a Coherent Mira 900F femtosecond
laser system, the output of which was pulsed picked
(Coherent 9200 pulse picker) at a rate of 3-8 MHz
and then frequency-tripled in an ultrafast harmonic
generation system (INRAD 5-050). Fluorescence
decays were recorded using a time-correlated single-
photon counting (TCSPC) system from Edinburgh
Instruments (Lifespec-Red). This system has an
instrument response function (IRF) of 180 ps. The
fluorescence decays were deconvoluted using the
iterative software provided by the manufacturer.”

2.3 Laser-induced fluorescence (LIF) excitation
measurement

The experimental setup for the measurement of LIF
excitation spectrum in jet-cooled molecular beams
has been newly built in our department. In brief, the
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sample vapour of the title compound seeded in he-
lium gas was expanded from high pressure (=1 atm)
to vacuum (<10~ Torr) through a home-made pulsed
nozzle valve. The pulsed valve has been made with
a fuel injector and is controlled by a home-made
pulsed valve driver. The sample was heated to
~100°C to get enough vapour pressure. A Nd : YAG
(Quanta System) pumped dye laser (Lambda Physik,
FL 2002) has been used to generate tunable visible
light. The visible dye laser output is frequency dou-
bled by a KDP crystal and is introduced to the vac-
uum chamber perpendicular to the molecular beam
direction for exciting the isolated jet-cooled mole-
cules. Fluorescence signals from the samples have
been collected perpendicular to both the exciting
light and the molecular beam by a two-lens collect-
ing system and detected by a photomultiplier (IP
28). The output of the photomultiplier has been
averaged by a home-made Boxcar Integrator and
finally processed using a chart recorder and personal
computer.

2.4  Computational details

All structural and potential energy surface calcula-
tions were performed using Gaussian 03 package.**
The ground-state low-energy conformers of AMBME
have been optimised with B3LYP hybrid functional
and 6-311++g (d, p) basis sets. Calculated vibra-
tional frequencies for each conformer for the ground
state have been done with the same functional and
basis set. Excitation energies were calculated using
TDDFT method implemented in Gaussian using the
same functional and basis sets.”> Computed excita-
tion energies are the vertical transition energies
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without zero point correction. We also extended our
calculations in solvated systems using a non-equi-
librium TDDFT-PCM model.”® Calculations of the
potential energy surface (PES) were pursued along
the twist coordinate at the donor (-NH,) and accep-
tor (-—COOMe) side separately. One limitation is that
the above-calculated PES only corresponds to the
cut-off PE-hyper surface along the twisting angle as
no geometry optimisation of the various excited
states has been performed. This approach, i.e., the
use of ground-state optimised geometry as a basis
for the representation of the excited-state structure,
has been successfully applied in many recent studies
on donor—acceptor charge-transfer reactions.”’ >’

3. Results and discussion

The absorption and fluorescence spectra of AMBME
have been studied in solvents of different polarities
and the experimental results are presented in table 1.
The molecule AMBME shows a strong structureless
broad absorption band with A, at *280 nm. This
absorption band is basically the 7z 7* type of transi-
tion as was observed in case of benzene-like sys-
tems.'” > As seen in figure la, polarity of the
solvent has very little effect on the absorption peak
position, indicating the weak polar character of the
system in the ground state. Comparing the absorption
spectra with other related systems, this broad band
indicates a possible overlap of S; and S, states in
AMBME.® Later on we have found that the calcu-
lated energy difference between S; and S, states is
not very high.

The emission spectra of AMBME were recorded
in different solvents by excitation at 280 nm. As

Table 1. Spectroscopic parameters obtained from absorption and emission band maxima of 4-amino-3-methyl ben-
zoic acid methyl ester in different solvents.

Solvents Aabs (NM) Aqu (NM) ¢ Av 7 (a1) 7 (a0) Vs
Cyclohexane 282 322 0-651 4405 725 ps - 1-8
Dioxane 291 335 - 4513 - - -
Chloroform 289 334 - 4662 - - -
Acetonitrile 287 338 0-594 5257 941 ps - 13
DMSO 300 348 - 4598 470 ps (0-12) 1000 ps (0-88) 1-3
Isopropanol 296 349 0-088 5130 60 ps (0-33) 248 ps (0-:67) 0-9
Methanol 295 353 0-086 5569 - - -
Water 286 362 0-042 7340 Similar to IRF

¢ is the quantum yield, zis the lifetime value, a;, a, represent corresponding relative amplitudes of different compo-
nents in biexponential fitting of the temporal profile (decay monitored at emission maximum)
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shown in figure 1b, the emission spectra of AMBME
is broad and largely red-shifted in cyclohexane.
Similar Stokes-shifted emission bands for the CT
state arc also observed in 4-amino benzoic acid, 3-
amino benzoic acid and 2-amino benzoic acid.'’ "
However, the Stokes shift of the emission band in
AMBME is less than that of 2- and 3-amino benzoic
acids indicating the lower polar character of AMBME
compared to 2- and 3-amino benzoic acids. With
increasing polarity of the solvent, i.c., going from
cyclohexane to acetonitrile, a clear Stokes shift is
observed in the emission band maximum. Dual fluo-
rescence is observed in methanol and water. Hydro-
gen-bonding interaction with protic solvents may
tune both the LE and CT energy states differently,
thus we get distinct dual emission band in protic sol-
vents. It is found that the position of the higher
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Figure 1. (a) Absorption, and (b) emission spectra of 4-

amino-3-methyl benzoic acid methyl ester (Aex; =280 nm).
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energy emission band at /310 nm is independent of
solvent polarity, but the position of the lower energy
band changes on changing the dielectric constant
and hydrogen-bonding properties of the medium.
The increase in Stokes shift of the low-energy emis-
sion indicates that this band arises from the CT state
as was observed in other related molecules.'*'>*"
It is to be noted that a distinct dual emission is ob-
served in 8 CD (4 mM) solution which confirm the
presence of both the LE and CT states (figure 1b).
The excitation spectra of both the emission bands
are found to be independent of emission wavelength
and agree reasonably well with the absorption spec-
trum. This indicates that CT emission is generated
through LE state excitation. Almost linear depend-
ency of the lower energy emission band maximum
with solvent polarity parameter in the Lippert plot
(figure 2a) again supports the charge-transfer nature
of the excited state. Using the following Lippert
equation, we have calculated the dipole moment of
the excited CT state,”**

V,=Vp= [2/ hea’ |Af[u* —p]* + constant.

The term Af is known as solvent-polarity parameter
and is related to dielectric constant and refractive
index of the medium. In the above equation, 4, ¢, a,
# and w* are Planck’s constant, velocity of light,
radius of the cavity in which the fluorophore resides,
and ground and excited CT state dipole moments,
respectively. The ground-state dipole moment ()
and a values were calculated using hybrid functional
B3LYP and 6-311++G (d, p) basis sets for the
ground-state minimum energy structure. The calcu-
lated dipole moment for the ground state obtained
from DFT calculation is 3-56 D. Dipole moment of
the CT state obtained by solvatochromic method is
7-14 D. This clearly indicates that the high dipole
moment of the CT state is responsible for the sol-
vent-polarity-dependent red-shifted emission band.
Nonlinearity of the Lippert plot for the red-shifted
band in protic solvents indicates that hydrogen
bonding may play a significant role in determining
the position of the low-energy emission band. As
seen in figure 2b, the presence of two sets of straight
lines in the plot of Stokes shift vs E£7(30) parameter
indicates that hydrogen bonding interaction is pre-
sent along with the dipolar interaction.” It is found
that the lower energy emission band maximum of
AMBME shows a linear correlation with hydrogen
bonding parameter « of the solvent (figure 2¢).”° A
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correlation is also observed between quantum yields
and hydrogen bonding parameter a. The decrease of
fluorescence quantum yields with increase of hydro-
gen bonding tendency of the solvents indicates that

5400

(@
5200 |
- 5000
E @Tetrahydrofuran
@ Chloroform @
w0
2 4800
=2
S
7}
4600
4400 Cyclohexane
1 A 1 " I i 1 A 1 A 1 " 1

000 005 010 015 020 025 030 035

Solvent parameter (A f)
7500 | 1-CycH ()
L 2-Diox
7000 [ 3-THF
| 4-CHCL,
6500 | S-CH,CL,
- | 6-ACN
ﬁ 6000 - 7-Isopropanol
= | 8-Ethanol
% 5500 F 9-Methanol
7 | 10-water
5000 -
4500
4000 A (] i 1 A 1 " 1 A 1 A 1 i 1 A 1
25 30 35 40 45 50 55 60 65
E, (30)
28800
(©
o~ 28600 [~ Isopropanol
E 28400 b @ Ethanol
]
=
Z 28200 @ Methanol
=3
(=9
g 28000
=
g
.S 27800 |
2
5 27600 - e
" 1 i 1 " 1 M [ A ]
0.6 0.7 0.8 0.9 1.0 1.1
o
Figure 2. (a) Stokes shift (cm™) vs solvent parameter

(Lippert plot); (b) Stokes shift (cm™') vs £7 30 parameter;
(¢) fluorescence-band position of 4-amino-3-methyl ben-
zoic acid methyl ester vs hydrogen-bonding parameter.

199

hydrogen bonding can act as a non-radiative channel
along the ICT path.’’

Lifetime measurements data upon 280 nm excita-
tion in different polarity solvents are shown in figure
3a and data are presented in table 1. Emission moni-
tored at 325 nm in cyclohexane solvent is strictly
single-exponential with decay time of 725 ps. In
acctonitrile solvent, the fluorescence lifetime of
350 nm emission band is found to be 810 ps. Very
close fluorescence lifetime values in acetonitrile and
cyclohexane solvent indicate that the emission bands
have the same origin. In DMSO solvent, the biexpo-
nential decay curve indicates the existence of both
the LE and CT states. The lower fluorescence life-
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Figure 3. (a) Absorption and (b) emission spectra of 4-
amino-3-methyl benzoic acid methyl ester in presence of
acid (Aey =280 nm). Arrow indicates increase of acid
concentration.
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time value of 470 ps is assigned to the LE state and
the higher value of 1000 ps is assigned to the CT
state. In isopropanol solvent both the 325 and
350 nm emission bands show biexponential decay
curve with a fast decay of ~60 ps (minor compo-
nent) and a slow decay of ~248 ps (major compo-
nent). The low lifetime values again support the fact
that hydrogen-bonding acts as a nonradiative chan-
nel in ICT path. The slower lifetime may be due to
the hydrated CT state and the faster lifetime (which
is faster than the instrument response function) may
be due to the LE state of the hydrated clusters. In
water the lifetime values are too fast to be able to
detect under present conditions.

The change in the absorption and emission spectra
of AMBME in presence of acid are shown in figures
3a,b. Adding of H' ion shows a small blue shift of
the absorption spectra (figure 3a) due to the proto-
nated species formed by addition of H' ion to the
lone pair of the nitrogen atom. However, a drastic
change is observed in the emission spectra (figure
3b). With increase of acid concentration the charge
transfer band intensity decreases with the increase of
LE emission band of the protonated species. As seen
in figure 3b, the emission spectra in presence of acid
indicate that both the CT band and protonated spe-
cies coexist. This may be possible if some extent of
the protonated species undergoes excited state de-
protonation reaction.”® The excited deprototated
state, i.¢., the original neutral excited species imme-
diately undergoes a transformation from LE to CT
state in the excited state PES and hence shows CT
band in addition to emission band of the protonated
species.

The variation of emission intensity with tempera-
ture is shown in figure 4. As shown in figure 4a.b,
the emission intensity decreases with increase of
temperature. This indicates that temperature plays
an active role as non-radiative decay channel in ICT
path. The emission spectra (figure 4c) in ethanol
glass matrix is found to be similar to that of MCH
glass matrix and the blue shift of emission band in
ethanol may reflect the change in solvent properties
such as polarity, polarisibility and viscosity upon
decreasing of temperature.’® The high viscosity in
77 K glass matrix also inhibits the relaxation process
from LE to CT state through any twisting path, as a
result we observed only the LE emission band in
ethanol glass matrix.

The laser-induced fluorescence excitation spe-
ctrum of AMBME is shown in figure 5. The excita-
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tion spectrum shows a doublet feature with two
strong bands at 34251 and 34266 cm™' with some
moderate and weak intense bands on the blue side of
the intense band. The first pair of bands is separated
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Figure 4. Temperature-dependent emission spectra of
4-amino-3-methyl benzoic acid methyl ester in (a) water,
(b) acetonitrile, (c¢) ethanol and methylcyclohexane glass
matrix at 77 K.
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by only 15 cm™'. Interestingly, it seems that all other
blue-sided bands appear as pairs. Apparently this
type of spectral signature indicates that the first two
bands correspond to the 0-0 band of two species
(i.e. two conformers) and the pairwise bands are
similar types of low-frequency large-amplitude
modes that ride over each of the 0—0 band of two
isomers. It is reported that m-aminobenzoic acid
shows similar type of two 0—-0 band origins for the
two conformers in the jet-cooled condition.*’ The
separation of the 0—0 transition of two conformers of
m-aminobenzoic acid is about 27 cm™'. Theoretically
the molecule AMBME can form two low-energy
structures where the —CO group of the ester moiety
could be the same (conformer I) or opposite (con-
former II) side of the ring methyl group (figure 6)
and are very similar to that of m-aminobenzoic acid.
The difference in energy between these two con-
formers in the ground state is found to be only
29 cm ' (DFT/B3LYP/6-311++G (d, p)) and the bar-
rier for interconversion between them is quite high
(2882 cm'). High barrier energy does not allow the
freezing of molecules to only the lowest energy con-
former in the cooled-jet. Theoretically it is expected
that both the conformers should be present in the
cooled jet. The difference in theoretical ) < S, ver-
tical transition energy between two conformers is
found to be about 19 cm™' which corresponds well
with the experimental 0-0 transition energy differ-
ence of 15 cm . Therefore, we have assigned the
doublet structure in the LIF excitation spectrum to
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Figure 5. Laser-induced fluorescence excitation spe-
ctrum of 4-amino-3-methyl benzoic acid methyl ester in a
cooled-molecular jet.
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two-origin transition of two low-energy conformers.
However, further experiments, such as hole-burning
measurement is needed to confirm this assignment.
The assignment of the observed low-frequency
modes is presented with the calculated normal
modes for two conformers in table 2. It is found that
several low-frequency large-amplitude modes of
AMBME are similar in nature with that of its parent
molecules p-amino- and m-aminobenzoic acid.*"*
We have tried to interpret dual fluorescence phe-
nomenon of AMBME in the light of the TICT model
using the density functional theoretical approach.
Ground-state optimisation has been done using
B3LYP hybride functional and 6-311++g (d, p)
basis. In the ground state conformers I and II are
nonplanar and the dihedral angle between the —NH,
group and the benzene moiety is ~#19°. Usually these
pre-twisted compounds are known to emit preferen-
tially or only show CT emission in polar solvent.””*’
As the optimised geometry is nonplanar, no symme-
try element could be applied for the various states.
We have used the minimum energy structure (con-
former I) for calculating spectroscopic properties of
the molecule, since the two possible conformers are
identical in nature and it is expected that the nature
of condensed phase broad spectra would be same for
both conformers. Calculated spectroscopic parame-
ters are presented in table 3. Experimental results
showed that the molecule AMBME shows absorp-
tion bands at 282 nm (4-39 eV) in cyclohexane and
at 287 nm (4-31 eV) in acetonitrile. Our calculations

0.014
0012}
0.010 |- Conformer II Conformer |

g I

£ 0.008| NH, NH,

©

T I

= 0.006 -©/

> L &

[}

5 00041 Noy, "
0002} 2882 cm™ | 29 cm’
oovof ot b P

0 50 100 150 200
Twist angle along acceptor side (degree)
Figure 6. Calculated low-energy conformers I and II,

and the potential energy curve obtained for torsional mo-
tion of ester group using B3LYP hybride functional and
6-311++g (d, p) basis set.
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Table 2. Main excited vibronic bands of 4-amino-3-methyl benzoic acid methyl ester and their tentative assignment.

Conformer I Conformer II

Experimental® Calculated” Experimental®  Calculated® Assignment of calculated modes

32 52 35 55 Ester group torsion coupled to CH3/NH, torsion

57 84 58 84 Ester group torsion coupled to CH3/NH, torsion

90 120 90 129 Me group ester rotation

139 137 137 135 Ester in-plane bending

189° 156 182 154 Methyl of ester torsion coupled to ring out-of
plane motion

203 177 197 177 Ring —Me rotation (pure)

229° 202 230 202 NH, and methyl torsion coupled to out-of plane
ester

319° 334 310 335 Ring breathing

382° 449 447 Ring out-of plane

476° 485 465 486 —NH, inversion (pure)

“With respect to 34251 cm™'; bcalculation at DFT level (B3LYP/6-311++G (d, p). “with respect to 34266 cm™'; “similar

bands for m-amino- and p-aminobenzoic acid™'**

Table 3.

Computed parameters of 4-amino-3-methyl benzoic acid methyl ester in vacuum and acetoni-

trile solvent using DFT method with B3LYP hybride functional and 6-311++g (d, p) basis set.

Absorption Emission
Medium State Eyu (V) Ei(eV) Ey’ (eV) Ey’(eV) Ee (eV)
Vacuum S 4-59 4-39 4-32 433 3-85
Acctonitrile St 4.37 4.31 4.08 3.98 3.66

“Emission energy due to rotation of donor group towards the aromatic methyl group; "emission energy
due to rotation of donor group opposite two the aromatic methyl group; £y, is the calculated energy value
(Fexcited — Egrouna) at DFT level (B3LYP/6-311++G (d, p)). E is the experimental value

show that the S < S, transition energy is 270 nm
(4-59 ¢V) and 283-6 nm (4-37 eV) in vacuum and in
acetonitrile solvent, respectively (we may consider
that the calculation in vacuo is almost equivalent to
that in a nonpolar solvent). Hence, the deviation of
transition energy between the experimental and
theoretical values in cyclohexane is 0-20 eV and in
acetonitrile is 0-06 eV. Comparing the absorption
spectra of AMBME with other similar compound we
assume that the broadness of the absorption band
arises due the overlapping of two low-lying energy
states. Calculations by TDDFT-PCM (B3LYP/6-
311++g (d, p)) level also show that the energy dif-
ference between ) and S, state is only =0-27 eV
even in acetonitrile solvent. Therefore, overlapping
of two excited states is highly possible even in polar
solvent. For the twisted conformer, the calculated
transition energy in acetonitrile solvent shows a red
shift relative to the gas phase. The red shift is about
0-29 ¢V and 0-39 ¢V in acetonitrile due to rotation
of donor group towards and opposite to the aromatic
methyl group, respectively (table 3). This shifting is
not sufficient as expected from the large difference

between the static dielectric constant of acetonitrile
(36-64) and cyclohexane (2-04). The experimental
fluorescence maximum appears at 322 nm (3.85 eV)
and 338 nm (3-66 ¢V) in cyclohexane and acetoni-
trile, respectively. For twisting of the donor side i.e.
—NH,; group (towards the substituted methyl group
and also in the opposite direction) a possible red-
shifted emission is observed in both the directions of
rotation. This red shift is more for the rotation to-
wards the opposite side of substituted methyl group
due to less steric hindrance. In acetonitrile solvent,
the calculated red-shifted emission energies are
3-98 ¢V and 4-08 ¢V (rotation opposite to methyl
group and towards the methyl group, respectively).
It is observed that in either case calculated values
are higher than the experimental findings.

The theoretical ground and excited state potential
energy surfaces and the oscillator strength and tran-
sition energy value along the twisting coordinate are
shown in figure 7. The trend in calculated results in
vacuuo is the same as in the acetonitrile solvent. The
excited state PES shows an asymmetric double-well
potential. The potential energy surface along the
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twist coordinate at the donor side in both the direc-
tion shows that the CT state with perpendicular ge-
ometry of the nitrogen lone pair is higher than the
LE state even in acetonitrile solvent. However, low-
ering of vertical transition energy and oscillator
strength value (figure 7b) along the donor twist co-
ordinate indicate red-shifted emission and »n—7*
character of the emitting species, respectively. Mo-
lecular orbital picture of AMBME in its global min-
ima state shows that the HOMO-LUMO transition
(figure 8a,b) is of 7 7* nature and donor lone pair is
delocalised. Whereas, for both of the twisted con-
former (due to rotation of donor group in different
direction) the HOMO-LUMO transition (figure 8c—f)
is of n—z*character and the donor lone pair is local-
ized and available for charge transfer to the acceptor
side. This indicates that charge transfer takes place
when decoupling is maximum between the
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Figure 7. Potential energy surface (PCM-TDDFT
model with 6-311++G (d, p) basis set) of the ground and
first two excited states along the twisting coordinate of
donor group in acetonitrile solvent, (b) plot of oscillator
strength of S; state along the twisting coordinate of the
donor part.
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donor and acceptor group, i.e. donor group become
orthogonal to the acceptor moiety. The weak donor
(-NH, group) may be responsible for this type of
high lying CT state in the PES. Similar type poten-
tial energy surfaces are also obtained in some thio-
phene-containing biaryl systems,” where it is
considered that weak donor—acceptor combination is
responsible for this type of PES. Theoretically it is
already reported that introducing better donor
groups like -NMe; in place of -NH,; group lower the
CT state below the LE state in the excited state.”®
Calculations with the rotation of the acceptor group
do not show any double minima type of potential
and lowering of vertical transition energy (figure not
given).

Another possible explanation of the discrepancy
between the calculated potential energy surface and
the experimental results could be attributed to
excited state geometry without full optimisation.
This type of excited state optimisation calculation is
beyond our scope as analytical gradients are not
available for the TDDFT method. Structurally it is
obvious that —-NH, rotation should be influenced by
the ortho methyl group due to some steric effect.
Hence, incorporation of —CH; group motion with
donor torsion may improve the calculation towards
the experimental findings.

Figure 8. (a) HOMO and (b) LUMO of ground state;
(¢c) HOMO and (d) LUMO of twisted ground state (twist-
ing of donor opposite to methyl group); (¢) HOMO and
(f) LUMO of twisted ground state (twisting of donor to-
wards methyl group).
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4. Conclusions

The fluorescence spectroscopy of AMBME has been
studied in condensed phase and in jet-cooled mole-
cular beams in combination with quantum chemical
calculations. In the condensed phase, the molecule
shows red-shifted emission in solvents of difficult
polarities. The charge transfer state is characterized
by higher excited state dipole moment obtained from
solvatochromic measurements. A clear dual fluores-
cence is observed in protic solvents where the high
energy band corresponds to the hydrogen-bonded
LE state and low-energy band to the hydrogen-
bonded CT state. The jet-cooled condition the mole-
cule present as two low-energy structures with res-
pect to the orientation of the acceptor group. The
LIF spectrum shows good correlation with respect to
two conformers at the low frequency region. Calcu-
lations using TDDFT and PCM-TDDFT methods
predict an asymmetrical double-well potential in the
excited state and a red-shifted emission from the
twisted CT state.
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