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ABSTRACT. The mechanism of dual fluorescence emission of a fluorophore is controversial ever since its first
observation in p-N,N-dimethylaminobenzonitrile (DMABN). Excited state twisted intramolecular charge transfer
(TICT) and planarized intramolecular charge transfer (PICT) models have been the two prominent theories used to
explain the dual fluorescence mechanism in several systems. These mechanisms are based on excited state adiabatic
structural changes of the fluorophore. Nevertheless, pieces of evidences based on excitation spectral measurements
at different emission windows suggest the possibility of additional and/or alternative mechanisms based on ground
state structural changes of the fluorophore. In this paper, we have presented a systematic steady-state absorption and
fluorescence spectroscopy of a donor-macceptor system, p-N,N-(dialkylamino)benzylidenemalononitrile, and
related compounds in solvents of different polarities. The excitation spectrum of p-N,N-(dialkylamino)
benzylidenemalononitrile is found to be dependent on the emission window. Furthermore, the emission spectra of
the molecule are dependent on the excitation wavelength which suggest that the molecule consists of two stable
ground state conformational isomers. The spectroscopic pieces of evidence together with results from DFT
calculations are in favor of the solvent-induced ground state structural change of the fluorophore. Hence, two ground
state conformers of p-N,N-(dialkylamino)benzylidenemalononitrile are attributed to the dual emission of the
molecule.
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INTRODUCTION

Intramolecular charge transfer (ICT) is a process of significant charge delocalization in molecules
containing electron donating group (D) and electron-accepting group(A) connected by z-linkers
(D-n-Acceptor). This process is highly modulated by the strength of the donor, the acceptor and
solvent environment. ICT is a common phenomenon in nature and is a crucial step in many
biological processes [1].

The observation of intramolecular charge transfer in 4-(dimethylamino) benzonitrile
(DMABN) by Lippertand co-workers in polar aprotic solvents has initiated immense interest
among the scientific community because of the potential application taking advantage of the
process. On one hand, understanding and modulation of the ICT process is crucial in the rational
design and development of materials for technological applications such as optoelectronic
materials, non-linear optics, viscosity sensors and pH and polarity sensors [2-6]. On the other
hand, the observation of dual fluorescence in DMABN in polar aprotic solvents [7] and the
mechanism by which it occurs remained an interesting topic of debate among different scientific
groups as it presents an obvious exception from the Kasha’s rule [8].
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Dual fluorescence is a phenomenon where a single molecule gives rise to a single emission
from a locally excited state (LE emission) in non-polar solvents, while two fluorescent emissions
(one from the locally excited state and the other anomalous band from the charge transfer state
(CT emission)) in polar aprotic solvents [9-11]. Over the years, several donor-pi-acceptor systems
including DMABN have been investigated in order to elucidate the mechanism for the anomalous
emission. The explanations ranged from the formations of excited state complexes (exciplexes)
[12-14] to adiabatic structural changes in the excited state [15-18] were forwarded as possible
source of the anomalous CT emission. In the latter category, the twisted intramolecular charge
transfer (TICT) model and planar intramolecular charge transfer (PICT) models stood out. In the
TICT model proposed by Grabowski and co-workers [15-18], a 90° twisting motion of the
dimethyl amino group along the C-N bond accompanied by complete charge transfer is put as
requirement for the formation of the charge transfer state. In this respect, Dobkowski and co-
workers [18] showed that dual fluorescence of 2-(N-methyl-N-isopropylamino)-5-cyanopyridine
in methanol is accompanied by syn-anti isomerization around the C-N bond, supporting the TICT
hypothesis.

On the other hand, Zachariasse and co-workers proposed the PICT model [19-21], which
states that a small energy gap between the locally excited state and the charge transfer states,
allowing solvent induced pseudo-Jahn-Teller coupling between the states is the requirement. This
coupling is affected by the out-of-plane inversion mode of the amino nitrogen [22, 23]. This
argument is supported by the absence of dual fluorescence in rigid planar aminobenzonitriles1-
methyl-5-cyanoindoline(NMCI) and l-methyl-6-cyano-1,2,3,4-tetraquinoline (NMCQ), in which
the 5-membered or6-membered ring connecting the amino nitrogen with the phenyl group hinders
the nitrogen inversion; while NMCB with a 7-membered ring, ICT and dual fluorescence again
starts to appear [21]. More evidence against the TICT model is provided by Yoshihara and co-
workers [24] from the observation of dual fluorescence in fluorazene (FPP), a molecule incapable
of twisting motion. Even though this observation is presented against the TICT model,
it can also be used as evidence against the PICT model as FPP is a rigid planar aminobenzo-
nitriles which is not supposed to show dual emission because of hindered nitrogen inversion
according to the PICT model. Another important observation from their result [24] is that, unlike
DMABN with both dialkylamino donor moiety and strong cyano acceptor moiety, FPP lacks the
acceptor moiety and yet still capable of showing dual emission in polar aprotic solvents. The
implication of such observation is either, the acceptor moiety is not a necessary condition or the
benzene ring is acting as an acceptor.

The common feature of the TICT and PICT models discussed above is attribution of the source
of dual emission entirely to the excited state conformational changes with little or no consideration
of the possibility of conformational dynamics in the ground state. In the last decade, an alternative
explanation for the anomalous emission of DMABN and related compounds is reported in the
literature [25-28] from the perspective of ground state structural changes. Based on excitation
spectra measurements of the compounds at different emission windows, along with excitation
wavelength dependence of the relative intensities of the LE and CT emissions, two ground state
conformers of the same compound were suggested. In this respect, strong independent
experimental evidence for two ground state conformers of DMABN was suggested by Yasiri and
co-workers [29] based on single-molecule electrical conductance measurement where no
photoexcitation is involved. They showed two conductance values attributed to the planar and
polar solvent stabilized twisted conformers of DMABN. In light of the above observations, the
main objective of the present work is systematic investigation of fluorescent properties of p-N,N-
(dialkylamino)benzylidenemalononitrile and related benzylidenemalononitrile derivatives
(molecular structures presented in Figurel) in solvents of different polarities by considering both
ground state and excited state conformational dynamics. Hence this study attempts to provide
additional and/or alternative mechanisms of dual fluorescence based on ground-state
conformational changes of the fluorophore. These classes of compounds have been studied as
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“molecular rotors” in order to probe solvent friction [30] and polarity [31], as fluorescent probes
of microviscosity of lipid bilayers and polymer environments [32] and as nonlinear optical devices
owing to their large hyperpolarizability [4] to mention a few.

All three systems considered possess a strong dicyanovinyl acceptor moiety with different
strengths of the donor moiety. As explained in the coming sections, these systems help to test
several aspects of the hypothesis of two ground state conformers being responsible for the dual
emission. Structure II for example is similar to DMABN except that, instead of the cyanoacceptor
group, the compound contains stronger dicyanovinyl acceptor moiety which enhances structural
changes involving charge transfer both in the ground Sy, and excited S, states.

The implication is unlike DMABN which shows single absorption (and later revealed as a
combination of two distinct but very similar excitation spectra) band near 300 nm [25], two
distinct absorption bands that independently could be excited to fluorescent states are expected
for this system. Hence this study helps to clarify the hypothesis of existence of two stable
equilibrium ground state structures Prof. proposed by prof. M. Redi-Abshiro’s group [25-28].

EXPERIMENTAL
Experimental details

The synthetic procedure of benzylidenemalononitriles (compounds I-III) is reported elsewhere
[33]. Briefly, to an equimolar mixture of malononitrile and arylaldehyde, water was added (20
v/w) and stirred for 15 min. The solid produced was isolated by simple filtration and dried. The
solid product was recrystallized by hot ethanol. The products were characterized by NMR ('H and
13C) and the melting points were compared with the reported literature.

R
R CN rt CN

R'

Compounds (I -IIT)

R R’
Structure I H H
Structure 11 H N(CHs)2
Structure III  OCH;3 OH

2-Benzylidenemalononitrile (Compound ) [33]: 93% Yield; m.p.: 83 °C; 'H NMR (400 MHz,
CDCl3): 6 7.89 (d, J=7.8 Hz, 1H), 7.77 (s, 1H), 7.61 (m, 1H), 7.53 (m, 1H); *C NMR (100 MHz,
CDCls): 0 159.9, 134.6, 130.9, 130.7, 129.6, 113.7, 112.5, and 82.9.

2-(4-(Dimethylamino)benzylidene)malononitrile (Compound II) [34]: 90% Yield; m.p.: 180 °C;
"H NMR (400 MHz, CDCl3): 6 7.79 (d, J = 9.0 Hz, 2H), 7.44 (s, 1H), 6.67 (d, J = 9.1 Hz, 2H),
3.13 (s, 6H); '*C NMR (100 MHz, CDCl;): 6 158.1, 154.2, 133.7, 119.3, 115.9, 114.8, 111.6, and
40.0.

2-(4-Hydroxy-3-methoxybenzylidene)malononitrile (Compound IIT) [35]: 95% Yield; m.p.: 148
C; "H NMR (400 MHz, CDCl;): 6 7.92 (s, 1H), 6.98-7.32 (m, 3H), 6.02 (s, 1H), 3.86 (s, 3H). °C
NMR (100 MHz, CDCl3): 6 161.8, 152.2, 148.4, 128.4, 128.2, 116.8, 113.5, 110.4, 81.8, and 55.3.

Absorption and fluorescence spectra of the test molecules were measured in spectroscopic
grade solvents of various polarities (n-hexane, cyclohexane, 1,4-dioxane, dichloromethane, and
acetonitrile) at room temperature ca. 25 °C using SPECTRONIC GENESYS 2PC UV-Vis
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spectrophotometer and Shimadzu RF 5301PC spectrofluorimeter, respectively, with a resolution
of 1 nm. In all cases, 1 cm quartz cuvettes were utilized. In order to decrease the effect of
aggregation and inner filter effects, the optical density values for absorption and fluorescence
measurements were kept in the vicinity of 1 and 0.1, respectively. For fluorescence excitation and
emission spectral measurements, the first order and second order Rayleigh scattering signals were
removed to accentuate the fluorescence signals.

Computational details

Quantum chemical calculations were carried out to support the experimental results. Computation
of the molecules were carried out using Gaussian09W quantum chemistry program package [36]
using Density functional theory (DFT), B3LYP functional together with the 6-31G(d,p) basis set
[36-38]. Global minimum geometries were confirmed by frequency calculations, where calculated
frequencies for all systems were positive. The vertical excitation of the molecular systems has
been computed using time-dependent density functional theory (TD-DFT) [39] using B3LYP
functional and 6-31G(d,p) basis set. The role of solvent effects was carefully investigated using
the polarizable continuum model (PCM) under its integral equation formalism (IEF-PCM). The
solvent effect has been carefully examined on both excited and ground state geometries using
different solvents: Cyclohexane (CHx), acetonitrile (ACN), and dichloromethane (DCM).

RESULTS AND DISCUSSION
Absorption spectra

Experimental absorption spectra of structures I (black), II (red) and III (blue) in n-hexane
solutions are presented in Figure 1. While both structures, I and I1, show similar features in the
vicinity of 320 nm, structure II showed an additional largely red-shifted absorption near 420 nm.
Considering the structural similarity between I and II, the second absorption band in II could be
assigned as a structural isomer as a result of donor p-N,N-dimethylamino substitution. Such
substitution potentially brings two possible structural isomers relative to the neutral planar form:
Zwitterionic structure and conformational isomer due to twisting motion of the dimethylamino
moiety relative to the benzene ring. It is important to note that even though there is potentially
additional conformation via rotation of the dicyanovinyl acceptor moiety, this possibility is
excluded as we did not observe any conformational isomer in structure I.

In order to further understand the source of the second band, the absorption spectrum of
another structurally related compound (III) was measured in the same solvent (Figure 1 blue
curve). The molecule shows one broad absorption spectrum centered near 350 nm with some
vibronic structures which is expected in non-polar solvents. Unlike structure II, the donor group
in structure III has restricted conformation because of the hydrogen bonding with the neighboring
methoxy group. The presence of this H-bond is evidenced from smaller calculated (B3LYP/6-
31G (d,p)) O-H stretching frequency (3753 cm!) relative to phenol system, 3822 cm. Therefore,
it is possible to suggest that the source of the second red-shifted absorption band in structure II is
due to conformation of the p-dimethylamino moiety. Hence, there are two possible
conformational isomers of structure II in the ground state.

Solvent effects on the absorption spectra of structures I (Figure 2a) and II (Figure 2b) have
also been investigated in solvents of various polarities and the results are presented in Figures 2a
and 2b, respectively.
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Figure 1. The experimental absorption spectrum of structure (I) (black), structure II (red) and
structure III (blue) in n-hexane solution. For easier comparison, the spectra are

normalized with respect to their absorption maxima.
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Figure 2. The experimental absorption spectrum of structure I (a) and structure II (b) in solvents
of various polarities. n-Hexane (black), cyclohexane (red), dichloromethane (cyan) and

acetonitrile (blue).

The absorption maximum of structures I is changed from 300 nm in n-hexane to 308 nm in
acetonitrile (AA = 8 nm) showing small bathochromic shift. Similarly, the absorption maxima of
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structure II changed from 320 nm and 410 nm in n-hexane to 335nm and 430 nm in acetonitrile,
corresponding to AL values of 15 nm and 20 nm for the first and second absorption bands,
respectively. The spectra in both structures generally show bathochromic shifts suggesting
increase of the excited state dipole moments of the two molecules. The shift is, however, larger
in structure II because of the presence of the dimethyl amino donor moiety. Structure II also
shows an interesting solvation effect. In non-polar solvents, two distinct absorptions near 320 and
420 nm are observed with larger relative intensity for the first absorption band. The situation
changes, however, with increasing the polarity of the solvent. In polar solvents (for instance
acetonitrile), the first absorption band almost disappears while the red-shifted absorption becomes
the dominant absorption. The results suggest preferential stabilization of the red absorbing
conformer in more polar solvents. Values of the absorption, excitation and emission maxima of
structures I and II in solvents of different polarities are presented in Tables 1 and 2, respectively.

Table 1. Experimental values of the absorption, excitation and emission maxima of structures I and II in
solvents of different polarities.

Structure I Solvent Af* Abs (nm) Emy
n-Hexane -0.0014 300 322
Cyclohexane -0.0018 302 335
1,4-Dioxane 0.0205 306 342
Dichloromethane 0.2127 310 335
Acetonitrile 0.3060 308 341
Structure 11 Solvent Af* Abs 1 Abs 2 Em; Emy
n-Hexane -0.0014 320 410
Cyclohexane -0.0018 324 413 346 446
1,4-Dioxane 0.0205 330 422 358 460
Dichloromethane 0.2127 338 434 384 474
Acetonitrile 0.3060 335 430 383 532

of = (- ()

Note that emission is measured via excitation near the absorption maxima. Af, € and n, refers to
the solvent polarity function, dielectric constant and refractive index of the solvent.

Emission spectra

In the previous section, analyses of solvent dependent absorption spectral results suggested that
structure II exists in two conformational isomers. In this section the fluorescence properties of
this molecule from selective excitation of each absorption bands will be investigated. The
emission spectra of structure I and II in solvents of different polarities are presented in Figures
3a and 3b, respectively.

In line with the Kasha rule, structure I shows a single emission band centered at 330 nm in all
solvents with a small bathochromic shift, A1~ 19 nm (see Table 2) evidencing a smaller change
in dipole moment upon excitation. This is typical of LE emission from a Franck-Condon state.
On the other hand, two emission bands centered at 370 nm and 470 nm are observed via excitation
in the vicinity of the first absorption band of structure II. The first emission band of structure 11
has similar features with the emission of structure I (although with larger bathochromic shift of
37 nm in II in n-hexane) and could be generally assigned as LE emission. However, the second
emission band of structure II shows a large bathochromic shift (AL = 86 nm) where the emission
maximum shifts from 446 nm in cyclohexane to 532 nm in acetonitrile. The large bathochromic
shift suggests high charge transfer character of the second emitting state. Hence, the second red
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shifted emission could be assigned as an emission from a TICT state. This conclusion is made
considering the absence of the second emission band in the structurally related 9-(dicyanovinyl)-
julolidine (DCVJ) with a donor group which is not capable of twisting motion [31].
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Figure 3. Peak normalized emission spectra of (a) structure I and (b) structure II in solvents of
different polarities (n-hexane, cyan; cyclohexane, black; 1,4-dioxane, green;
dichloromethane, red; and acetonitrile, blue.). For both structures, the excitation
wavelength is in the vicinity of 300 nm. Note that for structure II the excitation
wavelength corresponds to the first absorption band. Resonance Rayleigh scattering
signal is removed from the spectra

Despite the fact that structure II gives a well-separated absorption signal for each conformer,
selective excitation of the first band still gives two emissions. Two possible reasons for the red
shifted TICT emission could be proposed: either (I) the emitting TICT state is populated from
the LE state via excited state conformational dynamics within the fluorescence lifetime of the LE
state or (ii) the So-S, (n = 2) transition of the TICT conformer overlaps with the So-S; transition
of the non-twisted (planar) conformer and hence co-excitation of the two forms. Excitation
wavelength dependence of the emission spectrum of structure II was further tested in
dichloromethane solution and the results are presented in Figure 4(a).

The emission spectrum of structure II shows significant dependence on the excitation
wavelength. Excitation at 300 nm shows dual emission, while red-edge excitation (excitation at
400 nm) shows a single emission confirming selective excitation of the twisted ground state
conformer. It is also worth noting that direct access of the excited state twisted conformer is also
possible from the excitation of the ground state TICT conformer.

Further evidence about the source of the two emitting states of structure II comes from the
measurement of excitation spectra at different observation windows. In this respect, we have
presented in Figure 4(b) the excitation spectra of structure II at observation windows
corresponding to the LE (black curve) and CT emissions (red curve). The result shows two
different excitation spectra are observed for different observation windows confirming the
presence of two structures in the ground state. The results also show that the absorption spectrum
contains contributions from both excitation spectra. This argument is in line with the results from
the absorption spectral measurements, the existence of two stable ground state conformers.
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Figure 4. (a) Emission spectrum of structure II at excitation wavelength 300 nm (black, left) and
400 nm (red, right) in dichloromethane solution. Note that first order and second order
Rayleigh scattering signals are removed from the spectra. (b) Peak normalized excitation
spectra of structure II in dichloromethane monitored at emission wavelength windows
of 400 nm (black) and 500 nm (red). Absorption spectrum of the compound in
dichloromethane solution is also presented (blue) for comparison. Scattering signals are
removed from the spectra.

Solvatochromism and Stocke’s shift analyses

Solvatochromism [40, 41] has been established as a readily applicable and powerful tool to
investigate the local polarity in macrosystems or even the conformation and binding of proteins
[42, 43]. In this section, Lippert-Mataga equations (Eq. 1-3) were applied for quantitative
analyses of the solvatochromic effects and associated Stocke’s shifts observed in structure II [43-
46]. Although there are several models developed for solvatochromic and associated dipole
moment analyses, the Lippert-Mataga equation was selected as it provides better dipole moment
value in solvent systems whose quality is comparable to results from more accurate Stark-effect
measurements at least for the push-pull system, para-aminobenzoicacid (PABA) [47]. The results
are presented in Figure 5(a-d).

o _ o0 20g(leg) [ =1 n®-1 ]
Va=Va ameghca® L2e, +1 (2n2+1) @
~ _ ~0 _zlle(lrle_lrlg) er—1 n?-1 ]
Ve =V ameghcad l2gy +1 (2n2+1) @)
, 2
- - 2 (e=1 -1 \(#-n,)
VD4— UF = - 3 - 3 2+ K (3)
drgyhc\ 26 +1 2n~ +1 a
- 2_
where Af = (2‘;11 - 27;2:1) represents the measure of the solvent polarity function, U, and Uy are

the energy of the absorbance and emission maximum in wave-numbers, ¥ and ¥% are absorption
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and emission wavenumbers in a vacuum, respectively; iz and . is the dipole moment in the
ground and excited singlet state, respectively, ¢ is the solvent dielectric constant,n is the solvent
refractive index, &, is the permittivity of vacuum is the solvent refractive index, 4 being Planck’s
constant and c, the velocity of light in vacuum; a is the radius of the molecule which is estimated
to be 6.0 Angstroms.

From the first absorption and first emission bands, the slope analyses give a ground state (u,1)
and excited state (u1) dipole moments 0f 9.3 and 20.4 D, respectively. Hence the change in dipole
moment upon excitation of the first conformer becomes 11.1 D. Similarly, the values of the ground
(ug2) and excited state (u.2) dipole moments are found to be 7.1 and 19.5 D, respectively, for the
second conformer which gives a change of 12.4 D upon excitation. The results show that both
conformers are polar with large charge transfer characteristics upon excitation.
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Figure 5. Plots of (a) absorption maxima 1, (b) emission maxima 1, (c) absorption maxima 2 and
(d) emission maxima 2 against solvent polarity function Af. Absorption and emission
maxima are expressed in wavenumber (cm™).

One important difference between the two is that even though conformer 1 has a larger ground
state dipole moment (u,1) than conformer 2 (ug), the second conformer shows greater change in
dipole moment than the first one, hence larger solvatochromism in the second conformer as
observed. Therefore, based on the results presented so far, we have tentatively assigned conformer
1 as the planar conformer and conformer 2 as the twisted conformer. As we will see in the next
section, this assignment is supported by computation.
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Computational results

Optimized ground state geometry of structure Il in vacuum using the DFT/B3LYP functional and
6-31G(d,p) basis set, is presented in Figure 6. The calculation predicted a planar geometry with
a ground state dipole moment of 11.05 D. This value is in reasonable agreement with the
experimental value 9.3 D. Frequency calculation at this geometry shows no imaginary frequency;
hence it is a minimum structure.

Figure 6. Optimized ground state geometry of structure II at calculated using DFT method at
B3LYP/6-31G (d, p) level of the theory.

The same optimum ground state planar geometry is obtained in different solvents. However,
the dipole moments show significant increments with increasing solvent polarity. The HOMO-
LUMO band gap also shows bathochromic shift. The results are presented in Table 2.

Table 2. Calculated ground state energy, dipole moment and HOMO-LUMO gap of optimized ground state
geometry of structure IT at DFT/B3LYP/6-31G (d, p) level in solvents of different polarities.

Solvent Energy (hartree) ZPE (hartree) | E+ZPE LUMO- Dipole moment
HOMO (eV) (D)

Gas -628.1198 0.204895 -627.9149 3.4743 11.0506

CHX -628.7604 0.205034 -627.9210 3.3860 12.7648

DCM -628.1331 0.205020 -627.9281 3.2958 14.7896

CHCI; -628.1310 0.205048 -627.9296 3.3272 14.1697

ACN - 628.1351 0.204973 -627.9302 3.2727 153778

The UV-Visible spectrum of the twisted and planar conformers is computed in cyclohexane
at TD-B3LYP/6-31G(d,p) level of the theory. The results are presented in Figures 7b and 7c,
respectively. For comparison the absorption spectrum of structure II is also included in Figure 7a.

The calculated charge transfer band of the planar and twisted conformers shows a significant
shift relative to the experiment. This is expected as no scaling factor is introduced in the
calculation. One important prediction of the calculation is that a significant overlap of the
absorption bands of the two forms is possible and hence co-excitation of the two forms. The
solvatochromic response of the twisted conformer is greater than that of the planar one despite
the fact that the latter has slightly smaller dipole moment (i.e. 9.3 D for the planar versus 7.1 D
for the twisted conformer). This observation was explained in earlier based on the changes in the
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dipole moments associated with the excitation of each conformer. In this case, the twisted
conformer shows greater change in dipole moment upon excitation and hence greater
solvatochromism. This argument is further supported by frontier orbital analyses of the two
conformers presented in Figure 8. The analyses suggests that HOMO-LUMO excitation results in
a shift of the electron density from the dimethylaminomoiety to the dicyanovinyl group in both
conformers. However, the charge transfer is more pronounced in the twisted conformer in line
with the more charge transfer character of the red-shifted absorption and emission observed in

polar solvents.

experimental
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Figure 7. Experimental (a) and calculated absorption spectrum of twisted (b) and planar (c)
conformers of structure II. The experimental absorption spectrum was in cyclohexane.
The calculation of vertical excitation was performed using TD-DFT method, B3LYP

functional and 6-31G(d,p) basis set.
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Figure 8. Frontier molecular orbitals of the planar (left panel) and twisted (right panel) of structure
II calculated by DFT method using B3LYP functional and 6-31G(d,p) basis set.

CONCLUSION

In this study, dual fluorescence property of structure II (p-N,N-(dialkylamino)
benzylidenemalononitrile) was investigated by steady-state absorption and fluorescence studies.
Solvatochrmoic properties of the absorption and emissions were also reported. Analyses of the
excitation wavelength and solvent polarity dependence of the emission spectra showed that the
compound consists of two conformational isomers which are also supported by theoretical
computation. The results presented so far confirm the existence of twisted ground state
fluorophore which is responsible for the second emission band in the dual fluorescence of
structure II. Hence, direct access to the emitting TICT state is possible. The results are also
supported by a comparative study of structurally related compounds, structures I and III. The
existence and solvent control of TICT conformers in push-pull systems have important
implications on technologies such as ICT-induced charge transport modulations in junctions. Our
conclusion of the presence of two stable ground state conformers of structure II could be further
verified by temperature-dependent UV-Vis, IR and jet-cooled laser-induced fluorescence (LIF)
studies. Since the equilibrium population of the two conformers will be temperature-dependent,
their corresponding UV-Vis and IR signals are also expected to be temperature-dependent.
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