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Abstract

The mechanism for the dual emission of 2-(4'-N, N-dimethylaminophenyl)imidazo[4,5-
c]pyridine (DMAPIP-c) in protic solvents was investigated by synthesizing and studying its
analogues. Theoretical calculations were carried out to corroborate the experimental findings.
The deprotonation studies suggest that the enhancement in TICT emission of anionic form of
DMAPIP-c is limited to protic environment. The spectral characteristics of DMAPIP-c were
also studied in methanol-acetonitrile binary solvent mixture. Unlike DMAPIP-c, the methyl
derivatives do not emit dual fluorescence in protic solvents. The relative intensity of the
TICT emission (with respect to that of normal emission) rises with methanol amount in the
acetonitrile-methanol binary solvent mixture. The studies also show that a 1:3 hydrogen
bonded complex is formed between DMAPIP-c and methanol and it is responsible for the
TICT emission. Based on the results a relay proton transfer tiggered TICT emission is

proposed. TDDFT calculations were performed to predict the emission energies.

Keywords: Proton Transfer, TICT, Hydrogen bond, Relay transfer, DFT calculations
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1. Introduction

Intramolecular charge transfer (ICT) is an important excited state process in chemistry
and biology.'” Though several mechanisms were propsed to demonstate formation of the ICT
state, the twisted ICT (TICT) model proposed by Grabowski et al. is widely accepted.
According to TICT model, the twisting of donor to a perpendicular geometry is associated
with intramolecular charge transfer process.4’5 In other words, that the donor is perpendicular
to other part of the molecule in the ICT state. It is well documented that the TICT emission
depends on the polarity as well as that of viscosity. “'* A close look reveals that other than
polarity and viscosity, the hydrogen bonding also strongly influence the TICT process of
numerous systems.>?° Solvents can form hydrogen bond with either the charge donor or the
charge acceptor of the molecule. Cazeau-Dubroca et al. hypothesized that the twisted
conformer was formed in the ground state due to hydrogen bonding of the donor with the
solvent and the twisted species upon excitation emits TICT emission.”” However, their
hypothesis was severely challenged by experimental findings.'®!” But recently Dreuw et al.
predicted that such a hydrogen bonding provides a path for energy dissipation in gaseous
phase which enables the formation of TICT state in the gaseous phase.18 On the other hand, it
is unambiguously established that the hydrogen bonding of the acceptor with the solvent
favours the TICT process.'>** The hydrogen bonding of the acceptor enhances the charge
transfer from the donor to the acceptor there by it promotes the ICT. Therefore, though it is
not prerequisite the hydrogen bonding of the solvent with the acceptor boosts the TICT
process in several dyes. The relationship between charge transfer and hydrogen bond
formation is also a topic of current interest in several chemical and biological processes
where hydrogen bond provokes proton couple charge separation.”'**
The TICT emission of 2-(4'-N,N-dimethylaminophenyl)imidazo[4,5-c]pyridine

(DMAPIP-c, chart 1) is a attractive one.”> Unlike other common TICT emitting molecules,
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the protic environment is critical for DMAPIP-c to exhibit TICT emission. Even in polar
aprotic solvents no TICT emission was observed from DMAPIP-c. Fasani et al. investigated
the photophysical properties of the amino analogue of DMAPIP-c.* They observed that the
molecule emits from the locally excited state as well as from the TICT state only in alcohols.
But not in nonpolar or polar aprotic solvents. They conjectured that the protic solvent forms
hydrogen bond with hydrogen of the azole ‘NH’ hydrogen and the nitrogen of imidazole,
which twist the pyridoimidazole moiety (aceptor) perpendicular to form the TICT state. This
acceptor twisting model was not supported by studies of Krishnamoorthy and Dogra.”
Moreover the Fasani model did not assign any role for the pyridyl nitrogen in the TICT
process. But, our earlier studies clearly established that the TICT emission be determined not

2527 The AMI1 calculation on

only by the presence of pyridyl nitrogen but also by its’ position.
DMAPIP-¢ predicted that under isolated condition, the imidazopyridine ring (the acceptor) is
out of plane from the phenyl ring.25 Further the calculations also predicted that the hydrogen
bonding of the imidazopyridine ring (acceptor) with solvent make the imidazopyridine ring
coplanar with phenyl ring. This led to the proposition that the planarization through hydrogen
bonding increase the charge flow to acceptor from the phenyl ring that results in TICT state.
But ab intio calculations on DMAPIP-c suggested that the phenyl and the imidazopyridine
rings are planar even under isolated conditions.”” This ruled out the planarization role for the
protic solvents in formation of TICT state in 2-(4'-aminophenyl)imidazopyridines. Therefore,

we have explored the characteristics of DMAPIP-c and related molecules (Chart 1) to

comprehend the mechanism for the dual emission of DMAPIP-c in protic environment.
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PIP-c
DMAPIP-c
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DMAPIP-PyMe H; DMAPIP-ImMe

Chart 1. Structure of DMAPIP-c and its methyl derivatives, /V,N-dimethyl-4-(1-methyl-
1H-imidazo[4,5-c]pyridin-2-yl)benzenamine = (DMAPIP-ImMe), N,N-dimethyl-4-(5-
methyl-SH-imidazo[4,5-c]pyridin-2-yl)benzenamine (DMAPIP-PyMe) and 2-
(phenyl)imidazo[4,5-c]pyridine (PIP-c).

2. Materials and Methods
2.1. 2-(4'-N,N-dimethylaminophenyl)imidazo[4,5-c]pyridine (DMAPIP-c)

DMAPIP-c was synthesized by following the procedure reported for similar
compound.”®® A  equimolar mixture of  3.4-diaminopyridine and  4-(N,N-
dimethylamino)benzoic acid was refluxed in POCl; for 6 h. The cooled reaction mixture was
added to ice cold water and neutralized with sodium hydroxide. The precipitate thus obtained

was purified by column chromatography. The mass and NMR data confirmed the product.

'"H NMR (400 MHz, CDCls, ppm) & 3.11 (6H, s), 6.89 (2H, d), 7.93 (1H, d), 8.20 (2H, d), d
8.34 (1H, d), 8.97 (1H, s)

HRMS (ESI) m/z: [M+ H]" Calcd for C4H4N4239.1252; Found 239.1301.

2.2. N,N-dimethyl-4-(5-methyl-SH-imidazo[4,5-c]pyridin-2-yl)benzenamine (DMAPIP-
PyMe)

DMAPIP-c and methyl iodide were mixed completely and irradiated intermittently in a

microwave oven at 200W for 4h.”’ After irradiation, the mixture was cooled and then treated
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with base.’® The product obtained was purified by preparative thin layer chromatography.

The NMR and mass data confirmed the identity of the product.

'"H NMR (400 MHz, CDCls, ppm) & 3.10 (3H, s), 3.53(6H, s), 4.02 (1H, d), 7.05 (2H, d),

7.08(2H, d ), 7.48 (2H, m)

HRMS (ESI) m/z: [M+ H]" Calcd for CsH 6N, 253.1409; Found 253.1461.
2.3. N,N-dimethyl-4-(1-methyl-1H-imidazo[4,5-c]pyridin-2-yl)benzenamine (DMAPIP-

ImMe)

DMAPIP-c, methyl iodide and KOH (powder) were dissolved in a 3:1 solvent mixture of
dimethyl formamide and tetrahydrofuran. The mixture was heated at 40 °C with stirring for
20 h.*'The product obtained was purified by column chromatography and it’s identity was

confirmed by mass and NMR data.

'"H NMR (400 MHz, CDCls, ppm) § 3.07 (6H, s), 4.11 (3H, s), 6.65 (2H, d), 7.69 (2H, d),

7.77 (1H, d), 8.30 (2H, d)

HRMS (ESI) m/z: [M+ H]" Caled for C;sH ;N4 253.1409; Found 253.1448.
2.4. 2-(Phenyl)imidazo[4,5-c]pyridine (PIP-c)

PIP-c was prepared by refluxing benzoic acid and 3,4-diaminopyridine in
polyphosphoric acid at 190°C for 5 h. The cooled reaction mixture was poured to ice cold
water. The mixture was neutralized by potassium hydroxide solution. The dried solid product
was recrystallized twice in methanol. The product was confirmed by HRMS mass and NMR

data.
'"H NMR (600 MHz, CDCls, ppm) 6 8.86 (1H, s), 7.36 (4H, m), 8.08 (2H, dd), 8.22 (1H, d)

HRMS (ESI) m/z: [M+ H]" Caled for C;,HgN3196.0830; Found 196.0872.
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2.5. Spectral measurements

Absorption spectra were recorded on a Varian Cary 100 UV-visible spectrometer and the
steady state fluorescence spectra were measured on a Horiba Jobin Yvon Spex Fluoromax 4
spectrofluorimeter. HPLC grade solvents procured from Merck or Rankem (India) were used
for the studies. The tetrabutyl ammonium fluoride and tetrabutyl ammonium chloride salts
were procured from Sigma Aldrich, USA. Fluorescence lifetimes were measured on a time
correlated single-photon counting (TCSPC) method based Life-Spec II instrument
(Edinburgh Instrument) using 375 nm laser diode. The fluorescence decay was analysed by
reconvolution method using the FAST software provided by Edinburgh instruments. The
goodness of the exponential fits was evaluated on the basis of the reduced y* value and
residual plot. The fluorophore concentrations were either 1 x 10 M or saturated solution for

the spectral measurments.

The Lippert—-Mataga equation used for the analysis of solvent-dependent spectral

shifts is given below,*

3

2 m)
y = —=—
" hca

} Af + Constant (D)

Where v, =y —v/ s the Stokes shift, / is the Planck’s constant, c is the speed of light,

Ue and p, are the excited state and ground state dipole moments of the dye, respectively and a

denotes the Onsagar cavity radius. The orientation polarizability is defined by

Af:{a—l _nz—l} )

26+1 2n+1

where ¢ and #n are the dielectric constant and refractive index of the solvent, respectively.



Photochemical & Photobiological Sciences

2.6. Computational Details

The calculations were performed by using Gaussian 09 programm.33 Integral equation
formalism-polarizable continuum (IEF-PCM) model is used to include the solvent
stabilization by choosing methanol as solvent.”**> The configuration interaction with single
excitations (CIS) method is used for optimization of excited state geometry of the
molecules.* In recent times for the electronic structure calculations in the excited states time-
dependent density functional theory (TDDFT) is most popular method. The combination of
efficiency, that is, computational cost, as well as precision makes TDDFT very popular.*’®
The TDDFT calculations were performed on the optimized structure to obtain molecular
energy. The approach was successful to predict molecular parameters in number of

39,40
systems.™™

In addition the structues are fully optimized in the first excited state by TDDFT
method using different functions such as Becke’s three-parameter hybrid functional B3LYP,
Coulomb-attenuating method (CAM)-B3LYP and B3LYP-D3 to obtain the molecular

energy.* ™ The 6-31G (d, p) basis set were employed for the calculations. The energies thus

obtained for normal emission are compiled in Table 1.

3. RESULT AND DISCUSSION
3.1. Spectral characteristics of methyl derivatives

The methyl derivatives of DMAPIP-c were synthesized to ascertain the role of
hydrogen bonding of the solvent with imidazole ‘NH’ hydrogen and pyridyl nitrogen in the
longer wavelength emission processes. The emission and the excitation spectra of methyl
derivatives in cyclohexane have well resolved vibronic structures with vibrational frequency
2500 + 100 cm™ and 1650 + 100 cm™ (ESI, Fig. S1 and S2). The good mirror image
relationship between the excitation and emission spectra suggests that both the band
corresponds to the same electronic transition i.e. Sy-S;. When polarity and hydrogen bonding

capacity of the solvent is increased the spectra are blurred and bathochromic shifts are
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observed (Table 2, Fig. 1 and 2, ESI, Fig. S3 and S4). These features of the methyl
derivatives are same as those of DMAPIP-c. However the solvatochromic shifts in the spectra
of the methyl derivatives are less as compared to those of DMAPIP-c.

The p. of the methyl derivatives are calculated using Lippert-Mataga plots (Fig S5).
The excited state dipole moments of DMAPIP-ImMe, and DMAPIP-PyMe thus obtained are
9.9 and 7.7 D, respectively. Smaller p. of methylated derivatives compared to that of
DMAPIP-c (12.0 D)* indicates that charge transfer process is affected by the methylation of
pyridyl nitrogen as well as that of imidazole ‘NH’ group.

Interestingly, no dual emission is observed in both methyl derivatives. However, some
time a weak emission may be buried underneath the strong normal emission. Even in
DMAPIP-c, though clear dual emission is not observed in solvent such as propanol the time
resolved studies indicated the weak TICT emission is submerged under the normal emission.
Therefore, the fluorescence decays of the methyl derivatives were measured (Table 2). In
aprotic solvents, the fluorescence decay of DMAPIP-c was monoexponential, nevertheless it
was double exponential in protic solvents.”” But the fluorescence decays of methyl
derivatives are monoexponential in aprotic as well as protic solvents. This shows that dual
emission is not observed in the methyl derivatives. Due to methylation the hydrogen bonding
with pyridyl nitrogen and imidazole ‘NH’ hydrogen are not feasible in DMAPIP-PyMe and
DMAPIP-ImMe, respectively. Therefore, the no longer wavelength emission in methyl
derivatives specifies that the hydrogen bonding of both azole ‘NH’ hydrogen and pyridyl
nitrogen with the solvent are essential for the dual emission of DMAPIP-c. The proton
transfer from the azole “NH’ hydrogen to the pyridyl nitrogen is one such process which
requires the hydrogen bonding of solvents at both azole ‘NH’ hydrogen and pyridyl nitrogen.
In the excited state, the transfer of proton from the acidic group to the basic group occurs

through hydrogen bonding and it often results in dual emission.*”* Usually a negative
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solvatochromism is observed in the tautomer fluorescence that formed by proton transfer.
However, the longer wavelength fluorescence of DMAPIP-c is a TICT emission and it
exhibits strong positive solvatochromism. A red shift was observed in the longer wavelength
emission in water compare to that of methanol and strong blue shift was observed in the
longer wavelength emission on moving from the more polar to less polar
environment.”~"*'"Nonetheless in some cases positive solvatochromism is observed when the
52-54

proton transfer assist the ICT process.

3.2. The relay proton transfer

In 7-hydroxyquinoline-8-carbaldehydes the relay proton transfer was reported to take
place via ionic form.”> In DMAPIP-c also the proton transfer might involve deprotonation at
imidazole ‘NH’ proton followed by its addition at pyridyl nitrogen. The effect of
deprotonation on the spectral charcteristics of DMAPIP-c in aqueous solution was already
investigated.”® Though the absorption spectrum and the normal emission of the anion are blue
shifted compared to neutral molecule no shift was observed in its’ longer wavelength
emission. But, the intensity of the longer wavelength fluorescence of DMAPIP-c enhanced
upon deprotonation. These results suggest that the species responsible for the longer
wavelength emission in both anion and neutral species is same. Therefore, it may be
hypothesized that the molecule that was depronated in the ground state to form anion and was
again protonated in the excited state. If reprotonation occurs at same site, one should expect
no shift in the nomal emission also. The blue shift in the normal emission of the anion with
respect to neutral form indicates that reprotonation did not occur at same site. Further, the
enhancement in the longer wavelength emission suggests that the depronation is one of the
steps that lead to the longer wavelength emitting state. In DMAPIP-c single solvent molecule
is not sufficient to produce the biproton transfer and this should occur via solvent network.

To verify the relay proton transfer hypothesize we deprotonated DMAPIP-c with fluoride

10
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anion in acetonitrile. Since acetonitrile is an aprotic solvent whose polarity similar to that of
methanol it is expected to prevent the relay proton transfer without hindering the charge
transfer process. Upon addition of fluoride the absorption and the fluorescence spectra are
blue shifted due to formation of anion (Fig. 3 and 4). However, no longer wavelength
fluorescence is observed in presence of fluoride (Fig. 4). Similar study with chloride ion
(relatively weaker base) does not produce any shift in the absorption and fluorescence spectra
of DMAPIP-c (Fig. S6). This confirms the fact that the spectral shift observed upon addition
of fluoride ion is not due to the effect of ionic strength but due to formation of anion.

The results are summarized below: (i) the non-appearance of longer wavelength
emission in methyl derivatives shows that hydrogen bonding of the solvents with both azole
‘NH’ hydrogen and pyridyl nitrogen and play essential roles in formation of TICT state (ii)
the enhancement in TICT emission upon deprotonation in aqueous medium and its absence
upon deprotonation in polar aprotic solvent signifies the role of relay proton transfer in the
process. (iii) Strong positive solvatochromism advocates that the relay proton transfer leads
to a TICT state. Based on these, a scheme for the formation of TICT state is proposed
(Scheme 1). The scheme was substantiated by the fact that the TICT emission for both neutral
and anion are same. This relay proton transfer is a paramount interesting process and it can
mimicking proton relay in vital biosystems.”’

3.3. Binary solvent mixture and stochiometry

The spectral characteristics of DMAPIP-c in neat solvents were reported else where.*
A bathochromic shift was observed in the absorption spectra upon increase in polarity and
hydrogen bonding capacity of the solvents except in water. Here, the effect of acetonitrile-
methanol binary solvent mixture on the absorption spectrum of DMAPIP-c is investigated

(Fig. 5). Successive addition of methanol to acetonitrile shift the absorption spectrum of

11
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DMAPIP-c¢ towards longer wavelength. This red shift is the consequence of hydrogen bonded

complex formation of methanol with DMAPIP-c.

The relay proton transfer process involves cylic hydrogen bonding network of
fluorophore and solvent molecules. For eg., relay proton transfer of 7-hydroxyquinoline and
3-hydroxyxanthone involves cylic network of two and three solvent molecules,
repe<:1:ively.58’59 Therefore, to determine the number of methanol molecules those act as
bridge connecting the ‘NH’ group and pyridyl nitrogen in the relay transfer, the fluorescence
characteristics are investigated in acetonitrile-methanol mixture. DMAPIP-c emits a single
emission at 390 nm in acetonitrile and is consistent with the earlier work.” Gradual addition
of methanol lead to formation of an additional band at longer wavelength. The relative
intensity of the longer wavelength band increases with increases in quantity of methanol (Fig.
6). Though at low methanol concentration, the longer emission band is not clear, the band is
well devepoled with sequential addition of methanol. The emission spectrum of DMAPIP-c
in neat methanol matches with the literature report.25

The stoichiometric ratio of DMAPIP-c and methanol is estimated from the Benesi-
Hildebrand plot (Fig. 7).%° Since, we want to determine the stoichiometry of complex
responsible for the TICT emission the fluorescence intensities at 550 nm is used for
calculations. The general form of Benesi-Hilderbrand equation for a 1: n complex formed
between dye and methanol is presented below:

1 1 1

=1, 1.1, KIMT{L—1, 3)

where [M] represents the concentration of methanol, Iy and I are the fluorescence intensities
in absence and presence of alcohol respectively, L. is the limiting intensity of fluorescence, n

is the number of methanol molecules and K is the binding constant. The plots of

12
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! Vs ! and ! Vs 12 did not yield straight lines. However, the plot of
I-1, [M] I-1, [M]
! Vs results in a straight line (r2 = 0.995, Fig. 7). This advocates that three

I-1, [MT

methanol molecules are involved in the proton transfer process. The multiple proton-transfer
systems are rare compared to single or two proton transfer and typically entail molecular self-
assembly or assembly of solvent molecules.

Strong positive solvatochromism clearly suggests that the longer wavelength emission
is TICT emission. Still to rule out that the emission is not due to relay proton transfer without
charge transfer we synthesized, 2-phenylimidazo[4,5-c]pyridine (PIP-c) without the charge
donating dimethylamino group. The spectral characteristics of PIP-c were studied in
acetonitrile-methanol mixture. The longer wavelength emission is observed neither in
acetonitrile-methanol mixture nor in pure solvents (Fig. 8). Unlike in DMAPIP-c with
addition of methanol only a blue shift is observed even in normal emission of PIP-c. Thus,
our conclusion that the longer wavelength is due to emission of the TICT state is further
substantiated.

3.4. Quantum mechanical calculations

As mentioned earlier, the structure of the complex were optimized in the excited state
by CIS and TDDFT methods and the emission energy of the normal emission is calculated by
TDDFT method using different functions. The normal emission predicted from the TDDFT
(with B3LYP-D3 function) optimized structure is better agreement with the experimental
value. Therefore, this procedure was followed for the excited state optimization of different
forms of DMAPIP-c.(CH30H); complex (Fig. 9). The calculations also suggest that three
methanol molecules are required to form the cyclic hydrogen bond structure. In the normal
form complex the H;;+O;g and Hyz"Ng hydrogen bond lengths are 1.93 A and 1.77 A,

respectively. In H;7--O;5 hydrogen bond the hydrogen atom of the imidazole ‘NH’ group

13
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acts as the hydrogen bond donor and the oxygen atom of the methanol acts as the hydrogen
bond acceptor. In Hj3+-"Ng hydrogen bond, the hydrogen atom of the methanol acts as the
hydrogen bond donor and the pyridyl nitrogen acts as the hydrogen bond acceptor. The H;7-
0,5 and Hy3-Ng bond distances shrink to form covalent bonds and the N;---"H;7 and O,y +*"Hp;
bond distances elongate as hydrogen bond to form tautomer. In tautomer-(CH;OH); complex
Ni-~Hj7 and Oa~Ha; hydrogen bonds are 1.70 A and 2.22 A respectively. In all the
complexes, the N-H---O hydrogen bonds are little longer than O-H--~N hydrogen bonds. In
other words, methanol formed a shorter bond when it acts as hydrogen bond donor than when
it acts as hydrogen bond acceptor. The intermolecular hydrogen bond between two methanol
molecules (O-H-H hydrogen bond) are shorter than 2 A. The intermolecular hydrogen bond
between methanol molecules also affected by the formation of tautomer. The cone angles of
tautomer-(CH;OH); complex are ZN;-H;7-O15= 166°, £01gH9-O2= 176°, LO5¢+Hy;-
Oy = 174°, £022--Hp3-Ng = 131° and those of normal-(CH3;0H); complex are ANj-
Hi7+013 = 148°, ZO3-Hi9O20 = 177°, £Os0-Ha1On= 173°, £0-Ha3+Ng = 158°.
Twisting of dimethylamino group shortens these hydrogen bonds. In other words, the
formation of TICT strenthened the hydrogen bonds of the imidazo pyridine ring (acceptor).
But still the hydrogen bond is little shorter when methanol acts as donor than when it acts as
acceptor. The bond distances and cone angles are suitable for the hydrogen bond formation in

both complexes.61

The emission energy obtained from the theoretical calculations are sketched in
Scheme 2. The calculations predict that the energy of normal hydrogen bonded structure is
lowest in the ground state. But in the excited state, the energy of the normal form is higher
than that of the tautomer. This suggests that the relay proton transfer through solvent
molecule is energetically favoured in the excited state. From the tautomer, twisting of the

dimethylamino group or the dimethylaminophenyl group should lead to TICT state.

14
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Therefore, the energies of both the excited states were calculated. In the S, state, the energy
of the dimethylamino twisted conformer is less than that of the dimethylaminophenyl twisted
conformer. Thus, it can be inferred that it is the dimethylamino group that is twisted to form
the TICT state in DMAPIP-c. The energy predicted by the calculation for the TICT emission

1.2 The frontier

(2.41 eV) is also concord with the experimental value (2.61 eV) in methano
molecular orbitals involved in this transition are shown in Figure 10. The charge localized on
the dimethylamino group in the highest occupied molecular orbital (HOMO) and on the other

part of the molecule in the lowest unoccupied molecular orbital (LUMO). This decoupled

orbitals (very little overlap between these orbital) are consistent with TICT model.*

The proton transfer induced charge transfer that lead to nonradiative process was

. 13,62
reported in number of molecules. ™

Similar proton transfer enhanced/induced TICT
emission was reported from 4-amino- and 4-N,N-dimethylamino- salycylic acids.**® But in
salylic acids the proton transfer is an intramolecular process, the salient feature in DMAPIP-c

ssis that it is an intermolecular process involves relay of four proton transfer which leads to

TICT emission.

4. CONCLUSION

No dual emission is observed when pyridyl nitrogen or imidazole ‘NH’ of DMAPIP-c can not
form hydrogen bond. The binary solvent study reveals that three solvent molecules are
involved in the formation of TICT state. No TICT emission is observed upon deprotonation
in acetonitrile. Comparison of characteristics of anionic form in protic and aprotic solvents
indicates that the formation of TICT state occurs via monoanionic form, but the anion does
not emit TICT emission in aprotic solvent. The relay transfer of proton from the imidazole
hydrogen to the nitrogen at pyridyl ring induces the TICT emission in DMAPIP-c. In

contrary to Fasani ef al. model, the dimethylamino group of DMAPIP-c is twisted to form the

15
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TICT state. The theoretical calculations support the proposed mechanism and the transition

energy predicted by the calculation is in good agreement with experimental value.
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Figure/Scheme Captions

Figure. 1 Normalised emission spectra of DMAPIP-PyMe in some selected solvents: (1)
cyclohexane (2) tetrahydrofuran (3) DMF (4) Acetonitrile, (5) butanol, (6) DMSO, (7) methanol (Aex.
=355 nm).

Figure. 2 Normalised emission spectra of DMAPIP-ImMe in some selected solvents: (1)
cyclohexane (2) tetrahydrofuran (3) acetonitrile, (4) DMSO, (5) propanol, (6) methanol, (7) DMF
(Aexe= 320 nm).

Figure. 3 Absorption spectra of DMAPIP-c in neutral (OpM F") and anion (175uM F™) forms
in acetonitrile.

Figure. 4 Fluorescence spectra of DMAPIP-c at different fluoride ion concentration in
acetonitrile (Aexe = 330 nm).

Figure. 5 Absorption spectra of DMAPIP-c in acetonitrile-methanol mixture.

Figure. 6 Normalized Fluorescence spectra of DMAPIP-c in acetonitrile-methanol mixture
(Aexe = 340 nm).

Figure. 7 Benesi-Hilderbrand plot showing 1:3 binding of DMAPIP-c and methanol
(measurred at TICT band).

Figure. 8 Normalized Fluorescence spectra of PIP-c in acetonitrile-methanol mixture (Xexc =
290 nm).

Figure. 9 Excited state optimized structures of different forms of DMAPIP-c. (CH30H);
complex.

Figure. 10 The frontier molecular orbitals of normal planar and dimethylamino twisted
tautomer of DMAPIP-c involved in the formation of S; state.

Scheme 1 The path for the formation of TICT state via anion.

Scheme 2 Energy level diagram of different forms of DMAPIP-c.(CH30H); complex shown
in Figure 9.
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Table 1 Calculated energy (eV) obtained for the normal emission

Methods Functional Normal Emission
CIS/TDDFT B3LYP 345
CIS/TDDFT CAM-B3LYP 3.70
CIS/TDDFT B3LYP- D3 343

TDDFT B3LYP 3.21
TDDFT CAM-B3LYP 341
TDDFT B3LYP-D3 3.20

Experimental value for Normal emission 3.13 eV
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Table 2 Absorption band maxima (kmaxab, nm), log emax (in the parenthesis), fluorescence band maxima (kmaxﬂ, nm) and fluorescence
lifetimes (tf, ns) of DMAPIP-c, DMAPIP-ImMe and DMAPIP-PyMe.

Solvent DMAPIP-¢* DMAPIP-ImMe DMAPIP-PyMe
)\-maxab (10g Smax) )Vmaxﬂ Tt )umaxab (10g Smax) )Vmaxﬂ Tt }\-maxab ;\-maxﬂ Tt
Cyclohexane 327, 341 350, 367, 384 - 278, 300 318, 344 2.2 321,339,360 397,425,456 2.2
Tetrahydrofuran 332 (4.45) 380 0.80 322 (4. 25) 411 1.8 351 440 2.4
Acetonitrile 335 (4.45) 391 0.96 314 (4. 28) 424 1.7 349 480 2.5
DMF 336 (4.40) 392 1.41 321 (3. 84) 437 1.9 348 470 3.0
DMSO 340 (4.38) 402 1.45 322 (3.73) 432 1.9 356 486 3.2
1-Butanol 339 (4.49) 391 0.74 320 (3. 70) 431 1.7 360 484 3.1
1-Propanol 339 (4.49) 393 1.0,2.4 320 (3. 95) 431 1.6 361 482 34
Methanol 341 (4.47) 398, 475 0.35, 1.85 316 (4. 16) 437 1.8 358 490 3.2

*Spectral data in dimethyformaide (DMF) and dimethylsulphoxide (DMSO) are from present study and in other solvents are from Ref. 25
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Fig. 1. Normalised emission spectra of DMAPIP-PyMe in some selected solvents: (1) cyclohexane (2)
tetrahydrofuran (3) DMF (4) Acetonitrile, (5) butanol, (6) DMSO, (7) methanol (A= 355 nm).
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Fig. 2. Normalised emission spectra of DMAPIP-ImMe in some selected solvents: (1) cyclohexane (2)
tetrahydrofuran (3) acetonitrile, (4) DMSO, (5) propanol, (6) methanol, (7) DMF (Ae = 320 nm).
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Fig. 3. Absorption spectra of DMAPIP-c in neutral (OuM F) and anion (175uM F") forms in
acetonitrile.

29



Photochemical & Photobiological Sciences Page 30 of 37

1.20E+07 |
0 uM F-

1.00E+07 |

8.00E+06 |

322 uM F-

6.00E+06 |

Intensity (a.u)

4.00E+06 | [/

2.00E+06

0.00E+00 . 4 . . 4 .
340 360 380 400 420 440 460 480 500
Wavelength (nm)

Fig. 4. Fluorescence spectra of DMAPIP-c at different fluoride ion concentration in
acetonitrile (Aexe = 330 nm).
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Fig. 5. Absorption spectra of DMAPIP-c in acetonitrile-methanol mixture.
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Fig. 6. Normalized Fluorescence spectra of DMAPIP-c in acetonitrile-methanol mixture (Xm
= 340 nm).
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Fig. 7. Benesi-Hilderbrand plot showing 1:3 binding of DMAPIP-c and methanol (measurred
at TICT band).
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Fig. 8. Normalized Fluorescence spectra of PIP-c in acetonitrile-methanol mixture (Aey. = 290
nm).
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Fig. 9. Excited state optimized structures of different forms of DMAPIP-c. (CH;0H); complex.
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Fig. 10. The frontier molecular orbitals of normal planar and dimethylamino twisted tautomer
of DMAPIP-c involved in the formation of S; state.
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Scheme 1. The path for the formation of TICT state via anion.
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Scheme 2. Energy level diagram of different forms of DMAPIP-c.(CH30OH); complex
shown in Fig.7
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