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Abstract

Conformational motion in the excited state of fluorophores critically governs their
photophysical properties. Unveiling controlling parameters of photoinduced molecular motion
in organic dyes is essential for optimization of light triggered processes. Herein, we present
ultrafast dynamics of conformational relaxation controlled photophysical properties of anthryl-
9-benzthiazole (AnBT). The title compound is a bichromophore, consists of anthracene (AN)
and benzothiazole (BT) units connected by a single bond and exists in out of plane ground state
conformation (dihedral angle of about 65°). Vibronic resolved structured absorption feature of
anthracene localized excitation is lost in first excited singlet state displaying large Stokes
shifted fluorescence, characteristics of delocalized state involving both AN and BT unit.
Ultrafast transient absorption spectroscopic studies revealed evolution of anthracene localized
Franck-Condon state to a delocalized excited state in a few picosecond timescale depending on
solvent viscosity. A planarized motion of AN and BT units is proposed to be involved in
excited state relaxation. However, protonation of BT unit is shown to induce significant
intramolecular charge transfer facilitated by ultrafast torsional relaxation promoting
nonradiative deactivation. Thus, depending upon protonation state, AnBT is shown to undergo
either ultrafast planarized motion facilitating delocalized emissive excited state or
perpendicular torsion rendering nonemissive twisted intramolecular charge transfer (TICT)

state. Experimental results were corroborated by quantum chemical calculation.
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1. Introduction

Conformational relaxation in excited electronic states of organic dyes governs photophysical
properties and plays pivotal role in photonic, optoelectronic and solar energy harvesting
application.!-!? Real time capture of dynamical events associated to geometrical relaxation in
photoinduced excited state of organic light absorbing chromophores provides molecular level
insight to structure-property relation in chemical dynamics of potential application related to
photovoltaics, nonlinear optics, as well as fundamental electron and charge transfer processes
in chemistry and biology. Localization and delocalization of excitation energy induced by
structural motion in excited state is implicated in solar energy harvesting efficiencies in
polymers!!-15, organic dyes!* and inorganic complexes.>* Dynamic planarization of the
different segment of a polymer in the excited state has been revealed to be linked to charge
transfer characteristics which has been shown to directly influence solar conversion
efficiency.!! Excited state geometric planarization of ligand substituents and / bridging ligands
in ruthenium complexes is shown to decisively impact on charge separation and charge
recombination dynamics with major consequence to dye sensitized solar cell efficiency.> ©
Exciton delocalization in tailor-made oligomers of phenylene, thiophene, porphyrin, etc., is
shown to be facilitated by excited state planarization of individual chromophores as well as
bridging linkers.!% 1619 On the other hand, photoinduced torsion of intramolecularly connected
segments of molecular fluorophores has long been subject of intense investigation in
connection to fundamental understanding of twisted intramolecular charge transfer (TICT) as
well as prospective application in different photonic and sensing applications.?% 2! In particular,
excited state torsion induced nonradiative deactivation in molecules, popularly classified as
‘molecular rotor’ is projected to have widespread practical application in microscopic sensing
and imaging of wide varieties of complex chemical and biological environments.?>?5 In
essence, unraveling factors governing molecular motion in excited state is of great significance
for fundamental photoinduced chemical dynamics and applied aspects of light driven molecular

devices.

Thorough understanding of influence of ultrafast excited state geometric motion on
delocalization/localization of electronic energy and electronic charge distribution require
probing of simpler molecular system with sufficient temporal resolution. Aiming at molecular
level understanding of conformational relaxation guided photophysical properties in organic
dyes; herein we present photophysics and excited state structural relaxation dynamics of
anthryl-9-benzothiazole (AnBT, refer to Figure 1 for molecular structure) using steady state

and time resolved optical spectroscopic methods. Choice of AnBT as the probe serves several
2
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purposes. Firstly, the molecule consists of directly linked two planar segments, namely
anthracene (AN) and benzothiazole (BT), has only one conformational degree of freedom and
hence, time resolved optical spectroscopic signatures may be easily correlated to light triggered
dynamical geometry evolution. Secondly, BT group could easily be protonated by adding acid
externally?® 27, opening up the opportunity to probe effect of induced charge transfer on
conformational relaxation dynamics. In addition, benzothiazole functionalized donor-acceptor
organic dyes find practical application in two photon absorption?®2°, dye sensitized solar cell3’-
31 and memory devices®? and hence in-depth understanding of excited state relaxation dynamics
of benzothiazole based chromophores is desired to provide design input to efficiency
optimization in proposed applications. Given the wider implication of conformational
relaxation in optoelectronic application of organic chromophores in general and practical
application of benzothiazole dyes in particular, herein we present ultrafast dynamics of neutral
and protonated AnBT by femtosecond resolved transient visible pump- visible probe
spectroscopy. We show that excited state conformational relaxation in ultrafast timescale
controls photophysical properties of the dye and direction of rotation is possible to tune by
protonation. Implication of ultrafast torsion guided photophysical properties of neutral and

protonated AnBT is discussed.

Figure 1: Molecular Structure of Anthryl-9-benzothiazole (AnBT).

2. Experimental Section

AnBT was synthesized by condensation of 9-anthraldehyde and 2-aminothiophenol by
microwave method. Briefly, 9-anthraldehyde (3 mmol) and 2-aminothiophenol (3mmol) in 1:1
molar proportion were dissolved in dry and distilled dichloromethane followed by addition of
silica (3g). The slurry was dried under reduced pressure and irradiated under microwave at
600W for 10 min. The product was extracted with diethylether and concentrated under
vacuum, purified by column chromatography (5% ethyl acetate : ether) and characterized by
proton NMR spectroscopy('H-NMR 6 (400 MHz, CDCI3): 8.62 (s, 1H), 8.25 (dd, J =8.1, 0.5
Hz, 1H), 8.04 (dd, J=13.4, 4.8 Hz, 3H) 7.84-7.79 (m, 2H), 7.64-7.59 (m, 1H), 7.54 (dd, J =8.0,
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1.1 Hz, 1H), 7.51-7.41 (m, 4H). Solvents used for optical experiments were of spectroscopic
grade (Spectrochem India) and all spectroscopic experiments were carried out at 295 K. Sample
was dissolved in different solvents and concentration was adjusted to maintain absorbance of
about 0.1 in 1 cm cuvette for steady state measurements and about 0.2 in 1 mm cuvette for
ultrafast transient absorption and fluorescence upconversion experiments. For spectroscopic
studies of protonated AnBT, protonation was achieved by adding hydrochloric acid diluted in
desired solvents. Shift in absorption spectrum and decrease in emission spectrum was
monitored during addition of hydrochloric acid. The saturation in absorption and emission

spectrum were considered as completion of protonation step.

Steady state optical measurements were recorded by JASCO absorption spectrometer
(V670) and Horiba-Jobin-Yvon (Fluorolog-3) spectrofluorimeter. Fluorescence spectra were
corrected for wavelength dependent instrument sensitivity. Nanosecond time resolved emission
spectroscopic measurements were conducted by time correlated single photon counting
technique (TCSPSC, Edinburgh, IBH). To resolve ultrafast emission decay kinetics,
fluorescence upconversion technique (FOG, CDP Corporation, Russia) was employed.
Ultrafast excited state dynamics were resolved using visible-pump visible-probe transient
absorption spectroscopic set up (from CDP corporation, Russia) coupled with a femtosecond
amplified laser system from Amplitude Technologies, France, as described previously.??
Briefly, samples were excited with 100 fs laser pulses at 390 nm and transient spectra in entire
visible wavelengths were recorded using femtosecond white light continuum as probe pulse at
different time delays of pump and probe pulse. Sample solution of 1 mm thickness (absorbance
~0.2 at 390 nm) was rotated during femtosecond measurements. Polarization of pump and
probe beam were kept at magic angle to avoid any temporal dynamics associated to
depolarization dynamics. The transient spectra were corrected for the temporal chirp of probe
wavelengths. The transient kinetics at different wavelengths were fitted with sum of
exponentials convoluted with Gaussian instrument response function of 150 fs. Following
sequential model, global analysis of the TA data was performed to verify the time constants
obtained from selected wavelength kinetic fit. Global analysis was carried out using an open-

source program OPTIMUS developed by Slavov et. al.3*

Quantum chemical calculations were performed by DFT and TDDFT method using GAMESS
software package.> B3LYP functional and 6-311G (d, p) basis set were employed along with
polarizable continuum model to incorporate solvent polarity effect. Ground state structure was
optimized without any symmetry restriction. Then vertical excitation energies were calculated

at different torsion angle between AN and BT units keeping all other internal coordinates rigid.
4
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Then, geometry optimization in the S; state was performed starting with minimum energy
conformation obtained from rigid potential energy scan, however, without any constraint.

Further, S, to S transition energies were calculated for the excited state optimized geometry.
3. Results and Discussion

Steric hindrance between relatively larger sulphur atom of BT with adjacent hydrogen of AN,
the two segments in AnBT exist largely in out of plane conformation, with a dihedral angle of
about 65° in ground state equilibrium (see below for quantum chemical calculation). Large
dihedral angle does not allow effective electronic interaction between AN and BT units.
Consequently, absorption spectrum of AnBT exhibits vibronic structures typical of anthracene
excitation. Interestingly, unlike anthracene, steady state emission of AnBT is largely Stokes
shifted and vibrational features are completely lost indicating involvement of BT moiety in
excited electronic state (Figure S1, SI). We note that absorption and fluorescence spectra of
AnBT presented here perfectly matches with reported literature.3® As spectral feature of
anthracene localized absorption is lost in emission spectrum, we infer that evolution of
electronic structure from locally excited (LE) state to a delocalized state in S; potential energy

surface of AnBT

is possibly guided by geometric relaxation. However, distributions of conformations with
different dihedral angles between AN and BT units may also contribute to broadening and loss
of structure in emission band. To unravel the structural relaxation induced electronic
delocalization, femtosecond pump-probe transient absorption spectroscopic measurements

were carried out.
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Figure2: Steady state absorption and fluorescence spectra of AnBT in acetonitrile.

5

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Physical Chemistry

Figure 3A displays transient absorption (TA) spectral evolution of AnBT in acetonitrile
following excitation by a 100 femtosecond laser pulse at 390 nm. Differential absorption at
100 fs is characterized by a structured negative band at 430 nm and a narrow excited state
absorption (ESA) band located at 590 nm. The structured negative absorption band corresponds
to stimulated emission (SE) of anthracene localized excited state and the positive band is
attributed to anthracene ESA band.?” The structured SE band quickly evolves to a red shifted
structure-less signal and ESA band at 590 nm concomitantly undergoes significant blue shift
to 560 nm in early 600 fs. On further time delay, SE band in 450 nm region evolves to ESA
signal, while ESA in red region decays to appear as weak SE signal at 570 nm. At 5 ps delay,
differential absorption spectrum is characterized by an ESA peak at 450 nm and a weak SE
signal at 570 nm, which does not evolve over several hundreds of picosecond in agreement to
long fluorescence lifetime of relaxed S; state of AnBT (Figure S2, SI). We infer that structural
and electronic relaxation of AnBT in S; manifold is accomplished within 5 ps timescale. The
early time spectral evolution suggests that LE state reached upon 390 nm excitation relaxes in
biphasic manner. Initial ultrafast relaxation is achieved in first few hundred femtosecond
followed by picosecond relaxation to the equilibrium geometry in the S; potential energy
surface. Indeed, short time temporal kinetics at different selected wavelengths fit
biexponentially with time constants of about 200 fs and 1.5 ps (Figure 3B). Global analysis of
the transient spectral data (Figure S3 in SI) also confirms that excited state evolution of AnBT
is associated with two dynamic relaxation processes with average time constant of about 0.17
ps and 1.32 ps. Ultrafast relaxation component (t ~ 180 fs) associated to loss of anthracene LE
character may be driven by intramolecular structural relaxation which allows mixing of orbital
of AN and BT in S; surface.’® Subsequent diffusional motion of AN and BT units towards
planarized geometry results in delocalization of excitation energy in picosecond timescale.3#!
The ultrafast component may also have contribution from dynamical inertial motion of polar
solvent molecules which could facilitate charge transfer between two segments leading to loss

of LE character.*?

To confirm or rule out involvement of solvation dynamics in ultrafast relaxation of
AnBT, we compared TA dynamics in nonpolar solvent, such as cyclohexane and moderate
polarity solvent such as ethyl acetate (Figure S4 and S5 in SI). We note that transient spectral
evolution in cyclohexane and ethyl acetate is almost identical to that in acetonitrile. The
biphasic relaxation in cyclohexane occurs with lifetime of 260 (+20) fs and 3.1 (+0.1) ps, while
the same accomplishes in ethyl acetate with time constant of 210 (£20) fs and 1.9 (£0.1) ps

(Figure S4). The lifetime of ultrafast component is very close in nonpolar cyclohexane,
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medium polar ethyl acetate and polar acetonitrile. Hence influence of solvent relaxation on

ultrafast relaxation of AnBT seems to play minor role. We tentatively propose that

intramolecular structural reorganization (without large amplitude conformational change)

possibly induces electronic delocalization followed by slow diffusional relaxation of AN and

BT segments to attain excited state equilibrium geometry. Absence of solvent polarity effect

on the excited state relaxation dynamics may possibly due to lower degree of photoinduced

charge transfer upon Sy to S; transition as supported by weak solvatochromism of emission

maximum from nonpolar to polar solvents (Figure S6A in SI). Quantitative measurement of

solvatochromic Stokes shift as a function of solvent polarity parameter (Lippert-Mataga

analysis) suggests change in dipole moment upon S; «— S, transition is only about 2.8 Debye

(Figure S6B in SI). Weak charge transfer character of AnBT in S, state does not effectively

couple solvent polarization and thus experiences negligible influence from solvent polarity

during excited state relaxation. However, the second component is significantly longer in

cyclohexane than that in acetonitrile. Higher viscosity of cyclohexane possibly slows down the

diffusive conformational planarization dynamics.
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Figure 3: (A) Transient spectral evolution of AnBT in acetonitrile following 390 nm femtosecond laser excitation.
(B) Temporal dynamics of transient absorption signal at two selected wavelengths. Instrument response
convoluted biexponential fit (solid line) and associated time constants (in picosecond) are also indicated in inset.
Note that long lived nanosecond component is not shown.

To get further insight about the nature of motion in the excited relaxation processes of

AnBT, we measured TA dynamics in solvents of varying viscosities presented in Figure 4 and

summarized in Table 1. We note that in all solvents, relaxation dynamics of AnBT is biphasic

with an ultrafast component (t; in the range of 220 - 270 fs) and a slower picosecond
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component (1) which systematically varies with solvent viscosity (Table 1). Plot of 1, against
solvent viscosity shows a linear variation (Figure 5). Diffusional segmental motion in
molecular chromophore is known to be hindered by surrounding viscous friction offered by
solvents environment3*#*! and previous studies have well established viscosity dependence of
ultrafast dynamics in molecules involving conformation relaxation.?*-4l: 4345 A linear
correlation of picosecond relaxation timescale with solvent viscosity is in clear consonance

with conformational motion of AN and BT units to attain equilibrium geometry in S; surface.
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Figure 4: Transient absorption dynamics of AnBT at two selected wavelengths (A) 450 nm and (B) 550 nm in
dimethylformamide, dimethylsulfoxide and propylene carbonate. Ultrafast time constants associated with best fit
function (black solid line) are indicated (also provided in Table 1). Note that nanosecond long component is not
indicated.

Table 1: Ultrafast Time constants associated with transient absorption dynamics of AnBT in different aprotic
solvents of varying viscosities.

Solvent Viscosity (cp)? Time constant (ps)
T T2
Acetonitrile 0.37 0.22 1.5
Ethyl Acetate 0.46 0.22 1.9
8
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Dimethyl Formamide 0.88 0.24 33
Cyclohexane 0.9 0.24 3.2
Dimethyl Sulfoxide 1.9 0.26 6.1
Propylene Carbonate 2.6 0.24 9.4

aViscosity (in centipoise) of the solvents taken from Ref. 46.

10
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0+ T T T T T T T T T T
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Figure 5: Linear variation of 1, of AnBT versus solvent viscosity (Slope = 0.96) as measured in cyclohexane,
ethyl acetate, acetonitrile, dimethylformamide, dimethylsulfoxide and propylene carbonate.

To support our proposition of dynamic planarization induced excited state
delocalization, we carried out quantum chemical calculation in ground and excited electronic
state of AnBT (Figure 6). DFT optimized geometry in ground electronic state of AnBT
suggests, at energy minimized conformation AN and BT units exist at a dihedral angle of about
65°. Molecular orbital compositions, shown in Figure 6B, reveals that both HOMO and LUMO
orbitals are localized in anthracene units indicating minimal electronic interaction between AN
and BT units, which is in complete corroboration with experimentally observed anthracene like
absorption spectrum. Then we calculated potential energies (PE) of both Sy and S, state of
AnBT as a function of dihedral angle between AN and BT units (Figure 6A). In ground state,
increase or decrease in dihedral angle away from equilibrium conformation increases potential
energy. However, in S; state, PE decrease, as we decrease the dihedral angle and reaches
minimum at a dihedral angle of about 35°. Further decrease in dihedral angle results in increase
in PE, possibly due to overriding steric repulsion at closer proximity of bulky sulphur of BT
with adjacent hydrogen atom of AN. Orbital composition at planarized (® ~ 35°) conformation
shows that HOMO and LUMO electron density is distributed on both AN and BT units (Figure
6C) which supports delocalized electronic state promoted by planarization of AnBT in S;

9
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surface, consistent with picosecond dynamics measured experimentally. We note that further
planarization (® < 35°) would enhance electronic delocalization but energetically unfavorable
due the overwhelming steric repulsion toward coplanar geometry. There is a compromise
between dynamic planarization facilitated electron delocalization induced stabilization and

destabilization by steric repulsion.
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Figure 6: (A) Potential energies of AnBT in Sy and S; state as a function of dihedral angle between AN and BT
units (rigid scan, i.e., all other internal coordinates were kept fixed). HOMO-LUMO composition of AnBT in
ground state (B) and excited state (C) equilibrium geometry. Calculations were performed employing B3LYP

functional and 6-31G(d,p) basis set in acetonitrile (polarizable continuum model).
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Geometry optimization in S; state confirms planarized conformation and Sy « S;
transition energy is calculated to be about 2.63 eV as compared to 3.38 eV for Sy — S; transition
at ground state geometry. The calculated Stokes shift (0.75 eV) reasonably agrees with
experimental value of 0.93 eV measured in acetonitrile (see Fig. 2). Hence, in conjunction with
quantum chemical calculation and steady state photophysical data, ultrafast transient
spectroscopic investigation revealed dynamic planarization induced excitation delocalization
in AnBT bichromophoric system. Our result is in corroboration with proposed dynamic

structural motion induced exciton delocalization reported for various oligomer and polymers.®
12

In following section, we present the effect of protonation of benzothiazole unit on
photophysics and excited state dynamics of AnBT. Protonation of benzothiazole derivatives
and related molecular systems is known to impart intramolecular charge transfer (ICT)
character in excited electronic state.*’#° Torsional relaxation in excited state of ICT molecules
is a well documented fundamental phenomena in chemical physics and bears relevance in many
practical applications.??! Protonation activated geometrical relaxation is also projected to be
important in molecular switch3% 3!, molecular motor>? and molecular rotor> 3 applications. As
presented below, we show that protonation alters the excited state relaxation dynamics in AnBT

and consequently photophysical properties get significantly modulated.

Effect of protonation on steady state absorption and fluorescence spectrum of AnBT is shown
in figure 7. Protonation induces red shift of absorption spectrum and the vibrational feature of
anthracene localized excitation is largely smeared out which suggest a low energy charge
transfer excitation is switched on by protonation. Steady state emission gets quenched over
several hundred folds suggesting fast nonradiative relaxation promoted by protonation. Fast
nonradiative deactivation of protonated AnBT is corroborated from ultrafast time resolved
emission study (Inset of Figure 7), which shows emission lifetime of protonated AnBT is only

about 5 picosecond, as compared to nanosecond lifetime (ca. 5.4 ns) of neutral AnBT.

11
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Figure 7: Steady state absorption and fluorescence spectra of neutral and protonated AnBT in acetonitrile.
Emission spectra were collected at 390 nm excitation. Inset: Transient emission decay kinetics of protonated
AnBT in acetonitrile measured by fluorescence upconversion technique (A = 390 nm, A, =550 nm).

Fast nonradiative deactivation of AnBT upon protonation is attributed to activation of
an ultrafast torsional relaxation channel. To identify, ultrafast TA measurements were carried
out on protonated AnBTH™ in acetonitrile. As presented in figure 8A, early time TA spectrum
exhibits a weak structured SE band at 460 nm and a weak broad ESA in red region. ESA in
650 nm and higher wavelengths may be assigned to anthracene radical cation absorption due
to charge transfer excitation in AnBTH* leads to electron transfer from anthracene to BT unit.
The weak SE evolves to a strong ESA band with peak at 490 nm and ESA at 550 nm region
decays to appear as weak SE band in first few hundred femtosecond. ESA at 550 nm may be
assigned to absorption of BT radical as previously observed in TA spectral dynamics of
thioflavin-T.** This initial spectral evolution is qualitatively similar to that of neutral AnBT
and tentatively assigned to planarized motion induced excited state delocalization.
Interestingly, with further time delay, SE band decays completely and at 15 ps, TA spectrum
appears as broad ESA band covering entire spectral region. This is in contrast to ultrafast
planarization dynamics of neutral AnBT, which leads to long lived emissive state. In protonated
AnBT, decay of SE within 15 ps suggests relaxation of emissive state to a dark intermediate
state. The dark excited state decays back to ground electronic state in 100 ps time scale.
Apparently, excited state relaxation dynamics of AnBT changes dramatically on protonation.
While, initial TA spectral evolution may have contribution from solvent relaxation dynamics
of intramolecular charge transfer state of AnBTH™, subsequent nonradiative deactivation
channel in protonated AnBT is promoted by formation dark intermediate state which further

decays to ground state within 100 ps timescale. The temporal kinetics fit three exponentially
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with lifetime of about 0.23 (£ 0.03), 5 (£ 1) and 28 (+ 2) ps (Figure 8B). Global analysis of the
temporal dynamics of TA signal in entire probe wavelength region yields similar time constants
of the three processes (Figure S7 in SI). The ultrafast component may be attributed to solvation
dynamics. However, we also note that 390 nm laser, excites AnBTH™ to S, state with significant
vibrational energy and thus ultrafast component may have contribution of vibrational relaxation
component. The second component of 5 ps associated to decay of emissive planarized state to
an intermediate dark state is further characterized by ultrafast emission decay measurement
carried out by fluorescence upconversion technique. Transient emission decay lifetime of
AnBTH" is determined to be 5 ps, in perfect agreement to the time constant measured by TA
study. Intermediate dark state decays back to ground state with a lifetime of about 28 (% 2) ps.
Short lifetime of the S; state of AnBTH™ can be attributed to small energy gap between S, and
S, state. Intermediate dark state is proposed to be formed by mutual torsion of AN and BT units
to a twisted structure. Involvement of large amplitude torsion associated to intermediate
relaxation component of AnBTH™ gains support from viscosity dependence study (Figure S8
in SI) which display significant slow-down (1, = 16 (= 2) ps) of intermediate process in higher

viscosity propylene carbonate (1 = 2.6) as compared to that in acetonitrile ((n = 0.4)
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Figure 8: (A) Transient spectral evolution of protonated AnBT in acetonitrile, following 390 nm femtosecond
laser excitation. (B) Temporal dynamics of TA signal at two selected wavelengths. Instrument response
convoluted sum of exponential fit (solid line) and associated time constants (in picosecond) are also shown.

Quantum chemical calculations were carried out to provide further support to the
experimental observation (Figure 9). DFT calculated ground state geometry shows that ground
state conformation of AnBT remains same upon protonation, as protonation seems to impart
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no extra steric influence on already pretwisted conformation of AnBT. However, HOMO-
LUMO composition (Figure 8B) indicates charge transfer from AN to BT. This is in contrast
to completely AN localized Franck-Condon excited state of neutral AnBT. Protonation is
proposed to significantly increase electron pulling capacity of BT enabling CT character in the
lowest energy electronic transition manifesting broad shoulder in red side of absorption band

along with loss of vibrational structure of pure anthracene like absorption of AnBT.

3.0
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Figure 9: (A) Changes in potential energy of AnBTH" in Sy and S; state as a function of dihedral angle between
AN and BT units under rigid scan (i.e., other internal coordinates kept fixed). HOMO-LUMO composition of
protonated AnBT at ground state (B) and excited state (C) geometry. Calculations were carried out in acetonitrile
using polarizability continuum model.
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Calculation of potential energy (PE) of protonated AnBT shows interesting result. As
shown in Figure 8A, PE of S; state gradually decreases as we increase the dihedral angle and
attains minimum at perpendicular geometry. Geometry optimization confirms that PE minima
in S state of AnBTH™ is located at perpendicular conformation (Dihedral angle between AN
and BT is 89°). At this geometry, HOMO and LUMO molecular orbitals are completely
localized at AN and BT units, respectively, decoupling orbitals of AN and BT and thus
complete charge transfer at TICT geometry is attained. Calculated oscillator strength of Sp<>S;
transition of ground state (f ~ 0.29) and excited state (f ~ 0.002) optimized geometry supports
relaxation to optically dark twisted state inferred from TA dynamics. In addition, low value of
calculated Sy «<— S; transition energy (1.8 eV) of twisted state of AnBTH" also supports fast

deactivation to ground state in a few100 ps timescale measured by TA spectroscopy.
4. Conclusion:

In summary, we show that ultrafast dynamic planarization in picosecond timescale facilitates
excitation delocalization in AnBT bichromophore. In absence of significant intramolecular
charge transfer, conformational planarization dynamics in neutral AnBT appears to be
diffusion controlled as revealed from viscosity dependence of picosecond relaxation
component. On protonation, excited state conformational relaxation dynamics dramatically
change. While planarization of chromophores in neutral AnBT leads to long lived emissive S,
excited state, protonation of BT switches on picosecond nonradiative relaxation to a dark
intermediate state by mutual twisting of AN and BT units. Protonation switches the direction
of conformational motion from planarization to perpendicular direction. The concept of
protonation induced intramolecular charge transfer driven torsional dynamics, previously
proposed from quantum chemical calculation in donor acceptor chromophore® gains
experimental validation in this study. Protonation induced alteration of excited state
conformational motion and consequent effect on photophysical parameters may have

implication in molecular motor and molecular switching applications.
SUPPORTING INFORMATION

Supplementary photophysical data and ultrafast transient spectroscopic data are available in

supporting information section.
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