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ABSTRACT. 2-(2’-Hydroxyphenyl)benzoxazole (HBO) substituted at the 5’-position with
bipyridylvinylene phenylenevinylene (compound 2) produces both normal and, via an excited state
intramolecular proton transfer (ESIPT) reaction, tautomer emissions in solvents that preserve
intramolecular hydrogen bonds. The abundance of the tautomer emission from compound 2 in a
poor hydrogen-bonding solvent increases in response to the application of a higher excitation
energy. Based on quantum chemical calculations, the excitation-dependent dual emission is
consistent with a model where the ESIPT reaction is more favored in the Sz than in the Si

electronically excited state.
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Introduction

The need for organic emitters in light-emitting devices is one impetus that drives the discovery
of dyes capable of dual emission.! One effective strategy is to incorporate the capability of
excited state intramolecular proton transfer (ESIPT)?* in a dye. A lead compound for this
purpose is 2-(2’-hydroxyphenyl)benzoxazole (HBO, Scheme 1),>® which in a poor hydrogen-
bonding solvent emits primarily from the excited state proton-transferred tautomer (aka the keto
form, K in Scheme 1). In a hydrogen-bonding solvent, the solvation process becomes
considerable (Scheme 1), which leads to the formation of the solvated enol (SE) in the ground
state that affords its normal (aka the enol) emission. Upon thoughtful selection of solvent and/or
the introduction of additives (e.g., a base, which could trigger the formation of the anion in
Scheme 1%7), some HBO derivatives®!? and other fluorophores'' may afford white emission - a

sought-after consequence that raises prospects of practical uses.'?

Scheme 1. The ground and excited state processes that produce emitters of a HBO derivative.?
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a. B =base, S = hydrogen bond-accepting solvent. The acronym of each species is written in red:
E = enol; K = keto; A = anion; SE = solvated enol. The depicted compound is HBO when R = H.
Within the blue boundaries are the species projected to exist in a non-hydrogen-bonding solvent
without any additive (e.g., a base).



Rarer are bright fluorophores that emit in a given composite color, including white, in the
absence of a strong solvent interaction.'3"!® The practical value of such an emitter would increase
if the color could be changed via excitation energy. On the fundamental front, creating dyes
capable of excitation-dependent dual emission without assistance from the solvent or an additive
represents a formidable challenge, as most photochemistry is known to occur on the first
electronically excited state and therefore is predestined for an outcome independent of excitation
energy.'’"1 In this work, we present a case in which an HBO derivative emits excitation-
dependent dual emission in the absence of strong solvation, and we offer an explanation on the
excitation energy-dependent emission property that is supported by quantum chemical

calculations.

Methods

Experimental. Reagents and solvents were purchased from various commercial sources and
used without further purification unless otherwise stated. Spectroscopic grade solvents were used
in the UV/VIS and fluorescence spectroscopic measurements. Samples of spectroscopy were
prepared in borosilicate volumetric flasks and transferred to quartz cuvettes using Hamilton
gastight borosilicate syringes. The uses of lime glass Pasteur pipets and latex rubber bulbs were
avoided in sample preparations due to the increased likelihood of accidental deprotonation of the
dye.® All reactions were carried out in oven- or flame-dried glassware in an inert atmosphere of
argon. Analytical thin-layer chromatography (TLC) was performed using pre-coated TLC plates
with silica gel 60 F254. Flash column chromatography was performed using silica (230-400 mesh)

gel as the stationary phase. 'H and '*C NMR spectra were acquired on Bruker AVANCE III NMR



Spectrometers with frequencies indicated in the synthetic procedures. All chemical shifts were
reported in d units relative to tetramethylsilane. CDCls was treated with basic alumina gel prior to
use. High resolution mass spectra were obtained at the Mass Spectrometry Laboratory at FSU.
Steady state spectrophotometric and fluorometric measurements were conducted on a Varian Cary
100 Bio UV-Visible Spectrophotometer and a Varian Cary Eclipse Fluorescence
Spectrophotometer, respectively. The synthetic procedures and additional spectroscopic data are
listed in the Supporting Information.

Computational. All calculations were carried out using the quantum chemistry package
TURBOMOLE V7.4.2° The ground state geometries were optimized at the density functional level
of theory (DFT) using the B3LYP functional®' and the def2-TZVP basis sets.*? The second
derivatives were calculated using the ‘aoforce’ module to confirm the nature of the stationary
points to be either minima (all real frequencies) or transition states (one imaginary frequency). The
excited state geometric and electronic structural parameters were determined using the time-
dependent DFT (TDDFT)?® with the same functional and basis sets as listed above. The second
derivatives of the minimized geometries of the excited states were calculated using the
‘NumForce’ module to distinguish between minima and transition states. The frontier molecular
orbitals were plotted in Figure 5 using gOpenMol.>** Additional data of computation are listed in

the Supporting Information.

Results and Discussion

The previously reported compound 1 (Chart 1)® exhibits excitation-dependent dual emission
only in a hydrogen-bonding solvent such as N,N-dimethylformamide (DMF) or dimethyl

sulfoxide (DMSO). The engagement of the HBO component in hydrogen bonding with the



solvent produces the solvated species (SE in Scheme 1). The SE and the intramolecularly
hydrogen bonded population (E in Scheme 1) can be separately excited, which leads to the
observed excitation dependence of the dual emission of 1.% This is a case where solvent
assistance is crucial in achieving the excitation-dependence of the dual emission. In a solvent
such as dichloromethane (DCM) that is unlikely to form hydrogen bonds (HBs) with compound
1, predominantly the intramolecularly hydrogen-bonded species exist (depicted within the blue
boundaries in Scheme 1), which ultimately affords the keto (K in Scheme 1) emission (Figure 1a,

blue line) by way of ESIPT with little excitation dependence.

The inability of compound 1 to produce dual emission in a non-hydrogen bonding solvent
prompted us to hunt for the structural factors that could result in both enol and keto emissions,
the ratio of which would depend on excitation energy, from solely the intramolecularly hydrogen
bonded form of a related compound. The solution offered in this work is compound 2 (Chart 1,
center), which has a phenylenevinylene moiety between the vinylbipy and the HBO components
found in compound 1. The synthesis of compound 2 is described in the Supporting Information.
This compound was found stable against E/Z photoisomerization under ambient light based on

the 'TH NMR and UV/vis spectroscopic evidence (Figures S1-4).



Chart 1. Structures of intramolecularly hydrogen-bonded compounds 1, 2, and the O-alkylated 3.?
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a. The enol and keto forms are marked as “E” and “K”, respectively. The substituents at the

5’-positions of 1 and 2 are represented by ‘R1” and ‘Rz’ in their respective keto structures.
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Figure 1. Normalized emission spectra of (a) compounds 1 (blue, 15 uM, Aex = 349 nm. This

spectrum was reproduced from Meisner, Q. J.; Younes, A. H.; Yuan, Z.; Sreenath, K.; Hurley, J.

J. M.; Zhu, L. Excitation-Dependent Multiple Fluorescence of a Substituted 2-(2'-

Hydroxyphenyl)benzoxazole. J. Phys. Chem. A 2018, 122, 9209-9223. Copyright 2018 American



Chemical Society), 2 (orange, 15 uM, Aex = 378 nm) and 3 (gray, 15 uM, Aex = 378 nm), and (b)

compound 2 (5 uM, Aex = 255-400 nm) in DCM. *: second order scatter bands.

The effect of solvent on the absorption and emission spectra of compound 2 are consistent
with the expectations of an ESIPT-capable dye (Figure S5a,b) — that is to say, a more polar
solvent prompts a higher abundance of the enol emission band from the solvated enol, while
decreasing the polarity of the solvent leads to more of the keto emission with an abnormally
large apparent Stokes shift.> Two overlapping emission bands from 2 were observed in DCM
(Figure la, orange line) — a solvent that would not engage in hydrogen bonding. The shorter
wavelength band overlaps with the emission spectrum of compound 3 (Figure 1a, gray line),
which is the O-alkylated analog with the intramolecular HB taken away. The longer wavelength
band of 2 superimposes with the keto emission band of compound 1 (Figure 1a, blue line). These
behaviors are consistent with the assignment of short- and long-wavelength bands of 2 to the
emissions from its enol and keto excited states, respectively. Therefore, this is one of the rare

13,1426 \where the enol emission of an HBO derivative is found in a significant proportion in

cases
the overall emission in a poor hydrogen-bonding solvent, in which the intramolecularly hydrogen
bonded progenitor of the keto form takes a predominant if not exclusive proportion in the ground
state (Scheme 1 within the blue boundaries). The visual contrast between the emission colors of
compounds 1 and 2 in DCM or toluene under UV irradiation is striking — compound 1 (Figure 2,
top) shows a yellow emission color characteristic of that from the keto form, while an almost
white color was observed from the sample of compound 2 (Figure 2, bottom), attributable to the

balancing between its enol and keto emission bands that are spectrally resolved as shown in

Figure 1 (orange line).
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Figure 2. Compounds 1 (a, 15 uM) and 2 (b, 5 uM) in DCM and toluene under the irradiation of
a handheld UV lamp (Aex = 365 nm). The CIE 1931 coordinates of the emissions from compound

2 are listed at the bottom.

When varying the excitation wavelength in DCM, the relative abundance of the enol and keto
emissions of compound 2 appears to change - a longer excitation wavelength (i.e., lower
excitation energy) favors the higher energy enol emission, while a shorter excitation wavelength
(i.e., higher excitation energy) favors the lower energy keto emission (Figure 1b). The excitation
spectra taken at enol and keto emission band maxima are shown in Figure S6. The excitation
spectrum of the enol band has lower intensity on the high energy end than that of the keto band.
The emission quantum yields (Table S1) and lifetime values (Tables S2-3) were also collected at

various excitation wavelengths, and briefly analyzed in the Supporting Information.



Varying the excitation wavelength did not alter the band shape of the O-alkylated compound 3
(Figure S9), which suggests that (1) an intramolecular HB, and consequently, the ESIPT is a
requirement for the excitation dependence of 2, and (2) the possible ground state conformational
distribution, especially on the phenylenevinylene axis, is unlikely a contributor to the excitation
dependence of 2 because the conformationally similar 3 does not exhibit any excitation-
dependent emission. The excitation dependence was also observed in toluene (Figure S10),
which rules out that the excitation dependence is driven by the nature of the solvent (i.e., DCM).
The possibility that two intramolecularly hydrogen bonded conformers of 2 might have been
excited separately to result in excitation dependence was not supported by the analysis via
quantum chemical calculations (Table S4). We did not find credible that ground state
aggregation might have contributed to the excitation dependence because varying the
concentration within 2-20 uM did not change either the absorption or the emission spectrum
(Figures S11-12). The contamination of the sample of 2 with a miniscule amount of 3 was ruled
out because in that case an excitation dependence in the opposite direction (i.e., a shorter
excitation wavelength produces more enol emission) would have been observed (see the
absorption overlays in Figure S13). The likelihood that acid, base, or metal ion contaminants
may have led to the observed excitation dependence was not supported by evidence (Figures

S14-17; brief analyses were also given in the Supporting Information).

The parent compound 1 in three non-hydrogen bonding solvents, hexanes, toluene, and DCM,
exhibits little excitation dependence (Figure S18). The behavior of 1 is within the expectation
based on the photophysical principle that the vast majority of photochemical reactions occurs on
the S1 (or T1) state because the internal conversion (IC) from the higher electronic states to the Si

(or T1) is almost always faster than other processes.!”!” In light of the skepticism of claims of
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27.28 which is a rare event and should

excitation-dependent emission from a small molecular dye,
sustain rigorous control experiments and verification efforts, several batches of compound 2
were prepared independently, from which the excitation-dependent emission in DCM and
toluene was reproduced. Based on this and the control experiments described earlier, the
excitation-dependent dual emission of compound 2 in an intramolecular HB-preserving solvent
is considered an innate property. This observation suggests that the ESIPT is favored at a higher

excited electronic state than the first one, and in consequence, a shorter excitation wavelength

results in a larger portion of the keto emission.

The molecular and electronic structures of compounds 1 and 2 in ground (So) and excited
states (S1 and S2) were characterized computationally at the (TD)DFT/B3LYP/def2-TZVP level
of theory. The S1 and Sz excitation energies and oscillator strengths at the optimized ground state
geometries of 1 and 2 were calculated using the TDDFT/B3LYP/def2-TZVP and RICC2/def2-
TZVP methods (Table S5). The B3LYP functional is widely used in (TD)DFT calculations of
organic molecules under a relatively lean budget of computation.?” The B3LYP is also a popular
choice in (TD)DFT calculations of ESIPT-capable compounds.***-3* However, the limitations of
B3LYP have been extensively reported, which we have briefly summarized in a previous paper
from our group.’ In particular, the excitation energy values of charge-transfer type molecules can
be severely underestimated by the B3LYP functional. In the current study, we elected to continue
to use B3LYP functional for several reasons: (1) there is a limited computational resource that is
available to us which does not allow, for example, the application of the CC2 method for
geometry optimizations of compounds 1 and 2 (50 and 64 atoms, respectively) within a
reasonable time frame. (2) In the current work, there is a reference compound (1) to compare

with the results from compound 2, which is the focus of the discussion. Therefore, the
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differences in properties of these two compounds, rather than the absolute values of the
computed data, are used to draw the conclusions. (3) There are precedents that utilize B3LYP in
the calculations of Sa states (either geometry or excitation energy) of similarly sized molecular
systems.**3® B3LYP has been reported to work in some cases even better than CAM-B3LYP, a
functional that is considered more suitable for charge-transfer molecular systems.*>*” Despite of
these arguments that are specific to the current study, one, of course, shall always be mindful of
the limitations of the B3LYP functional, which has been well documented, and, if possible,

provide controls and other supporting evidence to back up the conclusion from the calculations.

The calculations revealed three distinctions between the two compounds that argue in favor of
a faster ESIPT on the Sz than the S; state for 2 but not 1, the first of which pertains to the
energetics based on the calculated minimal energy reaction paths (MEPs)*!-2:3842 on both S1 and
Sz states (Figure 3a,b) and the total energy values of the identified stationary points (minima and
saddle points listed in Table 1). Having a +4.9 kcal/mol of the reaction energy (AE) and +7.8
kcal/mol of the barrier (AE') on the OH coordinate of the Si1, compound 2 is less inclined to
undergo the ESIPT on the Si surface both thermodynamically and kinetically than 1 (AE =-0.2
kcal/mol, while AE' = 3.2 kcal/mol using the same method, Table 1). The barrier of proton
transfer of 2 on the Sz (6.6 kcal/mol) is less than that on the Si (7.8 kcal/mol), while the opposite
is true for 1.% The difference in energy between the Si and the Sz over the OH coordinate of 2 is
plotted in the insets of Figure 3a, where a minimal gap is reached at an OH distance of ~ 1.2 A.
A minimum on the same S2-Si energy gap plot of 1 (Figure 3b inset) is absent. This comparison
suggests that it is possible for the enol form of 2 on the S> state to slide to the Si (e.g., via a
conical intersection) at ~ 1.2 A OH distance, which then overcomes a small residual barrier to

sink into the minimum of the S1 keto form.
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Figure 3. The minimal energy reaction paths (MEPs) of the Si (blue) and Sz (orange) states of
compounds 2 (a) and 1 (b) along the OH coordinates, calculated at the TDDFT/B3LYP/def2-TZVP
level of theory. The structures of the compounds are shown above their MEPs. The OH bonds, the
distances of which are the independent variables of the plots, are marked red in the structures. The
energies are plotted to the same scale for the ease of visual comparison. The insets are the
differences in energies between the Sz and the Si over the OH coordinates. Both insets are plotted

to the same scales on X and Y axes.

13



a

Table 1. Relative Total Energies (AE) and Geometries of Stationary Points on Si and Sz States.

2 OHA) NHM) aAl/]fnol) 1"  OH() NH(A) AE (kcal/mol)

enol (So) _ 0.99 178 A enol (So) 099 1.78 A

TS (So) 147 1.10 AT | TS (So) 147 1.10 A1
keto (So) 1.6l 1.06 A+11 | keto (So)  1.62 1.06 A1
enol (S)) 0.99 1.76 B enol (S)! 1.01 1.67 B’

TSC(S) 127 1.23 B+7.8 | TS(S) 126 1.24 B+32
keto (S) 1.8l 1.03 B+49 | keto(S) 182  1.03 B’-0.2
enol (S¢  1.01 1.68 C enol (S 1.00 171 c’

TSS(S) 136 1.16 C+6.6 | TS(S) 140 114 185
keto (S 171 1.04 C+6.0 | keto(S)) 170 1.04 C’+8.0

a. The stationary points were identified on the MEPs and were optimized at the DFT or
TDDFT/B3LYP/def2-TZVP level of theory without any constraints or consideration of solvent; b.
The data of compound 1 was reproduced from Meisner, Q. J.; Younes, A. H.; Yuan, Z.; Sreenath,
K.; Hurley, J. J. M.; Zhu, L. Excitation-Dependent Multiple Fluorescence of a Substituted 2-(2'-
Hydroxyphenyl)benzoxazole. J. Phys. Chem. A 2018, 122, 9209-9223. Copyright 2018 American
Chemical Society; c. TS = transition state; d. shading emphasizes the elongation of the OH bond
and the contraction of the NH hydrogen bond that precedes the ESIPT on either Sz (for compound
2) or Si (for compound 1).

Next, the ratios of the NH distances of the S1 and Sz over that of the So at each constrained OH
length are plotted to reveal how the NH contracts or stretches on the Si and Sz relative to the So.
The NH bond of 2 contracts more on the Sz (orange in Figure 4a) at the enol geometry than on
the Si (blue), suggesting a stronger tendency for the proton transfer from O to N on the Sz than
on the Si, while the opposite is true for compound 1 (Figure 4b; also see the shaded entries in
Table 1). Meanwhile, the O-N distance is reduced in sync with the contraction of the NH
distance of each compound (Figure S19), as to be expected in an ESIPT reaction.***® At~ 1.2 A

OH distance of 2, the NH bonds of the Sz and the Si coincide. The geometric convergence of the
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Sz and the Si states (in terms of the OH and NH distances) takes place at an OH distance where
the energy gap between the Sz and the Si reaches the minimum (inset of Figure 3a), again
suggesting that a crossing from the Sz to the Si is possible at the said geometry. The NH
distances of the S1 and the Sz of compound 1 coincide at an OH length of 0.9 A (Figure 4b),
which represents a contraction from the equilibrating OH distance of any of the studied states

(So, S1, or S2), and therefore would never be reached during an ESIPT reaction.
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Figure 4. The ratios of the NH distances between the Si and the So (blue) or the Sz and the So
(orange) over the OH coordinates of compounds 2 (a), and 1 (b), calculated at the DFT or
TDDFT/B3LYP/def2-TZVP level of theory. The structures of the compounds are shown above
their MEPs. The OH bonds, the distances of which are the independent variables of the plots, are

marked red in the structures.
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Thirdly, the frontier molecular orbital (FMO) occupancies offer clues on the propensity of
ESIPT on either the Si or the Sz. The displayed FMOs and data in Figure 5a,b were calculated
using the RICC2/def2-TZVP method on the DFT/B3LYP/def2-TZVP-optimized ground state
geometry. The results obtained using (TD)DFT/B3LYP/def2-TZVP method are shown in Figure
S20, which led to the same conclusion. The Si state of 2 is primarily contributed by the transition
from the HOMO to the LUMO. Both FMOs are localized on the stilbenoid component (Figure
5a). Therefore, the excitation to the Si has a high oscillator strength (2.96) and would not
increase the basicity of the benzoxazole component as expected for the ESIPT. The excitation to
the S state, however, involves a charge transfer transition from the HOMO on the stilbenoid to
the LUMO+1 on benzoxazole and has consequently a relatively small oscillator strength (0.22).
Similar charge transfer transitions have been found in the excitations to the Si states of 5°-
substituted HBOs” or the analogous HBTs (HBT= 2-(2-hydroxyphenyl)benzothiazole),* which
favor the ESIPT on the Si state. A more relevant example is the parent compound 1,® the HOMO
to LUMO (localized on stilbenoid) and HOMO to LUMO+1 (charge transfer to benzoxazole)
transitions both contribute significantly to the Si and Sz states (Figure 5b). Based on the
oscillator strength values in comparison with those of compound 2 one may deduce that the Si
state (a low oscillator strength of 0.26) shall lead to the ESIPT while the S: state (a high
oscillator strength of 1.95) is principally localized on the stilbenoid. The very small gap between
the S1 and Sz of compound 1 suggests that the internal conversion from Sz to Si ought to be
facile, and consequently the excitation to either excited state would trigger the ESIPT on the Si.
The comparison of the FMOs and the oscillator strength values of the S2 and Si states between
compounds 2 and 1 supports the conclusion that 2 undergoes ESIPT on the S2 more efficiently

than 1; the latter elects the Si as the surface for the ESIPT.
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A =363 nm, f = 2.96 A =335nm, f=0.22
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Figure 5. FMO diagrams of compounds 2 (a) and 1 (b) at the RICC2/def2-TZVP level of theory
calculated on the DFT-optimized ground state geometries. The UMO energies are listed (relative
to ‘X’ or “Y”), so are the orbital contributions (%) and oscillator strengths (f) to the S1 and S: states.

The green and blue colors denote the Si and S> states, respectively.

Computational analysis yields the following factors that collectively lead to the excitation-
dependent dual emission in an HBO derivative, without the assistance from the solvent or an
additive (Figure 6). (1) The ESIPT on the S state is endergonic so that the higher energy enol

emission is a significant component of the total emission from the Si surface. Furthermore, for
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the excitation dependence to emerge, there shall be no equilibrium of the ESIPT reaction on the
S1, based on the cogent arguments put forth by Chou and coworkers.*® (2) On the Sz surface, the
FMO arrangement is such that it involves the HBO component, which triggers the ESIPT, and in
a more physically intuitive description, the elongation of the OH bond and the contraction of the
NH distance. (3) The ESIPT on the S2 might complete adiabatically or via a crossing to the keto
state on the Si. Either way, the ESIPT initiated on the Sz surface needs to be competitive with the
internal conversion (IC) of the enol form to the Si. The distinct electronic transitions of 2 to
reach either the S (restricted on the stilbenoid) or the Sz (from stilbenoid to HBO) may create a
barrier for the IC. Only when all three scenarios are materialized could excitation-dependent dual
emission be observed. This model opens the door to future studies of verification, including more
rigorous computational studies to distinguish the adiabatic and nonadiabatic ESIPT routes that
start from the Sz of the enol form, and the ultrafast absorption and emission spectroscopies for
directly observing the competitions between IC and ESIPT in the excited states. Time resolved
emission spectroscopy has been used to characterize the emission decays of an earlier example of
ESIPT reaction on a higher electronically excited state.’® Time-resolved absorption spectroscopy
has been carried out in a recent study of excitation-dependent electron transfer within an organic
chromophore.’! ESIPT processes have been interrogated theoretically using different methods

and conceptual frameworks,*%-32-34

which we intend to apply in the future to further describe the
excited state chemistry of the current case from different angles. Quantitative benchmark values
of the ESIPT reaction energy on the Si and the rates of ESIPT> and IC could also be provided

from more comprehensive studies to aid the structural design of fluorophores capable of

excitation-dependent dual emission.
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Figure 6. A model of excitation-dependent dual emission of an HBO derivative.

Several processes may give rise to excitation-dependent dual (or multiple) emission. First,
slow internal conversion (IC) from a higher excited state to the S1 may render the emission from
a higher excited state permissible as observed in azulene.>® Such instances are rare,?® which is
consistent with the fact that most molecular fluorophores follow the Kasha’s Rule.’” Second,
ground state equilibria between different forms of the dye, for example, conformational isomers,
valence isomers,’® solvent hydrogen-bonded® or self-aggregated species, could lead to excitation-
dependent multiple emission, if each ground state species is emissive and could be separately
excited. Third, instead of emission from a higher electronically excited state, a chemical reaction
might occur there that competes with the IC to the Si. The choices of the reactions that are fast
enough to compete with the IC, which usually occurs in the ps time scale, are quite limited. They

primarily, if not exclusively, consist of proton transfer reactions, e.g., ESIPT.
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Figure 7. Four fluorescent compounds that were reported to undergo ESIPT from Sn (n > 1)

states. %7

Examples of a small number of fluorescent compounds that have been reported to undergo
ESIPT from an Si (n > 1) state are shown in Figure 7. They include an alkylamino nitropyridine
N-oxide®® and substituted 3-hydroxyflavones.’*®® In these pioneering studies, features of dyes
capable of excitation-dependent dual emission were postulated that overlap with the ones proposed
in this study, which are specific to HBO derivatives. Due to the experimental and theoretical
difficulties in studying excitation-dependent dual emission, later works have provided additions
and modifications to the properties of these compounds and to the mechanistic models of these
unusual ESIPT processes.®!"** More cases of excitation-dependent ESIPT have continuously been

reported,®>¢

which are a reflection of the growing interests in developing emitters that respond to
excitation energy. Comparing with these existing examples (Figure 7), compound 2 (1) is brighter
(average fluorescence quantum yields ¢r = 0.18 and 0.23 in DCM and toluene, respectively) with
more balanced normal and tautomer emissions (close to white emission in both DCM and toluene,

Figure 2), (2) has a closely related compound (1) to provide a contrast in the response to excitation

energy, and (3) has a clear theoretical model to interpret the excitation-dependent dual emission.
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Conclusion

In summary, contrasting to its parent compound 1, compound 2 exhibits excitation-dependent
dual emission in solvents that preserve intramolecular hydrogen bonds. The excitation
dependence has withstood rigorous control experiments, which have eliminated (1) ground state
aggregation, (2) ground state conformational distribution, or (3) acid, base, or metal ion
contamination as the cause of the excitation dependence. The consistent observations on this
unique emission behavior from multiple independently prepared batches of compound 2
significantly reduces the likelihood that the excitation dependence could be attributed to
inhomogeneity of the samples. All the experimental evidence supports the hypothesis that the
provenance of the excitation dependence of dual emission from compound 2 is the ESIPT
reaction on the S state, rather than on the Si as ordinarily observed. This model is consistent
with the computational analysis of the excited state behaviors of 2 against those of the similarly
structured parent compound 1 that lacks the excitation dependence property. This work
contributes to the fundamental molecular photophysics by uncovering a structural element that
can be leveraged to control the normal vs tautomer emissions in ESIPT-capable fluorophores
without the aid of external factors such as solvation, and the ratio of the two bands can be
controlled by excitation energy. The derived photochemical model will be tested and refined in
the future, and will be used to construct other molecules that are capable of excitation-dependent

dual emission in non-polar environments.
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