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Excitation spectra of AHBT composites.

Fig. S1 shows the excitation spectra of AHBT composites prepared at p = 1 and 4 monitored at

both 450 and 500 nm. The spectra were recorded on a Hitachi F-4500 spectrofluorometer.
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Fig. S1. Excitation spectra of the blue (450 nm) and green (500 nm) fluorescence
of AHBT composites prepared at p = 1 and 4.
In all cases, the excitation spectra have peaks at around 328, 293, and 281 nm. The absorption
spectra for the corresponding samples exhibited peaks at around 330, 293, and 280 nm, essentially

identical with those in the excitation spectra. When we look more closely at these excitation spectra,
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interestingly, those monitored at 500 nm (that is, mainly keto emission) showed slightly broader
spectral features compared to both the absorption and excitation spectra monitored at shorter
wavelength (450 nm; enol emission). This indicates that the two emissive states are somewhat
different from each other, and here the electrostatic interactions between AHBT*® and TFPB~
modulate the absorption spectral profiles' and thus should be responsible for the “green” keto

emission.

Excitation spectra of AHBT nanoparticles.

Fig. S2 shows the excitation spectra of AHBT nanoparticles monitored at 450 and 580 nm. The
nanoparticle samples were obtained through vigorous shaking of the corresponding composite

solution with p=1 and 4.
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Fig. S2. Excitation spectra of the blue (450 nm) and yellow (580 nm) fluorescence of AHBT
nanoparticles obtained through vigorous shaking of the corresponding composite solution for
p=1and4.

Clearly, the dual emission (enol and keto (ESIPT) emission at 450 and 580 nm, respectively)
exhibits different excitation spectra, also indicating that the two emissive states are different from
each other. Since the excitation spectrum of the nanoparticle sample (o = 1) monitored at 450 nm is

almost identical with the absorption spectrum of AHBT in acetic acid solution, the enol emission
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comes from the protonated AHBT. It is interesting to note that, unlike the excitation spectra of the
AHBT composites (keto emission) as shown in Fig. S1, appearance of a broad tailing profile at A >
350 nm accompanied by a large intensity decrease at 300—330 nm is remarkable, in agreement with
the evolution observed in the absorption spectra. As described in the main text, the broad tailing at A
> 350 nm can be ascribed to deprotonated (or neutral) AHBT chromophore, so in this case, the
interactions between neutral AHBT and TFPB (precisely, “modified” TFPB brought about by
mechanical shaking under acidic condition) should be responsible for the “yellow-orange” ESIPT

emission.

Spectral simulation.

Absorption spectrum of AHBT nanoparticles obtained after vigorous shaking of the acidic
AHBT-TFPB composite solution with p = 1 can be nearly expressed as a linear combination of the
three absorption components; (i) free (or molecularly dispersed) AHBT in acetic acid solution, (ii)
AHBT nanoparticle solution with p = 4, and (iii) hydrolyzed (= modified) TFPB in acetic acid
solution. This means that, after vigorous shaking of the AHBT-TFPB composite, the solution
contains these three components. Fig. S3a displays the absorption spectrum of AHBT nanoparticles
(p =1) reproduced by the above three spectral components. Fig. S3b represents comparison between
the absorption spectra of pure (fresh) TFPB and hydrolyzed TFPB in acetic acid solution (pH ~3.3).
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Fig. S3. (a) Absorption spectrum of the AHBT nanoparticles (p = 1; dotted curve)
superimposed with the linear combination of three components (red solid curve). (b)
Absorption spectra of pure (fresh) and hydrolyzed TFPB in acetic acid solution. The
hydrolyzed TFPB was obtained by keeping the freshly prepared acetic acid solution containing
TFPB for about two weeks in dark at room temperature.
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Thermal stimulation induces formation of nanoparticles with keto emission.

The AHBT-TFPB composite, which was prepared by mixing AHBT and fresh TFPB in aqueous
acetic acid solution (with PVP, p = 4), was heated at 70°C for 60 min. Figs. S4-a and S4-b show a
set of UV-vis absorption and fluorescence spectra sampled at different times during the heating
process. Upon heating of the solution, both the absorption and fluorescence spectra changed. The
shape and peak positions for the spectrum sampled at 60 min are in agreement with those for the
AHBT nanoparticle species synthesized via vigorous shaking. Therefore, thermal stimulation (or
heating) has a similar effect to the mechanical shaking (in other words, mechanical shaking acts as
local heating of the composites), which facilitates the formation of nanoparticles with keto emission

and suggests a possibility of thermo-responsive fluorescence switching.
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Fig. S4. (a) Absorption and (b) fluorescence spectra of samples (o = 4) evolved from the heating
treatment at 70 °C. Black curves are for the AHBT-TFPB composite sample. Green and red curves
are for samples taken at different times (20 and 60 min) of the heat treatment, respectively.
Fluorescence images taken under 365 nm UV irradiation (20 and 60 min) are also shown.

IR absorption properties of TFPB and related compounds.

We focused on vibrational information on the several boron compounds that exhibit
characteristic peaks in the 400—-1800 cm™' region. Figs. S5-a and S5-b show measured IR absorption
spectra of pure (fresh) TFPB and “modified” (hydrolyzed) TFPB. Upon storage of the acidified
TFPB solution for 1 day, we found several new IR peaks in addition to the original peaks that can be
ascribed to pure TFPB. They are marked with red arrows in the figure; for example, appearance of

new peaks at 831 and 1594 cm™', suggesting the hydrolysis of TFPB in acidified solution. The bands
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at around 800-850 and 1580-1600 cm™ can be assigned to the out-of-plane C-H bending and the
C-C stretch in the aromatic rings, respectively. Then the hydrolyzed product has higher energy of

~16 cm™ for the C-C stretch vibration in comparison to that of pure TFPB.
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Fig. S5 (a) and (b) Measured IR absorption spectra of pure TFPB (NaTFPB) and “modified”
(hydrolyzed) TFPB obtained after vigorous shaking. (c) Difference spectrum between pure
(fresh) and “modified” TFPB. (d) and (e) Calculated IR absorption spectra of pure TFPB and
bis(4-fluorophenyl)borinic acid B(PhF),(OH).

To clearly see the change in their spectral profiles, difference spectrum between Figs. S5-a and
S5-b was calculated. The result is shown in Fig. S5-c. Note that subtraction factor was determined
to avoid oversubtraction (that is, to avoid the presence of sharp negative values). According to Fig.
S5-c, the band at 1594 cm™ is prominent. Moreover, we found bands at 13001350 cm™ that can be

assigned to stretch modes of B-O, giving evidence of the borate hydrolysis. One approach for the
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determination of molecular structures from the spectroscopic IR data is to optimize the molecular
geometry for possible low energy structures of the system using density functional theory (DFT),
and for the optimized structures, to simulate the spectra. All calculations were performed with the
DFT programs (B3LYP/6-31G*) provided by the Gaussian 09 suite.” Figs. S5-d and S5-e¢ show
calculated IR absorption spectra of TFPB and bis(4-fluorophenyl)borinic acid B(PhF),(OH), the
most probable candidate for the hydrolyzed (= modified) species. First, by comparing the spectra of
Figs. S5-a and S5-d, the DFT calculations almost fully reproduced the IR spectrum of pure TFPB
measured. We therefore are confident that the calculations can be successfully applied to study the
energetics and IR spectra. We then compared the difference spectrum with that of calculation for
B(PhF),(OH). See Figs. S5-c and S5-e. From these spectra, the difference spectrum is in
satisfactorily agreement with the calculated spectrum of B(PhF),(OH), so this compound should be

the counterpart that can interact with AHBT molecules in the nanoparticles.

MALDI-FOF MS of fresh and modified (hydrolyzed) TFPB.

Matrix-assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS)
analysis was performed using a Voyager DE PRO system (Applied Biosystems), equipped with a N,
laser source (337 nm). Mass spectra were acquired for negative ions in a linear mode. Samples for
measurements were prepared by mixing fresh or hydrolyzed TFPB solution with the matrix
(a-Cyano-4-hydroxycinnamic acid (CHCA), acetonitrile/acetic acid solution) and directly placed
onto the stainless steel sample plate.
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Fig. S6 Negative-ion MALDI mass spectra of (a) fresh TFPB and (b) hydrolyzed TFPB. Matrix peaks
are labeled with “CHCA”.
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Negative-ion MALDI mass spectra of fresh (pure) and hydrolyzed TFPB are illustrated in Fig.
S6. For fresh TFPB (Fig. S6-a), an intact molecular ion peak (major peak) was observed at m/z 391.
In the case of hydrolyzed TFPB (Fig. S6-b), the intact borate peak was significantly decreased
whereas fragment peaks corresponding to the species of B(PhF),0O™ and [B(PhF)O],BO,  were
additionally observed, suggesting formation of diarylborinic acid and arylboronic acid (one form of
anhydrides).” Since 4-fluorophenylboronic acid did not produce the AHBT-based nanoparticles (as
shown in the main text), bis(4-fluorophenyl)borinic acid should be the most probable counterpart in

the nanoparticle systems.

IR absorption spectrum of the AHBT-modified TFPB precipitate.

Mixing of AHBT and “modified” TFPB dissolved in acetic acid solution without PVP yielded a
small amount of solid precipitate. We then isolated and purified the precipitate, and identified the
product by the FT-IR measurement. Fig. S7 shows IR absorption spectra of the reactants AHBT and
modified (hydrolyzed) TFPB along with that of the precipitate (or AHBT-modified TFPB adduct).
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Fig. S7 IR absorption spectra of the AHBT-modified TFPB adduct (precipitate),
modified (hydrolyzed) TFPB, and AHBT in the energy region of 600-1050 cm™.

In the IR spectrum of the solid-state adduct, it was reasonably composed of the respective
counterparts. In addition, importantly, we found a new peak at ~660 cm™ that can be assigned to the

B-N stretch mode of amine-borane adducts,’ suggesting the presence of B-N bond formation.
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