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Abstract

We here report synthesis and stimuli-responsive fluorescence nature of amino-methoxy-
difluoroboron diketonate, DFB-NH2, which was successively prepared via the Curtius 
rearrangement to introduce a primary amine on the phenyl ring. Thanks to the NH2 group, the 
molecule exhibits intermolecular charge transfer (ICT) nature in the ground state of the solution 
and crystalline phases. We observed a quinoid-like structure and a typical head-to-tail H-type 
dimer structure in the crystal state. The single crystal with dark-red weak emission 
demonstrates a blue-shifted emission after mechanical smearing, as a unique 
mechanofluorochromism (MFC). The drop-casted sample on a paper sheet also demonstrates 
further significant MFC. Additionally, characteristic acid-/base-responsivity is observed in 
both the solution phase, polymer-dispersed films, and powder samples.
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1. Introduction

Development of new luminescent molecular materials has been of central importance in 
functional organic chemistry [1–3] for their use in future application fields such as light-
emitting devices [4], sensors [5] and imaging [6]. Fluorescent molecules responsive to various 
stimuli, such as photons [7], substances and environment (such as pH, water, and gas) [8], 
mechanical forces (mechanofluorochromism (MFC), piezochromism) [9–11] and aggregation-
induced emission (AIE), [12] have been extensively studied [13–15]. Some of them are 
composed of functional receptor units and fluorescent emitter [16–18], where the receptor unit 
may have ion-, metal- or molecular-binding sites and modulate the fluorescence nature of the 
emitter depending on the stimulus. The exploration of new combinations of emitter and 
receptor units has thus been extensively studied. 

Among various emitting units, difluoroboron derivatives such as DFB (difluoroboron β-
diketonates) have been widely studied for their high fluorescence quantum yield, compatibility 
with various media, and sensitivity toward environmental conditions via the -conjugation 
system with donor-acceptor feature and capability of hydrogen bonding at the BF2 structure 
[19–23]. Specific MFC has also been reported for the DFB derivatives, in which mechanical 
smearing of powder samples displays significant fluorescence color and intensity changes [23–
25]. Moreover, DFB with alkylamino and dialkylamino units have been reported to show pH 
sensitivity [26].

Despite these previous works, to our knowledge, DFB derivatives functionalized with a 
primary amino group have never been reported, while we may expect significant stimuli-
responsivity of such compounds through hydrogen bonds and capability of protonation/de-
protonation equilibrium and significant intramolecular charge transfer (ICT) [26]. In this paper, 
we report on the synthesis of difluoroboron 3-(4-aminophenyl)-1-(4-methoxyphenyl)propane-
1,3-dione (DFB-NH2) and its fluorescence properties in solution, polymer matrices, powder 
and single crystals. Despite its relatively simple structure, this molecule displays a unique 
multicolor fluorescence polymorphism, responsiveness toward mechanical stress, and an acidic 
and basic environment.

2. Results and Discussion

DFB-NH2 was prepared via four-step synthesis (Figure 1). Firstly, Claisen condensation 
reaction of 4-methoxy acetophenone and dimethyl terephthalate was performed to obtain the 
-diketonate 1. Secondly, the carboxylic group of the -diketonate was saponified with LiOH 
to obtain the carboxylic acid 2 following our previous procedure. [21] Thirdly, Curtius 
rearrangement with benzyl chloroformate (Cbz) was performed to obtain the -diketonate with 
Cbz 3, with a moderate yield.[27] Lastly, boronation on diketonate and deprotection of Cbz by 
boron trifluoride diethyl ether complex (BF3OEt2) was performed to obtain the target 
compound DFB-NH2 which was purified by reprecipitation and further by recrystallization for 
structural analysis. The detail of these steps is described in supporting information. It is worth 
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mentioning that in our hands, a possible alternative route that would consist in the condensation 
of 4-methoxy acetophenone with Boc-protected methyl-4-aminobenzoate failed because the 
yield of the condensation product was very poor. To our knowledge, this represents the first 
example of the synthesis of DFB derivative functionalized with a primary amine. The newly 
synthesized molecule was characterized by 1H, 13C, 19F NMR, and high-resolution mass 
spectrometry (Figure S1-S5). 

Figure 1. Synthetic route for DFB-NH2. 

As shown in Figure 2, DFB-NH2 shows a characteristic absorption band at about 400 nm and 
emission at 450-500 nm in toluene and dichloromethane (DCM). The absorption, fluorescence 
emission and excitation spectra in some solvents are also presented in supporting material 
(Tables 1 and Figure S6(a) and (d)). In the following discussion, we mostly focused on the 
emission behaviour in DCM and toluene. The molar absorption coefficient (ε) was measured 
in DCM as 6.42×104 L mol-1 cm-1, which is similar to other DFB derivatives (see Table 1). [25] 
The fluorescence quantum yield (ΦF) was measured as ΦF=0.95 and 0.91 in toluene and DCM, 
respectively. ΦF values of DFB-NH2 above 0.9 seem to be relatively high among DFB 
derivatives. [25] The rigid and planar structure due to the coordination of the two carbonyl 
groups and fluorine atom by boron atom should contribute to these high ΦF. We will present 
DFT (Density Functional Theory) calculation results in the following section. We further 
investigated emission decay profiles with single-component kinetics in toluene with =1.79 ns 
at 450 nm and also in DCM with =2.06 ns at 510nm (see Table 1 and Figure S6). Two-
component decay was observed in DCM at 450nm, 1=1.96 nsec(85%) and 2=1.00 nsec(15%), 
from which <>=1.81 nsec was derived as an average value. Because the contribution of the 
minor component was only 15%, the average time constant <> was utilized for calculating the 
kr values ( kr = 5.0×10-8 s-1), which is similar to that of toluene (5.3×10-8 s-1).

The single and two-component emission decay feature in DCM depending on the emission 
wavelength is attributable to the contributions of locally-excited (LE) higher energy state and 
low-lying ICT state with co-planar structure for the large ΦF

 [26]. Two component emission 
was also observed in THF with shorter and longer emission wavelength (435 nm, 490 nm) and 
two emission decay components (1 = 0.38 ns (98%),  2 = 1.42 (2%) ns at 450 nm, 1 = 0.44 
ns (53%),  2 = 1.63 (47%) ns at 530 nm, Figure S6(c) and (d)). 
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Table 1. Photophysical properties of DFB-NH2 in solution in toluene, dichloromethane (DCM), 
before and after addition of trifluoroacetic acid (TFA). 

 

Maximum wavelength [nm]

Solvent Emissio
n 

(ex=410 
nm)

Absorptio
n

Excitatio
n

(em=480 
nm)

𝜀

[L mol-1 cm-

1]

ΦF 
(ex)

 [ns]

(em=

 n
m)

kr [s-1] knr [s-1]

Toluen
e 458 428 425 -

0.95 
(415

)
1.79 5.3 ×

10-8
2.8 ×
10-11

Toluen
e + 

TFA
460 400 395 - - 1.34 - -

DCM 476 430 430 6.42 104×
0.91 
(420

)
1.81 *1) 5.0 ×

10-8 *21)
5.0 ×

10-11 *2)

DCM + 
TFA 460 395 397 - - 1.26 - -

1) an average lifetime value for two lifetimes. 2) based on the average lifetime

Since DFB-NH2 possesses an amino group, it is sensitive to acidic conditions. In order to 
characterize the acid detection properties, an excess amount of trifluoroacetic acid (TFA) was 
added to DCM and toluene solution (Figure 2). As summarized in Table 1, adding TFA leads 
to a blue shift in the absorption and excitation spectra for both toluene and DCM. However, 
the emission properties showed no significant change upon the addition of TFA in toluene 
(Figure 2 (a), (c), and (e)). In the DCM solution, while, TFA triggered blue fluorescence (Figure 
2 (b) and (d)), accompanying hypsochromic shift of the emission peak from 476 nm to 460nm 
(Figure 2 (f)). The lifetime also changed from 1.81 ns to 1.26 ns (Figure 2 (h)). The significant 
solvent dependence in emission properties of DFB-NH2 is attributed to the typical ICT nature 
in DCM solution, which should be diminished in the protonated form, DFB-NH3

+
. On the 
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contrary, in toluene, DFB-NH2 predominantly exhibits emission from LE state prior to the 
addition of TFA, which is similar state to DFB-NH3

+
.

Figure 2. Fluorescence properties of DFB-NH2 in solution, on top: in toluene, bottom: in DCM, 
and effects of TFA. Fluorescence image of DFB-NH2 (a) in toluene, (b) in DCM, (c) in 
toluene+TFA, and (d) in DCM + TFA. Fluorescence emission (λex=410 nm, green), 
absorption (red), excitation (λem =490 nm, blue) spectra (e) in toluene and (f) in DCM, 
w(dotted-line)/wo(solid-line) TFA. Fluorescence decays (g) in toluene and (h) in DCM, before 
and after adding TFA (λex=390 nm, λem =450 nm).

According to previous studies, a polymer matrix can segregate solutes and provide information 
about the photophysical properties of compounds isolated in a photochemically inert matrix. 
[28] In other words, a polymer medium can create a solute-dispersed environment similar to 
the solution. To investigate acid and base responsive properties, polymer dispersed sample was 
also investigated. Polymethyl methacrylate (PMMA) was selected as a polymer medium. By 
following the method shown in Section 5, 0.07 wt% dye-doped PMMA film was prepared. The 
film initially had a cyan-blue color, and a fluorescence peak at 470 nm was obtained (Figure 3 
(a), (d)). Next, the acid-base sensing ability was investigated. After exposure to TFA and NH3 
vapour, the fluorescence color and spectral change were monitored. Firstly, the film was placed 
in a small container with saturated TFA vapours for 5 minutes. When the film was exposed to 
TFA, the fluorescence color changed from cyan-blue, and the fluorescence peak changed from 
470nm to 420nm (2530 cm-1 shift) (Figure 3 (b), (d)). After that, the film was exposed to NH3 
vapour for 5 minutes. The fluorescence color went back to the original cyan-blue, and its 
fluorescence emission maximum changed to 480 nm (Figure 3 (c), (d)). From this result, the 
solution color of DFB-NH2 can be fixed in the polymer film. The film can also exhibit acid 
and base sensing properties, which benefits the application towards flexible acid and base 
sensors.
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Figure 3. Photophysical properties of DFB-NH2 in PMMA (0.07 wt%). Fluorescence image 
of (a) DFB-NH2 doped PMMA film, (b) After exposing to TFA vapours, (c) After exposing to 
NH3 vapours (b), (d) Fluorescence and excitation spectra (λex=400 nm, λem =495 nm).

A single crystal of DFB-NH2 was obtained by the slow evaporation method with DCM and 
hexane. Red needle-shaped crystals were obtained (Figure S12). To understand the molecular 
packing of DFB-NH2, an X-ray diffraction analysis was performed. Figure 4 shows the single-
crystal structure of DFB-NH2. An anti-parallel alignment of neighbouring molecules forming 
a dimer structure was observed. As summarized in Table S1, the crystal belongs to a crystal 
system of P 21/c space group, and the unit cell contains four nearly coplanar molecules. As 
shown in Figure 4 (a) and (b), the aligned anti-parallel dimers make columnar stacking. The 
distance of the two anti-parallel molecules in the dimer was taken as the distance between the 
centroids of aromatic rings (Figure 4(c)). The value was calculated to be 3.73 Å, corresponding 
to the -stacking interaction. Neighbouring dimers are tethered by specific NH/F interactions 
(see Figure 4 (e), F…HC; 2.66 Å. F…HN; 2.68 Å, Figure 4 (f), F…HC; 2.54 Å. F…HN; 2.41 
Å). The dimer-dimer distance was calculated as 4.06 Å (see Figure 4 (d)) from the centroid 
distance of stacking phenyl rings. The slip-stacking dimers promote a hydrogen bonding 
network. These results suggest that the crystal of DFB-NH2 is constructed by several weak 
interactions between dimers, which might be disturbed by external stimuli [29]. 
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Figure 4. Single crystal structure of DFB-NH2. (a) packing view along b axis, (b) packing view 
along an axis, (c) distance between two molecules which construct a dimer, (d) distance 
between two dimers, (e) distance between a dimer and a neighbouring molecule, (f) distance 
of a molecule which mediates two dimers.

We subsequently investigated the luminescence properties of DFB-NH2 in solid state 
(crystalline and powder) to compare them with its solution-phase behaviour. Figure 5(a) shows 
a photographic image of single crystals under UV light irradiation (365 nm) with dark-red 
luminescence. The emissivity of DFB-NH2 molecules in the solution phase is efficiently 
suppressed in the crystal structure, which is composed of -stacking anti-parallel dimer 
structure. The significant effect of the H-type dimerized structure is also notable in the 
bathochromic shift of the emission band to 624 nm, which is much longer than the solution and 
polymer dispersed films and is primarily attributable to the excitonic interaction in the dimer. 
Excited state interaction between the dimers may also contribute to this emission wavelength 
shift. As shown in Figure 5(c), the drop cast of acetone solution onto a filter paper produced 
powder-like samples with fluorescence emission at about 580 nm. In this deformed 
polycrystalline state, we could observe much higher emissivity. Although their structure-
property relationship is not fully characterized here, they suggest the polymorphic nature of 
DFB-NH2 in the solid state. In the drop-casted sample, a part of DFB-NH2 should form a bright 
emissive phase. Thus, even if some parts are still in the dark-red crystal particles, they may not 
be detected under UV light. The single crystal and powder samples were then smeared, and 
their fluorescence properties were studied. The emission of the single crystal at 624 nm shifted 
to 600 nm (Figure 5(a), (b), (e)) after smearing. Moreover, the powder X-ray diffraction pattern 
(Figure S11) revealed that the pattern became much broader after grinding, suggesting that this 
transition corresponds to a shift from crystalline to amorphous. The drop-casted powder with 
orange emission (Figure 5 (c)) at λem=575 nm also demonstrated MFC nature after smearing, 
with yellow emission at λem=542 nm (Figure 5 (d), (e)). Interestingly, DFB-NH2 indicated a 
blue shift in the emission wavelength and enhanced emission properties after smearing in both 
sample systems. In typical MFC behaviour of DFBs, the fluorescence displays red shifts after 
smearing [23,24,30]. This phenomenon should originate from changes in the packing structure 
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of the fluorophores favouring the appearance of strong π-π interactions and excimer structures, 
with disruption of the hydrogen bonds network between F and αH atoms. Due to these 
structural changes, emissive materials newly form in the mechanically perturbed areas, 
resulting in red-shifted emission in the amorphous state[24]. The excited state energy migration 
in the partially deformed amorphous solid state may also contribute to the red-shifted emission. 
Meanwhile, there are limited reports of the opposite type of MFC, i.e. blue-shifted MFC 
[29,31,32]. Chen et al. reported, for example, that carbazole-containing difluoroboron -
diketonate showed blue-shifted MFC. They explained those emission changes saying that the 
grinding process was disrupting the crystalline order and leading to reduced excitonic 
delocalization [29]. Another study by Yamaguchi et al. focused on a tetrathiazolylthiophene 
derivative and its behaviour when subjected to anisotropic forces. When such forces were 
applied, the emission properties of the compound undergo a significant blue shift attributed to 
the disruption of the H-bond network and the disintegration of dimer packing, leading to a less 
ordered arrangement.[33] Based on these studies, the hypsochromic-shifted MFC in DFB-NH2 
crystal could be linked to the deformation of the initial packing structure. As a related matter, 
we have previously observed a blue shift in luminescence at the nanoscale, which was ascribed 
to a crystal-to-crystal phase transition triggered by forces applied through an AFM tip. This 
contrasts with the red-shifted MFC in macroscale in the same system. However, we assume 
that a different mechanism underlies in the case of DFB-NH2, as the present transition 
corresponds to a crystal-to-amorphous state. [34] We here notice the importance of the anti-
parallel dimer arrangement in the crystal lattice, which efficiently promotes the red-shifted 
emission in the crystalline state, with notably decreased luminescence intensity compared to 
the solution phase. This may be attributed to the partial symmetry forbidden effect of the H-
type dimer. The structural deformation after mechanical stimulation and blue-shifted emissions 
can be explained by the disruption of those anti-parallel H-type dimer structure which goes 
along with the emission intensity increase as observed. Although ideal H-type dimers have 
been theoretically predicted to be non-emissive, practical crystals may show dark red 
emission.[35] Spano and coworkers have recently reported a significant contribution of 
quadrupolar interaction in H-type dimers of DAD-type molecules, resulting in red-shifted 
emission of H-type dimer aggregates.[36]
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Figure 5. Photophysical properties of DFB-NH2 in solid-state. Images under UV (365nm, 
right) and ambient light (left) of (a) single crystal, (b) after smearing of (a), (c) drop-casted 
sample on paper from acetone solution, (d) after smearing of (c). (e) Fluorescence spectra 
(λex=400 nm), purple, blue, green, light blue curves correspond to (a), (b), (c), and (d) 
respectively. For the spectrum of “Single crystal + smearing”, the representing wavelength 
region is limited in order to avoid the light scattering effect.

 

An acid- and base-detection was further studied with pure DFB-NH2 powder using similar 
conditions to the polymer dispersed sample (Figure 6). As a related topic, Chujo et al. have 
reported clear acid-base responsive boron diiminate-containing polymer films [37,38]. We here 
demonstrate similar experiments with polycrystalline molecular powders [39]. Before acid 
exposure, the bulk crystal showed red emission at 624 nm (Figure 6 (a), (d)). The red crystal 
was placed into a small glass vessel with saturated TFA vapour for 5 min. The crystal color 
changed immediately while melting and changing shape. The fluorescence color changed to 
yellow, and the fluorescence spectra maximum shifted to 573 nm (Figure 6 (b), (d)). After that, 
the crystal was exposed to NH3 vapour for 5 min. The fluorescence color returned to red, and 
the fluorescence spectral peak was back to 624 nm (Figure 6 (c), (d)). These results clearly 
show that the acid- and base-sensing properties are reversible even in the bulk solid state.

The possible molecular-level scheme is illustrated in Figure 6 (e). Before TFA exposure, the 
primary amine, the boron chelate ring, and the methoxy might act as a strong donor, an acceptor, 
and a weak donor, respectively, leading to the observed red emission. On the contrary, after 
protonation, the primary amine, the boron chelate ring, and the methoxy might act as an 
acceptor, an acceptor, and a weak donor, respectively. The strong donor-acceptor interactions 
between the primary amine and the boron-chelating ring are expected to be suppressed by the 
protonation of the amino group, promoting a much blue-shifted emission in acidic conditions. 
We also observed partial shape change of powder with small transparent portion after exposing 
the sample to TFA vapours. Two terms may simultaneously contribute to this partial melting 
phenomenon, to which water in the air may contribute in some extent. TFA may contribute to 
break the hydrogen bonds and other short-contact interactions between neighbouring molecules, 
causing the crystal lattice to weaken. The TFA may also form TFA-water liquid phase with 
DFB-NH3

+/DFB-NH2 molecules, leading to deliquescence. 
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Figure 6. Acid and base sensitive properties of DFB-NH2 in the solid state. Images under UV 
(365nm, top) and ambient light (bottom) of (a) the initial single crystal, (b) the solid after TFA 
exposure, (c) the solid after NH3 exposure. (d) Fluorescence spectra (λex=410 nm): red = 
crystal, green = after TFA exposure, blue = after NH3 exposure. (e) Scheme of the pH-
responsive behaviour of DFB-NH2 in solid. 

Figure 7. Molecular structure of DFB-NH2 with numbering of each atom.#35-N may connect 
to two or three H atoms. 
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Table 2.  Correlation of bond distances between the crystal structure and the calculated data 
(neutral form in DCM, acidic form in DCM+H+). The atomic number corresponds to Figure 
7. The color in the table corresponds to the bond color in the Figure 7. 

Bond distance [Å]

Atomic number

DCM DCM+H+ Crystal

21,35 1.3631 1.4757 1.367

17,21 1.4099 1.3843 1.403

19,21 1.4094 1.3862 1.408

16,19 1.3777 1.3869 1.365

15,17 1.3780 1.3887 1.369

14,16 1.4071 1.3987 1.404

14,15 1.4069 1.3964 1.407

1,2 1.4023 1.4039 1.395

2,3 1.3790 1.3769 1.369

3,4 1.4059 1.4082 1.411

4,5 1.3985 1.4016 1.393

5,6 1.3879 1.3849 1.387

1,6 1.3975 1.3998 1.397

1,24 1.3498 1.3444 1.356
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To understand the acid-base responsive nature of DFB-NH2, we performed DFT calculations 
using the CAM-B3LYP hybrid functional and the 6-31+G(d,p) basis set. We studied the 
optimized geometry and the correlation between the calculated structure and the X-ray 
diffraction data. First, as shown in Figure S7, the optimal structure of DFB-NH2 is almost a 
coplanar structure. Moreover, as shown in Figure 7 and Table 2, a quinoid-like structure was 
observed on the two benzene rings, especially on the amide side. Concretely, the bond distance 
of C16-C19 (1.38 Å) and C15-C17(1.38 Å) is notably shorter than the bond distance of C19-
C21 (1.41 Å), C17-C21 (1.41 Å), C14-C16 (1.41 Å), and C14-C15 (1.41 Å). We found the 
same trend in X-ray diffraction data. Moreover, according to the DFT calculation, the molecule 
showed a stronger quinoid effect in DCM than in toluene (see Table S2). The DFT calculation 
also provided sp2-like co-planar structure around the N atom in DFB-NH2, as we obtained the 
sum of three internal bond angles (<CNH, <HNH, <HNC) around the primary amine N-atom 
as 355.1o. These quinoid-like structures, associated with a significant CT state, support the 
C=NH2

+ character of the amino group (Figure S10).

Next, we investigated the differences between the optimized geometries of DFB-NH2 and 
DFB-NH3

+. It can be noticed that the bond distance of C21-N35 is shorter in the neutral form 
than in the protonated form, which is also consistent with the contribution of the C=N quinoid 
structure in DFB-NH2 but not in DFB-NH3

+. We also investigated the angle between the 
chelate and benzene rings (Figure S7, Table S3). The benzene ring (A) on the NH2 side and (C) 
on the OMe side were studied through their twisting angles with respect to the central O-B-O 
chelate ring (B). In DCM, the angles AB=1.98 º and BC=5.60 º for DFB-NH2 change to 
AB=11.9 ºand BC=3.92 º for DFB-NH3

+. This notable change in AB suggests a suppression 
of the quinoid contribution around the A-ring in DFB-NH3

+. Unfortunately, this discussion is 
not fully consistent with the observed twisting angles in the crystal structure, which could be 
explained by the intermolecular interactions in the crystal.

Moreover, the calculated UV-vis spectra and fluorescence vertical transitions, energy of 
HOMO and LUMO are reported in Table S4 and Figure S8. HOMO and LUMO electric 
transition dipole moments are also characterized by time-dependent density function theory 
(TD-DFT) calculation, and spectra calculations successfully reproduce the blue-shifted 
absorption after protonation of DFB-NH2.

3. Conclusion

In conclusion, a novel DFB compound functionalized with a primary amine, DFB-NH2, was 
successfully obtained. DFB-NH2 has a significantly high fluorescence quantum yield in 
toluene and DCM. Also, it shows acidochromic properties in solution, dispersed in PMMA 
film and in powder form. The condensed state also shows unusual blue-shifted 
mechanofluorochromism, probably due to the D-A-D’ structure and its compact and H-type 
crystal packing form. Based on these results, DFB-NH2 exhibits a wide range of color changes 
from blue to red and efficient responsivity to multiple stimuli.
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5. Materials and methods

Analytical reagents were purchased from Tokyo Chemical Industry Co., Ltd (TCI), Sigma 
Aldrich, and Wako Pure Chemical Industries, Ltd. These chemicals were used without further 
purification. The reactions were monitored using Merck TLC silica gel 60 F254 and visualized 
using UV lamp with wavelength 254 nm and 365 nm. 1H, 13C, and 19F NMR analyses were 
recorded using 400MHz, 500MHz NMR JEOL JNM-ECX-500 and 600MHz NMR JEOL 
JNM-ECA600. The molecular mass was analyzed by using high Bruker Autoflex II MALDI-
TOF and JEOL MALDI Spiral-TOF high resolution mass spectrometer.

All absorption and emission measurements were conducted using spectroscopy grade solvent 
purchased from Carlo Erba without any purification, except for THF, which was not at 
spectroscopic grade but dried before use. The absorption spectra were recorded by using 
double-beam spectrophotometers Cary 100 or Cary 4000 from Agilent Technologies. The 
emission spectra were measured using Horiba Jobin-Yvon spectrofluorometers Fluoromax 
FM3 and Fluorolog FL3-221. The fluorescence quantum yield of DFB-NH2 was determined 
by relative quantum yield measurement with Coumarin 153 as a standard sample (literature 
ΦF(0) = 0.54). For solid state, fluorescence spectra were measured by FluoroLog3 equipped 
with optical fibers. The excitation wavelength was set at 400nm. The compound was deposited 
either on paper or glass.

Fluorescence decay curves were obtained by the time-correlated single-photon counting 
(TCSPC) method. The setup is composed of a titanium sapphire Ti:Sa oscillator (Spectra 
Physics, Maï Taï HP) emitting pulses of 100 fs duration at 780 nm, 80 MHz frequency. The 
laser pulses then pass through a pulse picker to reduce the repetition rate at 4 MHz. The signal 
is doubled at 390nm by focalising the laser in a non-linear SHG crystal (GWU Lasertechnik, 
UHG-23-PSK). Then the beam passes through the sample solution after adjusting the excitation 
power with an intensity attenuator filter wheel. Fluorescence photons are detected at 90° 
through a monochromator (CVI Laser Corporation, Digikröm CM110) and a polarizer at magic 
angle by means of a micro channel plate photomultiplier (Hamamatsu, MCP-PMT R3809U-
50), connected to a TCSPC module (Becker & Hickl, SPC-130-EMN). The instrumental 

http://mesocentre.centralesupelec.fr/


S. Katsumi etal 230925 Amino Methoxy Difluoroboron….

16

response function is recorded before each decay measurement with a fwhm (full width at 
halfmaximum) of ~25 ps. Time-correlated fluorescence decay data are finally processed and 
analysed with the help of a software which implements the non-linear square method (Globals, 
Laboratory for Fluorescence Dynamics at the University of California, Irvine).

Solution preparation: 1×10-6 M toluene or DCM solution was prepared. For the acid sensitivity 
test, 0.1 mL (1.3 mmol) of TFA was added to 3 mL of toluene or DCM solution.

Polymer sample preparation: 5g of PMMA was dissolved in 45 g of toluene, preparing 10 w% 
PMMA/toluene solution. 70 mg DFB-NH2 was dissolved in 1 g of 10 w% toluene/PMMA 
solution. The solution was dropped on a glass slide, preparing 0.07 w% dye-doped PMMA film. 
The drop was deposited using an automatic film applicator from TQC and dried for one day.

Acidochromism test: the polymer film or the crystal deposited on a glass slide was placed in a 
small container with TFA. The container was covered to make a saturated atmosphere, and the 
sample was exposed to TFA for 5 min and dried for 5 min. After vapouring TFA, the 
fluorescence spectrum was measured. Then it was exposed to NH3 fumes for 5 min and dried 
for 5 min. The fluorescence spectrum was then measured. 

DFB-NH2 crystals were obtained by a slow evaporation process starting from a saturated DCM 
solution. A suitable single crystal was isolated and mounted in a sample holder. X-ray 
diffractions were recorded using Rigaku Varimax Rapid RA Micro7 equipped with an imaging 
plate detector monochromated Mo Kα radiation at 103.15 K. The crystal structure and 
calculations were done using the system software Rigaku Crystal structure 3.8.1. Mercury 2022 
3.0 software and VESTA were applied to analyse and visualise crystal structure. The deposition 
number 2285179 (for DFB-NH2) contains the supplementary crystallographic data for this 
paper.

The geometry of compounds DFB-NH2 and DFB-NH3
+ have been fully optimized by the DFT 

method by using CAM-B3LYP functional with 6-31+G(d,p) basis set as implemented in the 
Gaussian 16 software package. Frequency calculations were performed to confirm that the 
geometries obtained correspond to energy minima. Implicit solvent model IEFPCM was used. 
Franck−Condon energy transitions were calculated by TD-DFT with the same functional and 
basis set. 
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Highlights

1) New fluorescent molecule, DFB-NH2, displays blue and blue-green 
luminescence in solution with QY > 90%.

2) Typical ICT nature was observed in the polar solvents, which is diminished 
upon protonation, reversibly.

3) Unique head-to-tail H-type dimer is displayed in the single crystal showing 
dark-red emission and mechanical smearing promoted blight yellow fluorescence 
as a blue-shifted mechanofuorochromism, MFC.
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4) Fluorescence color change with acid/base vapor was also reversibly 
observed in the polymer dispersed sample and even bulk crystalline powder 
samples.
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