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ABSTRACT:

Random copolymers (poly(ABSt-co-St)) consisting of avobenzone-BF> complex monomer
(ABSt) and styrene (St) were synthesized and used for emission color tuning including white-
like emission in the solid state using St units as a spacer. The emission color of ABSt in the
resulting copolymers changed from green to blue via bluish-white by changing the content of
St. The fluorescence quantum yields of the polymers in the solid state were relatively high (&
=0.30-0.51) independent of the composition contents. The polymers have two main emission
bands around 440 and 540 nm, which were derived from the emission of single-molecule and
amorphous aggregation, respectively. The fluorescence color changed according to a change in
the ratio of the fluorescence intensity at 440 and 540 nm (F440/Fsa0). The absorption and
fluorescence properties of the polymers in tetrahydrofuran were independent of the composition
ratio of ABSt and St, which indicates no intermolecular interaction between avobenzone-BF:
(AB) fluorophores in the intra-polymer chain. The emission color of all polymers in the solution
was blue and the fluorescence spectra were the same as that of ABSt in the solution. Thus,
emission color changes observed in the solid state were mainly derived from the intermolecular
interaction between AB fluorophores in inter-polymer chains because the polymers intertwined
each other in the solid state. When the polymers in the solid state were annealed, Fa40/Fs40
increased and all of the fluorescence spectra became similar to that of monomer emission
according to the arrangement change of the polymer chain. It is concluded that emission color
changes of the polymers are mainly derived from intermolecular interaction between AB
fluorophores in the inter-polymer chains. We have demonstrated that poly(ABSt-co-St) forms
excellent homogeneous fluorescence polymer films. In contrast, the mixture of methoxy AB

(ABOMe) and poly(St) undergoes crystallization even in the low content of ABOMe in poly(St).



1. Introduction

In recent years, a luminescent molecule exhibiting a change in the emission property in
response to the concentration and the environment has attracted much attention in terms of
application for sensing materials [1-5]. For instance, pyrene derivatives are known to form the
excimer derived from high planarity of the molecule in concentrated state and emit the
fluorescence in a longer wavelength region [5—10]. The fluorophore with high planarity and
small Stokes-shift such as boron dipyrromethene (BODIPY) derivatives also exhibits emission
from green to red by self-quenching and dimer formation [11-16]. Difluoroboron Avobenzone
(AB) complexes are known to be emissive in solid state and exhibit mechanochromism upon
mechanical stimuli such as grinding and striking [17-24]. It is reported that a mechanochromic
property is caused by the change in the molecular arrangement and the phase transition from a
crystalline state to an amorphous state. [to and coworkers revealed the assembly process of AB
in the course of evaporation of the solution using spectroscopic and image analysis [20]. The
process could be explained by a two-step nucleation model from the solution state via the
amorphous state to the crystalline phase. Ikeda and co-workers have also reported the effect of
the substituent and the packing pattern for various AB derivatives to the fluorescent properties
[25,26]. Chujo and co-workers have focused on boron-containing polymers because of
excellent properties such as high charge carrier mobilities, prominent optical properties, high
stability, and high processability. Especially, they reported emission color tuning and brightness
of polymers containing boron complexes such as boron-diketonate or diiminate at the main
chains and side chains [27-30].

In these days, the preparation for white emissive material has attracted because of potential
applications for lighting devices and display media [25-35]. In general, to produce white
emission, it is necessary to combine three primary RGB (red, green and blue) colors or at least
two complementary colors with proper composition ratios. If white emission could be achieved
by using a single fluorophore, then the materials would be promising for practical application.
To date, several approaches for white emission using a single fluorophore were reported [36—
39]. However, single-molecular white emission is still quite rare, and it is still worth challenging

to create a white-emitting material consisting of a single fluorophore.
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Here, we have focused on dual emission which is blue (monomer) and yellowish-green
(amorphous) of AB and the possibility of white emission by combining their phases in an
appropriate feed ratio. However, AB sometimes crystallizes even in polymers because of high
crystallinity by high planarity of the Avobenzone moiety. In this work, we report on the design
and fabrication of random copolymers (poly(ABSt-co-St)) consisting of AB monomer (ABSt)
and styrene (St) to achieve multicolor and white emission in the solid state using St as a spacer
as shown in Fig. 1. The optical properties of poly(ABSt-co-St) in various media such as

solutions, bulk powder, and bulk film are also discussed in this paper.

ABSt contents

,\r.ﬂs‘ .in.

0.0, 3

Fig. 1. Emission color changes of copolymers consisting of ABSt and St with different

composition contents.



2. Experimental Section
2.1. Measurements

Spectroscopic grade solvents used were purified by distillation before use. 'H NMR (300
MHz) and '*C NMR (75 MHz) spectra were recorded on a BRUKER AV-300N spectrometer
using tetramethylsilane (TMS) as an internal standard. Infrared (IR) spectra were recorded on
aJASCO FT/IR-4100 spectrometer. Mass spectra were obtained using a Bruker FT-ICR/solariX
mass spectrometer. Elemental analysis was performed using J-SCIENCE LAB JM10 CHN
Analyzer Micro Corder. Differential scanning calorimetry (DSC) was run using a HITACHI
DSC-7000X. Absorption spectra were measured with a JASCO V-560 absorption
spectrophotometer. Fluorescence spectra were measured with a JASCO FP-8300 fluorescence
spectrometer. Fluorescence quantum yields were also determined with the fluorescence
spectrometer equipped with a JASCO ILF-835 integrate sphere. Recycling preparative high-
performance liquid chromatography (HPLC) was conducted using a JAI LC-908
chromatograph equipped with JAIGEL-1H and 2H columns using chloroform as the eluent.
Gel-permeation chromatography (GPC) was performed using a TOSOH 8000 series GPC
system equipped with TSK-gel columns and tetrahydrofuran (THF) as the eluent at 40 °C. CIE
coordinates were measured using a HAMAMATSU PMA-11. Fluorescence microscopic
images were taken by OLYMPUS IX71. Fluorescence spectra in the local area were obtained
using a hyperspectral camera of EBA JAPAN SI108. Every pixel in the hyperspectral digital

image contains a continuous spectrum.

2.2. Materials

All reagents were commercially available from FUJIFILM Wako Pure Chemical
Corporation. 2,2°-Azobis(isobutyronitrile) (AIBN) was recrystallized from methanol.
Difluoroboron-1-(p-t-butylphenyl)-3-(p-methoxyphenyl)-1,3-propanedione  (ABOMe) was

prepared according to a method described in literature [17].

2.3. Synthesis of Avobenzone having styryl group (ASt)
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1-(p-t-Butylphenyl)-3-(p-hydroxyphenyl)-1,3-propanedione (0.67 g, 2.3 mmol) was
dissolved in methanol (80 mL). 4-Dimethylaminopyridine (DMAP) (0.33 g, 2.7 mmol), p-
vinylbenzoic acid (0.44 g, 2.7 mmol) and dicyclohexylcarbodiimide (DCC) (0.56 g, 2.7 mmol)
were added to the solution and stirred for 18 h at room temperature. The reaction mixture was
extracted with chloroform. The organic layer was dried over MgSQsa, filtered, and concentrated
in vacuo. The crude product was purified by column chromatography on silica gel using
chloroform as the eluent to give 0.35 g of 1-(p-#-butylphenyl)-3-(p-vinylbenzoyloxyphenyl)-
1,3-propanedione (ASt) in 36% yield. The 'H NMR, *C NMR, and IR spectra of the product
are shown in Fig. S1.

"H NMR (300 MHz, CDCls, TMS) & = 1.35 (s, 9H, C(CH3)3), 5.45 (d, J = 10.8 Hz, 1H,
Vinyl H), 5.93 (d, /J=17.8 Hz, 1H, Vinyl H), 6.80 (dd, /= 10.8 Hz, 17.8 Hz, 1H, Vinyl H), 6.84
(s, IH, CO-CH=C—OH), 7.36 (d, /= 8.7 Hz, 2H, Aromatic H), 7.50-7.56 (m, 4H, Aromatic H),
7.94 (d, J= 8.3 Hz, 2H, Aromatic H), 8.07 (d, /= 8.7 Hz, 2H, Aromatic H), 8.17 (d, /= 8.3 Hz,
2H, Aromatic H). *C NMR (75 MHz, CDCl3, TMS) & = 31.3, 35.2, 93.0, 117.3, 122.2, 125.8,
126.5,127.2,128.3, 128.8, 130.7, 132.8, 133.5, 136.0, 143.0, 154.3, 156.5, 164.6, 184.7, 185.8.
IR (v, KBr, cm™): 1603, 1732, 2590, 2867, 2958, 3068, 3447. HR-MS (MALDI) m/z =
427.1904 (M"). Caled for CasH2604": 427.1904.

2.4. Synthesis of ABSt

R F
/B\
O O
BF30Et2 l— o
|
ABSt

Trifluoroborate etherate (0.50 mL, 22 mmol) was added to the solution of dichloromethane

(50 mL) dissolving ASt (0.32 g, 0.75 mmol). Then, the reaction mixture was stirred for 4 h at
6



45 °C. The reaction mixture was concentrated in vacuo. The crude product was purified by
column chromatography on silica gel using n-hexane/ethyl acetate (7:3) as the eluent to give
0.20 g of ABSt in 56% yield. ABSt was purified by recrystallization from dichloromethane: mp
=218 °C. The '"H NMR, '3C NMR, and IR spectra of the product are shown in Fig. S2.

'"H NMR (300 MHz, CDCl3, TMS) & = 1.38 (s, 9H, C(CHs)3), 5.47 (d, J = 11.0 Hz, 1H,
Vinyl H), 5.94 (d, /J=17.6 Hz, 1H, Vinyl H), 6.81 (dd, J=11.0 Hz, 17.6 Hz, 1H, Vinyl H), 7.17
(s, 1H, CO—CH=C-0), 7.46 (d, J = 8.9 Hz, 2H, Aromatic H), 7.52-760 (m, 4H, Aromatic H),
8.11 (d, J=8.7 Hz, 2H, Aromatic H), 8.17 (d, /= 8.7 Hz, 2H, Aromatic H), 8.24 (d, /= 8.9 Hz,
2H, Aromatic H). '*C NMR (75 MHz, CDCls, TMS) § = 31.1, 35.7, 93.2, 117.6, 122.7, 126.4,
126.6,127.9,129.2,129.3,129.7, 130.6, 130.8, 135.9, 143.3, 156.5, 160.1, 164.2, 181.5, 183.4.
IR (v, KBr, cm™!): 1546, 1603, 1738, 2867, 2905, 2965, 3090, 3161. HR-MS (MALDI) m/z =
455.1822 (M — F)"). Calcd for C2sH2sBFO4™: 455.1824. Anal. Caled. for CosHasBF204: C,
70.90; H, 5.31; N, 0.00. Found: C, 70.62; H, 5.50; N, 0.00.

2.5. Polymerization

Radical copolymerization of ABSt and St was conducted in a glass tube sealed under
vacuum. The monomers, AIBN, and toluene were placed in a glass tube. The tube was degassed
by several freeze-pump-thaw cycles and sealed under vacuum. After polymerization for a
prescribed time at 60 °C, the polymers were isolated by separation using a recycling preparative

HPLC.



3. Results and discussion
3.1. Optical properties of ABSt in solution and solid state

Fundamental optical properties of ABSt such as UV-Vis. absorption spectrum including
molar extinction coefficient (¢) and fluorescence spectrum were measured at a concentration of
1x107> M in THF as shown in Fig. S3. ABSt has a maximum absorption wavelength at 374 nm
and high & (55700 M~! cm™) at the wavelength. Two main emission bands at 407 and 427 nm
and high fluorescence quantum yield (&r= 0.66) were observed. Moreover, the dependence of
emission properties on the concentration of ABSt in THF was examined to reveal the optical
properties without any intermolecular interaction. Fig. 2 shows fluorescence spectra and optical
images for ABSt at concentrations of 107% to 107> M excited with 365 nm light. Table 1
summarizes these results. Regardless of the concentration, the shapes of fluorescence spectra
were almost similar. However, the spectra were slightly red-shifted and the ratio of fluorescence
intensity for two main bands (Fi09/F127) decreased at a higher concentration. The fluorescence
quantum yield also decreased with increasing concentration. These optical property changes are
possibly caused by self-quenching between ABSt fluorophores because of small overlapping of
absorption and fluorescence spectra. This case is similar to that of BODIPY monomer we

previously reported [11].

(a) — 1.0x102M
1.0x10= M
1.0x104 M
1.0x10°M

—1.0x10¢M

Fluorescence intensity

102M 103*M 10#4M 105M 10°M

420 440 460 480 500
Wavelength/nm

380 400

Fig. 2. (a) Fluorescence spectra and (b) optical image of ABSt in THF. The fluorescence
spectra were recorded under excitation with 365 nm light. Optical images were also taken

under illumination with 365 nm light.



Table 1

Fluorescence properties of ABSt at various concentrations in THF.

[ABSt]/ M Aem/NM F09/Fa27 (OB
1x1072 409, 427 0.989 0.44
1x1073 409, 427 1.011 0.52
1x107* 409, 427 1.039 0.57
11073 407,427 1.124 0.66
11076 407,427 1.127 0.62

The optical properties of ABSt in solid state were investigated. Fig. 3 shows fluorescence
spectra and images of ABSt in THF, the crystalline state, and the amorphous state illuminated
with 365 nm light. The results are summarized in Table 2. The amorphous sample was prepared
by heating the crystal at more than the melting point followed by cooling rapidly at room
temperature. At the initial crystalline state, the emission band is sharp and located around 450
nm (pale blue emission). After melting the crystal, the emission spectrum was significantly red-

shifted and located around 540 nm (green emission) followed by a slight increase in @r. The

changes in CIE coordinate in three states are shown in Fig. 4(c).

Fig. 3. Fluorescence spectra and images of ABSt in THF (1.8x10°® M), the crystalline state,

Fluorescence intensity

— L
— crystal
— amorphous

400 450 500

- 1
550 600 650 700 750

Wavelength/nm

and the amorphous state illuminated with 365 nm light.
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Table 2

Optical properties of ABSt in different media illuminated with 365 nm light.

Aem/NM D¢ CIE
THF® 408, 426 0.61 (0.15, 0.06)
Crystal 451 0.04 (0.20, 0.25)
Amorphous 540 0.09 (0.32,0.54)

a) [ABSt] = 1.8x10°°M

3.2. Synthesis and characterization of poly(ABSt-co-St)

Poly(ABSt-co-St)s with various contents of ABSt and St were prepared to control the
intermolecular interaction of ABSt and achieve the multicolor emission using St as a spacer
(Entries 1-6). Random copolymerization of ABSt and St was conducted using AIBN as an
initiator in toluene at 60 °C for 10 h, as shown in Scheme 1. After the polymerization, the
polymers were isolated by recycling preparative HPLC and frozen-dried in benzene in order to
get powder samples. The unreacted ABSt monomer and St were completely removed by this
method. Table 3 summarizes the polymerization condition and results such as reaction yield,
My, Myw/M,, and composition ratios of ABSt and St in the resultant polymers. GPC elution
curves are also shown in Fig. S4. The copolymer compositions were determined by '"H-NMR
spectroscopic analysis of aromatic protons for ABSt and St, as shown in Figs. S5-S10. The
peaks around 7.4-8.4 ppm were assigned to the phenyl protons in ABSt moiety as indicated by
e, f, g, 1, and j. The peaks at 6.2—-6.8 ppm correspond to o-protons of the phenyl group in the
styryl groups in ABSt and St as indicated by d and p. The peaks at 6.8—7.2 ppm correspond to
the m- and p-protons of the phenyl group in St as indicated by q and the proton of CO-CH=C—-0O
in ABSt as indicated by h. Therefore, the copolymer compositions of ABSt for Entries 1-6 were
estimated to be 2.44-0.23 mol%, as shown in Table 3. These results indicate that various
contents of poly(ABSt-co-St) were successfully synthesized and the composition contents of
ABSt decreased with increasing content of St. We also calculated the number of ABSt and St
in a single polymer chain using M, and the composition contents. The resulting polymer hardly
includes ABSt fluorophore in single polymer chains, indicating that the ABSt fluorophores can

exist in isolation not only in solution but also in the polymer chain. DSC chart of the polymer

10



indicates that the polymer has a glass transition temperature (7) of 104 °C corresponding to
that of poly(St), as shown in Fig. S11. It also means that the ABSt fluorophore exists in isolation

in the polymer chain.

EJ AIBN m n
Toluene O O

0" "0
e
So-BF f S
Sas
F
ABSt poly (ABSt-co-St)

Scheme 1. Synthetic scheme of poly(ABSt-co-St)

Table 3
Copolymerization of ABSt and St in toluene at 60 °C for 10 h.
[ABSt]  [St] [AIBN] = Yield M, My/M,  Compositionratio of  1p 4 polymer chain
Entry [St]/[ABSt] ABSt in copolymer
M M M /% (GPC) (GPC) /mol% m n
1 0.03 3.0 100 0.02 32 20700 1.66 2.44 4.5 180
20017 3.0 170 0.02 26 21700 1.72 0.99 2.0 200
30015 3.0 200 0.02 17 10000 1.70 0.83 0.8 96
4 0012 30 250 0.02 45 16000 1.54 0.66 1.0 150
5 0006 3.0 500 0.02 32 16500 1.64 0.34 0.5 160
6 0003 3.0 1000 0.02 35 21000 1.64 0.23 0.5 220

3.3. Optical properties of poly(ABSt-co-St) in bulk powder and THF

The optical properties of poly(ABSt-co-St) in bulk powder were investigated. Fig. 4 shows
the fluorescence spectra, optical images, and CIE coordinates of poly(ABSt-co-St) with various
contents of ABSt and St. Table 4 summarizes the maximum fluorescence wavelength, @y, and
CIE coordinates. The emission color of the resulting copolymers changed from blue to green
via bluish-white with the change in the content of ABSt from 0.23 (Entry 6) to 2.44 mol%

(Entry 1), accompanying a change in CIE coordinates from (0.18, 0.13) to (0.31, 0.44). In the
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process of the emission color changes, the fluorescence spectra changed with the change in the
ratio of the fluorescence intensities at 440 and 540 nm (F440/F’s40). For poly(ABSt-co-St) (Entry
1), the main band was around 530 nm which is ascribed to the fluorescence of ABSt in the
amorphous state. The environment of ABSt in polymer chains became to single-molecule
isolated by a lot of St units. Thus, the main band in fluorescence spectra became to be around
440 nm for Entries 2—6. The fluorescence quantum yields of the polymers in the solid state were
relatively high (&= 0.30-0.51) independent of the composition contents. It is remarkable that
poly(ABSt-co-St) (Entry 2) exhibited a bright emission (@r = 0.46) and the CIE (0.27, 0.35)
which is close to pure white color (0.33, 0.33), which was brought by the just good combination
of blue and green emission. However, the red component should be added into this system of

ABSt and St to achieve the pure white emission.

(a) — Entry 1

Fluorescence intensity

1 1 1 L

400 440 480 520 560 600 640 680 ;
Wavelength/nm 00 01 02 03 04 05 06 07
X

CIE1931

Fig. 4. (a) Fluorescence spectra of poly(ABSt-co-St) in bulk powder excited with 365 nm
light, (b) optical images of poly(ABSt-co-St) illuminated with 365 nm light, and (c) CIE
chromaticity diagram of ABSt and poly(ABSt-co-St) in bulk powder (1-6) and bulk film (1'—
6').

Here, the emission color changes are caused by intermolecular interaction between ABSt
fluorophores in inter- or intra-polymer chains. To elucidate the main factor affecting the
emission color changes of poly(ABSt-co-St), the optical properties of poly(ABSt-co-St) in
solution were also examined. Fig. 5 shows absorption and fluorescence spectra of poly(ABSt-
co-St) in THF. The optical properties are summarized in Table 4. The shapes of the spectra were

very similar to that of ABSt, which indicates that intermolecular interaction between ABSt
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fluorophores in the same polymer chain is small because the polymers behave as single polymer
chains without any aggregation in solution. All of @r were also similar to that of ABSt in THF.

To get further evidence for the change in emission color, the poly(ABSt-co-St) powders
were annealed at 200 °C followed by cooling to measure the fluorescence spectra. Fig. S12
shows fluorescence spectra of poly(ABSt-co-St) before and after annealing. The results are
summarized in Table 4. The ratio of fluorescence intensity Faso/Fs40 relative to the molar ratio
[St]/[ABSt] before and after annealing were also shown in Fig. S13. Overall, F40/F’s40 increased
by annealing, indicating that the environment of ABSt in a polymer chain becomes similar to
that in solution. In other words, the intermolecular distance between ABSt fluorophores was
increased by annealing and cooling of polymers. Nevertheless, it is surprising that almost ®r¢
somehow decreased after annealing. Taking these results into consideration, it is concluded that
the emission color changes of the copolymers were mainly caused by intermolecular interaction

between ABSt fluorophores in the inter-polymer chains.

— Entry 1 (b) — Entry 1
=
2
(1] Q '
E E
@ — Entry 5 o — Entry 5
£ Q
o — Entry 6 c — Entry 6
2
< 9
=]
3
o
0 2 1 1 L L L 2
300 350 400 450 500 550 600 400 450 500 550 600
Wavelength/nm Wavelength/nm

Fig. 5. (a) Absorption and (b) fluorescence spectra of poly(ABSt-co-St) in THF excited with
365 nm light.
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Table 4

Optical properties of poly(ABSt-co-St)

In bulk powder before
afneahng In bulk powder In THF In bulk film
after annealing
entry

1 527 0.30 (031,044) 526  0.35 407,428 0.59 438 0.16 (0.22,0.24)
2 439,525 0.46 (027,035 438, 045 407,426 0.68 432 0.35 (0.17,0.13)
437,522 0.34 (0.24,029) 435, 025 408,427 0.57 431 0.51 (0.16,0.11)

3

4 434 0.47 (022,025 432 0.35 407,427 0.61 433 0.68 (0.18,0.14)
5 430 0.51 (0.19,0.18) 431  0.53 407,427 0.61 430 0.47 (0.17,0.09)
6

430 0.45 (0.18,0.13) 431 027 407,427 0.57 430 0.55 (0.16,0.08)

3.4. Optical properties of poly(ABSt-co-St) in bulk film

The optical properties of poly(ABSt-co-St) in bulk film were examined in order to
demonstrate the advantage of using these materials as bulk powders. Fig. 6 shows fluorescence
spectra and optical images of poly(ABSt-co-St) in bulk film excited with 365 nm light. The
maximum fluorescence wavelength and @rare summarized in Table 4. Fig. 4(c) also shows CIE
coordinates of poly(ABSt-co-St) with various contents of ABSt and St in bulk film. The film
samples were prepared by drop-casting onto a glass plate and drying a THF solution dissolving
poly(ABSt-co-St). Overall, the band at longer wavelength decreased and the band around 440
nm increased compared with the case of bulk powder. For the polymers (Entries 4, 5, and 6),
the optical properties and the shapes of fluorescence spectra were very similar between bulk
powder and film. In the process of dissolution and drying, the level of isolating of ABSt
fluorophores possibly did not change because the number of St against ABSt is very high.
However, compared with the case of bulk powder, the style of emission spectral changes among
each sample in bulk film is very different from each other and the difference in emission color
is not so significant. Taking these results into consideration, it is difficult to achieve multi-color
emission with a bulk film because of the difficulty of controlling the intermolecular distance

between ABSt fluorophores.
14



(a) — Entry 1 (b)

e Entry 5]
— Entry 6

Fluorescence intensity

400 440 480 520 560 600 640 680
Wavelength/nm

Fig. 6. (a) Fluorescence spectra and (b) optical images of poly(ABSt-co-St) in bulk film excited
with 365 nm light.

3.5. Optical properties for mixtures of ABOMe and poly(St) (ABOMe/poly(St))

Two kinds of polymer films with different contents of ABOMe in poly(St) were prepared
and the emission properties were examined. ABOMe/poly(St) including 2.4 mol% and 1.0
mol% of ABOMe which is the same as the composition contents of poly(ABSt-co-St) (Entries
1 and 2) were prepared by drop-casting of the ABOMe/poly(St) solution in 1,2-dichloroethane
followed by drying. Figs. S14 and S15 show fluorescence color images during evaporation
under illumination with 365 nm light. Regarding ABOMe/poly(St) (2.4 mol%), blue emission
was observed in early in evaporation. And then, the area exhibiting green emission derived from
the amorphous state was gradually increased. Finally, light blue emission derived from the
crystalline phase appeared in the edge area, whereas the area at the central part still remained
green emission. On the other hand, for ABOMe/poly(St) (1.0 mol%), blue emission was also
observed in early in evaporation. After the complete evaporation of the solvent, light blue
emission appeared at the edge area and blue emission was observed in the amorphous state at
the central part. Fig. 7 shows fluorescence spectra of ABOMe/poly(St) at the central part, the
edge area, and the total area using a hyperspectral camera under excitation with 365 nm light.
The shoulder peaks around 450 nm increased as the crystallization proceeded in the edge area.

Thus, the mixture of ABOMe and poly(St) forms heterogeneous polymer film even in low

15



contents of ABOMe. These results indicate that the just addition of ABOMe fluorophore into
the polymer results in crystallization and it is difficult to prepare a homogeneous polymer film.
Therefore, it is concluded that poly(ABSt-co-St) has an excellent advantage to form

homogeneous fluorescence polymer film without any crystallization.

(@) = (b) =
= & g
B B — total
c =
g L
£ 4= a
8 8 0
c c
3 3 i
o S i
E N\ 2.4 mo% E e
(' L
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Wavelength/nm Wavelength/nm

Fig. 7. (a) Fluorescence spectra of ABOMe/poly(St) (2.4 mol%) (red line: Area a, orange line:
Areab, blue line: total area). (b) Fluorescence spectra of ABOMe/poly(St) (1.0 mol%) (red line:

Area c, orange line: Area d, blue line: total area).

4. Conclusion

Poly(ABSt-co-St) was synthesized and the emission properties were investigated. Multi-
color fluorescent materials with white-like emission using a single fluorophore were
successfully prepared. Poly(ABSt-co-St) (Entry 2) exhibited a bright emission (@r = 0.46) and
the CIE (0.27, 0.35) which is close to pure white color (0.33, 0.33). The emission color changes
of the polymers were demonstrated as being caused by intermolecular interaction between the
ABSt fluorophores in not an intra-polymer chain but inter-polymer chains. The possibility of
multi-color emission and white emission could be spread by using mechanical responsive

fluorophores.
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