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Asymmetric energy transfer results in color coordinate shift
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Asymmetric energy transfer in white fluorescent mixtures
resultsin fluorescence peak and color coordinate shift.
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In recent years, white-light-emitting materials have been extensively
investigated due to their potential applications in backlighting,
lasers, indicators, and displays.1=3 White light is composed of a
variety of colors and comprises at least two colors. One chromo-
phore functional group engenders only single color light. Thus,
white-light-emitting materials should contain two or more chromo-
phores. Inorganic white-light materials are composed of two
or more materials. Similarly, organic white-light materials are
composed of two or more materials or contain two or more
chromophore groups in one material. To obtain white-light mate-
rials, it is necessary to mix luminescent materials with different
colors at suitable proportions.k* All mixed materials and single
materials contain different chromophore groups in specific ratio.>6
Mixing various dilute solutions is a conventional method to
fabricate white fluorescent material. The method prevents aggrega-
tion. However, compared with the fluorescence in solution a red
shift is usually observed in solid fluorescent materials. Since
fluorescent materials are generally applied in the solid state, a
study of the mixed solid state materials is important.

In this study, the optical behavior of the mixtures of each
pair of three compounds [1,4-diphenylbenzene 1, 1,5-dihydro-
1,1,5,5-tetramethyl-2,6-diphenyl-1,5-disila-s-indacene 2, and
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3,4,9,10-(tetrabutoxycarbonyl)perylene 3] was investigated. Com-
pound 1 was purchased from Aladdin (China), compound 2 was
synthesized in this work," and compound 3 was prepared according
to published procedure.” The solid mixtures were obtained through
mixed solution flash evaporation.

Compound 2 possesses strong fluorescence not only in the dilute
solution, but also in the solid solution. The molecule of 2 has a
highly coplanar r-conjugated framework, and the dihedral angles
between the central benzene plane and the outer benzene planes
are both 6.60°.8° The fluorescence quantum yield of compound 3
is high, and the films could be formed from this compound.201?
Compounds 2 and 3 are also excellent alternative materials for
organic light emitting diodes or chromophores for white-light-
emitting materials.

Compounds 1 and 2 emit at 406 and 475 nm, respectively.
Their UV-VIS absorption peaks are at 430 and 480 nm, respec-
tively (Figure 1). The emission of 1 is covered by the UV absorp-
tion of 2 or 3. However, the fluorescence spectrum of 2 is
asymmetric. It is covered by the UV absorption of 3. The asym-
metric absorption of 3 results in the red-shift of the fluorescence
emission peaks of 2 (FEP-2).

The fluorescence emission spectra of the mixtures of com-
pounds 2 and 3 are shown in Figure 2. When the ratio 2: 3 is less
than 0.75, the wavelength of FEP-2 increases with raising the

T UV-VIS spectra were recorded using a Purkinje general double beam
UV-VIS spectrophotometer (TU-1901). Fluorescence spectra were recorded
using a Hitachi F-7000 fluorescence spectrophotometer.

Synthesis of compound 2. Chlorotributylstannane was vigorously stirred
with Li granules at 0°C for 0.5 h, followed by sonication at 0°C for 5 h.
After evaporation of the solvents in vacuo, diethyl ether (1.0 ml) and
2,5-bis(dimethylsilyl)-1,4-bis(phenylethynyl)benzene were added, and
the red mixture obtained was stirred for 8 h at room temperature until the
mixture gradually turned green. The reaction mixture was quenched with
aqueous ammonium chloride.’? The organic layer was extracted by light
petroleum, filtered, and a blue solid obtained was recrystallized from diethyl
ether to yield 202 mg (90%) of compound 2. 'H NMR (300 MHz,
acetone-dg) 0: 0.51 (s, 12H), 7.23-7.28 (m, 2H), 7.36-7.42 (t, 4H),
7.57-7.60 (m, 4H), 7.63 (s, 2H), 7.71 (s, 2H).°
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Figure 1 UV-VIS absorption spectra of (1) 1, (2) 2, (3) 3; fluorescence
emission spectra of (4) 1 and (5) 2 in solid state.
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Figure 2 Fluorescence emission spectra (excitation at 365 nm) of mixtures
of 2 and 3 in different ratio. The number at the line is the 3: 2 ratio.

content of 2 in the mixture. When the ratio 2: 3is more than 0.75,
the wavelength of FEP-2 decreases with raising the content of 2
in the mixture.

CIE color coordinates (CIE-CC) were calculated from the
emission spectra (Figure 3). The CIE-CC of fluorescence emission
of the mixture of different ratio 1:2 or 1:3 excited at 290 nm
were on a straight line through the CIE-CC of 1 and 2 or of
1and 3, respectively.

The CIE-CC of fluorescence emission of the mixture of dif-
ferent 2: 3 ratio excited at 365 nm deviated from the straight
line through the CIE-CC of 2 and 3. Given that the excitation
wavelength range of 3 comprises the fluorescence emission
wavelength range of 2, energy transfer occurs. This results in the
shift of the color coordinates of 2. The UV absorption peak of 3

was closer to the FEP-2, the absorption on the short-wavelength
side being stronger than that on the long-wavelength side (see
Figure 1). The short-wavelength side (<477 nm) of the fluore-
scence emission of 2 was more absorbed as compared with the
long-wavelength side (>477 nm). Given that the fluorescence
emission of 2 was asymmetrically absorbed by 3, the red-shift of
FEP-2 occurred, and the color coordinate moved to the green
region.

In the case of a high content of 3 in the mixture, the fluore-
scence emission of 2 was mostly absorbed by 3 regardless of
whether the wavelength was short or long. The reduction of the
fluorescence emission of 2 was evidently balanced. Thus, the
red-shift of FEP-2 did not occur. The color coordinates of the
mixtures were nearly on the straight line through the CIE-CC of
2 and 3. In the case of a low content of 3 in the mixture, the
fluorescence of 2 was hardly absorbed by 3. Thus, the CIE-CC
of the mixtures was also nearly on the straight line through the
CIE-CC of 2 and 3. When the short-wavelength fluorescence of
2 was absorbed completely by 3, the long-wavelength fluore-
scence increased with the increase in the content of 2 in the
mixture. The asymmetry of fluorescence emission of 2 absorbed
by 3 is enhanced and the red-shift of FEP-2 would further occur.
When the short-wavelength side of the fluorescence emission
of 2 was not absorbed completely, it would increase with the
growth of the content of 2 in the mixture and the red-shift of
FEP-2 would occur less likely.

When the 2:3ratio was 1:1, the CIE-CC (x, y) was (0.3061,
0.3015), which is close to the standard white-light emission and
may be promising for white-light-emitting devices. The straight
line through the CIE-CC of 2 and 3 did not pass the white-light
area. However, the emission color of the mixture shifted to the
white-light area due to the color coordinate shift caused by
asymmetric energy transfer.

In summary, the solid fluorescence of the mixtures of each
pair of compounds 1-3 has been investigated. The CIE-CC shift
to green of the mixtures of 2 and 3 initially increased and then
decreased with raising the content of 2 in the mixture. White-
light emission with CIE-CC (0.3061, 0.3015) was achieved when
the 2:3ratiowas 1:1.

This work was supported by the National Natural Science
Foundation of China (grant no. 21274080) and Special Fund
for Shandong Independent Innovation and Achievements Trans-
formation (grant no. 20142ZCX01101).

Figure 3 Emission colors of the mixtures in the CIE 1931 chromaticity diagram. Mixture of compounds (a) 1 + 2, (b) 1 + 3, and (c) 2 + 3. Ratio and CIE
color coordinates: (a) 4:1 (0.1388, 0.2152); 8:1 (0.1372, 0.2057); 16:1 (0.1398, 0.1917); 24:1 (0.1403, 0.2013); 32:1 (0.1411, 0.2025); 48:1 (0.1459,
0.1894); 64:1 (0.1413, 0.1924); (b) 1:1 (0.4891, 0.3897); 2:1 (0.5276, 0.3597); 10:1 (0.5176, 0.3661); 50:1 (0.4505, 0.3206); 100:1 (0.3736, 0.2427); and
(c) 4:1(0.2184, 0.2920); 2:1 (0.2764, 0.3414); 4:3 (0.2878, 0.3733); 1:1 (0.3061, 0.3015); 1:10 (0.4203, 0.3064); 1:50 (0.4279, 0.3121); 1:100 (0.471, 0.329).
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