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Supplementary Fig. 1 The chemical structures of TAPB, P2BA, TCPB, 23NDCA in the study. 

 

Supplementary Fig. 2 Phosphorescence decay curve of TAPB0.1%@U30 at 298 and 77 K. 

Supplementary Fig. 3 Photophysical properties of TAPB0.1%@U30 and U30. (a) Delayed 

photoluminescence (PL) spectra of TAPB0.1%@U30 and U30 at 298 and 77 K (delay 1 ms); (b) 

Phosphorescence decay curve of TAPB0.1%@U30 and U30 at 298 K. 



 

 

Supplementary Fig. 4 Photophysical properties of TAPB0.1%@U30 and TAPB. (a) Normalized delayed 

PL spectra (delay 1 ms) and (b) normalized excitation spectra of TAPB in methanol and TAPB0.1%@U30 

solid at 77 K. 

Supplementary Fig. 5 Photophysical properties of TAPBx@U30 (x = 0.01%, 0.10%, 1.00% and 2.50%). 

(a) Normalized prompt and delayed PL spectra (delay 1 ms) and (b) fluorescence decay curve, (c) 

phosphorescence decay curve of TAPBx@U30 (x = 0.01%, 0.10%, 1.00% and 2.50%) composites, 

excited at 365 nm and recorded at 519 nm, respectively.  

Supplementary Table 1 Photophysical properties of TAPBx@U30 (x = 0.01%, 0.10%, 1.00% and 

2.50%) composites at the room temperature, excited at 365 nm. 

TAPBx@U30 
λF 

[nm] 

λph 

[nm] 

τF 

[ns] 

τPh 

[s] 

ΦF 

[%] 

ΦPh 

[%] 

KrF 

(s-1) 

KnrF 

(s-1) 

Kisc 

(s-1) 

KrP 

(s-1) 

KnrP 

(s-1) 

0.01% 390 519 5.16 1.99 21.44 7.58 4.15×107 1.38×106 1.47×107 0.038 0.464 

0.10% 391 519 6.38 2.43 10.13 5.37 1.59×107 1.32×106 8.42×106 0.022 0.389 

1.00% 408 519 4.6 2.11 3.92 2.61 8.52×106 2.03×106 5.68×106 0.012 0.462 

2.50% 428 523 4.1 1.83 1.92 1.96 4.68×106 2.34×106 4.79×106 0.011 0.536 



 

 

λF: fluorescence emission; λPh: phosphorescence emission; τF: fluorescence lifetime; τPh: 

phosphorescence lifetime; ΦF: fluorescence quantum yield; ΦPh: phosphorescence quantum yield; KrF: 

radiative decay rate of fluorescence; KnrF: nonradiative decay rate of fluorescence; Kisc: The 

intersystem crossing rate constant; KrP: radiative decay rate of phosphorescence; KnrP: nonradiative 

decay rate of phosphorescence; KrF=ΦF/τF; KnrF=(1-ΦF-Φph)/τF; Kisc=Φph/τF; KrP=ΦPh/τPh; KnrP= 

(1-ΦPh)/ τPh 

 

Supplementary Fig. 6 High resolution mass spectrum and probable molecular units corresponding to 

the major peaks in mass spectrum of TAPB1.0%@U30. 

 

 



 

 

Supplementary Discussion 1 

As shown in Fig. 3c, the characteristic peak attributed to urea at 22.2° could be clearly observed in 

TAPB0.1%@U10, while the typical peaks of biuret appeared at 18.4°, 21.0°, 24.7°, 26.2°, and 31.5°. With 

the extension of pyrolysis time, the characteristic peaks of urea in TAPB0.1%@U15 and TAPB0.1%@U20 

gradually disappeared, and the characteristic peaks of biuret gradually increased. However, the 

characteristic peaks of biuret significantly weakened in TAPB0.1%@U25, and the peak at 28° attributed to 

ammelide rapidly increased. The XRD spectra of TAPB0.1%@U30 and TAPB0.1%@U35 almost completely 

showed the characteristic peaks of ammelide. These results indicated that the urea pyrolysis conversion 

pathway involved urea-biuret-ammelide (Fig. 3d). 

 

Supplementary Fig. 7 (a) Fourier transform infrared (FTIR) spectra and (b) Raman spectra of 

TAPBx@U30 (x = 0.01%, 0.10%, 1.00% and 2.50%) composites. 



 

 

Supplementary Fig. 8 (a) X-ray photoelectron spectra (XPS) survey scan and (b) C1s, (c) N1s, (d) O1s 

HRXPS spectra of TAPB0.1%@U30.  

 

Supplementary Fig. 9 Scanning Electron Microscope (SEM) images of (a) (b) TAPB0.1%@U10 and (c) 

(d) TAPB0.1%@U30. 



 

 

Supplementary Fig. 10 Phosphorescence decay curves of TAPB0.1%@Ut (t=10, 15, 20, 25, 30, 35 min), 

excited at 365 nm and recorded at 519 nm, respectively. 

 

 

Supplementary Fig. 11 PXRD patterns of TAPBx@U30 (x = 0.01%, 0.10%, 1.00% and 2.50%) 

composites and urea pyrolyzed at 220 ℃ for 30 min. 

 

 

 

 



 

 

Supplementary Fig. 12 Phosphorescence decay curve of TAPB0.01%@U30, TAPB0.01%@U30 and 

TAPB0.1%@U30. 

Supplementary Discussion 2 

As shown in Supplementary Fig. 11, some biurets still existed in TAPB0.01%@U30, resulting in less 

satisfactory phosphorescent performance. TAPB0.01%@U60 prepared by extending the pyrolysis time had 

the same matrix composition as TAPB0.1%@U30, but its phosphorescence lifetime was still short due to 

inefficient energy transfer caused by lower content of guest molecules (Supplementary Fig. 12). 

Furthermore, poor crystallinity of the material caused by high content of guest molecules might be the 

main reason for the decrease in the RTP performance of TAPB2.5%@U30 (Supplementary Fig. 11). 



 

 

Supplementary Fig. 13 The energy level diagrams, electron−hole isosurface maps of the S0→S1, 

S0→T1 transition of the TAPB and TAPB-N compounds. Blue and green isosurfaces correspond to hole 

and electron distributions, respectively1-4. 

 



 

 

Supplementary Table 2 Quantitative characterization of the distribution of holes and electrons 

  TAPB TAPB-1 TAPB-2 TAPB-3 TAPB-4 

  S0→S1 S0→T1 S0→S1 S0→T1 S0→S1 S0→T1 S0→S1 S0→T1 S0→S1 S0→T1 

D-index 0.343  0.029  2.807  0.181  3.779  0.209  1.540  0.070  1.818  0.054  

t-index -2.290  -2.512  0.366  -2.461  1.278  -2.477  -1.153  -2.679  -0.916  -2.655  

D-index: measure of the distance between the hole and the electron center of mass; t-index: measure 

the degree of separation of holes and electrons. 

 

Supplementary Table 3 Spin-orbit coupling (SOC) constants and singlet-triplet splitting energies (△

EST) between the S0/S1 and involved Tn states of TAPB and TAPB-N compounds calculated in the gas 

phase.  

 TAPB TAPB-1 TAPB-2 TAPB-3 TAPB-4 

 SOC △EST SOC △EST SOC △EST SOC △EST SOC △EST 

S0→T1 0.30 2.903 0.34 2.895 0.37 2.905 0.36 2.921 0.34 2.92 

S1→T1 0.27 1.010 0.30 0.901 0.29 0.897 0.35 1.021 0.39 1.022 

S1→T2 0.03 0.664 0.14 0.569 0.35 0.568 0.20 0.686 0.17 0.691 

S1→T3 0.02 0.663 0.30 0.552 0.05 0.540 0.09 0.669 0.17 0.671 

S1→T4 0.32 0.244 0.03 0.186 0.19 0.196 0.08 0.170 0.05 0.170 

S1→T5 0.18 0.239 0.58 0.127 0.60 0.090 0.18 0.116 0.37 0.095 

S1→T6 0.16 0.238 0.30 0.085 0.13 -0.025 0.28 0.088 0.26 0.093 

S1→T7 0.08 0.079 0.21 0.034 0.32 -0.053 0.40 0.066 0.32 0.057 

S1→T8 0.16 0.075 0.26 -0.067 0.27 -0.080 0.09 -0.014 0.14 -0.021 

S1→T9 0.22 0.057 0.17 -0.078 0.19 -0.154 0.56 -0.037 0.52 -0.033 

S1→T10 0.30 0.038 0.02 -0.234 0.14 -0.226 0.26 -0.052 0.37 -0.078 

 

 



 

 

Supplementary Fig. 14 Photophysical properties of PVA@TAPB and PVA@TAPB-N. (a) Normalized 

prompt, delayed PL spectra (delay 1 ms), (b) fluorescence decay curve, (c) phosphorescence decay 

curve, (d) Total photoluminescence quantum yield curve of PVA@TAPB and PVA@TAPB-N. 

 

Supplementary Table 4 Photophysical properties of TAPB and TAPB-N in PVA films under ambient 

conditions. 

 λF 
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KnrP 

(s-1) 

TAPB 409 524 2.08 0.36 1.85 1.33 8.89×106 4.65×106 6.39×106 0.037 2.748 

TAPB-N 411 523 2.93 0.33 10.18 4.87 3.47×107 2.90×106 1.66×107 0.148 2.891 

 

 

 

 



 

 

Supplementary Fig. 15 (a) Thermosgravimetric analysis (TGA) and derivative thermogravimetry 

(DTG) curves of TAPB0.1%@U30; (b) differential scanning calorimetry (DSC) curve of TAPB0.1%@U30.  

Supplementary Fig. 16 Luminescence photographs of TAPB0.1%@U30 in different solvents under and 

after UV irradiation. 

Supplementary Fig. 17 Luminescence photographs of TAPB0.1%@U30 dispersed in water at different 

pH values under and after UV irradiation. 



 

 

Supplementary Fig. 18 Delay emission spectra of P2BA, TCPB and 23NDCA solution (1×10-5 M) at 

77 K (delay 1 ms). 

 

Supplementary Fig. 19 Phosphorescence decay curve of (a) P2BA0.1%@U60; (b) TCPB0.1%@U60 and (c) 

23NDCA0.1%@U60. 

 

Supplementary Fig. 20 Fluorescence decay curve of (a) P2BA0.1%@U60; (b) TCPB0.1%@U60 and (c) 

23NDCA0.1%@U60. 

 



 

 

Supplementary Table 5 Photophysical properties of P2BA0.1%@U60, TCPB0.1%@U60 and 

23NDCA0.1%@U60.under ambient conditions. 
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P2BA 328 417 9.34 5.33 3.30 10.82 3.53×106 9.19×105 1.16×107 0.020 0.167 

TCPB 424 540 6.71 1.70 26.37 10.26 3.93×107 9.44×105 1.53×107 0.060 0.528 

23NDCA 426 525 5.13 1.52 11.60 5.88 2.26×107 1.61×106 1.15×107 0.039 0.619 

Supplementary Fig. 21 (a) FTIR spectra, (b) Raman spectra and (c) PXRD spectra of P2BA0.1%@U60, 

TCPB0.1%@U60, 23NDCA0.1%@U60 and TAPB0.1%@U30. 

Supplementary Fig. 22 High resolution mass spectrum of TCPB1.0%@U30. 



 

 

Supplementary Fig. 23 Electron−hole isosurface maps of the S0→S1, S0→T1 transition of the TCPB, 

TCPB-1 and TCPB-2. Blue and green isosurfaces correspond to hole and electron distributions. 

 

Supplementary Table 6 Singlet-triplet splitting energies (△EST) and spin-orbit coupling (SOC) 

constants between the S0/S1 and involved Tn states of TCPB and TCPB-N calculated in the gas phase. 

 TCPB TCPB-1 TCPB-2 

 △EST SOC △EST SOC △EST SOC 

S0→T1 2.883 0.60 2.890 1.76 2.900 1.38 

S1→T1 1.062 0.74 0.989 0.69 0.979 0.71 

S1→T2 0.749 0.11 0.688 0.19 0.665 0.32 

S1→T3 0.742 0.22 0.640 0.31 0.627 0.10 

S1→T4 0.149 0.18 0.095 0.24 0.092 0.17 

S1→T5 0.135 0.23 0.083 0.27 0.080 0.30 

S1→T6 0.122 0.11 0.069 0.28 0.028 0.33 

S1→T7 0.078 0.02 -0.051 0.19 -0.056 0.05 

S1→T8 -0.063 0.27 -0.115 0.33 -0.108 0.50 

S1→T9 -0.064 0.32 -0.126 0.30 -0.125 0.37 

S1→T10 -0.066 0.26 -0.129 0.29 -0.129 0.52 

S1→T11 / / -0.293 0.34 -0.291 0.52 

 

 



 

 

Supplementary Discussion 3 

As shown in Supplementary Fig. 22, the derivatives of TCPB were successfully generated during 

the co-pyrolysis of TCPB and urea. To evaluate similar effect of the derivative to TAPB-N in promoting 

ISC, hole-electron analysis was performed to describe the electron excitation characteristics of TCPB 

and its derivatives. As shown in Supplementary Fig. 23, the distribution of excited-state electron density 

of S1 changed significantly due to the introduction of the amino group that served as an electron-

donating moiety. Unlike carbonyl group, the introduction of amino group increased the electron cloud 

density near the amino region, further enhancing the separation of electrons and holes throughout the 

derivative molecule. Further calculations have also confirmed the important contribution of this 

transition to increasing the SOC constant and promoting the ISC process. Compared to TCPB, the SOC 

constant of derivatives significantly increased, which could provide more channels for ISC 

(Supplementary Table 6). 

 

Supplementary Fig. 24 Photographs of polychromatic RTP composites before and after turning off 365 

nm UV light, and the corresponding guest molecules of polychromatic RTP composites.  

 



 

 

Supplementary Table 7 Some photophysical properties of polychromatic RTP composites. 

XXX0.1%@U60 λF(nm) λPh1(nm) τPh1(s) λPh2(nm) τPh2(ms) PLQY(%) 

3ABBA 409 454 1.13   70.38 

aNA 392 490 1.48 520 1.52 14.63 

2NPAC 417 540 0.96 593 0.93 59.50 

18NDCA 478 567 0.29 607 0.34 11.94 

1AMP 409 621 0.17 671 0.17 7.60 

 

Supplementary Fig. 25 (a) Normalized prompt, delayed PL spectra (delay 1 ms) and (b) 

phosphorescence decay curve of 3ABBA0.1%@U60, aNA0.1%@U60, 2NPAC0.1%@U60, 18NDCA0.1%@U60 

and 1AMP0.1%@U60. 

Supplementary Fig. 26 The CIE coordinates of 3ABBA0.1%@U60, aNA0.1%@U60, 2NPAC0.1%@U60, 

18NDCA0.1%@U60 and 1AMP0.1%@U60. 



 

 

Supplementary Fig. 27 (a) Normalized prompt, delayed PL spectra (delay 1 ms) and (b) 

phosphorescence decay curve of TAPB0.1%@U30 (T@U) with different content of choline chloride (CC). 
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