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Table S1 Raw materials and dosages

Product Raw material (dosage)

CDs-a Phthalamide (1.6 g) and ethylene glycol (20 mL)

CDs-b Phthalamide (1.6 g), ethylene glycol (10 mL), and formamide (10 mL)

CDs-c Phthalimide (1.6 g) and ethylene glycol (20 mL)

CDs-d Phthalimide (1.6 g), ethylene glycol (10 mL), and formamide (10 mL)

Figure S1 (a) XPS full scan spectrum of CDs@phthalamide; High-resolution (b) C 1s, (c) O 1s, 
and (d) N1s XPS spectrum of CDs@phthalamide

Table S2 RTP properties of different CDs-based composites

Product Raw material RTP

CDs-A Phthalic acid and ethylene glycol ×

CDs-B Phthalic acid and formamide ×

CDs-C Formamide and ethylene glycol ×

CDs-D Formamide ×

CDs-E Ethylene glycol ×

CDs@phthalamide Phthalamide, ethylene glycol, and formamide √
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Figure S2 RTP emission spectra of the products obtained at different reaction times (ex=365 nm)

Figure S3 XRD patterns of the products obtained at different reaction times
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Figure S4 FTIR spectra of the products obtained at different reaction times

Figure S5 Schematic of the products obtained at different reaction times
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Figure S6 XRD patterns of the products obtained with different raw materials

Figure S7 Schematic of organic crystal transition in products obtained from different reaction 
materials
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Figure S8 Schematic of activation energy of (a) phthalimide and (b) phthalamide in vacuum

Figure S9 Photos of R-CDs@phthalamide and R-CDs@phthalimide powder under sunlight, UV 
lamp (λex=365 nm), and after UV lamp turning off; (c) RTP emission spectrum of 

R-CDs@phthalamide
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Figure S10 FL emission spectra of CDs at different excitation wavelengths

Figure S11 (a) UV-vis spectra and (b) excitation spectra of CDs

Figure S12 (a) Excitation spectra and (b) FL emission spectra of phthalimide
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Figure S13 (a) RTP emission spectra of phthalamide and (b) FL and RTP emission spectra at low 

temperature of 77 K (λex = 285 nm)

Figure S14 (a) FL emission and (b) RTP emission spectra of CDs@phthalamide under different 

excitation wavelengths

Table S3 Summary of the afterglow lifetimes of CDs@phthalamide

Sample
τ1

(ms)

Proportion

(%)

τ2

(ms)

Proportion

(%)

τ3

(ms)

Proportion

(%)

CDs@phthalamide 17.31 5.89 232.72 47.65 708.16 46.47
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Figure S15 (a) FL and RTP emission spectra (77 K, ex=365 nm) and (b) CIE coordinates of FL 
and RTP of CDs@phthalamide powder

Figure S16 TG curves of CDs, phthalamide, and CDs@phthalamide composite (N2 atmosphere, 
10 ℃/min)

Figure S17 Formation process of CDs@phthalamide
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Figure S18 The HOMO-LUMO electron cloud distribution and energy levels theoretical 

calculations of CDs@phthalimide and CDs@phthalamide structural models

Figure S19 Photographs of CDs@phthalamide powder in different polarity solvents (sunlight, UV 

on, and UV off)
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Figure S20 RTP emission spectra of CDs@phthalamide powder in different polarity solution 

(λex=365 nm)

Figure S21 (a) The fluorescence and (b) RTP intensities of CDs@phthalamide after 15-minute 

heat treatment at different temperatures; (c) The fluorescence and (d) RTP intensities of 

CDs@phthalamide under continuous excitation for 10–60 minutes
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Figure S22 CIE coordinates of the time-delayed WLED measured at different voltages

Table S4 Comparison of the properties of different RTP materials

Samples Matrix
RTP lifetime

(ms)
RTP QY Stability References

u-CDs@NaOH NaOH 257.12 4.33％ - [1]

uCDs@150 Urea 281 - - [2]

PCDs BA 293 5.15% - [3]

CDs-LDHs

CDs-LDHs@PVA

LDH

PVA

170.95

412.53

1.48%

3.13%
- [4]

CD–APS1 KAl(SO4)2·x(H2O) 707 - - [5]

CDs-1 PVA 103 5.3% ★ [6]

M-CDs Melamine 664 25% - [7]

PACD/polymer Polymer 652 - [8]

AM-CDs AM 697.58 17.3% - [9]

CD-5.6 Urea 419 PLQY26% ■ [10]

rCDs Urea 211 PLQY30% ▲ [11]

CDs@phthalamide Phthalamide 441
PLQY26%

RTP QY10.1%
● This work

★No significant photoluminescence (PL) intensity degradation was observed after 6 months of storage at room temperature.

■Only a slight (<4%) decrease in the initial PL intensity was observed under continuous UV illumination (1 W) for 10 hours.



13

▲ Repeatable 30-minute excitation cycles showed no significant degradation. Thermal treatment at 373 K for 2 hours retained 

over 90% of the initial PL intensity. The afterglow intensity in aqueous media was more than twice that of the dry powder.

●The fluorescence and RTP intensities showed less than 12% decrease after 15-minute heat treatment across the temperature 

range of 10–60 °C. Following continuous excitation for 10–60 minutes, the fluorescence and RTP intensities exhibited less than 

10% reduction.
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Figure S23 The absolute PLQY values of CDs@phthalamide

Calculation of RTP QY: First, the absolute photoluminescence quantum yield 

(PLQY) of CDs@phthalamide was measured at room temperature on an FLS1000 

steady-state/transient fluorescence spectrometer from Edinburgh with an integrating 

sphere. Then, the ratio of the integrated area of RTP spectrum to the integrated area of 

the total PL spectrum was calculated, and finally the RTP QY was calculated according 

to the formula1.

∅𝑅𝑇𝑃=
𝐵
𝐴
× ∅𝑃𝐿

Where  represent the value of PLQY, and A and B represent the integrated area ∅𝑃𝐿

of the total photoluminescence spectrum and phosphorescence spectrum, respectively.
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