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Figure S1. (a) Representative TEM image of carbon dots (CDs). (b) High-resolution 

(HR) TEM image of CDs.  

Figure S2. (a) UV-vis absorption spectra and FL emission spectra of the CDs 

dispersion. Inset is the photograph of the CDs dispersion taken under natural light (left) 

and 365 nm UV light (right). (b) FL emission spectra of the CDs dispersion excited at 

various wavelengths. 
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Figure S3. Time-resolved photoluminescence decay curves of CDs solution. 

Figure S4. (a) Representative TEM image of cellulose nanocrystals (CNCs). (b) 

dynamic light scattering (DLS) curve of CNCs.

Figure S5. (a) Zeta potential measurement of CNCs. (b) Photograph of CNC/PVA/CDs 

composite suspensions. (c) Photograph of CNC/PVA/CDs composite suspensions 

observed between crossed polarizers.
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Figure S6. POM images of hybrid photonic films showing tunable birefringent colors. 

Figure S7. POM images of concentrated CNC/PVA/CDs composite suspension 

showing the growing tactoids (a) and the coalescing tactoids (b). 

Figure S8. POM image of hybrid chiral photonic film (P2-CD) showing fingerprint 

defects. 
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Figure S9. SEM images of hybrid chiral photonic film (P2-CD) showing non-uniform 

helical axes and varied helical pitches.

Figure S10. Fluorescence (FL) spectra and room-temperature phosphorescence (RTP) 

emission spectra of hybrid chiral photonic films for the integral calculation. (a) CNC-

CD film; (b) P2-CD film. ex=280 nm.

Figure S11. Photograph of CNC-CD film taken under natural light, a 254 nm UV lamp 

and turning off the UV lamp. 
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Figure S12. Normalized fluorescence (FL) spectra and room-temperature 

phosphorescence (RTP) emission spectra of CNC-CD film excited at 260 nm. The 

delayed time for the measurement of RTP spectra is 0.2 ms.

Figure S13. Time-resolved phosphorescence decay curves of hybrid chiral photonic 

films (ex=260 nm, em=480 nm).
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Figure S14. FTIR spectra of hybrid chiral photonic films.

Figure S15. FTIR spectra of CDs.
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Figure S16. Femtosecond transient absorption (Fs-TA) spectroscopy of CDs solution 

at different delay times. (a) 1.5-2.8 ps; (b) 2.8 ps-4.5 ns. ex=266 nm.

Figure S17. CPL spectra of CNC-CD film.
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Figure S18. Transmission spectra of P2-CD film probed by L-CPL and R-CPL.

Figure S19. (a) CPL spectra of P4-CD (PBG peak, 680 nm) film. (b) Transmission 

spectra of P4-CD film.

Figure S20. (a) circular dichroism spectra of CDs dispersion. (b) CPL spectra of CDs 

dispersion.
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Figure S21. (a) circular dichroism spectra of PVA-CD film. (b) CPL spectra of PVA-

CD film.

Figure S22. (a) The “front and back” circular dichroism spectra of hybrid chiral 

photonic film (PVA content, 0.015g); (b) circular dichroism spectra of hybrid chiral 

photonic film (PVA content, 0.015g) measured at diverse rotation angles.

Figure S23. (a) The “front and back” CPL spectra of hybrid chiral photonic film (PVA 
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content, 0.015g); (b) The “front and back” glum curve of hybrid chiral photonic film 

(PVA content, 0.015g).

Figure S24. Schematic illustration of the experimental setup for the measurement of

CPRTP.

Figure S25. The gRTP curve of hybrid chiral photonic films. 
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Figure S26. RTP emission spectra of CNC-CD film recorded with an L-CPF or R-

CPF.

Figure S27. Time-resolved phosphorescence decay curves of patterned photonic film.
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Figure S28. Iridescence and luminescence photographs of a butterfly-patterned film 

taken under natural light, a 254 nm UV lamp, and at different time intervals after turning 

off the UV lamp. (from left to right).

Table S1. The dissymmetric factors of circular dichroism spectra for the hybrid 

photonic films.

Sample gabs

CNC-CD 0.36

P1-CD 0.29

P2-CD 0.23

P3-CD 0.18

Where gabs is the dissymmetric factor of circular dichroism spectra, and it is calculated 

according to the following formula:

gabs =
𝑒𝑙𝑙𝑖𝑝𝑡𝑖𝑐𝑖𝑡𝑦

32982 × 𝐴𝑏𝑠

Where Abs is the UV-Vis absorption of the films, and ellipticity (unit: mdeg) is the 

measured circular dichroism value. 
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Table S2.  Photoluminescence quantum yields and phosphorescence quantum yields 

of CDs solution and photonic samples. ex=280 nm.

Sample ФPL Фphos

CDs solution 3.6% 

CNC-CD 2.2% 0.03%

P2-CD 5.2% 0.16%

The phosphorescence quantum yields were calculated as following: 

Фphos=ФPL 
𝐴𝑅𝑇𝑃

𝐴𝐹𝐿𝐴𝑅𝑇𝑃

Where ФPL is the absolute total photoluminescence quantum yield, Фphos is the 

phosphorescence quantum yield; AFL and ARTP are integral peak areas of fluorescence 

and phosphorescence (Figure S10 and Table S3).

Table S3.  Integral results of the fluorescent spectrum and phosphorescent spectrum 

for hybrid films.

Sample AFL ARTP

CNC-CD 56237 657

P2-CD 40558 1326

Table S4. Phosphorescence lifetime decay parameters of hybrid chiral photonic 

samples monitored at 480 nm.a

Sample A1 1 (ms) A2 2 (ms) avg (ms)

CNC-CD 607 6 91 31 17

P1-CD 122 7 27 67 48

P2-CD 166 8 29 83 56

P3-CD 124 13 32 136 103

Phosphorescence lifetime calculated following the equation τavg = (A1τ1
2 + 

A2τ2
2)/(A1τ1+ A2τ2) , a double exponential function.
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Table S5. The standard error of phosphorescence lifetime.

Sample A1 1 (ms) A2 2 (ms) avg (ms)

CNC-CD 9.9 0.1 4.6 1.1 0.9

P1-CD 6 0.4 1.2 3.2 2.1

P2-CD 4.4 0.2 0.9 2.9 2.2

P3-CD 2.7 0.4 0.9 4.9 4.0

The standard error of phosphorescence lifetime calculated following the equation τavg 

= (A1τ1
2 + A2τ2

2)/(A1τ1+ A2τ2) , a double exponential function.

Table S6. the lifetime of carbon dots embedded composite materials. 

Material Life time (ms) Ref.

CDs@zeolite 22.3 1

CDs@polyurethane 8.7 2

CDs@MnAPO-CJ50 10.9 3

CDs@PVA 380 4

CDs@SiO2 703 5

Pt(II)-Complexe 0.19 6

Chiral organic ionic crystals 862 7

R/S-COOCz 600 8

This study 103 
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