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Experimental Section

Cyclic Voltammetry of CDs

To estimate the HOMO and LUMO energy levels of CDs, the cyclic voltammetry was performed
using a three-electrode system. The counter electrode was platinum wire, and the reference electrode
was Ag/AgCl. The working electrode was prepared by drop-casting 10 uL of CDs solution (10
mg/mL) onto a platinum electrode followed by drying at 40 °C. The electrolyte was 0.1 M
tetrabutylammonium hexafluorophosphate (TBAPF6, Aldrich) in acetonitrile and was purged with N,

for 20 min prior to use.

The HOMO and LUMO energy levels of CDs were calculated according to the following

equations:

Emomoy=€(Eoxt4.4) (Ev) (1)

Ewumoy=€(Erat4.4) (Ev) (2)

Where Eox and Ered are the onset of oxidation and reduction potential, respectively.

Model construction

The models of bulk Mg;Al-LDH and Mg,Al-LDH were built according to the experimental X-
ray diffraction pattern. The space group of these LDHs was P—3m1, with lattice parameters of a = f
= 90°, y = 120°.5! And the other three lattice parameters (a, b, and c¢), which were referred to the
experimental powder X-ray data, for MgzAl-LDH are a = b = 3.04 A, ¢ = 27.10 A, and for Mg,Al-

LDH are a=b=3.04 A, ¢ =25.07 A. The CcHsN,05S~ (DBS) and C1,H,504S~ (DS) anions with the



molar ratio of 1:1 were intercalated into the interlayer of the Mg;Al-LDH and Mg,Al-LDH to keep
the model neutral, and the appropriate amount of water molecules were also added. The chemical
formulae for Mg;Al-LDH and Mg,Al-LDH are Mg;sAls(OH)45(CsH4N>0357)35(C12H,50457)5-78H,0
and Mg;sAlg(OH)45(CsH4N,0357)4(C12H2504S7)4- 78H,0, respectively. And the explicit solvent model

of water with a density of 1.0 g/cm3 was also constructed.

Computational methods

Molecular dynamics (MD) simulations were performed through the Forcite module in Accelrys
Materials Studio software package version 5.5. The canonical (NVT) ensemble was selected to
guarantee the constant volume system exchanging the heat with the environment at the constant
temperature. The universal force field was selected to describe the properties and interactions of atoms.
The temperature was set as 298 K controlled by the Nosé thermostat. The Ewald summation method
was applied in dealing with the long-range Coulombic interactions and van der Waals interactions.>?

And the time step was set to be 1 fs and the total dynamics time was 10 ns.

Characterizations

X-ray diffraction patterns (XRD) were obtained by the Bruker D8 diffractometer using a Cu Ka
source, with a scan step of 0.02°, a scan rate of 1°/min, and a scan range between 0.5° and 15°. The
UV-vis absorption spectra were obtained in the 220—-800 nm range using the Shimadzu UV-3600
spectrophotometer, with a slit width of 1.0 nm. The elemental contents of Mg and Al in the samples
were determined by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) using the
Shimadzu ICPS-7500 instrument. The organic elemental analysis was carried out by the PerkinElmer

Elementarvario elemental analysis instrument. The morphology was investigated using a scanning



electron microscope (SEM Hitachi S-3500 N), and the applied accelerating voltage was 20 kV. The
TEM images were obtained using the JEOL JEM-2100 transmission electron microscope with the
accelerating voltage of 200 kV. The thickness data were obtained using the Veeco NanoScope Illa
atomic force microscope (AFM). The fluorescence emission and excitation spectra and 3D
fluorescence data were obtained by the HITACHI F-7000 fluorescence spectrophotometer. X-ray
photoelectron spectroscopy (XPS) was performed via the Thermo VG ESCALAB 250 X-ray photo-
electron spectrometer using Al Ka X-rays as the excitation source. The Fourier transform infrared
(FTIR) spectra were obtained by the Nicolet 605 XB FT-IR spectrometer in the 4000400 cm—1 range
with a 2 cm—1 resolution. Raman measurements were carried out with the excitation of 633 nm using
a confocal Raman microspectrometer (Renishaw, in Via-Reflex). Photoluminescence quantum yield
(PLQY) was measured using the Nanolog FL3-2iHR infrared fluorescence spectrometer equipped
with an integrating sphere. Temperature-dependent fluorescence spectra of CDs/LDH were obtained
by the Craic 20/30 PV microspectrophotometer. Confocal microscopy images were obtained using the
Leica TCS sp8 confocal laser scanning platform. The emission spectra and color coordinates of the

WLED were determined by the Konica Minolta CS-2000 spectroradiometer.
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Fig. S1 (a)(b) XRD patterns (c¢) FT-IR spectra and (d) High-resolution SEM images of 2,5-CI/LDH,

2,4-CI/LDH, 2,5-CD/LDH and 2,4-CD/LDH.
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Fig. S2 PL emission spectra of (a)B-CS-CD, (b)G-UH-CD, (¢)Y-CS-CD, (d)R-UH-CD.
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Fig. S3 Cyclic voltammogram curves of (a)B-CS-CD, (b)G-UH-CD, (¢)Y-CS-CD, (d)R-UH-CD.
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Fig. S4 UV-vis absorption threshold of (a)B-CS-CD, (b)G-UH-CD, (c)Y-CS-CD, (d)R-UH-CD.



Table S1. Average fluorescence lifetime of B-CS-CD, G-UH-CD, Y-CS-CD, R-UH-CD

Samples B-CS-CD G-UH-CD Y-CS-CD R-UH-CD
T,/n8 2.47 4.86 0.77 1.07
A1/% 49.99 51.47 21.5 70.32
T,/n8 7.29 9.97 3.2 3.54
A% 50.01 48.53 78.5 29.68

T(avg)/ NS 4.88 7.34 2.68 1.80

x2 1.181 1.141 1.403 1.335

Table S2. Absolute photoluminescence quantum yield of B-CS-CD, G-UH-CD, Y-CS-CD, R-UH-

CD

B-CS-CD
6.90

G-UH-CD
6.89

Y-CS-CD
2.67

R-UH-CD
1.09

Samples

QY/%

Table S3 The synthesis and fluorescent properties of recent reported multicolor CDs

Synthetic Fluorescence Emission
0
method color wavelength PLQY (%) Refs.
(nm)
BI
Hydrothermal uel,{;reen, 492,523, 601 13.1,11.2,9.8 S3
Blue, Yellow- 53.69, 54.88,
Solvothermal Green, Red 370, 440, 580 52.79 S4
Hydrothermal ¥ Ob G0 30) 516, 504 8.4,93,83 S5
Orange
Hydrothermal Blue, Green, 360,530,600  27.3,18.4, 162 S6
Orange
ier YBliue’ Cgf;:: 445,508, 546,  48.2,26.0, 18.5, .
crowave CTOw, L range, 605, 635 13.7,5.7
Red
Blue, Green, 62.79, 44.65,
Solvothermal Red 460, 510, 605 20.88 S8



Solvothermal

Blue, Green,

410, 540, 646 0.80, 3.4, 16.6 S9
Red
Blue, Yell
Solvothermal “e’ReZ oW 440,530,620  29.17,7.78, 6.80 S10
Microwave Bluel’{geen’ 405, 530, 600 12.0, 35.0, 8.0 S11
1
Solvothermal O ee™ YeHOWs oas so1 602 56.0,47.0, 34.0 S12
Orange
Hydrothermal Greenf{;range’ 490, 600, 630 - 14.0 S13
Blue, Green, 490,530,570,  32.3,26.8,22.6,
Solvothermal Yellow, Red 605 13.5 Si4
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Fig. S5 (a) XRD of B-CS-CD, G-UH-CD, (b) Raman of B-CS-CD, G-UH-CD.



B-CS-CD
Q h—yi 1671 Y\
1470 836
O |G-UH-CD 2919 2252 1068
c
8
= Y-CS (:?3?)34 2896 b - *
£ |Y-Cs- 1553 N . 619
2 1639 820
© 3407 1468" 1066
+ [R-UH-CD 2851 1191
- 2922
2924 1589 143 878
1521 12071089 608

4000 3200 2400 1600 . 800

Wavenumber (cm™)

Fig. S6 FT-IR spectra of B-CS-CD, G-UH-CD, Y-CS-CD, R-UH-CD
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Fig. S7 XPS full spectrum of B-CS-CD, G-UH-CD, Y-CS-CD, R-UH-CD
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Fig. S8 The N1s, Ols and Cls high-resolution XPS spectra of B-CS-CD (a, b, ¢).and G-UH-CD (d, e,

f)

Table S4. XPS data analyses of the Cls spectra of B-CS-CD, G-UH-CD, Y-CS-CD, R-UH-CD

Samples C=C C-C C-N/C-0 C=0
B-CS-CD 44.59% 40.04% 14.34% 1.04%
G-UH-CD 31.49% 49.22% 16.78% 2.51%
Y-CS-CD 46.36% 36.84% 15.08% 1.72%
R-UH-CD 32.35% 44.66% 20.52% 2.48%

Table S5. XPS data analyses of the Ols spectra of B-CS-CD, G-UH-CD, Y-CS-CD, R-UH-CD

Samples C=0 C-O0
B-CS-CD 14.24% 85.76%
G-UH-CD 49.33% 50.67%
Y-CS-CD 1.55% 98.45%

R-UH-CD 59.36% 40.64%




Table S6. XPS data analyses of the N1s spectra of B-CS-CD, G-UH-CD, Y-CS-CD, R-UH-CD

Samples Graphite N Amino N Pyrrolic N Pyridine N
B-CS-CD 68.21% 4.64% 12.07% 15.08%
G-UH-CD 7.80% 34.15% 27.96% 30.09%
Y-CS-CD 63.65% 1.20% 34.45% 0.69%
R-UH-CD 5.24% 27.84% 47.78% 19.13%
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Fig. S9 (a) XRD patterns (b) FT-IR spectra of CI/LDH-1, CI/LDH-2.
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Fig. S10 The (a) Ols, (b) Cls XPS spectra of CD-1, CD-2 and CD-3.
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