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1. Experimental section

1.1 Materials

For all chemicals and solvents were analytical grade. Xylose (C5H10O5, ≥ 99%)，

fructose (C6H12O6, ≥ 99%)， glucose (C6H12O6, 96%)， mannose (C6H12O6, 99%), 

arabinose (C5H10O5, 98%), rhamnose (C6H12O5⋅H2O, 99%), benzoquinone (BQ), 

potassium iodide (KI), isopropyl (IPA) and tryptophan (Trp) were all purchased from 

Aladdin Chemistry Co., Ltd (Shanghai, China). 1,2,3,5-tetrakis(carbazole-9-yl)-4,6-

dicyanobenzene (4CzIPN, 98.0%) was purchased from Wohler Organic. 

Ethylenediamine and citric acid were purchased from China National Pharmaceutical 

Chemical Reagent Co. Anhydrous ethanol was purchased from Tianjin Kermio 

Chemical Reagent Co., Ltd (Tianjin, China).

1.2 Characterization

Transmission electron microscopy (TEM) were recorded on JEM-2100 CXII and 

scanning electron microscopy (SEM) were explored on Hitachis-4800. Fourier infrared 

(FT-IR) spectrum were taken on a Bruker Tensor 27 spectrophotometer in the range of 

400-4000 cm-1 with a resolution of 4 cm-1. The powder X-ray diffraction (XRD) 

patterns were measured with a Bruker D8 Focus diffractometer (CuKα radiation, λ = 

0.15418 nm) in the θ-2θ mode. Brunauer-Emmett-Teller (BET) specific surface areas 

were measured on a Micromeritics ASAP 2020 apparatus. The X-ray photoelectron 

spectroscopy (XPS) analysis was performed with a Kratos Axis Ultra DLD 

spectrometer employing an amonochromated AlKR X-ray source (1486.6 eV). The 

ultraviolet-visible diffuse reflectance spectrum (UV-vis DRS) was achieved on a Cary 

5000 spectrophotometer by using BaSO4 as the reference. The photoluminescence (PL) 

spectrum was measured by an Edinburgh FLS-920 spectrometer. Electron spin-

resonance spectroscopy was used to study molecules and materials with unpaired 

electrons, and the 5,5-dimethyl-1-pyrroline N-oxide (DMPO) was chosen as a spin trap 

for the detection of hydroxyl radical (·OH) and superoxide (·O2
-), the 2,2,6,6-

tetramethylpiperidine-1-oxyl (TEMPO) was applied to characterize electrons and 

holes, while the amino-2,2,6,6-tetramethylpiperidine (TEMPONE) was used to detect 



singlet oxygen. Ultraviolet photoelectron spectroscopy (UPS) was measured by using 

a He I (21.20 eV) as monochromatic discharge light source and a VG Scienta R4000 

analyzer. A sample bias of -5 V was applied to observe the secondary electron cutoff 

(SEC).



2. Results and discussion

Fig. S1. XRD patterns of CQDs.



Fig. S2. Mott-Schottky plots of 4CzIPN and CQDs@4CzIPN at frequencies of 500 Hz 

(A) and 800 Hz (B) in 0.5 M Na2SO4.



Fig. S3. Relative band alignment of 4CzIPN and CQDs@4CzIPN.



Fig. S4. FT-IR spectra (A) and XRD patterns (B) of the fresh and recycled 

CQDs@4CzIPN.



Fig. S5. The HRTEM image of the recycled CQDs@4CzIPN.



 

Fig. S6. TEMPO ESR spin-labeling for e-.



Fig. S7. TEMPO ESR spin-labeling for e-.



Fig. S8. TEMPO ESR spin-labeling for e-.



Fig. S9. TEMPO ESR spin-labeling for h+.



Fig. S10. TEMPO ESR spin-labeling for h+.



Fig. S11. TEMPO ESR spin-labeling for h+.



Fig. S12. DMPO ESR spin-labeling for ·OH.



Fig. S13. DMPO ESR spin-labeling for ·OH.



Fig. S14. DMPO ESR spin-labeling for ·OH.



Fig. S15. DMPO ESR spin-labeling for ·O2
-.



Fig. S16. DMPO ESR spin-labeling for ·O2
-.
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Fig. S17. DMPO ESR spin-labeling for ·O2
-.



Fig. S18. TEMPONE ESR spin-labeling for 1O2.



Fig. S19. TEMPONE ESR spin-labeling for 1O2.
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Fig. S20. TEMPONE ESR spin-labeling for 1O2.



Table S1. The effects of different catalysts on the synthesis of lactic acid from 

different biomass-based monosaccharides with various conditions.

Entry Samples
Thermo-

catalysis
Photocatalysis

Conver

sion 

(%)

Yield 

(%)
Refs.

1 Xylose CQDs@4CzIPNa ＞99.0 92.7
This 

work

2 Al-RTb ＞99.0 63.0 [1]

3 UiO-66c ＞98.3 70.2 [2]

4 SnBetad ＞99.0 70.0 [3]

5 Ut-OCNe ＞99.0 89.7 [4]

6 B@mCNf ＞99.0 79.1 [5]

7 Fructose CQDs@4CzIPNa ＞99.0 76.4
This 

work

8 Ut-OCNe ≥98.0 69.6 [4]

9 (C4H9)2SnOg ＞99.0 63.0 [6]

Reaction condition: a 70.0 oC, 30.0 min. b 170.0 oC, N2: 15.0 bar ,4.0 h. c 170.0 oC, 

N2: 15.0 bar ,4.0 h. d 200.0 oC, N2: 4.0 Mpa, 1 h. e 50.0 oC, 1.5 h. f 60.0 oC,90.0 min. 

g 210.0 oC, 30.0 min.
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