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Text S1. Effect of light intensity 

The corn stover-derived CQDs were prepared within 24 hours and were vigorously stirred using 
various light intensities of 555 mW/cm², 834 mW/cm², and 1050 mW/cm², respectively (Table S1, 
Samples 1-3). Figure S2 (a-c) displays the 3D-EEM fluorescence spectra of the synthesized 
samples, and it can be observed that all the prepared solutions displayed weak fluorescence 
properties. However, the solution prepared with a light intensity of 834 mw/cm² showed a stronger 
photoluminescence effect than the others. The pH values of the prepared samples (Table S1) 
showed no noticeable change under different light intensities. Figure S2(d) shows that the UV 
absorption peaks appear at 232 nm and ~278 nm. The absorption peak at 232 nm was due to the 
π-π* transition of C=C, while the strong absorption of CQDs in the region of 250-300 nm is 
preferably considered ‘n to π*’ transitions of C=O. Figure S2 (f) shows the temperature trends at 
different light intensities. The temperatures of all samples became stable after 4 hours of light 
irradiation. 

Text S2. Effect of reaction time 

The CQD samples were prepared using vigorous stirring and a light intensity of 834 mW/cm², with 
reaction times varying from 24 h to 120 h (Table S1, Samples 2-7). Figure S3 (a-e) displays the 
3D-EEM fluorescence spectra of the samples. With an increase in reaction time, the 
photoluminescence effects of the samples were enhanced by an increase in emission intensity, 
centered at Ex/Em = 350-370 nm / 440-460 nm. Higher intensity is generally caused by the higher 
concentration of the fluorescent CQDs, resulting from more ordered and uniform aromatic 
structures. The aqueous sample with the strongest photoluminescence effect was discovered when 
the reaction time was 96 hours. Although the reaction time exceeded 96 hours, the compounds that 
were dissolved in the solution likely became an obstacle to the light, and further reactions might 
be impeded. 

The pH values (Table S1) of the prepared samples exhibited a clear decreasing trend. At the same 
time, the reaction times increased, indicating the yield of the organic acids (-COOH) gradually 
increased as the reaction proceeded. The temperature of the samples (Figure S3(f)) was 
approximately 50℃, which is consistent with the results shown in Figure S2(e). 

Figure S3(g) shows that the UV absorption peaks appeared at 232 nm and ~270-290 nm. The 
absorption peak at 232 nm was due to the π-π* transition of C=C, while the strong absorption of 
CQDs in the region of 250-300 nm is preferably considered to be ‘n to π*’ transitions of C=O.

Figure S3(h) compares the FTIR spectra of CQD samples prepared at 24 h, 48 h, 72 h, 96 h, 120 
h. The broad absorption band at about 3500-3000 cm-1 is attributed to the stretching vibration of 
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O-H and N-H bonds1,2. The peak at 2930 cm-1 originated from C-H while C=C, C-O and C-O-C 
were observed at 1580 cm-1, 1243 cm-1 and1029 cm-1, respectively  3–5. Particularly, C=O could be 
observed at 1690-1740 cm-1. The C=O bond formed when the reaction time exceeded 96 hours, 
whereas it was not obvious when the samples were prepared with less than 96 hours.

Text S3. Effect of O2 flow 

In this part, the CQDs were prepared under the conditions of strong stirring, a light intensity of 
834 MW/cm², and a reaction time of 96 hours, while varying the O₂ flow rate from 0 to 42 mL/min 
(Table S1, Samples 8-11). Figure S4 (a-d) displays the 3D-EEM fluorescence spectra of the CQDs. 
As the O2 flow rate increased, the fluorescent properties of the samples also enhanced, in line with 
the rise in O2 flow rate. However, the sample with a flow rate of 40 mL/min exhibited poorer 
performance than the others, which may be due to the excessive amount of O2 interfering with the 
Fenton reactions or enhancing the condensation reactions, leading to an increase in the carbon 
quantum dots. Compared with the sample synthesized, the pH of the samples prepared within an 
O2-rich atmosphere showed a drastic drop, which was approximately 4 (Table S1), demonstrating 
that O2 accelerated the degradation of organics from corn stover and the formation of organic acid 
(-COOH). 

Figure S4 (e) and Figure S4 (f) compared the UV-vis absorption and FTIR spectra of the prepared 
CQD samples with different O2 flow rates, respectively. The peaks in UV absorption and FTIR 
were consistent with the results shown in Figures S3 (g) and S3 (h). 

Text S4. Effect of light wavenumber ranges 

To prepare CQDs at different light wavelength ranges (Table S1, Samples 12-14), the simulated 
solar light was filtered by the parallel optical filters with the transmittance ranges of 250 - 430 nm, 
430 - 700 nm and 650 - 1000nm (Parallel Optical Window, Newport, USA, model: FSW18AR.10; 
20BW40-30; 20QW40-30AR.16), under the conditions of strong stirring and reaction time of 96h. 
Figure S5 (a-d) displays the 3D-EEM fluorescence spectra of the CQDs. The emission intensities 
of the CQDs prepared with UV and infrared lights are higher than those prepared with only visible 
light. This might be because UV light possesses higher photon energies, and infrared light provides 
more thermal energy than visible light. 

Text S5. Effect of separated components of corn stover 

Corn stover mainly comprises cellulose, hemicellulose, and lignin 6. The experiments (Table S1, 
Samples 15-17) were performed at the same experimental setup and conditions to compare the 
difference between the corn stover and a single component for CQDs synthesis. The poor 
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fluorescent properties of the samples may be due to the lack of iron ions, which results in a reduced 
oxidative power of the solution. Figure S6 also indicated that cellulose was hardly degraded, while 
lignin and hemicellulose were oxidatively degraded. 

Text S6. Additional control experiments 

To further evaluate the individual roles of illumination, temperature, and oxygen availability, two 
additional control reactions were performed. In Sample 18 (dark + O₂), the reactor was supplied 
continuously with O₂ (28 mL min-1) while completely shielded from light; the reaction remained 
near ambient temperature because no external heating or illumination was applied. In Sample 19 
(light + N₂), the reactor was illuminated under simulated solar light but supplied with N₂ instead 
of O₂. The corresponding 3D excitation–emission fluorescence spectra for these controls are 
presented in Figure S7, which complements the fluorescence results reported for Sample 6 (light 
+ no added gas, Figure S3d), Sample 10 (light + O₂, Figure S4c), and Sample 8 (dark + external 
heating, Figure 1g).

Text S7. ESR measurement

Electron spin resonance (ESR) measurements were performed on a Bruker EMX EPR 
spectrometer (X-band) using 5,5-dimethyl-1-pyrroline N-oxide (DMPO) as a spin-trapping agent 
to detect transient reactive oxygen species. Spectra were recorded at a microwave frequency of 
~9.87 GHz, with a center magnetic field of 3514 G, sweep width of 100 G, modulation frequency 
of 100 kHz, modulation amplitude of 7 G, and microwave attenuation of 38 dB. The time constant 
and conversion time were both set to 20.48 ms.

Unless otherwise noted, ESR samples were prepared by mixing 50 µL of reaction solution with 50 
µL of 1.6 M DMPO immediately before to analysis. For selected control experiments, 3 µL of a 5 
mM Fe²⁺ solution was added just before measurement as a diagnostic trigger to promote Fenton-
type conversion of accumulated peroxide into hydroxyl radicals. Fe²⁺ was introduced only during 
ESR measurements and was not added during photocatalytic operation or material synthesis, where 
trace metal species originate naturally from the biomass matrix.

Text S8. Fenton and Fenton-like reactions

Fenton and Fenton-like oxidation are considered advanced oxidation processes (AOPs) that 
involve radical-based reactions, where redox interactions occur between multivalent metals and 
reactive species. These processes are well-regarded for their high efficiency in degrading organic 
pollutants. In these systems, multivalent metals act as essential catalysts, such as Fe, Cu, Co, Mn, 
Ce, Ag, Cr, Ru, W, Mo, V, and Ti 7. They facilitate the activation of hydrogen peroxide (H₂O₂), 
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generating reactive oxygen species (ROS) that can break down complex organic compounds. At 
the same time, the dual roles of H₂O₂ as both a reductant and oxidant enable it to interact with low-
valent metals (Mⁿ⁺) possessing reducing properties and high-valent metals (M(n+z)+) exhibiting 
oxidizing properties. This dynamic redox mechanism leads to the efficient production of ROS, 
such as hydroxyl radicals (•OH), which are crucial for the oxidative degradation of organics in 
various environmental and industrial applications 7. For example, when Mn or Cu is the catalyst, 
the mechanism equations of Fenton-like reactions are as follows8:

Mn2+ + H2O2 → Mn3+ + OH• + HO- (SR1)
Mn3+ + H2O2 → Mn2+ + HO2• + H+ (SR2)
Cu+ + H2O2 → Cu2+ + OH• + HO- (SR3)
Cu2+ + H2O2 → Cu+ + HO2• + H+ (SR4)

The elemental analysis results for three CQD samples (S6, S8, and S10) are presented in Table S3, 
focusing on the concentrations of transition metals that may facilitate Fenton or Fenton-like 
reactions. Notably, iron (Fe), copper (Cu), and manganese (Mn) — the key catalysts for classic 
and non-classic Fenton processes — were detected in all samples. Fe concentrations ranged from 
0.14 to 0.81 ppm, Cu from 0.03 to 0.32 ppm, and Mn from 0.01 to 0.25 ppm, indicating their 
consistent presence in the CQD matrix. These metals are well-known for their ability to activate 
hydrogen peroxide, generating ROS such as hydroxyl radicals, which supports the potential for 
oxidative degradation pathways in this system. Additionally, trace levels of cobalt (Co), chromium 
(Cr), and nickel (Ni), which may also contribute to Fenton-like mechanisms under specific 
conditions, were observed. The detection of these redox-active elements strongly supports the 
hypothesis that both Fenton and Fenton-like reactions are feasible within the CQD environment, 
enhancing its potential for catalytic or environmental applications.

Text S9. Thermogravimetric analysis

The thermogravimetric analysis (TGA) of both the raw biomass (corn stover) and the derived 
CQDs (sample 10) was evaluated using a simultaneous thermal analyzer (DSC/TGA SDT Q600). 
The corn stover powder was analyzed under a nitrogen atmosphere from room temperature to 
750 °C, followed by heating in air from 750 to 900 °C, at a constant heating rate of 10 °C/min. The 
sample was held isothermally for 60 minutes at both 750 °C and 900 °C to ensure complete 
decomposition and combustion.

For the CQD product, the analysis was conducted under nitrogen from room temperature to 50 °C 
at a heating rate of 10 °C/min, followed by an isothermal hold at 50 °C for 180 minutes to assess 
low-temperature volatility. The sample was then heated in air to 900 °C, with 60-minute holds at 
both 750 °C and 900 °C to fully oxidize any remaining material.
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The TGA results of the corn stover powder and the derived CQDs) are presented in Figure S10a 
and S9b, respectively. For the corn stover powder (Figure S10a), an initial weight loss of 
approximately 5.42% occurred at 100 °C, corresponding to the evaporation of moisture and light 
volatile components. A major weight loss of 71.62% was observed around 374 °C, which is 
attributed to the thermal decomposition of hemicellulose, cellulose, and lignin, the primary 
constituents of lignocellulosic biomass. After pyrolysis in a nitrogen atmosphere up to 750 °C, a 
residual ash content of 2.41% remained. Subsequent combustion in air up to 900 °C led to a slight 
increase in residue to 2.97%, indicating minor oxidation of the remaining carbonaceous material. 

In contrast, the CQD sample (Figure S10b) exhibited rapid and nearly complete weight loss below 
150 °C, suggesting a high proportion of volatile or low-molecular-weight organic species. A 
prolonged isothermal hold at 50 °C for 180 minutes with only 0.51% dry weight remaining. 
Following pyrolysis and high-temperature combustion, the final ash content was extremely low 
(0.04%), reflecting the high purity and minimal inorganic residue of the synthesized CQDs.

Text S10. Centrifuge and dialysis procedure for CQDs

The CQD solution was first passed through a 0.22 μm syringe filter to remove large particulates. 
It was then centrifuged at 10,000 rpm for 10 minutes using an Eppendorf Centrifuge 5418 (USA) 
to remove aggregates and insoluble residues. The CQD solution was then transferred into a dialysis 
bag with a molecular weight cut-off (MWCO) of 1000 Da. The bag was immersed in deionized 
(DI) water and maintained at room temperature under gentle stirring. To ensure effective removal 
of small molecular weight impurities, the DI water was replaced every 24 hours. The dialysis 
process was continued for a total of 3 days. After completion, the dialyzed CQD solution was 
collected for further characterization. 

Text S11. Evaluation of CQDs purity

CQD solutions before (Figure S11, black) and after dialysis (Figure S11, blue) were separately 
analyzed by liquid chromatography–mass spectrometry (LC-MS) to evaluate the removal of small 
molecular weight impurities. LC-MS analysis was performed using an Agilent 1260 Infinity HPLC 
system coupled with a 6120 Quadrupole MS, equipped with a Hi-Plex H column at 50 °C, with 
water as the mobile phase at a flow rate of 0.6 mL/min. The chromatographic run was carried out 
over 60 minutes, and data were collected in negative ion mode. The results demonstrate that 
dialysis successfully removed small molecular fragments formed during CQD synthesis, 
enhancing sample purity, as indicated by the marked reduction in peak intensities following 
treatment.

Table S5 summarizes the ICP-MS and ion chromatography (IC) results for the CQD solution (S-
10) after purification by centrifugation and dialysis filtration, providing clear evidence of the 
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sample's high purity. Most metal ions, including Ag, Ce, Co, Ni, Pb, Ru, Ti, V, and W, were 
completely removed (0.00 ppm), while only trace amounts of Al (0.04 ppm), Cr (0.01 ppm), Cu 
(0.06 ppm), Fe (0.07 ppm), Mn (0.02 ppm), and Mo (0.03 ppm) remained. These residual 
concentrations collectively account for only 0.23 ppm of total metal ions, indicating highly 
effective purification. Notably, the presence of Fe, Cu, and Mn—despite being at trace levels—still 
supports the potential for Fenton and Fenton-like reactions within the CQD system. Regarding 
anionic species, the IC analysis shows that all detected ions (F⁻, NO₃⁻, Br⁻, PO₄³⁻) were not 
detected (0.00 ppm), except for Cl⁻ (1.18 ppm) and SO₄²⁻ (0.53 ppm), resulting in a total ionic 
content of only 1.71 ppm. This very low concentration of residual cations and anions strongly 
demonstrates the high purity of the CQD solution after the purification process, making it well-
suited for applications requiring minimal interference from impurities, such as photocatalysis or 
bioimaging.
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Figures and tables

Figure S1. Experiment strategy, setups, and H2O2 test results of the system
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Figure S1. (a) Schematic illustration of the formation of fluorescent CQDs from corn stover via light 
irradiation; (b) Photocatalytic setup for CQDs synthesis; (c) Heating setup for CQDs synthesis; (d) H2O2 
test strips used in this work; (e) the H2O2 test result under different conditions of the system.

Figure S2. Effect of light intensity

Figure S2. 3D emission-excitation-intensity spectra of CQDs synthesized at the light intensity of (a) 555 
mW/cm2 (450 W); (b) 834 mW/cm2 (600 W); (c) 1050 mW/cm2 (750 W); (d) Comparison of UV-vis 
absorption spectra of CQDs based on various light intensity; (e) Comparison of temperature of CQDs 
synthesized with different light intensity. (Other reaction conditions: 24 h of reaction time, strong stirring, 
with an atmosphere environment).
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Figure S3.  Effect of reaction time 

Figure S3. 3D emission-excitation-intensity spectra of CQDs synthesized with the time of (a) 24 h; (b) 48 
h; (c) 72 h; (d) 96 h; (e) 120 h; (f) the graph of the temperature within 120 h under the same light intensity 
(834 mW/cm2); (g) Comparison of UV-vis absorption spectra of CQDs based on various reaction time; (h) 
Comparison of ATR-FTIR absorption spectra of CQDs synthesized with different reaction times. (Note: 
other reaction conditions: 834 mW/cm2 of light, strong stirring, with an atmosphere environment).  
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Figure S4.  Effect of O2 flow 

Figure S4. 3D emission-excitation-intensity spectra of CQDs synthesized with the O2 of (a) 0 mL/min; (b) 
14 mL/min; (c) 28 mL/min; (d) 40 mL/min. (Other reaction conditions: 834 mW/cm2 of light, 96 h of 
reaction time, strong stirring, with atmosphere environment). 

Figure S5. Effect of light wavenumber ranges 

Figure S5 3D emission-excitation-intensity spectra of CQDs synthesized with the different light wavelength 
ranges of (a) 250-430 nm; (b) 430-700 nm; (c) 650-1000 nm (Other reaction conditions: 96 h of reaction 
time, 834 mW/cm2 of light, strong stirring, 27 mL/min of O2). 
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Figure S6. Effect of separated components of corn stover 

Figure S6 3D emission-excitation-intensity spectra of CQDs synthesized by (a) cellulose, (b) hemicellulose, 
and (c) lignin with/without light and O2. (Other reaction conditions: 834 mW/cm2 of light, 96 h of reaction 
time, vigorous stirring, 27 mL/min of O2). 

Figure S7. Control experiments

Figure S7 3D-EEM fluorescence spectrum: (a) CQDs prepared with the introduction of O2 but without light 
(other reaction conditions: 96 h of time, 28 mL/min of O2 flow, vigorous stirring); (b) CQDs prepared with 
simulated solar light and the introduction of N2 (other reaction conditions: 96 h of time, 28 mL/min of N2 
flow, vigorous stirring).
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Figure S8. ESR spectra of H₂O₂ standards and reaction systems under different 
conditions

Figure S8. (a) ESR spectra of H₂O₂ standards (0 and 2 ppm); (b) ESR spectra collected from DI water 
systems under dark conditions, illumination, and illumination with O₂ flow; (c) Time-resolved ESR spectra 
of filtrates from the corn-stover-containing reaction system under illumination and O₂ flow.

Figure S9. Fluorescent microscopy of CQDs

Fluorescence microscopy was employed to visualize the photoluminescent behavior of the 
synthesized carbon quantum dots (CQDs) using a ZEISS LSM 700 confocal laser scanning 
microscope. The results show that the synthesized carbon quantum dots (CQDs) are well-dispersed 
and exhibit strong photoluminescence under UV light.

Figure S9. The visible (a) and UV light (b) images of the CQDs by fluorescent microscopy (scale bar: 2 
µm)
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Figure S10. TGA of corn stover and CQDs

Figure S10. TGA curve of (a) corn stover powder and (b) CQDs (sample 10)

Figure S11. LCMS chromatograms of CQDs before and after dialysis
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Figure S12. TEM of CQDs after dialysis filtration
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Table S1. Summary of the experimental conditions and the resultant pHs of the 
corresponding CQDs 

Exp.
Carbon 

resources 
Weight 

(g)
Light intensity 

(mW cm-2)
Reaction 
time (h)

Atmosphere 
conditions

Flowrate 
of O2 

(mL min-1)

Wavelength 
range of light 

(nm)

pH of 
aqueous 
CQDs

Without the introduction of O2

Effect of light intensity

Sample 1 Corn stover 0.5 555 24 WAE 0 >260 6.47

Sample 2 Corn stover 0.5 834 24 WAE 0 >260 6.87

Sample 3 Corn stover 0.5 1050 24 WAE 0 >260 6.36

Effect of reaction time

Sample 4 Corn stover 0.5 834 48 WAE 0 >260 6.63

Sample 5 Corn stover 0.5 834 72 WAE 0 >260 6.40

Sample 6 Corn stover 0.5 834 96 WAE 0 >260 5.02

Sample 7 Corn stover 0.5 834 120 WAE 0 >260 4.47

Without light (with the temperature of 50℃ by heating and a reaction time of 96h)

Sample 8 Corn stover 0.5 0 (50℃) 96 WAE 0 / 6.44

With the introduction of O2

Effect of O2 flow rate

Sample 9 Corn stover 0.5 834 (600W) 96 Rich O2 14 >260 4.48

Sample 10 Corn stover 0.5 834 (600W) 96 Rich O2 28 >260 4.09

Sample 11 Corn stover 0.5 834 (600W) 96 Rich O2 42 >260 3.97

Effect of light wavenumber ranges

Sample 12 Corn stover 0.5 834 (600W) 96 Rich O2 28 250-430 5.25

Sample 13 Corn stover 0.5 834 (600W) 96 Rich O2 28 430-700 6.86

Sample 14 Corn stover 0.5 834 (600W) 96 Rich O2 28 650-1000 7.05

Effect of separated components of corn stover

Sample 15 Cellulose 0.5 834 (600W) 96 Rich O2 28 >260 /

Sample 16 Hemicellulose 0.5 834 (600W) 96 Rich O2 28 >260 /

Sample 17 Lignin 0.5 834 (600W) 96 Rich O2 28 >260 /

Control experiments

Sample 18 Corn stover 0.5 / 96 Rich O2 28 / /

Sample 19 Corn stover 0.5 834 (600W) 96 N2 28 >260 /

WAE: with atmosphere environment.
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Table S2. Major elements of corn stover used in this study  

No. Element (wt%)
1 C 44.62
2 O 46.68
3 H 6.09
4 N 0.75
5 S 1.87

Table S3. Concentrations of various metallic ions in the prepared CQD solutions

Sample Ag
(ppm)

Al
(ppm)

Ce
(ppm)

Co
(ppm)

Cr
(ppm)

Cu
(ppm)

Fe
(ppm)

Mn
(ppm)

Mo
(ppm)

Ni
(ppm)

Pb
(ppm)

Ru
(ppm)

Ti
(ppm)

V
(ppm)

W
(ppm)

S-6 0.00 0.40 0.00 0.03 0.11 0.32 0.81 0.25 0.02 1.21 0.02 0.22 0.01 0.00 0.01

S-8 0.00 0.16 0.00 0.19 0.03 0.09 0.14 0.11 0.02 0.06 0.02 0.22 0.01 0.01 0.01

S-10 0.00 0.02 0.00 0.01 0.00 0.04 0.28 0.01 0.01 0.05 0.02 0.22 0.01 0.00 0.01

Table S4. Parameters used for quantum yield calculations and the calculated 
quantum yields of CQDs produced under various conditions 

Sample
Integrated emission intensity 

at 350 nm (I)
Absorbance at 

350 nm (A)
Refraction index of 

solvent (η)
Quantum yield (%)

Qunine sulfate 2596423 0.0525 1.33 54

Sample 6 438828 0.0351 1.33 13.7

Sample 8 352577 0.0428 1.33 9.0

Sample 10-batch 1 613271 0.0333 1.33 20.1

Sample 10-batch 2 460875 0.0241 1.33 20.9

Sample 10-batch 3 540240 0.0305 1.33 19.3

Sample 10 (mean ± SD) - - - 20.1 ± 0.8

Table S5. Comparison for metallic ions (ICP-MS) and anions (IC) of CQDs after 
dialysis

Sample Ag
(ppm)

Al
(ppm)

Ce
(ppm)

Co
(ppm)

Cr
(ppm)

Cu
(ppm)

Fe
(ppm)

Mn
(ppm)

Mo
(ppm)

Ni
(ppm)

Pb
(ppm)

S-10 after centrifuge 
and dialysis filtration 0.00 0.04 0.00 0.00 0.01 0.06 0.07 0.02 0.03 0.00 0.00

Sample Ru
(ppm)

Ti
(ppm)

V
(ppm)

W
(ppm)

F- 
(ppm)

Cl- 
(ppm)

NO2
- 

(ppm)
Br- 

(ppm)
NO3

- 
(ppm)

PO4
3- 

(ppm)
SO4

2- 
(ppm)
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S-10 after centrifuge 
and dialysis filtration 0.00 0.00 0.00 0.00 0.00 1.18 0.00 0.00 0.00 0.00 0.53

Table S6. Comparison of raw materials and reaction conditions for producing CQDs 
with different methods (≥300 ℃ pyrolysis or two-step treatments or the additions of 
chemicals), the resultant CQDs sizes, and QY obtained with three different methods 
[one-point method (OPM), slope method (SM), and absolute method (AM)]

No. Raw materials Methods Solvent Additives Reaction 
conditions Size (nm) QY (%)

QY 
calculation 

method
Ref.

Part 1

1
Ziziphus 

mauritiana 
seeds

Microwave-
assisted 

pyrolysis

Pure 
water NA 750 °C, 12 h

+microwave, 20 min 2–4 21.3 NA 10

2 Willow leaves Pyrolysis DI water NA 700 °C, 2 h 1–4 NA NA 11

3 Fennel seeds Pyrolysis DI water NA 500 °C, 3 h 3.9 ± 0.9 9.5 AM 12

4 Lychee Kernel Pyrolysis Water NA 300 °C, 2 h 1.12 10.6 OPM 13

5 Date palm frond Carbonization Water NA 300 °C, 2 h 3.5 33.7 OPM 14

6 Aloe vera leaf Carbonization Distilled 
water NA 250 °C, 2 h

+ultrasonic, 30 min 1.5–3.7 16.4 OPM 15

7 Hair Carbonization
+hydrothermal NA NA 200 °C, 24 h 4.56 10.75 NA 16

8 Mango kernel Carbonization NA NA 300 °C, 0.5 h 6 NA NA 17

9 Fresh banana 
peels Carbonization NA NA microwave, 

9 min NA 22.3% NA 18

10 Blue algae Pyrolysis Water NA 250 °C, 1 h 1.42 NA NA 19

Part 2

8 Rice husk Pyrolysis DI water NaOH 700 °C (2 h)
+900 °C (2 h) 3.8 15 OPM 20

9 Mango peels Carbonization
+oxygenolysis

Ultrapure 
Water H2SO4/ NaOH 300 °C, 2 h 3 8.5 ± 0.2 SM 21

10  Flax straw Carbonization
+hydrothermal DI water Ethylenediamine  250°C, 2 h 2.2 20.7 OPM 22

11 Willow catkin Acid hydrolysis Ultrapure 
water Urea/ H2SO4 Burning to ash 7.3 13.3 OPM 23

12 Waste food Acid hydrolysis Water H2SO4/HNO3 Burning to ash 5 28 NA 24

13 Birchwood Hydrothermal Water Methanol/ Pd/C 240 °C, 4 h 5.24 21.7 OPM 25

14 Tobacco leaf Hydrothermal Ultrapure 
water C2H4(NH2)2 220 °C, 12 h 6.3 13.7 OPM 26

15 Pomelo juice Hydrothermal Water (NH4)2S2O8 200 °C, 12 h 6.7 18.7 OPM 27

16 Coffee grounds Hydrothermal Water N2H4·H2O
150-200 °C, 

6-10 h 1.88 NA NA 28

17 Rice residue Hydrothermal DI water lysine 200 °C 12 h 2.7 23.48 OPM 29

18 Flour Hydrothermal Water KIO4/HCl/ 
HAc/H2O2

200 ℃, 4 h
+120 ℃, 8 h 5-8 16.2 AM 30

19 Waste food Hydrothermal Ethanol Oleic acid 200 °C, 1.5 h 4-20 26 OPM 31

20 Lemon peels Hydrothermal Water H2SO4 200 °C, 12 h. 1-3 14 OPM 32

21 Tobacco leaves Hydrothermal Water NaOH 200 °C, 3 h 2.14 ± 0.3 27.9 AM 33

22 Ginkgo biloba 
L. leaves Hydrothermal DI water Ethylenediamine 200 °C, ~10 h 2.5-3.5 NA NA 34

23
Cambuci juice 
(Campomanesi

a phaea)
Hydrothermal Distilled 

water NH4OH/NaOH 190 °C, 6 h 3.7 21.3 SM 35

24 Roses Hydrothermal Water Ethylenediamine/ 
L-cysteine 180 °C, 5 h 4.5 ± 1.5 9.6 NA 36

25 Grass Hydrothermal Water Ethylenediamine 180 °C, 36 h 7–8 7 NA 37
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No. Raw materials Methods Solvent Additives Reaction 
conditions Size (nm) QY (%)

QY 
calculation 

method
Ref.

26 Marigold flower Hydrothermal Water HCl/NaOH 180 °C, 12 h 5.7 NA NA 38

27 Biomass waste Hydrothermal Water Urea/ HCl 180 °C, 12 h 6 3.5-14 OPM 39

28

Autohydrolyzat
es (AH) from 

wheat straw and 
bamboo

Hydrothermal Water Urea 180 °C, 4 h 2-6 13 NA 40

29
Pseudo-stem 

juice of banana 
plant

Hydrothermal Water Ethanol 180℃, 2 h 2-3 48 SM 41

30 Laurel leaves Hydrothermal Ethanol HNO3 180 °C, 5 h 3.8 49.9 OPM 42

31 Corncob Hydrothermal DI water Ammonium 
Water 180 °C, 5 h NA NA NA 43

32 Corn straw Hydrothermal Water HNO3 180 °C, 13 h ~5 4.64 SM 44

33 Bael leaves Hydrothermal Water NaOH 170 °C, 5 h 3-8 3 OPM 45

34 Pineapple juice Hydrothermal Ethanol CH2Cl2 150 °C, 2 h 2–3 42 SM 46

35 Saccharum 
officiarum juice Hydrothermal Water Ethanol 120℃, 3 h ~3 5.67 OPM 47

36 Manilkara 
zapota fruits Hydrothermal Water H3PO4/ H2SO4 100 °C, 1 h 1.9 ± 0.3 5.7 OPM 48

37 Corn stover Hydrothermal DI water Polytetrafluoroet
hylene 220 °C, 10 h 2.07 37.4 OPM 49

38 Durian seed 
waste Hydrothermal Ultrapure 

water Glutamine (Gln) 200 °C, 15 h 2.2 17.24 OPM 50

39
Fresh 

Eucalyptus 
globulus leaves

Hydrothermal Distilled 
water

Citric acid and 
ethylenediamine 180 °C, 24 h 6.33 60.7 SM 51

40 Durian shell Hydrothermal DI water Urea and 
aluminum nitrate 210 °C, 12 h 10 28.7 OPM 52

41 Banana peels Hydrothermal
DI water 

and 
ethanol

NA 200 °C, 24 h 3-6 NA NA 53

42 Waste chicken 
bones Hydrothermal Pure 

water NA 180 °C, 4 h 3.2 ± 0.2 NA NA 54

43 Roasted coffee 
powders Hydrothermal DI water NA 230 °C, 2 h 5-10 NA NA 55

44 Pistachio shell Hydrothermal DI water NA 200 °C, 6 h NA 9.5 NA 56

45 Orange peel Hydrothermal Water Ethylenediamine 180 °C, 3 h 3.5-5.5 35.37 OPM 57

46 Corn stover O2-rich photo-
hydrothermal DI water None Xe lamp (600W), O2 

(28 mL min-1), 96 h 3.1 ± 1.4 20.1 ± 0.8 OPM This 
work 

Note: NA notes no available; DI water means deionized water. 

Table S7. Comparison of raw materials and reaction conditions for producing CQDs 
via one-step hydrothermal or photothermal treatment with the use of only biomass 
and H2O, the resultant CQDs sizes, and quantum yields calculated with the one-
point-method (OPM)

No. Raw materials
Stages of the 
raw material

Methods Solvent
Reaction 

conditions
Size 
(nm)

Quantu
m yields 
(QY, %)

QY calculation 
method

Ref.

Part 1

1
Fresh flower 
of Lantana 

camara
Fresh Hydrothermal 

Double 
distilled 

water
250 °C, 5 h 2.4 29 OPM 58
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No. Raw materials
Stages of the 
raw material

Methods Solvent
Reaction 

conditions
Size 
(nm)

Quantu
m yields 
(QY, %)

QY calculation 
method

Ref.

2
Coriander 

leaves
Fresh Hydrothermal

Distilled 
water

240 °C, 4 h 4.15 6.48 OPM 59

3
Fresh 

Tamarindus 
indica leaves

Fresh Hydrothermal
Distilled 

water
210 °C, 5 h 3.4 ± 0.5 46.6 OPM 60

4
Fresh Bamboo 

leaves
Fresh Hydrothermal DI water 200 °C, 6 h 2–6 7.1 OPM 61

5
Fresh orange 

peels
Fresh Hydrothermal

Ultrapure 
water

200 °C, 4 h 2.34 18.57 OPM 62

6
Fresh pomelo 

peel
Fresh Hydrothermal DI water 180 °C, 5 h 5.5 17.3 OPM 63

7
Fresh sweet 
red pepper

Fresh Hydrothermal Water 180℃, 5 h 2-7 19.3 OPM 64

8 Fresh Cabbage Fresh Hydrothermal Water 140℃, 5 h 2-6 16.5 OPM 65

Part 2

9 Corn stover Dried
O2-rich photo-
hydrothermal 

DI water
Xe lamp (600W), 
O2 (28 mL min-1), 

96h
3.1 ± 1.4 20.1 OPM

This 
work 

10 Corn stover Dried
Anoxic Photo-
hydrothermal 

DI water
Xe lamp (600W), 

96h
29.8 ± 
13.5

13.7 OPM
This 
work

11 Corn stover Dried Hydrothermal DI water 50 °C, 96 h
69.4 ± 
20.5

10.6 OPM
This 
work

Table S8. Comparison of raw materials and reaction conditions for producing CQDs 
via the thermal or photo treatment of externally added H2O2 with externally added 
catalysts; and internally H2O-generated-H2O2 without externally added catalysts.

No.
Raw 

materials 
(mg)

Methods Oxidants
Initial ratio of 

H2O2/C-source-
material (mg/mg)

Reaction 
conditions

Size (nm) QY(%) Ref.

1 graphene 
oxide

Photo-hydrothermal, externally 
added H2O2 photocatalytic 

oxidation with the use of externally 
added catalyst)

Fe2+/Fe3+

/H2O2
136/25

Mercury lamp 
(365 nm, 1000 

W), 15 min
40 NA 66

2 graphene 
oxide

Hydrothermal, externally added 
H2O2 thermal catalytic oxidation 

with the use of an externally added 
catalyst

H2O2 
(W18O49 

as 
catalyst)

340/150 200 °C for 72 h 3.4 NA 67

3 Corn 
stover

O2-rich photo-hydrothermal, 
internally H2O-generated H2O2 

photocatalytic oxidation without the 
use of externally added catalyst

None 0/500
Xe lamp (600 W), 
O2 (28 mL/min), 

96 h
3.1 ± 1.4 20.1 This 

work 

4 Corn 
stover

Anoxic photo-hydrothermal, 
internally H2O-generated H2O2 

photocatalytic oxidation without the 
use of externally added catalyst

None 0/500 Xe lamp (600W), 
96 h

29.8 ± 
13.5 13.7 This 

work

5 Corn 
stover

Hydrothermal, internally H2O-
generated H2O2 thermalcatalytic 

oxidation without the use of 
externally added catalyst

None 0/500 50 °C, 96 h 69.4 ± 
20.5 9.0 This 

work
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