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Experimental Section
Determination of Photon Flux

The photon flux in terms of quanta/s was determined through an actinometry measurement.
Potassium ferrioxalate was decomposed by the UV-B light from the photoreactors into Fe** ions.
Longer exposure of the ferrioxalate to UV-B light results in a linear increase in Fe?*" ions. Adding
o-phenanthroline buffered with sodium acetate to these solutions causes the Fe?" ions to form a
red colored complex with an absorption maximum at 510 nm. The presence of more Fe ™
corresponds to a solution with higher absorbance. In this way, measuring the absorbance allows
for determination of Fe** present in the solution. Because each photon yields a single Fe** ion,
the number of photons absorbed by the sample can be calculated through this technique. By
plotting the absorbance of the solution at 510 nm as a function of UV-B exposure, a slope can be
obtained to calculate quantum flux of the UV reaction chamber. For more details, see the

supporting information of Bitter et al.[1]

Fig. S1. Photographs of solid (a) CACDs and (b) MACDs.
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Fig. S2. X-ray diffraction patterns for (a) CACDs and (b) MACDs.
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Fig. S3. AFM images of (a) CACDs and (b) MACDS, particle height distribution of (c) CACDs

and (d) MACDs.



Fig. S4. Excitation emission matrices (EEM) of (a) CACDs, (b) MACDs, (¢) CA-P-CDs-4 and

(d) MA-P-CDs-4.
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Fig. S5. FTIR spectra of (a) CACDs and (b) MACDs as well as spectral band assignments (oop

means out of plane bending).!
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Fig. S6. >°C NMR spectra of (a) CA-CDs (b) CA-P-CDs-4, (c) MA-CDs and (d) MA-P-CDs-4.



Table S1. XPS element analysis results of all of samples.

:::as:;a:: %C %0 %N %P
CACDs (N=4) 62+3 243+ 16 136416  0.02+0.03
CA-P-CDs-1 64.8 18.5 16.7 0.0
CA-P-CDs-2 62.7 22.0 14.2 11
CA-P-CDs-3 63.1 222 13.8 0.9
CA-P-CDs-4 61.7 24.1 11.4 2.9
MACDs (N=4)  62.6+18 2243 1542 0.0+0.0
MA-P-CDs-1 60.5 22.0 16.4 11
MA-P-CDs-2 58.0 23.2 17.0 18
MA-P-CDs-3 58.0 23.3 15.9 2.8
MA-P-CDs-4 61.2 215 14.9 2.4

TEM Size Analysis Method:

The particle counting was performed in Imagel software. Specifically, oval tools were used to
measure the Feret diameter of carbon dots, as the Feret diameter measures the size of an object
along a specific direction. In addition, to minimize human error and improve reproducibility, the
measurement was repeated three times on different days, and more than 500 particles were
included each time. Counting results were imported into OriginPro 9.0 for further statistical
analysis, such as frequency counts and peak analysis. Since the values for particle size are positive,
a lognormal function was applied to fit the size distribution. Thus, the data shown report the mean
size and peak width (FWHM).
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Fig. S7. TEM images and corresponding size distribution of (a) & (b) CA-P-CDs-1, (c¢) & (d)

CA-P-CDs-2, (e) & (f) CA-P-CDs-3, and (g) & (h) CA-P-CDs-4 (scale bar inside: 20 nm).
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Fig. S8. TEM images and corresponding size distribution of (a) & (b) MA-P-CDs-1, (¢) & (d)

MA-P-CDs-2, (e) & (f) MA-P-CDs-3, and (g) & (h) MA-P-CDs-4 (scale bar inside: 20 nm).



Table S2. Lifetime and quantum yield (QY) data of citric acid CDs series (left) and malic acid

CDs series (right).

Sample Name Tayg (NS) QY (%) Sample Name Tavg (NS) QY (%)
CACDs 11.17 + 0.65 48.34 MACDs 4.77+0.34 12.07
CA-P-CDs-1 9.11 £0.37 40.98 MA-P-CDs-1 5.43+0.39 15.56
CA-P-CDs-2 9.12 + 0.07 39.29 MA-P-CDs-2 4.45+0.15 11.58
CA-P-CDs-3 8.88+0.09 35.56 MA-P-CDs-3 5.63+0.30 10.19
CA-P-CDs-4 9.72 £0.80 44.23 MA-P-CDs-4 4.32 £0.06 11.99
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*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001

Fig. S9. Comparison of fluorescent lifetimes (1) among (a) citric acid carbon dots, and (b) malic

acid carbon dots using one-way ANOVA.



Fig. S10. Photograph showing the layout of drop plate colony counting with S. oneidensis MR-1.
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Fig. S11. (a) 15-min and (b) 1-hour exposure results of MA-P-CDs-4 (5 mg/mL) in dark

condition and under lab light condition.



Citric Acid Carbon Dot Cubic Baseline
and Gaussian Fit
f=y0+a*x+b*x"2+c*x"3
f=y0+a*exp(-.5*((x-x0)/b)"2)

o Raw Data, Peak Only
0.10 1 e Raw Data, Background
—— Cubic Baseline, 95%CI

e Baseline Corrected
Gaussian Fit

0.08 -

0.06 -

0.04 -

absorbance

0.02

0.00

300 350 400 450 500
wavelength (nm)

Fig. S12. Cubic baseline and Gaussian distribution fit to obtain peak absorbance for a degraded

citric acid carbon dot.
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