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Table S1. Optimization of reaction conditions for synthesis of E-GQDs.

Reaction Below 240 °C 240-260 °C 260-280 °C Above 280 °C,
condition 5 min 5 min 5 min 5 min
. Low y1§:ld Very Uniform particles Particles with large
Product No reaction small particles ( size .
below 5 nm) with few sheets sheet structures

Figure S1. TEM images of products under different reaction conditions.
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Figure S2. The thermogravimetry analysis (TGA) curve of EDTA giving the optimal reaction
temperature range for synthesis of E-GQDs.
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Figure S3. TEM image of microsized flakes obtained at higher reaction temperature (i.e. > 280 °C)
(a) and longer reaction time (e.g. 10 min) (b).

Figure S4. Characterizations of E-GQDs. (a) HRTEM image, (b) the corresponding Fast Fourier
Transform (FFT) image of the area shown in the white square in (a), (c) the filtered HRTEM image
obtained after deduction of the background signal of amorphous carbon film on Cu grid.
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Figure S5. Characterizations of E-GQDs. (a) Height distribution of E-GQDs measured by AFM. (b)
XRD pattern of E-GQDs. (¢) Raman spectrum of E-GQDs. (d) FT-IR spectra of EDTA and E-GQDs.

Table S2. Carbon (C), oxygen (O) and nitrogen (N) atomic concentrations of the E-GQDs products
prepared in the open air (POA) and in oxygen free (POF) atmosphere. The composition data was
obtained from XPS.

C Q) N
POA 44% 42% 14%
POF 49% 36% 15%

The synthesis of POF E-GQDs is described below. 1.5 g EDTA was put in round bottom flask and
protected with N,, and then heated in a sand bath at 260-280 °C with vigorous stirring. After cooling
down to room temperature, freshly prepared DI water was added to disperse the product. The
undissolved residue was removed by centrifugation at 8,000 rpm for 5 min. The supernatant was
further purified by centrifugation and filtration using AmiconUltra filter (Millipore, Billerica, MA)
with a molecular mass cut-off of 10 kDa to remove large sheets. The final product was collected by
dialyzing the aqueous solution with a dialysis membrane bag (MW 1000) for several days to fully
remove the residual EDTA.
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Figure S6. Normalized PL spectra of E-GQDs under the excitation wavelength from 295 to 365 nm.
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Figure S7. The effect of pH value on the PL intensity of E-GQDs.
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Figure S8. The cell viability using RAW 264.7 cells treated with different concentrations of E-GQD
by CCK-8 assay.

(b)

(a)f

Figure S9. The RAW 264.7 cells were incubated with 80 ng/mL of E-GQDs in PBS (pH 7.4) for 1 h
at 37 °C and 5 % CO,. Then, the cells were lysosome-stained with LysoTracker@Green for 10 min.
(a) Fluorescence image of E-GQDs. (b) Fluorescence images of lysosome-staining. (¢) Overlay of
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the corresponding fluorescence images of (a) and (b). (d) Overlay of the fluorescence image in (a)
and its corresponding bright-field image.
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Figure S10. Characterization for thin-films formed by electrophoretic deposition. SEM images of (a)
E-GQDs and (b) CA-CDs. Insets: the corresponding AFM images of the films.
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Figure S11. TGA curves of different precursors. The temperature between the dash lines showed the

optimal ranges of reaction temperature for synthesis of different GQDs.
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Figure S12. (a) UV-vis absorption spectrum of G-GQDs. The PL spectra of G-GQDs when excited

at different wavelength ranging from 305 to 355 nm (b), and from 355 nm to 435 nm (c).
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Figure S13. The effect of pH value on the PL intensity of G-GQDs.
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Figure S14. The cell viability with RAW 264.7 cells treated with different concentration of G-GQDs
by CCK-8 assay.
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Figure S15. (a) XPS survey spectrum and high-resolution C 1s (b) and N 1s (c) spectra of GQDs
synthesized from lysine. The deconvoluted C 1s peaks consists of mainly four individual peaks
assignable to C—C (~284.6 e¢V),151a] C-N (~285.5 ¢V),[S1t] C-O (~286.8 €V),[8!I° and C=0 (~288.0
eV) bonds.3'4 The deconvolution of the N Is spectrum indicates that N atoms mainly exist as

pyrrolic N (~399.7 eV) and quaternary N (~401.1 eV).[S1¢]
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Figure S16. (a) XPS survey spectrum and high-resolution C 1s (b) and S 2p (c¢) spectra of GQDs
synthesized from DTT. The deconvoluted C Is peaks consists of mainly three individual peaks
assignable to sp?-hybridized C-C (~284.5 eV),152 C-N, C-0O, C-S (~285.8 eV)[5?. ¢l and C=0
(~287.9 eV) bonds.[52d] The deconvolution of the S 2p spectrum shows the evidence for presence of
C-S-C (~163.3 eV and ~164.4 eV), sulfoxides (~165.7 eV) and other oxidized sulfur bond (~166.8
eV).Is2¢]

(a) 0z (b) 28450V C1s
3 E
= ©
£ e
o ‘»
E Cis g 2p E
R
i Nis E
1200 1000 800 600 400 200 0 290 288 286 284 282
Binding energy (V) Binding energy (eV)
(c) 400.1 &V Nis (d) 1649 eV s2p
398.5 eV 1637 eV W

3 3
o ©
= =y
] ‘w
c =
L]
E £
Ll =

404 402 400 393 396 394 168 166 164 162

Binding energy (eV) Binding energy (eV)

Figure S17. (a) XPS survey spectrum and high-resolution C 1s (b), N 1s (c¢) and S 2p (d) spectra of
GQDs synthesized from cysteine. The deconvoluted C 1s peaks consists of mainly four individual
peaks assignable to C-C (~284.5 ¢V),[52al C-N (~285.7 eV),[33%a C-0O (~286.8 eV)Sicl and C=0
(~287.9 €V) bonds.[52d The deconvolution of the N 1s spectrum indicates that N atoms mainly exist
as pyridine-like sp-hybridized form (~398.5 eV) and pyrrole-like sp3-hybridized form (~400.1
eV).[33%] The deconvolution of the S 2p spectrum shows the evidence for presence of C-S-C (~163.7
eV and ~164.9 eV).[83¢]
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Figure S18. (a) XPS survey spectrum and high-resolution C 1s (b), N 1s (c¢) and P 2p (d) spectra of
GQDs synthesized from ATP. The deconvoluted C s peaks consists of mainly four individual peaks
assignable to C—C (~284.6 eV),15121 C-O, C-N and C=N (~286.2 eV),15%] and C=0 (~287.5 V)
bonds.[5%*] The deconvolution of the N s spectrum indicates that N atoms mainly exist as pyridine-

like sp?-hybridized form (~398.5 e€V) and pyrrole-like sp3-hybridized form (~399.8 eV).[8%I The
deconvolution of the P 2p spectrum indicates that The P atoms are bonded to O atoms (~132.9 eV)

and C atoms (~131.5 eV).[54dl
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Figure S19. The dependence of fluorescence quantum yield for products from EDTA, lysine,
cysteine and ATP on the N/C atomic ratio.

S11



Quantum vyield (%)
N

7777

Gz 244

Z,

\

S
\
\

N

EDTA Arg Suc Cyst Cys ATP Lys Glu TART DTT

Figure S20. Photoluminescence quantum yields (PLQYs) of products based on the precursors,
including EDTA, arginine (Arg), sucrose (Suc), cysteine (Cyst), cysteine (Cys), ATP, lysine (Lys),

glucose (Glu), tartaric acid (TART) and DTT.
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Figure S21. Photocurrent response of products from different precursors, including EDTA, Arg, Suc,

Cyst, Cys, ATP, Lys, Glu, TART and DTT.

S12



Table S3. Doping concentrations (DC), referred to as atom percent (atom%), of the doped
carbondots based on different precursors (PRO) from XPS quantitative analysis.

PRO EDTA Lysine DTT Cysteine ATP
DC
Atom
C 44.1% 55.5% 36.3% 15.5% 24.8%
0] 41.6% 31.1% 55.0% 67.6% 56.4%
N 14.3% 13.4% -- 3.14% 11.6%
P -- -- -- -- 7.14%
S -- -- 8.72% 13.8% --
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