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S1. The output files from the experimental obtention of the excitation-emission matrices (EEMSs)
with known Hg?* and Fe** concentrations had to be pre-processed prior to the application of the

machine learning models used for the prediction of analyte concentrations in real samples.
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Figure S1. Schematic representation of the data handling process.



S2. Additional XPS. To complement the characterization of the urea-modified graphene quantum

dots (uGQDs) and 1-nitroso-2-naphthol-modified NN-uGQDs, X-ray photoelectron spectra of
pristine 1-nitroso-2-naphthol (NN).
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Figure S2. Top: C 1s, O 1s and N 1s XPS spectra for pristine NN, including the deconvolution of the
instrumental signal.



S3. Excitation Emission Matrix (EMM) for GQDs synthesized without urea. The EMMs for
graphene quantum dots (GQDs) synthesized without urea, as control, show similarities with that of
urea-modified graphene quantum dots. The main difference between both cases is the EMM
observed for uGQDs with an excitation wavelength of 315 nm, which is not presence in the case of
GQDs.
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Figure S3. Excitation-emission matrix (EMM) for as-synthesized graphene quantum dots. The main
high-intensity emission resulting from scattering (when Aexc = Aem) has been whitened to improve
visualization.



S4. The EMMs of 1-nitroso-2-naphthol-modified nitrogenated graphene quantum dots (NN-uGQDs),
in the presence of 0.20 mg L™ of both Hg** and Fe®*, show significant differences in the emission
profile. These differences were key for the application of the developed machine learning model,

used for the simultaneous prediction of Hg?* and Fe®** concentrations in unknown samples.

Fluorescence intensity (A.U.)

=00 4660

4148

5

3635

3123

2610

Excitation wavelength (nm)
&
o

320 1585
1073
310 560.0
350 3010
2668
E 340 2325
§> 1983
9
S 330 1640
2
g 1298
8
3 420 955.0
612.5
310 270.0
350 3070
2740
E 340 2410
£
2 2080
o)
[
3 330 1750
E
5 1420
8
S 320 1090
w
760.0
310 430.0

380 400 420 440 460 480
Emission wavelength (nm)

Figure S4. EMM spectra for 1-nitroso-2-naphthol-modified nitrogenated graphene quantum dots
before (M-NGQDs, shown on top) and after the addition of 0.20 mg L™ of Hg?" (middle) and Fe**
(bottom).



S5. Response time. The response time of the probe differed for the studied analytes, having Hg?*
and immediate effect on the emission, while Fe3* took 15 min to produce its full quenching effect.
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Figure S5. Relative EMM intensity of 1-nitroso-2-naphthol-functionalized N-doped graphene
quantum dots as a function of time after the addition of 0.35 mg mL"* of Hg?*, 0.50 mg mL* Fe** and
0.35 mg mL* of Hg?* + 0.50 mg mL™* Fe®*'. The spectra taken at time = 0 has been considered as
the reference emission intensity (lo) and n = 3.



S6. Table comparing different Fluorescent Sensors

Table S1. Comparison of the hereby presented results with other recently published GQD-based
fluorescence sensors for Hg?* and Fe®" determination.

Fluorescence Synthesis Linear LOD Real
Sensor method range Samples Reference
Hg 2+ Fe 3+
Glutathione- . Drinking )
doped GQDs Pyrolysis 1-150 uM - 0.10 uyM water
N-doped i i River ’
GQDs Hydrothermal  0-30 uM 0.25nM water
Natural
spring
water.
P, N-doped . Not i . . 3
GQDs Pyrolysis reported 0.13 uM river water
and
serum
sample
GQDs Pyrolysis 0-60 nM - 0.024nM  Drinking 4
’ water
Electrochemic Tap water,
al exfoliation  0-0.02 uM river water .
NN-u-GQDs from 3D 0-0.08 M 0.005 uM 0.017 uM and dam This work
graphene water




S7. Instrumental conditions for the determination of Hg?" in water samples by cold vapor-atomic
fluorescence spectrometry. All measurements were carried out on samples that were previously
acidified with HNO3 up to a final concentration of 1.0 mol L. The calibration curve was obtained
using standard samples prepared in 1.0 mol Lt HNOs. On the other hand, the spectrophotometric
method used for Fe** determination was based on a liquid-liquid extraction using ethyl acetate, after
addition of KSCN as complexing and chromogenic reagent.

Table S2. Instrumental conditions for the determination of Hg?* in water samples by cold vapor-
atomic fluorescence spectrometry.

AFS instrumental conditions

Wavelength 257.3 nm
Measurement mode Peak height
Primary lamp current 8.0 mA
Atomizer temperature 300 °C
Boost current 0

PMT voltage 240V

Cold vapor generation conditions

Sample volume 2.0 mL

Carrier 1.0 mol L* HNOs
Carrier flow rate 4.0 mL mint
Reductant 0.5% (w/v) NaBH4
Reductant flow rate 4.0 mL min*

Carrier gas and flow rate Ar, 500 mL min*t
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Figure S6. Calibration curves for Hg?* (above) and Fe®" (below) are presented, corresponding to
the spectrophotometric and CV-AFS measurements utilized in the validation process.
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