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Eq S1. Yield Calculation

The yield of CsN QDs can be calculated as the following equation: 5153
- Mepops
yield= — Eq S1
Mpap

where Mc,N gps 18 the mass of the obtained C3N QDs and Mp,p is the mass of the

DAP powder dissolved in deionized water.

Fig. S1. HRTEM patterns of CsN QDs

Fig. S1. HRTEM patterns of C3N QDs.

Fig. S2. Particle Size Distribution of CsN QDs
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Fig. S2. Particle size distribution of CsN QDs by nano-particle size analyzer.
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Fig. S3. C 1s Spectra of DAP and CsN QDs

C 1s spectra of DAP and C3N QDs are shown in Fig. S3. For DAP and C3N QDs, the
high resolution XPS spectra of C 1s can be divided into four components: C-C/C=C
with a binding energy at 284.8 eV (grey); C-N at 285.6 eV (blue); C-O at 286.4 eV
(purple) and C-NH»/C=0 (green) at 288.7 eV. 545
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Fig. S3. The C 1s of C3N QDs and DAP

Table S1. Atomic fractions of CsN QDs and DAP by XPS

Table S1. Atomic fractions of CsN QDs and DAP by XPS

Materials C% N% 0%
DAP 75.9 21.1 3.0
C3N QDs 63.4 20.2 16.4
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Fig. S4. FTIR Spectra of CsN QDs and DAP

FTIR spectra of CsN QDs and DAP are shown in Fig. S4. For C3N QDs and DAP, the
peak at 3437 cm™! may be due to the N-H asymmetric vibration of -NH». The peaks at
3310, 1497, and 1130 cm™' may be due to the N-H stretching vibration in parahelium
structure.>® The peak at 3168 cm™' may be due to the C-N stretching vibration of edge
benzene ring. The peaks at 1630, 1603, and 1527 cm™ may be due to C=N stretching in
phenazine structure.3” The peaks at 1640 and 1558 cm™! may be attributed to the C=C
stretching in phenazine structure. The peaks at 1334 and 1225 cm™ may be due to the

C-N stretching in parahelium structure.
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Fig. S4. Fourier transform infrared spectra of C3N QDs and DAP.
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Fig. S5. Lifetime of CsN QDs
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Fig. S5. Time resolved fluorescence spectra of of C3N QDs.
Considering the background of photons from laser, we adopted bi-exponential decay
model to fit the lifetime curves. Based on fitting results, there are two components of

the lifetime decay: one is 0.53 ns (94% of the population), the other is 5.47 ns (6% of
the population), with y? of 0.98.
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Fig. S6. The fluorescence spectra of CsN QDs w/o AI¥*, Ga**, In®**, and

Sc®* ions at different concentrations.
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Fig. S6. The fluorescence spectra of C3N QDs w/o AI**, Ga**, In**, and Sc¢*" ions at

(b)

800

Intensity (a.u.)

=)
=
=

oY
=4
=

[ o)
=
=

(d)

800

Ly =)
= S
= =

[ o)
S
=

Intensity (a.u.)

0 L , , "“-__'
400 500 o600 700

without ions
with 10 mM
with 30 mM
with 60 mM

Ga3+

dxr e

0 - , , e )
400 500 600 700

Wavelength (nm)

without ions
with 10 mM
with 30 mM
with 60 mM

4 x*xr e

Wavelength (nm)

different concentrations. (a) AI**, (b) Ga**, (c) In**, (d) Sc**.

6 /15




Table S2. The statistics of fluorescence quenching efficiencies for Al3*/

Ga®'/ In®/ Sc3*.

Table S2. The statistics of fluorescence quenching efficiencies for AI¥*/ Ga®*/ In®"/ S¢**.

Fluorescence quenching efficiency:

Conditions (F-Fo)/Fo
Metal ions lon Concentration Test 1 Test 2 Test 3 Mean Value
(mM)
10 -0.045 -0.062 -0.060 -0.056 +0.009
30 -0.105 -0.127 -0.121 -0.118 +0.011
AL 60 -0.216 -0.193 -0.206 -0.205 +0.011
100 -0.255 -0.255 -0.273 -0.261 +0.010
300 -0.438 -0.442 -0.465 -0.448 +0.015
600 -0.559 -0.554 -0.578 -0.563 +0.013
10 -0.250 -0.265 -0.267 -0.261 +0.009
30 -0.319 -0.310 -0.270 -0.300 +0.026
Gat 60 -0.334 -0.332 -0.330 -0.33240.002
100 -0.379 -0.371 -0.368 -0.373 +0.006
300 -0.396 -0.383 -0.415 -0.398 +0.016
600 -0.362 -0.414 -0.418 -0.398 +0.031
10 -0.112 -0.102 -0.122 -0.112 +0.010
30 -0.151 -0.113 -0.154 -0.139 +0.023
e 60 -0.199 -0.156 -0.178 -0.177 £0.021
100 -0.227 -0.188 -0.215 -0.210 +0.020
300 -0.362 -0.351 -0.360 -0.358 +0.006
600 -0.447 -0.449 -0.461 -0.452 £0.007
10 -0.011 -0.018 -0.010 -0.013 +0.004
30 -0.075 -0.107 -0.128 -0.103 £0.027
- 60 -0.145 -0.178 -0.187 -0.170 £0.022
100 -0.200 -0.246 -0.252 -0.233 +0.028
300 -0.340 -0.352 -0.368 -0.353 +£0.014
600 -0.547 -0.561 -0.531 -0.547 £0.015

* Each test means one of the three independent experiments under same test
conditions.

**Values following the “+” symbol are the statistical deviation, using as the error bar
in Fig.3.
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Table S3. Relative Fluorescence ratios of GQDs or CDs

Table S3. Relative Fluorescence ratios of GQDs or CDs in Fig. 3(b).

Materials  Ion concentrations (F-Fo)/Fy Ref.

GQD-Al 100 uM 0.60 S8
GOQD-Ga 100 mM 0.21 S9

CD-In 10 uM 0.51 S9
GQD-Sc 100 mM 0.31 S9
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Fig. S7. The fluorescence spectra of CsN QDs w/o Li*, Na*, K*, Mg?",
Ca?*, Sr?*, Cu?, Co?", Ni?*, Au®*, Fe*, and Cr® ions at different

concentrations.
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Fig. S7. The fluorescence spectra of C3N QDs w/o monovalent alkaline metals (Li",
Na“, and K"), divalent alkaline-earth metals (Mg?", Ca**, and Sr**), and multivalent
transition metals (Cu?*, Co?*, Ni**, and Au*", Fe**, Cr*") at different concentrations. (a)
K", (b) Na*, (¢) Li*, (d) St2*, () Ca>*, (f) Mg, (2) NiZ*, (h) Cu®*, (i) Co*, (j) C**, (k)

Fe¥', (1) Au*.
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Table S4. The statistics of fluorescence quenching efficiencies for other

ions than AlI¥*/ Ga3®*/ In3*/ Sc®*.

Table S4. The statistics of fluorescence quenching efficiencies for other ions than AI¥*/

Ga®'/ In®*/ Sc®.

Fluorescence quenching efficiency:

Conditions
(F-Fo)/Fo
Metal ions lon Concentration Test 1 Test 2 Test 3 Mean Value
(mM)
60 -0.021 -0.014 -0.009 -0.014 £0.006
K* 100 -0.036 -0.021 -0.015 -0.024 +£0.011
600 -0.072 -0.066 -0.066 -0.068 +0.004
60 -0.011 -0.006 -0.014 -0.010 £0.004
Na* 100 -0.022 -0.017 -0.020 -0.020 £0.003
600 -0.106 -0.096 -0.101 -0.101 £0.005
60 -0.072 -0.060 -0.086 -0.073 £0.013
Li* 100 -0.096 -0.082 -0.078 -0.085 £0.010
600 -0.133 -0.122 -0.123 -0.126 +0.006
60 -0.028 -0.016 -0.022 -0.022 +0.006
Sr2* 100 -0.038 -0.026 -0.036 -0.033 £0.006
600 -0.131 -0.120 -0.129 -0.127 +0.006
60 -0.021 -0.021 -0.022 -0.022 +0.001
Ca?* 100 -0.018 -0.020 -0.015 -0.018 £0.002
600 -0.206 -0.242 -0.257 -0.235 +0.026
60 -0.140 -0.115 -0.102 -0.119 +0.019
Mg?* 100 -0.099 -0.091 -0.087 -0.093 £0.006
600 -0.275 -0.280 -0.280 -0.278 £0.003
60 -0.490 -0.499 -0.499 -0.496 £0.005
Ni* 100 -0.628 -0.634 -0.634 -0.632 £0.003
600 -0.972 -0.977 -0.977 -0.975 £0.003
60 -0.555 -0.549 -0.576 -0.560 £0.014
Cu® 100 -0.665 -0.662 -0.667 -0.664 £0.002
600 -0.948 -0.948 -0.950 -0.949 £0.001
60 -0.650 -0.650 -0.651 -0.650 £0.000
Co* 100 -0.757 -0.758 -0.757 -0.758 £0.000
600 -0.958 -0.958 -0.958 -0.958 £0.000
-0.129 -0.186 -0.098 -0.138 £0.045
Cr3 3 -0.186 -0.191 -0.195 -0.191 £0.005
-0.277 -0.288 -0.299 -0.288 £0.011
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1 -0.220 -0.226 -0.278 -0.241 +0.032
Fe® 3 -0.580 -0.631 -0.643 -0.618 +0.033
6 -0.781 -0.807 -0.809 -0.799 +0.015
1 -0.780 -0.788 -0.792 -0.787 +0.006
Audt 3 -0.945 -0.949 -0.952 -0.949 +0.004
6 -0.980 -0.982 -0.983 -0.981 +0.001

* Each test means one of the three independent experiments under same test
conditions.

**Values following the “+” symbol are the statistical deviation, using as the error bar
in Fig.4.
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Table S5. The fluorescence changes of carbon-based QDs to various

ions.

Table SS. The fluorescence changes of carbon-based QDs to various ions.

Type of carbon-based Ion concentrations Fluorescence

Metal ions Ref
QDs (M) change
GQDs 0-12500 b S11
enhance
NBD-hnap 0-3 S12
AP B-GQDs 0-1.5 S13
N,B-GQDs 0-400 reduce S14
Hydroxylated-GQDs 0-10000 S15
I CDs 0-33 b S10
n enhance
NBD-hnap 0-3 S12
Sc3t GQDs 0-100 enhance S9
BTC 0-100 S16
NBD-hnap 0-3 S12
Ga* enhance
HT 0-80 S17
DHTC 0-30 S18
CDs 0-15 S19
Aut reduce
C nanodots 0.2-45 S20
N-CDs 0-100 S21
Fe3* N-GQDs 0-10000 reduce S22
Hydroxylated-GQDs 0-50000 S15
Cr* Hydroxylated-GQDs 0-40000 reduce S15
CDs@ g-C3N4 0-0.01 enhance S23
Cu? N-GQDs 0-200 S22
u
Hydroxylated-GQDs 0-25000 reduce S15
N-CDs 0-100 S24
Co? CDs 0-50 reduce S25
u
CDs 0-500 S26
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