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Figure S1. Full XPS spectra of R-CDs.
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Figure S2. XPS Cls (A), Ols (B), N1s (C) and S2p(D) spectra of R-CDs.
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Figure S3. The effect of pH on the fluorescence emission of R-CDs (Aex =420 nm).
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Figure S4. Fluorescence intensities (Aex = 420 nm, Aem = 680 nm) changing of R-CDs in different
concentration solutions of NaCl (A) and under continuous UV illumination (B).

Optimization of R-CDs for Mn?+ detection

Due to the pH-dependence of R-CDs, the pH condition was further optimized. The
effect of Mn?* on the probe quenching efficiency was investigated in the pH range of 4~10.
As shown in Figure S5A, (Fo-F)/Fo increased with pH of the solution, and the quenching
efficiency reached the highest when pH was 7. In alkaline condition, (Fo-F)/Fo gradually
decreased. Therefore, pH=7 was selected as the optimal pH detection condition. The com-
position and concentration of buffer were further optimized by comparing of different
buffers (PBS, HEPES, Tris-HC], etc.). It was found that HEPES buffer had the highest sen-
sitivity for Mn?* detection, so HEPES was selected as the buffer to keep the pH of the de-
tection environment stable. As can be seen from Figure S5B, R-CDs had the highest
quenching efficiency for Mn>* when 0.1 M HEPES (pH=6.8) buffer was used The fluores-
cence intensity of R-CDs tended to be stable when the response time was 8 min, and there
was no significant change after 30 min (Figure S5C). Therefore, the optimal response time
was set as 8 min. At this time, the excited electron of R-CDs has filled into the vacant
orbital of Mn? through coordination, causing obvious quenching of fluorescence of R-

CDs.
A 4 B os
0.5M
B3 01M
:,M- - o4 0.05M
& 7 = @D 0.01M
= 0.2 g :o
M . L
- %’ = 0.2
0.1 g
| )
ool 1 o7 ' 0.0 Sl B
4 5 6 9 10 1 HEPES ¢pH=7.2} HEPES ( pH=6.8)
[1]
0 5 10 15 20 25 30
Time (min)

Figure S5. The optimization of pH value (A), buffer solution type (B) and reaction time (C).

Optimization of R-CDs for Zn?* detection

The fluorescence peak at 650 nm was enhanced when pH > 7, while the fluorescence
of R-CDs was weakened when pH < 7. Therefore, buffers including HEPES (pH=6.8) and
HEPES (pH=7.2) were selected for optimization. As shown in Figure S6A, R-CDs was most
sensitive to Zn?* when 0.01 M HEPES buffer (pH=6.8) was used, and the fluorescence sig-
nal was significant. As shown in Figure S6B, after Zn? was added to R-CDs for 7 min, the
fluorescence signal reached the maximum value and leveled off. Therefore, 7 min was
taken as the optimal response time, when the intramolecular charge transfer was suffi-
cient, which was conducive to the formation of the fluorescence peak at 650 nm.
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Figure S6. The optimization of buffer solution type (A) and reaction time (B).



