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Supplementary Tables

1. XPS Analysis

Table S1. Surface atomic percentage of CDs from XPS.

Sample %Cls %N1s %01s
1-CDs 66.0 15.1 18.9
2-CDs 67.9 14.7 17.4
3-CDs 66.9 15.0 18.1




2. Quantum Yield Comparison

Table S2. Quantum yield comparison of the carbon dots synthesized in this work with

recently reported carbon dots probes.

Synthetic sources Quantum Yield (%) Ref.
Sodium alginate ~2.0 !
Leeks 5.6 2
Ascorbic acid, glycol 5.7 3
1,2,4-Triaminobenzen 10.8 4
Rose flowers 13.45 3
P-phenylenediamine 14.0 6
P. Acidus 14.0 7
Aspartic acid, NHsHCO3 14.0 6
Wool 16.3 8
Amino salicylic acid 16.4 ?
Diethylamine, CHCI3 17.1 10
CCl4, NaNH> 22.0 1
Malic Acid 30.0 12

22.8-36.5
Ascorbic acid, Arginine This Work

(based on the CDs size distribution)




3. Two-Photon Fluorescence Imaging (TPFI)
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Supplementary Figures

1. XPS Analysis
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Figure S1. XPS survey spectra (a), and detailed N1s spectra (b-d) of 1-CDs, 2-CDs, and 3-

CDs, respectively.
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2. Photostability
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Figure S2. Photostability test of 3-FCDs under continuous irradiation with a two-photon NIR

laser at excitation wavelength of 750 nm.
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3. Single-Photon Fluorescence Deep-Tissue Imaging

Figure S3. Single-photon excited Z-stack images of pigskin tissue after incubation with 3-

FCDs (300 pg/mL) for 3 h (from 0 to 280 um; Az = 40 pum, scale: 200 um).



4. Bare 3-CDs and FITC Sensitivity Towards Fe3*

We have also studied the Fe3* sensing capability of bare 3-CDs and FITC, separately. As it is
shown in Figure S4a and c, no significant fluorescence quenching was observed in pure FITC
and 3-CDs solution in the presence of ferric ions with concentration up to 2.5 and 0.5 uM,
respectively. The first noticeable fluorescence quenching of FITC and 3-CDs occurred at 10
and 1 uM concentration of ferric ions. The FITC and 3-CDs fluorescence intensity ratio (I/Io)
as a function of Fe>* concentration is presented in Figure S4b and d. The I/I ratio for both the
FITC and 3-CDs displayed a non-linear plotting with the fluttered trend at low concentration
of ferric ions (0-2.5 uM) with a detection limit of 0.433 and 0.151 uM, respectively (based on
the ratio of the standard deviation of the response to the profile slope, 30/S). Also, the
fluorescence quenching efficiency of 53.5% and 52.7% at the concentration of 500 uM Fe3*
was observed for both FITC and 3-CDs, respectively. On the contrary, the conjugated FITC
molecules and 3-CDs work synergistically to improve the detection limit and sensitivity of the
3-FCDs probe in detecting ferric ions. A notable fluorescence quenching of 3-FCDs was
noticed upon the addition of Fe3" with the concentration of 1.6 uM. The fluorescence
quenching efficiency of the 3-FCDs increases up to 65.1 and 62.8% for both 3-CDs and FITC
(FITC conjugated 3-CDs) at 500 uM Fe3*, respectively (Figure 7¢). Surprisingly, the 3-FCDs
show a linear relationship in the range of 0 to 20 uM with an extraordinary detection limit of
1.56 nM. Therefore, the results discussed above clearly demonstrate a significantly improved
the ferric ion sensing ability of 3-FCDs compared to FITC or 3-CDs. Also, we investigated the
effect of CDs size on sensing performance. The results exhibited approximately similar
sensitivity limit value of 1-CDs (0.163 uM), 2-CDs (0.142 uM), and 3-CDs (0.151 uM) for
ferric ion detection. This is because of similar surface functionality of different CDs sizes

(Figure 2 and S1).
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Figure S4. (a, ¢) Fluorescence spectra of the 3-CDs and FITC before and after addition of

different concentrations of Fe3*, and (b, d) fluorescence intensity ratio I/Io (obtained from

Figure S4a and b) as a function of Fe3" concentration, respectively (Insets: fluorescence

intensity ratio I/Io as a function of Fe3* concentration in the range of 0-2.5 uM, respectively).
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5. Complexation Between FITC and Fe3*
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Figure S5. (a) UV-vis absorption, and (b) FT-IR spectra of FITC before and after addition of

Fe3" ions.
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6. 3-CDs, FITC, and 3-FCDs Response Time
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Figure S6. The response time of (a) bare 3-CDs, (b) bare FITC, (¢) 3-CDs in 3-FCDs, and (d)

FITC in 3-FCDs toward the addition of 500 uM Fe3*.
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7. Cell Viability
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Figure S7. Cytotoxic effects of 3-FCDs on skin fibroblast cells at increasing concentration for

72 h (mean + SD, n = 3). Cells incubated with only media as control.
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8. Two-Photon Fluorescence Cell Imaging

Figure S8. Overlay of DIC and two-photon fluorescence images of fibroblast skin cells

incubated with 300 pg/mL 3-FCDs for 24 h (scale: 20 um).
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9. Two-Photon Fluorescence Imaging and Mean Fluorescence Intensity of

Fibroblasts Before and After AA Addition

3-FCDs 3-FCDs+AA

Figure S9. Two-photon fluorescence images of fibroblast after incubation with 300 ug/mL of
3-FCDs for 24 h and then 1 mM Ascorbic Acid (AA) for (a) 0 h, and (b) 1 h. (c) Mean

fluorescence intensity of cells incubated with 3-FCDs and 3-FCDs+AA (scale: 20 um).
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10. The Average Fluorescence Ratio Versus the LPS Treatment Time
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Figure S10. The average fluorescence ratio IGreen/Ired (from 15 cells calculated using ImagelJ

software) versus the LPS treatment time.
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Supplementary Videos

1. The Z-axis Imaging

Z-stack, Fibroblast Skin Cells Incubated with 3-FCDs.avi

Video S1. The video shows the Z-stack of cells incubated with 3-FCDs at different Z positions.
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Extra Studies:

Fabrication of pH Test Strips with 3-FCDs

First, we cut the cellulose-based filter paper into circles with a diameter of 0.6 cm. Next, a
series of 20 uL solutions containing the dual-emissive 3-FCDs (300 pg/mL) were transferred
onto the prepared filter papers and kept in the dark for 30 min to obtain a uniform paper sensor.
The solutions withpH values of 5, 6, 7, and 8 were pipetted onto the as-prepared paper sensors.

A digital camera recorded the fluorescence changes under irradiation with a 365 nm UV lamp.

Dual-Emissive pH Sensing

To investigate the capability of 3-FCDs for pH sensing, the fluorescence intensity of the
probe was analysed in the pH range of 4.1 to 10.0. Figure S8a shows that at both peaks of
fluorescence intensity at 445 nm (Ired) and 515 nm (IGreen) Was increased by changing the pH
value from 4.1 to 10.0, with no obvious change in peak position under the excitation
wavelength of 390 nm. This phenomenon can be attributed to the protonation and
deprotonation of the functional groups (such as amino and carboxyl groups) existing on the
surface of the probe 6. Figure S8b shows ratiometric intensities (IGreen/IRred) 0f 3-FCDs at the
maximum emission peaks of CDs and FITC at different pH values and the inset which shows

the linear response of the probe to pH changes in the range of 5.6-7.5.
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Figure S11. (a) PL emission spectra of 3-FCDs at pH ranging from 4.1 to 10.0, (b) Ratiometric
PL intensities (IGreen/IrRed) of 3-FCDs at the maximum emission peaks at different pH values.
Inset: linear plotting of IGreen/Ired Versus pH. (¢) Fluorescence reversibility of 3-FCDs between
pH 4 and 10, (d) Photostability test of 3-FCDs at different pH values under continuous

irradiation with UV light (500 W).

Interestingly, the fluorescence emitting color of the 3-FCDs aqueous solution altered from
deep-blue to deep-green by changing the pH from 5 to 8 (Figure S9a). Therefore, we utilized
the 3-FCDs pH sensitivity advantage for on-site and rapid determination of pH values. For this
purpose, a paper-based sensor was developed. In detail, a series of 20 uL. 3-FCDs solution (300
w/mL) were transferred onto the pieces of filter papers (6 mm in diameter) and then kept in the
dark for 30 min to achieve uniform paper sensors. Under UV-lamp, the as-prepared papers

showed a cyan fluorescence color, Figure S9b (the raw paper was non-fluorescent). Next, 20
S-18



uL of the solutions with a pH value of 5, 6, 7, and 8 were transferred onto the paper sensors.
As clearly observed by the naked eye, the color of the paper-based sensor changed from deep-
blue to cyan, light green, and deep-green by increasing the pH value from 5 to 8 (Figure S9c).
The results mentioned above and Figure S9c¢ shows the promising applicability of the paper-
based sensor for the visual detection of pH.

Also, the reversibility of the 3-FCDs was investigated at different pH values (5 to 8). As
shown in Figure S8c, the pH value switched from pH 5 to pH 8 four times with no obvious
changes in fluorescence intensity which indicates the high pH-reversibility of the 3-FCDs.
Furthermore, the photostability of 3-FCDs at different pH values was tested under continued
irradiation with UV light (500 W) for 1200 s, and no significant changes were observed (Figure

S8d).

Figure S12. (a) Fluorescence images of the aqueous suspension of 3-FCDs at different pH
values. The images of the paper-based sensor (b) after addition of 3-FCDs, followed by (c)

addition of the solutions with different pH values under a 365 nm UV lamp. pH values from

left to right: 5, 6, 7, and 8.
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