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Cell imaging

The viability of HeLa cells was determined by a standard methyl thiazolium tetrazolium (MTT) assay. Briefly, cells 

(5000 cells per well) were inoculated into each well of a 96-well culture dish and cultured in 100 mL DMEM at 

37°C in 5% CO2. After culturing the cells for 24 h, different concentrations of Zn-CDs were added to the cells and 

incubated for another 24 h. Cells were washed three times with PBS to remove excess carbon spots, MTT reagent 

in PBS (20 mL, 5 mg mL-1) was added to each well and incubated for another 4 h at 37 °C. Finally, the formed 

purple crystals were dissolved in DMSO (150 mL) for 20 min at room temperature. The absorbance of each well at 

490 nm was measured using a microplate reader.

HeLa cells were placed on culture dishes and incubated overnight in DMEM equipped with 10% fetal bovine serum 

in an air atmosphere containing 5% CO2. Zn-CDs (100 μg/mL) were added to the culture dishes and the cells were 

incubated at 37 ºC. After 20 min, the mixed medium was removed and the cells were washed three times with PBS 

buffer (pH = 7). Images were captured using laser scanning confocal microscopy (LSCM). Then, the above cells 

were incubated with Fe2+ (100 μM) in a Petri dish for another 20 min, followed by the addition of L-Lys/D-Lys (200 

μM) for 15 min. These images were taken by LSCM.

Temperature sensing related calculations

Absolute sensitivity (Sa) and relative sensitivity (Sr) are two important parameters in evaluating the temperature-

sensing behaviors of optical thermometers. The Sa and Sr can be calculated from the following equations (1-2):
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where Δ is used to represent the PL intensity ratio I423 nm/ I0, and T is the temperature. Additionally, the temperature 

resolution (δT) is another key parameter for evaluating the sensitivity of optical thermometers for practical 

applications, which can be calculated according to the following equation (3):
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in which the signal-to-noise ratio of the fluorescence spectrometer used is 16000:1, that is to say, the value of δΔ/Δ 

is about 0.0125% (Cao et al. 2021).
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Fig. S1. (a) PL spectra of Zn-CDs (1 mg mL-1) prepared from different hydrothermal reaction times; (b) 

Photoluminescent excitation (PLE) and emission spectra of Zn-CDs; (c) PL emission spectra of Zn-CDs aqueous 

solution under different excitation wavelengths; (d) AFM image and height profile of Zn‐CDs.

Fig. S2. X-ray diffraction pattern of Zn- CDs.

Fig. S3. XPS spectra of Zn-CDs (a) O 1s (b) Zn 2p and (c) Zn 2p (3/2).
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Fig. S4. PL intensity variation of F/Fo (F and Fo are the fluorescence intensity at ~423 nm with the presence and 

absence of different conditions, respectively) for Zn-CDs aqueous solution under different conditions of: (a) left 

time, (b) NaCl concentration, (c) UV irradiation hour, and (d) pH (λex = 339 nm).

Fig. S5. (a) The PL emission spectra of 1 mM Zn-CDs in aqueous solution with the presence of various ions with a 

concentration of 1mM; (b) Effect of various ions on the PL emission intensity of Zn-CDs.

Fig. S6. Fluorescence response time of the sensor for Fe2+ detection. The fluorescence intensity was recorded at a 

wavelength of 423nm.
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Fig. S7. The corresponding PL emission intensities of the Zn-CDs in pure H2O and the other ions solutions (1 mM) 

after introducing 20 μL 3 mM of Fe2+ solution. 

Fig. S8. (a) The influence of different concentrations of Fe2+ on the fluorescence intensity recovery of the Zn-CDs-

Fe2+ system (the concentrations of the Zn-CDs and L-Lys were 1 mg/mL and 100 μM, respectively); (b) Fluorescence 

response time of the sensor for L-Lys detection. The fluorescence intensity was recorded at a wavelength of 423nm.

Fig. S9. Cell viabilities of Hela cells treated with Zn-CDs under various concentrations (0-100 µg mL-1) for 24 h.
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Fig. S10. Relative sensitivity of Sr versus temperature.

Table S1 Comparison of detection limits of various materials used for the detection of Fe2+.

Materials# Method Linear range (μM)
(μM)

LOD (μM) Ref.

2HPN Fluorescent 0−125 0.272 1
Cellulose-based sensor containing 

phenanthroline

Colorimetric

and fluorimetric

0-17.8 0.89 2
Carbon quantum dots (dopamine) Fluorescent 0-50 0.038 3
Polyethyleneiminehydrochloride Colorimetric - 25.5 4

CDs (polyetherimide) Fluorescent 0-500 0.051 5
Zn-CDs (Zn(en)3Cl2) Fluorescent 0-120 0.092 This work

Note#: 2HPN = 2-((3-hydroxyphenyl)amino)-3-(phenylthio)naphthalene-1,4-dione

Table S2 Comparison of detection limits of different materials used for chiral L-Lys detection.

Note#: CQDs = carbon quantum dots; CDs = carbon dots

Materials# Method Linear range (μM) LOD (μM) Ref.

CQDs (ethylenediamine and L-cysteine) Fluorescent 0-5000 970 6

MWCNT and TiO2NPs Electrochemical 0.5-5.5 0.39 7

CDs (neutral red and urea) Fluorescent 0-700 0.019 8

CDs (citric acid and L-Asp) Fluorescent 0-1000 3.34 9

CDs (Nigella sativa seeds) Fluorescent 0-500 0.453 10

Zn-CDs (Zn(en)3Cl2) Fluorescent 0-120 0.204 This work
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Table S3. Comparison of the maximum relative sensitivity (Sr) of Zn-CDs with the other related optical 

thermometers reported previously.

Materials# Sensitivity Temperature range Ref.

CDs&RB@ZIF-82-MMM 0.74% oC–1 (20 oC) 20-80 oC 11

Cys-CDs 0.64% oC-1 (70 oC) 10-70 oC 12

N, S-CDs 0.50% oC-1 (80 oC) 5-80 oC 13

CDs@UiO-66(COOH)2-

50

0.82% oC–1 (10 oC) 10-80 oC 14

TbTATAB⊃C460 4.484% oC-1(27 
oC)

-173-27 oC 15

Zn-CDs (Zn(en)3Cl2) 1.10% oC−1 (90 oC) 10-90 oC This work

Note#: RB = rhodamine B; MMM = mixed-matrix membranes; ZIF-82 = zeolitic-imidazolate-framework-82; Cys = 

L-Cysteine; TbTATAB = terbium-based MOFB (H3TATAB = 4,4’,4’’-s-triazine-1,3,5-triyltri-p-aminobenzoic 

acid); C460 = 7-diethylamino-4-methylcoumarin.
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