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Reagents and Instrument

Graphite powder, P2O5, H2SO4, K2S2O8, HCl, KMnO4, N, N-

dimethylformamide (DMF), adenosine triphosphate (ATP), Uridine 

triphosphate (UTP), guanosine triphosphate (GTP), cytidine triphosphate (CTP), 

Adenosine monophosphate (AMP), and adenosine diphosphate (ADP), FeCl3, 

NaCl, LiCl, KCl, CaCl2, AgCl, PbCl2, ZnCl2, MnCl2, BaCl2, CdCl2, AlCl3 were 

provided by Aladdin (China). Lysine (Lys), tyrosine (Tyr), histidine (His), 

arginine (Arg),and glucose (Glu), were bought from Macklin (China). 4T1 cells 

(mouse breast cancer cells) were provided by the Chinese National Cell Line 

Resource Infrastructure. Ultrapure water prepared by Milli-Q Gradient 

ultrapure water system (Millipore) was used throughout the experiments.

Instrument

The morphological and crystallographic characteristics of the materials 

were investigated by high-resolution transmission electron microscope (HR-

TEM) (JEOL-2100F). UV-Vis spectra were measured on a spectrophotometer 

(Varian Cary 50). Fourier transform infrared spectroscopy (FT-IR) 

measurements were carried out using Is50 (PerkinElmer, USA). Raman spectra 

were used to analyze the structure information of the as-obtained samples 

(LABRAM HR Evolution). X-ray diffraction (XRD) patterns of the samples 

were measured using Cu Kα radiation (RIGAKU D MAX 2500). X-ray 

photoelectron spectroscopy (XPS) was performed using monochromated Al Kα 

radiation as an X-ray source (A VG ESCALAB MKII spectrometer). 

Fluorescence excitation and emission spectra were collected with a 

fluorescence spectrometer (PerkinElmer LS-55). All photographs of cells were 

captured by an inverted fluorescence microscope (DMI4000B, Leica). The 

absolute photoluminescence quantum yield (Φ) was measured with 

QuantaMaster 8000 fluorescence spectrometer.

Preparation of Graphene Oxide

https://webvpn.jlu.edu.cn/https/77726476706e69737468656265737421e7e056d234336155700b8ca891472636a6d29e640e/topics/chemistry/histidine


Graphene oxide (GO) was synthesized from graphitic power according to 

modified Hummer's method. Briefly, 0.75 g graphite powder was added into a 

solution consisting of 4.5 mL concentrated H2SO4, 1.125 g K2S2O8, and 1.125 g 

P2O5 and reacted at 80 °C for 5 h1. After cooling to room temperature, 100 mL 

of ultrapure water was slowly added. The product was filtered by 0.2 µm Nylon 

film and dried naturally. Pretreated graphite powder was further oxidized by 20 

mL H2O2 (30%) and10 g KMnO4 at 38°C for 5h2. After that, the reaction was 

ended with the addition of 200 mL deionized water, and 20 mL H2O2 (30%). In 

the end, the mixture was washed 3 times with 1: 10 (v: v) HCl aqueous solution, 

and then deionized water3. Finally, GO was exfoliated by sonicating for 2 h 

under ice bath. The GO solid was obtained by removing the aqueous medium 

with a vacuum freeze drier.



Figure S1 X-ray diffraction pattern of N-GQDs.

Figure S2 Fitted curves of Gaussian peaks (D1, D2 and D3) and Lorentzian peaks (D, G and D') of 
N-GQDs Raman spectra.



Figure S3 Shelf-life assessment of the sensor

Figure S4 Fluorescence stability studies of N-GQDs for sensing Fe3+ in different pH solutions.



Figure S5 “ON-OFF-ON” process under UV lamp.

Figure S6 Fluorescence stability studies of N-GQDs-Fe3+ system for sensing ATP in different pH 
solutions.



Figure S7 Time-resolved fluorescence of N-GQDs.

Figure S8 Stern-Vlomer linear fitting for the fluorescence quenching of N-GQDs at different 
temperatures in the presence of Fe3+



Figure S9 Zeta potentials of N-GQDs, N-GQDs-Fe3+ system and N-GQDs-Fe3+-ATP system

Figure S10 FT-IR spectra and their characteristic vibrational modes, where the blue line was for 
N-GQDs, the pink line was for the N-GQDs-Fe3+ system, and the purple line was for the N-
GQDs-Fe3+-ATP system.



Figure S11.(a) XPS full spectrum of N-GQDs-Fe3+ system; (b) XPS full spectrum of N-GQDs-
Fe3+ system; (c) C1s XPS spectra of N-GQDs-Fe3+ system and N-GQDs-Fe3+-ATP system; (d) 
P2p XPS spectra of N-GQDs-Fe3+-ATP system; (e) Comparison of O1s XPS spectra of N-GQDs-
Fe3+ and N-GQDs-Fe3+-ATP system; (f) Fe 2P1/2 and Fe 2P3/2 XPS spectra of N-GQDs-Fe3+ and 
N-GQDs-Fe3+-ATP systems, with satellite peaks indicated by orange.



Figure S12 UV spectral transmission tests of pure PVA films and fluorescent flexible films mixed 
with N-GQDs.

Table.S1 Comparison of different sensors for the Sensing of Fe3+

Type of sensor linear range (μM) LODs (nM) Ref.
GB-CDs 50.00-600.00 60.00 4

N-GQDs 1.00-70.00 80.00 5

N-CDs 5.00-60.00 1900.00 6

Mn, B, N-CDs 0-800.00 780.00 7

S-CDs 1.00-500.00 100.00 8

N-GQDs 10.00-1000.00 190.00 9

MXene quantum 
dots 5.00-1000.00 310.00 10

AMHMPQ 1000.00-15000.00 962.60 11

Ag-MOF 0–575.00 15440.00 12

N-GQDs 0-34.05 2.38 This work



Table.S2 Comparison of other works for the detection of ATP

Type of sensor linear range (μM) LODs (nM) Ref.
AgNCs 0.01-18.00 8.40 13

DNA-F 20.00-3500.00 3200.00 14

TC/Apt 1.00-1500.00 200.00 15

Hemin/G-quadruplex 0.10-2.00 40.00 16

Dendritic DNA 
nanoassembly 10.00-10000.00 5.80 17

NEase 10.00-100000.00 3.40 18

ThT-SCD 0-150000.00 1300.00 19

N-GQDs 0-10.00 1.16 This work

Table. S3 Determination of Fe3+ and ATP in actual samples 

Fe3+
Added 

(nM)

Founded 

(nM)

Recovery 

(%)

RSDs 

(%)

(n=3)

ATP
Added 

(nM)

Founded 

(nM)

Recovery 

(%)

RSDs 

(%)

(n=3)

0 - - 0.12 0 - - 0.17

100 100.23 100.23 1.12 100 100.62 100.62 2.25

200 196.06 98.03 1.35 200 199.54 99.77 1.61

Mice 

serum

500 505.91 101.18 0.56

Mice 

serum

500 510.50 102.10 2.42

0 - - 1.22 0 - - 1.46

100 99.50 99.50 2.71 100 96.90 96.90 0.25

200 201.04 100.52 0.83 200 214.24 107.12 2.49
urine

500 522.93 104.59 1.42

urine

500 562.12 112.42 1.36



Table S4 Intra-day and Inter-day precision tests

matrix
Added

(nM)

Intra-day 

precision (%)

(n=3)

Inter-day 

precision (%)

(n=6)
100 100.21±1.24 99.79±3.72
200 101.37±1.34 95.52±2.64mice serum
500 99.64±0.72 99.55±3.11
100 105.50±1.76 100.10±1.73
200 100.16±1.40 104.38±4.68

Fe3+

urine
500 108.46±2.41 103.64±3.26
100 98.19±2.79 95.45±4.83
200 107.96±0.41 99.53±4.93mice serum
500 99.80±1.16 100.21±2.69
100 102.30±1.80 99.11±4.97
200 105.35±0.37 102.20±5.55

ATP

urine
500 102.76±1.37 95.80±5.31
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