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1. Synthetic route of FeL (Scheme S1). 

 
Scheme S1. Synthetic route for Fe2+ ligand (FeL). 

 

2. Characterization of FeL (Figure S1-S4). 

 
Figure S1. 1H NMR spectrum (500 MHz) of compound A in DMSO. 
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Figure S2. 1H NMR spectrum (500 MHz) of FeL in DMSO. 

 

 

 
Figure S3. 13C NMR spectrum (500 MHz) of FeL in DMSO. 
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Figure S4. Elemental composition of MS for FeL. 
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3. UV-vis absorption spectrum of AuNCs and sulfo-cyanine 7 NHS ester (Figure S5 
and S6). 

 

Figure S5. UV-vis absorption spectrum of AuNCs. 
 
 
 
 
 
 

 

Figure S6. UV-vis absorption spectrum of sulfo-cyanine 7 NHS ester. 
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4. FT-IR characterization of AuNC@FeL@Cy7 probe (Figure S7). 

 

Figure S7. (A) FT-IR spectra of (a) Cy7 NHS ester and (b) AuNC@FeL@Cy7 
between 4000-600 cm-1. (B) FT-IR spectra of (a) Cy7 NHS ester and (b) 
AuNC@FeL@Cy7 between 1300-600 cm-1. 
 
5. Absorption spectra of FeL in the presence of different metal ions and titration of 
Fe2+ (Figure S8). 

 
Figure S8. (A) Absorption spectra of FeL in the presence of various metal ions. The 

concentration of metal ions (except K+, Na+ and Ca2+) is 9 μM. The concentrations of 

K+, Na+ and Ca2+ are 100 mM, 50 mM and 10 mM, respectively. (B) Absorption 

spectra of FeL in the presence of different concentrations of Fe2+ from 0 to 21.3  µM. 
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6. Selectivity of AuNC@FeL@Cy7 probe (Figure S9). 

 
Figure S9. Selectivity and competition tests of AuNC@FeL@Cy7 probe toward 

various (A) metal ions, (B) amino acids, and (C) common ROS, Fe-containing 

proteins, ascorbic acid (AA), glutathione (GSH), glucose. The red bars represent the 

fluorescence signal ratio (Fgreen/Fred) of the fluorescent probe after addition of 

potential interferences, while the blue columns represent the fluorescence signal ratio 

(Fgreen/Fred) of the developed probe in the presence of potential interferences followed 

by addition of Fe2+. The concentration of amino acids, GSH, ROS and metal ions 

(except K+, Na+ and Ca2+) is 45 μM. The concentrations of K+, Na+, Ca2+, AA and 

glucose are 100 mM, 50 mM, 10 mM, 1 mM and 100 mM, respectively. Fgreen and Fred 

represent the average fluorescence intensity between 580-760 nmand 765-900 nm, 

respectively. The excitation wavelength was 552 nm. 
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7. Stability investigation of AuNC@FeL@Cy7 probe (Figure S10-S12). 

 

Figure S10. The difference value of fluorescence ratio (Fgreen/Fred) of 
AuNC@FeL@Cy7 probe at various pH from 5.4 to 8.0. R0 and R represent the 
Fgreen/Fred of AuNC@FeL@Cy7 probe in the present of 0 and 50 μM Fe2+, respectively. 
Fgreen and Fred represent the average fluorescence intensity between 580-760 nm and 
765-900 nm, respectively. The excitation wavelength was 552 nm. 

 

 
Figure S11. Fluorescent signal ratios (Fgreen/Fred) of AuNC@FeL@Cy7 probe in the 
present of different concentrations of NaCl. Fgreen and Fred represent the average 
fluorescence intensity between 580-760 nm and 765-900 nm, respectively. The 
excitation wavelength was 552 nm. 
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Figure S12. Fluorescence intensity of AuNCs and Cy7 obtained from 
AuNC@FeL@Cy7 probe as a function of time under a 552 nm excitation. 
 
 
 
 
8. Cytotoxicity and biocompatibility study of AuNC@FeL@Cy7 probe(Figure 
S13-S15). 
 

 
Figure S13. Cell viability of (A) HepG2 cells and (B) neurons incubated with 
different concentrations of AuNC@FeL@Cy7 probe for 24 h (red bars) or 48 h (blue 
bars). 
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Figure S14. HepG2 cells incubated with AuNC@FeL@Cy7 probe at concentrations 
of (A) 0 μM, (B) 30 μM, (C) 40 μM, and (D) 60 μM for 24 h. S1, S2, and S3 
represent the regions of early apoptotic, late apoptotic and dead cells, respectively. 
 

 
Figure S15. Neurons incubated with AuNC@FeL@Cy7 probe at concentrations of (A) 
0 μM, (B) 30 μM, (C) 40 μM, and (D) 60 μM for 24 h. S1, S2, and S3 represent the 
regions of early apoptotic, late apoptotic and dead cells, respectively. 
  



S11 
 

9. Confocal fluorescence imaging of HepG2 cells with different concentrations of 

Fe2+ (Figure S16). 

 

Figure S16. Confocal fluorescence microscopic images of HepG2 cells collected from 
different channels treated with AuNC@FeL@Cy7 probe (30 μM) in the presence of 
different concentrations of Fe2+: (A1-A3) 0, (B1-B3) 5, (C1-C3) 25, and (D1-D3) 75 μM. 
(E1-E3) Confocal fluorescence microscopic images of HepG2 cells collected from 
different channels treated with AuNC@FeL@Cy7 probe (30 μM) in the presence of 
75 μM Fe2+ followed by adding 100 μM DFO for 1 h. (F) Summarized data of 
average fluorescence intensity ratio (Fgreen/Fred) obtained from A-E. The data were 
obtained based on the statistical analysis of more than 30 neurons. Fgreen and Fred 
represent the average fluorescence intensity collected from green channel (580-760 
nm) and red channel (765-900 nm), respectively. The excitation wavelength was 552 
nm. Scale = 25 μm. 
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10. Co-localization imaging of HepG2 cells with AuNC@FeL@Cy7 probe (Figure 

S17). 

 
Figure S17. Co-localization imaging of AuNC@FeL@Cy7 probe with (A) nucleus, 
(B) lysosomes, (C) mitochondria, and (D) cytoplasm probes. (A1, B1, C1, and D1) 
represent the fluorescence images of AuNC@FeL@Cy7 probe collected from 
765-900 nm excited at 552 nm. (A2, B2, C2, and D2) represent the fluorescence images 
of nucleus probe (Hoechst 33342) collected from 410-450 nm at excitation of 405 nm, 
the images of lysosomes probe (LysoTracker Green) collected from 500-550 nm at 
excitation of 488 nm, those of mitochondrial probe (MitoTracker Green) collected 
from 500-550 nm at excitation of 488 nm, and those of cytoplasm probe (CellTracker 
Green CMFDA) collected from 500-550 nm at excitation of 488 nm, respectively. (A3, 
B3, C3, and D3) are the overlay images of A1 and A2, B1 and B2, C1 and C2, D1 and D2, 
respectively. (A4, B4, C4, and D4) are the fluorescence correlation plots of A1 and A2, 
B1 and B2, C1 and C2, D1 and D2, respectively. Scale = 25 μm. 
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11. XPS characterization of AuNC@FeL@Cy7@AMP probe and 

AuNC@FeL@Cy7@TPP probe (Figure S18). 

 
Figure S18. (A and B) XPS survey spectra of (A) AuNC@FeL@Cy7@AMP and (B) 
AuNC@FeL@Cy7@TPP probes. (C) XPS spectrum of O 1s region of 
AuNC@FeL@Cy7@AMP probe. (D) XPS spectrum of P 2p region of 
AuNC@FeL@Cy7@TPP probe. 
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12. Co-localization imaging of HepG2 cells with AuNC@FeL@Cy7@AMP probe 

and AuNC@FeL@Cy7@TPP probe (Figure S19). 

 
 
Figure S19. (A) Confocal fluorescence microscopic images of HepG2 cells treated 
with AuNC@FeL@Cy7@AMP probe and LysoTracker (LysoTracker Green). (A1 and 
A2) represent the fluorescence images collected from AuNC@FeL@Cy7@AMP 
probe and LysoTracker, respectively. (A3) is the overlay images of A1 and A2. A4 

shows the fluorescence correlation plot of A1 and A2, respectively. (B) Confocal 
fluorescence microscopic images of HepG2 cells treated with 
AuNC@FeL@Cy7@TPP probe and MitoTracker (MitoTracker Green). (B1 and B2) 
represent the fluorescence images collected from AuNC@FeL@Cy7@TPP probe and 
MitoTracker, respectively. (B3) is the overlay image of B1 and B2. (B4) shows the 
fluorescence correlation plot of B1 and B2, respectively. Scale = 25 μm. 
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13. Confocal fluorescence imaging of HepG2 cells with organelle-targeted probes 

(Figure S20). 

 
Figure S20. Confocal fluorescence microscopic images of HepG2 cells collected from 
different channels treated with (A) AuNC@FeL@Cy7 probe, (B) 
AuNC@FeL@Cy7@AMP probe, and (C) AuNC@FeL@Cy7@TPP probe, 
respectively. (A1, A2, and A3) represent the fluorescence images of AuNC@FeL@Cy7 
probe collected from green channel (580-760 nm), red channel (765-900 nm) and 
ratio of green channel to red channel, respectively. (B1, B2, and B3) represent the 
fluorescence images of AuNC@FeL@Cy7@AMP probe collected from green channel 
(580-760 nm), red channel (765-900 nm) and ratio of green channel to red channel, 
respectively. (C1, C2, and C3) represent the fluorescence images of 
AuNC@FeL@Cy7@TPP probe collected from green channel (580-760 nm), red 
channel (765-900 nm) and ratio of green channel to red channel, respectively (D) 
Summarized data of average fluorescence intensity ratio (Fgreen/Fred) obtained from 
A-C. Fgreen and Fred represent the average fluorescence intensity collected from green 
channel (580-760 nm) and red channel (765-900 nm), respectively. The excitation 
wavelength was 552 nm. Scale = 25 μm. 
 


