
1

Supporting Information

A Highly Sensitive Ratiometric Near-Infrared Nanosensor based on 
Erbium-Hyperdoped Silicon Quantum Dots for Iron(III) Detection 
Kun Wang1, Wenxuan Lai1, Zhenyi Ni1, *, Deren Yang1, 2, and Xiaodong Pi1, 2, *

1State Key Laboratory of Silicon and Advanced Semiconductor Materials & School of 

Materials Science and Engineering, Zhejiang University, Hangzhou, Zhejiang 

310027, China

2Institute of Advanced Semiconductors & Zhejiang Provincial Key Laboratory of 

Power Semiconductor Materials and Devices, ZJU-Hangzhou Global Scientific and 

Technological Innovation Center, Zhejiang University, Hangzhou, Zhejiang 311215, 

China

E-mail: xdpi@zju.edu.cn, zyni@zju.edu.cn



2

Fig. S1. FTIR spectra of 1-dodecene, Er-hyoerdoped Si QDs after HF etching (H-Si 

QDs:Er), dodecyl-passivated Er-hyperdoped Si QDs (dodecyl-Si QDs:Er), F127, and 

dodecyl-passivated Er-hyperdoped Si QDs encapsulated in the micelles using F127 

(F127-dodecyl-Si QDs:Er).
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Fig. S2. (a) F127 concentration dependence of F127-dodecyl-Si QDs:Er micelle size 

distribution. TEM images are shown as the inset. (b) F127 concentration dependence 

of Si QD size distribution within micelles. TEM images are shown as the inset. (c) Si 

2p XPS spectra of stock solution (dodecyl-Si QDs:Er in toluene) and water solution of 

F127-dodecyl-Si QDs:Er. The concentration of F127 used for the preparation of F127-

dodecyl-Si QDs:Er varies from 2 to 10 mg·mL−1. 

Table S1. Atomic fraction of various charge states of Si obtained by analyzing the 
XPS data for dodecyl-Si QDs:Er and F127-dodecyl-Si QDs:Er.

F127 (mg·mL−1) N
Si

0
N

Si

1+
N

Si

2+
N

Si

3+
N

Si

4+
d (nm)

Stock solution 17.51% 4.56% 19.71% 25.89% 32.33% 1.07

2 4.95% 0.00% 0.00% 0.00% 95.05% 1.43

5 9.16% 4.59% 0.00% 0.00% 86.24% 1.29

10 13.31% 8.27% 0.00% 18.44% 59.99% 1.18
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Fig. S3. (a) FTIR spectra of F127-dodecyl-Si QDs:Er assembled from different F127 

concentration. (b) Dependence of integrated intensity of -OH and C-Hx on F127 

concentration.

Fig. S4. (a) Effect of pH on PL intensity of F127-dodecyl-Si QDs:Er at 810 nm in the 

presence of Fe3+. CFe = 5 mM. (b) Fe3+ concentration-dependent integrated PL 

intensities of Si QDs (810 nm) and Er3+ (1540 nm). (c) Selectivity and anti-interference 

testing of the F127-dodecyl-Si QDs:Er nanosensor against common biological analytes 

, including biothiols (glutathione (Gsh), cysteine (Cys), homocysteine (Hcy)), amino 

acids (glycine (Gly), alanine (Ala), isoleucine (Iso), phenylalanine (Phe), tryptophan 

(Try)), and biological anions (Cl−, SO4
2−, CH3COO−, C5H7O5COO−). All metal ions 

present are at a concentration of 5 mM. (d) The fluorescence change of F127-dodecyl-

Si QDs:Er at 810 nm with the cycle number increasing.
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Fig. S5. (a) FTIR spectra of F127-dodecyl-Si QD:Er under different Fe3+ concentration. 

The transparent red line is drawn to guide the eye. (b) PL decay curves of F127-dodecyl-

Si QDs:Er under different Fe3+ concentration. The emission wavelength (λem) is 810 nm.

Table S2. Comparison of detection performance metrics to previously reported QDs-
based Fe3+ nanosensors.

Year Materials
Dual Emission

(nm)

LOD

(μM)

Linear range

(μM)
VIS/NIR* Ref.

2014 Graphene QDs 360, 425 0.3 1 – 40 VIS [1]

2018 CdTe QDs 445, 633 1.5 80 – 1600 VIS [2]

2019 Carbon QDs 470, 655 0.8 2.5 – 30 VIS [3]

2019 CdTe QDs 553, 635 0.026 0 – 3.25 VIS [4]

2019 BSA-Au/Ag QDs 485, 660 1.11 5 – 1000 VIS [5]

2020 Carbon QDs 416, 688 0.083 0.1 – 40 VIS [6]

2020 Carbon QDs 458, 612 0.897 0 – 6 VIS [7]

2020 Carbon QDs 470, 570 0.8 0 – 50 VIS [8]

2020 Carbon QDs 330, 640 3.75 2 – 27 VIS [9]

2021 Carbon QDs 321, 382 0.47 2 – 360 VIS [10]

2022
CdSe/ZnS@SiO2 

QDs
425, 530 0.04 0 – 1 VIS [11]

2022 Carbon QDs 490, 570 0.03 0 – 5 VIS [12]

2024 Er-Si QDs 810, 1540 0.06
0 – 10 and 

10000 – 100000
NIR

This 

work

* VIS: 380 – 700 nm[13]; NIR: 700 – 2500 nm[14]
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