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Figure S1. Thermogravimetric curves of HNTs-1, HNTs-2 and HNTs-NCDsa-c based nanomaterials.
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Figure S2. FT-IR spectra of HNTs-2 and HNTs-NCDsa-c
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Figure S3. (a) XPS survey of HNTs-NCDsp; (b) deconvoluted C 1s spectrum; (c¢) deconvoluted O 1s spectrum, (d)

deconvoluted N 1s spectrum.
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Figure S4. (a) XPS survey of HNTs-NCDsc; (b) deconvoluted C 1s spectrum; (c) deconvoluted O 1s spectrum, (d)

deconvoluted N 1s spectrum.
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Table S1. Percentage of O, C, N and S atoms, as determined by XPS measurements.

HNTs-NCDsa | HNTs-NCDsb | HNTs-NCDsc

Si% 9.8 12.2 10.3
Al% 12.6 12.9 9.5
Cls % 17.4 17.8 18.9
C=C/C-C 63.6 59.1 73.8
C-0O/C-N 30.6 359 21.4
C=0/C=N 5.7 4.9 4.8
N1s % 23 2.9 2.3
NH: 67.7 50.3 58.9
C-N-C 323 49.7 41.1
O1s % 80.3 79.3 78.8
0-Si-0 93.0 92.6 94.3
0-Al-O 5.1 5.0 3.6
0=C 1.9 24 2.1
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Figure S5 (a) FT-IR spectra of HNTs, HNTs-NH; and HNTs-COOH; (b) FT-IR spectra of HNTs-NCDs1 and HNTs-
NCDs2
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Figure S6 (a) Thermogravimetric curves of HNTs, HNTs-NH, and HNTs-COOH and (b) HNTs-NCDs1 and HNTs-

NCDs2 based nanomaterials.
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Figure S7. (a) XPS survey of HNTs-NCDs1 (b-d) deconvoluted C 1s, O 1s and N1s spectrum of HNTs-NCDsl1 (e) XPS
survey of HNTs-NCDs2 (f-h) deconvoluted C 1s, Ols and N 1s of HNTs-NCDs2 (i) XPS survey of N-doped CDs (j-1)
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deconvoluted C 1s, O 1s and N 1s spectrum of N-doped CDs
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Table S2. Percentage of O, C, N and S atoms, as determined by XPS measurements

N-doped CDs HNTs-NCDs1 HNTs-NCDs2
Si% 1.1 1.4
Al% 13.3 12.3
Cls % 79.0 56.7 65.3
Cc=C/C-C 71.8 50.6 72.3
C-O/C-N 16.8 37.5 21.4
C=0/C=N 6.5 8.1 39
0=C-N/O-C=N 4.9 3.8 24
N1s % 4.4 3.6 1.8
NH2 100 70.7 78.7
O1s % 16.6 39.7 32.9
0-Si-O - 68.8 86.8
0-Al-O - 28.6 13.2
0=C 84.0 2.6 -
C-0-C 16.0 - -
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Figure S8 TEM image of pristine N-doped CDs and statistical distribution of the mean size (n = 61).
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Figure S9 (a) HAADF/STEM image of HNTs-NCDs2; (b-c) EDS elemental mapping images.
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Figure S10. (a) Absorption spectra of HNTs-NCDs,.c; (b) Absorption and PL emission spectra HNTs-NCDs2, (¢) Tauc
plot of HNTs-NCDs2.
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Figure S11. PL spectra in solution of HNTs-NCDsbn (a-b) and HNTs-NCDs. (c-d) at different excitation wavelength.
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Figure 12. PL spectra solid state of HNTs-NCDs; at different excitation wavelength.
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Figure S13. PL spectra solid state of HNTs-NCDsc at different excitation wavelength.
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Figure S14. PL spectra in solution of (a) HNTs-NCDsl1 and (b) HNTs-NCDs2.
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Figure S15. PL spectra solid state of HNTs-NCDsl at different excitation wavelength.
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Figure S16. PL spectra solid state of HNTs-NCDs2 at different excitation wavelength.

S21

s tau)

I, (a.u.)

—305
—315
- 325
—335
345
—2355
365

T
400

500
Wavelength (nm)

T
600

——465
—475
——485
——495
505
—515
525

660
Wavelength {nm)

1
700



References

1.

w

M. Massaro, P. Poma, G. Cavallaro, F. Garcia-Villén, G. Lazzara, M. Notarbartolo, N. Muratore, R.
Sdnchez-Espejo, C. Viseras Iborra and S. Riela, Colloids and Surfaces B: Biointerfaces, 2022, 213.

S. Zhong, C. Zhou, X. Zhang, H. Zhou, H. Li, X. Zhu and Y. Wang, Journal of Hazardous Materials, 2014,
276, 58-65.

V. Ramanan, S. H. Subray and P. Ramamurthy, New Journal of Chemistry, 2018, 42, 8933-8942.

F. Arcudi, L. Dordevic and M. Prato, Angewandte Chemie - International Edition, 2016, 55, 2107-2112.

S22



