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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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(a)  (b)  

(c) (d)  

Figure S3. (a) XPS survey of HNTs-NCDsb; (b) deconvoluted C 1s spectrum; (c) deconvoluted O 1s spectrum, (d) 

deconvoluted N 1s spectrum. 
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(a) (b)  

(c) (d)  

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 

C1s % 17.4 17.8 18.9 

C=C/C-C 63.6 59.1 73.8 

C-O/C-N 30.6 35.9 21.4 

C=O/C=N 5.7 4.9 4.8 

N1s % 2.3 2.9 2.3 

NH2 67.7 50.3 58.9 

C-N-C 32.3 49.7 41.1 

O1s % 80.3 79.3 78.8 

O-Si-O 93.0 92.6 94.3 

O-Al-O 5.1 5.0 3.6 

O=C 1.9 2.4 2.1 
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(a)  (b)  

Figure S5 (a) FT-IR spectra of HNTs, HNTs-NH2 and HNTs-COOH; (b) FT-IR spectra of HNTs-NCDs1 and HNTs-
NCDs2 
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(a) (b)  

Figure S6 (a) Thermogravimetric curves of HNTs, HNTs-NH2 and HNTs-COOH and (b) HNTs-NCDs1 and HNTs- 
NCDs2 based nanomaterials. 
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(a)  (b)  

(c) (d)  

(e)  (f) 

(g) (h)  
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(i)  (j)   

(k) (l)  

Figure S7. (a) XPS survey of HNTs-NCDs1 (b-d) deconvoluted C 1s, O 1s and N1s spectrum of HNTs-NCDs1 (e) XPS 

survey of HNTs-NCDs2 (f-h) deconvoluted C 1s, O1s and N 1s of HNTs-NCDs2 (i) XPS survey of N-doped CDs (j-l) 

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 

C1s % 79.0 56.7 65.3 

C=C/C-C 71.8 50.6 72.3 

C-O/C-N 16.8 37.5 21.4 

C=O/C=N 6.5 8.1 3.9 

O=C-N/O-C=N 4.9 3.8 2.4 

N1s % 4.4 3.6 1.8 

NH2 100 70.7 78.7 

O1s % 16.6 39.7 32.9 

O-Si-O - 68.8 86.8 

O-Al-O - 28.6 13.2 

O=C 84.0 2.6 - 

C-O-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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(a) (b) (c)  

Figure S9 (a) HAADF/STEM image of HNTs-NCDs2; (b-c) EDS elemental mapping images. 
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(a)  

(b) (c)  

Figure S10. (a) Absorption spectra of HNTs-NCDsa-c; (b) Absorption and PL emission spectra HNTs-NCDs2, (c) Tauc 
plot of HNTs-NCDs2. 
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(a) (b)  

(c) (d)  

Figure S11. PL spectra in solution of HNTs-NCDsb (a-b) and HNTs-NCDsc (c-d) at different excitation wavelength. 
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Figure 12. PL spectra solid state of HNTs-NCDsb 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-NCDs1 and (b) HNTs-NCDs2. 
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Figure S15. PL spectra solid state of HNTs-NCDs1 at different excitation wavelength. 
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Figure S16. PL spectra solid state of HNTs-NCDs2 at different excitation wavelength. 
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