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Figure S1. (a) Size distribution histograms of AgNPs in CNC/AgNP hybrids at various 

AgNP content (b) XRD diffractograms. (c) Example of a XANES spectrum and its 

corresponding linear combination fit (LCF) using Agfoil and AgNO3 aqueous solution as 

components; (d) XANES data of CNC/AgNP hybrids at various AgNP content.  
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Table S1. R-factor and Chi-square values for linear combination fitting procedure applied to 

the XANES region of CNC/AgNP hybrid suspensions at different AgNP contents. 

 

AgNP content (wt%) R-factor Chi-square Ag0 (%)1 

0.4 - - - 

1.6 - - - 

3.0 0.0007987 0.02097 91 ± 9 

6.0 0.001196 0.02775 75 ± 8 

8.7 0.0007017 0.01885 65 ± 7 

12.5 0.0003801 0.01034 57 ± 6 

18.6 0.0003421 0.00949 32 ± 3 

24.7 0.0002743 0.0074 34 ± 3 

1the standard error is established as 10% of the measured value. 
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Figure S2. (a) EXAFS spectra Fourier transform (solid gray lines) and fit (dotted lines); (b) 

and (c) magnitude and imaginary part (solid gray lines) and fit (dotted lines) of the Fourier 

transform of hybrids at various AgNP contents.  
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Table S2. EXAFS fit results for CNC/AgNP hybrid suspensions with increasing AgNP content. 

 Degeneracy of the paths 
  

Debye-Waller factor  σ² 
  Variation in interatomic distance ΔR 

(Å) 

  
Interatomic distance R (Å) 

 

  

3.0  

wt% 

AgNP 

6.0 wt% 8.7 wt% 12.5 wt% 18.6 wt% 
24.7 

wt% 

 3.0 

wt% 

AgNP 

6.0 

wt% 

8.7 

wt% 

12.5 

wt% 

18.6 

wt% 

24.7 

wt% 

 3.0 

wt% 

AgNP 

6.0 

wt% 

8.7 

wt% 

12.5 

wt% 

18.6 

wt% 

24.7 

wt% 

 3.0 

wt% 

AgNP 

6.0 

wt% 

8.7 

wt% 

12.5 

wt% 

18.6 

wt% 

24.7 

wt% 

Ag1  ss 9.6±0.4 7.9±0.4 7.5±0.4 6.7±0.4 3.8±0.3 4.3±0.4  0.0038 0.0038 0.0036 0.0034 0.0036 0.0034  -0.031 -0.031 -0.030 -0.029 -0.030 -0.030  2.875 2.875 2.875 2.876 2.875 2.876 

Ag2  ss 2.9±1.2 2.1±1.0 2.2±1.0 1.9±1.0 0.9±0.7 1.1±0.8  0.0041 0.0037 0.0035 0.0031 0.0028 0.0026  -0.037 -0.036 -0.037 -0.037 -0.033 -0.034  4.072 4.073 4.072 4.072 4.076 4.075 

Ag1 Ag1  at 48* 48* 48* 48* 48* 48*  0.0057 0.0056 0.0054 0.0051 0.0054 0.0051  -0.046 -0.046 -0.045 -0.044 -0.046 -0.045  4.312 4.312 4.313 4.315 4.313 4.313 

Ag3  ss 25.0±3.3 22.6±3.2 22.9±3.4 22.2±3.4 17.2±3.0 18.5±3.3  0.0066 0.0067 0.0066 0.0065 0.0073 0.0066  -0.035 -0.036 -0.036 -0.035 -0.036 -0.036  4.997 4.996 4.996 4.998 4.996 4.996 

Ag1 Ag3 ot 96* 96* 96* 96* 96* 96*  0.0052 0.0052 0.0051 0.0050 0.0055 0.0050  -0.024 -0.024 -0.024 -0.023 -0.024 -0.024  5.398 5.397 5.398 5.398 5.397 5.398 

Ag4  ss 4.6±3.7 5.6±3.5 5.6±3.9 6.3±4.0 15.8±2.2 18.7±2.2  0.0051 0.0053 0.0052 0.0053 0.0056 0.0046  -0.020 -0.014 -0.014 -0.013 0.031 0.045  5.791 5.797 5.797 5.798 5.842 5.856 

Ag1 Ag4  fs 24* 24* 24* 24* 24* 24*  0.0089 0.0091 0.0088 0.0087 0.0093 0.0080  -0.050 -0.045 -0.044 -0.042 0.001 0.015  5.761 5.766 5.767 5.769 5.812 5.826 

Ag1 Ag1 

fta 
12* 12* 12* 12* 12* 12* 

 0.0151 0.0150 0.0143 0.0137 0.0145 0.0135  -0.061 -0.061 -0.061 -0.058 -0.061 -0.060  5.750 5.750 5.750 5.753 5.750 5.751 

Ag1 Ag4 

Ag1 dfs 
12* 12* 12* 12* 12* 12* 

 0.0089 0.0091 0.0088 0.0087 0.0093 0.0080  -0.050 -0.045 -0.044 -0.042 0.001 0.015  5.761 5.766 5.767 5.769 5.812 5.826 

Ag5  ss 3.2±2.6 3.7±2.9 2.7±2.2 3.3±2.7 1.8±2.1 2.8± 2.6  0.0022 0.0027 0.0015 0.0020 0.0020 0.0021  -0.056 -0.060 -0.058 -0.057 -0.056 -0.059  6.441 6.437 6.439 6.439 6.441 6.438 

Ag7 ss 36.9±8.7 44.6±14.2 35.2±8.1 33.9±7.2 93.8±41.8 35.4±8.2  0.0039 0.0053 0.0036 0.0032 0.0126 0.0036  -0.059 -0.057 -0.059 -0.059 -0.046 -0.060  7.628 7.630 7.628 7.629 7.641 7.627 

Ag1 Ag7 ot 96* 96* 96* 96* 96* 96*  0.0038 0.0045 0.0036 0.0033 0.0081 0.0035  -0.029 -0.029 -0.029 -0.028 -0.028 -0.028  7.784 7.784 7.784 7.785 7.784 7.784 

Ag3 Ag7 ot 96* 96* 96* 96* 96* 96*  0.0053 0.0060 0.0051 0.0048 0.0100 0.0051  -0.035 -0.035 -0.035 -0.034 -0.035 -0.035  7.778 7.777 7.777 7.779 7.778 7.777 

 

  
3.0 wt% 

AgNP 
6.0 wt% 8.7 wt% 12.5 wt% 18.6 wt% 24.7 wt% 

 

R-factor 0.009 0.012 0.015 0.018 0.038 0.036  

ΔE0 0.63 ± 0.48 0.59 ± 0.54 0.00± 0.61 0.30 ± 0.65 0.34 ± 0.98 -0.10 ± 0.81  

 

ss: single scattering, at: acute triangle, ot: obtuse triangle, fs: forward scattering, dfs: double forward scattering, fta: forward through absorber. 

Fixed parameters are reported with a “*”. Amplitude reduction factor S0² was fixed at 0.978 Å. Errors obtained for σ² were systematically lower 

than 0.0035, errors obtained for ΔR and R were systematically lower than 0.0165.
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Figure S3. Ag+ release kinetics over 168h from AgNPs of hybrid NPs in in aqueous medium. 

 

 

  
 

Figure S4. Images of biocide-impregnated paper disks used in diffusion tests for CNC/AgNP 

hybrids at various AgNP contents. 
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Figure S5. Ag+ release at 48h in aqueous medium for CNC/AgNP hybrids at various AgNP 

content estimated by conductimetry.  

 

 

 

Figure S6. Inhibition halos of hybrid samples used in biocide test to discriminate the 

antibacterial activity of Ag+ and Ag+ fractions in AgNPs.  
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Table S3. Comparison of MIC in various hybrid systems reported in literature. 

Reference Bacterial 

strain 

MIC 

 (mg AgNP/mL 

hybrid suspension) 

Hybrid suspenson 

vol. deposited on 

disk for biocide test 

(µL) 

Ag amount deposed on 

disk for biocide test 

 (µg AgNP) 

Musino et 

al. 

B. subtilis 0.016  3  0.048 

Shaheen et 

al.[1] 

B. subtilis, S. 

aureus, E. 

coli, P, 

aeruginosa 

0.15 – 0.30  

100  

 

15 – 30  

Drogat et 

al.[2] 

S. aureus, E. 

coli, 

0.027 – 0.054 100 0.27 – 5.4  

Shi et al. 

[3] 

S. aureus, E. 

coli 

0.04 – 0.08 – – 

Martinez-

Rodriguez 

et al.[4] 

E. faecalis 0.06 50 3 

Caschera et 

al.[5] 

E. Coli 0.11 250 27.5 

 

  

Figure S7. Ag+ release kinetics monitored by conductimetry in aqueous medium over the 

time for CNC/AgNP hybrids at various AgNP content with and without H2O2 redox post-

treatment (i.e., 160 µL H2O2).  
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Figure S8. Comparison between long-term diffusion tests for CNC/AgNP hybrids at various 

AgNP contents with and without H2O2 redox post-treatment. Cases of complete and 

incomplete bacterial inhibition (i.e., lysis) are indicated. 
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