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1. SS NMR Hydrogen content of the sepiolite fillers from 1H FID analysis 

Table S1. Weight (w, %) and T2 values (T2, µs) of the proton fractions located in regions with different 

degree of mobility obtained for the investigated samples combining SE and CPMG experiments as 

described in the text. The sum of the weights of exp2 and exp3 components was taken as that of the 

longest exponential component determined by SE, while the ratios between exp2 and exp3 weights 

were obtained from CPMG curves. 

   SE / CPMG  results   

Sample Gau exp1 exp2 exp3 

 w T2 w T2 w T2 w T2 

SBR-REF-0 6 

20 

52 

300 

37 

1200 

5 

6500 
SepS9/SBR 9 48 39 4 

NS-SepS9/SBR 10 49 36 5 

NS-SilSepS9/SBR 12 48 35 5 

V-SBR-REF-0 12 

20 

60 140 25 570 3 3400 

V-SepS9/SBR 13 57 
180 

27 
760 

3 
4500 

V-NS-SepS9/SBR 13 58 26 3 

V-NS-SilSepS9/SBR 19 57 130 22 580 2 3400 

 

The total hydrogen content in each sepiolite filler was determined from the total intensity of the 

corresponding 1H FID at ED = 0 (I0) extrapolated with the procedure described in the main text. First, 

a calibration curve was built with the standard samples reported in Table S1, for which the weight 

and the total hydrogen content (H%, wt%) were known. A linear dependence of the measured I0 to 

weight ratio on H% was found, as shown in Figure S1. The values of H% determined by 

interpolating the calibration curve for the different sepiolite fillers are reported in Table S2. 

Table S2. Standard samples with known hydrogen content (H%, wt%): Adam. (Adamantane), HMB 

(hexamethylbenzene), IBU-S (Ibuprofen sodium salt), DSS (4,4-dimethyl-4-silapentane-1-sulfonic 

acid), and K2HPO4 (dipotassium hydrogenphosphate).  

 

 

 

 

 

Standard Purity (wt%) H% (wt%) 

Adam. ≥ 99 11.7 

HMB ≥ 98.5 11.1 

IBU-S ≥ 98 7.9 

DSS ≥ 97 6.9 

K2HPO4 ≥ 98 0.6 



 3 of 4 

 

In order to determine the fraction of protons in rigid environments, the 1H FID’s recorded for the 

pure Sep fillers were analysed performing a discrete fitting with a linear combination of analytical 

functions, as described in the main text. The results are reported in Table S2. For all the fillers the 1H 

FID’s could be well reproduced with a linear combination of one Gaussian function (Gau) with a 

short T2 of ∼ 18-20 µs, ascribable to dipolar coupled protons in rigid environments, and one or two 

exponential components with longer T2's of ∼ 60 (exp1) and 250-370 (exp2) µs, which can be ascribed 

to protons in more mobile environments and/or to isolated hydroxyl groups. 

 

 

Figure S1. Calibration curve for the dependence of the total 1H FID intensity to sample weight ratio 

(I0/wt (%mg)) on the total hydrogen weight percentage (H%, wt%), built with the indicated standard 

samples. 

 

Table S3. Results of the analysis of the 1H FID’s recorded for the pure Sep fillers. The total FID 

intensity to sample weght ratio (I0/wt, %mg) and the total hydrogen content (H%, wt%) determined 

by interpolating the calibration curve in Table S1 are reported. For each component of the 1H FID 

(Gau, exp1 and exp2) the values of weight (w) and spin-spin relaxation time (T2) obtained by the 

fitting procedure are also shown. 

Filler 

Gau exp1 exp2 

I0/wt 
H% 

(wt%) 
w (%) T2 (μs) w (%) T2 (μs) w (%) T2 (μs) 

SepS9 48 20 52 60 - - 3506 1.8 

NS-SepS9 24 18 17 60 59 284 3358 1.7 

NS-SilSepS9 62 18 17 60 22 249 4617 2.4 
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It is worth noticing that in order to calculate fHSep in the composite samples the presence of TDAE 

extender oil in the amount of 37.5 phr had to be taken into account. Since the exact composition of 

TDAE, containing aromatic, naphtalenic and paraffinic components, is not known, an average 

hydrogen content of 10 % (H%, wt/wt), similar to that of SBR, was assumed for this oil. It was also 

verified that by varying H% in the range 9-11% the calculated values of the different proton fractions 

remain within the experimental error. Moreover, since TDAE was added in the same amount to all 

the samples, its contribution does not substantially affect the differences in terms of amount of rigid 

rubber observed among the samples] 

 

2. AFM morphological analysis of V-NS-SepS9/SBR  

 

Figure S2. TM topographic (a) and phase images (b) of cured composites V-SepS9/SBR. The white 

scale bar is 1.0 µm. The Z-range is 100 nm and the phase scale is 25 degrees. 

 

Figure S3. Intermodulation AFM phase images of V-NS-SepS9/SBR. 


