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Cross-linking density. Cross-linking density was measured by the equilibrium 
swelling experiment [1]. The vulcanizates were immersed in toluene at room temperature 
for 72 h. Subsequently, the samples are removed from the solvent and immediately 
weighed after wiping off the surface toluene. The samples were further dried in a vacuum 
oven at 60 °C until constant weight. The cross-linking density was determined as the clas-
sical Flory-Rehner equation [2]. 

𝑉𝑉𝑒𝑒 =
ln(1 − 𝑉𝑉𝑟𝑟) + 𝑉𝑉𝑟𝑟 + χ𝑉𝑉𝑟𝑟2

𝑉𝑉𝑠𝑠(𝑉𝑉𝑟𝑟1/3 − 2𝑉𝑉𝑟𝑟/𝑓𝑓)
 

where Vr is the volume fraction of rubber in the swollen gel, Vs is the molar volume 
of the solvent (106.5 cm3/mol for toluene), and χ is the Flory-Huggins solvent-polymer 
interaction parameter (χBR-toluene is 0.34 and χSBR-toluene is 0.413) [3,4]. f is the functionality of 
interlinkage, which is 4 for sulfur cured non-end crosslinked diene rubbers while it is 6 
for BI and 4 for B-HDI, B-PPDI, B-TDI used in this paper [5]. Vr was calculated according 
to the following equation: 

𝑉𝑉𝑟𝑟 =
(𝑚𝑚2 −𝑚𝑚0𝜑𝜑)/𝜌𝜌𝑟𝑟

(𝑚𝑚2 −𝑚𝑚0𝜑𝜑)/𝜌𝜌𝑟𝑟 + (𝑚𝑚1 −𝑚𝑚2)/𝜌𝜌𝑠𝑠
 

where φ is the weight fraction of the insoluble components (such as silica), and ρr 
and ρs are the density of rubber and solvent, respectively. 

 
 
 

 

Figure S1. Evolution of FTIR spectra of BROHx with increasing mCPBA and HCl dose. 

 



 

 

 

Figure S2. The molecular weight distribution (MWD) of BROHx. 

 

Figure S3. Evolution of FTIR spectra of SBROHx. 

 

Figure S4. 1H NMR spectra of SBROH5. 

 



 

 

 

Figure S5. RPA curves of BROHx cured by 6 phr BI. 

 

 

Figure S6. Evolution of FTIR spectra of TDI and blocked TDI. 

 

 

Figure S7. Curing curves of SBROH5 cured by different blocked diisocyanates. 



 

 

Table. S1. Degree of hydroxylation under different conditions. 

Sample mCPBA(g) HCl(ml) 
deg of hydroxyla-

tion (mol %) 

BROH1 1.89 1.6 0.99 

BROH3 5.68 4.7 2.96 

BROH5 9.47 7.8 4.87 

 

Table. S2. Molecular weight distribution of BR after hydroxylation. 

Sample Mn Mw MWD 

BR 126300 493500 3.9 

BROH1 128400 522700 4.1 

BROH3 131100 549800 4.2 

BROH5 134000 577500 4.3 

 

Table. S3. Molecular weight distribution of SBR after hydroxylation. 

Sample Mn Mw MWD 

SBR 78300 733200 9.4 

SBROH2 80800 807100 9.9 

SBROH5 83300 853400 10.2 

SBROH7 84400 879200 10.4 
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