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Table S1. Physical and chemical properties of BPAERs. 

Property 
BPAER 

BE186 BE503 

Molecular weight (MW) 373 1500 

Viscosity (cp) 11620 n/a 

EEWa (g/eq) 186 751 

Appearance liquid solid 

Color (gardnerb) transparent 0.2 

Softening pointc (℃) n/a 94.8 

a: epoxide equivalent weight (EEW) defined as the weight of BPAER containing 1 mole of epoxy group, b: a 

one-dimensional scale used to measure extent of yellowness, c: the temperature at which a solid material 

softens to the extent that it starts dripping, n/a: not applicable. 

 

 

 

 

 

 

 

 

 

 

 

 



Polymers 2020, 12, x FOR PEER REVIEW  3 of 12 

 

Table S2. Hydrogenation of BE186 using different protic alcohol-based solvents in solvent mixtures. 

Entry Solvent 
Yield 

(%) 

1 
Solvent G 

(3 wt% H2O, 97 wt% EA) 
59.6 

2 
Solvent 1 

(3 wt% H2O, 7 wt% MeOH, 90 wt% EA) 
57.9 

3 
Solvent 2 

(3 wt% H2O, 7 wt% EtOH, 90 wt% EA) 
55.3 

4 
Solvent 3 

(3 wt% H2O, 7 wt% IPA, 90 wt% EA) 
62.4 

5 
Solvent 4 

(3 wt% H2O, 7 wt% t-Butanol, 90 wt% EA) 
59.5 

2 g BE186, 2 g solvent, 0.05 g Rh5/VulcanXC72-polyol, H2 pressure of 1000 psi, 40 oC for 0.5 h, 

concentration: Wreactant/Wreactant+solvent (50 wt%), RSD for hydrogenation yield ≤ 2%. 
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Table S3. Kamlet-Taft table for common solvents (including green solvents) and alcohol-based 

solvents for hydrogenation of BE186 plus the solubility of H2 in the alcohol-based solvents. 

Solvent 

π  

(Polarity 

index) 

α 

 (Hydrogen bonding 

donor) 

β 

 (Hydrogen bonding acceptor)  

H2 solubility  

(Mole fraction at 25 ℃, 1 atm) 

(XH2 *104) 

H2O 1.09 1.17 0.18 -- 

EA 0.55 -- 0.45 -- 

MeOH 0.60 0.93 0.62 1.61 

EtOH 0.54 0.83 0.77 2.06 

IPA 0.48 0.76 0.95 4.61 

t-Butanol 0.41 0.68 1.01 3.28 

Reprinted (adapted) with permission from Ref. [1]. Copyright 1983 American Chemical Society. 
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Table S4. XPS deconvolution results of monometallic Rh catalysts supported on different carbon-

based supports in the Rh (3d5/2) region. 

Catalyst 
RhOx  

(BE, eV) 

RhOx  

(atom %) 

Rh0+  

(BE, eV) 

Rh0  

(atom %) 
RhOx/ Rh0 

Rh5/VulcanXC72-polyol 309.1 55.9 307.5 44.1 1.27 

Rh5/Graphene-polyol 309.5 52.8 307.6 47.2 1.12 

Rh5/MWCNTs-polyol 309.3 52.7 307.6 47.3 1.11 
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Table S5. Measured values of Weisz-Prater criteria for the hydrogenation of BE503 using 

Rh5/VulcanXC72-polyol at different temperatures. 

Temperature (℃) D De Cw-p 

30 3.26×10-6 

 

2.91*10-7 

 

 

3.08*10-10 

 

40 3.37*10-6 3.01*10-7 5.24*10-10 

50 3.48*10-6 3.10*10-7 1.11*10-9 

D = diffusion coefficient, De: effective diffusivity, Cw-p: Weisz-Prater criteria* 

 

*Cw-p = 
𝑟𝐴(𝑑𝑝/2)2

𝐶𝐴,𝑆 𝐷𝑒
   

 

Where:  𝐷𝑒 = D 
ɛ

τ
 

 

D = 7.4*10-12
𝑇√χM

μ1 ν0.6 

 

χ (association factor of solvent) = 1 

M (molecular weight of the solvent) = 0.088 kg/mol (EA is major solvent in Solvent 8)  

μ1 (viscosity of the solution) = 11.5*10-3 kg/m*s 

ν (molecular volume of the reactant) = molecular weight of reactant/ density of reactant = 1.5/1244 = 

1.206*10-3 m3/mol  

ɛ (support porosity) = Vpore/Vsupport = 0.467*0.097/0.127 = 0.357 

τ (tortuosity factor) = 4 [2] 

CA,S (surface concentration of the reactant) = 1.96*102 mol/m3 

dp (catalyst particle diameter) = 1.92*10-6 m 
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Figure S1. Representative chemical structure of a high MW BPAER synthesized via polymerization 

of BE186. 
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From Figure S2c as a typical example: 

ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑎𝑡𝑖𝑜𝑛 𝑦𝑖𝑒𝑙𝑑 (%) =

𝑐 + 𝑑 + 𝑒
9

 

𝑐 + 𝑑 + 𝑒
9

+
𝑎 + 𝑏

4

 × 100 

Where:  

a, b is peak area of H2 on unsaturated aromatic ring 

c, d, e is peak area of H2 on saturated aromatic ring 

9 = total number of H2 on saturated aromatic ring except from peak f 

4 = total number of H2 on unsaturated aromatic ring  

(the peak f is neglected as it is hard to be isolated from other peaks) 

(g is attributed to the methyls of the tert-butyl group that did not take part in reaction and was 

therefore not included in the calculation of hydrogenation yield) 
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Figure S2. Typical estimations of the 1H NMR spectra of (a) BE503, (b) completely hydrogenated 

BE503, (c) partially hydrogenated BE503 with calculation for hydrogenation yield and (d) partially 

hydrogenated BE503 with epoxy ring opening. 
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Figure S3. Raman spectra of: (a) VulcanXC72, (b) Graphene and (c) MWCNTs. 
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