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Note S1. Density functional theory calculations

All of the calculations were conducted using Gaussian 16 programs1. Wave 

function analysis was performed using the multiwfn 3.8 dev program2 and visualization 

was performed using VMD 1.9.3 software3.

Calculation process of solvation free energy

1. Geometry optimization and frequency analysis were performed for structure (1) 

based on the SMD implicit solvent model at the B3LYP-D3 (BJ)/6-311G (d) level4-

7.

2. The electronic energies of structure (1) were calculated at the B2PLYP-D3/def2-

TZVP level8-10. The gas-phase free energy (Δgas) was determined using Shermo 

software, with a zero-point energy (ZPE) correction factor of 0.988211 at the 

B3LYP-D3 (BJ)/6-311G (d) level4-7.

3. The vacuum electron energies for structure (1) were calculated at the M05-2X/6-

31G (d) level12, 13.

4. The electronic energies of structure (1) in the solvent environment were calculated 

at the M05-2X/6-31G (d) level12, 13 based on the SMD implicit solvent model.

Calculation of pKa

According to the above thermodynamic cycle14, the calculation formula of pKa is 

as follows:

∆Gsoln = ∆Ggas + ∆Gsolv(H + ) + ∆Gsolv(A - ) - ∆Gsolv(HA) (1)

pKa =
∆G *

soln

RTln10
(2)

∆G *
soln = ∆Gsoln + ∆n × 1.89 (3)
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Based on the studies of Dixon et al.15, the solvation free energy of H+ was 

calculated using explicit and implicit solvent models at the B3LYP-D3(BJ)/6-311++G 

(d, p) level4-6, 16. The solvation free energy of H+ in DMSO and DMF is consistent with 

previous reports17, 18.

Transition state search

Geometry optimizations and frequency calculations were carried out at the 

B3LYP-D3 (BJ)/6-311G (d) level4-7 using the SMD implicit solvent model. After 

convergence, frequency calculations were performed at the same level to classify 

stationary points as minima or transition states, identified by unique imaginary 

frequencies. The intrinsic reaction coordinate (IRC) calculations were subsequently 

performed to confirm that the transition structure connected the relevant reactants and 

products. Stationary point electronic energies were calculated at the PWPB95-D3 

(BJ)/def2-TZVPP level5, 6, 8-10 using the ORCA 5.0 program19. The SMD parameter 

settings for [DBUH]Lev are based on the SMD-GIL (generic ionic liquid) model 

proposed by Truhlar et al.20. Reaction rate constant was calculated using the TST 

calculator developed by Lu21 and fitted to the Arrhenius curve using the following 

equation:

k = Ae
-

Ea
RT (4)

where k is the reaction rate constant, A is the pre-exponential factor (frequency factor), 

Ea is the activation energy, R is the universal gas constant, and T is the absolute 

temperature in Kelvin.
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Table S1. DS and solubility of cellulose benzoate prepared by transesterification 

under different conditions.

SolubilityaTemperature 

(°C)

Time

 (h)
AGU:VB Solvent DS

DMSO CHCl3

1 40 4 1:6 [DBUH]Lev/DMSO 0.93 + +

2 60 4 1:6 [DBUH]Lev/DMSO 1.78 + +

3 80 4 1:6 [DBUH]Lev/DMSO 2.91 + +

4 100 4 1:6 [DBUH]Lev/DMSO 2.59 + +

5 80 1 1:6 [DBUH]Lev/DMSO 1.10 + +

6 80 2 1:6 [DBUH]Lev/DMSO 2.13 + +

7 80 6 1:6 [DBUH]Lev/DMSO 2.68 + +

8 80 4 1:1 [DBUH]Lev/DMSO 1.64 + +

9 80 4 1:3 [DBUH]Lev/DMSO 2.85 + +

10 80 4 1:9 [DBUH]Lev/DMSO 2.44 + +

11 80 4 1:6 [DBUH]Lev/DMF 2.64 + +

12 80 4 1:6 [DBUH]Lev/DMAc 2.09 + +

13 80 4 1:6 [DBUH]Lev 1.42 + +

Note: The concentration of MCC was 5 wt%, and the amount of co-solvent was 40 wt%. 

a Insoluble (–) and soluble (+) in different solvents.
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Table S2. Preparation conditions for PVDF/cellulose benzoate electrospun 

membranes.

Acetone (g) DMF (g) PVDF (g) CB (g)

1 5.4 12.6 2.00 0

2 5.4 12.6 1.90 0.10

3 5.4 12.6 1.80 0.20

4 5.4 12.6 1.70 0.30

5 5.4 12.6 1.60 0.40
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Table S3. Comparison of different membrane materials for oil/water emulsion 

separation.

Material Flux (L⋅m−2⋅h−1)
Separation

efficiency (%)
Ref.

PVDF-g-AAc (nonsolvent 

induced phase separation)
300 90 22

GO/PDA/MCEM 146 96% 23

Polysulfone/PEG 120 ＞95% 24

PVA/graphene oxide 102-610 ＞93.5% 25

Ceramic (α-Al2O3-ZrO2) 40-80 ＞90% 26

PVDF-DTPA/MWCNT/TiO 943.6 ＞97.4% 27

Poly (p-phenylene sulfide) 154.95 98.98 28

PVDF/MWCNTs 700 ＞90% 29

Cellulose benzoate/PVDF 210-720 ＞96% This work
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Table S4. Preparation conditions, Bulk density and BET surface area of aerogel.

DMSO (g) CB (g) TDI (mL) Catalyst (μL)
Bulk density

(g/cm-3)
SBET (m2/g)

1 9.9 0.1 0.2 10 0.0587 0.775

2 9.8 0.2 0.4 10 0.1369 4.132

3 9.7 0.3 0.6 10 0.2260 1.277

4 9.6 0.4 0.8 10 0.3101 0.668

5 9.5 0.5 1.0 10 / /
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Table S5. Thermal behavior data of cellulose and cellulose benzoate samples with 

varying degrees of substitution.

Sample DS TG–5% TGp Tg Residue

Original / 285.85 ℃ 352.95 ℃ / 6.22%

3 2.91 338.19 ℃ 373.49 ℃ 176.90 ℃ 7.60%

6 2.13 333.34 ℃ 367.34 ℃ 177.27 ℃ 7.36%

5 1.10 332.97 ℃ 370.57 ℃ 178.55 ℃ 6.81%
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Fig. S1. SEM images of PVDF/cellulose benzoate electrospun membranes for oil-

water separation, along with the fiber diameter distribution for each sample.
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Fig. S2. (a) Oil-water separation device and the oil droplet size distribution of the 

emulsion (b) before and (c) after separation.
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Fig. S3. The FT-IR spectrum of aerogel and sample 5
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Fig. S4 1H NMR spectrum of fresh [DBUH]Lev/DMSO, vinyl benzoate, and 

recycled [DBUH]Lev/DMSO.

The symbol * refers to peaks due to impurities.
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Fig. S5 13C NMR spectrum of fresh [DBUH]Lev/DMSO, vinyl benzoate, and 

recycled [DBUH]Lev/DMSO.

The symbol * refers to peaks due to impurities.
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