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Note S1: Characterizations 
The monomer HMTBA structure was characterized by 1H NMR spectra (1H NMR, 

Avance III HD, Broker, Germany), FTIR spectra (FTIR, Tensor 27, Broker, Germany), and 
TG curves (TGA, STA449 F3, NETZSCH, Germany), shown in Figure S1. 1H NMR spectra 
(Figure S2a) was resolved as follows. δ: 2.37 (s, 3H, CH3), 4.25 (d, 2H, CH2), 5.63 (m, 1H, 
CH=), 6.14 (m, 1H, =CH2), 6.29 (m, 1H, =CH2), 6.80 (m, 1H, PhH), 7.08 (m, 2H, PhH), 8.50 
(s, 1H, NH), and 9.67 (s, 1H, OH) and was coincident with the structural formula (Figure 
1). The TG curves (Figure S1b) characterized the stability of HMTBA, where the obvious 
weight loss began at above 200 °C. The clear distinctions between FTIR spectra of mono-
mer HMTBA and polymer PHMTBA are displayed in Figure S2c. The peaks at 2920 cm−1 
and 2851 cm−1 representing sp2 -C-H and sp3 -C-H stretching vibrations, respectively, 
only appeared for PHMTBA, verifying the successful attachment of long-chain alkyl. In 
addition, the peak of C=C stretching at 1680 cm-1 was weaker in PHMTBA than that in 
HMTBA, which signified the successful polymerization of monomer HMTBA. 

 
Figure S1. (a) 1H NMR spectra with DMSO-d6 as the solvent, (b) TG curves of monomer HMTBA, 
and (c) FTIR spectra of HMTBA and PHMTBA. 

Note S2: 
Assuming that the IP reaction occurred between PIP and TMC, the molecular formu-

las of the PA layer in the control TFC membrane were C7H8ON2 and C13H13O5N2 with fully 
cross-linked and fully linear patterns, respectively (Figure S2a and c). The responding ra-
tios of O/N were 0.57 and 2.86, respectively. For the PA-PHMTBA membrane, it was hy-
pothesized that the IP process reacted only between PHMTBA and TMC, the molecular 
formulas of the PA layer were C25H24O5N2S2 and C31H29O9N2S2 with fully cross-linked and 
fully linear patterns, respectively (Figure S2b and d). The responding ratios of O/N were 
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2.86 and 5.14, respectively. Thus, it was inferred that the ratio of O/N should be increased 
when PHMTBA competed with PIP to react with TMC during IP process. The results in 
Table 1 revealed the increased atomic ratio of O/N for PA-PHMTBA membrane contrast 
with the control TFC membrane, consistent with the inference mentioned above. The par-
ticipation of PHMTBA in the cross-linked network of the PA layer was demonstrated. 

 
Figure S2. Theoretical molecular formulas of interfacial polymerization among PIP, PAMTBA, and 
TMC. (a) Fully cross-linked reaction between PIP and TMC, (b) fully cross-linked reaction between 
PAMTBA and TMC, (c) fully linear reaction between PIP and TMC and (d) fully linear reaction 
between PAMTBA and TMC. 

Note S3: 
The SEM and TEM cross-section morphologies of the PA-PHMTBA0.05 membrane 

presented the typical double structure, which was composed of the PSf support layer and 
PA layer. The thickness of the PA layer was about 33 nm, which was measured by the 
Image-Pro Plus 6.0 software. 

 
Figure S3. The (a) SEM and (b) TEM cross-section morphology of PA-PHMTBA0.05 membrane. 

Note S4: 
The aqueous phase solutions including PIP and PHMTBA with 0 to 0.1% and the 

polymerized PHMTBA ethanol solution were photographed and are displayed in Figure 
S3. With the increase in PHMTBA concentration, the solubility of PHMTBA decreased, 

(a) (b)

OH3CS

HN

C
O CH

CH
C

OH3CS

C
O

C

C O
HO

HN

O
O

OH

(c) (d)

OH3CS

HN

C
O CH

CH
C

OH3CS

C
O

C

C O
O

HN

O

SCH3

NH C
O

HC
CH2

O

CH2 C
H

C
NH

O

O

H3CS

O

SCH3

NH

C O
HC

HC C

O

SCH3

NH

O



3 
 

and the PHMTBA was precipitated. The color of the aqueous phase solution changed from 
a limpid solution to a faint yellow solution with more concentrated PHMTBA. 

 
Figure S4. Photos of PIP/PHMTBA aqueous phase solution. 

 
Figure S5. (a-d) Local SEM surface images of PHMTBA-modified TFC membranes. 

Table S1. The hydrated radius of different ions [1]. 

Ion Hydrated radius (nm) 
Na+ 0.36 
Mg2+ 0.43 
Cl- 0.33 

SO42- 0.38 
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