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1. Synthesis of Mono-Epoxide-Functionalized mPEG (3a and 3b) (Wang et al., 2021)

Synthesis of 3a. In a 100 mL three-necked flask were added mPEG-500 (m =11, 4.00
g, 8 mmol), sodium hydride (0.48 g, 60% content, 12 mmol), tetrahydrofuran (50 mL), and
stirred at room temperature for 10 min, then epibromohydrin (1.63 g, 12 mmol) was added
to the reaction solution, and the reaction mixture continued stirring for 24 h at room tem-
perature under argon atmosphere. The reaction solution was filtered, tetrahydrofuran
was evaporated in vacuo, and the residue was purified by column chromatography on
silica gel with dichloromethane, methanol and ammonia hydroxide (20:1:0.04, v/v) as el-
uent to give 3a as a light-yellow liquid, 3.20 g, 72% yield. "H NMR (400 MHz, CDCls) 6
3.80 — 3.40 (br, CH2CH:0), 3.38 (s, 3H), 3.20 - 3.13 (m, 1H), 2.82 - 2.75 (m, 1H), 2.65 — 2.58
(m, 1H).

Data for 3b. A similar process was conducted as 3a. Column chromatography (silica
gel, dichloromethane/methanol/ammonia hydroxide: 30/1/0.06, v/v), and this compound
was obtained as a light-yellow liquid in 76% Yyield. tH NMR (400 MHz, CDCls) & 3.83 -
3.41 (br, CH2CH:0), 3.38 (s, 3H), 3.20 — 3.12 (m, 1H), 2.83 - 2.76 (m, | =4.5 Hz, 1H), 2.64 -
2.58 (m, 1H).

2. Synthesis of single chain fluorinated surfactants (4a and 4b)

Synthesis of single chain surfactant 4a. To a 100 mL three-necked flask were added
1H,1H-perfluoro-1-butanol (2.88 g, 14.4 mmol), potassium tert-butoxide (0.40 g, 3.60
mmol), and dioxane (20 mL). After stirring for 30 min, mono-epoxide-functionalized
mPEG-500 (3a, 2.00 g, 3.60 mmol) dissolved in dioxane (20 mL) was added into the reac-
tion solution. The reaction was heated at 70°C for 24 h under argon atmosphere. The re-
action solution was filtered, water (0.1 mL) was added to quench the potassium alcohol,
dried over anhydrous Naz2SO4, and concentrated in vacuo. Then the residue was purified
by column chromatography on silica gel with dichloromethane, methanol, and ammonia
hydroxide as eluent (20:1:0.04, v/v) to offer 4a as a light-yellow liquid 1.80 g in 66% yield.
'H NMR (400 MHz, DMSO-ds) 5 4.97 (d, | =5.2 Hz, 1H), 4.19 (t, ] = 14.4 Hz, 2H), 3.75 - 3.35
(br, CH=0, CHCH20), 3.24 (s, 3H). F NMR (376 MHz, DMSO-ds) & -80.52 (t, ] =9.8 Hz, 3F,
CFs), -119.81 — -120.10 (m, 2F, CF2a), -127.24 (s, 2F, CFzp).

Data for single chain surfactant 4b. A similar process was conducted as 4a, and this
compound was obtained as a light-yellow liquid in 78% yield. 'H NMR (400 MHz,
DMSO-ds) & 4.97 (d, | = 5.2 Hz, 1H), 4.16 (t, ] = 14.0 Hz, 2H), 3.62 - 3.31 (br, CH20 and
CHCH:0), 3.24 (s, 3H). F NMR (376 MHz, DMSO-ds) 0 -82.82 (s, 3F, CFs), -122.66 —-122.95
(m, 2F, CFza).

3. Synthesis of fluorinated Gemini surfactants (6a-6d)

Synthesis of Gemini surfactant 6a: To a 100 mL three-necked flask were added sin-
gle chain surfactant 4a (2.00 g, 2.65 mmol), hexamethylene diisocyanate (0.22 g, 1.32
mmol), toluene (25 mL). The reaction was carried out under reflux conditions for 12 h. The
reaction requires strict anhydrous and oxygen-free. The reaction solution was filtered and
concentrated in vacuo. Then the residue was purified by column chromatography on silica
gel with dichloromethane, methanol, and ammonia hydroxide as eluent (15:1:0.03, v/v) to
offer 6a as a light-yellow liquid 2.05 g in 92% yield. 'H NMR (400 MHz, DMSO-ds) 6 7.24
(s, 2H), 4.81 - 4.89 (m, 2H), 4.28 — 4.08 (m, 4H), 3.80 - 3.32 (br, CH.0, CHCH:0), 3.24 (s,
6H), 2.94 (s, 4H), 1.36 (s, 4H), 1.22 (s, 4H). YF NMR (376 MHz, DMSO-ds) o -80.61 (t, ] =9.4
Hz, 3F, CFs), -119.85 — -120.15 (m, 2F, CFza), -127.30 (s, 2F, CF2p).

Data for Gemini surfactant 6b. A similar process was conducted as 6a, and this com-
pound was obtained as a light-yellow liquid in 91% yield. 'H NMR (400 MHz, DMSO-
ds) ©9.64 (s, 2H), 7.36 (s, 4H), 5.04 — 4.96 (m, 2H), 4.30 - 4.15 (m, 4H), 3.75 - 3.31 (br, CH20,
CHCH:0), 3.24 (s, 6H). F NMR (376 MHz, DMSO-ds) & -80.59 (t, | = 9.8 Hz, 3F, CF3), -
119.86 —-120.11 (m, 2F, CFz), -127.28 (s, 2F, CFzp).
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Synthesis of Gemini surfactant 6c: To a 100 mL three-necked flask were added sin-
gle chain surfactant 4b (2.00 g, 4.92 mmol), hexamethylene diisocyanate (0.41 g, 2.46
mmol), dichloroethane (25 mL). The reaction was carried out under reflux conditions for
12 h. The reaction requires strict anhydrous and oxygen-free. The reaction solution was
filtered and concentrated in vacuo. Then the residue was purified by column chromatog-
raphy on silica gel with dichloromethane, methanol, and ammonia hydroxide as eluent
(30:1:0.06, v/v) to offer 6¢ as a light-yellow liquid 2.26 g in 94% yield. '"H NMR (400 MHz,
DMSO-ds) 8 7.25 (t, ] = 5.6 Hz, 2H), 4.92 — 4.81 (m, 2H), 4.24 — 4.05 (m, 4H), 3.76 - 3.31 (br,
CH20, CHCH20), 3.25 (s, 6H), 3.05 - 2.86 (m, 4H), 1.38 (s, 4H), 1.23 (s, 4H). F NMR (376
MHz, DMSO-ds) d -82.86 (s, 3F, CFs), -122.84 (s, 2F, CFza).

Data for Gemini surfactant 6d. A similar process was conducted as 6¢, and this com-
pound was obtained as a light-yellow liquid in 90% yield. 'H NMR (400 MHz, DMSO-
ds) ©9.68 (s, 2H), 7.37 (s, 4H), 5.05 — 4.96 (m, 2H), 4.30 — 4.11 (m, 4H), 3.88 - 3.29 (br, CH:0,
CHCH:0), 3.23 (s, 6H). F NMR (376 MHz, DMSO-ds) 0 -82.78 (s, 3F, CFs), -122.23 - -123.01
(m, 2F, CFza).

4. Determination of H(c) chemical shift of 4b.
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Figure S1. '"H NMR of 4b.
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Figure S2. HSQC spectrum of 4b.
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Figure S3. Dept 135 spectrum of 4b.

In the '"H NMR spectrum of 4b (Figure S1), we confirmed H(d) at o 3.24. Accord-
ing to the HSQC spectrum (Figure S2), it can be determined that the shift of C connected
to H(d) is about 58 ppm. Then based on the Dept 135 spectrum (Figure S3), it can be de-
termined that the chemical shift of C connected to H(c) is 68.937 ppm. Finally, from Figure
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5.1. H NMR and “F NMR spectra of fluorinated surfactants (4a, 4b, 6a-6d)
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Figure S4. 'H NMR of 4a.

i’o\/to/\/\o

4a

1

-110 -120 -130 -140 -15

T
-100

T
90

T T T
-20 -30 -40

-10

£1 (ppm)

Figure S5. °F NMR of 4a.
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Figure S6. "H NMR of 4b.
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Figure S7. °F NMR of 4b.
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Figure S8. 'H NMR of 6a.
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Figure S9. °F NMR of 6a.
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Figure S10. '"H NMR of 6b.
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Figure S11. '°F NMR of 6b.
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Figure S12. '"H NMR of 6c.
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Figure S13. F NMR of 6c.
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Figure S15. F NMR of 6d.
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