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Figure S1. SEC traces of the full set of PTFEMA homopolymers. Mn values ranged from 5.2 kg
mol™ to 24.7 kg mol ™.
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Figure S2. RAFT polymerization of TFEMA using AIBN as initiator and CPBD as chain transfer
agent. (a) Evolution of experimental M, and B as function of monomer conversion. (b) In([M]o/[M])
as function of reaction time, with [M]o and [M] being the concentrations of monomers at time zero

and t, respectively.
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Figure S3. *H NMR (400 MHz, CDCls) spectra of PTFEMA macro-chain transfer agents (macro-
CTA). 6 (ppm): 0.80-1.20 (m, 3H, -CH3s), 1.80-2.20 (m, 2H, -CH2-), 4.34 (s, 2H, -CH2-CF3),

7.34-7.42 (t, 2H, protons of aromatic ring), 7.5-7.6 (t, 2H, protons of aromatic ring) 7.83-7.90 (d,
2H, protons of aromatic ring).%?

TFEMA conversion was determined from the *H NMR peak integrals (1) of PTFEMA at § = 4.34
ppm (2H, -CH>-CF3), and TFEMA at 6 = 6.23 ppm and 5.70 ppm (2H, H.C=C<) according to the

following expression:

I[-CH, — CF; (PTFEMA)]
XrrEma =1 — —
I[-CH, — CF; (PTFEMA)] +I[H,C=C< (TFEMA)]
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Figure S4. °F NMR (400 MHz, CDCls) spectra of PTFEMA macro-CTA. § (ppm): -73.32
(-CFa3).2®



Table S1. Number average molecular weight (Mn) and dispersity () of PTFEMA macro-CTA.

PTFEMA  Targeted Reaction TFEMA

b
macro-CTA Mn time  conversion 2 K i " Db
1 (kgmoly)  (h) (%) (kg mol™)
1 10 1.00 - 5.20 1.17
2 10 1.00 13.42 5.40 1.17
3 10 1.00 - 5.70 1.17
4 10 4.00 - 7.30 1.20
5 10 4.00 48.59 7.50 1.19
3] 10 6.00 65.03 9.00 1.15
7 10 8.00 73.79 10.10 1.14
8 15 6.00 61.24 10.85 1.21
9 25 3.90 36.51 11.10 1.24
10 25 5.00 - 12.10 1.23
11 25 8.72 50.98 13.10 1.23
12 35 4.00 31.27 13.40 1.24
13 25 10.38 57.98 15.00 1.22
14 25 12.02 65.22 15.30 1.20
15 25 11.00 - 15.70 1.19
16 35 8.00 54.02 16.70 1.23
17 25 16.00 72.11 16.80 1.19
18 35 12.33 65.10 19.80 1.21
19 35 15.00 72.14 20.50 1.20
20 35 18.00 75.00 21.00 1.20
21 45 18.00 79.68 23.30 1.21
22 50 20.33 65.52 24.70 1.24

2 Conversion was calculated from the *H NMR peak integrals (1) of TFEMA (5 =
6.23 ppm and 5.70 ppm: 2H, H,C=C<) and PTFEMA (6 = 4.34 ppm: s, 2H,
—CH2—CFs3) of the crude solutions according to the following expression: Iptrema/
(IrTrEMA + ITFEMA).

b Determined by SEC in THF using PS standards.
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Figure S5. *H NMR (400 MHz, CDCls) spectra of PTFEMA-b-POEM3. § (ppm): 0.80-1.20 (m,
3H, -CH3), 3.38 (s, 3H, —-O—CHs3), 3.43-3.86 (m, 4H, —-CH>—CH2—-0-), 4.08 (s, 2H,
—C(0)-0—CH2-), 4.34 (s, 2H, ~-CH2-CF3).4°
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Figure S6. SEC traces of PTFEMA-b-POEMj3 copolymers series of ~20 kg mol™ and 30 kg mol ™.



Table S2. Reaction parameters, TFEMA mass fraction (Xtrema), number average molecular weight
(Mp) and dispersity (D) of PTFEMA-b-POEM3 copolymers.

PTFEMA Reaction

PTFEMA-b-POEMS \ ; b Ma® .
Entry # (kngr:oI'l) tl(rr?)e XTEEMAT (kg molt) P
1 5.2 10.63 0.18 28.9 1.15
2 9.0 9.58 0.31 29.0 1.15
3 13.1 8.67 0.35 37.4 1.28
4 111 8.67 0.41 27.1 1.26
5 12.1 8.67 0.43 28.1 1.19
6 13.4 8.17 0.51 26.3 1.20
7 15.7 6.78 0.55 28.5 1.20
8 10.1 4.00 0.58 174 1.17
9 16.7 6.00 0.60 27.8 1.21
10 13.4 5.17 0.63 21.3 1.28
11 16.7 5.50 0.64 26.1 1.21
12 16.7 4.83 0.68 24.6 1.21
13 20.5 4.83 0.70 29.3 1.33
14 16.8 3.90 0.74 22.7 1.19
15 23.3 3.50 0.76 30.7 1.33
16 24.7 3.00 0.79 31.3 1.33
17 20.5 2.33 0.81 25.3 1.21
18 24.7 2.33 0.90 27.4 1.26
19 24.7 1.67 0.95 26.0 1.27

@ Determined by SEC in THF using PS standards.

b Calculated from the molar ratios obtained by *H NMR peak integrals (1) of
PTFEMA (6 =4.34 ppm: s, 2H, -CH>—CF3) and POEM3 (6 = 4.08 ppm: s, 2H,
—C(0)—O—CH2-) of purified and dried block copolymer samples according to
the following expression: [IchzeTrema)y*Mw tremal/[lcHz(pTrema)*Mw TFEMA +
IcH2(PoEM3) *Mw 0EM3], Where My trema and My oems are the molar mass of
TFEMA and OEM; units, 168.11 g mol™ and 232.27 g mol™, respectively.

¢ Calculated from the molar ratios obtained by *H NMR and based on the M,
first calculated by SEC for PTFEMA.
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Figure S7. *H NMR (400 MHz, CDClIs) spectra of PTFEMA-b-POEMs. § (ppm): 0.80-1.20 (m, 3H,

~CHs3), 3.38 (s, 3H, ~O—CHa), 3.43-3.86 (m, 4H, ~CH2—~CHz—0-), 4.08 (s, 2H, —~C(0)~O—CHz-),
4.34 (s, 2H, ~CH2-CF3) 45
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Figure S8. SEC traces of PTFEMA-b-POEMs copolymers series of ~20 kg mol™ and 30 kg mol ™.
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Table S3. Reaction parameters, TFEMA mass fraction (Xtrema), number average molecular weight

(Mp) and dispersity (D) of PTFEMA-b-POEMs copolymers.

PTFEMA Reaction

PTFEMA-b-POEMs5 - X TFEMA ° M ©
M 2 t . 2
Entry # (kg mol) '(?:)e (kg mol?)

1 5.2 5.00 0.20 26.0 1.15
2 9.0 475 0.29 31.0 1.16
3 7.3 3.67 0.31 235 1.19
4 11.1 3.83 0.46 24.1 1.14
5 16.8 4.00 0.51 32.9 1.22
6 10.1 4.25 0.54 18.7 1.17
7 15.7 3.60 0.61 25.7 1.18
8 16.8 3.83 0.63 26.7 1.19
9 15.0 2.33 0.68 221 1.19
10 19.8 3.00 0.72 275 1.20
11 20.5 3.00 0.74 27.7 1.20
12 19.8 2.42 0.77 25.7 1.19
13 19.8 2.00 0.79 25.1 1.19
14 24.7 3.45 0.79 31.3 1.27
15 19.8 2.00 0.83 23.9 1.20
16 24.7 0.83 0.91 27.1 1.27

@ Determined by SEC in THF using PS standards.

b Calculated from the molar ratios obtained by *H NMR peak integrals (1) of
PTFEMA (8 = 4.34 ppm: s, 2H, “CH>—CF3) and POEMs (6 = 4.08 ppm: s, 2H,
—C(0)—0O—CHaz-) of purified and dried block copolymer samples according to
the following expression: [IcHzeTrema)y*Mw Tremal/[lcHz(PTrEMA) *Mw TFEMA +
IcH2(PoEMS) *Mw 0EMS], Where Mw Trema and My oems are the molar mass of
TFEMA and OEMs units, 168.11 g mol™ and 300 g mol™, respectively.

¢ Calculated from the molar ratios obtained by *H NMR and based on the M,
first calculated by SEC for PTFEMA.
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Figure S9. 'H NMR (400 MHz, CDCls) spectra of PTFEMA-b-POEMo. § (ppm): 0.80-1.20 (d, 3H,
-CHs), 3.38 (s, 3H, ~O—CHs3), 3.43-3.86 (m, 4H, —CH2>—CH2-0-), 4.08 (s, 2H, —C(0)—0O—-CH2-),
4.34 (s, 2H, -CH2-CF3).4°
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Figure S10. SEC traces of PTFEMA-b-POEMjs copolymers series of ~20 kg mol™ and 30 kg mol™.
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Table S4. Reaction parameters, TFEMA mass fraction (Xtrema), number average molecular weight

(Mp) and dispersity (D) of PTFEMA-b-POEMgy copolymers.

PTFEMA Reaction
PTFEMA-b-POEMy macro-CTA -

Entry # \V/ P time
kgmory (M

1 54 6.20
2 5.7 3.00
3 7.5 5.08
4 5.7 2.25
5 7.5 3.75
6 7.5 2.40
7 10.9 5.00
8 10.1 2.50
9 10.1 3.07
10 13.4 2.75
11 15.3 3.25
12 15.7 2.63
13 13.4 2.28
14 10.9 4.87
15 16.7 2.33
16 19.8 3.07
17 13.1 1.30
18 19.8 1.93
19 15.7 1.17
20 19.8 1.45
21 21.0 1.17
22 15.0 0.58
23 23.3 1.50
24 23.3 1.00
25 23.3 1.23

b
X TFEMA

0.18
0.20
0.26
0.28
0.28
0.32
0.36
0.38
0.43
0.43
0.45
0.52
0.54
0.55
0.55
0.61
0.62
0.68
0.75
0.71
0.75
0.78
0.80
0.85
0.86

@ Determined by SEC in THF using PS standards.

M ¢
(kg mol™)

30.0
28.5
28.8
20.4
26.8
23.4
30.3
26.6
23.5
31.2
34.0
30.2
24.8
19.8
30.4
325
21.1
29.1
20.9
27.9
28.0
19.2
29.1
27.4
27.1

Ba

1.14
1.16
1.13
1.17
111
1.13
1.18
1.12
1.13
1.18
1.16
1.16
1.19
1.23
1.19
1.22
1.17
1.18
1.20
1.21
1.22
1.18
1.26
1.24
1.24

b Calculated from the molar ratios obtained by *H NMR peak integrals (1) of

PTFEMA (6 = 4.34 ppm: s, 2H, —CH>—CF3) and POEMg (6 = 4.08 ppm: s, 2H,
—C(0)—0O—CHa-) of purified and dried block copolymer samples according to

the following expression: [Icrzeptrema)y*Mw Tremal/[lcHzeTrEMA)*Mw TFEMA +
IcH2(PoEM9) *Mw 0EMg], Where Mw Trema and My oeme are the molar mass of

TFEMA and OEMy units, 168.11 g mol™ and 500 g mol™, respectively.

¢ Calculated from the molar ratios obtained by *H NMR and based on the M,

first calculated by SEC for PTFEMA.
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Density estimation by the van Krevelen group contribution method

Densities for the POEMy segments were estimated from:

where M is the average molecular weight of the repeat unit (232.27 g mol?, g mol?, 300 g mol* and
500 g mol™ for OEMs, OEMs and OEMy, respectively) and V. is the standard molecular volume at
room temperature for a rubbery amorphous polymer. The ;. values for each polymer were predicted

from the expression below by using the Krevelen group contributions values listed in Table S5.%7
V.(298K) = Z V; (298 K)
i

The estimated density values for POEM3, POEMsand POEMg were 1.17 g cm™, 1.16 g cm™ and

1.13 g cm®, respectively.

Table S5. Standard molecular volume of POEMy determined using Krevelen group contribution.

V;(289)  V;(289)  V;(289) vV, (289)
Group POEMy
(cm®mol) POEMs POEMs* POEMoy

~CHs 23 23 (2) 23 (2) 23 (2)
HsC

>C< 5.32 532(1) 532 (1) 5.32 (1) (\39/
_COO- 2460 2460 (1) 2460(1)  24.60 (1) o)\o
—CHo-  16.37 1637 (6) 1637(9)  16.37 (18) H{é:

CH,
o 8 8 (3) 8 (4.5) 8 (9) CIJ_J

-+ CHS
V,(298 K) 19814  259.25 442,58
(cm3/mol)

*Vr was predicted considering 4.5 EO units in the repeat unit; for practical reasons we referred
to this monomer as OEMs through all the text.

16



Parameters setting for SCFT from experimental data
The total degree of polymerization was rescaled as input for the SCFT (denoted as Ny,tq1)
according to the following expressions:

Nrotat = Nprrema + Npogmx

VPTFEMA _ VPOEMx
POEMx —
vref vref

Nprrema =

where v,..; is the reference volume (118 A3), and V is the segment molecular volume defined as:
V == Nl X vo

N’ M mg
= — Vo =
my 0 Ngyp

where N is the number of repeat units in the segment, M is the segment number average molecular
weight, m, is the molecular weight of the corresponding repeat unit (168.11 g mol™, 232.27 g mol?,
g mol?, 300 g mol™* and 500 g mol™* for TFEMA, OEMs, OEMs and OEMs, respectively), p is the
segment density (1.45 g cm,1.17 gcm™, 1.16 g cm3, 1.13 g cm™ for PTFEMA, POEM3, POEM:

and POEMq, respectively), and N, is the Avogadro’s number.

Volume fractions (f) were calculated from the values obtained above as:

NPTFEMA

fPTFEMA =
Nprrema + Npogmx

fPOEMx =1- fPTFEMA

17



Table S6. Characteristics of PTFEMA-b-POEM3 copolymers.

Entry # Xpreema?  Xpoems®  Npreema® Npoems® Nrow®  froems® MorpDOIOgy
1 0.18 0.82 50 285 335 0.85 DIS
2 0.31 0.69 87 241 328 0.73 HEX
3 0.35 0.65 127 293 420 0.70 HEX
4 0.41 0.59 108 192 300 0.64 HEX
5 0.43 0.57 117 193 310 0.62 HEX
6 0.51 0.49 130 155 285 0.54 HEX+LAM
7 0.55 0.45 152 155 307 0.50 LAM
8 0.58 0.42 98 88 186 0.47 LAM
9 0.60 0.40 162 134 296 0.45 LAM
10 0.63 0.37 130 95 225 0.42 LAM
11 0.64 0.36 162 113 275 0.41 LAM
12 0.68 0.32 162 95 257 0.37 LAM
13 0.70 0.30 199 106 305 0.35 LAM
14 0.74 0.26 163 71 234 0.30 HEX
15 0.76 0.24 226 88 315 0.28 HEX+LAM
16 0.79 0.21 240 79 319 0.25 HEX
17 0.81 0.19 199 58 257 0.23 HEX
18 0.90 0.10 240 33 273 0.12 DIS
19 0.95 0.05 240 16 255 0.06 DIS

2 Calculated from the molar ratio of both blocks determined by *H NMR.

b Calculated using a 118 A® reference volume and densities of p(PTFEMA) = 1.45 g/cm?® and
p(POEM3) = 1.17 g/cm? (25 °C).

¢ Determined by SAXS.
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Figure S11. Room temperature SAXS patterns for PTFEMA-b-POEM3 copolymers. DIS, HEX,
and LAM denote disordered, hexagonal, and lamellar phase, respectively.




Table S7. Characteristics of PTFEMA-b-POEMs copolymers.

Entry # Xprrema®  Xpoems®  Nprrewa® Nopoews”  Ntow®  froems®  Morphology ©

1 0.20 0.80 50 252 303 0.83 DIS
2 0.29 0.71 87 267 355 0.75 HEX
3 0.31 0.69 71 197 268 0.74 DIS
4 0.46 0.54 108 158 266 0.59 HEX
5 0.51 0.49 163 196 359 0.55 HEX
6 0.54 0.46 98 104 202 0.52 LAM
7 0.61 0.39 152 122 274 0.44 LAM
8 0.63 0.37 163 120 283 0.42 LAM
9 0.68 0.32 146 86 231 0.37 LAM
10 0.72 0.28 192 93 286 0.33 LAM
11 0.74 0.26 199 87 286 0.31 LAM+HEX
12 0.77 0.23 192 72 264 0.27 HEX
13 0.79 0.21 192 64 256 0.25 HEX
14 0.79 0.21 240 80 319 0.25 HEX+GYR
15 0.83 0.17 192 49 241 0.20 DIS
16 0.91 0.09 240 30 269 0.11 DIS

2 Calculated from the molar ratio of both blocks determined by *H NMR.

b Calculated using a 118 A® reference volume and densities of p(PTFEMA) = 1.45 g/cm?® and
p(POEMs) = 1.16 g/cm? (25 °C).

¢ Determined by SAXS.
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Figure S12. Room temperature SAXS patterns for PTFEMA-b-POEMs copolymers. DIS, HEX,
GYR and LAM denote disordered, hexagonal, gyroid and lamellar phase, respectively.

Note: In Figure S12 - Entry #14, the (200) diffraction peak associated with the gyroid phase and
characterized by % = ,/(4/3), exhibits very low intensity in the corresponding SAXS pattern. This peak

appears as a shoulder within the primary peak, making it difficult to assert with absolute certainty the
presence of the gyroid phase in the PTFEMA-POEMs phase diagram.
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Table S8. Characteristics of PTFEMA-b-POEMg copolymers.

Entry # Xprrema®  Xpoeme®  Nprrewa® Nopoeme”  Ntow ®  froeme®  Morphology ©

1 0.18 0.82 52 306 359 0.85 DIS
2 0.20 0.80 55 284 339 0.84 DIS
3 0.26 0.74 73 266 339 0.79 DIS
4 0.28 0.72 55 183 238 0.77 DIS
5 0.28 0.72 73 240 313 0.77 DIS
6 0.32 0.68 73 198 271 0.73 DIS
7 0.36 0.64 106 241 347 0.70 HEX
8 0.38 0.62 98 205 303 0.68 HEX
9 0.43 0.57 98 167 265 0.63 HEX
10 0.43 0.57 130 221 351 0.63 HEX
11 0.45 0.55 148 233 381 0.61 HEX
12 0.52 0.48 152 180 333 0.54 HEX
13 0.54 0.46 130 142 272 0.52 HEX
14 0.55 0.45 106 111 217 0.51 HEX
15 0.55 0.45 162 170 332 0.51 HEX+LAM
16 0.61 0.39 192 158 350 0.45 LAM
17 0.62 0.38 127 100 227 0.44 LAM
18 0.68 0.32 192 116 308 0.38 LAM
19 0.75 0.25 152 65 218 0.30 LAM
20 0.71 0.29 192 101 293 0.34 LAM
21 0.75 0.25 204 87 291 0.30 LAM
22 0.78 0.22 146 53 198 0.27 DIS
23 0.80 0.20 226 73 299 0.24 LAM
24 0.85 0.15 226 51 277 0.18 DIS
25 0.86 0.14 226 47 273 0.17 DIS

2 Calculated from the molar ratio of both blocks determined by *H NMR.

b Calculated using a 118 A® reference volume and densities of p(PTFEMA) = 1.45 g/cm?® and
p(POEMg) = 1.13 g/cm? (25 °C).

¢ Determined by SAXS
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Figure S13. Room temperature SAXS patterns for PTFEMA-b-POEMg copolymers. DIS, HEX,
and LAM denote disordered, hexagonal, and lamellar phase, respectively.



Table S9. Simulation systems listed by side-chain length and minimum and maximum fg via

bottlebrush scaling.

Np VB gl/an/r]A fB min fB max
1 2.0 1.050 0.13 0.93
2 3.0 1.249 0.20 0.90
3 4.0 1.382 0.20 0.90
5 6.0 1.570 0.20 0.85
7 8.0 1.708 0.20 0.82
9 10.0 1.819 0.20 0.75
11 11.0 1.912 0.50 0.90

Table S10. Simulation systems listed by side-chain length and minimum and maximum fg via comb

scaling.
Nnpg Vp 81/2773/% [5 min [5 max
1 2.0 1.131 0.13 0.93
2 3.0 1.386 0.20 0.90
3 4.0 1.600 0.20 0.90
5 6.0 1.960 0.20 0.85
7 8.0 2.263 0.20 0.82
9 10.0 2.530 0.20 0.75
11 11.0 2.771 0.50 0.90
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