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Figure S1: 400 MHz "°F NMR spectra of (a) P(VDF-co-CTFE; ¢moie) and (b) P(VDF-co-
CTFE3 6moiv)-2-PSe, after 16 h ATRP reaction time.
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Figure S2: 600 MHz 'H NMR spectra of (a) P(VDF-co-CTFE; ¢moi%) (b) P(VDF-co-
CTFE; ¢mol%)-g-PS39 after 8 h ATRP reaction time. (dg-Acetone)
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Figure S3: 600 MHz 1H NMR spectra corresponding to graft polystyrene of (a) P(VDF-co-

CTFE; ¢mol%)-g-SPS79 after 24 h ATRP reaction time and its partially sulfonated graft

copolymers: (b) P(VDF-co-CTFE3 moios)-g-SPS79 DS= 12% ; (c) P(VDF-co-CTFE; moies)-2-

SPS79 DS= 48% (d6-Acetone)



Table S1: Properties of P(VDF-co-CTFE; ¢moie)-g-SPS Graft Copolymer Membranes

a o Water Water Conductivity i K. x1000
Membrane  [EC’ (mmol/g) DS (%) uptakeb(%) conten‘[b (%) A (mS/cm)C [SO,HIM) (cm2/sV)

1.12+0.01 18 18+ 1 15 £1 9+1 8+ 1 1.07+0.01 0.07+0.01
1.72 + 0.04 31 47+6 32 £1 15+1 47+2 1.34+0.04 0.37+0.03
2.27+0.07 53 155+8 61=+1 38+2 72+£2 1.04+0.07 0.77+0.09

PCV-g-SPSyy 5 66+0.06 60 201+ 6 67 +1  45+2  84=11  0.89+0.02 0.960.04
3.02+0.05 70 278 £25 73+ 1 53+4 77+9 0.77+0.02 1.03+0.03
3.33£0.08 85 788 + 33 89+ 1 136 +7 44 +2 0.39+0.02 1.12+0.09
3.52 o etical 100 1790 + 55 96 + 1 283 41 +£3 0.30+0.08 1.42+0.03
1.23+0.04 19 15+1 13 £1 7+1 1+0.1 0.82+0.01 0.01+0.00
1.79 + 0.04 23 36 £1 26 £1 11+1 21+1 1.21+£0.07 0.18+0.02

PCV-g-SPS_, 2.00+0.05 28 48 +£2 32 £1 13+1 34+2 1.38+0.05 0.26+0.03
2.74 +0.04 49 2908 + 11 75+ 1 62+3 68 +4 0.66+0.02 1.01+0.04
3.07+0.05 58 835+ 66 89 +1 158 £ 8 33+1 0.33+0.01 1.04=+0.06
4.05 4 oretical 100 Partially dissolve in water - - - -
0.74+0.03 12 11+1 10 £1 9+2 3+2 0.45+0.07 0.06+0.04
1.35+0.02 23 20+3 2242 12+1 15+2 1.07+0.05 0.14+0.02
1.48 +0.04 27 38£2 27 £1 14+ 1 23+1 1.11 £0.03 0.24+0.02

PCV-g-SPS_, 1.81 +0.04 30 65+4 39+2 20+ 1 45+ 1 1.19+£0.03 0.37+0.02
2.05+0.09 33 128 +£12 56 £2 33+2 69 +4 0.91+0.08 0.80+0.08
2.35+0.02 48 815+ 63 89+ 1 199 + 14 33+£9 0.34+0.03 1.02=+0.05
2.91+0.04 56 1060+ 94 92+ 1 211+ 10 36 7 0.28+£0.06 1.23+0.08
4.29 . oretical 100 Partially dissolve in water - - - -

a. By titration. b. Room temperature. c. Soaked in H,O overnight and pat-dried with a Kimwipe paper before measurements at room
temperature. *Errors were calculated based on standard deviation of several experiments.
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Figure S4: IEC as a function of Degree of sulfonation (DS).
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Figure S5: WAXS patterns of (a) P(VDF-co-CTFE; gmoi%)-g-PS39 and (b) P(VDF-co-

CTFE3 6mol%)-g-PSe.



—Unsulfonated P(VDF-co-CTFE)-g-PS;,
----- Crystalline Peak

— Polystyrene Peak

---Amorphous Peak

I (arb.units)

0.50.7091.11.31.51.7 1.9 2.1 2.3 2.5
q (A1)

Figure S6: WAXS spectrum of the graft polymer P(VDF-co-CTFE; gmoies)-2-SPS39. Three
Gaussian curves were fit to the data in order to estimate the degree of crystallinity.



Table S2: Degree crystallinity of P(VDF-co-CTFE; moies)-2-PS copolymers

[EC Degree of
Sample DS (%) (mmol/g) Crystallinity
(%)
0 - 6.7+1.0
18 1.12 12.6 £ 1.5
P(VDE-co-CTFE2 gmor )PS5 53 227 11.5+0.2
70 3.02 12.5+0.6
0 - 64+0.3
19 1.23 6.8 +0.1
P(VDF cOo CTFE2_6m01%) g PS62 8 2.00 65405
58 3.07 5.8+0.1
0 - 56+0.2
12 0.74 6.6 £0.6
P(VDF-co-CTFE; 6moios)-g-PS g 30 1.81 57+0.1
33 2.05 56+04
56 291 -

Table S3: Average diameter and 2-D number density of ion-rich domains for representative
P(VDF-co-CTFE; gmoi%)-2-SPS membranes

2-D cluster

lonic domain number density

Image label [EC (mmol/g) DS (%) diameter (nm)

4 2
(per 10 nm )

P(VDF-CO-CTFE2_6mol%)-g-SPS39

A 1.12 18 25+04 86+ 5

B 3.52 100 3.8+£0.6 56+3
P(VDF-CO-CTFEgﬁmOl%)-g-SPS62

C 1.23 19 23+0.3 104 +7

D 4.05 100 4.1+0.7 55+2
P(VDF-CO-CTFE2_6mol%)-g-SPS79

E 1.35 23 25+04 126 £ 6

F 4.29 100 4.7+0.6 53+1




Table S4: Properties of P(VDF-co-CTFE)-g-SPS graft copolymer membranes having different amount of CTFE

a Water Water Conductivity [-SO,H] H.x 1000
Membrane IEC (mmol/g) b b A c 3 P
uptake (%) content (%) (mS/cm) M) (cm /sV)
112+ 0.01 18+ 1 15+1 9+1 8+ 1 1.07+0.01  0.07
1.72 + 0.04 47+6 3241 1541  47+2 1344004 037
227 +0.07 155 + 8 61+1  38+2  72+2 1.04+£0.07 077
P(VDF-co-CTFE2 6mora)-2-SPSs0 ) 0 6 06 21146 67 £1  45+2  84=11  089+002 096
3.02 +0.05 278 + 25 7341 5344 7749 0774002  1.03
333 +0.08 788 + 33 89+1  136+7 44+2  039+002  1.12
0.64 £ 0.02 9+ 1 8+ 1 7+1 2+ 1 0.62+0.02  0.03
1.03 + 0.04 21+2 17 +1 11+1 1043 0824002 0.15
1.22 +0.02 28+ 1 2 +1  13+1 4042 1.01£0.01 041
P(VDF-co-CTFEs mor)-g-5PSss 1.59 + 0.02 89+ 5 4743 31+2 7546  089+0.03 092
1.98 + 0.05 176 +5 63+1 533  83+2  0.73+001  1.18
2.48 + 0.06 358 + 17 78+1  80+3  65+1 0524001 130

a. By titration. b. Room temperature. c. Soaked in H,O overnight and pat-dried with a Kimwipe paper before measurements at room
temperature. *Errors were calculated based on standard deviation of several experiments.



