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Concerning the possibility of gas bubble formation, additional AFM measurements are
shown in Figure S1 and S2. Figure S1 shows phase mode AFM observation of block
copolymer Sa and resulting conversion to 6a by thermal treatment suggesting less clear
contrast before and after thermal treatment. The little change of the contrast in the phase
mode of AMF supports that the formation of a gas bubble was not observed in the region
of 2 um x 2 pm.

The results on AFM analyses (height mode) of random copolymer 5a' and alternating
copolymer 5a'"', which are incapable of the formation of microphase separation along with
thermal treatment to 6a' and 6a'" are shown in Figure S2. Considering that the remarkable
observation of dotted pattern was not shown in 6a' and 6a"", these results also support the
dot found in 6a (Figure 6b) is the microphase separation and the formation of a gas bubble

is less likely.
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Figure S1. AFM image (phase mode) of the thin film of block copolymer (a) Sa: before

thermal treatment and (b) 6a: (after thermal treatment)
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Figure S2. AFM topographic image of (a) random copolymer 5a', (b) the related 6a’
after thermal treatment, (c) alternating copolymer 5a'', and (d) the related 6a'" after

thermal treatment.
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Figure S3. Measurements of SAXS for polythiophene block copolymer 5a and the
related random copolymer Sa' before and after thermal treatment at 200 °C for 20 min.
Black: 5a before thermal treatment, red: 5a after thermal treatement, blue: 5a' before

thermal treatment, and green: 5a' after thermal treatment.
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Details on electronic conductivity of polythiophene block copolymers 5 on a glass

substrate, where electrodes and polymer films were set as depicted in Figure 4(a)—(c).

Table S1. Electric conductivity of block copolymer 5a before/after thermal treatment
over the range of applied voltage 0—100 V (See: Figure 4a)

Conductivity of Conductivity of
Aoolied Current of 5a 5a bef. Current of 5a 5a af
ie a before a after
PP before thermal after thermal
Voltage thermal thermal
treatment treatment
(V) treatment treatment
(A) (A)
(S/cm) (S/cm)
0 0 0 0 0

10 3.63x 107 8.82x10° 2.00x 10°° 4.86x 10+
20 7.29x 107 8.85x10° 5.00x 10°° 6.07x10*
30 1.10x 10° 8.87x10° 1.00x 10° 8.09x 10
40 1.46 x 10 8.88x10° 3.20x 10 1.94x 103
50 1.83x10° 8.90x10° 5.80x 10+ 2.82x 1073
60 2.20x10° 8.90x10° 1.00x 10 4.05x 1073
70 2.57x10° 8.91x10° 1.54x10* 5.34x 1073
80 2.94x10° 8.91x10° 2.12x10* 6.44x 103
90 3.31x10° 8.92x10° 2.82x10* 7.61x1073
100 3.68x10° 8.92x10° 3.86x10* 9.37x 1073
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Table S2. Electric conductivity of block copolymer Sa before/after thermal treatment
over the range of applied voltage 0—10 V (See: Figure 4b)

Applied bCurrent of 5a Conductivity of Current of 5a Conductivity of

Voltage efore thermal 5a before after thermal 5a after thermal

V) treatment thermal treatment treatment (S/cm)

(A) treatment (S/cm) (A)
0 0 0 0 0

0.5 1.48x10° 1.54 x 10°° 8.97x10°8 9.35x10*
1 9.47 x10°° 494 x10° 2.08x 107 1.08x10°3
1.5 2.23x10°8 7.74x10° 3.49x107 1.18x10°3
3.78x10°8 9.86 x 10°° 4.80x 107 1.25x 103
2.5 5.43x10°8 5.82x10* 6.25x 107 1.30x10°3
3 7.20x10°8 1.25x10* 7.74x 107 1.34x10°3
3.5 9.00x 108 1.34 x 10 9.25x 1077 1.38x 103
4 1.08 x 107 1.41x10* 1.08 x 10°© 141x10°3
45 1.26 x 107 1.46 x 10 1.23x10° 1.43x10°3
5 1.45x 10”7 1.51x10* 1.39x10° 1.45x 103
55 1.63x10°7 1.55x 10+ 1.55x10° 1.47x10°3
6 1.83x10°7 1.59 x 104 1.71x10°® 1.48x10°3
6.5 2.02 x 10”7 1.62 x 104 1.87x10° 1.50x 103
7 2.20x 10”7 1.64 x 10 2.03x10°6 1.51x10°3
7.5 2.39x 10”7 1.66 x 104 2.19x10°6 1.52x10°3
8 2.59 x 107 1.69 x 104 1.36 x 10°° 1.54x 103
8.5 2.78 x 10”7 1.70x 104 2.52x10°6 1.55x10°3
9 2.97 x 10”7 1.72x10* 2.69x10°6 1.56 x 103
9.5 3.17 x 10”7 1.74 x 104 2.85x10° 157 x10°3
10 3.36 x 10”7 1.75x 10+ 3.02x10°6 1.58x10°3
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Table S3. Electric conductivity of block copolymer 5a perpendicular to the substrate
before/after thermal treatment over the range of applied voltage 0-10 V

(See: Figure 4c)

. Current of 5a Conductivity of Current of 5a .
Cgﬁggg before thermal 5a beforg after thermal g;)g?tz(r:ttlxelztr):n?;
V) treatment thermal treatment treatment (S/cm)
(A) treatment (S/cm) (A)

0 0 0 0 0
0.5 1.72x10° 3.34x 101 2.83x10°8 5.49 x 10710
1 457 x10°° 4.44 x 10711 5.68 x 108 5.52 x 1010
1.5 7.99x 10° 5.17 x 101 8.59x 108 5.56 x 10°1°
1.18x10°¢8 571x101 1.15x 10”7 5.60 x 1010
2.5 1.57x10°8 6.09x 101 1.45x 10”7 5.63 x 1010
3 1.98 x 108 6.40 x 101 1.75x 10”7 5.67 x 1010
3.5 2.40x10°8 6.64 x 101 2.06 x 107 5.70x 1010
4 2.82x10°8 6.85 x 1011 2.36 x 107 5.74x 1010
45 3.26x10°8 7.02x101 2.67x10°7 5.77 x 1010
5 3.70x 108 7.18x 101 2.99x 107 5.80x 1010
55 414x108 7.31x101 3.30x 10”7 5.82x 1010
6 459x10°8 7.43x101 3.62x 107 5.85x 1010
6.5 5.04x 108 7.53 x 101 3.94x107 5.88 x 1010
7 550 x 108 7.63x101 4.26 x 107 5.91x 1010
7.5 597 x 108 7.72x101 459 x 107 5.93x 1010
8 6.43x10°8 7.80 x 101 491x107 5.96 x 1010
8.5 6.90 x 108 7.88x 101 5.24 x 107 5.98 x 1010
9 7.37x10°8 7.94x 101 5.57 x 107 6.01x 1010
9.5 7.84x10°8 8.01x 101 5.91x107 6.03 x 1010
10 8.31x 108 8.07x 101 6.24 x 107 6.06 x 1010
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Table S4. Electric conductivity of block copolymer Sb before/after thermal treatment
over the range of applied voltage 0—100 V (See: Figure 4a)

Conductivity of Conductivity of
Avolied Current of 5b Eb bef. Current of 5b Eb af
ie efore after
PP before thermal after thermal
Voltage thermal thermal
treatment treatment
(V) treatment treatment
(A) (A)
(S/cm) (S/cm)
0 0 0 0 0

10 1.38x10° 1.05x 103 3.00x 107 2.29x 10
20 276 x10° 1.05x 103 1.00x 10 3.81x10*
30 4.14x10° 1.05x 103 1.30x10° 3.30x 10
40 554 x10° 1.05x 1073 1.60x10° 3.05x10*
50 6.96 x 10°° 1.06 x1073 2.00x 10°° 3.05x10*
60 8.39x10° 1.07 x 103 2.00x 10° 254x10*
70 9.85x10° 1.07x1073 2.30x 10°° 250x 10
80 1.14x 105 1.08x 1073 2.60x 10° 248 x 10
90 1.29x 105 1.09x 103 3.00x 10° 254 x10*
100 1.45x 105 1.10x 103 3.30x 10°° 251x10*
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Table SS. Electric conductivity of block copolymer 5g after thermal treatment over the
range of applied voltage 0—-100 V (See: Figure 4a)

Conductivity of Conductivity of
. Current of 5g Current of 5g
Applied 5g before 5g after
before thermal after thermal
Voltage thermal thermal
treatment treatment
(V) ) treatment ) treatment
(S/cm) (S/cm)
0 - - 0 0
10 - - 1.30x 10° 9.90x 10
20 - - 4.60x 10° 1.75x 1073
30 - - 2.21x10° 5.61x1073
40 - - 8.40x 10°° 1.60x 102
50 - - 2.26x 10" 3.44x 1072
60 - - 4.45x 104 5.65 x 102
70 - - 6.06 x 10 6.59 x 102
80 - - 7.97x 10 7.59 x 102
90 - - 9.49x 10 8.03x 102
100 - - 1.07x 103 8.12x 102
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Figure S4. CVs acquired in 0.5 M Li2SO4aq) at 20 mV/s for before and after thermal
treatment for (a) random 5a' and (b) block copolymer S5a thin film electrodes. (¢, d) CVs

acquired at 200 mV/s for the aforementioned electrodes.

S10



LLOLLYL - — )
618 HESE | J
2
B
[869°S0Z . o)

w
slizszz. )

I

¥991'681 "ﬂm

< 0°00¢ — —

\
0

7867 7
o LIYLTT

N gevl 9¢
\ 89LE 6¢

3/ ppm

2 L916 6L

T T T T T T
100

\
120

8¢8¢ 8¢l

S80L 8¢
e
—oreL el

—— LIS SR
= LG8 LE]

S 996 621

S11



. f“'

[ 3

| |

\‘
|

Hpb (2H) He (2H)
i
i\

44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19

X : parts per Million : Proton

Figure S5. (a) 'TH NMR and (b) *C{'H} NMR spectrum of block copolymer 5a. (c)

detamination of the ratio of m:n in 5a.
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Figure S6. (a) 'H NMR and (b) 3C{'H} NMR spectrum of bithiophene 6
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Figure S7. (a) 'TH NMR and (b) *C{'H} NMR spectrum of alternating copolymer 5a"’
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