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Table S1. Reported mobilities of alkylated BTBT derivatives (selection).

Material Mh Deposition Substrate Comments Reference
[cm?/Vs]
BTBT — vacuum no values due to poor film quality 1
BTBT-Cs
BTBT-Cio 5 vacuum SiOx 2
Cs-BTBT-Cs 3.5-6 solution SiO,/Si treated with (F4-TCNQ) solution 3
3.5-7.4 solution SiO2/Si solvent vapour annealed 4
4-6 solution SiO2/Si directional solidification via temperature 5
gradients
4 solution Si 6
16.4 solution SiO,/Si Ink-jet printed 7
10 vacuum Graphene; BN monolayer crystals 8
4.8 solution SiO,/Si floating-coffee-ring-driven assembly 9
0.5-1.8 solution SiO2/Si study also on Cx-BTBT-Cx (x = 5-14) 10
25 solution Si/ITO off-centre spin coating 11
0.3-2.9 solution SiOy; OTS; ODTS 12
3.0 solution SiO/Si + PMMA solvent vapour annealed 13
0.53 solution Phenyl-SAM on surface-selective deposition technique 14
flexible substrate
1.2 solution SiO2/Si off-centre re spin coating 15
30 chemical vapour graphene monolayer 16
on Cg-BTBT-Cs bilayer
1.0 vacuum PMMA 17
1.82 vacuum pCiD1 18
1.4-3.9 vacuum SiO/Si discussion mobility calculation 19
by van der Pauw method
1.4 vacuum SiOy/Si cross-linkable high-k polymer matrix 20
7.9 solution SiO2/Si 21
1.68 solution SiOo/Si dip-coating deposition 22
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1.42 solution a-alumina/KPI 23
16 solution SiO./Si mobility up to 52 cm?/Vs at 80 K 24
1.2 solution/OMBD SiO,/Si organic molecular beam deposition 15
(OMBD)

7.22 solution OTS-Si & C-PVA 380 nm thin films 25
12 solution SiO2/Si BTBT-Cs-polystyrene blends 26
C10-BTBT-Ci0  0.5-1.8 solution SiO2/Si study also on Cx-BTBT-Cx (x = 5-14) 10
0.4-2.7 solution SiO2; OTS; ODTS 12
0.2-0.56 solution surface modified polyimide gate insulator 27
BTBT-Cu 0.53-3.9 solution SiOz; OTS; ODTS 12
(a70)* solution SiO2; PMMA *mobilitiy determined via FI-TRMC 28
BTBT-Cis 14.2 vacuum AlOx+SAMs SAMs = alkyl phosphonic acids 29
5.7 vacuum AlOx+ SAMs = oligo-ethylene-glycol phosphonic 30

SAMs+Salts acid; Salts = LiCl, NaCl, KCI
Ph-BTBT-C1o 4.9 solution SiO/Si* thermally annealed 31

polystyrene

12 solution SiO2/Si thermally annealed 32
48 solution SiO,/Si Single crystal 33
Ph-BTBT-C12 8.7 vacuum SiO2/Si thermally annealed 34

S-3



General Methods

All commercial reagents and chemicals were used as received unless otherwise noted.
Petroleum with boiling point range 40-60 °C was distilled before use. Solvent ratio used for
column chromatography is reported by volume. All *H NMR spectra were recorded on Bruker
Avance 300 spectrometer in deuterated CHCIs, which was neutralised by passing through a
glass pipette of aluminium oxide, with chemical shifts (6) reported in parts per million (ppm)
and are referenced to the residual solvent peak, i.e., § 7.26 ppm for *H NMR. Multiplicities are
reported as singlet (s), doublet (d), triplet (t), and multiplet (m); Ar-H = aromatic H. All
coupling constants (J) are in Hertz (Hz) and rounded to the nearest 0.5 Hz. Melting points
(m.p.) were measured in a glass capillary on a BUCHI Melting Point B-545 and are uncorrected.
Thermal gravimetric analysis (TGA) measurements were carried out on a Perkin EImer STA
6000 under 10 °C/min of nitrogen flow and the TGA temperature was quoted at 5% weight
loss. Infrared spectra were recorded on a Perkin EImer Spectrum 1000 FT-IR spectrometer as
solid state samples. High resolution electrospray ionisation (HRESIMS) accurate mass
measurements were carried out on a Bruker MicrOTOF-Q (quadrupole — Time of Flight)
instrument with a Bruker ESI source at the School of Chemistry & Molecular Biosciences, the
University of Queensland, by Mr Graham MacFarlane. Accurate mass measurements are
carried out with external calibration (using Agilent tune mix as the reference calibrant)
followed by a one point linear correction internal calibration using the diisooctyl phthalate
[M+Na]* m/z 413 peak in positive ion. Elemental microanalyses were carried out at the School
of Chemistry & Molecular Biosciences, the University of Queensland, on a FLASH 2000
CHNS/O Analyzer by Mr Michael Nefedov, MD. PhD. Absorption spectra were recorded on
a Varian Cary 5000 UV-Vis-NIR spectrophotometer in 10 x 10 mm quartz cuvettes or on quartz
substrates. Fluorescence spectra were measured using a Jobin-Yvon Horiba Fluorolog in

steady-state mode using a xenon lamp as the excitation source.
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Synthesis
BTBT,® BTBT-Cs,%3" BTBT-Cu10,%® Cs-BTBT-Cs'? and C10-BTBT-C10® were synthesised

by following literature procedures. Scheme S1 shows the synthetic route used.

e 0
cl S . S R
o-chlorobenzaldehyde g < O ii

PN 1:R = C7Hys BTBT-Cg:R' = CgH,-

S O cl” "R 2: R = CgHyg BTBT-C4¢: R' = C1oH21
: O .0
BTBT O O

3:R= C7H15 08 -BTBT- CB R'= C8H17
4: R = CgHqg C10-BTBT-Co: R' =C1oHyq

Scheme S1. Synthetic route to alkylated BTBT derivatives: i) sodium hydrosulfide hydrate, 1-
methyl-2-pyrrolidinone; ii) AICls, CH2Cly, acyl chloride; iii) KOH, diethylene glycol,
hydrazine hydrate.

[1]Benzothieno[3,2-b][1]benzothiophene, BTBT
S Sodium hydrosulfide hydrate (70%, 22.8 g, 285 mmol) was added to a
O N O solution of o-chlorobenzaldehyde (16 mL, 142 mmol) in 31 mL anhydrous
iTBT 1-methyl-2-pyrrolidinone at 80 °C under argon. The reaction mixture was
stirred for 1 h and subsequently heated to 200 °C and stirred for 12 h at
this temperature. The mixture was allowed to cool to room temperature and 150 mL ice water
were added. The resulting precipitate was filtered, washed with water (50 mL) and
recrystallised from toluene to give BTBT (4.20 g, 25%) as white crystals; m.p. 214 °C; 'H

NMR (300 MHz, CDCls): § 7.36-7.53 (4H, m, Ar-H), 7.85-7.97 (4H, m, Ar-H).

1-(Benzo[b]benzo[4,5]thieno[2,3-d]thiophen-2-yl)octan-1-one, 1

O BTBT (150 g, 6.24 mmol) was stirred in 150 mL dry

S O C,H,s dichloromethane and cooled to -20 °C under argon. AIClIz (3.00

O b g, 22.5 mmol) was added in one portion and the reaction mixture
° 1 was cooled down -78 °C. n-Octanoyl chloride (4.26 mL, 25.0

mmol) were added dropwise (over 20 min) to the mixture and the reaction was allowed to warm

up to room temperature over 12 h. After quenching with 120 mL ice water dichloromethane
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(~100 mL) was added to dissolve the resultant precipitate. The organic layer was separated and
the solvent removed under vacuum. The residue was purified by recrystallization from toluene
and subsequently column chromatography over silica using toluene/petroleum (1:3) as eluent
to give 1 (1.10 g, 48%) as a white solid; m.p. 178—180 °C (lit.:¥" 177-180 °C); *H NMR (300
MHz, CDCls): & 0.90 (3H, t, J = 7.0 Hz, CHs), 1.24-1.48 (8H, m, CH>), 1.74—1.87 (2H, m,
CHy), 3.07 (2H, t, J = 7.5 Hz, CHy), 7.43-7.54 (2H, m, Ar-H), 7.90—7.97 (3H, m, Ar-H), 8.06
(1H, dd, J =8.5, 1.5 Hz, Ar-H), 8.55 (1H, dd, J = 1.5, 0.5 Hz, Ar-H).

1-(Benzo[b]benzo[4,5]thieno[2,3-d]thiophen-2-yl)decan-1-one, 2
0 BTBT (1.50 g, 6.24 mmol) was stirred in 150 mL dry
S O CoHio dichloromethane and cooled to -20 °C under argon. AIClz (3.00

L
S

mmol) was added dropwise over 20 min and thee reaction mixture was allowed to warm up to

g, 22.5 mmol) was added in one portion and the reaction mixture
2 was cooled down -78 °C. n-Decanoyl chloride (5.18 mL, 25.0

room temperature over 12h. After quenching with 50 mL ice water. The organic layer was
separated and the solvent reduced down to 50 mL under vacuum. Methanol (50 mL) was added
and the resulting precipitate filtered. The aqueous layer was filtered as well and both filtrates
were washed with water (3 x 50 mL) and methanol (3 x 50 mL). Filtrates were purified by
recrystallization from a toluene/petroleum mixture (1:10) to give 2 (1.80 g, 73%) as a white
solid; m.p. 172 °C; *H NMR (300 MHz, CDCls): § 0.88 (3H, t, J = 7.0 Hz, CH3), 1.21-1.48
(12H, m, CHy), 1.73-1.87 (2H, m, CH>), 3.07 (2H, t, J = 6.0 Hz, CH2), 7.42-7.53 (2H, m, Ar-
H), 7.90-7.98 (3H, m, Ar-H), 8.06 (1H, dd, J = 8.5, 1.5 Hz, Ar-H), 8.54-8.57 (1H, m, Ar-H).

1,1'-(Benzo[b]benzo[4,5]thieno[2,3-d]thiophene-2,7-diyl)bis(octan-1-one), 3

0 BTBT (1.00 g, 4.16 mmol) was stirred in 100 mL dry
S O c,H,, dichloromethane and cooled to -20 °C under argon.
O N AICl3 (3.05 g, 22.9 mmol) was added in one portion
H45C7 s

and the reaction mixture was cooled down -78 °C. n-
Octanoyl chloride (3.55 mL, 20.8 mmol) was added
dropwise over 20 min and the reaction mixture was allowed to warm up to room temperature
over 12 h. After quenching with 50 mL ice water the resulting precipitate was filtered and
consequently washed with water (3 x 50 mL) and MeOH (3 x 50 mL). The precipitate was
purified by recrystallization from toluene to give 3 (1.18 g, 58%) as a white solid; m.p. 252 °C
(lit.:1°250-251 °C); *H NMR (300 MHz, CDCls): § 0.9 (6H, t, J = 7.0 Hz, CH3), 1.24—1.49
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(16H, m, CHy), 1.73-1.87 (4H, m, CHy), 3.08 (4H, t, J = 7.0 Hz, CH,), 7.98 (2H, dd, J = 8.5,
0.5 Hz, Ar-H), 8.08 (2H, dd, J = 8.5, 1.5 Hz, Ar-H), 8.57 (2H, dd, J = 1.5, 0.5 Hz, Ar-H).

1,1'-(Benzo[b]benzo[4,5]thieno[2,3-d]thiophene-2,7-diyl)bis(decan-1-one), 4
o BTBT (1.00 g, 4.16 mmol) was stirred in 100 mL dry
S O CoHig dichloromethane and cooled to -20 °C under argon.
HioCs O ; AICl3 (3.05 g, 22.9 mmol) was added in one portion
and the reaction mixture was cooled down -78 °C. n-
Decanoyl chloride (4.32 mL, 20.8 mmol) was added
dropwise over 20 min. The reaction mixture was allowed to warm up to room temperature and
stirred at room temperature for 2 days. After quenching with 50 mL ice water the resulting
precipitate was filtered and washed with water (3 x 50 mL) and MeOH (3 x 50 mL). The
precipitate was purified by recrystallization from toluene to give 4 (825 mg, 36%) as a white
solid; m.p. 246 °C (lit.:}° 241242 °C); *H NMR (300 MHz, CDCls): § 0.89 (6H, t, J = 7.0 Hz,
CH3), 1.24-1.47 (24H, m, CHy), 1.74-1.87 (4H, m, CH2), 3.08 (4H, t, J = 7.5 Hz, CH>), 7.98
(2H, d, J = 8.0 Hz, Ar-H), 8.09 (2H, dd, J = 8.5, 1.5 Hz, Ar-H), 8.57 (2H, d, J = 1.0 Hz, Ar-H).

2-Octylbenzo[b]benzo[4,5]thieno[2,3-d]thiophene, BTBT-Cs
s CgHy7; Hydrazine hydrate (55%, 3.4 mL, 38.2 mmol) was added to a
O A\ O suspension of 2 (1.12 g, 3.06 mmol) and freshly pulverised KOH
S (860 mg, 15.3 mmol) in 44 mL diethylene glycol. The reaction
BTBT-Cq mixture was heated to 200 °C (oil bath temperature) and stirred for
12 h. After the mixture was allowed to cool down to room temperature and poured into 40 mL
of methanol, the resulting precipitate was filtered, washed with water (3 x 20 mL) and methanol
(3 x 20 mL) and subsequently purified by column chromatography over silica using
toluene/petroleum 2:1 as eluent, followed by recrystallization from toluene/petroleum (1:10)
to give BTBT-Cs (463 mg, 43%) as white crystals ; (m.p. 115 °C; lit.:3" 113—-115 °C); *H NMR
(300 MHz, CDCls): 8 0.89 (3H, t, J = 7.0 Hz, CH3), 1.23—1.44 (10H, m, CH>), 1.64—1.77 (2H,
m, CHy), 2.76 (2H, t, J = 8.0 Hz, CH>), 7.29 (1H, dd, J = 8.0, 1.5 Hz, Ar-H), 7.35-7.49 (2H,
m, Ar-H), 7.72 (1H, dd, J = 1.5, 0.5 Hz, Ar-H), 7.79 (1H, d, J = 8.0 Hz, Ar-H), 7.84-7.94 (2H,
m, Ar-H); IR vmax(solid)/cm™: 2919, 2849, 1465, 1449, 1427, 1335, 1255, 954, 814, 741, 722;
m/z HRMS (ESI-MS): calculated for Cz:H2sNaS> [M+Na]*: 375.1212; found [M+Na]":
375.1208; C22H24S> requires C, 75.0; H, 6.9; S, 18.2%; found: C, 75.0; H, 6.9; S, 18.6%.
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2-Decylbenzo[b]benzo[4,5]thieno[2,3-d]thiophene, BTBT-Cuo
S C1oH21 Hydrazine hydrate (55%, 11 mL, 124 mmol) was added to a
O A\ O suspension of 1 (3.92 g, 9.93 mmol) and freshly pulverised KOH
S BTBT-C.g (2.79 mg, 49.7 mmol) in 120 mL diethylene glycol. The reaction
mixture was heated to 200 °C (oil bath temperature) and stirred
for 24 h. After the mixture was allowed to cool down to room temperature and poured into 150
mL of methanol, the resulting precipitate was filtered, washed with water (3 x 80 mL) and
methanol (3 x 80 mL) and subsequently purified by column chromatography over silica using
toluene/ petroleum (2:1) as eluent to give BTBT-Cio (3.34 g, 88%) as white crystals; (m.p.
110 °C); *H NMR (300 MHz, CDCls): § 0.88 (3H, t, J = 7.0 Hz, CH3), 1.22—1.43 (14H, m,
CH>), 1.64-1.77 (2H, m, CHz), 2.76 (2H, t, J = 8.0 Hz, CH>), 7.28 (1H, dd, J = 8.0, 1.5 Hz,
Ar-H), 7.35-7.50 (2H, m, Ar-H), 7.71-7.74 (1H, m, Ar-H), 7.79 (1H, d, J = 8.0 Hz, Ar-H),
7.84-7.94 (2H, m, Ar-H); IR vmax(solid)/cm™: 2916, 2848, 1464, 1449, 1428, 1335, 1255, 814,
741, 722; m/z HRMS (ESI-MS): calculated for C24H2sNaS; [M+Na]*: 403.1525; found
[M+Na]*: 403.1528; C24H2sS; requires C, 75.7; H, 7.4; S, 16.9%; found: C, 75.4; H, 7.4; S,

16.8%.

2,7-Dioctylbenzo[b]benzo[4,5]thieno[2,3-d]thiophene, Cs-BTBT-Cs

s CgH4; Hydrazine hydrate (55%, 4.9 mL, 55.8 mmol) was added
to a suspension of 3 (1.10 g, 2.23 mmol) and freshly
H17Csq S pulverised KOH (1.25 mg, 22.3 mmol) in 44 mL diethylene
C3-BTBT-C,4
glycol. The reaction mixture was heated to 220 °C (oil bath
temperature) and stirred for 18 h. After the mixture was allowed to cool down to room
temperature and poured into 40 mL of methanol, the resulting precipitate was filtered, washed
with water (3 x 20 mL) and methanol (3 x 20 mL) and subsequently purified by column
chromatography over silica using petroleum to give Cs-BTBT-Cs (631 mg, 61%) as white
crystals; (m.p. 111-112 °C); *H NMR (300 MHz, CDCls): § 0.89 (6H, t, J = 7.0 Hz, CH3),
1.21-1.44 (20H, m, CH2), 1.63—1.77 (4H, m, CH>), 2.76 (4H, t, J = 8.0 Hz, CH>), 7.26 (1H, d,
J=15Hz, Ar-H), 7.28 (1H, d, J = 1.5 Hz, Ar-H), 7.70 (2H, dd, J = 1.5, 0.5 Hz, Ar-H), 7.76
(2H, dd, J = 8.0, 0.5 Hz, Ar-H); IR vmax(solid)/cm™: 2918, 2848, 1459, 1336, 951, 879, 814,
792, 719, 610; m/z HRMS (ESI-MS): calculated for CzoHaoNaS, [M+Na]*: 487.2464; found
[M+Na]*: 487.2458; CaoH40S> requires C, 77.5; H, 8.7; S, 13.8%; found: C, 77.5; H, 9.0; S,
13.7%.
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2,7-Didecylbenzo[b]benzo[4,5]thieno[2,3-d]thiophene, C10-BTBT-C1o

s CioH21 Hydrazine hydrate (55%, 3.28 mL, 37.0 mmol) was
added to a suspension of 4 (800 mg, 1.46 mmol) and
H21C10 S freshly pulverised KOH (800 mg, 14.3 mmol) in 40 mL
C4-BTBT-C,,
ethylene glycol and 10 mL ethylene glycol monomethyl
ether. The reaction mixture was heated to 200 °C and stirred for 48 h. After the mixture was
allowed to cool down to room temperature, it was poured into 100 mL of water and the resulting
precipitate was filtered, and subsequently purified by column chromatography over silica using
light petroleum as eluent to give Ci10-BTBT-Cio (362 mg, 48%) as white crystals; (m.p.
112 °C); *H NMR (300 MHz, CDCls): § 0.87 (6H, t, J = 7.0 Hz, CH3), 1.21-1.43 (28H, m,
CHy), 1.63-1.78 (4H, m, CHy), 2.75 (4H, t, J = 8.0 Hz, CH»), 7.26 (1H, d, J = 1.5 Hz, Ar-H),
7.28 (1H, d, J = 1.5 Hz, Ar-H), 7.70 (2H, dd, J = 1.5, 0.5 Hz, Ar-H), 7.76 (2H, dd, J = 8.0, 0.5
Hz, Ar-H); IR vmax(solid)/cm™: 2915, 2849, 1460, 1336, 1256, 951, 881, 814, 718, 610; m/z
HRMS (ESI-MS): calculated for CssHagNaS, [M+Na]*: 543.3090; found [M+Na]*: 543.3079;

CaaHasS; requires C, 78.4; H, 9.3; S, 12.3%; found: C, 78.3; H, 9.6; S, 12.3%
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Photophysical Spectra

Abs. [a.u.]

Abs. [a.u.]

absorption toluene

PL toluene

_— BTBT-C,q _— BTBT-C,4
F1.0
--- BTBT-C,, --- BTBT-Cy,
0.8
= C4-BTBT-C,4 —— C4-BTBT-C,4
== C,,-BTBT-C,, -== C,,-BTBT-Cy, 0.6
0.4
Fo0.2
T T T T T 0.0
300 350 400 450 500 350 400 450 500
A [nm] A [nm]
absorption film PL film
C _— BTBT-Cq
.0 _— BTBT-Cq F1.0
--- BTBT-C,,
--- BTBT-C,,
.8 0.8
= C,4-BTBT-C4
= C4-BTBT-C,4
-6 === C,,-BTBT-Cy, 0.6
=== C,(-BTBT-Cy,
.4 0.4
2 e Fo0.2
.0 T T T T 1 T TS e 0.0
300 350 400 450 500 350 400 450 500
A [nm] A [nm]

['n-e] Ausuaiul 1d

['n-e] Ausuarul 1d

Figure S1. Absorption and photoluminescence (PL) spectra of BTBTs in toluene solution (A,
B) and on evaporated thin films (C, D).
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Single Crystal XRD of BTBT-Cio

Single crystal X-ray diffraction data of BTBT-Ci0were obtained at the MX1 beamline at the
Australian Synchrotron.{Cowieson, 2015 #28069} Data collection was obtained with a 360°
phi scan, wavelength: A = 0.7108 A and with temperature: T = 100(2) K. Data acquisition was
performed using Blu-lce. Data integration was performed using the XDS package software.*°
Using Olex2 graphical interface,*! the crystal structure was solved with the ShelXT# and
refined with the ShelXL.*® The crystallographic information file has been deposited with the
CCDC (deposition number 1857063). Despite many attempts, only low quality intrinsically
twinned crystals were obtained resulting, in broad diffraction, low resolution data and higher
residuals than ideal. Nevertheless, the quality of the diffraction data is more than sufficient to

unambiguously determine the connectivity of the structure.

Table S2. Crystal data and structure refinement for BTBT-Cao.

Empirical formula Co4H28S2

Formula weight 380.58

Temperature/K 100(2)

Crystal system triclinic

Space group P-1

alA 5.9320(12)

b/A 7.6920(15)

c/A 44.704(9)

a/° 86.28(3)

/e 88.72(3)

v/° 89.85(3)

Volume/A3 2035.0(7)

z 4

Pcalcg/CI'T'I3 1.242

wmm?t 0.267

F(000) 816.0

Crystal size/mm?3 0.15 x 0.07 x 0.01
Radiation Synchrotron (A =0.7108)
20 range for data collection/® 5.308 to 54.834

Index ranges -7<h<7,-9<k<9,-57<1<57
Reflections collected 22513

Independent reflections 7616 [Rint = 0.0892, Rsigma = 0.0988]
Data/restraints/parameters ~ 7616/312/292
Goodness-of-fit on F2 1.859

Final R indexes [I>=26 (I)] R1=0.1636, wR, = 0.4605
Final R indexes [all data] R;=0.1941, wR, = 0.4839
Largest diff. peak/hole / e A 1.17/-1.23
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XRD and AFM Measurements
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Figure S2. Grazing Angle XRD spectra of the evaporated layers of four BTBT derivatives (A);
The calculated layer spacing (Table S3) corresponds well with the length of the molecule in

the case of di-alkylated BTBTs and mixture of mono- and double-layers for mono-alkylated
BTBT derivatives (B).
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Table S3. Summary of XRD analysis.

d[A] d[A] d[A] d(A)
[°] [°] [°] [°]
218 4049 199 4435 304 2904 263 3356
437 4041 397 4447 607 2910 527 3351
650 40.76 591 4482 9.1 2913 790 3355
N=4 869 40.67 7.89 4478 - - - -
Average 40.6+0.1 44.6+0.2 29.09+0.04 33.54+0.02

2 22
1
w N P
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Figure S3. AFM images of the evaporated layers of BTBT derivatives: BTBT-Cs (A), BTBT-
Ci (B), Cs-BTBT-Cs (C), C10-BTBT-C10 (D) and the respective profiles of their cross-
sections (indicated in red), showing step height and giving the surface roughness (E).
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Electrical Measurements
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Figure S4. gVDP conductivity obtained for Cs-BTBT-Cs device using currents ranging from

10 nA to 1000 nA (A). Source-drain bias and two derived potentials — V'c and Vp;-Vp2 — showing
clear border between linear and saturation regime (B).
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Figure S5. Comparison of transfer characteristics of transistors with the channel length L =
400 pm and channel width W = 1 mm prepared using different BTBT derivatives.
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Figure S6. Mobility characteristics obtained for Ci10-BTBT-Ci0 using three different
techniques: linear (lin) and saturation (sat) mobility extracted from Transistor Transmission
Line measurements for various channel widths and increasing length (A); conductivity plot for
the gated four point probe device for driven at varying source-drain voltages with the extracted
mobility in the inset (B); gated van der Pauw conductivity plot combining 8 measurements
under different orientations for a single device (C).
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Figure S7. Mobility characteristics obtained for BTBT-Cs using three different techniques:
linear (lin) and saturation (sat) mobility extracted from Transistor Transmission Line
measurements for various channel widths and increasing length (A); conductivity plot for the
gated four point probe device for driven at varying source-drain voltages with the extracted
mobility in the inset (B); gated van der Pauw conductivity plot combining 8 measurements
under different orientations for a single device (C).
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Figure S8. Mobility characteristics obtained for BTBT-C1o using three different techniques:
linear (lin) and saturation (sat) mobility extracted from Transistor Transmission Line
measurements for various channel widths and increasing length (A); conductivity plot for the
gated four point probe device for driven at varying source-drain voltages with the extracted
mobility in the inset (B); gated van der Pauw conductivity plot combining 8 measurements
under different orientations for a single device (C).
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Figure S9. Mobility plotted as a function of inverse temperature for Cs-BTBT-Cs devices with
thickness of 10, 20 and 30 nm.
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Figure S10. Channel conductivity of Cs-BTBT-Cs devices plotted vs 1/N'Vsp (proportional to

the 1/\E") for different gate voltages and temperatures over Tc (A), just below Tc (B) and
further below Tc (C and D).
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Figure S11. Fowler-Nordheim plots for 20 nm thick Cs-BTBT-Cs device for different gate
voltages and temperatures: 300 K (A), 197 K (B) and 106 K (C). Logarithmic shape of curves
indicates rectangular shape of the energy barrier in all the cases.
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