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Figure S1: Optimized geometries of (a) vertical CH... m, (b) vertical S... @, (c) stacked CsHy4 ... 1PT, (d) C50Hy4...3PT and
(e) CsoHi4...5PT composites.
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Figure S2: Optimized geometries of (a) stacked 1PT... C3H;4 .. 1PT, (b) 3PT... C3Hi4 ... 3PT and (c) SPT... C3oHi4
composites.
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Figure S3: Optimized geometries of (a) vertical CH... &, (b) vertical S... w, (¢) stacked CH;s ... 1PT, (d) CseHys...3PT and

(e) CuHis... 5P T composites.
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Figure S4: Optimized geometries of (a) stacked 1PT... CsH;s .. 1PT, (b) 3PT... CssH;s... 3PT and (c) SPT... CsHys . . 5PT

composites.
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Figure S5: Optimized geometries of (a) stacked 1PT... CsoH,o ... 1PT, (b) 3PT... CsoH,o ... 3PT and (c) SPT... CsoHyo . .5PT
composites.
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Figure S6: Optimized geometries of (a) stacked CsgHy, ... 1PT, (b) C3sH,, .. 3PT and (c) CzsH,, ... 5PT composites.
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Figure S7: Optimized geometries of (a) stacked 1PT... C3sHy, ... 1PT, (b) 3PT... C33H,, .. 3PT and (c) 5PT ... C3gHy, . .5PT
composites.
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Figure S8: Optimized geometries of (a) stacked CysHz6 ... 3PT, (b) CasHas ... 5PT and (c) CusHas... 7P T composites.
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Figure S9: Optimized geometries of (a) stacked 3PT ... CssHj6 ... 3PT, (b) SPT... CssHz6... 5PT and (c) 7PT...CyeHz... 7TPT
composites.
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Figure S10: Optimized geometries of (a) stacked Cs4H3¢ ... 11PT and (b) CssHso ... 13PT composites

Figure S11: Optimized geometry of 9PT... 9PT... CssH3o .. 9PT... 9PT composites
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Figure S12: Basis Set ¢
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Figure S13: Basis set superposition error (BSSE) and long-range dispersion (D3) error
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Table S1: D3 correction values of the interaction energies from M06-2x-D3/6-31G (d) method

System D3 System D3
CsoH14...1PT (stacked) -1.34 CasH22...1PT -1.13
CsoH14...1PT (T-shaped) -1.10 CssH22...3PT -2.97
CsoH14...3PT -3.00 CsgH22...5PT -4.38
CsoH14...5PT -3.89 1PT...CssH22...1PT -2.27
1PT...Cs0H14...1PT -2.73 3PT...C3sH22...3PT -5.79
3PT...C30H14...3PT -5.80 5PT...CssH22..5PT -8.69
5PT...C30H14..5PT -7.56 Ca6H26...3PT -2.99
Ca6H1s...1PT (stacked) -1.66 Ca6H26...5PT -4.63
CasH1s...1PT (T-shaped) -1.38 Ca6Hz6...7PT -5.87
CaHis...3PT -3.92 3PT...Ca6H26...3PT -5.92
CaHis...5PT -4.35 5PT...CasHz6..5PT -9.27
1PT...Cs6H1s...1PT -3.35 7PT...Ca6Hz26...7TPT -11.69
3PT...Ca6H1s...3PT -7.80 Cs4H30...3PT -2.99
5PT...Ca6Hu1s...5PT -10.53 Cs4Hs30...5PT -4.78
CsoH20...1PT (stacked) -1.76 CsaHzo...7PT -6.28
Cs9H20...1PT (T-shaped) -1.45 Cs4H30...9PT -7.35
Cs9H20...3PT -4.26 Cs4Hs30...11PT -7.98
CsoH20...5PT -6.19 Cs4H30...13PT -8.17
1PT...Cs9H20...1PT -3.53 3PT...Cs4H30...3PT -5.94
3PT...Cs9H20...3PT -8.56 5PT...Cs4H30...5PT -9.41
5PT...CsoH20...5PT -12.20 7PT...CsaHs0...7PT -12.62
- - 9PT...CsaH30..9PT -14.59
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Table S2: Geometric parameters of oligothiophene and graphene nanosheet (CsoHis...nPT), (CssH1s ... nPT), (CsgHzo
...nPT) and nano-ribbon (CssHaz...nPT), (CssHz6 ... nPT), (CssHs3p ...nPT) models

System Distance System Interlayer Distance (A)
A Side A Side B
CsoHa4...1PT T-shaped (CH-n) 2.93 - -
CsoHa4...1PT T-shaped (S-n) 3.76 - -
CsoH14...1PT (stacked) 3.66 IPT... CsoH14...1PT 3.32 3.36
CsoHi4...3PT 3.55 3PT... CzoH14...3PT 3.53 3.83
CsoHi4...5PT 3.44 5PT... CsoHua...5PT 3.63 3.28
CasH1s...1PT T-shaped (CH-n) 3.94 - -
CasH1s...1PT T-shaped (S-n) 3.50 - -
CagHas...1PT (stacked) 3.66 IPT... CagHas...1PT 3.64 3.45
CasH1s...3PT 3.64 3PT... CasHis...3PT 3.68 3.79
CasHa1s...5PT 3.63 SPT... CasH1s...5PT 3.67 3.69
CsgHz0...1PT T-shaped (CH-n) 3.49 - -
CsoHz2o...1PT T-shaped (S-n) 3.64 - -
Cs9Ha2o...1PT (stacked) 3.62 IPT... CsoH20...1PT 3.75 3.46
CsoHz0...3PT 3.65 3PT... CsoHz...3PT 3.62 3.34
CsoH20...5PT 3.55 S5PT... CsoH20...5PT 3.60 3.29
CsgHa2...1PT 3.67 IPT... CssH22...1PT 3.17 4.30
CasH22...3PT 3.65 3PT... CssH22...3PT 3.70 4.20
CasH22...5PT 3.56 S5PT... CsgH22...5PT 3.80 3.50
CasHos...3PT 3.90 3PT... CasH26...3PT 3.83 4.42
CasHozs...5PT 3.70 5PT... CaHozs...5PT 3.82 4.41
CasHzs...7PT 3.60 TPT... CasH26...7PT 3.63 3.52
Cs4Hs0...3PT 3.60 3PT... Cs4Hz0...3PT 3.58 4.74
CsaHs0...5PT 3.96 SPT... CsaHs0...5PT 3.84 4.45
CsaHa3o...7PT 3.85 7PT... CsaHs0...7PT 3.83 4.43
CsaH30...9PT 3.83 9PT... CsaHs30...9PT 3.81 4.41
CsaHs0...11PT 3.84 - - -
CsaHz0...13PT 3.84 - - -
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Figure S14: Canonical depiction of HOMO orbitals of (a) CzoHia ...
CsoHis . 1PT, (e) 3PT... CxHys .. 3PT, (f) SPT... CoHyg4 ...
(c) CsoHus.. SPT, (d) 1PT... C3oHys . 1PT, (€) 3PT... CyoHua ..
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1PT, (b) CsoHi4 ... 3PT, () CsoHua... 5PT, (d) 1PT...
5PT and LUMO orbitals of (a) CsoHus . 1PT, (b) CsoH14 ... 3PT,
3PT, (f) 5SPT... C3Hi4 .. 5PT composites
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Figure S15: Canonical depiction of HOMO orbitals of (a) C4sHis ... 1PT, (b) CyeHys ... 3PT, (c) CsHys... SPT, (d) 1PT...

CueHis ... 1PT, (e) 3PT... C45H15W3PT, (f) SPT... C4eH1s .. . 5PT and LUMO orbitals of (a) CuHig .. 1PT, (b) CyeHis ... 3PT,
(C) CusHis... SPT, (d) 1PT... CssHs .. IPT, (e) 3PT... CssH1s ... 3PT, (f) 5PT... CsH1s. 5PT Composites
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Figure S16: Canonical depiction of HOMO orbitals of (a) CsgHay ... 1PT, (b) CsoHzo ... 3PT, (C) CsoHy... SPT, (d) 1PT...
CsoHao ... 1PT, (€) 3PT... CsoHyo .. .3PT, (f) SPT... CsoHzo .. 5PT and LUMO orbitals of (a) CsgHao ... 1P T, (b) CsgHyo ... 3PT,
(C) CsoHao... S5PT, (d) 1PT... CsoHy ... IPT, (e) 3PT... CsoH,p ... 3PT, (f) 5PT... CsoHy . 5PT Composites
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Figure S17: Canonical depiction of HOMO orbitals of (a) CsgHz, ... 1PT, (b) C3sHj2 ... 3PT, (¢) C3sHz.... SPT, (d) 1PT...
CssHzz ... 1PT, (e) 3PT... CssHz2.. 3PT, (f) SPT... C3Hz. .. 5PT and LUMO orbitals of (a) CagHz. ... 1PT, (b) CssHz ... 3PT,
(c) CagH22...SPT, (d) 1PT... C3sHz... 1PT, (e) 3PT... CysHaz... 3PT, (f) SPT... CysHz2. . 5PT composites
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Figure S18: Canonical depiction of HOMO orbitals of (a) CssHzs ... 3PT, (b) CasHazs ...5PT, (C) CusHas ... 7PT, (d) 3PT...
CastHas .. 3PT, (€) SPT... CasHas .. 5PT, (f) 7PT... Caghlys .. 7PT and LUMO orbitals of (a) CasHas .. 3PT, (0) CasHas .. 5PT,
(€) CagHazs .. 7TPT, (d) 3PT... CagHzs... 3PT, (€) SPT... CasHzs .. 5PT, (f) 7PT... CysHzs ... 7PT composites
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Figure S19: UV-vis spectra of (a) CsoH14 ...NPT and (b) nPT... CzHaa...
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Figure S20: UV-vis spectra of (a) C4sHis ... NPT and (b) nPT... C4sHis... NPT composites
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Figure S21: UV-vis spectra of (a) isolated oligothiophene, (b) CsgH,o ... nPT and (c) nPT... CsoH,o... NPT composites
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Figure S22: UV-vis spectra of (a) CsgHz, ... NPT and (b) nPT... CssH,,. NPT composites
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Figure S28: DOS spectra of (a) CssHzs (D) CasHzs ... 3P T, () CasHae ... 5PT, (d) CusHae... 7P T, (€) 3PT... CsHa6 ... 3PT, ()
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Figure S30: Color-mapped RDG isosurface graphs and scatter diagrams of (a) CsoHua ... 1PT, (b) CsoHi4...3PT, (C)

CsoHi4... 5PT composites
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Figure S31: Color-mapped RDG isosurface graphs and scatter diagrams of (a) 1PT... C3Hy4 .. 1PT, (b) 3PT... C3Hq ...
3PT, (c) 5PT... CyHj4 ... 5PT composites
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Figure S32: Color-mapped RDG isosurface graphs and scatter diagrams of (a) C4sHig ... 1PT, (b) CasHis... 3P T, (C)

CusHis... 5PT composites
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Figure S33: Color-mapped RDG isosurface graphs and scatter diagrams of (a) 1PT... CyHs ... 1PT, (b) 3PT... CssHys...
3PT, (c) SPT... CysHis ... 5PT composites
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Figure S34: Color-mapped RDG isosurface graphs and scatter diagrams of (a) CsgHzo... 1P T, (b) 3PT... CsoHzo and (c)
3PT... Cs9Hy composites
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Figure S35: Color-mapped RDG isosurface graphs and scatter diagrams of (a) 1PT...CsgHz... 1PT and (b) 3PT...
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Figure S36: Color-mapped RDG isosurface graphs and scatter diagrams of (a) CssHaz ... 1P T, (b) CasHaz... 3PT, () CssHzz ...

5PT composites
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Figure S37: Color-mapped RDG isosurface graphs and scatter diagrams of (a) 1PT...CzsHz, ... 1PT, (b) 3PT... C3sH;,... 3P T,
(c) 5PT... CssH,, .. 5PT composites
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Figure S38: Color-mapped RDG isosurface graphs and scatter diagrams of (a) CssHzs ... 3PT, (b) CasHzs... 5P T, (C) CaeHas ...

7PT composites
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Figure S39: Color-mapped RDG isosurface graphs and scatter diagrams of (a) 3PT... CssHazs ... 3PT, (b) 5PT... CyeHos...

5PT, (c) 7PT... CssHys ... 7PT composites
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Figure S40: Color-mapped RDG isosurface graphs and scatter diagrams of (a) CsqHso ... 3P T, (b) Cs4Hs0...5PT, () CssHao ...

7PT composites

S34

0.020
0.015
0.010
0.005
0.000
-0.005
-0.010
-0.015
-0.020
-0.025
-0.030
-0.035

0.020
0.015
0.010
0.005
0.000
-0.005
-0.010
-0.015
-0.020
-0.025
-0.030
-0.035

0.020
0.015
0.010
0.005
0.000
-0.005
-0.010
-0.015
-0.020
-0.025
-0.030
-0.035



G _(an v "
T g
R b G
’ 4 q b v S ;
(@

s Sll, 5"&{' g‘ : 5 , E&l Gﬁ—iﬁ

(b)

AW BHY BI-Say cota. g o I
W

e e R

©

RDG (a.u)

RDG (a.u)

RDG (a.u)

2.00
1.80
1.60
1.40

1.20

1.00
0.80
0.60
0.40
0.20
0.00

2.00
1.80
1.60
1.40
1.20
1.00

0.80 M

0.60
0.40
0.20
0.00

2.00
1.80
1.60
1.40
1.20
1.00

0.80 W

0.60
0.40
0.20
0.00

n ¥ ® 4 = 9O = o ® ¥ 0
S © © § & & & © © g9 <©
sign(A,)p (a.u.)

n ¥ O N = O = o o ¥ 0
S © @ © o & 9o © © o 9o

sign(Az)p (a.u.)

S ?
n < (2] N f o - N o« <t wn
© o @ o 9 9 o 9 9 o o©
o o ? o ? o o o o o o
1 1 1
sign(Az)p (a.u.)

Figure S41: Color-mapped RDG isosurface graphs and scatter diagrams of (a) 3PT... CssHz .. 3PT, (b) SPT... Cs4Hs...

5PT, (c) 7PT... CssHgo ... 7PT composites
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