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Table S1. Interaction energies and their components (kcal mol™) as obtained for the optimal

distances (Ry and Rs, see Figure 1). Positive and negative Rs values as defined in Figure 1.

Rv,min Rs,min Etot Eele Erep Eind Edis Eele+ind Erep+dis Epen EDMA %pen
CHs | P [ 344 | -1.79 | -288 | 2.02 | 689 | -0.75 | -7.00 | -2.77 | 011 | 323 | 1.21 | 33
CeHsFs | P [ 351 | -1.14 | -3.96 | -3.04 | 7.01 | -0.56 | -7.36 | -3.61 | 035 | 2.63 | -0.42 | 24
GH3N; | P [ 337 | -1.34 | -389 | 321 | 707 | 077 | 697 | 398 | 0.10 | 291 | -030 | 27
NsHeBs | P | 3.69 | -1.07 | -2.13 | -0.86 | 3.85 | -0.29 | -4.83 | -1.15 | -0.98 | -149 | 064 | 25
CeFs P | 339]|-099|-652]|-619]965]|-1.07|-891| -7.26 | 074 | -354 | 2.65| 22
CHi, | P | 424 | 018 | -273|-1.71 | 407 | 051 | -457 | 222 | 050 | -1.55 | -0.16 | 23
CHs | P [ 344 | 179 | -288 | -2.02 | 689 | -0.75 | -7.00 | 2.77 | 011 | 323 | 069 | 18
CeHsFs | P [ 337 | 150 | -461 | 4.21 | 865 | -0.81 | -825 | 502 | 041 | 416 030 | 23
GH3N; | P [ 347 | 123 | -359 | -2.71 | 598 | -0.52 | -633 | 323 | 035 | 226 | 023 | 18
NsHeBs | P | 3.41 | 1.64 | -2.98 | 237 [ 6.26 | -062 | 6.26 | -2.98 | 0.00 | -3.26 | 028 | 17
CeFs P | 339099 |-652]-619]965]|-1.07|-891| 726 | 074 | 354 [ 088 | 27
CeHi, | P [ 398 | 147 | 299 | -1.91 | 479 | 052 | 535 | 243 | 056 | -1.80 | -0.12 | 23
CHs | T | 484 | -1.21 | -270|-1.78 | 348 | -0.48 | -3.93 | 225 | 045 | -1.09 | -0.65 | 19
CeHsFs | T | 490 | -1.16 | -1.86 | 0.76 | 2.70 | -0.28 | -3.51 | -1.05 | 081 | -1.07 | 0.20 | 23
GH3N; | T [ 508 | 0.00 | -1.34 | 031 | 1.70 | -0.17 | -2.55 | -048 | 086 | -0.54 | 0.40 | 21
NiHeBs | T | 493 | -115 | -1.74 | -097 [ 2.27 | -023 | -2.82 | -1.20 | -0.54 | 069 [ 022 | 17
CeFs T | 48 [-119[-1.71| 034|270 | -0.40 | -3.68 | 074 | 097 | -1.21 | 1.00 | 29
CHs | T [ 484 | 121 | -270[-1.78 | 348 | 048 | -3.93 [ 225 | 045 | -1.09 | 1.21 | 33
CeHsFs | T | 483 | 1.22 | -2.23[-1.13 | 3.00 | -0.29 | -3.80 | -1.42 | 080 | -1.06 | -0.05 | 31
GH3N; | T [ 479 | 125 | -1.88 | -1.02 | 272 | 029 | -3.28 | -1.31 | 057 | -1.00 | -0.02 | 22
NsHeBs | T | 493 | 1.05 | -1.77 | -0.83 [ 2.22 [ -0.25 | -2.92 | -1.07 | -0.70 | -0.60 | 0.90 | 35
CeFs T | 48 [ 119 [-1.71]| 034 | 2.70 | -0.40 | -3.68 | 0.74 | 097 | -1.21 | 265 | 22
CeHs | T2 | 481 | -1.24 | -2.75| -1.83 | 3.59 | -0.48 | -4.03 | 232 | 044 | 119 | 069 | 18
CeHsFs | T2 [ 484 | -1.22 | 207 ] 095|292 | -029 | -375 [ -1.24 | 083 | -1.14 | 007 | 20
CsH3N; | T2 | 4.88 | -1.09 | -1.48 | -0.36 | 2.07 | -0.21 | -2.98 | 057 | 091 | 076 | 122 | 16
NsHeBs | T2 | 491 | -1.16 | -1.78 | -0.92 [ 2.30 | -0.23 | -2.92 | -1.15 | -0.63 | -0.70 | 023 | 15
CeFs T2 | 483 [ -1.21[-1.72| 030 | 2.75 | -0.40 | -3.76 | 070 | -1.02 | -1.29 | 0.88 | 27
CeHs | T2 | 481 | 1.24 | -275|-1.83 | 359 | 048 | -403 | 232 | 044 | -1.19 | -065 | 19
CeHsFs | T2 | 484 | 122 | 207 | 095|292 | 029 | -375 | -1.24 | 083 | -1.14 | 020 | 23
GH3N; | T2 | 4.88 | 1.09 | -148 | -0.36 | 2.07 | -0.21 | -2.98 | -057 | 091 | 076 | 0.40 | 21
NsHeBs | T2 | 491 | 116 | -1.78 | -092 [ 230 [ -023 | 2.92 | -1.15 | 063 | 070 [ 022 | 17
CeFs T2 | 483 [ 121 [-1.72]| 030 | 2.75 | -0.40 [ -3.76 | 070 | -1.02 | -1.29 | 1.00 | 29
Second minimum CgHg-C3H3N3 T:
| GHsNs [T ] 261 | 524 | -1.92 [ -1.92 [ 248 | -0.39 | -2.20 | -2.31 [ 039 | -0.70 | -0.46 | 24 |
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Figure S1. Potential energy curves for benzene dimer as obtained with SAPTO/jun-cc-pVDZ for

orientation T2.
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Figure S2. 3D plots of the different contributions to the interaction energy in benzene dimer in

parallel stacked orientation. R, = 3.6 A.
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Figure S3. 3D plots of the different contributions to the interaction energy in benzene dimer in
parallel stacked orientation. Ry = Ry,opt.
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Figure S4. 3D plots of the different contributions to the interaction energy in benzene dimer in
T-shaped orientation. R, = 4.9 A.
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Figure S5. 3D plots of the different contributions to the interaction energy in benzene dimer in
T-shaped orientation. Ry = Ry,opt.
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Figure S6. Optimal vertical displacement for benzene dimers. The Y axis passes through two para
carbon atoms.
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Figure S8. Potential energy curves for parallel heterodimers. R, = 3.6 A.
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Figure S9. Potential energy curves for T-shaped heterodimers. R, = 4.9 A.
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Figure $S10. Potential energy curves for T2 heterodimers. R, = 4.9 A.
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Figure S11. Potential energy curves for T2 heterodimers. R, = opt.

E (kcal mol™)

E (kcal mol™)

E (kcal mol™)

E (kcal mol™)

20

o
o

|
g
o

-4.0

20

0.0

-4.0

20

0.0

-40

20

0.0

-4.0

A

-4.0 -2.0 0.0 2.0 4.0
R (A)
i C3H3N;
ey WU sy

-4.0 -2.0 0.0 2.0 4.0

-4.0 -2.0 0.0 2.0 4.0

-4.0 -2.0 0:0 2.0 4.0
Rg (A)
Eind Edis
Epma Epen

S12



Solid: C¢Hg-CgHg Dotted: CsHg-CeHy,

6.0

4.0 1 e

N
)
!

E (kcal mol'1)

E (kcal mol'1)

-4.0 T T T T
40  -20 0.0 2.0 4.0
Rs (A)
Eiot ® Ege © Erep + Ejng Edis
Eclevind ® Erep+dis Epnva Epen

Figure $S12. Comparison between T-shaped benzene dimer (solid) and parallel benzene-
cyclohexane dimer (dotted).

S13



5.0 5O Pen
< 00 oo 00
© o )
13 £ 13
g -50 8 501 g -50
= = =
w w | w
-10.0 004 -10.0
-15.0 -15.0 : -15.0
40 20 00 2.0 4.0
R(A)
504 Dis
- P -
il T 00 il
o [=] o
13 13 £
S 50 g -50 g
S . 5
w w w
100 - -10.0 ;
-15.0 : : . . . -15.0 .
-40  -20 0.0 2.0 4.0 -40  -20 0.0 2.0 4.0
R (A) R (A)
4.0
5.0 3.0
— —~ _. 20
00 o L
S s S 1.0
® 50 ® 5 °0
w w w
-10.0 20 5N
504 R +Dis- -3.0
| ) ! ep+ 1S .
-15.0 -4.0
-40 20 0.0 2.0 4.0 40 20 00 2.0 4.0 -40 20 0.0 2.0 4.0
R(A) R(A) R (A)

Figure S13. Potential energy curves. Curves start at 3.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S20. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S21. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S22. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S23. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S24. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S25. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S26. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S27. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Figure S28. Potential energy curves. Curves start at 4.0 A; each line corresponds to a 0.1 A
increment, with thick line every 0.5 A. Colour running from blue to orange).
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Cartesian coordinates (A) for the optimised
structures of the molecules employed in
this study at the B3LYP/def2-TZVPP level.
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