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S1. Computational details
S1.1 Details of periodic (solid-state) DFT calculations

Tolerances on energies which control the self-consistent field convergence for geometry
optimizations and frequency computations were set to 1x10-% and 1x10-1° Hartree, respectively.
The shrinking factor of the reciprocal space net was set to 3. K-space sampling was limited to the
I' point. Frequencies of normal modes are calculated within the harmonic approximation by
numerical differentiation of the analytical gradient of the potential energy with respect to atomic
position [s1].

Periodic DFT computations of molecular crystals sometimes lead to the appearance of
imaginary frequencies [s2, s3, s4]. This problem is usually solved by reducing the space
symmetry of the considered crystal [s2, s5]. In the present study, such procedure was applied to
the crystalline CgF¢/naphthalene (C2/c space symmetry group [s6]) and the
CoFg/diphenylacetylene crystal (P21/n space symmetry group [s7]).

S1.2 Details of the quadrupole-quadrupole interaction calculations.
Only benzene is a strictly axially symmetric molecule (Dg,) among the arenes considered

in this paper. The remaining molecules belong to the D,;, symmetry and are not formally axially

symmetric. If for the measure of “axiality” we take the ratio & = ‘Qxx -0 ‘/ QO - the relative

deviation of Oy, and O,y from their average value (for benzene g = 0), then the g value ranges
from 3% (pyrene) to 20% (pyrene-F10) in the studied molecules (Table S1). The use of Eq. (5)
for the molecules of this series is justified. The g value is 60% for diphenylacetylene C4H;
therefore, Eq. (5) can give a large error for it.

An increase in the basis set from 6-31(F+)G** to 6-311++G** weakly effects on the
components of the traceless quadrupole moment (Table S3) and practically does not affect the
energy of the quadrupole-quadrupole interaction (Table S3). This justifies the applicability of the
PBE-D3/6-31(F+)G** level for estimating the quadrupole-quadrupole interaction energy in the
considered species.

The calculations of non-periodic systems were conducted in Gaussian software in the
PBE-D3/6-31+G(d,p) approximation [s8] in order to obtain the wavefunction. The non-covalent
interactions were evaluated using the AIMPAC computer program suite [s9] and AIMAII

software [s10].



Table S1. The traceless quadrupole moment components for a row of aromatic molecules (D*A).

The values computed at the MP2(Full)/6-311G** level are given in parentheses.

Mol. PBE-D3/6-31(F+)G** PBE-D3/6-311++G**
(Symm) X=H X=F X=H X=F

g? g g g
CeXoe Qu | 2.43 (3.02) . -2.89 . 2.77 . -2.74 .
Benzene Q,y | 243 (3.02) -2.89 2.77 2.74
(Den) Q,, | -4.87 (-6.05) 5.78 -5.54 5.47
C10Xs Q. | 4.05 (4.91) -4.16 (-5.10) 4.38 -3.66

4.9 12. 2.8 16.6
Naphtalene | Qyy | 3.67 (4.76) -5.26 (-6.33) 4.14 -5.12
(Dan) Q. | -7.72 (-9.67) 9.42 (11.4) -8.51 8.78
C14X1o Q. | 5.81 (6.76) 6.02 -4.59

-5.51 (-7.40
Anthracene 8.9 (-7.40) | 15, 4.1 23.2
Q,y | 4.86 (6.59) -7.44 (-8.45) 5.55 -7.37
(Dan)
Q. | -10.7 (-13.4) 13.0 (15.8) -11.6 12.0

Ci6X10 Q. | 6.09 (7.48) -6.24 (-8.00) 6.46 -5.50

3.0 20. 1.1 20.3
Pyrene Qyy | 5.73 (7.43) -8.67 (-9.70) 6.32 -8.30
(Dan) Q. | -11.8 (-14.9) 14.9 (17.7) -12.8 13.8
C14X1o Qu | 10.2 (10.1) -4.58 (-6.40) 10.6 -3.55
, 59. 18. 53. 28.8
Diphenyl- | Qyy | 2.66 (5.76) -6.57 (-7.00) 3.25 -6.42
acetylene | Q,, | -12.8 (-15.8) 11.2 (13.4) -13.9 9.97
(Dan)

-0 _ +

9 The measure of “axiality” g = LQ‘ 100, where Q=%




Table S2. The traceless quadrupole moment components (D*A) of the substituted aromatic and
heterocyclic molecules, which are acceptors in two-component crystals [30].

Molecule; Functional/basis
Refcode® (Symm)
PBE-D3/6-31G** MP2(Full)/6-311G**

pyromellitic Qu | -16.49 -20.9
dianhydride;
PYDMAN (Dyy) Qyy | 098 1.00

Q. | 15.51 19.9
Tetracyanoquino- | Qy | -25.32 -27.2
dimethane; Q. | 4.36 5.5
TCYQMEO3 (Dyn) | Q,, | 20.96 21.7

3 Molecule designations (the Cambridge Structural Database Refcodes).

Table S3. The distance between the centers of mass of the molecules R and the quadrupole-
quadrupole interaction energy Up;pn® of stacked heterodimers C¢F/CyHy, and CyoFs/CyHp,
which structure was fully relaxed in non-periodic computations.

Heterodimer ® PBE-D3/6-31(F+)G** PBE-D3/6-311++G**
R, A Upi02%), kJ/mol | R, A Up102?, kJ/mol
C¢F¢/benzene 3.544 -12.86 3.562 -12.45
C¢Fg¢/naphthalene 3.398 -35.53 3.398 -37.09
C¢F¢/anthracene 3.568 -20.38 3.566 -20.76
CeF¢/pyrene 3.451 -43.89 3.440 -45.72
CioFg/naphthalene 3.596 -26.44 3.550 -30.80
CoFg/anthracene 3411 -78.51 3.399 -80.82
CyoFg/pyrene 3.430 -84.56 3.416 -87.01

2 Evaluated using Eq. (6);

b) the abbreviations used to refer electron-deficient molecules are defined in Scheme 2;
9 O, and O, were calculated at the PBE-D3/6-31(F+)** level,

9 O, and O, were calculated at the PBE-D3/6-311++G** level.



Table S4. The values of the electron density o, and its Laplacian V2p, at intermolecular bond
critical points of crystalline naphthalene evaluated in the present study® vs. the literature data
[s11].

Bond critical point ®), Dy, € A3 V2py, € A
type of IMI The present study [93]9 The present study [93]
1,H...C 0.050 0.055 0.570 0.665
0.047 0.506
2,H..H 0.039 0.051 0.504 0.592
0.036 0.418
3,H...H 0.027 0.035 0.364 0.424
0.026 0.32
4, H..H 0.025 0.032 0.312 0.387
0.024 0.278
5,H...H 0.026 0.031 0.331 0.381
0.025 0.307
6,H...C 0.029 0.03 0.334 0.378
0.028 0.309
7,H...H 0.026 0.03 0.315 0.367
0.025 0.292
8, H...C 0.021 0.023 0.238 0.284
0.02 0.217
9,H...C 0.023 0.021 0.267 0.28
0.02 0.241
10, H...H - 0.0069 - 0.067

9 Computed at the PBE-D3/6-31G** level of approximation, see Subsection 2.2. The data on
crystalline naphthalene (NAPHTA33) is borrowed from [s12];

b see Fig. S1; numbering of points is taken from Fig. 4 [s11];

° First line from the experimental crystal density and second line from the periodic calculation
[sl1];

9 this value is too small to be determined with certainty by the existing experimental and
theoretical methods [s13].



Fig. S1. IMIs in crystalline naphthalene with the corresponding bond critical points. Numbering
of points is taken from Fig. 4 [s11]. For simplicity, the bond paths are given by black straight
lines. H(4) atom forms two short interatomic distances with carbon atoms of the neighboring
molecule (the lower panel). Bader analysis of the periodic electron density shows only one IMI,
which is denoted as 1. The short C(5)...H(4) contact is given by red.
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C¢F¢/ naphthalene (IVOBOK) CeF¢/pyrene (ZZZGKE)

C¢F¢/anthracene (ZZZGMW)

Fig. S2. The IMIs between the adjacent molecules in heterodimers, extracted from the
C¢Fg/arene crystals. Molecule designations (the Cambridge Structural Database Refcodes) are
given in parentheses. Topology of electron density [bond critical points (3,—1) are depicted as
red dots, ring critical points (3, +1) as yellow, and cage critical points (3, +3) as green]



CoFg/anthracene (ECUTUR) C1oFg/pyrene (ECUVIH)

% a e

C4Fy¢/diphenylacetylene (ASIJER)

Fig. S3. The IMIs between the adjacent molecules in heterodimers, extracted from the
C,oFg/arene and PYDMAN/naphthalene crystals. Molecule designations (the Cambridge
Structural Database Refcodes) are given in parentheses. Topology of electron density [bond
critical points (3,—1) are depicted as red dots, ring critical points (3, +1) as yellow, and cage
critical points (3, +3) as green]



Fig. S4. The IMIs between the adjacent molecules in the heterodimer, extracted from the

C4F ¢/diphenylacetylene crystal. Molecule designations (the Cambridge Structural Database
Refcodes) are given in parentheses. Topology of electron density [bond critical points (3,—1) are
depicted as light green dots, ring critical points (3, +1) as red, and cage critical points (3, +3) as
blue]

Fig. S5. Slice of crystalline C¢F¢/benzene along the plane of the benzene molecule. The IMIs
between the adjacent molecules are given dotted lines. Topology of electron density [bond
critical points (3,—1) are depicted as light green dots, and ring critical points (3, +1) as red]



Fig. S6. Slice of crystalline CyoFg/anthracene along the plane of the C,¢Fg molecule. The IMIs
between the adjacent molecules are given dotted lines. Topology of electron density [bond
critical points (3,—1) are depicted as light green dots, and ring critical points (3, +1) as red]
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Table S5. Experimental (V.p) vs. theoretical (Vieor) values of the unit cell volume of the

considered crystals. The relative change in the volume AV is given in the last column.

Crystal Ve A | Vineo, A2 | AV = (Vexp = Vineor)/ Vexp (%)
CeF¢/benzene 527.9 542.6 -2.8
CgF¢/naphthalene 666.6 645.5 3.2
CeF¢/anthracene 788.7 754.9 4.3
CeFe¢/pyrene 825.1 799.0 3.2
CoFg/maphthalene 794.9 770.9 3.0
C,oFg/anthracene 907.3 903.3 04
CoFg/pyrene 476.9 -2 -
CoFg/diphenylacetylene 940.6 936.4 0.4
C4F;¢/diphenylacetylene 567.5 565.1 0.4
PYDMAN/naphthalene 787.1 733.4 6.8

%) the system did not come to stable geometry even after 500 cycles
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Table S6. The interplanar distances R and the quadrupole-quadrupole interaction energy Ug;g,”
of homodimers of electron-deficient molecules derived from the corresponding crystal structures

of perfluorinated arenes (Fig. S7).

Homodimer © R, A Ugi2, kJ/mol
(CqoFs), 5.002 -4.38
(C14F10)2 5.901 175
(C12Fs)2 3.982 -6.58

a) Distance between centers of mass;
b evaluated using Eq. (5); O, and O, were calculated at the PBE-D3/6-31(F+)** level (Table

S1);
°) the abbreviations used to refer electron-deficient molecules are defined in Figure S7.

C1oFs (OFNAPHO1) C14F1o (PFDPAY) C,,F; (FEFBIB)

Fig. S7. The slipped-stacked
configuration of the molecules in crystalline octafluoronaphthalene C1oFg [s14], perfluoro-
diphenylacetylene C14F;¢ [s15] and octafluorobiphenylene C;,Fg [s16]. Molecule designations

(the Cambridge Structural Database Refcodes) are given in parentheses.
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