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1. Methodology

The CSD and PDB search
The Cambridge Structural Database (CSD, November 2018, version 5.40) was searched for 
benzene/benzene, toluene/toluene and p-phenol/p-phenol interactions using the same criteria 
as described in our previous work.1 The CSD search program ConQuest2 was used to 
retrieve structures satisfying the following criteria: (a) the crystallographic R factor < 10%, 
(b) error-free coordinates according to the criteria used in the CSD, (c) the H-atom positions 
were normalized using the CSD default bond lengths, (d) no polymer structures, (e) no 
powder structures, (f) no disordered structures, (g) 3D coordinates determined. 
The Protein Data Bank (PDB, the 28th of June 2019) was searched for interactions of similar 
aromatic groups phenylalanine/phenylalanine (Phe/Phe) and tyrosine/tyrosine (Tyr/Tyr). 
The search was done by employing the following criteria, (1) only crystal structures with a 
resolution of 1.5 Å or better were accepted; (2) only crystal structures with Rfree − Rwork ≤ 
0.05 were accepted; (3) only crystal structures with sequence identity < 30% were taken in 
order to assure the nonredundancy; (4) a residue is not considered if it does not contain all 
heavy atoms resolved crystallographically; (5) a residue is not considered if it has too short 
nonbonding contact (overlap of the van der Waals spheres ≥0.4 Å with nonbonded atoms); 
(6) a residue is not considered if its side chain rotamer is disfavoured; (7) a contact is not 
considered if there are any foreign atoms (atoms that do not pertain to the aromatic rings 
studied) within the sphere of center‒center distance diameter in order to analyse only the 
direct interactions between the two rings. If not already present, polar hydrogen atom of  the 
-OH group in Tyr, coordinates were determined using the program REDUCE under 
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PHENIX package.3 Scripts for the search were written in Python,4 and for PDB file parsing 
MDAnalysis5 python library was used. Using these criteria we found aromatic/aromatic 
interactions in 3489 structures.

 
2. Results from CSD search 

Table SI 1. The number of interactions obtained in the CSD (benzene/benzene, toluene/toluene and    p-
phenol/p-phenol) and PDB (Phe/Phe and Tyr/Tyr) search, for each investigated system.

System Scheme № interactions

benzene/benzene 6911

toluene/toluene 3374

p-phenol/p-phenol 10268

Phe/Phe 6435

Tyr/Tyr 2777

Figure SI 1. Examples of the parallel interactions of (a) benzene/benzene (CSD refcode CIGVIY, P1/P2 = 
0.0°, r=5.2 Å, R= 2.2 Å), (b) toluene/toluene (CSD refcode HADKOO, P1/P2 = 0.0° r=7.0 Å, R= 0.4 Å) and 
(c) p-phenol/p-phenol (CSD refcode XEHPAB, r=1.9 Å,R= 6.2 Å, P1/P2 = 0.0°) 
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3. Calculations

Figure SI 2. Four orientations (A, B, C and D) of benzene/benzene dimers used for calculations. 6

Table SI 2. Calculated interaction energies (kcal/mol)  at minima of potential curves for different P1/P2 
angles (°) for A, B, C and D orientations (Figure SI 1).6

P1/P2  
angle

offset r 
(Å) A B C D

0°
1.5 -2.84 -2.85 -2.84 -2.85

20°
1.5 -2.72 -2.73 -2.64 -2.64

1.0 / / -2.45 -2.4540°
1.5 -2.89 -2.90 / /

60°
1.0 -3.02 -3.02 -2.48 -2.49

90° 0 -3.02 -3.02 -2.56 -2.57

Table SI 3. Calculated interaction energies (kcal/mol) at large offsets of potential curves for different P1/P2 
angles (°) for A, B, C and D orientations (Figure SI1).6

P1/P2  
angle

offset r

(Å)
A B C D

3.5 -2.16 -2.08 -2.01 -2.080°
 4.5 -1.89 -1.97 -2 -1.97

3.5 -2.04 -2.05 -2.04 -2.0620°
 4.5 -1.72 -1.83 -1.94 -2.01

3.5 -1.85 -1.88 -2.09 -2.1340°
 4.5 -1.37 -1.5 -1.61 -1.78

3.5 -1.44 -1.49 -1.7 -1.8460°
 4.5 -0.88 -1.02 -1.06 -1.22

90° 3.5 -0.63 -0.78 -0.8 -0.93

aThe interaction energies at offset 4.5 Å for the tilt angle of 90° are omitted because the donor and acceptor 
molecules swap the roles.
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4. Results from PDB search

Figure SI 3. Examples of the most frequent interactions of (a) Phe/Phe (PDBid 2HEU, P1/P2 = 88.7°) and (b) 
Tyr/Tyr (PDBid 3V5R, P1/P2 = 89.4°).
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