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Chapter S1

Methods

S1.1 Crystallizations
All di-acetyl-pyrene substrates for crystallizations were provided by dr Anna Wrona-
Piotrowicz from the Chemistry Department of the University of Łodź. Crystals of
2"AP and 2◦AP-α have been obtained using the formerly applied protocols[1, 2].

Single crystals of the new 2◦AP-β polymorph of the quality suitable for the
single-crystal X-ray diffraction analysis could only be obtained by melting crystals
2◦AP-α and slowly cooling them according to the procedure described elsewhere[3].

Recrystallization of 2’AP from a saturated solution in 1:1 mixture of dichloromethane
and n-pentane yielded mainly good quality yellow block crystals of the known poly-
morph α. On the other hand, recrystallization by slow evaporation of the saturated
solution of 2’AP in pure chloroform in a fridge (≈ 15◦C) yielded darker-yellow plates
which proved to be exclusively the new β form.

S1.2 Melting point determination
Determination of the melting point temperatures was performed for single crystals
of all the polymorphs of all di-acetyl-pyrenes at atmospheric pressure. The purity
and quality of each crystal was confirmed by a short X-ray diffraction experiment
(unit cell determination). Similarly-sized single crystals were placed on a siliconized
glass wafer on a LinkamScientific TMS94 hot stage and then slowly heated at a
rate of 2◦C/min in air under a microscope. Such procedure was repeated twice
on fresh single crystals. The melting point temperatures observed for the formerly
described α polymorphs of di-acetyl-pyrene isomers were in excellent agreement with
the former observations by Rajagopal et al.[4] within 2◦C.

Melting points for polymorphs of 2◦AP compound were also redetermined us-
ing the MP70 Melting Point System capillary apparatus (Mettler Toledo) with the
heating rate of 5◦C/min. The results were within 1◦C of the observations for single-
crystals.
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S1.3 X-ray diffraction experiments

S1.3.1 X-ray diffraction experiments at atmospheric pressure

Low-temperature XRD diffraction data used for structure determination and further
NoMoRe refinements were collected using the Rigaku Oxford Diffraction SuperNova
4-circle diffractometers equipped with either molybdenum or copper microsource
and either Eos CCD detector or direct-counting HyPix detector (for 2◦AP), and a
LN2 cooling-device. Data collection and reduction was performed in CrysAlisPro[5].
Shape-based and empirical absorption correction were applied through the same
software, using SCALE3 ABSPack. Further details of the procedures can be found
in Tables S1.1 and S1.2.

Table S1.1: Data reduction and refinement details for 2’AP.

2’AP-α 2’AP-α 2’AP-β 2’AP-β
Temperature [K] 100(2) 280.10(10) 100(2) 280(2)
Empirical formula C20H14O2 C20H14O2 C20H14O2 C20H14O2

Formula weight [ g
mol

] 286.31 286.31 286.31 286.31
Crystal system monoclinic monoclinic monoclinic monoclinic
Space group P 1 21/n 1 P 1 21/n 1 P 1 21/c 1 P 1 21/c 1

a [Å] 9.2009(4) 9.2316(2) 8.02950(10) 8.12030(10)
b [Å] 7.3090(3) 7.44094(15) 23.1438(4) 23.1408(4)
c [Å] 10.0763(5) 10.0891(2) 7.45590(10) 7.56240(10)
α [◦] 90 90 90 90
β [◦] 98.993(5) 98.8945(19) 95.865(2) 95.1960(10)
γ [◦] 90 90 90 90

Volume [Å3] 669.30(5) 684.71(2) 1378.30(4) 1415.21(4)
Z 2 2 4 4

ρcalc [ g
cm3 ] 1.421 1.389 1.380 1.344

µ [mm−1] 0.722 0.705 0.701 0.683
F(000) 300 300 600 600

Crystal size [mm3] 0.35 x 0.19 x 0.05 0.32 x 0.21 x 0.18 0.27 x 0.18 x 0.09 0.33 x 0.19 x 0.05
Radiation source CuKα CuKα CuKα CuKα

Radiation wavelength [Å] 1.54184 1.54184 1.54184 1.54184
2θ range 12.118 to 143.226 12.098 to 155.02 7.64 to 156.34 7.64 to 155.416

Reflections collected 3928 5826 16650 13641
Rint 0.0186 0.0253 0.0423 0.0212

Resolution [Å] 0.8124 0.7896 0.7876 0.7890
Completeness 0.997 0.999 1.000 0.999

Data; restraints; parameters 1286; 0; 101 1450; 0; 101 2904; 0; 202 2998; 0; 202
R1(I > 2σ(I)) 0.0400 0.0467 0.0467 0.0529
wR2(I > 2σ(I)) 0.1081 0.1430 0.1414 0.1740
R1 (all data) 0.0445 0.0503 0.0522 0.0613
wR2 (all data) 0.1129 0.1462 0.1477 0.1839

Largest diff. peak [eÅ−3] 0.284 0.236 0.493 0.322
Largest diff. hole [eÅ−3] -0.220 -0.257 -0.285 -0.196

Reference XRD data at room temperature for structure determinations at in-
creased pressures were collected using the Rigaku Oxford Diffraction SuperNova
4-circle diffractometer equipped with HyPix detector, copper microsource (CuKα,
λ = 1.54184 Å), and an LN2 cooling-device.

Crystals were mounted on Mitegen loops with a trace of ParatoneN oil.

S1.3.2 High-pressure experiments

Collecting X-ray diffraction data at increased pressures required samples of 2◦AP-β,
2’AP-α and 2’AP-β to be placed in a Diamond Anvil Cell (DAC). Depending on
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Table S1.2: Data reduction and refinement details for 2◦AP-β.

2◦AP-β
Temperature [K] 100.00(10)
Empirical formula C20H14O2

Formula weight [ g
mol

] 286.31
Crystal system monoclinic
Space group P 1 21/c 1

a [Å] 7.15110(13)
b [Å] 10.90793(19)
c [Å] 17.7744(3)
α [◦] 90
β [◦] 102.4944(19)
γ [◦] 90

Volume [Å3] 1353.63(4)
Z 4

ρcalc [ g
cm3 ] 1.405

µ [mm−1] 0.090
F(000) 600

Crystal size [mm3] 0.173 x 0.141 x 0.036
Radiation source Mo Kα

Radiation wavelength [Å] 0.71073
2θ range 6.652 to 69.134

Reflections collected 48392
Rint 0.0488

Resolution [Å] 0.6263
Completeness 0.998

Potency Not calculated
Data; restraints; parameters 5486; 0; 255

R1 (I > 2σ(I)) 0.0440
wR2 (I > 2σ(I)) 0.1198
R1 (all data) 0.0631
wR2 (all data) 0.1293

Largest diff. peak [eÅ−3] 0.471
Largest diff. hole [eÅ−3] -0.194

the experimental attempt a single crystal of the investigated substance would be
placed either in a) a Merill-Basset Diamond Anvil Cell with cullet size of 750 µm
and effective opening angle of 40 ◦ or b) an Almax DACOne20 diamond anvil cell
with cullet size of 500 µm and effective opening angle of over 50 deg. A 200 µm
thick steel gaskets with hole diameter adjusted to the culet size were used and a
ParatoneN oil or a low-density silicone oil was applied as a pressure-transmitting
medium.

Pressure estimation utilized fluorescence from reference ruby spheres, one of
which was inserted into a DAC alongside the sample in each high pressure experi-
ment. The ruby signal was identified using an Almax Optiprexx PLS spectrometer,
affording the nominal precision of 0.05 GPa. Position of the R1 peak was determined
by means of fitting a pseudo-Voigt curve to the fluorescence spectrum using custom-
made software pRuby[6]. The pressure was estimated based on calibration curve
determined by Piermarini et al.[7]. Temperature correction was also applied[8].

Effective DAC opening angle cutoffs, smaller then the nominal aperture, were
used for the sake of data processing, as the intensities of the few reflections registered
beyond the effective limits were found to be heavily affected by gasket shadowing.

XRD data for structure determination for 2’AP-α and 2’AP-β at increased pres-
sures were collected using the Rigaku Oxford Diffraction SuperNova 4-circle diffrac-
tometer equipped with Atlas CCD detector and molybdenum microsource (MoKα,
λ = 0.71073 Å) at 295 K. A total of two interpretable datasets per each 2’AP poly-
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Table S1.3: Parameters of DACs utilized in performed high pressure experiments.

Modified Merrill-Bassett DAC One20
Diameter of diamond cullet 0.75 mm 0.50 mm

Diameter of gasket hole 0.50 mm 0.30 mm
Nominal opening angle 40◦ 60◦
Effective opening angle 30–35◦ 45–50◦

morph were collected at pressures of ≈ 0.5 GPa and around 2.0 GPa.
A summary of obtained unit cell parameters and other experiment descriptors

are listed in Table S1.4.

Table S1.4: Data reduction and refinement details for HP structures of 2’AP.

2’AP-α 2’AP-α 2’AP-β 2’AP-β
Pressure [GPa] 0.56 1.76 0.51 2.0

Empirical formula C20H14O2 C20H14O2 C20H14O2 C20H14O2

Formula weight [ g
mol

] 286.31 286.31 286.31 286.31
Temperature [K] 291.15 290.15 287.15 292.15
Opening angle [◦] 40 40 40 50
Crystal system monoclinic monoclinic monoclinic monoclinic
Space group P 1 21/n 1 P 1 21/n 1 P 1 21/c 1 P 1 21/c 1

a [Å] 9.16(4) 9.03(4) 8.017(3) 7.901(2)
b [Å] 7.308(4) 7.104(4) 23.00(3) 22.685(5)
c [Å] 10.05(4) 9.88(4) 7.369(3) 6.897(11)
α [◦] 90 90 90 90
β [◦] 100.1(4) 101.4(5) 95.75(3) 96.68(5)
γ [◦] 90 90 90 90

Volume [Å3] 662(4) 621(4) 1352.1(18) 1228(2)
Z 2 2 4 4

ρcalc [ g
cm3 ] 1.436 1.531 1.407 1.549

µ [mm−1] 0.092 0.098 0.090 0.099
F(000) 300 300 600 600

Crystal size [mm3] 0.28 x 0.21 x 0.09 0.28 x 0.21 x 0.09 0.25 x 0.12 x 0.08 0.25 x 0.12 x 0.08
Radiation source MoKα MoKα MoKα MoKα

Radiation wavelength [Å] 0.71073 0.71073 0.71073 0.71073
2θ range 5.556 to 52.392 5.588 to 52.474 5.406 to 65.458 5.19 to 52.742

Reflections collected 1922 2014 4593 4771
Rint 0.1386 0.1797 0.0685 0.1322

Resolution [Å] 0.8050 0.8038 0.6573 0.8000
Completeness (Laue full) 0.324 0.381 0.566 0.492

Data; restraints; parameters 414; 78; 102 462; 78; 102 1938; 108; 201 1204; 108; 202
R1(I > 2σ(I)) 0.0544 0.1269 0.1480 0.1015
wR2(I > 2σ(I)) 0.1206 0.3051 0.1628 0.2506
R1 (all data) 0.1404 0.2367 0.3215 0.2403
wR2 (all data) 0.1705 0.3888 0.2140 0.3586

Largest diff. peak [eÅ−3] 0.142 0.225 0.166 0.278
Largest diff. hole [eÅ−3] -0.127 -0.261 -0.198 -0.209

In the case of 2◦AP-β a series of high-quality single-crystal X-ray diffraction
datasets suitable for structural analysis have been obtained at the CRISTAL beam-
line at SOLEIL synchrotron in France. They were performed at applied pressures
of 0.85, 1.1 and 1.7 GPa. The results will be described in more detail elsewhere[3].

S1.3.3 Structure solution and refinements

The structures were solved using SHELXT and refined using olex2.refine coupled
with NoSpherA2, using the TAAM approach, aspherical scattering factors being
provided by DISCaMB[9–12].
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The crystal structures at high-pressure for 2’AP were solved with either SHELXT
or SHELXD, and further refined assuming spherical atomic scattering factors using
SHELXL[9, 13, 14]. Structure solution and refinement were performed within the
Olex2 GUI[15]. The reasonable completeness of the obtained data allowed all non-H
atoms to be located from a Fourier map and refined assuming anisotropic Atomic
Displacement Parameters with loose RIGU restraints. The hydrogen atom positions
were constrained to their closest carbons and had their movement defined using the
riding approximation (AFIX instruction in SHELX).

Molecular graphics were prepared using either Olex2[15] or Mercury 4.4 soft-
ware[16].

S1.4 Deposition
Structures determined for the purpose of this paper were deposited as individual
entries within Cambridge Structural Database[17]. Exact deposition number for
each structure have been presented in Table S1.5.

Table S1.5: CCDC deposition numbers of crystal structures determined for the
purpose of these studies, sorted by crystal phase and exerted pressure.

Polymorph T Pressure CCDC deposition number
2◦AP-β 100K atmospheric 2332704
2’AP-α 100K atmospheric 2332703

293K atmospheric 2332701
293K 0.5 GPa 2332700
293K 1.8 GPa 2332696

2’AP-β 100K atmospheric 2332699
293K atmospheric 2332698
293K 0.5 GPa 2332697
293K 2.0 GPa 2332702

S1.5 Theoretical Calculations
Periodic ab-initio density functional theory (DFT) calculations for investigated sys-
tems were performed using the CRYSTAL17[18]. The calculations used as ansatz
for the Normal Mode Refinements (NoMoRe) were performed with the B3LYP func-
tional in combination with D3 empirical dispersion[19, 20], which is widely used
and provides reasonable relative stabilities for similar organic systems[21], as well
as estimates of vibrational frequencies. A 6-31G(d,p) basis set was employed, the
truncation parameters, TOLINTEG, were set to 7 7 7 7 25, and the shrinking factors
in the reciprocal space, SHRINK, were set to 8 and 8. The geometry was optimized
by adjusting only the coordinates from the experimental geometry with fixed unite
cell parameters as derived from XRD experiments. The electronic energies per unit
cell obtained at this stage (Eele) were used as estimates of the electronic energy in
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the assessment of Gibbs free energies. The lattice energies (Elatt) were estimated
as a difference between total crystal energy per molecule and the energy of a single
molecule in crystal-fixed geometry:

Elatt = Eele/N − Emolecule

where N - number of molecules in the unit cell. Basis-set superposition corrections
were applied[22]. Afterwards, normal modes and their frequencies were calculated at
the Γ point of the Brillouin zone using the finite displacement method. To optimize
the geometry, the convergence criteria were set to the default for frequency calcula-
tions, using the PREOPTGEOM keyword. Vibrational frequencies were calculated
using the unit cell parameters derived from the XRD measurements. Input for
CRYSTAL17 frequency calculations were produced using the cif2crystal routine[23].

S1.6 Thermodynamic characteristics
The electronic energies obtained from the periodic DFT calculations in combination
with the vibrational frequencies derived from the normal mode refinements allowed
to estimate the free energies of the polymorphs as a function of temperature, as have
been done in previous work on dimethyl-3,6-dichloro-2,5-dihydroxyterephthalate and
pyrazinamide. The free energy is derived as described in the following. Gibbs free
energy is given by

G = H − TS (S1.1)

where H is enthalpy, T is temperature in K and S is entropy. The enthalpic part
can be divided into:

H = U + p∆V (S1.2)

where U is a crystal packing energy and p∆V is pressure multiplied by volume
change, calculated at 1 atm. This division takes the expansion of the unit cell with
temperature into account. Furthermore, U can be written as a sum of the electronic
energy, which was obtained from the DFT calculations (Eele), and the contribution
from vibrational energy, which is equal to:

Fvib =
1

2

∑
j

hνj + kT
∑
j

ln

(
1− exp

(
−hνj
kT

))
(S1.3)

where the summation includes frequencies ν, h is the Planck constant and k is the
Boltzmann constant. The first part of this equation corresponds to the zero-point
energy (ZPE) and the second part is the contribution to enthalpy (Hvib) related to
normal-mode vibrations. Similarly, vibrational entropy can be written as:

Svib = nR
∑
j

(
hνj
kT

(
exp

(
hνj
kT

− 1

)−1

− ln

(
1− exp

(
hνj
kT

))))
(S1.4)

which is a summation over all normal-mode vibrations. Final Gibbs free energies G
were derived according to the formula:

G = Eele + ZPE +Hvib + pV − TSvib (S1.5)
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Table S1.6: Summary of the thermodynamic properties of the investigated
diacetyl-pyrene isomers at 293K. All energies are reported per single molecule of
diacetyl-pyrene in kJ mol−1. Relative differences in energy between polymorphs
(∆) were calculated by subtracting given energy of α from that of β, i.e. ∆E =
E(β)− E(α).

2"AP ∆ 2◦AP ∆ 2’AP ∆
CRYSTAL17 (Γ point)

Eele -2417219.6 -2417221.9 -2.3 -2417233.7 -2417234.6 -0.9 -2417221.6 -2417219.9 1.7
ZPE 748.9 750.2 1.3 749.0 749.3 0.3 747.0 749.3 2.3
Hvib 46.2 44.7 -1.6 46.5 46.7 0.3 45.9 47.1 1.2
PV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TSvib 89.3 84.7 -4.7 90.0 90.9 0.9 87.5 92.3 4.8
G -2416513.8 -2416511.7 2.1 -2416528.3 -2416529.4 -1.2 -2416516.2 -2416515.8 0.4

Normal Modes Refinement
5 lowest frequencies refined
TSvib 98.9 100.0 1.1 99.6 100.6 1.0 101.9 101.6 -0.3
G -2416550.5 -2416553.0 -2.4 -2416565.1 -2416566.9 -1.8 -2416556.5 -2416553.0 3.5
12 lowest frequencies refined
TSvib 96.9 98.0 1.1 99.7 101.6 2.0 102.1 102.1 0.0
G -2416548.4 -2416550.8 -2.4 -2416565.2 -2416567.9 -2.8 -2416556.7 -2416553.5 3.2

Frequencies taken directly from the periodic DFT calculations at the Γ-point were
used for the initial calculation of Hvib and Svib, and then non-refined vibrational
modes were input into NoMoRe.

S1.7 Normal Mode Refinement (NoMoRe)
The NoMoRe program was used for the refinement of normal modes against the
X-ray data. This was accomplished via the nomore.chem.uw.edu.pl web server.
Normal-mode vectors and their frequencies were submitted as derived from the pe-
riodic DFT calculations. Together with results from calculations, structure factor
amplitudes and structural models from single crystal X-ray diffraction measurements
were submitted to NoMoRe. Frequencies for selected normal mode vectors were re-
fined in order to minimize wR2 agreement factor. Various approaches were tested
(by refining different subsets of vibrational frequencies), but due to correlations be-
tween the refined modes, it was decided to refine as low number of frequencies for low
frequency modes as possible. Table S1.3 presents the subsets of refined frequencies
in various approaches, together with the final obtained wR2 agreement factors. All
the frequencies were used to estimate vibrational contributions to free Gibbs energy
G. Frequencies higher than 500 cm−1 were scaled by factor 0.956 in order to correct
for anharmonicity.
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Chapter S2

Crystal Structures of new
polymorphs

S2.1 Crystal structures of 2’AP polymorphs
Both polymorphs crystallize in monoclinic system, phase α in P21/n space group,
while phase β in P21/c. The asymmetric unit of polymorph α contains only half of
a molecule (the other half is generated by an crystallographic inversion), while, in
the asymmetric unit of polymorph β there are halves of two distinct independent
molecules (the other halves being generated by crystallographic inversions). In terms
of molecular geometry, one of the molecules in 2’AP-β, denoted as B, is essentially
the same as the one in α polymorph. Both of them have flat aromatic pyrene rings
and carbonyl groups similarly tilted away from that plane by about 35 ◦ (Table
S2.1). The molecule A in the polymorph β is essentially flat, with the carbonyl
groups tilted out of pyrene plane by only about 1 ◦ (Table S2.1).
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The crystal structure of α polymorph has been already described by Rajagopal et
al.[4]. The main packing motif of α polymorph consists of tapes of molecules along
[1 0 -1] direction connected by C–H · · · π interactions. C –H · · · π interactions also
connect molecules in the neighboring tapes, creating herringbone packing. In [001]
direction molecules also form tapes, connected by C– H · · · O interactions.

In the structure of new β polymorph tapes of molecules can also be distinguished.
Such motif is occurring along three different directions - [010], [100] and [1 0 -1].
Similarly to polymorph α, molecules in tapes along [010] direction are connected by
C–H · · · O interactions. Structure of polymorph β consist of independent molecules
A and B and a molecule of one type is surrounded by six molecules of the other
type. Therefore, in tapes along [010] and [1 0 -1] directions two types of molecules
are arranged alternately, while tapes along a⃗ direction only consist of molecules of
the same type.

Most importantly, molecules of diacetyl-pyrene in 2’AP-β form π-stacks along
[001] direction, in which molecules A and B alternate exactly one above the other;
differences in molecular geometries making the resulting π-stacking more condensed.
The molecules in a stack are additionally connected by C–H · · · O interactions (Fig-
ure S3.4 and S3.5).

S2.1.1 Evolution of crystal structures of 2’AP with increased
pressure

Neither 2’AP polymorph showed indications of phase transition in tested pressure
range (up to about 2 GPa) judging by the systematic extinction patterns (Figures
S2.2 and S2.3).

(a) Layer h0l. (b) Layer h1l.

Figure S2.2: Layers h0l and h1l for 2’AP-αhigh-pressure experiment in 1.69 GPa.
Differences between the layers confirm the presence of systematic extinctions at
h+l=2n+1, consitent with the n[010] glide plane

Under the influence of pressure, the unit cells of both polymorphs are evenly
compressed and that is the only observed effect (Figure S2.4). This is different than
for 2◦AP-α and 2"AP-α polymorphs, where applying pressure caused molecules to
tilt from their original position.
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Figure S2.3: Layer 0kl for 2’AP-βhigh-pressure experiment in 1.98 GPa. Axis
0k0, in which systematic extinctions l=2n+1 from c[010] glide plane are visible, was
marked by yellow box.

Table S2.2: Estimated compression of unit cell parameters under pressure.

Pressure [GPa] a [%] b [%] c [%] V [%]
2’AP-α 1.8 2.2 4.5 2.1 9.3
2’AP-β 2.0 2.7 2.0 8.8 13.2
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Figure S2.4: Crystal structure overlays of 2’AP-α (left) and 2’AP-β (right) from
atmospheric conditions and increased pressures. Molecule A and B of 2’AP-β repre-
sented in red and green accordingly. Higher pressure indicated by lighter stick shades.
Structure overlays calculated with Mercury4[16] based on crystallographic asymmet-
ric unit.

S23



Chapter S3

Lattice interactions

S3.1 The most important intermolecular interactions
Estimation of intermolecular interaction energy for all diacetyl-pyrene crystal forms
have been performed in CrystalExplorer17[24], using cluster DFT/B3LYP calcula-
tions and standard 6-31G** database. The cluster included all molecules whose
closest distance to the central molecule was below 3.8Å. Initial geometry in all cases
was based on crystal structures determined at 100K. Obtained values of interaction
energies are summarized in Tables ?? and ??.

Both polymorphs of 2’AP present more uniform networks of intermolecular in-
teractions than other diacetyl-pyrene isomers. Their interactions form rectangular
patterns and occurs mostly along main crystallographic directions or their diagonals.

In all β polymorphs there are stacks of molecules with π-stacking interactions.
In the structure of 2◦AP-β it is possible to distinguish two types of this interactions.
One them is the strongest interaction in all of discussed compounds and have an
energy of -73.6 kJ/mol. The other one is weaker and have an energy of -63.4 kJ/mol.
The π-stacking interaction in the structure of 2’AP-β has an energy of -68.5 kJ/mol,
while this type of interaction in the 2"AP-β is the weakest and have the energy
of -58.5 kJ/mol. The only other significant interactions in the β polymorphs are
C –H · · · O interactions. They arrange in hexagonal networks in the structures of
2◦AP-β and 2"AP-β and a rectangular one in 2’AP-β.

Tapes of CH-π interactions are the main motif in the structures of all α poly-
morphs. The strongest ones also occur in 2◦AP-α (-60.0 kJ/mol). There are also
C –H · · · O interactions connecting molecules from subsequent tapes, all of similar
strength (≈ 20 kJ/mol).

Intermolecular interaction networks of 2"AP-α and 2◦AP-α - the materials prone
to pressure-induced phase transformations - appear less dense than of 2’AP-α; it is
possible to find ’voids’ in which there are no strong interactions, allowing for tilting
of the molecules. In the structure of 2’AP-α there are no such ’voids’ and interactions
of comparable strength are uniformly distributed in all crystallographic directions.
Therefore, a single molecule in 2’AP-α is more consistently stabilized than single
molecules in 2"AP-α and 2◦AP-α and has literally no room to change its orientation.
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Table S3.1: Intermolecular interactions in 2◦AP-α found between molecules within
3.8Å range.

Symmetry Distance Energy [kJ/mol]
operation [Å] Electrostatic Polarization Dispersion Repulsive Total

x+1/2, -y+1/2, -z+1/2 8.62 -2.5 -0.7 -28.9 12.8 -20.4
-x+1/2, -y, z+1/2 10.30 -1.2 -0.5 -9.9 4.3 -7.6

x+1/2, -y+1/2, -z+1/2 5.1 -14.8 -5 -77.9 44 -60
x, y, z 11.34 -0.2 -0.9 -17.3 10.5 -9.5

-x, -y, -z 8.74 -15.3 -4.1 -18.8 16.1 -25.7
-x, -y, -z 12.51 -3.6 -0.8 -6.6 0 -10.2

Table S3.2: Intermolecular interactions in 2◦AP-β found between molecules within
3.8Å range.

Symmetry Distance Energy [kJ/mol]
operation [Å] Electrostatic Polarization Dispersion Repulsive Total

x, y, z 11.16 -4.8 -1.1 -7.8 4.4 -9.9
-x, -y, -z 3.81 -10.6 -2.4 -93.2 49.7 -63.4

-x+1/2, y+1/2, -z+1/2 10.04 -11.7 -3.1 -16.2 13.4 -20.5
x+1/2, -y+1/2, z+1/2 10.04 -0.9 -1.4 -14.9 6.7 -10.8
-x+1/2, y+1/2, -z+1/2 10.77 -2.5 -0.4 -10.2 6.8 -7.6

-x, -y, -z 10.91 -3.6 -0.9 -10.6 4.7 -10.8
x+1/2, -y+1/2, z+1/2 10.99 -1.6 -1.2 -11.3 8.9 -6.9

-x, -y, -z 3.69 -12 -4.4 -108.7 60 -73.6

Table S3.3: Intermolecular interactions in 2"AP-α found between molecules within
3.8Å range.

Symmetry Distance Energy [kJ/mol]
operation [Å] Electrostatic Polarization Dispersion Repulsive Total

-x, y+1/2, -z+1/2 11.66 0.2 -0.9 -16.2 9.5 -8.6
x, -y+1/2, z+1/2 7.13 -8 -3.3 -51.6 27.3 -38.9

-x, -y, -z 8.86 -3.2 -1.3 -17.6 7.1 -15.3
-x, -y, -z 6.23 -11.5 -1.7 -62.7 33 -47.6

x, -y+1/2, z+1/2 10.67 -8.2 -2.3 -11 11.3 -13
-x, y+1/2, -z+1/2 13.41 -2.5 -0.4 -4.3 1.5 -5.8

-x, -y, -z 7.36 -12.8 -2.5 -46.2 23.4 -41.1
x, y, z 8.19 -9.4 -2.8 -20.4 14 -21.1

-x, -y, -z 11.86 1.6 -0.2 -2.1 0 -0.2

Table S3.4: Intermolecular interactions in 2"AP-β found between molecules within
3.8Å range.

Symmetry Distance Energy [kJ/mol]
operation [Å] Electrostatic Polarization Dispersion Repulsive Total

x+1/2, y, z+1/2 8.44 -6.4 -1.8 -19.8 13.7 -16.9
-x+1/4, y+3/4, z+3/4 9.84 -4.8 -2.6 -16.2 11.6 -13.9

x, y, z 4.69 -10.9 -3.4 -91.9 57.5 -58.5
-x+1/4, y+3/4, z+3/4 10.39 1.1 -0.4 -10.7 6 -4.8
-x+1/4, y+1/4, z+1/4 10.39 1.1 -0.4 -10.7 6 -4.8
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Figure S3.1: Crystal packing of diacetyl-pyrene polymorphs seen from direction
along main motif. Energy frameworks calculated with CrystalExplorer17 are over-
laid on the crystal packing motifs. Blue tubes represent the total intermolecular
interaction energies more negative than -10 kJ mol−1 and their thickness is scaled
by the |E|.
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Figure S3.2: Crystal packing of diacetyl-pyrene polymorphs seen from one arbi-
trary direction. Energy frameworks calculated with CrystalExplorer17 are overlaid
on the crystal packing motifs. Blue tubes represent the total intermolecular interac-
tion energies more negative than -10 kJ mol−1 and their thickness is scaled by the
|E|.
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Figure S3.3: Crystal packing of diacetyl-pyrene polymorphs seen from another ar-
bitrary direction. Energy frameworks calculated with CrystalExplorer17 are overlaid
on the crystal packing motifs. Blue tubes represent the total intermolecular interac-
tion energies more negative than -10 kJ mol−1 and their thickness is scaled by the
|E|.
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Figure S3.4: Scheme of interactions in the structure of 2’AP-α with symbols used
in Table below.

Table S3.5: Intermolecular interactions in 2’AP-α found between molecules within
3.8Å range.

Symmetry Distance Energy [kJ/mol]
operation [Å] Electrostatic Polarization Dispersion Repulsive Total

A -x+1/2, y+1/2, -z+1/2 8.19 -10.2 -2.8 -50.1 34.5 -35.2
B -x+1/2, y+1/2, -z+1/2 7.26 -10.3 -2.8 -20.8 13.3 -22.8
C x, y, z 9.2 -2 -1 -21.3 11.2 -14.5
D x, y, z 14.67 -0.5 -0.1 -7.2 0 -6.9
E x, y, z 10.08 -9.7 -4.1 -19.6 21.6 -17
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Figure S3.5: Scheme of interactions in the structure of 2’AP-β with symbols used
in Table below.

Table S3.6: Intermolecular interactions in 2’AP-β found between molecules within
3.8Å range.

Symmetry Distance Energy [kJ/mol]
operation [Å] Electrostatic Polarization Dispersion Repulsive Total

A - 14.09 0.6 -0.5 -4.9 0 -4
B - 9.19 -4.5 -1.8 -20.9 14.7 -15.2
C x, y, z 8.03 -6 -1 -24.3 17.2 -17.6
D - 3.73 -17.4 -2.8 -102.8 67.2 -68.5
E -x, y+1/2, -z+1/2 12.16 3.2 -0.7 -6.3 0 -2.6
F - 11.58 -13.3 -3.8 -14.3 20.2 -16.8
G x, y, z 8.03 -15.2 -4.5 -23.2 18 -28.5
H -x, y+1/2, -z+1/2 12.16 -0.1 -0.6 -8.2 0 -7.7
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