Electronic Supplementary Material (ESI) for CrystEngComm.
This journal is © The Royal Society of Chemistry 2023

Electronic Supporting Information

Polar and non-polar stacking of perfectly aligned parallel beloamphiphile
monolayers (PBAMS) of (PhO, F)-azine. The interplay of non-covalent

interlayer interactions and unit cell polarity

Harmeet Bhoday, Steven P. Kelley and Rainer Glaser*

Table of Contents

EXPEIMENTAI SECLION ...t a bbb et ettt e bbb bt s s b bbb bbb st bbbt b S2-S8
Scheme S1 Two-step synthesis of (PhO, F)-azine from p-phenozyacetophenone and p-fluoroacetophenone...........cocovevvevreenicninenn S2
Fig. S1 Images of the crude (PhO, F)-azine product and its polymorphs 1 and Il ............ccoviiiiiiiiiinice s S2
Table S1 Crystal parameters of various polymorphic forms of 1 and Tl.........ccooeiiiiiic e S3
Table S2 Parameters used for the GC/MS analyses 0f (PRO, F)-8ZINE..........ccoiiiiiiiiriie e S4
Fig. S2 GC trace (top) and mass spectrum (bottom) of pure (PhO, F)-8ZINE .........ccooiiiiieiiiiiiee s S4
Fig. S3 'H-NMR spectrum of pure (PhO, F)-aZiNE iN CDCI3 .......cciiiriieiieirintieieisiseisiss ettt sttt eteb st ss e S5
Fig. S4 °F-NMR spectrum of pure (PhO, F)-aZiNE iN CDCI3.........c.coieiirriririieieisieisiss ettt bttt seens S6
Fig. S5 B3C-NMR spectrum of pure (PhO, F)-aZiNE iN CDCI3.......ccvuiieiieiriniieieisieisiss sttt bttt seeas S7
Fig. S6 FTIR spectrum of pure (PhO, F)-azine: calculated in gas-phase and ATR-FTIR spectra for land H...........cccccooiininiiiininns S8

Molecular Geometry Data for Polymorphic FOrms 1and Tl ...........ccooviiiiciceee et 59-S14
Fig. S7 Helicities @XeMPIITIEU FOF 1 ... bbbt b btk s bbb e e bt e bt bt e bt e b et et e e e ebeene s S9
Fig. S8 Helicities of molecules in the unit CellS fOr 1 and ..o e S10
Fig. S9 Atom numbering for 1-A in the Crystal SIrUCIUIE OF ©........oviiiiiiiiie e e S11
Table S3 Bond LENGNS IN T AN T1........ouiiiiicie bbbt bbbt b e bbbt ekt b et e S12
Table S4 Bond ANGIES IN T AN T ...ttt st b e bt e st et et e st et e ebeebe st et et en s et e ebeebeebesbestensereanenrs S13
Table S5 Torsions/DINEAralS IN T AN TH....c.ooiiiiei bbbttt bbbt bbb r e S14

Comparative ANalysis 0F PBAM STIUCTUIES...........ciiiiriiiescie sttt $15-S22
Fig. S10 PBAMS OVETIAY OF T ANG T .....oiiiieiiieee ettt bbb bbbt bt bbb e st e bt bt bt s bbbt ne b S15
Fig. S11 Hirshfeld surfaces for the molecules A and B Of TOrM L.........ooiiiiiiii e S16
Fig. S12 Hirshfeld surfaces for the form 11 and (PhO, Cl)-8ZINE............ciiiiiiie e e S17
Fig. S13 Complete Hirshfeld fingerprint plots for molecules I-A, 1-B, and 11-A in polymorphs Iand H...........cccccooioiininiieicnnn S18
Fig. S14 Hirshfeld fingerprint plots for forms 1-A, 1-B, and T1 ..o e e S19
Fig. S15 Hirshfeld fingerprint plots for 11 and (PhO, Cl)-8ZINE.........c.ci i e S20
Fig. S16 Molecular packing ShellS in T AN T ........c..ooiiiiii bbbttt bbbt b et nnene e S21
Table S6 Favorable intralayer INTEraCtiONS N F........coviiiiiiiiieie bbbt b et b et b ettt b et nn e S22
Table S7 Favorable intralayer iNTEraCtions IN Tl .........oooiiiiiiiiii bbbt bbbttt S23

PairWiSe INTErACTION ENEIGIES .....cvuiviviiiicieiiieieieie ettt bbb e b st d s bbb bbbttt S24
Fig. S17 Color-coded interaction mapping Within 3.8 A 0F A% iN L......coooiiiiiicccceee e S24
Table S8 Color-coded pairwise interaction energies relative t0 A 1N L. ... S24
Fig. S18 Color-coded interaction mapping Within 3.8 A 0F B¥ iN L.......co.cooiueiicieieeieseeesess e seseeesss s S25
Table S9 Color-coded pairwise interaction energies relative t0 B* iN 1 .........ccooiiiiiiiiiii e S25
Fig. S19 Color-coded interaction mapping Within 3.8 A 0F A% iN Il ......c.oovcuiecieiceeeeeeecese et S25
Table S10 Color-coded pairwise interaction energies relative t0 A% IN Tl ... S25

Lattice Energy Calculations for POlymOrph 1and Tl ...t S26
Fig. S20 Molecular packing shell for 1 used in CryStalEXPIOTET..........ciiiiiiiriiieici ettt re e be b sae b S26



Experimental Section
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Scheme S1 Two-step synthesis of (PhO, F)-azine from p-phenozyacetophenone and p-fluoroacetophenone.

Synthetic Procedure and Characterization: The synthesis of (PhO, F)-azine involved two steps. In the first step,
5.6 mmol (1.2 g) of the p-phenoxyacetophenone (MW = 212.24 g/mol) was added to a 100 ml round-bottomed
flask followed by addition of 5.6 mmol (0.28 ml) hydrazine hydrate (64% wi/w), 3-4 drops of glacial acetic acid
(catalyst) and 15 ml ethanol (solvent). The reaction mixture was refluxed at 78-80 °C for 4 hours and the progress
of the reaction was monitored by TLC using n-hexane:ethyl acetate eluents (95:5). The reaction was assumed to be
complete when the reactant spot on TLC was invisible. In the second step, 60 ml ethanol was first added and then
1.6 mmol (ml) of p-fluoroacetophenone was added. The mixture was refluxed for 24 hours at 78-80 °C until the
reactant spots are faintly visible or completely invisible. Finally, the reaction mixture was concentrated by
evaporation of ethanol (water condenser was removed to avoid condensation) to allow for precipitation of the
product. The yellow colored product separates out of solution when the mixture cools down to room temperature.
The crude product was filtered off and vacuum dried. The purity of the product was examined using TLC using n-
hexane:ethyl acetate eluents in 95:5 ratio and the same is shown in Fig. S1. *H-NMR (400 MHz, CDCl3) § 7.90 —
7.86 (m, 4H), 7.37 - 7.31 (t, 2H), 7.14 - 7.00 (m, 7H), 2.31 (s, 6H). *C-NMR(100 MHz, CDCl3) & 163.8, 159.16,
156.81, 134.6, 133.3 130.08, 128.80, 128.71, 128.51, 119.64, 118.36, 115.60, 115.38, 15.17. F-NMR (375 MHz,
CDCls, proton-decoupled) 6 -111.59. MS m/z: [C2:H1sFN2O]* , 346 (MW = 346.15); base peak, 331.

Crystallization: Crystals of the size 0.2-0.3 mm were grown from the pure (PhO, F)-azine sample using various
solvents (acetone, chloroform, ethyl acetate/hexane mix., ethanol, toluene) via slow evaporation technique. Ethyl
acetate/hexane mix, ethanol and Toluene resulted in better quality crystals. Polymorph | (antiferroelectric) results
from a crystallization with ethyl acetate/hexane (1:10) mixture while pure toluene and ethanol favor the formation
of Polymorph 11 (ferroelectric). The vials were covered using paraffin film with a few holes and kept in the
fumehood at room temperature without any mechanical disturbance for a week or more until crystals appeared.

Crude Product Polymorph I Polymorph I1
Fig. S1 Images of the crude (PhO, F)-azine product and its polymorphs | and I1.
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Table S1 Crystal parameters of various polymorphic forms of I and I1.

(PhO, F)-azine Form la® Form Ib? Form Ila" Form IIb°
Crystal system Triclinic Triclinic Orthorhombic Orthorhombic
Space group P1 P1 Pna2; Pna2;

alA 6.5410(2) 6.5322(15) 6.5339(3) 6.5274(3)
b/A 7.1465(2) 7.3486(17) 7.1569(3) 7.2009(3)
c/A 37.8014(10) 37.987(9) 37.6943(15) 37.7553(16)
a/° 91.0820(12) 91.159(3) 90 90

B/e 94.0970(12) 93.956(3) 90 90

v/° 90.1522(13) 90.147(4) 90 90

VIA 1762.19(9) 1818.7(7) 1762.68(13) 1774.62(13)
7/ 4/2 4/2 4/1 4/1

TIK 100 293 100 150

R1 [l > 206(1)] 0.0579 0.0699 0.0428 0.0278
wR2 (all) 0.1644 0.1995 0.1168 0.0783
Goodness-of-fit 1.197 0.920 1.083 1.064

& Reflections for polymorph I recorded at 100 K (la) and 293 K (Ib)
® Reflections for polymorph 11 recorded at 100 K (11a) and 150 K (11b)
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Table S2 Parameters used for the GC/MS analyses of (PhO, F)-azine.

Column Oven Temp. :100.0 °C
Injection Temp. :320.00 °C
Injection Mode :Split

Flow Control Mode :Pressure
Pressure :100.0 kPa

Total Flow :17.7 mL/min
Column Flow :1.33 mL/min
Linear Velocity :43.0 cm/sec
Purge Flow :3.0 mL/min

Split Ratio :10.0

High Pressure Injection :OFF
Carrier Gas Saver :ON

Carrier Gas Saver Split Ratio :1.0
Carrier Gas Saver Time :1.00 min
Splitter Hold :OFF

Oven Temp. Program

Rate  Temperature(°C) Hold Time(min)
- 100.0 2.00
20.00 320.0 3.00

< Ready Check Heat Unit >

Column Oven : Yes

SPL : Yes

MS : Yes

< Ready Check Detector(FTD/BID) >
< Ready Check Baseline Drift >

SPL Carrier : Yes

SPL Purge : Yes

< Ready Check APC Flow > < Ready
Check Detector APC Flow >
External Wait :No

Equilibrium Time :0.1 min

[GC Program]

[GCMS-QP2020]

lon Source Temp :200.00 °C
Interface Temp. :320.00 °C
Solvent Cut Time :2.00 min
Detector Gain Mode :Relative to the
Tuning Result

Detector Gain :0.82 kV +0.00 kV
Threshold :0

[MS Table]

--Group 1 - Event 1--

Start Time :2.10min

End Time :16.00min

ACQ Mode :Scan

Event Time :0.05sec

Scan Speed :10000

Start m/z :10.00

End m/z :420.00

Sample Inlet Unit :GC

[MS Program]

Use MS Program :OFF

Peak Report TIC
Peak# R.Time  Area% Name
1 14.199 100.00 phosphine, phenylbis(2.4,6-trimethylphenyl)-
100.00
TIC
765.590 2
<
T T T T T T
3.0 10.0 15.0
min
100 -
_Base peak
o
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Fig. S2 GC trace (top) and mass spectrum (bottom) of pure (PhO, F)-azine (molecular mass = 346.40 a.u.).
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Fig. S3 'H-NMR spectrum of pure (PhO, F)-azine in CDCls.
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Fig. S4 *F-NMR (proton-decoupled) spectrum of pure (PhO, F)-azine in CDCls.
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Fig. S5 *C-NMR spectrum of pure (PhO, F)-azine in CDCls.
G Co Cm Cp Caz CHs "CHs Ca’ cy Ca’ co cr
1589 1194 1298 1333 1579 149 14.9 1573 1346 1285 1153 1638
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Fig. S6 FTIR spectrum of pure (PhO, F)-azine: Calculated for gas-phase at APFD/6-311G* level (top) and ATR-FTIR spectra for polymorph I (middle), polymorph
Il (bottom).
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Molecular Geometry data for polymorphic forms I and 11

A(P) B(M)

Fig. S7 Independent molecules A and B of | exemplify P and M helicities, respectively. Newman projections are
shown down the N—N axis with the phenoxy group in front (top) or in back (bottom). The helicity does not
depend on the molecule orientation.
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Fig. S8 Helicities of molecules in the unit cells for 1 and I1. Enantiomers are indicated by a superscripted prime
(), i.e., A’ is the enantiomer of A.

A'(M)

A'(M)
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Fig. S9 Atom numbering for I-A in the crystal structure of I.
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Table S3 Bond Lengths (A) in 1 (100 K) and 11 (100 K). The atom numbering used for the crystal of I-A is
employed in this table for all molecules.**

Atom1 Atom2 KA esd(-A) I-B  esd(-B) I-A  esd (ll-A) AV:::ge Average Std. dev.
F1 c4 1355 0003 1356 0003 1355 0002  0.003 1355  0.000
01 Cc14 138 0003 1385 0003 1377  0.003  0.003 1383 0.004
01 c17 1390 0003 1392 0003 1394 0003  0.003 1392 0.002
N1 N2 1393 0003 1394 0003 1394 0002  0.003 1394  0.000
N1 c7 1285 0003 128 0003 128 0003  0.003 1284  0.002
N2 9 1289 0003  1.288 0003 1293 0003  0.003 1290  0.002
c1 2 1397 0003 1404 0003 1404 0003  0.003 1.402  0.003
c1 c6 1397 0003 1397 0003 1400 0003  0.003 1398  0.001
c1 c7 1489 0003 1484 0003 1485 0003  0.003 1486  0.002
c2 c3 1387 0003 1387 0003 1392  0.003  0.003 1389 0.002
c3 c4 1385 0003 1382 0003 1383  0.003  0.003 1383 0.001
c4 cs 1374 0003 1372 0003 1379  0.003  0.003 1375  0.003
cs c6 1391 0003 1391 0003 1394 0003  0.003 1392 0.001
c7 c8 1503 0003 1508  0.003 1497 0003  0.003 1503  0.004
9 C10 1.497 0003 1495 0003 1496 0003  0.003 1496  0.001
9 c11 1.488 0003 1486 0003 1480 0003  0.003 1.485  0.003
c11 c12 1.406 0003  1.400  0.003 1406  0.003  0.003 1.404  0.003
c11 c16 1396 0003 1401 0003 1402  0.003  0.003 1400  0.003
c12 c13 1382 0003 1393 0003 1383  0.003  0.003 138  0.005
13 Cc14 1390 0003 1389 0003 1395  0.003  0.003 1391  0.003
c14 c15 1387 0003 1394 0003 1398  0.003  0.003 1393 0.005
c15 c16 1396 0003 1383 0003 1391 0003  0.003 1390  0.005
c17 c18 1394 0003 1391 0003 1384 0003  0.003 1390  0.004
c17 c22 1383 0003 1388 0003 1387 0003  0.003 1386  0.002
c18 c19 1395 0003 1390 0003 1399 0003  0.003 1395  0.004
c19 20 1389 0003 1392 0003 1390  0.003  0.003 1390  0.001
20 21 1389 0003 1385 0003 138  0.003  0.003 1387  0.002
21 c22 1388 0003 1394 0003 1394 0003  0.003 1392 0.003

aBond lengths are given along with estimated standard deviations (e.s.d.).

®In columns “Average” and “Std. dev.” the average bond lengths in molecules I-A, I-B and |1 are given along with their
standard deviations.

¢The molecular structures are virtually identical with standard deviations not exceeding average e.s.d. values.
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Table S4 Bond Angles (A) in 1 (100 K) and 11 (100 K). The atom numbering used for the crystal of 1-A is
employed in this table for all molecules.**

Atom1l Atom2 Atom3 I-A esd(l-A) I-B  esd(-B) I-A esd (I-C) A":::ge Average Std. dev.
c14 01 C17 12085 017 12058 017 121.02 0.6 017 12082 018
c7 N1 N2 11446 019 11460 0.19 11453 0.8 019 11453 0.6
c9 N2 NI 11510 019 11483 019 11512 0.8 019 11502 0.13
2 c1 C6 11840 020 11840 020 11832  0.19 020 11837  0.04
2 c1 C7 12060 020 12010 020 12022  0.19 020 12031 021
c6 c1 C7 12100 020 12140 020 12145  0.19 020 12128 0.0
c3 2 C1 12130 020 12100 020 121.07  0.19 020 12112 0.3
ca c3 C2 11820 020 11820 020 11830 0.0 020 11823 005
F1 ca €3 11850 020 11830 020 11850 0.20 020 11843 0.9
F1 ca Cs 11880 020 11880 020 11870 0.20 020 11877 0.5
cs ca €3 12270 020 12290 020 12280 0.0 020  122.80 0.8
ca cs c6 11830 020 11840 020 11820  0.20 020 11830 0.08
cs c6 C1 12120 020 121.00 020 12130 0.20 020 12117 012
N1 c7 C1 11670 020 11650 020 11608  0.19 020 11643 026
N1 c7 C8 12400 020 12400 020 12410 0.20 020 12403 005
c1 c7 8 11930 020 11950 020 119.80  0.19 020 11953 021
N2 c9 C10 12420 020 12420 020 12390 0.0 020 12410 0.14
N2 c9 C11 11590 020 11580 020 11605  0.19 020 11592  0.10
c11 c9 C10 11990 020 11994 019 12006 0.19 019  119.97 0.07
c12 c11 C9 12030 020 12040 020 12059  0.19 020 12043 0.12
c16 c11 C9 12150 020 12150 020 12134  0.19 020 12145 008
c16 c11 C12 11820 020 11810 020 11810 0.0 020 11813 005
c13 c12 C11 12080 020 12130 020 12116  0.19 020  121.09 021
c12 c13 C14  119.90 020 11940 020 11976  0.19 020 11969 021
01 c14 C13 11540 020 11515 019 11563  0.19 019 11539  0.20
01 c14 C15 12380 020 12370 020 12377  0.19 020 12376 0.04
c15 c14 C13 12060 020 12090 020 12050  0.20 020 12067 0.17
c14 c15 Cl16 11920 020 11890 020  119.09  0.19 020  119.06 0.12
c15 c16 C11 12120 020 12140 020 12150 0.0 020 12137 0.12
01 c17 C18 12270 020 12290 020 12244  0.19 020 12268 0.19
c22 c17 01 11558 019 11530 020 11547  0.20 020 11545 0.12
c22 c17 c18 12150 020 12150 020  121.90  0.19 020 12163 0.19
c17 c18 C19 11850 020 11880 020 11870  0.20 020 11867 0.12
20 19 C18 12060 020 12040 020 12010  0.20 020 12037 021
19 20 21 11970 020 11990 020 12010  0.20 020 11990 0.16
c22 c21 C20 12060 020 12050 020 12040  0.20 020 12050 0.8
c17 c22 21 11910 020 11880 020 11870  0.20 020 11887 0.17

2Bond angles are given along with estimated standard deviations (e.s.d.).

®In columns “Average” and “Std. dev.” the average bond angles in molecules I-A, 1-B and 11 are given along with their
standard deviations.

¢The molecular structures are virtually identical with standard deviations not exceeding average e.s.d. values.
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Table S5 Torsions/Dihedrals in 1 (100 K) and 11 (100 K). The atom numbering used for the crystal of 1-A is
employed in this table for all molecules. Averaging occurs over molecules of the same helicity (P).2*

Atom1 Atom2 Atom3 Atom4 I-A° esd(-A) 1-B° esd(I-B) I-A esd (I-C) A":s':ge Average :f:l
c17 o1  c14 C13 1505 02 1506 02 1512 02 02 1508 03
c17 o1 Cl4 c15 349 03 347 03 -333 03 03 343 07
cl4 o1 c17 c18 387 03 -391 03 -394 03 03 391 03
c14 o1 C17 C2 1468 02 1460 02 1459 0.2 02 1462 04
9 N2 N1 C7  -143.8 02 -143.8 02 -143.8 02 02 -1438 00
c1 c7 N1 N2  -1786 02 -1792 02 -1792 03 02 -1790 03
c8 c7 N1 N2 24 03 21 03 23 03 0.3 23 01
10 C9 N2 N1 20 03 200 03 22 03 0.3 21 01
11 9 N2 NI  -179.9 02 -179.7 02 -179.8 02 02 -179.8 0.1
c2 c1 c7 N1 133 03 153 03 141 03 0.3 142 08
c2 c1 c7 8 -167.8 02 -167.5 02 -167.4 02 02 -167.6 0.2
c6 c1 c7 NI -167.0 02 -1659 02 -1650 0.2 02 -1660 0.8
c6 c1 c7 c8 120 03 150 03 135 03 0.3 135 12
c12  c11 9 N2 122 03 116 03 122 03 03 120 03
c16 Cl1 C9 N2  -1665 02 -1675 0.2 -166.6 02 02 -1669 0.4
c12 c11 ¢  Cl0 -169.6 02 -1708 02 -1698 0.2 02 -1701 05
cl6 Cl1 C9  clo0 117 03 102 03 114 03 0.3 111 06

aTorsion angles are given along with estimated standard deviations (e.s.d.).

®Tn columns “Average” and “Std. dev.” the average torsion angles in molecules I-A, I-B and 11 are given along with their

standard deviations.

¢The molecular structures are virtually identical with standard deviations not exceeding average e.s.d. values.
dMolecules A and B in I have opposite helicity. In the present table the dihedrals are shown for the independent molecules

with P helicity.
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Comparative Analysis of PBAM Structures

I IT PBAMSs overlay

Fig. S10 Stick presentations of PBAMSs of polymorph I (red), 11 (black) and their overlay, hydrogen atoms have
been omitted for clarity. The PBAMs in both the polymorphs are only slightly different.
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I-B

Fig. S11 Hirshfeld surfaces for the molecules A (top) and B (bottom) of 1. The bluish domains indicate that the distance between neighboring atoms is
larger than the sum of their respective van der Waals radii. The white areas define the places where the distance is close to the sum of the van der Waals
radii of the considered atoms. The red color represents the places of significant interactions where the distance is less than the sum of the van der Waals
radii. A and B do not feature much differences in the intralayer interactions (right) but the interlayer interactions are significantly different (left).
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II

.\ C-H—H-C (T-contact)

(PhO, CI)

Fig. S12 Hirshfeld surfaces for the polymorph 11 of the (PhO, F)-azine (top) and (PhO, Cl)-azine (bottom).
(PhO, F)-azine has directional C—H---F interactions at the F/PhO interface but no such interactions exist
at the CI/PhO interface. This explains why (PhO, F)-azine adapts a zigzag structure with a kink but the
crystals of (PhO, Cl)-azine are perfectly parallel aligned. The Hirshfeld surfaces for other perfectly
parallel aligned crystal structures of (PhO, Br)- and (PhO, I)-azine look similar to that of (PhO, Cl)-azine
and has been omitted.
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Fig. S13 Hirshfeld fingerprint plots for molecules I-A, I-B, and I1-A in polymorphs I and 11 (top) and percentage
contributions of different types of contacts to the fingerprint plots (bottom). For emphasis, red numbers are used
for the interactions most relevant for the current discussion of the significant differences between the polymorphs.
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Fig. S15 Hirshfeld fingerprint plots for (PhO, F)-azine polymorph Il and (PhO, Cl)-azine. The plots for the
intralayer interactions written in black have minimal differences. This means the stabiliaztion of the PBAMs in
both the azines result from same types of interactions. The interlayer interaction (H---Halogen interaction) exists
for the (PhO, F)-azine but not in the case of (PhO, Cl)-azine. This further supports the reasoning for the zigzag
pattern in I1.
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Fig. S16 Molecular packing shells in I (top) and I1 (bottom). These neighboring molecules were generated using a default value of van der Waals radii +0.5 A in the
aromatics analyzer tool (CSD-Mercury). Only the arene-arene interactions with a non-zero score are listed for each polymorph in the Tables S6 and S7.
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Table S6 Favorable intralayer interactions in |
Distance Orientation  Score?®
Centroidl Centroid2 (Ang.) (Degrees)

2 6 4.86 74.61 9
2 9 4.85 74.61 9
3 8 4.87 64.72 9
2 12 4.84 74.61 8.9
2 15 4.83 74.61 8.9
3 14 4.81 64.72 8.9
1 7 4.86 62.96 8.8
1 10 4.8 62.96 8.8
1 4 4.9 62.96 8.7
1 13 4.82 62.96 8.7
3 5 4.85 64.72 8.7
3 11 4.85 64.72 8.7
2 32 5.55 0 6.9
3 39 6.25 0 5.1
2 18 6.2 74.61 4.1
2 21 6.2 74.61 4.1
2 35 6.44 0 3.9
1 25 6.54 0 3.7
1 28 6.54 0 3.7
3 27 6.54 0 3.6
3 30 6.54 0 3.6
1 6 6.85 25.55 34
2 7 6.88 26.12 3.3
3 23 6.72 64.72 3.3
1 12 6.96 25.55 3
2 26 6.54 0

2 29 6.54 0

2 13 7 26.12 2.9
1 15 6.81 25.55 1.7
2 10 6.85 26.12 1.7
3 42 7.65 0 1.6
1 9 6.98 25.55 1.5
2 4 7.04 26.12 14
1 29 8.08 62.89 0.9
2 25 8.08 62.89 0.9
1 26 8.31 62.89 0.8
2 28 8.31 62.89 0.8
1 11 9.39 2.01 0.4
3 13 9.32 1.63 0.4
1 8 9.42 2.01 0.2
3 9.34 1.63 0.2
1 5 10.37 2.01 0.1
1 14 10.33 2.01 0.1
1 27 9.87 64.57 0.1
3 7 10.28 1.63 0.1
3 10 10.27 1.63 0.1
3 28 9.87 64.57 0.1

3Score between 7-10 represents strong interactions that are likely to be significantly
stabilising and potentially structure-directing while a score between 5-7 represents
moderate interactions.
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Table S7 Favorable intralayer interactions in Il.
Distance Orientation  Score?®
Centroidl Centroid2 (Ang.) (Degrees)

2 29 4.85 72.65 9.1
2 35 4.85 72.65 9.1
2 32 4.84 72.65 9
2 38 4.84 72.65 9
1 28 4.88 63.31 8.9
1 31 4.81 63.31 8.9
1 34 4.88 63.31 8.9
1 37 4.81 63.31 8.9
3 30 4.85 64.87 8.9
3 33 4.84 64.87 8.9
3 36 4.85 64.87 8.9
3 39 4.84 64.87 8.9
2 18 5.85 4.23 6.3
3 20 5.85 4.23 6.3
1 4 6.53 0 3.9
1 7 6.53 0 3.9
3 6 6.53 0 3.8
3 9 6.53 0 3.8
2 5 6.53 0 3.3
2 8 6.53 0 33
1 29 6.88 26.13 3.1
2 24 6.63 68.73 3.1
2 34 6.88 26.13 3.1
3 26 6.63 68.73 3.1
1 38 6.96 26.13 2.8
2 12 7.04 4.23 2.8
2 31 6.96 26.13 2.8
3 14 7.04 4.23 2.8
1 32 6.85 26.13 1.7
2 37 6.85 26.13 1.7
1 35 6.98 26.13 15
2 28 6.98 26.13 1.5
1 5 8.1 61.72 0.9
2 8.1 61.72 0.9
1 8 8.28 61.72 0.8
2 4 8.28 61.72 0.8
1 39 9.33 0.78 0.5
3 31 9.33 0.78 0.5
1 36 9.35 0.78 0.4
3 28 9.35 0.78 0.4
1 9 9.84 64.09 03
1 30 10.34 0.78 03
1 33 10.33 0.78 03
3 4 9.84 64.09 0.3
3 34 10.34 0.78 0.3
3 37 10.33 0.78 0.3

3Score between 7-10 represents strong interactions that are likely to be significantly
stabilising and potentially structure-directing while a score between 5-7 represents
moderate interactions.
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Pairwise Interaction Energies

CrystalExplorer Calculations: CE-B3LYP, that is, B3LYP/6-31G(d,p) pairwise interaction energies are computed
by generating a cluster of molecules within a radius of 3.8 A for a selected reference molecule A* in 1, B* in | and
A* in Il. The calculation results in a color-coded interaction energies mapping, Fig. S17. The individual energy
components electrostatic (Eeie), polarization (Epa), dispersion (Edis) and exchange-repulsion (Erp) as well as the
sum of energy components (Ex:) for the interactions relative to A" are provided in Table S8.

Fig. S17 Color-coded interaction mapping within 3.8 A of A* in I.

Table S8 Color-coded pairwise interaction energies relative to A" in |

N2 R® Eele Epol Edis Erep Etot
N 2 6.54 4.9 0.5 275 13.1 -21.4
1 4.86 -20.1 2.9 81.5 56.8 -59.2
1 4.84 194 238 81.5 56.1 -59.0
1 4.84 166 24 77.5 52.3 54.5
1 4.84 164 25 76.9 50.4 -55.0
1 19.78 08 03 -11.4 0 1.1
1 19.7 0.9 0.2 5.9 0 6.2
1 19.44 04 03 4.4 0 4.4
1 19.59 15 0.2 6.8 0 7.6
1 19.7 1.1 0.2 5.8 0 6.3
1 18.31 5.7 0.4 9.1 0 2.2
1 19.11 1.1 0.1 2.1 0 0.7
1 18.84 1.9 0.4 6.5 0 4.0

S24



Fig. S18 Color-coded interaction mapping within 3.8 A of B* in .

Table S9 Color-coded pairwise interaction energies relative to B in |

N2 Rb Eele Epol Edis Erep Etot
2 6.54 -4.9 -0.5 -27.8 136 214
1 4.86 -20.1 2.9 -81.5 56.8 -59.2
1 4.84 -19.4 -2.8 -81.5 56.1 -59
1 4.84 -16.6 2.4 77.5 523 -54.5
1 4.84 -16.4 2.5 -76.9 50.4 -55
1 19.7 0 -0.4 -12.1 0 -10.9
1 19.7 0.4 -0.2 5.9 0 -4.8
1 19.52 1.4 -0.3 3.9 0 2.2
1 19.51 0.4 -0.2 7.3 0 -6.9
1 19.7 0.5 -0.2 5.8 0 -4.6
1 18.39 1.2 -0.7 -11.6 0 -11.9
1 19.11 0.6 -0.1 2.1 0 1.2

| 1 18.84 16 -0.4 -6.5 0 -4.3

Fig. S19 Color-coded interaction mapping within 3.8 A of A* in I1.

Table S10 Color-coded pairwise interaction energies relative to A" in 11

N R Ecle Epol Edis Erep Etot
2 4.86 -15.9 -2.5 -75.3 48.5 -54.2
2 6.53 -5 -0.5 -28.5 14.1 -21.8
2 4.86 -18.7 -2.7 -79.9 53.4 -58.3
2 18.97 1.7 -0.4 -10.6 0 -7.8
2 19.27 1.2 -0.2 -3.9 0 -2.2
2 19.45 -3.6 -0.4 -5.7 0 9.1
2 19.27 -0.9 -0.2 -4.3 0 -4.8
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Lattice Energy Calculations for Polymorph | and 11

CrystalExplorer Calculations: CE-B3LYP, that is, B3LYP/6-31G(d,p) lattice energies are computed by direct
summation of pairwise interaction energies in CrystalExplorer 21.5 between molecules around a certain distance
from the central molecule A. The distance from the central molecule is increased until the lattice energy Eja -
converges. For the (PhO, F)-azine, convergence of Ei. was reached at 25 A and this distance was chosen as a cut
off for all calculations.

(RLyc.

e

Fig. S20 Molecular packing shell for I used for calculations in CrystalExplorer around the central molecule at a
distance of 25 A.

—277:172 (pcell/D)2

— = -126.13 — kJ/mol.
3ZV cell Z(Vcell/Ag)

The cell dipole energy correction formula: Ecell dipole =

Eia using UNI intermolecular potentials: UNI intermolecular potentials embedded in the CSD-Mercury software
are used to estimate the lattice energy of the crystals.

Potential = A-exp¢&" - C.r(®

Unified (UNI) pair-potential parameters:

atoml codel atom2 code2

02 16 02 16 195309.1 3.74 1335.0
02 16 N4 23 268571.9 3.86 1523.0
02 16 F2 6 1827e6.1 3.98 868.3
02 16 C26 3 393086.8 3.74 2682.0
02 16 H26 1 295432.3 4.82 439.3
N4 23 N4 23 365263.0 3.65 2891.0
N4 23 F2 6 249858.9 3.93 1277.9
N4 23 Cc26 3 491494.0 3.86 2791.@
N4 23 H26 1 228279.9 4.52 502.1
F2 6 F2 6 170916.4 4.22 564.8
F2 6 c26 3 196600.9 3.84 1168.8
F2 6 H26 1 64257.8 4.11 248.4
C26 3 C26 3 226145.2 3.47 2418.0
C26 3 H26 1 120792.1 4.1@ 472.8
H26 1 H26 1 24158.e 4.01 109.2

A

B

C
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