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Elemental Analysis (EA), FTIR-ATR and 'H NMR Spectroscopies

The phase purity of the bulk samples of the two cocrystals was confirmed by PXRD (Figure S1).
The EA of cocrystals 1 and 2 agree with the proposed formula. In the FTIR-ATR spectra of 1 and
2, the v(O-H) bands were shifted to lower wavenumber values (2597-2165 (1) and 2583-2166 (2)
cm') respect to the free carboxylic acids, probably due to the formation of the strong acid-
pyridine heterosynthon. The broad bands present in both spectra between 1980-1771 (1) and 2029-
1787 (2) cm are attributed to the acid-pyridine H-bond, supporting the presence of the
heterosynthon [1,2]. Furthermore, the C=O stretching band at 1699 (1) and 1688 (2) cm™ also
remarks that the proton is bonded to the carboxylate moiety and consequently supports the
cocrystal formation [2]. The specific assignation of other signals is provided in the Experimental
Section and the Supporting Information (Figures S2-53).

The 'H NMR spectra of 1 and 2 have been recorded in dmso-ds solution. Both show two signals
attributed to the aromatic protons from the 4,4’-bipy molecules between 8.73 and 7.82 ppm, while
each cocrystal presents the signals of their corresponding carboxylic acids (1: HPip; 2: HCinn).
The molar relation between the carboxylic acids and the 4,4’-bipy ligand indicates the presence
of binary multicomponent solids with different acid:4,4-bipy (1:1 (1) and 2:1 (2)) molar ratios.
Further 'TH NMR details are provided in the Experimental Section and the Supporting
Information (Figures S4-5S5).
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Figure S2. XRD patterns from single crystals collected data of (a) 4,4’-bipy at 200 K, (b) HPip at

298 K (c), cocrystal 1 at 100 K and (d) powder XRD pattern at 298 K of cocrystal 1. XRD patterns
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Figure 2. FTIR-ATR spectrum of cocrystal (HPip)(4,4’-bipy) (1).
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Figure S3. FTIR-ATR spectrum of cocrystal (HCinn)2(4,4-bipy) (2).
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Figure S4. 'H NMR spectrum of cocrystal (HPip)(4,4’-bipy) (1).
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Figure S5. '"H NMR spectrum of cocrystal (HCinn)2(4,4’-bipy) (2).
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Hirshfeld Surface Analysis

a)
Ol-HI--N1
C6-H6AB:+N2
C4-H4--03
02--HI3-C13 04-+-H10-Ci0
G3-JiETD - e C6-H6A N2
b)
Cl4-H14--02
NI--HI-O1 C10-H10-+-04
C12-H12--02 N HE AR
CI3-HI3-02
©) g2 C2 Cg3Ce3

Cgl---Cgl

Figure S6. Hirshfeld surfaces mapped with drem of (a) HPip and (b) 4,4’-bipy molecules
highlighting the intermolecular interactions present in the crystal packing of cocrystal 1. (c)
Curvedness representation of 1 showing the planar regions of both molecules which are
attributed to the presence of 7t 7 interactions.
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Figure S7. Hirshfeld surfaces mapped with drom of (a) HCinn and (b) 4,4’-bipy molecules

highlighting the intermolecular interactions present in the crystal packing of cocrystal 2. (c)

Curvedness representation of 2 showing the planar region of HCinn attributable to a C-H--mt

interaction.
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Energy Frameworks

Table S4. Associated total energy values of the individual intermolecular interactions of

cocrystal 1 and 2. It should be noted that for some interactions, the energy value encompasses

two interactions of the same type.

Interaction Total energy (KJ/mol) Number of interactions encompassed
in each associated total energy value
Cocrystal 1
O1-H1--N003 -46.1 1
C13-H13--02 (Heterosynthon)
C4-H4---O3 -10.8 2
C6-H6AB--N2 -13.5 1
C12-H12--O2 -16.2 1
C14-H14--O2 -15.1 1
C10-H10--O4 -13.1 1
C6-H6A N2 -8.8 1
Cgl--Cgl -25.8 1
Cg2--Cg2 -23.4 1
Cg3--Cg3
Cocrystal 2
O1-H1--N003 -48.9 1
C10-H10--0O2 (Heterosynthon)
C2-H2--O2 -26.1 2
C9-H9--01 -11.8 1
C7-H7--Cgl -10.8 1

Table 2. Contribution energies (electrostatic, Ecle; polarization, Epol; dispersion, Edis; repulsion,

Erep), total energies (Ewt) and lattice energies (Eiat) of the crystal structures of the starting materials

and cocrystals 1 and 2. All the values have been obtained using CrystalExplorer 17.5 from the

corresponding .cif files.

Structure Molecules Eele Epol Eais Erep Etot Elatt
(CCDCQ) (KJ/mol) | (KJ/mol) | (KJ/mol) | (KJ/mol) | (KJ/mol) | (KJ/mol)
4.4’ -bipy | 4.4 -bipy: -82.8 -16.2 -178.2 87.8 -189.4 3.8
(131130) | 4.4’-bipy: -80.1 -16.3 -183.0 93.5 -185.9 '
(61(;154157) HPip: -189.6 -39.6 -176.8 163.7 -242.3 -121.2
HCInn 1 peinm | c1s71 | a7z | c1i92 | 1723 | o212 | 156
(1547787)
1 HPip -163.8 -27.2 -198.9 171.5 -218.2 054
(2058460) | 4.4'-bipy -164.2 -28.4 -201.8 161.9 -232.5
2 HCinn -156.2 -27.8 -172.1 145.3 -210.8 3337
(2058461) | 4.4'-bipy -224.5 -41.6 -202.8 223.1 —245.8
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Table S5. Associated total energy values of the individual intermolecular interactions of the crystal
structures of HPip, HCinn and 4,4’-bipy ligands. It should be noted that for some interactions,
the energy value encompasses two interactions of the same type.

Interaction Total energy (KJ/mol) Number of interactions encompassed
in each associated total energy value
HPip (CCDC 608427 )
03-H3B--04 -84.5 2
C3-H3A--0O3 -6.3 1
C4-H4A--0O4 -11.6 2
Cgl--Cgl -35.6 1
Cgl=C2C3C4C5C7C8
HCinn (CCDC 1547787)
O1-H1--02 -79.7 2
C5-H5--02 -20.7 1
C6-H6--O1 -3.6 1
C7-H7--Cgl -9.5 1
Cgl=C4C5C6C7C8C9
4,4-bipy (CCDC 131130)

C12-H12--N21 181 1
Cl6-H16A+N21 1
C12-H12A-N21A 1
C16-H16--N21A 20l 1
C22-H22-~-N11 172 1
C22A-H22A--N11A 1
C26-H26--N11A 172 1
C26A-H26A--N11 1
Cgl--Cgl -18.0 1
Cg2--Cg2 -16.7 1

Cgl =N11 C11 C12 C13 C15 C16; Cg2 = N21A C21A C22A C25A C26A
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Figure S9. (a) Intermolecular interactions which assemble the HPip crystal structure. Energy
frameworks representing (b) Eee (¢) Edais and (d) Ewt contribution energies for HPip crystal
structure. All the frameworks use the same energy cylinder scale factor of 150 and an energy cut-
off of 6.00 KJ/mol within a 3x3x3 unit cell. Cgl = C2 C3 C4 C5 C7 C8.
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Figure 510. (a) Intermolecular interactions which assemble the HCinn crystal structure. Energy
frameworks representing (b) Eee (¢) Eas and (d) Ewt contribution energies for HCinn crystal
structure. All the frameworks use the same energy cylinder scale factor of 150 and an energy cut-
off of 6.00 KJ/mol within a 2x2x2 unit cell. Cgl = C4 C5 C6 C7 C8 C9.
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Figure S11. (a) Intermolecular interactions which assemble the 4,4’-bipy crystal structure. Energy
frameworks representing (b) Eet (c) Eais and (d) Eewt contribution energies for 4,4’-bipy crystal
structure. All the frameworks use the same energy cylinder scale factor of 150 and an energy cut-
off of 6.00 KJ/mol within a 2x2x2 unit cell. Cgl = N11 C11 C12 C13 C15 C16; Cg2 = N21A C21A
C22A C25A C26A
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