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ABSTRACT

Polymorphism commonly exists in the preparatiorcofrystals and has attracted widespread
attention from both the pharmaceutical industry awédemia. However, few studies have
examined how to discover polymorphic cocrystals #vadr potential formation mechanism. In
this study, we report the novel discovery of sdiicyacid: 3-nitrobenzamide (SA-3NBZ)
polymorphic cocrystals by thermal methods. The ftan mechanism is elucidated based on
theoretical calculations. SA-3NBZ polymorphic castals with molar ratio of 1:1 and 2:2 were
discovered using the combination of differentiabrsaing calorimetry (DSC) and hot stage
microscopy (HSM). Single crystal X-ray diffracti@amalysis confirmed this discovery. Density
functional theory (DFT) calculations corrected wiispersion were conducted to illustrate the
energetic stabilization of SA polymorphic cocrystaCompared with the starting materials,
formation of the cocrystals at 1:1 and 2:2 presenweak stabilization with overall energy
reduction of -0.01 and -0.05 eV/molecule, respetyiv The calculatednon-covalent
interactions indexNCI) further suggests that intralayer hydrogemds and van der Waals
forces contribute to these weak interactions. TIRG Dalculations are in good agreement with
the X-ray diffraction data. Hence, thermal analysis simple and reliable method to discover

polymorphic cocrystals.
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Salicylic acid, cocrystal, polymorphism, densitynétional theory (DFT), thermal methods,
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INTRODUCTION

Cocrystals are crystalline single-phase materiaisiposed of two or more different
molecules with certain stoichiometric ratios bas®ed non-covalent/ionic interactions
under ambient conditior!s’ Cocrystallization is increasingly attractive to phaceutical
scientists because it allows for the design of nselid-states to regulate the
physicochemical properties of active pharmaceuticeredients (APIs), eventually
leading to the discovery of promising drug candéddf Polymorphic or stoichiometric
cocrystals may appear between the same APl andystatrformer (CCF§: ’
Polymorphic/stoichiometric cocrystal discovery israpidly growing and interesting
aspect of crystal growth because physiochemicaesties change, including solubility,

® dissolution:® permeability/ diffusiolt and even stabilify’ ** corresponding to each
cocrystal. Since cocrystals with polymorphic orich@metric diversity are a significant
point in the development of pharmaceutical formalst, how to approach this in
cocrystal formation remains an unanswered quesBonfar, several methods have been
developed tmbserve these particular cocrystals. Process aallyechnologies (PAT)-
based design of agrochemical cocrystal was eshedoliso observe this phenomertn.
Grinding conditions and starting materials are pt#&t significant points in the formation
of cocrystals with polymorphic or stiochiometricvedisity!>’ However, few studies
have been performed to discover polymorphic coatystising thermal methods. Heat-
induced cocrystallization has attracted increastigntion because it is an alternative
green and reliable method that does not utilizeaoig solvents in comparison to other
methods.

In our previous study, a reliable and simple thérmathod consisting of differential
scanning calorimetry (DSC) and hot stage microsde{§M) was developed to discover
stoichiometric cocrystal systerffs.The thermal behavior of APl and CCF physical
mixtures can be used to determine whether it isaloi@p of cocrystal formation.
Stoichiometric cocrystal formation presents unitfuermodynamic action, showing three
endotherms and two exotherms. When a physical me>dtiAPl and CCF is heated using
DSC, two exothermic peaks should be detected. Exotic behavior on the DSC profile
corresponds a new phase generaticii. The Kofler mixed fusion method conducted by

HSM can be used to confirm the DSC restfit¥he new cocrystal can be determined



when a new phase strip zone is generated. It shmuttbted that a polymorphic cocrystal
is a special form that differs from a stoichiometocrystal.

In the present study, we aimed to discover new mohphic cocrystals by thermal
methods and elucidate the structural stability ame&chanism using theoretical
calculations. Salicylic acid (SA), an interestingepolic compound, was selected as
model drug. It is used as a topically keratolytgeat, and so far, there are over thirty
cocrystals and various types of salts that haven beported The crystal nucleation
study of SA has demonstrated that nucleation ptigsechange in different solverfts.
SA exists predominately as dimers in chloroformhwib clear evidence of dimerization
in other investigated solvents. The combinationrtieg methods of DSC and HSM were
used to discover potential SA polymorphic cocrystdiwo new polymorphic cocrystals
(1:1, 2:2) between SA ar&nitrobenzamidé3NBZ) were obtained and identified using X-
ray diffraction. The total energy for the startingaterials and two new cocrystals were
calculated. Intralayer hydrogen bonds and van deralgVforces hold up the weak
interactions of cocrystals through non-covalentriattions index (NCI) analysis. All

theoretical calculations are in good agreement exiberimental data.
MATERIALS AND METHODS

Materials

SA and 3NBZ (HPLC purity > 98.0%) were purchaseshfr]J & K Chemical, Ltd. (Beijing,
China) and Sigma Aldrich (Missouri, USA) respeciyvérganic solvents were purchased from
Guangzhou Chemical Factory (Guangzhou, China)chdmicals were of analytical grade and
used without further purification. Distilled wateras obtained from a Millipore ultra-pure water
system in our lab (Bedford, USA). The moleculaustures are presented in Scheme. 1.

Polymorphic Cocrystal Preparation

SA-3NBZ (1:1): Cocrystallization can be conducted by two methdidstid assisted grinding
(LAG) and the slow evaporation solution method (BEESLAG: A mixture of SA (15.8 mg)
and 3NBZ (16.6 mg) with a 1:1 molar ratio were wed, mixed with drops of ethanol, then the
mixture was ground for 30 s in an agate mortar. 3d¢igls were collected and dried at 40 °C for
one hourSESM: A mixture of SA (15.8 mg) and 3NBZ (16.6 mg) were dissolvedrirethanol
solution, heating to 50 °C for 30 min. Then, théugson was filtered by a 0.4qm filtrate



membrane in a vial. The vial was sealed with phmafvith several holes. The single crystals

were obtained after three days.

SA-3NBZ (2:2): The cocrystal was obtained by the SESM method. ¥ure of SA (15.8 mg)
and 3NBZ (16.6 mg) were dissolved in a mixed ethadoloroform solution (1:1, v/v) and
heated to 50 °C for 30 min. The solution was fdtewith a 0.45um filtrate membrane and
transferred into another vial. The vial was sealguking several holes on the surface. The

crystals and solids were harvested after three.days

Solid State Characterization

DSC analyses were performed on a Shimadzu DSC-68ument (Tokyo, Japan). The scans
over the range of 50 °C to 200 °C were performetth whe heating rates of 2, 5, 10, and 20
°C.min*. All DSC analytes were run under a continuousogign atmosphere with a stable flow
rate (35 mL.miff).

Modulated temperature DSC (MTDSC) analyses wertopeed at a step scan criteria within
0.01 °C on a PerkinElmer DSC 8000 instrument (WaidthUSA). The temperature program was
set as follows: first, holding for 1.0 min at 75,°then stepping scan with a heating rate of 5
°C.min*, going to the next isothermal repetition (1 mihjhie subtracted heat flow equilibrates
within +/- 0.0100, finally holding for 2.0 min abh °C. Both DSC instruments were calibrated
with indium certified reference material (222-109%0 purity 99.999%, Japan).

An Olympus BX53 polarizing microscope (Tokyo, Japenupled with a Linkam THMS600
hot stage (London, UK) was used to perform HSM expents. The detailed procedure was set
as follows: first, the higher melting temperatucamponent was heated to melt and then solidify
on the glass slide; second, another lower mel@mgperature component was heated to melt,
placing it in touch with the previous material theoling to room temperature.

Single crystal X-ray diffraction data were obtaingih an Agilent Technologies Gemini A
Ultra system using graphite monochromatedkzuradiation = 1.5418 A). All structures were
solved by the Olex 2 program and refined by therfudtrix least-squares method &A using
SHELXS 972> %°

Powder X-ray diffraction (PXRD) patterns were coted using a Philips PW1830 X-ray
powder diffraction system (Almelo, Netherlands)eTh range was set from 5.0° to 40.0° with a
0.05° step size on Gu (A= 1.5418 A) mode.



Theoretical Calculations

Based on the experimental synthesis of the codsystamed between SA and 3NBZ, a
computational study was conducted to charactehigestability of the mixed materials. Three
steps were performed: (1) a geometric energetidystim which the structures were optimized
and compared to the experimental crystallographi@;d(2) an energetic study to assess the
stability of the cocrystals; and (3) bonding aniays which the intermolecular interactions were
analyzed based on the noncovalent index. Periaghsity functional theory (DFT) calculations
were performed using the VASP code 5.4.1 with tB& Bunction?’! Dispersion interactions
are included by the Grimme D3 approichs implemented in the code. Valence electrons are
explicitly treated with the basis set of 520 eV datore electrons are replaced by plane
augmented wave pseudopotentidls® The Brillouin zone is sampled with k-points at the
spacing of 0.02 A. The threshold for an electronic iteration is &V and is 1 meV for an
ionic iteration. Geometry optimization was perfodneith the conjugate-gradient algorithm
with all atoms and unit cell shapes and dimensallmsved to relax. The initial geometry was
taken from the following references: SA monocliffic® 3NBZ monoclinic® 1:1 and 2:2
cocrystals (from this work). The interaction enefjy is calculated as the difference between
the energies of the cocrystals (compositioNofSA): N (3NBZ) and the pure crystals and is

given per molecule (eq 1),
Iint = (Ebrystal[ SAIS NB&I] - N%Apure_ N?NBZpu)e/ ) eq (1)’

No zero-point energy correction is considered & time. The analysis of the noncovalent
interactions was performed by means of the NCI. te basis of electron density and its
derivatives (eq 2), the index maps the noncovaigatactions through a reduced gradientp{$. (

Do
s(p) = | p4|/3

« eq (2);

NCI isosurfaces enable visualization of the molacuhteractions in the same system.
Attractive and repulsive contributions could be aseped based on the second eigenvalye (
sign of the electron-density, Hessian matrix athgaaint: usually repulsion appears at positive
values of),, hydrogen bonds appear at negative values, apérdisn appears at values close to

zero. All interactions could be distinguished tdocdhe isosurfaces based on these principles



(sign @2) p). The color code was defined as follows: the cewabonds and highly attractive
weak interactions (such as hydrogen bonds) arduie, lextremely weak interactions (such as
very weak H-H interactions and van der Waals imfgvas) are in green, and repulsive

interactions (e.g., steric repulsions) are in red.
RESULTS
Polymorphic Cocrystal Discovery by Thermal Methods

Thermal methods consisting of DSC and HSM are bldiand simple for stoichiometric
cocrystal discovery. The thermal behavior of cotagswith stoichiometric diversity
presents significant characteristics. Figure 1t)(lefesents the DSC profiles of SA-3NBZ
physical mixtures (1:1, molar ratio) with differemeating rates varying from 2 °C.rin
to 20 °C.min". Apart from the endotherms and exotherms obseiwell profiles, the
lower heating rate (2 °C.mim displays better thermal resolution, which couldnifest
slight variations. Interestingly, the thermal belsavat 2 °C.mif- corresponds to the
cocrystals with stoichiometric diversity. The rdsudemonstrate three endotherms at
Tonset= 109.1, 115.2 °C and 86.1 °C, as well as two estotis. The thermal analysis
results indicate that the SA-3NBZ system may fotaichiometric cocrystals. Reversing
and nonreversing MTDSC are conducted to investitfeecomplex phase transitidh>®
Figure 1 (right) presents the MTDSC results. Theersing heat flow curve demonstrates
the heat capacity-related stable crystalline phatéde the nonreversing heat flow curve
shows the meta-stable thermodynamic crystallinesph®bserving several endotherms
and exotherms in reversing mode can clearly indicdte new phase generation
experiences that complicate the recrystallizatimtess. In the nonreversing mode curve,
two separate endotherms can be observed cleatiydithers from the reversing mode
curve. The MTDSC results confirm the potential gidmetric cocrystal formation.

Then, HSM observations were performed to confirenDsSC results. The mixing zone
of SA and 3NBZ present the new cocrystal phaselat°C, followed by a strip forming
at 117 °C, which finally disappears at 118 °C (F2g. The endothermic temperatures of
the new phase and the strip formation slide in canmspn with DSC results due to the
heating conduction time delays. Only one strip barobserved, even though the heating
rate is set as 1 °C.min This indicates that a new cocrystal was generatetie SA-

3NBZ system. However, there is no stoichiometricedsity zone in the HSM profiles.



This is inconsistent with the DSC results. It ieagated that cocrystals with special
forms may be generated, especially unstable or-statde polymorphic cocrystal. Two
heating cycles under HSM result in the potentigiddransformation to the most stable
solid form.

Figure 3presents the DSC profiles of cocrystals obtaineith wiheating rate at 10 °C.rifin
The SA-3NBZ (1:1) cocrystal presents one sharp #r@lm with an onset temperature of
114.5 °C. The SA-3NBZ (2:2) cocrystal presents emalotherms (110.3 °C, 115.6 °C) in the
DSC profile. It is speculated that the melting pahthe SA-3NBZ (2:2) cocrystal is 110.3 °C,
while the mixed (1:1) cocrystal exhibits its endath at 115.6 °C. The onset temperatures of
both 1:1 and 2:2 cocrystals shift approximately @ Because the peak integration location
changed. However, the chemical pure SA-3NBZ (2dtyystal cannot be obtained using many
methods despite the boosted dimer nucleation iorefdrm.
X-ray Diffraction Characterization
Table 1 presents all the crystallographic data.384Z (1:1) belongs to the monoclink2;
space group with = 6.335A, b = 30.573A, c = 7.404A, g = 106.004, V = 1378.54A3. The SA
molecule links to the 3NBZ molecule through-N-: -G, and Q-H- - Q,intermolecular hydrogen
bonds to form a ring; it also forms another ringotlgh the @H- -G intramolecular hydrogen
bond, leading to a 1D wave strip (Fig. 4a). Theae€it 1D chains are further connected via N
H--Q hydrogen bonds to generate a 2D sheet (Fig. 48D Atructure is formed by the adjacent
2D sheets based on van der Waals forces (> 5 A, 4€)y SA-3NBZ (2:2) crystallizes in a
monoclinicla structure with unit cell dimensions @t 21.784A, b = 5.172A, ¢ = 25.340A,
=104.792, V = 2760.3A°. Each SA molecule is linked to a 3NBZ moleculetigh two types:
the first joint type is through MNH-- G5, Np-H--Q, No-H- -G intermolecular hydrogen bond and
O4-H- -G, O-H- - G intramolecular hydrogen bond to form a 2D shdwet; decond joint type is
through N-H--Q,, Nx-H- -G, No-H--Q,intermolecular hydrogen bond and-B--G;, O-H-- &
intramolecular hydrogen bond to form another 2mctiral unit (Fig. 5a) . A cross structure is
formed owing to the two 2D sheets by van der Wéailses (Fig. 5b). The cross molecular
arrangement in the crystal lattice is consisterti \@A2* SA molecules are held together via van
der Waals forces (plane distances > 5 A).

Figure 6 presents the experimental and calculad@Ppatterns for SA-3NBZ cocrystals.

The experimental PXRD pattern of the SA-3NBZ (Icbprystal presents high similarity and



phase purity in comparison with the theoreticalltss Characteristic peaks for the SA-3NBZ
(1:1) cocrystal at 2 5.7°, 15.0°, 17.1°, 18.5°, 18.9°, 26.2° and 2tdA be observed on the
PXRD patterns. However, the experimental PXRD patfer the SA-3NBZ (2:2) cocrystal
presents low phase purity. The characteristic pekhe SA-3NBZ (1:1) experimental PXRD
pattern can be observed at 9.9°, 21.2° and 22 léite wixing characteristic peaks (15.1°, 17.7°
and 26.2°) of the SA-3NBZ (1:1) cocrystal can beviobsly observed. These results are
consistent with DSC data.

Theoretical Calculation

To gain further insight into the stability of SA-8K (1:1, 2:2), a computational study based on
DFT corrected for dispersive interactions was dgyedl in the present study. The structures of
the pure crystals and cocrystals were optimizetl vaspect to cell shape and dimensions as well
as ionic positions. Table 2 displays the experimeand optimized parameters obtained. It can
be observed that for the four structures considettesl calculated parameters are in excellent
agreement with the experimental data. Upon optitimmathe structures stay monoclinic with
deviations of less than one degree for the andie. [@ittice vectors are slightly underestimated
by less than 2% with respect to the experimentialeg resulting in a weak shrinking of the unit
cell volume of at most 2.2%. Note that the use BT Bvas not corrected for dispersion results in
a severe overestimation of the geometrical parasétet shown).

The total energy per molecule including dispersmmrections for the calculated
systems are displayed in Table 3. The contribuabthe dispersion interaction is also
shown and is found to be more important for theeested systems (pure and cocrystals)
than for the gas-phase systems. The pure crystlstabilized by -1.30 eV (SA) and -
1.39 eV (BNBZ) with respect to the gas-phase mdésc he cocrystals are only weakly
stabilized with respect to the pure crystals, -G2¥1(1:1) and -0.05 eV (2:2). This may
indicate the meta-stability of the cocrystals widspect to the pure phases. In the SA-
3NBZ (2:2), 3NBZ is formed by dimers, where the @dahe NH groups face one
another, leading to a symmetric local structurecrgstals show a very interesting
structure where the two molecules are joined tagetty a resonant hydrogen bond.
Interestingly, the OHO distances are extremely tsiHdrese suprastructures are arranged
in a parallel manner in the perpendicular axishwat benzene stacking on top of the

resonant structure, leading to van der Waals intenas. This is highlighted in Figure 7



using the visualization of the NCI meth®d?° Hydrogen bonds appear as blue circles,
and van der Waals interactions can be visualizeeixtended green surfaces within this
approach. Figure Sla, c highlights the double hyeindoond and the stacking of layers in
the 1:1 cocrystal, respectively. Figure S1b, d gméeshe 2:2 arrangements (see Fig. S1 for
a schematic view of the arrangement). An importdifference is also highlighted in
Figure Si1d: the appearance of hydrogen-bonded nietwdetween the layers,

contributing to the stability of the dimer cocrysta
DISCUSSIONS

Polymorphic Cocrystal Discovery and Preparation

The stoichiometric/polymorphic cocrystals screenprgcedure for SA was performed
using thermal methods. Three endotherms (represeatieutectic point and two melting
points) and two exotherms (representing new reallizstion) can be observed clearly on
the DSC diagrams of SA-3NBZ system. MTDSC presantsetter way than common
DSC to observe these complex thermal behaviorsdarptesent study. The reversing and
nonreversing curves clearly demonstrate the realtgsttion procedures. HSM can be
used as a helper method to confirm DSC discoveoyd¥er, SA-3NBZ cocrystals with
stoichiometry cannot be prepared for a long timenigny methods including LAG,
SESM, rapid solvent removal and even the slurryhoekt Only SA-3NBZ (1:1) is
prepared and repeated multiple times. It is spéedithat the unprepared cocrystal maybe
a meta-stable solid phase. The meta-stable progariglers us obtaining it from
experiments. Notably, the crystal nucleation of &fanged in different solvent$.The
SA dimer can be formed in chloroform solution, @hébroform was selected as a wetting
organic solvent in LAG method based on a previouglys PXRD results have
demonstrated slightly different peaks (Fig. S2.pn€idering the nucleation can be
correlated with chloroform, over fifty cocrystal gparation experiments at different
concentrations using the slow evaporation methork wesigned and performed in this
work. Finally, SA-3NBZ (1:1, 2:2) polymorphic coatals were obtained.

Solid Characterization and Theoretical Calculation

For the SA-3NBZ cocrystals, different intermolecutggdrogen bonds can be determined
by X-ray diffraction analysis. Although the accwatnolecular structures can be

characterized by single X-ray diffraction analys$ie bulk sample with high phase purity



for SA-SNBZ (2: 2) cannot be prepared. SA-3NBZ I}l always mixed together with SA-
3NBZ (2:2) even in chloroform solution. Two shargletherms from SA-3NBZ (2:2) can
be clearly observed in Figure 3. As the higher mglpoint is determined for the SA-
3NBZ (1:1), 110.3 °C is easily assigned as theingepoint for the SA-3NBZ (2:2). The
DSC and PXRD results both indicate low phase pdoity\SA-3NBZ (2:2) and high phase
purity for SA-3NBZ (1:1).

The unusual preparation method of SA-3NBZ (2:2klmadmple with low phase purity
may have two possible reasons. First, the orgasiest influences the cocrystallization
of SA. Many other organic solvents such as ethanethanol and acetone are used in this
work. No evidence supports the formation of SA-3NBAymorphic cocrystals. Second,
interaction energy (-0.05 ev) of SA-3NBZ (2:2) iaglies lower stability than 1:1 SA-
3NBZ (-0.01 ev). The cocrystallization is inclinemlform a more stable phase. The total
energy of both cocrystals is calculated as -912%8(1: 1) and -1826.68 ev (2: 2)
respectively. The negative values indicate an etatit reaction. Now, we extend the
concept to why polymorphic cocrystals can be disced by thermal methods. The
reliable DSC records and energy calculation basesirggle crystal X-ray diffraction data
present a reasonable explanation: (1) Two distiaa@ndotherms (114.5 °C and 110.3 °C)
for both cocrystals guarantee this finding, and @2)Jarge energy barrier (>900 ev)
between the polymorphic cocrystals prevents dpeeise transformation.

CONCLUSIONS

In summary, the present study reports the discowdryywo new polymorphic cocrystals
composed of SA and 3NBZ (1:1 and 2:2, molar ratising thermal methods. Interestingly, a
SA-3NBZ (2:2) was obtained and confirmed by X-raffrdction analysis for the first time.
Theoretical calculations corrected with dispersiogicate a weak energetic stabilization of the
obtained cocrystals 1:1 (-0.01 eV/molecule) and @205 eV/molecule). The theoretical
calculation based on X-ray diffraction supportdidctive endotherms with large energy barriers
are in favor of gazing polymorphic cocrystals.
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Table 1. Crystallographic data of SA-3NBZ cocrystals

SA-3NBZ (1:1) SA-3NBZ (2:2)
Formula (GHeO3)*(C7HgN205) (C7HgO3)22(C7HgN203),
formula weight 304.26 608.52
T(K) 173.00 (14) 150.00 (10)

crystal size (mrf)
crystal system
space group
a(h)

b(A)

c(A)

a(°)

Q)

7 ()

V(A3

4

7

Pcalod)(MG.M°)
radiation type
frange (°)

Ry [I>20(1)]

Wr, (all data)
goodness-of-fit (on ¥

CCDC

0.20x0.18%0.04
Monoclinic
P2./c
6.3351(3)
30.5729(10)
7.4045(3)
90.00
106.004(4)
90.00
1378.54(10)
4
1
1.466
CuKa
6.21-71.36
0.0379
0.0955
1.006

1060736

0.37x0.32x0.22
Monoclinic
la
21.7838(11)
5.1719(3)
25.3404(19)
90.00
104.792(7)
90.00
2760.3(3)
8
2
1.464
CuKa
3.5850-66.4410
0.0467
0.1201
1.065

1404397




Table 2. Geometric parameters for the crystals considerietermsions in A, volume V in A

Purecrystals Cocrystals
SA 3NBzZ 11 2:2
Calc? Exp3*%  calc? Exp3® Calc? Exp? Calc? Exp?
Z 8 8 4 4 4:4 4:4 8:8 8:8
a 11.394 11.52 12.739 12.776 6.288 6.3351 21.608 838.7
b 11.224 11.21 7.797 7.809 30.618 30.5729 5.151 5171
c 4.843 4.92 7.690 7.842 7.283 7.4045 25.282 25.3404
a 90.000 90 90.000 90 90.000 90 90.000 90
b 91.859 90.83 106.697 106.94 105.622 106.004 104.83304.792
c 90.000 90 90.000 90 90.000 90 90.000 90
V  618.99 635.3 731.630 748.43 1350.370 1378.54 20R0.02760.33

2this work.



Table 3. Total Er, dispersiorEgisp and interactiork;,, energy for the system calculated, in eV. The
interaction energy is calculated with the formuiaeg in the text, it is given per molecule,

negative values indicate exothermic reaction

Er Edisp Eint
Gas-phase SA -105.86 -0.18
Gas-phase 3NBZ -119.73 -0.22
Purecrystal SA -428.65 -3.86 -1.30
Purecrystal 3NBZ -484.49 -4.35 -1.39
Cocrystal 1:1 -913.18 -8.25 -0.01
Cocrystal 2:2 -1826.68 -16.20 -0.05

®The gas-phase molecules SA and 3NBZ are considerethe evaluation of the pure phase
stability.

®The pure crystals are considered for the calculaifcthe cocrystal stability.



Scheme. 1. Chemical structures of SA and 3NBZ

Figure Captions

Fig. 1. DSC (left) and MTDSC (right) results of SA-3NBZ ystical mixture (1:1, molar
ratio)

Fig. 2. The SA-3NBZ cocrystal generation zone observedH®M (A= SA, B= 3NBZ, C=
cocrystal)

Fig. 3. The DSC profiles of SA-3NBZ cocrystals with hegtirate at 10 °C.mih (SA, black;
3NBZ, red; 1:1 cocrystal, blue; 2:2 cocrystal, gree

Fig. 4. (a) 1D chain, (b) side view (down) of 2D sheet 4od3D structure of SA-3NBZ
(1:1)

Fig. 5. (a) 2D structural sheet, (b) 3D structure of SA-ZNR:2)

Fig. 6. The experimental and calculated PXRD patternS#&3NBZ cocrystals (a, experimental
for 1:1 cocrystal; a', calculated for 1:1 cocrystalexperimental for 2:2 cocrystal; b', calculated
for 2:2 cocrystal;)

Fig. 7. Interaction network revealed by NCI. a) hydrogemding network in the 1:1
cocrystal; b) hydrogen bonding network in the 2o02rgstal; c) Packing interactions in the
1:1 cocrystal (van der Waals interactions (square)highlighted); d) Packing interactions

in the 2:2 cocrystal (the interface hydrogen bondetdvork is highlighted with a circle)
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