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Abstract: X-ray powder diffraction is a vital analytical tool that is used in pharmaceutical science. It
is increasingly used to establish the crystal structure of a new pharmaceutical substance, in particular,
cocrystal or its polymorphic forms. This review begins with a brief discussion of the reliability
of the structural parameters retrieved from powder patterns. Recent examples of the successful
determination of crystal structures of pharmaceutical cocrystals and salts from powder diffraction
data are discussed. These examples show the increased capabilities of laboratory X-ray powder
diffractometers and modern software in solving actual problems of pharmaceutical science.
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1. Introduction

X-ray powder diffraction (XRPD) has occupied a special place among the analytical
methods utilized by pharmaceutical scientists for many years, as evidenced by numer-
ous publications [1–5]. Due to its nondestructive nature and the relatively easy sample
preparation, XRPD is the methodology of choice for the detection of crystalline impurities,
analysis of final dosage forms, detection of changes in morphology during production,
and optimization of drug carriers and excipients. XRPD also allows for the quantification
of the proportions of crystalline forms within a sample, characterization of amorphous
pharmaceuticals [6], and optimization of the process parameters. X-ray powder pattern is
also required for the registration of new products and patent applications.

It is necessary to emphasize the fundamental possibility of XRPD in solving new crystal
structures of the active pharmaceutical ingredients (API) when they cannot be prepared
as single crystals of the appropriate size and quality. The established crystal structure of
pharmaceutical solids helps to uncover structure–activity relationships and therefore offers
an opportunity for the selection of the most suitable form of API for development into
a drug product. Moreover, a thorough analysis of crystal structures gives rise to crystal
engineering in design of the novel pharmaceutical compounds with the desired physical
and mechanical properties [7]. Modern X-ray diffractometers, powerful computers, and the
continuously improving methods of structure determination from powder data, so called
SDPD methods [8–20], provide a reliable basis for conducting such research in laboratories
of any level.

The ability of XRPD to uncover new crystal structures turned out to be in high demand
when dealing with pharmaceutical polymorphs. Back in 1969, Haleblian and McCrone [21]
noted that XRPD, “one of the most widely used techniques”, has been repeatedly applied
“to identify polymorphs in pharmaceuticals”. These words have not lost their relevance
after five decades of the development of pharmaceutical sciences. Every new review
devoted to polymorphism of organic compounds and related to pharmaceutical field
underlines the unique opportunities of XRPD for obtaining reliable information about the
crystal form of any ingredient of a pharmaceutical product [22–25]. Considerable interest
in the study of API polymorphism features is created by the fact that different polymorphs
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usually have different properties that are important for a drug product, such as solubility,
permeability, bioavailability, pharmacokinetics, and stability. Therefore, one can expect
that it should be possible to obtain different crystal forms of a drug and, thus, modify its
performance properties.

The same expectations fuel numerous studies of pharmaceutical cocrystals, which have
gained significant popularity in the last two decades [26–35]. Cocrystals comprising several
molecules in the unit cell—at least one of which is API, and the rest are pharmaceutical
excipients—look attractive to the pharmaceutical industry because they allow companies
to produce new drugs with improved properties, without capital investments in the search
and design for new APIs. Examples of pharmaceutical cocrystals approved by the US-FDA
as drugs are already known—Entresto®, Lexapro®, Steglatro®, and Seglentis®. Many more
promising cocrystals are now being actively investigated by pharmaceutical scientists in
the universities and companies. A prerequisite for the success of these studies is knowledge
of the cocrystal structure, its stability at various temperatures, humidity, and contacts with
the packaging material, and all this information can be provided by XRPD.

This article presents an overview of recent successful applications of X-ray powder
diffraction methods in the structure elucidation of new pharmaceutical cocrystals. We
discuss the results obtained with the help of laboratory X-ray equipment, which is available
in many laboratories. Though synchrotron diffractometry represents a much more powerful
instrument for analyzing pharmaceutical materials in comparison with the laboratory X-ray
diffractometers [36], only a small number of scientific groups can afford to carry out daily
routine measurements on synchrotron beamlines. These lucky groups are part of the
scientific divisions of major international drug companies such as Abbott Laboratories,
Bayer, Bristol-Myers Squibb, Glaxo Wellcome, Eli Lilly, Merck, Monsanto/Searle, Parke-
Davis, Pharmacia and Upjohn, Proctor and Gamble, Schering-Plough, and Smith Kline
Beecham, which have access to synchrotron facilities through the collaborative access
team at the US Advanced Photon Source (IMCA-CAT [37]). However, the laboratory
X-ray equipment that allows high-throughput measurements near the chemist’s table is
also capable of providing reliable crystallographic information about new pharmaceutical
cocrystals and salts, as is shown below.

2. Crystal Structures from Powder Diffraction—How Reliable Are They?

Before proceeding to discuss the details of structural features elucidation from the
XRPD data, it is necessary to give yourself an answer to the following question—to what
extent can the obtained structural data be trusted? In an attempt to establish a new crystal
structure from the powder diffraction pattern, the researcher deals with a set of possible
models of these structures and tries to choose the best one. The best structural model must
meet several criteria, such as the following:

(1) It should provide minimal discrepancies between the experimental and calculated
patterns, i.e., minimal values of χ2 and profile R-factors, Rp and Rwp;

(2) It must be in complete agreement with all experimental data on the other physico-
chemical studies;

(3) The geometry of all molecular fragments, i.e., bond lengths and angles, and geometry
of intermolecular contacts (H-bonds, π . . . π, dipole–dipole, and others weak interac-
tions) must correspond to the known data, for example, collected in the Cambridge
Structural Database (CSD [38]).

In 2014, van de Streek and Neumann [39] added one more useful quantitative bench-
mark for the validation of molecular crystal structures determined from XRPD data. Using
the dispersion-corrected density functional theory (DFT-D), they optimized 215 published
organic crystal structures, analyzed the root-mean-square Cartesian displacement (RMSCD)
of the non-hydrogen atoms for each structure, and concluded the following:

(4) For the reliable crystal structure determined from XRPD data, the upper RMSCD limit
should not exceed the value of 0.35 A.
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Among the four aforementioned Criteria (1)–(4), Criterion (1) is of particular value
because, in the case of good crystallinity of the powder sample, it allows one to sharply
limit the search area of possible structural models. Indeed, a pharmaceutical cocrystal
consists of the predefined molecules in a ratio established by other analytical methods with
good accuracy. It remains only to arrange these molecules in 3D space in such a way as
to obtain a set of crystal structure models satisfying Criteria (3) and (4), and then select
the best one in accordance with (1). The best structural model can be achieved with the
help of crystal structure prediction (CSP) methodology [40]. However, without the unit
cell parameters and without the limited set of possible space groups, the calculations are
excessively time-consuming.

A well-crystallized powder sample provides an X-ray pattern, which can be indexed.
Indexing means that the unit cell parameters are determined, and the positions of all
observed diffraction peaks coincide with the calculated ones. Furthermore, the use of the
Pawley [41] or Le Bail [42] fit is recommended, as both require no atomic coordinates and
enable one to estimate the reliability of the unit cell parameters and limit the number of
possible space groups, sometimes up to one. As a bonus, the researcher obtains χ2, Rp,
and Rwp with the smallest values achievable with the unit cell and space group, which the
researcher needs to strive for in the final Rietveld refinement of the solved crystal structure.
Knowing the unit cell parameters, space group, and chemical content of a molecular crystal,
one can estimate the number of moieties in the asymmetric unit. After that, it remains only
to arrange the moieties in the asymmetric unit, using SDPD methods [8–20]. A sequence
of steps in the search for the best structural model, which begins with the fulfillment of
Criteria (1) and (2) and ends with (3) and (4), requires much less computation time, and
that is why this approach has been most popular over the past two decades. Sometimes
a few hours are enough to solve, refine, and validate a new crystal structure by using an
X-ray powder pattern of good quality.

For molecular substances producing poorly crystalline powder samples and, as a
consequence, low-quality X-ray patterns that resist indexing (unindexed powder patterns),
the problem of crystal structure determination is a serious challenge. However, this problem
does not seem hopeless. Habermehl, Schlesinger, and Schmidt [43] recently introduced a
new method for ab initio crystal structure determination from XRPD for organic and metal–
organic compounds which does not require the prior indexing of the powder pattern. The
same authors, having a poor-quality unindexed powder data of 4,11-difluoroquinacridone,
tried to determine its crystal structure by applying their new method and eventually
obtained four different structural models which all led to the acceptable R-factors in the
Rietveld refinement [44]. To select the correct structure among the four models, six methods
were used. The results of this research bring to mind the “old” question to the focus
of our attention—are the results of SDPD always reliable [45]? Before trying to find an
unambiguous answer to this question, it is necessary to clarify the meanings of expressions
“correct structure” and “reliable structure”.

In a retrospective view of the history of the XRPD, it is easy to see correlations with
similar problems in the development of indexing methods. Considering the quantitative
criterion, M20, which helps to assess the degree of reliability of a powder pattern indexing,
Pieter M. de Wolff wrote that “a hypothesis such as the correctness of a unit cell can never
be verified with absolute certainty” [46]. Therefore, when analyzing further examples of
indexing and evaluating them as “correct” and “incorrect”, he explains that the “term
‘correct’ is used for results which have been confirmed by single-crystal investigations”.
In modern publications, one can find examples of structures independently determined
from powder and single-crystal samples. A few such examples related to pharmaceutical
substances are presented in Table 1.
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Table 1. Pharmaceutical substances whose crystal structures have been independently determined
from powder and single-crystal diffraction data.

Substance
Powder Sample

CCDC Ref. Code, Radiation, Temperature,
Year of Publication

Single-Crystal Sample
CCDC Ref. Code, Temperature,

Year of Publication

Sulfathiazole, polymorph V SUTHAZ06, synchrotron, RT, 1999 [47] SUTHAZ05, T = 150 K, 1999 [48]

Sulindac, monoclinic
polymorph DOHREX01, laboratory X-ray, RT, 2007 [49] DOHREX03, T = 123 K, 2007 [50]

Carvedilol dihydrogen phosphate
hemihydrate XOZJOM, laboratory X-ray, RT, 2009 [51] XOZJOM01, T = 90 K, 2010 [52]

Ezetimibe QUWYIR, laboratory X-ray, RT, 2010 [53] QUWYIR01, RT, 2014 [54]

Nifedipine, triclinic polymorph BICCIZ01, synchrotron, RT, 2011 [55] BICCIZ03, RT, 2012 [56]

Agomelatine–hydroquinone (1:1)
cocrystal, polymorph II FAFGOL01, synchrotron, T = 100 K, 2016 [57] FAFGOL02, RT, 2019 [58]

These examples demonstrate good reproducibility of the main structural features in
powder structures as compared with the single-crystal ones, and this adds confidence in the
reliability of crystal structures derived from powder data. When we use the term “reliable”
for any crystal structure, we mean that this structure is in accordance with all experimental
data obtained for the solid-state sample, and, most important, for the substance with
API, it provides a basis for quantitative assessments of important properties of the bulk
material—solubility, stability, permeability, etc.—which can be evidenced experimentally.

The three following statements conclude this section:

- When working with XRPD and a new polycrystalline sample, the search for its “cor-
rect” crystal structure is useless because nobody knows what it should look like.
Instead, the search for the best structural model(s) suitable for Criteria (1)–(4) allows
you to obtain a certain result;

- Any additional information limiting the area of possible structural models has to
be used;

- The best structural model that has been obtained in several independent diffraction
experiments with different samples of the substance, and which allows us to predict
the properties of the bulk material, can be considered a reliable crystal structure.

It is necessary to understand that the earlier obtained models can be considered as a
“best structural model” and a “reliable crystal structure” only until new experimental data
contradicting our model structures are obtained.

3. Applications of SDPD Methods to Pharmaceutical Cocrystals and Salts

Recent examples of successful crystal structure determinations from laboratory X-ray
powder patterns are presented below to demonstrate the “pervasive abilities of X-rays” in
the in-house characterization of the multicomponent pharmaceutical solid-state substances.

3.1. Lamivudine Camphorsulfonate (1:1) Salt

The powder diffraction pattern of the title salt, C8H12N3O3S+·C10H15O4S− [59] (Figure 1),
used for structure solution was recorded at 153 K in transmission geometry on a STOE
Stadi-P diffractometer equipped with a curved Ge monochromator, using CuKα1 radiation.
It was indexed with the program DICVOL [60] in a monoclinic unit cell with a volume of
2051 Å3. The Pawley fit [41] confirmed unit cell parameters and chiral space group P21, the
asymmetric unit of which contains two formula units—two cations and two anions. The
crystal structure was solved with the simulated annealing technique implemented in the
DASH program [61] and refined by the Rietveld method, using the program TOPAS [62].
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Figure 1. Components of lamivudine camphorsulfonate (1:1) salt: (a) lamivudine cation and (b) cam-
phorsulfonate anion.

In the original paper [59], the crystal structure of theophylline benzamide (1:1) cocrys-
tal was successfully determined from synchrotron powder diffraction data. However, the
application of SDPD methods to the crystal structure determination of the third compound,
aminoglutethimide camphorsulfonate hemihydrate, failed, and its crystal structure was
solved later, using a single crystal of suitable size. A detailed description of all the steps of
SDPD for two compounds and an analysis of the reasons for failure when working with
the third one make this article [59] very useful for scientists who are trying to apply SDPD
methods to pharmaceutical substances.

3.2. Furosemide Urea (1:1) and Carbamazepine Indomethacin (1:1)

The powder diffraction patterns of the title cocrystals, C12H11ClN2O5S·CH4N2O
and C15H12N2O·C19H16ClNO4, used for structure solution were recorded at 298 K in
transmission geometry on a Bruker D8 Advance diffractometer equipped with a LynxEye
detector, using CuKα1 radiation. Both powder patterns were indexed with the program
DASH—in a triclinic unit cell with a volume of 836 Å3 for furosemide urea (FUR:URE)
and in a monoclinic unit cell with a volume of 2823 Å3 for carbamazepine indomethacin
(CBZ:IND). The Pawley fit confirmed unit cell parameters and space groups P-1 and P21/n
for FUR:URE and CBZ:IND, respectively, with one formula unit per asymmetric part in
each structure. The crystal structures were solved with the simulated annealing technique
implemented in the DASH program and subjected to rigid-body Rietveld refinement,
using TOPAS. Energy minimization, using the DFT-D theory, was used when finalizing
both structures.

In the research of [63], a new polymorph of CBZ:IND (1:1) cocrystal was obtained
and described as form II (CCDC ref. code LEZKEY01). Earlier, the same group of authors
published the CBZ:IND cocrystal form I (CCDC ref. code LEZKEY, [64]), which crystallizes
in a monoclinic unit cell with a volume of 2922 Å3 and space group P21/c. The crystal
structure of form I was also determined from laboratory X-ray powder data with the
use of SDPD methods. Therefore, two polymorphic modifications of carbamazepine in-
domethacin (1:1) cocrystal were revealed and structurally characterized by XRPD methods,
thus demonstrating the modern abilities of the latter.

In both polymorphic forms, the carbamazepine and indomethacin molecules are
paired via acid–amide heterosynthon [35], with slightly different conformations of the
indomethacin molecule (Figure 2).

The O atom in the chlorobenzoyl (chlb) fragment acts as an H-bond acceptor in further
intermolecular interactions. In form I, a N–H . . . Ochlb hydrogen bond with a N . . . Ochlb
distance of 2.69 Å links these pairs into zigzag chains extended in the [101] direction. In
form II, Ochlb acts as an acceptor of two weak hydrogen bonds, namely N–H . . . Ochlb [N
. . . Ochlb 3.31 Å] and C–H . . . Ochlb [C . . . Ochlb 3.36 Å], which link the carbamazepine–
indomethacin pairs into corrugated layers parallel to the ac plane. These differences in the
crystal packing help us to understand why form II is more thermodynamically stable than
form I [63].
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3.3. Three Imidazole-Based (1:1) Salts of Salicylic Acid

To improve the poor solubility of salicylic acid (SA) in water, Emmerling and co-
workers obtained its 1:1 salts with imidazole (IMI), 1-methylimidazole (1-MEIM), and
2-methylimidazole (2-MEIM). All three new salts, namely SA:IMI, SA:1-MEIM, and SA:2-
MEIM, were mechanochemically synthesized using a vibratory ball mill. Their crystal
structures were solved by powder X-ray diffraction.

The powder diffraction patterns that were used for structure solutions were recorded
at room temperature in Debye–Scherrer geometry on a Bruker D8 Discover diffractometer
equipped with a position-sensitive LynxEye detector and a Johansson monochromator,
using CuKα1 radiation. Powder patterns were indexed with DICVOL [60] in orthorhombic
unit cells with the volumes of 2020, 2192, and 2239 Å3 for SA:IMI, SA:1-MEIM, and SA:2-
MEIM, respectively. The Pawley fits confirmed unit cell parameters and space groups
Pbca, Pbca, and Pbcn, respectively, thus assuming one formula unit per asymmetric part in
each structure. The crystal structures were solved with the simulated annealing technique
implemented in the DASH program and refined by the Rietveld method, using the program
TOPAS and restraints applied for all bond lengths, angles, and planar rings.

The subsequent physicochemical studies revealed that all three new cocrystal salts
present remarkably higher solubility and a faster dissolution rate than free salicylic acid [66].
It is noteworthy that the orthorhombic crystal structure of SA:IMI (CCDC ref. code NIJ-
DOB02) presents a new polymorph of this compound in addition to the earlier established
tetragonal polymorph with the CCDC ref. code NIJDOB [67]. Different crystal packings in
two polymorphs are shown in Figure 3.
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The same SDPD methodology was used later by Martins and Emmerling in the crystal
structure determination of three new 1:1 cocrystals of carbamazepine with 2,4-, 2,5-, and
2,6-dihydroxybenzoic acids as coformers [68].

3.4. Metaxalone Nicotinamide (1:1)

The powder diffraction pattern used for the structure solution of the title cocrystal,
C12H15NO3·C6H6N2O [69], was recorded at 295 K in transmission geometry on a Guinier-
Huber camera G670 equipped with a curved Ge monochromator, using CuKα1 radiation. It
was indexed with the program ITO [70] in a triclinic unit cell, with a volume of 872 Å3. The
Pawley fit confirmed the unit cell parameters. The crystal structure was solved in space
group P-1 with the simulated annealing technique [71] and refined by the Rietveld method,
using the program MRIA [72].

Metaxalone (MET) is a poor aqueous soluble drug, while its cocrystals with nicoti-
namide (NAM), salicylamide, and 4-hydroxybenzoic acid (hydrate) exhibit better solubility
of the native drug, as followed from the dissolution experiments in pH 6.8 phosphate
buffer [69]. Dissolution experiments indicated the superior solubility of the MET-NAM
cocrystal, and this was correlated with its lower melting point, higher solubility of NAM,
and weaker intermolecular interaction between MET and NAM. The improved solubil-
ity of MET–NAM is anticipated to enhance the drug’s bioavailability and decrease side
effects [69].

In the MET-NAM crystal structure, the drug and coformer form hydrogen-bonded
imide and amide homodimers of the R2

2(8) ring, respectively, which are further linked into
chains in [110] via N–H . . . O hydrogen bonds (Figure 4).
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The aforementioned experimental facilities and SDPD methodology were used in
the crystal structure determination of 1:1 cocrystals of dexamethasone with catechol and
resorcinol [73], and cephalexin with serine [74].

3.5. Acridine Diclofenac (1:1) Salt

The powder diffraction pattern of the title salt, C13H10N+·C14H10Cl2NO2
− [75], used

for the structure solution was recorded at 295 K in transmission geometry on a Bruker D8
Advance diffractometer equipped with a LynxEye XE-T detector, using CuKα radiation. It
was indexed with the programs EXPO2014 [76] and Topas Academic [62] in a monoclinic
unit cell with a volume of 2247 Å3. The crystal structure was solved in space group
P21/n, with the simulated annealing technique, and refined by the Rietveld method, using
Topas Academic.



Crystals 2023, 13, 640 8 of 13

The authors [75] paid special attention to the correct positioning of the hydrogen
atom between the N atom of acridine and O atom of diclofenac separated at 2.77(8) Å to
make a choice between the salt (H atom attached to N) and cocrystal (H atom attached
to O). The final choice in favor of salt was made after the energy framework calculations
performed with CrystalExplorer 17.5 [77], which led to the following total lattice energies:
−513.4 kJ mol−1 for the case of salt (N–H bond) and −215.2 kJ mol−1 for cocrystal (O–H
bond). The content of asymmetric unit of the final structural model of the title salt is shown
in Figure 5.
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Among the advantages of this research, the quantitative phase analysis should also be
noted, as it allowed one to estimate the excess of reactants in the sample (3.5% of acridine
and a 4.5% of diclofenac) obtained with the liquid-assisted grinding, and thus define the
yield of final product 92%.

The aforementioned experimental facilities and SDPD methodology were used in the
crystal structure determination of orthorhombic form of naproxen acridine 1:1 cocrystal [78].

3.6. Acefylline Nicotinamide (1:2) Cocrystal

The powder diffraction pattern used for the structure solution of the title cocrystal,
C9H10N4O4·2(C6H6N2O) [79], was recorded at 295 K in transmission geometry on a Guinier-
Huber camera G670, using CuKα1 radiation. It was indexed with the program TREOR [80]
in a triclinic unit cell with a volume of 1127 Å3. The Pawley fit confirmed the unit cell
parameters. The crystal structure was solved in space group P-1 and refined using the
program MRIA.

The asymmetric unit of the title 1:2 cocrystal contains one acefylline (ACF) and two
independent isonicotinamide (INA) molecules. One independent INA molecule, labeled
with the letter A, being translated along the short parameter c = 5.0288(7) Å, generates
hydrogen-bonded chain, while another independent INA molecule, labeled with the letter B,
forms centrosymmetric amide homodimer (Figure 4). Interestingly, the acefylline molecule
acts as a bridge, which links the INA chains and dimers via intermolecular N–H . . . N and
N–H . . . O hydrogen bonds (Figure 6).

In the research [79] devoted to acefylline binary and ternary cocrystals, salt–cocrystals,
and their polymorphs co-crystallized with different coformers, the crystal structure de-
termination of the title ternary cocrystal from the laboratory X-ray powder pattern is a
particular result, although it demonstrates the routine capabilities of SDPD methods.
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3.7. Salt–Cocrystal Continuum of the Agomelatine: Phosphoric Acid (1:1) System

The existence of two polymorphic forms of the title compound, C15H17NO2·H3PO4 [81],
referred to as RT and HT, was observed from the DSC analysis. The powder diffraction pat-
terns of the RT and HT polymorphs were measured at 298 K in transmission geometry on a
Bruker D8 Advance diffractometer, using CuKα radiation, and indexed with the program
X-Cell [82] in monoclinic unit cells, with the volumes of 1644 and 1682 Å3, respectively. The
Pawley fit confirmed unit cell parameters and space group P21/c, the asymmetric unit of
which contains one formula unit. The crystal structures were solved with the simulated
annealing technique implemented in the DASH program [61], refined by the Rietveld
method, using the program TOPAS [60], and optimized using plane wave-periodic DFT-D2
calculations implemented in the MedeA software [83].

The authors of [81] concluded that the obtained crystal structures of RT and HT forms
of the title compound in combination with DFT-D2 analysis allowed them to discriminate
between the salt and cocrystal unambiguously. Moreover, detailed characterization using
a set of complementary techniques, including DSC/TGA, solid state NMR, FTIR, and
chemical crystallographic database analysis, confirmed that the nature of polymorphic
form transformation is a solid-state phase transition, exhibiting an enantiotropic and
reversible relationship. The portions of the DFT-D2 optimized crystal packings of RT and
HT forms are shown in Figure 7.
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Figure 7. Portions of the crystal packings in the DFT-D2 optimized RT (a) and HT (b) forms of the
agomelatine:phosphoric acid (1:1) system showing the definite position of H73 atom in RT form,
and intermediate position of H77 atom (migrating proton) in HT form. Thin orange lines denote
intermolecular N–H . . . O and O–H . . . O hydrogen bonds.

This work [81] once again demonstrated the obstacles that researchers face in the choice
between the salt and cocrystal. It also emphasized the special role of DFT-D optimization,
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which complements experimental methods such as X-ray photoelectron spectroscopy [84]
or solid-state NMR [85,86], thus helping to make an informed choice.

4. Conclusions

The consistent development of the laboratory X-ray powder diffraction equipment
and methods of processing experimental data allows one to significantly reduce the mea-
surement time, increase the accuracy of the results obtained, and expand the range of tasks
to be routinely solved. The factor of the time spent on solving a specific task is one of
the most important in the pharmaceutical industry. This fully applies to the processes
of design and launching the production of new substances with improved properties,
such as pharmaceutical cocrystals. At the first exploratory stages of the development of
a new cocrystal with improved properties, when the main API is screened to find new
multicomponent substances by using a set of coformers or codrugs and various synthesis
techniques, any new crystal structure established with the use of single-crystal or powder
diffraction data shortens the path to the desired goal. The impressive development of SDPD
methods and the availability of appropriate software provide an opportunity for many
scientific groups to solve new crystal structures by using laboratory powder diffractometers,
as evidenced by numerous examples. The need to search for and create new medicines,
accelerate their journey from lab bench to patient bedside, urgently requires the automation
of screening processes, including XRPD measurements and the subsequent selection of
the powder patterns most suitable for crystal structure determination with the help of
Artificial Intelligence [87]. There is no doubt that very soon we will see such automatic
lines in action.
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