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ABSTRACT: Caffeine−oxalic acid cocrystal, widely reported to be stable under high humidity, dissociated in the presence of
numerous pharmaceutical excipients. In cocrystal−excipient binary systems, the water mediated dissociation reaction occurred
under pharmaceutically relevant storage conditions. Powder X-ray diffractometry was used to identify the dissociated products
obtained as a consequence of coformer−excipient interaction. The proposed cocrystal dissociation mechanism involved water
sorption, dissolution of cocrystal and excipient in the sorbed water, proton transfer from oxalic acid to the excipient, and
formation of metal salts and caffeine hydrate. In compressed tablets with magnesium stearate, the cocrystal dissociation was
readily discerned from the appearance of peaks attributable to caffeine hydrate and stearic acid. Neutral excipients provide an
avenue to circumvent the risk of water mediated cocrystal dissociation.
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■ INTRODUCTION

Pharmaceutical cocrystals have been prepared with the goal of
improving the physicochemical, mechanical, and/or biophar-
maceutical properties of active pharmaceutical ingredients
(API).1−3 This approach is of particular interest for class II
and class IV drugs in the Biopharmaceutical Classification
System.4 For example, the bioavailability of a danazol−vanillin
cocrystal was about an order of magnitude higher than that of
danazol.5 The cocrystal strategy has advanced from an early
development option (support preclinical studies) to marketed
drug products, for example, Entresto (valsartan−sacubitril) by
Novartis6 and Suglat (iproglifozin−L-proline) by Astellas
Pharma.7 In addition, an ertugliflozin−L-pyroglutamic acid
cocrystal formulation by Pfizer is under late stage develop-
ment.8 There have been enormous advancements in the design,
synthesis, and characterization of pharmaceutical cocrystals.
However, two important areas remain largely unaddressed:
large-scale synthesis of cocrystals9,10 and their formulation into
dosage forms. Since cocrystals are typically sustained by
hydrogen bonds, in the presence of competing excipients,

there is potential for hydrogen bond disruption leading to
dissociation.
In order to develop a cocrystal into a pharmaceutical dosage

form (for example, tablets), it is necessary to assess cocrystal
stability under three conditions: (i) “as is”, (ii) in the presence
of excipients or additives, and (iii) during various processing
steps (milling, granulation, compression) in the manufacture of
solid dosage form. The stability of as is cocrystals has been the
subject of numerous investigations. For example, heating
caffeine−theophylline cocrystal to ∼150 °C resulted in
dissociation followed by the crystallization of caffeine and
theophylline.11 The combined effects of temperature and water
vapor pressure were comprehensively investigated in pyrazine−
phthalic acid cocrystal.12 An elevation in temperature or water
vapor pressure accelerated cocrystal dissociation. The dissoci-
ation mechanism was postulated to be dissolution of the
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cocrystal in sorbed water followed by crystallization of the
individual components. This formed the basis for the aqueous
slurry method, which was developed to quickly assess the
stability of several caffeine and theophylline cocrystal systems.13

Using this approach, partial dissociation in caffeine−adipic acid
cocrystals was observed while caffeine−oxalic acid (CAFOXA)
cocrystals were stable.14 The stability of cocrystals has been
evaluated in the presence of additives.15 Abourahma et al.
investigated the stability of theophylline p-hydroxybenzoic acid
cocrystal in the presence of a variety of coformers. The
cocrystal was stable in the presence of additives with carboxylic
acid, amide, and phenol functional groups. However, in the
presence of salicylic acid and 3,5-dinitrobenzoic acid, the
hydrogen bonds in the cocrystal were disrupted due to
competition with relatively strong hydrogen bond donors
(pKa of p-hydroxybenzoic acid, 4.6; salicylic acid, 3.0; and 3,5-
dinitrobenzoic acid, 2.8).16 The effect of milling on caffeine−
glutaric acid cocrystal stability was reported by Chow et al.17

The authors proposed that, during ball milling, the temperature
on the particle surface exceeded the polymorphic transition
temperature leading to form conversion. The cocrystal physical
instability in solution/suspension formulations was recently
reviewed.18

Once the API cocrystal is determined to be stable, the next
step will be its formulation into a pharmaceutical dosage form.
The current research is focused on stability of cocrystals in the
presence of excipients used to manufacture tablets, the most
widely used dosage form. Tablet formulations can contain
several excipients including diluent, disintegrant, and lubricant,
each of which can hydrogen bond or ionically interact with API.
Such a reaction between the API and excipient (or two APIs)
led to the unexpected cocrystal formation in intact tablets of
aspirin, carbamazepine, and theophylline.19,20 In each case,
cocrystal formation was mediated by the water released from
the lattice of either the drug (theophylline monohydrate,
carbamazepine dihydrate) or excipient (dicalcium phosphate
dihydrate). It is therefore interesting and relevant to evaluate
the reverse process, i.e., cocrystal dissociation in solid

formulations, which is also expected to be mediated by water.
When cocrystals are formulated into tablets, water will be
available for interaction during unit operations such as wet
granulation and film coating. More commonly, the formulation
components can sorb water from the atmosphere and the
dissociation reaction can be initiated at the interface of cocrystal
and excipient particles. To date, there is only one report on
cocrystal dissociation in the presence of excipients in a
prototype tablet environment.21 The authors discussed the
dissociation of compound A into amorphous free form and
coformer under high humidity conditions. The microenvir-
onmental acidity of the excipient as well as its hygroscopicity
facilitated cocrystal dissociation in tablets. The cocrystal
dissociation was mitigated by coating the cocrystal particles
with hydrophobic excipients to reduce interaction with water
and addition of buffering agents to control acidity.22 Scheme 1
outlines the possible routes of cocrystal dissociation in solid
formulations. In this water-mediated reaction, both the
physicochemical nature of the excipients and the processing
conditions can bring about instability. In spite of the
widespread interest in formulating cocrystals, there are no
formal published reports on excipient−coformer interactions
leading to cocrystal dissociation in tablets. In order to design
and manufacture robust dosage forms, it is necessary to have a
mechanistic understanding of excipient induced cocrystal
dissociation. Such an insight will not only enable rational
excipient selection but also aid in developing strategies to
mitigate cocrystal dissociation. We believe that this report is an
important advancement toward the development of cocrystal
formulations, and details the mechanistic basis for excipient-
induced cocrystal dissociation in solid dosage forms.
Caffeine−oxalic acid cocrystal (CAFOXA), stoichiometry of

2:1, was selected as the model compound since it is reported to
be robust, i.e., physically stable at high water vapor pressures.23

The cocrystal exhibited no dissociation even after storage at
98% relative humidity (RH) at room temperature (RT) for 7
weeks. The objectives are to (1) develop a rapid screening
method to evaluate CAFOXA cocrystal stability in the presence

Scheme 1. Potential for Cocrystal Dissociation in Tablets: Effect of Formulation and Processinga

a(*) The role of lattice disorder is discussed in the text.
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of excipients, (2) gain a mechanistic understanding of the
cocrystal dissociation brought about by excipients, and (3)
develop the basis for rational excipient selection so as to
formulate cocrystals into stable solid dosage forms.

■ EXPERIMENTAL SECTION
Materials and Preparation. Caffeine (CAF, Sigma-

Aldrich), oxalic acid (OXA, Sigma-Aldrich), magnesium
stearate (MgSt, Fischer Scientific Company), poly(ethylene
oxide) (PEO, Dow Chemical Company), crospovidone (CPD,
ISP Pharma Technologies), sodium starch glycolate (SSG, JRS
Pharma), croscarmellose sodium (CCS, FMC BioPolymer),
dicalcium phosphate dihydrate (DCPD, JRS Pharma LP),
dicalcium phosphate anhydrous (DCPA, Rhodia Pharma
Solutions), sodium stearyl fumarate (SSF, JRS Pharma),
sodium citrate (SCT, Archer Daniels Midland Company),
and calcium stearate (CaSt, Spectrum Chemicals and
Laboratory Products) were used as received. Caffeine−oxalic
acid cocrystal (CAFOXA) cocrystal was prepared by the
aqueous slurry method.14

Thermogravimetric Analysis (TGA). In a thermogravi-
metric analyzer (model Q50 TGA, TA Instruments, New
Castle, DE), 5−10 mg of sample was heated in an aluminum
pan from RT to 300 °C at 10 °C/min under dry nitrogen purge
(75 mL/min). The TGA data were analyzed using commercial
software (Universal Analysis 2000, TA Instruments, New
Castle, DE).
Differential Scanning Calorimetry (DSC). A differential

scanning calorimeter (model Q2000, TA Instruments)
equipped with a refrigerated cooling accessory was used. The
instrument was calibrated with indium. Between 5 and 10 mg of
sample was hermetically sealed in an aluminum pan. All
measurements were performed at a heating rate of 10 °C/min
under nitrogen purge (50 mL/min).
Polarized Light Microscopy. A polarized light microscope

(Eclipse E200 POS; Nikon, Tokyo, Japan) equipped with a DS-
Fi1 microscope digital camera was used to capture the digital
images. CAFOXA cocrystal was suspended in silicone oil and

dispersed between a slide and a coverslip. Prior to observation,
the coverslip was gently rubbed against the slide to render good
dispersion of the particles.

Powder X-ray Diffractometry (PXRD). Data was collected
in a diffractometer (model D8 ADVANCE; Bruker AXS,
Madison, WI) using Cu Kα radiation (40 kV × 40 mA) over an
angular range of 5−35° 2θ with a step size of 0.0196° and a
dwell time of 0.5 s. The instrument was equipped with a
variable-temperature stage (TTK 450; Anton Paar, Graz-
Straßgang, Austria) and a silicon strip one-dimensional detector
(LynxEye, Bruker AXS, Madison, WI, USA). For the variable
temperature experiment, the sample was rapidly heated to 80
°C and the XRD pattern was collected.

Two-Dimensional X-ray Diffractometry (2D-XRD).
Intact tablets were exposed, at room temperature, to Co Kα
radiation (1.78 Å; 45 kV × 40 mA) in a two-dimensional X-ray
diffractometer (D8 Discover 2D, Bruker with a 140 mm
diameter window VÅNTEC-500 detector). The center of the
tablet was exposed to X-rays, using a 0.8 mm collimator set at a
6° angle of incidence and an area detector (angular range 30°)
set at an angle of diffraction of 18° 2θ. The irradiated area can
be described by an ellipse with a major axis of 3.4 mm and
minor axis of 0.96 mm. Data analyses were performed using
commercially available software (JADE Materials Data, Inc.,
Livermore, CA).

Water Sorption Analysis. The water sorption profiles of
CAFOXA cocrystal, physical mixtures (cocrystal with each
MgSt and DCPA), were obtained using an automated water
sorption analyzer (DVS-1000 Advantage, Surface Measurement
Systems, Middlesex, U.K.). Approximately 15.0 mg of powder
was placed in a quartz sample pan and equilibrated at 0% RH
(25 °C) for 1 h under a nitrogen flow rate of 200 mL/min. The
RH was then increased to 75% RH and held for up to 96 h.

Preparation of Tablets. Tablets of binary physical
mixtures (1:1 w/w; total weight is 200 mg) containing
cocrystal and excipient (DCPA and MgSt) were prepared.
Each mixture was filled into a tablet die, held in place with a
flat-faced lower punch, and compressed in a hydraulic press

Figure 1. (a) Illustration of O−H···N hydrogen bond in caffeine−oxalic acid cocrystal. (b) Overlay of calculated PXRD pattern of caffeine−oxalic
acid cocrystal from Cambridge Structural Database (bottom) and experimental pattern obtained from slurry cocrystallization (top).
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(Carver model C laboratory press, Menomonee Falls, WI) to a
compression pressure of 177 MPa. Tablets were compressed
under ambient conditions (25 °C; 35% RH) with a dwell time
of 10 s. The tablet diameter was 8.0 mm with a thickness of 3.0
mm.

■ RESULTS AND DISCUSSION

The PXRD pattern of the CAFOXA cocrystal prepared by
aqueous slurry method showed an excellent agreement with the
calculated pattern (Figure 1). Differential scanning calorimetry
and thermogravimetric analysis served as complementary
characterization techniques (Figures S2 and S3).

Ten common excipients, with wide structural diversity, used
in tablet formulations as diluent (DCPA and DCPD),
disintegrant (SSG, CCS, and CPD), binder (PEO), buffer
(SCT), and lubricant (MgSt, CaSt, and SSF), were selected to
determine their ability to cause CAFOXA dissociation. The
relevant physicochemical properties of the excipients are
provided in Table 1.
Binary mixtures (1:1 w/w) of CAFOXA with each excipient

were prepared. Water (30% w/w) was added to each
composition, and the sample was ground for 5 min using a
mortar and pestle and then subjected to PXRD. This procedure
is substantially similar to the mechanochemical synthesis of
pharmaceutical cocrystals. Liquid assisted grinding is known to

Table 1. Excipients Used and Their Physicochemical Properties24−26

sample
no. excipient excipient type pKa of acid in excipient dissociation

pH of solution/slurry (1.0 g
excipient in 20 g of water) “hygroscopicity”

1 magnesium stearate
(MgSt)

lubricant 4.9 y 9.2 hydrophobic

2 poly(ethylene oxide)
(PEO)

binder n 8.9 hydrophilic

3 crospovidone (CPD) disintegrant n 6.2 hygroscopic
4 sodium starch glycolate

(SSG)
disintegrant 3.327 y 6.3 very hygroscopic

5 croscarmellose sodium
(CCS)

disintegrant 4.328 y 5.4 hygroscopic

6 dicalcium phosphate
dihydrate (DCPD)

diluent pKa1 = 2.0, pKa2 = 7.1,
pKa3 = 12.3

y 7.8 nonhygroscopic

7 dicalcium phosphate
anhydrate (DCPA)

diluent pKa1 = 2.0, pKa2 = 7.1,
pKa3 = 12.3

y 5.4 nonhygroscopic

8 sodium stearyl fumarate
(SSF)

lubricant 3.629 y 8.3 for 5% w/v aq soln at 90 °C hydrophilic30

9 sodium citrate (SCT) alkalizing and
emulsifying agent

pKa1 = 3.1, pKa2 = 4.7,
pKa3 = 6.4

y 8.6 slightly deliquescent
in moist air

10 calcium stearate (CaSt) lubricant 4.9 y not found in lit. hydrophobic31

Figure 2. Powder X-ray diffraction patterns of binary mixtures of CAFOXA with each excipient following (a) the addition of 30.0% w/w water and
(b) storage at RT/75% RH for 1 week. The characteristic peak of caffeine hydrate (10.6° 2θ) is highlighted.
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substantially accelerate cocrystal formation.32 In our study, the
addition of bulk water (30.0% w/w) provided an avenue to
rapidly assess the potential for excipient-induced cocrystal
dissociation. The dissociation of CAFOXA will result in the
formation of caffeine and oxalic acid. In the highly humid
environment, caffeine is expected to exist as a hydrate (0.8 mol
of water per mole of C8H10N4O2; referred to simply as caffeine
hydrate throughout the manuscript) and can be readily
identified from its characteristic peak at 10.6° 2θ.33 The
presence of caffeine hydrate was evident in eight out of the 10
compositions (Figure 2a). CAFOXA appeared to be stable only
in the presence of poly(ethylene oxide) and crospovidone.
From a practical viewpoint, it is important to evaluate cocrystal
stability at temperatures and water vapor pressures reflecting
manufacturing and storage conditions. Therefore, a second set
of cocrystal−excipient mixtures were stored at RT/75% RH for
a week. In spite of the absence of bulk water, the dissociation
behavior was consistent and caffeine hydrate was detected in
eight out of the 10 compositions (Figures 2a and 2b). In order
to assess the potential role of water, the mixtures were also
stored at RT/0% RH for 1 week. The PXRD patterns revealed
no instability, indicating that the excipient-induced cocrystal
dissociation was water mediated (Figures S5 and S6).
Typically, cocrystals are useful when the API is nonionizable

and salt formation is not a viable option. For a given neutral
API, a coformer could be neutral, acidic, or basic. It is possible
to draw a parallel between salt disproportionation and cocrystal
dissociation specifically when either the API or the coformer
molecule is ionizable. Both salts and cocrystals exhibit pH
dependent solubility with maximum solubility at pHmax.

34,35 In
the case of cocrystals of an ionizable API, the extent of
ionization of the coformer and API will be pH dependent.
Alternatively, for cocrystal of neutral API, the ionization of only
the coformer will be pH dependent and would dictate the
stability of the cocrystal as a function of pH. For example, in the
system under consideration (CAFOXA), the ionization
behavior of oxalic acid (pKa1 = 1.3 and pKa2 = 4.3), the
coformer, is strongly pH dependent. Since some of the
excipients used in the present study create a basic micro-
environment,26 the potential effect of excipient(s) on cocrystal
stability warrants consideration. A rational basis for excipient
selection will be enabled if a mechanistic understanding of
cocrystal dissociation is known. Though our preliminary studies
revealed dissociation in the presence of numerous ionic
excipients, for detailed investigation and to elucidate plausible
mechanism, MgSt was used as a representative example.
When the CAFOXA−MgSt mixture is allowed to interact

with water (either bulk water or exposure to RT/75% RH),
dissociation is likely to be initiated at the points of contact of
cocrystal and excipient particles. It is well-known that there can
be processing-induced lattice disorder, sometimes pronounced,
in the surface region of particles.36 Thus, the interface of
cocrystal and excipient particles can be visualized as a poorly
crystalline (or amorphous) region. This region will have a much
higher tendency to interact with water than the crystalline
regions, i.e., the interior of the particles. The sorbed water can
act as a plasticizer, lower the glass transition temperature, and
increase molecular mobility and thereby facilitate reactions.37

Following the dissolution of CAFOXA and MgSt in the sorbed
water, this aqueous layer can serve as the medium for
excipient−coformer interaction. It can contain caffeine, oxalic
acid, oxalate (or hydrogen oxalate), stearate anions, and
magnesium cations. Proton transfer (generated by the

ionization of oxalic acid) to stearate anion resulted in stearic
acid while the magnesium cations (Mg2+) reacted with oxalate
anion to yield magnesium oxalate dihydrate (Scheme 2).

Ambient temperature PXRD provided direct evidence of
cocrystal dissociation and the formation of caffeine hydrate,
stearic acid, and magnesium oxalate dihydrate (Figure 3).
Variable temperature PXRD further confirmed the presence of
stearic acid (Figure 4). Cocrystal dissociation was observed in
all the binary mixtures prepared with ionic excipients. It is
important to note that the pKa value of the free acid form (for
example, stearic acid; pKa = 4.9) of each salt (MgSt) excipient is
higher than the pKa1 of oxalic acid. Therefore, in each excipient,
there is a driving force for the salt to free acid conversion by
accepting protons from oxalic acid. When a CAFOXA−MgSt
was ground in the absence of water, there was no evidence of
dissociation, confirming that the MgSt−oxalic acid interaction
was water mediated. Thus, the data suggests that the
mechanism of cocrystal dissociation in the presence of ionic
excipients involves water sorption followed by dissolution of
cocrystal and excipient in the sorbed water layer. The
subsequent proton transfer from oxalic acid to anion (for
example to carboxylate in CaSt and phosphate in DCPA) and
formation of metal salt will drive the cocrystal dissociation. The
formation of reaction products in selected systems was
confirmed by PXRD (Supporting Information; Figures S8
and S9). Interestingly, a similar water-mediated reaction
between methanesulfonic acid (from delavardidine mesylate)
and carboxyl group in croscarmellose sodium was believed to
be the mechanism of the salt disproportionation reaction.38

In contrast, when binary mixtures of CAFOXA with each
PEO and CPD were exposed to bulk water (30% w/w) or to
high RH (75% at RT), the cocrystal was stable with no
evidence of dissociation (Figure 5). The cocrystal stability
could be attributed to the absence of (i) anions to accept the
protons from oxalic acid and (ii) metal cations to react with
oxalate or hydrogen oxalate anions. Thus, neutral excipients
provide an avenue to circumvent the risk of water mediated
cocrystal dissociation. There is an interesting parallel between
cocrystal formation and dissociation. Cocrystal formation by
grinding was attributed to grinding-induced amorphization of
reactant particles leading to their interaction.39,40 In the current

Scheme 2. Proposed Mechanism of Water Mediated
CAFOXA Cocrystal Dissociation in the Presence of
Magnesium Stearate
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system, the opposite process, cocrystal dissociation, is brought
about by water-mediated interaction in the disordered
cocrystal−excipient particle interfaces. While investigation of
the reaction kinetics was outside the scope of this study, it is
expected to be dependent on numerous factors including
surface area of contact between cocrystal and excipient
particles, and the reactivity of the components. Although
cocrystal dissociation was water mediated, the reaction kinetics
appeared to be independent of the water sorption potential of
the excipient (Figures S10, S11, and S12). With both MgSt
(hydrophobic) and DCPA (nonhygroscopic), the dissociation
was rapid. It was much slower with SSG and CCS, two
hygroscopic excipients.

Finally, the potential for cocrystal dissociation in intact

tablets was evaluated. A binary mixture of CAFOXA with MgSt

was prepared. The mixture was compressed into tablets, stored
at RT/75% RH for 35 days, and subjected to 2D-XRD. This

technique was used since compression can induce preferred

orientation. The cocrystal dissociation in tablets could be

readily discerned from the appearance of peaks attributable to

caffeine hydrate and stearic acid (Figure 6, I). Cocrystal

dissociation (appearance of caffeine hydrate peak) was first

evident after 5 days. There was a progressive increase in the

intensities of characteristic peaks of caffeine hydrate (10.6° 2θ)
and stearic acid (21.6° 2θ) up to 35 days (Figure 6, II).

Figure 3. Overlay of PXRD patterns of (a) “as is” cocrystal, (b) obtained after grinding cocrystal−magnesium stearate physical mixture in the
absence of water and (c) in the presence of water. The calculated patterns of (d) caffeine hydrate, (e) magnesium oxalate dihydrate, and (f) stearic
acid are also presented. The formation of caffeine hydrate, magnesium oxalate dihydrate, and stearic acid was evident in the “wet ground” mixture.

Figure 4. Overlay of PXRD patterns (from bottom to top) of physical mixture of caffeine−oxalic acid cocrystal with magnesium stearate (1:1 w/w).
(a) “As is” caffeine−oxalic acid cocrystal. (b) Physical mixture at “zero” time. (c) Physical mixture ground in the presence of water. The grinding was
done manually in a mortar and pestle for 30 min. (d) Sample c heated to 80 °C. A characteristic stearic acid peak (21.6° 2θ) disappeared since the
melting point of stearic acid is ∼69 °C. (e) Sample d cooled to 25 °C. The stearic acid peak reappeared. The two highlighted regions are the angular
ranges for a characteristic peak of caffeine hydrate (peak at 10.6° 2θ) and stearic acid (21.6° 2θ). The calculated patterns of (f) stearic acid and (g)
caffeine hydrate are also included.
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■ SIGNIFICANCE

Cocrystal formation provides an avenue to modulate the
properties of an active pharmaceutical ingredient. The
advantages of a cocrystal may only be realized if it is physically
stable during dosage form manufacture and the entire shelf life
of the product. Our model compound, caffeine−oxalic acid
cocrystal, dissociated in the presence of numerous pharma-
ceutical excipients, a reaction attributed to interaction between
oxalic acid and salt excipients. The dissociation was facilitated
by water, and, as a consequence, caffeine crystallized as caffeine
hydrate. The reaction occurred under pharmaceutically relevant
storage conditions (RT/75% RH). Many excipients used in
formulations are salts and contain ions (for example, Na+, Mg2+,
and Ca2+ cations; carboxylate anions). The anions can accept
protons from acidic coformers to facilitate the disproportiona-

tion as is evident in the case of delavirdine mesylate salt.38 In
addition, the functionality of the lubricant may be affected by its
interaction with coformer/drug. The reaction between oxalic
acid and magnesium stearate resulted in the formation of stearic
acid. The lubricant properties of the free acid and salt are
different.41 While the grinding method has been extensively
used to prepare cocrystals,39 we have extended it to evaluate the
potential for cocrystal dissociation in the presence of excipients.
The screening method used in this study (water-assisted
grinding) can serve as a rapid evaluation tool to determine
cocrystal stability in the presence of excipients.

■ CONCLUSION

In summary, we have demonstrated that caffeine−oxalic acid
cocrystal, widely reported to be a physically robust crystalline

Figure 5. Overlay of PXRD patterns of (a) “as is” cocrystal and (b) physical mixture of cocrystal and crospovidone, slurried with water.

Figure 6. (I) Two-dimensional XRD patterns (obtained using Co Kα radiation) of (A) tablet containing cocrystal and MgSt (95 and 5% w/w) at
time zero and (B) after 5 days at RT/75% RH. To facilitate visualization, the corresponding one-dimensional XRD patterns (A′, B′) are also
presented (converted to Cu Kα radiation). The appearance of the peak at 10.6° 2θ (*), attributed to caffeine hydrate, is a consequence of cocrystal
dissociation. The appearance of a peak at 21.6° 2θ (▲) is attributed to the formation of stearic acid. The peak is separately drawn for clarity. (II)
Overlay of PXRD patterns revealing the formation and progressive increase in the concentrations of caffeine hydrate and stearic acid in tablets. The
two highlighted regions are the angular ranges for a characteristic peak of caffeine hydrate (peak at 10.6° 2θ) and stearic acid (21.6° 2θ).
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solid form, dissociated in the presence of numerous
pharmaceutical excipients. The reaction was water mediated
and occurred very rapidly (<1 week) under pharmaceutically
relevant conditions. Based on a mechanistic understanding of
cocrystal dissociation, we propose the use of neutral excipients
to successfully formulate this cocrystal into a robust solid
dosage form. The potential for excipient-induced cocrystal
dissociation exists for pharmaceutical cocrystals comprising
acidic and basic coformers. The rapid screening approach
provides an avenue to quickly evaluate the potential for
cocrystal dissociation in formulations. Our subsequent studies
will address the kinetics of caffeine−oxalic acid cocrystal
dissociation in pharmaceutical compositions.
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