Downloaded via UNIV BOLOGNA on December 18, 2020 at 08:07:00 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

CRYSTAL
GROWTH
SDESIGN

pubs.acs.org/crystal

Mechanochemical Preparation and Solid-State Characterization of
1:1 and 2:1 lonic Cocrystals of Cyanuric Acid with Alkali Halides

Oleksii Shemchuk, Fabrizia Grepioni, and Dario Braga

Cite This:Cryst. Growth Deg020, 20, 72307237 I:I Read Online

ACC ESB [l Metrics & More | Article Recommendations ‘ *  supporting Information

ABSTRACT: Mechanochemical mixing of cyanuric acid and alkali
halides, which show extremezdinces in solubility, is a viable,
solvent-free method to quantitatively prepare ionic cocrystals
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(ICCs) of cyanuric acid (CA) with halide salts of alkali metal &) ﬂ%ﬁfaﬁ
this paper, we report the preparation and structural char 4+  mx
ization of a series of new compounds, nameCIAM= Rb, CA-MX
Cs), CAMBr (M= Na, K, Rb, Cs), and GRbl, and of the two -, ’Qb‘
hydrates CAlaBrF2H,O and CAKI-H,O. Crystal structures were , - 1 » . CAMYAH.O
determined directly from X-ray powderatition data in all cases y (X'= 0 ’; é)
with the exception of GA-H,O, for which single crystals were E g "
obtained. The @ct of cation size on the stoichiometry as well as
on the architecture of the ICCs has been discussed.
INTRODUCTION recrystallization from solution or structure determination

Mechanochemistry refers to reactions that use mechani€iectly from powder data. In the former case, however, as
energy to facilitate chemical transformations. Mechanochefiéntioned above, the drence in solubility of the

ical approaches are being widely applied across diverse are§8ONents in a given solvent must be taken into account,
chemical scientsince reactions can be promoted quickly angs dissolution of the cocrystal often implies separation of the
quantitatively either without solvent or with only tiny components with very érent solubility prdes:* *° This is
quantities. In the past, mechanochemistry has beergspecially true in the case of ionic cocrystals (ICCs), composed
considered a lesser method for chemical synthesis with resp#cn organic moiety and of inorganic salts or complexes,
to solution-based approaches. However, the quest fehere the dierence in solubility in water or organic solvents is
sustainable alternatives to classical synthetic protocols hasuedally very large. In all these cases, the best option to
to the discovery of new chemical reactions and to thdetermine the nature of the ICC is the structure determination
development of a vast series of solvent-free processes.  directly from X-ray powder diction (XRPD) data.

In the crystal engineeringeld, mechanochemistry is  As a matter of fact, one of the reasons for interest in the
arguably the most common approach to the synthesis whic cocrystals described herein is precisely the huge
cocrystals, i.e., of crystalline materials formed by two or maie erence in solubility and dissolution rate in water of the
components that are separately solid at ambient condirganic moiety (cyanuric acid, 1,3,5-triazinane-2,4,6-trione,
tions? *° Grinding and ball-milling of the solid reactants,H,C,;N;O;, CA hereafter) and ofne inorganic salts,
whether in“wet (liquid assisted grinding, also called demonstrated by the two cases previously communicated
kneading) or dry conditions, allow one to overcome some @EA.LICl, CANaCl)!” In this paper, we expand the
the limitations of other cocrystallization techniques. Fojyestigation of the products of the mechanochemical reaction
instance, the commonly used cocrystallization by slow solveffica with other MX alkali salts (M = Na, K, Rb, Cs, X = Cl,
evaporation often fails because darénces in solubility of gy |,
the components in a given veolt; analogously, large  cyanuric acid wasst synthesized by Friedrich éo in

di erences between melting points or the tendency to sublimgog by thermal decomposition of urea and uritaid, its
of one of the components limits the application of '

cocrystallization by co-melting. On the other hand, the mai
drawback of mechanochemical preparation of cocrystals~&
often the di culty in determining the structural features of theRevised: September 24, 2020
mechanochemical product, because of the obvious lack FofPlished: September 24, 2020
crystals suitable for structure determination via X-ray single

crystal diraction. Therefore, to elucidate the crystal structure

of the mechanically prepared cocrystals, one can either attempt

gceived: June 30, 2020 o
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crystal structure was determined by Wiebenga i’1952s Table 1. lonic Cocrystals of Cyanuric Acid and Alkali
a highly symmetrical molecule and is often mentioned asHalides Discussed Herein
perfect example of lactalactim tautomerism (se€kheme

1 CA Cl Br I
) Li CALICI*’ a a
. . . . Na CANacCH’ CANaBr, CANaBr2H,0
Scheme 1. Lactantactim Tautomerism of Cyanuric Acid K b CAKBr CAKIH,0
(o] OH Rb CA-RbCI CARbBr CARDI

)]\ )\ Cs CA-CsClI CACsBr b

HN NH I\i XN @Deliquescent produ&@Physical mixture of the reagents.
O)\N/KO HO N)\OH salts via kneading with a few drops of solvent (water, ethanol,
H or methanol), which is the only viable route to their synthesis
(seeScheme)2
lactam form lactim form

Scheme 2. General Scheme for the Mechanochemical
Reaction of Cyanuric Acid with Alkali Metal Halides [M =
The lactim form structure is prevalent in soldfiamereas ~ Na, K, Rb, Cs; X = Cl, Br, 1]

the lactam form, also referred to as isocyanuric acid, is thr o

thermodynamically stable form in the solid ‘stBi@th forms, CA-MX
however, are commonly cafieghnuric acid? In view of its

highly symmetrical structure, with three hydrogen bonding HN NH CA,-MX

C O acceptor sites and three hydrogen bondirtydonor /& +MX ——> CA-MX-H-O
sites, CA has been employed in a number of structural an(O N 0 2
crystal engineering studies, often in conjunction with H CA-MX-2H,0

melamine, as the two molecules possess total complementarity
of donor and acceptor groups for the formation efNlEind
NH--O hydrogen bonds. **

In view of the analogy with the structure of barbiturié®acid,
which we have previously shown to form stable ionic cocryst
with inorganic salts, we explored and reported on th
preparation and properties of ICCs of CA with LiCl and
NaCl'’ Interestingly, CAICl has been recently investigated
as a promising solar-blind nonlinear optical material in NL

As a matter of fact, in all the cocrystallization approaches
mediated by slurry (in both,@ and MeOH) unreacted CA
1,vi\1as recovered. Similarly, crystallization/recrystallization from
§O or MeOH invariably led to a separate crystallization of
e components. The only exception was the recrystallization
of CA with KI, which produced a small number of single
rystals suitable for X-rayrdction, while the majority of the

technologg? The study represents an important developmen olid recovered was a mixture of the starting materials.
9y yrep P P tructural determination directly from powder data was thus

within ionic cocrystal engineering strategies, with respect to t Ssential, in view of the polycrystalline nature of the product

use of Cyanurate $§ﬁ§ because it aIIo_ws gxplmtatmn of the ar}d of the diculty in growing single crystals from solution.
electronic properties of neutral cyanuric acid in the presence 0

alkali cations. Thesadings provided further motivation to EXPERIMENTAL SECTION
expand the family of ICCs of cyanuric acid by cocrystallization

. . . Materials and Instrumentation. All reagents and solvents used
with alkali halides of a general formula MX, where M = Na : : ; :

= th k hased fi S -Aldrich and d without
Rb, Cs and X = ClI, Br, I, beyond the initial results obtalneléﬁ Is work Were purchased from Sigma-Aldrich and used withou

. ; rther purication.
with LiCl and NaCl. . Solid-State Synthesis.All the ICCs were obtained by kneading
It is worth recalling that GACI and CANaCl possess with ethanol, methanol, or water. CA (1 mmol) and the

highly symmetrical arrangements of the organic moiety arounatresponding coformer (1 or 0.5 mmol for both RbCl and CsCl)
the alkali catior's. The architectures are sustained by directwere kneaded for 60 min with a Retsch MM200 ball miller operated
O--M* interactions of the CA molecules with the alkaliat the frequency of 25 Hz, using stainless steel jars (5 mL) and two 3
cations, and of NH--Cl hydrogen bonds with the chloride MM balls, with the addition of a drop of solventEAO crystals
anions. These are the types of interactions operating ﬁL[utabIe for single crystal X-rayatition analysis were obtained by

solution of protic solvents, e.g., water, so that these ICCs C%Ir%v(\j/ui\t/aporatlon of a methanol saturated solution of the kneading

also be regarded as special types of solid-state solval€§ermogravimetric Analysis (TGA). TGA measurements

cocrystallization of CA with NaCl sigantly improves the  (Figures SI-11 to SIYfor all compounds were performed with a
solubility of CA in water and increases the intrinsic dissolutigPerkinElmer TGA7 in the temperature ranget30°C, under an
rate of CA, simultaneously decreasing the solubility of NaCl §f gas ow, at the heating rate of & min ..
an order of magnitudé. X-ray Powder Di raction Measurements. Room-temperature

Besides testing thoroughly the mechanochemical reactiriay powder draction (XRPD) patterns were collected on a
CA + MX (M= Na, K, Rb, Cs, and X= Cl, Br, 1), we also hopedPANaIytlcaI Rert PRO automated dactometer, equipped with an
to gain insight into the factors controlling the crystal structurétgelggagod;gf%; IZ&;]eD%tgg:nifgegs\t/\?gr ;IESrgé%Sosjt’ Jg?ne/ the
stability and whether the formation of 1:1 or 2:1 cocrystal% p S22 ‘ . ' 4 9

. . . . ANalytical Xert Highscore Plus program.

could be attributed to the relationship between cation and sirctural Characterization from Powder Data. Powder
anion sizes and the fOI'matIOFI Of ICCS The reSU|tS are group@ﬂracnon data were ana|yzed with the Soﬁwmt)q—"ghS(:ore
in Table 1 In all cases discussed herein, the ICCs werplus. 1020 peaks were chosen in theghge 350°, and unit cell
prepared by mechanical mixingf CA with the inorganic  parameters were found using the DICVOL4 algorithm. The structures
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were initially solved by simulated annealing performed witivas attempted, howeverp WCC could be obtained,
EXP02014; using one metal ion, halogen atoms, and one or twqrrespective of stoichiometry or method employed (kneading
molecules of cyanuric acid. Ten runs for simulated annealing trigith ethanol, KD, and methanol, etc.). This might indicate
were set, and a cooling rate (usl as the ratidy/ T, 1) 0f 0.95was a1 the K cation is either too large to form a stable 1:1 ICC
used. Platdfi ADDSYMM SHELX command was consequently i oA and too small to form a stable 2:1 ICC. In order to
applied to nd the space group with the highest reasonable symmetry ’ hi bl : de t ) ICC
Afterward, the best solutions were used for Rietvelements, |rcumventt IS problem, attempts were made 1o prepare S
performed with the software TOPASS Structural data for all as_solld solutions via mechanochemistry. The stoichiometric
Compounds investigated in this work are listéddle SI-1 ra.t|OS 10505 and 1:0.8:0.2 were chosen for CA:NaCl:KClI
Single Crystal X-ray Di raction. Single crystal data for G mixtures, while 2:0.5:0.5 and 2:0.8:0.2 were chosen for
H,O were collected at RT on an OxfortCalibur S CCD CA:RbCI:KCI mixtures. The idea was that of exploring the
di ractometer equipped with a graphite monochromator (Mo K possibility of accommodating a smaller quantity cdtions
radiation, = 0.71073 A). Data collection andn@ment details are  ithin the lattices of GRaCl or CA-RbCI. The experiment,

listed inTable SI-1The structure was solved by the intrinsic phasing,qwever proved unsuccessful, and in all cases a physical
methods and reed by least-squares methods agBsising mixture (’)f the reagents was 0bt1ained

SHELXT-2018 and SHELXL-2018with Olex2 interfadé.Non- : :
hydrogen atoms were med anisotropically.d4 and H,, atoms The ICCs CARDCI and CACsCI are isomorphousgure

were either located from a Fourier map or added in calculatelShOWs the main packing features for the rubidium ICC. This
positions and reed riding on their respective nitrogen or oxygen
atoms. The software Mercury “4.@vas used for graphical
representations and for powder pattern simulation on the basis of
single crystal data.

Crystal data can be obtained free of chargemwiaccdc.cam.ac.
uk/conts/retrieving.htm(or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB21EZ, UK; fax:
(+44)1223 336 033; or emaildeposit@ccdc.cam.ak.UBCDC
numbersl9979901997998

RESULTS AND DISCUSSION

As shown iTable 1 mechanical mixing of CA with MX salts
(M =Na, K, Rb, Cs, and X = Cl, Br, 1) yielded a series of ICCs,
analogous to the ICCs €#Cl and CANaCl, discussed
previously! Reactions were carried out by kneading (also ,
called liquid assisted grinding, BA@ith the addition of a g SgTTORgTT

small quantity of solvent to a physical mixture of the reactants o (/7 ( / C / g J
in adequate stoichiometric ratios. In all cases, recrystallization }}?o :}5«4 e 3\4 e ;&J Y

from water, methanol, and ethanol was attempted with the aim
of obtaining single crystals suitable for X-ragction. In GJGJGJ“J
view of the large dérences in solubilities mentioned above, all
attempts proved unsuccessful, and only starting materials wieitgire 1. (Top) Layered structure of GRbCI (CA-CsCl is
recovered. At variance with this behavior, the ICC between Ggomorphous); (bottom) CA molecules ‘sandwichedn between
and Kl yielded a small number of single crystals, which turné&@oCl' 2D-layers, and interact to each other via hydrogen bonds of
out to be the monohydrate ®AH,O. For all the other the NH---O type (light blue). Pink: Rlzations; green: Chnions.
ICCs, therefore, structures had to be determined from X-ray
powder diraction data, which revealed, inter alia, that mosk a typical example of nonstandard coordination found with
ICCs discussed here are anhydrous. The formation ¢drge alkali metal cations: the number of contacts involving the
anhydrous compounds of alkali salts is per se rather unus@®i; ion and the surrounding CA oxygens and chloride anions
since the majority of ICCs of alkali halides prepared thig large, and no regular polyhedron can be drawn around the
far**4'° tends to form hydrates, while anhydrous forms cagation. The crystal is better described as a layered structure
be only obtained, in some cases, by subsequent dehydratjgith alternating'‘RbCl or “CsCt and double CA sheets
processes, and are, in general, highly hygroscopic. We attril{gigure 1 top), with CA molecules interacting to each other
this di erence to the peculiar structure of CA, i.e., to its smallia N H---O hydrogen bonds, and directing one-third of the
size and highly symmetrical shape, a combinationdidd a N H and C O groups toward the anions and the cations,
optimal packings with spherical ions, as will be apparent in thespectivelyRigure 1 bottom).
following. The two ICCs, CARbCI and CACsCI, although

lonic Cocrystals of CA with MCI (M = Li, Na, K, Rb, Cs). isomorphous, show a markedlyedint behavior toward
The structural features of the LiCl and NaCl cocrystals wittmoisture. The former ICC is stable if exposed to air at room
CA have been described previously and need not be discust®dperature, whereas the latter is highly hygroscopic, readily
here in detafl! The interaction of CA with alkali chloride salts adsorbing water from the atmosphere and becoming a sticky
formed by the smallest cations of the group resulted intsolid. A change in the XRPD pattern is observed §@<CA
formation of materials in 1:1 stoichiometry. upon hydration, but the initial anhydrous pattern is restored

On increasing the size of the cations, passing framdLi  upon heating.
Na" to Rb" and C§, a change in stoichiometry is observed, lonic Cocrystals of CA with MBr (M = Li, Na, K, Rb, Cs).
resulting in the formation of the isomorphous paifRBEI The ICCs obtained with NaBr, KBr, and RbBr are all
and CA-CsCl (see below). When the reaction of CA with KClcharacterized by a 1:1 stoichiometry. So far, preparation of

7232 https://dx.doi.org/10.1021/acs.cgd.0c00899
Cryst. Growth De2020, 20, 72307237


http://pubs.acs.org/doi/suppl/10.1021/acs.cgd.0c00899/suppl_file/cg0c00899_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.cgd.0c00899/suppl_file/cg0c00899_si_001.pdf
http://www.ccdc.cam.ac.uk/conts/retrieving.html
http://www.ccdc.cam.ac.uk/conts/retrieving.html
mailto:deposit@ccdc.cam.ac.uk
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1997990&id=doi:10.1021/acs.cgd.0c00899
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1997998&id=doi:10.1021/acs.cgd.0c00899
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00899?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00899?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00899?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00899?fig=fig1&ref=pdf
pubs.acs.org/crystal?ref=pdf
https://dx.doi.org/10.1021/acs.cgd.0c00899?ref=pdf

Crystal Growth & Design pubs.acs.org/crystal

CA.LIBr has proven unsuccessful, yielding unreacted matesaldium chloride ICC, with each potassium surrounded by six
often together with some unideati solids. The mechano- CA molecules, which are intercalated between anions along the
chemical reaction of CA with alkali bromides proceeds tgaxis in channel-like fashion, as shoWwigime % (compare
completion in a shorter time with respect to the analogougith Figure }.
chloride salts; as an example, the reaction of a mixture NaCl
and NaBr with CA yielded quantitativelyN&Br within 15
min, while after that time CA and NaCl were still unreacted
Mechanochemical reaction of NaBr with CA in 1:1
stoichiometric ratio resulted in elient products, depending
on the solvent used in the kneading process: when a few drc
of methanol or ethanol were added to the reagents mixture, t
anhydrous ICC of formula @Br was obtained, which is
isomorphous with GNaCl>’ When the same experiment was
performed using drops of water, however, the hydrated ICC
formula CANaBr2H,0O was obtained (séegure .

@

Figure 4.Structure of CABr viewed down thaaxis (left) and a
side-view showing the alternation of bromide anions and CA
molecules (right). Light blue? Kations; brown: Branions.

In these cocrystals, as well as in those of thd §pe (M
= Na, K, Rb) (see below), there is a clear tendency for the
anions to interact directly with thesystem of the cyanuric
acid molecules. This type of aniorinteractions involving
cyanuric acid has been the subject of a computational study by

Figure 2.Octahedral coordination around”Nta CANaBr (left). Frontera et &f

The compound is isostructural withI#CI2° A lateral view (right) The ionic cocrystals G2bBr and CACsBr constitute an
showing the intercalation of bromide anions with CA molecules aloiigomorphous pair (s@able SI-). Again, as in the case of the
the caxis. Yellow: Naations; brown: Branions. isomorphous pair GRbCl and CACsCI, the packing can be

described as alternating sheets of cations/anions and, this time

due to a 1:1 stoichiometry, of monolayers of CA molecules
In the hydrated ICC CNaBr2H,0, three water molecules (seeFigure .

enter the coordination sphere of the cations, taking the place of
three CA molecules: as the stoichiometric ratiblaBA is
still 1:1, two water molecules act as bridges between pairs of
Na" cations (se€igure .

On passing to the larger catioris R, and C§ we see
again the formation of anhydrous ICCs. In the case of the
potassium, the resulting ICC is quasi-isostructural with the

Figure 5.Layered structure of G&Br (CACsBr is isomorphous),

with CA molecules sandwiched between layers of rubidium cations
and bromide anions; layers are extending parallel &b plane.

Note the similarity with the layered structure of the 2:1 ICgs CA
RbCl and CACsCI, although this time the CA molecules are
arranged in monolayers (1:1 stoichiometry). Pink: cRtions;
brown: Br anions.

lonic Cocrystals with Ml (M = Na, K, Rb)In this subset
of ICCs, we report the successful characterization of two
compounds, namely, the anhydrousRGKA which is
isomorphous with CKBr (see Figure §, and the
monohydrate CKI-H,O. All eorts to characterize the
Figure 3.Pairs of sodium cations in §lABr2H,0 (view in the 110 ~ products of the mechanochemical reactions of CA with Lil,
plane) are bridged by water molecules (in blue), which are part of théal, and Csl were frustrated. In particular, the reaction with
octahedral coordination spheres. Lil resulted in the formation of a new phase, which was highly
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Table 3. Shannon & Prewitt lonic Radii, Used Here for lon
Size Comparisdti

cation radius(pm) anion radiu$(pm)
Li* 73
Na* 116 Cl 167
K* 152 Br 182
Rb 166 | 206
Cs 181

FCoordination number is 6 for all ions except lithium, for which the
C.N. Four is considered.

determining not only whether a given ICC of CA can or
cannot be obtained but also the stable stoichiometry for the
) . ) . compounds.

Figure 6.Arrangement of cqthns, anions, and CA molecqles., V|ewed-|-hree situations can be distinguished:

down the crystallograplaxis in crystalline @bl (left), which is (i) When the size of the cation is markedly smaller than the

isomorphous with CKBr (seeFigure %, and a side-view showing . ) . e
the alternation of bromide anions and CA molecules (right). PinkS'2€ of the anion, as in the case of l9Gh¢me)3the lithium

Rb" cations; purple: lanions.

Scheme 3. Cation 1S7ize Is Markedly Smaller than the Size of
hygroscopic and unstable upon standing in the air at ambieie Anion: CALICI.

conditions, turning into a deliquescent substance in a matter ~*
minutes. Analogous behavior was observed for the produ
with Nal and Csl (seé&able ). In this respect, CRCI Y. v
appears to ard the only stable combination of size and V
stoichiometric ratio for an ICC of CA with thé dation.
As stated above, the two ICCs-KBY and CARbI are
v

isomorphous (seeable S} the RB radius is larger than the
one for K, but the size of the anion also increases on passii.y
from Br to | ; therefore, a larger anion requires a larger

cation. If the cation remains the same but we use a larggition is tetrahedrally coordinated by CA molecules and a
anion, as is the case with Kl, a water molecule is required p&floride anion, but the ICC is better described as formed by
formula unit td Il in” the extra volume left in the crystal. In |i*C| “jonic pairs surrounded by eight CA molecules in a
this way, the monohydrate €AH,O is formed, for which  cypic fashioﬁ? the CA:MX stoichiometric ratio is 1:1.
structural determination from single crystal data was possihigcreasing the anion size further does not seem to allow
CAKI-H,0 was found to be quasi-isostructural with the ICCsstable packings, and crystallineLi® CALil are not
CA:NaCl, CANaBr, CAKBr, and CARbI (seeFigure 7 obtained.

distortion of the packing arrangement is observed, accoms(ii) When the size of the cation is smaller than the size of the
panied by loss of symmetry from orthorhorftnmato anion Gcheme )4 ICCs with 1:1 stoichiometry are observed
monoclinicP2y/ ¢ forming isomorphous (NaBr), isostructural (KBr, Rbl), or

It is remarkable how these cocrystal structures can Rgiasi-isostructural (KI, with the presence of water) structures
rationalized according to a simple model based on the rafiith respect to CNaCl; in the case of NaBr, water can be
between cation and anion sizes (Bgele 3.°° The ion  accommodated in the crystal, and a derivative structure with
relative dimensions appear to play a fundamental role pairs of cations bridged by water molecules is also observed.
(i) When cation and anion have similar radii, layered
structures are obtaineficheme )5 The stoichiometry is 2:1
in the case of the chlorides RbCl and CsCl, and 1:1 for the
bromides RbBr and CsBr.

These trends are reminiscent of those relating structural
types of crystalline alkali halides with the notaldeedce
that, in these ICCs, it is the very stoichiometry of the product
(1:1 or 2:1) that is dictated by the need to obtain close-packed
crystal structures. In this respect, we take as a negative
counterproof that we have been unable to obtain ICCs with
LiBr and Lil. Packings of the large anions with the very'tiny Li
cation appears to lead to unstable arrangements. In fact, the
products of the mechanochemical reactions are extremely
hygroscopic and deliquescent materials that proved impossible
to handle. Similarly, the passage from NaCl to RbCl and CsClI
Figure 7.Main packing motif in the crystals structure GKGiAO marks the'switchi in stoichiometry from 1:1 to 2:1 with the
(View down theb_axis)_ Note the S|m||ar|ty with the packing chlorides. In this I‘eSpeCt, itis noteworthy that no ICC could be
arrangement for GdaBr, CAKBr, and CARbI. Light blue: K obtained with KCI, suggesting that tféCK radius ratio is
cations; violet: lanions; blue: water oxygens. not optimal in either 1:1 or 2:1 cocrystals structures.
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Scheme 4. Cation Size Is Smaller than the Size of the Anion

3From left to right: CAlaBr, CAKBr, CARDbI, CAKI-H,O, CANaBr2H,0.

Scheme 5. Cation size Is Similar to the One of the &hion ASSOCIATED CONTENT
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