WO 02/ 06802 PCT/ NLO1/00541 Title: Screening crystallisation conditions of
organi ¢ conpounds The present invention relates to nmethods for crystal
forms (pov@uwoegshs) for 5 analytes using e.g. a nethod anBCBNLap@asat us for
screeni ng the phase behaviour, nore in particular crystallisation
behaviour in liquid, gel or solid phase of such analytes, such as organic
nol ecul es, for instance pharmaceutically interesting conpounds and

conpl exes, oligoners, salts, esters and solvates thereof, organonetallic
nol ecul es such_as catal ysts for_honogenqQus catal ysis etc. The present 10

i nvention al solitlet atcEeenipe exystalbisationajonditions of areagic gmerasndps ansi tions, nore
specific crystallisation, of these analytes. The present invention also
provi des nethods for producing crystals of ; analytes on any desired scal e
usi ng t he condlhé presentdamentfiorecklaies oo tietlgpdsdor ¢rystal frert (polymdFphs)er uses

of the crystals and conpgsj.ti.ons conprising such cr als are.15 al so
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relation to_the existence of _crystal polynorphism The invention provides
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out 20 of "a liquid environmen asi c approach to crystallisation is
usual | y feigphgmeiathpd molecTlee sngll acedtelysts forhomypgtraiusicatadysis etti ‘The pyvasdnbr

suspepded._and..subsequent | ubjected  to conditions that affect the
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t he sol veaystatlidayiohhef thash dn0yesf ot her conpounds that reduce the
solubility, optjonally in conmbipation with variation of other factors such.
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“collect information on the structure of analytes, more in particular in relation to the
existence of crystal polymorphism. The in\}ention provides for a method for the rapid
determination of crystal polymorphism. |
Crystallisation is in general considered as the separation or precipitétion out
20 of aliquid environment. The basic approach to crystallisation is usua]ly fairly simple.
The molecule to be crystallised is dissolved or suspended and subsequently subjected.
to conditions that affect the solubility of the molecule in solution. This can be
achieved by removal of the solvent or by the addition of other compounds that réduce
the solubility, optionally in combination with variation of other factors such
25  temperature, pressure or gravitational forces. When the conditions are right, small
nuclei will form from Which crystals will grow. However, the relations between the
conditions and the crystallisation are generaﬂy not well understood. The optimisation
of the crysta]lisation conditioﬁs is largely based oh trial and error. To determine the
optimal crystallisation conditions can therefor be a laborious and time-consuming
30  process.
Many molecules can crystallise in different crystal forms, a pheﬁomenon
known as polymorphism. The appearance of these different crystalline forms is

strongly dependent on the physical and chemical environment in which the crystal



30 process. Many nol ecul es can crystallise in different crystal forns, a
phenonmenon known as pol ynor phism The appearance of these different
crystal |l weof/asns is strongly dependent on the physical pOUNThemseal
environment in which the crystal WO 02/06802 PCT/ NLOL/ 00541 2 nucl eates,
grows or is exposed to after growh. Different crystalline fornms result
from different conditions under which the crystallisation is carried out.
However, there is no significant theoretical franework that allows to
predict reliably whether specific polynorphic forns of a nolecul e exist or
can be expected and if so how these can b 5 produced. The identification
of pol ynor phi c behavi our of nol ecul es and deternining the conditions under
whi ch the different polynorphic forns can be obtained therefor has to be
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such as Cb%gg%r(l)h;’aotri ecx)fgn %I{p}egse dl%%gglgzupr}gptiar@ies in terms of biological activity.
Many pharmaceutically and/or industrially important molecules such as drug
molecules or catalysts for homogenous catalysis are solids at room temperature. More
15  often than not these molecules crystallise in distinct structural forms, thus exhibiting
polymorphic behaviour. It is therefor of interest to obtain information on the
crystallisation behaviour of such compounds.
The crystallisation behaviour of a compound is determined mostly by its
stereochemistry. This obviously comprises its covalent bonding pattern, but also its
20  ionic structure as determined by the presence of any available counter-ions in the
crystal lattice. Next to this chemical makeup, other external parameters also affect
the crystallisation of organic compounds such as concentration of the compound in
the mother liquor, hydrophobicity/polarity of the solvents, temperature, speed of
crystal-formation (nucleation), pressure and many others.
25 Due to this large number of parameters that affect crystallisation,
determining the optimal combination of parameters results in an overwhelming

amount of possible combinations. Conventional linear optimisation (testing one

condition after the other) based on trial and error is hence a long and cumbersome



the nother liquor, hydrophobicity/polarity of the solvents, tenperature,
speed of «crystal-formation (nucleation), pressure and nmany ot hers. 25 Due
to this Iveo@groasuarber of paraneters that affect crystalli spCT/oRP1/00541

determ ning the optimal conbination of paraneters results in an
overwhel m ng anount of possible conbinations. Conventional |inear

optim sation (testing one condition after the other) based on trial and
error is hence a |l ong and cunbersone WO 02/ 06802 PCT/ NLO1/ 00541 3 nethod,
if at all feasible. It is therefor an object of the present invention to
provi de nethods in which testing of many3conbi nations is possible and can
be done efficiently and rapidly and preferably in parallel, i.e. testing
various conbi nati ons of paraneters at the sane tine. 5 Conventional |inear
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(pol ynor phs)  afheglresint ahventoatiafiteds @ provide for improvements in determining

crystallisation conditions in general and in particular the determination of
polymorphic behaviour. The invention further intends to overcome the above-
mentioned disadvantages of the conventional techniques.

15 The present inventors have found a method for the screening of a large
number of crystallisation conditions. Further they have devised a way for the
screening of a large number of crystallisation conditions in parallel and for the

‘identification of crystal polymorphs. '
A method and an apparatus is disclosed for generating and analysing,

20  preferably in parallel, multiple crystal forms (polymorphs) of chemical substance or
mixtures of substances (the analyte) from which preferably at least one crystal form
is known. To this end an array of solutions, or at least one solution, is provided, for
instance in a range of solvents or solvent mixtures, or at least one solvent. The
analyte may be provided in a specially designed substrate, but a conventional

25  substrate such as a micro titerplate may suffice provided that some conditions are
fulfilled which are exemplified in the various embodiments. Conditions under which
the analytes are kept in the substrate are changed, for instance by altering or

modifying physical or chemical conditions such as lowering the temperature or



m xtures of substances (the analyte) fromwhich preferably at |east one
crystal form is known. To this end an array of solutions, or at |east one
sol uti onwoe2/msexri ded, for instance in a range of sol venPEeTOLIB@SYiENt

m xtures, or at |east one solvent. The analyte nmay be provided in a

speci ally designed substrate, but a conventional 25 substrate such as a
mcro titerplate may suffice provided that sone conditions are fulfilled
which are exenplified in the various enbodi ments. Conditions under which
the anal ytes are kept in the substrate are changed, for instance by
altering or nodifying physical or chem cdl conditions such as |owering the
tenperature or WD 02/06802 PCT/ NLO1/ 00541 4 allow ng solvent to evaporate.
The crystallisation of the analytes may be induced by a change in these
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at least  one crystal formis known or of which it is expected that at
| east ondeast ¢ apalygg, gnd inducing or allowing each composition to adopt at least a first
condition possibly influencing crystallisation and detecting any crystallisation in at
least one composition.
15 Analyte within the terms of the present invention is a compound of which the
crystallisation behaviour is to be determined. An analyte in terms of the invention is
a chemical substance or a mixture of different substances of which substance at least
one crystal form is known or of which it is expected that at least one crystal form
exists. An analyte in terms of the invention is preferably an organiq or organometallic
20  molecule or compound, such as a pharmaceutically active molecules or catalyst-ligand
complex or a dimer, salt, ester or solvate thereof. In another aspect an analyte in
terrhs of the present invention can also be a biomolecule i.e. nucleic acids, DNA’s,
RNA’s, PNA’s, polypeptides, peptides, glycoproteins and other proteinaceous
substances, lipoproteins protein-nucleic acid complexes, carbohydrates, biomimetics,
25  ete.
One preferred way of working the method of the present invention comprises

providing a substrate comprising an array of optionally sealable containers, which

containers are optionally provided with means to induce crystallisation, such as



exists. An analyte in terns of the invention is preferably an organic or
organonetal lic 20 nol ecul e or conpound, such as a pharmaceutically active
nol ecul esvon2/eabdal yst-1igand conplex or a dinmer, salt, eBCENLorowsel vate
thereof. I n another aspect an analyte in terns of the present invention
can al so be a bionolecule i.e. nucleic acids, DNA's, RNA's, PNA's

pol ypepti des, peptides, glycoproteins and ot her proteinaceous substances,

| i poproteins protein-nucleic acid conpl exes, carbohydrates, biomnetics,
25 etc. One preferred way of working the nmethod of the present invention
conprises providing a substrate conprisifig an array of optionally seal able
containers, which containers are optionally provided with neans to induce
crystallisation, such as WD 02/ 06802 PCT/NLOL/ 00541 5 substances that
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been subjected. The substrate is preferably chemcally inert to the
subst anc &affzastion pptterssof the analytes or compositions, optionally correcting the

diffraction patterns for background fluctuations, optionally identifying polymorphs of

the analyte and optionally relating the occurrence and the crystal form of the ’
15  polymorphs to the composition and condition to which the analyte has been subjected.
The substrate is preferably chemically inert to the substances and solvents
employed and is preferably transparent to the detection technique used, e.g. X-ray
transparent in case of X-ray diffraction technique. If the substrate is not transparent
to X-rays, the array of samples may be measured in reflection X-ray diffraction
20  geometry, but preferably are measured in transmission X-ray diffraction geometry
after transferring the samples sequentially, but preferably in parallel, to an X-ray
transparent carrier. The substrate is preferably also transparent to visual light (ca
200 nm to 1000 nm) to allow visual or optical inspection. The substrate is preferably
also capable of transferring heat, thereby allowing for temperature variations.
25  Examples of arrays are 8 by 12 up to 32 by 48, with orthogonal centre to centre
distance varying from 2 to 10 mm between the containers or wells of the substrate.
The determination of the polymorphic forms of the analyte is preferably

achieved by electron diffraction or by X-ray diffraction technology. Different



enpl oyed and is preferably transparent to the detection techni que used,
e.g. X-ray transparent in case of X-ray diffraction technique. If the
substrat av@92/6i802 t r ansparent to X-rays, the array of sanpCEYLOEYSbE
measured in reflection X-ray diffraction 20 geonetry, but preferably are
measured in transm ssion X-ray diffraction geonetry after transferring the
sanpl es sequentially, but preferably in parallel, to an X-ray transparent
carrier. The substrate is preferably also transparent to visual |ight (ca
200 nmto 1000 nn) to allow visual or optical inspection. The substrate is
preferably also capable of transferring fieat, thereby allow ng for ‘
tenperature variations. 25 Exanples of arrays are 8 by 12 up to 32 by 48,
with orthogonal centre to centre distance varying from2 to 10 nm bet ween
t he cont aolyeidphs of el healgte plodusdidigferaiteliffrattion gattermd. Bytdederndhirtghte

pol ynmorphigc farnms of the gnalyte is preferably achpeved b | ectron

diffracti aﬁ?lOlbpﬂBE@]Ff&yPH?af?%b CY0 (S ANSTRISAIOB 85 aRpe tipy #rf’@rtgﬁtc%o%a@ﬁ? 6802

PCT/ NLO1/,09B4ds arfl &ﬁﬁﬁd@ﬂ?ﬂ@s@&fﬁﬁcﬁ&%é{&@rnﬁf REMGe i ik ebenbe PiditiREt | ON
e
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requires that the array itself is transparent to X-ray diffraction or that
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wells of the medium. This allows for an analysis of crystalline material with reduced

15 babkground signals from solvents etc. The advantage of using a transmission
geometry over more conventional reflection geometry‘of the diffraction experiments,
is that substantially more signal is measured per mass unit of analyte. It is thus y
~ possible to use milligram, preferably nanogram or picogram amounts of material and
‘still achieve an improved throughput. .
20 , Thé deterﬁlination of the existence of different pplyﬁlorphs of an analyte can
be used to determine and/or optimising the conditions for the conversion of one
_crystal form of the analyte into another form of the analyte. An advantageous aspect
of the present invention pertains to a method for optimising the conditions of the
transformation of one polymorphic form of an analyte into another polymorphic form
25 by subjecting the Qhe polymorphic form of the analyte to the method for detecting
polymorphism of the present invention.
According to the invention, preferably a plurality of different conditions is

provided, each differing in at least one parameter which influences the crystallisation



15 background signals fromsolvents etc. The advantage of using a
transm ssion geonetry over nore conventional reflection geonetry of the

di ffractivomomegqsez i nents, is that substantially nore signeCT/Nson®asured per
mass unit of analyte. It is thus possible to use mlligram preferably
nanogram or picogram anounts of material and still achieve an inproved

t hroughput. 20 The determ nation of the existence of different pol ynorphs
of an analyte can be used to determ ne and/or optimsing the conditions
for the conversion of one crystal formof the analyte into another form of
t he anal yte. An advant ageous aspect of tRMe present invention pertains to a
met hod for optimsing the conditions of the transformation of one
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quantities of the analyte are available, for instance in an early stage of the research.

Major advantages of the method according to the invention are that automated

15  set-up of the experiments is generally quicker for small volumes, the automated
detection of crystals in an array of conditions is quicker as more samples can be
tested simultaneously, less material is required thereby reducing wastage, more tests
can be performed given the amount of material available, the chance that the
conditions under which crystallisation is achieved are identified significantly

20 increases and the chances of identification of differeﬁt polymorphic forms increases
likewise.

A preferred way of providing a set of compositions for determining |
crystallisation conditions for analytes is a method wherein said set of compositions is
provided on a solid support medium comprising of a multitude of separate cells, each

25  comprising one composition. In this manner an array-like test format is provided
allowing for easy automation of dispensing compositions and/or ‘changing conditions

per composition and of detection of phase change behaviour (typically crystallisation

of the analyte). In any format the crystallisation may be best achieved by a further



gquantities of the analyte are available, for instance in an early stage of
the research. Maj or advantages of the nethod according to the invention are
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crystallisation is achieved are identified significantly 20 increases and
the chances of identification of differen8 polynorphic fornms increases
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techniques are those that allow for the precise and con’qro]led delivery of amounts of
liquids or solids in the range of microliters or - grams, preferably nanoliters or -
15  grams, more preferable picoliters or - grams. When the anélyte is provided in any
liquid form, preferably dispensing techniques such as piezo-electric dispensing
techniques, bubble-jet dispensing techniques, electro-spray dispensing techniques, as
well as other micro- and submicro-dispensing techniques can be used, preferably
nano-dispensing techniques are used. By using these techniques for dispensing it is
20  possible to provide each cell with a predetermined amount of analyte. Hence, it is
likewise possible to provide to each cell a different amount of analyte.
Also non-directional dispensing of a fluid onto the substrate, for instance by
ﬂoodfﬁlling by submerging the substrate into a fluid, pouring the fluid over the
substrate, or other flood-filling techniques can be employed advantageously.
25 When the analyte is provided by means of some carrier, for instance in the
form of a solution or emulsion, it is a preferred option to remove at least partly

solvents and/or other carrier fluids by allowing or causing a degree of evaporation,

drying, draining, lyophilisation or other fluid removal technique from the cells.



The analyte is brought in the cells of the solid support by techniques that
allow for the precise and controlled delivery of mnute anounts of matter.
Sui t abl e wo ezdsizjues are those that allow for the preci sep@ndLeonssol | ed

delivery of anmounts of liquids or solids in the range of mcroliters or -
grans, preferably nanoliters or 15 granms, nore preferable picoliters or -
grans. Wien the analyte is provided in any liquid form preferably

di spensi ng techni ques such as piezo-electric dispensing techniques,
bubbl e-j et di spensi ng techni ques, el ectro-spray di spensing techniques, as
wel | as other mcro- and subm cro-di spensbng techni ques can be used,
preferably nano-di spensing techniques are used. By using these techniques
for dispensing it is 20 possible to provide each cell with a predeterm ned
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for pharmaceutical use (in _pharmaceutical preparations) can be based on
the condiseY¥essipgreRexiripdhe deEusicn saje apd thespasd i erial gavthgatd yst al

growt h,  gravld¥n increases with the physical size of the container in which crystallisation
takes place. Therefore the present method will generally result in crystals that are
15  better ordered than crys‘tals gfown in larger volumes, that are subjected to gravity.
As the method reduces grayity induced convection during crystal growth, the
crystalline order of crystals produced with the method will approach that of high
quality crystals grown in space, i.e. in microgravity conditions.
Thé invention provides for the determinaﬁon of crystallisation conditions that
20 allow for the growth of different crystal forms of the analyte, thus enabling the
identification of polymorphic forms from the analyte. This is valuable information, for
instance in the case of a pharmaceutical whereby polymorphs of the pharmaceutical
compound of interest can each have different physical properties or different
properties in terms of biological activity. Official approval such as from the United
25  States' Food and Drug Administration of a specific and well-defined drug cannot be
transferred to another polymorph of the same drug, although the chemical nature of
the constituting molecules is identical. It is therefore very important that the various

polymorphs of a drug are discovered and identified in order to gain an understanding



i nduced convection that is caused by | ocal concentration gradients that
result from10 the accretion of nolecules on the growing crystal, can

adver sel wabt/esv2t he crystalline order of said crystal. Por/amad/eosviol unes,
this gravity-induced convection is far | ess severe, since next to the
diffusion rate and the speed of crystal growth, said convection increases
with the physical size of the container in which crystallisation takes

pl ace. Therefore the present nethod will generally result in crystals that
are 15 better ordered than crystals grown in | arger volunes, that are
subjected to gravity. As the nethod redudes gravity induced convection
during crystal growth, the <crystalline order of crystals produced with the
met hod wi || approach that of high quality crystals grown in space, i.e. in
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anal yte yodudiBé BBdtA6 60418 bAflyte) céAPribitgRbiiahgdifover-saturated composition
of said analyte and providing said over-saturated composition with seed crystals
15 | according to the invention. A preferred use of the crystals produced according to the
invention is in the determination of structures of analytes. Thus the invention further
provides a method for determining the structure of an analyte comprising subjecting
crystals from said composition according to the invention to solid state NMR
techniques, neutron diffraction, electron diffraction and/or X-ray diffraction and
20  determining its crystal structure.

Preferably, the method is carried out in an array of separate cells, whereby
each cell contains a different composition. When a change in phase behaviour occurs,
this is detected and can be correlated to the specific composition and conditions under
which the screening is taking place. To provide for an increased reliability of the

25  method, each combination may be provided in duplo or triplo on the same solid
support medium.

Any crystal that does not have a cubic symmetry is known to change the

polarisation of linearly polarised light, depending on its orientation with respect to



scaling up said conditions to a desired total volune, where crystals
obt ai ned by the nethod can be used as nucleation centres. The crystals
obt ai ned w9 oxus a nethod wi Il be nore honbgeneous in siPET/ARO/@S#MPOSi tion
than crystal s obtai ned by nethods 10 avail able until now. Thus the

i nvention al so enconpasses these crystals. Such crystals can be used for
phar maceuti cal purposes or as seed crystals in further crystallisation
processes. In such an enbodi nent the invention provides a nethod for"
produci ng crystals of an anal yte, conprising providing an over-saturated
conposition of said analyte and providinglsaid over-saturated conposition
with seed crystals 15 according to the invention. A preferred use of the
crystals produced according to the invention is in the determ nation of
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determine the presence or absence of a crystal of an analyte that is
non- cubi cegpd accordmg to the invention. : ‘
Changes in phase behaviour can be determined in various ways, but for the
rapid screening of multiple samples under reproducible circumstances preferred
15  techniques are based on the detection or measurement of, continuously or
intermittently, optical and/or diffraction characteristics of the individual cells.
The determination of the optical and/or diffraction characteristics of the
1nd1v1dual cells can be done with a system comprlsmg
- a light source the direction of polarisation of Wthh can be Varled
20 - a holder for
- a substrate comprising a multitude of cells
-a system for detecting a change in the polarisation of the hght comlng from
the polarisable light source.
- a position sensitive detector
25 A change in the polarisation of the light generally corresponds to a change in
phase behaviour. It is preferred that the change in phase behaviour is'mainly due to

a phase change of the analyte. A change in phase behaviour that is not caused by a

phase change of the analyte may additionally provide useful and valuable



5 nmeasuring the change in the polarisation of the light falling through, as
the direction of polarisation is changed, the presence of non-cubic
crystal |l weonedsez i al can be determ ned. Preferably the changeoi/®wsphase
behavi our of the analyte is caused by the formation of crystalline
material. This allows for the introduction of a separate step in the

nmet hod for the detection of pol ynorphic behaviour. By first determ ning the
10 presence of crystalline material, the 'nunber of X-ray diffraction
patterns that have to be recorded may be reduced. This allows for a
further increase in the efficiency of thel2nethod according to the

i nvention. Changes in phase behaviour can be determ ned in various ways,

but for the rapid screening of nmultiple sanples under reproducible
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interest remains s st anc
components preferably such that the total composition of an individual cell differs in

at least one aspect from the composition of at least one other cell, where the mixing of
components and analytes is either simultaneously or in sequence, in any order;
- optionally modifying the conditions that lead to changes in phase behaviour
15 in individual compositions;
- detecting changes in phase behaviour, more in particular crystallisation, of
the compositions in the separate cells.
Additionally to speed up the identification of ideal conditions, the different
cells can be compared (automatically) to each other. |
20 Of course the change in phase behaviour of the composition is preferably
mainly caused by a phase change, more in particular by crystallisation, of the
analyte.
To enhance crystallisation of the analyte an inert nucleus or inert nuclei for
crystallisation may be provided. In one embodiment the invention thus provides a
25  method wherein the surface of the support medium comprises at least one
crystallisation nucleus comprising an inert crystal, preferably those wherein the

nucleation centres are in the form of small crystallites preferably of salts or



i nterest cannot be precipitated at its present concentration with said
salt. Detecting phase changes can al so be done by visual screening, for

i nstance wa@ompds2 t he aid of m croscopy techniques. The exPET/AREE005§1

pol ynor phs can then be determ ned by the previously described techni que.
The invention further provides as a specific enbodi nrent a nmethod for
screening the crystallisation behaviour of at |east one anal yte conprising
the steps of- - providing a solid support medium conprising of a nultitude
of separate cells, 10 - conbining the analyte in each separate cell wth
one or nore other conponents preferably siich that the total conposition of
an individual cell differs in at |east one aspect fromthe conposition of
at | east one other cell, where the m xing of conponents and analytes is
ei ther sichmiple3@eetieYarilyte NISSWIRACANbONIMBAY 1 @Sstallinfhdt@fabt themodi fyi ng
the conditions that Ieadyto changes_in_phase behaviour 15 in individual
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chang@, RB‘?%W%%%?F%&&%B?%W% allisation, of the analyte. To enhance
crystallisation of the analyte an inert nucleus or inert nuclei for
crystallisation may be provided. In one enbodi ment the invention thus
provi des a 29Pesorhidontedthediguressurface of the support medi um conprises
at | east one crystallisation nucleus conprising an inert crystal,
preferably those wherein the nucleation centres are in the formof small
crystallites [igherhlifhe abrahlaysutosf tWONGi2/opbRe 2ubET4thiviith 06 §ditairkds.
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Figure 3: X-Y translation table on diffractometer.
Figure 4: X-ray diffraction patterns of different poiymorphs recorded in the
microarray. ,
Figure 5: X-ray powder diffraction patterns of polymorphs A, B and C of
15 F50sNCisHa. '
Figure 6: Pathways used to produce polymorphs B and C in bulk from
polymorph A of F503NCisHo.
Figure 7: Microwell containing a polymorph 6f F503NCisHs.

20 | Examples

A microbatch array designed to process organic and inorganic liquids at
elevated temperature and pressure was used. Materials were chosen to be as
chemically inert as possible, to allow for a rapid heat transfer to and from the liquid

25  compartments. A microplate array with outer dimensions of 127.7 mm by 85.5 mm,
containing 96 wells was machined from brass, and was after machining gold plated.

The volume of the microwells is approximately 50 pL and the individual wells are

sealed with an O-ring made of a synthetic flexible polymer. For this purpose Viton®



substrate itself may influence crystallisation of the analyte. The
crystallisation initiation may further be influenced by a step in which
nucl eat i wobxodsnriuced by agitation, vibration, m cro-wavePCT/aa0EE],
(ultra)sonic 5 treatnents or a conbination thereof. Description of the
figures Figure 1: The overall layout of the mcroplate substrate with 96
containers. 10 Figure 2: Filter holder. Figure 3: X-Y translation table on
diffractometer. Figure 4. X-ray diffraction patterns of different

pol ynor phs recorded in the mcroarray. Figure 5. X-ray powder diffraction
patterns-of polynorphs A, B and C of 15 IH503NC18H2. Figure 6: Pathways
used to produce polynorphs B and Cin bulk from polynorph A of F503NC18H2.
Figure 7: Mcrowel | containing a polynorph of F503NC18H2. 20 Exanples A
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10 The wells or containers of the substrate are filled with any manual, semi-
automatic or automatic pipetting or dispensing device. The analyte is introduced in
solution, upon which the solvent can be evaporated. It niay be important to
thoroughly filter the solution of said analyte before introducing it in said containers.
Subsequently other componenfs or solvents can be introduced by pipetting. If sofne or

15  all of the anaIyte present in a container does not dissolve in its liquid environment,
the temperature may be raised, optionally after said container has been sealed, to a
temperature that is sufficiently high to achieve total dissolution.

A méans of changing the conditions in the array of containers, resulting in
crystallisation of the analyte is optionally provided. By changing the temperature, by

20  allowing solvent to evaporate, or by a combination of these two processes,
crystallisation is induced in parallel in one or more of the containers of said
substrate. A means_of analysis of the crystallinity and identification of polymorphs in
each of the solid fractions in the array of containers is provided.

Optionally, the solid materials from each of the individual containers can be

25  transferred simultaneously to a thin carrier membrane using one of a variety of
different ways. For example, Whatman Polyfiltronics has developed a system for

harvesting on a single filter, precipitated chemicals from a 96-well plate by filtration,



a brass bracket is nmounted with 16 small screws. The format of the
mcroplate array 5 is based on the standard size of a 96 well mcrotitre
pl ate. TweObremss2 m croplate is bolted to a stainless sterCT/adepess1 board
that fits snugly into the heating elenent of a commercially avail able
96-wel | thernocycler. (Viton and Kalrez are registered trademarks of
DuPont Dow El astoners, Teflon is a registered tradenane of DuPont
Conmpany.) 10 The wells or containers of the substrate are filled with any
manual , sem - automatic or automatic pipetting or dispensing device. The
analyte is introduced in solution, upon lhich the solvent can be
evaporated. It may be inportant to thoroughly filter the solution of said
anal yte before introducing it in said containers. Subsequently other
conponentusingra sjHcied susti@agydbeni Aty ©f dutvyngibd @nhlyssy. andf idsotificadionld al |  of

the anal yte present in cont ai her does not, di ssolve in i l'iquid
envi ¢ ol SEaL HEDeHE o ROGSTHA b en AEATdt CORBERIRY PiPieer  sai d

cont ai ner has reptRaal Bler sGnduntb@BRALH -Utakdldtfiond Syssathf likd Rtdng high to
achieve total dissolution. A means of changing the conditions in the array

of cont airifactugediby (Hgedhna (o Jbd-Alinigatiasriapthatie plasat ppan X1t i onal |y
provi ged.q;ffy, £ Qf,ﬂﬁgetﬁ?erf-@ﬁr?ehuf] or 8¥m I%Qni%'s'(ﬁlélff'@fh%%é’tﬁ@{l D N
evapor ate, or y a conmbi nation of these two pr ocesseé, crysta Ir:ll sation Is

i nduced i(Brpenabdiet powden X-may diffractoh paterocordaba escorddfd gaadaresubstrate. A

means of al ysi.s of rystallinity and i j £l cati.opn qf I rphs in
cach of R e Fhelii At i utls JosfGr oEGAR Rripeet Buiry O R

Opt i onal |Qernidig). S0kaHdiEhEidia) Stdrhe Bré Aebrddid dilech BEiihe dibtltatedBhay 4161 S can
be 25 transferred sinultaneously to a thin carrier nmenprane using one of a

variety dreld ep thetilber Atkgydhe paposixapinme reigpdeiedtnsranighed thodiZs has
choni' 2ot S PiRFR o SRR AR 21 B BT hiBE AR RE6Y) 00sas
15 usi ng diffsgetion ainagercaiecamadysstl@ml comperats Fidctaatiogrhtdgramalsy dis tame.
et 1 Gl 0 OF PV S8l ARSI S RO RS e PR O
mutually comparing the observed patterns.
An éxample of the application of the described technology is given below:
15

Results on Fs0O3NCisHz in microarray

A single chemical compound (F50sNCisHs, molecular weight: 393.36) was

tested for‘crysta]]ising conditions and polymorphism, using a simple heating-cooling
20 cycle on a screen consisting of 16 different solvent compositions. The diffraction

patterns of different polymorphs were identified automatically using a cross-

correlation method. The full screen consisted of 6 identical subsets. The identified

polymorphs are indicated in table I.

 In some of the containers no polymorph could be identified. This may be due to

25  the absence of crystallinity and/or the very low amount of crystalline material

present. Out of 73 compounds classified, according to their X-ray diffraction, only two

wells contained material that was not a polymorph of the original material

(polymorph A). The X-ray diffraction patterns of the three polymorphs are given in



The optional filter is mounted on an X-Z translation system |ike the one
manuf actured by (Al techna Co. Ltd.,Vilnius, Latvia) that is placed on an
X-ray 5 avébresooneter, |i ke an FRG 391 generator from NoPCOSL(D®SEt, The
Net herl ands). (Transm ssion powder) X-ray diffraction patterns can be
recorded on an area detector, |ike the MAR 345 inmage plate detector of MAR
Research GvH (Hanmburg, Germany). X-ray diffraction patterns are recorded
of each of the retentates that are held on the filter. After the exposure
of one retentate has finished, the X-Z 10 translation tabl'e noves the next
retentate into the exposure position. Thel®&-ray diffraction inmages are
anal ysed and conpared. Fluctuating backgrounds, due to e.g. non-uniformty
of the filter, can be renoved fromthe diffraction i mages before nutually
conpar i ndigtibe 4 ohs@nchdignaitt ie possiblAno exadek endfdetdet palyplorphd insmall t he

descri bed {echnq) i iven below,. .1 espl ts on E503NCL8H2 in

i or oar r 910G R B A SRR RS Au E BREon o0 i Sy kie oisgpeh

393. 36) W@possiel B the infdrystRin W dHlafRAdtdnh @0&itRAd] RREHEUxRIYrRIB thdsi Ng a
si npl e heating-cooliing 20 cycle on a screen consisting of 16 different ‘
sol vent ®bapodisgrandn moye detdil yodlind entipised dregeseing¢pndidpant pol ynor phs wer e
i dentikfied automatically using a cross- correlation nethod. The full screen
consisted of 6 identical subsets. The identified polynorphs are indicated
intable |I. | Reordts of Fs0eNCasHdAndeulk no pol ynor ph coul d be ‘i dentifi ed.
This may be due to 25 the absence of crystallinity and/or the very | ow
anount of crystalline material present. Qut of 73 conmpounds classified,

according to tiRed polmbosyhsdB fahf &b proditad fet thuekistn € adtadiged nat eri al
that was not a pol ynorph of the original material pol ynmorph A). The X-ray

di f f r act iPGHTRRIPREbIPing a TREC AL Patiysaysdbp hermationgpfnolymerrhd vas feeo?
dPCT/ 01/ t%?%}SSHIJV@n%I)Mg}BﬁI%?pI{lA ih 20N 480384 tdhpdatRAS O Bad LpRsQfiuce and
etect polynorphs in s : ‘

This seems to be an intermediate structure and several pathways could be used to \

obtain the polymorph C in bulk. The X-ray diffraction patterns of the three

polymorphs are given in figure 5. In conclusion, both B and C can be produced in bulk

; using different pathways as showr; in figure 6. The inass of polymorphs A and C was
15  determined by ESI mass spectrometi'y and both masses were in agreement with the

chemical composition as documented. It can be ruled out that polymorph Bor Cis a

degradation product, since C can be produced from pure A via intermediate B.



volumes. Relating the processing condition to the formati on of the desired
pol ynorph is possible. Furtherinformation was obtai ned from additi onal
screens ax@bwodsny the phase diagramin nore detail to fipdr/opbi/enssed
processing conditions. 5 Results on F5G3NC sH2 in bul k Two pol ynorphs B and
C were produced fromthe original material, polynorph A using a variety
of pathways. The formation of polynorph B was found 10 after dissolving
pol ymorph A in water at elevated tenperature 120 C 'and pressure. This
seens to be an intermedi ate structure and several pathways could be used to
obtain the polynmorph Cin bulk. The X-rayldiffraction patterns of the three
pol ynorphs are given in figure 5. In conclusion, both B and C can be
produced in bulk using different pathways as shown in figure 6. The nass
of polynorphs A and C was 15 determ ned by ESI nass spectronetry and both

nmasses were i reepent wth th hem cal conposi.tion as docunented. |t
can be rul ed glzﬁalgf’ﬁéﬁwgﬁ%‘i‘ﬁﬂ‘%p&iy’@qr?ﬁﬁo KBTI oduct, since C

can be grodug¢ed Tfem pppe A yia it efigedr ate Bl gWO Pg7 068 G/ NI 00541
17 Table 1: lldentification jof palvnornphs on thé nicro-arlray 2 31456 7 8
9 10 11|12 | B|BC|BBHB AIBRCCBII|BCECB BBACiBBg@ C|all|BC
CC-C?C.,CC" B c-C c cB c£t—\VEB C-CIA-B BB CJ|CB
viB- ¢dBl--1%de- M & -lscccd€chkBBec Wirl€c ¢C Bl ¢
CB- - [fptépin|ghe fablrescitgiic nyer alo Sy[rpol S| gr e [Uged [T@ 1 g caje
t he posiltionlin

IV |B - C C - C - C B - C C

14 C B - C C A B B B C C B

VI B - C - B . - - B Cc |C

VII |- C - B C c {C C C C C C

VIII | B C C - B - C C B - - -

Note: in the tables italic numeral symbols are used to indicate the position in
the plate. In this table the non-italic symbols A, B and C indicate the polymorph

5 identification.
Table II: Solvent composition of each microwell

One gram of F50sNCisHzwas dissolved in 4.5 gram ethylacetate p. a. and 20 p
10 L was added in two portions of 10 ul. into each of the 96 wells in the micro batch
plate. The solvent was allowed to evaporate by heating to 40° C in a conventional
PCR machine with an open lid for one hour. The following 96 well screen was set up
with 4 solvent components: water (Hz0), methanol (MeOH), 1-butanol (BuOH) and 2-
propanol (i-PrOH).
15



t he pl at

pol ynorph 5 identification.

e.

Table 11:

In this table the non-italic synbols A, B and C indicate the
Sol vent conposition of each m crowel |l

One gr amvod oH#&@BBNCLSH2 was di ssolved in 4.5 gram et hyl acepatr/aLproodsl and 20
t 10 L was added in two portions of 10 L into each of the 96 wells in the

mcro batch plate.
Cin a conventional
foll owing 96 wel
net hano
02/ 06802 PCT/ NLO1/00541 18 index

(H20),

(MeQH),

1-

but anol

HO 10 L H2O5 L BuOH 5 L i-PrOH.

10 L MOH 5 L BUuOH5 L i-PrOH

(i-ProH).

The
wat er

The sol vent was all owed to evaporate by heating to 400
PCR machine with an open lid for one hour.
screen was set up wth 4 solvent conponents:
(BuOH) and 2- propanol
123 48 15 L HRO5L McOH 10 L H20O 10 L
B5L HOI15 L MeOH 10 L McOH 10 L McOH
C5LHOS5L MOH 15 L BuOH 10 L BuCH 10

15 WO

L BuOH 10 L BuOH 5 L i-PrOH. D5L H2O5 L-MeOH 5 L BuOH 15 L i-PrOH. 10 L
i-PrOH 2101 j-PrOH 101 i-PrOH +Table |11l Index 1 2 3 45678910 11
12 | Aljingexa3Ipda Al A2 AR A4 || 131 B2 B¥ B4 B1 B2 B3 B4|411 ClL C2 (3 ¢4
CL C2 CHpi— 1 BB 08 [ P B 5 DF Mo AioP 4 A [ A AT | A2
10 pL Hz0 5 uL. BuOH 5 uL i-PrOH.
B 5 uL H20 15 yL, MeOH 10 pL. MeOH 10 uL. MeOH
10 yL MeOH 5 uL. BuOH 5 uL i-PrOH.
C 5 uL H20 5 ul, MeOH 15 L, BuOH 10 pL BuOH
10 pL. BuOH 10 L. BuOH 5 uLi i-PrOH.
D 5 pL H20 5 uL MeOH 5 uL, BuOH 15 pLi-PrOH.
10 uL i-PrOH. | 10 4L i-PrOH. 10 uL i-PrOH. |
+Table III
Index |1 |2 3 4 5 6 7 |8 9 10 |11 |12
I Al A2 [A3 |A4 |A1 [A2 [A3 A4
II Bl |B2 |[B3 |{B4 [B1 |B2 |B3 |B4
Ji7} Ct |Cc2 |c3 [ce [C1 |[c2 |C3 |cC4
v D1 |D2 |D3 |D4 |D1 |[D2 |[D3 |D4
vV Al [A2 [A3 [A4 [A1 [A2 [A3 |A4 |A1 [A2 |A3 |A4
vi |Bi1|B2 |B3 [B4 |B1 |[B2 |B3 |[B4 |B1 |B2 |B3 |B4
vii |[c1|c2 |c3 [ca |c1 |C2 |C3 |c4 |C1 |C2 |C3 |C4
virr |p1 |[D2 |D3 [D4 |D1 |[D2 |[D3 |D4 |{D1 |D2 |D3 |D4

array.

The composition of the 16 solvent screen was repeated six times on the 96 well



VI B1 B2 B3 B4 Bl1 B2B3B4Bl1B2B3B4 VIl CLCCGCACLCCGCAC
G344 VIl D1 D2 D3 D4 D1 D2 D3 D4 D1 D2 D3 D4 5 The conposition of the 16
sol vent aw0emmsvms repeated six tines on the 96 well arrpgT/NM/@2406802
PCT/ NLOL/ 00541 19 Clains 1. A nethod for detecting pol ynorphi smof at

| east one anal yte, conprising the provision of a set of conpositions, each
sai d conposition conprising at | east one 5 analyte, and inducing or

al l owi ng each conposition to adopt at least a first condition possibly

i nfluencing crystallisation and detecting any crystallisation in at |east
one conposition. 2. A nmethod according t®claim1, additionally conprising
a step wherein detected crystallisation in a conposition is conpared with
detected crystallisation in 10 the other compositions. 3. A nethod
according to claiml or 2, wherein the aqiglwd e crystallises in different
pol ynorphic fornms. 4. A nmethod for optimsing the conditions of the
transformati on of one polynorphic formof an analyte into another

ol ynorphjc fo J i3 . j r - & nal yt e
o 2 et hbd ase sty oERRRtinag dolfin@Rfient O AR ke bl bl
wher ei n eaohisimeniier sed bf sanposiginsy Pachceaip osnpositien dothpesingiat latst bﬂast one
condltlon fr om an her osition of said se rdlng to
o o mes. W A FIRR i SRRt sop Lk ot A BEoD
condi t i onposgiBlyinfhiefiBihBeeyReLBAHIN Bnd debBhinby cMiedlBEMiGRirtaidbadt@mst one
condition conprises a chemcal condition. 8 A nethod according to claim
5, wher ei WIPEHI%et of conpositions is provided on

2. A method according to claim 1, additionally comprising a step wherein

detected crystal]isation in a composition is compared with detected crystallisation in
10  the other compositions.
3. A method according to claim 1 or 2, wherein the analyte crystallises in
different polymorphic forms.
4. A method for optimising the conditions of the transformation of one
polymorphic form of an analyte into another polymorphic form by sﬁbjecting the one
15 polymorphic form of the analyte to a method as defined in claim 1.
5. A method according to claims 1-3, wherein each member of said set of -
compositions differs in at least one condition from any other composition of said set.
6. A method according to claim 5, wherein said at least one condition comprises a
physical condition. |
20 7. A method according td claim 5, wherein said at least one condition comprises a
chemical condition. | |
8. A method according to claim 5, wherein said set of compositions is provided on
a solid support medium comprising of a multitude of separate cells, each comprising
one composition. |
25 9. A method according to claim 5, fﬁrther comprising changing at least one
further condition after exposing the composition to said first condition.
10. | A method according to claim 5, further comprising identifying conditions

under which desired size and homogeneity of analytes are obtained.



a solid support nmediumconprising of a nultitude of separate cells, each
conprising one conposition. 25 9. A nmethod according to claimb5, further
conpri si mgooheasgl ng at | east one further condition afterPe€rRposi/ongst he
conposition to said first condition. 10. A nethod according to claimb5,
further conprising identifying conditions under which desired size and
honogeneity of anal ytes are obtai ned. WO 02/06802 PCT/NLO1/00541 20 11. A
met hod. according to any one of the foregoing clains wherein said analyte is
a small organic nolecule, an organonetal lic conpound, a catalyst, a salt of
an organic nolecule or pharmaceutically 2cti ve conpound or a bi onvol ecul e.
12. A nethod to any of the previous clainms, wherein the conposition has a
volunme 5 of |less than 1000, preferably |less than 100, nore preferably |ess
than 10 micr olAl fethod akdordihd Bt hrieQr thé RBGEIING IRIRO WPeRdih s@id HAMAEIST Ng.
crystals of an analyte of . a narrow size distribution, conprising selecting
cryst al | esmalbereapisaneleenls, apereaapmetaiacsperound. a catalyrdda selé of an AEganis any
one of t ' ' ' [ itions to a desired
total vo urlrée&ﬁﬁgpfi%l%cgggg% i%t%%%é%l 81##<£P§§'b%rr1§/§§%qés of an analyte of a
narrow sil2e diAsmeihodttoamy of bhapreaiviue chyima, whéitend tleecaomshisitiprt loascd eolom®0. 15.

Use of a it] accordiing to claim 10 as urce for _crystallisation
nuot op R 54k b, BECRINY et it it B By 155 chgh 1(iminolar £ or
produci ng3cr y st Akshodf foR Prait@ingt LeonGRRIInSdoneh ridifY bilistids 8fan dRalowedfsat ur at ed
conposi tion of said analyte and providing said oversaturated conposition
With a coapey tirefishdbetion sgmpsisuigsetacting crystalkispdemerndiiensder &ifi ni ng t he
structur oS j i : POSI 1] . st al
From sai 47 A8 By A 08 (CORRIe ity SHEL ALY Bkt MRS il B sald

el ect r on candifipng ta @desingll ttalohaye.di ffracti on and deternmning its crystal

20 StlB uctlir € A composition comprising crystals of an analyte of a narrow size distribution
obtainable by a method according to claim 10.
15.  Use of a composition according to claim 10 as a source for crystallisation nuclei
in a crystallisation process for said analyte.
16. A method for producing crystals of an analyte, comprising providing an
15  oversaturated composition of said analyte and providing said oversaturated
composition with a composition according to claim 14.
17. A method for determining the structure of an analyte comprising subjecting a
composition or a crystal from said composition according to claim 10 to neutron
diffraction, electron diffraction and/or X-ray diffraction and determining its crystal
20  structure.
18. A method for screening the polymorphic behaviour of at least one analyte
comprising the steps of:
- providing a solid support medium comprising of a multitude of
separate cells,
25 - providing two or more of the separate cells with the analyte and other
components such that the total composition of an individual cell differs in at

least one aspect from the composition of at least one other cell,



18. A method for screening the pol ynorphi c behaviour of at |east one

anal yte conprising the steps of. - providing a solid support nedium

conpri si moeotoaonul titude of separate cells, 25 - provi dPOYNLOZ00S41 nor e of
the separate cells with the analyte and other conmponents such that the
total conposition of an individual cell differs in at |east one aspect
fromthe conposition of at |east one other cell, WO 02/06802 PCT/NLO1l/ 00541
21 - optionally nodifying the conditions that |ead to changes in
crystallisation behaviour in individual conpositions; - detecting changes

i n pol ynor phi ¢ behavi our of the conpositi2dns in the separate cells by
determ ning the crystal formof the analyte. 5 19. A nethod according to
claim 18, additionally conprising a step wherein the conposition of the

cell is further nodbpii@hllydQodifyinEtkoebndtididhadlcad t6 kRamgek8nor 19,
additionally conprjsing a_step wherein the crystal formis determ ned by
neut ron di f f r SFEFalsatindeahagipugin ndividpalcogpogitions: diffraction, preferably

X-ray diffraction.  4feltng &J@Q%pagﬁl%ﬁme?ﬁ%g?&%ﬁ € cOhp6liftbAPinknt2 or

16- 20, wherein the analyte is provided in ormof a crystalline or
aggr egat ed st semmrategiells ibyrletermihisigdhe oryséal fotrs péhlsd mmlyi22. A net hod

accordi ng,t o gl ai 8-21 .. wherei.n e rfage of the support, medium

conpr igs egg'at erélgiirﬂoé e € r%nsg[ té) 1 %lrsnaﬁz &4 a#hoéllagﬁ § O%B%Jﬁgse} %p a%helr ?llélrtﬁe crystal.
15 23. Acompbatiomefidictellds frthdranodifidd.12 or 18-22, wherein the cells have a
volume or. are filled to_a total vol une of at st at npst 1000, preferably
at nost 280, gﬁiﬂ%thograé?%flatﬂ to Cg%lmn&?r K agflepoppaily spmpyiginga shep FHWTERC or di ng

to clai mepeladdtad forkPicd@teMAREE bY nblifiof HifihcBOR! AbdrdH aif@aLtionl @OX vy €f erably
at nost 10, nore preferably at nost 1 m crogram of the analyte.
diffraction, preferably X-ray diffraction. : ‘

10 21. A method according to any one of claims 1-12 or 16-20, wherein the analyte is |
provided in the form of a crystalline or aggregated state, sblution, emulsion or a
suspension.

22. A method according to claim 18-21, wherein the ‘s‘urface of the support medium
comprises at least one crystallisation nucleus compiising an inert crystal.

15 23. A method according to claims 1-12 or 18-22, wherein the cells have a volume or
are filled to a total volume of at most at most 1000, preferably‘at most 100, nidré
preferably at most 10 microliter. ‘ |
24.. - A method according to claims 1-12 or 16-23, wherein the cells contain at most
100, preferably at most 10, more prelferably at most 1 microgram of the analyte.

20 25. A method acéording to claims 18-24, wherein the change in crystallisation
behaviour of the analyte comprises the formation of crystalline matérial of the
analyte.

26. A method according to claim 25, wherein the formation of crystalline material
of the analyte comprises the formation of at least one polymorphic form of the

25  crystalline material. ‘

27. A méthod according to claim 25 or 26, wherein the crystail]ine material of the
analyte comprises co-crystals of two or more analytes or of an analyte with a small

molecule, like a salt or a solvate.



20 25. A nethod according to clains 18-24, wherein the change in
crystallisation behaviour of the analyte conprises the formation of
crystal |l iweonedsez i al of the analyte. 26. A nmethod accor dP@yNLov/@s&ai m 25,
wherein the formation of crystalline material of the analyte conprises the
formati on of at | east one pol ynorphic formof the 25 crystalline material.
27. A method according to claim?25 or 26, wherein the crystalline materi al
of the analyte conprises co-crystals of two or nore anal ytes or of an
analyte with a small nolecule, |like a salt or a solvate. WO 02/ 06802

PCT/ NLO1/ 00541 22 28. A nethod accordi ng2o any one of clains 1-12 or
18-27, additionally conprising a step in which nucleation is induced by
addi tion of nucleation centres, by agitation, vibration, mcro-wave

treat mentes. (UIA imailAtcBordi@do Bt sheQf chuim@Mbl h@t 1807 L {RtESMally cdthprAisget hod
according to claim 28, wherein the nucleation centres are in the 5 form of

smal | cr pstteR in veich gpleationds istncad by pdilitipnied neickeatiop gentipr byiagitetiens mal |
crystal | ivhg5eah oo Wn@reatATRL SR Ofnil DEARALLIE o AlubifhdiBi fiadegaocor di ng
to any one of clains 1- or Z27, erelrn changes in crystallisation
behavi ou29ar e Adeedotdedctndimprsdainn gy, wiosrtimntheuslcleabionicehyesitd anthley, 10
opticgl nd/Of diﬁfraﬁtﬂ n characteristics of the individual cells. 32. A
net hod actdr 8t #g? 8n§’§h‘ﬁb of claims 1-12, or 18-30, wherein the anal yte

and/ or caoPoneNistlddeacasidietl toxlAiRe 29 ahhéreltyiii £741t Blyaedihitcs a6lé SHENSI N
techni ques, _bubble jet dispensing techniques, electrospray dispensing

techniqué@ﬁpkﬁéﬁﬁfﬂ§ﬁﬁmbﬁ8no-dispensipg techni ques, or flood filling or
co gblo retens UWDREARN actokdRil 1oy St or el P 1118 97! FhORM Sheliodin ™t NOd of
crystallisation behaviour are detected by measuring, continuously or intermittently,
10 dptical and/or diffraction characteristics of the iﬁdividual cells.
32. A method according to any one of claims 1-12, or 18-30, wherein the analyte
and/or components are added to the cells by piezo-electric dispensing techniques,
bubble jet dispensing techniques, electrospray dispensing techniques, micro- and
nano- dispensing techniques, or ﬂoqd filling or combinations thereof.

15 33.  Crystalline material obtainable by a method of any of the previous method

claims.



