; €3eL6BTyX V1' O U2/ 0i . 411~3 TITLE OF THE | NVENTION  METHOD OF SEARCHI NG
FOR AND GENERATI NG H GH FREE ENERGY FORMS 5 10 FI ELD OF THE I NVENTION, Th

pr esent na&nﬁgg(ﬁylate to searching for and generating hi gpfilsfEs@Rer 9y
fornms of a sanple conprising a conpound, an elenent, or a mxture. More

particularly, sanples are solidified in capillary tubes, and a distribution
of solid fornms is generated, including high free energy forns. The

generated forms may be nore stable within the capill ar&%mmwnbe
i solated and anal yzed within the capillary_tubes. BACK
| NVENTI ON 15 20 25 A cheni cal Ié&p@e@ﬁdT—H&—I—EYEﬂ%T—QEe of conpoumdse nay

exist in different solid forns, each of which has a characteristic free

‘ energy at a given tenBEFHOLr 8F SEARECHAPGURAR| 8N SENERAAEHGconposed of

atonms or ions in chemcal co F@ﬁt%@@E NERBROUREMY | | usual ly include
atons or ions of two or nore elenents, but as useg herein, may include

subst ances conposed of one el%gﬁab'o¥h%HEf9§g#N9Eoﬁ conpound or m xture
refers to its arrangenent of immthe solid or sem-solid
state. Different fornheofpiesaiporsthots nretute My beadesinggdbshed by

their x-ray diffraction patterns as well as other suitable neans. A
conpound or wodo Zeasretiny pagh Usue /enexsy heXeer ef ndy SBEPAFr anged in

acrystalline stahy ihele 4 neofpbendl CaneXitindit fiaedacankengations and
are arranged in a regular way. A conpouna or mxture may exist in different
possi bl e 5 c%ysMalrel nepawrimiladunt hersamp oompoand ~eplidafiedr eimmay have

different crystallli, for L%}hat correspong%t Lfferent fre rgy
| evel s. A cheniggplggﬁﬁghgg Fsﬁix@ﬁpe ﬁay lgggggﬁﬁﬁﬁﬁs,Cﬁeaﬁfﬁgﬁthat it is
not characterizedds aisegWéterated, including high freé energy

forms. The generated forms may be more stable

within the capillary tubes and may be isolated

10 and analyzed within the capillary tubes.

BACKGROUND OF THE INVENTION

A chemical compound, or a mixture of
compounds, may exist in different solid forms,

15 each of which has a characteristic free energy at

a given temperature. . A compound is a substance
compbsed of atoms or ions in chemical
combination. A compound will wusually include

atoms or ions of two or more elements, but as
20 used herein, may include substances composed of
one element. The "form" of a compound or mixture
refers to its arrangement of molecules or atoms
in the =solid or semi-solid state. Different
forms of a compound or mixture may be
25 distinguished by their x-ray diffraction patterns

as well as other suitable means. A compound Or
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10 arrangenment of nol ecules, which tends to indicate a relatively, high
free energy state. The sanme conpound or m xture may exhibit different
properties endi ng upon which formit is in (such as a <Rk
crystall ie\sl(e)?)g@‘rmg}uch as one 15 of several different crystng{:?;iaﬁgﬁ?"()‘ﬂrrs). A
compound or mxture will have a nost stable solid format a given
temperature (thBiXEyre| @y MesfrrprBgedndiyyd f SEMSERILRAE tHdtature), and

may have | ess siablg tRLMnoryflLepis: I ehetdiadd Ol i@l oh free
energy forns, or as ne asta%]le orms I n sone contexts. For exanple, if a
conpound cryst ahhiizesei araaatalll éncayseghiliar matyhat A ssddmpounsstost abl e form
that can be found, then any other .formthat i ,ééefound may be considered a
“ high free energJ*¥bHAf i nTelat ©FYF&s hilgher Cflr STy gy E‘%{%ﬁﬁﬂﬁs most

stabl e formg Sughykepisigee mRbastabl e therwodynagi caldmpdund hagrthey are
stabl e enough to ge found in solid form at |east for sone 30 period of

" time. Past attemprture gewerave Hidiferead ararspplildnes fies VideRE | ash -

Condi 1 ons. - andPaF - RBSAAAI 1 of 15f “Eehas B S0P RALTAL ol 31" Howdber , Sone

materi al s stronghgmiealstcdtweogederat i eixofir&i glayf r ee .amoepigyud orns, and
previous attenpts tQ generate 5 high free energy, f oy of such materials

have not ° beenV§aRiBfattéfy 1trdrs deipier 2 sHRALHRT gl ycogen,

do not formMigh, fLageRBREIY f HJTRHN@SS HIRHL tdehds GhRNgLaifapd Or
tenperature. However, for a variety of reasons, |10 it may not be desirable

to alter pH, teaperstafrivekyohheh dorati t epAsIVh@Yade-enptlihey samgener at e
hi gh free energéﬁ)g‘ﬁ%}ﬂ%gr V\hgp a rﬁto)wﬂ@d H%I%/ di EQEE‘LB@E soaigfe(__p{_?ﬂyst al l'ine

forns, the diff ns-are requentl’y referred to as polynorphs of
the conpound. Aptpekyrdephi g¢épendpegndipas ushdcher orm means ig compound

havi ng nore than one solid form For exanple, a pol ynorphi c conpound nmay
have different fENFE &8 AOTENRYSAIQY e YAF S RG ureE BCHi 39 ePBRt forns

based upon fwdr ki QRyve@h1i 4iFREBAYE cByCEUST AL ESrf’nQ?m and an anor phous
form There are several reasons why it may be desirable to search for

di fferent pol ynorph 25 tomppundncloadi ngxdhkeer whllf r Bavenergynedkins, of a
conmpound or mxture.. Different. free_gnergy. t ound or
P 1o it T5rBhot b1 oo ShsSh Ralind A o AR

m xture may exhi t properties ares ent free
energy forns, ingl udi pgsdi fifarent 30reeystaaldrgye foome, oft a chapound or
mxture my have O edaturd), Cand may Gede ' Yedt PALLLIY 2Eo2RR! I Cation. 3
20 which are referred to herein as high free energy
forms, or as metastable forms in some contexts.
For example, if a compound crystallizes in a
stable crystal form that 1s the most stable form
that can b'e found, then any other form that is
25 found may be considered a high free energy form,
in that it has higher free energy than the most
stable form. Such forms are metastable
thermodynamically in that they are stable enough
to be found in solid form, at least £for some
30 period of time.

Past attempts to generate high free energy

forms involved flash evaporations, cooling under



V1' O 02/ (1S~O 13 PCT/USII1/5115~7 One or nore solid fornms may be generated
by crystallization of the sanple. Anong the phenonena in crystallization

are nucl | OR< - growth. Crystal nucleation is the foppgijsansf; 5 an
order ed gﬁﬂ(gmﬁﬁgge fromliquids, ' supersaturated sol utions, sat ur at ed

vapors, or anorphqus_phases. ystals ma iginate on.a.mnute trace of a
f or ei gn substan%é%ggirt%t?gr icr‘fﬁ'ﬁjittlioé?’or %rbﬁ%gne‘?h%l Fgglg]&?flngogs a 10
nucl eation sitegedigace Mucdeird i i dBYaset 1BRe¢hAl agbre afatkReals

crystal lization process, the identity of the foreign substance is an

i nportant paransteendglive prassidice Bie " sgeugrapiont hef chyshal X8 conpounds
in a crystallizati 5 i ro nt : b ficial,, detrli |, or

" both, but in an?%ee\(’/%g’%l, fﬁgﬁ%ﬂ |y aspg%{}]ll%?? u%rr%gee. %&%OV\E% irgghgﬁgkgnl ar genment
of crystal s sausedhbyEeposidiagn Hbrmol efubeshomagnréxist hagesmoftace.

. Typically, a solid to be crystallized is 20 present in a sol Létion at,

above, or bel owHeEd sas@:l;rlé;tﬁ'aﬁ‘r’foﬁé‘rnt S a ST SremFEFSt ufgS-EmS,

Crystal lizationdggy nhti a8 dfed achbi tRiteds Hym ! &R NPrso! wertrgychangi ng
tenperature, and/or adding anantisolvent. The solvent nmay be 2? removed by
evaporation or dicms neansesl t shezei vely, 2hechemgéerativre BH tlog sol ution

is changed, resulting.in _crystallizatian. Even | Ly, t l_utiqn reaches a
poi nt where cry e&]pseq‘vatﬁregr oa/(?w%%e%ari Od: aacrvtyals{t%éalt?gfi zgfi oﬁf(n%a%roé%éss, a
speci fic chewi calt subgt Apeebany e iisitdld | ze aDter dplf ereniperatnge For
exanple, amoniumnitrate exhibits 4 WO 02/ OS~0~3 PCT/ Cl SO1/ sOS57

di fferent cryst&¥ f R8T d&BWHiHPHh Vhe™t &RfemRme BRI GR™SESES ammoni um

ni trate exhi bi tshiaanl_.; SRR £F YRiAs fOrm and above that tenperature, it
exhibits an orthorhonbic 5 form Above 32.3C, ammoniumnitrate exhibits a

different type of ortWimrhorbi cofipomndantiagboved B R il t ®Ta tri gonal

form Above 12S.2C .a nium pi_,trate exhi bit.s i.c C | fQqrm and at
169. 6C ammoni umcr"ﬁytsrt-‘a‘a{ﬂf;"D Wi P'rlnls'CIuefe;h%t gtlégsegc%glrti C %%%é%ureageAt a given

t enper at ur ezthe frawpsdntdinee wtenged ot f aequensd yynsrpiief esentdia |y for med
and the others have relatively higher free energy. Transitions from one
pol ynor ph form CERsEHEifopol yiror pPROF-EFREPBECanoFRRBEY or @St o YfSt her form

may be acconpanigd by, othemh Physi eadhpBhinghenh¢ahgChanges. cifie didd erent
forms of ammniumnitrate arise fromthe .different packing arrangenents
into which the radlsicll §sr@0 FHamst gkhipéeat ali PpérearpPhaApetemRAWEl Sone

conpounds may have different.colors.th indicate .diffe ree ener gy
forns: For examﬂ%% t¥ﬁy%on%%§gageﬁt %Erhg &2 f%g Jf?gtglf¥he
5- net hyl - 2- p62- nid rogthery) ) amno) -8t hif ephrenecafdrmm t r idesekhi bigen di f f er ent

colors 25 depending on which sqQlid formit is in. A specific solid form my
be nore preferaﬂ'ﬂé‘glf%%no?ﬁeﬁ“tsé‘}aiyd kF%Y?naFSFY(?)’%éFrEEB,e, f&?&‘ paorfcgrmrph may
have a mare desifabl & £ Ois Ofcgfcater hardness or disperse in water nore

easily ' 30 than another polynorph. Oten one polynorph formis nore stable
than another form Fdfhexanpize @eWBOGL oreaserisor WBHbI &t f oR&Y ofP&nmoni um 5

desirable to search £for different polymorph
25 forms, including different free energy forms, of
a compound ox mixtﬁre. Different free energy
formg of the same compound or mixture may exhibit
different properties. As a result, different
free energy forms, including different
30 crystalline forms, of a compound or mixture may
have greater or lesser efficacy for a particular

application.




WO 02/ (1S-103 PCT/US(11/SCSS7 nitrate is nore stable than the trigonal

form One approach to keeping a | ess stable polynmorph fromtransformng to

a nore stghl | ess desirabl e pol ynorph formrequires < an 5

addi tive ?g} Og/lﬂg@&:' rearrangenent of the crystal structure P’gﬁﬁﬁéﬁg"@% t he

undesired form It is known to generate _crystalline sanples in capillary

tubes. For exanple, OPn8 opamaHe NP lEd 989TB86MdYs ks RN Hethdel f or

growi ng crystal Rl apild ar ub ), pat ent jmar d di scl oses

crystallizing p?%%g}:%%ﬂg%a%?ﬁe -pdaﬂt engh%oegsartln t %di scl of‘ﬂ@r&e*%ti ve free

energy of the pphérbmsnaf cinedrystiiat zdicfiber eante f orues eaft ipnot @hdis wer e

formed. 15 As anot her exan?I e, E Amar 0- Gonzal ez E‘tF ?;Jﬁ} " Gas AnEi sol vent

"~ Orystal i zati onIEPYERgani ex58F2S BNGHeAGEESUS: Bof i Pt MafonaPt Of

Supercritica FLyids, odde{2800) L4PtL58, gHax@ osegrbpsul t $ifiids,

crystal lization of 20 |lobenzarit, including crystallizations in

" capillaries. Lobenezaphrturstad aRPLUSEPREIt| E2RGERESAANHABOEBNZaPEZ et al .
state that part] i | o i varj.ed i t he size of

The capi |1 ary) Eharerpts; SH0H. PEEPHLEDs L AEC ARG, 88 LA

nmor phol ogy can hénaest r aldaed usifng ai ffereign capubsaaycei afeiensy and t hat

it is possible to obtain individual crystals \i\,i&%gout aqggl oneration. The

reference does nBPUAEdRSse Qthat CRBETFFEr eliE st &C% %arrangenent s

at the ol ecyl ap,ah <ate@WhC Level 18ithe saldbavwde migdueed. fndifferent
particle size or shape 6 WO 112/0;.~11~3 PCT/ USO hUSS7 does not inply a

di fferent crystahatrectresi noé atdel i driistmléamacipst apkrpgessnt othany

di fferent shapes., For. _exanpl showf | ake se._a; rystal
f or m havi ng rranj}daf"gfléyeﬁrpc%stgqy%iﬁa%%é@ﬁ%gfé e%én%%bg%gngoes not
di scl ose that apphkamaliety ofrHd f frregdndeor nef maysbedgenesat edthara

plurality of capillary_tubes having the sane sire and shape. As anot her

exanpl e, U S. PSF¥SCaNGINE0 4CO0HOEESISdi sdfosed th&FY‘?&P&E&EaEFBEesseS are

known for grow pg.Sr¥skahkl NeaRodbes Buwk thataone RlGh iRGeass, okeferred to
as the '"capillary die process,” generally uses a capillary die or formng

menber from whi bhthhe hortysimldnneeverly, 1Sseahlbehgroan. iAslyencanot her
exanple, U S. Patent ,No, 4,295, 857 di esca 0 crystalline
precipitation o ré’w%ﬁlr ojrr%gg “wi 8’%%9%6%@%%% ?gr y. y%%%a%on%%%%eeqsg n aromatic
conpound havi ng dapodQ tdheimoFalmedeaitlieng orf e ekiemiphoserfakech gives col or
to the conpound. TheTpat.ent discloses_that it is desirahle to prepare a
reagent conponent or TB#EEYin & c8BitFFar§° beRBuEFYEEHA IR/  3f handling

of very smalj agpufs,Of 13ubst aRa@rand 2etit Axaididesrorpatod eask reduces
t he danger of errors in dosing of the substance, such as in clinical

chemi cal appl i castitonsitifive exmipites ditscl dsed FEer y HEFPSTRAEUESA of
f';)a,[ﬁegoggg??lzgpsriyﬂsézmsiﬁrzoa S GoPild aty LuRess SYEh AR i ey spof 30 five
removing solvent, changing temperature, and/oxr
adding an antisolvent. The solvent may be
25 removed by evaporation or other means.
Alternatively, the temperature of the solution is
changed, resulting in crystallization.
Eventually the solution reaches a point where
crystals will grow.
30 During a crystallization process, a specific

chemical substance may crystallize into different

forms. For example, ammonium nitrate exhibits



7 WD (12111S~U-43 PCT/11S(11/sUSS7 As a final exanple, U S. Patent No.
5,363, 797 di scloses a nethod for producing a single organic crystal in a

capill ar ywthPﬁ,,ml}ls)ne of the foregoing references discl osepgﬂl}ggfﬁ(g;-}ﬁi gh
free energy formof a conpound or nmixture may be obtained by solidification

or crystallizati wthin a LLEary . . pgne th
references are %?EEEFEHHO 8 gg‘r:éb'i ngfégggeargggﬁgd%ﬁ di &Sere‘%ﬁgf ree
energy 10 foanstehparedapeund orpeixkurelsaad nanmenddiisct oseithate a hi gh

free energy form rra%_be i sol ated, anal yzed and/or_stabilized within a
capillary tube. e¥héPatar 2 s B399%2} or ! difedBur agBd152PPES use of

. capillary tubesfop Seginsgkxknge?orr@euneﬁh%;:msxtHﬁesormsrﬁaﬁspé i's that
capillary tubes are nore " difficult to work with than other containers.

Anot her factior EerthatAhidies e3Basd °Beerameryieiier aliitrategrxttiiditishad the 20
~use of capillary,tubes y. affect.re ions or lead to conpositional or
chem cal di fferéﬁ%g?’:eﬁlgﬁs?y@f ncoe]E i P%\Eﬁégr 8F1|gé\9ed€?]ﬁ%‘t taﬁe@saéfr)rév?orrrs and
reacti ons coul dghezdaone iith efigbicont a netsigédal s betheved Abatecapill ary
t ubes have not been 25 used to search for and generate high free energy
forms. SUMMARY &ESTRECK NVENTIORME o tF&etéct , SANHREROd &f geRBtating a

hi gh SO free engroyehor Meghnd SaR! Cud S O Udankh iun™hiiods compr | ses
the steps of disposing a sanple 8 WO 02/ G ~U~3 PCT/USO /sOSS7 in at | east

one capillary twhbél ddlgueiffyyiatg st sphptiec ipredmuwapi |Aary gubeps), and
isolating at |east _one_high free ener formpf the sanple. The solidifying
step can conpri Smge.rélt)‘?%f%al | i21%g ﬁh‘gyessatrrpl e T TSI nge%%]f)%%nt g?/arﬂorati on or
anti sol vent addicb-giieng@hl difd uspeaseaadtihilnyl ayern@@Posidd Onthe
Alternatively, change in tenperature can be used to crystallize the sanple.
10 The met hod nBfLEESt heRa¥dnmprisde tiye st ephéBhpFepdiisfy t RBSEdNple from a

supersaturated soluti;an qf. at "I east one gamoung,y o beepdiyscover ed
that an isol ateg i gh' free energy formis rea%ﬁt%@?l i zeg w thin the 15
capil lary tube asdutiopoiemoefphortfoamn, or amorphous form to
another form may be accompanied by other physical
or chemical changes. The different forms of
ammonium nitrate arise from the different packing
arrangements into which the molecules
20 crystallize at different temperatures. Some
compounds may have different colors that indicate
different free energy forms. For example, the
compound S-methyl-2-[(2-nitrophenyl)amino} -3~
thiophenecarbonitrile exhibits different colors
25 depending on which solid form it is in.
A specific solid form may be more preferable
than another solid form. For example, one
polymorph may have a more desirable color or
greater hardness or disperse in water more easily
30 than another polymorph. Often one polymorph form
is more stable than another form. For example,

at 80°C, one orthorhombic form of ammonium



stabilization nmay not be necessary. Indeed, in many cases, the high energy
formis sufficiently stable within the capillary tube for at |east 24
hours. ThgBlRpd; My further conprise the step 20 of stabiljhhsihe high
free energy form such as by adding a stabilizing agent or subjecting the
formto stabilizing conditions. Mrre preferably, the stabilizing step
consi sts' essentiBfabe ofisralprai MR thetRrBh %/qeeet’éh%’@?lf "f the 25
sanple in the capill e, WM : waddj n S ih LZi WIS OF

subj ecting the (?12% ma?)é%s?{a?lgll It-iéév: %ggg%ﬁgl ?q: o%?sgs Trﬁggkrﬁé'?hoﬂc}glrray fuhrt her
conprise the steponf tdentfbdbymnimgt hieo high hore estalghe f drut bylessret hod 30
sel ected fromthe grou con istingbqg vi sual anal ysis, m craoscopic
" analysi s, thern@fSaRaPy8i FOATPFPICt T UM anGRYSFES BTt P sé%bic
analysis. 95 WWhR{Usellds 4318ck Lisdida ns Gnother @spesdl a net hod
of searching for a high free energy formof a sanple is provided. The

" method conpri sestrhetsrepieadingspasthy andaspredi foEmcapillary tube,
solidifying the 5 sanpl qJ capi Ll.ar b ;@ﬂg r i, Iy et her a
hi gh free energy forg?oﬁj%ﬁg&gghpﬁg Fg%F%a%%e%g:pillg$$%tg%g&£%ﬁ¥?he
present nethodsint kepidipleg tapebe plFacedciawnpdie, dasi. fRatera@d | ary tubes,
. 10 alternativelg at |east, 10 capillar tgfe .. The saqgle na¥ ge pl aced in
at least two sePs®8f €3pi PrEFYSEGHed %t TFaTT VRSt T 13 efs from at

| east one otgier ys$ehinFos e%paRh8ryt heuwapi | |y tpabencofpaind£asy one set
may have a 15 different inner dianmeter than the capillary tubes of at |east
one other set. Tfhecdaspke qinis e Inlzdast PrOB@1ReastiflodtieseP3ERE capill ary
t ubes, and each t iffer fr t - | spec o the size
or surface of tﬁéggagﬁél ?}lysc;(?steu%erﬂse vhﬁ%er}q{%ﬁe}t gﬁ%gi’seo&rrlg tEC%I%S:es, it is
advant ageous t opuseedhs| eakirnee capil kany t uli€feoanéd viddmshepafin on the
interior of the tube., The step of determ ning whether a high free energy

f or m was generapéﬂtééﬁscyﬁﬁﬁiE@rgﬁ 25 anal ytical method selected fromthe
group consisding of wWissuahoaRakySkSampiler 0s60pi Amanal yshgailther aul

anal ysis, diffraction analysis, and spectroscopic analysis. Depending on
the sanple, visedl  an¥¥3si snptsolgentaiCgvisthligptbens 3f i ereabiand is

g {1 ee oner g “TaPm dt Fone ALEa To SO 113/ 05 a05 BeTs USRI T Sona7

Supercritical Fluids, 17 (2000) 249-258,
discloses results of crystallization of
20 lobenzarit, including crystallizations in
capillaries. Lobenzarit is an anti-arthritic

agent. Amaro-Gonzélez et al. state that particle

size and agglomeration varied depending on the

size of the capillary, that it 'is shown that the

25‘ size distribution and morphology can be

controlled using different capillary diameters,

and that it is poséible to obtain individual
crystals without agglomeration.

The reference does not disclose that

30 different crystal forms (arrangements at the

molecular or atomic level in the solid) were

produced. A different particle size or shape



wi ||l conprise generating data indicative of the formor the relative free
energy of the generated formand conparing that data to simlar data

rel ating K form 5 BRI EF DESCRI PTI ON OF THE DRA %l% ure 1 is
an ener gy@ﬁé%élr?'g{{mure di agram showi ng the rel ative ther erV\él)ynarsnﬁé‘%‘‘-/3
stabilities of the various forns of 5-nethyl-2-E(2_10 .

ni t rophenyl } ani REES3-R% opRBA¥CEr bdhi E2TeRt FrySrel2 fagmypsince a

ener gy-tenperat yre :di a s{%/vi relat i h y i bilities
of the various %8?.%;!1 Of%gfpms yl [&%ytr?irat%rl&g'g%t a%ﬁf%dgﬁﬂl%g %%‘I@EI%E%%%
DESCRI PTI ON OF BRAWENGS ANDrPREEERRED ENMBORENENES Ty peespniserethods
relate to searchi,ng for and generating high tree ener ornms of _a 20
" compound or ni xtsl}lr%l@f ‘%ﬁyﬁ&?&n CHY Bgﬁéﬁlgt Wﬁﬁysglli%gegépgsc ngéljﬁ solid
forms in onesor gmRLCapi | tRLY HdiBfendcEhe a3ap! @oBBY £ONPIdise 1”@ conpound,
an el enment, a mxture of conpound(s), a solution, a suspension, or a
" di spersion of 2%hedmpaundsiurrlidiherofat @tfaerent" sEarssl i @ayfod@ i s used
herein to indic rials |ike . syspensi y r , and
o nmont s, The CSHALASEA d Tor it i e ncant Rl enh o it SR sl d
forns as 30 wel lhavAsiqusatk hemed siddheddersmaponpound” may i ncl ude el enent al
conpounds, the term "nol ecul e" includes collectjons of atons, and the term
11 WD 02/ (1S. ~O. | 3 ¥cT/ BRIThass-7 e“‘ﬁé‘l‘\jlr?or ph'™ i%cl udés &Y ot MSpes, whi ch
are forms based 0n &y rngerBRLI otk At BABL ASadS8ds heﬁﬁﬁidbs% i difeyi ng and
solidification include but are not limted to crystallizing and
crystal lizati onk®pws imeddreyiia, credtatlhgeabhighst pad gy eor m si npl y
means obt ai ning Jj o] fici i o_th it - i ified,
anal yzed, or ot héeécvars r%??%nge .eqi%%geﬁngagfra%e%erﬁ%r g%g%g%ngﬁgegﬁn@ot be
i solated in totadocquy,e f agemerdlT@n Ufebe & xedpdillhrgne die nure ot her
forms, so long as it, is distinguishable physically, chemcal or
anal ytically. ALGHHIDNEGTRESefTPRe "g’clecﬂyofth?ol ¥HY?9?%bl?ﬁe?%°£%bl e may
i ncl ude butlif;s Nty lddrid.ednt 0 15 crystallizing the sanple. Indeed, the high
free energy forns which may be sought or generated nmay include anorphous
forms, mxtures of arfd phels faraslekuteairlen xtlres, Babet ciNstal forns,
solid sol utions, = Cr als.an her 2 t i.n preferred
enbodi nent s of t4h’e0209p5$’e%/5§nt h?@’fﬁoﬁ%% %olérg‘{ésre:srrsbl ggNg?% E‘L‘?Rgﬁﬁleldﬂ?eg
capillary tubes greoigit e Sont abl @ nearsnafercr ystabhi zatcagmilIBmprcal ly, a
sol ution containing a conpound or mxture to be crystallized, and a 25.

solvent is placdd iG9EP T &Sy Ellbe2TTRECEEnpOARBCERd ni 53 RS cdh be

present in §osolﬁ&érﬁhé@?! AouMingOl BROVEHAGhSdYAL | RiBa ﬁ]i\?ésa gi ven
tenperature at the tine it is placed in the caplllargll t ube. e
concentration ofcaler to the compound. The patent discloses that
it is desirable to prepare a reagent component or
mixture in a c¢capillary because it allows for
handling of very small amounts of substance and
25 it excludes or at least reduces the danger of
errors in dosing of the substance, such as in
clinical chemical applications. The examples
disclosed the crystallization of 4-aminophenazone

in numerous capillary tubes, such as in wheels of

30 five to ten capillary tubes.



30 conpound or mxture is increased, through evaporation of the solvent,
the use of an antisolvent, or other suitable neans, eventually 12 WO

02105~( 1~ OI?,%LH%I 1/~(1~~7 to a concentration where crysg,elr)lgsgﬁgdqu
begins. Affer a suitable amount of tinme, when solid or sem'solld aj

the resulting sanple is ready for analysis; such as diffraction analysis. 5
Alternatively, the sésutian ifsinddol eg@*erPReat ed!sB- t h&tat@nfst alNpPi- zat i on
occurs. Suitabl illary st nd_to,incl ude e pace
measuring 0.1 'tggeégéﬁt f%g%in%s%%ef &r aglfegﬁlpgomfggoupgb.aéggﬁgt ogabout 5
mm nost | 0 prekghahley dicemigbeutys@ad Wm tocabdadlaZyStobe.in at | east one
dinension. It is preferred that the capil]ary tubes are circular in their
“interior shapes and H&P€ aRfi nhe? dFARABS r FRESFSICS. 1dﬁﬁf?858bo_ut 5 mm
more pref era%ﬂl Y £hia@m abolt10 £roe1248P40 8BPHE & SaMBodiuidIingl di aneters
of comercially availablecapillary tubés are sonetines stated as ranges,
" such as 1.5-1. 8mimtuaed imayi s ber efodteddethabyt heodtidtiddcrange f akl
partially or whaolly w.thin aqne of..the preferr 20 nges descri.bed above.
Presently pref ercrré(é;t@ 4335yt d‘ﬁé_‘éjlélr & e&%?ﬁpffﬁ%dgﬁlﬁgt he §S%I’es bel ow.

Any suitable crygina | i aati ofhdechnige idmyclze eapkoyeti fadt bt akai ng
crystals. For exanple, 25 crystals nmay be obtained through cooling,
heating, evapor &Sr@¥atddd 9o Arani st §26| dehfererhctiree erpsoHl|i zati on,

and using syper giddLals fiuwgpﬁm%yem% £ddi thangbhy, diBkiose .
crystallization techni ques nay be used to ‘6 generate a solid or sem solid.
Through such tedhritques,hidie dseeof emesygy vamrmcanape avoiidedatked,such

t echni ques, formati.on of cr alline 13. 112/ OS~0O-t 3 PCT/ USUl JSOS~7
material is from¥n% ofar{q? Ter sttaaﬁ%ilf‘ie\r‘/iig é"ﬁ%@il@s Pat ﬁ:&pltlggﬁya
solution. Additirq ]y, the crystallization process may be done through

sublimation techni ques. 5 Nucl eation and g;owt h of -a crystal normally occur
after the concentrati BT ©F€ naEERFal tH2PECES ySihal i #dFGONT88RUt i on has

reached Supfgfaitg{eati‘?éle The cquy rltlraa[hj ON s | ”FE?as%oﬁ%d@Lf&fﬁ'@“ of

evaporation o e solvent, 10 addition of antisolvent, or absSorption of
t he sol vent by amoigwemdmt evr almixiutd®. preséne méthbds, disystalati zati on

may be perforned as, .a seeded operation or an_unseeded operation..ln a
seeded Operatioﬁagfi;ﬁﬁﬁngabeg are more difficu g({o WwOork WwWith

than other containers. Another factor is that
there has been no general recognition that the
20 use of capillary tubes may affect reactions or
lead to compositional or chemical differences.
Thus, since it was believed that the same forms
and reactions could be done in other containers,
it is believed that capillary tubes have not been
25 used to search for and generate high free energy

forms.

SUMMARY OF THE INVENTION

As one aspect, a method of generating a high
30 free energy form of a sample is provided. The

method comprises the steps of disposing a sample



15 quantity of seed crystals is included in the system The seed crystals
may be a high free energy form which will further encourage the generation

of high f rgy forns. The characteristics of the seegdcgidstaks
typi cal | y\r@gnflﬁ‘ﬂ@f%ence the characteristics of the crystal scg@ﬁer'af ed from

the system Crystallizatign nay be r.f.qQr e h A neous .qr
honogeneous rneclhI}alniagrré‘.e"’ﬁcﬁ)t o?ﬂér < |?§‘§‘ ia%é’nt[gulg ' t%taoﬁﬁragg ?%tngmett ods, 25 the
sanpl e is soli difigre ot heenkhaaphylarystabki(zat i @nd Bheisanple dmy be in
the formof a nelt which is then added to the capillary tube and allowed to
solidify in an ksmtphens 2bghn free e?rh%ﬁ%(/eﬁ%/r,mtq*é R hETRYE by which 30
solidification is ac lis ; j-nel ud di f ion :
" thin-layer (with or ﬁﬁ houtgggﬁggﬁﬂgﬂﬁ negggﬁés tdagﬁicklﬁaﬁgﬁg%% resi dua
7. 4 WO (%2/ (dzy4talBiPOi¢ LSOMit-; 7 seimpért, inebidgng aselwdntvari ous
tenperatures forced through the capillaries) deposition. nethods, or other
" suitable nethod%Vanﬁ%FlogthePﬁbdyn%%ﬁ%S%ﬁ %ﬁnetﬁgd&gﬁSFTion§ﬁ%ay be 5
enpl oyed to solggifysihg, conpodnd or MpHiy-8.ayedol i Nng @dpds Batan at ed
solution is a typical thernodynam c condition. An addition of a solution of
the conmpound orAhtgrureiveluan ekeags dm argTReYIEwrei saa MFpis#d ki netic
condition. 10 a . asp ) el s been found that if the~capillary
tube is held nﬁ??o%%géggg%ég%hgﬁéaf%@?gg'therein is at a suitably high
| evel of suapersaturarhenmethere nssy afukthent agepfose’ thienditegp hoigh free
energy forns. 7.5 It may be desirable to determ ne which solid formis the
nost stable. FUPTRRRRHRE, rdiati &?émg’iﬁbi 1543 anBng THREVAFFOIRDr ms can be
placed in orderggithesnaual it aibxelyoRs Gumpbihatively. However, these
stability orders may differ under 20 different conditions, as the
t her rodynani ¢ rel ati dhshiag Seehordiscoyegegerdatt aporsekrtednptdature and
pressure conditiLons under i t:he I ta . i ed out.
The high free e%%?aye Srrﬁgw%ng% el@’l f}%r%lﬁe%e%?%yl%r}? ‘é\fal{l?gg?{eﬂénet hod,
including hgt neéplimbied t xubessual aanal ysfusrfisarch aefflbentsdi f ferent forns
exhibit different colors), mcroscopic, anal ysis including electron
m croscopy, theFHﬁPléﬁ§P£§P§ &ifch %gtdEFer HHPLhe ndM457$ pothts, x-ray
30 diffraction gpalysased nfurd edi§ReehbeggOFckmanNgd YSis£i0ie Rt DRr
spectroscopi c analysis. Any appropriate anal ytical technique that is used
to 15 WD 02/ Catabla3 vBChiusohs1d&Tl R ¥Y ek vhei do& b ukeaftal 24energetii c,

or perf o ence, FRBLACt oot hgBLURY e UEGAL, CARIBEILED i Pothe presen

20 of stabilizing the high free enexrgy form, such as

by adding a stabilizing agent or subjecting the

form to stabilizing conditions. More preferably,

" the stabilizing step consists " essentially of

maintaining the high free energy form of the

25 sample in the capillary .tube, without adding a

stabilizing agent or subjecting the £form to
stabilizing conditiomns.

The method may further comprise ;he step of

identifying the high free energy form by a method

30 selected from the group consisting of visual

analysis, microscopic analysis, thermal analysis,

diffraction analysis, and spectroscopic analysis.



5 energy of the forns may be obtai ned and used to identify whether a high
free energy formwas generated. This data may be conpared to other data
gener at edy, @y} QuoRs €- exi sting data for a known form 10 Pre{-@Rafi sssthe

met hod conprises generating nore than one solid formsuch that a .

di stribution of solidg_far ' reated. Fr h ' j [ one may
determ ne the freque%‘gy%‘&rﬁh#e}hgar vec%s’usa I‘gé\/’\gel‘?(:%én%?gyg}(llJ %%irlrghl&ag rt he nunber
15 of occurrencas dfgH heree | énésgexpeeined ft katsangliest 1 & bgtrbohdedl |
typically be heavily skewed towards | ow free energy_forms unless one alters
conditions to sT&% tHEtBPSt r¢PIRTbIFT ohded RFERST ree SHERRFINGnd. For

~ exanpl e, one Ualéa%g)lléndeirﬁ ake a-nuppelpf coystal kbzakh epsngf angi ven
conpound or mxturée and can obtain both |ow and high free energy fornms. In
order to obt%i nsampliet abine dhst ré¢dpil brry orfaibshouladhdputiethangampiie into a

sui tabl e nunber of individual. capillary 25 tubes, for,_ex five or nore
- capil | ary tubes ,""%gltth&rnaaf ?’\%@9 gge%r eﬁ%;g?cgg. M zfrf; tt%%e%% \é/ve%ar, by
generating solidnf @nss dapidapidyd aipet.ubes, one may favor the formation of

high free energy forns. Wile the inventors do 30 not wish to be bound by
theory, it is believd® (LhRatPXEHANY aR§thaBes FE ndR2MBLEerMathePB8pportunity

for early nucl eg)tliﬁ%d t hereby 16 1 MO U2/ br( 1~c?te£pg%]i%§%1/ sERRésfavoring

the formation o free energy forns) and on free enérgy form
i s crystallizedalittexrtatansflor nat | deaistit 0L tapi bharygy thdes.wi | Thee

i nhibited by the | ow perturbation _conditions 5.-wi_thin_the capillary tube.
Thus, the. use.ofsaérﬁa\sq. | 3PV t %e?r]‘éalgf\%s the th stFPBhti 6t T dsOFess
probabl e high fregieneigy tones,w ihQutatel iakBat i oget et odrees of | ow

free energy forns. In fact, it is likely that one may stil] 10 get a
majority of |owficse adherld@pStorome A§HRH, i1 e tIRF i #¥>ARHEs 8BSnot wish

to be bound bY thgazy LapBEeIN(Y ﬁxae&h%%giegekh%a} he,pise of a

capillary tube is vant‘ageous i n generating ree energy fornms because
one z5 can DnBi ntdififexrdritgphimnérevélanétsupehsat that icapillehiyn tihescapi | | ary

t ube, thereby reducin he t endenc or prematyre solidificatiopn as a | ow
free energy ?orrﬂdﬁuAl%g i?‘?‘sf‘s Odjreeséﬁ[‘?’y‘ B%Ttr eved& hﬁ?mP'ﬁ‘é cﬁlarﬁengleons and

possi bly cur vedfpﬂm ofn2Qtrt he ag@piddus Ysdtdest peapbt e agenendkison of
unusual |y high free energy fornms. Furthernore, the capillary tube may

provide a way ofaifht@#FRgSaFmERgi siid fset vigem te cPyBeEl S§tFuttbPes and the
medium Regar dl essflod NeoCUHLU RIS BT AbEaEe LOLOLKL (98-t

capillary tubes een enpirically denonstrated to be a successful nethod
of generating. hiujed r ee térder gyhéorsa-of cefnaiseomeonpesards, Hs $isown in the

fol I ow ng exammég%aégggggusV%%O%éégaggliégst one capillary tube
coated with heparin on the interior of the tube.
The step of determining whether a high free
energy form was generated can comprise an
25 analytical method selected from the group
consisting of visual analysis, microscopic
analysis, thermal analysis, diffraction analysis,
and spectroscopic anaiysis.
Depending on the sample, visual analysis of
30 said form may be sufficiént and is relatively
quick and easy. 1In some cases, the determination.

of whether a high free energy form was generated

10



Exanpl e 1 PCTI USUl/ SO~s7 For this exanple, the conpound
5-nmet hyl - 2[ (2- ni trophenyl ) am no] - 3-t hi ophenECarbonitrile ' was used. This
conpound f opfiormational forns 5 having three differenpc¢RlsffSssed.
Orange an‘a%@éﬁ'l@#) In view of this variety of colors, the conpound has been
referred to as "ROY". There are six kpown conformational polynorph fornms in
whi ch ROY may ewikl. cumpiice generplehid gfatd t enperattye @fagr showi ng
the relative th dyparyi il 85eQf dhie-MArd Pushd OkBRePicddpe ROY
conmpound. As i nglég@lt ég %%F%arggll, thee form ig:?gi cated b?/ yel l ow needles is
the | east stabl eotthasinéls, compasindie thiaghestatfar eéoeneigylas fdapa shown) at

roomtenperature. In Figure 1, "YN'_indicates yellow needles, "R' indicates
“the red form "EREAFABECEPed 5PAWefREBdl es, "OP" indicates orange pl ates,
and "Y" indicates yellow. "L" demarcates the conditions beyond 20 which the
conpound will be in liquid form For this exanple,, a solution of ROY in
" ethanol was prepared. A BRieF SHESGRERIGNGIQN | GB g of ROY in 2 nL

of ethanol was prepa avi ng: ersat kAt rakh,Qcof 36 &5 The ROY
conpound has sol ubil ??%“F% e;Lhaln%l g{‘) aeppr g&?n&?@ley 12 (?g( rri__aéfaZS degr ees
C. Two sets of eapihhar ytHauheslateine uskeermodyiasiexabpbel ibheseaéh set
included five capillary tupes. The_first set re qpen-ended_ Ki nox- 51

o or ToBETgTe: 117

capi |l ary tubestR&vi ng %5t¢8d i nA8FTGi anet g e second

, Set_were open- gaded %%@glll)%fnﬁnbl]'bgst!ﬂ@%bB.Gnécatr@bﬁdtirﬂuer. 18 WO

U2/ O-~0. 1 3 PCT/ USOL/ g(l SS7 dianeter of 0.5-0.6 nm Wien the snaller
capillary tubes wereFiguteal Ry i@celledNar@y teaRaisiuer , diRg¥2fer e coat ed
with heparin. In thi,s e I ; . - 5 soaki ng
Chem i di stil | SEORARS: For %%{a%ﬁﬁ@ﬂ%@%@g@gﬁ#ﬁgIeﬁg\ﬂ/gmifhﬁggt Egnol . and
drying in an ovemeat 65aidgnees Ctiamsat | edst odenesinyl-PhaiR®¥-et hanol
solution was introduced to each capillary tube by capillary action, and
then 10 the sol @ﬁ%ﬁ%%ured out the opposite end. This was to renove
all but a thin layer of solution clinging to the walls of the capillary.
Both ends of the capillary tubes we open and free of plugs. 151 n sone

i nstances with | arger capg:BIZal HESC R 1g1d (B e gged wi th ROY
crystals, and the plugged en hLok o] the end was open. In
the smaller capillary tubes,g{qﬁgﬁg“g ﬁgllg %gﬁgﬁﬁlﬁﬁg&?n t he tubes was found
mostly 20 as' small drnepl pkesentt methoter imrlahe f tocesehrchdngulfes; al t hough

sone residual was found as plugs in the_capillary. The capillary tubes were
allowed to sit f&rd séi‘/%’i*%:Fathb’i’Jgs 198 oofF E np@PS%@Ve. %ﬁ’gm%fté)% a

sol idifi g:atig?n, d6 SO O NGk @EUEE S ¥er 2ot Andsn bie daiegertiaapillary
tubes, high free energy yellow needles formed, with red plates form ng
| ater anmpng t he saElidwhresd eer HEmLAL1dh FREFBFI t I oPTEheChi JIPES ee ener gy

capillary tubes. The sample may comprise one

' compound, an element, a mixture of compound(s), a
solution, a suspension, or a dispersion of
25 compound (s) or other material.

A '"semisolid" form is used herein to
indicate materials like waxes, suspensions, gels,
creams, and ointments. The term "solid form" is
used herein to also indicate semisolid forms as

30 well. As used herein, the term "compound" may
include elemental compounds, the term "molecule"

includes collections of atoms, and the term

11



30 yell ow needles remained. In the smaller capillary tubes, approxi mately
one-half of the small droplets crystallized, initially displaying 19 WO

02/ 0~~11~\§9I39];§H§}J1/ SOSS7 high free energy yel |l ow needl eSPC’ﬁmsffﬁso%’ﬁnt ual l'y
converted to orange needles. The snall droplets were red 1n color, and the

resi dual plugs wer ellow. 5 This ex | e indicates that high free energy
forns may be obf@Pﬁ OBPhS oI 3RF IS | DAL P RECRDFI | é‘{ﬁfrc ulfeE g‘ﬂ’émﬁi ghest

free energy for gy kngunf of - Lbeq B omRRUNL: yfS. PhET QI | AkLy; Abt ai ned in

capillary .tubes efent 1.0 sizes by crystallization froma
super sat ur at ed soldatiidwinBur &éhér neekidifiecdi in f riew lewer gputor argel | ow
needl es were sufficiently stabilized jp. the capillary tubes_ without other

" stabilizing effBP%S,llBH‘rtﬁdiLﬁoar?ﬁy?%a%#emr%ﬁl g%lledcgﬁy%f:%#yllg%a%és. Exanpl e
2 In this exanphe, usha RAYedenpaswl aminiesd igidh eflréd eapkyyacyrinubes by a
process 20 including the use of water as an_anti-sol vent. The ROY conpound
"is general ly i n§&MgBle TerRt BPCaTRongetid of OFi fe THF IR t BHBE were used

in this exanpl egthepfirstehavipgsa §d atiel sl di angpter .l 1. 8¢1. 8 nm and
t he second having a 515 stated inner diarmeter of 0.5-0.6 im fhe capillary
tubes all contabh&éerwdtser toihidedne eBdeofhidhe fubes.enfrngnptermere nade

to introduce a solution containi ‘%6"5 r%énh of ROY Ln_ethapol to each 30
of the capillar §7‘efeébé’j§’.t_ %r?e IF%S&%% t1on" N tPPuF lfi:'(EIrrf‘ht 3)Qt h&"smal | er
capi |l ary tupespeortiaidd R tMtdie din hdee | gt Per cophs| agy Luhgsas20 WO
02/ 0; Q0-13 PCT/1JS01/50~~7 the ROY solution was _successfully_introduced by
capillary acti oAt add afiGFdmoydsheddst aPhiySd Cally  waShREFRRAi n8d bet ween
t he ROY sol uti Oﬁn%rig/tti%"a W?t.er in the capillary tubes. 5 The ethanol of the
ROY sol uti on evaporate flr mthe open end with the water acting as an
anti-solvent to incr@asendmheisupdrshoveat ithie. Sthep ROV soApdaddisgl i dified
by crystallization in the places f1omai ¢hthe ethgnol; Syany atgd. In
15 crystallizing the sample. Indeed, the high free
energy forms which may be sought or generated may
include amorphous forms, mixtures of amorphous
forms, 'eutectic mixtures, mixed crystal forms,
solid solutions, co-crystals and other forms.
20 Nonetheless, in preferred embodiments of the
present methods, solid samples are generated in
capillary tubes through a suitable means of
crystallization. Typically, a solution containing
‘a compound or mixture to be crystallized and a
25 solvent 1is placed in a capillary tube. The
compound or mixture can be present in a solution
below, at, or above its saturation point at a

given temperature at the time it is placed in the

capillary tube. The concentration of the
30 compound or mixture is increased, through
evaporation of the =solvent, the use of an

antisolvent, or other suitable means, eveqtually

12



10 nost of the larger capillary tubes, the solids conprised approximtely
75% to 900 yel |l ow needl es, which are a high free energy form wth the

r emai nder tjsing red plates and orange needl es. By br i iR
capill ar ng)ﬁ'g}é?lolﬁ% is 15 possible to separate the vari ous$§dg}rdr%g1/'f(()'rg}7

separate anal yses. This would be useful for single crystal structure
det ermi nation st@didescoTRentspl PRI WheHise sC et Bl 3 ZAlekP® 0P8EENAt room

R e of BRrhle £1LE0LLAR BN SA:P Aife 2inBRIANILY appent . @

t he expense of yélI'T"Ow neédles.  however, es al'so constitute a

hi gh free energgehdsdl idnchppesd g f th@ntreanbunhgofs ayglleowd sneedbég renai ned.
This exanple shows that it yay be easier to_25 i ntroduce so&uttons to

" capillary of cefP&in a3¥e& When ?BF?inG%N1Q%£%¥?%ﬁﬁp%ctﬁﬁﬁ 4Fbfe. This

exanpl e al so Sh%%e&%%tti%equefﬁ@éi ey uefichor{s mBY1ba Qbt ahegdeln a single

solidification, as a mxturé of forns corresponding to each of the 30 three
" colors of the REY thmsownyskerld igiatdione®CcRts. W O 02111s~U~3 Exanple 3

PCT/ USOL / S(1 S~7 Thi s, exanpl e ; r LN ashjo {.mlar._to Exanple
2, except that the e%&&ﬁgﬁ%eg%%ﬁ%%?ygﬁg%%st%@ges% u%é%%@% %Pevent 5
evaporation to thelalggaspheice medbueenbarogar maptbl abeutubzs (@havi ng a
stated inner dianmeter of 1. with water as an antisol vent contained

5-1.8
therein had the PRO¥FeFGRIY St @zrg)w e-2 MRt t6d %y° cBBi | FRFY 10

action. An gir %@%Ee%l@ﬁdfflﬁﬁv‘@ﬁé‘uﬁhg.BO%mSQ|o‘Jtai}:§Bh@“ﬁ.§hﬁmwati%r Wi t hin
each capillary tube.. Both ends of each tube were plugged with clay. After
approxi mat el y o hmast aochai dimgasions rléd mrprefexoed dshappédeed near

the front of the water |layer.in two of . three_capili.ar After
three days, the Craé’d'lge?ﬁ%’ i ﬁuPﬁg t%ecézﬁHzi%alraftg%e;%%véaﬁpsliin%%?ﬁérf ai nter
but still presendhagdd 410dbnadeornotiigrersadidsetad fosmedbaati o.the third

capillary tube. After six da%s the faint rgg bﬁgf s still present in two
tubes and snal | Whote BPOREJSaffeartF HeRFStHeA 31 ont*8F #REYROY Sol ut i on.

M cr oscopi ¢, analysi Schoshoa%mo Phyi Qus. Cropd aliline PhastmetBig Siogni fi cance
is 25 that the anorphous formis the highest energy solid form
denonstrating t hadmeeddigl Iy ee arssrlpbeor masest lganar at ddigsd stedlsi | i zed by

(e retos St i By D, Phfond, SUBBRT Y PS8 el o,
sizes. Alarge 2&d it is preferred that the stated range fall
partially or wholly within one of the preferred
20 ranges described above. Presently preferred
capillary tubes are exemplified in the examples
below.
Any suitable crystallization technique may
be employed for obtaining crystals. For example,
25 crystals ~ may be obtained through cooling,
heating, evaporation, addition of an antisolvent,
reactive crystallization, and using supercritical
fluids as solvents. Additionally, melt
crystallization techniques wmay be used to
30 generate a solid or semisolid. Through such
techniques, the use of a solvent can be avoided.

In such techniques, formation of crystalline

13



VNO 02/ 1>5~0~3 PCT/ USOL/ SCa57 nunber of solidifications were performed in
order to generate a distribution of solid farns, sonme being high free

energy f persaturated solution of ROY in ethanol tepared by
m Xxi ng a%w’%oég?ely 250 mg of - the ROY conpound in 20 n[ér/m ﬁaﬁol The

ROY sol ution was introduced into about 150 capillary tubes havr ng different
i nner di anetersnwelpl@barmlcﬁfcpfto@edﬁlﬁéfx %ret%%ecq#Y%'a%:} Z¥5r 10 sets
of capillary tubes were u Wi ut es im the first

set being capi I?%er‘f/l?frbers%ﬁgevlr( ngt:]—'yag st%te |nnl§rgl “di arre er ?s&{lﬂ ¥'1.8 mm the
second set bei ngh&apidysaray itivees diavpbageas st akgd haneondi aneterglof 1.1-1. 2
mm the third 15 set being capillary tubes having a stated inner dianeter

" of 0.5-0.6 nm apePhsBAt 4Q0r BRENHEAUFFom the supplier (that is,,coated with

heparin), and the foypth.seioReiRgG %M@rarftab%% WiNOn@rdi et d i nner
di amet er of %0 5-0.6 mm aﬁd \M%r cr‘?L were "washed" }i}ﬁsoakr ng forﬁlo%

"mnutes in distbtted Mtterr trhmsccngcwtha@mmmf tasd ﬂtﬁrtﬁl‘rﬂgﬂf ofCat | east
an hour at 65 degrees Aflt& raudnrér()ixr rratel 0 m n %s yllary
tubes were checRed f&FYSGRtd 7S 25 re checked & erva 5. In the
first set, the B@’eegggggadlehystatrhezednprenmathpnamag&el inw:aeeell es, with

a smal | percent age of capillary tubes contaj ning songe orangf needl es
i nstead of yel | 8% néedM@$ulltn (He STRRRFASHCOR a Few B caPPtYERY  t ubes

contained ygflo S E¥XCl M3i YELYve Rt MISt Jie$tGet abmedrRem xture of
about 75-900 % %’F@%E%@m eg wéllt?% th eVEréemar nder 23 §)V1 Ouw2/11S~0.t3

PCT/ USUI / sUSS? eb1yelnitdbycartprt:hgl’rnglarte@flpﬂat es. In the thi rd set all the
capillary tubes cont el | ow n ed| nt r of the
. 3—31«%// ePFSﬁ/eﬁ e%%lods t?au.]. }[E

capillary tubes cont di%esWrn A armunt red

plates m xed inpet @@i&'ﬁn&tefdevasia@l éé@de’dt@ﬂi@ﬁa@m aci:ﬁedny&hlse\a/daeledl es
excl usi vely or orange needles exclusively. In this exanple, _the ngh free
energy form yel PRTR&EENes wetR [ eFEEERE] a‘PH’Gilr"f%%%d i’n SPLeCE6% our sets

of capillary tuguce&EQ§i|o§ 05@&?”25?2%&£féy f&bQﬁuﬁﬁﬁkﬁﬁ wint hReparin

excl usively pro oW nee e washed 0.5-0.6 mmcapillary tubes
and the 1.1-1. 2s|5rmtceap| | | athe tabed corgsialed wapi skteur @ thﬂ:ﬂhl feskeeded forns

15 correspondlnt%tothe col or d vvhllfthe S- 1%nmgu%p Ilggtubes
contained a mi xEGFEFhat OFfe uH CPor WL tor T ESEEi TSRS c6P5r or ange.

Thi s indicates glg@itertarte_dgﬁe X capyh | afyed ubese oy di fa‘;ert\ent Si Z&a& may be
desirable in order to 20 obtain a greater variety of _high,free energy

forns. Exanpl e Shpg@atesisddgfpl of tﬁéecoﬁir%%n&%fsd;@tlﬁyl typgcally
riroccet 2| dpera el e as covor e ol ke eyl ng
colors, the conpeumedatasi béeamr éftey r estemas "Quirstall guakioni §ayn ener gy
be performed by heterogeneous or homogeneous
mechanisms. ‘
In other embodiments of the present methods,
25  the sample is solidified other than by
crystallization. The sample may be in the form of
a melt which is then added to the capillaxy tube
and allowed to solidify in an amorphous form.
Alternatively, the mechanism by  which
30 solidification is accomplished may include gel

diffusion methods, thin-layer (with or without

subsequent measures to quickly remove residual

14



30 tenperature diagramshowi ng the relative thernodynamc stabilities of
the various forns of the WAY conpound. "HL" indicates the enthal py of 24
V\OI12/U~ ISUI/sIIss? the liquid. "HA" indicates @t(p;;q py of

t he arrber (é/(hﬂ i ndi cates the enthal py of the yell ow ¥@r%r?1ﬂ

i ndi cates the enthal py of the white form "@G" indicates the free energy of
the 5 liquid. "&Alvendicateslufiéngredienearly vefriohs ahbepPerfbrhes" GY"

i ndi cates the free energy. of t ow fQr " ndi free
energy of the \MﬁPFEeBor m)éh?ﬁélg gk‘?or m?ag?etl?%v ﬁ:Sst g%é%?éwgﬂe yel | ow
forms are |ess glall@slhanckhe w@héﬂ, 19, b e actéimbdfsor msoahert he | east

stable (that is, they have the hl(ghest free ener .. A supersat urated

" sol ution of V\AYthﬁretOIda?rm@lml\ﬁas #repakéBetpsvi 5§ J§t};9é‘rssatrﬁﬁ‘3ét| Bf ratio of
2. The WAY sol ution ro orfe 1% Idd ay t weesurihe tubes
were left op n &t both engé aggﬁﬁﬁggedtlt?o evaporate to the at rrmsphere

" After about. 25025ior1u1r@s ofi Xty- sa/our:apedil asglutdms cont & né&P@Cy@t als. O

t hese, forty contai ned white crys&%}% .and twenty-t 20 cont ned yel | ow
crystals. After tRSGHOBAE WS ur a8&i-ti ofigl caa%% TPy tu es Cont ai ned

white crystals, s’&!lrt&ﬁ‘ﬁp"&f opak ¢aRrbblAy drbescaon atsednyekdcewscr yst al s,
and one additi onal capillary tube contained a m xture of white and 25

yel |l ow crystal s omfa:mlwomntgaanmmmcqwm%q GRAAIEHIN | ary t ubes
cont ai ned whbte crystal Sy g ﬁﬁ%%e%ts%%% %ﬁsfglu angy, et contain
o 0

sol i ds. Afté wa|t|n over forTatad out thirteen hours and
forty mnutes afgerthat baguﬂ;&agyt htetb\MYt§olheula‘t omot bothessapinbl &he t ubes),

of the remai ning seventeen_ capil | a ~1 USU h( 1 S57
tubes, six cont itk Vst | BREER VBt aH a't hFeeg%ﬁ%&lg') g]ah mlﬁt”ﬁll'L (L)J'T yel | ow
and whi te cr ystag%e%] M Lo nedt\ﬁtglrtee ciystals, aadahbage difgbmot

contain solids' e twenty- two capillary 5 tubes. that showed yel | ow
crystals after 25imiing dsigh hitres yereddy i #oHset een of those tubes had

t ransfor rred}go white Y@tgkﬁéhﬁgsggﬁ. fI ect %eL@%nﬁ%%t l-ﬁacth t yg! | ow

crystals we | ess st Rer f ree energy than the 10 white
crystals. Howeveformf ikhechd nﬁoe&pldtlaa:rl)e I ubesrthatrmoost, ai reih tiste ow

crystals after one .hour, six still. contai negt, el | ow crystal af%er
wai ting overni gtﬁta%h%il‘oﬁeaé‘ﬁﬁﬁal% YapiRtar éﬁ“%/e"??ro\/\%z?ncp%ﬁ?
crystals. 15 These Legulls, AlgeS| qaatteaetvamgi wrexpest et hepase. vel | ow

crystals are relatively Iess stabl’e at roomtenperature and readily -
transformto whiBewevest atdesthes tpdrisiidtienesders yapyowidhast 4=_A9%er ni ght

while in the SOlél Etgégtls conditions, as the thermodynamic

relationship of <forms 1s dependent upon the
temperature and pressure conditions under which

the sample generations were carried out.
The high free energy forms may be identified
25 by any suitable method, including but not limited
to visual analysis (such as when different £forms
exhibit different colors), microscopic analysis
including electron microscopy, thermal analysis
such as determining -the melting points, x-ray
30 diffraction analysis, infrared spectroscopic
analysis, or other spectroscopic analysis. Any

appropriate analytical technique that is used to

15



20 unexpected, and it will facilitate the study of the higher free energy
yel low crystals. Furthernore, in this case, slower generation of higher

free energ I Wcrystals tended to inprove the likelih <{-hose
hi gh free é§¥§ eggy crystals would last a |l onger period o Bf/lutrsr@%'ﬁﬂt hough

the exanple did not generate anber crystals, it is expected that the use of
di fferent proceduresrefpliayeng cae;ﬂ:hlt@trqmahbes 3enmete'ad to tdme

generation of anber crystals. wo 02i 0; ~u~3_PcT~USnn~qo~ ?7 Exanpl e 6 For
this exanple, sBPHEELPERINGE th%ha\‘Wtc weF‘@ pr &par ed "

supersat uration pahkee9bn2 ket RaROl pAdEkdd keehagueous rebianghe Each 5 of
these WAY solutions was I ntroduced into twenty capillary tubes havi ng a

" stated inner di anefigsesf, 048td. 6lndhcatd Wehi R HatE béerd akddRedt B$e soaking in

distilled water for abo S, n t ls@dedrying for

at |east an houf&§t9Y¥0 ?L)% égaréfé’s%h% mﬁt}e c%p?#%&ﬁetgu%glsﬁov\%sre malgnt ai ned at
" room t enper at ur 8 gend iFressueeheabout Rﬁgldegﬁm Erangyat fah:mutwdé% relative
hum dity) and were observed perl od| cal | t he cap il ar Fﬁs cont ai ni ng

the 15 WAY/ et hagemegaltgsi-on, Bifitterdabdufayo ?ﬁnﬁ?@? rteﬁe Bh had

evaporated from4fqurt of ttepiesg caph! | gy d-e0aSin ndiatttgey f@Qnt ai ned
either white crysat sgggeaam xturtl-‘-: of Wnﬁe and yelerlow crystals; after

about 20.5 hour &noom 3focrme tube 20 still did not show any crystallization,

and all the ot her cag tubes E%th%&h%% yg&téé)lﬂﬁ &%‘n%r‘%"tl |te

crystal s, wfh a cou e’ptl 0 ubes contai ni ng

the 25 WAY/ aque%%eet&t@e&oloxsel sb1 o, fa:’f:theeuchetheur,a thete ihas ino
crystallization in any of the capil]ary tubes, after_ 21 hours, nine. of the
twenty capillaryf ubegléfd AGrTshowtBnyCERFEEA! | i zati i bBECEhe 2ot her

el even contai ”6%3&%%9%' %R%’ %C),F/Std?e!t%r‘?r( nehi 16 CEYahakiicyWdith a coupl e

of exceptions L1S(1 1/ SO~7 Solidifi catl on of the WAY
conpound from ethiagidr andragaedoveest mmgysoﬁqnmmnsamﬁs taes@um@ at

di fferent tenperatures orted win d]eé;r gl
summari zes tAe r%%uPFgugrS C?@vech"b ég T of twen g@% ary tu es under set
different sets ofioondhitdes. will typically be heavily skewed
towards low free energy forms unless one alters
conditions to skew the distribution toward high
free enexrgy forms. For example, one may
20 undertake a number of crystallizations of a given
compound or mixture and can obtain both low and
high free energy forms. In order to obtain a
suitable distribution, one should put the sample
into a suitable number of individual capillary
25 tubes, for example, five or more capillary tubes,
alternatively 50 or more capillary tubes.

However, by generating solid forms in
capillary tubes, one may favor the formation of
high free energy forms. While the inventors do

30 not wish to be bound by theory, it is believed
that cabillary tubes may not offer the

opportunity for early nucleation, thereby

16



Tabl e 1 Sol vent ' TenpTi neResul t Et hanol - 2410/ 20: white crystal s2/20: white
and yel | ow. crystal sAqueous- 24: 3519/ 20: yel |l ow crystal set hanol 1/ 20: white

crystals 5016/ 20: m xture of whiteand yell ow crystksysosL hnore
white thg‘tr‘{Byel I%\?vpandwth white crystals grownout of end o? lﬁec:alpl | ary
t ube; 4/ 20: no solids fornedEthanol 381:43 117/20: m xture of yeI | ow) and
white crystal s; 3A20ring $dlei e fmartrimdAdqie CUSE80E 502/ @Beray x fares of

yel | owet hanol and |te c(r%a{mt 18%%23%?%)%?%?%% fl%(r)ggg?gu%yggg 1: 135/ 20:

m xture of vyell

for Wequueous38llté2k&/a2£éfdﬂmttum afatyeld ovet hanol ands sdh | elrlyséal s; 1/ 20:
no solids formed 10 As shown above, all the conditions were, at |east partly

" successful in gdmdidiiteg high fikie eHeY gyPEBEWEPAERORhafOREEEpPBEUCed at

least a m xture gf.,vell andwhinth 6.6 yst.aks. Thesusergk apsaqueeus et hanol
sol ution at ow“@errpgra?\tg{ree 28‘&(‘1 rgl'ZI(I S-4f13 BCT/lI SO01 /850557 was

" particularly successfidryi ntgerer askegs higie rde@te:némqy-dmr ﬁ@warrﬁsgeneral
when crystals are enera under, mlar condi tion a shml tlrrefrarre
S using traditi ofdl gﬁag’é‘res %d‘r%&ﬁ/ Whicfe EFVESA s%grre foz'rllg]h %

02/ (1S-0.13 MHAEﬂféfga%|H§D|ﬁﬁe Pkl | BE7 LowA E&bhOdeQErggneratlng a

high free energy formof a sanple, said nethod conprising the steps of :
di sposi ng a sanplarnih atIIleéét? onétcadpi |143dﬁl>5 thaje; 0BYI Ma¥T Pitdd it he sanpl e

in said at H_Sast e%ngaa d 1%ryy féti%w %r}% elq_.tgyrn J east one high free

ener gy forni of th erelnthe sol i difying
step conprises cryst aiga:lzn ngm:h'le stmmlmve’htd'm det hod washI &bmb® wherein

the solidifying s es the use pf an antisolv The .met hod of
claim1 wherein k{cH-gP%mlq di 1': PRYYst epti sl%el%’%etseed"‘tfslryom teSdgEonsi st i ng.

of solvent evapangid ofne antbsQleventcasti 140, tgee disf fawa(m griashst hi n-1 ayer
depOS|t|0n in generating high free energy forms because one
15 can maintain a higher level of supersaturation
within the capillary tube, thereby reducing the
tendency for premature solidification as a low
free energy form. Also, it 1is presently believed
that the dimensions and possibly curved shape of
20 the capillary tubes promote generation of
unusually high free energy forms. Furthermore,
the capillary tube may provide a way of matching
dimensions between the crystal structures and the
medium. Regardless of the correctness of any
25 theory, the use of capillary tubes has been
empirically demonstrated to be a successful
method of generating high free energy forms of
certain compounds, as shown in the following
examples.

30

17



5. The method of claim1l, further conprising the step of preparing the
sanple froma supersaturated solution of at |east one conpound. 30 WO U

2/ U50- 43 S, 4/ SUSS7 6. The nethod of claim 1, whereiBc-$aish/4058 at ed
hi gh free\lggrr%{e]:(}gﬂk/J %orm is stabilized within the capillary tuﬁ .~ 7. The

met hod of claim6, wherein said isolated high free energy formis stable
W thin the capi Ekampleube for at |east 24 hours. 8. The nmethod of claiml,

further conprising the step, of stab|I|2|n t he hi e yform 9.
The nethod of clai m 8°Twh "etf B neSarR 18y ab’i: Fzi r?gmpqtq‘gbd( gnsggg{égessentl ally
of maintaining the. B'lgh}obh@ﬁy@mgﬁ\qnoﬂoar-rta&ophenaaapbenwrﬁme capil lary

tube. 10. The nmethod of claimJd, further conprising the step_of identifying
" the high free ewelsgyane@r m Bhs neemReliRd| Bee eHOFﬁBWPEéOE?BUEOEBﬁm sting of

visual anal yei sy UiGLOSCERIE 8bBLYSES TRl 308l yShsandd f Eract i on

anal ysis, an scopl ¢ analysis. 11. A nethod of searching for a high
" free energy forlYIleloaz sanmhemempro& bhisheagtiepy off dbbposi n§ha sanple

in. a capillary tube; soljdifying the sanple.in the, i, I ar ube; and,
det er mi ni ng whetR@PATS gha 5lq’r§3 € eF@SE/e?g? & tHd g@%: & |s}f|h§ {ehe

capillary tube. 3L iz QMnllaoﬁ@ofﬁaEGﬁyﬁoyoa@nﬁphz £Jhes nenhhod of
claim 11, wherein the sanple is placed in at |east five capillary tubes.

13. The nethod ofhicdtai MOY1, malier ekASEhe Eh@pre il p]l%lcé’él1 i #P&tSFeéast 10
capillary t 14. The mnetho aim rei ppthe saplkees placed
in at Ieastijgwo eé‘fseroafq:%craepl I Igr%’fﬂg{g\ an&l}%te | east one set differs from
at | east one ot l’@{eﬁﬁdylﬂaﬁnlch'ﬁ:E{milmeﬁ cf athel&ar\ix/neseif@rmﬁe odapil lary

tubes of said at | east one set have ' a djf erent |nne£, |%geaer Qan t he
capi |l ary tubes ©te sBP¥ SPTPRYEE - ond ot @ftgf 1o Figu

form indicated by yellow needles is the least
stable (that is, it is the highest free energy

15 form shown) at room temperature. In Figure 1,

"yN" indicates yellow needles, "R" indicates the
red form, "ON" indicates orange needles, "OP"
indicates orange Dplates, and nyn indicates
yellow. nI,v demarcates the conditions beyond

20 which the compound will be in liquid form.

For this example, a solution of ROY in
ethanol was prepared. A supersaturated solution
of 160.3 mg of ROY in 2 mL of ethanol was
prepared, having a supersaturation ratio of 6.7.

25 The ROY compound has solubility in ethanol of
approximately 12 mg/mL at 25 degrees C.

Two sets of capillary tubes were used in
this example, and each set included £five
capillary tubes. The first set were open-ended

30 Kimox-51 capillary tubes having a stated inner
diameter of 1.5-1.8 mm. The second set were

open-ended capillary tubes having a stated inner

18



5 16. The nethod of claim 14, wherein the sanple is placed in at |east four
sets of capillary tubes, and each set differs fromthe other set with

respect tWolBRsSige or surface of 5 the capillary tubes wptpy QLd sets. .
17. The rre?ho@‘oz claim1l, wherein said at |east one ca#??ﬁgsgﬁﬁhﬁe IS

coated with a substance on the interior of said tube. 18. The nethod of
claimi1l, wherefibampiest epfof @eBelnibni nwhetHED t hELRI ghSFEEE2Energy form

was generated conptises. . an | ytical . e r ou

Consi'sting of vieRar 19y WS STELIATI T FER RS e R o1

i croscopi ¢ anakygpsiethechal aealeysiotedi fifinactiepuainal ysis, thns

_ spectroscopic analysis. 19. The thod of claim 18, wherein the step of
det er mi ni ng wheEKafPiRe hitr§R fSE& hfdr gy UPFor WSS geltREed EB%Si sts

essential ly of yjisuahganghysi sief saddifgdn wRQerTheoret hpduef cbai m 18,
~wherein the step of determ ning whether the high free energy formwas
gener at ed conpr néestgenersitisigdavathndgitdamole odnd hérvepdt ive #Ree energy

of the 5 generated formand gomparngosaid dabac! 8 dahaugel ating to a known

E. A A3Y. AF. AF. AY. Al . Alle. RREW2etth#&Yo A\ AblAtAch Avds A AT AR WEeRD. BoA . A3. A
2.AE.A Y. A )*+Rij| 0%ADGIOP

{vql gb] X] ca] ca] €aFtalcediddpdd] ciRe ) BaV R LA € RAFELT R a] 2Bf ch*€Ra] ca] ca] ¢
a] ca] ca] cal ga] ¢Ral cabenal 6aUlwad C@fiFed out the opposite end.

This was to remove all but a thin layer of
solution clinging to the Walls of the capillary.
Both ends of the capillary tubes were open and
free of plugs. |

15 In some instances with larger capillary
tubes, one end became plugged with ROY crystals,
and the plugged end was broken off so that the
end was open. In the smaller capillary tubes, the
residual remaining in the tubes was found mostly

20 as’ small droplets on the interior surface of the
tubes, although some residual was found as plugs
in the capillary. The capillary tubes were

allowed to sit for several hours at room

temperature.
25 After sgolidification, the following results
were seen. In the larger capillary tubes, high

free energy vyellow needles formed, with red
plates forming later among the yellow needles.
However, a majority of the high free energy
30 yellow needles remained. In the smallex
capillary tubes, approximately one-half of the
small droplets crystallized, initially displaying

19
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Example 2
In this example, the ROY compound was
solidified in capillary tubes by a process
20 including the use of water as an anti-solvent.
The ROY compound is generally insoluble in water.
Two sets of five capillary tubes were used
in this example, the first having a stated inner
diameter of 1.5-1.8 mm and the second having a
25 stated inner diameter of 0.5-0.6 mm. The
capillary tubes all contained water toward one
end of the tubes. .
Attempts were made to introduce a solution
containing 16.5 mg/mL of ROY in ethanol to each
30 of the capillary tubes. The ROY solution was not
pulled into the smaller capillary tubes

containing water. In the larger capillary tubes,
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anti-solvent to increase the supersaturation.
The ROY compound solidified by crystallization in
the places from which the ethanol evaporated. In
10 most of the larger capillary tubes, the solids
comprised approximately  75% to ~ 90% vyellow
needles, which are a high free energy form, with
the remainder comprising red plates and orange
needles. By breaking the capillary tube, it is
15 possible to separate the various forms for
| separate analyses. This would be useful for
single crystal structure determination studies.
The capillary tubes were allowed to sit at room
temperature, with the effect that more red plates
20 began to appear, at the expense of vyellow
needles. However, the red plates also constitute
a high free energy form, and a significant amount
of yellow needles remained.
This example shows that it may be easier to
25 introduce solutions to capillary of certain sizes
when relying on capillary action alone. This
example also shows that a wide variety of forms
may be obtained in a single solidification, as a

mixture of forms corresponding to each of the

30 three colors of the ROY compound were obtained.
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solution of Example 2 introduced by capillary
10 action. An air gap remained between the ROY
solutlon and the water within each capillary
tube. Both ends of each tube were plugged with
clay.
After approximately one hour, a faint dark
15 red band of solids appeared near the front of the
water layer in two of the three capillary tubes.
After three days, the red band in the two
capillary tubes was slightly fainter but still
present, but no band or other solids had formed
20 in the third capillaxry tube. After six days the
faint red band was still present in two tubes and
small spots of red appeared near the front of the
ROY solution. Microscopic analysis showed no
obvious crystalline phase. The significance is
25 that the amorphous form is the highest energy
solid form, demonstrating that a high free energy

form was generated and stabilized by the method.

Example 4
30 In this example, a supersaturated solution
of ROY in ethanol was solidified by evaporation

in capilliary tubes of different sizes. A large
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solution was introduced into about 150 capillary
tubes having different inner diameters or
preparation procedures. More specifically, four
10 sets of capillary tubes were used (with about 10
tubes in each set), the first set being capillary
tubes having a stated inner diameter of 1.5-1.8
mm, the secoﬁd set being capillary tubes having a
stated inner diameter of 1.1-1.2 mm, the third
15 set being capillary tubes having a stated inner
diameter of 0.5-0.6 mm and used as received from
the supplier (that is, coated with heparin), and
the fourth set being capillary tubes having a
stated inner diameter of 0.5-0.6 mm and which
20 were ."washed" by soaking for 10 minutes 1in
distilled water, rinsing with ethanol, and drying

for at least an hour at 65 degrees C.
After approximately 20 minutes, the
capillary tubes were checked for solid forms and
25 re-checked at intervals. In the first set, the
ROY compound crystallizéd primarily as yellow
needles, with a small percentage of cépillary
tubes containing some orange needles instead of
vellow needles. In the second set, a few
30 capillary tubes contained yellow needles
exclusively, but most tubes contained a mixture

of about 75-90% yellow needles with the remainder

23



N&LO%<& () - T2! PX&10YD<D<& () - T2!j &10%<& () - T2WABXYZZ[ zX6dY: 10! | nFYd0%a8&:
()- @i SFYL0%HE ()- @' > FUL0YR ()- @' +FYd0& () - @' FYA0YR ()- @' 10%&' ()-[;

}})E] T]O(E/G]&r\(w] MF@gY 10! 1 10%<& ()- 10 10 WU%IM__

11 Xx940%<<& () -
1 10%<& () - abbb

098 () - @! FUd0%p& () - @! nFYd0%b& () @\

AP Qe RS ) 1099 58 QL5008 (-

zXedY: 10

10<s3: 10%<& () - f3410%a&1() +he%de gf&ié} - £ 9D Yoeeki(ainecddblyqa@(f } [ 99\ =1

0!l 1 e&10%<& () -
&10%& () - (f Vi
i &10%<<& ()-0! &

"~ hhQ i pj gF= 10<3:

kkl I mOnxV4F= 10<!i, *10%<<&

0! e&109%&’ () - 0! v&1

%j& ()-0'&10% " & ()-0! 10%& Q-Y
gepftathxhwuete 1688 100ugtd - 1set, most of the

a?flgia(x)y Okuﬁ‘ég%c%%t(&:.rﬂéd&l%/fféw( hie¥a3&L0% fe #& () - Oxhyhzh
NPALOYE<E () - 61 YOROUESriduit HIA0VEE <EBALY S HNLOOREL) - LOUKGH(p- EROK 10<p]

*10%K

© 0! €94 0%<<& () - #I G (%r F%?O%Débo a(’%n%nsnﬁﬁ&éﬁmsﬁﬁe&ﬁ&
WOY& ()- 109& 109 ﬁg(arl&ﬂ/ fgd )neddresl @sclilsSively .

- 109%<& () - oopp+qql r zX6bA0<

| @ 10%<<& ()-!s@ 10%<& ()-! @ 10%<& () -

10%& ()-!89%40% <, <& 1) - i 6%e@TDLE r r 518 x Sy gHs {KE0 T EY 1R () -

vellow needles were preferentially formed in all

10

15

25

30

four sets of capillary tubes. The 0.5-0.6 mm
capillary tubes coated with heparin exclusively
produced yellow needles. The washed 0.5-0.6 mm
capillary tubes and the 1.1-1.2 mm capillary
tubes contained a mixture that included forms
corresponding to the color red, while the 1.5-1.8
mm capillary tubes contained a mixture that
included forms corresponding to the color orange.
This indicates that the use of capillary tubes of
different sizes may be desirable in order to
obtain a greater variety of high free energy

forms.

Example 5
For this example, the compound 4-methyl-2-

nitro-acetanilide was used. This compound has
conformational forms having three different
colors: White, Amber and Yellow. In view of

this wvariety of colors, the compound has been
referred to as "WAY". Figure 2 1is an energy-
temperature diagram showing the relative
thermodynamic stabilities of the various forms of

the WAY compound. "H," indicates the enthalpy of
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’ 0 amberhform. "Gy" indicates the free energy of the
vellow form. "Gy" indicates the free energy of the
white form. The white forms are the most stable,
the yellow forms are less stable than the white,
10 and the amber forms are the least stable (that

is, they have the highest free energy).
A supersaturated solution of WAY in ethanol
was prepared, having a supersaturation ratio of
2. The WAY solution was introduced into 95
15 capillary tubes. The tubes were left open at
both ends and allowed to evaporate to the
atmosphere. After about. 25 minutes, sixty-two
capillary tubes contained crystals. Of these,
forty contained white crystals and twenty-two
20 contained yellow crystals. After about one hour,
four additional capillary tubes contained white
crystals, nine additional capillary tubes
contained vyellow crystals, and one additional
capillary tube contained a mixture of white and
25 yellow crystals. After about 95 minutes, two
additional capillary tubes contained white
crystals, and seventeen capillary tubes did not

yet contain solids.

After waiting overnight (for a total of
30 about thirteen hours and forty minutes after
introducing the WAY solution to the capillary

tubes), of the remaining seventeen capillary
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the fact that the yellow ‘crystals were less
stable and had a higher free energy than the

10 white crystals. However, of the nine capillary

.tubes that contained yellow crystals after one
ﬁour, six still contained yellow crystals after
waiting overnight, and one contained a mixture of
yvellow and white crystals.

15 These results are significant and unexpected
because vyvellow crystals are relatively 1less
stable at room temperature and readily transform
to white crystals. The persistence of yellow
crystals overnight while in the solid state is

20 unexpected, and it will facilitate the study of
the higher free energy yellow crystals.
Furthermoré, in this case, slower generation of
higher free energy vellow crystals tended to
improve the 1likelihood that those high free

25 enexgy crystals wouid last a longer period of
time.

Although the example did not generate ambex
crystals, it 1is expected that the |use of
different procedures employing capillary tubes

30 may lead to the generation of amber crystals.
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Example 6

For this example, solutions of the WAY
compound were prepared at a supersaturation ratio
of 2 in ethanol and in 10% aqueous ethanol. Each

5 of these WAY solutions was introduced into twenty
capiliary tubes having a stated inner diameter of
0.5-0.6 mm and which had been washed by soaking
in distilled water for about 10 minutes, rinsing
with ethanol, and drying for at least an hour at

10 65 degrees C. The capillary tubes were
maintained at room teﬁperature and pressure
(apout 23 degrees C and at about 45% relative
humidity) and were observed periodically.

Of the ~capillary tubes containing the

15 WAY/ethanol solution, after about 40 minutes, the
solution had evaporated from fourteen of these
capillary tubes, and they contained either white
crystals or a mixture of white and vyellow
crystals; after about 20.5 hours, only one tube

20 still did not show any crystallization, and all
the other <capillary tubes contained yellow
crystals or white crystals, with a couple of
exceptions.

Of the capillary tubes containing the

25 WAY/agueous ethanol solution, after one hour,
there was no crystallization in any of the
capillary tubes; -after 21 hours, nine' of the
twenty capillary tubes did not show any
crystallization, but the other eleven contained

30 either yellow crystals or white crystals, with a

couple of exceptions.
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Solidification of the WAY compound £from
ethanol and aqueous ethanol solutions was also
done at different temperatures (reported below in
degrees Celsius). Table 1 summarizes the results
5 of seven sets of twenty capillary tubes under set

diffefent sets of conditions.

Table 1

Solvent | Temp | Time | Result

Ethanol | -2 4 10/20: white crystals
2/20: white and vyellow
: : crystals
Agueous | -2 4:35 [19/20: yellow crystals
ethanol 1/20: white crystals
Ethanol |38 0:50 | 16/20: mixture of white

and vellow crystals, with
more white than yellow and
with white crystals grown
out of end of the
capillary tube;

4/20: no solids formed
Ethancl |38 1:43 117/20: mixture of yellow
and white crystals;

3/20: no solids formed

Agueous | 38 0:50 | 2/20: mixture of yellow
ethanol and white crystals;

18/20: no solids formed
Agueous |38 1:13 | 5/20: mixture of vyellow
ethanol and white crystals;

15/20: no solids formed
Agueous | 38 1:42 | 19/20: mixture of vyellow
ethanol and while crystals;

1/20: no solids formed

10 As shown above, all the conditions were at
least partly successful in generating high free
energy forms, in that all produced at least a
mixture of yellow and white crystals. The use of

an aqueous ethanol solution at low temperature
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was particularly successful in generating high

0)7 h
i J+=h
free energy forms.
In general, when crystals are generated
under similar conditions in a similar timeframe
S using traditional containers, only white crystals

are found.
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1. A method of generating a high free
energy form of a sample, said method comprising
the steps of:

disposing a sample in at least one capillary

5 tube;

solidifying the sample in said at least one
capillary tube; and

isolating at least one high free enexrgy form

of the sample.

2. The method of c¢laim 1 wherein the
solidifying step comprises crystallizing the

sample.

3. The method of claim 1 wherein the
solidifying step comprises the use of an

antisolvent.

4. The method of «claim 1 wherein the
solidifying step is selected £from the group

consisting. of solvent evaporation, antisolvent

addition, gel diffusion, and thin-layer
deposition.
5. The method of claim 1, further

comprising the step of preparing the sample from
a supersaturated solution of at least one

compound.
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w1th1n the capillary tube.

7. The method of claim 6, wherein said
isolated high free energy form is stable within

the capillary tube for at least 24 hours.

8. The method of claim 1, further
comprising the step of stabilizing the high free

energy form.

9. The method of claim 8, wherein said
stabilizing step consists essentially of
maintaining the high £free energy form of the

sample in the capillary tube.

10. The method  of claim 1, further
comprising the step of identifying the high free
energy form by a method selected from the group
consisting of visual analysis, microscopic

5 analysis, thermal analysis, diffraction analysis,

and spectroscopic analysis.

11. A method of searching for a high free
energy form of a sample comprising the steps of:.
disposing a sample in a capillary tube;
golidifying the sample in the capillary
S tube; and '
determining whethexr a high free energy form

of the sample is in the capillary tube.
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sample qs place tL%W%Ed e%%qeq% capillary tubes.

14. The method of claim 11, wherein the
sample is placed in at least two sets of
capillary tubes, and at 1least one set differs

from at least one other set.

15. The method of claim 14, wherein the
capillary tubes of said at least one set have a
different inner diameter than the capillary tubes

of said at least one other set.

16. The method of claim 14, wherein the
sample 1is placed in at least four sets of
capillary tubes, and each set differs from the
other set with respect to the size or surface of

5 the capillary tubes within said sets.

17. The method of claim 11, wherein said at
least one capillary tube 1is coated with a

substance on the interior of said tube.

18. The method of claim 11, wherein the
step of determining whether the high free energy
form was generated comprises an analytical method

selected from the group consisting of visual
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5 analysis, microscopic analysis, thermal analysis,

diffraction analysis, and spectroscopic analysis.

19. The 'method of claim 18, wherein the
step of determining whether the high free energy
form was generated consists essentially of visual

analysis of said form.

20. The method of c¢laim 18, wherein the
step of determining whether the high free energy
form was generated comprises generating data
indicative of the relative free energy of the

5 generated form and comparing said data to data

relating to a known form.
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