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Met hod for crystallization of a weakly acidic and/or
weakl y basi ¢ conpound Technical Field of the Invention
The present invention relates to a nmethod for
crystallization of a weakly acidic 5 and/or weakly
basi ¢ conmpound and to an apparatus for carrying out
such nmethod. Background of the Invention

Omahaa lrb.zaiv,l . |iafioﬁrbf 'a’Wé’élElﬁ%EtdﬁBJéh%foF gaq% B&¥lc compound
SEparatrorr tec Cla

processes, as for exanpl e bi ot echnol ogy, m nera
pPLOcCessi 9, te treatnent, energy storage, new
0 chemcals. Crys- tallization
c We&%génﬂ |ﬂv§ﬁ’l‘|dﬂ i' Bresith %’Pnéﬂfb‘%! foP ErystalizdtRin of Maelakly acidic
processes I n the em cal industries use
cayndtczthealdty bealchamnpmmmamdam an@pparatus ferrearndng euhsuch
far is the creation of a saturated sol ution.
? with the currently known nmethods 15 the
formation of a saturated solution is often a
tlne consun1no process Usually, it takes days until
paCcH @8 t he conpound' s sol ubl e and

Jéﬁ%téﬁ%%ﬂg%ﬁ’%%ﬁaﬂssagﬁar%ﬂf@ﬁgﬁ%g?%@ Bogid s in% variety
ugedommndreRil prosdsBs £as R exaenpié didtecithalogy\tmineralt grecessing,
crystalliza- tion. However, in such cases it is

i M@ste HAatmeNt BBAIAYHIOrages NS m@iﬁf@‘% and electenic shemicals. Crys-
Skeﬂﬁf‘a Hﬂ.e a?t‘B@éLﬁ% Wit nfrBHP\/ gu%rﬁ Xelt. Most processes in the
crysta | Za I’PJ ands

on varil es oun conpou

dehermical giddsttes Qﬁ@@nfsdalﬁz&th!ri from Sotution, mdathblsiamhg point for it is
In general, wth decreasjing |evel of s er sat tion

¢ e §rr%a§'PBI0f@r%ﬁ/WFﬁtB€§9M'§"s HeweverWith ffieCutrsratiyaknown methods
Ii‘r?%}f&r%a‘tlgﬂ tu?aﬁe%%ﬁﬂjtl%sis bhERS ﬁr@e%gm ﬁ%\ﬁ%é’ess. Usually,

supersa i &1 nicotinic acl .
h}tdﬁb@days antiche aquilibrisot batweercibie cranpownplie sokible and insoluble

| Wang, F Ber -, gl .. KA. . Mopi i ng pH
23’%‘% @5@@93{1‘ ?@%%qacﬂﬂ*ed%m unqq%a aettaa{%sf $9lutich A sypersatu-
?n?teﬂ%%gﬁﬁ#mt&teﬂ' in rn%éteiﬁ bﬁ@e§ QF ’th@%tdrﬁﬁ@%ﬁft fr the crystalliza-

rared spectronetry. us ra En- dineering
Chieni Howvaes:e auch cases)t is nﬁpmarmto krewothe. levelofmsipersaturation,
of . h| Best su er sat ur at i n,used as

s BIIce; § %lgﬁfﬁa |oprﬂppr§pgr6qtpﬁprccrg§fa(yllz@[tlggtvzﬁrﬁesggqrﬁ compound to

compound and depends on the compound's ability for crystallization. In general,

with decreasing level of supersaturation the crystal growth becomes slower and

the crystal quality improves.

Wang has tried to obtain a very high supersaturation of nicotinic acid by adding
hydrochloric acid to a sodium nicotinate aqueous solution (Wang, F and Ber-
glund, KA. Monitoring pH swing crystallization of nicotinic acid by the use of at-
tenuated total reflection Fourier transform infrared spectrometry. Industrial & En-
gineering Chemistry Research 39(6), 2000, 2101-2104). The point of highest su-
persaturétion was then used as the starting point for the nicotinic acid crystalliza-

tion.
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tion. -2 Another exanple is controlled batch
crystallization by pH variation, devel oped by Zhu
(Zhu, J and Garside, J. Controlled batch

crystal lization by pH variation2-Jubi- |ee Research
Event, a Two-Day Synposium Nottingham UK, Apr. 8-9,
1997, 1, 449-452). According to Zhu, a short pul se of

S URRItBET aarhplels icBhirbRéd BafthCdrystaRizbtio byaH eariationt] developed by
durlng t he ol e crystallization process

H ch ,
B (s, Trenst Garmide.d Gantraliebaich snsiallization by pbtvariation. Jubi-

S ' I r aj h

WS FERpHEH 0y, B SRS mpitint N adfon IE B89, 1997, 1
t q49h482)cAcopRlitg td Zha, 4 shert plisd-ofreysmrsaturation initialized crystalli-
supersaturation Is considered to be a risk for the .

f gatiani anf grringdhe whrlr.srvstallizatian ninsess PHFaRgg Was used in or-
d . . . ,
6085 PR 8PPt Sh B Supshibfisn e, Zhu i o
supiee th¢ iovatl ef sapénsaturation asdighnas toossikds Bbbideh tashorten opera-
aE_ rg riate | evel of supersaturation in each case,

t '511 %0 find a conproni se between the rate of
crystallization and the quality of crystals forned. 15
Summary of the Invention It is the principal object of

t itoweves eswpérsatmaiiamist corsidered e berrerisk fontheiformatipryof amor-

di sad f Ly, k h f .
e e e
akfoRAthewRAssr ERBtATRERM rRAhd BR stipRAsAlkRed 8blutibAs, one has to

present invention.” According to one aspect of the
i wetablisban apwropriate levelofdipessaturation in@ackreaseatnying to find a

< ShirblindsCoPienBRl fr00R N atER St Bty of gpystals formed.
and at | east one charged form said nethod conprising

the steps of: a) providing a solution of said
c&ﬁﬁﬂﬂﬁ&ﬂh@ﬂﬁﬂ&ﬂ having an initial pH value and

ialln i% ?Ig(!r\ lpﬁl]'cﬁ)%‘ 8bjcSPBFR SAELAIN9EntiSH £ GAURRBHIY theSRhithtions and

disadvantages of currently known methods for crystallization.

The foregoing and further objects are achieved by the method and the apparatus

of the present invention.

According to one aspect of the invention, there is provided a method for crystalii-
zation of a weakly acidic and/or weakly basic compound, said compound having
an uncharged form and at least one charged form, said method comprising the

steps of:

a) providing a solution of said compound in a solvent having an initial pH-
value and an initial total concentration of said compound, said initial pH-
value being chosen such that the compound is present in said solution pre-
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30 val ue being chosen such that the conpound is
present in said solution pre -3 domnantly in said
charged form said initial total concentration being
cho- sen larger than the intrindic solubility of said
uncharged form b) gradually changing the pH val ue of
said solution in a direction that leads to 5 a

decr eaipeninantipindsale wharged! formobaidiihitiay totaltddnceatration being cho-
a predeterm ned target pH-value at which said soI ution

i s i nSgNdammer ihan Eha iptringic palubiitsefaid ugrhatged form,
concentration of said uncharged formis substantially

equal to said intrinsic solubility thereof; and 10 c)

mép) Nt agradualyschiathging the pid-vahueaofssid satutioal ih ya dlmcjmtthat leads to

state while all for ion of crystals .of sa
conpo@RECTEASE A §a'§ 'S ﬁﬂlégg'Wa\‘%/@ rgﬂehl\r,;ptqqprgdetermmed

Co”pa"t%fyei’ﬁl—w%é}ﬁ@%?wm% 84 Big s*b\‘ﬂtldr‘l% n§ ﬁ@ﬂrbs[aﬂt%‘ﬂy saturated state

sol ut e conmpound Interest, i.
t ot al aa:ndrtbem:bna&ntmtlamaf said L&\Bhamegieformhalsubhwntially equal to said

intrinsi.c .so t he, uncharged form By

gr adudPTIPsiCs &ﬂ&"ﬁétp{?ﬁ?gf B%al ue of the solution in a
direction that leads to a decrease of said com

pound' s sol ubilit one can rapidly proceed to a

sic) uamajntaimingisaishselbtior i atsubatanyally aaturatedsitais while gllowing

subst BT eI BLE cBLbAT T o) 1 bt on ©s
then carried out under the nost desirabl e condi 20

tions. In particular, one can avoid the drawback
adR U5 Rregedure roRe Fiarts outith agommesalively gg@@%tfa}eat bt not satu-

\S;gé?tfe S0 l@ﬁ)ﬂ%l@%dﬁo%pé%d;g‘r If’e?%{:t’ P8, Wfltﬁ%ptg %I%*ﬂlcﬁnfrgtld?h that is

b¢argst ﬂTaMeanm%w sdlabiity sfahe lebhmge‘debem By gradually changing
prereﬁwsme for the 25 a\FErIlcablll g s that th
réplue of e selstion inadechian tiatdéads tmdestease, gl gaid com-

W@bgnéﬁcg Q}ﬁiﬁ?l S‘%éé"%gh JQ? 859?0 %ré?ﬁl%%nciﬁ’%ﬁ‘ thé‘solutlon is

aCI e unaer - as a corrpoun
pit @ aubetanitialy eatu?atedMEmsyaannb@sthesduﬂwtiorbm a su bstanttally

underst ood as a comnpou K-value, of 7 to

TRerateRtialcs CAr BRI s ThaBIcBTTRs GUNIBIATJas s desirgble condi-

t §iBRs ARG Hictal, Whe can avoid the drawbacks associated with crystallization
from a supersaturated state.

The method of this invention is applicable to a variety of solvents; in particular,
the solvent may be water or a water based solvent mixture. A prerequisite for the
applicability is that the compound of interest behaves in said solvent as a weak
acid and/or as a weak base. In the present context, a weak acid shall be under-
stood as a compound with a pK-value of 2 to 7, whereas a weak base shall be
understood as a compound with a pK-value of 7 to 12. The method is also appli-

cable to compounds with more than one pK-value.
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30 -4 The total concentration of a conpound havi ng
nore than one formis defined as the sumof the
concentrations of all the conpound s forns present in
solution. At equilibrium t hi $%tot al concentration is
equal to the effective solubility of the com pound. 5
The intrinsic solubility of a conpound in a given

s qheeabtal ephtemtratiorfef 4 BeehpasintRavirnguriom than one form is defined as
concentration of the unchar%ed formthat can be

atie syeofithe senegoirationsef alhthe @qmpqnm shms Pf?@ent in solution. At

precisRi: of, 1 h -
¢ R6| Bt e ol GotiPeH A <G e reckE Rl 1 the com
egaahdt o the equilibriumtotal 10 concentrat| on of

t hat conmpound under conditions where essentially all

of the conmpound is present in its uncharged form

f

aC| gllﬁﬁﬁ%&té&ﬂ@mw %’goﬁ'@ ﬁ?ﬁ‘?ﬁ'a ijer} g@?i)ég{'%e b is defined as the
ama)sm:mncomﬁentrm:onpcﬂ-thelumehar@mfodm that careberacvhigveg in an equi-

e.intr i C solu are k t he

'ilgﬂuvsw o iiosh he s SbLde BT Lpcharbeediom ¢Agts: pppordingly
PR | tr‘;'r’n°'8|§ "sgmblﬁltf ¥ H'Vﬁééi( Btidtahd/GA e B c{u%ﬂ te e Sdfilibrium total
in t e SO armacy and Pharmaco
Cooncenteatiaroofsthat B()>mpm998 un::les cqrx@)lons\wmne @geeutsally all of the
enbodi nent.s of t anen |on

dEPRIPGLAE 1S Pres m §8 Upﬁ S ﬁedn'{iﬁl tngtpae% be achieved for
%dm@ﬂk@tﬁuléhnﬁwﬂmﬁc @&ﬁpbumby @pmmugté@dmsztr@nt of the

concentration of said conpound. Advantageously, th

i pHavalbeviiethnds foddetermiging the dniriasigsel lllturarefkngwrum the art

y g%q"ﬁg{g;) /‘\ig)gieg?p% @i—%@&éﬁf&éﬂﬁ\% %ﬁg}}iﬁ%ﬁﬁ%rbﬁﬁs‘?’rﬁm Bjerrum
ephisli Gidls, biffed SH1deKATin (e Bbid sfang Rrdrthazylald Phaimacology

substantial ly
Commumcatlons 4(3), 1998, 165-178).

Advantageous embodiments of the invention are defined in the dependent

claims.

In one embodiment, the above mentioned step b) further comprises raising the
total concentration of said compound. Advantageously, this is achieved by induc-
ing a slow evaporation of said solvent, in particular after having adjusted the pH-
value to said target pH-value.

In a further embodiment, the step of maintaining said solution in a substantially
saturated state comprises keeping the pH-value substantially constant while in-

ducing a slow evaporation of said solvent.

In another embodiment, the step of maintaining said solution in a substantially
saturated state comprises monitoring the concentration of said uncharged form




10

15

20

25

30

saturated state conprises keeping the pH val ue
substantially constant while in- ducing a sl ow
evaporation of said solvent. 30_In another enbodi nent,
the step of maintaining said soPation in a
substantially saturated state conprises nonitoring
the concentration of said uncharged form-5 and

r egd! régummg hige ?H—Vﬁhé%ostﬁat thet cdriteneatics of said mﬁbrm‘rged form is
said uncharged formis kept within a predefin

t Ppt witbia 3 arﬁgﬂ@ﬂaodﬁ@leg@@ fangsi ahave said uﬁrlmsrp;solublllty thereof. In
E)?écqﬂ:e t!‘l wﬂ[)ttegﬁﬁ ecrﬂf)nﬁgﬂuf%waér c%r{ Wa'hSn 'Hfrﬂ’\% Bﬁbﬂé’rgled form con-

conCen ra orn1con

OItmtlocm‘ytdr @k ¢imid toetimef If saiddccmmnaratmatreaxrherseaohm outsude said
val ue outside said 5 predefl ned t ol France rar_lge, {a
sm efiieginterancaranges Agael amaunt ot 8 fgopgaRsid er glrong base, e.g.
Y

gpec ; Ihd\ﬂﬁ éclaﬂr%ogédsgﬁﬂfm dé&%% ; r%tE éctﬁ/%%tls added to the solution
contllelhtercamoentraﬂom béthmnrlm'@geld fammisi sadiawithini theitolerdrece range.
tol erance range. In yet another enbodi nent, the step
of mai nt ai ni ng said sol ution |n a substan- 10 tially

M yeeassthat 8k ﬁﬂaﬁ‘d ﬁ’?é‘s é|'n nlhgeﬁatlc%éiutlo in a substan-

con entratron of sard com atin
p Hialabateratedtstate ctdmpmsmannoooomthaatortaimcmbesh'atjoo ofrsaid com-

d k def i t of
P BEUEY 2ol EBuielinthe o BGe SoBRtineltor) BREphfaASH gf said com-
Phaah ikeptWithitd bredefiHbd @ol@wmb%h?e dbdRetzPpRidetermined total
concentrati on contlnuously or fromtine to ti ne.

Vepkblligy prafile.inipraetinquithis wikvequjreagesgering the tgal concentration

eI SESFTRES SEAL MsBleh IOk g sccoss o

Nglrewd)m daterhfieéd ptdfilé betheHotaleacentratidre68said compound asa
thods for determnin such solubility profiles are

kswtionof pkkvalke, atleaskinghe pHireange of intirpst. detheds dan determining
p%@éﬁ Eoﬂgllﬁ@}dﬂ%é Jﬂfeey kncRﬁﬁ Fﬁ%wem@s/ete?g% ahv?‘eg? AStlﬁl’iﬁﬂ ochemical

I'Cl na ersum

1 pﬂc)f Wing Q83lubaiy p’é&ﬂ])eabﬂﬁy &he chargmstaté)samﬂearh‘ Topmsen Medicinal
20 tratjon at an inst pHval ue diff froms

t Shemistey Cfﬁ‘i"’(ﬂfﬁ‘jmpf\@#)ﬂl(@ #P0tof 571353% l?ﬁ'tﬁ @PTBP@H@‘# ﬁﬁ%@' concen-
ﬁéﬁ‘% &n |ﬁ’§lgﬁt %ﬁ \ﬁ% 8 Qéldgofsatl rSBWJ%Hﬁ 'p%ﬁé by more than

rong ase OrIC acCl 0 as
h;;d|dqoredef|neclamierar:ceerbygeJ asamdiemomttdfea stobnryg acldomr strong base,

ggﬁd,lgqytggfq Or%é'@gc\%q'fq%n%srsﬁ@ aa ; 1}12 rers%%cll\sél{/],%s added to the solu-

tion until the total concentration at the resulting pH-value is back within the toler-

ance range.
According to another aspect of the invention, there is provided an apparatus for
carrying out crystallization of a weakly acidic and/or weakly basic compound,

said apparatus comprising:

a) a container for said solution;
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ance range. 25 According to another aspect of the
invention, there is provided an apparatus for
carrying out crystallization of a weakly acidic and/or
weakl y basic compound, said apfaratus conprising: 30
a) a container for said solution; -6- b) a probe for
nmeasuring the pH value of said solution; c) dosing
nmgAns & srobadet ﬁr@a@gﬂhg ohé BH mgmga@fsmﬂuﬁw .and base
to said solu- tion; 5 d) sensor nmeans for neasuring
the concentration of at |east one conpound form

se

0T o asirey etk (O 2 dilg SBhuGRE) EouErEradl drbtbty fg said solu
from giend pH— pr obe and from sai d sensor nmeans, said
dosi ng neans being progranmed so as to regul ate said
pH—vaI ue to match a predefined profile. Brief

crl T [

; SPhadimant 1 AEAELAR 119 CoRamHRER Hr AREL ¥R compound

15 rralfmm pods et im ealutlgnidmadnvm Il becone nore apparent
and this invention itself wll be better understood
by reference to the follow ng description of various
& b%ﬁhfFSPﬁ'n%aﬁfs atchhg o8R8 oS tlﬁéﬁﬂs H“réé?:%hﬂ@@f'sﬁj?\als received
W e acconpanyi ng draw | ng ereln:
shows frans saidopHiprobe Hnﬂrfufm Iseld)a‘,emsqnmémmﬁaidadoslng means being

3 ShoREodAEIEe 55149 yRamale ol RITHTE (i metera prédéhined profle.

according to Fig. 1 with 25 the pathfor atitration
from hi gh to | ow pH—vaI ues starting with a satu- rated
3 apcrpipreofthed gsount of solid;

The above mentioned and other features and objects of this invention and the
manner of achieving them will become more apparent and this invention itself will
be better understood by reference to the following description of various em-
bodiments of this invention taken in conjunction with the accompanying draw-

ings, wherein:

Fig. 1: shows a solubility-pH profile of a weak base B;

Fig. 2 shows a solubility-pH profile of a weak acid HA;

Fig. 3 shows the solubility-pH profile of a weak base according to Fig. 1 with
the path for a titration from high to low pH-values starting with a satu-

rated solution and a moderate amount of solid;

Fig. 4 shows Bjerrum plots of saturated solutions of: (a) ketoprofen (acid);
(b) propanolol (base); and (c) enalapril (ampholyte);



10

15

20

25

30

Fig. 4 shows Bjerrumplots of saturated sol utions of:

(a) ketoprofen (acid); (b) propanolol (base); and (c)

enal april (anpholyte); 30 -7 Flg 5 shows the

solubility-pH profile of a weak'base according to Fig.

1 with the path for a titration fromlow to high

pH val ues with an unsaturated solution; 5 Fig. 6

ISfFog\B5 a Bjshbwsrthels@:]ubﬁty-fp?mptdfﬂh ofa vwiaﬂdbaéma@cﬁrdmg to Fig. 1 with
ine representing the reference situatjon wt

pr eci pi t atle RA toRa @Tﬁtl,q”ef@“é‘ﬂ%%tﬂgﬁ“%f’lé V&ii‘éﬁ%W"Eya" unsaturated
titration B&m@nlowto high pH, Fig. 7 shows for a weak

acid (A) and a weak base (B) a series of Bjerrum 10

plots at different substance concentrations (a): 0.02

b / m d): . [ m .
n%[dg ((‘b)( )bQWﬁgay ﬁ;%q é)lc(tggfgmggdlgg} m}mtﬁ?zgoB&IQnQerresentmg the
profiles obferanial ﬁﬁjéﬂohhmiﬂ#&ft%frsé]bttétbaéﬁd e &iRIé€ 8howing data
trations. 15 Detailed description of the invention
Exanpl es takar by titration franolomoionkigh foHir bi pr of en,
furosem de, hydrochl orothi azi de, ketoprofen, 20
propanol ol and qui ni ne were used as exanpl es. These

cEpounds sﬁbﬁ:scf@ﬂmeal@écﬁh (%) QH@'a| Wehlebade I(Bpé sefies ®f Bjerrum
conpounds are a weak acid or base or an anp

wi t h pK-v@lqiégtmﬂamnwmtmquncenmaﬂanﬁ (ah@ g%mmi (b): 0.1

Fo 1 snomsEPabdintionia gl ghodeffo flER,™

in ternms of the effective solu- bility S as a function
of__pHvalue. The effective solubility S.is equal to

t Féd-dom ﬁBQWG S@ltthsletwp% BFRfileR efa@q’dmn%w%l@ffﬂqsﬂusmﬁmg concen-
Such prof¥ 51#“ al so be addressed as

‘sol ubi li profiles”. For the time being, it wll

be assumed that there is an

Detailed description of the invention

Examples
Diclofenac, famotidine, flurbiprofen, furosemide, hydrochlorothiazide, ketoprofen,

propanolol and quinine were used as examples. These compounds are commer-
cially available. All of these compounds are a weak acid or base or an ampholyte

with pK-values which generally lie within the range from 2 to 10.

Solubility of weak bases and/or acids

Fig. 1 shows the solubility profile of a weak base B in terms of the effective solu-
bility S as a function of pH-value. The effective solubility S is equal to the com-
pound's totai concentration at equilibrium. Such profiles will also be addressed
as "solubility-pH profiles". For the time being, it will be assumed that there is an
equilibrium situation with a solution of base B and a substantial amount of solid
in contact with the solution. At very high pH-values (Region a), essentially all of
the compound is present as the uncharged base form B, also called the free
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equilibriumsituation with a solution of base B and a
substanti al amount of solid 30 in contact wth the
solution. At very high pHvalues (Region a),
essentially all of the conmpound-is present as the
uncharged base formB, also called the free -8 base
form At very |ow pHvalues (Region d), essentially

aldaseffori eAE 08RAbWH YaludisqFRigiorRd), tdaeeptigityoaipbPthef cmpound is
BH+. At internedigsze pH—vaIe(ues, th)e uncharged form

ardesent as ibeqprataratedforneBEN At interraediate pHtugdwes, the uncharged

- 385 ke s Rt i e S i a ARG UG g o tpeptp v

5 THe @ﬁé&tivé@di&ﬁﬂity@ isSEQhI fté e §iigh ofthe IcbAcEMIratidns 668 and BH*
of the uncharged form also called the intrinsic

s@it eauilibriynsds seersfram Eig. 4 hthe salebiliy aofdhe iunghargesk form, also

LB g oy So° 8 SRetidnh ng Sohughy 3 or the protonatec

ef t4 id i Lgnessenti al | 1o i ndependent
e ffé@ﬁl_ A4S cofbdBid bAlY sSlubilitg y P

is I's because at very high pH values a slight
change in pH value has virtually no effect on the

rati o.between .uncharged.forma ot onated _ for. . .
WIS Sgan Tego 3 45 RsEbal i SPERE s Bl § is essentally
S ghadidrident of bHi. ThESRIHe2LYe aBGEAl higR gHWaluekrd Qlﬁ%rﬁ change in pH-
solubility So. 15 Considering now the situation o

soaluhbas vistually pa-effdct o the saticrbgiveeerbuneharged formy and protonated

arTn b R8I VY Taite, AR fal B o0 sBfly'S is essentialy
t @igiial fethlegatrinde gélgbmgr@gj_i butions of the un- charged
formand the protonated form respectively. In Region

b, lowering the pHvalue is associated with an
increase.in effective.solubility,, The under] yi . .
coarTIIng iy 1SS BttPrae et oW - Thlyses Region bin
ig >t " ' i BH*, The effecti

L, R TRERRDARTE i kgL i B Thoofocive
s sblutiiliiy Samaw alostpridestwolterracefiediod theldoatrimitions(afthe un-
bR O B I QU A B PHLBIURES, AR M boTbwring the

pH-value is associated with an increase in effective solubility. The underlying

equilibria may be described as:

BH*a—— B a——> B(s)

In other words, the uncharged form B in solution is in equilibrium with its charged

counterpart BH* in solution and also with the uncharged solid form Bys).

In Region b, lowering the pH induces protonation of B to BH*, which in turn in-

duces dissolution of solid Bys) in order to replace the "missing” B.

B(s) —»B
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duces dissolution of solid B(s) in order to repl ace
the "mssing" B. B(s) -i B -9 B+H+~BH+ This process
will continue until a so-called "perfect" buffer
systemis reached 5 (see e.g. Afdeef, A., 2001, |oc.
cit.). At that point, designated as point 2 in Fig. 1,
the solid free base B(s) and its solid conjugate acid
BH+(s) coexist and thereby force the pH and the
effective solubility to be constant as long as the two
inter- converting solids afe+pfeseBH’ This special pH
poi nt has been designated as the G bbs' pKa

(pKad@ BBS). The equilibrium equation associated with

t Rikgs P%@%W@Eontlr%é ﬁnﬁ'ﬁ*s&baﬁe@_(‘p%rfetg"ﬁuﬂé% gtem is reached

assocl ated equilibriumconstant given KA H
J(SSpy. Mideef, A5206% lots &t).iAtdhatapaint, |dyesggrated e point 2 in Fig. 1,
poi nt is given by t sum of the intrinsjc .
Sanesef e b Boeadfis S8l Gankige w8k copyist and thereby

I S i . inter-
53 FBTERS Y, ety 0o BniENR 1o b e fwo intr
prohoeringddids ardiprésant ofihig spebial pbipeint has bean desBrated as the
i's . constant %Eé’s equal to the salt. solubili tg. e e
PAbBRaAhdPKer B )t bherAUREHE ediatianassadaird gyith this phenomenon

further protonated solid and to a |loss of component B
in solution. 25

BH+(s) —_— B(s) + H*
with associated equilibrium constant given by

KGIBBS {H+ }{B(S)}

TN,

The effective solubility at the point 2 is given by the sum of the intrinsic solubility

and the salt solubility:
S=5,+8,

Moving from point 2 to still lower pH-values (i.e. into Region c) where the solid
phase consists of the protonated form BH* only, the concentration of BH" is
constant and equal to the salt solubility. Protonation of B to BH™ leads to forma-
tion of further protonated solid and to a loss of component B in solution.

B+H - BH"
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B+H+-sBH+ -10 BH ) BH}(s) Therefore, the effective
solubility decreases until Region d is reached. In
Region d, there is no nore B that can be transforned
into BH (5) and the prevailing-®qui- 5 libriumis now
descri bed by: BH*(S) ~-= BH* Wen dealing with a
weakl y aci di c conpound HA instead of a weak base B,
the pertinent solubility p t he general
appearance shown in Fig. 2. B{—)’f'lér_lestmﬁéflo uncharged form
HA, also called the free acid form predom nates at

| ow pH val ues, whereas at hi gher pH-_values there js

arl haﬁefpégéhﬁgaﬁmpvgs@h@nhtbde@@aﬁaﬁwtll Regioned i r%hgd In Reglon

T, T P SRt pvaio s

h#ibAutmie mpagg@majb{/ a conbi nati on of the profiles
shown in Figs. 1 and 2, with the substance being

positively charged 15 under acidic conditions and
negatively charged undegihasiccandptiions. Solubility

determ nati on The above gﬁ?trlbed 9$trat|on e.g. of a

weak base B fromhigh to | ow pHvalues is used for
potentionmetric determnation of solubility profiles

atyhed ideglng withea mak@Oaci@ubloempqL&d Hmanttedﬂ of seweak ase B, the
Avdeef 1998, loc. cit. However, Sol

t 'WQ”"@%\'{M@W% has the: Q%ﬁr%&ppe@ch& R Eghhgs 2. Here the
f -
googﬁ? %ﬁ@ﬁqﬁééﬁﬁ@ %Mhe h% farth, %Q&émﬁr%t?@h?ldw pH

iIs a V|sa e 'to use on
swvalues, ahenaas abhighke ptiovaloes theuadsa an i mmeasmgaiamntonatlon to yield

Thi s Ieadstoa3|tuat|on wher e ﬁgole am)ué

t Hee aeaptiveiY charaadiasmAqd V\b'é%ﬁealmgew 8 SRIMPRYR aﬁ'f}wore than
5 .

ZSrBESAL A SRR RING PR B Bperhicf o8 crtinaton o
r ¢loe prafides ehowhen pligse aﬂl amad Pewith thé sugsinhee sbeling)positiyely charged

profile until reach| oi
Fiugdes aciic condtighs And e bﬁ‘ﬂﬁ&ﬁ n‘?a%ff 8?%?“90"3
di ssol ved; the anobunt in solutlon does not change when
reduci ng t he pH

Solubility determination

The above described titration e.g. of a weak base B from high to low pH-values

is used for potentiometric determination of solubility profiles according to the so-
called "pSol method" (see e.g. Avdeef, A., 1998, loc. cit.). However, in pSol titra-
tions the phenomenon of a “perfect” buffer system is not encountered frequently
because in order to obtain good titration results it is advisable to use only small
amounts of the compound under investigation. This leads to a situation where
the whole amount of the compound is dissolved before the maximal effective
concentration corresponding to point 2 in Fig. 1 is reached. This is illustrated in
Fig. 3, where reduction of the pH-value leads along the solubility profile until
reaching the point denoted as 2' in Fig. 3. At this point the compound has com-

pletely dissolved; the amount in solution does not change when reducing the pH-
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-11 value further, as shown by the horizontal dashed

line in Fig. 3. Therefore, the total concentration of

t he conpound remai ns constant at a val ue CT.

I\/leasurenents of solubility-pH ptofiles were carried

out on a "pSol" apparatus 5 (see e.g. Avdeef, A,

2001, loc. cit.). The potentionetric sol ubility

NRARIY RIFRRE, 4d srrbwn@ RFe hofiRBRtaRHEShdR HSS irdFig. Bpfrherefore the
paraneters the wei ed amount of the said conpound

t fietal epneantestionref tge compewndiemains sonstankrta Xawe: he-
nmeasured (or cal cul ated) octanol/water partition
coefficient, logP. The latter paraneter is wused to
e%ﬂéaﬁi}rénieh?s bésILBHt pﬂgzlrefﬂeb ete o%@rre@éhf‘@n ta"'%SoI“ apparatus
Hansch -t{ég@'expressr n g]_ 17 38*| ogf

arﬁseerprg; eeéré.r 8A01 ofoci o). dmeotmtlemerr@eselub ity measurement

% hi | C'tﬂl}g/kéa ﬂlﬁ?'%éﬁ? &ﬂ%’ﬁe% Jﬁ%’“’%?ﬁftﬁé%gﬁoﬁ“ of the

C%ﬁﬁpeﬁrﬁpoﬁﬁ@ fh@' volimefof tihe sslatioh| ®e, méb@ureﬂ"iﬂ’(aaﬁlﬁﬁ themeasured
estimated So, a nuneri cal procedure si mul_ates

effer ¢alculatecdackanolwateepadition @oerr"@lerafs@ep Tihe fater parameter is
S 'u%?h qé%ggﬁ%é% ?h r?s?c @éllu%g{gﬁw@goa%ﬁr L ﬁ%dr{‘ﬁ@b%xpressron

i vidu surenments in
course of the ti tratl on. The pH 20 donai n contai ni ng
precipitation is apparent fromthe simul ation.
Titration of the sanpl!898aspbiéi-bP8 99 one in the
direction of dissolution, eventually well past the
poi nt of conpl ete dissol uti on. The rate of dissolution
oborehdémprbiel version fdréshibgbletrheleculesufaadderate lipophilicity,
Noyes- Wi t ney expressi on, depends on a nunber of
factors which the instrunment takes into account. For

exanple, the i SWHTS?%SQQ%U@@E [oéq:f"?of pH

data taking as e point of conmplete disso i‘'on
approaches; mhere the tine needed to dissolve

t I tl ngésub%pgfr A l st eer"@ﬁilge yﬂllér¥ne or file solution, the

95 :ee;b ekt b e e

egune be or:erthe assay The simulated curve serves as a template for the instru-
ment to collect individual pH measurements in the course of the titration. The pH
domain containing precipitation is apparent from the simulation. Titration of the
sample suspension is done in the direction of dissolution, eventually well past the
point of complete dissolution. The rate of dissolution of the solid, described by
the classical Noyes-Whitney expression, depends on a number of factors which
the instrument takes into account. For example, the instrument slows down the
rate of pH data taking as the point of complete dissolution approaches; where
the time needed to dissolve additional solid substantially increases. Only after
the precipitate completely dissolves does the instrument collect the remainder of
the data rapidly. Typically, 3 to 10 hours are required for the entire equilibrium
solubility data collection. The more insoluble the compound is anticipated to be

(based on the template), the longer the assay time.



10

15

20

25

30

solubility data collection. The nore insoluble the

conpound is anticipated to be 30 (based on the

tenpl ate), the longer the assay tinme. -12 Bjerrum

plots As generally known in analdtical chenmistry, a
Bjerrumplot is a plot of nH against pH, wherein nH

is the average nunber of bound hydrogens in a nol ecul e
ofgithem spkst ance. The Bjerrum plot reveal s any

pRa-values in terms of the pHvalues at 5 \ .
ha\s gemerally khopodn @nehgical chamisiy, aiBjerrwa plphisc pigt efin against

f th b b . Ui br
T Ao R AR B4 pflr Bt AHEERD Bljde o e
a stibistdnceo ThelBieBLiAT EI@HTGNG@IIS a@y pKi-vatudsrinderrap pathenpH-values at
pKa- val ue, henceforth denoted as pKa [

: 1C ! KAPP,\/\lgchiS o of
sthaifristegral pegitiens obmu s Wirbeapereciated from Higrbw description o
f This i h j ' f :
s RBRRs spliMbla el dnb brétchoablRpohRity 2iths leads to a shif
\Q&ﬁkhaﬂj@%urp(ﬂ)nbt 1esQtiagdh fzdln a(%na:regt ﬂgéhaalee, heneefadhidenoted as

ase).. and (c) .epal a- [ [ ehaves ,as_an
A RaTy Wjoh sbioR fa WBer ¥R ToT $5aeand N DacHERluEs for bases.
i) . L7 h beh
¢ SRRSO £lo. Je18r SHfUARd ARSI, (&) )btoprofen (uhich behaves
whesr 2iveak acid); kis) srepphelot twhichthehaves as Beweadl base); and (c) enala-
soluybiljty-pH profiles and, Bjerrum plots, another type
ofprg?‘ﬁ“‘ic"'éﬁl?ffgéi e%’aWhP}YE%’A'the pSol - met hod are the
Flux Factor Profiles (see e.g. Avdeef, A, 1998, |oc.
cit.). AFlux Factor Profile is a diagramshow ng the .
c drfeeintrirsti¢ solubilify Si 6ap bef deduced: yeinspeciians obthecurves, applying
cgﬂgoulng ash.a function of pH Crystallization nethod
25N¢ FIGMERP"Po obtain crystals, the direction of

titration described above in relationto Fig. 3 is

reversed. In the case of a weakl bg?d C cowpound B,
one starts with anogfisalag{el(dd ng‘FaJ | oRKef| t he

compound at a lowinitial pHvalue as illustrated in

wherein C is the sample concentration.

Beside solubility-pH profiles and Bjerrum plots, another type of profiles obtained
from the pSol-method are the Flux Factor Profiles (see e.g. Avdeef, A., 1998, loc.
cit.). A Flux Factor Profile is a diagram showing the concentration fractions of all

the species of a compound as a function of pH.

Crystallization method
In order to obtain crystals, the direction of titration described above in relation to

Fig. 3 is reversed. In the case of a weakly basic compound B, one starts with an
unsaturated solution of the compound at a low initial pH-value as illustrated in
Fig. 5 by means of point 4. In other words, the initial pH-value and the initial total

concentration C are chosen such that the compound is present in solution pre-

dominantly or even entirely in its charged form BH®*. As seen from Fig. 5, the ini-
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Fig. 5 by neans of point 4. In other words, the
initial pHvalue and the initial total concentration
CT are chosen such that the conpound is present in
solution pre 30 domnantly or ® entirely inits
charged formBH+. As seen fromFig. 5 the ini -13
tial total concentration CT is larger than the

| Rt toisl &r&%h%hbh% |§Qar‘§fer‘tﬁléh tHeCiRBirERsisdlabMtBS, of the uncharged
Subsequently, th val Ue is gradual ly increased.
THosnBeads to an increasing 5 deprotonation of BH+ to
B, but initiaIIy there is no precipitation of solid
phase. reaching point 2', the titration is

f t
i I%mé%gﬁar ly, JH*FZ% | S41lis g%dﬂallg inéré8sée! RO Ié@ds fNan @ricreasing

as reached”its maxi nal val ue
[Bgamtomt:cum of BHidao&3, tiud initially there isvae preipitatian efysalig phase. On

| Aeernge ol Sbe MialRareatiingl. AbgheoGRTBAME S, M copcentration

a f &Héhﬁbﬁér@%ﬂ'f@ﬂn Wﬁ@%aéﬁé@it@ﬁﬁaﬁhiayvalb@ (B3 Wﬂl@dls equal to the
conditions. 1t should be noted that the tar'gﬁ poi nt

2! [nmylckﬁpl@bibtye‘jn dihenpiore, apaturated galutian of crgmpound of interest
pr.ofi l

SCIRE I'bas Qaq@s@tﬁ Q%etg%tfb %QJ%EE’S %%ﬁ#@ﬁz@ d'P 8@@& substantially

F@attﬁ*é?é@b@ndlﬁé‘ﬁs could start with a nearly saturated
15 solution, 1.e. with an initial total concentration

CTonIy sllghtly bel ow the salt solu- bility S+ and

c ggl Lh@ %@Hg{tga i@at tﬁp &fgﬁ %ﬁﬁg?h M% Eblg%#%b\!vher on the solu-

SCHIIH?JFJH bdtfird] &Y Iohil e thEQwel ebncehteation st paihi 2'dies between Sp and
tions, it may be difficult to reach the target

p@t S.245 ghowriity Fpg & iFoelexamiple,tans eawd start withe nearly saturated
added, the pH-valu oes beyon
ccﬁon'létb%bh& Wﬁht%\ lﬁEiagtotQ hc §a§ é Igrsi{gﬁﬁ; 3loWthe salt solu-

u&ﬂg ﬁ} B%Lélgrtg}tan g-rr%cgﬁfq%%greag lecraé gH %l{.l%rhdtﬁ reaching the asso-
S@ié’t@ﬁ'iﬁt@)‘s(ﬁﬂﬂopﬁfd?ﬁﬂi i RlschitoSHepasiileo a slightly

unsaturate tion. By keeping'the solu- tion in an
uncovered bottle and all ow ng sl ow sol vent

evaporat i t he ntra 25.tion.0f . I j :
TR Trm et SFa AL BRtho S f Rl 4 g RUUB Haphe target point

StALBry Prec'iéﬁ;? hfffbo mﬁbﬁ Ua%et@gdabarmmg-lmm gbes beyond the tar-

crystallization. be di scussed bel ow
get pH-value correspondlng to point 2' and a supersaturated solution can form.
Therefore, the titration is usually stopped at a point very close to the solubility-pH
profile that corresponds to a slightly unsaturated solution. By keeping the solu-
tion in an uncovered bottle and allowing slow solvent evaporation, the concentra-
tion of the solution will slowly increas so that eventually a saturated state is
reached. This is the starting point for crystallization. As will be discussed below
in more detail, crystallization under substantially saturated conditions requires
taking appropriate measures to keep the solution system always as close as

possible to the solubility-pH profile.
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in nore detail, crystallization under substantially
saturated conditions requires taking appropriate
neasures to keep the solution system al ways as cl ose
as possible to the solubility: profile. 30 -14 Wen
dealing with a weakly acidic compound HA instead of a
weak base, the pertinent solubility profile has the

gewaéﬁlde@nﬁgwm FeERRMELIdiB donthounhd AAERSteati @fe weblebase, the
adapting the above descri bed crystalllzatlon procedure

t pegtingriisolubiiity profilevias thgqienesdl i appearansecshawy in big- 2. There-

tart th

S 50 SRl A PRt wear
t afcaptit winl g"éné?ﬁlly bb@esabsury ltd fstarpwithravf mrhsatuwteah solutlon at high
deal ing wi'th nphol yti c conmpound

oifivhvales ans 61 arpeuBl Teckioeriop Phvalupaini Fedfbiag 3 taragt point on
1 nd nove toward a target pH lo value
ofWﬁéR’%ﬁwﬁé%&’%g part of the solubility-pH
profile. It is helpful to use as a reference curve the
Bjerrumplot for the ti r,ationin@[ abs
telp

£
priBepdealiag with an eAPNeLIts COMREH SOSREIE (6 pisiple to start out
d'@hgp E%eg ﬂ!}ﬂ\ut?rn a 3 Uet‘yhﬁw?ﬂﬁ%ﬁl% d ¥d Ridve tbﬁla‘f’é‘% tﬁﬁget pH-

own In Fig
1s/alumot thei mrea}mndrr@parynf mecmipbiljtwlpfﬂmroﬂht ch vve
will consider here the behav- ior as a base at

conparatively | ow pHvalues. The solid line in Fig. 6
I §PEERANP to LS ak & RFGRABe %UF\#@MeCB‘jemhhﬁldt for the tltratlon in the

preci pitate whereas the circles show data taken
t iahsance of pregipitate. V\thﬁhngOflmi%éefewmei W@rnqants 1and 2

O3 e B Brche 550 bR Ko B S ¥ v Fi. 6 o
t igméfidine), 'éh'émbNoI?f@Ebh@ouha fomghichtves mee@ﬂm:aer lnére the behav-
t he nmaxi num concentrati on of the un- charﬁéed for

sdonas arbasatatiagreparetively lewoH-yalben: Fhe se B’ﬂeﬂfhg]Q 8 represents

86 S ot i BB NETHERS O it taker
Cayt titratiorofréiadoivi thriagh pR vaus Eing expévimphtal ahme meetsie refer-
direction of getting nore insoluble form th

c MSEraUrE Rb WG Liffaant RRINGS. THPHTFLORR SdNgMe ag thi point 2' in the
N%roﬁJblllty profile. It indicates reaching of the maximum concentration of the un-

charged form in solution. At this point, the concentration of the charged form is
still high, but the uncharged form has already reached its maximum concentra-
tion. Continuing the titration to change the pH value in the direction of getting
more insoluble form, the concentration of the ionic form is observed to sink. More
and more BH" is transformed into the precipitate, Bys), with loss of H* while the
concentration of the uncharged form stays constant. This will continue until
reaching the other intersection of the experimental and reference curves. This
intersection point is the same as point 1 in the solubility profile. At this point, the
precipitation is completed and the ionic form has reached its concentration mini-
mum and nearly only uncharged form is present in the solution. Between points
2' and 1 the compound shows an apparent pK,-value (i.e. pK;""" ) as because of
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25 and nore BH is transforned into the precipitate,
B(s), with loss of H while the <concentration of the
uncharged form stays constant. This will continue
until reaching the other intet@ction of the
experimental and reference curves. This intersection
point is the sane as point | in the solubility

PSS Pl'&en‘éb dffprecipRat. Astdi@lainee ebpive apK " iisshifted to higher val-
conpleted and the ionic formhas reached its

c oiesdAt Aeids @MdtorPweDvaARS 4IP3 | y only unchar ged
formis present in the solution. Between points 2
and 1 the conpound shows an apparent pKa-value (i.e

prabiMal zpnbilesatiocnsof - 15 the presence of preci pitaie
t.0,. hi her

iR et the aataliZaenavitn asabiatest soduch T e aybiiing supersatu-
C?Qﬁéﬂfsg@gﬂpfqo@cg@rtﬁé{ T8k of %m‘hﬁ? ﬁ}gr'i%féhéhé BRI PRerefdrB, it is help-

a sa utiton, i.e. avol persat u- ration,
s tfuldodiavera chathed tchstudyéhe cbéndemm ofga amlpphodéowﬂ gaturated so-

Th f f ul
t rhlgtgqerb%gé'gfﬁ:glaé’ftfedggq)&eg&ﬁméagl g{rﬁ{]tgf pg% fled g¥the Bjerrum
g{létg 'iﬁken T With tﬁggﬁf?ﬁ mitASd %II‘WéIt@%IFé&OHS of titration. This will

Ity-p files or the™Bjerrum plots taken
vmtxehexptampsdjy mmngmrnotmmg asmmskamplﬂ ard referingto the Bjerrum plot

r at | Oﬂ:é g € 'gfﬁe 8%%%89% Bn%%gsﬁh‘g“éfy starting at a

p'c@h eﬁBW&] 'HQH:FH-vaﬁue EF@Jrﬁ:P(ﬂJﬂWI‘i@ﬁt@lle |ﬁs1cblmbleDForrlﬁl gredominates.
vvas taken by starting at a corrparatlvely hi g

pmwdremmemla@emabmﬁeﬂ@ dendation of the @anfmental curve from the

CEEIEAGR e e P AU BHE7 50810 e rosncs o

r ?fréélpl’dﬁt% eyrtiteation frdra H@@ﬂob@hmpwmwm ,théresischd®supersatura-
is due to the presence of 15 precipitate. By titration

f tigm hi gher to | ower pH-values, there is no

supersatura- tion. If the di rection of titration is

reversed, i.e. if fanotidine is titrated fromits

S of thiel diredtioni ofsitlatibh és feversdy, iien afrfatm:itidg'net isditrated flame jts soluble

;ééﬁséﬁfé;é&ﬁ%%&' BerpRa ISP ee U BYPRFERL ) Cetermined Bler
S0 TG SenBAB. S, ki e gt nia pjorum cure
obtained in the other direction. Specifically, supersaturation wull cause precipita-
tion not to begin at the target point 2', but rather at a point 2" at a somewhat
higher pH-value. In other words, the experimental data for the titration from low
to high pH-value will follow the reference curve until reaching point 2". Further-
more, at point 2", where precipitation starts, the crystallization rate will be so

large that there is a substantial likelihood of forming amorphous solid.

Accordingly, in order to obtain good crystallization results, the concentration of
uncharged compound in solution should be kept equal to its intrinsic solubility

value.
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tion not to begin at the target point 2', but rather
at a point 2" at a sonmewhat higher pHvalue. In other
words, the experinental data for the titration from
low to high pHvalue will folt®v the reference curve
until reaching point 2". Further 25 nore, at point 2",
where precipitation starts, the crystallization rate

W thé girsslest éﬁmabh ait i &ueff @iehﬁtoaamjtbathiﬂie fdrget pomt 2‘ and then
i kel'i hood of form ng anorphous solid. Accordin

orsiepivt keedbihg Wg’@btﬁ @w@séalaﬂlalliyz@mﬁ@ﬂtmlg lf\gucmg@y slow evapora-
gﬁ@’&l cg{{@ié nggfeﬂ{ TI'H%‘W]?WQEW Rl%ﬂﬂt bf‘d?%l?%ﬁb&m%odmd is sub-

équa T |n3|c SO
v Ftastialtly1argen thave ties amoast ofaﬂﬂmaahl,s ddllectedsinfformicferystals. In

to approach the target point 2' and then ? P |
t KEheworls, OnenRadsre Laﬂe|§preraﬁ'f§f' v'mﬂ%“wﬁﬁé%r?& lon and col-
Sllé’&f’( Yﬁ;ﬁ%’l’éﬂyel&'sﬁ’ﬁ‘alféggﬁhgs éfq:{ Fg tBliightibn WIT H‘ldnf be carried

he anmou I SSO - stantially
| aug @ssé httadlyt dtetha ranget pofntﬁbbnlgr that is collected in
formof crystals. In 5 other words, one needs to use
conparatively | arge anounts of solution and col- | ect

CAARAS tﬁlt\’.l‘é igns 'def?\?éroww b@fdegfrﬁﬁlb%soollect as much crystallme

CrySta|I2atI0nWI hen e carried out essentla_%
atsalitl east posgitie pohistmeanstiiag aftenreashing thatargetygint 2' the system

MU o sh S5 AT A P RGER 5, @i, v
af{RiesE£300! 4hpt e Fﬂﬂ\%ﬂe BOHY candifg cedeémtrativn or vice versa.

evol ve anng the solubility profile as shown in Fig.
5. Accordlngly, it will be necessary to adapt the

e i R S RO et e
Gheeged ftirhﬂﬂn@fr ._glilétm@thelﬁHQJWQSd thatrthe @oacentration of the un-
rﬁ%ul ating the pHvalue so that the concentra

fermyisckens within apspdefipad-loleranegs £3rRge ﬁ%g\?en thoef intrinsic solu-
Aﬁ{nﬁp ?\03!9 8\‘1‘?@} Hﬁnit HHe{\%'téi c%fﬁl:{éntr?ﬂ ior b¥the compound and

concentration
Ofregblat@ﬂmopHmht@@ go th@t@hb&bt‘al tbecaritrationtis kept within a pesdefined

 hroseaamedbaugive whdEr o A S

solubility profile. 20
This may be done by appropriate adaptation of an apparatus such as those used
for potentiometric solubility measurements. In addition to a container for the solu-
tion and a suitable probe for measuring the pH-value of said solution, the appa-
ratus comprises dosing means for adding controlled amounts of acid and base to
said solution. Moreover, the apparatus comprises a sensor device for measuring
the concentration of at least one compound form present in solution and a con-
trol unit that acts on the dosing means in response of signals received from the
pH-probe and from the sensor means. The dosing means are programmed to

regulate the pH-value so as to match a predefined profile.
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This may be done by appropriate adaptation of an
apparatus such as those used for potentionetric
solubility measurenents. In addition to a container
for the solu- tion and a suitabl® probe for measuring
the pHval ue of said solution, the appa- ratus

conpri ses dosi ng neans for adding control |l ed anounts

ofPratarebBM thdasktalrer S miietofhsy and meigbbe@nerppetdmth stlrnng
apparatus conprises a sensor_device for neasuri Iﬁ

cdneans raich@s dmagnatissdir "eéﬂ'éh%B m%ﬁ‘ﬁﬂrﬁ\ge'ggrﬂ “value may
S Yt BRVENbril ?ﬂaﬂss élé&'rod{%”atlthbngﬁ o@ﬁér?prg%e:tggeg RA&GWA in the art

nmeans I'n response of Si s recél ved
p Hhay bbaiszad D‘dsh‘ig means éolsaﬂdmg aoatrolidxd achmints oﬁaeid:and base s0-

R ETE RN T S y—
c %%bpgfasbstu pBd ?ea‘lﬁn@ IS %@BSHWF%W@BﬁQté’W&Dme dosage

such”as a nagnetic stirrer. Thefproe
f omltseﬁlae rsengot hueapbl—mﬂlgeaemily depend aothecidentityof the species to

L e Ly O 47 e B e
e)‘?g&fé?hé %@%H%I%@En@%ﬁe:%‘ﬂ? imAS8e %%Lﬁnbért bogi§nalfifput channels,

OH sol utions, may

cmapmelg éOfdll"SUﬁwﬂgnalglfm the pbbpm@adthq;senaqs regens and other
gﬁé@konrer cﬁ:gww geﬁ'g?és et %ggwgeg%ﬁ%o%&eﬁ}e ?tgﬁrq[l means will
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cdwnﬁom%éaﬁ?%bﬁ@%bl&mm@f 1adén@quuﬁﬁiéfln@f:egﬁ@h%q)erator com-
Eﬁg% hannel s, 10 nanely for inputting signals from
‘pr obe, the sensor neans and other nonitoring
devices, e.g. thernonetric devices. Mireover, the
control nmeans Wi ll include a programable unit and
adi ng the required specifica- tions,

beﬂ%ﬁle\%ﬁ’ ?vép%rﬁﬁbh'dh}’iag ?@gélﬁﬁaﬁdw there &tk Fﬂgn%e of concen-

cer ope or- con¥ man nceritration e
tration will cause a shift of apparent pK value according to the following equa-

tion:
_ C APP
log S, —log-z—— pK”" - pK,

A 10-fold change in concentration leads to an apparent shift of pKy value by
about 1 log unit. This is illustrated in Fig. 7, which shows a series of Bjerrum
plots with different amounts of sample added, for a weak acid (A) and a weak
base (B), both with a molecular weight of 300 and intrinsic solubilities of 5 ug/mL
(PSo = 4.8) and salt solubilities 75 mg/mL (pSa, pSex = 0.6). The sample concen-
trations were (a): 0.02 mg/ml, (b): 0.1 mg/mi, (c): 1.0 mg/ml, (d): 10 mg/ml and
(e): 100 mg/ml. As seen in Fig. 5, with increasing sample concentration the
curves are shifted upwards from the pK, for the weak acid and they are shifted

downwards from the pK, for the weak base.
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When al |l om ng evaporation during crystallization, the
resul ting change of concen- tration will cause a shift
of apparent pKa val ue according to the foll ow ng equa-
tion: 20 log So =log 2C -1 pK AP =a -pKal A 10-fold
change in concentration |leads to an apparent shift of
pKa value by about 1 log unit. This is illustrated in

g' |8-otHer WBE) tIHd Q&@bﬂltFSH' L I@zfd%ie?idﬁslﬁﬁ thiel Adsareht blz(a ;falue resp.

ferent anounts of sanple ad for a weak acid
artueaotaéadan%ttastm dfRhe compounidt Therefotes ded aoludityypt profile
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A weak haseswn glVBerg 5 W th increasing sanple
concentration the curves are shifted upwards fromthe

pKa for the weak acid angstheyogre. skirftegg3o

downwards fromthe pKa for the wdak base. -18 In other
wardls, the solubility-pH profile depends on the

apparent pKa value, resp. the fot oncentration of

t he conpound. Therefore, ge S Iule 1o rofile

shoul d be continuously 880y geas|it ﬁgpt he

pH val ue, the total concentra- |on of the conpound

and appl yi ng appropriate corrections, which in the

c j !

?&g@ve Eigaa?"n%?(?wo%’grfﬁl@g%{ Qéll‘fglg é?%hg |ti2gwgs§tge‘rnflt‘f&c% of apparent
quéglmlueﬁe@p thestodaiscanicantratiaie of ther ¢arhpowrath ahtthe selubility-pH pro-
the influence of apparent pKa val ue,

cde sniimied.dn RrRChGR tae ePaneR cbHe W%tr%PP|WUL£P% jgps than 5
ggﬁlglen I'?lexgﬂnm Ef gdpdwﬂeﬂ{%s Sd &Edelﬁggvlﬁhé‘f&ﬁl &nddhfration about 58
mg/mL for the titration, the precipitation begins at a pH of about 7. When using
codeine with a total concentration of about 13 mg/mL. for the titration, the precipi-
tation begins at pH about 8. Nevertheless, the two solubility-pH profiles are seen
to overlap at high pH-values. Because in the crystallization procedure described
further above the pH-titration stops at a point very closed to the target point 2’ on

the solubility-pH profile, the total concentration of the solution usually does not
change by more than 5 fold from the beginning until crystatlization occurs. Under
these circumstances, the solubility-pH profile can be considered as almost inde-

pendent of the concentration of the solution.
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fold. As shown in Fig. 8, when using codeine with a
total concentration about 58 ng/nL for the titration,
the precipitation begins at a pH of about 7. Wen
using codeine with a total contentration of about 13
ng/ mL for the titration, the precipi- tation begins at
pH about 8. Nevertheless, the two solubility-pH
prelkiches are seen 15 to overlap at high pH val ues.
Because in the crystallization procedure described
further above the pHtitration stops at a point very

close folo] P ' i 0 :

oot PerheF R aURBlH ofe vidhidy SFR aiiPl Wekk/basic com
usual Ipousde saidatompddid Rativig awr endHzaged féron dndl radledstene charged
begi nning until crystallizatjon occurs. Under these

ci r cutRiBtaid methed commising the,3iepsofi | e can be

consi dered as al nost inde- 20 pendent of the

concentration of the solution. -19 Cains 1. A nethod

for cra)stpmbvidingt 4 solubibnafwaiktgmpound in arsdivent Wasidgyan initial pH-
basi ¢ com  pound, said, C ound havi ng, an, unchar ge R

For m and valdd 288 EngAaL TGRS alon o6 SR PRGOS, said iniial pH-
conpri si %Idé@eﬁb%slﬁﬁ:SL@?\ﬁﬁéﬁﬁb‘&dﬁ%&;n@hrﬁr&aa@nﬂﬁlsaid solution

sai d conmpound I n~a solvent having aninitial pH value _
and an i mredaminantlylin saitcemrged ifomm ofaid initialdotal sanaentration being

Compound 1Essh berght 1an B8 HCBI SaUAT SO R b Admad jorm:

in said charged form said initial total concentration
being chosen larger than the intrinsic solubjlity of
sai diclgaadeallyf dranging the pidualus ot said giohdfiamia a direction that

pH val ue, of , sai | uti on J.n i i . ]
P b dec/ Sl A <BBtarsedl ol fompRiitlis bRy yrif Aéehing a pre
reachi ng detéhfindd talgiet prLviide bR Wdfth Hdid\sdlutiorals inmal substantially
said solution is in a substantially saturated state

and the G8hyeind stetoAndthe spacenittiongieaiduprharaggdom is sub-
stanti al learﬁ%lﬂ :er%lgl ?&%&d'irqttrib}sf&%o‘?uﬁiﬁ’tlyl{ngtét%#ﬁ@er eof ;

and c¢c) main sald solutron 1tn a’su ially
saturated state while allow 20 ing formation of
crystals of said conpound. ) .

¢) maintaining said solution in a substantially saturated state while allow-

ing formation of crystals of said compound.

2. The method of claim 1, wherein said step b) further comprises raising the

total concentration of said compound.

3. The method of claim 1, wherein said step ¢) comprises keeping the pH-
value substantially constant while inducing a slow evaporation of said sol-

vent.

4. The method of claim 1, wherein said step ¢) comprises monitoring the con-

centration of said uncharged form and regulating the pH-value so that the
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2. The nmethod of claim1l, wherein said step b) further
conprises raising the total concentration of said
compound. 25 3. The nethod of claim1l, wherein said
step c) conprises keeping the pPR-val ue substantially
constant while inducing a slow evaporation of said

sol - vent. 4. The nethod of claim1l, wherein said step
C) COorRriceAfration of ShidNehdhaPgE®form3ie ke Withtr Qrpr@(ﬁefﬁtdjtolerance
uncharged formand regulating the pHvalue so that the
- 20 cdnogatabevesmidintdnsic salbhily thededlor m i s kept
within a predefined tol erance range above said
intrinsic solubility thereof. 5. The method of claim

1,5.wheTted mettfddl of Eigimd), Mhlmsm)twmmddﬂmohnbﬂmg the total
5 concentration of said conpound and regul atin

pH valGpaceptratian of paidieerpeunchard FrrRgWatingths pléauaéue so that the to-

above 2 eyriehBliotdh Taf CouflbGRR [ bt BlrEcefifégblerance
appar atnge fabove & predetermined ttﬂal@hhlmﬂtyquroﬁledi ng to

claim4 or 5 com 10 prising: 15 a) a container for
said solution; b) a probe for neasuring the pH val ue

ofg sai r t 4 or5, -
o, SEPARAES or SerARE B8 FEHar8lacedHling g o 4 or . o
d) sermisingreans for neasuri ng the concentration of at

| east one com 20 pound form present in solution; and
e) control means acting on said dosing nmeans in

r esporéze Plomtberksr §41d seRjtiwad from said pH probe and
from sai d sensor neans, sald dosing neans being

programed so as to regul ate said pHvalue to match a

25 Pre cjef | pre %epfror measunng the pH-value of said solution;

¢) dosing means for adding controlled amounts of acid and base to said

solution:

d) sensor means for measuring the concentration of at least one com-
pound form present in solution; and

e) control means acting on said dosing means in response of signals re-
ceived from said pH-probe and from said sensor means, said dosing
means being programmed so as to regulate said pH-value to match a

predefined profile.



