METHODS FOR OPTI M ZI NG GRADI ENTS I N LI QUI D CHROVATOGRAPHY SYSTEMS FI ELD OF
THE | NVENTI ON [ 0001] The present invention is directed to nethods for

det er m niwg@ 20n1é9¢264nor e opti mum gr adi ent par anet er val u@sTfuseo11log2513
separation of conponents in liquid chromatography (LC) systens. The present
invention is directed to liquid chromatography (LC) systens capabl e of
determ ning one or nore optinmum gradient par arreter val ues for the
separation of conPONETHODE ROHR GFTUMIDINGGRIGNENTS eNURQUBACKGROUND OF
THE | NVENTI ON [ 0002] A number_ of rret hods for t| ni zj ng separation of
conponents in liquid chro B @%W@Y&%WM@I osed in the art. See,
for exanple, P. Jandera, Journal of Chr omat ography A, 1126, 195-218 (2006),
and P. Jandera, Journal of Chromatography A, 797, 11-22 (1998). In

addi ti on, FIieDOR AR INVEDETIQN comercial ly avai | abl e optim zation

sof twar e gackpges i Med Pbsarg,inBikionad dirbdted admicthod DRYLAIini8gfohv@k enore
(Rheodyne, Rohnert Park, CA), CHROVDREAM r) software (lris Technol 0gi es,
Lawr ence, ORGRFUM CERGS! VERBRES T s bilisiarier (1PEi SEPREEIRA0PEGFPRBPOTERNY dh cliduika) |
and ELUE Dr t; These
Systems of ohaRRERIT G FRERIE R Bl o PRI RS pebhy
accurate, (E_éi‘)fsiystbmatcapa@ﬂ@df é&tainhiemgmizermpmfe fepanmmngradiah‘al extinenr valuds figni d
chromat ogtr aphy systens. [0003] There is a need.in the art for nethods of
ot ot i g SoeR GHSPEPb R B S Ceil ues Tor the
separation of conponents in liquid chromatography (LC) systens. Further,

there is AmRmﬁ@gaW%V@m@chromt ography (LC) systens capabl e

of deterntTir g one Or NDT & Opt T U | gradi ent paraneter values for the

separ at i o{@ﬁﬁl} corrpermmbar mfand:thqaiﬂ fbro:tptmmggepmhiyumof comporSuMARYqu@E THE
| NVENTI ON 0004 resent ted to thods o

det or m i TGV AL SR B B AAGPALT R at Gt SR YRR istas dpurmal o
separ at i ofsREnASrRpMENt 5126N193-a18 hoohy, @@PO%@&@J&J&)J FXHr68Brog By ANe Or
nore opti adi ent paraneter values may include, but are not Ilmted t o,
a start g?gé”dﬁgﬁtz (é%?&)erhta addytigivahere arcehayralar of cvmémalh«ha‘«éﬁeblgpa@m@atwn

sol vent v t. I ; riod,
g ok g&lif g&’&%g% &&&gﬁggﬁ n%? zmﬂted%%ﬁy‘m%% %{ﬁ&gargﬁghe%% §

par amet erParl) UER)] n(aﬂgwmmmﬁ ds@fmmat(@gg aﬂ‘fayhr(dl@le§y§lmmy myl de
Pot en benefits incl Uy NOt limted

one or i.al gbe eflt
to, separ%ﬁﬁgﬁ‘@?‘}%é W?’? i Lerdng Fatse%‘fmﬁé?‘? %b@gwE%ep%ﬁf%W%n of
conponentg- e €%Hes Vet (B%?%ﬁrﬂﬁm}a“?ﬂesg &&HP%P%Q&%g dﬁlu §5ed

product|V|tyfro a given [iquid romat ography (L syste costs
for separfatly entonzatell emhdd mat povslet foemenirate, efficient, predictable and rapid fractwn

collection in liquid chromatography systems.

[6063] There is a need in the art for methods of determining one or more optimum
gradient parameter values for the separation of components in liquid chromatography (L.C)
systems. Further, there is a need in the art for liquid chromatography (LC) systems
capable of determining one or more optimum gradient parameter values for the separation

of components in a liquid chromatography column.

SUMMARY OF THE INVENTION

(60041 The present invention is directed to methods of determining one or more

optimum gradient parameter values for the separation of components in liguid
chromatography (1.C) systems. The one or more optimum gradient parameter values may
include, but are not limited to, a start gradient solvent volume concentration value, an end

gradient solvent volume concentration value, a length of a gradient duration period, and



[ 0005] I n one exenpl ary enbodi nent, the nmethod of determ ning one or nore
gradi ent paraneter values for a |liquid chronmatography separation conprises
utilizi ngvoeparviusm data to estimte capacity factors, PCF/USeI1102251Dr nore
el ut abl e conmpounds using (i) a first separation conprising a first sol vent
vol une concentration and (ii) a second separation conprising a second

sol vent vol une concentration, wherein the second sol vent vol une

concent r atémbinitsordithéreste iUsd dfaonet dranbrerdf thesoptivanh gralisiveafontantairt iR, and
utilizing the estinmated capacity factors in caqnbination with an optinmm
capaci ty B&ER diauiashamalagpp! TGS EER HaY EF9Vide SR@OF TETERAENIAL BFRFSY

vol unme co : I O I1hi 00N £ i t: .V

concent r af o ks (RCEe, U ek b e IR PERE] BT b BN AL i 4BBrcst e
sol vent vpdringe of onrmeniseEritom whycongfoments oudugrdenatolons, dfettou|separattmpafient

solvents such as acteoniftrile with_0.1%trifluorjc, acid, aque buf fers,
Ste. The GRS, TISEG T POty froh e W OO REHITS: o SEEE. not
be the sapBuas doBOFEr deParhiitn, 586 0HEbEALMANhekof. UME coOncentration, for

exanpl e hexane/ ethyl acetate for the first and chl orof ornf nethanol for the
second. APOFkt ent | Bnosmesemplprybembediftenie dhe imprshastd phdetsumining ohd of tedet o,

retention_data f Y., t C n odes of .techni gues such as..thin
| ayger ch %ﬁ%ﬁtogéi%%%% @ ‘Ia?%eﬁ [ %gc (rﬁg?rﬂlaat 8%1'9 g}g Cig?apg? Zseepggggﬁsqog}? Hses utﬂtlzmg

chr omat ogreaspliyn dataperestiinbicCa@badilyacioth kQBt 696 aphore Slutablat@epdmYd ngnpand
chr omat ogr.aphy, capil]lary el ectrophoresis chromatography, etc. The conmon
modes for (it R¥8! 1PRIRHPR FOTITRERIYEXSiRleRE Natge, conspriFaionphElsEl Tercead
phase, al{dshlalivn ca%xgﬁsiﬁ%%|s%n%%3§&h@9«%&&€%@1ﬁénﬁ AN R sckhAdid O,
any |iquid chromatography nethod may be utilized td separate conponents in
t he presevilumpventcnoatijon ndiffcemghiouthedst sbivent edume cotdrateatidn; sheé dtilddiny e.

[ 0007] I n anot her exenpl ar.y enbodi nent,. a nethod, .of determning ope or nore
gradi ent DAFHNBHET COHFURLGY? 15 CoPRRRIOTE KB e P PHBh RSk St ORL K des
utili zi ngoCidkor@h® qh)aPRiary e-ARint ABIVEAL QolumhcCdrcBRERIcRAPAGE, tandl ABL QS $n®f tWO
or nore el utable conpounds; and utilizing the estimted capacity factors in
conbi nat | Fadiit splwent oiglume epecegtationy valsetior thealigeidt diralmaiegrrphye s¢parativnst ar t

gr adi ent ent v Qnc tion ue, a i n _end adi.ent
sol vent %gﬁﬁe concenn%%%%%nﬁggﬁgék%%?%¥hgnﬁﬁaﬁfgg%& 6#5%38&83%%%Imﬂ§"
separ at i aromgodeR8idivenas fusht Medctenarty aig ®BoEitBAL ,acRl, MRhded Watfers, etc.
det euni ni ng one or npre gradient paraneter values for a liquid

: 2 q
chr omat ogH¥pHYYEEpRFaLR Giv frciabured valums sanReniEaRiPe RS BRI SEDR AT MR dat a
to estimahensaRanl tNvERNRIne BondehRafn, BB afiphtl i?%laﬁef&ﬂ QDS for Wi fils¢ ! NY
the estimated capacity factors 1n conbination wth an optinum capacity
fact or vaindehlwollenénethaw! (@ the stcand. Amadiaation delavent bovailized, iecndmgthuat i on

val ue, and_ (.. n end gradi ept solv vol ume concentration value for the
{Taui a ones ettsgRnRerep et fom i e FPraihguote S GGy Syt en
sol vent vigldéie cBRRERBIEgTY, OMiqual USEob@iozalphY! atige t BRIBliv: akhRreapaRd
retention vol umes. [0009]In one exenpl ary enbodi ment, the step of yt|f|2|ng
chr omat ogtapksitieadt @di duomaioarapby.e simulaiee reeipag ibapd feheemategiophy, apdlarnor e

el utabl e S| i I i ration,c [1Sj .a first
col vent - vOrCRaISSls LASHHFRRT, BY, b cdhninbh BodRERAALLRHRIRL R LM b,
second saixekaigevelesEplenaornintbphaae, affidiey, 8iz8 ekdl8sisR cditthoSRIbY AN tnd GhERE
concentratiog,js different than the first solvent volunme concentration
[0010] | n 1B98eR #rlidns CRREREsIRRYdRBBRH MEM e Ulllined RoUPHRICRODEIREHE HYy one
or more gragdienk iﬂ%ﬁﬁ&%%&uﬂ’iﬁ%ﬂﬁ&&‘i’i‘%ni?ed!tb,%é 1 IBLQ9r aphy separation
includes uttlizing chromatography retention data to estimate capacity
factors dfi6€%jo or roramotlenendrhpagonpbetioent, atiéthed nf deteemadtg omd ednoapaci ty

factors in conbination with an optin capacity factor  valu o0 determ ne
(1) a st EGHaBHANEIEE YA o of IS SHESREPEEPIBh SCRFEN dfrdudes; Yilzpgond
gradi ent HINRBiaMO) WoBnERN A8t fRkl@Rak adadleitiOkadkdls &f Al dirChbRMBLESIAPNY
separation; and utilizing the start and end dradi ent sol vent vol une

concent r empaunds; ged utibziog tasdimatedheapatitit flgloss voemukingionewish ki eptiobunes
and resol uti h | co nds. .[0011]l1n one exenpl a

embod; et iR R Eeas: e fefirdheD) BxTBrRARCMy P SPbit BRI i et e
capacity factors of two or nore el utable conpounds includes using (i) a
first separation conprising a first solvent volune concentration and (ii) a
second separation conprising a second splvent volune concentration, wherein
t he second sol vent vol unme concentration is different than the first sol vent
vol une concentration. [0012]In another exenplary enbodi ment, the resolution
may be recal cul ated by



varying the start or end gradient solvent volume concentration values. WO
2011/ 094264PCT/ US2011/ 022513 [0013] I n anot her exenpl ary enbodi nent, the
resol uti omoi2e1veemkcul at ed by varying gradi ent sol vent @®0TaS2@n/022513ine.
[0014] I n one exenpl ary enbodi nent, a conmputing systemusing software in a
chromat ogr aphy separation unit, wherein after resolution calculation is
conpl ete, gradient paraneter values (tinmes and concentrations table) are
aut omat i cahd ¥i) %%Ylli%@ﬂiiéz@ sbﬁ@n@&&ﬁ@k%@ﬁ@ﬁ%ﬁ%ﬁe foF ug iﬁrl:?ﬁé cﬁ:@fmﬁ}% ?t ron
of the conpounds 015]In a further exenplary enbodi nen a net hod

det er ni ni fRPaBENOr nore gradi ent paraneter values for a liquid

chromatog sepatati-on of el utable c ounds erforned by a
conput i ng %&grem usgnng fm@*etr\ﬁé?%u]iaﬁ %n%% %Sd?fﬁga%/l g%%%ﬁﬁf’ ngrpnﬁrﬁr%nore

wher ei N agtadientl pafeiictérN PLuGs TOL aOliqiil EhrBfaRRFdphSscphratibe @bMdataRtBzing
corrpounds into the con‘& uting system_ the conputing system provides the user

with a reé ﬁﬁ@w nyﬁ ngen (dtd et SHMAh Ganmstth Jactosh pb e ol S15hg eﬁﬁ@hia
chromat ogg, Is| o)

ceparat | o LRS! iRy e A El APRIGETARA 15 ShiBtph R RTRhbu |
enbodi rrenta,paat)nﬁzthmd'abfb ts eipa:nahxer(gb 4 mrtcgram eolekutt alirac compeaunis: wdia)g

liquid chro ncI u one or e properties of the
elutabl e &% Lﬁ(’iﬁl“ﬁ'@ %Eﬁﬁ"icﬁ ‘&1‘&{!{’5%35&?‘%%9%@5’5}?3% on
unit, utijd ééaﬂgntiiﬁ iﬁﬁ th@ QrafY S P IENRLRER WiAME @&Sceﬁ@étmaﬁfes y@l ues,

automatlca |y providing the gradient paranmeters to the chronmatography
separ at i owi@iatcﬁmeims@ccemdu@bmmvnwglm two or nore el ut abI e conpounds.

0017] 1 fugth d
o mote M0 0 colpdthde TuTig VPRt Bkt Bor ooy RE| QHBEHPRPRNY i ng

one or nNofetenfiol Pafa ivestiafard bipaliv falide ofQWBMNESTd ALRDR SMPURLEN thehidges em i n
a liquid chromatography system utilizing the conputing systemto ((:lenerate
i

r econrend&dig {ided HFSt CKPYAEID GPRPHinget Ked, sobeib ivatusy spwpningifingand (i) a
chromat o i t I

oh Ot O kPSRRI AEN AN SHLIRAE VTR0l
gener at e wiai esiimpapacestration isaliffesnt thm tiediritenlvexevilae xtoaem‘mﬁiom nt, the

met hod of arati t wo or re el utabl e conpounds u qui d
chr omat og@ég{ﬁ’y f ur t HR Y89 frnkar aemBRROSRP? %‘F?‘yaﬁ?‘?ﬂb‘?‘{ﬁ)‘g@@rﬁén@géﬁ? 8ht
par amet erlﬁoﬁeogréﬁl@ntl #ﬁé&h&eﬁ%lﬁé@&?%@?ﬁ?ﬂw Lﬁ%ﬁﬁ%@hﬁ/éﬁr epafiion ﬁl@ﬁdé@f?@iﬁﬁﬁ& ng

the two or nore el utable conpounds 0018] I'n an exenpl ary enbodiTrent ,
a met hod Qixrﬁm@tpgmah} mgtentien clatamtsr @S@mwﬁampscm‘orfM%mdsf tsd Ny inoguiethtable
chr omat oqr |ncI des uttl chro raph efention .data of. the
el ut abl egCCOfﬁ) [H}%ﬁ% g‘lﬁp 85&%11 %}1 6&%335)% gyf,‘, natmn wi an optlmum

capacity factor value to determine (i) a start gradzem solvem volume concentration value,

and (ii} an end gradient solvent volume concentration value for the liquid chromatography
separation; and utilizing the start and end gradient solvent volume concentration values to
calculate the elutable compound retention volumes and resolution between the elutable
compounds.

(6011} In one exemplary embodiment, the step of utilizing chromatography
retention data to estimate capacity factors of two or more elutable compounds includes
using (i) a first separation comprising a first solvent volume concentration and (ii) a
second separation comprising a second solvent volume concentration, wherein the second
solvent volume concentration is different than the first solvent volume concentration.
10012 In another exemplary embodiment, the resolution may be recalculated by

varying the start or end gradient solvent volume concentration values.

a2



chr omat ogr aphy apparatus; utilizing the conputing systemto estimte
capacity factors of the two or nore elutable conpounds; utilizing the
conput i ngveystignied det er mi ne whether the two or nore elPaTAlsb@iofpdUNdS
will not separate with the estimted capacity factors; utilizing the
conputing systemto generate at |east one recommended type of

chromat ogr aphy net hod, chromat ography nedi a, chromat ography col um si ze,

and chronpjeady aphy  sohntRiM:$xE@ E.Fg)&ﬂyogfiﬁx%m? BRALAAR R freéaﬁ%i%édjﬂya%ﬁng

conpounds; and utilizing the a? east one reconmended type o

chr omat ogerigdiont smdvdsd durasihn gakiegr aphy nedi a, chr omat ogr aphy col umm si ze,
and chro aphy solvents to separate the two or nore el utabl.e conpounds.
[0019] | nngéb@%gf exerrp?rh%}e &ﬁ%ﬁf%ﬁ%@?&?}?ﬁﬁef%ammg et WW@N@%"I‘T? nor e
gradi ent pRbARRIGRIphY AEBLSIrOENIA wHetlih dfi6eOBEQUEARNNIGERIOAIR FLRIRLT Ses
separating a sanple on a thin |ayer chr orrat%gr aphy plate, the sanple
conpri si nBAERELEHvalise e(tianast asl coresnisaiinmystailvd are soiteesticaly sprewidpdvid nge a
first sol uaBlualE AR FRLE D! AaREREF AblGobligSame sanpl e on anot her
thin |layer chromatography plate, tsing a sol veR System having a second
sol vent Vv[igi&E conchni fatlicoexemplaneémbddidens aandhsd bl éabrmvifinge or more
concentrati 811 is greater, than the first solvent volunme concentration;

cal cul at | BGEERHBRFAEGCF Yaluat for aligquid chrongsegiapy feparaiin obcluidie canprumss
conpounds i, tRiJa R SR m = = , ~

repr esent?\é% retenti on@}f agtg%lP 1}0 %}é&é‘?ggﬁg E?f&fvé%lné a('i@;}%%%ﬁ ?% ?péﬁaggiﬁ

sol vent syt evherain iaftezd ngr tdpetscapayingre fpagteaies of Kisclumhi dohgpofindssintoahe
second so| vent. vol ume g¢oncentrations to d@tgrm’ ne ggtg}aneters %i%ﬁko and m
or (ii) aCHUPYHEHSER MESTTRHRE SYSET RVISET BisiBar P13 recommendest tRe by mal
phase sys¢igina@@thphf theffiod, chimdi@raghy %&ﬁéedﬂﬁﬁﬁﬁ)ﬁéﬁz?@%iuﬁﬁd skal gHhating
initial start and end gradi ent solvent volume concentrafion values, (pis
and (pi e fleepaeerapBy yolvents Kuerapion frrisaparpiéerpeidhe glutabba evmprabde, kopt, and
par anet er iy ko apd [ i | ea ne uation sel ected
from (p @@F% oi | co}g}) ?&nfgnf%%&%r %ﬁ?%r?eg%ggén%@S%énﬁﬁ%madn %esériaglf% gwg °f'n
k0)/ nm fomose tlewbleseompases syigehnuif QARMlb@aghsemelriey iRIMQIenObr more

det er m ni ng one oratgor? géadi ent paraneter values for a liquid

chr omat ogP3BHYSS &hdPatT YA IfaSPRRAUIAR ANRoRSOIPETIAS HYHERY 0P dUemetosTiahy
steps, as;ReaHss! unkO utlfLiRk thE&o ﬁﬂ% @Qf:ﬁdﬂoe nelL %g&ﬁ&ﬁ & {hes?
given liqufd chromatographiy separation: [0021f1n so exe ary

enbodi menswomaidaily ipprwadling tlepgrailizel patemnetpt toathe chmmdtograglotseparatiomuntik at i ng a
gradi ent dur atéon E@gri Sféi iad' ust ne’rslﬁthf@%ocedure initiating a start gradient
sol vent vEFUAE® CEREENE 8T I'on° P st ?C_?)‘F“B%‘E{ﬂiﬁr e, initiating an end

gradi ent molvent Vot ToRRéT &l bR, PIRARAMUSCepRatiAN Yo or

conbi nation thereof. [0022] The present invention is further directed to

i qui d chieitatibgblepesmpaugyls gpmigniqad ichremastgropieinglydap inpusingc ors or triony
retentio i ro (0| I. r onat.ogr aph | i quid
chr omat ograpre! SPE EREetinpo R Bkl 3kl B EE i ST I R oy

chr omat ogsyaphy utilizing et ethpmingngstoand gehearatagiaphiied (9epsf dddépatography

el ect ropho%€§5| S ﬁrhr omat oi%\ryaphy,, etc..) into one or nore optimzed gradient
par anet erMGEPthe SITORRPESIRAY; disd- 1 HEOBROSHPHoFduBpt pigs-z aad gFemaagraphy

par amet ergokahias duhidy FirGepd! b d: EEE,%&Q i
separat i osf? unit. e%zgjo%,?)] I'n %né@x?n%?%%%ﬁ%k%ﬁ ; éﬁn&e% 0{51? r&?h%?gttl?%n

sof t war e sysinwetot geriergyel irasieenT [p@rashedtiers ivaluehe Ihamothef eREmplahuesbbdimesaahe
conmponent_el uted on t separate TLC plates utilizing tw different solvent
concent raff‘?%ﬂé q?n%egar@ﬁﬁ% LHW%'[ &d H&%ﬁaeg‘iﬁg?}@f?észgés I?‘S’sm;% #“&f}r‘d SHEMEPERRBY e
conpound fafthéendyWencllidel @fieftatisAlyy piévidiak UR  GRREAN JaA4haBS; ARk Ulduld i ng
the calcul ated retention factors in conbrnation with an optinum capacity
factor vaihgrmalpgpphy veteaeeiet wichandisypaatitzdhe twe avineretelgtoblesampowidsme
concent r gt val u [ ient solvent volume concentration
val ue fof{b% i qui d%%h%ggnlésg é’é%%%%??g%‘é’?{é%%é"gn%%een‘% ) Oél'ﬁeé}a[ ngptf"icn?rzﬁ]fafeon

sof t var e aimybibecatipdundedising figeMi OigrodfidpAphy ethdgs ddb@tihg dbkahitograpiey | od,
an optim zed start gradi ent solvent volune concentration, an optim zed end
gr adi ent T86MIFhtdalD| i gieehe r sempeunds ey A CHHBPUHEE SYSieReieor liquid

[ 0024] The present invention is even further directed to liquid

chr omat ogr aphy

4



systens conprising a conputing system and a user interface with the
conputing system wherein the conputing systemis capable of utilizing

chr omat ogwapbhy/a9¢teent i on data to estimate capacity fact ®C3/USR013/022513 at

| east two el utabl e conmpounds at two different sol vent vol une
concentrations; and utilizing the estimated capacity factors in conbination
with an optinum capacity factor value, kopt, to determ ne an optim zed
gradi ent  gitbatdpPaph§ appatan@u@Plih T HeCdnihudhk sHiad s RbumAk ERcity FhUOR of
concentration, an optim zed end gradi ent solvent volume concentration, or
any conbi Hgttverer mse ebtablg 0BRBjunds;ondizingitbel compiting dysteoupplatarmgiesyistiem i s

capabl e of, utilizin chromat ogr.aphy.retenti o ata. t stinmatge capacity
factors o{m# 8 r\/\%mg reEuEf%bfi% C%@a?‘%%ew 1@5@)8@@%6 ﬁ’é@ﬁgﬁ ﬁ%ﬁmagﬁ‘f?@ég%sﬁﬁgg sgt i on
conpri si ngrilezifig r &kt S6mpeiig VILWHE 160RERIME AN 0Bas@Nond | eordmERRANGype of
separation conPr|S|ng a second sol vent vol une concentration, wherein the
second sofiyengiogsntiremeBivde mbrematography dnediar shomatpgmantie cplumsy sige) wadht

vol ume co ' [ .Ul

chr omat oo AopotRHERD solvBHE R pB0 T SHEHRYPLHE BRI BB g0l bl e

par anet er theadt Uest boe acamenerfded tapd of) uhdnahrgeaphy agetapiiyclsepatgtaphn medig

conprises .a conputin stem and .a user ipnterface with the conputing

syst em ?@ngfW%y%8ﬁ%‘m Rl g&sigﬁﬁn@@g{?g KSPYERP DEPAE B F¥e SRERBR dat a
to esti medigabRRAGIJorndAct ors, k's, of two or nore el utable conpounds;
utilizing the estimated capacity factors in conbination with an optinmum
capaci ty PB88%br val besontoptemplaydethmdimends, (thy netsidasft dageradniegtons ok vent

concent r s Brb@el St i S ROmER S p Ry Skind et Piies BRI 1 di ng
(i) the siaaidle o4 adhi@hys ChieiioMOPHTE 2 OME QRnpRL doRiprisalgueio dorkicloatiibe end

gradi ent solvent volune concentration value to the user for review

[0027] | n SWEPERHDERBIPIVeRhEsEahBating g fHyistobrant yoluajsadsineersatign] $epaiaing t he
chromat o r i.Qn j ' acl.ors e or
oo ol utRErane RERIL (A RhE bl Bkl THmAGRRNY Vol ST SRERC I

sol vent Vigdvinge ac savosdt soltenbvolinge (dohgensratias owlesap aicaénd caliamt Siokgna
second sol vent vol unme conc ntraté_fqn, wherein the second sol vent vol une
concent r aiFPEH LR £ERERL iﬂngﬁ‘? ﬁ%s“fi?"?fgt"” S EPRCEGERNTe CRloRaERg FERAFEN.
[0028] | N REecRXRMPKS hcRHIORE FRNLy nidrd ERbIbE: é’d}ﬁ&iﬁhg’%@sﬂhﬁxe%\éﬁz&%ﬁ@@i&d?s a
conputing system and a user interface with the conputing systen wherein

t he conmpuiachy siist BavVRs aedhBatsipeesodts gireentiomigconh formgiver slptple emgrundm dat a

i - ity f .S _.0f . b ds;
i i 2t g ERET SEF Ity L Bhaft gl BeRnRh Sl AR R S S At

capaci ty Joh@heconrhitgidm ddbRfingPafdnletérs 31 &% bn@ o @Dk 288 lny @Dkt WAL bR
concentration val ue, and Igkiii) an end gradi ent sol vent volume concentration
val ue f orequpéon peater EvnbiardgPapiy sepahmhess. sEEORINAndne enioe forent |

t he conput] em.J.s. capabl f.utilizi the chromatography retention
data to g%%%}%cﬁ%g%ea%é‘%?y .agcgc‘tagcri‘! gaﬂg . & a%tﬁ%%i oalﬁ%n%rﬁé ggﬂ% : bﬁdgv%f)r?‘ﬁ’ s
usi ng (i )codcdrtfalibn S8I08Y, ¥, 20 (IR Bidgl dnprSRinY 8P ack PR value, Koy,
concentration and (ii) a second separation conprising a second sol veht
vol ume comdgrtamattenr(i) whaereimor D saebmdirsal kantone equstsnceheent frahi @n=i s

different than,the first sol vent vol une concentration.
i< pt) ] for a normal phase system, and @ = {(a — In ke )/m] for a reverse phase

systen.

[6020] The exemplary methods of determining one or more gradient parameter
values for a liquid chromatography separation may further comprise a number of
additional steps, as needed, to determine optimum gradient parameter values for a given
liquid chromatography separation.

16621} In some exemplary embodiments, additional steps include, but are not

limited to, initiating a gradient duration period adjustment procedure, initiating a start



In an exenpl ary enbodi nent, a liquid chromatography systemincludes a
conputing system and a user interface with the conputing system wherein

t he conpuwDregligwsreem i s capabl e of utilizing chronat ogr aphyUse@t®etsidn dat a
to estimate capacity factors of two or nore el utable conpounds; utilizing
the estimated capacity factors in conbination with an opti mum capacity
factor value to determne (i) a start gradient solvent volune concentration
val ue, angrafiieh) s@Re@Nebigha BofntuSabY QBfusiRInt PeoBRee RifidlgOfn vad g%dfi&ﬁ t he
| i qui d chromat ogr aphy separation; and utilizing the start and end gradient
sol vent v¥IARE velREcivReaiiagan pdinsiasnt prosaluenoarey edebipatarbesal.vol unes of

each el ut glalg; conpo. 0 n ] ] i Y, mis
capabl e o?ﬁﬁ% i zi ngﬂgﬁée%%r %% t%)C!g}lr %pﬁ"ﬁg&%g g!ril%&potﬁ@ (%%P gi %@é{qgﬁ%@x g (g‘ggaci ty
fact ors obptithzatiow saftware rcapaiieibhbbey cetmprisntsn Wata@plitdd &.4.) d&h feapdnat i on
conprising a first solvent volu concentration and (ii) a second

separ at i o%y%%nrﬁi?%mﬁ@gr&}}%écc}ﬁﬂ“ oFhematessntve é’éﬁc@ﬁ?lﬁi@?i"or??mm?ﬁ??hﬁ he
second so eV k,0R; ji f -ent j : t

Vol e conent VR B PREBMEAY b el inBHRp b hokR: SRINED

chr omat ogeleptnpheiesisechremategiapby, eiccoipatdnegors yete wptisnmtdagradient pakmefeace
with the cagn%)suti ngj SY. IerrgIh wherein the cogg)gti n@ﬁstyst emis -Cfipab| e of
utilizi ng' tHro Rt é‘?ééﬁ’ﬁ &8t Mo CEMPE R HFNE e PTAREET (9 PR Sr¥%f two
or nore ?ﬂi@iéﬁ’kﬁﬂ@@ﬁ@@ﬁ@@ﬁﬁon&&%ééré@iy%;;ér&%zﬁ%ﬁt mat ed capacity factors in
conmbi nation wth an optinum capacity factor value to determne (i) a start
gradi ent K8E3ent volrupee copeplsry smbodinentuthe hdoptimizaten safiwgreaginvatts

sol vent v C j..0 ) t Laui r g

epar at i o iR PELTERL WE MRl b 0F St oG BRI OGP LY seprae
concent r ari.Omplated uglivih® twaldiffdratigolveat elntbabliens anp eulndiateit @BhdigFamolsUNes
and resolution b tvxieen the el utabl e compounds. £0033] I n one enbodi nent, the
conput i ng® $y1F EaFh elutaRjsagrapaynd it iths B giiterent RIVSRRY YYME SRYCTEREoMS: 87F dat a
to esti maf8;earde dul A& REGih hdsisiMQoRbilIPEE ﬁ@é@e@nﬁﬁr@ aagﬁfa&%f ng
(i) a first separation conprising a first solvent volu concéntration and
(ii) a seciuwrd kgepadeteimme (0 rptirsgndicat sdomd doswleventenmationwaloomdr(tiy at i on,
wherein th segonﬁwsol vtent1 vol ume concent rati.on iif@ﬂ%%{erem than the first
sol vent vBISUBELCEhARNEY AT PIBIE FHESAANT oY% fBodi SRR may
be recal csngionentdy THIVT Npritdigathaldftive Qﬂ% gk adilieBd 1§ QiryanE MObMTRized
concentration values. W) 2011/094264PCT/ US2011/ 022513 [ 0035] I n ‘anot her
exenpl ar yeredipidivraten pered, rans eptimized stat gediang shlyerid velymeapopcerirageaditent

sol vent ﬁ?ﬁi&é&ﬁen‘é;ér&'s}{]{@m sbﬁeﬁ%iﬁxﬁg QBA&E@&&P@&&&%&&%&%&%@Q system
usi ng softtware 1 n & chromat ography separati on uni’t; erein arter

resol uti digoz4ll cul atTienpicsert anpdmeion, is gvadi fanherpdifangl gy liyaldugsohbtiop@ghyand
concentrations tablse‘%51 are automatically provided to 'ége chr omat ogr aphy unit
or user fUFICEESAFRFFHE SFOTHENE SHYEEnE 2 PERIIBFIACCANER Al comHiBaysiem,
enbodi ne | b Q0 U r; i 5c GRARAR i or
nore el u'?glﬁbﬁrginc%ﬁp%gﬁlﬁggﬁ%@%&?i1%%?%@3%?%%%%?@ hy %g%%gh%gﬁ@%%hr%?aégw
propert i estioftet dapaaiyufaatiore kiompouledst tivopintabla tcompoumdspa ttivn gliffgrsttesvivient

communi cat,on wth the |iguid.chromtaoqgr syst capabl.e of determ ning
coaror ol ddcnbdtons i s RO THARLGRRY fllons R Spdiongritcas
separati Q)?}ti@funﬁb aBiry Rl & akeMRQUIERRIAOIBHinkiYed HRdRAMDUEIADpSKAt 4 and
capabl e of providing the user with a reconmended type of chronatography

net hod, cWtiEHEbYMA SR dplaentcrRlgRa CoRicapRons 61 wpHMiTetesndagradient solvent
chr omat ogf ARNY SRLYEM S 5L LYk 3k AT ation of the el utable conpounds
after a user |nputs one’or re properties of the elutable conmpounds into
t he conpUyodza] syst dm of0@abhdimenn dxeamh@itingesisah e ndapatde | dfqufiltking the

chr omat ogr, a§hg/ systemincludes a | .
chromatography retention data to estimate capacity factors of the two or more elutable

compounds using (i) a first separation comprising a first solvent volume concentration and

{11) a second separation comprising a second solvent volume concentration, wherein the



conmputing system and a user interface with the conputing systenm wherein
the liquid chromat ography systemis capable of (a) separating two or nore
el ut abl e worzpowmdgm4wi t h 1i qui d chromat ography usi ng onePGH/Usedig/opasoperti es
of the elutable conmpounds input into a conputing system which is in
comuni cation with the |iquid chromatography system (b) determ ning one or
nore gradi ent paraneter values for a |liquid chronmatography separation of

t he el ut ap| 0 d rfaor th i Syst er )

aut omt 1 caery® BT Ry Bke Gl S, SRER < M"Y T SRR e

syst em orcanctigestion] 0038] In a further exenplary enbodinent, a liquid
chromat ogr aphy systemis capable of separating two or nore elutable
corrpoundsmﬂigﬁyl | i quitd SR GHETBEY A SFRPOENSINS. e lpigdsheoptopaphy sxiesm it he
el ut abl e GoImRUis R ohb!d AofoTRUHhA SYSLEM LIWECTIUNGRILON MR ! he
| i quid chromat ography system capable o etermning one or nore gradient
par amet er chraaiegrabby separatgul dnd boropmdes graypipntisg pastah) onl ©iisdr hetedhast wigh e

conpounds_ perforned by the canputing system and capahl e of autonatically
ot vt i ngERRTGHETH ST AT aHT SR TPRHE SSPB R UGty Ly arearo i
[0039] I N @nequeiP| Ap¥ci§TERUNERG; o8 thicddl dnGlr ATRLRIEGRPMRYSL8MihHGhsdes a

conputing system and a user interface with the conputi n%csystem Wher ei n
t he | i qui¢btimatder eyyatingfasivny insgmeldnmtion wilpahloptiofun{ sjpasiey factari vadpet ¥g. & nore

of "t he. ol SRABTE (0 ebmetil e ot PORLREGAR el S5uP i i RSy BrRRSL "'

comuni cadolwnt Wdliimt heorcbithitidn C hilosefod gmhaphyuis y sirefilatoghiphyt idpbiting the
conputing systemto generate_at |east one recommended type of

chr omat ogP s PNty HBE starh SEditnd obsRy VRS f:méq@ﬂﬁﬁ%ﬂfbgﬁ%ﬁmﬂ% siihe ende,
A o T BA AR Ol Sl RSl O] R ERATANLORB. ST Lhe of ulabl e
conpounds’ and (c) utilizing the conputing systemto deternine one or nore
gradi ent 882%net er maboesuofbodineert] el dompmanptwiemphycapeldar eft uohziod thdre

el ut abl e conpounds 0040 Ig one exenpl ary .enpodi rreﬁt, t he conputjng,system
s apabl STORSP SRR STSEH T RS FeLaN By BBy PAFY PR HED 8 SHF SUHG
gradi ent ekpHaREs YGhHTPa GRRGEMAial &&ﬁfﬁidg%%ﬁcs{ 1830 VBRI AR A YN and

enbodi ment, ‘the conputing systemis capable recal cul ating the resol ution
by varyi righ) grdinshsepatipe momguis igi o seoend gakvent 0ovmE oonentretiem Whereihdhe

exenpl ary_enbodi ment, a liquid chromatograpbhy systemis. capabl e of
separati nsgeg?% Sgg%%r%gag@ﬁt %rfcgg%%t%lo&%dg@%%ﬁﬁ %’aguiﬂ% ?ﬁ tor?ﬁtg’gﬁtr é”ﬁ)ﬁﬁfﬂ%si ng
one or nojoacanrapenti es of the el utable conpounds input into a computing
systemin communication with the |iquid chromatography system capable of
detel ni iffgBlone orlnmy exegimey sibodireret duidatiuematography sygemdncludes a
chromat o . i b LS : ﬁiégs% erharr

conput i ng(’res s%(lxelgngﬁg%%ta%’l%gh igs T AUt oa‘r?r;glt‘&l}lcgk1 ??8’%?%\n | ntge&t’ %gl%fge{% |ele%}r%t’ﬂ%)?§?g _

par anet ersystem it kepably dhmtl ogrgaginymsipgtaphy creniiee datagn dstoagabhgacof fastark bfi ng

the conputing systemt enerate reco ded type of chromatography nethod,
Chr onat bgPpRy et A GBS ng L T Es B e O BReo Ay

sol vent s dogntRaRioQWvittPdn SRRAEALCERR9FadidtoraBleUb ABIEmERTDAURHBraliRRAR] el an
exenpl ary enbodi nent, a 1iquid chromatography system i ncludes a conputing
system aivdume gertenirpfiasr v2led apdt(H) ahend grsiant nglveyistadume whegesirptiarhealid qui d
chr onmat o%xa%?:)ﬁ syshem g&s xgaagagé 84 .f(m( a) separating two or nore elutable
conmpounds W A qw%mctﬁ}goﬁ?a ography using one or nore properties of the

el ut abl e fgozgiounds fnnp ehmb@inecn@,omuwrﬂ%xt&%sgﬁmmvmi@ba&is dMuGipAmgInheat i on
with the |Liquid chromat ography system (b) determ ning one or nore gradient
par amet erchiipiegraply reentiogudH? o CoiERe feRpNY eiesy af tentver ot ere plabig e

conmpound i : . . i di r

W th o r ooulAl Rt & i SR AOn R R 6200 BhEE SoBlheality 26

chr omat odgfiaphyceal suparasioz epmanding hr srahd golaphtyvadahy enhsentrati@npliayeif alie
separation of, the elutable conpounds after_the user .inputs one or re
properti 6§°Y¥ SRYeRs u‘EQS‘HP% EHIHHEARE ithe Yilerrat c‘gﬁ‘bufhenélr?yé?g’ﬁ?t ["'@gjg%ﬁ In an
exenpl ar ysoaph@diipent, a liquid chromat ography systemincludes a conputing
system and a user interface with the conmputing system wherein the liquid
chromat ography systemis capable of (a) utilizing the conputing systemto
estimate capacity factors of the two or nore el utabl e conpounds using
retention data of the elutable conmpounds into a conputing system (b)
utilizing the conputing systemto deter4nne whether the two or nore

el ut abl e conpounds will not separate wi‘th the estimated capacity factors;
(c) utilizing the conputing systemto generate at |east one reconmended
type of chromat ography net hod, chromatography nmedi a, chromatography col um
si ze, and chromat ography solvents to enploy for separation of the elutable

o o o, g, o o



[ 0044] Li qui d chromat ogr aphy systens of the present invention may further
conprise a |liquid chromatography separation unit conprising a liquid

chr omat ogwvapby/eisarm, a fraction collector, and |iqui dPChISAGLOZRSAPhY
separation unit software, wherein the |liquid chromatography separation unit
software is operatively adapted to accept one or nore of the optim zed
process paraneters fromthe conputing systemso as to efficiently run a

gi ven LC Hmapl e. [ 0845 Themplaasanbodimea) bl idfhid Shiovefodraphykteti fneRiiedat O
conput er readabl e nedi um having stored thereon conputer-éxecutable

i nstruct i GATEPYIEE SYEERpARE fYser Heledacscy i Big CREIPHBEE SYsfongletherein Mieppramising r )
nor e gradj . EQul r QQ/: reat, | The
cComputer PoataBaP A e rcraph o SRR AR DR bR ¢

I nstruct i onsoonmoee alutbhpedmpgndy, sitdivingatha lebgmated @xprityi figotsHe combination
conput er - execut abl e i nstructions. [0046] These and ot her features and
advant age¥ 2% HRITHIE SARFCIY nFEIRT (YBHCP ) get ) 3yt rdiet selvent Yalwpew of
the fol | ovirRenifionl Jatitk, 488 igRa& L O%&fdiénb%ﬁéxﬁq}&l%ﬁg C&E&a%aﬁ%{mu@m_ hbe
appended claims. BRI EF DESCRI PTI OF THE FI GURES [0047] FI 1 depicts a
schemat i clighid ghwomasdgraphyesepmption;antiwilizthgche starttang reag pyaditCsobysit ‘exémmapabl e
of providing qne. or nor adient paranmeter values t user according to
t heppr ese‘l’ﬁcfﬂ%?lﬁ{fgiﬁfli"’gﬁjgs f%%ké?ﬁ %ﬁ r%%?%h‘%%%‘le? %ﬁi@&%’i%’r%?q “gradi ent
sol vent Vi@gBIE CONCRNbLhAlnddiredfl] Bk gbmph@ip s§@MeRt capablen®r GARLRRIHAL | on,

and a gradi ent duration period for an exenplary |iquid chromatography (LC)
separ at i offromaoauphy ceteriafefitatia essiaais @pgcithiantorapt the vo pamoye aptisbl¢ TLO)

(TLO) sopr Bl CRGSUSTEFRsEpaf Riorbe AR s Molkdbyp Bl R OITNRR AP

met hod of (iglet ecomdbepgration comprising a second solvent volume concentration, wherein the

second solvent volume concentration is different than the first solvent volume
concentration,

[6032] In a further exemplary embodiment, a liquid chromatography system
comprises a computing system, and a user interface with the computing system, wherein
the computing system is capable of utilizing chromatography retention data to estimate
capacity factors of two or more elutable compounds; utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine (i) a start
gradient solvent volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and utilizing the start and
end gradient solvent volume concentration values to calculate the elutable compound
retention volumes and resolution between the elutable compounds.

{6033] In one embodiment, the computing system is capable of utilizing the
chromatography retention data to estimate capacity factors of the two or more elutable
compounds using (i) a first separation comprising a first solvent volume concentration and
(ii) a second separation comprising a second solvent volume concentration, wherein the
second solvent volume concentration is different than the first solvent volume
concentration.

[0034] In one embodiment, the resolution may be recalculated by varying the start

or end gradient solvent volume concentration values.



one or nore gradient paraneter values for a liquid chromatography
separation according to the present invention; [0051]FIG 7 depicts a flow
di agr am ovoeramphmry met hod steps for initiating a starPCHisdigioe253dl vent
vol une concentration adjustmnment procedure according to the present

i nvention; [0052]FIG 8 depicts a flow di agram of exenplary nethod steps
for initiating an end gradi ent solvent vol unme concentrati on adj ust nment

procedur e rding,to the present inventiop; [0053]FIG icts a flow
G a0 am of RS exenpury e cREETER srelefrt M SRaNGP hovatcyPll Ghfarsing

par amet er gisdieHesolleit drhtidUidlufbl ORBdRIERRN S QP& odlhen, @Qz@@%ﬁéiﬁg s§seerk he
present invention utilizing a "speed process” node selected by a user;

[ 0054] FI Gsingsefepire i 2 ghiompipgrpriyrepsratiompnib wdipptia aierssdivdorofalepdationgt ni ng
one or no di_ent ues.. f.o Adquid. chr, togr ot
separ at i o%&na@%%? §I§%%en?§§% Eeéh%{ ‘é%%r?t ﬁﬁée&dﬁ%ﬁgﬁ%@?ﬁg % %%ugrﬁg? y’imp(cra Ec%%ess"
or "puri tyropided estic chdeatsghgiot wdt dyyusar fes edparatio @5 e dohffoundd and 12 depi ct
a flow di&@éﬁm of anp exegpl ary met hod, of determ nipg one or nore gradi ent

par amet er es foft ANPNGUFEBHATNETERNEIRY & dBihmmaREs Y RE® ¥ he
present i&;?s@ztei&@:epir RO 62 mbr aﬁéegl&ﬁlrﬁo&n&em ti%ui@”c hadbrSRPRGAL T ON

of conponents using the optim zed gradi ent procedure of the pFeSent
i nvent i onoms odeswe i frepkriies B dlmp khitdble [cOQSF|sGnpdud ingo ap bdropikting gepinctis an

actual separati.on.of conmponents using the optim zed.qgradient procedure of
the. pr e RIGHT N Bohe daid gligafpesplyppatest, Capgste of delbming Gac'or
2011/ 09420ARCHR3P bdsalre? balues for a liquid chromatography separation of the elutable

compounds performed by the computing system, and capable of providing the user with a

recommended type of chromatography method, chromatography media, chromatography
column size, and chromatography solvents to employ for separation of the elutable
compounds after a user inputs one or more properties of the elutable compounds into the
computing system.

{0037} In an exemplary embodiment, a liquid chromatography system includes a
compuiing system; and a user interface with the computing system; wherein the liquid
chromatography system is capable of (a) separating two or more elutable compounds with
liquid chromatography using one or more properties of the elutable compounds input into
a computing system, which is in communication with the liquid chromatography system;
(b} determining one or more gradient parameter values for a liquid chromatography
separation of the eclutable compounds performed by the computing system; and (¢}
automatically providing the gradient parameters to the chromatography system or a user.
[00638] In a further exemplary embodiment, a liquid chromatography system is
capable of separating two or more elutable compounds with liquid chromatography using
one or more properties of the elutable compounds input into a computing system in
communication with the liquid chromatography system, capable of determining one or
more gradient parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system, and capable of automatically providing
the gradient parameters to the chromatography systemn or user.

[6639] In an exemplary embodiment, a liquid chromatography system includes a

computing system; and a user interface with the computing system; wherein the liquid



[ 0058] FI G 15 graphically depicts an actual separation of conponents using
the optim zed gradi ent procedure of the present invention as described in
Exanpl e 3w0 2p00B96KI G 16 graphically depi ct's an act ual PSEABe@EiLi051Df
conponents using the optim zed gradi ent procedure of the present invention
as described in Exanple 4; and [O0060]FIG 17 graphically depicts an actual
separation of conponents using the optim zed gradi ent procedure of the
present inventjon as descr.ibed,jn | e..5. . DETAI LED .DESCRI PTI ON, CF. .THE
VENTI PP BOISERB 5¥ ERiBuis Cieols bl T ERAGRG B O RETpHPIBIprogipegpas it
present i quﬁﬂtchﬂﬁmaw?ﬁﬂ{yi RinOf%e 6f mERGTbLHérdeLHDRE MRS cOhpdlids ifpoe iitb on
foll ow and specific |language is used to describe the specific enbodi nents.
It will néfemphdesstas "dﬁg}é issEovsumpgicatins vithithoaiquid caromategraphypasiem: t he

i nvent i onghsS,, &b %%wt” pecii.i . ' further
nodi fi cat gﬂgnls“l,ﬂ%%qg%c ulfa ? %(Lak}? %g{nt?c%%?%ﬁ a%? Q%E?%r Fé%é{ngzfeg%&g;l %ehé)kjI
present i chrembiograptly Sowdodd chrenaontpiplméda asowatdgdaphgntelilng ezeunnd 0 one
ordi nari lé’[rSki |l ed in h’he art to whjch the inv tign gertai ns. %0062&? t

must be noFeBOREAPhY SolyeRt tﬁ_e‘?fgfﬂﬁy At SFRArAtoR %fgg’&n Hgole| carppoungy; cang gul ar
forms "a"uiliAdthe @Mthutinh8ystbfch W rlddr e dr%&%e%?éﬁeﬁrﬂa%tém}&@ hext
clearly dictates otherw Sel Thus, for exanple, reterence to "a sol vent"

i ncl udes hqyid gheeimatagraphysepdratiml efghe slutable sosfipmuedse to "sol vent” incl udes
reference pne or,more solvents and.equjval ents thereof known to those
Shi 1 od i 1gogng art,‘-“ar?&es%i‘ef’b‘%?*i"ﬁ.efﬁ %‘%%ﬁ%“Ab t SORHney SHEEms By © §H‘*p|°g, t he
quantity Rtalaflaliflgrdei Rblutith byt GAPARE ttheNstak OBE VMET BEdRAS , sohint MIume

process tenperatures, process tines, recoveries or yrelds, flow  rates, and
| i ke val uediceniraiiopyalies Ihaodsr exepplhoyaebedimentsteicompyting eystasbsdiapeie s of

t he di scl JOMVETH |E§F! . ik cal qﬁﬁm'ty t hat may
occur, fo@géag%%tgg%{l%égglg ‘%?gf"c gn%‘%&él%%%{%&%é% mgé"procedures;

t hrough i j8@dyer t ent Inetny ©/nifixtiidi esemphocatdbsdisient, hlguighchdorhbepaphesysidmn t he
i ngredients us%d to carry out the ne and |i ke proxinate

t.hods; )

consi der afi GREVIC RicScpuntine 4% Lﬂr"maﬂres%lu@g%oﬁ%a%%@és fdid; fuemaiogrghy due
{0 aging o : ; ) SoeEs = . _
o o) SnotHOR: irofertts O e RRIANIE torbodrds ihgit iOACERIRARE il in |
with a pasaniowbigatiannivith ghe dignisie crosiaiagrapby sybtetn rcepabith ef hletermiuhig beal oby t he
term "about” the. clalns pended hereto,include equivalents to,th
boant i ¢ oore, bfieft BhdlaRPRENES Tor' &1t rT Rt APashoR didns, SREle
physi cal ¢migwddobesanadady o8 dompikingRyitha, eBRNEMIifohid8y SePalALaRe ar e
di stri buted between two phases, o

gradient parameters to the chromatography system or user, and capable of utilizing the

-

computing system to generate recommended type of chromatography method,
chromatography media, chromatography column size, and chromatography solvents to
employ for separation of the elutable compounds.

[6042] In an exemplary embodiment, a liquid chromatography system includes a
computing system; and a user interface with the computing system; wherein the liquid
chromatography system is capable of (a) separating two or more elutable compounds with
liquid chromatography using one or more properties of the elutable compounds input into
a computing system, which is in communication with the liquid chromatography system;
(b) determining one or more gradient parameter values for a liquid chromatography
separation of the elutable compounds performed by the computing system; and {(c)
providing the user with a recommended type of chromatography method, chromatography

media, chromatography column size, and chromatography solvents to employ for

10



one of which is stationary (stationary phase) while the other (the nobile
phase) noves in a definite direction. [0065] As used herein, the teni

"chr onmat oyoaphyodmtent i on data” neans information rel atiPag/useoiioe2snet enti on
of an analyte (e.g., target substance or elutable conpound) on a stationary
phase or the like, and includes, but is not [imted to, retention tine,
retention volunme, Rf values for each el utable conponent, solvent

conposi t i gipaffidn GPNEEBlutald Bsmpdilnat Qftky 88, ussit AbhRNHeYorPH&SHrofliGes 10Q66] As
used herein, the term"fluid" nmeans a gas, liquid, and supercritical fluid.
[0067] As Esdlarommoynds o the cAMpPYYRESSEM. par anet er val ue” neans a val ue
that rela o the I . sed. | n,t separation of. c onents
in liqui dﬁ%%% mat og?i%%ﬁ%%%ﬁ%?@ﬁ% ?&G% gl ué%f; Qrg)éniagerp%%pg‘? 5\9’%16 %’i‘e%“;% a
include, butpaing syefenl; iamdtLdsdrdntetfasd aith Qe adhgating elyten! whetcitinthe liquid
concentrat,ion value, an end gradient solvent volume concentration value, a
| engt h of 0}5‘”@??&3@’%’ WoEat PoRRFeHG 8H (2hitidsing the COmPUEBE AEHEMC i 8BHEHAL | on
val ues, ' i 1.0y vl lgui d
chr omat ogy RaPg AR HAE Lk B Ol el b P Ao R s Rlcioh Bta LU . e
di ssol vedcampauntsodb| & cpiasiaig systangth) atduingrthecompritmi nystans teatdtamainy

phase, whi separates the a te (i.e., . the target substance) from other
nol ecul eswﬁ%h?rhtge %L p@r%ﬁa&ﬁiqyw%u{lgi ‘811{)%Qti Sgaﬁfg?éﬁjal %F(?Eﬁ“&a _ed capacity
chromat ogfaphy (FR&ess: MRYconftidgQyisth th geR@htel dt Maend RcoRhRMidd bt oy, | ow
pressure, medium pressure, high pressure, ultra high pressure, prép,

process, @wemapgEpby Asctisdd chenediograptive measian clypapweriphy” colemns siehemind al

and physi i o) y red w t hout

dest r oyi n‘%g{)%e Ggﬁggﬁ & gﬁ’eg%%o@@?ggg%%%%aé@oonﬁ%ﬁ %&%@ rmg}?a@#% S’e,am @
properti esiloingeihgtalidat conpoumdrniat typd of chasebfraghydet@od] deohl®graphy
condi ti ons of chr omat ogr aphy separatijon, such as, for exanple solubility,
pol arity, ™€ &r%@?m@%ﬁ@ ¥ cPlgRn sig4 apdl cfromptperaphyswiyeats Oricyast thptwo or

conpl exi qgg&%gtgg%%ﬁ%gﬁ@z mol ecul ar size, dipole nonent,
el ectronegativity, chemcal structure, etc. [0070] As used herein, the

term "st dfféhary phagell cbansitegagyi aystdxed iha piesent oinventionr negr furikdge

t hat | ecti vel d th lyte f t.h | t bi | H
B e

phase” t hoduah Afr&@lodrsdlieQuR ahd 1id8idcheéRhlo@Rahy siinten Wit eRiwaRDMhalss the
anal yte to be neasured fromother nolecules in the mxture and allows it to

be i sol attBd liquid@hyematpgoprespartioszol splp2s1s opgetrignedapiaskiorseat ape the
term "suhs i % i g e I n ut I ncl udes amounts
whi ch var y&??)tg rtr%i %tﬁ?!%&%? %é@gt %r?m %ng) %%gﬁﬁ%ca%g%%% %Et\?;a%? %Joe‘?s gfgrcgfr%'?lg%{ t 0%
t o about MA%gifand sdamit. 0% t o about 30% from about 0% to about 20% or
fromabo%%‘?toa ut 10% . . ) ‘
06 ¢ present invention is even further directed to computer readable medium
having stored thereon computer-executable instructions for performing the disclosed
methods of determining one or more gradient parameter values for a liquid
chromatography separation. The computer readable medium may be utilized to load the
computer-executable instructions onto a computing system capable of executing the
computer-executable instructions.
{60461 These and other features and advantages of the present invention will

become apparent after a review of the following detailed description of the disclosed

embodiments and the appended claims.
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[0072] The present invention is directed to nmethods of detelinining one or
nore opti mum gradi ent paraneter values for the separation of conponents in
i quid chwormatiagezphy (LC) systens. The present inventi @ATIGS2010/0215¢3
directed to |iquid chromatography (LC) systens capabl e of providing one or
nore gradi ent paraneter values to a user for a given |liquid chromatography
separation. A schematic diagram of an exenplary |liquid chromatography (LC)
syst em capalpke pf ey ich 8- oA A UME gradi ent paraneter values to a user
according to the present invention is provided in FIG 1. [0073] As shown in
FIG 1, exenplary liquid chromatography (LC) system 10 conprises a LC

oy, DHBBEE St RS Erid oo 2R B0 b B 3 bbby
val ues 14t@) st UPAREN FOFRORIBIY o ARNEhoeO pPhdUSE patdditerS DAWEY 1o/ ladugdr USer

interface, such as a display screen (not shown). The LC system conponent 12
t hen per f &icaElinge thepesentilvwndpman actual sanpl e and provides results 15 of

th N t h Via,. '
<ot oy OB 2R DRIk s Y5Blal PO s
met hods aadiing @uidibre hvobsat aghuad YolddeGiraiiors t @@ba | Saditavdesbb ebovd fde Mpt hods

of Determ ni n? Opti mum G- adi ent Paraneter Values for LC Systens [0075] The
present i FRFEIIRYMARY dironaloggrRnLieshBYa YT det erni ning one or nore optimum
gr adi ent ter el ' N I QU

iy omat ool ostl (L0 8 F e ol IR AL @ i ORI bl dithellor

val ues nayecasnodromhes fobat esgraplagtthin Inydr ebramtogagtya TL.CY sgairemt; sol vent vol une

concentrati val ue radi_ent sol vent. vol unme, concentration val ue, a
engtn of (88 aci enFICHrEE HReh &It SGHRT: Cb b e B TERRcR S
gr aphi cal bt @9Rb6 1PadiN PhdineRANaNRE BirS Il c}&@&a&g;@a? géﬁagﬁﬁn‘éééd?gin%@@

met hods of the present invention. [0076] As shown i'n F graph 20 shows
t he chang@eipresentgreggitiont sol vent vol ume concentration value during a LC

separat i shown, i,ne 24. At tine 0 radi ent_ solvent yol.upe.

concentr g@?%?‘n} corr\{)\?li: }‘g%s?J donlets gy adt&?gé‘?fF s 3‘5’5{%8}‘3 %%c%ﬁf‘?lgfetf%aval ue
21. At a dridpradic@atsivetiR@iunid BBhclatrdthe MhadhenipréRienicomIng® the present
concentration value enters a gradient duration period 23 during V\E/?‘Ii ch the
gr adi ent EBERERE vol une concentration val ue increases to an end gradient
sol vent v, conc rgaf | : S,Srjqﬁ ' the . ent
i nventi on@bt e disc oééggéér?gét%%%glgl&gg%érrah# ﬁf;a st rlt gr%’g%g{%ﬁs‘sgr\}%%?m\%%m
concent r atndogradiahtiuseil&ht velnchegroadimentios atljuemteny ptasnshure ancedihg ad itlenpresdntie 22,
and a Ieniglt'h_ofégradi ent duration period 23 so as to optim ze elution of
conponentSYRH™ e naintaining a desired level of resolution during the
separ ati opps$0077] | PRRAIRAs £XBAPLBEAEHPR0TRMary SR G hemitghe bR NI NY

one or nore
or more gradient parameter values for a liquid chromatography separation according to the

present invention utilizing a “speed process” mode selected by a user;

[6054] FIG. 18 depicts a flow diagram of an exemplary method of determining one
or more gradient parameter values for a liquid chromatography separation according to the
present invention utilizing a “purity process” or “purity process” mode selected by a user;
{B8055] FIGS. 11 and 12 depict a flow diagram of an exemplary method of
determining one or more gradient parameter values for a liquid chromatography separation
according to the present invention;

{6056] FIG. 13 graphically depicts an actual separation of components using the
optimized gradient procedure of the present invention as described in Example 1;

{6057} FIG. 14 graphically depicts an actual separation of components using the

optimized gradient procedure of the present invention as described in Example 2;
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gradi ent paraneter values for a |iquid chromatography separation includes
utilizing chromatography retention data to estimte capacity factors of two
or nore avorablm®4waenpounds; and utilizing the estimtedPcagseitip2fsaztors in
conbination with an optinmum capacity factor value to determne (i) a start
gradi ent sol vent vol ume concentration value, and (ii) an end gradient

sol vent vol une concentration value for the Iiquid chromatography

separatio one i nent.. t.he chromat aphy .retention data is
bt ai ned WIRHE T iy oy SRRDSrY Sesbcls ay SoREh S atioR &1 traboaklh oz e
enmbodi mengptirhided gladienOprobddurd &f the peREIBiaH6RRNYestEb&NhIDAnaI R t 0 estimte

capacity factors of _the two or nore el utable conpounds conprises (i) a
first sepdPa® on colilst il mgrhically depigs apeastual stnaptionocomporents ysigdhei i) a

the. second APy EiaDAPbioS i fr REBRNNIMHED: oY RllTbe RIRERRIA AL, 10T\ ot
vol ume coig@édk r at i oFIG. |17 gmapleixaihplepists entxediairesaraticaesfsdoatgonets ueing the

gradi ent so] vent vql une concenfration values nay be utiljzed to calculate
Petent i ORI GBI TEROR A SO EBE BreEHpRFAHOn PhdesAban %@@?ﬁﬂ ry

enbodi nent, the retention volunes of each elutable conmpound are utilized to
cal cul at epi4SqY wil PRSPNBIDEAE T Wﬁﬁ@gound. [0079] I n anot her
exenpl ar y=emnbo — ECTTOO " TTICTH UUeES ating a gradient duration
adj ust nenidépilocedur Bo ipkoihbe aresndadtamiing ef wee prircples elf thalpkaentompentivg, | S

not achieyed. The gradient duration_.adj.ustnment c ri.s a) increasing
an i ni ti afSSERRIMNE AL SeAsHi FBRPFEPRS 4t 315! la*éer%lanéﬁiwewgg%@@@ﬁéﬁams YW at i on
period vabuRscr{R)ihé §RRIEWRSIdNEedet RREIR v MBI Be LiRderfBs M al HE ARiGtion

conpound; (c) determ ning whether resol ution between each el utable conpound
i s achi evafdthe snopq df theejperentiongissintepded by the bye ahepeacific lahguagsol Altéretioriss not

achi eved. 2011/ 094264PCT/ US2011/ 022513 [ 008Q] J,n anot.her exenpl ar
anbod merrhe, ERAHAHRD i o, At PPt eRS ot 2 PERGPEY (F BBt vent
concent r ahi@ioadjistatsvanke pimeapldfcd. as WRildhaiallgloathedlons @kdigaily skilled in

concentration adjhust ment procedure nmay conprise (a) decreasing the start
gradi ent BeRY&HWhich thednVERHRNPRHEI on to a decreased start gradi ent sol vent
vol ume c¢ trati Eg@! . [=Y ' . [ VL HITES ch

el ut abl e({?g%ound; Ox?c dﬂék‘te%?t%ﬁ?%%a{n%q{?\sﬁ(g%%%d %}%slél%&ete%bg)lﬁg%gt%en’ eggﬁ%‘é ut abl e
conpound fiosmachl, eed’;,, amdd'ti«l) inchyde gtlumb rateps {dgss thb)coatedt Clehrly fdictates

resol ution, is.nof, achi eved. [0081]1n another  ex | ary epbodj nent, the

et hod f (RS TP dUoPHniS FFRGCG aers drOHies Colvant ConERMIFeR on

adj ust menindPfcREEHE! @ "sbiRneNElcRinad igBkn&OtY 8RS of M8 NblvahisOthdasluivh Rt
ecreasing the end gradi ent solvent volune

procedure may conprise (ag dec

concent r dh¢renf knpven igdboseakidigd amthegetaaincbsnt foshl vent vol ume concentration

val ue; ( cal culgf,i ng, retention.volunes for each. el ytabl.e ¢ ound; (c)
det o i nit068het her HeEB; (G ol ci AR B, BEERY o bR RERO N v et
and (d) r kiting, SorepSrdtidhs, IWmed) Grdcels felpefsabd)tyroskss Snieol readletiey 6.
[0082] In a further exenplary enbodi nent, a nethod of determ ning one or
nore gradigds: Bawarieserandalikeyalugs, and irgpges Baeshatiopiesgshyn <epaioang dhe

i ncl udes el ek dat a .t ' [
factors o#ﬁt%é\%ﬁ%@gr?gme@e tjc?(%gﬁaegr}%fgfr?p{é)ug sa?%{&il}t?ll i@lgllﬁlgﬁ % égﬂgéfﬁ}tﬁg% I%:%‘ypaci ty
fact ors igecamnfarnatdngpiewthdoughn picklhnmesaiaci 4 handlorg padagdues debeghm ne
(i) a start, gradi ent ,sol vent vol une, concentration value, and (i) an end
g adl ent BHICBREL O dQSE REHOHEL | BipUh CUeerpises thie PEsIFIBHSSiR BEFaphy
separati Qi denghetHoldh; AldGkd POxFAAE cofdibkrBMths ITRA LR "58hv 8o MRbMIEsses
concentration values to calculate the el utable conpound retention vol unes.
[ 0083] | n asweuntsxtbatpdiffey dentsorfingof a farhwlatioapvidf a gaiticilar ingtidmooemtragemphy

retention data to,estinat adpf?cit ftactors of two or nore ell t abl
compoundP PR ARl fef e s " apRink By preSssipe & R RAP G vent
vol une cagneedahitdh citkntdatidn dr SAGARY. YERMAMOAFEO MR (hei Bn A aBARO MGk

sol vent vol une concentration, wherein the second solvent vol une
concent r #4318 appended hereininclude pawiraents fostheseuaBtiiesyol ume concentrati on.

[0064] As used herein, the term “chromatography” means a physical method of

separation in which the components to be separated are distributed between two phases,

13



[ 0084] I n anot her exenpl ary enbodi nent, the retention volunmes of each

el utabl e conpound are utilized to calculate resolution between each

el ut abl e worepounege4l n anot her exenpl ary enbodi ment, thePg#tuUseatiogashdides
initiating a gradient duration adjustnent procedure if the resolution

bet ween each el utabl e conmpound is not achi eved. The gradient duration

adj ust ment may conprise (a) increasing an initial gradient duration period

val ue t op@dof @Ez@ﬁ%ﬁﬁﬁh&{a?ﬂs%&bnﬂy folhde VhRE @&@&hyxadﬂieemoaé;@ Ha@@%@s&és% Lng

retention volunes for each elutable conpound; (c) determ ning whether
resol ut i oficfbitosliisati@ach el utabl e conpound is achi eved; and (d) repeating

d | l, h
el ary 0680 o nent vt IR pEr okl "o PRRAEIRY, gt iy T 08"

gr adi ent mmbnmmagtmamemm@dmsﬁmtmﬂwc@dglr €argdihQubsiaaéd offfeddhigpt
sol vent concentration adjustnent procedure m corrprl se (a) decreasing the
start gr atR"BpRUNEH Py @ritatipapiyrRbasoprcBatE: ashincldes, et iseuns dignitnddp retpntian ent

sol vent vg en?et&;%ﬁ%gxﬁé 'z%mgglgég Y&r eddh) ei{\}\%ﬁﬁl SR RLERY a@éxﬁ@g&r@%sﬁé% upgs for

each el utabl e conpoun rmnin et her resol |on ween each
el ut abl e cowpdmidn ﬁa@dmwmdenmghz(sd,)etcepeat| ng steps (a), (b) and (c) if

resol utiop,,ls, not achi ev 86 | n, t her exemp| ary enbodi nent, _the
met hod fu&@ﬁ%} i ncl 33§edi ?‘ ngalgla“é‘ﬁcfnﬁ“éélgégﬁ g sunemiicak fuidi on
adj ust menfpegypcedur 85 wEBE heRsh Ghadi gt Q eﬁ@%&raﬁx@&? %@Heﬁt:ﬁé%ﬂs %dizéh?é HRpt
procedure may conprise (a) decreasing the end gradi ent solvent vo

concent r atefatgs tto tedeeivers gidimts grsedli isnthes obmamemcﬂf upeEmpaEesn tin diguid

val ue; (b al.cu reten vol unme each .el.utabl e conp und

det er ni ni ‘)ﬁhgéﬁgﬁag!? %ﬂégg)gﬁyﬁte%htdﬁ@?%t&?r% ‘fﬁgé%%y n@&&%%ﬁ%ﬁe ﬁ?%v
and (d) repeatirngragieapsolvant, vdlithe @bfceherhtibd vAIQ8 0drlbhd Bradfenn 9blvaghichued .
[0087] I n an even further exx\}gl ary enbodi nent, a nethod of determ ning one

or nore (FOREFERAIOBaYHRet &rlength uels 3 radient | dyatpnc BeGRrL ogen grdians pwlvent on
i ncl udes %@d&%gvgﬂwr&? &&?&Q%X{S%&% on data to estinmate capacity
el uta

factors of two or nore e conpounds; utilizing the estinmated capacity
factors i@@&8inbi nat Aonsed mdnemmhepewnﬁhqmaphmmaﬂogra@tyﬁrmmhui& ie@mdﬁbxeﬁf‘n ne

(i) a start raient sol vent. vol ume concenptratjon val ue, an ) an end
gr adi ent I§8‘I gyv?ﬂsﬁfﬁ% ac%ﬁ@eﬁ‘t"?taﬁ 8%%“5 & Fioim‘{gﬂ@ phage §1r S¥RBphy
separat i %n;ﬁﬂﬁlgtg kihiiclaROpRAE Whidh %eﬁ%@e@tﬁg aB851941 (8R! 1RQ t”§ub¥1%h

concentration values to calculate the el utabl e’ conpound retenti on vo ‘unes
and resolab§romolsetigedn théanighue st ealloovspis undes iﬁ[OﬁI{D@B] Ilnqi@dechemeatpgfaplyy

enmbodi ne t|||z chr onat ogr retention ta to estimate
capaci tynlﬁ1 {)éc])sr Isn%%? IE)gth\%;og %r 1?18?4 p‘g’ft ?§%|%a"‘§fn§§ nify Pﬁéﬁuﬁ%ége(ﬁiérf’r?é%@?")e a

first sepagiapicosure s high peeseurd, prsp, ps@devgric. vol ume concentration and (ii) a
second se aration conprising a second sol vent volunme concentration, wherein

the secor@9&| vent Ablisae ksriBerhs dempn Trepediios] ersars chemicshantj plsisicabl vent
v e, CORSRE OBy L B8 GG IS M ASHRELT BB
gr adi ent Mp@embn\ﬂflthﬂeampﬂm&ht Fat bxamplal preperties of elutable compounds include
those that determine the conditions of a chromatography separation, such as, for example
solubility, polarity, charge, counter ion, affinity, pH, dissociation constants, complexing
characteristics, molecular size, dipole moment, electronegativity, chemical structure, etc.
18876] As used herein, the term “stationary phase” means material fixed in the
column or cariridge that selectively adsorbs the analyte from the sample in the mobile
phase separation of mixtures by passing a fluid mixture dissolved in a "mobile phase”

through a column comprising a stationary phase, which separates the analyte to be

measured from other molecules in the mixture and allows it to be isolated.
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[ 0090] I n anot her exenpl ary enbodi nent, the resolution is recal cul ated by
varyi ng gradi ent solvent duration volune. In another exenplary enbodi nent,
t he net howloizatloedss initiati ng a gradi ent duration adj upCwamseoipioexsesiure if
t he resol uti on between each el utable compound is not achieved. The gradient
duration adjustnment may conprise (a) increasing an initial gradient
duration period value to an increased gradient duration period value; (b)

recal cul atj ret ent,i on | unes for ga el ut abl e compound; (c), determ ning
whether  r190BFLL Fon s EaebirERchecrtn SHPRBiidicans SRR Bywhitis iiot)
repeat i NgbstifElEddsBmounk) wRRH ves) fréh abOSAIH td Mbuk SONCSS AE BhBURE valhO AR | n
anot her exenpl ary enbodi nent, the nethod further includes initiating a

start gra#hosh(% b1 shawt 488ndwm pbeut dife el pbeutridife. oo cdawr &% wiabow 2% or

gr adi ent 89l Ve 0k FRRS SIS %j%jon adj ust mrent procedure may conprise (a)
decreasi ng the stt art gr aéi ent sol vent volume concentration to a decreased
start graiggpl sol VER puskitnBvanioadnidiratted o walthels dflfetdregdhg ohabt Agbre
retention volumes for each el utahl e conmpound; (c) determ ning whether

resol ut i oPP'BRYHe EFRIERE NPERBEEDH| BlIESMIBUNACT §ePAERIOBY 81 ; COUMRPIERY b piditid ng
steps (a) Co ohf | ut+ L 0 Al 09; :
exenpl ar ychgé}f%%?g%gﬁg , C)Ltdl'%es“(’Fr%e?et?{?]é(')d ?%p h%?ﬁi %nglé g%dgg\{igﬁiu?%%t ia%étg%qggﬁ :
gradi ent suwbmetograpbnefi} syatenoreapalle sf pentdigg aeestunere ghitbers pdragreadivehies

I t trati . adj {. t d . i i th
ond gr adi Ent B8 Dint BOTLRE orteRtPERP B Seo o PeQ Dk e A, aney
sol vent VQlediPar WRERNEH:GhhOBrayRY HEC) {flent B4AbRWIHHNGnG Hn8 R infite YRldWNRS for

each el utabl e conpound; (c) determ ni'ng whether resolution betweén each
el ut abl e prompdantrliss taehsenasgordingdo (ep prespe ivienidorsis gpyvided)in HiG) Land (c) if

resol uti Lg; not acghi gved..[Q In_one exe ry _enbodi. e a_conputing
Cystem uddRTLortuard 0o i PRp ot ot EOR HtaRtRi Y i IrERE e
resol uti ofongtsesih ald ARttoE BERRLEIOmpohadilanivhRdl R0EHE Hay dl3Uasm (lissegoand
concentrations table) are automatically provided to the chromatography unit
or user f®OWESPAPHescsKlatslY ped BOWHEHAES Or POTOAplignigrsaragenleas i 4disddi nent
a nmet hod Qf, i ti L] ] 0 ti at a
(gt nonePhbaRbaRACis AURE o R thix &) G STRLOBARDY. LEh S0 RPIET 2,
gradi ent geasean@beshovab)u@he Il sgstbintointbonbiitoB tiagr pphiyns ahasasdrsiion déhan
exenplary nethods, thin |ayer chropatography data (e.g., Rf values for each
el ut abl e 2 %‘ﬁ%iﬁta;ngs?ﬂ}%‘éﬁ% reé%%%ﬁpgé iof it S RATUEB i@ @ritSPatnob AROHRYVIA12a48T t ype)
is used ty I ‘s, of at least two elutable
conpoundslﬁa?ﬁ%%h%%%f%@g%% é%f%%%%p%%ﬁﬁﬁe concentrations, where each k = (1
- R /R8I Rf r efrissthet dessripaorenf iecsambhicy arcthals andgliged dompangdphn a
gi ven sol t stem Suc hin | ayer chromatography data is depicted in
§Edsyid i3

FIG 3. [ BERAR exenpl ary thin |ayer chromatography (TLC)
data 30

i Methods of Determining Optimum Gradient Parameter Values for LC Systems

{6075] The present invention is directed to methods of determining one or more

optimum gradient parameter values for the separation of components in liguid
chromatography (LC) systems. The one or more optimum gradient parameter values may
include, but are not limited to, a start gradient solvent volume concentration value, an end
gradient solvent volume concentration value, a length of a gradient duration period, and
combinations thereof. FIG. 2 graphically depicts several parameters that may be optimized
using the methods of the present invention.

{807¢6] As shown in FIG. 2, graph 28 shows the change in a gradient solvent
volume concentration value during a LC separation as shown by line 24. At time 0,
gradient solvent volume concentration comprises a start gradient solvent volume

concentration value 21. At a time greater than time 0, the gradient solvent volume

o
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conprises retention factor neasurenents 34 for exenplary thin |ayer
chromat ography (TLC) plate runs 31 and 32 using (1) a first sol vent
conposi t iwa 20al9&6fpi (run 31) and (2) a second sol vent PCOASe&I10223M3 val ue
92 (run 32). The calculated retention factors (i.e., Rit." Rf 2,1, and
Rf2,b shown in FIG 3) are then used in conbination with an optinmm
capacity factor value, kopt, to determne (i) a start gradient sol vent

vol ume concentration,val ue, and. (] i n_end ient solvent vol

concent r af?%ﬁn@%}ogeva}%ere erp F@Eﬁdﬂ&g ﬁ%‘%ﬁ&f‘é’&?ﬁ%ﬁ? 4% &G oﬁ%éﬁgﬁpyﬁ?’ﬂ‘ﬁ, LC
syst em coygiaRRNéontentflt@Wvahie fncfeaseh) todsn he guaRaf sbivehhesiubRl QNcedni4ebn
though FIG 3 deg; cts a second solvent conposition value to be greater than

t he secon¥als®li.efit suumhyyokediments oh fhgcreseRkinyentions thejdisclgsed methode apteaniad
herein. [ 6 ar, t term.nkpg e _or. [ r.adi.en
par amet er g%[\gi‘gl %T ggﬁP%;gSg’%tl ééllug&c Ef&gcr?gl{r%tg&la%{lges %gaF aCP i %%Jl%lgg%‘?%%‘ﬁ g‘d(fl%m% he
present | goRBhitk®dnl Galale PR el ai IBndth G3. grddibnt dsrasbroveridd) 281G asdto epanpeary
met hod 100 starts at block 40, and proceeds to step 41, wherein a TLC pl ate
type (e. gelutien |gfcgympenests ovkilyy MANEiniAge . desitsdh level of sesolutiinsiueng Hhet hod
100 pr oce&%&ab}gn'step 42, wherein a sanple to be separated is selected by a
user. The sa e consists of two or nore el utable conponents. From step
42, exenpl@E7§] nmet hoth d@Ghqrraxempltisy embsdimpend 3 mettexesfnddtdramisiagphe o snorein on
a TLC plate,using a first sol.vent _mﬁét re having a vol une ‘congent r.at.ion

t

val ue (pt gfaéﬁﬁaﬁnpg{a@&t%fsyalmm arljd gmRETaRRY ceRAAtPY igely 6542?%& ein

the sanpl gybhsalodfhpRP RRALBETdatd-Go Rls@in@releidgitp AQEANET IRb V&N IdR XHtinle
havi ng a vol une "concentration value 92, wherein 92 is different than (pt.

[ 0097] Fr opampanndssandapdizpizathy epimatod cap@ity fodesds combiiatpn A4th ageptisium
retention_f 0 Rf [ al cul at e the user for each of the t or
or e ol ut st fbios et 30 GefeBnfi @ b iu G M EneBherdiG tlRep s
exenpl ar yargefiad ed @radicae eslésnttvalgbepordbutradarelue fohetheUipid S8beelograph¢ol um
having (i) a desired size and (iji) type simlar to the previously used TLC
pl ate (e.3fparatpp dypne pmbedigient tpchratatography refertisadato 6 Phteeedasing Hin st ep

47, wher ejh. thae Hser . bpputs data into LC optimzer 11. Inputted data may
i ncl ude,e%%%r(%ﬂga notérlak}r%pt ed to, retention factors Rf cal cul ated by the

user; typ@6d8] col unin fentiger, exeophay gpitadanemeter sep pliasdizingt dirpmewpraphy Si ze;
flowrate; and first and second sol vent v?:igrre concentratiop val ues 91 and

92 used dSIHE™ 192 (QSHRRLR SERACHY daFQRs OF fRe FPOnET CafTE LTIukRRlY PR dn

factors Riomgfse@Bl afirgelepdhiibRlembalias a0dRAeht WBRLRY SonckniratBR8d Kiifa (1
Rf)/Rf, and Rf representS a retention factor for a given elutable conpound

in each ofecenbseparation ganipsieing rdeswldsohienhivriumessoncentiatins.t werdin thesesapd ar y

gﬁ)zﬁd 4305530%\%51&2%.8%%% é%c%txoa%lén 1%58 dif@?ﬁeﬁ’t %flé?n &é%g.g)t' s%'i‘yenp%})lﬁgn% c]@%gerf%{aggﬁe?x? to
an exemplary embodiment, the start and end gradient solvent volume concentration values
may be utilized to calculate retention volumes of each elutable compound. In another
exemplary embodiment, the retention volumes of each elutable compound are utilized to
calculate resolution between each elutable compound.
(0079} In another exemplary embodiment, the method includes initiating a gradient
duration adjustment procedure if the resolution between each elutable compound is not
achieved. The gradient duration adjustment may comprise (a) increasing an initial gradient
duration period value to an increased gradient duration period value; (b) recalculating
retention volumes for each elutable compound; (c) determining whether resolution
between each elutable compound is achieved; and (d) repeating steps (a), (b) and (¢) if

resolution is not achieved.
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[ 0098] From bl ock 49, exenplary nethod 100 proceeds to decision block 50. At
deci sion block 50, a determination is nade by LC optim zer 11, based on
dat a ent ewedoiwnIgreep 47, whether the upcom ng |iquid chPORASegnARITY3 r un
(i.e., in LC system conponent 12 shown in FIG 1) is to be peifoillied as a
nom al phase run or a reverse phase run. If a determnation is nade at

deci sion bl ock 50 that the upcomng liquid chromatography run is to be

er f or med nor gl se run, exenppl.ar t ho 0 proceeds .to. step 51,
Wher ei n pg@ﬁgt ers f ERamElary PoRediet, ?ee g‘f’%%ﬁrﬂ%r-—m%}\%§ ipgiing &
cal cul at egtafs apagichty sd1a&it Odoncertsatibh Ol &tB dgrocaite. t NEhef kAt grafidns a0

sol vent vol unme concentrations entered in step 47. In other words, in step
51, LC opfeusenisgionpdiispne pocgdieiair conayise (Qdegreasing jthe Bt gradicohsdvamit ed k
val ues an i 0 Lati v Si h
equat i on R seREMAsh 0% Aok k8 MR SHVER Vol Brd Rt Bh Wk )

el ut abl e cosipeiagng retchi@@O blukres nfos teaph Zlutatdx evplpatyd; el hdeteriding vdedess to
step 52, wherein_initial start and end gradjent solvent vol une

concent r atOHtQR Peen gach sﬁaabéwgn%gﬁeféﬁ%r’?ﬁ: A srealing #arHi1 )
optim zerasgd]@?xgirggﬂﬁt ieaNaIhRRed9 = [(kdkopt)Uni, the previously

cal cul ated values for paraneters ko and m and an opti nmum capacity factor
val ue, | cl®8il whi chimanptlize estoplery émbdd@nept theinzathodflrtber innlpi¢s isdiabiyg an user
in step 47 above. .In,this step,.a sqglvent concentratj,on cal cul.ated.using
par et er KGR OFSP CRBSFRPAEh SRURG COROR | DREt GrEl b or
gradi ent  ¥HchifEatoAN@RREME: ippfbedHeSmay\irhisd (8PHALREInGARE BRY baliefNsolvent

cal cul ated using paraneters ko and mfor the second eluting conpound is
desi gnat e¥oluie cenepniypaen knt deweasne cebarodisnt splvemh volyme congenirgtien aglapplbar v
enbodi nen 0O is.(d r ' §.m - I1]

sel ected {éeﬁ%}m?iﬁ%% '? %81% Eﬁ/ﬂzfv %gh%é eff) } fe%%}g)oeg'g?grlrg nﬁgiﬁggg‘%‘%t C§1§%%: o?nq%%ﬁjﬂee?heﬁopt.
From st epreb@utiex baplean \atte thabld Ofnmpamdeie dshi0ed) | 206 Kdp bepdaisguasgd(ah.efbpw.
WO 2011/ 03%264PCT/ S2011/ 022513 [0100]1f a determnation is nmade by LC
opti m zer 2CHY TERORITONIRH Y B5BIEVED that the upcoming |iquid chromat ography
run (1. ¢ ook LC SYR! £ ARMBRNRALyInSARNEn] B idifdd ) adiémliftponB ok d as
a reverse{ phﬁéﬁse run, exeonrgréy}ﬂé}et hod 100 pt? oceeds to gt eB Eg?mm%e%%i&%e
par anet er gradicangparanste Vilutsedomusi hguid qchatineimgiaphk separatiomipcitdies pulsingusl| y
cal cul ated capacity factors,,k, fromstep 47, and the.first and s d

ol vent vATTECERRbLAE R D e S Uhiien Buply F30tsnoh Kb ror, Bt SIS, ep
53, LC opéduipot@ts; 1diiipefd @drestandtbd @8pacht aBbrosd HRLESbIHatio® fwith @n Cithigdtinat ed k
val ues and the inputted sol vent volune concentration_val ues using the
equat i on $apagity=fagtor vaipete detsimaing (VA Las gragkend splasrttv@lume cavaniigtionrvakime h

el utabl e I ] to
tep 54, RIRZAR Eha etaleht LA SR, Qoo AR AR [PER SRR e BEERHR
concent r adeparatival and Sutilizpgshe vt (qaid end gsqaikait isvieby, voluree catcentratioadabyes k€

optimzer 11 using.,the equation, y = a - In kO)/m, the previously
cal cul at e?f}‘i}%éftﬁgée @‘82&5&?%‘?@@%@‘%Eigzh‘f“eénd | cop, discussed above. In

this ste al cul st S ,C i . t for
Lhe 11 orOgRsen SUL B Sfle dotiphin CONGGNREAL | B8 4E) 0 RANATE &omAogAfhf"

concent r ateiestipn @dRiasto sshirlage eapeaity fictare df Sobvennowosivehler ciniprnds inslpdes
paraneters.a d ..n.for the second el ut.in ompound is designated t.he end
O ad ent TR & Bk, FmpRrnE b obRRL au s, S R SO el ary
enbodi mendesondsepadatibn @bmarifing & setondSioMfeRl vbimeCotBirtitize wHekei@lthd bdchnd

sel ected and inputted (such as in step 47) by the user for optinmmcapacity
fact or vajodent keipme cpresrgtiapisalafferan deyirshsphsat vdegnp percspddliane bl ock

55. [010 m bl oc : b wn in
FIG 6. i@%&bl ock %‘ ) %g]f g%@#@%ﬁ%@%ﬁ%%ﬁ %&e%giggq%é&rgﬁse%o%? t%D?ei n an
initial vanuadus utllized necadallaovesshiltion®eivieetlebdt dedblycokdpoapd.| B amethed 1 f or
the gradient duration periqod. It should be noted that LC optimzer 11 may
utilize SHFEPHERSMbogiRenYy theamgiodoinckides iniliping 2 Fragirinduation efigsogsst i od
at this i Fr 7; ry
et hod 1000y okl ghe A0y en BRGRF RIS ISRy S0 RERR <8 e KRR E,

det ei m nadurgion zijevmientoyay CGroptisenia) arcrehiinglbasediab pradana dentien edrisdvatep 47,
whet her the upcoming liquid chromatography colum (i.e., in LC system
conponent 12 shown in FIG 1) to be used is a nornal phase or a reverse
phase colum. If a determnation is nmade by LC optim zer 11 at decision

bl ock 58 that the chromatography run i $‘to be perforned using a nornal
phase colum, exenplary nmethod 100 proceeds to step 59, wherein retention
vol unes, VR, for each elutable conponent, are calculated by LC optim zer 11
usi ng equation I|: VI ?-B1l kin 1)11(kOVm -(VD + )/4"1 A(mtl) wherein:



m and ko are the previously cal cul ated paraneter fromstep 51; A = the
previously cal cul ated start gradi ent volunme concentration (pis fromstep
52; B = [wWOheimpesiousl y cal cul ated end gradi ent vol unePcoaSentoazsidn (Pie
fromstep 52) - (the previously calculated start gradi ent vol une
concentration (pis from step 52)1/(the gradient duration period); W f, S
the colum volune (i.e., the void volune); VDis the dwell volune (i.

the vol une dehwessedigialignidatatioh pshidd halhbigbs Rk Menibtngicentiofd vbi%@zé@@’@%a@ﬂi the
col um) ; and Vh is the initial hold volune. %0104 ]I't should be noted that

Vh is a nflHiakie compayadsise Heterminingwhethenteselutipn beiwess ppdndniblexgonmopnd
col um cl g% 1%965" Qﬁ? ﬁﬁ%ﬁ% «g%tg%sl %Egb ésxﬁid(ffﬁtre oMllichSs gottaghl%véd mes the flow

rate. An ar trary osen exanpl e
2( Vm+VD+\f8p85] [ 0105in dmotist eperbfianl €nbplimehi dre théthal Srtiealindihdk asitiatinggy er age
bandw dt h of nor.e ounds u5| ng equation Il: wgy

ks of the two or co

= 2(/1 + %% §?“%‘ﬁi Yalyst SRResmRHon vd&ﬁan%tmecw tEAREn c?ﬂ%’f?é‘&nds 1

and 2 cal éﬂﬁh@:&t%eﬂ%ﬁﬁﬂuﬁé}iﬂﬁdc@&xk n?%‘l:‘é% omge@a)l\&eb&a;gﬁgﬁ&%&n%asieﬁé SIEREY -

[ 0106] From step 59, exenplary met ho proceeds to step 61, wherein the
volume concentration to a decreased start gradient solvent volume concentration value; (b)
recalculating retention volumes for each elutable compound; (¢) determining whether
resolution between each elutable compound is achieved; and (d) repeating steps (a), (b)
and (c) if resolution is not achieved.
[0086] in another exemplary embodiment, the method further includes initiating an
end gradient solvent concentration adjustment procedure. The end gradient solvent
concentration adjustment procedure may comprise (a) decreasing the end gradient solvent
volume concentration to a decreased end gradient solvent volume concentration value; (b)
recalculating retention volumes for each elutable compound; (¢} determining whether
resolution between each elutable compound is achieved; and (d) repeating steps (a), (b)
and (¢) if resolution is not achieved.
{6087] In an even further exemplary embodiment, a method of determining one or
more gradient parameter values for a liguid chromatography separation includes utilizing
chromatography retention data to estimate capacity factors of two or more elutable
compounds; utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume concentration value,
and (ii) an end gradient solvent volume concentration value for the liquid chromatography
separation; and utilizing the start and end gradient solvent volume concentration values to
calculate the elutable compound retention volumes and resolution between the elutable
compounds.
{0088] In one exemplary embodiment, the step of utilizing chromatography
retention data to estimate capacity factors of two or more elutable compounds includes
using (i} a first separation comprising a first solvent volume concentration and (ii) a
second separation comprising a second solvent volume concentration, wherein the second

solvent volume concentration is different than the first solvent volume concentration.
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resol uti on between conponent peaks is calculated. Typically, the resolution

bet ween conponent peaks is determ ned by equation II1l: = (V2 - V)/wy(Ill).
As di scusweaofwmslser bel ow, in sonme exenplary enbodi nenPET/UsRe& 1/022503 ut i on
(i.e., Ras calculated by equation Ill) is desirably equal to at |east

about 1.5.From step 59, exenplary nethod 100 proceeds to decision block 62
di scussed bel ow. V\D 2011/ 094264PCT/ US2011/ 022513 [0107] Returning to

on-data cHOBFL"n o GRS Foekitah Rt st P gl

col um (I@@ndgrmléx@ssmﬁmimmf@ma&ﬁ@mm in FIG 1) is to be perforned
using a reverse phase colum, exenplar met hod 100 proceeds to step 60,

wher ei n r 0088k i on vBI angther exgmp ﬁ%’rer@%ﬁn@}tu@‘ﬂ&W@h&WWWﬁKH ataddycerng at ed
by LC opt éﬂ\%ﬁ #fl sa%\?en\t’ ﬁﬁxjﬁgm? %’iﬁﬁ!@o'@n bother &@411? éﬁ% z?xmt%}{P m\é'}%émo%/ ﬁlch%ﬁgl'\/h
érein. man y tal cu

nBj (E11), t he previ ous ed "parane rom
step 53; iAitmtihpe gwaaﬁmiatoimdt;oncmﬂmuhmtqﬂo@ﬂafetlf dreadsdiion/bdtwasn exhelnibiati on

(pis Tromstep ot o chhlilCrBlathaieh,col i ated end grad ont volure
gradi ent Ol U SLONGE Hﬁfaﬁ&x‘x g&lé@{/aﬁué PR Iﬂcx%@seﬁ@fldxéﬁt Qﬁr@foﬂ eﬁﬂ& ve Ea(% on
period); and Vim VD and re vol unmes as described above ere ceto
equat i on fecalpadg) k‘fﬁem@pyoleme% \fhr iegcha ehitatilermbmpatngd: @3 ddEsmmlm@dvhaﬁmr/e. I n
step 60, rlés%lution between each elutable compound is achieved; and (d) repeating steps (a)}, (b)
and (¢) if resolution is not achieved.

[0001] In another exemplary embodiment, the method further includes initiating a
start gradient solvent concentration adjustment procedure. The start gradient solvent
concentration adjustment procedure may comprise (a) decreasing the start gradient solvent
volume concentration to a decreased start gradient solvent volume concentration value; (b)
recalculating retention volumes for each elutable compound; (¢) determining whether
resolution between each elutable compound is achieved; and (d) repeating steps (a), (b)
and (c) if resolution is not achieved.

{0092] In another exemplary embodiment, the method further includes initiating an
end gradient solvent concentration adjustment procedure. The end gradient solvent
concentration adjustment procedure may comprise (a) decreasing the end gradient solvent
volume concentration to a decreased end gradient solvent volume concentration value; (b)
recalculating retention volumes for each elutable compound; (c) determining whether
resolution between each elutable compound is achieved; and (d) repeating steps (a), (b)
and (c) if resolution is not achieved.

[0093] In one exemplary embodiment, a computing system using software in a
chromatography separation unit, wherein after resolution calculation is complete, gradient
parameter values (times and concentrations table) are automatically provided to the
chromatography unit or user for separation of the compounds.

{0094] In one exemplary embodiment, a method of the present invention utilizes
chromatography retention data (e.g., thin layer chromatography retention data) to

determine one or more gradient parameter values for a liquid chromatography separation.

In exemplary methods, thin layer chromatography data (e.g., Ry values for each elutable
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optim zer 11 also cal cul ates wg using equation Il above. [0109] From step
60, exenplary nethod 100 proceeds to step 61 wherein the resol ution between
conponentwpeakigdim4cal cul at ed usi ng equati on HE above. PCOMS3018/021513

exenpl ary nethod 100 proceeds to decision block 62. [0110] At deci sion bl ock
62, a determnation is made by LC optim zer 11 whether (i) the two or nore
el ut abl e conponents elute conpletely (i.e., V1 < Vm+ Vh + VD + VG and V2 <
Vm Vh + VD + VG) . an ji) a desired mninpumresol ution (e.q. ,>.1..5 using
equat i on TiRoteb APfsht oo, Er e AR MR R0 e et % e Fedndidey

cal cul at egapagity faztorstids,tofal deRN ev @ EREHHEN EorBPbMER tat WA UTR:r&RRERBE AlliaR
values (i.e., (pis and (pie fromstep 52 or 54) and the initial gradient

dur ati on pEICERERtions.avherg fiechdor i RefRarigyl Rerepreseatstacieisntian fasterifer #aitenby LC
optim zer i Sl t I: . | .ut.abl .
conponent %@%gqggr%%ée}?séﬁy&g%&%ﬁ ;%ﬁgh giél?is iiér)%gc%ﬁ)é%ia%r Fﬁ{@égg uig ido miég mn

attai ned Bi#.i3ng the run, exenplary nethod 100 proceeds to step 63, wherein

suggestedﬁ%rgfi ent pargmaters ngmal y, .start and end %radi ent_sol vent

vol ume colf@&%k r at i ofts vEPHRAD FIG 3, exepinlary toin lpyes hrospaiegraphystlldy) & 38nd a
gr adi ent I - n i i QL adi. ent L eriod
I S S A T R R G e T e R s S e

exanpl e, (Thil)elate chinssB IoyndsIY edng (IThdisugieast esmgssghrendlupar aorBey snd@y al so
be sinultaneously provided to LC system conponent 12 by LC optim zer 11 in

step 63 sbsachad saven epmpasitian Hgly Patwe ge)-t Hee elapdpied wibngon daceers (garfinet er s

diniti i Qui .0Qr in LC. . 12
11 2t ngthcReogRcRah BRAR BATCha) kb Cus R BT & ebemon

exenpl ar ycapatihothetd FaRR0E, Altto StRAmmE. (i) HIdd] dradiektio@nt oldeei whedhulatiock 62,
if a determnation_is made by LC optim zer 11 at decision bl ock 62 that

ei ther (iYalthemdudiibramepd afadieabl ®heBhpohEnt scasemtion| valge clorp diatig
(i.e., ei ' =] - VG AR < +.VD MG (ii)
b dosi rod embEraBy sysfenlborlponofl e FERMo cmBnert bl Tp I 8 1 o
11'1) duridiscuasedhfechet bedab. Fvon dsiugly Riie3 gepiviscuskynd sdleanlt abmgoditidit vallie St art
and end gradi ent sol vent voléjmi concentration values (i.e., 9i, an(il %:Ei e
from st ep®s% Graeuiian the 195804 sHlVent COGPLHIER  bit: LeiTBYFiisels iabg onteaplate e
colum vaolaire), exenpl ary nmethod 100 proceeds to decision block 64. At

deci sion block 64, a determnation is made by LC optim zer 11 whether a
predet er nif%el maxi nine grewplent methosk podeteohumg hes obaeere gradicnteparafiedd 2] | f

a determ i.op._is LC optim zer .11 at deci Si bl ock 64 that .a
pr edet er rﬁ%g&é‘3 lrrzr)ﬁng’ %gcgfc% agfgrg‘jt?rya%ﬁpgﬁatvgl %Cr?%rcﬁ%% %%gge VRSB AT i ed
(e. 0., lQiep@kednn MGISULES)As SHORIPINITG. FRéAMhIH) OndiQCBROSak Oat HIRR D and
wherein LC optim zer 11 increases the gradient duration volume (e.g., by
one or ndiecEds insicR Sl uriesgin agddnplsiediPe’:. 8- estidsm isaieleckdt tyodusen OFoat Yems  t o
deci si on Al N Talo X ' S v e hgu . 2d t hat
step 65 a%d%%%l?%&xent (g{ g%fepg%é’@?“‘egd e??egd@‘%gwﬁ%%\éi 4 Sldaitgp% g}r %%isg[%f&%?%ti on
period vaklieeteddjyustisvenThp sempiutoasists @ 18blon rsaraehesio dbmpaicatss Uabmasep n
exenpl ary, et hod 100,  duyri t he gradi ent duration period val ue_adj ust nent
pr ocedur & Fﬁ%ﬂ@?@fﬁl@ﬁ?g 30 Sracsrs g smeds é‘%ﬁff‘éfﬁ Hiei pEIPYE iSi7HR @Bl PHIS an
initial e J , im%, f. ol umm
vol unes :ﬁﬁkl n%?gsfrte%](?{éengﬁgﬁggélg?%gn&\%Té%{rfrée%{&#%%@%}rggdg?g%@?"ne %&%I 4%
col umm vaxemplryraketivay Yo epeadisng suposd, t Wkerpidr tht KaspRi & adn oftarearh Tval ue of
gradi ent duratjion volune, exenpl aré met hod 100 checks to see if the two or
nore el utMABF 8si88FFeRUNRt solypl rRgHHIe apwny agiolireg| cqriceriration| value\p, whetginipa/D +
VG and V2 g.f%r,nt}éh + VD + VG and if the calculated resolution (i.e., Rs
usi ng eqd%i A ?a)“(?ls greater than a desired amount, e.g., 1.5, based on
the VR s [ghotihe cormenamiyses, thehphl) sonda @@@g@c@éé t%iep R8T V& hGRERIAD @
pr edet er mi ned maxi num col'um volumé (e.g., 10 columm volunes), exenplary
met hod 1dectpisoBeads calenlaied by sl user dorsengs o€ dhatyover mosBlutable components in
2011/ 0942&%&5@@%%%%%%19@%@?n]igmres. From step 45, exemplary method 180 proceeds to step

46, wherein the user selects a column having (i) a desired size and (ii) type similar to the

previously used TLC plate (e.g., silica). From step 46, exemplary method 188 proceeds to
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[0114] I n sone enbodi nents, a user nmay choose to stop exenplary method 100
when either (1) both conditions, i.e., conplete elution and desired

resol uti omp 28r1e09ws or (2) the duration volune is equal PCO/USRE1/022513

pr edet ermi ned col umm volune (e.g., 10 columm volunes). In such a case, the
user may further choose to initiate a |liquid chromatography run in LC
system conponent 12 using the previously calculated initial start and end
gr adi ent  s@p MeNWhaeinUHE u@@%_ﬁﬂi dAd if LA piRsizdrd 116 InpdtRiddaddlay BictdbrQm st ep
52 or 54) and the final gradient duration period (e.g., 1 to 10 or 15

col umm volsuasdmitgdoie] sTmtion fades Rapeiaméatedey g, useti dyreselr cokuyn se ke pormzal

"speed noge.. .opti | Y. .. ar d, L0 ep, 472). In
t he speedg}ﬁabsg’e%gh%g(?%?{em%% ’rm% st‘(l)'%_éﬁé)%ge gé %’pmésl% Sig s‘?%%ggé,sg%%% b 1%‘6&5
the startcgicastc@itin VALY, cRACENtEE Hafing the OB hrevidti aniC YehUNFrom the

concentration and the gradient duration period to the user and LC system

conponent caoulatpd 1t g)tRatiagtaisity, 1O cppdioiizea 3 chicolakes Gapacity factetetlorwhiorsk Fdh i s
made by LC i m.zer ecl Si: 64. t ha redet erm ne i mum
o adi ent aeoLRr Bhd B ettty SSEIBHOD A It E b Moy P BTN MRS e
"purity nfitke indgicond soladn: 8kReEC Frb®. step 4, etéRflad MhetheX e0PhAkYedi®s BRdk 100
proceeds to bl ock 66. From bl ock 66, exenplary nethod 100 proceeds to bl ock

67 shown % veceginpxemplarvangthad 404 procegds de Wﬁkéglﬁm /B ufe concentration

val ue adj nt pr ig% Lyu.fl i.0. Fl 7

exenpl ar ytd)%e?fgﬁod 10 &}gi?g{:ﬁgléf? ’ %%géﬁrélgﬁygg%hégiﬁ%kgﬁggp&%ghec‘Heﬁlﬁ ei?cétr’i(’!}} %ﬂe At

pr evi ous| gedisenblethiSt, gdedimimttiaoisvande MplLUnptiednaelit badedwn dsdd s@terled ig. |
the initial géarg tgra i ent sol vent_ volunme concentration value) is decreased
by LC opt{'f§ 2&r Whelligthg upeqmingdigid clgomatpgranhy Jupy (st oiftl-(g P YRR FPMBBISRE Nt
vol ume cope gy B0, YRIUS be! RRrBRE) STDAGHE Bhise, rin X?@@gﬁ@{h‘;&s@ﬁﬁd'ﬁt

sol vent vol une concentration value 1s decreased by a set anount equal to
about 10%Wet¢monatdnap nlle atxecipbajoaieilhbd: heGppentediid chrdeniagrahy rmock

69. At decisi,on block.69, a determ nation is nade. b optimzer 1 based
on data eﬁttgrbéedp‘?r#?rg’fggﬁS@??QMtphﬁsfe e e%wgﬁ’ﬁ't Wﬁ&ﬁ%%ﬁ%ﬁgfﬁ% {368 Used i s
a nor mal r . : etef,m i i by LC
ot i zer e G B g P a0y ey T Chiry WY
syst em cofapomre it frdéd sdpodh and tk st 4)d sexohdsdecpevimia@aicaisiangnaemnorednt
phase col ym,,. exenpl ar t hod oroceeds_to step 70, wherein retention
vol unes afeP %%ain 5@8% Wér‘g‘ra’é‘ Sé%. %gg{?@ﬁmﬁgﬁhéS %fpgg&ngnqar Igsat Sﬂl“’%ﬁé‘\?@%
wherein: ek aAkkuleedk &alRS aRE AN Qvkidd GalveRl AdiBhe RJLAIBLES: LRI %Tsiﬁg e, A
t he decreased start gradi ent volunme concentration (pis fromstep 63; B =
[ (t he pr esduetsl iy =daipCub abath erivesgoapiremttewsdiowme nefmeedit ¢dlatablercofifpioredftr om
step 52) - % he decreased ggart radi en gg%me copncentratjon (pis from
step 68) 1Pt He gr adi™@ft S'ERICAt PR RIEY B0 PRGGEANS HFRISXNVRFEINABItELT | ned
above for i 101 e : Y d s to
stmﬁg YAk 108 dradib A LBlR 981%12&6 PonbOner 736 Rl %g%@i%g r%s%?ct@e% %?déi

step 72, rein the resolution [ ween conponent p cul usi ng

equat i on chichlahDby. LEr optiaizep 182usinx afip| amidigt fad[(kOR, pFoc abdpréaodegi si on
bl ock 73 di scussed bel ow. [0119] Returning to decision block 69, if a
det er mi naiapted v#ﬁ%fqupﬁ@@ﬁqsi kyj 3y m, and an optimum capacity factor value, ko,

which may be stored in LC optimizer 11 or inputted by a user in step 47 above. In this

step, a solvent concentration calculated using parameters ko and m for the first eluting
compound is designated the start gradient volume concentration, ¢, while a solvent
concentration calculated using parameters ko and m for the second eluting compound is
designated the end gradient volume concentration, ¢,.. In some exemplary embodiments, a
value of 2.0 is (i) stored in LC optimizer 11 or (i) selected and inputted by the user for
optimum capacity factor value, ko, From step 52, exemplary method 106 proceeds to

block 58 discussed below.
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11 at decision block 69 that the chromatography run is to be perforned
using a reverse phase colum, exenplary nethod 100 proceeds to step 71,
wher ei n rwoentiewedol unes and peak wi dt hs are cal cul at e@tCugdisngrioepsas i ons |V
and Il above wherein: mand a are the previously cal cul ated parameter from
step 53; A = the decreased start gradi ent volunme concentration cpis from
step 68; B = [(the previously cal cul ated end gradi ent vol unme concentration

Pie f 52) = he d d di t

(Pi s 1rom@PBD oa) 1 e drbePagiear Pk Yo b Bl A oron BEAMEG, o
as defi nedp@ﬂﬁﬂgiigﬁﬁ cBfhRdtb @ BpHyMun [(Dd. 28] 1T Oytedt efmpdnent KB v FISt hag 100
proceeds to step 72, wherein the resol ution between conponent peaks is

cal cul at et beipsgoupriaas anreveise ghesce rukreganplasy nrzhode 18firegepdsa ed 500

d decision bl ock 73. [0121] At. deci si.on. block 73, a_.deterninati
< ade by TPETBRERLEE S R eRehih A PR BRI Ko i Ahe USTREHONIE

el ute conpli@iiftky capacy: faMorsS Krfrom %tef 47, M theV@raanfhaVeond/katviit volMke +
VG . If a determination is nmade by LC optim zer 11 at decision block 73
t hat the tascwratipps entefedtinlstep @or%cﬂﬂmmoréwn etep Sdpletaptipnizasdd metfarnys aet hod

the buio. ol 8est Ghae? drec i, SRieu i e P bd ahg PRl s fer ot U 1
VD + VG agsheMarafion vynxeéu%@g th}}é@qu&‘@i&ﬂ”‘ln% dasini¢th &tﬁﬁmgmgg W&b&ﬁ&é}s Gend. . R
y

> 1.5 using equation Il1l). If a determ nation is mad optimzer 11 at

deci si on imiforkachBlutaide cetponenb or nore el utabl e conponents el ute conpletely
wth a degj m ni gum resaql,ution,, exenpl ary.net ho 0 LQceeds. to. step
%6, wher oA Eiggest BT PERah e e REmeT o REprR el 5P LBbRrL i

gradi ent  §@k \48Atend OrBTBICRIMNRD VORI O PontahivRiont NudsN ol lafll ¢f NEsRE@HIE Nre

sol vent vol ume concentration value, and the increased gr adi ent duration

period | ecedtuitated &y [dr® wiptiedzer d lansirsethe dqmatiexapd Ea -vinakg)/dils thegpresiongden.
[0122] The suggeste radi ent paranmeters nmay al sp be sinultaneously provided
to LC sys‘?%‘?ﬂqgﬁ‘?rﬁﬁﬁ’@gt m’li’a’if‘f/“el%r? Gp e fnd) Ko ﬁ‘%f‘%ﬁgﬁggg% t*Hal lsag/tﬁ ef can

sinply acgARflatbdSolsHAIRREEE6RALAR haRM AT hahd MRS dBirkiial i donfhifd
chromat ography run in LC system conponent 12 utilizing the suggested

gr adi ent padaaipebeed sthe Unate rgridient abndwiee candérttiatng, ¢ex ek ar yalvelteddsal @@t ends
at step 76. %012311”" a determnation_is madgwg%! LC optim zer ;11 at deci sion
bl ock 75 TAFSERUARED UGS Faransies aRnd gbfas RoiRs pEng FoRORG D fexgapdthe o

Vi < V. +. \Mh +., n ) +. VD £.V { L bi sired
m ni mum reen\séo Igil:%dl}%%rtl \((}e{%;g, %%&{ME b ngAéq‘%%actuis'%j}éf‘:j Iaﬁﬁe[?qu gér%%% gé}x%n%%ﬁod
100 pr oceanisodimenteci saloa obRack (i) Atored &t ECromintesretindm@l) iselacted anddigpubyd LC
optimzer, 11 whet her g gr edeterm ned, m ni rrum_st%rct gr adi ent vol une

concent r aSPEhay N HeP A4S OB &l utariipy SREMUR capaciBt BCtar (YaltueoKori- s A &leBy 4 C

optim zergxll, deelod 8 RbQLls hhibhidss @ predeterm ned mni num start

gradi ent vol unme” concentration val ue has not yet been utilized, exenplary

met hod 100182 ur ns Fooms bapkds, ervthpary cexsbiel H piosads sebioab & ehandinddGow.
6. From block 56, exemplary method 100 proceeds to step 57, wherein an initial value
equal to one column volume is utilized by LC optimizer 11 for the gradient duration
period. It should be noted that LC optimizer 11 may utilize some other initial value for the
initial gradient duration period at this step (i.e., two or more column volumes). From step
57, exemplary method 1080 proceeds to decision block 58.
[0103] At decision block 58, a determination is made by LC optimizer 11, based
on data entered in step 47, whether the upcoming liquid chromatography column (i.e., in
LC system component 12 shown in FIG. 1) to be used is a normal phase or a reverse phase

column. If a determination is made by LC optimizer 11 at decision block 58 that the

chromatography run is to be performed using a normal phase column, exemplary method

22



[0124] I n sonme exenpl ary enbodi nents such as exenplary nethod 100, the start
gradi ent volune concentration is iteratively decreased by 10% (i.e., start
val ue* 0. yoaoneuzsum of 100 tines. At each val ue of thePsTaIseoigioazbiient

vol une concentration, LC optim zer 11 checks to see if the two or nore

el ut abl e conmponents are conpletely eluted (i.e., V1 <V. + Vh + VD + VG and
V2 <Vh + VD + VG and if the calculated resolution (i.e., Rs using

equat i on §ég procseddt68aleBrs9t RBrem ARTELEJoRMRUN . Bt Gach u@blcRBFEANOR, 4Pe

VR s of the components. If both conditions are met before reaching a

maxi mum nesedated by ECaentingrerdilamingasjuatien koncentrati on val ues (e.g., 100),

exenpl ary mnet hod ]100 proceeds to step 76 as discussed above. If both
conditions ar @g@L[@@}@ggoveJ(@amv’@g@mw% méb,qv efiy stgrt gradient
vol ume concent fatiBon val ues (e.g?, 100),” exenpl ary getHbd £00 br(%ceeds to
step 78 as discussed below [0125]1f a determination is made by LC

opti m zerwharelit deci sion block 77 that a predeterm ned mni mum start

gradi ent vol ung c&g{genettglat ieomQ vg}l ugc gaﬁs been tutii | i zg%ﬁ(ii_ e., a maxinmm
nurber of it er BTG GECNE RES IR AU BERYE) fromy ary method 100
proceeds to bl ACkiné YrevisiRIY LlQCded Gart GXRMMN 3 MinfRLAAGhA0: gg %ﬁ?&% §p bl ock
79 shomn in FIG 8 where 'an end gradient solvent volunme concentration

val ue adj ust neBit= [jthe pechumsly mldubditd etdegtadiynd WChapt conczmratibh @sfreihsmpgssed
further below [01261Returning to decision block 73, if a determ nation is
made by LC optim zé#) -1thapreyiveslyicasulsicdskarygadinnt valtiae corseniratinsr@s 80wt abl e
conponents do not . .ary nmethod 100 proceeds to step
74, wherein the st%}!t}]gg}r}g%&%é%gﬁtégg%ﬁﬁb concentration value is

i ncreased, typVgal thy colmna: wwhene Gus, thé asid vahagkd)ent sol vent vol une

concentration vaI,StJfg ge. g ,.the initial start gradient solvent volune
concentration Vaiu8egivel valums s theeralwng berweem e ngini @t whichdbs sdvants ol une

concentration val gk inftRMMSHR HoniiS RAAr Y method 100 proceeds to bl ock
78. From bl ock 78, exenplary net hoé3 100  proceeds to block 79 shown in FIG

8 where an endVgisabé mifal Soldreemeol ume concentration val ue adj ust ment

procedure,.S,d hitiate LC i.m zer. 11. .[.0127] As sho in ElG 8§,
exenpl ar ﬁﬁ:ﬁr@%}hod 18% Sg?‘ggg’é:d%&% Yt Zt}rvhoi(""‘,léi If“&g 3%155 Sgg‘; gi%ﬁ@?‘i‘egf?i £hiable
pr evi ousl gorysimenteids HAeiienh KAk (S Me BYhHR SORE RRIdid:] PR iVaks!® tfsdhe the
initial or decreased end gradient solvent volune concentration value) is

decr easedl®y riie St ahitaey Tinal boldavadene dselsatchosens forerasepe A(¥nd-Vdi-ddbent
| t i L ue. i j . d
or adt ent Ot va o’ I KRt Ber 1T o TSR TR Al oy MM BLo i

gradi ent 'soO caoncen n-value Ts decre a

equal to dhbtitwdlfOmolercompstiags, 80, uskigerphiduryi:net hod 100 proceeds to deci sion
bl ock 81. [0128] At decision block 81, a determnation is nmade by LC

optim zer 11, based on data enb;gr%d(iﬂﬁ—@})é@? whet her the chromat ography
colum (i.e., in LC system conponent 12 shown @ FG 1) to be used is a
nor mal phageiqr a reverse phase colum. [If a determnation is made by LC
optim zer 11 at decision block 81 that the chromatography run is to be

per for med usi N &dn'i srathep¥ias ot ebitaine corareunds drapd Feklvothici0B iy opedds t o
step 82, wherein {% Q]Q,tg_n%n vol unes and peak wi dths are cal cul ated using
equations | and | above wher ei n: m and | c, are the previously calcul ated
paramet er fr o s@p cSilimn efficiency.

{0106] From step 59, exemplary method 100 proceeds to step 61, wherein the
resolution between component peaks is calculated. Typically, the resolution between
component peaks is determined by eguation I

Ri=(Va-V)w, ().
As discussed further below, in some exemplary embodiments, the resolution (i.e., R, as
calculated by equation III) is desirably equal to at least about 1.5.From step 59, exemplary

method 180 proceeds to decision block 62 discussed below.
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A = the previously calculated initial start gradient volune concentration
(pie fromstep 52 or the decreased start gradient vol unme concentration (pis
from st epw62011B9426f(t he decreased end gradi ent vol une ceataskeae2M3 (pi e
fromstep 80) - (the previously calculated initial start gradient vol une
concentration (pie fromstep 52 or the decreased start gradi ent vol une
concentration (pis from step 68) 1/ (the gradient duration peri od rangi ng

fromlto | umm olumes) V Vh, _are. as defi b

equat | on w9701 o1 AHEHITEE b M igne Hiaek 3T s B ioEipb e bt 8 BY d¢” 5
wherein t xrﬁﬁéimﬂtl%e@ebﬁ\e@élacékﬁ%@em REAKET, | hedke Uhat gtbouihd ghcgﬁwatlon
11 as di scussed above. From step 84, exerrpl ary nethod 100 roceeds to

deci si on @re@rtogsply selmeedi-beir ﬁm@m]@mgn‘fmtr@ shwvdedt §ionlblisoskbgl, if
a determ c{" gd u%mrg:g %exp 56 gﬁa% te'e oS rexem By qge(i‘hc?c{\ 9@% b 00%5%98% tﬁ{%? tﬁﬁt he

chromato orne a reverse

exenpl ar ywnaemoebtéxﬁibnpwiegegl,s Vg0 foi eadﬁ%}w:mﬂe I’&Iﬂ%}@ﬁ&ﬁe atd eBlcyatedney 1and
peak wi dths are cal cul ated using equations |V and 11 above wherein: mand a

are the pPRIRBErHhusing evpuelpar ameter from step 53; A = the previously
calculated initial st/art grad| ent volune concentration (Pie fromstep 52 or

t he decreased start= g Iedmeﬂ c_q'gfce;nVr)%{_ }D,n ’%plgs ,f_g/om step 68; B =
[ (the decreased end rnaﬁyent vo"f ume concent’r’ation pi € fron¢ %ep 80) - (the
t

previously calculated initial start gradient volune concen ion (pie from
step 52 owhdrhm: decreased start gradient voI ume concentration (pis fromstep

68)]/(the gradl en dur |on ran fromlto col um vol unes);
and Vm VD and™ 9da GRS eet pg WhHPMGHeR &7

A =the prevxousiy calculated start gradient volume concentration @y from step 54,
B = [(the previously calculated end gradient volume concentration @, from step
54) — (the previously calculated start gradient volume concentration @ from
step 54})/(the gradient duration period}; and

Vm, Vp and Vy, are volumes as described above with reference to equation L
[4108] In step, 60, Vy is a minimal value as described above. In step 60, LC
optimizer 11 also calculates w, using equation Il above.
{8109] From step 60, exemplary method 108 proceeds to step 61 wherein the
resolution between component peaks is calculated using equation IIf above. From step 61,
exemplary method 108 proceeds to decision block 62.
10116} At decision block 62, a determination is made by LC optimizer 11 whether
(1) the two or more elutable components elute completely (ie., Vi<V, + Vi + Vp+ Vg
and V, < Vg + Vi + Vp + V) and (ii) a desired minimum resolution (e.g., B > 1.5 using
equation III} is attained during a theoretical run using the previously calculated initial start
and end gradient solvent volume concentration values (i.e., @i and @, from step 52 or 54)
and the initial gradient duration period (i.e., one column volume). If a determination is
made by LC optimizer 11 at decision block 62 that (i) the two or more elutable
components elute completely and (ii) a desired minimum resolution is attained during the
run, exemplary method 108 proceeds to step 63, wherein suggested gradient parameters,
namely, start and end gradient solvent volume concentration values (i.e., @, and @, from
step 52 or 54) and a gradient duration period length (i.e., the initial gradient duration

period selected by the user, e.g., one column volume) are provided to a user, for example,
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[0131] From step 83, exenplary nmethod 100 proceeds to step 84, wherein the
resol uti on between conponent peaks is cal cul ated using equation Il as

di scussedwalzouend4tenom st ep 84, exenplary nmet hod 100 pr o®€Eds2010/0225¢3 Si on
bl ock 85. [0132] At decision block 85 a determnation is nmade by LC

optim zer 11 whether the two or nore el utable conponents elute conpletely.
If a determnation is nmade by LC optim zer 11 at decision block 85 that the
two or nowia eldidplb ecre&mdh@rmggﬁk@emgfad@nutpﬁrami 6Bl Wsé ibeCsimuBhddagsly V1l <
\fin + Vh + §g+ VG.and V, < Vi" +Vh + VD + VG, exenplary nethod 10
proceeds PBY éﬁ°81§ SWrﬁ%‘FléoﬁlPPH%“teﬁ:r’dbigLQd?@H?m%foiLﬁhﬁt%@mﬁ*emébﬁ@%t%t| on
value is ﬁ?l Vi I
concentra%l n val gt th%ysagg&{édye @%@t%ﬁét&gs‘m |lgt%?adh VO %n%& A
concent r atr @ sysitmecoopoacip rléwtthmgdhc BWﬂd&i gradicgr pai‘amtem oUndditthey siovee

concentration.val ue 0133] | te 86, exenplary nethod 100 proceeds to
step 88, M?Wﬁ %’i?é@’é P %Pn@eers namely, the initial or
decr easediggayt or aﬁb@ﬂmgai a&@lomk)e;mcx@m&hhﬁ{ahe&svxﬁg&eb %@%ﬁhﬁﬁiéyfa' or

decreased end gradi ent solvent vol une concentrati on val ue,
i ncreasedi}y laad¢®$wn Glocktt2othatpeithico i) Ithmgatfm onn®Ip ehmbtmcbmpnmnmskr notfedute

exanple, via.a pIa scree t acGe r ge d gr.adi ent
par anet er%o%%lﬁteg’ié ﬁéh?%f&a‘hépﬂ o‘g?alén;g% &ét*’uﬁ? S%d:ﬁgmau by
LC opti m d&fired IninfnstheRs@tisiOist At at&nibﬂe{re LaR, & I@'u&ﬁlr@c&ﬁﬁﬁoﬁ ) auggest ed

gradient paraneters and initiate a |iquid chromatography run in LC system
conponent theoretiggl sy uﬁgg ﬁmrgﬂgw@@wlgtﬁémmﬂtstm gdlem@b«ienméuxabove

diti d t t
deci si on BSERTERn Yatoel i B AR eI e RS ) Mo 2tien] guigfon
deci si on @érﬁﬂkﬁ 85 ohb @blu&rﬁﬁvéi‘dﬁxep lex E&rﬁ hiekirfal mcm&%@r@é FedGiof ik 64,
conpletely (i.e., V1 < + Vh + V| and V2 < Vh + VD + VG, exenplary

met hod 108t piesiseasd dladk ééu%ld@wrmm@nn 8, myder by nL@ dmreizahlﬁatwmﬁlm sa made
by LC opt I onents elute
conpl et el %%&?%nlégddég%%gﬁ ﬁ%ta%i%%éri\n&fi gé%{/r&fl {%gﬁla% %1’5? Simnation is nmade at

deci si on fgiiezk 87 tHatdddimitiatlonds nﬁﬁdé%y@L@b@ﬁh@ze@qmﬂeﬁh&nQﬂW@Hm etely
with a desired ninjmm resol utlon > 1.5 usi ng equation III%

exenpl ar yPIREFHEYn (‘ﬁ“%ﬁ%‘é‘@e&f@ diegt §t"@§0%8’01%#’é$ ROk Yeig BeaneHtiliged dieent 10

par amet er t g0 | ume
Concent r ot} an T8jufnes), ekl Bloifly IRERERAER (& W8 g a1 apitfl: 1P
concent raﬁleaseeahmgxadmnd dmtaaon nfohmafs gd. ggrigdme:ndxr dusratdobnmp evivatks). eRginh ar e

provi ded to user, .and o LC system ent, 12 nder  t he above
condi t i on¥eP g%’e‘?ﬁ?f@rlw ﬁ%ﬁtﬁ%{j%‘g C’éi"@ﬁﬁ%‘gpg%j G"I@ﬁ]’fp?eegs dedisesseht i on
is made bypokE APYidHE 8& nbikedathattfe) %5 %dbslug &K s&égﬁtaré Q&eﬁw tPherf & a

el utabl e conponents elute conpletely (i.e -1- VD + VG and V2
< Vh + vmradm;)durﬁm mﬂﬁ@@m@)@ﬁiumm&pmgﬁm‘ed m n| rrum resol ution (e.g., R <
1.5 usin ation exe od 100 eeds t.0 si.on b ck 89,
wher ei n g gﬂﬂer m na %)(?11“? %@} hlE)p"‘}sl H f (@fﬁg td%’é% % ned
mi ni mum %Iddigﬂita&miﬁﬁén \p@hmaﬁ@nﬁgﬁgm@m ?fbc\i@lr@ etﬁaagrabi%ﬁo dliia'tlbh Z@Mimd fis @
determ nation is made by LC optim zer at decision block 89 that a

pr edet er nfSHEEeh MW‘ErfW“gra&di”@Fﬁ \’ﬁé‘l‘%ﬁ'ﬁ s rvemplatanencaluingevalume riet 2 yet
been util Xgmbpal 0:re t 8 edsas

di scussedxhélgove and Ek))elcél\)l\l} gl%ggﬁ}% ngofr?g{:egx?(eggs O% SHe OI‘%RQHE%@&EUCths
exenpl ar ypredatidrodnddOBiax tnien enbingr aclueet waol wag depmdm tpdr ik psity dediadi vel y

decreased b 0% rt .val ue*0.9) maxi mu 100 times. At each
val ue of ’%‘k%‘ éf‘f “éPg&}aé}ﬁm Hﬁ‘év@@ﬂ{?e?ﬁ%%ﬁm@@ g%‘mﬁﬂi%@ seq fiheias t o

see if thghye eﬁﬁam@za&nﬁaﬂéh@,bir@c&ﬁgmwauéd%f@ opaR) et eww uped flg@; . V1

<Vm+ Vh + VD 1- VG and V2 + V and it the cal cul ated
resol uti o=hV(n1 AeVp RYpusiVig mfumtth@nalleﬂilpladsregﬂeMIefl e h&muvangieqmamd IHpdunt |
e.g., 1.5

greater t?lan A desired amount, ¢.g., 1.5, based on the Vy's of the components. If both
conditions are met before reaching a predetermined maximum column volume (e.g., 10

column volumes), exemplary method 100 proceeds to step 63 as discussed above.
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the VR s of the components. If both conditions are nmet before reaching a
maxi mum nunber of end gradi ent vol une concentration values (e.g., 100),
exenpl ar ywoebhiod42600 proceeds to step 88 as di scussed alpovaiS201fi/0Rasth
conditions are not net before reaching a maxi mum nunber of end gradient

vol une concentration values (e.g., 100), exenplary method 100 proceeds to
step 89 as discussed below. [0137]1f a deteunination is nmade by LC

optim zer ﬂéé t decj si,{)one bzlnﬁcé %9 S;t Qatsea re gt ertm' ,rtled m niirmm et%dd %di ent
vol ume colle8ATT at i off VA EREdmSEy 4 torf THY SRR XSRSy T8 APEceeds
to step 8&%henbighei(l) bogoRatiRidng iall @tploalchiiRiaig, dediddPetolutibe drdintdtalk or
decreased start gradient sol vent volume concentration value, the decreased
end gradi @ntthe gupEan vebigs eiat Ehilcapriedsicrminet colama YHeme fegedSetplypnidi ent
duration J I L ; - AC ty: i

opt ; onal 1} PAED  TERGTs BAE, BERKLIRy thyRn Khithe O LREAEH 1l MROhaNe Bl
nmet hod 10@&neimdECatyseinepoBPondid 1BBhitihg sho prelibeln otlesiateainitiall tshoughd end
exenplary nethod 100 follows a certain progression of nethod steps (i.e.,

i nitiati ngfreoTEhPlugemmesiiralon yelush (gerPotnda®; (remmier 5P ebébumddhe t he
initiati I : - r.adj PY concentration

adj ust ne%n%%{)%g urggl;%klgi?i %%%%é%gieﬁﬁe y&%éi c?):jﬁé?%[g%ﬁ%s)(bpti onal end gradient
sol vent vi@ligse concBitustd dntedpeistvidrtusprosedisea dspené atdd) optwardadyinons of
exenplary nethod 100 are also within the scope of the present invention.
For exanpPemperh@ethns HEE Lofat pigR 45>=e@é§f> Spet) dntdeo hCrARyimHeEAT 18 Wape estep

pr ogr essi A (YRS T . i . S

G adi ont orarh Gale cuhERRe R B dent Yoo R o P BB ihe

opti onal emdergragidiend tiegradiont duodtivmpetiod cetht mstri aad [A0§ywestmentpauescEdur e

0130) as MR apoveeia Brisiyproupdeebal » dpefainabor bousdiaaa. pawnies

opti m zeryfld qeSlRR Hodk §F 856 F&d@@ﬁh&%@ %éxﬂnﬁmgméem%ﬁm%ﬁ%%dgﬁb Bl Beerd

exenplary nethod 200 starts at step 201, wherein a user inputs

chr omat ogridizhg (¢-gt ddtdobimul yokin(es) gnd ar‘sumiythode”faptivo rwasRielecteddalzatesdtey t he

01 and (FDuSRREY PROP T PaeaTeS hlotk P, 2o kel EXEHGEE Subl1f on'
node (i . eprocd?@s Bl bREk M €V LS nPhaTal. BNGheRtd M 2@kl emhdae@! sofdent vohfiReed or

resol ution node) into LC optim zer_ 11. From step 201, exenplary nethod 200
proceeds Hcai@gonyalue ghigpiEIont procedue sspdietedand end gradi ent sol vent vol ume

concent r g val ueg, a6i [ ' :

opt i m zen P e ng s ol Bt P RS shedtShlon Bo6esBS b BRSb e 15

[ (koi koptgd, kubkrelotheprardousdy uedase: @adieht splveat vollie kOdenirati@r valud @\egibe
phase, preeyjb’@usl y cal cul ated values for paranmeters ko and mor mand a, and
an opt i mifitehYAT i FIA SPTEnt WiEe CRBIrAR ¥HuGHY dpeased bEdG pptizgpts ni zer
11 or in § L ; ' ; F ep
202, ex eﬁ%{ ata% agrrgg%iﬁt o%%%egf%?%iggg 5&%3 g&g % &eilf;é% 3%%%?%%%@ [e}? Jgﬁ%&‘o %Q%Bgﬁ %J mes
and r esolanmtbcdmente cgvoubtattegadignt lsGlvept vohume codcenasticiesand bettcabmddbwsi ng

ti |V 111, f i di_ent i od val g,
Ch e a1 yreh 2Feti el hritbpnl oGy SER Jo5, ot SAREPARY, b A0bGE i Bads 1 o
deci si on Rk W84k 69heseiiddistortBlogk 9N AtdeRimirmtiBRIS e 6§ 1B WpARY 131

whether (i) the two or nore elutable conponents elute conpletely (i.e., V1
< V. + Vthased/pn davyeniengd\in stepvid7,+wiyither Wi disomaiography icolumn wr b¢ sedbisve) and

(ii) a desir m nimum resol uti g e.g., > 1.5.usi atj.on | bove)
s et a nRaaRPGO R FeS Bek Pl Beiaspiation s Rl B Dol o
initial sdedfsionaeckestibgt &eicBRimAOE AL ronQl & MR CORGRAH cBkipBie¥ AR YUBRSwh in €.
(pis and (Pie fromstep 202) and an initial gradient duration period (i.e.,
one col udiGva} isrigpe p[etfgmlqd #sigg gapendliphate oiums, ergaelasy metbodpt0mroeseds1 1 at
deci si on bl 2 . j LRI sol ut | .S .. tain e.g.,
re < 1.5 BefRg et fert iRl SRR Thd bR AR HRaled nBRE Bl BYL Fipd

cal cul at dtlabovietwirkeist art and end gradi ent sol vent vol unme concentration
values (i.e., (Pis and (pie fromstep 202) and the initial gradient
duration peri dtlapd keare s aergptinsalseighep ansied Hmas$P fdt hod 200 proceeds to
deci si on bl ock, 2 .Sl 5 el m i Qn. ks made by LC
optimzer 11 v%é‘t ee? %ﬁ?&é%ﬁ%%ﬁ&é@nﬁﬁ%ﬁg& :%odr?npenﬁjfi%%)%tll i[y§@ﬁ%geﬂ§§e? %’n a

predet erm ned gradi ent duration volune (e.g., 10 colum vol unes).
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[0142]1f a determ nation is nmade by LC optim zer 11 at decision bl ock 205
that the gradient duration period is |less than a predeterm ned gradi ent
dur ati on wol2on9¢®4g., 10 col um vol unes), exenpl ary nmePldAS2Q0/02251rns to
step 203, wherein LC optim zer 11 increases the gradi ent duration vol une
(e.g., by one colum volune) and recal cul ates retention vol unes and
resol ution as descri bed above using equations | or IV and IH for the
i ncreased gradient periqd valye (e,g., 2.to 1Q colunn volunes). From step
205, exemiar yhﬁ'?{‘iﬂgd’rf@@a‘%%?#%é}s% 9%%@%@@8#‘&% e cive %e?fawstes B

et urni ng t ogglec : ) . N y
optim zer 11 at de§| gi gﬁégé‘%’%{s%%@g%%a%é ttﬁglugraﬁlhgéfﬁ&c}hl?%if%ﬁe iodis
equal to a predet es8)Ned ggadicht dotatidu patiodnand!| une (e.g., 10 col um
vol unes), exenglary t hod Hég,oﬂgroceeds t o .deci sion bl ock 206, wherein LC
optimizer 11 d¥melRirAeYnRFfcstisinedabqygdPEsAvatietl or speed node has been
sel ected 18De Uusefront it ® Ridefd ethS 486 g d t hﬁzs‘%{l@g ngde has
been sel etg%jedpby therousesreb(c?.’e. ,e tpﬁ‘ggipurl ty ﬂn%?érgﬁegsé %ES e%eeﬁ se egt ed by
t he user) jeselnbopbetwgemetihpehe2Ofcalis deadddatbdustepqdddn Mkhbew. Fr@ sogptT2n zer

11 provides optim zed ocessi.n onditions.fq the user and LC system
conponent SEEL T TP TRG: B SFRG1e BRTETRBHHA DI9%a detor m nat i on is
made by L{g199f i M ZeRedihihP et dRisdEShI8E 69] i b Ah 86N s Bdd By BERLRELA:
(e.g., Rs > 1.5 using equation during a theoretical run dsing the

previ ous! ¥1 entlenidion dtbckrfi% that thetcwematngraphy rgr sidiodret peiinmed tusing| auremerse

concentration values (i..e., i d (4),, from.step 202 nd iven

G adt ent  RRRG eV G arrhl SramRod 160 grokias o ofeR Mo Hivey eleaBB P BBY oo
200 procegshs wigthd afd il ilatéd Qikg eRBBNCINPARCE aBlSveashdéincussed above and

bel ow. [0145] Returning to decision block 206, if a determnation is nmade by

LC optim zer 1m andatare Hie pspdeusendenistad paremeise 8answeedded by the user

i.e., the purit de has been sel ected by the user exe ary method 200
br oceeds o pubiT RGeS SR eRed G e PR Gl S SEPBR | 1 (et o5
purity node fugthehe JassdsREdiduladd &Gd érgdigﬁlqg)‘g\ﬁ]lé BsiceRthiRh GEh6AkIRI

speed node, a user y seléct a purity node
52) - (the decreased start gradient volume concentration @;; from step

68)1/(the gradient duration period); and
Vm, Vp and Vy, are as defined above for equation IV.

[0120] From step 71, exemplary method 100 proceeds to step 72, wherein the
resolution between component peaks is calculated using equation Il above. From step 72,
exemplary method 100 proceeds to decision block 73.
{0121} At decision block 73, a determination is made by LC optimizer 11 whether
the two or more elutable components elute completely (i.e., Vi< Vg, 4+ V4 Vp+ Vgand
Vi < Vg + Vy+ Vp + V). If a determination is made by LC optimizer 11 at decision
block 73 that the two or more elutable components elute completely, exemplary method
100 proceeds to decision block 75, wherein a determination is made whether the two or
more elutable components elute completely (i, Vi< Vg + Vp+ Vp+ Vgand Vo<V, +
Vi + Vp + V) with a desired minimum resolution (e.g., R, > 1.5 using equation ITf). If a
determination is made by LC optimizer 11 at decision block 75 that the two or more
elutable components elute completely with a desired minimum resolution, exemplary
method 100 proceeds to step 76, wherein suggested gradient parameters, namely, the

decreased start gradient solvent volume concentration value, the initial end gradient

27



process as depicted in FIG 10. As shown in FIG 10, exenplary nethod 300
starts with exenplary process 200 as descri bed above, and is a continuation
of exenplaoOpropremwdss 200 from deci si on bl ock 206. From @#€gitGsan/obisozk 206,
exenpl ary process 300 proceeds to step 301, wherein LC optim zer 11 (1)
reduces the starting gradient concentration by 10% and (2) cal cul ates
retention vol unes and resol ution as descri bed above using equations | or |V

and 11l and the decrease tart,gradjent. sol vent vol une concentratjon val ue
o st el Softiid SRestyTion 'an A BRncSd aradiet RuGRPERRY [kl
concent r apicRticd 3 HQsdr! PeRifBple 208 a d@s@ghgegc%gdet erm ned gradient duration

period of _(e.fq. , 10 colum volunes). [0147] From step 301, exenplary nethod
300 procelddll o decib¢ sregestod BragGR! pacErnhmay disp dersimultangausly prowdiedhy LC

optim zer t her (i I__.nor. I onponents el ute _
conpl et el Iyégs v g%.%, C(\?ﬁpo rtnfﬁg%&?roiﬁﬂllier\g glnsgéi\a/g% gﬂ %}% ARTinRet Wgsaicﬁeé) '
equati on theGiggedtedn@udintapgarhétens anddfBiatees lighial ditithategaphit h@Nin(1€C GysteriRs >
1.5 using equation 11| above) is attained during a_theoretical run using
the previ etspspepalt ylilizieg the, pegaspted wagdiend pgraseieryr Andehthesdioye wendibipisme
concentrat I i i (Pie fromstep 202) and a predet enmai ned
gr adi ent %}iéeﬁbgﬁva u%d%é(f%l@?X{l%eco ‘um vol unes). WO

2011/ 0942@ABS]T/ US2 0K W @2 hilidhtio 1<t Blalié ba Ldedminnizerall anletisionthdeckidns thél the
optimzer 11 at decisjon block 302 that a  desiyed pminipumcresolution is
not at t ai FEHO(BOK. clutpRle LoMpENGRLY FYLecrRRIFEN (194 Y1 duYs g ¥e*t Yredr ¥epRhN2r un
usi ng t hecdecreqsaovstavh) dhuadb 88t caabl Stes ¥ HIBnRADAEDIiBA (OB, yakues from
step 301, the previously calculated end gradi ent solvent volu

concent r atdigg eqadtioe  MDorxetgpry262thodniidh ppoceetist wr deéaision dleudti €ht whiereiat 2 on
period (e,qg., .10. col um ,vql u .exeml.ar t hod 300 proceeds to deci sion
bl ock. 3053smidiohisoMagF duk LboBbUivGE i HARGET GnPiFe RRUESH YR 1 2 or
11 whet hegraliBft wdidit cOh@@iaién saLY 8R baal UiBed ONTLAERihADNVS Inile MY dpeen
decreased | ess than 100 tines. %149] If a determnation is made by LC

opt i mi zeroptimizer Yeet deaivion blask Bbthat haredaerminesk minjmag start gadioricolwos une

et ho. sopneRrPiet SR deg st BEGREDER Ratpl el b ThlmsSEERR6E R ¢, o,

gradi ent motssdnts diebussrl sboneand belbiwon val ue (e.g., by 10% and recal cul ates
retention volunes and resol ution as descri bed above using equations | or IV
and |11 uAd the flarsoms exgapiaysabpodiments gichasswempbiy athogo] iathe start

concent r ag, v . h 0 i S

Gesori bedaens P, KrEhiiigh S Hera REATILALLLAT R HOR, S0 YBYER §%

det er m nameximuns offd0@ thyesl CAoptdhnvaee of thd kiatt gradiesi vedameiconcanmati@s dlt i on
is attained. (e.qg,, Rs. > 1.5 using equation |I]Jl) during a theoretjical run

usi g & heRHBFHELL kS Scg L e oot flugbie pEnoBt A rmure et f r om
step 301, khey,peax] aushy; &3 -PUV%taﬁg wnd gr adivgnf \%_()Jl-\’\ﬁi‘)tan&qr Wcalculated
concentration value fromstep 202, and a predeterm ned gradi ent duration
period (eegplutian(icolRimsingoiquaisen) HDax grapleatiamedésdngd 30®upt egecl$, tasedsorep

304, whergin,LC i m proyi de timzed progcessing.conditi.ons

Cor. " EHE a0, Phhnehl, DA BRA°SoBidnd 48 ERCAM AT AR ¢ ¢ om

step 301, minfiteer R 8MrOLaHi¥nC Adiohk abRekntRtlo valde £ (M. g. S 000} EBtenyhry TRethod 100
concentration value tromstep 202, and a predeterm ned gradi ent duration

period (ebrgeeeds tp step Jimosibicurgd ppove Koty senditign acnelwekbsfewipehinga 12.
ey et urn, oY . e o SYSTET c
opt 1t sor i HxBEELELER BuBEK llime! donferdBhER ValRL.OR, O ER Bl T

concent r ahéthod 168 pechals tbeep 7dacdBasked BEOwt | mes, exenpl ary met hod 300
proceeds to_step 3%%, erein LC optimzer 11 (1) .decreases_the end

gradi ent D8PFlent voR drAE<TBHRAIRE s £ draerimizgt 113y degsipn gk (%) that a
recal cul a5eged GHAR mQmUR] UBR Srh VORI LI RBnARioH SRl S eAPANE-HTI BY
equations | or IV and I'll and"the decreased start gragl ent sol vent vol une
concent r a nemimum number of iterative decreases has been reached), exemplary method 100

proceeds to block 78. From block 78, exemplary method 180 proceeds to block 79 shown
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value fromstep 301, the decreased end gradient solvent vol une
concentration value fromstep 305, and a predeterm ned gradi ent duration
period (ewQ.2011104a@l urm vol unmes). [0152] From st ep 305, ex&rgsk@np22ses hod 300
proceeds to decision block 306, wherein a determnation is nmade by LC

optim zer 11 whether (i) the two or nore elutable conponents elute
conpletely (i.e., V1 <V," + Vh + VD + VG and V2 < Vm + Vh VD + VG using
equation | IV above) and (ii) .a desjred mninmumresolution (e.q., R5>
L5t ng oS WS P e Biadienl foiferd TPty e iR D RS s Bt Pisiediuf g

t he decr epsgmiagddyiL@BstIANE B &01iShkscIGuMBAbelR} UNE concentration val ues
(i.e., (pis and (pi, fromsteps 301 and 305) and a predeterm ned gradient
period val@lée] e. g. , Rewrwing imecoicadublesh 73] i6 258leningtide isenadaat LOwpiigiizende by

LC optim ger, 11. at istan. hlack 306 th desired mni resolution is
ot ot t af kL feigin SIBEL 25 R RGIE of Hiork bty FoborRy Bt FEBRERNC o
usi ng t heegleaagsaehsd 200 Goaiens s&pl TRNWhatGhURE seRNeRBldhakbOBntvalitgef rom
step 301, the decreased end gradient solvent volume concentration val ue
from st epcBESHUrRNa Yalvg ddicerasd dupigallit e At Praviput s6H pedicat slseny. volupe

col um vo . lany HeLhe 4 i Si .

[0154] At - craicEIR, Oy JAPIRGH o RRIRASRHnl oE ShPRuBLEF faigbr g
whet her t pieviensl dgtieaicendtars @radenitt soblentreolianRcesniceatdtion wake)e Rasn beprv4,
decreased | es a i mes. rmnpati made by LC optim zer

t han. 100 | f det n.i
11 at dect iﬁliﬁﬁtﬁéggcwgtmﬁ?ﬁe%éo g?ﬁ‘fﬁgfgadfé‘?ﬁ‘ Eg‘éﬂkvi%t exggInifRe reghekA®® ati on
val ue has ] . et urns
o Step SRorpey CloERTEN L i KR s oh PR AR At IR nd Ml o ot
sol vent vollunsljcomesigroatduons watisted by L. optimyiz&0B®) and (2) recal cul ates

tenti d | ut d i bed i ' | |V
a1 aEThe ? AR eho bk B & SEpias doribett TULPsHs St Rk 53 EXHER ot i on
val ue. Frgumyietdin 805pre GX8AP h@édye_;ﬂegrgtlgasm%ggzggpmzifxﬁe%gn@ﬁgrgﬁwai&e@,g%hﬁye and

A o "

bel ow. [0155] Returning to decision bloc , 1f a deteiinination s nade
by LC optinifiat er degreashatend gerskiant sol veitinyalume ceswhurationvilse)ds datmesdd bar Ife, Rs

> 1.5 using. equ 4:gnll t he decr
0

( ). during t heareti.cal..run usin ased
ctare or el 82 st briiial o Berrriat R Fagtt oh3n Skl HReaFREss

decr easedvaigl BY RticeithbGhesbta YOkt 6Bd 6RARANEH 0t 90lnna] tockhtRifio hvame395,

and a predeternined gradient duration period (e.g., 10 colum vol urres%,
exenpl ar ylSFEEMSHDB GO Eh pEICEBH AU 1o abgt @ ieneaiep B wwniphary arethad BBy des
optim ze £55} -ﬁg{,} it epns (e.g., the decreased start gradient sol vent
vol une cg%{gééq%igggﬁi%%}va gg??’om step 301, the decreased end gradi ent

sol vent Ji@liz8fe condedidisidn dlock@ive detcomisition iSOade dpd.Gopriadet ¢t baed
gradi ent duration period (e,g., 10 colum volunes)) to the user and LC
system co?fbéﬁ‘én?mif?ig 190%%]4§et‘ﬂ’r€£heﬁdh? ShERTRAIeT BN L PRI, Inf Ly system

det er mi nalsb AW 8 OBl B &8t i1 Bimfienlasd B Rl the end
gradi ent sol vgnt vol u?‘fe Iéoncg%t ration 1vaI u§ém S aﬁéé%n%%e%rg%gg%é C%gg{nf ilfres,
exenpl ar ya destringdatBO0s prede dad < vptirstzep 1888deciiar Biook B topthenilzematbgraphovi des

optim zed pr.ocessing conditions (e , the decreased start adi ent, sol vent
Vol e COMBAn{e B POROTI st DRpStaL Bhats e, AxEpEL S tuHt g Bt T
sol vent v@lgP ARRGE MERIdnORIMALUSd FaRWaLERP ad Qaicu B &idY &fLSLT Had

I
gradi ent duration period (e.g., 10 colum volunes)) to the user and LC
syst em cotbpvmwhere2. [0157]In the event that nore than two conponents are

to be separated.in,a_s le..the LC optimzer t he present invention may
be utilized tomﬁf%\}f?ﬁg%ﬁ%reﬁ?ggyS?ECE%EQSWfﬁet?ﬁ?%ﬁ%ﬁ "th the process

condi tions to RerhepEvidislycARRRNhitHeRasA 3tdddiht vIREARAESH a8 Q. fPCESS
remai ns the same as the two conponent separation, but nore than two
concentrati on gr aditepriZorahedgenseditad gtadicabvaumesopamatiianop frofiheep 68;

addi ti onal conponent(s). For exanple, FIGS. 11 and 12 depict a nethod for
the separ ati orP &fl(thpdegesshprheatisnt yEusn soRrenEatmnapi from ssspe¥ iy net hod
400 start t st 401, . wh i . i ts TLC dat tenti
factors Rl cal cur dred sy CReTudL PR SRR st B Rrfutom B "
conposi tion and vabASE oLRRGRALARNISOR g@&@ﬁ%z@ﬁgg&{c@ﬁ@aﬁoﬂggf@ﬁ% ration
node (i.e., normal or reverse phase) into LC optimzer 11." From step 401,
exenpl ary net hod €R0/(the grdenis dumtist perict2ngmp émei hid h télatnsphmiesgraddend
gradi ent sol vent vol ume concentration values are calculated by LC optim zer
11 for segnment 1 (conponents 1 and 2, sf erred to as pair 1) and for
segnent 2 (conponents 2 and 3, referrett“to as pair 2).



[ 0158] From step 402, exenplary nethod 400 proceeds to step 403, wherein
retention volunmes and resolution for pair 1 are calculated by LC optim zer
11 as deswoibHdvadseve for a given gradi ent period val uePofi/tsegrivntsid (e. g.,
initially 1 colum volune). From step 403, exenplary nethod 400 proceeds to
deci sion bl ock 404, wherein a determ nation is nmade by LC optim zer 11

whet her (i) the first pair of elutable conponents of segnent 1 elute

conpl etel y andv( v}, aad dgsid £didfintd abticrfes@judtib®D (e.g., Rs > 1.5) is
attained during a theoretical run using the previously calculated initial
start andl®A8! gr adi diemster 84t exonRiAw %@@@n&ﬁa@rﬁ@%d@@m Bhawhaieinnthe i al

gr adi ent ] I I , e: Vol . ) g

2011/ 0942%5%53%5@%51 8’%57%%5&? @fg%] ﬁsgc%‘:ﬁg%de‘r?gﬁ] a%‘?agﬁx\i(ﬁg A igupssd japove.

opt i m zer Fibin step 8écixsinplurp hedlod4i@8 rbatdeto ddesiondtodki 88 divuisdeddelow.i on is

not attai oretical run using the gr evi ously
PRh

e e.g.,. Rs < 1.5) during a_th
cal cul at egﬁgﬁ](t i gl g‘t”%ﬁm&ﬁﬁ‘)ﬂ@ﬁﬂo‘b?gﬁ gﬁlﬁ%@?@@ﬁﬁ‘@%‘# iBadeaiickhop
val ues an EOLL b ag i i I 1,8 ol .ume) ,
exerpl ar y et Roc 200 sk et e b APRPREIHER G oorf R TR NEE
a det er m plese ovluing, eadeplby th@€hop i@ prereds ko whpt@lewhthm gradioe nbludhes ahd on
period of _s t 1 reater than or u 0 a predeterm ned gradient
duration ?ﬁ??‘%&égcg‘?af@ © Bﬁiﬁ%‘?\q‘iﬁg?%g%?ﬂ[i6%%‘61‘?&?@5%‘36&erm' nation i s made
by LC optim zeg, sh atthre 2GS} ORI PLAGHEE BakRter HlG: QEp84.ent duration period

is not greater than or equal to a predeterm ned gradient duration volune
(e.g., 10 col uAr thelpmwisisly elelptdmnitiaistatquladied vobtnr asictmrasibe o408
wherein LC optim zer 11 increases_the gradi ent duration volune (e.g., by
one col umm vol une)Steiik Prdhe deqirated star @raditnt SRl GoRENtEHED Po SIUSERASHT or
pair 1 as descyil .increased qradi.ent period | ug, of
segnent 1 (e. gé ,"qg&? %Q%%gsg%%%%%&@% ﬂﬁ%ig%% CEP%I%%%%%%’&% m %(pe | a ~met hod
400 continues as qpsAbldEeanNKe imNA bel uHichOAIhER MER AN @), §&GI ST on

bl ock 405, if a determination is nmade by LC optim zer 11 at decision bl ock
405 that the gradsteptZdutistdeorcagerstotgiadicgr edtiee cot@ntraioragufabmtsepa

predet erm ned gradj duration volune (e.qg., .10 colum vol unes), exenplary
net hod 400 pr oceeggﬁ‘{zé‘ﬁcﬁg‘%‘}tgﬁraﬁpﬁéﬁri%é@?gmé%‘? f 19 & spitm wplpmes); and

det er mi nes wheyhey, GAIMMORRM: ddfifdddRve férfequ&i&ﬁtv_m zer 11 determ nes that
conponent 3 does not elute, exenplary nethod 400 proceeds to step 407 as

di scussed®8Bdljow. | fFro® siep dik iememplaryletathord A8@ prdvatdconpepdd, vhedoeshel ut e,
exenpl ary t hod, 400 proceeds.to,decision hlock 411, rei,n LC optim zer
71 ot or HENBUtnEE RS EREREER b IS FREMBIed s o et HinS ahebed Barviu,

[ 0162] RetErbhi 936 84 edeabihometdbe 160 fitcedslio dedlgbebcRESI on is nade by LC
optimzer 11 that a desired mninumresolution is attained for pair 1

(e.qg., RIBIF5) durihdecisiombleck BF cafletemmingiiimig made byrldy ppiimiapr $hmbathat ed
initial dj i val
o ven_gr af ohe BHhoE P ShALLEorpfs (AR AR CBNCRILGAMIRRSY MalE Bds

met hod 40fpuprioacHds deoisitRChistioss itk cke AQY canGrélnedRAS N ndhS GdSRedlabove
and below. [0163]]n sttgp 407, optimzer 11 calculates retention vol unes and
resol ut | FRMRFEHLE ZIBY YescMimheld VapbWe torVaal Verr Jmadi &at* Yer+ofblval ue

of seg rrergxep F;ﬁa?y Inethdd)1bh Hrddkeds gif)%{éégr%% gbﬁ!ﬁ&}x thETRM g?gtﬁgnﬁ&ﬁven?&%Méar y

met hod 400 oceeds to deci sion

concentration value is increased, typically to a previous end gradient solvent volume
concentration value (e.g., the initial end gradient solvent volume concentration value or a
previous decreased end gradient solvent volume concentration value).

{6133] From step 86, exemplary method 160 proceeds to step 88, wherein
suggested gradient parameters, namely, the initial or decreased start gradient solvent
volume concentration value, the initial or decreased end gradient solvent volume
concentration value, and the increased gradient duration period length are provided to a

user, for example, via a display screen, to accept or modify. The suggested gradient
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wherein a determnation is made by LC optim zer 11 whether (i) the pair 1
of el utable conponents of segnent 1 elute conpletely and (ii) a desired

m ni nrum reechurems4(e.g., R > 1.5) is attained during &CTHSQN@H0R25a3 r un
using the previously calculated initial start and end gradi ent sol vent

vol ume concentration values and an initial gradient duration period (i.e.,
one colum volune). [0164]If a determ nation is nmade by LC optim zer 11 at
deci si on bl ock, 408 t hat desired m.,ni rum.resolytion is not attalne e.g.
R <18 Pudmeist Pyt Be uablaTUL MEVEHS T ady roten  Eonbi LY L o
start andopidlizgF 8fiLakp 8OkY aRE a QLR gﬁﬁﬁg%aéépa&ne%ﬂgg&k@aﬁe& gabfndiiti al
gradi ent duration period (i.e., one colum volune), exenplary mnmethod 400
proceeds #wsl deitipisi anlignidakrerogogiaphieen sioC biyesk: 40@ponendetemnniinagitbe is

e or ont croeuhurdfilegh e dREIeNE bl BF APNE PR 2B PSR RERERE . g

10 col umatsedpgmes) . [0165]1f a detennination is nmade by LC optimzer 11 at

deci sion bl ock 409 that the gradient duration period is not greater than or
equal to H13fkdet er Reeingindicision bloek B5.of adstermination i, madeobicb{ witimizer

vol unmes), 4. 4 e el jm zer 11
i ncreases i%ﬁidggalrsaé%/ beigg %g}ﬁ ?1% 5&1\8/ t(()#j %%?a@ %ﬂg?%?e, cR‘b]mé)%(z)l ﬁ%twég leﬁ!ﬁ%c@%ﬁ%ﬁ% (q']g'nd
recal cul aves V.gheWif i 0fp v OF gamisV 2/ . @S] 1V envVER ExdapltryAn@tiod 88 sriobeds above
for the increased gradi ent period val ue of se%gynt 2 (e.g., 2to 10 colum
vol umes) . oRtegion bipcki®h whercnp daieymingtipl il iy Wdrit PRgBEeR] wBeder Bedvabove
and bel o i [ fo) 09.c:.d r.m .OR: L S
made by \Ii% {g%ge? %}%&@%ﬁ;@% egfgeéc?g{léo%ll %tcié ﬁgjé%t %as%rb{i r‘?gmg‘?% irggﬁj{%ﬁ E Ellf‘gljiléon
peri od i sdgersat@iontibamdont depiradn blocla 8P thedl éteamvm oredbrg chdibdantodperehis@iuty ol une

e.g., 10 col.u valumes), exenpl ary net hod 400 oceeds t o decision_block
211? Mer%%f?%ﬂﬁigg’oa‘ﬁ%az %S“f it SO, e ?%e?eﬁgrwgefaﬁﬁmnoﬁﬁ,
pr obl ens @@@1@9%@@@& ggiaﬁgmc&&ﬂsfi?d Repugsi ﬁ'ﬁeﬁsﬁx d85estb@NerMifek pat@8eteld @

determ nation i S nade optimzer 11 that a desired m ni mumresol ution
i s attai neandlpr thganitiap of glegreasedssiant ghdiehir sobgnh vohser etriceniratiomnvaled, ribe t he

Concent r aficti-6h P ettt sofenSh ettt tanPh o R sad the e itens

(e.9., | &@adéh geiicieny®dl 4888gvideX &P ludéry at®bpeshA190 DL egaRUSHpRneRdiZST ON
bl ock 410 and proceeds as di scussed in the ({)uri ty process 300 above and
bel ow. [ O4B&FHhagboye corepitienss exemnloyanahobl0G ends abster $8n of resol ution
probl ere. g4Ber el n {116 JRSlBRLHRAL by OL dlinibdlO PR deciObn SRRAGRLSHL S
selected Tor further optimzation usfi'"ng only one segrren‘t, and not two.
From st epwhldr morefeli@abld tomewenyd duy cveiphaey 404, P acepdsVi 6 & epvddi vin
step 412, if a determngtion is nmade by LC optim.zer 11 that a desired

mi ni mum RS o Y2 +an?ﬁ>ai%%é? figk wﬁa@?’a?ﬁ%@%@}?@ﬂ}w%l%éﬁsgenés 81>
theoreti calind UiudtRbnEn! Qfen?élgrgi' AUy fR ?H.Jc@éa%dto' Bldididl bRIAr %9;,6«995;%% _
gradi ent sol'vent vol une concentration values and a given gradient duration
period (idetermudativo BO0madé b Lobptimslker Hnovhether de gradegtrminei nmimimeswokud i on

is not attai.ned for pair e. g. < 1.0)., ex ary .met had 4Q0, pr.qceeds
o deci ol SRUBTowUSHe Sograrel B b Ftieh e €L e lob e gV e o
from the ddinsibert P1 th8ediflbh GiQNPP RNt SRlMEMinsO MBI @d a8 MonamR step
413, exenplary method 400 proceeds to step 414, wherein
concentration value has not yet been utilized, exemplary method 100 returns to step 88 and
proceeds as discussed above and below.
[6136] In some exemplary embodiments such as exemplary method 106, the end
gradient volume concentration is iteratively decreased by 10% (i.e., start value*0.9) a
maximum of 100 times. At each value of the end gradient volume concentration, LC
optimizer 11 checks to see if the two or more elutable components are completely eluted

(e, Vi< Vy + Vi + Vp+ Vgand Vo <V + Vp + Vp + Vi) and if the calculated

resolution (i.e., R, using equation III) is greater than a desired amount, e.g., 1.5, based on
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retention volunmes and resolution for pair 1 are calculated by LC optim zer
11 as descri bed above for a given gradient period value of (e.g., initially
1 col um wol2onedp426Fr om st ep 414, exenplary met hod 400 piPOTASAEI10250BCI Si on
bl ock 415, wherein a determnation is nmade by LC optim zer 11 whether (i)
the first pair of elutable conponents elute conpletely and (ii) a desired
m ni mum resol ution (e.qg. R > 1 5) is attained during a t heoretical run

usi ng the VI o] s%% cal cul i,hi.tial,.start a nfd d%ﬁnt sol vent

vol ume co e ‘\931?33?1 Fet §PRqigpns ?fﬁd‘iﬂﬁtnge iy Eﬁa & FeFIRBEPYT. e. |
one col U”Huxﬁ@ér%ﬁeénd éaZQilvdiﬁmé c@ﬁé&kﬁﬂa@@%ﬁ%@s [eSg. TRGL®, Eﬂexﬁgﬁa@%&ﬂb@ qppll at
deci sion bl ock 415 that a desired m ni mnum resol u%l on’is not attained (e.qg.
Rs < 1.5) p@m:ﬁdﬁgo ateporsclivaasedraboves tingpth I¢en<btxem m‘gsslsynmab@ibttatee@lmgau al’
start and % adl o entdvotl u concen gtl onlval ues Si the t| al
gr adi ent g ‘g%ﬁmﬁ%rﬁfé) P BN gV B U adﬁ‘é)"a u&%éﬁﬁl a@@

proceeds ﬁ@ﬂ@g@ﬁ}slp@@ggdmlgge@@ ag,ﬂﬁggdg,@ﬁgb}@a: bl ock 416, a determ natl on | S
made by LC optim zer 11 whether the gradient duratlon(gerlod of is greater

than or efidll to a Brecéuiematingtitadis gradgi nkC aptigtzes d1as dgpisiopdlerk 89 thacal um
vol unes) . e ion
bl ock 416{;1{3% z&%héﬁ g{“%%?érg]a% (a}negfﬁsvdgk&lggdé%gén%oggﬁrea Ea%#g%{ ggﬁﬁé tal to
a predet eémﬂqﬁﬁygmaﬂabé Nt8dd gprakedsn to/@teprrss ( @herein wg@@ﬂeﬁ r@i‘a@/&@ﬂlﬂlﬁﬁﬁmewrg
exenpl ary net ho%§400 retu ns to step 414, wherein LC optim zer 11 increases
the gradi &#HEelgy tliﬂéﬂ?i\?él aff‘é gart %@dl%‘ﬁes‘)é‘fﬁ“&ﬁ’ﬁh%ﬁ ﬁﬁ‘ﬁ?ﬂféﬁ@nr wiat dhif at es
retenti Ondéé%a%'é@én@%?adﬁéﬁ %H%h@@oihﬂfe &ﬁ‘!cémﬁlaﬁ%ﬁ HRRChASH %&%f&é %Ead‘ié?}?

i ncreased gradi ent period value (e.g. to 10 col unmm vol umes rom step
414, exen@lra&ia;n peridiongd®are grovidede asastretsmccmd)ram@ andl opgbmally to LC

N L A M e

greater tgmn or equal to a predeterm ned gradient duration volunme (e.g.
10 colum vol unes), exenplary method 400 proceeds to decision block 417 and

to purityl®838kess 3bohogldiraiaed thaniakboush erevipkinp mdshast kO {8lovista gertain

e att o ey EFREGBY st O I Ghe it bt bt RaSERLAT RSB ERERE P

previ ousl procatuedy| giead mlmttngalans bptidnad ndare nghagieadiselvents a»lou@ﬂé asatdi@tion
concentratjon values and a, given gradient duratjon period % 1 to 10
col umm voAdNREESIt EQesHHTE AYd W@@%&nﬁbefuﬁ%t&fwtaogaio?@é@é%%mﬁﬁ &R Wivmand to
purity pr e i made
by LC opt%eéfgrra%% ad Lg&xz%}:]{ ?gy r e n%e%%fi%;t)l gﬁ%mﬁg% gg%rggg ﬁre%%?%? i%%l%’rQZ
(e.g., Rsalso within t&ialscupg d thdpesat iimantionn Fustngpid etpr evitious lof teapresdnat ed
initial start. and ﬁ % agl ent sol ven vol u concentration v | ues., ang a

gi ven grad ?ﬁ’tond'ﬁ?ya SH BT ERIYs © flett%‘) VRS PRIARY VT t@ﬁﬁg)@ ap, PPiqi

resol uti oflart Sradicn® sHivEANMERILE %@M{@néﬁﬂlh&jﬁstﬁ@ﬁt Pcédute 68d/Br an Bgz@ait el
exenpl ary nethod 400 proceeds to decision block 418 wherein the LC

opt i m zergradiegfctobient Helsmgreonpiliratine adpsiahant porvedure grion tovim ppiienal Bradisind| d

val ue for If a determnation is made by LC

optim zerdl%%kh&tngg a%_{uﬁ%n%ﬁ (%;erg(g%r old resolution is not attained for pair

2, exenpl@iy9jnet hodadhflepuboecdssdranderisi #Mspobdplocdtd mudertsr Ldepliizer
optim zer_ sel ects one segnent (gradl ent fromthe second to the th| rd

conponentikobudnt PEsEpolsi dapiied pollis %y bmshewp in FoG. Bxerpplary rﬁ%b%aﬂﬂhoo
pr oceeds She 0

are cal cuslru%t[ e?tl %yp %@i ow?i&r%ﬁﬁzgr“{s%lﬁ%h{sd%g%%%%g%@ gggtgfn? 5&&68{%&@%?% ent
peri od vdhcers( B¢ g:alculamdt balthy e ofismmund odevom) solvemnrahpmiddD an@xehqphar y
met hod 400 proceeds to decisjon block 421, wherein a determ nation is nade
by LC opt@ﬁiﬁ%ﬁaﬂ@i vahies Her and 102 rased duFige e Prepoue TG snes: GofpRMeHyRe)of
elute co H@% el ) r %pﬁjn S ) is
att ai ned %I’I ng a %I’étl ca ga?)tng%sr%yngh e a%xl;ﬁe t%%%?‘gb“c ?fgu’lgtl?% eld:rkf) i al
start andeﬁmtugarmdﬁ@nhmsbﬂju@nmnmlmnd:mmayzﬁhtetxem Laaﬁ nethodlanodendd i al

gradi ent duratjon peri.o i e columm volune). [0176]1f a
det er mi ndfi6w & ﬁ‘éﬁ&?émByml(E’@l BBt i e aradigpt &&Wﬂé.vghnm gercenipationpyalues,

;s and @, respectively, are calculated by LC optimizer 11 using either equation (i) ¢ =
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desired mnimumresolution is not attained (e.g., Rs < 1.5) during a
theoretical run using the previously calculated initial start and end

gr adi ent WOI20Ew94268] une concentrati on val ues and t he i nPCTAIS2gnadisent
duration period (i.e., one colum volune), exenplary method 400 proceeds to
deci sion bl ock 422. At decision block 422, a determnation is nade by LC
optim zer 11 whether the gradient duration period is greater than or equal

to a predetermnpgd. gradient duratjon volu (e.g., 10 colu vol unes)..
[0177] | f ikl inle roFR PRI %?Jam Aokl 19 HCVERSE PEIENPIBYIGEHY 422

t hat the Leat, | ' I r . u :

pr edet er msﬁgghtggé’é‘%%? &Ki:l é}g%?%%]sogoo uneﬂp%xé%%?& %’Oa%é;%gﬁgﬁ @%ﬁu@é ;s%l,& %ﬁfteﬁﬁpl ary
met hod 400alnetiypnwhich méepe dfed el epimiEr dptor mppmered by 4 ner éases 20heas

gradi ent dur at%&}) volune (e.g., by one colum vol une) and recal cul ates

ret enti on“VB%TEPHfid resol ution for pair 2 as described above for the

i ncreasedjggugpi ent P Qekpv ahd Cedetnlary RefhBd 1ED0C Bld¢BTsVR) hk@’gséﬁ:%, Rhemist ep
420, exenplary nethod 400 conti nues as descri bed above and bel ow.

[ 0178] Ret tetaniting odurdescinsi tmolbtion keredggdoulited dydef eptiimieer i idnasi desomikd dbpve C
optimzer 11 at decision.bl A22 that the gradient duration riod is
oFeater o P BuAaLT of BV 23l 166 2 e G Pah it Mo 0B lecerimg” 10
col utm vol¢laBs)., FRXERE) 20, diRkhigy AlthdarI0eR6scci ORI ShiDotlt 96K wikdkiand to
purity process 300. [0179] Returning to decision block 421, if a

det er m na# idsterininagigd eis pipadec by ph i neptanizen 1 hehetherd &3 ithe dwai o mewe redsdilet i on
is attain r i . -Rs 5) risp t et ikeal, <k upgusi t he
previ ousl §anc%€f gﬁﬁgﬁl{et%g?éﬁﬁe%% (}“se’t’(zl\it{‘l‘{é/{i’id+ gﬁé Xéfgggﬁj‘én é)g CI{:\‘;‘Pé’h#~ ‘V\f‘o{:ﬁﬁ% ve
concent r akdigneqakioed cal¥ shogé)verd @) adleeindd shiniathoresplatione.¢.eRg>,1.duting 10

col um vol unes),._.exenpl ary method. 400 proceeds to .decjsion. block 423 and to
purity pr‘E)‘E’éE%Q‘ é%oa?%ﬂn%m ﬁaﬁmén%ﬂéﬂg # Reeosgiisgb rye Btipe Bg PEsvéslaralc et ods,

once a Sei: LM i . i ded t ser
and Lo oy el s0Bt bl 2ftleRhRl EeRATEE ChieehBiclf SR B, G pd el Hosk™E)
the set oftePd)nind ad igtisidiraditntRigrAivRperisd preowndedlun aptung). zer 11. LC
optimzer 11 may further provide, fqor the user's review _one or

previ ous! Widkk er mi nEd dsteripiiondymeds hnd Coprtimiger Lhatepcising blaek 24?49 ﬁg?qg% #d to,

a flow ra&&ir@@%ihﬁﬁxﬁ%gd’?ﬁ%& 18 & Eqtratheli! @;‘H d)@soéok.y%}sﬁagheqhgﬁmfs AnHATdY Pe

t he col umm si ze, e sanpl e conposition, t he sol vént® conposi t1 on.
[ 0181] Oncthetratcegd rapesing Sleymevivwsinoalatladd imtislsearumid endigraedipr epbrenisallusnt s

primed into the unit, and the s l e injection epar.ed, t.he autonated

chr onmat ogrREFRFAHGR VANES Freadts ﬁ%@%éi%@%ﬁ%@ Ef@iéiﬂ%%ﬁ‘?téb‘%ﬁﬁé’ﬁ{w‘iz can
be initiated i 0 j 17 rsagi : vigded by LC

opti mi ze(ra(tl'%i d(!)I% %gl\}‘gx? i%gitﬁll?%er)i’ %)i'uee eﬁgg?]. Eﬁf%?[%%]ﬂ ? ggﬁgtgﬁg(?agégﬁ% |b§£‘“3 2e%oﬁlpment :
a met hod dkisttet blogk #08 g a aleeerminanion s gnaidi wnL.Coaptanizbe i | waletles thogradidnt qui d

chromat Og(guargt?c}/n §§r?e%r r%t ilegsnth%}ci aeglﬁrlégieatgﬁl:gingg gpa%yegzgsdumti@n volume (e.g., 10 column

volumes).

(6142} If a determination is made by LC optimizer 11 at decision block 205 that
the gradient duration period is less than a predetermined gradient duration volume (e.g., 10
column volumes), exemplary method 200 retumns to step 283, wherein LC optimizer 11
increases the gradient duration volume (e.g., by one column volume) and recalculates
retention volumes and resolution as described above using equations  or IV and HI for the
increased gradient period value (e.g., 2 to 10 column volumes). From step 203, exemplary
method 206¢ continues as described above and below.

{61431 Returning to decision block 205, if a determination is made by LC
optimizer 11 at decision block 205 that the gradient duration period is equal to a

predetermined gradient duration volume (e.g., 10 column volumes), exemplary method
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may be perfornmed by a conputing system using software in a chromat ography
separation unit, wherein after a user inputs one or nore properties of the
el ut abl e worpoume4i nt o t he conputi ng system the conpuPCmgissgisoeaspr ovi des
the user with a recormmended type of chromatography nethod, chronmatography
medi a, chromat ography col um size, and chromat ography solvents to enpl oy
for separation of the elutable conpounds. [0183]1In an even further

exenpl ary odi ment, .a.nmethod. of separati two, or e el utab] e conpounds
using i qagg?’é?ﬁﬁg%ﬁgo@?%%% %?‘W& iﬁﬁé" HPR G AUBHET &ED ?‘f&“‘b‘?soﬁ%?@‘?re@eof
the el ut aphyGRAROUNGSed e RalBUBRAEIRR Y ShE Md: I?L@Wg%ﬁﬁié?ﬁﬁqg&\fmines

separation unit, utilizing the computing Systemto genérate gradi ent
par amet er thattheesgeed unodeahischdenysepactedi by b tive (ge.athceparitpanadehar sottlwen he

chr omat ogr aph eparation uni.t or us and separat i the t or _.nore
Gl Ut abl o SO RABR Rehearetib i T iREPes SRErSBAr sencdY, whSiginr Sppier
par anet er 1¥ glovafes BBNmPRdPRSREThNEshdAYorld kb tHeZls B0 SRR EGRPIhehel 2Nt | ON
data to estimate Cﬁgamty factors of two or nore el utiabl e conpounds;

uti | zi ngl@IH8] est i nReweninagaciegsiondilons 208, donbisamiontion tih marcopy | Him

Concent s abPNZ6nt DL ardbsid SRR b BaR afb OB §of D S EGHEPE, 1 on

val ue f or Ihh&urngQuitdoehicdn@h a@ingphy psepeusal tanilad Gnithl dthif lang ch @rafiait and
end gradi ent solvent volunme concentration values to calculate the elutable
conpound $@Y@H Ve eIngaRitatign & alugs 6. it Yo And @t imen steh@08) endidiiven grsidantds.

[0185] I n gne..embadi prent , e sol ution nmay. be recal cul at y_varyi t he
Start or SRAAGH aaehrCen L df (PR SOMER: AerBhRy auBef o Sl
exenpl ar ydamedbioeio tes o6sdh ié ifush&d sReakidbabed by varying gradient
sol vent duration volune. [0186] 1 n another exenplary enbodi nent, the nethod

i ncl udes 1GAA#] at i ngRetugragitendeciiemthlonk 28fudh redtieprivelédurie madet he LC
| uti ] el | i t i . i ent
ol o eyl Sk e N LB AT, IS el

duration pariced sekbie Hyothanseceangadygnatib® 100 gusatdon paity atvdeaprusss (b)
recal cul ating retention volunes for each el utable conpound; et erm ni ng

hhothor CaD T beptateer J o tan e 2 Sel e SaCae BRI 1tng (4]
e el o | |
L her "H0AuEPS () inslelld Akl o defddnatie, Aude? MRt SAER! LHGlly mOdOL !N

start gr aphicesss as depietet] io diiGed®.r atsi showadp HBGNEd texpmpbed urechod TIB sSdrarwith
gradi ent sol vent conceptratjon j ust ment . procedur e r’r%y conprise (a

ad]
decr easi ng TR 8 PEIES i ’Crg’ﬁg\? RS 4 513 AR HRHH IO R Fé?@%%‘”ﬁ@‘}‘é?sﬂé%? eased
start graghgniecRRInVEIBLk 2ok U rp%mﬁ%eg%re%a@Qﬁaaé(xg;?@%ag%ﬂcsgs%@ﬁy 1Bkddd to

retention volunmes for each el utable conpound, rmning et her

r esol ut i oticih3@hedierantl gitimiatr H o nplwgerdhe stadoly gedidpt andentajion bpéa¥i ng

steps (a) and((% caﬁ&gatgzsc getcirftieg‘x%’% l!ﬂgé‘;ia?lg rés%iu@x%gl ag%gsic?%gg above using equations I or
IV and III and the decreased start gradient solvent volume concentration value from step
361, the previously calculated end gradient solvent volume concentration value from step
202, and a predetermined gradient duration period of (e.g., 10 column volumes).
16147} From step 381, exemplary method 300 proceeds to decision block 302,
wherein a d{::terminatien is made by LC optimizer 11 whether (i) the two or more elutable
components elute completely (le., Vi<V + Vy+ Vp+ Vgand Vy <V, + Vp + Vp + Vg
using equation [ or IV above) and (ii) a desired minimum resolution (e.g., R, > 1.5 using
equation Il above) is attained during a theoretical run using the previously calculated

initial start and end gradient solvent volume concentration values (i.e., ¢; and @, from

step 202) and a predetermined gradient period value {e.g., 10 column volumes),



[0188] I n anot her exenpl ary enbodi nent, the nmethod further includes
initiating an end gradi ent solvent concentration adjustnent procedure. The
end gradiworoslgloymsnat concentrati on adj ust ment procedur e PERUSCONPLISIE (a)
decreasing the end gradi ent solvent volunme concentration to a decreased end
gradi ent sol vent volune concentration value; (b) recalculating retention
vol umes for each el utable conpound; (c) determ ni ng whet her resol ution

(o) "ana (T clonfe AERRRUIa B ARRIGIEC opBlfet Th L RETT0 RReR pFE Dl

enbodi Mentesidd GAMPHAIMNGsSUSEE HEH Neaisdl (VB R, kN1.8 RHOSRLAGH BN YHuring a
separation unit, wherein after resol ution cal culation is conpl et ee)fgradl ent

par amet er thearetieal rpp upieg thedecsssnedyiant gradims selyentayp W@Cw@wwwam rom

provi ded f 1

Compounds e TGP RAATAEH ARt Aa ladkiaPlorkdl vaRRR SrcBilufion Ifis fqm

separ at i ngep V@920 randos q)redemérﬁbﬂml gmdmnu nhisativdi pridd geipd thcolmi&tmgblam&y)

i ncl udes |nputt| ng one #g%m)re ropy{etl es of the elutable conmpounds into a
de

conput i ngSXRRIAH 1§ PERSSETSaphfesisiorr Blorendi3ni tAt desitips ek AB3, a
conput i N9y Y icMdCisIRARE S @r 'nﬁgér pa “@{zgfeme sAl h€ 81v¥nt P u)éﬁhé“ ng

the gradient parameters to-t hromat ogr aphy separatton unit or t user,
utilizi ngcﬂﬂaaﬁmbwplmlmglasb&ﬁnimteasc@dmrthﬁrel@(&mnmrended type of

chr omat og rreth chr orrat 0g. a, chro col u ize,
and chr on@?ggiaphy Agng Hme’ﬁdg?f{? E?yoﬂb PR to# FI‘%‘ Hogk gﬁ g‘
conmpoundsgne gt g&@e@rn@tsmwmt mu&mogéen@ﬁsn %Mtaafﬁk BebR MBAURALE ledsHAALIOH an
even further exenplary enbodi ment, a net separating two or nore

el ut abl e %mnqa@anmplamsm@mﬁlWurdtumrtarﬁmp&ﬁlamrmmwmgnmm ddcregsasribe or

nor e propg the t bl e ounds _into ut.i n

liquid ch&’r%%x%rr&f (?éérg&ap%lvexg éﬁ% C(fﬂcgﬁl@ ?L}?é(egﬁ r?g&%%}éﬁnéﬁ%é‘i’r\)@%* %}éeﬁg?%t e
r ecommendegduinyPendiesslitionad Mélﬂﬁﬁ)‘ﬁbﬁ% ﬁﬁﬂg eqlation®l eavagiITNReighthe further
chromat ogr aphy col um si ze, and chronat ography sol vents to enploy for

separ at | o¥fCHRES¢hEag| aipdientsobERHBUHES: corpntEHph ivalugg Fnm weihplli sxgmelasy em t o
generate ﬁéﬁgﬁg@& Bat £§&éﬁ%@éé%%§v Xyﬂé&;l/ 094264PCT/ US2011/ 022513

[0192] I n anot her exenplary e e nmethod of separating two or nore
el ut abl e [@dA@lounds Retuntng itoudetistdir Qﬂmﬂcog@aphyafdméﬂnﬁnatmy 19 rmldud‘@y LC

aut omati cal J V|d|n the gradi ent paraneters to the lig
chr omat og‘?‘ﬁ‘ﬁ‘%‘ﬁgf ﬁs S‘éedﬁé?muﬁhﬁs‘gl%%ﬁ 5t thpedre g vl >0r1 Sn‘i)ﬁ“g ugtien| e

conpoundsyp[ @43 | £ iﬁ@m‘éﬁ&m) b yusﬁ?) QR ”@é&easéd" Ssedfet QQ&'&H@%O Vit Q%'imh@ clude

i mputing chromatography retention data of the two or“nore el uatab
conpoundscopeéndratipn vihe feine ptepf30dt ileimevigusih ealcxdmpdtend grzsiym eolvem \gm.nm ate

g;?ghg? ér‘P‘)\?}rﬁ%{{% Sﬁg‘lﬁlu%gfrlo%]stleg 2%5, gri(de Q‘Béeﬁgt\éng&gg cgl;{" ent duranon %enoci ?e g., 10

column volumes), exemplary method 300 proceeds to step 384, wherein LC optimizer 11
provides optimized processing conditions (e.g., the decreased start gradient solvent volume
concentration value from step 301, the previously calculated end gradient solvent volume
concentration value from step 202, and a predetermined gradient duration period (e.g., 10
column volumes)) to the user and LC system component 12.

{0151} Returning to decision block 303, if a determination is made by LC
optimizer 11 at decision block 303 that the start gradient solvent volume concentration
value has been decreased 100 times, exemplary method 300 proceeds to step 308, wherein
LC optimizer 11 (1) decreases the end gradient solvent volume concentration value (e.g.,
by 10%) and (2) recalculates retention volumes and resolution as described above using

equations I or IV and Il and the decreased start gradient solvent volume concentration
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determ ned by utilizing chromatography retention data to estimte capacity
factors of two or nore el utable conmpounds; utilizing the estimated capacity
fact ors iwoconfiomsti on with an optimum capacity factor PvaraS22e10/022518r M ne
(i) a start gradient solvent volume concentration value, and (ii) an end
gradi ent sol vent volume concentration value for the |liquid chromatography
separation; and utilizing the start and end gradi ent sol vent vol une

concentrati,on.val yes al,cul ate the el utahl e compound retention vol unes
ond resor b froRetERahe e ubthiRts b Busfisih Rluch COTRR bt Bhodhe it ne
resol uti oftefrBYS, had hoeeietmaic@drilent Aaytiof pbASd & @l 10 &uBRdoliad) ent sol vent
vol ume concentration val ues. I'n another exenplary enbodi nent, the

resol uti ol188] r ecal Ensmastes P, veaeyplagy gratiaiide A0 sonopedst tad decisipn black) 3ite.
[0196] 1 n anof ey ySXSILALY. STBRTI TGy Ehe, TRUGR L ASLcs, hnbtiat]ng. 2

gradi ent duration adjustment pro I re

el ut abl e canpaknd cie behpRely gegd!; IWg gVadivnt dyaad Voa \diust-ARgt viay
conprise (a) increasing an initial gradient duration period value to an

i ncr eased PRBERERHED d B AV B Vperddd) qalegised {*‘H)WW%@%}E}E% (g Rebdnl POAS

vol unes f - Qﬁﬁl% | Qng auwhel L%

bet ween ea ugﬁéx?ﬁi{l%%{?‘%@?%%%%%ﬁ%@l S %(ﬁ?%)&%%?gﬁgd&(u%gi r epegét%lger%{g&%?élg% e%g) ,
(b) and (gohdicht sobsmt ubluar dodcaraiatias haleved.e., kQ bAd . franelebeBoExRNFIR Gyd
enbodi ment, the nethod further includes initiating a start gradi ent sol vent
concent r at PGAeIsENIGEE FRdienppdtaddiaiue (ehd Ocolign Wolydeent sol vent

concent r agy adj us g @’TBE} 1 rt

gr adi ent ag?(%lg ent vo%flrjgerf&e&%rg{lfgéé%%g lrigéfﬁ}iag%%y g“ a glﬁggﬁ%ﬁe%ﬂ%%%%??%fe%d%%%ﬁ{s%l vent
vol ume codmaad matinom vataetion( B) noteaabned| @tg N8 « et 2nbingrequalianB?) dwaingeach

el ut abl e onlpou?d; c;l et ernmi ni ng whether resol u{i on between each el utable
conpound €5 é\%éﬁl %ﬂ@ Gyears bt BRgIeat ajeent ypluma Sonsepfration vpjue from
resol uti ofied 30110he IENLEUEad MR bIRAACOARETHRARAN6A 2R 3rd:R 1R8] 403,

anot her exenpl ary enbodi nent,” the nethod further includes initiating an
end gr adi &t a spredesenmissh geadionat duwaticad pesedréne.. phlo celdmme volimes e ntegphdy ent

sol vent congen tion j ust.nmen i dure may conprise (a) decreasing the
end gradi@ﬁ 0‘3%{}@% Ce??%ﬂ%ﬁ%“%‘%%@%%?ﬁi on to a decreased end gradi ent

sol vent vipligge concaNidcaibORloVIABEREa dehmiRioh Gihadd HPLC @bAaRiI0N1 Wokitges for
each el utabl e compound; (c) determ ni ng whet her resol ution between each

el ut abl e B8 Ppdeirs sdtanbvetrmaRenceayaticspedes hgs Seaspdeqresed (o5 taard 19Q) i f
resol utiog,ls RofgRGHLEEMRY. is [Ph3 l]fb%gﬁm%gﬁla??&iﬁgg%ﬂ% PRl 2 HOIRYL ! Ng
system using software 1 n a chromatography separatron unit, wherein arter
r esol ut i ogradiahtc sdiedrit orohirse connetdon gahdi lent bqear davadaesd ¥ab uban (06 niesesand

concentrations table) are automatically .provided to the chromataography unit
or user f%ﬁﬁ@i@ﬁ&ﬁ‘&ﬁmwﬁ% @o%ﬁbgéﬁaé*«:h%@é@] MingAd Helrl) &xEiep Pegrgases

embodi menhe ad Wi sBfveRCPRLAL! DGcdiioh %@%gt,%&%) GAPoURdSHSLNI

|'i quid chromat 6gr aphy 1 ncludes inputting chromatog y retention data of

t he el ut ablesticorpomessnd resolutios entiesciibggl abpst esmmg ngeations LoV mdoindghaphy
apparatus; util,izing,the conputi systemto estinmate capacity factars of
the two g Searttderd EanEaUAZeTLoMs; RECerBUoB Y nd apstEm Ps.
det er m ne:xeRRRe mctita 300RoMindBRLe d@lcHbabiRveanpespds Wi Il not separate with
the estinated capacity factors; utilizi ng%t he conputing systemto generate

at | east [GA%SIr econmiteiuming yp edesisiagh bbivkit 88f-aidhy dusermaektiosh iso mede gnaphy

medi a, chronato h ol.u si.ze, and chromat ogr.aphy | yents to enpl oy

for separdirBreior Prbe SRUCTIPEidEmBtrutsl SRGRIRPR 5% e ki B

recomendeyl Gyig of wderen@l oginARRhgBhd OfbereabdoNBirO Qira@ibyt WBRe& volume

chr omat ogr aphy col um si ze, and chromat ography solvents to separate the two

or nore CHEEIREOR ohBRINIRM step 301, the decreased end gradient solvent volume
concentration value from step 305, and a predetermined gradient duration period {e.g., 10
column volumes), exemplary method 308 proceeds to step 308, wherein LC optimizer 11
provides optimized processing conditions {(e.g., the decreased start gradient solvent volume

concentration value from step 301, the decreased end gradient solvent volume
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I'1.Liquid Chromat ography (LC) Systens and LC Optim zation Software

[ 0201] The present invention is further directed to |iquid chromatography
(LCO) systwopoad416€ optim zati on software capabl e of pr@®¢irdiSegr1o2s1dr nore
separation paraneter values to a user for use in a liquid chromatography
separation unit. [0202]In one exenplary enbodi nent, the |liquid

chromat ography system conprises a conputing system and a user interface
Wi th the canpuiritivg st £omn sdpe30s, and AerafipnidedEradisttaliritongRpidbl(€g 010
utilizing chromaiography retentjon data to estinate capacity factors, k's,
of two or CHBME velume) e thopsshapbkCwystemcomppnent A2 st separati on conpri si ng
a first ssgnt vol WaR-GRACENHLALLLTIBA] 307! I 3 SEEORNAGPH FhdRThy 1C
conprising a ~second solveént volunme concentration, wherein the Sedbn

sol vent voptimizer dbce rieciaionosiocls 387 filiz rtbaend eadi¢rhaolvens volsalevenmicentatione

concentration; utilizing t estimated capacjty_factors in conbination with
an opti wmiﬁﬁb%%??? %F@%%?Fiqggltﬁ’&s’ REFRYY @&M‘Pﬂa@r@@eﬂa%ﬁaﬁv P08 vigreant

sol vent vphugsiReRCqRt [ ; ; adient ng,..yol unme
concentrati ogﬁbal Ee fo?@ﬁdggl(ﬁg}&iﬂ ggdc%&%ﬁ%%l%%rcgﬁga%eg%g’ét@%nd;ea%%lsﬁgp%%%i di ng
(i) the sgadienysaddénsmtohsnt ventenualiomealoe foen tsteat 30dn theaeeasadh dnd igigdiddne end
gradi ent sol vent. vol unme concentration val to the user. for review ,

£0203] The Qra dntumsSpaiertEHon S bG dipT sieprle. e &ptedgierminef gradint duration

chr omat ogpaRiae $Y, I0LBRSPIRLNSHN h Re GOSTRNE T 00sy3M81 &pdiesk B user interface
wi th the conputing system wherein the conmputi'ng systemis capabl e of
utilizi ngl@3B¥bnat ogheibh yvens than moge thea ttwoe compsdntadre te bp sepatajed iactsemple, k' s,

of at le | ut a conpounds_.at different saqlvent volune .
concentr ﬁ%é‘tﬁ%@p tgnrllﬁcru% tﬁle ?‘feggn?t“ﬁ"emgg? ﬁ?&%&d‘“ 59 t&;{rgvxgggl}eoqsgr P FEBHBMat i on
Wi th an ogkicmiwits @pagiotess tagditsnswapedorrk e dotnpdatRrsepaetid) TR dpdia£ied or
gradi ent duration period, an optim zed start gradient solvent vol une

concent r aPTOHS KM ithg A28MceAl P At FOMPENGB nsePFEItighe ubnbatst theni B0 or
any conbi i : ] Lent ] i mis
capabl e O@E%I?ﬁtl%?%ﬁ? Héts %‘% ?%ﬁ%%a%gﬁggﬁ%@g%ﬁ I:a%r? fé%’faa&?%m%g %: &gn%%ﬁé@paci ty
factors oFfortexempleo FUGS nidr axdel2utepht e neoinqabfion de separador( of) theeefdotponarpanat i on

conprising a fir | vent volu oncentration and (ii) a second
seggr ati o%‘ot‘ﬁ"c‘i‘nlﬁr%‘s@’ 3‘3 SX@%F?%%F“%SP@&% S%ﬁsuﬁtréte&o‘ﬁ@e F‘i‘t%‘&%‘? riserapie - he
second S%ﬁ@@é.gy%&ﬁﬁo&gﬁék%&@tR@Eél&ﬁlaﬂeé sl lfs.ﬁeea&e},t firfiafedolé afnﬂrﬁﬁrd_ss%‘l\)’egpt

vol ume concentration. | 5]In sone exenplary enbodi nents, the |iqui

chr omat ograapvpitiopsashvplkimeapeiserirasfonpyadvesdiand mate Gpehoeparatepanmile die.,
paraneter_val ues to a user .for | i.qui d .chromat ogr y separatiq

conpri sesmgm@g%ﬁﬁvieﬁﬁ pg‘%et) e ]’éﬁé’pég‘&%ﬁ rﬁ'r nt &Pt %thWI W@P@Wdﬁ%ﬁ?@ %@éj
system WieEis td hep doRPwhérdhh St et SdCdalhdedfsoleht ValuRE doBteRbkiign data
to estimate capacity factors, k's, of two or nore elutable conpounds;
utilizi ngvalues 3 ealpitlated byddaeptimizendd desssegmenbohibearpdnentsvli atd Zefsped fum
capacity f. K tv 1O detejdlll [ tart,gradi ent sol vent
vol une co%gj§%? |) 3%{ ?gdr%%s XF‘%Q‘,“ %%%pgﬁ?l s %%Ig&egfge%%%?%%%&s%%)%nt vol une

concent r D881 val ueFrbar stepeddd, giethpidry anEthed) 48P hyros&artat item :403nehhpreayi di ng
(i) the start, gralgi ent sol vent vol une concentration value, and (ii)_ the end
gr adi ent EERURRYONBIES AR ESAVERR fertradn! ji51caleutated hielG optmizsyr 1 ag desgribedryp

2011/ 094%%foéﬁ?%%ﬁﬁ%@%é%&@éO&Idenoﬁé}fgn%ﬁp?%.%%%itiah?es_ EQIRH Ny St em

is capable o I ZI
From step 403, exemplary method 400 proceeds to decision block 404, wherein a

determination is made by LC optimizer 11 whether (i) the first pair of elutable components
of segment 1 elute completely and (ii) a desired minimum resolution (e.g., R, > 1.5) is
attained during a theoretical run using the previously calculated initial start and end
gradient solvent volume concentration values and an initial gradient duration period (i.c.,

one column volume).
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chromat ography retention data to estimte capacity factors of the two or
nore el utabl e conpounds using (i) a first separation conprising a first

sol vent wWsbuoa/oésdentrati on and (ii) a second separ ati @0TASAQNI02I5SMY a
second sol vent vol une concentration, wherein the second sol vent vol une
concentration is different than the first solvent volune concentration.
[0207] In an exenpl ary embodi ment, a |iquid chromatography systemincludes a

conputi ng em a d user interfac ith the c ste erein
Che’ comp ikl oy ol Eediiasnl omade oyt et oRRRaeRH S Pek A BRe dat a
to esti mg&itaRaainidn haehelch 9ot ¥Weaidkd 0F erek UtBuGing ANPLsIRASH @D dsing
utilizing the estimted capacity factors 1n ‘conbination with an optlrmm

capaci ty fhaeromiouwsl erdculged urital placand epd grastient solyertdiodime ewicprimtionoialiee

val e f or el YR o B bl A a2 B Bl Y500y FReaEnCRBBGT A, "

the conpupdobg:ds s dedkion HedkokdE at dutibibh 2iag 49‘5@ aeﬁt@ﬁmm&ap ade efant i on
data to estinate ca C|t factors of the two or nore el utable conpounds

usi ng (i )omfinpizestl ¥ ¢ eredeshprpiomperipdiaf segmens| s Areatps thamor equal to a

concentr 5}9‘2 Jasels second sol vent
vol une ci}?]cen I?!gg?%%%aévﬂe(tﬁg %&gggéa%ﬂ vent‘ljgt%idrﬁ%gﬁe concentration is
di fferent{od@n t he Ifid&étetﬁﬁham:mt 1s\meid¢rmz I‘.ﬁm;ﬁnhtatﬁiom defcRROBIbck 408 that

exenpl ary, enbodi nent, .t he th‘ qQmat ogr y.retention data IS obt aj ned usi ng
thin | ayethe HPORRE BYRLghPeripd 31 6P rgf%@?f‘atttét GGG Mt ¢ RIRBRSERTHERH Bradifat

COMPU i NGy NP e (@RADIPoRnHlisfb ) i) rggtta%tgg?gt)ég%%gg Sl 4, data

to estimate capacity tors of the
conpri si nghdrein thaptsmms‘ebhmama@cs denprailshndumtibs vetunsolagnby wak wekimn

concentrati.on a econd separation c Sing a se ond, sol.v vol unme
concent r atqi&he) %’)reg%ﬁ‘%}faﬁé TEER @8?\‘7%?1?83%9 %8’?13%15 (Bt qesrrge g %’?Y? er ent
than the fo fifeling@hsel Bradistt YoeBo& 041G BE fediriednN] (4 £23 1 10 cANRIMNSIuRAG PR Y

enbodi ment, the computing ;%stemls capable of utilizing the start and end

gradi ent en %FXWEW% 408 eontinges &ﬁaiea@@eﬁ@b@‘ai anglbefew.r et enti on vol unmes

Purthor JothCL > CORBEHAG 10 MeA bR AT AROAHRRRRE uRE N 1T g

further e conput I ng system I's’c
t he ret endptiaiizeraLaTRScidibn GaRR @Etﬂtm@teeg;a@;mmshdnq}e@@ﬁwgz@mr hes 6t étulabn

bet ween etgcg perlcéjﬁttgr?t!tgadc %t%%?c%?ddmatton volume (c.g., 10 column volumes), exemplary
method 400 proceeds to decision block 406, wherein LC optimizer 11 determines whether
component 3 elutes. If LC optimizer 11 determines that component 3 does not elute,
exemplary method 408 proceeds to step 407 as discussed below. If LC 11 optimizer
determines that component 3 does elute, exemplary method 400 proceeds to decision block
411, wherein LC optimizer 11 determines whether there are resolution problems as
discussed below.
(6162} Returning to decision block 404, if a determination is made by LC
optimizer 11 that a desired minimum resolution is attained for pair 1 (e.g., R; > 1.5) during
a theoretical run using the previously calculated initial start and end gradient solvent
volume concentration values and a given gradient duration period (ie., 1 to 10 columm
volumes), exemplary method 400 proceeds to decision block 407 and proceeds as
discussed above and below.
[0163] In step 407, optimizer 11 calculates retention volumes and resolution for
pair 2 as described above for a given gradient period value of segment 2 {(e.g., initially 1

column volume). From step 467, exemplary method 408 proceeds to decision block 408,
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[0213] I n an even further exenplary enbodi nent, the conputing systemis
capable of initiating a gradient duration adjustnent procedure if the
resol ut i omokzetviwers4each el ut abl e conpound i s not achi evedT/Use®@14235m3 an
exenpl ary enbodi nent, the conputing system perforns the gradient duration
adj ust mrent procedure by (a) increasing an initial gradient duration period
val ue to an increased gradient duration period value; (b) recalcul ating

retention_yol unes, for.each .el utahbl e, conpound;. (c eterm nin et her

Fesol ut | oRARisA s -BiAROER it ABE HoHpURATrS Mo ihedEht) Braprty Habaatien,
steps (@) colponeBRRbf(seymbrdt I 868! dbuipdiielyndeli) 2abiiRvefinihea ¥eohRiANeENH,
exenpl ary enpodi nent, the conputing systemis capable of initiating a start
gradi ent  30l-Reifatizinae enting i tbepretijal sitnening Preduediarydy cpiggiagyiinitighstastenp| ar y
enbodi nen . I r he st art..gradi.ent vent.

adj ust rren%ﬂdp%%gléﬁgg?@%@%&@%%&%@t&% %éss%lgr%} {gn%% ii%dtlgrgsacﬁu?)%ﬁ ! pve%iPﬁrre
concent r atiieQnt eclandeciwased start gradi ent sol vent vol une concentration
val ue (b) r%c | culating retention vaolunes_for each el utabl e conmpound;

det er ni ni et her fraedFrpingionge fiige by ddc Apenizenbl e desimsulack 408t é\(/gél;
and (d) rgpeal !(n?}!ﬂixﬁﬁxﬁ@és @on i 2}%% | n&‘?%e,%,fl?sr Q%?%Lﬁdr g d SehhicAGH Eé’iﬁ%i e of

[0217]In a further exenplary e ment, the conputing systemis capa
i nitiati nteegmevemolyyeadiland irsodl\stnt ardond gnidiattisolvendjahshaemicepramaduhes | n

an exenpl ary, enbod] nent he.co tin tem perforns the end adi ent
ool vant P cBi R IRaE! Bl USHGR PRI A8 SH CTmRIISRET, skCrran mehaa 400
gradi ent 50LMABtko \IRLNRR HISNCHR T Ak ide{isibﬁ HRodkeAiL asheraithi Bhad neRk vyalyent

;
vol ume concentration val ue; (b) recalculating retention vol umes fof each
el ut abl e ewimisemtt whetherdbe gradient dratdrepdrnd of ssgrnentiZon ghratonden ceagiml ¢ at abl e

compound | s .achi.eved; .an d) repeatin eps. (a b) and (c) if
resol uti off e?%ﬂr%?e a%%iiigf}gcgga %Ygﬁlﬁ (gag" Zé Sﬁﬁfnglr‘))?i diment, a liquid
chromat ogigaphy systEm ideinmifdafondis GRIGUEY DO Spriptiedh 1 PRddaRisusiehlotines hiagce

with the conputing system wherein the conputing systemis capabl e of
utilizi ngthe heradigRtodwapay PeEpd it inch sl hen estemat & capradeternined gedienbf two

or nore e dsy iz h I i f By N
conbi nat i %‘%51\?\% ﬁgagn o%%’q’ n@ mcggﬁcﬁlﬁ?%téggﬁgg%%%& %g?g%t%ﬁet@%}e% @it art
gr adi ent shérg@anL.Cv@itinaieer Thiceatseaticogradzhuduragod volinke ag.ebd @eadient

sol vent vol unme concentration value for the |liquid chromatography

separ at i P ATH fﬁcglfpiﬁﬁs FRENEIL Y PIUEIGY 2B dESGrEIRJRTE PYIBIABrieswiedrabove

concent r agg o Mk gtréliiéiﬁl?gﬂ&@%ﬁué Besdofleant i(&g.,gy% YIRSIuBh wAGRS! Higb! e

conmpound. [0219] 1 n one enbodi ment, the conputi systemis capable o

utili zi ngstethdd7, exemplary method 400 continues as described above and below.

{8166} Returning to decision block 409, if a determination is made by LC
optimizer 11 at decision block 469 that the gradient duration period is greater than or equal
to a predetermined gradient duration volume {e.g., 10 colomn volumes), exemplary
method 408 proceeds to decision block 411, wherein LC optimizer 11 determines whether
there are resolution problems as discussed below.

{0167} Returning to decision block 408, if a determination is made by LC
optimizer 11 that a desired minimum resolution is attained for pair 2 (e.g., R, > 1.5) during
a theoretical run using the previously calculated initial start and end gradient solvent
volume concentration values and a given gradient duration period of segment 2 (e.g., 1 to
10 colummn volumes), exemplary method 400 proceeds to decision block 410 and proceeds
as discussed in the purity process 300 above and below.

{6168] FIG. 12 depicts a process for the solution of resolution problems, wherein

the most problematic of the two pair of components is selected for further optimization
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chromat ography retention data to estimte capacity factors of the two or
nore el utabl e conpounds using (i) a first separation conprising a first

sol vent wWsbuoa/oésdentrati on and (ii) a second separ ati @0TASAQNI02I5SMY a
second sol vent vol une concentration, wherein the second sol vent vol une
concentration is different than the first solvent volune concentration.
[0220] I n a further exenplary enbodi nent, the conputing systemis capabl e of

utilizing the retention vol umes of ch el utabl e ound t.o cal cul
esol ut 1 ORBE PN EckERetr atLBr e eonEthde? FAbS T T CBUBR (e 300
exenpl ar Ypmlt%&bgéﬁﬁ%%@ng 9a Y¥@hAIRatiSn GaRal By o srhiz&l 1D ghafla
gradi ent duration adjustnent procedure if the resolution between each

el ut abl e 6eiEo dRaIMYT AetolEini isvained dorpgi A (aa. ExenbfadyingndBépietia! runhe
conput i ng for adj r.at .on. .adj n r [ y (a)
Per oasi e I RRRGNY CRhiIEa ShEH G ah LR LARCAELHSET DRl QHEEHGSof
gradi ent daluatdndre gieed gddieal dieatidibperiodqt.c k@l § pgunat @ikirhe), and| S tor
each el utabl e conpound; (c) determ ning whether resaol ution between each

el ut abl e EEHBYThASPRItiRRH d\pb ditaiaRe TP Pal dpiati flg st dpsceaiplary pyethed 408) i f
resol uti ogyolbSd98 g@&ﬁbggg&k 4[1§ Ak &ei@%&%ﬁiz@%&i@%’:@&%_ s%gneﬁie il e
l'e o a start gradient s

conputing systemis capa Initratin vent
concent r athi dinstad phesthité nompomame seivent cpB@a<iibm an exenpl ary enbodi nent, the

conput i ng em perforns the, start gradi en | vent adj ust nent. pr.ocedure
by (a) de%}%%{si ng t%"_é’“%t%"rpt Qg%aﬁ?egmig?o@@fgﬂ% %}gl E%eén%’eﬁ@ é{}*i‘gor‘f"}’teéﬂ%
decr easedpgd@ibh vBhLAsHs Rk résl%ﬁ.d{ﬁ:ﬁtf]gx\é giy ﬂ%rec&méd & Lenpraline i(i(b;))s described .

recal cul ating retention vol unes each el utabl € conpound; (c) determ ning
whet her rasakdorl agitsat gredinnteprrivdetalncadl & sompliyd celumaivodwmel, Biot §te)

repeati ng eps . a c) if resalution.i ot, achi eyed. .[0225]1In a
further kit SREpbAL pHogaRP bherss shRer g S B RSB L tmitatishc at i ng
an end graddenly 50! bBhinifeNCE Mielicr OfF) ki UEHTBAL & eRediE QonpBraRd ldtan
exenpl ary enmbodi ment, the conputing system perfornms the end gradi ent

sol vent cemeRifiehatidh fagljdesrafeminiplst ssaieiopy(c@a) Rdeck-Sati stpuddedwing a

gradi ent g eoretical run using the previously calculated initial start and end gradient solvent volume
concentration values and an initial gradient duration period (i.e., one column volume).
16176] If a determination is made by LC optimizer 11 at decision block 415 that a
desired minimum resolution is not attained (e.g., R, < 1.5) during a theoretical run using
the previously calculated initial start and end gradient solvent volume concentration values
and the initial gradient duration period {i.e., one column volume)}, exemplary method 400
proceeds to decision block 416. At decision block 416, a determination is made by LC
optimizer 11 whether the gradient duration period of is greater than or equal to a
predetermined gradient duration volume (e.g., 10 column volumes).
[61711 If a determination is made by LC optimizer 11 at decision block 416 that
the gradient duration period is not greater than or equal to a predetermined gradient
duration volume (e.g., 10 column volumes), exemplary method 408 returns to step 414,
wherein LC optimizer 11 increases the gradient duration volume (e.g., by one column
volume) and recalculates retention volumes and resolution for pair 1 as described above
for the increased gradient period value (e.g., 2 to 10 column volumes). From step 414,
exemplary method 460 continues as described above and below.
16172} Returning to decision block 416, if a determination is made by LC

optimizer 11 at decision block 416 that the gradient duration period is greater than or equal
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sol vent vol une concentration to a decreased end gradi ent sol vent vol une
concentration value; (b) recalculating retention volunes for each el utable
conmpound;wQep11d@smam ni ng whet her resol uti on bet ween ea®dTAlISed1al0R21E0onpound
is achieved; and (d) repeating steps (a), (b) and (c) if resolution is not
achieved. [0227]1n a further exenplary enbodinent, a |iquid chromatography
system conpri ses a conputing system and a user interface with the

conmput i ng ysie vvher utln temj,s capabl e, of t|||z
chr omat ogf® aph?reg&F%‘Pe %‘}a‘?[g {I‘g é%l?l igﬁaci{ffeﬁéﬂ JPlmsp t%“}?:]argmre
el utabl e ﬁﬁm@a@nd@m@é@ tb&ie@i@i@h'%&&%l’?@&@ﬂp@@@%de&% Sgectors in conbination
with an optinmum capacity factor value to determne (i) a starteﬂgradl ent

£

sol vent viilddk concBabrzingoa dedivien Weck dif) it éﬁéﬂ‘@m&féﬁf@ﬁ% mylevBntLGol une
concentra i,0 t|||2|ng
t he st artE’%n(:"]‘%]{;rjlli(ji‘]glr‘i { %ﬁsg}{%g g%lﬁ r&g’& ‘ﬁ%g‘ %%%a?e&%/fragg Qor}‘\%%’ E‘?é?a}tr% dﬁ%r‘%ul ate
t he el ut ablieeczerivab wind usmgeuhél;ﬁavaumiyurm&uam s | 994:t @nd heliweadichtheolednyt abl e

conmpounds. [0228] I n one enpodi t he co uting systemis capabl e of

uti | i zi ng"eIHEe QNPERIEREER 3B @QS érﬁiY%’ng’"&é{e fi‘é"a%%% PRAPE (capddrtly $ohembrs of
the two o b-e f si ng
a first s{i 1%%? gk#ﬁuﬁe%c%%g%ﬁt rat S%Eg %ii | ggské%{)ﬁgﬁgﬁg&bgé? Igﬁ;&}{!}?&glg
conpri si n3h second sol vent vol une concentration, wherein the second

sol vent vg| concgntration is fferent than the fir t solvent v

concent ra@%igg [022§ TR %?ﬁ)égé r’f{a?lfimmaﬁ‘%ﬁl%&l Coly 93’%"3‘2%3:%&’@&? at ed
by varyi ngest:g r&baiitonQqs n@ﬂﬁtﬂ@f@?@ﬁir@?{ev§nk :31(1'53%&@%01%9&1%&&1 fh Mﬁhges
[0230] I n anot her exenp enbodi ment e resolution”is recal cul at ed by

varying gﬂiéd*mmmakémte initaal isteat and| esidgmqi@gsﬁl]vmt vohisnesewphizatipn values

Cepar at ofte K S BHbAPATARO S EL A o Rl B R TP MR REMon 5t e

par amet er; wahiugsn (Hredosd adlde ﬁﬁrlﬁﬁ'nl (e3d.] RNS 11BbERmMEe idthOD 80 kbads to
provi ded to_the chronmatography unit or user for separation of the

conpoundsdecisgambipeih 448 Wé@@ﬁl t}ﬁrlt@n eptigizsnpl deipringddibaber therpwldiongaet aig

t d i f
the. resor Tiaan Brhold bt g RERG AT Lo b Ll BRI
exenpl ar yoingieei hethat a ménimonptireshgldsyesbiativpes hor amaihdiefogrpadh Bndxemplary

method 400 proceeds to decision block 419 where the LC optimizer selects one segment
gradient from the second to the third component solvent composition.

{6175} From step 419, exemplary method 480 proceeds to step 428, wherein
retention volumes and resolution for pair 2 are calculated by LC optimizer 11 as described
above for a given gradient period value (e.g., initially 1 column volume). From step 428,
exemplary method 400 proceeds to decision block 421, wherein a determination is made
by LC optimizer 11 whether (i) the first pair of elutable components of elute completely
and (if) a desired minimum resolution (e.g., R, > 1.5) is attained during a theoretical run
using the previously calculated initial start and end gradient solvent volume concentration
values and an initial gradient duration period (i.¢., one column volume).

{8176} - If a determination is made by LC optimizer 11 at decision block 421 that a
desired minimum resolution is not attained (e.g., R, < 1.5) during a theoretical run using
the previously calculated initial start and end gradient solvent volume concentration values
and the initial gradient duration period (i.e., one column volume), exemplary method 400

proceeds to decision block 422. At decision block 422, a determination is made by LC

41



duration adjustnment procedure by (a) increasing an initial gradient
duration period value to an increased gradient duration period value; (b)
recal cul awongiwveszmat i on vol unes for each el utabl e conpowad/USga/oexster m ni ng
whet her resol uti on between each el utabl e conmpound is achi eved; and (d)
repeating steps (a), (b) and (c) if resolution is not achieved. [0234] In
anot her exerrpl ary enbodi nent, the conputing systemis capable of initiating
a start g i ol . C i j . G | ].Ln_an
exenpl ar yB ho %%ﬂtﬁﬁ e %gngu%il{e%{g cglgast?ogln%%%%g% n%re%ﬁ%qg%xgrotr g‘%‘égi%n

sol vent apiedstmeintd pradeadderetityy vélake degs, édsblagn yodurésdr t gradi ent sol vent
vol unme copg rati on. tqQ a decreased start gradient_ solvent vol une

concent ra@aﬁﬁ val ue (%%etfi@&ﬂafﬁ&ﬂ ’étmﬁ% Pelentntapizgiol Ligedectsyn blgsk 422 thaipl e
conpound; CaragiRhe tHaNbADVDE B ot éﬁéwﬁaa% b, LAl @@' Badg@ypound
i s achi eved, gTgnd ar epg)ctl ng1 stOepgg (b)r &%%F?&) ?& ?eso ut| on é}l‘gpnot
achi eved. d@i@@@ﬁ}mhﬁm fougt l:ﬁec@iemn‘xmmgs)enm:ipimnncthb@é%aﬂtpntsl tngtepy4dem i s

capabl e of |n|t t| 0 radl | vent concentrati on,adj ust nent
prgcedure q ﬂizﬁ&gﬁﬁ?‘gﬁf;’% dugaggn &g (18- Sy stEriEPR ol i ns

the end g{r@gm@p zmcs g;i,cmmatégqe&ﬁﬁ@ﬁ @é?uﬁﬁes adii USITRIh F ?Q@ @Uésedé%&‘rﬂgéé) above
decreasing the end gradient solvent volunme concentraftion to a decreased end
gr adi ent ®8lthemcreastd gradieoh petind wlbofe-galue; 10 $ilume valwdsat iFemrstaped, on

vol unes f ch t 0 eterm whet her resol ution
bet ween e%cci’i?1 ;frﬁtngebﬂ? ﬁa%ﬂen%mu 1%5 ag%gsc%%é%d@waaﬁgb @’)% repeating steps (a),
(b), and foa¥gj f resrRbwubdion tbSdaliorntbdvadz, 0338 kgt EHRI®RN by LC
enbodi nent, the conputing system after the resol ution calculation is

conpl ete, opjispigaat s aslerijiopinaks thatdbe madicprduniancperipd|is gesater than or eqial

I d chro I 0

09307 1 n S her BHeE KARER i SEndnil GEE T BB bokBes EOHRANERT .

i nputs thmaﬁbdt@ﬁ@bmceeﬂmeuadsnpnbpﬁkt@zegﬂﬂEﬁ@zrﬁgﬁ@r@emmml ng system provi des

t he user | east qne re m‘rend dty of chromat ogr aphy net hod,

chr omat og&ggééﬁy medi emﬁ‘ﬂ?%ﬁ’ﬁt‘g?ﬂ Q‘f& @B@? &i 2 edetgpnalin pnEeRge abihy-C

solvents &0i000 OVihOf 1SER8 kAhinRly Qésctu*fssn?é é&a?x@dquc peunds g L4349 Ahe
or that iIs

conput i ng system may be any conputer or mi croproces
a theoretical run using the previously calculated initial start and end gradient solvent

volume concentration values and a given gradient duration period (e.g., 1 to 10 column
volumes), exemplary method 400 proceeds to decision block 423 and to purity process
306.

[018¢] In any of the above-described exemplary methods, once a set of optimized
gradient parameters has been provided to the user and LC system component 12, the user
can simply accept, reject, or modify the set of optimized gradient parameters provided LC
optimizer 11. LC optimizer 11 may further provide, for the user’s review, one or more
previously determined or inputted parameters including, but not limited to, a flow rate, an
initial hold value, a final hold value, the column type, the column size, the sample
composition, and the solvent composition.

16181} Once the proper column is mounted in the unit, the proper solvents primed
into the unit and the sample injection prepared, the automated chromatography run and
fraction collection using LC system component 12 can be initiated using the set of
optimized gradient parameters provided by LC optimizer 11 or a variation thereof.

{0182] In another exemplary embodiment, a method of determining one or more

gradient parameter values for a liguid chromatography separation of elutable compounds
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capabl e of perform ng the disclosed nethods of the present invention.

Sui tabl e conputing systens include, but are not limted to, a personal
conput er ,we 20HV09i26ame conputer, a m croprocessor, etc. P@ODUS2011/022513
2011/ 094264PCT/ US2011/ 022513 [0241] The liquid chronat ography system
conprises one or nore user interface conponents. Suitable user interface
corrponents include, but are not limted to, a keyboard for entering data

Systom - arg 26 SPHAREN 7hERMetE Rihal Bink Bhebetdn g Myl PHERY

chr omat ogugipn Whesyis lafter Paded igfuey Snelat)mdre plopisitys, of dlie ﬂﬁ&b&%ﬂiﬁ@aﬁdsqmd ther eof .
[ 0242] The | i qui d chromat ography systens of the present invention are
desi r abl y© BEsysrmy the ?%ﬁﬁmgrﬁyﬁema@f@wd% HSEh Yithphiecpmaeadehtvre Pbr  a

sanple co r u u C Ci
factors, g%{tn%{roggg%ﬁomg thof e Cfﬁrv\(gﬁ éo{%’ n%}?yqu u?ag% %@hﬁdgﬁhgllnngatgmaw
sol vent nihrome®gephy emﬁng:nmttee;mplny Ifor:sepakatmxﬂﬁf)thﬂél,ut@ﬁnjuﬁﬁpauepg esents a
retention f or fo ive oun iven sol ve xtur.e system
det er mi ni W4 g}tar amet %%%“? ﬁng%grn THIBFY (q“ﬁ)O%gngﬁda mq%d;?ﬂeé’a?{m%ﬁ o or
equati on ggleehpBld &&Hg)dmas ka0l quid RAFIRA 1o RAASE iR ThREh cét B of" nfbre MY

for a reverse phase system using the calculated capacity factors and first
and secongrogertids et the otlyiable wnmdmni@emtqoamu@ng systemhan fj ehgomatedraphy ond

sol vent m x calcu fart and_end gr adi ent
sol vent voelpauyﬁég%?é%(‘en?? on’ vgfnt?élg &gm dg‘cin rgéasdﬁeélétﬁa@aé?vg‘ %i”??g an
opti mum cm@@aﬁq&llp@%ﬂﬁmgahwgradieﬂpparaﬁﬁtemtoametcﬁfcﬁm(wgram s??&“aﬁbﬁ)[xmﬁ bt) a

and min at | east one equation selected from9 = [(ko/kopt)lin] for a
nor mal phse a§§§%@iﬁtm§ﬁh€@VO—Of[f(‘ﬁfelerl\m&‘@?FWlP?‘é}dsa reverse phase system As

di scussedrggggye, thg aﬁté%%?paﬁm{m% LRE HANE: piORe RIuRenBYUBL 1O

2.0 in so enbodi nent's exenpl ary e prese
i nvent i ondetd¢rhendd topuialiding o}lmamgjgaanﬂny rstysm@ndma)mqsbétMe aaEanity fidctorg of wed em

that is further capabl e of n|t i radlen duratlo eriod,

2 st mertt BPGCLIARE toaegunds] yil i Sl eapcififartost B cbiBitioe i

sol vent Vgl WRBmERN 8R! faefdr BehILES tdERterRiRC €0 VS Qtde g%dmrﬁ%e?%%dhﬁné:l G
7), (| ii) an end gradi ent solvent volunme concéentration adjustnment procedure

(e.g., ascoshenrtion vElug, ag) (iiom ¢nd, pradiept ealresitialunom cofcepinjtiqnovalid for th@

L‘iif'ed o2 R el PR L PR R R BT B Pep BBt D

pr esent | coviedritia6ion @zamlas i;cse.;acasaxétmﬁﬂma@te m@muhh atteftiA@Dl @8med endyesslanivd o
utilize the capacity factors, k's, and the first and second sol vent vol une
concent r HEBHE hee é"r‘?ﬁ‘?@“ﬁﬁ?arret ers (i) ko and mor (ii) a and mof at

| east 0”%{}?9%58"[ i on el RGheRalham e res‘&%txofn% fa%]gc?ig{ﬂta.&gf@evﬁ%ﬁé g{r? g@pd In

or a reverse phase systenm calc end
gr adl ent @"cﬂnd@nadlmnlsulmnt:miumntmad:anﬂmmkfaiae& Tnpanodred egpiplaryeapbslimesl v,

using an _opti mcaait fact or .val ue, t and para ters(l) ko and m
or (ii) e FIOlfPR i g@%ﬁé’a‘&&f@a‘%“?‘g‘ﬁ“ Sfvsat dia %Yﬁ [ (koi kopt ) Unj
for a norpgaggphase 1%%1%5@1@} e é&gren{b%@imenlt %g%ﬂﬂd%ﬁéhdés%mﬁmﬁfﬂ gfadfnpPhase
system wutilize the initial starf and end gradi ent solvent volunge

concent r adurgionvadjusimentapigceduge aldiherresdution bewepe uea@uelumbtﬁecqmpmﬁaw nate (i)

retenti on, ol u for C ut ab ound usi | east o
cquat | onc e HEr o a0 R st A Bup AORR S 8 Plron A RG hagisay
wher ei n AfuFatidnep&icdlr valgs aﬁlaamhcméedngra@@ﬂ@ dintatiah ipefiod alalig; (B rechithlBgéngend

gradi ent vol unme concentration value) - (the start gradient vol une

concent r FEICBROY ajolEnsy (f%éa@h ;fér-itébi@ SRIRRAUTEN (ﬁ)e detsEmiping eyhethgr segolatl@bl um
voi d vol yk.e s fii)
an aver age bae%{c?evﬁc te?}‘tgws ea&hn&e%{ %&lnhgasdﬁpg%?( si ng quati on

1 wher elmsdvjntxmanacmwe&/R vaI ues for elut abI e conpounds 1 and 2 usi ng
equat i on | V ahov and Nis a colum efficien and

resol utid higét men%@ﬁﬁ@ﬁ%ﬁ’fewgﬁ’sﬁ"%& Hae‘@q@&tm?}ﬁ ‘ﬁl'irthe[@? 5 I“fm%tﬂﬁg % he
two or Mg ghiaR! SIeAMRENRFBEE a&}&%’ne@ﬁ %Jraceah&t e%esstarﬂ%&&ﬁélﬁ%%ﬁ/l <
V. + Vh + VD+ VG and V2 < \Tin Vh VD + VG and (2) a resolution Rs of at
| east 1. Fopecniation n@dstmenép@ysdwwwmese (a)ée¢maa1mgthe§taatrgra®mnt sehant
gradi ent sol vent volune concentration values, and the initial gradient
duration value, tg, to a user for review If (1) the two or nore elutable
conpounds are not conpletely eluted as ikndicated by VI < V. + Vh + VD + VG
and V2 < Vin Vh + VD + VGor (2) a resé?ution Rs of at least 1.5 is not
attained, the systemeither (i) provides the initial start and end gradient
sol vent vol une concentration values, and the initial gradient duration

val ue, tg, to a user for reV| ew, or (||) |n|t|ates a gradl ent duratlon

~NN AT o e



Vh + VD + VG and (2) a resolution Rs of at least 1.5 is attained. If (1)
the two or nore el utable conpounds are conpletely eluted as indicated by V1
< V. + VIWe 20D/48& and WO 2011/ 094264PCT/ US2011/ 02251BCVAIS201¥ioR4513 1- VD +
VG, and (2) a resolution Rs of at least 1.5 is attained, the system
provides the initial start and end gradi ent solvent volune concentration
val ues, and the increased gradi ent duration value to the user for revi ew.

L0271 { iRt % Pt L GBENEn ie or P Sl )
resol uti Ofi:cﬁ‘éulaim treteR@S vdlumes Sfoh Qacilehihie Lonipdnd Y &) et drRRaAL ix/}ﬁ:&%@s
(a), (b), and wherein steps (a), (b) and (c) are repeated up to a

first fi x@eaiﬁt;% piwsen teagie slutable eprapeyndsis achicser: mgdd) remeating ateps €)r @iched,

t he systeg}{fw %soﬂa: onQ gggggg%v e initial start and end gradi ent sol vent
vol une conce Ion va ues, ‘t he increased gradient duration value to

t he user FKXB8Y evi ewin atotier e)cemgsiatyi aﬁiﬁﬁ:mem @k tmaghatifvedqtr sohueninitadhy ae
concentration adjustpent procedure. [0248] In some enbodinments, the liquid

chr omat ogF¥h W%ﬁéﬁ@%@ﬂ%ﬂ?@ﬁﬁ?@s @ﬁimvﬁ% RIPERLUED npties 60 gradigitesdYent ode
t hat furtﬁ&ﬁﬂ.@é@h%ﬁ%ﬂﬁeﬁ gﬁ&%@% fise @ &éc?é in rtﬁ@éxfd"% aa@hefﬁmmvol urre
e st

concentration adjusthent p oce art gra t solvént vo
concent r atdélome &dpmtmmn topr domeluved emiagradmnpmismt @ehmdaemneamangn vhlgestbar t

gradi ent sol.vent vol une co centr tio decr ease a radl ent .sol vent
To e coRHRLRS SHEH, EoIE® 1Bt SPaLie GG SOmPOREY ot I OU e HBT each
el ut abl e GOMBELH BethbN Gad clubdR c@ﬁﬁoﬁi ©GURklVaN SNk @ne: k:éémg he;fsl agr@ased

gradi ent duration Ele“ od val ue, the decreased start gra i ent” sol vent vol une

concent r atidds) if apseditionriginettashiersd.i al end gradi ent sol vent vol une

cquat i on 188G (i id ke e B RaRms R S5 hplue REREF usil ol §in «
det er m ni digombephehy téardtivg it mhe&:nehﬁwrabicemwwmwmﬁm&g ComplFp, gta@kaﬁt
eluted as indicated by V1 < V. + -1- VG and V2 < Vm Vh VD, - 4-

VG and (B¥OECFELat | GeR BN sgncreisions. ‘sbieh % R AT ()€ he
two or éiﬁoxﬁht%%ﬁ%hﬁuﬁa?ﬁpﬁ%]&’ﬁﬁ S%ﬁ%/a angé ?&r?(p&lnk&& ed as indicated by V1 <+

Vh + VD + VG an a resolution Rs of at | east
1.5 is atiitaP@led, thim aysvearﬁaphavmmlary@ndmdnmemm}wdmfmmam twobyent

concant r aPBrUGPlreCorR i 45 R B fropP oD e e G % B P user

for revi gwopdied bf th@%i&m&eoéon‘\i?&lﬁd@mtba@'c@ uREsmaie aNHrom@oRlaghe! ¥
el uted a?ylndlcated by V1 <+ " +VD+VG§%§ 2Vh+VD+VGor ?f

resol uti o¥WPREteH wiit,| sbbring . thej Sopputing t §iSwaY , tot Igenerate  gradient parameters,
automatically providing the gradient parameters to the chromatography separation unit or

the user, utilizing the computing system to generate recommended type of chromatography
method, chromatography media, chromatography column size, and chromatography
solvents to employ for separation of the elutable compounds, and separating the two or
more elutable compounds.

{61911 In an even further exemplary embodiment, a method of separating two or
more elutable compounds using liquid chromatography includes inputting one or more
properties of the elutable compounds into a computing system in a liquid chromatography
system; utilizing the computing system to generate recommended type of chromatography
method, chromatography media, chromatography column size, and chromatography
solvents to employ for separation of the elutable compounds; and utilizing the computing

system to generate gradient parameters values.
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systemrepeats steps (e), (f) and (g), wherein steps (e), (f) and (g) are
repeated up to a second fixed nunber of tines. If the second fixed nunber
of tinmes WO 220HA®M®d, the systemeither (i) provides thePd@arse@smesss art
gradi ent sol vent vol ume concentration value, the initial end gradient

sol vent vol une concentration value, and the increased gradient duration
value to the user for review, or (ii) initiates an end gradi ent sol vent

vol ume co %ratl o] ust rrent d .re. [ ZEM sone enbodi nents, the

l'i qui d ch ogr apﬂ‘ﬂ/a‘% ?Ieeﬁﬁmg 4 YnSOBWHER S8 S5k e or
code thatclatbR ebabb@sist BAns Yiﬁ{tﬁm &@omabgﬂagz& fafh&@Nehag' AdiABRT al@hMenlly

vol ume concentration adjustnent procedure. The end gradient solvent voI une

concent r apiogilingifhies girdient ppisgstiuy éo r&iﬁy ligeidpeliremaioglapte cydemi ¢1ga tier; end
gr adi ent X Q?g%@egh%r@ r&%@%%@%bléa&dxﬁ . decreased end gradient sol vent

vol une con en recal cu atlng (i) retention volunes for

each el ut @188} conpolinan kstmglagt eln@aditneat &homabsd mMagnNSithen i hidy, mtéﬂang
i ncreased gradi ent_duration Eerl od val ue, the decreased start gradient
sol vent veirOmatogERRE fiteaiiangiata e the tweaﬁﬁmprfeeia%@?%s@@aﬁm PgPRE BasteRsf vent

vol une co&g%a%%tc ?%P%éﬁ%%%swﬂ o) ehg%tca%g&g&%am width of peaks, wg, using

equation resol t|on sing ‘equation I1l; and (r)

det er m ni jid%éhet herint he txwonpderymanbodiinghabhe gadspnmrpd&ma edopl edagl e

el uted as,indi.c V1<V+Vh+VD+V ndV2<Vth+VD+¥ an
(2) a rosHgiE Wit PR EeRi o A cftipae LRraciy fadere of P or

nore el ut %@r@%ﬁ@%%&;ﬁﬁﬁd& @ﬁﬁkﬁ% Q}Eé/eﬁ & acit e ﬁﬂa&ﬁbﬁ(&swﬁ\@fm Vh +
VD VG and V2 < VmVh VD + W a resolution Rs of at least 1.5 is

att ai ned, ant kv@tiwgt @ﬁpmtavfaé@s Yaiﬂee d@c@iﬁ@m@@b $Var tSt@? @si@:bmt sdvene rolwot une

concentra rease ent sol vent

concent r el endeh fnd Y REFE oBlienEr Al EoT SERR DA Bivs forhe e
for revi enquid thx(eiﬁatcﬁﬁi@ﬁiy%pﬂéum ragd el ilikRlp| tRe caARAU RS g@d{@erﬂ@ﬁh@ﬁﬂ%}:@ﬁ@ y
eluted as 1ndicated by V1 < + Vh VD VG and V2 < VmVh + VD + VG or (2) a
resol ut i own%m@f:waﬁ«aiué&éft cajcate dhe, gutahle %%ﬂdtrﬁéﬂ%%f@m% pchiesolytignys

(p), () %@‘g Woes (p), (aq) and (r) are repeated up to a third
fi xed nunber &o%él%?nesi@#(?nﬁeefhl rd fixed nunber of tines is reached, the
syst em pri@ifiles t helndeeresinddnsttathe rgrohdioanhasd malk:u}amldmm;angéwtstmi on

val ue, the decreased radi ent sol vent volu caqncentr tlon v and
t he i ncr e¥s ‘gﬁf‘té’ﬁ’ Ve&h?‘ﬁf’?‘&ﬁ‘%ﬁ@&é{i?‘&"? IHes- ug‘gﬁn‘j&ff REIP I?Ffl1 n any

of the abiﬁé(?esgﬁa%%ﬁ'1@&@311:1&1@%&&@yQBﬁ%@ér@@;@ﬁ@&Yveﬁ’&&ﬁﬁ& véabﬁeconputl ng system
is further capable of providing (i) an initial or decreased start sol vent
vol ume cofé®éit r at i ol apgthgeexempljry gmbodingma) the meghwdringludes xematigg agiadient

dur at i on Dt SROSTRH Bohey 8B s PR bihebd ErbnEhARRFuba W ot s qui o

chr omat ogicapiyd. s’ﬁ@@g@&ie@mmmdn &pdsuaditanay Mﬁ@‘rﬁb Qa)tinGehditiardinail grateagr aphy
separation unit software is operatively adapted to accept and utilize (i)
the i nitigratn perigde¥alug 1Q 38y ncsgterepiadisnt dusstien Peend M uemﬁbwc@éuiazmg) t he

initial Q%&Q o] %3 ol and
(rii) thgrl %%%Eease egsregg[ %%{9}9 ?%}%liéoé ot é ri ﬁfgépgg c?ﬁg’%r %gr aphy
separ at i dretypeancedh re@tabie userposndy ychaoedpts] (dyodpdatiag, st@m (a}ej(b}:ami {chaf

optim zed pr.ocess rs as presented by the liquid chromatography
systemtoregﬂ‘iﬁf(f“a‘f’@‘ %aq "iﬁ‘{ﬁgd chr omat ogr aphy separation run using the

opti ni zedgpspcess F{ﬁrﬁﬁ%ﬁé%rﬁﬁ r&m&&&ub&etﬂ?&héa mﬁﬂér %Mﬁé@&ﬂgétm
systemor a variation thereof. 253] 1'n anot her exenpl ary enbodi nent,

| i quid crﬂtmmm@mywwﬁsﬂmg stenagt  pseqsdngt i ﬁéets\m‘t @radignt sobleqt abI e

conmpounds_wi.th gui.d chr nmat o usin or _nor o erties

PO s colkerirali® iRt R B st iop ¥ DO Aeentol Bl bR soRient, " e
l'i quid chropiraé ogicaRitionys aaldreaadallegaliicdedotvant RHINGeUIBCHratllBl 0a10¢;a8) ent
paraneter values for a liquid chromatogr aghy separation of the elutable

conpoundgeperiE gt HyionnwleBap fen Airhs Giitadlg campowshdb) delsTmising WEFRT t he
t
mod o cie DILFECHERRAP o AfraBle SMARHIDRAANCATATRY SPLAENARIARTY

f or separaatii{onf afsobuhien & adt ablievaglonpounds after a user inputs one or nore
properties of the elutable conpounds into the conmputing system
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[0254] I n a further exenplary enbodi nent, a |liquid chromatography systemis
capabl e of separating two or nore elutable conpounds with |iquid

chr omat ogwapb/a9¢isng one or nore properties of the el ut bTaScanpaasmils i nput
into a conputing systemin conmunication with the |iquid chromatography
system capable of determ ning one or nore gradient paraneter values for a
| i qui d chromat ography separation of the el utable conpounds perfornmed by the

conmput i ng em apd capable of autonmatically ovidi ng. t r adi.ent

par anet er %ﬁﬁ%%f the c %‘Wgt%(gﬁ?gﬁﬂ s%l?%mftﬂ%gﬁlﬁo W‘&‘?ﬁ*@?gm&?ﬁ%i&ﬁent,
a liquid el eratiayr apveat SooateiMatioe | dflesnént COBBsture0 BV Rl gradiBniasdls@r
interface wwth the conputing system wherein the |[iquid chromatography

syst em i sC@gpaimtiongrdiysinen dpegeduiefgay snpriserfa} decsrasinghe ced gisgigtisolvgnt h
quid ciATREGhaRRAiNR LY 40NN AP EEARGPARIL: S Me LiCeRtLAR e by
conpounds 1 nput 1nto a conputing systé&m Ich1I's’In conmunication h the
| i qui d chreoatatlagng pétynisys tvelmme bipr datle retitasblagoapeund; () rdetggmadihg vihether
paraneter valuyes for a |liqujd, chromatography. separation of the elutable

B ompoundsTSSRRTER RERVIS) AL CREARR FPRBOEYSS dispionsl 20d)(d) r%@%fi%iw%)

provi di ngadd\@) gradidih iPabeRIcet$ to the chromat ography systemor a user.
[0256] In an exenplary enbodi nent, the conputing systemis capabl e of

det er m ni ¥§%%he gr abi emt epemplant embediingas dyompitingziwgnt bsiogaviigaaphya
retention hqlrata to ﬁsti rratte capaci t}/.fagtorslotf. t@ Qr.. or e el ga%abl %\}ﬁ
conpoundsSEERATOBTAPRY, Stikation il vhgrex, atler Tesplpuon clulation iy camplets. grpdignt h an
opti mum cgnaskey vah Oftimks! &Rl tonddair@idts NAble) )ard MkdhiticANPdirentied ob aot

vol ume concentration value, and (ii) an end gradi ent solvent vol ume
concent r a¢liroHalpgrapBy pait of ner feraparataer ofifhe egPBPM@ssepar ati on; and utili zing

the start end gf.adl o] L es 1t | cul ate
t he el ut a@gﬁcomouﬁdﬁoﬁnﬁgﬁ?ﬁleﬁﬁg ﬂ%hng’ ?ﬁ%ﬁ%‘?&%ﬁ%@%@ﬁn@ ﬁlé%gqrigjt abl e
conpoundselufabR25 ¢hhpownie esifp digoehtchrdneogragin] didlates Niaypultag r dtamaskabig by
varying the st arEi or ggg ar a%’gfnt sol vent .vol ume concentration val ues as
descri bed®lf&HeR ntaip 02 # nel : "né:Pm@?%ﬁ‘%l A9 BnbYYPHEM SYHRB sl ifHidn is
rer o ! PR NRRY AR esal L 148, R SRy et

sof t war e tha tee oh mematlotpblpdoynepds; atiliomg dh compimgesystemfto determine dtethen

| cul ati [ I di ent t I ti. d .
concent r A0 11 of ABes R EmeEr B3 AT o o S SRAPIBRY uni ¢
or user f@fizagpahat b&ﬁ%ﬁfngt Rgste@MpOUPERraté OR6Qdsh @t ev@rhéetdeBetypexefpl ary
enbodi ment, a |iquid chromatography systemis capable of separating two or

nore el utdBpBalegipby nasthals whionpediapy oric gehipmptogsaphy eplamer siger and

propertie C i i | . I
Communi cagTan PRy P S ARy R Sehihitn oo PrubTaellas 454 G, | g
one or nohe agladi end rqrananeiied tyel efechrbmntogrdphg unethed)rohrmhaggraply media,

separ ati g&xof t he ﬁl ut abl e .co unds perfornmed by the con‘guti ng system
capabl e ADRIGHRPRY SPINNNL$iES A0 FGTYREOGAREY SAVCH (R AerAEsE Bt af more

chr omat o coushberas. and capabl e of utilizing the conmputing systemto
generate recommended type of chromat ography method, chronmatography nedia,
chr omat ogr aphy col um si ze, and chronmat ogr aphy sol vents to enpl oy for

separ ati o of kiheidaThuvatograpypbOhSsster 0261 T Opeimiaiendbiwyreenbodi nent, a

liquid CTﬂgéﬁt ogr apme ;%Pé?énet nijn{'enn%gogdigsfu%her directed to liquid chromatography (LC)

systems and LC optimization software capable of providing one or more separation
parameter values to a user for use in a liquid chromatography separation unit.

10202] In one exemplary embodiment, the liquid chromatography system
comprises a computing system, and a user interface with the computing system, wherein
the computing system is capable of utilizing chromatography retention data to estimate
capacity factors, k’s, of two or more elutable compounds within (i) a first separation

comprising a first solvent volume concentration and (ii) a second separation comprising a
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conmputing system and a user interface with the conputing systenm wherein
the liquid chromat ography systemis capable of (a) separating two or nore
el ut abl e worzpowmdgm4wi t h 1i qui d chromat ography usi ng onePGH/Usedig/opasoperti es
of the elutable conmpounds input into a conputing system which is in
conmmuni cation with the Iiquid chromatography system (b) utilizing the
conputing systemto generate at |east one reconmmended type of

chr omat ogr aph >t hod, chromat ogr aphy nedi a, chr.omat ogr aphy col umm. si.ze,
and_ohr omseBaY SR SBlrE{ SR A BB g Pl PRHAI PR et iod
conpoundsgiffet ((Ban did Fiksi s0vehh €oR R Ubhdd@irsyST; Al izengd eee bitithdAed @é@c@% nor e
gradi ent paraneter values for a |liquid chromatography separation of the

el ut abl e ‘@slepolfrresbingPe2yith 2 ARIBREHIPHHY facBoWine o PHEtEBSUDI Mgy st em
i s capabl f ti Y, (W] e i ept. pa t i qui d
chr omat ogt 20y’ SR e ol ML abial o 3) R erlPLABRRE Sivef dind

chr omat ogeaptyrasipatvainet for siepHgat ehtdiatbgvaploy saparagior] sdploeidianip thedsart

[0263] I n an,exenpl ary enbodi nent, .the conputing,systemis capabl e of
det er mi ni #3diERES ?’%{ﬁi‘@i&mwpaﬁ?&fféﬁwwﬁl&s% i 1 Fdngradiipo E’%‘@r‘é‘g‘ﬁi}@

retenti on.glatardion ok iBhe LaPRfkd Yol actors of two or nore elutable
Ao .

conpounds; utilizing the estinmated capacity factors in conbination with an

opt i num cl#gégl t y f athopresediusvensiodeisegven riarther) dizecsedatra lignidditeomatogtapbnt

vol ume concentration. value, and (ii) an,end gradient. vent vol une

concent r aPPSASVAIRE 18 ‘E‘?ﬁ’é?‘i‘%néé&ﬁe%’h F%%tu(%ﬁ%ﬁ%%c%‘é’ﬁ%? PYRPULEESYEET i zi ng
the startwhéginemd @hatiagsyaohvie fHaFafd)é léﬁ&ati@i@ﬁ@ecﬂﬁéxﬂ&tbgﬁgyﬁkét@&idnodsﬁﬁk@U| ate
t he el utabl e conpound retention volumes and resol uti on between the el utable

conpoundsestifr@isaAppeitivietosntkodiofahleast the ¢letgble somprupdsyatiworditercriuiodteatl by
arying t : heat. s0l. . : ;00 val as

dosor1 bed GuTk EblefiaBEs, MARER, BT by SRy FRNGCH ERUARIAMDS, |

recal cul agetimby cyaxity fgtgnatliiceky,, sodarantindan aftimined gladivat dsadeasperiddesh

herein. [0266]1n one exenpl ary enbodi nent, a conputing system usin

sof t war e ?ﬁ%m&]é%ﬂﬁw ?%ﬁﬁ?’eé’eﬁg?%iCSHceﬁﬁﬁﬁl?n’\iéﬁé}?é‘Pﬁg%%/ STpeR W Yeah

cal cul at i Qb8 c&RERERIdR: aﬂéﬁﬁd@%ﬂﬁnﬁﬁh%@%&f val ues (tinmes and
concentrations table) are automatically provided to the chromatography unit

or user fl6284epar atinoonoferbodingmtyp tendesnpitdZo 7 stam dn @pelrip| efr ytienbp dharent |
a liquid ghromat ogra system.i ncludes a co tin st e and a r
ot er'f nc A TROPAERE B AR e B raPast Bilors B, B hEN o s ShE
system i scopapabliCudbg (iR fise pagaadtiondobiRisRig IMiesoRldil ablugheCRNBAINALSH Whd h

i quid chromat ography using one or nore properties of the elutable
conpounds(ii} pgeonchiepartion FRTIFIRHE sy secend SOPRhvalame SoBesiFane avlicsrinvie h t he
liquid c { Y, e t k-84 0. O o] j

paranet or VAR uaeay iRk tinck Mot B TR R el irE: SpRENE bl
conpoundscopesrfuatioed by t he computing system and (c)

{6205} In some exemplary embodiments, the liquid chromatography system is
capable of providing one or more separation parameter values to a user for a liguid
chromatography separation, and comprises a computing system, and a user interface with
the computing system, wherein the computing system is capable of utilizing retention data
to estimate capacity factors, k’s, of two or more elutable compounds; utilizing the
estimated capacity factors in combination with an optimum capacity factor value, Ko, to
determine (i) a start gradient solvent volume concentration value, and (ii) an end gradient
solvent volume concentration value for the liquid chromatography separation; and
providing (i) the start gradient solvent volume concentration value, and (it) the end

gradient solvent volume concentration value to the user for review.
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providing the user wwth a recormmended type of chromat ography net hod,
chromat ogr aphy nedi a, chromat ography columm size, and chromat ography

sol vent s WO 2empl9ga64f or separati on of the el utabl e conpomeadisaditi®e2sihe user
i nputs one or nore properties of the elutable compounds into the conputing
system [0268]1n an exenplary enbodinent, a liquid chromatography system

i ncludes a conputing system and a user interface with the conputing
system wheipgi n theg| igyi d t t i.S:.C e Pf e
utilizing the} corrpu%li{ %Hsgg%gﬁ%e%g gg%i%rra géz)c{ psggibinylsf g%%girﬁsogfuﬁglﬁ%]gtt\lj\% or
nmor e el ut elisbmatngmpbyrdentiss dgtar ot estitiatn cafatisy ddctdrhef dhetrablos mompdatable i nt o

a conputing system. (b, ilizing the conputi.ng systemto determne et her
Che o oF TGS LD & RrshasHme SRR » CBpar Hew e fameeudiiohanda
capacity fipcd csnd G6parktidnl tAhRGitd @ sEQMRWLINRGL SYRERMInBcBRNBH avBerdfn dheast
one recommended type of chromatography nethod, chronatography nedia,

chr omat ogPsprd sdvenim velune, capeenERfieheisogiffasent duinydhe sfisb sofiysinbyvdleme
separati op, %{m&gggnel ut abl e conpounds; and (d) utilizing the at |east one

r ecommended’ ype of chronmat ography net hod, chronmat ography nedi a,

chr omat ogfi@phy col ulmas kz@nplandembsdinen griaphy chemaeiirsphycysepanalged he two
or nore el utabl e conmpoun [ 0269] The present invention is described above

s. [C .

and f ur t heAMPYUNGSTHiae bR PR IBGIGe Vil thecampriag sxakms vheren fis compupiag
const ruedgj A i %@? i i . . .

i nventi Of%%ﬁ??ﬁg}ﬁ%ﬁ? ?%ﬂrﬂy, {:&Q?gz%%@?%%&(&; %3‘?#3& Ea n%gg té:?%%%% ?%étl} tf?%%%rgtf may
be had t otwardroo®rotdhgnble nbadpommds ;s andodilfdicatthonsiimand espicital Boloss tier eof
which, after, .reading the description herein, suggest ther’rgel ves to
Lhose. ski T9BRIPFPR WER 27 ErORiRsaPaci ariet iU ool 3 9180 GROiRES Q¥ ent

i nvent i ony@ligt Wonddherab6ORHue] arld@i) aRRSAIRLS AL RN FXNaMR! BndéntiRbATBhuphase
separation of two conponents (Speed Mdde). [0270] The user selected silica

as the TL®©r ghedigid glgemaingraphl spraion, spotted the two conponents (butyl

par aben t hyl par pl.at ran wWith. a 209 sol venpt. val une
concentrgﬁggg The %f Oggﬁet@ebé’%%?&{t’hg% t \%%’%ggtﬁ%ﬁ%%% K\%B‘r:aé}a%f%% gﬁ “88 24° The

user pot tddomaihehy ptaitorndsia narestifbs @paciy fAtc30 U sl wed br viedrl FRitable
concentration. ;Ii'he Rf val ues of the two conpgnents were 0.50 and 0.39. The
user sel eCHRRPURLY YSIRE &) pFiEH SERATEHAT OREIItHIE DHHES olveR dolima epcetatioppnde

AriLimn @97 ded6nd-SerdERRAANOMsinE P sHBRY HRBH SolhfE AAlAalbO Yieih (he

optim zer, "whi ch ha een installFed 1n a romat ogr aphy system
(i.e., REVENER STvenf| adhmsysomenastiin abl differam GBuac cheDdirbs aolvdhs cakeny
Sci ences) _and sgl ects the speed node. [0271] The optim zer cal culates m =
1.53 and ¥LEUE for the first peak and m= 1.74 and ko = 0.19 for the

second pe@Ro®s par apRbLAE SexkBipldri CorBBlRhERN the THEORatoblBbRY KRBlior dtASsK 1N
this equation and the parameters for the first peak gi ves a start gradient

vol une cotdaned winghinfayaodgongpagpihe paraneters of the second peak

results i end adi ent v concentrati,on of 27% 272] B ttjng
t he gradi Eg%%ﬁvol urrgf na%{(g%g %K%}T%%y VO l?%%m%n%ﬂﬁ?et %?rg?‘i%%}lgl e f%%ﬁ?aﬁg& f)t,
endi ng (iwnilizhigsthe ak@manrddriiphyasiemion garadh enimarobapmeitpfact@ oL Ok WD oY alodéres,
bot h corrpcf_gnents elute fromcaolum. The LC optim zer, based on the speed
mode, pr VRS ORPOGPET FERPrIPRS (1)) % firsh seRURlIqToPRmPHYIng A8t 30B&1t oinlures
out put t Q. s&firaliBh LRY @Y a second separation comprising a second solvent volume
concentration, wherein the second solvent volume concentration is different than the first
solvent volume concentration.
16211} In another exemplary embodiment, the computing system is capable of
utilizing the start and end gradient solvent volume concentration values to calculate

retention volumes of each elutable compound.
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Table 1 Tinme (m nutes) G adient Volunme Concentration 0.0 19%0.7 19% 4.7
27% 3.8 27% [0273] The gradient profile was also provided as input to a
i quid chworzatiogszphy PCT/US2011/022513

[0212] In a further exemplary embodiment, the computing system is capable of
utilizing the retention volumes of each elutable compound to calculate resolution between
each elutable compound.

(6213} In an even further exemplary embodiment, the computing system is capable
of initiating a gradient duration adjustment procedure if the resolution between each
elutable compound is not achieved.

[06214] In an exemplary embodiment, the computing system performs the gradient
duration adjustment procedure by (a) increasing an initial gradient duration period value to
an increased gradient duration period value; (b) recalculating retention volumes for each
elutable compound; (c) determining whether resolution between each elutable compound
is achieved; and (d) repeating steps (a), (b) and (c) if resolution is not achieved.

[0215] In another exemplary embodiment, the computing system is capable of
initiating a start gradient solvent concentration adjustment procedure.

[0216] In an exemplary embodiment, the computing system performs the start
gradient solvent adjustment procedure by (a) decreasing the start gradient solvent volume
concentration to a decreased start gradient solvent volume concentration value (b)
recalculating retention volumes for each elutable compound; (c¢) determining whether
resolution between each elutable compound is achieved; and (d) repeating steps (a), (b)
and (c) if resolution is not achieved.

[6217] In a further exemplary embodiment, the computing system is capable of
initiating an end gradient solvent concentration adjustment procedure. In an exemplary
embodiment, the computing system performs the end gradient solvent concentration
adjustment procedure by (a) decreasing the end gradient solvent volume concentration to a
decreased end gradient solvent volume concentration value; (b) recalculating retention
volumes for each elutable compound; (c) determining whether resolution between each
elutable compound is achieved; and (d) repeating steps (a), (b) and (c¢) if resolution is not
achieved.

[0218] In an exemplary embodiment, a liquid chromatography system includes a
computing system, and a user interface with the computing system, wherein the computing
system is capable of utilizing chromatography retention data to estimate capacity factors of
two or more elutable compounds; utilizing the estimated capacity factors in combination

with an optimum capacity factor value to determine (i) a start gradient solvent volume
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system conponent (e.g., liquid chromatography system conponent 12). The
user accepted the data, and initiated a |iquid chromatography separation
pr ocedur e¥ORD/094B4gr aphi cal | y depi cts the actual chronRCogrsanmspasns ng
separation of the two el utable conmponents using the optim zed gradi ent
procedure descri bed above in Exanple 1. Exanple 2: Normal phase separation
of two conponents (Purity Mde), [0274] The user selected silica as the TLC

plate t yp@@n&ﬁ@éﬁcﬁﬂv@ﬁ'@ i Qﬂ@ﬁ@ %@%cﬁelﬁ Rbtvehe QQBQQ%n@éh@aﬂgxirQth&?@{/ Qllgen)

on a plate and ran wth a 20% sol vol ume concentrati on al ues
of the t \Aqudrquremgramby @p@rmn';ami @ildng Meetasand ¢degradipat sobadnandtimer

plate and ran t 0% ent VO tion e Rf val ues
of the tmﬁo%cgﬁ%%f?é‘n‘fa UGHAY (é"ﬂﬁu ﬁg eﬁm% VO{T‘H?S 8@8‘?9 sag @F 88“"30@% g silica

col um anghzasf | ow r &t eneferdoditabl Nhé %nipuﬁng@}@@ﬂarsakap%me Eh%umﬁ% fhaput s
the data 1nto the LC optim zer, whi ch has been’installed i n a REVECERI STh4

flash systamaingranhysetestiom daiguiei qs@nmeapacmfmamgh@@a@@flrmsm:iumbig2513

[0275] The, r the first peak and
m L74 and (%%M}gggﬁél ggl)%l%‘l acrgarli0 pea r?sra?rgg %g’%%ﬁ@té or?e f??ge%(ﬁ%gfllag‘ﬁ k =
ko(p-111. (ilysd srg:ehd)mépﬁat%xﬁ&)rkpﬁﬂmg Qis&@dlﬁ@lﬂ@ﬂvﬁlﬂﬁxdd’@c@ﬁfaﬁ@ﬁt @hérefnOthet he
first peak giyes a start gradient volune concentration of 19% Using the
par anet er ¥<g¢ t?fg"eé’écéiﬂ}&mﬁe&&n?e@gﬁql?% #n dEfereH d hana dhe sy ojoliyaet  volume
concentr atdRByefioa/% [0276] By setting the gradient volunme at one col um
volume and iteratively increasing it, ends (in this case) with maxi nrum
gradi ent W@RGhe of ten fuﬁhmrn&xenmﬂarmbokiundmtpm@p@mqmmgeﬂymm israapa}ﬂeldﬁnn

Si nce good.tresol.ution.is ot obt ai ne ased on the LC
opt s i Ser SilRe e Rivh eOlginer o SacbretinabE et trcliilas fspRuioh been
concent r a¢dcARlutdfle édhghidst art gradi ent vol ume concentration is iteratively
decreased all the way to 0% w t hout obtaining good resolution even though

both conpl#deht s el ulrearf evgmfenharenemiasy mb@bmcm thercoprputing elgstany ist dupable
opti m zat Jmfo 185\‘,11;[ hg C@Q&ﬁe@cr &%‘a&gx a %sr gc?lt \Ipe?ce nt r e%lg er 5418‘(2 b)@%x{rj?eng%g%

gr adi ent vo ratronisrte

corrponentﬁaﬁbﬁt@ﬁyoaﬂaii};qidua&hxev&éﬂe opti mum resol ut| on for this run tine has
been obtajned. The gradient profile, as set forth in Table 2 below, is now
provi ded &2t put E%oart eremplay empeginacty, the pempHiing systgm performs the gradient

duration adjustment procedure by (a) increasing an initial gradient duration period value to
an increased gradient duration period value; (b) recalculating retention volumes for each
elutable compound; (c) determining whether resolution between each elutable compound
is achieved; and (d) repeating steps (a), (b) and (c) if resolution is not achieved.

[6223] In another exemplary embodiment, the computing system is capable of
initiating a start gradient solvent concentration adjustment procedure.

[6224] In an exemplary embodiment, the computing system performs the start
gradient solvent adjustment procedure by (a) decreasing the start gradient solvent volume
concentration to a decreased start gradient solvent volume concentration value (b)
recalculating retention volumes for each elutable compound; (¢) determining whether
resolution between each elutable compound is achieved; and (d) repeating steps (a), (b)
and (c) if resolution is not achieved.

[0225] In a further exemplary embodiment, the computing system is capable of
initiating an end gradient solvent concentration adjustment procedure.

[0226] In an exemplary embodiment, the computing system performs the end

gradient solvent concentration adjustment procedure by (a) decreasing the end gradient
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G adi ent Vol unme Concentration 0.0 0% 1.0 0% 4.7 19% 3.8 19% [0279] The
gradient profile was al so provided as input to a |iquid chromatography
syst em coNpanaiv4lee. g., |iquid chromat ography system coRp®ASe011023513 The
user accepted the data, and initiated a |iquid chromatography separation
procedure. FIG 14 graphically depicts the actual chromatogram show ng
separation of the two elutable conponents using the optim zed gradient
procedur e

R A NE NS S ERNE TR s e

pl at e typealusp®y trechldul@ing WeeR 6P FORMS for each elutable compound; (c) determining
whether resolution between each elutable compound is achieved; and (d) repeating steps
(a), (b) and (c) if resolution is not achieved.
16227} In a further exemplary embodiment, a liquid chromatography system
comprises a computing system, and a user interface with the computing system, wherein
the computing system is capable of utilizing chromatography retention data to estimate
capacity factors of two or more elutable compounds; utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine (i) a start
gradient solvent volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and utilizing the start and
end gradient solvent volume concentration values to calculate the elutable compound
retention volumes and resolution between the elutable compounds.
[0228] In one embodiment, the computing system is capable of utilizing the
chromatography retention data to estimate capacity factors of the two or more elutable
compounds using (i) a first separation comprising a first solvent volume concentration and
(i1) a second separation comprising a second solvent volume concentration, wherein the
second solvent volume concentration is different than the first solvent volume
concentration.
[6229] In one embodiment, the resolution may be recalculated by varying the start
or end gradient solvent volume concentration values.
{02301 In another exemplary embodiment, the resolution is recalculated by varying
gradient solvent duration volume.
(6231} In one exemplary embodiment, a computing system using software in a
chromatography separation unit, wherein after resolution calculation is complete, gradient
parameter values (times and concentrations table) are automatically provided to the
chromatography unit or user for separation of the compounds.
[0232] In an even further exemplary embodiment, the computing system is capable
of initiating a gradient duration adjustment procedure if the resolution between each
elutable compound is not achieved.
[0233] In an exemplary embodiment, the computing system performs the gradient

duration adjustment procedure by (a) increasing an initial gradient duration period value to
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(di octyl phthal ate and butyl paraben) on a plate and ran wth a 20% sol vent
vol unme concentration. The Rf values of the two conponents were 0.75 and

0. 35. Thewogerl/msn spotted anot her plate and ran thi sPomaSes1o23096

sol vent vol une concentration. The Rf values of the two conponents were 0.80
and 0.50. The user selected a 12 g silica colum and a flow rate of 36
m./mn for the LC separation. The user inputs the data into the LC

tim ' } ' : L40... R..S_f : d | ects
he speec st BadRaRBualioh R Se il Ay e utlite st B30 Y0 R i 07
t he firstelpmble aumpdund~(c} do@rmmthk whethér dbollition blaevese eattdelprdle @snpound
paraneters for 2 as k in this equation

t he wation k = kw . Using ' Copt = 2 |
and t he ’pféraﬁﬁﬁ‘@i’%{;ém$ TERFAURE FlEps géaﬂ?} Yrekit éesé‘g‘é’r‘jﬁ 1B pefdcRised 0l une |
concent r ajg of 2% | d f . n en
gr adi ent ag\iyglg%}rre con?éle%dktg?&i %%ﬁﬁg%%g%%g% é%?g%%?l n? ?ﬁg&grlg i rﬁié\?gl une
at one coinitimting @lstaregradignt sobreat corebstrdtivordpsiomgt ptocedndi ng (in this case)
wth a ' gradjent vol ume of .five colum volumes, both _conponents
elute f?(‘;ﬁﬁ? um, @)8151 65‘8%’8{%( FBropigg g‘f‘a’n‘\éﬁgp“’?‘ﬁg ﬁé’éegbf’?lﬁ?%r ‘?ﬂ%%%*éd on
t he speedsamies saWQY hd@snidAe pa-agli-e By 1@{) elﬁgctééa@i;lqg@e S8t ghRhidh sbRedidRi@nd

abl e |

bel ow, as output to user for review "T me (mnutes) G adientVol ume
Concent r sgdanegntanoposo0 agdecreased start gradient solvent volume concentration value (b)

recalculating retention volumes for each elutable compound; (¢) determining whether
resolution between each elutable compound is achieved; and (d) repeating steps (a}, (b)
and (c) if resclution is not achieved.

16236} In a further exemplary embodiment, the computing system is capable of
initiating an end gradient solvent concentration adjustment procedure.

(6237} In an exemplary embodiment, the computing system performs the end
gradient solvent concentration adjustment procedure by (a) decreasing the end gradient
solvent volume concentration to a decreased end gradient solvent volume concentration
value; (b) recalculating retention volumes for each elutable compound; (c) determining
whether resolution between each elutable compound is achieved; and (d) repeating steps
(a}, (b), and (¢) if resolution is not achieved.

16238} In one exemplary embodiment, the computing system, after the resolution
calculation is complete, automatically provides gradient parameter values are to the liguid
chromatography system or a user for separation of the compounds.

10239] In another exemplary embodiment, the computing system, after a user
inputs the elutable compound properties into the computing system, provides the user with
at least one recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for separation of the
elutable compounds.

(6240} The computing system may be any computer or microprocessor that is
capable of performing the disclosed methods of the present invention. Suitable computing
systems include, but are not limited to, a personal computer, a mainframe computer, a

MICIoprocessor, etc.
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2% 2.4 20% EM = 20% [0283] The gradient profile was al so provided as

I nput to a liquid chromatography system conponent (e.g., liquid

chr omat ogwapbhy/wysttem conponent 12). The user accepted rh@/usatia/ 2zms
initiated a liquid chromatography separation procedure. FIG 15 graphically
depicts the actual chromat ogram show ng separation of the two el utable
conmponents using the optim zed gradient procedure described above in

Exanpl e 3 npl e atio

wae) < LRI The " dhe ML BARRER R0 AbnODellbl Bal PRANETIE: bRMELLY,
t wo corrpomm@mc(aﬂl o&;ythbiphmslaaliaﬂaﬁm%ﬁpbayémsoém@hﬁw)bwmra it azﬁxﬁatahde ran
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more clutable compounds to calculate capacity factors, k, for each of the two or more
elutable compounds using two solvent mixture systems, wherein k = (I — Rp)/Ry, and Rs
represents a retention factor for a given compound in a given solvent mixture system;
determining parameters (i) Ko and m or (ii) a and m in at least one equation selected from k
= ko™ for a normal phase system and In k = a - me for a reverse phase system using the
calculated capacity factors and first and second gradient solvent volume concentrations of
the first and second solvent mixture systems; and calculating initial start and end gradient
solvent volume concentration values, @ and ¢;. respectively, using an optimum capacity
factor value, ko and parameters (i) ko and m or (ii) a2 and m in at least one equation
selected from ¢ = [(koﬂ%pt}“m} for a normal phase system, and ¢ = [(a — In ko /m] for a
reverse phase system. As discussed above, the optimum capacity factor value, koy, may be
equal to 2.0 in some embodiments.

[6243] In exemplary embodiments of the present invention, the liguid
chromatography system comprises a computing system that is further capable of initiating
(i) a gradient duration period adjustment procedure (e.g., as shown in FIG. ), (ii) a start
gradient solvent volume concentration adjustment procedure (e.g., as shown in FIG. 7),
(i1i) an end gradient solvent volume concentration adjustment procedure (e.g., as shown in
FIG. 8), or (iv) any combination of (i) to (iii) as needed to provide one or more optimized
separation parameter values to a user.

[6244] In some embodiments, the liguid chromatography systems of the present
invention comprises software or code that enables the system to utilize the capacity
factors, k’s, and the first and second solvent volume concentrations to determine
parameters (i) ko and m or (ii) a and m of at least one equation selected from k = ko™ for

a normal phase system, and In k = a - m@ for a reverse phase system; calculate initial start

and end gradient solvent volume concentration values, @ and @ respectively, using an
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1.53 and ko = 0.16 for the second peak as paraneters for the equation k =
kw . Using kopt = 2 as k in this equation and the paraneters for the first
peak prowoes11a9sieart gradi ent vol unme concentration of PeI/USIING215hE
paranmeters of the second peak provides an end gradi ent vol unme concentration
of 20% [0286]By setting the gradient volume at one colum vol unme and
iteratively increasing it, ending (in this case) w th nmaxi mum gradi ent

corponent S EftyF e LUTERUE Bog o f BasiRL Kl HCoRER i an P hdenst ¢ e
purity noggs eqiatibekeleas® fidhi OR= [(E&yRRY'A T atddaRall phasd SReMDAR. ¢ Eea LG
optim zer_ provides the gradient profile, as set forth in Table 4 below, as
out put t okue/@H b reverse altase systsme uglizg te igikpstareand adatpdipntselvgnevolume
Concent r a&dn%@m@at%nz%lgeé ﬁx%) g’ ' g:ac?igr%o éur%u&«? %’eriod value to calculate (i) retention
volumes for each elutable compound using at least one of equations I (for a normal phase
mode) or IV (for a reverse phase mode) wherein A = the start gradient volume
concentration value; B = [(the end gradient volume concentration value) — (the start
gradient volume concentration value)}/(the gradient duration period value); V, is a column
void volume; Vp is a dwell volume; and V,, is an initial hold volume, (ii) an average
bandwidth of peaks of each elutable compound, w,, using equation II wherein V; and V,
are Vg values for elutable compounds 1 and 2 using equation I or IV above, and N is a
column efficiency, and (iii) a resolution between component peaks using equation III.
{0245] If (1) the two or more clutable compounds are completely eluted as
indicated by V; <« Vi + Vp + Vp + Vgand Vy; < Vi, + Vi + Vp + Vg, and (2) a resolution
R; of at least 1.5 is attained, the system provides the initial start and end gradient solvent
volume concentration values, and the initial gradient duration value, t,, to a user for
review. If (1) the two or more elutable compounds are not completely eluted as indicated
by Vi< Vy + Va4 Vp+ Vgand V<V, + Vi + Vp + Vgor (2) a resolution R, of at least
1.5 is not attained, the system either (i) provides the initial start and end gradient solvent
volume concentration values, and the initial gradient duration value, t;, to a user for
review, or (ii) initiates a gradient duration period adjustment procedure.
{0246} In some embodiments, the liquid chromatography systems of the present
invention comprise software or code that also enables the system to initiate a gradient
duration period adjustment procedure. The gradient duration period adjustment procedure
may comprise (a) increasing the initial gradient duration period value to an increased
gradient duration period value; (b) recalculating (i) retention volumes for each elutable
compound using at least one of equations I and IV and the increased gradient duration
period value, (ii) the average bandwidth of peaks, w,, using equation II, and (iii) the
resolution using equation III; and (c) determining whether the two or more elutable
compounds are completely eluted as indicated by Vi < Vi, + Vy+ Vp+ Vgand V; <V,
+ Vi + Vp + Vg, and (2) a resolution R; of at least 1.5 is attained. If (1) the two or more

elutable compounds are completely eluted as indicated by V; <V, + Vi, + Vp + Vgand
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[0287] The gradient profile was al so provided as input to a liquid

chr omat ogr aphy system conponent (e.g., liquid chronmatography system
conponentw@2p11/0ps4user accepted the data, and initi at edCa/uspeuioe2s13
chromat ogr aphy separation procedure. FIG 16 graphically depicts the actual
chr omat ogr am show ng separation of the two el utable conponents using the
optim zed gradi ent procedure described above in Exanple 4. Examle 5:
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gradient profile, as set forth in Table 5 bel ow, as output to user for
revi ew, Tedhtes (§ recalculating (i) retention volumes for each elutable compound using at least one

of equations I and IV, the increased gradient duration period value, the decreased start
gradient solvent volume concentration value, and the initial end gradient solvent volume
concentration value, (ii) the average bandwidth of peaks, wg, using equation II, and (iii) the
resolution using equation IIl; and (g) determining whether the two or more elutable
compounds are completely eluted as indicated by Vi <V + Vp+ Vp + Vgand V, < Vi
+ Vi + Vp + Vg, and (2) a resolution R, of at least 1.5 is attained.

16249] If (1) the two or more clutable compounds are completely eluted as
indicated by V; < Vi + Vi + Vp + Vgand Vo<V, + Vi + Vp + Vg, and (2) a resolution
R, of at least 1.5 is attained, the system provides the decreased start gradient solvent
volume conceniration value, the initial end gradient solvent volume concentration value,
and the increased gradient duration value to the user for review. If (1) the two or more
elutable compounds are not completely eluted as indicated by Vy <V + Vi + Vp+ Vg
and V2 < ¥y, + Vp + Vp + Vg or (2) a resolution R of at least 1.5 is not attained, the
system repeats steps (e}, (f) and (g), wherein steps (e}, (f) and (g) are repeated up to a
second fixed number of times. If the second fixed number of times is reached, the system

either (i) provides the decreased start gradient solvent volume concentration value, the
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Time (m nutes) G adientVolunme Concentration 0.0 3%0.6 3% A 9% .9 27% 23
27% [0291] The gradient profile was al so provided as input to a liquid
chr onat ogwaph11/094264 PCT/US2011/022513

initial end gradient solvent volume concentration value, and the increased gradient
duration value to the user for review, or (ii) initiates an end gradient solvent volume
concentration adjustment procedure.

[0250] In some embodiments, the liquid chromatography systems of the present
invention comprise software or code that also enables the system to initiate an end gradient
solvent volume concentration adjustment procedure. The end gradient solvent volume
concentration adjustment procedure may comprise (p) decreasing the end gradient solvent
volume concentration to a decreased end gradient solvent volume concentration value; (q)
recalculating (1) retention volumes for each elutable compound using at least one of
equations I and IV, the increased gradient duration period value, the decreased start
gradient solvent volume concentration value, and the decreased end gradient solvent
volume concentration value, (ii) the average bandwidth of peaks, wg, using equation I, and
(iii) the resolution using equation III; and (r) determining whether the two or more elutable
compounds are completely eluted as indicated by Vi <V, + Vp + Vp + Vgand V3 < Vi,
+ Vp+ Vp + Vg, and (2) aresolution R of at least 1.5 is attained.

10251} If (1) the two or more eclutable compounds are completely eluted as
indicated by V<« Vi + Vi + Vp+ Vgand Vo<V, + Vi + Vp + Vi, and (2) a resolution
R, of at least 1.5 is aftained, the system provides the decreased start gradient solvent
volume concentration value, the decreased end gradient solvent volume concentration
value, and the increased gradient duration value to the user for review. If (1) the two or
more elutable compounds are not completely eluted as indicated by Vi < Vi, + Vi + Vp +
Vgand V; <V, + Vy + Vp + Vg or (2) a resolution R, of at least 1.5 is not attained, the
system repeats steps (p), (q) and (r), wherein steps (p), (q) and (r) are repeated up to a third
fixed number of times. If the third fixed number of times is reached, the system provides
the decreased start gradient solvent volume concentration value, the decreased end
gradient solvent volume concentration value, and the increased gradient duration value to
the user for review.

10252} In any of the above-described liquid chromatography systems, the
computing system is further capable of providing (i) an initial or decreased start solvent
volume concentration value, (ii) an initial or decreased end gradient solvent volume
concentration value, and (iii) the increased gradient duration value to a liquid

chromatography separation unit for use in liquid chromatography separation unit software,
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system conponent (e.g., liquid chromatography system conponent 12). The

y np !

user accepted the data, and initiated a |iquid chromatography separation
pr ocedur e¥ORD/094%64gr aphi cal | y depi cts the actual chronmeRCogrsanmspasns ng
separation of the three elutable conponents using the optim zed gradient
procedure descri bed above in Exanple 5. WD 2011/ 094264PCT/ US2011/ 022513
[0292] Whi | e the invention has been described with a |imted nunber of
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more gradient parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system, and capable of automatically providing
the gradient parameters to the chromatography system.
[0255] In an exemplary embodiment, a liquid chromatography system includes a
computing system; and a user interface with the computing system; wherein the liquid
chromatography system is capable of (a) separating two or more clutable compounds with
liquid chromatography using one or more properties of the elutable compounds input into
a computing system, which is in communication with the liquid chromatography system;
(b) determining one or more gradient parameter values for a liquid chromatography

separation of the elutable compounds performed by the computing system; and (c)



utilizing the capacity factors, k's, and the first and second sol vent

vol ume concentrations to determ ne paraneters (i) ko and m or

(ii) a and m

of at | ea®D20ne9¢puati on sel ected from k = kotp-m for &Cmaispéialo2zshihse

system and In k = a - ny) for a reverse phase systenm and

calculating initial start and end gradi ent solvent volune concentration
val ues, (pis and (pie respectively, using an opti mum capacity factor val ue,
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period value to calculate (1) retention volunes
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concentration value for the liquid chromatography separation; and utilizing the start and
end gradient solvent volume concentration values to calculate the elutable compound
retention volumes and resolution between the elutable compounds.

[0257] In one embodiment, the resolution may be recalculated by varying the start
or end gradient solvent volume concentration values as described herein.

{0258] In another exemplary embodiment, the resolution is recalculated by varying
gradient solvent duration volume as described herein.

[6259] In one exemplary embodiment, a computing system using software in a
chromatography separation unit, wherein after resolution calculation is complete, gradient
parameter values (times and concentrations table) are automatically provided to the
chromatography unit or user for separation of the compounds.

[0260] In an even further exemplary embodiment, a liquid chromatography system
is capable of separating two or more elutable compounds with liquid chromatography
using one or more properties of the elutable compounds input into a computing system in
comununication with the liquid chromatography system, capable of determining one or
more gradient parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system, capable of automatically providing the
gradient parameters to the chromatography system, and capable of utilizing the computing
system to generate recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for separation of the
elutable compounds.

(0261} In an exemplary embodiment, a liquid chromatography system includes a
computing system; and a user interface with the computing system; wherein the liquid
chromatography system is capable of (a) separating two or more elutable compounds with
liquid chromatography using one or more properties of the elutable compounds input into

a computing system, which is in communication with the liquid chromatography system;



rntl - + V B (I), and 1 IninB 117,, e-(VD + )1+ 11+ + VD + V h B)(1V),
wherein: A = the start gradi ent volune concentration val ue; B =][(the
end gradiwotouaglowse concentration value) - (the start graditseal1wedsusie
concentration value)]/(the gradient duration period value); V', is a colum
void volume; VDis a dwell volume; and Vh is an initial hold vol une;
(b) utilizing the computing system (o generate at least one recommended type of
chromatography method, chromatography media, chromatography column size, and
chromatography solvents to employ for separation of the elutable compounds; and (c)
utilizing the computing system to determine one or more gradient parameter values for a
liquid chromatography separation of the elutable compounds.
(6262} In one exemplary embodiment, the computing system is capable of
automatically providing the gradient parameters to the liquid chromatography system or a
user; and communicating with the liquid chromatography system to separate the two or
more elutable compounds.
[0263] In an cxemplary embodiment, the computing system is capable of
determining the gradient parameter values by utilizing chromatography retention data to
estimate capacity factors of two or more elutable compounds; utilizing the estimated
capacity factors in combination with an optimum capacity factor value to determine (i) a
start gradient solvent volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and utilizing the start and
end gradient solvent volume concentration values to calculate the elutable compound
retention volumes and resolution between the elutable compounds.
[0264] In one embodiment, the resolution may be recalculated by varying the start
or end gradient solvent volume concentration values as described herein.
{0265] In another exemplary embodiment, the resolution is recalculated by varying
gradient solvent duration volume as described herein.
{6266} In one exemplary embodiment, a computing system using software in a
chromatography separation unit, wherein after resolution calculation is complete, gradient
parameter values (times and concentrations table} are automatically provided to the
chromatography unit or user for separation of the compounds.
[6267] In an exemplary embodiment, a liquid chromatography system includes a
computing system; and a user interface with the computing system; wherein the liquid
chromatography system is capable of (a) separating two or more elutable compounds with
liquid chromatography using one or more properties of the elutable compounds input into
a computing system, which is in communication with the liquid chromatography system;
(b) determining one or more gradient parameter values for a liquid chromatography

scparation of the clutable compounds performed by the computing system; and (c)
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(1i1) an average bandw dth of peaks of each el utable conmpound, wg, using
equation 11: wk 2 VI + V2 /R/7\1- (11), wherein: VI and V2 are VR
val ues fowoebur@igdee conpounds 1 and 2 using equation | @®CTIU2@bo22513 and N

is a colum efficiency; and (iii) a resolution between conponent peaks
using equation IIl: = (V2 - Vi)/W(lll) ; and if (1) the
or nore el utable conpounds are conpletely eluted as indicated by V1 <V," +
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capacity factors of the two or more elutable compounds using retention data of the elutable
compounds into a computing system; (b) utilizing the computing system to determine
whether the two or more elutable compounds will not separate with the estimated capacity
factors; (c) utilizing the computing system to generate at least one recommended type of
chromatography method, chromatography media, chromatography column size, and
chromatography solvents to employ for separation of the elutable compounds; and (d)
utilizing the at least one recommended type of chromatography method, chromatography
media, chromatography column size, and chromatography solvents to separate the two or
more elutable compounds.

10269] The present invention is described above and further illustrated below by
way of examples, which are not to be construed in any way as imposing limitations upon
the scope of the invention. On the contrary, it is to be clearly understood that resort may
be had to various other embodiments, modifications, and equivalents thereof which, after
reading the description herein, may suggest themselves to those skilled in the art without

departing from the spirit of the present invention and/or the scope of the appended claims.

Example 1. Normal phase separation of two components {Specd Mode).

102703 The user selected silica as the TLC plate type (normal phase), spotted the
two components (butyl paraben and methyl paraben) on a plate and ran with a 20% solvent
volume concentration. The Ry values of the two components were 0.35 and 0.24. The user
potted another plate and ran this one with 30% solvent volume concentration. The Ry
values of the two components were 0.50 and 0.39. The user selected a 12 g silica column
(normal phase) and a flow rate of 36 ml/min for the LC separation. The user inputs the
data into the LC optimizer, which has been installed in a flash chromatography system
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(b) recalculating (i) retention volunes for each el utabl e conpound using at
| east one of equations | and IV and the increased gradi ent duration period
val ue, (iWP20h9a26er age bandwi dt h of peaks, wg, using edgqaatuseot1ior2siand
(iii) the resolution using equation I11; (c) determning
whet her the two or nore el utable conpounds are conpletely eluted as
indicated by V1 < V. + Vh + VD + VG and V2 < VmVh VD + VG and (2) a
resol utio o T .4l " : : L . 61)
the tuo o rmve EPERLE Hask spubd {3hAME B 3B Pavispr Disgoxery;Scimeeh o), vy
< + Vh + Mcis UGspaed tM@le< Vm Vh VD + VG and (2) a resolution Rs of at

| east 1.5,] ttaingd, said methad further conpri roviding the initial
start and{égﬁafgr adi ﬁﬁ? Qgtbrfl%%?a%?fgiﬂﬁw %gr%eﬁdﬁ‘glﬁ @ﬁg\fgtl %8&“%??33{ fpbm =

i ncreased Fent i , r [V L QIm .

(D st aad Ep 00k B el tRak 2 bR ok e oA = R0, Using

i ndi cat ed=Ryas\d in<his ehationdddAhe YBaawerdDr theMivsMpeak IgiveVR starlVBadient Dlurae
resolution Rs of at least 1.5 is not attained, said nethod further
Conpr | sesCTEFURIORGT D0 is the Ryarmsies Cfie WHAALPIPRS o 2 end Badiend (o)
are repeat@embRob@niatidd Sto7% xed nunber of tinmes; and if the first fixed

nunber of tines is reached, providing the initial start
and end gifddZkent soByessttingothgngradint eviunat iabroneadakes) aidne hadi horbeded

gradi ent durat.ion val.ue.tg.the user for revie or.initiati a start

o ad ent CoieBtRE T, SRECR Bt el S o il Bl Vst PR OB itnod o
claimb5, wher@iposaid diak esinf sonkngr TRIPI0 286meRL do&b@nOlhel Hebd ahodtg the
start gradient solvent vol une concentration adjustnment procedure, wherein
sai d st arProgidgsithepradint venftle.as|seiferth o d able i deidon aaepmut inaiver for svvéatur e

conprises: (e) decreasi %C#HQ start gradient solvent volune
concentration to a decreased start gradient solvent volune concentration
val ue; (f) recal cyl atflimg (i) r@&hewh Veluvel ufes for each
el utabl e conpound (minutes) Concentration
0.0 19%
0.7 19%
4.7 27%
38 27%
{6273} The gradient profile was also provided as input to a liquid chromatography

system component (e.g., liquid chromatography system component 12). The user accepted
the data, and initiated a liquid chromatography separation procedure. FIG. 13 graphically
depicts the actual chromatogram showing separation of the two elutable components using

the optimized gradient procedure described above in Example 1.

Example 2: Normal phase separation of two components {(Puritv Mode).

{6274] The user selected silica as the TLC plate type, spotted the two components
(butyl paraben and methyl paraben) on a plate and ran with a 20% solvent volume
concentration. The R values of the two components were 0.35 and 0.24. The user then
spotted another plate and ran this one with 30% solvent volume concentration. The Rs
values of the two components were 0.50 and 0.39. The user selected a 12 g silica column
and a flow rate of 36 ml/min for the LC separation. The user inputs the data into the LC
optimizer, which has been installed in a REVELERIS™ flash system and selects the purity

mode.
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using at |east one of equations | and IV, the increased gradient duration
period val ue, the decreased start gradient solvent volune concentration
val ue, armiotha/idici al end gradi ent sol vent vol unme con@®€mtusaelitoeesval ue,
(ii) the average bandw dth of peaks, Wj, using equation H, and (iii) the
resol ution using equation IIl; (g)determ ning whether the two or nore

el ut abl e conpounds are conpletely eluted as indicated by V1 <V + Vh + VD +

VG and V, {@7§fﬂ + VR {DodriddBer @&Quié%)s (‘?) rie%%%&a% angRg @t th%tﬁr%t:;gqikmé ahd B LS

attai ned, or nore el conpounds
are corrpl ¢17dland &b R A% thaticesd pehkly pifantetdd forthe/Bqubti¥Pk = Mo antin g&os Vrn
Vh -1- VD+VG and (2) a resolution Rs of at least 1.5 is attaine Sai d

met hod f uFtdhsrk @dﬁﬁr%é@%@!&ﬁhﬁ PRgmMetss s chebisbpeaktsiyes agat%%ﬁtenémivmt
vol unme co .0 e t

concentr a? %%%ﬁ%ég%dge& l\é}% Ui[' ﬂéé ragééés}%%lsggr?a [ %rc?g %g% L%glg%\?glaﬁl e%fj ég%%eemuser
for revi ewlunk concentration of 27%. if (1) the two or nore el utable

conmpounds_are. not cqnpl etel el uted as,indicated Vl <+ Vh + VD + VG and
V2 < Vh H(BE0 Ve oPY(3f ST R ol nei @égmlv@u% #st igietigslied,
said met hggd éak’iﬁz%@@%m@é){mrﬁ'ﬁ@ @8sch %@xaﬁ:hﬁﬂnﬁﬁ g&%ieﬁlﬂmlu% L AL
steps (e), (f) d (g) are repeated up to second fIX er of tirnes
and if thboté@@mmmms( eldtenfrodpenolwfin.t Bines gosd resalthiod is not thamed based on the

providing_ tk e decr eas ar.t _gradien ol vent. vol u concentratio vaI ue,
Phe’i ni ¢ RIS, T B Tt Bt R it Gring SRRl lu
I Nncr easedegiicasti8idh:. duration value to the user for review, or initiating an

end gradi ent sol vent volunme concentration adjustnent procedure. 7.The
met hod of {734l m 6, Wheptaitrabey velupepicortidiion 1&&%&1&@@@@@3&5@@%@}3@ vRy

initiati ng é‘f'%wﬁx%gt Q&Q}g g%ma% ﬁﬂ%@ e%gxixjvengg t?i '1183{}3 Q@'} g;?ém cgilumn.,

procedure, wherein sa |en concen ion

adj ust nenThpl.Ocpduiger (pmmedss:e she optimization of the &) grdéieneagime chdenesids,

gr adi ent Lvent vol ume concentration to a decreased end gradi ent sol vent

vol ume Cofﬁﬁgﬁi rati oht Q,g:p(ﬁgr,adiem volume concentration is iteratively decreased to 19% and
both components elute from column. The optimum resolution for this run time has been

obtained. The gradient profile, as set forth in Table 2 below, is now provided as output to

the user.
Table 2
Time Gradient Volume
{minutes) Concentration

6.0 0%

1.8 8%

4.7 19%

3.8 19%
{6279} The gradient profile was also provided as input to a liquid chromatography

system component {(e.g., liquid chromatography system component 12). The user accepted
the data, and initiated a liquid chromatography separation procedure. FIG. 14 graphically
depicts the actual chromatogram showing separation of the two elutable components using

the optimized gradient procedure described above in Example 2.

Example 3: Normal phase separation of two components {(Speed Mode).

{6280] The user selected silica as the TLC plate type, spotted the two components
(dioctyl phthalate and butyl paraben) on a plate and ran with a 20% solvent volume

concentration. The Ry values of the two components were 0.75 and 0.35. The user then
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(q) recalculating (i) retention volunes for each el utable conpound using at
| east one of equations | and IV, the increased gradi ent duration period
val ue, thwoadetrmwamed start gradi ent sol vent vol une conce@nfTrseélsn22sa ue, and
t he decreased end gradi ent solvent volume concentration value, (ii) the
aver age bandwi dth of peaks, wg, using equation Il, and (iii) the resolution
usi ng equation H; (r) determ ning whether the two or nore

el utabl e S : + VD
o VL0 o CRTRANMER iy AT i R0k B Bl i ¥ 1,
attai ned, valnes of the two components weief0.§d jnd G601 Whe asernpleeted laUiap bilice cotpmrnds
arecorrple el ut ed dic V1l <V + \Vh + VD + VG and V2 < Vm Vh +
VD s Ve S ey el B el Mo R S Do’ 115 vier mpbiaiie 84 48 vkl hod
further copphiSeswiREPNidicas ilshficdos : sasast ItR™ rgindisent a&?ée‘f&%tﬂu\! Qbeel®

concentration value, the decreased end gradi ent sol vent vol une
concent r attioda. val ue, and the increased gradl ent duration value to the user

f i 1 b] e d
(06 ot chasil, o1, Theprimizer erlaralss oty Ui B P e Ttk ang TRV
Vh + VD +1 %608 kf 2)0.Bs RN 4bb@pd3% 8f a?aﬁnét&@?éﬁﬁeéqdaﬁ@ﬁgt“ ngmmﬁg kg2l d

nmet hod further conprises repeatlng steps (p), (q) erein ste ps
(p), (q) ardds(yip hseqrepeeangdhe panoeters fir e ﬁ’uskg@krgwﬂsearstm gtadiwesyolamed i f
the third fixed nunmber_of . tinmgs i s reac rovj.di ng
the decr eSUlSHREY Y o i uie B RANREGE ThibectrRhprak oot 4 el e
decr easedvgngie@bagingstiorsef ¥8pt vol une concentration val ue, and the
increased gradient duration value to the user for review. 8. The nethod of
claim 7, 2ki n t hBYi siiting they geadicant valigratat omepesinog vx@umé sl geratiedy urm
vol unme, e r. b en [ i fers

anot her b?/l%a a%)ll%g lgﬁ%l%gnﬁg Eiﬁd{hgso%%s%g ‘ﬁg{agﬁn%g%{ﬁl ggg%agkﬁgﬁ? ar% ger gglﬁe"!r’?twE vent
vol une cowndames ahatbma@oumm@ﬂmeifmﬁ ahont, 096 fesalufioe i ebgisddarihedr@di ent
sol vent vol une c i on val ecreased end gradient sol vent

t
vol une co?ﬁ%??%%gﬁ%nwg épw é%m‘ﬁg%%‘g ° SEAIBY PEOIHF et S OEN Tbd? ent

sol vent vgliue,GRRGE R hak r@neviglkue, the first fixed nunber of times is
about 10, the second fixed nunber of tines is about 100, and the third

fixed nunber of times is about 100. DablgBe met hod of claim2, wherein said
step of utilizing the capgetty—factars—conrpri gt erm ni ng pararreters ko
and m 10. The nethod of ‘¢4 nh gﬁgifeéan sa?@‘ug?ep of providing the
initial start and end gr adBEREes PROCOEEYMe_concdntrati on val ues, and the
i ncreased gradi ent duratii@® value %%t he user for rieview al so conpri ses
providing the initial staft® and end2%r adi ent sol verit vol ume concentration
val ues, and the increased2gr adi ent| 2ibati on value tjo a liquid

2.5 20%

[6283] The gradient profile was also provided as input to a liquid chromatography
system component (e.g., liquid chromatography system component 12). The user accepted
the data, and initiated a liguid chromatography separation procedure. FIG. 15 graphically
depicts the actual chromatogram showing separation of the two elutable components using

the optimized gradient procedure described above in Example 3.

Example 4: Normal phase separation of two components (Puritv Mode).

{6284} The user selected silica as the TLC plate type, spotted the two components
{diocty! phthalate and butyl paraben) on a plate and ran with a 20% solvent volume
concentration. The Ry values of the two components (dioctyl phthalate and butyl paraben)

were (.75 and 0.35. The user then spotted another plate and ran this one with 30% solvent
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chromat ography separation unit for use in liquid chromatography separation
unit software, wherein the |liquid chromatography separation unit software

i s oper atwoeby/@dmpt ed to accept and utilize the initialPCSitsee11ami1znd
gradi ent sol vent volume concentration values, and the increased gradi ent
duration value during a liquid chromatography separation procedure. 11. A
conput er readabl e medi um having stored thereon conputer-executable

instructi 9&%?1;6%011%;&8 A2 Re LR (0h c%l{r%% s were4).8 @@B?t ?Ee [&adabl e

medi um havi ng stor ereon conput er - execu I NStructi ons
per f or m ngaia;dnﬁi ak? godicafcobinai andsa ﬂowSate; Af Bb mnjmm For oineal G gegpinyons YTae asar

conprisin n em user terface.w sai ' tem
ona ! Mhouf GG nREYE Sifeiree orridt s een Al SE Aok S REER L R

per f or mngﬁt@aﬁ@gigggﬁggﬁyﬁé@ m 8. 14. The liquid chromatography system
of claim 13, further conprising: a liquid chromatography separation unit

conpri si nﬂizgéi | i qui dhe hpiomizeogpiaghips ooF Ontl, and Kor-a84lil dor @@Ifiraqte@k andnu=

liquid ch a aration unpit softwar wherein th

chr omat ool SARYS Lo 0k 1 FE e R aepaameiceer deaeripmseee. L iedeept
and utilize gne ﬁrthﬁfbrq%a@ﬁi bt a@dpa%ﬁ&@l%smp@s@ﬂﬁ ?Eﬁ( FRAREk @eszﬁa@fgpé&érﬁg
system whil e separating a sanple in the liquid omat ogr aphy col'umm. 15. A

liquid chvﬁmdgma@mymsiy@f @r% c‘épa;blt@ pirapew of ﬁg sspendopeakoprovidepan atid on
par anmet er 515902 use qui d chromat ogr aphy separation, said
system co%% }ie Oiumgcg%cﬁﬁ mﬁlg %%f em and a user interface with said

conmput i ng{geBsf em By setting the gradient volume at one column volume and iteratively
increasing it, ending (in this case} with maximum gradient volume of ten column volumes
based on the purity mode setting, both components elute from column. Because of the
rigorous conditions set in the purity mode, better resolution is obtained than in speed
mode. The LC optimizer provides the gradient profile, as set forth in Table 4 below, as

output to user for review.

Table 4
Time Gradient Volume
{minutes} Concentration
8.8 2%
8.6 2%
4.7 20%
2.7 20%
[6287] The gradient profile was also provided as input to a liquid chromatography

system component (e.g., liquid chromatography system component 12). The user accepted
the data, and initiated a liquid chromatography separation procedure. FIG. 16 graphically
depicts the actual chromatogram showing separation of the two elutable components using

the optimized gradient procedure described above in Example 4.

Example 5: Normal phase separation of three components.,

[0288] The user selected silica as the TLC plate type, spotted the three components
{(a-Tocopherol, 6-tocopherol, and methyl paraben) on a plate and ran with a 20% solvent
volume concentration. The R; values of the three components were 0.69, 0.57 and 0.24.

The user then spotted another plate and ran this one with 30% solvent volume
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sai d conmputing system bei ng capabl e of: utilizing
chromat ography retention data to estimate capacity factors, k's, of two or
nor e el utwbl2e1icomseunds within (i) a first separation c®EPUSSIMMGY22513 i r st
sol vent vol une concentration and (ii) a second separation conprising a
second sol vent vol une concentration, wherein the second sol vent vol une
concentration is different than the first sol vent vol unme concentration;

uti i zi ngeddign@fildnTaliRR GARRE bf delRGE QbBpbitrORRL IR, 0aWinhid RN QRL LM
capacity factor value, kept, to determ ne (i) a start gradi ent sol vent

vol ume cosrdeated atlﬁcgn siligd g@un“@nzdld(a ﬂ))wamtee@fd?»&gnddmenfﬁrﬁm LEnsepymatiomre The

or ovi i nguter oA HE; defd e o L0 Colfir PR B RGBS AERRES I ¢ ORI

(i) the fAnd @k ent sol vent vol ume concentration value to the user for
review, 16. The | |%w d chromat o%r aphy system of claim 15, wherein said

user inteli288k conpihe ertinizer ealaates syt By/4med ko . Ister the firgt peplemi= il d

of - O CORRPRY SRy Bl FocBbd ol 95 2L 72530, £PIRN R RERRT Rk G800 °

sol vent vpdrhfeteaongeht r@hamz{t-ﬂ kgl@t“er Ubing A amehekSin(dhls kQuatibfl aMiahe (1 1)
a and mof at |east one equation selected from k = ko9-mfor a nornal

phase syspasppeigrdor medint peak givgs fotarbgiedipat wluph asecesyatiamgt 3%. Using the
cal cul at I ax'n@fe% ?ﬁl %t S%Eéﬁda@%kv%gesg&?’ gﬁ&? ggaﬁe% \{’%R).tﬁlev 8&%‘3:@&1‘2&%%%% tﬂg a%irs?”
pI ac

val ues, 'S an e respe or “val ue,
kvt and pwgmt of S%.i )Uskrg aaaq;asmmtm(slof)tha thaindl paah gwai aheﬁ&tgrmieﬂtemlhﬁht on
selected from = ko ko for ? %grnal phase system and 9 =- In

k0) / ni fo?ms@fit@@‘& ﬂ§§ TagHt of 2 utilizing the initial start

and end gfgagpent SOEV‘%@ﬁm% %ﬁdﬁsﬁf“%&ﬂﬁk%'tﬁé‘fﬁ’s@' ent 30 8p@cHLAR Fllme
duration period value to late (1) retention vol unes each ut abl e
conpound arsl iterately amstasmget,eupditg with segrediendvinmmof 3 column volumes, good
resolution is obtained. The first and second peaks elute but the third does not.
Consequently, the use of a second segment is needed to achieve resolution of the
components. By setting the gradient volume of the second segment at one column volume
and iteratively increasing it, ending with a gradient volume of 4 column volumes, good

resolution is obtained. The LC optimizer provides the gradient profile, as set forth in

Table 5 below, as output to user for review.

Table 5
Time Gradient Volume
{minutes) Concentration
6.0 3%
0.6 3%
14 8%
1.9 27%
25 7%
(0291} The gradient profile was also provided as input to a liquid chromatography

system component {(e.g., liquid chromatography system component 12). The user accepted
the data, and initiated a liquid chromatography separation procedure. FIG. 17 graphically
depicts the actual chromatogram showing separation of the three elutable components

using the optimized gradient procedure described above in Example S.
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In nBV ", e(a-InA) -(VD Vh )1+ 11+ Vrm+ VD Vh wherein: A = the start
gradi ent vol unme concentration val ue; B = [(the end gradient vol une
concent r avpanivelzee) - (the start gradi ent vol une conceRCTAISR@N/022513
value)]/(the gradient duration period value); Vrn is a colum void vol une;
VDis a dwell volunme; and Vh is an initial hold volune; (ii) an average

bandwi dt h of peaks of each el utable conmpound, wg, using equation Il: wg
. 2. (1 1+V2hghedN (1 1) witleER! Bavention hasvbtee@r&éseé?ogar %IMRavm&a henpgl wpabl e
conpounds 1 and 2 using equation | or 1V above; and s a colum

ef fi ci encggpbeichents, these specific embedimems are not mtended to limit the scope of the
invention as otherwise described and claimed herein. It may be evident to those of
ordinary skill in the art upon review of the exemplary embodiments herein that further
modifications, equivalents, and variations are possible. All parts and percentages in the
examples, as well as in the remainder of the specification, are by weight unless otherwise
specified.
{0293] Further, any range of numbers recited in the specification or claims, such as
that representing a particular set of properties, units of measure, conditions, physical states
or percentages, is intended to literally incorporate expressly herein by reference or
otherwise, any number falling within such range, including any subset of numbers within
any range so recited. For example, whenever a numerical range with a lower limit, Ry, and
an upper limit Ry, is disclosed, any number R falling within the range is specifically
disclosed. In particular, the following numbers R within the range arc specifically
disclosed: R = R + k(Ry -Ry), where k is a variable ranging from 1% to 100% with a 1%
increment, e.g., k is 1%, 2%, 3%, 4%, 5%. ... 50%, 51%, 52%. ... 95%, 96%, 97%, 98%
99%, or 100%. Moreover, any numerical range represented by any two values of R, as
calculated above is also specifically disclosed.
[(4294] Any modifications of the invention, in addition to those shown and
described herein, will become apparent to those skilled in the art from the foregoing
description and accompanying drawings. Such modifications are intended to fall within
the scope of the appended claims.  All publications cited herein are incorporated by

reference in their entirety.
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(tii1) a resolution between conponent peaks using equation Il1l: Rs = (V2 -
VO W(lIll) ; and if (1) the two or nore elutable conpounds are
conpl et elwoebutwereas i ndi cated by V1 < + Vh + VD + VG amdTNB26110e2543 Vh + VD
+ VG and (2) a resolution Rs of at least 1.5 is attained, providing the
initial start and end gradient solvent volune concentration values, and the
initial gradient duration value, tg, to a user for review, and

if (1) thekue 18! t abl e conpounds are not conpletely eluted as

i ndi cated by Vitgck\m;i, +§I\I)ﬁ + V0 + VGand V2 < Vm+ Vh + VD + VG or (2) a
resolution Rs of at least 1.5 is not attained, either: provi di ng

the initial start and e radi ent sol vent volune concentr ue and
the o ti b o Bumsliod soh dePhabing tae O ghor S aUERepa R Splsh, 1o lidid
initiati ngngmgf@gipgggqg,%t%l %ﬁﬁ{ﬂ(}g@(}%@i@&gmnt procedure. 18. The | i quid

chromat ogr aphy systemof claim 17, wheréin said step of initiating the
gradi ent durati on petilizieg aﬂ@tpa@tmﬁaymﬁ@nmd@a toegtimiasesapaciyy factre&di. 0§ t he

o om0 s MO LoBBlR NRb 0! 5B SPSLSAT AR OB 27, g
(i) ret enmmme\@hmané@ran@aﬁh a BtdRbicpa 0P Quigrisiak NUsbnd @@mmommﬁé_ _
equations | and |V and the increased gradl ent duratl on period val ue

the aver affECBFIRRdVRCISM HeareOndviglvensyolgmegeaesnimtion is diffgrept ffiap ﬂﬁehﬁrst
resol uti O%U%Q&uﬁg%h&&%aﬁ& and (c) determ ning whether the two

or nore e I e conpounds ar'e conpletely eluted as indicated by VI <+ Vh +
VD + VG and V2 < Vmutilieindithe ¥Bmated capacity factors in combination with an optimum

capacity factor value, ko, to determine (i) a start gradient solvent volume concentration
value, and (ii) an end gradient solvent volume concentration value for the liquid

chromatography separation.

2. The method of claim 1, wherein said method comprises:

utilizing the capacity factors, k’s, and the first and second solvent volume
concentrations to determine parameters (i) ko and m or (i) a and m of at least one equation
selected from:

k = ko™ for a normal phase system, and
Ink = a - m@ for a reverse phase system; and

calculating initial start and end gradient solvent volume concentration
values, @ and @, respectively, using an optimum capacity factor value, key and
parameters (i) ko and m or (ii) 2 and m in at least one equation selected from:

¢= [(kof’kﬁpg)“ ™1 for a normal phase system, and

¢ = [(a - In ko )/m] for a reverse phase system.

3, The method of claim 2, wherein the optimum capacity factor value, ko, is equal to
2.0.
4. The method of claim 2, further comprising:

utilizing the initial start and end gradient solvent volume concentration

values, and a gradient duration period value to calculate (i) retention volumes for each

67



and (2) a resolution Rs of at least 1.5 is attained, and i f
(1) the two or nore elutable conpounds are conpletely eluted as indicated
by V1 < WoR0Mm4£26¥D + VG and V2 < Vm Vh + VD + VG andP(CI)USaomn@esiizit i on Rs
of at least 1.5 is attained, providing the initial start and end gradi ent
sol vent vol une concentration values, and the increased gradient duration
val ue to the user for review, or if (1) the two or nore

el ut abl e &9@ dicated by V1 <V', + Vh +
VD + VG a%%?%gc“ (ﬁg}ﬁum%%g%ﬁ &‘{aﬁﬁ?’%&?gﬁg utron Rs of at least 1.5 is

not attai ned epgat i teps (b) yan \M}preln steps (a), (b) and

(c) are repegked—ﬁgn ﬁ‘i’»rS‘ e )“l)i d ég%i'i V.ahHpitfVit he first

fi xed nunber fines is reached I‘OVI di ng t hébiawdt | al

start and end gr adi e ql vent voI ume concentration values, and the

i ncreased gradieny, rati| mﬁizug tﬁ@i{ge yye)]ﬁg yrewewy or initiating a

start gradient sol Ve chjI cdncent rat’i on adj ust frent” proc&@?re 19. The

| i qui d chronmat ography system of claim 18, wherein said step of initiating

t he startwhemti:ent sol vent vol urre concentration adjustment procedure

conpri ses: @&}% crea the start gradient solvent volune
concentration £ %ed agery %ﬁ“ CHICSHFEIN W@Blvent vol une concentrati on

val ue; (Orecal gul %;1@ Ond indadieBit %Mneﬂca&ewﬂﬁﬁmf Pliugachné ibahh&emomaupd

using at |east one of equations | and IV, the increased gradient duration
peri od va¢€a@€nttﬂii@nd’@hﬁeﬁﬁmrgdiamtdugatmlmrﬁt&d selugent vol ume concentration
val ue, and theginjti end. regdl ent soI vent vol unme concentration val ue,
(ii) the average 1%%?1?2\%‘1& “gim @5ks wg, using equation Il, and (iii) the
resol uti on usi wg ieggatit @Bluhlel and WO 2011/ 094264PCT/ US2011/ 022513

Vi is an initial hold volume;

(i1} an average bandwidth of peaks of each elutable compound, w,, using equation II:
w, =2(V, +V, )IN @

wherein:
V; and V; are Vg values for elutable compounds 1 and 2 using equation I or IV
above; and
N is a columm efficiency; and
(111} a resolution between component peaks using equation IIL:
Ry=(Vy-Vi)w, (li);and
if (1) the two or more elutable compounds are completely eluted as
indicated by Vi < Vp, + Vi + Vp + Vgand V; <V, + Vi + Vp + Vi, and (2) a resolution
R; of at least 1.5 is attained, said method further comprises providing the initial start and
end gradient solvent volume concentration values, and the initial gradient duration value,
t5, to a user for review; and
if (1) the two or more elutable compounds are not completely eluted as
indicated by Vi<V + Vi + Vp+ Vgand Vy <V, + Vi + Vp + Vgor (2) a resolution R,
of at least 1.5 is not attained, said method further comprises initiating a gradient duration

period adjustment procedure.

5. The method of claim 4, wherein the gradient duration period adjustment procedure

comprises:
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(g)determ ning whether the two or nore el utable conpounds are conpletely
eluted as indicated by VI <+ Vh + VD + VG and V2 < VmVh + VD + V@ and (2)
a resol utwonoR#a9¢fe4at | east 1.5 is attained, and PCT/US2011/022513 f  (|)
the two or nore el utable conpounds are conpletely eluted as indicated by V1
<Vrn + Vh + VD + VG and V2 < VmVh + VD + VG and (2) a resolution Rs of at
least 1.5 is attained, providing the decreased start gradient sol vent

vol ume concentrati ona)val URreabig thdidilidll grafidndiadiodNer| vaRRt 04! iHFBased
concentration value, and the increased gradi ent duration value to the user

for revi egadigpt duration period value; if (1) the two or nore el utable conpounds

are not conpletely &gm efhe iaﬂgé @t ?egeiﬁ%() n %%Iga%xzéivéér toaliP etfutg/‘?ci;gapo epguné vm

Vh + VD + VG or (2) resol ut ron i'S"ho ain

repeat i ngusihg psie@ﬂ)qne(cﬁ‘)eqamdm(s Q)and\&kf%z?l the $iceqased %)adice(lf %uraﬁ@h ﬁ@é@d}?ﬂ‘a@aed
repeat ed 0 a sec ndflxed nupber of tines; and if the secon i xe
nugber faB E%?Eé“’?r%g‘? andyadth of peaks, wy, using equamm Bvawt Ry thrercadleh@nisBg st ar t
gr adi ent t?jggffigﬁlgmvol unme concentration value, the initial end gradient

sol vent vof ume concentration value, and the increased gradi ent duration
value to the user f@) redéteminmg M&nﬁﬁlﬁzatthmgwancemmbrgrddﬂahht cmpmmxig arel une

crai m 16, CoRar BN ARETE BRI M Py t e Yo R T e SO IerR L Ve ure.

concent r agndie) @@Igtsuﬁm@ﬁ@zg oPhA6RH Y58 GRITRE], 388 (p) decr easi ng
the end gradient solvent volume concentration to a decreased end gradi ent

sol vent vol une concent r afi(hthgdwgeor more elutable Cﬂmpfelqﬁs @iﬁ:@?mﬁip@iﬁ glgfed 2y

retention, ang%?\? oL \ﬁagf’v el %t?ed & grg)oy@d US})Ngyat, aa%%\;?}ra re%i%i?%%n

equat i ons" fhé& i ndr ent ‘dur at on® per
decr eas edR&biéittleeg[ adi enttamed vait metlod fertanoaniised pronidval he ml&lﬁstﬁfﬂ and
decreased end radl nt soI vent vol une concent ration val ue (i.i) the average

bandwi dt hes¥ 813 ﬁ?% sohYEpt YRINME cofeentiaban Mrluesnand fhej increated, gadieht foRtioRi ng

equati on $dihs to the user for review, or

if (1) the two or more elutable compounds are not completely eluted
as indicated by Vi <V, + Vi + Vp + Vgand Vo <V, + Vi + Vp + Vgor (2) a resolution
R; of at least 1.5 is not attained, said method further comprises repeating steps (a), (b) and
(c), wherein steps {(a), (b) and (c) are repeated up to a first fixed number of times; and

if the first fixed number of times is reached,

providing the initial start and end gradient solvent volume
concentration values, and the increased gradient duration value to the user for review, or

initiating a start gradient solvent volume concentration adjustment

procedure.

6. The method of claim 5, wherein said method further comprises said step of
initiating the start gradient solvent volume concentration adjustment procedure, wherein
said start gradient solvent volume concentration adjustment procedure comprises:

(e) decreasing the start gradient solvent volume concentration to a
decreased start gradient solvent volume concentration value;

3 recalculating (i) retention volumes for each elutable compound
using at least one of equations I and IV, the increased gradient duration period value, the

decreased start gradient solvent volume concentration value, and the initial end gradient
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(r) determ ning whether the two or nore el utable conpounds are conpletely
eluted as indicated by V] <+ Vh + VD + VG and V, < V. + Vh VD + VG and (2)
a resol utworoRyefe4at |l east 1.5 is attai ned, and PCT/US2011/022513 i f
(1) the two or nore elutable conpounds are conpletely eluted as indicated
by V1 <vV', + Vh + VD + VG and V2 < VmVh + VD + VG and (2) a resolution Rs
of at least 1.5 is attained, providing the decreased start gradi ent sol vent
vol une cogsleaitr adli@e Mdku@ratibhevdesr @asee ARthed! BHIGMt SO Yok, W9l utig
concentration value, and the increased gradi ent duration value to the user
for revi effuagen i, and (i) the resolution using egu3tiondE: t wo or nore el utabl e conpounds
are not conpletely ute 1.ndi <\ + + + V V2 < Vm
) Qet@rgﬁuh@%()%@a%gr t@{e \{gvloegr tm%_é@ 5@1}1‘1\55%?0 tcmg %s e

Vh -1- VD + VG or ( ares of at as al ned,
repeat i ngcanpipely ¢ihited @8 jndirutkdby) V; whgy @iV, 5Veps Mdand Vo0 Vand Vi, #) Ve &/,

repeated u athird fixed nunher of tinmes; and if the third fixed nunber
of times Frgi&gﬁé‘??é’gfﬁmfgs of dit least 1.5 1 aﬁam@‘%%@i ding the decreased start

gradi ent sol vent vol ume goREeRlLAL: QRN LBS &E&j’é%@é&%@@féi}g&é@&%_@t
sol vent vol ume concentration value, and the  ncr based gradient “duration
val ue to kEaipddy Yor Viuevilaw: Vo2 Vikind Vi ¢ ¥ixd+chroNatiole.amidy2 by stselntiof

claim 19, ;wher.ei.n idco ting svstemis further capable o roviding (i)
an initial %faigg%s} gggsgcﬁ%%g%gt ”a‘g d %hffr’r%@n&%ﬁ%ﬁf Vg‘ﬁf}%%‘e\/‘%‘:%@?eéﬁiﬁ an
initial ogradiesr esisest esldmer asicamtasal wem, MeliHiR! cancandibal sdve &ldidne and
(iii) the increased gradient duration value to a liquid chromatography
aﬁpar at | ﬁ?%fﬁﬁaﬁﬁgr"ah§eﬁﬂdﬁh? IMgERAEeCETRGABE BERENSHR 3‘%9?5&%%56@?@%1@“«'&6{ t vvalr e,
erein the liquid chro ratively
adapted to accept and u{T? f(?g%‘@?\??“?ﬁ‘%?%%ﬁa?%&%? O&%%&réerggéﬁc(ﬁ%gﬁg Sseglft%ae/nt
vo: um::t co:uldedik:ataﬁ bgiV gravt;_e-g- Vi i ?’D th& giand M, a ‘;fg:—eh Upereasay; ggr@_ﬁ} gi&e@ﬁh?@ﬁ
sol vent vgl ume.concentration val ue, an iji e. increased gradi en
duration ‘g‘a‘%&’g l?ﬁﬁ? fsds 504 atiaineds | fgﬁgl@gd%%%ﬁfﬂ%ﬁ?%@%m&séﬁi’é&@r &) andy A
et hod of (leliRgeth BiepE (ONG) Aid APEE GiARLSALo B%E;&ﬁ%tfﬁied‘ﬁﬁh%@?oﬁtﬂﬁes?'a dquid

chromat ography separation, said method conprising: u I zi ng
chr omat ogr aphy r et efithenscerst axadouesier phtimecapaahed, factors of two or nore
el ut abl e compounds; and 5 utilizing the estipat.ed capacit

factors in combination WPHER %%tdfi%ﬁ?ﬁeg5%&0&?@}%@@?"5@%@%’8 © Ce&‘ﬁ%‘?‘h ne
(i) a stardluegribeliigitial e6d emtienodoivent GRNEERS kbdcn@BtioviRe, and td idcré@Reend
gradi ent solvent volune concentration value for the |Iiquid chromatography

separat i (ﬁi‘?‘dmwuﬁﬁﬁ)i‘/‘@Q@%MF{@Z@q‘ﬁ%ﬁS_13 23. The method of claim 22,
wherein the chromat ogr apiQ%iaEiﬁé GRtng Qgr&ﬁérﬁ sbfeRPYALAE Loncentration adjustment

procedure.

7. The method of claim 6, wherein said method further comprises said step of
initiating the end gradient solvent volume concentration adjustment procedure, wherein
said end gradient solvent volume concentration adjustment procedure comprises:

P decreasing the end gradient solvent volume concentration to a
decreased end gradient solvent volume concentration value;

{g)  recalculating (i) retention volumes for each elutable compound
using at least one of equations [ and IV, the increased gradient duration period value, the
decreased start gradient solvent volume concentration value, and the decreased end
gradient solvent volume concentration value, (ii) the average bandwidth of peaks, wy,
using equation II, and (iii) the resolution using equation III;

(r) determining whether the two or more elutable compounds are

70



using thin layer chromatography. 24. The nethod of claim 22, wherein the
step of utilizing chromatography retention data to estimate capacity

fact ors ovouha/mym4or nore el ut abl e conmpounds conpri sesPCIrjusaotfiopzst3
separation conprising a first solvent volunme concentration and (ii) a
second separation conprising a second solvent volunme concentration, wherein
t he second sol vent volume concentration is different than the first sol vent

vol ume copaafibial dieRd a2 mdidaeedt 1od \of +0kai W22 V faul tihes VGO Lsvig v,
utilizing the start and end gradlent sol vent vol ume concentration val Ues to

cal cul at e ArFsahtiosIRypbat 1gast ddch adrinedasné conpound. 26. The rret hod of
claim 25, further COW”&&F‘?@%&B'&':&?{F %ﬁ?%&%ﬁéuﬂﬁs‘é@ %@%B g&%@as

el ut abl e conmpound to calc resolu each npound.
27. The neindadtedfbycV ad M,26,Vf-uWphe vV codpid < Vg+ iVii 4 Vatii Vg @dgﬁﬁﬂmﬁhuon

dur ati on gdj ustment rocedure Lf the r | uti on. betweep each el utabl e
conpound Esé)é;:%tieé‘?f'éﬁl e itainsgd, Sﬂ’é“}’?gl@ﬁioﬁng?r QUL Providing Hisrdeceaind $ithg,
(a) increaghpgh alvdm 'vbltfi‘xlie S8R heRondibial 'ﬂ?é"'d@;%és&ije {?%}ﬁ%léﬂ? s@eh OGRS ed

gradi ent duration period val ue; reca ating retention
vol unes femcesshion valuabind the mm&mﬂ, gradwnt duratwn va{ua)m@m wwnforirergewtet her

resol ution between each i l( ﬂt t%g ltueze SRR é}gtahise comp@ungs dre n@g completely eluted

as indicated by V; <V, + Vy + Vp + Vgand V, « Vi, + Vi + Vp + Vgor (2) a resolution
R; of at least 1.5 is not attained, said method further comprises repeating steps (p), (g} and
(r), wherein steps (p), (g} and (r) are repeated up to a third fixed number of times; and
if the third fixed number of times is reached,
providing the decreased start gradient solvent volume concentration
value, the decreased end gradient solvent volume concentration value, and the increased

gradient duration value to the user for review.

8. The method of claim 7, wherein the initial gradient duration period value is one
column volume, each increased gradient duration period value differs from one another by
about one column volume, each decreased start gradient solvent volume concentration
value comprises about 90% of a previous start gradient solvent volume concentration
value, each decreased end gradient solvent volume concentration value comprises about
90% of a previous end gradient solvent volume concentration value, the first fixed number
of times is about 10, the second fixed number of times is about 100, and the third fixed

number of times is about 100,

9. The method of claim 2, wherein said step of utilizing the capacity factors

comprises determining parameters ko and m.

10.  The method of claim §, wherein said step of providing the initial start and end
gradient solvent volume concentration values, and the increased gradient duration value to
the user for review also comprises providing the initial start and end gradient solvent

volume concentration values, and the increased gradient duration value to a liquid
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(d) repeating steps (a), (b), and (c) if resolution is not achieved. 29.The
met hod of claim 22, further conprising initiating a start gradi ent sol vent
concent r avpan11adg2edt ment procedure. 30. The net hod of cl &CwUBA11/02s1her

conprising, WD 2011/094264PCT/US2011/ 022513 (a) decreasing
the start gradient solvent volunme concentration to a decreased start
gradi ent sol vent volune concentration val ue; (b) recalculating

ret ent i oncitohu@fapho sepasionalnid Bbhe RAMPQIAGomatography separatidhGnitdefi@afd, ni ng
whet her resol uti on _between each el utable conp ounﬁrls achi eved; and

(d) repeawh?r@ms thepayig) chromptogeaply (separpion é@%ﬁ?ﬁ%ﬁ? iss opgretivednisdemiel 131, The
nmet hod of | C Lh$le vent
concent r sl R T ik the RAliaCRELhd g ohithich S8 Al B Lol AL vl

conpri si ngpnd the increased gradia} diesticmasiing dulnmgemdaqg’r(hdhmnm@@ipl@nicpmtim
concentration to a decreased end gradi ent solvent vol unme concentration

val ue;  procedure (b) recalculating retention volumes for each el utable

conpound;

I1. A computer readable medium having stored thereon computer-executable
instructions for performing the method of claim 5.

12. A computer readable medium having stored thercon computer-executable
instructions for performing the method of claim 8.

13. A liquid chromatography system comprising:
a computing system,
user interface with said computing system, and
programmable instructions or software that enables performance of the

method of ¢claim §.

14.  The liquid chromatography system of claim 13, further comprising:
a liquid chromatography separation unit comprising:
a liquid chromatography column,
a fraction collector, and
liquid chromatography separation unit software, wherein the liquid
chromatography separation unit software is operatively adapted to accept and utilize one or
more optimized process parameters from the computing system while separating a sample

in the liquid chromatography column.

15. A liquid chromatography system capable of providing one or more separation
parameter values to a user for a liquid chromatography separation, said system comprising:
a computing system, and
a user interface with said computing system,

said computing system being capable of:
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(c) determ ning whether resolution between each el utable conmpound is

achi eved; and d)repeating steps (a), (b), and (c) if resolution is not

achi eved.wB20/a9gxshod of determ ning one or nore gradi eRCTAB2@EANOLIA3 val ues
for a liquid chromatography separation, said nmethod conpri sing:

utilizing chromatography retention data to estimte capacity factors of two
or nore el utable conpounds; utilizing the estimated capacity

factors in conbinati on Wutiliziag cophisgmaptapaetion das tosstivakd CaphbindRbREdN ne
(i) a stayt gradient solvent volunme concentration value, and (jii) an end
gradi ent K61 PEAYO w5 Dok LeAkle omponsds withine(l) 8 rfirsheepRIaHan FoBYISIMEL 0 §FsAphy

separ ati oy, i L zbng : . | nt
vol une c¢ o%(%‘é%ftg ng% %1%?1 C?/naﬁeﬁgzém%{) %da fzﬁc) u? g%géﬁ? §tte%{rﬁi't&tilﬁ g(\)}rgﬁgsr%%% §§F Ség{éi o %q%ﬁ\ﬁgt abl e
conpound. v@dumithencetiatdn, ofhartiaithe 3@ ond wolvher valomp cosdentyativd 1si diffagnt then

retention v%l une of‘ﬁgach el ut abl e conpound to cal cul ate resol ution between
each el ut BEIESEBREBUHRVTS I5BTAIW94264PCT/ US2011/ 022513 35. The met hod of

claim34, further conprigfi@nd Mhd icBtimBGd acHhAe) %@r@%%&rﬁﬁnét@idl%ﬂ?ﬁegﬁ
procedure if the resolution between each elutdble conpound is not achieved.
36. The nmeepiaumnf capheilynf®®r valne heg, dordstarmineg(i) a start gradient solvent volume

concentration value, and (i1) an end gradient solvent volume concentration value for the
liquid chromatography separation; and
providing (i) the start gradient solvent volume concentration value,

and (ii) the end gradient solvent volume concentration value to the user for review.

16.  The liquid chromatography system of claim 15, wherein said user interface

comprises a visual display for the user.

17.  The liguid chromatography system of claim 15, wherein said computing system is
capable of:
utilizing the capacity factors, k, and the first and second solvent volume
concentrations to determine parameters (i) ko and m or (ii) a and m of at least one equation
selected from:
k = kop™ for a normal phase system, and
In k = a - m¢ for a reverse phase system;
calculating initial start and end gradient solvent volume concentration
values, @ and @i respectively, using an optimum capacity factor value, ko, and
parameters (i} ko and m or (ii) a and m in at least one equation selected from:
@ = {(k{;/kopt)” ™1 for a normal phase system, and
¢ = [(a — In ko)/m] for a reverse phase system;
utilizing the initial start and end gradient solvent volume concentration
values, and a gradient duration period value to calculate (i) retention volumes for each
clutable compound using at least one equation selected from:

VR = ékm + I)B(kﬁvm - <VD + ‘Vh )Am )+ A(mﬂ)%ﬂ __,_é. + Vm + VD + E’ih
B . (D), and
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(a) increasing an initial gradient duration period value to an increased

gradi ent duration period val ue; (b) recalculating retention
vol unes fwoO 2eddl94Bkut abl e conpound,; (c) det ergirnispgieasther
resol uti on between each el utable conmpound is achi eved; and (d)

repeating steps (a), (b), and (c) if resolution is not achieved. 37.The
met hod of claim 33, further conprising initiating a start gradi ent sol vent

concentration adj ustent \proc dur(e. 38, The ngthod of claim37, further
conpri si ng, Ve =Z§;§djn@£¥’,@ea%7“ﬁg~€%e+¥g§ﬁﬁ HVadi ¥nt-¥50l vent vol une
concentration to a d dsed start gradient solvent vol ume gamcentration
val ue; . (b) recalculating retention volunes for each el utable
conmpound; Wherein: (c) determ ning whether resol ution between each

el ut abl e conpoynd, | ; . d) repeating steps (a), (b),
and (c) if reso uiflllgg%ﬁ{ic hgﬁlcé)lt‘%(d‘"a(:%: |éei§:/0én§:em§a§%g?ﬁlgh%ét hod of claim 33, further

conpri si ng i ni Bi=at{tny cah gedibng vablinentorsettveint b enf{thasiaangradipatstolmng
procedur eé@n%gﬁi;;i?l%n %Eugﬁg(th%f grgéigziztrgu?agticnfp%igg %lug)(;) nprising,

Vo is a column void volume;

Vp is a dwell volume; and

V¥V 1s an initial hold volume;

(ii) an average bandwidth of peaks of each elutable compound, w,, using equation II:

w, =2V, +V,)/N .

wherein:
Vi and V are Vg values for elutable compounds 1 and 2 using equation I or IV
above; and
N is a column efficiency; and
(1i1) a resolution between component peaks using equation III:
Ry=(Vy-Vi)wg (IlI}; and
if (1) the two or more elutable compounds are completely eluted as
mdicated by Vi <V, + Vi + Vp+ Vgand V< Vi, + Vi + Vp + Vg, and (2) a resolution
R, of at least 1.5 is attained, providing the initial start and end gradient solvent volume
concentration values, and the initial gradient duration value, t,, to a user for review; and
if {1) the two or more elutable compounds are not completely eluted as
indicated by Vi<V, + Vu+ Vp + Vgand V, <V, + Vi + Vp + Vgor (2) a resolution R,
of at least 1.5 is not attained, either:
providing the initial start and end gradient solvent volume
concentration values, and the initial gradient duration value, t,, to a user for review, or

initiating a gradient duration period adjustment procedure.

18.  The liguid chromatography system of claim 17, wherein said step of initiating the
gradient duration period adjustment procedure comprises:
(a) increasing the initial gradient duration period value to an increased

gradient duration period value;
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(a) decreasing the end gradient solvent volume concentration to a decreased
end gradi ent solvent volune concentration val ue; (b)

recal cul aworegiwmszat i on vol umes for each el utabl e conmpo®red/US2011/022513 (c)
determ ni ng whet her resol uti on between each el utabl e conmpound i s achi eved,
and (d) repeating steps (a), (b), and (c) if resolution is not
achi eved. WO 2011/094264PCT/ US2011/ 022513 41. A net hod of determ ni ng one
or nore gradient pagmet eicakdlatifg (P reidaddndVblinl! RABLENT GRaNeSaRRidhE ON,

sai d net hod con§@|3|n utilizing chromatography retention data
to estimatEngap $tt<§ﬂ€f<ﬁ@ee$tson@f1 amiaVomdrﬁb? @C@&i@@@ﬂaém@bdw@umeemd value,
utilizi ng i t n t t mum
capact ty flans Py o ERRS: bt e uFREIn A A B BfgBhiil

concentrab@nﬂeﬁamue and (|i) an end gradlent solvent vol une concentration

value for the liquid _chrqmatograph epar ati on; utilizing
the start and end gfadi efteRRPEn ¥‘§§ Tirfae éWﬁc%t@%ﬁ@Hta@@ GeBpeuds Areul at e

el 2L AERIORY s LS, YPLUIES WS by SoLiESg iy o o
gr adi ent dﬁiﬁ%a@mchdymdﬂméaﬁkpﬁéd%ﬂmﬁanmian&e resol uti on between each
el utable compound is not ifa(%mh%vt%%'er more elutable compounds are completely eluted as
indicated by Vi < Vi + Vi + Vp + Vgand Vy <V, + Vi + Vp + Vg, and (2) a resolution
R of at least 1.5 is attained, providing the initial start and end gradient solvent volume
concentration values, and the increased gradient duration value to the user for review, or
if (1) the two or more elutable compounds are not completely eluted
as indicated by Vi < Vi + Vy+ Vp + Vgand Vo < Vi, + Vi + Vp + Vg or (2) a resolution
K of at least 1.5 is not attained, repeating steps (a}, (b) and (c), wherein steps {3}, (b) and
(c) are repeated up to a first fixed number of times; and
if the first fixed number of times is reached,
providing the initial start and end gradient solvent volume
concentration values, and the increased gradient duration value to the user for review, or

initiating a start gradient solvent volume concentration adjustment

procedure.

19.  The liquid chromatography system of claim 18, wherein said step of initiating the
start gradient solvent volume concentration adjustment procedure comprises:

(e) decreasing the start gradient solvent volume concentration to a
decreased start gradient solvent volume concentration value;

(H) recalculating (i) retention volumes for each elutable compound
using at least one of equations [ and IV, the increased gradient duration period value, the
decreased start gradient solvent volume concentration value, and the initial end gradient
solvent volume concentration value, (ii) the average bandwidth of peaks, w,, using

equation II, and (iii) the resolution using equation III;



43. The nmet hod of claim42, further conprising, (a) increasing an
initial gradient duration period value to an increased gradient duration

peri od vaW0e011/094264 (b) recalculating retention volParas2610/0225a% h
el ut abl e compound; (c) determ ning whether resolution between
each el utabl e conpound is achieved; and (d) repeating steps (a),

(b), and (c) if resolution is not achieved. 44.The nmethod of claim41,

further conprising {g)iti aébMginmgsSWbihet RSItRBL 05 Mhot8NEIGORC BHLPAII Nare
adj ust mrent procedure. 45. The nethod of claim44, further conprising,

(a) decr eenpigichiriuted 4p indggasedi Y1 S M érits ¥ Sbumd ceddént Vat + 6n #'o & Vo,
decr eased#&g%rg@ feg'}its &g& E\é%@tifsvigla%gg%&%‘q&ent ration val ue; (b)
Ing”retentl ofr e

recal cul a on-vol ures eac ut abl e conpound; WO _
2011/ 094264PCT/ US2011/ 02#%1Bthe two or more efigyblélebpairds nge vhnplbely degdlayt i on

bet ween each el ytabl e _conpound is _achi eved; and (d) repeating
steps (a)ndiBied Byt € Me Ve Yol ut owdi & ¥ AdhieYed Vo, and (2} a resolution

K, of at least 1.5 is attained, providing the decreased start gradient solvent volume
concentration value, the initial end gradient solvent volume concentration value, and the
mcreased gradient duration value to the user for review, or

if (1) the two or more elutable compounds are not completely eluted
as indicated by Vy <V, + V4 Vp+ Vgand Vy < Vy + Vi + Vp + Vgor (2) a resolution
R; of at least 1.5 is not attained, repeating steps (e}, (f) and (g), wherein steps (e}, (f) and
(g) are repeated up to a second fixed number of times; and

if the second fixed number of times is reached,

providing the decreased start gradient solvent volume concentration
value, the initial end gradient solvent volume concentration value, and the increased
gradient duration value to the user for review, or

initiating an end gradient solvent volume concentration adjustment

procedure.

20.  The liquid chromatography system of claim 19, wherein said step of initiating the
end gradient solvent volume concentration adjustment procedure comprises:

) decreasing the end gradient solvent volume concentration to a
decreased end gradient solvent volume concentration value;

(@ recalculating (i) retention volumes for each elutable compound
using at least one of equations I and IV, the increased gradient duration period value, the
decreased start gradient solvent volume concentration value, and the decreased end
gradient solvent volume concentration value, (ii) the average bandwidth of peaks, Wg,
using equation II, and (iii) the resolution using equation III;

) determining whether the two or more elutable compounds are
completely eluted as indicated by V; < Vi, + V4 Vp+ Vgand V; <V, + Vi + Vp + Vg,

and (2) a resolution R; of at least 1.5 is attained, and
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46. The nmethod of claim 41, further conprising initiating an end gradi ent
sol vent concentration adjustnent procedure. 47.The nethod of cl ai m 46,

further ONORPiIHIIMIpS (a) decreasing the end gradiusae118235v&nt
vol une concentration to a decreased end gradi ent sol vent vol une
concentration val ue; (b) recalculating retention volunes for
each el utabl e conpound,; (c) determ ni ng whet her resol ution

between each el utabl e cofmeyme ths 2Ghée\eadablabsmpounds are con%é]igﬂeiy@ﬁ%étai;ng
steps (a), (b), and (c) if resolution is not achieved. 48.The nethod of

cl ai m 41, ingsatediy Yhe Vmesont Vort i¥as a0dc¥d € mat 86 Y pviaY i ang (@ hereselation or
end gradi gn I t . cQn ..at i . 49. of ,claim
31, wner eftnof o8 METLY3 WFIAGRTBRANRE LAE HECHES, it SRR ey

dur ati on selceeationOualiee tieddredsaf el gﬂaﬁiﬁﬂscﬁ%ﬂm’f@hﬁvﬁ bohcam@?mu&aiiﬁeg al.ﬁ.gi/ stem
using software in_ a | jquid chronatography system erein after resolution
cal cgl at i %‘ﬁ mx‘geaég%gqag{egt’ diygptien %52?6 @é&%ﬁiﬁgé?f UFWedt are automatical ly
provided to the liquid cyprmtegs @PH%réé!}ﬁ{aSI@&Eng%uﬁéseére%{c&r?ﬁ%@téhﬁ@d of

t he conpounds.
as indicated by Vi <V, + Vi + Vp + Vgand Vo <V, + Vi + Vp + Vgor (2) a resolution

R; of at least 1.5 is not attained, repeating steps (p), (¢) and (r), wherein steps (p), (q) and
{r) are repeated up to a third fixed number of times; and
if the third fixed number of times is reached,
providing the decreased start gradient solvent volume concentration
value, the decreased end gradient solvent volume concentration value, and the increased

gradient duration value to the user for review.

21.  The liquid chromatography system of claim 19, wherein said computing system is
further capable of providing (i) an initial or decreased start solvent volume concentration
value, (i1) an initial or decreased end gradient solvent volume concentration value, and (i)
the increased gradient duration value to a liguid chromatography separation unit for use in
liguid chromatography separation unit software, wherein the liquid chromatography
separation unit software is operatively adapted to accept and utilize (i) the initial or
decreased start solvent volume concentration value, (ii) the initial or decreased end
gradient solvent volume concentration value, and (iii) the increased gradient duration value

during a liquid chromatography separation procedure.

22. A method of determining one or more gradient parameter values for a liquid
chromatography separation, said method comprising:

utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds; and

utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume concentration value,
and (ii} an end gradient solvent volume concentration value for the liquid chromatography

separation.
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51. The method of claim41l perforned by a conputing system using software in
a liquid chromat ography system wherein after a user inputs the elutable
conpound WOAPHYME®E i nto the computing system the conpRCITAS26H225M3

provi des the user with at | east one reconmended type of chronmatography

met hod, chromat ography nedi a, chromatography colum size, and

chromat ogr aphy sol vents to enploy for separation of the el utable conpounds.
WO 2011/ 09426476 niéBRfildd 822513, BBereth TR Q6L SPRATALARE: M iPELERES

el ut abl e conpounds using |iquid chromatography conpri sing:

i nput t i nguenethér layer dugrnaigsiephies of the el utabl e conpounds into a conputing
systemin a liquid chromat ography system utilizing the conputing
systemto generate gradi ent paraneters val ues; autonmatically providing the
gradi ent péranthenstial dhdaln ¢0j dheRintirt agy apbylisyg ichrontito@apiseletendog
separatin%%the two or nore elutabkg conpounds. %ﬁ. The net hod of cl aim52,
wher ei n t #R88 &7 SHITBHE cRACHILREPIS\Rd R dWe 08 TRRSE &liHe doBPoRKs eBpRst () 2
CONpri Si Nrst separation compridirg! hZHRY GINAMAIhE B cLRIEOh %ﬂ @@ 3 &ond
estimate capacity factors of two or nore el utable conpounds;

uti | i zi ngsepheaties comptigidg eapemidtsplveat valnmeiconcantrbiiom twheneinithehseapndogt vemim

capacity factor val ue.to. %Fz ermpe iéi,ra start gradient solvent volunme
concent raY‘%BWefgﬂl%@&mé%}fS fff regﬁﬂa@h{é@ HAPERTt Vé)gfrg%ﬁqnc\%?ﬁ}?g‘ concentration
value for the liquid chromatography separation; and utilizing

the start and end gradient solvent volunme concentration values to calculate
the el utabte cHipaEHPdr oft eat @4, Guthgmsemanising asidizing ba st arkand Besdisnit abl e
Conpounds%m‘ﬁ%.m'mge %ﬁ&?xﬁraﬁg Qjaﬁle@ t§3caé¥mgé gﬂe&fn%i&? ro%ﬁ%%su%f QcH Flutable

recal cul at'ed by varying e Start or end gradien SolVent” voltife
concent r atdnopoumd] ues.  55. The net hod of claim 53, wherein the resolution
is recal cul ated by varying gradi ent solvent duration volunme. 56. The

nmet hod of claim52 performed by a conputing systemusing software in a

li quid chigmat per ABMKA DY SLGM2 5V REHE! Sorfirddle QiIUSES thi MRS NBuRbLiaRbe
conpound properties into the conputing 'system the conputing system

provi des tlih@blgsempaintditoataldubns tesolmtion beiviene nahbclttylde compelmdonat ogr aphy

nmet hod, chromat ography nedi a,

27.  The method of claim 26, further comprising initiating a gradient duration

adjustment procedure if the resolution between each elutable compound is not achieved.

28.  The method of claim 27, further comprising,

(@ increasing an initial gradient duration period value to an increased
gradient duration period value;

(b) recalculating retention volumes for each elutable compound;

(c) determining whether resolution between each elutable compound is
achieved;v and

(d) repeating steps (a), (b), and (c) if resolution is not achieved.

29.  The method of claim 22, further comprising initiating a start gradient solvent

concentration adjustment procedure.

30.  The method of claim 29, further comprising,
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chr omat ogr aphy col um si ze, and chromat ogr aphy sol vents to enpl oy for
separation of elutable conpounds. 57. A nethod of separating two or nore

el ut abl e wonpowmem4usi ng | i quid chromat ography conpri si RgT/US2011/022513
inputting one or nore properties of the elutable conpounds into a computing
systemin a |iquid chromat ography system utilizing the
conputing systemto generate recomended type of chromat ography nethod,

chromat ography nedi @) chi@n@dsR@r 8Rhytas OrdiBnS bGentaRsluGBr QFRERLEBRNY a
solvents to enploy for separation of the el utable conpounds; and utili zing

the conputcirgsed g gradieng arlesmd velugemnernteapen anseer s val ues. 58The met hod
of claimb57, furt he(bgco E:«lﬂ?{liggﬁ retention volumes fﬁ)@a%{uka%% J:@fnap%’u%xl ding the
o the Tiquid ch

gradi ent paraneters chromat ography system or user; and
separating the two @} nodeereliningblietieorpoinids. betw&n ¢hbe ehitiotbmfouldas m 57,
further co rig‘in i mputing chromat ography retention data of the two or
mor e el uat<@HvE *f%‘%pounds prior to the step of utilizing the computing

system to generate @ggir%%mggrsgeggw &), ardc) TSR AhRlacibald 57,

wherein the gradien t ues are determ ned by the nethod

conpri si ng: utilizing chromatography retention data to estimte
capacity ctogs of .t r, mor | yt abl e conpounds; . utilizing
the esti n%f ed %“’pg&‘:}%@\;&o?&?{a&?sﬁ ﬁ“%%%?%?f?% PR, an, spd @?ﬁl?ﬁﬁi‘feﬁ/
factor valgagedimtidRbeibintdt plokedust art gradi ent sol vent vol une concentration
value, and (ii) an end gradient solvent volume concentration value for the

| i qui d chromat ography separation; and utilizing the start and

end gradient V, .on. values to calculate the elutable
L7 Sﬁie &.Q&mg Ok Ui SPNGRALY L%Eﬁpgﬁi%

conpound Tetention vol unes and resol uti et ween the el utabl e compounds.
(a) decreasing the end gradient solvent volume concentration to a

decreased end gradient solvent volume concentration value;

(b) recalculating retention volumes for each elutable compound;

{c) determining whether resolution between each elutable compound is
achieved; and

(d) repeating steps (a), (b), and (c) if resolution is not achieved.

33. A method of determining one or more gradient parameter values for a liquid
chromatography separation, said method comprising:

utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds;

utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume concentration value,
and (i) an end gradient solvent volume concentration value for the liquid chromatography
separation; and

utilizing the start and end gradient solvent volume concentration values to

calculate retention volumes of each elutable compound.

34.  The method of claim 33, further comprising utilizing the retention volumes of each

elutable compound to calculate resolution between each elutable compound.
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WO 2011/ 094264PCT/ US2011/ 022513 61. The nethod of claim57, wherein the
resolution is recal cul ated by varying the start or end gradi ent sol vent
vol ume cowoentwv@sicen val ues. 62. The net hod of cl ai m S5PCTMises1gioesihe
resolution is recal culated by varying gradient solvent duration vol une.
63. A nethod of separating two or nore elutable conpounds using liquid

chr omat ogr aphy conpri si ng: i nputting chromatography retention
data of th® el Thabhehodnpounds BA! Gudhd ObRPHAidIGE SHBlaEAY | 1 @adib6lUlbration
chr omat ogr aphy appar at us; utilizing the conputing systemto

estimat e eHpUBERYPTPERIuEY & tsfresqhetiongetvrenmich cbtapapepeepousidshicved.
utilizing the conputing systemto determ ne whether the two or nore

el ut abl e conmpounds will not separate with the estimted capacity factors;
utilizing3é.he Thomethiodgf shagh M) fuohgemermisegat | east one recomended type of

chromat ogr aphy met hod, chromat ogr aphy, nedi a, .chr.omat ography col uim si ze,
and chr omat ogr aphy g‘gl vefieeatige gﬁﬁﬁwi g@ﬂ“’é‘éﬁ‘éﬁaﬁ?ﬁl Bﬁ“g‘g VEIHE 2 ageased
conpoundsgra@iefh duration period vdfde! | Zi ng the at |east one reconmended type of

chronat ogr aphy nethod, chromatography nedia, chromatography col um si ze,
and chronat ogr aphy @0l vesrcalculatingrstantive vohenes Wor each plvtabletanpivhnd; conpounds.

64. A liquid chromatogra syste onpri sing: COo Li ste nd a
user interface wit h{C? he @egmg?lﬁﬁvr%&qé?ﬁﬁw rbgg‘?ﬁeetnkr%g%gﬂ%ﬁ%hﬁnwé?n is
capabl e ofchivediasdng chr omat ography retention data to estinmate capacity
factors of two or nore elutaple conmpounds; and utilizing the estimated
capacity factors i n(donbicReatingrstams (h, & asgt(phifi raseisianiis gotfagkiewad. val ue to
determne (i) a start gradient solvent volune concentration value, and (ii)
an end gradient solvent volume concentration value for the liquid

chr omat ogiaphyTise pattatd oh claidO 2 0fith&0 426diRG¢ WSAAddd @21 Jradient solvent

concentration adjustment procedure.

38.  The method of claim 37, further comprising,

{a) decreasing the start gradient solvent volume concentration to a
decreased start gradient solvent volume concentration value;

(b}  recalculating retention volumes for each elutable compound;

{c) determining whether resolution between each elutable compound is
achieved; and

(d) repeating steps (a), (b), and (¢) if resolution is not achieved.

39.  The method of claim 33, further comprising initiating an end gradient solvent

concentration adjustment procedure.

40.  The method of claim 39, further comprising,

(a) decreasing the end gradient solvent volume concentration to a
decreased end gradient solvent volume concentration value;

(b)  recalculating retention volumes for each elutable compound,;

(c) determining whether resolution between each elutable compound is
achieved; and

(d) repeating steps (a), (b), and (c) if resolution is not achieved.
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65. The liquid chromatography system of claim64, wherein the

chromat ography retention data is obtained using thin |ayer chromatography.
66. The IwQuod/wmedmat ogr aphy system of cl ai m 64, wher eiPQTIUSR01¢O5UE | NQ
systemis capable of utilizing the chromatography retention data to
estimate capacity factors of the two or nore el utabl e conpounds conpri sing
(i) a first separation conprising a first solvent volunme concentration and
(i1i) a second separation conprising a second sol vent volunme concentration,
wherein the second sol vent volune concentration is different than the first
sol vent vol une concentration. 67. The liquid chromatography system of

cl ai m 64, ergi i:ng. .S 1S .C e tilzi he.start
and end g?ig{(}i e%t Q}Se%}{gge%? V%Iﬁ%‘gc%ﬁigﬂﬁﬁ%f’ i%%ﬁgljgl B%f%m?t 8} ggﬁ‘(‘?g%ﬁa}{ & lrl%lil ntion
vol umes ofhremetvgelphy adpaeativaniidingthod@B8mpfik@gl | qui d chr omat ogr aphy syst em of
claim 67, wherein the conputing systemis capable of utilizing the
retention vol umes oftEERhCHPHRRSIPhY JREBIRTHIS 1@ SIHPAE CRPACKY HACATP R TRt ween

each el ut g6 CRNRRYRGmpofs: The |iquid chromat ography system of claim 68,
wherein the conputing sgst emis capable of initiating a gradient duration

adj ust ment pr ocedurilifing He estimpited capacheifsmen ipavmbehasvablith eonpoioneh | s
not achi eved..t 0, T’h}e Iti gui d chrtgmat pxgraa%he/ sysLem ?f claim 69, wherein
the conputiPAy y_s%ﬁ&"éﬁ]a_“g e &pispmRedp a Stf‘ gradieht sCLVeRt Ol FUKEPHY BN A t i al
gr adi ent  ghdr @ R Rnd gfdRsht VAL &R voRirdlcdieehtPARA 101381 BRI @rbRRopRbhPd
val ue; (b) recalculating retention volunes for each elutable

conpou nd : separatian; and

utilizing the start and end gradient solvent volume concentration values to
calculate the elutable compound retention volumes and resolution between the elutable

compounds.

42.  The method of claim 41, further comprising initiating a gradient duration

adjustment procedure if the resolution between each elutable compound is not achieved.

43.  The method of claim 42, further comprising,

(a) increasing an initial gradient duration period value to an increased
gradient duration period value;

(b)  recalculating retention volumes for each elutable compound;

(c) determining whether resolution between each elutable compound is
achieved; and

(d) repeating steps (a), (b), and (c) if resolution is not achieved.

44.  The method of claim 41, further comprising initiating a start gradient solvent

concentration adjustment procedure.

45. The method of claim 44, further comprising,
(a) decreasing the start gradient solvent volume concentration to a
decreased start gradient solvent volume concentration value;

(b) recalculating retention volumes for each elutable compound;
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(c) determ ning whether resolution between each el utable conmpound is

achi eved; and (d) repeating steps (a), (b), and (c) if

resol ut i omoi2e1ws26achi eved. WO 2011/ 094264PCT/ US2011/ OP2SAB20M1/071%e3 | i qui d
chr omat ogr aphy system of claim 64, wherein the conputing systemis capable
of initiating a start gradi ent solvent concentration adjustnment procedure.
72. The liquid chromatography systemof claim 71, wherein the conputing

systemis capable ofg)  determining whdtBer ré@GiRAShMGedEach lelthiblg CadhbORd is
sol vent vol une concentration to a decreased start gradi ent solvent vol une
concent r ak¢ofredatugde; (b) recalculating retention volunes for

each el utabl e conmpoynd; : )ax%‘a('c ]k .. resolution
bet ween each el ut ab#g core geﬁtﬁn Sltesp%%)ﬁlgbgi/e ; gﬁg&l&hﬂ%n\%@%ﬁ%ﬁlegﬁﬁ repeati ng
steps (a), (b), and (c) if resolution is not achieved. 73.The liquid

chr omat ogr, aph stem of .cl ai m 64 erein . the conputing systemis capable
It SEE o TR S gl Sb) ehe EORBEINS A0 OR A e Ao v o

concentration adjustment procedure.

47.  The method of claim 46, further comprising,

(a} decreasing the end gradient solvent volume concentration to a
decreased end gradient solvent volume concentration value;

(b) recalculating retention volumes for each elutable compound;

() determining whether resolution between each elutable compound is
achieved; and

(d) repeating steps (a), (b), and (¢} if resolution is not achieved.

48.  The method of claim 41, wherein the resolution is recalculated by varying the start

or end gradient solvent volume concentration values.

49.  The method of claim 41, wherein the resolution is recalculated by varying gradient

solvent duration volume.

30.  The method of claim 41 performed by a computing system using software in a
liquid chromatography system, wherein after resolution calculation is complete, gradient
parameter values are automatically provided to the liquid chromatography system or a user

for separation of the compounds.

51.  The method of claim 41 performed by a computing system using software in a
liquid chromatography system, wherein after a user inputs the elutable compound
properties into the computing system, the computing system provides the user with at least
one recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for separation of the

elutable compounds.
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74. The |iquid chromat ography systemof claim 73, further conpri sing,

(a) decreasing the end gradient solvent volunme concentration to a decreased
end gradiwotosiglovasat vol ume concentrati on val ue; PCT/US201(11022513

recal cul ating retention volunes for each el utable conpound;

(c) determ ning whether resolution between each el utable conmpound is

achi eved; and (d) repeating steps (a), (b), and (c) if
resolution is not achieved. 75.A |iquid chronmatography system conprising: a
conputing_system and a user interface with the conputing system wherein
the conpuf?ng &yJeethed ok ISEHEENST AR | ¢ ZR9T§ EhvENat GERROMRYS r ekt ignd dat a
to estinmg i .ors. of two or nore elutable conpounds; utilizing

t he esti n%&?g@@%%%gﬁé?%ﬁﬁg%}%rs in conbination with an opti num capacity
factor value to detspniting Ony @ stcas tprgpadeentt g1l vlnbley aompeuedndeaat 4at i on

val ue, andng%ﬁi)géan end gradi eri%5 sol ven%tﬁvol ume concentration value for the
liquid chf US§CEHAY 18 5‘&?%5&‘? HDAGHEAPRY $¥5[%%ng the start and end gradi ent
sol vent vol une concgtiRg !h@_@c%ﬁ%h syfs%nQﬁa' %&ﬁE&r&&@n@a&ﬁrﬁ&é&vﬁﬁgpound _
retention volumes. 76.The |iquid chromatogfaphy System of claim 75, wherein

t he conputing syst emtpgaidesblabl provfding i Khezi grpdiane metaamttéron twol Brediphd each

el utabl e gonpound to cal cul ate resol uti on between each el utabl e conpound.
77. The | i%ﬁﬁr’r‘g‘aié}ﬁ%aé’%%ﬁ?‘é%?‘%ﬁ%“%?s?@m of claim 76, wherein the conputing

systemis capabl e ofephfatihf el th@ o2 ngradiveile @gﬁ@giﬂg@ adj ust ment procedure if
the resol ution between each el utable conpound is not achieved. 78.The
| i qui d chromat ography system of claim 77, wherein the conputing systemis

53.  The method of claim 52, wherein the gradient parameter values are determined by
the method comprising:

utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds;

utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume concentration value,
and (ii) an end gradient solvent volume concentration value for the liquid chromatography
separation; and

utilizing the start and end gradient solvent volume concentration values to
calculate the elutable compound retention volumes and resolution between the elutable

compounds.

54.  The method of claim 53, wherein the resolution is recalculated by varying the start

or end gradient solvent volume concentration values.

55. The method of claim 53, wherein the resolution is recalculated by varying gradient

solvent duration volume.

56.  The method of claim 52 performed by a computing system using software in a
liquid chromatography system, wherein after a user inputs the elutable compound
properties into the computing system, the computing system provides the user with at least

one recommended type of chromatography method, chromatography media,
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capabl e of, (a) increasing an initial gradient duration period
val ue to an increased gradi ent duration period val ue; (b)

recal cul aworegiwmszat i on vol umes for each el utabl e conmpo®red/US2011/022513 (c)
determ ni ng whet her resol uti on between each el utabl e conmpound i s achi eved,
and (d) repeating steps (a), (b), and (c) if resolution is not
achi eved. 79.The liquid chromatography systemof claim75, wherein the
conput i ngclgysibedphy calpall $zed ind firbmaldghPhf sslvadts tQEBEIS Mbr s2PAUEH of the
concentration, adjustnent procedure. 80.The |liquid chronmatography system of

cl ai m 79, chigaleiompoadsconput i ng systemis capabl e of , (a)
decreasing the start gradient solvent volunme concentration to a decreased
start gradi ent solvent volunme concentration val ue; (b)

recal cul afi.ng Aetmsihodnolv cepareting aiwoeawrh medrat alukable oopapondds using liquid (C)
determ ni ng whet he{1 resol.uti on between each el utable conpound is
chitomatography comprising:
inputting one or more properties of the elutable compounds into a
computing system in a liquid chromatography system;
utilizing the computing system to generate recommended type of
chromatography method, chromatography media, chromatography column size, and
chromatography solvents to employ for separation of the elutable compounds; and

utilizing the computing system to generate gradient parameters values.

58 The method of claim 57, further comprising;
autornatically providing the gradient parameters to the liguid
chromatography system or a user; and

separating the two or more elutable compounds.

39.  The method of claim 57, further comprising imputing chromatography retention
data of the two or more eluatable compounds prior to the step of utilizing the computing

system to generate gradieni parameters.

60.  The method of claim 57, wherein the gradient parameter values are determined by
the method comprising:

utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds;

utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume concentration value,
and (i1} an end gradient solvent volume concentration value for the liquid chromatography
separation; and

utilizing the start and end gradient solvent volume concentration values to
calculate the elutable compound retention volumes and resclution between the elutable

compounds.
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achi eved; and (d) repeating steps (a), (b), and (c) if
resolution is not achieved. WO 2011/094264PCT/US2011/022513 81. The liquid
chr omat ogvaephy/®ystem of claim 75, wherein the conputi n@CIise@tioezs1Eapabl e
of initiating an end gradient solvent concentration adjustnment procedure.
82. The liquid chromat ography system of claim81l, wherein the conputing

systemis capabl e of, (a) decreasing the end gradient sol vent
vol une concentration to a decreased end gradi ent sol vent vol une
concentratjon val ue, recalculatlng retention vol unes for
each el ut@hl e Ebnpsihed.of claim 57, whete therespdtions Aeqely e hieyaryiag shauttaten
bet ween e lg and (d) repeating
st eps (a)&g%ﬁgﬁghég ?h& resoI%F?%%xgﬁﬁﬁg? achieved. 83.Aliquid

chr omat ogr aphy systen1conpr|3|ng
62.  The method of claim 57, wherein the resolution is recalculated by varying gradient

solvent duration volume.

63. A method of separating twoe or more clutable compounds using liguid
chromatography comprising:

inputting chromatography retention data of the elutable compounds into a
computing system in a liquid chromatography apparatus,

utilizing the computing system to estimate capacity factors of the two or
more elutable compounds;

utilizing the computing system to determine whether the two or more
elutable compounds will not separate with the estimated capacity factors;

utilizing the computing system to generate at least one recommended type
of chromatography method, chromatography media, chromatography column size, and
chromatography solvents to employ for separation of the elutable compounds; and

utilizing the at least one recommended type of chromatography method,
chromatography media, chromatography column size, and chromatography solvents to

separate the two or more elutable compounds.

64. A liquid chromatography system comprising:

a computing system; and

a user interface with the computing system;
wherein the computing system is capable of utilizing chromatography retention data to
estimate capacity factors of two or more elutable compounds; and utilizing the estimated
capacity factors in combination with an optimum capacity factor value to determine (i) a
start gradient solvent volume concentration value, and (ii} an end gradient solvent volume

concentration value for the liquid chromatography separation.
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a conputing system and a user interface with the conputing system wherein
the conputing systemis capable of utilizing chromatography retention data
to esti maweo 20uapeeicty factors of two or nore el utabl e coRpoasdes;/oedsidi zi ng
the estimated capacity factors in conbination with an opti mum capacity
factor value to determne (i) a start gradient solvent volune concentration
value, and (ii) an end gradi ent solvent volune concentration value for the

l'i qui d chesnat Qg dpfiNd SBpahabiaphy afdet o CRNO64, NRh&LAT thed BitoBREbeHpAYi ent
sol vent vol une concentration values to calculate the el utable conpound

r et ent i ontSi@ItigHEIatap ablaisd using dhndeenelaameatngrathyt abl e conpounds. 84. The

| i qui d chromat ography system of claim83, wherein the conputing systemis
capable of initiating a gradient duration adjustnment procedure if the
resol uti ofi6.bet ihe higemicthrehatbgiabby cysan wiidladis 640twiredih ewecbmBhinEhestbingyi gl
chr omat ogr a system of claim84, wherein the conputing systemis capable
of O CSLBle 57 e e TR CH AP GREP il PO EToR DBl e
to an i nCrEAsEtoR &ﬂbﬁ@%@%ﬁﬁ@ds@@ ?i‘éi'n%‘éi)‘é@irk'@e aration comprising 4 st solvent
recal cul ating retention volumes for each el ut ab?e conpo nds; VWO

2011/ 094284 POF/ dwspoLmtioe 284 Jii) a second sepafatipn dempriningi ;1 seonhé shleentr edahat i on

ot epe. () oyt Wiest TR SeonoCuoRielt Pl Shsmavon s aerhEhanght B ™

chr omat ogsapdy velsdeadvnedni@tighm 83, wherein the conputing systemis

67.  The liquid chromatography system of claim 64, wherein the computing system is
capable of utilizing the start and end gradient solvent volume concentration values to

calculate retention volumes of each elutable compound.

68.  The liquid chromatography system of claim 67, wherein the computing system is
capable of utilizing the retention volumes of each elutable compound to calculate

resolution between each elutable compound.

69.  The liquid chromatography system of claim 68, wherein the computing system is
capable of initiating a gradient duration adjustment procedure if the resolution between

each elutable compound is not achieved.

70.  The liquid chromatography system of claim 69, wherein the computing system is
capable of,

(a) increasing an initial gradient duration period value to an increased
gradient duration period value;

(b) recalculating retention volumes for each elutable compound;

(c) determining whether resolution between each elutable compound is
achieved; and

(d) repeating steps (a), (b), and (¢) if resolution is not achieved.
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capable of initiating a start gradient solvent concentration adjustnent
procedure. 87.The liquid chromatography system of claim 86, wherein the

conmput i ngweystignnics capabl e of, (a) decreasiPag/ush@ 1922513

gradi ent sol vent volune concentration to a decreased start gradi ent sol vent
vol une concentration val ue; (b) recalculating retention vol unes
for each el utabl e conpound; (c) determ ni ng whet her resol ution

bet ween eagh eltut a%hﬁa SRORREhph$ sHEdth @Y @himadd wherein the cen_?%ﬁ% skfeaeﬁxai%l ng
steps (a), (b), an if resolution is not achieved. i qui d

chr omat ogiﬂ@}?h @y%lﬁléfrﬁigﬁ Steft grafies solnpicensentmdo pdipumenigreseduem i s capabl e
of initiating an end gradient solvent concentration adjustnent procedure.
89. The liquid chromat ography system of claim88, wherein the conputing
system i s7zapaffhe lighid chromatography Ggskertl @€ rchami Tig viteecig sk ¢ rﬁ?iﬁ@a@tsyﬁeﬂn\fx@ nt
vol unme concepiration to a decreased end gradi ent solvent vo

concent r at3g i ue; (b) recalculating retention vol unes for

each el utabl e conpoupd; decreas g the §G gﬁ%ﬁ%ﬁﬁgﬂveﬂ S %ﬁﬂﬁi‘éﬁ' 8B,
bet ween each el utabl e corrpoun & s achi e (c repeat ng
st eps (a) dedidnsed stad gadienit folverg ololimorpnicentration eliepved.
(b) recalculating retention volumes for each elutable compound;
(©) determining whether resolution between each elutable compound is
achieved; and

(d) repeating steps (a}, (b), and (c) if resolution is not achieved.

73.  The liquid chromatography system of claim 64, wherein the computing system is

capable of initiating an end gradient solvent concentration adjustment procedure.

74.  The liquid chromatography system of claim 73, further comprising,

(a) decreasing the end gradient solvent volume concentration to a
decreased end gradient solvent volume concentration value;

(b} recalculating retention volumes for each elutable compound,

(c) determining whether resolution between each elutable compound is
achieved; and

{d) repeating steps (a}, (b}, and (¢) if resolution is not achieved.

75. A liquid chromatography system comprising:

a computing system; and

a user interface with the computing system;
wherein the computing system is capable of utilizing chromatography retention data to
estimate capacity factors of two or more elutable compounds; utilizing the estimated
capacity factors in combination with an optimum capacity factor value to determine (i) a
start gradient solvent volume concentration value, and (ii) an end gradient solvent volume

concentration value for the liquid chromatography separation; and utilizing the start and
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90. The |iquid chromat ography system of claim 83, wherein the conputing
systemis capable of recalculating the resolution by varying the start or
end gradiworosgloymat vol une concentration values. WO PCT/US2011/022513

2011/ 094264PCT/ US2011/ 022513 91. The liquid chromat ography system of claim
83, wherein the conputing systemis capable of recal culating the resol ution
by varying gradient solvent duration volunme. 92. The liquid chromatography
system of efd a4Michd, soWeBl SbRindd ork@ARMIINNGalaNsS t° BhlddIhRS the egQbblel @Mpound
calculation i's conplete, automatically provides gradient paraneter val ues
are to thetgntigaivelumasomat ogr aphy system or a user for separation of the
conpounds. 93. The liquid chromatography system of claim 83, wherein the
conputing system after a user inputs the elutable conmpound properties into
the conputé.ng FTusliquid ghiomatdg@phieysteof Wldih 78 Wiheash denconigeagmasadst ype
of chromat ogy aphy net hod, chronmat ography nedi a, chromatography col um si ze,
and chr on&%mbkeaﬁﬁwt 131nge Hies retentionp Fekinred rofs epdy lutaile srmiprend|ta: ealgudate
conmpounds.,... Lo QL ?ﬁmﬁ system conpri sing: a conputing
system aﬁé&gnﬁ@ggh@%gﬁcﬁ%&g%&?ﬁﬁ e conputing system wherein the liquid
chromat ography systemis capable of (a) separating two or nore elutable

conmpounds_ w th_J i qui. hr omat ogr aphy usi.ng.o or. nore properties of the
el utabl e z’ynppg%ﬁ%gq\“gp‘g‘fmpﬁf’%m X i"ﬁﬁﬂé‘?%eﬁﬁaem §W FEIRYNE SHHHEMRi R at i on
with the tdpablethfCRiiRNRE A0EAMBN: S%E{iShdjufnede bRICEIGRE N0 tRNR QLD hawaERdI ent
paraneter values for a |iquid chromatography Separation of the elutable

conpoundseasieluwsihie goppourdas sefrpshievedy system and (c) automatically

provi ding the gradient paraneters to the chromatography systemor a user.
95. The liquid chromatography system of claim 94, wherein the conputing
syst em i s7apabhelighidddt@nabgiaplgy thengoadiaant77pahardt ae soatpheias Rystem is
utilizing chromatography retention data to estimte capacity factors of two
or nore e‘l:%‘fi%lﬁlgé conpounds; utilizing the estimated capacity

factors in conbi nat §a§>n V\ént:&agﬂ%%ﬁtihi@;a EARAC uh%ibA BhAS véihélgo%ﬂ_ix?&éz%é&“ ne

(i) a start gradient solvent volume cohcentration value, an i) an end

gr adi ent gmefieeirdurstainyreiodonient rati on val ue for the |iquid chronatography

separation; and . .
(b) recalculating retention volumes for each elutable compound;

(c) determining whether resolution between each elutable compound is

achieved: and

(d) repeating steps {(a), (b), and (¢} if resolution is not achieved.

79.  The liquid chromatography system of claim 75, wherein the computing system is

capable of initiating a start gradient solvent concentration adjustment procedure.

80.  The liquid chromatography system of claim 79, wherein the computing system is
capable of,

(a) decreasing the start gradient solvent volume concentration to a
decreased start gradient solvent volume concentration value;

(b)  recalculating retention volumes for each elutable compound;

© determining whether resolution between each elutable compound is
achieved; and

(d) repeating steps (a), (b), and (c) if resolution is not achieved.
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utilizing the start and end gradi ent sol vent vol une concentration values to
cal cul ate the el utable conpound retention volunmes and resol uti on between

t he el ut akDeotdgsunds. 96. The |iquid chronat ography sysramseaf/ogisa m 95,
wherein the conputing systemis capable of recalculating the resolution by
varying the start or end gradient solvent volume concentration val ues. 97.
The liquid chromat ography system of claim 95, wherein the conputing system
i s capabl g1.0f mReaigaid atrbMgoghphy @%ﬁ@f@&i&wﬂw&aﬁﬂw&ﬂﬁ;ﬁﬁhg%gktg&% _
duration volune. 98. The liquid chromatography system of claim94, wherein

t he conputiniglesfduibipiingsn e gadisetrsolvgpironceimtion agdiapiment prpgeiiel properti es
into the conputing system is capable of providing the user wwth at | east
one recomrended type of chromatography nethod, chromat ography nedia,

chr omat og82phy Thellignid dirgeatogrghy bysemicd glanle), saleventife fom@APLaystb@ris
Separation o% t he el utabl e conpounds. 99. A liquid chromatography system
conpri si nffPA&*@nputi ng system and a user interface with the conputing

system wherein thegi quﬁ&r%fx%”ﬁieo%@%éfdi&}is%]&?éﬂt Svcgéxgﬁbé&cé}{m&e% to a

separating two or nore elutable conpounds wt I qui romat ogr aphy usi ng
one or nodergsoperd gredicnt solveet whlumakbecestapauvedss;i nput i nto a conputing

system which is in,communication with the |iquid chyonatography system
(b) utilizing the c8Rput 4 ?%Fﬁt?%mﬁéﬁgﬁ‘%ets G‘é?a_cﬁggg%ﬁ%ﬁ 1?‘@@énnended
type of chronatograghy maéb@sining iR QSRR BERHEG caoh AIBRHIOB5ARSIAAGH! UM
si ze, and chromat ography sol vents to enploy for separation of the elutable

conpoundsachigygd(ayd utilizing the conputing systemto deternine one or nore

gradi ent paraneter | ue I QM d.\C ~QQr . ration of the
el ut abl e conpounds. ygﬁloofep%%%iglasitécﬁjlﬁg%’ gﬁ%’r%{r%}“% joxér?%ﬁﬁ!g@sé)}i?%%cg%l’%{?ai m 99,
wherein the conputing systemis capable of; automatical ly

provi di ng_t he gradient paraneters to the |iquid chromatography systemor a
user; andgg‘ ghqmd‘;&“@‘%ﬁ%ﬁ’ﬁ?ﬁp BEYSHOR FPPRATYA® | i qui d chr omat ogr aphy system
to separate the two, gbmpRi SlemdRle conpounds. 101. The liquid

chromat ogr aphy system of cl'aim 99, wherein the conputing systemis capable
of determ ning the gynsdiwefagearitnbe epmpalitpesystey; utilizing

) i . ' C. i factors of two, or nore
chr omat 0%% h%x %}%tc%%ﬁu%plg ds%tgmt iy c%g%gaélg%% euti((\i%%%ccl:htrgmamgrap{’xy retention data to
elutable C unds;
estimate capacity factors of two or more elutable compounds; utilizing the estimated
capacity factors in combination with an optimum capacity factor value to determine (i) a
start gradient solvent volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and utilizing the start and
end gradient solvent volume concentration values to calculate the elutable compound

retention volumes and resolution between the elutable compounds.

84.  The liquid chromatography system of claim 83, wherein the computing system is
capable of initiating a gradient duration adjustment procedure if the resolution between

each elutable compound is not achieved.

85.  The liquid chromatography system of claim 84, wherein the computing system is
capable of,

(a) increasing an initial gradient duration period value to an increased
gradient duration period value;

(b)  recalculating retention volumes for each elutable compound,;
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utilizing the estimated capacity factors in conbination with an optinmum
capacity factor value to determne (i) a start gradi ent solvent vol une
concent r avpanivelzee, and (ii) an end gradi ent sol vent veCumS2@o022m3 rati on
value for the liquid chromat ography separation; and utilizing
the start and end gradi ent sol vent volunme concentration values to cal cul ate
the el utabl e conmpound retention volunmes and resol ution between the el utable
conpounds. 102. Theyl i qaétermsiiing iR aBtutfnStc@Redf caeh 2lulI® cop&iiip t he
conputing systemis capable of recalculating the resolution by varying the
start or anéev§Aadident sol vent vol ume concentration values. 103. The liquid

chr omat ogr aphy syst gim of i el I: ] i s capabl e
of recalculating t hgﬁ]r es%e%%%ngnf:’?%; (%ﬁ{}i %gg& %f ﬁé%%ﬁ%é{‘@%% 1%ﬁ%aati on

vol une. 104. A liquid chromatography system capabl e of providing one or
nore separatio rameter values to a user faor a.liquid chronmatography
separ at | 0%6? sa?%ggﬁ‘é‘gg%‘}'%%ﬁa@%@f“%‘ (9%!“(%&&3% W%‘?ﬁ‘éme CORPUANg SEHem 18

i nter f acecaabiR of SRRk Graddéit §vent Wsﬁir&iéﬂ@éds&xﬂﬁtgxr&éﬁ&@t ography

systemis capable of (a) separating two or nore efuta conpounds with
| i qui d chromat ography using one or nore properties of the elutable

conpounds.4 nput, i ht o .a,conput i syste i is in communication wi.th the
l'i qui d ch%#Omat Vg%ef QE‘W Cgﬁg%ﬁ%m% S%iﬁ“@%%@%ﬁ)ﬁ%&ﬁn rETYLGE dhtiem 18
par anmet ercapabides, for a liquid chromatography separation of the elutable

conpounds perfornmed by the conputing system and (c) providing the user
with a recommended @pe icrespingniieoyahpgipding prvent cHlbmat wgeepinjiondd 2,

chr omat Og%&g%ég?ﬁ%%%fig%f&m&@%ﬁg{ o&%%aﬁgggaﬁgl vents to enploy for

separat i e conmpounds a e uSer inputs one or nore
properties of the efbit ablcealcuingregmectstivnvoluhite fearaaph tiundlsysi@md;105. A

| i qui d chromat ograp system. conpr.i Si ng: conputi ng syste and a uyser
interface with the @an ﬁ@iﬁ“’%‘?gt"éﬁheﬁgﬁpgﬁﬁﬁt Bvgengarky @%W&SH&
system i sypana@lsqof (a) utilizing the conputing systemto estinate
capacity factors of the two or nore el utable conpounds using retention data
of the el utabl e conf@dundepéating seepe Gpll.i ang ()i tasnjutiph)s nat iathizgvedg t he
conputing systemto deternm ne whether the two or nore el utable conpounds
will not separate with the estimted capacity factors; (c) utilizing the

conput i NBEY StUEHB Liguig eBRmdMiSgradhy 8a&in ONElale B3 WRAERMiHE YR pating system is
chromat ogr aphy net hod, chromat ography nedi a, chromat ography col umm si ze,
and chr orfRPaRJE abiytiaisevesnd sradicahpplisint cencespemedienment rrpeedaraut abl e
conpounds; and (d) utilizing the at | east one recomrended type of

chr omat ogr aphy net hod, chromat ography nmedi a, chromat ography col um si ze,
and chr ordt ogrBghlyquedichemtaograplsepareat ef tlhien B&pwhereimnthe celnpuahg eystampounds.

capable of,

(a) decreasing the end gradient solvent volume concentration to a
decreased end gradient solvent volume concentration value;

{b) recalculating retention volumes for each elutable compound;

© determining whether resolution between each elutable compound is
achieved; and

(@) repeating steps (a), (b), and (¢) if resolution is not achieved.
90.  The liquid chromatography system of claim 83, wherein the computing system is

capable of recalculating the resolution by varying the start or end gradient solvent volume

concentration values.
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91.  The liquid chromatography system of claim 83, wherein the computing system is

capable of recalculating the resolution by varying gradient solvent duration volume.

92.  The liquid chromatography system of claim 83, wherein the computing system
after resolution calculation is complete, automatically provides gradient parameter values

are to the liquid chromatography system or a user for separation of the compounds.

93.  The liquid chromatography system of claim 83, wherein the computing system,
after a user inputs the elutable compound properties into the computing system, provides
the user with at least one recommended type of chromatography method, chromatography
media, chromatography column size, and chromatography solvents to employ for

separation of the elutable compounds.

94. A liquid chromatography system comprising:

a computing system; and

a user interface with the computing system;
wherein the liquid chromatography system is capable of (a) separating two or more
elutable compounds with liquid chromatography using one or more properties of the
elutable compounds input into a computing system, which is in communication with the
liquid chromatography system; (b) determining one or more gradient parameter values for
a liquid chromatography separation of the elutable compounds performed by the
computing system; and (¢} automatically providing the gradient parameters to the

chromatography system or a user.

95.  The liquid chromatography system of claim 94, wherein the computing system is
capable of determining the gradient parameter values by:

utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds;

utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume concentration value,
and (ii) an end gradient solvent volume concentration value for the liquid chromatography

separation; and
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utilizing the start and end gradient solvent volume concentration values to
calculate the elutable compound retention volumes and resolution between the elutable

compounds.

96.  The liquid chromatography system of claim 95, wherein the computing system is
capable of recalculating the resolution by varying the start or end gradient solvent volume

concentration values.

97.  The liquid chromatography system of claim 95, wherein the computing system is

capable of recalculating the resolution by varying gradient solvent duration volume.

98.  The liquid chromatography system of claim 94, wherein the computing system,
after a user inputs the elutable compound properties into the computing system, is capable
of providing the user with at least one recommended type of chromatography method,
chromatography media, chromatography column size, and chromatography solvents to

employ for separation of the elutable compounds.

99. A liquid chromatography system comprising:

a computing system; and

a user interface with the computing system;
wherein the liquid chromatography system is capable of (a) separating two or more
elutable compounds with liquid chromatography using one or more properties of the
elutable compounds input into a computing system, which is in communication with the
liquid chromatography system; (b) utilizing the computing system to generate at least one
recommended type of chromatography method, chromatography media, chromatography
column size, and chromatography solvents to employ for separation of the elutable
compounds; and (c) utilizing the computing system to determine one or more gradient

parameter values for a liquid chromatography separation of the elutable compounds.

100. The liquid chromatography system of claim 99, wherein the computing system is

capable of;
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automatically providing the gradient parameters to the liguid
chromatography system or a user; and
communicating with the liquid chromatography system to separate the two

or more elutable compounds.

101.  The liquid chromatography system of claim 99, wherein the computing system is
capable of determining the gradient parameter values by:

utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds;

utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume concentration value,
and (ii) an end gradient solvent volume concentration value for the liquid chromatography
separation; and

utilizing the start and end gradient solvent volume concentration values to
calculate the elutable compound retention volumes and resolution between the elutable

compounds.

102.  The liquid chromatography system of claim 99, wherein the computing system is
capable of recalculating the resolution by varying the start or end gradient solvent volume

concentration values.

103.  The liquid chromatography system of claim 99, wherein the computing system is

capable of recalculating the resolution by varying gradient solvent duration volume.

104. A liquid chromatography system capable of providing one or more separation
parameter values to a user for a liquid chromatography separation, said system comprising:
a computing system; and
a user interface with the computing system,
wherein the liquid chromatography system is capable of (a) separating two or more
elutable compounds with liquid chromatography using one or more properties of the
elutable compounds input into a computing system, which is in communication with the

liquid chromatography system; (b) determining one or more gradient parameter values for
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a liquid chromatography separation of the eclutable compounds performed by the
computing system; and (¢) providing the user with a recommended type of
chromatography method, chromatography media, chromatography column size, and
chromatography solvents to employ for separation of the elutable compounds after the user

inputs one or more properties of the elutable compounds into the computing system.

105. A liguid chromatography system comprising:

a computing system; and

a user interface with the computing system;
wherein the liquid chromatography system is capable of (a) utilizing the computing system
to estimate capacity factors of the two or more elutable compounds using retention data of
the elutable compounds into a computing system; (b) utilizing the computing system to
determine whether the two or more clutable compounds will not separate with the
estimated capacity factors; (c) utilizing the computing system to generate at least one
recommended type of chromatography method, chromatography media, chromatography
column size, and chromatography solvents to employ for separation of the elutable
compounds; and (d) utilizing the at least one recommended type of chromatography
method, chromatography media, chromatography column size, and chromatography

solvents to separate the two or more elutable compounds.
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