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Improved Chromatographic Selectivity
Using WISE TM Software

. by Vince Warren, Senior Applications Chemist

Introduction

TheWaters InteractiveSelectionof Eluents TheWISE soflvvarestrategycan be blendswhich mustbe testedin order to
(WISE")softwarepackage was firstintro- applied to a wide varietyof eluent blend- achievean accurate predictionof the
duced for the 840 Data and Chromatog- ing problems,providing an extremely optimumvarieswith the complexityof the
raphyControl Stationat the 1988 Pitts- versatiletool which can assistwith the separationproblem,but usually it is six
burgh Conferencein New Orleans. With optimizationof pH, temperature,additive or fewer.
the releaseof Expert Easeversion2.2, le.g., buffersaltor PICe Reagent)concen- Astheoptimizationprogresses,WISE
thissoftwareoption will be available to all trationor modifiercompositionfor aque- soflvvarekeepsthe userinformednot only
Waters 845 and 860 usersas well. In ous/organic eluents. Normal phase as of the latestpredictions,but of the reason-
fact, version2.2 of ExpertEase"will well as reversephaseeluentscan be ing behindthese. Forclarity, easily under-
includea demonstrationversiono_WISE optimized usingWISE software, stoodgraphical displaysare usedto sum-
software,providing all userswith an easy In addition to the diversityof eluent marize theavailable information. The
way to gain familiaritywith the capabili- variableswhich can be addressed,WISE EluentSelectionDiagram[ESD)[refer to
tiesof thissoftwareproductoption, softwareoffersseveraladvantagesover Figure8) presentsthe currentretention

WISEsoftware isan interactiveap- other comparableapproaches. To keep modelalong with 7ors of the user-selected
proach to theoptimizationof eluentsfor the optimizationprocessefficient,the quality criteria. In_:ddition,simulatedchro-
isocraticLC methods,with a focuson WISE strategyusesa minimalnumberof matogramsare availaole for the predicted
improvingchromatographicselectivityto startingexperiments(typically2 or 3) and optimumand for the __ggestednextexperi-
meet thechromatographer'srequirements, then movesfan,yardin a self-correcting ment. When appropriate, WISE software

mannerto locatetheoptimal blend of the also adviseswhetherthe optimization
*Compalible withDEC/VMSeoperatingsystem, startingeluents. Aseach new experiment processshouldbe continuedor ended.

is added, the new retentioninformationis TheESD,which is central_othe WISE
usedto update theretentionmodel from
which all WISEsoftwarepredictionsare
calculated. Thetotal numberof etuent



softwarestrategy,does morethan keep Figure7: InitialIsocraticSeparationof FiveBeta-blockerswithBinaryEluentBlends
the userinformedabout progressduring ..............
the optimization process. The ESD 1 o:Etue.tA 1.Af_.6bl
providesa usefuladdition to the documen- 2o0 b:Ebe,,_B 22'_No_ij_!.

tation of the methods development proc- _[_foiess,indicatingthe eluentblendswhich ; 5 _

were investigatedand predictingthe .... ._chromatographicresultsexpectedfor 3,5 : _
untestedblends. Becauseit summarizes /_,,J_...
informationfor the entiretestedrangeof a:
the eluentvariable, the ESDcan also be 100 ,
usedto assessthe ruggednessof the
predictedoptimum. That is, thevulnerabil- : :" .... .......

ityof chromatographicresdutionto ..... _
variation in theeluentcompositioncan be 4 '5 "
readilydeterminedfrom inspectionof the __ _i :_.
ESD.This is discussedas partof the beta

blockersoptimizationexamplebelow, 0 , _ Mi._ lb

How WISF,So'-wareWorks Informationobtainedfromtheinitialseparationsina& baboveareenteredintotheWISEsoftware
aspartoftheprocessinobtaininganEluentSelectionDiagram.

TheWISEsoftwareproduct includestwo
modulesto addressdifferentoptimization
problemsfor isocraticLCeluents. The example, thegoal is the isacralicsepara- startingbinary eluents. As a preliminary
SingleVariableOptimization module tion of five beta blockers,usingaqueous/ retentionmodel, In (k') is assumedto vary
facilitatesthe optimizationof eluentvari- organic eluentsand a Nova-PakC1_ linearlybetweenthemeasuredretention
ables suchas pH, temperature,saltcon- cartridge, valuesas a functionof blendingproportion.
centration,percentageof organic modifier Forternary(three-solvent)eluentoptimi- (continuedon page 8)
(e.g., methanol)or PICreagentconcentra- zation, the startingpoint is.alwaysa setof
tion. TheTernaryEluentOptimization chromatogramswith binary(lwo-solvent)
module isusedwhen blendsof an aque- eluents. Inthiscase, the startingbinary
ouscomponentpluslwo organic modifiers eluentscontainmethanolorTHFblended

(typicallymethanol,acetonitrileor tetrahy- with water. To adequately retainthese
drofuran)are to be optimized, solutes,PICB8 reagentwas includedin

To illustratetheway in which WISE all eluentsat a constantconcentration.
softwareworksto optimize an isocratic Thechromatogramsfor thestartingeluents
eluent,a simpleexampleof ternaryeluent (Figure7) fail to provide thedesired reso-
optimizationwill be discussed. In this lutionof all five solutes,so it is appropriate

to considerblendingthe startingbinary
Table1: ExperimentalConditionsfor HPLC eluentsto forma ternaryeluent(i.e.,
IsocraticSeparationof FiveBeta-blockers methanol/THF/aqueous). Thisisthe point

__t_, ,-___. ; :. : at which WISEsoftwarecan provide
""°lumn::rqova_PaE_C:_8"_drfridg_t l_OO'__:_'i'_l_ assistance.

• Flow rate: 0.8 ml./min - : Foreach of thestartingchromatograms,Detection: UVat 254 nm

....Sample: Fivebeta-blockers:Atenolol,NadoI01,:Pindolol, retention times for the fivesolutesare

Metopiotol, andTim0101 _ enteredintoWISE software. Theuseralso
:_. EluentA: 780 mLH20, 220 mL1HFi "1Vial PIC

ReagentB8{lowUV} entersthe columnvoid time. An Eluent
EluentB: 500 mLH20, 500 mLMeQH, 1Vial PIC SelectionDiagram (Figure8)is thenpro-

ReagentBS(IowUV) duced. InthisESD,the top portion
' ' ...... containsthe retentionmodel which permits

calculationof chromatographicquality
valuesfor all possibleblendsof the

L:
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Thelower portion of Figure8 containsa of the blendedeluent. Theplot for crite- whatexperimentto do next, WISEsoft-
plot of the calculatedvaluesfor the lwo rion 1, while nota plateau, indicatesthat ware providesthecapability to view
qualitycriteria includedinWISE software, even peak spacing in theoptimal chroma- predictedchromatogramscorresponding
Thelwo criteriamonitordifferentbutcorn- togramwill be similarlyrugged, to theoptimumand suggestedexperiment
plementaryaspectsoFchromatographic The predictedoptimaleluentblendsfor for each criterion. Figure9 presentsthese
quality. Criterion 1aimsfor evenpeak the two criteriaappear to differsubstan- predictedchromatogramsfor the beta-
spacingwhile criterion2 monitorsthe tially: A 44%/56% blend for criterion 1 blockersexample. Note that these
resolutionof theworst-resolvedpeak pair. and a 22%/78% blend for criterion2. chromatogramsare simulationsin which
Forthe beta-blockersexample, bothcriteria However, the broadshape of thecriterion all peakshave a Gaussianprofileand
reachtheir highestvaluesnear thecenterof plotssuggeststhatgood chromatograms equal peak areas. Thewidth of each
the ESD,correspondingto a ternaryeluent can be obtained with eithereluent. To peak is establishedby the user-provided
which isformedby blendingnearly equal assistthechromatographerindeciding plate countestimate.
volumesof the startingbinary eluents. ._

Thefull optimizationreportin Figure8
showsthe specificadvice for each quality Figure8: An EluentSelectionDiagram(ESD)andOptimizationReport
criterion. Bothqualitycriteria indicatea ........................ .........
broad optimal regionnear the middle of the H I.s.E . 5 Bet_-blooker.s 18-_EC-S9
ESD. Criterion2 (critical resolution),in fact, ..e :- _ 1
variesso littlein the centerof thediagram
that the plot in Figure8 is a plateau in this
region• Thisindicatesan extremelyrugged
optimized separation,with minimal impact
on critical resolutionarisingfromvariability - :3-.........

./

c

:WISE TEIL_Y _..'r.'JENT OPT]IJ, I'rzAT'lrON R_'--PORT FOR FILE: B_-T._LOCK1

Report for Criterion 1 (Even Peak Spacing)
%A %Be" %C- THF MeOH **** PICb X-coord

OPTIMUM 44.00 56.0;0 0.00 9.90 28.00 0.00 62.10 0.440

Sug. Exp. 0.00 62.76 0.464

Advi ce :

Report for Criterion 2 (Critical Resolution]
%A %B %C THF MeOH **** PICb X-coord

OPTIMUM 22.00 78.00 0.00 4.95 39.00 0.00 55.05 0.220

Sug. Exp. 33.20 66.80 0.00 7.47 33.40 0.00 59.13 0.332

Advice: Perform suggested experiment

ThisEluentSelectionDiagramiscentralto theWISEsoflwarestrategy.Retentiontimesfromthe
chromatogramscollectedsofarareusedIo forma preliminaryretentionmodelin thetophalfof the
diagram•Fromthismodel,chromatographicqualilycanbepredictedforintermediateeluent
compositions,andisplottedinthelowerhalfofthediagram•
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., Figure9: PredictedChromatogramsfortheBeta-blockersasDrawnbyWISESatiate Conclusion
Application of WISEsofbvareto the beta-

blockersexampleresultedin the rapid
optimizationof a ternary(i.e., methanol/

A _ OPT1 THF/aqueous)eluentblend. Since neither

A binary eluentwas able to resolveall five
. solutes,thisis a significantaccomplishment

. A ,/_ A suG1 in itself. Theoptimizationusedthe results
of each experimentthoroughlyand effi-

I cientlyto makethe mostrapid
progress

oPT2 possibletoward theoptimum. In addition
to locatingthe optimum,WISEsoftware

¢ A n - providedfull documentationof the reten-

• ]_ ]_- A A A suG2 tion modeland predictedseparation
......... quality for all possibleblendsof the

* 0"0 _"_ " r _3"_ startingbinaryduents. Inspectionof the
................... EluentSelectionDiagramallowed an

Theretentiontimescorrespondingto theoptimalandsuggestedeluentblendsinFigure8 areusedby assessmentof ruggednessfor the optimal
WISEsot/waretogeneratepredictedchromatogramsforeachcriterion, eluentblend, which was excellentfor the

beta-blockersexample.

As expected, the plotof predicted chromo- Theseparation in Figure 10 isalmost Figure10: ChromatographicVerificationof
togramsshowsthat the five peaksare identical to the predictedseparationof theOptimumHPLCConditionsPredictedby
moreevenlyspacedin the optimalchro- Figure9 exceptfor differencesin peak WISESoftware

matogramfor criterion 1, while theworst shape. Thisdegreeof agreementbetween : .__.... -_' _resolvedpeak pair is betterresolvedin the predictedand experimentalchromatograrns 60_ i_ _k:_
]ioptimumfor criterion2. Thechoice is left is notalways obtained so quickly. Recall

to the chromatographer,but bothcriteria that theWISE softwarepredictionswere
providethe advice "Performsuggestedex- based only on two experiments,one for
periment"in thefull optimizationreport each startingbinary eluent. The preli- 4: _*i: _,
(Figure8). In thisexample, the advice of minaryretentionmodelassumedlinear 2c
criterion1 was followed• Becausethe In (k')behaviorfor each solutebetweenthe • ' :"
predictedoptimum(44%A/56%B) and the measuredretentionvalues. In practice, the --
suggestedexperiment(47%A/53%B) trendin In (k')versussolventcomposition, s MinuteslO 15• ..... .....
differ so little,the optimumwas tested usuallyfollows a gentlecurveratherthana co_al)io_?: i At_,_O_ol
immediatelyand thechromatogramillus- linearrelationship. Formoreaccurate re- 44%Elueni_: . 21Nadolo[
trated in Figure 10 was obtained, tentionmodel, it is usuallynecessaryto 56_Elu_,_:B 3:Pindo[ol.. : .:

UV2S4_r_],Li; 4 Meopooi ;.i
includethe retentiondata of one or two FlowRatmB 8 mr)rain 5. Timolol ; ;: ' :
additional ternaryblends to thedata set. .:. i '_;:_
Thedegree of successachieved herein
threeexperimentswill then require4 or 5 Theseparationabovewasachievedby
experiments,stilla modestinvestment followingWISEsoflwaresuggestionstoobtain
comparedto conventionaltrial-and-error optimumevenpeakspacing(criterion1).
approachesto isocraticeluentoptimization.


