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Not surprisingly, the recent interest in micrototal analysis systems
has led to the developmentof numerousminiaturized liquid
chromatography devices.»? Most of these systems exploit develop-
mentsin microfabricationto scaledown conventionalchromato-
graphicinstruments Accordingly, emphasisherehasbeenplaced
on minimizing samplevolume,increasingsamplethroughputrate,
and improving separation of analytes. Concurrently, there has been
amove toward array-based sensing where the smultaneous response
from a collection of low-selectivity sensingelementscreatesa
diagnosticfingerprintresponsé: 8 However therearefew, if any,
prior works which combine microchromatographic technologies
with array-basedensingconceptsPreviously,we havereported
the development of anovel optical sensor array platform consisting
of polymerbeadswhich are syntheticallytransformednto colori-
metric sensingelementsand then arrangedin an array of wells
etched in asilicon chip.® 12 These bead-chip assemblies are housed
within flow-cells, which are integrated with a combination of fluidic
andopticalcomponentaffordingthe near-real-timanonitoringof
solution-borneanalytes.Prior demonstration®f this OElectronic
TasteChipOplatformOstility haveincludedmeasurementsf pH,
metal cations, simple sugars, biological cofactors, and serum
antigens/antibodies.

Herewe presennewconceptdor anddemonstratéhe utility of
integratedchromatographielementsand genericdetectionfunc-
tionalities for bead-based sensor array systems. Discrete separation
and detection functionalities were created within beads using
previously described'31* methodology for selective chemical modi-
fication of specificshelllayerswithin individual beadsLikewise,
temporal and stoichiometric control factors were used in conjunction
with blocking agentsJigands,andindicatordyesto createchemi-
cally distinct regionswithin the beads.The first stepin creating
thesefunctional beadsystemsinvolves the selectiveblocking of
the active groupsin the exterior regionsof the beads.Next, the
remainingactivecentralcoreregionsof the beadsaresensitizedo
analytesthrough the immobilization of an appropriateoptical
detectionschemeFinally, after removalof the blocking layer on
the beadsCexteriors, the outer shells are functionalized with aligand
system. This processessentially createsmicroscopic, spherical
chromatographic systems. For each bead, the ligand shell functions
as a chromatographi® support, differentially hindering analyte
progression through the polymer matrix, while the detection scheme
localizedat the core servesas an integrateddetectorelement.

The utility of this new integratedchromatographic-detection
conceptis studied here in the context of generic metal cation
detection experiments. In this example, aizarin complexone
(ALZC), a compleximetricdye known to exhibit responseso a
wide rangeof metalcations!® is usedasthe detectorelement.
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Figure 1. (A) Schematicshowingthe preparatiorof multishellbeadswith
acommoncore(ALZC), butwith differentoutershells(v: acetylatedyi:
EDTA). (B) Transmittedlight imageof a beadfrom batchiv. Batchesv
andvi appeamearlyidenticalto batchiv, andare not shown.

Figure 1A displays schematicallythe synthesisof functional
multishell beads Key to the creationof distinctly heterogeneous
regions within the amine-terminatecpolystyrene poly(ethylene
glycol) (TG-NH,) beadsisthe ability to partially penetrate the resin
inaradia manner with 9-fluorenylmethoxycarbonyl chloroformate
(Fmoc). As demonstrated el sewhere, 1314 this process allows for the
creationof anexternalshell (within eachbead)in which theamine
sites are protected. The depth of this shell can be varied asafunction
of reactiontime and Fmoc concentration Accordingly, TG-NH,
resin(i) is protectedn this fashion,yielding resinwith anexterior
shell of protectedamines(ii). Subsequentouplingof ALZC to ii
resultsin beads with the complexone immobilized only within their
cores (iii). Removal of the Fmoc protecting group then yieldsresin
with an ALZC core and an exterior shell of free amines(iv). As
such, the radial penetration of the Fmoc alows for a given chemical
functionality to be insertedinto the centerof the resin, effectively
bypassing the outer shell. Two aliquots of iv are individually treated
with aceticanhydrideandEDTA anhydride respectivelyyielding
two batches with identical cores, but different exterior shells. While
batchvi is functionalizedwith a strongly chelatingEDTA shell,
the amines in the exterior of batch Vare capped, rendering the shell
relatively inert with respectto metal cations.

Beads from batches v and vi were arranged in an Electronic Taste
Chip array with each truncated pyramidal well hosting an individual
bead,directing solution flow to the beadwhile allowing optical
measurement® be made.The effectiveabsorbanckof eachbead
was monitored vs time as various metal cation solutions were
deliveredto the flow cell. The chromatographimatureof these
beadsaddsa new dimensionto the datayieldedby the Electronic
TasteChip platform, allowing for the extractionof multiple types
of informationfrom eachbeadOsesponseo a given metal cation
solution. For this demonstrationthree such componentsof the
beads@sponsearedefinedasfollows: (1) thecolor changeof a
beadis calculatedby subtractingits initial effective absorbance
value from its final effective absorbancealue, (2) tp is the time
measuredrom the beginningof a beadOsolor changeuntil the
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Figure 2. Graphical representation of multicomponent fingerprint responses
yieldedby functionalmultishellbeadsupontheintroductionof (A) 10mM
Zn?*, (B) 10 mM Ni?*, (C) 5 mM Pb?", and(D) 10 mM Pk?*. Thet, and
tp valuesof the beads@sponsesre shownin hatchedandblack bars,as
indicated,and correspondo the left-handaxes.Red,green,andblue bars
(measuredn theright axes labeledR, G, andB) displaythe beads@olor
changesn threechannelsaasobservedy a CCD cameraln eachpanelthe
beadsare identified by their outer shells (Ac: acetylated;EDTA: im-
mobilized EDTA).

bead has completed half of its color change, (3) t. is the time
requiredto penetratehe ligand shell as definedby the length of
time prior to the observatiorof the color change

Examplesof the multicomponentresponsesare graphically
summarized in Figure 2. Each of the four panels here included
corresponds to the indicated metal solution and festures two separate
data sets associatedwith EDTA and acetylated outer shells.
Interestingly, the individual componentsof each panel can be
combinedto form a fingerprint responseshowinguniquecharac-
teristicsfor eachof the studiedmetal cations.Thesereproducible
dataarewell-suitedfor usewith pattern-recognitiomlgorithms.A
comparisonof panelsC (5 mM Pb?) and D (10 mM PI?*)
emphasizeshe benefitsof the increaseddimensionalityof the
fingerprint response. While the color changes exhibited by the two
beadtypesshowlittle, if any, meaningfuldifferencebetweenthe
two concentrationsthe tp valuesof both beadsandthet, values
of the EDTA bead, differ significantly between the two concentra-
tions. It is evidentfrom thesedatathatthefinal staticcolorimetric
responsethe color changg of the ALZC aloneis insufficientfor
discriminatingbetweenthe two concentration®f Pk?*, and that
the functional EDTA shellsand the time domainhave addedto
the array@ capabilities. Conversely, in the cases displayed in panels
A (10 mM Zn?*) andB (10 mM Ni?*) thetp andt, valuesof the
beads differ only dightly between the two metals, while their color
changesare distinctly different. For thesecasesthe colorimetric
responsesf the ALZC contributemoreto the discriminationthan
do the tempora components of the response. Likewise, a compari-
sonof panelD (10 mM PB**) with eitherpanelA (10 mM Zn?*)
or B (10 mM Ni?*) demonstrates situationin which both the
temporalandcolorimetriccomponentsliffer betweermetals.That
the t, valuesof the acetylatedv) beadsdo not vary significantly
betweenthesefour casesagreeswell with the idea of an OinertO

shell and highlights the chromatographic role provided by the EDTA
functionality. Current studiesinvolving a wider range of metal
cationsanda collectionof differentexternalligandsaim to further
expandthe utility of this new chemometricapproach.

In conclusion, theinitial demonstration of an array-based sensor
composedf integratedchromatographi@nd detectionelements
hasbeencompleted.The new conceptsdescribedhereallow for
the batchproductionof multicomponensensingensemblesvhose
chromatographic and detection functions can be chemically tailored
to a given application by exchangingeither of the integrated
elementsMoreover,this work establishes methodfor the facile
generation of a collection of low-selectivity sensors based on a
single detection scheme. Such complementary, overlapping elements
are the building blocks of cross-reactive sensor arrays. The extension
of this concept to include various other N-, S-, O-, P-based ligands,
chelatorscrowns,andcryptandsshouldfurtherenhancehe scope
anddiscriminatorycapabilitiesof the outershells,allowing for the
creationof additionalinterestingOcoordinatiomhemistryGheme
chips. Furthermore, with the appropriate components, this integrated
techniqueshouldbereadily applicableto otherclasse®f analytes.
Future efforts may exploit analogouscomponentsdrawn from
various branches of chromatography including molecular exclusion,
ion exchangeand affinity chromatography.
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