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IN'FRO DUCI'ION

In the decade following the seminal paper" describing modern
capillary z(_ne electrophoresis (CZE), 1 the prominence of capillary
electrokinetic separation techniques has grown dramatically. Numeroun
symposia dedicated to the techniques haw_ been conducted and the
literature is replete wi_h reports concerning CZE, and the related
electrochromatographic technique, micellar electrokinetic capillary
chromatography (M[!(_C). As an illustration, the latest Fundanmntal
Review issue of Analytical C.hemistry provides over 500 citations for tlm
period 1990- 1 on capillary eleclrokinetic techniques and related

| topics. 2 In the Pl's laboratory, I)epartment of Energy-supported research
during the [)ast decade has ('ontribti/ed substantially to the fundamental

i and practical development o1 CZE/MECC (see Reports and Publicatic)ns
Secli()n ()l this Document). 'l'his report provides a brief synopsis of our

i research efR)rts in this area during the. current three year (aclually 41

month) grant period, w hR'h ends January 31, 1993. I11 addition to a
description of our analytical separalions--based research, the results of
eflorts to develop and expand Sl_)ectrornetric detection for the techniques

| is reviewed. In this regard, we have successfully advanced laser
tluorometric detection scheme.s. Conversely, attempts to develop mass
spectrometric detection have been less fruitful, largely due to limits in
available personnel (l'ut_re work in this area is not proposed). An
ancillary project, made possible by a convenient overlap in available
equipment, resulted in the development of a regenerable fiber optic
sensor that can be used Io remotely monitor chemical carcinogens and
other compounds.

'l'he enormous interest generated in CZE and MECC as separation
techniques can be attributed, at least in part, to characteristics that
include: [1 ] very high e_flciency, 172111small sample/reagent consun'tption,
113111facile automation, and [4] rapid modification of separation mode
(chromatographic, electrophoretic, or both) and selectivity through
adjustment oi the solution in the capillaw. During early developmental
stages, experiments were aimed at demonstrating feasibility and exploring
fundamental aspects o1 the techniques. As an illustration, in 1.987 we
published the results of the first comprehensive investigation oi factors
ttlat influence efficiency in MECC. 3 As the techniques have matured
(during the current granl period), more practical-minded studies
(periormed in numerous laboratories including the Pi's) have ensuect;
e.g., [1 ) applications demonstrate inherent advantages of the techniques
for important separations, [2] instrumentation developed, tested, and
refined, [31 eflbrts made to overcome limitations and inherent problems



o[ The techniques, and [4] mc:)difications of the techniques explored to
broaden thci_ soc)pe of a pI_licatic)n. 1:undamental studies performed
during this period ,,,,'ere also more practical in nature, l:or example, a

. consequence of the diminutive sizes of (,ZE/ML(. ..... capillaries is that
,-., be applied to provide for very rapidextr'emely high voltage:; can

separations. Thus, we cc)t_tinued our investigations of fa¢'l()rs that
influence efficiency in MII!(._(_,but constrained by the practical conditions
required for rapid.-separation. '4 't'he CZE/MF,(X] research d(,sczlt ed in
this report is arranged based on project ': ',c)plc, but was specifically
designed with the practical-minded studies listed above as general aims.
Numerous referencc_'s are made tc) our DOI! registered publications and
reports.

RliStll,'l'S ANl) I)ISCI.JSSION

i I. Micellar l!lectrokinetic Capillary Chromatography: Te('tlnique
Advances

I. _A_queous-Orgajli__cMol)ile Phases and Solvent-Gradients. The
c)bserwttion that elution cilaracteristics in MEC(] closely mirnic reversed-
phase iIPi,C has m.otiva_ed our extensive studies of the influences of
c)rganic" sc)lvents on retention, s, 6(for overview) The addition of organic
solvents tc) ML!C(; mobile phase:; reduces solute partition coefficients (as
in RI_-IIPI,C), but als() alter,-, l)hase ratio and electroosmotic flow rate,i

(;radient eluti()n has proven essential in IIPI,C separations of components
in complex mixtures. In t l_e case ()l MISCC, a limited elution range, 7
problems with se,parating hydr()phobic (-ompounds,8 and complex
relatic_nships between m()bile phase composition and band migration=

-_ rcic)city,6, 9 have rendered gradient elution equally (if n()l more)
-_ iInpc)rlant, but lheoreti(ally diIfic'ult to model. We have devel_)ped two

I instrumental arrar_gements capable of generating solvent-gradients in

MI{(](] and lthec)retical mc)dels lc)r predicting retention during the course
= ()l the gradients.10,11 A variety ()f continuous-sl'roped gradients can be

genecated and it was slmwn that unusually-shaped gradients can Ii_c;ilitate
rapid separations in MECC. l-_redictions of solute retention, using
theoretical models developed in our laboratory, were found to correlate
lairly well with the experimentally obtained retentior_ times of test
solutes. Preliminary results indicate the feasibility of using lhis analytical
methc,)dology, with a modified simplex procedure, R)r the computational
()ptimization of solvent gradient separations. Relerences 10 and 11 (the
latter is a preliminary manuscript for submission) can be consulted for
details of recent work.
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2. _gr__iJ31g Uses oi Non-Traditional Organized Media to Extend
Applicatioljs,_E_Pr_o_vide Unique Selectivity_,. ail__._d!_,educe An_alysis Time. Most
b/EC(._ separations are perlbrmed using sodium dodecyl sulfate (S DSa)-
formed micelles. UnFortunately, moderate lo highly hydrophobic
compounds tend to completely associate with SDS micelles and co-elute
near tile end oi the elution range. Organic solvents only partially
alleviate _his problem (at mocterate concentrations, (.)r_,anic solvents
inhibit micelle formation}. During the past few years we have
investigated the uses ot bile sall.s (naturally occuI'ing surfactants) as an
alternate [ornl oi pseud()-stationary phase in M[iCC. 'l'he unique in".,,c,rted
aggregates o1 bile salts are more polar and tolerate higher concentrations

9 "'_ ) "'*of organic solvents relative to Sl S.-micelles; both characteristics
lacili[ate the separation (.)f relatively hydrophobic compounds. 8 Bile
salt.,;, being chiral, permi.t the separations of certain enantiomers.12,13
Our fundamental investigations of efficiency lor rapid separations
illustrate lttrther advantages of employing bile salts in MEC(; (high
efficiency was attained in stli_-rntnule separations). 4

. We have also investigated the utility of another class of organized
"71 • " "1. ..media, cyclodextrlns (C1)s), to selcctwely modify retention ill capillary

electokinetic separations. (il)s are naturally-occuring macrocyclic sugar
molecules thai are chiral and possess an axial cavity that is responsible
for sc.)lute-(i_l) i,7_'It_.si(m coml_lex formation. The m¢;st common lorms of
cyclodextrins, ct-, [_-, and y-(TI), differ in number of monomeric sugar units
and, hence, cavity size. We have investigated the uses o[ native and
derivatized Cl)s irt b()th (:ZI:!and ME('(_, with the emphasis on separations
of enanti()mers. 14 *l'he spatiaI requirements of inclusion complex
I'()rmali()n can also be expl()itcd for highly selective separations o1
geometric isomers (see int()rmatio|._ below). 15

3. livaluaLi!_lg and [ml2roving (,)ualitative Capabilities. The facile
manner in which retenl_ion can be manipulated in MI!CC, by changing the
composition of tile mobile phase (without altering instrumenlal

-_ , I1,_configurati()n), can be exploited to cnha _c. the qualitative characteristics
()t" the technique, tlsing a test sample o1 10 mycotoxins (naturally-
occurillg environmental toxins) we were able to acquire two distinctive,
full.v-resolved chromatoprams (using tw(.) sets of optinlized mobile phase
(()lldilk)ns) iz_a peri(M oi ()nly 45 rninutes, including capillary rinsing and
equilibratk)n. 16 l_;yusing both sets of conditions, and adjusting retention
times using indigcn()us {)r add,:'d components in samples as normalization
standards (normalized retention time CVs _ 1%) w(,_ wc.r_: able to
identify, based o_sample/slandard c_)-elution, ali of l,he mycotoxins in 5

I']r, ,, ,, _,, , , ,,,,,r ,r ll]¢ ....
qP'.... ,, , 'l, ,, '1" ,I,,, ........ 'P'IllqT "f' I1'1' Ii' _P'II ',......... ,, r"llt_qllllill *'11'....... ,'¢1,1,'1I, ..... l,_lr * 1"111 ¢,I,' '"'"l,r"'llIlIIl,' ""_'11qI' ,llllT,_,'_,r,,',, ,'_ "l'lliiil"ll_Hl_, ,llrl,,,llll_R,,,,,ifl,,,,_,,r_,,urTllmlrllalS,l__!;iIg_lr="lll_lll'r"q'!'liI_lllP'I_ll...



randomly generated mycot()xin/interferent samples, without any mis-
identifications (see Rel_erence 16 for details).

II. Micellar l!lectrokinetic Capillary Chromatography"
Separations of l!nergy/l{nvironmentally Significant Toxins &
Pollutants.

'l'he utility of (_ZI!/MI!(_(; in ..bis:?analysis can be attributed to the
ubiquity of ionic arid water soluble neutral compounds in saw ples of
biological origin. Indeed, much of our prior research was illustrated
with- ()r applied to- biosamples. During the current grant period we have

.-_ ._ .._,endeavored t()extend the scope of ML(.(. to in(;lude moderately
hydr()phobic compounds (see above), such as those comlnonly found in
samples of environmental, or energy origin. We have Ik)cused our
attention on two classes oi compounds, mycotoxins and p.0J.yC3,clic
aromatic hydrocarbons (PAlls). Mycotoxins are metabolites of various
fungi and can he found in many foodstuffs. They are considered among
the most t()xic of naturally-occuring compounds. By studying the
influences of various mobile phase additives on retention and selectivity,
we were able to enhance the qualitative capabilities of MECC for
mycotoxin analysis (see above). M(:)reover, predictable cha_ges irt

i mycotoxin retention could t_e implemented to minimize problems with
,1 matrix interferences. 1c' Since tligh sample throughput is irnportartt in
:j m yc()toxin analysis, our studies of efficiency under rapid separation

{i conditions is of particular practical significance (e.g., see eflicient 20 sec
I

t_ separation of afl_ttoxins, l:iyure 4, in Reference 4).

I)uring the past year, we have made a substantial effort to establish
MI{(_C as a viable separation meth()d for PAll mixtures, including those
isolated fr()m complex fossil fuel samples, is Tlm uses of different
mice.lh_r systems and m()hile l')hase, additives, such as organic solvents to

.. ellect retention and Cl)s to exploit topological selectivity, wet,.,.
: investigated. (._ycloclextrin m(_bile phase additives proved tc) be

particular useful when separating Isomeric rnlxtures o1" 3-, 4-, or 5-ring
PAlls. l:or example, despite similar structures and hydropl'lobic
character, benzo(a & e)pyrene could be easily separated with the proper
conditions (see l:igure 2 in I_eference 15). Compared to llPl..C c()lumns,
MI!CC capillaries were shown to be more robust in handling complex
"dirty" samples. *l'he small sample volume requirements of MECC
permitted coupling with IlPl,(; l'ractionation pr'ocedures. 'l'he B(a)P
c()nce.ntration ol'a I)()l!-supplied shale (,:)ii sample was rapidly and
accurately determined using th.is separatiot.l methodology with laser
fluorometric detection (see last section of Reference 15).
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III. Investigating On-Column Chemistries to Facilitate Laser
Fluorometric Detection and Manipulate Retention

I. Metal Ion Sep__ions [Ising On-Column Chelation. Although CZE
exhibits exceptional resolving power for metal ion analysis, it has
received relatively little attention, partly clue to the scarcity of suitable
detectors. As an alternative to indirect fluorometric detection, we have
demonstrated and characterized a detection scheme based on on-column
chelation with ligands that R>rm lluorescent complexes. 17 Most of our
work invo!w,d adding 8-1"lydroxyquinoline-S-sulfonic acid (HO..S) to the
electrophoretic running bulfer. Free HQ.S is nonfluorescent, while many
llQS-metal complexes fluoresce when excited with the near tJV outputs of
argon ion or IIe-Cd lasers. As an Initial study of th[s detection scheme we

: separated Ca, Mg, and Zn ions and achieved low picogram l.,()Ds and a

linear dynamic range extending 2 orders of magnitude above the LOD(see Table 1 in Reference 17). 'l'he effects of chelation on electroplloretic

i mobility and separation elTiciency were also studi_ .rl with thia system.Preliminary eflorts to extend this methodology to the separation and

detection of rare earth metals (see Progress Report DOE/ERI3613-31)have been shelved lhr the time being in favor o17developing generalized

I approaches to ir_direct fluorometric detection (see Section VI of this
report).

2. Association of It_._}hobic Probes for Detec_f l)rotein.s and
Surlactant S3,stem,_. The application of CZE to the separation of proleins
has become quite common due to the exceptional efficiency that is
possible, particular if capillary wall adsorption ts reduced or
eliminated.IS, 19 We have compared various laser fluorimetry-based
approaches (native flu<_rescence, pre-column labeling, and on-column
labeling using hydophobic probes) lo detect proteins separated by CZE.18
()n-column labeling with probes such as 2-p-toulidnylnapthalene--6-
sulfate (TNS) is based on the unusually large in,crease in fluorescence
quantum efficiency of the probe when it interculates into the
hydrophobic regions of proteins. This approach offered advantages that
include: Ill no loss of protein peak integrity (unlike pre-column
labeling), [21 no sample preparation required, [3] easily accessed laser
line used lhr excitation, and [41.]results in l,ODs that: are substantially
lower than observed for absorbance detection (see Figure 4 in Reference
18 for a sample electropherogram).

We have also explored the use of CZE >¢ith this mode of detection to
investigate surfactant/micetle systems, 20 An increase in TNS
fluorescence is observed when the probe is in the hydrophobic
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environment of micelles, allowing visualization of the aggregates. The
quantitative and qualitalive capabilities of this approach were
investigated via injections of various [SDS] solutions using mobile phases
containing different [TNS]. (_alibration plots were constructed to evaluate
l.,ODs and linearity, and relationships between {TNS] al.ad mobility were
established. Injection. oi more complicated surfactant systems (technical
grade SDS, commercial soaps, etc.) provided interesting information
concerning the stabilities of mixed micelles under electrophoretic field
conditi()ns. 2o

Kuhr lirst reported the use of mobile phases containing a fluorophor
(quinine sullitte) for indirect fluorescence detectlon in MECC. 21. In a
similar manner, we are expl¢)iling lhe unique fluorescence characteristics
o1 these hydrophobic probes lhr detection of non-chromophoric, neutral
solutes separated by M[!C(_. 'i'he analytical characteristics of this mode of
detection are currently being evaluated and will be Incorporated in
Reference 20 before submission of tlae manuscript later this summer.

3. Immuno-AITinity__(_31pillary Electrophoresis. The on-column
labeling procedures described above have the additional effect of
influencing solute mobility. Similarly, preliminary experiments were

: conducted to investigate tl_e effects o1" adding afl'inity reagents to the
a..cleleclropl'loretic buffer in (,Z, to bioselectively bind to specific ligands' ,,_

. alter, ill gl.controlled fashion, their mobility, lt should als() be. possible to
, obtain basic information (e.g., affinity constants) from these
" experiments. Theoretical details concerning this electrokinetic

equivalent of affinily chronTa_ogrnl_hy appear in the competing proposal
for this grant period. Three affinity reagent-ligand systems were
investigated in our work. Murphy's l,aw was evident with two of the
systems (immunological-based ones), in that the affinity complex and
free ligand (analyte) exhibited similar mobilities. The third experiment,

. injection of biotin into a CZI- system containing avidin, yielded predictable
. results, but was limited as a test system due to the enormous avidin-

biotin R)rmation constant (K a = I015). AS a consequence of the large Ka,
the alTinity reaction proceeded to (:ompletion under ali experimental
conditi()ns and it was n()t possible to (;ontinuously adjust retenti()n by
changing [avidin] or the pI.l of the mobile phase(see Progress Report
I OI,/I:R13613-19, p. / lor sample electropherograms and details) With
improvements in sut lac_d modified capillaries (to minimize, alTinity
reagent adsorption) and detection, this project will continue in
c()njunction with prop()sed work inv()lving the uses of highly organized
assemblies as additives in CZ :/MI!C(I:. As a next. step, we plan to further
develop this nmthodology by using anti-I_(a)P antibody to selectively
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manipulate F;(a)P retentiola within the elution profiles of complex
chromatograms (e.g., the Ml!(;(; chromatograms of shale oil appearing in
Rererence 15).

IV. lmmuno-Affinity Fiber Optic Sensors

Remote sensing of chemicals can be perl'ormed using fiber optic
chemical sensors (I;OCS) that use affinity reagent phases. 22 We have
pioneered the development ¢)f I;()CS that exploit the specificity of
antibody-antigen interactic)ns and lhe sensitivity of laser fluorimetry.
Initially, simple sensors were designed; signals resulted from passive
diffusion o1' analyte into a chamber, that: contained anttbody to the
analyt_, and was positioned al: the fiber terminus. 23 While attomole
quantities of benzo(a)pyrene ietraol could be detected in the presence
of interferences, this particular sensor was limited to small, naturally-
fluorescent analytes, and could not sense over extended periods of time.
During the current grant period, a much more versatile, regenerable
design of I;OCS was develol-)ed. 24, 25 The reagent phase of this
mic'roscale regenerable biosensov is solid phase antibody
(immunobeads) that can be delivered to the sensing chamber and held in
the field of view of the fiber while the procedures of various
immunoassay protocols are perlbrmed, then removed from the chamber.
Details concerning the design and operation of this regenerable sensor
can be found in Reference 25. Most recently, these sensors were
employed to measure DNA adducts in real biomatrices (human placenta
samples). 26

V. Mass Spectrometric l)etection

'l'he c()upling of CZE with mass spectrometry is motivated by the
desire to oblain inlormalion on the identity of separated solutes. The
t()pic has received much attention in recent years. 2 (P. 395R) Most
commonly, electrospra.y ionization is employed, although atmospheric
pressure ionization and last atom bombardment have also been used.
We originally proposed expt.riments to characterize the impact of
chromatography-enforced chemical parameters on mass spectrometric
sensitivity (see competing proposal). Modest progress was made i_
designing and constructing electrospray interfaces for the Co--Pl's UTI-
1OOC quadruple MS and the t]TK departmental VG ZAB-EQ hybrid mass
spectrometer (see Progress Report I)()E/ERI 3613-19). Unfortunately, our
inability to identil'y a suitable student, or other researcher, to devote full
time to this effort has substantially impeded research progress. As a
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result of this difficulty, and the success of other facets of our proposed
' research, we have not emphasized this project.

VI. Preliminary Investigations (Details in Proposal)

The accompanying proposal contains project descriptions that
represent an on-going research program dedicated to the development of
capillary electrokinetic separation techniques and suitable methods of
optical detection. In some cases, the proposed projects are direct
extensions of the research described in this report and the cited
publications, tlowever, we have also embarked on certain new initiatives.
Below is a very brief description ot" preliminary work, mostly performed
during tlm first hall of 1992, in these new areas. The proposal can be
consulted lhr additional information and preliminary results.

1. Detection (Chemiluminescence & Indirect Fluorimetry).
Peroxyoxalate chemiluminescence (CI,) has proven useful in the detection
oi PAtts separated by I_P-III)I,C; in some cases yielding selectivity that
zllffercd from fluorimetry. 27 tItilizing skills acquired through the

t fabricatic>n of regenerable fiber optic sensors (see above), we haveCZI., M .,CC.i construct acrylic-molded, post-capillary, CL reactors for use in "_ _/ E""

'l The reactors have been shown to maintain electroosmotic flow and
,] contribute only slightly to band dispersion. We are currently exploring
:-,t the use of different acrylic resins in order to minimize swelling (and in
] some cases occulsion of t.he very narrow (25 .m) reactor channels)

which has been problematic in early work when organic solvents are

I employed. The reactor and post-mixing capillary (flow cell) are placed in
a specially constructed holde.r that permits efficient collection of the CL
emission. The holder can be mounted directly to a PMT housing and

-- consists of an adjustable block with a semicircular mirrored channel in
which the detection capillary is axially placed. The holder can be fitted

:: with an optical l'ilter and/or a mini-collection lens. By adjusting the
; position of the observation zone of the assembly with respect to the post-

mixing capillary, it should be possible to study the kinetics of the CI.
reagent mixing and reaction processes. Diagrams of the post-capillary
reactor az.ad tlolder, preliminary results, and plans for evaluating and

" using this detection scheme are presented in the proposal.

- In order to better accommodate our interest in the separation of rare
-: earth ions by CZE, we are investigating methods of improving and
: simplifying indirect fluorescence detection. By employing a photodiode

array (PDA) detector, we can independently monitor the fluorescence of
two dyes incorporated in the electrophoretic buffer. By choosing an
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ionic dye (to be displaced by ionic: solutes) and a neutral dye (for
normalization purposes), we can correct lhr many sources or noise in
indirect l'luorescence detection. We have employed IIe-Cd laser
excitation of'iaser dyes for initial studies and obtained dynamic reserves
of 103 (with hydrostatic flow), when this simple normalization procedure
is employed. 'l'his compares wilh values of 103 - 104 reported by Yeung
and coworkers using more sophisticated optical configurations. 28 We are

ell cts of operational parameters on detectorcurrently investigating the , e-
performance and plan to test this mode of detection on actual
separations shortly.

2. Capillar_gyElectrokinetic Separations Using "!Iighly-Ordered" Mobile
Phase Additives. We propose to investigate the use of two distinct,
highly-ordered, organized assemblies, [1] selected soluble polymers and

I [211carbon clusters (b.uckyballs), as running buffer additives in CZE (seei
proposal). Some preliminary experiments have been conducted using
both systems. Size selective separations of DNA fragments by CZE using
soluble polymer additives have been report. 29 We plan to conduct
fundamenlal studies of the separation process. !Iowever, our initial work
has involved on-c01umn labeling with ethidium bromide (and other
interculaiing dyes) for detection of DNA fragments. We are currently
evaluating the effects of different laser sources, methods of signal
recovery, and running bulTer comp()sition on detector performance. A
simple l le-Ne "greenie" laser yielded minimum detectable concentrations
in a 75 _m i.d. capillary of 80 ng herring-sperm DNA/mL, approximately
100-fold lower than previously reported using a commercial fluorescence
d_tectore_" modified for use with CZE. 30

We are exploring the potential of performing non-aqueous capillary
electrokinetic separations using ,nod#lied buckyballs (C60)as a secondary
phase. Ultimately, we feel this system may fill an important void in the
capabilities of (.,ZI!,/MI,C(,,namely the efficient separation of hydrophobic
compounds. We are also interested in separating carbon cluster
mixtures, including those reported io be chiral, using non...aqueous CZE.
We have established that rapid electroosmotic flow can be generated in
silica capillaries filled with solvents such as CII3CN and CLI2C12. The flow
is modified by the addition of organic salts. Non-aqueous separations of
certain PAils have been performed, based on solvation within mobile
phases containing organic salts. Mass spectral data suggests that our
initial attempt to modify (impart a charge) buckyballs, by chemical
reaction and sulfonation, have not been successful. Plans for further
research in this area are presented in ti_e proposal.
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t

..... ' ...... , ,i,, ,i _1'-.... ml,q tri '_1.',lr ml ,' Ir_)H rl,,,_ ...... _ pu_rl,_lltlM_l , ii rlmMIrl,, qlll III .... 'Fill" I_#P'_



I,ITI!!I_ATURE CITED

1..l. Jorgenson and K. I,ukas, Anal. Chem., 53 (1981) 1298.
2. W. Kuhr and C. Molaning, AtTal. Chem., 64 (1992) 389R.
3. DOE/ER/13613-5
4.. DOE/ER/13613-35
5. D()E/I!R/13613-14
6. [. ()L/I£.P,/13613--25
7. DOE/I;!I1/13613-6
8. F}OF./l!ll1361.3-30
9. DOIs/I!R 13613- 24
10. DOIJEI_,13613-23

. S :;11 I)01/I,I_13613-44
112. DOE/EP,13613-21
13. I)OI:!/H_,13613-34
14. D()E/I!R13613-39
15 I)OE/ER13613-40
16. DOE/I_!R13613-42
17. DOE/IH_,1361.3-22
18. D()E/H_,I 3613"-33
19. DOE/H_,13613-32
20. DOE/EP,13613-43
21. I....Amankwa and W. Kuhr, Anal. Chem., 63 (1991) 1733.
22. M. Sepaniak, B. q'romberg, and T. Vo-Dinh, Progr. Anal.
Spectrosc., 11 (1988) 481.
23. B. Tromberg, M. Sepaniak, and T. Vo-Dinh,/mal. Chem., 60
(1988) 1901.
24. DOE/ER1361.3-28
25. DOE/EI_,13613-29
26. I)O[;!/Hl136 ! 3-37

27. K. Sigvardson and J. Birks, Anal Chem., 55 (1.983) 432.

] 28. E. Yeung and W. Kuhr, ArJal. Chem., 63 (1.991) 275A.;. 29. W. MacCrehan, II. P,asnlussen, and D M. Northrop, .l. Liq.
i! Chromatogr., 15(6&7) (1.992) 1063.
" 30. 'F Kasper, M. Melera, P. G{)zel, and R. Brownlee, .l. Chron]atogr.,

458 (1988) 303.
I



!

-II-

PUBLICATIONS AND REPORTS

1 D E Burton, M. J. Sepa,niak, and M. P. Maskarinec, "Anal.ysis of Bs

Vitamers by Micellar Electrokin,eti+c Capillary Chromatography, "

;" 3 ' , , . ,, , - .DOE/LR/I.,613-1 J Ghz'ou;st:ogr Sc.[ _ 347352 (.1986)

2 M J Capacci and M. J. Sepaniak, "Biological Sample Injection for Open

Tubular LC," DOE/ER/13613-.2, J. Liquid C/]roma_.ogr., 9_(!5_j_,3365-3373

(1986).

3 ,M J Separ,iak a_td (;_ N. Ke'ttler, "Fluorometric Detection," in

"Detectors fdr Liquid Chro,matography," DOE/gR/13613-3, E. S. Yeung, gd.,

John Wiley & Sons" Ne.w York, (5) 14B-203 (1986).

4 [_ E Burton, M. J. SeI_aniak, and M. P. Maskarinec, "The Ef:_ect of

Injection Procedures on Efficiancv in Micellar Electrokinetlc Capillary

Chromatog_"aphy, "' DOE/ER/'I 3613 - 4, ,:.'/2roma _ogz"aph.ta,, 2_1, 58.3- 586 (1986) ,

5 M J Sepaniak and R. O. Cole, '"Colum,"_Efficiency in Micellar

El.ectrokinetic Capil.lary Chromatog'_aphy,"_ DOE/ER/13613-5, _7a7.. 6"h_m.,

• ._9_, 472-476 (1987),

i 6 A T Balchunas and M. J. Sepaniak, "'E×t:ension of Elution Range inMice1.1ar E.lectrokinet.ic Capillary Chromatography," DOE/ER/13613-6, /b_ai.

i Chem,, 59, 1466+1470 (198:]),7 M J, Sepani.ak and K, D. Cook, "Capil.lary Liquid Chromatography UsiIlg

jl Laser-Based and Mass Spectrometric Detection," Technical Progress Report

for September I, 1.986 ,, August 31, 1.987, DOE/ER/].3613-7,

8 M J. Sepan.iak, I3, E. Burton, and M. P, Maskarinec, "'Micellar

i_ E1ectrokinetic Capil.lary Chromatag1:'aphy," i.n Symposium on "The Use ofOrdered Media in Separations," D'OE/ER/13613-8, ACS Symposium Series, 3_],2

1.6_)_142-151 (1987).

9. C. N, Kettler and M, J, Sepaniak, "Pulsed-Laser Photothermal Refraction

Detection in Capillary l,iquid Chrolnatography," DOE/ER/13613-9, A.12al.

Chem,, >_90,].733-].736 (1987),

iO. D. E, Burt:on, M, J.. Sepa.niak, and H. P, Maskarinec, "'Evaluation of the

Use of Various Surfactants in Micel].ar Electrokinetic Capillary

Chromatography, +' DOE/EP,/]361.3-10, J, Ghz'oma_:ogr. Sci,, 2.5., 5].4-518
(,1981).

li. A. T. Balchunas and M. J. S,._paniak, "Gradient Elutio_ for Micel.lar

El. ectrokinetic Capi. l.lary Chromat_graphy," DOE/gR/I.3613-11, A22_I. Chem.,
: :60 6I_7-621 (1.988).

].2. ;_. J. Sepantak and }{. D. Cook, "'Capil.iary Liquid Chromatography Using

Lasel:'-Ba:se_.land Mass Spectrometric Detection,"' Technical Progress Report
,|
.!| for September I, 1.987 ..August 31, 1988, D,OE/ER/13613-.12.

I
| 1.3. A. T, Balchunas, D. F. SMall.e, A. C, Powell:., and M,. J. Sepaniak,

I '+Separations of Compounds of Biologica, l and Envirorm_ental Interest byI

"1
W_

+...... _ ,,, ....... pr mt' ' ..... P ii_it +rl.... +,pl ..... II,.ll _1111r'' rHlr'



Micellar Electrokinetic Capillary Chromatography,," DOE/ER/13613-13, Sep.
Scf. & Tech., 23__(12 & 13)., 1891-1904 (1988).

14. J. Gorse, A. T. Balchunas, D. F, Swaile, and M, J. SeFaniak, "The
Effects of Organic Mobile Phase Modifiers in Micellar Electrokinetic
Capillary Chromatography," DOE/ER/13613-14, J. High _;_es, Ch.r'r.:::z_ogr. &
Chromat:ogr, Comm., l_l, 554-559 (1988).

15. D. F. Swaile, D. E Burton, A, T. Balchunas, and M, J. Sepaniak,
"Pharmaceutical Analysis Using Micellar Electrokinetic Capillary
Chromatography," DOE/ER/13613-15, J. Chromacogr. Scl., 2_66, 406-409
(1988),

16. bi. J. Sepaniak and K. D. Cook, "Capillary Liquid Chromatography Using
Laser-Based and Mass Spectrometric Detection," Final Technical Progress
Report: for September 1, 1986 - August 31, 1989, DOE/ER/13613-16.

17, A.M. Hoyt and M. J. Sepaniak, "Determination of Benzylpenicillin in
Pharmaceuticals by Capillary Zor:e Electrophoresis," DOE/ER/13613-17,

" Anal. Let:t:., _., 861 (1989).

18. D. F. Swaile and M. J. Sepaniak, "Fluorometric Photodiode Array

Detection in Capillary Electrophoresis," DOE/ER/13613-18, J. _11crocolumtT.
" Sep., I_, 155 (1989).
-

" 19. M. J. Sepaniak and K. D. Cook, "Capillary Liquid Chromatography Using
Laser-Based and Mass Spectrometric Detection," Technical Progress Report

for September i, 1988 - January 31, 1991, DOE/ER/13613-19.

20. M J. Sepanlak, D. F. Swaile, and A. C. Powell, "Instrumental

Developments in Micellar Electrokinetic Capillary Chromatography,"

DOE/ER/1361.3-20, J. Chromn. togr., zA8._0,185 (1.989).

: 21. R.O. Cole, M. J. Sepaniak, and W. L. Hinze, "Optimization of Birmphthyl

Enantiomeric Separations by CZE Using Mobile Phases Containing Bile

: Salts and Organic Solvent," DOE/ER/13613-21, J. ll.[£hRes. Chromatogr. &
Chromatog.r. Comn., i_33,579 (1990).

=

_

22. D. F. Swaile and M. J. Sepantak, "Separation and Detection of Metal Ions

by Capillary Zone Electrophoresis Using On-Column Chelation with HQS,"
DOE/ER/13613..22, Anal. Chem., 6__33,179 (1991),

= 2.3. A.C. Powell and M, J. Sepaniak, ':Development of a Model for Predicting

Retention Times in Solvent-Gradient MECC," DOE/ER/13613-23, J, _1ieroco]..

Sep., 2, 278 (1990)
-

.; 24_ M.J. Sepaniak, D,, F. Swaile, A. C. Powe.ll, and R, O. Cole, "Capillary

Electrokinetic Separations' Influence of Mobile Phase Composition of

Performance," DOE/ER/13613..24, J. tfigh Res. ChromaCo_r. & Chromatogr.
; Comm., 13, 679 (1990).

"25. M. ,7, Sepaniak, D. F, Swaile, A. C. Powell and R, O. Cole, "Fundamentals

of Micellar Electrokinetic Capillary Chromatography," DOE/ER/13613-25,

-- in "Handbook for Capillary Electrophoresis," P. D. Orossmand and.J. C.
=

_

_=

............. ' ........... ' .... '_ ............. III ..... _' .... _d_ .... ' ........ ,,r,IFiilyl,,,'rln,l'_, ,, i,Ii ,q,,_.... ,,,,r, r_,,....... q'_HP_'lPll"'rl'JJl"11 'lP' qIT..... ,l_pl 'l'lpllPu_ll,l '"I' '11!1[I''IPl III' I]lnp[I'' rll'llr"pl'"1'



Colburn, Eds., Academic Press, Inc., 11992, Chp. 6.

26. J. P. Alarie, Mo J. Sepaniak, and T. Vo-Dinh, "Evaluation of Antibody

Immobilization Techniques for Fiber Optic-Based Fluoroimmunosensing,"

DOE/ER/13613-26, /bTaiytica Chimica AcC.a, 22___99,169 (1990).

27. J.P. Alarie, J. R. Bowyer, M. J. Sepaniak, A. M. Hoyt, and T. Vo-Dinh,

"Fluorescence Monitoring of a Benzo(a)pyrene Metabolite Using a

Regenerable Immuno Chemical-Based Fiber Optic Sensor," DOE/ER/13613-27,

Anaiyt.tca Chimica Acta, 2_3_6., 237 (1990).

28. M.J. Sepaniak and T. Vo-Dinh, "Fiber-Optic-Based Fluoroimmunosensors,"
DOE/ER/13613-28, Phil. Trans. R. Soc. Lon. A, 333, 85 (1990).

29. J.R. Bowyer, J. P. Alarie, M. J. Sepaniak, T. Vo-Dinh, and R. Q.
Thompson, "Construction and Evaluation of a Regenerable Immunochemical-
Based Biosensor," DOE/ER/13613-29, Analyse., '116, 11.7 (1991).

30. R.O. Cole, J. Gorse, K. Oligis, and M. J. Sepaniak, "Bile Salt
Surfactants in Micellar Electrokinetic Capillary Chromatography:
Application to Hydrophobic Molecule Separations," DOE/ER/13613-30, J.
Chromatogr.., 557, 113 (1.991).

31. M.J. Sepaniak and K. D. Cook, "Capillary Liquid Chromatography U.,;_ing

Laser-Based and Mass Spectrometric Detection," Technical Progress

Report for February i, 1991 - January 31, 1992, DOE/ER/13613..31.

32. A.M. Dougherty, C. L. Wool.ley, D. L. Williams, D. F. Swaile, R. O.
Cole, and M. J. Sepaniak, "Stable Phases for Capillary Electrophoresis,"

DOE/ER/13613-32, J. L iq. Ght'oma_.ogr". 14(5), 907 (199,_).

33. D.F. Swail.e and M. J. Sepaniak, "Laser-Based Fluorometric Detection
Schemes for the Analysis of Proteins by Capillary Zone Electrophoresis,"
DOE/ER/13613-33, J. Liq. Chromatogr., 14_5__, 869 (1991).

*34. R. O. Cole and M. J. Sepaniak, "The Use of Bile Salt Surfactants in
Micell.ar Elect:rokinetic Capi.llary Chromatography," DOE/ER/13613-34,

LC/GC, I0, 380 (1992).

*35. R. O. Cole, R. D. Ho].land, and M. J. Sepaniak, "Factors Influencing

Performance in the Rapid Separation of Aflatoxins by MECC,"

DOE/ER/13613-35, Talant:a_ in press.

36. M.J. Sepaniak and K. D. Cook, "Capillary Liquid Chromatography Using

Laser-Based and Mass Spectrometric Detection," Final Technical Progress

Report for September l, ].989 January 31, ].993, DOE/ER/13613-36.

*37. T. Vo-Dinh, J. P. Alarie, R. W. Johnson, M. J. Sepaniak and R. M.

Santella, "Evaluation of the Fiberoptic Antibody-Based
Fluoroimmunosensor for DNA-Adducts in Human Placenta Samples,"

DOE/ER/13613-37, Clin. Chem., 3___7i9.j_,532 (1991).

*38. M. J. Sepaniak, "Laser F]uorimetric Detection in Capillary

Electrophoresis," DOE/ER/13613-38, Analytical Proceedings R. Soc.
London, 28, 359 (1991).

, ,,,,"" ' _lllr'i,r,'r, ,,llr"_lll....i....... ,,N_F,,¢,II%n_,sR'"I_'_l,"r,_rl_l_[';w,,,,,III'n'.......,, IGip',sl ,,_iil_iflr..... ,' 'N'r'''al,,i,,_i_lli,,l_i1]....ql,_iir .,r,ll_,.,_i,,,,_i,,',,........ III"',.',llrJllr,111: ., ,q_,,Npl, _,ll..l,,nl,., ,,Pr 'I_' l,r']Ill'll_iiliPI'?I_ ',lTIi,,iN[p,_Ii{iI ,,,



*39. M. J. Sepaniak, R. O. Cole, and B. K. Clark, "Use of Native and

Chemically Modified Cyclodextrins for Capillary Electroklnetic

Separation of Enantiomers," DOE/ER/13613-39, J. Liq. Chromatogr., 15,

1023 (1992).

"40. C. Copper, T. Staller, and M. J. Sepaniak, "Characterization of

P_lyaromatic Hydrocarbon Mixtures by MECC," DOE/ER/13613-40, Poly. Arom.

Compds., in press.

,41. S. Arrowood, A. M. Hoyt_ and M. J. Sepaniak, "Monitoring

Benzylpenicillin Decomposition in Gastric Contents by CZE,"

" DOE/ER/13613-41, J. Chromatogr. Blomed. Appl., submitted.

*42. R. D. }lolland and M. J, Sepanlak, "Qualitative Analysis of Mycotoxins

using MECC," DOE/ER/13613-42, _7al. Chem., submitted.

" *43. I). F. Swaile, M. J. Sepaniak, and D. E. Burton, "The Use of Fluorescent

Probe Molecules for Detection in Capillary Separations,
Electrokinetic

| DOE/ER/13613-43, J. Microcol. Sep., preliminary copy for Submission.

*_14. A. C. Powell and M. J. Sepaniak, "Analytical Instrumentation and

Computational Methods for Generating and Optimizing Solvent-Gradients in

MECC,' DOE/ER/13613-44, Anal. Instr., preliminary copy for submission.

*Recent Publications (copies enclosed)

PERSONNEL

Michael J. Capacci, MS, December 1986, Thesis' Biological Sample Injection

for Open Tubular Liquid Chromatography.

Charles N. Kettler, Ph.D., March 1987, Dissertation" Photothermal Detection

for Capillary Liquid Chromatography.

D. Edward Burton, Ph.D., March 1987, Dissertation' Development and

Application of Micellar Electrokinetic Capillary Chromatography.

Anthony T. Balchunas, Ph.D., December 1987, Dissertation' Surfactant Mediated

Development of High Resolution Open Capillary Liquid Chromatography.

Suzanne Landry-Baker, MS, August 1988, Thesis: Macromolecular/Particle

Separations Using Capillary Electrokinetic Techniques.

*James Bowyer, Ph. Do December 1991, Dissertation' Construction, Evaluation,
and Use of a Fluoroimmunochemical-Based Fiber Optic Microscale

Regenerable Biosensor.

*David Swaile, Ph.D. December 199]., Dissertation' Alternate Methods of Laser-

Based Fluorometric Detection in Capillary Electrokinetic Separations_

*Roderic Cole, Ph.D. December 1991, Dissertation' Applications of Non-

Traditional Organized Media in Capillary Electrophoresis.

*Susan Finniss, M.S. May 1.992, Thesis" Preliminary Studies of Immunoaffinity

Capillary Electrophoresis.

............. J 'i' '1' .... il lJPrl)IUIII),_P' I,,_' "I'"'" ,I r',',....... 7''"' iIItll.........Ilq_P_l'i'.,'_' "" lr' 'rll_na,'"hllI,P",,,,_rl,q,,]P,llnl_llV' '_nl'rl'%1 ,lm'.' _,IPler,',r'



*Ricky Holland, M.S. August 1992, Thesis: Evaluation and Improvement of the

Qualitative Characteristics of MECC.

*A. Craig Powell, fifth year graduate student (on leave, Ph.D. expected 1992).

*Tracey Staller, fourth year graduate student.

*Beth Colburn, third year graduate student.

*Christine Copper, second year graduate student.

*Brian Clark, second year graduate student.

*Miland Nagale, first year graduate student.

Steve Cosgrove, undergraduate student.

| *Boris McCubbin, undergraduate student.

*Andy Porter, undergraduate student.

i Dr. Joe Gorse, visiting faculty research participant (Baldwin Wallace

College) .*Dr. Art Hoyt, visiting faculty research participant (University of Central

Arkansas ) .

*Dr_ Chris McCowen, visiting faculty research participant (Tennessee Technical

University) .

*supported at least partially during current 41 month grant period.



I

II "1'3
i

]llllrr' ,i ,,,,,p,rl",,,I,,,,l_ll_r ,i,rrr ,,,,,r ,r ',,ll_T,'_?llllrl i,_,ipir iFil,,r ,,,,,,,' 'TIl_...... la I'll,' ',lflp,','_' I'I _l_lPilplll_l [11 ,,l_lll,,t_rlH _l,llr_,lrrl', IIj_',[I,plm'



4

m

i
I
!


