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Abstract

The flow characteristics of capillary-channel polymer (C-CP) fiber liquid chromatographic (LC) columns have been investigated. The C-CP fibers
are manufactured with eight longitudinal grooves (capillary channels) extending the length of the fibers. Three C-CP fiber examples were studiec
with fiber dimensions ranging from¥35um to 65um, and capillary-channel dimensions ranging fredum to 35um. The influence of fiber
packing density and column inner diameter on peak asymmetry, peak width, and run-to-run reproducibility have been studied for stainless steel Lt
columns packed with polyester (PET) and polypropylene (PP) C-CP fibers. The van Deemter A-term was evaluated as a function of fiber packin
density 0.3 g/cni-0.75 g/cm) for columns of 4.6 mm inner diameter (i.d.) and at constant packing densities for 1.5mm, 3.2 mm, 4.6 mm, and
7.7 mm i.d. columns. Although column diameter had little influence on the eluting peak widths, peak asymmetry increased with increasing columr
diameter. The A-terms for the C-CP fiber packed columns are somewhat larger than current commercial, microparticulate-packed columns, ar
means for improvement are discussed. Applications in the area of protein (macromolecule) separations appear the most promising at this stage
the system development.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction have been reported. Jinno and co-workers filled microbore
columns (1070 mnx 0.53 mm i.d.) with cellulose acetate fibers
The most common chromatographic sorbents used imo separate a mixture of alcohols using an aqueous mobile phase
reversed-phase liquid chromatography (LC) separations are prat a flow rate of 1.QuL/min [3]. The separation demonstrated
pared with chemically modified microparticulate silica (e.g.,the feasibility of using fibers as the chromatographic sorbent in
Ci1s phases). Separation efficiency is increased as particle size€C separations. This approach was subsequently used to sepa-
is decreased due in part to enhanced diffusion of the soluteate mixtures of akylbenzenes and polycyclic aromatic hydro-
within and between the particl¢k]. The use of small diameter carbons (PAHs)4]. PAH retention profiles were similar for
microparticulate silica results in increased column backpressuifiber-based columns and particulate cellulose columns, suggest-
and the requirement for high-pressure pumps and compatibiag that similar retention mechanisms exist for the two column
hardwarg?2]. These constraints place limits on the applicability types. Beyond their use in pressure-driven chromatographic sep-
of large-scale separations (e.g., preparative-scale chromatogiaations, polymer-fiber stationary phases can also be employed
phy) or other applications in which rapid flow separations ardn capillary electrochromatography (CEC) for the separation of
desired. neutral compoundg].
Attempts to utilize carbonaceous-fiber stationary phases to Ladisch and co-workers prepared LC columns packed with
reduce backpressure and to create more cost effective columralled, textile fabric for use in size exclusion and ion exchange
chromatography6]. The authors separated an analyte mixture
of immunoglobulin G, bovine serum albumin (BSA), insulin,
* Corresponding author. Tel.: +1 864 656 5011; fax: +1 864 656 6613.  andp-galactosidase in 12 min with a 95:5 Nomex:Kevlar fab-
E-mail address: marcusr@clemson.edu (R.K. Marcus). ric blend. The columns exhibited relatively low capacity and
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low efficiencies. In subsequent work, transport and mass trans
fer phenomena were studied in rolled fabric columns con-
taining fiber blends of cotton, cellulose acetate, and polyester
(PET, poly(ethylene terephthalatgy)]. The individual fibers
were relatively nonporous, which minimized pore diffusion
effects. Peak efficiency was found to be independent of mobile
phase velocity, suggesting an A-term dominant (eddy diffusion-
limited) efficiency. The possibility of high mobile phase velocity
(=50 cm/min) separations without loss of peak efficiency was
demonstrated.

Ladisch and co-workers continued the study of rolled-fabric
columns for the rapid separation of protei8§. The authors
demonstrated that such columns were mechanically stable &
linear velocities of up to 100 cm/min. Furthermore, they found R 4
that the optimal plate height occurs at a relatively low packing [k FETd  RDMALmm 15:0kV b 2k - 306w
density equivalent to approximately 0.55 g&mwith the range
investigated covering approximately 0.5 gﬁ:—rﬁ.74 g/cnel. The Fig. 1. Scanning electron microscope (SEM) image of a C-CP fiber depicting
authors attributed this decrease in peak efficiency with increasdff i9ht capillary flow channels along the length of the fiber.

density to flow inhomogeneity resulting from inter-fiber chan-
neling. produced under different extrusion conditions and although the

Marcus and co-workers recently described the use ofverallgeometriesofthe fibers are similar, the cross-sections dif-

capillary-channeled polymer (C-CP) fibers for use as stationar{er in size. Asillustrated by scanning electron micrograph (SEM)
phases for reversed-phase liquid chromatographic (RPLC) sep#l Fig. 1, the fibers are manufactured with eight longitudinal
rations[9—11]. The extruded C-CP fibers are manufactured withopen capillaries, with the overall shape being oval/rectangular
eight parallel channels on the periphery of each fib2}. These  rather than circular. The PET1 fibers were produced with a max-
fibers possess 2.5-3.2 times the surface area of conventiorlHlum cross sectional dimension sf35um, the PET2 fibers
fibers with a circular cross-section and having the same nom#65pm, and the PP fibers50um as determined by the SEM
nal diameter. The shape and size of the channels increase fijgtages. These different geometries result in different packing
wettability for hydrophobic polymers. This capillary structure densities (i.e., number of fibers/column cross-section) as well
is an efficient transport medium for pressurized flow, yieldingas different column permeability and backpressure. For the pur-
relatively low backpressures (e.g:3.5 MPa at 3mL/min fora Poses of this study, the influence of the surface chemistry of the
306 mmx 4.6 mm column). Fibers are created by a spin-melftwo polymer types is neglected as the uracil probe compound is
extrusion process which is applicable to a variety of polymerginretained in both cases.
types, and analyte—polymer interactions can be selected for a
given separation. Nelson and Mard6] separated proteinson 2.2. Column construction
a polypropylene C-CP column under conditions similar to those
used with a packed £column, and concluded that the C-CP  The process of column packing is depictedrig. 2a. Stain-
columns can provide separations that are competitive with corless steel tubing, frits, and end-fittings were all purchased from
ventional particulate columns. Alltech (Deerfield, IL, USA). The tube diameters were 1.5 mm,
The current study reports the flow properties of C-CP3.2mm, 4.6 mm, and 7.7 mm, all with lengths of 250 mm. The
columns in terms of fiber packing density and column innerC-CP fiber columns were prepared by winding the fibers onto a
diameter, using uracil to probe A-term contributions to bandspool &71 cm circumference) thatis mounted on an axle assem-

broadening. bly and fit with a handle and a rotary counter. When the desired
number of fibers (equal to twice the number of rotations) was

2. Experimental® obtained, the fibers were removed from the spool as a loop.
A monofilament was looped around the fiber bundle and passed

2.1. C-CP fiber characteristics through the stainless steel column. The columns were positioned

vertically on a manual cranking mechanism used to pull the
One polypropylene (PP) and two polyester (PET1 and PET23ttached fiber bundle through the column. The maximum pack-
C-CP fiber types were used in these studies (Fiber Innovatioimg density that can be achieved is limited by the strength of the
Technology (FIT), Johnson City, TN, USA). The fibers were monofilament and the C-CP fibers.
An SEM micrograph of the end of a C-CP fiber column is
_— shown inFig. 2b for polypropylene fibers packed in a 0.8 mm
1. Certain comm_ercial equipment, instrqments, or materials are _ident_if_ied ,iri.d. fluorinated ethylene propylene (FEP) tube. Contrary to ear-
this report_to specify adequate!ythe experimental procedure. S_uch |dent!f|cat|0|;lner reports[9 10] the capillaries of each fiber do not exist as
does not imply recommendation or endorsement by the National Institute of 1--2h o A ) :
Standards and Technology, nor does it imply that the materials or equipmengolated tube-like entities within the column. Rather, orientation
identified are necessarily the best available for the purpose. is such that the channel walls of adjacent fibers interdigitate (see
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Fig. 2. (a) Depiction of the column packing procedure. The C-CP fibers are connected to a spool that is attached to a rotary counter. A nylon manofilament i
looped around the C-CP bundle, and is guided through the tubing. The column is packed by pulling the bundle through the stainless steel tubinkypuittes cra
apparatus. (b) SEM micrograph of an end of a C-CP fiber column.

the circled region ifrig. 2b). Regions of low packing density are measured. In practice, fiber relaxation to the original lengths
clearly evident that would serve as channels with relatively lonwas observed after the 30-min exposure, with longer exposures
flow impedance. Obviously, situations of inhomogenous packnot affecting net shrinkage. Each of the fiber columns employed
ing density will lead to greater variance in the mobile phasdn the studies presented here was subjected to a 30-min relax-
velocity profile, packing within polymer tubing and use of radial ation cycle in ACN, allowed to dry, the fibers trimmed flush with
compression greatly remedies this situatj@8]. It should be the tubing ends with a razor blade, and the frits and end-fittings
noted that the sample shownhiig. 2b was prepared for fibers attached. For some measurements, an asterisk-style flow distrib-
trimmed using surgical steel scalpels. Micrographs of fibers cutitor and 2p.m stainless-steel frit was utilized at the top of the
at room temperature using simple razor blades (as is the caselumn to distribute the flow.
for the columns described here) show appreciation deformation An issue in the use of polymer substrate stationary phases
of the fiber and channel structure. The effect of this process is the potential for swelling upon exposure to different mobile
likely added turbulence at the column inlet and will be reflectedphase environments. This possibility was studied by determining
in the hydrodynamic (A-term) characteristics. the column void volume and specific permeability of each type
As a result of the packing procedure, the C-CP fibers experief fiber (PET and PP). Columns of each fiber type were soaked
ence longitudinal stretching when pulled through the stainlessndividually overnight ¢~12 h) in HLO, MeOH and 20 mM Tris
steel tubing but relax to the original length when exposedouffer media and the results presentedrable 1 In no case
to organic solvents such as acetonitrile (ACN) and methanallid the void volumes change by more than 2%; this of course
(MeOH) and subsequently allowed to dry. The stretching of thévodes well for chromatographic consistency. Only in the case
PET1 and PET2 fibers is much more pronounced (0.8 cm-1 cngf PET fiber exposure to MeOH did the specific permeability
than for the polypropylene fiber (0.02cm). The rate of fibervalue change by as much as 10%. Based on these results, little
relaxation was determined by soaking the C-CP fiber packedr no fiber swelling has occurred and excellent overall stability
columns in an organic solvent. The fiber columns were subhas been demonstrated. Certainly, these sorts of studies will be
merged in either ACN or MeOH solvent for 10-min intervals, relevant in each instance of introducing a different base poly-
removed, and allowed to dry overnight and the overall lengthmer/solvent combination. Experience to this point suggests that
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Table 1
Assessment of C-CP fiber column swelling before and afte2-h exposure to typical RP-HPLC solvent media
Fiber type HO MeOH 20 mM Tris buffer
Before After Before After Before After
PET
Vo 2.52mL 2.56 2.56 mL 2.70 2.69mL 2.62
Bo 1.96x 108 cn? 1.85 8.18x 109 cn? 9.22 2.63x 10 %cn? 2.56
PP
Vo 2.11mL 2.09 2.27mL 2.34 2.35mL 2.31
Bo 5.39% 10~%cn? 4.75 3.81x 10 %cn? 4.02 6.69x 109 cn? 6.47

the physical stability to reversed-phase solvents appears quiper column is also a function of the polymer density for the

good. respective fibers.
The interstitial fraction ;) of each column was determined
2.3. Sample preparation and solution delivery using Eq.(2), whereV, is the void volume for each column,

r the inner diameter of the tubing (0.46 cm), anthe column

Stock solutions of reagent-grade uracil and cop-length (25cm):
per(Il)chloride (Aldrich, Milwaukee, WI, USA) were prepared Vo
in 18.2 MQ/cm water at a concentration of 4@/mL. Methanol ¢ = ——
was used as the mobile phase for the elution of the solute el
in each of the chromatographic experiments and water wa¥, was determined by filling the pre-weighed columns with
used in the determination of the specific permeability. Themethanol. The mass of MeOH inside the column was con-
chromatographic system consisted of a high-performance liquigerted to an equivalent volume (énAn inverse relationship is
chromatography pump with a six-port injector valve and aobserved between the density and the interstitial fraction. The
dual wavelength absorbance detectqrl]10ul, 20pL, and  packing densities for the fibers are comparable to conventional
50uL injection loops were used for sample introduction. Thepacked-bed columns; however, the interstitial fraction values are
chromatograms were recorded using a data acquisition syster®.3 for the most densely-packed fiber columns. Surprisingly,
and processed using a worksheet. The data presented is t@iwen the relatively lowe; values, low column backpressures
mean of triplicate injections, with the error bars in each plot(<5MPa) at flow rates of approximately 1 mL/min are still real-

(2)

representing one standard deviation. ized.
Specific permeabilityR,) relates resistance of a packed col-
3. Results and discussion umn (or empty tube) to fluid flow. The specific permeability
(cm?) is defined by Eq(3) whereF is the mobile phase flow
3.1. Physical characteristics of C-CP fiber columns rate,n the viscosity of the mobile phaskthe length of the col-

umn,r the radius of the column andlP the pressure drop across

Two column properties related to fluid flow were initially the column(2]:
studied: the interstitial fraction and specific permeabiligble 2 FyL
lists the physical characteristics of the various densities of th&o = 2AP
PET1, PET2,and PP C-CP fiber-packed columns of 25 cmlength
and 4.6 mm i.d. All measurements were determined under cor2ressure-drop values for C-CP columns operating at a constant
ditions of a constant linear velocity (68 cm/min). linear velocity of 68 cm/min are listed ifable 2 In general,

Fiber mass within the column was determined by subtractcolumn backpressure increases with increased packing den-
ing the mass Of the empty Co|umn from the mass Of the packeglty ThIS increase in baCka’eSSUI’e may I’esult fI’OI’n reStI’iCted
column. The range of packing densities that was prepared wadgter-fiber flow due to the close proximity of the fibers. This
limited by the tensile strength of the fibers and the nylon monofilis exacerbated at the highest packing densities where dramatic
ament used to pull the bundle through the tubing. Up-8g increases are seen for PET2 and PP. Here, twisting, kinking and
of C-CP fiber could be packed in the column in each case. Thehysical deformation of the fibers may shut off flow paths. Fur-
fiber packing densityd), in g/cn®, was determined by dividing ther study including detailed microscopy and analysis of flow
the mass of fiberrg) in the column by the total volumé/j of ~ rate versus pressure characteristics is certainly in order. In com-

3)

the column shown in Eq(1): parison to conventional LC columns, the permeability of C-CP
m fiber columns is large even for the most densely packed C-CP

0= — (1)  fiber columns. Column backpressures do not exceed 13 MPa
4 (at 68 cm/min) for the polypropylene column with an intersti-

As indicated inTable 2 the much smaller diameter of the PET1 tial fraction of 0.13, and backpressure values are typically less
fibers results in a much greater number of fibers packed withithan 4 MPa for columns with interstitial fractions >0.3. High
the column for a given stationary phase mass. The mass of fibeeslumn permeability and low interstitial fractions for the C-
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Table 2
General properties of capillary-channeled (C-CP) fiber packed 4.&r250 mm columns
Fiber mass (g) Fiber packing Interstitial Flow rate Pressure drop Specific permeability
density (g/crd) fraction ;) (mL/min) (MPa) (cmB)
PETL1 (# of fibers)
10,500 1.80 0.433 0.71 1.99 1.37 3.640°°
13,500 2.09 0.503 0.65 1.80 0.81 5510°°
18,000 2.57 0.619 0.55 154 0.81 43710°°
22,500 2.89 0.696 0.39 1.07 1.01 2%90°°
24,000 2.99 0.719 0.29 0.80 0.91 2:210°°
PET2 (# of fibers)
5,000 1.97 0.434 0.66 1.83 0.71 6.,440°°
5,900 2.19 0.482 0.59 1.65 1.12 3890°°
6,800 2.50 0.551 0.55 154 1.01 3.820°°
7,700 2.86 0.630 0.49 1.36 4.66 7820710
8,600 3.15 0.694 0.29 0.83 4.05 5440710
Polypropylene (# of fibers)
4,500 1.22 0.294 0.69 1.94 0.97 5.020°°
6, 300 1.50 0.361 0.60 1.68 0.76 5.540°°
8,100 1.75 0.421 0.50 141 1.12 3.460°°
13,500 2.80 0.674 0.29 0.83 1.42 1.460°°
15,300 3.06 0.737 0.13 0.35 12.36 740011

A constant linear velocityl{,) of 68 cm/min was maintained throughout the study.

CP fiber columns is a consequence of the fluid flow paths sdtom the A-term in Eq(4). To confirm that uracil is not retained
up between the adjacent fibers and their interdigitated capilen the C-CP fibers, its elution characteristics were compared
lary walls. Using an average permeability value 6f 50 °cn?  to aqueous cupric chloride (Cu] which exists as a hydrated
and an interstitial fraction of 0.5, the Kozeny—Carman equatiortcation in solution and is not retained by the hydrophobic fibers.
equates these columns to packed-bed columns having nomindracil is indeed a viable test compound to study column hydro-
particle diameters oft14um [2]. The validity of comparisons dynamics as its elution timergf and peak width;,2) are
with packed-bed columns is questionable, but it does provideirtually identical to the Cu-salt. Being unretained, issues related
an interesting point of reference. Alternatively, this combina-to mass transfer and its potential contributions to band broad-
tion of flow rates and backpressure is typical of an open tubening can be ignored, and so only A- and B-term components
of ~5um inner diameter. Operation under conditions that yieldare of relevance. Based on an estimated diffusion coefficient for
such low backpressures suggest the future use of “capillarytiracil (in water at 20C) of 1 x 10~° cné/s, B-term broadening
column structures of narrow bore. Preliminary studies of suclis ~10~* mm and can also be considered insignifidat
columns having lengths of 1 m and inner diameters=afmm Fig. 3shows the van Deemter plots for the three C-CP fiber
show promise for applicationd3]. The use of flexible poly- columns of lowest packing density. The term “apparent plate
mer tubing in those columns allows the possibility for radialheight” is used here to emphasize the fact that the test compound
compression to improve the packing quality (i.e., elimination ofis not retained on the fibers. The fiber packing densities for the
channels of the sort seenfig. 2b). In this case, plate heights PET1, PET2, and PP, columns were 0.284 ¢/0d434 g/crm,
and resolution are substantially improved by virtue of improvedand 0.294 g/cr# respectively. The linear velocities here repre-
hydrodynamics and increased phase rdtiGs. sentvolume flow rates from 1 mL/minto 10 mL/min. The A-term

is the dominant band broadening process, as indicated by the rel-

3.2. Role of linear velocity on band broadening ative flatness of the plots. In the case of packed-bed columns,

Using the van Deemter equation for the height equivalent s PP (4,500 fibers)
to a theoretical plateH) (Eg. (4)), one can extract the major  E g
contributing factors to band broadenif&j14]: =i —~ PET1(10,500 fibers)
B § 4 <>'
5 2 m
H=A+ U +CU 4) B2 PET2(5,000 fibers)
&1
“ H H ” O T T T T T T T T T ]
whereA represents t_he s_o—c_alled eddy dlf_fusmq ter_ﬂwnep- 8 & 10 45 @0 25 @0 95 45 45
resents molecular diffusion in the longitudinal directi@hthe Linear Velocity (mmy/s)

mobile phase linear velocity, ar@represents the mass transfer _ . ,

between the mobile and stationary phases. A pléf gersusl/ Fig. 3. van Deemter plot of uracil for PP, PET1, and PET2 C-CP fiber
. . s yp ; P . columns. Fiber number densities: PP =4500 fibers, PET1=10,500 fibers, and

facilitates evaluation of the limiting broadening mechanisms. ArpeT2 = 5000 fibers. The mobile phase was methanol and the injection volume

unretained solute (uracil) was used to assess the contributiomgs 20uL.
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A-term band broadening is attributed to multiple (tortuous) paths P —— PP
traversed by solute molecules during elution, and is related to ——PET1
packing quality[2,14,15] %
Unlike particulate-based columns, fluid flow in C-CP
columns has no appreciable radial component to minimize flow
nonuniformities. Variations in flow velocity can be attributed
to differences within the inter-fiber spaces (ranging from single-
micrometers for the iterdigitated channel walls to gross channels 1
as seen ifrig. 2b) and fiber/wall voids. This is a significant issue 0.5 ’ , y , : .
associated with the relatively collinear flow channels. Hartwick 0.2 0.3 0.4 0.5 0.6 0.7 0.8
and co-workers found in their study of multicapillary columns Density (g/cm?)
[15], the variance in channel diameter must be <0.5% to aChieVﬁg. 4. Effects of fiber packing density on eluting uracil peak asymmetry at
column efficiencies similar to that of particle packed columns. 4 fixed linear velocity of 68 cm/min. The mobile phase was methanol and the
injection volume was 2Q.L.

—+—PET2

n
0

Asymmetry (Ag)
R &

3.3. Role of packing density on band profiles
the friction and heating at the walls during the fiber pulling pro-
The influence of packing density on band profiles was als@ess could melt the periphery fibers and eliminate flow near
studied for the C-CP columns. The packing density, and the assthie column wall. Increased peak asymmetry was observed in
ciated inter-fiber channels and/or restrictions, are expected tmultiple preparations of high-density PP C-CP columns and it
have a strong effect on band profiles. Peak widths and asymmetggems likely that the mechanical properties of the polypropy-
values were evaluated as a function of fiber packing density foiene fibers are the source of the difference. Tailing at higher
20uL uracil injections at a constant linear velocity of 68 cm/min packing densities for PET1 and PET2 phases are likely due
and column diameter of 4.6 mm i.d. As expected, a graduaio stagnant flow paths created as the interfiber distances are
increase in peak widthXp.10) is observed for increased packing squeezed. We are hopeful that further microscopic investiga-
density at a constant linear velocity, while the elution timg (  tions of the fiber surfaces will lend insights to the changes in flow
for the uracil is constant. The broadening is assumed to be dugharacteristics.
to increased restrictions in the interfiber regions in the column
as the fiber packing density increases. The product of the flow.4. Role of column diameter
rates and corresponding peak width#& ¥o.10) as a function
of packing density is relatively constant for different packing Column diameter influences solvent consumption and detec-
densities (<25% variation), suggesting no other major forms ofion limits in LC. For constant linear velocity flow conditions,
flow perturbation. Any increase in flow restrictions, crimping, or little chromatographic difference is observed in the efficiency
stangnant zones will naturally lead to a decrease in uniformityf packed-bed columns ranging in size from 1L mmto 7 mmi.d.,
of the flow profile and an increase in peak asymmetry (B)).  exceptininstances of mass or volume overl@dThe influence
Ladisch and co-workerf8] found similar results while study- of column diameter on band profile has been studied for each
ing the optimum packing characteristics of rolled, continuougype of C-CP fiber at constant linear velocity flow conditions.
stationary phases. Columns were prepared at the lowest packing densities listed in
Peak asymmetry was further studied as a function of packingable 2for each fiber type as they provided the peak symme-
density. Peak asymmetmtd) was determined by the ratio of the try closest to unity. The peak profile of uracil was evaluated for
width of the tail of the peak to the width of the front of the peak 1.5 mm, 3.2 mm, 4.6 mm, and 7.7 mm inner diameter columns.

as shown in Eq5) [2]: The sample injection volumes were varied in proportion to the
o column volume.

As= 7 %) As expected, the elution times for the uracil marker were
p

unchanged at constant linear flow velocity. In general, peak
wherery, represents the width of the peak tail gjpthe width of  widths were observed to increase with increasing column diam-
the peak front at 10% peak height. Peak asymmetry values aeger as seen iRig. 5a. Larger peak width changes occurred for
plotted as a function of C-CP fiber packing densit¥Fig. 4 The  columns prepared with the two smaller-diameter C-CP fibers (PP
most symmetric peak shapes were observed at lower stationaapnd PET1) than with columns prepared with the largest diam-
phase densities. Peak tailing increased with increased packirger (PET2) fibers. Greater variability in peak width was also
density, which is consistent with the idea that flow restrictionsobserved for the PET2 columns.

become more problematic as packing density increases. Rel- Unlike particulate-based substrates, flow paths in the C-CP
atively small increases in peak asymmetry were observed fdiber columns are oriented longitudinally, and radial transport is
PET1and PET2 phases, whereas more appreciable changes wachieved primarily though diffusion. Solute bandwidth should
found for the PP C-CP phase, possibly related to its much lowemot necessarily increase as a consequence of radial diffusion if
melting pointthan PET (160 versus 280). Atthe highestpack- the longitudinal flow is uniform across the column cross-section.
ing density, the PP C-CP column exhibited appreciable frontingtHowever, if longitudinal flow varies across the face of the col-
andAs is reduced as a consequence. It might be imagined thatmn (e.g., flow is greater at the center of the column than at the
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16 i It is clear that there will be trade-offs between the kinetic
= 14 = PET1 effects of radial diffusion across the column profile, the length
E 1'12 wPel of the column, and the mobile-phase velocity. These effects are
£ o8 B asbuor— tairly well described for packed-bed colunas], butwill likely
E 0.6 be more important for the C-CP fiber columns. The use of on-
3 0.4 column visualization studies as described by Guiochon and co-
02 workerg17,18]should provide a better understanding of column

T B B = B © O & hydrodynamics.
(a) Column Inner Diameter (mm) .
4. Conclusions

35
< 3 —=—PET1 The influence of packing density and column diameter of
% . ::;2 capillary-channeled polymer (C-CP) fiber LC columns has been
) evaluated from the elution characteristics of an unretained test
E 15 (&) Flowdistbutor compound (uracil). C-CP fibers of PET1, PET2, and polypropy-
5‘ ] wihfre lene having different diameters and channel sizes were investi-

05 gated. The unique geometry of the C-CP fibers facilitates effi-

'0 ‘ i _ i ' i ' cient fluid transport with high specific permeability. At constant
1 o 3 * 5 6 7 8 linear velocity, peak widths increase as a function of packing
(b) Column Inner Diameter (mm) density, while distortions of peak shape reflect the likely occur-

Fig. 5. Effects of column inner diameter on eluting uracil peak profiles at arence of re§tr|ct|ons and sta}gnant zones. Changes In peak_proflles
fixed linear velocity of 68 cm/min. (a) Peak width (10% definition) and (b) peak @S @ function of column diameter are attributed to flow inho-
asymmetry. The mobile phase was methanol and the injection volumes wetgogeneity effects within the column. Use of a distributor-frit
varied in proportion to column volumes. combination for the largest diameter columns greatly reduces
these effects.
column walls) then band broadening will result. This model is Based on the data presented here, it is clear that much
consistentwith band broadening eveninthe absence of radial difmprovement is required to approach the column efficiencies (at
fusion. For microparticulate substrates, flow would be directedeast in terms of A-term broadening) of commercial packed-bed
through a frit to be distributed across the face of the columngolumns. On the other hand, previous chromatographic stud-
and band broadening due to flow inhomogeneity would be minies have shown that the separation quality of the C-CP fiber
imized. For C-CP fiber columns with longitudinally oriented columns is comparable to commercial packed-bed columns in
flow paths, flow inhomogeneity may be more problematic ageversed-phase, gradient protein separat[@0s19] In these
wetting across the face of the fiber bundle at the inlet may bsorts of separations, aspects of phase ratio and mass transfer
restricted. To test this hypothesis, measurements of band broaivhich lead to high efficiencies in small molecule separations)
ening were made with and without the use of a flow distributor inare minimized in lieu of the selectivity of the stationary phase.
combination with a frit. Peak widths were significantly reducedAs such, these applications are likely the best fit for the qualities
with the use of the flow distributor/frit combination (d6g. 52).  of the C-CP fiber columns (at least as demonstrated to date).
It can be noted that the use of flow distributors is common forFollow-up studies to determine the ultimate roles of packing
large-diameter, packed-bed columns used in preparatory scaensity and column diameter on chromatographic quality for
separations. retained species are currently underway. While these parame-
Similar trends in peak asymmetry were observed as a funders do not appreciably affect the hydrodynamics, differences
tion of column diameter (seEig. 5b). Without the use of a in the elution characteristics of retained species are expected as
flow distributor, more symmetric peak shapes resulted for smathe phase ratios and stationary phase surface area are changed.
diameter columns than for large diameter columns. Inclusion 0Other areas of investigation include studies of the loading capac-
the flow distributor improved peak symmetry for large diameterity of the C-CP fiber columns and use of microbore columns with
columns, and peak profiles were comparable to those obtainedse of radial compression at lengths on the meter §¢8leln
with smaller diameter columns. It is interesting to note that aaddition, C-CP fibers of different geometry and higher surface
more symmetric peak shape was observed for the 7.7 mm i.ghorosity are also likely paths of development.
PET2 column than for comparable columns with PET1 or PP
fibers. The fibers of PET2 are larger than PET1 or PP and resuicknowledgments
in higher specific permeabilityTéble 9. Radial fluid transport
is less restricted, and flow inhomogeneity is reduced. As such, Financial support from the Clemson University Center for
only a modest (<15%) increase in peak asymmetry occurs asdvanced Engineering Fibers and Films (CAEFF), a National
the column diameter is increased. This observation is consisscience Foundation Engineering Research Center operating
tent with trends inFig. 4, where increased packing density is under grant No. EEC-9731680 is gratefully appreciated. The
correlated with increases in both peak widths and asymmetrguthors thank Catherine Rimmer (NIST) for helpful discussions
values. on column preparation and characterization.
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