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Abstract

The separation mechanism in capillary electrochromatography (CEC) is a hybrid differential migration process, which entails the features
of both high-performance liquid chromatography (HPLC) and capillary zone electrophoresis (CZE), i.e., chromatographic retention and
electrophoretic migration. The focus of this paper is on the use of electrokinetic data, such as current, electroosmotic flow (EOF) and column
efficiency measurements, that are readily available, for an improved understanding of CEC separations. A framework is presented here for the
use of this data for evaluation of a variety of performance parameters including, conductivity ratio, interstitial EOF mobility, porosity, and zeta
potential. This framework is applied for characterization of two monolithic columns with different chemistry that were manufactured in-house.
The above-mentioned performance parameters were calculated for the two columns and it is found that the poly(VBC-EGDMA-SWNT)
monolithic column with the GPTMS—PEI coating offers a significantly improved flow distribution in comparison to the poly(VBC-EGDMA)
monolithic column. This observation is confirmed by performing separation of peptides on the two columns and height equivalent of a
theoretical plate (HETP) measurements on the resulting peaks. It is shown that following our approach leads to an improved understanding
of the separations achieved with the columns and to better column design.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction mation of these performance parameters lead to an improved
understanding of the separations achieved with the columns

Capillary electrochromatography (CEC) is an analytical and can assist in column design.

separation technique that is carried out most commonly

with packed capillary columns and utilizes electroosmoti-

cally driven mobile phase at high electric field strength in an

apparatus similar to that used in capillary zone electrophore-2. 1. Measurement of current

sis (CZE). Recently, CEC has attracted considerable interest

due to its potential to offer high resolution and different se- In this section, we present a discussion of the equations

lectivity than in HPLC and CZE1-16]. that have been used for data analysis. A more detailed descrip-
The focus of this paper is on the use of electrokinetic tion of the framework used was published eadikz,17]

data, such as current, electroosmotic flow (EOF) and column  In an open capillary, when ionic conduction through the

efficiency measurements, that are readily available, for an im- bulk electrolyte is the dominant mechanism of ionic migra-

proved understanding of CEC separations. We use the frame+ion, the conductivity of an electrolytegpen is expressed as

work thatwe have previously publishgd®,17]for evaluation

of a variety of performance parameters commonly used for oopen=

characterization of CEC columns. The results show that esti-

2. Theory

v iLopen (1)
openAopen
wherei is the current flowing through a capillary of length

* Corresponding author. Tel.: +1 805 447 4491; fax: +1 805 499 5008.  Lopenand cross-sectional arégpen When a potential drop
E-mail addressarathore@amgen.com (A.S. Rathore). Vopenis applied across it.
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Eq. (1) can be extended to the case of a packed column ora fully packed column would be as follows

monolith when ionic conduction through the bulk electrolyte
solution is still the primary form of ionic migration. Conduc-
tivity of the packed columngpacked Can then be expressed
in the following manner

i,Lpacked

)

o = P
packed
LpackedAOpen

wherei’ is the current flowing through the CEC column fully
packed with a stationary phadeyackeqis the length of the
column andVpackedis the applied voltage.

If measured under identical conditions of the mobile
phase, the ratio of the conductivities of a packed column
and open capillaryp, has been known to have been a use-

ful means for characterizing the properties of the stationary

phasd12,17—-19] The conductivity ratio is related to the elec-
trokinetic porositygT, by Archie’s law as follows

__ Opacked 4
_— — ST

¢ ®3)

Oopen

whereg is the electrokinetic porosity amdis an empirical

constant. When the porosity of the media is greater than 0.2,

m=1.5 provides a very close approximation to the experi-
mental datd12,17-19]and so this value has been used for
our calculations.

2.2. Measurement of flow

In open tubes with thin double layers and when there is no
polarization, the EOF mobility,eo,0pen Can be expressed by
the following relationship introduced by von Smoluchowski
[20,21]

eeolw

Meaqopen= 4)
wheree is the dielectric constant of the mediumy, is the
permittivity of the vacuum, andgl is the viscosity of the bulk
solution and, is the zeta potential at the capillary inner wall.
For a fully packed column, EOF mobility in the interstices,
Ieo,packed C&N been expressed in a similar marja@20,22]

£€ols

Meqpacked= (5)
where¢s is the zeta potential at the surface of the packing.

In practice, the EOF mobility in the bulk electrolyte is
estimated from migration data obtained with a suitable neu-
tral and inert tracer in an open tube by using the following
expression

LdLopen

(6)

Heogopen= ——————
10,0penVopen

wherelLy is the distance between the inlet and the point of
detection of the capillary and openis the migration time of

Ldeacked
10, packed”packed

MZQpackedz (7)
wheretg packediS the migration time of the inert tracer in
the column. However, the mobilitya;Q ackeq Calculated in

this manner is the “apparent” EOF mobil[}2,17]as unlike

the mobility for open tube, the apparent EOF mobility would
depend onthe porosity and architecture of the packing, as they
determine the path the ions need to take while flowing through
the column. The actual interstitial mobility of an inert, neutral
EOF marker through the packed segment that would be useful
for determining the zeta potential of the packing should be
calculated a§l2,17]

L3
to, packedpacked

Meapacked= (8)
whereLe is defined as the length of the actual flow path fol-
lowed by the tracer traversing a packed column of length
Lpacked It can be calculated from the currents in the open and
packed columns as follows

iopen
Le= Lpacke .
Ipacked

It must be reiterated that the effect of tortuosity has to be
taken into account so thates packedcan be used to provide
an accurate estimation of the zeta potential of the packing
[12,17]

(9)

2.3. Measurement of column efficiency

This section deals with the column efficiency measure-
ments as performed with a neutral and inert (non-interacting)
tracer. The height equivalent of a theoretical plate (HETP)
is commonly used as a measure of column efficiency and is
expressed by the van Deemter equation as foll@8%

HETP= Ha + Hg + Hc (10)

whereHa, Hg andHc are the three major contributions to
band broadening. The “A’ term represents the contribution to
the plate height from flow maldistribution in the packed col-
umn in the absence of extra-column effects. It is also referred
to as the “eddy diffusion” terni24]. The B term stands for
band spreading resulting from longitudinal diffusion of the
sample component and contributes significantly to the plate
height only at low flow velocities. As in traditional HPLC,
this term is negligibly small for common CEC operating con-
ditions. The C term arises from mass transfer resistances en-
countered by the sample components in the retention process
based on their distribution between the mobile and station-
ary phase§24]. For columns packed with porous stationary
phase particles, the C parameter is largely determined by
kinetics of both the intraparticular mass transfer and film dif-

the tracer in an open tube. The corresponding expression forfusion.
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For the case of an open capillary and in absence of Joule3.2. Instrumentation

heating, the velocity profile is approximately flat for elec-
trophoretic separations and the primary contribution to the
band broadening comes from the B term and so theHj).
can be simplified as

Hopen~ Hg =
Ueaopen

(11)

whereDy, is the molecular diffusivity of a neutral tracer and
Ueo,openiS the EOF velocity in the capillary.

For the case of the fully packed column or monolith, the
HETP can be calculated as

2D
Hpacked= HA + /——
”‘eq packed

+ Hc (12)

whereuj;Q packedis the apparent EOF velocity in the column.

Fpr MOSt case$eq open > ”quacked and sdHg is generally
higher for the packed columns.

3. Experimental
3.1. Chemicals and reagents

Ethylene glycol dimethacrylate (EGDMA) and poly-
ethyleneimine (PEI, MW 10000, 30% aqueous) were pur-
chased from Polysciences (Warrington, PA, USA). Vinyl-
benzyl chloride (VBC) was from Dow (Midland, Ml,
USA), azobisisobutyronitrile (AIBN) (98%) was from
Pfaltz & Bauer (Waterbury, CT, USA) and 3-glycid-
oxypropyltrimethoxysilane (GPTMS), 3-(trimethoxysilyl)-
propyl methacrylate, 2,2-diphenyl-1-picryhydrazyl hydrate
(DPPH), trifluoroacetic acid (TFA), succinic acid, toluene, 1-
propanol and formamide were from Aldrich (Milwaukee, WI,
USA). HPLC reagent-grade sulfuric acid{80,), dimethyl-
formamide (DMF) (99%) and analytical-grade hydrochloric

Capillary electrophoresis and capillary electrochromatog-
raphy experiments were carried out on a*R€E capillary
electrophoresis unit (Agilent Technologies, Wilmington, DE,
USA) equipped with a diode array UV detection system and
controlled by a P150 personal computer (Hewlett-Packard,
Palo Alto, CA, USA). Windows 95 (Microsoft, Redwood,
WA) and Chemstation V.4.01 (Agilent) were installed to
control the instrument functions and to process the data.
Both inlet and outlet vials were pressurized with nitrogen
up to 12.0 bar. The wavelength of the UV detector was set at
214 nm.

3.3. Buffer and mobile phase preparations for HPLC,
CE and CEC separations

A stock solution of phosphate buffer (80 mM) was made,
and then diluted and adjusted to various concentrations. Be-
fore CEC experiments, the running buffer was degassed with
helium for about 20 min. The individual peptides were mixed
and diluted with deionized water to the appropriate concen-
tration. A 0.01% (v/v) DMSO was prepared with deionized
water and used as the unretained neutral marker of EOF in
this study.

3.4. Capillary electrophoresis conditions

All experiments were performed at 26 with 20 mM
phosphate buffer, pH 2.5, as mobile phase. Buffer pH of 2.5
was chosen as for our case, the capillary and the columns
are coated with PEI and so do not suffer the instability like
fused silica. In fact, we need the low pH for the PEI to be
positively charged and generate the EOF. According to the
new configuration of the monolithic columns, the experi-
ments were performed isocratically by counter-directional
mode with reversed polarity. Between runs, the capillary col-
umnwas rinsed with deionized water for 3 min, followed with
running buffer for 5 min.

Before using, the open bare silica capillary was washed

acid, monobasic, dibasic and tribasic sodium phosphates andvith water and filled with 1.0M NaOH. With both ends

sodium hydroxide (98.8%) were from J.T. Baker (Phillips-

sealed, the tubing was heated at $GCor 1 h in the oven of

burg, NJ, USA). Dimethyl sulfoxide (DMSO) was purchased a Sigma 2000 gas chromatograph (Perkin-Elmer, Norwalk,
from Burdick and Jackson (Muskegon, MI, USA). HPLC- CT, USA). Thereatfter, it was washed with deionized water for
grade methanol, acetone, acetonitrile (ACN), and triethyl- 10 min, 1.0 M HCI for 5 min, deionized water for 30 min and
amine were purchased from Fisher (Fair Lawn, NJ, USA). acetone for 10 min. Subsequently the capillary tubing was
Water was purified and deionized with a NANOpure sys- placed again in the oven at 120 and purged with nitrogen
tem (Barnstead, Boston, MA, USA). The individual pep- for 1h to remove residual wat§25,26]

tide samples were purchased from Sigma (St. Louis, MO,  For preparation of the GPTMS—PEI coated capillary, an
USA). Single wall carbon nanotubes (SWNT) were synthe- open fused silica capillary was pretreated with NaOH as ear-
sized and provided by Yuan Chen, Dr. Dragos Ciuparu and lier. Siloxane groups at the inner surface of raw fused silica
Dr. Lisa D. Pfefferle in the Department of Chemical Engi- capillaries were hydrolyzed by NaOH pretreatment to in-
neering at Yale University. The fused silica capillary tubing crease the density of silanol groups serving as anchors for the
of 75um 1.D. x 375um O.D. with a polyimide outer coat-  subsequent silanization. Thereafter, the silica capillary was
ing was purchased from Quadrex Scientific (New Haven, CT, silanized with 10% (v/v) 3-glycidoxypropyltrimethoxysilane
USA). with 1% (v/v) triethylamine in dry toluene for 3h at room



302 A.S. Rathore et al. / J. Chromatogr. A 1079 (2005) 299-306

temperaturd27—-29] Afterwards, the capillary was flushed persion into 2-propanol, sonicated again and used as one of
with a solution of 7.5% (v/v) polyethyleneimine in 0.05M the porogens in the preparation of the monolithic stationary
succinate buffer (pH 6.0) for 5h at room temperature phase.

[27,30-32] To create a detection window, a 1-2 mm wide segment of
the polyimide outer coating at a distance of 8.5 cm from the
outlet end was heated with an Archer Model B microtorch
(Radio Shack, New Haven, CT, USA) while the capillary col-

All CEC experiments were performed under the same con- umn was purged with oxygen at 8*31.05 Pa. Subsequentl)_/,
the capillary column was washed with methanol and deion-

ditions as CE experiments described earlier. Between runs,,
the capillary column was rinsed with deionized water for ized water.
10 min, followed with running buffer for 15 min at2 10° Pa
inlet pressure. The column was equilibrated electrokineti-
cally at the operating voltage until the baseline was stable. 4. Results and discussion

The monolithic columns for CEC separation were pre-
pared according to a previously published metf&x. After 4.1. Measurement of current
the silica capillary was coated with GPTMS-PEI as men-
tioned earlier, a solution containing 20% (v/v) monomer Electrokinetic measurements were performed on the
VBC, 20% (v/v) crosslinker EGDMA, 40% (v/v) propanol open silica capillary; a coated capillary with GPTMS—PEI
and 20% (v/v) formamide as porogens, 0.3% AIBN (w/v) as coating; monolith 1 with GPTMS-PEI coating and
polymerization initiator, was mixed and filled into the col- poly(VBC-EGDMA) monolith; and monolith 2 with
umn with nitrogen. Subsequently, the capillary column was GPTMS-PEI coating and poly(VBC-EGDMA-SWNT)
sealed and heated at 76 for 16 h in the oven of a Model = monolith. Table 1lists the current and retention time of the
Sigma 2000 gas chromatograph (Perkin-Elmer, Norwalk, CT, tracer measured for these four cases. Measurements were per-
USA). The capillary was then washed with methanol and formed in duplicate and averaged for further calculations. It
deionized water extensively. 10 mM aqueous sodium hydrox- is seen that under the buffer conditions chosen for operation,
ide was pumped through the capillary containing the porous the EOF is minimal in the bare silica capillary.
poly(VBC-EGDMA) monolith packing at 70C for 3h to Table 2shows the calculation of the conductivity for the
hydrolyze the residual benzyl chloride groups at the surface open capillaries and the monoliths using Ed3.and (2) re-
of poly(VBC-EGDMA). After the column was washed with  spectively. The conductivity is similar for the bare silica and
deionized water and methanol, it was purged overnight with coated capillaries. This is expected because conductivity is
nitrogen at room temperature. an intrinsic property and is independent of capillary geome-

The poly(VBC-EGDMA-SWNT) monolithic column try or the potential drop appligd2]. For this case, assuming
with GPTMS—PEI coating was prepared in the similar way that we do not have appreciable Joule heating and the EOF
using 2-propanol with soluble SWNT as one of the poro- itself contributes minimally to the velocity of ions, the con-
gens instead of pure propanol. To make them soluble in 2- ductivity depends only on the buffer used. Since the same
propanol, SWNT were stirred with a 9:1 98% $004/30% buffer is used for measurements on both the open capillaries,
H,0O, agueous solution for 30 min and sonicated for 10 min the conductivity is also expected to be identical.
[33]. The resulting SWNT dispersion was diluted and filtered The conductivity for the two monolithic columns is lower
through a 0.4%m Millipore polycarbonate membrane with  than that for the open capillaries. This is due to the flow
distilled water, and was subsequently washed using 10 mM hindrance caused by the monolithic support in the column
NaOH and distilled water until the pH of the filtrate was 7. forcing the ions to follow a more tortuous path through the
The SWNT mat was then separated from the filter by dis- column. Archie’s law in Eq(3) was used for estimating the

3.5. Capillary electrochromatography packing and
evaluation conditions

Table 1

Electrokinetic measurements performed on silica capillary, a coated capillary and two monolithic columns

Parameter Open capillary Coated capillary Monolithic column 1 Monolithic column 2
Total length (cm) 40 40 31 31 40 40 40 40
Detection length (cm) 35 315 225 225 315 315 315 315
Diameter {Lm) 75 75 75 75 75 75 75 75
Voltage (kV) 20 20 20 20 20 20 20 20
Current (LA) 55 565 661 682 21 215 245 252

to? (min) >60 >60P 21 226 54 539 419 412

Measurements were performed in duplicate with different capillary/column. Open capillary: bare silica; coated capillary: GPTMS—PEI coatiitiy; mon
1: poly(VBC-EGDMA) monolith with GPTMS-PEI coating; monolith 2: poly(VBC-EGDMA-SWNT) with GPTMS-PEI coating. All experiments were
performed at 25C with 20 mM phosphate buffer, pH 2.5, as mobile phase.

a8 Measurements were made with an inert and neutral marker.

b Experiment was stopped after 60 min.



A.S. Rathore et al. / J. Chromatogr. A 1079 (2005) 299-306 303

Table 2

Estimation of conductivity, conductivity ratio, and electrokinetic porosity for monolithic columns

Parameter Open capillary Coated capillary Monolithic column 1 Monolithic column 2
oopen (271 m™1) 0.25 0.24 N/AR N/A2

Opacked(R271m™1) N/A2 N/A2 0.10 0.11

) N/A2 N/A2 0.38 0.45

eT N/A2 N/A2 0.52 0.58

2 Not applicable.

Table 3 generate same EOF as the coated capillary of same dimen-
Comparison of conductivity ratio and electrokinetic porosity of monolithic  gjons when operated under identical operating conditions.

hases to oth | d stati h ; : e
phases to other commonly used stationary phases Equivalent length is calculated for the monolithic columns

Stationary phase ¢ al using Eq(9). This is an estimation of the actual path traversed
Monolithic column 1 0.38 0.52 by the ions while traveling through porous meli2]. The
l\P/IgIﬂ::)"IhirCHC(igjcnt:nozDS 064259 00-5484 equivalent length, as seenTable 4 is much larger than the
Zorbalj(%Dg s 08 o4a  actuallength of the monolithic bed.
Spherisorb obs, 304 0.49 0.62 Next, the actual EOF mobility in the interstitial space of
Spherisorb SCX, 308 0.52 0.65 the column is calculated using E@®). It is seen that the ac-
Polymer Lab SCX, 1004 0.66 0.76 tual mobility for both the monolithic columns is significantly
Bio-Rad SCX 0.67 0.77  higher than the EOF mobility for the coated open capillary.
Adapted from ref[17]. However, the porous bed structure results in an equivalent
apparent EOF mobility for the three cases.
electrokinetic porositysT, for the two monolithic phases. It The actual mobility can be used to estimate the zeta po-
is seen that monolith 2 is more porous than monolith 1. tential on the monolithic surfadd2,17]and it is seen that

Table 3further compares the monolithic materials to ava- the zeta potential is significantly higher than the coated open
riety of commonly available stationary pha$eg]. Columns  capillary, particularly for monolith 2. A recent study used a
packed with larger pore materials offer a more open structure similar approach for estimation and comparison of zeta po-
leading to higher conductivity ratios and porosities. Itis seen tential of silica-based anion-exchanger type porous particles

that the two monoliths behave similar to the 308tationary  including Hypersil and Kromasil stationary phases for CEC
phases with regards to flow of ions. [34].
4.2. Measurement of flow 4.3. Measurement of column efficiency

Table 4presents calculations of EOF velocity, apparent  Column efficiency measurements were performed using
and actual EOF mobility, equivalent length, and zeta poten- the tracer peak for the case of coated capillary and the two
tial for the coated capillary and the two monolithic columns. monolithic columnsTable 5presents HETP data measured
Egs. (4)—(9) were used for the calculations using the data at different voltages. The data shows that the HETP value is
presented iffable 1 While the EOF velocity is significantly  significantly higher for monolithic column 1 when compared
higher for the case of coated capillary, the apparent mobili- to the coated open capillary. This is expected for a packed
ties are comparable for the three cases. This is so because theolumn due to presence of the stationary phase and additional
mobility is an intrinsic parameter like conductivity and thus, contributions from the flow non-uniformity and mass transfer
normalizes for the differences in capillary/column dimen- (Ha andHc terms in Eq.(10)). However, the HETP values
sions and other operating parameters. The mobility serves agor the monolithic column 2 are quite comparable to that for
a useful electrokinetic measure for comparison of different coated open capillary, particularly at lower potential drops.
stationary phases. It can be concluded from the data presente@his indicates that the second monolithic column has a much
in Table 4that a column containing monolithic phase 2 will more uniform flow distribution and enhanced mass transfer.

Table 4

Estimation of EOF velocity, mobility, equivalent length, and zeta potential for the coated capillary and the monolithic columns

Parameter Coated capillary Monolithic column 1 Monolithic column 2
EOF velocity (<103ms™1) 1.72 Q97 126

Apparent mobility 108 m2s~1v-1) 2.67 195 253

Equivalent length (m) N/A 64.79 6975

Actual mobility (x10~8m2s~1v-1) N/A2 3.15 441

Zeta potentidl (mV) 37.71 4453 6225

2 Not applicable.
b Values ofs =80 ands = 8.85 were assumed for this calculatid®].
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Table 5

HETP measurements at different potential drops

Parameter Coated capillary Monolithic column 1 Monolithic column 2
Average HETP at 10 kVi(m) 847 18.88 973

Average HETP at 20 kVi(m) 7.58 23.21 127

Average HETP at 30 kVi(m) 1361 38.90 1770

Rest of the experimental conditions same a¥ahle 1

150 € 04
Coated £ Coated
= capillary S 03 capillary
= 100 :_‘:,
g ; Monolith 2 = 02 :"0"0“"‘ 2
3 5 . 5}
o ./ 3 /.x 2 01 X Xy
e——— Monolith 1 6 Monolith 1
0 T o 0+
0 10 20 30 40 0 10 20 30 40
Potential Drop (kV) Potential Drop (kV)

Fig. 1. Plots of current and conductivity vs. potential drop illustrating the extent of Joule heating.

Further, it can be observed Trable 5Sthat for most cases  was performed using data generated at 10 kV. First, the diffu-
the HETP increases with the potential drop. Since the mea-sivity was estimated from measurements of the coated open
surements were performed with an inert tracer (sig)land capillary using Eq(11). Next, the diffusivity value was used
since the flow velocity is higher at higher potential drop, it to estimateHg in Eq. (12) and a comparison with the to-
follows from Eq.(10)that this trend is a result of Joule heat- tal height equivalent of theoretical plate (HETP) measured
ing at higher potential drops. In order to examine the effect of for the two monolithic columns allowed us to estimate the
Joule heating, current and conductivity were plotted against Ha +Hc contributions. The results of this analysis are pre-
the potential drop as shown Kig. 1. The non-linearity seen  sented inTable 6and show that for monolith 2, almost all
in the plots of the current indicate the presence of Joule heat-of the HETP can be accounted from longitudinal diffusiv-
ing. The final confirmation is presented by the conductivity ity, with minimal contributions from flow non-uniformity
plots that are expected to be flat in the absence of Joule heat{Ha) and/or mass transfeHg¢) contributions. The results
ing [35]. As seen inFig. 1, while there is minimal Joule  for monolith 1 show approximately 30% of the HETP con-
heating in monolith 1 (10% increase over<2D), it is signifi- tributions coming fromHa + Hc. The analysis allows us to
cant in monolith 2 (35% increase over 20) and even more  not only estimate the column efficiency, as well as, guide us
so for the coated open capillary (54% increase ovetQ0 on possible improvements via changes in media design.
We propose that the higher Joule heating and conductivity in
monolith 2, compared with monolith 1, were probably dueto 4.4. Separation of peptides
the unique electronic properties of the incorporated SWNT
in the stationary phase, because the SWNT used were re- The monolithic columns described earlier have been ap-
ported to show the normal 1:2 distribution between metallic pliedin peptide separations. Four standard peptides including
and semiconducting specif36]. It must be pointed out that  WAGGDASGE, GG, WGG, and GGG had been successfully
even though Joule heating can explain the marked increaseseparated isocratically on both monolith 1 and monolith 2 in
in HETP with increasing applied voltage for the coated cap- the “counter-directional mode”. By comparison of the elec-
illary and the monolithic column 2, it is not the reason for the trochromatograms obtained on both monolithic columns in
observed increases in HETP for monolithic column 1. Fig. 2, it is shown that poly(VBC-EGDMA-SWNT) mono-

In view of the presence of Joule heating at higher poten- jith provided higher speed and efficiency than the corre-
tial drops, further analysis of the different HETP components sponding poly(VBC-EGDMA) monolith under the same

Table 6

Estimation of different HETP contributionbla, Hg andHc¢, for the monolithic columns

Parameter Coated capillary Monolithic column 1 Monolithic column 2
Average HETP gm) 8.47 1888 9.73

EstimatedDp, (x109m2s1) 2.45 N/AR N/A2

EstimatedHg (p.m) N/A2 1224 9.69

EstimatedHa +Hc (nm) N/A2 6.64 0.04

Calculations based on HETP measurements of the tracer peak performed at 10 kV. Rest of the experimental conditionsEarteelas in
2 Not applicable.
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Fig. 2. Electrochromatograms of peptides obtained by CEC with two monolithic columns: (a) monolithrh,%31/22.5 cm, porous poly(VBC—-EGDMA)
with GPTMS-PEI coating; (b) monolith 2, 78n x 31/22.5 cm, porous poly(VBC-EGDMA-SWNT) with GPTMS—PEI coating. Mobile phase, 20 mM agueous
sodium phosphate buffer, pH 2.5 containing 20% (v/v) ACN; applied voltage, 20kV, reversed polarity; UV detection, 214 nm. Peaks: (1) WAGGDASGE; (2)

GG; (3) WGG; (4) GGG.

conditions. It was found that two retained peptides (WAG- we observe band broadening of WGG and peak fronting of
GDASGE and GG) had the similar efficiencies on monolith 2 GGG with both monolithic columns. Specific hydrophobic
as that shown by the inert marker DMSO on both columns. As and electrostatic interactions between the particular peptides
is shown by our calculations and results presentd@bie 6 and the stationary phases may also be occurring here.
SWNT incorporated in the monolithic stationary phase 2 of- Human growth hormone (hGH) tryptic digest was sepa-
fers improved mass transfer and a more uniform flow dis- rated by CEC with monolith 2, as shown kig. 3. When
tribution. The components WGG and GGG elute after the the hGH tryptic digest sample was injected in Tris buffer, the
EOF marker illustrating a stronger retention on the stationary electrochromatogram showed a large, ill-defined increase in
phase. For retained components, the mass transfer term tendabsorbanceHig. 3a) that was probably due to the mismatch
to dominate the separation efficiency of the system and hencebetween sample solution and running buffer. As we expected,

40
44
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~ 204
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< z
£ E 27
@ 104 2
< <
1,
04
B Ll LW
-10 T T T T T T 1 T ¥ 1 T T T T T T 1 T T T T 3 T !
0 2 4 ] 8 10 0 2 4 6 8 10 12 14
(a) time (min) (b) time (min)

Fig. 3. Electrochromatogram of hGH tryptic digest obtained by CEC with monolith 2:n7% 31/22.5 cm, porous poly(VBC-EGDMA-SWNT) with
GPTMS-PEI coating; mobile phase, 20 mM aqueous sodium phosphate buffer, pH 2.5 containing 20% (v/v) ACN; applied voltage, 20 kV, reversed polarity;
UV detection, 214 nm. (a) hGH tryptic digest dissolved in Tris buffer; (b) hGH tryptic digest after removing Tris buffer dissolved in running buffer.
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