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lon chromatography (IC) is a high-performance version oftems which themselves produce exceedingly small extra-
ion-exchange chromatography, that has become the methadlumn band broadening. To data, these technical problems
of choice for routine anion analysis and has many applicahave limited to the bores to about|5.314 Steenackers and
tions in cation analysis as well. lon chromatography wasSandr&* reported that they could get a high efficiency sepa-
first introduced in 197%,when it was shown that anion or rations for some polar solutes including proteins using 50
cation mixtures can be readily resolved on HPLC columngum i.d. open tubular columns.
packed with anion-exchange or cation-exchange resins. The effect of high column temperature on separation effi-
However, the separation efficiency of IC is somewhat lowerciency has been investigated both experimé&dtlyand
than that of high performance liquid chromatographytheoretically’ by many authors. Diffusion coefficient (D
(HPLC). The reason for that is separations in IC are based arf the analyte in the mobile phase is increased with increas-
the charge-charge interactions during the separation procesag temperature, and an increase if iprove the effi-
One of the goals of this study is to develope the best meartgency. It is reported that high temperature is beneficial for
of achieving high separation efficiencies in IC. There areboth packed column chromatography and 50-f60i.d.
two general ways to improve the column efficiency in liquid open tubular column LC. Liat al?2'° recently demonstrated
chromatography; one is to use a small diameter column antthat high temperature (100-20Q) operation with 5Qum
another is to elevate the column temperature. and 10Qum i.d. open tubular columns could make extremely
There is now a great deal of research interest in the use bfgh efficient separations(up to®.@or organic compounds.
small bore columns to improve liquid chromatographic col- Despite of all advantages of small bore open tubular col-
umn efficiency. This is because that both experiméatai  umns, reports on capillary column ion chromatography are
theoretical dafademonstrate it is possible to achieve veryrarely found in the literature, although Muller, Simon and his
high plate efficiencies (up to nearly ®Qising small bore co-worker$?1® used 2.3um and 4.6um i.d. open tubular
columns, either small bore packed columns, packed capikolumn to separate inorganic anions and cations with their
lary columns, or open tubular capillary columns. Amongspecially designed on-column electrochemical detectors. In
these small bore columns, open tubular columns offer sewthis study, a 5Qum i.d. silica capillary coated with Latex
eral uniqgue advantages such as a high efficiency, a higparticles (diameter : about 360 nm) was used as a column.
speed and a good permeability. The optimum flow rates for capillary column ion chroma-
Open tubular columns in LC were first investigated bytography were calculated using the Golay equation and com-
Ishii, Tsuda, and coworkefrs following pioneering work by  pared with experimental values.
Nota, et al’ In theory, as shown by Knox and Gilb&the
bores of such columns must be in the range of 1Qr30f Experimental Section
they are to compete with packed columns in terms of speed
and performance generally. However, thereafter, some The open tubular column ion chromatography instrument
author&1° reported that the optimum internal diameters inused in this study was constructed in the laboratory. A sche-
open tubular capillary LC columns would be less than 10matic diagram of the instrument is shown in Figure 1. It con-
pum to realize acceptable analysis time and high resolutiorsisted of a Shimazu GC-8A oven for the control of the
Such small i.d. open tubular columns are, however, very difeolumn temperature, a Dionex 2000l pump, a Rheodyne
ficult to work with, since their volume is less thanul, Model 7000 injector(injection volume :jfL), two split tees
which is extremely high demand on instrumentations, suclfValco 1/16 inches, 0.75 mm bore), a UV detector (Isco, Inc,
as injection, pumping, connection and especially detectionLincoln, NE, Model CV¥), a 50um i.d. capillary column
On column electrochemical detectors are used to obtaiflength: 1 m) and a 2@m i.d. capillary restrictor (length : 1
small detection volumes and fast respdasélthough the  m).
chief advantages of 1-30m i.d. columns have been demon- Two splitters were used to provide a fairly low flow rate
stratedi?13practical problems mentioned above have limited(usually about JuL/min) for 50 um i.d. open tubular capil-
the wide use of aforementioned small i.d. columns. Theséary column. The first splitter in which a tube of 10x26
practical problems arise because of the very low volumes giim i.d. fused silica capillary was used as the split tube, was
the eluted peaks which demand injection and detection syglaced between the pump and the preheating tube. The split
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(cm/s) andk' is the capacity factor of the solute. The first
! term is based on the contribution of longitudinal diffusion
[ r} s and the second and the third terms are based on resistance to
i mass transfer in the mobile phase and stationary phases,
respectively. Since the columns used in this study, either
bare silica capillary or Latex particle coated silica capillary
] have very small film thickness, the third term in egn. (1) can
i ’“'*TJ be negligible. Therefore, the Golay equation can be
3 expressed to the following :

e 2D, . 1+ 6K + 11k
- H=—"4 u 2
[ 0 96(1+ k)’ DD—m 2)
[ ® R The optimum velocity o), at the minimum value of H
I

o can be calculated from eqn. (2) using the following equation.
Figure 1. Schematic diagram of open tubular capillary column ion

chromatographic systen®; IC pump;S1, first splitter;S2, second dH 3)
splitter; I, injector; T, preheating tubeC, column;D, detectorR, E: 0
restrictor;0, GC oveny, union.
2 Dn 4)
Ugpy = | O
opt f(ku) dc

ratio of the first splitter was about 1 : 10. The second splitter
in which 1.3 nx75um i.d. fused silica capillary was used as )
the split tube giving a split ratio about 60 was placed inside {Where fle= 1+ 6K +11K
the oven. To avoid the extra-column broadening due to a 961+ K?
splitter, the column inlet was inserted into 20x®30
inches stainless steel tubing which connects between injector ugp can be estimated from equation (4) wiend. andk'
and the second splitter. A preheating tube (58@@&5 mm  are given. Here, it should be noted that the diffusivity of sol-
i.d. stainless steel tube) was used to preheat the eluant befarte in the mobile phasB,, is a function of temperature. It is
column and placed between the first splitter and the injectoclear thaD, increase with increasing temperature, resulting
inside the oven. in higher optimum flow rates and flatter the Van Deemter
A variable wavelength absorbance detector, a Modél CVcurves. We have made some high temperature experiments
(Isco, Inc, Lincoln, NE) was utilized to measure the absorto verify this phenomena in IC, and these experimently
bance at 210 nm. The detection was carried out by measuebtainedu,,: data were compared with the calculated values
ing the absorbance on the column at a position 15 cm frorfiTable 1) using a nitrate ion as a solute. The diffusion coeffi-
the end of the capillary tube. Latex particles used in thisient of nitrate in water at room temperature was calculated
work were supplied by Dionex and have a very small diamefrom the ion mobility of nitratey,, using the following rela-
ter (about 360 nm) and carry the actual anion exchangtonship?!
groups. These particles are agglomerated to the silanol 72 ED
groups on the inner surface of fused silica capillary by elec- U = —R7
trostatic interaction. Before the capillary was treated with a
solution of the latex particles, the capillary was cleaned withwherez, is the absolute value of the charge of nitrate, F is
several reagents to produce the maximum number of activine faraday constant and R is the gas constant. The ion
surface silanol groups. The coating procedure involvednobility of nitrate,un, at 25 is found as 7.4840 cn?/
flushing the capillary with a solution of the latex particles. sec?? Using this value and equation (4), the diffusion coeffi-
cient of nitrate,Dn, at 25 can be calculated as 1900
Results and Discussions cn?/sec. To calculate the diffusion coefficients of nitrates at
high temperatures, the following Stokes-Einstein equation
In 1958, for an open tubular column, GéPaglerived a  was employed.
equation in which the height equivalent to a theoretical plate
(HETP) is given in the following : Dy =

(5)

KT
4man ©
_ g_D_er 1+ 6k +11K% d- s —2K d? o @ wherek is the Boltzmann constant, a is the radius of nitrate
u 96( 1+ k')2 [BTn 3(1 + k) DD— andn is the viscocity of the eluant. The diffusion coeffi-
cients of nitrate in water at P&, 110°C and 150C were
whereD,, is the diffusivity of the solute in the mobile phase calculated as 5.2430° cn¥/sec, 8.13¥10° cn¥/sec and
(cmefs), Ds is the diffusivity of the solute in the stationary 10.92%105 cn/sec, respectively. As expected, the large
phase (cris),d. is the column inner diameter (crojs the  difference inD,, was seen at different temperatures. Using
film thickness (cm), u is the velocity of the mobile phasetheseD, values and eqn. (4), the optimum flow raig; for
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Table 1 Experimentally measured and calculated optimum flow supported partially by Ministry of Education (BSRI-98-
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