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A novel capillary chromatography system has been developed wusing an open capillary tube and a
water-hydrophilic-hydrophobic organic solvent mixture carrier solution; the system is called tube radial distribution chromatography.
In this study, we prepared various types of the carrier solution of the water-ethyl acetate (hydrophobic organic solvent) mixture
including dioxane, 1-propanol, ethanol, acetonitrile, or methanol as a hydrophilic organic solvent, and examined their separation
performance in the system using a fused-silica capillary tube. A mixture analyte of 1-naphthol and 2,6-naphthalenedisulfonic acid
was adopted as a model and injected into the fused-silica capillary tube in the system. The analytes were well separated with the
water-1-propanol-ethyl acetate mixture (volume ratio 2:3:6), the water-ethanol-ethyl acetate mixture (2:2:6), and the
water-acetonitrile-ethyl acetate mixture (3:8:4) carrier solutions. 1-Naphthol was first eluted from the capillary tube, followed by
2,6-naphthalenedisulfonic acid. However, the analytes were not separated with the water-dioxane-ethyl acetate mixture (4:11:11) or
the water-methanol-ethyl acetate mixture (2:2:9). The data obtained here indicated an extension in preparation of the carrier solution
by using several hydrophilic organic solvents and provided insight regarding carrier solvent behavior based on the tube radial
distribution in the system.
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1. Introduction decade.”™

We developed a novel capillary chromatography

Capillary ~ chromatography  systems  have system wusing open capillary tubes composed of
attracted a great deal of attention in the field of fused-silica, polyethylene, or poly(tetrafluoroethylene),
analytical chemistry and in separation science since the and a water-hydrophilic-hydrophobic organic solvent
last century. Most systems, such as capillary mixture carrier solution.®* The mixture analytes of
electrochromatography,™?  micellar  electrokinetic hydrophilic and hydrophobic compounds were
capillary chromatography, > and capillary separated with the water-acetonitrile-ethyl acetate
high-performance liquid chromatography using packed mixture carrier solution. The separation performance in
and monolithic capillary columns,>® feature rapid the system was explained based on the tube radial
measurements, easy procedures, inexpensive and small distribution of the carrier solvents in the capillary tube
apparatus, small sample volumes, and low cost. under laminar flow conditions. We call this a tube radial
However, only a few new concepts regarding capillary distribution chromatography (TRDC) system. The
chromatography have been proposed in the last components of the carrier solvents were examined with
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the TRDC system using a poly(tetrafluoroethylene)
capillary tube before.*?

In the present study, we prepared various types of
carrier solution of water-ethyl acetate mixtures
including dioxane, 1-propanol, ethanol, acetonitrile, or
methanol as a hydrophilic organic solvent, and
examined their separation performance in the TRDC
system using a fused-silica capillary tube. The results
provided insight into carrier solvent behavior based on

the tube radial distribution in the TRDC system.

2. Experimental

Water was purified with an Elix UV 3 (Millipore
Co.). All reagents used were commercially available and
of analytical grade. 2,6-Naphthalenedisulfonic acid,
1-naphthol, dioxane, 1-propanol, ethanol, acetonitrile,
methanol, and ethyl acetate were purchased from Wako
Pure Chemical Industries, Ltd. A fused-silica capillary
tube (75 um i.d., 150 pm o.d.) was purchased from GL
Science.

The capillary chromatography system consisted
of a fused-silica capillary tube (110 cm in length;
effective length of 90 cm), a micro-syringe pump
(MF-9090; Bioanalytical
absorption

Systems, and an
(modified SPD-6AV
spectrophotometric detector; Shimadzu Co.).*** The

Inc.),
detector

following aqueous-organic solvent mixture carrier

solutions were used: water-dioxane-ethyl acetate
mixture (volume ratio 4:11:11), water-1-propanol-ethyl
acetate mixture (2:3:6), water-ethanol-ethyl acetate
mixture (2:2:6), water-acetonitrile-ethyl acetate mixture
(3:8:4),

(2:2:9). The mixture analyte solution of 1-naphthol and

and water-methanol-ethyl acetate mixture
2,6-naphthalenedisulfonic acid was prepared with the
carrier solutions.

The analyte solution was introduced directly into
the capillary inlet for 20 s from a height of 20 cm by the
gravity method. After analyte injection, the capillary
inlet was connected through a joint to a microsyringe.
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The syringe was set on the microsyringe pump. The
carrier solution was fed in the capillary tube at a flow
rate of 0.5 puL min™ under laminar flow conditions.
On-capillary absorption detection (254 nm) was
performed with the detector.

3. Results and Discussion

Various mixtures consisting of hydrophilic and
hydrophobic molecules as analytes were examined by
the TRDC system using fused-silica, polyethylene, or
tubes and the

poly(tetrafluoroethylene) capillary

water-acetonitrile-ethyl ~ acetate  mixture  carrier

solution. '

Based on our results, the separation
performance in the system was proposed as follows. 1)
Water and organic solvents in the carrier solution are not
dispersed uniformly in the capillary tube based on the
tube radial distribution of the solvents under laminar
flow conditions. A major solvent phase (water-rich or
organic solvent-rich) forms around the middle of the
tube far from the inner wall, while a minor solvent
phase (water-rich or organic solvent-rich) is generated
the of the tube

(pseudo-stationary phase). 2) Hydrophilic molecules in

near inner  wall capillary
the analyte mixture are subsequently dispersed in the
water-rich phase, and hydrophobic molecules are
dissolved in the organic solvent-rich phase. 3) The
analyte dispersed in the major solvent phase around the
middle of the capillary tube is eluted with near average
linear velocity, while the analyte dispersed in the minor
solvent phase near the inner wall of the tube is eluted
with a smaller than average linear velocity.

To extend our knowledge concerning the TRDC
system, we prepared various types of the carrier
solutions of the water-ethyl acetate mixture including
dioxane, 1-propanol, ethanol, acetonitrile, or methanol
as a hydrophilic organic solvent, and examined their
influence on separation performance in the TRDC
These of  the

water-hydrophilic-hydrophobic organic solvent mixtures

system. carrier  solutions
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Fig. 1. The chromatograms of a mixture of 1-naphthol and 2,6-naphthalenedisulfonic acid obtained using the present TRDC system. a)
1-Naphthol, b) 2,6-naphthalenedisulfonic acid, and c) a mixture of 1-naphthol and 2,6-naphthalenedisulfonic acid. Conditions: Capillary
tube, 110 cm (effective length: 90 cm) of 75 pum i.d. fused-silica capillary; carrier, (1) water-dioxane-ethyl acetate mixture (volume ratio
4:11:11), (2) water-1-propanol-ethyl acetate mixture (2:3:6), (3) water-ethanol-ethyl acetate mixture (2:2:6), (4) water-acetonitrile-ethyl
acetate mixture (3:8:4), and (5) water-methanol-ethyl acetate mixture (2:2:9); sample injection, 20 cm height (gravity) x 20 s; flow rate,

0.5 uL min™; and analyte concentration, 1 mM each

were prepared by adding the hydrophilic organic solvent
into the mixture solution of water-ethyl acetate (volume
ratio; water < ethyl acetate) until the mixture solution
became homogeneous.

The of
2,6-naphthalenedisulfonic acid, and the mixture of

analyte  solutions 1-naphthol,
1-naphthol and 2,6-naphthalenedisulfonic acid were
individually subjected to the present TRDC system with
various types of aqueous-organic solvent mixture carrier
solution. The obtained chromatograms are shown in Fig.
1. The results clearly confirmed that the analytes were
the solutions of the

separated  with carrier
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water-1-propanol-ethyl acetate mixture (volume ratio
2:3:6), the water-ethanol-ethyl acetate mixture (2:2:6),
and the water-acetonitrile-ethyl acetate mixture (3:8:4).
1-Naphthol was eluted first from the capillary tube at ca.
8 by  the
2,6-dinaphthalenedisulfonic acid. That is, 1-naphthol

min, followed elution of
was eluted with near average linear velocity, while
2,6-dinaphthalenedisulfonic acid was eluted with a
lower than average linear velocity. On the other hand,
they were not separated with the water-dioxane-ethyl
acetate mixture (4:11:11) or the water-methanol-ethyl

acetate mixture (2:2:9) carrier solution.
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The data obtained here indicated extension in the
preparation of the aqueous-organic solvent mixture
carrier solution by using hydrophilic organic solvents
other than acetonitrile in the TRDC system using a
fused-silica capillary tube, and yielded insight into
carrier solvent behavior based on the tube radial
we considered the data

distribution.  Tentatively,

obtained here with Hildebrand’s solvent parameter (&

Y2 3) This parameter indicates the degree of

(callcm®)
polarity of solvents. The solvent parameters of ethyl
acetate, dioxane, 1-propanol, ethanol, acetonitrile,
methanol, and water are 8.6, 9.8, 10.2, 11.2, 11.8, 12.9,
and 21.0, respectively. Dioxane and methanol possess
the lowest and highest solvent parameters, respectively,
among the five hydrophilic organic solvents, and the
water-ethyl acetate mixture carrier solutions including
dioxane and methanol did not show separation
performance in the present TRDC system. The polarity
as well as the component ratio of solvents in the carrier
solution must be closely related to the tube radial
distribution of the solvents in the capillary tube under

laminar flow conditions.
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