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Theoretical simulations have been conducted to explain the elution profiles of solutes passed
through an open capillary and to analyze the potential usefulness of this simple technique as a
separation method. The advection-diffusion equation for a cylindrical geometry has been
numerically analyzed with a CIP method, which is known to be a suitable method for numerical
simulations of differential equations. The profile of the solute distribution in a capillary can be
characterized by four factors: the diffusion coefficient of the solute, the flow rate and the radius
and length of the capillary. The reduction time (7.,) is a very good measure to represent the
diffusivity of a solute it is diffusive when 7., > 1, but nondiffusive when 7,, < 1, as stated in our
previous papers. A diffusive solute is carried by the average flow, and gives a Gaussian-shaped
peak, while a nondiffusive solute moves along the Poiseuille flow profile in the capillary and pro-
duces an asymmetrical peak appearing earlier than the former. The mechanisms for the pro-
duction of these different peak profiles have been discussed in detail based on the results of a
simulation. Although two solutes can be separated based on this separation principle, the heavy
peak-tailing of the asymmetric peak makes complete separation difficult. To reduce the tailing,
several possibilities for sample introduction and effluent collections have been proposed.
Numerical simulations have suggested that such improvements result in a much better separa-
tion performance.

Keywords : laminar flow; CIP; hydrodynamic chromatography; diffusion.
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Fig. 1 Staggered grid
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(a) initial
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Fig. 2 Calculated solute concentration distribution
in a capillary
(a) Initial solute concentration distribution ; The diffu-

sion coefficient of solute (c) is 1000 times as large as
thatof (b). {(c)D=1.0x10"°"m?s™}
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Fig. 3 Experimental (a) and simulated (b) elution
curves of SDS micelles at various flow rates
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Fig. 4 Simulated elution curves of solutes with differ-
ent diffusivities
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Fig. 5 Schematic profiles of concentration distribu-
tions of diffusive and nondiffusive solutes
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Fig. 6 Schematic representations of solute distribu-
tions

(a) Comparison of the distributions of diffusive and
nondiffusive solutes; (b) central sample introduction ;
(c) boundary sample introduction ; Details are given in
the text.
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Fig. 7 Comparison of elution curves of diffusive and
nondiffusive solutes

(a) Central sample introduction {see Fig. 5 (b)}; (b)
Boundary sample introduction {Fig. 5 (c)}; Details are
given in the text.
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Table 1 Diffusion coefficients of various solutes in
aqueous solution at 298K

Solute Conc. D/10°m®s™ Ref.
I 0.1M 199.0 40
Br~ 0.1 M 195.0 40
al 0.1M 195.5 40
Na® 0.1M 128.4 40
K* 0.1M 190.0 40
Rb* 0.1 M 201.7 40
Acetone 128.7 40
SDS 50 mM 7.52 41

100 mM 6.43 41
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= g

MENICBBZR L7 &, VA VIED T /AL 2550 ClRiIIBR-MEPLTRRE %
ENRTRFBORETHEFHFORT XA ML %b. ZORTAf2HEFMA LY, BRBRORL29E
DR BEDRED &) PRRET L7, HEBRBARE WIS, WHEEICFHRETBH L, BRI ASW
BECIPHRED 25 TH 2 BRIHEIKT L THRIBEEN 2. BRMORNMNIMERE, MEE, W&
WEoTHIbhas, TALDHRELZFLDITT 5729 cupicinterpolated pseudo-particle (CIP) #iZ &
Yy Ialb—Vvarkfiol. CIPERWHEDHENEBMERNICHTT2HETHS. CIP Y Iab— Mk
2T, MEOHMENTODTMERIIN LEZRAZTRORFBEDEL ) ICHBT L0 E2BHTLI LB TE
oo F7, ABBKAROMNELRET S LT, MEORRZT THHEHSMS TR THLIEERET S
LR TET
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