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A new type of capillary column for gas chromatography
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A new type of capillary column for gas chromatography was proposed. A sorbent layer (for
example, stationary liquid phase) is supported on the internal capillary surface, and the
internal (interstitial) volume is packed with nonporous large particles of a sorbent (particle
diameter is 0.1—0.6 of the capillary internal diameter). The external surface of the particles
can also be coated with the sorbent layer (for example, stationary liquid phase). The specific
separation efficiency (number of separation) on the new type column is by 1.6—2.3 times
higher than that of the initial classical capillary column.
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A very low sorption capacity is the main disadvantage
of capillary columns.!=—4 This requires special methods
of introduction of microsamples (for example, flow sepa-
ration), which impedes apparatus and has an unfavorable
effect on determination of admixtures and quantitative
parameters of analysis.

An increase in the thickness of the layer of the
stationary liquid phase (SLP) or in the column diameter
are the most popular methods for enhancing the sorption
capacity of the columns?3:3 (Fig. 1). This enlarges the
surface coated with the SLP layer and increases the
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Fig. 1. Main types of capillary columns: classical capillary
column (a), capillary column with the thick SLP layer (),
capillary column with the great diameter (¢), and column with

the enlarged surface of the internal walls and increased surface
concentration of SLP on the column wall (d).

b

amount of SLP per column length unit. However, these
methods do not enhance substantially the capacity of the
column because an increase in the thickness of the SLP
layer by more than several microns or an increase in the
column diameter by more than 0.5—0.9 mm results in a
substantial diffusion of chromatographic zones and de-
creases the separation efficiency of the column.

The most important parameter of a column, reten-
tion factor (k), depends on both the partition coefficient
K and the phase ratio B2

k= K/B, M
B = Vg/Vs = dc/4dfa (2)

where V, and V; are the volumes of the mobile and
stationary phases, respectively; d, is the internal diam-
eter of the column; and d; is the thickness of the SLP
layer.

The following generalized equation can be obtained
from Egs. (1) and (2):

k = 4Kdy/d.. 3)

Thus, the k factor is proportional to the thickness of
the SLP film (dp) and inversely proportional to the
internal diameter of the capillary column (d.).

A possible, but nonaccomplished yet variant of in-
creasing the SLP amount in the column by an increase
in the internal surface of the column (which can already
be achieved at the stage of preparation of the capillary)
is presented in Fig. 1.

Another variant of solution of this problem is transi-
tion to packed capillary columns®—10 and, in particular,
the use of quartz capillaries!! to prepare packed capillary
columns. Quartz capillary columns with a fine-grain
sorbent demonstrated a high specific capacity. However,
a high resistance to the carrier gas flow restricts their
wide use.

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 4, pp. 616—618, April, 2001.
1066-5285/01/5004-641 $25.00 © 2001 Plenum Publishing Corporation



642 Russ.Chem.Bull., Int.Ed., Vol. 50, No. 4, April, 2001

Berezkin and Korolev

Fig. 2. Packed capillary columns: classical packed capillary
column (quartz capillary packed with the packing sorbent) (a)
and proposed hybrid of a classical capillary column, whose
internal walls are coated with the SLP layer, and a packed
capillary column (using the packing with the nonporous
core) (b).

In this work, we performed experimental estimation
and considered challenges for the use of packed capillary
columns of a new type (Fig. 2). As compared to the
known columns (see Fig. 2, a), the columns of this type
have three substantial distinctive features. The SLP layer
is placed on the internal surface of the capillary. A
nonporous material is used as a sorbent (support), and
large particles, whose diameter is comparable with the
column diameter, are used as a packing. The use of large
particles (dy/d., = 0.2—0.6, where d; is the diameter of
sorbent particles) allows a substantial decrease in the
resistance of the column to the gas flow. This solution
provides a noticeable enhancement of the capacity of the
column with respect to SLP, especially when the phase
is supported on large particles. A sharp increase in the
height equivalent of a theoretical plate (HETP) can also
be avoided because a nonporous (or surface-porous)
sorption material characterized by high mass exchange
rates is used as a packing. In addition, the free volume of
the column decreases and, as a result, the retention
factor k increases.

In the proposed combination of packed and capillary
columns, the SLP layer on the column wall decreases
the edge effect. A decrease in the gas volume of the
column by packing with a coarse-grained material is a
new method for increasing the retention factor k. This
method is used for the first time.

Experimental

The main parameters of two columns were studied: an open
capillary column (CC) with a large diameter (10 mx0.53 mm,
SE-30 as SLP, thickness of the linked liquid phase 0.5 um) and
a packed capillary column, which was prepared by packing of a
part of the above described column (1.42 mx0.53 mm) with
glass balls. Thus, the packed capillary and open capillary columns
were combined (PCC). Glass balls (fraction 0.100—0.125 mm)
designed for packing of the capillary column with the SLP layer
on the walls was preliminarily washed with 5% HCI, water, and
acetone and dried at 150 °C for 1 h. Then the surface of the
glass balls was silanized using a reagent available from Serva.l?

The direct chromatographic experiments on a classical packed
capillary column showed that, under the chosen experimental
conditions, the glass balls manifest a low adsorption capacity.

Chromatographic parameters were measured on an
LKhM-8MD gas chromatograph (5th model, Khromatograf
plant, Moscow, Russia) with a flame-ionization detector. The
chromatograph was modified at the Laboratory. The tempera-
ture of the column was 70 °C, and helium was used as the
carrier gas. The pressure at the inlet of CC was varied from 0.06
to 0.20 atm, and that at the inlet of the packed capillary column
(PCC) was 0.7—2.2 atm.

Results and Discussion

The change in HETP with the linear carrier gas flow
rate is presented in Table 1 for two columns: a classical
gas liquid column (CC) and a similar shorter column,
whose interstitial volume is packed with silanized glass
balls (PCC). For CC the optimum gas carrier flow rate
(i.e., the rate for the minimum HETP value) was
~20 cm s~ ! at HETP of 0.44—0.55 mm, and that for
PCC was ~9.1 cm s~ at HETP of 0.55—0.78 mm.

Thus, a decrease in the free volume of the column by
the packing with a low sorption capacity results in a
noticeable (by ~25—60%) increase in HETP and the
shift of the optimum rate to low linear gas carrier flow
rates (from 20 to 9 cm s !), which can likely be ex-
plained by an increase in the resistance to mass transfer.

The retention factor k and especially the number of
separations 7Z, which reflects both the equilibrium and
kinetic characteristics of the chromatographic process,
are very important parameters of a chromatographic
column.

The retention factors & and number of separations
TZ are presented in Table 2 for two capillary columns:
CC and PCC. For all studied compounds, using PCC,
the retention factor increases by 2.22—2.26 times. Such
a high and almost similar for all compounds increase is
explained by the fact that a decrease in the gas volume of

Table 1. HETP as a function of the linear carrier gas flow rate
(u) for the classical column and packed capillary column and
various sorbates

u/cm s~ ! HETP/mm
n-CgHy4 n-C7H g n-CgHyg n-CoHy
Classical column
8.5 0.77 0.75 0.73 0.73
11.6 0.65 0.63 0.61 0.61
16.4 0.52 0.50 0.50 0.55
20.0 0.44 0.45 0.48 0.55
28.9 0.60 0.58 0.55 0.60
New type of packed capillary column

7.1 1.01 1.05 0.96 0.92
9.1 0.55 0.63 0.72 0.78
11.2 0.68 0.65 0.76 0.85
15.9 0.85 0.85 0.84 0.96
21.0 0.91 0.95 1.00 1.07
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Table 2. Comparison of the retention factor (k) and number of
separations (7Z) for two capillary columns: classical (CC) and
new type of packed (PCC)

Sorbate k k(PCC) V4 TZ(PCC)

CC PCC k(CO) CcC* PCC TAC0)

n-CeHy, 023 052 226 114 262 230
(Ce/Cq) (Cg/Cy)

n-C;H; 052 1.6 223 201 392 195

(C7/Cg) (C7/Cy)
n-CgH g 1.15 2.55 2.22 2.85 4.50 1.58
(Cg/Cq) (Cg/Cy)

n-CoHyy 250 558 223

* Calculated value obtained for the column 1.42 m long, i.e., for
the initial CC with the same length as PCC.

the column increases the retention factor even when the
packing with the "zero" sorption capacity is used. In
addition, the number of separations for PCC increases
by 1.6—2.3 times. This increase is especially pronounced
for weakly retained compounds, for example, a hex-
ane/heptane couple.

Thus, the introduction of a packing with the low
sorption capacity into the CC with a great diameter
enhances substantially its separation efficiency.

The low sorption activity of the packing was con-
firmed by independent chromatographic experiments.
The retention factor due to the single sorption capacity
of the packing is only 20—30% of the general retention
factor of PCC. The sorption efficiency of the packing
can be decreased or increased if necessary. Nonporous
materials of different types (for example, mineral wool,
inorganic or organic small balls or cylinders, wires,
filaments, efc.) can be used as a chromatographic packing.

We have previouslyl3 advanced and experimentally
substantiated to use sorbents with a very high mass
exchange rate (for example, with the nonporous core
and thin sorbent layer on the external surface) in capil-
lary columns with fine-grain packing. It is also reason-
able to apply sorbents of this type, but with a greater
diameter (for example, 100—200 um), in columns, which
represent a hybrid of open and packed capillary columns.
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