
fowtta~ of Chromatography, 142 (1977) 3%56 
0 Elsevier Scientific Publishing. Company, Amsterdam - Printed in The Netherlands 

CHROM. 10,319 

NON-CIRCULAR CAPILLARY COLUMNS FOR GAS CHROMATOGRAPHY 

D. H. DESTY and A. A. DOUGLAS 

The British Petroleum Company Limited, Chertsev Road, Stmbury-orr-Shames (Great Britain) 

SUMMARY 

The potentialities of capillary columns of non-circular cross-section have been 
investigated using the gas path efficiency as the diagnostic. 

Results indicate that coated non-circular capillary columns can ofher a small 
increment in column efficiency compared with columns of circular cross-section_ 

Methods of coating non-circular capillary columns are being explored. 

INTRODUCTION 

In his outstanding paper presented at the Symposium held in Amsterdam in 
1958, Golay’ originated both the theoretical and practical basis of capillary column 
gas chromatography. 

The equation relating height equivalent to a theoretical plate (HTTP) and linear 
gas velocity, which bears his name along with those of Glueckauf and Van Deemter, 
allowed these fascinating high-performance columns to be designed, constructed and 
used for a new wide range of analytical problems, particularly associated with complex 
mixtures. 

Over the succeeding two decades capillary columns have become steadily 
consolidated as the preferred form of gas chromatography, but it is surprising that 
only circular cross-section tubes have been employed in spite of the fact that Golay 
showed in his original paper that the performance of flat columns having a high aspect 
ratio was theoretically better by a factor of as much as 3 when k’ is small. 

The senior author has been intrigued by the potentialities of non-circular 
columns for many years, and at the First Symposium on Glass Capillaries in Hinde- 
lang during 1975 he discussed at some length the attributes of a number of new column 
forms. Among these were the flat glass capillaries and an unusual “crinkled” form 
which had been made by modifications ofthe original glass capillary-drawing machine. 
The latter had been conceived with the aim ofdisturbing the iaminar gas flow through 
the tube SO that enhanced transverse mixing would occur by a convected mechanism 
without causing significant additional longitudinal band broadening. Samples of 
these non-circular capillaries were distributed at the meeting but, surprisingly enough, 
no work was published on these or any other unconventional column forms. 

In the autumn of 1976 therefore, it was decided to do some exploratory work on 
this topic by a simple study of the HETP versus 6 curves for a non-absorbed solute, 
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methane, and thus gain an immediate knowledge of the gas path efficiency of both 
flat and crinkled capillaries. The first results were presented at the Second Symposium 
on Glass CapiIIaries at Hindelang in the spring of this year2, and these showed clearly 
that fiat tubes had a lower minimum HETP than circular tubes of the same cross 
sectional area at slightly lower linear gas velocities_ Perhaps, surprisingly it seemed that 
the only significant effect was to reduce the longitudinal diffusion term, B, of the 
Golay equation without any marked change in the slope of the curve at higher velo- 
cities or reduction in the C, term. On the other hand, crinkled tubes, again with the 
same cross-sectional area, showed some marginal drop in the B term, but, most 
strikingly, a considerably lower C, term. These resulted in an even lower minimum 
HETP, but, more importantly, this minimum was at a linear gas velocity of the order 
of twice those for both circular and flat columns. 

The possibility appeared real of columns of average capacity having an elu- 
tion time of approximately one quarter of that of similar circular columns at the 
same total plate numbers. However, since then extension of the work has shown that 
the preliminary results were distorted by an aberration in the apparatus, and the real 
gain is not as large as previously suggested_ 

The coating of such non-circular tubes is bound to be more difficult than that 
of round tubes and a study of the use of the established techniques of coating became 
the next stage in the investigation. Most emphasis was given to Dijkstra and De 
Goey’s dynamic method3 and the mercury pellet method of Schombu& with smooth 
untreated Pyrex tubes as drawn. 

THEORETICAL 

In the investigation it was necessary to find a method of comparing the effi- 
ciencies of the different types of geometrically differing columns. 

A method became apparent when the Golay equation relating the height 
equivalent to a theoretical plate, ri, to column parameters was considered. 

This equation for circular capillary columns is of the form: 

2D, 
H=-+- 

1 f6k’t ll(k’)’ Lzt (k’)3 ’ 

24(l + k’)” DG 6 (1 +_ k’)’ & ’ (1) 

where : 

or 

(W), 

17 = average linear gas velocity; 
r = column radius; 
D, = diffusion coefficient of the solute in the gas phase; 
D, = diffusion coefficient of the solute in the liquid phase; 
K = partition coefficient; 
k’ = ratio of the liquid phase-capacity to the gas phase capacity. 

The three terms account, respectively, for longitudinal gaseous diffusion 
resistance to mass transfer in the gas phase (Cc z2), and resistance to mass 
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transfer in the liquid phase (CL+ In eqn. 1 if the column in uncoated, then k’ = 0. 
Thus it follows that for an uncoated circular column the Golay equation reduces to: 

The CL term, of course, vanishes but the C, term does not, and it is this term 
that is of interest and shall be denoted by Cs (CG when k’ = 0). 

C& being a function of the column radius for circular columns, can be extended 
to a consideration of non-circular columns where it will be a function of some equiv- 
alent dimension. 

It was decided, therefore, to determine the C’s term for columns of various 
cross-section as this relates resistance to mass transfer in the gas phase to the column 
geometry. A reduction in the value of C,$ gives rise to a corresponding reduction in 
C, for a coated column and is manifested in a lower HETP. 

EXPERIMENTAL AND APPARATUS 

Chromatographic apparatus 
In order to conduct the work on gas path efficiencies with comparatively short 

columns (i-e- 13 m) it was necessary to build a high-speed apparatus similar to that 
developed by Desty et aI.; in 1960. 

The contemporary version of the apparatus comprised of a similar hydrogen 
flame detector and sample entry system with a division factor (CL 10,OOO:l) into 
which gaseous and vapour samples were rapidly introduced by hammering down the 
plunger of a Hamilton gas-tight syringe_ 

No attempt was made to thermostat the column as the precise temperature of 
operation was in no sense critical. The coiled column therefore just hung in the Iabora- 
tory environment at temperatures around 15”. 

Recording system 
The 1960 high-speed amplifier was re-designed to incorporate superior modern 

eIectronic components. A schematic diagram of the amplifier is shown in Fig. 1. The 
sensitivity of the amplifier is 10-lL A for a full scale deflection with a time constant of 
around 5 msec. 

In this it had a similar performance to that ofthe original amplifier, a sensitivity 
with a rapid response time being limited only by the Johnson noise in the feedback 
resistor and the input capacity. This performance was achieved by mounting the first 
stage of amplification (a shielded F.E.T. analog device Type 42) directly on top of the 
flame ionization detector by a coaxial connector so as to minimize stray capacity, 
which would othenvise reduce the frequency response of the amplifier. 

The chromatograms were recorded, as in 1960, using a fast UV recorder with 
simultaneous recordings being made over a range of sensitivities. 

Total elution times were of the order of a few seconds. 
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moIecuIar fiIms stimulated some new thoughts. She found that when a microscope 
slide was pushed through a water-air interface upon which was a condensed mono- 
layer of stearic acid (a surfactant), a layer of the latter acid, one molecule thick, was 
deposited on the slide. If the water contained small amounts of barium and copper 
ions, repeated dipping of the slide produced more layers and up to 3000 on top of 
each other were produced. The layers consist of stearic acid and barium and copper 
stearate. The layers are alternately reversed such that carboxylic and hydrocarbon 
groups alternately face outwards in consecutive layers. 

This appeared to be an exciting prospect for coating non-circular capillaries 
as the phenomenon does not seem likely to depend on the geometry factors very much. 

It also offered the potentiality of coating circular columns with quantitative 
amounts of srationary phase and furthermore the characteristic of the coating could 
be chosen by choosing an odd or even number of layers. 

A preliminary investigation was therefore made of the .Blodgett technique 
using circular columns_ An aqueous solution of the following concentrations of bari- 
um and copper ions was made up (pH 6.8) : 0.3 - 10d4 A4 BaCl,, 2.0 - IO-’ M KHCO,, 
0.02 - low4 A4 CuCl, (or other soIubIe copper salt). 

A burette with a length of rubber tubing attached to the outlet end was used as 
a variable head device. A compression fitting was attached to the end of the rubber 
tube and the capillary pushed into it through a rubber septum_ 

A small crystal of stearic acid was placed into the beginning of the capillary 
and this was pushed up it by use of the head of solution in the burette. Care was taken 
to ensure that the crystal of stearic acid remained on the meniscus. The stearic acid 
spreads directly onto the meniscus of the aqueous solution producing a condensed 
monolayer. The crystal was pushed through the column at about 1 mm/set so that the 
rate of deposition of the monolayer did not exceed the rate of evaporation from the 
crystal. 

When the crystal reached the other end of the capillary it was forced back, 
again on the meniscus, by helium gas. This was repeated several times. When the 
desired number of layers had been achieved the column was dried by passing dry 
helium gas down the column. 

Results and discussion 
The first Blodgett layer has Iyophilic characteristics as the carboxylic groups 

hydrogen bond to the hydroxyl groups on the glass surface. Therefore, as there is a 
reversal on every consecutive layer all odd layers should have lyophilic characteristics 
and even layers should have lyophobic characteristics. 

Fig. IO shows a chromatogram obtained on a column of S96 cm in length with 
five Blodgett layers_ 

The order of the components is fascinating in that heptane is eluted before iso- 
octane, which is opposite to the order obtained on squalane. AIso toluene is eluted 
very early. 

Because the stationary phase is crystalline, the peaks are adsorption peaks and 
this is born out by the fact that the absolute retention increased very little with further 
layers, indicating that the interaction is with the top monolayer only. 

It was noted that on even layers the isooctane peak was skewed whilst that of 
heptane was only slightly skewed. This is probably due to the carboxylic groups of the 
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Fig. 10. Chromatogram on column coated with five Blodgett layers. Peaks: 1, methane; 1, toluene; 
3, heptane; 4, isooctane. 

stearic acid and stearates inducing polarization in the polarizabie isooctane molecule 
and increasing the adsorption. 

In her work on surface films Blodgett found that if multipIe layers of stearic 
acid and stearates are built up and the films soaked in benzene, the stearic acid is 
leached out to leave a skeletal structure of mixed metal stearates. This presents the 
exciting possibility of producing a stereospecific absorption layer on the capillary 
wall. 

Attempts are being made to produce the new skeletal coating in about IO0 
layers so that the molecular porosity it potentially exhibits may be epploited for very 
specific separation_ 

Cotdmiotts 
It is concluded that coating by the Blodgett technique can produce quantita- 

tive coating. The multi-layers produced display some interesting characteristics. 
The technique offers the potentiality of stereospecific, stationary, phases that 

could be employed in capillaries of all types, which may particularly solve some of the 
problems of non-circular columns. 

LIST OF SYMBOLS 

CG Resistance to mass transfer in the gas phase. 

c: Resistance to mass transfer in the gas phase when k’ is zero. 
CL Resistance to mass transfer in the liquid phase. 
DG Gaseous diffusion coefficient. 
DL Liquid diffusion coefficient. 
H Height equivalent to a theoretical plate (HETP). 
k’ Ratio of liquid phase capacity to gas phase capacity. 
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K 
I 
n 

pi 
r 
c 
AZ 
ii 
z 

Partition coefficient. 
Column length. 
Number of theoretical plates. 
Column inIet pressure. 
Column radius. 
Elution time of component from start. 
Peak width at tangent intercept with baseline. 
Average linear gas velocity. 
Half the inter-wall distance for flat capillary. 
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