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SUMMARY 

Four different sampling methods for capillary gas chromatography, including 
split and splitless sampling, have been investigated with respect to precise and accurate 
qualitative and quantitative analysis. A new method of direct sampling for capillary 
columns is presented and compared with the known techniques with respect to resolu- 
tion, reproducibility of retention, decomposition of sensitive sample components and 
discrimination of high-boiling components in quantitative analysis. Multi-dimen- 
sional arrangements using capillary columns for the “main” separation as the most 
flexible and efficient sampling devices are discussed_ If by selective sampling in such 
set-ups only a partial analysis of those components is achieved, which are of real 
interest in a particular analytical problem, analysis time can be saved and the per- 
formance of the separation can be improved. 

INTRODUCTION 

In high-resolution capillary gas chromatography (GC), special sampling 
techniques have to be applied because of the very low sample capacities (nanograms 
per component) and, moreover, these columns are operated at low carrier gas flow- 
rates (OS-4 ml/min) and generate steep peak profiles. 

The sampling techniques and conditions have to be carefully adapted to the 
analytical problems concerned, especially when dealing with complex mixtures 
characterized by wide ranges of component concentrations, volatilities and polarities_ 
They may also contain components with low thermal and/or catalytic stability, and 
often complex mixtures consist simply of numerous constituents, sometimes isomeric, 
that cannot be separated in a single chromatographic run even with optimal separation 
efficiency and selectivity_ 

In qualitative GC analysis, preferably “response ” information from selective 
detection by GC-mass speetrometry (MS), a nitrogen flame-ionization detector or an 
electron capture detector is used, whereas retention data merely serve the purpose of 
comparison with known chemical compounds. The potentialities of precisely mea- 
sured standardized retention data in the form of data collections and retention rules 
for identification have not been fully recognized up to now. In our opinion, the 
precision of retention index measurements nevertheless cannot be decreased by 
using unreliable sampling techniques. 
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The technical difficulties involved in sampling are increased when quantitative 
analyses of trace components in complex mixtures of the above-mentioned types are 
carried out. The identification and quantitation of known or expected chemical com- 
pounds is, of course, less elaborate than the analysis of completely unknown or un- 
expected species. 

The major requirements for optimal quantitative and qualitative analyses of 
complex mixtures can be summarized as follows: 

(i) adequate separation efficiency, Le., sharp and symmetrical peak profiles; 
(ii) high repeatability and reproducibility of retention measurements; 

(iii) high precision and accuracy in quantitation by peak area measurements 
(i.e. no discrimination of components by volatility, polarity or concentration); 

(iv) minimal thermal and catalytic decomposition of sensitive sample com- 
ponents. 

In this paper, we report our investigations on various known and new sampling 
techniques with regard to the above requirements_ We shall deal with four principal 
sampling methods and their optimal parameters of operation, namely split, splitless, 
direct and selective sampling. 

The devices for “direct” sampling using capillary columns have been developed 
by ourselves I_ “Selective” sampling involves the USC? of double column systems, as 
described previously2-5. These systems include an isothermal or temperature-pro- 
grammed pre-separation, and intermediate trapping in the first part of the main 
column, which preferably is a capillary column. As in direct sampIing, the simificant 
separation with high resolution (the “main” separation) is initiated from the short 
inlet section of the column itself, which acts as a trap for the species selected from the 
pre-separation. 

We have carried out various qualitative and quantitative test experiments on 
the performance of the four methods described, in order to make a critical compar- 
ison and to characterize the different methods in terms of their efficiency in particular 
applications. 

SPLIT SAMPLING 

Since the early days of capillary GC, only split injection was applied for many 
years because the direct introduction of the very small amounts of sample that could 
be used without overloading the columns coti I& not be effected with the classical 
septum-syringe technique used with packed columns. The smallest sample volumes 
(ca. 0.1 ~1) which can be injected with just sufficient precision using a l-JO-~1 syringe 
are still much too high for capillary columns, especially with undiluted mixtures that 
contain only a limited number of components. 

In the past, however, the split sampling technique was considered to be un- 
reliable with regard to precision and accuracy because of discrimination effects 
according to molecular size, polarity and concentration of the components. Mean- 
while, it was shown by several workers that split sampling of complex mixtures can 
also be performed with excellent qualitative and quantitative precision without being 
restricted to a limited range of important parameters such as sample volume, splitting 
ratio and component concentration, by choosing a vaporization tube of suitable 
geometry and material (surface properties) and by proper heating of the vaporization 
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Fig. 1. Vaporisation tubes for homogenization of sample vapour-carrier gas mixture with split 
sampling. Relative standard deviation of repeatability of peak area ratios of methanol to Z-ethyl- 
I-hexanol. (a) Empty tube; (b) short glass-wool plug in the splitting region; (c) short glass-wool plug 
in the injection region; (d) long and tight glass-wool plug; (e) Jennings tube; (f) deformation of cross- 
section: (g) chromatographic support packing. 

chamber, including the splitting region, the transfer lines and the carrier ,oas before 
entering the injector. 

At sample volumes not exceeding l-2 id and at carrier gas flow-rates not 
higher than 300 ml/min in the glass insert, vaporization tubes with the following 
geometry have been used successfully: lensh, 60-100 mm; I.D., 2-3 mm; O-D., 
4 mm; materiai, glass. Complete vaporization of the injected sample without aerosol 
formation and perfect mixing (homogenization) with the carrier gas, which has to be 
pre-heated before entering the injector, should be attained in such tubes. The vapor- 
ization tube should be easily replaceable in practical work for cleaning purposes, i.e., 
removal of involatile residues. Several types of vaporization tubes have been tested 
and have proved to be more or less effective (see FI,. -= 1): (I) loose or tight packings 
of deactivated glass- or quartz-wool; (2) packings of glass beads or chromatographic 
support6; (3) deformation of cross-section’; and (4) a special construction as de- 
scribed by Jenningss. 

Packings with deactivated glass-wool that were not too loose proved to be 
superior to other means of homogenization with regard to the standard deviation of 
the repeatability and accuracy of relative peak area measurements (molecular weight 
discrimination). Chromatographic support material can also be used successfully. 
Both types of packings exhibit large and not completely inactive surfaces, which may 
give rise to decomposition of sensitive sample components. The surface areas of 
typical chromatographic support materials are even higher, and are probably much 
higher than necessary. In this respect, the two constructions (e) and (d) are to be pre- 
ferred, although the “mixing” of sample vapour with the carrier gas and the avoidance 
of aerosols is not as perfect as with the packed versions_ In Fig. 1 the standard 
deviation of the repeatability of the relative peak areas of methanol (b-p. 69”) and 
%-ethyl-1-hexanol (b-p. MS”) are given for the various vaporization tubes and for 
different types of glass-wool packings. The length, tightness and position of the glass- 
~001 plug were also varied in relation to the position of syringe needle at injection 
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Fig. 8. Selective sampling into capillary columns in double-column systems. State of removal of sol- 
vents or vofatile components or removal of heavy ends after transfer of the selected portion of the 
eluate from the pre-column into the main colur~. 1 = injector (split/splitless/direct); 2 = packed 
(or capillary) column; 3 = coupling piece; 4 = carrier gas inlet for main column; 5 = splitting valve; 
6 = cold trap with stationary liquid (section of column); 7 = main column (capillary); 8 = detector. 

using this sampling mode, no excessive amounts of solvents, no adsorption phenomena 
at the injector surfaces and no unsuitable flow conditions disturb the performance of 
sampling. The trapping procedure generates an inlet piug profi!e of optimal sharpness 
and symmetry without using additional solvents of special volatiiity. 

According to our practical experience, there are several reasons for incorpo- 

rating the remova of large amounts of solvents or derivatization reagents and the 
back-flushing of components with high retentions from a pre-separation. Solvents, 
major sample constituents and derivatization reagents considerabIy disturb the per- 
formance of detectors such as electron capture, nitrogen flame-ionization and MS 
detectors; by back-flushing, sample residues arc removed from the chromatographic 
system without spending too much time on the elution of components with very high 
retentions in the normal flow direction. The required flow-switching operations 
should be valveless and carried out in ah-glass systems, of course. SevcraI examples 
of the use of a double-column system for selective sampling on to capillary columns 
have been described previously 3-5. 

Fig. 9 shows the analysis of trace amounts of 2-nitronaphthalene (26 ppm) in 
I-nitronaphthalene. “Heart cutting”JJo was applied in order to remove the large 
amount of the major component (the determination of which was not of interest) by 
re-injecting the relevant part of the eluate from the pre-separation. Venting of the 
eluate between the two columns was stopped at the point which is marked by a 
vertical dotted line in the chromatogram. The eluate flow was then directed into the 
main coJumn and the sample species contained in it was trapped in the column inlet 
by blowing cold nitrogen into the column. After the significant parts of the eluate 
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Fig. 9. Separation of trace amounts of 2-nitronaphthalene (26 ppm) from large amounts of l-nitro- 
naphthalene by selective sampling in a double-coIumn system (heart cutting t trapping). I, Pre- 
separation, 17 m OV-225,025 mm I.D. coIumn; II, main separation after trapping and re-injection, 
17 m OV-225, 0.25 mm I.D. column. Temperatures: column, 160”; injector, 240”; detector, 300’; 
Carrier gas: helium (0.7 bar)_ 

from the pre-separation had reached the main column, the “trap” was heated (not 
much beyond the oven temperature). The chromatogram of the trapped material is 
also shown in Fig. 9. No overlapping of the two isomers can be seen because of the 
dramatic change in their relative proportions. Quantitation of the trace components 
has to be effected, of course, by means of an internal standard which has to be con- 
tained in the trapped part of the pre-separation eluate. When the change in selectivity 
does not further improve the separation of two species present in extreme relative 
proportions, heart cutting is the only method for discovering trace components that 
have been overlapped. If the pre-coIumn and main column are coated with the same 
liquid stationary phase and all-,olass connections between the two columns with a 
zero dead volume are used, intermediate trapping may not be necessary in all in- 
stances3-5. By trapping of the transferred eluate components, retention time measure- 
ments in the main column are made without the contribution of the polarity of the 
pre-column because an independent starting point for retention measurements in 
the main separation is achieved_ When using a packed pre-column and when heart 
cutting on tails of large solvent peaks2 is carried out, intermediate trapping is 
necessary in order to re-sharpen the peak profiles which are too broad after leaving 
the pre-column (see analysis of aqueous solutions of phenois3). As pointed out in 
previous papers, enrichment of trace components after repeated pre-separations can 
also be achieved by intermediate trapping, 
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