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ABSTRACT: The retention indices of 75 drugs and other compounds of toxicological signifi-
cance have been measured on SE-30 equivalent, chemically bonded, fused silica capillary
columns under isothermal conditions. The data have been assessed to determine the validity of
using retention indices measured on packed columns for the identification of compounds eluting
from narrow bore thin film or wide bore thick film capillary columns. The results indicate that
the extensive retention index data bases published for SE-30 packed columns may be used for the
preliminary identification of peaks eluting from capillary columns in toxicological screening. The
study also indicates that retention index data bases generated on narrow bore capillary columns
are applicable to wide bore thick film capillary columns.
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Gas chromatography (GC) is one of the most widely used techniques in analytical toxicol-
ogy for the identification and quantification of compounds. The identification of an un-
known compound is made by comparing its retention properties (retention index, RI) with
those of reference samples recorded in a data base. Packed columns have generally been
favored by toxicologists until recently, when a number of major technological advances have
made capillary gas chromatography more robust and easier to use. The most important
changes have involved the introduction of inert flexible fused silica columns (inside diameter
{ID] = 0.2 mm) and chemically bonded stationary phases to replace glass columns with
nonbonded wall coated stationary phases [Z]. These new columns retain high efficiencies,
can be washed free of contaminants, and can be prepared with increased film thicknesses
while their flexibility makes them easy to install in GC equipment. More recently, wide bore
(0.53-mm ID) fused silica capillary tubing has been manufactured and used to prepare
columns with chemically bonded thick films. These “wide bore”” or “megabore’ capillary
columns are regarded as the “‘capillary replacement” for packed columns and provide an
easy way to use fused silica column technology with packed column GC equipment.

Several data bases have been compiled for toxicological work giving retention indices on
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SE-30 packed columns for drugs and poisons likely to be encountered in forensic science
samples [2-7], that of Ardrey et al. [2] being the most extensive. The rapid changes in GC
column technology have meant that laboratories have been unable to generate and update
continually data collections on every type of capillary column. Consequently, a few studies
have been carried out already to determine whether existing data bases on packed columns
may be used with various types of capillary column.

Comparison of retention properties for drugs on nonbonded, SE-30 equivalent wall coated
open tubular columns (WCOT) (ID = 0.2 mm) with packed column data showed marked
differences [8,9], and Schepers et al. [8] concluded that it was unwise to carry out analyses
on these nonbonded capillary columns with the subsequent use of packed column data for
identification. Differences were also found to occur between WCOT columns produced by
different manufacturers [8, 9]. The introduction of chemically bonded fused silica capillary
columns again raised the question of the validity of transferring retention index data be-
tween columns. Perrigo et al. [10] compared retention data generated on narrow bore
columns of this type with packed column data generated in their own laboratory and found
the data to be highly correlated although some compounds showed marked deviations. Com-
parisons of narrow bore chemically bonded columns (SE-30) with nonbonded columns from
the same manufacturer showed relatively good agreement but again some differences oc-
curred [10,11]. Subsequently, data bases of retention indices for drugs and poisons using
SE-30 chemically bonded narrow bore columns from various manufacturers have recently
appeared in the literature [11-16].

The introduction of wide bore, chemically bonded fused silica columns with thick films
and their potential use in analytical toxicology has indicated that the retention properties of
these columns also need to be examined. Therefore, in this paper, an assessment is made on
the validity of transferring isothermal retention indices between wide bore thick film capil-
lary columns, natrow bore thin film capillary columns, and conventional packed columns all
having the low polarity SE-30-type stationary phase. This phase has been shown to be the
most suitable for toxicological analysis [3,17] and has been used widely in U.K. forensic
science laboratories. It is also the stationary phase recommended for international compari-
sons because of its extensive worldwide use [2].

Experimental Procedure

Materials

Pentane and n-butyl acetate were AnalaR grade from BDH (Poole, Great Britain). All
drug samples were from the drug collection of the Central Research Establishment, Home
Office Forensic Science Service. Straight chain alkane hydrocarbons were obtained from
SGE (Milton Keynes, Great Britain) and Sigma (Poole, Dorset, Great Britain).

Gas Chromatography

Chromatography was performed using a Perkin Elmer Sigma 3B gas chromatograph in-
terfaced to a Trivector Data Station (Trivector Scientific Ltd., Sandy, Great Britain) for data
handling. A capillary injector operated in the split mode at a split ratio of 20: 1 was used for
the narrow bore (0.22-mm ID) columns, whereas for the wide bore columns (0.53-mm ID), a
1/4-in. (0.6-cm) packed column injection port fitted with a J & W inlet adaptor and glass
liner for direct flash vaporization injection was employed (Jones Chromatography Limited,
Glamorgan, Great Britain). The carrier gas was nitrogen operated at flow rates of 1 and 10
mL/min for narrow bore and wide bore columns, respectively. Flame jonization detection
was used.
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Solutions of straight chain hydrocarbons in pentane were prepared as references for the
calculation of retention indices [/8]. Isothermal RI values were measured at oven tempera-
tures of 130°C for compounds with RI values up to 1600, 200°C for compounds with RI
values between 1600 and 2200, and 275°C for compounds with RI values 2200 to 3300.
Drugs, either as free acid or free base, were dissolved in r-butyl acetate at concentrations of
50 or 100 ng/uL (for narrow bore columns) and 50, 100, or 500 ng/uL (for wide bore
columns). The higher concentrations were selected for late eluting compounds, for drugs
having a poor detector response, and for some acidic compounds. Aliquots of 1 uL were
injected in the gas chromatograph using the hot needle technique [19,20]. All retention in-
dex measurements were carried out in duplicate. The injector temperature was 280°C
throughout, whereas detector temperatures were 180, 250, and 325°C, respectively, for the
three oven temperatures.

Three types of fused silica nonpolar bonded phase capillary columns were used for RI
measurements:

(1) BP1 narrow bore, 25-m by 0.22-mm ID with 0.25-pum film thickness (SGE, Milton
Keynes, Great Britain),

(2) BP1 wide bore, 25-m by 0.53-mm ID with 1.0-um film thickness (SGE, Milton
Keynes, Great Britain), and

(3) DBI1 wide bore, 30-m by 0.53-mm ID with 1.5-um film thickness (J & W Scientific,
Jones Chromatography Limited, Glamorgan, Great Britain).

Results and Discussion

The isothermal retention indices of 75 drugs determined on the bended phase fused silica
capillary columns are presented in Table 1, arranged in ascending order of elution on the
narrow bore column. The same data are listed alphabetically by compound name in Table 2.
The packed column data also shown in the tables have been abstracted from the data base
prepared by Ardrey et al. [2]. The compounds in this study were selected to cover a wide
range of different chemical and pharmacological classes of drugs which are commonly en-
countered in toxicology casework. Included in the compounds selected were some for which
reliable retention data were available on SE-30 packed columns (that is, RI values measured
in 10 or more laboratories gave good agreement [4]). Others were deliberately chosen be-
cause RI values previously reported on SE-30 bonded [10, 12,16} and nonbonded {8, 21] cap-
illary columns did not correlate well with SE-30 packed column data or gave multiple peaks.

The correlation coefficients (r) for all pairs of columns examined are presented in Table 3
clearly demonstrating that all pairs are highly correlated. All data points available have been
used to calculate the correlation coefficient for each pair of columns. When calculating the
correlation coefficients, the retention index of the major peak was used for drugs giving
multiple peaks in the chromatogram. Some of the results are illustrated graphically, showing
the correlation between narrow bore capillary and SE-30 packed columns (r = 0.9966) in
Fig. 1, wide bore capillary (SGE) and SE-30 packed columns (» = 0.9952) in Fig. 2, and
narrow bore and wide bore (SGE) capillary columns (r = 0.9994) in Fig. 3. The wide bore
columns obtained from twe different manufacturers (SGE and J & W) were also highly cor-
related (r = 0.9967).

The interlaboratory standard deviation of retention index measurements is 15 to 20 RI
units {3] so that a search window of £ 50 to 60 RI units has often been used when comparing
the RI of an unknown compound with those of reference samples recorded in a data base [2].
Using such a search window it has been shown that more than 99% of experimentally deter-
mined values fall within this range from the mean value [3].

In the present study, although the correlations obtained between RI data measured on
capillary and packed columns are high (Table 3), several compounds gave RI values on cap-
illary columns which differed by more than £50 units from those on packed columns and
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TABLE 3—Correlation coefficients between GC columns (NB = narrow bore and
WB = wide bore).

Column
J& W,

Column SGE, BP1 WB DB1 WB SE-30 Packed
SGE, BP1 NB 0.9994 0.9975 0.9966
SGE, BP1 WB ... 0.9967 0.9952
J & W, DB1 WB - 0.9980

3300 4
3000
SE-30
Packed :
20001 P
K
1000 , o
1000 2000 3000 3300

Narrow bore capillary

FIG. 1—Correlation of the retention indices of drugs and other compounds of toxicological interest
on narrow bore capillary and packed columns (r = 0.9966).

3300
3000

SE-30
Packed

2000 T

10001 " . N
1000 2000 3000 3300

Wide bore capillary

FIG. 2—Correlation of the retention indices of drugs and other compounds of toxicological interest
on wide bore capillary and packed columns (r = 0.9952).
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3300+
3000
Wide

bore .
capillary .

2000+ .

1OOOL

1000 2000 3000 3300
Narrow bore capillary

FIG. 3—Correlation of the retention indices of drugs and other compounds of toxicological interest
on SGE wide bore and narrow bore capillary columns (r = 0.9994).

these compounds gave the outlying points on the correlation graphs in Figs. 1, 2, and 3. In
addition, the elution orders of some pairs of closely eluting compounds (codeine, dihydroco-
deine and amitriptyline, butriptyline) were reversed for packed and capillary columns. De-
composition of some drugs may also result in discrepancies between the observed RI and
that recorded in a data base since experimental conditions may determine the degree of
decomposition. This is illustrated by the analysis of psilocybin, when decomposition to psilo-
cin can occur.

Compounds known to produce poor peak shapes on SE-30 packed columns did not chro-
matograph well on the capillary columns (nicotinic acid, acetylsalicylic acid, physostigmine,
tolazoline, atropine, and warfarin), and several gave RI values which differed by more than
+50 from the packed column data. The best peak shapes were obtained for some of these
compounds on the DB1 wide bore capillary column. This may be attributable to the thicker
film of stationary phase on this column (1.5 y m) since one of the claimed advantages of thick
film columns is that residual “‘active sites” on the column wall are masked, thus reducing
adsorption and tailing. During the period of the experimental evaluation of the wide bore
columns, the DB1 column displayed less stationary phase bleed.

At present, there is not a data base available containing RI values of drugs generated
solely on fused silica SE-30 bonded phase capillary columns which is as extensive as that
generated on SE-30 packed columns and which contains interlaboratory data [2]. For the
identification of unknown compounds eluting from capillary columns it would be very desir-
able to have access to such a data base containing RI values generated only on capillary
columns since the present study shows that some discrepancies in RI values do occur be-
tween the two types of column. However, until such a data base is available, it is possible to
use the packed column data for the preliminary identification of unknown compounds elut-
ing from narrow bore and wide bore capillary columns providing that a wide enough search
window is used. This generally presents few problems as unambiguous identification always
requires confirmation by another technique (for example, mass spectrometry).

From this study, RI values of drugs determined on narrow bore capillary and wide bore
capillary columns from two manufacturers were highly correlated indicating that a data base
generated on narrow bore columns can be used for the identification of compounds eluting
from wide bore columns or vice versa. Thus, if in the future, a data base, similar to that for
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packed columns, is prepared for capillary columns, then this should be applicable to both
narrow bore and wide bore columns. The comparison of drug RI values on the two different
manufacturers’ columns gave differences of up to 30 RI units for the two columns, well
within the accepted search window used with packed columns. The correlations obtained for
wide bore capillary columns were particularly interesting since these columns are becoming
popular as alternatives to packed columns and discussions concerning their application to
toxicological analyses are beginning to appear in the literature [22,23].

There has been much reported by other workers about the concentration dependence of
retention behavior for capillary columns [10, 12,21,24-26], especially at high loading. New-
ton and Foery [12] considered the influence of injecting different amounts of drug which
might arise from samples containing therapeutic and toxic levels and found that most com-
pounds only shifted from 1 to 8 RI units. For the present study, all RI values were deter-
mined using drug concentrations that did not overload the column. In practice, in a toxicol-
ogy laboratory, any concentration related effects can be overcome since an overloaded peak
is recognizable from its altered peak shape (slow upward rise with a rapid fall to baseline).
Such a sample should be subsequently diluted and reinjected to redetermine its RI value.
For wide bore columns, which have a larger sample capacity than narrow bore columns, the
problem of overloading is diminished [22].

Conclusion

The isothermal retention indices of 75 compounds of toxicological interest measured on
SE-30 equivalent narrow bore thin film capillary columns, wide bore thick film capillary
columns, and packed columns are shown to be highly correlated. Retention indices on wide
bore columns from different manufacturers are also highly correlated. The results indicate
that it is reasonable to use RI data measured on SE-30 packed columns for the provisional
assignment of identity of peaks eluting from wide bore or narrow bore capillary columns
which have an SE-30-type stationary phase. As always in toxicological analyses, alternative
methods must be used to confirm identity.
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