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SUMMARY

The sutomatic capsule sampling system is said to have many advantages for
accurate gas chromatographic analysis. One is that the solvent may be removed by
evaporation before injection, so that no solvent peek is obtained to interfere with the
separafion. However, working with aldrin and dieidrin, we have shown that up fo
5G9, of the material can be lost from the capsules by air-drving at normal ambient
temperature before injection. These losses accurred only with aldrin and it is sug-
gested that they are connected with its refatively high vepour pressure. Significant
gmounts of material enter the top third of the capsule which 15 rethoved during the
sceling process. The losses appear to be duc to & combination of adsorption te the
capsules, creep-up the capsule walls, co-distillation with the solvent, and direct vola-
tilisation. Silviation of the capsules was quite effective in reducing these losses.

INTRODUCTION

Automatic sampling procedures are now in fairly common use for routine gas
chromatographic (GC) analysis. As well as allowing unattended continucus operation
they have beesn shown fo enhance accuracy:. Bifferent methods of autosampling
exist but one of the more recent, the Perkin-Elmer AS4}, involves the use of small
{7 % 3 mm) aluminium capsules. The sample is loaded into the capsule which is
seafed using 2 special apparatus which seals by cold welding and then removes the
top third of the original capsule. The capsule is automatically placed in the injection
port, a zircontum thorn pierces the capsule, and the contents are vapourised and
swept onto the column in a stream of carrier gas. At the end of the analysis the
emply capsule is discarded automatically and the next capsule loaded. This system is
undeniably more convenient® than manual methads and it sllows greater scope in
the nature of the maferials to be analyvsed as solvent-free samples can be applied by
aliowing the solvent io evaporate before sealfing.
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EXPERIMENTAL AND RESULTS

Noun-linear responses fo aldrin

Buring an investigation into cycladiene insecticide metabolism in plants it was
necassary 1o consiruct wide-range czlibration curves for aldrin and dieldrin usiog =
Perkin-Elmer F30 gas chromatograph with AS4! iniection system, and dual Same
ionisation detection.

As short analysis times wers required for the assay of muliiple difute samples
it was necessary fo remove the solvent (hexane} by drying for 30 min at room fem-
perature, A calibration curve (1-50 pg) of both aldrin and dieldre was constructed
using 2 fixed sample volume of 10 gl. Dieldrin samples produced the expected straight
line reiationship beitween sampie size and peak response (height or area). However,
dried zldrin samples repeatedly exhibited a non-linear relationship which is typified
by Fig. 1. The response was always linear up to at least 5 ug, it flattened off before
becoming linear again from 20-25 pg fo 30-35 ug, then Hattening off to 30 ug. Al-
though the responses were not exactly reproducible from day to day the shape of the
curve was essentially constant.
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Fig. 1. Typical calibration curve obtained with dried aldrin samples.

Since this peculiar efiect had not been reported proviously it was investigated
further. Initially there seemed to be only two possible causes: {1} an anomalous
characteristic in the GC system which was probably enbanced by the antosamipling
device, or (2} degradation in the capsules or on the column leading to significant
lasses of material.
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Effects qf column resilylation and changes in colurnmt and running conditions

Ioitially 6 ft. x I/8 in. stainless-steel columns of 359, OV-1 or 3% OV-17 en
Chromaosorb G AW DMCS (80-100 mesh} were used at 20{° and 220°, respectively,
with a nitrogen Sow-rate of 40 ml/min. These conditions were consistent with maxi-
mum resolution. Dieldrin usuelly had 2 retention time about twice that of 2idrin. All
of the metabolic products so far observed rua after aldrin.

It was considered worthwhile to re-silylate the columns and to run analyses at
higher (250°) and lower { [ 50°) temperatures to encourags or restrict any degradation.
Although aldrin is reported® to be stable up to 240° it has been suggested® that it may
decompose under certain conditions. Below [70° (QV-1) and 150° (GV-17) the dieidrin
peak tailed badly, whilst above 215° (OV-1) and 240° (OV-17) the retention time of
zldrin was too short and separation from dicldrin was insufficient. No slteration in
the inflection gbserved with aldrin was found uander any conditions whilst dicldrin
retained a straight line relationship. Further tests with other stationary phases in
stainless-steel columns gave simifar results,

To ensure that the detector was not at fault the column was crossed so that
the samples were detected on the second channel bt this also had no effect on the
response.

Effects of using glass columns and an afternative insirument

Samples were ren using manual injection on z Pye 104 gas chromatograph
using 3 ft. X i/4in. glass columns packed with 219 OV-I at 200°. In this case
responses fc both aldrin and dieldein were linear. No problems oceurred due to
solvert peak interference as the columns were of larger bore and separation was
enhanced. This suggested that the metal columns in the F30 could be responsible for
degradation, although this did still not entircly explain the form of the infiection ob-
served. Alternatively the problem could be associated with ithe injection system or the
presence of solvent.

A series of auromatic injections were made on the F30 using a 6 ft. x 1/4 in.
glass column of 219% OV-1 on Chromosorb G AW DMUCS (80-100 mesh). These
were in the range of 1-50 ug of aldrin and were either made undried (capsule sealed
immediately after loading) or dried (solvent zlfowed to evaporate for 30 min before
sezling). The undried aldrin produced a straight line relationship whereas the dried
aldrin gave an infiected curve simiiar io those previously observed. A comparison of
the responses of the dried and undried samples showed that ever at the higher con-
centration levels, where the responses to dried samples were zlmeost linear, the
responses were significantly Iower for the dried samples than those for the undried
sampies. These losses ranged from almost 8% at 5 pg to over 50% at 50 xg.
Possible methods by witich marterial could be last ’

t seemed possible that chemical degradation could occur during drying or
after injection and that the presence of solvent inhibited this degrzdztion. On the
ather hand losses could be duc o physical effects associated with drying.

Possible chemical causes. Since no other peaks with Ionger retention times had
been observed any breakdown must have been to smalfer molecules, rather than to
substituted or polymerised producis. The most likely degradation is the retrodiene
reaction in which aldrin fragmentis to norbornadiene and hexachlorocyclopentadiene
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(Fig. 2). Dicldrin cannot undergo such a reversai since it would be necessary first to
reduce the epoxide ring, a step requiring considerable energy®. It would be expected
that the retrodiene rcaction of aidrin would oniy occur at high temperature and in
an open system®. Both of thesa conditions are met during analysis by the autosampler.
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Fig. 2. Synthesis and possible degraedation of aldrin end dieldrin.

To determine whether low-boeiling degradavion products were preseni after
drying the gldria in the capsules, iemperature-programined runs were made from 50
to 230° with both dried and indried samples. Comparison was made with norborn-
adizne and hexachiorocyclopantadiene standards and if was found that both of these
oceurred m the undried szmples. Fhis is not unexpected as they are present in small
quantitics as residies of the starting materials from manufzcture’. However they were
absent from the dried san ples, presumably due to volatilisation during drying.
Fu-ther rzising the injection temperature did not induce the formatioa of these com-
pounds. In ar attempt to instigate wre retradiene reaction several driad aldrin samples
were heated strongly in open and in ciosed melting-poini tubes and then analysed,
but there was still no evidence of brzakdown. Furthermore programmed runs from
200-300° showed nc evidence of degradation products of longer retention time in
these samples. Additionally several capsules were filled and dried before sealing. They
were then heated to 200° for one hour before injoction. Agzin no degradation was
detected. Finally no a2ppreciable differences were noted when other solvents (acetone
and absolute ethanol) were useq, or when the drying time was varied, provided that
all solvent was removed.

Possible physice!l cquses. It was noted that, only with aldrin, and especiaily
with the Iarger sample sizes (20-50 pg), the peaks were considerably broader after
drying. At first it was thought that this might be due to impurities or conversion
producis co-chromatographing with aldrin. Under certain conditions acute peak
tailing was also evident. It seemed possible that this broadness and tzifing couid be
duz to & hold-up in the volatilisation of the sample from the capsule wall in the dried
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state. This was supported by the fact that if sclvent was put back into the capsule
after it had been dried the normal peak shape was obtained. However, the peak after
re-addition of solvent was much smalfer than that of the original dried sample without
solvent, and as little as 109 of the size of the undried sample peaks of the same load.
It was possible that this sofvent re-addition caused marerial to move up the capsule
and into the zrea removed during the sealing process, or, possibly, even further and
imto the atmosphere. These observations led us to consider the physical properties of
aldrin and disldrin, and io particular their relative volatilities.

When aldrin was first introduced concern was expressed with regard o its
relatively high volatility as it has a vapour pressure approximately 100 times greater
than that of DDTE Ways were soughi to reduce volatility and hence render the
material more persistent. The epoxide, dieldrin, has a vapour pressure variously
estimated as 24-100-fold less than that of aldrin which has a vepour pressure of about
2.3 x 9 *mmHg st 20°. Work on the rate of loss of aldrin and dieldrin from glass
plates (presumed non-absorptive} using *Ci-labelled compounds® indicated that
aldrin was about I3 times more volatile than dieldrin, where the erystals were roughly
ths same size. Where deposit densities of aldrin exceeded 1 ggjfcm® the rate of [oss was
about 3 pgfem® per day and was dependent upon both the size and- shape of the
crystals and the prevailing conditions. Increased temperature produced the greatest
change in the rate of loss, whereas changes in relative humidity were feast important.
it was calculated that 0.2 cm?® of capsule wall was coverad by the 10yl loadings of
aldrin solution, leaving 0.5 cm? of wall area above possibly available for interzction.

Hence, in spite of its high vapour pressure, simple volatilisation of aldrin alone
was unlikely to be sufficiently great as to explain all the obsaerved effects. It was, how-
aver, possible that the high vapour pressiire of aldrin zllowed it to co-distili with the
solvent. To iovestigate this possibility several I-mm melting-point tubes were injected
witht [Q gl of solutions of aldrin or dieldrin containing 3, 20, and 50 xg materiai and
zllowed to dry at room temperature. When the aldrin solution dried out a crystalline
ring was observed about 5 mm further up the tube thanp the original meniscus level of
the solurion. Dieldrin produced crysials at the original Hguid level. This theory of
co-distiflation couid cxplain the observation that more aldrin was lost from the
capsules when they were dried out and then solvent re-added before sealing.

Summary of possible causes of aldrin loss

(i} Retention of zldrin by adsorption onto the capsule wall during drying,
this material being retained after injection.

(2) Co-distillaticn with the solvent which could produce either totaf loss from
the capsule or movement of material into the portion of the capsule lost on sealing.

(3} Cresp of the solution up the surface of the capsule into the area removed
on sealing.

{4} Direct volatilisation (unlikely to be 2 major cause).

Investigation of relarive importarce of stuggested physical couses of loss

kt was decided to investigate the levels of =ldrin left in the capsule clippings
atter sealing and, if possible, to determine methods of reducing these [osses. Peak
area estimations were used from this stage because of the disparity in peak shapes
already commented upon.
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Manual {and therefore undried) aidrin injections zllowed the production of &
toial standard calibration curve (Fig. 3). In subsequent experiments the amount of
aldrin retzined in the clips of sesled samples was determined by transferring the
excised clips to fresh capsuies. These were sealed, cither with or without the addition
of hexane as solvent, according to whether the corresponding capsule was injected
dried or erdrizd.
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Fig. 3. Comparison of manual, petormatic vndrsd gnd gufomatic drisd injections, whick also shows
the effect of drying on recovery of aldrin from capsules and elippines. A, Manual injection; &,
avtomatic injection of undried capsules: O, sutomatic injection of dried capsules; &, sum of auto-
matic injzction of undried czpsides and of sldrin recovered from clippings; [T, sum of automatic
injection of dried capsul=s and of aidrin recovered from clippings,

Two batehes of aldrin samples (5—50 xg) were placed in capsules at the same
time. They were treaicd as follows before injection: either (1) sezled undried and the
clips placed into fresh capsules with 10 g solvent, or (2} dried for 30 min at 21° in
a draught-free area, sealed, and ths clips placed into fresh capsules which were sealed
without the addition of solvent.

The relative peak arcas of various capsules and clippings are shown in Fig. 3
iogether with those of the manual undried injections mentioned earler. A significant
amounnt of material was present in the clipoings of the capsules which had been dried,
and even when the amouets of aldrin in both the capsule and the clipping had bean
summated, there was still an apprecizble loss unaccounted for. To alt intents and
purpases the amounts in the capsules and clippings of the undred samplss egualied
the values produced by manual injection. Henceforth the undried injecied totals
were taken as 10997 and 2l other datz were compared to this. It is worthy of nota that
some material was evident in the clippings of undried capsules even though sealing
had heen carried out within 18 sec of placing the solution in the capsuie,
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Neanwhile further attention was focussed on the urusual peak behaviour of
the dried aldrin samples. It was mentioned previously that physical effects were as-
sumed to be responsible. The aluminium capsulas have 2 coating of zluminium oxide
on the surface and this was shown by microscopic examination (Fig. Ta} to be quite
rough. The capsules were treated as follows during attempts to alter the surface ef-

fects which could be associated with the aluminium oxide coat:
' (1) Heated to 100° for t h to activate absorptive sites on the gluminium
oxide;

€2y Treated with 20%; HTI for Z min fo dissolve the oxide coat. washed with
methanol, and stored in hexane until use to prevent the spantanecus oxidation of the
aluminium;

{3} Treated with bis(trimethylsilyl}acetamide for 18 h at 20° and dried 2t 1047
for I k to silvlate the active centres in the oxide coat and hence reduce adsorption.

With all these capsule treatments the trend was towards a reduction in the
peak broadening effect and in tailing. Silylation was most and heating least effective.
Only with the silyviated capsules there was any indication that less aidrin was lost from
the capsufe. The reason for the reduced tailing after heating, the converse of what
had been anticipated, is unknown. It appears that the surface coating is responsibie
for the change in peak shape and that adsorption to the wails of the untreated capsules
may be one way in which aldrin is fost. When the solfvent is replaced in the capsule
this adsorption may be reversed, althongh at the same time the solvent addition may
enhance co-distiliation losses.

Tt was found that if the dried untreated capsules were removed from the auto-
injector as socon as possible zfter injection and the residual contents estimated, by
macerating batches of ten capsules in 0.3 mil of hexane and re-injecting the solution,
as much as 12 %] of the original load of aldrin could be detected. However if the capsule
was left in the injector for a further 7 to ¥ min (the normal interval between analyses}
then there was no trace of residual aldrin_ Tt is most fikely that any aldrin not fiushed
immediaiely onto the colzmn would vapourise siowly and be detected anly as baseline
drift.

Quantitative comparisor of aldrir losses from variously freated and untreacted capsules

Table f and Figs. 4 and 5 show a composite comparison of the losses of aldrin
from untreated and treated capsules under different conditions. Fig. 6 is a schematic
diagram indicating the treatment and losses for the 20-«g foad. Photopraphs were
taken of the surfaces of capsules to demenstrate the presence of material on the upper
wall (Figs. 72 and b). Fig. @ also gives some data obtained with silylzted capsules
when the ambient temperature was 4° higher and it can be seen that here the losses
were higher. In particular, whercas no uazccounted loss occurred at 21° with
silylated capsnles, a2 small unaccounted toss {15 9%} occurred at 25°. There was zlso rno
reversible loss of materizl at 21° with the silylated capsules, whereas at 25° re-
addition of the solvent allowed 6.3% of the material to be recoverad. With the un-
treated capsules, even at 21°, 13.7% was initially lost by drying of which 4.69] was
recovered by the re-addition of solvent, leaving 9.1 % not accounied for. It must be
remembered that these figures for losses are over and above the high amounts left in
the clippings.

With the siiviated capsules at 25° the amount of material reversibly bound
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Fig. 4. Camparison of amounts of aldrin recovered from untraated and silylated capsules. &,
Untreated capsules injected undded; O— 0, untreated capsules infected dried; 4—a4, silvlated
capsules infected undried; A—A, silylated capsules injected dried; T-—[1, untreated capsules, dried,
soivent re-added and injected undried.
Fiz. 5. Comparison of total aldrin recovery from boih capsuies and clippings of untreated and silvi-
ated capsules. E—&, Sum of untreated caps and clippings injected undred ; (J—I, sum of untreated
caps and clppings injected dried; ¥—W, st of silviated cops and clippings injected undried;
N —%, sum of sifylated caps and clippings injected dried; [J---{1, sum of untrezted capsules and
clippings, dried, solvent re.added and injected undried.

stayed more or less coustant at about 12-159/ throughout the concentration range.
These figures are high if it is considered that the silylation process will have removed
most, if not afl, of the active adsorption sites. The abservation that the amount of
material which is reversibly bound increases with the load is logical. It was not pos-
sible to differentiate between toial loss to the atmosphere and irreversible adsorption,
but in view of the known effects of silylation on adsorption it is most likely that the
material was lost to the atmosphere.

With regard to the capsides at 21° we suggest the following:

{1} With the untreated capsules injected undried the proportion in the clipping
was more or less independent of the sample size {109 mean). We assume that this is
due to rapid creep of the material up the surface of the capsule wall or by co-
digtillation with the solvent. )

(2) When the untreated capsuies are dried a large proportion of the aldrin is
found in the clippings (33-609%). In this case there is much more opporturity for
creep and co-distillation.

{3) When solvent 15 placed back intc a dried capsule puch more aldrin is
found in the clippings. As some of the aldrin has presumably been already transferred
to the upper part of the capsule it is likely that co-distillation is more important than

creep here.
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Fig. 4. Schematic of pattern of distribution of aldrin in capsules aad clippings and the proportions
lost or unaccounted at varicus stagss {all 20 pg injections). Series A, untreated capsulss ai 21°;
B, silvlzted capsules at 217; C, silylated capsules at 25°; 13.74 — 9.1464 — 4.6% reversibly bound
to walls of capsule and clipping, leaving 5.1 %% unaccounted for. 21.5& — 15.0€ & = 6.5 % reversibly
bound to walls of ecapsule and clipping, leaving 9.1 % vnaccousted for.

CLIPPING # b
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Fig. 7. (3} Untreated capsule, the striztions on the capstule wall are cleariy visible. (b} uatreated cap-
sule, containing 30 ug of aldrin in 16 gl of solvent, allowed to ait-dry for 30 min; note the material
in tte clipping area.

(4) Silylation would be exXpected to reduce or remove cresp efects. Thus aldrin
will pot only not creep up into the clipping arez but will also have a lower surface zrea
for direct volatiliszticn. However, the results with silylated capsules at 25° sugsest
that co-distiliation may be important at higher ambient temperatures.
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(3) The aldrin calibration curve produced for dried silviated capsules was a
pertfect straight line in contrast to the inflected curve found with the dried untreated
capsules. The reasons for this are not clear but it is passible that the [osses observed
are dependent upon sample size and that at higher levels saturation of the response
reducing sysiem OCCurrs.

(6} Since an examination in less detail with dieldrin did not produce Iasses it
appears that the differences in behaviour are due fo the high vapour pressure of aldrin.

CONCLUSIONS

We are able to draw certain conclusions which would seem to Hmit the appfi-
cations of the augtomatic capsule sampling injection system.

{1} It is not possible to inject dried sampies of all materials.

{(2) It is possible to lose considerable amounts of the sample piaced into the
capsule, and these losses may occur almost immediatelv.

(3} A low melting point s not essentizl for fosses to occur as we experienced
heavy losses using 2 material with a melting point of 104°,

(%) With some assays it may be nccessary to consider the use of capsules manu-
factured from other materials (gold capsules are listed but were not available for com-
parison}. )
{5} It seems most likely that the observed effect is due to a combination of dif-
ferent processes and that the relative importance of each of these will depend upon
the precise conditions.

Finally the authors wouid like to point out the inadvisability of injecting
capsules which contain the clippings of other capsulses as there is a tendency for
pieces of aluminium to become todged in the thorn used to pierce the capsule, with a
resultant impairment to carrier-gas flow.
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