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1. INTRODUCFION 

The electron-capture detector (ECD) has been used in gas chromatography 
(CC) for quantitative purposes for about 15 years. The high sensitivity comb&d with 
the selectivity that can be achieved are the reasons why this device has been used so 
much in the anaiysis of organic compounds at the trace level in various complex 
sample types. 

This review considers the possibilities of using the ECD in the analysis of non- 
halogenated compounds that do not contain a nitro group. The introduction of 
halogenated groups in derivatization reactions will not be considered as such infor- 
mation has been included in other reviewsz-3. Surveys on the use of ekctron-capture 
detection iu GC have been publishedc6. 

The inventor of the ECD, I. E. Lovelock, ranked various compounds in order 
of relative absorption coefkients for thermal electrons and proposed the expression 
“ekctrophore” for those atoms or structures in a molecule which coder ekctron- 
absorbing properties or electron a&& to the molecule7~8_ Two classes could be 
distinguished, of which halogen and nitro substituents belong to the simple electroph- 
ores. The other class consists of conjugate elcctrophores, which are found in struc- 
tures with certain groups which when isolated do not contribute to electron capture, 
but do so ifconnected by spe&c bridges. Typical conjugate ekctrophores are carbonyl 
compounds such as biacetyl, fumarate esters, cinnamafdehyde and quinone. Fu- 
maronitrile and azobenzene represent other structures of this kind. 

The electron-capture process has been suggested to occnr according to two 
difkent mechanisms74. The first is characteristic of several conjugate ekctrophores 
and is called the resonance capture or non-dissociative mechanism and results in the 
formation of a negative molecular ion. The second type is found among halogenated 
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compounds such as pesticides and is called the dissociative mechanism as electron 
attachment leads immediately to the formation of a negative ion (e-g., a halide ion) 
and a neutral radica!. The negative molecular ion formed upon electron attachment 
is best detected at low detector temperatures as electron de*uxchment from this ion is 
favoured by high temperatures. The temperature dependence is related to the overall 
structure of the molecule and it is of considerable importance for the analyst to be able 
to determine this effi as the relative response can vary by more than RMU-fold over 
the useful detector temperature range (lOCk350 “C). Response factors without data on 
detection temperatures are of limited value l”*ll. It is also impstaut to remember that 
the temperature of the detection zone is not n ecessarily the same as that indicated for 
the detector oven_ 

The response of the ECD is also in$lueuced by the mode of operation. Modern 
constantcurrent ECDs usualiy col!ect the electrons via an applied puked vohage, 
which gives better linearity and fewer disturbances than older types operating in the 
non-pulsed mode. The latter type has been shown in some studies with compounds 
responding in the non-dissociative mode to have a less pronounced temperature 
dependence than in the pulsed mode. This was the case for benzophenone and diiutyl 
phthalakP_ However, there were also differences between the same type of instrument_ 
From a theoretical point of view the pulsed mode is the one of choice, as pointed out 
by Wentworth and co-workers10~9 

Most compounds of interest to the analyst do not capture electrons with 
thermal energy, which is the reason for the selective response of the detector. Some 

structwes are discussed below that have been quantikd by electron-capture detection. 
They represent mainly the group of conjugate ekctrophores. 

2. CONJUGATED CARBONYL GROUPS 

Several reports have described the quantitative use of ekctrophores where a 
carbonyl group is involved. 

TABLE 1 

MINIMUM DETECT_ABLE CONC ENTRATION (MDC) OF VARIOUS COMPOUNDS14~ 

CoiTpmd MDC (nwk.s~sec- lo”) Ttmpmture Miidc 
PC) 

Benzophcnone 1.2-3.1 104-163 
p-Chxon;benzoph~on~ 3.8 104-163 
2-Fknzoyipysidine 4.8 104-163 
2-@Chhrobenzoyl)pyridine 1.2 NM-163 
BeIlZOylfEUl 7.3 170 
Benzoylthiophene 6.4 170 
AIitJlZClUk0S.E 4.7 200 
D~hmosuberone 5.0 200 
Di(e*&ykexyl) phthahte 52 220 
S-Methoxypsorakn 2 200 
Methi&ione 0.4 215 
!3schaxiu 0.3 210 
Sulfapyr~ 0.8 350 
N~Acetyku&pyxidiae 1.2 350 

dS_ 

&C. 
d-c. 
d.C. 

d.C_ 

ii-E- 

&C: 

&C. 

C&C. 

d.C. 

de_ 

E 



Benmphenone (I) is a typical conjugate electrophore and has a pronounced 
temperaturtxlependent response. This seems aIs0 to be related to the type ofdetector, 
as devices with a puked voltage exhibit a stronger decrease withincreasiigtemperatuEe 
than those of the direct+xrrent w. The response for benzophenone is comparable 
to that of many other well known halOgenated ele&rophOreP (es:, Table 1). It is also 
of interest that at low tem~rames pchlorObenzOphenone is less sensitive than 
benzophenone, which indicates the importance of the conjugated system. At higher 
temperatzlres the chloro substitueut takes over the ekctrou attachment andpchloro- 
benzopheuone becomes the more sensitive compound- 

The relative respouses for a series of benzophenones have been reporte@_ 
Electron-donating, nonelectrophore substihxnts gave an increased response. Some 
of the benzophenones were used in the quantitation of drugs, which upon oxidation 
formed the corresponding benzOphenonesz6. 

A similar approach was used for the antidepressant drug amitriptyline, which 
after oxidation gave authraquinone (rr). From the temperature dependence, the 
electron-capture mechanism was stated to be of a dissociative naturez7. This was also 
fOund by Grimsrud’8 in studies involving also halogenated hydrocarbons and an- 
tbracene. 

Q 0 0 
c=o 

d 0 m cl00 Q c=o 

0 a 
I lI H 

Benzoylpyridine (Ill) has about the same response as benzophenone14. This 
was shown to be true also for benzoyLfbran and benzoyltbiophene, which were ob- 
tained by benzoyIation of furvl and thiophene in order to confer upon them electroph- 
ore prOperties f9. The response of dibenzosuberone (IV) was in the same rauge” 
(Table 1). The be.nzOphenone moiety of ketoprofen (V) made possible its determination 
in biological &.kWS 

The analysis of phthalates (VI) in various sample types has beeu of great 
interest. The conjugate electrophore gives the mokcule reasonably good sensitivity, 
which can be used in trace a.ualysis 2t. In a given situation the selectivity can be good, 
as was demonstrated in the search for di(ethylhexyl)phrhalate (DEHP) in blood 
plasmaff. On one occasion a complicated pattern obtained with the ECD was shown 
to be the sanie as in gas chromatography-mass spectrometry when the characteristic 
fragment m/e 149 for phthalate was monitored. 
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Phtbdate e&es can make considerable ctmtibutims to the ame _ t 
pattern observed with the ECIZ from organic solvents and plastic devices used iu the 
auat+cal procedure Ifthe ECD response for ffie cxxnpomxd to be anaked exhibits a 

_ tempmare response t&t Mers from that of the phthalates, Le., r&o&s an increase 
with irlcreasiu g detector temperature, their irtterfemn~ can be dimSshed_ Even for 
the phth&tes the tewratuxe dependence was more pronounced in a detector 
operatiug in the pulsed mode than in the dc. mod@. A non-d&o&tive mechanism 
was iudicated for DEHP from the temperatnre dependence found in a pulsed detec- 
top. A study of the relative response for some phthaJ.ates at 230,29?I and 320 “C was 
recently repor&P. Diahyl phthalate was the only ester which did not lose sensitivity 
at the higher temperature. The samples iuchrded methyl and ethyl beuzoates, which 
as expected were a factor of 100-loo0 times less sensitive. 

8-Methoxypsoraleu (VII) is of importance iu the treatmeut of psoriasis. It has 
been shown to be a good ekctrophore, permitting the analysis of nanogram amounts 
in bioIogical fluids. The tempera tum&peudeut response indicated a nou-d&ocia- 
tive mechanism as the detector response at 200 “C was about 30 times higher than that 
at 30°C. It was interesting that the response for the isomer 5-methoxypsorakn was 
onIy slightly temperature dependent, which shows that minor structural changes can 
iufluence the electroncapture mechanism. 

sx mz x 

A compound contaiuing a similar structural fature and also of considerable 
therapeutic in-t is war&in (VIII). This drug can be derivatized with electrophores 
such as pentaeuorobenzyl bromide via the phenolic fu~lction, but a technically less 
complicated procedure makes use of diazomethane, which from an ECD point of 
view is “transparent”, to form the methyl ether. With the detector temperature kept at 
300°C the methyIation procedure permitted the analysis of 100 rig/g in various 
tissueP. The insecticide carbofuran has one metabolite (IX) with a keto group, which 
can be quantitated by GC-ECD27, The conjugate electrophore in this instance involves 
only a carbonyl group in an cr-position, which as an ekctrophore could be compared 
with acetophenone or benzaldehyde. However, the presence of a carbamate group iu 
oxo-carbofiuan might have an auxiliary function. The advautage of direct analysis 
instead of derivatiziug the carbamate group was stressed. Although a relatively high 
detection temperature (275°C) was used, the procedure permitted the detection 
of ca. loo pg on the cohmln. 

Lovelock et aI.= pointed out the possibility of detecting sekectively some 
steroids with unsaturated ketone structures, such as 4androstene-3J7-dione (XJ. The 
4-eu&-oue system was indis_peusible for good detector response. 4-Androstene~3,l I, 
l7-trione was the most sensitive compound @Q Melengestrol acetate (XI) has been 
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determined using GC-ECD “. The ECD response was comparable to tit for the 
most sensitive haloestess of steroid alcohols. The structural requirements for the high 
response ofT this compound type were studied by Koshy30. Among the important 
functional groups were 17a-acetate and substitution with X-methyl and a 6-keto 
group. The high ECD response was indepeszdent of temperature between 260 and 
360 “C and permitted 10 pg to be determined_ 

A similar structural feature can be found in some polyhydroxy steroids, the 
ecdysones m, which act as insect-moulting horxnones. Poole and Morgan31 found 
that the ekctrophore was an unsaturated ketone structure (7-ene-Gone), with impor- 
tant contributions from a hydroxy substituent in position 14, either ftee or preferably 
silyIated. The temperature dependence of the detector response was indicative of a 
non-dissociative mechanism. For practical reasons a temperature of 300°C was used 
in the detector, but 5 pg of the TMS ethers could be detected. 

The presence of this structural element, an unsaturated ketone, has made 
possible the determination, after silylation, of some prostaglandins B (XIII& which 
are dehydration products of prostaglandins Ea. The lattex did not respond in the 
ECD. 

OH 

Of the various electrophores mentioned in Lovelock’s early work, the ECD has 
also been used for the quantitation of biacetyl @IV) and pentane-2,3-dione in beep. 
In other sample types quinone derivatives such as vitamin K @V) have been studied=. 
The compounds required high temperatures for elution, which fixed the detector 
temperature at a high vaIue (305°C). 

CH2CH=CKH2)3CHKH$3 CH(CH213CHCY 

0 
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A structux &niIar to the phthaIate electrophore is present in methhtdione 
@Xl), which can be detect& at the low picogram 1eveP. This compound did not 
show a temperature-dependent response in a non-pulsed detector over the range 
150-215 “C, which indicates either a very stable negative moIecuIar ion or a dissocia- 
tive mechanism. This structure ofconjugated p-ketones is present in some other drugs, 
e.g., phenindione (XVlQ which was shown to have comparable sensitivity alter 
masking of the active hydrogeP. Another reiated structure is present in thalidomide 
mm, which was reported by ZIatkis and LoveIocic;8 to have an electroncapture 
r~&ient of ca_ 300 (compared to chlorobenz.ene)_ The drug was withdrawn from the 
market before interest in trace analysis by CC-ECD had begun, offierwise it would 
have been possible to devise a seIective and sensitive method. 

& 0 “p o&?JQ 
0 0 

(>-“‘ 0 3.. 
CA 

in the group of conjugated carbonyl 
electrophores. This compound has been analysed with an ECD in various biological 
sampIes36. To obtain the best detectability, the acidic sulphonamide function has to 
be aIkyIated, preferably in au extractive allqIation reactiorP’. The sensitivity was such 
*that 2 pg could be detected_ 

The saccharin-Iike structure has been used in the analysis of a drug candidate 
(1M, I), which before CC had to be converted into a less poIar structure (XX, 2) to 
reduce its column adsorptive properties. This change was achieved in a dehydration 
reaction with trifzuoroacetic anhydride without increasing the chromatographic 
background=. 

1) R= CONki 1) R= H 

2) R= C-N 2) R = CH3 

Saccharin can be regarded as a speciat form of a sutphonamide. Pt has recently 
been shown, however, that even conventional sulphonamides of therapeutic interest, 
e-g_, sulfapyridine (XXI, 1) can be gas chromatographed and qua&fled a&r either 
aIkyIi3tion or aqdation 3g_ The best sensitivity was obtained alter alkyIation with 



GC-ECD OF NON-HAUIGENATED COMJXXJNDS 319 

pent&uorobenzyl bromide and acyJ.ation with heptafluorobutyrc anhydride. Of great 
interest was the observation that both alkyiation with a methyl halide (XX, 2) and 
acylation with acetic anhydride resukd in derivatives with a sensitivity not much 
lower than that of the fluorinated derivatives. l%is means that under certain con- 
ditions the sulphonamide group is acting as an electrophore35 The conclusion was 
that the sulphonamide group should be attached to two aromatic rings (delocalized 
systems) in order to obtain the highest response. The temperature dependence of the 
detector response has been studied for some model compounds, and for the one most 
similar to drugs, N-phenyibenzeuesulphouamide (XXII), methyl&ion and acetylation 
gave derivatives that were about 10 times less sensitive at 350°C than at 150”C”_ The 
possibility of using reagents that usually give derivatives transparent in the ECD 
(such as acetic anhydride) or which are volatile (such as the methyl halides) adds 
considerably to the advantage of usin g an ECD for a compound with inherent 
ekctrophore properties. 

4. MISCELLANEOUS COMPOUNDS 

Very early it was found that hydrocarbons are more or less transparent in the 
ECD. However, there are exceptions among the polycyclic aromatic hydrocarbons, 
such as anthracene and benzanthraceneql. It is also of interest that azulene and cyclo- 
octatetraene give a strong response. In the Iatter instance this was explained as being 
due to the favourable stabilization of the planar negative ion. 

A polycyclic heteroaromatic compound having good electrophore properties 
has been reported for a reaction product (XxrII) between the anfihypertensive agent 
hydralazine and nitrite4*. Hydralazine, which is labile, was trapped in the biological 
sample from which the product was isolated and then quantitated in nanogram 
amounts with an ECD. 

2 

Another polycyclic compound, phanquone (XXIV, 1), has also been isolated 
after derivatization in the aqueous phase and then subjected to electron-capture 
detectionz9 Phanquone was reacted with methoxylamine to give the bismethoxime 
derivative @XIV* 2). which was detected with a puked %Ii ECD at 300°C. _A con- 
centration of 15 n&zl could be quantified in biological fluids. 

An example of a structure that would not dkectly be considered as an ekc- 
trophore is phenylbutazone (XXV), a widely used anti-in&mmatory drug. A recent 
paper nevertheless described the use of an ECD for its selective determination in 
biological fluids4+. Concentrations of 10 ng/ml could be quantijied accurately and 
very clean chromatograms were obtied. Sulpbinpyrazone has been determined by 
GC-ECD, the compound undergoing an elimination reaction to give an analogue of 
phenylbutazone45. 
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Akhough free bad&uric acids were reported to have some ekctron43pture 
response, no appkations have been descrii until recently. The methylated deriva- 
tives of*&tiopenti and tbioamytal cxxvr) were sfz~died~ and at a detecta tempera- 
ture of 3OO”C, 0.1 and 1 ng, ressXy, could be detected. 

53 0 0 
H C&X!$H2CH3 

1) R= C;?H5 

2) R = CHZCH=CH2 

9) R=H 

2) R= CH3 

Astructureiopart~~~to~ebvbituratesisthatofpemolinedione~,l), 
produced by acid treatment of pemoline, a drug which is active at the micrograms per 
milWitre level. Owing to the sekctive response a very simple assay was developed 
with Z#WZI, 2 as internal standard 47. The response was such &at 0.5 ng injected 
coald be de*& (detector temperature 23OT, d-c. mode). 

A compound that has been reported to have a high electron a5ity as the 
sily3 derivative is myo-inosose-2 (JXVHl) -. In a pukd detector at 205°C a few 
picograms could be detected. Whereas the corresponding inositol was 500 times fess 
sensitke, it was found tbat one form of fructose was 3-4 times more sensitive. AL 
tboxgh the non-conjugated carbony group is primarily responsible for the high 
aBity, the struchxe of the species that gives the compound the ekctrophore proper- 
ties is probably di&reat- 

NCS-CH2CH2-SCN CH3 

EtbyIene bis(isotbiocyanate) QXIX) is another @e of structure tbat has been 
qua&.&d with the ECD. At a cietector temperatnre of 3Iw)“C 0.02 ppm could be 
determincd4g. The vicinal position of the isothiocyanatc groups’might be the reason 
for the good response in a similar manner to that of bis(l,2-tiuoroacetyl) glycoIsso. 
A r-elated substituent is found in toluene 2&diisocyanate (XXX), which responded 
well in the ECXY1- Some compounds with related structures did not give a response. 

The correlation bctwcen chemical structure and electron_capEure response has 
been studied with some isotbiocyanates and isocyanatess2. 

Phenyletbylmal onamidc @XXX) is a metabolite of primidone. A GC-ECD 
method has been reported in which the compound was dehydrated with Muoro- 



acetic anhydride in a similar manner to the reaction described kbove for the saccharin 
derivative (XX, 1). Only one of the primary amide groups was coz~~erted into a 
&r&P. This derivative had sutkient response to allow the determination of sub- 
microgram amounts per millilitre. The electrophore component in this compound is 
not ckir. 

1) R = CONH2 1) R= CH3 

2) R= CGN 2) R= CH=CCIz 

XXXI 

An unexpected response was shown for one pyrethroid insecticide (XXX& I). 
The ekctrophore in this compound is not cI&. Two related compounds contained 
a dichlorovinyl substituent instead of a metbyi group, but their sensitivities were 
approximately the same, Le., around 5 pg injected on-column with a detector tempera- 
ture of 270°C. This implies that there is an inherently very good electrophore in the 
structure. 

5. OTHER ASPECTS 

In connection with these various compounds it should be mentioned that, 
apart from contamination of solvents with phthalates, impurities due to photochemi- 
Cal oxidation of hexane isomers have been reported 55. The structure of these electroph- 
ore contaminants has not been elucidated, but it shows thz importance of limiting 
the presence of unknown electrophores by careful handling and storage of chemicals. 

The previous discussion has shown that various structures can be detected 
and ~uantifkd with an ECD, The importance of the conjugated structure in ben~o- 
phenone and p-chlorohenzophenone is best shown by their almost identical responses 
at low temperatures. There must, certainly, be other structures present in which the 
halogen content is not the important component in the ekctrophore strncture. This 
may be the case among many members of the benzodiazepine grout, which have a 
well conjugated system 6. Other interesting structures from that point of view are 
indomethacin= and griseofutvin 57_ The fact tbat the dominant ekctrophore is not 
always a halogen is still overlooked_ 

ZIatkis and LovelocI? stated in 1965 that the difficulty in predicting the 
response of conjugate ekctrophores was related to the fact that the structure one 
should consider is that of the resultant negative ion, not the parent molecule. In some 
instances it is now possible to elucidate the structure of negative ions formed under 
e~~on-G3p~ conditions. By use of atmospheric pressure ionization mass spec- 
trometry (API-MS), Horning et aZ.% have found the expected structure for, e.g., benzi2. 
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One benzodiazeptie, fhmitrazepam, was shown to undergo a rearrangeinen~. Some 
conditions in the detector during electron capture might have greater importzmce than 
it bad earlier been reasonable to believe. The infIuence of traaz amounts of oxygen and 
water is thus considerable for the deA;tion of some electrophores~. Anthracene 
showed an increased response with very low levels of oxygen, while some halohydro- 
carbons were affkted only at high levels. For anthracene this etk.ct was greatest at 
high temperature. Au exchange reaction between the negative molecular ion and 
oxygen was proposed. This suggests that control of the carrier gas contamination 
might be important in order to obtain the best and most reproducible results. In this 
respect anthraquinone was at&ted like the halo,gzuated hydrocarbons18. 

In connection with this discussion, it is also of interest that so far no negative 
i6n has been found for benzophenone in the API-MS instrument6J. 

The recent availability of negative ion mass spectrometry has opened up 
interesting possibilities both for the application of electron-capture processes of 
compounds that form stable negative ions and also for obtaining an insight into the 
structures fcrmed. The conditions for the formation of electrons with thermal euergy 
are, however, not equivalent in GC-ECD and in ekctronczpture negative ion 
GC-hWL. In this respect the APl instrumentation is more suitable. 

5.1. Qmntitation 

In the analysis of trace amounts of organic compounds by gas-phase meffiods, 
the use of internal standards has found widespread use. The internal standard must 
be chosen with care in order to optimize the procedure. The best approach is now 
considered to be the use of analogues, homologues or isomers. However, it is as 
important to know the properties of the internal standard as those of the compound 
to be aualysed. In connection wi’& electron-capture detection, this means that the 
mechanism or at least the temperature dependence of the detector response has to be 
evaluated_ Of the coinpo~ds covered in this review, examples of diffeXsIceS in this 
respect can be found among the benzophenones and the alkoxypscralens. The use of a 
halogeuated compound, Le., a pesticide that captures thermal electrons only according 
to a dissociative mechanism, cannot fully compensate for variations in the operating 
conditions in the same way as an analogue. Examples of ideal internal standards for 
ECD purposes can be found in papers on the determination of methindionej5, meth- 
oxypso1mlen25, di(etbylbexy1) phthala@, pemolinel’, phenylethylmalonamide?‘, sulfa- 
pyridine39 and a saccharin derivative. 

The analysis of compounds with inherent electrophore properties can be very 
simple evea if a derivatimtion reaction has to be used to mask polar functional groups. 
In comparison with reactions for the introduction of electrophores such as hepta- 
fluorobutyryl this makes a large difference, as the latter derivatization products are 
often accompanied by products from other substrates in the sample extract 
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7. SUMMARY 

The use of electron-capture gas chromatography for the quantitation of non- 
halogen&d compounds that do not contain a-nitro group is reviewed_ The ekctroph- 
ore most ofpen used is the conjugated carbonyt group; about fifteen examples are 
given on selective and sensitive determinations. Sulphonamide-containing compounds 
represent another interesting group useful for quantitative work. Finally some elec- 
trophore compounds belonging to various cIa.sses are mentioned. 

REFERENCES 

1 J_ D_ NichoIson, Analyst (London). 103 (1978) 1 and 193. 
2 J_Drozd,~.CChromarogr.,113(1975)303. 
3 K. BIau and G. S. King, in K. Blau and G. King (Editors), f&&book ofDerivatives for Chromato- 

tography, Heyden &Son, London, 1978, pp_ 1048 
4 E. D. Pellinari, J- Chromatogr., 98 (1974) 323. 
5 C. F. Poole, Ctinz. II&. (.&x&n), (1976)479. 
6 I. A. F. de Silva, in C. E. Pippenger, J. K. Penzy and H. Kutt (Editors). Antiepikptic Drags: 

Quzmtitative Analysis and Interpretation, Raven Press, New York, 1978, p_ 11 l_ 
7 J. E. LoveIack, Nature (Lunabx), 189 (1961) 729. 
8 A. ZIatkis and J. E. Lovelock, Clin. Chem., ll(1965) 259. 
9 W. E. Wentworth and E_ Chen, J_ Gas Chromatogr_, 5 (1967) 170. 

10 E. C_ M. Chen and W. E. Wenmorth, J- Chromarogr. 68 (1972) 302. 
11 C_ F. Poole, J- Chromatogr., 118 (1976) 280. 
12 J. Vessman and P. Hartvig, Acta Pharm. Suecica, 9 (1972) 463. 
13 W. E. We&worth, E. Chen and J. E. Lovelock, 1. Phys. Gem-, 70 (1966) 445. 
14 J. Vessman and P. H&g, Acta Pharm. Sue&a, 8 (1971) 235. 
15 0. Gyllenhaal, U. TjZrnIund, H. Ehrsson and P. Hartvig, J. Chromatogr., 156 (1978) 275. 
16 J. Vessman, S. Strambcrgaod G. Rietz, ActaPharm. Suecica, 7 (1970) 363. 
17 P. Hartvig, S. Strandbergand B. N&lurid, J. Chromatogr., 118 (1976) 65. 
18 E. P. Grimsrud and R. G. Stebbins. J. Chromarogr., 155 (1978) 19. 
19 H. Brink, 0. GyIIeohaaI and P. Hart@, ActaPharm. Sue&a, 12 (1975) 235. 
20 P. Stenberg, T.-E. Ji%sscn. B. NiIsson and F. Wollheim, J_ Chromafogr_, 177 (1979) 145. 
21 W. Bunting and E. A. WaIker, Analyst (Lamion), 92 (1967) 575. 
22 J.Vesman andG.Rietz,i.CfuwnzQtogr.,lOO(1974)153_ 
23 C. F. Poole and D. G. W&be&y, 1. Chromatogr., 132 (1977) 511. 
24 Y. Hattori. Y. Kuge and S. Asade, Nippon Kagaku Kaishi, 8 (1978) 1102. 
25 H. Ehrsson, S. Eksborg., I. WaIIin, N. K&lIberg and G. Swanbeck, J_ Chromatogr-, 140 (1977) 157. 
26 E. M. Odam and M. G. Townsend, Annlysr (Lundan), 101 (1979 478. 
27 M. T_ H_ &gab. A&. Lett_, 10 (1977) 551. 
28 J. E. Lovelock, P. G. Simmonds and W. J. A_ VandenHeuvel, Nature (London), 197 (1963) 249. 
W R. A. Dewis, K. T_ Koshy, M. L. Ogilvie, G. L. Stahl and W. A. Callahan, J- 4s~. O&k Anal- 

Chem., 55 (1972) 103. 
30 K. T. Koshy, J. Chromatogr., 126 (1976) 641. 
31 C. F. Poole and E. D. Morgan, J. Chromatogr_, 115 (1975) 587_ 
32 G. H. Jouvenaz, D. H. Nughteren, R. K. Beefihuis and D. H. Van Dorp, Biochim. Biophys. Acta, 

202(1970)231_ 
33 G. A. F. Harrison, W. J. Byrne and E. Collins, 1. Inst. Brew., 71(1965) 336. 
34 H. Bshtold and E. J%hnchen, L Chramatogr., 164 (1979) 85. 
35 I. Vessman, S. Strzjmberg and G. Freij. J_ Clyomatogr., 94 (1974) 239. 
36 R. J. Daun, I. Ass. Offic. Anal. Ckem., 54 (1971) 1140. 
37 P. Ha&fig, 0. Gyllenbaaland M. HammzIund, J. Chromatogr., 151(1978) 232. 
38 J. Vcssma~, in E. Reid (Editor}, Blwd Drugs and other Analytical ChaRkges, Ellis Homood, 

Chichester, 1978, p. 119. 
39 0. Gy&nbaai, B. NZslund and P. H&g, J_ Chromatogr., 156 (f978) 330. 



324 I. VESSMAN 

40 O.GyiknhaalandP.~J. Ckmmagr.,189(1980)35i. 
41 J. E. m& A. ZXatkis 2nd R S. Becker, N&are (fina&& 193 (1962) 540, 
42 D,B_Sack,S.~~=P-H.~P-~andW.Ritss,I.~~~., iiS(i975)87_ 
43 P.H.DeKtn,S.Brrchb~,J.~~ltnandW.Riess,I. Ci~unratugr., ilS(i976)363. 
44 A_ Siou6, F. Can&l and F. Ma&l, /. Pfram. SZ.. 67 (1978) 243. 
4.5 P. hkobscn and A. Kirstcia Fedzen, J. Ckvmarogr., 163 (1979) 259. 
46 R&Sinith,J.k MacDona~DD.S.‘fhompsonandW~E.Flacke.CCrir.Chem,U(i977)1306. 
47 S.-Y. Cbu and L.T. Ssnelfo, L Ckrtxnaf~., 137 (1977) 343. 
48 W_RSheRnan and S. L. Goodvin, .F. C~mmmgr. SX., 7 (1%9) 167. 
49 W. H_ Newsome, J_ A&- Fd t%eme, 24 (1976) 420. 
50 D. D. Clarke, in H. Szymanky (Editor), BiortazcfM AppIic&&xu of Gas Chnxnatography, Vol. I& 

I?!emnn Press, New York, 1968, p. 137_ 
51 B. B. Wheak and J. Thomson. Chezne Irz. (Lonrion), (1%7) 753. 
52 icr.Satou~andT.Ko~~~f~.,5(1972)931. 
53 X E. WaJ&.ce, H. E. Hamilton. E-L. Sbinxek, Jr.. H. A. Schwcrtner and K-D. Hacgek, Anal. Ckm., 

49 (1977) 1969. 
54 R. A. Chapman and H. S. Simmons, 1. Ass. Ojik. And Ckm.. 60 (1977) 977. 
5.5 L H. Williams, 3. CJmtn&gr. SC&, ii (1973) 593. 
56 A. Arbin. J. Ckm~&ogr_ 144 (1977) 85. 
57 H. J. Schwarz, B. A. Waldman and V. Madrid, 3. Pharm- Scf., 65 (1976) 370. 
58 E C. Horning, D. 1. Cm-02 I. Dzidic, S.-N. Lii R. N. Stilixvell and J.-P. Tbenof J Chromolagr., 

142_(1977) 481. 
59 I_ Dzidic, D_ I. Carro& R. N. StiUwelI, hf. G. Homing and E.C. Horning, Adkrm Mars. S’ctram., 

7A (1978) 359. 
60 E. C. Homing, ptxsonal commotion. 
61 E. C. Homing, D. I. Carol, 1. Dzidic, R. N. Stilhxli and J. P. Thenot, J. Ass. Om. Awl. Ckem., 

61(1978) 1232. 


