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Synopsis. The relative sensitivities of an electron
capture detector for four 1,2,3,4,5,6-hexachlorocyclohexane
isomers were measured at different detector temperatures.
The temperature dependence of the electron capture coef-
ficients (K) for these compounds was determined. The K
values of these compounds increased with a decrease in the
detector temperature. These results show that the electron
capture reactions of these compounds proceed non-disso-
ciatively.

The electron capture detector (ECD), which exhibits
a highly sensitive response to various organic compounds
containing halogen, oxygen, and sulfur atoms, is widely
used for environmental and other various analyses.
Many reports about ECD sensitivities for various com-
pounds have been published,!~% but the temperature
dependence of the sensitivity was not considered in
these studies.

Wentworth et al.5-7 and Kojima et al.8-1V studied the
electron capture phenomena by using the pulse-sampl-
ing technique, thus elucidating the temperature de-
pendence of the electron capture coefficients (K) for
various compounds. They reported a correlation be-
tween the ECD response and the chemical structure
for many compounds.

The present authors have previously studiedl?-14)
the ECD response and the temperature dependence
for various aromatic halogeno and nitro compounds
and for phthalate esters with the d.c. mode.

In this work, we have determined the ECD sensitiv-
ities and the temperature dependence for 1,2,3,4,5,6-
hexachlorocyclohexane(BHC) isomers and studied the
correlation between the ECD response and the chemical
structure for these compounds. We intend to use
these results for the identification and prediction of
unknown compounds.

Experimental

Apparatus and Materials. A Varian aerograph 2100
type gas chromatography with an ECD (%Ni, 8.5 mCi) was
used in this experiment. Applied voltage was supplied
with the d.c. mode. The glass column (2 mm¢ x 1.5 m)
was packed with Gaschrom Q (100—120 mesh) coated with
2% Silicone OV-17. Extra pure nitrogen gas (Teikoku
Sanso Co., Ltd.) was used as the carrier gas; it was purified
by passage through two tubes packed with Molecular Sieve
5A and through an Oxy-trap tube (Alltech Associates Co.,
Ltd.), at the flow rate of 30 cm®/min. The column tem-
perature was set at 170 °C. The injector temperature was
kept at 200 °C. The detector temperature was varied from
190 °C to 320 °C. BHC isomers (pesticides, analytical grade)
and hexachlorobenzene (HCB)(special grade) were obtained
from Wako Pure Chemical Co., Ltd. All the reagents were

checked by gas chromatography.

Procedure. The relative sensitivity (RS) was obtained
by calculating the relative peak area per mole of the com-
pound, using HCB as a standard. The sample size was so
chosen as to keep the peak area within a linear range on
the calibration curve. The K values, the electron affinities
(E4’), and the RS values were calculated by the method
reported in a previous paper.!?

Results and Discussion

Relative Sensitivities of ECD for BHC Isomers. The
RSs of ECD for BHC isomers at three different detector
temperatures are tabulated in Table 1. The RSs of
the four isomers were in the order of a>y>4§>p.
Especially, the RS for f-BHC was less than those of
the other isomers by a factor of about two or three.
The RS’s of BHG isomers are much larger than that
of HCB, which has an equal number of chlorine atoms
to BHC. These results may be attributed to the
difference in the molecular skeleton and in the coforma-
tions of the C-Cl bonds in BHC and HCB.

TaBLE 1. RELATIVE SENsITIVITIES FOR ECD orF BHC

ISOMERS AND HEXACHLOROBENZENE

Relative  Relative  Relative
Compound sens. sens. sens.
(230°C) (290°C) (320 °C)
a-BHC 7.68 4.74 6.21
B-BHC 2.46 1.99 2.74
y-BHC 6.81 4.67 6.06
6-BHC 6.27 3.99 4.99
Hexachlorobenzene 1.00 1.00 1.00

The Temperature Dependence of the ECD Response Sor
BHC Isomers. Gas chromatograms of BHC isomers
at three different detector temperatures are shown in
Fig. 1. As the detector temperature is lowered, the
peak heights showing ECD sensitivity become higher.
Then the temperature dependences of ECD response
were studied. Figure 2 shows the temperature de-
pendence of the K values of four kinds of BHC isomer
and HCB. It was found that the temperature de-
pendence of the K values for these compounds showed
positive slopes, but that of f-isomer showed an almost
zero slope. If the plots of In K7T%2 against 1/T show
a positive slope, the electron capture reaction of the
compound proceeds non-dissociatively.®) Therefore,
the electron capture reaction for BHC isomers appears
to proceed non-dissociatively. These compounds were
then supposed to capture an electron and to form stable
negative ions. Aue ef al.'® studied the products of
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Fig. 1. Gas chromatograms of BHC isomers at different
detector temperatures.
(a): 320 °C, (b): 290 °C, (c): 230 °C, 1: «-BHC, 2:
B-BHC, 3: y»-BHC, 4: 6-BHC.
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Fig. 2. Temperature dependence of K values.
1: «-BHC, 2: g-BHC, 3: y-BHC, 4: 6-BHC, 5: hexa-
chlorobenzene.

three BHC isomers and various polychlorobenzenes
in an ECD. They suggested that BHGC: isomers were
largely preserved in contrast to those of other poly-
chlorobenzenes. This fact may support the idea that
the electron capture reaction for BHC isomers proceeds
non-dissociatively.

In Table 2, the values of the electron affinities
(EA") calculated from the magnitude of the positive
slopes plotted In KT%2 vs. 1/T and the conformations!®)
of the C—ClI bonds in the molecule of BHC are listed.
The EA’ values of «,y, and ¢ isomers were about 13
kJ/mol, while that of HCB was about 8 kJ/mol. The
magnitude of the EA’ values were in the order of
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TABLE 2. APPARENT ELECTRON AFFINITIES(EA")
AND CONFORMATIONS OF BHC I1SO0MERS
AND HEXACHLOROBENZENE

EA Conformation of

Compound W—

chlorine atoms®

b) «¢)
a-BHC aaeeee
B-BHC
y-BHC
6-BHC

Hexachlorobenzene

12.68
5.06
12.01
13.85 aecece
8.12 —

a) From Ref. 16. b) a: Axial bond.
bond.

€eceee
aaacec

c) e: Equatorial

0>a>y>HCB>f. Among the four kinds of BHC
isomer, the temperature dependence of the K values,
the ECD sensitivity, and the EA’ value of f-isomer
were very different from those of other isomers. Gen-
erally, cyclohexane derivatives adopt the most ener-
getically favarable conformation, in which most sub-
stituents are equatorial.!”?  All the chlorine substituents
of f-isomer are equatorial and so f-isomer has the
more stable structure compared with the other BHC
isomers. * Our experimental results concerning g-isomer
may be related to the difference in the conformation.
In this way, the electron capture reaction for BHC
isomers is affected by the molecular conformations.
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