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Current interest in the atmospheric concentrations of carbon dioxide, (CO,) and
nitrous oxide, (N,O) arises not only from their role as principal constituents of two
of the major biogeochemical cycles; but also from their potential long-term effect upon
the global environment. Systematic observations of the concentration of carbon
dioxide since about 1958 indicates an annual increase of about 0.2 %, this had lead to
concern over the so-called, ‘“‘greenhouse effect””, due to the special role of carbon
dioxide in the heat balance of the earth-atmosphere system.! Interest in monitoring
atmospheric nitrous oxide has been stimulated from the recent awareness of its im-
portance in ozone chemistry through its stratospheric reaction with excited oxygen
O(*D) atoms to form nitric oxide, (NO), which in turn leads to the natural destruction
of photochemically produced ozone. The increasing world-wide use of nitrogenous
fertilizers releases additional nitrous oxide into the atmosphere through the action of
denitrifying soil bacteria, with the potential consequence of a significant decrease in
the level of stratospheric ozone?.

Infrared spectrometry has become the established analstical method for the
measurement of atmospheric carbon dioxide3, and io a lesser extent for nitrous
oxide*. Gas chromatography has also been used to determine nitrous oxide using pre-
concentration techniques®S; although the use of a high-temperature (> 300°) electron-
capture detector provides a method for the direct determination of ambient levels of
nitrous oxide by gas chromatography’—®. This report describes the simple modification
of the electron-capture gas chromatography method whereby the normally used
high-purity nitrogen carrier gas is deliberately doped with about 100 ppm of oxygen.
The addition of oxygen to the carrier gas produces a signal for carbon dioxide, possibly
through a charge transfer mechanism, while still preserving the usual response to ni-
trous oxide. Thus both gases can be determined by direct analysis of a single sample
of ambient air.

EXPERIMENTAL

The gas chromatograph used in these experiments was a Pye 104 (Pye In-
struments, Cambridge, Great Britain) equipped with a ®°Ni electron-capture detector
with a maximum operating temperature of 380°. The electron-capture detector was
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operated in the constant pulse mode, although the interval between pulses could be
altered to different fixed values. The optimum pulse conditions derived by experiment
were amplitude 50 V, pulse width 1 usec and pulse period 700 usec. The chromato-
graphic column was made from 5 ft. X !/, in. O.D. aluminium tubing packed with
80-100 mesh Poropak QS (Waters Assoc., Milford, Mass., U.S.A.). The column was
maintained isothermally at a temperature of 40°. The carrier gas was high-purity
nitrogen containing 100 ppm of oxygen (Air Products, Crewe, Great Britain). Oxygen-
free nitrogen was also used in some experiments and in this case high-purity nitrogen
(oxygen content <10 ppm) was further purified by passage through an oxysorb trap
(Alltech Assoc., Arlington Heights, Il1., U.S.A.) Calibration of the detector was per-
formed using certified gas mixtures of 45 ppm of nitrous oxide in nitrogen and 500
ppm of carbon dioxide in nitrogen (Air Products). Dilutions of these standard mix-
tures in stainless-steel cylinders with nitrogen provided concentrations of each gas
over the range cof interest. All gas samples were injected using a gas sampling valve
with a 3-ml! loop (Carle, Fullerton, Calif., U.S.A.).

RESULTS AND DISCUSSIOM

Fig. 1A illustrates the response of the electron-capture detector operating at a
temperature of 270° and with oxygen-doped nitrogen as carrier gas to a 3-ml sample of
ambient air. The first peak eluted from the column after oxygen is carbon dioxide
followed by nitrous oxide. The response of the detector to these two gases is in con-
trast to Fig. 1B where oxygen-free nitrogen was used as the carrier gas, and there is no
response to carbon dioxide. The unusual response of the electron-capture detector
to both carbon dioxide and nitrous oxide is strongly dependant on detector tempera-
ture. This is clearly seen in Fig. 2, where the detector response is plotted versus de-
tector temperature. Whereas the response to nitrous oxide increases with increasing
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Fig. 1. Response of electron-capture detector to 3 mi of ambient air. (A) Nitrogen carrier gas doped
with 100 ppm of oxygen; (B) nitrogen carrier gas. Detector temperature, 270°.
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Fig. 2. Detector response to carbon dioxide and nitrous oxide versus detector temperature. Curve I,
detector standing current. Carrier gas nitrogen and 100 ppm oxygen.

detector temperature, as noted by Wentworth and Freeman’; carbon dioxide first
increases to a maximum at about 220° and then sharply declines to the point where
no signal is observed for carbon dioxide at temperatures in excess of 350°. The detec-
tor standing current versus temperature is also plotted on Fig. 2 and _in’éreases slightly
with increasing detector temperature ; the opposite result to that ordinarily observed
with pure nitrogen as carrier gas. It should also be noted that as the concentrationof
oxygen in the carrier gas is increased, not only does the magnitude of the response to
carbon dioxide increase but the maximum observed in Fig. 2 shifts towards higher
detector temperatures. However, the oxygen cannot be increased much beyond about
19 without significant loss of standing current and eventual loss of signal particularly
for nitrous oxide. .

In this study a compromise was reached by fixing the oxygen concentration at
a nominal level of 100 ppm which caused only a 109 loss in the standing current com-
pared with pure nitrogen. The response of the electron-capture detector to nitrous
oxide was found to be linea rover the range 50-800 ppb* as shown in Fig. 3. In
contrast, the carbon dioxide response (Fig. 4) versus concentration becomes non-linear
as the concentration starts to exceed about 500 ppm by volume. It is almost certain
that the extent of linear response to carbon dicxide is very much dependent on the
actual concentration of oxygen in the carrier gas, particularly if the O, ion partici-
pates in reaction as will shortly be discussed.

* The American billion (10°) is meant.
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Fig. 3. Plot of detector response versus concentration of nitrous oxide. Carrier gas nitrogen and
100 ppm oxygen.
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Fig. 4. Plot of detector response versus concentration of carbon dioxide. Carrier gas nitrogen and
100 ppm oxygen.

The novel response of a conventional electron-capture detector to carbon
dioxide when the carrier gas is doped with small concentrations of oxygen compared
with the absence of any signal in oxygen-free nitrogen suggests that a mechanism other
than direct electron attachment is involved. A possible clue to the mechanism comes
from the study of reactant ions in negative ion plasma chromatography!®!! which in
many aspects parallels the operation of an electron-capture detector. In the presence
of oxygen the principal reactant ion found in the plasma chromatograph is the 0,
ion'?.'3_ In the presence of ubiquitous water vapour cluster ions of the type (H,0),0,~
are also readily formed, with (H,0)O,~ predominating!*. With O,™ ions, electrons and
carbon dioxide present in an electron-capture detector the most likely reactions are
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those of charge transfer and three body electron attachment processes. The inter-
change of O,~ with CO, as in reaction® is not believed to be significant.

0, +CO,-CO,” + 0, @)

This is because the bent configuration of the CO,~ ion is unstable and favours
electron detachment to the linear ground state of carbon dioxide!s. Alternative

interchange reactions are:
0, + CO, - CO,- - O @
(H,0)0,~ + CO, - CO,~ + H,0 3)

Reaction 2 has not been studied extensively, although the formation of the CO;™ ion
is well documented in drift tube and ion mobility experiments'®-*”. The formation of
the CO,~ ion depicted in reaction 3 is inferred from electron mobility data's, and is
also suggested by Claydon et al.!® to be the ion formed in reaction 2. However,
Spangler and Collins'® have calculated that the level of CO, available in the ambient
atmosphere is insufficient for the formation of the CO,~ ion in ion-mobility spectra.
The three body electron attachment reaction

e + 0, + CO, >~ CO,~ (C))

as proposed by Parkes'’ is also a plausible explanation for the mode of action of the
electron capture observed in this work. Furthermore, it is significant that the rate
constant for attachment to oxygen in the following reaction:

is about 30 times greater when carbon dioxide rather than nitrogen can act as the
third body®®.

It is also of interest that the response of the detector to nitrous oxide is slightly
enhanced in the presence of oxygen compared with the response in pure nitrogen.
Negative ion—molecule reactions may compete with electron attachment to a limited

extent and the series of reactions studied by Parkes?® may be of some importance in
this context.

It seems reasonable to expect that the electron-capture detector may also give
an enhanced response to other compounds with oxygen-doped carrier gas. The addi-
tion of impurities other than oxygen to the carrier gas may provide a general technique
for increasing the response to weak electron adsorbers.
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