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beam formation was observed, and it thus seems likely that
the reactions are of the form

Krt + Lil—=LiKr* + I
or possibly Kr* + Lil—LiKrt + I + e
J. H. FREEMAN
R. W. McItroy
) Chemistry Division,
Atomic Energy Research Establishment,
Harwell, Berks.
! 8mith, D. ¥., J. Amer, Chem. Soc., 85, 816 (18683).
! Mal{]lnée.;.) G., Sheft, I., and Chernick, C. L., J. Amer, Chem. Scc., 85, 110

* Bchissler, D. O., and Stevenson, D, P. J., Chem. Phys., 24, 926 (1956).
¢ Henglein, A., and Muceini, G. A., Argew. Chem., 72, 630 (1960).

¢ Field, F. H., and Franklin, J. L., Symp. Mass Spectrometry (Pergamon
Press, 1961).

* Freeman, J. H., Nucl. Inst., 22, 806 (1963).

Infra-red Microspectrometer using Molecular
Beam to monitor Capillary Gas
Chromatography Effluents

Tae high resolution afforded by capillary columns in
gas chromatography is often of no help in analysis since
the samples which can be handled are too small to permit
further thorough examination of the separated com-
ponents. Only mass spectrometry has proved sensitive
enough for the continuous identification of the eluted
compounds?; however, it yields little information about
their molecular structures.

The single method which gives the most useful analysis
of a substance is infra-red spectroscopy. However, even
infra-red cells specially constructed for gas chromato-
graphy, with long optical paths obtained by multiple
reflexion®, require samples too large to be resolved by
capillary columns.

Infra.red analysis with a sensitivity comparable with
that of mass spectrometry could be achieved by measuring,
not the absorption of radiation by molecules, but the
capture cross-section of molecules for radiation. The
infra-red microspectrometer delineated in Fig. 1 measures
the concentration of each effluent compound as modulated
by the spectrally resolved radiation from a fast-scan
infra-red source. The infra-red microspectrometer
utilizes the recent application of the electrostatic quad-
ruple mass spectrometer®* to molecular beams, as a rota-
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Fig. 1. Block diagram of the infra-red microspectrometer
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tional state selector for molecules with a dipole moments-7,
Both rotational stato selector and analyser, which prefer-
ably are parts of a single device, are thus tuned to the
samo appropriately selected rotational stato; the analyser
rojects those molecules which briefly experienco transitions
in the infra-red coll. It can be shown that thermal radia-
tion from powerful radiant heaters, focused trans-
versally on & node of the molecular beam, is intensc
cnough for this purpose. The resulting plot of detected
molecular-beam intensity against wave-length of the
radiation is the infra-red spectrum of the compound.

The separate identification of compounds, oluted by
oxtremely pure® helium, makes the computation of their
exact relativo retention times superfluous. The officiency
of capillary columns can then be raised by temperature
programming and by narrowing the vapour bands? by the
thermal conductivity method.

Particle detection is the normal observation method in
molecular beam spectroscopy. At a future date some
vibrational state selector for molecular beams may be
invented, which would improve the apparatus of Fig. 1.
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Absorption Spectra of Transient Chemical
Species produced in Gases by a Single-pulse
Microwave-discharge

TrE combination of flash photolysis with absorption
spectroscopy has produced a powerful method of investi-
gating transient chemical species and enorgy-transfor
phenomena® 2. In practice, application has generally been
limited to substances which absorb at wave-lengths longer
than 1900 A, because of the suitability of quartz in the
construction of the apparatus. Thus it has frequently
been necessary to sensitize reactions by ineclusion of
substances which are opaque in the ultra-violet above
1900 A, with consequent eomplications on the mechanism.
In order to produce a high concentration of transient
chemical species in any gas, we have recently constructed
an apparatus which produces a short duration electric
discharge by means of a single microwave-pulso, with a
peak powor of 8 x 104 W. Tt has been readily demonstratod
that the absorption spectra of metastable atoms and free
radicals present in the gas discharges can be photo-
graphed by absorption spectroscopy.

The detection of absorption spectra of transients
produced by fast electrons in liquids has already been
achieved, with a linear accelerator as electron source?. In
the microwave-pulse method described here, a radioactive
material produces eloctrons in a gas, which oscillate in the
microwave field and give up energy to the gas moleculos.
The small mass of the electron compared with molecules
limits translational energy transfer and results in a high
clectronic temperature. The chain reactions which
produce additional electrons eventually cause the gas to
break down and light is emitted. Tho energy-transfor
procosses which restore thermodynamic equilibrium can be
followed by absorption spectroscopy. Rectangular micro-
wavo pulses can be produced with a duration of 1 usee or
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