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

or possibly 
Kr+ + Lii~~LiK.r+ + I 

Kr* + Lii--;-LiKr+ + I + e 
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Infra-red Microspectrometer using Molecular 
Beam to monitor Capillary Gas 

Chromatography Effluents 
THE 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 1 ; 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 
reflexion2 , require samples too largo 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 spectromoter3 ·• to molecular beams, as a rota-

:Fig. I. Block diagram of the infm-rcd microsrcctromcter 

tional state_ selector for molecules with a dipole moment'·' . 
Both rotat10nal state selector and analyser, which prefer
ably are parts of a single device, are thus tuned to tho 
sa~e appropriately selected rotational state; the analyser 
;oJects _those molecules which briefly experience transition.; 
m the mfra-red cell. It can be shown that thermal radia
tion from powerful radiant heaters, focused trans. 
versally on a node of the molecular beam, is intens<~ 
enough for this purpose. The resulting plot of detecte• l 
molecular-beam inten<i:ity against wave-length of thn 
radiation is the infra-red spectrum of tho compound. 

Tho separate identification of compounds, olutod by 
extremely pure• helium, makes the computation of thei•· 
exact relativo retention times superfluous. The efficiency 
of capillary columns can then be raised by temperaturo 
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 
THE combination of flash photolysis with absorption 

spectroscopy has produced a powerful method of investi 
gating transient chemical species and energy-transfer 
phenomena1 •2• In practice; application has generally been 
limited to substances which absorb at wave-lengths longer 
than 1900 A, bocauso of the suitability of quartz in thf, 
construction of the apparatus. Thus it has frequent!;-.· 
been necessary to sensitize reactions by inclusion of 
substances which are opaque in the ultra-violet abov·~ 
1900 A, with con'lequent complications on tho 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 electri(· 
discharge by means of a single microwave-pulse, with '' 
peak power of8 x 104 W. It has been readily demomtratod 
that the absorption spectra of metastable atoms and free 
radicals present in the gas discharges can he photo
graphed by absorption spectroscopy. 

The detection of absorption spectra of transient'< 
produced by fast electrons in liquids has already been 
achieved, with >L linear accelerator as electron source3• In 
the microwave-pulse method described here, a radioactive 
m aterial produces electrons in a gas, which oscillate in tho 
microwave field and give up energy to the gas molecules. 
'The small mass of tho electron compared with molecules 
limits translational energy transfer and results in a high 
electronic t.emperature. The chain reactions which 
produce additional electrons eventually cause the gas to 
break down and light is emitt.od. Tho energy -transfnr 
processes which restore thermodynamic equilibrium ean b n 
followed by absorption spectroscopy. Rectangular micro 
wave pulses can be produced with a duration of I vsoc or 
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