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RECOMBINATION OF CHLORINE ATOMS
By E. HUTTON

Rocket Propulsion Establishment, Westcott, Bucks

HE recombination of chlorine atoms has been tho
subjoct of two recent communications!-2, Linnett and
Booth! having obtained a value for the overall termolec-
ular rate constant which is approximately two orders of
magnitude less than that reported by Bader and Ogryzlo®.
Both authors used the isothermal calorimetric tech-
nique® to measure the decay of the atom concentration.
This method is known to give results of dubious reliability
in the presence of excited species, and it is sometimes
found that only a fraction of the energy of the atom
recombination is accommodated on the catalytic wire®.
We have used an alternative technique to monitor the
atom concentration, and have therefore measured our
rate constants by an independent method.

The atoms were produced in a flow system by a radio-
frequency discharge through pure chlorine gas. The
reaction cell was of 2-9 ecm internal diameter and the walls
were ‘poisoned’ with sulphuric acid®.

Downstream from the point of injection of the chlorine
atoms a multiperforated jet permitted the addition of
nitrosyl chloride gas, which was used to estimate the
absolute value of the atom concentrations by means of
the fast reaction:

Cl + NOCl—Cl, + NO

Chlorine was obtained from Imperial Chemical Indus-
tries, Ltd., and quoted as 99-99 per cent pure. The
nitrosyl chloride was prepared by the reaction of nitric
oxide with molecular chlorine and was purified by frac-
tional vaporization. Pressures were measured on a McLeod
gauge filled with sulphuric acid, which was standardized
against a conventional mercury McLeod gauge.

For each experiment the absolute value of the chlorine
atom concentration was determined at one position in the
reaction tube by titration with nitrosyl chloride, and the
relative concentrations of the atoms along the remainder
of the tube were obtained by measurement of the inten-
sity (I) of the red glow emitted from the recombining
gas.

The dependence of I on the chlorine atom concentration
was determined®, and hence absclute values for its con-
centration obtained at soveral positions along the tube.

If the recombination mechanism is expressed®2:

ko
Cl + Cl + Cl, —>Cl, + Cl,

kw
Cl + wall — 1 Cl,
then
—dJC1
az (1)

From low-pressure experiments at low chlorine atom
concentration a value for k, of 0-70 sec—! was obtained
corresponding to a wall recombination efficiency (y) =
3:5 x 10-%, which is in good agreement with previous
work?.

kcl, was determined over a range of pressure and
chlorime atom concentrations (Fig. 1); our results are
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Fig. 1. Experimental values of kc'4 at the pressures (torr): ©, 2:03;
O, 165; ©, 1-21; @, 0:91; &, 066, (P, 0'58; @, 0-33; x, values

obtained by Bader and Ogryzlo (divided by 2 for ccmparison)

approximately half those obtained by Bader and Ogryzlo,
and kcy, decreases with increase in chlorine atom concen-
tration. Bader and Ogryzlo’s results, which are plotted
for comparison on the same graph, show the same general
trend.

Such a decrease is not in accordance with equation (1),
which must therefore represent an over-simplified pre-
sentation of the reaction.

A more detailed mechanism for the removal of the
chlorine atoms is:

ky
Cl + Cl,=0Cl,
ko

ks
Cl, + C1—>Cl, + Cl,

kw
Cl + wall — } Cl,
Hence:
—d[Cl] 2k, k,[CI}® [Cl,] )
dt ko, + Ey[C1]
From equations (1) and (2) the measured overall ter-
molecular rate constant (kcj,) is given by:
ke, = &ZC”_
Ch = k2, + &, [CL]

+ k[C1]
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or @
1 rcl ke,
kCl.— ky kyk,
At very low concentrations where k-; > k, [Cl], then

kyk 1 S
(ko) (cn—o0= flz o is plotted against [Cl] in Fig. 2.
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The slope of the line gives - IS and from the intercept we
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From Fig. 2:
ky = 9:09 x 107 cm? mole-! sec-!

and
ky ky
i

= 2-04 x 101¢ ¢ms mole-2 sec-t
hence

ks
koy

= 2:24 x 108 cm?® mole-*

If we assume that the reaction of Cl and Cl; takes place
with unit collisional efficiency, then we obtain an upper
limit for k, of 1-7 x 10 e¢m?® mole-! sec-! and, by sub-
stitution, k., < 7-6 x 105 sec-'.

At low atom concentrations:

(CL] &y [CL]

[cn ko
and at a pressure of 2 torr:
[Cly] = 1-2 x 10- [Cl)

The value of the termolecular rate constant obtained
for chlorine atom recomkination at very low atom con-
centrations (2:04 x 106 cmS mole-2 sec-?) is in fairly good
agreement with the value of 4 x 10'® e¢m® mole-? scc-?
obtained by extrapolating Bader and Ogryzlo’s data from
experiments carried out in pure chlorine, and is in good
agreement with their data from indirect determinations
in the prosence of inert gases.

A full account of this work is to be published in detail
elsewhere. I thank Mr. H. Willilams for helpful dis-
cussion and criticism.
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QUANTITATIVE DETERMINATION OF PROGESTERONE IN HUMAN
PLASMA BY THIN-LAYER AND GAS-LIQUID
RADIOCHROMATOGRAPHY

By WILLIAM P. COLLINS and Dr. IAN F. SOMMERVILLE

Endocrine Laboratory Unit, Chelsea Hospital for Women and Institute of Obstetrics
and Gyn=zcology, University of London

N 1954, progesterone was isolated from human peri-
pheral venous blood and the concentration determined
in samples collected during late pregnancy!. Later,
although several methods were developed for the determ-
ination of the hormone in plasma samples of rcasonable
volume?-4, it was apparent that a considerable increasc in
sensitivity would be required for the determination of
plasma concentrations in early pregnancy and the men-
strual eycle. For this purpose and to achieve a higher
degree of specificity, the method developed in this depart-
ment?* which involved alumina chromatography and the
formation of the isonicotinic acid hydrazone, was modified
by the introduction of preliminary purification on silica
gel, followed by paper chromatography and the formation
of the thiosemicarbazone. There was a ten-fold inecrease
in sensitivity and, using an internal standard of pro-
gesterone-4-19C, the method was suitable for the assay
of 10-ml. samples collected during the luteal phase of the
menstrual cycle®. Further information on the plasma
concentration of the hormone during the cycle has baen
obtained by a double isotope dilution technique® and the
application of a fluorimetric method has been reported?.
However, the former technique is time-consuming and
expensive, while the latter is liable to interference by
non-specific material.

In general, physicochemical methods for the determ-
ination of steroids in blood are inconveniently laborious—
specificity being achieved by the use of several chromato-
graphie steps and re-chromatography of a derivative.
The time involved in the analysis may be from 3 to 14 days.
The introduction of gas-liquid chromatography for steroid
analysis offered the hope of a more rapid and, at the same
time, highly sensitive and specific method. There were,
however, two main problems—to effect adequate pre-
liminary separation without resort to laborious techniques
and to ensure that the method is quantitative. The present
report describes the manner in which the former has been
resolved by the use of two-dimensional thin-layer chro-
matography; the latter by the simultaneous determina-
tion of an isotopically labelled internal standard in terms
of integrated radioactivity. The new method has a high
degree of specificity and the sensitivity is adequate
for the determination of the hormone in 5-ml. samples
of pregnancy plasma and 10-ml. samples collected during
the menstrual cyele. The time involved is threc hours
plus the duration of the gas-liquid radiochromatography
(40-80 min depending on choice of temperature and
stationary phase).

‘While this work was in progress there were preliminary
reports on the application of gas-liquid chromato-
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