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second-order kinetic law; (2) an initial autocatalytic 
development of reaction-rate followed eventually 
by a decrease due to consumption of reactants ; 
(3) an initial high rate of reaction which rapidly 
decreases almost to zero and is then followed by an 
autocatalytic reaction of type (2) ; (4) an initial high 
rate followed by a linear reaction - time curve. 
These various kinds of behaviour were discussed and 
reasons proposed for the characteristic differences 
observed according to the nature of the substrates. 
In the discussion on this, Prof. N. M. Emanuel 
(Moscow) directed attention to the resemblance 
between type (3) and the oxidation behaviour he had 
observed using oxygen. 

Dr. S. Littler and Dr. W. A. Waters (Oxford) 
reported that pentavalent vanadium becomes an 
oxidizer in acid solution, the active agents being 
cations, for example, V0 2+, V(OH) 3

2 \ depending on 
the acidity, which reduce only to the oxidation-level 
of quadrivalent vanadium with organic compounds. 
Kinetic studies were reported of some glycol tissions 
and of the oxidation of cy Zohexanol. In the latter 
case an initial rapid esterification seems to be involved 
though the rate-determining stage involves C- H 
bond fission. Isotope effects in cyclohexanol depend
ing on the oxidizing ion were discussed and a cyclic 
mechanism proposed. 

The oxidation of saturated hydrocarbons in the 
liquid phase by air is now a matter of both industrial 
and theoretical importance . Prof. A. N. Bashkirm· 
(Moscow) described his work on the oxidation of the 
higher paraffins. In this he describod a very important 
development; namely, that the oxidation can be 
arrested at a predetermined stage. By using boric 
acid and selecting suitable conditions-a temperature 
of 165-170° C. and a nitrogen-oxygen mixture con
taining 3-4 ·5 per cent of oxygen-the higher paraffins 
can be converted into the corresponding alcohols in 
70 per cent yield. There is practically no degradation 
of the hydrocarbon molecule and all the possible 
secondary alcohols are formed. 

Prof. N. M. Emanuel (Moscow) discussed a number 
of interesting aspects of slow branched-chain oxida
tion reactions of hydrocarbons, and reference was 
particularly made to the capacity for auto-acceleration 
and self-propagation and the control of these reactions 
by homogeneous catalysts. Some of the ideas 

developed in this paper were shown to have applica
tion in biological processes such as retardation and 
suppression of the growth of malignant tumours in 
animals. 

Prof. H. B. Henbest (QUf1en's University, Belfast) 
r eported that trialkylamines are readily oxidized 
by a large variety of reagents, ~he initial products 
being usually N -oxides, enamines, or carbinolamines. 
D epending on its structure and the reaction conditions, 
a compound of the last type may be oxidized further 
to an amide or may cleave to a mixture of a secondary 
amine and a carbonyl compound. Analogous com
pounds may be formed in the oxidation of dialkyl 
anilines, but in this series additional products are 
possible if nuclear positions become involved in the 
reaction. 

A general survey of the field was presented, followed 
by a more detailed discussion of some of the reactions 
of trialkylamines and dialkylanilines with N-bromo
succinimide, eerie salts, p-quinones, di-tert-butyl 
peroxide, and benzoyl peroxide. The results with 
dialkylanilines suggest that the three primary 
oxidation processes of electron removal, hydrogen 
atom removal, and hydride ion removal, can all 
occur, the choice for any particular amine being 
mainly d ependent on the type of oxidizing agent 
used. 

Some known features of oxidations by persulphates 
were summarized by Dr. R. G. R. Bacon (Queen's 
University, Belfast) and new data prt?sented. Per
sulphates may be employed Ia) as aqueous solutions, 
undergoing thermal or photo-induced decomposition; 
(b) in strongly acidic solutions; (c) in alkaline solu
tions ; (d) in redox systems, where persulphate 
acts in conjunction with, for example, an oxidizable 
m etal ion. The use of persulphate in redox systems 
was discussed with emphasis on the value of silver 
ion as the redox partner. Applications of this method 
to oxidations of alkylbenzenes, phenols, alcohols, 
carboxylic acids, and amines, were described. 

In summing up the proceedings of the symposium, 
it can be said that its success as a scientific meeting 
depended very largely on the free and uninhibited 
exchange of ideas and the discussion of current and 
unpublished work now in progress. 

W . J. HICKINBOTTOM 

R. F. GARWOOD 

GAS CHROMATOGRAPHY 

T HE Gas Chromatography Discussion Group 
associated with the Hydrocarbon Hesearch 

Group of the Institute of Petroleum has now com
pleted its reorganization following an inaugural 
general meeting last autumn, held at University 
College, London, on September 23, 1958, and the 
first annual general meeting at the Imperial College 
of Science and Technology, London, on AprillO, 1959. 
Both meetings were held in conjunction with an 
informal symposium and were attended by more than 
two hundred participants. 

The success of the new organization may be judged 
from the total enrolled membership, which is now 
about 220, of which some fifty are from the Con
tinent or the United States. The Group has now 
organized four one-day informal symposia in Britain 
and the second formal symposium in Amsterdam in 
the spring of 1958, which was attended by nearly 

five hundred participants from twenty-one different 
countries. In addition, it has published two papers 
and arranged for the manufacture and sale in the 
United Kingdom of specially prepared stationary 
phases and supports in an endeavour to standardize 
experimental procedures for determining, and methods 
of presenting, gas chromatographic data. Arrange
m ents are being completed for the collection and 
distribution of the latter to m ember s, together with 
abstracts of papers on the t echnique from more than 
sixty journals. The future programme tentatively 
includes another informal symposium to be held at 
Bristol in the autumn of 1959, a nd the third formal sym
posium in Edinburgh during 1960. The outstanding 
contributions of Dr. A. J.P. Martin, both in originating 
ga s-liquid chromatography and in many important 
la ter developments, have been recognized by the Group 
by bestowing on him honorary life membership. 
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The technical part of the meeting at University 
College, London, on September 23, 1958, was intro
duced by Prof. E. D. Hughes, who gave a short 
welcoming address commenting on the rapid growth 
of the Group. Dr. D. Ambrose, the local organizer, 
then presented proposals on behalf of the Group for 
the determination of retention volumes under stan
dard conditions. Various practical points about the 
experimental procedures were discussed, including 
temperature control and the life of columns. 

Dr. G. A. P. Tuey described the work done in his 
laboratories in preparation for the sale of standardized 
materials for use as stationary phases. Extensive 
tests had been made of volatility in an apparatus 
which simulates conditions in the chromatographic 
column but allows a gravimetric determination of the 
loss at a particular temperature. The rate of loss 
with time was determined and a final specification 
includes a figure for initial loss, the steady rate of 
loss and relative and specific retention data. 

The comparison of detectors for gas chromato
graphy was the subject of a paper presented by Dr. 
I. G. McWilliam. Detectors were discussed in terms 
of sensitivity, response time, relationship of detector 
output to molecular parameters and ease of con
struction and operation. The sensitivity is best 
stated in terms of gas concentration, and the unit 
gm.fml. of carrier gas was advocated. Base-line 
noise {[LV.) and drift (fLV./hr.) should also be stated. 
The response time must be small enough for negligible 
distortion of the true peak shape to occur. If the 
relationship between detector output and some 
molecular parameter is known, quantitative analysis 
without calibration is facilitated. Although all these 
factors must be considered in selecting a detector, 
t,he final choice frequently depends upon the ease of 
construction and operation. Of those in use, Dr. 
McWilliam considers the single-jet flame ionization 
detector the simplest. 

Dr. K. R. Garrett presented a report on a pro
gramme of co-operative analysis of hydrocarbon gases 
organized by the Institute of Petroleum. Cylinders 
containing sales butane and a cracked Crmixture 
have been circulated among participating labora
tories, where they have been analysed using a range 
of techniques. Preliminary results indicate the 
importance of standardization of methods of taking 
samples from the cylinders and enable some assess
ment to be made of the reproducibility of possible 
standard procedures. 

An interesting study of alumina as a packing was 
described by Mr. C. G. Scott. Several methods of 
achieving different levels of adsorption activity had 
been tried, but the most promising seemed to be the 
addition of small quantities of water and silicone oil. 
With optimum proportions it was possible to main
tain the ability of the adsorbent to separate hydrogen 
and methane but with much reduced retention 
volumes for the higher hydrocarbons. An analysis of 
a gas mixture containing hydrogen, C1-, C 2 -, c •. , Cr 
and C5 -hydrocarbons was therefore possible in a 
single run at constant temperature. 

Prof. R. M. Barrer welcomed the Group to the 
Imperial College of Science and Technology, London, 
on April 10, 1959, congratulating it on the excellence 
of the meetings it organized and the vigour and enter
prise shown by such a comparatively new organiza
tion. The local organization of this meeting was 
carried out by Dr. G. J. Minkoff. The first paper, 
presented by Dr. A. Goldup, was concerned with the 
potentialities of the new coated capillary columns in 

the petroleum industry. He described a compact 
practical apparatus with which capillary columns 
had been operated at temperatures up to 250° C. 
Column efficiencies in excess of 100,000 theoretical 
plates had been obtained with metal tubes ten
thousandths of an inch in diameter and 250 ft. long 
coated with squalane or 'Apiezon' grease. A novel 
sample introduction device was described in which 
the very small samples required for the cohunn were 
obtained by a dynamic division of the carrier gas at 
the column head. The use of these high-efficiency 
columns in the analysis of various petroleum products 
and in geochemical prospecting was illustrated. Mr. 
B. H. F. Whyman, another of the authors of this 
paper, in a prepared contribution to the discussion, 
described a simple apparatus for drawing long 
lengths of coiled glass capillary, which show certain 
advantages over metal capillary. 

Mr. R. P. W. Scott then described the use of fine 
nylon tubes (0·01 in., 0·02 in. and 0·1 in. in diameter) 
as capillary columns. Simple coating procedures 
were used, the transparency of the nylon being help
ful in adjusting the rate of flow of the solution of 
the stationary phase through the tube. A column 
1,000 ft. in length of 0·02 in. diameter coated with 
dinonyl phthalate gave a maximum of 750,000 plates, 
but the efficiency tended to fall off rapidly with in
creasing retention time to about 250,000 plates. 
Operating temperatures were limited to about 100° C. 
with present tubing, but 180° C. seemed feasible with 
other polymers. A very active discussion took place 
following these two papers and it is obvious that 
there is much interest in these new capillary columns, 
which M. J. E. Golay described for the first time in 
the autumn of 1957. 

A new detector employing changes of dielectric 
constant developed primarily for preparative-scale 
gas chromatography was described by Mr. D. W. 
Turner. For this application, where high sensitivity 
is not so important as for analytical work, the 
detector has the advantages of being largely inde
pendent of flow-rate, non-destructive and reasonably 
robust. It employs a novel circuit which is very 
sensitive to the minute capacity changes produced 
in the detector cell, and with slight modifications is 
easily used with solutions such as are encountered in 
liquid chromatography. 

Mr. V. Willis presented a paper on the application 
of gas chromatography to process stream monitoring, 
where an instrument is required automatically to 
sample and analyse a gas or liquid stream over long 
periods. A column-life of two years is aimed at, but 
is difficult to attain with many stationary phases. 
Although a useful survey of requirements was 
given, unfortunately few constructional details were 
available. 

Finally, in the last paper Dr. S. H. Langer dis
cussed his work on improvement in stationary phase 
selectivity. He exemplified this with his results using 
tetrahalophthalate esters for the separation of the 
aromatic hydrocarbons. These esters had been 
selected in an endeavour to exploit the complex 
formation known to exist between tetrachlorphthalic 
anhydride and condensed aromatic hydrocarbons. 
Effective separations of the lower aromatic hydro
carbons had been obtained and separation factors 
and activity coefficients were compared with other 
stationary phases. It seems likely that the electron
deficient tetrahalo-substituted ring interacts with the 
aromatic compounds by a charge-transfer mechanism. 

D. H. DESTY 
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