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STUDY OF THE KINETICS FOR A CATALYZED REACTION USING GAS
CHROMATOGRAPHY

ROBERT L. GROB*'* and JEAN B. LEASURE

Chemistry Department, Villanova University, Villanova, PA 19085 (U.S.A .)

(First received February 14th, 1980; revised manuscript received May 9th, 1980)
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SUMMARY

A technique was used which allowed us to study the kinetics of vapor phase
catalysis reactions occurring in a gas chromatographic column. The chemical "reac­
tor" is actually the front section of the chromatographic column in the injection port
of the chromatograph. The first order decomposition of isopropanol over MnO was
the model reaction with which the system is demonstrated . A series of experiments
at various flow-rates and temperatures was conducted in order to obtain the kinetic
data. Analysis of these data indicated excellent agreement with literature values for
the activation energy of the reaction.

INTRODUCTION

In recent years gas chromatography (GC) has been recognized by the catalyst
industry as a powerful tool having both analytical and non-analytical applications
in the research and development of catalysts. One important non-analytical applica­
tion is the determination of mechanisms, kinetics and thermodynamics of chemical
reactions.

There are two approaches to the utilization of GC in studies of kinetics and
catalysis. The first is the microcatalytic technique developed by Kokes et al.', In this
method the effluent from a micro-reactor chamber is diverted to a gas chromato­
graph which is fitted with an analytical column used for separa ting the products and
reactants . In the second method, the on-column catalysis or chromatographic reactor
approach , both the catalytic effect and the chromatographic separating power of the
catalyst are used simultaneously. Bassett and Habgood- pointed out that in th is tech­
nique one could determine the extent of adsorption of the reactant under experimental
conditions and thus, the rate constant for the reaction at the catalytic surface.

In the descr ibed work a very simple combination of the two techniques was
used in order to study the kinetics of a vapor phase catalysis reaction. A small amount
of catalyst was placed in the front section of a chromatographic column. The injec­
tion port of the gas chromatograph controlled the temperature of the catalyst bed.

* On leave at the University of Hawaii at Manoa as Visiting Professor of Analytical Chemistry.
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GAS CHROMATOGRAPHIC STUDY OF SOLUTION AND ADSORPTION
OF HYDROCARBONS ON GLYCOLS

I. DIETHYLENE GLYCOL AND TRIETHYLENE GLYCOL

E. L. ARANCIBIA and J . A. CATOGGIO·

Division Quimica Analltica, Facultad de Ciencias Exactas, Universidad Naciona/ de La Plata, Calle 47
esq. 115, 1900 La Plata ( Argentina)

(First received March 18th , 1980; revised manuscript received April 29th, 1980)

SUMMARY

Interfacial adsorption is shown to influence the gas chromatographic retention
behaviour of hydrocarbons when using glycols as stationary phases. This interfacial
effect can be neglected only for lower aromatic hydrocarbons, as demonstrated by
the determination of partition and interfacial adsorption coefficients.

Activity coefficients at infinite dilution were calculated; they compare favour­
ably with those determined statically when using the method proposed by Martire
et al. for the evaluation of exposed areas, whereas the use of experimental values
given by Serpinet et al. led to erratic results.

Solution and adsorption thermodynamic characteristics of the systems studied
are briefly discussed.

INTRODUCTION

Gas chromatography has been used successfully in the determination of
thermodynamic parameters of solution, especially when dealing with non-electrolytes,
and very precise result s are obtained whenever a single retention mechanism occurs.
Much work has been published, particularly on infinitely dilute systems' :".

The gas chromatographic study of solutions may be complicated by solute
adsorption at the gas-liquid interface':". As the stationary pha se is dispersed on a
porous solid, the ratio between the interfacial area and liquid volume is large, thus
facilitating adsorption processes, especially in systems exhibiting large positive
deviations from Raoult's law, where the solute tends to be expelled from the bulk
of the solvent towards its surface, basically because solvent-solvent interactions are
much more intense than those between solute and solvent molecules.

Mixed processes , involving both dissolution and adsorption, might be expected
to govern chromatographic retention in systems constituted by hydrocarbons and
highly polar stationary phases; as highly active sites at the surface of the solid
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162 P. W. ALBRO, C. E. PARKER

by analogy with previous observations on PCBsls were tentatively considered to ap­
proximate molar percentages. The single ion peak areas were related to the flame
detector areas by: single ion peak area = 0.58 (hydrogen FlO area) + 0.45, with a
correlation coefficient of 0.9888.

Relative peak areas from the reconstructed single ion chromatograms for a
variety of PCB standards unfortunately did not correlate well with the corresponding
FlO peak areas. However, the single ion relative molar responses for PCBs cor­
related well with the total number of chlorines, such that the relative molar respon ses
(RMR) fit the equation : RM R = 0.132 (No. of CI) + 0.202 with a correlation co­
efficient of 0.9956 (n = 8). This equation applied when RM R for 2,4,5,2',5'-penta­
chlorobiphenyl was set equal to 1.0.

We did not have a collection of individual PCNs or PCTs available, so quan­
titation of individual components of the se classes was not attempted. Con sidered over
a variety of mixtures of Aroclors, Halowaxes and PCOPEs, on the average the total
peak area attributed to PCOPEs X 3.4, that due to PCNs X 0.8 and that attributed
to PCBs X 1.14 (from the single ion chromatograms) gave relative molar percentages
of each class. These correction factors allowed only a first approximation of the class
composition, of course, and, except for PCNs, more sati sfactory measurements could
be made by perchlorination of fra ction 2. In general , the reconstructed single ion
chromatograms were most useful as " fingerprint" patterns of class composition. PCTs
do not begin to elute from Dexsil 410 until after scan 200 (about equivalent to the
beginning of elution of nonachlorobiphenyls), and are thus in a region of the chro­
matograms reasonabl y free of interferences. An y m]z value in the molecul ar ion
cluster can be used to monitor PCTs.

Perchlorination offraction 2. Fraction 2 was routinely divided into three por­
tions depending on the amount of material avail able. One portion was reserved for
GC-MS as discussed above. Another portion, which could contain between 50 flg
and 1 mg of to tal organic material after removal of solvent, was dissolved in 0.1 ml
of chloroform and perchlorinated with 0.2 ml of antimony pentachloride for 16 h
at 170°C as described by Armour! ". Thi s procedure qu antitatively generates deca­
chlorobiphenyl, the three isomeric tetradecachloroterphenyls and hexachlorobenzene
from PCBs, PCTs and chlorobenzenes respectively, but destroys PCNs and PCOPEs.
Mirex is not affected by perchlorination and may be added as an internal standard.

Perchlorination of the final portion of fraction 2 was performed using "BMC
Reagent" (sulfuryl chloride, sulfur monochloride and aluminum chloride)!". To the
dried residue containing less than I mg of aromatic compounds in a IS ml screw
cap test tube was added 0.5 ml of sulfuryl chloride, 10fll of sulfur monochloride
and 10-20 mg of aluminum chloride. It is essential that the aluminum chloride not
be expo sed to atmospheric moi sture for more than a few seconds, and the final con­
centration of aluminium trichloride should not exceed 5%. The tubes were closed
with PTFE-lined screw caps, and placed in a 70°C bath such that only the portions
of the tubes containing reagent were immersed. After heating for 3 h, the tubes were
cooled, opened, and the samples worked up as described in the original reference".
Again , Mirex was used as internal standard.

GC analysis of the perchlorination products under the conditions described
in Table I is illustrated using standards in Fig. 2. Relati ve detector responses to the
various pure components are indicated in Table IV.
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Note

Application of high-speed aqueous gel permeation chromatography to insect
venoms

BO RENC K and RO LAN D EINA RSSON*

An alytical Research, Pharma cia AB, 5-75/ 04 Uppsala ( S weden)

(Received May lst, 1980)

Ge l filtrat ion has been o ne of the mo st important techniques in bioc hemical
research since its int roduction ! for separat ion and pur ificat ion purposes and in the
measurement of the molecular weight and distribution of water-soluble macro­
molecules. Howe ver , the matr ices of the gels used a re soft and weak, and con sequently
they do not withstand the high pressures req uired for high-speed anal ysis. A con­
siderable amount of protein is needed, the separa tion proced ures are often very
time co nsuming and the reso luti on may be poor.

Many attempts have been described for the applica tion of h igh-speed aqueous
gel filtration of macromolecules' . However , man y pro blems have been found, such
as low column efficienc ies and significant ad sorption of the solute on the gel packing
materials' >' .

For the fra ct ionation and analysis of insect venoms different gels have been
used , such as Sepharose and various types of Sephadex":". In thi s paper we report on
the use of a hydrophil ic po lyester packing (Shodex OHpak B-S04JS) for aqueous gel
permeation chromatography (GPC) for the separation and characterization of
different insect venoms.

EXPERIMENTAL

Honeybee venom was purchased from Mr. C. Mraz, Middlebury, VT, U.S.A .,
and was obtained by the electric shock method . The venoms of wasp, white-faced
hornet, yellow hornet and yellow jacket were purchased from D r. A. W. Benton,
Pennsylvania State U niversity, Spring Mills, PA , U.S.A., as lyoph ilized ma terial. The
vespid venoms were extracted from the venom sacs.

High-speed aqueous GPC was performed on a chromatograph consisting of a
Labotron pump, loop-type sample injector (Waters Assoc ., Milford, MA, U.S.A .) and
UV detector (Perkin-Elmer flow-through type). Shodex OHpak B-S04JS gel was
packed in a stainless-stee l tube (250 x S mrn) (Showa Denko, Tokyo, Japan). The
eluent (0.02 M ammoni um ace tate bu ffer, pH 4.75) was generally delivered at
0.3 ml/rnin (2-3 kg/ern"). In sect venom s were disso lved in the eluent to a concen ­
tration of approximately 0.3-0.5 %. The injection volume was varied between 0.05 and
0.2 ml. The effluent was monitored at 254 nm. Blue Dextran 2000 and alanine were
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