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Exponentials
A Preface

The flux of scientific papers must somehow rélate to
dN[dt = evn (1)

where n = number of investigators, v = rate of information bits produc-
ed per investigator, and ¢ = number of papers written per number of
information bits. This applies to papers generally, as well as to those in
any given segment of science, including ours.

There are many busy investigators. There is a population explosion.
We are told that the scientific age is upon us, that science itself is
playing an ever-more important role in our activities. The fraction of
individuals involved in science is on the upswing. Therefore, the number
of scientific workers is growing even more rapidly, probably like
on/ot = kyn. With technology advancing, the rate of production of data
per researcher is itself climbing. Only a while ago, it took some of us
10 days to analyze the product from a single catalytic experiment. Now,
with the gas chromatograph, we do it in 10 minutes, faster by a factor
greater than 103. Similarly, we sometimes wrestled with an equation
for several months; now a useful solution often can pour out of a com-
puter after a few days, minutes, or even seconds.

Information is self-catalyzing; it increases our capability to develop
information, dv/dt = kev. The rate counstant ks is clearly impressive in
magnitude! Thus both » and v are exponentials, and the rate law for
the production of papers (1) assumes the menacing form

AN [dt ~ e exp(lr + k2)t

Unfortunately, there is little hope for substantial growth in our
reading speed. It is pretty constant, (dN/dt),. Therefore, the fraction
of written material with which we can keep up is threatening to decay
exponentially, as

f = (@Ndt)o/(@Ndt) ~ (1]e) exp [— (k1 + ko]

Editors have no good way (nor moral right) to influence the reproduc-
tive rate constants k; and kp. Alas, the scientist must consciously or
subconsciously operate on el Just how great the pressures are follows
from the fact that, to keep f manageably constant, we must keep (1/¢)

vii



viii PREFACE

growing exponentially. It becomes the symbol of effectiveness for practical
information transfer. We learn to lump many bits of information into
a summary concept; we accept—when necessary—new language to
express new summary concepts; we become increasingly selective in
choosing to report only the most relevant information. We learn to
control the urge to write about all that we know or have so elegantly
done, and to tune our selectivity more narrowly to the needs of the reader.

To maximize (1/¢) becomes a modern need that invites conscious effort
from all of us who write, issue, or edit papers, reports, reviews, etc. We
believe it to be a major goal for a publication such as ours: to integrate
information effectively and with mature criticality ; to present that which
orients and instructs concerning the state of the current boundary of
knowledge, and which thereby may significantly influence the propaga-
tive chain process of evolving our science.

For elementary statistical reasons, a simple volume of the Advances,
containing four topies such as this one, will not exemplify the total
scope intended for this medium. Yet it will give a small sample with
diversity.

We seem to recall that one of our catalytic colleagues on a discussion
‘panel (R. L. Burwell, Jr., at the 57th Meeting of the A.I.Ch.E., Boston,
1964) challenged the catalytic investigator who believes he should study
a very “simple”” system (hydrogen-deuterium exchange, CO oxidation,
ete.), with the proposition that good chemical understanding could be
derived from observing the transformations of complex molecules.
G. N. Schrauzer’s study of bicyclo-[2,2,1]-heptadiene (2,5-norbornadiene
for short), its interaction with catalysts, and its diverse reaction paths
to products is a fine example to support that thesis.

In its manifold ventures, chemistry wears many characteristic dres-
ses. Complexity is but one. Variety is another. P. B. Venuto and P. S.
Landis survey many classic organic reactions in the presence of a modern
class of catalysts: acidic solids derived from ecrystalline aluminosili-
cates.

Another characteristic dress is molecular-structural detail. A. W.
Weitkamp, in his study of the hydrogenation of polycyclic aromatic
molecules, provides us with an excellent demonstration of the role of
the “finer” points of stereochemical architecture and conformational
adaptability. Incidentally, his introductory sentence (“ Perhydro deriva-
tives of monomethyl- and dimethylnaphthalenes should be among the
very best candidates for components of . . . fuels for aviation turbine
engines”’) provides an interesting illustration for the strong motivat-
ing role of the industrial community in the expansion of catalytic
research.



PREFACE ix

In an earlier contribution (Volume 13 of the Advances), R. Coekel-
bergs, A. Crucq, and A. Frennet wrote on “Radiation Catalysis.” In
that case, emphasis was on the irradiated system: reactants plus cata-
lyst. In this volume, Ellison H. Taylor reviews the field of radiation-
induced changes in electronic, chemical, and physical structure in solids
and the resulting effects on their catalytic properties. The focal point
in each case is different, yet taken together, they may challenge some
readers to explore phenomenological overlaps.

Pavur B. WEIsz
January, 1968
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2 A. W. WEITKAMP
. Introduction

A. HyproaromaTICcS AS HicH-ENERGY FUELS

Perhydro derivatives of monomethyl- and dimethylnaphthalenes
should be among the very best candidates for components of high-
energy, high-stability, low-volatility fuels for aviation turbine engines.
A survey report published in 1960 (7), covering some 6000 compounds
of diverse types, consistently pointed to the fully saturated polycyclic
hydrocarbons as having favorably high densities, boiling points, and
heats of combustion, as well as good burning characteristics. Not only
do the perhydronaphthalenes fit into this group but also they are
potentially available, via hydrogenation of methylnaphthalenes, in
large quantities and at low enough cost to share significantly in what has
been described as a billion dollar annual market (2).

Prior to 1960 the only perhydronaphthalenes for which physical
properties were available were the cis and trans isomers of decalin.*
Soon thereafter, our investigation of the hydrogenation of the two
monomethylnaphthalenes led to the isolation, identification, and
measurement of the physical properties of all eight of the resulting
isomeric monomethyldecalins (3). The 68 dimethyidecalins, obtainable
by hydrogenation of the 10 dimethylnaphthalenes, will be described
in this contribution

Accurate calorimetric determination of the heats of combustion of
cis-decalin and trans-decalin was reported by Speros and Rossini (4)
in 1960. While these unsubstituted decalins would not possess the low
volatilities desired in safety fuels, their other properties will serve to

Heat of combustion®

keal/mole (4) Btu/gal Btu/lb Density
cis-Decalin 1502.92 + 0.22 137,500 20,000 0.8963
trans-Decalin 1500.23 + 0.22 133,300 19,950 0.8699
Kerosene — 120,000 19,300 0.81

a The heat of combustion expressed in British thermal units does not include
the heat of condensation of the steam.
illustrate the potential advantage of naphthenes over the usual paraffinic
kerosene-type fuels as well as the range of quality that can be expected
within the naphthene class by enhancement of favorable structures.

* The term ‘‘decalin’’ as used here is synonymous with ‘“‘decahydronaphthalene.”
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Most of the energy of combustion comes from the conversion of the
carbon and hydrogen of the fuel to carbon dioxide and water; a minor
part arises from strains that are built into the structure of the molecule
itself. Accordingly, comparison of the heats of combustion on a weight
basis shows only a small advantage for the naphthenes. However, the
density of cis-decalin is more than 109, higher than that of kerosene
and about 39, higher than that of trans-decalin. There is a significant
advantage in heat of combustion on a volume basis that can be exploited
for greater range or greater payload. The preferred naphthenic “super”
fuels would be those with maximum contents of high-energy isomers, as
exemplified by cis-decalin.

The 3 kecal/mole by which the heat of combustion of cis-decalin
exceeds that of trans-decalin reflects energy required to isomerize the
relatively unstrained trans isomer to the more compact cis configuration.
Comprising, as it does, only 0.29, of the total combustion energy, this
small increment is of no great significance; its importance derives almost
entirely from the higher density that accompanies the intramolecular
crowding that is its source.

Naphthalene and its methyl derivatives traditionally have been
obtained from coal tar but petroleum is an expanding source. By 1963
petroleum-based naphthalene capacity reached about 600 million
pounds and for the first time exceeded the 500 million available from
coal tar (9).

While oxidation to phthalic anhydride remains the most important
reaction of naphthalene, its alkyl derivatives are less desirable for
oxidation and are potential raw materials for hydrogenation to high-
energy fuels. Excellent jet fuels can be made by the hydrogenation of
coal, coal tar, and the aromatic residues from the processing of petro-
leum (6). However, these materials contain heterocyclic derivatives of
sulfur, nitrogen, and oxygen that poison transition metal catalysts.
They can be hydrogenated under drastic conditions (420-430° and
200-250 atm hydrogen pressure) with poison-resistant catalysts such
as the sulfides of tungsten and molybdenum. Maximum volumetric
energy values are not realized because the drastic conditions accelerate
formation of the less desirable, but thermodynamically more stable,
trans isomers.

A large and growing source of naphthalenes is the high-boiling by-
preduct from the reforming processes that are used for the manufacture
of high-octane motor fuels, aud especially the unleaded fuels. These



