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THE COVER

Beginning on page 3 an account is given of a novel system of
photographic imaging based on photopoiymerizatfon. This development
of the Hughes Research Laboratories was assisted by research contri-
butions of Dr. J. David Margerum under AFOSR sponsorship. The Hughes
system {s characterized by an extremely short time span -- a fraction
of a second -- between image exposure and display. It is belleved
adaptable for 'real time'" information display, even three-dimensfonally.
In a2 recent submission to Applied Physics Letters, D. H. Close, A. D.
Jacobsen, J. D. Margerum, R. G. Brault, and F.J. McClung report appli-
cation of the Hughes sysces in "Hologram Recording on Photopolymer
Materials.' The cover illustration was printed from a hologram of a
resolution chart made with the photopolymer, We regard the design to
be quite eye-catching.

Qualified rvequestors may obtain additional coples frcm the Defense
Documentation Center (DDC). All others should apply to the Clear-
inhouse for Federal Scientific and Technical Information (CFSTI).

DDC CFSTI
Cameron Ststion U. S. Dept. ot Commerce
Alexandria, Vva. 22314 Springfield, Va. 22151
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DEPARTMENT OF THE AIR FORCE
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH (OAR)
ARLINGTON, VIRGINIA 22209

31 January 1969

TO: Members of the Chemistry Evaluation Panel for the
Directorate of Chemical Sciences (AFOSR)

Members of Congress bitterly complain--and rightfully so in my
opinion as far as the Chemical and Engineering News (C&EN) of the
American Chewical Society (ACS) is concerned--because federally
appropriated funds are not cited as being an ifmportant element in the
productivity of scientific research in the U.S.A,

There are at least three lmportant elements in most productive re-
search efforts: (1) the principal investigator and his ideas, (2) the re-
seoarch environment and facilities made available to him by his institution,
and (3) additional restraints, funds, equipment and/or facilities.

The taxpayers and the Congress which earmarks the taxpayers' money
for research are concerned with the source of funds, as well as the payoff
of socially desirable ends. This concern is emphasized by the dwindling/
shrinking tax dollars for research. The ACS, our own professional society,
allows its voice (C&EN) to the public (the taxpayers) to ignore this vital,
elemental self-interest of chemistry, the concern of Congress and the tax-
payers.

Most issues of (C&EN) contain stories of research accomplishments in
chemistry which would be impossible without generous support of one and
sometimes two agencies* utilizing federal funds and/or facilities. The
regearcher 1s often quite vocal and appreciative of the outside support
which (C&EN) refuses to acknowledge even though the reporter may have
promigsed to do so when getting the story.

This letter 1s an appeal to the panel members to join me in strongly
urging researchers in chemistry to seek other suitable outlets for the
stories about their research accomplishments until there is a change in
this short-sighted (C&EN) policy which I consider stupid as well as
personally abhorrent.

In the meantime, this book 1s our report to you of how we have used
your advice and the taxpayers' dollars.

Again thanking you for your devoted assistance,

AMOS G, HORNE;h-\_"' B g

\\‘ _ W/
Director of Chemical Sciences

*Occasionally an investigator pools numerous supports and it might be
awkward in telling the story to acknowledge other than "several federal
and private agencies assisted the institution and the investigstor in
making this research possible. "’
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MISSION

The Directorste of Chemical Sciences of the Air Force
Office of Scientific Research haes the wmission to encourage
and support fundamental research designed to increase under-
standing of the science of chemistry, to stimulate the rec-
ognition of new chemical concepts, and to provide for early
exploitation of tnelr wiiitary implications.

The Direct.rate cbtains and maintains for the Air Force
a civersified program of chemical research through support
of scientists in promising original endeavors of thefr own
chocsing, The Directorate also functions as a dynamic inter-
face between the Air Force and the scientific community, en-
suring the free, full, and constant interchange of ideas
from each to the other through publications, personal contacts,
meeting attendance, and spcnsored symposia, In these ways the
Directorate aids the Air Force in its maintenance of technolog-

ical superiority.
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INTRODUCTION

The Webster definition of science (from the latin root meaning
knowledge) 1s firstly "the possession of knowledge as distinguished
from ignorance” and secondly it 1s a branch of systemetized knosledge.
Chemistry 1s defined as & "science that deals with the composition,
structure and properties of substances and of the transformaticons that
they undergo.'" Webster further divides this branch of sclence into
the two classicasl branches of inorgenic and organic chemistry. This
classification was actually miade cbsolete by Wohlers discovery of the
tranaformation of ammonium cyenate {nto urea in 1828, one hundred
and forty years ago. This and other classifications of cheaistry
hsve been widely accepted, used and are still embedded in the re-

search and tcaching structutres of most university departments of
chemistry.

The present insdeguate classifications of the basic science of
chemistry are particularly unsatisfactory in the chofce, administration
and 'selling" of chemistry whether the sale is to a univers{ty dean,

& secretary of the Department of Defense or the general public as
personified in the average congressman ind budget bureau adninistrator.
In an effort to overcome these difficulties, the basic research
sponsored by the Directorate of Chemical Sciences, AFOSR, has now

been reclassifi{ed according to five new categories:

(1) Chenical Instrumentatioa snd Techniques

(2) Chemical Structure and Properties

(3) Chemlcal Energetics

(4) Theoretf.al Chemistry

(5) Chemical Synthesis and Dynamics

The nature and content of these categories will be {llustrated
in the pages to follow. Each will be defined and examples of receant
significant developments will be given. With these highlights we hope

to convey some understanding of the unique characters of our chemistry

program including 1ts relatiou to the current needs and future interests
of the Air Force,




CHEMICAL INSTRUMENTATION AND TECHNIQUES

By Dentcn W, Elliott

Chemistry depends upon the gathering of data and information about
what 18 g« 'ngon in atoms and molecules. The objective is to assess these
data and information, and arrive at conclusions on the fundamental principles
involved in the virtious ways in which these components of matter can comb‘ne,
rearrange, or react. A considerable amcunt of analytical data from observa-
tions of chemical systems is needed to accompliish this. The application of
physical methods to measure selected properties is extremely important.
Analytical inctruments are the key in measuring such properties.

Due to improved methuds of sensirg, processing and display of data, the
entire family of optical spectrometers, from I.R. te U.V. has moved into the
chemical laboratory, and has become almost indispensable. The same can be
sald for resonance spectroscopy and various diffraction techniques. Other
forms of instrumentaticn that have carved or are carving their niche in the
chemnical research picture, and have endeared themselves to our program, are
wmass spectrometry, Mossbauer Effect, wolecular beam, and rapid-scan spectro-
scopy.

The following accounts are just a sampling of the dividends from re-
searches {n our instrumentsl and techniques program.

HIGH-STABILITY PHOTOMETER UTILIZING JOPTICAL FEEDBACK

The applicaticn of chemical kinetics to solve new or difficult problems
of analysis has lagged behind the development of other new snalytical methods.
The success of any method is dependent on the reliability of its measuring sys-
tem. So it was with Dr. Harry L. Pardue and his group at Purdue University.
In recent work with reaction rate measurements they encountered a critical
need for photometric precision beyond that obtainable from available instru-
mentation. They found thac the rate of photometric drift in their instrument
approached the rate of signal change from the reaction being studied. They
kuew of several recent developments that were directed at providing improved
photcmetric reliabil{ty, but they did not meet the requirements which were
imposed by thefr experiments. The results obtained by the other groups did
not permit an evaluation of the long-term stability of the system, or of the
photometric reliability obtainable without signal sveraging. Consequently,

Dr. Pardue snd his group have primarily concerned themselves with the long-
term stabil{ty achieveble using an opticsl feedback system, as wel 88 the
instrumental parameters contributing fo this stability. They have developed
a photometer system having ultra-high stability over extended periods cof time.

E:I
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igure 1. Schematic diagram of high-stabllity photometer Figure 2, Optical system of photometer
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Figures 1 and 2 denote schematic representations of the photometer with
its optical system. A beam splitter directs one portion of the radiant energy
through the ssmple compartwent to 8 sample phototube and & second portion of
the beam to a coulrol phctotube. The output frow the control phototube is
amplified, and the amplified signal is used to drive e programmable pover supply.
The programmable power supply drives the radiant energy source. Any variation
{n the energy source results in & change in the control phototube output, which
in turn causes the power supply to change in a direction and ty the proper
amount, to compensate for the change.

Potassium dichromste was used to test the reliability of photometric
meagurements on a system at equilibri{um. For an evaluation of the utility
of the photometer for kinetic measur~ments, the fodine-catalyzed cerium (IV)-
arsenic (III) reaction was used, This reaction 18 used routinely for the
determination of traces of {odide in biological materials. The results have
shown that the photome r exhibits long-term stability within two-hundreths
per cent transmission .0,027), over periods of several hours. The reproduce~
ibility of messurements made over perfods up to one hour {s within 0.01%T.
The applicability of the system for the study of moderately slow kinetics has
been well demonstrated.

Reference:
"HigheStability Photometer Utilizing Optical Feedback,” H.L. Pardue
and P, Rodriguez, Anal. Chem., 3%, 90! (1987).

TRAPPING THE LIGHT FANTASTIC

At the Hughes Research Laboratories in Malibu, Cslifornie, Dr. David
Margerum and his assyciates, under an AFOSR contract, have been investigating
the inhibition, initistion, and propagastion of dye-sensitized polywmerization
reactions. These particular resztions are of wuch interest to novel photo-
graphic processing. Concurrently with this fundemental research being per-
formed by Dr. Margerum, the research laboratory was in tue process of develop-
ing a photopolymerization system for photographic imaging which could be
utilized in large screen information displays. A system was required which
was as close as possible to a "real time'' display. The time between recording
and display must be as short as poscitle. They made satisfactory progress as
far as the mechanical sspects of the system were concerned, but became stymied
in the photopolymerization process. They could accomplish the initiation
of the photopolymerization events which produces the image, but they lacked =&
means of stopping the process at the proper time. It was at this point that
the basic research results of Dr. Margerum's work came to the rescue. This
work involved the discovery that the ultraviolet photochemical formation of
aci-anions in the mwonomer-dyeascatlyst solutions could be used to decolorize
the dyes and inhibit the photopolymerization. This was the inhibitor they
needed tc stop the processing in thei{r photopolymerization system. Figure 1
demonstretes diagrammaticslly how the system works.

INCIDENT OXIDIZES INITIATES
e PHOTOQ -0X I DANT f—memme—efl CATALYST

LIGHT
1 ULTRAVIOLET
FIXED IMAGE F POLYRERIZATION

Fig. 1.




To start the chain of polymerization events, light raises the dye
molecules to an excited state, thereby producing a stronger oxidizing segent
than {n the ground state, This species oxidizes the catalyst to a free radical
polymerization of barium ecrylate. The newly formed polymer precipitates as
colloidal particles that scatter light, producing an image. UV light in the
manner mentioned above, deactivates the unexposed solution with the help of a
second photochemicual system, thereby fixing the image.

Hughes has now developed the foregoing system to the extent that they
can take a picture, complete the photopolymerization process, and project the
fmage in less than & half second.

These photopolymer systems have many potential military applications,
such as in tactical display systems, large screen display systems, synthetic
array radar processing, repid data storage and readout process., Future
applications might also include their use as intermediate recording med{ia
for scenning cw lasers in display systems. Also it could be used as a pulsed
laser, holographic recording medium with immediate displey of optically fixed
hologrems. (See cover).

It {s quite pertinent to point out that the foregoing accomplishments
might not have been achieved if it had not been for certain fundamental re-
search that was "sparked' by AFOSR support over twelve yesrs ago. This was
the work of Dr. Oster at Brooklyn Polytechnic Institute and of Technical
Operations, Inc., in which w&as {nitizted some of the original basic research

on the acrylic monomer and on the photosensitive dyes that initiste the re-
action.

References:

"Acid-Base Characteristics of Photochromiam," Final Technical Report,
Contract AF 49(63B)-1264, AFOSR 680345, AD 665 426,

"Photopolymerization Systems Come of Age,' Chemical and Engineering News,
46, No. 10, 46 (March 4, )9€8).

"Hologram Recording on Photopolymer Materials," D. H. Close, A. D.
Jecobson, J. D. Margerum, R. G. Brault, and F. J. McClung, subamitted
to Applied Physics Letters.

OSCILLATING DETECTION

Absorption spectroscopy often involves trying to measure weak absorp-
tions of a medium by detecting small changes in the intensity of the components
of the irradiating light. 1In addition, the signal generated by the detector when
exposed to the light from the spectrograph exhibits swall fluctuations with
time, which is commonly known as instrument noise. These fluctuations will be
dutifully recorded by the recorder. Therefore, {f the absorption signals in
the spectral curve are only as lerge in magnitude as the fluctuations character-
istic of noise, then this method of detection is not capable of accurately
measuring such weak absorptions, A more sensitive detector must be used.

Professor G. W. Robinson and his group at the California Institute of
Technology, under AFOSR sponsorship, have overcowe this problem to some extent
by developing a frequency wmodulated spectrometer capable of detecting extremely
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weak absorptions. To better understand how they have beern able to add more
sensitivity to the detection system, it will help to describe what happens

to light upon entering & typical spectrograph. An illust~ation is shown in
Figure 1.

Mirror

s !
[
/ v ! xit
Entrance \ \‘ Crating ‘1 ! Slit
Slit / o X

4

Fig. 1. A diagram of the optics within a spectrograph.

Light diverges from the entrance slit and is reflected by the left mirror
into the grating, at which point the components of the light are diffracted into
different directions, the direction depending upon the wavelength of each com-
ponent. The end result is that different wavelengths of 11ight firally converge
at different points in the focal plane preceding the exit slit. The only light

that emerges from the exit szlit {s the component that converges directly in
front of the slit.

Suppose, however, instead of an exit slit, a detector with the same
dicmensions, i{. e.,5 to 500 microns wide and 0.5 cm high, is positioned where
the exit slit should be (see Fig. 2). The same absorption spectrum would be
obtained, since the rotation of the grating would sweep the different components

of light across the face of the detector, which in turn would record the in-
tensity for each component wavelength.
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Fig. . A spectrograph with a detector situated in the position of an ex{t slit.

Now consider what the signal from the detector will be {f the detector is
moved back and forth in the focal plane of the spectrograph with harmonic motion,
as in a pendulum. To aid in understanding what happens, conasider the absorption
curve drawvn in Fig. 3a.
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Fig. 3. An arbitrary absorption curve; The same asbsorption curve as observed
by an oscillating detector and lock-in ampiifier.
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As described sbove, this pattern would be recorded {f the detector was
stationary and the grating was rotated, sweeping the component wavelengths
before the detector. The same pattern cculd be recorded {f the grating was
moved across the focal plane, measuring the {intensity as it swept through

the point of convergence of each component wavelength. With this in mind,
suppose the detector oscillates in the focal plane. Between the points
corresponding to wavelengths a and b in the spectrum, the detector does not
see any change {n {ntensity of the llght However, the signal at c 1s great-
er than at d (the intensity of light at ¢ ia greater, mesning that “the
absorption of light at ¢ is less), so that oscillations between wavelengths

g and ¢ will produce a corresponding oscillation in the detection signal.

For oscillsetion between wavelengths d and e, the change in signal {s even more
noticesble. The maximum variation in the signal is observed when the de-
tector is oscillating between the points in the focsal plene corresponding to
the wavelengths & and f. Then as the oscillations move to & positfon between
f and g, the change fo signal reduces to zero. Progressing further along

the absorption curve, the changes in the signal with oscillation of the
detector are described as sbove, but now with a change in sign, i. e.;as the
detector sweeps from left to right (from g to h),the detector signel increases
rather than decreasses, as occurs above for & similar sweep of the detector.

If there existed an smplifier that was eensitive to and could weasure
the magnitude and sign of the change in detector signai over the range of
each oscillation, then the absorption pattern for the curve illustrated in
Fig. 3(a) would appear as a lock-in smplifier (equipped with rectiffer
f{lters and phase-sensitive detection).

For whatever oscillation frequency characterizes the harmonic motion
of the detector back and forth in the focal plane, the same frequency is
associated with the alternating signal that {s produced at the detector and
transmitted to the amplifier. 1If the locke«in amplifier is tuned to this
particular frequency, much like a radio tuned to the frequency of a radio
station, then only the alternating signal that oscillates at this frequency
is received ond amplified by the amplifier. Other signals that exhibit a
different frequency or exhibit no oscillating behavior at all, such as stray
light picked up by the detector or instrument noise, are filtered out by the
amplifier and are not amplified. Herein lies the advantage of such a detec-
tion technique. Observation of weak absorptions with this technique results
in an amplified absorption signal while the instrument ncise of the system
18 suppressed. A measurement with conaiderable eensitivity of weak absorp-
tion properties of materials 4s thereby provided.

Dre. Kohler and Dubin of cthe Caltech group have checked out the instru-
ment on a series of solutions and have detected opticsl densities in the
neighborhood of 0.002 with s signal-to-noise ratio of 50:1. These results indicate
indicate that it may be possible to detect optical densities ss low as 10-6.

In addition to the increased sensitiviey of this development, the unigque
feature exists Iin the fact that the detector moves. There are several ad-
vantages to having the detector mcve: the variable amplitude of the instru-
ment {8 easily achieved, the frequency of modulation may be varied to optimize
the system for any desired signsls, and the need for an exit slit is elminated.

This instrument, due to {ts reduction in weight by eliminating the
rotating section ard motor, has the potential of being useful ss an ultra-
lightweight satellite spectroscope. A patent application is being processed.
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CHZMICAL STRUCTURE AND PROPERTIES

By Dr. William L. Ruigh

This section spans that area of chemistry from the sub-microscopic
arrangement of electrons in the various energy states of &an atom to the vis-
ible phase dif{erences in an alloy. Tt ranges from an analysis of the trace
composition of transistor materials meacured in parts per billion to the
effects of grain sfze and shape on the strength of metals. The centrsl core
of this area i{s the structural arrangement of atoms end molecules in space as
gases, liquids, glasses or solids and crystals. It includes also the effect
of such structures and changes in structure in the properties of the substances
or materials. A knowledge of the nature of bonds between atoms and molecules
and their arrangement in space {s an essential part of this section. Although
the emphasis f{s on static configurations, the effect of structure on the
kinetics and dynamics of structural change and the effect of structural changes
on the preperties of materials are essential theoretical elements in our know-
ledge.

The relevance of this basic factual and theoretical knowledge to the
migssion of the Alr Force 1{es in constant and never ending requirements for
new and improved materials to meet the extreme demands of the sssigned Air
Force misaions.

THE RELEVANCE OF BASIC POLYMER RESEARCH TO THE AIR FORCE

The study of molecular configuration is the core of the present limited
AFOSR polymer program. It is appropriate to provide a histuiical review of
this program particularly in view of recent spectacular developments on high
strength graphite fibers in Britain. The structural properties of these
fibers dep-1d upon the molecular configuration of the starting polymer which
is subsequently graphitized by heat.

In the annual Chemistry Program Review for FY6$ there sppeared a re-
view of the SRC Polymer Program by Drs. Amos G. Horney and Anthony J. Matuszko.
In this article were descr.bed the research of Dr. Paul J. Flory on the
spatial configuration of chain molecules, Dr. Peter Debye on Molecular Inter-
actions of Polymers as measured by visible light and x.ray scattering, and,
finally, Dr. Richard Stein on crystal srientation and structure and change
induced in polymers as induced by stress observed by the "dynsmic bire-
fringence" of the polymer film.

For FY 1966 Dr. Matuszko reviewed the work of Dr. D. J. Cram on the
egymmetric induction of stereospecific poiymers and that of Dr. Frank Mayo
on mild oxidations common to hydrocarbon chain polymers. A grant to Dr. A. V.
Tobolsky which expired in FY 1966 was not reviewed but resulted in a number of
papers on the mechanism of both radicsl and ionfc polymerization, a general
treatment of equilibrium copolymerization, and the structure and transitions
of helical mecromolecules in the solid state.

It way be noted that the msin emphssis of this limited AFOSR program {n
macromolecules has been on the physfcel chemistry of polymers with some
additional work on the more theoreticasl aspects of certain reaction mechanisms
and catalygts useful in polymer synthesis. Only one effort has been directed
at the synthesis of a specific polymer system since, historically the
Polymer Branch of the Materials Laborastory at Wright-Patterson Air Force Base,
Ohio, has had primary responsibility for an in-housz and contractuel program
aimed at synthesis of nev and improved organic and inorganic polywers
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designed to meet the extreme requirements of the Air Force. With pressing
day to dsy demands for these new materials less emphasis could be directed
at long=term fundamental effortu’particularily in the ares of the physical
chemistry of polymers.

The Directorate of Chemical Sciences from its inception has directed
its efforts to f{11 this need of the Alr Force for long term basic research
in the stereochemistry and physical chemistry of macromolecules. By fortun-
ate circunstances, the world's foremost suthority in this area, Dr. Paul J.
Flory, th:en et Cornell University, was selected by Dr. Horney &s the first
chairman of the AFOSR Chemistry Review Panel &nd he continued with the panel

for its firet seven years. With Dr. Flory's advice a strong basic program
was built up in this areas.

The rising costs of research and the budgetary plateau of the SRC budget
has resulted in a substantial cut back in this limited program and since
the FY 65 review only one new effort has been addad. In FY 68, Dr. F. Kerasz,
formerly of General Electric and now at the University or Massachusetts, wae
given a grant to continue his research on the calorimetry and thermodynamics
of organic polymers. This new effort and the single large one under Prof.
Flory at Stanford constitute the entire AFOSR program,

The single effort retained is, however, a shining jewel in the SRC crown.
The project at Stanford University is directed by Dr. Flory and was funded by
AFCSR for the first time in October 1961. Dr. Flory's program has been
immensely productive and on his 1stest grant period from February 1964 to
October 1968 has had fifty-three papers published in major journals. Each
paper 1s a significant accomplistiment but, in view of the lengthy recent re-
view {n a previous issue, it will be sufficient to state that this work on
the physical chemistry of polymers can be subdivided {nto two main areas:
first the structure and stereochemical configurations of polymeric chains and,
second, the thermodynamic treatment of the equilibrium properties of solutions.

The practicsl importance of a theoreticsl basic knowledge of polymer
configuration on the explanation and prediction of polymer properties is
illustrsted in the title of a lecture given by Dr. Flory at the occasion of the
Goodyear Medal Address at Cleveland in April 1968. The title was "Molecular
Interpretation of Rubber Flasticity.' Dr. Flory's contributions are well
known in this area. He has just been awarded the Peter Debye Award in
Physical Chemistry based on his work on macromolecules.

Knowledge of the molecular configuration of polymers has led to one of
the most spectacular achievements in the aviatlion industry in recent years.
As noted above this is the development of a very high strength graphite fibre
from the carbonfzation of certain specislly configured orzanic polymers by the
Royal Aircraft Establishment, at Farnsworth, England, and the Rolls Royce
Company and two other British companies.

At present great secrecy surrounds the production processes for the
"Hyfil' graphite fibres now being produced by the three British companies
for the preparation of composite materials. It is suspected the present
most favored starting polymer is a specially processed polyascrylonitrile.
It is known that the molecular conformation of the original polymer has a

great influence on the subsequent strength and properties of the final carbon
fiber

The Rolls Royce success with composite graphite fibre compressor blades
has enabled the company to design jet engines such as the RB168 for vertical
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take off experimental planes and the RB211 gngine for the Lockheed L-1011
"Afr bus." An early problem with the composite biades was ingestion damage
in tropical rainstorms. Eltis, the Rolls Royce director of engineering,
clsims the present nickel plated "Hyfil" compresaor blade has overcome these
difficulties and will resist the impact of a four pound bird.

Although the present "Hyfil" costs are high, the British have a large
program on the engineering and structural use of the carbon composites from
application in satellite materials to the fabrication of composite honeycomb
air wing penels. A seriea of erticles in "Avietion Week' in October 1968
discussed these recent developments both here and in England.

Although the details remain largely secret still, it is certain that a
basic knowledge of the molecular configurstion of polymers and their modifics-
tion by physical treatment has contributed greatly to this break-through in
materials. Much of this hasic knowledge of polymer structure and configura-
tion 18 due to the universa.ly acknowledged resesrch contributions of Dr.
Flory in this field.

PULSED LINEAR ACCELEKATOR USED IN NEUTRON DIFFRACTION
(Prepared by LtCol L. D. Whipple)

Alr Force men and systems are operating in increaeingly extreme environ-
mental conditions. It is necessary to provide scientific dats acquired in
these extreme conditions to understand the structural and related property
changes that occur and to develop new materials capable of withatanding these
extreme conditions of pressure, temperature, radiocactivity, and toxicity.

Dr. J. S. Kasper of the Geneéral Electric Research and Development Center,
Schenectady, New York, under sponsorship of the Directorate of Chemical
Sciences, AFOSR,1s conducting a program directed toward structural character-
ization of various materials produced by high pressure and towsrd identifica-
tion of changes with pressure in the structural characteristics of some
materials that do not undergo phase tramsi{ticns under pressure. He {s using
both xeray and neutron diffraction techniques in these studies. One of the
significant accomplishments has been the development of a new neutron diffrac-
tion. technique using a pulsed linear accelerator. The use of neutrons in
diffraction studies provides the potential of investigating a greater variety
of materials than is possible with xe-rays. For example there 1s less absorp-
tion by heavy elementa. There i{s the cepability of locating hydrogen atoms.
In addition there is the capability of locating other light elements such as
B, C, N, and O in the presence of heavy elements. Of specific interest in
Dr. Kasper's studies, neutron diffraction can be used to distinguish between
neighboring elements in the periodic table. For example, the scattering
pover of xe-rays i{s insufficient to determine specific site occupancy of the
different atoms in InSb. Also, direct determination of magnetic structure is
possible using neutron diffraction techniques.

As with xeray diffraction, the use of neutron diffraction for work at
conditions of extreme environments such as high pressure, high temperature,
high radioactivity or high toxicity 4is restricted because of limitations im-
posed by the necessity for large amounts of shielding or heavy structursl
materials surrounding the specimen, These limitations are not as severe
for the new method for obtaining neutron diffraction patterns frow poly-
crystalline specimens developed by Dr. Kasper in conjunction with Mr. M. J.
Moore of the General Electric Research and Development Center and Dr. J. H.
Menzel of Renssalaer Polytechnic Institute.
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The new method has the potentisl of being less expensive, faster, and
less complex in comparison with other neutron diffraction techniques. The
equipment includes & pulsed linear accelerator (LINAC) for 8 neutron source
and a time-cof-flight (TOF) detection system, Although the TOF system has
been used previouslysthis is the first application in conjunction with a
LINAC. Also, there has been no reported previous uee of accelerator neutron
sources in neutron diffraction studies of polycrystalline specimens.

Using the pulsing characteriscic of the LINAC eliminates the need for
an elaborate, expensive (850,000 to $60,000) chopper which ie required when
a steady state reactor {s used as a neutron gource. In addition, the use
of a chopper results in a relatively high loss of neutron flux. Thus,with-
out the chopper the new method hes the potential of being a faster technique
for obteining diffraction patterns,

The new wethod also uses a fixed detector instead of a moving detector.
This simplifies the construction of the specimen contajiner and thus reduces
the limications imposed by the extreme environment requirements for heavy
shielding and structural materials around the speciwen.
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Fig. L Block diagram of the pulsed LINAC neutron diffraction system

Figure ! is a block diagram of the LINAC diffractior system used. The
LINAC elsctron pulse is {mpinged upon a water cooled tsntalum target which
produces a8 very high flux of gamme rays. A (x, n) reaction in the target
gives high energy neutrons with an {sotropic distribution. The moderator
covers as large a solid angle as possible, assuming the target {s a point
source of electrons. A 70 inch long collimator directs the beam of neugrons
from the moderator on to the cylinder containing the sample. The cylinder was
shielded by a can of B4C with three small ports; one for the entering beam.
one for the diffracted beam and one for the beam monitor detector. The
diffracted beam detectors were at 90° to the incident beam. The detector
counters were placed at an angle so as to intercept the largest possible
arc of the diffraction one. The entire sample-detector system was contained
in a block house with 24 inch thick concrete walls.
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Fig.2. The raw data for NiO which were collected furing a 4 h LINAC
run, plotted as counts/channel againat 8 mus chennels,

Initial experimentation using a NiO specimen resulted in a satisfactory
diffraction pattern obtained in &4 hours with the main features of the pattern
discernible in the first two winutes of operation. This indicates that the
flux of usable neutrons was relatively high. The LINAC operating conditions
were: 45meV electron energy, 500MA average current, 235 pulses/s repetition
rate and A.Qf- electron pulse width., The average power of the electron besnm
hitting the terget was 22,500W. The raw data collected during the 4 hour run
are shown in Figure 2. The accuracy of the determination of interplanar
spacings (d values) and the lattice parameter is limited by the accuracy of
the measurement of the flight path., The meagsurements c¢r d were checked for
{nternal consistency with the result that an accuracy of 0.37 was indicated
for lattice parameter determinations. This is a modest degree of accuracy but
adequate for indexing most structures that ar2 not of great complexity.

This firat short experiment demonstrates that it is possible to do
neutron diffraction studies with a pulsed LINAC and that this method is amn
attractive alternative to more conventional metheds. Dr. Kasper's previous
work in elucidating the polymorphic forms of boron are of particular signifi-
cance to the Air Force because of current interest in boron and graphite re-
inforced composite materiala Development and use of new techniques such as
the pulsed LINAC neutron diffraction method will greatly enhance the funda- ’
mental knowledge of the structure of compounds containing light elements
auch as borou &and carbon.

Reference:

"Pulsed LINAC Neutrons Diffraction,'" M. J. Moore, J. S. Kasper, and
J. H. Menzel, Nature, 219, B49 (1968).
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CHEMICAL ENERGETICS

By Dr. Domnald L. Ball

The category chemical energetics encompasses atudies of the rates,
mechanisms, and equilibria of chemical resctions. Of interest, therefore,
are microscopic as well as macroscopic processes. Pmphasis is placed on de-
tailed descriptions of the transfer and redistribution of energy accompany-
ing all the component reaction steps leading to nverall chemical change.
Analysis i9 made in tcrms of the various states of molecular and/or atomic
excitation (translational, vibronic, rotational, and electronic) and the
alterations produced by radiative processes, collisions and other non-
radiative processes.

It is convenient to subdivide the subject of energetics {nto three
smaller units. Principally macroscopic proczsses &re¢e {ncluded as Thermo-
dynamics, Emphasis 's given to calorimetric determinstions of bond energies
and measurement of actfivity coefficients and equilibrium constants by
assorted methoda, Two categories of kinetic investigations emphasize
microscopic processes; theese sre entitled Photochemistry, Rodistion Chem-
jatry, and Sonochewistry and Thermal Reactions and Molecular Collision
gzgamtcéT-Tﬁgglatter includes specialized tnvestigations of high speed

inetics, catalysis, molecular beams, and shock wavea. Some overlap {is
unavoidable between the content of the two kinetic categories.

Researches in chemical energetics find applications in energy conver-
sion devices, novel photographic prucesses, radiation damage control, and
improved utilization of fuels, propellants, and explosives. Also of interest
are the chemical reactions characteristic of the upper atmosphere; the en-~
ergetic, though dilute, species present interact significsntly with rocket
exhausts as well as the surfaces of spacs vehicles.

In the pages to follow, three kinetic fnvestigations have been selected
to 1llustrate the content of this project area. Althougt in each case the
approach {s different, a similarity in cbjectives may be seen. Each seeks to
unravel the details of microscaopic chemical events.

CHEMILUMINESCENCE - FLAMES AND AIRCLOWS

The chemical process of combustion {s accomplished by a coxplen segucice
of competitive and consecutive individual chemical reactions. Unscrambling
even part of this totality of events, and identifying individusl steps in the
overall process, 18 a difficult task. It {s, however, & neceasary one in
order 2o understand and optimally control and utilize the processes involved,
One leader in efforts to derive order from this chaos is Professor K. D. Bayes,
University of California, Los Angeles. teaction {ntermediastes have been
identified by the characteristic, observasle frequencies cf (ight emirred by
flame reactions--in other words, by chemi.uminescence. Relevance to vhke Afr
Force mission includes the obvious contricutions of these studies to propulsion
and also the deteztion of rocket vehicles through the charocteristic chemi.
lumiscscence of the cexhaust. However, an unusuel and unpredicted application
of Professor Bsyes bssic vesearch has been found In the iInterpretation of a
phenomencn recencly obsevved in the atmosphere of Venus., 4 reascnable chemical
basls hag been provided for the origin of the night airglow observed by the
U. 8. space probe Mariner V. The connection between these two widely separated
sets of events will be revealed in the remarks to follow.
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Professor Bayes has observed notably similar patterns of chemiluminescence
({n the vacuum ultraviolet) to accompary the reactions of atomic oxygen with
a variety of reducing agents (or fuels). The latter include acetylene, carbon
suboxide (C,02), ketene, 2-butyne, and propadiene. It is natural to conjecture
that the same source resction step was responsible in all {nstances for light
energy emitted. The chemical species involved could not be h¥drocnrbon molecules
or radicals eince in one case (C30;) no hydrogen was present. The most reason-
able choice, based on the analysis of the bond energ‘es available, has proven
to be

0+ Ch0 —o= CO (excited) + CO (ground state)
CC (excited) -» C)D (ground state) + hs

The energy sveilable in the electronically ercited CO molecule, which is
converted tn the emitted light, is reasonably expected to add up fto the re-
quired amount (about 9 electron volts). The species C,0 is known to occur in
simflar flames. Quantum mechanical calculations by Professor Bayes have
revealed the gtability of this radicel, predicted a linear configuration
(C=C~0}, and fndicated the special electronic character of the ground state
and low lying excited states. The occurrence of several of the latter excited
states is responsible for the observed band of emitted frequencies instead
of just a single one. 1In the Figure the observed ultraviolet emission for both
the oxygen/carbon suboxide and the oxygen/acetylene flames are compared. They
are revealed to be, indeed, remarksbly similar.
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A similar altraviolet emission "53 observed as well by instruments aboard

Mariner V during its fly-by of Venus. Just before passing arross the dark limb
of the Venus atmosphere, u. v. probes noted a signal within the wavelength ~egior
1350 to 2200 Angstroms. Since the Venus atmosphere is wostly C0,, small smounts
of atomic oxygen and C_O are expected in the upper levels of the atmosphere due

to electron and don boﬁbardment of COy, 23 well as photedissociation during the
day., It is known that the irradiation of both CO and CO, produces carbon sub-
oxide polymer (C30;),, slmost certainly via the Cc,0 radical. Based on this
analysis, Prcfeasor Bayes hss concluded that the same reaction cited above
(postulated for atomic oxygen flames) 1s proba’ly responsible for the Venus
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ajrglow, Further evalustion of this interpretation is hoped for in future,
wore detsiled observations in apace.

References;

1. "The CO Chem{luminescence from Flames,' K. H. Becker and K. D.
Bayes, J. Chem, Phys., ﬁg, 653 (1968).

2. "The Photolysis of Carbor Suboxide. II Effect of Added Oxygen,"
J Am. Chem. Soc., 85, 1730 (19¢3).

3. "Ultraviolet Emissions Observed near Venus f-om Mariner V,'" Barth,
earce, Kelly, Wallace, and Pastie, Science, 158, 1675 (29 Dec 1967).

LIFETIME SPECTROMETRY AND MOLECULAR COLLISIONS

e 0

In the present section our attention will be transferred from luminescence
to fluorescence. Specifically we will consider measurements of fluorescent
lifetimes - the time delay berween absorption and emission of a photon by &
molecule. A remarkable amount of quantitative informetion on complex inter-
and intramolecular energy transfer processes is being gleaned in this manner
in the laboratory cf Prof. Edward W. Schlag, Northwestern University. FProf. H
Schlag has at hie disposal what he calls a laboratory clock for the direct i
timing of collisionel processes. In the remarks to follow, his remsrkably sen-
sitive and fruftful technique will be outlined and the reletion demonstrated

between measured fluorescence and molecular collisfons, rsdiative snd non- ?
radiative processes

Thus far data have been provided for two systems. The first was
/3-naphthylamine dispersed in propylene as a heat bath; the second was pure
benzene. Direct timing of fluorescence was performed with a phase fiuorimeter,
This {nstrument wmeasures the phase lag of a fluorescent signal relative to an
intensity modulated light beam. The appropriate wave length of light as well
as the appropriate modulation frequency (w) is dependent on the chemical system v .
under study. With bernzene the forwer was 2600 A; the latter 10 MHz (megahert:z :
or 10° cycles per second). The phase angle 15 the times observable which re=
R lates, via a mechanism, back to the wmicroscopic rate constants involved. A :
rationale will be given now to demonstrate the connection. More detailed !
descriptions azre available elsewhere (J. Chem. Phys. 47, 1860 (1967); Proceed-
ings of the International Conference on Molecular Luminescence, Loyola Univer-
sity, Chicago, Aug 20-23, 1968, Benjamin, In Press).

In a very schematic way the experimental observation 1s given below.
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The modulated inrput (or excitation) signal is compared with the output or
fluorescence signal, The latter 1s shown displaced slightly relative to the
former; this is the phase shlft¢. There {s, in other words, an observable
quantity which can be quantitatively related to the very brief time delay
betweern photon absorption and photon emission.

The relevant caergy levela for benzene are given in the Jllustration be-
low:
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Por the excited singlet lsbeled 1 the vibrational "fine structure'
(cr manifold) 1s {ndicated. The abaorszon nf the excitation rediation
(2600A) by the ground state ( A\q) provides a molecule excited vibrationally
as well as electronically. This 18 & consequence of what {s referred to ss
the Pranck<Condon Principle. The nuclei retsin essentially the same relative
positions and womenta before and after the very rapid electronic excitation.
Theee values aftervards are appropriate for an exci{ted vibronic state whereas
they were appropriate for a vibronic ground state before. The various
quantized vibrational levels contribute the so called man{fold. In the case
of benzene, however, only two levels will be considered here.

Having described the diagram somewhat, let us coneider now what can

happen to a molecu e after being pumped into the top vibronic level (indicated
at 25902) A probable occurance, except at very low pressure, is relsxation
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to the ground vibronic level as the result of wolecular ccilision. This event
is labeled on the figure with "Z," the collision frequency. Ancthe{ possibility
is the radiationless inter-system crossing--(to the triplet* state ~By,
labelled k, for the excited vibronic state, k2 for the ground state. Thesek's
are, in fact, the associated rate constants. There is also the possibility of
fracture of 8 molecule into simpler ones. This possibility is the su%ject of
the next section on recent researches of B. $. Rebinovitch, but it will not be
considered further at presen*. The final possible event is the observsble one
in the research of Prof. Schisg. It {s 8 radiative fluorescence with a rate
constant kg, shown for each of two states in the figure. The observed phase
shift (uit{ the phase fluorimeter) is the composite result of sall these
possibilities,

We can consider the oYserved flucrescence intensity to be p[oportional

to the actual concentration of molecules in the excited singlet B

the peak intensity -- defining the shift in phase ﬂ relative to the excitation
intensity peak--occurs when the density of states {s highest. Following tte
initlation of each modulated pulse of excitation energy the density of
molecu}ea BZu can begin to rise. It must be remembered, however, that the
state "B, is simultaneously depleted due to the factors mentioned above. The
rate at wkich depletion occurs, as far as present interests are concerned, {s
determined by kl + kf.

Because of the sensitivity of techniqve,f can be determined in the
"collisfonless' reglon of pressure. Here, of course, the intensity of fluores-
cence 18 also the smallest. In this region, where the pressure is effectively
zero, cotg=(k_,  + k )/w . In this pressure region the lifetime (defined by
kg + ky) is that oF the vibronically excited molecule formed directly on ex-
citation. Vibrational relaxation had not time to occur. In the high pressure
limit, the li{fetime is that of the vibronic ground state (kf + kz). Here the
expression for cotf i{s more coumplicated.

Because benzene i{s not an efficient absorber, the original phase fluori-
meter (used with & -naphthylamine) was adequate for only preliminary observa-
tions. A new, improved model is now in process of construction. It was
demonstrated, however, that it was possible to observe a lifetime from benzene
when it {s populated with 2600 R radiatfon, the first strong sbsorption line
in the spectrum. From the pressure dependence, high and low pressure life.
times were obtasined by extrapolation. The extrapclated high pressure value
of 80 ngec. (10‘9 sec = 1 nangsecond) repregsents the lifetime of the vibra-
tionless ground state of the 52 wmani{fold. The low pressure value of 1.3 nsec.
is obtained with less precision due to high scattered light; additional work
{8 {n progress. The ground state lifetime is in good agreement with the ob-
served quantum vield for this state.

*For an excellent suamary of the nature of the triplet state, the reader {is
referred to a recent paper by another AFOSR {nvestigstor, Prof. N. J. Turro
(J. Chem. Ed., 46, 2 (1969)). The brief definition provided 18 -- "A triplet
i8 a paramagnetTE even-electron species which possesses three distinct but
energetically simflar electronic states as a result of the magnetic inter-
action of two unpaired electron spins.”
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It might be pointed out that the observed li{fetimes, at low and high
presaure,1% and 7;, are the reciprocals of (k1 + kg) and (kp + kf), respective-
ly. Since it {s reasonable to assuwe thst kg 1s about the same in both cases,
the decrease in lifetime at high emergy {s due to the increased prubability
intersystem crossing to the triplet B1 . It 18 noteworthy that the entire
subject of probabilities and rates for radiationless transition is the sub-
ject of preasent theoretical and experimental efforts by ancther AFOSR sponsored
{nvestigator, Prof. Stuart A. Rice of the University of Chicago.

The present section will be sppropriately closed by summarizing Prof.
Schlag's overall objectives, as he gave them in a recent renewal proposal to
AFOSR. Progress In their attainment has been given above,

"Informatlon in this collisionless region gives direct measurements

for retes orf interaystems crossings, unimolecular decomposition

and fluorescence emission from molecular states defined by a
monochromatic experiment, Once these processes are understood one
can proceed to the second phase, which {s the addition of swmall
amounts of added gas to observe the absolute values obtained by
comparison with a laboratory clock, hence onc obtains unambiguous
values for the {nelastic collision cross-sections for large polyatomic
molecules. This part of the work supplements other scattering studies,
such 8s molecular beams, in which 1t is often difficult to study such
large molecules, particularly for selected vibronic states.”

COMPETITIVE CHEMICAL REACTION SPFCTROSCOPY

The subject of mulecular collisions and accompanying energy trensfer is
of explicit concern to Prof. B. S. Rabinovitch at the University of Washington,
Scattle. He has described his interests as ''the field of collisional deactiva-
tion of highly vibratdon ally excited polystomic molecules; in short, the
'cooling' of hot molecules.'

It is best to begin by outlining the subject briefly with a simplified
diagram of excited vibronic states.
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What i{s shown {s effectively an "energy cascade,” the details of which
are our prime concern. Molecules, or radicals, are injected at the top of
the diagram -~ or tne highest level of vibratignal excitation -- by ''chemical
activation.' Of course, & variety of other approaches to the top exist;
photochemical activation i{s the example which comes first to mind. With
chemical activation the energy level E, is populated by the very act of
producing the activated molecule directly by means of 8 chemical reaction.

What can happen next? 7Twc possibilities must be considered. First,
the molecule can collide with other molecules, transfer some energy, and,
thus, fall down the cascade. The details of this process form the goal of
the subject researchea. In other words, how much energy is lost on the
average per collision, LEY , what 1{s the probability, 'P.,; , of falling
from state 9 to state 1 ? The other possibility is & unimolecule de-
composition (or isomerizatfon) of the species from each energy level which
it occupies in turn. The rate constants for these processes are designated,
K;; the products of decomposition are Dj; and the associated threshold energy
levels are E,; . As long ss a level equal to, or greater than E,; is
occupied, product D can form. Below E4it cannot. Ultimately stabilization
occurs when the species falls below g,,and, as shown in the diagram, stabiliza-
tion occurs. The bottom of the cascnde is reached.

A number of models exist to describe the details of the process by which
activated molecules lose energy. With the strong collision model a single
collision 18 enough for complete stabilization. This Ls certainly the
easiest approach. However, with the simple "step-ladder"” model,energy is lost
in a series of equal steps. Multiple collisTons are required }or stabiliza-
tion but the sewe amount of energy is lost with each., Reference to the energy
dlagram shouid reveal the rather obvious origin of this model's name. Exten-
sions in theory consider the possibility of distributions in step aizes, The
exponential model will be the last considered altnough still others could be
given. In this case the assumption is made that collision encounter times,
i.e., collision complex lifetimes, are randomly distributed and that the
amount of energy transferred (or number of quants) is directly proportional
to the encounter time.

It is found in practice that different models of the process of energy
transfer apply, depending on the nature of the 'hot' molecuie as well as
the nature of what {t collides with (i.e., the bath molecule). This will be
{1lustrated with a8 single example, the activated hexyl~3d radical.

Basing analysis on descriptions of the sort given above, Professor
Rabinovitch has shown that the precise graphical relation of the product
ratio D,!Dy-Dn on collision frequency, &/, (or pressure) will
reveal which model for energy transfer applies. High pressure data can be
made to yield detailed information on transition probabiltties,’?; , and such
information 1s {ndependent of collision cross-section, The latter quantity is
difficult to come by. The overall method, which is a significant innovation
in experimental method, has been designated competitive chemical reaction
spectroscopy (CCRS). Professor Rabinsvitch admits the titie to be, perhaps,
somewhat flamboyant; it is nonetheless appropristely descriptive.

The most detailed application of CCRS has been with the hexyvl.3 radical
(Canadian Journal of Chemistry, 46,341 (19680 Thie radical decomposes to
two sets of products as shown below (in comparison with stabilization,§ ).
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The plot which follows reveala the dependence of the rate ratio on ccilision
frequency. Two bath molecules were used; the experimental points with hydrogen
are given with open circles; those with 917CF, + 9%H, are given by filled circles.
The thecreiical lines are numbered. Curve 1 {s the gcrong collision model (SC);
curves 2,3,4, and § repreafnt the stepladder model (SL) with {AB), in turm,
1500, 800, 400, and 200 cm™"., The dotted curve is for a bath mixture whlckin
simulates the CF, system in composition and is 837% SC and 17% SL (400 cm=!).

= 5.50(H,)
5.30(CF,)
5.30(SC,calc))

w (s™)

As was expected, the average rate ratios increase as the pressure and
collision rate approaches rero. Also, in the limit of no collisiong all of
the models must give the same product ratic. At the other limit of w# a0
the data can be fitted to a average valuz for the energy transferred per

collistion, {(a&) , depgnding on the model. For the present system, the
best fit for H, is BEaEYpy X 1.2 keal, ; for CF,, O&Y»s.6 kcal.
snd the strong collision value, ( 10 kcal.) 1s approached.

The hexyl-3 system, however, {as far from being the optimum one for
study because only two resctions occur and the competitive critfcal thresholds
for bond rupture, EOI and Egy, differ by only a few kcal.., The results with
still other systems will reveal energy transfer processes in even more detail.
Competitive chemical. reaction spectroscopy 1s expected to sdvance significently
understanding of the microscopic eévents fundamentel to overall chemfcal react {ons,
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THEORETICAL CHEMISTRY

by Dr. Donald L. Ball

Researches in this subject area possess as goals the explanstion,
correlation, and prediction of chemical behavior. Since the evolution of
chemical science {s based on the coupled advances of theory and experiment,
theoretical chemistry is a vital component of all the program areas. It
logically assists each of the other categories in their contributions to
applied needs. However, direct use of theoretical analysis does occur in
the evaluation of processes and materisls for projected opsrations under
conditions where experimental information is in:dequate and difficult to
obtain,

rrogram content includes major efforts in the quantum mechanical come-
putation of chemical and physical properties. A balanced program is main-
tained incorporating ab initfio ("from scratch") methods and semi-empirical
methods, Although the former approach {s perhaps more 'rigorous' (no experi-
mental data is employed), it 1is restricted to comparatively
small molecules. On the other hand, by including a very limited amount of
experimental data, the latter approach can render tractable very complex
wmolecular systems,

Other theoretical efforts seeck to improve the cepabilities of kinetic i
theory and statistica) mechanics. Particular application is seen in further-
ing the understanding of the liquid stste. Another important gosl lies in :
unraveling the details of energy tranafer processee. These processes are i
often of very short duration involving radiative and non-radiative processes.

Here, advances in expecimental techniques for rapid, detailed, and sensitive
measurements have made more and more exacting challenges to theory. However,
the converse has been true also.

|
For the purposes of the l4th Annual Chemistry Program Review, our l
attention will be limited to effortc in quantum chemistry. Tnese efforts, g
;
i

each with unique viewpoints, will be described.

ORGANIC CHEMICAL PHYSICS

IR A U

The present section will summarize the objectives and some recent
resuits of & resesrch program by Prof. Michael J. S. Dewar of the University
of Texas. This AFOSR sponsored effort bears the title "Organic Chemical
Physics." This term wae selected because of the particular emphasis of the
research, namely, the use of chemical techniques to develop the phyeical
theory of organic molecules, 1In a remarkably diverse program, experimental
as well as theoretical studies are included.

g e e

In preparation for a recent Air Force briefing on the nature of the re-
search sponsored by the Directorate of Chemical Sciences, Prof. Dewar provided .

us with a succinct review of his efforts. The document containe at least some
of the flavor of a truly remarkable research program. It is certainly worthy
of consideration by a wider audience than was originally intended. However,
it should be remembered that it was a specialized audience for which the :
words were chosen and emphasis was given to brevity. The words that follow d
are Prof, Dewar's.

I W i Y o g s 1
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"Our object 18 to devise some general quantum mechanical
treatment of molecules, accurate enough to be of practical
value to chemists, Such a treatment must be able to provide
estimates of heats of formation and molecular geometries with
“chemical" accuracy (+ 1 kcal/mole, + 0.02% and must be
spplicable to molecules of all kinds (including transition states)
and of reasonable size (at least 25 atoms). Prior to our work,
such an endeavor would have seemed ridiculously optimistic, and
indeed no one else seems as yet to have made any serfous attempt
in this diroction; neverthless we seem to be well on the way to
success. Of course any such treatment must inevitably be semi-
empirical i{n nature; for a priori calculations of this degree of
accuracy are as yet limited to the very simplest diatomic mole-
cules (e.g.He; of LiH).

"Our firat approach was based on the HckeldWapproximation
and consequently limited to conjugated molecules; here thc con-
tributions of ¢ bonds to the total heat of atomization is
written as a sum of bond energies and compression energies,
vhile the # binding energy is calculated theoretically, Figure
1 shows a plot of the observed heats of formation of a number
of conjugated and aromatic hydrocarbons, and heteroconjugated
compounds of nitrogem and oxygen, against the calculated
values; the line in the figure is the theoretical line of unit
slope on which the points should in theory lie; as will be
seen, they do, the deviations in all cases being less than the
possible limitgs of experimental error in the thermochemical
measurements. (In several cases, one dot on the slide represents
two or more almost coincident points) This procedure also gives
very good estimates of bond lengths, and apparently even of force
constants.

v
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"The second approach {s much more general; in this all
the valence electrons are inciuded, both @ and . Ae yet
we have not been able to get corrsct estimates of bond
lengths; 1f, however, we assume standard geometries f{or
molecules, we can usually calculate their heats of furwmatfon
to within + 3 kcal/mole. Tnia {8 true fou molenules of all
kinds formed from carbonm, hydrogen, nitrogen, and oxygen,
even compounds containing small rings; our treatment thus
accounts quantitatively for strain energies. Figure 2
illustrates these remarks. Here the deviations have tesan
amplified twentyfold in couwparison with Figure 1, by piotring
standard heats of formation in kcel/wole rather than tozal
bond energies in ev., The errors are more than one hundred
times smaller than those given by other published treatments;
indeed, the latter would lie so far off the lipe that they
would not appear on the slide at all.
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Fig. 2.

"“Figure 3 illustrates another line on which we are
ugrking, the interpretation of nmr apectra, It seems that
19r chemical shifts of conjugated fluorides are determined
solely by the 9 electron distribution; by applying the
Karplus«Das«Progser-Goodman treatment of chemical shifts to
our Y calculations, we have been able to interpret nearly all
the available data for fluoro derivatives of aromatic hydro-
cirbons and nitrogen heterocycles (including a number of new
meagurenents of our own) in a very satisfactory manner. The
only exceptions are sterically hindered fluorides, and com-
pounds containing an excess of heteroatcms; our # treatment
does not allow for steric effects, while in compounds oflghe
latter type,& contributions muast be impc.tant. Although “°F
nmr 1s not of general importance, these results are signifi-
cant in that previous theoretical treatments of chemical
shifte have given very unsatisfactory results. We hope to
extend our approach to more exciting nuclei, in particular

C, using our valence shell approach,
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"We therefore feel justified in hoping that we will
before long have a solution to our problem; if so, theoret-
ical chemistry would of course be revolutionized,

"One would be able to predict not only the geometries and
heats of formation of molecules, but also the reactions they
would undergo. Since moreover there seems no reason to ba-
lieve that our approach cannct be generalized to cover other
elementa, the prospects seem very exciting."

BRIDGING THE CREDIBILITY GAP

Some reference has been made in the preceding to the main two approesches
to quantum chemistry. These can be designated as ab iritio miriteds, on the
one hand, and semi-empirical methods on the other. By gg_inilio we mean
"'from scratch, Molecular propertise are calcuisble -- at least in principai,
but using a lot of computer time--without inclusion of adjustable parameters
or even a8 hint of experimentsl information. The a- initio approach is
necessarily restricted to relatively simple molecuies. On the other hand,
using a very limited amount of experimental {nformation and a paremetric
approach, larger, more chemically {nteresting molecular systems mey be
considered, This is the seamjf-empirical method which in practice takes meny
forms. The mathematical Inrmalism is rendered tractable because it is
constrained to give the right answer €or one molecular property and ther
used to calculate others,

The propenents o/ the two approaches heve tended to cluster into two
ssparate groups with less than optimum comnunication and {nteracticn with
one another. The situstion has in fact been described graphicaily by
Frof. J. 4. Pople (J. Chem, Phys., 43, 5229 (1965)3,
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WWIEZR OF RLECTRONS
1 SNTANT OP CHERYZAL ASTEMEST )

Thz ordfrvaare of e ‘Fopis Dlazrsm' his been design:ted as 3 measure ol
"wophicticatlon': the absclsss i the number of electrons in the a stem under
study (or we wight ssy che excenr of cheufesl interesc). The plot ftself cut-
1ines the foontler of thaoreticel researzh. over a broed front. (t fe vegretted
that, uudex this ¢ysiea, iack of sophniscicarion e equated with griatest chem-
ical interest. Falrer, dut less colorful, terms may have tu be found.

The namesof irdividual r2searches conld he added at appropriate positions
along the fronticr. The imgportant message, howsver, {3 the rcther lamentable
clustering of lovestigators into twc points of view. The separation between
these has been lsbeled the “credibiifty gap.' Untortunately, {f left untended
it seems to spontuneously grow lavger.

There is & nmotewoarthy theuretician undev AFOSR support who keeps "a foot
in eusch camp." Bis credentials cire significant ad initio and semi-empirical
rescarches.  He {8 Prof. Leland C. Allen, Princeton University. why has made
concerted efforts to dridge and, uvitimstely, reduce the gap between two points
of vievw. Some of his more specific ohjectives, a bit of his ;hflosophv, and scae
recent progress will be r1eviewed,

The brois for mwch of the significant impact of gquantum theory <n orgsnic
chemistry (i.e,, lsrge molecuiar systems) has been the three dimenvional Huckel
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theory, which considers gas well asWelectrons. There have been, of course,
modifications and extensions of this btasic framework, It is at least basic

ln a historical sense and is workable only because of special assumptions. The
most notable or. - is treatment of electrons as effective'y independent. This
obviously unrea'.istic assumption is the basis for murn criticism of the Huckel
Theory.

Prof. Allen prepared recercly a review entitled "Why tneThree Dimensional
Huckel Theory Works and Where It Breaks Down." It was p e~sented zt Yale
University recen.ly At the Sigma Flectron Symposium spon-osred by Profs. K.
Wiberg and O. Sinanoglu. Publication will follow in tne conference proceedings.

Prof. Alien noted that strictly ab in{ti{o methods for constructing
polyatomic electronic wave functions are still tco time-consuming and size-
limited to ccujuer problems in organic chemistry. He deemed this regret table
since, in hic words, ''greater nverall unity can be brought to e chemical
srea when the theory has its direct origin in the basic laws of physics."
However, since vne canrot succeed in the problews of interest with direct
use of ab initic theory, one has to be content with an indirect use. He
sought, therefore, to identify the ab {nitio "underpinning' for the largely
ad hoc three dimensional Hickr:l model. Specifically, the goal was to identify
areas where the theory can be expected to succeed.

The {nductive approach was to calculate a wmolecnlar property (for a large
number of systems) by two means, The Htrekel molecular orbital model was
matched against & particular ab initio mcdel. The latter was a ifnear com-
bination of atomic orbitals molecular orbital (LCAO MO) approximation to the
Bartree-Fock equations carried out via the Roothan scheme. By this choice,
the input atomic orbital basis set, the output one-electron energies, and
the defirition of a onee«electron molecular orbital cuuld be rade {dentical
for both levels of theory,

The particular molecular p.operty calculated was the '"'Walsh diagram,"
which displays graphically the functional dependence of molecular orbital
energies on bond angle. These diagrams were first derived empirically frcm
spectral data on ionization potentials and excitation energies, They have
been useful in the past in elucidating and systewtizing many aspects of
spectroscopy end inorganic chemistry. An example is given in the following
figure.
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When valid, the Huckel Thecry can generate a reasonably good Walsh
diagram. By comparison to the more powerful ab initio method, when the Hickel
Theory failed, the precise reasons could be 1dentified. Very extensive
ab initio calculations of Welsh diagrams have been made in Prof. Allen's
laboratory. The molecules and ions considered contained t' -ee to eight atoms.

Further consideration will not be made of the details of the analysi:
Instead, we muyst content ourselves with the main conclusions, The results by
the Huckel method were found meaningful only when the charge distribution
in the molecule was relatively uniform. The three dimensional Hickel Theory
can glve 3 good account of atowic orbital hybridization, molecular shape in
ground and some excited states, and the ordering of molecular energy levels.
The quality of the results is significantly better when a Hartree-Fock atomic

orbital basis set is employed insatead of the more usual single exponential set.

In all cases the ability of the Huckel theory to represent adequately the true
wolecular charge distribution decreases as the electronegativity difference
between adjacent atoms increages.

rof. Allen has indeed made a significant contribution to relating the
wathematical and physical bases of the ab initioc approaches to the semi-
empirical ones which are erjoying increasing success with large molecular
systems, In so doing he t  assisted the closing of the "credibility gap."

COMMUNICATIONS IN QUANTUM CHEMISTRY  (Section Prepared bv LtCol % T. Welford)

The field of quantum chemistry is closely related to quantum physics or
quantum mechanics. By using quantum theory to ascribe wave-like properties to
elestrons chemists have gained new insfghts into the nature of wmatter. Some
believe, hopefully, that quantum theory will eventually provide the unifying
principle for the understanding of the whole of cheamistry. This is the
ultimate objective for research in this vital area of chemistry. AFOSR has
a carefully selected group of investigators in this difficult, complex, way-out
fleld of research. Thelr names will be found in the list of current research
efforrs, How°ver, it 18 not our purpose in this article to further describe
their important work but to discuss the communications problem in quantum
ctemistry and one effort at its solution.

l "

In a recent article Dr. Per-Olov Lowdin discussed the often-heard
fallacy that quantun mechanics, with the help of sufficiently large electronic
cemuters, shoald be able to completely replace experimeats in physics and
chemistry., In reality quantun mechinics is essentially the tool for hendling
the experimentally deternined info:mation about & gliven system. The theory
should then produce the fundamental principles for uaderstanding the system,
once the system has been described by the proper experimenfal information.
This i{s shown schematically by Figuve 1., taken from Dr. Lowdin's article.
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prinsiples.

i Unfortunately, quantum chemistry is more a conceptual framework than a

: nice set of mathemsatical laws. 1In advancing this ares a horrendous effort

: must be spent on numericel analysis and numerical computation. The {mportance

; of electronic computers to the development of quantum chemistry cannot be over

: emphasized. Problems related to the electronic structure of zloms, molecules,
snd crystals lead to computations of a formidable order of magnitude. It i¢
only after thorough numerical analysis and reduction that the present problems
can even be treated by today's computers. Dr. Robert Mulliken, formerly a
APOSR investigastor, addrecsed this problem tn his recent acceptance speech
for the 1966 Nobel prize in chemistry.

‘I would like to emphasize strongly my belief that the era

of computing chemists, when hundred 1f not thousands of
chemists will go to the computing machine instead of the
laboratory for increasingly many facets of chemical information,
is slready at hand. There 1s only one obstacle, namely, that
someone must pay for the computing time, However, it seems
clesr that the provision of adequate funds by government and
other organizations for computing molecular structures has

at least as high an order of justification as the proviston

of sdequate funds for the cyclotrons, bevatrons, and linear
accelerators used in studying nuclear structure and high-energy
particles, or for rockets to explore the moun, planets, and
interplanetary space. Chemistry, together with the physice

of solid matter on the earth, deals with the foundations of

the materfal world on which all our life is buflc."

The Directorate of Chemical Sciences, AFOSR, is presently engaged in &
key effort to slleviate the communications problem for chemists by {ts
sponsorship of the Quantum Chemistry Progran Exchaige (QCPE). This program

and its historical davelopment uander Jr. Havrlson Shull at Indiapa University
may be explained as follows:
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The efforts of scientists to understand the chemical properties of atoms
and molecules from firgt principles, that is, based on quantun mechanicel
calculations is as old as quantum mechanics itself, Both eftusvs date from
late 1920's, The high point of understanding in the pre-computsr ere '‘ae
reached somewhere in the early 1930'a with the work on tha hydrogen-ion
molécule and the hydrogen molecules, This work represented the upper limit

of scientists with regard to doing calculations. This situation prevailed up
through the mid 1950's,

In the later 1950's the first computers of any significance became avail-
able and with the advent of these computers the possibilities fer doing mean-
ingful calculations were also greatly increased. However, concomitant with
this increase in possibilities was a requisite increase in investment of
effort and manpower in the task of communicating with these computers, The
traditiona) approaches which hed dominated the pre-1958 period were of little
value {in the computer era, Problems had to be specifically formulated for the

computer, As part of this formulation new techniques of numerical anaiysis had

to be simultaneously developed, It was now necessary to code tha problem to
some form which the computer understood, i.e,, the computer program, and
finally the program had to be made error free - debugged - and certified as
operational. All of this required time and money,

As the desire to understand larger systems from ab {nitio caliculationa
became prevalent, it was not anuncommon practice for research groups to spend
a year or wore in the preparation of computer programs. It was immediately
recognized by many workers in the field that in many cases duplicate efforts
were taking place, It was also obvious that many groups were developiug
calculationa that would be of distinct {ntereat to many other groups, The
early workers in thie field wanted tec utilize their resources, which were
manpower, mouey and computer time, in an optimal fashion,

Toward this geoal Dr. Harrison Shull of the Indiana University Depart-
ment of Chemistry sgreed to esteblish, at Indiana University, what is today
known as the Quantum Chemistry Program Exchange (QCPE), Dr, Shull recog-
nized that what was needed was a means cf comnunication between workers in
the field as well as a central point to where they could turn in ovder to
cbtain dependable couputer programs.

In operation then, the QCPE relieves the investigators of many tedious
houre of laborious work by providing tested computer programs upon requeat
for a small handling fee, It serves as & ceatrel repository for these proe-
grams which are solicited from the contributing membars. The members recsive
a quarterly news letter” which contains abstracts of the available programs.
At the beginning of thie program in 1964, there were 135 participants and

30 programs in the exchange. Today the exchange liste about 800 partici-
pants and 110 programs.

The QCPE requires each participant to reply to an annual questionnaire,
This guarantees a maximum of genuine interest in the exchange and provides
valuable feed-bsck information, Por example, the participants have shown
a continuing increase in computer time on large systems. The savings on
this computer time, even if only 1%, are more than sufficient to pay for
the program. But more importantly, the general availability of these pro-
grams saves enormous time in duplicative efforts. It permits the individual
investigators to concentrate more directiy upon quantum chemi(stry itself
and, thercfore, to produce more significant research,
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A rvecent voluntary check of the part.cipants showed that the QCPE was
cited as the source of computer programs in 49 journal articles, mostly
in the 1965-1966 time period. Data of thia type show the QCPE is making
an impact and is helping to relieve the shoirrage of computer funds, It is
also evident that in sponsoring the QCPE that the AFOSR is helping to
afignificantly advance an important research area of chemistry.
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CHEMICAL SYNTHESIS AND DYNAMIC<

by Dr. Anthony J. Matuszko

Chemical synthesis and dynamics {s concerned with the development of
new and better synthetic methods and the study of reactivity and reacticn
mechanisms of organic, organometallic, snd inorganic cowpounds. This in.
cludes detailed studies of the pruperties of, and methods of generating
novel reactive intermediates for a variecy of Alr Force applications, par-
ticularly aerospace materials which are capable of withstanding exposure to
extremes in tempersture, pressure, and high energy radiation. Research in
organometallic chemistry will yield understanding leading to compounds
potentfally useful as heat stable polymers, as catalysts in the synthesis of
stereospecific polymers, as intermediates in the preparation of heretofore
upattainable nonpolyweric msterials, and as lubricante which rctain their
fluidity at wider ranges of temperature than presently available luLricanta.

In this section of the Annual Review we present some of the highlights
of our progrsm in the area of chemical synthesis and dynamics with particular
emphasis this year on reactive interumediates. The accounts of sccomplishe
ments which follow, concern chewmica! intermediates of increasing reactivity

as we go from simple free radicals to carbenes to carbon vapors and atoumic
species.

A NEW TRAPPING TECHNIQUE FOR FREE RADICALS

When a chemical bond is broken, one result of the fragmentation might
be the formation of reactive wmolecules with one or more unpaired electrons,
Such & reactive species 1s called a 'free radical."” To fllustrste, the

homolytic cleavage of a carbon<hydrogen bond in wethane would yield a methyl
radical (as well as a hydrogen atom):

H
] |
H—?-{-H @ H—~C- + *H
1
H

methyl
radical

Free vadicals such as these way be the needed reactive intermediastes in
the synthesis of new materials, or they may be the breakdown products in
the high energy radiative degradation of a structyral material.
free radicals are very short-lived species (~10 = to 10-8 sec) and exist
at low concentrations. Instrumentation which has evolved over the past eight
to ten years and become an extrewely useful tool for the study of chemical
species with unpaired electruns is electron spin resonance (esr) spectro-
scopy. It can yield information not only of the presence and number of such

unpaired elecroms, but also of the distribution of the electrons in the
molecule.

In general

Relatively high concentrations (above 10‘8M) of free radicals are usually
required for esr studies at room temperature with commonly available equip~
ment. Numerous methods have been developed for studying short-lived free
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radicals by in situ irradiation or rapid mixing techniques. Biochemists

have used a technique wherein the sample is frozen immediately after rapid
mixing and studied at the experimenter's leisurc. However, the esr signals
are frequently broad and relatively featureless anc cannot give much needed
information for structural determination. A need ha. existed for readily
applicable methods of detecting and identifying low coacentrations of free
radicals (below the esr detection threshold) in reactinyg systems. With grant
support from the AFOSR Directorate of Chemical Sciences, [ r. Edward Jzazen

of the University of Georgia, has developed a trapping technfaue f-. this
purpose. The approach is to have the generated radical react with a compound
which can serve as an efficient radical trap. (For convenience we call these
compounds spin traps.) Thus, a radical at low concentration and formed
relatively slowly could be trapped to produce @ new and more stable radical
essily detectable by esr. (For convenience we call these new radicals spin
adducts.) The nature of the resulting esr spectrun could then tell us the
structure of the original radical., Of course, the spin adduct formed by this
trapping technique must be reasonably stable and detectable by electron spin
regonance. If tne hyperfine spectrum of the resulting spin adduct has a
characteristic feature which is sensitive to the detailed structure of the
attached groups, the information can be used to identify the original radical.
One such aspin trap which Dr. Janzen and his research group have come up with
is phenyl t-butyl nitronme (PBN) which has been used for identification of
short-lived free radicals by the formation of statle nitroxides.

/a-l{ydrogen
‘-
0 {HO
|
R- + CH,CH - NCICH,}; = CH.CNCICH,),
R

Whereas the original radical would have been difficult to detect, the esr
spectrum of the nitroxide radical provides information not only about the
existence of free radicals in the system but also the structure of the
radicals. (The structural inforgation is obtained from the magnitude of
the hyperfine splitting of the 7a-hydrogen as observed in the esr spectrum)

In order to be an effective spin trap system, the reactions which give
phenyl radicals should give the same spin adducts with the same characteristic
features in the esr curve. In addition to phenyl radicals, the approach has
been used successfully to define the structure of the radicals trapped in the
case of benzyl, methyl, trifluoromethyl, ethyl, n-butyl, acetoxy and benzoyloxy
radicels. The structure of a few spin adducts was verified by synthesis of
the appropriate secondary amine followed by oxidation to the nitroxide. Further
verification was obtained by addition of organolithium compounds to PBN follow-
ed by air oxidation to the nitroxide.

<I)- oLi 0.
: o ;
RLi + CH,CH-~NQCH,); —» CH,CHNCICH,), —» C-H-CI‘HNQCH.).
A :
R R
32




The accompanying table summarizes the source of a number of radicals and
the type of radical trapped. A recent commnication in the Journal of

Table I
Free Radicals Studied

by the Trapping Techniqus

Radcal
Radical sources trapped

Phenylazoinphenylmethane CoHs-

Dibenzylmercury CH,(H,-
Trnfluoromethy 1 1wdide CF,-
Dimethy lmefcury CH,
: Diethylmercury CiH,-
Di-n-butyliead diacetate CH.
~ {.ead tetraacctate CH,C0UD-
Benzoyl peroxide CH,CGO-

the American Chemical Soclety 1 further describes methods used for generating
the various free radicals and gives the ¢alculated coupling constants of the
nitroxide radicals formed. This paper together with Dr. Janzen's presentation
on the subject at the National Meeting of the American Chemical Society in
September 1968 has resulted in his being contacted by other researchers from
various parts of the world. He has letters from two research groups (one from
Strasbourg, France) which essentially ask whatthis new trapping technique can

do to ansver the question: "Are there free radicel intermediates in the re-
action I am studying?"

TR o s

This new method of detecting shortelived free radicals in low cone
centrations will be useful to the Ailr Force not only in the synthesis of
new materials through iree radical intermedi{ates, but also as a sensitive
technique for detecting degradation of polymeric materi{als upon exposure to
¢ high energy radiation of the upper atmosphere. Other general applications

are spin trapping in biochemical systems, polymerizations, and air pollution
studies.

TN

References:

1. "Detection and Identification of Short-Lived Free Radicals by an
Electron Spin Resonance Trapping Technique,' Edward G, Jantzen end
Barry J. Blackburm, J. Am. Chem., Soc., S0, 5909 (1968).
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REACTIVE CARBENE INTERMEDIATES

Chemists concerned with the synthesia of new materials have made use
of a variety of highly reactive chemical species. These reactive species
are often generated in situ and usually conta!n an element in an unstuble low
valency state. Th2y o occur as intermediates with short lifetimes, requiring
low activation energies for reaction. Divalent carbon intermediates, common-
ly referred to as methylene derivatives or carbenes, are highly reactive
substances of this type. With support from the AFOSR Directorate of Chemical
Sciences, Dr. Dietmar Seyferth at the Massachuasetts listitute of Technology
has been investigating new ways of generating various carbenes in solution by
way of elimination reactions from organometallic precursors. Typlcal of re-~
accions studied by Dr., Seyferth and his research group iz the following
"‘extrusion’ of a dihalocarbene from an organomercury compound.

@-Hg-{;Cl => @-Hg-Cl + [_c-m?]

dichlorocarbene
intermediate

The carbene may then react across a double bond to form & geme

dichlorocyclopropane, (the gem-dichlor-refers to the attacument of both
chlorines to the same carbon atom),

li:-cl | + \C-C/ => C-C
- ~
/::\

Cl C1

or it wmay take part in one of many "insertion" reactions.

ScgH lc-cl] => j,‘-c’m

Such reagent systems are of grest value since they allow the generation and
transfer to a substrate of a substitucted carbene under very mild conditions
in the virtual absence of complicating aide reactions. This has allowed &
study in detail of the chemiatry of carbenes and has allowed the M.I.T. .
scientists to carry out carbene reactions which had never been observed be-
fore because alternate carbene generating systems were incompatible with
product formation or existence. Orgsnomercury systams have been developed
which transfer CCl,, CClF, CBr,, CClBr, CHC1, CHBr and CH, to various organic
and inorganic sube@tates. Since the reactions are carried out in situ with.
out fsolation of intermediates the actual formation of carbenes is not always
a certainty, However, kinetic studies have established that CCl, was an
intermedjate in the reaction of C HS-Hg-CCl2 Br with olefina in benzene
solution’,
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Recently, the M.I.T. research team reported a new reaction which wvas
noteworthy for two reasons; it represented the first reported CCl, insertion
into a silicon-carbon bond as well as the_first insertion of CCl2 (vith ring
expansion) into a strafned cyclic system.

/FH3 4__;;(\\ /§H3
51 + [C-CL2 —=> st

\ -

CH, €1”Cl CHy

4-membered carbon

S-membered carbon-
silicon ring

eilicon ring

The study of compounds contsining covalent metal-to-metal bonds has
received much attention in the past few years, The discovery of the firest
case of dihalocarbene insertion into a metal-to-metal bond to give a stable
~M-CX,-M= system has opened up a broad new {ield of research in the organo-
metalfic agspects of carbene chemistry.

Cl

|
[c-mz] + (CHy)3-Sn=5n~(CHy )3 =>> (CH3)3-Sn-<':-Sn-(CH3)3
c1

Recently, Seyferth and Hanson reported the preparation and reactions of
the first functional carbene reagent, an ozganomercury compound which transfers
(CH3)351CCI to olefins and Si-H compounds.

-~ -
[(cn3)3-s1-c-mz]z—ug + X => )c\:(c\

7
1 -
Cl st (CHJ)3

This compound may now be added to the arsenal of useful reagents in synthetic
organosilicon chemistry,

These are only a few of the many new developments in the chemistry of
reactive carbene intermediates coming out of Dr. Seyferth's laboratory.
The C.H -Hg-CX3 reagents whose chemistry was developed with AFOSR support have
been ?Lgding increasing use in organic synthesis, particularly in the prepara-~
tion of cyclopropanes. One of these reagents, C6HSHsCCI has found {ts way
into the Eastman Catalog of chemical reagents commercialiy available for
laborstory use, Dr. Seyferth has noted industrial intereet in these mercury
reagents which may be useful for adding dihalocarbenes to carbon-carbon double
bonds in polymers from 1, 3-dienes.

References:

1. "HalouethyleMetal Compounds. XIV. The Mechanism of the Phenyl (bromo-
dichloromethyl) mercury«Olefin Reaction,” Dietmar Seyferth, Jeffrey
Pui Mui and James M. Burlitch, J. Am. Chem. Soc., 89, 4953 (1967).

2. "Insertion of CCl, into the SiliconeCarbon Bond of Stlacyclobutanes,’
Dietmar Seyferth; Robert Damrauer and Stephen S. Washburne, J. Am.
Chem, Soc., 89, 1538 (1967),
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A, 'The Kesction of Phenyl(frihalomethyl) mercurials with Hexawethylditin
The Firat Case of Dihslocarbene Insertion inta a Metal-Metai Bend
tc Wue a Stable MCXyX Sjstem,” Dietmar Seyferth and Frank M,
Anbcecl.iz, J. Am. Chem. Srz., B9, 279C (1967); A full paper has
hieen accepted for publication 4n J. Am. Chem. Soc. and will appear
in eatly 1969.

4. "Bie (traimelkylsilyldichloromethyl)mercury, a New sad Useful Respeut
in Synthetic Organosilicoun Chemistry," Dietmar Seyferth and Earle
Marie Hanson, J. dn. Chem Soc., 90,2433 (1968).

LOW TEMPERATURE REACTIONS OF BIGH TEMPERATURE SPECIES

At Pennsylvania State Unlverai:y, Dr. Phiiip Skell has been studying
labile species of carbon and other chemical sierents. His early work resulted
in new methods of generating monatomic carkon. ¢, ,, snd triatomic carbon, C.,.
The chemical reactivity of these labfle spfcies with vayious orgaric molecuies
was highlighted in our 1965 Annual Review. Since that time, Skell and his
coworkers have obtained diatomic carbon, CZ’ and have done detailed studies

of the electronic and chemical properties of the varicus forma of resctive
carbon, The w.thod first used in the study involved vaporizatica of carben
across a graphite electrode arc under high vacuum and reaction of the carbon
vapor with organic molecules at liquid nitrogen temperatures, Another method
used for generating the labjle species involves vaporization by resistive
heating from a hot surface into a high vacuum. The Penn State rescarchers have
now {dentified two singlet and one triplet states of C_ and of C_ ., and s
singlet and a triplet state of C,. The approximate pﬂ*centages of Cl’ C2 and
C; formed are shown ia Table I.

TABLE I
COMPOSITION OF CARBON VAPOR FRGM VACUUM ARCING AND RESISTIVE HEATING
Carbon Vacuum Resiative
Species Arc Heating
V-norization Vaporizaticn

Cl 687% 547

¢, 24 1]

C3 7 33

Other 1 2

Mot e
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Skell's acet relfshle method of determining the composition of carbon
vapor 1a by trepeing with chinrine and identification of the organic
perchiorlides formed, In {urther work on carbon, a study is planned for the
vetertiinetion of carvon vepor composition as a function of arc parameters
{{.v, eifect of nhanges in voltnage and curvent) and the type of carbon used.
This information will be vvvful in the preblems encountered in rocket re-
entry intoe the atmcaphere, and slso {n the use of lablle carbon species as
reactive interwedieses {n the syutheeis of new materials.

The oblective of the Fenn State work on ""Atomic Chemistry" has been
the formation and study of the chemical reactivity of atomic specles of a
nuaber of elemcnts {n adulition te carbon. During the past year, a reaction
of thermally vaporfzed silicon was reported in a short commnicaticn from
this laborotory. It an apparstus similar to that developed for cavbon
vaperizations, & pruperly doped sfilicon semple was heated resistively to

1400°C in vacwo to form a vapor of silicom atoms. The eilicon atoms re-
srved with triwethylsilsne which wae trapped on the liquid nitrogen cooled
walie aad Jormed ), i, 1, 3, 3, 3~hexamethyltrisilane,

(€ H)MH + St — (CHOSSH
STUHLSSIH 4 (CH),SIH —~— (OSSR,

However, silicon, &z well as other poorly conducting materials, are ex-
ceadingly ditiicult to vaporize to the atomic stste by resistive heating

or vecaun atuing. A third method of generating highly active atomic species
lias only wscently been used by Skell and coworkers with spectacular success
io the vapovization oi silicon. It involves a magnetically focused high
voltage electron bsam (Varian 2.KW Electron Gun). The earlier experiments on
veperization cf silfcon have now been repested using the electron gun, con-
tirning the major reaction of atomic silicon with trimethylsilane. Further

work {s now being done to understand the details of the interactions with
atomic silicon.

Other atomic species which are being investigated at the present time
ave doyon, nmagnesium, germanium and nickel, The co-condensation at ~196°¢C
of atomic megnesfum with alkyl halides resulted in very little formation
of Qrignsrd reagent, indicating that Crignard formation is s property of the
bulk metsl rather than the atomic species. The major reaction of alkyl
halide with atomic magnesium 1s radical formaticen. Hence, atomic magnesium
should de useful in studving vadical reactions at very low temperatures.
Early experimeats indicate that the electron gun vaporizations should yfeld
atoric boron and atomic nickel, both of which were difficult to obtain by
arcing or resistive heating.

Through the formation of atomic specles of metal and metalloid elements
such as carbon, silicon, germanfum, magnesium, nickel, bornn, ete., Dr. Skell
and others actively working in the field, are making available an exciting
new series of reactive intermediates, These intermediates will lea¢ to the
synthesis of a variety of new organometallic and organometalloid mat=rials,
some of which could be useful as semiconductors, thermally stable pciymers,
or lubricants,

References:

1. "Eleventh Annual Chemistry Program Review,' AFOSR 65-1559, 13-i5, 1965
2, "Atomic Silicon, Reaction with Trimethylsilane,' P. S. Skell and
P. W. Ouen, J. Am, Chem. Soc., 89, 3922 (1967).
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} CHEMISTRY PROGRAM STATISTICS
; for FY68 (Ending 30 June 1968)
‘ Number Amount, Thous.ads
! Ne: Projects 23 $ 933
Renewals 53 2,396
Continuing Projects 55
Completed Projects 31
] : TOTAL 162
Active Projects, 30 June 1968 131
Monies Committed During FY68 3,329
(for 106 Project Years)
Cost per Prcject-Year $ 31.4
k
PROPOSAL DATA, FY68
New Proposals Received 215
| Renewal Proposals Received 50
i TOTAL 265
' New Proposcls Declined, Withdrawn or Transferred 201
i New Proposal: Tunded* 14
! Percent Funded 6.5%
Renewal Proposals Funded** 49
Overall Percent Declined 767
Overall Percent Funded 247,

* 3 with FY68 funds; balance with FY69 funds,.
¥k One renewal proposal withdrawn,

ST Y W O wRTT e

7T Y RO ST TR, a——_—

386

)
F
|




AFOSR BUDGET, FY68

Directorate Symbol Amount, Thousands Percent
Chemical Sciences c $ 3,329 10.1
Engineering Sciences E 9,807 29.6
Infoymation Sciences 1 1,239 3.7
Life Sciences L 3,448 10.4
Mathematical Sciences M 3,275 9.9
Physical Sciences P 12,048 36.3
$ 33,146 100.0
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Expenditures, Millions

CHREMISTRY BUDGET

Expenditures Expenditures
8 4 (Thousands; a4 (Thousands)
51 $ 596 60 1,964
52 835 1 2,086
53 1,310 62 2,700
54 1,150 63 2,922
35 1,451 64 2,959
56 1,976 65 3,356
57 1,732 66 3,475
58 2,205 67 3,480
59 2,066 68 3,329
69 (eat,) 3,401

_j 200

100

I ISR U NN I N SN

52 54 56 58 60 62 64 66 68
Fiscal Year

Plots are given of the year by year expenditures of the
Directorate of Chemical Sciences (full line) and the number
of projects supported (dashed line). A cowmparison of the
two plots reveals the rising cost of basic research in
chemistry.
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PROFESSIONAL ACTIVITIES BY MEMBERS
OF THE DIRECTORATE OF CHEMICAL SCIENCES (DCS)

Attendance at Professional Meetings and Conferences
Visits to U. S. Govermment Installations

Papers Presented at Professional Meetings and
Conferences (AGH)

Papers Published in Scientific Jourmals (DLB)
Professional Courses Completed

Professional Courses Taught (ETW)

Laboratory Visits to DCS Projects

Potential Investigstors Briefed on DCS Program

42
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PUBLICATIONS RECEIVED DURING FY 1968 ON
PRQJECTS EXPIRING PRIOR YEARS

Bonham, R.A,
Indiana University
Bloomington, Indiana
AF-AFOSR-602-64

"Effect of Bond Formation on Electron Scattering Cross Sections
for Molecules, ' D, A, Kohl and R, A, Bonham,
J. Chem. Phys,, 47, 1634 (1967,

Cram, D,J,

University of California
Los Angeles, California
AF-AFOSR-124-65

"1, 3.Asymmetric Induction in a Transamination Reaction,"
Donald J. Cram, J, Am, Chem, Soc,, 89, 5288 (1967).

Eggers, D, F,
University of Washington
Seatile, Washington
AF49(638) -797

"Vibrational Spectrum of Cyclopropene,” D, F. Eggers, E, L,
Wagner, J. W, Schultz, L, M, Jackman, K, B, Wiberg, andR, L.
Erskine, J, Chem. Phys., 47, 946 (1967) .,

Freeman, P, K.
University o! Idaho
Moscow, ldaho
AF-AFOSR-34-65

"The Reactions of Exo- and Endo-5-Chloromethylnorbornene
with Sodium, ' Peter K, Freeman, V, N, Mallilkarjuna Rao, Daniel
L, George, and Gary L., Fenwick, J. Org, Chem,, 32, 3958 (1967).

Griifin, C. E,
University of Pittsburgh
Pittsburgh, Pa,
AF-AFOSR-470-64

"Phosphonic Acids and Esters, XIX, Syntheses of Subsituted Phenyl-
and Arylphosphonates by the Photoinitiated Arylation of Trialkyl Phosphites, "
R. Obrycki and C, E, Griffin, J, Org, Chem,, 33, 632 (1968),

"Long-Range »O-'H Spin-Spin Couplirgs in Benzyl and Tolyl Phos-

phorus Compounds,” C, E, Griffin and M, Gordon, J, Am, Chem. Soc,,
89, 4427 (1967) .
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Guyon, J. C.
University of Misgouri
Columbia, Missouri
AF-AFOSK-205-63

"Spectrophotametric Determination of Zirconium, ' Joha C, Guyon,
Anal, Chim, Acta,, 37, 401 (1967).

r e bur—— a—— A

i "Spectrophotometric Determination of Bismuth,' John C., Guyon
; and Linda J, Cline, Anal, Chem., 37, 1778 (1965),

Janz, G. J.

Rensselaer Polytechnic Institute
Troy, New York
AF-AFOSR.181.63

""Molten Salts Handbook, ' George J, Janz, Academic Press Inc,,
New York (1967),

Kice, J.L,
i Oregon State University
: Corvallis, Oregon
AF-AFOSR-106-65

"Mechanisms of Substitution Reactions at Sulfinyl Sulfur, V. Halide
and Acetate Jon Catalysis of the Solvolysis of Arylsulfinyl Sulfones in
Acetic Acid-Water," John L, Kice and Giancarlo Guaraldi, J, Org. Chem,,
33, 793 (1968).

"Mechanisms of Substitution Reactions at Sulfinyl Sulfur. IV, the
Hydrolysis of Sulfinyl Sulfones (Sulfinic Arhydrides) in Aqueous Dioxane,"
John L, Kice and Giancarlo Guaraldi, J, Am, Chem, Soc,, 89, 4113 (1967) .,

"Mechanisms of Reactions of Thiolsulfinates (Sulfenic Anhydrides)
I. The Thiolsulfinate-Sulfinic Acid Reaction," John L. Kice, Clifford G,
Venier, and Leslie Heasley, J, Am, Chem, Soc,, 89, 3557 (1967).

"The Effect of Ring Size on the Rate of Pyrolysis of Cycloalkyl
Phenyl Sulfoxides," John L, Kice and J. Douglas Campbell, j, Org.
Chem., 22, 1531 (1967).

0 Kwiatek, J.

i ) U.S, Industrial Chemicals Co.
Cincinnati, Ohio

AF49(638) -1214

"Reactions Catalyzed by Pentacyanocobaltate(II),' Jack Kwiatek,
Catalysis Rev,, 1, 37 (1967).




Libby, W, F,
University of California
Los Angelen, California
AF-AFCSR-245-65

"Space Chemistry," W, F, Libby, Buletinul Irstitutului Politechnic
Din lasi, 13, 171 (1967),

"Chnemical Ionization Mass Spectrometry, VII, Reacticns of Benzene
fons with Benzene," F, H, Field, Peter Hamlet and W, F, Libby,
J. Am., Chem. Soc., 89, 6035 (1967),

"High-Pressure Metzallic Polymorph of Cadmium Arsenide, "
H, Katzman, Terence Donohue and W, F, Libby, Phys. Rev,
Letters, 20, 442 (1968), "

Lillien, 1,

University of Miami
Coral Gables, Florida
AF-AFOSR-123-63

‘'Nonplanar Cyclobutane, Temperature Dependence of Infrared
Spectra of Cis- and Trans-Methyl 3-Isopropylcyclobutanecarboxylate, "
I, Lillien, J, Org, Chem,, 32, 4152 (1967).

""Nonplanar Cyclobutane, Steric Control in Deamination of cis- and
trans - 3-Isopropylcyclobutylamine, " I, Lillien and R, A, Doughty,
Tetrahedron Letters, 40, 3953 (1967),

""Nonplanar Cyclobutane-Il The Methyl 3.lsopropylcyclobutane-
carbexylate System, " I, Lillien and R, A, Doughty, Tetrahedron _
Letters, 23, 3321 (1967), /

Mayo, F, R,

Stanford Regearch Institute
Menlo Park, California
AF15(638) -1102

"Liquid Phase Oxidations of Cyclic Alkenes. II,' Dale E, Van
. Sickel, Frank R, Mayo and Richard M, Arluck, J. Org, Chem,, 32,
= 3680 (1967) .

Moriconi, E, J. i
Fordham University :
New York, New York

AF-AFOSR-488-64

"The Reaction of Chlorosulfonyl Isocyanate with Bridged Bi- and
Tricyclic Olefins," Emil J, Moricori and Wheeler C, Crawford,
J. Org. Chem,, 33, 370 (1968) .,
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Overend, J,

University of Minnesota
Minneapolis, Minnesota
AF-AFOSR-570-64

"On the Problem of Multiple Solutions in the Calculation of Force
Constants by Least-Squares," C, D, Needham and J, Overend,
Spectrochimica Acta, 22, 1383 (1966) .

"l.east-squares Adjustmeunt of Anharmonic Potential Constants:
Application to '*CO, and '*CO_," M, A, Pariseau, I, Suzuki and John Overend
J. Chem, Phys., _22_, 2335 (12965) .

Parravano, G,
University of Michigan
Ann Arbor, Michigan
AF49(638) -606

“"The Low Temperature Oxidation of Ammonia Over a Supported
Ruthenium Catalyst," T, J, Schriber and G. Parravano, Chem. Eng,
Sci., 22, 1067 (1967).

"Polymerization of Styrene with Titanium Chloride Triethyl Aluminum
Vanadivm Chloride Catalyst,' F, D, Otto and G, Parravano, J, Polymer
Sci., 2, 5131 (1964),

"Polymerization of Vinylcyclohexane with Titanium Chloride-Triethyl
Aluminum Catalysts,"” W, H, McCarty and G, Parravano, J, Polymer
Sci., 3, 4029 (1965).

Peacock, R, D,
University of Birmingham
Birmingham, England
AF-AFOSR-63-96

"Dialkylaminotellurium (VI) Fluorides,'" G, W, Fraser, R, D,
Peacock, and P, M, Watkins, Chem. Comm,, 1248 (1967),

Schmidt, H. H,
University of California
Riverside, California
AF49(638) -284

""Heat Capacity in the Critical Region of Xenon, ' Ha: *d H., Schmidt,
Jack Opdycke, and Charles F, Gay, Phys., Rev, Letters. ., 887 (1967),
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Shine, H, J.

Texas Technological College
Lubbock, Texas
AF-AFOSR-23-63

"The Formation of Cations and Cation Radicals from Aromatic Sulfides
and Sulfoxides, " H, J, Shine, in "Organosulfur Chemistry,'" Ed, by M, J.
Janssen, John Wiley, New York (1967) .,

Sillen, L, G,

Royal Institute of Technology

Stockholm, Sweden

AF61(052) -162; AF-EOAR-65-22; AF-EOAR-63-8

"The Crystal Structure of the Potassium Aluminate KZ AIZQOH);],..
Goerge Johansson, Acta Chem, Scand,, 20, 505 (1966),

"A Calerimetric and Potentiometric Study of the System C1~ -ng +

and Br~ -ng* at 25° C in 3MNaClO, Medium, " Robert Arnek, Arkiv
Kemi, 24, 531 (1965),

"Studies Concerning Hydrolysis of Metallic Ions 5%, Vanadium (III)
in 3 Molar KC1 Medium, " Felipe Britc, Anales Real Soc, Espan, Fis,
Quim,, Ser B-Quimica, 62‘, 133 (1967),

"'Studies Concerning the Equilibria of Polyanions, ' Felipe Brito,
Anales Real Soc, Espan, Fis, Quim., Ser B-Quim, 62, 123 (1966},

"Studies Concerning the Equilibria of Folyanions XIII Polymeriza-
tion of Tellurates in One Molar NaCl Solution at 25°C, ' Felipe Brito,
Anales Real Soc, Espan, Fis. Quim,, Ser B-Quimica, 62_, 197 (1967) .

"The Ion Activity Function--An Approach to the Study of Electrolyte
Behaviour 1in Concentrated Solutioneg, " L, Leifer and E, Hogfeldt, in
""Electrochemistry" (Proc, 1st Australian Conference, Sydney, 13-15
Feb,, Hobart, 18-20 Feb, 1963) 107, New York Pergamon Press (1964) .

"On the Nature of Charge-Carriers in Liquid Se Containing €1, "
Margareta Lundkvist and Lars Gunnar Sillen, Acta Chem. Scand. 20,
1723 (1966) . -

"Study on the Hydrolysis of Metal lons, Part 56, Solvent Extraction
Study of the Hydrolysis of Zinc (I} in 3M NaCl0 at Low Concentration, "
Sekine Tatsuya, Acta Chem. Scand, 19, 1526 (1965).

"The Crystal Structure of ZrZ(OH)Z(_ S0O,) 3(}{20)4’ o D. B, McWhat,
Goerge Lundgen and Lars Gunnar Sillen, Inorg, Chem, 3, 284 (1965h).

"On a Photometric Method for Concentration Determinations, ' Tom
Wallin, Arkiv Kemi, 26, 13 (1946},
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T rueblood, K, N,
University of California
Los Angeles, California
AF-AFOSR-240-63

"The Crystal Structure of the Hexahydrated Calcium Salt of Hexa-
cyanisobutylene," D, A, Bekoe, >, K, Gantzel, and K, N, Trueblood,
Acta Cryst,, 22, 657 (1967),

"The Crystal and liolecular Structure of l-Methylamino-7-Methyl-
imino-1, 3, 5-Cycloheptatriev.e,' Faul Goldstein and Kenneth N, Trueblood,
Acta Cryst,, 23, 148 (1967) .
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DIRECTORATE OF CHEMICAL SCIENCES

AFOSR

ARLINGTON, VA,

RESEARCH EFFORTS
As of 1 July 1968
(Alphabetical by Principal Investigator)

Physical Adsorption of Varrs
W4 (870) 60/1097-66

Chemical Electronic Structure
Theory
Bi (949) 39/1625

Mechanism of Nitrogen Fixation by
Ultrasonic Radiation in Water
E4(1269) 60/67-24

Kinetic Spectroscopy of Chemically
Active Systems
E4 (170) #0/1703

Multicharge Aromatic lous
M4 (1068) 62/738-67

Study of The Light Emitted by
Atomnic Fiames
BS (968) €0/687-64

Microwave Speciroscopy of Boron
Compounds
R4 {769} 60/849-67

Electrolytic Reduction of Organic
Corapounds
Wi (569) 62/822-67

Chemistry of Strained Olcfins
M4 (969) 62/68-1358
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Arthur W, Adam son
Department of Chemistry
University of Southern Calif,
Los Angeles, California

Leland C, Allen
Department of Chemistry
Princsron University
Princeton, New Jersey

Michael Anbar
Department of Chemistry
Weizmann Institute of Science

Rehovoth, Igrael

Edward J, Bair
Department of Chemistry
Indiana Univereity
Bloomington, Indiana

Merle A, Battigte
Departrment of Chemistry
University of Florida
Gainesville, Florida

Kyle D, Bayes
Department of Chemistry
University of California
los Angeles, California

Robert A, Beandet
Department of Chemistry
University of Southern Calif,
Los Angeles, California

Robert A, Benkeser
Department of Chemistry
Purdue University
Lafayette, Indiana

Jerome A, Bersgon
Department of Chemistry
University of Wisconsin
Madison, Wisconsin
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Some Thermochemical Studies by

Mass Spectrometry
R4 (B869) 10/68-1356

Theoretical Studies on the Structure

of Inorganic and Organometallic
Compounds
M, H4 (1070) 39/67-1184A

The Solvolytic Reactivity ot Pi-
Complexed Compounds
M4 (869) 62/991-67

Theoretical and Experimental
Analysis of Electron Scattering
from Atoms and Molecules
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COMPLETED PROJECT SUMMARY

TITLE: Nucleophilic Displacements on Phosphorus Esters
PRINCIPAL INVESTIGATOR: Dr. K. D. Berlin

Department of Chemistry

Oklahoma State University

Stillwater, Oklahoma
INCLUSIVE DATES: 1 October 1562 - 31 August 1967
GRANT NOS: AF-AFQSR=132-h3; AF-AFOSR-~132-65; AF-AFOSR-132-67
COSTS AND FY SOURCE: $21,708 FY63; $24,283 FY65; $6000 FY67

SENIOR RESEARCH PERSONNEL: Dr. Mandava Nagabhushanam
Dr. R. U. Pagilagan

JUNIOR RESEARCH PERSONNEL: T. Howard Austin
Yseibert E. Peterson

A

PUBLICATIONS:

"Nucleophilic Displacement Reactions on Organophosphorus Esters
by Grignard Reagents. I.'" K. D. Berlin, T. K. Austin, and K. L. Stone,
J. Am. Chem. Soc., gg, 1787 (1964).

"Nucleophilic Displacement Reactions on Organophosphorus Esters and
Halides by Grignard and Lithium Reagents," chapter in Topics in
Phosphorus Chemistry, M. Grayson and E. Griffith, Fds., Interscience
Publishers, New York; K. D. Berlin, T. H. Austin, M. E. Peterson and
M. Nagabhushanam, Vol. 1., 17 (1964).

"Unsymmetrical Tertiary Phosphine Oxides from Diphenyl Phenylphosphinate.
/. Convenlient Synthesis," K. D. Berlin and M. Nagabhushansm, Chem. Ind.
(London), 974 (1964).

"A Convenient Synthesis of Esters of Diphenylphosphinfc Ac.d. III," K. D.
Berlin, T. H. Austin, and M. Nagabhushanam, J. Org. Chem., 30, 1267 (1965).

"The Pyrolysis of Alkyl Diphenylphosphinates,'" K. D. Berlin and T. H.
Austin, J. Org. Chem,, 29, 2745 (1965).

"Gas Chrrmatographic Analyses of Organophosphorus Compounds Using a
Hydrogen Flame Ionization Detector. The use of Chromosorb G as a Solid
Support," K. D. Berlin, T. H. Austin, M. Nagabhushanam, M. Peterson,

J. Calvert, L. A, Wilson and D. Hopper, J. Gas Chromatorgraphy. 3, 256
(1965).

"Structural Effects on the Complexing Ability of Alkyl Diphenylphosphinates
With Magnesium Iodide," K. D. Berlin and R. U. Pagilagan, Chem. Cowmun.,
19, 687 (1966).

"Nucleophilic Displacement Reactions con Organophosphorus Esters by Grignard
Reagents. II. Evidence for Competitive Displacements on Csrbon and Phos-
phorus in the Reaction of Grignard Reagents with Simple Phosphates."” K. D.
Berlin and M. E. Peterson, J. Org. Chem., 32, 125 (1967).

69 E




L

"Nucleophilic Displacement Resctions cn Ovganophasphorus Esters by Grignard
Reagents. III. The Reactions of Alkyl Diphenylphosphinates With Alkyl
Grignards." K. D. Berlin and R. U, Pagilagan, J. Org. Chem., 32, 129 (1967).

"Studies on the Mechanism of Thermal Decomposition of Alkyl Diphenyl-
phosphinates,"” K. D. Berlin, M. E. Peterson, W. Pivonka, and T. H. Austin,
menuscript in preparation.

"Nuc leophilic Displacements on Phosphorus Esters,' Final Technical Report,
AFOSR 67-2247.

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

This study was undertaken in an effort to determine the chemistry of re-
actions involving attack of Grignard reagents on phosphorus esters. Phosphites,
phosphonites, phosphinites, phosphates, phosphonates, and phosphinates were
examined, ard the following sequence of steps for the reactions was established.

Trivalent Phosphorus Esters

! ! , R’ ’
R0Y,P: R roverr' R MEX, roPRg _RMeX R
phosphite phosphunite phosphinite phosphine

Tetrasubstituted Phosphorus Esters

V] Q
r ¢ ’
(RO)y2~0 — R M | ro)grr’ _RMEX_,porry RMEX , Ripeo
rhoephate vhosphonate pnosphinate phosphine oxide

Evidence based on an isolated solid complex and careful analysis of the
reaction mixture by gas chromatography suggests the displacement of OR from
phosphorus is stepwise. An Sn2 mechanism in the displacement appears likely.

-
RO RO DR l X
R ‘MgX \ . .o , MaR ’
(RO) 4P —-——*RO--I—PlisR R s P—MgR'| — gk
14 l \
X R—P(OR),
R 8 g X +
phosphitea-Grignard X
comp lex - ROMgX

The stability of the complexes of the esters is believed to be in the
following decreasing order: (CH 0)3P > (CH,0)_PR' ,CHJOPR'. A special
column for gas chromatogrephic “analysis weg dgveloped which consisted of
silanized Chromosorb G as support with 57 Silicone 30 as the substrate coating.
Complex mixtures containing as many as ten different phosphorus compounds could
be separated by a single injection on the column.

It was found that coordination of Grignard reagent with a phosphate,
phosphonate or phosphinate was required before tetrasubstiuted phosphorus esters
would undergo extensive nucleophilic displacement. An investigation of the
kinetics of reaction of several phosphonates with methyl Grignard reagent
(CH.Mgl) gave results which indicated the process did not follow a simple first,
second or third kinetic order.




During the course of synthesizing the phosphinates, {t was discovered that
the esters with at least one f-porton in the alcoholic portion underwent thermal
decomposition below 250°, Virtually free of side reactions, the pyrolysis pro-
ceeds smoothly to diphenyl phosphinic acid end an alkene in near quantitative
yleld with fifteen esters. This novel eliminstion does not appear plagued with
skeletal rearrangements in the alkenes produced since diphenylphosphinic acid
(the only acidic product) is markedly insoluble in most organic liquids, Con-
sequently, the process has prcmise of being a useful method of producing a
alkenes without creating complex mixtures.

Dr. W. L. Ruigh
(Reviewed by LtCol L. D. Whipple)
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COMPLETED PROJECT SUMMARY
TITLE: Fundemental 1lnvestigations of Luminescent Materials

PRINCIPAL INVESTIGATOR: Dr. G. A. Crosby
Department of Chemis try
University of New Mexico
Albuquerque, New Mexico

INCLUSIVE DATES: 1 January 1963 - 14 September 1967

GRANT NOS: AF.AFOSR-269-63; AF-AFOSR-269+63A; AF-AFOSR-159-65;
AF-AFOSR-269-67

COSTS AND FY SOURCE: $57,380.66 FY63; $20,000 (RADC): $83,922 (including
$20,000 from RADC) FY65; $19,518 FYo7

SENIOR RESEARCH PERSONNEL: Dr. S. J. Ladner
Dr. C. M. O'Donnell
Dr. W. G. Perkins

JUN7OR RESEARCH PERSONNEL: Dean H. W. Carstens Richard B. Lehmann

H. James Clifford Brian J. Pankuch
Jane L. Crosby Jea Y. Rhee
James N. Demas Sonia L. Sabath

Raymond W. Harrigan Thomas R. Thowas
David M. Klassen
PUBLICATIONS :

"Luminescence from Transition-Metal Complexes: Tris(2,2'-bipyridine)-
and Tris(l,i0-phenanthroline)Ruthenium(II)", G. A, Crosby, W. G. Perku.ns,
and D, M. Klassen, J. Chem. Phys., 43,1498 (1965).

"Luminescent Organic Complexes of the Rare Earths', G. a. Crosby,
Molecular Crystals, 1, 37(1966).

"Intramoleculer Energy Transfer in Osmium(Il) Complexes', G. A. Crosby,
D. M. Klasgen, and S. L. Sabath, Molecular Crystsals, 1, 453 (1966).

"Optical Excitation of Tremeit’on-Metal Ions Vis Intramolecular Energy
Tranafer”, G. A. Crosby, J. Chem. Phys. (Paris) 6/ 160 (1967).

"Reas-ignment of the Luminercence Frou Ruthenium(Il) Complexes', D, M.
Klasgen and G. A, Crosby, Chem. Phys. Letters, 1, 127 (1967}.

"Ligand~Field Transitions in Tertiary Phosphine and Arsine Complexes',
D. M, Klassen and G. A. Crosby, J. Mol. Spectry. (in press).

'Spectroscoplc Studiesof Ruthenium(II) Complexes™”, D. M. Klassen and
G. A, Crosby, J. Chem, Phys. (in presa).

“On the Multiplicity of the Bmiteing State of Ruthenfuw(lIl) Complexea',
J. N. Demae and G. A, Croaby, J. Mol. Spectry. (in press).

"Luminescent Organic Complexes of the Transition Metals", a review,

D. H. W. Carstens and G. A, Crosby (to be submitted to Molecular
Cryatals).
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"Quantum Yields of Photoluminescent Compounds', & review, J. N. Demas
and G. A, Crosby (in preparation).

"'undamental Inveatigations of Luminescent Materials", Final Technical
Report, AFOSR, 68«0213.

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The wain purpose of the research was to study the fundamental processes
occurring in lumineascent materials after the primary act of energy absorption.
A second objective was to search for new luminescent substances of possiv.e
technological importance guided by the criteria established by our concom-
itant fundamental studies on energy transfer,

Numerous complexes of ruthenfum(II). cobalt (1II), osmium(IIl), fridium(IIl),
thodium (I , and platinum(IV) having ff-conjugated ligands were studied spece
troscopica ly, Many of the materials were discovered to be highly-efficient,
photochemically-stable, luminescent subatances. Som: of them exhibit prop-

erties which suggest potentisl value as active materials for electro~optical
and laser devices.

Considerable progress was made toward the elucidation of the systematics
of energy migration in transition-wetal complexes. The role of charge-trans-
fer (d-mk) statesz relative to d-d* and w-m* states in controlling the
optical behavior of the molecules was defined, Genersl experimental criteria
were formulated which can be used to aid significantly in the task of msking
state assignments for new luminescent complexes of transition metals.

For some substances we succeeded in completely changing the nature of thn
emissions observed by making minor modifications in the structure of the
molecuies which led to excited-state level inversion.

Triplet states in rhcdium compiexes which are inaccessible bty absorption
measurements have been located experimentally via emission spectroscopy.

A novel photochemical reaction was discovered involving the ruthenium (1)
ion which has an interesting electronic interpretation and points toward
the existence of other photochemical reactions of the same general type.

Dr. W. L. Ruigh
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CCMPLETED PROJECT SUMMARY

TITLE: Structural Chemistry and Bonding {n Inorganic Compounds
PRINCIPAL INVESTIGATOR: Dr. Lawrence F. Dahl

Department of Chemistry

University of Wisconsin

Madison, Wisconsin
INCLUSIVE DATES: 1 October 1963 - 30 September 1967
GRANT NUMBER: AF-AFOSR-518.64; AF-AFOSK-518-66
COSTS AND FY SOURCE: $48,420 FY63; $58,020 FY67

SENIOR RESEARCH PERSONNEL: Dr. C. H. Wel
Dr. P. Woodward

JUNIOR RESEARCH PERSONNEL: M. F. Bailey R. W. Perry
D. L. Stevenson J. A. Coleman
J. F. Blount V. R. Magnuson
Q. F. Watkins J. A. Molin-Case
W. R. Costello R. P. White
G. R. Wilkes R. M. Sweet
M. A. Neuman

PUBLICATIONS:

"The Molecular Structure of a Tricyclic Complex, SFe(CO}3 ,,"
C. H. Weil and L. F. Dakl, Inorg. Chem., 4, 1(1965).

"Crystal Structure of a 1:1 Mixture of Two Iron Carbonyl Sulfur Com-

plexes, [soFe3(C0)g [ s,Fe2(CO)}," C. H. wei and L. F. Dahl, Inorg.
Chem., 4, 493" (19657.

""The Structure cf Hexamethylbenzene Chromfum Tricarbonyl! with Com :nts
on the Dibenzene Chromlium Structure,” M. F, Bailey and L. F. Dahl,
Inorg. Chem. _lo_. 1298 (1965).

‘'Structure of Thiophene Chromium Tricarbonyl, CAH/,SCK(CG)B." M. F. Bailey
and L. F. Dahl, Inorg. Chem., 4, 1306 (1965).

"Three-Dimensional Crystal Structure of Benzene Chromium Tricarbonyl
with Further Comments on the Dibenzene Chromium Structure,”" M. F. Bailey
and L. F. Dahl, Inorg. Chem., &, 1314 (1965).

"A New Type of Cyclic Transitinn Metal Complex, [Ni(SCzH5)2]6 " P. Wood-
ward, L. F. Dahl, E, W. Abel, and B. C. Crosse, J. An. Chem. 5oc., 87,
5251 (1965).

"Preparatior and Structure of a Tetrameric Cyclopentadienyliron Sulfide,
C5H5P°5]l.r" C. B, Wei, G. R. Wilkes, P. M. Treichel, and L. F. Dahl,
Inorg. Chem.,i, 300 (19€6).

“Moleculer Structures of {(CeHg)2PCoCsHs], and [(CgHg),PNLCsHg] o: An :
Asgsessment of the Influence of a Metal-Metal Bond on the Molecular
Seometry of an Organometallic Ligand-Bridged Complex, "J. M. Colemean and
L. F, Dahl, J, Am, Chem. Soc., ﬂ, 542 (1967),
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"Oorganometallic Sulfur Complexes VI, The Molecular Structure of e
Tricyclic Complex, Tricobalt Enneacarbonyl Sulride," C, H. Wel and
L. F. Dahl, Inmorg. Chem., 6, 1229 (1967).

"Preparation and Structure of [?H SFez(CO)éJZS: An Organometallic Complex
Containing a Tetrahedral-like Sulfur Atom Coordinated to Four Metal Atoms,"
J. M. Coleman, A. Wojcicki, P. J. Pollick, and L. F. Dehl, Inorg. Chem.,

6, 1236 (1967).

"Organometallic Sulfur Complexes VIII. The Molecular Structure of a
Doubly-Bridged Dimeric Complex of Molybdenum(v),[c Hjnodl~82, Containing
a Mo-Mo Interaction,” D. L. Stevenson and L. F. Dshl, J. Am. Chem. Soc.,
89, 3721 (1967).

"Organometailic Sulfur Complexes IX. Structure of a Hexanuclear Cobalt
Carbonyl Sulfur Complex [§c°3(co){]sz, Containing a Tetrametal ~Coordinated
Bridging Disul €ide Group," D. L. Stevenson, V. R, Magnuson, and L. F. Dahl,
J. An. Chem. Soc., 89, 3727 (1967).

"“The Structuce of a Trigonal-Bipyramidal Nickel(II) Cyanide Complex Contain-
ing a Tetradentate Ligand Tris (3-dimethylarsinopropyl) phosphine,” J. Am.
Chem. Soc., B9, 3424 (1967).

"Grganometallic Sulfur Complexes. X Structural Che acterization of a Trimeric
Mercaptocobalt Carbonyl Complex, 003{(SC2H5)5(CO)§(CO)3, Containing a New
Basic Polyhedral Unit for a Trisangular Metai Cluster," C. H. Wei and L. F.

H Dahl, J. Am. Chem. Soc., 22, 3960 (1968).

"Organometallic Sulfur Complexes. XI. Prepsration and Structure of a
: Pentameric Mercaptocobalt Carbonyl Complex, C°S(CO)1O(SC2“S)5' “C. H. Wel
: and L. F. Dehl, J. Am. Chem. Soc., 9C, 3969 (1968).

"Organometallic Sulfur Comolexes. XII. Structure of a Hexameric Mercapto-
cobalt Carbonyl Sulfide Complex, SCog(C0))j(S5C,Hs),," C. H. Wel and L. F.
Dahl, J. Am. Chem. Soc., 90, 3977 (1868). 1

"Synthesia and Structure of 9,10-Dihydroanthracene-bis (tricarbonylchromium),
Cy B ACT (€O)3}z " R. M. Sueet, B. R. Willeford, Rudolph L. Pohl, and
L. 'F. Dahl, in preparation.
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"Moleculag Structure of Bis-triphenoxyphosphine Dicobalt Hexacarbonyl,
Coy (CO)gqP (OC.H )5}2: An Assessment of the Influence of Phosphine-
Substituted Me af Carbonyl Ligands on the Molecular Geometry," J. A.
Molin-Case and L. F. Dahl, in preparation.

"Structure and Bonding of a Metal Carbonyl Acetylene Product,
Fez(CO}S(C2H5C2C2H5)3(CO)," J. A. Molin-Case and L. F. Dahl, in prepara- R
tion.

"Structure and Bonding of the (Substituted Thiophene)-Metal Ccmplex,
2,5-(CH3)2C“HZSCr(C0)3," R. W. Perry and L. F. Dahl, in preparation,

"Structural Analyses of Two Rhodizonete Complexes, K2C¢0q and RbzCe0g,"
M. A, Neumman and L, F. Dahl, in preparation.
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"“Structure and Bonding of the Allyl Metal Cobalt Complex,
C6H5C02C3H‘Co(CO)ZP(C6H5)3, "R. W. Perry and L. F. Dahl, in preparation.

“Structural Characterization and Bonding of (CSHR)ZNbS.Cl and (CSHS) NbOC1;
A Terminal Metal-S2 System," R. W. Perry and L.F. Dahl, in preparation.

"Structure and Bonding of & New Metal Atom Cluster (!C5H5)Fe(C0)£],“
M. A. Neuman, R. B. King, and L. F. Dahl, in preparation.

"Structural Chemistry and Bonding in Inorganic Compounds,' Final Report,
AFOSR

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

Symgtematic structural investigations not only have led to the character-
ization of new general types of organometallic complexes but also have provided
new structural and bonding principles. These investigations have included

tudies on a wide variety of unusual organc(transition metal) sulfur complexes,
It has been shown that 8 sulfur atom cen function as a doubly-bridging two=
electron donating group, & triply-bridging four-electron donating group, a
quadruply bridging four-electron donating group, 8nd a quadruply bridging six-
electron donating group in organometsallic complexes. This work has alsoc un-
covered the fact that disulfide groups can Le coordinated to ome, two, or four
transition metals. In addition, seversal new kinds of metal atom cluster
systems have been uncovered, oand the importance of metal-metsl interactions
on the molecular geometries of polynuclear metal carbonyl and cyclopentadienyl
complexes has been assessed for several complexes. A brief summary of this
work 1s given below.

The molecular structure of (CSHSHOO) S, (Stevenson and Dahl) revealed
the first known example of an organometaflic complex which contains doubly
bridging sulfur atoms linking two transition metals. A direct molybdenum-
molydenum electron-pair bond of considerable strength is necessary to sccount
for the sharply acute bridging angles in diamagnetic complexes.

A structurel study of s new cluster system, Coj(C0)gS, prepared by the
reaction of dicobalt octacarbonyl with phenol mercaptan, has shown it to
contain a sulfur atom symmetrically bridging three metal atems. The molecular
configuration of C symmetry consists of an apical sulfur atom coordinated
by three cobalt-su?¥ur bonds to a Co (CO)g fragment of three equilaterally
srranged cobalt tricarbonyl! groups linked to one another by Co-Co bonds.
Comparison was mede of the prominent structural features of Co3(CO)95 with
those of Co3(C0)4CCH3 and other related molecular complexes.

An X-ray analysis of [bog(C0)7§%Sz established the first example of a .
disulfide bridging group symmetrically linked to four transition metals., The !
molecular geometry of C symuetry has two C03(C0)7 moieties connected to o
each other by a disulfisz bridge, Comparison of its structural features
with those of its closely-related chemigal precursor, Coj3(C0),S, indicated
that the aignificant difference of 0.1 in Co-Co bond lengths in the latter
wolecule must be primarily a conrfequence of the unpaired electron in
C03(CO)9S. This prediction was verified, end subsequent work on related
cluster systems has shown that valence electrons can drastically influence
molecular geometries.

A chemical and physical charactertization of the complex (bﬂ3SFe2(C0)é]ZS
1evealed the first known case of an ocrganometallic complex containing a
tetrahedral-like sulfur atom bridging four metal atoms. The molecular
geometry of C7 symmetry ir comprised of two iden lcal‘?H3SF¢2(CO)glfragments
bridged by a wmetal-coordinated tetrahedral-like sulfur atom which donates
s{x of its valence electrons to the four iron atoms. The properties and
structural features of this compound were compared to those of
(§2H55Pe(CO)jlz and other related syst;zs,
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Structural investigations of the Treichel-Werber couwpounds
(C5Hs)pNbSX (X = C1, I) and (CgHs ) NbOCL have yielded molecular parameters
for the first known exatples of an S; group bonded to only one transtion
metal atom, The structure of (C5H5) NbSZCI shows the two bonded sulfur
atoms to be equidistant from the niobium metal and oriented such that the
niobium, chlorine, and both sulfur atoms are coplanar. The S, group, the
chlorine atom, and the two cyclopentadienyl rings are disposed i{n a dis.
torted tetrahedral arrangement about the central niobium atom. The remark=-
able feature of this chlorine complex is the unusuglly,short S5 distance
of only 1.76 R which 1s 0.13 K less than that of 1.89 A in free S, which
exists only at high temperatures. In contrast the 0-0 distances in all the
structurally- characterized metal-0; compounds invariably are greater than
that of 1.21 & in free 02. These opposite changes in 0-0 and S-S distances
on metal complexation were rationalized from molecular orbital energy diagrams,
Subsequently, the structural analyeis of (CSH )NbS,I verified the hypothesis
bssed on these MO correlation diagrams that tﬁc iodide derivative possceses

a different electronic ground state configuration from that of the chloride
complex,

A new cyclopentadienyl metal cluster C5H5FeS , prepared by the reaction
of tpsﬂsre(CO) 2 with cyclohexene sulfide, was cﬁlrlcterlzed by » structural
study as a tetrameric system, This srructural analysis showed that the ob-
served configurstion of Doy tetragonal symnetry can be rationalized ss o
stereochemical consequence of each {ron atom attaining a closed-shell con-
figuration by formation of only one metal-metal bond.

A structural investigation d Co;{(SC~H5)5(CO) {CO)3 revealed a new basic
polyhedral unit for a triangular metal fuater omparison of the structural
and bonding features was made with the ERQ3C11;P' trisngular cluster. A
preparation and structural characterization of the complex C°5(CO)10(SC2“5)5
and the structural analysis of SCo6(CO)11(SC2H )4 showed these systeme to be
closely related to the trimeric cobalt carbony{ complex. The application of
a metal-atom cluster molecular orbital model showed that in contraat to the
metal cluster halide and oxide systems that these metal carbonyl clusters
contain electrons i{n antibonding metal symmetry orbitals.

Denton W. Elliott
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$. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The objective of this research was to study the mechanism and rates of
processes which form ions in high temperature gases. Two typea of interaction
were the object of particular attention, (1) direct formation of fons as a
result of chemical reaction, and (i11) energy transfer processes ieading to

electronic excitation, with sibsequent formation of positive ions and free
electrons or negacive ioms.

The spparatus which was built for this work included a quadrupole mass
spectrometer, and a stainless steel shock tube with its associated instru-
mentation. The gas to be studied was heated to a chosen temperature in the
range 1700 to 80009K in the shock tube. The formation of ions was followed
by sampling the heated gas directly from the reflected shock region tnto
the {on focusing system of the mass spectrometer. The mass spectrometer
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had previously been set at a chosen mass number so that the time-dependence
of the concentration of a particular fon could be followed.

Using this apparatus, a detailed kinetic study has been made of the forma-
tion of positive ions during hydrocarbon oxtdation. These lons evidently re-
sult from a direct chemical reaction process, Most cof the experiments were
made on C,H2-02-Ar and C,H,-Hy+0,-Ar mixtures of various reactant ratios at
1700 to 2700°K. Tte principa ions, which were found in all wmixtures, were
mass 19 (H30+), 29 (Hcot), and 39 (C3H3*). The kinetic behaviour »f each
of these ions was studied, measurements being made of the incuctiom period
for ion formation, the time constant of the exponentisi growth period of
formation, and the decay rate. H ot and HCOY showed very similar kinetic bee
haviour, butthere were significant differences between their behaviour &nd

that of C3H3+. Small amounts of mass 51 (C4H3+) and 63 (C5H3+) were also
found,

A study has been made of the inicia) fonicration processes in gaseous
krypton and xenor at 3600 to 7800°K. Earlier workers had found that there
was an initial burst of {fonization, which was followed by & much slower growth
to the equilibrium degree of ionization. In the present work, it was shown
that the initial burst 1{s due to fwpurity lonization. A number of different
impurity ions were identified and thair behaviour studied.

Thermal iouZzation of gaseous NO, highly dilute in krypton, has been
studied at 350C to 6100°K. Analysis of the results strongly suggests that
ionization occurs through & direct excitation of the NC molecule, rather

than by the ch=mi-ionization process which has been postulsted to account for
the ionization of high iemperature air.

Dr. W. L. Ruigh
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ABSTRACT OF CBJECTIVES AND ACCOMPLISHMENTS:

The objective of this research was to study and elucidate the atomic
phenomena besic to the process of adsorpti on. Two areas of work were em-
hasized: (1) The mechanism of activated adsorption and (2) The behavior of
individual absorbed atoms. 1In the first area molecular beam techniques were
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planned to specify the atomic mechanism. In the second ares it was hoped to

obtain a view of the surface and the properties of adsorbed entities on an
atomic scale through the use of the field ion microscope.

Contact potential measurements on single-crystal planes have established
that apecific chemical interactions occur at the gas-sclid interface depending
upon the orientation of the surface. This spec{ficity has been achieved in
massive specimens, prepared by standard techniques, pointing to possible
utilization of such effects in practical problems.

The first studies of surface self-diffusion on different crysta. planes
have been carried out for tungsten adatoms. With the exception of the (211)
plane, the diffusion coefficient, deduced from observations on individual atoms
with the field ion microscope, is normal. Unexpected differences in the
barriers to migration, as well as unusual effects at lattice steps, are ob-
served on crystal planes of different orientations.

The first measurements to aascertain the binding energy of metal atoms
on different faces of the psrent crystal have been made. Determinations on the
(110), (211), (310), (111), (321), and (411) reveal that binding of tungsten
adatoms does not obey the rules of pairuise additivity. Contrary to expecta-
tion, the rougher surfaces interact less strongly than smooth planes like

(211), leading to the view that electron redistribution at protruding surface
sites lowers the binding energy.

A new mechanism for surface self-diffusion 1s proposed involving the
coordinated motion of lattice atoms ‘n the activated complex. This should be
of fmportance on all planes with surface atoms of low coordination.

The first cbservaticns of physical adrarption on 2tomfiuslly smooth f.c.c.

metals reveal a strong structural specificity; thie 18 {n sgreement w/th the
predictions of pefr-inneracticns obering & Lennard-loues potential.

20, W, L. Rulgh
‘keviewed by LtCol .. D. Whipple)
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9, ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

A program of research on macromolecules war initfated at Scanford
University under the sponsorship of the United State Air Force in September
of 1961. This Preject Summary covers the period of AFOSR Crant 62-131

from September 1961 to January 1964 and of AFOSR Contract AF49(638)-1341
from February 1964 to June 1968.

Organic structural materials, including both those of natural origin and
man-made synthetics 2s well, invariably are composed of macromolecular
structures, The essence of this form of chemical constitution is the poly-
meric chain comprising a sequence of hundreds, thousands, or more, of atoms or
groups linked covalently in linear sequence. In view of the prominence of the
mecromolecu.ar theme at the level of chemica) architecture amongst the
essential materfals of living organisms on the one hand and the synthetic
polymers which find innumerable practical applications on the other, the
study of this broad class of substances is scarcely in need of justificatton.
Dr. Flory's investigations have been directed toward comprehension and
formulation of basis of principles applicable to macromolecules generally.

He and his co-workers were not concerned directly with particular areas or
applications. Much is to be gained from this brosd approach, for it offers
the opportunity for the stimulation to bhe derived from crozs-fertilization
between different areas, and in particular from the co-related inveatigation

of the chemically simpler synthetic polymers on the one heand and of the enorm-
ously more complex blopolymers on the other,

The research pursued by Dr. Flory 4nd his research group include the
following areas:

1. Theory of Network Elasticity.
2. The Crystalline State in Polymers.

Mechanochemical Transformations {n Polvmers.

4, Thermodynamics of Solutions,

Configurational Statistics of Polymer Chains and Treatment of
Thelr Configuration-Dependent Properties.

6. Configurations cf Polypeptide Chains and of Blopolymers.

The last three topics represent those fields in which the greatest progress
has been made in this AFOSR-sponsored program. In brief, new methcds have been
developed (items 5 and 6) for treating the complexities posed by the immense
variety of spatial configurations of a long macromolecular chain.
are mathematically exact. They are generally applicable to any chain of
specified structure. This achievement opens the way for rational treatment of
various properties of macromolecules in terms of chemical constitution, and
Dr. Flory is confident that much progress will be forthcoming in this direction.
A book has been written covering these and related developments.

These methods

Treatument of liquid solutions (item 4) for many yesrs hsd made little
progress beyond the early precepts of Raoult, Hildebrand, and van Laar. To
be sure, theories have been generated by the hundreds, but in an artificial

framework of idealized spherfcal perticles and sem{-arbitrary force fields that

all but denied application to real systems. Dr. Flory's approach has been lesa
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ambitious, in a sense, for he and his co-workers rely on empirical informa-
tion to characterize the pure liquid components, thereby avoiding the un-
solved complexities of the real liquid state. On the other hand, his
approach is applicable to nixtures of mclecules of any size and shape,

and hence offers the advantage of general applicability te actual solutions.

It has been particulerly successful in affordingz an understanding of the

characteristics of polymer solutions which previous theories failed to ex-
plain.

Dr. A. J. Matuszko
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COMPLETED PRQJECT SUMMARY
TITLE: Electron Spin Resonance of Free Radicels

PRINCIPAL INVESTIGATOR: Dr. George K. Fraenkel

Department of Chemisatry
Columbia University

P. O. Box 866

New York 27, New York

INCLUSIVE DATES: 1 May 1963 - 31 July 1967
GRANT NOS: AF-AFQOSR 285-63; AF-AFOSR 285-65; AF-AFOSR 285-67

COSTS AND FY SOURCE: $119,892 FY63; $§129,962 FY65; $15,000 FY67

SENIOR PESEARCH PERSONNEL: Dr.

N. A. Ashford Dr. R. G. Lawler

Dr. B. L. Barton Dr. R. E. Moss
Dr. J. R. Bolton Dr. M. K. M, Ng
Dr. M. R. Das Dr. J. M . Riveroe
Dr. R. E. Dehl Dr. B. G. Segsel
Dr. R. J. Faber Dr. B. Venkatarsmén
Dr. J. Gendell Dr. W. G. Williams
Dr. 0. W. Howarth

JUNIOR RESEARCH PERSONNEL: 1I. Bernal F. Millett
W. J. Campion J. A. Nurmi
E. Finkel A. Reymond
J. H. Freed $. Shih
R. E. Hamby, Jr. L. C. Siew
M. Kaplan N. Smith
J. Marovskis N. Steinberger
W. R. Miller 1. Zlochower

PUBLICATIONS:

"Electron Spin Resonance Spectra of Cyclic Ketyls and Ortho Semiquinones,'
R. Dehl and G. K. Fraenkel, J. Chem. Phys. 39, 1793 (T367Y.

"“"Electron Spin Resonance Studies of Aromatic Polynitro Compounds,” I.
Bernal and G. K. Fraenkel, J. Chem. Phys., 40, 723 (1964).

“Electron Spin Resonance Studiesof Arcmatic Polynitro Compounds," I.
Bernal and G. K. Fraenkel, J. Am. Chem. Soc., 86, 1671 (1964).

"Linewidth Studies in Electron Spin Resonance Spectra; The Para and Ortho
Dinitrobenzene Anions," J. H. Freed and G. K. Fraenkel, J. Chem. Phys.,
fb_(l, 1815 (1964).

""Electron Spin ngonance Study of the Pairing Theorem for Alternant
Hydrocarbons: C Splittings in the Anthracene Positive and Negative
Ions,”" J. R. Berton and G. K. Fraenkel, J. Chem, Phys., 40, 3307 (1964).

"'signs of the Isotropic Hyperfine Splittings in the Electron Spin Resonance
Spectzum of the Dihydropyrazine Cat{on Radical,” B. L. Barten and G. K.
Fraenkel, J. Chem. Phys. 41,695 (1964).
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"Theory of Line Wi{dths in Electron Spin Resonance Spectra: Motion of Methy!l
Groups," J. H. Freed and G. K. Fraenkel, J. Am, Chem. Soc. 86, 3477 (1964).

“"Alternating Linewidths and Related Phenomena in the Electron Spin
Resonance Spectra of Nitro-Substituted Benzene Anions,” J. H. Freed and
G. K. Fraenkel, J. Chem. Phys. 41, 699 (1964).

"Line Shapes in Electron Spin Resonance Spectra,” J. Gendeil, J. H. Freed,
and G. K. Fraenkel, J. Chem. Phys. 41, 949 (1964).

"Electron Spin Resonance Spectra of Methyl-Substitu*ed Dihydropyrazine
Cations and Related Radicals," B, L. Barton and G. K. Fraenkel, J. Chem.
Phys. 41, 1455 (1964).

"Semiclassical Theory of the Effects of Internal Motions on :the Linewidths
in Electron Spin Resonance Spectra,' J. H. Freed and G. K. Fraenkel,
J. Chem. Phys, ﬁl, 3623 (1964).

"Electron Spin Resonance of Sewmlquinones: Spin-Density Distribution and
Carbonyl Sigma-P{ Parameters,'" M. R. Das &#7d G. K. Fraenkel, J. Chem,
Phys. 42, 1350 (1965).

"Temperatdure Dependence of the Hyperfine Splitting of the Methyl Radical,”
I. A, Zlochower, W. R. Miller, and G. K. Fraenkel, J. Chem. Phys. 42,
3339 (1965).

"Electron Spin Resonance Studies of Deuterium Isotope Effects., A Novel
Resonance-Integral Perturbation," M. Karplus, R. G. Lawler, and G. X.
Fraenkel, J. Am. Chem. Soc. gl, 5260 (1965).

""Measurement of g Values in the Flectron Spin Resonance Spectra of Free
Radicals,” B. 5. Segal, M. Kaplan, and G. K. Fraenkel, J. Cheuw. Phys.
43, 4191 (1965).

"Electron Spin Resonance Study of Mono- and Dimeric Cations of Aromatic
Hydrocarbons,' 0. W. Howarth and G. K. Fraenkel, .J. Am. Chem. Soc. 88,
4514 (1966).

"Deuterium Isotope Effects in the Electron Spin Resonance Spectra of
Naphthalene Negative Ious," R. G. Lawler, J. R, Bolton, M. Karplus
and G. K, Fraenkel, J. Chem, Phys, ﬁl, 2163 (1967).

"A New Method for the Synthesis of Radica: Cotions of Avomatic Hydro-
carbons,' A. Raymond and G. K, Frserkel, J. Fhyc. Crem. AR 4570 (1967)

"The Effects of Deuterfum Substitution »nn whe kiextrin Spin Resonaace
Spectrum of the Benzene Negative Ion," R. &. Lawler and G, X. fraenkel,
J. Chem. Phys. (in press).

"Proton Hyperfine Splittings iv the fleclron Spin Resconance Spectra uf
Hydrocarbon Ions: A Comparison of the Ceclpa=-Bolton and Giacometti-
Nordio-Pavan Relations,' R. E. Moss sed (. K. Fraenkel, J. Chem. Phys
(submitted for publication).
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"Electron Spin Resonance Spectra of Methyl-Substituted Naphthalene
Anion Radicals," R. E, Moss, N. A. Ashford, R. G. Lawler, and G. K.
Fresenkel, (to be submitted)

"Electron Spin Resonance Studies of Mono- and Dimeric Cations of

Aromatic Hydrocarbons. II," 0. W. Howarth and G. K. Fraenkel, {(to be
submitted).

"Temperature Variation of Electron Spin Resonance Spectra of Benzene
and Cyclooctatetracne Anion Radicals," K. G. Lawler, M. K. Das,
L. C. Siew, and G. K. Fraenkel, (to be submitted). ]

"Electron Spin Resonance Spectre of Radicals Formed From Dicyano-
hydroquinone," W, R. Miller, I. Bernal, R. Dehl and G. K. Fraenkel, i
(to be submitted).

"Eluctron Spin Resonance of Free Radicals," Final Technical Report, ;'
AFOSR 68-0060, :

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

This research was concerned with the application of electron spin
resonance specLroscopy to the determination of molecular wavefunctions
of organic free radicals from measurements of the isotropic hyperfine inter-
action with protons, carbon-13, and other magnetic nuclei. Both theoretical
and experimental investigations were fnvolved. Radicals were prepared both
by chemical mears and by electrolytic generation. The results obtained by
electrolytic generation were correlated with direct and alternating current
polarographic investigations to elucidate the nature of a varjety of oxidation : )
and reduction reactions. Relaxation, line width, and saturation studies were

undertaken. The design and development of versatile high sensitivity ESR
spectrometers were pursued.

Other work included an investigation of the pafiring theorem through the
study of positive and negative hydrocarbon ion radicals; an investigation
of orbitally degenerate radicals and the effects of deuterium substitution;
studies of compounds exhibiting intramolecular hydrogen bonding; and the use !
of linewidth variations to determine approximate spin-density distr burions,

Dr. Fraenkel was a pioneer in electron spin resonance research. He was

the first to report the ESR spectra on a multitude of organic free radicele

) (sce publications). He developed the theory of linewidths in the ESR spectra
i of free radicals which predicts that composite lines arising from a set of
degenerate nuclear spin states should not be Lorentzian in shape, and that

v it S o

. the shapes of different lines in the same spectrum should be different. He H
k has also developed a number of classical, dynamical models far describing i
i : the effects of internal rotational motions and solvent-complex formation i

on the ESR hyperfine linewidths of free radicals im solution.

Messurements have been made by this group of the g values in the electron
spln resonance spectra of 20 aromatic free radicals with an accuracy which
has not previously been attained.

High resolution ESR spectra were obtained of the anic.: radicals of

naphthalene and of ten different deuteri{um substituted r.aphthalenes. Deuterium i

; substitution at one position was found to alter the hyperfine splittings of ;
i the protons at other positions

D. W. Elliott
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COMPLETED PROJECT SUMMARY
1. TITLE: Pressure Dependence of Electrolytic Conductance

2. PRINCTIPAL INVESTIGATOR: Dr. Raymond M. Fuoss
Sterling Chemistry Laboratory
Yale University
New Haven, Connecticut

3. INCLUSIVE DATES: 1 January 1963 = 30 June 1968
4. GRANT NOUS; AF-AFOSR-244-63; AF-AFOSR-244-65
5. COSTS AND FY SOURCE: $33,133 FY63; $36,088 FY6S

6. SENIOR RESEARCH PERSONNEL: Dr. Claude Treiner
Dr. James F. Skinner
Dr. Edwar¢ L. Cuesler

7. JUNIOR RESEARCH PERSONNEL: Thomas M. Hammond
Carl G. Seefried

8. PUBLICATIONS:

"Dipole Association,” C. Treiner, J. F. Skinrer and R. M. Fuoss,
J. Phys. Chem., 68, 3406 (1964).

"Effects of Pressure on Conductance. I. Tetra-isco-amylammonium
Picrate in Diethyl Ether and in Benzene," J. F. Skirner and R. M.
Fuoss, J. Phys, Chem., 69, 1437 (1965).

"Effects of Pressure on Conductance. II. Walden Products and Associstion

Constants in Methanol," J. F. Skinner and R. M. Fuoss, J. Phys. Chem.,
E, 1426 (1966).

"Effects of Pressure on Conductance.IIl. Tetra-iso-amylsmmonium Picrate
in Anisole," J. F. Skinner, E. L. Cussler and R. M. Fuoss, J. Phys.
Chem., 71, 4455 (1967).

"Effects of Pressure on Conductance. IV. Ionic Association and Walden
Products in Ethanol," E. L. Cussler and R. M. Fuoss, J. Phys. Chem.,
J1, 4459 (1967).

A Remote Control Viscometer,”" E. L. Cussler and R. M. Fuoss, Rev.
Sci. Inst. 39, 524 (1908).

"Pressure Dependence of Dielectric Constant and Density," J. F. Skinner,
E. L. Cussler, and R. M. Fuoss, J. Phys. Chem., 72, 1057 (1968).

"Pressure Dependence of Electrolytic Conductance," Final Technical
Repcrt, AFOSR 68-1617.

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The purpose of this research program was to investigate the dependence
on pressure of the clectrical properties of non-squeous soluticns of electro-
lytes.
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The arfects of pressure on the conductances of a variety of 1-1 electro-
lytes in diethy! ether, ben<ene, anisole, methanol and ethancol have been
measured and the resulis uaed to te3® current theories of fonic interaction.
The dielectric constant cen be Increased without changing the chemical nature
of the solvent; for ewxample, diethyl ether with a dielectric constant of 6.19
at 5000 atms. The increase of nearly 50% can be expected to produce a marked
increase in jonic association beceuse the dielectric constant appesrs in the
exponent of a factor in the association equflibrium constant.

Pressuve can affect conductences through two arher properties of the
solvent in additicn to the dielestrlc comstant. Viscosity increases very
rapld!y with incredasing pressure; for example, the viscosity of diethyl
other at 5000 etms {s nearly ten times what it §s at | atm. Density increases
&s pressure incresses and, therefore, the concentration of {ons per unit volume
increuses. This effect is small compared to the effects of viscosity and di-
elcctric conatant, zlthough not negligible. It amounts to 307 for s»lutions
in diethy! eths:1 4t 5000 atms.

The experiwental work involved the determinatfion of conductanze of solu-
tions as a fuaction of concentration and pressure, and the messurement of
the dielectric ccnsiant, viscosity, and demsityof the various solvents used
as a functilon of pressure, Apparatus and methods for determining these
physical properties were deve:oped during the research.

Dr. W. L. Ruigh
{Reviewed by LtCol L.D. Whipple)
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COMPILETED PROJECT SUMMARY
TITLE: Surface Stabilized Free Radicals

PRINCIPAL INVESTIGATOR: Dr. H. D. Gesser
Department of Chemistry
University of Manitoba
Wianipeg, Manitoba

INCLUSIVE DATES: 1 April 1964 - 31 January 1968
GRANT NO: AF-AFOSR-642-64 and AF-AFOSR-642-66
COSTS AND FY SOURCE: $19,733 FY64; $20,600 (64

SENIOR RESEARCH PERSONNEL: Dr. A. Cohen
Dr. M. Zammit
Dr. M. Shimizu

JUNIGR RESEARCH PERSONNEL: L. Bader
B. Garbutt
R. Lomng

PUBLICATIONS:

"Electron Paramagnetic Resonance of Methyl Radicals on Porous Glass

Surface.'" M. Fujimoto, H. D. Gesser, B. Garbutt and A, Cohen, Science
154,381 (1966).

"Paramagnetic Resonance Spectra of Methyl Radicals in Porous Glass
Surfaces." M. Fujtmoto, H. D. Gesser, B. Garbutt and M. Shimizu.
Science 156 1105 (1967).

"Temperatuyre Dependences of the Hyperfine Interaction Line Widths,
and Line asymmetries in Methyl Radicals Stabilized on Porous Class
Surfaces." G. B. Garbutt, H. D. Gesser, and M. Fujimoto. J. Chem.
Phys. in press (1968).

"IR- study on the Adsorptivn-Desorption and degassing Process of
Trimethyl Borate-Porous Vycor System." M. Shimizu and H. N. Gesser.
In preparation.

"IR~- study of Methanol Adsorbed on Porous Vycor ¢lass.' M. Shimizu
and H. D. Gesser. In preparation.

"ESR- study on Photolysed Methanol.'" M. Shimizu, M. Fujimoto, and
H. D. Gesser. 1In preparaticn.

"The Impregnation of Ti0, on Porous Vycor Glass." M. Shimizu ard
H. D. Gesser. In preparation.

"Surface Stabilized Free Radicals, Fina! Technical Report, AFOSR-68-1313

ABSTRACT OF OBJECTIVES <ND ACCCMPLISHMENTS:

The object of this program was to produce free redicels on the surface

of vorous glass and tov study the factors which influcnce thedr stabilization
on the surface and their decay rates. Methyl radicels, formed by the




photolysis of CH3I at 779K were stabilized on the porous glass indefinitely
at this temperature and decayed with first order kinetics at higher tempera-
tures with an activation energy of about 2 kcal/mole. The decay showed &
cascade effect indicating the presence of a multi site surface. High resolu-
tion ESR snectra gave a further splitting of the hyperfine lines which were
interpreted in terms of “'-CH3 interaction. This was subsequently shown to
be probably due to water on the surface and the degassing condition since a
deutevated surface almost eliminated the effect.

Line width measuregent ffr CHy has led to a tumbling frequency which is
of the order of 10" sec™ and an accivation energy for tumbling of sbout
300 cal/mole for CH3 on the surface.

The photolysis of CH30H (and 1ts deuterated isomers) on porous glass was
also examined and interpreted in terms of the I.R. absorption studies. Com-
parable studies were also made with & Ti0, impregnated surface.

The stabilization of hydrogen atoms was al.o examined and was similar i{n

beh.oviour to CHy except that the decay was ind order and the H atom showed
definite decay at 77°%.

Dr. William L. Ruigh
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COMPLETED PROJECT SIT®MARY
1. TIJLE: Liquid Crystal Reactions by Ellipsometry

2. PRINCIPAL INVESTTGATOR: Dr. E. L. Grove
Departmen® of Analytical Chemistry
Illinois Institute of Technology
Chicago, Illinois

3. INCLUSIVE DATES: 1 May 1967 - 31 August 1967
4, CONTRACT NO: F44620-67-C-9091 (ARPA Contract)
5. CNSTS AND FY SOURCE: $9,923 Fy67

6. SENIOR RESEARCH PERSOWMEL: Dr. Isaac Daniel
Dr. Harold S. Weber
Dr. Marvin Camras

7. JUNIOR RESEARCH PERSONNEL: None
8. PUBLICATIONS: None
9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

This study wes a briex erpicvratory program to ev-luate th» effectof the
four areas in the scope on the opticsl properties oc selected, commercially
available liquid crystal compounds. Minute changes :- the optical propertiec
of these compounds can be readily detected by elliptically polarized light.
Therefore, ellipsometry was selected as a tool to follow any changes. The four
aress chosen for the exploratory study were:; (1) detection of oriented mag-
netic fields in recording tapes; (2) measurement of orfentation induced in
liquid substrate; (3) measurement of the Kerr effect constant in suftable
liquid crystals; and (4) effect of DMMP (dimethyl methyl phosphonate) vapor
on liquid crystais. In this study in which four areas were briefly surveyed,
thin coatings of barium stea.ate showed changes in ellipticity, probably due
to the strain in the sample. Since only one substance was studied, other
materials or combinations of materials should be studied to see Uf such
patterns can be wmorc sharply defined or if other materials are more sensitive
to the changes produced by a strain.

The opacity of the compounds studied made it impossible to obtain data
with the Kerr cell. Thus this study would be liwited only to those compounds

that may be transparent to the visible light. More ccmpounds should be sur-
veyed.

A previous study showed liquid crystals tc be very sensitive to compounds
goluble in a given liquid crystal. Preliminary experiments with the simulant
DMM? showed little sensitivity since the material showed very limited solubil-
ity. Additional work along this line should include a study of solubility
or possible reactions of the particular agent with the liquid crystal com-
pound.

The exploratory study with magnetic tapes f{ndicated the magnetic tapes
produced insufficient magnetic ffelds to have any measurable orientation

effect on cholesterol ester mixtures, p-azoxyanisole, or p-n-butuxybenzoic
acid.

Denton W. Elliott
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COMPLETED PROJECT SUMMARY
TITLE: NMR Studies of Intra- and Intermolecular Interations

PRINCIPAL INVESTIGATOR: Dr. Melvin W. Hanna
Department of Chemistry
University of Colorado
Boulder, Colorade

INCLUSIVE DATES: 1 .January 1963 - 31 August 1967
GRANT NO: AF-AFOSR 216-63; AF-AFOSR 216465

COSTS AND FY SOURCE: $39,730 FY63; $44,755 FY65

SENIOR RESEARCH PERSONNEL: Dr. James Sinclatir
Dr. Antonis Sendoval

JUNIOR RESEARCH PERSONNEL: Alan Ashbaugh !
Peter J. Berkeley '
Dwight Williams :
Philip Trotter
James Mengenhauser
John Lehman

!
PUBLICATIONS: !

"Nuclear Magnetic Resonance Studies of Hydrogen Bonding. II. Calcul<_.on !
of the Shift upon Complex Formation,' Peter J. Berkeley, Jr. and Melvin
W. Hanna, J. Am. Chem. Soc. 86, 2900 (1964).

"NMR Study of 7f-Molecular Complexes of 7,7,8, B-Tetracysnoquinodimethane

and Aromatic Donors,”™ M. W. Hanna and A.L. Ashbsugh, J. Phys. Chem. 68,
811 (1964).

[P p—

""Relative Stabilfties of Weak Hydrogen Bonds to Nitrogen,' Peter J.
Berkeley, Jr. and Melvin W. Hanne, J. Chem. Phys. 41, 2530 (1964%).

“Nuclear Magnetic Resonance Study of Molecular Compiexes of Dimethylforma-

mide with Aromatic Donors,'" Antonia A. Sandoval and Melvin W. :ianna, J.
Phys. Chen. 70, 1203 (1966).

e A1 Dot < amy

"Molecular Complex Equilibri{a: Solution ldeality, Sclvent Interacticans, :
and Concentration Scale Dependence,' Philip J. Trotter and Melvin V. i
Hanna, J. Am. Chem. Soc. 88, 3724 (1966). i

!
g

"'Spectra of Weak Chemical Complexes. Internal Compression Effects.” P. J. 2t
Trotter, J. Am, Chem. Soc. 88, 5721 (1966). :
""Internal Compression Effects 1I. Frequency and Intensity Changes in F
Charge-Transfer and Hydrogen-Bonded Complex Spectra,” P. J. Trotter, }
Submitted to J. Am, Chem. Soc. 1
"Bonding in Donor-Acceptor Compplexes I. FElectrostatic Contributions to H
the Cround State Properties of Benzenme-Halogen Complexes,' M. W. Hanna, %
Submitted to J. Am. Chem. Soc. H
"“NMR Studies of Intrs- and intermolecular Interactions," Final Technical -
Report, AFOSR 67-2180. .
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9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The main goal of this research was to study, in solution, the relative
strengths of hydrogen bonds, the structuve of charge transfer complexes
and the properties of metal olefin complexes. Nuclear magnetic resonance
spectroscopy (NMR) was the principal experimental tool that was used. This
research has shown that these f{nteractions are quite similar in nature and
that experimental properties characteristic of them arc the results of a com-
plex interplay of several factors. One of these contributions is usually
called the electrostatic cont-{butfon, and it was our finding that this inter-
action played an important rolc~ in both hydrogen bonds u.< charge transfer com-
plexes. The hydrogen bond shify obseived in MNMR spectra can be completely
rationalized in terms of an electric field effect and, if this explanatf{on {s
dccepted, the hydrogen bond shift can be used in conjunction with calculated
electric filelds to give an estimate of hydrogen bond distances. In charg
transfer complexes there wa” no evidence from the NMR spectrum that charge
transfer played an importan. role ir. “he ground state. The NMR shifts of
acceptor protons could te erplained in terms of magnetic anisotropy and elec-
tric fleld effects of the donor. This result led to an exploration of the
importance of electrostatic interactions in stabilizing the ground states
of charge transfer complexes and the couclusion was that these interactions
are much more important than had previously been realized.

As by products of this main line of research we have also studied the
errors inherent in the Benesi<Hildebrand procedure for determining complex
properties, the structure of the benzene caffeine complex, the factors im-
portant in aromatic dimethylformamide complexes, internal compression effects
on the charscteristics of the charge-transfer bar41 in going from the vapor to
the liquid phases and the electrostatic contributions to changes in the infra-
red spectrum of donor-acceptor complexes.

LtCol E. T. Waiford
(Reviewed by Dr. D.L.Ball)
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COMPLETED PROJECT SUMMARY
TITLE: The Chemistry of Carbanions

PRINCIPAL INVESTIGATOR: Dr. Herbert O. House
Department of Chemistry
Massaciusetts Institute of Technology
Cambridge, Massachusetts

INCLUSIVE DATES: 1 January 1964 - 30 June 1968
GRANT NOS: AF-AFOSR-573-64; AF-AFOSR-573-6¢
COSTS AND FY SOURCES: $50,000 FY64; $58,800 FY6é

SENIOR RESEARCH PERSONNEL: Dr. William G. Kenyon
Dr. James E. Oliver
Dr. Jean-Jacques Riehl

JUNIOR RESEARCH PERSONNEL: Roger A. Lathem
Frederick J. Sauter
Ben A. Tefertiller
Hugh D. Olmstead
Thomas M, Bare
Wiliiam F, Fischer

PUBLICATIONS:

“The Standardization of Solutions of Methyllithium and Methylmagnesium
Derivatives," Herbert 0. House and William L. Repess, J. Organometal
Chen., &4, 95 (1365).

"The Chemistry of Carbanions. VIII. The Intramolecular Alkylation of
Ketyl Radical Anions,' Herbert O. House, Jean-Jacques Reih!, and Colin
G. Pitt, J. Org. Chem., 30, 650 (1965).

""The Chemistry of Carbanions. X. The Selective Alkylaticn of Unsymmetrical
Ketones,'" Herbert ¢. House and Barry M. Trost, J. Org. Chem., 30, 2502
(1955).

"By-products of the Robinson Anmnelation Reaction with Cyclohexanone,
Cyclcpentanone, and Cyclopentane-l,?-dione," Herbert O. House, Barry
M. Trost, and (in part) Ralph W. Magin, Robert G. Carlson, Richard W,
Franck, and Gary H. Rasmusson, J. Org. Chem., 30, 2513 (1965).

"Perhvdroindan Derivatives. VI. Derivatives of 1, la, 2, 3, &4a-Hexa-
hydrofluorene-2,9-dione,”" Herbert 0. House and Roland Darms, J. Org.
Chem, 30, 2528 (1965).

"The Chemistry of Carbanions. XI. Michael Reactions with 2-Methylcyclo-
pentancne and 2-Methylcyclohexauone,' Herbert O. House, Wendell L. Roelofs,
and Barry M. Trost, J. Org. Chem., 31, 646 (1966).

“The Chemistry of Carbantone. XII.The Role of fCopr:ir in the Conjugate
Addition of Organometallic Reagents,' Herbert O. House, William L. Repess,
and George M. Whitesides, J. Org. Chem, 31, 3128 (1966).

"The Sobolysis of Derivatives of 3-Azablicyclo [3.3.f] nonane,' Herbert O.
House and Walter M. Bryant, III, J. Org. Chem., 31, 3582 (196b6).
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"The Chemistry of Carbanions. XIV. Factors Influencing the Rate of

Addition of Dimethylmagnesium to Benzophenone.' Herbert 0. House and
James E, Oliver, submitted for publication.

"The Chemistry of Carbanions. XV. The Stereochemistry of Alkylation of
4-t-Butylcyclohexanone," Herbert O. House, Ben A. Tefertiller, and Hugh
D. Olmstead, submitted for publication.

""The Chemistry of Carbanions. XVI. The Stereochemistry of Alkylation of
the l-Acetyl and l-Cyano Derivatives of 4-(t-Butyl)-cyclohexane ' Herbert
0. House and Thomas M. Bare, submitted for publication.

"The Chemistry of Carbanions. XVII. The Addition of Methy! Organometallic
Reagents to Cyclohexenonc Derivatives.'" Herbert 0. House and William F.
Fischer, Jr., submitted for publication.

"The Chemistry of Carbanions,' Final Technical Report, AFOSR-68- 2591

§. ABSTRACYT OF OBJECTIVES AND ACCOMPLISHMENTS:

The objective of this {nvestigation has been to study the preparation,
properties, and reactions of compounds which are either resl or potential
carbanions, in an effort to improve the utility of these compounds as syn-
thetic intermedistes in organic chemistry. The results of theee studies may
be most conveniently summarized in two separate categories: (1) enolate anions

and related substances, and (2) orgsnometallic compounds of magnesium iithium,
and copper.

Dr. House's investigation of enolate anions has served to provide methods for
the analysis of mixtures of isomeric enolate anions, for the preparation of
specific structural and stereoisomers of enolate anions, and for measuring
the rates and extent of equilibration of enolate anions in the aprotic media
where these intermediates are commonly used synthetically. He and his research
group are continuing to utilize these specifically generated enclate anions to
achieve selectivity in various standard synthetic operations including alkylation,
acylation, Michael reactions, and aldcl condensations. In addition to examining
these methods to permit structural specificity in synthetic operations, they have

and are continuing to examine methods by which the stereochemistry of new carbon-
carbon bond formation can be controlled.

The investigations of organometallic derivatives have been directed toward
gaining &n understanding of 4dditions of thse reagents to carbonyl groups and
the C-C double bonds of conjugated systems. As before, the ultimate objective
is the development of reagents which will be selective in both a structursl and
a stereochemical sense for accomplishing a certain synthetic objective. Ome
illustration of this goal is the development of organocopper (1) reagents,
rendered more stable and soluble by certain 1ligands, which are extremely
selective in their addition only to the C-C double bond of unsaturated ketones,
Investigations of organomagnesium compounds have provided evidence about the
structure and interchange of alkyl groups in these substances. . A number of
specific ligands have been found which, at a 1:1 mole ratio, can modify sube
stantially the reactivity of organomagnesium reagents. It {s hoped that use
of such ligends will allow a number of organomagnesium reactions to be run

under conditions where the stereochemistry of the magnesium reagent and the
product may be controlled,

Dr. Anthony J. Matuszko
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COMPLETED PROJECT SUMMARY
1. TITLE: Crystal Chemistry of New High-Pressure Phases

2. PRINCIPAL INVESTIGATOR: Dr. John S. Kasper
Inorganic and Structures Branch
Physical Chemistry Laboratory
General Electric Research and
Development Center
Schenectady, New York

3. INCLUSIVE DATES: 1 Januery 1964 - 31 December 1967

4. CONTRACT NO: AF49(638)-1361

5. COSTS AND FY SOURCES: $31,982 FY64; $32,225 FY65
$32,645 FYvb; $33,460 FY67

6. SENIOR RESEARCH PERSONNEL:

Dr. Michael J. Moore
7. JUNIOR RESEARCH PERSONNEL:

8. PUBLICATIONS:

"Hexagonal Dianond -- A New Form of Carbon,"” F. P. Bundy and J. S. Kasper,
J. Chem. Phys., 46, 3437 (1967).

"Spectroscopic Evidence for the Formation of I_~ in Silver Iodide at

High Pressures,” M. J. Moore and D. W. Skelly? J. Chem. Phys., 46,3676

(1967).

"The Crystal Structure of Agl at 3 Kilobars,' M. J. Moore and J. S.Kasper,
J. Chem. Phys., 48, 2446 (1968).

"Crystal Chemistry of New High-Pressure Phases,' Final Technical Report,
AFOSR-68-0342.

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The main objective of the program has been to learn the nature of high-
pressure phaces and thereby contribute toward a better understanding of
crystal chemistry and structural principles underlying the solid state.
Another motivation has been to provide guidelines for the synthesis of new
materials with new properties. For the most part, attention has been focused
on substances which otdinarily have open, tetrahedral crystal structures,
s’ace a valild expectation for this class of materials is that pressuvre should
produce denser structures with higher atomic coordinations. These materisls at
atmospheric pressure arc elther semiconductors or insulators and usually
transform to metals with much higher conductivity.

Specific accoiplishments include the following. Lattice parameters were
determined for high pressure phases of CdS, CdTe, HgSe, and HgTe. The cadmium
compounds were of the rock salt structure, the mercury compounds of the
cinnebar type. The high pressure phase formed with Ge, Si, and GaSb has
been reported by others to be of thef#6n type. Efforts of this investigation
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were unable to resolve the structure; it it regarded as more complex than
reported. Transformations under pressuvre to compiex, recoverable phases
were observed with In,Teq and Ga,Te3. Phase relatfons and compressibilities
were investigated for several compounds of ilte chalcopyrites type. The
structure of AgI stable in the pressure rvarge 2«4 Xb uvas elucidated; ic is
tetragonal or pseudo-tetragonal.

Above 4 kb Agl possesses the rock-selt wtructure; spectroscopic evi-
denced revealed the occurrence of I3” in atiouncs dependent on the pressure.
Two high pressure phases of AgHgI, (one rock s3jt, oune tetragonal) were
determined. A cubic phase, form§n3 at 16 kb, waes observed for Cul. Sur-
prisingly, the new phase does not exhibit higher coordipstionr btut rather
has a statistical distribution of Cu lons aver two kinds of tetrahedral sites.
With Aul, applicaticn of pressure (about 4 kb) results in decomposition into
the component elements. The crystal structure of a new form of carbon

(hexagonal diamond) wes Jdetermined.

De, W. L. Ruigh
(Reviewed by Dr. D.L.Ball)
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COMPLETED PROJECT SUMMARY

TITLE: Transition Metal Complexes Cortaining Nitrogen, Phoaphorus,
or Sulfur

PRINCIPAL INVESTIGATOR: R. Bruce King
Department of Chemistry (Fomerly at Mellon

University of Georgla Inst.,Pittsburgh,Pa.)
Athens, Georgla
INCLUSIVE DATES: 1 January 1964 - 31 December 1567
GRANT NOS: AF-AFOSR 580-64; AF-AFOSR 580-66; AF-AFOSR 1211-67
COSTS AND FY SOURCES: $50,119 FY64; $54,711 FY66

SENIOR RESEARCH PERSONNEL: at University of Georgia

K. H. ’annell
C. A. lggers
J. P. Hirgaden
L. W. Houk
JUNIOR RESEARCH PERSONNEL: at University of Georgia at Mellon Inst.
T. F. Xorenowsk{ M. B. Bisnette
A. Fronzaglia

T. F. Korenowski
PUBLICATIONS:

"New Types of Organosulfur Derfvatives of Metal Carbonyls," R. B. King
and M. B. Bisnette, J. Am. Chew, Soc., 8€, 1267 (1964).

"Cyclopentadienyleobalt Carbonyl Dilodide," R. B. King, Z Naturforsch,
19b, 1160 (1964).

"An Arylaz» Derivative of Molybdenum,” R. B. King and M. B. Bisnette,
J. Am. Chem, Soc., 86, 5694 (1964).

"Organosul fur Derivatives of The Metal Caroonyls. VI. Monomerfc CH_SFe(CO

CsHg and Related Compounds,” R. B. King &nd M. B. Bisnette, lnorg? Chem.
4, 482 (1965).

"Organosul fur Derivatives of the Metal Carbonyls. V1I. Reactions between
Chloroalkyl Sulfides and Metal Carbonyl Anion," R. B. King and M. B.
Bignette, Inorg. Chem., 4, 486 (1965).

"Reactions of Alkali-Metal Derivatives of Metal Carbonyls. VIII. Some
Reactions of Anions Prepared from Indenylmolybdenum Tricarbonyl Dimer

and Azulene-Dimolybdenum Hexacarbonyl," R. B. King and M. B. Bisnette,
Inorg. Chem. 4, 475 {1965).

"Methoxycarbonyl Derivatives of the Cycloupentadienylmetal Carbonyls,"

R. B. King, M. B. Bisnette, and A. Fronzaglia, J. Organometal.Chem.,4,
256 (1965)

"Octamethyloxamidinium Salts of Metal Carbonyl Anicns,” R. B. King,
Inorg. Chem. 4, 1519 (1965).
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"Organosul fur Derivati-es of the Motal Carbouris., VIIL, New Aspects of the
Chemiatry of Methylthie Berivatives of Iron Carltonyl, R. B. King and
M. B. Pisnette, Incyg. Chem , &, 1653 (1963).

"Organometallic Chemistry of the Tramsiticn Hetals. XI. Some New Cyclo-

pentadienyl Derivatives of Cobalt and Rhodium," K. B, King, Incrg. Chem.,
5, 82 (1966).

"Organometallic Chemistry of the Trausition Metais. XII. Some Alkoxycar-
bonyl Derivatives of the Cyclopentadienylmetai Csrbonyls,”" R. B. King,
M. B. Bisnette, and A, Fronzaglia, J, Organometal. Chem., 5, 36! (1966).

"Organonitrogen Derivatives of Metal Carbonyls. I. Reactlons between
Metal Carbonyl Anions and Haloalkyl Arines," R. B. King and M. B. Bisnette,
Inorg. Chem., 5, 293 (1966).

"Organontitrogen Derivatives of Metal Carbonyls. II. Arylazo Derivatives
of Molybdenum,” R. B. King and M, B. Bisnette, Inorg. Chem., 5 300 (196¢€).

"Organonitrogen Derivatives of Metal Carbonyls. IIl Reactions between Metal
Carbonyl Anions and Chloromethyl Isocyanate,' R. B. King and M. B. BRisnette, o
Inorg. Chom., 5, 306 (1966). Y

"Organometailic Chemistry of the Transition Metals. XIII. A ffe Benzyl
Derivative of Molybdenum with a Temperature Dependent Proton N.M.R.
Spectrum,'" R. B. King and A. Fronzaglia, J. Am. Chem. Soc., E£8, 709 (1966).

New Olefinfc &and Acetylenic Complexes of Tungsten,"” R. B. King and A.
Fronzaglia, Chem. Comm., 547 (1965),

"Organometallic Chemistry of the Transition Metals. XV. New Olefinfc and
Acetylenic Derivatives of Tungsten,' R. B. King and A. Fronzaglia, Inorg.
Chem., 5, 1837 (1966).

"Reactions ~f Alkali-Metal Derivatives of Metal Carbonyls. VII. Reactions

of the Sodium Cyclopentadienyltricarbonylmetallates of Molybdenum and

Tungsten with Certain Organic Polyhalides," R. B. King and M. B. Bisnette, s
J. Organometal Chem. 7, 311 (1967).

"Organometallic Chemistry of the Transition Metals. XVI. Polynuclear
Cyclopentadienylmetal Carbonyls of Iron and Cobalt," R. B. King, Inorg.
Chem. 5, 2227 (1966).

"'"Organometallic Chemistry of the Transition Metals. XVII.
Cyclopentadienylvanadium Diacetate," R. B. King, Inorg. Chem. 5,2231 (1966)

"'Organometallic Chemistry of the Transition Metals. XVIII. Some New
Cyclopentadienylmetal Nitrosyl Derivatives of Molybdenum and Manganese,"
R. B. King, Inorg. Chem., 6, 30 (1967)

""Organometallic Chemistry of the Transition Metals, XX. Some Reactions
of Acetonitrile Derivatives of Molybdenum and Chromium Carbonyls with

Olefinic and Acetylenic Compounds,” R. B. King, J. Organometal. Chem.,
8, 137 (1967).

"Organometallic Chewistry of the Tranaition Metals. XX1l. Some qf-Penta-
methylcyclopentadienyl Derivatives of Various Transition Metals," R. B.
King and M. B. Bisnette, J. Organometcl,Chem., 8, 287 (1967).
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"Reactions of Alkali{-Metal Derivatives of Metal Carbonyls. VIII, Prepara-
tion, Protonation, end Alkylation of Sodium Cyanopentacarbonyl-metallates"
K. B. King, Inorg. Chem., o, 25 (1967).

"organosul fur Derf{vatives of the Metal Csrbonyls, IX. Some Transftion-Metal
levivstives Containing both FCyclopentsdienyl and Bis(trifluoromethyl)
ethylene Dithiclate Ligands,'" R, B. King and M. B. Risnette, Inorg. Chem.,
6, 469 (1967).

"The Neture of the Product from the Reaction between Octaca -bonyldicobalt
and Bis (trifluoromethyl) dithientene,” R. B. King and T. F. Korenowskf,
Chem., Comm. 771 (1966).

"Reactions of Rhenium Carbonyl Derivatives with Antimony Pentachloride,
R. B. King, J. Imorg. Nucl. Chem., 29, 2119 (1967).

"Organometallic Chemistry of the Transition Metals. XXII. The Synthesis
of lnusual Cyclopentadienylmolybdenum Nitrosyl Derivatives Using Thallium
Cyclopentadienide,” R. B. King, Inorg. Chem. 7, 90 (1968).

"Complexes of Trivelent Phosphorus Derjivatives. III. Metal Carbonyl Com-
plexes of 9-Phenyl-9-Phosphabicyclo A,Z,llnonntriene," R. B. King &and
K. H. Pannell, Inorg. Chem. 7, 273 (1968).

"Some Transition Metal Derivatives Containing both #Cyclopentadienyl and
Cis~l,2-Ethylenedithiolate Ligands," R. B. King and C. A. Eggers, Inorg.
Chem. 7, 340 (i368),

"Organosul fur Derivatives of the Metal Carbonyl!s. XI. Some Cis-1,2-

Ethylenedithiolate Derivstives of Manganese Carbonyl and Related Compounds,

R. B. King and C. A. Eggers, Inorg. Chem. 7, 1214 (1968).

"A Convenient Synthesis of Dimanganese Decacarbonyl from Inex .asive Start-
ing Materials at Atmospheric Pressure," R. B. King, J. C. Strokes, and
T. F. Korenowski, J. Organometal. Chem., ll, 641 (1968).

"Mass Spectra of Organometallic Compounds. I. Metal Carbonyl Complexes of
Tris (dimethylamino) phosphine,™ R. B. King, J. Am. Chem. Soc., 90, 1412
(1968).

"Mass Spectra of Orgenometallic Compounds. III. Organosulfur Derivat{ives
of Metal Carbonyls,” R. B. King, J. Am. Chem. Soc., 90, 1429 (1968).

"Organonitrogen Derivatives of Metal Carbonyls. IV. The Reaction between
O%Methyl -9F-Cycl.pente.iienylironDicarbonyl and Ttifluoroacetonitrile,"
R. B. King and K. H. Pannill, J. Am. Chem. Soc., 90, 3984 (1968).

"Complexes of Trivalent Phosphorus Derlvatives, IV. Metal Carbonyl Com-
plexes of Cis<Bis(l,2-diphenylphosphinc)ethylene,” R. 8. King and C. A.
Eggers, Inorg. Chem,Acta, 2,33 {(1968).

“Transition, Metal Complexes containing Nitroge:, Phasphorus, or Sulfur,"
R. B. King, Final Report,AFOSR 68-0343 .
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9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

Tho ultimate aim of this research was the elucidation of the nature
of the chemical bonding in transition-metal derivatives also contalining
nitrogen, phosphorus, or sulfur ligands. The approach used in this research
wes the synthesis of a variety of unusual types of such compounds followed
by an investigation of their chemical reactions and spectra. It was felt
that this approach would provide new information not only of general interest,
but also of potential practical value in suggesting new catalytic systems
efther for more efficient preparations of useful organic compounds or for
inhibiting undesirable chemical processes.

The results of this work can be grouped into six major areas:

(8) New Nitrogen Derivatives:

Compcunds of the type RNZMO(CO)2C5H5 (R = phenyl, p-tolyl, p-anisyl,
or p-nitrophenyl) were prepared by treatment of NaMo (CO)3CqHg with the appro-
priate diazonium salts. These compounds were the first known arylazometal
derivatives. Reaction of CgHgMo(CO)NO with iodine {n dichloromethane
solution gave [CgHgMo(NO)Iolp; this was a useful intermediate for the prepara-
tion of novel coordination compounds of the type CgHcMo(NOYI,L
(L = triphenylphosphine, tripheny!phosphite, or pyrigine) ang focr the prepara~
tion of ({gH5)oMo(NO)I. This latter compound appears to contain & novel
Tfcyclopentadienyl ring with only three of the five carbon stoms bonded to the
metal atom. Reaction of Na{M(CO)scﬁ) with aqueous hydrochiotic sci1cd gave the
white volatile complexes HNCM(CO)g, the first metal complexes of the bydragen
isocyanide ligand. The acetonitrile complex (CH,CN) W(COY, was stown fo be
8 useful futermediste for the preparation of oletin-lungsten cervonvi
derivative not readily accessible directly from tungsten hexsearb:nyi snd the
olefin. Reaction of CH3Fe(CO)2C5H with triflunroacetoriftrilc undcr pPressure
gsve the black vnlatile complex CESC(NH)FE(CO)(NCCF3)(C\H?); thils fs the firer
known metal complex of trifluorocacetonitrile. Reacticns beiwezn motsl corbonyl
snions and the haloalkylamines 2-chloromethylpyridine snd z-chiorethylidizethyia-
mine gave several new cyclic acyl derivatives such as the mulvideaud compound
NCSHACdzcmo (CO) 2C5H5.

(b) New Phosphorus Derivatives:

The unsaturated phnsphines 9-phenyl~9-phosphab1cyclotﬁ,2,I] octatriene
(C8“8PC6H5) and cis-bis(l,2-diphenylphosphine)ethylene ((CéH- ) PCH = CRP (P Hc)o)
were fuvestigated as possible ligands. Ir almost all cases the phosphorus atoms

were shown to coordinate to metal atoms in preference to the carton-carbon doudle
bonds.

(¢) New Sulfur Derivatives:

Reactions of chloromethyl methyl sulfide (C1CHpSCH3) with certein
metal carbony. anions .-e povel FECH SCH, derivatives such as
1FCH3SCH2M0(CO)2C3H5. I rtions of 2-=ct oaroethyl methvl sulfice (CICHQCHQSCH3}
with certain metal carbonyl anions gave novel cyclic acyl derivatives such as
CH3$CHZCH2CG1n(CO)4. Several syntheses for CgHgFe(CO)-5CH3 were developed,; this
was the first metal carbonyl derivative with a non-briding CH3S group. A greatly
improved preparation of [§H3$Fe(CO)§]2 was developed; by siight modificstion of
the preparation conditions the coordination polymer [lCH3S)2Fe(CO)2]n could he

obtained. A variety of unusual complexes were obtained from metal carbonyl
derivatives and bis(tvifluoromethyl) dithietene, (CF3)2CZSZ, and from metal
halide derivatives and sodium cis-echylenedithiolate, Naj5,CoH,. Of particulsar
interest among complexes of vhe latter type was the manganezse complex
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H CZSZMnZ(CO)6 which appears to contain a manganese-manganese multiple bond.
Tgis manganese complex reacts with Lewis bases to form yellow addition
products HyC3S7Mn,(CO)g. L under mild conditions and dark red-brown sub-
stitution products H2C252Nn2(00)4L2 under more vigorous conditions.

(d) New Chemistry of the Metal Carbonyl Anions:

Metal carbony! anions are often useful intermediates for ile prepara-
tion of transition-metsl complexes including those containing nitrogen, phos-
phorus, or sulfur. Therefore, additional work was carried out to develop
metal carbonyl anions as preparative reagents. Highlights of this work include
the first study of metal carbonyl anjons with indenyl and azulene ligands
([CgHyMo (CO)3} ™ and £, GHgMo (C0)33,7), the development of tetrakis (dimethyl-

amino) ethylene ss a reducing agent for the preparation of metal carbonyl
anions, and new preparative applications of metal carbonyl anions., This study
resulted in the discovery of the first #-benzyl derivative CgH5CH Mo (CO)2C5HS
which exhibited a novel temperature-dependent proton n.m.r. spectruam.

(e) Miscellaneous Preparative Studies:

The complex C5H Co(C0)I, was discovered and used to prepare a variety
of novel coordination comp?exes of cobalt including

CgHsCoI, NCoHs, [CsHgCoNaC10TY , and CgHsCurgP(Celis)3 (Y = I or CH3) Several
-pentamethylcyclopentadienyl complexes were prepurea. The moet interasting

of these complexes was [(CHJ) C5Mo(C0),)2 apparently containing a molydenum- ;
wolybdenum triple bond. Pyro?ysis of [CsHsFe (CO),J, In boiligg xylene was found i
to give the green very stable tetrametallic comp e*[pSHSFeCO . The structure ’
of this compound has a tetrahedral cluster of iron stoms with a carbonyl group
in each face of the tetrahedron and a cyclopentadienyl ring bonded to each
iron atom. A convenient synthesis of the extrewely useful intermediate

Mnj, (CO) o ¥as developed which uses inexpensive starting materials and con-
ventiona{ laboratery glassware (rather than high-pressure autoclaves).

Denton W. Elliott
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COMPLETED PROJECT SUMMARY

.., TITLE: The Sixth Rare Earth Research Conference

(=]

PRINCIPAl INVESTIGATOR: Dr. Willace C. Koehler
Solid State Division
Oak Ridge National laboratory
Oak Ridge, Tennessee

] 3. INCLUSIVE DAYES: 1 September 1966; 31 August 1967
4. GRANT NO: Projcci Order to AEC (ORNL) AFOSR-67-0226
L]

5. COSTs AND FY SOURCE: $4,500 FY6J

6. PUBLICATIONS:

"Abstracts of the Sixth Rare Earth Research Conference,' Final Report,
AFOSR-67-1214.

7. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The Sixth Rare farth Reseasrch Conference was held at Gatlinburg, Tennessee
on May 3 - 5, 1967, under the joint sponsorship of the Alr Force Office of
Scientific Rerearch and the Osk Ridge Natfonal Laboratory. The Conference
Chairman was Wallace C. Koehler.

As in previous conferences of this series, scientists of diverse disciplines
wvhose interests lie in the study of the preoperties of the rare earth metals,
alloys. and compounds were brought together in an atmosphere and location
conducive to the exchange of ideas and information. A cpecial effort was made
to recugnize scientists working in the rare earth industry in that 2 separate
session devoted exclusfvely tc "Industriai Processes' was orgainizec.

The tespcnse to the call for papers was overwhelming -- so much so that
parallel sessions were required in order to conduct the business of the
Conference in a three-day period. The Conference was attended by some 220
persons representing nine different countries. The formal progrsm was, divided
into thirteen sessions. Following the keynote address, delivered Ly Howard
i E. Kremers of the American Potash and Chemical Corporation, on 'Rare Esrth
[ Uses' *““ere verc sessivis on Soijd State (5), Chemistry (5), Metallurgy (1),
and as mentioned above, Industrial Processes (i)

e T Y. T

The principal areas of emphasis in current chemical research vere described
E by three invited »peakers, Professor J. S. Anderson of Oxfs+rd University,
Dr. P. * Yocom of the RCA Laboratories, and “rofessor Therald Moeller of the

Universtiy of Illincls, Current research in solid state studies were described
by the following invited speakers: Prot K. H. He!lwege, Institut fur

Technische Physik, Darmstadt, Cermany; Prof R. Pautheney, University of
Grenoble, France; Dr. D. B. MckWhan, Bell Telephune Laboratories; Dr. H. Bjerrum-
Mf)ler, AEK Research Establishment, R180, Denmark; Prof Kei Yosids, University
of Tokyo, Japsn; and Dr.A. J. Freeman, National Magnet laovorato.vy

ing the general srea of metallurgy was Prof Kuerl Cschneidner,
University.

Represent-
Iowa tate

Dr. A J. Matuszko
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COMPLETED PROJECT SUMMARY

1. TITLE: Kinetics of Transition-Metal 1lIons of d8 Electronic Configuration
2. PRINCIPAL INVESTIGATOR: ©DUr. David J. MacDonald

Department of Chemistry

University of Nevada

Reno, Nevada
3. INCLUSIVE DATES: 1 November 1965 - 30 . .une 1968
4. GRANT NO: AF-AFOSR 994-66
5. COSTS AND FY SOUPCES: $13,634 FY66; $9,606 FY68

6. SENIOR RESEARCH PERSONNEL: None

7. JUNIOR RESEARCH PERSONMEL: A. L. Rafferto
R. E. Smith
B. A. Sok
W. N. Marchant

8. PUBLICATIONS:

"Kinetics and Mechanism of Acid Hydrclysis of Ethylenebisbiguanidenickel
(I1) Ion," D, J. MacDonald, J. Inorg. Nucl, Chem., 29, 1271 (1967).

""Absorption Spectra of Square-Planar Complexes of Ethylenebisbiquanide
with Nickel (I1) and Palladfium(II)," D. J. MacDonald, Inorg. Chem., 6,
2269 (1967).

"Hydrolysis of Ethylenebisbiguenidepalladium(Il) Ion," J. Inorg. Hucl.
Chem., in press.

"A Chemical Kinetic Study of Substitution Reactions in Coordination
Compcunds Involving Transition-Metal lons Having d8 Electronic Configura-
tion," Final Technical Report, AFOSR-68-1620.

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

Detelled studies were completed of the kinetics and mechanisrs of the acid
hydrolyses of the Ni(II) and Pd(I1) complexes with ethylenebisbiguanide. The
stability constant for the Ni(II) complex with ethyleneblstiguanide was deter-
mined. Employing a computer program developed from evsluating the fonization
constants of ethylenebisbiguanidinium fon, the two acid dissc:zistion constants
of squaric acid were redetermined.

The research has provided better understanding of the rather unique ligand,
ethylenebisbiguanide. Square-planar complexes of transition metals had not,
heretofore, beon studied extensively.

Dr. D. L. Ball
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COMPLETED PROJECT SUMMARY
1. TITLE: The Acid Base Characteristice of Phototropism

2. PRINCIPAL INVESTIGATOR: Dr. J. David Mergerum
Chemical Physics Department
Hughes Research Laboratories
Malibu, California

3, INCLUSIVE DATES: 1 October 1963 - 30 September 1967
4. CONTRACT RO: AF49(638)-1264
5. COSTS AND FY SOURCES: §22,538 FY&4; $46,713 FY65; $23,004 FY67

6. SENIOR RESEARCH PERSONNUL: Dr. Robert G. Brault
Dr. Concetto R. Giuliano
Pr. L. D. Hess

7. JUNIOR RESEARCH PERSONNEL: Mrs. Cunegunda T. Petrusis
Mr. Harley J. Moe

8. PUBLICATIONS:

"New Photochromic Compounds with p-Nitrobenzyl Structures,”
J. D. Margerum and R. G. Brault, J. Am. Chem. Soc., 88, 4733 (1966).

"Tranaient Photodecarboxylaticn Intermediates," .J. D. Margerum, J. Am.
Chem. Soc., 87, 3772 (1965).

"Cis-Trans Isomerization and Pulsed Laser Studies of Substituted Indigo
Dyes," C. R. Giuliano, L. D. Hess, and J. D. Margerum, J. Am. Chem. Soc.,
90, 587 (1368).

"Acid-Base Characteristice of Photochromism,' Final Technical Report,
AFOSR 68.0345.

9. ABSTRACT OF OBJECTIVES AND ACCCMPLISHMENTS;:

The mechanisms of several crganic photochemical reactions have been
studied in regard to their ac.d-base charecteristics. Fhotochrumic structures
have been proposed and wodel compounds have been prepared for studies with
flash photolysis and laser photolysis techniques. Twenty-three new compounds
were synthes{zed, fncludirg several nitrcanthrone structures from some unique
Friedel-Crafy. condensation reactions. A new group of photochromic compounds
has been foun and studied in detaill with appropriate model compounds. They
consist of structures in which intramolecular hydrogen transfer reactions can
occur between nitrobenzyl groups and carboxylate groups to form aci-nitro
structures in aqueous solutions. For example, 2-(4-nitrobenzyl) benzoate fon
shows an efficient photochromic process whose back-reaction rate can be con-
trolled over seven orders cf magnitude by pH variat{ons. A new ( pe of
efficient photodecarboxylation reaction was also found &nd studied for a group
of nitrophenylacetate structures in which an firveversible ac{d-base reaction
produces aci-nitro intermediates simiiar to those found in the photochromic
reactions. Por exawple, 4-nitrophenylacetate ifons decarboxylace with & quantum
yield of 0.6 to produce an interme¢diate lasting up to several minutes. Aci-~
anicns from both photochromic and photodecarboxylation reactions were observed
to be good chemiczl veducing agents, snd these reactions are a converient
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source of reactive intermediates. Photo-oxldation of 2-propanol was observed
with 2-methyl-5-nitrobenzophenone, and transient intermediates were also noted.
Photochromic trans-cis isoperizations, with acid catalyzed cie-trans back re-
actions, were found in N,N «dimethylindigo dyes. Giant pulse ruby laser

studies indfcated the existence of a strongly absorbing species lasting only
10~7 to 10-9 sec, possibly the triplet state intermediate in the isomerization
process. The photochromic reaction of platinum dithizonate was found to pro-
duce an isomerized state lasting several seconds, which hss a strong near infra-
red absorption band 8s well as one in the visible region. Solutions of this
chelate were found to work effectively as a passive Q-switch materisl for

glant pulse operation of ruby lasers. Photochemical dye formation frem color-
less rhodamine E lactune solutions was found to arise from irreversible acid form-
ing reactions, which occur readily as free radical processes in the presence

of halocarbon solvents. Photochromic reactjions were demonstrated to be an
exceptionally sensitive optical method for the control and modulation of cw

gas lasers with aux{liary light sources when the photochromic materials are
used inside the laser cavity,

Dr. A. J. Matuszko
(Reviewed by Dr. D. L. Ball)
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COMPLETED PROJECT SUMMARY
1. TITLE: The Oxidation of Arsenic (III) and Antimony(III)
2. PRINCIPAL INVESTIGATOR: John G. Mason
Department of Chemistry
Virginia Polytechnic Institute
Blacksburg, Va.
3. INCLUSIVE DATES: 1 February 1963 to 30 September 1967
4. GRANT NOS: AF-AFOSR-210-63; AF-AFOSR=210-65
S. COST AND FY SOURCES: $14,840 FY63; $15,912 FY65
6. SENIOR RESEARCH PERSONNEL:
7. JUNIOR RESEARCH PEKSONNEL: A. D. Kowalak
8. PUBLICATION:

"The Kinetics of the Chromium (VI) - Arsenic (I1l) Reaction n
Acetic Acid - Acetate Buffer Solutions, Inorg. Chem. 3, 1268 (1vrw)

"The Oxidation of Arsenic(III) and Antimony{III)," Final Technical
Report

9. ABSTRACT OF ORJECTIVES AN: ACCOMPLISHMENTS:

Arsenic (IV) was proposed as an intermediate in certain oxidation  of
arsenic (III). It was proposed to make a kinetic study of the oxidat:cns
of arsenic{II1) and antimony(III) by cerfum(IV) and Cr{VI), to exploir
catalysis by metallic species and .omplexing agents, and investigate
induced reactions in the Cr(VI)-Sb(IIl) and Cr(VI)-As(III)} systems.

The oxidation of As(III) by Cr(VI) has been studied in detali for =
variety of systems. In acetic acid-acetate buffers and aqueous aceti.
acid the rate law obtained 1s of the general form:

4 Lorvid = (ko + k, [HOACY K L\S(IIQ]I-‘HVI)]
gt

1 + kfas(In

Numerical values of K and k_ are tre same for both systems, but the co-
efficient for the scetic ac?d catal /zed system is different. The mech.ini:x
suggested by the rate law is

As(I1I) + HCrO, "o [As(II1) - HCro,~ ] K
[as (111) . Hero, 9k products

The decompositicn of the mixed anhydride is acidecatalyzed.

In dilute perchloric acid solution the rate law found wss

-¢ fere)) - ﬁo + o [+ 0P e annfer vi)

dr T ¥ R[AS(ITY]




The interpretation here is essentially the same since k, and K have
approximately the same values as before. The two-term hydrogen ion de-
pendence is taken to be the protonation of the mixed anhydride.

In hydrogen phosphate (HPO -) - dihydrogen phosphate (H Poa') buffers
a different mechanism is operative. The reaction appears to"be simple first
order in As(IXII) and first order in Cr(VI). The Cr(VI) complexes with the
buffer components and analysis of the data shows the mest significant -
activated complex to have the composition (HCrOa' . HPQ,™) or (c:oa’ *HyPO, ).
The most significant solution complex was found to be
HCroO, ™ + H2P0 - == HCrPO, + Hy0. No evidence for As (I11)-Cr (V1) associa-
tion was founé in NH;NO,- 03 media.

The primary reaction between As (III) and Cr(VI) was found to induce
the oxidation of tartaric acid producing a catalytic rate enhancement. TIe-
tailed kinetic studies showed that the catalysis was pH dependent in acetic
acid-acetate buffers in contrast to the primary reaction and that the most
reasonable reactant was the monoanion of tartaric acid. Tartaric acid was
found incorporated in the reducticn product of Cr(VI). Essentially the
same spectrum was produced by heating Cr(III) with tartaric acid as by
reduction of Cr(VI) in tartrate medium. The kinetics thus far have been
too complex for simple interpretation. Oxalate ion also exhibited a
"catalytic" effect on the disappearance of Cr(VI), presumably by induced
oxidation, .

The reaction of Cr(VI) with antimony tartrate was much too rapid to
measure. However, essentially the same observations with respect to both
the stoichiometry and to the nature of the Cr(III) product were made.

Denton W. Elliott
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COMPLETED PROJECT SUMMARY

T’TLE, Electrochemical Studies of Kinetics, Adsorption, and Excited
Electronic States

¥#3: 1PAL INVESTIGATOR: Dr. R. W. Murray
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VR LTS TVY DATES:

ShAaN ik

Sl XD PY SOURCE:

Department of Chemistry
University of North Carolina
Chapel Hill, N. C.

I January 1964 - 30 June 1968

F=AFOSR-584-64; AF-AFOSR-584-66

$62,286 FY64,; $81,276 FY66

L¥FR,% BESEARCE PERSONNEL: Dr. D. E. Leyden Dr. George W. 0'Dom
Dr. L. B. Anderson Dr Bruce McDuffie
Dr. PRobert F. jJroman Dr. Donald J. Gross
Dr. John W. Hayes Pr. Mutsuo kodama
JUSTR FESTARCH PERSONNEL: P. T. Kissinger D. M. Cglesty
Donais 1. Gross L. K. Rillet
A. Yildiz J. R. Cockrell
¥W. R. Helneman J. R. Burnett
R. L. McNeely D. L. Wkright
J. K. Helloway

PULLILAT ITONS:

T

Cragroi by

Chemical Step at an Adsorption-Blocked Electrode
W. Murrs: snd Mutsuo Kodama, Anai. Chem.,

37, 1638 (1965).

;o iug Effect of Adsarbed Asymmetric Filw Flectrode
(trosctive Metal Complex Enantiomers,” R. W. Murray and
sdeas, Aral. Chem., 37, 1759 (1965).

Cerv oo, Lientiometric Study of Pnenvimercuric Yon Adsorption on a

SLam o favLa )

r.e:trnde,” R W, Murray and R. F. 8roman. Anal. Chem., 37,

Tinrieiiearn of Electrode Reactions by Adsorbed l.ead lodide, Bromide,
417 Ynjoevanate,” R. W. Murrsv and Donald J. Gross, Anal. Chem., zg,

P,
aus TR,

SN

. DT A

.
Y IO

Gurirtusmint 13 Functiona! Readout of Chronocoulometric Data. Application
#: <4aorption from lodide Medium,” R. W. Murray and George
Chew., 39, 51(1967).

Wrrovl o wing: tric Measurement of Indium (I1I) Adsorption frowm Thiocyanate
% Murrsy angd George W. CO'Dom, J. Electroanal. Chenm., 16,

LERL AP

“ar ptics. i Treosparent Thin Layer Electrochemical Cell." R. W. Murray,
. 1666, (1967).

¥ F. %' owp, aud G. W. O'Dom. Anai. Chem., 30
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"Electrochemical Masking with an Adsorbed Metal Complex: Determination .
of Silver-Mercury Mixtures," R. W, Murray and R. L. McNeely, Anal. Chem.,
39, 1661, (1967).

"Thin-Layer Electrochemistry: Use oi Twin Working Electrodes for Study
of Chemical Kinetics," Charles N. Rellley and L. B. Andersom. J.
Electroana'!. Chem,, lg, 538 (1965),

""Heats and Entropies of Formation of Metal Chelates of Polyamine and :
Polyaminocarboxylate Ligands,' Charles N. Reilley, D. L. Wright, and :
J. H. Holloway. Anal. chem., 37, 884 (1965). ;

"An Operationsl Amplifier A. C. Polarograph with Admittance Recording,k"”
Charles N. Reflley and J. W. Hayes, Anal. Chem., 37, 1322 (1965).

"Polarographic Drop-Time Measurement Using am A. C. Technique," Charles
N. Reilley, J. W. Hayes, end D. E. Levden, Anal. Chem., 37, 1444 (1965).

"Thin-Layer Fotential Scan Coulometry. Determination of Metal Ions and i
of Halide 1ons Using a Mercury-Coated Platinuw Electrode,' Chartes N. :
Rellley, D. M. Oglesby, L. B. Anderson, snd B, McDuffie, Anal. Chea.,

37, 1317 (1965).

"TwineElectrode Thin-Layer Electrochemistry: Determination of Chemical
Reacticn Rates by Decay of Steady-State Current,' Charles N, Reilley,
Bruce McDuffie, snd L. B. Anderson, Anal. Chem., 38, 883 (1966).

"Twin-Electrode Thin-Layer Elzctrochemistry: Kinetics of Second-Order
Disproportionation of Uranium(V) by Decay of Steady-State Current.”
Charles N. Reilley and B. McDuffie. Anal. Chem., 38, 1881 (1966).

"Diagnostic Criterla for the Study of <hemical and Physical Frocesses
by Twin-Electrode Thin-Laver Eiectrochemistry,'" Charles N. Reflley,
L. B. Anderson, and B. McDuffie. J. Electroanal. Chem., 12, 477 (1966).

"Supporting Electrolyte Effects in Non-Aqueous Electrochemistry. Coordina-
tive Relaxation Reactions of Reduced Metal Acetylacetonates in
Acetonitryl,” R. W. Murray and L. K. Hiller, Anal., Chem., 39,1221, (1967).

"Dilithium Complexes of Beta-diketonate in Acetonitryl," L. k. Hiller,
J. R. Cockrell, R. W, Murray, J. Inorganic and Nuclear Chemistry (in
press),

"Optically transparent Thin-layer Blectrodes: Studies of Irom II - IIIX
Acetylacetonate Ligand Cxchange Reactions in Acetonitry!," W. R. Heineman,
J. N. Burnett, and R. W. Murray, Anal. Chem., &0, 1970,(1968).

"Optically Transpreat Thin-laver Electrodes: Ninhydrin reduction {n an :
Infrared Transparent Cell,'" W. F. Heineman, J. N. Burnett, R. W Murray, -
Anal. Chem., 40, 1974(1968).

"Evaluation of an Improved Thin Layer Electrcde,' A. Yildiz, P. T. Kissinger,
and C. N. Reilley, Anal. Chem., 40, 1018 (1968).

"Electrochemistry Using Thin Layer Cells,” C. N. Reilley, Rev. Pure and
Applied Chem., lg, 137 (1968).
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9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The research is concerned with the study of the chemical nature of electro-
chemical processes (in particular the kinetic and mechanistic study of chemical
resctions prior to or following electron transfer), the adsorption of electro-
active species on the electrode, and the electrnchemical behavior of molecules
in their excited electronic states.

The initi{al work was carried out on the electrolysis between two closely
spaced parallel electrode faces, Appropriste circuits usipng these working
electrodes allow independent control of the current on potential at each of the
two working electrodes. Chemical changes initiated at one electrode may be
observed or modified at the other clectrode with only a small time lag. This

technique was used to determine diffusion coefficients and diffusion coeffi-
cients ratios.

A ditrect recording AC asdmittance instrument has been built, tested and

modified. A paper on this instrument has been published {n Analytical Chem-
istry, 21, 884 (1965).

Another instrument, which allows automatic measurement of the drop-time
of a polarographic capillary was designed and constructed. The instrument is
a simple extension of an operational amplifier AC polarograph and provides a
means for observing alternsting current-time curves while measuring che drop-
time. This can be important in adsorption studies.

A study has been made of the AC polarogrephy of trisethylenediaminecobalt
/I1I/ ion and cobalt-EDTA ion.

Work on thin-layer electrochemical technique continued using the micro-
meter-type cell designed in this laboratory and the method of potential scan

coulometry. This work has also been published {n Analytical Chemistry. See
publicetions 13 through 22.

Denton W. Elliott




COMPLETED PROJECT SUMMARY

1. TITLE: Conference on Characterizstion of Mecromolecular Structure

2. PRINCIPAL INVESTIGATOR: Dr. Martin Paul ..
Division of Chemistry and ' .
Chemical Techrology .
Naticnal Academy of Sciences el
2101 Constitution Avenue
Waghington, D. C.

3. INCLUSIVE DATES; 16 May 1966 - 31 May 1968
4. GRANT NO: AF-AFOSR-1179-66

5. COST AND FY SOURCE: $13,000 FY66

6. PUBLICATIONS:

"Characterization of Macromolecular Structure,’ National Academy
of Sclences, Wsshington, D. C. Publicatiou 1573 (1968); Final
Technical Report, AFOSR-68-2197

7. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

A conference organizing committee consisting of Dr. Donald McIntyre
(University of Akron), Chairmen, Dr. Fred W. Billmeyer (Rensselaer Polytechnic
Institute), Dr. William E. Gibbs (Air Force Materials Laboratory), and Dr.Allan
R. Shultz (Gene:-al Electric Company) was deputized by the NRC Committee on .
Macromolecular ' cmistry to prepare a program for and issue fnvitations to u
Conference on Characterization of Macromolecular Structure, which was held at
Adrlie House, Warrenton, Virginia, 5-7 April !367. The objective of the confer-
ence was to review critically the various methods now in use for the deterains-
ation of molecular w-ight, molecular-weight distribution, and other physical
properties characterizing the molecular size and shape of macromolecular
materials in liquid solution, including synthetic high polywers &nd also
materials of natural origin. The measuring capabilities of wodern instrumenta-
tion appear {n some situations to have outrun the theoretical interpretstion
) of the results, so that s conference bringing together experts in the instru-
! mentation and thecry utilized in research oo macromolecular structure offered
pronise ot improving understanding of the uses and limitarsions ot the electron-
ically bssed instrumentation now widely availasble.

The conference was attended by 77 invited scientists, of whom 30 presented
papers. Eleven of the participants were from foreign nations, so that repre-
e E sentation was international. Half-day sessilons were devoted to each of the
following major topics: molecular-welght deterninations froc colligative
properties, molecular-weight and molecular-size determinations by scattering
: measurements and by ul‘racentrifugation, separations by solubility methods,
H separations by flow methods, characterizaiflon by transport methods, and charac-
i terization of branched and cruss-linked macromolecules. The papers presented, .
many of which were distributed in pre-nrint form in advance of the conference,
. : stimulated the most lively discussion.

Following the conference, most of the papers were collected from the .
authors, and published in the form of 8 book, "Characterization of Macromolec- ’
ular Structure,' NAS Publication 1573, issued in July 1968.

Dr. A. J. Matuszko
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COMPLETED PROJECT SUMMARY

1. TITLE: A Study of the Support of Fundamental Research in the Chemistry
Program of the Air Force Office of Scientific Research.

(XY

PRINCIPAL INVESTIGATORS: Dr. Martin Paul
Dr. lockhart B. Rogers
National Research Council
Division of Chemistry and
Chemical Techuology
National Academy of Sciences
Washington, D. C.

3. INCLUSIVE LATES: 1| March 1967 - 29 February 1968
4.  GRANT NO: AF-AFOSR-1302-67
5. COST AND FY SOIRCF: $3,000 FY67

6. SINIOR RESEARCH PERSONNEL: Jerote A. Berson
Jacob Bigeleisen
R. 4. Bonham
N. Bruce Hannay
R. K. Iler

7. JUNIOR RESEARCH PERSONNEL: None

8. PUBLICATIONS:

"Report on the Chemistry Program of the Air Force Office of Scientific
Research” Final Technical Report, AFQSR 67-18C¢

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

With the approval of the Goverring Board of the National Research
Councili, National Academy of Sclences, the authors of this report were select-
ed as a representative committee of research chemists to advise on what
specific areas of chemistry should receive primary emphasis in the AFOSR spon-
sored research program. The 1eport of this committee was appended to the "l13th

Annual Chemistry Program Review' (AFOSR 67-2237). The conclusions of the zom-
mittee are listed below.

(1) Because of the extrewmely wide range of applications of chemistry by
the Air Force, it {s virtually impossible to single out zny aspect of chemlstry
that 1s not of potential value to the Air Force. However, a broad area in
which the Air Force does have a primary longerange interest 1s the synthesis,
characterization, and theoretical understanding of new materials and rew chem.
ical reactions. The Alr Force must have materials that not only perform well

under extreme conditions but also sre capable of withstanding rapid changes
from one extreme to ancther.

7} Specification in further detail of research areas considered to be
most ceserving of support within the broad area of primsry interestis unde-
sirable, cspecially 1f the topics are selectedzainly on the basis of their
relevance to current developmental problems. Instead, relience upon the
scientific and technical judguwent of the Chemistry HKesearch Evaluation Panel
and the staff of the Directorate of Chemicel Sciences is recommended for the
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selection of appropriate proposals, freely conceived and submitted.

(3) As general guldelines for selecting proposals, the Committee recom-
mend that emphasis be placed on novelty of concept, with special attention
to neglected areas or new, unexplored areas of chemistry, and that the AFOSR
not concentrate a significant fraction of 1its funds in areas clearly falliag
within the province of another mission-oriented fuv .uing agency.

(4) The possibility of stretching available funds by sharing costs for
major research instruments with institutions cr w!th other funding agencies
should be explored.

(5) The Directorate of Chemical Sciences, AFOSR ls tc be commended

for having assembled and maintained & basic resevrch program cf high quality.

The sharp down-trend in percentage support of high quality proposals re-
ceived during the last two years is disturbing and may soon le¢sd to a signi-
ficant decreas¢ in the number of suc proposals received. With additional
funding, the Directorat: would be in a better position, both now and in the
future, to provide the Air Force with an enlarged prograam of basic research
move commensurate with its needs

Denton W. Elliott
(Reviewed by Dr. Donald L. Bali)
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COMPLETED PROJECT SUMMARY
TITLE: AFOSR Program on Liquid Structure
PRINCIPAL INVESTIGATOR: Dr. C. J. Pings
Division of Chemistry and
Chemical Engineetri. _
California Institute -t ‘achnology
P asadena, Califor=‘.
INCLUSIVE DATES: 1 October 1963 - 30 September 1957
CONTRACT NO: AF49(636)-1273

COSTS AND FY SOURCES: $163,586 FY64; $75,447 FY66
$72,335 FY67

SENIOR RESEARCH PERSONNEL:

Dr. Charles M. Kuulier Dr. George T. Cheng
Dr. Paul G. Mikolaj Dr. Authony F. Collings
Dr. Serglo E. Rodriguez Dr. Brian L. Smith

Dr. A. V. Anantaraman

JUNIOR RESEARCH PERSONNEL:

Wallace I. Honeywelil Paul F. Morrison

Paul G. Mikola} Joseph F. Karnicky
Roger W, Caputi James R. Boyd

Albert P. Kendig John P. Walters

Colin P, Abbiss Vincent P. Gutschick
E. B. Nebeker Paul K. Salzman
Richard K. Teague Alvin H. Larsen

Arden B. Walters Michael J. lLindenfeld
Raymond C. Cej James J. Horwitz
Steven C. Smelser Christopher J. Cunningham
PUBLICATIOKNS:

“"Comment on Abesorption and Dispersion of Sound in Critical Mixtures”
A, P. Kendig, R. H. Bigelow, P. D. Edmonds, and C. J. Pings, J. Chem.
Phys., 40, 1451 (1964).

"Apparatus for X-Ray Diffraction Studies of Confimed Liquids," W. I.
Honeywell, C. M. Knobler, B. L. Smith, and C. J. Pings, Rev. Sci.
Instr., 35, 1216 (1964).

"Lorentz-Lorenz Functions for Simple Molecules in the Liquid and Gaseous

States,” C. M. Knobler, C. P. Abbiss, and C. J. Pings, J. Chen.Phys., 41,
2200 (1964).

"X-ray Absorption Factors for Partially Exposed Cylindrical Samples and

Annular Sample Cells," A. P. Kendig and C. J. Pings, J. Appl. Phys., 36,
1692 (1965).

"Thermodynamics of Chemical Coupling," C. J. Pings and E. B. Nebeker, 1
and E C Fundamentals, 4, 376 (1965).

"The Satursted Liquid Density cf Cerbon-Tetrafluoride from 90-3 GOK,"
C. M. Knobler and C. J. Pings, J. Chem. Eng. Data, 10, 129 (19€5)
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"Flexible Diaphragm Fressure Transducer, W. 1. Honeywell anc C. J. Pings,
Rev. Sci. Imstr., 36, 754 (1965)

"lmproved Approximations for Incoherent X-Ray Scattering,' S. E. Ridriquez
and C. J. Pings, Acta Cryst., 18, 979 (1965).

""X-Ray Diffraction Studies of Stable and Supercooled Liquid Gallium,"
S. E. Rodriquez and C. J. Pings, J. Chem. Phys., 42, 2435 (1965).

"Absorption of Sound in Critical Mixtures," C. J. Pings and A. V.
Anantaraman, Phys. Rev. Letters, 14, 798 (1965).

"Refractive Index and Lorentz-Lorenz Function for Saturated Argon, Metheane,
and Carbon-Tetrafluoride," C. P. Abbiss, C. M. Knobl:~, R. K. Teague, and
C. J. Pings, J. Chem. Phys., 42, 4145 (1965).

"The Continuous Absorption Spectrum of ICl," E. B. Nebeker and C. J. Pings,
J. Phys. Chem., 32, 2483 (1965).

"An Experimental Test of the PY and CHNC “ntegral Equation," P. K. Mikolaj
and C. J. Pings, Phys. Rev. Letters, 13, 849 (196b).

"Direct Determination of the Intermolecular Putential Function for Argen
Frem X-Ray Scattering Data,'Phys. Rev. Letters, 16, & (1966).

"Absorption of Sound Near the Consolute Point of the Nitrobenzene-Isoctane
System,'" A, V. Anantaraman, A. B. VWalters, P. D. Edmonds, and C. J. Pings,
J. Chem. Phys., 44, 2651 (1966).

"An Experimental Study of Chemical Coupling,” E. B. Nebeker and C. J. Pings,

Ind. Eng. Chem. Fundamertals, 5, 310 (1966).

“Structure of Liquids. IIT. An X-Ray Diffraction Study of Fluid Argon,"
P. G. Mikolaj and C. J. Pings, J. Chem. Phys., 46, 1401 (1967).

"Structure of Liquids. IV. Direct Correlaticn Functions for Liquid Argon,"
P. G. Mikolaj and C. J. Pings, J. Chem.Phys., 46, 1412 (1967). /

"Structure of lLigquids. VI. Some Characteristics of First-Order Density
Expansions of Radial Distribution, Direct Correlation, and Scattering
Intensity Functions,” C. J. Pings, Molecular Physics, lz, 501 (1967).

"A Simpljification and Symmetrization cf rhe Fixman Relatlon for Viscosity

of Critical Mixtures," C. J. Pings, J. Chem. Phys., 46, 2013 (1967).

"Lorentz-Lorenz Function for Solid Argon,'" C. J. Pings, Physics 33, 473
1967). -

""Comments on Friction Constant Formalism,' A. F. Collings, J. Chem. Phys.,
47, 1265 (1967).

"Structure of lLiquids. VII. Determination of Intermolecular Potential
Functions and Covrelation Functions in Fluid Argon by X~Ray Diffraction
Techniques," C. J. Pings, Discussicns of the Faraday Society, No. 43,

p 89 (1967).
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"Self-Diffusion in Simple Liquids, The Linear Trajectci:y Approximation,'
A. F. Collings and C. J. Pings, J. Phys. Chem., 71, 3,10 (1967).

“Structurce of liquids. V. The Use of the Coordination Number in the
Interpret2tion of Fluid Structure," P. G. Mikolaj and C. J. Pings,
J. Phy-. &nc Chem. uof Liguids, 1, 93 (1968).

"Structure of Simple Liquids by X-Ray Diffraction,'" Chapter in Physics
of Simple Liquids,” C. J. Plngs, editors H.A.V. Temperley et al. “_r¢h-
Holland Publishing Company, Amsterdam, in press

"Analysis of Scattering Data for Mixtures of Amorphous S«lids or Liquids,”
C. J. Pings and J. Waser, J. Chem. Phys., 48, 3016 (1968)

"The Polarizability of an Argen Atom {n Solid Argon," B. L. Smith and
C. J. Pings, J. Chem. Phys., 48, 2387 (1968).

"Refractive Index and Lorentz-Lorenz Function of Liquid and Gaseous Argon,"
R. K. Teague and C. J. Pings, J. Chem. Phys., in press.

"On Counting Graphs of Interest {n Ststistical Mechanics Including None
Additivity Effects,” A. H. Larsen and C. J. Pings, J. Chem. Phys., in
press.

"Experimental Study of the Shape of the Coexistence Cuive of Argon Near the
Critical State,” R. K. Teague and C. J. Pings, Phys. Rev. Letters, 26A, 496
(1968).

"AFOSR Program on Liquid Structure,’ Final Technical Report, AFOSR-67-
2512.

9. ABSTRACT OF OBJECTIVES AND ACCMPLISHMENTS:

The purpose of this program has been experimental and theoretical studies
of the chemistry and physics of liquids, study of forces and configurations
in condensed matter at the mclecular level, and quantitative experiments in
the general critical region. The basic underlying objectives are to test the
validity of existing theories and models of behavior of the liquid state, to
obtain better quantitative information about the energy of interaction between
rolecules, and to obtain basic information for those phenomena where at the
present time theory scems to be missing altogether. The central theme of the
project has been the direct determination of liquid structure by means of
X-Ray diffraction.

During the period covered by this contract, progress toward these
objectives can be summarized by the following. The structure of ligquid
gallium was determined at seven different temperatures, including four in the
supercovled regicn, with the conclusion that this supercooled liquid is quite
normal in its structural aspects. There were suggestions of a probable
g3llium dimer in the liquid phase. Outr most extensive structural study so
far has been on liquid argon for which we recently reported the X-ray
scattering function and the racdial distribution function at thirteen different
thermodynanic states selected on a systematic temperature-density grid. This
permitted for the first time an iacpection of the variation of the structure
with irdependent variations of temperature and density. Using these data,
a8 systenatic study was also undertaken of the ccordination number and its
variation with the density of the fluid., With the basic diffraction data it
was also possible to make the computations of the direct correlation function,
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a very important quantity appearing in many recent theoretical! characteriz: -
tions of the liquid state. The hypothesized short-range character of this
direct correlation function was substantiated for all thirteen states of
argon which were studied.

The computed direct correlation functions and the radial distribution
functions were used to test the vslidity of basic hypetheses undevlying the
derivations of the Percus-Yevick and convoluted-hypernetted-chain integral
equations, These equations have been the two most prominently used theories
for describing the liquid state in recent years. Cconparison with our ex-
perimental data revealed that there - "~ definitely systematic density de-
pendent defects in both theorties.

A new method was developed for obtaining the intermoleculsr potentisal
function directly from X-ray diffraction data on moderately dense gases.
This new technique has taken on added significance as it has become aprarent
during the last two years that the much used Lennard-Jones potential {s
grossly incorrect in detaill. The new method was impr~ved and strengthened
considerably by a demonstration that a number of the coefficlents in the
density expansion of the radial disrributfon function can be computed direct-
ly from the Fourier transform of specific functions of the experimentally
accessible X~ray scattering data.

An extensive experimental study of the absorption of sound near the
consolute point of the nitrobenzene-isoctane system was coumpleted. This led
to the firct conclusive confirmation of the functional correctness of the
Fixman theory. A separate theoretical analysis led to a simplification &nd
symmetrization of the Fixman theory for the viscosity of critical mixtures.

An extensive mapping has been completed of the Lorentz-Lorenz function
for argon through a range of gaseous, liquid and solid states, with tae
unexpected conclusion that this primitive theory, though not perfect, is
remarkably good.

Some new statistical mechanical counting theorems have been derived.
These are appiicable to the density expansions of the compressibility
factor and the radial distribution function; results previously existing
in the literature have been gensralized to account for systems of arbitrary
composition and for non-additivity effects in the intermolecular potential
functions.

Dr. D. L. Ball
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"Hydrogen Secondary Isotope Erffects on the Radical Polymerization

of Styrene,'" W. A. Pryor, R. W. Henderson, R. A. Patsiga, and N. Carrvull,
J. Am., Chem. Soc., §§, 1199 (1966).

"“Nucleophilic Displacements at Sulfur. III. The Exchange of Oxygen-l8
Between Sodium Thiosulfate and Water,” W. A. Pryor and U. Torellato,
J. Am. Chem. Soc., 89, 3379 (19b/).

"Use of Tritiated Hydrogen Sulfide as a Radical Scavenge: in Liguid-
Phase Radiolysis,' W. A. Pryor and U. Tonellato, in preparation.

"Rates Constants for Hydrogen Abstraction by Methyl Radicals in the

Liquid Phase,” W. A. Pryor, U. Toneliato, D. L. Fuller and S. M.
Jumonville, to be submitted.

"The Kinetics of Polymerization of Pentafluorostyrene,"” W. A. Pryor and
Tzu-Lee luang, to be submitted.

"Reactions of Free Radicals,' Final Technica. Report, AFOSR-67-2386.
9. ABSTRACT OF OBJECTIVES AND ACC(MPLISHMENTS:

During the period of this grant, research was initiated in these laborator-
les in three areas of free radical chemistry In addition, a project not in-
volving radicals which was begun some years ago with AEC support was completed

under AFOSR support.

1. Vinyl Polymerization

(a) The radical polymerization cf styrene was used as a model free
radical reaction oa which to evsluate hydrogen secondary kinetic isotope
effects, Secondary isotope effects have been measured for many ionic re-
actions but for very few radical reactions. Isotope effects on radfcul re-
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reactions are useful in elucidating the structure of the transiticn state

in radfical reactions and for evaluating differences in bonding In the tran-
sition state in radics] and fonic reactions. By measuring the isotope etfect
for both deuter{fum &nd tritius substituted styrenes, the isotope effect for
all of the hydrogens in the activated complex could be calculated.

(b) The kinetics of polymerization of pentafluorostyrene were
examined, This research fncluded the study of: rates of polymerization
under precipitating and non-precipitating conditions, transfer to organic
hydrogen Jonors, copolymerization, and the measurement of cross-termination
rate constant ratios in copolymerization.

2. Hydrogen Suifide as a Redical Scavenger in Gamma Radlolysis

Solutions of organic solvents containing from 2 to 5 mole 7% tritiated
hydrogen sulfide were subjected to gamma radiation. This was done to demon=-
strete that H,5-t can be used to scavenge the free radicals produced by
irradiation o% organic materiasls. During the coulse of work, other labora-
torles published accounts of the use of HyS 85 a scavenger in gas phase and
solid phsse radiations. The limited experiments by Pryor and his coworkers

showed that H),S promices to be a convenient and reliable scavenger in the
liquid phasc.

3. Reactions of Methyl Radicals

In 1950, Edwards and Mayo, {n a classical study, measured the rate of
hydrogen abstraction by the methyl radical from eight hydrogen donors in the
l{quid phase. These data are widely quoted and they have been used to
characterize the methvl radfcal im solution. 1In addition, since the rate
constants for hydrogen abstraction by the methyl radical have been reported
for nemi.y 100 donors in the gas phase, Edward's and Mayo's data have been
used to demonstrate the effect of phase change on the relative rate of re-
action of radicals with hydrogen donors. Pryor has repeated the Edwards end
Mayo study using modern gas chrometographic techniques. To date, rate con-
stants for some 20 organic donors have been obtained. Eventually, it is
hoped tc obtain a large collection of rate data reflecting the influence of

donor structure on the rate of hydrogen transfer to methyl radicals in
the liquid phase.

4. Exchange of 0-18 Between Thiosulfate and Water

The mechanism of this exchange reaction was studied. Pryor {inds that f{t
i3 an SN2 reaction by water on the central sulfur of R0-507-.5°. As such,
the mecnanism {s analogous to the A-2 hydrolysis of organic esters. This con-
clusion is supported by the rate law, the entropy of activation, and the
solvent isotope effect. One of the fascinating features is the comparison

of this oxygen exchange reaction with a disproportionation of thiosulfate
which was also studied.

N 0 .

0-18 exchange: H0: S:——OH =  Ho-$§ + HO
- / 7\
- S 0
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disproportionation: H0; §—5H ) NS0, + HST

The second resct.ion is 101‘ slower than the first and Las a 40 kcal/mole

higher activation energy. A mechanism for this interes..ng U-18 reaction
was proposed.

Dr. A. J. Matuszko
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mercury Cowpounds,' D, Seyferth, J. Y. Mul ou* 1. J. Todd, J. Am. Chem, /
Soc., §2, 2961 (1964).

“"Phenyl (dihalomethyl) mercutry Compounds. The Reaction of Oiganotin and
Organosilicon Hydrides with Halomethylmetcury Compounds.' D. Seyferth,
H. D. Simmons, Jr., and L. J. Todd, J. Organometal. Chem., 7,282(1964).

A New iicthud of Dihalocarbene Generation Based on Trihalomethyl -metal
Compounds,' D. Seyferth, J.Y.-P. Mui, M. E. Gordon, and J. M. Burlitch,
' J. Am.Chem. Soc., 87, 6Bl (1965).

"Synthesis of Monohalocyclopropanes and l-Haloolefins via Phenyl
(dihalomethvl) mercury Compounds," D. Seyferth, H. P. Simmens, Jr., and
G. Singh, J. Organometal. Chem., 3, 337 (1965).
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D. Sevferth, J. M. Burlitch, R. J. Minasz, J.Y. -P.Mui, H. D. Sinmons Jr.,
A.J.-H. Treiber, and S. R. Dowd, J. Am. Chem. Soc., B7, 4239(1965)

B "A Novel Cleavage of Carbodiimides by Phenyl (bromodichloromethyl) Mercury,"
' D. Seyferth and R. Damrauer, Tetrahedron Letters, 189(1966).
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"CCl, Insertien into Tetvaalkylsilicon and ~tin Compounds via Phenyl
(hrdmodichlorvmethiyl) mercury. " D, Scyferth and §. S. washiburne, J.
Organometal. Chem., 5, 389(1966),

"The Insertifon of Holocarbenes futo the Mercury-NHalogerno Boend,” M. E
Gordon, K. V. Darragh, and D. Seyferth, J. Am, Chem. Soc., 88, 1831
(1966).

"llalomethyl -Metal Compounds. V1. Phenyl (dihalometbyl) mercury Compounds:
Their Preparation nd Some Clcavage Reactions," D. Seylerth and H. D.
Simmons, Jr., J. Organometal. Chem., 6, 306(1966)

"Halogenated Organotin Compounds as CX, Transfer Agents,' D. Seyferth,
F. M. Armbrecht, Jr., B. Prokai, and R. J. Cross, J. Organometal.
Chem, , o, 573 (1966).

"Halomethy! -Metal Compounds. VII. The rcaction of Phenyl (bromo-
dichloromethyl) meicury with Carboxyltic Acids,” D. Seyferth and J. Y.-P
Mui, J. Am, Chem. Scc., 88, 4672 ('966).

"Halomethyl -Metal Compounds. IX. The Reaction of Phenyl (bromodichloromethyl)
m:rcury wich Alcohols,"” D. Seyferth, A, Maf, J.Y.-P. Mul and K. V. Darragh,
J. Org. Chem., 8,29(1967).

"Halomethyl -Metal Compounds. X. The Reaction of Organcsilicen, Crgaro-
germanium and Organotin Hydrides with Pheryl (trihalomethyl) ceicury
Compounds,' D. Seyferth, J. M. Burlitch, H. Dertouzos, J4nd H. D. Simmons,
Jr., J. Organometal. Chem., 7, 405 (1967).

"Halomethy!«Mete. Compounds. XII. The Action of Sodium Icdide on Pheny!
(trihalomethyl) mercury Compounds. A New Method of Dihalocarbene Genera-
tion," D. Seyferth, M. E. Gordon, J Y.-P. Mui, and J. M. Burlitch, 7J.

An. Chem. Scc., 89, 939 (1967).

"CX. Insertion into the Silicon-Mercury eénd Germanjium-Mercury Bonds,K"
D.‘seyferth, R. J. Cross, and B. Prokaf, J. Organometal Chem., 7, P20
(1567).

"Insertion of CClz into the Silicon-Carbon Bond of Silacyclobutanes,”
D. Seyferth, R. Damrauer, and S. S. Washburne, J. Am. Chem. Soc., 22,
1538 (1967).

""The Rcactiun of Pheny! (trinslomethyl) mercurials with Hexamethyl-

ditin. The First Case of Dihalocarbene Insertion into a Metal-Metal

Bond to Give a Stable MCX)M System," D. Seyferth and F. M. Armbrecht, Jr.,
J. Am. Chem. Soc., 89, 2790 (1967).

""Halomethyl-Metal Compounds. XIII. The Preparation of gem-Ditluorocyclo-
propanes by lodide Ion Induced CF, Transfer from Trimethyl (trifluoro-
methyl) tin,' D. Seyferth, H. Dertouzos, R. Suzuk{, and J.Y.-P Mui, J.
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J. M, Burlitch, J. Am. Chem. Soc., §2, 4953 (1967).
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"The Chemistry of Halomethyl-Mercury Compounds. Proceedings of the

Robert A

Welch Foundation Conferences on Chemical Research. IX.

Organometallic Compounds,' D. seyferth, pp89-135, Robert A. Welch
Foundation, Houvston, Texas (1960).

"Organometallic Synthesis of Reactive Intermediates,' Final Report
AFOSR-68-0157.

ABSTRACT OF OBJECTIVES AND ACCMZLISHMENTS:

The genetal area of the research was the generation of DIVALENT CARBON

INTERMEDIATES
CURSURS.

M -

Such reagent systems are of great value since they sllow the genera-

through J-climinaiion reactions from ORGANOMETALLIC PRE-

-Br ~——>» M- Br + cC-Y

-y =X

tion and transfer to substrate of CARBENL under very mild conditions in
the virtual absence of complicating side reactions. This has aliowed
Seyferth and his coworkers to study in some detafl the chemistry of
carbenes and has allowed them to carry out carbene reactions which had
never been observed before becsuse alternate carbene generating systems
were incompatible with the products formed.

Dr.

arc the following.

Among carbene transfer systems {investigated by Dr. Seyferth's group

PhHgCCls (CClz]), PhHECCl2Br [CClz), PhHgCClBrz (CClBr],

PhHgCBra (CBro], PhHgCHClz [CHC1), PaHgCHBr2 [cHEr],

PhigCHC1Br [CHC1), [FhoHg + ICHa2HgI] [CHz],

Hg(CHoBr)» (CHz), [PnHgCClay + NeI] [cClz],

Me,SnCF3 (CF2], [MeaSnCFz + Nel) [CFz].

Among the reactions of carbenes studied were the following:

a)
b)
c)

d)

e)

t)

olefin ¢+ (CYp -——» cyclopropsane
KOCzE + CXz ——— RCO2CXH
RN=C=NR + CXp ~——» RNaCXz + RN=C

RaMCHZCHR'R" + CXop ——> R3HCH2C“.R'R"
CX2H

(M = 51 end 8n)
RHgCl + CXo —— RHgCX2Cl

RaSnCl + CXp ——» RzSnCX=Cl

The divalent carbon species generated is in brackets.
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8) PROH + CXz ——» ROCX2H
h) KCL + CXg ——> HCXoCl
1) RaMH + CXp —— RaMCXaH
(M = Si 8nd Ge)
J) (MeaM)2Hg + CXa —> MeMCXpHgMMes

(M = S{ and Ge)

k)
MGpSiO + X —>» MeoS51

X
1) Mes3n-SnMes + CXz — MeaSnCXz5nMe,

Mechanism studies relating to reactions a, b, g, h, 1 and } were carried out,
in greatest detail for reactions a and 1. Among the notuble "firsts" in this
list are the following:

(8)
(b)

(c)

d)

(e)

£)

the first CX2 insertion into 2 metal-metal bond (reactions j and 1).

the fir-: CX2 insertion into & strained, cycloaliphatic ring, with
ring expension (reaction k).

the first bona fide CX2 insertion into a metal-halogen bond
(reactions e and f).

the first CX2 insertion into the O-H bend of carboxyilc scids
(reaction b).

notevorthy {s the cyclopropanation of very unreactive (to CX,
from other sources) olefins or - lefins which are very sensitive
to nucleophilic attack, such as acrylonitrile, vinylsilanes,
vinyl acetate, tetrachloroethylene, etc.

noteworthy also is the Me3jSnCF; + N2l reagent sysiem which
represents the mildest CF) generating system to date and which
transfers CF; to olefins in high yield.

The PhHgCX., reagents whose chemistry Dr. Seyferth's group has developed under
this grar: "have been finding increasing use by others in organic synthesis,
particularly in the preparation of cyclopropanes. One of these reagents,

FhHgCCl

, has found 1ts way intc the Eastman catalog. During his travels

Dr. Seylerth has noted industrial interest in these mercury reagents which
apparently are useful the adding CX, to C=C bonds in polymers from 1,3-dienes.

Dr. Anthony J. Matuszko




ro

9.

COMPLETED PROJECT SUMMARY

TITLE: Photochemistry of A2o Compounds and Studies in Unimolecular
Reactions

PRINCIPAL INVESTIGATOR: Dr. Colin Steel
Department of Chemistry
Brandeis University
kaltham, Massachusetts

INCLUSIVE DATES: ] January 1964 - 31 December 1967
GRANT NOS: AF-AFOSR=583-64; AF-AFOSR-583-66
COSTS AND FY SOURCE: $44,828 FY64; $53,262 FY66

SENIOR RESEARCH PERSONNEL: Dr. T. F. Thomas
Dr. G. §. Milne

JUNIOR RESEARCE PERSONNAL: M. L. Arin
C. I. Sutin

PUBLICATIONS:

"Photoinitiatfion of Unimolecular Reactions. The Photolysi. of 2,3-
Diazabicyclo [2.2,1] hept-2-ene,"” T. F. Thomas and C. Steel, J. Am.
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Lifetimes," C. Steel and T. F. Thomas, Chem. Comm. 900 (1966).

"Distribution and Exchange of Excess Vibrational Energy Produced {n the
Photolysis of 2, 3<Diazabicyclo £2.2,1 hept<2-ene," T. F. Thomas,
C. I. Sutin and C. Steel, J. Am. Chem. Soc., §2, 5107 (1967).

“"Primary Processes in the Photochemistry of Bicyclic Azo Compounds,'
B. S. Solomen, T. F. Thomas and C. Steel, J. Am. Chem. Soc., 22,
2249 (1968).
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"Primary Processes in the Photochemistry of Azo and Realted Compounds
and Studies in Unimolecular Reactions,” Final Technical Report,
AFOSR

ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

1. Photochemical Initiation of Unimoleculer Reactions - The first

object of this research was to see {f vibrationslly excited molecules could
be produced photochemically. The following system was studied. 2, 3-
dlazabicyclo —[?.2.1] hept -2-ene 1s abbreviated ss DBH.
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Since the thermal unimoleculer reactions of [:D and D had
previously been studied we had knowledge of the unimolecular parameters

for these molecules. Furthermore since 3, 3a and 4 are a linked sequence of
unimolecular reactions all {nitiated by 1, they therefore provide a more
stringent test of theory than a system which simply initiates one reaction.
By studying the pressure dependences of II - V we were able to arrive at a
fair.y good estimate of F  , the average excess energy acquired by II* as a
resuly of the photochemicaf act (Egy = 76.86 kcal f°"§rr = 3341 A), Varying
the irradiating wsvelength varied Emp in the predicted manner.

These studies lead to the construction of a model by which DBH photo-

dissociates and this mode! can be used tc study vibrational energy transfer
by "inert" molecules M.
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2. Primary Processes in the Photochemistry of Cyclic Azo Compounds -
The studies outlined above required greater knowledge of the processes which
precede and compete with photochemical disscciatlon, We therefore studied
the photochemistry of DBH and DBO. (2,3-dlazabicyclo. (2,2,2)-2-octene) The
primary processes can be represented by the reactions
shown below where Ao represents the (n, *) excited
singlet state of the azo compound.

DBO
Iabs +
Azo + hv, ~=—p= Azo (6)
+ kf 3
Azo - AzO + hvf(fluorescence) (7)

AzZo Nz + hydrocarbons (dissociation) (8)

k
—3’
+ k
azo + X —J g azo + X {physical quenching) (9)
k !
——1’

+
Az0 + X N2 + hydrocarbons (collision in-
duced dissocia- (10)

tion)

Both DBO and DBH fluoresce, this 1is the first reported fluorescence of
aliphatic azo compounds. Becuase of the high fluorescence yeild oi DBO a
flash excitation technique was used to measure the 1ifetime of DBO directly.
The measured value (1.0 x 10-0 sec) was 1n good agreement with the calculated
value (0.4 x 10-6 sec). DBH' is quenched mainly by collision induced dis
sociation. On the other hand in the case cf DBO* physical quenching {s the
major process. In the latter case our results agree well with those of
Hammond on the singlet quemnching of aromatic compoundg, which suggests that @
common mechanism might be operative, but as yet the details of this
mechanism are not at all clear,

3. The Gas Phase Oxidation of Photochemically Quenched Alkyl Radicals -
The major products in the photodecomposition of azoisopropaneoxygen mixtures
are acetone and isopropanol. Other products are isopropylhydroperoxide,
Previous work would have suggested that the acetone and isopropenol arose
either by disproportionation of two alkoxy radicals or by

C3H,05- -+ acetone + -OH (11}

C3H702° + 'OH =+ isopropanol + O (12
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However, analysis showed that neither of these schemes could be correct.
Instead, we suggest the mechanism:

CaH70-+ 0O, ~ acetone + :HO; (13,
CaH,0" + HO,: ~ isopropanol + O (14)
C3H70z + HOz- = hydroperoxide + Op (15)
C3H,0' + hydroperoxide -  isopropanoi + CsH+0»: (16)

This scheme accounts for the variation i{n the rates of formation of
acetone and isopropanol as the reaction proceeds. It alsc accounts for
the formation of hydroperoxide, which goes through a maximum.

Dr, D. L. Ball
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“A Nuclear Magnecric Resonance Investigation of Paramagnetic Relaxatfion
in Viscous Solutions," Laurence S. Frankel, J. Phys. Chem., 72, 736 (1968)

"Rates of Exchange of Solvent Molecules with FParamagnetic Ions," Final
Technical Report, AFOSR-67-2387.

9. ABSTRACT CF OUBJECTIVES AND ACCOMPLISHMENTS:

The objective of this work has been the elucidation of the factors which
determine the rate of solvent ex-hange (and ligand substitution) reactions
with transition metal ions in solution. 1In rany octahedra! complexes it has
become apparent that the reaction is mainly dissocfative in mechanism, and
that 1t {s rel.iively Independent of the cntering Rroup. Hence the :omposition
of the second coordination sphere plays an important role in the resction rate.
It was therefore necessary to work out procedures which will solve this problem.

Solvent Exchange Processes: The research effort was divided between two
areas, one of which is the measurement of solvent exchange rates with para-
magnetic transition metal ions. 1n particular there is a need for data in
non-hydrogfg bonded solvents. Drs, Stengle and Langford examined the re-
action of " "0 labeled dimethylformamide with several metal ions and worked
out reaction rates and activation parameters. The exchange of acetonitrile
with N{(II) was also studied in some detail. Ome might expect to find a
corvelation of the rate data with solvent properties, however, no simple
interpretation has emerged. It seems that m ny factors must be taken into
account in eny attempt at a mechan’stic int. pretation of the rate data,
The extant data do lend considerable suppor: to the idea that the mechanism
i{s primarily dissociative, but the intimate details of the reaction are not
clear at this time.

Preferential Solvation Studies: Drs. Stengle and Langford have been
engaged in a prcgrem directed toward the development of techniques for the
study of the second coordination sphere (first solvation shell) of metal
complexes, Ion pairing with non-labile Cr(II1) complexes was investigated.
This was based on the eftect which ion pair formation has on the relaxation
time of the anion. A similar technique was used to study the solvation of
neutral complexes in mixed solvents. If the complex is paramagnetic, its
effect on the solvent spectrum can be used to prove the solvation shell; 1f
the complex i{s diamagnetic, the chemical shift of the central metal nucleus
can often be utilized as a probe. This shift is extremely sensitive to
the immediate environment of the metal atom. These methods can also be
applied to the first coordination sphere. For example, the composition of
the ligand sphere iu a Co{Il) -H,0 =dlunethyifor.namide system can easily be
derived from the relaxation time of the solvent protons and independently
from the solvent contact shift. A combination of such methods has recentiy
been used to study the change of the composition of the solvation sphere of
a metal ion upon {on pair formation.

A total of three techniques have been brought to bear on the preferential
solvation problem. When the complex 1s diamagnetic., the chemical shift of
the metal nucleus can be used. With paramagnetic solutes, both the relaxa-
tion time and contact shift of the solvent can be used as a probe.

Dr. A . J. Matuszko
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Interactions in Potassium - Amine Solutions.' R. Catterall, M.C.R. Symons
and J. %. Tipping, J. Chem. Soc., 1529 (1966).

"Unstable Intermediates. Part XXXIV. Solvated Electrons: A Model for the
Spin-paired sSpecies in Liquid Ammonia" R. Catterall and M.C.R. Symons,
J. Chem. Soc., 13 (1966).

"Unstable Intermediates. Part XXXIII, Solvated Electrons; ESR of Solutions
of Potassium in Ethylamine," R. Catterall and M.C.R. Symons, J. Chem. Soc.
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"Unstable Intermediates. Part XXXI. Solvated Electrons: Solutions of
Europiunm in Ammonia," R. Catterall and M.C.R. Symons, J. Chem. Soc., 3763
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"Metals in Nom-Metallic Solvents,” Finmal Technical Report, AFOSR-68-0842

137




T

RS T mELT CICHS

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The resea ch performed fell into four somewhat overlapping divisions:
(1) the study of the dliamagnetic species in metal ammonia solutions, (ii)
the study of the species and equilibria in metal amine solutions, (1i1f) the
study of the structure of tiae nonconducting paramagnetic species in metal
amine solutions, and ({v) the study of the interactions of paramagnetic and
diamagnetic specles in mixed ammonia and amine soluti.-'ns,

The models proposed for the Jiamagnectic species inc]ude the metal dimer
(M,)s. the ion cluster (H:Pe )2, the metal anions es'M e, and Ms', and the
solvated electron pair (e; 's . An examination of molar volume, optical
absorption, spin lifetime, and the properties of europium solutfons led to
the conclusion that the most satisfactory model is the solvated electron
pair.

The similarity between met:] ammonia solutions and metal amine solutions
suggested that a study of the amine solution species might {lluminate the
processes in ammonia solutions., The potassium-ethylamine system was studfed.
Optical absorption bands are found at 14,800 cm-l, 12,500 ¢m-l, and E.S.R.
measurements indicate a singlet characteristic of the solvated electron and a
pair of quartets characteristic in intensity and splitting of the naturally
occurring potassium isotopes.

Potassium was dissolved in ethylamine, propylamine, isopropylamine, and
n-butylamine to studv the effect of the alkyl group on the equilibrium. The
atomic character of the '"solvated metal atoms" increases rapidly with in-
creasing alkyl group bulk as well as with temperature; this was formerly
thought to be due to & decrease in the overall bonding between the first
shell of solvent molecules and the cation. However, the current model,
which also explains the two outer lines of the quartet being broader than
the two inner lines, is that Mg is composed of two species, one being almost
a free atom and the other being an lon-pair. The equilibrium between thesc
two is affected by temperature and solvent.

£ the alkali metals only sodium fails to dissolve in primary amines
and no hyperfine splitting has eser - been previously observed. Sodium will,
however, dissolve in ammonia-amine mixtures and hyperfine splictings were
observed. Solutions were studied over a wide ammonia concentration range.
Lithium, dissolved in amines, produces quite different E.S.R, spectrs to
those of the other alkali metals. A model which explains the data for all
the 2lkall metsls in auines has been proposed.

Finally, two other related studies have been made, metals in glasses and
wetals in hexamethylphosphoramide., Ancobvious experimeat for elucidating the
structure of the solvation shell is that of freezing the metal solutfon to a
rigid glass. Extensive attempts have been made to freeze metal ammonia solutions
but without success. Additionally metal solutions have been made in mixed
solvents known to freeze to glasses but again without success. In each case
the glasses remain blue but the narrow E.S.R. singlet vanishes and a much
broader line characteristic of colloidal metal appears instead,

LtCol E. T. Walford
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COMPLETED PROJECT SUMMARY
1. TITLE: Reaction Rate Studies of Gaseous Unimolecular Isomerizations

2. PRINCIPAL INVESTIGATOR: Frederick D. Tabbutt
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3. INCLUSIVE DATES: 2 Octuber 1962 - 31 August 1967
4. GRANT NOS: AFOSR-119-63; AFOSR-119-65

5. COSTS AND FY SOURCE: $22,660 FY63; $23,153 FY65
6. SENIOR RESEARCH PERSONNEL: None

7. JUNIOR RESEARCH PERSONNEL: James Luyten
Kaye Smith Ladd
Edward Waage
Michael Moran

8. PUBLICATIONS:

"The Isomerizstion of Cyclobutane at Moderately High Pressures” (to be
submitted to J. Phys. Chem.)

"Reaction Rate Studies of Gaseous Unmolecular Isomerizations,'" Final Report,
AFOSR-67-2449,

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

This project sought evidence for biradical intermediates in the classical
unimolecular thermal, isomerizatons of cyclopropane and cyclobutane. These
intermediates have been proposed to explair the geometric isomerizations of
these compounds which occur concurrently with the permanent ring opening
isomerizetions. They have not been detected previously in these reactions.
Based on the hypothesis that the intermediates do exist but are too short-
lived to have been detected previously, o technique was developed to sllow
these recactions to be studied quantitatively up to pressures of 300 atmospheres
It was hoped that at high enough pressures the intermediate could be engaged in
a collision resulting in either a reaction or a deactivation, either one of
which might produce a new product.

The cyclnpropane system showed no evidence of any intermediate which
was longer lived than 107 seconds and reactive or deactivatable.

The cyclobutane reaction produced ethyl cyclobutane which was not
found at low pressures. The ethyl cyclobutane can be explained witi a
mechanism involving a tetramethvlene radical cr a mechanism involving &n
excited state ethylene. The latter i{s in agreement with the correlation
diagram predictions of Woodward and Hoffman. High pressure reactions of
ethylene alone produce no measurable cyclobutane, despite the fact it should
be detectable based on thermodynamic predfctions. This is also in agreement
with the Woodward-Hoffman corrclaticon diagram for the cyclobutane system. The
existence of tetramethylene is neither proven nor disproven. However, {its
occurrence is indicated because the first order rate contants of this study
compare favorably with those calculated from the data obtained by others at low
pressure, The decomposition of cyclobutene, ther, 1s apparently not affected
seriously by other veactions.

D. W. Elliott
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8. PUBLICATIONS:

"Isotope Effects for Solvolysis of t-Butyl Chloride and t-Butyl-dg
Chloride in Solvent Mixtures of Constant Jonizing Power," G. J. Frisone
and E. R. Thornton, J. Am. Chem.Soc., §2, 1900 (1964)

"S$olvolysis Mechanisms. #-Deuterium Isotope Effects for t-Butyl Chloride
Sclvolysis at Constant JIonlzing Power and Effect of Structure of Reactant
SN 1 Transition State Geometry," G. J. Frisone and E. R. Thurton, J. A~
Chem. Soc., 30, 1211.

"Solvent Isotope Effects for Trideuteromethenol vs Methanol," Final
Technical Report, AFOSR=67-2791

9. ABSTRACT OF OBJECTIVES AND ACCQMPLISHMENTS:

This research was undertaken in order to test competitive solvent isotope
effects as a new and poverful tool for studying mechaulsms of soivolysis re-
actions, Among the most basic questions about the mechanisms was the extent
of solvent participation in the rate-determining step, especially in cases
where a carbonfum ion intermediate may be formed, Dr. Thernton and his ree
search group developed analytical methods for precise isotope effect studies
of the solvolysis of alkyl halides in CD3OH-CH30H mixtures, determining the
isotope effect for product formation by competition. The products of
solvolysis were fsolated from the relatively large volume of solvent, without
isotope fractionation, using gas chromatography and special collectors cooled
with 1iquid nitrogen. These products can then be analyzed for the ratio cf
CDj3 to CHj groups present by high precision mass spectrometric measurements
Precise isotope effect data have not as yet been ohtained.

Dr. A. J. Matuszko
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J. Am. Chem . Soc., B8, 5228 (1966).
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and T. C. Trayleor, Tetrahedron Letters, No. 18, 1295 (1965).
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the Ferrocenyl Group," T. G. Traylor and J. C. Ware, J. Am. Chem.
soc., 89, 2304 (1967).

“Nucleophilic Substitution on Ferrocenylmethyl Chloride," Thomas T.
Tidwell and T. G. Traylor, J. Am. Chem. Soc., 88, 3442 (1966)

“Di-t-Butyl Hyponitrite. A Convenient Source of t-Butoxy Radicals,"
Hansruedi Kiefer and T. G. Tiaylor, Tetrahedron Letters, No. 49,
6163 (1966).
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Intervening Molecules,” Hansruedi Kiefer and T. G. Traylor, J. Am.
Chem. Soc., B89, 6667 (1967).
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Tetrahedron Letters, No. 45, 4461 (1 67).

"Carbon-Metal Hyperconjugatior in Metallocenes. Hydrogen Exchange in
Phenyl ferrocene,” John A. Mangravite and T. G. Traylor, Tetrahedron
Letters, No. &5, 4457 (1967).

“"Carbonium Ion Radicals and Oxy Radicals," Final Report AFQSR-68-2089
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9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

I. Cage reactions of oxy radicals

t-Butoxy radical peirs frou three different precursors were generated and

the cage vollapse, as a function of viscosity in hydrocarbon sol.ents, was

studied.

9-pA-0f —-heat [ A . ]
1 ' or light 1o- 4 -of

W 100t
Ry (1)
cage -‘\\§\‘* Joi

The results obtained indicate that there {s some force i{in addition to
solvent viscosity (diffusion) which {s holding the radicals together.

Dr. Traylor suggests that dipolar r
together by dipole-dipole interacti
radicals are not.

-— +—]C a‘f',L'
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adicals such as RO, R,N° etc. are held
ons :n hydrocarbon sclvents whereas CH

3
+—¥jcagpe

RO«

“OR — 2RC- (2)
.t

This ccnclusion then predicts that cage behavior will depend upon radical

structure, solvent viscosity and so

lvent structure. This offers some

explsnati{on for the finding that the theoretical diffusion equation, which
states that 2mount of cage escape should bte linear when plotted against
the reciprocal of viscosity, does not adequatedly describe the behavior of

£-butoxy radicals.

It was alsc discovered in this work that hyponi{trites, well known to
be dengerously explosive, may be very safe, medium temperature inftiators

if the alkyl group i{s tertiary.

Thus, the easily prepared di-t-butylhyponi-

trite is a useful initistor in the range 25 to BO° and is about as safe

to handle as henzoly peroxide,

I1. Metallocere Reactions

Ring and side chain reactions in metallocenes (particu arly ferrocene)

were studied. Contrary to popular ‘nterpretations which attributed the high

reactivity of ferrocenes toward electrophiles to direct attack on the metal,
Traylor and his staff have concluded that such metallocene reactions are

explicable in terms of two known phenomena:

(1) electrophilic cleavage of

carbon-wetal bonds, end (2) carbon-metal hyperconjugation. Thus, direct

interaction of electrophfle with the
important part of electrophilic subs

wetal atom as in equation (3) is not an
titution or side chain reactions.

E ——  Product

S (3)
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For electrophilic substitutions two mechanisms have been proposed: an
"fnside attack'" mechanism, and an 'outside attack' mechanism. In the wore
facile inside attack process the electrophile directly breaks the carbon-
metal bond with retention of configuratfion.

o= H -
\‘\“ ‘\;3’,{,' g j_" :\ " @ L

3
ST )

' Pa—
R DAY r.l.s., “ay

R
X _H ¥

In the slower outside attack mechanism the electrophile breaks the carbon-
metal bond with the less favorable inversion of configuration.

— . I

‘ ’
s N ~

i
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M M M

Strong electrophiles such as CH3C0 take path (5) and weak electrophiles
such as Hg(OAc)2 take path (4).

There are correspondingly two solovolystis mechanisms for Qfmetallocenyl-
alkyl halides, & trans (corresponding to inside) and a cis (corresponding to
outside) mechani: .,

X Y
- l
. ~
. > -Clly : ' Ciiy ~—CH
Ay i / ~ T [
1ruis =~ N N
A Nt vy N s (6)
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. A 7 . l N q SN ll/
cls ANy (] A
gl “‘{J, Y - > ‘\;L, — \:‘:"' (7)
| M M

Such trans and cis hyperconjugative accelerations are well known in other
organometallic chemical reactions.

These two proposals clarify some paradoxes which existed in metallocene
chemistry and make predict{ons of ratrs and stereochemistries of such reac-
tions more reliable.

Dr. Anthony J. Matuszko
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TITLE: Concenzration Fluctuations in the Vicinity of the Critical
Point

PRINCIPAL INVESTIGATORS: Dr. Peter Debye
Dr. Benjamin Widom*
Department of Chemistry
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Ithaca, New York
INCLUSIVE DATES: 1 October 1966 - 31 December 1967
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SENIOR RESEARCH PERSONNEL: Dv. Robert T. Jacobsen
Dr. Claude C. Gravatt, Jr.
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PURLICATIONS:

"“"Electric Field Effect opn Critical Opalescence. II. Relaxation fimes
of Concentration Fluctuations,'" P. Debye, C. C. Gravatt, and M. leda,
J. Chem. Phys., 46, 2352 (1967).

""Measurement of Relaxation Times of Concentration Fluctuations by the
Electric Field Effect on Critical Opalescence,” C. C. Gravatt, Phys
Rev. Letters, 18, 948 (1967).

"The Direct Visual Observsation of Concentration Flucuations in a
Critical Mi{xture," P. Debye and K. T. Jacobsen (in press).

"Elastic Scattering of Light Near the Critical Temperature: I. Methanol-
Cyclohexane,"” Y. Balta snd C. C. Grevatt (in press).

"Concentration Flucuations in the Vicinity of the Critical Point," Final
Technical Report, AFOSR-57-2300.

ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The direct visual observsation of the concentration fluctuations in a

critical mixture of polystyrene im cyclohexane by means of phese coutrast

aicroscopy has been accomplished. Tnis work also showed some promise 85 to

obtaining a measure of the persisterce lengths and relaxation times in critical
solutions.

The scattering function for a distribution of Gaussian polymer colls can

be inverted by a Mellon transformation by a method sfmilar to thst of Riseman.
This will yield the molecular weight distribution as an integral over scattered

intensity as a function of the parameter n = ks, where

kel
N and 8 = 2 sin % O.
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Herep is the wavelength and @ the scattering angle. The experimental
intensity function must be integrated fromn = 0 to h = oQ. The proposed
method involved using visible light scattering for the region in which h

i5s smell and small angle x-ray scattering for the large h region. The

light scattering data cen be routinely extrapolated to zero while the x-ray

data can be analytically continued to {nfinity in a manner si{imilar to that
of Schmidt.

An investigation was made of the light scattering properties of the
methanol-cyclohexane binary system when the system was in the one phase
region above the critical solutfon temperature, T , and when the system
was in the two phase region below T . Measurements were made down the
eritical isochore for T>T. and alogg the methanol rich side of the co-
existance curve for TT.. A wodification of the Ornetein-Zernike-Debye
theory of light scattering was found to be in qualitative agreement with the
vesylts for T«T.. The Debye parameter " g'" was 14.580.5% above T, and 10.4+
1.0& below T. The tempersture coefficient, "¥", of the osmotic pressure de-
rivative was approximately 1.0 both above and below 'rc. The ratic of the
extrapolated zero sngle {nverse intensity at any A below T to that quantity
at the same AT sbove T, was 3.6. The persistence length for fluctuations

below T, as determined by the Debye theory was of the same order of magnitude
as the thickness of the binary interface.

Dr. D. L. Ball

*Served as principal investigator to complete the
effort following the death of Prof. Debye.
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COMPLETED PROJECT SUMMARY

1. TITLE: Unimolecular Decomposition of Cyclobutane Derivatives
at Righ Pressure

2. PRINCIPAL INVESTIGATORS: Dr. David J. Wilson
Dr. Winston D. Walters
Department of Chemistry
The University of Rochester
Rochester, New York 14627

3. INCLUSIVE DATES: 1 January 1964 - 31 May 1968
4. GRANT NOS: AF-AFOSR-575-64; AF-AFOSR-575-66
5. COSTS AND FY SOURCE: §$24,734 FY64; $26,006 FY66

6. SENIOR RESEARCH PERSONNEL: Dr. James Aspden
Dr. N. A. Kawaja

7. JUNIOR RESEARCH PERSONNEL: Mr. Joseph Reardon
Mr. Lefford Lowden

8. PUBLICATIONS:

"Unimolecular Decomposition of Cyclobutane Derivatives) Final Technicsl
Report, AFOSR

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENIS:

Theoretical work in the field of unimolecular reactions raises some
doubt whether or not high pressure limits to unimolecular rates do exist.
The objective of this work was to study the unimolecular decomposition of
some alkyl-substituted cyclobutanes at pressures as high as 200 atmospheres,
using nitrogen as a diluent gas, in an attempt to determine if the proposed
limits actually exist.

The expression given by transition state theory for t 'pe high-p—easure
limit of a unimolecular reaction is K, = op(-aG /mT)
where AG 1s the molar free energy of activation and the other symbols on
the right hand side have their usual significance. Application of standard
thermodynamic formulas then yields

-RT (a;k, Ko = Q.F')-r - li\’
where V* {s the increase in molar volume of reactant in going from 1its
normal thermal state to the transition state, The validity of the second
formula depends upon the validity of the interpretation of &G* as a bona
fide free energy change, which is the fundamental postulate of transition

state theory. This {s the only theoretical expression which predicts a
pressure dependence of k,, for unimolecular reactions.

The thermal decowmposition of ethylcyclobutane, previously investigated
at low snd moderate pressures by Walters and his coworkers, was studied
at high pressures. Small partial pressures (20-50mmHg) of ethylcyclobutane
were mixed with from 100 to 4000 p.s.i. of oxygen-free nitrogen and pyrolyzed
at approximately 410°C. Analyses were carried out on @ Varisn Aerograph
600D chromatograph with fl me . ntzation detection; this instrument received
samples directly from the ste.nless steel reaction vessel, and several samples
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were taken during each reaction run. This procedure markedly increased

the precision over that obtalned by the previously used technique of
separating the condensibles from the ethylene and nitrogen and then inject-
ing into an off-line chromatograph.

The rate constant was fouynd to be represented by

- -5 —1 -9 -
k=4,80x10""sec -1,85x10 aec=1 P,

Pe 8, i,

where P 18 the total pressure in p.s.i, This ylelds a volume of activation
of $32 wl/mole, not unreasonable for a bond-breaking reaction in which the
reactant molecules are freely rotating in the gas phase, and indicating
that the transitfon state undergoes significant bond lengthening as com-

pared to normal molecules. The uncertainty in this volume of activation
is indicated by its standard deviation, 3 ml/mole.

Assessement of Results

The original objective of this work was to search for a theoretically
predicted departure of the high pressure limit of a unimolecular reaction
rate constant from a constant pressure-independent value. Despite serious
experimental problems, the search was successful, and the predicted de-
crease of the rate constant was observed and verified. Measurements of this

sort can provide kineticists with a new type of information about the pature
of the transition state in unimolecular gas reactions.

LtCol L. D. Whipple
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COMPLETED PROJECT SUMMARY

1. TITLE: Research on Chemical Reactions of Secondary Electrons
2. PRINCIPAL INVESTIGATOR: Dr. Peul Y. Feng

1IT Resesrch Institute

Chicago, Illinoie
3. INCLUSIVE DATES: 1 September 1961 - 31 March 1967
4. CONTRACT NO: AF49(638)-1104
5. COSTS AND FY SOURCES: $60,223 FY62; $60,836 FY64

6. SENIOR RESEARCH PERSONNEL: None

7. JUNIOR RESEARCH PERSONNEL: Y. H. Kim
J. Lounsbury
F. Vetrovee
J. Wurmel

8. PUBLICATIONS:

""Nature of the Interaction of Secondary Electrons with Chemical Systems,"
Final Technical Report, AFOSR-68-0941.

9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:

The primary effort expended duriug the course of this program has been di-
rected toward development of the procedures and actual experiments for studies
involving the interaction of low energy electrons with simple organic compounds,
principally n-hexane. Both photoelectric and thermionic sources were used; the
electrons were accelerated by means of electrostatic fields built in the irradi-
ation vessel, and anaiysis of the products obtained was carried out using mass
spectrometry and gas chromatography. Other experiments which have been perform-
ed included irradiation by low energy protons obtained by slowing down higher
enargy protons from a van de Graaff generator, as well as preliminary experi-
ments using the recoil nuclei formed by neutron capture processes. Results
show that although low energy electrons in the subeKeV range and protons in the
near MeV range have comparable velocities and comparable LET values, the nature
of the chemical processes induced by the interaction of these two kinds of
radiation may nevertheless differ from each other. Several possible alterna-
tive explanations for this phenomenon have been examined and the most plausible
one appears to be a concept based on ionic reaction mechanisms for scme of the
products and the relative total ionization cross sections of these radiations
at such energy ranges.

Dr. A. Welssler
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DIRECTORATE OF CHEMICAL SCIENCES
AFOSR~0AR Arlington, Va. 22209
Area Code 202, OXford 45337

NOTE: To Principal Investigators July 1, 1968

Become familiar with the terms of your grant or contrsct and tke AFOSR
brochure, Grants for Basic Research i{s part of the legal agreement
signed by your institution in the case of grants, and Contrac’s for Basic
Research outlines the terms of the contract.

1. STATUS REPORTS

The Directorate of Chemical Sciences has additional administra-
tive requirements. It is necessary that we keep in tune with your
problems, activities and productivity - so we can arswer those
who ask, "how are those tax dollars being spent?” We require a
atatus report therefore six months after your stsr: date and each
3ix months thereafter for the period of ths AFOSR research support.

Write a short (cne, tvo or more page) discussion about your re-
ssarch progress, equipment status, and personnel precblems; emphasire
any changea sou as to keep us informed, 1f your trips, papers de-
livered, and honors received are important, tell us,

Include a cumulative list of papers (from the beginning of your
research effort, pusftuﬁca or in preparation) with journal references
(atar those reprint titles which you have sent us).

Your AFOSR Chemistry ataff aduinistrator plays a major role in
selecting the one {nvestigator (and his research program) from among
many new outstanding investigators clamoring for funds each yesr. He
18 also administrator for rbout 30 others who feel their research
1s more important than your:. HKe must continually select and then sell
basic research to the Deparivient of Defense and the Air Force. When you
identify results of your resesrch relevant to our mission - tell us.

The status report is a golden opportunity for you to infect your
AFOSR Chemistry Directorate administrator with the importance of icur
research and to present him with your concern, your dedication and your
enthusiasu for your research. Photographs alec halp us tell your
chemistry research story.

2. MANUSCRIPTS FOR PUBLICATION

Send us a copy when you submit it for publication.
3. REPRINTS

Send us 25 coples of each reprint and one copy of Form DD1473 for each
set of reprints, A brief specific abstract and list of key words are re-
quired for the storage and retrieval of information about your researches
at the Defense Documentation Center (DDC).
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4.  ACKNOWLEDGEMENT

If you forget to include the acknowledgement '"Research sponsored
by AFOSR (SRC) - OAR, USAF, Grant (or Contract) No. W'
what should we do? Only remember those who remember us?

S. FINAL SCIENTIFIC REPORT AND COMPLETED PROJECT SUMMARY

The legsl rgreement signed by your institution requires (within
30 days after tEe expiration of your grant or contract) that you submit
a copy of the completed Form DD1473 and 25 copies of a final scientific
reggr: which contains a chronological bibliography of all publicatiocns
produced or anticipated with journal references when known.

With the final scientific report include a Completed Froject Summary
of the scientific significance of your four (plus) year research accom-
plishments; inciude a 200-500 word abstract of these accomplishments;
include a list of all the senior (post docs) and junior (graduate) re-
search people who assisted you; and as cited above include a chronological
bibliographyof all publications with available references., Citations
of papers appearing in scientific journals may be referenced in lieu of
a8 detailed account of the same work,

Please bind one additional copy of your final report with ome set
of reprints and/or (papers) for our Chemistry Office use.

6. PHOTOGRAPHS

If you have a story of research accomplishment that lends itself
to portrayai by photographs or charts and can include copies of
originale for our office use, these items will aid us greatly in telling
your research story and in our continuing effort ro obtain funds for
basic research in chemistry. They will 2.d us in preparing the Chemistry
Program Review (AFOSR-0AR), a report to our reviewers and a report to the
taxpayers whose funds you have used.

May your researches be successful and your resources sufficient,

The Directorate.of Chemical Sclences
AFOSR=-0AR<USAF
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DIRECTORATE OF CHEMICAL SCIENCES
AFOSR=0AR Arlington, Va. 22209
Area Code 202, OXford 45337

NOTE: To Proposers September 1, 1969

New fundamental chemistry in areas of immnediate or potential interest

to the Alr Force {s the objective ol the {nvestigations sponsored by the
Directorate of Chemical Sciences. Congressional appropriations of tax
funds via the Department ot De¢fense and the Office of Aerospace Research
are used tor this purpose,

Our support 1s provided in the form of grants or contracts to invest{i-

gators in academic institutions, research {nstitutes and industr{al organiza-
tions engaged in basic chemical research. It is the general practice ¢f the
Directorate of Chemicai Sciences to support 8 particular —~esearch effort

for a four year term. If the investigator wishes to apply for a further

term of support, his renewal request is treated ag a new proposal and {is
glven the same evaluation procedure as an entirely new effort.

It 1s necessary that the resesrch supported by this diructorate, in cooper-
stion with the principsl investigator's institutior, be a distinct, definable
area of the investigator's research {nterests with minimum overlap with the
research upported by other agencies. In some cases the Directorste of Chem-
{cal Sclences prefers to be the sole source of outside support for a given
investigator.

Because of the keen competition, our support is awsrded on & highly selective
basis; thic applies to both sole support and distinct ares support for the

investigator., The criteria for research awards include: first, the sign{fi-
cance of the science proposed; second, cost to the government; and third, the

enthusiasm and dedication which the investigator himself has for the prcposed
research.

The proposal should contain a statement about the principal investigator's
total workload, including teaching, other research and sources of support,
and particularly the portion ot his efforts which will be devoted to the
proposed research. ( A winimum of 257 of his time {s expected.) Plans for
extended leave or prospective sabbaticals should be included in the propusal.
One primary purpose of a research proposal is to aid in the selection of an
outstanding principal investigator who will have a personal commitment to re-
search on significant chemical problems =- problems which are also of
scientific interest to the Afr Force.

The truly productive scientist urgently needs the time to reflect on his
program and its ultimate meaning. Too often the energies of the established
investlgator are sapped by ex:raneous demands orn time and thought. Young,
new investigators frequently sicrifice long range quality fcr immediate
mediocre results and data coll:ction. The tend-.ucy is all too fregquent to
exploit familier fashionsble #ad sure-fire areass of research to the exclusion
of precartious, high risk but potentially valuable high pay-cff research. The
Directorate of Chemical Sci:nces four year policy goes far to eliminate this
temptation. In addition, the administration and reporting requirements are
as simple and direct as possible.
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Proposal budgets should show the total cost of the proposed program.

One budget column should show funds requested of AFOSR and a second should
show the contributions being made by the institution. Too few budgets out-
line the many coste-sharing contributions that the institution, particularly
a university, is making or will wake to proposed resesarch. For example,
the invesiigator's salaries, stipends for research aspistants, or special
equipment psid for by the university should be included.

Unofficial propossls of inquiry are entertained at eny time, Official

proposals should be submitted during November and December or in Mey and
June.

An abstract describing the proposed research, between 150 and 200 words in
lengtE, must accom pany esch proposal on a separate page.

The APOSR mirsion encompasses basic research only, Applied research 1s not
supported directly by this part of the Air Force., The Air Force, however,

is faced with many applied chemical problems: new materials to withstand
extremes of temperature and other environmental conditions; lubrication at
high vacuum and low temperatures; the chemistry of corrosion, fatigue and
crack propagation alloys; high strength and other special glasses; electro-
chenical power systems; propulsion; non-conventional and advanced photographic
systems; sensitive methcds of detection and analysis. These are examples of
applied Air Force problems. The best way to attack these problems is to do
the fundemental researches first. Relevant basic research is given priority.
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Research and Purpose¥

I doubt if snyone has given more constructive thought to the role
of basic research in this country than has Alan Waterman, nor with more
results, Yet his introduction of the term "free basic research" into
the discussion (''The changing environment of science,'" 1 Jan., p. 13)

could do a disservice to science and scientists. There are three pointa
I want to make.

1) The problem srises from the oft-stated desire of university
scientists for '"free'" funds to do resesrch with. This 1s nonsense. Money
i{s something that iec given in exchange for goods or services. There are
no '"free' funds legally available to scientiats or to anyone else. It
is not logical, nor will 1t long remain econcaically useful, to urge the

allocation of federal appropristicns to scientists without the requirement
of accountability.

2) What makes research basic is not the objective or lack of one.
As Allen Astin has stated it, basic research 1s "characterized only by the
intensity or depth of the inquiry'" (in Symposium on Basic Research,
D. Wolfle, Ed., AAAS, 1959 p. 144). Resesrch upon the structure of matter,
the cure of cancer, the mechanism of photosynthesis, the development of
lubricants, can be basic or not to the degree that it is done well, that
new coucepts are developed and their correctness established, and that
new avenues of study are opened up. The ides that guality of endeavor is the
important and distinguishing characteristir 1s not limited to science. It
is expressed in everyday terms in an old song: "It ain't what you do, it's
the way that you do it, that's what gets results" (Oliver and Young, Copy~-
right 1939, Leeds Music, New York).

3) Is it important to have an understood and clearly steted objective
for & research endeavor? 1 believe it {s. Waterman cites Archimedes,
Golileo, Newton, Jenmer, and Pasteur, noting that each worked upon problems
of technological importance. He could have come much further into the
present. Yt would be no compliment to Calvin to say that his work on
photosynthesis did not have & clearly defined objective, or to Woodward,
¢r to Ziegler, or to the Nobel prize winners of the coming yvears. It has
been my experience that all reseerch workers of great ability have clearly
defined objectives, and that they will expound them at the drop of s hat, It
15 the ineffective research worker who often has no well-defined objective

and who speaks obscurely cf obtaining basic information, of ‘'contributing
to knowledge."

Some time ago, I suggested a statement that summarizes the points 1

am trying to make: "It 18 no handicap to good research to have a purpose
in mind."

Ssm R. Hoover *Science, p. 1523, March 26, 1965
2017 Hillyer Place, N. W,

Washington, D. C. 20009
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THE FUTURE OF CHEMICAL SCIENCE
G. S. Hammond
Chemistry Department
California Institute of Technology

Norris Lecture, Cctober 15,1968

I have chosen the wording of my title {ntentionally. Some few people
suggest that natural science as a whole has nearly run 1ts course and will
wvithin s few decades cease to exist ar an explicit part of Intellectual and
functional human activity. Personally, I do not believe that this {s so and
will proceed under the assumption the science will continue. This restrictive
assumption still leaves ample grounds for Jldcussion of the changes that may
occur in the character of sclence. Although I am tempted to philosophize
about the whole of this many faceted subject, including the current trend to-
ward throwing the scientists out along with the politicians, I will try to

stick to consideration of what may happen to that part of science kuown as
chemistry.

An abridged dictionary defines chemistry as, "A science that deals with
the composition, structure and properties of substances and of the transforma-
tions that they undergo.’” Thkis 1is a gloriously broad mandate. Even if prcblems
of nuclear structure and transformations are arbitrasrily removed and put {inte
physics, the residue of structure and change studies appears to have enocugh

breadth and centrality in s:ience to remain a nart of the action for some tiwe
to come,

However, we should not parlay the fact that chemistry does occupy a central
location within science into the conclusion that chemistry as such must retain
its identity. Chemistry does enter other scientific and technological fields
such &s biology, geology, physics, engineering, wedicine, agriculture and so on.
This fact means that chemistry could dissppear as an explicit discipline and
become absorbed elsewhere. 1If this should occur, chemical research would still
be done by people who consider themselves primarily as biologists, geologists,
engineers and so forth. Consequently, I predict that 'chemical science' may
have a longer effective lifetime than ''chemistry."

I hope that I will not be regarded as irretrievably provincial {f I adm!t
that I do not welcome the disappearance of chemistry. If it hsppens, I csn
probably stand t+~ strain. The elements of chemistry would probably still be
being taught as a basic subject, like trigonemetry, which many people need to
enter active fields of science. If the debacle ceme tomorrow, I might be able
to land a job in some prep school or, aiternatively, T might ever make the
grade as an engineer having some special expertise in chemistry. Although my
survival probably doesn't rest upon the survival of chemistry, I have been
worried enough to expend some thought on ways nf extending the useful liferime

of the science. I would like to share .ith you some of the rather amorphous
conclusions that I have reached.

Chemistry today faces some grievous problems. The image of the field
has become relatively dull, even in the minds of many chemists. Current
methods of teaching chemistry are under severe attsck, even by other scientists
and engineers; and statements of general directions of chemical research often
stould like resolutions to continue doing the same things over and over again.
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A clear symptom of a problem 1s found in the great frequency with which
chemists say, "It is impossible to tell the lay public what chemis:ry is all
about, because it is too complex."” I don't buy this assertion. After all,
high energy physics and molecular bilology are also exceedingly complex if

one looks at the details of research programs in the fields, and yet,
physicists and biologlsts have been somewhat successful i{n giving the public
real empathy for their work. Part of the reason for their success comes from
their ability to identify noble end profound objectives of their fields.
These objectives are described clearly and little emphesis is placed on de-
tails of current work in the most successful public presentations. Chemists,
on the other hand, seem to have a texrrible time in resisting the temptation
to wade through all the gorey details of their research even when they speak
to the Chamber of Commerce. Not surprisingly, chemists are no longer in-
tensively sought as sp.a%crs by such groups.

I 'm distressed by the repeated insistence that chemistry is too complex
for public dfscussion. Has the sclence degenerated to a welter of detail
devoid of any describable grand purposes? Despite evidence to the contrary,
I think that this {s not the case. The Westheimer repcrt provided powerful
evidence that chemistry hss done well during the past two decades and has
prospects for sensational gains in the {mmediate future. The resl :moblem
lics in the disinclination of chemists to talk or even think very much beyond
their personal plans for next week.

We must face one certain fact. Many chemical research iaborstories,
especially those in academic institutions, do not produce much that is of
{immediate value in any practical way. There is no shame in this, because new
mezerials for industry, medicine and so on are successfully sought in count-
less industrial laboratories around the country. The so-called "pure” re-
search laboratories have two principal purposes: to educate young scientists
and to study basic principles of science. Tying together these two functions
seems like a most appropriate marriage of purposes. The scheme might even
work 1f it were not for the hypocrisy and mythology surrounding that fnspiring
phrase "basic principles." How can a mass of details that {s so couplex as
to be totally incomprehensible even to most of the people in the field be
regarded 8s a basic principle? Whet on earth are basic principles anyway?
Detailed inquiry of many chemists indicates that their own basic principles
are sn unbelievable array of miscellaneous ideas and techniques. Moat
commonly, basic principles turn out to be those notions that first gave a
particular individual some feeling of security sbout chemistry.

1 believe that there are 3ome concepts in chemistry that genuinely merit
the name of basic principles. These are for the most part simple ideas that
can be used over and over again in many different contexts. For example, the
idea that the energetic changes sccompanying chemical reactions can be re-
lated in a straightforward way to the energy relationships of classical
mechanice, the notion that the principles of wave mechanics can be applied to
the meny pariicles that meke up a molecule, &nd the idea thet there are only
two kinds of elementary reactions, (unimolecular and biomolecular), all seem
worthy of being called basic principles. I don't even care to worry about the
longevity of these generalizations, as long as they are an important part of
the thinking of maty chemists, they serve the purpose of basic principles.

In addition to having some set of ideas to use as basic principles, any
scientist must heve some facts and some techniques for applying the principles
and facts. Most basic research deals with supplying facts and working out the
details of appifcation of the principles. This inherently nonglamorous work
can be a lot of fun as a form of game playing, and I see nothing wrong with &
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chemist enjoying the games that he plays in his professional life. However,
the attsmpt to elevate useful game playing to the status of a holy mission for
basi{c principles is arrent nonsense.

I don't feel like a traitor to my kind for having stated facts thet are
now being puinted out by critics of all science. Unless we are reasonsbly
honest with ourselves, we deserve the kind of rejection by the public thst is
now occurring. We need to do an honest review of what it is that scient{fic
research does offer to the society. The blithe assumption that there iz bound
to be a lot of useful fallout has some merit, but I think that we can do much
better. In particular I think that chemistry can survive among the sciences
and earn support of the society by its contribution to intellectual life and
technological advancement. To accomplish this chemists must shape up and
come out of their dream worlds.

We oust first realize that chemistry has become highly conservative. The
traditional wubdivisions of the field are those that were established in the
19th century, the lines of demarcation in our undergraduate curricula were
drawn many years ago. and we frequently see elegance evsluated more highly
than innovation. Some of our gsmes have become so stylized that the chief
objective of research problems seems to be t. wrap them up more neatly then
was done with last year's version of the same problem. Such behavior is
characteristic of an old and settled society.

To me, one of the most significant things to happen in chemistry 1in
recent years was the description of the fields of chemistry found in the
Westheimer report. The three principal fields were chewmical structure, chem-
ical dynamics and chemical synthesie; other fields were defined to facilitate
description of some of the importart ocutreaching parts of the field. This
wvas like a breath of fresh air. With such terms we can talk about the direc-
tions of chemirtry. It makes & iot of sense to say that the past 40 years
have been a golden age ¢f Lheoretical and experimetel structursl chemistry.

By compariscn, chemf{cal dynamics, the study of chemical reactions and re-
activity has had a spotty record. A great deal has been done to develop

useful models for reaction mechanisms and there has been a good deal of progress
in methodology for monitoring reection rates, especfally those of very fast re-
actions, However, it seems to me that theory has lagged terribly. The trans-
ition stete theory has provided little more than a useful conceptual basis

for discuseion of reaction rates and presentation of experimetal results in
parametric form. I for one am rather bored with the repeeting exercise of
taking another resction and sorting out the steps in its mechanism, or
assenbling mountains of kinetic deta for the rates of reaction of series of
closely releted compounds to build semiempirical theories of relative re-
activity., I hasten to ssy that I hsve tremendous respect for semiempirical
theory in general, but 1 do see cthe frontiers in the field of relative re-
activities being pushed back by microscopic increments.

The history has no” reslly been the result of incompetence, but of prac-
tical limitations. However, et the present time, some of those limitations
are removed so ve should push ahead vith enthusiasm rather than dawdling
around with the old fun and games. Methods are now aveilable for astudy of the
simplest reactions in moleculsr beams, we are beginning to realize the great
power of studying kinetic behsvior of all kinds of energetically hot systems,
and new theory is in the making. I could essily devote my entire talk to the
theme that the golden age of chemical dynamics s here. However, I will only
assert the fact and encourage other chemista to share in my enthusiasm for &
coning good tiwme.
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During the past 25 years, synthesis, the most sophisticeted and creastive
branch of chemistry has come of age. Led by R. B. Woodward, synthetic chem-
ists have demonstrated that applied chemical dynamics can be a beautifully
systematic field. The future of synthesis muet surely be grest, but it seems
to me that no psrt of chemistry is more in need of a general review of objec-
tives.

The current problem in synthesfs 1is instructive. QOverwhelming competence,
sophistication and ingenuity are seen in the fleld, but it 1s very hard to
siate {mpressive objectives or to cite large numbers of new principles
emerging from most current work in aynthesfs. I believe that the field needs
new objectives. At the present time two objectives seem dominant: (1) syn-
thesils of natural products, and (2) synthesis of unusuel molecules of inter-
est to structural chemists and chemical dynsmicists. The firat goal is
loging its glamour since Woodward has clearly demonstrated that man can
make eny molecule wade by nature, with the possible exception of the bio-
logical macromolecules. Synthesis of exotic molecules of theoretical in-
terest providcs s wmore viable goal but way be ruaning down. Furthermore,
making exotic new compounds because of their theoretical interest in chemistry
is part of a cyclic process that does little to lead chemistry outside of it-
self.

During the past few decades, chemistry has been largely acquisitive and
selfepropagating. The principal thruet of theory has involved adaptation of
the methods of particle physics for use in chemical structural probleas. The
process has been wonderfully successful but unfortunately has tended to divert
the attentions of chemists from expansive sctivity. Consequently, we have been
burned bedly. The greatest advances in biochemistry and solid state chemistry
have been made by biologists and physicists, not by chemists. I recall with
some humiliation the attitude of most chemists, including wyself, toward bio-
chemistry 20 years ago. The field was generally regsrded as grubby, non-
quantitative and quite unfit for the attention of the scholarly folks in the
proper chemicsl fraternity. I hope that something has been learned, but see
some evidence that only the first lesson has really penetrated. To be sure,
chemists are now turning to problems of molecular biology in lsrge numbers.
However, there seems to be & continuing tendency to eschew other obvious
areas for expansion such ag e0lid state science, matericls science and the
incorporation of chemical changes in engineered systems, If one listens care«
fully to the discouraging comments of chemists about msterials science, he
must be struck with the similarity to the gloomy and patronlzing views ex-
pressed about biochemistry in the 1940's.

Let me elaborate a couple of examples very briefly. I believe that the
most fundamental end lasting objective of synthesis is not production of new
compounds, but production of properties. Historically this was the strongest
motivatior for evolution of synthesis of natural products. Furthermore, the
historical mwissfon has been wonderfully fulfilled. Synthesis has produced
compounds having an almost unbelieveble range of physiological properties. A
similar thing has occurred in the field of synthetic polymers where some kinds
of physical properties have been sought and found. I see nothing demeaning
about the idea of asking whet other properties people can use, trying to con-
struct theoretical models relating structure to pruperties and thus creeting
a2 wealth of new and challenging synthetic problems. A few yeara ago Little
published a suggestion of a structure that he believed would lead to en organ-
ic nmemiconductor. Here was a clesr challenge to the synthetic chemist. The

SR

e tanih bk stlisnttia




R ——

[

fact that his particular structure is a bizarre synthetic problem is8 of no
real import. The logical procedure would be marrisge of Little's theoretical
model with reelistic consideration of synthetic capsbility to produce target
etructures that can be made and tested.

My final sally {s reserved for my own field of chemical dynamics. It {is
fun to study chemical reactivity and attempt to conatruct self-consistent
theories from the results. But what use {s {t 8117 Are chemical resctions
only useful for making more uew chemicals? This is surely an impurtant part
of applied chemical dynamics but we sre in real trouble if it is the only
one. I think there is a tremendous future for the use of chemical reactions
in systems that are part mechanical, part electrical and part chemical. The
{idea is not new; the automobile is &. cxample of such a system. However, the
automobile 18 a shame to the chemists. It {8 a marvel of mechanical engineer-
ing but the chemical part of the system is just about as crude as lighting a
fire. I conceive of a future when delicately controlied chemical reactions
will be incorporated in many kinds of systems involved in such diverse
functions &s energy wmanagement and information transfer and storage. To be
sure, the path to these new engineered systems f{s no better marked than was
the path to modern pharmaceutical chemistry in the late 19th century, but I
asee no reason to expect that we will not ultimately enjoy similar success,

Advertisement of such inmodest objectives may seem like & frightening
risk, but to me it seems small in compsrison with the danger in continuation
of our pose as people dedicated only to ourselves and our own intellectual
games. As a matter of fact, the best defense against pressure to devote all
our efforts to short range work having little chance of generslization is to
put careful thought into enunciation of the long range prospects for chemistry.
Speaking only for myself, I enjoy the action because guessing about the future
i{s inherently interesting and because I gain a8 feeling of greater relevance
about my own chemistry.

GPO 873348
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