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least in removing unburned hydrocarbons and carbon monoxide. This and the
strong possibility that they would not be subject to lead poisoning and would na
require noble metals led to our mounting a substantial effort which shows
substantial promise of success.

In the space chemistry area we have helped develop an understanding of
Venus and the Earth atmospheres. Venus could not precipitate limestone because
there was no place where it could freeze water, break rock and so liberate
calcium for limestone precipitation. The water gas reaction produced CO, and
hydrogen from primeval organic matter fired by the radioactive heat of the
newly formed planet, the hot steam forming CO, and hydrogen. The hydrogen
escaped from the planet. Presumably on Earth this same thing happened but on
Venus the CO, accumulated in the atmosphere to some 90 atmospheres (terrestrial
measure), On the Earth it formed limestone and fossil organic deposits.The
amount of water consumed in this gigantic effort was about one kilometer in
depth. Thus, we predict that there are oceans on Venus at the poles, since it
appears most unlikely that all the water was consumed in the reaction.

On Jupiter our work has been on the thesis that the strong radio signals
are caused by electron spin resonance emissions from organic radicals in the
reducing atmosphere. The strong planetary magnetic field (some 10 gauss at
the poles) would give the observed frequencies. It is only fair to say that
our thesis has not been universally accepted but there seems to be no other
explanation for the richness of the radio signals and the coincidence with
likely free radicals.

Other broad general interests in our program have been high pressure
chculstly., Wwe liave Ucen waiuly cuuncetued in tie lasce fuur yedrs wiitil trying
to understand the effects of high pressures above 10,000 atmospheres on
organic and biochemical reactions. We appear to have found that the dimeriza-
tion of anthracene has a negative temperature coefficient under pressures of
5,000 atmospheres. We have been pursuing the effects of pressure on important
enzymes and the growth of bone. These results are most suggestive and
exciting. Our most recent Ph.,D. graduate, Randy Murphy, is becoming a post-
doctoral working with Dr. Marshall Urist, M.D. of UCLA medical school, who
has discovered a bone growing enzyme which promises to be of great importance
to bone surgery.

In our concern about the energy matters we have concentrated on the
discovery of o0il and other resources buried in the sedimentary deposits.

In the chemistry of ionized matter we have found that singlet oxygen can
be involved in the radiolysis of water.
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‘ The Adir Force Office of Scientiivic Research over the years has

. supported cur offorts v -t generously. It has been most kind in its
tolcrance of our wide rvange of objeciives. It supported the development
of radiccarbon dating and its applications to archacolopy and geoscience
and the discovery of naturail tritium and its application to hydroloegy
and meteorology and geophysics os well as the core work in chemistry.

During the last four years there have been about six major projects

in the area of interest to the encrgy and environment, and the space
program. Bepginning with the encrgy and environment, the principle effort
has been to develep a non-noble metal avio exhaust catalyst. This effort
began with the observation that there were certain evidences that the
rare carth cobalt perovskites, LaCo0,, had propertics strongly indicating

8 that they would take care of the aut¢ exhaust problem, at least in

removing unburned hydrocarbons and carben monoxide. This and the strong

possibility that they would not be subject to lead poisoning and would

not require ncble metals led to our mounting a substantial effort. It

now has gone the ccurse of cur organizing an independent company to

develop the catalyst under contract with Du Pont de Nemours Company.

Ve are well dovm the road of testing and proving (Promising Catalyst

for Auto Exhaust. W. F. Libby. Science 171, 499-[1971], Unseparated

Rare Earth Cobalt Oxides as Auto Exhaust Catalysts. Lee Pedersen and

W. F. Libby. Science 176, 1355-[1972]).

In addition to the development of the rare earth perovskites for
auto exhaust catalysts, the effort titilated the petroleum companies to
further examine non-noble mectal catalysts for their cwn use in modern
refineries. A long time ago, base metal catalysts were standard in the
refinery. It looks like they may be returning. The knowledge of solid
state physics which has been gained in recent years had led to the
application of perovskites to the fuel cell and auto exhaust catalyst
problens. They appear to have opened a new door in the area of hetero-
gencous catalysis,

In the space chemistry area we have helped develop an understanding
of Venus and the Larth atmospheres. Venus could not precipitate limestone
because there was no place where it could freeze water, break rock and
so liberate calcium for limestone precipitation. The water gas reaction
produced CO, and hydrogen from primeval organic matter fired by the
radioactive heat of the newly formed planet, the hot steam forming CO
and hydrogen. The hydrogen escaped from the planet. Presumzbly on Earth
this same thing happened but on Venus the CO, accumulated in the atmosphere
to socme 90 aitmospheres (terrestrial measure). On the Earth it formed
limestone and fossil organic deposits. The amount of water consumed in
this gigantic effort was about one kilomcter in depth. On the Earth
limestone formed together with organic matter from plants and it is
clear that a colossal amount of water was required to accomplish all of
this. Thus we predict that there are oceans on Venus at the poles.

Ji seems unlikely ihal the Venus water would be titrated for the exact
amount required to make 90 atmospheres of carbon dioxide with no water
left over and there seems to be no escape mechanism for water on Venus
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anv moye than theres ie on the Yarth, It is very intriyeing te try to
understand if polor oceans on Venus do exist vhat the rossibilities of
1ifo in them are. Ve did exoerivents on high pressure €0, saturated
warm water soluttion and found that algae from the Vellowsioae hot springs
and other places Jid erow.  We have stroagly surrested to NASA that

polar flyhyvs be mude over Vemps vith radar sonndere to detect flar sorfaces
at the petes (Vepctative Life on Venus? Or Investigations with Alcoe
vhich Crow Under Pure €O in Mol Acid Media and Elevatcd Pressures.
Joseph Seckbach ard W, FU Libby.  Space Life Science 2, 121-[1970] and
also published fu Planetary Atunospheres. Edited by Sasam et al., 62-
[1971}).

On Jupiter our work has been on the thesfs that the strong radio
signals are cansed by electron spin resonance endssions from organic
rodicals in the reducing environment. The strong nlanetary magnetic field
of some 10 gauss at the poles vould give the correct frequencies. It
is only fair to say that our thesis has not been untversally accepted
but there seems to be no other explanation for the richness of the radio
signals and the coincidence with likely free radicals in the strength
of the Jupiter field. Arranycucnts have been made with the University
of South Florida (Professor Svlvan Bloch) for laboratory experiments
and further vork is planned at UCLA (Stimulation of Jupiter's Fadio
Fmission by lo. L. Marshall and W. F. Libby. Nature 214, 126-[1967]}, Radio
Reflection by Free Radicals in Farth's Atmosphere. J. D. Barry, Paul
J. Coleman, W. F. Libby, and L. M. Libby. Science 156, 1730-[1967],

Life on Jupiter? V. F. Libby. Origins of Life 5, 453-119741).

Analysis of the isotopic composition of the carbon in meteorites
particularly the carbonaccous chrondrites seems to indicate (despite wild
flueruatinone the oricin af which is nnknoun and vhiech apnlies to most
of the elements including oxygen) that there is a general kind of average around
the composition of the Murchison metcorite organic matter of some 7 per
mile light in the C”/C12 ratio relative to the PDB standard. The
Murchison organic matter has been proven by amino acid analysis to be
non-biogenic and therefore not coutaminated. The Murchison meteorite
averages at an isotopic carbon composition which compared with the compo-
sition of limestone and fossil fuels indicates that the Earth has 2/3
of its carbon in limestone and 1/3 in fossil fuels. Now considering
this in view of the S0 atrospleres of CO» on Venus, we deduce that the
amount of sedimentary limcstone and dolomite is substantially larger in
total than that now recorded in the geochemical literature. This is
understandable in view of the current theories of continental drift,
the motion of the ocean floor, and the turnover of the scabed taking
gediments down into the mantle. Most exciting is the possibility that
there are enormous deposits of fossil fuel as vet undiscovered. This
we consider a potentially important contribution in the area of the
energy program which strongly urges expanding our exploration efforts.
(Terrestrial and Meteorite Carbon Appear to Have the Same Isotopic
Composition. W. F. Libby. Proceedings of the National Academy of
Sciences 68, No. 2, 377-[1971]).

Other broad general iaterests in our program have been high pressure
chemistry. We have been mainly concerned in the last four years with
trying to understand the effects of high pressures abeve 10,000 atmospheres
on organic chemical reactions. There is an abundant literature due to
many pcople such as Dr. Cheves Walling, in the range of pressures
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betueon 5,000 and 10,000 stmospheres which is of enormous interest.
We have in fact in the last two or three yvars investipated the natter
of the of fect of such pressures on globular proteins but our nost

interesting findings arve that we bave a rcaction in anthracene which
procecds at liquid nitropen temperatures at pressures of 60,000 kilobars
at speeds higher than those at 20°C and 1 atmosphere.  The second point
is that we have found that the irradiation of solid anthracene with Co®
gamma rays inereascs the hipgh pressure reactions at liquid nitrogen
temperatures by a factor of 10 or wore. HMHost of the products are dimers
of anthracene. At higher temperatures the products include fragmentation
product s,

We have been pursuing the effects of pressure on important enzymes
and the growth of bone. These results are most suggestive and exciting.
Our most recent Ph.D. graduate Randv Murphy is becoming a post-doctoral
working with Dr. Marshall Urist, M.D. of UCLA medical school, who has
discovered o bone growing enzyme which promises to be of great importance
to bone surgery. He will procecd to rescarch the chemical physics of
the bone growing enzymes. Our present indications are that the enzyme
is entirely different from hemoglobin and other glcbular proteins for
the denaturization reaction under pressurc in that it is much more
resistant with a considerable tolerance to high pressures.

We have continucd our lomg time interest in electron tunnelling
in chemistry. Dr. Britton Chance and co-workers of the Johnson Foundation
have given evidence that tunnelling is important in the cyclochrome-c
oxidation reduction catalysis. It is becoming clear now that the basic
thesis that ¢leetron tunnelling is important may he correct and that much
of elecirochemical phenomenoiogy is duc to ihie fact chal eleciions du
tunnel through films at the electrodes. We have studied the kinetics
of the dissolving of CrCl, in water interprering it as an electron
tunnelling transfer phencitenon. Our most recent accomplishient in this
area has been in radiation chemistry. it .nnears that tunnelling may
be impeortant in the efficient conversion of sunlight for the
promotion of oxidation reduction reactions. Micelles negatively charged
appear to proumote photo-ionization and the production of aquated electrons.
This may be an enormously important finding and have great potential
in the energy field. (The actual work was done in Berlin by Dr. Alkaitis).
(The Chemical Impact of the Franck-Condon Principle and of Electron
Tunnelling. W. F. Libby. Topics in Modern Physics ~ A Tribute to Edward
U. Condon. Edited by W. E. Brittin and H. Odabasi. Colorado Associated
University Press, Boulder, Colorado [1971), Catalyzed and Uncatalyzed
Dissolution of Anhydrous Chromic Chloride in Aqueous Solutions. A.
Hendifar, W. F. Libby, and George Zimmerman. The Journal of Physical
Chemistry 78, 1993-[1974}).

We have been broadly concerned with environmental matters and have
created a new doctoral degree for professionals trained to make environ-
mental assessments in a judicious and objective manner with a broadly
bascd graduate education and training to trcat actual asscssment probloms
more or less as a medical doctor treats human illness objectively and
sympathetically allowing the patient to make the decision. We have fifty
graduate students in the new program which now has been fully authorized
by the University of California.

-
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In addition to the new teaching program, theve ig an extensive
program on rescarch in the envivonment ol area, in perticular we were
jnvolved in the CIAP propram in the Depavtuent of Trousportation on
the potoential dwpact of the super sonic transport aiveralt on the stratos-
phere.  Our former stuadent, Allen Grobecker became director of this
progran and we belicve it constitutes one of the highlights of the
U. S. technolopical achievement in the last decade,

In our concern about encrgy matters we have concentrated on the
discovery of oil and other resources buried in the scdimentary deposits.,
There appesrs to be a remarkable correlation with the heat {low patterns
high heat flows with the richiness of the deposits followiug (Geographical
Coincidence of Nigh Heat Flow, High Sceismiclity, and Upwelling, with
Hydrocarhon Deposits, Phosphorites, Evaporites, and Uranium Ores., W.

F. Libby and L, M. Libby, DProccedings of the National Academy of Sciences

71, 3931-[1974]).
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1. Avto Pxhaust Cotalysts (Promising Catalyst for Auto Exhaust,
Wo o Libby. oscaence 171, 4990 1971]) 0 Unseparated Rare ¥arth Cobalt
Oxides as Auto Lxbaust Catalyvsts.  Lee A. Pedersen and W, F, Libby,
Scicnce 170, 13551469727, Auto Exhaust Catalvsts, W, F. Libby.
Amals of the New York Academy of Sciences ?13, 243-[1973], Nydro-
carbon VYuissions troe Jet Engines Opervated o2t Simulated Bigh Altitude
Supcrsonic Flight Conditions, Howard Katzman and W, F. Libby,
Preprint Volume, 2nd Internatjonal Conference on the Environmental
Impact of Aerospace Operations In the High Atmosphere, July 8-10,
1974),
The observation that non-noble metal oxides could rival platinum
for the fuel cell electrodes (D. B. Meadoweraft. Nature 236, 847-
[19701) led us to suggest that the rare earth cobalt oxides such as

La(‘.oO3 could be used as auto exhaust catalysts. Research on this idea

has proven quite promising and the present indications are that there is
a good chance for a non-platinum catalyst which would 'e tolerant of

lead in gasoline with the consequence that the lost mileage due to the
removal of lead from gasoline as required by the present platinum catalyst
could he recovered. Also there is the further conscquence that we necd
be dependent no longer on foreign sources to such a critical degree as

we are in the case of platinum catalysts. The general situation is that
we are in the process of testing the catalyst in collaboration with the
Du Pont company determining the actual behavior on cars. Certain worries
remain. The question of thermal instability for the substituted perov-
skites is germain, The substituted perovskites have supcrior activity
(the strontium substituted with 20 atom percent of the lanthanum replaced
by strontium or some other divalent element have some thirty-fold greater
activity both for the oxygen electrode in the fuel cell and in the oxida-
tion of hydrocarbons and carbon monoxide. Our group has fostered the

unsubstituted perovskites because of their proven thermal stability and
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resistance to such temperature excursions as backiires,
The fundamental principles of heterogencous catalysis are becoming
clearer slowly, We have contributed by conducting a survey of mctallic

oxides both natural mincrals and synthetic compounds, Our conalusions

arc:
1. The oxides most catalytically active are those of the
transition elements, Certain strongly acidic alumino
silicates can exhibit some activity.,
2. The common mineral hematite Fe203 is a good catalyst and

this property may have played a substantist! role in geo-

chemistry. The deposition of mangancse nodules consisting

mainly of Fe203 and HnO2 are possibly controlled in their

deposition by this property. The dissolved oxygen in sea

water appears to oxidize both ferrous Fe++ and manganous
Hn++ ions on the Fe203 surface causing the deposition of !
the insoluble F0203 and MnO2 oxides. The most of the

rodules are rouchly spherical in shape and lie on the bottom {
like billiard balls on a table not protruding into the
sediments to any substantial degree. This strange circum- {
stance has been explained as being duz to the absence of

oxygen in most of the sediments and the voracious attack

of the bacterial organisms on higher valent oxides Fezo3

and MnO, in lieu of oxygen reducing them to the soluble

2
++ 4+

ions Fe ' and Mn  which then are carried up into the

sea watcr, Thus penetration of the growing nodule into

the bottom sediments is prevented.
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The catalytic propertics of the franeition elepent com-

pormnde appear te be dve Lo the d ovbitals which can forn
several bonds shunltancously on o single aten, bonds which
are not teo strong to be breken and yeb are strong enough
to dissociate ordinary ¢ p bonds., A typical sct of bhond
encrpive vhich seens to apply to essentially all of the
transition clement 15t

M - 1 55 keal/mole

M - € 43 keal/mole
H_H
M - 20 kecal/mole (this is the Winstein-
| Lucas bonds as discovered
H'H in ethylene eon silver ion)

The bond strengths appeav to apply to most of the transition
elements. 1hus, the hydrogensition of ciliyivae can be euvivaped
as follows, recalling that:

C - C 83 kcal/mole

C - H 99.5 kcal/mele

H - N 104 kecal/mole

C C 142 kcal/imole

Step 1: Addition of HZ to M

H - M - 1 Al = -6
Step 1I. Addition of C2H4
HZL = CJZ

Al = =20
n-M-H




Pape 4

Step 11T:  Convert to two bound methyl groups

IIBL M (,Il3 > 5.;
43 55
99.5 20
99.5 147
-285 277
Al = -8

Step IV: TForm ethanc gas

AH = 43 - 83
43
+3

It scems very likely from the heterogeneous catalyst literature that
all compounds of the transition elements as well as the elements them-

selves are active.

. .
The perpvelhite crystole vhich have had ocur main attention ig

proving to be attactive for many catalytic tasks and may be cpening

a new chapter in c¢il and coal refining.

II. Plasma Chemistry (Padiation Chemistry) (Mechanism for the Fixation
of Nitrogen by Lightning., ¥. E. Ferguson and W. F. Libby. Nature
229, 37-[1971], Possible Formation of Singlet Oxygen in the Radio-
lysis of Water Under High Pressure Oxygen. S. A. Alkaitis and
W. F. Libby. Nature Physical Science 244, 143-[1973], and Polymer
Production in the y Radiolysis of Methane, Fthane, and Ethylene
Solutions in Liquid Argon., M, E. Sheridan, E. Greer, and W, F.
Libby. J. Amer. Chem. Soc. 94, 2614-[1972]).

The dramatic effects of ilonizing radiation in promoting chemical
reactions have been known for many years. In our laboratory we have
concentrated on setting a hody of principles generally applicable using
data obtained on hydrocarbons in condensed systems at low temperatures.

During the last four years, we have made essentially three contributions:
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(1) The mechauise Tor (he fixation of witvogen by Yightulng which turns 1
on the low ionlzation potentiod of nitric oxjide produced by the extreme
tenperature produced by the bolt, Tthe NO+ so formed reacts with water
to form nitrous 2cid HN02 which Is water soluble and falls in the rain
of the thunderstern,  (2) Further detalls on the polvmer production
from the gamma radiolysis of methane and other light hydrocarbons
dissolved in Jiquid argon. We [ind that the gamma rays lonize the argon

solvent since it is heavicer and more abundant but that the effect on the

solvent methane as though it were preferentially attached. This we

interpret as being due to electron Lrahsfor by a tunnelling process

from the solute methane, ethane, or ethylene to the ionized argon

resulting in the formation of the hydrocarbon ion which then proceeds

to rcact. Our present understanding of the reactions is not complete

but the picturce is becoming clearer. We produce a series ot poiymers

of methane beginning with ethanc and then a series of higher hydrocartons

in the range of 10 to 18 carbons and culminating in a C20H40 polymer

at yields about half of thc total methane destroyed, i.e., half ethane

and half higner hydrocarbon. With ethane as the solute the yields

are almost exactly doubled than from methane as though the half that

went to cthane when methane was used now contributes to the heavy hydro-

carlons. These are intriguing observations. We move now at this stage

of the research to Mitchell Cooper undertaking his doctoral thesis using'
isotopic tracers to determine the detailed mechanism. At present it seems

we are dealing with the carbonium ions CH3+, C2H5+ etc,, which attack

to form higher carbonium ions and release H2. 0f course necutralization

finally occurs. The question of how they can grow to the magnitude

YN i i s e e e R TR BT e i e
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obseorved is rost Intviguing,

The gamea radiolysis of water is a subiecet of vory great impoirtance
in atomic power and in radiobiology, We have dnvestigated the effcets
of high pressure oxypen on the radiolysis of aqueous ferrous sulfate
soJution to produce ferric sullate in sulfuric acid solution ond have
found that there 1s an effect which apparently is duc to the generation
of singlet oxygen molecules produced by the gamma rays. The reality
of the result was checked in separate experiments with generated singlet
oxygen,

Our general work on clectron tunnclling and plasma chemistry
utilizing argon and xenon solvents with higher ionization potentials
than the solute hydrocarbons begins to fit together in a kind of general
picture, Early work principally by Burton and co-workers had shown
that {u soluiious of beuzene and cyclobicaane the benscue playy o COmaduding
role in reducing the overall sensitivity of the solutions to ionizing
radiation. Our work on hydrocarbon solutions in xenon and arpon was
undertaken with this principle in mind since both xenon and argon have
higher ionization potentials than the hydrocarbons. The very definite
effect of essentially total transfer down to concentrations of a fraction
of one molc percent strongly suggests clectron tunneling. The high effect
in yiclds of product in the ratio ¢f the councentration of the sclvent
to solute suggests that if we ever discover important products from
gamma radiology this principle might be of considerable importance in
reducing costs,

In radiobiology it appears that the principle may be of importance.
Among the vital molccules in living systems there are a number of aromatic

systems and it seems to be likely that the ability of the aromatic
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svstems to resist fonizinge radiation and io pirotect setghbosing non

aramat ics ray be luportant In biophysics.

Tii. Hich Pressure Tnoreanic Chemistry (Sintered Diamond Compacts with
a Cobalt Binder. N, Katrzman and W. V. Libby. Science 172,
1132-11972), One-Taraweter Pauation of State for Metals and
Certain Other Solide., L. M. Libby and ¥. F. Libby. Proc. Nat.
Acad. Sci. 69, 3305-[1972])

Our efforts to produce 2 uscful cutting tool from sintered diamond
comnacts with cobait binder are arrested because there are no funds for
producing the samples needed for testing. There seems to be little doubt
that a tool in which the diamond crystals are small and randomly oriented
and firmly, possibly chemically bonded to the cobalt should be superior.
Ve have had many requests for samples to test. Tt could be important
to produce such samples for the machine tool industry.

2%
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Our siudies ol the compress
have indicated that there are certain general relations of considerable
potential usefulness that could be vitally important to understanding the
interior of the planets, particularly Farth. Understanding of the
properties of materials as subjected to the pressures and stresses in normal
operations such as in machines took work and destructive testing and
catastrophic failure could be very important. It may be that the emg}rical
equations we have derived are more or lcss equivalent to those of other
equations of state but ours have an appealing simplicitv and ease of use.
Iv. Radiation Damage in Ciystals (Non-Etching Optical Detection of

Fission Tracks Using Teflon. P. C. Maybury and W. F. Libby.
Nature 254, 209-[1975]).
For many years the Principle Investigator was deeply involved in

Hot Atom Chemistry, i.d., the chemical effects of atoms having undergone
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nuclem transmission.  Of course, all of the atoms af fected by nuclear
trancmnission are in this category.  Auwong those nost af fected arve

the [ission products since thelr enerpies are so enormous. In recent
years, there has been a breakthionpgh discoverv by Price, Walker, and
Fleischer of a nev datine technique using the damage by fission products
in miverals contatning wraniuw Impurities. It has been chouwn that

these tracks can bLe etehed to visible size using suitable etching

techniques, filled with ink and measured and counted with optical microscopes.

During the last two years we have undertaken an effort to develop

an additional approach, namely a non-etching developwent technique so
the true size and shape of the tracks might be discovered with the
electron microscope. The first step was to achleve optical detection.
Ve chose a solid which was essentinslly non-etchable, namely Polytetra-
fluorethylene. We jrradiated it with fission products from a Californium252
source and approachced the matter of developing the bundle of free radicals
which in our mind is likely to form by the recoiling particle of some
100 Mev encruv by reacting it with acrylic acid to bind the olefinic
acid to the free radicals and in a second step adding a fluorescent dye
Rhodamine B to hind the acidic carbonyl to the basic Rhodamine B.
Following this, we exposed to ultraviolet light and observed fluorescence
in the visible with a haigh-powered optical microscope. A fliter was used
to exclude the ultraviolet 1light., The irradiated sample was scintilating
and tracks were clearly visible and photographs were taken.

It would seem that a follow-up research would show that binding the

free radicals with a lead or heavy metal containing olefinic compound might



glve ap imoce that conld be photographed by the electron microscope,

This conld reveal the lenpths and diameters and perhaps other intercsting

features of the damage eolumn = the unetched ficcion track,

V. Flectron Tunmmeline in Chemistry (Theory of Flectron Exchange Reactions
in Aqueouvs Solution. W. F. Libby. J. Phv. Chem. 56, 864-]1952],
Eleciron Tronsfer Avwoue The Transition Elemente. The Controlling
Role of the Francl—-Condon Principnle on Rates. W. F. Libby. J.

Chem. Phys. 38, 420-[1962], The Chevical Tipact of the Vranck-
Condon Princinle and of Electron Tunncling. Y. F. Libby. Topics

in Modern Physies = A Tribute to Edward U. Condon. rdited by

W. E. Britiin and H. Odabas?, Colorado Associated University Press,
Boulder, Colorade [1971], Catalvzed and Uncatalyzed Dissolution of
Anhydrous Chromic Chloride in Aqueous Solutions. A. Hendifar,

W. F. Libby and Ceorge Zimrerman. The Journal of Physical Cheunistry
78, 1993-11774]).
Early in the report period the Principle Investigator wrote a

general review on the role of electron tunneling in chemistry and the

importance of the electronic Franck-Condou principle as a consequence. The

general review ariicle dealr with the early work of Mott on the oxidation
of aluminum anc of the Principle Investigator on the electren traasfer
exchange between the inorganic jons, manganate and permanganate, followed
by the realization in 1952 that the speed of tunneling transfer invoked

an electronic Franck-Condon principle which requires that both the receptor

and donor molecules be in closely similar geometry before the electron can

transfer. This very broad principle has over the years seemed to us to
have great potential in chemical kinetics. During the lasL period of this
recent grant, further investigation was undertaken. Following along with
observations of Taube we have studied tha anomously slow rate of

dissolving of chromic chloride Crcl3 in aqueous solutions and the catalysis

++

of this rate by chromous ion Cr . Although details remain to be

elucidated and sorie question remains about the mechanism it seems very

likely that the escential and rate determining process is the tramsfer of

JP— |
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on clectyon from the catalveie chromons ion next to the cvvstalline
aurfnce to produce surface bound chroious ion and of course chromie
ion in colution. The stringencics of the transfer from the electronic
Tranchk-Condon may account for wost of the detailed observations.

IV. High Pressere Orsonic Cheaistry (Ph.D. thesis, "Effects of

Hich Pressure on Organie and Blological Systeas", by Randall
Murphy)

We find that very high pressures hove eifects on organic materials
which are different from temperature effecte., Reactions can be wade
te oceur st liquid nitropen temperatures at 60,000 atrmospheres and
above which de not occur, or only to a much smaller extent, at room
tenperature and the same pressures.  Tn some ways these low temperati “es
yield less complez products than do the temperature induced reactions
at Jow pressures, Most of our data have to do wiih anthracene and
the production of its dimcrs. Tt secus definitely cleay that the
dimerization of this aromatic molecule is best promoted by high pressure
at temperatures approximately 77°K, ‘ihe presence of cations and trapped
electrons induced by Co60 gamma radiation further facilitates the reactions.
Studies of hemoglobin under pressure have shown us a number of
details about the denaturization process for globular proteins,
which are illuminating the work done earlier both in our laboratory
and elsewherc and leads us to suggest that high pressure has
coneiderable promise in biophysics and biochemistry. As a result
we have affiliated with Dr. Marshall Urist who has discovered a bone
growing enzyme and bone collagen and have been experimenting on the
effects of pressures in the vicinity of 5,000 bars on this enzyme and the
other constituents of the complex biological system which leade to the
deposition of bone. Randy Murphy plans to do postdoctoral work for Dr.

irfet on this genceral subjoct.




