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As a final report or Grant #NASA NGL-05-009-002, Condensation of solids
in space - isotope fractionation in the model syster. C-0, i should like to
attach the fallowing documents:
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OFNICK OF THE ASSOCIATE DIRECTOR

1) Modified version of the research section of our last proposal
submitted for this work, and reporting the experimental break-
through on theproblem at hand; chemical fractionation of the
single isotope 260 under simulated space conditions. These
results provide the first experimental proof of the main theme
pursued over the last few years. What we have proposed is that
the oxygen isotopic anomaly (and other similar anomalies), seen
in meteorites, is unlikely to be of nucleosynthetic origin as
is commonly _hought, but is a product :f chemical fractionation
in interstellar or circumstellar space.

2) A recent published article discussing this problem further.

3) A manuscript in preparation citlining the quantitative radio-
physical details.

As you know, we had to discontinue this work because of the expressed
_feelings in the oeer review that such effects could not possibly exist, and
that zvntinued support of this project would thus be a wasted effort.

It is little consolation that subsequent developments have fully proven
the correctness of our proposal, including the importance of isotopic fil-
tering effects in the earth's atn:^,phere outlined in our proposal of 1981,
and published by Cicerone and McCrumb, the latter as a member of our research
group. Furthermore, the filtering effect on single oxygen isotope fractiona-
tion was discovered in the actual space medium by Bally and Langer last year;
and the effect of resonance excitation by H Lyman a radiation has been cor-
robo*aced by astronomical observation (Gahm et al; see references in attached

articles).
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Finally, and most strikin gly, the cork initiated under the present grant
has after its demise fortunately beer taken up by Prof. M. Thiemens of this
campus, who by means of elegant experiments recently has been able to simulate

the chemical fractionation effect of pure 160 at a level, fully corresponding

to the ef fect seen in meteorites, and leaving no doubt about the exclusive

i=vartance of this effect. I am attaching a newspaper article from the Los
Angeles Tires announcing this success (scientific articles are at the present

time in ^ress in the journal of Chemical Phvsics+-a_-4-9cience).
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Although much remains to be done to further clarify the physical and
chemical processes involved and their counterparts in the space medium, the
matter is now in principle established, and the major goal of our five-year
research in this field fulfilled. We would naturally have been happy to see
the most recent step in this effort have been taken as a result of NASA
support in our group; however, we are for the sake of scien%e and the vindi-
cation of our concept of course happy to see it coming to fruition also in
this way.

I find it symptomatic that foresighted understanding and support of our
effort was during the lifetime of this project provided by NASA's scientif,c
research monitor in this field in spite of the lack of understanding, and in
some cases outright rejection from academic referees. We wish to take this
opportunity to convey our thanks particularly to Dr. W. Quaide for his most
profound insight and help, and to NASA for continuing support over many
years.

Sincerely,

Gustaf Arrhenius
Associate Director
Professor of Oceanography

GA/mbh

t



List of References

Grant No.: NGL05-009-002

Principal Investigator: Gustaf Arrhenius

Two alternatives for the history of the moon (with H. Alfvdn). Science
165 (1969) 11-17.

Kosmologisk revolution fran manen. Forskning och Framsteg 7 (1969)
2-5.

Missior. to an asteroid (with H. Alfvtn). Science 167 (1970) 13 9- 14 1.

Summary of Apollo 11 Lunar Science Conference (with Lunar Sample
Analysis Planning Trearn). Science 167 (1970) 449-451.

Phase chemistry. structure and radiation effects in lunar samples (with
S. Asunmaa. J. I. Drever, J. Everson, R. W. Fitzgerald, J. Z. Frazer,
H. Fujita, J. S. Hanor, D. Lal. S. S. Liang, D. INiacdougall, A. M.
Reid, J. Sinkanl:as and L. 'Nilkening). Science 167 (1970) 659-661.

Primordial accretion; inferences from the lunar surface (with S. K.
Asunmaa and S. S. Liang). Proc. Apollo 11 Lunar Science Conference,
Vol. 1, Pergamon Press, 1970, 1975 -1985.

Phyllosilicates in Apollo 1 I samples (with J. I. Drever. R. W. Fitzgerald
and S. S. Liang). Proc. Apollo 11 Lunar Science Conference, Vol. 1,
Pergamon Press, 1970, 341-345.

Mixing of the lunar regolith and cosmic ray spectra: evidence from
particle-track studies (with D. Lal, D. Macdougall and L. Wilkening).
Proc. Apollo 11 Lunar Science Conference, Vol. 1. Pergamon Press,
1970, 2295-2303.

Structure and evolutionary history of the solar system, I (with 1-1. Alfvdn).
Astrophys. Space Sci. 8 (1970) 338-421.

Origin and evolution of the solar system, II (wi th II. Alfvc(n). Astrophys.
Space Sci. 9 (1970) 3-3"-.

Fractionation and condensation in space (with H. Alfvdn). Earth Planet.
Sci. Letters 10 (1971) 253-20.

Hydrogen recombination by nonactivated chemisorption on metallic grains
(with A. Brecher). Nature (Physical Science) 230 (1971) 107.

The exposure history of the Apollo 12 regolith (with S. Liang, D.
Macdougall, L. Wilkening, N. Bhandari, S. Bhat, D. Lal, G. Rajagopalan,
A. S. Tamhane and V. S. Venkatavaradan). Proc. Second Lunar Science
Conference, Vol. 3, 1971, 2583-2598.



List of References
NGL05-009-002
Page 2

Zirconium fractionation in Apollo 11 and Apollo 12 rocks (with J. E.
Everson, R. W. Fitzgerald and H. Fujita). Proc. Second Lunar Science
Conference, Vol. 1, 1971, 169-176.

Arguments for a mission to an asteroid (with H. alfvdn). Physical
Studies of Minor Planets, Ed. , T. Gehrels, 197:.

Asteroidal theories and e::aeriments (with H. Alfv6n). Physical Studies
of Minor Planets, Ed. , T. Gc'.rels, 1971.

Techniques for the study of fossil tracks in extraterrestrial -And terres-
trial samples. I: Methods of high contrast and high resolution study
(wth D. J. Macdougall, D. Lal, L. L. Wilke:ning, S. G. Bhat, S. S. Liang
and A. S. Tamhane). 1971; Geochem. J. (Japan) 5, 95-112.

Chemical effects in plasm-.t condensation, 1971, From Plasma to Planet,
Proc. Nobel Symp. 21, A. Elvius, ed. , Wiley, New York, 117 -132.

Comets and asteroids - fundamental targets for space exploration (with
H. Alfven), 1972, University of California, San Diego, Scripps Institution
of Oceanography Ref. 72-5. 17 pp.

Origin and evolution of the Earth-Mloon system (with H. Alfvdn), 197 2;
The Moon 5. 210.

Exploring the origin of the solar system by space missions to asteroids
(with H. Alfvdn), 1972; Naturwiss. 59, 183-187.

Electrostatic properties of lunar regolith (with S. K. Asunmaa and
R. W. Fitzgerald, 1972, Lunar Science-In, C. Watkins, ed., Lunar
Science Institute Contribution No. 88, 30-32.

Regolith dynamics (with D. Macdougall and B. Martinek), 1972, Lunar
Science-III, C. Watkins, ed.. Lunar Science Institute Contribution
No. 88, 498-500.

Surface damage in lamellar lunar regolith grains (with S. K. Asunmaa),
1972, Proc. 30th Annual Meeting, Electron Microscopy Society of America
and First Pacific Regional Conference on Electron Microscopy,
C. J. Arceneaux, ed. , Claitor's Publ. ,division, Baton Rouge, La.,
531 -535.

Interpretation of electrostatic properties of lunar regolith (with S. K.
Asunmaa), 1972, Proc., 30th Annual Meeting, Electron Microscopy
Society of America and First Pacific Regional Conference on Electron
Microscopy, C. J. Arceneaux, ed. , Claitor's Publ. Division, Baton
Rouge, La. , 532-533.



List of References
NGL05-009-002
Page 3

Electrostatic interparticle adhesion in Apollo 15 fines (with S. K.
Asunmaa). 1972. In The Apollo 15 Lunar Samples, J. W. Chamberlain
and C. Watkins, eds.. The Lunar Science Institute, Houston, 466-469.

Reconstruction of the history of the solar system. In The Origin of the
Solar System, H. Reeves, ed. Centre National de la Recherche
Scientifique, Paris, pp. 80-85, :972.

Structure and evolutionary history of the solar system,rY	 YIII (with
H. 11f ren), 197 3,;strophys. Space Sci. 21, 117-176.

Aggregation of grains in space (with S. K. Asunmaa), 1973. The Moon
8, 368-391.

Equilibrium condensation in a solar nebula (with B. De), 1973.
Meteoritics 3, 297-313.

The paleomagnetic record in carbonaceous chondrites: Natural
remanence and magnetic properties (with A. Brecher), 1974. J. Geo-
phys. Res. 79, 2081-2106.

Structure and evolutionary history of the solar system, IV. (with
H. Alfvdn), 1974. Astrophys. Space Sci. 29, 63-159.

Adhesion and clustering of dielectric particles in the space environment, I
(with S. K. Asunmaa), 1974. In Lunar Science V, The Lunar Science
Institute, Houston, pp. 22-24.	 '

Adhesion and clustering of dielectric particles in the space environ-
ment, II (with S. K. Asunmaa), 1974. In Lunar Science V, The Lunar
Science Institute, Houston, pp. 25-27.

New material resources from inner and outer space, 1974. Ambio 3(3-4),
130-135.

Record of primordial growth environment in olivine crystals from carbon-
aceous chondrites (with S. K. Asunmaa, R. W. Fitzgerald, B. K. Kothari
and D. Macdougall), 1974. Meteoritics 9(4), 313-314.

Structure and Evolutionary History of the Solar System (with H. Alfvdn),
1975. D. Reidel Publishing Co., Dordrecht-Boston, 276 pp.

Persistent internal polarization of lunar dust (with S. K. Asunmaa), 1975.
In Lunar Science VI, The Lunar Science Institute, Houston, p. 21.

Unerschlossene Rohstoffquellen auf der Erde and im Weltraum, 1975.
Umschau 75 (1975) Heft 5, 144-148.

i
35
3



List of References
NGL05-009-002
Page 4

Iron in space condensates. 1975. Meteoritics 10, 354-357.

Evolution of the Solar System (with H. A1fvdn), 1976. NASA SP-345,
Government Printing Office, Washington. D. C., 599 pp.

The critical velocity phenomenon and the origin of the regular satellites
(with B. R. De and H. Alfvdn), 1977. Planetary Satellites, J. A. Burns,
ed. The University of Arizona Press, Tucson, Ariz. , 472-492.

Lunar soil surface properties and materials technology (with A. L. Cabrera,
M. B. Maple and S. K. Asunmaa), 1976. In Lunar Utilisation: D. R.
Criswell, ed., Lunar Science Institute, Houston.

Chemical aspects of the formation of the solar system, 1976. In The
Origin of the Solar System, S. F. Dermott, ed. (Wiley, New York,
1978).

Molecular and isotope processes in space condensation (with C. Simpson),
1977. Lunar Science 8, 48.

The role of plasma in the primeval nebula (with H. Alfv4n and A. Mendis),
1977. Proc. IAU Colloquium No. 39, Relationships between comets,
minor planets and meteorites, A. H. Delsemme, ed.

Colloidal plasmas in space; some aspects of cosmic condensation and
growth of solids (with B. R. De). 197?. Advances in Colloid and
Interface ;science (in press).

Chemical kinetic isotope effects in space condensation model experi-
ments (with R. W. Fitzgerald, S. Markus and C. Simpson), 1978.
Astrophysics and Space Science. 55, 285-297.

Grain temperature in protoplanetary dust clouds (with B. De), 1978,
Lunar and Planetary Science 9, P. Robertson, ed. , Lunar Planet.
Inst., Houston, TX.

Chemical isotope fractionation in interstellar cloud condensates - some
model experiments (with J. L. McCrumb, S. Markus, R. Fitzgerald and
J. Killingley), 1978. Short Papers of the Fourth International Conference.
Geochron. Cosmochron. and Isotope Geol. , U. S. Dept. of the Interior,
Geol. Survey Open File Report 78-701.

Temperature parameters at condensation from the space medium (with
J. L. McCrumb). 1978. Thermodynamics and Kinetics of Dust Forma-
tion in the Space Medium, B. De, ed., Lunar Planet. Inst. Contr. 330,
Houston, TX.

Disequilibrium thermal quasi-steady states in a cosmic dust cloud
(with B. De). 1978. Thermodynamics and Kinetics of Dust Forma-
tion in the Space Medium, B. De, Ed. , Lunar Planet. Inst. Contr.
330, Houston, TX.



List of References
NGL05-009-02
Page 5

Thermal history of primordial metal grains (with C. Raub). 1978.
Journal of Less Common Metals 62, 417 -430.

Kinetic isotope fractionation and the composition of meteorites (with
R. W. Fitzgerald and S. Markus), 1978. Lunar and Planetary
Science 9, 30-32, Lunar and Planetary Institute, Houston, TX.

Primordial condensation of meteorite components - experimental
evidence of the state of the source medium (with J. L. McCrumb
and N. Friedman). 1979. Astrophys. Space Science 60, 59-75.

Kinetic isotope fractionation in interstellar medium, upper atmos-
phere and meteorites, inferred from model experiments (with
J. L. McCrumb, N. Friedman and R. Fitzgerald). 1979. Lunar
and Planetary Science 10, 795, Lunar and Planetary Institute,
Houston, TX.

Excitation of 
12C160 by hydrogen Lyman Q radiation; potential cause

of selective fractionation in protostellar clouds, 1980. Lunar and
Planetary Science 11, Lunar and Planetary Institute, Houston, TX.

Interaction of ocean-atmosphere with pla_ietary interior.
1981_ Ndv.Space Res.l, 37-48, COSPAR

Excitation in the earl y solar nebula-ne:a experimental
findings (with M.J. Corrigan, R.W. ftzgerald and C. Schimmel)
1982. W. Fricke and G. Teleki Ed., Sun and Planetary System
221 -232,


	GeneralDisclaimer.pdf
	0042A01.pdf
	0042A02.pdf
	0042A03.pdf
	0042A04.pdf
	0042A05.pdf
	0042A06.pdf
	0042A07.pdf

