signal observed above the dark-current
background, setting an atom ratio abun-
dance limit **Pu/Ir = 1 x 1077, Thus,
this line of evidence appears to discount
a supernova event as the source of this Ir
anomaly.

In summary, we have found a strong Ir
abundance anomaly that coincides strati-
graphically with the disappearance of
several Cretaceous pollen species, which
marks the K-T boundary throughout the
western interior of North America. We
believe that this is the first observation
of the anomaly in conjunction with the
palynological K-T boundary and in
freshwater sediments. The ***Pu/Ir atom
ratio at the anomaly zoneis = 1 x 1077,
about two orders of magnitude lower
than would be expected from a superno-
va event.

CHARLES J. ORTH
JAMES S. GILMORE
JERE D. KNIGHT
Los Alamos National Laboratory,
Los Alamos, New Mexico 87545
CHARLES L. PILLMORE
ROBERT H. TSCHUDY
U.S. Geological Survey,
Denver, Colorado 80225
JAMES E. FASSETT
U.S. Geological Survey,
Albuquerque, New Mexico 87125

References and Notes

1. L. W, Alvarez, W. Alvarez, F. Asaro, H. V.
Michel, Science 208, 1095 (1980).

. J. Smit and J. Hertogen, Nature (London) 285,
198 (1980).

. R. Ganapathy, Science 209, 921 (1980).

. D. V. Kent, ibid. 211, 649 (1980).

. F. T. Kyte, Z. Zhov, J. T. Wasson, paper
presented at the Twelfth Lunar and Planetary
Science Conference, Houston, Texas, 16-20
March 1981.

6. C. L. Pillmore, ‘1969 geological map of the
Casa Grande quadrangle, Colfax County, New
Mexico, and Las Animas County, Colorado,”
U.S. Geol. Surv. Quadrangle Map GQ-823
(1969).

7. R. H. Tschudy, a palynological appraisal in
Cretaceous and Tertiary Rocks of the Southern
Colorado Plateau, J. E. Fassett, Ed. (Four
Corners Geological Society, Farmington, N.M.,
1973), pp. 131-143.

8. J. S. Gilmore, in Collected Radiochemical Pro-
cedures, compiled by J. Kleinberg and H. L.
Smith (Report LA-1721, Los Alamos National
é.gboratory, Los Alamos, N.M., ed. 4, 1979), p

o [

9. Preparation of the samples for *“Pu mass spec-
trometric analysis was performed by L. Liepins.
The mass spectrometric analysis was performed
by R: E. Perrin.

10. We express our gratitude to the Ka1ser Steel
Corporation for their cooperation in arranging
the sampling operation in York Canyon, and
particularly to Roger Carlson and Stephen Kot-
lar for their expertise and assistance in the
drilling and coring. We express our admiration
for the professional skill and efficiency of the
Finley Drilling Company team, who provided us
with essentially complete core recovery under
harsh winter conditions. We are indebted to the
Los Alamos National = Laboratory Reactor
Group for performing the neutron irradiations
and for deriving chemical abundance data for
about two dozen trace elements with their auto-
mated system, and to Sharon Van Loenen of the
U.S. Geological Survey for preparing the sam-
ples for palynological analysis. Three of us
(J.S.G., J.D.K., and C.J.O.) thank the U.S.
Department of Energy for support.

31 August 1981
SCIENCE, VOL. 214, 18 DECEMBER 1981

Tetramesityldisilene, a Stable Compound Containing a

Silicon-Silicon Double Bond

Abstract. Irradiation of 2,2-bis(2,4,6-trimethylphenyl)hexamethyltrisilane in hy-
drocarbon solution produces tetramesityldisilene, which can be isolated as a yellow-
orange solid stable to room temperature and above in the absence of air. Like the
olefins of carbon chemistry, tetramesityldisilene undergoes addition reactions across

the silicon-silicon double bond.

The diversity of organic chemistry,

arises in part because carbon readily
forms multiple covalent bonds with other
elements. The electronic structure of sili-
con is analogous to that of carbon, but
the diversity of silicon chemistry has
been limited by the lack of doubly bond-
ed compounds, despite numerous at-
tempts to synthesize them over the past
six decades (I). Even compounds with a
Si=C bond are rare, the first isolable one
having been reported only this year (2).
Evidence has been published for the
transient existence of molecules with a
Si=Si bond, analogous to the alkenes of
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<—<<§§%»SI(SIMeQz R ——
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organic chemistry, but such disilene spe-
cies have been postulated only as reac-
tion intermediates (3, 4). They have also
attracted the attention of theoreticians
®).

We report the isolation and character-
ization of tetramesityldisilene, a bright
orange-yellow crystalline solid. In this
compound, the Si=Si bond is sterically
stabilized by the presence of two 2,4,6-
trimethylphenyl (mesityl) groups bonded
to each silicon. Tetramesityldisilene was
synthesized by the photolysis of 2,2-
bis(mesityl)hexamethyltrisilane in hy-
drocarbon solution (6) (Fig. 1). The best

24
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Fig. 1. Proposed scheme for the synthesis of tetramesityldisilene (1) and for the reaction of 1
with HCI, ethanol, and O,; Me, methyl; Et, ethyl.

Fig. 2. Absorption
(solid line) and fluo-
rescence (dashed line)
spectra of purified tet-
ramesityldisilene (3-
methylpentane, 77 K);
€ is the molar extinc-
tion coefficient (M~
cm™). The absorp-
tion spectrum in hex-
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ane solution is identi-
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results were obtained when the photoly-
sis was carried out in hexane or 3-meth-
ylpentane (3-MP) at —100°C (photo-
chemical conversion about 80 percent).
Under these conditions, the yield of tet-
ramesityldisilene based on the amount of
starting material photolyzed is ~ 95 per-
cent. The product was purified by re-
crystallization from hexane. The physi-
cal and spectroscopic properties of tet-
ramesityldisilene support the assigned
structure (7).

Tetramesityldisilene is stable at room
temperature in the absence of air, and in
solution in hydrocarbons it is unchanged
by brief heating to 160°C. The reactions
of tetramesityldisilene are analogous to
those of olefins in that this compound
undergoes addition reactions across the
double bond. For instance, it reacts rap-
idly with HCI to give the monochlorodi-
silane and with O, to yield 1,1,2,2-tetra-
mesityl-1,2-disila-3,4-dioxetane. Ethanol
adds slowly to the double bond to yield
the ethoxydisilane (Fig. 1) (8).

The ultraviolet-visible absorption and
fluorescence spectra of tetramesityldi-
silene are shown in Fig. 2. The strong
absorption band at a wavelength (A) of
420 nm, which we assign to the first
w—* transition, is responsible for the
yellow color of the compound. The large
Stokes shift between the maxima of ab-
sorption and fluorescence (4000 cm™')
indicates that the optical electron con-
tributes significantly to Si=Si bonding,
but the transition energy is much less
than that found for analogous olefins;
these results suggest that the Si=Si =
bond is distinctly weaker than the C=C
7 bond.

The probable route of formation of
tetramesityldisilene is by dimerization of
the divalent silicon intermediate, dimesi-
tylsilylene. Photolysis of the starting ma-
terial in 3-MP at —196°C produces the
blue silylene, isolated in the hydrocar-
bon matrix. The silylene may be trapped
with a suitable reagent, for example, tri-
ethylsilane. If no trapping agent is pres-
ent, dimerization to tetramesityldisilene
takes place as the matrix is melted.

hv, 254 nm
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(Mes),8i = Si(Mes), EtgSi - Si{Mes)gH

Mes = mesity!
Et=ethy!
Me = methy!
We have isolated a number of silylenes
in 3-MP or argon matrices, including
dimethyl- (9), diethyl-, and phenylmeth-
ylsilylenes. When the matrix is slowly
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and carefully warmed, all of these spe-
cies undergo transformation into yellow
intermediates with A, of 345, 345, and
420 nm, respectively. These also disap-
pear with the formation of colorless
polymeric products when the matrix is
finally melted. We believe that the yel-
low intermediates are also disilenes and
that in solution in the absence of trapping
agents dimerization of silylenes to disil-
enes is general (/0). Further polymeriza-
tion takes place when the Si=Si bond is
not protected by sterically bulky groups
such as mesityl.

ROBERT WEST

Mark J. FINk
Department of Chemistry,
University of Wisconsin,
Madison 53706

Joser MicHL
Department of Chemistry,
University of Utah,
Salt Lake City 84112

References and Notes

1. For a review, see L. E. Gusel’nikov and N. S.
Nametkin, Chem. Rev. 79, 529 (1979).

2. A. G. Brook, F. Abdesaken, B. Gutekunst, A.
Gutekunst, R. K. Kallury, Chem. Commun.
1981, 191 (1981).

3. D.N. Roark and G. J. D. Peddle, J. Am. Chem.
Soc. 94, 5837 (1972); T. J. Barton and J. A.
Kilgour, ibid. 96, 2278 (1974); ibid. 98, 7231
(1976); H. Sakurai, Y. Nakadaira, T. Kobaya-
shi, ibid. 101, 487 (1979).

4. W. H. Atwell and J. G. Uhlmann, J. Organo-
met. Chem. 52, C21 (1973); R. T. Conlin and P.
P. Gaspar, J. Am. Chem. Soc. 98, 868 (1976); Y.
Nakadaira, T. Kobayashi, T. Otenka, H. Sa-
kurai, ibid. 101, 486 (1979).

5. L. C. Snyder and Z. R. Wasserman, J. Am.
Chem. Soc. 101, 5222 (1979).

6. For information on the photolysis of trisilanes,
see M. Ishikawa and M. Kumada, Adv. Organo-
met. Chem. 19, 51 (1981), and references there-
in.

7. The mass spectral data are as follows (the paren-
thetical number is the abundance relative to the
tallest peak, taken to be 100): mass-to-charge
ratio (m/e) 532 (37.4 percent), parent; 413 (26.6),
parent ion-mesityl; 293 (33), (mesityl};Si,-H;
265 (100), (mesityl),Si-H; 234 (42); 147 (31).
Nuclear magnetic resonance (toluene solution,
'H) § values (parts per million): 2.05 (3H), p-
CHs;; 2.43(6H), o-CH;i 6.67(2H), Ar-H. Nuclear
magnetic resonance (*C) 8 values: 21.2, 25.2,
128.6, 133,65{ 138.9, 144.3. Nuclear magnetic
resonance (**Si) § values: +63.6. The calculated
composition (in percentages) for C3cH 4481, is as
follows: C, 81.12; H, 8.33; and Si, 10.55; the
composition found was: C, 81.20; H, 8.42;
and Si, 10.67. Molecular weight, isopiestic in
hexane: calculated value, 532; value found,
530 = 20. Infrared spectrum, Nujol mull (in
reciprocal centimeters): 1602 (s), 1029 (m), 847
(s), 722 (m), 631 (m), 598 (m), and 550 (m) (s =

strong; m = medium). Raman neat crystal,
Si=SI stretch at 529 em™!, strongly resonance-
enhanced.

8. Complete analytical and spectroscopic data
have been obtained for these derivatives.

9. T.J. Drahnak, J. Michl, R, West, J. Am. Chem.
Soc. 101, 5427 (1979); ibid. 103, 1845 (1981).

10. Evidence for the dimerization of silylenes to
disilenes in the gas phase has been presented by
several groups (4),

11, This work was supported by the Air Force
Office of Scientific Research (grant AF-AFOSR-
78-3570) and the National Science Foundation
(grant CHE-78-27094). We thank J. Radzi-
szewski for assistance in determining the Raman
spectrum.

6 July 1981; revised 21 September 1981

Airborne Lead and Other Elements
Derived from Local Fires in the Himalayas

Abstract. The combustion of wood and yak dung for heating and cooking in a
populated Nepal Himalayan valley contributes significantly to the ambient airborne
concentrations of lead, copper, aluminum, magnesium, and elemental and organic
carbon. A comparison of the concentrations of these elements in fresh snow with
corresponding values in air suggests that the pollution aerosol is confined to the

valley, with pristine air aloft.

Evidence of global transport of Pb and
other elements in recent years has raised
concerns about possible widespread hu-
man exposure to toxic species. Defining
the natural concentrations is particularly
important. Although typical concentra-
tions of Pb in the blood of modern Amer-
icans are in the range of 15 to 25 ug per
deciliter of blood, it has been estimated
that concentrations were as low as 0.2
pg/dl before use of the element had be-
come widespread (7). Studies of human
tissue as a more accurate indicator of
long-term exposure than blood have also
shown present-day elevations in Pb con-
centrations (2). It is thus possible that
current American Pb body burdens often
regarded as ‘‘normal’’ may actually be
much greater than preindustrial concen-
trations and could be causing deleterious
health effects (3).
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The Pb concentrations in the bodies of
people living in industrialized settings
are probably linked to high overall con-
centrations in air, dust, water, and food.
For example, typical airborne Pb con-
centrations in the United States are 30 to
450 ng/m? for rural areas and 500 to 2000
ng/m® for urban areas (4). Concentra-
tions in the range from 0.05 to 0.2 ng/m?
have been measured in the polar regions
(5, 6), whereas preindustrial concentra-
tions are thought to have been as low as
0.01 ng/m® (3). Our understanding of the
relationships between environmental
concentrations and exposure to Pb and
other elements is far from complete,
partly because of a lack of data on
sources, transport pathways, and sinks,
particularly in nonindustrialized areas.

The purpose of our study was to inves-
tigate sources of airborne Pb, Cu, Al,
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