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IR SPECTROSCOPIC EVIDENCE OF METAL CARBONYL CLUSTERS IN THE
JIANGE H5 CHONDRITE; Yan Xu', Xiaoyue Xiao’, Sugin Sun' and Ziyuan Ouyang’; 'Dept. of
Chem. Tsinghua Univ., 2DeptA of Matenials Sci. & Eng., Tsinghua University, Inst. of Geochem.
Academia Sinica, Guiyang, PRC.

Metal carbonyl clusters was first identified in the Jiange H5 chondrite, by using the only but
powerful tool of Fourier Transform Infrared Microprobe Analyzer. Four Infrared stretching bands,
assigned as terminal and bridging CO groups of metal carbonyl clusters, were weak but
distinguishable. These data are extremely important for fundamentally understanding chemical
condensation from gas to solid state in the pre-solar nebulae, which may reflect carbon monoxide
enriched supernova explosion involved to the nebulae.

Previous determination of intermediates of the pre-solar nebulac had been restricted by analytic
techniques. Recently, FT-IR Microprobe technique has been developed for study samples at a scale of
micrometer with non-destructive preparations.' It has been used in studies on rocks of our Earth for
years and a bench of valuable studies on single multi-phase inclusion had proved the powerful
application of this technique.” In this study, a Perkin Elmer System 2000 Micro-FTIR was applied
for searching of organic compounds in some chondrites. Samples were polished to super thin before
analyzed.

A set of weak but distinguishable peaks of CO stretching bands were identified from Jiange (HS)
chondrite. The bands are at 2059, 1945, 1855 and 1833 cm™. These peaks are very much
corresponding to those of iron carbonyl cluster Fe;(C0)12'3 Fig. 1 shows all peaks from the Jiange H5
chondrite.

Formation and stabilization of metal carbonyl clusters are very sensitive to oxidation-reduction
environments. The formation region of E chondrites was at a relatively very reduction environment,
where most carbon existed as gra[:ihi’cf:.4 On the other hand, the region of C chondrites was located at
an oxidation environment, where most carbon existed as CO;” group. So, the region of H chondrites
between that of E and C chondrites might be a proper area where CO molecule might be
thermodynamically stable.

Formation of metal carbonyl clusters in pre-solar nebulae was much more complicated than that in
laboratory. Two parameters could significantly influence on the formation of metal carbonyl clusters
in the space. The first one is the source of CO molecule, and the second is the driving force that
initiate the reactions that formed the clusters. As it is well know, carbon monoxide CO is the second
abundant interstellar molecule so it would play a very important role in the evolution of the pre-solar
nebulae.’ The CO, as a major part of the interstellar molecule, could be driven in to the nebulae disc
by supemova ﬁ:.‘n{plosion,6 and became the major source of CO molecules for formation of metal
carbonyl clusters. Accompanied with the supernova explosion,’” strong electromagnetic irradiation
such as microwave irradiation were introduced. This could be a very important driving force to
initiated and to accelerate synthetic reactions of metal carbonyl clusters at the H chondrite region in
the nebulae disc. Microwave irradiation have been applied as a very important heating source in
synthesis of organometalic compounds and clusters in laboratory, " in which synthetic rates were
dramatically enhanced through microwave induced plasma reactions.’

In summary, four distinguished IR stretching bands of carbonyl groups have been observed in the
HS5 chondrite Jiange, which were very similar to the stretches of laboratory synthesized Fe;(CO);,
cluster. This implies formation of metal carbonyl clusters at the region of H chondrite in the pre-solar
nebular disc. A model for the formation mechanism of these clusters is postulated as follows: in the
per-solar nebulae, supernova explosion introduced interstellar CO molecule into the nebular disc, and
irradiation from the explosion initiated and accelerate the direct reaction of CO molecule with ultra
fine metal particle to form the metal carbonyl clusters in the nebulae.

© Lunar and Planetary Institute * Provided by the NASA Astrophysics Data System



1458 LPS XXVII

IR SPECTROSCOPIC EVIDENCE OF METAL CARBONYL CLUSTERS IN JIANGE H5; Xu, Y. et al.

References

[1]. Wopenka, B., et al., Geochim. Cosmochim. Acta, 54, 519(1990).

[2]. Roedder, E., Geochim. Cosmochim. Acta, 54, 495(1990).

[3]. Griffith, W. P.,Comprehensive Inorganic Chemistry, Bailar, J. C., Emeleus, H. J., Nyholm, R.
and Trotman-dickenson, A. F., Eds., (pergamon Press, Oxford, ed., 1, 1975), pp. 105-197.

[4]. Kerridge, J. F., NASA Conference Publication, 3061, 3-13 (1990).

[5]. Kaifu, N., Molecular Processes in Space, T. Watanabe & 1. Shmaura, Eds.,(Plenum Press, New
York, 1990), pp. 205-232.

[6]. Schramm, D. N. and Olive, K. A., 4nn. N. Y. Acad. Sci., 395, 236 (1982).

[7]. Berman ,Iand Evans, J. C., Eds., Exploring the Cosmos, (Little, Brown and Company, Boston,
ed. 3, 1980), pp. 391.

[8]. Mingos, D. M. P. and Baghurst, D. R., Chem. Soc. Rev., 20, 1 (1991).

[9]). Gedye, R., Smith F. and Westaway, K., J Microwave Power and Electromagnetic Energy, 26
(1), 3(1991).

[10]. Xu, Y. and Xiao, X., J. Mater. Res., 10 (2), 334 (1995).

%T
50.0° JIANGE CHONDRITE
40.07
! [ ] |
| 1833.3 i 1
30.07 2058.5; 165
1 1945.05

A
3600 3200 2800 2400 2000 1800

-1
cm

1600 1400 1200 100

Fig. 1 IR spectra of an opaque mineral (A) and a semi-transparent mineral (B) in the Jiange H5 chondrite. The
region B that exhibit four distinguished IR stretching bands: the stretches at 2059 and 1945 cm™ were assumed
to be response to the terminal CO groups, and the others at 1855 and 1833 cm” were assumed to the bridging
CO groups, of metal carbonyl clusters [Fe;(CO),,?], respectively.
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