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A New Intercalation Complex, Gso(C2HgN2)s-FeOCI'

Jin-Ho Choy,” Nam-Gyu Park, Joo-Byoung Yoon, and Hyun Jung

National Nanohybrid Materials Laboratory, School of Chemistry & Molecular Engineering,
Seoul National University, Seoul 151-747, Korea
Received June 1, 2002

Key Words : Cso, FeOCI, Intercalation, Inorganic-Organic hybrid

The discovery of fullerene & has prompted a wide vacuum, and then stored in Btmosphere.
range of theoretical and experimental studies regarding its At first, we tried to intercalate ¢ into FeOCI in the
physico-chemical propertiésThe solid fullerene g was  toluene solution under various synthetic conditions such as
found to be a van der Waals bonded molecular c{/Sabn  sonicating on stirring the reactants at room temperature,
after the discovery of an efficient method for producing arefluxing and direct heat-treatment in a sealed tube, but the
large quantity of &, many fullerene-derived solid phases direct intercalation of g into FeOCl was unsuccessful. An
with novel properties have been synthesized for variougttempt to intercalate ¢ dissolved inn-propylamine or
potential applications. For instance, the intercalation intgoyridine solution into FeOCI was also appeared to be unsuc-
solid Gy with electron donors such as alkali metals andcessful but the amine-FeOCI intercalate was made. Such
alkaline earth ones leads to the superconducting propertiilures of Go intercalation into FeOCI is surely due to the
with higher T.>7 In this intercalate, § was used as a host fact that both the host and the guest are electron acceptor and
material. On the other hand, a few examples of intercalategend to behave like a Lewis acid. It was, therefore, indispens-
containing G as a guest species were also reported; thable to endow Lewis base character ¢plfy anchoring the
intercalation of G into 1-dimensional channels of micro- EN molecules on the surface afoC
porous Y-zeolitd and the ethylenediamine (EN) function- In order for the intercalation ofegC,HsN>)s into FeOCI,
alized Go into cation-exchangeable fluorohectofitelow- the solubility of the guest,sfCzHsN2)s, should be carefully
ever, no report on the possibility of intercalating @ Gso- taken into consideration. Although thefCzHsN>)s dissolves
derivative into the electron-acceptor type host material sucin a polar solvent kD (dielectric constantd) = 78), fairly
as FeOCl, which is well known as a host candidate capablell, the HO solvent can not be used due to an intrinsic
of incorporating Lewis basé8In the present study, we have instability of FeOCI in water. After several preliminary tests,
tried to intercalate & or Gso-derivative into FeOCI, and DMSO was found to be as the best solvent, since it is highly
found that fullerene modified by diamine could be inter-polarizable and aprotic in character € 40). The Go
calated into this host lattice. Here, we report on the synthes{€;HsN2)s-FeOCI intercalate was finally realized by reacting
and characterization of the fullerene-derivative intercalatedhe host with the guest in a DMSO solvent at room temperature
compound [Go(CzHsN2)e]x FeOCI. for 2 days. The intercalate was characterized by powder X-

Iron oxychloride, FeOCI, was prepared from@geand ray diffraction, IR and UV-visible spectroscopy.
FeCk (molar ratio 1:1.3) in a sealed Pyrex tube by the In the UV/Vis spectra, the bands for the, Golecules
chemical vapor transport technique as described previouslissolved im-hexane could be observed at 224, 256 and 328
ly.** The single phase FeOCI, crystallized at 370 °C, wasim correspond to 'T11'Ag, 6'T11'Ag and 3T 1'Aq
confirmed by powder X-ray diffraction analysisoC:HsN2)s transitions, respectively.On the other hand, the spectrum of
used as guest species was prepared by reactnwith ethylenediamine functionalizedsé3issolved in HO shows
distilled ethylene diamine (EN) as described previotfsly. a strong peak at 237 nm, which is different from the spectral
Ceo Was stirred in an excess of EN (mole ratig :@;HsN2 feature of the parentsg; indicating the modification of elec-
= 1:10) for 4 days at room temperature. The excess ENonic structure due to the attachment of ethylenediamine
unreacted with g was evaporated under vacuum to condensenolecules on €. According to the elemental analyses, six
the solution and then the brown product was precipitated iethylenediamine molecules are attached ta@mdlecule,
tetrahydrofuran (THF). After centrifugation, it was washedwhich is well consistent with the previous result.
with THF twice and then dried in vacuum. The crude solid Figure 1 shows the powder X-ray diffraction patterns for
was dissolved in a degassegtand the insoluble material the as-prepared FC,HsN2)s]x FeOCI and for the sample
was separated out by centrifugation. Excess THF was addedter heat-treatment at P& for 10 hours, those which are
to the resulting yellow solution to precipitate the product.compared with the ethylenediamine-FeOCI intercalate and
After centrifugation the yellow-brown powder was dried in the DMSO-FeOCI one. For the as-prepared intercalate with
fullerene-derivative, the new (Q@eflections could be observed
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Figure 1. Powder XRD patterns for as-preparedo{CHsN2)s]x-
FeOCl (a), heat-treated {§C-HsN2)s]xFeOCI at 75 °C for 10h (b),

C:HsNz-intercalated FeOCI (c), and DMSO-intercalated FeOCI (d).

expansions for the ethylenediamine-FeOCI intercalate and
DMSO-FeOCl one were determind to be 3.28 A and 8.77 A
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Figure 2. Schematic illustration shows the orientation &@HsN2)s
between the FeOCI layers with &xis (a), and €axis (b).

normal to the basal planes (Figure 2(b)). In conclusion, it
was not surprising that thesg3nolecule can not be immobi-
lized into the FeOCI lattice due to the acidic character of
both host and guest. Based on the XRD, UV/Vis, IR, and
CHN analyses, it is concluded that the ethylenediamine
derivatized G molecule would be intercalated into layered
host of FeOCI with electron acceptor character, since the
electron acceptor guest ofqQurns out to be electron donor
upon hybridizing with basic EN molecules.
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ment of 18.1 A is apparently resulted from the intercalation

of Cso(C2HsN,)s into FeOCI. Upon heating at 7& for 10
hours, however, the basal spacing of thg(@HsNy)e

References

1. Kroto, H. W.; Heath, J. R.; OBrian, S. C.; Curl, R. F.; Smalley, R

FeOCl intercalate was reduced to 21.0 A from 26.0 A, which E.Nature1985 318 162.

corresponds to a lattice expansion of 13.1 A.
Additional evidence for the §C:HsN2)s intercalation is

2. Kratschmer, W.; Lamb, L. D.; Fostiropoulos, K.; Huffman, D. R.
Nature199Q 347, 354.
3. Kroto, H. W.; Fischer, J. E.; Cox, D. Bhe FullerenePergamon

provided by IR spectroscopic data. The IR spectra of Press: Oxford, U. K., 1993.
Ceo(CszNz)e and its FeOCI intercalate are Compared with 4. Fleming, R. M.; Siegrist, T.; March, P. M.; Hessen, B.; Kortan, A.

those of ethylenediamine and its FeOCI derivative. All the
spectra show the Nibtretching and deformation bands at

around 3400 cim and 1620-1630 ciy respectively. How-
ever, the spectral feature ofo(T:HsN2)s intercalated FeOCI

R.; Murphy, D. W.; Haddon, R. C.; Tycko, R.; Dabbagh, G;
Mujsce, A. M.; Kaplan, M. L.; Zahurak, S. M. @lusters and
Cluster-Assembled Material#tverback, R. S.; Nelson, D. L.;
Bernholc, J., Eds.; Materials Research Soc.: Pittsburgh, U. S. A,,
1991; MRS Symposia Proceedings No. 206, p 691.

is found to be somewhat different from those of ethylene- 5. Hebard, A. F.; Rosseinsky, M. J.; Haddon, R. C.; Murphy, D. W.;

diamine and FeOCI(EN)complex, but similar to that of

Glarum, S. H.; Palstra, T. T. M.; Ramirez, A. P.; Kortan, A. R.
Nature1991, 350, 660.

Ceo(C2HsN2)e. From an increase of out of plane distance of ¢ Rosseinsky, M. J.: Ramirez, A. P; Glarum, S. H.: Murphy, D. W.:

FeOCI upon &(CzHsNy)s intercalation, the interlayer struc-
ture of Go(CHsN2)s can be deduced as follows; if the

Haddon, R. C.; Hebard, A. F,; Palstra, T. T. M.; Kortan, A. R;
Zahurak, S. M.; Makhija, A. \Phys. Rev. Letl1991, 66, 2830.

ethylenediamine ligands are stretched outward to maximize?. Holczer, K.; Klein, O.; Huang, S. M.; Kaner, R. B.; Fu, K. J.;

the interaction of amino groups with chlorine atoms of the

FeOCI layers, the molecular dimensions @f(C:HsN2)s
can be calculated to be 20 + 2 A (diameter @=C7 A and
the length of INCH,CH;NH, = 7 A) along the ¢axis and

Whetten, R. L.; Diederich, Bciencel991], 252 1154.

8. Kwon, O.-H.; Yoo, H.-J.; Park, K.-C.; Tu, B.; Ryoo, R.; Jang, D.-
J.J. Phys. Chem. B00Z, 105 19, 4195.

9. Mehrotra, V.; Giannelis, E. P.; Ziolo, R. F.; RogalskyjCRem.
Mater.1992 4, 20.

about 14 A with respect to the @xis under an assumption 10. Intercalation Chemistry Whittingham, M. S.; Jacobson, A. J.,

that six diamine ligands in &6C;HsN2)s are octahedrally

coordinated around thesgmolecule. Since the lattice ex-

pansion of 18.1 A upondC:HsN>)s intercalation, is fairly
close to that of 20 + 2 A, we propose that thg@GHsN2)e

molecules are stabilized with a @xis orthogonal to the
FeOCI layer (Figure 2(a)). From the fact that the gallery

height is collapsed to 13.1 A upon heating at@5however,
the Go(CzHsN2)s molecules are oriented with as @xis

Eds.; Academic Press: New York, U. S. A., 1982.
11. Choy, J.-H.; Uh, J.-W.,; Kang, J.-K.; Weiss, A.; Rey-Lafon JM.
Solid State Chenl988 77, 60.

12. Wudl, F; Hirsch, A.; Khemani, K. C.; Suzuki, T.; Allemand, P,
Koch, A.; Eckert, H.; Srdanov, G.; Webb, H. M.Uarge Carbon
Clusters Hammond, G. S., Ed.; American Chemical Society:
Washington DC, U. S. A., 1992; pp 161-175.

13. Leach, S.; Vervioet, M.; Despres, A.; Breheret, E.; Hare, J. P,
Dennis, T. J.; Kroto, H. W.; Taylor, R.; Walton, D. R. @hem.
Phys 1992 160, 451.



