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ABSTRACT

CgoHag has been produced by hydrogenation of C ¢, at 100 bar H, pressure and 673 K for 10 h. We have investigated the crude material without
any purification by use of H NMR, 3C NMR, and IR spectroscopy and Fourier transform ion cyclotron resonance mass spectrometry. We
show that the crude material consists of 95% of the Csy isomer of C goHyg.

One of the first derivatives of & confirmed by mass  functionalization of this material. Functionalization 0§.C
spectrometry was §gHsze together with minor amounts of  is an important direction to obtain new and very promising
CesoH1sr Progress in investigation of these materials was classes of materials that can be utilized, for example, in solar
slowed by the difficulty in obtaining large amounts of pure cell applications.

single isomeric materials. New techniques for the synthesis Of the several techniques available to prepag#ic, most

of bulk amounts of gHis could facilitate further work on  result in materials that require further purification. It is also
worth mentioning that the very detailed review on hydro-
8 Department of Physics, Umed University. genated fullerenes by Nossal ef abntains only a very brief
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reported a new technique to producgtfis with high yield, s

by use of polyamines as hydrogenating agents, without any
need for chromatographic purification. 3C4"2CgeHsg* | 4.5 mDa

H +

Here we report another technique based on hydrogenation CeoHio" Cooble
of solid Gy at high H gas pressure and high temperature. CeoH1o"
Careful selection of the reaction conditions, such as pressure, 45mDa,
temperature, and treatment period, resulted in synthesis of ”Cz“Csanj\/ CeoHao®
more than 95 wt % purity of the singl@;, isomer of GoHsg N

. . gl CocHi7
without additional purification. ey P S

The same isomer was earlier reported by Darwish et al. " CooHis™ T
Their material was produced by the M.E.R Corporation with | soTas
a technique resembling ours, but lacking experimental " L by

procedures. 732 734 736 738 740 742 744

m/z
To produce the material, & powder (0.5-1 g, 99.5%
pure, MTR Ltd., Cleveland USA) was loaded into an alumina Figure 1. Composition of a hydrogenated sample revealed by APPI
container of ca. 3 cfsize, followed by hydrogenation at ::;—d'il(;T ahrqlg.plrgigrtw :g%wssptehc?eg?ai lf)%r?)irze?e%tl_ng'z' Both
100 bar H gas pressure at 673 K for a period of 10 h. Prior '
to hydrogenation, samples were degassed by heating at 473

K in vacuum (1(?5 Torr) for several hours. Hydrogenation The IR spectrum is in very good agreement with earlier
was performed in a sealed chamber under a static hydroger}esults?,g, and C—H vibrations were found at 2925, 2897,

atmosphere. N . 2882 (weak), and 2847 crh

The final C/H composition of the sample was 2.6 Wt %, ¢ js \ell-known that even if mass spectrometry indicates
from elemental analysis baseq on qush combustion gasgood purity for a hydrogenated sample a large number of
chromatography (FC GC) (Mikro Kemi AB, Uppsala, jitferent isomers can still exist in the sample. FaptGs,
Sweden,compared to 2.44 wt % calculated for purgdis. the number of possible isomers has been calculateche
The accuracy of hydrogen analysis is estimated to-04 %. on the order of 1.5¢< 10'3, To establish the purity of the

The homogeneous red sample was characterized by X-raysample and the type of isomer, we used NMR spectroscopy.

diffraction (XRD), IR and NMR spectroscopy, and atmo- ThelH NMR spectrum for saturatedsDs solution is shown
spheric pressure photoionization Fourier transform ion jn Figure 2.

cyclotron resonance mass spectrometry (APPI FT-ICR MS).

Accurate mass analysis was performed by 94 T hlgh-_
resolution APPI FT-ICR MS. Experimental procedures and

instrument description can be found elsewtere.

The NMR data were obtained for saturategDgsolutions
and in the solid state. The NMR data of the saturatgisC B
solution were obtained using a Bruker DRX 600 MHz
spectrometer equipped with a TXI cryoprobe operating at c
600.17 and 150.93 MHz fdH and*3C. Cross Polarization/
Magic Angle Spinning (CP/MAS) NMR experiments were
performed with a Bruker AMX2 500 spectrometer operating 40 3 %
at 500.13 and 125.77 MHz féH and*3C. The XRD analysis
of our sample gave a face-centered cubic structure with cell
parametea = 14.55 A, compared ta = 14.17 A for pure
Cso- The increased cell parameter is typical for hydrogenated
fullerenes’ More details can be found in ref 8. An APPI
FT-ICR mass spectrum of the sample is presented in Figure —/———————————F+————1————+———1—————
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1 and shows a remarkably purgoBs, considering that no perm

purification was conducted. Figure 2. H spectrum (600 MHz) of the crude hydrogenation
product; for labeling, see Figure 3.
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signal stems from protons not connected to any carbon, asal.* That difference can be explained by use of different
concluded from the absence of cross-peaks in the HSQCsolvents, GD4Cl, for theirs versus ¢Ds for ours. Three sh
spectrum. This corresponds well to trace amounts of watersignals from the carbons located close to protons were
in benzené! The main signals are all in the region in which  observed in the HMBC experiment at 133.9, 141.5, and 149.5
hydrogenated fullerenes are expected to appear and can albpm. The full'H assignment and the parti&C assignment

be assigned to signals arising frorg8,s. The integrals are  of the NMR signals of gHsg in solution are shown in Figure
1:2:1:2, that is, the system has 3-fold symmetry, indicating 3. Three additional®C signals were reported by Briggs et

that our GoHis Sample is dominated by tt@&, crown isomer
of CgoHis, sShown as a Schlegel diagram in Figure 3. The

Figure 3. Schlegel diagram of th€s, isomer of GgH1s together
with the proposedH and (3C) NMR assignments. The protonated
positions are given in gray.

al. at 146.1, 151.3, and 151.5 ppm igB&Cl,.*
A complementary solid-state CP/MAS NMR spectrum (see
Figure 4) shows the expected signals of the solid material
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Figure 4. Solid-state 125.77 MH23C NMR CP/MAS spectrum
of CggH1s (sSb denotes spinning side bands).

and indicates that the main component even in the solid
material is theCs, isomer of GoHs.

same isomer has been reported to be the dominant component The issue has been raised of whether the six-membered

in earlier studie4;® and we confirm the priolH assignments.
The reason for the dominance of tlig, isomer has been
explained by stepwise addition of,Hand that the next
addition occurs in a 1,2 or 1,4 fashion relative to the fifst.
Furthermore, the resulting structure contains an aromatic
substructure that counteracts the increased steric repulsio
between neighboring hydrogen atoms to form a particularly
stable structuré?

To strengthen the structural determination and to assign
the GoHis NMR spectra, we also performed 2D COSY as
well as proton-detected HSQC and HMBEC NMR
experiments.

TheH NMR signals for the A, B, C, and D sites in Figure
3 correspond to the signals at 4.10, 3.65, 3.26, and 2.92 ppm
respectively, as reported earligr.The HSQC spectrum
shows four sp*C signals at 36.6, 43.1, 37.5, and 42.7 ppm,
respectively. The signals are shifted approximately 0.4 ppm
to higher field relative to the shifts observed by Briggs et

ring in the top of the GHishas a true flat aromatic character.
Our measurements show that the carbon atoms in the
aromatic ring appear at an NMR chemical shift of 133.9 ppm.
That value is very close to that for relevant aromatic systems,
such as hexamethyl benzene (132.2 pphindicating that

"CsoH1s indeed contains a planar aromatic subsystem and thus

is isostructural to GFis, which has been investigated by
single-crystal X-ray crystallograpHy.

To conclude, we have shown that our hydrogenation
procedure results in direct synthesis of one major isomer of
CeoH1g Of 95% purity. Structural characterization of the
CesoHig resulted in the identification of only on@s, isomer
that is isostructural to the well-characteriz€¢, isomer of
CesoF1e.
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