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Abstract: Selective reduction Cg, to Coy and Coft has been accomplished by treating Cgy with
zinc powder ( or sodium hydrosulfite ) in aqueous caustic/THF(or DMSO). It was confirmed
that Cgy and Cu did not react with water at our experimental conditions.
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Since the discovery of superconductivity for K;Cg,, the Cg" anion has attracted considerable
interest. The Cg"(n=1- 6) have now been synthesized by electrochemical or chemical methods."* Very
recently, there has been a few reports® describing several methods for the non-aqueous solution-phase
generation of Cg"(n=1,2,3) . Most of them require the stoichiometric control of the reducing agents.
It is an inconvenient operation because the reducing agents are usually very sensitive to air and
moisture, which limits the potential utility of these methods.

We report here a facile and selective method for the aqueous solution phase generation of Cgy°
and Cq,* by treating Cy, with zinc powder (or sodium hydrosulfite ) in aqueous caustic/THF(or DMSO).
We found that Cgy and Cg,> are very sensitive to oxygen, but inert to water. Actually, they are stable
in water (exclude oxygen!) for at least several months. All solvents used in our experiments are
oxygen-free. THF was distilled under argon. Argon was bubbled through water and DMSO under reflux
for 10 min.

Ina typical experiment 34.0 mg Cg, powder(0. 047 mmol), 130 mg zinc powder (2 mmol, excess)
and 400 mg solid NaOH pellets(10 mmol) was put in a bottle, air was pumped out from bottle to
exclude oxygen, filled with argon and then 20 ml THF was added to it with stirring. All the reaction
starting materials did not dissolve in the THF. After adding 5 ml of water (exclude oxygen!) , NaOH
solid pellets dissolved in the water, but C, and zinc powder were suspended in the interface
between THF(upper layer) and aqueous caustic(lower layer) . The reduction took place rapidly and the
red cloud-like reaction product diffused into the THF layer in which the color tumned to dark
red-purple very quickly. After 10 min the dark red-purple THF solution was separated from the colorless
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aqueous caustic and used directly for electrospray mass spectroscopy (ESI-MS). Fig.1a is an ESI- MS
and there is only a very strong peak at m/e=720 with anion mode, the very minor peak at m/e=736 is
Cs,O generated from reaction of Cgy and trace oxygen in THF. Because Cg does not dissolve totally
in THF, the peak at m/e=720 belongs to Cg unambiguously. The VIS-NIR spectrum of the dark
red-purple solution has absorption bands at 1075 and 994nm (Fig.1d), and these can be unambiguously
assigned to Cgy .4 The C-NMR(298K) of this solution in which D,0O(exclude oxygen!) was added
has a single peak with line width 3ppm at 188.2ppm and the ESR spectrum had a sharp
peak(T=110K) with AH=2G at g=1.9998. These are also characteristics'™**** of C, . Radiofrequency
Inductively Coupled Plasma( ICP) analysis data shown that the counterpart cation is Na‘, forming an
NaC, compound in THF solution.

Using Na,S,0, as areducing agent for generation of Cg in aqueous caustic/THF, we attained
the same results as for zinc powder . The ESI-MS, and VIS-NIR spectrum are shown in Fig.2.

Although the zinc powder (or sodium hydrosulfite) usedin our experiments is in excess,
only the monoanion Cg, "is generated in aqueous caustic/THF. Zinc powder and sodium hydrosulfite
are commonly available , cheap and stable in air, also we do not require stoichiometric control. This the
new methode is very convenient.

Using DMSO as a solvent instead of THF, we attained a dark red-brown solution under similar
experimental conditions for the monoanion Cg, - generation. The VIS-NIR absorption spectrum of the
dark red-brown solution shows that there the 1075 and 994 nm bands are absent and new bands appear
at 945 and 836 nm (Fig.le) which are characteristic'*** of dianion Cg?. It indicated that there was no
monoanion Cy, in the solution. The ESR spectrum of the frozen(T=110K) dark red-brown solution is also
characteristic® of dianion C* and consists of a sharp peak (g=2.0000, AH=3G) superimposed on a pair

with a separation of 9.2G.

The selective chemical generation of Cgy™ or Cg* in THF or DMSO can be rationalized by
considering the relevant redox potentials for Cg/Cg” in solvents with varying polarity (Table.1).

Table.1 E,;, of various Cg, anions in several solvents in 0.1 M (TBA)CIO,
E;, (V) (vs. SCE)

Solvent Cs/Cs0 Coso/Cs> CaoZ/Cs> Coo/Css™  reference

THF -0.33 -0.92 -1.49 -1.99 6
THF -0.35 -0.93 -1.43 -2.01 this work
DMF -0.26 0.72 -1.31 -1.85 6
DMSO -0.16 066  -—— - this work

The Ey, of Cg,* and Cy,™ couples in DMSO are located at -0.16V and -0. 66V (vs. SCE) which
shifts to more positive than in THF, so the reduction potentials of zinc powder and sodium hydrosulfite
become sufficiently negative to reduce Cg, to Cg®.

The cyclovoltammogram of Cgy in THF ( because Cg does not dissolve totally in THF, it is
better to use Cy instead of Cs as a starting material ) shows that E,;, of Cg%/Csy, Cso/Ce” and
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Fig. 1 C, anions generated by reaction of Cg and zinc powder in aqueous caustic/THF(or DMSO) .
(a) ESI-MS; (b) ESR; (c) BC-NMR; (d) NIR spectra of Cg, in THF.
{e) NIR spectrum of Cg” in DMSO.
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Fig. 2 (a) ESI-MS; (b) NIR spectra of C,, generated by reaction of Cg, and Na,S,0, in aqueous
caustic/THF.
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CeX/Css> couples are located at -0.87V ,-1.48V and -2.03V (vs. Fc) separately. After addition of some
water(exclude oxygen!), there is a large peak(~ -1.9V vs. Fc) between Cgy/Cq,> and Cg* /Cg,> Which
corresponds to redox of water. In the cyclovoltammogram of Cg,> in DMSO, the E,,, of C,%/Cg and
Ceo/Cgo” are located at -0.11V and -0.61V (vs. Ag-AgCl) separately and also the peak of redox of water
appears between Cg/Cq” and Ce?/Cq” (at ~ -1.0V). This confirmed that Csy and Cg* cannot reduce
the water.

In conclusion, Cg, mono- and dianions can be generated by reaction of C4, with zinc powder or
sodium hydrosulfite in aqueous caustic/THF(or DMSO), without stoichiometric control. To our
knowledge, it is the first confirmation that Cg4, and Cg* do not react with water under our experimental
conditions. Efforts are now under way to use this method to synthesize and characterize various new
fulleride salts and organo-fullerenes with a variety of electophiles.

We thank National Natural Science Foundation of China and State Education Commission Doctoral
Foundation of China for financial support of this work. We are also indebted to Mr. K. Y. Zhou and Y.
C. Cao for help to determine the ESI-MS.
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