
© 1992 Nature  Publishing Group

~ 0.3 1 8.5 

~ 
0.0 ~1: 
~ ~~ 
18.5 ~b 

ai-.:-
""" UQ> + 
0 ~ 0.2 
2~-t; 

~~ ~ \ ,... ~ ~ ~ ~ ~ I ~ '1. 

_t" ~ I 
"'I ~t 

-~~ 0.1 

~~ ~s 

" " .c 
0 0.0 37 0 

2000 1800 1900 1920 1940 1960 1980 
Year 

Changes in the Earth's rotation rate (circles, 
t..Q) in 10-12 rad s- 1 (after ref. 9) are 
compared with secular variation of declina­
tion (squares, rate of change dO/dt) in 
degrees per year at the French national 
observatory (1883--1901, St Maur; 1902-
1935, Val Joyeux; 1936--1990, Chambon-la­
Foret), considered as a representative in­
dicator of geomagnetic secular variation. 
Open arrows, times of large Southern atmos-
pheric oscillations; closed arrows, 
geomagnetic secular variation sharp 
changes of slope (around 1900, 1923, 1969 
and 1978), otherwise called impulses or 
jerks. The fact that the time derivative of a 
single field component at a single observa­
tory does provide a good indicator of 
worldwide secular variation (and in particular 
of jerks) has been discussed elsewhere, and 
illustrated by a number of harmonic coeffi­
cients of global expansions (see ref. 10). 
The normalized cross-covariance between 
the two curves reaches a clear, principal 
maximum of 0.74 for a time offset of 9 ± 2 
years. 

smaller than predicted by simple order­
of-magnitude considerations. Small 
variations of the flow with respect to this 
configuration can, however, take place; 
if at some time a change in flow con­
figuration suddenly occurs, this will be 
translated instantaneously into a change 
in the rate of secular variation (except 
for the delay introduced by the conduct­
ing mantle, which is probably of the 
order of a year). The torque exerted 
on the mantle will increase (from zero) 
and, when large enough will, with some 
delay, accelerate or decelerate the 
mantle. 
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Anion guests in heteropolyanions? 
SIR - Mi.iller1 and Day et al. 2 , stimu­
lated by Mitch~ll's Ne_ws and Views 
article on morgamc host-guest 
chemistrl, cited heteropolyanions as ex­
amples in which both anions and cations 
could be guests (or 'hostages'). I can 
claim some familiarity4 with this remark­
ably versatile class of compounds, which 
is also of growing significance in other 
disciplines such as materials science, 
medicine and topology. 

In my view the 'anion-centred' heter­
opolyanions like [PMo120 40]r are not 
analogous to the novel polyvanadate 
clathrate species that are being explored 
by Mi.iller et al. and which were discus­
sed by Mitchell. The host cluster shells 
of the latter species are negatively 
charged (and encapsulate anions) and 
are constructed of ovrv 04 or ovv 04 
square pyramids. Simple valence-sum 
considerations imply that there will be 
very little excess charge density available 
for conventional V ... O bonding in a 
direction trans to the terminal oxo 
groups, that is, towards the interior of 
the shell. Althm~.lih cluster shells of 
OMo vro4 or OW 0 4 square pyramids 
are also implicit in the clathrate descrip­
tion of ions like [PMo120 40F- and 

[PW 120 40] 3-, such shells are uncharged, 
and the higher valences of molybdenum 
or tungsten vis-a-vis vanadium result in 
stronger interactions with the oxygens 
of the internal oxoanion. This leads 
to the conventional descriptions of 
these structures in terms of OM05 
octahedra. 

Furthermore, it is clear from the 
observed structural variety of polyvana­
date shells that the encapsulated anions 
(which are not even restricted to oxo­
anions for these complexes) act as tem­
plates and control the organization, size 
and shape of the surrounding cluster 
shells. This feature stands in contrast to 
the archetypal heteropolyanion Keggin 
structure which can be generated in the 
absence of tetrahedral oxanion tem­
plates, for example, the metatungstate 
anion [H2W1204o]6
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No lubricants from fluorinated C60 
SIR - Ever since c60 was discovered1

, 

there has been anticipation of the possi­
ble use of the fluorinated derivatives, 
and C60F60 in particular, as lubricants. 
There are indications, however, that, 
unlike Teflon, this material might not be 
chemically stable: fluorination of C60 is 
very slow, and steric crowding is pre­
dicted to increase the C-C bond length 
by about 0.05 A (ref. 2) and decrease 
the C-F bond strength by 15% relative 
to that in CF4 (ref. 3). We have found 
that highly fluorinated C60 does indeed 
seem to be highly chemically reactive. 

In a study of the fluorination of C60 
to give a mixture of fluorinated 
derivatives4

, we ascribed a peak at 
-188.5 p.p.m. in the 19F NMR spectrum 
of the product to HF, the origin of which 
was unclear. Moreover, the acetone sol­
vent underwent rapid aldol condensation 
and darkening, consistent with the pre­
sence of HF. Handling the fluorinated 
material in air, however, seemed to 
present no great difficulties. 

In further studies, we exposed C60 
(contained in a Teflon tube rather than 
in glass as used previously) to fluorine 
gas for about six weeks. Acetone solu­
tions of samples of the product discol­
oured immediately and the 19F NMR 
spectra showed a very substantial peak 
at -190.5 ± 1.5 p.p.m.; this peak also 
appeared in a tetrahydrofuran (THF) , 

solution, and its position and intensity 
varied with the amount of water present 
in the solvent. In confirming that this 
peak is due to HF, we find that fluorin­
ated C60 undergoes very rapid reaction 
with sodium carbonate to give sodium 
fluoride and a yellow water-soluble pro­
duct, the colour intensity of which differs 
for acid and basic solutions (being deep­
er in the latter). We have monitored this 
reaction via disappearance of the broad 
band4 in the 19F NMR spectrum. This 
band decreased in intensity (at a de­
creasing rate) over 48 h, and could then 
be further decreased by addition of 
sodium hydroxide. Fluorinated C60 
undergoes nucleophilic substitution by 
hydroxide (confirmed by infrared 
studies), and the rate of this reaction 
decreases as the fluorine content of the 
fullerene becomes reduced. 

The apparent stability of the material 
in air is presumably a consequence of its 
hydrophobic nature, which renders it 
relatively stable and insoluble. A sample 
suspended in water initially showed no 
visible signs of reaction, but on addition 
of a few drops of THF, an immediate 
and exothermic reaction took place, and 
NMR analysis showed that substantial 
quantities of HF were produced. The 
formation of HF in acetone or THF 
solutions is thus due to the presence of 
traces of water, which attacks the solu-
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