
Submitted to the Journal ot The Chemical Society, 
Chemica·! Communications 

FLUOROGERMANIUM(IV) SALTS OF GRAPHITE -- A SYSTEM 
IN EQUILIBRIUM WITH ELEMENTAL FLUORINE 

E. M. McCarron, Y. J. Grannec and N. Bartlett 

February 1980 

TWO-WEEK l Neap 

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48 

LBL-10228 
Preprint 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
Onited States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any wan·anty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



Fluorogermanium(IV) Salts of Graphite -- A System in Equilibrium with 

Elemental Fluorine 

t * ByE, M. McCarron, Y. J, Grannec and N. Bartlett 

(The Chemistry Department, University of California, and the Materials and 
Molecular Research Division, Lawrence Berkeley Laboratory, Berkeley, 
California 94720.) 

Summary: Pyrolytic graphite is not intercalated by GeF4 alone but is 

intercalated by GeF4/F2 mixtures to yield, at the intercalation limit, at 

20°, a first-stage material, c12GeF5_6 , which is in equilibrium with gaseous 

fluorine. 

GERMANIUM tetrafluoride is a superior fluoride ion acceptor since it can 

b . 1 . h 0 + . d h NF + . · 1 l sta ~ ~ze t e 2 ~on an t e 4 ~on ~n sa ts, It is this superior 

fluoride-ion acceptor capability which must account for our observation 

that pyrolytic graphite readily intercalates GeF4 in the presence of fluorine, 

but does not do so, even with high pressures of GeF4, if fluorine is absent, 

Similar experiments, in which SiF4 was substituted for GeF4, failed to bring 

about any silicon fluoride intercalation. 2 In has long been known that 

GeF4 is a superior fluoride ion acceptor to SiF4 since, with SF4, the former 

+ 2-yields the salt (SF3 )zGeF6 , whereas the silicon analogue is not stable 

at ordinary temperatures and pressures (in spite of the lattice energy of 

the silicon analogue being slightly more favorable by virtue of the smaller 

size 
2-

of SiF6 ), 

Treatment of either powder or pieces of highly oriented pyrolytic 

graphite (HOPG), with GeF4/F2 mixtures, results in a GeF4 uptake which is 

dependent upon the quantity of Fz available. The quantity of Fz determines 

the stage, A given c12nGeFs stage takes up GeF4 to reach a limiting 



composition Cl2nGeF5•1/2 GeF4 . In a dynamic vacuum this material loses 

GeF4, but not fluorine. When the F2/GeF4 ratio is 1:1, and in abundant 

supply, the limiting composition of the graphite intercalate is ClzGeF6. 

Also, if a first-stage material, which is richer in germanium than c12GeF5 , is 

fluorinated, GeF4 is eliminated and fluorine consumed to again yield C12GeF6: 

c12GeFs·xGeF4 + 1/2 F2 

The first-stage material ClzGeF6, at zoo, loses F2 in a dynamic 

vacuum, but not GeF4, to yield c1zGeFs· The change is reversed by applying 

a 2 atmospheres pressure of fluorine at 20°, the consumption (by tensimetry) 

being appropriate for the conversion expressed in equation (1): 

(1) 

These observations imply that the free-energy change for equation (1), at 

~zoo, is close to zero. 

It is probable that the formulations for the graphite compounds are 

X-ray diffraction data, from intercalated HOPG 

pieces, show that the gallery height, "c", (i.e. the graphite-network to 

0 0 

next graphite-network spacing) is 7.80 A for c12GeF6 and 8.10 A for c12GeFs, 

which is consistent with marked increase in the Coulombic attraction between 

2+ 2- + -
guest and host for C12 GeF6 compared with C12 GeFs 

2+ 2-
The c12 GeF6 

formulation is related to that proposed for the limiting composition
3 

of the 

PtF6 intercalate, c1zPtF6. The platinum salt, being diamagnetic, must be 

c12
2+PtF6

2-, which contrasts with the iridium hexafluoride limiting-composition 

+ - 3 
sal~which is c8 IrF6 • The ordered structure for ClzGeF6 is probably as 

indicated in the Figure. 



The remarkable equilibrium (1), must be a consequence of a close 

balancing of the fluoride ion affinities of GeF4, the lattice energies of 

2+ 2- + -
C12 GeF6 and C12 GeFs and the work functions of the graphite. There is 

no such equilibrium for c12PtF6• undoubtedly because of much higher sta-

2- 2-
bility of PtF6 , compared with GeF6 Even PFs• which is a poorer F 

acceptor than AsF5, intercalates in graphite, in the presence of fluorine, 4 

to yield at the limit CgPF6• but this, like its arsenic and transition 

metal analogues, is vacuum stable at~ 20°. 

Clearly c1zGeF6 is a solid which must have an oxidizing and fluorinating 

capability close to that of elemental fluorine itself. 
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