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In this paper is reviewed the preparation, structure, and electrical properties of salts of the polyatomic
mercury cations Hg3* and Hg?", the infinite chain compounds Hg;_;MFg (M = As, Sb, Nb, and Ta),

and the layer compounds Hg;NbF, and Hg;TaF,.

Introduction

Two examples of a novel type of mercury
compound having the nonstoichiometric
compositions Hg, g2AsFs and Hg, 9SbFg
were first reported in 1973. They were pre-
pared by the reaction of mercury with a so-
lution of AsFs or SbFs in liquid SO,. The
two compounds have a shiny golden metal-
lic appearance and exhibit an anisotropic
metallic conductivity. Neutron and X-ray
diffraction studies have shown that these
compounds contain two nonintersecting
mutually perpendicular chains of mercury
atoms in a tetragonal lattice of MFg ions.
Because of their unusual structures and an-
isotropic metallic conductivity these com-
pounds have been of considerable interest
to solid-state chemists and physicists, and
extensive studies have been made on them.
It was not until quite recently, however,
that any further examples of this type of

* Presented at the Symposium on Metal-Metal
Bonding in Solid State Clusters and Extended Arrays,
held during the American Chemical Society meeting,
St. Louis, Missouri, April 9-10, 1984.
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compound were prepared. In this paper we
describe the preparation and properties of
the new compounds Hg,NbFs and
Hg, sTaFs which have structures and
properties very similar to compounds
ng,ngSFG and HgZ.QQSbFﬁ. Because of
some uncertainty concerning the composi-
tion of these compounds, which we refer to
later, they are usually given the general for-
mula Hg;_;MFs. We also describe the two
stoichiometric compounds Hg;NbF¢ and
Hg;TaFs which are formed from the golden
crystals of Hg;_sNbFs and Hg;_sTaFs. The
compounds Hg;NbF¢ and HgiTaFs form
soft, silver-colored, thin, plate-like crys-
tals. They have a structure completely dif-
ferent from the chain compounds in that
they contain sheets of mercury atoms sepa-
rated by layers of NbFg or TaFg octahedra.
In addition to these compounds contain-
ing infinite chains or sheets of mercury at-
oms the same reactions lead to the forma-
tion of the polymercury cations Hgj' and
Hgi*. We first describe these polymercury
cations and then proceed to a discussion of
the chain and layer mercury compounds.
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Finite Polymercury Cations

Covalent metal-metal bonds have be-
come a fashionable and popular area of in-
vestigation in inorganic chemistry. Many
examples have been found in finite clusters
and in infinite structures. The first example
of such a bond to be recognized—the mer-
cury—mercury bond—had been known for
a very long time in the mercurous ion Hg}*
and in several covalent mercury(I) com-
pounds such as mercury(I) chloride, Cl-
Hg-Hg-Cl. However, it was not until 1971
that longer chains of mercury atoms were
first made (J—4). At that time it was shown
that the oxidation of mercury with AsFs
and SbF; in solution in SO, produced the
ions Hg}* and Hg}*. These were isolated as
the crystalline AsFz and Sb,F,7 salts. Typi-
cal reactions may be represented by the
equations

3Hg + 3AsFs — Hg;(AsFg); + AsF;
2Hg + SSbF5 = Hg3(Sb2F1|)2 + SbF3
4Hg + 3AsFs — Hgy(AsF¢), + AsF;

Although many attempts were made to pre-
pare other related salts by this method none
were successful. This appears to be mainly
due to the fact that no other pentafluorides
were found that are capable of oxidizing
mercury at room temperature in SO,. Re-
cently, however, we have found that the

TABLE 1
Hg?* SALTs

d(Hg-Hg) w»(Hg-Hg)
A) (cm™!) Reference
Hgy(AsFy), 2.55 140 2
Hg,(Sb,Fyy), - 133 2
Hg,(AICL,), 2.56 123 a
Hgy(NbFy), — 125 5
Hgy(Ta,F1y), —_ 128 5
Hg,(NbClg), — 130 5

7 Torsi, G., Fung, K. W., Begun, G. H., and
Manantov, G., Inorg. Chem. 10, 2285 (1975).

TABLE II
Hg?* SALTS
d(Hg-Hg) v»(Hg-Hg)
A) (cm~Y) Reference
Hg,(AsF), 2.59, 2.62 80, 104 3
Hg,(Sb,Fyy), — 116 5
Hgy(Ta,F},), _— 120 8

reaction of mercury with various Hg(II)
hexafluorides, Hg(MF),, is a more useful
and more general method of preparing Hg?"
and Hgi* salts (5). For example,
Hgs(NbFg); has been prepared by the reac-
tion

2Hg + Hg(NbFs); — Hg3(NbF),
and Hgs(Ta,F,;),, by the reaction
2Hg + Hg(Ta,F; ). — Hgs(TaFy),

The appropriate Hg(MFg), salt or Hg
(M,F,;), salt can be prepared by the re-
action of HgF, with the pentafluoride MF;
in solution in SO,. In some cases the reac-
tion can be carried out in one step, that is,
by the reaction of the appropriate amounts
of HgF,, MFs, and Hg in SO,. For exam-
ple, Hg4(Ta,F}y); can be prepared by the re-
action

HgF2 + 4TaF5 + 3Hg = Hg4(Ta2F“)2

As we shall discuss, these reactions are
more complex than indicated by these sim-
ple equations. In the preparation of an Hg3*
salt a mixture of soluble Hgi* and Hgi*
salts is normally obtained, together with a
small amount of the insoluble metallic com-
pound of composition Hg;_sMFs. When the
solution is crystallized a mixture of a yel-
low Hg}* salt and a deep red-black Hg3*
salt is obtained and the crystals must be
separated by handpicking. The known Hg3*
and Hg3" salts are listed in Tables I and II.
The MFg salts, with the exception of the
AsFg salts, are generally insoluble in SO,
whereas the M,Fi; salts are generally very
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Hg3(AsF6)2
180°
Hg —— Hg — Hg
255 ppm

Hg3(A1C14)2
174°
Hg —— Hg —— Hg
256 pm

FiG. 1. The structure of Hgl*.

soluble. All these salts disproportionate
very rapidly in the presence of water to give
the element and Hg3" salts.

Structures of Hg5" and Hgi*

Determination of the crystal structures of
Hg3(AsFg), and Hg;(AICl,); has shown that
the Hg}* ion has a linear, or very nearly
linear, structure with two Hg—Hg bonds of
equal length (Fig. 1) (6, 7).

The structure of the Hg" ion has been
determined in Hgy(AsFg), (3) and Hgy
(TayFqy), (8). It has an almost linear
structure. The terminal Hg—Hg bonds are
slightly longer than the central Hg-Hg
bond and both bonds are slightly longer
than in Hg3* (Fig. 2). Although the struc-
ture can be approximately described as
consisting of independent Hgi* and AsFg
ions, the distances between two adjacent
Hg?* ions (2.99 A) is close to the shortest
Hg-Hg distance in metallic mercury. Thus
the Hg* ions may be considered to be asso-
ciated together in long zigzag chains. No
evidence has been obtained for soluble
compounds containing chains of more than
four mercury atoms.

Infinite Mercury Chain Compounds

In the reaction of mercury with AsFs,
SbFs, or Hg(MFg), golden crystals with a
shiny metallic appearance appear on the

Hg4(AsF6)2
177°

Hg 262 pm

262 pm 259 pm

Hg

Hg Hg
177°

F1G. 2. The structure of Hg*.

surface of the liquid mercury within 10 to 15
min. Some time later the SO, solution be-
comes yellow or orange-red in color as
Hg?* and Hgj" are formed. In the presence
of sufficient oxidizing agent the golden
crystals are completely converted to a solu-
ble Hg3* salt but with a less oxidizing agent
the golden crystals which are completely
insoluble in SO, remain at the end of the
reaction and can be isolated.

Room-Temperature Structure

X-Ray precession photographs of the
golden crystals isolated from the reaction of
mercury with AsFs showed unusual sheets
of intensity perpendicular to the a and b
axes of a tetragonal crystal (Fig. 3) (9).
These arise from chains of mercury atoms
running in two mutually perpendicular di-
rections through tunnels in a lattice of AsFg
octahedra (Fig. 4). The mercury—mercury
distance in the chains of 2.67 A is not com-
mensurate with the tetragonal AsFg lattice
for which @ = b = 7.54 A. Thus the com-
pound has the nonstoichiometric formula
Hg, sAsFs. The structure has been con-
firmed by a detailed neutron diffraction
study (10). The reaction of SbFs with mer-
cury resulted in the analogous compound
Hg, 5oSbFs, and very recently from the re-
action of Hg(MF), with mercury we have
obtained the new compounds Hg; ssNbFs
and Hg, gsTaFg (11). All three compounds
have the same golden metallic appearance
of Hg, 3,AsFs; X-ray determination of their
structures has shown that they have essen-
tially the same structure as the AsFg com-
pound (Table III) (12, 13). The lattice di-
mensions of the four compounds differ
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Fi1G. 3. X-Ray precession photograph of the (hk0)
plane of Hg;SbF. The lattice of Bragg peaks is associ-
ated with the SbFg lattice, the lines with the Hg
chains.

slightly because the anions are slightly dif-
ferent in size, and since the Hg-Hg dis-
tance is 2.67 A in all three compounds, their
compositions differ slightly from that of the
AsFg compound.

The lack of structure in the diffuse sheets
of diffracted intensity at room temperature
shows that there is no correlation between
the positions of the Hg atoms in one chain

&
é

b%&l

FiG. 4. The structure of the chain compounds
Hg:MF¢ (M = As, Sb, Nb, Ta). The octahedra repre-
sent the MFg anions and the circles the Hg atoms.

and those in another chain—in other words
there is complete disorder between the
chains. The chains can be regarded as one-
dimensional liquids which can move freely
in the tunnels in which they are accommo-
dated. Each mercury atom has a charge of
approximately +3%. There is ionic bonding
between the chains and the MFg ions and
metallic bonding in the chains.

An interesting feature of all four struc-
tures is that the chains are not exactly
straight, but they have a small undulation
with a periodicity equal to the lattice spac-
ing of the host lattice. The undulation is
such as slightly to increase the contact dis-
tance between the chains where they cross
so that this distance becomes 3.22-3.24 A
in all four compounds. The maximum dis-
placement of each chain from the straight

TABLE III
STRUCTURAL DATA FOR Hg; ;MFg SALTS

Hg;_sAsFs Hg;_sSbF, Hg; ;NbF, Hgs-sTaF,
Space group 14,/amd 14,/amd 4, /amd I14,/amd
a=b@A) 7.534 7.711 7.692 7.711
c(A) 12.395 12.641 12.679 12.714
Ve (A% 703.6 751.6 750.2 756.0
8 0.178(6) 0.10(2) 0.119 0.116
Heg-Hg (&) 2.670(5) 2.66(2) 2.670(3) 2.674(4)
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configuration is largest for the AsFg com-
pound (0.07 A) and the smallest for the
NbF¢ and TaFg compounds (0.026 A).

Low-Temperature Structures

Because of the incommensurability be-
tween the Hg—Hg distance in the chains
and the dimensions of the MFg lattice, it is
impossible for the chains to order relative
to the host lattice; the Hg atoms necessarily
occupy different positions in each unit cell.
It is possible, however, for the chains to
order relative to each other.

We have seen that there is very little, if
any, ordering between the chains at room
temperature, but as the temperature is de-
creased the sheets of diffuse intensity split
up into broad spots, indicating the onset of
some short-range ordering between the
chains (14, 15). These spots become some-
what sharper and increase in intensity with
decreasing temperature, indicating an in-
creased ordering of the mercury atoms in
parallel chains (Fig. 5).

Below 120 K the intensities of the broad
peaks diminish rapidly and they are re-
placed by a new set of Bragg reflections
(Fig. 5). These arise because interactions
between the chains cause them to form two
ordered lattices which share a common di-
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FI1G. 5. Neutron diffraction scans at various temper-
atures along the line (3-8, m, 0) in the plane of the
diffuse scattering (from Ref. (14)).

TABLE IV

TEMPERATURE DEPENDENCE OF THE STRUCTURE OF
Hg,_;AsFq (14)

293 K 0K
a=bA) 7.534(7) 7.44

cA) 12.395(8) 12.248

vV Ay 703.6 678.0

Hg-Hg (A) 2.670(5) 2.670(5)

5 A) 0.178(6) 0.210(4) (80 K)

rection. The mercury atoms in the [100]
chains are arranged on a body-centered
monoclinic lattice and the mercury atoms in
the [010] chains lie on a similar lattice but
with a and b interchanged. The mercury
atom lattices are still, however, incommen-
surate with the AsFg lattice. Thus, the fully
ordered phase consists of three interpene-
trating lattices—the tetragonal host lattice
and the two monoclinic mercury chain lat-
tices.

Composition

A particularly interesting feature of these
compounds is that although the MFjg lattice
contracts as expected with decreasing tem-
perature the mercury—mercury distance re-
mains constant. This would appear to imply
that the composition of these compounds
changes with temperature—the percentage
of mercury decreasing slightly (Table IV).
Presumably mercury is eliminated from the
structure with decreasing temperature. It
has been found in DTA experiments (I6)
that if a crystal is cooled below a certain
threshold temperature and then warmed to
room temperature an endotherm at 235 K is
observed, corresponding to the melting of
solid mercury. The threshold temperature
varied somewhat from sample to sample
but was normally in the range 200-210 K.
Thus it appears that on cooling a crystal
below 200-210 K some solid mercury sepa-
rates form the crystal and that on warming
this mercury melts and is reabsorbed by the
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TABLE V
" DENSITY OF Hg;_sAsFg (18)

Observed 7.07 g cm™3
Calculated for:
Hg, 2AsFs 7.16 g cm™3
Hg;ASFg(ng,ngsFﬁ + 0.18 Hg) 7.49 g cm™3
Hg; 52(AsFgo.os 7.05 g cm™3

crystal. The cooling—warming cycle can be
repeated several times with the same
results.

Another problem with respect to the
composition is that chemical analysis leads
to a composition much closer to the stoi-
chiometric value Hg;AsFs than that ob-
tained from the crystal structure (17, 18). It
appears that, either the crystal contains ad-
ditional mercury, or it has a deficiency of
anions. The latter explanation is more con-
sistent with the observed density of the
crystals (Table V). The measured density is
7.07 g cm~3, which compares with a calcu-
lated value of 7.16 g cm~3 for Hg, ¢, AsFg
and 7.49 g cm3 for Hg;AsFs, equivalent to
Hg, s;AsF¢ + 0.18 Hg in interstitial sites.
However, if there are 6% anion vacancies
corresponding to the composition
Hg, s;(AsFe)oes the calculated density is
7.05 g cm™3, which is in good agreement
with the experimental value.

Resistivity

The resistivity in the ab plane of
Hg3_5ASF6 and Hg3_5SbF6 is 1.0 x 10
ohm cm and 1.1 X 1074, respectively, at
room temperature. The resistivities de-
crease with decreasing temperature down
to 4.2 K, with a resistivity ratio, between
room temperature and 4.2 K, of 500 for
ng,_aASFG and 300 for Hg3_aSbF6 (Flg 6)
(19, 20). Thus, these compounds are metal-
lic over the whole temperature range and
there is no evidence of a Peierls metal-in-
sulator transition which is predicted for a
one-dimensional metal. This is presumably
due to the fact that the chains are not inde-

pendent but are coupled together. Indeed,
the fact that there is some conductivity in
the ¢ direction shows that there is some in-
teraction between perpendicular chains
where they cross each other. The ratio of
the resistivities at room temperature in the
ab plane and along the c¢ axis is 105 for
Hg3_8ASF6 and 40 for Hg3_aSbF6.

Superconductivity

It has been reported that Hg;_s AsF¢ and
Hg;_ ;SbF¢ are superconducting at low tem-
perature (20, 21). However, the critical
field H. (0) at zero temperature and the crit-
ical temperature T, at zero field are 0.0401
T and 4.14 K, respectively. These are very
close to the corresponding values for ele-
mental mercury of 0.412 T and 4.152 K.
The very small differences may be due to
the fact that the mercury is not in the free
bulk state but exists either in a very thin
layer on the surface of the crystal, or is
present in cracks or dislocations in the
crystal, or in AsFg vacancies. In experi-
ments on the magnetic susceptibility of

Hgssb Fs
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F1G. 6. The variation of the relative resistivity of
Hg;SbF, with temperature.
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Hg;_sSbFs it was found that there is a tran-
sition near 4.1 K with an amplitude that de-
pends on the rate of cooling (27). Presum-
ably, this is due to the fact that mercury is
formed in an amount that depends on the
rate of cooling.

Infinite Mercury Sheet Compounds

The recent preparation of the golden
chain compounds Hg; sNbFg and Hg;_s
TaFs led to the unexpected discovery of an
entirely new type of ‘mercury compound
containing sheets of mercury atoms. If the
golden crystals of Hg;_sNbFs and Hg;_s
TaFg are not removed from the reaction
mixture, which contains unreacted mercury
and the Hgi* and Hgi* ions in solution,
they are transformed within a few hours to
thin flexible silvery plates that resemble
aluminum foil (11). If the reaction is carried
out at —35°C, no golden crystals are ob-
served and the silver crystals appear to be
formed directly. These crystal have a dif-
fraction pattern completely different from
the golden crystals. Precession photo-
graphs show hexagonal symmetry (Fig. 7).

The principal features of the X-ray dif-
fraction pattern can be explained on the ba-
sis of the space group P31m (Table VI and

F1G. 7. X-Ray precession photography of Hg;NbFs.

TABLE VI
ProOPOSED MODEL FOR Hg;_;NbF,

Hg;NbF,, M, = 808.67,
trigonal, space group P31m,
Z=1,a=>5.021), c=7687 A,
D, = 8.0(1) mg m—3

Atomic coordinates

Atom Site x y

Hg(1) 1b 0 0 3
Hg(2) 2d % ] 3
Nb la® 0 0 0

F 6K 0.309% 0 0.143%

9 In some samples the Nb atom is disordered over
the three sites 2z and 2¢ 4, 3, 0; 3, 3, 0).

b Calculated assuming an undistorted NbF, octahe-
dron with Nb-F = 1.90 A.

Fig. 8) in which layers of close-packed
NbFg octahedra are separated by sheets of
mercury atoms arranged on a hexagonal
net. Each mercury atom has six mercury
neighbors at 2.90 A within the sheet and
three fluorine neighbors from each of the
adjacent NbFg layers at distances of 3.2 A.
The mercury and fluorine atoms form a cu-
bic close-packed lattice, with niobium at-
oms occupying one-third of the octahedral
holes between fluorine atoms. In some sam-
ples it appears that the Nb atoms randomly
occupy different positions in different lay-
ers. The mercury-mercury distance in

F1G. 8. The structure of Hg;NbF;.
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these sheets is larger than within the
chains, in which each mercury atom is
bonded to only two others, but is smaller
than in elemental mercury, in which each
mercury atom has 10 or 12 neighbors.

Unlike the golden crystals from which
they are formed the silver crystals have the
exact stoichiometric composition Hg;MF;
that is determined by the close-packed
structure,

Resistivity

The resistivity of HgsNbF¢ and Hg;TaFs
as a function of temperature is shown in
Figs. 9 and 10 (22). The relationship is lin-
ear from room temperature down to 25 K,
below which the resistivity varies as T3 and
T3. This is quite similar to the behavior of
common metals such as copper and alumi-
num, but is considerably different from that
of the chain compounds for which there is
no linear temperature dependence.

Superconductivity

A superconducting transition at 7 K was
reported for these compounds on the basis

T T T T T
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Fi1G. 9. The variation of the relative resistivity of
Hg;NbF with temperature.
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F1G. 10. The variation of the relative resistivity of
Hg;TaF with temperature.

of magnetic susceptibility measurements
(23). However, subsequent resistivity mea-
surements (23) have provided no evidence
for such a superconducting transition, and
the susceptibility measurements must be re-
garded as erroneous.

Interconversion of the Chain and Sheet
Compounds

If the silver crystals are heated to 120°C
they rapidly transform to the golden crys-
tals (11). This transformation can easily be
observed visually and was confirmed by X-
ray powder photographs. The transforma-
tion does not appear to be reversible in the
absence of liquid SO,, because the golden
crystals can be cooled to room temperature
and below without reverting to the silver
form. However, if the golden crystals are
cooled below room temperature in the pres-
ence of liquid SO,, or are allowed to stand
at room temperature in the presence of lig-
uid SO,, they are transformed back to the
silver form. The role played by liquid SO, in
this transformation is not clear since both
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the golden and silver forms are completely
insoluble in SO,. Perhaps the transforma-
tion proceeds via the formation of small
amounts of H" and Hgj".

It appears that the silver form is the ther-
modynamically stable form of Hg;NbFg and
Hg;TaFs but no silver form of either
Hg;_;AsFs or Hg;_;SbF, has yet been ob-
tained. The fact that the golden and silver
forms of Hg;NbF, and Hgs;TaF; are so read-
ily interconverted—despite that fact that
they apparently have different composi-
tions and that mercury is not observed to be
formed in the transformation of the silver to
the golden form—again raises the question
of the composition of the golden form. This
facile interconversion lends some support
to the suggestion that the Hg: M ratio is, in
fact, 3:1 and that the apparent nonstoi-
chiometry indicated by the X-ray crystal
structure is compensated by an appropriate
number of anion deficiencies.

References

I. C. G. DAVIES, P. A. W. DEAN, R. J. GILLESPIE,I
AND P. K. UMMAT, Chem. Commun., 782 (1971).

2. B. D. CutrorTH, C. G. DAVIES, P. A, W. DEAN,
R. J. GILLESPIE, P. R. IRELAND, AND P. K. UM-
MAT, Inorg. Chem. 12,1343 (1983).

3. B. D. CutForTH, R. J. GILLESPIE, P. R. IRE-
LAND, J. F. SAWYER, AND P. K. UMMAT, Inorg.
Chem. 22, 1344 (1973).

4. B. D. CutrorTH AND R. J. GILLESPIE, in ‘‘Inor-
ganic Syntheses”” (D. F. Shriver, Ed.), Vol. 19,
pp. 22-27, Wiley-Interscience, New York,
(1979). . :

5. R. J. GiLLESPIE, K. R. MORGAN, K. SCHMIDT,
AND P. K. UMMAT, unpublished work.

10.

11.

12.

13.

4.

I5.
16.

17.

18.

19.

20.

21.

22,

23.

BROWN ET AL.

. R.D. ELLIsON, H. A. LEvy, aND K. W. FuUNG,

Inorg. Chem. 11, 833 (1972).

. B. D. CutrortH, C. G. DAVIES, P. A. W. DEAN,

R. J. GILLESPIE, P. R. IRELAND, AND P. K. UM-
MAT, Inorg. Chem. 12, 1343 (1973).

. . D. BRowN, R. J. GILLESPIE, K. R. MORGAN, Z.

Tun, AND P. K. UMMAT, to be published.

. I. D. BRowN, B. D. CUTFORTH, C.G. DAVIES, R.

J. GILLESPIE, P. R. IRELAND, AND J. E. VEKRIS,
Canad. J. Chem. T91, 51 (1974).

A.J. ScHuLTZ, J. M. WILLIAMS, N. D. MIro, A.
G. McDiarMiD, AND A. J. HEEGER, [lnorg.
Chem. 17, 646 (1978).

1. D. BRowN, R. J. GILLESPIE, K. R. MORGAN, Z.
Tun, AND P. K. UMMAT, Inorg. Chem., to be
published.

Z. Tun, 1. D. BRowWN, AND P. K. UMMAT, Acta
Crystallogr. C40, 1301 (1984).

Z. TuN aND 1. D. BROWN, Acta Crystallogr. Sect.
B 38, 2321 (1982). o

J. P. POUGET, G. SHIRANE, J. M. HASTINGS, A.
J. HEEGER, N. D. Miro, AND A. G. MAcCDIAR-
MID, Phys. Rev. B 18, 3645 (1978).

Z. Tun AND 1. D. BROWN, unpublished work.
W. R. DATARS, A. VAN SCHYNDEL, J. S. Eass, D.
CHARTIER, AND R. J. GILLESPIE, Phys. Rev. Lett.
40, 1184 (1978).

R. J. GILLESPIE AND P. J. UMMAT, J. Chem. Soc.
Chem. Commun., 1168 (1971).

N. D. Miro, A. G. MACDIARMID, A. J. HEEGER,
A. F. Garito, C. K. CHIANG, A. J. ScHULTZ,
AND J. M. WiLLiaMS, Inorg. Nucl. Chem. 40,
1351 (1978).

B. D. CutrorTH, W. R. DATARS, A. VAN
SCHYNDEL, AND R. J. GILLESPIE, Solid State
Commun. 21, 377 (1976).

C. K. CHIANG, R. SpaL, A. M. DEMENSTEIN, A.
J. HEEGER, N. D. MIRo, AND A. G. MACDIAR-
MID, Solid State Commun. 22, 293 (1977).

E. BATALLA, W. R, DATARS, D. CHARTIER, AND
R. J. GILLESPIE, to be published.

W. R. DATARSs, R. J. GILLESPIE, AND P. K. UM-
MAT, to be published.

W. R. DATARS, K. R. MORGAN, AND R. J. GILLES-
PIE, Phys. Rev. B 28, 5049 (1983).



