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Measurement of the de Haas—van Alphen effect at 1.1 K in the linear-chain mercury
compound Hgs_sAsF; shows that the Fermi surface consists of a set of straight or nearly
straight cylinders with axes along the ¢ direction. The cylinders are formed from one-
dimensional Fermi-surface sheets by the interaction of mutually perpendicular mercury
chains and by translation by superlattice vectors resulting from the periodicity of the

incommensurate mercury chains.

The linear-chain mercury compounds, Hg, ;AsF,
and Hg,. sSbF,, exhibit anisotropic electricall?
and optical®** properties. These compounds con-
tain infinite, nonintersecting chains of mercury
atoms running along % and b directions of the tet-
ragonal structure.® The separation between mer-
cury atoms is incommensurate with the tetragonal
host lattice. Direct measurements of the Fermi
surface of these compounds would be highly de-
sirable to determine the Fermi surface of one-
dimensional, nonintersecting conducting chains.
We report the results of a de Haas—van Alphen
(dHvA) experiment on Hg, sAsF, which explain
the anisotropic electrical conduction and support
a model of the Fermi surface formed from one-
dimensional bands.

The dHVA effect was observed at 1.1 K in a
magnetic field range 3-5.5 T with the low-fre-
quency modulation technique.® Single-crystal
samples of Hg, ;AsF, with dimensions 2X2X1
mm? contained in a sealed sample holder were
mounted in a sensitive modulation-pickup—-coil
assembly. Measurements were made for mag-
netic field directions between the € axis and the
(001) plane which were determined optically., Di-
rections in the isotropic (001) plane could not be
determined optically so that it was not known
where the plane that was studied intersected the
(001) plane. The data were collected on magnetic
tape and analyzed by computer.

dHvA frequencies of Hg,_s;AsF, shown in Fig. 1
consist of six branches with minima along the €
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axis. Five branches, a, 8, 0, and €, extend 64
+10° from the € axis toward the (001) plane.
Branch u is over a smaller angular range of + 20°
from the € axis and is not observed below a mag-
netic field of 4.6 T. Table I shows the values of
the dHVA frequencies and corresponding cross- -
sectional areas of the Fermi surface measured
with the magnetic field along the € axis. A low
frequency with a value of approximately 48 T,
which is not shown in Table I and Fig. 1, was ob-
served over a very small angular range about
the € axis. No dHVA frequencies were found in a
careful search with magnetic-field directions in
the (001) plane, indicating that no closed Fermi-
surface pieces exist.

Cyclotron masses were determined from the
temperature dependence of the dHvA amplitude
in a crystal where the magnetic field was orient-
ed 20° from the € axis, The cyclotron masses of
the branches with sufficient amplitude for the
mass determination ( the y, 6, and € branches)
are the same to within experimental error and
have a value of (0.35+0.05)m,,

The angular dependence of the dHvA frequen-
cies suggests pieces of Fermi surface which are
cylinders along the € axis in k space. The cross-
sectional area of a straight cylinder varies as
A,sect, where A, is the cross-sectional area per-
pendicular to the axis of the cylinder and @ is the
angle between the magnetic field direction and the
cylinder axis. The dHvA frequencies in Fig. 1
follow this secf dependence closely for values of
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FIG. 1. dHVA frequencies and extremal cross-sec-
tional area of the Fermi surface of Hg;_sAsF, for mag-
netic-field directions in a plane containing the ¢ axis
and perpendicular to the (001) plane. The solid lines
are the fit to a set of straight, Fermi-surface cylinders
with axes parallel to &.

A, and corresponding frequencies, F,, given in
Table I, indicating that the Fermi surface of
Hg,.sAsF, consists of a set of straight or nearly
straight cylinders. The secf behavior is inde-
pendent of the shape of area A,, so that no infor-
mation about the shape of the cross section 4, is
obtained from the fit in Fig. 1.

The Fermi surface of Hg, s AsF; is constructed
by first filling one-dimensional electron & states
of each mercury chain.” The total number of elec-
trons from the mercury chain [ (two valence elec-
trons per Hg atom)X (2.79 Hg atoms in each chain
in a unit cell at® 10 K) X (four chains per unit cell)]
is 22,32 electrons. Four of these electrons go to
' AsF, ! ions. The remaining 18,32 electrons oc-
cupy 9.16 states/spin. Thus, the states of the

TABLE I. dHvA frequencies and extremal cross-
sectional areas of Hgs. sAsF, with the magnetic field
along the ¢ axis for a cylindrical fit to experimental da-
ta and for our model calculation.

Experimental Calculated

Fy A, E,

Orbit (A™%) (T) (A™%) (T)
o 0.0325 340 0.032 331

B 0.0395 413
% 0.0598 626 0.060 627
6 0.178 1860 0.18 1870
I 0.326 3413 0.33 3420
€ 0.352 3680 0.36 3750

four & and b chains are filled up to 2.297/a,,
where a;, is a tetragonal lattice vector. The first
and second zones are filled and the Fermi sur-
faces are sheets defined by k, =+ 0.297/a; and k,
=+ 0,297/ a; in the third zone. The energy band
for each surface is at least twofold degenerate
because of the two parallel chains in the & and b
directions in a unit cell, Projection of the Fermi-
surface sheets on the (001) plane is shown in Fig.
2(a).

There is no finite area between the one-dimen-
sional Fermi-surface sheets parallel to the & or
b directions. However, with even a small over-
lap of the 7 and b chains, interaction couples the
bands where the Fermi-surface sheets cross.
This produces electronlike square cylinders with
axes parallel to € giving the electron orbit y
shown in Fig. 2(a). A holelike square cylinder
is formed between the sheets giving the hole or-
bit €, The calculated cross-sectional areas and
the corresponding frequencies of the electron and
hole cylinders for the magnetic field parallel to
€ agree exactly with those found for they and €
branches, respectively, as shown in Table I, and
are assigned to them,

Now, it is necessary to introduce the periodic-
ity of the Hg-Hg intrachain spacing ay,=2.67 A
which is incommensurate with the tetragonal lat-
tice vector a; =7.442 A, In reciprocal-lattice
space, the difference between the intrachain re-
ciprocal-lattice vector and the vector spanning
three unit cells of the reciprocal tetragonal lat-
tice vector is 6*=0,179 A~%, This incommensur-
ability exists along the @ and b directions. Thus,
we expect that the reciprocal-lattice points in the
tetragonal unit cell can be translated along the re-
sultant of 5* along & and b. The resultant is
2¥25* along (110) directions and results in a su-
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FIG. 2. Fermi surface of Hg;. sAsF; constructed
from one-dimensional bands. (a) The Intersection of
one-dimensional Fermi-surface sheets parallel to %,
and %, directions. The center of the y orbit is the I'
center of the zone. (b) The translation, shown as
dashed lines, of the intersecting one-dimensional bands
by one superlattice vector 21/25%,

perlattice translation. This translation vector is
consistent with the reciprocal-lattice vectors of
the monoclinic structure® of the linear chains be-
low 120 K. The shortest reciprocal-lattice vec-
tor is (5,6,0) away from a reciprocal-lattice vec-
tor of the body-centered tetragonal structure.
The presence of a superlattice in metals® and
compounds'® has the effect of adding additional
Brillouin-zone boundaries and energy gaps in the
band structure.!*:!?

The result of translation of Fig. 2(a) by one su-

1184

perlattice vector 2Y26* is shown in Fig. 2(b).
This first-order translation generates a holelike
orbit 6, an electronlike orbit @, and a small elec-
tronlike orbit with a frequency of 45 T at the
small overlap of the y squares. The cross-sec-
tional areas and dHvA frequencies of the « and &
orbits produced by the first-order translation
with no adjustable parameters are in excellent
agreement with the experimental results shown

in Table I. The electronlike orbit with a predic-
ted frequency of 45 T is detected as an amplitude-
modulation effect'® in the dHvA amplitude and as
the low-frequency oscillation of approximately

48 T. Branch u arises from magnetic breakdown
because it is only observed at high magnetic
fields and over a small angular range about the

¢ axis, It is assigned to the €-o orbit. The B or-
bit is probably also a combination orbit but can-
not be assigned unambiguously at the present
time.

Thus, the Fermi surface of the incommensur-
ate mercury-chain compound consists of cylin-
ders with axes parallel to €. They are formed
from one-dimensional Fermi-surface sheets nor-
mal to & and b directions by a small interaction
of 3 and b chains and by translation by a super-
lattice vector resulting from the incommensurate
mercury chains. The electron velocity, being
perpendicular to the Fermi surface, is along @
and b directions, giving the high conductivity in
the (001) plane that is observed. At this time the
magnitude of the superlattice energy gaps is not
known and requires further study.
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