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Anisotropic electrical resistivity of quasi-one-dimensional Liy¢Mo0s0,; determined
by the Montgomery method
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Anisotropic electrical resistivity of quasi-one-dimensional Liy¢MogO;7 was measured using the Montgom-
ery method. The average resistivity ratio at 300 K was found to be p,:p.:p,~1:2.5(0.4):6(2).
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For more than two decades, scientists have studied the
physical properties of purple bronze LiyoMogO;; (Ref. 1)
which is believed to be the best example of a Luttinger liquid
metal.>3 This compound has a monoclinic structure with the
highest conductivity along the b axis due to the existence of
one-dimensional (1D) Mo(1)-O(11)-Mo(4) zigzag chains in
this direction.* An important issue is the crossover from me-
tallic to insulating-like behavior near 28 K.> Recently, this
question was addressed by high resolution thermal expansion
(HRTE) experiments® performed on high quality single crys-
tals. The HRTE experiments suggested a crossover in dimen-
sionality near 28 K due to a purely electronic charge density
wave,® which sets the stage for superconductivity at ~1.9 K.

Surprisingly, after more than twenty years, some basic
physical properties of this compound remain unclear, prob-
ably due to the difficulty in growing single crystals of good
size. For instance, the electrical resistivity as a function of
temperature, p(7), along the ¢ axis® has never been pub-
lished. The first p(7) data for the b and a axes’ (the a axis is
out-of-plane) were reported by Greenblatt et al.' The results
showed the highest conductivity along b and anisotropic re-
sistivity ratio at 300 K of p,:p.:p,~ 1:10:250.1% However,
the measured crystals were small platelets, and it is generally
accepted that the Montgomery method is necessary to cor-
rectly determine the resistivities along each direction; this
method was not applied in the work of Greenblatt et al.!
Optical measurements® seem to provide further support for
the highly anisotropic resistivity.

In this Brief Report, measurements of the anisotropic
electrical resistivity in all crystallographic directions of
LigoMogO,; are revealed using the well-known Montgomery
method.’ The results confirm the quasi-one-dimensionality of
the compound, but reveal a smaller anisotropic resistivity
ratio than previously reported. '

LigoMogO 7 single crystals were prepared and character-
ized as reported previously.? Single crystals with purple and
bronze colors exhibiting crossover from metallic to insulat-
inglike behavior and superconductivity at ~1.9 K were se-
lected for this work. Low-resistance gold contacts were used
for measuring electrical resistance by Montgomery® and
standard four-probe methods. In both cases, single crystals
were polished in order to obtain rectangular shapes for better
determination of the geometric factors. For the Montgomery
method, two crystals of sizes 0.410X0.387X0.405 and
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PACS number(s): 74.25.Fy, 71.30.+h, 71.10.Pm

0.184 X 0.455%0.673 mm? (a, b, and ¢ axes, respectively)
were used for the measurements. To simplify the calculation
of the three resistivity components using the Montgomery
method,® the crystalline structure was considered as
orthorhombic;* since B=90.61°, this is a reasonable approxi-
mation. We report the average of two measurements in each
direction and the corresponding uncertainties. In addition,
the conventional four-probe method was used to check the
absolute values of the electrical resistivity along b and c. To
accomplish this, two crystals were oriented using Laue x-ray
diffraction and carefully polished into parallelepiped shape
with long axes along b and c. The polished single crystals
were 1.506 and 1.509 mm in length, 0.201 and 0.131 mm in
thickness, and 0.208 and 0.445 mm in width for the measure-
ments along b and c, respectively. This process was impos-
sible for the a axis due to the small thickness of the single
crystals. Uncertainties in this method were estimated by
comparing the size of the voltage contacts (~0.1 mm) with
the distance between them (0.237 and 0.288 mm for b and ¢,
respectively).

Figure 1 displays typical electrical resistance behavior of
the single crystals along the b axis. Figure 1(a) highlights the
superconducting transition, while the crossover from metallic
to insulating-like behavior at T), is shown in Fig. 1(b). These
features demonstrate the good quality of the crystals.

Figure 2 shows the R(T) raw data obtained for the three
crystallographic directions of one crystal using a geometry
suitable for later analysis with the Montgomery method.’
The values near the curves indicate the resistance at 300 K
(R30) for each axis. The temperature dependencies and mag-
nitude of Ry, (not shown) are similar for the second crystal.

Figure 3 displays electrical resistivity as a function of
temperature calculated using the Montgomery procedure.’
The average resistivities at 300 K (p3q,) based on the results
of the two single crystals are p,=110 (40) mQ cm, p,=19
(1) mQcm, and p,=47 (5) mQ cm. The resistivities at
300 K for b and c differ by factors of ~2 and 0.5, respec-
tively, with the values reported by Greenblatt et al. (p,
=9.5mQ cm and p.~100 mQ cm).® On the other hand,
a-axis resistivity has an extreme disagreement (p,
=2470 m{) cm) by a factor of ~20. Using the resistivities at
300 K, one can estimate the anisotropic resistivity ratio as
PpiPeiPa~1:2.5 (0.4):6 (2) which differ significantly from
the report of Greenblatt et al.'
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FIG. 1. Electrical resistance as a function of temperature for a
typical Liy gMogO17 single crystal along the b axis. Lines are guides
for the eye. (a) The superconducting transition at 7. (b) The cross-
over from metallic to insulatinglike behavior at 7).

To cross-check the values determined above, and the va-
lidity of the Montgomery method, we measured p(7) along
the b and ¢ axes using the standard four-probe technique (on
the crystals polished into parallelepipeds). These results are
shown in Fig. 4. Resistivities at 300 K for b and ¢ are p,
=12 (5) mQ cm and p.=52 (18) m ) cm, respectively. This
provides an anisotropic ratio of py:p, ~1:4 (3) which agrees
with the ratio obtained through the Montgomery method. Al-
though these values possess large uncertainties, they provide
confidence that the electrical resistivities determined by the
Montgomery method are reliable.

The results provide insight into the anisotropic behavior
of the purple bronze. Similar temperature dependencies for
R(T) and p(T) for all axes suggest that the anisotropic behav-
ior of Lip ¢MogO,5 is in someway interconnected in the three
crystallographic directions. This can be understood by look-
ing at the crystalline structure.* It has zigzag chains running
along b, which have projections onto the a and ¢ directions.
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FIG. 2. Electrical resistance for the three crystallographic direc-
tions of one LiygMogO;; single crystal measured using the Mont-
gomery method. The R;(, values indicate the resistance at 300 K
for each axis.
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FIG. 3. Electrical resistivity as a function of temperature for the
three crystallographic directions of one LiygMogO;; single crystal.
The p3gg values indicate the resistivity at 300 K for each axis.

By taking into account that electrons move between the zig-
zag chains through interchain hopping and choose the most
conducting path (an example is the Mo6-[Mo4-O11-Mol |-
Mo6 path, where the [Mo4-O11-Mol] path is in the zigzag
chain), it appears reasonable to conclude that the electrical
resistivities in the ¢ and ¢ axes may not be p, independent.
This anomalous zigzag conducting behavior of LiyoMogO,;
is absent in other quasi-1D systems!3 and high-
temperature superconductors,'*"'® which show remarkably
different temperature dependencies of p for different crystal-
lographic directions. Furthermore, this anomalous zigzag
conducting behavior may provide an explanation of why the
electrical resistivity measurements reveal a much smaller an-
isotropy than that of the optical conductivity experiments.’
However, resolution of this issue will require measurements
and analysis beyond the scope of the present work.

In summary, the electrical resistivity for all crystallo-
graphic axes has been determined using the Montgomery
method for LiygMogO7. The results confirm the quasi-one-
dimensionality but clearly show a much smaller anisotropy
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FIG. 4. Electrical resistivity as a function of temperature for two
single crystals in (a) b and (b) ¢ axes performed using standard
four-probe method.
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than previously reported. Similar temperature dependencies
in all directions suggest that the purple bronze conducts dif-
ferently than other low-dimensional systems. This is thought
to be related to the projection of the zigzag chains onto the a
and c directions.
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