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Abstract. The purple molybdenum bronze KMo6O17 is a quasi-two-dimensional compound which shows a Peierls transition
towards a commensurate metallic charge density wave (CDW) state. High magnetic field measurements have revealed several
transitions at low temperature and have provided an unusual phase diagram “temperature-magnetic field”. Angular studies of the
interlayer magnetoresistance are now reported. The results suggest that the orbital coupling of the magnetic field to the CDW is
the most likely mechanism for the field induced transitions. The angular dependence of the magnetoresistance is discussed on the
basis of a warped quasi-cylindrical Fermi surface and provides information on the geometry of the Fermi surface in the low
temperature density wave state.

1 Introduction

The so-called purple bronze KMo6O17 belongs to the class
of the low dimensional conducting transition metal ox-
ide bronzes which show anisotropic Fermi surfaces and
therefore CDW instabilities [1–3]. Among these mate-
rials, KMo6O17 is a quasi two-dimensional (2D) metal
due to a trigonal layered structure including MoO6 oc-
tahedra layers separated by K+ ions and MoO4 tetrahe-
dra [4,5]. The conduction electrons are confined in the infi-
nite layers perpendicular to the c-axis, leading to quasi-2D
electronic properties. Electrical resistivity and magnetic
susceptibility studies, followed by crystallographic inves-
tigations, have established that a Peierls instability occurs
at TP = 110 K towards a metallic commensurate charge
density wave state. This is due to openings of partial
gaps on the quasi-cylindrical Fermi surface. Band struc-
ture calculations with a 2D tight binding method lead to
three partially filled bands crossing the Fermi level [6].
They correspond to three quasi-1D Fermi surface sheets
related to zig-zag MoO6 octahedra chains along the a, b
and (a+ b) directions. This is the so-called hidden nesting
property. These band calculations predict nesting wave
vectors (a∗/2, 0, 0) and equivalent, which have been ob-
served by electron diffraction and X-ray diffuse scatter-
ing [7].
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Band structure studies have been performed by angle-
resolved photoemission spectroscopy (ARPES) at room
temperature. Fermi surface (FS) imaging performed with
the same technique has corroborated the hidden nesting
model [8,9]. Further experiments have explored the tem-
perature dependence of the band structure with the open-
ing of the Peierls gap [10]. All explored physical properties
correspond to a CDW gap opening at 110 K with a dou-
bling of the unit cell in the (a, b) plane. STM studies estab-
lish that the CDW modulation takes place simultaneously
along the three equivalent directions a, b and −(a+b); this
corresponds to a triple-q (2a × 2b) hexagonal superstruc-
ture, since no domain structure with modulation along
one of these three directions is observed by STM. This
also corroborates that the trigonal symmetry is kept in
the CDW phase [11].

However the nature of the low temperature state (T <
30 K) is not clear. The magnetic susceptibility shows
an anomaly at approximately 25 K and an anisotropy
suggesting an antiferromagnetic-type behaviour [4]. The
curves of the magnetization vs. magnetic field show at
4.2 K a bending in the range of 2.5 T also consistent with
such a behaviour [12]. One cannot exclude, therefore, the
existence of a SDW or of a mixed SDW/CDW ground
state.

In this density wave (DW) state, the in-plane mag-
netoresistance ∆ρ/ρ0 measured with the magnetic field
perpendicular to the layers has been found positive and
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Fig. 1. Phase diagram showing the field positions Bi of the
anomalies and transitions for several temperatures (Ref. [17]).
The Peierls temperature Tp is also indicated. The line B0 of a
possible density wave transition is also shown (Ref. [13]). The
insert shows the resistance vs. field at T = 1.3 K (Ref. [17]).

very large. This has been attributed to the coexistence
of hole and electron pockets with high mobilities on the
Fermi surface of the DW state. Detailed studies of the
temperature dependence of this magnetoresistance sup-
ported a low temperature low field (B, T ) phase dia-
gram showing a phase transition at T ∼ 25 K in zero
field [13]. This has been corroborated by more recent mag-
netoresistance measurements performed on the three com-
pounds KMo6O17, TlMo6O17 and NaMo6O17 [14]. Tun-
nelling studies presently on progress could confirm this
model [15].

High magnetic field studies performed at low temper-
atures (T = 1.6 K) with pulsed fields perpendicular to the
layers, showed on the interlayer magnetoresistance curves
∆ρ/ρ0 vs. field several anomalies, followed by an anoma-
lous decrease of the magnetoresistance above 30 T (see
insert of Fig. 1). A change of slope is found in the vicinity
of B1 = 2 T, a maximum at B2 = 9.4 T and two other
maxima at B3 = 24.5 T and B4 = 31 T [16]. A phase
diagram (T, B), including a first order transition in the
range of 30 T, has been proposed on the basis of these
data [17] (Fig. 1). This phase diagram includes two lines
at low fields, weakly dependent on temperature. The two
first order transitions found at 1.6 K at high fields merge
into a single one above 10 K. The Peierls transition at
Tp = 110 K, is also shown on this diagram. Tp is found
field independent up to 30 T within the experimental accu-
racy (±2 K). The line Bo corresponds to results obtained
previously showing another anomaly of the resistivity vs.
temperature in low fields (line TA in Ref. [13]).

Further studies down to 150 mK, in a field up to 15 T,
have established that this phase diagram is valid down
to very low temperature [33]. They also corroborate that
the anomalies found on the curves ρ (B) are not due to
quantum oscillations.

A strong magnetic field is expected to influence the
CDW state via the orbital and the Pauli paramagnetic

mechanisms [18,19]. Field induced transitions associated
with these mechanisms indeed have been observed on the
organic conductors α-(BEDT-TTF)2MHg(SCN)4 (M =
K, Rb, Tl, or NH4) [20–23]. In particular, the so-called
kink transition in those compounds associated with the
Pauli effect [21,22] strongly resembles the B3–B4 anomaly
in KMo6O17. Thus, the present Mo purple bronze is, to the
best of our knowledge, the first quasi-2D inorganic mate-
rial showing in the CDW state the same type of high-field
properties as the organic salts.

To gain further insight into the origin of the field in-
duced transitions in this compound we have performed
detailed studies of its magnetoresistance as a function of
field orientation in high magnetic field at low temperature.
Additionally, these experiments were expected to provide
valuable information about FS parameters in this quasi-
2D material [24,25].

2 Experiment

Single crystals used in these studies have been grown by
electrolytic reduction of a K2CO3-MoO3 melt. They have
the shape of small platelets, typically 3 × 1 × 0.2 mm3,
with the plane perpendicular to the c-axis [4].

Interlayer magnetoresistance measurements have been
performed at Grenoble High Magnetic Field Laboratory
(GHMFL) in dc fields up to 28 T. The magnetoresistance
has been measured at a temperature of 1.8 K, using a
standard four wire method and ac low frequency current
perpendicular to the 2D layers. In order to study the angu-
lar dependence of the magnetoresistance, the sample was
mounted on a two-axis rotator in a He cryostat. It was
possible to change continuously in-situ the polar angle θ
between the magnetic field and the normal to the plane
of the layers (trigonal c-axis of the crystal) and to change
discretely the azimuthal angle φ between the projection of
the field on the plane and the crystallographic a-axis. The
initial orientation of the sample was set to an accuracy of
about ±2◦ under a microscope; during the measurements
the angles θ and φ were varied with a resolution better
than 0.1◦ between −120◦ and +120◦ and between 0◦ and
180◦ respectively.

Figure 2a shows the field dependence of the magne-
toresistance at T = 1.8 K in the field range 0–28 T for
different angle θ between 0◦ and 90◦ for φ = 0◦. Three
anomalies are clearly seen at B1 = 2.3 T, B2 = 9.1 T
and B3 = 24.4 T for θ = 0◦, as previously reported [17].
When θ is increased, these anomalies are displaced to-
wards higher fields and their amplitude decreases. For
θ = 75◦, they have nearly vanished (Fig. 2a). Figure 2b
shows the same data, plotted as a function of B cos θ.
For low values of θ, roughly smaller than 55◦, the curves
nearly coincide with each other, showing that the mag-
netoresistance depends mainly on the component of the
field perpendicular to the layers. One should note that
for θ larger than 55◦, the field dependence changes. For
θ = 90◦ the magnetoresistance is approximately propor-
tional to B and shows no anomaly. For θ < 55◦ the posi-
tions of the anomalies Bi also scale to the perpendicular
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(a)

(b)

Fig. 2. (a) Magnetoresistance vs. dc magnetic field for different
values of the angle θ between the field and the normal to the
layers. T = 18 K. (b) Same as in (a) plotted as a function of
the field component normal to the layers.

field component as seen from Figure 2b. This behaviour is
fully consistent with the results obtained in pulsed mag-
netic fields [26], as shown in Figure 3, since the angular
dependence of the normalized magnetic fields Bi follows a
1/ cos θ law.

The resistance measured vs. θ in dc fields at T = 1.8 K
is shown in Figure 4a for different values of B between 8
and 26 T. The azimuthal angle was φ = 0◦. One notes a
change of behaviour around θ = 0◦ when B is increased,
from a maximum to a local minimum and finally two max-
ima at higher field. For large values of θ, close to 90◦, com-
plicated structures with several peaks appear. Figure 4b
shows the same data plotted vs. B cos θ. The superpo-
sition of the curves at large B cos θ indicates that the θ
dependence around θ = 0◦ is related to the cos θ law as
shown in Figures 2b and 3. For B cos θ < 18 T, the curves
progressively separate and several structures appear. A
new behaviour appears for θ close to 90◦. This is reflected

Fig. 3. Normalized magnetic field positions of the anomalies
B1 B2, B3, B4 vs. the polar angle θ. Solid line is a fit according
to a 1/ cos θ law. T = 2.2 K (Ref. [26]).

in the smooth linear dependence of the resistance vs. B
for θ = 90◦ (see Fig. 2a). Such a dependence can be as-
cribed to the normal magnetoresistive effect in a quasi-2D
metal [27,28]. The splitting of the curves into two for θ
close to 90◦, corresponds to the fact that R(B, θ) differs
from R(B, −θ). Whether this is due to a slight misorien-
tation of the sample or to a basic mechanism is not clear
at this point.

Figure 5a shows the curves R(θ) obtained for differ-
ent values of the azimuthal angle φ at B = 19 T. Fig-
ure 5b shows an enlargement of the features found around
θ = 90◦. Two behaviours are observed, depending on the
value of θ. For −68◦ < θ < 75◦, the resistance does not
depend on φ, whereas it does for 75◦ < θ < 112◦. In par-
ticular, the value of the resistance obtained in the vicinity
of θ = 90◦, when B is nearly parallel to the layer plane,
depends strongly on φ: this is shown in Figure 6a on a po-
lar diagram. This exhibits a sixfold symmetry consistent
with the crystal symmetry.

3 Discussion

We will first analyze the phase diagram before discussing
the angular dependence of magnetoresistance. As men-
tioned before, it is likely that the line B0 corresponds to a
transition from the commensurate CDW to another den-
sity wave state. This density wave state should include a
spin component, as indicated by magnetic susceptibility
data [4]. Tunnelling studies [15] as well as high resolution
specific heat measurements [29], presently on progress,
could corroborate this picture.

The anomalies corresponding to lines B1, B2 and B3

are not periodic in the inverse field scale and, therefore,
cannot be ascribed to the Shubnikov-de Haas effect. We
rather propose that the anomaly found at B1, which is a
change of slope on the curve of the magnetoresistance vs.
field, is due to a spin rotation as indicated by the curves
of the magnetization vs. field [12].

Figures 2–4 show that positions of all these anomalies
depend only on the B component perpendicular to the
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(a)

(b)

Fig. 4. Resistance vs. θ between −120◦ and +120◦ for different
values of B. Azimuthal angle φ = 0◦. T = 1.8 K. (b) Same data
plotted as a function of B cos θ.

layers. This result indicates that the effect of the magnetic
field is mainly due to orbital effects and that the Pauli spin
contribution is not important.

In this context, the lines B2 and B3 may correspond
to field induced transitions as studied previously in the
spin density wave (TMTSF)2X organic salts [30,31]. These
transitions are attributed to quantum nesting conditions
on the Fermi surface: they correspond to an adaptation
of the nesting vector on the quantized Fermi surface,
such that a carrier pocket will contain an integer num-
ber of Landau levels. A similar cascade of field-induced
transitions is predicted by theory also for CDW sys-
tems [19] and, indeed, has been reported for α-(BEDT-
TTF)2KHg(SCN)4 [23]. One can therefore expect the
anomalies in the present compound to be related to the
same phenomenon.

Angular studies of the magnetoresistance have been
performed at low temperature (T = 1.8 K) in the low tem-
perature density wave state. The curves of ∆ρ/ρo vs. B for
different polar angles θ (Figs. 2a and 2b) establish that for
θ smaller than ∼=55◦, the properties are due to the anoma-
lies found at B1, B2 and B3 for θ = 0, since the curves
plotted vs. B cos θ are approximately superimposed. This
shows that only the component of the field perpendicular
to the layers is active in this range of θ. New phenomena

(a)

(b)

Fig. 5. Resistance vs. θ between −120◦ and +120 for different
values of φ. B = 19 T, T = 1.8 K. (b) Same as (a) showing
the curves around θ = 90◦.

occur only for larger values of θ. Analysis of the curves of
the resistivity vs. θ for different values of B leads to similar
conclusions. Figure 4b shows the data of Figure 4a plot-
ted as R vs. B cos θ. It appears that for values of B cos θ
larger than ∼=8 T the curves are very similar. In this region,
variations between the curves as well as the asymmetry of
the maxima found at small angles for B = 26 T might be
due to a small misorientation of the crystal. This shows
again that for small values of θ (large values of B cos θ),
only the component of B perpendicular to the layers is
active. Such a behaviour is in a striking contrast to what
is usually observed in layered metals. Extensive studies of
magnetotransport phenomena in organic conductors have
shown that the interlayer magnetoresistance of a quasi-
2D metal essentially depends on both field components,
perpendicular and parallel to conducting layers [24,25]. In
particular, depending on the FS topology, various kinds of
angular magnetoresistance oscillations (AMRO) emerge,
whose positions are periodic in the scale of tan θ and do
not depend on the field strength. By contrast, the low-
temperature magnetoresistance of the present compound
is insensitive to the inplane field component at |θ| � 55◦

and all the features in this angular range are simply scaled
to the anomalies observed in the perpendicular field. As θ
approaches 90◦, the magnetoresistance turns to be more
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(a)

(b)

Fig. 6. Resistance at θ = 90◦ is a function of φ, (square dots)
on a polar diagram. The original measured data are repre-
sented by square dots; the circles have been obtained from the
original data by threefold rotations. B = 19 T, T = 1.8 K.
(b) Calculated Fermi surface of KMo6O17 in the normal high
temperature state (solid line) (from Ref. [6]).

conventional, being now sensitive to both the strength and
orientation of the inplane field component, see Figures 4b
and 5. While no definite signs of AMRO have been found,
certain information about the FS geometry can be ex-
tracted from the magnetoresistance behaviour at θ very
close to 90◦. The main feature of the data around θ = 90◦

is a strong dependence of the resistivity on φ. For θ = 90◦,
this is illustrated in Figure 6a. This behaviour is consis-
tent with the trigonal symmetry of the crystal (hexago-
nal in the layer plane) and is related to the geometry of
the cross-section of the FS in the plane parallel to the
layers, as described in reference [25]. The φ–dependence
of the interlayer resistivity is induced by the variation of
the curvature of the FS cross-section: R is expected to be
minimum if the radius of curvature is maximum. The low
temperature FS of the purple bronze is unknown. How-
ever, one can try to predict the geometry of the pockets
of carriers left after the openings of density wave gaps, by

analysing the normal state FS. Figure 6b shows the cal-
culated FS which includes three sheets corresponding to
three d sub-bands with strong nesting properties [6]. The
unperfect nesting at the corners of the different sheets is
due to the hybridization between the three MoO6 octahe-
dra 1D chains. It is likely that the pockets left by the den-
sity wave gap openings are located at these corners. The
observed φ–dependence could be due to quasi-triangular
pockets. On the other hand, it could also originate from
small anisotropic pockets (for example strongly elongated
in the plane) arranged in the Brillouin zone according to
the hexagonal symmetry.

Another clear property of the curves of Figure 5 is the
presence of a narrow peak centred at θ = 90◦. This ap-
pears on all curves, whatever φ. The peak width slightly
varies with φ and is independent of the field strength.
This behaviour is characteristic of the so-called coherence
peak, found in many organic conductors and attributed to
a specific topology of electron orbits on a weakly warped
cylindrical FS in a field nearly parallel to the layers [25].
The width of the coherence peak is directly determined
by the warping of the FS cylinder through the relation:
∆θ/kF d = ∆k///kF , where d is the interlayer distance

(the c-parameter in the case of KMo6O17, d = 13.35 Å),
kF is the in-plane Fermi wave vector and ∆k// measures
the corrugation. In our case, the peak width ∆θ is found
to be close to 1◦. The estimation of kF in the low tempera-
ture phase between B2 and B3 is more problematic. It can
be evaluated only in low magnetic fields through Hall ef-
fect data [32]. An estimation of the carriers concentration
had been performed with a two-band model with com-
bined Hall effect, resistivity and magnetoresistance data.
This analysis leads to an electron concentration at 4.2 K
of the order of 6 × 1018 cm−3. Assuming this carrier con-
centration is distributed into 6 equivalent quasi-cylindrical
pockets, one can estimate in a free electron picture a rough
order of magnitude for the Fermi wavevector. This yields
a kF value of approximately 0.01 Å−1, which should be
compared to the extension of the pseudo-triangular parts
of the normal state Fermi surface, centred at the corners
of the Brillouin zone. ARPES measurements performed
at room temperature give values close to 0.10 Å−1 and
0.13 Å−1 in the Γ K and KM directions [9] (Fig. 6b). The
kF value of 0.01 Å−1 for the pockets left at low temper-
ature is therefore not unreasonable. With this value and
an interlayer parameter d = 13.65 Å (the c parameter of
the purple bronze), one obtains a corrugation parameter
∆k///kF of he order of 10%. This value is rather high,
compared to quasi-2D organic conductors [25]. Neverthe-
less, it is obviously still small enough for the magnetore-
sistance to exhibit features typical of quasi-2D metals, as
evidenced by the presence of the coherence peak. The cor-
rugation parameter depends on the interlayer overlap in-
tegral t⊥ through the relation 2 t⊥/εF = ∆k///2kF . How-
ever since the electron effective mass is unknown, it is not
possible to evaluate the Fermi energy and therefore t⊥.

One should note yet that the above result reveals a 3D
FS open in the interlayer direction, but well defined in all
directions, i.e. the transport across the layers is coherent.
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4 Conclusion

Interlayer magnetoresistance studies of the Mo purple
bronze, KMo6O17, in the low temperature density wave
state corroborate that this compound is a quasi two-
dimensional metal showing field induced transitions due
to orbital effects. Many properties are similar to what is
found in layered organic conductors. The angular prop-
erties at large polar angle θ are well accounted for by
the existence of a quasi cylindrical warped Fermi surface,
with a corrugation estimated to be of the order of 10%.
The anisotropy of the resistivity when B is rotated in the
layer plane is consistent with the trigonal symmetry. We
note that the angular dependence of the magnetoresis-
tance at small polar angle is not fully understood. Unlike
in many other quasi-2D conductors, it is basically deter-
mined by only the out-of-plane field component; in partic-
ular it shows no sign of AMRO. Further work is necessary
to clarify this behaviour.

The authors would like to thank Cécile Naud for providing
the low temperature resistivity data (T = 150 mK). Part of
this work is supported by Contract “Transnational Access-
Specific Support Action, RITA-CT-2003-505474” of the Eu-
ropean Commission.
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