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Low-dimensional conductors have been studied 

for several decades due to their remarkable properties 

such as thermoelectricity, high electronic mobility or 

superconductivity. This low electronic dimensionality 

makes the appearance of another phenomenon favorable: 

the Charge Density Wave (CDW) instability. The transi-

tion toward this electronic instability was described by 

Peierls [1] as a gap opening at the Fermi surface, caused 

by a Fermi surface nesting, leading to a modulation of 

the electronic density accompanied by a periodic distor-

sion of the atomic lattice. This phenomenon, usually 

studied because of its presence in superconducting com-

pounds, is ruled by the Chan-Heine instability condition 

[2] given by: 

 

(1) 

 

with 𝑔𝒒 representing the electron-phonon coupling 

constant, 𝜔𝒒 the frequency of the phonon mode involved 

in the lattice deformation, 𝑈𝒒 the Coulomb interaction, 𝑉𝒒 

the exchange interaction in the mean-field approximation 

and 𝜒0(𝒒) the electronic susceptibility.  

The transition temperature, in the 1D case, can be 

expressed as: 

                      𝑘𝐵𝑇0~𝐸𝐹exp⁡[
−ℏ𝜔𝒒𝟎

𝑔𝒒𝟎
2 𝑁(𝐸𝐹)

]                           (2) 

 

with 𝑇0 the transition temperature, 𝐸𝐹  the energy of the 

Fermi level, 𝑁(𝐸𝐹) the density of states at the Fermi 

level and 𝒒𝟎 being the wave vector characteristics of the 

CDW. 

Consequently, the appearance of the CDW state is 

influenced by several properties of the material. We 

choose here to study the effect of the electronic 

dimensionality on the CDW transition within the 

MonoPhosphate Tungsten Bronzes family (MPTB).  

 

 Monophosphate tungsten bronzes, of general 

formula (PO2)4(WO3)2m (with 4 ≤ m ≤ 14), are low-

dimensionnal oxides exhibiting successive transitions 

toward charge density wave (CDW), spin density wave 

(SDW) and/or superconducting states [3]. These 

compounds can be described as the regular stacking of 

WO3 slabs of ReO3–type structure and slices of PO4 

groups [4]. Conduction electrons provided by the 

phosphate groups are localized in the WO3 slabs, leading 

to 4/2m electrons per tungsten atom. The variation of the 

value of the parameter m enables the modification of the 

density of carriers in the WO3 slabs and the electronic 

anisotropy of the system. Therefore, this family of 

compounds is perfect to study the effect of variations of 

the electronic dimensionality on the CDW transition. 

 

Observations by X rays diffraction [5] and 

transport [3,6] measurements of the CDW transitions of 

the MPTB members have evidenced an increase of the 

transition temperatures with the value of m increasing 

and a change of the CDW characteristics between the 

m<7 and m>7 members, called respectively low and high 

members. Consequently, these observations lead to a 

questioning about the origin of this change and regarding 

the driving forces of the CDW formation in this family of 

compounds. With the aim of obtaining precious 

information for the understanding of the driving forces of 

the CDW instabilities in these low-dimensional 

conductors, pressure studies were performed on several 

members of the MPTB familly. 

 

Resistivity experiments under pressure are re-

ported for the low members of the family m=4 (P4W8O32) 

and m=6 (P4W12O44) [7]. Upon applying pressure, a de-

stabilization of the first CDW state is observed for the 

m=4 member and for both of the two first CDW states for 

the m=6 member, with a dT0/dP rate ranging from -0.9 to 

-5 K.kbar-1. However, the second CDW state of the m=4 

member is stabilized up to 5 kbar, with a dT0/dP rate of 

+0.9 K.kbar-1, and then destabilized under higher pres-

sure. In order to compare low and high members we 

selected the m=10 member (P4W20O68), for room temper-

ature X-rays diffraction measurements under pressure. 

This compound can be considered as the perfect candi-

date for such a study as it is in a CDW state at room 

temperature (CDW1) and is bounded by another CDW 

phase (CDW2) that sets in below 210 K and an unmodu-

lated phase above 475 K [5]. The room temperature 

CDW1 phase is characterized by the modulation vector 

q1=3/7a*[5] while the low temperature CDW2 phase is 

characterized by the modulation vectors q21=1/2a* and 

q22=2/5a*[8]. The occurrence of a transition between 

those states at room temperature with applied pressure 

can be directly probed by X-rays diffraction. 
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The experiment was performed using a diamond 

anvil cell adapted on a Bruker Kappa Apex II single-

crystal diffractometer. 16:3:1 methanol-ethanol-water 

solution was used as a hydrostatic pressure medium [9]. 

A ruby was placed in the diamond anvil cell with the-

single-crystal of m=10. The pressure in the diamond-cell 

was determined from a pressure-shift in the sharp R-line 

fluorescence spectrum of ruby [10]. X-rays diffraction 

measurements were performed using a Molybdenum 

source under four different pressures up to 6.8 ± 0.7 kbar. 

 

Figure 1: Area of the (h0l)* plane reconstructed from X-rays 

diffraction on a m=10 MPTB single-crystal at ambient pressure. 

The pattern presents main reflections described by the recipro-

cal lattice vectors a* and c* and satellite reflections reflecting 
the modulation of the atomic lattice. The satellite reflections are 

indexed by the modulation vector q1=3/7a*, characteristic of 

the room temperature CDW state (CDW1). 

 

 
 

Figure 2: Area of the (h0l)* plane reconstructed from X-rays 

diffraction on a m=10 MPTB single-crystal under 4.8 kbar. The 

pattern presents main reflections described by the reciprocal 
lattice vectors a* and c* and satellite reflections reflecting the 

modulation of the atomic lattice. The satellite reflections are 

indexed by the modulation vectors q21=1/2a* and q22=2/5a*, 
characteristic of the low temperature CDW state (CDW2). 

 

Figure 1 presents a part of the reconstructed 

(h0l)* plane characteristic of the room temperature 

CDW1 phase at ambient pressure. The reciprocal lattice 

vectors a* and c* together with the superstructure vector 

q1 are displayed. Figure 2 presents the same (h0l)* part 

measured at room temperature under an applied pressure 

of 4.8 kbar. While little change is observed for the 

reciprocal lattice vectors a* and c*, the superstructure 

pattern has clearly changed, the modulation vectors being 

now q21 and q22, which are representative of the low 

temperature CDW2 phase. The transition toward the low-

temperature CDW2 state begins below 3.2 ± 0.3 kbar and 

is fully completed under 4.8k ± 0.5 kbar. At 6.8 ± 0.7 

kbar, the X-rays diffraction pattern still corresponds to 

the low-temperature CDW2 state. From these 

measurements, we can estimate an upper and lower 

bound for dT0/dP, the rate at which the transition 

temperature of the low temperature CDW2 phase varies 

with applied pressure. This dT0/dP rate of 17.3 ± 1.7 

K.kbar-1 (lower bound) and 25.9 ± 2.6 K.kbar (upper 

bound) is exceptionally high compared to the rates found 

in the literature. The maximal rate, reported for 

KMo6O17, is about 10 K.kbar-1 [11], making the m=10 

member of MPTB the compound with the highest dT0/dP 

rate ever reported for the stabilization of a CDW state 

under pressure. 

 

From this experiment we can conclude that the 

application of hydrostatic pressure stabilizes the low-

temperature CDW state of the m=10 MPTB, at least up to 

6.8 kbar. The dT0/dP rate measured for the second 

transition of the m=10 shows that this high term is much 

more sensitive to pressure than the low terms m=4 and 

m=6. This might be explained by a large change in the 

strength of the electron-phonon coupling between low 

and high terms of the MPTB familly. It has been 

demonstrated that the CDW transitions of m=4 and m=6 

[3] can be explained by the Peierls model, describing 

CDW transition in materials with a weak electron-

phonon coupling. A high electron-phonon coupling for 

the m=10 could then explain its high pressure-sensitivity 

and that a weak pressure is able to decrease enough the 

thermal fluctuations to stabilize the low-temperature 

CDW state. 

 

Acknowledgments: This work was supported by the ANR 

ODACE (ANR-11-BS04-0004) and the project “NanoCent - 

Nanomaterials centre for advanced applications” financed by 

ERDF (Project No. CZ.02.1.01/0.0/0.0/15_003/0000485). 

 
[1] R. E. Peierls, Quantum Theory of Solids, 1955 

[2] S.-K. Chan, V. Heine, J. of Physics F: Metal Phys., 1973, 
3, 795. 

[3] M. Greenblatt, Physics and chemistry of low-dimensional 

inorganic, 1996. 

[4] P. Roussel, O. Pérez, Ph. Labbé, Acta Cryst. B, 2001, 57, 
603. 

[5] A. Ottolenghi, J.P. Pouget, J. Phys. I France, 1996, 6, 

1059. 

[6] J. Dumas, C. Hess, C. Schlenker, G. Bonfait, E. Gomez 
Marin, D. Groult and J. Marcus, Eur. Phys. J.B, 2000, 14, 

73. 

[7] J. Beille, U. Beierlein, L. Dumas, C. Schlenker and 

D.Groult; J. Phys. Condensed Matter, 2001, 13, 1517 
[8] E. Duverger-Nédellec, Transitions vers des états 

électroniques complexes et des structures super 

périodiques dans les Bronzes Mono Phosphates de 
Tungstène, 2017. 

[9] R. J. Angel, M. Bujak, J. Zhao, G. D. Gattac and S. D. 

Jacobsend, J. Appl. Cryst., 2007, 40, 26. 

[10] H. Yamaoka, Y. Zekko, I. Jarrige, J.-F. Lin, N. Hiraoka, 

H. Ishii, K.-D. Tsuei and J. Mizuki; J. of Applied Physics, 

2012, 112, 124503. 

[11] J. Beille, A. Rötger, J. Dumas and C. Schlenker, Philos. 

Mag. Lett., 1991, 64, 221. 


