
CPC(HEP & NP), 2009, 33(11): 1023—1027 Chinese Physics C Vol. 33, No. 11, Nov., 2009

Pressure-induced phase transition of wulfenite *
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Abstract The in-situ high-pressure structures of wulfenite have been investigated by means of angular dis-

persive X-ray diffraction with diamond anvil cell and synchrotron radiation. In the pressure up to 22.9 GPa, a

pressure-induced scheelite-to-fergusonite transition is observed at about 10.6 GPa. The pressure dependence for

the lattice parameters of wulfenite is reported, and the axial compression coefficients Ka0 = −1.36×10−3 GPa−1

and Kc0 = −2.78×10−3 GPa−1 are given. The room-temperature isothermal bulk modulus is also obtained

by fitting the P-V data using the Murnaghan equation of state.
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1 Introduction

The high-pressure behaviors of hypergenic min-

erals are very helpful to understand the geological

process relative to the lithospheric slab subduction,

due to the re-distribution of fluids and elements with

increasing temperature and pressure.

Wulfenite, a typical hypergenic mineral, is a

scheelite-structure molybdate with space group I41/a

and chemical formula PbMoO4. The first high-

pressure experiment on wulfenite was carried out by

Ganguly and Nicol[1] in 1977 based on Raman spec-

tra, in the pressure up to 4 GPa, they found no

evidence of structural transformation but predicted

that molybdates with heavier cations in scheelite-

type structure would have a different high-pressure

structure from wolframite. The high-pressure Ra-

man study on scheelite-structue compounds PbMoO4

and PbWO4 was also taken by Jayaraman et al.[2],

in the higher pressure range, the pressure-induced

phase transitions near 4.5 GPa for PbWO4 and near

9.5 GPa for PbMoO4 were reported. The authors

gave no details for the first-order phase transitions.

Using high-pressure X-ray diffraction, Hazen et al.[3]

studied the high-pressure crystal chemistry of several

scheelite-type tungstates and molybdates, they found

no phase transition for PbMoO4 up to 6.0 GPa, but

observed a first-order phase transition for PbWO4 at

about 5.0 GPa. Errandonea et al. investigated the

high-pressure behavior of PbWO4 in the pressure up

to 24 GPa by means of X-ray diffraction and X-ray

absorption near-edge structure and found a pressure-

driven transition, from the tetragonal scheelite to

monoclinic fergusonite structure with space group

C2/c, at 9 GPa[4]. However, Yu et al. claimed that

PbMoO4 undergoes a crystal to amorphous phase

transition between 9.2 and 12.5 GPa under non-

hydrostatic conditions[5]. Otherwise, Nakamura et

al. synthesized the scheelite group minerals and con-

firmed that the complete solid solutions exist in the

CaWO4-CaMoO4 and PbMoO4-PbWO4 systems[6].

In this study, we explore the pressure stability of

wulfenite, by using angular dispersive X-ray diffrac-

tion (ADXD) with diamond anvil cell (DAC) and syn-

chrotron radiation, in a higher hydrostatic pressure

range up to 22.9 GPa.

2 Experiments

The wulfenite sample used in this study is a
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saffron yellow perfect crystal with tetragonal plate

shape, collected from a lead-zinc deposit in Guizhou

Province, China. The in-situ high-pressure ADXD

measurements were carried out in a 400 µm culet

Mao-Bell DAC, a mixture of methanol, ethanol and

water with 16:4:1 ratio was used as pressure medium.

The wulfenite crystal was ground to powder in an

agate mortar and then loaded together with a ruby

chip into a hole of 150 µm in diameter drilled on a

T301 stainless steel gasket which was pressurized to

35 µm thick. The pressure was measured by the shift

of the R1 photoluminescence line of ruby[7].

The ADXD experiment was performed at the 4W2

High-pressure Station of the Beijing Synchrotron Ra-

diation Facility (BSRF). A highly collimated beam

with a 70 µm×130 µm size was focused on the sam-

ple. Monochromatic synchrotron radiation at λ =

0.620140 Å was used for data collection with 2θ rang-

ing between 5◦ and 25◦. Twenty runs up to 22.9 GPa

were carried out and each spectrum was collected for

600 s at every pressure interval. The diffraction im-

ages collected from a MAR345 image plate were in-

tegrated and corrected for distortions using FIT2D[8]

to yield intensity versus 2θ diagrams.

3 Results and discussion

The X-ray diffraction spectrum of PbMoO4 at

ambient conditions is almost the same as the JCPDS

card 74-1075, which then was used as a standard to

index the diffraction peaks. The cell parameters, a =

5.459 (11) Å, c = 12.156 (36) Å and V = 362.2 (15) Å3

with space group I41/a, were refined with the Ri-

etveld method using the UnitCell software[9].

The in-situ high-pressure ADXD spectra of

PbMoO4 recorded at different pressures are presented

in Fig. 1, in which twelve diffraction peaks could

be identified in the lower pressure range. With the

increase of pressure, the Gaussian-type diffraction

peaks of wulfenite shift to the higher angle. The rel-

ative intensities of 105 and 220 peaks strength grad-

ually with increasing pressure, but for most of the

diffraction lines, due to the sample thinned and the

possible increasing of structural disorder, the inten-

sity decreases and peak broadens gradually, even sev-

eral weak peaks disappear. For example, the very

weak peaks 132 and 224 in higher angle disappear at

a very low pressure (1.5 GPa). However, the weak

lines in lower angle, such as 101, 004, 200 and 211,

disappear simultaneously at around 10.6 GPa, which

might be resulted from the structural change. By

the same reason, the doublet (123 and 204) merges

into a single peak also at 10.6 GPa. The d-spacings

of diffraction lines, as a function of pressure, are ex-

hibited in Fig. 2, in which it is clearly seen that five

diffraction reflections vanish at 10.6 GPa. From the

Fig. 1. ADXD patterns of wulfenite at pressures up to 22.9 GPa. The peaks in low angle region are multiplied

by a factor of 5 in order to improve visibility. The spectrum marked with bold line is the phase transition

boundary.
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peak disappearing and merging, it is proposed that

the structure of wulfenite should have a transforma-

tion at 10.6 GPa due to the pressure effect.

The phase transition boundary at 10.6 GPa ob-

served by X-ray diffraction here is close to that ob-

tained from the Raman result[2], which gives the

boundary at 9.5 GPa. The values of transition pres-

sure obtained from Raman scattering tend to be

slightly lower than that obtained by the X-ray diffrac-

tion on the same material[10]. The same situation

also occurs in the scheelite-structure tungstates, for

instance the PbWO4, its transition pressure obtained

form Raman spectrum is 4.5 GPa[2], while that from

XRD is 9.0 GPa[4].

Fig. 2. Pressure dependence of the d-spacing of PbMoO4. The dotted line shows the pressure boundary of

the phase transition.

Fig. 3. The scheelite and fergusonite structures of PbMoO4. The PbO8 and MoO4 polyhedra are illustrated,

two Pb-O and Mo-O bonds (shown as dark lines) are enlarged as the consequence of the scheelite to fergu-

sonite phase transition.
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With the increasing pressure above 10.6 GPa, seen

in Fig. 1 and Fig. 2, most diffraction lines disappear.

Only four diffraction peaks remain when the pressure

is up to 22.9 GPa, which could be indexed as 021,

2̄41, 150 and 2̄42 respectively with the fergusonite

structure. The peak positions and relative intensities

are consistent with those in the JCPDS card 72-2077.

That means PbMoO4 would transfer from tetragonal

I41/a to monoclinic C2/c under pressure. The se-

quence of phase transition of PbMoO4 is the same

as that of PbWO4
[3, 4]. Although Yu et al. reported

the amorphous transformation for the same material

between 9.2 and 12.5 GPa, that may be caused by

the lack of pressure-transmitting medium because of

a nonhydrostatic pressure environment. According

to Errandonea[11], the scheeelite-to-fergusonite tran-

sition is caused by the slightly distorted MoO4 tetra-

hedra and quite distorted PbO8 polyhedra. During

the pressure increase, the volume of MoO4 tetrahe-

dra is enlarged and that of PbO8 polyhedra decreased

in PbMoO4 scheelite-structure, which are the conse-

quences of a slight decrease of two Mo-O bonds and

the increase of the other two Mo-O bonds inside the

MoO4 tetrahedra, and six of the Pb-O bonds in the

PbO8 polyhedra compressed and the remaining two

enormously expanded (Fig. 3).

The pressure dependence of the lattice parameters

for PbMoO4 up to 10.6 GPa is shown in Fig. 4, both of

the cell lengths and volume show a smooth decrease

with increasing pressure. Fig. 4(a) plots the axial

compressibilities, it is clearly seen that the c axis is

more compressible than a axis. By a linear fitting, the

axial compression coefficients were obtained as Ka0 =

−1.36×10−3 GPa−1 and Kc0 = −2.78×10−3 GPa−1.

The Ka0/Kc0 ratio is 0.49. This phenomenon can be

related to the fact that when pressure is applied to

the scheelite-structure PbMoO4, the MoO4 tetrahe-

dra remain essentially undistorted while the volume

of the PbO8 is largely reduced[3]. Therefore, a axis

is expected to be less compressible than c axis be-

cause the MoO4 units are directly aligned along the a

axis whereas there is an Pb cation between the MoO4

tetrahedra along the c axis[4].

The variation of the unit-cell volume with pres-

sure was fitted to the second-order Murnaghan equa-

tion of state (EOS), shown in Fig. 4(b). The bulk

modulus (B0), its pressure derivative (B0’) and the

equilibrium volume at zero pressure (V0) are sum-

marized and compared with those of other scheelite-

like tungstates and molybdates in Table 1. The V0 is

in agreement with those of the volume we obtained

above. The other two values are a little larger than

the previously reported data[3, 4, 11, 12], but still in the

70—100 GPa region predicted by the linear relation-

ship between the bulk modulus and the value of the

cation charge density[3, 11].

Table 1. Bulk modulus (B0), the first pressure

derivate of the bulk modulus (B0’), and equi-

librium volume (V0) for scheelite tungstates

and molybdates.

compound V0/Å3 B0/GPa B0’ references

PbMoO4 362.5 (6) 71(10) 29(3) This work

PbMoO4 – 64(2) 8(3) [3]

CaWO4 312 (1) 74(7) 5.6(9) [10]

SrWO4 347.4(9) 63(7) 5.2(9) [10]

PbWO4 357.8(6) 66(5) 5.6(1) [12]

PbWO4 – 64(2) 23(2) [3]

CaWO4 – 68(9) 10(1) [3]

CaMoO4 – 81.5(7) 2(1) [3]

EuWO4 348.9(8) 65(6) 4.6(9) [4]

Fig. 4. Relative compression of wulfenite. The evolution of relative axial ratio (a) and the variation of volume

(b) as a function of pressure are shown. The solid line in (b) represents the Murnaghan EOS fitted to the

P-V data.
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4 Conclusions

The in-situ high-pressure structures of hyper-

genic mineral wulfenite have been investigated us-

ing ADXD and DAC technics under pressure up to

22.9 GPa. The results confirm the existence of a

scheelite-to-fergusonite phase transition of PbMoO4

under hydrostatic condition. The boundary of phase

transition is located at about 10.6 GPa. This

pressure-induced phase transition is supposed to be

the consequence of the different high-pressure behav-

iors of polyhedra MoO4 and PbO8. By a linear fit-

ting, the axial compression coefficients of wulfenite

are obtained as Ka0 = −1.36×10−3 GPa−1and Kc0 =

−2.78×10−3 GPa−1. The pressure dependence of cell

volume of wulfenite is fitted to the Murnaghan EOS,

yielding a room-temperature isothermal bulk modu-

lus 71(10) GPa.
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