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INTRODUCTION

« The copper oxide, CuMoO,, is a triclinic compound (P1 space group ) exhibiting two phases at room temperature:

1) Low pressure 0-CuMoO, (zrcen phase)

2) High pressure - CuMoO, (brownish red phase).

+ The y-phase is more compact than the normal ¢-phasc. The phase transition 0—5y is of first order involving a volume reduction of 13%,

Density changes from p = 3.4(c) = 3.9(7) grsiee
« The crystal exhibits a strong piezochromism associated with this 0y transition
+Ino-CuMoO,: 273 of Cu* are octahedral elongated (CuOp)  and

In-CuMoO;

MAIN GOALS

+ The study of the piczochromic and thermochromic properties of CuMoO,

« The aim is to understand the microscopic origin of the colour change on passing the o —y transition

METHOD

all Cu?* are octahedral elongated (CuO,)

+ To obtain the electronic spectrum of single crystals of CuMoO, and its dependence with pressure.

« Correlations between electronic spectra and crystal structure,

EXPERIMENTAL

+ Optical Absorption (OA) spectra b

d from improved

+ Pressure experiments were done by mean of DAC (High Pressure Diamond Optics, Inc).

+ A Closed-cireuit cryostat was employed for temperature variations at atmospheric pressure.

1/3 of Cu2* are square-pyramidal coordinated (CuO5)

Fig. 1 ‘ CRYSTAL STRUCTURES OF THE oe AND y PHASES ‘
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Coordination geometry around Cu* (average bond-distances):

CuO (Dyy): Cu-O(eq)=1.95A Cu-O (ax) =238 A
CuOy (Cy): Cu-O(eq)=1.93A Cu-O (ax) =234 A
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VARIATION OF THE OPTICAL ABSORPTION SPECTRUM OF CuMoO, WITH PRESSURE

placive character of the phase transition:

€O, —Cu0;

MaCu0,
@ uw\/\ * ‘There is an abrupt jump in the optical spectrum at the ¢~y phase transition.
e \/\ * The spectrum does not change significantly with pressure in each phase.
e \/\ = Pressure induces minor variations of local structure around Cue”

2kt \/\ - .
* Piezochromism is associated with the
M Rearrangement of CuO, units — Change of n numbe
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atmospheric pressure (Thermochromism).

‘The diagram shows the variation of the peak energy corresponding
to the e—sb, CF band in a-phase, and to the ¢, b, , and b, —b,,

‘The measured transition pressure is P~ 2.5 kbar

The 0 phase transition can also be induced by temperature at

“The thermochromie transition is detccted through changes in the
optical density at 540 nm upon varying temperature.

‘The measured transition temperature is T, = 200K.

COMPARISON BETWEEN OPTICAL ABSORPTION SPECTRUM OF THE o~ AND y -PHASE OF CuMoO,

0-CuMo0, v-CuMoO,,
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MAIN FEATURES
The OA spectrum of both phases show two different regions:
Crystal Field (CF) region — ~ 12000 e (1.5 eV)
Charge Transfer (CT) region — ~ 25000 cm! (3.1 eV)
‘The erystal colour is governed by the optical window formed by the tail of
‘ the first CT band and the CF bands.
The (zreen — brownish red) at the phase transition is associated with:
1) The disappearance of the intense band at 12000cm
' o 2) The broadening of the CT band in the y-phase.
Ra (el Both the 1 " lower
o,
0 rease the tran
Extended-Hiicke ions performed on a CuO, (n = 5, 6) con
1) Absorption bands at 13800 and 11200 cm! in y-phase correspond to the &, — by, and by, = by,
T - - CF transitions (calculated at 15000 em and 13800 cm!) of the CuO; complex.
Hamdplenc I The 12000 cm! in o-phase must correspond to the € — b, CF transition of the CuO; 1/3-complexes.
" The CF bands of the remainder 2/3 CuO,, are masked by this intense band.
7 H Estimated Oscillator Strength ~ CuO; — =8 (3) x 10% Cu0, = F=7(3)x 10°
" ) The first O® — Cu?* Charge Transfer transition: ¢, = by, (CuOg) and € = b; (CuOy), are placed
o around 20000 e for both complexes:
ELONGATED OCTAHEDRON  SQUARE PYRAMIDAL
D Symmety) (G, Symmeiy) = The intense band at 12000 ), CF crrr
T Rk Rt
The CF-transition oscillator-strength in 0-CuMoO), is higher than in ¥-CuMoO, by the different
symmetry of the copper complexes: e~ by.is electric dipole allowed in CuOs.
e, by is electric dipole forbidden in CuO
DICHROISM IN y-CuMoO,

* The strong dichroism is associated to the ordering of CuO, complexes

Single crystal observed with polarized light along the two extinction directions

Polarization direction

Polarizing
Microscope
view

* The OA spectrum in y-phase is strongly polarized.

* The increase of optical density upon changing polarization reduces the transmitted light intensity in more than one order of magnitude (black erystal).

Y-phase.
‘The equatorial planes of CuO are oriented in the same direction forming layers (Fig. 1).

* The first e, b, CT transition is completely polarized in the equatorial-plane of the CuO, complex.

= The maximum crystal absorption is attained when the light polarization is within the layer.

CONCLUDING REMARKS

‘The band at 12000 em" is assigned to the e—b, Crysial Field transition of CuOjin ¢-CuMoO,, and not to a Charge Transfer transition.

‘The piezochromic transition pressure at room temperature is at P, = 2.5 kbar and the thermochromic transition temperature is T, = 200 K

at atmospheric pressure.

The pi ism i explained by the

f the intense CF band at 12000cm!and the broadening of the first C'T band on

passing the o~y structural phase transition.

‘The dichroism observed in y-CuMoO, is associated with the orientation of the CuO, complexes within the layers.




