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INTRODUCTION

Several dark green copper phosphate minerals are known
to exist, including pseudomalachite [Cu5(PO4)2(OH)4], (An-
thony et al. 2000) and its polymorphs reichenbachite and
ludjibaite (Braithwaite and Ryback 1994; Hyrsl 1991; Lhoest
1995; Sieber et al. 1987). The relative stabilities of the basic
copper phosphates have been determined using estimated
chemical parameters (Moore 1984) and experimentally deter-
mined solubility products are available (Williams 1990). Nor-
mal Cu2+ phosphate is not known as a naturally occurring
mineral. As expected, the more basic stoichiometries occupy
fields at higher pH. Pseudomalachite is the stable phase under
chemical conditions intermediate to those that serve to stabi-
lize libethenite and cornetite. Paragenetic relationships have
been explored (Williams 1990). Such relationships are impor-
tant as these minerals can occur as corrosion products in cop-
per piping carrying potable water.

Pseudomalachite is monoclinic, space group P21/a (Piret
and Deliens 1988). Pseudomalachite is isomorphous with
cornwallite (refined in different setting with a and c inter-
changed, space group P21/c). The pseudomalachite crystal struc-
ture contains one P atom in the asymmetric unit (total of 2 in
the cell).  Each phosphorus atom is bonded to 4 crystallographi-
cally independent O atoms. There are two crystallographically
independent OH ions. These minerals occur in the oxidized
zones of copper deposits and pseudomalachite is by far the most
common (Anthony et al. 2000). It is frequently accompanied
by libethenite [Cu2PO4(OH)], which is monoclinic, space group
P21/n (Anthony et al. 2000). The multiplicity of atoms associ-
ated with the phosphate group is the same as for

pseudomalachite, with four formula units in the unit cell. There
is one crystallographically independent OH group in the unit
cell (total of four). A rarer congener is cornetite [Cu3PO4(OH)3]
(orthorhombic, space group Pbca). There is one unique P atom
in the asymmetric unit (eight in the unit cell) bonded to four
independent O atoms. There are three crystallographically in-
dependent OH ions in the unit cell.

The structure of the above-mentioned minerals may be ex-
plored at the molecular level using vibrational spectroscopy.
Farmer (1974) reported the infrared absorption spectra of
libethenite, cornetite, and pseudomalachite. Raman spectra can
provide information as to the symmetry of the molecular spe-
cies and to position, or energy of the bands. The Raman spec-
tra of aqueous phosphate anions show the symmetric stretching
mode (n1) at 938 cm–1, the symmetric bending mode (n2) at 420
cm–1, the antisymmetric stretching mode (n3) at 1017 cm–1, and
the n4 mode at 567 cm–1. The pseudomalachite vibrational spec-
trum consists of n1 at 953, n2 at 422 and 450 cm–1, n3 at 1025
and 1096, and n4 at 482, 530, 555, and 615 cm–1 (Farmer 1974).
Libethenite vibrational modes occur at 960 (n1), 445 (n2), 1050
(n3), and 480, 522, 555, 618, and 637 cm–1 (n4) (Farmer 1974).
Cornetite vibrational modes occur at 960 (n1), 415 and 464 (n2),
1000, 1015, and 1070 (n3), and 510, 527, 558, 582, 623, and 647
cm–1 (n4). Vibrational spectra of reichenbachite and ludjibaite
have not as yet been reported.

Phosphate mineral formation is important in corrosion and
leaching studies. Minerals can form in zones of secondary oxi-
dation. As part of a comprehensive study of the IR and Raman
properties of minerals containing oxygen anions, we report
changes in the molecular structure as a function of temperature
of the three basic copper phosphate minerals: pseudomalachite,
libethenite, and cornetite as determined using infrared emis-
sion spectroscopy.* E-mail: r.frost@qut.edu.au
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ABSTRACT

The molecular structures of the basic copper phosphate minerals pseudomalachite, libethenite,
and cornetite were studied using a combination of infrared emission spectroscopy, infrared absorp-
tion, and Raman spectroscopy. Infrared emission spectra of these minerals were obtained over the
temperature range 100 to 1000 ∞C.

The infrared spectra of the three minerals are different, in line with differences in crystal struc-
ture and composition. The absorption spectra are similar, particularly in the OH stretching region,
but characteristic differences in the bending regions are observed. Differences are also observed in
the phosphate stretching and bending regions. The IR emission of the basic copper phosphates
studied shows that the minerals are completely dehydroxylated by 550 ∞C.




