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The crystal structure of a third polymorph of Cus(PO,),(OH),

GERALD L. SHOEMAKER, JAMES B. ANDERSON AND EDWARD KOSTINER'

Institute of Materials Science and Department of Chemistry
University of Connecticut
Storrs, Connecticut 06268

Abstract

A phase formed in the CuG-P,05-H,0 system is an additional polymorph of pseudo-
malachite, Cus(PO,),(OH),. This phase crystallizes in the space group PT with a = 4.445(1), b
= 5.873(1), ¢ = 8.668(3)A, a = 103.62(2), B = 90.35(2), y = 93.02(1)°. The structure, solved by
Patterson methods, was refined by full-matrix least-squares techniques to a residual R =
0.022 (R,, = 0.036). The four crystallographically urigve copper atoms lie in characteristically
distorted (four short and two long bonds) six-coovdinated sites which link together to form
two-dimensional copper-containing sheets. As in the other two polymorphs, these sheets
(which are joined together by phosphate tetrahedra and hydrogen bonds) can be derived
from a two-dimensional framework of edge-sharing, copper-containing polyhedra.

Introduction

The crystal structure of pseudomalachite (PM) was
determined by Ghose (1963) and refined by Shoe-
maker et al. (1977). Recently, we described (Ander-
son et al., 1977) the crystal structure of a synthetic
polymorph of pseudomalachite which, as a conve-
nience, we referred to as PPM. | , _

During the course of a series of hydrothermal ex-
periments designed to establish the conditions for
equilibrium between PM and PPM, a careful visual in-
spection with a high-intensity light source revealed
crystals which had a slightly bluer color than the sur-
rounding products. X-ray powder diffraction exami-
nation revealed the presence of diffraction lines
which could not be explained by the known poly-
morphs PM and PPM. A powder photograph of the
blue-green material alone revealed it to be a third
polymorph of Cu,(PO,),(OH),, which we shall call
QPM.

This paper presents the results of our refinement of
the structure of QPM and a description of its structure
in terms of polyhedral linkages within a two-dimen-
sional net. The following paper (Shoemaker and
Kostiner, 1981) will present a more detailed sum-
mary of polymorphism among compounds of the
stoichiometry Cu,(PO,),(OH)..

'A-:thor to whom correspondence should be addressed.

0003-004X/81/0102-0169$02.00

Experimental

Once the identity of the new phase had been estab-
lished, it was found among the products of a number
of previous experiments in hydrothermal copper
phosphate systems. Additional experiments were car-
ried out in an attempt to determine the effects of tem-
perature and pressure variation on the increasingly
complex equilibrium between the polymorphs of
Cuy(PO,),(OH)..

QPM has never been obtained as the sole product of
a hydrothermal reaction. Most commonly, it is found
in close conjunction with PM, although in some ex-
periments PPM was the only other polymorph ob-
served. QPM has been grown by hydrothermal tech-
nique in sealed gold capsules from nutrient mistures
containing Cu;{PQ,),, libethenite, malachite, or cop-
per(II) nitrate with a variety of mineralizing solutions
at pressures ranging from 1.2 to 4.0 kbar and bomb
temperatures from 205 to 560°C. It has not been ob-
served in mixtures whose pH after reaction was less
than 6 or greater than 9.

The crystal used for data collection was obtained
from the hydrothermal reaction between 67.4 mg
Cu,(PO,), and 0.5 ml of approximately 1.5 M K,PO,
solution held at 450°C and 3.8 kbar for four days. In
this experiment, QPM formed dendritic crystals which
were intimately mixed with PPM crystals and CuO.
Significant amounts of QPM can be obtained by the
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