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The crystal structures of whewellite and weddellite: re-examination and comparison

VITTORIO TAZZOLI AND CHIARA DOMENEGHETTI

C.N.R. Centro di Studio per la Cristallografiu Strutturale
¢/o Istituto di Mineralogia dell *Universito, Pavia, Italy

Abstract

Whewellite, CaC,0, - H,0, and weddellite, CaC,0, - (2 + x) H,O where x < 0.5, occur in

sediments, in plants, and in urinary stones.

Their crystal structures have been refined to R = 0.033 and R = 0.032 respectively, using
new seis of X-ray diffraction data, collected nn a single-crystal diffractometer.

Refined cell parameters are: P2,/c, a = 6.290(1), b = 14.583(1), ¢ = 10.116(1)A, B =
109.46(2)°, Z = 8 for whewellite; 74/m, a = 12.371(3), ¢ = 7.357(2)A, Z = 8 for weddellite.

During refinement of whewellite, three out of four H atoms could be located, and split po-
sitions, partially occupied, for the two independent water molecules were found. In weddel-
lite refinement, it was possible to locate all the H atoms, and a split position for the “zeolitic”
water was found; a maximum water content of 2.5 H,O was confirmed.

The comparison of the structures explains the relationships existing between some repeats
of th.c iwo minerals and shows the diffcrences between the Ca coordination polyhedra. A pos-
sible correlation between the structural features and the mechanism of formation of the two

mineral species is suggesied.

The symmetry and planarity of the oxalate groups arc discussed.

" Introduction

Whewellite and weddellite are hydrated oxalates
of calcium, respectively C»C,0, H,O and
CaC,0, - (2+x)H,0 (with x = 0.5), found aaturally
in plant tissues, in sediments as a mineral of organic
origin, and in urinary stones. About 70 percent of hu-
man urinary stones contain whewellite and/or wed-
dellite, either singly or mixed with other components,
mostly phosphates, uric acids, or urates.

The frequency with which the two minerals are
found in association in natural sources suggested a
re-exariination and a comparison of their crystal
structure as the first stage of an investigation on their
genetic relationships.

Previous structure analyses were carried out by
Cocco (1961) and Cocco and Sabelli (1962) for whe-
wellite (two-dimensional photographic data, R =
0.14) and by Sterling (1965) for weddellite (three-di-
mensional photographic data, R = 0.13).

Experimental

Single crystals of whewellite and weddellite we-e
obtained from urinary calculi. A Philips PW 1100
single-crystal diffractoraeter was used to collect the

X-ray diffraction data. Table 1 presents the expen’-.

mental details. On the crystals of both species threc
standard reflections monitored at three-hour inter-
vals showed less than 3.5 percent intensity variation
during the data collection. X-ray data were processed
with a locally modified version of a program specifi-
cally written for PW 1100 (Hornstra and Stubbe,
1972). Intensities were corrected for absorption fol-
lowing the method of North e al. (1968). Programs
for structure determination, refinement and drawing
of figures by Germain et al. (1971), Busing et al.
(1962), and Johnson (1965) were employed. The scai-
tering curves for neutral atoms given by the Inter-
national Tables for X-ray Crystallography (1974) were
used. High-precision methods using an w scan of four
intense reflections from each of several lattice rows
provided accurate data for unit-cell parameter com-
putations.

Results of the structure refinements

Whewellite

The orientation and the dimensions of the cell axes
(Table 1) are concistent with one of the two alterna-
tive orientations proposed by Arnott et al. (1965)
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VITTORIO TAZZOLI and CHIARA DOMENEGHETTI
The crysta] structures of whewellite and weddellite: re-examination and comparison
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