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COMPAIi.ISON OF THE CRYSTAL STRUCTURES OF BINNITE, Cu12AsqS13,
AND TETI{AHDDIiITE,, CuDSbEST:

B J Wurxscu, Ceramics Ditt., Dept of Metolturg.y, M I T, Cambrid.ge, Mass.;
Y. T,irxrucrr, trIineralogicol Institute, Faculty oJ Science, Llniztersity oJ Tokyo, Jopon;

AND lV No wAC r<r, M in er aI o gi c al - P et r o gr a p hic al I n s titut e, LI nia er sit y oJ
Bern, Suitzerlond

'Ietrahedrite 
and binnite are isostructural and have a curious superstructure basecl on a

distortecl sphalerite-lilie arrangement of atoms. 'I'he 
structure r.as proposed by pauling and

Neuman in 1934 on the basis of a limited number of reflections. The trvo structures have
been rehned to confirm this arrangement, to compare the nature of the distortions in the
As ancl Sb phases, and to compare the results of refinement of photographically recorded
data r,vith those obtained bv counter techniques

'Ietraheclrite 
has been refinecl to R:3.9% using counter clata. The structure contains

trvo sorts ol cu atoms A first type is coordinated by four S atoms at 2 342 A rvhich 1orm a
neatll. regular tetrahedron. A second t1'pe of Cu is in triangular coorclination, being boncled
only to one S atom at 2.234 A anrl two at 2 272 A. 'r'his group is planar and the cu atom
has a highly anisotropic thermal motion. The Sb atom is bonrletl to three S at 2.446 A which
form bond angles of 95o8' and is also in van der waals contact rvith six second-nearest S
neighbors 

'fhe 
absolute configuration of the structure was established.

Binnite has been re{ined to r?.:7.21i using photographic data corresponding bond
lengths in the coordination pol;'hedra are 2.337 A for the tetrahedrally coorclinated cu,
2.204 ancl2.258 A for the triangularly coorclinated cu, ancl 2.216 A antl 98"22' Iot the bond
length and boncl angle in the AsSr pyramid rhe As atom is not in van der waals contact
rvith its second-nearest S neighbors Some Sb had substituted for As in the binnite studied
The occupancl- of this site r-as also refined, antl a value in excellent agreement with a chemi-
cal anah'sis g.as obtainecl

The nature of the distortion of the CuSa tetlahedron differs in the two structures. I'his
may be erplainecl in terms of a slightll ' different mode of S packing. It is found that the
results of the tu,o refinements *'ere quite comparable with the photographic data, hou,-
ever, a larger lraction of the diffractecl intensities are unobservable, and the standard
deviations of the parameters of the structure, the bond lengths, and the bond angles are
roughly 50/6 higher.

THE CRYSTAL STRLTCTURE OF COPPER(II) SUL}-ATE TRIHYDRATE

R. Zennoesxv .qxo wrnxnn FI. Baun, unitersity oJ Pittsburgh, Piilsburg/t, pennsylaania.

Crystals of CuSOr.3HiO (bonattite) are monoclinic, space group Cc, with o:5.59,
D -13 .03 ,  c : 734  4 ,0 :97 .7o ,2 :4 ,D* :2 .68  g . cm-3 . ' 1 . h ree  d imens iona l  da ta  u ,e re  co l -
lected on a Buerger precession camera rvith Mo-Ka radiation. 'Ihe 

structure rvas solved
from a three climensional Paltcrson synthesis and refined by least squares techniques to
R:0.069 for 936 Fr,rr with sind/r<0.8 A-t. The cooxlination polyheclra around the cur+
ions clo not share any eclges or corners rvith each other; they are connected by hS.drogen
bonds and via linking sulfate groups The square planar coordination arouncl the copper ion
consists of three water oxygen atoms and one sulfate oxygen atom at an average djstance
of 1.96 A. Trvo rnore sulfate oxygen atoms at 2.39 and 2.45 A complete the distorted octa-
hedral coorclination f'he average S-o bond length in the sulfate tetraheclron is | 472 A.
Each rvater oxygcn atom forms t'"vo hydrogen bonds One of the sulfate oxygen atoms ac-
cepts tr,vo hyilrogen bonds: it is the only ox1'gen atom in lhe structure lvhich does not belong
to the octahedral coorr.lination around the copper ion. The avcrage hydrogen bond length
is 2.74 A. The stud1. was aiclecl by a grant from the Ollice of Saline Water.


