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COMPUTER PROGRAM FOR REFINING CELL PARAMETERS FROM WEIS-
SENBERG PHOTOGRAPHS AND ITS APPLICATION TO INDEXING THE

POWDER PATTERN O!' GAYLUSSITE

J.  H.  Feuc,  P.  D.  RosrNsoN, J.  F.  CrrvaN aNo L.  A.  Worn
S outher n I llinois Li niver sity, C ar b ond.ale, I llinois.

INrnopucrtoN

In a recent paper Main and Woolfson (1963) proposed a technique for
obtaining accurate lattice parameters from zero-levei Weissenberg
photographs. The method derives refined cell constants by applying
least-squares analvsis to at- az separations of high-angle reflections. For
theory of the Main-Woolfson method, the reader is referred to their
original paper. We have written a Fortran code, following the Main-
Woolfson scheme, and have tested it b1'obtaining accurate lattice param-
eters of gayiussite which are then used to index its powder pattern. The
cell parameters of gaylussite are also obtained independently from its
powder pattern using a least squares program written by Argonne Na-
tional Laboratory.

CoupurBn Pnocnau

A FORTRAN IV program has been written following the scheme set
forth by Main and Woolfson. The program is applicable to any of the
seven crystal systems. The data consist of camera diameter, Ko, and
(K", - K"r) wavelengths, approximate cell parameters and a code number
for crystal system followed by Miller indices and their 04- ot2 separations.
Observations may be weighted according to Eq. (7) in the Main-Woolfson
paper. The output gives the coefficient matrix of the normal equations,
shifts of the lattice parameters after each cycle, and finally, the refi.ned
parameters with standard deviations. Iterations are terminated when
shifts are less than the pre-determined values. Program listings and copies
of the FORTRAN source deck can be obtained from the authors.

Gavr,ussrtB

The ASTM X-ray powder data fi le shows two cards,2-0122 and 9-182,
on gaylussite, Na:z Ca(CO3)2'5H2O. Both are unindexed and not mutu-
ally in agreement. No other published data are available.

The crystallographic data for gaylussite (locality: Searles Lake, San
Bernardino, California) was obtained from precession photographs and
are sumnrarized in Table 1. A bodl'-centered cell was chosen to conform
to the morphological  datn (Palache,  Berman and Frondel ,  1951).  The
matrix for transformation to a C f ace-centered cell is:
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ExppnruBNrar Pnocelunp

For the purpose of obtaining accurate cell parameters, ordinary zero-level Weissenberg

photographs around three axes were taken and indexed. The separations of ar-ar doublets

of 15 suitable reflections (2d angles between 114" and 152o) were measured with a travelling
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1 As quoted in Dana's System of Mineralogy,7th ed., Vol. II, (John Wiley and Sons,

1951) p.234.
2 Sink-float method.

microscope, and averages of two measurements for each separation were taken. Using ap-

proximate cell parameters obtained from precession photographs, the cell parameters were

refined by the program previously described. Convergence was achieved in two cycles and

yielded the cell constants listed in Table 1.

In order to determine "goodness of fit" the parameters were used to index a l/8"/min

diffractometer scan of gaylussite internally calibrated with spinel and using CuKa radia-

tion. The indexed powder pattern is shown in Table 2. As can be noted, the matching be-

tween d(obs) and d(calc) is remarkable.

Cell parameters were then independently obtained by use of an Argonne National

Laboratory least-squares programr which minimizes the difference between d(calc) and

d(obs) using unequivocally indexed powder lines. The parameters thus obtained-a
:11.589+0.003 A, u--7.77s+0.002 it, c:11.207+0.003 A and B:101"58'*0.9'-com-
pare favorably rvith those herein reported, namely, a:11.593+0.024 f\, b:7 779+O.Oll
A, c:ll.2ll+0024 A and B:192'96'*30'. The higher standard deviations shown by
the a1 - a2 method are mainly due to the small number of observations used.

I Program 8106 by J. Gvildys, 1964.
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CoNcr,usroN

The method of obtaining accurate lattice parameters from Weissen-
berg photographs is simple, rapid, and quite accurate, when the accuracy
needed does not justify more time-consuming methods.
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