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ABSTRACT

A program using single-page electronic-spreadsheet templates
has been developed for Microsoft EXCEL version 1.5 on an Apple
Macintosh SE computer or Microsoft ExceL version 2.0 for the
MS DOS environment to facilitate the efficient calculation of
unit-cell parameters for each of the six crystal systems. Input can
be as simple as wavelengths of the radiation used and a set of
up to 40 indexed 26 values for well-defined reflections. Output
includes both direct and reciprocal cell parameters refined by the
methods of least-squares, estimated standard errors of the cell
parameters, d observed and calculated, and Q(hk/) observed and
calculated, as well as Ad and AQ. Individual 4k/’s can be quickly
modified, and systematic errors in 24 can be corrected. Refined
data for a monoclinic amphibole, kaersutite, from the Cima vol-
canic field located in the eastern Mojave Desert in California are
presented and compared with results of the 1973 Appleman-
Evans cell-parameter program run on a MS DOS system.

The templates—one for each crystal sysltem —are ideal for in-
struction in mineralogy, X-ray diffraction, or computer appli-
cations and programming in geology and are well suited for re-
search. In either the Macintosh or MS DOS environments, one
simply opens the EXCEL application and a least-squares template
for the required crystal system and substitutes new data (26 and
hki) for the given example data. These six templates along with
operational documentation are public domain and are available
from the authors.

INTRODUCTION

Electronic-spreadsheet programs for personal computers were
first introduced with visicarc for the Apple computer in 1980.
Initially, spreadsheets were intended primarily for business ap-
plications; however, evolution of these programs toward the in-
clusion of numerous algebraic, trigonometric, statistical, and log-
ical functions and, especially, matrix operations, accompanied
by advances in microcomputing hardware, have made it possible
to use spreadsheets for a variety of scientific applications. Mi-
crosoft ExceL and other comparable spreadsheet programs have
certain features that make them powerful research tools and
teaching aids: they can be easily presented as tables in publica-
tions; formulas reside behind individual spreadsheet cells or ar-
ray functions behind groups of cells; they have many automatic
graphing and charting capabilities; finally, and probably most
important, they possess a user-friendly macro programming lan-
guage, analogous to BASIC, that allows development of complex
user-defined functions and interactive programs within the
spreadsheet environment.

* Copies of the six templates as well as user documentation
may be obtained from the authors by sending one standard dou-
ble-sided double-density 3%-inch (Macintosh) or 5%-inch floppy
disk (IBM) and a self-addressed mailer.
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TEMPLATE DESIGN

Six different least-squares single-page templates (one for each
crystal system) have been developed on an Apple Macintosh SE
computer using the spreadsheet software EXCEL version 1.5 by
Microsoft. These least-squares templates with minor modifica-
tion can also be used on MS DOS computers with Microsoft
EXCEL version 2.0. The set of templates occupies approximately
400K of a 3Y%-inch floppy disk.

Figure 1 is the screen-dump of the monoclinic least-squares
spreadsheet template with example data of a kaersutite mega-
cryst from the Cima volcanic field of eastern California (Colville
and Novak, unpub. data). Input data consists of 38 pairs of 26
values measured on a Philips 1840 powder diffractometer along
with the appropriate hk!/ value for each observation. Each ExceL
template for the other crystal systems is set up in a similar fash-
ion. Although essentially transparent to the user, all calculations
rely on the technique of naming cells and arrays rather than using
relative or absolute cell references. For example, one of the terms
of the coefficient matrix needed for the monoclinic least-squares
evaluation is SUM(hxk~2x[), where the summation is over the
complete set of k! data. By naming the data blocks of the in-
dividual sets of 4, k, and [ values “A,” “k,” and “/”” respectively,
the formula to evaluate the sum of the products and squares
within this data array simply is {= SUM(Axk~2x[)}. The special
symbols {} indicate that the enclosed function is array specific.
Values of 26 are converted to d,,, following Bragg’s law using the
input wavelengths of X-radiation. Again all cells (such as those
containing « and «, values) and all arrays (such as that contain-
ing 20 values) are given specific names. The program is set up
to use CuKa for 24 less than or equal to 40° and Ko, for 20
greater than 40°, but both wavelengths and their limits can be
changed. The quadratic, Q observed, values are determined as
Vd,

The template for each crystal system contains an array on the
lower left part of the sheet with the various summation terms
needed for the least-squares refinement. For example the mono-
clinic template has 13 unique summations, whereas there are
only 5 unique least-squares summation terms required for the
tetragonal case. The four normal equations for monoclinic least-
squares are presented in matrix form, X * A = Y with the co-
efficient matrix designated X, and the matrix of unknowns des-
ignated A. Standard matrix algebraic inversion using matrix
functions of EXCEL produces the reciprocal cell parameters listed
in the “results” box on the template. These are then algebraically
converted to the direct parameters of the unit cell that are then
used to determine D.,,. and Q... values. Ad and AQ values sub-
sequently lead to estimates of the average deviation in Ad and
the standard deviation in AQ. Disparity of the average deviation
from zero might be indicative of systematic errors such as film
shrinkage for powder-camera data or the need for alignment of
the diffractometer. A 20 correction factor is built into each tem-
plate and can be used by replacing the default value of 0.00 with
the desired value. Estimated standard deviations (esd’s) in both
reciprocal and direct cell parameters are calculated by using the
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Alpha = 1.54178 Alpha 1 = 1.54054
2@ Correction = 0.00
Cut-over angle = 40
2theta obs d(obs) d(calc) Delta d Qobs Qcale DeltaQ h k |
9.80 5.025 9.028 -.0025 6123 0123 .0000 0 2 0
10.54 8.393 8.389 .0039 0142 0142 .0000 1 1 (4]
17.46 5.079 5.080 -.0010 .0388 .0388 0000 1 3 0
18.74 4.735 4.737 -.0020 0446 0446 .0000 2 0 0
19.67 4513 4.514 -.0007 0491 .0491 .0000 0 4 o]
22.86 3.890 3.892 -.0017 0661 .0660 .0001 1 3 -1
26.35 3.382 3.383 -.0010 .0874 .0874 .0001 1 3 1
27.27 3.270 3.268 .0024 0935 .0936 -.0001 2 4 0
28.68 3.113 3.111 .0018 .1032 .1033 -.0001 3 1 0
30.46 2.935 2.935 .0000 1161 1161 .0000 2 2 1
32.02 2.795 2.796 -.0013 1280 1279 .0001 3 3 0
32.76 2.734 2.734 -.0001 .1338 .1338 .0000 3 3 -1
33.09 2.707 2.707 -.0001 1365 .1364 .0000 1 5 1
35.18 2.551 2.551 -.0001 1537 1537 .0000 2 0 -2
34.55 2.596 2.596 -.0001 1484 1484 .0000 0 6 1
37.85 2.377 2.377 -.0003 770 1770 .0000 3 5 0
38.47 2.340 2.338 .0017 .1826 .1829 -.0003 3 5 -1
38.78 2.322 2.320 .0020 1855 .1858 -.0003 4 2 -1
39.09 2.304 2.302 .0024 .1883 .1887 -.0004 1 s -1
39.41 2.286 2.288 -.0013 1913 1911 .0002 3 1 -2
40.59 2.221 2.221 -.0001 .2028 2027 .0000 2 4 -2
41.78 2.160 2.160 .0000 2143 2143 .0000 2 6 1
44 25 2.045 2.045 -.0002 2391 .2390 .0000 2 0 2
44.41 2.038 2.037 .0007 2407 2409 -.0002 2 8 0
44.79 2.022 2.022 .0001 .2446 2447 .0000 4 0 2
44 99 2.013 2.012 .0008 2467 2469 -.0002 3 5 1
45.37 1.997 1.998 -.0004 2507 .2506 .0001 3 7 0
46.20 1.963 1.963 .0007 .2594 .2596 -.0002 1 9 4]
48.25 1.885 1.884 .0001 .2816 .2816 .0000 5 1 (4]
48.73 1.867 1.867 .0001 .2869 2869 .0000 1 9 -1
50.44 1.808 1.807 .0004 .3060 .3061 -.0001 5 3 0
54.09 1.694 1.693 .0007 .3485 .3488 -.0003 3 9 0
54.64 1.678 1.679 -.0008 3550 3547 .0003 3 9 -1
55.86 1.644 1.645 -.0010 3698 .3693 .0004 4 6 1
56.25 1.634 1.634 .0001 3745 3746 -.0001 4 8 0
56.91 1617 1.617 -,0007 .3826 .3823 .0003 1 1 0
58.08 1.587 1.586 .0004 3971 .3973 -.0002 1 5 -3
58.35 1.580 1.581 -0004 4005 .4003 .0002 5 5 -2
ave Ad = .0001 STDEV = 0002
X*A=Y thus A = X(inverse) * Y
X-Matrix = 3847 6247 338 -490| Ymatrix = 70
6247 62823 822 -562| 288
Sums for 338 822 191 -142 12
Least Squares -490 -562 -142 338 B
Th*4 = 3847 Inverse of .0004 .0000 -.0002 0004
Ykrd= 62823 XMatrix = .0000 .0000 -.0001 0000
Jir4= 191 -.0002 -.0001 .0081 0030
Th*2kr2= 6247 .0004 .0000 .0030 .0047
Thagine= 33| osd
2kr2ir2= 822 Results astar’2 = 0111 .000003 d{(100)= 9.474
Yh*3l= -490 bstar*2 = .0031 .000001 =  18.055
Xhk*2l= -562 cstar*2 = .0379 .000016 d(001)= 5.134
2hir3= -142 2 astar cstar CosBstar 0107 000012 Beta=  105.04
>h2rQ= 70
Ykr2Q= 288
Y1*2Q= 12 esd
Thio= -9 a= 9.810A 1)
Direct Cell b= 18.055A 2)
c= 5.316A (1)
Beta = 105.04° 2

Fig. 1.

Monoclinic least-squares template with kaersutite data.
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TaBLE 1. Least-squares examples
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Crystal system Mineral

Locality Reference

Triclinic Microcline (maximum) Pellotsalo, Russia
Monoclinic Kaersutite

Orthorhombic Enstatite (ordered) Bamle, Norway
Tetragonal Stishovite Meteor Crater, Arizona
Hexagonal Benitoite

Cubic Spessartine Synthetic

Cima volcanic field, California

San Benito County, California

Borg and Smith (1969)

Colville and Novak (unpub. data)
Pollack and Ruble (1964)

Chao et al. (1962)

Laird and Albee (1972)

Yoder and Keith (1951)

methods discussed in the International Tables of Crystallography
on propagation of errors techniques.

The six least-squares refinement templates each contain a built-
in set of example diffraction data. With the exception of the
kaersutite data discussed above, all data are taken from the lit-
erature, with 26 observed calculated from published d-spacing
data. These examples are listed in Table 1.

Although data entry time is a function of user skill, inexperi-
enced students require approximately 15 to 30 min to input a
new set of 26 and 4kl data. Calculation time is essentially in-
stantaneous, or at most requiring a few seconds of cpu time. The
kaersutite diffraction data were also refined using the Appleman
and Evans (1973) program modified to run on an AT clone by
Benoit (1987). This refinement resulted in statistically identical
cell parameters and associated estimated standard errors when
compared to the ExceL refinement.

DiscussION

These least-squares templates can be conveniently used in var-
ious aspects of mineralogical instruction in higher education.
They are interactive programs and can be readily modified. All
calculations are based on transparent formulas that can be made
visible upon command. These formulas are designed to help
explain to students the theory and application of least-squares
to cell-parameter refinement. The templates can be used by in-
dividual students at microcomputer workstations or they can be
efficiently displayed by a video projection system for classroom
demonstration. Finally, these templates can be used in miner-

alogical or crystallographical research. They offer a quick, effi-
cient, and “‘user-friendly” mode for cell-parameter refinement
with the advantage that the spreadsheet can be easily modified
and laser-printed as a figure or table for publication.
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