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Adaptation to microcomputer of the Appleman-Eyans program for indexing and
least-squares refinement of powder-diffraction data for unit-cell dimensions

P. H. BnNoIr Department of Geological Sciences, Lehigh University, Bethlehem, Pennsylvania 18015, U.S.A.'

INrnoouctlolq

The computer program for refinement of X-ray powder-dif-
fraction data of D. E. Appleman and H. T. Evans, Jr. (1973),
has been used extensively by the mineralogical community since
its publication. The Appleman-Evans program was designed to
reduce raw powder-diffraction data, obtained from either Debye-
Scherrer films or X-ray ditrractometry, into a form more useful
for purposes of comparison, namely lattice parameters. The pro-
gram also assigns an hkl to each difraction peak not indexed by
the user by comparing the measured peak positions with those
calculated by the program.

The Appleman-Evans program requires three essential inputs.
First, the program must be given the crystal system of each sam-
ple. Second, tentative values of the lattice parameters (or param-
eter in the case ofcubic phases) in Angstrom units must be en-
tered. Last, the positions ofthe ditrraction peaks to be used for
refinement must be entered, either as 2d angles for a specified
radiation or as d values in Angstrcim units.

Given these input data, the Appleman-Evans program at-
tempts to index any peaks not pre-assigned an hkl. The progfam
then proceeds to perform iterative least-squares refinements to
find the lattice parameters. The program can also be used to
calculate a theoretical pattern for given lattice parameters and
conditions of nonextinction.

The Appleman-Evans program has been recognized as a very
useful computer program for treatment of powder-diffraction
data. A cursory examination of some of the most recent litera-
ture shows many examples of its application in a wide variety
of mineralogical studies (Phillips and Grifen, 1986; Heubner,
1986; Cerni and Chapman, 1986; Schandl et a1., 1986; Payette
and Martin, 1986; Moody et al., 1985).

Punposns oF THE REvrsroN

The Appleman-Evans program was designed to run on batch-
processing mainframe computers. This has limited the utilization
of the program inasmuch as any prospective user had to learn
how to cope with mainframe operating systems. In addition,
some of the geological community has little or no access to such
machines. However, in recent years, less powerful but "friend-
lier" personal microcomputers have become commonplace. It is,
therefore, opportune to adapt the Appleman-Evans program for
use on such machines.

t Interested persons may obtain a copy of the microcomputer-
based package by sending a name-brand DS/DD floppy disk
(5.25 in.) to Paul Benoit or C. B. Sclar of Lehigh University.
The ronrnul source code ofthe entire package may be obtained
by sending a second floppy disk. The package is not copyrighted
and may be distributed to students or other interested persons
without restriction.

There were three somewhat conflicting objectives in the ad-
aptation. First, it was necessary to retain as many of the com-
putational features of the original as possible. Second, however,
it was necessary to make the program as "user-friendly" as pos-
sible, i.e., a person with very limited computer expertise should
be able to use the program with only minimal instruction. The
last, and overriding, objective was to keep the revised program
within the operational limits of the average personal microcom-
puter.

Tnp lolrrlrroN

The final product consists of a package of three individual
programs: BRAGG, xRAy, and xBo. BRAcc prompts the user for
input data and creates an input file in the proper format. xuv
is the actual Appleman-Evans program. It is important to note
that no changes have been made in the computational procedures
of the original program. The only differences between the mi-
crocomputer and the mainframe version of the program are file-
handling procedures and changes in the output format. xpp is
the dedicated editor for xnnv, allowing the user to make changes
in the input data file or view an output file on the screen. BRAGc
and xro may be characterized as very "user-friendly" (i.e., simple
to use).

Usn pnocrounns

Use of the Appleman-Evans package is straightforward. The
user first nrns BRAGG and inputs the raw data by following its
instructions. The user then runs xuv. The user then wiews the
output using xno. Depending on the results, the user may then
continue with another sample by running nnacc again, or the
user may revise the current data file by means of xro and then
run XRAY.

SpncrrrclrroNs

The revised Appleman-Evans package is designed to run on
MS-DOS computers (i.e., IBM computers and the clones thereof).
The computer system must have a minimum of 256K RAM
memory and must have at least one floppy disk drive. An ad-
ditional disk drive (floppy or hard) is highly desirable. Other
peripherals, such as a dot-matrix printer, are desirable, but op-
tional. Inasmuch as the package has been converted into exe-
cutable code, no FoRTRAN compiler is needed.

The entire package fits on a single 5.25-in. DS/DD floppy disk.
The total size ofthe package is 340000 bytes.

Pnnroxmucr

The entire package has been tested extensively. The final ver-
sion of the package has been tested on a variety of machines,
including a Tandy l000SX, a Tnnith 158, a Zenith 241, and, an
IBM PC/XT. The average run time for the xnarv program, using
the sample problem in the Appleman and Evans (1973) docu-
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mentation, excluding the Zenith 241, is approximately 6 min. TneLe 1 . Comparison of program versions
Run times range from approximately 3 to 9 min, depending on
the character of the input data.

A comparison of the final lattice parameters for a sample prob-
lem from the mainframe and the microcomputer-based versions
of the program is given in Table 1. The differences between the
two may be attributed to the dropping of the Iast decimal place
in some of the microcomputer calculations. Two points should
be noted. First, the diference between the two sets of results is
well within the standard errors. Second, the differences are well
within the absolute precision limits of lattice-parameter deter-
mination by powder-diffraction methods (about 0.0001 Al fCUt-
i ty, 1978).

Suwvlny

The powder-diffraction-indexing and lattice-parameter-refine-
ment program ofAppleman and Evans (1973) has been adapted
for use on microcomputers. The new version retains all the com-
putational procedures of the original. As might be expected, the
microcomputer version is considerably slower than the main-
frame version. However, it is also much easier to use. It is hoped
that this version of the program will increase the use of the
refinement program and make it accessible to both professionals
and students working in a variety of environments.
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