USER’'SMANUAL FOR MADEL

1. WHAT ISMADEL?

MADEL isaFORTRAN 77 program to calcul ate el ectrostatic site potentials, ¢, and Madelung
energies, E,,, of ionic crystals by the Fourier method. It was programmed by Dr. Katsuo Kato,
National Institute for Research in Inorganic Materials (NIRIM), 1-1 Namiki, Tsukuba, |baraki
305, Japan.

This manual was translated from Japanese into English with some modifications and additions
by Dr. Fujio Izumi of NIRIM during his short stay at the Argonne National Laboratory in
March, 1991.

2. HOW TO COMPILE MADEL

This program should be compiled using an automatic double-precision option of a FORTRAN
77 compiler. If the compiler of your computer, unfortunately, does not support such a
convenient feature, declare IMPLICIT DOUBLE PRECISION (A—H, O-Z) in the main program
and all the subprograms of MADEL.

3. CREATING AN INPUT FILE FOR MADEL

Linel. Title (A72)
Line 2. Radius of an ionic sphere and Fourier-summation range (2F6.2)

RADIUS: radius of anionic sphere, s, in A. The charge-density distribution, r, is given by
p(r) = po[1-6(r/9° + 8(r/9° - 3(r/97],
where r is the distance from the center of the ionic sphere (r < sand p(r) =0 for r
>s). When Lines 7 are not given, set RADIUS at a value that is large enough but
less than the smallest interatomic distance (not half of it!).

REGION: reciprocal-space range (in A™) within which Fourier coefficients are summed up.
MADEL sums up the Fourier coefficients with respect to al hkl s within a sphere
having a radius equal to RADIUS. Choose an appropriate value within the range
2.0-4.0 A= according to the desired precision of calculation. Also, check whether
or not a curve for Madelung energy versus REGION is nearly flat around the
selected value of REGION.



Line 3. Threeintegers related with the crystal structure (313)

NS:. number of symmetry operations. Inverted positions (—x, =y, —z) in a centrosymmetric
cell are not required, whereas trandlated positions in a complex lattice must be input.
NA: number of atoms contained in the asymmetric unit.
IZ: =0, non-centrosymmetric cell.
=1, centrosymmetric cell.

Line 4. Lattice constants (3F9.4, 3F9.3)

AQ): a(A)ora* (AD.
A(2): b(A)or b* (A,
A®): c(A)orct (AD.
A(4): a (degree) or cosa.
A(5): [ (degree) or cosp.
A(6): y (degree) or cosy.

Lines5. Symmetry operations (F11.6, 212, F11.6, 212, F11.6, 212)
Input NSlines(j =1, NS).

Column
1-11: trandational part of x or blank.

12-13: 1, 2, 3, -1, 2, -3, or blank for X, y, z —x, =y, —z, or blank, respectively, as used in
the expression for the transformed x.

14-15: 1, 2, 3, -1, -2, -3, or blank for X, y, z —X, =y, —z, or blank, respectively, as used in
the expression for the transformed x;. Columns 12 and 13 are exactly equivaent to
Columns 14 and 15. Also, note that an expression such as x = 2x must be treated as
X=X+ X

16 - 26: trandationa part of y; or blank.

27 - 30: integers representing plus or minus X, y, or z in the expression for transformed y; as
described above.

31-41: trandational part of z or blank.

42 - 45: integers representing plus or minus x, y, or z in the expression for transformed z as
described above.

These lines have the same format as those in ORFLS (least-squares structure-refinement
program) and ORFFE (program to calculate interatomic distances, bond angles, etc.) devel oped
at the Oak Ridge National Laboratory. Therefore, they can be copied easily from input files
for these two programs.



Lines6. Sitesinthe asymmetric unit (A8, 1X, 5F9.4)
Input NA lines (I = 1, NA).

ATOM(I): name of an atom occupying the ith site.

Z(l): valence (oxidation state) of the atom. Input a positive value for a cation and a
negative one for an anion. In case this site is partially occupied, Z(l) must be
multiplied by its occupation factor (occupation probability).

W(I): (occupation factor for the ith site) x (number of equivalent positions for the ith
site) / (number of general equivalent positions).
X(,1): fractional coordinate, X.
X(2,1): fractional coordinate, y.
X(3,1): fractional coordinate, z.

Lines7. Fractional coordinates of vacant sites whose potentials are to be calculated (3F9.6)
Input lines as many asyou like (I = NA+1, NA+2, .....). Theselinesare optional.

X(,1): fractional coordinate, X.
X(2,1): fractional coordinate, ..
X(3,1): fractional coordinate, z.

In addition to the occupied sitesinput in Lines 6, e ectrostatic potentials containing no contribution
from each site input in Lines 7 can be calculated automatically. In such a case, RADIUS
should be set in such a way as not to overlap with each other: less than half the smallest
interatomic distance in the whole structure.

4. OUTPUT

The output of MADEL is described in German in the present version. The unit of the
electrostatic site potential, @, for the ith site is e/A (1 &A = 14.399652 V), where e is the
elementary charge (= 1.6021773x10~*° C). The precision of results obtained using MADEL is
l[imited to 3 or 4 digits.

When the siteinput in Lines 7 is located within an ionic sphere, MADEL prints out a potential
(POBBA) excluding contribution of the sphere and, in addition, a potential (PMBBA) calculated
by substituting an original point charge for the sphere. If the siteis not contained in any ionic
sphere, a potential in which contribution of the nearest neighbor (either one if two or more
nearest neighbors are present) is subtracted is output as POBBA.

The Madelung energy for the asymmetric unit, E,,, is calculated by using the formula



Ev = %2 ¢ Z;Wi

where Z, is the valence (oxidation state) of the ith site in the unit of e, and W, is W(I). E,, must
be multiplied by the number of general equivalent positions to obtain the Madelung energy for

the unit cell.
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