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ABSTRACT 

A computer program NXDC for the calculations of neutron 
diffraction and X-ray diffraction intensities is reported. 

The program is very flexible and allows the intensity 

of a reflection with a given Miller indices to be calcula

ted if the unit cell and its contents are specified together 

with the equipement used-Neutrons or X-rays-and if necessary 

introducing temperature and absorption factors corrections. 

For the refinement of crystal structures provision is made 

for the comparison of the calculated intensities and the 

integrated intensities observed from the diffraction dia

grams using the least-squares analysis to obtain the reli

ability factor R# 

The program is writtsn in FORTRAN IV and is very 

suitable for minicomputers. 



INTRODUCTION 

The majority of structural investigations which have been 

made by X-ray or neutron diffraction have used the powder 

method of analysis. This method must be used when single cry

stals of a material are not available and it is generally 

used when exact absolute intensity measurements are desired 

because of the possibility of obtaining accurate results which 

are unaffected by systematic errors due to such causes as 

extinction and multible Bragg scattering. Further whenever 

cue is interested in the temperature or pressure dependence of 
the intenisty diffracted by particular Bragg planes, or in a 

Preliminary analysis of substance under study, the use of 

powder samples may be preferred. The advances in computational 

techniques have made it possible to develop procedures and 

programs to refine crystal structures from powder data. 

We started in 1978, to devolop in our laboratory our 

own program in order to refine crystal structures from obs

erved integrated powder reflections. The result was a pro

gram called NXDC (Neutron & X-ray Diffraction Code) which 

is successfully used now in our laboratory for the structure 

calculations. 

INTENSITY FORMULA 

A powder diffraction pattern consists in some back

ground on which emerge the Bragg peaks. The intensity of 

one Bragg peak (hkl) is proportional to the erea of the 

peak above background. On the other hand the intensity of 

Bragg reflection (hkl) can be calculated, for neutrons and 

X-rays, by the corresponding expression depending on the 

shape of the sample. For powdered sample there are two 

geometrical arrangements which permit a ready comparison of 
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experimentally measured intensities with reside of calcula
tions. In the first of these the sample is in the form of 
a parallel-sidec! slab, and in the second the powderod sample 
is in the form of a vortical circular cylinder sufficiently 
small in diameter to be pathed fully in the monochromatic beam. 
The second experimental arrangement is the widely used because 
it is more economical in use of material and also it may be 
possible to reduce effects due to preferred orientation by 
rotating the cylinder about its vertical axis. Under these 
conditions the diffracted intensities can be given by the 
expression /"\_7# 

v ^ -i M 2 l*cos2 Q -217 
~ 3hkl N sine} sin 2G Ahkl e 

Where Pu^i is the total power in an (hkl) reflection as mea
sured through a counter slit opening of height 1 at a distance 
r from the sample, P the beam power in the primary mono
chromatic beam,A wavelength, v volume of sample, p the 
measured density of the powder which would have a density f 
in the solid crystal, 9 Bragg angle of reflection, ^\-l 
mutiplicity factor, N the number of unit cells per Cu^, 
Fi.i the scattering amplitude per unit cell, ' V M absorption 
factor and e" the Debye-Waller temperature factor and can 
be expressed as exp ̂  -B (sin 8/ \ ) J-

The difficult step in calculating the realtive inten
sities is the determination of the structure factors which 
are in generally complexes. The structure of factor is the 
total scattering power of an elementary cell and is given by: 

Fhki" Si bi exP .(^Mhki- *i>-
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the sum being extended to atoms labeled i inside one unit 
cell of coherent scattering amplitude b. at the end of 
vector Ri; hLj -, is the scattering vector corresponding to 
a (hkl) reflection • The structure factor formula can 
be expressed as a function of the atomic position x.,yi,2i: 

F hkl" i bi e^PZ"2n-i (h x± + ky± + lz±)j 

METHOD OF CALCULATION 

For a given material measured under a given instrumen
tal condition, many factors in the intensity formula, will 
be the same for all reflections the diffraction diagram. 
It is possible to express the calculated intensities Icaic 

of a reflection (hkl) as : 

1 - |=2 i - IH-COS2 29 ? -2W 

^ a l C r h k l • J hk l ' L s i n 2 g c o s Q J AhI<1 

the definition of each term is as before and the term in the 

square brackets is the Lorentz-Polarization factor. 

In the least-squares refinement of atomic parameters the 

function minimized is: 

R-" hVl "(hkl> C iSba (hkl> * ̂ alc <hkl> J' 

w(hkl) is a weighting function. For well refined structure, 

weights often prove to depend chiefly on the observed in

tensities I
0 D s» usually proposed as £2.J. 

" = V | iob8 |
8 
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o 
In the refinement calculations n is mostly chosen equal 

to 1 or Z/^zJ* A scale factor K between I^g and I c a l c 

is given by : 

K * *- W £ Jcalo 
According to the principle of least-squares, the best set 

of atomic parameters of a crystallographic model are choosen 

which minimize the R-factor. 

For all mathematical operations described a flow diagram 

of the program is presented in Fig.(l), 

REMARKS : 

Befor going to the test examples we give the following 

remarks: 

1. Usually in powder diffraction diagrams, especially in 

low symmetry systems, one have a Bragg peak e,s a reflec

tion from two or more Miller indices. The calculated 

intensity is the summation over all overlapping reflec

tions contributing to the observed peak. In our program 

we have limited our self for triple peaks (intensities 

due to three different (hkl). 

2. Neutron diffraction is different from X-ray diffraction 

by two things: 

a. The scattering amplitude b is dependent on the Bragg 

angle 0 of the reflection (hkl) in the case of 

X-rays, while in neutron diffraction it is isotropic 

and has the same value for one atom over all the dif« 

fraction diagram, 

b. The polarization factor for neutron diffraction dia

gram equal to 1. 
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TEST AND APPLICATIONS o 

The program has been used for many structures published 

in scientific journals, V7c give two simple examples for 

calculations, one for x-ray and the second for neutron dif

fraction : 

For LiF, which is face centered cubic and the unit 

cell contains four formula units, the atomic posi

tions and the atmic scattering factors are taken 

from the international tables £"*>J. In table 1, 

we give comparison of calculated intensities by 

U;;DC and the ASTM data C^J-

- For the compound GdpCU Te (tetragonal structure, 

space group 14/mmm and the unit cell contains two 

formula per unit cell), we compare calculated neut

ron diffraction intensities determined by NXDC and 

by other program used for neutron and X-ray diffrac

tion refinemonts-/f~6_J7. The results are given in 

Table 2. 

The results of tables 1 and 2 show the effeciency and 

the reliability of the program. 
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CONCLUSION 

The program calculates the intensities from neutron and 

X-ray diffraction using powder method. It has been used in 

our laboratory for crystal structure refinement calculations. 

It is easy to handle and easy to modify, it is written in 

Fortran IV and allows the domparison of observed intensi

ties with calculated data. 

Copies of listing explained on test examples are avail

able 



START 

Read input data for the sample 

Calculate Lorentz-rPolarization Factor 

Calculate Debye-Waller Factor 

Calculate Structure Factors for Atoms 

Having non Variable Atomic^Positions • 

Calculate Structure Factors for.Atoms Needed 

To Vary Their Atomic Positions 

,„2 Calculate jF~alc (hkl) 

lest overlapping Peaks.. 

Calculate' ICaj.c 

Calculate Summation of Observed Intensities 

Calculate Scale Factor K 

F Calcula te Reliability Factor R 

All Models Done? 

NO YES 

Print Final Results 
— — — J — 

. STOP 

F i g , { l ) : Flow Diagram of the Program 
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TABLE (1) 

CALCULATION OF TELATIVE INTENSITIES FOR LiF 
• • • » * • « • • M M M M M H M M M B P H — — M — W — — — » — » « • — — W W W > B » W 1 J l l i p i l | l II • I—M • • • • • • I • — ' • » — — H — » — — » — ^ — — — — — » — « — — — — — — 

hlcl I , (I/I ) , (I/I )*, 
cole v ' o'calc v ' o'obs 

111 32370 73 95 

200 44490 100 100 

220 19240 44 48 

311 3571 C 10 

222 4762 11 11 

400 1962 4 3 

331 1622 4 4 

420 6343 14 14 

422 7014 15 13 

*Taken from ASTM Cards C$J. 
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TABLE (2) 

COMPARISON OF CALCULATED NUCLEAR INTENSITIES 
FOR Gd202 Te By NXDC and By OTHER METHOD (barn/unit cell ) 

hkl 

002 
101 
004 
112 
200 
202 
211 

Calcu la ted by C^J* 

1o.lo«MXDO> 

15.67 
5.23 
2.77 

26.33 
200.08 

60.78 
9.56 

I* calc 

15.80 
5.20 
2.78 

24.98 
190.86 

59.52 
10.53 
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L IST OF VARIACLES 

MA 
NAC 

CAV 

liP 
NOP 

A(M) 

IH, IK, IL 

VML 

Tl IliT. 

MM 
N3 
ND 
in 

MM 
LDP 
NAPC 

NAPV 

D(I) 

FAS 
X.Y.2 

XV, YV, ZV 

-

-

•* 

-

ma 

-

-

-

-

-

-

-

-

-

-

-

M 

-

-

-

-

Number 

Serial 
atomic 

of elements in tho sample. 

number of the last element v/ith fixed 
positions. 

Serial numbor of the first clement with 
variable atomic positions. 

Numbor 

Number 

of calculated peaks. 

of observed peaks. 

Area under tho peak. 

Miller indices (hkl). 

Multiplicity factor for (hkl). 

Bragg angle 

Number 

liumber 

Number 

Number 
peaks. 

Number 

Serial 

Number 

Number 

of models to be calculated. 

of calculated single peaks. 

of calculated (singlo+doublo) peaks. 

of calculated (single*double*triplc) 

of calculated peaks * 1, 

number of tho last absorved double peak 

of atoms with constant atomic positions 

of atoms with variable atomic positions 

Thermal factor for Dobcy-V/aller correction. 

Atomic 

Atomic 
tions I 

scattering amplitudes (b). 

coordinates of atoms with fixed posi-
[x,y ,z). 

Variable atomic coordinates for atoms with 
variable atomic positions(x,y,z), 
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