
Pr e fac e A commentary 

LINE-PROFILE ANALYSIS AND TOTAL PATTERN ANALYSIS 

The diffraction pattern of a polycrystalline specimen can be considered as a "fingerprint" of the 
solid under investigation. Thus one may say that the most frequently encountered application of 
powder diffraction involves the (qualitative) analysis of the phases constituting the specimen 
concerned; i.e. the list of lattice spacings, as obtained from the peak positions of the recorded 
diffraction pattern, is used as a phase characterising tool (cf. the Hanawalt index). However, this 
application of powder diffraction is merely the tip of the iceberg; for a non-exhaustive list of the 
potential benefits of powder diffraction see the Preface of EPDIC I [ I]. 

Already in the early days it has been recognized that, apart from the line (peak) position, the line 
shape itself reveals details of the microstructural imperfections in the phase giving rise to the particular 
reflection. This realization is of utmost practical impo1tance since the properties of most materials in 
daily life are essentially based on the inherent crystal imperfection. The obvious example is the 
mechanical strength that due to the presence of dislocations is one to two orders of magnitude less 
than for perfectly crystalline material. 

It appears that much of the currently used methods concerning the analysis of line shape, i.e. 
line-broadening analysis, are based on notions, as "size" and "strain" broadenings, developed 
relatively shortly after the discovery of the diffraction of X-rays by crystalljne solids. An example is 
the work by Dehlinger and Kochendorfer in Germany [2,3]. The usual analyses to extract "size" and 
"strain" parameters are based on methods as developed by Williamson and Hall (integral breadth 
analysis) [4] and Warren and Averbach (Fourier-coefficient curve analysis) [5]. However, in spite of 
frequent use of such methods (for a collection of such data, see [6]) and in particular for deformed 
(cold-worked) solids (metals), the "size" and "strain" parameters obtained normally bear no 
immediate relation with parameters used in solid state physics, as the grain s ize and the mean squared 
strain; except in extreme cases, the "size" and "strain" values reported have an unclear meaning and 
can best be used only in a comparative manner for related specimens. 

ln fact none of the established line-broadening theories provides a satisfactory description for 
strained polycrystalline specimens. This is not the place for a balanced, complete discussion, but we 
may note that the cardinal reason for this inadequacy is presupposition of some ("domain") size, 
smaller than the grain s ize. that is independent of the length of the diffraction vector (i.e. independent 
of order of reflection), whereas the statistical nature of the diffraction process and the defect 
distribution in the specimen imply a degree of incoherency of diffraction that is dependent on the 
length of the diffraction vector. Therefore and for a number of additional reasons we believe that 
further development of line-profile decomposition methods as indicated should not be promoted; the 
future belongs to line-profile simulation and matching methods, where the line-profile synthesis is 
based on a general, flexib le model for the strained solid with fitting parameters for grain size, defects 
and their strains as used in solid state physics, thereby lifting the constraint of adopting a part of the 
line broadening as independent of length of the diffraction vector ("order independent"). In view of 
the computational power at present available in every laboratory, this is the type of work one should 
do now and what we can expect in the nearest future. 

The above discussion focused implicitly on the use of one (or a few) diffraction- line profile(s) for 
characterizing the microstructure of the phase concerned. On the other hand, the (qualitative) phase 
analysis indicated above and the Rietveld method for refinement of the idealized crystal structure 
(sometimes even ab initio detennination of the idealized crystal structure) employ as many diffraction 
lines as possible. The Rietveld method [7] uses the integrated intensities of the individual reflections 
and adopts a certain description of line-profile shape, recognizing the overlap of (very) many 
reflections in the recorded pattern. Originally it was assumed that the parameters of the profile-shape 
function selected vary smoothly with the length of the d iffraction vector (cf. the Caglioti function). 
Nowadays it is realized that microstructural imperfections violate this supposition. Accordingly the 
Rietveld method can be modified to account for "anisotropic" structural line broadening [8]. As a 
result "total pattern analysis" is feasible yielding, in addition to a (refined) idealized crystal structure, a 
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description of microstructural imperfection. Also if structure refinement is unnecessary, total pattern 
analysis on the basis of an assumed profile-shape function can be performed to arrive at "anisotropic" 
"size" and "strain" values. These total pattern analysis activities led to an enhanced interest in and 
application of the relatively old integral breadth methods for line-broadening analysis [4,8). 

At this stage of the development a few critical and provocative remarks may be made. As long as 
an arbitrary profile-shape function is adopted in total pattern analysis, the "size" and "strain" 
parameters extracted can be seriously flawed and difficult to interpret because the real profiles may not 
comply with the profile-shape runction adopted. Moreover, these methods utilize c lassical line
broadening theory that presupposes an order-independent "size" broadening which in general cannot 
be reconciled with deformed solids (cf. above discussion). Further, at this moment even the improper 
incorporation of methods of line-broadening analysis which are in principle incompatible with 
adoption of a profile shape (as the Warren-Averbach method), into total pattern analysis that 
presupposes an arbi trary profile shape, is advocated. Hence, from the point of view of 
microstructural characterization, the type of total pattern analysis discussed here involves a step 
backwards. Incorporation of profile-shape based methods for line-broadening analysis in 
(commercially) available software packages that can be applied routinely to diffraction pallerns can 
easily lead to publication of vast amounts of meaningless data. We assert that this is happening 
already. The accuracy allainable nowadays in recording diffraction patterns is in fact incompatible 
with the imposition of a certain profile shape on subsequent line-broadening analysis. Thus, 
recognizing that the power of total pattern analysis on the basis of an assumed profile shape relies on 
a relatively crude correction for overlap of reflections, possibly as part of the Rietveld method for 
refinement of the ideal ized crystal structure, nevertheless analysis of crystal imperfection along this 
route is a dead-end street. 

These notes, meant to stimulate, could hopefully lead to a new approach of line-profile analysis 
by simulation and matching of separate line profiles, on the basis of a model for the imperfect solid 
state, as described in the first paragraphs. Considering current experimental and computational 
possibilities, this development, after about half a century of modest progress, appears timely. When 
such advancement has been made, new life can be breathed into total pattern analysis for the 
investigation of crystal imperfection. 

Conferences provide the playground for debates as sketched above and in any case should be the 
means for rapid communication of new results, even if of preliminary nature. On the following pages 
the proceedings of EPDIC3 are presented. (For EPDIC I and EPDIC 2, see [ l] and [9]). Both the 
atmosphere that emanates from the pages and the large number (350) of participants in Vienna reflect 
that powder diffraction is an area of important activity in materials science. 
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Edi torial Notes 

Also this time a number of contributions, in particular from countries of 

eastern Europe. had to be retyped completely because even the formatting was 

not in order. We state Lhis explicitly because we believe that it must be 

possible for anybody. even if only poor typing/printing/word-processing 

facilities are available. to comply at least with the prescribed number of pages 

and the prescribed format of the text area. 

The separa tion of the proceedings in lwo parts is identical to that for 

the proceedings of EPDIC l and of EPDIC2: Part 1 contains the papers devoted 

to developments in the methods a nd techniques of powder diffraction; Part 2 

comprises the papers with a focus on s pecific results obtained for certain 

classes o f ma te rials. Reviewing the proceedings of EPDIC I. 2 and 3 . it is 

striking that the number of papers in Part I is decreasing whe reas the 

number of contributions in Part 2 remains a pproximately cons tant.: their ratio 

decreases from I via 0 .7 lo 0.5 now. 
The s ubdivis ion of the papers over the c ha pte rs of Part I and the 

sections of Part 2 follows lo a large exte nt lhc scheme d evised for lhe 

proceedings of EPDIC I a nd EPDIC2. In the proceedings of EPDIC2 a chapter 

"Software a nd d a ta bases" was introduced as well as sections on "Thin layers" 

in Part I a nd II. These have been maintained. a lthough the sect ion on "Thin 

layers" of Part I has now become I.he chapte r "Characterization of lhin layers". 

The chapte r "Ulilizalion of sync hrotron a nd neutron radia tion" has been split 

up in two (s ho rt) separate chapte rs. In the chapter "Materials" the new 

sections "Amorphous ma terials" and "Organics" have been created. 

Whethe:· these changes s hould be seen as characteris tics of EPDIC3 or 

as trends in powde r diffraclio11 is a matt er of s peculation. 

The s pecial. firs t sect ion has been devoted lo the EPDIC Lecture give n 

by the winner of the 1-<:PDIC /\ware.I 1993. 

It Dclhcz 

E.,J. Mi llemeije r 




