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Out li ne

MStruct is a free com puter pro gram for Micro-Structure
anal y sis from pow der dif frac tion data. Pur pose of this
course is a pre sen ta tion of cur rent pos si bil i ties of the
MStruct pro gram and a prac ti cal dem on stra tion of the pro -
gram for so lu tion of few prob lems con cern ing micro -
structure anal y sis by X-ray pow der dif frac tion. 

In the first part a short in tro duc tion about the pro gram is 
given. In the sec ond part a so lu tion of few prob lems us ing
the pro gram is dem on strated:

1) re sid ual stress eval u a tion in thin TiO2 ana tase films,
2) eval u a tion of crys tal lites size dis tri bu tion in ana tase 

          bulk nanopowders,
3) dis lo ca tion den sity de ter mi na tion in an ECAPed 

           Cop per sample,
4)  com plex anal y sis of TiO2 ana tase-rutile films on 

           ITO glass sub strates.
A short in sight into the pro posed prob lems 1) – 4) is

given in the text. Which par tic u lar prob lems will be pre -
sented dur ing the course de pends on in ter est of pos si ble
par tic i pants.

About the com pu ter pro gram – in tro ducti on

MStruct is a free com puter pro gram for MicroStructure
anal y sis from pow der dif frac tion data.

• It is prac ti cally a typ i cal Rietveld pro gram like many
oth ers fa mous pro grams: FullProf — Ro dri -
guez-Carvajal; GSAS —Larson&VonDreele&Toby; 
TOPAS — Kern, MAUD — Lutterotti; BRASS —
Birkenstock; Jana — Petøíèek; etc.

• It in cludes phys i cally rel e vant mod els for peak
broad en ing and shifts like PM2k — Leoni&Scardi
and CMWP-fit — Ribárik&Ungár.

• It ac counts for sim ple re sid ual stress mod els, thin
film ab sorp tion cor rec tion and asym met ri cal dif frac -
tion ge om e try like MAUD — Lutterotti.

• MStruct pro gram uti lizes free GPL pro jects for Crys -
tal log ra phy:

• ObjCryst-FOX — Free Ob jects for Crys tal log ra phy
— Vin cent Favre-Nicolin & Radovan Èerný

• cctbx — Com pu ta tional Crys tal log ra phy Tool box
— Grosse-Kunstleve et al.

The pro gram is based on these GPL pro jects, ex tend ing
them by rou tines for microstructure ef fects mod el ling.
MStruct is avail able for free un der the GPL li cense here:
http://xray.cz/mstruct/.

Pro gram still has no GUI. Hence it re lies on ed it ing in -
put text files in an ad vanced text ed i tor (Fig. 1) and on us -
ing some ex ter nal plot ting util ity like gnuplot (Fig. 2) or
com mer cial MATLAB.

So lu ti on of se lec ted pro blems – practi cal exam ples

Tu to rial no. 1: Re si du al stress eva luati on in thin TiO2
ana ta se films

In this ex am ple a pow der pat tern of TiO2 ana tase thin film
on a sil i con sub strate is ana lysed. The X-ray pat tern was
mea sured as a wide range 2Theta scan in the par al lel beam
(PB) ge om e try with low con stant in ci dence an gle Omega = 
0.5°. Ad di tional X-ray re sid ual stress mea sure ments done

us ing an Eulerian cra dle and clas si cal sin2Y method
showed a pres ence of re sid ual stress in the films. The aim
of this tu to rial is an eval u a tion of a stress value in the film
from the sin gle 2Theta scan. A sim ple stress state is as -
sumed in the film. It is de scribed by an ab so lute stress value 
and Reuss-Voigt grain in ter ac tion model weight. An ap pro -
pri ate sec tion has to be in serted into a MStruct in put pa ram -
e ter file to add an ef fect (Fig. 3).

In the PB setup used pos si ble sam ple dis place ment is
small – less than few mi crons – and it has no ef fect on dif -
frac tion lines po si tions. 2Theta Zero value ac cu racy should 
also be better than 0.01°. The stron gest ef fect on dif frac tion 
lines po si tions has a re frac tion ef fect of in ci dence x-rays on 
the sur face of the film. It causes 2Theta in de pend ent dif -
frac tion lines shift which is equiv a lent to the Zero shift er -
ror for a given ma te rial layer and it var ies with the
in ci dence an gle Omega. The pro gram can cor rect for this
ef fect (Fig. 4). The refinable pa ram e ter in volved is a rel a -
tive film den sity nr which is rather kept con stant dur ing re -
fine ment on the value de ter mined from re flec tivity
mea sure ment of an an gle of to tal ex ter nal re flec tion of

X-rays ac
meas and value cal cu lated for the par tic u lar film

ma te rial ac
calc:
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Fig ure 1. Ed it ing of an in put pa ram e ter file for MStruct in a
PSPad freeware code ed i tor with syn tax high light ing enabled

http://vincefn.net/Fox/
http://cctbx.sourceforge.net/
http://xray.cz/mstruct/
http://www.gnuplot.info/
http://www.pspad.com/
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Be side de scribed re sid ual stress and re frac tion cor rec -
tion ef fect this ex am ple shows also ba sic ma nip u la tion with 
line broad en ing ef fects, ab sorp tion ef fect and ar bi trary tex -
ture model. De tailed de scrip tion can be found on the web:
[1] http://xray.cz/mstruct/. Mod els in volved are de scribed
in de tail in [2-3].

Tu to rial no. 2: Eva luati on of crys tal li tes size dis tri bu ti -
on in ana ta se bulk nanopowders

In this ex am ple a nanocrystalline TiO2 ana tase bulk pow der 
pre pared by hy dro ly sis of ti ta nium isopropoxide in so lu -
tion of hy dro gen per ox ide is ana lysed. The sam ple was
mea sured us ing a con ven tional Bragg-Brentano setup. The
aim of the ex am ple is an anal y sis of the crys tal lites size dis -
tri bu tion ac count ing prop erly for in stru men tal broad en ing
and pos si ble in flu ence of crys tal de fects. The anal y sis is a
typ i cal ex am ple of the whole pow der pat tern fit ting/mod el -
ling method es tab lished in [4].

In stru men tal res o lu tion is taken from a mea sure ment of
LaB6 stan dard in the same setup. Line broad en ing con -
nected with a pres ence of crys tal de fects is de scribed by a
phenomenological pseudo-Voigt func tion. Pa ram e ters in -
volved are a microdeformation e(%) and a pa ram e ter de ter -
min ing Gaussi an-Lorentzian char ac ter of a mi crostrain part 
of the dif frac tion pro file. It is as sumed in agree ment with
SEM im ages that crys tal lites have spher i cal shapes. If no
so phis ti cated tech nique is uti lized pro duced crys tal lites are
usu ally polydisperse and hence it is ap pro pri ate to in clude
some de scrip tion of grain size dis tri bu tion into the model.
Crys tal lites size dis tri bu tion of ce ramic par ti cles can usu -
ally be well de scribed by the log-nor mal dis tri bu tion. This
is the first choice used in the ex am ple. Re fined size dis tri -
bu tions for pow ders pre pared from a same metal pre cur sor
and calcinated at dif fer ent tem per a tures are shown in Fig.
5. The sec ond choice tested is a model [5] us ing a his to -
gram rep re sen ta tion of crys tal lites size dis tri bu tion. An ex -
am ple of the re fined dis tri bu tion is de picted in Fig. 6. (The
his to gram model in MStruct is still un der de vel op ment.
How ever, some re sults can be tested.). The ap pro pri ate sec -
tions for the above mod els in a MStruct pa ram e ter file are
de picted in Fig. 7.
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Fig ure 2. Plot ting MStruct fit ting re sults us ing free gnuplot
 pro gram.

Fig ure 3. Re sid ual stress ef fect sec tion for ana tase phase in an in put pa ram e ters file.

Fig ure 4. Top: Re frac tion cor rec tion sec tion for ana tase phase in an in put pa ram e ters file. Crys tal struc ture is used to ac count for the
ef fect. Bot tom: Part of a pro gram out put show ing cal cu lated val ues of an ab so lute den sity and an an gle of to tal ex ter nal refraction for
anatase

http://xray.cz/mstruct/
http://www.gnuplot.info/


Tu to rial no. 3: Dis lo cati on densi ty de ter mi nati on in an
ECA Ped Cop per sam ple

In this ex am ple a Cop per sam ple treated by ECAP is ana -
lysed. The sam ple was mea sured in the con ven tional
Brag-Brentano setup with vari able slits and PSD de tec tor
to en hance data sta tis tics of high an gle re flec tions. In metal
sam ples treated by ECAP a high amount of de fects is gen -
er ated. Dif frac tion line broad en ing is usu ally in duced
mainly by pres ence of dis lo ca tions, by small size of co her -
ently dif fract ing do mains and by twin faults. The whole
pow der pat tern mod el ling [4, 6] is a method which can es ti -
mate e.g. dis lo ca tion den sity val ues in such ma te ri als. In
this ex am ple a sim ple model de scrib ing [4, 6,7] these ef -
fects will be used to de ter mine co her ently dif fract ing do -
mains size, twinning prob a bil ity, edge-screw char ac ter of
dis lo ca tions, dis lo ca tions den sity and Wilkens char ac ter is -
tic pa ram e ter of their ar range ment. An ap pro pri ate part de -
scrib ing the ef fects is de picted in Fig. 8 and a typ i cal
pat tern fit is shown in Fig. 9.

Tu to rial no. 4: Com plex ana ly sis of TiO2 ana ta se-ru ti le
films on ITO glass sub s tra tes

In this ex am ple a sol-gel TiO2 film on ITO glass sub strate is 
stud ied. Film has thick ness of about 200 nm and it was
mea sured in par al lel beam (PB) ge om e try with low in ci -
dence an gle. Elec tron den sity of ITO is higher than el. den -
sity of TiO2. This helps to sup press ITO sig nal in PB setup.
The film was calcinated at a rel a tively high tem per a ture

and it con tains both ana tase and rutile. The aim of this
study is to roughly es ti mate crys tal lite size and rel a tive ana -
tase and rutile frac tions. This tu to rial em ploys re frac tion
and stress cor rec tions de scribed in tu to rial no. 1, peak
broad en ing cor rec tions used in tu to rial no. 2 and if scale
fac tors and ab sorp tion cor rec tion are fur ther ex am ined also 
some in for ma tion about film thick ness can be de duced
from dif frac tion ex per i ments.
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Fig ure 5. Crys tal lites size dis tri bu tion of ana tase nanopowders
pre pared from a same pre cur sor and calcinated at dif fer ent tem per -

Fig ure 6. Crys tal lites size dis tri bu tion rep re sented by 
his to gram.

Fig ure 7. Sec tions in in put pa ram e ters files for a size broad en ing mod els for ana tase crys tal line phase. Top: Log-nor mal size dis tri -
bu tion. Bot tom: His to gram representation.

http://www.xray.cz/mstruct
http://xray.cz/ms


Acknowled ge ments

Grant Agency of Charles Uni ver sity is kindly ac knowl -
edged for par tially sup port ing the pro gram de vel op ment
trough the grant No. 258200, CSCA is kindly ac knowl -

edged for pro vid ing space for the pro gram pre sen ta tion
and fi nally the au thors kindly ac knowl edge the Acad emy of
Sci ences of the Czech Re pub lic for Grant No. KAN
400720701 and the Min is try of Ed u ca tion of the Czech Re -
pub lic for the re search pro gram No. MSM 0021620834.

Ó Krystalografická spoleènost

k102 Struktura 2010 -  Courses Ma te ri als Struc ture, vol. 17, no. 2a (2010)

Fig ure 8. Sec tions in in put pa ram e ters files for broad en ing ef fects con nected with de fects in ECAP Cop per. Top: Dis lo ca tion broad en -
ing – Wilkens model – Scardi&Leoni&vanBerkum func tion [4]. Bot tom: Fault ing de fects in fcc ma te ri als – Waren&Velterop model [7].

Fig ure 9. Pow der pat tern fit of an ECAPed (1 pass) Cop per.

Fig ure 10. Pow der pat tern fit of a TiO2 sol-gel film on an ITO glass sub strate.


