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PANALYTICAL USER'S MEETING
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The aim of the pro ject was to test se lected X-ray op tics
mod ules and to mea sure in nonconventional ex per i men tal
ar range ments as well as to study struc ture of the sam ples.

Sam ples

Var i ous types of X-ray op tics in dif fer ent dif frac tion ge om -
e tries were tested on tree types of sam ples: a high qual ity
epitaxial layer of GaMnAs, polycrystalline Cu sam ples
pre pared by se vere plas tic de for ma tion and mag ne tron
sput tered TiO2 nanocrystalline thin films. 

Po si ti on sensi ti ve de tec tors X’Celerator and 
PI X cel

Both po si tion sen si tive de tec tors (PSDs) X’Celerator and
a pro to type of new de tec tor PIXcel were avail able on an
hor i zon tal MRD sys tem. The MRD sys tem with the se -
lected incident beam op tics (a hy brid mono chro ma tor or a
stand-alone mir ror) was used mainly for high res o lu tion
ex per i ments and par al lel beam geometry. Hence, we uti -
lized these de tec tors for re cip ro cal map mea sure ments
(Fig. 1 and 2) and for a mea sure ment in the par al lel beam
geometry with a low take-off angle (Fig. 5).

Com pa ri son of Hyb rid and a1 mo nochro ma tors

The 2X hybrid mirror/monochromator was used for the
high res o lu tion mea sure ments of the GaMnAs layer sam -
ple. The in ten sity gain was ex cel lent with good an gu lar res -
o lu tion (Fig. 3). Only for higher dif frac tion an gles (006
dif frac tion) the broad spec tral band-pass of the
monochromator in duced a sig nif i cant broad en ing of the
GaAs sub strate peak.

Both mono chro ma tors, the hy brid and the a1 one, were
tested on polycrystalline Cu sam ples pre pared by se vere

plas tic de for ma tion. The in ten sity of the fo cus ing a1
mono chro ma tor was very good, it was pos si ble to uti lize all 
the ad van tages of the fo cus ing sym met ri cal ge om e try (pro -
gram ma ble slits, PSD de tec tor). The shape of the peaks
pro files was well de fined (Fig. 4, po ten tially of enough
qual ity to make pos si ble eval u a tion of the dis lo ca tion den -
sity and ar range ment). The in ten sity from the Cu sam ple
mea sured by the 2X hybrid monochromator was lower.
It is, how ever, nec es sary to con sider that for this bulk
polycrystalline sam ple the used par al lel beam setup is not a
good op tion. Just a very small part of the sam ple is ir ra di -
ated in the sym met ri cal scan and it is not pos si ble to use any 
PSD de tec tor. On the other hand, in com par i son with the
Barthels monochro mators available in our X-ray lab o ra -

tory the in ten sity gain from the hybrid monochromator is
much higher, hence also pow der sam ples can be mea sured
with ex cel lent res o lu tion.

Ap pli ca tions of both the alpha1 and the hybrid mono -
chro ma tors are well de scribed in the X’Pert PRO User’s
Guide.

Fig ure 1. GaMnAs (204), hy brid monochromator, triple axis an a -
lyzer, 15 h, note that the (204) is a weak dif frac tion for zinc
blende type semi con duc tor struc tures.

    Fig ure 2. GaMnAs (204), hybrid monochromator, PIXcel,
    2 h 20 min, 4x higher ab so lute in ten sity than with TA (Fig. 1).
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Me a su re ment of thin films -  gra zing in ci den ce vs.
gra zing ex ci den ce

The aim of this ex per i ment was mainly to check use ful ness
of a PSD de tec tor in the par al lel beam ge om e try for study
of polycrystalline thin films. To achieve a good res o lu tion

in stead of the 2q scan with a low in ci dence an gle the ex per -
i ment was done in the graz ing exit ge om e try. The scan, a
lit tle bit un con ven tional in the Data Col lec tor soft ware,

with the same step in the both an gles, in ci dent an gle w as

well as the dif fracted an gle 2q, was per formed. The PSD

de tec tor was ac quir ing pat tern for a cer tain range of dif -

frac tion an gles 2q for each step of the scan. Hence a se ries

of 2q scans for dif fer ent take-off an gles af = 2q – w were
measured (Fig. 5). The exit an gles were re ally low – close
to zero. In prin ci ple, it should be pos si ble to eval u ate layer
struc ture of the sam ple, how ever, it may be com pli cated by
tex ture.
The work is par tially sup ported by the Acad emy of Sci ences 
of the Czech Re pub lic un der the num ber KAN400720701.

Fig ure 3. (004) dif frac tion of GaMnAs (50 nm), MPD, 2X Hy -
brid Mono chro ma tor, Mir ror in the Diff. beam, 10 min. Fig ure 4. ECAP(1x) Cu sam ple, Alpha1 sys tem,

X’Celerator, 13 h.

Fig ure 5. TiO2 thin film on Si sub strate: Part of the mea sured spec tra with the PSD in the low exit an gle ge om e try. Ana tase (101) – the

higher peak at the lower 2q an gle,  Rutile (110) – the lower peak at the higher 2q an gle; range of the exit an gle: 0 – 10 °.
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MICRO-DIFFRACTION WITH A MONO-CAPILLARY: HOW TO SETUP OUR
EXPERIMENT 

P. Bezdièka, E. Kotulanová

In sti tute of In or ganic Chem is try AS CR, v.v.i., 250 68  Husinec-Øež, Czech Re pub lic
petrb@iic.cas.cz

The ex per i men tal setup of a mi cro-dif frac tion ex per i ment
has al ready been de scribed else where [1]. One of the most
im por tant as pects of the mi cro-dif frac tion ex per i ment is
the align ment of a sam ple.

The spot on the sam ple that is to be an a lyzed can be de -
ter mined by means of an align ment mi cro scope. This mi -
cro scope in at tached to a Pre FIX in ter face and it is
equipped with a cross-hair in the oc u lar. This setup per mits

one to ad just sam ples with a pre ci sion of about 50 mm.
There is no way how to store the “in situ” in for ma tion
about the an a lyzed point or even about the pre ci sion of the
sys tem align ment.

There fore we de cided to mod ify this ex per i men tal
setup us ing the align ment mi cro scope. To gether with 
IntracoMicro, Ltd. we con structed an op ti cal in ter face for
ac com mo da tion of a video cam era in the po si tion of the mi -
cro scope eyepiece (fig. 1).

This in ter face is equipped with a sim i lar cross-hair that
is also aligned with the op ti cal sys tem of our X’PertPRO
diffractometer. There fore it could be used in the same way
as an op ti cal eye piece. Ei ther an an a log or a dig i tal video
cam era with a ½” sen sor and C/CS lens can be used with this 
in ter face. The choice of a cam era de pends on what is the
main pur pose of the use of such at tach ment. If it is the pref -
er ence of a good doc u men ta tion of ex per i ments, a dig i tal
cam era may be in pref er ence, as it per mits the pro duc tion
of pho to graphs with a better res o lu tion and better re pro -
duc tion of col ors. If it is nec es sary to check the align ment
of the sys tem that needs to vi su al ize the trace of the pri mary 
beam on the sur face of a flu o res cence disk, the an a log cam -
era, with its su pe rior sen si tiv ity, is ab so lutely nec es sary.
The use of such a cam era (with the sen si tiv ity better than
0.01 Lux) can be very use ful for a rou tine check of the sys -
tem. An inferior resolution and color in accuracy are the
drawbacks of that choice.

Fig ure 1. Mintron MTV-62W1P cam era equipped with an op ti -
cal in ter face.

Fig ure 2. A video cam era in stalled in the X’PertPRO
diffractometer

Fig ure 3. A typ i cal pho to graph of the aligned sam ple that is to be
an a lyzed.
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Af ter con sid er ation of all ben e fits and draw backs of the 
use of ei ther an an a log or a dig i tal cam era, we de cided to
in stall for our sys tem the an a log “Mintron MTV-62W1P”
cam era (fig. 1) with the min i mum sen si tiv ity of 0.007 Lux.

The over view of the ex per i men tal setup in stalled on our 
X’PertPRO diffractometer is shown in the fig ure 2.

Fig ure 3 shows a typ i cal sam ple of a frag ment that has
been placed on a Si zero back ground sam ple holder and set
up for X-ray pow der mi cro-dif frac tion with the an a lyzed
point (cross-hair)

The X-ray mi cro-dif frac tion with a con ven tional X-ray
tube, fo cus ing mono-cap il lary with a di am e ter of 0.1 mm,

and a po si tion-sen si tive de tec tor al lows anal y sis of frag -
ments as well as pol ished cross sec tions that per mits us to
deal with sam ples rou tinely pre pared for op ti cal or elec tron 
mi cros copy. The use of a video sys tem for align ment of
such sam ples sig nif i cantly en hances the ac cu racy of po si -
tion ing of sam ples and per mits a rou tine check of ad just -
ment of the whole sys tem.

1.  V. Šímová, P. Bezdièka, J. Hradilová, D. Hradil, T.
Grygar, Pow der Dif fract., 20, (2005), 224.

TEXTURE AND STRESS MEASUREMENT WITH THE EULERIAN CRADLE ON MRD
SYSTEM, DOUBLE-MIRROR SETUP

R. Kužel

De part ment of Con densed Mat ter Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in
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Me a su re ment with the Eu le ri an cradle

For com plete tex ture and stress anal y sis, it is nec es sary to
mea sure re flec tions not only from the lat tice planes par al lel 

to the sur face as in the Bragg-Brentano sym met ri cal q-2q
scans or at spe cific in cli na tions like e.g. for par al lel beam

2q scans. In stead, in for ma tion from large scale of in cli na -
tions is nec es sary. Ei ther their dif frac tion peak in ten si ties
(for tex ture) or po si tions (for stress) are re quired. Tra di -
tion ally Eulerian cra dles are use for this pur pose in com bi -
na tion with point fo cus of the tube and collimators.
How ever, big dis ad van tage of this ar range ment is sig nif i -
cant defocusation  and also loss of in ten sity. There fore in
mod ern diffractometers, polycapillaries (X-ray lens) are
used be hind the X-ray tube that trans forms di ver gent
beams into the beam par al lel in all di rec tions. There is still
some di ver gence there but the sup pres sion of defocusing

ef fects and gain in in ten sity is sig nif i cant. The ar range ment 
can be in prin ci ple seen on Fig. 1 which dif fers only in one
el e ment, the Goebel mir ror should be re placed by
polycapillary mod ule for tex ture and stress mea sure ment
(of course, also the tube should be ro tated by 90 ° in or der
to use point fo cus).

Not only full tex ture mea sure ment but also fast y, w or

j scans can eas ily be done with the cra dle.
Two soft ware pack ages are avail able from Panalytical

– X’Pert Tex ture and X’Pert Stress.
Tex ture soft ware pro vide ba sic func tions for dis play of

pole fig ures in sev eral views (Fig ure 2) and cal cu la tion of
ODF – Ori en ta tion Dis tri bu tion Func tion. There not many
op tions for ex am ple for pre cise scal ing of the plots and
their ex port. Nev er the less, ba sic needs of tex ture
characterization are met.

Panalytical

X-ray tube

CollimatorDetector

Eulerian cradle

X-ray tube

X-Y-Z stage Goebel mirror

MRD Pro

Monochromator

Fig ure 1. MRD Pro sys tem with Eulerian cra dle.
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The stress soft ware (Fig ure 3) is very user-friendly. It
al lows both au to matic and man ual data pro cess ing  and
very fast and flex i ble stress eval u a tion not only in ap prox i -

ma tion of uni ax ial stress (nonlinearity in sin2y plot, triaxial 

stress). Da ta base of elas tic con stants for some ma te ri als
can be used and mod i fied by the user.

Fig ure 2.  Pole fig ure (111) of 1 pass ECAP de formed Cu sam ple
in clas si cal con tour plot (top) and the so-called 2.5 D plot (bot -
tom).

Fig ure 3.  Ba sic screen of X’Pert Stress. Peak po si tions are de ter mined au to mat i cally for all mea sured lines but the po si tion of each in di -

vid ual peak of sin2q plot (left bot tom) can be de ter mined by dif fer ent al go rithm (cen ter of grav ity, pa rab ola, Gauss, Lo rentz, Pearson,
pseudo-Voigt func tion, man u ally). The fol low ing cor rec tions can be ap plied – ab sorp tion, trans par ency, Lo rentz-po lar iza tion, mis align -

ment, Ka2 strip ping. 
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Double-mirror setup

Now a days, the mea sure ment us ing par al lel beam and
Goebel mir ror is more or less rou tine es pe cially for thin

films, when 2q scans with small an gles of in ci dence are re -
quired. This ar range ment gives quite high in ten sity but
rather poor res o lu tion that is 3-4 times worse than for the
con ven tional Bragg-Brentano fo cus ing ge om e try. In case
of nanocrystalline films this is not that big prob lem be cause 
phys i cal broad en ing is high. How ever, for the films with
better crystallinity and not so high strains, the phys i cal
broad en ing is close to the in stru men tal one. In this case, the 
in ser tion of the sec ond mir ror in the dif fracted beam can
help. It con verts the par al lel beam to con ver gent one (fo -
cus ing ge om e try) and re sult ing res o lu tion is back close to
the one of B-B setup. Pic ture of the setup on X´Pert Pro
ver ti cal sys tem is on Fig. 4.

When to use this setup? In all cases, when high res o lu -
tion and par al lel beam on the sam ple are re quired si mul ta -
neously

Thin film stud ies with low an gles of in ci dence. In
this case, there is one sig nif i cant dis ad van tage – the ac cep -
tance of the sec ond mir ror is very lim ited (to about 1.5 mm) 
so that the use ful sam ple area is re stricted by this di men -
sion. It leads tothe  in ten sity drop and may cause dif fi cul -
ties for sam ples with large grains.

When pre cise spec i men po si tion ing in the goniometer
axis is dif fi cult – ir reg u larly shaped sur face, rough sur -
face, us age of dif fer ent cham bers. In such cases, even sym -

met ri cal q - 2q scans may be of in ter est. They give not
much lower in ten si ties than fo cus ing the BB setup with
sim i lar res o lu tion. It is well known that fo cus ing ge om e -
tries are very sen si tive to care ful align ment. Dou ble-mir ror
setup can over come this draw back.

Fig ure 4. Dou ble-mir ror setup.
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Find ing suit able crys tal li za tion con di tions is the main
prob lem to solve a pro tein struc ture by X-ray dif frac tion
tech niques.

In this lec ture:
clas si cal crys tal li za tion tech niques based on evap o ra -

tion used for screen ing and op ti mi za tion of crys tal li za tion
con di tions uti liz ing the screen ing upon pre vi ously suc cess -
ful chem i cal cock tails,

ad vanced coun ter-dif fu sion tech nique that al lows the
screen ing for crys tal li za tion con di tions in a wide range of
supersaturation while sup press ing con cen tra tion, of pro -
tein and pre cip i tant, 

cross-crys tal li za tion pro ce dure based on us ing ad di -
tives to mod ify crys tal mor phol ogy and to im prove dif frac -
tion qual ity,

will be dis cussed. 

Lit er a ture:

Ivana Tomèová and Ivana Kutá Smatanová: Cop per co-crys tal -
li za tion and di va lent metal salts cross-in flu ence ef fect – a
new op ti mi sa tion tool im prov ing crys tal mor phol ogy and
dif frac tion qual ity. Jour nal of Crys tal Growth, ac cepted for

pub li ca tion (2007).
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the sis Re search 90 (3), 255-259 (2006).
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gels. Jour nal of Crys tal Growth 284, 3-4, 502-505 (2005). 
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Most grant agen cies and vir tu ally all jour nals re quire that
the re sult of crys tal lo graphic or so lu tion NMR anal y sis are
de pos ited with a pub lic da ta base. In case of macro -
molecular struc tures, it is the Pro tein Data Bank ([1], PDB,
http://www.pdb.org/) or the Nu cleic acid Da ta base ([2],
NDB, http://ndbserver.rutgers.edu). Ev ery one in volved in
struc ture de ter mi na tion should keep in mind that struc tures
that have been nur tured in lab o ra to ries for months and in
some cases for years, will not be viewed in light of note -
books, log files from data pro cess ing and re fine ment, nei -
ther from end less cof fee dis cus sions in the lab o ra tory but
solely by their rep re sen ta tion in the PDB. The de po si tion
pro cess there fore de serves at ten tion and should be viewed
as an im por tant part of struc ture de ter mi na tion. The work -

shop will pres ent the tools de vel oped by the RCSB PDB
that as sist and sim plify the de po si tion. 

The main de po si tion tool is AdIt, de po si tion and val i da -
tion tool, http://de posit.rcsb.org/. It is a web-based mmCIF
ed i tor. To de posit a struc ture, the user uploads the rel e vant
co or di nate and ex per i men tal data files and then adds any
ad di tional in for ma tion. Each struc ture should be val i dated
be fore de po si tion. Co or di nates should be checked for for -
mat con sis tency and for qual ity of va lence ge om e try us ing
the Val i da tion server (http://de posit.pdb.org/val i date/).
Web server http://pdb-ex tract.rcsb.org/auto-check/ al lows
non-triv ial check ing of co or di nates ver sus x-ray dif frac tion 
data („struc ture fac tors“) us ing pro grams SFCheck,
REFMAC, and CNS. Cor rectly for mat ted co or di nates as
well as col lec tion and re fine ment sta tis tics should be pro -
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duced by the pdb_ex tract tool ([1], http://pdb-ex -
tract.rcsb.org/) that al lows in te gra tion of re fine ment logs of 
most ma jor re fine ment pro grams into PDB and/or mmCIF
for mat and sig nif i cantly thus sim pli fies the de po si tion.
Iden tity of lig ands pres ent in the to-be-de pos ited struc ture
should be ver i fied us ing the ligand tool, cur rently at the
web for „Ligand De pot“ (http://ligand-de pot.rcsb.org/)
that al lows you to de ter mine whether your lig ands are cor -
rectly la beled, whether the right atom names were used,
and whether these lig ands are pos si bly new to the PDB. 

All the men tioned web pages have avail able ex ten sive
tu to ri als, many steps have con text-sensistive help and ex -
am ple pages and most of them are avail able as down load -
able ex e cut able files as well as source codes. 

The work shop will show de po si tion pro cess us ing ex -
am ple files, pos si bly from par tic i pants. 
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da tion, the De part ment of En ergy, the Na tional In sti tute of
Gen eral Med i cal Sci ences, and the Na tional Li brary of
Med i cine. BS kindly ac knowl edges sup port by a grant from 
the Min is try of Ed u ca tion of the Czech Re pub lic No. LC512 
for the Cen ter for Biomolecules and Com plex Mo lec u lar
Sys tems. 
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