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Abs tract

The X – ray lab o ra tory long time ori ented on tex ture anal y -
ses of rolled steel sheets has been work ing in U. S. Steel
Košice, pre vi ously VSŽ since 1971. Many works were car -
ried out dur ing this pe riod some of these were also pub -
lished [1-4]. This lab o ra tory has a spe cific fo cus on solv ing 
the prob lems of pro duc tion and re search. In the area of
qual i ta tive and quan ti ta tive phase anal y sis ma te ri als such
as slags, raw ma te ri als, coat ings, ce ram ics, dusts, sed i -
ments, ashes etc. were in ves ti gated.  Pos si bil ity of X – ray
lab o ra tory are dem on strated on ex am ples of an nealed slag,
dam aged ce ramic roller and brick ex posed in fur nace. Be -
sides of rolled steel sheets tex ture also tin coat ing tex ture
was an a lyzed re cently in com bi na tion with EBSD method.
The rolled steel sheets re sid ual stresses es ti ma tion is part of 
anal y ses too; an ex am ple of an nealed and rolled color
coated sheets re sid ual stresses in ves ti ga tion show the pos -
si bil ity of X- ray tenzometry.

In tro ducti on

Anal y ses made in USSK Re search In sti tute X-ray lab o ra -
tory sig nif i cantly con trib uted to re search pro ject ori ented
on new steels types de vel op ment and tech no log i cal
procesess in no va tions. The X-ray work place with ori en ta -
tion on qual i ta tive phase anal y sis, re sid ual stresses and tex -
ture has been in op er a tion since 1971. For pro fes sional,
ac cu rate and fast so lu tion of re quire ments in men tioned
fields the an a lyzer fur nished with spe cial soft ware and
hard ware are of high im por tance. 

The first X-ray equip ment was a pow der dif frac tion
X-ray an a lyzer equipped with Bragg-Brentan and Schultz
tex ture goniometer, op er ated with Mo, Cu, Fe, Co and Cr
X-ray tubes which al lowed a va ri ety of anal y ses.  The orig -
i nally man ual equip ment with a spe cial tex ture graphic re -
corder for pole fig ure was fully au to mated in the nine ties.
Data col lec tion and com puter pro cess ing al lowed new res -
o lu tions and im proved re sults, which could not be pro vided 
by old man u ally con trolled an a lyzer with spe cial graphic
re corder. The in creased ac cu racy of re sults with good data
eval u a tions al lowed also their pub li ca tion on in ter na tional
con fer ences and sym po sia [5-8].

New, mod ern spe cial ized X-ray equip ment with 3D
goniometer was pur chased in 2003 and the con ti nu ity of
qual i ta tive phase anal y sis, re sid ual stresses and tex ture de -
ter mi na tion was main tained. The equip ment was later sup -
ple mented by a mov able sam ple holder, a set of Mo, Cu, Co 
and Cr X-ray tubes and with highly sen si tive PDS de tec tor

of Meteor1D type.  A part of equip ment was ba sic Rayflex
soft ware, which was step by step com pleted by ZDS Search 
match with PDF2 da ta base 2004, AutoQuant, MulTex and
LaboTex. To gether with older Rifran, popLA and BearTex
soft ware which has been used in pre vi ous an a lyzer, made
the base to solve prob lems in X-ray lab o ra tory.  The job on
Metallography De part ment com bined with and X-ray lab o -
ra tory sup ports the prod ucts qual ity con trol, co op er a tion
with cus tom ers, con trib utes to the re search ex per i men tal
ac tiv i ties and is very use ful for solv ing the fail ure anal y ses
and ur gent op er a tional re quire ments. The  qual i ta tive and
quan ti ta tive phase anal y sis in clude so lu tion of ma te ri als 
such as: dif fer ent types of hot and cold rolled steel, de ter -
mi na tion of re tained aus ten ite, var i ous al loys, coat ings, 
raw ma te ri als, slags, cast ing pow ders, sludg es, refractories, 
ce ram ics dusts, sed i ments, ashes, and so on.

To con tin u ously im prove the qual ity of prod ucts it
is nec es sary in many cases to know the tex ture and re sid ual
stresses in rolled steel sheets.  The tex ture is di rectly re lated 
to ani so tropy of me chan i cal and mag netic prop er ties of hot
rolled steel sheets of dif fer ent grades. In this area the at ten -
tion is con cen trated mainly on deep draw ing steels, IF
steels, tin plates and non ori ented steels. The ac tual re -
search fa cil i ties en able mod el ing of tech no log i cal pro -
cesses: hot and cold roll ing, batch and con tin u ously
an neal ing. Tex ture anal y sis of mod eled sam ples en able to
un der stand the phys i cal and met al lur gi cal pro cesses and in
such way to im prove the qual ity of rolled prod ucts. Real re -
sults al ways have been ob tained from real pro duc tion pro -
cesses for hot and cold mill and con tin u ously an neal ing
lines.  

The da ta base of col lected and ar chived large
amount of pro ce dural and tech no log i cal data is a source for
prod ucts qual ity con trol. Data are stored in large files in
com put ing cen tre of hot roll ing mill and are used by qual ity 
con trol and re search staff. Small da ta base from mea sured
and treated X-ray data was de vel oped in Ac cess pro gram
on the sim i lar prin ci ple. The mo ti va tion for mak ing the
x-ray da ta base was the large amount of ar chived data for
last 10 years and lab o ra tory di ary ar chived since 1996.
Now a days the X-ray da ta base serves not only as an elec -
tronic di ary, but pro vides in for ma tion about re solved dif -
frac tion re cords, which is help ing to solve sim i lar
prob lems. About 1,350 sam ples data are re cently re corded
in da ta base with stored ba sic in for ma tion to gether with
keywords. The da ta base al lows sort ing the ma te ri als ac -
cord ing to chem i cal and min er al og i cal names, keywords
and min er al og i cal groups. The so lu tion and re sults of each
task are stored in metallographic pro to cols or re ports.
Many pro fes sional pro grams al low stor age of re sults in
some sim ple pro to col which very of ten help op er a tor or re -
searcher in their work. It has a great sig nif i cance in real op -
er a tional prac tice, when an a lyz ing the known or sim i lar
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tasks the ba sic in for ma tion about mea sured sam ple can be
ob tained in a very short time.   

Qua li ta ti ve and Quan ti ta ti ve Phase Ana ly sis

In the last 20 years the work in X-ray lab o ra tory has
changed sig nif i cantly. The orig i nal pa per dif frac tion re -
cords which were made by plot ter were re placed by elec -
tronic form and man ual search was re placed by soft ware
search – match pro grams with rich dif frac tion da ta base,
which con tains thou sands of data. This re quires cer tain
knowl edge and ex pe ri ences, be cause the sta tis ti cal equiv a -
lence of mea sured re cord with found in PDF2 da ta base can
lead also to er ro ne ous re sults. There fore, in many cases it is 
very suit able to con firm the ob tained re sult with some of
spec i fy ing pro gram that uses the Rietveld method for fit -
ting. The best known are the GSAS, FullProf, MAUD and
BGMN pro grams, all these pro grams need the struc tural
data for fit ting. The data are stored in dif fer ent for mats; the

most com mon for mat is *.cif.  The com mer cial pro gram in
this field, used in our X-ray lab o ra tory is a AutoQuant pro -

gram, that use *.str for mat struc tural data, but has a lim ited
num ber of this data.  

       Sam ples, such as slags, sed i ments, de pos its, sludg es
etc., which are an a lyzed in X-ray lab o ra tory in most cases
are not per fect be cause they have a real struc ture. They can
be fully or par tially amor phous, tex tured and their struc ture 
can not co in cide with the struc ture de scribed in the dif frac -
tion and struc tural da ta bases. To de ter mine the phase com -
po si tion of amor phous ma te rial by com mon X-ray
pro ce dure is not pos si ble, but such ma te rial is pos si ble to
an neal in or der al low crys tal li za tion. The blast fur nace slag
is an ex am ple of amor phous ma te rial which af ter an neal ing
at 800°C for 3 hours trans form to crys tal lized ma te rial and
than is pos si ble to de ter mine its phase com po si tion.  Fig ure
1 shows the re fined dif frac tion re cord mea sured by us ing
Mo X-ray tube, where it was iden ti fied 53,4% weight con -
tent of Ca2Al2SiO7 – Akermanite, 29,2% of Ca3MgSiO8 –
Merwinite and 17,4% of CaSiO3 – Pseudowollastonite.

The same min er als were de ter mined in the slowly cooled
blast fur nace slag brash. 

The ex am ple of op er a tion with X-ray da ta base and real
struc tured ma te ri als was the dam aged ce ramic roller which
was an a lyzed about six years ago. At that time it was not
pos si ble to re fine the dif frac tion re cord us ing AutoQuant
and MAUD pro grams, these re cords were fit ted re cently as
an ex am ple for fit ting ac cu racy pos si bil i ties by means of
those pro grams. The orig i nal SiO2 roller con sists of fine
amor phous struc ture which was con firmed in the roll mid -
dle and about 0.7 mm be low surface. Af ter roll ing of steel
sheets the FeSiO4 – Faya lite, SiO2 – Quartz, SiO2 –
Cristobalite, SiO2 – Tridimite a SiO2 – Stishovite phases
were de tected on the roller sur face. The com pact sam ple
was grad u ally ground and mea sured, for data pro cess ing by 
their fit ting; the sam ple tex ture should be taken into ac -
count. There fore the dif frac tion re cord was fit ted by
MAUD pro gram which fits the tex tured re cords very well,
fig ure 2, [9-12]. The pro gram MAUD pro vides tools,
which ef fec tively cal cu late tex ture in sam ple dif fer ent
phases. These re cal cu lated tex tures can be dis played with
in for ma tion about pre ferred ori en ta tion in dif fer ent phases. 
The re sult of quan ti ta tive phase anal y sis is a graph in fig ure 
3, which shows the changes in phase com po si tion from ce -
ramic roller sur face to the depth of about 0.7 mm be low the
sur face. 

The ex am ple, where the AutoQuant pro gram to gether
with struc tural data can be used very ef fec tively is the field
of ce ram ics ma te ri als.  The sam ples of bricks, which were
ex posed in the fur nace,   were sub mit ted for ex am i na tion by 
X-ray equip ment. Anal y sis al lowed ob tain ing valu able in -
for ma tion about struc tural changes in dif fer ent types of
ma te ri als used for fur nace lin ing.  Sev eral mea sure ments
were re al ized on the com pact sam ple by us ing of mov able
holder.  Fe - iron, Al2O3 - Co run dum, CaAl12O19 - Hibonite, 
FeAl2O4 - Hercynite and MgAl2O4 - Spinel phases were
iden ti fied in the dif frac tion re cords, which were fit ted by
AutoQuant and MAUD pro grams. The fit ted re cord from
af fected area is shown on fig ure 4. The change in phase

Ó Krystalografická spoleènost

222 Laboratories

 

Fig ure 1.  Fit ted dif frac tion re cord of blast fur nace slag an neal ing at 800 °C for 3 hours.



com po si tion of re frac tory brick from the sur face to a depth
of 23 mm be low sur face is shown in fig ure 5. Be cause such
amount of Spinel was not found in orig i nal ma te rial, the

graph sug gested, that the af fected zone is deeper than re -
moved and mea sured sam ple, deeper than 23 mm be low the 
sur face.

Tex tu re ana ly sis

Tex ture of sam ples was un til re cently stud ied mainly by
X-ray and neu tron dif frac tion us ing the tex ture
goniometers. Now a days the tex ture can be ex am ined very
ef fec tively by elec tron beam with EBSD method.  Both
meth ods have their ad van tages and lim i ta tion. The ad van -
tages of X-ray tex ture anal y sis are min i mum re quire ment
for sam ple prep a ra tion which is be com ing a pri or ity for the
mea sure ment of cold rolled sam ple, be cause the prep a ra -
tion of that sam ple for EBSD is very dif fi cult. The ad van -
tage of EBSD method is a de tailed ex am i na tion of sam ples
and ac quir ing of ex tra in for ma tion which can not be ob -
tained, by clas sic X-ray anal y sis such as: grain size, grain
bound aries data, phase com po si tion etc. For tex ture cal cu -
la tion by EBSD meth ods it is not ex actly clear how many
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Fig ure 2.  Fit ted dif frac tion re cord of ex panded ce ramic roller.
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Fig ure 4.  Fit ted dif frac tion re cord of brick ex posed in fur nace. 



mea sure ments should be made to guar an tee suf fi cient ac -
cu racy for ori en ta tion dis tri bu tion func tion – ODF cal cu la -
tion. The ODF cal cu la tion does not de pends on the num ber
of mea sured points, but de pends on the num ber of mea -
sured grains, be cause they de ter mine the pre ferred ori en ta -
tion in ma te rial. This prob lem is known from mea sur ing of
coarse grain ma te rial (ori ented and non ori ented elec tro
tech ni cal steels) by X-ray beam. The EBSD meth ods en -
able many time re peated mea sure ment with the same con -
di tion and used the sum of mea sure ments for com pu ta tion.
The graph on the fig ure 6 shows the de pend ence of grain
num ber on (100)/(111) planes crys tal lo graphic ra tio cal cu -
lated from the ODF and in verse pole fig ures – IPF which
im prove the re sult in de pend ence on  num ber of mea sured
crys tal lo graphic grain. The di a gram is ap proach ing in limit  
the value of 10 000 mea sured grains which is in prac tice
dif fi cult to achieved, but it is ev i dence that tex ture cal cu -
lated only from few hun dred grain could not be the rep re -
sen ta tive tex ture char ac ter is tic of sam ple. 

The X-ray dif frac tion tex ture anal y sis re mains an ef fec -
tive method for ex am in ing tex ture of rolled steels, dif fer ent 
coat ings etc. The older point de tec tor mea sured a max i -
mum in ten sity at the top of dif frac tion peak and this value
was strongly de pend ent on the tex ture goniometer set up
and on num ber of im pulses. The mea sured defocusation
curves were also very de pend ent on 2 theta an gle and rap -
idly de scended in de pend ence on sam ple tilt chi an gle. The
pres ent fast plane de tec tor al lows mea sur ing the in te gral
value of the dif frac tion pro file, hence the val ues of the
defocusation curves are sta bile up to 70 de gree of chi an gle
and also the chi an gle is in de pend ent on the 2 theta an gle. In 
many cases the lin ear de tec tor al lows to mea sure more than
one dif frac tion pro files at once, whereby ac cel er ates and
im proves the pro cess of mea sure ment.  The di a gram on fig -
ure 7 is show ing the defocusation curves for point and lin -
ear de tec tor us ing Mo tube and Fe stan dard. 

De ter mi na tion of tex ture for rolled steels is a main area
of anal y ses, also the spe cific anal y ses are solved oc ca sion -
ally, e.g.  to de ter mined the tex ture of Zn or Sn coat ings.
The task was solved by both meth ods to gether with qual i ta -
tive phase anal y sis and re sults were com pared.  In de ter -
min ing the tex ture us ing EBSD it has been and re mains the
main prob lem in sam ple prep a ra tion. At last the sam ples
were mea sured with out any prep a ra tion, only with sim ple

clean ing of sam ples. In com par i son with ac cu racy at tained
when mea sur ing the rolled steels, the con fi dence in dex CI
was quite lower, but larg est set of mea sured data al lowed
cal cu lat ing of ODF. The re sults in the sim ple form of pole
fig ures are shown in fig ure 8. On the sam ples which were
mea sured by X-ray meth ods, fig ure 9, ODFs and vol ume
frac tions of tex ture crys tal lo graphic planes and ori en ta -
tions were cal cu lated. Dif frac tion re cords of com pact coat -
ings were highly tex tured; there fore the tex ture cor rec tion
was used.  The best re sults for strong tex ture cor rec tion
were ob tained by us ing the spher i cal har monic func tions –
SFH and com puted model pole fig ures were ob tained, fig -
ure 10. The pole fig ures form both meth ods are in good
con for mity and show the same tex ture of tin coat ings. 

Ana ly sis of re si du al stres ses

The re sid ual stresses are pres ent mainly in hot and cold
rolled steels, but stresses may also oc cur af ter an in cor rect
heat treat ment when the cool ing pro cess was not ho mog e -
nous and a ther mal tem per a ture gra di ent might arise in dif -
fer ent lo ca tions. The re sid ual stresses in the steel sheets
cause the spon ta ne ous bend ing, mainly dur ing sheet cut -
ting to strip forms. The bend ing de pends on the di rec tion of 
stress which can be in ran dom di rec tion. In prac tice the
bend is named as the lon gi tu di nal and transversal buck les.
The source of re sid ual stresses gen er a tion is the me chan i -
cal or ther mal gra di ent dur ing the pro duc tion or pro cess -
ing.  Be sides the in ter nal stresses mea sure ment and
de ter mi na tion of their source, their elim i na tion from prod -
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ucts is im por tant too. This could by done in two ba sic ways: 
by heat treat ment and by me chan i cal strait en ing. Both of
them in crease the econ omy of the pro duc tion and there fore
they are em ployed only in nec es sary cases. The main at ten -

tion is paid on ob serv ing the tech no log i cal pa ram e ters to
pre vent the re sid ual stresses for ma tion. 

The sin2y X-ray tensometry method, most fre -
quently with Cr X-ray tube, is used for de ter mi na tion of re -
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Fig ure 8.  The pole fig ure of tin coat ing de ter mined by EBSD meth ods.

Fig ure 9.   The pole fig ure of tin coat ing de ter mined by X-ray meth ods.

Fig ure 10.  The pole fig ure mod eled for correctet data by MAUD pro gram.
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sid ual stresses in the ma te rial. Sam ples are com monly
mea sured in three di rec tion (the roll ing, transversal and at
45 de gree di rec tion to roll ing) which al lows to cal cu lated
the stress ten sor in mea sured point.

The stresses in ma te ri als can also be gen er ated by
ten sion and bend ing. Sim ple tool was made on prin ci ple of
four points bend ing that al lows gen er at ing stresses, which
de pend on the bend in ten sity. The dependences of gen er -
ated stresses in color coated, batch an nealed and cold rolled 
steel sheets on bend in ten sity are graph i cally dis played on
fig ures 11, 13 and 15. The color coated steel af ter an neal ing 
has zero stress, but bend gen er ate ten sion or pres sure stress
in de pend ence on con vex or con cave bend, fig ure 11. The
in ten sity of the bend ing de flec tion was mea sured by
micrometric gauge used in set ting the zero po si tion of the
sam ple in an a lyzer stand. A sim i lar de pend ence can be ob -
tained on cold rolled steel; fig ures 13 and 15 where re sid ual 
stresses are not zero, there fore the shape of the curve have
hys ter esis loop form, which can be mea sured af ter cy clic
load ing or by mea sur ing the mag netic prop er ties. The
“stress strain” curves on fig ures 11, 13 and 15 are shifted to
the com pres sion field, and the larg est shift was mea sured
on cold rolled sam ples, for an nealed sam ple it was close to
zero.  The stress pro files mea sured through thick ness of
sheets in lon gi tu di nal and transversal di rec tion are shown
in fig ures 12, 14 and 16; stress curves in the lon gi tu di nal
and transversal di rec tion are not iden ti cal. The curves in the 

lon gi tu di nal di rec tion are asym met ri cal com pared with
curves in the transversal di rec tion. A sig nif i cant dif fer -
ences of re sid ual stresses in roll ing and transversal di rec -
tions which are the larg est in the sheet thick ness cen ter and
in subsurface, the asym met ri cal pro files of re sid ual stresses 
through thick ness of sheet and the shift of “stress strain”
hys ter esis loops caused by re sid ual stresses are prob a bly
the rea son of mac ro scopic ef fects of re sid ual stresses (dif -
fer ent bend ing of sheets, waves, etc.).

Conclu si on

Nearly 40 years the func tional X-Ray lab o ra tory con tin u -
ously sup ports the pro duc tion and re search by var i ous anal -
y ses on dif fer ent ma te ri als. In this pe riod the lab o ra tory
many times up dated its equipments, meth ods, hard ware,
soft ware etc. The first orig i nally man ual equip ment was
au to mated and later re placed by new pow er ful one with
new soft ware which was grad u ally com pleted by spe cific
soft ware. The cur rent hard ware and soft ware fur nish ing al -
lows solv ing many tasks of qual i ta tive and quan ti ta tive
phase anal y sis, tex tures and re sid ual stresses. 

Most of the in ves ti gated ma te ri als has a real struc -
ture and are par tially or fully amor phous. The de scribed ex -
am ple was pri mar ily the amor phous slag, which
crys tal lized dur ing an neal ing and phase com po nents were
de ter mined by us ing AutoQuant and Maud pro grams.
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Fig ure 13.  The de pend ence of gen er ated stresses in color coated
cold rolled steel sheet.
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Fig ure 14.  The stress pro files in color coated cold rolled steel
sheets mea sured through thick ness of sheet.
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Fig ure 15.  The de pend ence of gen er ated stresses in color coated
cold rolled steel sheet.
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Fig ure 16.  The stress pro files in color coated cold rolled steel
sheets mea sured through thick ness of sheet.



Other pre sented ex am ples rep re sented a ce ramic roller and
ce ramic brick ex posed in fur nace. Af ter the iden ti fi ca tion
of phase com po si tion by PDF2 dif frac tion da ta base, re -
corded data were fit ted by pro grams us ing Rietveld method 
to de ter mine the weight por tion of phase com po nents.
Struc tures that can not be de ter mined by chem i cal meth ods
were found and de scribed.

How ever the tex ture of tin coat ings was de ter mined
by EBSD method, but as the sam ple prep a ra tion was and
still is very dif fi cult, the X-ray tex ture anal y sis was an ef -
fec tive and rapid so lu tion. Ob tained re sults showed good
agree ment with EBSD and also with cor rected pole fig ures
gen er ated by MAUD pro gram.

The mea sure ment of re sid ual stresses in color
coated steels showed dif fer ent val ues in var i ous di rec tions
and asym met ric de pend ence through thick ness of steels.
In ter nal stresses were gen er ated on the prin ci ple of four –
point bend ing, which were dis played by “stress – strain”
curves in form of hys ter esis loop. 
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CRYS TAL LOG RA PHY AT THE IN STI TUTE OF IN OR GANIC CHEM IS TRY
OF THE SLO VAK ACAD EMY OF SCI ENCES, BRATISLAVA

¼. Smrèok, D. Gyepesová, S. Ïuroviè

In sti tute of In or ganic Chem is try SAS, Dúbravská cesta 5, 845 36 Bratislava

The Slo vak Acad emy of Sci ences (SAS) has been founded
18 June 18th, 1953. The Chem i cal In sti tute was one of its
newly cre ated In sti tutes and, within it, a De part ment of In -
or ganic Chem is try was es tab lished. A three-mem ber crys -
tal lo graphic group headed by F. Hanic started work ing at
this De part ment, which was later trans formed into a sep a -
rate In sti tute of In or ganic Chem is try (IICH), and the crys -
tal lo graphic group be came a ba sis for a Lab o ra tory for
Struc tural Re search (Lab o ra tory in the fol low ing). Be -
cause of lack of ap pro pri ate pre mises at the be gin ning, the
in di vid ual Lab o ra to ries of the De part ment were “hosted” at 
var i ous Chairs of the Uni ver si ties in Bratislava. F. Hanic,
to gether with I. Èakajdová and T. Veselovská were
“hosted” at the Chair of Phys ics of the Fac ulty of Nat u ral
Sci ences of the Comenius Uni ver sity (FNS CU), in the lab -
o ra tory of the late J. Maïar. D. Štempelová (later
Gyepesová) joined this group in 1960. 

F. Hanic at tended in 1951 a lec ture course in “Radio -
crystallography” lead by Assoc.Prof.  A. Kochanovská
from the In sti tute of Tech ni cal Phys ics of the Czecho slo -
vak Acad emy of Sci ences (ITPH CAS) in Prague, who ac -
cepted an in vi ta tion by Prof. Dr. R. Lukáè, who headed the
Chair of Min er al ogy and Pe trog ra phy (CMP) of the Slo vak
Tech ni cal Uni ver sity in Bratislava (STU). F. Hanic, who
was at the time fin ish ing his stud ies at the Fac ulty of Chem -
i cal Tech nol ogy (FCHT) STU be came in ter ested in this
field and he be came a PhD stu dent of A. Kochanovská at

her In sti tute in Prague. Un der the su per vi sion of Dr.
V. Syneèek, he gained a solid ba sis for his fu ture work in
the sin gle-crys tal X-ray struc ture anal y sis at the SAS. The
Lab o ra tory was later ex panded by M. Handloviè, I.
Kaprálik, and by tech ni cians K. Jurèo, Z. Klèovanská and
O. Šályová. F. Hanic headed this group un til 1961 when he
was ap pointed as a di rec tor of the IICH. F.Hanic su per -
vised eight PhD stu dents, who then started the X-ray struc -
tural re search at var i ous Fac ul ties in Bratislava, but also in
Brno. To gether with his team he solved about 35 crys tal
struc tures, mainly those of co or di na tion com pounds but
also of or ganic struc tures, the vi ta min B6 be ing among
them. It is worth while men tion ing that, at the be gin ning,
the struc tures were solved vir tu ally “by hand”. The in ten si -
ties of in di vid ual dif frac tions on Weissenberg pat terns
were es ti mated vi su ally and later from in te grated pat terns,
pho to met ri cally. The Fou rier syn the ses were cal cu lated
with the help of Beevers-Lipson strips and a desk cal cu la -
tor. The sit u a tion sig nif i cantly im proved in 1962 when
SAS pur chased an East-Ger man (DDR) com puter ZRA-1,
which used punched cards. Still dur ing “host ing” at the
Chair of  Phys ics FNS CU he, to gether with J. Maïar and
mechanician A.Kiss, con structed a pro to type of a pre ces -
sion cam era, which dif fered from the Buerger model by
some sig nif i cant (and patentable) de tails. This cam era was
later pro duced also com mer cially. In 1970 he was ex pelled
from the Com mu nist party and, con se quently, he lost also
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his po si tion as Di rec tor of the In sti tute. He worked af ter -
wards as a rank-and-file sci en tist at an other De part ment of
the Institute.

His suc ces sor at the Lab o ra tory be came S. Ïuroviè,
who be came in ter ested in struc tural crys tal log ra phy in
1949 as a stu dent at the FCHT STU. He at tended a lec ture
course in struc tural crys tal log ra phy lead by Prof. Dr. J.
Novák from the Fac ulty of Nat u ral Sci ences Charles Uni -
ver sity in Prague. Af ter hav ing fin ished his stud ies, S.
Ïuroviè be came an as sis tant at the Chair of Prof. Lukáè.
He ob tained a ba sic knowl edge in sin gle-crys tal X-ray
struc ture anal y sis from V. Syneèek dur ing sum mer praxis
at the ITPH CAS in Prague. To gether with his for mer stu -
dent V. Kupèík, he started an ex per i men tal work. Later also 
E. Makovický, an other for mer stu dent of S. Ïuroviè,
joined them. V. Kupèík and E. Makovický started the
struc tural in ves ti ga tions of sulfosalt min er als and  laid
down the ba sis for their clas si fi ca tion. They con tin ued in
this di rec tion also dur ing their stays in West Ger many and
Can ada, re spec tively, but,  un for tu nately, they could not re -
turn home dur ing the so-called “nor mal iza tion” af ter the
So viet-lead in va sion of Czecho slo va kia in Au gust 1968. 
Both of them were later ap pointed as Pro fes sors at the Uni -
ver si ties of Göttingen (Kupèík) and Co pen ha gen  (Mako -
vický).

F. Hanic started also  col lab o ra tion with the In sti tute for 
Struc tural Re search of the Acad emy od Sci ences of the
Ger man Dem o cratic Re pub lic in Berlin, mainly with its Di -
rec tor, Prof. Dr. K. Dornberger Schiff, the founder of the
the ory of OD (Or der-Dis or der) struc tures. They de cided
that some body from the Lab o ra tory should learn this
“crafts man ship” and have cho sen S. Ïuroviè, who spent
the three months in Berlin to learn the ba sic ideas and as -
sisted af ter wards at the Sum mer School on OD Struc tures.
The ex pe ri ence thus gained helped him to solve an OD

struc ture of g-Hg3S2Cl2  us ing dif frac tion data from dis or -
dered crys tals, dur ing his two-year (1966-7) Postdoctorate
Fel low ship at the De part ment of Ge ol ogy McGill Uni ver -
sity in Mon treal (Can ada). In Mon treal he also re fined the
crys tal struc ture of mullite, which he solved as first in
1962. Suc cess ful col lab o ra tion with K. Dornberger-Schiff
re sulted in an OD in ter pre ta tion of ba sic types of sheet sil i -
cates later fol lowed, in an ef fi cient part ner ship with 
Z.Weiss from the Coal Reserch In sti tute in Ostrava, by an
elab o ra tion of a uni tary geo met ri cal the ory of the
polytypism of sheet sil i cates.

In 1979 the Lab o ra tory was joined by ¼. Smrèok who
just fin ished his stud ies at the FNS CU, where he was at -
tracted to struc tural crys tal log ra phy by  ¼. Ulická. His main 
field of in ter est be came X-ray pow der struc ture anal y sis
and crys tal lo graphic com put ing. In 1981 D. Mikloš, who
joined the Lab o ra tory in 1968,  re placed S. Ïuroviè as the

Head of the Lab o ra tory. Af ter 1981, three sci en tists of the
Lab o ra tory be came func tion ar ies of the In sti tute, which
had a neg a tive im pact on the re search work and in 1990 the
Lab o ra tory was even tu ally in cluded into the De part ment of 
The o ret i cal Chem is try.  In the nine ties the Lab o ra tory
hosted two young post-doc sci en tists (E. Morháèová and J.
Keèkéš) and later also three PhD stu dents (M. Ïurík, O.
Pritula, M. Sládkovièová).

Among the most sig nif i cant achieve ments of the Lab o -
ra tory be long so lu tion of the crys tal struc ture of Ge-mullite  
and a sin gle-crys tal study of ther mal trans for ma tion of
sillimanite, struc ture so lu tion of Ca10(CrVO4)6(CrVIO4), of
TiCl3.3C4H8O and  of sev eral oxoperoxo com plexes of va -
na dium (V), par tic u larly sen si tive to tem per a ture. Later, in
the nine ties, the Lab o ra tory started a col lab o ra tion with
Prof. V.Langer (Göteborg)  on crys tal and elec tronic struc -
ture de ter mi na tion of chiral de riv a tives of sac cha rides,
largely the aminoderivatives, which are po tent ional ef fi ca -
cious com pounds in phar ma col ogy as well of some cop -
per(II) com plexes con tain ing Schiff base, de rived from
salicylaldehyde and L-glutamic acid and N-, or O- do nor
neu tral lig ands. An of fi cial col lab o ra tion has also been
started with In sti tute of Phys ics CAS in Prague, the re sult
was a re fine ment of the crys tal struc ture of cronstedtite-3T
and later also of the 1T and 2H2 polytypes of this min eral,
with an ef fi cient part ner ship by V. Petøíèek, but mainly by
J. Hybler. An OD in ter pre ta tion of the cronstedtite struc -
ture(s) was de ci sive in the ex pla na tion of its twinning and
par al lel inter growths. The X-ray work was greatly cor rob o -
rated by a high-res o lu tion trans mis sion elec tron mi cros -
copy (HTEM) car ried out by T. Kogure from Ja pan. Also a
col lab o ra tion with M. Nespolo (Ja pan, France) on a re la -
tion of OD twins to gen eral twins can be men tioned here.

In the course of years the Lab o ra tory co or di nated an ex -
ten sive work on Czech and Slo vak crys tal lo graphic no -
men cla ture, S. Ïuroviè, D. Mikloš pre pared the screen play
for ed u ca tional movie  “Crys tals and Struc ture Anal y sis”
(di rec tor J. Koøán, Krátký film, Prague). The mem bers of
the Lab o ra tory also or ga nized short sev eral courses (a
course on OD struc tures, courses on crys tal log ra phy and
crys tal chem is try of sil i cates) and two an nual meet ings of
Czecho slo vak Crys tal log ra phers. S. Ïuroviè was a mem -
bers of an ad-hoc  Com mis sion of the In ter na tional Un ion
of Crys tal log ra phy for the No men cla ture of Mod u lated,
Dis or dered and Polytypic Struc tures and par tic i pated in 
elab o ra tion a pro posal for the con struc tion of de scrip tive
polytype sym bols. How ever, the most im por tant con tri bu -
tion of a mem ber of the Lab o ra tory to crys tal log ra phy is no
doubt  the chap ter “Layer Stack ing in Gen eral Polytypic
structures” for International Tables for Crystallography,
Vol. C written by S.Ïuroviè.
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Ap pli ca tion of X-ray Dif frac tion Meth ods on the De part ment of In or ganic Chem is try, 
In sti tute of Chem i cal Sci ences, Fac ulty of Sci ence, P. J. Safarik Uni ver sity in Košice

APLIKÁCIA METÓD RTG. DIFRAKCIE NA KATEDRE ANORGANICKEJ CHÉMIE

ÚSTAVU CHEMICKÝCH VIED PRÍRODOVEDECKEJ FAKULTY UNIVERZITY P. J.

ŠAFÁRIKA V KOšICIACH

Juraj Èernák

Katedra anorganickej chémie vznikla v roku 1965 rozde le -
ním spoloènej Katedry chémie [1]. Vlastné priestory
získala rekonštrukciou budovy na Moyzesovej ulici è. 11
v Košiciach, kam sa pres•ahovala v akade mickom roku
1966/7 a tu sídli do dnešného dòa. 

Poèiatky používania difrakèných metód štúdia je
možné položi• do roku 1971, keï sa zaèal prednáša•
predmet Štruktúrna analýza. Tento predmet v tom èase viac 
rokov zabezpeèoval externý uèite¾ katedry, ešte stále
aktívny pán prof. Ing. Ján Garaj, DrSc. Neskôr v roku 1979
ho v pozícii externého uèite¾a nahradil pán doc. Ing.
Dunaj-Jurèo, CSc., obaja z Katedry anorganickej chémie
CHT STU v Bratislave. Od roku 1982 predmet zabez -
peèovali interní uèitelia katedry, najprv doc. RNDr. Jozef
Chomiè, CSc. a o rok neskôr ho zaèal zabezpeèova• prof.
RNDr. Juraj Èernák, CSc., od roku 1998 v spolupráci s
doc. RNDr. Ivanom Potoèòákom, PhD. V roku 2000
k základnému predmetu pribudol aj nadstavbový predmet
urèený predovšetkým pre diplomantov katedry s názvom
Výpoètové metódy v štruktúrnej analýze, ktoré mali
charakter interaktívneho seminára spojeného s využitím
kryštalografického softvéru a prácou na  poèítaèi. Oba tieto 
predmety sa vyuèujú doteraz.

Experimentálne vybavenie vzh¾adom na jeho finan -
ènú nároènos• bolo dlhodobo na katedre skromné.
V Laboratóriu štruktúrnej analýzy sa nachádzal štandardný 
práškový difraktometer Mikrometa 2 s goniometrom GON
3, ktorý umožnil osvoji• si experimentálnu prácu spojenú
s rtg. difrakciou. Prístroj sa využíval hlavne na stanovenie
fázovej iden tity medziproduktov a koneèných produktov
termického rozkladu. 

Neskôr k tejto Mikromete v roku 1978 pribudol druhý
vysokonapä•ový zdroj s rtg. lampou, na ktorý sa ako
nadstavba použil Weissenbergov goniometer. Tento sa
využíval na overenie monokryštálového charakteru pripra -
ve ných kryštálov a získanie predbežných kryšta log rafic -
kých údajov študovaných kryštálov (mriežkové parametre, 
priestorová grupa, spresnenie vzorcovej jednotky). S tým
súvisela aj prevádzka tmavej komory, v ktorej sa
spracovávali exponované filmy (z finanèných dôvodov sa
používali filmy pre lekárske úèely). Takto študované
kryštály sa spoèiatku odosielali na zber dát (intenzít) na
difraktometer Syntex P21 na Katedre anorganickej chémie
Chemickotechnologickej fakulty STU v Bratislave, alebo
sa snímkovanie realizovalo na zahranièných pracoviskách
v rámci vedeckej spolupráce. Prvou takto študovanou
látkou bola komplexná zlúèenina [Zn(en)3][Ni(CN)4]·H2O
[2]. Namerané dáta sa nakoniec spracovávali, teda riešenie
štruktúry a jej upresòovanie sa realizovalo na poèítaèoch
najprv v Bratislave, neskôr od roku 1980 aj v Košiciach na
poèítaèoch SMEP na UPJŠ, resp. EC 1045 na TU
v Košiciach po príslušnej implementácii kryštalo gra fic -

kého softvéru. Podmienky na používanie kryštalogra fic -
kého softvéru sa výrazne zlepšili po nástupe éry PC
poèítaèov. Uvedené prinieslo implementáciu sady kryšta -
lo grafických programov SHELX do každého PC a on-line
prístup do Cambridgskej kryštalografickej databázy (od
roku 2001).

Metódy štruktúrnej analýzy sa hojne využívali aj
v pedagogickom procese pri vypracovaní diplomových
prác. V ïalšom období sa postupne zlepšovala know-how
zamestnancov katedry, keï viacerí absolvovali zahranièné
študijné pobyty, poèas ktorých sa zdokonalili v používaní
difrakèných metód a poèas ktorých sa merali difrakèné
dáta. Rozvinula sa aj vedecká spolupráca, najmä s part ner -
skou Katedrou anorganickej chémie CHTF STU
v Bratislave (doc. Ing. M. Dunaj-Jurèo, CSc.), ako aj
ïalšími pracoviskami: KACH MU v Brne (prof. Z. Žák),
s FZÚ AVÈR v Prahe (Dr. Petøíèek, Dr. Dušek), s Uni -
verzitami v Poitiers (prof. C. Kappenstein), Parme (prof. P.
Domiano), MLU Halle (prof. Steinborn) s Karlovou
univerzitou v Prahe (Dr. I. Císaøová), s Uni ver zitou
v Gaines ville, Florida (Dr. K. Abboud), s Palackého
Univerzitou v Olomouci (prof. Z. Trávníèek), s Philipps-
 Universität v Marburgu (prof. W. Massa, Dr. K. Harms),
s Universidad de Zaragoza (prof. L.R. Falvello) a ïalšími.
V spolupráci s týmito pracoviskami sa publikovalo pod¾a
výsledkov rešerše v databáze WoK vyše 100 pôvodných
vedeckých prác v karentovaných èasopisoch, v ktorých sa
prezentovali výsledky štruktúrnych analýz. 

Od roku 1998 Katedra získala právo uskutoèòova•
dokto randské štúdium. Prakticky každý študent dokto -
randského štúdia použil vo svoje dizertaènej práci rtg.
difrakèné metódy; niektorí používali túto metódu
okrajovo, ale väèšina prác bola výrazne orientovaná na
používanie difrakèných metód štúdia, najmä na kompletné
stanovenie kryštálovej štruktúry na báze monokryštálov.
S využitím difrakèných prác bolo obhájených 7 dizer -
taèných prác vypracovaných na katedre a v súèasnosti sa
realizuje doktorandské štúdium 10 študentov.

Výrazná zmena experimentálneho vybavenia Labo -
ra tória štruktúrnej analýzy nastala v roku 2007, keï Dr. V.
Petøíèek z Fyzikálního ústavu AV ÈR v Prahe ponúkol
starší monokryštálový difraktometer Ox ford Dif frac tion
s CCD detektorom. Po jeho inštalácii, s výraznou pomocou 
Dr. Dušeka z toho istého ústavu výrazne narástol poèet
študovaných kryštálov. Metóda štruktúrnej analýzy sa stala 
štandardnou metódou používanou v rámci magisterských
a doktorandských závereèných prác, ako aj pri riešení
grantových projektov zameraných na štúdium nových
koordinaèných zlúèenín s biologickou aktivitou, nízko -
rozmerných magnetík, mikro- a mezopórovitých látok ako
aj organických zlúèenín. Z personálneho h¾adiska merania
na difraktometri zabezpeèujú kolegovia doc. RNDr. Ivan
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Potoèòák, PhD., RNDr. Juraj Kuchár, PhD. a RNDr. Mar -
tin Vavra, PhD.  Už v tomto roku by sa malo dôjs• k výraz -
nému vylepšenie podmienok zberu dát inštaláciou chladièa 
kryštálov z prostriedkov Operaèného programu Výskum
a veda, èím by sa umožnilo štúdium pri nízkych teplotách a
rozšíril diapazón študovaných látok o tie, ktoré pri
laboratórnej teplote sú nestále. 
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