
pseudooctahedral co or di na tion of the Co(III) atom is com -
pleted by one phenolato O and one amidic N atom of the
same arm of the bridg ing o-van-en ligand. In ad di tion, the
asym met ric units of both poly morphs con tain two
acetonitrile solvate mol e cules. In polymorph 2, con sis tent
with the sym me try of the space group, the dinuclear {Co2}
units are ar ranged in an al ter nat ing ABABAB fash ion, in
con trast to the AAA ar range ment of the dinuclear units in
polymorph 1. As a con se quence, both poly morphs dif fer in
the po si tions of the acetonitrile solvate mol e cules and in
the pat tern of intermolecular in ter ac tions. Dif fer ences of
some geo met ri cal pa ram e ters, e.g., tor sion an gles were ob -
served, too.

1. M. Andruh, Dal ton Trans., 44, (2015), 16633-16653.

2. E. Burzurí, J. Cam po, L. R. Falvello, E. Forcén-Vázquez,
F. Luis, I. May oral, F. Palacio, C. Sáenz de Pipaón, M.
Tomás, Chem. Eur. J., 17, (2011), 2818-2822.

3. L. Smolko, J. Èernák, J. Kuchár, J. Mikloviè, R. Boèa, 
J. Mol. Struc ture, 1119, (2016), 437-441.

This work was sup ported by P. J. Šafárik Uni ver sity in
Košice (VVGS-PF-2016-72623, VVGS-2016-265). The
stay of AV in Uni ver sity of Zaragoza was sup ported by Na -
tional Schol ar ship Programme of the Slo vak Re pub lic.
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ELECTRON BACKSCATTER DIFFRACTION - EBSD

Mi lan Dopita

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 Prague, dopita@gmail.com

The elec tron back scat ter dif frac tion (EBSD) is the method
widely used in ma te ri als sci ence, now a days. In past twenty
years the in stru men ta tion un der went ex ten sive prog ress
and the EBSD be came stan dard lab o ra tory tech nique. Sig -
nif i cant prog ress in the in stru men ta tion, the de vel op ment
of mod ern high res o lu tion scan ning elec tron mi cro scopes
and dual beam mi cro scopes, as well as the fast EBSD de -
tec tors still of fers the new pos si bil i ties of ap pli ca tion of
EBSD method for study ing of var i ous types of mod ern and
per spec tive ma te ri als.

The Kikuchi pat tern for ma tion in Trans mis sion Elec -
tron Mi cro scope (TEM) was first ob served and ex plained
in 1928 by S. Kikuchi [1]. It was im me di ately found that
the Kikuchi pat tern is a pow er ful tool for the crys tal ori en -
ta tion de ter mi na tion be cause “The Kikuchi dif frac tion pat -
tern is a pro jec tion of the ge om e try of the crys tal lat tice
from a vol ume of spec i men in which this ge om e try is con -
stant, or nearly so (Kikuchi [1]).” In 1932 Meibon and
Rupp ob served high an gle Kikuchi pat terns from “re -
flected” elec trons. Venables and Harland ob served elec -
tron back scat ter pat terns in the Scan ning Elec tron
Mi cro scope equipped with 30 mm di am e ter flu o res cent im -
ag ing screen and tele vi sion cam era. This method al lowed
ex am i na tion of spec i mens and the mea sure ment of crys tal
ori en ta tion at high spa tial res o lu tion, which was sig nif i -
cantly im proved by the use of field emis sion gun scan ning
elec tron mi cro scopes. The first on-line work ing (au to -
mated) EBSD sys tems were de vel oped in 1980. In 1993 the 
Ori en ta tion Im ag ing Mi cros copy (OIM) or ori en ta tion
map ping was es tab lished. The on-line ori en ta tion de ter mi -
na tion from the EBSD pat terns is computationally time-

con sum ing task, how ever within the last de cades the EBSD 
tech nique un der went a great boom as a consequence of the
computers hardware improvements and progresses in the
scanning electron microscopes technique, as well. 

The EBSD is sur face sen si tive method. Mea sured in -
for ma tion come from the depth of sev eral tenths of nm, de -
pend ing on the mea sured ma te rial atomic num ber (the
pen e tra tion depth of elec trons de creases with in creas ing
atomic num ber). The spa tial res o lu tion of the EBSD de -
pends on the used elec tron mi cro scope type (used elec tron
source). In the case of scan ning elec tron mi cro scope
equipped with field emis sion cathode it is in order of ~10
nm. 

Two types of in for ma tion are es sen tially held by the
elec tron back scat ter pat terns. First is the Kikuchi pat tern
qual ity mea sure and the sec ond is the ori en ta tion of ir ra di -
ated vol ume. The Kikuchi pat tern qual ity in for ma tion, can
be used for de ter mi na tion of the crys tal “per fec tion”, es ti -
ma tion of the crys tal de fects types and its den si ties be cause
the pres ence of the lat tice de fects in ir ra di ated vol ume has
in gen eral in con se quence de crease of the Kikuchi pat tern
“sharp ness” (blur ring of the Kikuchi pat tern). How ever,
the Kikuchi pat tern qual ity is strongly in flu enced by the
spec i men sur face prep a ra tion. The sur face area is in most
cases of sam ples highly de fec tive (from pro duc tion or sam -
ple pro cess ing). The Kikuchi pat tern from poorly pre pared
spec i men is there fore not sharp and this ef fect cor re lates
with in flu ence of the lat tice de fects and im per fec tions.
There fore, the de ter mi na tion of the lattice defects and
densities can be done only quasi-quantitatively. 
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Scheme 1. Struc tural di a gram of H2(o-van-en).



More in ter est ing in for ma tion about the in ves ti gated
spec i men are pro vided by the ori en ta tion of each in fin i tes i -
mal mea sured sam ple vol ume which can be cal cu lated
from re spec tive Kikuchi pat tern. From the ori en ta tion map
we can ob tain in for ma tion on the spec i men mor phol ogy,
grains and sub-grains shapes and grain and sub-grain size
dis tri bu tions. Mea sured ori en ta tion in for ma tion al lows us
to cal cu late the misorientation [2] be tween dif fer ent mea -
sured points and to de scribe the prop er ties and the char ac -
ter of grain bound aries (GBs), to quan tify frac tions of
high/low an gle grain bound aries, ob serve and in ves ti gate
oc cur rence of special grain boundaries (for instance CSL
grain boundaries).

Ori en ta tion in for ma tion yields the de tails on the pre -
ferred ori en ta tion of crys tal lites, where we are not re -
stricted to the mea sure ments of dis tri bu tion of one (or
sev eral) lat tice planes in dif fer ent di rec tion in sam ple,
which is the case of tex ture mea sure ments us ing the X-ray
dif frac tion, but we sim ply de ter mine the dis tri bu tion of all
pos si ble crys tal ori en ta tions in given direction in sample. 

Mea sured ori en ta tion data can be used for cal cu la tion
of the ori en ta tion dis tri bu tion func tion (ODF) or

misorientation dis tri bu tion func tion (MODF). In spec i men
con tain ing more phases, quan ti ta tive (vol ume av er aged)
phase anal y sis can be done, and above de scribed de tails
can be con structed for each in di vid ual phase pres ent in
sam ple. More over, we can in ves ti gate mu tual ori en ta tion
dependences between different phases in the specimen. 

The pos si bil i ties and ad van tages of sev eral dif fer ent
pro gram pack ages for mea sure ment, data pro cess ing and
eval u a tion will be dis cussed in the talk. The par tic u lar
EBSD re sults will be dem on strated for var i ous type of in -
ves ti gated ma te ri als – sev er ally plas tic ally de formed
(SPD) ma te ri als, hardmetals, cermets, ce ram ics, thin coat -
ings, sin gle crys tal line samples and epitaxial thin films.

This work was sup ported by the Grant Agency of the Czech
Re pub lic un der Grant No. 14-18392S.

1. S. Kikuchi, Imp. Acad. To kyo, Proc., June 1928, Vol ume
4, 271-278.

2. V. Randle and O. Engler, In tro duc tion to Tex ture Anal y sis, 
Gordon and Breach Sci ence Pub lish ers, 2000.
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The anal y sis of rolled steel plates is sig nif i cant part of the
metallographic anal y ses. Since the 1971 up to 2006 the tex -
tures have been an a lyzed only by meth ods of X-ray dif frac -
tion (XRD) us ing XRD de vice with tex ture gonio meter.
Im por tant knowl edge ex ten sion about the tex tures oc -
curred with ap pli ca tion of the dif frac tion meth ods of
back-scat tered elec trons EBSD. This method of fers pos si -
bil ity to an a lyze the sam ple not only from the tex ture point
of view, but also from the microstructure point of view

(grain size, high and low an gle grain bound aries, grain
misorientation, twins).

Da ta base, which in cludes cold and hot rolled sheets,
con tin ual and batch an nealed sam ples, dou ble re duced
sam ples, was cre ated by an a lyz ing many sam ples (ca.
2000) of steel plates. From the ma te rial point of view these
are mainly sam ples of tinplates, dy namo sheets, au to mo -
tive sheets, deep-drawn, IF plates. Ex cept of these ma te ri -
als also plates from austenitic steels, plates with re sid ual
aus ten ite in TRIP steels were also analyzed.
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Fig ure 1.  IPF map of hot rolled non-ori ented steel sheet.



New mi cro scope with EBSD cam era with the speed
of nearly 1000 frames per sec ond for the per fectly pre pared 
sam ple was pur chased last year. The older cam era reached
only 40 frames per sec ond at the same qual ity of the mea -
sure ment. The ad van tage of the new sys tem is also a pos si -
bil ity of con tin ual sam ple scan ning (large area map ping).
Thanks to this prop erty it is pos si ble to mea sure sam ples
with big grains, ca. 300 mi crons. Sam ples with such struc -
ture are un able to be mea sured via clas sic XRD de vice, as
there is in suf fi cient amount of grains for ori en ta tion dis tri -
bu tion func tion (ODF) cal cu la tions on the mea sured area.
These sam ples are only pos si ble to be mea sured by neu tron
ra di a tion, as the sam ple vol ume and pen e tra tion of neutron
ra di a tion is dimensionally in cm.

Pow er ful soft ware for the pro cess ing of the mea -
sured EBSD data al lows pro cess ing of large files of mea -
sured data ca. 5 mil lions, the ODF cal cu la tion, tex ture
fi bers, in verse pole fig ure map, grain size dis tri bu tion,

misorientation, grain bound aries, twins etc. The main prob -
lem of this method is sam ple prep a ra tion. For com mon fer -
rit ic steels the stan dard metallographic pro ce dure is enough 
– grind ing, pol ish ing on di a mond paste and fi nal pol ish ing
in vi bra tion pol isher in colloid so lu tion with nano par ti cles
of ca. 40 – 50 nm size. Such pro ce dure is how ever in suf fi -
cient for sam ples con tain ing aus ten ite. At our de part ment
the pro ce dure with fin ish ing by electrolytical pol ish ing
was ap proved as suf fi cient. The best re sults were ob tained
for cool ing the elec tro lyte to ca. 0 – 10°C, volt age of ca. 10
V in the perchloric acid and ethanol in the 1:10 ratio.

An ex am ple of dy namo sheet with coarse-grained
struc ture, which was mea sured by se quen tial scan ning of
the pic tures through the whole sam ple area, is given in Fig.
1. The di men sions of the sam ple are ap prox i mately 25 mm
of length and 2 mm of thick ness. The re sults are com pa ra -
ble to the re sults mea sured us ing the neutron radiation.
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Metoda „difrakce zpìtnì odražených elektronù“, letos
osmaosmdesátiletá, ukázala se býti vzorovou ukázkou
bonmotu stárnoucího Západu, že život zaèíná po pade -
sátce. Celkem bizarní pøíklad úhlové závislosti odražených 
elektronù, považovaný ještì ve druhé polovinì devade -
sátých let za rozmazanou sestru kanálovacích obrazcù
koopcí špionážní Houghovy transformace v roce 1992 a
malého interakèního objemu elektronù s látkou zesílil v
univerzální a neoèekávanì robustní metodu, která se stala
bìžnou výbavou analytických SEM a standardem pro
urèování orientace møíže a vìcí s tím souvisejících.

 Prezentované aplikace metody EBSD ve studiu kovù s
tvarovou pamìtí budou – doufejme – rozšíøením pøehle -

dových pøednášek na dané téma. Vcelku komplikovaná
3D-EBSD je vázaná na kombinaci EBSD detektoru s foku -
sovaným iontovým svazkem. Poskytuje však komplexní
informaci o distribuci zrn v materiálu. Použití bude
prezentováno na nedávno publikovaných výsledcích ze
superelastických NiTi drátù. 

Podstatnì obecnìjší je téma pøípravy vzorkù. Na slitinì
Co-Ni-Al jsme provedli studii vlivu použitých leštících
substancí na kvalitu výsledných Kikuchiho obrazcù, která
sice nepøináší prùlom do metalografické metodologie, ale
ozøejmuje nìkteré fráze z pøíruèek o pøípravì vzorkù.
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PØÍPRAVA A CHARAKTERIZACE Ni2MnGa DOPOVANÉHO INDIEM

Petr Cejpek, Václav Holý, Mi lan Dopita, Michal Vališka

Matematicko-fyzikální fakulta, Univerzita Karlova v Praze, Ke Karlovu 5,  121 16 Praha 2

Slitiny s tvarovou pamìtí patøí mezi Heuslerovy slitiny
vykazující øadu zajímavých elektronických a magne -
tických vlastností, které podstatnì závisí na krystalové
struktuøe. Magnetická tvarová pamì• a magneticky
indukovaná reorientace (MIR) jsou vlastnosti, které
umožòují snadné namáhání tìchto materiálù v magne -
tických polích  < 1 T. Klíèovým pojmem k pochopení
tìchto efektù je martenzitická transformace a její studie je
tedy nezbytná pro budoucí aplikace tìchto slitin.

Ni2MnGa je dobrý modelový systém, ve kterém lze
výše zmínìné efekty dobøe pozorovat. Navíc, odlišné
chování materiálu mùže být dosaženo také díky neste -
chiometrické kompozici vzhledem k výchozí 2:1:1 a to vše
mùže být navíc doprovázeno vznikem modulované
struktury. Oproti tomu, další z Heuslerových slitin,
Ni2MnIn, nemusí vykazovat martenzitickou transformaci.
Studie vzorkù dopováných indiem namísto Ga bude tedy
klíèovým pøínosem k pochopení efektù spojených
s marten zitickou transformací.
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Phosphonate lay ers rep re sent group of com pounds play ing
an im por tant role in the de sign of new two-di men sional in -
or ganic-or ganic hy brid ma te ri als. The us abil ity of the lay -
ered phosphonates can be in creased by in ter ca la tion of
var i ous or ganic spe cies. We will show in flu ence of in ter ca -
lated 1,2 alkanediols [1] and 1,n alkanediols [2] on struc -
tural changes of Sr-phenylphosphonate lay ers. In ter ca lates
are ana lysed by ex per i men tal tech niques like X-ray dif frac -
tion, thermogravimetry, chem i cal anal y sis in com bi na tion
with mo lec u lar mod el ling meth ods. Syn the sized stron tium
phenylphosphonate in ter ca lates with 1,2- and 1,n-diols
(from 1,2-ethanediol to 1,2-hexanediol/ 1,n octanediol)
show very good sta bil ity at am bi ent con di tions. Cal cu lated
and ex per i men tal basal spac ing are in very good agree ment 
for both types of in ter ca lates. 

Mod els for 1,2 alkanediols sup pose cre ation of cav i ties
sur rounded by six ben zene rings. Ev ery cav ity con tains one 
wa ter mol e cule and one mol e cule of the diol for the
1,2-ethandiol to 1,2-butanediol in ter ca lates. Two types of
cav i ties are cal cu lated for 1,2-pentanediol one with wa ter
mol e cule and an other one with two wa ter mol e cules. In the
case 1,2-hexanediol in ter ca late two types of cav i ties are
cal cu lated con tain ing one or two diol mol e cules. This vari -
abil ity causes more dis or dered struc tural mod els with lon -

ger alkyl chains with respect to models with shorter alkyl
chains. 

An other pre sented struc ture mod els are stron tium
phenylphosphonates in ter ca lated with 1,n diols. Sim u la -
tions show how the mol e cule con for ma tion can be in flu -
enced by a shape of the host layer. On the base of
ex per i men tal and cal cu la tion re sults, diols can be di vided
for two sets 1,2-to 1,4- diols and 1,6- to 1,8-diols. Diols
with shorter alkyl chains are im mersed be tween ben zene
groups and both OH groups are bonded to one host layer.
Lon ger alkyl chains al low con nec tion be tween two neigh -
bour ing lay ers to form nearly pil lared struc ture in the
interlayer and they are bonded by hy dro gen bonds through
wa ter mol e cules. 1,5-diol was not pre pared ex per i men tally
and sim u la tions showed that the rea son of this instability is
the length of the alkyl chain.

1. J. Svoboda, K. Melánová, V. Zima, L. Beneš, M. Pšenièka, 
M. Pospíšil, P. Kováø, J. Mol. Model., 22, (2016), 143.

2. K. Melánová, P. Kováø, L. Beneš, J. Svoboda, M. Veteška,
M. Pospíšil, V. Zima, J. Coll. Int. Sci ence, 1460, (2015),
181.
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Hex ag o nal fer rites were dis cov ered more than 60 years ago 
but only quite re cently two ef fects were found -
magnetoelectric (ME) ef fect and spin Seebeck ef fect.
There is a need for prep a ra tion of epitaxial or strongly ori -
ented thin films. This is pos si ble even in the case the thin
film and sub strate have dif fer ent struc tures or large mis -
match in the lat tice pa ram e ters. Then the strong ori en ta tion
can be achieved if a polycrystalline film is de pos ited first
and then heated to break up into iso lated grains (seeds).
This is fol lowed by de po si tion of thicker layer when the
iso lated is lands can act as nu cle ation cen ters for the growth
of a highly ori ented film. 

In this work, thin films of Ba2Zn2Fe12O22 (Y) fer rite
were pre pared through the chem i cal so lu tion de po si tion
method us ing SrTiO3(111) (STO) sub strates and the above
two-step pro cess. As seed ing lay ers two types of ma te ri als
were used - ori ented films with hex ag o nal sym me try in
layer of O2-: cu bic 111-ori ented cobaltates, namely
CoFe2O4 and hex ag o nal 00l-ori ented M-fer rites. The for -
mer were pre pared through the trans for ma tion of 00l-ori -
ented lay ered cobaltates Na(CoFe)O2 [1] and for the choice 
of the lat ter a set of M-fer rites with dif fer ent lat tice mis -
match with re spect to the  STO sub strate and also to the
Y-fer rite top films, dif fer ent chem i cal com po si tion and dif -
fer ent mag netic prop er ties were tested. The best ori en ta tion 

of this Y-fer rite film achieved for hex ag o nal M-seed layer
with com po si tion (BaSr)(GaAl)12O19, Ba(FeAl)12O19 [2].

The sam ples were stud ied by X-ray dif frac tion (XRD),
elec tron back-scat ter dif frac tion (EBSD) and atomic force
mi cros copy. XRD anal y sis was per formed in both con ven -
tional Bragg-Brentano sym met ric setup as well as in par al -
lel beam with the Eulerian cra dle. In or der to find
ap pro pri ate ref er ence value of lat tice pa ram e ters of dif fer -
ent used seed lay ers, some data anal y sis of PDF-4 da ta base
had to be per formed with re spect to the sta tis tics and/or
also to the stoichiometry. Struc tural stud ies were fo cused
to in ves ti ga tion of pre ferred ori en ta tion by sym met ric and
asym met ric XRD scans and by EBSD and also to the
analysis of possible residual stresses.

This work was sup ported by the Grant Agency of the Czech
Re pub lic un der Grant No. 14-18392S.

1. J. Buršík, M. Soroka, R. Uhrecký, R. Kužel, F. Mika, Š.

Huber. Thin (111) ori ented CoFe2O4 and Co3O4 films
pre pared by de com po si tion of lay ered cobaltates. Ap -
plied Sur face Sci ence. 376 (2016) 209-218.

2. J. Buršík, R. Uhrecký, D. Kašèáková, M. Slušná, M.
Dopita, R. Kužel. M-type fer rites as tem plate lay ers for the
growth of ori ented Y-type fer rites through chem i cal so lu -
tion de po si tion method. Jour nal of the Eu ro pean Ce ramic
So ci ety 36, no. 13, (2016) 3173-3183.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 23,  no. 4 (2016)       369


