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such inclusion compounds and are often studied as poten-
tial signaling molecules, catalysts, pharmaceutical trans-
porters and "preservatives", or models for biological
processes occurring at the surface of the membranes.

For this type of complexes, X-ray crystallography
(among various NMR experiments) is usually the pre-
ferred method of structural analysis. However, the crystals
usually have large unit cells with considerable quantities
of solvents, which makes them somewhat similar to pro-
tein crystals regarding the data collection and refinement.
Defects in crystal structure, such as a disorder in the sol-
vent “area” around the hosts do occur quite often. A chem-
ist is usually interested in remaining “non-solvent” parts
of the structure, which means that some simplifications
can be introduced. Practical aspects of X-ray diffraction
studies on selected inclusion compounds of
glycoluril-based macrocycles will be discussed in greater
detail.
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Polytypism of layer silicate cronstedtite (Fe®'s.,
Fe",)(Si,..Fe’",)Os(OH)4, (0.5 < x < 0.8) was studied in
numerous specimens from localities Eisleben (Germany),
Pohled (Czech rep.) [1], Nizna Slana (Slovakia) [2] by the
four circle X-ray diffractometer with area detector. In addi-
tion, EMPA analyses of selected samples were done. Syn-
thetic micrometer-size crystals were studied by electron
diffraction tomography (EDT) [3]. These methods provide
precession-like images of reciprocal lattice planes, relevant
for the determination of OD subfamilies (A, B, C, D), and
polytypes.

The rare 1M polytype (subfamily A, a =5.5033(3), b=
9.5289(6), c = 7.3328(5) A, B = 104.493(7) °, space group
Cm) was found as dominant in the synthetic run product
[3]. A rare crystal from Eisleben allowed data collection
and structure refinement [4]. More frequently it occurs in
mixed crystals with 37, another, more abundant polytype
of the subfamily A (a = 5.499(2), ¢ = 21.260(8) A, space
group P3,). Such crystals were found in Pohled and Nizna
Slana samples. The newly discovered non-MDO polytype
6T, (subfamily A, a = 5.4976(3), ¢ = 42.601(1) A, space

group P3,) was found in Pohled [1]. Its structure was re-
fined and stacking sequence determined [5]. Another rare
2M, polytype (subfamily A, a =5.497(2), b=9.507(2), c =
14.267(6) A, B =97.25(3) °, space group Cc) occurs in
Pohled in mixed crystals with 675, and in synthetic samples
either with 37, or isolated.

Polytypes of the subfamily A can be affected by
twinning by reticular merohedry. The twinning operation -
((2n-1) x 60 ° rotation parallel to the threefold axis) ex-
changes obverse/reverse settings of the R lattice of the
rhombohedral subfamily A structure. The twinned crystals
are common in Niznad Slana (37 polytype), and rare in
Pohled (673, 3T + 1M).

Mixed crystals of polytypes 2H, + 2H,, subfamily D,
(lattice parameters of both polytypes a = 5.5002(4), ¢ =
14.195(1)A, space groups: P6scm (2H,), P65 (2H,)) were
identified in Pohled, with various 2H,/2H, proportions. Al-
most pure 2H, crystal was found in Nizna Slan4, and a to-
tally disordered subfamily D crystal in the synthetic
product.
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EMPA revealed traces of Cl in samples from both local-
ities (0.009 to 0.06 apfu), and of S (up to 0.11 apfu) in
Nizna Slana cronstedtite.

Now-a-days, the samples from Chynava, and from
Litosice-Sovolusky-MoraSice region are under investiga-
tion.
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Approximations of Fourier coefficients of diffractios profiles

APROXIMACE FOURIEROVYCH KOEFICIENTU DIFRAKCNICH PROFILU
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Fourierovy koeficienty difrakénich profild maji v prasko-
vé difrakci velky vyznam. Pfedevsim mohou byt vyuzity k
ziskani fyzikalniho profilu z profilu méfen¢ho a piistro-
jového [1]. Prave az fyzikalni profil totiz obsahuje hledané
informace o velikosti krystalitt, mikrodeformaci a pfip.
dalsich strukturnich poruchéch. Warrenova — Averbacho-
va [2] interpretace Fourierovych koeficientd fyzikalnich
profild, kterd umoznuje tyto informace ziskat, je zalozena
na vztahu

A, = x" <cos 2nlZ, >, (1)

n
3

kde A, je kosinusovy koeficient Fourierovy fady
difrakéniho profilu linie 00/ vzorku polykrystalu s
ortorombickou miizkou s parametry a;, a,, a3 . Da se
ukazat, ze vhodnou transformaci proménnych a
soufadnych os Ize libovolnou reflexi %kl a libovolny
soufadny systém pfevést na pfipad reflexe 00/
v ortorombické soustaveé [3].

V rovnici (1) je n potadi Fourierového koeficientu, N3
je pramérny pocet zakladnich bun¢k ve sloupcich kolmych
na difraktujici roviny 00/ (stieduje se pies cely vzorek), N,
je primérny pocet sloupcti sestavajicich z n sousedicich
zékladnich bunék (taky stfedovano pies cely vzorek), / je
fad reflexe a Z, je relativni zména vzdalenosti dvou
zékladnich bunék jednoho sloupce vlivem deformace.
Absolutni zména ma velikost AL = Z, a;. V nedefor-
movaném stavu byla vzajemna vzdalenost téchto bunék L
= n az. Mikrodeformace tedy je

Z VA
g, =L -2t L @)
L  na, n
Podobné je ziejmé
N,a, =N,d =D, 3)

kde D je praimérna velikost krystalickych ¢astic ve sméru
kolmém na difraktujici roviny (00/) a d = a; je mezirovinna
vzdalenost (pro / = 1).

Pomér (N,/N3) v (1) souvisi s velikosti krystalickych
Castic, zfejm¢ nezavisi na fadu reflexe / a oznacuje se za
velikostni Fouriertiv koeficient 4,°. Pro malé hodnoty n
plati dost pfesné (napf. [4]), Ze (N, / N; ) se piiblizné rovna
[1 — (n/N; )], coz lze povazovat za prvni dva Cleny
Taylorovy fady funkce exp[-(n/N3)], takze

AP :N” =[1-" =exp) - 4)
N3 N3 N3

Vyraz <cos 2ann> — deformaé¢ni Fouriertiv koeficient 4,° —
zavisi na fadu reflexe / a pro malé hodnoty / a n ho lze
aproximovat taky prvnimi dvéma ¢leny jeho Taylorovy
fady a ty pak opét lze povazovat za prvni dva cleny

Taylorovy fady funkce eXp(—anl : <Z,f >), takze mame

A7 =(cos2miz,) = 1-20°1(Z] ) zexp(-20°* (22)). (5)

Aproximace (5) plati pii malych hodnotach [/ a n pro
libovolné statistické rozlozeni veli¢iny Z,. Je-li toto
rozlozeni Gaussovo, plati (5) pro libovolné hodnoty / a n
presné [2].

Pro vysledny Fouriertiv koeficient fyzikalniho profilu
A, =A” A7 pakz(1),(4)a(5) vyplyva

= exp(—]\;l]exp(—an r’ <Z§ >) (6)

3

Protoze podle (2) ziejmé je
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2\ 2/ o\ (L ) predpoklada homogénni rozlozeni mikrodeformaci, € nan
(z)=n(e) ‘(dj (&) ) nezavisiaz (8) je
_ 2
vychazi —InA, =Mn+Nn~, (10)
co znamena,ze posloupnost logaritmid Fourierovych
A4, = exp(_”jexp(—2nzlzn2<ai>), (8) koeficientii fyzikalniho profilu lze aproximovat
N parabolou. Z jejich koeficienti M a N lze uréit velikosti
resp. krystalitti a mikrodeformaci, a to jenom z jedné difrakcni
linie [5]. Ke stejnému ucelu byly navrzeny dalsi
A, =exp(-L/ D) exp(— K12 < g2 >)’ ) aproximacni funkce, které budou uvedeny v piispévku.

kde K =2n"F je pro danou difrakéni linii konstanta a index
Fourierového koeficientu n byl nahrazen vzdalenosti L =
na; = nd. U mikrodeformace & se casto uvade¢ji dolni
indexy n nebo L, protoze obecné & na nich zavisi.
Nehomogenni deformace totiz ziejmé zavisi na délce
sttedovani, resp. na délce podél které se urcuje. Pokud se
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Duplex stainless steels have high corrosion resistance in
many environments, where the standard austenite steel is
consumed, and where its properties significantly exceed
austenite steel. Duplex steels combine properties of both
phases and moreover, due to two-phase microstructure,
some properties are better than high-alloyed austenite steel,
e.g. abrasion resistance [1]. Thereby, smaller amount of
material from duplex steel is necessary to manufacture
function components. Austenite and duplex steels are sus-
ceptible to mechanical reinforcement, i.e. local changes in
mechanical properties of surface layers. Local changes,
e.g. hardness, can lead to tools vibration during machining
of the final component, which results in additional material
inhomogeneity and blunting tool [2].

Realising that austenite steel has face centred cubic
(fce) lattice with close-packing structure of atoms, the pri-
mary slip system is (110){111}. The number of slip sys-
tems is 12, which is the sufficient amount to plastic
deformation. Moving dislocations form so called stair-rod
dislocations which have small stacking fault energy, i.c.
high energy is necessary to have for intersect or cross slip
of these dislocations [3]. Therefore, the austenite steels are
prone to work-hardening, which cause mechanical modifi-
cation and inhomogeneity on the machined surface, and
leads to e.g. unstable chip formation. On the contrary, the
ferrite crystallizes in a body centred cubic lattice (bcc). The
direction slip in bcc materials is always (111). Since in the
bcc lattice is not close-packing structure of atoms, more

slip planes assert during the deformation, mostly planes
{110} and {211}.

The tested samples of tube shape of 100/86 mm in di-
ameter were made of AISI 304 (austenite) and AIST318LN
(duplex) type of stainless steel. The samples were annealed
in air laboratory furnace for 5 hours at 420°C in order to re-
duce bulk macroscopic residual stresses. For machining of
the surfaces, four types of side rake angle were used (-6°;
-2°; +7° and +12°), namely F3M, SF, NF, and PP chip
breakers of Iscar Cutting Tools.

Cutting conditions were as followed: feed rate 0.14
mm/rev, cutting speed 140 m/min, and depth of cut 2 mm.
Direction of feed rate was parallel to axis of the sample
(tube) A and perpendicular to tangential direction T. Ac-
cording to the principles of design of experiments (DOE)
method, three 1cm tube segments were machined using the
same cutting conditions.

Using MnKa and CrKa radiation, X Pert PRO MPD
diffractometer was used to measure lattice deformations in
austenite and ferrite, respectively. Diffraction angles 20"
were determined from the peaks of the diffraction lines
Ko, of planes {311} and {211} of austenite and ferrite, re-
spectively. In Figs. la-c, there are influences of surface
macroscopic residual stresses <o, >; <or>, MPa on the
side rake angle, °. These residual stresses were averaged
from three values of RS of tube segments machined the
same side rake angle.
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sile RS and contrarily, the plastic deformation leads to
compressive RS. The type of the RS and their value deeply
depend on the mechanical and thermal properties of the
machined material [4, 5].

For austenite steel, higher compressive (axial direction)
and smaller tensile (tangential direction) RS were deter-
mined with increasing of the side rake angle, see Fig. la.
On the other hand, for ferrite steel, the greater force causes
that the plastic deformation influence is predominant and
higher compressive or smaller tensile RS may be deter-
mined with increasing of the side rake angle. Furthermore,
for duplex steel, which is consisted of both phases, it is pos-
sible to presume that the dependence of RS on the side rake
angle is generally not monotonic for both the phases be-
cause of their mutual influence during plastic deformation,
see Figs. 1b-c.
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CONTRIBUTION TO STUDY OF Cu/Mn HETEROBIMETALLIC COMPOUNDS
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Previously, it was demonstrated that besides the covalent
bonds also hydrogen bonds (HBs) can be considered as ad-
ditional paths for the magnetic exchange interactions [1, 2].
The study of magnetic and thermodynamic properties of
structurally 1D compound Cu(en),Ni(CN);4 (en = eth-
ane-1,2-diamine) in the low temperature region confirmed
its magnetically 2D character, the present HBs of the
N-H--N type were suggested as additional exchange paths
to the covalent bonds through the five-atomic -NC-M-CN-
bridge [3]. Weak character of the magnetic exchange inter-
actions is in line with long exchange path. We have under-
taken a study of a series copper(Il) compounds in which
[M(CN),]* bridging species with square coordinated dia-
magnetic M(II) atoms were replaced by [MnCl,]* anion.
The use of this anion allows the formation of Cu(II)-Mn(II)
bimetallic chains with short bridge between the paramag-
netic atoms consisted of one chloride ligand. These sys-
tems are interesting from magnetic point of view, chains of
Mn(1II) (S =5/2) and Cu(Il) (S =1/2) structurally ordered in
an alternating manner are of intense interest as potential
starting blocks in the synthesis of molecular-based
ferromagnets [4].

We have prepared and structurally characterized three
novel compounds using the methyl derivates of
ethylenediamine: Cu(men),MnCly (1), Cu(bmen),MnCl,
(2) and Cu(dmen);MnCly (3) (men = N-methylethane-1,2
diamine; bmen = N,N’-dimethylethane-1,2 diamine; dmen
= N,N-dimethylethane-1,2-diamine). Compounds 1 and 2
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exhibit chain-like structures analogous to the already re-
ported Cu(en),MnCly [5] in which alternating Cu(Il) and
Mn(1II) atoms are bridged by chloride ligand. The hexa-co-
ordinated Cu(II) atom is surrounded by two chelate bonded
blocking ligands and two chloride ligands are placed in the
trans positions, the Mn(II) coordination environment ap-
proximates tetrahedral symmetry. On the other hand, the
use of the unsymmetrical dmen ligand leads to a dinuclear
compound 3 with molecular structure in which the
pentacoordinated Cu(Il) and tetrahedrally coordinated
Mn(II) atoms are linked by one bridging chlorido ligand.
Further details on the syntheses, characterizations and
crystal structures will be given.
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Schiff bases are often used as ligands for the coordination
of cobalt due to their multi-donor properties [1] and conse-
quent versatility. In our quest for Co(Il) complexes as mag-
netically active materials [2; 3] we have isolated two
polymorphs of [Coy(0-van-en);]-4CH;CN (1 and 2) based
on the Schiff base ligand o-van-en synthesized by the reac-
tion of ethylenediamine with o-vanillin in 1:2 molar ratio
(Scheme 1).

The ftriclinic (P-1) polymorph 1 was obtained after
room temperature crystallization of the acetonitrile solu-

tion of the reaction product of the Schiff base with cobalt
hydroxide in air. Differences in reaction and crystallization
conditions produced the monoclinic form 2 (space group
P2,/c). Both polymorphs were chemically and spectro-
scopically characterized, and the results indicated sponta-
neous oxidation of Co(II) to Co(III). The crystal structures
of both 1 and 2 are built up of molecules of the centro-
symmetric dinuclear complex [Co,(o-van-en);], in which
each Co(Ill) atom is coordinated by one tetradentate
o-van-en ligand in an uncommon bent fashion. The
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pseudooctahedral coordination of the Co(III) atom is com-
pleted by one phenolato O and one amidic N atom of the
same arm of the bridging o-van-en ligand. In addition, the
asymmetric units of both polymorphs contain two
acetonitrile solvate molecules. In polymorph 2, consistent
with the symmetry of the space group, the dinuclear {Co,}
units are arranged in an alternating ABABAB fashion, in
contrast to the AAA arrangement of the dinuclear units in
polymorph 1. As a consequence, both polymorphs differ in
the positions of the acetonitrile solvate molecules and in
the pattern of intermolecular interactions. Differences of
some geometrical parameters, e.g., torsion angles were ob-
served, t0o.
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2. E.Burzuri, J. Campo, L. R. Falvello, E. Forcén-Vazquez,
F. Luis, I. Mayoral, F. Palacio, C. Saenz de Pipadn, M.
Tomas, Chem. Eur. J., 17, (2011), 2818-2822.
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Scheme 1. Structural diagram of H,(o-van-en).
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The electron backscatter diffraction (EBSD) is the method
widely used in materials science, nowadays. In past twenty
years the instrumentation underwent extensive progress
and the EBSD became standard laboratory technique. Sig-
nificant progress in the instrumentation, the development
of modern high resolution scanning electron microscopes
and dual beam microscopes, as well as the fast EBSD de-
tectors still offers the new possibilities of application of
EBSD method for studying of various types of modern and
perspective materials.

The Kikuchi pattern formation in Transmission Elec-
tron Microscope (TEM) was first observed and explained
in 1928 by S. Kikuchi [1]. It was immediately found that
the Kikuchi pattern is a powerful tool for the crystal orien-
tation determination because “The Kikuchi diffraction pat-
tern is a projection of the geometry of the crystal lattice
from a volume of specimen in which this geometry is con-
stant, or nearly so (Kikuchi [1]).” In 1932 Meibon and
Rupp observed high angle Kikuchi patterns from “re-
flected” electrons. Venables and Harland observed elec-
tron backscatter patterns in the Scanning Electron
Microscope equipped with 30 mm diameter fluorescent im-
aging screen and television camera. This method allowed
examination of specimens and the measurement of crystal
orientation at high spatial resolution, which was signifi-
cantly improved by the use of field emission gun scanning
electron microscopes. The first on-line working (auto-
mated) EBSD systems were developed in 1980. In 1993 the
Orientation Imaging Microscopy (OIM) or orientation
mapping was established. The on-line orientation determi-
nation from the EBSD patterns is computationally time-

consuming task, however within the last decades the EBSD
technique underwent a great boom as a consequence of the
computers hardware improvements and progresses in the
scanning electron microscopes technique, as well.

The EBSD is surface sensitive method. Measured in-
formation come from the depth of several tenths of nm, de-
pending on the measured material atomic number (the
penetration depth of electrons decreases with increasing
atomic number). The spatial resolution of the EBSD de-
pends on the used electron microscope type (used electron
source). In the case of scanning electron microscope
equipped with field emission cathode it is in order of ~10
nm.

Two types of information are essentially held by the
electron backscatter patterns. First is the Kikuchi pattern
quality measure and the second is the orientation of irradi-
ated volume. The Kikuchi pattern quality information, can
be used for determination of the crystal “perfection”, esti-
mation of the crystal defects types and its densities because
the presence of the lattice defects in irradiated volume has
in general in consequence decrease of the Kikuchi pattern
“sharpness” (blurring of the Kikuchi pattern). However,
the Kikuchi pattern quality is strongly influenced by the
specimen surface preparation. The surface area is in most
cases of samples highly defective (from production or sam-
ple processing). The Kikuchi pattern from poorly prepared
specimen is therefore not sharp and this effect correlates
with influence of the lattice defects and imperfections.
Therefore, the determination of the lattice defects and
densities can be done only quasi-quantitatively.
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