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such in clu sion com pounds and are of ten stud ied as po ten -
tial sig nal ing mol e cules, cat a lysts, phar ma ceu ti cal trans -
port ers and "pre ser va tives", or mod els for bi o log i cal
pro cesses oc cur ring at the sur face of the mem branes.

For this type of com plexes, X-ray crys tal log ra phy
(among var i ous NMR ex per i ments) is usu ally the pre -
ferred method of struc tural anal y sis. How ever, the crys tals 
usu ally have large unit cells with con sid er able quan ti ties
of sol vents, which makes them some what sim i lar to pro -
tein crys tals re gard ing the data col lec tion and re fine ment.
De fects in crys tal struc ture, such as a dis or der in the sol -
vent “area” around the hosts do oc cur quite of ten. A chem -
ist is usu ally in ter ested in re main ing “non-sol vent” parts
of the struc ture, which means that some sim pli fi ca tions
can be in tro duced. Prac ti cal as pects of X-ray dif frac tion
stud ies on se lected in clu sion com pounds of
glycoluril-based macro cycles will be dis cussed in greater
de tail. 
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Polytypism of layer sil i cate cronstedtite (Fe2+
3-x

Fe3+
x)(Si2-xFe3+

x)O5(OH)4, (0.5 < x < 0.8) was stud ied in
nu mer ous spec i mens from lo cal i ties Eisleben (Ger many),
Pohled (Czech rep.) [1], Nižná Slaná (Slovakia) [2] by the
four cir cle X-ray diffractometer with area de tec tor. In ad di -
tion, EMPA anal y ses of se lected sam ples were done. Syn -
thetic mi crom e ter-size crys tals were stud ied by elec tron
dif frac tion to mog ra phy (EDT) [3]. These meth ods pro vide
pre ces sion-like im ages of re cip ro cal lat tice planes, rel e vant 
for the de ter mi na tion 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) C, b = 104.493(7) °, space group
Cm) was found as dom i nant in the syn thetic run prod uct
[3]. A rare crys tal from Eisleben al lowed data col lec tion
and struc ture re fine ment [4]. More fre quently it oc curs in
mixed crys tals with 3T, an other, more abun dant polytype
of the subfamily A (a = 5.499(2), c = 21.260(8) C, space
group P31). Such crys tals were found in Pohled and Nižná
Slaná sam ples. The newly dis cov ered non-MDO polytype
6T2  (subfamily A, a = 5.4976(3), c = 42.601(1) C, space

group P31) was found in Pohled [1]. Its struc ture was re -
fined and stack ing se quence de ter mined [5]. An other rare
2M1 polytype (subfamily A, a = 5.497(2), b = 9.507(2), c =

14.267(6) C, b  = 97.25(3) °, space group Cc) oc curs in
Pohled in mixed crystals with 6T2, and in syn thetic sam ples 
ei ther with 3T, or iso lated.

Polytypes of the subfamily A can be af fected by
twinning by reticular merohedry. The twinning op er a tion -

((2n-1) × 60 ° ro ta tion par al lel to the three fold axis) ex -
changes ob verse/re verse set tings of the R lat tice of the
rhombohedral subfamily A struc ture. The twinned crys tals
are com mon in Nižná Slaná (3T polytype), and rare in
Pohled (6T2, 3T + 1M).

Mixed crys tals of polytypes 2H1 + 2H2, subfamily D,
(lattice pa ram e ters of both polytypes a = 5.5002(4), c =
14.195(1)C, space groups: P63cm (2H1), P63 (2H2)) were
iden ti fied in Pohled, with var i ous 2H1/2H2 pro por tions. Al -
most pure 2H1 crys tal was found in Nižná Slaná, and a to -
tally dis or dered subfamily D crys tal in the syn thetic
prod uct.



EMPA re vealed traces of Cl in sam ples from both lo cal -
i ties (0.009 to 0.06 apfu), and of S (up to 0.11 apfu) in
Nižná Slaná cronstedtite.

Now-a-days, the sam ples from Chyòava, and from
Litošice-Sovolusky-Morašice re gion are un der in ves ti ga -
tion.
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M. Èeròanský

Fyzikální ústav AV ÈR, Na Slovance 2, 182 21  Praha 8, Èeská republika

cernan@fzu.cz

Fourierovy  koeficienty difrakèních profilù mají v práško -
vé difrakci velký význam. Pøedevším mohou být využity k
získání fyzikálního profilu z profilu mìøeného a pøístro -
jového [1]. Právì až fyzikální profil totiž obsahuje hledané
informace o velikosti krystalitù, mikrodeformací a pøíp.
dalších strukturních poruchách. Warrenova – Aver ba cho -
va [2] interpretace Fourierových koeficientù fyzikálních
profilù, která umožòuje tyto informace získat, je založena
na vztahu

A
N

N
lZn

n
n=

3

2cos p ,                 (1)

kde An je kosínusový koeficient Fourierovy øady
difrakèního profilu linie 00l vzorku polykrystalu s
ortorombickou møížkou s parametry a1 ,  a2 ,  a3 . Dá se
ukázat, že vhodnou transformací  promìnných a
souøadných os lze libovolnou reflexi hkl a libovolný
souøadný systém pøevést na pøípad reflexe 00l
v ortorombické soustavì [3].
        V rovnici (1) je n poøadí Fourierového koeficientu, N3

je prùmìrný poèet základních bunìk ve sloupcích kolmých
na difraktující roviny 00l (støeduje se pøes celý vzorek), Nn

je prùmìrný poèet sloupcù sestávajících z n sousedících
základních bunìk (taky støedováno pøes celý vzorek), l je
øád reflexe a Zn je relativní zmìna vzdálenosti dvou
základních bunìk jednoho sloupce vlivem deformace.

Absolutní zmìna má velikost DL = Zn a3. V nedefor -
movaném stavu byla vzájemná vzdálenost tìchto bunìk L
= n a3. Mikrodeformace tedy je    

en
n nL

L

Z a

na

Z

n
= = =

D 3

3

.  (2)

Podobnì je zøejmì

N a N d D3 3 3= = ,  (3)

kde D je prùmìrná velikost krystalických èástic ve smìru
kolmém na difraktující roviny (00l) a d = a3  je mezirovinná
vzdálenost (pro l = 1).         
      Pomìr (Nn/N3) v (1) souvisí s velikostí krystalických
èástic, zøejmì nezávisí na øádu reflexe l a oznaèuje se za
velikostní Fourierùv koeficient An

D. Pro malé hodnoty n
platí dost pøesnì (napø. [4]), že (Nn / N3 ) se pøibližnì rovná
[1 – (n/N3 )], což lze považovat za první dva èleny
Taylorovy øady funkce exp[-(n/N3)], takže
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Výraz cos 2plZn   – deformaèní Fourierùv koeficient An
e –

závisí na øádu reflexe l a pro malé hodnoty l a n ho lze
aproximovat taky prvními dvìma èleny jeho Taylorovy
øady a ty pak opìt lze považovat za první dva èleny

Taylorovy øady funkce ( )exp -2 2 2 2p l Zn , takže máme

( )A lZ l Z l Zn n n n
e p p p= @ - @ -cos exp2 1 2 22 2 2 2 2 2 .   (5)

Aproximace (5) platí pøi malých hodnotách  l a n pro
libovolné statistické rozložení velièiny Zn. Je-li toto
rozložení Gaussovo, platí (5) pro libovolné hodnoty l a n
pøesnì [2].                                                             
        Pro výsledný Fourierùv koeficient fyzikálního profilu  
A A An n

D
n= e    pak z (1), (4) a (5) vyplývá

( )A
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N
l Zn n@ -

æ

è
ç
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÷
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3

2 2 22p .  (6)

Protože podle (2) zøejmì je
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resp.

( )A L D KLL L@ - -exp( / )exp 2 e2 , (9)

kde  K = 2p2l2 je pro danou difrakèní linii konstanta a in dex
Fourierového koeficientu n byl nahrazen vzdáleností L =

na3 = nd. U mikrodeformace e se èasto uvádìjí dolní

indexy n nebo L, protože obecnì e na nich závisí.
Nehomogenní deformace totiž zøejmì závisí na délce
støedování, resp. na délce podél které se urèuje. Pokud se

pøedpokládá homogénní rozložení mikrodeformací,  e  na n 
nezávisí a z (8) je                                                       
                    

- = +ln A Mn Nnn
2 ,                                                                  (10)    

co znamená,že posloupnost logaritmù Fourierových
koeficientù  fyzikálního profilu lze aproximovat
parabolou. Z jejích koeficientù M a N lze urèit velikosti
krystalitù a mikrodeformací, a to jenom z jedné difrakèní
linie [5]. Ke stejnému úèelu byly navrženy další
aproximaèní funkce, které budou uvedeny v pøíspìvku.
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Du plex stain less steels have high cor ro sion re sis tance in
many en vi ron ments, where the stan dard aus ten ite steel is
con sumed, and where its prop er ties sig nif i cantly ex ceed
aus ten ite steel. Du plex steels com bine prop er ties of both
phases and more over, due to two-phase microstructure,
some prop er ties are better than high-al loyed aus ten ite steel, 
e.g. abra sion re sis tance [1]. Thereby, smaller amount of
ma te rial from du plex steel is nec es sary to man u fac ture
func tion com po nents. Aus ten ite and du plex steels are sus -
cep ti ble to me chan i cal re in force ment, i.e. lo cal changes in
me chan i cal prop er ties of sur face lay ers. Lo cal changes,
e.g. hard ness, can lead to tools vi bra tion dur ing ma chin ing
of the fi nal com po nent, which re sults in ad di tional ma te rial
inhomogeneity and blunt ing tool [2].

Real is ing that aus ten ite steel has face cen tred cu bic
(fcc) lat tice with close-pack ing struc ture of at oms, the pri -

mary slip sys tem is á110ñ{111}. The num ber of slip sys -
tems is 12, which is the suf fi cient amount to plas tic
de for ma tion. Mov ing dis lo ca tions form so called stair-rod
dis lo ca tions which have small stack ing fault en ergy, i.e.
high en ergy is nec es sary to have for in ter sect or cross slip
of these dis lo ca tions [3]. There fore, the aus ten ite steels are
prone to work-hard en ing, which cause me chan i cal mod i fi -
ca tion and inhomogeneity on the ma chined sur face, and
leads to e.g. un sta ble chip for ma tion. On the con trary, the
fer rite crys tal lizes in a body cen tred cu bic lat tice (bcc). The 

di rec tion slip in bcc ma te ri als is al ways á111ñ. Since in the
bcc lat tice is not close-pack ing struc ture of at oms, more

slip planes as sert dur ing the de for ma tion, mostly planes
{110} and {211}.

The tested sam ples of tube shape of 100/86 mm in di -
am e ter were made of AISI 304 (aus ten ite) and AISI 318LN 
(du plex) type of stain less steel. The sam ples were an nealed
in air lab o ra tory fur nace for 5 hours at 420°C in or der to re -
duce bulk mac ro scopic re sid ual stresses. For ma chin ing of
the sur faces, four types of side rake an gle were used (-6°;
-2°; +7° and +12°), namely F3M, SF, NF, and PP chip
break ers of Iscar Cutting Tools. 

Cut ting con di tions were as fol lowed: feed rate 0.14
mm/rev, cut ting speed 140 m/min, and depth of cut 2 mm.
Di rec tion of feed rate was par al lel to axis of the sam ple
(tube) A and per pen dic u lar to tan gen tial di rec tion T. Ac -
cord ing to the prin ci ples of de sign of ex per i ments (DOE)
method, three 1cm tube seg ments were ma chined us ing the
same cutting conditions. 

Us ing MnKa and CrKa ra di a tion, X’Pert PRO MPD
diffractometer was used to mea sure lat tice de for ma tions in

aus ten ite and fer rite, re spec tively. Dif frac tion an gles 2qhkl

were de ter mined from the peaks of the dif frac tion lines

Ka1 of planes {311} and {211} of aus ten ite and fer rite, re -
spec tively. In Figs. 1a-c, there are in flu ences of sur face

mac ro scopic re sid ual stresses <sA>; <sT>, MPa on the
side rake an gle, °. These re sid ual stresses were av er aged
from three val ues of RS of tube seg ments ma chined the
same side rake an gle. 



Gen er ally, the in creas ing of the side rake an gle in the
pos i tive di rec tion leads to a low er ing of cut ting force and
tem per a ture in the cut ting zone [4]. For pre dic tion of RS
de pend ence on the side rake an gle, the yield strength ra tio
Rm/Rp0.2 of the given ma te rial is nec es sary to take into ac -
count. Gen er ally, the tem per a ture in flu ence causes the ten -
sile RS and con trarily, the plas tic de for ma tion leads to
com pres sive RS. The type of the RS and their value deeply
de pend on the me chan i cal and ther mal properties of the
machined material [4, 5].

For aus ten ite steel, higher com pres sive (ax ial di rec tion) 
and smaller ten sile (tan gen tial di rec tion) RS were de ter -
mined with in creas ing of the side rake an gle, see Fig. 1a.
On the other hand, for fer rite steel, the greater force causes
that the plas tic de for ma tion in flu ence is pre dom i nant and
higher com pres sive or smaller ten sile RS may be de ter -
mined with in creas ing of the side rake an gle. Fur ther more,
for du plex steel, which is con sisted of both phases, it is pos -
si ble to pre sume that the de pend ence of RS on the side rake
an gle is gen er ally not monotonic for both the phases be -
cause of their mu tual in flu ence during plastic deformation,
see Figs. 1b-c.

1. R. Dakhlaoui, C. Braham, A. Baczmañski, Ma ter. Sci.
Eng.: A, 70.1, (2007), 6-17.

2. J. Èapek, K. Kolaøík, L. Beránek, A. Molotovník, N.
Ganev, in The 5th Stu dent Sci en tific Con fer ence on Solid
State Phys ics, ed ited by ÈVUT Praha, 2005, pp. 11-15. 

3. J. J. Moverare, M. Oden, Ma ter. Sci. Eng.: A, 337.1,
(2002), 25-38. 

4. F. Neckáø, I. Kvasnièka, Vybrané statì z úbìru materiálu.
Praha: ÈVUT. 1991.

5.

T. Leppert, R. L. Peng, Produc. Eng., 6.4-5, (2012),
367-374.

This work was sup ported by the Grant Agency of the Czech
Tech ni cal Uni ver sity in Prague, grant No. SGS16/
245/OHK4/3T/14.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 23,  no. 4 (2016)       363

a) Aus ten ite steel. b) Du plex steel – aus ten ite phase.

c) Du plex steel – fer rite phase.

Fig ure 1. Ax ial and tan gen tial re sid ual stresses <sA>,  <sT>  as
a func tion of side rake an gle.
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Pre vi ously, it was dem on strated that be sides the co va lent
bonds also hy dro gen bonds (HBs) can be con sid ered as ad -
di tional paths for the mag netic ex change in ter ac tions [1, 2]. 
The study of mag netic and ther mo dy namic prop er ties of
struc tur ally 1D com pound Cu(en)2Ni(CN)4 (en = eth -
ane-1,2-diamine) in the low tem per a ture re gion con firmed
its mag net i cally 2D char ac ter, the pres ent HBs of the
N-H···N type were sug gested as ad di tional ex change paths
to the co va lent bonds through the five-atomic -NC-M-CN-
bridge [3]. Weak char ac ter of the mag netic ex change in ter -
ac tions is in line with long ex change path. We have un der -
taken a study of a se ries cop per(II) com pounds in which
[M(CN)4]

2– bridg ing spe cies with square co or di nated dia -
mag netic M(II) at oms were re placed by [MnCl4]

2– an ion.
The use of this an ion al lows the for ma tion of Cu(II)-Mn(II) 
bi me tal lic chains with short bridge be tween the para mag -
netic at oms con sisted of one chlo ride ligand. These sys -
tems are in ter est ing from mag netic point of view, chains of
Mn(II) (S = 5/2) and Cu(II) (S = l/2) struc tur ally or dered in
an al ter nat ing man ner are of in tense in ter est as po ten tial
start ing blocks in the syn the sis of mo lec u lar-based
ferromagnets [4]. 

We have pre pared and struc tur ally char ac ter ized three
novel com pounds us ing the methyl deri vates of
ethylenediamine: Cu(men)2MnCl4  (1), Cu(bmen)2MnCl4

(2) and Cu(dmen)2MnCl4 (3) (men = N-methylethane-1,2
diamine; bmen = N,N’-dimethylethane-1,2 diamine; dmen
= N,N-dimethylethane-1,2-diamine). Com pounds 1 and 2

ex hibit chain-like struc tures anal o gous to the al ready re -
ported Cu(en)2MnCl4 [5] in which al ter nat ing Cu(II) and
Mn(II) at oms are bridged by chlo ride ligand. The hexa-co -
or di nated Cu(II) atom is sur rounded by two che late bonded 
block ing lig ands and two chlo ride lig ands are placed in the
trans po si tions, the Mn(II) co or di na tion en vi ron ment ap -
prox i mates tet ra he dral sym me try. On the other hand, the
use of the un sym met ri cal dmen ligand leads to a dinuclear
com pound 3 with mo lec u lar struc ture in which the
pentacoordinated Cu(II) and tetra hed rally co or di nated
Mn(II) at oms are  linked by one bridg ing chlorido ligand.
Fur ther de tails on the syn the ses, characterizations and
crystal structures will be given.
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Schiff bases are of ten used as lig ands for the co or di na tion
of co balt due to their multi-do nor prop er ties [1] and con se -
quent ver sa til ity. In our quest for Co(II) com plexes as mag -
net i cally ac tive ma te ri als [2; 3] we have iso lated two

poly morphs of [Co2(o-van-en)3]×4CH3CN (1 and 2) based
on the Schiff base ligand o-van-en syn the sized by the re ac -
tion of ethylenediamine with o-vanillin in 1:2 mo lar ra tio
(Scheme 1).

The triclinic (P-1) polymorph 1 was ob tained af ter
room tem per a ture crys tal li za tion of the acetonitrile so lu -

tion of the re ac tion prod uct of the Schiff base with co balt
hy drox ide in air. Dif fer ences in re ac tion and crys tal li za tion 
con di tions pro duced the monoclinic form 2 (space group
P21/c). Both poly morphs were chem i cally and spec tro -
scop i cally char ac ter ized, and the re sults in di cated spon ta -
ne ous ox i da tion of Co(II) to Co(III). The crys tal struc tures
of both 1 and 2 are built up of mol e cules of the centro -
symmetric dinuclear com plex [Co2(o-van-en)3], in which
each Co(III) atom is co or di nated by one tetradentate
o-van-en ligand in an un com mon bent fash ion. The
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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.
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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).


