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In 1912, Max von Laue, Wal ter Friedrich, and Paul
Knipping per formed their fa mous X-ray dif frac tion ex per i -
ment and proved for the first time two ba sic prin ci ples in
phys ics: that a sin gle crys tal is com posed of reg u lar blocks
and that X-rays be have as waves with a wave length in the
or der of the dis tances be tween the build ing blocks of the
crys tal. It is in ter est ing to note, that Fridrich and Knipping
also car ried out first pow der X-ray dif frac tion ex per i ment.
They ground a cop per sul phate crys tal and placed the pow -
der sam ple in the X-ray beam in stead of a sin gle-crys tal.
They ob served small speck les around a cen tral spot. Un for -
tu nately, they used a poly chro matic beam and the ex po sure
was too short to ob serve dif frac tion rings [1]. 

The pow der X-ray dif frac tion method was de vel oped
in de pend ently by Pe ter Debye and Paul Scherrer (1916)
and by Al fred Hull (1917). Debye and Scherer made a 57
mm di am e ter cy lin dri cal cam era, used two films with each
form ing two half of cir cle in con tact with a cam era wall, a
pri mary beam collimator and a light-tight cover.  For the
sam ple, they used the fin est grain pow der of LiF [2]. Debye 
and Scherrer were sur prised to find on the first pho to graphs 
the sharp lines of first pow der di a gram, which they cor -
rectly in ter preted as crys tal line dif frac tion by the ran domly
ori ented mi cro-crys tal of the pow der [3]. Ap prox i mately at
the same time, Al fred Wallace Hull, an em ployee of Gen -
eral Elec tric Re search Lab o ra tory in USA, be came in ter -
ested in the X-ray dif frac tion. Hull saw there a chal lenge
and try to find the crys tal struc ture of iron. Since the sin -
gle-crys tals of iron were not avail able at that time, he used
iron fill ings, which were ro tated con tin u ously in or der to
pro vide ran dom ness [3]. He ob tained good dif frac tion pat -
terns and sub se quently checked if the d-spac ings of the dif -
frac tion pat terns of iron are con sis tent to the Bragg val ues
for the three cu bic crys tal sys tems [1]. Hull also de scribed

many of the ex per i men tal fac tors; was first who used a Ka
ilter and mea sured the ef fect of X-ray volt age on the in ten -

sity of the MoKb ra di a tion. He de scribed the im por tance of
the par ti cle size in the sam ple, spec i men ro ta tion and the
ne ces sity for the ran dom ori en ta tion. Debye and Scherrer
did not men tion the use of the method for phase iden ti fi ca -
tion in the pa per (1916), how ever Hull rec og nized that
pow der dif frac tion anal y sis can be used for phase iden ti fi -
ca tion of crys tal line com pounds, even if they are in mix -
tures. A ma jor ad vance of the pow der dif frac tion method
be gan in the early 1950´s with the in tro duc tion of the first
com mer cial high-res o lu tion diffractometers which greatly
ex pand the use of the method [3]. In 1967, a next huge step
was taken as Hugo Rietveld pub lished his first whole pro -
file pat tern fit ting anal y sis of WO3 [4]. In this work, Hugo
Rietveld showed that he could re fine a crys tal struc ture
hav ing pow der dif frac tion pat tern with over lap ping re flec -
tions. He also in tro duced re sid ual val ues (R fac tors), al low -
ing the quan ti ta tive judg ment of the re fine ment qual ity.

This con tri bu tion il lus trates the dis cov ery of pow der
dif frac tion in 1916 and fur ther de vel op ment of the method
till the ad vent of „Rietveld method“ in 1967. The prog ress
in de vel op ment of in stru men ta tion (in clud ing neu tron dif -
frac tion), pow der dif frac tion da ta bases, and de ter mi na tion
of first non-cu bic crys tal struc tures will be dis cussed.  

1. M. Etter, R.E. Dinnebier, Z. Anorg. Allg. Chem., 640,
(2014), 3015.

2. A. Authi er, Ear ly Days of Crys tal lo gra phy, IUCr, Ox ford
Uni ver si ty Press, Ox ford, 2015.

3. W. Parrish, J.I. Lang ford, Pow der and re lated tech niques:
X-ray tech niques, In ter na tional Ta bles for Crys tal log ra -
phy, vol ume C, IUCr Lon don, 1999. 

4. H. M. Rietveld, Acta Crystallogr. 22, (1967), 151.
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In tro ducti on

Blind crys tal struc ture pre dic tion (CSP) test is a pe ri odic
event or ga nized by Cam bridge Crys tal lo graphic Data Cen -
tre. Struc ture pre dic tion typ i cally con sists from 3 phases: 
• 1) Build ing a 3D mol e cule model from its con nec tiv ity

in for ma tion
• 2) Gen er at ing a set of sug gested struc tures 
• 3) Rank ing of the sug gested struc tures
This year, it was op tional to par tic i pate only in the phase 3). 
We had par tic i pated in rank ing of sug gested struc tures of
fol low ing mol e cules:

Methods

Based on pre lim i nary benchmarks we had used for the
rank ing en ergy cal cu la tion ground on DFT the ory. We had
used rSCAN func tional com bined with MBD dis per sion
cor rec tion. The data were pre pared in BIOVIA Ma te ri als
Stu dio soft ware. Com pu ta tion was per formed on Karolina
super com puter at TU Ostrava. CASTEP 20.11 soft ware
was used. The com pu ta tional power re quired for the cal cu -
la tions was ap prox i mately 2 000 000 core/hours.

Re sults

Based on the en ergy rank ing, we had iden ti fied fol low ing
struc tures from the in put data sets as the one prob a bly ex -
ist ing in re al ity:  XXVII_struc ture_59, XXXI_struc -
ture_59, XXXIII_struc ture_452. The cor rect re sults of
CSP7 were not dis closed up to now so we can not con firm
any suc cess.

Dur ing the data pro cess ing we were faced with lim i ta -
tion of com mer cial soft ware used for CIF data trans fer to
DFT soft ware ac cept able for mat as well as with is sues re -
lated to man age mul ti ple jobs on a super com puter. Based
on the ex pe ri ences we had cho sen to de velop our own soft -
ware for DFT cal cu la tion han dling.

De ve lo p ment of the CheckCIF-DFT code

The CheckCIF-DFT code is soft ware tar geted pri mary for
trans for ma tion of CIF files to for mat ac cept able by DFT
soft ware. The code just sup ports CASTEP and Quan tum
Espresso for mats. The pro gram can man age ex ter nal DFT
soft ware run as well as an a lyze re sults. It can man age com -
pu ta tion of mul ti ple struc tures col lec tion suit able for struc -
ture pre dic tion. Cal cu la tion setup can be de fined in a form
of user-editable tem plates. The code was tested on struc -
ture rank ing of the XXXI CSP7 tar get. Cal cu la tions on an 8 
core PC (PBE func tional with Grimme dis per sion cor rec -
tion, Quan tum Espresso) take 5 months. The re sults sug -
gested the same struc ture (XXXI_struc ture_59) as the
pre vi ous cal cu la tion. The code can be uti lized for crys tal
struc ture so lu tion ver i fi ca tion, low-qual ity struc ture so lu -
tion im prove ment as well as for light atom po si tion clar i fi -
ca tion.

Fig ure 1. Struc tures from CSP7 test, XXVII (100 sug ges tions), XXXI (100 sug ges tions), XXXIII (500 sug ges tions)
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Halloysite is a clay min eral de rived from kaolinite with
proven spi ral-shape tu bu lar crys tal mor phol ogy and more -
over biocompatible with the hu man body. It de ter mines
halloysite for pos si ble use as drug de liv ery nanocarrier be -
cause it al lows the en cap su la tion of var i ous bioactive mol -
e cules. Halloysite nanotubes have been in ves ti gated as a
po ten tial drug de liv ery sys tem of irinotecan for co lon can -
cer treat ment ad min is tered by the oral route [1]. To al low
re leas ing of irinotecan in an in tes ti nal en vi ron ment the
whole halloysite nanotubes loaded with irinotecan were
coated with EudragitS100 to pro tect re leas ing of irinotecan 
in stom ach pH. The load ing ef fi ciency of the halloysite
nanotube for irinotecan was very high, reach ing 84.42 ±
3.10 %. Ex per i men tal mea sure ments like trans mis sion
elec tron mi cros copy showed that the irinotecan mol e cule is 
just on the sur face of nanotubes and X-ray dif frac tion pat -
terns proved that there was no in ter ca la tion of irinotecan
among in di vid ual lay ers. Based on thermogravimetric
anal y sis and tests with var i ous weight ra tios be tween
halloysite and poly mer was shown that drug re lease rate
from the poly mer-coated nanotubes was min i mal (0.7 % in

2 h) at stom ach pH (pH 1.2) and high at in tes ti nal pH 7.4
con di tions (when the pH was in creased to 7.4, drug re lease
in creased by approx. 70 % in 2 h) [1]. Based on ex per i men -
tal re sults, meth ods of mo lec u lar sim u la tions were used to
de ter mine mu tual po si tions and ar range ments of irinotecan
mol e cules on the halloysite nanotube sur face, which means 
the most prob a bly struc tural model. Re sults of cal cu la tions
showed that the most ap pro pri ate amount of irinotecan
mol e cules for a given size of halloysite nanotube with a
length of 25.359 C is 6. This amount is in a good agree ment 
with the mo lar weight ra tio of the com pounds de ter mined
from the real sam ples. Cal cu lated mod els showed that the
en er get i cally pre ferred po si tions of the irinotecan mol e -
cules re main closed to the outer part of the halloysite
nanotubes and lon gi tu di nal axes of irinotecan and the
nanotube are par al lel. 

1. E. Gianni, K. Avgoustakis, M. Pšenièka, M. Pospíšil, D.
Papoulis, Jour nal of Drug De liv ery Sci ence and Tech nol -
ogy, 52, (2019), pp. 568-576.

Fig ure 1. View along lon gi tu di nal axe for the op ti mized struc ture of the halloysite tube with 6 drug mol e cules.
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The lay ered 1:1 sil i cate cronstedtite (Fe2+
3-x

Fe3+
x)(Si2-xFe3+

x)O5(OH)4, (0.5< x< 0.85) be longs to the
ser pen tine-ka oline group. It forms rel a tively nu mer ous
polytypes gen er ated by stack ing 1:1 struc ture build ing lay -
ers – equiv a lents of OD pack ets with the trigonal protocell
a = 5.5, c = 7.1 C. Polytypes are sub di vided into four OD
subfamilies, or Bailey’s groups A, B, C, D ac cord ing to dif -
fer ent stack ing rules. Cronstedtite oc curs rarely in low tem -
per a ture hy dro ther mal de pos its [1], in cer tain me te or ites
(CM chondrites) [2], and pre sum ably on as ter oids. Syn -
thetic micron-size crys tals were pre pared by Pignatelli and
her co-work ers [1,3]. 

The data col lected by four cir cle sin gle-crys tal X-ray
diffractometer with area de tec tor pro cessed by an ap pro pri -
ate soft ware pro vide pre ces sion-like re cip ro cal space sec -
tions (RS sec tions in the fol low ing). Sim i lar RS sec tions
are ob tained by elec tron dif frac tion to mog ra phy (EDT), for 
mi cron-size crys tals [1].  Dis tri bu tions of so called
subfamily re flec tions along the re cip ro cal lat tice rows
[21l]* / [11l]* / [12l]* in (2hhlhex)* / (hhlhex)* / (h2hlhex)*
RS planes is used for subfamily de ter mi na tion. Sim i larly,
dis tri bu tions of char ac ter is tic re flec tions along [10l]* /
[01l]* / [11l]* rows in (h0lhex)* / (0klhex)* / (hhlhex) planes
al low de ter mi na tion of par tic u lar polytypes. For this pur -
pose, graph i cal iden ti fi ca tion di a grams sim u lat ing dis tri bu -
tion of re flec tions along named rows are used [1]. Mod ern
diffractometers al low check ing of many spec i mens and
quick gen er a tion of RS sec tions. These tech niques al low
iden ti fi ca tion of var i ous polytypes, twins, as well as
allotwins – ori ented crys tal as so ci a tions of more polytypes. 

Lot of spec i mens of cronstedtite from var i ous ter res trial 
lo cal i ties and syn thetic run prod ucts were stud ied by the
au thor [1, 4, 5, 6]. RS sec tions were re corded, and se lected
ones were pub lished and in ter preted. 

Re cently cronstedtite from the new lo cal ity in Mo rocco
was stud ied [6]. The sam ple was orig i nally col lected in
2017 by lo cal peo ple dig ging for min eral spec i mens from
the hy dro ther mal veins with py rite and cal cite hosted in a
skarn body sit u ated at the base of the El Hammam hill
(Djebel el Hammam), close to the Wadi (Ouedi) Beht (Beht 
river). It is lo cated near the El Hammam flu o rite de posit,
~45 km SW of Meknès in the north east ern part of the
Variscan Mo roc can Cen tral Mas sif in north ern Mo rocco.
The sam ple was pur chased from Fabre Min er als by M.
Števko for the Na tional Mu seum, Prague, where is now
stored (cat a logue No. P1N 114314). 

The spec i mens sep a rated from the sam ple pro vided a
rel a tively high num ber of com mon as well as un usual
(non-stan dard) polytypes of subfamilies A and D. Many
crys tals were iden ti fied as twins and/or allotwins of more
polytypes (up to six). In many cases, the par tic u lar

polytypes were mechanicaly sep a rated by cleav ing of
allotwinned crys tals. Some polytypes found were not
known to date [6].  

Sev eral spec i mens sep a rated from the cen tral part of the 
sam ple ap peared to be polycrystalline ag gre gates with a
strong fi bre tex ture – (001) pre ferred ori en ta tion and
azimuthally misoriented (100) and (010) di rec tions of do -
mains or crys tal lites. The (2hhlhex)*/ (hhlhex)*/ (h2hlhex)*
and (h0lhex)*/ (0klhex)* / (hhlhex)* RS sec tions in di cat ing the 
subfamily D and 2H2 polytype were su per im posed (Fig.
1a). In or der to fur ther ex am ine this pe cu liar kind of inter -
growths, the se ries of RS sec tions (hk0hex)*, (hk1hex)*,
(hk2hex)*, (hk2hex)*, (hk4hex)*, etc., per pen dic u lar to chex

was gen er ated. In these sec tions, con cen tric rings around
chex were re corded in stead of dis crete re flec tions. The ap -
par ent re flec tions vis i ble in (2hhlhex)*/ (hhlhex)*/ (h2hlhex)*
and (h0lhex)*/ (0klhex)* / (hhlhex)* RS sec tions rep re sented
in fact in ter sec tions of named planes with these rings rather 
than dis crete points. The na ture of rings var ied from sam ple 
to sam ple, from coarse-grained to quite smooth (Figs.
1b-d). How ever, in ad di tion of [00l]* row with dis crete
max ima, some re flec tions and/or denser max ima on rings
were usu ally pres ent in the re cip ro cal space, so that in dex -
ing of dif frac tion pat terns and gen er a tion of RS sec tion be -
came pos si ble. For few crys tals, how ever, the in dex ing
pro ce dure failed, pos si bly due to ’too per fect’ rings in the
re cip ro cal space. 

The back-scat ter ing elec trons (BSE) pho to graph of one 
of these spec i mens re vealed ex is tence of do mains elon -
gated in the c di rec tion, prob a bly azimuthally misoriented.
(Fig. 2a). For com par i son, a BSE im age of an or di nary sin -
gle crys tal of the subfamily D is added (Fig. 2b). The elec -
tron microprobe anal y sis re vealed par tial sub sti tu tion of
Mn and Mg for Fe (0.09-0.10 and 0.19-0.25 a.p.f.u., re -
spec tively).

1. J. Hybler, M. Klementová, M. Jarošová, I. Pignatelli, R.
Mosser-Ruck, S. Ïuroviè, Clay. Clay Miner., 66, (2018),

379–402, DOI: 10.1346/CCMN.2018.064106.

2. I. Pignatelli, E. Mugnaioli, Y. Marrocchi, Eur. J. Min eral.,

30, (2018), 349-354, DOI: 10.1127/ejm/2018/0030-2713.

3. I. Pignatelli, E. Mugnaioli, J. Hybler, R. Mosser-Ruck, M.
Cathelineau, N. Michau, Clay. Clay Miner., 61, (2013),

277-289, DOI: 10.1346/CCMN.2013.0610408.

4. J. Hybler, J. Sejkora, V. Venclík, Eur. J. Min eral., 28,

(2016), 765-775, DOI: 10.1127/ejm/2016/0028-2532

5.  J. Hybler, Eur. J. Min eral., 28, (2016), 777-788, DOI:
10.1127/ejm/2016/0028-2541
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The re search was sup ported by pro ject 18-10504S of the
Czech Sci ence Foun da tion, and by pro ject CZ.02.1.01/0.0/
0.0/16_019/0000760 Solid 21 un der the Min is try of Ed u ca -

tion, Youth and Sports. Au thor also thanks Na tional Mu -
seum for al low ing of tak ing of spec i mens for the study.

Fig ure 1. Ex am ples of RS sec tions of strongly tex tured polycrystalline sam ples. a The ap par ent su per po si tion of
(hhlhex)* and (h0lhex)* sec tions of the well-or dered 2H2 polytype of the subfamily D. b-d Ex am ples of dif frac tion rings at
the level of (hk2hex)* RS sec tion of sev eral spec i mens vary ing from coarse-grained to al most smooth.

Fig ure 2. a The BSE im age of the polycrystalline ag gre gate with fi bre tex ture. Crys tals are elon gated about chex, and are
par al lel to the sec tion in clus ters above and be low the cen tre of the im age. In the cen tral clus ter, the ori en ta tion of crys -
tals is some what in clined, so that they are cut obliquely. Bor ders of in di vid ual crys tals are rec og niz able. b The BSE im -
age of the com mon sin gle crys tal of the subfamily D. Note the same de gree of grey through out the sur faces of both
spec i mens due to the ho mo ge ne ity of chem i cal com po si tion. Photo Z. Dolníèek.
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Kritický nedostatek barevných kovù spojený s tranzicí
ekonomiky vede k hledání ménì obvyklých zdrojù, jako
jsou napøíklad hlubokomoøské konkrece. Zatímco
konvenèní tìžba je ekologicky závadná nebo probíhá
v nedostateènì pøátelských teritoriích, zóny hluboko -
moøského dna jsou volnì dostupné nebo pøedmìtem
mezinárodních smluv, které je èiní právnì pøístupné (napø.
spoleèný claim nìkolika post-socialistických zemí v zónì
Clar ion-Clipperton v Tichém oceánu). Odhlédneme-li od
realizaèních obtíží èi vysokých vstupních nákladù, jedná se 
o zajímavý technologický i strukturní problém. Tradièní
pøístup ke konkrecím vycházel z postupné separace a
následného èištìní jednotlivých obsažených prvkù a
v hledání tìch, které jsou finanènì náležitì zajímavé pro
tìžbu. Projekt, jehož výsledky jsou prezentovány vychází
z revoluèní myšlenky „pøírodních slitin“, tedy v redukci
nikoli na èisté kovy, ale na èistou smìs kovù, která bude
následnì využita jako funkèní pøímìs napøíklad do
hliníkové matrice. Konkrece byly redukovány alumino -
termicky a titanotermicky se stechiometrickým a zvýše -
ným obsahem redukujícího kovu (obvykle 0, 10, 20 a 100
% pøebytku). 

Struktura takto získaných slitin byla následnì studo vá -
na strukturnì (kombinace XRD, LOM, SEM), mechanicky
i koroznì. Získané výsledky jsou pøekvapivì komplexní –
struktura je složitá, pozorované fáze jsou neste chio -
metrické, pøípadnì jsou prvky ve strukturách substi -
tuovány. Slitina bez pøebytku hliníku pøi aluminotermii

obsahuje majoritní fázi b- Mn0.66Ni0.2Si0.16 a tøi minoritní
fáze; slitina s 10 % pøebytku obsahuje sedm fází, z nichž tøi
mají pøes 10 hm. %; slitina s 10 % pøebytku obsahuje 9 fází, 

z nichž pìt je minoritních. Majoritní fáze ve všech vzorcích 
je odlišná. Mechanické vlastnosti jsou poplatné majorit -
nímu podílu manganu – pøipravené vzorky jsou tvrdé a
extrémnì køehké [1], avšak korozní vlastnosti jsou dobré
[2]. Materiály pøipravené titanotermicky nechávají extrém -
ní množství materiálu ve strusce, avšak výsledné složení
není tak komplexní jako v pøípadì alumino termických
materiálù. Ostatnì výchozí fázové složené samotných
konkrecí je také složité: obsahují birnessit, todorokit a
køemen a další minoritní fáze.

Metodologicky byla práce postavena na souèinnosti
metod XRD (Bruker D8 Ad vance) a SEM (Tescan FERA
3) vèetnì analyzátorù EDS a EBSD (EDAX Oc tane Super
60 mm2 a DigiView V). Bylo dosaženo dobré shody
v obsahu fází stanovaných pomocí XRD a EBSD/EDS.
Nìkteré zcela minoritní fáze byly potvrzeny pomocí
EDS/EBSD, protože stejnou krystalografickou strukturu
v materiálu mají i jiné, více zastoupené fáze (pøípad MnS).
V aluminotermických slitinách byly potvrzeny Heuslerovy 
fáze Mn2FeAl a Mn2FeSi vlastnì døíve než byl publikován
jejich objev v èistých ternárních systémech.
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ScN is an emerg ing semi con duc tor that ex hib its rock-salt
(cu bic) crys tal line struc ture . It is of high in ter est in ma te -
rial sci ence due to its phys i cal prop er ties such as high melt -
ing point and high elec tron mo bil ity. To im prove the
mo bil ity and other elec tronic prop er ties, it is nec es sary to
pro duce sin gle crys tal ScN thin films with low den sity of
de fects. It has been dem on strated that the pres ence of point
de fects and im pu ri ties af fects ther mo elec tric prop er ties .
Pla nar de fects such as twins have been also ex plored for
(111) and (001) ScN thin films grown on dif fer ent sub -
strates . The pres ence of twins for bi-ori ented (111)+(001)
ScN films on MgO (001) has been  re ported  but its or i gin is 
not fully un der stood yet. In this work we pay spe cial at ten -
tion to the sys tem (111)+(001) ScN/MgO (001) and we
com pare our re sults with sin gle ori ented (111) ScN films.
To it, sev eral ScN films were de pos ited on MgO (001) sub -
strate by DC re ac tive mag ne tron sput ter ing at dif fer ent
tem per a tures. The mor phol ogy of the films has been ex -
plored by Atomic Force Mi cros copy (AFM) and the pres -
ence of twins has been an a lyzed by X-Ray Dif frac tion
through 2theta scans, and 002, 022, and 111 pole fig ures.

For the bi-ori ented kind of films a very com plex sys tem
of twins is ob tained (Fig ure 1), which can be sep a rated in
the con tri bu tion of two, one com ing from the (001) ScN
ori ented crys tals and the other one com ing from the (111)
crys tals. A deep study of the struc ture and microstructure
of such a sys tem could pro vide a better un der stand ing of
the role of twins in the fi nal film ori en ta tion.

Keywords: ScN; twins; pole fig ure; epitaxial layer
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a)
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Fig ure 1. Re sults for bi-ori ented ScN films. (a) 002 Pole fig ure
and (b) AFM im age with phase con trast. 


