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Nanoparticles be long to mod ern, pro gres sive ma te ri als
with wide ap pli ca tion po ten tial. Its in ter est ing prop er ties
come from the high sur face to vol ume ra tio and of ten dif fer
from the prop er ties of bulk or coarse-grained ma te ri als
with the same chem i cal com po si tion. Nanoparticles cat a -
lytic, mag netic, elec tric or op ti cal prop er ties are just ex am -
ples. In this study we in ves ti gated ni o bium nanoparticles
pre pared by mag ne tron sput ter ing in com bi na tion with gas
ag gre ga tion clus ter source op er ated in DC mode in ar gon
at mo sphere. 

Stud ied nanoparticles de pos ited on sil i con sub strates
were char ac ter ized by com bi na tion of X-ray scat ter ing and
dif frac tion meth ods and trans mis sion and scan ning elec -
tron microscopies with en ergy-dispersive X-ray spec tros -
copy. These an a lyt i cal meth ods pro vide the in for ma tion
about the nanoparticles sizes, shapes, their dis tri bu tions,

chem i cal com po si tion and the real atomic struc ture. In or -
der to de ter mine the ther mal evo lu tion of nanoparticles
microstructure, the in situ high tem per a ture XRD mea sure -

ment was done in am bi ent air at mo sphere up to 800 °C.
Mea sured SAXS data for tem per a tures in range be tween

50° C – 800 °C are shown in Fig ure 1. Two main tran si tion
are ob served and de scribed.

Thin ox y gen layer is pres ent on the sur face of as pre -
pared ni o bium nanoparticles, which acts as a pro tec tion
bar rier against fur ther cor ro sion. The thick ness of this
amor phous ox ide layer, as de ter mined by fit ting the SAXS
pat terns, is about 0.9 nm. The nanoparticle core is formed
by pure ni o bium bcc phase and its mean ra dius is 11 nm.
With in creas ing tem per a ture, the growth of the ox ide shell
layer at the ex pense of the size of nanoparticle me tal lic core 

oc curs. Slightly above 200 °C the nanoparticles are fully

Fig ure 1. The SAXS pat terns mea sured dur ing an neal ing of

nanoparticles from 50 °C to 750 °C, at am bi ent air at mo sphere.
Fig ure 2. Tem per a ture de pend ence of nanoparticle sizes, two dif -
fer ent mod els were used to fit the measured data: core@shell

model up to 200 °C, above 200 °C spheres model.



amorphized which is clear from XRD pat terns. In this tem -
per a ture range the mean nanoparticle size re mains al most
same. The re sults of SAXS mea sure ment are plot ted in Fig -
ure 2. Crys tal line phase of ni o bium pentoxide is formed at

tem per a ture around 450 °C. Ad di tion ally, we ob serve one

more phase trans for ma tion at 625 °C af ter which also pro -
nounced in crease of nanoparticles sizes starts. Based on the 
com bi na tion of SAXS and XRD mea sure ment we con clude 
that the size of orig i nal ni o bium nanoparticles cor re sponds

to the mean crys tal lite size, i.e. it means one nanoparticle
con sists of one co her ently dif fract ing do main. At the end of 

the an neal ing pro cess, af ter heat ing to 800 °C and for ma -
tion of the orthorhombic niobium pentoxide phase, there
are more crystallites in one particle.

The au thors ac knowl edge the fi nan cial sup port from the
pro ject NanoCent—Nanomaterials Cen tre for Ad vanced
Ap pli ca tions, Pro ject No. CZ.02.1.01/0.0/0.0/15_003/
0000485, fi nanced by ERDF.
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We re port com par i son of re sults of com pu ta tional ap -
proach to physico-chem i cal de scrip tion of clay min er -
als-based drug nanocarriers. Two dif fer ent types of lay ered 
clay struc tures were de scribed. The first one was Mg2Al
lay ered dou ble hy drox ide (LDH) in ter ca lated with three
drugs – mefenamic acid, sulindac and pravastatin. These
drugs have anti-in flam ma tory and ant no ci cep tive ef fects
(anti con duc tion of pain ful stim uli) and clay drug
nanocarrier pro motes its sta bil ity and sus tained re lease pro -
cess. The se ries of mod els with dif fer ent amount and ini tial
ar range ment of in ter ca lated drug were built and ana lysed in 
or der to com pare the cal cu la tion re sults with ex per i men tal
data pub lished in [1-3]. The sec ond clay min eral was
Halloysite in ter ca lated with irinotecan drug. This min eral
pos ses spi ral shape nanotube mor phol ogy with dif fer ent
charge dis tri bu tion on in ner and outer sur faces. The re sults
for dif fer ent pH con di tions will be pre sented [4].

DFT cal cu la tions for small crys tal cell were car ried out
in QuantumEspresso us ing PBE ex change-cor re la tion
func tional and MD cal cu la tions in Ma te ri als Stu dio soft -
ware pack age us ing com bi na tion of two com pat i ble
forcefields CVFF and ClayFF. Com par i son of cal cu lated
XRD pat terns, basal spac ings, con cen tra tion pro files, free
vol umes and mean square dis place ments will be pre sented
for LDH supercell with to tal sur face area of 400 C2. DFT
cal cu la tion were used for study ing of in ter ac tions be tween
LDH sur face and drug. The whole com plex struc ture was
ana lysed by MD cal cu la tion on ns time scale. Re sults for
mod i fied forcefields in com par i son with DFT sub struc ture
cal cu la tion and ex per i men tal re sults will be pre sented.

The en er get i cally pre ferred bilayer or pseudo bilayer
ar range ment of in ter ca lated drugs will be dis cussed in or -
der to de scribe dif fer ences in be hav iour for in di vid ual
drugs and its im pact on sus tained release process.
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Fig ure 1. Pre ferred bilayer ar range ment of Pravastatin an ions in
the interlayer space of LDH.
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We used clas si cal mo lec u lar sim u la tions to study the ar -
range ments of var i ous in ter ca lated or ganic spe cies (i) op ti -
cally ac tive 4-4’-dipyridylamine de riv a tives [1] within the
lay ers of zir co nium 4-sulfophenylphosphonates (ZrSPhP)
and (ii) mol e cules of anti-in flam ma tory drugs within the
lay ers of Mg2Al lay ered dou ble hy drox ides (LDH). We
pres ent the ar range ment of the in ter ca lated mol e cules of
3-methoxo-N-(pyridin-4-yl)pyridin-4-amine (moAPY2,
see Fig. 1) be tween the lay ers of ZrSPhP and mefenamic
acid (see Fig. 2) in ter ca lated within the lay ers of LDH.
Their mu tual po si tions and var i ous ori en ta tions were cal -
cu lated by the mo lec u lar sim u la tion meth ods with the re -
spect to the low est value of the to tal po ten tial en ergy.

For the case of ZrSPhP, the sim u la tions re vealed that
the al ter nat ing ori en ta tion of the in ter ca lated moAPY2
mol e cules is pre ferred. The best cal cu lated model is shown
in the Fig. 3. The in ter ca late is char ac ter ized by dis or dered
ar range ment where at sev eral places the in ter ca lated mol e -

cules even trench on the sulfo groups’ re gion. In all ini tial
mod els, the in ter ca lated mol e cules were ar ranged in rows
in each interlayer, var i ously per pen dic u larly or par al lel to
the cell axis a. The cal cu la tion showed that one ori en ta tion
of the rows is not fa voured as the best model in cludes both
types of those ar range ments in two interlayers. The in ter ca -

Fig ure 1. Mol e cule of 3
methoxo-N-(pyridin-4-yl)pyridin-4-amine (moAPY2).

Fig ure 2. Mol e cule of mefenamic acid.

Fig ure 3. Op ti mized ar range ment of the in ter ca lated ZrSPhP
with moAPY2 mol e cules, side view.

Fig ure 4. Op ti mized ar range ment of the in ter ca lated lay ered
dou ble hy drox ides with mol e cules of mefenamic acid.
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lated mol e cules are stacked to gether in the op ti mized ar -
range ment by the in ter ac tions be tween the pyridine rings.

Re gard ing the in ter ca la tion of LDH, mol e cules of
mefenamic acid as drug with anti-in flam ma tory ef fect were 
in serted be tween the lay ers of Mg2Al LDH to gether with
chlo rine an ions, in ac cor dance to the chem i cal anal y sis [2].
From dif fer ent types of ar range ment of the in ter ca lated
mol e cules, the low est value of po ten tial en ergy and the best 
agree ment with ex per i men tal XRD pat tern [2] was reached
for the bilayer ar range ment, shown in Fig. 4. Due to the
elec tro static in ter ac tions, the chlo rine an ions are closely at -
tached to the lay ers of pos i tively charged hy drox ides and

the COO- func tional groups of mefenamic acid mol e cules
are turned to the LDH lay ers.

1. F. Bureš, D. Cvejn, K. Melánová, L. Beneš, J. Svoboda, V.
Zima, O. Pytela, T. Mikysek, Z. Rùžièková, I. V. Kityk, A. 
Wojciechowski, N. AlZayed, J. Ma ter. Chem. C, 4 (2016),
468.

2. V. R. R. Cunha, V. A. Guilherme, E. de Paula, D. R. de
Araujo, R. O. Silva, J. V. R. Medeiros, J. R. S. A. Leite, P.
A. D. Petersen, M. Foldvari, H. M. Petrilli, V. R. L.
Constantino, Mat. Sci. Eng. C 58, (2016) 629.

The study about LDH in ter ca la tion with drugs was sup -
ported by the Charles Uni ver sity, pro ject GA UK No.
194217.

SL15

BOUND STATE OF CRYSTAL ELECTRIC FIELD EXCITATION AND A PHONON IN
CePd2Al2

Petr Doležal1, Petr Cejpek1, Satoshi Tsutsui2, Koji Kaneko3, Dominik Legut1, 
Zuzana Mièková1, Kristína Bartha4, Pavel Javorský1

1De part ment of Con densed Mat ter Phys ics, Charles Uni ver sity, Prague 121 16, The Czech Re pub lic
2Ja pan Syn chro tron Ra di a tion Re search In sti tute (JASRI), SPring-8, Hyogo 679-5198, Ja pan

3Ma te ri als Sci ences Re search Cen ter, JAEA, Tokai, Ibaraki 319-1195, Ja pan
4De part ment of Phys ics of Ma te ri als, Charles Uni ver sity, Prague 121 16, The Czech Re pub lic

The ex is tence of a bound state (vibron state) be tween 4f
elec trons and phon ons is closely as so ci ated with CeAl2 [1]
com pound. The mag netic ex ci ta tions ob served by neu tron
scat ter ing were not pos si ble to be de scribed by stan dard
crys tal elec tric field the ory us ing cu bic sym me try for Ce
sur round ing. Also lo cal static dis tor tion on Ce site was ex -
cluded. The ob served mag netic ex ci ta tion was fi nally de -
scribed by the Thalmeier-Fulde model of vibron state [2].
This model ex plains the ob served mag netic ex ci ta tions and
also gives a pre dic tion which phonon mode should be in -

volved in the bound state (in case of CeAl2 it is G15). This
phonon mode is then in flu enced by the vibron state – the
phonon mode soft ens and broad ens [1].

For a long time CeAl2 was a unique com pound in which 
this en hanced in ter ac tion was ob served. The in creas ing in -
ter est in re cent time is mo ti vated by new tetragonal ma te ri -
als which ex hibit sim i lar be hav iour of mag netic
ex ci ta tions: CePd2Al2 [3], CeCuAl2 [4] and CeAuAl3 [5].
But the study of phonon dis per sion curves and the in flu -
ence of the vibron state is still miss ing.

Our in ter est is fo cused on CePd2Al2 and non-mag netic
an a logue LaPd2Al2 which crystalize in tetragonal
CeBe2Ge2 struc ture type and un dergo a struc tural phase
tran si tion de creas ing their sym me try in the basal plane.
The re sult ing struc ture can be then de scribed within the
orthorhombic Cmme space group. We suc ceeded with
prep a ra tion of sin gle crys tal line (Ce,La)Pd2Al2 sam ples

Fig ure 1. Com par i son of A1g phonon mode of CePd2Al2 and LaPd2Al2 at 1.5. K.
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and in ves ti gated their phonon dis per sion curves, mainly
the tem per a ture de pend ence of A1g phonon mode, see Fig.
1. The re sults will be dis cussed in terms of en hanced mag -
neto-elas tic in ter ac tion which is re spon si ble for for ma tion
of the vibron state.
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It is a tra di tion of the IUCr con gresses that the con gress
programme is put to gether dur ing three day meet ing of In -
ter na tional Programme Com mit tee (IPC), usu ally close to
the con gress venue. Such a face-to-face meet ing can be
very ef fi cient with re spect to some times end less e-mail dis -
cus sions. 

Dur ing dis cus sions on the form of the meet ing, we took
into ac count that this will be an ni ver sary the 25th con gress
and there fore it would be worthwile to pre pare some over -
views what is go ing on in cur rent crys tal log ra phy and since  
the work of the IUCr is also based on ac tiv i ties of its com -
mis sions we asked them to send us texts rep re sent ing com -
mis sions, their sub ject, main top ics, re cent high lights etc..

We started the IPC meet ing with pre sen ta tions of all the 
IUCr com mis sions (their rep re sen ta tives in IPC) in
one-day event we called work shop Cur rent Trends and Fu -
ture of Crys tal log ra phy that was open to pub lic. We also
put an ef fort to early and quite fre quent e-mail com mu ni ca -
tion to IUCr com mis sions and IPC mem bers in or der to
keep their dis cus sions on IUCr con gress live and thus avoid 
just pick ing up the top ics a few hours be fore the dead line. It 
ap peared, that ev ery thing was use ful and well ac cepted and 
led to very ef fi cient work of the IPC. There fore, we can
rec om mend it also for fu ture and some points are sum ma -
rized be low.

Ear ly setup of IPC 

Dur ing the 24th IUCr con gress, the com mis sion chairs
were asked to dis cuss and se lect their rep re sen ta tives for
the Prague con gress. The re quest to the com mis sions for
sub mit ting more can di dates to IPC was sent in De cem ber
2017. More can di dates are use ful and also nec es sary to
have a chance to make gen der and re gional bal ance of IPC.
We have se lected IPC mem bers and asked them to ac cept
the role in e-mails con tain ing also a list of tasks they are ex -
pected to do, in spring 2018. 

The IUCr EC ap proved the IPC in May 2018. Then the
place and time of the IPC meet ing and CTFC work shop
were de ter mined. Ac tu ally, from of fered three months
March-May, only one week in May seemed to be suit able

for all. Such early an nounce ment is use ful for all since they
can plan it well. More over, one may get better prices in the
ho tel and pos si bly for travel.

IUCr com mis si ons

Chairs of all the IUCr com mis sions re ceived a re quest to
pre pare a text rep re sent ing the com mis sions at the work -
shop (in pro ceed ings) and they were also in formed that
their rep re sen ta tives in IPC should have about 15 mins pre -
sen ta tions there. The announcement was sent in Au gust
2018 and then re minded sev eral times with a few ex ten -
sions of dead line from March 1, 2019 to and of April 2019.
In in struc tions for the texts it was writ ten the fol low ing.

„Since the IUCr com mis sions are dif fer ent we are not
putt ing any strict in struc tions for the text length nor the
con tents scheme. In all cases, it can be in tro duced by a
short de scrip tion and mean ing of the com mis sion sub -
ject. Then pos si bly struc tured, if there are more streams in
the sub ject with ex am ples of ad vances achieved. High -
lights from last years, prob lems to be solved etc. It should
not be only about avtivities of the com mis sions. They can
be men tioned there too, in par tic u lar in con nec tion to the
above items.“

Da ta base dri ven soft ware for on li ne in put, edi ting and list 
of eve ry thing. 

True on line da ta base al lows very flex i ble work and easy
gen er a tion of dif fer ent lists, cat e go ries etc. It was de signed
and pre pared in au tumn 2018 but scripts were mod i fied ac -
tu ally all the time. All data have been avail able for all the
IPC mem bers for all the time and, of course, ost im por tant
dur ing the IPC meet ing. In ad di tion to the lists or dered by
com mis sions, pri or i ties and for peo ple also by re gions,
coun tries and gen der the so-called clas si fied lists were gen -
er ated ac cord ing to the fields of in ter ests in soem way sim i -
lar to the ECA fo cus ar eas. They were also used to make
some bal ance be tween these ar eas in the programme. Un -
like the ECA, mutiple as sign ments of the lec tures and ses -
sions was al lowed. The used itmes were: Bi o log i cal and
macromolecular crys tal log ra phy, Physcis and fun da men tal 


