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1. In tro ducti on

In the last few de cades, var i ous meth ods were ap plied for the syn -

the sis of mi cro and nano struc tures of metal ox ide which con sist

of pre cip i ta tion, com bus tion, ionic liq uid route, and sol-gel. The

in con ve niences pre sented in these meth ods such as pH con trol,

the high tem per a ture used, long re ac tion time and low pu rity, en -

cour aged the re searcher to find the suit able sub sti tu tion meth ods.

Ther mal de com po si tion meth ods could be em ployed as an al ter -

na tive ap proach. The util ity of ther mal de com po si tion for in or -

ganic salts such as hy drox ide, carboxylate, ac e tate, and ox a late

has been ex ten sively used to ob tain metal ox ides [1].

Ox a late hy drate could be a good pre cur sor for the prep a ra tion

of metal ox ide due to its large quan tity mass loss in the hy dro ther -

mal pro cess (more than 50 wt %), low cost, easy syn the sis, and

low de com po si tion tem per a ture in the air.  In deed, the hy dro ther -

mal de com po si tion of metal oxa lates is a clean, flex i ble and pow -

er ful ap proach to ward metal ox ide with pos si ble scale-up

po ten tial [2].

Metal ox a late hy drates can be de hy drated and de com posed

by pres sure and heat ing and fi nally con verted to metal ox ide.

Ergo, metal ox a late hy drates have been ex ploited as a pre cur sor to 

con vert metal ox ides with solid-state re ac tion meth ods [3].

In this study, we pre pared a ceria solid so lu tion with sim ple

ox a late pre cip i ta tion [4]. The ob tain pow der which con sist

Ce2(C2O4)3.10H2O  was used for con ver sion to CeO2 with hy dro -

ther mal treat ment. The im pact pa ram e ters such as pH, and hy dro -

ther mal tem per a ture were eval u ated on the physicochemical

char ac ter iza tion of the fi nal pow der. 

2. Ex pe ri men tal and In stru men tal secti on

All the re agents used in this work were an a lyt i cal grade and all so -

lu tions were pre pared with Millipore wa ter. Briefly, ap pro pri ate

amount of ox alic acid (0.1 M) add to the ce rium(III) ni trate

hexahydrate (0.1 M) mixed to gether. The white pre cip i ta tion was

washed 3 times with Millipore wa ter, cen tri fuged and dried at 50

°C in an oven. 0.25 g of the ob tained pow der with 21 mL of di -

luted ni tric acid was trans ferred to the Tef lon-lined au to clave for

hy dro ther mally treat ment. The fi nal prod uct washed 3 times with

Millipore wa ter, cen tri fuged and dried at 50 °C in an oven. The fi -

nal pow der was char ac ter ized with XRD and SEM. 

3. Re sult and Dis cus si on

Sev eral pa ram e ters are af fected to syn the sis metal ox ide from

metal ox a late as pre cur sor. The pH value is the sig nif i cant key

fac tor for the na ture and crystallinity [5]. There fore, the in flu ence

of the ini tial pH dur ing the Ce2(C2O4)3.10H2O hy dro ther mal

treat ment was in ves ti gated in the 1, 2 and 3. The tar get pH was

reached by add ing dif fer ent con cen tra tion of ni tric acid. The

XRD pat terns of the fi nal pow der pre pared in 220 °C at dif fer ent

ad justed pH for 24 h are shown in the Fig. 1.

Other main ef fec tive pa ram e ter on the ma te ri als

physicochemical prop er ties is tem per a ture [8]. There fore, the ef -

fect of hy dro ther mal treat ment for con vert ing Ce2(C2O4)3.10H2O 

to CeO2 was eval u ated at 180, 200 and 220 °C with ad justed pH 1

for 24 h. As the XRDs are il lus trated in the Fig. 2 with in creas ing

hy dro ther mal tem per a ture the ini tially pre cip i tated of

Ce2(C2O4)3.10H2O con verted to CeO2.The op ti mum tem per a ture

for the con ver sion is 200 °C and in higher tem per a ture it just lead

to sharp peaks and con se quently grow ing crys tal lise struc ture.
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Fig ure 1. Pow der X-ray dif frac tion di a grams ob tained af ter hy -
dro ther mal treat ment of Ce2(C2O4)3.10H2O in vari a tion ini tial pH

Fig ure 2. Pow der X-ray dif frac tion di a grams ob tained af ter hy -
dro ther mal treat ment of Ce2(C2O4)3.10H2O with var i ous tem per a -
tures in pH 1 dur ing 24 h.
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Fi nal struc ture such as size, crys tal thick ness, ag gre ga tion

and pu rity are re lated to the syn the sis con di tion, as con firmed by

our achieve ment. How ever, Fig. 3 shows the size and mor phol ogy 

of the achieved pow der from hy dro ther mal treat ment of

Ce2(C2O4)3.10H2O to the CeO2. Such mod i fi ca tion of this con -

ver sion was cor re lated to in crease crys tal lite phase with tem per a -

ture and pH as al ready ev i denced by XRD measurements. As it
il lus trated in Fig. 3 (a-c) with in creas ing the tem per a ture

from 180 to 220 °C ag gre ga tion of the nano pow der stick -
ing to gether to for ma tion big ger struc ture was oc curred.
Also with in creas ing pH from 1 to 3, grad u ally con ver sion
of Ce2(C2O4)3.10H2O to the CeO2 was de creased and po -
rous pow ders in the low pH change to the rods and it shown 
in Fig. 3 (c-e).

4. Conclu si on 

Ce rium (III) pre cip i tated with ox alic acid in the aque ous
so lu tion and the white pow der of Ce2(C2O4)3.10H2O was
achieved. En tirely con ver sion of Ce2(C2O4)3.10H2O to the
CeO2  was done with hy dro ther mal treat ment. This con ver -

sion was pro foundly re lated to sev eral pa ram e ters such as
pH so lu tion and tem per a ture in the pro cess of hy dro ther -
mal treat ment which op ti mized in this pro ce dure. 
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X-ray dif frac tion data is a well-es tab lished and re li able ap -
proach of solid-state struc ture so lu tion and re fine ment.
Com pared to it, elec tron dif frac tion is still not as com -
monly used due to var i ous rea sons, one of them be ing
higher fig ures of merit in di cat ing poorer ac cu racy of struc -
ture re fine ment. There are many ways to ad dress this prob -
lem, rang ing from us ing more com plex the o ret i cal
ap proach for struc ture re fine ment, to in stall ing ad di tional
parts of equip ment, which en able col lec tion of higher qual -
ity data.

In this work we in ves ti gate the in flu ence of en ergy-fil -
ter ing on data re fined with kinematical and dy nam i cal ap -
proach. 

Four sets of data – two fil tered and two un fil tered –
were col lected from two crys tals of metal-or ganic poly mer
con tain ing Zn(II), wa ter and 4,4’-biphenyldicarboxylic
acid. For first crys tal, the un fil tered data were col lected
first and the fil tered – sec ond. For the other crys tal the or -
der of data col lec tion was re versed. This pro to col en sures
that the ob served dif fer ences are not due to the ra di a tion
dam age.

All datasets were pro cessed with PETS2 [1], and then
solved and re fined with JANA2020 [2]. We pro cessed all
four data set in an iden ti cal man ner to en sure a re li able and
un bi ased com par i son.

In each case we ob served some dif fer ences in R-fac -
tors. For kinematical re fine ment the R fac tors were slightly
lower for the un fil tered data (less than 1% of dif fer ence),
with the ex cept of R(all), which was higher for the fil tered
data. The sit u a tion was dif fer ent for the dy nam i cal ap -
proach – all R fac tors were higher for the un fil tered data,
and again – the dif fer ence was usu ally less than 1%. 

The ob tained re sults con firm the pre lim i nary hy poth e -
sis that the en ergy-fil ter ing af fects the kinematical and dy -
nam i cal data re fine ment pro cess in a dif fer ent way. The
change in all R fac tors is not con sid er able, but still mea sur -
able. Add ing an en ergy-fil ter neg a tively af fects
kinematical re fine ment, but improves the dynamical one.

1. L. Pa lati nus, P. Brázda, M. Jelínek, J. Hrdá, G. Steciuk and 
M. Klementová, “Spe cif ics of the data pro cess ing of pre -
ces sion elec tron dif frac tion to mog ra phy data and their im -
ple men ta tion in the pro gram PETS2.0,” Acta Cryst. B, vol.
B75, pp. 512-522, 2019. 

2. V. Petricek, M. Dusek and L. Pa lati nus, “Crys tal lo graphic
Com put ing Sys tem JANA2006: Gen eral fea tures,” Z.
Kristallogr., vol. 229, no. 5, pp. 345-352, 2014. 

This work was sup ported by the Czech Sci ence Foun da -
tion, pro ject num ber 21-05926X.
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Crys tal 1 Crys tal 2

Fil ter off Fil ter on
Dif fe ren ce
(off-on)

Fil ter on Fil ter off
Dif fe ren ce
(off-on)

Ki ne ma ti cal re fi ne ment

R(obs) 24.94 25.13 -0.19 26.11 25.95 -0.16

wR(obs) 29.00 29.51 -0.51 30.02 28.91 -1.11

R(all) 32.47 30.78 1.69 29.35 31.46 2.11

wR(all) 29.91 30.35 -0.44 30.37 29.36 -1.01

Dy na mi cal re fi ne ment

R(obs) 10.27 9.78 0.49 12.46 12.94 0.48

wR(obs) 11.73 11.12 0.61 14.16 15.33 1.17

R(all) 16.71 16.24 0.47 15.35 16.26 0.91

wR(all) 13.34 12.78 0.56 14.82 15.94 1.12

Ta ble 1. The dif fer ences in R-fac tors for each dataset.
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The new Jana2020 is a nat u ral suc ces sor to the pre vi -
ous ver sion of the Jana2006 pro gram [1], which was
used to solve reg u lar, mod u lated, and mag netic struc -
tures. The most im por tant changes in clude a ma jor
im prove ment in the graph i cal in ter face, which al lows
the user full con trol of the in di vid ual steps of the so lu -
tion and spec i fi ca tion of crys tal struc tures. Cur rent
changes in the struc ture can be mon i tored ei ther in the 
mode of dis play ing the crys tal struc ture, or by com -
par i son of the mea sured and cal cu lated pro file from
the pow der data. 

Since the for ma tion of mod u lated and mag netic phases
is very of ten as so ci ated with phase tran si tions, the pro ce -
dure for de tect ing the co ex is tence of more in de pend ently
dif fract ing do mains has been sig nif i cantly im proved in the
new ver sion. In some cases, dur ing the test of the space and
superspace group, we re ceive in cor rect in for ma tion about

the sym me try of the crys tal, but also about its ac tual
translational sym me try [2]. There fore, the pro ce dure was
sup ple mented by an anal y sis of pos si ble do main over lap. 

An other sig nif i cant im prove ment of the pro gram is the
abil ity to per form a se ries of struc ture re fine ments the sys -
tem of data mea sured un der dif fer ent con di tions (tem per a -
ture, pres sure, time). Af ter solv ing and spec i fy ing the
ini tial struc ture, au to matic re fine ment takes place on all
blocks of mea sured data. The pro ce dure is sup ple mented
by a graph i cal dis play of changes in ad vanced pa ram e ters.   

The au thors are grate ful to the Czech Sci ence Foun da tion,
pro ject No. 18-10504S. 

1 V. Petøíèek, M.Dušek, L.Pa lati nus, Z.Kristallogr.-Crys tal -

line Ma te ri als 229, (2014), 345-352. 

2. V. Petøíèek, M.Dušek, L.Plášil, Z.Kristallogr.-Crys tal line

Ma te ri als,  231, (2016), 583-599.

P4

CRYSTAL AND MAGNETIC STRUCTURES IN THE Nd1-xSrxFeO3 (0.1 £ x £ 0.9) 
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Rare-earth orthoferrites RFeO3 (R = La,Nd,Dy,…) are of
par tic u lar in ter est due to their po ten tial multiferroicity,
magnetoelectric ef fects, and other func tional prop er ties. 

In this study, the Nd1-xSrxFeO3 se ries (0.1 £ x £ 0.9)
have been pre pared. Mag ne ti za tion mea sure ments from 5K 
to 700K show weak antiferromagnetic be hav iour and para -
mag net ism fol low ing the typ i cal Cu rie-Weiss law above
600K. 

To clar ify the cor re la tion be tween the crys tal struc ture

and mag netic struc ture of Nd1-xSrxFeO3 (0.1 £ x £ 0.9) ,
pow der neu tron dif frac tion (PND) data of the

Nd1-xSrxFeO3 (0.1 £ x £ 0.9)  sam ples were col lected at 15
K, 298 K, and 500 K with the me dium res o lu tion neu tron
pow der diffractometer (MEREDIT), part of the CANAM
in fra struc ture, at the Nu clear Phys ics In sti tute, Czech Re -
pub lic. All Rietveld re fine ments were car ried out us ing the
GSAS-II suite of pro grams [1].

It is con firmed that the FeO6 octahedron dis tor tion is re -
laxed as x in creases and ap proaches the crys tal struc ture of
the pseudo-cu bic.  Fig 1 shows the evo lu tion of Fe-O-Fe

an gles with x in Nd1-xSrxFeO3 (0.1 £ x £ 0.9) . 

At room tem per a ture, the ma te ri als pres ent anti -
ferromagnetic or der, with mag netic mo ment of Fe de creas -
ing from ~ 3.2 µB for x = 0.1 to ~1.0 µB for x = 0.6 and
mag netic spins ori ented in the a- or c-axis (BNS Mag netic
Space Group: P21’/m’, Pn’ma’, or Pnma). 

Fig ure 1. Evo lu tion of Fe-O-Fe an gles vs x.



At 15 K, in the range x = 0.1 – 0.4, the mag netic spins
or der in the b-axis di rec tion (BNS Mag netic Space Group:
P21’/m’ or Pn’ma’); A more com plex mag netic struc ture is

ob served for x³  0.5.
The mag netic struc tures for Nd0.9Sr0.1FeO3 at RT and

10K are shown in fig 2. Crys tal and mag netic struc tures
were drawn us ing VESTA [2].

1. B.H. Toby and R.B.Von Dreele, J. Appl. Cryst. 46,
544-549 (2013).

2. K.Momma and F.Izumi, J.Appl.Crystallogr. 41, 653-658
(2008).

The au thors ac knowl edge CANAM (MŠMT pro ject No.
LM2011019), and the in fra struc ture Re ac tors LVR-15 and
LR-0 (MŠMT pro ject No. LM2018120) sup ported by the
Min is try of Ed u ca tion, Youth and Sports of the Czech Re -
pub lic.
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CRYSTAL STRUCTURE STUDY OF XENON COMPOUNDS USING 3D ELECTRON
DIFFRACTION
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The low sta bil ity of the xe non com pounds in the at mo -
sphere and un der the elec tron beam makes it quite a chal -
lenge for their crys tal-struc ture stud ies us ing elec tron
dif frac tion. At the same time, some of these com pounds are 
dif fi cult to crys tal lize in large crys tals, and elec tron dif frac -
tion is the only way to elu ci date their struc ture. Re cent
prog ress in 3D elec tron dif frac tion (3D ED) makes it a
prom is ing tech nique for study ing the crys tal struc tures of
these largely un ex plored com pounds. To ver ify the fea si -
bil ity of the ap pli ca tion of 3D ED to these com pounds, we
in ves ti gated XeF2 and [XeF][TaF6]. Sam ple load ing was
achieved by the use of a glovebox and a home made con -

struct that uti lized liq uid ni tro gen, pre vent ing the ex po sure
of the sam ple to mois ture. En ergy-dispersive X-ray spec -
tros copy (EDS) con firmed the pres ence of xe non and flu o -
rine in the loaded sam ple. The elec tron dif frac tion on XeF2

con firmed the pres ence of this phase. How ever, the crys tal
qual ity was not suf fi cient to ob tain a full sin gle crys tal 3D
ED data set.  How ever, the com pound turned out to be suf -
fi ciently sta ble un der the elec tron beam to po ten tially per -
mit a 3D ED data col lec tion. These re sults, al beit
pre lim i nary, dem on strate that it is pos si ble to in ves ti gate
nanocrystalline xe non-con tain ing com pounds as well as
other air-sen si tive and re ac tive ma te ri als by 3D ED.
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Fig ure 2. Mag netic struc ture of Nd0.9Sr0.1FeO3 (x = 0.1) at room tem per a ture and 15K.
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The phys i cal bar rier of the skin is lo cated in its out er most
layer – the stra tum corneum (SC). SC con sists of cornified
cells em bed ded in the highly or ga nized extracellular lipid
ma trix con tain ing mainly ceramides (Cer), free fatty ac ids
(FFA), and cho les terol (Chol). The skin lipids be hav iour is
stud ied in mod els of var i ous com plex ity. We have stud ied
the sim ple model based on Cer with C24 acyl chain (type
NS or NH), FFA (C16 – C24 chains), and Chol at the
equimolar ra tio and a com plex model pre pared from iso -
lated and pu ri fied hu man skin lipids (but still miss ing
cornified cells). The mod els were pre pared in the form of
thin lay ers ap plied onto sup port ing wa fers. They were an -
nealed at the tem per a ture above the melt ing point at low or
high hu mid ity. The reg u lar struc ture was eval u ated by the
fol low ing meth ods:

1. X-ray dif frac tion mea sured with an X’pert PRO  q-q 
      pow der diffractometer with the Bragg-Brentano 
      ge om e try (PANalytical B.V., Neth er lands) 
2. Neu tron dif frac tion us ing a cold-neu tron three-axis 
     spec trom e ter MIRA lo cated at the neu tron source in 
      Heinz Maier-Leibnitz Zentrum (Garching, Ger many) 
      (a sim ple model)
3. Neu tron dif frac tion us ing a D16 small-q diffractometer
       (Institut Laue-Langevin, Grenoble, France) (the hu man 
      skin lipids) 

The sim ple model based on Cer C24/FFA/Chol showed 
im mense struc tural vari abil ity de pend ent on the an neal ing
con di tions. Bragg peaks at small an gles pro vided a re peat
dis tance (d) of 5.3 nm (Fig. 1A a), which is known from the 
lit er a ture [1], but also the re peat dis tances of 10.6 nm
(Fig.1A b), 15.9 nm (Fig.1A c), and 21.2 nm (Fig. 1A d)
were found [2]. All the peaks be long to the one-di men -
sional lamellar struc tures with an orthorhombic lipid chain
sublattice (peaks at wide an gles). The sep a rated Chol (*)
was also found. The re peat dis tance of 10.6 nm is dou ble
the the o ret i cal max i mal length of a two-chain Cer mol e cule 
in the splayed-chain con for ma tion. The com po si tion of the
sim ple model with d = 10.6 nm was ad justed for the neu -
tron dif frac tion ex per i ment at dif fer ent con trast con di tions
(D2O/H2O ra tio). The rel a tive neu tron scat ter ing length

den sity r(z) was cal cu lated ac cord ing to the equa tion (1):

r
p

( ) cosmaxz F
hz

d
hh

h=
æ

è
ç
ç

ö

ø
÷
÷=å

2
1

                                      (1)

Fh is the scat ter ing form fac tor for the or der h and z is
the dis tance from the lamellar cen tre. The phase an gles for
a centrosymmetric struc ture at tain the val ues of +1 or -1.

We cal cu lated 57 r(z) pro files at 100% D2O based on dif -
fer ent com bi na tions of the phase an gles in two sub se quent
steps. The most plau si ble r(z) pro files (Fig. 1B) were se -
lected to be con sis tent with the mo lec u lar com po si tion of
the sam ple and to pro vide fea si ble wa ter dis tri bu tion pro -
file. The plau si ble r(z) pro files rely on a splayed-chain con -
for ma tion of Cer [3] lead ing to the asym met ric dis tri bu tion
of hy dro car bon chains in leaf lets. The iso lated hu man skin
lipids formed a lamellar phase with a lon ger d of 13.4 nm
due to the pres ence of ul tra-long skin Cer. This long pe ri -
od ic ity phase (LPP) [1] has a fea ture com mon with the
struc ture with d = 10.6 nm – low in ten sity of the 1st or der
peak. The hu man skin lipids were mea sured by neu tron dif -
frac tion at dif fer ent con trast con di tions (D2O/H2O ra tio).

The r(z) pro file of LPP based on one com bi na tion of the
phase an gles for 6 Fh is shown in Fig. 1C. We sup pose that
the mo lec u lar ar range ment of the LPP is also based on the

splayed-chain con for ma tion of Cer. The r(z) pro files of
LPP need to be cor rob o rated with elec tron den sity pro files
and other ex per i ment to ver ify the plau si bil ity of our
model.
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Fig ure 1. X-ray dif frac tion pat terns of the sim ple mod els based on the Cer NS24/FFA/Chol mix ture pre pared at var i ous an neal ing con -
di tions. As ter isks in di cate the peaks of sep a rated crys tal line Chol. Full grid lines pre dict the peaks at d = 5.3 nm, dashed grid lines pre dict 
the odd or ders of peaks at d = 10.6 nm. The peaks of the orthorhombic chain sublattice are ap par ent in the wide-an gle re gion (panel A).

Neu tron dif frac tion pat terns and r(z) pro files of the sim ple model based on the Cer NH24/Cer NS24/FFA/Chol (panel B) and hu man
skin lipids (panel C).


