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There are three ter nary phases in the Pd-Ni-As sys tem de -
scribed as min er als, nipalarsite Ni8Pd3As4, menshikovite
Pd3Ni2As3 and majakite, PdNiAs. Majakite and menshi -
kovite were de scribed as new min er als by Genkin [1] and
Barkov [2], re spec tively. Their crys tal struc tures have been 
hith erto un known.  Nipalarsite was de scribed to gether with 
its crys tal struc ture de ter mi na tion by Grokhov skaya et al.
[3]. Majakite was found in inter growths with other plat i -
num min er als in chal co py rite and thalnakhite ores of the
Mayak mine (Talnakh de posit), menshikovite was dis cov -
ered in mafic-ultra mafic lay ered com plexes Lukkulais -
vaara and Chiney, Rus sia. A frag ment of menshikovite
ex tracted from a sam ple from Lukkulais vaara in tru sion,
Rus sia, was used for a struc ture anal y sis of this min eral. As
the nat u ral majakite proved to be un suit able for a struc tural
anal y sis, crys tal struc ture anal y sis was car ried out on a syn -
thetic an a logue PdNiAs.

The syn thetic an a logues of min er als in the sys tem and
phases on a Pd2As-Ni2As join were pre pared us ing the
Kullerud´s evac u ated sil ica-glass tube method. Pure el e -
ments were used as start ing ma te ri als for syn the sis. The
evac u ated tube with charges were heated at 400 °C for sev -
eral weeks. In or der to study the ex tent of the (Pd,Ni)S2As
solid so lu tion, se lected ex per i ments at the Pd2As-Ni2As
join were pre pared at 450, 500, 520 and 540 °C. The ex per -
i men tal prod ucts were rap idly quenched in cold wa ter and
ana lysed by pow der or sin gle crys tal X-ray dif frac tion and
elec tron microprobe anal y sis.  

The per formed ex per i ments re vealed three struc tur ally
dif fer ent phases (solid so lu tions) along the Pd2As-Ni2As

join sys tem at 450 °C: a-Pd2As (Cmc21), b-(Pd,Ni)S2As
(P-62m) and Pd1-xNi1+xAs (Pnma).  The low-tem per a ture

orthorhombic phase a-Pd2As trans forms at 484 °C to a
hex ag o nal phase and be longs to the to the high-tem per a ture 

b-(Pd,Ni)S2As solid so lu tion. 
The phase PdNiAs is at 450 °C part of the Pd1-xNi1+xAs

solid so lu tion show ing Pnma sym me try. Its crys tal struc -

ture con tains a mackinawite-like blocks of edge shar ing
[NiAs4] tet ra he dra par al lel to (001). Pal la dium shows un -
usual five-fold co or di na tion re sem bling a tetragonal pyr a -
mid by As at oms. The co or di na tion of Pd is fur ther
com pleted by close con tacts with Ni and Pd at oms. Pal la -
dium at oms are lo cated in voids be tween blocks of [NiAs4]
tet ra he dra. A phase tran si tion from low-tem per a ture
orthorhombic phase to the high-tem per a ture hex ag o nal
phase was ob served. The hex ag o nal phase PdNiAs was
also de scribed by Evstigneeva [4]. Menshikovite
Pd3Ni2As3 crys tal struc ture con tains de formed [NiAs4] tet -
ra he dra. Each [NiAs4] tet ra he dra shares one edge with one
ad ja cent tet ra he dra along the a-axis and two op pos ing
edges with ad ja cent tet ra he dra along the c-axis form ing
chains of edge-shared [NiAs4] tet ra he dra run ning in 001 di -
rec tion. Nickel at oms have three close con tacts with ad ja -
cent Ni at oms across the shared tet ra he dral edges.
Pal la dium at oms show trigonal bipyramidal co or di na tion
by As at oms.
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PHASE ANALYSIS OF SOIL SEDIMENTS WITH REGARD TO THE PRESENCE OF
ASBESTOS MINERALS
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The aim of this work is to sum ma rize cur rent knowl edge on 
the ex ten sive is sue of as bes tos oc cur rence in gen eral and in
the Pilsen Re gion of the Czech Re pub lic, to es tab lish a suit -
able meth od ol ogy for de tect ing the pres ence of nat u rally
oc cur ring as bes tos in soil de pos its in a given lo ca tion based 
on ex per i men tal anal y ses mo ti vated by anal y ses in other
coun tries, and to ac cu rately iden tify in di vid ual types of as -
bes tos from a se ries of sam ples. Twelve sam ples were eval -
u ated as part of this work, and this pa per pres ents a
sum mary of them. [1, 2]

The mor phol ogy and el e men tal com po si tion of the
stud ied sam ples were eval u ated us ing scan ning elec tron
mi cros copy with an en ergy dispersive spec trum de tec tor.
Fig ure 1 shows ex am ples of fi bers re sem bling nee dles with 
very sharp ends, which mor pho log i cally cor re sponded to
the am phi bole group, and long, wavy fi bers, which cor re -
sponded to the ser pen tine group. 

The ba sic build ing block of the sil i cate struc ture of as -
bes tos is the sil i con-ox y gen tet ra he dron [SiO4]

4-. Chryso -
tile, as a rep re sen ta tive of the first group of as bes tos -
ser pen tines, is hy drated mag ne sium sil i cate and its
stoichiometric chem i cal com po si tion can be given as
Mg3Si2O5(OH)4. How ever, it has been ob served that the
chem i cal com po si tion of the fi brous phase is closely re -
lated to the com po si tion of the sur round ing rock ma trix and 
can be highly vari able, as can be seen in the over view of the 
sum mary for mu las of as bes tos com pounds in Ta ble 1. [3, 4, 
5]

The chem i cal com po si tion of min er als that make up the
sec ond group of as bes tos—am phi boles—re flects the com -
plex ity of the en vi ron ment in which they were formed and
can vary con sid er ably in terms of ma jor and trace el e ments
and other in flu ences that con trib uted to their for ma tion.
Am phi bole fi bers can be con sid ered a se ries of min er als in
which one cat ion is gradually replaced by another. [6, 7]

The sec ond method used was X-ray phase anal y sis. The 
sam ples were mea sured un der iden ti cal con di tions. The
mea sure ments were per formed on a Panalytical X’Pert Pro
pow der diffractometer with a cop per X-ray tube (Ka1 =
0.154 nm). An ul tra-fast Pixcel semi con duc tor de tec tor
was used with eval u a tion in the High Score pro gram. Stan -
dard sym met ri cal ge om e try with a Bragg-Brentano ar -
range ment was used for the mea sure ments. 

The mea sure ment range for all sam ples was set iden ti -

cally be tween 20 and 85° [2q]. When eval u at ing the sam -
ples, it was found that the main dif frac tion lines are lo cated

within an an gle of 40° [2q], while other dif frac tion lines be -
yond this an gle be long to the SiO2 phase. There fore, a sec -

tion rang ing from 20° to a max i mum of 40° [2q] was
se lected on all diffractograms.

Fig ure 2 shows the dif frac tion pat terns of sam ples 1 and 
2, be fore and af ter an neal ing, with the iden ti fied phases

marked in the range from 20 to a max i mum of 40°[2q]. The
nu mer i cal des ig na tion of these phases cor re sponds to the
nu mer i cal des ig na tion of the iden ti fied phases in Ta ble 2.  

Since the eval u a tion of the dif frac tion pat terns of the
un pro cessed sam ples re vealed a sig nif i cant pres ence of or -
ganic com po nents in the sam ples, all sam ples were an -
nealed be fore fur ther mea sure ment. The sam ples were
an nealed at 530 °C for 4 hours and then cooled nat u rally.
The tem per a ture of 530 °C is be low the ther mal de com po -
si tion tem per a ture of asbestiform min er als, so there was no
loss of native information from the samples.  

Scan ning elec tron mi cros copy con firmed the pres ence
of fi bers that, from a mor pho log i cal point of view, cor re -

Fig ure 1. Im ages of sam ples 3 and 5.
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sponded to both main groups of as bes tos min er als, namely
the ser pen tine and am phi bole groups. X-ray dif frac tion
iden ti fied in di vid ual phases in the sam ples and de ter mined
the ex act type of asbestos minerals found. 

 Af ter com pil ing the data from all anal y ses, we can say
with cer tainty that chryso tile from the ser pen tine group is
pres ent in all eval u ated sam ples. This is the least dan ger ous 
form of as bes tos. Fur ther more, we can say that the pres -
ence of anthophyllite from the am phi bole group has been
con firmed in all sam ples. Based on the mor phol ogy of the
fi bers, it is highly likely that cro cido lite is also pres ent in
one sam ple, but this has not been con firmed by X-ray dif -
frac tion. The re sults of the as bes tos found are shown in
Table 3.

The com bi na tion of SEM anal y sis and X-ray dif frac -
tion pro vides a good set of tools for iden ti fy ing as bes tos.
By grad u ally re fin ing the mea sured dif frac tion pat tern of
the sam ple un der in ves ti ga tion, it is pos si ble to ac cu rately
de ter mine the phases pres ent, de spite the complexity of the
process.
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Ta ble 1. Sum ma rized for mu las of as bes tos com pounds.

Fig ures 2. Eval u ated diffractograms of sam ple 1 and 2 with
iden ti fi ca tion of phases.

No Mi ne ral Name of com pound Re fe ren ce code Che mi cal for mu la

1 quartz si li con oxide 01-089-8935 SiO2

2  --- mag ne si um si li ca te 01-086-0433 Mg2(Si2O6)

3 an to fy lit an to fy li te 96-901-6382 Mg28Si32O96

4 chry zo til chry zo ti le 96-101-0961 Si16Mg24O72

5 wol las to nit cal ci um si li ca te 01-072-2297 CaSiO3

6  --- hyd ro gen si li ca te 00-031-0581 H2Si2O5

Ta ble 2. Ta ble of iden ti fied phases in soil sed i ment sam ples.

Sam ple ID Chry so ti le Antho phyl li te Acti no li te

S1:sam ple
1-2

x x x

S1:sam ple
3-4

x x x

S2:sam ple
1'-8'

x x (ex cept 6´) x

Ta ble 3. Sum mary ta ble of iden ti fied as bes tos types
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Schwertmannite, a poorly crys tal line iron oxyhydro xy -
sulphate, is an iron-bear ing min eral that plays a piv otal role 
in var i ous en vi ron men tal pro cesses, par tic u larly in the
treat ment of acidic mine drain age [1]. Due to its abil ity to
ad sorb metal ions, an ions, and its high sur face area-to-vol -
ume ra tio, schwertmannite has drawn sig nif i cant at ten tion
as a po ten tial me dium for mit i gat ing en vi ron men tal con -

tam i na tion [2]. How ever, its poorly crys tal line struc ture
pres ents sig nif i cant chal lenges in char ac ter is ing its com po -
si tion, mak ing it dif fi cult to de tect and to quan tify trace im -
pu ri ties. One such im pu rity is goethite, an other iron
min eral that can form un der sim i lar con di tions due to
higher ther mo dy namic sta bil ity [3]. Dif fer en ti at ing be -
tween schwertmannite and goethite in en vi ron men tal or
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Fig ure 1. a) room tem per a ture pow der x-ray dif frac tion pat tern of all the sam ples, high-tem per a ture pow der x-ray dif frac tion pat -
tern of: b) SCH4, sam ple richer in goethite, and c) SCH7, pur est sam ple.



syn thetic sam ples is cru cial, as the pres ence of goethite af -
fects the chem i cal re ac tiv ity and sta bil ity of schwert -
mannite, thereby al ter ing its ef fi ciency in eco log i cal
ap pli ca tions. The aim of this study is to char ac ter ise four
syn thetic sam ples of schwertmannite with dif fer ent lev els
of goethite im pu rity. The pres ence was de tected us ing a
com bi na tion of Room-Tem per a ture Pow der X-ray Dif frac -
tion (RT- PXRD) and High-Tem per a ture Pow der X-ray
Dif frac tion (HT-PXRD), Fou rier Trans form In fra red spec -
tros copy in At ten u ated To tal Reflectance mode (ATR-
 FTIR), and Thermogravimetric Anal y sis (TGA), with
char ac ter is tic fea tures in all the tech niques. No ta bly, in -
creas ing pre cur sor con cen tra tion led to de creased goethite
con tent in the sam ples, as ev i denced by the pro gres sive dis -
ap pear ance of dif frac tion max ima ob served from
RT-PXRD (Fig. 1a). This is fur ther con firmed by the pres -
ence of the he ma tite dif frac tion max ima af ter 400 °C in the
sam ples richer in goethite (Fig. 1b, c). In ter est ingly, only
mag net is ation mea sure ments pro vide in for ma tion on the
pres ence of goethite in the pur est sam ple, dem on strat ing it
as a pow er ful probe for this poorly crys tal line sys tem.
These find ings con firm that mag netic char ac ter iza tion

based on Vi brat ing Sam ple Mag ne tom e ter (VSM) can
serve as an ef fec tive tool for iden ti fy ing goethite im pu ri ties 
in schwertmannite, thereby con trib ut ing to the knowl edge
of poorly crys tal line iron ma te ri als, and high light ing the
po ten tial of mag netic tech niques for en hanc ing our com -
pre hen sion of these ma te ri als in both nat u ral and
engineered systems.

1. J. M. Bigham, U. Schwertmann, S. J. Traina, R. L.
Winland, and M. Wolf, ‘Schwertmannite and the chem i cal
mod el ing of iron in acid sul fate wa ters’, Geochim.
Cosmochim. Acta, vol. 60, no. 12, pp. 2111–2121, Jun.
1996, doi: 10.1016/0016-7037(96)00091-9.

2. B. Marouane et al., ‘The po ten tial of gran u lated
schwertmannite adsorbents to re move oxyanions (SeO32-,
SeO42-, MoO42-, PO43-, Sb(OH)6-) from con tam i nated
wa ter’, J. Geochem. Explor., vol. 223, p. 106708, Apr.
2021, doi: 10.1016/j.gexplo.2020.106708.

3. P. Acero, C. Ayora, C. Torrentó, and J.-M. Nieto, ‘The be -
hav ior of trace el e ments dur ing schwertmannite pre cip i ta -
tion and sub se quent trans for ma tion into goethite and
jarosite’, Geochim. Cosmochim. Acta, vol. 70, no. 16, pp.
4130–4139, Aug. 2006, doi: 10.1016/j.gca.2006.06.1367.
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The ther mo elec tric prop er ties of ScN/Sc1-xNbxN multi -
layers de pos ited on MgO (001) sub strates were in ves ti -
gated us ing a com bined ex per i men tal and the o ret i cal
ap proach based on the den sity func tional the ory. Four
multilayers were pre pared, ex hib it ing to tal Nb per cent ages
of 0.4 %, 1.2 %, 1.8 %, and 4.8 % atomic ra tio in the sam -
ples. Struc tural char ac ter iza tion con firmed the epitaxial

growth of multilayers with sharp in ter faces. Ther mo elec -
tric mea sure ments showed an en hance ment of the Seebeck
co ef fi cient and a re duc tion in ther mal con duc tiv ity with
Nb-doped ScN interlayers. The fig ure of merit (ZT) was
po ten tially in creased to over 0.3. This im prove ment high -
lights the prom ise of this ap proach for en hanc ing the ther -
mo elec tric per for mance of scan dium nitride.
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Fig ure 1. In (a), the 2q/w scans of each ScN-Nb film in the 2q range from 30° to 100°. The in serts in clude the 002 rock ing curves of
each film, in clud ing the FWHM, which are equal to 0.576°, 0.510°, 0.593°, and 0.698° for the multilayer films con tain ing 0.4%,
1.2%, 1.8%, and 4.8% of Nb, re spec tively. In (b), 111 pole fig ure of the ScN-Nb 1.8%.
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Bar ium titanát, BaTiO3 (BTO) je klíèový materiál v
moderní elektronice, kde má velmi široké uplatnìní díky
svým feroelektrickým, dielektrickým a piezoelektrickým
vlastnostem. Další zajímavou látkou je LaNiO3 (LNO),
který je jako jeden z mála perovskitù vodivý i pøi pokojové
teplotì, a proto nachází uplatnìní napø. v tenkých vrstvách
v kombinaci s ostaními perovskitovými materiály. Tento
pøíspìvek se bude vìnovat charakterizaci a teoretickým
pøedpovìdím smìsného perovskitu BTO/LNO, který byl
pøipra ven ve formì tenkých vrstev na køemíkovém subs -
trátu. Pro pøípravu tìchto vrstev byl použit unikátní systém
skládající se s klasického PLD (pulzní laserová depozice)
systému obohaceného o druhý terè v tzv. “off-axis” poloze. 
Snaha o pøípravu objemových vzorkù vede vìtšinou ke
vzniku více fází.  Aè se na první pohled tyto dva krystalické 
systémy líší, viz obr. 1 – BTO bývá pøi pokojové teplotì v
pseuduokubické struktuøe s malou tetragonální výchylkou
a LNO má pøi pokojové teplotì rhobohedrickou strukturu
jsou difrakèní záznamy tìchto dvou perovskitù podobné.
Pøi vhodné volbì møížových parametrù dokonce tìžko
rozlišitelné – viz obr. 2.
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Obrázek 1. Krystalová struktura BaTiO3 (vlevo) a LaNiO3

(vpravo). 

Obrázek 2. Teoretické difrakèní záznamy pro BaTiO3 (P4mm - a = 3,943, b = 3,958) a  LaNiO3 (R-3cH - a =
5,578, c = 13,677). (Nagenerováno pomocí programu XRDlicious)



Pøipravené vrstvy s rùznou koncentrací BTO èi LNO
vykazují krystalickou formu a difrakèní záznam ukazuje,
v rámci svého rozlišení, na jednu krystalickou møížku.
Vzhledem k pozorovanému rozšíøení dikrakèních píkù
rozlišit nelze velmi podobné møížky rozlišit a nelze
vylouèit separaci na èásti bohatší na Ba resp. La. 

Kromì rùzných experimentální technik byl tento
systém studováni také pomocí DFT výpoètù a pomocí
strojovì nauèeného (na DFT data) meziatomové potenciálu 
MACE a jeho implementaci do námi vytvoøeného (ne -
jenom) grafického rozhraní MACE GUI. Kromì výpoètu
møížkových parametrù jsme se zajímali i o energetickou
výhodnost obsazovaní konkrétních atom ových pozice
rùznými prvky. 

Na obr. 3 je zobrazeno nìkolik bìhù genetického algo -
ritmu s cílem najít vhodné rozmístìní  Ba/La a Ti/Ni
v superbuòce obsahující 320 atomù. Superbuòka vycházela 
z tetragonální struktury BTO a pøedpokládali jsme, že La
obsazuje stejnou atomovou pozici jako Ba a Ni stejnou
atomovou pozici jako Ti. Møížkové parametry pro studo -
vanou koncentraci 50:50 byli pøevzaté z experimentální dat 
a geometrická optimalizace pozic atomù èi velikosti
superbuòky nebyla provádìna. Je patrné, že pro takto
velkou superbuòku nebylo velmi pravdìpodobnì nalezeno
globální min i mum, protože každý bìh dopadl jinak. 
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Obrázek 3. Nìkolik bìhù genetického algoritmu s cílem najít energeticky nejvýhodnìjší obsazení atomových pozic –
výstup z programu MACE GUI.



Session II, September 8, Monday

L6

LIGHT INDUCED HALIDE SEGREGATION IN MIXED-HALIDE PEROVSKITES

P. Machovec
1
, L. Horák

1
, M. Dopita

1
, V. Holý

1,2
 

1Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5, 121 16 Prague 2, Czech Re pub lic,
2In sti tute of Con densed Mat ter Phys ics, Masaryk Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic,

petr.machovec@matfyz.cuni.cz

Mixed-ha lide perovskites (MHPs) ex hibit tun able band
gaps, mak ing them at trac tive for tan dem pho to vol taic ap -
pli ca tions. How ever, un der il lu mi na tion, ha lide ions mi -
grate and seg re gate into io dine- and bro mine-rich re gions,
re duc ing de vice ef fi ciency. Here, we pres ent a quan ti ta tive
X-ray dif frac tion (XRD) ap proach for re solv ing the spa tial
dis tri bu tion of ha lide ions dur ing and af ter il lu mi na tion.
We pres ent a model link ing lo cal com po si tion fluc tu a tions
to strain fields, atom dis place ments, and dif fuse scat ter ing,
en abling fit ting of mea sured dif frac tion pro files from
polycrystalline FA0.83Cs0.17Pb(I0.6Br0.4)3 thin films and
FA0.83Cs0.17Pb(I0.85Br0.15)3 sin gle crys tals.

Il lu mi na tion ex per i ments were con ducted us ing a so lar
sim u la tor at 1 Sun equiv a lent, with dif frac tion pat terns
mea sured be fore and af ter 10 min and 30 min light ex po -
sures, fol lowed by re lax ation in dark ness for up to two
days. The con cen tra tion of Br within the sam ple was mod -
elled by a ran dom func tion with a cor re la tion func tion  
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 and the ex per i men tal data were fit ted us -

ing model of X-ray scat ter ing, with pa ram e ters in clud ing

the root mean square (rms) Br con cen tra tion de vi a tion s,

cor re la tion length x grain ra dius R, and asym me try fac tor

a. 
In pris tine polycrystalline sam ples, dif frac tion peaks

were sym met ric, con sis tent with a cu bic perovskite lat tice
with mean grain ra dius of 50 nm. Il lu mi na tion in duced
asym met ric broad en ing to ward higher dif frac tion an gles,
in creas ing with scat ter ing an gle, and ac com pa nied by

slight peak shifts to lower 2q. The fits re vealed a sig nif i cant 

rise in s dur ing il lu mi na tion, in di cat ing en hanced fluc tu a -
tions in lo cal com po si tion, fol lowed by slow par tial re lax -
ation in dark ness within tens of hours. The asym me try
fac tor á re mained con sis tently > 5, which is the limit of sen -
si tiv ity of our model to this pa ram e ter, in di cat ing the for -
ma tion of highly bro mide-rich re gions em bed ded in a
slightly io dine-rich ma trix—an ob ser va tion not pre vi ously
ob served by op ti cal probes such as photoluminescence,
which re ported I-rich do mains. The cor re la tion length was

found to be ³ 15 nm and un af fected by il lu mi na tion cy cles.
For the sin gle crys tal sam ples re cip ro cal space maps

were mea sured be fore and af ter 30 min utes of light soak -
ing. We at tempted fit ting the data with the same cor re la tion 
func tion as the polycrystalline sam ples, but the shape of the 
dif frac tion max ima can’t be prop erly fit ted. A dis tri bu tion
of the Br con cen tra tion con sist ing of Br-rich spheres in
slightly I-rich vol ume was used to achieve good fit. 

The re sults sug gest that il lu mi na tion drives pref er en tial
out ward mi gra tion of I- ions from nu cle ation sites such as
grain bound aries or de fects, lead ing to the ob served
microstructure. The method pro vides quan ti ta tive,
bulk-sen si tive in sight into light-in duced ha lide seg re ga -
tion, com ple ment ing sur face-sen si tive op ti cal tech niques.
It also high lights the in com plete re vers ibil ity of seg re ga -
tion. This quan ti ta tive dif frac tion-based ap proach of fers a
new path way to in ves ti gate ionic mi gra tion and
microstructural evo lu tion in perovskite op to el ec tronic ma -
te ri als.
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Polythiophenes dom i nate the field of con duc tive poly mers. 
This is in par tic u larly true for the re nowned PEDOT, where 
par tic u larly out stand ing charge-trans port prop er ties were
ob served. In this talk, three, state-of-the-art con duc tive
poly mers syn the sized via tube-fur nace ox i da tive chem i cal
vapour de po si tion (oCVD) are pre sented. We will fo cus on
the role of sub sti tu tion-ef fects, the role of the coun ter-ion
in achiev ing large crys tal lites in thin-films and re lated
charge trans port. Al ter na tive emerg ing meth ods will be
dis cussed in terms of an out look.

1.     Farka, D.; Coskun, H.; Gasiorowski, J.; Cobet, C.; Hingerl, 
K.; Uiberlacker, L. M.; Hild, S.; Greunz, T.; Stifter, D.;
Sariciftci, N. S.; Menon, R.; Schoefberger, W.; Mardare, C. 
C.; Hassel, A. W.; Schwarzinger, C.; Scharber, M. C.;
Stadler, P. An der son-Lo cal iza tion and the Mott-Ioffe-Re gel 
Limit in Glassy-Me tal lic PEDOT. AEM 2017, 3 (7),
1700050.

2.    Farka, D.; Greunz, T.; Yumusak, C.; Cobet, C.; Mardare, C. 
C.; Stifter, D.; Hassel, A. W.; Scharber, M. C.; Sariciftci,

N. S. Over com ing Intra-Mo lec u lar Re pul sions in PEDTT
by Sul phate Coun ter-Ion. Sci ence and Tech nol ogy of Ad -
vanced Ma te ri als 2021, 22 (1), 985–997.
https://doi.org/10.1080/14686996.2021.1961311.

3.    Farka, D.; Køíž, K.; Fanfrlík, J. Strat e gies for the De sign of
PEDOT An a logues Un rav eled: The Use of Chalcogen

Bonds and s-Holes. J. Phys. Chem. A 2023, 127 (17),
3779–3787. https://doi.org/10.1021/acs.jpca.2c08965.

4.    Farka, D.; Moreda, O. I.; Greunz, T.; Køíž, K.; Leeb, E.;
Ulbricht, C.; Duchoslav, J.; Vacek, J.; Fanfrlík, J.;
Yumusak, C.; Drnec, J.; Krajcovic, J.; Stifter, D.;
Sariciftci, N. S. Polythieno[3,4-b]Pyrazine: Path ways to
Me tal lic Charge-Trans port. J. Ma ter. Chem. A 2025.
https://doi.org/10.1039/d5ta01145k.

5.    Farka, D.; Ciganek, M.; Veselý, D.; Kalina, L.; Krajèoviè,
J. Epitaxial Guid ance of Adamantyl-Sub sti tuted
Polythiophenes by Self-As sem bled Monolayers. ACS
Omega 2024, 9, 38733–38742.
https://doi.org/10.1021/acsomega.4c04616.
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Quan tum spin liq uid (QSL) is a the o ret i cal model of spins
with antiferromagnetic in ter ac tions. These spins fluc tu ate
down to the ab so lute zero tem per a ture with out any
long-range mag netic or der but ex hibit quan tum en tan gle -
ment [1]. A key as pect for re al iza tion of such the o ret i cal
con cept is a geo met ri cal frus tra tion of these spins. In the ory 
var i ous QSL states have been iden ti fied, but much harder is 
to find a ma te rial, where this con cept can be tested. To day
only few ma te ri als are con sid ered as QSL can di dates. One
of them is the min eral herbertsmithite, ZnCu3(OH)6Cl2 [2].
The Cu2+ (S = 1/2) ions in this com pound form a quasi-2D
lay ered struc ture with kagome lat tice [3]. Such a lat tice ex -
hib its high de gree of frus tra tion which is ideal for QSL.
The rhombohedral crys tal lat tice (ideal kagome lat tice) is
sta bi lized by the Zn ions. The min eral clinoatacamite with -
out Zn ions, Cu4(OH)6Cl2, is then monoclinic and con se -
quently antiferromagnetic or der is sta bi lized at low
tem per a tures [4]. The in ves ti ga tion of the ground state
prop er ties in the Zn-sub sti tuted se ries, ZnxCu4-x(OH)6Cl2,

has there fore mo ti vated nu mer ous stud ies over the past two 
de cades, usu ally on pow der sam ples. In ad di tion to their in -
trigu ing mag netic prop er ties these com pounds are also in -
ter est ing from struc tural point of view. It is dem on strated
by high amount of struc tural poly morphs. The pre sented
study of sin gle-crys tal line sam ples is fo cused on the re la -
tion among these poly morphs and their ground-state prop -
er ties, stud ied by low-tem per a ture X-ray dif frac tion and
spe cific heat mea sure ments.

1. L. Balents, Na ture, 464, (2010), 7286.

2. M. R. Nor man, Rev. Mod. Phys., 88, (2016) 041002.

3. S. W. Braithwaite, R., Mereiter, K., Paar, W., Clark, A.,
Min eral. Mag., 68, (2004), 527-539.

4. S.-H. Lee, H. Kikuchi, Y. Qiu, B. Lake, Q. Huang, K.
Habicht, K. Kiefer, Nat. Ma ter., 6, (2007), 853-857.

This work was sup ported by the Czech Sci ence Foun da tion
via re search pro ject GAÈR 23-06810O.
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In KNbO3, the spon ta ne ous po lar iza tion orig i nates from
dis place ments of Nb ions rel a tive to the sur round ing ox y -
gen octahedra. In the rhombohedral phase, all Nb dis place -
ments are aligned along the same [111] di rec tion, whereas
in higher-sym me try phases this align ment be comes pro -
gres sively less re stricted due to a stepwise in crease in the
num ber of al lowed Nb-dis place ment di rec tions along

á111ñ. The orthorhombic phase al lows two equiv a lent di -
rec tions, the tetragonal phase four, and the cu bic phase
eight. This pro gres sive in crease in al lowed dis place ment
ori en ta tions in tro duces cor re lated dis or der man i fested by
the stepwise ap pear ance of dif fuse scat ter ing sheets in re -
cip ro cal space, evolv ing from (010) in the rhombohedral
phase, to (010) and (100) in the tetragonal phase, and fi -
nally to {001} in the cu bic phase [1].

(K,Na)NbO3 solid so lu tions (KNN) are one of the lead -
ing Pb-free sub sti tutes for (Pb,Zr)TiO3 (PZT) with tun able
pi ezo elec tric co ef fi cients [2]. Stud ies show the ex is tence of 
a poly mor phic phase bound ary that might lead to ex tremely 
in creased pi ezo elec tric co ef fi cients [3]. While it is ac -
cepted that the chem i cal dis or der has a de ci sive role in pro -

duc ing this en hanced be hav ior, the ex act short-range
struc ture-prop erty mech a nisms are not well un der stood.

In this work we are in ter ested in how ad di tion of
NaNbO3 is af fect ing the cor re la tion struc ture across the
phase tran si tions. In par tic u lar, it is known that pure so -
dium nio bate dis plays a com plex be hav ior with at least six
phase tran si tions be tween the high-tem per a ture cu bic
phase and low-tem per a ture rhombohedral one [4]. Some of 
the in ter me di ate phases are in com men su rate re flect ing a
com plex in ter play be tween po lar or der pa ram e ter and oc ta -
he dral tilt ing. Track ing the changes in the sin gle-crys tal
dif fuse scat ter ing we should be able to as sess to which ex -

tent this in ter play is also pres ent in KNN with Na con tent £
50 %.
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