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Cen tral Lab o ra to ries at the Uni ver sity of Chem is try and
Tech nol ogy in Prague (https://clab.vscht.cz/) con sists from 
nine lab o ra to ries and Lab o ra tory of X-Ray Diffractometry
and Spec trom e try is one of them. The Cen tral Lab o ra to ries
were cre ated with aim to pro vide sup port for sci en tific re -
search and ped a gog i cal ac tiv i ties of the fac ul ties of the
UCT Prague.

The main mis sion of lab o ra tory con sists in the de ter mi -
na tion of phase com po si tion of sam ples us ing X-Ray dif -
frac tion anal y sis (XRD) in volv ing the mea sure ment and
eval u a tion of dif frac tion pat terns and in the de ter mi na tion
of el e men tal com po si tion of sam ples by X-ray flu o res -
cence anal y sis (XRF). Sam ples are sup plied from uni ver -
sity de part ments but also from ex ter nal cus tom ers.

XRD anal y sis are per formed us ing the fol low ing in stru -

men ta tion: 

• D8 Ad vance q-q diffractometer (Co tube), vari able
slits, trans mis sion/re flec tive stage, sam ple changer,
LynxEye 1D de tec tor.

• X´Pert Pro q-q diffractometer (Co tube), vari able
slits, trans mis sion/re flec tive stage, sam ple changer
and PIXcel1D de tec tor.

• X’Pert3 Pow der q-q diffractometer (Cu tube), vari -
able slits, trans mis sion/re flec tive stage, sam ple
changer for 15 sam ples and PIXcel1D de tec tor.

• Em py rean q-q diffractometer (Cu tube), vari able
slits, eliptical mir ror, trans mis sion/re flec tive stage,
sam ple changer for 45 sam ples, thin film at tach ment
and PIXcel1D de tec tor.

• D8 Dis cover q-q microXRD diffractometer (Co
tube), par al lel polycapillary op tics POLYCAP, 6
long collimators with in ner di am e ter 0.05, 0.1, 0.3,
0.5, 1, 2 mm, mo tor ized stage with XYZ range
0–24mm, VANTEC-500 2D X-ray de tec tor 

• The HTK 1200N cham ber with fur nace heater op er -
at ing up to 1200 °C and MRI cham ber with strip
heater op er at ing up to 1400 °C are avail able for
in-situ X-ray dif frac tion studies in dif fer ent at mo -
spheres.

• The soft ware pack age HIGHSCORE PLUS V 5.0e (PAN -
a lyt i cal, Almelo, Neth er lands) is used for data eval u -
a tion and search in da ta bases PDF-4+2023 or
PDF-4/Organics 2023.

XRF qual i ta tive, semiquantitative and quan ti ta tive
anal y sis are per formed us ing the fol low ing in stru men ta -
tion:

• Wave length Dispersive fully au to matic se quen tial
spec trom e ters can mea sure 87 el e ments (Be-U, con -
cen tra tion from 1 ppm to 100%), sam ple must fit in
cy lin dri cal cas sette, di am e ter 52mm and height up to
40mm. Sam ples are mea sured in vac uum.

• Pos si ble sam ples – solid ma te ri als, pow ders and liq -
uids.  

• Axios WD spec trom e ter - Rh tube un der neath sam -
ple, 4kW gen er a tor, 3 collimators, 6 masks (6, 10,
20, 27, 32, 37 mm), 8 crys tals (PX1, PX5, PX4a,
PX7, PE002, Ge 111, LiF 200, LiF 220), pro por -
tional and scin til la tion de tec tors. SuperQ sw is used
to con trol spectrometr and for quan ti ta tive anal y sis.
Omnian sw is used for standardless anal y sis in range
F-U. 

• Performix WD spec trom e ter - Rh tube un der neath
sam ple, 4.2kW gen er a tor, 4 collimators, 4 masks
(1.5, 3, 15, 30 mm), 6 crys tals (PE002, Ge 111, LiF
200, LiF 220, AX03, AX-BeB), pro por tional and
scin til la tion de tec tors. Oxsas sw is used to con trol
spectrometr, for quan ti ta tive anal y sis and map ping.
Uniquant sw is used for standardless anal y sis in
range F-U. 

• ZSX Pri mus IV WD spec trom e ter - Rh tube above
sam ple, 4kW gen er a tor, 3 collimators, 5 masks (0.5,
1, 10, 20, 30 mm), 6 crys tals (PET 002-curved, Ge
111-curved, LiF 200, LiF 220, RX35, RX85), pro -
por tional and scin til la tion de tec tor. ZSX sw is used
to con trol spectrometr and for quan ti ta tive anal y sis.
SQX soft ware is used for standardless anal y sis in
range B, F-U. 

• En ergy Dispersive spektrometer (Mg-U, 100ppm to
100%) :

• XL5 handheld ED spec trom e ter (Mg-U, 2 masks
(3,8mm), con cen tra tion from 100ppm to 100%).
Sam ples are mea sured in air, no limit on sam ple size.
Standardless sw is not avail able = all el e ments in
range Mg-U can not be quan ti fied si mul ta neously.
Preinstalled cal i bra tion: Gen eral Met als (3,8mm) -
33 el e ments, Min ing(8mm) - 41 el e ments, Plas -
tics(8mm) - 24 el e ments, Soil(8mm) - 33 el e ments,
Coat ing(3,8mm) - 30 el e ments. The re port will in -
clude only el e ments in cal i bra tion.
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In tro ducti on

The most of ten used method for crys tal struc ture re fine -
ment is based on In de pend ent Atom Model (IAM). IAM
gives iden ti cal atomic scat ter ing fac tors for the same el e -
ment un der any sit u a tion ig nor ing the in flu ence of the sur -
round ing at oms. In re al ity the atomic scat ter ing fac tors
deep ened on the ac tual elec tron shell con fig u ra tion of the
atom in the given po si tion and given va lence state. The is -
sues with IAM can be han dled by three meth ods: Multipole 
Model, Trans fer able Aspherical Atom Model (TAAM) [1]
and Hirshfeld Atom Re fine ment (HAR) [2]. Multipole
Model re quires high-qual ity data and ad di tional re fine ment 
pa ram e ters. TAAM model re quires a precomputed da ta -
base of atomic scat ter ing fac tors for the given el e ment with
dif fer ent sur round ings. For TAAM the cal cu la tion can be
done cor rectly only, when the pa ram e ters of the el e ment
un der re quired con fig u ra tion were al ready placed in the da -
ta base.  The re cently in tro duced HAR re fine ment as im ple -
mented in Olex2 soft ware [2] works with any sort of data
and does not de pend on atom scat ter ing fac tor da ta base.
Dur ing HAR re fine ment the atomic scat ter ing fac tors are
cal cu lated by ex ter nal quan tum me chanic (QM) soft ware
like e.g. Orca or Gaussi an. The wave func tion gen er ated by 
the QM code is than re-cal cu lated in for mat suit able for the
use for struc ture re fine ment. The QM code typ i cally works
with the mol e cule as with an iso lated model in vac uum by
the help of lo cal ized base. First test of com bin ing the HAR
re fine ment with mod el ling of the whole pe ri odic sys tem by
plane waves and QM DFT cal cu la tion was al ready done as
well [3].

The HAR re fine ment gives pri mary very dif fer ent re -
sults for hy dro gen atom po si tions. The re sults are closer to
the hy dro gen po si tion ob tained by neu tron dif frac tion. The
rea son is a dif fer ence be tween the hy dro gen nu clei po si tion 
and the po si tion of hy dro gen re lated elec tron den sity max i -
mum. From this rea son we had cho sen to test the HAR re -
fine ment fu tures on a salt-cocrystal con tin uum sys tem for
which char ac ter iza tion and proper de ter mi na tion of hy dro -
gen po si tions is es sen tial.

For the IAM/HAR re sults com par i son we had cho sen a
set of four quinoline iso meric com pounds [4]. The stud ied
struc tures for mula, chem i cal names and CSD de po si tion
codes are given in Fig. 1. For all these com pounds a high-

 qual ity low tem per a ture (185 K) Mo Ka data were al ready
avail able. The sys tem ex hib its an in ter est ing salt-cocrystal
dy namic hy dro gen trans fer worth to study.

Methods

The orig i nal data from the au thors were re-in ter preted by
the help of Olex2 soft ware and HAR re fine ment by the
NoSpheraA2 mod ule [2]. Tree dif fer ent re fine ment set ups
were used: 1) IAM with hy dro gen at oms threaded iso tro pic 
2) HAR with hy dro gen at oms threaded iso tro pic 3) HAR
with hy dro gen at oms threaded anisotropic (dis or dered one
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Fig ure 1. 2-chloro-5-nitrobenzoic acid–quinoline (1/1), (I)
AJIWIA , 3-chloro-2-nitrobenzoic acid–quinoline (1/1), (II)
AJIWOG, 4-chloro-2-nitrobenzoic acid–quinoline (1/1), (III)
AJIWUM, and 5-chloro-nitrobenzoic acid–quinoline (1/1), (IV)
AJIXAT.

Re fi ne ment setup I, AJIWIA II, AJIWOG III, AJIWUM IV, AJIXAT

IAM ori gi nal authors, SHELXL97 0.033 0.037 0.037 0.035

IAM re-re fi ne ment in Olex2 0.032 0.037 0.037 0.035

HAR re-re fi ne ment in Olex2 0.016 0.024 0.025 0.024

HAR re-re fi ne ment in Olex2, H-ani so t ro pic 0.016 0.022 0.024 0.023

Ta ble 1. Com par i son of R fac tors for dif fer ent re fine ment meth ods.



iso tro pic).  The 1) and 2) re fine ment setup make pos si ble to 
com pare the R fac tor for sit u a tion with iden ti cal num ber of
re fined pa ram e ters. The QM cal cu la tions were done in
Orca 5.0 soft ware, cc-pVTZ base, PBE func tional.  To be
able to model a dis or dered H po si tions the QM code had
cal cu lated for all structures mod els with hy dro gen in both
salt and cocrystal po si tion. The re fine ment han dled the
struc ture as dis or dered be tween these two mod els. For all
re fine ments the O-H and N-H dis tances of dis or dered hy -
dro gen were re strained to get con ver gence. 

Re sults

The re sults are sum ma rized in Tab. 1 and Tab. 2.
The uses of HAR re fine ment sig nif i cantly de crease the

value of R fac tor. On the other hand, the uses of HAR re -
fine ment have only mi nor ef fect on the dis or dered hy dro -
gen oc cu pancy fac tor. For II and III a slight oc cu pancy
de crease in NH po si tion can be ob served prob a bly due to
in clud ing the ni tro gen lone pair in the cal cu la tion. There is
no sig nif i cant change in R fac tor nor in oc cu pancy for the
re fine ment with hy dro gen treated anisotropic in com par i -
son to iso to pic treat ment.

The dif fer ence be tween IAM and HAR re fine ment and
IAM re fine ment is even more vis i ble on Fig. 2. The IAM
re fine ment in di cates hy dro gen in 2 po si tions. The HAR re -
fine ment elec tron den sity map cor re sponds more close to
the Path In te gral Mo lec u lar Dy namic (PIMD) sim u la tion
re sults as cal cu lated for sim i lar sit u a tions [5]. The hy dro -
gen is not ex actly in 2 po si tions but in stead cre ates a dis or -
dered cloud of elec trons be tween the ox y gen and hy dro gen
at oms.

1. W. F.  Sanjuan-Szklarz,  et. al., IUCrJ, 3, (2016), 61.

2. F. Kleemiss,  et. al., Chem. Sci.., 12, (2021), 1675.

3. P. N. Ruth, M. R. Herbst-Irmer, D. Stalke, IUCrJ, 9,
(2022), 286.

4. K. Gotoh, H. Ishida, Acta Cryst., C65, (2009), o534.

5. J. R. Štoèek,  et. al, J. Am.Che,. Soc., 144, (2022), 711.
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Re fi ne ment setup I, AJIWIA II, AJIWOG III, AJIWUM IV, AJIXAT

IAM ori gi nal authors, SHELXL97 0:1 0.39(3):0.61(3) 0.47(3):0.53(3) 0.65(3):0.35(3)

IAM re-re fi ne ment in Olex2 0.14(3):0.86(3) 0.25(3):0.75(3) 0.26(3):0.74(3) 0.61(3):0.39(3)

HAR re-re fi ne ment in Olex2 0.143(13):0.857(13) 0.19(2):0.81(2) 0.23(2):0.77(2) 0.62(2):0.38(2)

HAR re-re fi ne ment in Olex2, H-ani so t ro pic 0.085(13):0.915(13) 0.18(3):0.82(3) 0.18(2):0.82(2) 0.51(6):0.49(6)

Ta ble 2. Com par i son of the hy dro gen atom oc cu pancy (salt N site) : (cocrystal O site)

Fig ure 2. Dif fer ence elec tron den sity cal cu la tion for AJIWUM in
the O…H…N re gion.  IAM re fine ment (upper) and HAR re fine -
ment (H treated anisotropic) (lower).
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In tro ducti on

A broad range of solid forms avail able for phar ma ceu ti cal
mol e cules ex ists now a days. Phar ma ceu ti cal salts are one of 
the forms that can be used for for mu la tion of ac tive com po -
nents. About 50% of drugs used to day are salts. Ad di tion -
ally, cocrystals are rap idly evolv ing as an other prom i nent
type of phar ma ceu ti cal form. [1,2] The dif fer ence be tween
salt and cocrystal is given only by the po si tion of sin gle hy -
dro gen. As this dif fer ence is quite small, it is an es sen tial
task to de velop new tech niques that can ac cu rately iden tify
the pre cise lo ca tion of the rel e vant hy dro gen atom. We had
al ready de vel oped and par tially tested a com pu ta tional
method for salt cocrystal dif fer en ti a tion based on DFT en -
ergy cal cu la tion. [1,3]

The DFT method optimizes an ar ti fi cially con structed
wrong struc ture (hy dro gen atom placed in salt po si tion
near the po ten tial ac cep tor for cocrystals and vice versa
cocrystal po si tion with hy dro gen atom placed near the po -
ten tial do nor of the salts). The ver i fi ca tion of the method
was done based on com par i son of the re sults with an ex per -
i men tally con firmed cor rect hy dro gen po si tion on 95 struc -
tures. As the data source for test ing of the DFT method we
used a Cam bridge Struc tural Da ta base (CSD) de po si tion

code list of struc tures from the zone (-1 £ DpKa £ 4), de -
fined in an ar ti cle “Acid–base crys tal line com plexes and
the pKa rule”. [4] 

In ad di tion to the salt and cocrystal form, we had de -
tected pres ence of a form which can be de scribed as
salt-cocrystal con tin uum. For such a form the hy dro gen can 
be found in two en er getic min ima (Fig. 1). The de tec tion
and ex am i na tion of these forms is cru cial for en sur ing com -
pli ance with le gal and regulatory standards.

In ad di tion, a quan tum dy namic sim u la tion was per -
formed to ver ify that the re sults of the DFT method cor re -
spond to the room tem per a ture state of the crys tals. 

Methods

The DFT method uses the new est ver sion of Castep 22.11
soft ware. The rSCAN func tional in com bi na tion with
MBD dis per sion cor rec tion and fine ba sis pre ci sion was
used. 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. The com pu ta tional power re -
quired for cal cu la tion of 450 struc tures was ap prox i mately
3 000 core/hours on 128 core nodes.

In ad di tion to sim ple ge om e try op ti mi za tion, we had
per formed Path In te gral Mo lec u lar Dy nam ics (PIMD) sim -
u la tion for one struc ture (CSD code AJIWUM). PIMD is a
com pu ta tional sim u la tion method that com bines Mo lec u lar 
Dy nam ics (MD) and de scrip tion of Nu clear Quan tum Ef -
fects (NQE). We have used quan tum PIMD sim u la tion be -
cause the en ergy was cal cu lated by DFT method. The Path
In te gral (PI) in volves rep re sent ing the mo tion of par ti cles
as a path of imag i nary time slices, which al lows the in clu -
sion of NQE ef fects in MD. PIMD is par tic u larly use ful in
study ing sys tems with strong NQE ef fects, such as hy dro -
gen bond ing or pro ton trans fer. [5] The PIMD sim u la tion
of the stud ied sys tem was also per formed in CASTEP.
NVT en sem ble, tem per a ture of 150 K, a Langevin ther mo -
stat, a 0,5-fs in te gra tion time step and a planewave cut-off
en ergy of 571 eV were used. For en ergy cal cu la tion we had 
used rSCAN func tional with MBD dis per sion cor rec tion
again. The path-in te gral prop a ga tion used a Trot ter de com -
po si tion of all nu clei into 16 beads, which has been shown
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Fig ure 1. En ergy de pend ence on H atom po si tion for the PUJNIS struc ture cal cu lated by the PBE+TS func tional [1]



to be suf fi cient for sim u la tions of mo lec u lar crys tals at 300
K. [6]

Re sults

The re sults of struc tures from the zone (-1 £ DpKa £ 4) are
sum ma rized in Tab.1. While test ing our com pu ta tional
method, we dis cov ered 90 struc tures that ex hibit the
above-men tioned two en er getic min ima. Fur ther in ves ti ga -
tion of these struc tures is yet to be con ducted. 

An ad di tional 30 struc tures with dual hy dro gen po si -
tion were de tected us ing the 3D search for dis or dered hy -
dro gen po si tion. In this study we had in ves ti gated both
salts, cocrystals and solvates. For these struc tures, the pres -
ence of a dou ble hy dro gen po si tion had al ready been de -
tected by the orig i nal au thors. We pro ceeded to per form
DFT cal cu la tions on these struc tures, us ing the set tings
spec i fied above. The results are summarized in Tab. 2. 

As a sam ple of struc ture de scribed in cor rectly based on
ex per i ment, we can men tion struc ture with CSD de po si tion 
code ILUCIB. It was iden ti fied by us as a pure solvate,
which dif fers from the clas si fi ca tion given in the orig i nal
pub li ca tion. This struc ture is com posed of pyridinium (pKa 

= 5,23) and 3,3’,4-tri-O-methylflavellagate (pKa » 6). [7]

That means that    DpKa = pKa[base] – pKa[acid] = -1, but

ac tual flavonoid salts are formed when DpKa is ap prox i -

mately 10. [7] There fore, we be lieve that the struc ture is in -
cor rectly solved, and it can not be a salt or salt-cocrystal
con tin uum phase. Other in cor rect re sults will be eval u ated
us ing the same ap proach.

For struc ture with CSD de po si tion code AJIWUM the
Path In te gral Mo lec u lar Dy namic (PIMD) sim u la tion was
per formed. In Fig ure 2 we can see the prob a bil ity dis tri bu -

tion of the N-H (or N…H) dis tance in AJIWUM sys tem.
Re sults of this sim u la tion re veal that the hy dro gen is not
pre cisely lo cated in 2 po si tions but is delocalized be tween
the do nor and the ac cep tor of the H-bond. Such sit u a tion
will be prob a bly com mon for most struc tures from the
salt-cocrystal con tin uum area at room tem per a ture.

1. Šajbanová, S. Validace metody rozlišení solí a kokrystalù
pomocí DFT výpoètu. diplomová práce, Vysoká škola
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Fig ure 2. Prob a bil ity dis tri bu tion of the N–H dis tances ob tained from PIMD sim u la tion of AJIWUM 

Pure co crys tal Pure salt
Salt-co crys tal

con ti nuum phase

312 16 90

Ta ble 1. Re sults of cal cu la tion on 418 struc tures from the zone

with (-1 £ DpKa £ 4) (RSCAN fine + MBD).

Pure co crys tal or
sol va te

Pure salt
Con fir med

salt-co crys tal con -
ti nuum phase

7 7 16

Ta ble 2. Re sults of cal cu la tion on 30 struc tures with ex per i men -
tally de tected salt-cocrystal dis or dered hy dro gen (RSCAN fine +
MBD) .
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Hirshfeld/Gen er al ized Atom Re fine ment (HAR/GAR) [1]
al lows to cal cu late in di vid u ally tai lored aspherical scat ter -
ing fac tors (pseudoatoms) by us ing Olex2 [2] and
NoSpherA2 [3] soft ware to gether with quan tum chem i cal
pack ages like Orca [4] or Tonto [5]. How ever, the choice
of the elec tron den sity cal cu la tion method is usu ally ex pe -
ri ence based. With a high-qual ity data, us ing a large ba sis
set with the functionals from the top of the “Ja cob’s Lad -
der” [6] can be mean ing ful. In [7] and [8], we did some
benchmarking of HAR meth ods us ing Orca ver sion 4.2.1
and 5.0.3 with the NH4[Zn(cma)(H2O)2]·H2O data suf fer -
ing from suboptimal ab sorp tion cor rec tion. This work is
ded i cated to the HAR re fine ment of rel a tiv is tic sys tems by
ECP based meth ods us ing Orca 5.0.4.

As a start ing point for HAR, the re sults of the IAM re -
fine ment of se lected com pounds us ing proper con straints
with X–H dis tances free to re fine were used. The re fine -
ments for all com bi na tions of se lected LDA (PWLDA),
GGA (BLYP, PBE), meta-GGA (TPSS, R2SCAN), hy brid 
GGA (B3LYP, PBE0), hy brid meta-GGA (M06-2X) and

range sep a rated hy brid (wB97X) functionals with
ECP-def2-SVP – def2-TZVPP ba sis sets were per formed
by Olex2 1.5 in com bi na tion with NoSpherA2 and Orca
5.0.3. For the com par i son, cal cu la tions us ing all-elec tron
x2c-def2-TZVP ba sis set with R2SCAN func tional with
ZORA ap prox i ma tion were also per formed. The re sults
were com pared with pre vi ous re sults in [8] and with the
val ues ob tained from neu tron dif frac tion [9].

Re gard ing the time of cal cu la tion, the functionals were
di vided into two groups. LDA, GGA and meta-GGA
functionals were sig nif i cantly faster than hy brids, with
meta-GGA hy brids and range sep a rated hy brids be ing
slower than GGA hy brids.

Sim i larly to [8], if the data were in flu enced by strong
ab sorp tion ef fect, PWLDA is best all-round per former (ex -
cept of ECP-def2-TZVP/R2SCAN com bi na tion), fol lowed 
by R2SCAN and M06–2X and PBE0 be ing on par, with the 
best re sults us ing ECP-def2-TZVP ba sis set. Oth er wise,
the re sults are better when us ing larger ba sis sets and the
best per former is PBE0 func tional fol lowed by PBE and

wB97X or R2SCAN. Re sid u als (R, wR, S) were prac ti cally
iden ti cal for all re fine ment meth ods.

For in di vid ual bond types, there are of ten best per form -
ing ba sis set/func tional com bi na tions. Agree ment be tween
ob tained dis tances and neu tron de faults was ex cep tion ally

good for C–Csp3–H3 and Car–H dis tances. Al though there
is no ref er ence for (Car)2–Nsp3–H (N py ram i dal) dis tance
based on neu tron data, but we found Car–N–H2 (N py ram i -
dal) dis tance [9] be ing in a good agree ment with re fined
dis tance.

Non-em pir i cal GGA and GGA hy brid functionals
(PBE, PBE0) out per formed em pir i cal (BLYP, B3LYP)
GGA and GGA hy brids by a small mar gin. Us ing all-elec -
tron x2c-TZVP/R2SCAN method us ing ZORA ap prox i -
ma tion did n’t led to sig nif i cantly dif fer ent re sults with
ap prox i mately the same cal cu la tion times.
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TiO2 is very of ten used for photocatalytic ap pli ca tions be -
cause it is widely avail able, cheap and en vi ron men tally
friendly photocatalytic ma te rial. Nev er the less, the ana tase
(pre ferred crys tal struc ture) nanoparticles have ten dency to 
ag glom er ate and this pro cess causes a sig nif i cant de creas -
ing in ca tal y sis ef fi ciency. To avoid the ag glom er a tion, we
used the fi brous clay min er als such as palygorskite to an -
chor TiO2 par ti cles among its fibres. This causes the
photocatalytic prop er ties of small nanoparticles to be pre -
served and no ag glom er a tion due to the strong mu tual in -
ter ac tions be tween TiO2 and clay fibres. 

Palygorskite–TiO2 nanocomposites were pre pared and
char ac ter ized by var i ous ex per i men tal techniques (X-ray
dif frac tion, Fou rier trans form-in fra red spec tros copy and
trans mis sion elec tron mi cros copy) in Greece, while their
mu tual in ter ac tions in clud ing prob a ble spon ta ne ous bond -
ing be tween clay and TiO2 spheres were cal cu lated by mo -
lec u lar sim u la tion meth ods. Three dif fer ent palygorskite
supercells were built with dif fer ent type of sur face with the
larg est amount of ox y gen at oms, see Fig ure 1, which were
sub se quently cal cu lated in var i ous po si tions with the TiO2

spheres with suit able ad ja cent sur faces, see Figure 2.
A monoclinic palygorskite struc ture was used for the

cal cu la tions, the unit cell pa ram e ters of the crys tal struc ture 

were as fol lows: a = 13.337 C, b = 17.879 C, c = 5.264 C, a

= b = 90° and g = 105.270°, space group C2/m [2, 3]. An
op ti mized crys tal struc ture of TiO2, in the form of ana tase,

was im ported from Ma te ri als Stu dio da ta base with the fol -
low ing cell pa ram e ters: a = 3.776 C, b = 3.776 C, c = 9.486

C, a = b = g = 90°, and the space group num ber 141 and
type I41/amd. A supercell of ana tase was cre ated with the
fol low ing pa ram e ters: A = 20 a, B = 20 b, C = 10 c.
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Fig ure 1. The three supercells un der dif fer ent point of view.
Supercell P1: A = 3, B = 1, C = 7 Supercell P2: A = 3, B = 3, C = 1
Supercell P3: A = 1, B = 2 and C = 7 [1].

Fig ure 2. The ana tase (i) sphere part 1 and 101 and (ii) sphere part 2 and 2i the parts of ana tase that were com -
bined with palygorskite sur face [1].



The sim u la tions showed that op ti mal TiO2- palygor skite
con nec tion takes place among the Ti at oms of the curved
TiO2 part of sphere with the O at oms of the P1 sur face of
palygorskite through strong elec tro static in ter ac tions and
the pos si ble for ma tion of co va lent bonds due to the short
dis tance be tween the sur faces, see Ta ble 1. Due to the sim u -
la tion, we can see the de tailed curved part of ana tase with Ti 
at oms which closely in ter act ing and nearly con nected to the 
O at oms on var i ous surfaces of palygorskite [1].
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Isotaktický polybuten-1 (iPB-1) je termoplastický poly mer
s vysokou krystalinitou a vynikajícími fyzikálními
vlastnostmi, což z nìj dìlá ideální materiál pro výrobu
rùzných výrobkù, jako jsou napøíklad trubky, obaly kabelù,
vodovodní potrubí a další. Tyto pozoruhodné vlastnosti
jsou nepøíznivì ovlivnìny pomalou pøemìnou pùvodní fáze 
II na stabilní fázi I, která sice zlepšuje vlastnosti, ale záro -
veò je spojena se smrš•ováním o 4 % v dùsledku rozdíl ných 
hodnot hustoty obou fází. Dále, jak se ukazuje, iPB-1
podléhá pøirozenému stárnutí, což mùže ovlivnit jeho
fyzikální a mechanické vlastnosti.

Studie dlouhodobého pøirozeného stárnutí vzorkù
iPB-1 s rùznou molekulovou hmotností ukázala, že rychlost 
transformace z poèáteèní fáze II do stabilní fáze I se
výraznì snižovala s èasem stárnutí trvajícím až 17 let.
Celková krystalinita se s èasem stárnutí také snižovala a
malé množství fáze II zùstávalo nestabilní po dobu
minimálnì 17 let. Vzorek s nižší molekulovou hmotností
(DP 0400) vykazoval vyšší rychlost fázové transformace II
na I než vzorek PB 0110, dokonce i po opakovaném tavení
polymeru a jeho nové krystalizaci.

Hlavním fenoménem stárnutí iPB-1 je pravdìpodobnì
zmìna pomìru funkèních skupin methyl/methylen, která
mùže být zpùsobena štìpením vedlejších øetìzcù. Tento
proces snižuje geometrickou pravidelnost molekulového
øetìzce a zpomaluje postupující fázovou transformaci II na
I. Pøedpokládá se, že separace vedlejších øetìzcù také vede
k tvorbì skupin, které dále zpomalují fázovou transformaci, 
ale tyto skupiny mohou být odstranìny opakovaným
tavením vzorku.

Tyto výsledky jsou dùležité pro prùmyslové aplikace
iPB-1, protože ukazují, že pøirozené stárnutí mùže ovlivnit
jeho fyzikální a mechanické vlastnosti.
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Name Distan ce 1 Distan ce 2 Distan ce 3

P11 2.748 2.909 3.143

P1101 2.123 2.185 2.198

P12 1.800 1.814 1.872

P12i 1.790 2.050 2.627

Ta ble 1. Three short est Ti-O dis tances of the se lected op ti mized
mod els [C].
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k-[(BEDT-TTF)1-x(BEDT-STF)x]2Cu2(CN)3 se ries are 2D
or ganic salts re al iz ing a para dig matic Mott-metal in su la tor
tran si tion. The lo cal iza tion of con duc tion elec trons is
driven by strong elec tronic cor re la tions which can be tuned 
by hy dro static pres sure or by sub sti tu tion with BEDT-STF

cat ions as in the pres ent study. The par ent k-(BEDT-TTF)2

Cu2(CN)3 com pound re mains with out mag netic or der ing
down to the low est tem per a tures. To fully un der stand its
mag netic prop er ties it is nec es sary to as sess its crys tal
struc ture in de tail. The (BEDT-TTF) cat ions are sep a rated
by the lay ers of Cu2(CN)3 an ions within in the bc plane, see
fig ure be low.  If one looks on the cat ions along a crys tal lo -
graphic axis it is pos si ble to see the tri an gu lar ar range ment
of (BEDT-TTF)2 dimers, see panel (b) be low. The tri an gu -
lar lat tice is close to ideal, t/t’ = 0.83, pro vid ing ideal con di -
tions for geo met ri cal frus tra tion [1]. Each dimer is car ry ing 
one elec tron with spin S = 1/2. The in ter ac tion be tween
spins is antiferromagnetic [2]. These all are nec es sary con -
di tions for the for ma tion of quan tum spin liq uid (QSL) sate
and also the rea son why this com pound was the prime QSL
can di date. The ob ser va tion of T* = 6 K anom aly in ther mal
ex pan sion brought the ques tion about the proper ground

state, which seems to be rather a va lence bond solid (VBS)
than QSL [3]. This leads to the more gen eral ques tion
whether geo met ri cal frus tra tion on its own can fully sup -
press antiferromagnetic or der and whether the sys tems can
truly re main sta ble to wards mag neto-struc tural in sta bil i -
ties, like VBS phases, down to ab so lute zero.

Our pre sented con tri bu tion is fo cused on low tem per a -
ture X-ray dif frac tion study of a sin gle crys tal line sam ple

k-(BEDT-TTF)2Cu2(CN)3, show ing pro nounced anom aly
of lat tice pa ram e ters around T* = 6 K. The struc tural re sults 
are sup ple mented by a mi cro scopic study us ing nu clear
mag netic res o nance (NMR).
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Fig ure 1. Crys tal struc ture of k-(BEDT-TTF)2Cu2(CN)3 2D or ganic salt. a) View along b axis. b) The ar range -
ment of dimers within bc plane. Taken from [4].


