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odleštìn. Obrázek 2 ukazuje žíhání leštìného vzorku na
hodnotu povrchové mikrodeformace. Mìøení bylo
provádìno in-situ v teplotní komoøe HTK 2000.  Po dobì
cca 150 minut byla teplota 2x zvýšena z 300°C na 400°C a
po té z 400°C na 500°C. 

 Je patrné, že objemová mikrostruktura titanových
vzorkù pøipravených z komerènì dostupných tyèí titanu
oznaèovaných „Grade 2“ se liší od hodnot na povrchu po
pøípravì povrchu leštìním.  K dosažení mikrostruktury na

povrchu srovnatelné s objemovými vlastnostmi jsme
zkoušeli elektrolytické leštìní, které nemodifukuje
objemové vlastnosti, ale bohužel zpùsobuje nechtìný reliéf 
na povrchu vzorku. Na druhou stranu žíhání celého ve
vakuu zachovává povrch hladký a rovný, ale na druhou
stranu ovlivòuje objemové vlastnosti vzorku. 

1. Y. Z. Liu, et al. Phase for ma tion and mod i fi ca tion of cor ro -
sion prop erty of ni tro gen im planted TiAlV al loy. Vac uum
81: 71–76, 2006.
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The unique blend of par ti cle and wave prop er ties - large
rest mass, zero elec tric charge, mag netic di pole mo ment,
iso tope-spe cific scat tering in com bi na tion with C-scale
wave lengths - makes of neu trons a very at trac tive and ef fi -
cient tool for in ves ti ga tion of struc ture and dy nam ics of
con densed mat ter.  Since sev eral de cades elas tic and in -
elas tic neu tron scat ter ing be came a stan dard experimental
tool in a va ri ety of con densed mat ter re search do mains,
com ple ment ing the much more cur rent X-ray scat ter ing.
De ter mi na tion of mag netic struc tures, map ping the mo -
men tum and en ergy of struc tural and mag netic ex ci ta tions
and in ves ti ga tions of soft mat ter and bi o logic sys tems with
the use of the iso to pic hy dro gen-deu te rium con trast vari a -

tion are just a few most sig nif i cant ex am ples. Thanks to the
con struc tion of ded i cated na tional and in ter na tional
high-flux neu tron sources this tech nique, orig i nally re -
served to a small num ber of highly spe cial ized teams, be -
came ac ces si ble to a broad sci en tific com mu nity. This
trend is on go ing with the con struc tion of next gen er a tion
spallation sources like the SNS in the USA and ESS in Eu -
rope.

In this lec ture we will con cen trate on the fun da men tals
of neu tron scat ter ing tech niques and on ap pli ca tion ex am -
ples of con tem po rary stud ies of func tional ma te ri als re lated 
to spintronics, en ergy stor age and mo lec u lar bi ol ogy.
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In tro ducti on

Due to the loss of in for ma tion re lated to mea sure ment prin -
ci ple, re sults of crys tal struc ture de ter mi na tion based on
pow der dif frac tion data are of ten not 100% re li able. Ad di -
tional tech niques like solid-state NMR, ge om e try check
against com mon mo lec u lar pa ram e ters from da ta bases or
en ergy cal cu la tion should be used to ver ify the crys tal
struc ture and mo lec u lar ge om e try as well. The sug gested
meth od ol ogy is de scribed in de tails in ar ti cle [1]. The men -
tioned ar ti cle de scribes QM minimization of 225 mo lec u lar 
crys tal struc tures de ter mined by pow der dif frac tion from
witch 8.8% was found to be in cor rectly solved. The aim of
our work was to test what ever we can ap ply sim i lar check
to our re sults.

Methods

We did not have avail able VASP soft ware nor the spe cial
force field method de vel oped for dis per sion cor rec tion im -
ple mented in GRACE soft ware as used in the men tioned
ar ti cle [1]. Our cal cu la tions were done in CASTEP soft -
ware as im ple mented in Ma te rial Stu dio [2] soft ware pack -
age. We had used ge om e try op ti mi za tion ap proach
con sist ing of two steps as sug gested in [1]: firstly, the cell
was fixed dur ing the ge om e try op ti mi za tion, and sec ondly,
cell pa ram e ters to gether with mo lec u lar ge om e try were op -
ti mized.



De tails of Com pu tati on

For the sys tem elec tron shield de scrip tion, the GGA-PBE
func tional was used. The cal cu la tion setup was cor re -
spond ing to “Fine” pre set:  340 eV en ergy cut-off, con ver -
gence cri te ria - 10-5 eV/atom en ergy, 0.03 eV/C max i mal
force, 0.001 C max i mal atom dis place ments. The Tka -
tchenko- Scheffler scheme was used for the dis per sion cor -
rec tion.

The orig i nal pow der based data were com pared with
the geo met ri cally op ti mized data by the Car te sian dis place -
ment RMS (RMSCD) to be able to com pare atomic po si -
tions in dif fer ent unit cells. The Car te sian dis place ment for
an atom in two crys tal struc tures (1) and (2) is described by
eq. (1).

( )| | /G r G r G r G r1 2 1 2 2 1 2 1 2× - × + × - ×                             (1)

The ri are the frac tional co or di nates of at oms in crys tal
struc ture i and Gi is the trans for ma tion ma trix from frac -

tional to Car te sian co or di nates for struc ture i. The RMSCD
cal cu la tion was im ple mented in CrystalCMP software [3].

Re sults

The ob tained re sults are sum ma rized in Tab. 1.

Dis cus si on

Ac cord ing to the [1], struc tures with RMSCD > 0.25 C for
non H-at oms should be con sid ered as sus pi cious and
checked.  The BOVDUM struc ture falls in such cat e gory.
The is sue can be re lated to disorder - for the QM cal cu la -
tion only one part of the dis or der, which was ob served in
the crys tal struc ture, was used. How ever, it sounds like the
ex pla na tion is dif fer ent. This crys tal struc ture (capa -
citabine) was later re-de ter mined by other group from sin -
gle crys tal [4] data and it is pre sented in CSD with code
BOVDUM01. The struc ture redetermination had ob served
an in cor rect place ment of H-atom in our orig i nal pow der
study, see Fig. 1.

The TISCAB struc ture shows low value of RMSCD for 
non-H at oms, but much higher value for all at oms in clud -
ing hy dro gen at oms (RMSCD >0.3!). The QM struc ture
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Fig ure 1. Com par i son of in cor rect (top) and cor rect (bottom)
BOVDUM (capecitabine) for mula in crys tal line state.

Fig ure 2. Com par i son of in cor rect (top) and cor rect (bottom)
TISCAB for mula in crys tal line state.

CSD code
RMSCD for non H
atoms (C), cell fi xed

RMSCD for all atoms 
(C), cell fi xed

RMSCD for non H
atoms (C), cell re fi ned

RMSCD for all atoms
(C), cell re fi ned

BOVDUM 0.2652 0.3762 0.2931 0.4024

SORLOC 0.1093 0.2026 0.1073 0.213

TISCAB 0.0932 0.3145 0.0937 0.3146

WAFLIA 0.0947 0.2542 0.0947 0.2542

XOGLOW 0.1346 0.2044 0.1367 0.2091

XOGLUC 0.1069 0.1668 0.1107 0.1747

Ta ble 1.  RMSCD val ues for 6 tested struc ture
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sug gests a dif fer ent H atom po si tion and bond or der as de -
scribed on Fig. 2.The orig i nal ar ti cle [5] sug gests the for -
mula based on liq uid NMR data only. In solid state, the
for mula can be dif fer ent. A search in CSD did not find any
sim i lar crys tal struc ture with the same or der of hy dro gen
at oms as in [5], but it had found about 30 struc tures with
hy dro gen at oms in po si tions sug gested by the QM.

Conclu si ons

In two from six our pow der stud ies, the DFT-D cal cu la tion
had found trou bles mainly with po si tion ing of hy dro gen at -
oms. It is even worse than the 19/215 is sues as found in [1]
but the to tal num ber of struc ture checked is too low to make 
a rea son able sta tis tics and con clu sions. It is prob a bly clear
any way that any mo lec u lar crys tal struc ture solved from

pow der should be checked by DFT-D ge om e try cal cu la tion 
be fore pub li ca tions to de tect pos si ble is sues.
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X-ray pow der dif frac tion data, unit-cell pa ram e ters,  space
group and 3D crys tal struc ture for 3-amino-5- (amino -
carbo nyl)-2,4,6-triiodo-ben zoic acid meth a nol,
C8H5I3N2O3. CH3OH, are re ported [a = 17.0017 (10) C, b = 
13.8959 (8) C, c = 12.5964 (8) C, unit-cell vol ume V =

2976(1) C3, MW = 589.89, r = 2.641 g/cm-3, Z = 8, space
group Pbca]. The ex per i men tal pow der dif frac tion pat tern
was in dexed by DICVOL04 [1], solved in di rect space and

re fined in  DASH[2]. The re sults of X-ray pow der dif frac -

tion struc ture de ter mi na tion will be pre sented.  

1. A.Boultif & D.Louër. J.Appl. Crystallogr. 37, (2004)
724–731. 

2. W. I. F.Da vid,  K.Shankland, J. van de Streek, E. Pidcock,
W. D. S. Motherwell, J. C. Cole. J. Appl. Cryst., 39,     
(2006), 910-915.
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Pomocí faktor-grupové analýzy krystalové struktury je
možné urèit výberová pravidla pro aktivaci fononu v
infraèervených a Ramanových spektrech [1]. Obecnì platí, 
že v materiálech s krystalovým centrem symetrie jsou
infraèervené aktivní fonony ramanovsky neaktivní a
naopak. Toto názornì pøedvedeme na nìkterých mate -
riálech s perovskitovou krystalovou strukturou jako jsou
SrTiO3, PbTiO3 a BiFeO3. Naopak v materiálech s naru -
šeným centrem symetrie jsou infraèervené aktivní fonony
též ramanovsky aktivní. Tohoto faktu se výhodnì využívá
pøi studiu strukturních a feroelektrických fázových
pøechodù. Feroelektrické materiály totiž nemají centrum

symetrie a kombinace obou spektroskopií tak umožòuje
ovìøit tento fakt mnohem citlivìji než difrakèní metody,
protože ty nejsou dost citlivé na rozlišení centrovaných a
necentrovaných krystalových struktur. V infraèervených
spektrech se také výhodnì rozliší strukturní fázové pøecho -
dy s násobením primitivní buòky – bude demonstrováno na 
antiferoelektrickém PbZrO3 s osmi ná so bením primitivní
bunky.

1. D. L. Rous seau, B. R.P., and S. P. S. Porto, Nor mal mode
de ter mi na tion in crys tals. J. Raman Spectr. 10, 253 (1981).


