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X-RAY LABORATORY AT THE INSTITUTE OF MACROMOLECULAR CHEMISTRY
CAS: INSTRUMENTAL EQUIPMENT AND RECENT PROJECTS
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The lab o ra tory of X-ray and Neu tron Struc tural Anal y sis at 
the In sti tute of Macromolecular Chem is try of the Czech
Acad emy of Sci ences (cur rently part of the de part ment of
NMR Spec tros copy & X-ray and Neu tron Dif frac tion) was
founded in 1965 with a pri mary fo cus on study ing the
struc ture of poly mers in dif fer ent forms. By uti liz ing X-ray
dif frac tion, we can in ves ti gate not only the crys tal struc ture 
of the poly mer, but also the amor phous re gions, pro vid ing
valu able in for ma tion about the crystallinity of the sam ple,
crys tal lite sizes and ori en ta tion of the poly mer chains,
which are re lated to the me chan i cal prop er ties and ther mal
be hav iour of the poly mer. This tech nique can also be used
to ob serve phase tran si tions of block co pol y mers in se lec -
tive sol vents, even in-situ.

To per form these ex per i ments, our lab o ra tory is
equipped with two in stru ments – the GNR EXPLORER
pow der XRD and a cus tom SAXS in stru ment orig i nally
built by MolMet and later up graded by SAXSLAB. The
GNR EXPLORER can also be used for XRR mea sure -
ments, mak ing it pos si ble to de ter mine thick ness, den sity,
and sur face rough ness of thin films. Our SAXS in stru ment
can cover a wide q-range (from 0.005 to 3.6 C-1) thanks to
ad just able sam ple-to-de tec tor dis tance and in cludes a sam -
ple stage for mea sure ments at non-am bi ent tem per a tures. It 
is also ca pa ble of GISAXS mea sure ments, which are use ful 
for in ves ti gat ing the mor phol ogy and or der ing of poly mer
do mains within thin films.

Some of our no ta ble re cent pro jects in clude an XRD
study of polypyrrole - bar ium fer rite mag netic cryogels for
wa ter pu ri fi ca tion [1], an XRD study of PEDOT /
maghemite ad sor bent for the re moval of Re ac tive Black 5
from aque ous me dia [2], or a GISAXS study of block co -
pol y mer thin films with added mag netic nanoparticles for

high-res o lu tion li thog ra phy tech nol o gies [3]. Our lab o ra -
tory also co op er ates in lon ger-run ning re search at the IMC
such as spe cial pur pose poly mers (e.g. for drug-de liv ery
sys tems [4]), poly mers with spe cial op ti cal and me chan i cal
prop er ties (e.g. tough and trans par ent elas to mers [5]),
poly mer-based mem branes for solid elec tro lytes [6], or
bio de grad able poly ure thane foams [7]. 
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“ORDINARY DAY OF A POWDER DIFFRACTIONIST”

(X-ray pow der dif frac tion at the In sti tute of In or ganic Chem is try of the CAS in Øež)

Petr Bezdièka, Sivlie Švarcová

ALMA Lab o ra tory, In sti tute of In or ganic Chem is try of the Czech Acad emy of Sci ences
è. p. 1001, 250 68 Husinec - Øež

X-ray pow der dif frac tion (XRPD) is an in dis pens able tech -
nique for any chem ist, min er al o gist and any other sci en tist
or en gi neer. The lab o ra tory of XRPD ex ist in the In sti tute
of In or ganic Chem is try of the Czech Acad emy of Sci ences
for more than 25 years. This talk will in tro duce this lab o ra -
tory and its in stru men ta tion.

Few case stud ies will dem on strate the ev ery day ac tiv i -
ties of the Lab o ra tory, some hints for per form ing the
XRPD anal y ses, prep a ra tion of sam ples and mea sure ment
tech niques, among them those con nected with pro jects ad -
dressed to the In sti tute, e.g. pro jects in the ALMA Lab o ra -
tory and the NanoEnviCz in fra struc ture.

Last but not least, some un usual sam ples passed
through our sys tems will be also pre sented.
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In pre sented work, sil ver and haf nium me tal lic nano -
particles pre pared by the ag gre ga tion from the gas phase
were stud ied by Bragg co her ent dif frac tion im ag ing.

Bragg co her ent dif frac tion im ag ing (BCDI) is a lens-
 less tech nique that en ables the re con struc tion of the
nanocrystal in 3D with high sen si tiv ity to the pres ence of
microstrains in the crys tal struc ture. It is based on the scat -
ter ing of the co her ent beam from monocrystalline nano -
particle and the mea sure ment of a se ries of 2D re cip ro cal
space cuts around the Bragg dif frac tion to ob tain the 3D
dif frac tion pat tern. Af ter wards, the phase re trieval al go -
rithm, con sist ing of the it er a tions be tween the re cip ro cal
and real space and con straints ap pli ca tions, is em ployed to
re cover the phase in for ma tion.

Stud ied nanoparticles were pre pared by gas ag gre ga -
tion clus ter sources com bined with mag ne tron sput ter ing
of sin gle me tal lic tar gets. This phys i cal prep a ra tion method 
is en vi ron men tally friendly, scal able to in dus try de mands,
pro vides high clean ness of the pro cess and tunability of
nanoparticles struc ture, and there fore it is highly in ter est -

ing for in dus trial ap pli ca tions. The struc ture of sil ver
nanoparticles was ana lysed af ter an neal ing to 300 °C, i.e.,
above the tem per a ture of the ini tial co ales cence step. Haf -
nium nanoparticles were stud ied as-de pos ited, and dif fer -
ent morphologies were de tected. The shape of the strain
fields sug gests that their pres ence could be con nected with
the high com plex ity of the prep a ra tion method. The
changes in mor phol ogy and in ner strain field of Hf
nanoparticles were tracked by BCDI in-situ dur ing an neal -
ing up to 200 °C in an air at mo sphere. BCDI re sults are
com bined with out comes from ad di tional char ac ter iza tion
meth ods, namely in-situ pow der X-ray dif frac tion and
elec tron microscopies, for a complete de scrip tion of the
nanoparticle ox i da tion pro cess.
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