
Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 17,  no. 2a (2010)      k65

L27

STRUCTURE ANALYSIS BY MOLECULAR SIMULATION TECHNIQUES.
CAL CU LATED STRUC TURES OF LAY ERED SIL I CATES

M. Pospíšil, M. Veteška, P. Kováø

Charles Uni ver sity, Fac ulty of Math e mat ics and Phys ics, Ke Karlovu 3, Prague 2, CZ
pospisil@karlov.mff.cuni.cz

Wel come to the fan tas tic world of mo lec u lar sim u la tions,
where ev ery thing is pos si ble, but it is very hard work to
find the truth about mo lec u lar struc tures which, more over,
should cor re spond with the ex per i men tal data. 

His to ry and pre sent

Our mo lec u lar sim u la tions lab o ra tory was es tab lished in
1997, when prof. Pavla Èapková ob tained a de vel op ing
pro ject. Fi nances from this pro ject were used for buy ing
Oc tane com puter (2x 150MHz MIPS R10000 pro ces sors)
from Sil i con Graphics and pack age soft ware Cerius from
MSI. An in ter est ing fact is that Oc tane has been up graded
only once by two 300 MHz MIPS R12000 pro ces sors and
2GB of mem ory and it is still work ing with IRIX64 Re lease 
6.5 op er at ing sys tem. Cerius2 soft ware has been grad u ally
up dated to Cerius2 4.5 fi nal ver sion. The firm MSI was
bought by Accelrys which de vel ops their own mo lec u lar
sim u la tion pro gram Ma te rial Stu dio [MS]. Cerius was in -
cor po rated into the MS as one mod ule called Forcite.
Cerius2 has n’t been here af ter de vel oped and up dated. It is
nec es sary to say that some spe cial fea tures of Cerius2 soft -
ware pack age have n’t been in cor po rated into Forcite and
these ones are still used in Cerius2 as com ple men tary fea -
tures. Nev er the less, MS with its mod ules can cover wider
area of mo lec u lar sim u la tion prob lems. It is not nec es sary
to bye the whole soft ware pack age but a buyer can buy only 
the mod ules he de mands. Nev er the less, the price of in di -
vid ual mod ules is higher than the price for the same mod ule 
in the whole soft ware pack age. First of all, a Visu al iser
mod ule must be bought, that is a con trol in ter face be tween
the user and the mod ules of the pro gram. We have sev eral
mod ules of MS run ning on 8 Intel pro ces sors PC un der
win dows 7 op er at ing sys tem in our lab o ra tory, which we
use for a re search or teach ing ac tiv i ties. 

Soft ware

The mod ules in Ma te rial Stu dio 5.0 used in our lab o ra tory
are Forcite, Dis cover, Re flex, Con form ers, Blends and
Synthia. There are about other 16 mod ules in MS. Forcite
mod ule is used for en ergy cal cu la tion of the sys tem, ge om -
e try op ti mi za tion, var i ous kinds of dy nam ics, me chan i cal
prop er ties. Dis cover mod ule al lows a par al lel com put ing
and it is used sim i larly like Forcite mod ule for en ergy cal -
cu la tions, ge om e try op ti mi za tion, dy nam ics and prop er ties
anal y sis. Re flex mod ule al lows solv ing of crys tal struc -
tures from pow der dif frac tion pat tern. Con form ers mod ule
cal cu lates the most prob a ble con for ma tion of in ves ti gated
mol e cules. Blends mod ule is used for mix ing of var i ous
com po nents and for de scrip tion of the re sul tant mix ture.
Synthia is a mod ule for poly mer cal cu la tion. It pre dicts

macro prop er ties of re sul tant poly mers on the base of
knowl edge of mi cro struc ture. This soft ware is con tin u -
ously up dated to gether with the com puter. More over the
com puter clus ter is used for cal cu la tions in soft ware pack -
ages like Am ber, Gromacs, Gaussi an, etc.

Re search pro blems

In our lab o ra tory mo lec u lar sim u la tion meth ods were
mainly used for cal cu la tion of var i ous types of sil i cates in -
ter ca lated with or ganic spe cies like var i ous am mo nium cat -
ions [1, 2], dye cat ions [3-5], neu tral po lar mol e cules [6],
etc. In ter ca lated sil i cates are usu ally in pow der form. Di -
rect dif frac tion meth ods solve the struc ture of these pow -
ders with dif fi cul ties. In this case, mo lec u lar sim u la tions
can sig nif i cantly help us to de scribe the struc tures in de tail.
The sim i lar pro ce dures are valid for an ionic clays like lay -
ered dou ble hy drox ides (LDH) with pos i tive layer charge
in ter ca lated with ben zoic acid and its de riv a tives [7] and
porfyrin mol e cules [8, 9].

Other cal cu la tions were used for prop er ties de scrip tion
of en er getic ma te ri als. Mu tual in ter ac tion be tween mol e -
cules and intramolecular in ter ac tions have been in ves ti -
gated. Dy namic cal cu la tions bring a new in sight into the
be hav iour of en er getic ma te ri als un der high pres sure and
high tem per a ture [10]. Cal cu lated re sult like a time of de -
com po si tion or the en ergy re lease were com pared with ex -
per i men tal re sults like sen si tiv ity or det o na tion en ergy.
The en ergy char ac ter is tics from en er getic ma te ri als struc -
tures were de rived and used for a pos si ble ex pla na tion of
sen si tiv ity be hav iour [11]. Other case is a dy namic cal cu la -
tion of the phase tran si tion for liq uid crys tals or co coa
butter.

Te a ching

The soft ware for mo lec u lar sim u la tions is also per ma nently 
used for teach ing of un der grad u ated and post grad u ated
stu dents. Dur ing the ex is tence of the lab o ra tory, 4 di ploma
the ses (Václav Bittner, Miroslava Fraòová, Jana Èurdová,
Marek Veteška) and 5 doc toral the ses (Dan iel Janeba,
Miroslav Pospíšil, Bohdan Koudelka, Jarmila Repáková,
Petr Kováø) have been de fended. Miroslava Fraòová and
Marek Veteška con tinue in the branch of  the mo lec u lar
sim u la tions in their Ph.D. the ses now.

A 2 hours lec ture “Mo lec u lar sim u la tions in chem i cal
phys ics” and 1 hour sem i nar is reg u larly taught at the Fac -
ulty of Math e mat ics and Phys ics. The stu dents ob tain a
knowl edge about prin ci ples, pro ce dures and also prac ti cal
ex pe ri ences with mo lec u lar cal cu la tions dur ing sem i nar.
This knowl edge can be am pli fied dur ing 4 hour prac ti cal
sem i nar called “Com pu ta tional ex per i ments in mo lec u lar



the ory I and II” where sim ple me chan i cal and quan tum
chem i cal meth ods and em pir i cal mo lec u lar me chan ics and
dy nam ics are taught.   

Fu tu re plans

We would like to up date MS soft ware and en large the us ing 
of soft ware pack ages in stalled on the com puter clus ter of
phys i cal sec tion of the fac ulty. More over, we would like to

in crease the in ter con nec tion be tween clas si cal mo lec u lar
sim u la tions and quan tum cal cu la tions. We started both
types of these cal cu la tion with porphyrin mol e cules in ter -
ca lated into LDHs [9]. In the end we would like to re turn
back to poly mer cal cu la tions and we would like ex pand the
sim u la tions to non lin ear op tics ma te ri als and drugs. 
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Fig ures of solved struc tures

Fig ure 1. Mont mo ril lo nite in ter ca lated with cetylpyridinium cat ions [1]. There are 3 cat ions per one unit cell.

Fig ure 2. Mont mo ril lo nite in ter ca lated with neu tral octadecylamine mol e cules [6]. There is 16 octadecylamine mol e cules and 3 Na
cat ions per one unit cell.
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Fig ure 3. Mont mo ril lo nite in ter ca lated with rhodamine B [3]. There is 2 H dimer from 2 rhodamine B mol e cules and 16 wa ter mol e cules 
per one unit cell.


