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Molecular dynamics simulation of thermodynamic and transport properties
of H-bonded low-temperature substances

Theresults of modeling of water clustersin nitrogen cryomatrix are presented. Earlier, our experimental
studies of water in cryomatrix [1] have shown that changes in the concentration of an analyte in matrix
leads to a splitting of the absorption bands characteristic frequencies of the molecules in the IR spectrum.
Moreover the multiplicity of characteristic absorption bands in the IR spectrum remained unchanged
during heating of the samples from the condensation temperature to the sublimation temperature of the
matrix element.
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AJXK. ToiueHrynoBa, AY. Ananspos, A.C. IpobbiiieB
MopaenupoBaHue TepMOAMHAMUYECKUX U TPAHCMOPTHbIX CBOMCTB
BOAOPOAOCBA3aHHbIX HU3KOTEMNEpaTyPHbIX Bel,ecTB METOAOM
MOJIEKYNAPHOW AUHAMUKH

B paboTe npeacTaBneHbl pesynbTaTbl MOAENNPOBaAHMA KNacTepoB BoAbl B KpuoMaTpuue a3zoTa. B
NpOoBeJeHHbIX HaMW paHee 3KCMepuMeHTax Mo U3y4YeHUIo COCTOSIHUA BOAbI B KproMatpuue 6b110 06Ha-
PY)XEHO BNMAHME KOHLEHTpauuu BOAbl B MaTpuue, NpMBOAALLee K paclienieHnto Nnoaoc rnornoweHns
XapaKkTtepucTuyeckumx yactot Monekyn B IK-cnektpe. Takke B paboTe 06bsicHAeTcA 0OHapyXeHHas 3Kc-
nepvMeHTaNbHO cTabunbHOCTb 06pa3oBaHHbIX KNacTepoB BOAbI B MaTpMLE B MPOLIECCE HAarpeBaHus nie-
HOK BMJIOTb 0 TeMnepaTypbl ncnapeHns mMonekyn mMatpuubl. O6HapyeHo, YTo Hanbonee cTabuNIbHbIM
KniacTepoM MoJieKyn Bobl, 06pa3oBaHHbIM BOAOPOAHON CBA3bLO, ABNSETCA NeHTaMep.

KnioueBble cnoBa: MoneKkynApHaa AUHAMUKa, BOAOPOAHAnA CBA3b, KNacTep, MaTpMyHas U30nsaums.

AJXK. TeiuenrynoBa, AY. Ananspos, A.C. Ipobbiies
TeMeH TeMnepaTypaJsibl CyTeKTi 6aiilaHbICKaH 3aTTapAblH
TepMOAMHAMMKANbIK K3He TPAHCMOPTTbIK KacueTTepiH MoNleKynanbIK,
AVHaMUKa ajici 6oiblHIWIA MoAenbAey

KyMbicTa a30T KpuoMaTpuuacbiHAafFbl CyAblH KnacTepsiepiH MofenbAey HaTvxenepi KenTipinre.
bis OypbiH KyprisreH KpuomaTpuuajafbl CyAblH KyWiH 3epTTey Taxipubenepinge WK-cnektpae
MoJleKynanapAblH CunatTaManblK JKWiNIKTepiH JKyTbily ONaKTapblHbIH blfblpayblHa anbin KeneTiH
MaTpuLaAafbl CyAblH KOHLEHTPaLUMAChIHbIH acepi aHblKTanAbl. COHbIMeH KaTap, XyMbIiCTa MaTpuLaaafbl
CyAblH KabblKkwWwanapap! TinTi MaTpuuaHblH GynaHy TeMnepaTtypacbiHa AeWiH Kbi3Ablpy KesiHae Ty3inreH
ToXipnbe >KysiHAe aHbIKTanfaH KnactepnepiHiH TypakTbinbiFbl TyciHaipineai. CyTtekTti 6ainaHbicrneH
Ty3inreH cy MoieKynacblHbIH €H TYPaKThl KnacTepi neHTamep eKeHi aHbIKTanAbl.

TyiiH ce3aep: MoneKynanbiK AMHAaMUKa, CyTeKTi 6ainaHbic, KnacTep, MaTpuLabiK U30NALUA.

The results of modeling of water clusters in
nitrogen cryomatrix are presented. Earlier, our
experimental studies of water in cryomatrix [1]
have shown that changes in the concentration
of an analyte in matrix leads to a splitting of the
absorption bands characteristic frequencies of
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the molecules in the IR spectrum. Moreover the
multiplicity of characteristic absorption bands in the
IR spectrum remained unchanged during heating of
the samples from the condensation temperature to
the sublimation temperature of the matrix element.
In order to find out what the structure of clusters is
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responsible for the immutability of the absorption
bands in the vibrational spectrum during thermal
cycling of the samples computer research of water
molecules enclosed in nitrogen cryomatrix by the
molecular dynamics simulation was conducted.

For this purpose, theoretical studies were
carried out using computer software packages
of HyperChem 8.1, that implement used by us
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semi empirical and ab initio molecular dynamics
methods [2]. As a result of the research, the data
must be obtained are of theoretical interest for
summarizing the physico-chemical properties of
systems, consisting of water molecules, and their
combination with inert gases, as well as other atoms
for studying the properties of molecular crystals
composed of small molecules [3].
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Figure 1 — Linear vibrational absorption spectrum of ice formed by 20 molecules at 16 K calculated
in HyperChem using the PM3 method. Three intramolecular modes are preserved in ice, the bending vibration and the
overlapped symmetric and asymmetric stretching vibrations and one intermolecular mode (librations).
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Figure 2 — Water pentamers
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Calculations also showed that due to the
ability of water molecules to form hydrogen bonds
this system has a great variety of structures with
substantially different binding energy and heat

capacity. Most stable ring structures among them is
pentamer ring structure shown in Figure 2, which
has only one proton molecules involved in the
formation of hydrogen bonds.

References

1 S.Maheshwary, N. Patel, N.Sathyamurthy. J.Phys.Chem. A 2001, 105, 10525 — 10537.
2 A.Tokmachev, A.Tchougreeff, J.Phys.Chem.A 2005, 109, 7613-7620.
3 M. Matsumoto, S. Saito, I. Ohmine. Nature 2002, 416, 409 — 413.

ISSN 1563-0315 Bectauk KasHY. Cepust pusngeckas. Ne3 (50). 2014



