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Effect of pseudorotation on isochoric thermal conductivity
of hydrocarbons in disordered phases

Theisochoric thermal conductivity of solid five-membered heterocyclic compounds has been measured
in orientationally ordered and orientationally disordered («plastic») phases on samples of different density
in a wide interval of temperatures and pressures. The objects were: furan - C,H,0, cyclopentane - C.H,,
thiophene - C H,S. The aim of this research was to study the influence of the translation-orientational
motion on the behavior of the isochoric thermal conductivity and to estimate the possible contribution of
pseudorotation to the fotal heat transfer.
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B.B. CaraH, B.A. KoHcTaHTuHOB, B.I1. PeBakuH, A.B. KapaueBueBa
BauAaHue nceBpoBpalleHUA HA U30XOPHYIO TEMJIONPOBOAHOCTb Yr1€BOAOPOAOB
B HeynopAao4yeHHoM dase

MN3oxopHas TennonpoBofHOCTb TBEPAbIX MATUYNIEHHbIX FeTePOLUKANYHBIX COeAMHEHU Bbina n3me-
peHa B OpMeHTaLMOHHO-YNOPAAOYEHHON U OPUEHTALNOHHO-pa3ynopAL0YeHHON («niacTuyHom») dasax
06pa3LoB pasMYHOM NJOTHOCTU B LWIMPOKOM UHTEpBase TeMnepaTtyp v AaBaeHnin. 06bekTaMu ABNANUCD:
dypaH - C,H,0, unknonentan --C,H, , Tvoden - C,H,S. Llenbio gaHHoro ncenefosaHna bbi1o nsyyeHune
BJANAHUA TPAHCNALNOHHO-0PUEHTALMOHHOIO ABUXEHUA Ha NOBeAeHNe N30XOPHOI TenIoNpoOBOAHOCTY U
OLLeHKa BO3MOXXHOI0 BKNaJa NceBA0BPaLLeHNs B 00LLyI0 TennooTaauy.

KnioueBbie cioBa: n30xopHas TeNIONpoBOAHOCTb, YrNE€BOAOPOAHbIE COeMHEHUA, TPaHCAALNOHHO-
OpUVEHTaLMOHHOE BUXKeHNe,

B.B. CaraH, B.A. KoHcTaHTuHOB, B.I1. PeBsakuH, A.B. KapayeBueBa
¥anfaH aiiHanbiMAapabiH peTTenMereH pasaaafbl
KeMipcynapabiH XbuUly eTKisriwTiriHe acepi

KaTTbl Gec Myweni retepoumKAAbl KOCbIIbICTapAblH M30XOpasblK KblyeTKi3riwTiri ap Typni
TbIFbI3ABIKTBI YArinepaid 6aFaapibl-peTTenreH XaHe OaFAapnbi-peTTeNIMereH («niacTukanbik») dasana-
pblHAa TeMnepaTypaHbiH K8He KbICbIMHbIH KeH apasbifblHAa efeHreH. 3epTTey HbicaHbl: ¢ypaH - C,H,0,
umknonentan - C.H, , Tmoden - C,H,S 6onabl. byn 3epTTeyaiH MaKcaTbl TpaHCAAUMANbIK-OaFaapiaHFaH
KO3FaIbICTblH N30X0PaJiblK XblyeTKI3rilUTIKKe acepiH 3epTTey aHe asfaH alHaNbIMHbIH aMbl Xbly
6epyre yneciH 6afanay 6ongbl.

TyiiH ce3aep: M30xopanblK KblIyeTKI3rilTIK, KOMipCybl KOCblibiCTap, TpaHCAAUMANbIK-6aFaap-
NaHfaH Ko3fanbiC.

The isochoric thermal conductivity of solid
five-membered heterocyclic compounds has been
measured in orientationally ordered and orienta-
tionally disordered («plastic») phases on samples of
different density in a wide interval of temperatures
and pressures. The objects were: furan — C,H,0,
cyclopentane — C.H, , thiophene — C,H,S. The aim
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of this research was to study the influence of the
translation-orientational motion on the behavior of
the isochoric thermal conductivity and to estimate
the possible contribution of pseudorotation to the
total heat transfer. Pseudorotation as a large ampli-
tude motion may significantly affect the translation-
orientation (TO) coupling in molecular crystals, and
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therefore on the thermal conductivity, as much as
it is determined by the nature as translational and
orientational motion of molecules).

Long-term studies of the isochoric thermal con-
ductivity established the basic regularities in the
heat transfer of simple molecular crystals at T

D [1]. A strong translational orientational (TO)
coupling contribute significantly to the thermal re-
sistance. This, in turn, leads to large deviations of
the isochoric thermal conductivity from the 1/T law
owing to its approach to a lower limit min. The con-
cept of the lower limit of the thermal conductivity
comes from the idea that min is reached when the
heat transfer occurs as diffusion of thermal energy
between neighboring quantum-mechanical oscilla-
tors the life time of which is assumed close to one-
half the period of the oscillations [2]. In orienta-
tionally ordered phases of molecular crystals large
part of heat is transferred by «diffuse» modes, and
thermal conductivity changes more weakly than
the 1/T dependence. In orientationally disordered
(«plastic») phases of molecular crystals the «rota-

tional» contribution to the total thermal resistance
decreases sharply at gradual transition to weakly
hindered rotation (freely rotatable molecules do not
scatter phonons), so that the isochoric thermal con-
ductivity increases with increasing temperature [1].

It is shown that the experimental data for all
substances can be described in framework of a
modified Debye model of thermal conductivity
with allowance for heat transfer by both low-fre-
quency phonons and «diffuse» modes. In phase 11
of cyclopentane the isochoric thermal conductivity
is practically temperature — independent, but it in-
creases smoothly with temperature in phase I. We
attribute the increase of thermal conductivity to the
translation — orientation interaction which becomes
weaker as the rotational motion of the molecules en-
hances and the phonon scattering at the rotational
exaltations attenuates. Thus, we can conclude that
disinhibition of uniaxial rotation of the molecules in
the cyclic hydrocarbons leads to the increase of the
thermal conductivity with temperature like «plas-
ticy phases of other molecular crystals.
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