Pseudo-rotational motion of cyclic molecules and thermal conductivity of tetrahydrofuran
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Pseudo-rotational motion of cyclic molecules
and thermal conductivity of tetrahydrofuran

Pseudo-rotation is a large amplitude motion arising from the inferaction of two degenerate, or
nearly degenerate out-of-plane ring puckering modes in the presence of a small barrier to planarity of
the molecule [1]. Pseudo-rotation in tetrahydrofuran (THF), C4H80, arises from near cancellation of the
angular strain forces due to nontetrahedral bond angles in the skeleton ring and torsional forces due to
hydrogen-hydrogen repulsion
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B.A. KoHctanTuHos, B.B. CaraH, B.I1. PeBakuH n A.B. KapaueBueBa
MceBpo-BpauiaTenbHoe ABMKEeHUE
LUKINYECKUX MOJIEKY/ U TeNJIONPOBOAHOCTHU
B TeTparuapodypaHe

MNceBao-BpalLeHune, ABMKEHWE, MPY KOTOPOM aMnaMUTyAa BO3HUKAIOLWLEro Npy B3aMMOAeNCTBUM [IBYX
BbIPOXKAEHHbIX UM MOYTU BbIPOXKAATHCA BHE MIIOCKOCTU KOJbLia CTArMBAET MOAbI B NPUCYTCTBUN HeBOb-
woro 6apbepa Ha nocKkocTHOCTM MoeKynbl [1]. MceBao-BpaweHns B TeTparngpodypane (Trd), C4H80,
BO3HMKAIOT U3 BOIM3U aHHYIMPOBaHHbIX YrI0BbIX Ui AedopMaLnu BCleCTBYE BaleHTHbIX YII0B B CKe-
nete Kosblia U CKpyYMBaloLLMX Harpy30K U3-3a OTTalKMBaHMA BOLOPOS - Bogopoaa [2-3].

KnioueBble cnoBa: aMnanTyaa, yrinoBble CUbl, LMKIMYECKME MONEKY/bl.
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TerparuapodypaHaafbl XKblNyeTKi3riWTIKTiH }KaHe MoneKynaaapabiH,
LUKAAIK XKanFaH-alHaNaTblH KO3FabiChbl

WanfaH-allHanbic, MofeKyna KeHiCTiriHAe YAKeH eMec Kefepri KafpalbliHaa nanaa 6onatbiH
KalTa KannblHa Keny aceprecysepi 6osMaca cakmHa KeHicTiriHeH Tbic Ko3fanbic 60/bin Tabbinagbl [1].
TetparuapodypaHngarbl (TF®) xxanraH aHanbic, C4H80,caknHa KaHKacbliHAAFbl BaNeHTTi OypbIlTapAbIH
OypbIWTbIK KylwTepaiH cangapbiHaH gedopMauusnaHybiHaH HeMece cyTeri- cyTteri [2-3] apacbiHAafbl
nipinreH KywTepgiH apacbiHfafbl TebiHynep cangapbiHaH nanga 6onagbl.

TyitiH ce3aep: aMnnTyAa, OYpbIWTbIK KyWTep, UMKALIK MoneKynanap.

Pseudo-rotation is a large amplitude motion
arising from the interaction of two degenerate,
or nearly degenerate out-of-plane ring pucker-
ing modes in the presence of a small barrier to
planarity of the molecule [1]. Pseudo-rotation in
tetrahydrofuran (THF), C,H,O, arises from near
cancellation of the angular strain forces due to
nontetrahedral bond angles in the skeleton ring and
torsional forces due to hydrogen-hydrogen repul-

sion [2-3]. Experimental evidence strongly sug-
gests that in solid THF the pseudo-rotational mo-
tion becomes a large-amplitude ring deformation
vibration with a fundamental frequency of about
140 cm'. THF has only one crystallographic modi-
fication (monoclinic space group C,/c with 4 mol-
ecules in the unit cell) and melts at 164.9 K with a
large entropy change on melting ASf/R=7.07 (R is
the gas constant) indicating a high degree of order
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in solid [4-5]. The possible influence of pseudo-
rotation on the thermal conductivity was not previ-
ously studied.

For correct comparison with theory at TD is the
Debye temperature) the thermal conductivity must
be measured at constant density to exclude the ther-
mal expansion effect. The isochoric thermal con-
ductivity of solid THF was measured on three sam-
ples of different densities in the interval from 125
K to the onset of melting. The thermal conductivity
was also investigated at saturated vapor pressure on
the sample grown under a pressure of several atmo-
spheres. The isochoric thermal conductivity of all
three samples decreases with rising temperature by

the law much weaker than x /T, has a bend and then
decreases more rapidly. The bend can be associated
with the onset of the sample melting. The Bridgman
coefficient g=-(dInk /dIn¥V)T calculated from our ex-
perimental data is 7.7+0.6 at 160 K.

It is shown that the experimental data can be de-
scribed in framework of a modified Debye model of
thermal conductivity with allowance for heat trans-
fer by both low-frequency phonons and «diffuse»
modes. The calculated parameters of the model are
close to values observed for orientationally ordered
phases of other molecular crystals. No significant
contribution of pseudo-rotation on the thermal con-
ductivity has been detected.
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