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Molecular Motion and Ordering of the Guest and the Host in
Clathrate Hydrates

Osamu Yamamuro

Clathrate hydrates are rare inclusion compounds which have orientational disorders of
both guest and host water molecules. Focusing attention on their molecular motions and
ordering phenomena, experimental (mainly heat capacity) studies are reviewed based on 65

references. The contents are as follows:
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Kinds and structures of clathrate hydrates

Molecular motions of the guest and the host observed by dielectric and NMR studies
Guest ordering transition in TMO str. I hydrate

Freezing of orientational motion of water molecules

Glass and phase transitions in some KOH-doped hydrates

Interrelation between the guest and the host in their molecular reorientational motions
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Fig. 1 Five cages constituting the str. I, II, H

host lattices.

Table 1 Unit cell structures of the str. I, II, and H hydrates.
Str. 1 Str. II Str. H
Space group Pm3n Fd3m P6/mmm
Size of unitcellinpm « 1203 1731 1226
< - - 1017
‘Water molecules / unit cell 46 136 34
Cages / unit cell [5!?] 2 16 3
[5'26%] 6 ] 0
[5'26*} 0 8 0
[425%6°] o] 0 2
[5'26%] 0 0 1
Composition Al cage full M-5(3/4)H,0 M-5(2/3)H,0 —*
Larger cage full M-7(2/3)H,0 M-17H,0 M-34H,0*

* The str. H is stabilized only when help gas (Xe, H, S) occupies the smaller two cages.
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Fig. 2 Stereo view of water host lattice in EO

deuterate (ref. 19).

Fig. 3 Electron density section through center
of [5'26%] cage in THF-H,S double
hydrate (ref. 22).
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Fig. 4 Schematic temperature dependence of
real and imaginary parts of the relative
dielectric permittivity in a clathrate
hydrate of polar guest molecule.
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Table 2 Typical guest molecules arranged in order of the largest van der Waals diameter.

830

Methylcyclohexane*

t-Butyl methy! ether*
800 —
/
=
700
C,H,;I* (CH,),8*,1,*
1,4-Dioxane

CBi1, F,
650
CH,CH=CH,, CHCl,, CCL,F
C,H,, Furan, Acetone

C,H,Cl, CCLF,, CH,CF,Cl

600
Tetrahydrofuran
SF¢, CBrF,
CH,I, CHBrF,
1,3-Dioxolane

550
C,H,, CyclopropaneT, BrCl
C,H,, CH,B:T, ClO,
Ethylene oxide, CI,, SbH,
CHF,, CF,,CH,Cl

(Largest van der Waals diameter) / pm

500 N, 0, SO,

AsH,, CH,F,

co,

450 CH,F

Xe, H, Se, PH,

400 N,,H,S, CH,

Kr, O,

380

Ar

*Stabilized only under the help gas (Xe, H, S).
tEnclathrated both in str. I and I1.
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Table 3 Dielectric parameters of typical clathrate

hydrates.

TW) B, (W) 7(G) E4(G) u

Guest Str. €o oo €oo2 us kJmol~! s kJmol™! debyed Reference
(233K) (168K) (4K) (233K) (20K)

Ethylene oxide I 62 10.8 4.0 0.33 32 4,42 5.9 1.90 24,25,26,27
Trimethylene oxide I >49 >11.1 3.4 0.03 24 1.6 x 10-2¢ 10.1 1.93 28,29
Cyclopropane 1 >53 2.9% - 280 42 - - 0 30
Xe I ? ? — 330 50 - -~ 4] 31
N, I 61 2.85b - 180 33 -~ - 0 32
Tetrahydrofuran I 67 5.06 3.5 1.0 31 8.7x10* 4.4 1.63 26,27,28,33
Trimethylene oxide I 65 5.63 3.7 0.48 29 1.9 x 107 2.5 1.93 28,33
Cyclobutanone 11 71 9.85 36 0.49 27 322 6.0 2.89 33,34
Acetone i >47 >8.6 3.9 0.57 27 1.5 x 10* 4.5 2.88 33,34
Propylene oxide 11 70 5.94 ? . 2.0 33 ? ? 2.00 28
1,3-Dioxolane I 69 4.57 ? 5.4 36 ? ? 1.47 35
2,5-Dihydrofuran II 68 5.03 ? 1.5 31 ? ? 1.54 28
1,3-Dioxane I ? ? ? 1.7 32 ? ? 2.06 36
1,4-Dioxane II 63 3.08 - 4.6 38 - 0 37
Isoxazole I ? >8.1 >4.0 0.88 30 2.9 x 10-3 5.2 2.90 38
Ar 1 622 2.85b - 962 24 - - 0 32
SF, 11 63 29 - 780 51 - - 0 39
Ice Ih — 107 3.1 - 1250 55 - - - - 40
a extrapolated from high temperature
b at233K
¢ at40K
d 1 debye=3.33564 x 107%° Cm
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Fig. 5 Complex permittivity loci in THF hyd-
rate: (a) water relaxation region at 211
K and 300 MPa, (b) THF relaxation

region at 204 K and 25.6 K (ref. 33).
Frequencies are shown in Hz.
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Fig. 6 Second moments of !H-NMR spectra
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Fig. 9 Heat capacities of TMO hydrates (ref.
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water reorientations in EO (e) and
THF (o) hydrates (ref. 47).
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Fig. 16 Temperature dependence of real and

imaginary parts of the relative dielectric
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and KOH (x = 1.8 x 10™*)-doped
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Hz.
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