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J. E. BERTIE : The general answer is that, b ecause the structures differ, there are twice as m a ny 
branches of dispersion curves for ice Ih as for ice le, so differences between the spectra of 
the two phases are to be expected. A more specific answer d epends on the model you assume 
for the force field appropriate to the translational vibration. If you use the fo rce field for ice 
Ih that Klug, Wong, and ''''halley presented at Ottawa in 1972 , the splitting is explained by 
two branch es of dispersion curves which are fairly Rat across the Brillouin zone near 160 cm- I, 
and which yield two peaks in the density of vibrational states according to the histogram that 
Klug a nd others reported . With other force fields the explanation may differ in detail but 
must be the same in principle. 

] . ' '''. GLEN: Is there any evidence that the differences found for the hydrate of cyclopropane 
as compared to ethylene oxide and trimethylene oxide correspond to any ordering of protons 
in the cage or to modifications of the cage electri cal properties (presumably caused by electrical 
interaction with the guest molecule) ? 

BERTIE : There is no evidence at all to suggest that the protons in the water lattice order at any 
temperature for any clathrate hydrate of structure I or H. H examethylene tetramine hydrate 
does contain partially ordered protons, but it has a quite different struc ture, in which the 
nitrogen atoms are hydrogen-bonded to the water molecules. The dielectri c relaxation of the 
water molecules is much faster, at a given temperature, for the hydrates of the dipolar guest 
molecu les than for those of cyclopropane. This may well be due to the in teraction of the di pole 
moment of the guest molecule wilh the water molecules, in which case it has the same or igin , 
we believe, as has the difference between the JJoD (HDO) bands of cyclopropane hydrate and 
those of the dipolar gues t molecules. 
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ABSTRACT. Dispersions of ice microcrystals were obtained from the breakdown of super­
cooling of water-in-oil type emulsions whose disperse phase was either resin-exchanged water 
or aqueous solu tions of NH4Cl. Their complex permittivity E* = E' - jE" was studied versus 
their temperature T , up to the melting point of the ice microcrystals, by m eans of an auto­
matically balancing admittance bridge (General Radio 1680A) working at 400 H z and 1kHz. 
The plots E' (T ), E" (T ), and E" (E') reveal that these system s exhibit two di stinct dielectric 
relaxations located on both side of a temperature T m which was found to be equal to about 
-20°C in the case of water and lower than - 20°C in the case of aqueous solutions ofNH4 Cl. 
The relaxation located in the lower temperature range arises from the D eb ye dipolar absorp­
tion of ice while the oth er one could be related to structura l changes occurring within the 
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lattice of ice as T approaches its m elting point. These results are consistent with those 
obtained by inves tigating versus frequency the dielec tric behaviour of ice microcrystal s, at 
discrete sub-zero temperatures close to their melting point. 

This paper has been accepted for publication in full in a forth coming issue of the Journal 
of Glaciology. 

DISCUSSION 

]. G. PAREN: You have pointed out one fai lure of the Hanai model , i.e. El * Ez/( ' - 4» 3 at 
th e lowest frequenc ies. Can you confirm what part of the emulsion response can be easily 
interpreted quantitatively by a mixture model ? 

C. BONED: A study has been made in our laboratory concerning the dielectric behaviour of 
emulsions, especially of the water-in-oil type. It has been shown (C lausse, unpublished ; 
C lausse and Roye r , 1976) that the di electric features of emulsions can be correctly rcpresented 
by using Hanai 's law and its derivative formulae. A first attempt was made in 197' (C lausse, 
unpublished) to apply Hanai 's formula to the study of the dielec tric behaviour of ice micro­
crystal dispersions. This attempt proved that Hanai's formula cannot be applied to di spersions 
of ice if it is assumed that ice mi crocrystals exhibit m erely a bulk conduction in addition to 
Debye dipolar absorption. A more sophisticated model has been d es igned by Lagoure tte and 
others ( , 976) to interpret the resul ts obtained on stabilized ice dispe rsions through variable­
frequency measurements. They assumed that di so rd e red essentia ll y conductive clusters ex ist 
within the ice lattice. On this basis, the diel ectric properti es of stabi li zed ice dispersions can be 
d esc ribed by using an appropriate application of Hanai 's formula. As concerns the variable­
tempera ture study that has been presented here, the same procedUl-e can be followed. So one 
cannot speak of a failure of Hanai 's formula. 

K. ITAGAKI: I have observed various anomalous features such as negative conduc tance in 
attempts to measure the di electric behaviour of sing le-c rystal ice by filling the space be tween 
electrod es and ice samples with oi ls ofvariou di electric constants. I s your equipment capabl e 
of handling anomalies? 

BONED: "Ve never h ad the opportunity to observe anomalous dielectric features such as 
n egative conductance. \ Ve wou ld sugges t that such phenomena may be a rtefacts arising from 
inductance effec ts or from a stati c electrification of the insulating oi l. The General Radio 
1680A automati call y balancing bridge is a versati le instrumen t that can give e i ther the 
capacitance a nd conductance or the capacitance and loss angle. Consequent ly, induc tance 
effects could be d etected when using it. 
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