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J. Phys. Chem. 1987, 91, 1967-1971 equations: from eq 20, for K 1 >> 1
 
 kB T = 3.6 X 108 = k , = -emI*/RgA’fI’/RT h from eq 16, for K , >> 1 T,-]
 
 AH-l* AHl S = -3956 = ---R R
 
 - --AH,* R
 
 (22)
 
 (23)
 
 AHl* = 7.9 kcal/mol and from kB
 
 I = 27.32 = In h
 
 +R a 1 *
 
 AS,’= 7.1 kcal/mol Also from eq 19, for K ,
 
 >> 1
 
 -1792 = A H , / R AH, = -3.6 kcal/mol
 
 (25)
 
 It is obvious, in discussing the kinetic and thermodynamic parameters of cryptand 222 in PC, that they are different from those derived above for the same cryptand in the protic solvents MeOH and MC. Hence, there is no way to give an unambiguous assignment of the observed process in PC to be due to either the endo-endo s endo-exo or the endo-exo $ exo-exo conformational change. The only difference from the process in the protic solvents, which results from the above analysis, is that, in the protonated solvents, two normal modes (two Debye processes) are necessary to describe the spectrum. One can observe, however, that the position of the relaxation frequency for the PC solutions of cryptand 222 resembles more thefI’s than thefIl’s of the protic solvents. Therefore, unless in PC both nitrogen rotations occur simultaneously, one would be
 
 1967
 
 tempted, by analogy, to identify the process in PC with the “fast” process observed in the protonated solvents. We have attempted to alter the situation by using cryptand 21 1 in PC as reported above (Figure 4). Evidently, when two of the ethereal chains of the cryptand are shortened, the energy barrier for nitrogen inversion must increase (enthalpically, entropically, or both) since the relaxation frequency is considerably lower for cryptand 211 in PC with respect to cryptand 222 in the same solvent at 25 OC. Another experiment, as mentioned above, has been carried out by blocking the -OH group of M C by a -CH3 group, using 1,2-DME as the solvent for cryptand 222. As shown in Figure 5A,B, a single relaxation (as in PC) suffices to describe the data at variance with the case of M C solvent. The position of the relaxation frequency in DME resembles the upper relaxation of the same cryptand in MC. One could then surmise that, in the aprotic solvents studied so far, only the “fast” process is visible. This would be associated with the nitrogen inversion process requiring the lowest energy barrier of activation, as mentioned above. This guess would be in line with evidence6 that cryptands form hydrogen bonds in protic solvents with the appearance of endc-exo and exo-exo configurations. In aprotic solvents these conformations would be present in lower concentrations with the consequent appearance of only one relaxation process, corresponding to the endo-endo s endo-exo equilibrium.
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 Glass formation study of aqueous lithium chloride solutions ( R = 8, 12 and 20, R is mol of water/mol of salt) has been made at high pressures (up to 400 MPa). A double glass transition phenomenon was observed for solutions vitrified above 100 MPa. We took the phenomenon as evidence for a liquid-liquid immiscibility occurring at high pressures and low temperatures. It is inferred that water and liquid silicon dioxide share the basic mechanisms for their anomalous liquid properties.
 
 Introduction There exists a remarkable degree of similarity between water and liquid silicon dioxide in their thermodynamic and transport properties.14 Both water and liquid silicon dioxide exhibit a volume minimum in their isobaric volume curve1*2and an anom(1) Angell, C. A.; Kanno, H.Science 1976, 193, 1121. (2) (a) Douglas, R. W.; Isard, J. 0.J . SOC.Glass Technol. 1951,35, 206. (b) Bruckner, R., J. Non-Crysr. Solids 1971, 5, 281. (3) Kanno, H.; Angell, C. A. J. Chem. Phys. 1979, 70,4008. 1980, 73, 1940. (4) Kushiro, I. J . Geophys. Res. 1976, 81, 6347.
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 alous pressure dependence in their transport properties (viscosity, d i f f u s i ~ i t y )although ~?~ in liquid silicon dioxide an increase in fluidity under pressure is observed only in the results of molecular dynamics computer simulation works5 An experimental finding of the dramatic increase in fluidity of liquid germanium dioxide with increasing pressure6 and the presence of a similar pressure dependence in the viscosities of several liquid silicate systems4.’ ~
 
 (5) Angell, C. A.; Cheeseman, P. A.; Tamaddon, S . Science 1982, 218, 885. (6) Sharma, S . K.; Virgo, V.; Kushiro, I. J . Non-Cryst. Solids 1979, 33, 235.
 
 0 1987 American Chemical Society
 
 1968 The Journal of Physical Chemistry, Vol. 91, No. 7 , 1987
 
 Kanno
 
 constitute strong experimental support to the computer results5 for pure liquid silicon dioxide. Angell and Kannol found that the volume change of water about the T M D (temperature of maximum density) becomes shallower as the applied pressure increases, resembling more that of liquid silicon dioxide. Therefore, it is reasonable to expect that water resembles liquid silicon dioxide in its thermodynamic behavior at high pressures and low temperatures. The glass-forming composition regions are now determined for a large number of aqueous electrolyte solutions at normal press u r e ~ . *However, ~~ there have been only a few cases where liquid-liquid immiscibility phenomenon has been observed in aqueous electrolyte solutions.lOJ1 Liquid-liquid immiscibility is a very common phenomenon in silicate s y ~ t e m . ~One ~ . of ~ ~the possible causes for this big difference between the two liquids is due to the fact that water is extremely difficult to vitrify whereas liquid silicon dioxide is a typical easy glass-former. Thus, it is considered that the phenomenon may be seen more often in aqueous simple electrolyte solutions at high pressures since the supercooling limit of an aqueous solution extends to lower temperatures at high pressures. l 4 In this paper, we report that aqueous lithium chloride solution shows a liquid-liquid immiscibility at high pressures and low temperatures.
 
 Experimental Section All aqueous lithium chloride solutions of different R values ( R is mol of water/mol of salt) were prepared by weighing out the required amounts of anhydrous lithium chloride (dried under vacuum at about 150 "C) and distilled water. The high-pressure DTA apparatus employed in this study is the same as that used in the TH measurements ( T H is the homogeneous nucleation t e m p e r a t ~ r e ) . ' ~ . This ' ~ type of high-pressure DTA apparatus was developed in Angell's laboratory and was successfully used in the pressure dependence studies of the glass transition temperatures (T,'s) in ionic liquids and aqueous solution^^^-'^ and of the homogeneous nucleation temperatures in aqueous solutions.14J5 Omega-clad alumel-chrome1 thermocouples were used. As a pressure-transmitting fluid and a reference material for DTA measurements, a mixture of cis- and trans-2-pentene was used because of its low melting point (
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