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Dielectric measurements were performed on liquid and solid (CF4 )I_x (CMF3 )x with 
M = H, CI, and Br. The dielectric behavior of the polar molecules in the liquid state is well 
described by an Onsager equation. At the melting point, pure hydrogenated and brominated 
fluoromethanes condense into dipolar rigid phases, while pure tetrafluoromethane forms a 
plastic crystal. CCIF3 exhibits dipolar relaxational phenomena in the solid state. The data 
indicate that near the melting point this compound is close to a transition into a plastic phase. 
Mixtures of CF4 with CHF3 and CBrF3 exhibit monotectic phase diagrams with a limited 
solubility in the liquid state and complete immiscibility in the solid state. However, formation 
of mixed crystals is found in ( CF4) 1-x (CCIF 3) x which exhibits a eutectic phase diagram. 

I. INTRODUCTION 
Mixed molecular crystals have recently attracted much 

interest because of the rich variety of physical phenomena 
that can be studied. Pure molecular compounds often exhibit 
elastically and electrically ordered phases. Dilution of aniso-
tropic molecules with isotropic atoms or ions can yield crys-
tals that transform into orientational glass states. I The com-
plete miscibility of (KBr) I-x (KCN)x 2, (Ar) I-x (N2 )x,3 
and (Kr)l_x (CH4 )x 4 in the solid phases allows the study 
of how glassy behavior develops out of the orientationally 
ordered phases by diluting the anisotropic molecules with 
isotropic defects. On the other hand, by increasing the con-
centration of molecular defects in the pure compounds (e.g., 
KBr, Ar, and Kr) the influence of molecular interactions on 
the single particle relaxation processes can be examined. The 
present study of the dielectric properties of mixtures offtuor-
omethanes is part of a large program to study dipolar relaxa-
tion in plastic phases, at electric phase transitions and in 
orientational glass states. 

The dielectric properties of the fluoromethanes under 
consideration have already been studied in their liquid 
states.5-7 Dielectric measurements on solid CBrF3 and 
CCIF3 have been reported for temperatures above 77 K.7 
The solid phases of CF4 , i.e., the plastic phase above 
TaP = 76.2 K and the rigid phase below this temperature 
have been investigated theoretically using molecular dynam-
ics calculations8 and experimentally with x_ray,9.10 
NMR,11.12 calorimetric,13-15 Raman,16 and infrared l7.18 
techniques. At low temperatures tetraftuoromethane a-CF4 
(sometimes called CF4II) exhibits complete ordering in a 
monoclinic cell (most probable space group C2/C).9.1O.18 
Above 40 K a fraction of the molecules starts to reorient. 12.15 
In constrast to a-CH4 , where the molecules on two of eight 
sublattices are orientationally disordered,19 a two phase 
model has been proposed for a-CF4 12: paraelastic clusters 
characterized by reorienting molecules coexist with rigid lat-
tice domains. Finally above TaP' CF4 is orientationally dis-
ordered. The structure of this plastic phase, which melts at 
89.5 K is not known.s 

NMR20 and spectroscopicl6.21 investigations on solid 
CHF3 indicate that within the orientationally ordered struc-

ture the molecules reorient between symmetry-equivalent 
positions around their threefold axis. These reorientations 
were found to obey an Arrhenius law. 20 No phase transitions 
were detected in the solid state.22 A Raman and infrared 
investigation of CBrF3 carried out at 77 K indicated order-
ing in It monoclinic cell. 23 

The vapor pressures of a number of binary liquid mix-
tures containing CF4,24.25 CHF3,26 and CCIF/7 have been 
studied. A specific heat singularity was reported for liquid 
(CF4)I_x (CHF3)x near the critical solution tempera-
ture,28 where the liquids decompose. The phase diagram of 
CF4 and Ar was found to be eutectic.9 

One aim of the present study was to investigate whether 
simple tetrahedrally coordinated dipolar molecules can be 
introduced into nonpolar CF4 in the solid state. Our experi-
mental results indicate that CBrF3 and CHF3 are totally im-
miscible in solid CF4 , However, a finite miscibility exists in 
the case ofCCIF3• This miscibility behavior is in accord with 
regular solution theory using molecular properties of the 
pure compounds. Therefore, in the following, the results on 
several pure triftuoromethanes are described together with 
their phase diagrams with tetrafluoromethane. Any quanti-
tative discussion of the complex dielectric relaxation which 
is found in solid ( CF4) 1- x (CCIF 3) x is avoided. A full ac-
count of the results on (CF4) I-x (CCIF3 ) I-x will be given, 
after completion of the work, in a forthcoming paper. 

This article is organized as follows: First, we describe 
the experimental setup that was used for the dielectric mea-
surements and for the supplementary optical investigations. 
Then the results on the pure fluoromethanes are presented in 
the liquid and in the solid state. Finally, the mixed fluoro-
methanes are discussed and the experimentally determined 
phase diagrams are shown. 

II. EXPERIMENTAL 
Fluoromethanes with a nominal purity of 99.8% and 

99.999% (CCIF3 and CF4) were purchased from LINDE. 
The single compound systems were condensed as liquids into 
a dielectric cell of coaxial design29 and a volume of about 0.7 
cm3. Mixtures were prepared in a vessel assuming ideal gas 
behavior and additivity of partial pressures and allowed to 
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