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Relaxation dynamics in molecular alloys. II. Supercooled (C2Fs)1_x(CCIF3)x 
plastic crystals 
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Dielectric measurements on quenched (C2F 6) 1 _ x (CCIF 3) x fluorocarbon alloys are reported. 
In a wide concentration range, rapid cooling prevents these samples from unmixing and the 
plastic phase, characterized by translational order and orientational disorder, can be 
supercooled. The relaxation dynamics of crystals with x = 0.32 is examined in detail. For 
temperatures below 50 K it exhibits a dominant primary and indications of secondary 
relaxation, i.e., typical features of glasses. The a-relaxation process is parametrized in terms of 
a modified Vogel-Fulcher law. Using this representation, (C2 F6 )0.68 (CCIF3 )0.32 can be 
characterized as fragile glass according to Angell's classification scheme. 

I. INTRODUCTION 
A large number of molecular crystals exhibit an orienta-

tionally disordered phase 1 in which the high symmetry of 
the translational (center-of-mass) lattice is achieved via a 
fast reorientational motion of the aspherical molecules. 
With decreasing temperatures, most of these compounds un-
dergo structural phase transitions and reveal long-range 
orienta tiona I order at low T. 

During the last decade, an increasing number of mixed 
molecular compounds has been detected in which the forma-
tion oflong-range orientational order becomes suppressed in 
a wide range of concentrations.2 In these, so-called, orienta-
tional glasses (OG) the molecular reorientations undergo a 
cooperative freezing transition devoid oflong-range orienta-
tiona 1 order. In OG, the interplay of site disorder and aniso-
tropic (elastic or electric) interactions are thought to be re-
sponsible for the frustrated ground state.2 

A glassy low-temperature state can also be achieved by 
rapid cooling (supercooling) of the plastic phase. Well-
known examples in this category of metastable low-tempera-
ture phases are cyclo-hexanoI3•4 and cyano-adamantane. 5•6 

In particular for the latter compound the ageing kinetics 
leading to orientational order of quenched samples has been 
studied in detail. 7 It seems plausible that the cooling rate and 
the steric hindrance of the molecules with respect to reorien-
tations are important parameters to reach the glassy state in 
these undiluted molecular crystals. 

In this paper, we examine the dielectric properties of the 
fluorocarbons in continuation of our earlier studies of this 
class of chemicals. 8-11 In particular, it was shown previous-
lyll that the eutectic mixture (CF4 )0.46 (CCIF3 )0.54 when 
supercooled from its liquid state, shows a glassy low-tem-
perature behavior, similar to the observations in numerous 
other quenched organic solutions. 12 Here, it will be demon-
strated that (C2 F 6 ) 1 _ x (CCIF 3 ) x crystals can be super-
cooled from their plastic states that extend up to dipole con-
centrations of more than 50%. 

0) Present address: Department of Chemistry. Arizona State University. 
Tempe. Arizona 85287. 

The investigations of the phase diagram of slowly cooled 
(C2 F 6 ) 1 _ x (CCIF 3 ) x fluorocarbon mixtures have already 
revealed the difficulties to maintain thermal equilibrium 
(part I of this investigation; Ref. 10). However, the diffusive 
nature of un mixing transitions offers the chance to prevent 
segregation by rapid passage through the transformation re-
gime. As a representative example, samples with x:::::0.3 will 
be discussed in some detail. Then, it is demonstrated that 
segregation can be suppressed by quenching up to dipole 
concentrations of 60%. Finally, we provide experimental 
evidence that the relaxation dynamics of supercooled 
(C2F 6) 1 _ x (CCIF3 ) x alloys is typical for glassy crystals. 

II. EXPERIMENTAL DETAILS 
Measurements of dielectric constant E' and loss E" were 

performed on highly pure chemicals using the same equip-
ment as reported in Part 1. 10 However, the thermal treat-
ment of the (C2 F 6 ) 1 _ x (CCIF 3 ) x fluorocarbon mixtures 
with x = 0.23, 0.32, 0.46, 0.61, 0.78, and 0.92 was different. 
For the present investigation, samples were rapidly cooled 
down to 4 K. The quenches were started from T::::: 130 K for 
x<0.32. From the phase diagram (part I; Ref. 10) it is readi-
ly seen that here plastic crystals were supercooled. A 
(C2 F 6 ) 0.68 (CCIF 3 ) 0.32 sample was also quenched starting 
at 180 K and exhibited identical results. Obviously, for this 
dipole concentration, the temperature range in which the 
plastic phase is stable is wide enough that homogeneous solid 
solutions can be formed, despite a rapid quench. The solidifi-
cation process has enough time to complete. For conven-
ience, samples with larger dipole concentrations were 
quenched starting from 180 K. Cooling was performed with 
typical rates of 30 K/min for 70 K < T < 120 K and with 
even higher cooling rates below these temperatures. This 
was achieved by pumping cold helium through the sample 
chamber in a home built variable flow cryostat. With this 
setup, a definite variation of the cooling rates was difficult. 
However, a sample accidently cooled with only::::: 15 K/min 
showed the same features as the more rapidly cooled ones. 
On subsequent warming, the dielectric constants were re-
corded. Heating rates of typically 0.3 Klmin were applied. 
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IV. SUMMARY AND CONCLUSIONS 
In part II of this contribution to the relaxation dynamics 

in molecular alloys, we have provided experimental evidence 
that solid solutions of C2 F 6 and CCIF 3 can be supercooled 
from the plastic phase in a wide concentration range 
(0.2 < x < 0.6). Supercooling prevents the mixed crystals 
from unmixing and freezes in the center-of-mass lattice and 
the orientational disorder of the high-temperature plastic 
phase. 

The dipolar relaxation dynamics of CCIF 3 in the host 
matrix has been studied in detail in the supercooled state. It 
is dominated by the appearance of primary (a-) relaxation 
processes. Indications of fast secondary relaxations were de-
tected at low temperatures. We parametrized the a relaxa-
tion in terms of a modified Arrhenius plot that allows a clas-
sification of glasses into strong and fragile. 16 We found that 
the fluorocarbon alloys investigated belong to the class of 
fragile glasses and thus are characterized by a high density of 
configurational states in the topology of the potential energy 
surface. 16 Accordingly, they should reveal a high heat ca-
pacity anomaly at the glass transition. 16 
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