N
N

N

9

“ Glassy ’

HAL

open science

and plastic crystals of cyanoadamantane: a

Brillouin scattering investigation

J.P. Bonnet, M. Boissier, J. Pelous, R. Vacher, Michel Descamps, J.L. Sauvajol

» To cite this version:

J.P. Bonnet, M. Boissier, J. Pelous, R. Vacher, Michel Descamps, et al.. “ Glassy ” and plastic crystals
of cyanoadamantane : a Brillouin scattering investigation. Journal de Physique Lettres, 1985, 46 (13),

pp.617-621. 10.1051/jphyslet:019850046013061700 . jpa-00232569

HAL Id: jpa-00232569
https://hal.science/jpa-00232569
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/jpa-00232569
https://hal.archives-ouvertes.fr

J. Physique Lett. 46 (1985) L-617 - L-621 ler yUILLET 1985, PAGE L-617

Classification
Physics Abstracts
61.50 — 61.40D — 78.35

« Glassy » and plastic crystals of cyanoadamantane :
a Brillouin scattering investigation

J. P. Bonnet, M. Boissier, J. Pelous, R. Vacher

Laboratoire de Science des Matériaux Vitreux, U.A. 1119,
Université des Sciences et Techniques du Languedoc,
PlL. E. Bataillon, 34060 Montpellier Cedex, France

M. Descamps and J. L. Sauvajol

Laboratoire de Dynamique des Cristaux Moléculaires, ERA 465,
Université des Sciences et Techniques de Lille, B.P. 36, 59655 Villeneuve d’Ascq, France

(Regu le 22 juin 1984, révisé le 30 avril 1985, accepté le 6 mai 1985)

Résumé. — Nous avons mesuré les constantes élastiques du cyanoadamantane dans ses phases
plastique et « cristal vitreux ». L’évolution en température de C,; et Patténuation du mode corres-
pondant ont été étudiées tout particuliérement. La comparaison avec les résultats en neutrons mon-
tre une forte dispersion a température ambiante. La variation en température de C,, dans la phase
plastique peut étre expliquée par I'apparition d’un ordre local moléculaire de type antiferro.

Abstract. — The elastic constants of cyanoadamantane have been measured in the plastic and « glassy »
crystal phases. A special attention has been given to the temperature evolution of C,, as well as to
the damping of the corresponding mode. Comparison with neutron results shows a strong disper-
sion at room temperature. The temperature dependence of C,, in the plastic phase has been explain-
ed by the setting-up of a local antiferro ordering of molecules.

1. Introduction.

Cyanoadamantane (C,,H,;CN) is a cubic (Fm3m) plastic crystal between 285 and 458 K. Its
low temperature phase is monoclinic. This crystal has extensively been studied in its plastic
phase by X-Ray [1], Incoherent Quasi-elastic Neutron Scattering [2], NMR [3], Coherent Inelastic
Neutron Scattering [4], Raman [5] and dielectric techniques [6]).

A very interesting property of cyanoadamantane is the existence of a glassy crystal phase [7]
below a glass transition at T, = 170 K. Up to now this phase has essentially been studied in
the cyclohexanol case [8-11]. The glassy crystalline phase obtained by quenching of the plastic
phase, may be described as the superposition of the translational order characteristic of the
plastic phases and some orientational frozen-in disorder. In this sense it may be called an « orien-
tational glass ».

In the high temperature plastic phase, cyanoadamantane molecules undergo two types of
motion [2, 3] : i) a fast rotation around the C-CN axis which may be well approximated by a rota-
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tional diffusion (the step between two equilibrium positions is 30°) and ii) a slow motion where
the 3-fold axis of the molecule (C,, symmetry) reorientates between the six orientations lying
along the 4-fold axes of the crystal lattice.

The fast rotation is known to persist in the glassy crystal phase [3], so that the glassy transition
is likely due to the freezing of the slow reorientational degree of freedom.

2. Experimental results.

We report here a Brillouin scattering investigation from 80 to 435 K on a single crystal of about
3 x 3 x 8 mm?3. This temperature range covers the plastic crystal phase at T > 285 K, the
undercooled plastic crystal in the range 250 K to 285 K and the glassy crystal state below T, ~
170 K. Temperatures between 250 K and 285 K were reached from the plastic phase by slowly
cooling down the sample. Due to the possible recrystallization into the monoclinic phase, stable
below 285 K, measurements were not attempted in the range from 170 K to 250 K. In order to
get the glassy crystal state, the sample has rapidly been quenched by setting it into an optical
cryostat at liquid nitrogen temperature. The temperature range from 80 K to T, was covered
by stepwise heating of the sample. Recrystallization was effectively observed above T,.

The experimental set-up has been described elsewhere [12]. Measurements were made at
A = 4880 and 5 145 A in back-scattering configuration for the ¢ 100 > and ¢ 110 ) directions
giving the elastic constants C,, and C’' = 4(C,, + C,, + 2 C,,), respectively. 90° scattering
was used for the study of the transverse waves leading to the determination of the C,, constant
(¢ 110 > direction). Unfortunately the intensity of the transverse Brillouin component is very
weak and our measurements were only possible in a limited range (273 to 363 K).

The calculation of elastic constants from Brillouin scattering measurements of sound velocity
needs the knowledge of density and refractive index. X-ray determination of the cell parameter a
in the range 240-340 K shows a linear variation with a slope of 10”2 A K~ !. Values of a in the
glassy crystal state were taken from previous results [13]. We have also measured the refractive
index n in the temperature interval 280-360 K, its value at 294 K is 1.559. Extrapolation to lower
and higher temperatures was made by using the Lorenz-Lorentz formula.

The values of the elastic constants C, ,, C,, and C,, as a function of temperature are given in
table 1. The variation of C,, in the glassy crystalline state and in the plastic phase is shown in
figure 1.

Table 1. — Elastic constants of cyanoadamantane.

TK)| C;,,(10°Nm~2?)  C'(10°Nm~%)  C,(10°Nm~2) C,,(10°Nm~2)
273 8.08 — 1.79 —
294 7.79 8.01 1.88 447
303 7.67 7.82 1.88 421
333 7.21 7.35 1.82 385
363 6.60 7.06 1.74 4.04
393 5.88 6.46 — —

The attenuation of the hypersonic phonons propagating along the ( 100 ) direction was also
measured within the same range of temperature. The inverse mean free path /~! of the phonon
is deduced from the half-width at half-height, I', of the Brillouin line through the expression
17! = 4 il'v~ ! where v is the velocity of the phonon. The results are presented in figure 2.
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Fig. 1. — Variation of the C,, elastic constant as a function of temperature in the glassy and plastic crystals
of cyanoadamantane.
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Fig. 2. — Variation of the inverse mean free path of the LA mode as a function of temperature in the glassy
and plastic crystals of cyanoadamantane.

3. Discussion.

The comparison between our values of the C;;’s at room temperature and those determined by
coherent inelastic neutron scattering [4] shows the evidence of a very strong dispersion.

The neutron data are from reference [4] : C,, = 11.17, C' = 11.66 and C,, = 2.56 (all values
in 10° Nm™2). Such a strong w-dependence of the elastic constants was already observed in
adamantane [14, 15].

The relaxation times (and the geometrical aspect) of the rotation around the C-CN axis in
cyanoadamantane and of the overall molecular rotation in adamantane being very comparable,
we believe that the process giving rise to dispersion is of the same nature in these two materials,
i.e. a coupling of phonons with this type of rotation.

This coupling and the resultant dispersion could also explain the curvature of the C,, elastic
constant clearly shown in figure 1. Such a curvature has also been noticed for C’. Using the value
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of the fast rotation relaxation time deduced from neutron scattering (t = 3.54 x 10733 ¢1000/Ty)
[2], the regime wt = 1 is found to occur at ~ 190 K, outside the high temperature experimental
range (the same value is obtained from a relaxation time deduced from NMR measurements [3]).
This result is thus not consistent with the change in slope of the C,, vs. T curve appearing near
350 K. Furthermore, examination of figure 2 does not show any anomalous feature of the atte-
nuation in the whole high temperature part of the curve. This continuous variation of the atte-
nuation may mean that the process giving rise to the deviation of C,, from linearity is static.
This explanation is supported by the results of dielectric and X-ray studies. The temperature
variation of the dielectric constant (de/dT > 0) and the value of the Kirkwood g factor (g < 1)
indicates a local antiferro ordering of the CN dipoles existing all along the undercooled and stable
cubic phase [6].

Diffuse X-ray scattering experiments performed in the glassy crystal show the apparition of
narrow diffuse spots at the X boundary points of the Brillouin zone during annealing below T,
(Fig. 3). This also reflects the existence of a local antiferro-ordering, which is a long-ranged pro-
perty in the low temperature monoclinic phase [16)].
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Fig. 3. — Diffuse X-ray scattering. Q scan along [H21]* in the glassy and undercooled plastic crystals of
cyanoadamantane.

X-ray as well as dielectric experiments show that this local order strongly varies with tem-
perature and we think that the curvature of C,;, may be explained by this progressive loss of
intermolecular correlations as T is increasing.

The observation of figure 2 shows that the attenuation displays a continuous decrease when
going from the plastic to the glassy crystalline phase. Keeping in mind that the reorientational
motion is frozen below T,, we can infer that the process responsible for the attenuation is not
related to this type of motion. However, it must be noted that the fast rotation around the dipolar
axis is conserved below T',. So that cyanoadamantane keeps a « plastic » character with respect
to this particular motion. This can explain the strong temperature variation of the elastic cons-
tant C,, (C,, varies of a factor 2.5 between 80 and 430 K). In the plastic phase the average slope
of the L-velocity versus temperature Av/AT is approximately 3.5 ms~! K~! a usual value for a
plastic crystal. (We have the values 4.5 for succinonitrile [17], 3.8 for cyclohexanol [18].) In the
glassy crystal Av/AT is found to be 2.3 ms™! K~ ! a relatively high value presumably related to
the fast rotation.
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So the very large variation of C,; may be considered as a normal characteristic of plastic
phases. This effect appears here considerable because of the large temperature interval involved :
it includes the plastic phase, the metastable phase and the glassy crystal considered here with its
« plastic » character.

We may notice the high value of the attenuation which also appears as characteristic of the
plastic phase. Comparable values were indeed found in succinonitrile [17] and cyclohexanol [18].
Down to 80 K the attenuation is much stronger than in a great variety of materials : ionic crys-
tals NaCl and KCl [19], molecular crystal a-sulfur [20], amorphous polymer PMMA [21] and
glass LASF7 [22].

The present work gives evidence of a strong dispersion effect, most likely related to the fast
molecular rotation. The dependence of C, , as a function of the temperature seems to be normal
for a plastic phase but the striking result of a variation of 2.5 for C,, between 80 and 430 K is
essentially due to the very large temperature range where molecular rotation exists. We have
also observed an anomalous curvature of C,, in the plastic phase, which we believe to be of static
origin. Ultrasonic measurements and low temperature neutron scattering would be worth-
while for the understanding of the dispersion mechanism. We are aware that the measurements
performed close to T, include a part of annealing whose effect on the local order has recently
been shown [23]. The study of the particular effect of the heat treatment on the acoustic properties
is underway.

This work was supported in part by the « Direction des Recherches, Etudes et Techniques »
(D.RET).
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