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Molecular-dynamics study of phase I of RbCN
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We report molecular-dynamics calculations on the orientationally disordered phase I of
RbCN at 138 and 298 K. The results are compared with recent Raman and neutron scattering data.

Partly because the pure single crystals are diffi-
cult to prepare,’ RbCN has received less attention
than the cyanides of sodium and potassium. How-
ever, dielectric,! Raman,!? Brillouin,? ultrasonic,*
and inelastic neutron scattering’ studies have all re-
cently been reported. In the high-temperature phase
I, the (CN)~ ions undergo rotational diffusion and
the structure is the same as that of the sodium and
potassium salts, namely Fm3m. Under zero pres-
sure at 132 K, there is a first-order transition to
phase II, space group B6, in which the (CN)™ ions
are oriented along (111) directions but have their
dipole moments disordered.'”

On cooling RbCN towards the I—>II phase tran-
sition, a strong softening of the elastic constant C 4y
is observed with the use of both ultrasonic* and
Brillouin techniques.> This behavior is similar to
that found in NaCN and KCN, and is suggestive of
a coupling®’ between Cy4 and fluctuations of Ty
symmetry in the orientational probability distribu-
tion f(W) (W is a unit vector directed along the
C—N bond). Additional evidence for the impor-
tance of rotation-translation coupling comes from an
analysis® of the phonon dispersion curves measured
at 300 K.

In an effort to shed further light on the structure
and dynamies of phase I of RbCN, we have under-
taken a series of molecular-dynamics (MD) calcula-
tions. Classical calculations of this type are ap-
propriate here, since even the highest-frequency op-
tic modes will be significantly populated at the tem-
peratures at which phase I exists. The MD calcu-
lations were carried out for a system of 64 ions in-
teracting through atom-atom potentials of the form

Vap(R) = Aggexp(—aggR)—Bag/R®, (1)
(a,B=C, N, Rb) to which a Coulomb term

qq9p/R was added (grp= | e |). The potential
parameters were constructed from literature
values,s”m using standard combining rules. As in
our earlier wor}f on NaCN,? we used a bond
length of 1.19 A for the (CN)™ ion and a charge
distribution represented by gc= —1.28 |e |,
gn=—137]e |, and gcm.=+1.65|e |, gcm. being
placed at the center of mass. This choice of frac-
tional charges yields values of the dipole and quad-
rupole moments which are in reasonable agreement
with ab initio self-consistent-field (SCF) results'! for
the free ion. Two simulations were carried out, for
temperatures of 138 and 298 K.

The orientational distribution of the (CN)~ ions,
f (W), may be specified by the coefficients c; of its
expansion'? in Kubic harmonics K;, given by

f(ﬁ)z(l/""ﬁ)(1+C4K4+C6K6+...). (2)

The ¢; are ensemble averages of the K; and, there-
fore, easily calculable from the MD data. Results
for ¢4, cg, and cg are given in Table I, where com-
parison is made with the experimental neutron
scattering results® and with the values which would
be obtained if all (CN)~ ions were oriented along

TABLE 1. Kubic harmonic expansion coefficients for
the orientational distribution of (CN)~ ions in phase I of
RbCN.

Cyq Ce Cg
(111) order —1.53 2.27 0.88
MD 138 K —0.85 0.45 0.29
MD 298 K —0.41 0.05 0.12
EXPT 150 K —0.15
EXPT 300 K —0.35 0.51
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(111) directions. At room temperature there is sa-
tisfactory agreement with experiment. However, as
the temperature is reduced, there is a tendency for
the model to freeze into (111) pockets, though
even at 138 K the alignment is far from complete.
This trend is not apparent in the neutron scattering
results.

The calculated mean-square amplitudes
(u2 y~0.12A2 were found to be almost indepen-
dent of temperature, as are the experimental
results'® for the orientationally disordered phases of
NaCN and KCN. The values are smaller than the
experimental results ({u $ ) ~0.19 A?). Additional
calculations on cyanide crystals containing larger
numbers of ions indicate that most of this discrepan-
cy is due to our use of a small system. The calcu-
lated pressure was large and negative (~ — 5 kbar),
suggesting that in the model we have used, the
hard-core repulsions are too weak.

Polarized Raman scattering experiments’' may be
used to probe the reorientational dynamics of
(CN)~ ions in RbCN. The E; and T, spectra
measure the Fourier transforms of the correlation
functions

Ru()=(4,(04}(0); (Ep) ,
ij
3)

R 33(1)=3({A3(1)43(0)); (Ty) ,
ij

where the A’s are related®'* to the spherical har-
momcs Y2 For our classical MD calculations,

= —(32 —1) and A;=V"3(xz). The summations
in (3) extend over all the cyanide ions.

Figure 1 compares the observed! and calculated
low-temperature E; and T, spectra. The differ-
ence between the MD peak positions (~80 cm™?)
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FIG. 1. Power spectra associated with the E; and Ty,

reorientational correlation functions (see text). Inset
shows the experimental Raman data from Ref. 1.

and experiment (~ 100 cm ™) is consistent with the
large negative pressure found in the simulation, cor-
responding to a crystal which is overexpanded.
However, so far as the shapes of the spectra are
concerned, calculation and experiment are in good
agreement. At 300 K, the 100-cm ™! peak is poorly
resolved in both the experimental and simulated
spectra. However, in the simulation the E; mode
displays a stronger peak and the T,; mode a weak-
er one than is observed.

The coherent inelastic scattering cross section
S Q,w) and the intermediate scattering function
F(Q,?) have been calculated for various values of
the momentum transfer ﬁé, utilizing both the ex-
perimental coherent neutron scattering lengths and
scattering lengths of + 1 for the cations and — 1 for
the anion centers of mass. As would be expected of
a rigid-ion model, the calculated longitudinal optic
(LO) frequencies are rather high in comparison with
the experimental results. However, the acoustic
modes agree more closely with experiment (see Fig.
2). The transverse acoustic (TA) phonon at

FQ)  G=(2005)27/a

T=298 K’—v

FQH - 0=2500)27/a

138 K
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|
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. FIG. 2. Temperature dependence of F( Q t) for
Q=(2,0,0.52 n/a (LA) and Q=(2.5,0,027/a (LA), cal-
culated using the coherent scattering lengths of the nu-
clei. The arrows indicate the experimental periods of the
appropriate TA and LA phonons Ref. 5).
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Q=1(2,0,0.5)27/a develops a central peak as the
temperature is lowered, an effect seen also in experi-
ments'® on KCN. This behayior can be seen in the
top part of Fig. 2, where F(Q,?) is displayed for
both high and low temperatures. An interesting ob-
servation is the appearance of central peaks in the
MD S(Q,w) for longitudinal as well as transverse
modes. In both examples shown in Fig. 2 the low
temperature F(Q ,¢) is not oscillating about zero,
but about a weak positive level, even after 2 ps.

In summary, at room temperature the results of
the MD simulation are in broad agreement with

those of Raman and neutron experiments. Howev-
er, at lower temperatures our model shows a greater
tendency for the (CN)™ ions to order into (111)
pockets. The simulation predicts the appearance of
central peaks in both the longitudinal and transverse
neutron scattering response. It will be interesting to
see if this prediction is confirmed experimentally.
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