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Abstract. The elastic stiffness constants of KSCN have been measured using a pulse-
echo-overlap method at 10 MHz and compared to those for CsSCN. In both erystals it
was found that transverse waves propagating normal to the mirror planes encountered
the greatest shear stifiness. Room temperature ineclastic meutron scattering has been
used to measure phonon energies of less than 5 THz in KSCN at various positions in
reciprocal space. Al higher temperatures the acoustic phonon resonances were found to
soften gradually, while the optic modes exhibited largely unpredictable changes in width,
frequency and intensity. '

1. Introduction

Potassium thiocyanate (KSCN) has been the most widely studied of all the thiocyanates.
The room-temperature crystal structure (figure 1) was first determined by Klug in 1933
{1] from single-crystal, x-ray data and has since been refined twice [2, 3]. The room-
temperature structure of KSCN has an orthorhombic unit cell with the space-group
symmetry, FPbem, containing four potassium (K+) ions and four thiocyanate (SCN™)
ions. From figure 1 it can be seen that the potassium and thiocyanate ions occupy
alternate layers perpendicular to the z axis in the unit cell.

The interest that has been shown in the alkali thiocyanates is due to their ‘ball and
rod’ structures which consist of spherical, metal cations and linear, molecular anions.
The vibrational modes arising from deformations of the thiocyanate molecules are
known as internal modes and generally have frequencies higher than those for the
external modes which involve only rigid-body translations of the ions,

The orthorhombic to tetragonal transition in KscN, first discovered by
Wrzewnewsky in 1912 [4] was later described by Klement [5] as predominantly higher-
order with a small first-order component. Although the lack of hysteresis in the molar
volume at T, was typical of a higher-order transition, the small first-order component
was necessary to account for the variation of T, with pressure. Kinsho et al [6] later
verified this when they discovered a small discontinuity in the enthalpy of the crystal
at the transition.

In 1963, Sakiyama et al [7] suggested that the thiocyanate ions become disor-
dered between two orientations obtained by a 180° end-for-end rotation during the
transition. This was soon confirmed when single-crystal, x-ray data [8] showed that
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Figure 1. The KSCN unit cell.

the high-temperature phase had a tetragonal structure with the dipole moments of
the thiocyanate ions disordered throughout the lattice. Three additional phase tran-
sitions for KSCN were later discovered using DTA measurements at pressures between
atmospheric and 44 kbar [9]). These phase transitions were interprcted as marking
further stages in the disordering of the sSCN~ orientations. No phase transitions have
been observed at temperatures below 340 K by either heat capacity [10] or DTA
measurements [7).

Various authors have made Raman and infrared measurements of both the inter-
nal and external modes of KSCN [7, 11-14]. Certain optic modes have been studied at
various temperatures [12, 15] and their behaviour related empirically to some simple
models.

Although a number of the external phonon modes have been measured in KSCN at
high temperatures [12] no single soft mode has been observed, Instead, several modes
appear to decrease in energy as the temperature increases towards the transition
temperature T,. The optic mode at 122 em~! (3.66 THz) in KSCN has come under
particular scrutiny [15] and its linewidth starts increasing with temperature at least
30 K below the transition. Of the internal modes, only the in-plane bending frequency,
vy, €xhibits a temperature dependence [7]. This was attributed to a greater degree
of coupling between the internal, in-plane, bending modes and the external librations
of the SCN™ ions.

Our own measurements [16] are the only elastic and inelastic neutron scattering
measurements of KSCN so far reported. The bulk of this investigation is concerned
with the detailed presentation of ultrasonic sound velocity and thermal neutron scat-
tering measurements of KSCN, In a subsequent paper a force constant model which
has been developed in conjunction with this study will be presented.

2. Sample preparation

A number of large single crystals of KSCN were grown from agueous solutions. The
crystals had the approximate dimensions 50 mm x 50 mm x 5 mm with the 2
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direction along the shortest dimension. Neutron photographs and neutron rocking
curves of these crystal samples confirmed that they contained no obvious twins. The
extreme hygroscopicity of KSCN severely limited the time that the samples could be
handled in the open. The crystals were very brittle and care had to be taken in their
cutting and mounting.

For the room temperature, inelastic, neutron scattering measurements the crystal
samples were glued to quartz glass supports with ‘Five Minute Araldite’ and sealed
with a desiccant inside a quartz glass dome. The increase in the incoherent neutron
scattering due to the quartz dome was negligible when studying the elastic peaks of
the crystal. However, second-order scattering meant that for some of the inelastic
measurements the scattering from the quartz could not be ignored.

The KSCN samples used for ultrasonic measurements were cut from the smaller
crystals grown from aqueous solution. After checking for twins under crossed polari-
zers, the samples had to be cut so rhat two faces were parallel to within 10’ of arc
and within 0.5° of a particular crystaliographic direction. Each crystal piece was glued
with Perspex dissolved in chloroform, on to a two-circle goniometer and aligned with
the aid of Laue back-refiection photographs. The brass plate to which the sample was
glued had an air-tight cover with a Mylar window which kept the crystal dry during
the course of the alignment. Each exposure took 3.5 hours using a tungsten x-ray
tube operating at 25 kV and 15 mA. Aligning the crystal along a symmetry direction
was straightforward but determining this crystallographic direction was very difficult
as the a and b lattice parameters are nearly equal. A Laue simulation program [17]
was used to give the expected patterns for various directions. These simulations did
not give all the correct intensities for the reflection spots, but aided in differentiating
between the x and y directions.

After aligning the crystal, the goniometer was transferred to a grinding rig where
a Rat surface perpendicular to the aligned direction was ground on the crystal using
‘wet and dry’ paper down to 1200 grade. The crystal was then removed from the
goniometer and the ground side stuck to the plunger of a polishing chase so that
the opposite side could then be ground flat on 1200 grade paper. Finally, the faces
of the sample were polished with 5 um alumina grit moistened with «-butyl acetate
just prior to mounting the crystal in the ultrasonic rig. The sensitivity of the sample
surfaces to humidity meant that the final polishing had to be done in a glove bag
under a dry nitrogen atmosphere.

3. Structural measurements

The values of the room temperature lattice parameters a and b, obtained in 1968 from
single-crystal x-ray data, [3] were virtually swapped around from those measured ten
years earlier by x-ray powder diffraction [18]. In order to rcsolve these discrepancies,
a structure refinement was performed using neutron powder diffraction data.

About five grams of dried KSCN powder were loaded into a vanadium can in a
dry nitrogen atmosphere and sealed against moisture using an indium metal gasket.
The neutron diffraction data were collected at room temperature on the HRPD at
the HIFAR reactor at the Lucas Heights Research Laboratories, Sydney. A modi-
fied Rietveld program [19] was then used to obtain the atomic positions and lattice
parameters (table 1).

The atomic positions were in good agreement with those of Akers et al [3], the
greatest difference being in the atomic positions of the carbon and nitrogen atoms
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Table 1. Atomic positions and thermal parameters for KSCN. a = 6.707(5) A, b =
6.691(5) A, c = T.621(5) A.

Atom Bi1 ¥ B22 z Bas F12

K 0.2086(8) 0.0183(14) 0.25 001214) 0  00071(7) ¢

s 0.6050(9) 0.0100(13) 0.1087(9) 0.0107%(13) 0.25 0.0102(11) 0.0008(8)
C 0.7704(4) 0.0083(5) 02871(3) 0.009K4) 025 0.0103(5) 0.0014(4)
N 0.8890(3) 0.0116(4) 04154(3) 00126(4) 025 0.0180(5) 0.003%(4)

[20]. The neutron lattice parameters, however, were found to agree closely with the
x-ray lattice parameters measured by the US Bureau of Standards [18]). The lattice
parameters determined using elastic neutron diffraction were used for all subsequent
neutron scattering experiments on KSCN.

4, Ultrasonic measurements

The ultrasonic sound velocities were measured using the same pulse-echo overlap
technique [21] that Irving et al used for measuring sound velocities in CsSCN [22].
This technique measures time delays between successive echoes of a pulse of sound
between parallel faces of the sample.

Crystal samples were prepared with faces parallel to the [100], {010] and [001]
directions with thicknesses of between 4 mm and 6 mm. For transverse measurements,
the alignment of the transducer polarization rclative to the crystallographic directions
was achieved by eye to an accuracy of £+5°. Any error ih this alighment would not
affect the measured velocity of a given mode but could introduce another echo train
corresponding to the other transverse polarization mode. This was not observed, so
the error due to this type of misalignment was assumed to be negligible.

The transducer mount and samples were enclosed by a glove bag filled with dry
nitrogen to stop the sample faces being degraded in atmospheric moisture. In spite
of this precaution, the polished faces of the samples suffered some degradation over
the duration of the experiment.

For orthorhombic crystals there are ninc independent elastic stiffness constants,
€11» Co2» Cazy C4aqr Cssr Cgar C1o0 Cy3 ANA eq3. From the velocity measurements taken
in the [100], {010] and [001)] directions, only the diagonal (¢;;) elastic constants could
be calculated. Unfortunately there were not enocugh suitable crystal picces to prepare
sampies with orientations in the [110], [101] and [011] directions. In order to pain
a complete set of velocity measurements, the estimated initial slopes of the acoustic
phonon branches measured by inelastic neutron scattering in the [110], [101] and [011]
directions were used. From these initial slopes and the diagonal elastic constants the
off-diagonal constants ¢,,, ¢;3 and c,; were derived.

The measured velocities and calculated elastic constants are given in table 2. The
crrors for the diagonal elastic constants were calculated from a one-cycle mismatch
error of £0.1 us. The errors of the diagonal elastic constants combine with the
relatively large errors for the initial slope velocity measurements to give very large
errors for the off-diagonal elastic constants. In spite of this, it can be seen that the
c;; vajues calculated from the transverse and longitudinal initial slopes are consistent
to within the given error. When two values for a particular elastic constant were
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Table 2. Ultrasonic velocities and the elastic constants for KSCN,

Velocity Error iy Ertor  {c;;)} {Error}
(km s=!)  (km s=1) (GPa)  (GPa) (GPa) (GPa)
Vg 3.75 0.11 €11 267 15 -_ -_
Vyy 3.81 0.09 ez 274 13 - —
Vzz 3.35 0.14 ca3 2L1 1.8 — —
vy 2.09 0.05 cas 82 04 8.1 03
Vry 205 0.04 Cia 7.9 0.3
Vzz 1.80 0.03 €55 6.1 0.2 6.1 {130)
Ver 1.79 0.03 c58 6.1 0.2
Vry 302 0.08 Cg6 172 0.9 174 1l
Yyz 305 0.11 cos 17.6 13
V[l 10]L 471 0.15 Ciz 20.6 10.7 12.8 1.9
UI] 10]T 2.20 0.07 12 9.0 52
Vhour 360 0.13 s 118 67 86 57
Vot 2.13 0.06 €13 6.3 4.6
l’[o] 1L 3.49 0.13 €23 4.1 6.4 4.3 54
V[g 11 ]T 226 0'.06 C23 4.5 4.1

obtained, a weighted average {c;;) of the two was taken. The error of {c;;) was
taken to be the unweighted average of the two experimental errors.

5. Room temperature inelastic neutron scattering

Phonon energies of a single large crystal (50 mm x 40 mm x 5 mm) were measured
using the triple-axis neutron $pectrometer (TAS) at the Australian Nuclear Science
and Technology Organisation’s High Flux Reactor HIFAR at their Lucas Heights
Research Laboratories. Phonons were measured as energy lost to the crystal with a
constant final neutron energy of typically 8 THz

The collimations used in measuring the acoustic modes were: 1.0°, 0.7°, 0.65°
and 3°. To increase the neutron flux and thus reduce the counting time required to
measure the higher energy optic modes, half the sample to analyser collimator was
removed. This increased the angular acceptance of the analyser from 0.626° to 1.3¢
which did not affect the energy resolution, but did increase the number of elastically
scattered neutrons ‘leaking through’ when E’ — E was less than about 0.8 THa.

Although the quartz glass mount and protective dome were found to contribute
significantly to the incoherent elastic scattering, this was mainly a problem associated
with measuring the low-energy acoustic phonons.

Although the TAS could measure energy transfers of up to 20 THz, the only
optic phonon branches measured above 5 THz proved to be spurious pcaks due to
second-order scattering from the quartz dome. It was concluded that the phonon
resonances measured at 14 THz with Raman and IR scattering [14] were tco weak to
be measured with neutron scattering.

The measured energy peak profiles were fitted with Gaussians on sloping back-
grounds using a general-purpose fitting program on a VAX VMS/11 minicomputer.
Generally, for a peak to be considered statistically significant, a minimum of five
points of the peak had to be at least four standard deviations above the background.
Two Gaussians were fitted to a profile only if both peaks were resolvable by eye.
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In some cases the full width at half maximum (FWHM) of a fitted resonance
peak was significantly larger than the value expected for a given energy transfer and
wavevector based on the known resolution function for the instrument under identical
conditions. For the flatter optical branches, abnormally large halfwidths could not be
attributed to bad focusing of the resolution function but indicated the peak was a
superposition of two or more phonon resonances. For each suspected multiple peak,
half the differencc between the observed and the expected FWHM was added to the
calculated fitting error.
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Figure 2. (@} KScN phonons at room temperature, [¢00] direction (xy plane), (O} L[100],
(4) T[010], (©) unknown. (&) KSCN phonons at room temperature, [(0Q] direction (x 2
plane), (O} L[100], (4a) T[001], (©) unkrown.
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Figure 3. (a) KSCx phonons at reom temperature, [040] direction (yz plane), (C0) L[010],
{a) T{100}, (O} unknown. (b) KSCN phonons at room temperature, [0{0] direction (yz
plane), (1) L[010], (A) T{OO{}, (C) unknown,

All the measured phonon branches are shown in figures 2 to 7. The horizontal
error bars in figure 2(b) indicate the peak fitting errors for the constant energy
scans made on the [100] longitudinal acoustic branch, all the other phonons were
measured at constant @. The horizontal error bars for all but the phonons measured
at constant energy were smaller than the plotted symbols. The solid symbols indicate
suspected multiple peak resonances and their error bars are therefore generally larger.
Data points without error bars had errors of less than +0.04 THz. Although the
peak fitting error was frequently less than 40.01 THz, the minimum error for all
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Figure 4. () kScN phonons at room temperature, [004)] direction (zz plane), (O) L[001],
(&) T{100], {O) unknown. (b) KSCN phonons at room temperature, [00¢] direction (zy
plane), (CI) L[001], (A) T[010], (©O) unknown.
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Figure 7. KSCN phonons at room temperature {0¢¢]
direction (y# plane), (O) L[011], (A) T{01-1].
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ture, [¢0¢] direction (zz plane), (O} L[101}, (A)
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Figure 8, Acoustic mode frequencies at different
temperatures.

measured energy transfers was taken to be +0.03 THz due to possible calibration

and alighment eriors on the TAS.

The initial slopes of the acoustic branches as measured by ultrasonics are shown
for the [100]-type directions in figures 2 to 4. As can be seen from these figures, there
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was good agreement between the initial slopes determined from inelastic neutron
scattering and from the ultrasonic velocities. The largest disagreement was in the
longitudinal z direction where the acoustic phonon energies were hardest to measure
due to their proximity to a strong elastic peak. For the [110], [101] and [011]
directions, in which no ultrasonic velocities were measured, the initial slopes were
estimated simply from the line drawn between the origin and the first phonon point.

The measured phonons were designated as longitudinal or transverse depending
on whether the resonance was mcasured with the scattering vector Q@ roughly parailel
or perpendicular to the phonon wavevector . Phonons labelied as unknown were
measured at places in reciprocal space where the @ and g vectors were neither parallel
nor perpendicular. The solid lines connect phonons measured with similar scattcring
vectors but do not necessarily connect phonons belonging to the same branch.

Phonons measured along all but the [100] directions are plotted on an extended
zone to highlight the fact that they are doubly degenerate at the Brillouin zone
boundary as predicted by group theory. An analysis of the symmetry of KSCN has
indicated that all the branches in the [100] direction are singly degenerate at the zone
boundary [23). It should be noted that for clarity in figures 2(2) and (b) the branches
in the [100] direction have been split into two groups even though the zone is not
extended.

Unfortunately, although phonons measured at similar scattering vectors often
belonged to the same branch, not every branch could be followed all the way from the
zone centre to the zone edge. The relatively large number of vibrational modes meant
that many phonon cigenvectors tended to ‘mix’ which caused some branch resonances
to fade in intensity or jump discontinuounsly in energy as they were followed out from
the zone centre. A typical example of this was the longitudinal acoustic mode in
figure 2(b) which was measured in reciprocal space at (6{,0,0). At { = 0.3 the
inelastic scattering intensity for another mode with higher energy became significant,
making the total resonance peak very broad. At ¢ = 0.45 the scattering intensity for
the original branch had almost completely faded leaving a narrower peak centred on
the higher branch.

To maximize the chances of finding phonons with the limited amount of beam
time available, 2 uniaxial inter-atomic force constant model [23] was used to calcu-
late likely vibrational modes and hence dynamical structure factors for the phonon
branches at different points in reciprocal space. These facilitated the choice of suitable
scattering vectors at which to look for unmeasured modes and aided in identifying
the symmetnes of the measured modes.

6. High-temperature measurements of KSCN

A number of phonon modes were believed to be librational in nature on the basis of
model calculations performed for the KSCN structure [23]. It was therefore considered
worthwhile to measure the frequencies of these modes at temperatures approaching
T..

A furnace was constructed such that a large single crystal could be sandwiched
between two thin aluminium plates which were in good thermal contact with heating
blocks above and below the sample. The clamped crystal was sealed with desiccant
within a quartz glass tube. The temperature of the crystal was maintained with a
stability of better than +0.5°C and varied by no more than 1°C over the entire
crystal.
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The shifts in the lattice parameters relative to their room temperature (23°C)
values were determined by using the TAS set up for elastic scattering to measure
the Bragg angles for pairs of reflections along each of the principal directions in
reciprocal space.. The pairs of reflections used were: (300) and (600}, (040) and
(060), and (004) and (006) for the =, y, and =z directions respectively. The lattice
parameters measured at different temperatures using the TAS are shown in table 3, .

Table 3. Lattice parameters for KSCN at higher temperatures.

Temperature (°C) a (A) b (A) ¢ (A)

23 6707(5)  6.691(5)  7.621(5)
60 6710(12) — 7.648(13)
85 6719(12)  6704(12)  7.676(13)
100 6.726(12) — 7.707(13)
110 6.726(12)  6700(12)  7.711(13)
125 6.728(12)  6.707(12)  7.753(13)

The large single-crystal KSCN samples used in the furnace were not as good in
quality as the sample used in the room temperature measurements. Although these
crystals were single and Jarger than the first sample, they had smaller coherent elastic
and inelastic scattering peaks. This was attributed to a higher content of water
trapped as small inclusions of saturated solution inside the samples. If no previous
high-temperature measurements had been made on a sample, the coherent elastic
scattering was found to improve if the new crystal was held at 110°C in the furnace
under a vacuum for about six hours.

The increase of incoherent scattering with temperature and the inferior quality of
the single-crystal samples used in the furnace meant that longer counting times were
required to achieve the same peak-to-background ratio as those measured during
the room temperature phonon measurements. Selected phonon resonances were
measured at different temperatures and with limited statistics.

19 phonon resonances were measured at temperatures ranging from 23°C (room
temperature) to 110°C, a subset of this total was measured at higher temperatures to
a maximum of 130°C. Of the 19 resonances, 6 belonged to acoustic branches which
were believed to have insignificant amounts of libration of the SCN™ ions. The main
reason for measuring these acoustic modes was to ensure that the angle calibrations
and lattice parameters were correct for each run of phonon measurements at a
particular temperature. As the acoustic branches were generally the steepest, they
were expected to show the greatest sensitivity to any angular misalignment of the
sample or error in the lattice parameters.

The measured acoustic phonon energies (figure 8) showed a gradual decrease in
energy with increasing temperature. With the exception of the longitudinal phonon
at @ = (0,0,4.4), the FWHMs of the acoustic phonon resonances were constant
to within +0.04 THz for all temperatures. A small apparent increase in energy
(0.04 THz) for the (0,0,4.4) phonon energy above 100°C was probably an artifact
of the fitting procedure. The measured integrated intensities of the acoustic phonons
showed a general decrease with increasing temperature, again with the exception of
the (0,0,4.4) phonon.

In contrast to the acoustic phonons, the optic phonons show marked variations
in energy, width and integrated intensity at different temperatures (figure 9). This
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was attributed to the fact that many of the measured optic phonons were likely to
be superpositions of two or more resonances. At different temperatures, the relative
structure factors of all the modes contributing to a given energy profile could change.
This would have the effect of altering the position, width and intensity of the measured
peak, even if the widths and positions of the constituent resonances were unchanged.
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Figure 9, Temperature behaviour of optic phonon resonance at (@) @ =(-3.3,5,0),
) Q={(7,0,0), () @=1(0,0,4.9), () @ = (0.1,0,-5).

Figure 9 shows the energies, widths and integrated intensities of four of the 13
optic modes measured at different temperatures. The modes mecasured at Q@ =
(—3.3,5,0) and (7,0,0) in figures 9(a) and (b) were singled out because they
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exhibited variations in the peak parameters that became more rapid as T approached
T,, possibly as a precursor to the transition. It is likely that the apparent decrease in
the width of the (—3.3,5,0) resonance near T, is due to interpretational problems
associated with fitting the measured profile. The modes measured at Q@ = (0,0,4.9)
and (0.1,0,—5) in figures 9(¢) and (d) had frequencies near the 3.66 THz Raman
mode investigated by Owens ef al. Although these measured profiles could not be
characterized mathematically, they did show qualitative trends similar to those found
for the 3.66 THz Raman mode in that their peak widths increased and frequencies
softened as T — T,.

7. Discussion

The room temperature structure of CsSCN is similar to that for KSCN in that the
thiocyanate ions are constrained to librate in the mirror plane layers [24].

Table 4. Comparison of elastic prdperties of XSCN and CsSCN.

c;; KSCN  GsSON KSCN CsSCN
(GPa) (GPa)

c1; 267 18.9 Bulk modultus {GPa} 13.3 13.2
caz 274 20.6
c3y 211 28.1 Linear
compressibility
€44 8.1 20 (GPa—1)

€55 6.1 7.3 along [100] 0014 0029
ces 174 3.0 atong [010] 0024  0.034
ciz 1238 7.7 along [001] 0.037 0.012

c13 8.6 6.2
c23 43 149

In table 4, the elastic parameters for XSCN derived from the ultrasonic measure-
ments are compared with those for CsscN [22]. In general, the lincar compressibilities
for both structures are greatest perpendicular to the mirror planes (the z direction
for KSsCN and the y direction for CsSCN). The shear elastic constants for KSCN are
larger than those for CsSCN with the largest constants in both crystals relating to shear
strains lying paralle]l to the mirror planes (c;s in the zy plane for KSCN and ¢ in
the zz plane for CsSCN). The elastic constants of both structures give rise to very
similar values for the bulk moduli

The elastic Debye temperature (8§) for CsscN is 132 K [22}. The ratio of the 6%
values for XSCN and CsSCN was found to obey the relation

3 (KSCN) /85(CsSCN) = ( Mg gon/ Mysen >

where Myggony and M gon are the masses of the molecular units. This indicated
that the difference in 68 was mainly due to the difference in the molecular masses.
In table 5 the zone-centre phonons measured on the TAS are compared with Ra-
man and infrared frequencies collected from the literature [25]). The energy resolution
of the TAs was probably not sufficient to resolve a number of the phonons, especially



7862 D J Cookson et al

Table 5. KSCN external mode [requencies as measured by inelastic neutron scattering and
Raman spectroscopy.

TAS measurements Raman and (R measurements
Q Frequency Ermror Frequency (THz)
(THz) ~ (THz)
(0,1,6) 220 0.28 197 204 204
(3,500 225 0.08
(6,0,1) 227 0,06
(L7.0) 237 0.16 234
0,6, 1) 241 012
©1,4) 243 0.18
(1.0, 5 250 031
27,00 259 033
(1,0,6) 277 0.18 288 288
(1,600 297 0.28 294 305 312 336 336 3.44
(0,0,5 370 0.10 3466 366 369 372
0,07 383 011 378
(7,0,3) 4.13 .26 4,13
0,7, 0 418 037 4.28
(0,00 425 011 432 435
458 4.80

in the 2.7-3.7 THz range. In addition to this, some of the zone-centre phonons mea-
sured on the TAS in the range 2.2-2.6 THz do not seem to correspond to any Raman
or infrared frequencies. Although some of the peak resonances measured on the TAS
may belong to the same phonon mode, there are still six unmeasured infrared-active
optic modes below 5 THz that may account for the gaps in table 5.

According to Ti et al [14], of the 48 phonon branches, four lie at about 60 THz,
4 at 22 THz, 8 at 14 THz with the remaining 32 modes appearing below 5 THz.
Although more than 40 branches below 5 THz have been at least partly measured,
many branches, like the longitudinal acoustic ones, have been measured twice in
different planes.

A better understanding of the inter-atomic potentials will undoubtedly be obtained
by comparing the high-temperature phonon dispersion behaviour of KSCN with that
for an isomorphic structure. In figure 10 the lattice parameters of KSCN measured
on the Tas are compared with the high-temperature lattice parameters for RbSCN [9]
measured by x-ray diffraction. Taking the different transformation temperatures into
account, there seems to be a qualitative similarity in the temperature dependences of
the lattice parameters for the two structures.

Rietveld analysis of neutron powder diffraction data of RbSCN would be an ideal
way to confirm Klement’s conclusion [5] that KSCN and RbSCN are isomorphic both
above and below their respective phase transition temperatures. If the structures are
isomorphous, RbSCN wil]l be the logical crystal to study in further investigations aimed
at comparing the lattice dynamical behaviour of the alkali metal thiocyanates.

8. Conclusion

The elastic behaviour of KSCN was found to resemble that of CsSCN at room tempera-
ture, with the bulk moduli and elastic Debye temperatures showing similar values
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Figure 10. Shift in lattice psrameters with increasing temperature: KSCN (solid data
points) and ResCN (sofid line).

(table 2). The most obvious similarity between the two crystals was that both exhibi-
ted the greatest shear stiffness in the plane parallel to their mirror planes (the zy
plane for KscN and zz plane for CsSCN). The phase velocities were generally higher
for acoustic waves involving atomic displacements parallel to these planes. From this
it was concluded that, on average, the atomic bonds lying paralfel to the mirror pianes
in both KSCN and CsSCN were stronger than those lying perpendicular to these planes.

A large number of phonon groups was measured below 5 THz for KSCN and the
detected frequencies appeared to be in broad agreement with previously measured
Raman and infrared data in this range (table 5). Phonons with frequencies in the
i4 THz range were not detected on the Tas, probably on account of the small
scattering cross sections for the modes.

The acoustic phonon frequencies for KSCN measured at temperatures up to 125°C
(16°C below the transition temperature) were all found to soften gradually with
increasing temperature. This was very similar to the behaviour of the acoustic modes
in CsSCN reported by Irving ef al [26].

With increasing temperatures, the measured optic-mode frequencies showed fluc-
tuations in energy and halfwidth far greater than those for the acoustic frequencics.
This can be attributed in part to the softening of some of the librational lattice modes
as the transition temperature is approached, but is more probably due to the scat-
tering cross sections of various superimposed optic modes changing relative to each
other with increasing temperature.

A Rietveld analysis of neutron diffraction data from a powder sample of RbSCN
could confirm Klement’s conclusion [5] that RbSCN and KSCN are isomorphous. If
RbSCN is found to be isomorphous with KSCN, a comparison of the lattice dynamics of
the two crystals will be particularly illuminating. This, in addition to further inelastic
neutron studies of both CsSCN and KSCN at temperatures nearer, and even above their
transition temperatures, should enhance our understanding of the lattice dynamics of
the alkali thiocyanates gained through the present work.
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