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The temperature dependence of the anomalous ultrasonic attenuation in
[N(CHs3)4]2MnCly has been measured in the frequency range 12.7 - 71 MHz
around the normal-incommensurate phase transition at T: = 292.3 K. Shift
of the attenuation peaks towards the lower temperature side with increasing
frequency has been, observed. The relaxation time of the amplitudon 140 =
4 % 107 sK has been determined.

1. INTRODUCTION

The ultrasonic measurements near the phase transitions (PT) represent an impor-
tant tool for gaining information about both the static and dynamic behavior of PT
due to the fact that the elastic properties are sensitively affected by the structural
changes in the crystals {1]. The important role plays here the coupling between the
strain and the order parameter.

From the ultrasonic data one can evaluate the development of the order param-
eter, which is by its nature a static quantity, as well as the relaxation time of the
decay of the order parameter fluctuations. An interesting feature of ultrasonic mea-
surements in some systems with an incommensurate (IC) phase is the frequency dis-
persion of some of the elastic constants around the normal-incommensurate phase
transition temperature 7; [2]. This can be caused by interaction between acoustic
phonons and some other low frequency excitations. In IC systems this can be either
the phasons or the amplitudons.

1Presented at The 13th conference on the utilization of ultrasonic methods for studying the
properties of condensed matter, Zilina, CSFR, August 1992
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We report here on experimental results of the velocity and attenuation of the
ultrasonic longitudinal waves near T} in tetramethylammonium tetrachloromay,.
ganate [N(CH3)4]oMnCl, (TMATC-Mn), which undergoes at atmospheric Pres-
sure at T3 = 292.3 K the transition from the paraelastic "normal” phase with the
space symmetry group Pman to an IC phase [3-5] with the ordering wave vector
qo = (1 — &) a*/2, where § is the incommensurability parameter. (The crystalo.
grafic axes are labeled in agreement with international standards (c<ac< b) so
that a=12.3 A, b=15.6 A and ¢=9.1 A) At T. = 291.7K the ordering wave vector
locks in at qg = a* /2 and an improper ferroelastic monoclinic colnmensurate phase
P112;/a develops with a 2a superstructure. The acoustic dispersion was observed
near the normal-incommensurate phase transition in the sound attenuation data,

II. EXPERIMENTAL PROCEDURE

roughly done according to natural faces of the crystals (TMATC-Mn crystals are
mainly prism-like pillars elongated along the a axes, cleaving along the b plane)
and then more accurately using a polarizing microscope by orientation of the index
ellipsoid parallel to the main crystal faces. Samples were prepared by grinding
with Al,O3z powder of size 12.5, 5 and 3 ym. The sample dimensions were about
4 x4 x4 mm3 The density of the samples was determined to be 1327 kgm=3 by
the Archimedes’ method.

Overtone polished 10 MHz Y-cut LiNbOj3 transducers (diameter 0.125”) from
Valpey Fisher were bonded to the (100} faces by using glycerin. The measurements
were performed on increasing or decreasing the temperature at a rate of about 0.05
K/min . The pulse echo overlap method [6] with one transducer was used to de-
termine the velocity of sound. The ultrasonic attenuation coefficient was measured
together with the velocity in the frequency range 12.7-71 MHz by using the expo-
nential comparator method [7]. In the very vicinity of T; for higher frequencies,
where only the first echo was observed, the attenuation was determined from the
relative changes of the height of this first echo.

III. RESULTS AND DISCUSSION

Recently we have measured the complete set of elastic constants of TMATC-
Mn and have found that ali longitudinal elastic constants show similar behavior

As one can see from the temperature dependence of the elastic constant ¢;;
Mmeasured at 12.7 MHz (Fig.1) there is astep-like change of ¢;; only at the transition
temperature 7, and no change at the lock-in temperature T;. This is consistent
with the Landau theory of these phase transitions [8, 9].
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Fig. 1. Temperature dependence of the elastic constant ¢;3 at 12.7 MHz around the
ig. 1.

normal-incommensurate phase transition.
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Fig. 2. Temperature dependence of the sound attenuation o for a E:m?:m:_wm h.mﬁ
ig. 2. . tio : )
E.Mﬂwmpagw along the [100] direction for various frequencies: +, 12.7 MHz; 0O, 3 z

x, 51 MHz; -, 71 MHz.

The temperature and the frequency movmummuo.a.ﬁw..ﬂﬁ ZENV of .nww mﬂm”
vation « of the c;; mode near the IC phase transition is shown in M-m. 2. He
one can see a shift of attenuation peaks towards lower temperatures with EQM.m.m-
ing frequency. The frequency dependence of the temperature MM arw %.w_wwa%_m :MM

i s o in Fi ition temperature 7; = ; w

is shown in Fig.3. The vrwmm.r.mn_m_ 29245 |
MNMMM:&E&% extrapolating the straight line to zero frequency as seen in m,_m.o.rﬂwuw.
lock-in temperature T, in Fig.1, 2, and 4 has been then amnm:,.:EmM from the T;
value and the fact that the IC phase in ..H§>H,O..§e= m_mém”%_ M_ M\WWM mhm o
tion associate ;
In order to extract only the w?»::.w. . Wbt varire
i he so called critical attenuation an¢, has bee
part of the attenuation, t : b en obtained by
1 dent background ag which was
subtracting the temperature indepen _ aken from W
i i igher temperatures. The values of og ,
attenuation coefficients at much hig . g e L
1 and 71 MHz, respectively. e m
.5, 4.5 and 6.5 dB/cm for 12.7, 31, 5 . .
MM.W will be further discussed on the basis of the rm=mw=.—rM<m=<Mr theory Jmm:m
1 hich includes the correspo
ting from the free energy expansion, w . .
m:»_mMMﬂ_.ow:amm_.Bm between strain and order parameter one can derive the relations
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Fig. 3. The frequency dependence of the temperature of maximum attenuation.

for the change of the velocity and attenuation of the longitudinal waves near the
T; point [8, 9]
1
2pvs;

mawﬁw

Ay = H
o wi(l+Q272) ) (1)

biipg ~

1 g
Aoy = —— i 0 bu 9
WENE Wi+ A (2)

where w} = 2A(T;~T)+hq?, and 74 = T'q/w? are the frequency and the relaxation
time of the amplitudon, p? = A(T; - T)/B, Q = qu;; is the ultrasonic frequency, P
is the density of crystal and A, B, a;; and b;; are constants (i=1,2,3).

The equations (1) and (2) are mean-field results and describe the change of
the elastic constant due to the relaxation processes of the order parameter (and its
coupling to the strain). Nevertheless to gain the correct description of the PT one
has to add the fluctuation contribution to the change of the elastic constant. This
affects the results both below and above T; contrary to the relaxation part which
is effective only below T;. The fluctuation contribution is usually smaller than the
relaxation one (also here, see Fig.2) and its influence for Av and Aa below T}
is often neglected |1 1]. Strictly speaking we should subtract this part before the
beginning of the processing of our data, but we did not do this here being satisfied
with the first approximation results only. This is sufficient for demonstration of
the qualitative character of our results.

Thus proceeding in evaluation of our data according to the equations (1) and
(2) one can easily calculate the relaxation time of the amplitudons 74. The position
of the attenuation maximum is determined by the condition Q14 = 1 where Tp =
7a0/(Ti ~ T). From the shift of the attenuation maximum (Fig.3) one obtains
Ta0 = 4 x 10719 gK.

The relaxation time 74 is big enough to manifest itself in the dispersion of the
attenuation as one can see from Fig.4, which shows the temperature dependence of
the critical part of the attenuation divided by the square of the frequency acic/ f2.
Here we note that the condition Qry << 1failsfor T; — T < 0.5 K and the disper-
sion manifests itself not only in the shift of attenuation maximum (which is in fact
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theory of the phase transitions will be presented elsewhere [8].
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