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Dynamic scaling of the critical ultrasonic attenuation in binary liquids:
Evidence from broadband spectrometry

S. Z. Mirzaev* T. Telgmann, and U. KaatZe
Drittes Physikalisches Institut, Georg-August-UniversiBirgerstrasse 42-44, D-37073 @&imgen, Germany
(Received 17 February 1998; revised manuscript received 4 Augusj 1999

Between 200 kHz and 500 MHz, the ultrasonic attenuation spectrum of the ethanol/dodecane mixture of
critical composition has been measured at various temperatures near the critical one. The measured broadband
spectra are evaluated in light of the Ferrell-Bhattacharjee dynamic scaling theory. The experimental findings
largely fit the theoretical spectral function if suitable crossover corrections are made using dynamic light-
scattering data. The measured scaling function follows the predictions of the recent Folk-Moser
renormalization-group theory even better. Combining our ultrasonic attenuation coefficient data with density
data from the literature, the asymptotic critical behavior of the thermal expansion coefficient and of the specific
heat has been determined and found consistent with the two-scale factor universality. The sonic attenuation
data have also been evaluated to yield the adiabatic coupling cogstdrihe dynamic scaling theory. The
unusually small absolute valyg|=0.1 resulted, in fairly good agreement with|=0.13 as following from
thermodynamic data.

PACS numbg(s): 62.60:+v, 64.60.Ht, 43.35td

[. INTRODUCTION critical relaxation processes may disturb the sonic attenua-

tion spectrd 7]. For this reason we have chosen the ethanol/

Within the framework of the Ferrell-Bhattacharjee dy- dodecane system here. Ethanol does not show relaxational
namic scaling theoryFB, [1]), the sound attenuation per characteristics at frequencies between 100 kHz and 2 GHz
wavelengtha, (=a\) of a binary liquid, near its critical [8]. Dodecane exhibits indeed a relaxation process within

demixing temperatur@,, is given by that frequency rangE9]. The relaxation time, however, is
=120 ps at 25°C, corresponding with a relaxation fre-
ay=mA()U3(F)F(Q). (1)  quency (2r7) 1=1.3 GHz above our frequency range of

measurement. Hence in the present measurements no relax-
Here a is the attenuation coefficient of a sonic wave with ation mechanisms of the constituents are expected to contrib-
wavelengthi, f is the frequencyt and () are the reduced ute to the ultrasonic attenuation spectra.
temperature andangulaj frequency, respectively, and is

the sound vellocity. The assumption that can be repre- Il. FERRELL-BHATTACHARJEE THEORY
sented by a simple product of a frequency-independent am- . _ _
plitude A(t) and a scaling function depending only énis For a comparison with measured broadband sonic spectra,

known as the dynamic scaling hypothesis for the acousticdet us consider the scaling theory in some more detail. The
anomaly at a critical poinf2,3]. In their theoretical treat- critical contributiona® to the acoustic attenuation coefficient
ment, Tanaka and Wadd] argued that the critical ampli- « at the critical temperature is related to the complex heat
tude may also(slightly) depend on the frequency. Conse- capacityCp according to[1]

quently, the dynamic scaling hypothesis might not be

unequivocally applied to any acoustical anomaly near a criti- ~ 1 Smw? Qqp|t*°
cal demixing point. On the other hand, experimental results @ (@, T¢)* o IM[Cp(w)]™ "~ 2[ReCp(t)) 2l @ '
seem to indicate that the dynamic scaling theory for a binary P @)

liquid mixture of critical composition applies adequately for
the ultrasonic attenuation as a function of frequency and temwyhere 5= ay/(Zov), w=2xf, andag, Z,, as well asv are
perature[5,6]. Unfortunately, in those experimental studies the specific-heat critical exponent, the dynamical critical ex-
just a comparatively small frequency range had been covponent, and the critical exponent of the correlation length of
ered. Hence the significance of the measured spectra is linthe order-parameter fluctuations, respectively. Parameter
ited. We thus measured, for the ethanol/dodecane system
near its consolute point, ultrasonic attenuation data over the Ql,zz(m/wo)tf_zov (3
wide frequency band from 0.2 to 500 MHz, in order to ana-
lyze the spectra in light of the dynamic scaling model. Withis the dimensionless half-attenuation frequency. In the origi-
many binary mixtures, additional contributions from non-nal theory[10] it was nameda and a value of 2.67 was
predicted for this paramet¢Eqg. (B13) in Ref.[1]]. In the
above relations$; is a characteristic reduced temperati6g
*Permanent address: Heat Physics Department, Uzbek Acadengnd w0=kBT/37T770§8, with kg denoting Boltzmann’s con-
of Sciences, Katartal 28, Tashkent 700135, Uzbekistan. stant and with the viscosity amplitudg, and the amplitude
TElectronic address: uka@physik3.gwdg.de &, of the correlation length. Following the treatment given in
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the literature[10], the attenuation per wavelength can bewhere

written as
Feg(Q)=[1+0.4140Q,,/Q)¥? 2

ay(,T)=a5(w, T)F(Q). (4)
: Mee =[1+0.4141t/t;)0%4 2, (12)
Herein, o (»,T.) is the attenuation per wavelength near the

critical temperaturd, andF(Q) is a scaling functiof10], ~ Here Q4 is the value of the scaled frequen€y at 50%
attenuation as mentioned before.

xdx  Ox(1+x)Y2 Taking relationas(w,T¢)=S(w,t;)uf %% into account

5 and neglecting any prospective frequency dependence in the
amplitude function[ S(w,t;)=9S(t;)] here, Eq.(4) finally
reads

T
( S mlo (14%)2 x3(1+x)+ 02

The reduced frequency may be expressedQasw/wp,
where wp=2D¢7 2 is the relaxation frequency characteriz-
ing the diffusion of local energy fluctuations.is the mutual
diffusion coefficient and the correlation length. Both quan-
tities are related to another according to the suggestive equ
tion[11,12

af (0, T)=S(t)uf **Feg(Q). (13

This relation enables an easy representation of the frequency-
aépendent ultrasonic attenuation.

D=kgT/(6m7&). (6) ll. EXPERIMENT

For a comparison of the theoretical predictions with mea-
sured sonic spectra, we investigated the ethanol/dodecane
system which exhibits an upper critical solution temperature
(UCST). Various samples have been prepared using ethanol

Q:gwnoggwt*ZoV/(kBT):(w/wo)t*ZOV_ 7) (>99.8%) andn-dodecane ¥99%) from Merck (Darm-
stadt, Germany The critical parameters have been derived
According to Ferrell and Bhattacharjee, the sonic attenuatiofrom mixtures of different compositioX by monitoring the
at the critical point can be represented by appearance of the meniscus when slowly cooling the sample.
We found a critical temperaturé,=(13.55:0.05) °C for
_(1+9) the critical mixture with mole fractioX.=0.687 of ethanol.
f +B. The UCST of our mixture was somewhat higher than the
) value given by Franci§l5], but it was in good agreement
with the data reported by OrzechowgRi6]. The ultrasonic
Herein, AC(t;) is the critical amplitude describing the sin- Spectra have been measured for the solution of critical com-
gular behavior[13] of the heat capacityCp=Re(Cp) position X, in the homogeneouiphasﬁ:éUCSiTz) at eight
—ACt %0+C,, u, is the sound velocity aff,, B is a reduced temperatures 4.5X10 “<t<3.9x10 4, mo_stly
0> c c
frequency-independent noncritical background contributiorPetWeen 200 kHz and 500 MHz. We used two different

to a/f2, andg is the adiabatic coupling constant which, ac- methods and four different specimen cells to cover the fre-
cordind to ' quency range. Af<15 MHz, a resonator method was ap-

propriate in which the attenuation coefficientrelative to
dT, Tap that of a carefully matched reference liquid was determined
gzpccp(ﬁ— T) (9) [17,18. At f=15 MHz, a pulse-modulated wave transmis-
p-p sion technique, in which the sample length is significantly
is related to the densitp. of the mixture atT, and the Vvaried, enabled absolute measurements ¢19]. The tem-
thermal expansion coefficientp at constant pressure. The Perature of all specimen cells was controllegid measured
Ferrell-Bhattacharjee theory is based on the assumption thi? Within 0.03 K. The error in the attenuation data was
AC is very small as compared t€, For the ethanol/ Smaller than 5% af<15 MHz and smaller than 1.5% &t
dodecane system this precondition is clearly fulfilled since=15 MHz.
AC/Cy=0.035(see below.
Using the well-known5=0.06, Eq.(8) has been rewritten IV. RESULTS AND DISCUSSION
to yield the form[6,14]

Taking into account the dependencesspfand ¢ from the
reduced temperatureg,= 7ot~ %0~ andé= &,t 7, respec-
tively, one gets

m2SAC(ty)

2_
a(w,T)/fe= o7,

91/2600)(s Uc92
2m | Ch(ty)

Two different runs of ultrasonic attenuation coefficient
a(w, T/ f?=S(w,t;)f " 1%+B (10) measurements have been performed for the ethanol/dodecane

mixture of critical composition. The first run covered the

with an amplitudeS( w,t;) which is predicted theoretically to frequency range from 0.2 to 500 MHz; the second was
(weakly) depend upon frequency. Equati@to) is frequently  mainly focused on the lower part of this range @£

used in the evaluation of experimental data. It will be dis-<1.7 MHz). In addition to the latter measurements, some
cussed in detail below. Considering E¢$—(8) and using a data have been taken &t 4.5x 10~ and f>100 MHz in
more recent form of the scaling function yields an empiricalorder to determine thB value[Eq. (8)] of the mixture. The

attenuation functiofl] low-frequency data from the second run are displayed in

. . Table I. For two temperatures apart from the critical one, a
ay(@, T) ay(w,Te) =Frg((1), (1D plot of the complete attenuation spectra, in the foraaét2
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TABLE |. Attenuation coefficient pef? as a function of frequency as measured with a plano-concave resonator cell between 0.24 and
1.7 MHz displayed for an ethanol/dodecane mixture of critical composition at eight reduced tempdratures

f alf? f alf? f alf? f alf?
(MHz) (1075 &/m) (MHz) (1075 &/m) (MHz) (1075 &/m) (MHz) (10715 &/m)
t=4.5x10"* t=1.29x 10 ?
0.24232 1487 0.78729 476 0.30654 591 0.7778 324
0.31031 1106 0.82112 460 0.34018 560 0.8113 315
0.34436 1002 0.85478 445 0.37385 521 0.8446 309
0.37844 918 1.37200 299 0.40753 495 1.3218 225
0.41253 848 1.40610 291 0.44122 472 1.3555 225
0.44663 789 1.44020 286 0.47492 452 1.3891 222
0.48074 739 1.47430 281 0.50861 431 1.4228 217
0.51485 693 1.50840 275 0.67706 341 1.4565 215
0.65128 528 1.54250 271 0.71070 345 1.5239 209
0.68534 544 1.57660 266 0.74429 332 1.5913 204
0.71937 509 1.61070 261
0.75336 494 1.67890 253
t=3.43x10°3 0.7851 440 t=2.28x107?
0.3094 963 0.8189 425 0.30366 399 0.8037 254
0.3434 876 1.2666 298 0.33698 377 0.8368 250
0.3774 811 1.3344 287 0.37033 371 1.3094 194
0.4114 753 1.3683 283 0.40369 354 1.3427 193
0.4454 707 1.4363 272 0.43707 344 1.3760 193
0.4794 667 1.4703 267 0.47045 333 1.4094 190
0.5134 626 1.5044 263 0.50383 322 1.4427 188
0.6495 492 1.5384 257 0.53721 311 1.4761 185
0.6834 494 1.5724 255 0.70402 276 1.5095 184
0.7174 468 1.6064 249 0.73732 262 1.5429 181
0.7513 454 1.6404 243 0.77057 259 1.5763 181
1.6096 178
t=6.79< 103 0.7489 412 t=2.93x10°? 0.8643 207
0.3084 813 0.7827 400 0.3017 304 1.3012 165
0.3423 748 0.8163 387 0.3348 292 1.3343 171
0.3762 697 0.8498 376 0.3680 285 1.3674 169
0.4101 654 1.3979 260 0.4011 279 1.4005 168
0.4440 617 1.4318 256 0.4343 273 1.4337 166
0.4779 583 1.4657 251 0.4675 265 1.4669 164
0.5118 553 1.4996 248 0.5006 261 1.5000 163
0.6474 431 1.5335 245 0.5338 252 1.5332 161
0.6813 433 1.5674 241 0.6996 224 1.5664 159
0.7151 422 1.6691 229 0.7327 219 1.5996 159
0.7657 218 1.6327 156
0.7987 213 1.6658 156
0.8316 210 1.6989 151
t=9.94x10"3 t=3.91x10°? 0.8239 168
0.30752 691 0.8138 353 0.29891 209 0.8563 166
0.34127 641 0.8472 344 0.33171 205 1.3546 142
0.37504 605 1.3260 252 0.36454 207 1.3874 141
0.40883 569 1.3598 248 0.39739 203 1.4202 139
0.44263 540 1.3935 244 0.43024 202 1.4531 138
0.47643 515 1.4611 236 0.46310 197 1.4859 137
0.51024 491 1.4949 232 0.49596 196 1.5188 136
0.64547 391 1.5288 229 0.52882 191 1.5517 135
0.67922 384 1.5626 226 0.69308 175 1.5845 135
0.71295 382 1.5964 223 0.72587 172 1.6174 132
0.74665 372 1.6301 220 0.75862 173 1.6502 132

0.78030 363 1.6976 218 0.79131 169 1.6830 131
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FIG. 1. Ultrasonic attenuation spectra at several reduced tem- FIG. 2. The attenuation coefficient of the ethanefbdecane
peratureg for the ethanoti-dodecane mixture of critical composi- mixture of critical composition at=1.36x 102 in the formata/f?
tion. plotted as a function of ~1%,

versusf, is given in the inset of Fig. 1. The spectra differ 4¢ the line yieldsS=7.24x 10" £%%m. From the intercept
from each other predominantly at low frequencies. For this; foliows that B=64x 1015 </m.

reason a series of spectra at several temperatures of measureyyhen analyzing the measured ultrasonic attenuation data
ment is displayed for the lower-frequency rangé ( in terms of the dynamic scaling theofy], difficulties arose
<2 MH2) in the principal part of that figure. In conformity from the indefiniteness of the temperature interval in which
W!th the thepreUcaI predictions, the data tend to increasgne theoretical predictions might apply. On the one hand, Eq.
with decreasing frequency and reduced temperature. (10) has been derived for temperatures clos& tmnly and

Each run of measurements was started at a temper&turee o not know the range dfvalues up to which the appli-
well above the critical one in order to approathby small  capility of the theory can be extended. On the other hand, in
steps afterwards. The critical temperature of the samplgrqer to reach a high accuracy in the temperature dependence
within a cell has been carefully determined by monitoring atyf the sonic attenuation spectra, measurements have been
every frequency of measurement the sound velaciof the  conducted over a broad range tofalues. For such broat
liquid mixture. Distinct changes in occurred at the onset of anges, it will be necessary to introduce crossover correc-
phase separation. We were thus able to determine the criticghns to clearly reveal the underlying universal scaling char-
temperature of the ethanol/dodecane mixture under examin@eteristics. Recently, Bhattacharjee and Ferrell presented a
tion to within 30 mK. TheseT, measurements have been simple correction proceduf@6] that will be applied in the

verified by visual observations of the appearance of the meg|iowing discussion of the ultrasonic attenuation spectra.
niscus. This procedure is based on the use of an effective reduced

A value T.=15.55°C has been observed in the secon = 4 = . . )
run of sound attenuation measurements. It differs by 2 emperaturet = (T~ T)/Te, which according to the equa

from the critical temperature determined by the aforemen—Ion
tioned cloud point observations and light-scattering measure-
ments in which freshly prepared samples were used. This
discrepancy is taken to be due to water uptake of the sample
liquids as the ultrasonic measuring cells were not hermeti'—selr;!g;e?ag;:‘[ifd?C/Ed ;]elrlgpeg?fe]tgefaoig?ég cor-
cally sealed. We studied the effect of small amounts of watef Bx/qe : P B=1. K

¢~ 1_ #—1;0.63 H it e
in the critical temperature of the ethanol/dodecane mixture of’g =& % and gc IS thle .CmraCte.gS::C noncritical
critical composition independently, using optical methodsCrOSSover wave number. Rayleigh linewidth measurements

[23]. On addition of 0.02% w/w of water, we four, to ﬁeld £0=3.4 A for the eth@ol/dode(c)ganeﬁls%.sggem e
increase by 3.5 K. Neaf;, however, the characteristic an- =13.55°C is used. He_ncec—2.94><1 m _t ) The_
gular frequencyoo=2D0/§§ of concentration fluctuations in value forg. has been derived from dynamic light-scattering

the mixture with water added had the same value as in thgata [23] yielding the relaxation ratey(q,«) that may be

pure sample. We conclude that small amounts of water dgxpressed as

not significantly change the kinetics of concentration fluctua- 5 5

tions in the binary mixture at constant 7(0,k)=0"D(q,6)=q"Dor (1+1/qc), (19
Let us start our inspection of the dynamic scaling theory

; —(n21 2\12
with an examination of the frequency dependence of théNhere q is the wave vector,r=(q"+ %" and Do

critical sound attenuation. Figure 2 shows a plot of:kBT/(Gwn) [26]. Fitting the ¥(q,«) data from the mea-

; : — -1
a(w,T)/f? as a function off 1% The data can be well surements to relatiofi5) yields g, =1.38x 16° m™* and the

represented by a straight line as following from EgQ) if ! vglues given in Table Il. As expected intuitively, close to
the frequency dependence $can be neglected. The slope T,t~t holds whereas noticeable crossover corrections

T=t[1+B(x/qc)]"? (14)



546

TABLE Il. Reduced temperaturdsand effective value$ used
in crossover corrections, as well as the sound veloacitand
frequency-independent background attenua®mf the ethanol/
dodecane mixture of critical composition.
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where “crit” indicates the derivative along the critical line
and a,, is the singular part of the thermal expansion coeffi-
cienta,=p[ 5p~ '/ 8T],, given by the relation

= ap=apd™ “+app. (20
t t u B
10-3 10-3 m/s 10755 &/m In Eq. (20), ap;, denotes thénoncritica) background part of
a,. Because of the weak singular behavior of the thermal
0.45 0.454 1244.77 64 expansion coefficient, however, it is impossible to accurately
3.43 3.55 1241.41 63 determine both partsy,. anda,y,, from density data. Alter-
6.79 7.15 1237.45 62 natively, we derivedv;, of the mixture from a linear inter-
9.94 10.6 1233.67 61.5 polation of the values of the constituents. Usimg=1.096
12.9 13.9 1229.67 61 X102 K~ and 9.74 10 * K~ for ethanol and dodecane
22.8 25.3 1218.04 59 at 25°C[21], respectively,a,,=1.06x10 3 K~ ! is ob-
29.3 33.0 1210.37 58 tained for the critical mixture. Using recent density data from
39.1 45.0 1198.97 57 the literaturg 16], «, has been calculated at various tempera-

emerge at larget values. In the following analysis of the

ultrasonic attenuation spectra, the effective reduced temperaesults

ture values will be used.

tures. From these data, along with the above valuexfgy,
apc=2.2<10°K~! follows. Using these data,
(dT./dP) =107 K/Pa[Eq. (19)] andg= —0.13[Eq. (9)]
[ap=1.11x10 * K 1,C,=2527 Jkg ' K 1, p,
=764.2 kgm 3,(T—T,)=0.1 K]. The coupling constarg

For a more definite comparison of the FB theory with thecan be either positive or negative, depending on the response
measured ultrasonic data, it is necessary to calculate the paf the sample to a fast pressure change. The neggtioe

rametersS and g [Egs. (9) and (10)] from thermodynamic

the mixture with the upper critical solution point means that

data of independent experiments. Since suitable calorimetrig decrease in the pressure leads to spinodal decomposition of
and light-scattering data are not available for the ethanolthe binary liquid. Utilizing a falling ball viscosimeter, we
dodecane system, we used the following well-known rou-have measured the shear viscosjX. ,t) of the mixture of
tines[14] to obtain the required parameters. Within the tem-critical composition as a function of temperature and we fit-
perature range 0.1KT—-T.<10 K, the background part ted the data to the relation

C, of the heat capacity of the binary mixture, with an error
of less than 5%, can be approximated assuming an ideal

= ot 00378 (21)

mixing behavior,
Co=XCi+(1-X)C,, (16)

where X is the mole fraction of ethanol and; andC, are

the heat capacit}21,22 of ethanol and of dodecane, respec-

in order to find the value of the parametep. At 0=t
<1.5X10 2, the viscosity parameterp,=(1.25+0.01)
x10 % Pas follows. Along with the result for&,
(=3.4 A), the value fory, allows the characteristic angular
frequencywg in Eq. (8) to be calculated, using E¢7) in the

tively. The amplitudeAC in the singular part of the heat form o,=ksT/3m7es3. We found wy=8.6x10° s 1,
capacity can be derived from the two-scale factor universalypich is indeed a reasonable value,/(2m)=1.4 GHZ. In

ity [14]

&ol aopcACIkg]H3=0.27, 17
which relatesAC to the correlation length parametés of
local concentration fluctuations and to the densgityof the
critical mixture atT.. In Eq.(17), «q is the critical exponent

of the specific heat at constant pressure. In the homogeneogﬁ

phase, the temperature dependence of the density, T) of
the ethanol/dodecane mixture of critical composition is give
by the linear relatiorj 16]

p=0.7768 gcm3-8.09x10 “gcm 3K !

X (T—273.14 K). (19
With these assumptionsC,=2330Jkg3K ! and AC
=82 J kg 3K follows for the system under consideration.

The pressure dependenceTgf can be considered by the
differential quotien{20]

( dTC) ~ Teape
crit

dP| " pAcC (19

the following, this wg value will be compared to the one
which, according to Eqg11)—(13), can be derived from the
broadband ultrasonic attenuation spectra.

Let us now focus on a comparison of the measured spec-
tra with the predictions from the dynamic scaling theory. For
this purpose it is useful to first determine, for every fre-
encyf in a relevant frequency range, the corresponding
aracteristic reduced temperatty¢6,14] in the expression
for the dimensionless quantif),,, in Egs.(2) and(8). It is

"known from the literaturg1,6] thatt; can be well approxi-

mated by thet value at which, for a giverf, a° adopts
one-half its value al.. The values of; for each measuring
frequency of this study have been obtained in the following
way.

If, for appropriate crossover correctionjs used instead
of t, Egs. (11) and (12) predict the plot of[ @, (w,T)]~ 2
versust®%*to define a straight line for each frequenfcyf
measurement. Due to the resonator method used in this
study, thef values slightly vary with temperatur@able ).
We therefore interpolated the measuredersusf relation
at every temperature of measurement to be able to consider
the attenuation data at mean frequency valigésse to the
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FIG. 3. Plot of @)~ Y2 vs1%%*for the ethanol/dodecane data  FIG. 4. The half-attenuation frequen€y, , [Eq. (3)] as a func-
at three frequencies of measurements. Hefe @A —Buf, where  tion of measuring frequendyfor the ethanol/dodecane mixtufell
a\ denotes the measured total attenuation per wavelengtBafd squaresas well as for the system trimethylpentane/nitroethrie
the background contribution. angles[6]) and nitrobenzene/hexareircles|[24], diamondg25]).
The literature data given in this plot have not been corrected for

. . crossover effects.
measuring frequengyhere. For three frequencies the depen-

dence of thex, (w,T) data upon the effective reduced tem-
perature is shown in Fig. 3. The, (w,T) values have been
derived from the measured\ by simply subtracting the

ground part Buf as found by measurements &t
>100 MHz. TheB values are given in Table Il. We now
background contributiorBuf=(a/f2); .uf, using a/f2 fitted, at the same time, all experimental excess attenuation

values as measured &t100 MHz. Fitting thesex, (w,T) spectraa —Buf to Eq. (11). Relation(7) was us_ed to cal-
data to the analytical expressiofisgs.(11) and(12)] yields culate the reduced angula_r frequer&@_yas a function of re-
o%(0,T)=4.2x10 4423104, and 4.010°* at 0.3, duced temperaturg. In this evaluation of spectvg, was
0.5, and 1.6 MHz, respectively. For these three frequencie reated as an adjustable parameter. We fous-4.4

) -1 . . .
almost constanty —Buf=4.0x 10~ 4. Hence in the critical P 9 9 9

contribution to the attenuation coefficient, the difference be-[23]' We suppose the discrepancy between the wo differ-

tween the values predicted by E¢#1) and(12) using cross- ently determined values to be predominantly due to the weak

. dependence of the scaling function upon the reduced fre-
over corrections and the values measured closé tdoes . - ® s ! as derived he ul
not exceed 5%. quency. Usingwy=4.4X10° s~ as derived from the ultra-

sonic spectra and assumiagC and C, to only weakly de-

For eight frequencies of measurement, the half end ont;, the amount of the coupling constagtcan be
attenuation values; have also been obtained from the fit of P fo ping '

2 —1.06 H
the experimentad, (w,T) data to the theoretically predicted (Iéalcuzla;e\d frodr_n thte sIIEong)of the a/f*-versust plot in
dependence of the attenuation per wavelength upodti- '9. 2. According 1o =q1S),
lizing theset values and using,=8.6x10° s %, the half- oT C2 5 5112
attenuation frequencQ) 1, [Eq. (3)] has been calculated for lg|=|'s €0 ( ™ ) (22)
the eight runs. The resulting 1, values are shown in Fig. 4, w2 SUAC | wofdyy

where 4, data from previous results for the systems
3-methylpentane/nitroethanf6] and nitrobenzene/hexane with S=6.92x10 7 L% m™1, u=1244.77 ms!, AC
[24,25 are also presented. There seems to exist an overa#82 Jkg 1K™ 1,C,=2320 Jkg*K™?1, andQ,,=1.2;|g|
tendency of the),,, values to increase with Notice, how- =0.10+0.03 follows, in fairly good agreement witfg|
ever, that we do not know the noncritical crossover wave=0.13 as derived from Eq9). This agreement in thég|
numbersq. [Eq. (15)] for the literature spectra. Therefore, values determined from the ultrasonic spectra on the one
no crossover corrections have been applied to théand and from thermodynamic data on the other hand may
3-methylpentane/nitroethane and the nitrobenzene/hexare taken to indicate the consistency of the theoretical con-
data. Such corrections could change fhg, values at high ception underlying the evaluation of the ultrasonic attenua-
frequencies {>1 MHz) noticeably. Nonconstancy of the tion data of the mixture of critical composition. We just
half-attenuation frequency values in Fig. 4 should thus not bériefly mention that, to our knowledgkg| =0.1 is the small-
overemphasized. est value reported for the adiabatic coupling constant. This
For an inspection of the FB scaling function, let us nowsmall value correlates with the small critical contribution to
consider the frequency dependence in our ultrasonic attentike acoustic attenuation spectrum of the ethanol/dodecane
ation data(Fig. 1). In order to find the contribution, (v, T) system.
that is due to concentration fluctuations, we again subtracted In Fig. 5, plots ofa®(T)/a®(T.)=(a—Bf?)/a®(T,.) ver-
from the measured attenuation per wavelength the backsus () are shown. Also given is the graph of the scaling



548 S. Z. MIRZAEV, T. TELGMANN, AND U. KAATZE PRE 61

2.0 T
12F T T T r .
1.5
1.0F
0.85
. 075
o> 065 .
>~ 0.55 1
=] ~—
3 045 3
£ o3s ~
3 0.30 &
0.25 <}
0.20
0.15
0.10 £, ‘ . ‘ ‘ . ‘ e #
0.01 01 051 510 100 1000  10* 10° 0.0 EE=T1) L L L . L
Q 001 01 1 510 100 1000 10* 10

Q
FIG. 5. Normalized attenuation coefficient per wavelength ex-
cluding the background contribution®(T)/a®(T.), bilogarithmi-
cally displayed as function of reduced frequeriey The curve is
the graph of the empirical scaling functiéitg defined by Eq(12).
Experimental data have been taken for frequencies up to 1.7 MH
The error in the experimental data is in the order of the symbols.
tion, suitable crossover corrections have to be applied. For
function defined by Eq(12). At high frequencies and apart these corrections we performed dynamic light-scattering
from the critical temperature, the background attenuatiommeasurements allowing us to calculate the effective reduced
dominates the critical one. Therefore, the high-frequency extemperatures of the acoustical attenuation spectra as recently
cess absorption data are subject to somewhat elevated errgfiggnosed by Ferrell and Bhattacharf@é]. For smallQ) val-
and are omitted from the diagram. But those data have be€fes F_,(0) systematically exceeds the measured data and
particularly used to determine the background contribution tqgy 10< () <500 theF g5 function is somewhat smaller. Par-
the spectra. A log/log plot is given in order to accentuate thgjcylarly in this latter reduced frequency range, the recent
data at small). Our excess absorption datafat1.7 MHz ~ polk-Moser scaling functiorF gy, fits the experimental data
display a good agreement with the empirical scaling functionetter.
Frs(Q2) by Ferrell and Bhattacharj¢&q. (12)], but at small The amount of the adiabatic coupling constant derived
Q) the measured data are somewhat smaller than predicted yym the sonic spectra agrees with the value which, on the
Fre(Q2). The slope of the data at smdll is equal to one  pasis of the two-scale factor universality hypothesis, has
WhiCh, within the framework of the Ferre”'BhattaCharjee been calculated from thermodynamic data. This result sup-
model, is expected only in the extreme limit of vanishing ports the idea of universality in the critical dynamics of bi-
reduced frequency. This apparent anomaly corresponds Wit,lr,hry liquids with a miscibility gap.
the upwards curvature of the 0.3 MHz data in Fig. 3. These The half-attenuation frequendy,, for our system adopts
findings might reflect a frequency.dependence in. the critical;a|yes between 1 and 1.4, at variance with, derived from
amplitude A(t) at small frequencies, as theoretically pre- itrasonic attenuation data of the literature. As the latter have
dicted by Tanaka and Wad4]. In recent years, however, not been corrected for crossover effects, no clear-cut conclu-
theoretical improvements have been achieved by various awjon can be given on the numerical relationship between the
thors[27-32. Rather interesting, #2 <1 the recent nonas- order-parameter relaxation rate and the imposed sound fre-
ymptotic scaling function suggested by the Folk-Moserqyuency, which has been suggested to also display universal-
renormalization-group theory predicte’(T)/a®(T.) values ity [26].
smaller than those found in our measureméfig. 6). At In conformity with the theoretical predictions by Tanaka
larger distance from criticality (30(1<500), the Folk- and wada, our low-frequency datgig. 3 may be taken to
Moser scaling functioifr appears to be superior to thgg  point at a small frequency dependence in the critical ampli-
function. tude. This suggestion still has to be verified by measure-
ments at even lower frequencies. For such measurements,
V. CONCLUSIONS however, the ethanol/dodecane system is less appropriate,

) due to its small critical contribution to the sonic attenuation
It has been shown that low-frequency ultrasonic attenuagpecira,

tion spectra, at various reduced temperaturbstween 4.5
x10™* and 3.9< 10 2 measured for the ethanol/dodecane
mixture of critical composition, in the dominating part of the
reduced frequency) can be largely represented by the
Ferrell-Bhattacharjee empirical scaling functibpg({2) [1]. We thank Professor P. K. Khabibullaev for sending us his
To obtain agreement between the experimental data and tlexperimental data and Professor R.A. Ferrell for helpful dis-
theoretical predictions, it is necessary to carefully subtractussions. Financial assistance by the DAABonn, FRG

the background contribution, as measured at frequencieand the Volkswagen-StiftungHannover, FRGis gratefully
above 100 MHz, from the total attenuation spectra. In addiacknowledged.

FIG. 6. Lin/log plot of the data from Fig. 5. The full curve again
represents th& g function. The dashed curve is the graph of the
Folk-Moser scaling functioffry in the e expansion. The latter has
})een taken from Fig. 10 of Reff31].
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