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Critical fluctuations in a binary mixture of polyethylene glycol and polypropylene glycol studied
by ultrasonic and light scattering experiments
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The critical mixture of polypropylene glycdM =1000 g/mo) and polyethylene glycalM =400 g/mo) is
investigated by light scattering and ultrasonic experiments in the homogeneous one-phaséerqdaed
temperature and frequency range of the ultrasonic experiment aresOl't-R-<21.3 K and 0.4 MHzf=<30
MHz; T is the critical temperatujeThe composition of the critical mixture was determined by measuring the
volume ratios of the separated phases in the inhomogeneous two-phase(ceiggoion of equal volumes
The ultrasonic measurements are interpreted by a dynamic scaling theory for low molecular weight binary
critical mixtures of Bhattacharjee and Ferrell. The characteristic time scale of the dynamics of the critical
concentration fluctuations is described by the frequengy: 2D/£2 (D is the mutual diffusion coefficient and
£the correlation length which can also be expressed by = wge® [e=(T—Tc)/T¢ is the reduced tempera-
ture; wy is the critical amplitude andv is the critical exponerit The experimental values atg=22.2 MHz
from light scattering experiments ang=30 MHz from ultrasonic datéwithin the frame of the Bhattacharjee-
Ferrell theory. The low mutual diffusion coefficient of the mixtu(EzDoe*V*, v* is the critical exponent;

D, is the critical amplitude, with the experimental value from dynamic light scatt@igg4.0x10 8 cn? s7%)
allows us to study the high frequency behavior of critical ultrasound attenuation in the rarge<im’
(Q=wlwc is the reduced frequency is the angular frequency of the measuremeiihe data follow the
dynamical scaling theory wel[S1063-651X97)03703-3

PACS numbds): 36.20—r

[. INTRODUCTION served critical excess ultrasound attenuation is mainly attrib-
uted to the pressure dependence of the critical temperature of

The study of ultrasonic absorption and dispersion is arflemixing is the mixture 2-butoxyethanol/waf@xperimen-
important tool for investigating the dynamics of relaxation tal values:dTc/dP=43 mK/bar, ¢T/JP)s=6 mK/bar[14]].
processes in condensed maftb]r_‘ In this way, the ultrasonic The t|me scale Of_the decay of critical Concezntra_tion fluc-
behavior of critical fluids attracted considerable attentiontuations is characterized by a frequenay=2D/¢° (£ is the
both experimentally and theoreticalll—13. The experi- correlation Ie_ngth of cnucgl_concentratmn fluct.uatloﬁ.‘s,ls
mental data are explained by the coupling of the sound wavE'e mutual diffusion coefficient Two aspects will be inter--
with critical order parameter fluctuations. In a binary mixture €StNY with respect to t_he polymeric mixture investigated in
the following mechanism of ultrasound attenuation is widelythls work. (i) Polymeric compounds attenuate the sound

. . . wave by Rouse-Zimm-like modd$or references sefl5)).
accepted: Becaus_e of alternate adiabatic compression and e timye scale of these procees(ses overlaps witr[fltr]\)e time
pansion of the fluid th€local) temperature and the pressure

" : scale of critical fluctuationgii) Because of the low mutual
dependent critical temperature will change. Due to th i)

) : ) iffusion coefficients of polymeric mixturesl6—18 these
lagged response of the concentration fluctuatighsurier systems seem to be a good candidate to study the high fre-

pomponent)senergy is dissipated. .Bhattacharjec_a and '_:e”elhuency behaviofw™>wc, w is the angular frequency of the
introduced a coupling constagf which reflects this physical measuremeptof critical ultrasound attenuation. The ultra-

picture[9,13]: sound behavior in the high frequency regime was discussed
in the past by theoris{d 3]. In this regime the theories seem
g=pCp[dTc/dP—(dT/3P)s], (1) to be very sensitive to the incorporated mode coupling terms
. o [8].
wheredT¢/dP is the change of the critical temperature The time scale of the critical dynamics of binary mixtures

with the pressur@ along the critical lineS is the entropyp  is characterized experimentally by the critical amplitudg
is the density, anctp is the heat capacity of the critical of we (wc=woe?’, e=(T—Tc)/T¢ is the reduced tempera-
mixture at constant pressure. ture, wg is the critical amplitudezv is the critical exponent
The value ofg is often unknown because all of the ther- Experimental values af, for low molecular components are
modynamic quantities in Eq1) are seldom available. The found in the interval 1-50 GHE3].
importance of the first term in square brackef$c/dP, was In this paper we report experimental studies of the ultra-
not recognized in the early attempts to explain the experisonic attenuation in a critical binary polymeric mixture. The
mental findings. An example of a mixture where the ob-system is characterized in Sec. Ill A. Special interest lies in
the high frequency behavior of critical ultrasound attenuation
(Sec. I Q. The light scattering datéSec. Il B) are mainly
* Author to whom correspondence should be addressed. intended to obtain the critical amplitudes of the correlation
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length ¢ and the diffusion coefficienD to support the con- T
clusions drawn from the ultrasonic measurements.

Il. EXPERIMENT ,
A. Samples

T (°C)

The samples were commercial products by Mdi@&rm-
stad}. Their molecular weight distribution was characterized ;
by MALDI mass spectrometryfor polypropylene glycol,
My=1000 g/mol,M,=970 g/mol,M,/M ,=1.03; for poly-
ethylene glycol, M,=406 g/mol, M,=384 g/mol, 27 - Vo
Mu/M,=1.06. Before mixing by weight, the probes were i ‘I"t
dried for several days in vacuum at 50 °C. : L . : — - ' '

0 0.2 04 0.6 0.8 1

B. Light scattering e
Light scattering experiments were performed with a com- FiG. 1. Phase diagram of polyethylene glyctV,,=400
mercial photometefALV, Langen). The light source was a g/mol)—polypropylene glyco(M,=1000 g/mo). T is temperature.
He-Ne lase(Spectra-Physics, model 12Kith 35 mW laser  yppgis mass fraction of polypropylene glycol in the mixtuye,; is
power. The goniometer covers an angular range<®#d° the mass fraction of PPG of the critical composition.

<140°, where® is the scattering angle. The incident and . L i _
scattered laser beam were polarized perpendicular to tHef €gual volumes in the vicinity of its phase separation tem-
scattering planéVV geometry. The dynamic light scatter- Perature. From this, the mixture with mass fraction
ing experiments were performed with a correlator model/rrc=0.46 was selected. To this composition corresponds
ALV 5000/E. The temperature was controlled with an exter-th€ phase separation temperaflige=30.5 °C. We call it the

nal thermostat with accuracy0.05 K. Static and dynamic critical temperature.

light scattering experiments were carried out in the tempera- Inspection of the phase diagra(fig. 1) shows that in
ture interval 0.07 KKT—Tc<1.42 K (corresponding to contrast to binary mixtures the critical mixture does not co-

2.3x10 4<e<4.6x10°% ¢ is the reduced temperatyr@he  incide with the mixture that has the highest phase separation
temperature. This finding is explained by the polydispersity

transmitted light was measured with a photodiode. : :
of the oligomeric compound§20]. All measurements re-
C. Ultrasound ported in this study were performed with mixtures of com-
positionypp=0.46 (critical composition.
The ultrasonic absorption was measured by a resonator
method(frequency range: 0.4 MHzf<1.5 MHz and with B. Light scattering

the same resonator cell by a pulse transmission technique
(frequency range: 6 MHzf<30 MHz) similar to the
method described by Eggers and FurhtR]. The tempera- In the vicinity of the critical point of demixing, the scat-
ture was controlled with an external thermostat with accutered light intensity mainly results from fluctuations of the
racy 0.02 K. To avoid humidity the ultrasonic cell was held

in a dry box filled with silica gel. This seemed to be neces- 3 -
sary because the studied substances are hygroscopic. The

measurements were carried out in a temperature range 0.1 |
K<T-T:<21.3 K, whereT is the phase separation tem-
perature of the critical mixture. Because of this wide range of 0.50

temperature the cell alignment was checked carefully after YN 0.48
the measurement. <l Yy 0.46 |
>N

1. Static light scattering

. RESULTS
A. Phase diagram

Figure 1 shows the measured cloud point curve of the
polyethylene glycol (PEG—polypropylene glycol (PPG
mixture. The cloud points were determined by cooling the : - . . . :
mixture until it became turbidcooling rate 1 mK/min The 0 2 4 6 8 10
measured cloud points of mixtures with compositions T, T(K)

Yppc<0.3 (Yppgis the mass fraction of PPG in the mixture
are shown in Fig. 1 with a dotted line because no sharp cloud F|G. 2. Volume ratio of phase separated mixtures in the two-
point could be observed with the optical method. phase regionV,, is the volume of the upper phasg, is the volume

To determine the composition of the critical mixture we of the lower phaseT,, is the phase separation temperature. The
studied the volume ratios of the phase separated samplearious values given in the picture correspond to different mass
(Fig. 2). The critical mixture is characterized by the criterion fractions of PPG.
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concentration. This allows the determination of the structure . T - T T . T

function S(k) =(|c(k)|?) by measuring the scattered inten- I 1.42K
sity at different scattering anglek,is the absolute value of 5t /./././-/’/'XL T
the wave vector and(k) is the Fourier component of the [ 12K
concentration fluctuatiork is related to the scattering angle
by k= (47n/\)sin(®/2), n is the refractive index of the
mixture, and\ is the wavelength of incident light. The struc-

ture functionS(k) is related to the scattered light intensity
I (k) by (see[16])

(KN R T M’* 007K A
S(k) = (K)N"pN vV ) | M ‘

10% Ry (cm)
w
®

Irefnrzef477'2( Na— nB)ZM mon () ) . . . ) . . . b
. 0 2 4 6 8
where the index ref means reference sanipkre we used
tolueng; p is the mean densityl ., is the mean molecular 100 k2 (cm?)
mass of the monomer units & and B; n,, ng are the
refractive indices of componenss and B; and RS, is the FIG. 3. 1Ry as a function ok’ at different values of — T as
Rayleigh ratio of the reference sample. is indicated in the pictureRyy is the Rayleigh ratiok is the abso-

In Eq. (2) single scattering is assumed. This seems approite value of the wave vector.
priate in the explored temperature and scattering angle range,
because the two compounds have similar refractive indiceweight and polymeric binary mixtures confirm the validity of
(ngPG:1'450!ngEG: 1.467,T=20 °C). the 3D Ising behavior in a wide temperature region

It is convenient to describe the structure function by ~ [17,18,22-24 We get as a result of the fitting procedure

T-=23.33 °C, which coincides with the measurBg within
S(k)=AkgTx(T)g(ké), (3)  the experimental error limits. The critical amplitude is deter-
mined as&,=(0.60=0.00) nm. According to Sariban and
whereA is the temperature independent consté&gtjs the  Binder[25] the N dependence of, in the 3D Ising limit is
Boltzmann constanty(T) is the osmotic compressibility at given by &=N*"”, which was proven to be valid for a series
the temperatur@ (x=xoe 7, xo is the critical amplitudeyis  of different polymer blend§24]. The blend under study has
the critical exponent ¢ is the correlation length of the criti- a mean valuéN)=12.4, which follows with¢,=0.6 nm ex-
cal order parameter fluctuatiorig=¢&,e ™", & is the critical ~ actly the cited prediction. The value fd", the amplitude
amplitude,v is the critical exponentande=(T—T¢)/Tcis  for the susceptibility, scales, again according[&5], by
the reduced temperaturg(x) is the Ornstein-Zernicke scal- I'"«N?"?. The experiment give§ *=15, which is about a
ing function factor of 5 less than expected. We have no explanation as
yet.
The valueT -=23.33 °C differs considerably from the ex-
1+x2° (4) perimental findings from cloud point measurements shown in
Fig. 1(T-=30.5 °Q and that from ultrasonic measurements
Fisher proposed an improved scaling function(Tc=28.7 °Q. It should be noted here that the valuelgfis
g¢(x) = 1/(1+x%) =72 wherey s a critical exponentthe-  very sensitive to impurities, especially to water. In contrast
oretical valuen=0.037 [21]. In the explored temperature to the light scattering cell the ultrasonic resonator could not
range we find it convenient to use the Ornstein-Zernicke
form (4).

We shall add here a note concerning the definition of the
reduced temperature Usually, for polymeric mixtureg is
defined bye=(T—T¢)/T because the Flory-Huggins param-
eter xgy is related to the temperature < 1/T [16]. How- 107}k .
ever, we have estimated the Ginzburg number Gi on the’é‘ ! 1
basis of the crossover formalisf@3] to be G=0.07, which <=
meanse<<Gi for the explored temperature range and hence s I
different definitions ofe are inconsequential. ¢

Figure 3 shows a plot of the inverse of the Rayleigh ratio |
of the scattered light intensity as a functionldfat different
temperatures. The data fit the Ornstein-Zernicke form well.

g(x)=

The slopes of the R, vs k? curves are constant within the " L L
experimental error limit. From the Ornstein-Zernicke plot we 10104 107 102
get with the relation$2)—(4) ¢ as a function of the reduced £

temperatures (Fig. 4). The data are fitted to the exponential

law ¢=&ps ™" by setting the theoretical=0.63[three dimen- FIG. 4. Correlation length of critical concentration fluctuatigns

sional (3D) Ising valug as a fixed value. Theoretical and as a function of the reduced temperaturéThe solid line is given
experimental studieson more symmetric low molecular by &=(0.6x10"%)e 063
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be completely closed. Therefore, the differenced inmay [ ]
be explained by different water absorption from the air. It

was found in a separate experiment that addition of water led
to an increase of the phase transition temperatures without  4g91- :
considerable changes in the shape of the cloud point curves _—~

(2]
2. Dynamic light scattering NE
o
By measuring the autocorrelation functi@gk,t) of the ‘D’
scattered light intensity the decay of the order parameter can
be obtained:
S(k,t)=(c(k,t)c(—k,0)). (5
-10 " N | N
It is described by a single exponential 1426] 10504 107 102
£
S(k,t)=S(k)exd —T'(k)t]. (6)

o FIG. 5. Mutual diffusion coefficienD as a function of the re-
The decay raté’ is given by duced temperature e. The solid line is given by
D =(4.0x10 8684 with T,=23.33 °C.

I'(k)=DKk?, ()
L wherea andb are constants.
=T (8) To describe the experimental data we will use the rela-
x(K) tions (7)—(14) in the following form:

In this expressiory(k) is the wave vector dependent osmotic

compressibility and. a mobility (Onsager coefficient In Dy=DQ(ké), (15
modern theory, the decay of concentration fluctuations

couples to the transverse local momentum fluctuations. This D=Dge v (16)

yields a wave vector dependent mobilityk). The measured

decay rate contains, besides the critical part, a noncriticajity v* =p(1+x,) the critical exponent.

background. This situation is commonly described by a split- /e assumtS(;(]): 1, which is an appropriate approxima-
ting of L into a background terrhg, which is assumed as a tjon in the measured range &2<3, x=ké. Further, we
constant, and the critical terine, L=Lg+Lc [27,28. This neglect the background diffusion term, which has been
gives the following relations for the measured diffusion €o-ghown to be small in most systems not too far away from the
efficient Dy, [defined by Eq(7)]: critical solution temperature or not too close at the critical
o) solution temperaturgl6,31]. A proper discussion of it in the

Dw=Deg+Dc, explored system would make it necessary to measure the
_ shear viscosity of the mixtuf@7,32. We have no such data.
De=La/x(k), 3 The diffusion coefficienD was determined by extrapola-
De=Lc(K)/x(K). (op) tion of [T/k?] to zero wave vector in the limit
ké<1l: D=lim(k—0)[I'/k?], see Eq.(13). Then Fig. 5 is
D. is given by the theory as follow®29—-31: obtained. The solid line in Fig. 5 was obtaineg by a fit to the
data according to the exponential [&w=Dye ™" by setting
kgT the critical exponent to the fixed value*=0.664
Dc=R 67 né Q(kg). (10 [v*=v(1+x,), x,=0.054 is the theoretical value from a
mode coupling approach[33]]. From the fit using
The shear viscosityy can be expressed §@2] T-=23.33°C obtained from static light scatteringee
above we getD,=(4.0+0.1)10 8 cn?s 1.
7=18(Q0é)"7, (11) In Fig. 6 the scaling property of the data points is dem-

onstrated. The solid line is calculated with relatids3).

It should be noted that the data points are not good
enough to decide i¥=0.63 andv*=0.664 are the proper
exponents to describe the static and dynamic light scattering
data. Alternatively, we can ask if the Kawasaki scaling is

_ X appropriate. It is known that multicomponent systems can

009 =LK (12 show so-called renormalized exponents which differ from

_ 2 2 (¢3_y-1 the values for binary mixtures, see, e[g4]. We hope to

0 =(EAA L (=xDaretanx], (13 clarify this point in a later study by supporting the experi-
where O, is the Kawasaki functionQ,(x)=1+&x? for =~ mental equipment with a better temperature control. Because
x<1, and the light scattering data are mainly intended to support the
ultrasonic experiment, we think that the results of this sec-

S(x)=a(1+b?x?)12, (14)  tion are satisfactory.

where 75 is the background viscositf, is the microscopic
cutoff wave numberx, is the critical exponent, anR is a
universal dynamic amplitude ratio.

The scaling functio)(x) is given by Burstyret al.[31]:
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FIG. 6. Qg as a function ofké. Qexpt=1“/(DK2), I is the FIG. 8. a/f? as a function of the frequenc®, measuredy/f2
measured linewidthD = Dog"’*, Dy=4.0x10"% cn?s™t. The  from the mixture;d, linear background\, reciprocal background.
solid line is calculated with the Kawasaki scaling functids). T=28.9 °C.

We are now able to calculate the amplitude of the charcomponents and the critical mixture at two different tem-
acteristic frequency of the order parameter deca)peratures. The attenuation of the lower molecular PEG com-

wo=2Dy/&3. With £=0.6 nm andD,=4.0x10 8 cnés’?  ponent behaves like a classicgl fluid in the frequenqy range
we getwy=22.2 MHz. considered, the PPG absorption shows a Rouse-Zimm-like
behavior. The mixture shows an excess attenuation, which
behaves significantly differently. The excess attenuation is
C. Ultrasound only weakly temperature dependent.
1. Experimental findings To get further physical insight into the mixture behavior
) ) ) ) we must separate the effect of the mixtgnee will interpret
In a classical fluid a propagating sound wave is attenuatef o5 5 critical ultrasound contributipfrom the background

by the mechanism of viscous damping a”ﬂ thermal conduGsgfect of the pure components. Because no theoretical way to
IIOI’I.2 The attenuation coefficient [(length ] behaves as getermine the background contribution exists we tried two
axf?, wheref is the frequencyKirchhoff-Stokes law, see, rqcedures for background estimation. The basic assumption
e.g.,[35]). In a polymeric system other processes contributgs 4y additive contribution of the mixture and the background
tq the observed uItrasou_nd a_tttenuatmn. An |mp_ortant mech3y the observedy/f?, a/fzz(a/fz)mix+(a/f2)b (the indices
nism of sound attenuation in these systems is thezgslayer‘illix andb stand for mixture and background, respectiyely
response of Rouse-Z|rnm?I|ke modes, which yietesf The background terms are built as follows: Arithmetical
[n=—3 (Rousg; n=—3 (Zimm)] (for references see, €.9., mean background o/ f2)b= ¢(a/ £2) ppet (1— $) (el F2)pee
[15]). Figure 7 shows measured attenuatigh’ of the pure or reciprocal mean backgrounda/(fg) S1= p(alf?) pis
+1(— ¢)(alf?)ps, whereg is the volume fraction of PPG in
the mixture. The reciprocal construction was motivated by
shear viscosity data in a polymeric mixtur#6]. Figure 8
shows experimental data of a mixture in the vicinity of the
phase separation temperature together with the two back-
ground constructions. In the subsequent sections we will use

:E 1} only the reciprocal background because mixture data points
L corrected with it will give slightly better fittings to theoreti-
“-: 0 cal models of critical ultrasound attenuation. It should be
3 4 noted that this difference is not significant, though.
S sl 30°C
~ 2. Critical ultrasound absorption
7 e - ] In the following, we will characterize the ultrasonic mea-

surements by critical ultrasound theories for low molecular

ofom © ° 0000 weight binary liquid mixtures. This is mainly motivated by
%3 1 10 30 the light scattering results, which show the presence of criti-
f (MHz) cal concentration fluctuations. The light scattering data can

properly be described by common laws of static and dynamic
FIG. 7. a/f? as a function of the frequendyat the temperatures ~ Critical phenomena well established for binary liquid mix-
T=50 °C andT=30 °C.®, experimental data from the mixture, tures.
experimental data from pure PEGI, experimental data from pure Critical ultrasound attenuation is founded in the lagged
PPG. response of the critical concentration fluctuations to the pres-
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sure induced temperature variatiod3-/dP (pressure de- 4— - T , - y \
pendence of the critical temperature along the critical)line
and (0T/dP)¢ (adiabatic temperature riseBoth effects are
incorporated in the coupling constarg defined by
g=pcp[dTc/dP—(dT/dP)4], see Eq(1l). To gain some in-
sight into the physical mechanism of critical ultrasound at-
tenuation of the PEG-PPG blend, we measured the tempera-
ture coefficientd To/d P of the critical mixture polyethylene
glycol (M,,=600 g/moj—polypropylene glycolM,=1000
g/mol). The measurement gave the following result: t t + t + : +
dTc/dP=—4%=2 mK/bar. We plan to present a full discus-
sion of this experiment in a later wofld7]. Experimental
values of the adiabatic temperature risg€T{dP)g of the
critical mixture are not available. With the thermodynamic
relation @T/dP)s=Tap xJ/(pcCp.xc) (ap xc iS the thermal
expansion coefficient of the critical mixturgg is the density
of the critical mixture,cp . is heat capacity, and@ is tem-
peraturg and the valuep.=1.09 g cm ® (mean value of the
densities of the pure samples &t=302 K), cp y.=0.49 . 1087
calg 'K ™! (cp of PEG 750 at 306.6 K taken frof88]), 10° If (H2)
ap xc=0.71x10 3*K™* (mean value of the thermal expan-
sion coefficient of the pure samples &=302 K), and
T=302 K we get as a crude estimat#l{JP)5=9.6 mK/bar.
With these values the coupling constantis estimated by
g=-0.30.

Theoretical stu_dles of critical ultrasound behavior arerepresented by the experimental data. From a linear fit to the
based on calculations of the frequency dependent comple

bulk viscosity[7,8,10 or the frequency dependent complex a(iti Iénu F'i\'*ib% gvé fg—tsfrsgrlr.]osgh?,vﬁ?rgf tgetr\llgltirg
specific heaf9,11,13. ¢ ) ’ ¢

" . ...sound velocity at the critical temperatufie-=1509.4 m/s.
To be specific, we will compare the measurements W'II‘(XVe will need it in the following. In contrast to E17) the

Ir:esuItIT gf thﬁ_dr)]/namic scaling the?r?/bodehatt%(_:harjee aN%yperimental background is frequency dependent. The as-
errell [9], which was very successful by describing eXpe”'sumption that the critical and the background attenuation

mental Qata of low molgcglar weight components, eSpe.C'all%ontribute additively to the observed attenuation seems ap-
in the high frequency limif2,3]. In this limit the dynamic propriate

renormalization group study of Kroll and Ruhland gives To describe the critical ultrasound behavior in the whole

similar resultg10]. f .
. . requency and temperature range, Bhattacharjee and Ferrell
A dynamic scaling argument for the complex heat capac- d y P 9 J

ity leads t i mole functional d q fthe att i ive a parameter free relation for the reduced quantity
"y 2ea s to asimple functional dependence of the attenua Ioﬁa)\/a)\ ¢) (e, is the contribution to the attenuation coefficient
af/f< from frequency at the critical solution point ’

per wavelength from critical order parameter fluctuations at a
given temperature and, ¢ is the contribution to the attenu-
(alf?) =Kf [trel@]y B, (17)  ation coefficient per wavelength from critical order param-
eter fluctuations at the critical temperature

102 o /f2(s2m™Y

102 (o /13, (s?m™

0 2 4 6 8 10 12

FIG. 9. (a) o/f? as a function off %" @, experimental data
from the mixture; O, reciprocal background aff?)g. (b)
(alf?)y as a function of “1957 (a/f?) ,=(alf?) — (a/f?)g. alf?
is the observed attenuation of the mixturd.=28.9 °C.

wherea=0.11 is the critical exponent of the specific heat of aylay =G(Q), (18)

the critical mixture at constant pressures0.63 is the criti- whereOQ=wlo- is the reduced frequenc

cal exponent of the correlation lengéhz=3(1+x,), where The autcru;urg ive an a roxingted re);(:ition for the scalin

x,=0.054 is the critical exponent of the shear viscosity Ob_function G(O) 9 PP 9

tained from a mode coupling approadBl], and a/zv '

=0.057.B is a phenomenologically added background term, _ 1/27-2

not further specifiedKirchhoff-Stokes law. In our caseB is G(0)=[1+0.414 04/ )%, (19

identical to (a/fz)b,C at the critical pointK is a frequency  with G(Qy,)=1, 0,,=2.1[9].

independent constant. This relation can directly be compared with the experi-
In Fig. 9 the experimental data from a measurement at thehental findings. The only parameter which has to be known

vicinity of the critical solution temperatur€l —T¢=0.1 K)  is the amplitudew, of the characteristic frequency, which is

are presented. Becauséf> shows only a weak temperature avajlable from light scattering experiments or can be deter-

dependence it is appropriate to identify it as a measurememined by fitting the ultrasonic dat@ee below

at the critical temperature. In the upper p@t mixture data From Eqs(18) and(19) we get the critical attenuation per

are presented together with the reciprocal background curvgyavelength as a function of the reduced temperatuasd
calculated using the reciprocal background construction. Ifhe frequencyw:

the lower partb), the background data points are subtracted.
It can be seen that the functional form of relatitiv) is ay(e,0)=27AF(Q), (20
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FIG. 10. oy/a, ¢ as a function of the reduced frequerQy o, is FIG. 11. ay/27A as a function of the reduced frequer@ysee

the attenuation per wavelength, ¢ is the attenuation per wave- Eq.(20)]. & is the attenuation per wavelength. The solid l{B&)
length at the critical temperature. The solid line was calculated withis calculated with Eq(21). The experimental data are fitted to Eq.
Eq. (19). The dotted line was calculated numerically with an inte- (20) (see texXt The curve KR is calculated witk(Q)=Im[f(v)/

gral representation d&(Q2) [9(b)]. f(0)] by setting Q=v/2 (for definitions see Ref[10]). The
curve Kawasaki is calculated numerically with(Q) =/ g(x?/
F(Q)=(mal2zv)Q~“@G(Q). 1  AHAHOKX/[KA()+0%}dx, see [7]. The curve BF

(Integra) is calculated numerically with  F(Q)
=mal (2zv)Q~ “?((317) [5[x/ (1+Xx) 2 {[Qx(1+x) ¥ /[ x?(1+x)

From Egs.(17), (20), and (21) follows A=Aye~ ¢ with +02dx).

A= (1/27) (2zvl ma) (27 wo) “/*"A* . With the fitting value
of A* andw,=22.2 MHz we geA,=2.5x10">. As has been weak temperature dependence this setting seems appropriate.
pointed out by Tanaka and Wafl&3], the other theories of The valuew,=30 MHz was used to evaluate the reduced
critical ultrasound attenuation mentioned here can be brouglitequency(). It was determined by fitting thex,/a, c) val-

to the functional form(20). They differ mainly in the con- ues to the functional form given in Eg€l8) and (19). The

crete expression of the scaling functiB(2). The amplitude difference between this value of, and wy=22.2 MHz ob-

A can be approximately expressed by the common relatiotained from light scattering data results presumably from dif-
A=Age~* with Ay=(u’g?cpo)/(2TcC3), wherea is the ferent critical phase separation temperatures observed in
critical exponent of the heat capacity of the critical mixturethese two experiment§Tc, light scattering: 23.33 °CT¢,

at constant pressure, is the ultrasound velocityy is the ~ ultrasound: 28.8 °C Because the viscosity is reduced at
coupling constantg, is the heat capacity, anck q is the higher temperatures, of the ultrasound experiment has the

critical amplitude of the heat capacity. The explicit calcula-9r€ater value. In this way we think both experiments are in

tion of A would make it necessary to measure the heat ca2ccordance. L .
Y Figure 11 shows the critical part of the attenuation per

pacity of the critical mixture in the vicinity of the critical gy,'avelengtha scaled with the parameter according to
i i A
temperature. No such data are available. On the assumpti relation (20). The experimental data are fitted to the func-

that the two-scale-factor-universality hypothesis is true fof; ., relationg19)—(21) as described above. These relations
the studied polymeric mixture we get the value of the critical

litud fth itical t the h . h are presented in Fig. 11 by the solid line marked BF. In
amplitudecy o of the critical part of the heat capacity. The 4qgition 1o this, predictions from an integral representation

twp—scale—factor—unlver.sallty hypoth(_esls asserts a _reIatlonc—)f the scaling functionF(Q) of Ferrell and Bhattacharjee
shlp between the gmplltude of the crlltllscal concentration ﬂUCIQ(b)] [named BF(Integra)], a renormalization group study
tuations¢y andcp o0 R;=(pcacp dkg) "o (kg is the Bolt-  of Kroll and Ruhland 10], and an older mode coupling study
zmann constanjy is the density of the critical mixture, and of Kawasaki[7] (two-mode contribution, Ornstein-Zernicke
« is the critical exponent of the specific heat, theoreticalcorrelation function; the four-mode contribution is studied in
value «=0.11). The valueR,=0.27 is given by a renormal- [8(b)]) are shown. Figure 11 shows that the experimental
ization group study39]. Using £,=0.6 nm and the thermo- data are well represented by the theories of Kroll and Ruh-
dynamic values quoted above we @gt,=10.5J kg'K™! land and Bhattacharjee and Ferrell. It should be recognized
and A,=8.5x10"%. With respect to the crude assumptionsthat the value oA must be used as a fit parameter.
made in the evaluation oA, this value seems to coincide  To get further evidence for the assertion that critical con-
with the experimental valué,=2.5x10* obtained above centration fluctuations are responsible for the observed ex-
from an analysis of Fig. 9. cess attenuation we studied the temperature dependence of
Figure 10 showga,/a, ) as a function of the reduced @c with the following relation which can be obtained from
frequencyQ). The(a,/a, ¢) values were drawn directly from Eds.(17)—(19):
experimental data after subtraction of the background contri- . Joo
bution (a/f?), and by identifyinga, of the mixture at the (lf?) o= A” §-1057 1402393 2C
vicinity of the critical solution temperaturél — T=0.1 K) P ur ' NG
with a, . Because the experimenta) data show only a (22

-2
+by.
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sook T T ] presence of critical concentration fluctuations.
; (2) The data reproduce the high frequency regime of theo-
] retical predictions of Bhattacharjee and Ferf8]l and Kroll

600 | e ] and Ruhland10].

(3) Rouse-Zimme-like contributions of the pure compo-
nents can be incorporated as an additive background term to
400 7 the critical part of the ultrasound attenuation.

) The present work extends former ultrasonic studies of
200 | o ] critical mixtures of low molecular weightsee, e.g.[2,3],
I . : and references thergiand polymeric solutiong4,5] to poly-

[wc (HZ)] 0.52

- e meric melts. It seems that all these works confirm the com-
ol d‘o ] mon physical picture of critical ultrasound attenuation. One
S . . T may think that the next step in critical ultrasonic experiments
00 305 310 315 320 325 should be the study of higher molecular weight polymeric
T (K) r_mxtures._The present Work_ shows that _the c_rltlcal contribu-
tion of high molecular weight polymeric mixtures would
give a nearly temperature independent contribution to the
observed attenuatiom, . Further, we would expect large
contributions from other molecular processes like Rouse dy-
namics. In this way, oligomeric mixtures, like the system
explored in this work, seem to be a good starting point for
further investigations. Another interesting question is the be-
the background, which is here assumed to be frequency i hg\(ior of Rouse modgs In a critical medium. we think these
' "Yifficult processes will attract considerable theoretical and

dependent. ) A
From a fit of the frequency dependence of the eXperimen(_experlmental attention in the future. At present, we have only

tal (a/fz)exptdata at different temperatures to relati@2) we al_crude undeLstandr:_ng of th_em. fFor Eé(ample, davr_r;ode cou-
et the characteristic frequenay: (fit parameteras a func- ping approac ot IS question from enz an 166
9 shows a critical slowing down of the first Rouse mode. In

tion Of. the temperature._Flgurg 12 ShEWS the resultlof thlscontrast, the self-diffusion coefficient remains nonsingular.
analysis. Because 0= wpe?”, 1/zv=0.52 (theoretical

value, see aboyewe expect a linear relationship between Processes like this are expected to have an influence on the
0.52 “ P - . ship observed ultrasound attenuation. In this way, it would also be
w ¢ and the temperaturg. This is confirmed in Fig. 12 for iluminati d itical mi The ai f h
temperatured >310 K. For lower values off the second luminating to study noncritical mixtures. The aim of suc
term in the large areﬁtheses of B2) is t00 low to allow experimental studies could be the building of crossover func-
a correct detgrm?nation ok The solid line in Fig. 12 tions: (i) The crossover from critical behavior to noncritical
c: 9. behavior by varying the compositiofij) the crossover from

comes from a linear fit to the data witl>311 K. From this : o
we obtainT.=28.62 °C andwy=57 MHz. The value off ¢ I(z:()smmon Rouse dynamics to critical screened Rouse dynam-

agrees in the experimental error limits with the experimenta

FIG. 12. 0252 vs temperaturdl. ¢ is the characteristic fre-
quency obtained by a fitting to ER2) (see text

Heref is the frequency(a/fz)expt the measured attenuation,
u; the temperature dependent ultrasound velodiy, see
above,w¢ the characteristic frequency defined above, lapd
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