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Critical Dynamics of the Binary System Nitroethane/3-Methylpentane: Relaxation Rate and
Scaling Function
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Shear viscosity and dynamic light scattering measurements as well as ultrasonic spectrometry studies of the
nitroethane/3-methylpentane mixture of critical composition have been performed at various temperatures
near the critical temperaturg,. A combined evaluation of the shear viscosity and mutual diffusion coefficient
data yielded the amplitudé&y, of the fluctuation correlation lengtl, assumed to follow power law, and the
relaxation ratel’, or order parameter fluctuations. The latter was found to follow power law with the theoretical
universal exponent. The amplitudés= 0.23+ 0.02 nm and’y = (1254 5) x 10° s ! nicely agree with
literature values. Using the relaxation rates resulting from the viscosity and diffusion coefficient data, the

scaling function has been calculated assuming the ultrasonic spectra to be composed of a critical part and a

noncritical background contribution. The experimental scaling function fits well to the predictions of the
BhattacharjeeFerrell dynamic scaling model with scaled half-attenuation freque@i}; = 2.1. The
amplitude of the sonic spectra yields the amojgit= 0.26 of the adiabatic coupling constagt,in fair
agreement with—0.29 from another thermodynamic relation.

1. Introduction asZp = 3.065 from renormalization group theoryfhe value
A fascinating feature of systems near a critical point is their for the critical exponent of the fluctuation correlation length is

ability to display fluctuations of vast sizes. Individual properties ¥ — 0.63*
are masked thereby so that the critical behavior can be well The dynamic scaling hypothesis can be verified or disproved
represented by universal laws! The critical dynamics of binary by ultrasonic attenuation spectrometry, yieldifigas well as
liquids near their consolute point is governed by the dynamic dynamic light scattering and shear viscosity measurements, from
scaling hypothests® which D and & can be derived. Unfortunately, the evaluation
5 of experimental data in terms of these quantities does not

r'=2D/g 1) necessarily lead to as clear conclusions as required for a strict

investigation of eq 1. Various theoretical models exist. Among

Equation 1 is based on the idea that fluctuations in the local - . L
those describing the ultrasonic spectra of critical systems, we

mixture composition follow a diffusion law. It relates the : he d . i h 1 th d d
relaxation rate,T’, of order parameter fluctuations to the Mention the dynamic scaling thedty:* the mode-mode

fluctuation correlation lengthz, and the mutual diffusion  COUPling theory;?"i* and the more recent theory that proceeds
coefficient,D. Close to a critical point, the fluctuation correlation from an intuitive description of the bulk viscosity near the
length increases. Simultaneously, the mutual diffusion coef- critical point>!®and it is not evident presently which model
ficient becomes smaller. As a consequence, the relaxation rate 2Pplies better to the experimental findings. The situation is even
T, of a mixture critical composition decreases significantly when more complicated because measurements normally extend to

the system approaches the critical temperatilige;This phe- regimes less close to the critical point, so that effects from the
nomenon is well-known as “critical slowing down” of the crossover from Ising to mean-field behavior may act as an
microdynamics of the liquid. influence on the data. Another significant point is the fact that,
Normally, the relaxation rate follows power law with many critical systems of interest, the fluctuations in the
i local composition seem to couple to other elementary molecular
I'(e) = FOeZOV (2) processes, such as the dimerization of carboxylic dcitise

) _ monomer exchange between micelles and the suspending
In this relation,e (=|T — Tcl/Tc) denotes the reduced temper-  phasel® and the rotational diffusion of membrane molecules in
ature,I'o is an amplitude, and, and ¥ are universal critical  phospholipid bilayerd? Liquids exhibiting such coupling
exponents. The value for the dynamical critical exponent follows phenomena are, of course, less suited for an examination of
) ) - the scaling hypothesis. They are, however, valuable systems to
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the critical behavior and scaling properties of simpler mixtures of the light quasielastically scattered from the sample using the
without crossover to other elementary processes are sufficientlyrelation
well-known.

In this situation, we found it interesting to perform an D= F,(q,'l')/q2 4)
investigation into the critical dynamics of the system nitroethane/
3-methylpentane (NE/3-MP). Ultrasonic spectra of the NE/3- Here, g is the amount of the wavevect@ selected by the
MP mixture of critical composition are expected to not contain scattering geometry
contributions from elementary molecular processes with relax-
ation characteristics, in addition to the concentration fluctuations. q= 4z sin(0/2) (5)
This feature facilitates a rigorous evaluation of the experimental Ao
spectra in terms of the critical dynamics. Ultrasonic attenuation
measurements of the NE/3-MP system have indeed been usedvheren denotes the optical refractive index of the liquid,is
previously to determine the relaxation rate of order parameter the wavelength of the incident light, afds the scattering angle.
fluctuations?® In that study, however, the agreement of the We applied a self-beating digital photon correlation spectrom-
attenuation data with the theoretical form of the scaling function etef! to determineS. The spectrometer was provided with a
was imperfect and no shear viscosity and dynamic light goniometer system and with a special planar-window cell to
scattering data were available for comparison. Ultrasonic allow for variations off.3? To avoid problems from a widtlg),
attenuation data have also been reported for NE/3-MP mixturesvarying scattering volume, data at= /2 have been finally
of noncritical composition, and a pseudospinodal conception used. We used a frequency-doubled Nd:YAG ladgr< 532

has been applied to discuss their scaling beha¥idgain, no nm, Coherent, Santa Clara, CA) as the light source and analyzed
independent methods were included for a determination of the the scattered board in a real-time mode of operation with the
relaxation rate. aid of a digital correlator board (ALV-500/E, Laser, Langen,

A noteworthy favorable feature of the NE/3-MP mixture of Germany). It enables correlation function measurements within
critical composition is its close relation to the nitroethane/ @ time scale from 2« 1077 to 3.4 x 10° s3334The refractive
cyclohexane (NE/CH) critical system. The latter has been index,n, of the sample has been measured with a refractometer
intensively studied recenfiyso that the results for both binary ~ (Zeiss, Obercochem, Germany). The experimental error in the
mixtures with many similar properties can be compared to one diffusion coefficient data waaD/D = 0.05. During the light

another. scattering experiments, the temperature of the sample was
controlled to within 0.02 K and was measured with an error
2. Experimental Section less than 0.01 K.

Acoustical attenuation coefficient measurements for the
i 0, - . . . . . .
Samples.Nitroethane (NE=99.5%) and 3-methylpentane determination of the scaling function in the ultrasonic spectra

(3-MP, =99%) were purchased from Aldrich and have been covered the frequency range from 200 kHz to 1.7 MHz. A

used as delivered by the manufacturers. To avoid uptake of water..conator method has been applied in which the path length of

der d ) The NE/3-MP hibi interaction of the ultrasonic waves with the sample is essentially
urllt.erl dry nitrogen. t te - -I system.t.ex ! |ts| afn quer enhanced by multiple reflectiod.The focusing action of a
critical demixing point at equimolar composition (mole fraction cavity resonator cell with a concavely shaped end ¥aves

= 23-27 i i = - ;i )
546(?'5_?2:& Q'Oolll’ d tma?'s féacﬂon of mtroet@hant\éy\,g N utilized in these measurements, because it reduces unwanted
-A66). The visually determined phase separation tempera Ur€sffects from mechanical stress at varying temperature. Using

Scf éhSSrEithlj.ri;)f ﬁ?“;fa' t%om?r?smthﬁ O.SOO)tvvas 299'68 this resonator method, the attenuation coefficient,of the
+0.05K, slightly higher than the critical temperatures given  sampje was determined relative to that of a reference liquid with
in the literature: 299.6%; 299.607023%°299.581" 299.57 matched sound velocitgs, and densityp.3536 To carefully take
299.55% and 299.09 K ! ¥s, 2 Yp- y lake
oS ' ’ into account effects from higher order modes of the cavity field,

.MeaS“;e“??’”tls-The shgar \r?sc%snyys, of the dNE/?":cV'P . we always recorded, in a suitable frequency range around the
mixture of critical composition has been measured as a function ., -ina|'resonance peak, the complete transfer function of the

of temperatgreT, using Ubbelohde-t_ype Cap|_llary VISCOSIMELErS o) The transfer function was subsequently fitted to appropriate
(Schott, Mainz, Germany) and a falling ball viscosimeter (Haake, analytical expressions in order to obtain the principle peak
Karlsruhe, Germany). Both instruments had been calibrated unaffected by higher modes. The temperature of the cavity
against deionized, distilled, and carefully degassed water. For esonator was controlled to within 0.03 K and measured with
the capillary viscosimeters, _sheqr rates can.be defined. It was_, arror of less than 0.02 K. The frequency of measurement
founq, .however, tha{correctlons n the expenmquajatg for was known and kept constant with a negligibly small error. The
the finite shear rafé*® were negligibly small. Since, in the o1 i the attenuation coefficients was less thado = 0.05.
falling ball viscosimeter measurements, the sample is contained ¢ come temperatures, the ultrasonic spectra were comple-
in a sealed volume, this method effectively reduces the risk of o0 by absolute meas,urements in the frequency range 10
changes inthe'composition'of the critical mix.ture, as may result 430 MHz. A pulse-modulated wave transmission method at
from preferential evaporation in the experiments with open ., japle sample length was appligWe used two cells, each
capillaries. We therefore used _thedata from_ the fal_hng pall matched to a particular frequency range. The transducers of the
measurements only. The experimental error in the wscpsny datacells were operated at the odd overtones of their fundamental
was Angns = 0.03. Temperature fluctuations during the 4,0 dinal frequencyyr. The cells mainly differed from one
measurements were smaller th&0.02 K. another by their dimensions and by their transmitter and receiver

.The mutugll diffusion clqefficientD('D, of the ,NE/B'MP transducersiy = 1 MHz, quartz, frequency range of operation
mixture of critical composition has been determined from the 10 < v < 170 MHz®" v = 10 MHz, lithium niobate, 50< v

decay ratei(q,T), of the normalized autocorrelation function  _ 434 MHZ9). To avoid errors from nonlinearities in the

electronic setup, calibration procedures were routinely run in
S(at) = exp[-tI'(q,T)] 3) which the cells were substituted by high-precision below-cutoff
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0.55 T T T T T T T In eq 7,A,, B,, andT, are system specific parameters. In eq
1.0 6, Z, is the universal critical exponent of viscosity,(=

0.9 i 0.0658294) andH is given by

0.52F

7]

1 . 1 .
@ 0.49 B = — —_
S 046} 1 1_§(q £)%siny _L{ll_g’( 2. —
— D q S) ’l/}D
: ol (@Ht 4 @t 2
= 0451 "7 N
@ - 11@) ©
0.4} EESN .
= Herein,q. andgp are cutoff wavenumbers and
037 1 1 1 1 1 1 1 2.0 12
= arccos(1+ 9
299 300 301 302 303 304 305 306 307 ¥o (H 6o ©
T,K £— 112
o= | 3| tan@o/2) (10)
Figure 1. Shear viscosityys, of the NE/3-MP mixture of critical 9§
composition displayed versus temperatdrielhe circles represent data .
from the literature?* The full line is the graph of the theoretical shear In 1+ o if &> 1
viscosity relation (eqs-611), the dashed line shows the background Lo = 1—0) A (12)
contribution,n, (eq 7), toys. In the inset, the shear viscosity data of 2 arctan@|, if g.§ < 1

the NE/3-MP system (points) are given along with those for the NE/

CH mixture of critical composition (trianglé3. The mutual diffusion coefficienD, of the critical system is

related to the shear viscosity. It is likewise given by two gafs

piston attenuator® With these cells, fluctuations in the sample D=AD+D, (12)
temperature also did not exceed 0.03 K. Variations in the

frequency,v, of the measurement signal were again negligibly with the singular part

small. The error in the attenuation coefficient data was smaller

than Ao/o. = 0.02. AD = D tRQ, (X)(1 + b>&)*" (13)

The sound velocitygs, of the mixture of critical composition

followed with an error of less thafic/cs = 0.005 as a byproduct  the background part
from the resonator measurements. The resonance frequencies 37
of successive principal resonance peaks were evaluated for this D, = DKF_nS
purpose, carefully considering their nonequidistant distribiion. 16n,

1 _1
1+ XZ)(Q_DE ch) (14)

and with the StokesEinstein-Kawasaki-Ferrell relation for

3. Results and Discussion the hydrodynamic limft44-46

Shear Viscosity and Diffusion Coefficient. Along with keT
literature dat&? the shear viscositiesys, of the NE/3-MP KE = (15)
mixture of critical composition, as obtained from the falling 6rn s

ball viscosimeter measurements, are displayed as a function of ] )
temperatureT, in Figure 1. Within the limits of experimental " these relationsR = 1.03,b = 0.55,x = g&, with the amount
errors, theys data from both series of measurements fit to one 9 of the v,vave vector according o eq 5, arkg.denoyes
another and also to the data of ref 40. The shear viscosity Bol_tzmann7s constant. In eq 18«(x) is the Kawasaki function,
displays a background contribution, slowly decreasing wWith defined a$
and, close tdl; (e < 5 x 1073), a singular part that distinctly 3 s 1
increases when approachifig. In the inset of Figure 1, the QX :—X2[1+ $ + (X - ;) arctanx] (16)
shear viscosities of the NE/3-MP mixture are compared to those 4
of the similar system nitroethane/cyclohexane (NE/GH:= and in eq 14
296.46 K?). The background contribution of the latter is much
larger than that of the NE/3-MP mixture, thus reflecting the qgl = qC*1 + (2%)71 (17)
significantly different viscosities of the alkaneg & 0.437 x
1078 Pas, 3-MP, 25°C; 5s= 0.910x 1073 Pas, CH, 25°C). Using power law behavior

To consider crossover corrections for the transition to the ;
hydrodynamic regime, the shear viscosity has been treated in &(€) = & " (18)

terms of the relatioh—3 ) _ ) _
to represent the fluctuation correlation length in a combined

nde) = ny(e) exp@?H) (6) regression analysis of the shear viscosity and Iig_ht scgttering
data, the values presented in Table 1 for the six adjustable
parametersiy, A, B,, T,, 0., andgp have been found. The
temperature dependencies gf and D resulting from these
parameters are displayed in Figures 1 and 2, respectively. Both
17p(€) = A, eXp[Bﬂ(T - T”)] (7) functions are in fair agreement with the experimental results.

with the background viscosity
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-3
€, 10 Figure 3. Amplitude, &, of the fluctuation correlation length (eq 18)
Figure 2. Mutual diffusion coefficient of the NE/3-MP mixture of  as a function of the background pant(Tc), in the shear viscosity at
critical composition versus reduced temperature. The line representsTe: MOH/n-H, methanoit-hexanes® NE/CH, nitroethane/cyclohex-
the theoretical diffusion coefficient relation (eqs—128). ane? POH/NM, pentanol/nitrometharté.

TABLE 1: Parameters of the Shear Viscosity (eqs 611)
and Diffusion Coefficient Relations (eqs 12-18) for the 1012

Nitroethane/3-Methylpentane and Nitroethane/Cyclohexan®@
Mixtures of Critical Composition
E,nm A, 1FPas B,K T,K q o, 10”
+0.02  +£0.02 +200 420 1mt 10°m™
NE/3-MP  0.23 0.23 2877 —84 1.3 0.32 1010 B
NE/CH 0.16 0.55 2537 —51 >1000 0.55
. w, 10°
Use of the more recent crossover functiéry, in eq 6 does 0
not noticeably change the relevant data derived from this L: g
analysis. 10
Fluctuation Correlation Length and Relaxation Rate.Also
shown in Table 1 are literature data from combined evaluations 7
of shear viscosity and dynamic light scattering measurements 10
of the NE/3-MP mixture of critical composotiéhas well as
for the similar system NE/CF# In the previous analysis of NE/ 1()6 L 1
3-MP, measuremerftsof the viscosity had been represented 0.02 0.2 2 20
by an equation of the forfA4° : ’ 3
2, e, 10
1(€) = 1,(€)(Ap8) (19) Figure 4. Relaxation ratel’, of order parameter fluctuations for the

) ) ) ) NE/3-MP mixture of critical composition displayed versus reduced
assumingr, = 0 in the background part of the shear viscosity temperatures. The line represents power law (eq 2) with the theoretical
(eq 7). The parameters, and B, from the two series of universal exponent and with the amplitulg= 125 x 10° s*.
experimental data and different evaluation procedures agree with
one another within the limits of experimental errors. The
deviations in the amplitude of the fluctuation correlation length s~ from our measurements. This value compares to the value
are supposed to be due to the insufficient consideration of I'o = 123 x 10° s™* that Garland and Sanchez obtained from
crossover effects by relation 19 which had been derived for a their analysis of shear viscosity, Rayleigh line width, and photon
temperature range close to the critical point dgfihy350 correlation spectrometry datd.

The amplitude o, of the NE/3-MP system is significantly TheT', value for the NE/3-MP mixture of critical composition
larger than that of the NE/CH system (Table 1). This difference is smaller than the amplitudes for the systems NE/CH £
in the fluctuation correlation length of similar binary critical 156 x 10%s??) and nitromethanefpentanol [, = 187 x 10%
mixtures is obviously a reflection of their different shear s°?, both exhibiting a smaller amplitudé, of the fluctuation
viscosities. As mentioned before, thg value of NE/CH is correlation length (Figure 3). For most other binary liquids
substantially higher than that of NE/3-MP. Figure 3 roughly studied so far, th&, values are distinctly smaller, for example,
indicates an inverse relation betwe&nand the background T'o = 44 x 10%s, methanoti-hexane’® I'y = 26 x 10%s,
viscosity atT. of some binary critical mixtures. methanol/cyclohexan®;T's = 0.26 x 10%s, ethylammonium
Figure 4 shows the relaxation rafé(), of order parameter  nitrateh-octanol>*
fluctuations which according to eq 1 has been calculated from  Scaling Function and Adiabatic Coupling Constant.In the
the mutual diffusion coefficient and the fluctuation correlation frequency range between 200 kHz and 300 MHz and ultrasonic
length. Thel" values follow power law (eq 2) with the theoretical ~ attenuation spectrum close 1@ of the NE/3-MP mixture of
exponentZyv. The amplitude[o, results as (125 5) x 1C° critical composition is displayed in Figure 5. To accentuate the



Critical Dynamics of Nitroethane/3-Methylpentane J. Phys. Chem. A, Vol. 110, No. 13, 2006317

100 the critical part in the attenuation coefficient per wavelength
may be expressed as
o (v,T) = c{T) A(T) F(Q) (24)
(;S 10 with the sound velocitycs, and the amplitudeA, weakly
o dependent upon frequency and temperatiiveand with the
o universal scaling functionf, that depends on the scaled
. frequency
>
3 1 Q = 2v/T (€) (25)
The scaling function
o QX(1+ x)1?
0.1 1 1 1 1 I 1 1 I I F(Q):gjéxz ( ) > XdX2 (26)
0204 1 24 1020 40 100200400 (1) + Q7 (1+x)
v, MHz can be well represented by the empirical fétm

Figure 5. Ultrasonic attenuation spectra in the fornodt? versusy _ BF j~\1/2—2

of the NE/3-MP mixture of critical composition at 300.05 K. The line FBF(Q) =[1+ 0-414521/2/9) 2] (27)

is the graph of the relaxation spectral function (eqs-22) used to

analytically represent the data. The inset shows the low-frequency partHerein, Q?,'; denotes the scaled half-attenuation frequency of

of the spectra at various distances] = T — T, from the critical Fge:
temperature: 4) AT = 4.15K; (a) AT =3.19K; (V) AT = 2.15K;
low-frequency part of the spectrum, the data are presented in
the frequency normalized format Bhattacharjee and Ferrell have predict®d, = 2.1 from
theoretical arguments but have noted that the value of the half-
P = o,/(vcy) (20) attenuation frequency is not well defined from their model.

Recent experimental findings verify the theoretically predicted

BF _ 2,51,53,55
Here,a is the sonic attenuation coefficient ang= o4 is the Qyp = g;l valué even though the somewhat smaller
attenuation per wavelength, = cJv. Within the range of valueQ;, = 18+£0.1 has been found for the critical mixture
measurements, the/v2 data decrease considerably with fre- n-pentanol/nitromethan®.To reduce the number of unknown
quency and tend toward an asymptotically constant value parameters, we thus analyzed the ultrasonic spectra of the NE/
3-MP system using the empirical scaling functiBgg(2), with
; F_
B'(T) = lim (a/v? 21 a scaled half-attenuation frequency @f}, = 2.1.
M 1/—'00( ) (21) Taking into account the weak dependence of the sound
velocity, ¢;, and the amplitudeA, of the critical term upon

at high frequencies. temperature, the scaling function can be calculated as the
In the inset of Figure 5, the low-frequency part of te-? ratiol022
spectrum is shown at six temperatures abbyé he data have
been obtained from resonator measurements without refilling a;(v,T) a,(v,T) — vB(T)
the cells between two runs. At a given frequency, the frequency F(€2) = F*— =F* Y= B(T (29)
dependent low-frequency data increase substantially when the (v, To) a;(v.Te) = vB(To)
temperature approachds. These characteristics suggest the .
ultrasonic spectra of the NE/3-MP mixture to be composed of from experimental data. Here,
two parts
ey = T A 30
0, (v, T) = o5(T) + o, T) (22) c(MAM

. c - o Again, for simplicity, we have used* = 1 as originally
of which o represents the critical congnbuﬂon, strongly proposed by Bhattacharjee and FertelThe B values of the
dependent upon temperature ndgr and o; represents the  packground part have been obtained from our broadband
noncritical background contribution. There are no 0bvious |, itrasonic measurements BET) = [102 — 0.1(T — 273.1K)]
indications of noncritical background contributions with relax-  1g-15¢. Using thes® values and the relaxation ratds,as

ation characteristics within the frequency range of measure- rogting from the shear viscosity and quasielastic light scattering
ments. We are aware that such contributions, if their amplitude measurements, the scaling function can be calculated from the

is sufficiently small, may be masked by the predominating gonic attenuation coefficients without any adjustable parameter.
critical part which extends over a broad frequency domain. We 1pq scaling function following from oufr dependent low-
ngvertheless assume th_e noncritical contribution to be simply frequency ultrasonic measurements is shown in Figure 6 where
given by the frequency independesitvalue: also data from the literatut®are presented.
b The experimental data nicely fit to the empirical scaling
a;(v,T) = B'(T) c(T)v = B(T)v (23) function Fee(Q), the graph of which is also given in Figure 6.
In particular, at small scaled frequenci€ € 2), the agreement
According to the Bhattacharjeéerrell dynamic scaling mod&t° between the experimental data and the theoretical predictions
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to derive Cyc from the amplitude,&o, of the fluctuation
correlation length.

In eq 34,X = 0.019 66+ 0.000 17 according to renormal-
ization group® andX = 0.01884- 0.000 15 according to serf8s
calculations. With5o = 0.23+ 0.02 nm, the amplitud€,. =
(2.1+ 0.2) x 10 J/(nm? K) follows, corresponding t&C,c =
(0.2644 0.2) x 105 J/(g K), if p(Te) = 0.7919x 10° kg m3
from ref 25 is used. This value is somewhat smaller but within
the limits of error ofCyc = 0.30 £ 0.06 J/(g K) from heat
capacity measuremerft$Using ourCy value, the amount of
the coupling constant results gg = 0.26+ 0.05 from eq 32.

The adiabatic coupling constant can be alternatively calculated
as

ﬁ) (35)
p(Te) C,(T)

from the slope @./dP in the pressure dependence of the critical

dT,
9= p(T) cpm(d—P -

Figure 6. Scaling function data (eqs 29 and 30) versus reduced temperature and the thermal expansion coefficient, at

frequency,Q, for the NE/3-MP mixture of critical composition. The
circles represent data from the literaté?@.he line is the graph of the
empirical scaling functiorfsr(€2), defined by eq 27. For small reduced

constant pressure. WithfddP = (0.374 0.05) x 102 (K m?)/
dyn896lo, = 1.22 x 103 K1 (ref 27) orap = 1.34 x 1073

frequencies, the inset shows the scaled half-attenuation frequenc:y,K71 (ref 56), withC, = 2.48 J/(g Kj® close toT,, and with the

QP as according & QFf, = Q[F(Q)/0.4142— 1]? following from
the sonic attenuation coefficients.

is excellent, indicating tha®®, well applies to the system NE/

3-MP. At scaled frequencies betweer? Hhd 10, data from

values of the other quantities as given aboyes —0.29 +
0.04 follows. The amount of this value is somewhat smaller
than the amount of the coupling constant= 0.34 + 0.01
determined previously from thermodynamic dzftaut it agrees
well with |g| = 0.26+ 0.05 derived from the amplitude of the

the temperature runs exhibit some systematic deviations fromyltrasonic spectra.

the theoretical form of(Q2). These small deviations may be

Conclusions.Shear viscosity, quasielastic light scattering, and

due to the neglection of the slight temperature dependence inyltrasonic attenuation data of the nitroethane/3-methylpentane

the factorF*22 and/or to a hidden low-amplitude noncritical

mixture of critical composition can be consistently evaluated

relation term within the frequency range of measurements. Theto yield the relaxation ratd;, of order parameter fluctuations

literatureF(€2) dat&® match with our data and complement them
at very high reduced frequencies.

From the amplitude parametek(T), of the critical part in
the ultrasonic spectra, the amplitude

M) = AT’

of the dynamic scaling modélcan be derived which, according
to

(31)

_ 7’:26 Cpccs(TJ |. Q ?/';FO °
2TCym L 2

SQ) oM (32)

is related to the adiabatic coupling constaptHere,d = ag/
(Zov) = 0.06 is the universal critical exponefd,. andCpy, are

and the scaling functiork(2), of the BhattacharjeeFerrell
dynamic scaling theory. Not only close to the critical temper-
ature but also in the crossover regidhfrom shear viscosity
and light scattering measurements follows power law with the
universal critical exponent. The amplitufie= 125 x 1®°s!

is almost as large as that of the similar system nitroethane/
cyclohexaneIp = 156 x 1 s1), though the viscosities of
both mixtures are substantially different. The relaxation rates
from the shear viscosity and light scattering experiments also
govern the frequency dependent acoustical attenuation coef-
ficients. In addition, the scaling function data derived from these
coefficients yield a scaled half-attenuation frequenc®8§ =

2.1, as predicted by the Bhattacharjdeerrell theory. Using
the two-scale-factor universality relation, the amplitufde=

0.23 nm of the fluctuation correlation length can be used to

the amplitude of the singular part and the background part of calculate the amounly|, of the adiabatic coupling constaugt,
the specific healC,, at constant pressure, assumed to be simply from the amplitude in the sonic spectgh = 0.29 from another

given by

Cy(e) =Coe®+Cp, (33)
The BhattacharjeeFerrell amplitude follows a$ = (2.9 &+
0.3) x 1075 *9m~1 from our ultrasonic attenuation measure-
ments, in nice agreement with the valBe= (3.04 + 0.1) x
1075 29 m~1 obtained by Garland and SanchiéxVith c4(Tc)

= 1098 ms? (ref 20), T, = 299.68 K, = 125 x 10° s,
QP =2.1, andCp, = 1.71 J g1 K1 (ref 20) orCpp = 1.66 J
gt K™ (ref 56), the coupling constant can be calculated,
provided Cpc is known. We utilized the two-scale-factor
universality relatioh’-58

Cpo = keXay & ° (34)

thermodynamic relation. Hence, the nitroethane/3-methylpentane
mixture of critical composition obviously represents a suitable
model system for the study of the critical behavior near the
consolute point.
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