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An adiabatic scanning calorimeter has been used to measure the specific heat @paadifya critical
nitroethane-cyclohexane binary liquid mixture in the one-phase and the two-phase region above and below the
consolute point. The temperature dependence of the refractive mdeas been measured with a grating
interferometer. Also the change of the critical temperature with pressure has been measured. Combining these
new results with existing results for the dielectric constaand the density allowed a broad inspection of
several relationships among these physical quantities. From our analysis it followed that the data are fully
consistent with scaling predictions. The critical exponeaind the critical heat capacity amplitude ratio values
agree very well with the theoretical values for the three-dimensional Ising universality class. Reasonable
agreement was found between the critical amplitude from experimental density data and the value calculated
from the specific heat capacity amplitude and the slope of the critical line. In contrast to the dielectric constant
results, where a large intrinsic effect is present, a similar effect in the refractive index within the experimental
uncertainties could not be detect¢81063-651X96)06706-3

PACS numbsg(s): 64.70.Ja, 05.70.Jk, 65.260w, 78.20.Ci

[. INTRODUCTION cal point, the singular part &€, , and of the thermal expan-
sion coefficient at constant pressure and composition
Intensive experimental and theoretical efforts during theozp'XIp_l(é’p/é’T)p‘x diverge with the same critical expo-
last two to three decades have resulted in the concept afenta and are related to the change of the critical tempera-
universality according to which the properties of a systenture with pressur@T./dp. Since the value fow is small
near a critical point can be divided into a small number of(«,=0.110+0.002) [9], the density will have a weak cusp
universality classes. This concept of universality implies thahearT., increasing or decreasing, depending on the sign of
the critical exponents describing critical behavior of macro-dT./dp. Besides the pressure field variable other fields, e.g.,
scopic properties should only depend on the spatial dimenan electric field, will also give rise to lines of critical points.
sion, the symmetry of the order parameter, and the symmetrgxploring an argument originally proposed by Mist(ii®],
and range of interactions, but not on the detéilse form Sengerset al. [11] applied critical point universality to the
and magnitude of the interactions[1,2]. Both one- thermodynamic behavior of fluids in the presence of an elec-
component pure fluids near their liquid-gas critical point andtric field, and predicted that in addition to an anomalous
binary liquid mixtures near their consolute point belong tocontribution arising from the density behavior, there should
the same universality class as the three-dimensional Isinglso be an intrinsi¢l—«) anomaly in the dielectric constant
model[3,4]. In this universality class the critical behavior is € and in the refractive inder related to the change daf,
determined by two relevant scaling fields, a strong orderingvith the square of the electric fieliT/dE?.
field related to the order-parameter fluctuations and a weak In this paper we present for the binary liquid system
temperaturelike field related to the energy fluctuations. nitroethane-cyclohexan@NE-CH) data for the specific heat
We are concerned here with binary liquid mixtures near acapacityC, , along the critical composition line=x. in the
consolute point, in which case the order parameter may bbomogeneous phase and in the two-phase region, for the re-
identified with the concentration and the strong scaling fieldractive indexn in the homogeneous phasexat .., and for
with the chemical potential differen¢®,6]. One of the con- dT./dp. Together with previously obtained results for the
sequences of the energy fluctuations is the weak divergenchelectric constanf12] and the density13], this results in a
in Cp «, the specific heat capacity at constant pressure antither complete characterization of this binary system, allow-
critical concentratiox= X, for binary liquid mixture{6-8|].  ing exploration of different relationships among the weak
Since binary liquid mixtures can be investigated at differenanomalies in a large set of physical parameters.
pressures, there is a line of second-order consolute points

with the critical temperaturd; varying with pressure. The Il. THEORETICAL BACKGROUND
work described further was carried out at or near a pressure '
of 1 atm. The application of critical point universality to binary lig-

It can be showrj7] that, asymptotically close to the criti- uid mixtures by Sengerst al. [11] results in the homoge-
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neous phase for the critical compositior X, in the follow- ll. EXPERIMENTAL METHODS
ing functional forms for the energy (per molg, the

. . - L A. Specific heat capacity measurements
density, the dielectric constant, and the refractive index: P pacly

The C, , measurements have been carried out by adia-

U=U (1+U;7%+Upr+Ugr? 81+, (1)  batic scanning calorimetry previously also used to study bi-
nary and ternary liquid mixtures near consolute po[ii§]
p t=p 1+ R 77+ Ryr+ Ryr? ™81+ 1), (20  as well as several phase transitions in liquid crygtd-19.

Full details on the construction of the calorimeters and pos-
ep t=ep. A+ E 70+ E7+Egr?™1+--4),  (3)  sible modes of operation can be found elsewh@@21.
Here only a brief account of some basic aspect of the mea-
np t=ncp; H(1+ N7+ N7+ Ngr? 21+ .-4),  (4)  suring procedure will be given as far as needed for proper
understanding of the reported results.
where §=1—a and the indexc refers to the value at the In the adiabatic scanning calorimetric method a measured
critical point of the corresponding quantity,=0.50 is the  heating power is continuously applied (@r extracted from
first correction-to-scaling exponef®,14] andr=(T—T.)/T  the sample and the sample holder. In such a dynamic mode
is only slightly different from the more commonly used re- the total heat capacitg¢, is given by
duced temperature differente=(T—T.)/T.. From Eq.(1) ) i
one readily obtains for the specific heat capacity in the ho- Ci=CpxtCp=P{/T=(Pc+P)/T. (11
mogeneous phasd &T,)
In Eq. (11) the total heating poweP, has been divided into

Cpx=CotCy7 “+Cor+Car *FA14..0 (5 two parts:P,, the power applied electrically to a heater in-
. . corporated in the sample holder, aRd representing leaks
For the two-phase regiorT<T,) this corresponds to with an (adiabati¢ shield surrounding the sample holder. For

cooling runs,P, has to be given a controlled negative value.
By keepingP, or T constant, combined with increasing or
decreasing the sample temperature, four practical modes of

Since experimentally one does not measgre' ornp ™! but : ; : )
€ or n as a function of temperature, one normally uses, e.g2Peration are obtainel®0,21. These modes require differ-

for fitting purposes, the following types of expressions: ent settings_fqr the servosystems <_:ontro||ing the temperature
and maintaining adiabatic conditions, or a constant heat

Cp,x:C6+ Cilr|~*+Cj|7] +Cé|q-|*a+A1+ )

e=€,(1+ D7+ Dyr+Dgr? A1+, (7)  transfer between sample holder and shieldings. The most in-
teresting operating conditions are the ones with constant
n=ny(1+F 7'+ For+Fgrft81+...), (8)  heating or cooling powefP; constank It is sufficient to

consider here only the constant heating mode. In this case,
where nowD;=E;—R;, F;=N;—Ry, etc. One thus recog- P,=P, andP, is kept negligibly small. In order to obtain the
nizes two possible contributions to the leading anomatdus heat capacity of the sample one has to meaByreT, and
behavior of the dielectric constaabr the refractive index:  C,,. P, is easily obtained from a measurement of the current
(1) a contribution due to the thermal expansion divergenceand the voltage drop across the heating resistor on the
(R;#0), and(2) an intrinsic effect for the dielectric constant sample holder. The raf€ has to be obtained by numerical
(E1#0) or the refractive indexN;#0). In experimental differentiation of the carefully measured time dependence of
data analysis it is also common practice to fit insteag df temperature with a sensor in close thermal contact with the

directly the densityp with an expression of the form sample. Values o, (T) can be derived from calibration
0 g4 A runs without the sample or with calibration fluids in the
P=pc(1+G 77+ Gor+ Gy Pt 1), 9 sample holder.

As already pointed out in the Introduction, there is a relation-
ship between the leading singular part of the specific heat
capacity and thermal expansion coefficient in the limit We have measured the variation of the refractive index
T—T.. Indeed, using experimentally verified geometricwith temperature by counting the fringe variation with a grat-
analysis of phase diagrams of multicomponent systems anglg interferometef22]. Figure 1 gives a schematic diagram
rigorous thermodynamic relations one arrives at the follow-of the optical setup. The advantage of this grating interfer-
ing relation betweei®, andC, in Egs.(9) and(5) [7,15]: ometer is that it performs a reversible counting and generates
a dc compensated signal from the interference fringes.

A linearly polarized He-Ne laser light passes through the
first grating G4), producing numerous diffraction orders.
Two symmetrical beams of the first diffraction order are se-

It should also be pointed out that the amplitudes of the sintected such that one of them acts as a reference beam and the
gular terms in the equations f@, , above and below; are  other as a measuring beam. One of the beams passes through
not independent but related by a universal ra@i@C,, iden-  a /2 plate (P,) such that the planes of polarization of the
tical for all members of a given universality class. The ratiotwo beams are now perpendicular to each other. The two
of the amplitudesC3/C; of the correction-to-scaling terms beams made parallel by the first objectiv®@,§ then enter
(which are only important for large values @fis also con- the optical cell where one goes through the measuring sec-
sidered to be a universal quantity. tion and the other through the reference section. This ensures

B. Refractive index measurements

i,
"1-a dp-

(10
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0; double refracting
quartz plate
grating FIG. 1. Schematic diagram of the grating in-
0, measuring beam terferometer.
reference beam
HeNe laser
that to a great extent the variation in length due to change in IV. RESULTS

pressure is compensated. The optical cell is embedded into a
thermostat which controls the temperature to within
iOO '0?1 c 3Vter ? pe”?ﬂ O{V‘:’/‘t IEaStn?‘l hﬁ ?hsecondncabjercttli\;] € Two different adiabatic scanning calorimetric runs have
(O,) s used to focus € wo beams on the second graliNgy o, carried out for a mixture of nitroethane-cyclohexane
(G,). The planes of polarization of the two beams are not

. NE-CH) with a critical mole fractionx, (NE)=0.453
affected by the two gratings. The beams focused on the Se%o.om as determined from dielectric measurements in the

A. Specific heat capacity

ond grating produce two diffraction patterns superimpose h din th h ion f .
on one another. Among the resultant diffractions only thred'©M0geneous phase and in the two-phase region for mix-

superimposed order,=2) have enough contrast so that tures yvith different compositiofi25]. The first run had a
they can be converted to electrical signals at a later stage. Scanning ratef'<0.04 K/h, and the second run hae<0.01

K/h. In both cases the sample was slowly stirred in the same
way as described elsewhdrE7,20. Figure 2 gives an over-

view of theC, , data of run 1, covering a temperature range

_The experiment consists of _measuring the change of thganveen 19 °C and 28 °C. Run 2 only covered a temperature
critical temperature as a function of pressure. The Samp'?ange of about 0.2 °C below and aboVe. Figure 3 gives
was contained in a cell made of Pyrex and the change in thepyx results of run 2 in the immediate vicinity df, .
critical temperaturdél; was noted visually. The precision in From simultaneous fits to the data of run 2 above and

the measurements of pressure and temperature was bet[)eélow T with Eas. (5) and (6). under the restraint€,
than 1 kPa and 10 mK. The same experimental setup has y as. (5) ©), 0

previously been used to measwt&_/dp for critical micro- r_elcés/énctzz :algzrﬁe?g:jsizjeC:B:eor; gt])?a{r?(lelgwmg values for
emulsion systems, and full details can be found there P '

C. Measurements ofdT./dp

[23,24.
€ 300 T T T T B T T T T

D. Measurements of dielectric constant and density 2 L : 4
For further analysis and discussion we will use our previ- x 280 7
ously published results for the dielectric constant and the = 7]
density for the critical binary nitroethane-cyclohexane mix- 260~ : Ny
ture[12,13. The dielectric constant data have been obtained - H 7
with a measuring cell containing two vertically positioned 2401 ;‘ .
cylindrical capacitors. Each capacitor was designed as a r jl, ]
three-terminal system, i.e., both capacitor plates were iso- 220 P n
lated from the ground, which included the can surrounding - e T
the capacitors and containing the mixture. The two-capacitor — 200f __ cese" .
setup allowed simultaneous measurements in the two-phase o .
region belowT,. Above T, it allowed us to verify the ab- 180 .
sence of composition gradients in the cell. Further details on - \\\M -
1 e
the construction of the cell, the temperature control, and the 160 —
measuring procedure can be found elsewl2g. The den- 2'0 ' 2'2 L 2'4 . 2'6 L %
sity data[26] were obtained with an A. PAAR, type DMA- T(°C)

02D, density meter, where density changes are derived from
changes in the natural frequency of a hollow oscillating tube FIG. 2. The specific heat capacity results of run 1 for the critical
filled with the fluid. binary liquid mixture of nitroethane-cyclohexane.
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320 — —— 11— written originally by James and Ro§27]. In Table I, coef-
— N T T T T I T . . . . . .
g L i ficients for the three different runs are given. Uncertainties
™ on the parameters correspond to three standard deviations.
= 300+ 7 We have limitedT to the range between the last point in the
S i . one-phase region and the first point in the two-phase region.
280 /. - We variedT, in the range given by these two data points and
L d : _ looked for a minimum in the reduced chi-square vaitf,e
260 / ‘ _ For runs 1, 2, and 3 we obtaindd=23.834 °C, 23.854 °C,

and 23.871 °C, respectively. The parameters obtained by
leaving the exponents free in E¢L4) compare very well

240 i 7] with the ones obtained by fixing and 6+ A, to the theoreti-

N T cal valueq9] of 0.89 and 1.39, respectively. We also verified
2201 . that replacingt=(T—T.)/T, by 7=(T—T.)/T in Eq. (14)

L ™ _ did not significantly change parameter values.
200 rTc \_

T R N SN N R T T S S S C. Slope of the critical line
2376 23.80 23.84 23.88 .
T(°C) We have measured the change of the critical temperature

with  applied pressure for a critical mixture

FIG. 3. The specific heat capacity results of run 2 for the critical(Xc=0.453+0.001) of nitroethane-cyclohexane in the way
binary liquid mixture of nitroethane-cyclohexane in a temperaturebriefly described in Sec. Il C. A graphical representation of

range very close to the critical point. the experimental values of the change in critical temperature
To(p)—Te(po) for different values ofp—p, with py=1
«=0.11*0.02, atm, are given in Fig. 5. These data have been fitted with a

straight line. The slope of this straight line corresponds to the

_ -1 -1
C,1=295+5) JK kg, (12) desired quantity

C;=567*=8) JK 1kgt dT
Zc_ -7 —1

Separate fits to the data above and belqvgave, within the dp (1.48420.009x 107" KPa ™ (15
guoted uncertainties, the same parameter values. Fits to the
data of run 1 resulted in parameter values with somewhat

L . . . D. Dielectric constant and densit
larger uncertainties but consistent witfi2). Including y

correction-to-scaling termsQ;# 0, C5#0) in these fits did For this paper we did not carry out new measurements for
not significantly improve the quality of the fits. the dielectric constant and the density, because we have
done this already in the past and reported them in previous
B. Refractive index paperd12,13. For the purpose of the discussion in the next

ction we briefly repeat here the elements needed there.
The € data in the homogeneous phase, measured at suffi-
ciently high frequency to avoid the low-frequency Maxwell-
Wagner relaxation phenomenon near the critical point
[12,13, showed strongly nonlinear behavior as a function of
emperature. Fitting these data with an expression of the
%\Qrm of Eq. (7) resulted in[12,29

We have performed three runs with the same critical®®
sample(mole fractionx,=0.453+0.00) to verify also its
chemical stability. For run 1 the critical temperature was
between 23.844 °Qlast point in the homogeneous phase
and 23.832 °Qthe first point in the two-phase regiprior
run 2T, was between 23.868 °C and 23.852 °C and for run
between 23.874 °C and 23.869 °C. Between runs 1 and

there is a gradual increase Bf by about 0.034 °C, which is 6=0.89+0.02,

acceptable. We started each run from about 30 °C, about (16)

6 °C above the critical temperature, and measured the fringe D,=1.48+0.04.

variation Ak by gradually decreasing the temperature steps

towardsT .. The refractive index variatioAn=n—n(T,) is The density dat§26] for a critical NE-CH mixture have

calculated fromAk by been fitted 13] with Eq. (2). Good fits could be obtained for
the ranger <9x10 3 with §=1—a,=0.89 andR;=0 im-

An=AkMI, (13)  posed. This resulted in

wheren(T) is the refractive index value at the starting tem- _ + °

perature of the run\=632.8 nm the wavelength of the T¢=23.7811x0.000) °C,

He-Ne laser, andl the sample thicknes(§.15 mn). TheAn p.=864.84%5+0.002 kgm 3, (17)

values for the three runs are displayed as a function of tem-

perature in Fig. 4. R;=0.034+0.002.

The data were fitted to the functional form
An=ng+nt?+n,t+ngt?+A1, (14 V. DISCUSSION

The analysis of the data was carried out with a modified The «=0.11+0.02 value given iff12), and obtained from
nonlinear least-squares computer program caleduiT, the specific heat capacity data presented in Sec. IV A, fully
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FIG. 4. Temperature dependence of the refractive index for the critical binary liquid mixture for runs 1-3. The solid curve results from
a fit to the data of run 1 with Eq14). The inset at the upper right shows the random dispersion of the normalized residuals resulting from
the fit with Eq.(14).

agrees with the theoreticB#] «,=0.110+0.002. This result relationships among critical exponents, but also gives spe-
also confirms a results of previous high-resolution cific predictions for ratios of critical amplitudes above and
specific heat capacity measurements for critical mix-below T, for a given physical quantity as well as among
tures of triethylamine—heavy watefTEA-D,O) [16], amplitudes of different quantities. These relationships have
3-methylpentane-nitro-ethang3MP-NE) [30], and 2,6 been experimentally investigated in far less detail. Since in
lutidine-water(2,5L-H,0) [31]. The #=1—« values of(16)  the case of NE-CH we have detailed results available on
for the dielectric constant and of Table | for the refractive several different quantities, we will further concentrate on
index confirm this conclusion. these aspects.

Since other critical exponents are also in agreement with Universality predicts that the amplitude ra@d/C, of the
the theoretical values for the three-dimensio(®D) Ising  leading singular terms of the specific heat capacity above and
model, it can be considered as a fact that consolute points dfelow T in Egs. (5) and (6) is a specific number for each
binary liquid mixtures belong to the 3D Ising universality universality clas$32]. There are no exact theoretical values
class. Universality, however, not only predicts values for andavailable for this ratio, and in the past numerical estimates

TABLE |. Results of least-squares fits with E{.4) to the experimental values of refractive index changes for the critical mixture of
nitroethane-cyclohexane. The uncertainties quoted are three standard deviations. Parameter values between parentheses have been he
constant in the fit.

Run Ny n, n, Ng 6 6+A, X

1 0.003216:0.000 004 —0.0162-0.0002 —0.1382+-0.0003 0.006:0.001 (0.89 (1.39 1.176
1 0.003 1590.000 002 —0.0162-0.0002 —0.1381+-0.0003 0.006:0.001 0.896:0.002 1.36:0.05 1.225
2 0.003 15¢:0.000 005 —0.0162:0.0002 —0.1381-0.0004 0.006:0.002 (0.89 (1.39 1.225
2 0.003 15¢:0.000 007 —0.0161-0.0007 —0.1378-0.0009 0.004:0.013 0.8870.007 1.3:04 1.285
3 0.003 14G:0.000 007 —0.0163:0.0003 —0.1381-0.0005 0.00%0.003 (0.89 (1.39 1.067
3 0.003 14@¢0.000 005 —0.0164-0.0003 —0.1382-0.0005 0.0080.003 0.892-0.004 1.450.02 1.119
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035 the refractive index critical behavior has so far only been

obtained for the binary system triethylamine-water. The ex-

030 - dT /dp = (1.4840.004)x10” ° C/Pa istence of this intrinsic effect was pointed out by Furrow and
o expt data Greer[39] by comparing their density data with the existing

0.25 -

fitted curve refractive index data of Beysens and Bour@dQ]. This was
subsequently confirmed by pia, Bose, and Thoef41] on

v the basis of refractive index data and the density data of

Tp) - Tlpy) O

o015 - : > Furrow and Greer. However, Beysens and Zal¢#4et car-
., ? g ried out density and refractive index data and claimed that
010 . oy o . 8 the critical behavior of the refractive index can be entirely
i e o« . E accounted for by the density effect.
005 - ) * e 2 B Although the critical contribution to both the density and
3 the refractive index for NE-CH are an order of magnitude
e s w0 s 20 s smaller than for TEA-HO (in accordance with two-scale-
p-p, (MPa) factor universality{43]), a comparison between onrresults

and the availablg results is possible. From the exact rela-
FIG. 5. Pressure dependence of the critical temperature of théon
critical binary liquid mixture of nitroethane-cyclohexane.

an an ap

strongly depended on the calculation method. Recent results, (&T) bx (r?p) p,x< BT) o (19
reviewed by Privman, Hohenberg, and AhardBg2], seem
to converge to a common value around 1.90. Fromit follows that
e-expansion calculations one fin@3/C,=1.91+0.04, field g P
theoretical calculations in 3D give 1.8%.05, whileC;/C, P(T)—P(TC)ZJ (_p) (_n) dT
=1.91*+0.04 is now also obtained from series expansion and T\ 9N p.X JT p.X
Monte Carlo calculation§32]. For NE-CH we obtain from ) €0
(12) an experimental rati€€;/C,;=1.92+0.05, which is in %<_p> [N(T)—n(To)]. (19)
very good agreement with the above theoretical values. Our an X
value for NE-CH is somewhat larger than the previously re- )
ported value of 1.750.03 for TEA-D,O[16], 1.79+0.06 for !N the last part of Eq(19) the assumption of a regular
3MP-NE[30], and 1.72-0.9 for 2,6L-H0 [31]. temperature-lndependenaﬂp(/an)p’X is made._From a com-

With Eq. (10) a value forG, , the amplitude of the leading Parison of Eq(19) with Eq. (14) one can define
singular term of the density in E¢Q) can be calculated with P
the C; result in (12), the p. value of (17), anddT./dp in Ql:(_p
(15). Further assuminga=a,=0.110+0.002, we obtain an
G1=~0.04220.002. From th&, =0.034=0.002 valug17) This quantity can be calculated from values of Table |

from the fit to the direct density data, we have . roq - ) > =
G,=—0.034+0.002. The two values o&, can be consid- provided a value fordp/dn) 75 is available. This quantity is

ered in satisfactory agreement, also in view of the fact thatSually estimated from the andn results far away fronT,

results from three different experiments with different[41]. For NE-CH we obtain p/n), ,=(1.98+0.02)x 10°

samples are involved in the calculations. kg/m® in this way. Further comparing Eqdl4), (2), and(20)
The existence of an intrinsic effect in the temperature deit follows that

pendence of the dielectric constanin the one-phase region

on the critical concentration line of binary liquid mixtures is Ri=—Q1/pe,

by now well documented since in 19808] it was demon-

reg
ng. (20)
p.X

(21)

.__provided that the above assumptions are valid. An intrinsic
strated that a low-frequency Maxwell-Wagner relaxation.,ntribytion ton, which is large enough, would, however,

(caused by the presence of ionic impurilieeas the reason oq it jn anR, value from(21) different from R, obtained
for quite often conflicting results previously published. Sub;{E

rom direct density data analysis. A calculation Rf with
sequently in 1981, published results of Thoen, Kindt, an y y Fof

) i g gs.(21) and (20) gives R;=0.037+0.001, which falls in
Van Dael[12] for NE-CH (briefly summarized in Sec. 1D hoyeenRr, =0.034+ 0.002 from the direct density results in

showed a quite large intrinsic effect and fully confirmed the(17) and R,=0.042+0.002 fromR,=—G, and Eq.(10).
conclusions of Ref{28]. In fact, in the case of NE-CH the o this one has to conclude that a possible intrinsic con-

&ribution to the critical behavior falls within the experimental

density related onésee Fig. 1 of Ref[13]). This can also be uncertainty limits.

verified by comparing the amplitudesE;=D;+R;
=1.51+0.04 andR;=0.034+0.002, obtained fron{16) and

. L . VI. SUMMARY AND CONCLUSIONS
(17). The existence of an intrinsid T./dE? related, critical

contribution to the temperature dependenceedfas also In this paper we have presented specific heat capacity
been observed for several other critical binary liquid mix-C , and refractive index data for the critical binary mix-
tures[33-38. ture of nitroethane-cyclohexane near the consolute point. Re-

Evidence for the presence of an intrinsic contribution tosults for the slope of the critical lin@éT./dp have also been
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reported. The specific heat capacity and refractive index datsituation for the dielectric constart where a quite large
have been analyzed in terms of the appropriate theoreticahtrinsic contribution (related todTC/dEz) is present, the
expressionggiven in Sec. I). The data are fully in agree- possible intrinsic contribution to the critical behavior of the
ment with the scaling predictions. The critical exponent refractive indexn does not exceed the uncertainty on the
values(for the specific heat capacity and the refractive in-amplitude of the indirect density contribution.
dex) and the amplitude rati€;/C; (for the specific heat
capacity agree very well with the theoretical values for the
3D Ising universality class. ACKNOWLEDGMENTS
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