ISSN : 0974 - 7486 Volume 12 Issue 5

A Tndéian Journal

— Fyfl Peper

M SAIJ, 12(5), 2015 [147-151]

Modification of the Fixman analytic function
in binary liquid mixtures

D.A.Abu Arra, Issam R.Abderazig*
PhysicsDept. An-Najah National Univer sity, (PALESTINE)

ABSTRACT

The mode-coupling theory of Fixman failed to explain the experimental behavior of the binary liquid mixtures at
critical concentration and above critical temperature. The analytic function of Fixman’stheory wasmodified in order
to get an agreement with the experimental behavior of the binary liquid mixturesat critical concentration and above
the critical temperature. Ultrasonic absorption and velocity of some binary liquid mixtures were used to test the

o
validity of the Modified-Fixman’s theory. It is found that the ratio of heat capacities ¥o = E—L:(at constant volume

and pressure) of the binary liquid mixturesis the term which plays the role to modify the Fixman’s theory to get a

good agreement with the experimental behavior.

INTRODUCTION

Binary mixtureisasystem containstwo systems
that not have ahomogenous composition, and become
uniform thermodynamic propertiesafter critica point a
which binary system behave same homogenous phase
under thesame condition of temperature, pressure, spe-
cificheet, viscosity, and therma conductivity®

Thesmplefluid systems can be studied by using
theultrasonic pressure amplitude attenuation per wave-
length a; () or absorption coefficient and the sound
velocity u (e, mainly when absorption coefficient of
ultrasound near critical point isbeing observed It was
found that thereisan increasein this absorption and
lossof energy from the sound waveto thefluctuations
near thecritica pointl*3188,

Severdl theoriesstudied thecritical behavior of bi-
nary liquid mixtures. Oneof thesetheoriesismode cou-
pling theory which was devel oped by Fixman to de-
scribe the absorption and dispersion of sound near criti-
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cal point of binary mixture®. Mode-coupling theory
developed by Kawasaki intermsof critica behavior of
bulk viscosity™. Misturafocused on thecritical be-
havior of complex specific heat!*¥, the second theory
by Kroll-Ruhland and Onuki which described the
propagation of acoustic waveinthevicinity of critica
point using the renormalization group theory to deter-
minethebulk viscosity!*d. Thethird theory by Ferrel-
Bhattacharjee which devel oped the dynamic scaling
theory for thecritical ultrasonic attenuation in abinary
liquid mixture®, Tanakaand Wada showed that the
formof criticd amplitudeof inKroll-Ruhlandisthesame
asinthecase of Ferrd-Bhattacharjeedynamic scaling
theory. Hornowski and his group devel oped the modi -
fied verson of themode-coupling theory for theacous-
ticanomaly based onthecritical behavior of arelaxing
complex heat capacity*?.

Inthis paper, themode-coupling theory of Fixman
will beusedto explain thebehavior of the experimental
data. Correction termsmay be added to the theory to



148

Modification of the Fixman analytic function in binary liquid mixtures

MSAIJ, 12(5) 2015

Full Poper =
be ableto explainthetrend of the experimenta data

THEORY

The mode-coupling theorieslead to the samegen-
era expressionfor theatenuation per wavelength o, a
criticd concentration™ whichis:
uz( @) - ?TA(T)I(Q) ) (1)
Where; u(w) is the velocity of sound; A(T) is the
critical amplitude; 1(w*) isthe scaling function.

However, the expression for critical amplitude

A(T) is different for each theory. The scaling func-
tionisgeneraized relaxation function, whichisgiven

byl1L.17;

- x4dx w K(x) ]
I(CU ) - J- [{1+X2}2] {K(x)24w*2}
Where «* reduced frequency

@

w* ==
wipy’ mD

given by

wp = 2Doég 2t1 3 3)
Where; p_ isthediffusion coefficient>¥ ¢ isthe
correlation length.

Near the critical point mass diffusion coefficient
satisfiesan Stokes-Einestien expression, hence Eqg. (10)
can bewritteninthefollowingform:

keT _ kgT
3apés - 3Tugés
Wherethe correlation length and shear viscosity are
given by formula®
& =%t andy = p,ttn

k zistheboltzmann’s constant and t = _:,

reduced temperature, which determines distancefrom
the critical point on temperature scale.
Theformula(11) can be written in the form:
wp = wot?” (5)
Where; z =3 + x,,,vand y arecritical exponents
with (zv = 1.93)
Theanalyticfunction K(y) of Kawasaky, Mistura,
and Chaban is given by,
K(x) = % [1 +x% + (x3 - %) arctcm.(x)] (6)
While the Fixman’s analytic function K(x) is given

is the characteristic frequency

wp = t(z3+7fu v )

by[13]

K(x) = x°[1 + x%]

Theexprcu ssonsfor thecritica ampl |tudesA(17 of
the binary mixturein the mode-coupling theoriesare
givenasfollows:

Fixman’s and K awasaki’scritica amplitudes4-(™
and 4.(naregiven by®13:

_ N _ |KaGo—IvE ] g
Ap(T) = Ag(T) = [ D] @
Mistura’sform of thecritical amplitudeisgiven
by[8,16].

Au(T) = Ap(D)yy — 117[1 = 0.57] ©

Chaban’sform s.misgiven by!™:
4,0 = a,M1L-(C2) () (10)

Where; p isthedensity of the mixture; Cpbisback-
ground heat capacity at constant pressure; y, = %E_is

the ratio of heat capacities; a,,is the background
amplitude of thethermal expansi on.

¢ is the correlation Iength

the critical line of consult poi nts as a function of
pressure. Tc isthe critical temperature of the binary
mixtureand ), v, o are critical exponents.
Hornowski’smodificationisbased onthecritica
behavior of arelaxing complex heat capacity. Thegen-
eral expressionfor thecritical amplitude4 (™) hasbeen
derived intermsof the dimensionless parameter™

d = 7] 7]
Tappl LdP

Where Cvh istheback ground specific heat coefficient
at congtant volume

Thecriticad Hornowski’samplitude AH (T) isgiven
byl
A, (1) = A (D1 0501 (d)
Wherethefunction
f(d) = [(ro — D* = 2d yold — (yo — D7

£ is the slope of

(1)

(12)
(13)
RESULTS

Two binary mixtures 3Methylpentane+
Nitreothane and Nitrobenzen-n Hexane use to study
Fixman and Modification of Fixman analytic func-
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tion at different frequency.
3MethylpentanetNitreothane

Data®x of wastaken from Garland and Sanchez
paper’®, aswell asthe sound vel ocity.
Figure (1) show plotsof experimental absorption

va ues—*—vsreduced frequency o* of Fixmanaong

with thetheoretlwl scdingintegrd (w*) of binary mix-
ture 3M ethyl pentane+Nitreothane.

Fi aure ( 2) show plotsof experimenta absorption
values —"—vsreduced frequency o* of Fixmanand
Modlflcatl on of Fixman aong with thetheoretica scd-
ing integral I(o*) of binary mixture
3Methyl pentane+Nitreothane.

Figure (3) show plots of experimental absorp-
tion values ; m,.{}vs reduced frequency o* of
Modification of Fixman along with the theoretical

TABLE 1: Thenecessary datawhich areneeded to calculate
Ag(T)of 3methylpentane-nitrothane

—== Fyl] Peper

scaling integral I(®w*) of binary mixture
3Methyl pentane+Nitreothane.

Nitr obenzen-n hexane
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Figure?2: Experimental absor ption values mVsre

s u‘A
duced frequency ¢ * for 3mdhy|pentane+n|trothaneaocord-
ingto Fixman theory alongwith thetheor etical scalinginte-
gral I(w ™) solid line, dashed linerepresent modification form
of Fixman’stheory.
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Quantity Value References
Te 299.6 (Abdelrazig, 2003)
C,lerg/e)  1.94x107  (Greer and Hocken,1975)
r {A} 2.16 (Abdelrazig, 2003)
Dn(cmz/s) 328 X10~° (Greer and Hocken, 1975)
o (g/em’) 0.791 (Abdelrazig, 2003)
wg(Hz) 1.23x¥10*" (Galand, 1983)
1, (cp) 0.35 (Greer and Hocken, 1975)
Yo 1.28 (Garland, 1983)
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Figurel: Experimental absor ption valuesx u‘AF{T]VS'

reduced frequency ¢;= for 3methylpentane+nitrothaneac-
cordingto Fixman theory along with thetheor etical scaling

integral I (z+)
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Figure3: Experimental absorptionvalues = = ag

duced freguency «* for 3methylpentane+nitr othaneaccor d-

ing tomodification Fixman theory along with thetheor etical
scalingintegral I (cx*) in solid line.

Dataof was taken from Abdelraziq, aswell as
the sound velocity.
Fi gure (4) show plotsof experimenta absorption

valu&d ,TA, vs.reduced frequency o* of Fixman

aongwiththetheoretical scalingintegral | (w*) of bi-
nary mixtureNitrobenzen-n Hexane
Fi gure (6) show plotsof experimenta absorption

values vs.reduced frequency o* of Fixman

U ‘TAI

along with the theoretical scaling integral | (o*) of
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TABLE 2: Thenecessary datawhich areneeded to calculate
Ag(T)of Nitrobenzen- n Hexane

Quantity Value References
T 293.25 (Abdelraziq, 2003)
Cpclerg/gK) 1.9x107  (Greer and Hocken,1975)
£o(A) 2.03 (Abdelrazig, 2003)
cm2 _

Du( S ) 3.28 «10™°  (Greer and Hocken, 1975)
o (g/em’) 0.8432 (Abdelrazig, 1989)
w,(Hz) 2x10° (Abdelrazig, 1989)

1, (cp) 0.563 (Abdelrazig, 1989)
Yo 1.24 (Abdelraziqg, 1989)
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Figure4: Theexperimental value$Vs reduced fre-

guency o * for nitrobenzene- n hexaneaccordingto Fixman

theory along with thetheoretical scaling function I (¢s®) in
solid line.

binary mixture Nitrobenzen-n Hexane

DISCUSSION

Anayticfunction of Fixmantheory isgiven by the
followingequation:
K(x) = x%[1+x%]

Modificationfor Fixman anayticfunctionisgiven
by
K(x) = 2x% = (10 x% + 1+ 6x* + 8 x%) (14
Where, v,: Theratio of heat capacitiesat constant pres-
sureand volume, : critical exponent equal 0.63. and
x = q& ecorrelationlength, o wavenumber.

Closed tothecriticd point, thefluctuationsin ther-
modynamic propertiesincrease, then thesystemacting
kindofarrangementafterthi spoint, thisbehavior of binary
system after thispoint is described by analytic func-

Wotoviolsy Science ( mm—

tion of mode coupling theories, which is propor-
tional to the correlation length.

Theanalytic function of Fixman [equation (7)] is
poor for describing thisbehavior of systembelow or
®*>10in high reduced frequency(closed to Tc), modi-
ficationform of analytic function of Fixman’sanaytic
function appear in equation (14), thismodification shows
inFigure(3) and Figure(6), asnoticed that new termin
old analytic function caused areductionin theampli-
tude of the scaling function, becausethisterms have
rel ationship to the correlation length which describe
therange of fluctuationsof thermodynamic properties
of system after critical point, and thisterm cause Ex-
pansion in the scaling function asshownin Figure 4.
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Figure5: Theexperimental value$Vs reduced fre-

quency ™ for nitrobenzene- n hexaneaccordingto Fixman
theory alongwith thetheor etical scaling function | (0 ) [solid
ling], modification Fixman theory along with thetheor etical
scaling function | (¢»*) [dashed ling].
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Figure6: Theexperimental value$Vs reduced fre-

guency cu*for nitrobenzene- n hexaneaccor dingto modifica-
tion Fixman theory along with thetheor etical scaling func-
tion I (¢0®) in solid linewith adding new parameter to scaling
function.
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The new term is not enough to match the theory
to the experimental value, then need another term
must be added to the scaling function after integra-
tion to raise the amplitude, this term depending on

the ratio of heat capacitiesy, whichisequal 71 * 2

The results show a much better agreement in
modification of Fixman analytic function than the
values obtained using the theories of Fixman, espe-
cially at thelow reduced frequencies o*. However,
for the large values of reduced frequency o* >10the
mode-coupling theory of Fixman still exhibits poor
agreement with the observed data, but at modifica-
tion of Fixman analytic function thereisagood agree-
ment at high frequency.

CONCLUSION

M ode-coupling theories used to describe the be-
havior of critical binary mixture after critical point, it
have been di sagreement with the experimentd va ue of
binary mixture over the range of reduced frequency
w*>10. TheModified-Fixman’stheory wasfound much
better than old Fixman’sana ytic function when gpplied
itin binary mixtures 3Methyl pentane+Nitreothaneand
Nitrobenzen-n Hexane.

Theéffectivetermwhich playsanimportantrolein
thismaodification depend ontheratio of heat capacities
at constant volumeand pressure.
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