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ABSTRACT

Thermo-acoustical parameters of liquid mixture afkwNaHCOs; have been evaluated with
different mass concentration of NaHE®@ milk at different temperatures 283.15K-303.15K.
The Moelwyn-Hughes parameter has been utilizedtatbésh some simple relations between the
available volume, Bayer’s non-linearity parametenernal pressure and Sharma constant. A
relationship among the isobaric, isothermal andclsaric thermo-acoustical parameter have
been studied and analyzed in the case of milk+Nagld@e Sharma’s parametep 8mains
invariant with the mass concentration over a widage of temperature and retains its
characteristics value i.e. 1.11+0.01 in case ofgmmet liquid system. The present treatment has
the distinct advantage of volume expansivity, dgresad ultrasonic velocity measurement in a
particular solution of milk to detect chemical atides. Analysis of such type is not found so far
in literature.

Keywords: Volume expansivity, density, ultrasonic velocityloelwyn-Hughes parameter,
available volume.

INTRODUCTION

Over last decade, a great deal of work has begrdayut in the evaluation of thermo-acoustical
parameters, which are useful quantities in studyirginternal structure, molecular order and
anharmonicity. Several approaches have been proposvaluate thermo-acoustical parameters
for a wide variety of liquids, polymers and liquidystals [1, 2]. Some of these parameters are of
fundamental significance in the calculations of a&@n of state, which serve as an effective
guide in determining the mechanism of ultrasonisoaption in liquid and establishing a
correlation with the results for detecting chemiaddlitives in milk [3, 4]. They made an attempt
to evaluate ultrasonic velocity, density and othelated parameters over a wide range of
temperature and pressure to analyze interrelatipnstmong various thermo-acoustical
parameters. In recent years, Dukhin and Goetz [&edlstic techniques have been applied to
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food industry. In the acoustic technique, the spekedound, as compared to attenuation, are
more sensitive to the evaluation of chemical corprs and temperature [8]. Recently Pandey
et al. [9-11], Tabhane et al. [12] and Reddy efI8] used expansivity data to compute various
thermo-acoustical parameters. The available volha® been found to be extensively used to
understand the intermolecular interactions andratirermodynamic properties in liquid mixtures
[14-16]. The variation of density and ultrasoniclooity are related to thermal expansion
coefficient and also indicate interactions betwgsncontributing molecules.

The main objective of the present paper is to campther thermo-acoustical parameters, which
are not evaluated by Gokhan et al. [3] and tottesinterrelationship between Moelwyn-Hughes
parameter, Bayer’s non-linearity parameter, avlablume, internal pressure, cohesive energy
density, molecular constant, etc. These calculati@re further extended to compute
intermolecular thermal expansion coefficient atfedént mass concentration. The Moelwyn-
Hughes parameter [13, 17-19] is of immense impgddrecause of its close relationship with
the Gruneisen parameter and some thermo-acoug@cameters. The ultrasonic velocity and
density have been utilized to establish the ratatigp between volume expansivity, internal
pressure, fractional free volume, repulsive expor&nintermolecular potential, Moelwyn-
Hughes parameter, Bayer's non-linearity parametectional available volume etc. The
treatment has the distinct advantage of calculatiffifgrent parameters which are interrelated
through one and only one parameter, namely MoelWyghes parameter, that describes the
thermoacoustic properties of liquid mixtures. Arsadyof such type is not found so far in the
literature. The experimental data of density anmasbnic velocity required for the present
estimation of thermo-acoustical parameters hava teen from the literature [3].

Theory

Several authors have been reported for the estmati thermo-acoustical parameters in the
literature [17-24]. As the details of the said aggmh are reported by various authors [17-24], the
results of thermo acoustic parameters in milk vatiemical additives of the present work are
given in the Table-1.

Sharma [20] had obtained an expression for thenpetexa in terms of molar volume (V) as,

_1fav
*- v'(de )

R : . . .
where molar volume V =~ , where R is Rao’s constant given by RE=— & u is ultrasonic
u /Y

velocity.

And also obtained an expression for the Moelwyn&syparameter :Gn terms of thermal
expansion coefficient as,

C, =+ (@) + 2 (aT)

(@)

where T is Temperature
The summary of various interactions by Reddy et [4B-19] between thermo-acoustical

parameters C& others are given as follows:
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B

—=C, -1

A ! (3)

-1

V_a = 2 = E(E]+l (4)

vV C+1 |2 A

where \4is the available volume

V, = 2_|sy =y l[Eju (5)
C,+1 2( A

The symbols have their usual significance [13-1f] the above equality of the relations has not
been tested so far.

Sharma and Reddy [17-25] demonstrated followingraattion between n, m and &s:

n=3G-12 (6)
And
m = 3G-(n+6) (7)

where (B/A) is the Beyer’s non linearity paramefier the close packed volume; Va/V is the
fractional available (free) volume; m and n are angnts which describing the magnitude of
attractive and repulsive forces respectively. Ugual has the value of 6 and n>m as cited by
various workers [25-27].

Reduced volume can be expressed in termsioizero pressure limits as

_ aT :
Voi+ {—% aT)} ®)

Assuming to a first approximation for temperaturédapendence of,Cshowed [19, 25-27].

B=p )

Where§=B£l is the reduced bulk modulus, aﬁd=\\//— is the reduced volume. B’ and V' are
o' 0

the bulk modulus and volume at temperature T, déBd \4 are the bulk modulus and volume

at absolute zero [25-27].

Sharma [25] proposed a theoretical method to astablrelation between the molecular constant
r and the isochoric thermo acoustical param&es,
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o+ (ar)-l[(-m@“l )HT

5= 5 (10)

Where a molecular constant= % =@1-0)" (11)

Here R ande are internal pressure and cohesive energy demsipectively.

Isochoric temperature coefficient of internal press(R) has also been evaluated using/, C;
andV employing the following relation:

P :_2(1_;(:126”_) (12
\Y
Huggins parameter [28, 29] as an extension toidjuedl state may be expressed as
F=1+ [EJGT + [Mj + O_T M (13)
3 dinT J; 4 dp J;
F:2—S*(2+aT)+(—d|n'Bj (14)
dinT ),
F=2-S*+S,(S* -1)(aT)™ (15)

Sharma [30] and Reddy et al. [13] have introdugeridimensionless parametersehd S* as
So=5 (3+4aT) =35S* f16
S*=[1+ (4/3)aT] 017

wheres is the isochoric acoustical parameter given byHx.
Since $ may be expressed & = (1+ 2aT)(3+ 4aT)/67)Cl
The reduced volume expansivi@) [30] is defined as,

(E):[GWJ _ 18

oT

Characteristic temperature T* [31] may be expressed

. T !—1/3 _1’
T :F = (19)

—4/3

Vv

where, T=T/T* andV =V /V * are respectively the reduced temperature andfgpealume
and T*, V* are the corresponding characteristic paters (constant) of the material.
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Assuming the sound velocity u is a function of batdlume V and temperature T, the isobaric
(K), isothermal (K") and isochoric (K”) thermo acgtical parameters are related as [32, 33],

K=K +K” (20)

in which

K :5—;+(2ch)‘l +% (21)
K"= —\_/icl (2aT)*-V" +1] (22)

The details of the above relations are availabt&énliterature [32, 33].
RESULTS AND DISCUSSION

The necessary experimental data dengi)yapd ultrasonic velocity (u) for the system under
consideration have been taken from the literat@le Table 1 gives the calculated values of

different thermo-acoustical parameter<C,, V, Vo, B/AV , f, n, B, 5, P, &, 1, F, S, S, T, T,

a,V*, K, K, K", etc. using given formulae (1)—(22)of different mass concentration and at
temperature 293.15K-303.15K. The present treatnie® the great advantage to describe
thermo-acoustical parameters of liquid employinty @xpansivity data alone. This study gives

an opportunity to test the relation between BIA, V,and other parameters. The validity of (5)
is clearly tested in the present study using expental data.

The density is found to increase nonlinearly witbrease in concentration of NaHE@ milk.
Also, it has been decrease with rise in temperdtora 298.15 K to 303.15 K. It is usually due
to the destruction of H-bonds & reduction in asatich among milk species, with increase in
concentration and temperature. The u.s. velocityfosnd to increase with increase in
concentration and temperature which is anomalohs. onlinear variation of u.s. velocity and
adiabatic compressibility of the milk + NaHG@enerally indicates complex formation [34].

Moelwyn — Hughes [20] parameter; Ghows a non-linear increase or decrease with mass
concentration, which signifies the non-linear vawia of volume expansivity with mass
concentration. This result indicates the asso@atiture of the mixture.

Bayer's non-linearity parameter B/A is stronglyusture dependent quantity and characterizes
the lattice behaviour of liquids. It shows nonling@acrease and decrease with rise in mass
concentration of NaHC£in milk. The increase of this parameter with meamscentration shows
the decrease in intramolecular modes of vibratiamd anharmonicity in liquid mixture. This
shows the associating nature and weak intermoletariees in the solutions.

Reduced vqume\T() and free available volume (f) are identical inuna. Reduced volum¥

show a nonlinear increase and decrease with maewctration. The increased valuesvofand

f with mass concentration shows the enhancemerthenliquids, because of the increased
mobility of the molecules. If the available volurhas a small value then fractional free volume
would also have a small value. This shows the fasgee of the molecules in liquid state. The
increase in available volume with raising tempe®atis quite natural phenomenon and it is
attributed due to increase intermolecular attractibhigher temperatures.
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Table 1: Acoustical parameters for milk + NaHCGQat T = 283.15-303.15K

Mass Conceztnr% - 0 0.2011 | 0.3909| 05855 0.7844 09742  1.16B3 1.5b1
Density p) 283.15 | 1029558 1031.16 1032.999 1033.479 1034|87637.041| 1038.482 1041.544
293.15| 1027.3| 102899 1030.78 1031.37 1032/82 .2834 1036.13| 1039.19
303.15| 1024.3| 1025.80 1027.49 1028.l9 102952 5031 1032.83| 1035.94
Ultrasonic Velocity (u) | 283.15 | 1484.13 148531 1487.2  1489.p3  1493[34495.11 | 1497.11 | 1501.54
293.15| 1511.8| 1513.00 1515208 1516.)5 1520052 982f. 1523.99| 1527.94
303.15 | 1531.9| 1533.88 1536.08 1537.p7 1540/51  854]. 1543.99| 1547.39
)“("lﬂi’rvo'“me M* | 283.15| 9.7130| 9.697  9.6804 9.6760  9.6680  9.6425 6298. | 9.6008
293.15| 9.7330] 9.7180  9.7014 9.6057  9.6805  9.6d64 6519. | 9.6230
303.15| 9.7620| 9.7474  9.7304 9.7260  9.7182  9.6939 6828. | 9.6530
8;“{8‘3 Bxpansivity | 583 15| 3.0061| 2.9728  2.976( 31324 31740  2.8178 2008. | 3.1591
293.15| 2.9630| 29676  2.9694 3.1260  3.16{6  2.8108 1932 | 3.1520
303.15 | 2.9910| 2.9588  2.9604 311644  3.15(6  2.8029 1833. | 3.1421
Moelwyn-Hughes | R
Parameter (0 283.15| 16.1953 16.3256 16.3148 15.72p3  15.5$036.9732 | 15.4888 | 15.6321
203.15| 15.961| 159448 159365 15.36f5 152463 9657 15.1408| 15.2791
303.15 | 15.482| 15601f 155941 150443 149979 56.J1 14.8253| 14.9589
Bayer's non-linearity s
Datameter (BIA 2831 | 15.195| 15.325% 153128 14.7263  14.58035.9732 | 14.4888 | 14.6321
203.15 | 14.961| 14.9448 14.9365 14.36)5 142463 9557 14.1408| 14.2791
303.15 | 14.482| 14601} 145941 14.0443 139079 5571 13.8253| 13.9589
ﬁ}’;’)')'f‘l%?vc"“me 283.15| 1.1297| 1.1195  1.1189 11570  1.16$6  1.07130 168D. | 1.1545
29315 | 1.1476| 1.1471  1.1454 1.1848  1.1984  1.0997 1959. | 1.1823
303.15 | 1.1845| 1.1744  1.1724 12126 12212  1.1462 2237. | 1.2097
(Ff;ac“"”a' free Volumel 583 15| 0.1163| 0.1154 0.1158  0.119%  0.1206 0.1113 | 0.1213 | 0.1202
293.15| 0.1179] o0.11894  o0.1181 0.122p 01283  0.1438 1230. | 0.1229
303.15| 0.1213| 0.1209  0.1204 0.1247  0.1267  0.1162 126@8. | 0.1253
Repulsive exponent of
intermolecular 283.15 | 36.5860| 36.9764 36.9384 35.17B9  34.7408 198.d 34.4663| 34.8963
Potential (n)
203.15 | 35.885| 358328 358004 34.10p6  33.6{90 83.43 33.4225| 33.8373
303.15 | 34.448| 34.8050) 34.782%4 33.13B0 32.7437 86.64 32.4758| 32.8764
Reduced VolumeY/ ) | 28315 | 1.0805| 1.0797  1.079% 1.0837  1.0847  1.0757 085&. | 1.0844
293.15| 1.0821| 1.08294  1.0824 1.0868  1.08f4  1.0481 0881 | 1.0870
303.15 | 1.0855| 1.084d  1.0844 1.0888  1.0809  1.0904 0906. | 1.0895
Reduced Bulk
= 283.15| 0.2853| 0.2861]  0.286( 02825 02816  0.2d97 2810. | 0.2819
Modulus|{B
203.15| 02839 0.2838  0.2834 02800 02792  0.2d75 2786. | 0.2796
303.15| 0.2809| 0.2817  0.2814 02780  0.27f0  0.2d55 2768. | 0.2774
Anderson Gruneisen A p
Carametord) 283.15| 0.3339| 0.3343  0.3344 0.3326 03322  0.3959 3310. | 0.3323
293.15| 0.3333] 03333 0.3331 0.3316 03311  0.3449 3308. | 0.3312
303.15| 0.3319| 0.33294  0.3324 0.3306 03300  0.3940 3290. | 0.3302
'(rF‘,tl‘)a;'I?]é Pressure 283.15| 1.4002| 1.3939  1.400¢ 1.4576 1.4813 1.3d58 5028. | 1.5022
20315 | 1.4711| 1.4779  1.485( 15440 15683  1.4453 5898 | 1.5878
303.15 | 1.5526| 1.5470  1.5549 161501  1.6389 15124 6608. | 1.6582
Cohesive energy
Gonsity & X1 283.15| 0.9327| 0.9277  0.9324 09727 09892  0.9d70 0040. | 1.0030
293.15| 0.9808| 0.9854  0.9904 1.0321  1.0490  0.9412 0636. | 1.0618
303.15| 1.0374| 1.033d  1.038] 1.081B  1.0980  1.0473 1132 | 1.1107
Molecular constant ()| 283.15 | 1.5013| 1.5021]  1.5024 1.498h  1.4974  1.5058 4968. | 1.4977
203.15| 1.4999| 1.4998  1.4997 1.4950  1.4949 15036 494B. | 1.4953
303.15
Huggin's Parameter (F) 283.15 | 2.3738| 2.374d  2.3744 23696  2.3681  2.3902 3672. | 2.3686
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Mass concentrati —

oD, 0 0.2011 | 0.3909| 05855 07844 09722  1.1683 1.5p1
203.15 | 2.3717| 2.3719  2.371¢ 23650  2.3684 23771 3638. | 2.3650
303.15 | 2.3671| 2.3683  2.368 23626 23610  2.3740 360R. | 2.3615
Sharma's constantdS | 283.15 | 1.1155| 1.1154  1.1154 1.1158  1.1159  1.1149 1160. | 1.1159
293.15 | 1.1156| 1.1156  1.115¢6 11160 11162  1.1152 1168. | 1.1161
303.15 | 1.1160| 1.11594  1.115¢ 1.1168  1.1164  1.1154 1165. | 1.1164
ﬁgfgmztser(s*) 283.15| 1.1135| 1.1122  1.1124 1.1183 11198  1.1d64 1208. | 1.1193
203.15 | 1.1158| 1.116d  1.1161 11220 1.1288  1.1d99 1248 | 1.1232
303.15 | 1.1209| 1.1194  1.119] 11260  1.12f6  1.1133 1287. | 1.1270
Reduced Temperature
('T') 283.15| 0.0236| 0.0234  0.0234 0.0244  0.0247  0.0423 0248. | 0.0246

293.15| 0.0240 0.0240 0.024( 0.025) 0.02%3 0.0430 0256. 0.0252

=

303.15 | 0.0248 0.0246 0.0244¢ 0.025 0.0260 0.0435 02640. 0.0259

BN

Characteristic

Temperature (T¥) 283.15| 12007.00 121188 12107.p6 1160633 1148[.53671117| 11403.33 11525.19

293.15 | 12224.( 12209.0 12202, 11694.7  1157B.7  1277011498.0| 11620.4

=)

303.15] 12203.| 12312.] 12305. 11801.9 1167[7.0  188Y311601.3|] 11723.7

N

Reduced Volume bg315 | 36094 | 3.6025 | 36032 | 3.6356 | 3.6442 | 3.5705 | 3.6497 | 3.6411
Expansivity (O’ ) '

293.15 | 3.6222 3.623]] 3.623¢ 3.657 3.6661 3.5495 6718. 3.6627

303.15| 3.6501 3.6429 3.6434 3.677 3.6871 3.6083 6928. 3.6836

Characteristic volume

(V9)x10* 283.15| 8.9893 8.9823 8.965¢ 8.928

8.9081 8.9¢937 8718. 8.8538

293.15| 8.9948 8.9800 8.9644 8.925 8.9043 8.9q64 8708. 8.8529

303.15 | 8.9934 8.9868 8.971( 8.932 8.9117 8.9727 87843. 8.8599

Lattice Gruneisen

Parameteri(=K) 283.15 | 7.5977 7.6627 7.6564 7.363 7.2901 7.9966 2444. 7.3160

293.15| 7.4809 7.472]] 7.4683 7.183] 7.1182 7.7498 0704. 7.1395

Isothermal Gruneisen

parameter[(’ or K') 283.15| 6.6361 6.6772 6.6733 6.488 6.4421 6.8916 413@. 6.4584

293.15| 6.5624 6.5569 6.5544 6.375 6.3305 6.7973 3036. 6.3471

303.15| 6.4114 6.4488 6.4464 6.273 6.2301 6.6425 2046. 6.2461

Isochoric Gruneisen

parameter (K") 283.15 | -0.9616| -0.9854 -0.983p -0.874 -0.8480 0411 -0.8311 -0.8576

293.15 | -0.9184| -0.915% -0.913 -0.804 -0.78p7  3240( -0.7669 -0.7924

P
D
7
3
6
P
3
303.15 | 7.2414 7.3008 7.2971 7.022p 6.9540 7.6078 9126. 6.9794
P
D
il
0
8
1

\=zapee)

303.15 | -0.8300] -0.852( -0.850 -0.749 -0.72B9  6%89| -0.7086 -0.7333

The high value of repulsive exponent (n) showshihi& nature of molecule. Repulsive exponent
is found to show a nonlinear decrease and incre@bemass concentration in the mixture of
chemical additives. The decrease in n with masseattration shows the dissociating nature of
molecules and the increase in n with mass condentrthus would show associating nature of
molecules.

The internal pressure;jRs the resultant of attractive and repulsive ésrbetween the molecules.
It measures the molecular cohesion and the insteotes volume derivative of the milk. The
increase Pwith increase in mass concentration indicatesotientation of the solvent molecules
around the ions. This may be due to the influenicelectrostatic field of ions i.e. solutions
becomes harder to compress. This also shows asgdiendency of the molecules in milk with
chemical additives. The reduction invidth in mass concentration shows the dissociagngency
of the molecules in the solutions. This study iatks that the internal pressure in Milk + NaHCO
could also be used for studying the molecular aagon through hydrogen bonding [35].

The cohesive energy of a material is the energuvired to disassemble it into its constituent
parts, also known as binding energy. It dependshupe nature of the atoms present in the
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material. In the present system, the cohesive graggsity £) increases or decreases with mass
concentration. The increase inwith mass concentration shows the decrease inedegf
dissociation in the molecules.

Molecular constant 'r' measures the molecular gohedf 'r' is low then liquid state causes a
molecular dissociative effective due to increasirigbse packing of the molecules resulting in a
very weak intermolecular cohesion. The molecularstant r has the dimension reciprocal of
volume. Moreover, the value of r with mass conadidn is found in order in the liquid system.

The reduction in the value of r shows an increasiodecular order and the increase in r with
mass concentration shows decrease in molecular.orde

The Sharma’s parameteg &mains invariant even in the wide range of temjpees and mass
concentration and its characteristics value is #0101. Also the calculated values of S* are

around 1.11+0.1, as compared to 1.15 for polymEsk [The reduced bulk modult‘E) is found
to be approximately equal to the isochoric thermauatic parameteb)i.e.,d = B +0.1.

The variation of remaining parmeters S%, 5, K, K, K", B, a, T, T, V" exhibits nonlinear
increases or decreases with rise in mass condentiidtchemical additive in milk. In the present
case the thermo-acoustical parameter values otiassd polar liquids like milk and chemical
additives are found to be slightly deviated. Thisynbe due to greater degree of polarisability or
polar interactions & hydrogen bending effects @St molecules.

CONCLUSION

The observed complex formation and molecular ictéya in the present solution is used to
detect the chemical additives in food materialsoAlthe association of molecules of food and
chemical additives may be more at higher mass corat@n of chemical additives. This
indicates the strong Solute-Solvent interaction.
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