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I Acoustical and thermodynamical parameters 

The following acoustical and thermodynamics parameters were calculated: 

1  Adiabatic compressibility (β) has been calculated from the ultrasonic velocity (U), and the 

density (ρ) of the medium using the Newton- Laplace equation  as follows: 

β = 1/U2ρ   …………  (1) 

2. Intermolecular free length (Lf) has been determined as23 follows: 

Lf = KTβ1/2……………… (2) 

Where KT is the temperature – dependent constant known as Jacobson’s constant ( KT = 

2.131×10-6 at 318K), and β is the adiabatic compressibility. 

3. Free volume (Vf) in terms of ultrasonic velocity (U) and the viscosity (η) of liquid24  is as 

follows: 

Vf = ( Meff U/ kη)3/2  …………(3) 
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Where Meff is the effective molecular weight of the mixture (Meff = ΣmiXi, where mi and Xi 

are the molecular weight and mole fraction of individual constituents, respectively), k is 

temperature independent constant which is equal to 4.281×109 for all liquids25. 

4. Internal pressure(∏i) can be calculated using the relation26 as follows: 

∏I = bRT(kη/U)1/2 (ρ2/3 / Meff
7/6)  ….  (4) 

Where b stands for cubic packing, which is assumed to be 2 for all liquids, k is a 

dimensionless constant independent of temperature and nature of the liquids, its values is 

4.281×109. T is the absolute temperature in Kelvin, Meff is the effective molar weight, R is 

the universal gas constant, η is the viscosity of the solution in Nsm-2, U is the ultrasonic 

velocity in ms-2 and ρ is the density in kgm-3 of solution. 

5.  The Gibbs free energy can be determined using the relation as follows: 

ΔG = kB,T.ln(kB.T.τ/h)  ………. (5) 

Where τ is viscous relaxation time, T is the absolute temperature, kB is Boltzmann’s constant, 

and h is Planck’s constant. 

6. Acoustic impedance (Z) is given as follows: 

Z = U.ρ   ………… (6) 

2 Theoretical Studies 

The following theoretical relations were compared with the experimental values of ultrasonic 

velocity. 

Nomoto’s Equation:  

 UNR= ∑
௫௜ோ௜

௫௜௏௠௜

௡
௜ୀଵ ………..                                                   (8) 
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Van Dael Ideal Mixing Relation:              

UIMR = (∑ 𝑥𝑖𝑀𝑖௡
௜ୀଵ )1/2൬∑

௫௜

ெ௜௏ಾ೔
మ

௡
௜ୀଵ ൰1/2  ……………          (9) 

Junjie’s Relation: 

UJR = (∑ 𝑥𝑖𝑉𝑚𝑖௡
௜ୀଵ )(∑ 𝑥𝑖𝑀𝑖௡

௜ୀଵ )1/2൤
∑ ௫௜௏௠௜೙
೔సభ

∑ ఘ௜௎೔
మ೙

೔సభ

൨1/2                    ……………          (10) 

Impedance Dependant Relation: 

UIMP = 
∑ ௫௜ఘ௜௎௜೙
೔సబ

∑ ௫௜ఘ௜೙
೔సబ

 …………………………   (11) 

Where 𝓍i is Mole fraction, Ri is molar sound velocity, 𝜌𝑖 is the density and Vmi is the molar 

volume 

Absolute Average Percentage Deviation (AAPD) = 
ଵ

௡
∑ቂ

(௎௘௫௣ି௎௧௛௘)

௎௘௫௣
ቃ × 100 (12) 

% Error (PE) ={(Uexp-Uthe)/Uexp}X100 ………   (13) 

 


