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Abstract:  Ultrasonic velocity and density of binary liquid mixtures of 1,3-dioxolane with1-alkanols has been 

measured using ultrasonic interferometer and 30 ml gravity bottle respectively at frequency 3MHz and constant 

temperature of 298.15K. Experimental values then obtained are used for determining various thermo acoustical 

parameters like adiabatic compressibility and intermolecular free length. Graphs are plotted of each parameter 

against mole fraction. The linear variation in most of the acoustical parameters showed that there is no complex 

formation in the mixture. The weak interaction between the molecules of the binary mixture is founded. Acoustic 

parameters provide important information in understanding the solute-solvent interaction in a solution. These 

results emphasize the value of excess parameters in describing solute–solvent interactions by confirming that 

the degree and kind of departures from ideality are significantly impacted by the polarity and structural features 

of the constituents involved. 
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Graphical abstract 

 
Nomenclature  

ρ, Densities of liquid  

u, Ultrasonic velocity  

βad, Adiabatic compressibility 

𝛽𝑎𝑑
𝐸 , excess adiabatic compressibility 

(Lf), Inter molecular free length  

(𝐿𝑓
𝐸), Excess inter molecular free length 

X1, Mole fraction of 1,3-Dioxolane 

𝑌𝐸, Thermodynamic excess function 

 

I. Introduction: 

Ultrasonic technique offers a rapid non-destructive methods for characterizing material [1]. The 

ultrasonic velocity in a liquid is fundamentally related to the binding forces between atoms or molecules and has 

been successfully employed in the field of interactions and structural aspect studies, for characterizing the 
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physicochemical behavior of liquid mixtures [2-5]. The ultrasonic velocity along with density and viscosity 

furnish wealth of information about the interaction between ions, dipoles, hydrogen bonding, multi-polar and 

dispersive forces [6]. Ultrasonic propagation parameters yield valuable information regarding the behaviour of 

liquid systems because intermolecular and intra molecular association, complex formation, dipolar interactions 

and related structural changes affect the compressibility of the system which in turn produces corresponding 

variations in ultrasonic velocity [7]. The different acoustical parameters interpret the nature and strength of 

molecular interaction that exist in the system [8]. The intermolecular interactions influence the structural 

arrangement along with the shape of the molecules [9, 10]. The study of liquids under ultrasonic conditions is 

crucial for determining the type and intensity of molecular interactions. Numerous studies investigating how 

molecules interact in liquid mixtures have been conducted using a variety of techniques, including the ultrasonic 

method, nuclear magnetic resonance, the Raman effect, infrared, dielectric constant, and ultraviolet. The 

ultrasonic method has recently emerged as a potent instrument for supplying data about the physiochemical 

characteristics of liquid systems [11,12]. 

The present paper is a part of our ongoing research program in the measurement of thermodynamic and 

transport properties of binary liquid mixtures. The liquids were chosen in the present investigation on the basis 

of their industrial impotence.1,3-dioxolane (cyclic diether) have played a major role in the pharmaceutical 

chemistry. Therefore, the applications of these compounds attract us to study their behavior in alcohols. 

Alcohols are used as hydraulic fluids in pharmaceutical and cosmetics, in medications for animals, in 

manufacturing of perfumes, paint removers, flavors and dyestuffs, as defrosting and as an antiseptic agent. The 

experimental results have been used to discuss the nature of interaction between unlike molecules in terms of 

hydrogen bonding, dipole-dipole interactions and dispersive forces. It is well known that ethers interact with 

alcohols by dipole-dipole interaction, formation of new hydrogen bonds or hetro-associations and dispersion 

forces. In the present study, an attempt has been made to investigate the behaviour of binary mixtures of 1,3-

dioxolane with 1-pentanol, 1-hexanol, 1-heptanol, 1-octanol, 1-nonanol and 1-decanol by measuring ultrasonic 

velocity and density at 298.15K. From the measured data various derived acoustical parameters are computed 

and the results are interpreted in the light of molecular interaction. In the present paper several parameters such 

as adiabatic compressibility (βad), and free length (Lf) of a binary system 1,3-dioxolane with 1-pentanol, 1-

hexanol, 1-heptanol, 1-octanol, 1-nonanol and 1-decanol have been reported using the experimental values of 

sound velocity (u) and  density (ρ) of the binary liquid mixtures at temperature 298.15K. These results have 

been fitted to the Redlich-Kister polynomial equation. 

 

II. EXPERIMENTAL PROCEDURE 

2.1 Chemicals.The source and purity of the chemical compound are shown in table-1.The substances density, 

viscosity and ultrasonic velocity is compared with the literature data (Table-2) to ascertain the purity, and a 

good agreement between the experimental data and literature data [13-24] was observed. 

2.2 Apparatus and Procedure: All six binary liquid mixtures were prepared by weighing appropriate amounts 

of pure liquids on a digital electronic balance (Citizen Scale (I) PVT. LTD. Mumbai, India.) with a precision ± 

0.1. The experimental uncertainty in mole fractions did not exceed ± 0.0005. All the solutions were prepared by 

mass ratios and stored in the air-tight stopper measuring flasks. 

 

Table 1. CAS Registry Number, Mass Fraction Purity of the chemicals 
Component 

Formula 

CAS Reg. 

No. 
 

 

Supplier 

 
 

Mass Fraction Purity 

(%) 
 

 

Method Purity analysis method 

 
 

1,3-

Dioxolane  C3H6O2 646-06-0 CDH Delhi 99.7 
Chromatography by the supplier 

 

Pentanol 
C5H12O 71-41-0 CDH Delhi 99.7 

Chromatography by the supplier 

Hexanol 
C6H14O 111-27-3 CDH Delhi 99.5 

Chromatography by the supplier 
 

Heptanol 
C7H16O 111-70-6 CDH Delhi 99 

Chromatography by the supplier 

Octanol 
C8H18O 111-87-5 CDH Delhi 99.7 

Chromatography by the supplier 

 

Nonanol 
C9H20O 143-08-8 CDH Delhi 99 

Chromatography by the supplier 

Decanol 
C10H22O 112-30-1 

CDH Delhi 
99 

Chromatography by the supplier 
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Table 2. Comparison of Experimental and Literature density (ρ) and sound velocity (u) of pure 

Components with Available Literature Values at T = 298.15K. 
Compound ρ (g.cm-3) u  (m.s-1) 

 This work Literature This work Literature 

1,3-Dioxolane  
1.0616 1.057717 

1340  
133817 

   1.058617   133818 

Pentanol 0.8124   0.810813 1198 119716 

   0.810713   126822  

Hexanol 0.8176 0.818713 1306 130415 

   0.815215   130315  

Heptanol 0.8196 0.818713 1325 132715  

   0.819719   1327.3724  

Octanol 0.8236 0.821613 1350 134814  

   0.821813   134722 

Nonanol 0.8248 0.824415 1366  136515  

  0.82422415  136424 

Decanol 0.8292 0.826715 1378  138015  

   0.826419   137924 

 

2.3 Measurements:  

Density: Densities of pure components and liquid-liquid mixtures were measured with a 25-ml specific gravity 

bottle by relative measurement method with an accuracy of ± 0.01 kg.m-3. The specific gravity bottle with the 

experimental mixture was immersed in the temperature-controlled water bath (MSI Goyal scientific, Meerut, 

U.P. India.), operating in the temperature range of -100C to 850C with an accuracy ± 0.10C. Double distilled 

water used for the calibration of the specific gravity bottle. At least three times for each composition in 

experimental were generally repeated and the results were treatment. 

Sound velocity: 

The speed of sound (u) was measured at a frequency 3 MHz in these solutions using the interferometric method 

with a (Model F-80D, Mittal Enterprise, New Delhi, India) at 298.15K. The interferometer cell was filled with 

the test liquid, and water was circulated around the measuring cell from a water bath. The uncertainty was 

estimated to be ±0.1%. The measured values of ultrasonic velocities of pure1,3-dioxolane with 1-pentanol. 1-

hexanol, 1-heptanol, 1-octanol, 1-nonanol and 1-decanol compare well with the corresponding literature values. 

Theoretical: 

The experimentally measured ultrasonic velocity (u) and density (ρ) are used to evaluate derived parameters like 

adiabatic compressibility (βad) and free length (Lf) using well established relations. 

The adiabatic compressibility(𝛽𝑎𝑑) has been calculated from the ultrasonic velocity (u) and density (𝜌)of the 

medium using the equation as 

                                   𝛽𝑎𝑑  = 
1

𝑢2𝜌     
                                                     (1) 

In the year 1952, Jacobson, suggested an empirical relation for calculating the free length (𝐿𝑓) of liquids. 

Intermolecular free length (𝐿𝑓), can be calculated from the adiabatic compressibility(𝛽𝑎𝑑) by the relation given 

below 

                    𝐿𝑓 = K 𝛽𝑎𝑑
1/2

                              (2) 

Where K is temperature dependent constant and  𝛽𝑎𝑑  is the adiabatic compressibility, which is given by 

the relation  

The excess value of ultrasonic related parameters has been calculated by using the following relation 

𝐴𝐸 = 𝐴𝑒𝑥𝑝. – (𝑋1 𝐴1+ 𝑋2𝐴2)                                                       (3) 

       Where A represents the parameter such as intermolecular free length, molar volume, isentropic compressibility, 

viscosity and internal pressure and 𝑋1 𝑎𝑛𝑑𝑋2 is the mole fractions of components whose parameters. 

 

III. Result and Discussion: 

The experimentally determined values of density (ρ) and sound velocity (u) and derived parameters 

adiabatic compressibility(𝛽𝑎𝑑) and free length (Lf) at 298.15K for the binary liquid system 1,3-Dioxolane with 

1-pentanol, 1-hexanol, 1-heptanol, 1-octanol, 1-nonanol and 1-decanol are listed in table-2. The same excess 

values for the binary liquid mixtures 1,3-Dioxolane with 1-pentanol, 1-hexanol, 1-heptanol, 1-octanol, 1-

nonanol and 1-decanol are presented in table-2. The data related to excess adiabatic compressibility and excess 

free length for the binary liquid system 1,3-Dioxolane with1-pentanol, 1-hexanol, 1-heptanol, 1-octanol, 1-

nonanol and 1-decanol were graphically represented in figures 1 to 2 at 298.15K respectively. 
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Scheme 1. Interactions between1,3-dioxolane with 1-alkanols at 298.15K 

 

From the table-2, it was observed that the density and ultrasonic velocity increase with increasing mole fraction 

of 1,3-Dioxolane. This may be due to association of a very strong dipole- induced dipole interaction between the 

component molecules.  

 

Table 3. Experimental Values of density (ρ), sound velocity (u) and viscosity (𝜼), derived parameters 

adiabatic compressibility(𝜷𝒂𝒅), free length (Lf), excess intermolecular free length (Lf) and excess 

adiabatic compressibility (𝜷𝒂𝒅
𝑬 ) for the binary mixtures of 1,3-Dioxolane(1) + 1-Alkanols (2) at 298.15K. 

    Mole 

fraction  
1,3-Dioxolane 

(x1) 

Density 

(ρ) g.cm-3 

Sound 

velocity (u) 
ms-1 

Intermolecular 

free length (Lf) × 
10-4 /m 

Adiabatic 

compressibility  
(𝛽𝑎𝑑) × 10-7 

Pa-1 

Excess intermolecular 

free length(Lf) × 10-4 / 
m 

Excess adiabatic 

compressibility 

(𝛽𝑎𝑑
𝐸 )× 10-7Pa-1 

1,3-Dioxolane + Pentanol    

0 0.8124 1198 2.6732 8.5770 - - 

0.0939 0.8276 1284 2.2842 7.3290 0.2915 -0.9352 

0.1942 0.8436 1290 2.2201 7.1233 0.2515 -0.8068 

0.2941 0.8640 1296 2.1477 6.8909 0.2202 -0.7064 

0.3942 0.8836 1300 2.0872 6.6966 0.1767 -0.5673 

0.4787 0.9068 1304 2.0213 6.4853 0.1549 -0.4975 

0.5999 0.9316 1310 1.9495 6.2551 0.1009 -0.3236 

0.6972 0.9596 1318 1.8697 5.9991 0.0797 -0.2555 

0.7928 0.9876 1324 1.8003 5.7762 0.0498 -0.1599 

0.9035 1.0260 1332 1.7121 5.4934 0.0231 -0.0740 

1.0000 1.0616 1340 1.6350 5.246 - - 

1,3-Dioxolane + Hexanol    

0 0.8176 1306 2.2349 7.1709 - - 

0.0912 0.8252 1317 2.1775 6.9867 0.0027 0.0086 

0.1955 0.8432 1320 2.1214 6.8065 0.0037 0.0119 

0.2923 0.8584 1322 2.0775 6.6657 0.0179 0.0574 

0.3982 0.8792 1325 2.0192 6.4786 0.0232 0.0742 

0.4942 0.8992 1327 1.9619 6.3154 0.0298 0.0958 

0.6059 0.9264 1330 1.9019 6.1024 0.0305 0.0978 

0.6976 0.9508 1332 1.8475 5.9279 0.0310 0.0998 

0.8018 0.9836 1335 1.7779 5.7045 0.0239 0.0769 

0.8914 1.0168 1337 1.7147 5.5018 0.0145 0.0468 

1.0000 1.0616 1340 1.6350 5.2460 - - 

1,3-Dioxolane + Heptanol    

0 0.8196 1325 2.1660 6.9497 - - 

0.0928 0.8304 1334 2.1091 6.7671 0.0076 0.0245 

0.1905 0.8412 1334 2.0820 6.6802 0.0172 0.0551 
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0.2939 0.8592 1335 2.0353 6.5304 0.0254 0.0814 

0.3894 0.8740 1335 2.0009 6.4199 0.0417 0.1336 

0.4818 0.8916 1336 1.9584 6.2837 0.0482 0.1548 

0.6021 0.9184 1337 1.8984 6.0912 0.0521 0.1673 

0.6952 0.9420 1337 1.8509 5.9387 0.0441 0.1734 

0.7892 0.9756 1338 1.7845 5.7255 0.0376 0.1204 

0.9006 1.0156 1339 1.7116 5.4918 0.0238 0.0765 

1.0000 1.0616 1340 1.6350 5.2460 - - 

1,3-Dioxolane + Octanol    

0 0.8296 1350 2.0764 6.6622 - - 

0.0885 0.8296 1350 2.0614 6.6139 0.0241 0.0770 

0.1967 0.8464 1349 2.0235 6.4923 0.0339 0.1087 

0.2998 0.8560 1348 2.0038 6.4291 0.0597 0.1915 

0.3902 0.8712 1348 1.9688 6.3168 0.0646 0.2072 

0.4963 0.8876 1348 1.9324 6.2002 0.0751 0.2409 

0.6008 0.9140 1347 1.8794 6.0301 0.0682 0.2188 

0.6925 0.9340 1348 1.8364 5.8921 0.0657 0.2106 

0.7975 0.9676 1348 1.7726 5.6875 0.0482 0.1547 

0.8940 1.0104 1348 1.6975 5.4466 0.0157 0.0505 

1.0000 1.0616 1340 1.6350 5.2460 - - 

1,3-Dioxolane + Nonanol    

0 0.8248 1366 2.0251 6.4976 - - 

0.0876 0.8336 1366 2.0037 6.4289 0.0128 0.0409 

0.1913 0.8404 1363 1.9963 6.4051 0.0458 0.1469 

0.2942 0.8504 1359 1.9844 6.3671 0.0741 0.2377 

0.3963 0.8692 1355 1.9529 6.2662 0.0825 0.2646 

0.4959 0.8844 1352 1.9279 6.1859 0.0963 0.3089 

0.6050  0.9092 1349 1.8837 6.0439 0.0946 0.3035 

0.6947 0.9332 1346 1.8434 5.9145 0.0893 0.2864 

0.7993 0.9648 1343 1.7910 5.7466 0.0777 0.2494 

0.9013 1.0084 1340 1.7213 5.5228 0.0478 0.1533 

1 1.0616 1340 1.6350 5.2460 - - 

1,3-Dioxolane + Decanol    

0 0.8292 1378 1.9794 6.4976 - - 

0.0881 0.8364 1374 1.9638 6.4289 0.0247 0.0794 

0.191 0.8396 1370 1.9578 6.4051 0.0642 0.2059 

0.2921 0.8560 1366 1.9413 6.3671 0.0725 0.2325 

0.3937 0.8672 1362 1.9374 6.2662 0.0936 0.3002 

0.4956 0.8824 1358 1.9153 6.1859 0.1066 0.3418 

0.604 0.9076 1353 1.8759 6.0439 0.1005 0.3352 

0.7129 0.9308 1348 1.8427 5.9145 0.9088 0.3492 

0.7983 0.9616 1344 1.7943 5.7466 0.0898 0.2882 

0.8971 1.0040 1340 1.7288 5.5228 0.0584 0.1873 

1 1.0616 1340 1.6350 5.246 - - 

 

Excess adiabatic compressibility (𝜷𝒂𝒅
𝑬 ) 

The calculated excess adiabatic compressibility (𝛽𝑎𝑑
𝐸 ), values for the binary liquid mixture listed in 

Figure 1. The change of this property has been shown in figure-1. The excess adiabatic compressibility (𝛽𝑎𝑑
𝐸 ), 

values are negative over the entire mole fraction range and become more negative with increasing the mole 

fraction of second component for all binary mixtures. These results can be explained in term of molecular 

interactions and structured effects.  The variation of excess adiabatic compressibility (𝛽𝑎𝑑
𝐸 ), with volume fraction 

of 1,3-dioxolane (x1) is represent in fig.1. Fort and Moore [25] have suggested that excess adiabatic 

compressibility (𝛽𝑎𝑑
𝐸 ), is the result of several opposing effects. Strong molecular interactions occur through 

charge transfer, dipole- induced dipole and dipole-dipole interaction [26], interstitial accommodation and 

orientational ordering all lead to a more compact structure making excess adiabatic compressibility (𝛽𝑎𝑑
𝐸 ) 

negative. The negative values of (𝛽𝑎𝑑
𝐸 ), in these mixtures can be associated with a structure forming tendency. 

 

The excess adiabatic compressibility (𝜷𝒂𝒅
𝑬 )  values were ascribed according to Sri Devi et al [27] the 

negative excess values have been due to the closely packed molecules which account for existence of strong 

molecular interaction where as positive excess values are due to prevailing of dispersion forces between unlike 

molecules. The sign of excess adiabatic compressibility (𝜷𝒂𝒅
𝑬 )  and deviation in intermolecular free length (ΔLf) 

play a vital role in assessing the compactness due to molecular interaction in liquid mixtures through hydrogen-

bonding, charge-transfer complex formation and dipole-dipole interactions and dipole-induced dipole 

interactions, interstitial accommodation and orientational ordering leading to more compact structure making 

negative excess isentropic compressibility and excess intermolecular free length values. 
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A perusal of curves in Figures-1 shows that the excess adiabatic compressibility (𝜷𝒂𝒅
𝑬 )  negative value decreases 

may be attributed to hetero association complexes decrease with increasing chain length, probably due to less 

proton-donating ability of higher alcohols. The excess adiabatic compressibility (𝜷𝒂𝒅
𝑬 ) values of 1,3-Dioxolane 

with alcohols fall in the order: 

                  1-Decanol < 1-Nonanol < 1-Octanol < 1-Heptanol < 1-Hexanol < 1-Pentanol 

 

 
Figure 1: Excess adiabatic compressibility (𝛽𝑎𝑑

𝐸 ) versus mole fraction (X1) of the 1,3-dioxolane at experimental 

temperature. 

 

A perusal of table 2 shows that the values of excess intermolecular free length for all the six binary 

system are negative. These negative values of excess intermolecular free length are shown in figure 2. From 

figure 2 shows that the excess intermolecular free length  (𝐿𝑓
𝐸) values are negative for all binary systems but the 

magnitude of the negative values increase with increasing chain length of alcohols, the order are given below- 

 

1-Pentanol < 1-Hexanol < 1-Heptanol < 1-Octanol < 1-Nonanol < 1-Decanol 

The above order indicates the strength of interactions between component molecules decreases due to decrease 

in polarizability of 1-alkanol molecules. 

The negative values of excess intermolecular free length (𝐿𝑓
𝐸) play a very important role in description of 

molecular interaction in liquid mixtures through dipole-dipole interaction and hydrogen bonding. Due to polar 

nature of 1,3-Dioxolane and 1-alkanols, the dipole-dipole interactions prevail in these mixtures. When the 

compounds are mixed the changes the occur in association equilibria are evidently rapture of the hydrogen 

bonds in pure 1,3-Dioxolane and 1-alkanols, dipole-dipole interactions and the formation of O  ̶  H----O 

hydrogen bonds between the components.  This suggests the existence of strong interaction between the 

components in all the binary systems. The values of 𝐿𝑓
𝐸  suggest that strong specific interaction like the formation 

of H- bond association through weaker physical forcers of attraction [28 

 

 
Figure: Hydrogen bonding present in 1,3-dioxolane n-alkanols. 
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Figure 2 depicts the variation of the excess intermolecular free length of the chosen system. We clearly 

see from fig. 2 that the non-linear variation of excess intermolecular free length with mole fraction of 1,3-

dioxolane. The negative deviation of excess intermolecular free length reaching a minimum at 0.48 mole 

fraction of 1,3-dioxolane shows the molecular interactions between the molecules. The structural changes take 

place due to the variation in intermolecular free length (𝐿𝑓) of the system. The excess intermolecular free length 

(shown in fig. 2) decrease with increase in the composition of 1,3-dioxolane till 0.48 mole fraction, reaches 

minimum at 0.48 mole fraction and beyond 0.48 mole fraction, it again increases. The existence of minimum 

free length indicates the squeezing of molecules in the system. 

 

 
Figure 2: Excess intermolecular free length (Lf

E) versus mole fraction (X1) of the 1,3-dioxolane at experimental 

temperature. 

 

IV. Conclusion 

In summary, the concentration dependencies of ultrasonic velocity and density, of 1,3-Dioxolane 

with1-pentanol, 1-hexanol, 1-heptanol, 1-octanol, 1-nonanol and 1-decanol binary liquid mixtures have been 

measured at temperature 298.15K at a constant 3 MHz frequency. The nonlinear variation of the related 

parameters such as adiabatic compressibility and intermolecular free length,was elaborated to understand the 

molecular interactions that lead to the process of complex formation between the solute and solvent molecules 

through π–cation, dipole–induced dipole, and ion–dipole interactions depending on the nature of the binary 

system. The negative variations of the excess values with concentration and temperature of the same acoustic 

parameters supported the presence of interaction between unlike molecules. 

 

ACKNOWLEDGEMENTS 

 

The authors gratefully acknowledge to Uttar Pradesh Council of Science and Technology, Lucknow (No. 

CST/CHEM/D-648 dated 01/08/2024) for financial support (Project ID: 3409). 

Declarations conflict of interest  

          The authors have no competing interests to declare that are relevant to the content of this article. 

Data availability statement 

        All data generated or analyzed during this study are included in this published article. 

Author Contribution Statement 

   Dhirendra Kumar Sharma, Research design, Investigation, Writing-Original draft preparation and Manuscript 

correction. 

Arpit Babu Shukla, Data Analysis, Mathematical Calculation, Tables and Graph preparation 

 

 

 

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0
.0
0

0
.0
9

0
.1
9

0
.2
9

0
.3
9

0
.4
8

0
.6
0

0
.7
0

0
.7
9

0
.9
0

1
.0
0

E
x
ce

ss
 i

n
te

rm
o
le

cu
la

r 
F

re
e 

le
n

g
th

 (
L

fE
)

Mole Fraction (X1)

decanol

nonanol

octanol

heptanol

hexanol

pentanol



Thermo acoustical study of intermolecular interactions in binary liquid mixtures of 1,3-.. 

www.ijres.org                                                                                                                                            194 | Page 

Reference 
[1]. V. Armugam, R. Sanjeevi, D. Raghunadha Rao, B. Shameem, Clssical areas of Pheno-menology (Including applications)- 

Ultrasonic studies on edible oils, Indian Journal of Pure and Applied Physics, 1998, 36, 578-583. 

[2]. A.  Ali, S. Hyder, A.K. Nain, Studies on molecular interactions in binary liquid mixtures by viscosity and ultrasonic velocity 
measurements at 303.15K, Journal of Molecular Liquids, 1999,79, 89-99. 

[3]. S.C. Bhatt, H.K. Semwal, V.  Lingwal, B.S. Semwal, Acoustical parameters of some molecular liquids, J. Acous. Soc. India., 2000, 

28, 293-296. 
[4]. A.  Ali, S. Hyder, A.K. Nain, Study of intermolecular interaction in binary liquid mixtures through ultrasonic speed measurement, 

Journal of Pure and Applied Ultrasonics, 2001.23, 73-79.  

[5]. A. Ali,  A. Yasmin A.K. Nain, Study of intermolecular interactions in binary liquid mixtures through ultrasonic speed 
measurements, Indian Journal of Pure and Applied Physics, 2002,40, 315-322. 

[6]. S. Anuradha, S. Prema, K. Rajagopal, Ultrasonic studies on molecular interactions in binary mixtures of acetonitrile with carbonyl 

molecules, Journal of Pure and Applied Ultrasonics, 2005, 27, 49-54. 
[7]. J.A. Al-Kandary, A. S.  Al-Jimaz, A.H.M. Abdul-Latif, Viscosities, densities and speeds of sound of binary mixtures of toluene, o-

xylene, m-xylene, p-xylene and mesitylene with anisole at 288.15K, 293.15K AND 303.15K, Journal of Chemical and Engineering 

Data, 2006, 51, 2074-2082. 

[8]. L.  Palaniappan, R. Thiyagarajan, Effect of aniline in methanol + benzene mixture - An ultrasonic study, Ind. J. Chem., 2008, 47B, 

1906-1909. 

[9]. A. Tadkalkar, P. Pawar, G.K. Bichile, Studies of acoustic and thermodynamic properties of citric acid in double distilled water at 
different temperatures, J. Chem. Pharm. Res., 2011, 3(3), 165-168. 

[10]. J.N. Ramteke, Ultrasonic study of molecular interaction in binary liquid mixture containing α-picolin in ethanol at 301.15K and 

305.15K, Advances in Applied Science Research, 2012,3(3), 1832-1835. 
[11]. C. Yang, H.  Lal, P. Ma, Density and viscosity of binary mixtures diethyl carbonate with alcohols at 293.15 to 363.15 K and 

predictive results by unifacvisco group contribution method, Journal of Chemical and Engineering Data, 2006, 51, 1345-1358. 

[12]. S.C. Bhatia, R.  Bhatia, G.P. Dubey, Thermo-physical and sono chemical behavior of binary mixtures of hehxan-1-ol with halo 
hydrocarbons at 303.15K, Journal of Molecular Liquids, 2010, 152, 39-52. 

[13]. A. H. Zainab, Al-Dulaimy, T.A.  Dhafir, Al-Heetimi, Husam Saleem Khalaf,  Ahmed Mohammed Abbas, Excess molar quantities 

of binary mixture of dipropyl amine with aliphatic alcohols at 298.15 K.  Oriential Journal of Chemistry, 2018,34(4), 2074-2082. 
[14]. G.P. Dubey , Monika Sharma, Excess volumes, densities, speed of sound and viscosities for the binary systems of 1-Octanol with 

hexadecane and squalane at (298.15,303.15 and 308.15)K. Int. J Thermo phys 24, 1361-1375, 2008. 

[15]. J.A. Al-Kandary, A. S.  Al-Jimaz, A.H.M. Abdul-Latif, Densities, viscosities, speeds of sound and refractive indices of binary 
mixtures of tetra hydro furan with 1-hexanol, 1-heptanol, 1-octanol, 1-nonanol, 1-decanol at 298.15, 303.15, and 313.15 K. Physics 

and Chemistry of Liquids, 2009, 47(2), 210-224. 

[16]. M. Indumati, G. Meenakshi, V.J. Priyadharshini, R. Kayalvizhi, S. Thiyagaraj, Theoretical evaluation of ultrasonic velocity and 
excess parameters in binary liquid mixtures of bromobenzene with alkanols. Research Journal of Pharmaceutical, Biological and 

Chemical Science 2013,4(2), 1332-1384. 

[17]. Riju  Chanda, A. Banerjee, R.N. Mahendra, Studies of viscous antagonism, excess molar volumes, viscosity deviation and 
isentropic compressibility of ternary mixtures containing N,N-di methyl formamide, benzene and some ethers at 298.15 K. Journal 

of Serbian Chemical Society, 2010,75(12), 1721-1732. 

[18]. I. Giner, M. Haro, I. Gascon, C. Lafuente, Thermodynamic properties of binary mixtures formed by cyclic ethers and chloro 
alkanes. Journal of Thermal Analysis and Calorimetry, 2007, 2,587-595. 

[19]. Anil kumar, C. Srinivasu, Speeds of Sound and Excess molar volume for binary mixture of 1,4-Dioxane with 1-Heptanol at five 

Temperatures. Advance in Chemistry, 2014,2014, 1-7. 
[20]. C. Bhatia Subhash, R. Rani , J. Sangwan, R. Bhatia, Densities, viscosities, speed of sound , refractive indices of binary mixtures of 

1-Decanol with Isomeric Chloro toluene. Int J Thermo phys, 2011, 32, 1163-1174. 

[21]. P. K. Banipal, V. Singh, N. Kaur, R. Sharma, S. Thakur, M. Kaur, T. S. Banipal, Physico-Chemical studies on binary mixtures of 
1,4-Dioxane and Alkan-1-ols at 298.15K, Acad. Sci. India. Sec. A Phys. Sci. 2017, 88(4)479-490. 

[22]. V, Venkatalakshmi, M. Gowrisankar, P. Venkateswarlu, K.S. Reddy, Density, Ultrasonic velocity and their excess parameters of the 

binary mixtures of 2-Methyl-aniline with 1-Alkanols (C3-C8) at different temperatures, International Journal of Physics and 
Research, 2013,Vol.3 Issue5 , 33-44. 

[23]. A.H. Zainab, Al-Dulaimy, T. A. Dhafir, Al-Heetimi, Husen Saleem Khalaf , A. M. Abbas, Excess molar quantities of binary 
mixture of Di propyl amine with Aliphatic Alcohols at 298.15K., Oriental Journal of Chemistry, 2018, Vol.34 Vo.(4) page 2074-

2082. 

[24].  P. K. Banipal, V. Singh. N. Kaur, R. Sharma. S. Thakur, M. Kaur, T.S. Banipal, Physico-Chemical Studies on binary mixtures of 
1,4-Dioxane and Alka-1-ols at 298.15K, Natl . Acad. Sci. India, Sec. A. Phys. Sci., 2017,88(4), 479-490. 

[25]. R J. Fort, and W. R Moore, “Adiabatic Compressibility In Binary Liquid Mixtures.” Trans. Faraday Soc. vol. 61, pp. 2102-2110, 

1965. 
[26].  H. Iloukhani, N. Zoorasna, and R. Sloeimani. “Excess Molar Volumes and Speeds of Sound of Tetra hydro furan With Chloro 

ethanes Or Chloroethane At 298.15 K.” Phys. Chem. Liq. vol. 43, pp. 391 -401, 2005. 

[27]. U. Sri Devi, K. Samatha, A. Visvanantasarma, J. Pure & Appl. Ultrason., 2004, 26, 1-11. 
[28]. B. Garcio,  S., Aparicio,  A.M. Navarro,  R. Alcalde and     J.M. Leal, Measurements and modeling of thermo physical behavior of  

(C1-C4) Alkyl benzoate(C1-C11)  Alkan-1-ol mixed solvents, J. Phys. Chem. B. 2004, 108: p 15841-15850. 

https://pubs.acs.org/doi/10.1021/jp0485439 
 

 

 
 

https://pubs.acs.org/doi/10.1021/jp0485439

