
  © UKR Journal of Multidisciplinary Studies (UKRJMS).  Published by UKR Publisher 79 

 

UKR Journal of Multidisciplinary Studies (UKRJMS) 
                                                                                           Homepage: https://ukrpublisher.com/ukrjms/ 

                                                                                                        Email: submit.ukrpublisher@gmail.com 
                 Volume 1, Issue 4, 2025                                                                                               ISSN: 3049-432X (Online) 

Evaluation of excess internal pressure and excess enthalpy of binary 

mixtures containing of 1,3-dioxolane and monoalkanols at 298.15K. 
 
 

Dhirendra Kumar Sharma1, Seema Agarwal2

 

1Department of Chemistry, Institute of Basic Science, Bundelkhand University, Jhansi (U.P), India. 
2Research Scholar, Department of Chemistry, Bundelkhand University, Jhansi (U.P), India.

 
*Corresponding Author: Dhirendra Kumar Sharma 

DOI: 10.5281/zenodo.16523272 
 

Article History Abstract 

Original Research Article An internal pressures and enthalpy of six binary liquid mixtures 1,3-dioxolane with mono 
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1. Introduction 

The role of internal pressure in solution thermodynamic 

was recognized by many workers[1-4], since it is highly 

useful in understanding the intermolecular interaction, 

internal structure and clustering phenomenon. Several 

investigations [5-10] have been carried out to evaluate 

internal pressure in liquid mixtures. Moreover, numerous 

studies have explored and is still in progress to study 

molecular interactions in liquid mixtures in the light of 

excess internal pressure. The internal pressure, and hence 

enthalpy of mixing are explored using both measurable 

experimental parameters like density, Sound velocity, 

viscosity etc. and the thermodynamic data such as 

coefficient of volume expansion, isothermal 

compressibility, etc, Suryanaryana have given an indirect 

method of evaluating the internal pressure. From the 

known values of density, sound velocity, and viscosity, 

internal pressure was evaluated to understand the 

intermolecular interactions within the mixture. The excess 

enthalpy of binary mixtures was successfully evaluated on 

the basis of internal pressure data. Flory theory was 

applied by several workers [10-12], to estimate excess 

enthalpies in binary liquid mixtures. The present 

investigation aim to evaluate theoretically internal 

pressure of six binary liquid mixtures through one 

approach. Excess enthalpies of systems under 

consideration are also estimated using computed values of 

internal pressure through one method, and results are 

compared with those obtained from Flory theory. An 

interaction study in the mixtures is discussed in the light 
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of excess internal pressure. The binary mixtures under the 

present investigation are: 

System I- 1,3-dioxolane + Pentanol 

System II- 1,3-dioxolane + Hexanol 

System III- 1,3-dioxolane + Heptanol 

System IV- 1,3-dioxolane + Octanol 

System V - 1,3-dioxolane + Nonanol 

System VI- 1,3-dioxolane + Decanol 

In the present study, the sound velocity (𝑢), density (ρ) 

and viscosity (η) of six binary liquid mixtures have been 

investigated at 298.15 K over the entire range of mole 

fractions. From these experimental values, enthalpy (H), 

internal pressure (Pi) and their deviations excess enthalpy 

(HE), and excess internal pressure (𝑃ᵢᴱ) was evaluated and 

analyzed to gain insight into the nature of molecular 

interactions between the constituents of the binary liquid 

mixtures. We know that excess thermodynamic properties 

such as excess enthalpy (HE) and excess internal 

pressure(𝑝i
E) good information provide a understanding 

the inter molecular interaction between component 

molecules of the liquid mixtures. This work is the first to 

report a combined an investigation into the sound velocity 

(𝑢), density (ρ), and viscosity (η) of six binary liquid 

mixturesof practical importance in soaps, detergents, 

cosmetics and perfumes. 

2. Experimental Section 

2.1 Chemicals 1,3-dioxolane (CDH New Delhi) was 

supplied with purity  ≥ 99.7 %, pentanol(CDH New Delhi) 

with ≥ 99.7 %, hexanol(CDH New Delhi) with ≥ 99.5 %, 

heptanol(CDH New Delhi) with ≥ 99 %, octanol (CDH 

New Delhi) with ≥ 99.7 %, nonanol(CDH New Delhi) 

with ≥ 99 %, decanol(CDH New Delhi) with ≥ 99 %, 

respectively with corresponding literature values [13-24]. 

Since the agreement with the literature values is very 

good. 

 

Table 1. Ultrasonic velocity (u), density (ρ) and viscosity (𝜂) of pure Compounds at 298.15K. 

Compound ρ (g.cm-3) u  (m.s-1) η  (mPa s) 

 Observed Review of 

Literature 

Observed Review of 

Literature 

Observed Review of 

Literature 

1,3-Dioxolane  1.0616 1.057717 1340  133817 0.5885 0.587817 

   1.058617   133818   0.587317 

Pentanol 0.8124   0.810813 1198 119716 3.3978 3.541113 

   0.810713   126822    3.542413 

Hexanol 0.8176 0.818713 1306 130415 4.6091 4.592423 

   0.815215   130315   4.593220 

Heptanol 0.8196 0.818713 1325 132715 5.9066 5.944313 

   0.819719   132724    5.944324  

Octanol 0.8236 0.821613 1350 134814 7.1508 7.660513 

   0.821813   134722   7.598113  

Nonanol 0.8248 0.824415 1366  136515 8.9258 9.023021 

  0.824215  136424  9.020024 

Decanol 0.8292 0.826715 1378  138015 11.8027 11.82515 

   0.826419   137924   11.82915  

2.2 Methods All binary liquid mixtures were prepared by 

accurately weighing the required amounts of pure liquids 

using an electronic balance (Citizen Scale (I) Pvt. Ltd., 

Mumbai, India) with a precision of ±0.1 mg. The 

uncertainty in the determination of mole fractions was 

within ±0.0005 for all mixtures. The binary mixtures were 

prepared gravimetrically and stored in air-tight, stoppered 

volumetric flasks. For each experimental session, four to 

five samples were prepared and their density, viscosity, 

and ultrasonic velocity were measured on the same day to 

minimize experimental error. The density of each sample 

was measured using a 25 ml specific gravity bottle, which 

was immersed in a thermostatic water bath maintained at 

the experimental temperature (298.15 ± 0.1 K). To ensure 

accuracy, the volume of the specific gravity bottle at the 

experimental temperature (298.15 K) was determined by 

filling it with distilled water and calculating the volume 

based on its known density. The ultrasonic velocity was 

measured using a multi-frequency interferometer (Model 

F-80D, Mittal Enterprises, New Delhi, India) operating at 

a298.15K. A fixed frequency generator working at 3 MHz. 

its resonant frequency, the crystal undergoes rapid 

mechanical oscillations, generating ultrasonic waves. 

These waves can propagate through the liquid in the 

vessel, creating effects like cavitation, acoustic streaming, 

or enhanced mixing. An experimental setup for measuring 

the viscosity by Ostwald viscometer. Prior to 

measurements, the viscometer was calibrated with distilled 

water at 298.15 K to ensure accuracy. And multiple 

measurements (five repetitions) were taken for each 
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sample to ensure accuracy. The viscosity measurements 

were associated with an uncertainty of ±0.000005 mPa.s, 

reflecting the high precision of the experimental method.  

3. Results and Discussion 

Table 2 presents the experimentally measured values of 

density (ρ), sound velocity (u), and viscosity (η) for the 

binary mixtures of 1,3-dioxolane with various 1-alkanols 

at 298.15 K. From these values, we have computed 

enthalpy (H) and internal pressure (Pi) are presented in 

table 2. 

 

 

Table 2. Density (ρ), ultrasonic velocity (u), and viscosity (η), Internal pressure (Pi) and Free Volume (Vf) of binary 

mixture of 1,3-dioxolane (1) + 1-alkanol (2) at 298.15K and frequency 3 MHz. 

Mole fraction 1,3-

Dioxolane (x1) 

  Density (ρ) / 

g.cm-3 

Sound velocity (u) 

/ ms-1 

Viscosity (η) / 

mPas. 

Internal 

pressure (Pi) × 

109/ N m-2 

Enthalpy (H)  

× 106 

   1,3-Dioxolane + Pentanol 

0.0000 0.8124 1198 3.3978 2.9099 0.3156 

0.0939 0.8276 1284 2.3973 3.2892 0.3450 

0.1942 0.8436 1290 1.8970 3.3763 0.3468 

0.2941 0.8640 1296 1.4437 3.4821 0.3384 

0.3942 0.8836 1300 1.1866 3.5776 0.3341 

0.4787 0.9068 1304 1.0904 3.6885 0.33.8 

0.5999 0.9316 1310 0.9311 3.8155 0.3262 

0.6972 0.9596 1318 0.7717 3.9663 0.3236 

0.7928 0.9876 1324 0.7171 4.1099 0.3201 

0.9035 1.0260 1332 0.6489 4.3085 0.3166 

1.0000 1.0616 1340 0.5885 4.4982 0.3135 

 1,3-Dioxolane + Hexanol   

24.74130 0.8176 1306 4.6091 3.3333 0.4163 

0.0912 0.8252 1317 3.3826 3.4069 0.4112 

0.1955 0.8432 1320 2.3306 3.4931 0.4003 

0.2923 0.8584 1322 1.9839 3.5642 0.3899 

0.3982 0.8792 1325 1.5720 3.6629 0.3787 

0.4942 0.8992 1327 1.3059 3.7548 0.3683 

0.6059 0.9264 1330 1.0343 3.8815 0.3567 

0.6976 0.9508 1332 0.9131 3.9927 0.465 

0.8018 0.9836 1335 0.7680 4.1444 0.3352 

0.8914 1.0168 1337 0.7304 4.2939 0.3254 

1.0000 1.0616 1340 0.5885 4.4982 0.3135 

 1,3-Dioxolane + Heptanol   

0.0000 0.8196 1325 5.9066 3.4147 0.4838 

0.0928 0.8304 1334 4.3181 3.4949 0.4725 

0.1905 0.8412 1334 3.2577 3.5404 0.4552 

0.2939 0.8592 1335 2.5895 3.6202 0.4373 

0.3894 0.8740 1335 1.9926 3.6826 0.4201 

0.4818 0.8916 1336 1.5315 3.7609 0.4042 

0.6021 0.9184 1337 1.2190 3.8784 0.3835 

0.6952 0.9420 1337 1.0959 3.9780 0.3667 

0.7892 0.9756 1338 0.9903 4.1245 0.3505 

0.9006 1.0156 1339 0.7057 4.2985 0.3309 

1.0000 1.0616 1340 0.5885 4.4982 0.3135 

 1,3-Dioxolane + Octanol   

0.0000 0.8296 1350 7.1508 3.5546 0.5619 

0.0885 0.8296 1350 5.6095 3.5585 0.5363 

0.1967 0.8464 1349 3.9321 3.6225 0.5100 
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0.2998 0.8560 1348 3.2616 3.6596 0.4845 

0.3902 0.8712 1348 2.4284 3.7245 0.4629 

0.4963 0.8876 1348 1.9058 3.7947 0.4375 

0.6008 0.9140 1347 1.3631 3.9032 0.4117 

0.6925 0.9340 1348 1.1376 3.9930 0.3905 

0.7975 0.9676 1348 0.9141 4.1367 0.3652 

0.8940 1.0104 1348 0.7652 4.3197 0.3421 

1.0000 1.0616 1340 0.5885 4.4982 0.3135 

 1,3-Dioxolane + Nonanol   

0.0000 0.8248 1366 8.9258 3.5970 0.6291 

0.0876 0.8336 1366 6.8601 3.6354 0.6020 

0.1913 0.8404 1363 5.8531 3.6530 0.5684 

0.2942 0.8504 1359 4.4022 3.6802 0.5347 

0.3963 0.8692 1355 3.1558 3.7449 0.5014 

0.4959 0.8844 1352 2.3340 3.7978 0.4697 

0.6050  0.9092 1349 1.7321 3.8913 0.4354 

0.6947 0.9332 1346 1.3334 3.9807 0.4072 

0.7993 0.9648 1343 0.9642 4.1018 0.3744 

0.9013 1.0084 1340 0.8031 4.2372 0.3402 

1.0000 1.0616 1340 0.5885 4.4982 0.3135 

 1,3-Dioxolane + Decanol   

0.0000 0.8292 1378 11.8027 3.6639 0.6990 

0.0881 0.8364 1374 8.5615 3.6797 0.6634 

0.191 0.8396 1370 7.8207 3.6977 0.6226 

0.2921 0.8560 1366 5.5340 3.7331 0.5827 

0.3937 0.8672 1362 4.2319 3.7654 0.5429 

0.4956 0.8824 1358 3.4173 3.8145 0.5035 

0.604 0.9076 1353 2.5370 3.9018 0.4615 

0.7129 0.9308 1348 1.5262 3.9793 0.4198 

0.7983 0.9616 1344 1.1637 4.0927 0.3871 

0.8971 1.0040 1340 0.8623 4.2541 0.3505 

1.0000 1.0616 1340 0.5885 4.4982 0.3135 

Suryanarayana proposed a method for the evaluation of excess internal pressure (𝑃ᵢᴱ) based on the measured values of 

density (ρ), sound velocity (u), and viscosity (η). The proposed relation is expressed as:   

  𝑝𝑖 = bRT (
𝑘𝜂

𝑢
 )

1

2
𝜌

2
3

𝑀
𝑒𝑓𝑓

7
6

                                 …(1)            

Here, b denotes the packing factor, taken as 2 for all liquids and binary mixtures in the present study, as commonly assumed 

in the literature, k is a dimensionless constant, having a value of 4.28 × 109. This constant is independent of the nature of the 

liquid and temperature, M is molecular weight.  

In the present work enthalpy (H) has also been estimated by molar volume and internal pressure values                 

                          H = Vm × Pi …(2) 

YE = Yexp – (X1Y1+ X2Y2                                           …(3) 

YE refer to (HE) and (𝑝i
E)whereas Yexprepresents the 

experimentally measured property of the binary mixture, 

while Y₁ and Y₂ are the values of the corresponding 

property for pure components 1 and 2, respectively. X₁ and 

X₂ denote the mole fractions of components 1 and 2.  

An examination of Table 2 shows the variation of density, 

sound velocity, and viscosity with composition for the 

binary mixtures under study. Mole fraction (X1) of 1,3-
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Dioxolaneincreases, density and ultrasonic velocity 

increase, while viscosity decreases. This trend can be 

explained by molecular interactions in the system [25]. 

When 1,3-Dioxolane is added, it likely leads to closer 

packing of molecules due to molecular interactions, such 

as dipole-induced dipole forces. 

The internal pressures of binary mixtures under 

consideration is computed through the relation proposed 

by Suryanaryana, vide equation (1) and are depicted in 

table-2. Excess internal pressure(𝑝i
E)  has been obtained 

with the help of equation (3). An excess internal pressure 

(𝑝i
E) has been obtained with the help of equation 1 & 3 

and is incorporated in figure-1. In system I to VI, the 

excess internal pressure comes out to be negative from 

equation 1 & 3. Furthermore, A non-linear trend is 

observed in the excess internal pressure (Pᵢᴱ), which first 

decreases with increasing mole fraction of component 1 

(X₁), attains a minimum, and subsequently increases at 

higher. It has been observed that excess internal pressure 

(𝑝i
E) vary with the composition of the mixture and also on 

going from one to other. Thus, it can be taken as useful 

tool for predicting the intermolecular interactions in liquid 

mixtures. The molecular interaction between molecules is 

influenced by structure, stearic hindrance and longer chain 

length of C5 to C10 respectively effects significantly the 

interaction with other components. 

 

Figure 1. Variation of excess internal pressure (𝑝i
E) with 

mole fraction (x1) of 1,3-dioxolane with 1-alkanols at 

298.15K. 

Excess enthalpy (HE) has been obtained with the help of 

equation (2). The observed behavior is consistent across 

all six binary systems and is illustrated in the plots 

presented in Figure 2. An excess internal pressure has 

been obtained with the help of equation 2 & 3 and is 

incorporated in figure-2. In system I to VI, the excess 

enthalpies (HE) comes out to be negative from equation 2 

& 3. The calculated values of enthalpy for six binary 

liquid mixtures vide equation (2) are presented in table-2. 

The values of excess enthalpies (HE) have been evaluated 

from equation (3), using the computed values of internal 

pressure vides equation (1) and (3). All these results are 

presented in figure-2. The values of excess enthalpies (HE) 

for these binary systems are negative at all compositions 

of mixture at all the six systems. The negative magnitude 

first decrease and then increases all the six binary liquid 

mixtures. The sign and magnitude of excess enthalpy (Hᴱ) 

provide insight into the nature of intermolecular 

interactions within the binary systems. A negative value of 

Hᴱ indicates the presence of strong attractive forces 

between unlike molecules, suggesting favorable mixing 

behavior. [26]. 

The present study also reveals that, as the size of the 

alcohol molecules increases, both the internal pressure and 

the enthalpy decreases, i.e. an increase in the size of the 

alcohol molecules leads to a decrease in intermolecular 

interactions, primarily due to the reduction in hydrogen 

bonding strength with increasing alkyl chain length. Thus, 

the interaction order may be represented as: Pentanol > 

Hexanol > Heptanol > Octanol > Nonanol > Decanol 
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Figure 2- Variation of excess enthalpy (HE) with mole fraction (x1) of 1,3-dioxolane with 1-alkanols at 298.15K. 

Conclusion 

We have determined the sound velocity, density and 

viscosity of 1,3-dioxolane with 1-alkanols experimentally 

at 298.15K. The calculated thermodynamic parameters 

enthalpy (H), excess enthalpy (Hᴱ), internal pressure (Pᵢ), 

and excess internal pressure (Pᵢᴱ) provide strong evidence 

for significant intermolecular interactions between the 

unlike components, predominantly governed by hydrogen 

bonding. In addition, the negative values of excess 

enthalpy (Hᴱ) and excess internal pressure (Pᵢᴱ) further 

corroborate the existence of significant intermolecular 

interactions between the components of the binary 

mixtures.  
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