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Abstract: Using the Anton- Paar DSA 5000 M, the density and sound speed of polyethylene glycols 

(polyethylene glycol 400; polyethylene glycol 4000) in an entire range of concentrations (0.07, 0.08, 

and 0.09) mol.kg-1 aqueous solutions of vitamin B3 (niacin) were measured at constant experimental 

pressure 0.1 MPa and temperature ranges (288.15 K, 298.15 K, 308.15 K, and 318.15 K). These 

experimental results were used to measure acoustic and thermodynamic parameters such as acoustic 

impedance, adiabatic compressibility, intermolecular free length, Wada's constant, Rao's constant, and 

Vander Waal's constant, which provided insight into the intermolecular interactions within the ternary 

mixture of niacin and polyethylene glycols (PEG 400and 4000). 
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1. Introduction 

Using the ultrasonic method, the study of liquid mixtures' thermodynamic, volumetric, 

physicochemical, and acoustical characteristics has been a significant advancement in the past 

few years. This process provides a lot of information about the various subatomic and 

molecular interactions held within the liquid mixture. This technique is generally preferred as 

it doesn't distort the structure, shape, and design of the sample, and that's why it is referred o 

as a non-destructive technique. The two important characteristics on which the entire structure 

of molecules arrangement of the mixture depends are the ultrasonic speed and density. 

Ultrasonic characteristics are important to investigate the different properties of multi-fragment 

liquid mixtures without causing any deformation [1-4]. Ultrasonic waves emitted by solids, 

polymers, suspensions, cleansers, and fluid mixtures are presently a widely used for analyzing 

various materials' physical characteristics and molecular linkages. The reflection of acoustical 

characteristics and related physicochemical characteristics plays an important role in 

interpreting the numerous forces that act on molecules [5-8]. Acoustic studies of liquid mixes 

are used to determine the thermodynamic properties of compressed liquids, which are 

important components in various industries such as pharmaceuticals, chemicals, leather, 

cosmetics, etc. [9-12]. 

Polyethylene glycol (PEG) is a water-soluble neutral polyether that comes in various 

molar masses [13,14]. PEG-400 and PEG-4000 are being used in this investigation. In a range 

of industrial applications, PEGs are usually considered extremely versatile, environmentally 

acceptable, and non-toxic solvents. It boosts the biochemical activity and bioavailability of 
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many proteins and biological macromolecules [15]. Pharmaceuticals, food, chemicals, and 

cosmetics are just a few of the industries that employ PEGs. PEGs are used as a dispersion in 

toothpaste, edible film preparations, preservatives, laxatives, and cosmetics. PEG's unique 

ability to be soluble in both aqueous and organic solvents allows for end group derivatization 

and chemical conjugation to biological molecules [16-19]. When PEG is added to a protein 

medication, the delivered protein clears from the bloodstream more slowly, resulting in a 

longer-acting therapeutic effect and a longer dosage interval. Biochemical and biological 

activities, such as biomaterial purification and separation, genetic recombination, and glucose 

detectors, benefit from PEG-water mixtures [20]. 

Vitamins are extremely important nutrients that our bodies require to grow and 

regularly develop and carry out numerous life activities [21,22]. There are eight different forms 

of B vitamins, and one of them, vitamin B3, commonly known as niacin, is the one we're 

looking at. Nicotinic acid is another name for niacin. It is a water-soluble vitamin that is an 

important component in animals' diets. It aids in the conversion of food into energy. Niacin is 

one of the most stable vitamins, withstanding most cooking and storage methods. It is utilized 

to aid DNA repair and cell signaling because of its antioxidant qualities. Niacin can assist with 

cholesterol reduction, cognitive function enhancement, liver therapy, DNA repair, and 

gastrointestinal issues [23-25]. The mechanism of action of niacin in aqueous solutions of 

poly(ethylene glycol)s (400/4000) is explained by its thermodynamic and acoustic 

characteristics [26-28]. 

Kumar et al. describes the density and ultrasonic velocity of L-leucine and N-acetyl L-

leucine in (0.00, 0.005, 0.01, 0.03 and 0.05) mol.kg-1 aqueous solutions of 1-hexyl-3-

methylimidazolium bromide [HMIm] [Br]. The apparent molar volumes, apparent molar 

volumes at infinite dilution, partial molar isentropic compression, and partial molar isentropic 

compression at infinite dilution were evaluated using density and ultrasonic velocity data 

obtained from the experiments [29]. Ayranci and Sahin investigated the interactions of 

poly(ethylene glycol)s with water by measuring their density and velocities at temperatures of 

288.15, 298.15, and 308.15 K. The findings were derived in terms of conformational and 

hydration effects. The apparent and partial molar properties were computed [30]. At different 

temperatures, Banik and Roy investigated the viscosity and density of D-glucose, D-mannitol, 

and D-sucrose in aqueous nicotinic acid. The thermodynamic characteristics of solutes are 

estimated using this experimental data, and their structure-making and -breaking capability and 

their solute-solvent and solute-solute interactions are addressed [31]. Mishra et al. investigated 

nicotinic acid's thermodynamic and transport characteristics in aqueous sodium gluconate 

solutions at atmospheric pressure and temperature fluctuations between 298.15 and 318.15 K. 

The findings are expressed in terms of interactions between solute and solute and solute and 

solvent [32]. 

According to a review of the literature on niacin and poly(ethylene glycol)s, no acoustic 

and volumetric studies for the liquid combination of aqueous (niacin + PEG 400/PEG 4000) 

solution have been published. This research looks at the interactions between niacin and 

poly(ethylene glycol)s (400/4000) molecules and their volumetric and acoustic characteristics 

because both are used in various cosmetics, medicines, food items, etc. This research sheds 

light on the features of these liquid combinations as temperature changes. It gives knowledge 

on how to improve their qualities by describing the molecular interactions, such as solute-

solvent interactions.  
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2. Materials and Methods 

2.1. Materials used. 

The chemicals used were niacin and poly(ethylene glycol)s (400/4000). Loba Chemie 

Pvt. Ltd. provides niacin and poly(ethylene glycol)s (400/4000) with a mass fraction purity 

better than 0.99. After being vacuum-dried, the chemicals were stored for 48 hours in a 

desiccator over P2O5 to reduce moisture absorption before use. Table 1 lists the compounds 

that were utilized. 

2.2. Methods. 

For the liquid combinations of (niacin +distilled water) and (niacin +distilled water + 

poly(ethylene glycol)s), the speed of sound and density were measured with the help of  Anton 

Paar DSA 5000 M density and velocity meter at temperatures of 288.15, 298.25, 308.15, and 

318.15 K, constant pressure of 0.1 MPa, and a 3 MHz frequency. A Peltier-thermostat is used 

to regulate the temperature. A syringe is used to inject the specimen into the device, which then 

measures the experimental sound speed and density. It comprises two independent cells that 

simultaneously determine the values of speed of sound and density by its oscillating U tube 

technique. The borosilicate glass U tube is electrically stimulated to vibrate at a certain 

frequency, which varies depending on the specimen's density, and the density is calculated by 

mathematical conversion. Sound waves of defined frequency are delivered from the transducer 

via the sound speed measurement cell specimen. The sound speed is determined from the 

received period of the sound at the receiver by considering the distance between the transmitter 

and the receiver. The density and velocity of the sound and the data acquired are utilized as 

inputs for the DSA's various concentration computation models. The data is used to calculate 

acoustic impedance, adiabatic compressibility, Rao's constant, Wada's constant, free 

intermolecular length, and Vander Wall's constant, among other acoustic and thermodynamic 

characteristics. 

The equipment (Anton Paar DSA 5000 M) is calibrated before each series is measured 

by verifying the density value of air or water at 293.15 K and atmospheric pressure using 

degassed triple-distilled water. According to the specified purities, the conventional relative 

uncertainty in molality for these compounds is ur(m) = 0.01. Temperature, density, and speed 

of sound have uncertainties of ±0.001 K, ±0.06 kg.m-3, and ±0.6m.s-1, respectively; on the other 

hand, the sensitivities of the speed of sound and density are ±0.01 m.s-1 and±0.001 kg.m-3, 

respectively. A Sartorius CPA 225D weighing scale with a sensitivity of ±0.00001 g was used 

to prepare the samples. This very precise weighing scale was used to determine the amount of 

solvent (niacin) corresponding to each concentration and the amount of solute (poly(ethylene 

glycol)s) for each molality. 0.86177, 0.98488, and 1.10799 g of niacin were weighed from the 

aqueous mixture in 100 mL of water for concentrations of 0.07, 0.08, and 0.09 mol.kg-1 niacin, 

respectively. 

3. Results and Discussion 

The acoustic parameters acoustic impedance (Z), adiabatic compressibility (β), Wada's 

constant (W), Rao's constant (R), intermolecular free length (Lf), and Vander Waal's constant 

(b), are correlated with concentration and temperatures to understand the nature of the 

interactions and the effect of concentration, as shown in Figures 1, 2, 3, 4, 5 and 6. 
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Table 1, 2, and 3 show the experimental data for niacin at concentrations of 0.00, 0.07, 0.08, 

and 0.09 mol.kg-1 + distilled water + polyethylene glycols (PEG400/ PEG4000) at 

temperatures ranging from 288.15 K to 318.15 K. We have taken the density values for 

poly(ethylene glycol)s (400/4000) in 0.00 mol.kg-1 aqueous niacin solution at 288.15-318.15 

K from our earlier paper [33]. 

3.1. Acoustic impedance (z). 

The specific acoustic impedance is given by, 

                                                                          𝑍 = 𝑈 ×  𝜌                (1) 

where 'U' denotes sound speed and ′𝜌′ denotes density. As seen in figure 1, the impedance 

values grow with molality and temperature, suggesting that no complex interaction occurs 

inside the liquid mixture [34,35]. 
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Figure 1. Variation of Acoustic Impedance, Z, of, PEG400 (a) 0.00 niacin, (b) 0.07 niacin and (c) 0.08 niacin, 

(d) 0.09 niacin, and of PEG4000 (e) 0.00 niacin, (f) 0.07 niacin, (g) 0.08 niacin and (h) 0.09 niacin in different 

concentration of aqueous niacin solutions at different temperatures. 

3.2. Adiabatic compressibility (𝛽). 

Adiabatic compressibility is the fractional reduction in volume per unit rise in pressure 

when no heat moves in or out. It is computed using the Newton Laplace equation from the 

speed of sound (𝑈) and the density (𝜌) of the medium. 

                                                         𝛽 =
1

𝑈2𝜌
                                                                        (2) 

Adiabatic compressibility falls as concentration rises because of the strong molecular 

contact between the solute and solvent molecules. [36-37]. In the same way, the compressibility 

decreases with the increase in temperature as well.  The compressibility of solute molecules 

diminishes when solvent molecules accumulate around them, as seen in Table 1 and visually 

in Figure 2. 

 

 
Figure 2. Variation of adiabatic compressibility, β of PEG400 (a) 0.00 niacin, (b) 0.07 niacin and (c) 0.08 

niacin, (d) 0.09 niacin, and of PEG4000 (e) 0.00 niacin, (f) 0.07 niacin, (g) 0.08 niacin and (h) 0.09 niacin in 

different concentration of aqueous niacin solutions at different temperatures. Continued on page 13. 
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Table 1. Values of Adiabatic Impedance, Z and Adiabatic Compressibility, β of glycols in Niacin aqueous solutions at various temperatures. 

Molality 

mA /(mol. Kg-1) 

Z/ (kg m-2S-1)   β×10-10 / (Nm-2) 

T=288.15K      T=298.15K           T=308.15K       T=318.15K           T=288.15K          T=298.15K T=308.15K          T=318.15K          

0.00 mol/kg Niacin + PEG 400 

0.00000 1465.50472 1491.43724 1510.08593 1521.21277 
  

4.65269 4.48236 4.35914 4.27970 

0.01000 1468.95593 1494.83402 1513.18269 1524.34185 
  

4.63414 4.46510 4.34424 4.26494 

0.01992 1472.32168 1498.15408 1516.21138 1527.41212 
  

4.61607 4.44823 4.32964 4.25043 

0.03006 1475.71594 1501.52211 1519.25201 1530.51919 
  

4.59789 4.43114 4.31497 4.23575 

0.03992 1478.97947 1504.73293 1522.15906 1533.48218 
  

4.58041 4.41481 4.30092 4.22174 

0.05009 1482.54663 1507.92152 1525.29774 1536.47177 
  

4.56117 4.39875 4.28565 4.20761 

0.07 mol/kg Niacin +PEG 400 

0.00000 1475.38341 1502.21024 1519.66908 1530.19586  4.60414 4.43191 4.31667 4.24151 

0.00998 1478.95657 1505.70353 1522.88976 1533.40359  4.58508 4.41428 4.30128 4.22655 

0.02005 1482.45353 1508.99984 1526.06282 1536.54795  4.56652 4.39791 4.28616 4.21190 

0.02900 1485.43434 1512.20838 1528.74602 1539.28272  4.55080 4.38172 4.27344 4.19922 

0.04021 1489.27864 1515.96685 1532.15482 1542.83708  4.53044 4.36293 4.25726 4.18263 

0.05005 1492.74707 1519.13100 1535.12789 1545.75584  4.51206 4.34720 4.24312 4.16911 

0.08 mol/kg Niacin +PEG 400 

0.00000 1477.38166 1504.07693 1521.61641 1532.28882  0.00000 4.59417 4.42308 4.30753 

0.01011 1480.86730 1507.56218 1524.98330 1535.50299  0.01011 4.57563 4.40556 4.29133 

0.02000 1484.41234 1510.91519 1528.05240 1538.56311  0.02000 4.55670 4.38870 4.27672 

0.02990 1487.66510 1514.40644 1531.05817 1541.59037  0.02990 4.53955 4.37110 4.26242 

0.04003 1491.16725 1517.75525 1534.10638 1544.72855  0.04003 4.52095 4.35439 4.24796 

0.05100 1494.96378 1521.31280 1537.37253 1548.01555  0.05100 4.50079 4.33665 4.23243 

0.09 mol/kg Niacin +PEG 400 

0.00000 1479.52227 1506.24527 1523.52147 1534.10506  4.58326 4.41287 4.29888 4.22396 

0.01027 1483.19614 1509.80790 1526.85969 1537.24579  4.56359 4.39492 4.28280 4.20938 

0.01989 1486.42313 1513.11785 1529.83462 1540.24666  4.54651 4.37824 4.26864 4.19540 
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Molality 

mA /(mol. Kg-1) 

Z/ (kg m-2S-1)   β×10-10 / (Nm-2) 

T=288.15K      T=298.15K           T=308.15K       T=318.15K           T=288.15K          T=298.15K T=308.15K          T=318.15K          

0.03021 1489.86877 1516.65651 1533.04722 1543.35507  4.52825 4.36049 4.25328 4.18095 

0.04092 1493.60389 1520.26350 1536.31720 1546.64542  4.50841 4.34242 4.23765 4.16561 

0.04990 1496.70631 1523.06909 1538.99581 1549.37876  4.49193 4.32850 4.22494 4.15288 

0.00 mol/kg Niacin + PEG 4000 

0.00000 1465.50472 1491.43724 1510.08593 1521.21277  4.65269 4.48236 4.35914 4.27970 

0.01003 1496.15328 1520.78418 1539.85646 1550.79999  4.50016 4.33893 4.21967 4.14531 

0.02001 1525.14189 1549.84497 1569.08354 1580.18632  4.35698 4.20271 4.08855 4.01712 

0.02929 1553.92079 1576.56095 1595.91243 1607.15344  4.23076 4.08257 3.97297 3.90411 

0.03994 1583.05225 1606.85827 1626.35741 1637.72642  4.09349 3.95187 3.84713 3.78115 

0.05012 1612.80938 1634.40668 1653.93351 1667.44846  3.97349 3.83868 3.73852 3.66608 

0.07 mol/kg Niacin +PEG 4000 

0.00000 1475.38341 1502.21024 1519.66908 1530.19586  4.60414 4.43191 4.31667 4.24151 

0.00999 1505.22699 1532.21406 1549.62536 1560.30563  4.45106 4.28687 4.17792 4.10589 

0.02008 1534.28498 1562.15296 1579.03875 1589.92549  4.30925 4.14855 4.04787 3.97842 

0.02990 1561.90020 1590.44008 1607.21302 1618.06068  4.18035 4.02376 3.92845 3.86250 

0.04000 1591.66131 1619.37561 1636.29865 1647.49371  4.04605 3.90123 3.80979 3.74551 

0.05011 1620.18775 1646.84452 1663.82016 1676.45211  3.92349 3.79035 3.70282 3.63516 

0.08 mol/kg Niacin +PEG 4000 

0.00000 1477.38166 1504.07693 1521.61641 1532.28882  4.59417 4.42308 4.30753 4.23215 

0.01003 1507.93032 1534.27394 1551.92013 1562.19620  4.43740 4.27741 4.16732 4.09800 

0.01999 1536.66090 1563.80172 1581.01691 1591.61710  4.29758 4.14120 4.03890 3.97143 

0.03000 1565.15532 1592.70445 1609.61488 1620.70546  4.16478 4.01390 3.91808 3.85151 

0.03999 1594.43976 1621.27195 1638.61200 1649.65779  4.03326 3.89318 3.79993 3.73679 

0.04990 1622.48991 1648.09117 1665.41595 1677.85909  3.91305 3.78510 3.69601 3.62964 

0.09 mol/kg Niacin +PEG 4000 

0.00000 1479.52227 1506.24527 1523.52147 1534.10506  4.58326 4.41287 4.29888 4.22396 
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Molality 

mA /(mol. Kg-1) 

Z/ (kg m-2S-1)   β×10-10 / (Nm-2) 

T=288.15K      T=298.15K           T=308.15K       T=318.15K           T=288.15K          T=298.15K T=308.15K          T=318.15K          

0.00999 1510.63705 1536.28990 1554.36688 1564.77510  4.42344 4.26826 4.15595 4.08602 

0.01992 1539.00787 1565.58017 1583.10567 1594.12027  4.28605 4.13355 4.02969 3.96019 

0.03031 1569.01536 1595.74568 1612.98867 1623.81841  4.14642 4.00086 3.90371 3.83861 

0.04101 1600.42499 1626.55814 1644.03972 1655.02644  4.00635 3.87124 3.77795 3.71551 

0.04998 1626.08519 1650.83958 1668.02349 1680.37950  3.89698 3.77390 3.68565 3.61979 

Table 2. Values of Wada's constant, W and Rao's constant, R of glycols in aqueous solution of Niacin at  different temperatures. 

Molality 

mA /(mol. Kg-1) 

W/(m3/mol)(Pa)1/7   R/ (m3/mol)(m/s)1/3 

T=288.15K T=298.15K T=308.15K T=318.15K   T=288.15K T=298.15K T=308.15K T=318.15 

K 

0.00 mol/kg Niacin + PEG 400 

0.00000 321.36250 323.79537 326.07177 328.14442  4547.9714 4588.1654 4625.8200 4660.1424 

0.01000 321.31761 323.74983 326.01154 328.09102  4547.2303 4587.4126 4624.8232 4659.2577 

0.01992 321.28176 323.71408 325.96189 328.04891  4546.6384 4586.8217 4624.0015 4658.5601 

0.03006 321.25103 323.68470 325.92024 328.01260  4546.1311 4586.3359 4623.3121 4657.9585 

0.03992 321.23020 323.66754 325.88887 327.98612  4545.7871 4586.0524 4622.7931 4657.5198 

0.05009 321.22785 323.64503 325.87143 327.96480  4545.7483 4585.6803 4622.5044 4657.1666 

 

0.07 mol/kg Niacin + PEG 400 

0.00000 320.89703 323.32388 325.59457 327.64181  4540.2871 4580.3720 4617.9229 4651.8161 

0.00998 320.86640 323.29468 325.54524 327.59286  4539.7816 4579.8894 4617.1068 4651.0052 

0.02005 320.83802 323.25310 325.50022 327.55109  4539.3130 4579.2021 4616.3618 4650.3135 

0.02900 320.81395 323.24274 325.46241 327.51429  4538.9157 4579.0309 4615.7362 4649.7039 

0.04021 320.79901 323.22506 325.42381 327.48567  4538.6691 4578.7388 4615.0974 4649.2298 

0.05005 320.79702 323.21136 325.39943 327.45957  4538.6362 4578.5123 4614.6942 4648.7976 

 

0.08 mol/kg Niacin + PEG 400 

0.00000 320.82358 323.25761 325.54950 327.57376  4539.0747 4579.2767 4617.1772 4650.6890 
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Molality 

mA /(mol. Kg-1) 

W/(m3/mol)(Pa)1/7   R/ (m3/mol)(m/s)1/3 

T=288.15K T=298.15K T=308.15K T=318.15K   T=288.15K T=298.15K T=308.15K T=318.15 

K 

0.01011 320.79469 323.22778 325.51268 327.52884  4538.5978 4578.7837 4616.5680 4649.9449 

0.02000 320.78008 323.20797 325.47235 327.49310  4538.3567 4578.4563 4615.9007 4649.3530 

0.02990 320.75804 323.19996 325.43911 327.45890  4537.9928 4578.3239 4615.3507 4648.7865 

0.04003 320.75467 323.18661 325.40821 327.43870  4537.9372 4578.1033 4614.8395 4648.4519 

0.05100 320.76168 323.18192 325.38654 327.41596  4538.0530 4578.0258 4614.4809 4648.0753 

 

0.09 mol/kg Niacin + PEG 400 

0.00000 320.76622 323.18028 325.48314 327.52267  4538.1278 4577.9988 4616.0791 4649.8427 

0.01027 320.75243 323.15871 325.45189 327.47692  4537.9002 4577.6422 4615.5622 4649.0849 

0.01989 320.73258 323.14715 325.41689 327.44499  4537.5727 4577.4512 4614.9831 4648.5561 

0.03021 320.72224 323.13815 325.39237 327.41560  4537.4020 4577.3025 4614.5772 4648.0693 

0.04092 320.72566 323.13662 325.37475 327.39696  4537.4584 4577.2771 4614.2858 4647.7606 

0.04990 320.73727 323.13026 325.35828 327.38569  4537.6500 4577.1720 4614.0133 4647.5739 

 

0.00 mol/kg Niacin + PEG 4000 

0.0000 3213.6250 3237.9537 3260.7177 3281.4442  45479.714 45881.654 46258.200 46601.424 

0.0100 3208.3512 3232.1240 3254.5858 3274.6771  45392.652 45785.295 46156.727 46489.323 

0.0200 3204.2158 3227.5872 3249.6137 3269.3034  45324.399 45710.325 46074.471 46400.334 

0.0293 3201.2458 3224.2524 3245.9274 3265.2741  45275.389 45655.230 46013.500 46333.622 

0.0399 3198.7808 3221.4011 3242.6531 3261.6386  45234.718 45608.131 45959.353 46273.442 

0.0501 3196.7106 3218.8720 3239.7408 3259.5189  45200.567 45566.359 45911.201 46238.360 

 

0.07 mol/kg Niacin + PEG 4000 

0.0000 3208.9703 3233.2388 3255.9457 3276.4181  45402.871 45803.72 46179.229 46518.161 

0.0100 3204.4617 3228.3080 3250.4083 3270.4249  45328.457 45722.236 46087.615 46418.904 

0.0201 3200.4990 3224.3748 3245.6504 3265.2987  45263.067 45657.252 46008.919 46334.03 

0.0299 3197.3932 3221.1968 3241.9305 3261.0919  45211.828 45604.757 45947.404 46264.394 

0.0400 3196.0159 3218.8871 3239.2799 3258.1508  45189.107 45566.609 45903.58 46215.719 
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Molality 

mA /(mol. Kg-1) 

W/(m3/mol)(Pa)1/7   R/ (m3/mol)(m/s)1/3 

T=288.15K T=298.15K T=308.15K T=318.15K   T=288.15K T=298.15K T=308.15K T=318.15 

K 

0.0501 3194.8178 3216.6724 3236.6523 3255.9575  45169.344 45530.034 45860.141 46179.425 

 

0.08 mol/kg Niacin + PEG 4000 

0.0000 3208.2358 3232.5761 3255.4950 3275.7376  45390.747 45792.767 46171.772 46506.890 

0.0100 3204.2167 3227.7880 3250.2277 3269.6874  45324.414 45713.644 46084.628 46406.692 

0.0200 3200.5079 3224.1092 3245.7457 3264.9181  45263.215 45652.865 46010.496 46327.729 

0.0300 3197.7189 3221.0597 3242.0360 3261.0660  45217.200 45602.492 45949.149 46263.966 

0.0400 3196.4328 3218.9568 3239.7166 3258.2741  45195.984 45567.759 45910.799 46217.760 

0.0499 3195.4759 3216.9030 3237.2502 3256.1552  45180.199 45533.841 45870.025 46182.697 

 

0.09 mol/kg Niacin + PEG 4000 

0.0000 3207.6622 3231.8028 3254.8314 3275.2267  45381.278 45779.988 46160.791 46498.427 

0.0100 3204.2620 3227.2043 3250.1366 3269.8461  45325.161 45703.999 46083.121 46409.320 

0.0199 3200.5701 3223.5921 3245.6476 3265.2345  45264.241 45644.322 46008.873 46332.967 

0.0303 3198.1072 3220.7552 3242.0780 3261.0492  45223.606 45597.462 45949.843 46263.688 

0.0410 3196.9344 3218.7884 3239.7668 3258.3706  45204.258 45564.979 45911.630 46219.356 

0.0500 3196.3626 3217.0758 3237.5064 3256.4957  45194.826 45536.696 45874.261 46188.331 

Table 3. Values of Intermolecular free length, (Lf ) and Vander Waal's constant (b) of glycols in Niacin aqueous solutions at various temperatures. 

Molality 

mA / (mol. kg-1) 

(Lf ) /(Å)   b/ (m3/mol) 

T=288.15K T=298.15K T=308.15K T=318.15K   T=288.15K T=298.15 K T=308.15K T=318.15K 

0.00 mol/kg Niacin+ PEG 400 

0.00000 4.34446 4.35341 4.37145 4.40901 
 

791.5543 793.2933 795.6483 798.5249 

0.01000 4.33578 4.34502 4.36397 4.40140 
 

791.0079 792.7598 795.1260 798.0150 

0.01992 4.32729 4.33680 4.35663 4.39391 
 

790.4935 792.2585 794.6360 797.5378 

0.03006 4.31874 4.32846 4.34924 4.38631 
 

789.9878 791.7660 794.1627 797.0693 

0.03992 4.31051 4.32048 4.34216 4.37905 
 

789.5216 791.3209 793.7292 796.6409 
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Molality 

mA / (mol. kg-1) 

(Lf ) /(Å)   b/ (m3/mol) 

T=288.15K T=298.15K T=308.15K T=318.15K   T=288.15K T=298.15 K T=308.15K T=318.15K 

0.05009 4.30142 4.31261 4.33444 4.37172 
 

789.0574 790.8683 793.2974 796.2211 

0.07 mol/kg Niacin + PEG 400 

0.00000 4.32169 4.32884 4.35010 4.38930 
 

789.2661 790.9032 793.4131 796.3184 

0.00998 4.31271 4.32022 4.34234 4.38155 
 

788.7391 790.3971 792.9022 795.8117 

0.02005 4.30395 4.31220 4.33470 4.37394 
 

     788.2282         789.8907        792.4077         795.3293 

0.02900 4.29652 4.30426 4.32826 4.36736 
 

787.7941 789.4634 791.9909 794.9096 

0.04021 4.28688 4.29502 4.32006 4.35872 
 

787.2703 788.9524 791.4826 794.4062 

0.05005 4.27815 4.28727 4.31288 4.35167 
 

786.8239 788.5259 791.0602 793.9884 

0.08 mol/kg Niacin + PEG 400 

0.00000 4.31699 4.32452 4.34549 4.38445 
 

788.8496 790.5238 793.0714 795.9106 

0.01011 4.30825 4.31595 4.33731 4.37668 
 

788.3385 790.0181 792.5697 795.4124 

0.02000 4.29931 4.30768 4.32992 4.36927 
 

787.8520 789.5519 792.0989 794.9541 

0.02990 4.29119 4.29904 4.32268 4.36196 
 

787.3881 789.0948 791.6522 794.5042 

0.04003 4.28237 4.29082 4.31534 4.35432 
 

786.9339 788.6454 791.2061 794.0713 

0.05100 4.27279 4.28206 4.30744 4.34636 
 

786.4658 788.1896 790.7537 793.6156 

0.09 mol/kg Niacin + PEG 400 

0.00000 4.31185 4.31953 4.34113 4.38020 
 

788.4500 790.0828 792.6900 795.5741 

0.01027 4.30257 4.31073 4.33300 4.37264 
 

787.9483 789.5860 792.2045 795.0840 

0.01989 4.29449 4.30255 4.32583 4.36537 
 

787.4920 789.1438 791.7575 794.6418 

0.03021 4.28584 4.29382 4.31804 4.35785 
 

787.0295 788.6795 791.3042 794.1926 

0.04092 4.27642 4.28491 4.31010 4.34984 
 

786.5611 788.2239 790.8596 793.7448 

0.04990 4.26857 4.27804 4.30363 4.34319 
 

786.1920 787.8594 790.4919 793.3826 

0.00 mol/kg Niacin + PEG 4000 

0.00000 4.33446 4.35341 4.37145 4.40901 
 

7915.543 7932.933 7956.483 7985.249 

0.01003 4.26249 4.28319 4.30095 4.33923 
 

7866.304 7883.211 7905.992 7933.816 

0.02001 4.19381 4.21542 4.23360 4.27161 
 

7821.186 7837.572 7859.610 7886.554 
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Molality 

mA / (mol. kg-1) 

(Lf ) /(Å)   b/ (m3/mol) 

T=288.15K T=298.15K T=308.15K T=318.15K   T=288.15K T=298.15 K T=308.15K T=318.15K 

0.02929 4.13233 4.15473 4.17333 4.21110 
 

7782.281 7798.182 7819.679 7845.880 

0.03994 4.06441 4.08768 4.10670 4.14425 
 

7740.933 7756.345 7777.142 7802.593 

0.05012 4.00410 4.02872 4.04832 4.08070 
 

7704.174 7719.190 7739.472 7764.302 

0.07 mol/kg Niacin + PEG 4000 

0.00000 4.31169 4.32884 4.35010 4.38930 
 

7892.661 7909.032 7934.131 7963.184 

0.00999 4.23906 4.25742 4.27962 4.31855 
 

7844.889 7860.807 7885.028 7913.085 

0.02008 4.17067 4.18817 4.21248 4.25099 
 

7800.247 7815.766 7839.203 7866.386 

0.02990 4.10752 4.12470 4.14988 4.18860 
 

7760.063 7775.199 7797.912 7824.256 

0.04000 4.04067 4.06141 4.08672 4.12468 
 

7721.796 7736.495 7758.595 7784.068 

0.05011 3.97870 4.00328 4.02894 4.06346 
 

7686.146 7700.419 7721.850 7746.756 

0.08 mol/kg Niacin + PEG 4000 

0.00000 4.30699 4.32452 4.34549 4.38445 
 

7888.496 7905.238 7930.714 7959.106 

0.01003 4.23252 4.25271 4.27418 4.31440 
 

7840.962 7857.144 7881.826 7909.205 

0.01999 4.16499 4.18446 4.20781 4.24725 
 

7797.349 7813.209 7837.034 7863.561 

0.03000 4.09982 4.11964 4.14440 4.18263 
 

7756.851 7772.234 7795.32 7821.114 

0.03999 4.03425 4.05721 4.08143 4.11987 
 

7719.423 7734.452 7756.863 7781.857 

0.04990 3.97338 4.00050 4.02524 4.06037 
 

7684.895 7699.493 7721.312 7745.597 

0.09 mol/kg Niacin + PEG 4000 

0.00000 4.30185 4.31953 4.34113 4.38020 
 

7884.500 7900.828 7926.900 7955.741 

0.00999 4.23583 4.24817 4.26835 4.30809 
 

7837.663 7853.405 7878.634 7906.393 

0.01992 4.16937 4.18059 4.20301 4.24123 
 

7794.607 7809.963 7834.326 7861.245 

0.03031 4.10073 4.11294 4.13679 4.17563 
 

7753.059 7768.005 7791.464 7817.453 

0.04101 4.03070 4.04577 4.06961 4.10812 
 

7713.491 7728.009 7750.767 7775.948 

0.04998 3.98517 3.99458 4.01959 4.05486 
 

7682.651 7696.752 7718.926 7743.496 
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Figure 2. Variation of adiabatic compressibility, β of PEG400 (a) 0.00 niacin, (b) 0.07 niacin and (c) 0.08 

niacin, (d) 0.09 niacin, and of PEG4000 (e) 0.00 niacin, (f) 0.07 niacin, (g) 0.08 niacin and (h) 0.09 niacin in 

different concentration of aqueous niacin solutions at different temperatures. 

3.3. Wada's constant (𝑊). 

Wada put forward a relation given by equation (4) 

                                                        𝑊 = 𝛽−1/7 𝑀

𝜌
                                                                 (3) 

where W is Wada's constant, independent of temperature, β is adiabatic compressibility, and ρ 

is the density of the mixture. Density falls when the temperature rises, but as Niacin 

concentration and glycol molality rise, density rises as well. With increasing concentration, 

Wada's constant decreases, and with the increase in temperature, the Wada's constant also 

increases. In an aqueous solution, this demonstrates the strong solute-solvent interaction. Table 

2 shows how the Wada's constant changes with temperature and concentration. As the 

temperature rises, the molecules become closer together. Figure 3 illustrates how the distance 

between the solute and solvent molecules decreases as the temperature and concentration 

increase, suggesting that the molecules are moving closer to one other, implying a strong 

solute-solvent interaction in the solution [38]. 

3.4. Rao's constant (R). 

Rao’s constant is also known as molar sound velocity. The relation between speed (U), 

molecular weight (M) of the mixture, and density (ρ)of the mixture is given by equation (4) 

                                                                         𝑅 = 𝑈1/3 𝑀

𝜌
                                                     (4)                                            

Rao's constant rises with a temperature rise, whereas its value decreases with increased 

concentrations. The value of Rao's constant is described in Table 2 and is graphically shown in 
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Figure 4. The number of components increases in the solution that is closely packed together, 

which as a result, increases the interactions. 

 

 

 

 
Figure 3. Variation of Wada’s constant, W, of PEG400 a) 0.00 niacin, (b) 0.07 niacin and (c) 0.08 niacin, (d) 

0.09 niacin, and of PEG4000 (e) 0.00 niacin, (f) 0.07 niacin and (g) 0.08 niacin, (h) 0.09 niacin in different 

concentration of aqueous niacin solutions at different temperatures. 
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Figure 4. Variation of Rao’s constant, R, of PEG400 a) 0.00 niacin, (b) 0.07 niacin and (c) 0.08 niacin, (d) 

0.09 niacin, and of PEG4000 (e) 0.00 niacin, (f) 0.07 niacin and (g) 0.08 niacin, (h) 0.09 niacin in different 

concentration of aqueous niacin solutions at different temperatures. 

3.5. Intermolecular free length( Lf). 

The distance between the surfaces of neighboring molecules is called the intermolecular 

free length. Equation (5) is used to compute it.  
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                                                         𝐿𝑓 = 𝐾𝑇𝛽1/2                                                              (5) 

 

where 𝐾𝑇 denotes the temperature-dependent constant, and 𝛽 denotes adiabatic 

compressibility. 

 

 

 

 
Figure 5. Variation of intermolecular free length, 𝐿𝑓, of PEG400 a) 0.00 niacin, (b) 0.07 niacin and (c) 0.08 

niacin, (d) 0.09 niacin, and of PEG4000 (e) 0.00 niacin, (f) 0.07 niacin and (g) 0.08 niacin, (h) 0.09 niacin in 

different concentration of aqueous niacin solutions at different temperatures. 
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The free length reduces as concentration rises. This is due to liquid compression; values 

are listed in Table 3, indicating that the molecules are interacting [39] with one another, as seen 

visually in Figure 6—strong molecular connection results from increased intermolecular 

cohesion. The increase in sound velocity in the combination is caused by the consistent 

decrease in free length. On the other hand, when the temperature rises, the free length increases. 

3.6. Vander wall's constant (b). 

                              𝑏 = (
𝑀

𝜌
) . [1 − (

𝑅𝑇

𝑀𝑈2) {(1 +
𝑀𝑈2

3𝑅𝑇
)

1/2

− 1}]                                          (6) 

 

where M denotes molecular weight, R = 8.3143 J.K-1mol-1 denotes the gas constant, and D 

denotes density. 
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Figure 6. Variation Vander Waal’s constant, b of PEG400 a) 0.00 niacin, (b) 0.07 niacin and (c) 0.08 niacin, 

(d) 0.09 niacin, and of PEG4000 (e) 0.00 niacin, (f) 0.07 niacin and (g) 0.08 niacin, (h) 0.09 niacin in different 

concentration of aqueous niacin solutions at different temperatures. 

With increasing concentration, Vander Waal's constant decreases, as seen in Figure 5, 

whereas it increases with the increase in temperatures. Table 3 shows that when the niacin 

transitions from the solid to liquid phase, the binding forces between the niacin and the solvents 

in the solution weaken. The rising values of Vander Waal's constants with temperature, as 

shown in Table 3 [40-42], demonstrate the presence of significant binding forces inside the 

liquid system between solute and solvent.  

4. Conclusions 

The properties of thermodynamics and acoustics were studied at atmospheric pressure 

using various parameters in a ternary solution of Niacin + Water + PEG (Polyethylene glycol) 

(PEG400/ PEG4000) at temperature variations from 288.15 K to 318.15 K over niacin 

concentrations of 0.00, 0.07, 0.08, and 0.09 mol.kg-1. At 3MHz, ultrasonic velocity and density 

of aqueous niacin solution were determined. Adiabatic Compressibility, Wada's Constant, 

Rao's Constant, Vander Waal's Constant, and Intermolecular Free Length decrease as the 

concentration of solvent increases. This implies that the molecules are approaching one other 

and that a solute-solvent interaction is present. However, Acoustic Impedance increases as 

concentration increases, indicating that there is a strong molecular connection, which reduces 

as temperature rises. 
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