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ABSTRACT 

This study concentrated on numerical calculations and experimental observations of pimelic acid 

solubility in water, ethanol, and their binary mixtures.  The solubility of pimelic acid in pure solvents 

and their binary mixes was determined using the equilibrium measurement method at temperatures 

(305.15 - 313.15) K. The experimental findings were correlated to the Apelblat equation in order to 

evaluate the data quality. The solubility correlations predicted by the Apelblat model agreed well with 

the results of the experiments. 
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Introduction 

For selecting the best solvents and creating an effective production process, it is essential to 

understand the solubility in various solvents. Vipul V. Jambukiya et al.[1] investigated the 

improvement of solubility and dissolution rate of weakly water soluble medication by utilizing 

modified guar gum. Tawar et al.[2] looked into innovative techniques to make water-insoluble 

medicines more soluble. Reddy et al.[3] produce and characterize tinidazole microcrystals in 

addition to using conventional solubility enhancement methods to increase solubility and 

dissolution. Nebivolol's solubility was increased by Asija Rajesh's [4] study using the solid 

dispersion technique. 

1,7-Heptanediol, a crucial molecule utilized in the creation of drugs, surfactants, fragrances, and 

cosmetics, is produced using pimelic acid as a starting material [5]. These investigations 

examined the solubilities of pimelic acid in pure water, ethanol, and their binary mixes 

throughout a range of compositions at various temperatures. The experimental solubility data 

were correlated using the Apelblat model.  Using the van't Hoff equation, the thermodynamic 

characteristics of the solutions ( ,   %ζH, %ζTS) were calculated. 

Experimental: 

Materials and Apparatus 

Sigma Aldrich provided pimelic acid (99%). Merck provided the majority (99.8%) of the 

ethanol. They were used without any kind of purification. Triple-distilled water was employed in 

each of these experiments. Previous methods of figuring the solubility have been used [6-10].  

In this investigation, binary solvent mixes produced by weight (Shimadzu, Auxzzo) were added 

an excess of pimelic acid with an uncertainty of 0.1 mg in a specially constructed 100 mL double 

jacketed flask.  Constant temperature water flowed from the flask's interior to its exterior.  A 

thermostat was used to regulate the water's temperature to within (± 0.1) K. To establish 

equilibrium, the solution was vigorously stirred with a magnetic stirrer for a considerable amount 

of time (about 1 h), after which it was allowed to stand for 1 h.  The supernatant liquid was then 

extracted from the flask and transferred to a weighing container using a pipette that was hotter 

than the solution.  After recording the sample's weight, it was kept in an oven set to 343 K until 
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all of the solvent had evaporated. This was verified by repeatedly weighing until a steady weight 

was achieved. Weights of the solute and solution were used to compute the solubility. Each 

solubility experimental value is the mean of at least three separate measurements. Using typical 

Eqs. 1 and 2, the saturated mole fraction solubility (Xb), initial ethanol and water mole fractions 

(  and ), respectively were computed.  

                                                                                                 (1)    

                                  

                                 (2) 

Where mb, ma, and mc are the mass of solute, water and ethanol respectively, and Mb, Ma, and Mc 

are the molecular weight of the solute, water, and ethanol respectively. 

Results and Discussion: 

Solubility of Pimelic Acid (PA) 

Table 1 and Figure 1 both provide the mole fraction solubility (Xb) values for PA in pure water 

and ethanol across the temperature (305.15 - 313.15) K. It can be demonstrated that as the 

temperature rises, PA becomes more soluble in pure solvents. In comparison to water, ethanol 

has a higher solubility.  

The observed mole fraction solubilities (Xb) of PA in water + ethanol are included in Table 2, 

along with the predicted solubilities calculated using the Apelblat correlating model. Figures 2 

and 3 depict the correlation between the solubility of PA and the initial ethanol mole fraction and 

temperature, respectively. The solubility of PA in the investigated binary system was observed to 

increase with temperature and the initial mole fraction of ethanol ( ), as shown in Tables 2 and 

Figs. 2 and 3. 
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Table 1. Experimental Xb value of mole fraction solubility of PA in pure water and ethanol at T = (293.15 

- 303.15 K). 

  

 

 

 

 

 

 

 

Figure 1. Mole fraction solubility (Xb) variation with temperatures for water ( ), methanol (■), 

 

T/K 

Xb 

Water Ethanol 

305.15 0.0093 0.1568 

308.15 0.0095 0.1716 

310.15 0.0109 0.1796 

313.15 0.0120 0.1945 
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Solubility Correlation 

For connecting solubility data with temperature, the modified semi-empirical Apelblat model7 

with three parameters (Eq. 3) is a suitable approach.  The solid-liquid equilibrium theory-based 

equation produces excellent agreement between calculated and experimental solubility values.  

                                                                                            (3) 

A, B, and C are the model parameters and T is temperature in Kelvin. A and B reflects non-

idealities of solutions, C represents temperature influence on fusion enthalpy[11, 12]. A, B, and 

C parameters are obtained from non-linear least square fitting. The solute's solubility in water, 

ethanol, and their binary mixes were determined using Eq. 3. Equation 3's experimental mole 

fraction solubility is shown in Table 2, and the values for the A, B, and C parameters are shown 

in Table 3. 

Thermodynamic parameters of dissolution 

The thermodynamic dissolution of pimelic acid in pure and binary solvent mixtures is studied 

using Van't Hoff analysis at temperatures (305.15, 308.15, 310.15 and 313.15) K. The van't Hoff 

equation [13, 15] is used to compute the standard molar enthalpy change of solution , 

standard molar entropy change , and standard molar Gibbs energy change  for the 

solution process (Table 4). 

                                            =                                         (4)   

                                                                                                   (5)                        

                                                                               (6)                        
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In Eq. 4, Tmean is the mean harmonic temperature i.e. Tmean = 309.15 K. In addition, the relative 

contribution of enthalpy (%ζH) and entropy (%ζTS) were calculated by using following Eq. 7. 

The effects of enthalpy and entropy on Gibbs energy in the solution process could be evaluated 

using %ζH and %ζTS. 

%              and                           (7) 

 

Figure 2. Mole fraction solubility (Xb) variation with Initial mole fraction (  of ethanol, at various 

temperatures (◆T=305.15 K, ■T=308.15 K; ▲T=310.15 K; ×T=313.15 K 

 

The thermodynamic parameters ( ,   %ζH, and % ζTS) in pure and binary 

solvents mixtures are given in Table 4 
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Table 2 Experimental (Xb) and calculated mole fraction solubility of PA in various initial mole fraction 

 of ethanol at T= 305.15 to 313.15 

T/K  

 
 

T/K 
 

 

305.15 

0.0000 0.0093 0.0086  

 

 

 

308.15 

0.0095 0.0099 

0.0416 0.0161 0.0175 0.0259 0.0246 

0.0891 0.0377 0.0371 0.0424 0.0469 

0.1435 0.0684 0.0728 0.0787 0.0858 

0.2068 0.0893 0.0971 0.1091 0.1130 

0.2811 0.1082 0.1064 0.1204 0.1211 

0.3697 0.1256 0.1283 0.1395 0.1423 

0.4771 0.1407 0.1411 0.1529 0.1548 

0.6100 0.1537 0.1550 0.1670 0.1680 

0.7787 0.1570 0.1577 0.1710 0.1701 

1.0000 0.1568 0.1589 0.1716 0.1714 

310.15 

0.0000 0.0109 0.0108 

 

 

 

313.15 

 

 

 

0.0120 0.0121 

0.0416 0.0294 0.0315 0.0492 0.0473 

0.0891 0.0510 0.0546 0.0734 0.0681 

0.1435 0.0922 0.0934 0.1103 0.1022 

0.2068 0.1196 0.1206 0.1329 0.1262 

0.2811 0.1307 0.1321 0.1514 0.1508 

0.3697 0.1508 0.1517 0.1697 0.1658 

0.4771 0.1659 0.1647 0.1809 0.1806 

0.6100 0.1759 0.1772 0.1934 0.1914 

0.7787 0.1776 0.1788 0.1931 0.1924 

1.0000 0.1796 0.1801 0.1945 0.1934 
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Figure 3. Mole fraction solubility (Xb) variation with temperature at initial mole fraction (  of 

methanol (◆ = wt. fraction 0.0; ■ = 0.1; ▲= 0.2; × = 0.3; × = 0.4; ● = 0.5; + = 0.6; - = 0.7; ▬ = 0.8 and 

◇ = 0.9; □ =1) 

The values for PA dissolution in all mixtures are all positive; demonstrating that PA 

dissolution is an endothermic process in every situation. The value in pure water is 

39.0425 KJK-1mol-1and in ethanol is 20.2579 KJK-1mol-1. This illustrates that more energy is 

required to dissolve PA in water than it does in ethanol. The dissolving process is non-

spontaneous and results in an increase in entropy since the values of ΔG0
soln and ΔS0

soln are 

positive. Table 4 shows that for all mixes under consideration, the percent enthalpy is higher than 

the percent TS, indicating that enthalpy is the main factor influencing the Gibbs free energy for 

dissolving PA. In general, in all binary solvent combinations, PA dissolving is an enthalpy-

driven endothermic reaction. 
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Table 3 Model parameters and correlation coefficient of the Apelblat equation. 

Solvent 
 

Parameters  

R2 

 
A B C 

Ethanol 

0.0000 676.1633 -39533.35 -218.794 0.9465 

0.0416 -3597.15 149993.85 419.74 0.9488 

0.0891 198.0483 -20280.75 -145.9923 0.9382 

0.1435 2867.47 -140079.15 -543.866 0.9311 

0.2068 4337.373 -206756.15 -762.561 0.942 

0.2811 -372.198 8556.104 -62.64764 0.9529 

0.3697 396.5725 -25784.65 -177.3248 0.9445 

0.4771 -188.4626 1172.96 -90.486 0.9537 

0.6100 -46.88939 -4961.3 -111.7028 0.9503 

0.7787 -88.27482 -2936.93 -105.6252 0.9533 

1.0000 -3.7892 -6792.42 -118.1834 0.9512 

 

Table 4 Thermodynamic parameters relative to solution process of PA at Thm= 309.15K 

 

∆H0
sol 

KJK-1 

mol-1 
 

∆G0
sol 

KJK-1 

mol-1 
 

∆S0
sol 

KJK-1 

mol-1 
 

 

ζH% 

 

ζTS% 

0.0000 39.0425 12.2990 0.0865 58.1473 41.6024 

0.0416 72.2569 11.3390 0.1970 52.9012 46.0781 

0.0891 63.3453 9.7803 0.1733 52.1830 46.1298 

0.1435 57.1890 8.2022 0.1585 53.1234 46.4567 

0.2068 60.6640 7.6570 0.1715 52.8012 47.4568 

0.2811 33.3589 6.8102 0.0859 55.0125 45.6498 

0.3697 30.1920 5.5813 0.0796 56.1245 44.7598 

0.4771 24.7999 5.2023 0.0634 55.6845 45.0104 

0.6100 22.3679 4.9092 0.0565 56.4531 44.6001 

0.7787 20.8459 4.8562 0.0517 56.7689 44.5216 

1.0000 20.2579 4.7822 0.0501 57.6045 45.2698 
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Conclusion: 

It has been demonstrated that as the experimental temperature was raised, PA became more 

soluble in pure liquids. Ethanol seems to have a higher solubility than water, according to 

measurements. In all binary systems examined, PA solubilities are improved by temperature and 

the initial mole fraction of ethanol ( ).  By using the Apelblat model, the observed solubilities 

of PA are closely related to temperature. A thermodynamic study based on measured solubilities 

shows that the dissolution of PA in all binary solvent combinations is an enthalpy driven 

endothermic process. According to the findings of ζH, enthalpy is mostly responsible for the 

Gibbs free energy required to dissolve PA.  
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