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Abstract 

The densities, ρ and refractive index,  of mixtures consisting of 2-Propanol, 1, 3-

Diaminopropane, and 2, 5-Dimethoxytetrahydrofuran have been measured at different 

temperatures. , , , , and for binary and and  for 

ternary mixtures were derived.  and  for binary mixtures were correlated with the 

Redlich‒Kister equation and for ternary mixtures were correlated with several equations. 

Prediction geometrical solution models were used to predict , of ternary 

mixtures and standard deviation for their fitting was reported. Positive deviation from 

ideal state were recorded for  in mixture of 1, 3-Diaminopropane + 2, 5-

Dimethoxytetrahydrofuran and 2-Propanol + 2, 5-Dimethoxytetra-hydrofuran mixtures. 

However, in mixture of 2-Propanol and 1, 3-Diaminopropane negative deviation in the 

high composition of 1, 3-Diaminopropane varies to positive in the dominated mole 

fraction of alcohol which was analyzed to interpret the molecular interactions.  
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Introduction 

The main branch in the study of solutions 

is the investigating of the thermodynamic 

properties of the mixtures. 

Thermodynamics and thermodynamic 

properties have been of interest for 

researchers for many years in the various 

fields of science, technology and industry 

in particular, and have been widely 

studied. The properties of the solutions 

that are studied in this work are the most 

complex thermodynamic quantities due to 

various factors such as structural effects, 

interactions between similar and non-

similar components, and are very useful 

in explaining and justifying interactions 

and renovating due to the mixing process. 

Due to the fact that most of the biological 

and industrial processes are in the liquid 

phase, the solubility phenomenon is very 

important and the solvent effect is very 

important on soluble properties. Among 

the issues that researchers and chemists 

investigate in this regard, is the 

importance of solubility of materials and 

changes in the thermo physical properties 

of compounds as a result of solubility in the 

processes of separation and purification. 

Interpretation and justification of the 

nature of molecular interactions are 

widely used in these processes, and the 

knowledge of these interactions is 

possible by measuring and computing the 

Physico-chemical characteristics and 

thermodynamic properties of these 

systems. These interactions are influenced 

by short-range repulsive forces and long-

range molecular attraction with the effects 

of polarity and etc., that the correct 

understanding of the nature and intensity 

of these forces helps us to understand and 

interpret the interactions. 

Thermodynamic properties of mixtures of 

amines, methoxy and hydroxyl groups are 

seemed to be interesting and would give 

great outcomes of molecular interactions 

in solutions. Meanwhile the studies of 

volumetric and electromagnetic properties 

of liquid mixtures provide valuable 

information on the structure and 

molecular interactions in solutions. In this 

sense, structural changes as a result of the 

molecular interaction can be provided by 

investigating the deviation of the 

refractive index deviations and volumetric 

properties from the ideal state due to 

compositions and temperatures. The 

deviations in the properties of solutions 

from the ideal state result from the 

breaking of the bonds of primary pure 

components and the formation of new 

bonds between non-similar molecules.  

In fact, these deviations are affected by 

three factors: a physical, chemical, and 

molecular structure that includes breaking 

the dipole-dipole, ionic, and hydrogen 

bonds and causes positive deviation or 

forming solvent-soluble bonds, which can 

be even hydrogen and dipolar type with 

proper orientation in some of the 

molecules that lead to negative deviations. 

In addition to these factors, the steric 

effect result of some large groups, as well 

as diversity in size and shape of 

components in mixtures are effected 

deviations substantially [1, 2].  

The aim of our research group is 

developing the thermodynamic data for 

analysis and identification of molecular 

interactions in non-electrolyte solutions at 

different temperatures [3-5]. In this 

regard, present paper reports the 

density, , and excess molar volume, , 

refractive index deviations  of 2-
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Propanol(1) + 1, 3-Diaminopropane (2) + 

2, 5-Dimethoxytetrahydrofuran (3) and its 

corresponding binary systems at different 

temperatures (298.15, 308.15, 318.15, and 

308.15) K and at ambient pressure. Also, 

Partial excess molar volumes , 

excess thermal expansion coefficient 

and isothermal coefficient of pressure 

excess molar enthalpy for 

binary mixtures were reported. Data for 

the binary systems was fitted to Redlich–

Kister equation [6, 7] and for ternary 

mixtures were correlated with Cibulka 

[8], Singe [9], Jasinski and 

Malanowski[10], Calvo [10], Nagata [11] 

equations and parameters have also been 

calculated. 

2. Experimental 

2.1. Materials 

The 2-Propanol (CAS No. 67-63-0), 1, 3-

Diaminopropane (CAS No. 109-76-2), 

and 2, 5-Dimethoxytetrahydrofuran (CAS 

No. 696-59-3) were purchased from 

Merck, and used without any further 

purification. Information about the liquids 

employed in this work is given in Table 1. 

The experimental densities and refractive 

indices of pure materials with 

corresponding literature value are 

presented in Table 2. The pure components 

were stored in the dark glasses at constant 

humidity and temperature. 

 

2.2. Apparatus and procedure 

Mixtures were prepared based on sample 

weight, using electronic balance 

(Sartorious AG. GK 1203, Germany) 

with precision of ±0.0001 g. Density of 

pure components and mixtures were 

measured using digital vibrating-tube 

densimeter (Anton Paar DMA 4500), 

with an accuracy of ± 0.01 K in 

Table.1 
Provenance CAS number and mass fraction purity of the samples studied. 

Chemical name Formula CAS number Source 
Purification 

method 
Mass fraction 

purity 
Analysis 
method 

2-Propanol C3H8O 67-63-0 Merck None >0.998 GC 

1,3-Diaminopropane C3H10N2 109-76-2 Merck None
 

>0.99 GC 

2,5-Dimethoxytetrahydrofuran C6H 12O3 696-59-3 Merck None
 

>0.97 GC 

       

Table.2 
Densities , refractive index    of the components at different temperatures and comparison with literature values.   
Component 

 

 
 

 

 
 

 

2-Propanol 298.15  0.78102 0.78110[19]  1.37525  1.3745 [20] 

    0.7807[21]   1.37495[12] 

 308.15  0.77266 0.77288 [19]  1.37152 1.3703 [20] 

 318.15  0.76368 0.76397 [19]  1.36730  

 328.15  0.75428 0.75489 [19]  1.36300  

    0.7539[21]    

1,3-Diaminopropane 298.15  0.88455 0.884[22]  1.41547  

    0.87975[23]    

    0.87981[24]    

    0.8846[25]    

 308.15  0.87552 0.8756[25]  1.41178  

 318.15  0.86645 0.8667[25]  1.40805  

 328.15  0.85733   1.40434  

2,5-Dimethoxytetrahydrofuran 298.15  1.02184 1.02[22]  1.45690  

 308.15  1.01151   1.45110  

 318.15  0.99899   1.44724  

 328.15  0.99058   1.44140  
a Standard uncertainties :  u(p) = ±4.0 kPa, u(T) = ±0.01 K, u( )  = ±5×10−5, u(ρ) = ± 1 × 10-5 g · cm−3with 68 % level of  confidence .   
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temperature. The measurement of 

refractive indices of pure components 

and mixtures were obtained by digital 

automatic refractometer (Anton Paar 

Abbemat 500) with the accuracy of ± 

0.01 K in temperature. The details 

regarding density and refractive index 

measurement using Anton Paar 

DMA4500 and Anton Paar Abbemat 500 

are described in our previous literature 

[3]. The estimated uncertainty for density 

and refractive index measurement, and 

mole fraction, are ± 1 × 10-5 g · cm−3, 

±5×10−5, and ±4×10−4. 

Each system was immediately used after 

it was well-mixed by shaking. After 

measuring density and refractive index of 

mixtures over the temperature range T = 

(298.15 to 328.15) K with intervals of 10 

K in ambient pressure, excess molar 

volume for all mixtures was calculated 

using density data by following equation: 

 

where , is the density of system, 

are the density and molar mass 

of the pure component and  is the mole 

fraction and  is the number of 

components in mixture. The refractive 

index deviations  for mixtures can 

be calculated as: 

 

Where is the refractive index of the 

mixture and  is the refractive index of 

pure components,  and  is the number 

of components in mixture. 

3. Results and discussion 

3.1 Binary mixtures 

The excess molar volume for binary 

mixtures was calculated from density 

results according to equation (1) with 

uncertainty of ±8×10−3 cm3.mol-1. Excess 

molar volumes for binary systems are 

appeared in Table 3 and are graphically 

represented in Figure1. The experimental 

data of the binary systems were 

correlated with the following type of 

Redlich–Kister polynomial: 

 

where  is 

adjustable temperature dependent 

parameters obtained by fitting algorithm. 

The parameters  for all the binary 

systems are listed in Table 4, along with 

standard deviation, , were obtained by 

this equation: 

 

where n is the number of experimental 

data and p is the degree of the 

polynomials.  
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Table.3 
Densities,  refractive index   excess molar volumes, ,  refractive index deviations,    excess thermal 

expansion coefficient,  partial molar volumes,   and  isothermal coefficient of pressure excess molar 

enthalpy for binary systems at T = (298.15 to 328.15)  K  and  ambient pressure (81.5 kPa). 

 

 

 

 

 

   
 

      

 1,3-Diaminopropane +   2-Propanol                                   T = 298.15 K   

0.1018 0.87640 1.44636 -0.152 -0.0022 -35.807 -1.152 -0.038 0.786 

0.1971 0.86766 1.43818 -0.204 -0.0026 -38.562 -0.226 -0.202 0.818 

0.2919 0.85782 1.43151 -0.162 -0.0016 -41.174 0.510 -0.437 0.913 

0.3816 0.84766 1.42548 -0.053 -0.0003 -45.727 0.863 -0.612 1.104 

0.4668 0.83742 1.41968 0.095 0.0009 -47.926 0.912 -0.643 1.265 

0.5484 0.82790 1.41387 0.199 0.0017 -45.604 0.783 -0.506 1.281 

0.6243 0.81915 1.40815 0.276 0.0022 -41.716 0.592 -0.232 1.238 

0.7109 0.80946 1.40088 0.325 0.0020 -40.280 0.369 0.218 1.236 

0.7868 0.80135 1.39421 0.318 0.0016 -44.774 0.208 0.697 1.344 

0.8535 0.79465 1.38829 0.261 0.0011 -50.625 0.105 1.171 1.450 

0.9306 0.78729 1.38134 0.147 0.0004 -45.317 0.027 1.820 1.237 

     
T = 308.15 K 

  0.1018 0.86765 1.44196 -0.177 -0.0010 -24.174 -1.250 -0.057 0.508 

0.1971 0.85900 1.43473 -0.233 -0.0007 -28.386 -0.277 -0.228 0.580 

0.2919 0.84931 1.42834 -0.199 0.0005 -35.790 0.438 -0.456 0.797 

0.3816 0.83927 1.42228 -0.094 0.0015 -45.044 0.797 -0.634 1.110 

0.4668 0.82917 1.41640 0.048 0.0024 -50.652 0.873 -0.685 1.354 

0.5484 0.81966 1.41056 0.159 0.0031 -49.973 0.767 -0.571 1.412 

0.6243 0.81087 1.40471 0.247 0.0033 -45.446 0.579 -0.302 1.353 

0.7109 0.80135 1.39758 0.285 0.0031 -39.853 0.342 0.179 1.232 

0.7868 0.79329 1.39088 0.278 0.0024 -38.853 0.167 0.701 1.192 

0.8535 0.78640 1.38483 0.235 0.0017 -39.498 0.064 1.168 1.188 

0.9306 0.77926 1.37777 0.112 0.0007 -33.165 0.009 1.610 0.940 

     
T = 318.15 K 

  0.1018 0.85876 1.43865 -0.199 -0.0005 -15.084 -1.321 -0.069 0.215 

0.1971 0.85015 1.43185 -0.260 0.0004 -21.142 -0.350 -0.238 0.328 

0.2919 0.84040 1.42551 -0.219 0.0016 -33.120 0.336 -0.457 0.690 

0.3816 0.83052 1.41947 -0.128 0.0027 -44.293 0.706 -0.641 1.124 

0.4668 0.82058 1.41362 0.002 0.0037 -51.754 0.818 -0.719 1.450 

0.5484 0.81109 1.40765 0.114 0.0042 -52.647 0.745 -0.640 1.547 

0.6243 0.80211 1.40174 0.223 0.0044 -47.639 0.573 -0.391 1.481 

0.7109 0.79261 1.39431 0.261 0.0039 -39.322 0.330 0.100 1.243 

0.7868 0.78458 1.38752 0.252 0.0032 -32.314 0.144 0.655 1.044 

0.8535 0.77788 1.38122 0.199 0.0022 -27.853 0.039 1.132 0.897 

0.9306 0.77043 1.37391 0.097 0.0011 -20.035 0.004 1.456 0.644 
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Table.3(continued) 
 

 

 

 

 

 

    

      

 T = 328.15 K   

0.1018 0.84962 1.43439 -0.205 0.0010 -7.055 -1.367 -0.017 -0.081 

0.1971 0.84102 1.42800 -0.273 0.0021 -16.829 -0.443 -0.496 0.075 

0.2919 0.83140 1.42157 -0.248 0.0031 -31.504 0.205 -0.709 0.566 

0.3816 0.82165 1.41544 -0.171 0.0040 -45.175 0.589 -0.745 1.129 

0.4668 0.81181 1.40943 -0.051 0.0046 -53.960 0.746 -0.636 1.546 

0.5484 0.80222 1.40329 0.071 0.0049 -56.035 0.717 -0.443 1.693 

0.6243 0.79329 1.39727 0.175 0.0048 -50.987 0.571 -0.234 1.592 

0.7109 0.78361 1.39003 0.231 0.0044 -39.047 0.335 -0.073 1.249 

0.7868 0.77553 1.38338 0.225 0.0037 -27.000 0.142 1.039 0.885 

0.8535 0.76872 1.37731 0.181 0.0028 -17.140 0.030 1.354 0.607 

0.9306 0.76115 1.36996 0.088 0.0015 -7.328 -0.009 1.058 0.335 

 2,5-Dimethoxytetrahydrofuran+   2-Propanol                                   T = 298.15 K 

  0.1671 0.98497 1.40923 1.369 0.0005 152.481 8.308 -0.006 -4.899 

0.3077 0.95164 1.40420 2.357 0.0011 105.678 5.778 0.817 -2.354 

0.4237 0.92528 1.40020 2.694 0.0018 72.553 3.372 2.209 -0.805 

0.5243 0.90294 1.39662 2.653 0.0022 82.409 1.679 3.729 -1.223 

0.6111 0.88383 1.39339 2.381 0.0025 119.360 0.657 5.062 -2.874 

0.6834 0.86783 1.39049 2.004 0.0025 159.373 0.129 6.024 -4.717 

0.7552 0.85134 1.38742 1.538 0.0023 192.434 -0.135 6.690 -6.338 

0.8148 0.83670 1.38472 1.125 0.0020 201.876 -0.193 6.891 -6.995 

0.866 0.82318 1.38219 0.768 0.0016 187.792 -0.160 6.705 -6.699 

0.9163 0.80870 1.37964 0.439 0.0010 146.475 -0.088 6.092 -5.333 

0.9603 0.79468 1.37736 0.194 0.0005 82.606 -0.025 5.110 -3.042 

     
T = 308.15 K 

  0.1671 0.97306 1.40573 1.623 0.0007 148.469 8.493 0.211 -5.019 

0.3077 0.94092 1.40084 2.503 0.0014 100.255 5.611 1.123 -2.522 

0.4237 0.91509 1.39681 2.803 0.0021 72.720 3.436 2.377 -1.208 

0.5243 0.89266 1.39332 2.792 0.0026 81.109 1.972 3.692 -1.560 

0.6111 0.87341 1.39024 2.548 0.0031 109.880 1.057 4.888 -2.890 

0.6834 0.85728 1.38756 2.193 0.0033 140.826 0.530 5.851 -4.370 

0.7552 0.84061 1.38466 1.751 0.0033 167.102 0.196 6.700 -5.704 

0.8148 0.82583 1.38204 1.358 0.0031 175.695 0.044 7.250 -6.283 

0.866 0.81262 1.37949 0.971 0.0026 165.975 -0.012 7.544 -6.114 

0.9163 0.79884 1.37681 0.575 0.0019 132.939 -0.021 7.600 -5.010 

0.9603 0.78553 1.37418 0.264 0.0011 77.286 -0.008 7.388 -2.949 



Panahi et al. 

61 

 

 

 

 

 

 

Table. 3(continued) 
 

 

 

 

 

 

    

      

 T = 318.15 K   

0.1671 0.96002 1.40239 1.783 0.0011 149.392 8.619 0.448 -5.244 

0.3077 0.92825 1.39749 2.684 0.0020 100.505 5.495 1.415 -2.664 

0.4237 0.90294 1.39338 2.966 0.0026 78.909 3.537 2.540 -1.582 

0.5243 0.88095 1.38977 2.939 0.0031 86.238 2.239 3.707 -1.911 

0.6111 0.86157 1.38660 2.739 0.0035 106.337 1.390 4.816 -2.881 

0.6834 0.84516 1.38395 2.436 0.0037 127.364 0.865 5.781 -3.946 

0.7552 0.82827 1.38097 2.037 0.0037 145.858 0.483 6.757 -4.953 

0.8148 0.81365 1.37834 1.640 0.0035 152.944 0.261 7.565 -5.473 

0.866 0.80050 1.37579 1.260 0.0030 146.287 0.131 8.253 -5.403 

0.9163 0.78719 1.37300 0.825 0.0023 120.186 0.049 8.922 -4.548 

0.9603 0.77505 1.37020 0.405 0.0013 72.235 0.005 9.505 -2.778 

 
T = 328.15 K 

  0.1671 0.94965 1.39890 2.050 0.0015 152.136 8.685 0.703 -5.376 

0.3077 0.91891 1.39399 2.809 0.0024 106.597 5.428 1.691 -2.840 

0.4237 0.89371 1.38979 3.066 0.0030 91.829 3.673 2.699 -2.012 

0.5243 0.87173 1.38616 3.024 0.0035 97.552 2.479 3.774 -2.266 

0.6111 0.85240 1.38294 2.803 0.0039 108.942 1.663 4.844 -2.915 

0.6834 0.83582 1.38021 2.507 0.0041 119.508 1.134 5.814 -3.561 

0.7552 0.81874 1.37722 2.114 0.0041 129.623 0.726 6.860 -4.269 

0.8148 0.80423 1.37459 1.690 0.0039 134.076 0.459 7.838 -4.716 

0.866 0.79103 1.37199 1.303 0.0035 129.873 0.271 8.833 -4.793 

0.9163 0.77780 1.36913 0.846 0.0027 109.615 0.122 10.060 -4.193 

0.9603 0.76574 1.36620 0.406 0.0016 68.081 0.031 10.194 -2.668 

 2,5-Dimethoxytetrahydrofuran+   1,3-Diaminopropane T = 298.15 K 

  0.1537 1.00222 1.44636 0.630 0.0020 -90.594 2.889 0.223 3.975 

0.2659 0.98822 1.43818 0.892 0.0030 -106.727 2.369 0.354 4.788 

0.3734 0.97424 1.43151 1.078 0.0051 -122.143 2.029 0.516 5.510 

0.4715 0.96090 1.42548 1.194 0.0071 -129.028 1.712 0.748 5.848 

0.5599 0.94820 1.41968 1.270 0.0085 -126.438 1.494 0.978 5.785 

0.6298 0.93776 1.41387 1.296 0.0084 -122.016 1.378 1.148 5.619 

0.7136 0.92453 1.40815 1.312 0.0095 -121.434 1.240 1.436 5.591 

0.7777 0.91443 1.40088 1.246 0.0075 -126.573 1.061 1.972 5.734 

0.8432 0.90364 1.39421 1.158 0.0062 -132.509 0.765 3.276 5.894 

0.8990 0.89523 1.38829 0.946 0.0048 -124.928 0.433 5.572 5.448 

0.9512 0.88856 1.38134 0.586 0.0021 -87.708 0.134 9.378 3.762 
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Table. 3(continued) 
 

 

 

 

 

 

    

      

 T = 308.15 K   

0.1537 0.99303 1.44196 0.517 0.0031 -94.321 2.560 0.145 4.146 

0.2659 0.97925 1.43473 0.774 0.0048 -116.285 1.092 0.268 5.214 

0.3734 0.96570 1.42834 0.930 0.0070 -132.627 1.782 0.413 5.990 

0.4715 0.95260 1.42228 1.039 0.0087 -140.169 1.538 0.592 6.379 

0.5599 0.94017 1.41640 1.102 0.0099 -139.364 1.364 0.776 6.396 

0.6298 0.92981 1.41056 1.135 0.0096 -136.399 1.246 0.951 6.304 

0.7136 0.91677 1.40471 1.148 0.0104 -134.994 1.075 1.307 6.262 

0.7777 0.90665 1.39758 1.097 0.0084 -136.323 0.881 1.887 6.283 

0.8432 0.89607 1.39088 1.000 0.0069 -135.137 0.606 3.089 6.169 

0.8990 0.88748 1.38483 0.816 0.0053 -121.258 0.331 4.987 5.476 

0.9512 0.88043 1.37777 0.500 0.0024 -81.562 0.099 7.923 3.641 

 
T = 318.15 K 

  0.1537 0.98198 1.43865 0.392 0.0037 -96.503 2.156 0.077 4.315 

0.2659 0.96899 1.43185 0.599 0.0059 -123.807 1.773 0.178 5.610 

0.3734 0.95598 1.42551 0.736 0.0081 -141.419 1.513 0.299 6.454 

0.4715 0.94320 1.41947 0.852 0.0099 -150.161 1.333 0.431 6.912 

0.5599 0.93110 1.41362 0.918 0.0111 -151.709 1.196 0.576 7.031 

0.6298 0.92085 1.40765 0.971 0.0108 -150.693 1.081 0.746 7.031 

0.7136 0.90822 1.40174 0.978 0.0115 -148.977 0.899 1.128 6.972 

0.7777 0.89840 1.39431 0.925 0.0092 -146.762 0.706 1.701 6.845 

0.8432 0.88843 1.38752 0.795 0.0077 -138.697 0.463 2.761 6.414 

0.8990 0.87976 1.38122 0.645 0.0058 -118.667 0.242 4.276 5.462 

0.9512 0.87244 1.37391 0.377 0.0027 -76.150 0.070 6.453 3.476 

  
T = 328.15 K 

  0.1537 0.97182 1.43439 0.270 0.0050 -98.153 1.657 0.019 4.499 

0.2659 0.95934 1.42800 0.446 0.0074 -130.765 1.412 0.085 6.055 

0.3734 0.94673 1.42157 0.568 0.0094 -149.801 1.221 0.174 6.975 

0.4715 0.93444 1.41544 0.657 0.0110 -159.736 1.096 0.265 7.470 

0.5599 0.92262 1.40943 0.720 0.0119 -163.870 0.991 0.378 7.692 

0.6298 0.91279 1.40329 0.749 0.0113 -164.742 0.886 0.534 7.746 

0.7136 0.90020 1.39727 0.781 0.0118 -163.276 0.711 0.898 7.698 

0.7777 0.89052 1.39003 0.734 0.0096 -157.866 0.537 1.416 7.424 

0.8432 0.88051 1.38338 0.630 0.0081 -143.542 0.335 2.291 6.720 

0.8990 0.87189 1.37731 0.493 0.0064 -117.274 0.168 3.439 5.469 

0.9512 0.86386 1.36996 0.313 0.0031 -72.002 0.046 4.966 3.358 

Standard uncertainties, u, are  u(p) = ± 4.0 kPa, u(T) = ± 0.01 K, u(VE
m) = ±0.008  cm3 . mol-1, u(x) =± 4 × 10−4 ,  u(nD)  = ±5×10−5 

mPa s , and  u(ρ) = ± 1 × 10−5 g . cm−3  with 68 % level of confidence. 
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As can be seen in Figures1,  values for 

binary systems of 1, 3-Diaminopropane 

(1) + 2, 5-Dimethoxytetrahydrofuran (2), 

and 2-Propanol (1) + 2, 5-

Dimethoxytetrahydrofuran (2) are 

positive over the whole composition 

range which indicates the expansion of 

mixing. As quantified by the Hammett 

equation, methoxy is an electron-

donating group [12]. On the other hand, 

like ammonia, amines are bases [13].In 

fact, deviations are influenced by three 

physical, chemical and structural factors 

that include breaking or weakening 

bipolar-bipolar, ionic bonds, hydrogen 

bands, and London dispersion force, 

which divert the solution to positive 

deviations. In addition, the steric effect 

also has a noticeable effect on this 

positive deviation. These effects lead to 

expansion in volume of mixtures and  

 

theref

ore 

positi

ve 

deviat

ions 

are 

obtained as can be seen in Figure1 (b) – 

1(c), which clearly indicate that there is a 

kind of repulsive interactions in these 

binary mixtures. But for binary system of 

2-Propanol (1) + 1, 3-Diaminopropane 

(2)  , deviation of  values in the high 

concentrations of 1, 3-Diaminopropane 

are negative which indicates attractive 

interactions and increasing the 

concentration of 2-Propanol leads to 

found repulsion forces which appears in  

Figure 1(a). In addition, interactions 

those cause formation of the structures 

result negative amounts of excess molar 

volume and interactions that cause 

structural destruction, leading to the 

positive amount of excess molar volume; 

the contribution of accumulation in the 

molar volume is negative. 

 

Table. 4 
Values of adjustable coefficients   of equation (3) and standard deviation for the fits of the excess molar volumes and  

refractive index deviation in the temperatures range  of T  = (298.15 to 328.15) K and  ambient pressure (81.5 kPa). 

  
 

 

   
 

 0 1 2 3 
 

 1,3-Diaminopropane +   2-Propanol                                   

  0 -3.90523 14.6555 90.7458 -36.6555  

 1 0.0428731 -0.110369 -0.58067 0.227263 0.0064 

 2 -0.0000941402 0.000172205 0.000921392 -0.0003411  

 

0 -0.886969 -0.059556 1.15342 -0.0853118  

 1 0.00529385 -0.000152333 -0.00805844 0.000626272 0.0001 

 2 -7.71985×10-6 9.42599×10-7 0.0000138044 -1.1184×10-6  

 2,5-Dimethoxytetrahydrofuran+   2-Propanol                                   

  0 -48.5234 172.183 -280.523 113.318  

 1 0.336783 -1.06789 1.55405 -0.788821 0.0278 

 2 -0.000462391 0.00167375 -0.00211445 0.00136108  

 

0 -0.0487121 0.775597 -1.02604 0.681422  

 1 0.000214022 -0.00504392 0.00619422 -0.00394951 0.0001 

 2 -7.4276×10-8 8.08861×10-6 -9.23322×10-6 5.62434×10-6  

 2,5-Dimethoxytetrahydrofuran+   1,3-Diaminopropane 

  0 -13.6636 48.4957 43.2129 -134.269  

 1 0.182042 -0.314131 -0.175075 0.761595 0.0165 

 2 -0.000402602 0.00049265 0.000147041 -0.00108341  

 

0 -0.00108341 0.439502 1.17301 -0.111968  

 1 0.00472311 -0.00343344 -0.0077269 0.00133559 0.0003 

 2 -6.73755×10-6 6.19891×10-6 0.0000127566 -3.0019×10-6  
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Figure 1. Plot of experimental excess molar volume , vs. mole fraction for the binary systems at the temperatures 

298.15 K (♦), 308.15 K (■), 318.15 K (●), and 328.15 K (▲); (a) 2-Propanol + 1, 3-Diaminopropane, (b) 2-Propanol + 

2, 5-Dimethoxytetrahydrofuran, (c) 1, 3-Diaminopropane + 2, 5-Dimethoxytetrahydrofuran. The solid curves represent 

the corresponding correlations by the Redlich–Kister Eq. (3). 
 

Nevertheless, the positive deviation of 

 from the ideal state for the examined 

systems in this project shows that short-

range repulsive forces are in the ruling 

system, which expresses the fact that due 

to mixing, soluble-solvent molecule 

interactions would weakened and 

relatively strong interactions between 

similar molecules are formed. 

Correlations are complicated owing to 

the effects of solvation which are 

opposite the trends for inductive effects. 

According to the calculated refractive 

index deviation values, the optical 

behavior of these systems is similar to 

volumetric behavior as the values 

specified in Table 3 and graphically 

presented in Figure 2.  

 
  

Figure 2. Plot of refractive index deviation , vs. mole fraction for the binary systems at the temperatures 298.15 K 

(♦), 308.15 K (■), 318.15 K (●), and 328.15 K (▲); (a) 2-Propanol + 1, 3-Diaminopropane, (b) 2-Propanol + 2, 5-

Dimethoxytetrahydrofuran, (c) 1, 3-Diaminopropane + 2, 5-Dimethoxytetrahydrofuran. The solid curves represent the 

corresponding correlations by the Redlich–Kister Eq. (3). 
 

Studding effect of temperature released 

that as temperature of 2-Propanol + 2, 5-

Dimethoxytetrahydrofuran mixture rises, 

deviations are increase but it is 

contrary in 1, 3-Diaminopropane + 2, 5-

Dimethoxytetrahydrofuran mixture. With 

increasing temperature,  deviations 

dedicate a negative value and with 

further increase in temperature, a value 

of is much less.
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The partial molar volume, for binary 

systems were calculated over the whole 

concentration rang by using equation (5) 

and the excess partial molar volume 

values calculated by equation (6) are 

reported in Table 3. 

 

 
The thermal expansion coefficient , for 

pure components was calculated by 

analytical differentiation of density 

fitting equation: 

 

The excess thermal expansion 

coefficient , was obtained by the 

following expression: 

 
The isothermal coefficient of pressure 

excess molar enthalpy can 

be derived accurately from volumetric 

measurements by application of the 

following equation: 

 

The computed values of  

 for binary mixtures are 

listed in Tables 3and at T = 298.15 K is 

graphically represented in Figure 3, 4. 

-150

-100

-50

0

50

100

150

200

0 0.2 0.4 0.6 0.8 1

α
E
(K

-1
)

x1  

Figure 3. Plot of excess thermal expansion coefficient,  vs. mole fraction for the binary systems at T = 298.15 K. (□) 

2-Propanol + 1, 3-Diaminopropane, (◊) 2-Propanol + 2, 5-Dimethoxytetrahydrofuran, (○) 1, 3-Diaminopropane + 2, 5-

Dimethoxytetrahydrofuran.  

 
 
Figure 4. Plot of isothermal coefficient of pressure excess molar enthalpy vs. mole fraction for the binary 

systems at T = 298.15 K. (■) 2-Propanol + 1, 3-Diaminopropane, (♦) 2-Propanol + 2, 5-Dimethoxytetrahydrofuran, (●) 

1, 3-Diaminopropane + 2, 5-Dimethoxytetrahydrofuran.  
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The negative values of the excess 

thermal expansion coefficient  for the 

examined systems, that become more 

negative with increasing temperature, 

indicate that the mixture is more stable 

than the pure components, which is 

consistent with the data of the excess 

molar volume. The observed trend of 

isothermal coefficient of pressure excess 

molar enthalpy is the 

opposite of the observed trend for the 

excess thermal expansion coefficient  

values. Positive values of 

indicate that by increasing 

the pressure, the molecular gravity of the 

system increases in the system under 

study. This trend is in accordance with 

equation (9), why so the sign of equation 

 for a mixture, whose 

volume at constant temperature and 

constant composition decreases with 

increasing pressure, should be positive. 

In other words, the positive values of this 

quantity indicate that the increase in 

pressure increases the excess molar 

enthalpy and the relative instability of the 

binary system. 

3.2 Ternary mixtures 

Empirical studies of thermodynamic 

systems require a lot of time and cost, 

and with increasing number of 

components in the study system, these 

techniques are more difficult and require 

more time and cost. Therefore, the 

extraction of the thermodynamic 

properties of multi-component systems 

seems to be very beneficial using the 

thermodynamic data of binary systems.  

In this work, the excess molar volumes 

of ternary mixture of 2-Propanol (1) + 1, 

3-Diaminopropane (2) + 2, 5- 

Dimethoxytetrahydrofuran(3)  were 

calculated using equation (1) and 

refractive index deviations were 

calculated using equation (2)  and the 

results were graphically represented in 

Figure5.  

 
 

Figure 5. a) Lines of constant excess molar volume for ternary system 2-Propanol + 1, 3-Diaminopropane + 2, 5-

Dimethoxytetrahydrofuran at T = 298.15 K. b) Lines of constant deviation refractive indices for ternary system 2-

Propanol + 1, 3-Diaminopropane + 2, 5-Dimethoxytetrahydrofuran at 298.15 K.  
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Ternary data were fitted to the Cibulka 

[8], Singh [9], Jasinski and Malanowski 

[10], Calvo [10], and Nagata [11] 

equations. These expressions include 

three terms corresponding to binary 

contributions evaluated by the Redlich-

Kister [6, 7] equation adjusted to the 

binary data. The expression suggested 

by: 

Cibulka equation: 

           

Singh et al. equation: 

 

 
           

Jasinski and Malonowski equation: 

 

 

Calvo et al. equation: 

 

 

 

Nagata Equation: 

 

where  are the contributions of 

binary mixture . 

 

every  ternary parameter is a function of 

temperature as expressed in Eq. (10)– 

(14): 

 

The parameters  for the ternary 

mixtures are listed in Table 5, along with 

the standard deviation . 

 
Table.5 
Coefficients  of Eq. (16) and standard deviations for the fits of the ternary excess molar 

volumes σ( ), and refractive indices deviations σ( )in the temperatures range at (298.15 to 

328.15) K. 

q 
 

i  

 0 1 2 
2-Propanol(1) + 1,3-Diaminopropane (2) + 2,5-Dimethoxytetrahydrofuran (3) 

Cibulka equation    σ( ) 

0  -652.876 1117.24 1312.27  

1  4.11516 -7.01327 -8.27774 0.042 

2  -0.0064925 0.0110525 0.013065  

     σ( ) 

0  -17.314 29.31 20.9052  

1  0.112643 -0.190238 -0.135371 0.00054 

2  -0.0001828 0.00030800 0.000219015  

Singh equation    σ( ) 

0  207.785 936.08 -6046.34  

1  -1.32506 -5.82535 41.486 0.044 

2  0.0021213 0.00903723 -0.0704361  

     σ( ) 

0  -1.26675 9.733 105.049  

1  0.0084978 -0.0608237 -0.664464 0.00056 

2  -0.0000141 0.00009506 0.00105093  

Jasinski equation    σ( ) 
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Table.5(continued)    

0  445.929 377.894 -734.527  

1  -2.83565 -2.409 4.73429 0.043 

2  0.0045244 0.00385692 -0.00762266  

     σ( ) 

0  4.09535 9.6399 -6.61122  

1  -0.02599 -0.0623859 0.0421965 0.00055 

2  0.0000411 0.00010055 -0.0000671091  

Calvo equation    σ( ) 

0  -38.6029 1266.35 -1264.46  

1  0.247534 -8.10395 8.21536 0.041 

2  -0.0003888 0.0129999 -0.0133836  

     σ( ) 

0  -4.32753 23.5823 -23.0999  

1  0.0284154 -0.153451 0.150903 0.00055 

2  -0.0000464 0.00024919 -0.000245891  

Nagata equation    σ( ) 

  155.162 -0.970606 0.00152895 0.043 

     σ( ) 

  -0.640042 0.0045255 -7.85149×10-6 0.00055 

 

3.3 Prediction of Excess Molar Volumes 

for the Ternary Mixture 

 

Obviously, the thermodynamic properties 

of ternary systems are strongly 

dependent on intermolecular interactions 

of compounds, and it is not easy to 

predict the thermodynamic properties of 

these mixtures. In recent years, however, 

several empirical and semi-experimental 

equations have been presented in the 

form of symmetric models for predicting 

thermodynamic properties. Symmetric 

models are those geometric models that 

consider the interactions of ternary 

systems from the same combination of 

binary interactions. In order to use these 

equations, the relationship between the 

binary systems corresponding to the 

ternary system must be determined. The 

Redlich-Kister equation is the most well-

known relation in this field. By having 

the coefficients in these equations and 

correlating with the empirical results 

obtained in the laboratory and using the 

relationship obtained from the Redlich-

Kister equation, excess molar volume is 

predicted as one of the most widely used 

thermodynamic properties.  

Accordingly, excess molar volumes and 

refractive index deviations for studied 

ternary mixtures were predicted using 

Radojkovic[14], Colinet [15], Jacob-

Fitzner [16], Kohler [17], and Rastogi 

[18] geometrical solution models. These 

models also use binary contributions 

evaluated by Redlich–Kister equation 

and proposed an equation for ternary 

system of the form: 

Radojkovic Model: 

 
Colinet Model: 

 
Jacob-Fitzner Model: 



Panahi et al. 

69 

 

 
Kohler Model: 

 

Rastogi Model: 

 

Standard deviation for the fitting of excess 

molar volumes and refractive index 

deviations prediction models for ternary 

mixture (2-ropanol (1) +1, 3-

Diaminopropane (2) +2, 5-

Dimethoxytetrahydrofuran (3)) using 

prediction solution model equations (17) -

(21) at T = (298.15 to 328.15) K are 

reported in Table 6. As can be seen in 

Table 6, in general the agreement between 

Colinet geometrical solution models is in 

better consistency with experimental 

results for both excess molar volumes and 

refractive index deviations.

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 

Understanding of molecular interactions 

is essential in chemical processes and 

thermodynamic properties are one of the 

best means to interpret and justify these 

interactions. In this paper we obtain 

densities and refractive indices of binary 

and ternary mixtures including of 2, 5-

Dimethoxytetrahydrofuran, 1, 3-

Diaminopropane, and 2-Propanol and its 

derivatives were obtained from 

experimental results and fitted by 

Redlich–Kister type function to obtain the 

binary coefficients and estimate the 

standard deviations. 

, , and  were 

calculated. By using excess molar 

volume and refractive index deviations 

of binary systems from ideal state, 

molecular interactions are estimated. In 

general it can be concluded that chemical 

interactions consequences to negative 

deviations and the positive quantities are 

indicated the physical interactions in 

binary systems. 
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