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Molecular interactions in binary mixtures composed of a xylene and 
selected 1-alkanol (1-butanol up to 1-octanol) were investigated by 
measurement of the density at T= 323.15 K. From the experimental data, 
excess molar volumes were calculated. Obtained data were interpreted 
based on the type and magnitude of the physico-chemical interactions in 
the binary liquid systems. In this sense, PC-SAFT was used to correlate the 
volumetric behavior of binary mixtures. The correlated values of the 
model were satisfactory and the obtained data are within the uncertainty 
region.  
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Graphical Abstract 

 

Excess molar volumes vs. mole fraction of xylene for binary mixtures of xylene with 1-alkanols at T = 323.15 K 
 

 

Introduction 

The non-ideal behaviour of binary mixtures 

containing self-associated components is 

primarily due to the specific interactions arising 

from the hydrogen bond between the polar 

groups of the component molecules. When two 

liquids are mixed together, the resulting 

changes in the physical and thermodynamic 

properties can be considered as sum of several 

contributions due to free volume change, 

change in energy, change in molecular 

orientations and steric hindrances [1]. Alcohols 

are of important class of hydrogen-bonded 

solvents and also of their −OH group 

participates in hydrogen bond formation used 

as a donor and acceptor of electrons. Our initial 

studies on the thermodynamics of alcohols 

solutions [2–4] were motivated by a desire to 

better understand the interactions among the 

various functional groups with alcohols. 

Moreover, this work contributes to test the 

compatibility of PC-SAFT model and also to 

correlate the experimental densities. 

Experimental 

Xylene and all 1-alkanols were analytically 

graded and purchased from Merck with stated 

level of purity greater than 99 % of mass 

fraction and used as received without further 

purification. The measured densities for pure 

materials were compared to the literature 

values. The results show that the measurements 

are in agreement with literature and within the 

experimental uncertainties. Density 

measurements have been performed with an 

Anton-Paar SVM 3000 viscometer that 

automatically corrects automatically viscosity 

related errors in the density by measuring the 

damping of the U-tube oscillation. Prior to each 

series of measurements, the apparatus was 

calibrated using doubly distilled degassed 

water and dry air at the atmospheric pressure. 

Pure fluids used in the binary mixtures were 

degasified before preparation of the samples 

using an ultrasonic bath. The solutions were 

prepared by mass, using a digital balance 

(Mettler AE 163, Switzerland) with the 

precision ±0.01 mg and stored in airtight 

stopped bottles to prevent evaporation of the 

samples. To minimize evaporation during the 

sample preparation, the less volatile component 
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was primarily charged first. The uncertainty is 

1×10–4 g·cm-3 for density measurements. 

Moreover, The uncertainty in the mole fraction 

is ±1×10−4. 

Results and Discussion 

Experimental values of densities for binary 

mixtures are listed in Table 1. Binary densities 

increase with increasing alcohols chain length. 

The volumetric properties are closely related to 

the volume change of substance, such as 

density. The excess molar volume can be 

calculated according to the following equation  

𝑉𝑚
𝐸 = 𝑉𝑚 − ∑ 𝑥𝑖 𝑉𝑚,𝑖

2
𝑖=1                                        (1)  

Where 𝑉𝑚,𝑖 is the molar volume of 

component i and V is the volume of the mixture. 

The values of  𝑉𝑚
𝐸 can be fitted by Redlich-Kister 

[5] polynomial  

𝑉𝑚
𝐸 = 𝑥1(1 − 𝑥1) ∑ 𝐴𝑘  𝑁

𝑘=0 (1 − 2𝑥1)𝑘                (2)  

where x is the mole fraction of one 

component of mixture, Ak is the adjusttable 

parameter and k is the order of polynomial. 

Values of excess molar volume are reported in 

Table 1. 

Table 1. Densities and excess molar volumes for the binary mixtures at T= 323.15 K and P= 0.1 MPa 

Densities(ρ/g·cm–3 ) for Xylene + 

x1 1-Butanol 1-Pentanol 1-Hexanol 1-Heptanol 1-Octanol 

0 0.7860 0.7920 0.7968 0.8022 0.8037 

0.081 0.7912 0.7959 0.7999 0.8045 0.8057 

0.1595 0.7959 0.7996 0.8028 0.8067 0.8078 

0.2395 0.8005 0.8032 0.8056 0.8086 0.8100 

0.3501 0.8062 0.8077 0.8092 0.8117 0.8132 

0.4397 0.8103 0.8112 0.8126 0.8142 0.8156 

0.5601 0.8150 0.8158 0.8166 0.8180 0.8190 

0.6497 0.8189 0.8196 0.8203 0.8211 0.8219 

0.7404 0.8228 0.8244 0.8237 0.8242 0.8247 

0.8492 0.8278 0.8278 0.8280 0.8282 0.8282 

0.9407 0.8321 0.8319 0.8319 0.8319 0.8320 

1 0.8346 0.8346 0.8346 0.8346 0.8346 

𝑉𝑚
𝐸 (cm3 /mol-1)  

 0 0 0 0 0 

 -0.005 -0.006 -0.003 -0.002 -0.006 

 -0.005  -0.006  -0.007  -0.009  -0.010 

 0.010 -0.002 0.004 -0.010 -0.006 

 0.052 0.031 0.042 0.020 0.026 

 0.131 0.095 0.115 0.073 0.084 

 0.233 0.184 0.206 0.148 0.160 

 0.266 0.211 0.234 0.180 0.192 

 0.250 0.181 0.216 0.166  0.184 

 0.164 0.135 0.150 0.116 0.125 

 0.066 0.051 0.058 0.040 0.049 

 0 0 0 0 0 
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The measured 𝑉𝑚
𝐸 can be described in terms 

of physical, chemical and structural effects. The 

physical effects consist of non-specific physical 

(weak) interactions, rupture of the hydrogen 

bonds in the self-associated molecules, weaker 

dipole-dipole interactions and interstitial 

accommodations due to different molar 

volumes and free volumes between unlike 

molecules resulting in 𝑉𝑚
𝐸  positive values. The 

chemical and structural effects which arise in 

accordance to the specific interactions such as 

formation of hydrogen bonds, charge transfer 

complexes, strong dipole–dipole interactions, 

differences in size and shape of the component 

molecules and make negative 𝑉𝑚
𝐸 values. 𝑉𝑚

𝐸 for 

xylene + 1-alkanol is positive and systematically 

tends to the larger positive values with an 

increase in the size of 1- alkanol. This behaviour 

at T= 323.15 K is presented graphically in 

Figure 1. The algebraic  values of 𝑉𝑚
𝐸 fall in the 

order: 1- octanol > 1-heptanol > 1-hexanol > 1- 

pentanol > 1-butanol. When the chain length of 

the alcohol is increased, the hydrophobic 

character of the 1-alkanol is also amplified and 

the interactions between unlike molecules 

weaken, resulting in the positive contribution to 

𝑉𝑚
𝐸 . In alcohols with higher chain length, the 

relative volume contributions of the polar OH 

versus the non polar alkyl chain for the alcohols 

decrease and the excess molar volume 

increases. 

Table 2. Binary Interaction Parameter kij and standard deviation σ for PC-SAFT Equation 

Binary Systems kij % σ 

Xylene + 1-Butanol 0.01 1.23 

Xylene + 1-Pentanol 0.014 1.02 

Xylene + 1-Hexanol 0.02 1.16 

Xylene + 1-Heptanol 0.012 1.14 

Xylene + 1-Octanol 0.017 1.26 

 

Our next objective in this study is to 

correlate binary mixtures density applying the 

PC-SAFT model [6, 7]. In this model, the general 

definition of the Helmholtz energy is illustrated 

by:  

𝑎𝑟𝑒𝑠 =  𝑎𝑐ℎ𝑎𝑖𝑛 + 𝑎𝑑𝑖𝑠𝑝 + 𝑎𝑎𝑠𝑠𝑜𝑐                          (3)  

𝑎𝑐ℎ𝑎𝑖𝑛 is the chain formation contribution 

computed by 

𝑎𝑐ℎ𝑎𝑖𝑛 =  − ∑ 𝑥𝑖(𝑚𝑖 − 1) ln 𝑔𝑖𝑖
ℎ𝑠

𝑖                        (4) 

Where m is the number of segments and 𝑔𝑖𝑖
ℎ𝑠 

the radial distribution function for hard sphere. 

𝑎𝑑𝑖𝑠𝑝 is determined by  

 (5) 

ρ is the density number of the fluids, I1 and I2 

are perturbation integral. 𝑎𝑎𝑠𝑠𝑜𝑐  is calculated by  

                                           (6) 

XA is the fraction of unbounded monomers of 

single site A and S is the number of associated 

sites. In present paper, the PC-SAFT model was 

applied to correlate the density of binary 

mixtures. In the case of alcohols, five molecular 

parameters and for xylene, three molecular 

parameters were fitted to the experimental 

vapour pressures and densities in order to 

optimize them. The PC-SAFT model contains 

one adjustable parameter kij which is usually 

independent of temperature. Values of these 

fitting parameters are reported in Table 2 along 

with average absolute deviation (AAD). Results 
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of Table 2 indicate that the PC-SAFT equations 

is a powerful expression to correlate the density 

of binary mixtures with only one binary 

interaction parameter covering the whole 

concentration range. 

 
Figure 1. Excess molar volumes 𝑉𝑚

𝐸 vs. mole fraction of xylene for binary mixtures of xylene with 

(○) 1-butanol, (♦)1- pentanol, (●)1-hexanol, (■)1-heptanol, (▲) 1-octanol at T = 323.15 K 

Conclusion 

Molecular interactions were investigated by 

measurement of the density at T= 323.15 K in 

binary mixtures composed of a xylene and 

selected 1-alkanol (1-butanol up to 1-octanol). 

Excess molar volumes were calculated from the 

experimental data. Obtained data were 

interpreted based on the type and magnitude of 

the physico-chemical interactions in the binary 

liquid systems. In this sense, PC-SAFT was used 

to correlate the volumetric behavior of binary 

mixtures. The correlated values of the model 

were satisfactory and the obtained data are 

within the uncertainty region. 
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