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Introduction 

 

Excess molar volumes of V 
E 
of 2,3-butanediol +water were measured at p=O.l  MPa 

with a faithful copy of the vibrating tube densimeter DMA 602 from Anton Paar. All 

binary mixtures were measured at the temperatures (308.2, 313.2, and 318.2) K 

Values of V 
E 

are negative for all the mixtures studied over the whole concentration 

range and for all temperatures. Results were correlated by polynomial equations of 

Redlich and Kister. 

In this paper, densities and molar excess volumes of binary (2,3-butanediol + water) 

systems in the temperature range of 308.2 K to 313.2 K at atmospheric pressure are 

reported. The measurements are part of a long-term study to examine the dependence of 

excess volumes on temperature. In the earlier papers [1,2] extensive database on the 

thermodynamic interactions in binary mixtures of 2,3-butanediol with water was 

presented. The aim of this work is to provide a set of values for the characterization of 

the molecular interactions of these mixtures and to examine the effect of the size of alkyl 

group of the diol. 

 
 

Experimental 

 

The 2,3-butanediol was supplied by Merck (analytical grade,mass fraction purity 

0.99). Water, used as one substance to calibrate the densimeter, was filtered four times 

(conductance <1 mS). n-Hexane was supplied by SDS (analytical grade,mass fraction 

purity 0.992) and was used as the second substance for calibration. All materials used for 

measurement were used without further purification. All liquids were first degassed 

ultrasonically and additionally under reduced pressure before an experiment.Densities □ 

of pure components and mixtures were determined using a vibrating tube densimeter, a 
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faithful copy of model DMA 602 of Anton Paar (Graz, Austria). The measuring cell 

consists of original components, which are not made of glass. 

 
Results 

 

The experimental values of the densities and the excess molar volumes VE of the 

binary mixtures are given in tables 1. The quantity of VE for a mixture of two 

components was calculated from: 
 

V 
E 
=
 x1 M 1 

+ x2 M 2  − (x 

V
 

+ x V ) 
 

(1) 

ρ 1 1 2 2 

Where x1 and x2 are mole fractions, M1 and M2 the molar masses, and V1 and V2 the 

molar volumes of 2,3-butanediol and water, respectively. The experimental densities, 

excess molar volumes, of binary mixtures of 2,3-butanediol (1) + water (2) at different 

temperatures are listed in table 1. The excess molar volumes were correlated by Redlich–

Kister [3]. 

 
∆E = 

 
m 

x x j ∑ At 
t =0 

(xi− x  )
t 

 
(2) 

In this equation, OE is the excess property, At is a parameter and m is the degree of 

the polynomial expansion. Fitting Eq1. The coefficients Ai in the Eq. (2) were estimated 

by the least-squares fit method. Values obtained are presented in Table 2. 

 
 

Table 1. Densities, q, excess molar volumes, VE, for the binary system 2,3-butanediol(1) + water(2) 

at defferents temperatures 

 

X1 Density VE X1 Density VE 

T=308.2 K  

0 994.00 0.0000 0.5573 1004.00 -0.6785 

0.0607 1007.00 -0.3194 0.6178 1002.00 -0.6032 

0.1211 1014.40 -0.5494 0.6813 1000.00 -0.5181 

0.3057 1013.50 -0.8343 0.8726 994.90 -0.2324 

0.3662 1011.30 -0.8339 0.937 993.40 -0.1196 

0.4301 1008.70 -0.8022 1.000 992.10 0.0000 



T=313 K 

0.0000 992.200 0.0000 0.5573 1000.000 -0.665 

0.0607 1004.400 -0.2960 0.6178 998.000 -0.594 
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0.1211 1011.000 -0.5450 0.6813 996.000 -0.508 

0.3057 1009.500 -0.8060 0.8726 991.000 -0.22 

0.3662 1007.200 -0.8030 0.937 989.500 -0.113 

0.4301 1004.700 -0.7750 1.000 988.200 0 

T=318.2 

0.0000 1007.500 0.0000 0.5573 996.000 -0.6550 

0.0607 1008.600 -0.2920 0.6178 994.000 -0.5880 

0.1824 1005.500 -0.6770 0.7467 990.100 -0.4140 

0.3057 1000.600 -0.7860 0.8726 986.900 -0.2210 

0.3662 1007.500 -0.7850 0.9370 985.500 -0.1140 

0.4301 1008.600 -0.7590 1.0000 984.100 0.0000 

 

As can be seen in Fig. 1 all the binary systems show negative values of the excess 

molar volume over the whole range of composition, with a maximum at nearly 

equimolecular composition. From comparison of different 2,3-butanediol + water binary 

systems_Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Variation of excess molar volume (V E) with mole fraction (x1) at different temperatures 

2,3-butanediol + water 

 

 

 
Table 2. Regression results for the excess volumes of 2,3-butanediol (1) + water (2) mixtures at 

various temperatures 

 

T(K) A0 A1 A2 

308.15 −3.2227 2.4320 0.6711 

313.15 −3.200 2.4630 0.5961 

318.15 −3.1210 2.5160 0.4902 
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Conclusions 

 

Densities and Excess molar volumes for the binary liquid mixtures of 2,3-butanediol 

(1) + water (2) were measured at the temperatures of 308.2-318.2 K and atmospheric 

pressure over the whole range of compositions .Excess molar volumes are negative, are 

significant. The geometrical models used to predict ternary properties from binary 

contributions produce; in general, average absolute deviations lower than 33% for molar 

excess volume. 
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