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Abstract 

The measured excess molar volume data in the recently published paper for the binary 

chloroform + ethyl acetoacetate system is shown to differ significantly from previously 

published data.  Excess adiabatic compressibilities reported in the paper are shown to be 

calculated from an incorrect thermodynamic expression. 
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 In a recent article appearing in This Journal Yadav and coworkers [1] reported 

experimental densities and ultrasonic velocities for binary chloroform + ethyl acetoacetate and 

dimethyl sulfoxide + ethyl acetoacetate mixtures at 298 K.  Measurements covered the entire 

range of mole fraction composition.  Excess molar volumes, VE, of the chloroform + ethyl 

acetoacetate binary system, calculated from the authors’ measured densities, exhibited an 

unusual mole fraction composition dependence as shown in Figure 1 (filled squares).  Excess 

molar volumes generally exhibit either a smooth parabolic or s-shape curve independence which 

can be described mathematically by the Redlich-Kister equation 

 𝑉𝐸 = 𝑥1𝑥2 ∑ 𝐴𝑖
𝑛
𝑖=0 (𝑥1 − 𝑥2)𝑖       (1) 

using only a few curve-fit equation coefficients (Ai).  The dependence depicted in Figure 1 is 

highly skewed towards the large chloroform mole fractions (x1) and the positive numerical VE 

values of 2.6 cm3 mol-1 are much larger than would be expected based on the molecular shapes 

and hydrogen-bonding character of the two molecules.  The unusual VE versus mole fraction 

shaped curve and the large positive VE values were likely the result of the authors performing the 

density measurements at ambient room temperature, T = 298 ± 1 K.  While the author’s claimed 

uncertainty of ± 1 K may be misprint in the article, there is no mention of constant temperature 

bath being used in any of the experimental methods.  The authors simply state “All the 

experiments have been done at room temperature (25 ± 1°C).”  To obtain accurate 

thermodynamic VE data one needs to maintain better temperature control.  An uncertainty of ± 1 

K is simply too large of a temperature variation to obtain accurate and precise VE values.  The 

authors need to clarify this point, and inform journal readers how the temperature was 

maintained for both the volumetric and acoustical measurements.  It is the authors’ responsibility 

to adequately describe the experimental methodology. 
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 A search of the published literature found one additional set of density measurements for 

binary chloroform + ethyl acetoacetate mixtures.  Roy et al. [2] previously measured the 

densities of binary mixtures containing ethyl acetoacetate with dichloromethane, chloroform, 

carbon tetrachloride, methyl acetate, acetonitrile, nitromethane and acetic acid at 298 ± 0.01 K.  

The VE values for the chloroform + ethyl acetoacetate reported by Roy et al. [2] are negative 

over the entire mole fraction range (filled diamonds in Figure 1).  The authors explained the 

negative VE values in terms of specific interactions, most probably through intermolecular 

hydrogen bonding the component liquids, dipole-dipole or dipole-induced dipole interactions.  

We believe that this latter set of VE values are more realistic because of the much better 

temperature control (±0.01 K versus ±1 K) and the likelihood that chloroform and ethyl 

acetoacetate would form an intermolecular hydrogen-bonded complex.   

 Yadav and coworkers [1] also calculated the excess adiabatic compressibility, βs
E, as 

βs
E = βs,mixture – x1 βs,1 + x2 βs,2       (2) 

where xi and βs,I are the mole fraction and adiabatic compressibility of component i in the binary 

mixture.  Thermodynamic excess quantities are defined as the difference between the observed 

thermodynamic property and that of an ideal solution.  Equation 2 incorrectly assumes that the 

adiabatic compressibility of an ideal binary solution is a simple mole fraction average of the 

adiabatic compressibilities of the two components that make up the binary mixture.   The excess 

adiabatic compressibility of a binary mixture is correctly calculated according to Eqn. 3 

𝛽𝑠
𝐸 = 𝛽𝑠,𝑚𝑖𝑥𝑡𝑢𝑟𝑒 − 𝜑1 [𝛽𝑠,1 + 𝑇 

(𝑉1𝛼1 )2

𝐶𝑝,1
] − 𝜑2 [𝛽𝑠,2 + 𝑇

(𝑉2  𝛼2 )2

𝐶𝑝,2
]

+ 𝑇 [
(𝑥1𝑉1 + 𝑥2𝑉2)(𝜑1𝛼1 + 𝜑2𝛼2)2

(𝑥1𝐶𝑝,1 + 𝑥2𝐶𝑝,2)
] 



4 
 

            (3) 

where φi is the ideal volume fraction of component i, Vi is the molar volume of component i, αi is 

the coefficient of thermal expansion of component i, and Cp,i is the molar isobaric heat capacity 

of pure component i at the temperature of the adiabatic compressibility measurement.  The 

correct equation for calculating βs
E has been published numerous times in This Journal [3-7] and 

in other thermodynamic journals [8-13].  The isobaric molar heat capacities, Cp = 250.2 J mol-1 

for ethyl acetoacetate [14] and Cp = 114.3 J mol-1 for chloroform [15], and coefficient of thermal 

expansion, αi = 1.041 x 10-3 K-1 for ethyl acetoacetate (calculated from the density data of Sheu 

and Tu [16]) and αi= 1.286 x 10-3 K-1 for chloroform [17] are known.  There is no reason that we 

can see for Yadav et al. [1] not calculating the excess isentropic compressibilities correctly.  

While simple mathematical expressions like eqn. 2 are very convenient, it is important to note 

that the interpretation of molecular interactions based on incorrectly calculated βs
E values can 

give rise to erroneous results. [12] 

  



5 
 

References 

[1] Yadav P, Kumar M, Yadav R. Study of molecular interaction in binary liquid mixtures of 

ethyl acetoacetate with chloroform and dimethylsulphoxide using excess acoustic 

parameters and spectroscopic methods. Phys. Chem. Liq. 2014; in press, 

http://dx.do.org/10.1080/00319104.2013.830222. 

[2] Roy MN, Sarkar L, Dewan R.  Molecular interactions with reference to manifestation of 

solvation effects in binary mixtures of ethyl acetoacetate with some methane derivatives 

by physicochemical techniques. Bull Chem. Soc. Ethiop. 2010; 24: 103-114. 

[3] Bhatia SC, Bhatia R, Dubey GP. Ultrasonic velocities, isentropic compressibilities and 

excess molar volumes of octan-1-ol with chloroform, 1,2-dichloroethane and 1,1,2,2-

tetrachloroethane at 298.15 and 308.15 K. Phys. Chem. Liq. 2010; 48: 199-230. 

[4] Dean R, Moulins J, MacInnis A, Palepu RM. Excess volumes, partial molar and adiabatic 

compressibilities of binary mixtures of n-alcohols with monoethanolamine. Phys. Chem. 

Liq. 2009; 47: 302-310. 

[5] Al-Kandary JA, Al-Jimaz AS, Abdul-Latif AM. Densities, viscosities, speeds of sound 

and refractive indices of binary mixtures of tetrahydrofuran with 1-hexanol, 1-heptanol, 

1-octanol, 1-nonanol and 1-decanol at 298.15, 303.15 K, 308.15 and 313.15 K.  Phys. 

Chem. Liq. 2009; 47: 210-224. 

[6] Kinart CM, Cwiklinska A, Kinart Z, Bald A, Kinart W. Studies on the intermolecular 

interactions in the binary mixtures of nitrobenzene with 2-methoxyethanol, 2-

ethoxyethanol, 2-propoxyethanol and 2-butoxyethanol at T = 298.15 K. Phys. Chem. Liq. 

2012; 50: 679-696. 

http://dx.do.org/10.1080/00319104.2013.830222


6 
 

[7] Sastry SS, Shaik B, Vishwam T, Ha ST. Excess thermodynamic and acoustic properties 

for the binary mixtures of methyl benzoate at T = (303, 308, 313, 318 and 323) K. Phys. 

Chem. Liq. 2013; in press, http://dx.doi.org/10.1080/00319104.2013.820302. 

[8] Kiyohara O, Benson GC. Ultrasonic speeds and isentropic compressibilities of n-alkanol 

+ n-heptane mixtures at 298.15 K. J. Chem. Thermodyn. 1979; 11: 861-873. 

[9] Benson GC, Kiyohara O, Evaluation of excess isentropic compressibilities and isochoric 

heat capacities. J. Chem. Thermodyn. 1979; 11: 1061-1064. 

[10] Acree WE Jr. Isentropic compressibility of an ideal ternary solution. J. Chem. Eng. Data 

1983; 28: 215-216. 

[11] Oswal SL, Pandiyan V, Krishnakumar B, Vasantharani P. Thermodynamic and acoustic 

properties of binary mixtures of oxolane with aniline and substituted anilines at 303.15 K, 

313.15 and 323.15 K. Thermochim. Acta 2010; 507/508: 27-34. 

[12] Douhéret G, Davis MI, Reis JCR. Excess isentropic compressiblities and excess 

ultrasound speeds in binary and ternary liquid mixtures. Fluid Phase Equilibr. 2005; 231: 

246-249. 

[13] Oswal S.  Comments on “Acoustic and thermodynamic properties of binary liquid 

mixtures of benzaldehyde in hexane and cyclohexane”.  J. Soluiton Chem. 2009; 38: 

1648-1652.  

[14] Domalski ES, Hearing ED. Heat capacities and entropies of organic compounds in the 

condensed phase. Volume III. J. Phy. Chem. Ref. Data 1996; 25: 1-525. 

[15] Grolier JPE, Roux-Desgranges G, Berkane M, Jimenez E, Wilhelm, E. Heat capacities 

and densities of mixtures of very polar substances 2. Mixtures containing N,N-

dimethylformamide, J. Chem. Thermodyn. 1993; 25: 41-50. 



7 
 

[16] Sheu Y-W, Tu C-H.  Densities, viscosities, refractive indices, and surface tnesions for 12 

flavor esters from T = 288.15 K to T = 358.15 K.  J. Chem. Eng. Data 2005; 50: 1706-

1710. 

[17] Rezaei-Sameti M, Iloukhani H, Rakhshi M. Excess thermodynamic parameters of binary 

mixtures of methanol, ethanol, 1-propanol, and 2-butanol + chloroform at (288.15 – 

323.15 K) and comparison with the Flory Theory.  Russ. J. Phys. Chem. A 2010; 84: 

2023-2032. 

 

  



8 
 

Figure 1 

 

 

 

Figure 1.  Excess molar volumes of chloroform (1) + ethyl acetoacetate (2) binary mixtures at  

 298.15 K.  Experimental values were measured by Yadav et al. (filled squares) and by 

Roy et al. (filled diamonds). 
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