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Abstract: Molar excess volume (V
E
) of butyl acetate [BAc](A) + cyclohexane (B), +benzene (B), +toluene (B), 

+o-, +m- and +p-xylene (B) were measure at 298.15 K over the entire composition range with v-shaped 

dilatometer. The V
E
 values for binary mixture containing cyclohexane or benzene were found to be positive, 

while these were negative for the BAc + toluene, +o-, +m- and +p-xylene over the entire composition range. The 

V
E 

values for an equimolar mixture vary in the order: cyclohexane > benzene > toluene ≈ o-xylene > m-xylene > 

p-xylene. The results are qualitatively explained in terms of the breaking and stretching of dipole-dipole inter-

actions in self-associated BAc and the formation of attractive interactions between polar carboxyl group of butyl 

acetate and π-electrons of aromatic hydrocarbons.
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Introduction
1)

  Butyl acetate is widely used as a solvent in synthetic 

resin, adhesive, perfume and paint industry as well as a 

flavoring agent in pharmaceutical and food industry. 

Thus the thermo-physical properties of systems contain-

ing BAc would be of great importance in process en-

gineering design and also important to chemists to un-

derstand the nature of molecular interactions. A number 

of experimental as well as theoretical studies on thermo-

dynamic properties for alkyl ester with alkanes [1-5], 

amine [6], aromatic hydrocarbons [7-11], alcohols 

[12,13], chloroalkane [14], and acetonitrile [10] have 

been reported in literature. Among them, systemic data 

for alkyl ester + aromatic polar solvent are relatively 

rare [7-11].  Alkyl esters are characterized by dipole-di-

pole interactions in the pure state [1,2]. The degree and 

strength of dipole-dipole interactions decreases with the 

increasing size of alkyl group in the esters. The additions 
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of inert solvents like alkane generally break the ori-

entation order of pure alkyl esters to give the positive 

value of excess thermodynamic functions like excess 

molar volume, excess molar enthalpy, and excess molar 

Gibb’s free energy [2,3]. However, these values become 

very less and even negative in the mixtures of alkyl es-

ters + aromatic hydrocarbons [8,9]. Specific interactions 

of dipole-induced dipole type are postulated to account 

for such behavior [8,9].

  These considerations prompted us to carry out a sys-

temic study on the thermodynamic properties of alkyl 

esters with aromatic hydrocarbons. In our earlier paper 

[15,16], the measured vapor-liquid equilibrium data for 

n-butyl acetate + benzene , +toluene, +o-, +m- and +p- 

xylene were reported. In this paper, we are reporting the 

excess molar volume of mixing (V
E
) for these systems at 

298.15 K. 

Experimental 

  Butyl acetate, cyclohexane, benzene, toluene, and xy-
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Table 1. Measured Values of Densities (ρ) and Refractive Indices (nD) of the Pure Components at 298.15 K

Compound
ρ / (kg/m

‐3
) nD

Exptl. Lit.
17

Exptl. Lit.
17

Butyl acetate 876.33 876.36 1.3920 1.3918 

Cyclohexane 773.85 773.89 1.4234 1.42354

Benzene 873.65 873.60 1.4980 1.49792 

Toluene 862.22 862.19 1.4940 1.49413

o‐Xylene 875.93 875.94
 

1.5031 1.50295
 

m‐Xylene 860.07 860.09
 

1.4944 1.49464

p‐Xylene 856.63 856.61
 

1.4932 1.49325

lenes (Merck, >99 %) were purified by standard proce-

dure [17,18] and described previously in detail [15]. The 

purities of the purified solvents were checked by meas-

uring their densities and refractive indices at 298.15 K as 

described earlier [15] and these compared well with the 

literature values [17] as shown in Table 1. 

  Molar excess volumes were measured using two limb 

specially designed dilatometer. It was consisted of two 

limbs having a vacuum tested B-7 standard joint at two 

of the two limbs of capacity ∼4 mL each. The two 

limbs were interconnected by small bent tubing which 

was further connected to a thin uniform bored capillary 

having a reference mark on it. A column of mercury (3

∼5 mL) was placed in the dilatometer and the dila-

tometer weighed. One of the liquids was added to the 

first with the help of a hypodermic syringe in such a way 

that no air bubbles were entrapped in this bulb. The dila-

tometer was weighed again. Then second liquid was 

added to the second limb in the similar fashion and the 

dilatometer weighed again. Both the liquids were de-

gassed before filling into the limbs. The dilatometer was 

then immersed in a water thermostat. The temperature of 

water thermostat was controlled to ±0.01 K by a mer-

cury-in-toluene regulator. After thermal equilibrium, the 

reference mark and the position of the liquid in the capil-

lary were noted with a cathetometer (OSAW, Ambala) 

that could read to ±0.001 cm. Both liquids of the dila-

tometer were then mixed by gently tilting it sideways 

several times. In order to ensure that the liquid in the ca-

pillary stem had the same composition as that of the bulk 

solution on mixing, the dilatometer (after mixing the 

components) was placed in a cold bath so that there was 

minimum liquid in the capillary and then again im-

mersed in the water thermostat. This process was re-

peated thrice. Once the thermal equilibrium was ach-

ieved, the position of the reference mark and that of the 

level of the liquid in the capillary was again recorded. 

The dilatometer was then taken out, cleaned and dried 

for next compositon. The composition of mixture was 

changed by varying the amount of mercury, liquids com-

ponents and position of mercury in the dilatometer. 

Molar excess volume of the binary mixture was the cal-

culated from the following equation:

    ∆×






 (1)

where Δh is the change in height of liquid level in ca-

pillary before and after mixing, nA and nB are the number 

of moles of liquid A and B, respectively. The capillary 

coefficient was the cross-sectional area of the capillary. 

The radius of the capillary tube was determined from the 

weight of a length of mercury column in the capillary. 

The length of the mercury column at various positions in 

the capillary was read by a travelling microscope 

(OSAW, Ambala) that could read to ±0.001 cm. The 

density of mercury was taken from the literature (19). 

From the average length of the mercury column in the 

capillary and the volume of this mercury column, the 

cross- sectional area of the capillary was calculated. The 

performance of dilatometer was checked by measuring 

the molar excess volume of the benzene + cyclohexane 

mixture at 298.15 K and these agreed to within the ex-

perimental limits with corresponding literature values 

[20]. The uncertainty in the measured V
E
 values was ±1 %.

Results and Discussion

  The measure molar excess volume of BAc (A) + cyclo-

hexane (B), +benzene (B), +toluene (B), +o-, +m- and 

+p-xylene (B) as a function of mole fraction, xA, at 

298.15 K are reported in Table 2 and also shown in 

Figure 1. The results were expressed by the Redlick- 

Kister equation

  






 











   
(2)
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Table 2. Measured Molar Excess Volumes (V
E
) as a Function of Mole Fraction (xA) for BAc (A) + Cyclohexane or Aromatic 

Hydrocarbon (B) at 298.15 K

xA V
E
(cm

3
mol

‐1
) xA V

E
(cm

3
mol

‐1
) xA V

E
(cm

3
mol

‐1
)

BAc (A) + Cyclohexane (B)

0.0675 0.250 0.3834 0.711 0.7049 0.562

0.0982 0.346 0.4259 0.710 0.7796 0.484

0.1344 0.450 0.4741 0.706 0.8011 0.442

0.1712 0.510 0.5224 0.690 0.8573 0.349

0.2109 0.571 0.5412 0.672 0.9210 0.231

0.2695 0.652 0.5961 0.615 0.9628 0.116

0.3146 0.685 0.6260 0.601

0.3521 0.690 0.6563 0.610

BAc (A) + Benzene (B)

0.0510 0.029 0.3884 0.101 0.6509 0.065

0.0851 0.048 0.4129 0.098 0.7067 0.058

0.1243 0.058 0.4471 0.097 0.7498 0.045

0.1789 0.076 0.4782 0.091 0.8157 0.035

0.2324 0.086 0.5114 0.089 0.8306 0.031

0.2804 0.092 0.5440 0.084 0.9152 0.019

0.3258 0.097 0.5743 0.078

0.3506 0.098 0.6127 0.076

BAc (A) + Toluene (B)

0.0421 0.007 0.3388 0.079 0.6286 0.085

0.0895 0.013 0.3677 0.089 0.6517 0.091

0.1227 0.025 0.4073 0.090 0.7276 0.067

0.1669 0.037 0.4523 0.099 0.8378 0.041

0.1932 0.041 0.4951 0.094 0.8754 0.034

0.2240 0.052 0.5519 0.098 0.9120 0.025

0.2768 0.071 0.5960 0.096 0.9358 0.016

BAc (A) + o‐Xylene (B)

0.0790 0.014 0.3897 0.083 0.6988 0.082

0.1113 0.022 0.4459 0.086 0.7746 0.068

0.1511 0.031 0.4739 0.094 0.8583 0.045

0.1062 0.016 0.5254 0.092 0.9179 0.029

0.1453 0.016 0.5634 0.097 0.9482 0.017

0.2993 0.061 0.6261 0.095

0.3352 0.068 0.6581 0.089

BAc (A) + m‐Xylene (B)

0.0856 0.031 0.3984 0.108 0.7345 0.091

0.1276 0.045 0.4295 0.107 0.7991 0.069

0.1526 0.046 0.4723 0.115 0.7796 0.077

0.1968 0.059 0.5018 0.117 0.8574 0.047

0.2495 0.072 0.5569 0.113 0.9046 0.032

0.2953 0.088 0.6025 0.110 0.9432 0.019

0.3441 0.095 0.6712 0.101

BAc (A) + p‐Xylene (B)

0.0694 0.039 0.4061 0.253 0.7401 0.228

0.1004 0.059 0.4562 0.264 0.7924 0.188

0.1390 0.088 0.4887 0.269 0.8156 0.176

0.1842 0.123 0.5442 0.277 0.8631 0.133

0.2465 0.165 0.6010 0.274 0.9049 0.099

0.2717 0.182 0.6485 0.267 0.9324 0.068

0.3438 0.217 0.6951 0.244
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Table 3. Adjustable Parameters Aj ( j = 0∼3) of Equation (2) and Standard Deviation σ(p) for Various Butyl Acetate (BAc) (A) + 

Solvent (B) Mixtures

System A0 A1 A2 A3 σ(p) (cm
3
mol

‐1
)

BAc (A) + Cyclohexane (B) 2.7581 -0.73 1.1052 0.3098 0.004

BAc (A) + Benzene (B) 0.3552 -0.2322 0.0688 0.0227 0.003

BAc (A) + Toluene (B) -0.3908 -0.019 0.2204 -0.0562 0.003

BAc (A) + o‐Xylene (B) -0.3703 -0.1422 0.1472 0.0389 0.003

BAc (A) + m‐Xylene (B) -0.4559 -0.0861 0.1199 0.1399 0.002

BAc (A) + p‐Xylene (B) -1.1026 -0.2763 0.3251 -0.0144 0.003

Figure 1. Measured molar excess volume (V
E
) as a function of 

mole fraction of butyl acetate [BAc] (xA); symbols represent 

experimental quantity and lines represent values calculated 

from Equation (2).

where Vn (n = 0 to 3) are the parameters and  xA and xB 

are the mole fraction of butyl acetate and second compo-

nent of the binary mixture, respectively. These parame-

ters were evaluated by fitting V
E
/xAxB data to Equation 

(2) by the method of least squares and are given along 

with standard deviations, σ(V
E
), of (V

E
) in Table 3. 

  σ(V
E
) = 

 
  


(3)

m is the number of experimental values, and n is the 

number of adjustable parameters in Equation (2). The 

number of parameters (n) was dictated by the consid-

eration that the maximum deviation, σm, satisfied the re-

lation: σm(V
E
)≤2σ(V

E
). 

  Lack of any V
E
 data at 298.15 K in the literature for the 

present binary systems prevents us from being able to 

compare our results. The V
E 

values for binary mixture 

containing cyclohexane or benzene were found to be 

positive, while these were negative for the BAc + tol-

uene, o-, m- and p-xylene over the entire composition 

range. The V
E
 values for an equimolar mixture vary in 

the following order: 

  cyclohexane > benzene > toluene ≈ o-xylene > 

m-xylene > p-xylene.

  At the simplest qualitative level, the observed V
E
 val-

ues may be attributed to the resultant of two opposing 

effects. The positive contribution to V
E
 values arises 

from the breaking and stretching of dipole-dipole inter-

actions in self-associated BAc and negative contribution 

arises due to the formation of attractive interactions be-

tween polar carboxyl group of BAc and π-electrons of 

aromatic hydrocarbons. As the V
E
 values for BAc + cy-

clohexane mixture are highly positive, it indicates the 

dissociation of dipole-dipole interactions and absence of 

attractive interactions. When cyclohexane is replaced by 

benzene, V
E
 values decrease considerably showing the 

breaking of dipole-dipole interactions and also the for-

mation of interactions among polar ester groups and - 

electrons on benzene ring [21]. When a methyl group is 

introduced in benzene (as in toluene), the electron den-

sity of π-electron cloud increases and these interactions 

becomes more stronger and this should lead to more 

negative values of V
E
 than BAc +  benzene mixture. The 

introduction of two methyl groups in benzene (as in xy-

lenes), should cause further enhancement of these attrac-

tive interactions and it should further yield more neg-

ative values of V
E
. However, it is not observed 

experimentally. It may be due to the presence of steric 

hindrance between the two methyl groups of xylenes and 

the alkyl groups of BAc, which restrict the proper ori-

entation of these molecules and obstruct the acetate to-

ward the ring thus making interactions weaker. Among 

the xylenes, p-xylene is symmetrical molecule, thus it 

offers least steric hindrance. The V
E
 values for this sys-

tem are most negative. The substitution of methyl group 

in meta-position seems to be most sterically hindered 

and thus V
E
 is slightly positive for this system.
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