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Abstract

The thermochemical characteristics of binary mixture of ethyl benzoate (EB) and 2-Butanol
(2-BuOH) over the entire composition range at temperatures between 303.15 K and 313.15
K under atmospheric pressure have been measured. Excess molar volume V%, excess Gibbs
energies of activation of viscous flow AG™, excess viscosity deviations An and, and deviation
in refractive indices Anp, were calculated then fitted to the Redlich- Kister polynomial
equation. In the chemical and biochemical industries, these results can be used to create
detailed theoretical models for the design of various technological processes. The values
estimated by theoretical procedure and the experimental one showed good agreement. The
intermolecular interactions have been used to explain the deviations for excess
characteristics.
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Introduction

Renewable energy sources that adhere to the fundamentals of "green" chemistry are becoming
more and more necessary due to the rising environmental pollution by the usage of fossil fuels
and the depletion of their reserves as defined by Anastas and Warner [1]. It is a significant task
to go from the current economy, which is dependent on fossil fuels to a sustainable biobased
economy. With regard to the creation of energy as well as a variety of chemical materials,

biomass has emerged as a promising, carbon-neutral replacement for fossil fuels.

[2] The production of the biomass result in a significant effect on In many significant chemical,
industrial, and biological processes, understanding of the fluctuation of the thermodynamic
characteristics of mixed solvent systems and their dependency on temperature and mole fraction
is of significant importance[3]. The understand of the nature and potency of molecular
interactions between the component molecules can be accomplished through the study of
excessfunctions such as excess molar volume, deviation in viscosity, excess free energy of
activation of viscous flow, and deviation in refractive index, etc. of binary liquid mixtures. When
at least two solvent molecules join force to produce a liquid mixture, changes in free volume,
energy, and molecular orientation have a major impact on the intermolecular interactions and
correspond with changes in the thermodynamic parameters [4]. This research is a continuation of
our previous work on binary liquid mixture physicochemical measurements [5].The great variety
of esters used in flavoring, fragrance, synthetic essences, and cosmetics has increased interest in
the thermophysical study of esters. Esters have a significant role as solvents in the plastic, paint,
and pharmaceutical industries [6].The study of liquid mixtures with esters as one of the
components has recently attracted more attention [7]. These studies are very important because
they provide information on the structural alterations by mixing in pure ester with other solvents.
Among the different types of esters, ethyl benzoate (EB) an aromatic ester, a polar solvent (u =
1.8 D), not a strongly associated liquid and is used as a perfume scent. It acts as a food flavoring
agent. It is an active component of artificial fruit flavors. Further, it is used in cosmetics and
personal care products as fragrance ingredients and preservatives [8, 9]. On the other hand, a
number of authors have reported the thermophysical properties of pure 2-butanol with Allyl
Chloride and Formamide at different temperatures and pressures [10, 11]. Many chemical
molecules can be synthesized using alkanols. In general, alkanols are used in a variety ofindustrial
products, including perfumes, cosmetics, paint, varnish, medicines, explosives, gasoline, fats,
waxes, resin, plastics, rubber, and detergents. [12]. There is no study on the thermophysical
properties of ethyl benzoate (EB) and 2-butanol (2-BuOH) mixture. Our aim with this project
is to collect unique, highly accurate data on the density, viscosity, and refractive index of a
mixture of ethyl benzoate (EB) and 2-butanol as a function of composition because this study is
important for understanding the molecular interactions between associated and un-associated

molecules. The objective of this work is to measure densities, viscosities and refractive indices of
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the binary system {(EB) (1) + 2-BuOH (2)} at atmospheric pressure and temperature range from
303.15 K to 313.15 K at intervals of 5 K to get a better understanding of the nature of molecular
orientation processes. These data have been used to calculate the excess properties, excess molar
volume V#, deviation in viscosity 47, excess Gibb's free energy of activation for viscous flow
AG™ and deviation in refractive index Anp. The Redlich- Kister polynomial equation has been

employed to correlate the excess properties.
1. EXPERIMENTAL SECTION
1.1.  Chemicals

Table 1 regroups the source and purity of ethyl benzoate (EB) and 2-Butanol (2-BuOH) used
in this work. No further purification of the chemicals was performed. The chemicals used in the
present study were analyzed for densities, viscosities, refractive indices, and all the obtained values
were compared with the literature data [13-32]. These values agree well with the data in the
published literature as shown in Table 2. This agreement gives verification of the results

obtained by the apparatus.

Table 1: Pure component specifications: suppliers, CAS number, specified purity.

Chemical name Supplier CAS Ne Mass fraction purity (Supplier)
Ethyl benzoate (EB) Acr6s organics 93-89-0 99+%
2-Butanol (2-BuOH)  Sigma Aldrich 78-92-2 > 99 %

Table 2: Comparison of experimental density, p, dynamic viscosities,  and refractive indices,
nD, of the pure components with the corresponding literature values at T= (293.15, 298.15,
303.15, 308.15, and 313.15) K and at p = 1x10° Pa.

p (g.cm3) 1(mPa.s) nD
Component Temperature Exp. Lit. Exp. Lit. Exp. Lit.
2-BuOH 293.15 0.0000 0.80657[13] 0.0000 3.742[16]  0.0000 1.3971 [18]
0.8067 [14]
298.15 0.80354 0.80228 [13]  3.0652  3.093 [16] 1.3956 1.3954 [18]
0.8024 [14] 3.035 [17]
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303.15 0.7993 0.79799 [13]  2.5451 2.579 [10] 1.3949 1.3928 [18]
0.7984 [14]

308.15 0.795 0.79372[13] 2.128 2.147 [16] 1.3923 1.3890 [18]
0.79405 [15] 2.111 [17]

313.15 0.7934 0.78943 [13] 1.7934 1.826[16] 1.3905
0.78965 [15]

EB 293.15 0.0000 1.04486[19] 0.0000 2.21[20] 1.0000 1.5056([20]

1.04622[20] 1.9776[19] 1.5053[19]

298.15 1.04124[19] 1.9974 1.9430[19] 1.5025 1.5025 [19]
1.0413[21] 1.9543[23] 1.5027[29]
1.04142[22] 1.5034[30]
1.0423[23] 1.50328 [31]
1.04163[24]

303.15 1.06393[19] 1.8088 1.8123[19]  1.5007 1.5007 [19]
1.038[25] 1.811 [20] 1.5012 [20]
1.0421[26] 1.756 [27] 1.5009 [32]
1.0371[27]

308.15 1.03232[19] 1.6451 1.6490[19]  1.4988 1.4988 [19]
1.0325[27] 1.623[22] 1.49863[32]
1.0381[26] 1.633[28] 1.4985 [24]
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313.15 1.02772[19] 1.4676 1.5093[19]  1.4966 1.4966 [19]
1.0279[27] 1.463[27] 1.4997(32]
1.0328[26] 1.4619[23]

In order to decrease evaporation losses, the binary liquid mixtures were carefully created by
mixing known masses of pure liquids in glass vials (12 mL). All mixtures were measured on the
same day using freshly produced solutions for each composition. A 0.01 mg accurate. OHAUS
Discovery analytical balance was used to weigh all of the mixes. As soon as the samples with

different compositions were created, the values were measured. [33].
1.2. Apparatus and procedure
1.2.1.  Density and viscosity measurements

Using an SVM 3001 Stabinger viscometer (Anton Paar) with density and viscosity repeatability
of 0.00005 ge™? and 0.1%, respectively, and temperature stability of 0.005 K, the density and
dynamic viscosity of the pure liquids and their binary mixture were measured at temperature T=
(303.15, 308.15, and 313.15) K and under atmospheric pressure. The instrument was calibrated
in accordance with the procedure advised by the supplier. Uncertainties arising from the
measurement protocol have been taken into account. It was found that the nominal uncertainties
in density measurements were u (p) = 0.05 g-cm™. The instrument can measure simultaneously
density in the range of (0 to 3) g¥em™ and viscosity (0.2 to 30000) mm™®s™? in a temperature
range of (273.15 to 343.15) K. The measured densitiesand viscosities were compared to literature

values.
1.2.2.  Refractive indices measurements

The refractive indices of the pure liquids and their binary combination were measured using a
digital refractometer (REM T series, Bellingham & Stanley Ltd., UK) at the required
temperatures and atmospheric pressure. Before each measurement session, the refractometer was
calibrated using distilled deionized water. Standard errors for temperature and refractive index
are approximately + 0.1 K and + 2 x 107 units, respectively. A zero sample was measured to
calibrate the refractometer after a prism had been washed with doubly distilled water and dried

with a clean paper towel.

2. RESULTS AND DISCUSSION
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The experimental densities, viscosities and refractive indices of the binary system {EB (1) + 2-
Butanol (2) } at the temperature range T = (303.15 - 313.15) K at intervals of 5 K under

atmospheric pressure over the entire composition range are listed in Table 3.

Table 3: Experimental densities, p, dynamic viscosities, 1, refractive indices, 2D and calculated

excess molar volume, V%, viscosity deviations, 41, excess Gibbs energies of activation of viscous

flow, AG™, and deviation in refractive indices, 4zD of the binary mixture {EB (1) + 2-Butanol

(2)} at T= (303.15, 308.15 and 313.15) K and under atmospheric pressure.

x1 p x1 n x1 nD VE 4an AGTE A nD
(g.cm™) (mPa.s) - (m.Pa.s) (J.mol")
T=303.15K
0.1001 0.8327 0.1001 1.9318 0.1001 1.4094 1.021 -1.59 -1388.9 0.0044
0.2000 0.8632 0.2000 1.6620 0.2000 1.4233 1.057 -1.67 -1566.1 0.0077
0.2999 0.8930 0.2999 1.5275 0.2999 1.4369 0.827 -1.61 -1592.0  0.0107
0.3991 0.9186 0.3991 1.4726 0.3991 1.4483 0.754 -1.48 -1503.0  0.0115
0.4998 0.9423 0.4998 1.4635 0.4998 1.4591 0.688 -1.30 -1340.8  0.0116
0.5992 0.9639 0.5992 1.4833 0.5992 1.4689 0.590 -1.09 -1137.6  0.0108
0.7017 0.9836 0.7017 1.5231 0.7017 1.4776 0.594 -0.86 -899.4 0.0086
0.8007 1.0029 0.8007 1.5878 0.8007 1.4861 0.358 -0.60 -638.0 0.0066
0.9018 1.0206 0.9018 1.6804 0.9018 1.4940 0.203 -0.32 -338.0 0.0037
T=308.15 K
0.1000 0.8289 0.1000 1.6687 0.1001 1.4077 1.407 -1.84 -1718.3  0.0047
0.2001 0.8602 0.2001 1.4532 0.2000 1.4215 1.304 -1.85 -1845.1 0.0079
0.3000 0.8883 0.3000 1.3687 0.2999 1.4352 1.211 -1.72 -1783.9  0.0110
0.3991 0.9138 0.3991 1.3008 0.3991 1.4465 1.089 -1.59 -1708.5  0.0117
0.5575 0.9374 0.5575 1.2868 0.4998 1.4572 2.569 -1.27 -1389.9  0.0117
0.5994 0.9593 0.5994 1.3435 0.5992 1.4669 0.800 -1.13 -1237.2 0.0108
2294
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0.7011 0.9796 0.7011 1.3852 0.7017 1.4757 0.658 -0.88 -969.4 0.0087
0.8006 0.9982 0.8006 1.4469 0.8007 1.4842 0.476 -0.61 -678.4 0.0066
0.9023 1.0165 0.9023 1.5352 0.9018 1.4918 0.190 -0.32 -350.0 0.0035
T=313.15K

0.0999 0.8243 0.0999 1.4427 0.1000 1.4062 1.89 -2.05 -2044.9  0.0051
0.2000 0.8485 0.2000 1.3065 0.2001 1.4202 2.59 -1.96 -2033.7  0.0085
0.3000 0.8837 0.3000 1.1936 0.3000 1.4329 1.58 -1.86 -2047.8  0.0106
0.4057 0.9092 0.3996 1.1910 0.3991 1.4442 1.61 -1.64 -1812.2  0.0114
0.4988 0.9326 0.4988 1.1777 0.5575 1.4548 1.25 -1.44 -1641.0  0.0051
0.5992 0.9542 0.5992 1.1979 0.5994 1.4645 1.08 -1.19 -1383.7  0.0104
0.7007 0.9745 0.7007 1.2609 0.7011 1.4736 0.88 -0.91 -1044.3  0.0087
0.8008 0.9923 0.8008 1.3050 0.8006 1.4820 0.76 -0.64 -752.3 0.0066
0.9011 1.0112 0.9011 1.4031 0.9023 1.4900 0.31 -0.32 -375.0 0.0038

2.1. Volumetric studies

Values of experimental densities, p, for {EB (1) + 2-Butanol (2)} binary system at various
composition at the temperature range T = (303.15 - 313.15) K at intervals of 5 K are regrouped
in Table 3. One can see from Table 3 that p values increase with the ethyl benzoate
concentrations but their magnitude decreases with increasing temperature. This trend revealedthe
dissociation of the dipoles in the liquid mixture and it reflects the existence of interactions
between the molecular constituents depending on the composition, temperature and molecular
shapes and sizes of the components. These experimental data were employed to compute the

excess molar volume VZ by using the below equation

_ (x1 My + x,M3) _ X1 M _ XM,
P P1 P2

VE

(1)

Where x7, M1 and pJ are mole fraction, molar masse and density respectively of pure

components 1 and 2. p is the density of the binary mixture.

Furthermore, the composition dependence of the V# values of {EB (1) + 2-BuOH (2)} binary
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system at T = (303.15, 308.15 and 313.15) K were fitted with the Redlich- Kister type equation:

VE = (1=x) ) A (1= 2xp)F @
k=0

Where Y* = VF or An or AnD or AG™* and x] is the mole fraction of EB, Ak are adjustable

parameters obtained by least-squares method, and k is the degree of the polynomials. In each
case, the optimum number of coefficients was ascertained from an examination of the variation

of standard deviation o with:

1/2

[Z (Yexp cal)zl (3)

(n—p)

Where Yexp. and Ycal. are the experimental and calculated values of the property Y, respectively,
and n and p denote the number of experimental points and number of parametersretained in the
respective equations. Table 4 presents the values of the parameters A/ together with the standard
deviation 0. The number of coefficients reported was chosen to achieve the best correlation

obtained.

Table 4: Coefficients of Redlich—Kister equation A, and standard deviations o, for excess molar
volumes, V#, deviation in viscosity, 47, deviation in refractive indices, AnD, and excess Gibb’s
free energy, AG™, for the liquid mixture {EB (1) + 2-BuOH (2)} at T= (303.15, 308.15 and
313.15) K and under atmospheric pressure.

Properties Al A2 A3 A4 A5 o
T=303.15K

VE 0.975 0.686 1.844 2274 - 0.051
an 2.9 1.5 13 1.2 1.0 0.005
AnD 0.0468  -0.0114  -0.0074  0.0118  0.0083 0.0002
1G°E -3534.706  1846.648 -1264.258 529.372  -430.460  4.897
T=308.15K

VE 3.195 2.865 5601 6360 - 0.616
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An 2.4 1.2 -0.3 0.9 -1.6 0.016
AnD 0.047 0.012  -0.003 0.008 0.001 0.0003
AG*E -3334.788 1704.682 -194.095  488.492  -1554.839 22.148
T=313.15K

VE 1.352 1166 4.046 0592 - 0.292
An -1.8 0.9 -0.6 0.9 -0.3 0.017
AnD 0.035 0.018  0.078 0.020 -0.095 0.0021
AG*E -2895.150 1398.025 -395.196  964.844  -374.063  39.399

VE values of {EB (1) + 2-BuOH (2)} binary system at the temperature range T= (303.15, 308.15

and 313.15) K at intervals of 5 K under atmospheric pressure are plotted inFig.3.
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Fig. 1: Excess molar volume, V%, against the mole fraction of EB, x/, for the binary mixture

{EB (1) + 2-BuOH (2)} at T = (303.15, 308.15 and 313.15) K and under atmospheric pressure.
m 303.15 K, A308.15K, 313.15K. ---, values derived from the Redlich-Kister equation (Eq. 2)

using the coefficients listed in Table 4.

An examination of Fig. 1 illustrates that V* values have positive signs which is attributed to the
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decrease in the hydrogen bond interaction between the molecules of alcohol. The V# values in

our current study are positive in frequently. This type of V* behavior can be attributed to:

(i)  The absence of hydrogen bonds or in other term the dissociation of 2-BuOH resulting an
increase in the volume. (ii) The difficulty in fitting the of one component into the other (iii) The
presence of physical or non-specific effects including dispersion forces or weak dipole—dipole

interactions.
2.2. Viscometric properties

Based on the experimental values of dynamic viscosity , 1, the viscosity deviation , 41, can be

calculated as:
An/(mPa.s) =n — Y, xin; (4)

Where x;, and 177 are mole fraction and dynamic viscosity of pure component 7, respectively. 7 is

dynamic viscosity of the mixture.

The excess Gibbs energy of activation of viscous flow, AG*E, is given by:
AG*E /(Jmol™ = RT[(In(wM) — X" x; In(v;M;)] (5)

Where v is the kinematic viscosity of the mixture, Vi is the kinematic viscosity of pure
component 7, AG™: is the excess Gibbs energy of activation of viscous flow, M is the molar mass

of the mixture, 7: is the number of components in the mixture.

Values of 17, An and AG™ are included in Table 3. Viscosity changes nonlinearly with increasing
temperature and composition as displayed in Fig. 4. This kind of behavior might be explained by
the presence of particular forces in the mix. The exponential rise of the viscosity decrease with

increasing temperature.

An and AG™* values of the binary system {EB (1) + 2-BuOH (2)} are depicted graphically in Fig. 2
and Fig. 3, respectively. Deviation in viscosity and excess Gibbs energy of activation were fitted

to Redlich—Kister equation (Eq. 2). The adjustable parameters and standard deviations are given

in Table 4.
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Fig. 2: Deviation in viscosity, A, against the mole fraction of EB, x;, for the binary mixture

{EB (1) + 2-BuOH (2)} at T = (303.15, 308.15 and 313.15) K and under atmospheric pressure.
m 303.15 K, A308.15K, 313.15K. ---, values derived from the Redlich-Kister equation (Eq. 2)

using the coefficients listed in Table 4.
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Fig. 3: Excess Gibbs energy of activation of viscous flow, AG*, against the mole fraction of EB,
x1, for the binary mixture {EB (1) + 2-BuOH (2)} at T = (303.15, 308.15 and 313.15) K and
under atmospheric pressure. m 303.15 K, A 308.15K, ©313.15K. ---, values derived from the

Redlich-Kister equation (Eq. 2) using the coefficients listed in Table 4.

The values of viscosity deviations are compared with those obtained from the Redlich—Kister

polynomial equation in figure 2. An, exhibit a large negative values at T = (303.15, 308.15 and
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313.15) K over the whole composition range, According to Fortand Moore [36] the deviation in

viscosity tends to get stronger as the interaction increases. A qualitative evaluation of the strength

of the intermolecular interactions is provided by the difference in viscosity variation.

The following factors can be used as a general framework for explaining the deviation in
viscosities [37]. (i) The different sizes and shapes of the molecules that make up the components
and the loss of dipolar association in pure components may help to reduce viscosity; (ii) certain
interactions between unlike components, like the formation of hydrogen bonds and charge-
transfer complexes, may increase viscosity in mixtures compared in pure components. While the
latter effect causes a positive divergence in viscosity, the former impact causes a negative
deviation. This negative trend of 4n, would imply that the mixture is less viscous than the

corresponding ideal mixtures.

Meyer et al. [38] state that excess Gibbs energy of activation for viscous flow, like viscosity
deviations can be used to detect molecular interactions. A perusal of Fig.3 shows that the
values of AG™ on mixing are negative for the whole composition range of EB with 2-BuOH at T
= (303.15, 308.15 and 313.15) K. The dependence is not uniform. The negative values of

AG™;, suggest the dominance of dispersion interaction between EB and 2- butanol molecules.
2.3.  Refractive index

The refractive indices of the binary mixture {EB (1) + 2-BuOH (2)} at the temperature rangeT
=(303.15 - 313.15) K at intervals of 5 K under atmospheric pressure over the whole composition
range are gathered in Table 3 and plotted in Fig. 4. Refractive index deviations A7, can be

calculated as:
Anp = np - (e + (1 - x)* ) (6)
Dl D2

Where 7D, the refractive index of the mixture, #n'D,; , is that corresponding to the pure
component i and x7 is the mole fraction of component 1 in the mixture. The results were fitted

by Eq. (2) and the adjustable parameters and standard deviations are regrouped in Table 4.
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Fig. 3: Deviation in refractive index, Anp, against the mole fraction of EB, x1, for the binary
mixture {EB (1) + 2-BuOH (2)} at T= (303.15, 308.15 and 313.15) K and under atmospheric
pressure. m 303.15 K, A308.15K, ©313.15K. ---, values derived from the Redlich-Kister
equation (Eq. 2) using the coefficients listed in Table 4.

As seen from Fig. 3, when the temperature and composition increase, the values of refractive
indices decrease. Redlich and Kister [39, 40], have reported that the strong specific forces
between molecules are the result of the positive values of refractive index deviations. According to
Chaudhary and Kumar [41]: negative values are indicative of weak forces or breaking association
of the components of the mixture while positive values are sign of formation of significant
interactions. In our study, the obtained positive values of AzD indicate the dipole-dipole

interaction which predominate.
Conclusion

The molecular interactions between the components of the binary system {EB (1) + 2-BuOH
(2)} are identified through thermodynamic studies. Densities, viscosities, and refractive indices
have been measured. The excess properties of this solution were correlated using the Redlich-
Kister polynomial equation. The values excess Gibb’s free energy of activation and deviation in
viscosity are found to be negative. The excess molar volume values and deviationin refractive
indices are positive over the entire range of composition at all temperatures for the liquid mixture
system considered in the present study, except at T= 298.15 K in which VE changed from
positive to negative. This is a clear indication of the presence of special interaction in the
mixture. The difference in the molecular size and shape of the liquid molecules and average

degree of association are also important factors that influence the trendof the excess properties.
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NOMENCLATURE

p: Density (g/cm?).

AnD: Deviation in refractive index.

1: Dynamic viscosity (mPa. s).

An: Dynamic viscosity deviation (mPa. s).

AG™: Excess Gibbs free energy of activation flow (J/mol).

VZ: Excess molar volume (cm?/mol).
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