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Abstract
Volumetric and viscometric properties on non aqueous–non electrolyte liquid mixtures were studied.
The apparent molar volumes, standard partial molar volumes in dilute solutions, transfer apparent
molar volumes at infinite dilution and viscosity B-coefficients were determined. Knowledge of the
temperature dependence of excess properties of liquid mixtures provides valuable information on the
nature of inter molecular interactions existing among the component molecules. The volumetric and
viscometric study of molecular interactions in some non aqueous–non electrolyte liquid mixtures is
presented in this chapter. These molecular interactions are studied at three different temperatures
(303.15, 313.15 and 323.15 K). It was concluded that the behavior of volumetric and viscometric
properties in studied ternary system is mainly determined by hydrophobic interactions.
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1. Introduction
The volumetric and viscometric study of non aqueous – non electrolyte liquid mixtures
enables the determination of some useful thermodynamic and other properties that are highly
sensitive to molecular interactions [1−4]. Pyridinium cationic surfactants have bactericidal
activity against a wide range of Gram-positive and some Gram-negative organisms [5].
Propanoic acid (PpA) has immune-stimulating effect, e.g. important for defense against
infections such as common cold. It also acts as inhibitor of histamine, a compound that is
released during allergic reaction. As a powerful antioxidant it can neutralize pollutants and
toxins. Ascorbic acid plays an important role for the synthesis of several important peptide
hormones neurotransmitters and creatinine. The studies on partial molar volume and
viscosity of cationic surfactants in aqueous vitamins solutions are rare [6, 7]. Volumetric and
viscometric properties are important because they reflect the effects of solute–solute and
solute–solvent interactions. Knowledge of the temperature dependence of excess properties
of liquid mixtures provides valuable information on the nature of inter molecular interactions
existing among the component molecules [8, 9, 10]. Thermodynamic properties of liquid acidbase mixtures were studied [8, 9, 10, 17], with propanoic acid as one component in binary
mixtures. Study of volumetric and viscometric properties in propanoic acid with equimolar
mixture of N,N-dimethyl formamide + methanol/ethanol/1-propanol is depicted in this paper.
Previous literature shows that, [14, 15, 16, 18] studied the density and viscosity studies of binary
mixtures of aniline+benzene and ternary mixtures of (aniline+benzene + N, N-dimethyl
formamide) at 298.15, 303.15, 308.15, and 313.15 K. Intermolecular interaction studies in
organic ternary liquid mixtures benzene, chlorobenzene and nitrobenzene with N,N-dimethyl
formamide (DMF) in cyclohexane by ultrasonic velocity measurements was studied [19].
Densities, excess molar volumes, viscosity, and refractive indices studies of binary and
ternary liquid mixtures of methanol (1) + ethanol (2) + 1,2-propanediol (3) at 81.5 kPa were
carried out [11, 12, 13, 20]. The variations of the properties with composition as well as with
temperature are discussed in terms of molecular interactions existing among the molecules of
these mixtures.
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Deviation/excess properties are fitted to Redlich-Kister type
polynomial equation. The experimental viscosity data of all
binary/equimolar liquid mixtures are correlated with the
viscosity models such as Grunberg and Nissan, Hind et al.,
Katti and Chaudhrai, and Heric and Brewer. The volumetric
and viscometric studies of molecular interactions in some
non aqueous–non electrolyte liquid mixtures are presented
in this paper. These molecular interactions are studied at
three different temperatures (303.15, 313.15 and 323.15 K).
Materials and Methods
High purity and Analytical Reagent (AR) grade compounds
of propanoic acid, N,N dimethyl aniline and N,N-diethyl
aniline obtained from LOBA chemicals, India are used in
the present study. All the chemicals are further purified by
standard methods [21, 22], distillation, fractional distillation
under reduced pressure and only middle fractions were
collected. Finally, after purification method the purity of the
propanoic acid, N, N-dimethyl aniline and N,N-diethyl
aniline is found to be w = 0.997, w = 0.993 and w = 0.993
respectively. Before use, the chemicals were stored over 0.4
nm molecular sieves approximately for 72 hr to remove
water content and degassed. Binary mixtures of propanoic
acid with N,N-dimethyl aniline and N,N-diethyl aniline
(PA+DMA and PA+DEA) are prepared by mass in air tight

bottles over the entire composition range of propanoic acid
(i.e. 0 to 100% of PA). The mass measurements are
performed on a METTLER TOLEDO (Switzerland make)
ABB5- S/FACT digital balance with an accuracy ±0.01mg.
The uncertainty in the mole fraction is 10-4. Densities of
pure liquids and their mixtures have been determined by
using a 5 cm3 two stem double-walled Parker & Parker type
pyknometer [23]. This pyknometer is calibrated with triply
distilled water. An Ostwald viscometer has been used to
determine the viscosity of the liquid mixture, which is
calibrated as described by Subramanyam Naidu and
Ravindra Prasad [24] using triply distilled water. The
viscometer was also calibrated using benzene, CCl4 liquids
etc at working temperatures. The length of one of the
capillary tube of viscometers used in the present study is 8
cm and its diameter is 0.56 mm. The reproducibility in the
measured parameters density and viscosity are 3 in 105 parts
and ± 0.2% respectively.
The experiment is performed at three different temperatures
303.15, 313.15 and 323.15 K. The densities and viscosities
measured at 303.15 K and 313.15 K for the pure liquids
used in this investigation are compiled in Table 1 together
with the literature data [8, 11, 13] available. These results are in
good agreement with the reported data.

Table 1: Comparison of densities (p) and viscosities (n) of pure liquids with literatures data at 303.15 and 313.15 K

Results and Discussion
The experimental values of densities (ρ) and viscosities (η)
are reported in Tables 2 and 3 for DMA+PA and DEA+PA
binary mixtures respectively. It has been observed that the
density varies almost linearly with the concentration of
propanoic acid as well as with temperature but the viscosity
changes non-linearly showing maxima in all the systems
studied at all temperatures investigated. This type of
behaviour could be attributed to complex formation. The
experimental values of density and viscosity are used to
calculate the deviation/excess properties such as deviation in
viscosity, Δη, excess molar volume, E Vm and excess Gibbs
free energy of activation of viscous flow, ΔG*E. The
deviation/excess properties are illustrated in Table 4.
Generally, negative values of Δη indicate the presence of

dispersion forces or mutual loss of specific interactions in
like molecules operating in the systems arising due to weak
intermolecular interactions and positive values of deviation
in viscosity indicate strong specific interactions [25, 26]. The
sign and magnitude of Δη depend on the combined effect of
factors such as molecular size, shape, and intermolecular
forces. In general ethyl groups are more +I effect than
methyl groups. In DEA the ethyl groups are more electrons
releasing than methyl groups of DMA on nitrogen atom. So,
the nitrogen in DEA possesses more electron density than in
DMA, therefore DEA is more favoured to accept the proton
of the PA. Hence it is an appropriate reason to support the
observed more positive Δη values in propanoic acid + N,Ndiethyl aniline system.
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Table 2: Experimental values of densities (p) and viscosities (n) with mole fraction ofpropanoic acid, X for N, N-diethyl aniline + propanoic
acid binary system at 303.15 and 313.15 and 323.15 K

The deviation of a physical and chemical property of the
liquid mixture from the ideal behaviour is a measure of the
interaction between molecules of the components of liquid
mixtures and such type of deviation is generally attributed to
dipole-dipole interactions and hydrogen bond between
unlike molecules [27] respectively. The factors that are
mainly responsible for the expansion of volume i.e. positive
values of E Vm are: (i) breaking one or both of the
components in a solution i.e. loss of dipolar association
between the molecules (dispersion forces). (ii) The

geometry of molecular structures which does not favour the
fitting of molecules of one component into the voids created
by the molecules of other component. (iii) Steric hindrance
of the molecules. The negative values of E Vm are due to
strong specific interactions such as (iv) association of
molecules through the formation of hydrogen bond (or)
association due to dipole-dipole interactions (or) association
due
to
induced
dipole-dipole
interactions
(v)
accommodation of molecules due to larger differences in
molar volumes.

Table 3: Experimental values of densities (p) and viscosities (n) with mole fraction ofpropanoic acid, X for N, N-diethyl aniline + propanoic
acid binary system at 303.15 and 313.15 and 323.15 K

The variation of excess molar volume in the present
investigation is negative over the entire mole fraction range.
Both the components of the liquid mixtures studied are polar
molecules in nature. The observed negative E Vm values are
due to the interaction between the proton of acid and lone
pair of electrons on the nitrogen atom of aniline/resonant
electron density on benzene ring of substituted aniline. Due

to the large difference in molar volumes/masses of
propanoic acid and substituted anilines accommodation of
smaller molecules of one component into the voids created
by the other component of molecules is also responsible for
observed negative E Vm values. The above factors are
responsible for the negative values of E Vm [28].
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Table 4: Calculated values of deviation in viscosities, Δη, excess molar volumes, V Em and excess Gibbs free energy, ΔG *E, with mole
fraction of propanoic acid, X for all binary system at 303.15 and 313.15 and 323.15 K

From the tables 3 and 4 it has been observed that as the
temperature of the systems increases the negative excess
molar volumes decrease indicating the decrease of
interaction between the unlike molecules. The negative
excess molar volumes follows the order N, N-diethyl aniline
> N,N-dimethyl aniline hence the strength of interactions as
follows, N,N-diethyl aniline > N,N-dimethyl aniline. The
ΔG*E are found to be positive for both the systems and at
all temperatures. These positive values are indicating the
existing of strong interactions between the components of
unlike molecules. As temperature increases these positive
values are found to decrease which shows the decrease of
interaction between constituent molecules. The values of
deviation in viscosity and excess molar volume have been
fitted to Redlich-Kister type polynomial [29] equation. The
smaller standard deviation values show that the polynomial
better fits the calculated properties. The partial molar
volumes, 1 mV of component 1(PA) and, 2 mV of
component 2 (DMA/DEA) in the mixtures over the entire
composition range are calculated. The dynamic viscosities
of the binary liquid mixtures have been calculated using
various empirical relations like Grunberg and Nissan [30],
Hind and Ubbelohde [31], Katti and Chaudari [32], Heric and
Brewer [33] and the corresponding interaction parameters are
also evaluated. Further the interaction parameter values are
found to decrease with an increase of temperature for all the
systems studied. These results are in good agreement with
the results derived from the excess properties. Prolongo et al
[34]
reported positive values of interaction parameter
corresponding to systems with negative excess molar
volumes. This is in good agreement with our results. The
estimated values of σ are smaller indicating that
experimental values of viscosities are well correlated by all
the viscosity models.

Conclusions
Densities and viscosities of binary mixtures of propanoic
acid with N, N-dimethyl aniline and N, N-diethyl aniline are
measured over the entire composition range at T=(303.15,
313.15, and 323.15) K. The deviations in viscosity, excess
molar volumes are computed from the experimental results.
These deviation/excess properties have been fitted to
Redlich Kister type polynomial. These results indicate the
presence of strong specific interactions such as interactions
between proton of propanoic acid and lone pair of electrons
on the nitrogen atom of aniline and due to the observed
difference in molar volumes of propanoic acid and
substituted aniline is responsible for the observed negative E
Vm and positive Δη values in the present investigated
systems. The strength of interactions follows the order N, Ndiethyl aniline + propanoic acid > N, N-dimethyl aniline +
propanoic acid. The strength of interactions was also studied
with the variation of temperature. The experimental
viscosity values are compared with the viscosity values
obtained from different empirical relations and these are in
good agreement with the experimental values.
References
1. Fort RJ, Moore WH. Trans. Faraday Soc., (1965)
2102,61.
2. Marcus Y, Introduction to Liquid State Chemistry,
Wiley-Interscience: New York, 1977.
3. Kumar DS, Sreekanth K, Rao DK, J. Mol. Liq., 2007;
136:90.
4. Ali A, Soghra H, Indian J. Phys., 2002;76:23.
5. Lukáč M, Mrva M, Garajová M, Mojžišová G,
Varinská L, Mojžiš J et al. Synthesis, Self-Aggregation
and Biological Properties of Alkylphosphocholine and
Alkylphosphohomocholine
Derivatives
of
Cetyltrimethylammonium Bromide, Cetylpyridinium

~ 873 ~

International Journal of Applied Research

6.

7.

8.
9.
10.
11.

12.

13.

14.

15.

16.

17.

18.
19.
20.
21.
22.

23.
24.

http://www.allresearchjournal.com

Bromide, Benzalkonium Bromide (C 16) and
Benzethonium Chloride.//Europ. J. Med. Chem.,
2013;66:46-55.
Roy MN, Das RK, Bhattacharjee A. Apparent Molar
Volume, Viscosity B-coefficient and Adibadic
Compressibility of Tetrabutylammonium Bromide in
Aqueous Ascorbic Acid Solutions at T = (298.15,
308.15 and 318.15) K. // Russ. J. Phys. Chem. A,
2010;84(13):2201-2210.
Sinha B, Sarkar BK, Roy MN. Apparent Molar
Volumes and Viscosity B-coefficients of Nicotinamide
in Aqueous Tetrabutylammonium Bromide Solutions at
T=298.15, 308.15 and 318.15 K. // J. Chem.
Thermodyn., 2008;40:394–400.
Rattan VK, Seema K, Tochigi KK. J. Chem. Eng. Data.,
2002;47:1182.
Horacio NS, Roque R, Franco D, Miguel K, Can. J.
Chem., 1975;53:1258.
Begona G, Fafael A, Jose ML. Can. J. Chem., 1991;
69:369.
Millero FJ. Structure and Transport Process in Water
and Aqueous Solutions (Ed. R.A. Horne). NY: John
Wiley, 1972;13:519–564.
Banipal TS, Singh H, Banipal PK, Singh V. Volumetric
and Viscometric Studies on L-Ascorbic Acid, Nicotinic
Acid, Thiamine Hydrochloride and Pyridoxine
Hydrochloride in Water at Temperatures 288.15–318.15
K and at Atmospheric Pressure. // Thermochim. Acta,
2013;553:31-39.
Sahin M, Ayranci E. Volumetric Properties of
(Ascorbic Acid+Polyethylene Glycol 3350+Water)
Systems at T=288.15, 298.15 and 308.15 K. // J. Chem.
Thermodyn., 2011;43:177-185.
Bhat R, Ahluwalia JC. Partial Molar Capacities and
Volumes of Transfer of Some Amino Acids and
Peptides from Water to Aqueous Sodium Chloride
Solutions at 298.15 K. // J. Phys. Chem., 1985;89:10991105.
Kundu A, Kishore N. Apparent Molar Heat Capacities
and Apparent Molar Volumes of Aqueous
Nicotinamide at Different Temperatures. // J. Solut.
Chem., 2003;32:703-711.
Frank HS, Evans MW. Free Volume and Entropy in
Condensed Systems III. Entropy in Binary Liquid
Mixtures; Partial Molal Entropy in Dilute Solutions;
Structure
and
Thermodynamics
in
Aqueous
Electrolytes. // J. Chem. Phys., 1945;13(11):507-532.
Friedman HL, Krishnan CV. In book: Water: A
Comprehensive Treatise (Ed. F. Franks). NY: Plenum
Press, 1973,3(1).
Kharat SJ, Nikam PS. J. Mol. Liq., 2007;81:131-132.
Thirumaran S, Sudha S. J. Chem. Pharm. Res.,
2010;2(1):327.
Zarei HA, Mirhidari N, Zangeneh Z. J. Chem. Eng.
Data., 2009;54:847.
Vogel AI. Text book of Organic Chemistry. 5th edition
(John Wiley): New York, 1989.
Riddick JA, Burger WB, Sankano TK. Techniques in
Chemistry Vol. II 4th Edition (John Wiley), New York,
1986.
Parker HC, Parker EW. J. Phys. Chem., 1925;29:130.
Naidu PS, Prasad KR. Indian J. Pure Appl. Phys.,
2004;42:512.

25. Islam MR, Quadri SK. Thermochim. Acta.,
1987;115:335.
26. Tewari K, Patra C, Chakravortty V. Acoustics Lett.,
1995;19:53.
27. Reddy KC, Subramanyam SV, Bhimasenachar J. J.
Phys. Soc. Jpn., 1964;19:559.
28. Fort RJ, Moore WR. Trans. Faraday Soc., 1966;62:1112.
29. Redlich O, Kister AT. Ind. Eng. Chem., 1948;40:345.
30. Gurnberg L, Nissan AH, Nature. 1949;164:799.
31. Hind RK, Mc. Laughlin E, Ubbelohde AR. Trans.
Faraday Soc., 1960;56:328.
32. Katti PK, Chaudhari MM. J. Chem. Eng. Data.,
1964;9:442.
33. Heric EL, Brewer JC. J. Chem. Eng. Data.,
1967;12:574.
34. Prolongo MG, Masegosa RM, Hernandez-Fuentes I,
Horta A. J. Phys. Chem., 1984; 89:2163.
35. Jones G, Dole M. The Viscosity of Aqueous Solutions
of Strong Electrolytes with Special Reference to
Barium Chloride. // J. Am. Chem. Soc., 1929;51:29502960.
36. Falkenhagen H, Dole M. Die Innere Reibung von
Elektrolytischen und Ihre Deutung Nach der Debeschen
Theorie. // Z. Physik, 1992;30:611-622.
37. Erdey-Gruz T. Transport Phenomena in Aqueous
Solutions. Budapest: Akademiai Kiado, 1974.
38. Feakins D, Freemantle DJ, Lawrence KG. Transition
State Treatment of the Relative Viscosity of Electrolytic
Solutions. Applications to Aqueous, Non-aqueous and
Methanol+Water Systems.//J. Am. Chem. Soc. Faraday
Trans., 1974;70:795-806.

~ 874 ~

