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Abstract: The negative values of VmE for tert-butyl methyl ether (1) + amine (2) can be compared with negative VmE values of tert-butyl methyl ether + 1-alkanol mixtures  which is due to different effects like specific interactions due to formation of multimers of alkanol and ether molecules; possible breaking of hydrogen bonded alkanol structure; and geometrical fitting of ether into remaining alkanol structure. The mixing of ether with amine would induce mutual dissociation of hydrogen bonded structures, that is, O-H-O and N-H-N present in pure liquids with subsequent formation of new N-H-O bonds between proton acceptor nitrogen atoms of amine and hydrogen atom of the –OH group of the ether molecule. Equally important is the formation of H-bond of the type N-H-O between the hydrogen atoms of the –NH group of amine and oxygen atoms of the -OH groups of ether molecule leads to contraction in volume which should result in negative VmEvalues.In case of positive values of tert-butyl methyl ether (1) + dipropyl amine (2) mixtures, the breaking up of associated structures present in  pure liquids leads to expansion in volume. The VmE values change  from negative to positive as we move from propyl amine to dipropylamine. This change  may be due to increase in steric hindrance with increase in one propyl group which lead to decrease in hydrogen bonding. The behaviour of VmEhas been found to be consistent with values of S for tert-butyl methyl ether (1) + propyl amine (2) mixures. Negative values of S mean that mixture is less compressible than corresponding ideal mixture suggesting that strong intermolecular hydrogen bonding with amine molecule.
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Introduction: 
In recent years, there has been considerable interest in the theoretical and experimental investigation of the excess thermodynamic properties of binary liquid mixtures as the composition dependence of the thermodynamic properties of binary liquid mixtures has proved to be a useful indicator of the existence of the significant effects resulting from intermolecular interactions between the various species present in the liquid mixture. The theoretical values of excess thermodynamic functions depend critically on the assumption about the depth of their interactions and size. For examples, mixtures of molecules of the same size with different depth of interaction have quite different properties from the mixtures of the molecules differing mainly in size. However, if there is identical interaction, then differences in masses are responsible for the characteristic deviations from the ideality of the solutions. The extreme sensitivity of the excess functions due to size, shape and interaction has shown that important information about differences in the intermolecular forces may be obtained from  the study of suitable mixtures. The current theories of solution and their results, which are expressed in terms of excess thermodynamic functions, can be successfully checked, if the experimental data for excess functions of suitably selected items are available. Therefore it is important to have available experimental information of mixtures which can be used as evidence either directly for process design, or for the development of empirical correlations or for the improvement of theoretical knowledge.     
	Thermodynamics is the basis of experimental science. Thermodynamics is therefore concerned with macroscopic properties, the properties of systems containing many millions of molecules. And, the thermodynamic properties of liquid mixtures has relevance in understanding the nature and extent of the molecular interaction between the components of mixtures, in developing the new theoretical models, and also in carrying out engineering applications in the process industry. The ultimate goal of  thermodynamics of mixtures is to predict excess properties from the pure component properties without any experimental knowledge of the actual system itself. Our knowledge about molecular size, molecular structure, and polarity allows us to make some qualitative predictions about the behavior of such molecules in mixtures. However, the progress in the field of molecular theory has not reached that stage where we can directly predict the properties of a mixture from the nature of its constituents. The main problem is the non-availability of data to understand the nature of interactions amongst the constituents. Such types of interactions are involved in the formation of complicated chemical complexes in the binary liquid mixtures and are also responsible for the non-ideal thermodynamic behavior of systems. Pandharinath S. Nikam et al., (2003) have studied the densities and viscosities of binary mixtures of N, N-dimethylformamide with benzyl alcohol and acetophenone at different 18 temperature. Using this experimental data, excess molar volume and deviation in viscosity have been fitted to the Redlich-kister polynomial equation. Mc Allisters three body interaction model has been used to correlate the kinematic viscosities of binary liquid mixtures with mole fractions. 
	Ali et al., (2004) had calculated the densities and ultrasonic speeds in the binary liquid mixtures of acetonitrile (ACN) with 1-hexanol, 1-octanol and 1-decanol, and in the pure components, as a function of composition at 25, 30, 35, 40 and 450C. The deviations in isentropic compressibility, excess molar volume, deviations in ultrasonic speed, apparent molar compressibility, apparent molar volume, partial molar compressibility and partial molar volume of 1-alkanols in ACN have been evaluated from the experimental data of densities and ultrasonic speeds. The variations of these parameters with composition of the mixtures indicate that the structure-breaking effect dominates over that of the hydrogen-bonding effect between unlike molecules, suggesting that ACN-alkanol interaction is weaker than ACN-ACN and alkanol-alkanol interactions, and that the interaction (ACN-alkanol) follows the order: 1-hexanol > 1-octanol > 1- decanol. The excess molar volume data have been analysed by using Flory and 19 Prigogine-Flory-Patterson theories. Further, the ultrasonic speeds in these mixtures were theoretically calculated with the help of several theories and empirical relations using the pure component data. The validity and relative merits of these theories and relations have been eventually discussed. 
	Anuradha et al., (2005) have determined densities and ultrasonic velocities at 299K for the binary mixtures of acetonitrile (ACN) with acetone/ ethyl methyl ketone/ Methyl isobutyl ketone and acetophenone over entire composition range. From these, isentropic compressibility, intermolecular free length and their deviations namely excess isentropic compressibility and excess intermolecular free length have been calculated and interpreted in terms of intermolecular interactions. Further theoretical values of ultrasonic velocity in the four binary liquid mixtures are calculated using two different theoretical models. The relative merits of these theories and relations have also been discussed. Prabakar et al., (2005) have been measured ultrasonic velocity and density for binary liquid mixtures of acetone + acetophenone, ethyl methyl ketone + acetophenone and acetone + ethyl methyl ketone at 308.15K. The experimental data have been used to calculate the acoustical parameters namely adiabatic compressibility, free length, free volume 20 and internal pressure. The excess values of the above parameters are also evaluated. The experimental results were compared with those predicted by empirical relations. 
	Prasad et al., (2006) have determined excess volume of five ternary mixtures at 301.15 K. The mixture includes acetophenone and 1-propanol as common components. The non- common component are benzene, toluene, chlorobenzene, bromobenzene and nitrobenzene. The measured excess volume data are found to be negative over the entire composition range in the mixtures containing chlorobenzene, bromobenzene and nitrobenzene. 

Materials and Methods:

	The experimental work carried out during the present investigations consists of measurements of density and speed of sound  of the following liquid mixtures at T = (288.15, 293.15, 298.15, 303.15 and 308.15) K and atmospheric pressure over the entire range of composition
                                      Propylamine
Tert-butyl methyl ether              + 
			Dipropylamine

Results:
, it is observed that VmE values for tert-butyl methyl ether (1) + propyl amine (2) shows negative and positive deviations. On the other hand VmE values are positive for tert-butyl methyl ether (1) + dipropyl amine (2) mixtures at all temperatures. The magnitude of VmE values decrease with increase in temperature for all mixtures studied.
From Figures 4.3 and 4.4,  it is observed that deviations in speeds of sound u shows negative deviations for tert-butyl methyl ether (1) + propyl amine (2) but negative and positive deviations are observed for tert-butyl methyl ether (1) + dipropyl amine (2) at all temperatures and whole composition range. Again magnitude of u increases with increase in temperature.
Deviations in isentropic compressibility S for tert-butyl methyl ether (1) + propyl amine (2) shows negative deviations but it changes sign at high mole fraction of ether as evident from figure 4.5. Behaviour opposite to the u is observed in case of deviations in isentropic compressibility S values for tert-butyl methyl ether (1) + dipropyl amine (2) mixtures as shown in figure 4.6. With increase in temperature, the magnitude of S values increase for the mixtures studied.


Table 3.2: Sources and grades of chemicals.
	Chemical
	Source
	Grade

	Propylamine
	Merck-Schuchardt, Germany
	zur-Synthese  GC> 99 %

	Dipropylamine
	Merck-Schuchardt, Germany
	zur-Synthese  GC> 99 %

	 Tert-butyl methyl ether
	Fluka
	GC > 99 %

	Cyclohexane
	S.D. Finechem., Mumbai
	HPLC and Spectroscopic grade, min. assay (GLC)   99.7 %

	Benzene
	S.D. Finechem., Mumbai
	HPLC and Spectroscopic grade, min. assay (GLC)   99.8 %

	Molecular Sieves
	S.D. Finechem., Mumbai
	





The negative values of VmE for tert-butyl methyl ether (1) + amine (2) can be compared with negative VmE values of tert-butyl methyl ether + 1-alkanol mixtures  which is due to different effects like specific interactions due to formation of multimers of alkanol and ether molecules; possible breaking of hydrogen bonded alkanol structure; and geometrical fitting of ether into remaining alkanol structure. The mixing of ether with amine would induce mutual dissociation of hydrogen bonded structures, that is, O-H-O and N-H-N present in pure liquids with subsequent formation of new N-H-O bonds between proton acceptor nitrogen atoms of amine and hydrogen atom of the –OH group of the ether molecule. Equally important is the formation of H-bond of the type N-H-O between the hydrogen atoms of the –NH group of amine and oxygen atoms of the -OH groups of ether molecule leads to contraction in volume which should result in negative VmE values.
In case of positive values of tert-butyl methyl ether (1) + dipropyl amine (2) mixtures, the breaking up of associated structures present in  pure liquids leads to expansion in volume. The VmE values change  from negative to positive as we move from propyl amine to dipropylamine. This change  may be due to increase in steric hindrance with increase in one propyl group which lead to decrease in hydrogen bonding. The behaviour of VmEhas been found to be consistent with values of S for tert-butyl methyl ether (1) + propyl amine (2) mixures. Negative values of S mean that mixture is less compressible than corresponding ideal mixture suggesting that strong intermolecular hydrogen bonding with amine molecule.




Figure 1 Excess molar volumes for tert-butyl methyl ether (1) +  propyl amine (2) mixtures at different temperatures.

Figure 2  Excess molar volumes for tert-butyl methyl ether (1) +  dipropyl amine (2) mixtures at different temperatures
[image: ]
Figure 3  Deviations in speeds of sound u for tert-butyl methyl ether (1) +  propyl amine (2) mixtures at different temperatures


Figure 4 Deviations in speeds of sound u for tert-butyl methyl ether (1) +   dipropyl amine (2) mixtures at different temperatures.
[image: ]
Figure 5  Deviations in isentropic compressibility S for  tert-butyl methyl ether (1) + propyl amine (2) mixtures at different temperatures.

Figure 6  Deviations in isentropic compressibility S for tert-butyl methyl ether (1) + dipropyl amine (2) mixtures at different temperatures.
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288.15 K	0	7.0900000000000005E-2	9.7100000000000006E-2	0.2112	0.29149999999999998	0.39560000000000001	0.55510000000000004	0.71710000000000096	0.77470000000000105	0.86040000000000005	0.92680000000000096	1	0	-6.5769153225502905E-2	-0.112195080753708	-0.209702257576595	-0.19462458127597401	-0.17088313344179801	-0.102683728375453	-6.5962528921836997E-3	1.5198381197993899E-2	8.0714052481711804E-2	8.1076023930886296E-2	0	293.15 K	0	7.0900000000000005E-2	9.7100000000000006E-2	0.2112	0.29149999999999998	0.39560000000000001	0.55510000000000004	0.71710000000000096	0.77470000000000105	0.86040000000000005	0.92680000000000096	1	0	-6.4503463541072406E-2	-0.109827800218824	-0.20370457987381499	-0.17469704724891999	-0.16350398234430899	-9.1653624755188998E-2	7.1325227182796897E-3	3.1573294344973198E-2	9.6170069093311397E-2	9.0939922306708998E-2	0	298.15 K	0	7.0900000000000005E-2	9.7100000000000006E-2	0.2112	0.29149999999999998	0.39560000000000001	0.55510000000000004	0.71710000000000096	0.77470000000000105	0.86040000000000005	0.92680000000000096	1	0	-6.4906565540681596E-2	-0.110620327570274	-0.207979942006148	-0.18063786390084099	-0.16840167877474199	-9.9041900826037504E-2	-2.1599610722233902E-3	2.0040840831001099E-2	8.6392274339400998E-2	8.4682815107215495E-2	0	303.15 K	0	7.0900000000000005E-2	9.7100000000000006E-2	0.2112	0.29149999999999998	0.39560000000000001	0.55510000000000004	0.71710000000000096	0.77470000000000105	0.86040000000000005	0.92680000000000096	1	0	-6.4324612927407598E-2	-0.108159329034066	-0.201271358703281	-0.16978687024273101	-0.160832095551321	-8.9253767685100599E-2	1.03927279546205E-2	3.4811905060276899E-2	9.6973825456348695E-2	9.2451356722738007E-2	0	308.15 K	0	7.0900000000000005E-2	9.7100000000000006E-2	0.2112	0.29149999999999998	0.39560000000000001	0.55510000000000004	0.71710000000000096	0.77470000000000105	0.86040000000000005	0.92680000000000096	1	0	-6.3637888855524294E-2	-0.105743911151691	-0.20032699305245699	-0.16414131079120201	-0.15939514276900699	-8.1734007638900194E-2	1.09647418335506E-2	2.89765504049306E-2	0.10201185095340499	9.4830482730688503E-2	0	x1

VmE × 106/ (m3 mol-1)



288.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	0.11293500154417301	0.27323318097420202	0.30454010234346701	0.290307568048633	0.25883997717942098	0.197838720873278	0.15433553460249599	0.109591133436858	8.1507366853607405E-2	4.9471387063510598E-2	2.5370270437846901E-2	0	293.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	0.110607001692188	0.27324534794053101	0.30243509662950901	0.28652903564659499	0.253345910806487	0.19295102466877301	0.149028383549791	0.108936762348328	7.8726433489926403E-2	4.62996420790205E-2	2.3832902488825601E-2	0	298.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	0.10760765742082901	0.27236102677454699	0.29947040561683103	0.28143237905628399	0.22947447209219299	0.18678677968176799	0.14283544767207701	0.106875437400269	7.4149545929024896E-2	4.2349830107365698E-2	1.9179594766940901E-2	0	303.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	0.105771572756908	0.27086885617529799	0.296256213430382	0.27937176635627797	0.22303266344560799	0.17992929163074201	0.13630018564411001	9.9204173680476695E-2	7.2091675094270696E-2	3.6476120361422601E-2	1.5970871089983501E-2	0	308.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	9.7441597825053197E-2	0.268399627623708	0.29211435702244198	0.27667009167095102	0.21987315564760501	0.17051338698166801	0.12745260601505501	9.2648029624172096E-2	6.9246445219661695E-2	3.2014890317041599E-2	1.13427295312754E-2	0	x1

VmE × 106/ (m3 mol-1)



288.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	-1.85962999999992	-1.8796980000001899	-0.33079599999996501	1.19456000000014	2.9145340000000002	3.2085560000000402	3.7389459999999399	1.3623980000002101	0.49558999999999398	0.34906399999999899	0.21831799999995399	0	293.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	-1.9559099999998999	-1.9069860000001899	-0.26377200000024498	1.2939199999998401	3.1270379999998599	3.6600920000000801	4.1733219999998798	1.83088599999996	0.91962999999987105	0.4822479999998	0.266325999999936	0	298.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	-2.0362949999998801	-1.9250569999999201	-0.24521400000003299	1.3790400000002601	3.2361310000001202	4.0380540000001002	4.4566890000001003	2.10060700000008	1.1654350000001199	0.54027600000017695	0.304887000000236	0	303.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	-2.0180450000000301	-1.8461070000000701	-0.152313999999933	1.57503999999994	3.3832810000001201	4.4311539999998804	4.8125390000000099	2.4091569999998201	1.52818499999989	0.64167599999996205	0.435437000000093	0	308.15 K	0	4.5499999999999999E-2	9.9299999999999999E-2	0.18859999999999999	0.30399999999999999	0.39810000000000001	0.49540000000000001	0.58389999999999997	0.70570000000000099	0.76850000000000096	0.88759999999999994	0.93370000000000097	1	0	-1.90707500000008	-1.7030449999999699	6.0410000000047197E-2	1.77240000000029	3.5767350000001001	4.1949900000001801	4.8549649999999804	2.4347950000001202	1.56797499999993	0.88106000000004803	0.50659499999994695	0	x1
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