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ABSTRACT 

Ultrasonic velocity and density measurements of ligand, 1-(2-hydroxy-5-chlorophenyl) ethenyl-
diphenyl enamines (L1), 1-(-2-Hydroxy-3-nitro-5-chlorophenyl) ethenyl diphenyl enamines (L2) were 
carried out in dioxane solvents. To investigate solute-solvent, solute-solute interaction solute solvent, 
solute-solute interaction at 303 K. Adiabatic compressibility (β), Apparent molar compressibility (φk), 
Apparent molar volume (v), Intermolecular free length (Lf), Relative association (RA) were determined. 
The acoustic parameters were obtained for ligands L1, L2 in dioxane solvent at different concentrations. 
The effect of different substituents in this solvent i.e. dioxane and the effect of dilution on ligand solution 
were investigated. 
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INTRODUCTION 

Ultrasonic measurements have been widely applied to explore information regarding 
internal structure, molecular association, complex formation, internal pressure and stability 
of coordination compleses1. Ultrasonic velocity and density measurements of 2-hydroxy-   
α-bromoacetophenones and 2-(4'-H/chloro)-benzylidene-5-methyl-7-substituted coumarone-
3-ones were carried out in ethanol and dioxane respectively for solute-solvent, solute-solute 
interactions. These interactions were also performed with Cd (II) and Fe (III) metal ions at 
303.15 K. The data obtained during the study is used for determining the most significant 
acoustic parameters like apparent molar compressibility (φk) and specific acoustic 
impedance (z). These parameters explore solute-solute and solute-solvent interactions in 
different solvent2. Ultrasonic parameters are being extensively used to study molecular 
interaction in pure liquids3-5, liquid mixture6-8 and electrolyte solution9. Ultrasonic velocity 
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in 1,3-dioxane-water mixture has been measured by Baumgartner and Atknson10. Ultrasonic 
velocity of water-dioxane solutions of tetracycline hydrochloride and chlorotetracycline at 
298.15 K and 308.15 K were measured by Pandey et al.11 Ultrasonic velocity and densities 
of 3-(2-hydroxy-3-bromo-5-methylphenyl)-5-phenyl isoxazole (L1), 1-phenyl-3-(2-hydroxy-
3-bromo-5-methyl phenyl)-5-(4-methoxy phenyl) pyrazoline (L2) in dioxane and different 
percentage of dioxane-water mixtures at different temperatures (303, 308, 313, 323 K) have 
been evaluated at 0.01 M concentration12. 

The molecular interaction between solute-solute and solute solvent was studied the 
help of acoustic properties determined by ultrasonic interferometer at 303.15 K in polar 
acetone and no polar dioxane solvents13. The effect of introduction of meatl ions viz Cu (II), 
Fe (III) in the same solution was found out. Also the effect of position of same group at 
ortho and para position on the molecular interaction was simultaneously examined. 

Description of hydrobroation of enamines in chronological order covering early 
work to give β-amino alcohols and reduction products and then our more recent work to  
give β-aminoorganobromones and their subsequent conversion into β-amino alcohols,               
β-aminoboronic esters and acids, and olefins14. Analytical method to determine the 
enantiomeric excess (ee) of the β-amino alcohols obtained from the asymmetric 
hydroboration of enamines are also described. 

We intended to analyze study of these ligands in dioxane solvents to investigate 
protic-aprotic nature, polarity-non-polarity, hydrogen bonding, dielectric constant and 
density of solvent on solute-solvent, ion-solvent and ion-ion interaction. Hence, in this 
present investigation attempt is made to understand behaviour of substituted enamines viz. 
1-(2-hydroxy-5-chlorophenyl) ethenyl-diphenyl enamines (L1), 1-(-2-hydroxy-3-nitro-5-
chlorophenyl) ethenyl diphenyl enamines (L2) compounds in dioxane solvent with respect to 
v, d, βs, φk, φv, Lf, RA. 

EXPERIMENTAL  

All the chemicals were of A. R. grade. 

(i) 1-(2-hydroxy-5-chlorophenyl) ethenyl-diphenyl enamines (L1)  

(ii) 1-(-2-hydroxy-3-nitro-5-chlorophenyl) ethenyl diphenyl enamines (L2) 

These enamines are synthesized by known method15. 
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The solvent 1,4-dioxane were purified by standard procedure16. Densities were 
measured with the help of bicapillary pyknometer, 0.001 M solution of ligand in dioxane 
solvent. Weighing was made on Mechaniki Zaktady Precynyneij Gdansk balance made in 
Poland (± 0.001 g). A special thermostatic arrangement was done for density and ultrasonic 
velocity measurements. Elite thermostatic water bath was used, in which continuous stirring 
of water was carried out with the help of electric stirrer and temperature variation was 
maintained within ± 0.1oC. Single crystal interferometer (Mittal Enterprises, Model MX-3) 
with accuracy 1 MHz was used in the present work. The densities and ultrasonic velocity of 
ligands in dioxane solvent at 303 K. 

RESULTS AND DISCUSSION 

In the present investigation, measurements of densities and ultrasonic velocities of 
L1 and L2 in dioxane had been carried out and given in Table 1. 

Table 1: Acoustic parameters for ligands in dioxane at 303 k. [Freq. = 1 MHz] 

 v        
(m sec.-1) 

d        
(Kg m-2)

β x 10-4 
(pa-1) 

φv       
(m3 mol-1)

φk           
(m3 mol-1 pa-1)

Lf x 10-2 
(Å) RA 

Dioxane 385.07 1171 78.973     
L1-Dioxane 
(0.005 M) 

407.47 1162.5 70.017 1.249094 -0.144219 50.37 0.974206

L2-Dioxane 
(0.005 M) 

401.24 1158.7 71.972 1.813355 -0.106521 51.07 0.976021

L1-Dioxane 
(0.0025 M) 

480.8 1158 50.093 3.835035 -0.967279 42.6 0.918354

L2-Dioxane 
(0.0025 M) 

400.71 1161.3 72.324 2.853503 -0.206468 51.19 0.978642

Cont… 
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 v        
(m sec.-1) 

d        
(Kg m-2)

β x 10-4 
(pa-1) 

φv        
(m3 mol-1)

φk            
(m3 mol-1 pa-1)

Lf x 10-2 
(Å) RA 

L1-Dioxane 
(0.00125 M) 

448.93 1161 57.607 5.884659 -1.425765 45.69 0.942025

L2-Dioxane 
(0.00125 M) 

418.44 1164.7 66.519 3.695698 -0.82621 49.09 0.967444

Adiabatic compressibility (β) 

Adiabatic compressibility is one of the important properties during the study of 
solute-solvent interactions and represented by β. 

It was observed from tables that the values of adiabatic compressibilities of ligand L1 
and L2 increases as the concentration increases. At 0.05 x 10-2 M concentration both L1 and 
L2 ligand shows higher value of adiabatic compressibility. L2 ligand solution shows higher 
value of adiabatic compressibility than L1 ligand. 

L1 – dioxane <  L2 – dioxane 

In L1 ligand solution at 0.125 x 10-2 M concentration b value increases and again 
decreases. This irregular trend of value is due to the effect of different substituents attached 
to heterocyclic ring and due to effect dilution. 

L1 and L2 ligands have different structures L2 ligand have more substituents attached 
to different position than the L1 ligand which have lesser substituent. 

It was seen from the table that the β value of L2 are higher than L1, this may be due 
to change in structure of ligand. 

L2 is such a ligand having only strong electron withdrawing group (–NO2) near to         
(–OH) group, (–Cl) is attached to fifth position of both the L1 and L2 ligands. This cause 
strong (-I) effect17. 

In both the ligands i.e. L1 and L2 electron releasing group (–C=CH2) is also present. 

The present investigation reveals that the nature of ring structure, total number of 
different atoms present in the ring, resonance stabilization in the ring and electron donating 
and electron withdrawing substituent present nearer to –OH group on the ligand will directly 
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interfere the interaction between solute and solvent and show change in adiabatic 
compressibility.  

Apparent molar compressibility (φk) 

Apparent molar compressibility (φk) is another important acoustic parameter, which 
explains the solute-solvent and solute-solute interactions in solutions. 

φk = [1000 (βs do – β0 ds)/m ds do] + (βs M/ds) 

Thus, the structure of solute and the number of atoms present in it will have direct 
effect on φk values. It is observed that φk values are negative for all composition of dioxane. 
This interpret in terms of loss of compressibility of solute due to strong electrostatic 
solvation of ions. 

Kaulgud et al.18 have discussed interaction of polar –OH group in carbohydrate 
solution in terms of φ0

k and φ0
v values. Negative values of φk shows that interactions are 

insensitive to solvent. It could be also explained by postulating the polar –OH group interact 
with the surrounding organic solvent through dipole-dipole interaction in such a way that the 
surrounding solvent molecule looses its own compressibility to a certain extent. 

Apparent molar volume (φv) 

Apparent molar volume is the thermodynamic property of solutions, which express 
the solute-solvent interactions, and it is obtained from the density and molality of solution 
and the molecular weight of the solute. 

It was observed from the table that the φv values of L1 ligand solution is higher than 
L2 ligand at different concentrations. 

L1 - dioxane >  L2 – dioxane 

The φv values for ligand L1 and L2 at 0.5 x 10-2 M concentration is lower and when 
the concentration decreases the φv value for L1 and L2 ligand increases i.e. at more dilution 
of dioxane ligand shows higher values. 

Higher φv value may be due to the presence of electron donating nature of ligand. 
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Weak solute-solvent interaction is there as oxygen in dioxane also possesses negative charge. 
It results in an increase in φv, as the percentage of dioxane in ligand solution increases. 

Intermolecular free length (Lf) 

Lf is one of the important acoustic properties to study the intermolecular interactions. 
From the table it can be noted that ligand L2 have higher value than L1 at different 
concentration in dioxane medium. 

L1 – dioxane >  L2 – dioxane 

At higher concentration ligand L1 and L2 shows higher value and as the 
concentration decreases values are decreases. Ligand L1 at 0.25 x 10-2 M concentration 
shows less value than ligand L1 at 0.125 x 10-2 M concentration. This may be due to non-
polar nature the compact packing of molecules is already there and when polar solute is 
added because of its association again free space decreases. Therefore, the Lf values in 
dioxane must be smaller. 

Relative association (RA) 

RA is an acoustic property of understanding interaction, which is influenced19 by two 
opposing factors. 

(i) Breaking of solvent structure on addition of solute to it, and 

(ii) Solvation of the solutes that are simultaneously present by the free solvent 
molecules. 

From the table it is clearly seen that the RA value decreases and than increases. At 
higher concentration of solute, the breaking up of solvent occurs resulting in decrease of RA 
value, which is interpreted by first factor whereas the increases in RA on increasing % of 
solvent i.e. dioxane at more dilution. This explained by second factor. In the present 
investigation, the value of RA for ligand L2 is more than ligand L1 at different concentration 
in dioxane. 

By using ultrasonic interferometric study, β, φk, Lf, φv, RA etc. acoustic properties are 
determined, which explain how these interactions occur and responsible for breaking and 
making of the structure in the solution, so in the present work these acoustic parameters 
were studied for already synthesized ligands, which are used as solutes. 
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Fig. 1: Adiabatic compressibility of L1 and L2 
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Fig. 2: Apparent molar compressibility of L1 and L2 
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Fig. 3: Apparent molar volume of L1 and L2 
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Fig. 4: Intermolecular free length of L1 and L2 
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Fig. 5: Relative association of L1 and L2 
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