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ABSTRACT 

Ultrasonic velocity and density measurements of 3-hydroxy-6-chloro-8-nitro flavanol (L1) and         
3-hydroxy-6-chloro-8-bromo flavanol (L2) were carried out in three different solvents, dioxane, benzene, 
and ethanol, respectively for investigating solute–solvent and solute–solute interactions. These interactions 
were also performed at 303 K. The data obtained during the most significant acoustic parameters like, 
adiabatic compressibility (β), apparent molar compressibility (φk), apparent molar volume (φv), 
intermolecular free length (Lf) and relative association (RA). These parameters explore solute-solute and 
solute-solvent interactions in different solvents. In this investigation, the comparative study of effect of 
solvents and effect of substituents in the solute are studied on molecular interaction of the matter. 

Key words: Substituted flavanol, Solute–solvent interaction, Interferometry, Acoustic parameters. 

INTRODUCTION 

The ultrasonic velocity of vanadium laurate confirms that there is a significant 
interaction between the solute–solvent molecules in dilute solution and the carboxylate 
molecules do not aggregate appreciable in dilute solutions. The value of critical micelle 
concentration (CMC) for vanadium laurate is in agreement with those obtained from other 
physical parameters, the effect of concentration, chain length of soap on ultrasonic velocity 
and the various acoustic parameters (apparent volume, adiabatic compressibility, apparent 
molal compressibility, intermolecular free length, relative association, specific acoustic 
impedance, molar sound velocity, compressibility relative association and solvation number) 
been investigated. 

Ultrasonic velocity and adiabatic compressibility can be measured with great 
accuracy and consequently provides a powerful tool for the prediction of intermolecular 
interaction. In view of the analytical, medicinal, agricultural, industrial and pharmaceutical 
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significance2-10. For α-Bromoacetophenones and coumaran-3-ones, it is of  interest to 
investigate the acoustic parameters such as adiabatic compressibility along with the effect of 
CuII / FeIII metal ion on the above system by ultrasonic interferometric technique in order to 
discuss intermolecular interactions. 

Speeds of sound and isentropic compressibillities have been measured for binary 
mixtures of 1,2-ethane diol with 1-butanol, 1-hexanol or 1-octanol in the temperature range 
from 293.15 to 313.15 K11. Various acoustic parameters12 such as isentropic compressibility 
(bs), intermolecular free length (Lf), apparant molar volume (f), apparant molar 
compressibility y(fk) molar compressibility (W), molar sound velocity (R) and acoustic 
impedance (Z) of Cu (NO3)2 in 10%, 20% and 30% propane-2-ol + water at 303.15 K have 
been determined from ultrasonic velocity (V), density (r) and relative velocity (hr) of the 
solution. These parameters are related with the molar concentration of the solution and 
reflects the distortion of the structure of the solvent (i.e. propane-2-ol + water) when the 
solute is added to it. 

Apparant molar volume of NaCl have been studied in ethanol, methanol, propane-2-ol, 
dioxane, glycol and glycerol water mixture at 10,20 and 30% (W/W) within the temperature 
range 300-40oC and ion solvent interaction has been inferred13. Taking all these things into 
consideration, we intended to analyze a comparative study of these ligands in ethanol and 
dioxane solvents to investigate protic–aprotic nature, polarity–nonpolarity, hydrogen 
bonding, dielectric constant and density, of solvents on solute–solvent, ion–solvents and 
ion–ion interactions. Hence, in this present investigation, attempt is made to understand 
behaviour of substituted flavanol viz. 3-hydroxyl-6-chloro-8-nitroflavanol (L1) and 3-
hydroxyl-6-chloro-8-bromo flavanol (L2) compounds in dioxane, ethanol and benzene 
solvents separately in respect to βs, φk, φv, Lf and RA.  

EXPERIMENTAL 

All chemicals used were of A. R. grade (i) 3-Hydroxy-6-chloro-8-nitro flavanol (L1) 
and (ii) 3-Hydroxy-6-chloro-8-bromo flavanol (L2). 
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(i)   3–Hydroxy-6-chloro-8-nitroflavanol (L1) 
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(ii) 3-Hydroxy-6-chloro-8-bromo flavanol (L2) 

1, 4–dioxane, ethanol and benzene were purified by described method14. Densities 
were measured with the help of bicapillary pyknometer. 0.041 M solution of ligand in 
ethanol, benzene and dixane solvents were prepared separately. Weighing was made on 
Mechaniki Zaktady Precynynej 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, where continuous stirring of water was carried out with 
the help of in electric stirrer and temperature variation was maintained within ± 0.1oC. 
Single crystal interferometer (Mittal Enterprises, Model MX-3) with accuracy of ± 0.03% 
and frequency 1 MHz was used in the present work. The densities and ultrasonic velocity of 
ligands in ethanol, dioxane and benzene were measured at 303 K.  

RESULTS AND DISCUSSION 

In the present investigation, measurements of densities and ultrasonic velocities of 
L1 and L2 in dioxane, ethanol and benzene have been carried out and given in tables. 

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

Ligand v       
(m sec–1) 

d       
(Kg m–3)

β x 10–4 
(pa–1) 

φv 
(m3mol–1)

φk            
(m3mol–1pa–1)

Lf x 102 
(Å) RA 

L1-Dioxane 442.72 1186.4 60.53 0.156278 -0.164202 46.84 0.952794 

L1-Dioxane 434.54 1189.0 62.97 -0.02801 -0.144812 47.77 0.960836 

Table 2: Acoustic parameters for ligands in benzene at 303 K [Freq. = 1 MHz] 

Ligand v        
(m sec–1) 

d        
(Kg m–3)

β x 10–4 
(pa–1) 

φv        
(m3mol–1)

φk           
(m3mol–1pa–1)

Lf x 
102 (Å) RA 

L1-Benzene 424.32 1008.0 55.99 0.519207 0.073374 44.04 1.01854 

L1-Benzene 394.09 1008.2 64.92 0.499559 0.161851 48.50 1.044151 
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Table 3: Acoustic parameters for ligands in ethanol at 303 K [Freq. = 1 MHz] 

Ligand v        
(m sec–1) 

d        
(kg m–3)

β x 10–4 
(pa–1) 

φv      
(m3mol–1)

φk           
(m3mol–1pa–1)

Lf x 102 
(Å) RA 

L1-Ethanol 436.23 949.2 49.88 7.943287 -0.130316 42.52 0.891089 

L1-Ethanol 405.47 937.4 57.02 9.269594 -0.047560 45.46 0.901725 

Adiabatic compressibility (β)  

β is one of the important properties during the study of solute–solvent interactions 
and represented by β. From tables and figures, it can be noted that the β values in dioxane 
medium are considerably and notably smaller than in alcohol medium. This may be due to 
nature of solvents. The parameters of solvents which directly affect the values of β, are 
protic nature, non-polarity, low dielectric constant (2.2) and higher density of dioxane as 
compared with protic nature, polarity, high dielectric constant (24.6) and lower density of 
ethanol, In ethanol, hydrogen bonding is possible, while it is not observed in dioxane.  

β value of L2 ligand is higher than L1 ligand in dixane solvent. In benzene the β 
value of L2 ligand is greater than L1 ligand and in case of ethanol, the β value for L2 ligand is 
greater than L1 ligand. These different values of L1 and L2 ligand is due to their different 
structures and due to different solvents. 

For plane solution i.e. dioxane, benzene and ethanol, the β value is greater in 
dioxane than ethanol than benzene.  

Dioxane > Ethanol > Benzene 

Apparent molar compressibility (φk) 

φk values for L1 and L2 ligands in dioxane solvent are negative, for L2 ligand φk 
value is higher than L1 ligand in dioxane solvent. φk value for L1 and L2 ligand in benzene 
solvent are positive. φk value for L2 ligand is greater than L1 ligand in benzene solvent. φk 
values for L1 and L2 ligand in ethanol are negative and for L2 ligand φk value are higher than 
L1 ligand in ethanol solvent.  

L-Benzene  > L-Ethanol > L-Dioxane 
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Apparent molar volume (φv)  

φv is the thermodynamic property of solutions, which expresses the solute–solvent 
interactions, and it is obtained from the density and molality of solution and the molecular 
weight of the solute.  

φv values for L2 ligand is negative and for L1 ligand φv value is positive. In benzene 
solvent, φv values for L1 and L2 ligand is positive and in ethanol φv values for L1 and L2 
ligand are also positive. From table φv value in ethanol solvent is higher than benzene and 
than dioxane at same concentration. 

L–Ethanol   >   L–Benzene  > L–Dioxane 

φv values for L2 in ethanol is the highest among the ligands. This may be due to the 
presence of electron donating nature of ligand and weak solute–solvent interaction 

Intermolecular free length (Lf) 

The values of  Lf for L2 ligand in dixone solvent is higher than L1 ligand and for 
benzene solvent Lf values for L2 ligand is higher than L1 ligand and in ethanol Lf  values of 
L2 ligand is higher than L1 ligand. In all the three solvents, Lf value for L2 ligand is higher 
than L1 ligand at same concentration  

The values of Lf for the ligand in ethanol show a very little variation on moving from 
L1 to L2; on changing the solvent to dioxane, the values are decreased a little. Because of the 
hydrogen bonded structure of ethanol, there is association of molecules in a structure leaving 
free length available. When a polar solute is added, it also gets associated in the structure by 
electrostriction thus, decreasing the free space available; therefore, in ethanol the Lf values 
are higher but as the size of solute increases, the Lf values slightly decreases. 

In case of dioxane, because of its 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 as given in table.  

Relative association (RA)     

RA is an acoustic property of understanding interaction, which is influenced by two 
opposing factors15: 
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(i) Breaking of solvent structure on addition of solute to it and  

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

The former effect results in the decrease in RA values while the latter resulting in 
increases of RA values. 

The value of RA for L2 ligand in dioxane solvent is higher than L1 ligand at same 
concentration and in benzene the RA value for L2 ligand is higher than L1 ligand and in 
ethanol the RA value for L2 ligand is higher than L1 ligand at same concentration. This higher 
value for L2 ligand than L1 ligand is due to different structures of ligand. 
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Fig. 1: Adiabatic compressibility (β) of L1 and L2 
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Fig. 2: Apparent molar compressibility (φk) of L1 and L2 
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Fig. 3: Apparent molar volume (φv) of L1 and L2 
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Fig. 4: Intermolecular free length (Lf) of L1 and L2 
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Fig. 5: Relative association (RA) of L1 and L2 
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