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ABSTRACT 

Ultrasonic velocity (U), viscosity (η) and density (ρ), were measured for liquid 

mixtures of Brompheniramine and1-pentanol at 303,308 and 313K. Adiabatic 

compressibility (β), viscous relaxation time (τ), free volume (Vf), free length 

(Lf), and Gibbs free energy (ΔG) were determined. Excess values of that 

parameters (βE, LfE , VfE ,τE and ΔGE) also calculated and elucidated in terms 

of intermolecular interaction like hydrogen bond between selected liquid 

system. It was observed that homo and hetero association of molecules 

decreased with the temperatures. 
 

Introduction 

Ultrasonic velocity changed with liquid medium and intermolecular interaction 

between the liquid mixtures. Physical parameters like density, viscosity also changed 

with liquid system. It is one of the reliable techniques to analyze the molecular 

interaction of the selected liquid mixtures. It takes vital role in the chemical and 

pharmaceutical industries. Brompheniramine is used in common cold, allergic rhinitis. 1-

pentanol is highly polar and self-associated in nature. Hence the useful interaction may 

obtain in the liquid system present with alcohols as one of the medium [6-8]. Here 

molecular interaction between brompheniramine and 1- pentanol at 303,308 and 313K 

was determined by ultrasonic data.  
 

Materials and Methods 
Various concentrations of liquid mixtures were prepared in standard flasks with air 

tight caps. Masses of the system were determined by digital electronic balance (ACM- 

78094L, ACMAS Ltd, India) with accuracy of ±1mg. Density and viscosity were measured 

by specific gravity bottle and Ostwald’s viscometer with accuracy ±0.01kgm-3 and 

±0.001Nsm-2 .Ultrasonic velocities in the liquid mixtures were determined by a single crystal 

ultrasonic interferometer (Mittal Enterprizes, New Delhi Model:f81) operated at 2MHZ. 

Accuracy was ±1ms-1. Liquid system was maintained in a constant temperature bath [ 

INSREF model IRI- 016C,India] with accuracy ±0.01K.Brompheniramine was obtained from 

Varda Biotech Pvt.ltd, Mumbai, India.AR grade 1-pentanol with mass fraction purities 

greater than 99% was used without further purification. 
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Theory 

Ultrasonic velocities have been measured by using the following relation  

Ultrasonic velocity (1) U = f λ 

Here f is ultrasonic frequency and λ is ultrasonic wavelength. 
 

Adiabatic compressibility 

 
 

Where U is ultrasonic velocity and ρ is density of the liquid mixture.  

 
 

 Where KT is the temperature dependent constant having the following values in M.K.S 

system 

 

 Table 1.The KT values at different temperatures. 

 
 Free Volume 

 
Where Meff is the effective molecular weight (Meff=m1x1+m2x2+m3x3) m and x are 

molecular weight and mole fraction of the individual liquid components. η is the 

viscosity of the solution is a temperature dependent constant which is equal to 4.28×109 

for all liquid system. 
 

Viscous relaxation time 

 
Here β is the compressibility of the liquid mixtures and η is co efficient of viscosity of the 

liquid mixtures.  
 

Gibbs free energy 

 
Excess values of the acoustic parameters have been calculated using the following 

equation, 
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Table 2. Physical and acoustical parameters of brompheniramine and 1-pentanol at 

303K, 308K and 313K. 

 

 
Here x1 and x2 are mole fractions of brompheniramine and 1-butanol respectively. 

A1 and A2 are acoustical parameters. 

 

Result and Discussion 

Density (ρ), viscosity (η), ultrasonic velocity (U) and calculated values of 

adiabatic compressibility (β), free length (Lf), free volume (Vf), viscous relaxation time 

(τ), Gibbs free energy (ΔG) for a binary mixture of brompheniramine and 1-pentanol at 

303K,308K and 313K were listed in table 2. It is noticed that density (ρ) increased with 

increasing concentration of brompheniramine. When the temperature increased, density 

was decreased in the liquid mixture. It is also reflected in viscosity values. It signifies that 

the system is more compact. Mole fraction of brompheniramine increases the net 

dispersive interactions and hence the ultrasonic velocity continuously increased as shown  



 

40 
www.rikjournals.net 

 

Hamaj Uziahi (Ph.D) 

 

in the fig1.It shows that ultrasonic velocity decreases with increase in temperature. It may 

due to thermal agitation in the liquid system. Adiabatic compressibility (β) is decreased 

with increasing concentrations of brompheniramine in the 1-pentanol. It signifies that 

specific interaction takes place in the liquid system. 

 
Figure 1. Variation of ultrasonic velocity (U) with the mole fraction of brompheniramine. 

 
Table 3. Excess parameters of brompheniramine with 1-pentanol at various temperatures. 
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Figure 2. Variation Gibbs free energy with brompheniramin. 
 

Moreover intermolecular free length (Lf) decreased with concentration of alcohol 

and temperature elucidates that closer packing of molecules in the selected liquid 

mixture. Free volume (Vf) also in the same trend, it suggests that hydrogen bonding takes 

place in the interactions. Viscous relaxation time (τ) decreased with the temperature and 

mole fraction of the brompheniramine .It may be due to dissociation in the higher 

concentration of alcohol. Reduction of free energy (ΔG) with the concentration of 

brompheniramine and temperature is as shown in the figure2.The curves signify that 

disassociation of the molecules in the liquid mixture. Determination of excess parameters 

was useful to identify the nature of interaction of the liquid mixtures. It is noted that 

positive excess values araised due to the dispersion interaction and negative of the excess 

values signifies that the dipole-dipole and hydrogen bonding interactions formed in the 

liquid system. Excess adiabatic compressibility (βE), excess free length (LfE), excess free 

volume (VfE), excess viscous relaxation time (τE) and excess Gibbs free energy (ΔGE) 

are listed in table 3. All the negative values of excess parameters confirm formation of 

hydrogen bond between the N-H group in the brompheniramine and O-H group in the 1-

pentanol. 

 
It is noticed from figure 3, excess negative values increased up to in the 

molefraction 0.4600 then decreased while increasing mole fraction of brompheniramine. 

It confirms strength of hydrogen bonding is increased with mole fraction of 

brompheniramine and weakened with increasing the concentration of 1-pentanol. 
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Conclusion  

Physical and acoustical parameters of bromphineramine and 1-pentanol were 

determined at 303,308 and 313K. Excess values and their sign suggested that hydrogen 

bonding interaction in the amine group present in the brompheniramine and hydroxyl 

group exists in the 1-pentanol.Ultrasonic velocity is noticed in the order of 

303>308>313K.Decrease in ultrasonic velocity with increasing in temperature signifies 

that intermolecular force decreased due to increase in thermal energy of the selected 

liquid mixtures. 
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