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ABSTRACT 
 
Density and ultrasonic velocity measurements are carried out for substituted -2,3-dihydroquinazolin-4(1H)-ones in  
70% DMF-Water at T= 303K. The experimental values are used to calculate intermolecular free length (Lf), specific 
acoustic impedance (Z) and relative association (RA). These acoustic parameters obtained are used to explain the 
interaction taking place in the solutions.   
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INTRODUCTION 
 

Ultrasound is a type of energy that can help analytical chemists in almost all their laboratory tasks, from cleaning to 
detection[1]. Ultrasonic technique is used as a tool for phase holdup measurement in multiphase systems[2]. The 
effect of ultrasound on adsorption and desorption processes has been reported[3].   The structural studies of chelates 
by ultrasonic waves are reported[4]. The use of sound velocity to study polymer solutions is reported[5]. The study 
of propagation of ultrasonic waves in solution is useful for analyzing certain physical parameters. Science and 
technology of ultrasonic is widely used in recent years for industrial and medicinal applications[6]. The ultrasonic 
waves of various frequencies have found uses in areas such as medical imaging, geological imaging, industrial 
cleaning and welding, solution mixing and even jewelry cleaning[7]. The ultrasound finds application in 
microsurgery, fatigue detection in aerospace mechanics, sonochemical catalysis and biotechnology[8]. Ultrasound is 
used to obtain images for medical diagnostic purposes, especially during pregnancy[9].  The coagulation in milk 
may be prevented by intense agitation of it with ultrasonic waves[10]. Ultrasound is a powerful noninvasive 
modality for biomedical imaging, and holds much promise for noninvasive drug delivery enhancement and 
targeting[11].  
 
The review of literature on acoustical studies of solutions reveals that ultrasonic measurements are used to estimate 
the different elastic properties[12]. The understanding of the physicochemical behavior of binary and 
multicomponent liquid mixtures is possible by investigating their acoustic properties[13]. Acoustic properties have 
been the subject of extensive research activity to study the intermolecular interactions in ion-solvent systems[14]. 
Ultrasound-promoted synthesis has attracted much attention during the past few decades[15].  The data on some of 
the properties associated with the liquids and liquid mixtures like density, viscosity, refractive index, surface 
tension, and ultrasonic velocities find extensive application in solution theory and molecular dynamics[16]. 
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Ultrasonic velocity measurements are highly sensitive to molecular interactions and can be used to provide 
qualitative information about the physical nature and strength of molecular interaction in liquid mixtures[17-21]. 
Ultrasonic measurement in the liquid state gives information about physicochemical behavior of liquid mixtures 
such as molecular association and dissociation[22]. Ultrasonic study of number of compounds is done by many 
workers[23-27].  
 

 
 
 
 
 

 
The ultrasonic measurements are used to determine number of acoustical parameters. The ultrasonic velocity, 
density and concentrations are used to calculate adiabatic compressibility, intermolecular free length and apparent 
molal compressibility[28]. Ultrasonic velocity, density and adiabatic compressibility for 2,6-dimethylpyridine + 
water are measured over the entire composition range in the temperature range 293-318K[29].  The study of 
apparent molal volume and adiabatic compressibility is reported by many workers[30-34]. 
 
2,3‐Dihydroquinazolin‐4(1H)‐one derivatives are playing crucial role in the context of drug intermediates, biological 
and pharmaceutical applications[35-39]. They have drawn much more attention because of their activities such as 
antibacterial[40], diuretic[41], anticancer[42], antihyperlipidemic[43], antiparkinsonism[44], antimicrobial[45], anti-
inflammatory[46], bronchodilator[47], antihypertensive[48], antiproliferative[49] and antimitotic[50] activities. The 
data on some of the properties associated with the liquids and liquid mixtures like density, viscosity, refractive 
index, surface tension, and ultrasonic velocities find extensive application in solution theory and molecular 
dynamics[51]. These modern days there is an upsurge in topical formulations such that it can be prepared by varying 
physico-chemical properties and providing better localized action[52].  
 
In the present work, Intermolecular free length (Lf), Acoustic impedance (Z) and Relative association (RA) have 
been evaluated in following substituted 2,3-dihydroquinazolin-4(1H)-ones in different percentage of (DMF+Water) 
mixture at different concentrations of ligand. 
 

N
H

O

NH
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Ligand A (LA)= 2-(4-hydroxy-3-methoxyphenyl)-2,3-dihydroquinazolin-4(1H)-one 
Ligand B (LB)= 2-(2-hydroxyphenyl) -2,3-dihydroquinazolin-4(1H)-one 
Ligand C (LC)= 2-(3-hydroxyphenyl) -2,3-dihydroquinazolin-4(1H)-one 
Ligand D (LD)= 2-(4-hydroxyphenyl) -2,3-dihydroquinazolin-4(1H)-one 
 

MATERIALS AND METHODS 
 

The ligands of which physical parameters are to be explored are synthesized by using reported protocol[53]. All the 
chemicals used are of analytical grade. The density measurements are made with the precalibrated bicapillary 
pyknometer. All the weighings are made on one pan digital balance (petit balance AD-50B) with an accuracy of + 
0.001 gm. The speed of sound waves is obtained by using variable path crystal interferrometer (Mittal Enterprises, 
Model MX-3) with accuracy of + 0.03% and frequency 1MHz. In the present work, a steel cell fitted with a quartz 
crystal of variable frequency is employed. The instrument is calibrated by measuring ultrasonic velocity of water at 
25oC.  
 

 

LA : R1= 4-hydroxy-3-methoxyphenyl 
LB : R1= 2-hydroxyphenyl 
LC : R1= 3-hydroxyphenyl 
LD : R1= 4-hydroxyphenyl 
R2 = H for all 
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RESULTS AND DISCUSSION 
 

Sound speeds can be measured using a single frequency ultrasonic interferometer. The ultrasonic waves of known 
frequency produced by a quartz crystal are reflected by a movable metallic plate kept parallel to the quartz plate. 
When the state of acoustic resonance is reached due to the formation of standing waves, an electrical reaction occurs 
on the generator driving the quartz plate and its anode current becomes maximum. The micrometer is slowly moved 
until the anode current meter on a high frequency generator shows a maximum. The distance thus moved by the 
micrometer gives the values of wavelength[54]. 
 
The distance traveled by micrometer screw to get one maximum in ammeter (D) is used to calculate wavelength of 
ultrasonic wave using following relation: 
 
2D = λ                                                (1) 
 
Where, λ is wavelength and D is distance in mm.  
From the knowledge of the wavelength, the ultrasonic velocity can be obtained by the relation:  
 
Ultrasonic velocity (U) = λ x Frequency x 103                                     (2) 
 
Using the measured data some acoustical parameters can be calculated using the standard relations.  
 
The adiabatic compressibility[55-56] of solvent and solution can be calculated by using equations:                                                 
 
Adiabatic compressibility of solution (βs) = 1/ Us2 x ds                  (3) 
Adiabatic compressibility of solvent (β0) = 1/ U0

2 x d0                    (4) 
 
The acoustic impedance (Z) [57-58] is calculated using equation: 
 
Acoustic impedance (Z) = Us x ds                                      (5) 
 
Where, U0 and Us are ultrasonic velocity in solvent and solution respectively.  
d0 and ds are density of solvent and solution respectively. 
 
The apparent molal volume (φv) and apparent molal compressibility (φk) are given by following equations[59-60]. 
 

Apparent molal volume (φ�) =
�
��
+ (	�����)×���

(	�����)
                  (6) 

Apparent molal compressibility (φ�) =
����(β����β���)

�����
+ β��

��
         (7)  

 
Where, do and ds are the densities of the pure solvent and solution, respectively.  
m is the molality and M is the molecular weight of solute.  
βo and βs are the adiabatic compressibility of pure solvent and solution respectively. 
 
According to the studies intermolecular free length (Lf) [61] is given by: 
 
Intermolecular free length (Lf) = K√βs                                       (8) 
 
The constant K is called the Jacobson’s constant. 
The value of Jacobson’s constant can be calculated by using relation  
 
K = (93.875 + 0.375 x T ) x 10-8                                                                   (9) 
 
Where, T is the temperature at which experiment is carried out. 
 
The relative association (RA) [62-63] is given by the equation: 
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Relative association (R�) = ������ × �
��
��
�
�/�

                          (10) 

 
The solvation number (Sn) [64] is given by the equation. 
 
Solvation number (Sn) =  φk /β0 x (M/ d0)                             (11) 
 
In the present work the measurements of ultrasonic velocity and density at different concentration of substituted 2,3-
dihydroquinazolin-4(1H)-ones  in 70 % DMF-Water are carried out at T= 303K. The data obtained is used to 
evaluate different acoustical parameters such as Intermolecular free length (Lf), Acoustic impedance (Z) and 
Relative association (RA). The formula No. 05, 08 and 10 are used to do calculations for acoustical parameters. 
 
Acoustic parameters are helpful to understand behavior of solute and solvent molecules in solutions. Changes in the 
values of these parameters with concentration are very important to explain number of factors. 
 
Table-1: Ultrasonic velocity, density, intermolecular free length (Lf), specific acoustic impedance (Z) and relative association (RA) at 

different concentration of substituted-2,3-dihydroquinazolin-4(1H)-ones in 70% (DMF+Water) solvent at 303K 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The measurement of ultrasonic velocity in pure liquids and mixtures is an important tool to study the physic-
chemical properties and also explains the nature of molecular interactions. From the table no. 01, ultrasonic velocity 
is directly proportional to the concentration. Fig. no. 01 shows the variation of ultrasonic velocity with 
concentration. In more concentrated solution the possibility of making hydrogen bond increases which gives packed 
structure and accordingly ultrasonic velocity increases. Ultrasonic velocity increases on increasing the concentration 
of solute may be attributed to cohesion brought about by the association among the molecule and greater solute -
solvent interaction. 
 
Extensive use of intermolecular free length (Lf) is made to study the intermolecular interactions in mixtures. Table 
no 01 suggests that intermolecular free length is more in more dilute solutions. Fig. no. 02 shows the variation of 
intermolecular free length with concentrations.  In many cases, the value of Lf corresponds to the molecular shape, 
that is the Lf  in the molecules having the spherical and/or symmetrical shape is short and the short Lf   leads to a high 
speed of sound. Decrease in intermolecular free length leads to positive deviation in sound velocity and negative 
deviation in compressibility. 

Conc. (m) 
 

(mol lit-1) 

Density (ds)
 

(kg m-3) 

Ultrasonic 
velocity(Us) 

(m s-1) 

Intermolecular
free length 
(Lf) x10-11 

(m) 

Specific  acoustic
Impedance 

(Z)x105 
(kg m-2s-1) 

Relative 
association (RA) 

Ligand LA 

0.01 1019.7 906.8 7.1011 9.2466 1.0179 
0.005 1017.7 870.8 7.4019 8.8621 1.0250 
0.0025 1015.6 835.2 7.7254 8.4822 1.0273 
0.00125 1014.2 795.2 8.1196 8.0649 1.0302 
0.000625 1011.4 771.6 8.3795 7.8039 1.0401 

Ligand LB 
0.01 1016.4 848.4 7.6022 8.6231 0.9982 
0.005 1013.5 816.4 7.9115 8.2742 1.0079 
0.0025 1011.6 814.8 7.9345 8.2425 1.0199 
0.00125 1009.8 806.0 8.0282 8.1389 1.0262 
0.000625 1008.0 802.8 8.0674 8.0922 1.0373 

Ligand LC 
0.01 1012.0 881.2 7.3351 8.9177 0.9920 
0.005 1011.2 854.8 7.5647 8.6437 1.0013 
0.0025 1010.6 832.8 7.7668 8.4162 1.0095 
0.00125 1006.5 798.8 8.1139 8.0399 1.0195 
0.000625 1003.7 774.0 8.3855 7.7686 1.0274 

Ligand LD 
0.01 1008.3 843.6 7.6761 8.5060 1.0029 
0.005 1006.0 827.6 7.8335 8.3256 1.0070 
0.0025 1005.0 810.8 7.9998 8.1485 1.0129 
0.00125 1002.5 784.4 8.2793 7.8636 1.0216 
0.000625 0998.3 763.6 8.5227 7.6230 1.0265 
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Specific acoustic impedance (Z) is the impedance offered to sound wave by the components of mixture. Table no. 
01 suggests that as the concentration decreases the specific acoustic impedance decreases. Fig. no. 03 shows the 
variation of specific acoustic impedance with concentrations.  Mathematically it is directly proportional to ultrasonic 
velocity.  Increase in specific acoustic impedance with increase in concentration suggests associative molecular 
interactions.  
 
Table no. 01 shows that relative association (RA) increases as the concentrations decreases. Fig. no. 04 shows the 
variation of relative association with concentrations. Relative association (RA) is the property used to understand the 
solute-solvent interaction.  RA is less in case of compound having ring deactivating substituent. If compound has ring 
deactivating substituent then it has a less interaction with solvent molecule and hence has a greater free length. 

 
GRAPHICAL REPRESENTATION OF ACOUSTIC PARAMETERS IN 70% DMF-WATER SOLVENT 
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Fig-1: Plot of Ultrasonic  Velocity(Us) m s-1 Vrs concentration (mol/lit) in 70% DMF solvent
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. 
 

. 
 

CONCLUSION 
 

Acoustic parameters are helpful to understand behavior of solute and solvent molecules in solutions. Changes in the 
values of these parameters with concentration are very important to explain number of factors. 
 
Acknowledgement 
The authors gratefully acknowledge The Director; Head, Department of Chemistry, Govt. Vidarbha Institute of 
Science and Humanities, Amravati for providing necessary facilities and help when needed for the work.   
 

REFERENCES 
 

[1] B. Hemmateenejad, P. Ilanikashkouli, Ind. Eng. Chem. Res., 2012, 51,  14884.  
[2] M. Vatanakul, Y. Zheng, Couturier M, Ind. Eng. Chem. Res., 2004, 43, 5681. 
[3] M. Breitbach, D. Bathen, Traub H S, Ind. Eng. Chem. Res., 2003, 42, 5635. 
[4] S. Prakash, S. Prakash, J. Phys. Chem., 1966, 70(10), 3325. 
[5] J.C. Helne, W.J. Snyder, J. Chem. Eng. Data, 1984, 29, 175. 
[6] A. Dhote, S. Aswale, S. Aswale, Adv. Appl. Sci. Res., 2012, 3(4), 2299. 
[7] T.J. Mason, J.P. Lorimer, Endeavor, 1989, 3, 123. 
[8] R.N. Domingos, D.F. Angelis, A.A. Menegario, HOLOS Environ., 2012, 12(1), 41. 
[9] D. Rittner, R.A. Bailey, Encyclopedia of Chemistry, Facts On File, New York, 2005, 271. 
[10]  P. Atkin, J. Paula, Physical Chemistry,  8th Edition, Oxford University Press, Oxford, 2006, 682. 
[11]  M.H. Lee, H.Y. Lin, H.C. Chen, J.L.Thomas, Langmuir, 2008, 24, 1707. 
[12] R. Bhaskaran, T.R. Kubendran, J. Chem. Eng. Data, 2008, 53, 978. 
[13] I. Ion, F. Sirbu, A.C. Ion, J. Chem. Eng. Data, 2013, 58, 1212. 
[14] A. Sinha, M.N. Roy, J. Chem. Eng. Data, 2006, 51, 1415. 

7

8

9

10

0 0.002 0.004 0.006 0.008 0.01 0.012

Specific  acoustic 

impedance (Z)  

concentration in mol/ lit

Fig-3: Plot of  Specific  acoustic impedance (Z) x 105 kg m -2s-1 Vrs concentration (mol/lit) in 70% 

DMF solvent

Z A Z B Z C Z D

0.98

1

1.02

1.04

1.06

0 0.002 0.004 0.006 0.008 0.01 0.012

R
e

la
ti

v
e

 a
ss

o
ci

a
ti

o
n

 

(R
A
)

concentration  mol/lit

Fig-4: plot of Relative association  (RA) Vrs concentration in mol/lit in 70%  DMF solvent.

RA RB RC RD



M. P. Wadekar et al Der Pharma Chemica, 2015, 7 (6):245-251 
_____________________________________________________________________________ 

251 
www.scholarsresearchlibrary.com 

[15] G. Chatel, L. Leclerc, E. Naffrechoux, C. Bas, N. Kardos, C.G. Henry, B. Andrioletti, M. Draye, J. Chem. Eng. 
Data, 2012, 57,  3385. 
[16] A. Mchaweh, A. Alsaygh,  M.A. Moshfeghian,  Fluid Phase Equilib., 2004, 224,157.  
[17] F.D. Karia, P.H. Parsania, Eur. Polym. J., 2000, 36, 519. 
[18] M.S. Santosh, D.K. Bhat, Ind. Eng. Chem. Res., 2010, 49, 11848. 
[19] H. Eyring, J.F. Kincaid,  J. Chem. Phys., 1938, 6,  620. 
[20] S.K. Mehta, R.K. Chauhan,  J. Solution Chem. , 1997, 26,  295. 
[21] R.K. Dewan, C.M. Gupta, S.K. Mehta, Acoustica, 1988, 65, 245. 
[22] J.D. Pandey, R.D. Rai, R.K. Shukla, A.K. Shukla, N. Mishra, Indian J. Pure Appl. Phys., 1993, 31, 84. 
[23] A.A. Mayevskl, V.A. Buckin, A.P. Sarvazyan, J. Phys. Chem., 1980, 84,  699. 
[24] S.S. Sune, M.M. Kalaskar, M.P. Wadekar, Int. J. Chem. Phy. Sci., 2015, 4, 147. 
[25] M. Rani, S. Gahlyan,  A. Gaur, S. Maken, Chinese J. Chem. Eng., 2015, 23(4),  689.  
[26] G.R. Sunkara, M.M. Tadavarthi, V.K.Tadekoru, S.K. Tadikonda, S.R. Bezawada, J. Chem. Eng. Data,  2015, 
60(3),  886. 
[27] D.S. Gill, D.S. Rana, S.P. Jauhar, J. Chem. Eng. Data, 2010, 55, 2066. 
[28] P.S. Nikam, M. Hasam, J. Chem. Eng. Data, 1988, 33, 165. 
[29] S. Ernst, W. Marczak, D. Kmiotek, J. Chem. Eng. Data, 1996, 41,  128. 
[30] V.I. Minchenko, V.A. Khokhlov, A.O. Kodintseva, J. Chem. Eng. Data, 2010, 55,  4467. 
[31] D.E. Bowen, J.C. Thompson, J. Chem. Eng. Data, 1968, 13(2), 206. 
[32] A.L.Surdo, K. Bernstrom, C.A. Jonsson, F.J. Millero, J. Phys. Chem., 1979, 83(10), 1255. 
[33] W.Y. Wen, A.L. Surdo, C. Jolicoeur, J. Boileau, J. Phys. Chem., 1976, 80(5), 466. 
[34] C. Tondre, R. Zana, J. Phys. Chem., 1972, 76(23), 3451.  
[35] P. Yerram, R. Chowrasia, S. Seeka, J. Tangenda, Eur. J. Chem., 2013, 4(4),  462. 
[36]  Y.S. Sadanadam, R.M. Reddy, A. Bhaskar, Eur. J. Med. Chem., 1987, 22,  169. 
[37] G. Bonola, E. Sianesi, J. Med. Chem., 1970, 13, 329. 
[38] M. Hour, L. Huang, S. Kuo, J. Med. Chem., 2000, 43, 4479.  
[39] R.C. Gupta, R. Nath, K. Shanker, J. Indian Chem. Soc., 1979, 56,  219. 
[40] R.J. Alaimo, H.E. Russell, J. Med. Chem., 1972, 15, 335.   
[41] H.A. Parish, R.D. Gilliom, W.P. Purcell, J. Med. Chem., 1982, 25, 98. 
[42] M.J. Hour, L.J. Huang, S.C. Kuo, J. Med. Chem., 2000, 43,  4479. 
[43] K.R. Saxena, M.A. Khan, Indian J. Chem. Sect B, 1989, 26, 443. 
[44] H.B. Shivarama, M.T. Padmaja, M.K. Shivananda, P.M. Akbarali, Indian J. Chem. Sect B, 1998, 37, 715. 
[45] A.N. Gangwal, U.R. Kothawade, A.D. Galande, D.S. Pharande, A.S. Dhake, Indian J. Heterocycl. Chem., 2001, 
10, 291. 
[46] T. Singh, T. Singh, V.K. Srivastava, S. Sharma, A. Kumar, Indian J.Chem. Sect B, 2006, 45, 2558. 
[47] R. Tyagi, B. Goel, V.K. Srivastava, A. Kumar, Indian J. Pharm. Sci., 1998, 60, 283. 
[48] A.R. Raghuram, R.H. Bahekar, Indian J. Chem. Sect B, 1999, 38, 434. 
[49] G.M. Chinigo, M. Paige, S. Grindrod, J. Med. Chem., 2008, 51(15), 4620. 
[50] T. Graening,  H.G. Schmalz,  Angew. Chem., 2004, 43(25), 3230. 
[51]  A. Mchaweh,  A. Alsaygh, M.A. Moshfeghian,  Fluid Phase Equilib., 2004, 224,  157.  
[52] S. Vats, C. Saxena, T.S. Easwari, V.K. Shukla, Int. J. Pharm. Res. Sch., 2014, 3(2),  649. 
[53] W. Min, J.G. Jing, G.S. Zhi, W. Lei, Org. Prep. Proced. Int., 2012, 44, 159. 
[54] R. Mehra, A.K. Gaur, J. Chem. Eng. Data, 2008, 53, 863. 
[55] A.L. Surdo, C. Shin, F.J. Millero, J. Chem. Eng. Data, 1978, 23(3), 197.   
[56] M.P. Wadekar, A.S. Shrirao, R.R. Tayade, Der Chemica Sinica, 2014, 5(6), 23. 
[57] M.S. Santosh, D.K. Bhat, A.S. Bhat, J. Chem. Eng. Data, 2009, 54, 2813. 
[58] M.P. Wadekar, R.R. Tayade, V.M. Raut, G.H. Murhekar, Arch. App. Sci. Res., 2011, 3(1), 209. 
[59] A. Kumar, J. Chem. Eng. Data, 1987, 32, 109. 
[60] R.R. Tayade, A.S. Chandami, M.P. Wadekar, J. Chem. Pharm. Res., 2014, 6(9),  114. 
[61] J.D. Pandey, V. Sanguri, M.K. Yadav, A. Singh, Ind. J. Chem. Sect A, 2008, 47, 1020. 
[62] K.N. Mehrotra, M. Jain, J. Chem. Eng. Data, 1995, 40, 91. 
[63] S.S. Aswale, S.R. Aswale, A.B. Dhote, Int. J. Res. Chem. Environ., 2012, 2(4), 154.  
[64] M.P. Wadekar, A.S. Shrirao, R.R.Tayade, J. Chem. Bio. Phy. Sci. Sect A, 2015, 5(1), 19.  
 
                                     


