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Abstract


The propagation of ultrasonic waves in aqueous solution of dextran polymers depends on their viscoelastic behavior and density, which affected significantly with temperature and frequency changes. In this paper, the density (ρ) and viscosity (η) of The aqueous dextrane systems were measured at 30 0C, 35 0C, 40 0C, 45 0C and 50 0C.Ultrasonic speed was measured at five temperatures ranging from 303 K to 323 K and at frequencies at 1, 5, 9, 12MHz,, using ultrasonic interferometer. The acoustic parameters such as “free volume, internal pressure, attenuation coefficient, Rao’s constant and Wada’s” constant are determined using the experimental parameters density (ρ) viscosity (η) and ultrasonic speed (U). The variance of these parameters with different temperatures and frequencies contributes to the study of inter-molecular interaction and its constituent power between the solute (dextran 1 percent) and the solvent (distilled water).The findings in the aqueous dextran solution were viewed in light of structural rearrangement occurring.
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1. Introduction
Most pharmaceutical and chemical industries use various types of polymer solution and liquid mixtures in their operations, which is why optimum industrial designs and simulations need to be taken into account in thermodynamic studies and modeling research and growth [1].Non-ideal solvent mixing properties are responsible for interactions between different molecules, and these interactions influence the physio-chemical properties of solvents [2].
During the last two decades, the practical importance of solution rather than single component liquid systems has gained considerable importance in assessing the nature of molecular interactions and in investigating the physio-chemical behavior of such systems [3]. The ultrasonic studies have seen many applications in the characterization of the thermodynamic and physiochemical properties of liquid solutions. The acoustic and thermodynamic parameters were used to test various kinds of interactions, molecular motion and various interaction modes and their effects, influenced by the size of the pure component and the mixtures[4] .Attempts have been made in the present work to investigate the behavior of aqueous dextran (1 per cent). Throughout our work we measured acoustic parameters such as “free volume (Vf), internal pressure (πi), absorption or attenuation coefficient (α), Rao's constant(R) and Wada 's constant (W)” at five temperatures ranging from 303 K to 323 K and at frequencies at 1, 5, 9, 12MHz.
In the present work, an attempt has been made to investigate the behavior of aqueous dextran (1%). with 2(M) glycine solution .In our   work we have calculated acoustic parameters such as free volume (Vf), internal pressure (πi), absorption coefficient or attenuation coefficient (α), Rao’s constant(R) and Wada’s constant (W) at five temperatures ranges from 303 K to 323K   and at frequencies in 1, 5, 9, 12MHz. We chose a dextran of polymer as a solvent, with water as a solvent [5]. This is the only water- soluble polymer. Dextran and its derivatives consider the rapid growth of these polyglucosans for medical-industrial and research purposes in wide-ranging applications in various industries, in particular in the pharmaceutical sector; inspired by ultrasonic technique to investigate thermo-acoustic parameters of dextran.
2. Materials and Methods
Materials
Freshly prepared distilled water was used as a solvent for the preparation of dextran (70,000 dalton molecular weight) solution.[6]
Measurements
The ρ and η of the solution was calculated in a temperature-controlled water bath by using pycnometer and Ostwald viscometer respectively. The ultrasonic velocity was measured using an ultrasonic interferometer operating at different frequencies 1 to 12 MHz.[7]
3. Theoretical aspect
Using standard formula, thermo-acoustic parameters were calculated using these experimental data such as ρ, η and U.[8]
4. Results and Discussion
Table-1 shows the ρ and η of polymer dextran at temperature 303 K, 308 K, 313 K, 318 K and 323 K
Table 1. The experimental values of density (ρ) and viscosity (η) at 303K, 308K, 313K and 318K of solution.
	T in kelvin
	(ρ) Kg.m-3
	(η) 10-3 N.s.m-2

	303
	1000.83
	0.991

	308
	999.21
	0.890

	313
	997.00
	0.809

	318
	994.60
	0.748

	323
	991.62
	0.713


Table 2. Values of U and Vf at different temperature and frequencies 
	T in kelvin
	U m.s-1
	Vf  (x10-3m3·mol−1)

	
	1MHz
	5MHz
	9MHz
	12 MHz
	1MHz
	5MHz
	9MHz
	12 MHz

	303
	1520.0
	1516.0
	1514.0
	1519.0
	5.261
	5.240
	5.230
	5.256

	308
	1528.5
	1523.0
	1521.0
	1526.0
	6.227
	6.193
	6.181
	6.212

	313
	1538.3
	1532.8
	1528.0
	1535.0
	7.262
	7.222
	7.189
	7.238

	318
	1545.3
	1540.0
	1538.0
	1542.0
	8.218
	8.176
	8.160
	8.192

	323
	1552.0
	1548.0
	1543.5
	1550.0
	8.897
	8.863
	8.824
	8.880


Table 3. Values of πi and α at different temperature and frequencies
	T in kelvin
	πi (×103 N·m−2)
	α (x106(np·m−1)

	
	1MHz
	5MHz
	9MHz
	12 MHz
	1MHz
	5MHz
	9MHz
	12 MHz

	303
	903.18
	904.37
	904.96
	903.47
	1.13
	28.36
	92.13
	162.70

	308
	866.98
	868.54
	869.11
	867.68
	1.00
	25.33
	82.17
	145.12

	313
	835.78
	837.30
	838.60
	836.68
	0.90
	22.74
	73.93
	130.57

	318
	813.51
	814.90
	815.43
	814.37
	0.83
	20.88
	68.15
	119.98

	323
	803.10
	804.13
	805.30
	803.61
	0.79
	19.75
	64.36
	113.46


Table 4. Values of R and W at different temperature and frequencies
	T in kelvin
	R (m3/mole)(m/s)1/3( 10-3)
	W  (m3/mole)(N/m2)1/7( 10-3)

	
	1MHz
	5MHz
	9MHz
	12 MHz
	1MHz
	5MHz
	9MHz
	12 MHz

	303
	2.089
	2.087
	2.086
	2.088
	3.954
	3.951
	3.949
	3.953

	308
	2.096
	2.094
	2.093
	2.095
	3.965
	3.961
	3.960
	3.964

	313
	2.105
	2.103
	2.101
	2.104
	3.980
	3.976
	3.973
	3.978

	318
	2.114
	2.111
	2.110
	2.112
	3.994
	3.990
	3.988
	3.991

	323
	2.123
	2.121
	2.119
	2.122
	4.009
	4.006
	4.003
	4.008





Figure 1. Plot of velocity with temperature

Figure 2. Plot of velocity with frequency

	     Figure 1 presents the ultrasonic velocity plot versus temperature. Ultrasonic velocity is observed to increase with temperature rise suggesting interaction in the constituent. The electrons in the atom of each dextran molecule surrounding the nucleus are symmetrical, distributed around the nucleus. According to London, these electrons are in continuous and rapid motion in relation to the nucleus due to an increase in temperature and it is therefore possible that the electron density around the nucleus can be concentrated in the other region of the same molecule at any moment. This results in an unsymmetrical distribution of the electron density around the nucleus, and the permanent dipoles in the water molecules are thus induced [9].
Ultrasonic velocity decreases with increasing frequency, for a temperature. These velocity reduction is an indicator of a weak molecular interaction between the solvent components and the solvent molecules, due to increase in agitation between molecules give rise to decrease in speed at higher frequency the trend is reverse (Figure 2).



Figure 3. Plot of free volume with temperature

Figure 4. Plot of free volume with frequency

Figure 5. Plot of internal pressure with temperature

Figure 6. Plot of internal pressure with frequency

It is observed that ‘Vf ‘and ‘πi’ in general expected to show a reverse trend with each other for rise in temperature. Which indication of a weak molecular relationship between the solvent and solvent components. That means the molecules are organizing themselves in such a way that void space is more accessible, suggesting that free volume is growing. As the attractive force among the molecules decreases which give rise to decrease in internal pressure with rise in temperature. The variation of free volume and internal pressure with frequency is almost parallel to frequency axis (Figure 4 and Figure 6).This conforms that there are little variations of these parameters with respect to frequencies where cohesive force does not affect the system [10]. 





Figure 7. Variation of attenuation coefficient with temperature 

Figure 8. Variation of attenuation coefficient with frequency

At a lower frequency (1 MHz and 5 MHz) the absorption coefficient is parallel to temperature axis indicating very small effective with temperature, and gradually decreases with rise in temperature. It is observed that ‘α’ gradually rises with rise in concentrations at higher frequency and the effects are negligible at low frequencies. [11].


Figure 9. Plot of Rao’s constant with temperature

Figure 10. Plot of Rao’s constant with frequency


Figure 11. Plot of Wada’s constant with temperature

Figure 12. Plot of Wada’s constant with frequency

The calculated values of dextran solution of at different temperature for ‘R’ and ‘W’ show increasing trends with temperature as the availability of more components in a given region result in the medium becoming tightly packed and thus increasing interaction.. Fig 10 and Fig.12 highlight that there is presence of small complex formation at low frequency and the complex formation becomes week at higher frequency due to agitation of the molecules [12].
6. CONCLUSION	
Ultrasonic speed, density and viscosity have been measured for aqueous dextran solution at different frequencies and temperature. When the temperature increases, more and more solute molecules move closer to the solvent molecules and thereby increasing the solute-solvent interactions. This is a clear indication of intermolecular interactions because of hydrogen bonding of aqueous dextran solution. Summarizing the trends and variation of thermodynamic parameters with the frequency of the ultrasonic wave have also been studied and the effects are negligible at low frequencies.
Acknowledgement
The authors are thankful to department of Physics, ABIT Cuttack for their kind support in the present research work.
References
1. J. P. Idoux, C. K. Mccurry and T. M. Aminabhavi “Densities, viscosities, speeds of sound, and water solubilities of some piolypropylene ether glycol derivatives in the temperature range 273. 15 to 323.15K”, j. chem.eng. Data, vol.39, (1994), pp.261-267
2. R.T Langemann., W.S Dunbar, “Relationships between the velocity of sound and other physical properties of liquids”. J. Phys.Chem., vol. 49, no.5, (1945), pp.428–436.
3. K.Rajagopal,  and S.Chenthilnath, ,”Molecular interaction studies and theoretical estimation ofultrasonic speeds using scaled particle theory in binary mixtures of toluene withhomologous nitriles at different temperatures”, Thermochimica Acta, Vol.498,no(1-2),(2010),pp.45-53.
4. G.R.Bedare,V.D. Bhandakkar, B.M.Suryavanshi, “Studies of Acoustic and Thermodynamic Properties of Binary liquid Mixtures at 308K”, Journal of chemical & pharmaceutical Research, vol.4,no.2,(2012),pp.1028-1032.
5. Subhraraj Panda   and Manoj K Praharaj, “Evaluation of ultrasonic parameters in binary solution of dextran and urea at various concentration and temperatures”, Indian Journal of Natural Sciences, vol.10, no.59, (2020), pp. 18552-18557.
6. Subhraraj Panda1 and Achyuta Prasad Mahapatra, “Study of acoustical parameters of dextran in 2 (M) glycine using ultrasonic technique at different frequencies”, J. Pure Appl.  ultrason, vol.39,(2017),pp.83-87.
7. Subhraraj Panda and Achyuta Prasad Mahapatra, “Study of Acoustic and Thermodynamic Properties of Aqueous Solution of Dextran at Different Concentration and Temperature through Ultrasonic Technique” International Journal of Science and Research, International Symposium on Ultrasonic, (2015) pp.503-508
8. Subhraraj Panda and Achyuta Prasad Mahapatra, “Molecular Interaction of Dextran with Urea through Ultrasonic Technique”, Clay Research, vol.38, no.1, (2019), pp.35-42.
9. P.S.Nikam, Mehdi Hasan and R.B.Pathak “Densities and speeds of sound for aniline + aliphatic alcohols (c1-c2) at different temperatures”, journal of pure and applied ultrasonics.vol.18, (1996), pp.19- 25.
10. S. P. Wankhade and S. G. Kene, “molecular interaction study in binary liquid solution using ultrasonic technique”, sci. Revs. Chem. Commun.: vol.2, no.3, (2012), pp. 355-360.
11. Sunanda Aswale, Shashikant Aswale and Bhavana Ramteke, “Investigations in Acoustic Parameters of Substituted Thiocarbamido-acetophenones”, International J of Chemical, Env. and Pharmaceutical Research,vol.3no1,(2012),pp.58-63.
12. Subhraraj Panda and Achyuta Prasad Mahapatra,  “Molecular interaction studies of aqueous Dextran solution through ultrasonic measurement at 313K with different concentration and frequency”, Archives of Physics Research, vol.6 no.2, (2015),pp. 6-12.
[image: G:\Research\Published Papers\Manuscript preparation\15-IJPER(NaOH-FC-2)-Communicate\Revision\authorproofing\Photo-Subhraraj Panda-jpg.jpg] 
Author Name: Dr.Subhraraj Panda

Author details

[bookmark: _GoBack]Dr.Subhraraj Panda is working as an Associate Professor of Physics in Centurion University of Technology and Management, Bhubaneswar, Odisha since 2008 and has 19 years of experience in teaching. He had his Ph.D. from Ravenshaw University, Cuttack in 2019 and got eight years of research experience. His research interests are fluid and molecular acoustic He has published 25 research articles in his area of research in different national and international journals.


Internal Pressure vs Temperature


1MHz	303 K	308K	313 K	318 K	323 K	903.17648874225222	866.98117304375705	835.77563020317837	813.5118783897052	803.0962189915997	5MHz	303 K	308K	313 K	318 K	323 K	904.36722952135506	868.53575148424147	837.29647322195444	814.90176117934004	804.13314159131937	9MHz	303 K	308K	313 K	318 K	323 K	904.96436872773279	869.10659331483578	838.59688950325722	815.43143413820985	805.30449420289688	12MHz	303 K	308K	313 K	318 K	323 K	903.47373294603506	867.68159384294472	836.68259441685154	814.37311904703893	803.61417855463083	Temperature


Internal Pressure




Internal Pressure vs frequency


303 K	1MHz	5MHz	9MHz	12MHz	903.17648874225222	904.36722952135506	904.96436872773279	903.47373294603506	308K	1MHz	5MHz	9MHz	12MHz	866.98117304375705	868.53575148424147	869.10659331483578	867.68159384294472	313 K	1MHz	5MHz	9MHz	12MHz	835.77563020317837	837.29647322195444	838.59688950325722	836.68259441685154	318 K	1MHz	5MHz	9MHz	12MHz	813.5118783897052	814.90176117934004	815.43143413820985	814.37311904703893	323 K	1MHz	5MHz	9MHz	12MHz	803.0962189915997	804.13314159131937	805.30449420289688	803.61417855463083	frequency


Internal Pressure




atte.coefficent 
vs
 temperature

1MHz	303 K	308 K	313 K	318 K	323 K	1.1284079116575483	1.004534552268193	0.90284447468283302	0.82968207921979231	0.78586266441670816	5MHz	303 K	308 K	313 K	318 K	323 K	28.35926066432112	25.32722003028891	22.735849516095396	20.884166619397426	19.748230433525787	9MHz	303 K	308 K	313 K	318 K	323 K	92.126923163019924	82.168131318432486	73.929196187913647	68.150620726774505	64.3578965645669	12MHz	303 K	308 K	313 K	318 K	323 K	162.70475405863166	145.12099398814951	130.57485717858927	119.98095851156064	113.45644879304487	temperature


atte.coefficent




atte.coefficent 
vs
 frequency

303 K	1MHz	5MHz	9MHz	12MHz	1.1284079116575483	28.35926066432112	92.126923163019924	162.70475405863166	308 K	1MHz	5MHz	9MHz	12MHz	1.004534552268193	25.32722003028891	82.168131318432486	145.12099398814951	313 K	1MHz	5MHz	9MHz	12MHz	0.90284447468283302	22.735849516095396	73.929196187913647	130.57485717858927	318 K	1MHz	5MHz	9MHz	12MHz	0.82968207921979231	20.884166619397426	68.150620726774505	119.98095851156064	323 K	1MHz	5MHz	9MHz	12MHz	0.78586266441670816	19.748230433525787	64.3578965645669	113.45644879304487	frequency


atte.coefficent




Rao’s constant vs Temperature
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Rao’s constant vs frequency
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Wada’s constant vs Temperature 
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