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ABSTRACT

The density and ultrasonic velocity measurements were carried out in aqueous solutions of D-
mannitol in the concentration range of 0.1 t01.0 M and temperature between 303.15K to
323.15K.. The thermoacoustical parameters viz. adiabatic compressibility, free volume, internal
pressure and Moelwyn-Hughes parameter have been computed from the experimental
parameters shows nonlinear increase or decrease with various concentrations and temper atures.
These parameters were interpreted as due to the formation of intermolecular hydrogen bonding
between the hydroxyl groups of D-mannitol and water molecules.
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INTRODUCTION

Carbohydrates play an important role in animal plaiht life. Understanding the behavior of
agueous carbohydrate solution is of almost impoitahiology, medicine and understanding the
taste quality exhibited by them [1]. The study ofmannitol in water environment is of
fundamental importance for biological reasons. pbhydroxy compounds help in stabilizing
the native conformation of globular proteins [2,8].proteins and enzymes, sugars and polyols
are known stabilizing agents in their native statel their strong interaction with water [4,5].
The various thermodynamics and spectroscopic stuthee been shown that the hydration of
saccharides depends upon the number of hydroxupgro

Apparent molar volumes and apparent specific vokumetlect the state of hydration of the
molecules and thus their extent of interaction wititer structure [6-8]. In this paper, an attempt
has been made to understand the molecular intenaafi D-mannitol with water by evaluating
various acoustic parameters based on the ultrasetocity measurements in aqueous solutions
of D-mannitol at various concentrations and temipees.
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MATERIALSAND METHODS

Sample preparation and experimental techniques

Aqueous solutions of D-mannitol in the concentmatrange of 0.1 to 1.0 m are prepared by
dissolving known amounts of D-mannitol in the daudlstilled water. The derived properties in
this work, over the entire range of mass conceptrah aqueous solutions of D-mannitol in the
temperature range of 303.15K-323.15K at intervéBka In these systems, the above properties
are more studied to examine the effect of tempezatu

Using the measured data, the acoustical paramseters as adiabatic compressibilitfa)(
fractional free volume (¥, internal pressure (Biand Moelwyn-Hughes parameteriQvere
calculated using the following standard expressions

Adiabatic compressibilit, (N*m?),
Ba= 1/tfp (1)
Where, u = sound velocity of solution (m/s) and
p = density of solution at the same temperaturertRp/
Free volume can be expressed as

V= (VIW) (yRT/M)* )
Where, V = is the Molar volume, sMMolecular weight
T = is the absolute temperature, R = Rastamt

y = is the ratio of specific heats = 1.5
Internal pressure can also be expressed as,
Pi pu® / (BIA + 1) (3)
Where, B/A =G1 isthe Bayer's nonlinearity parameters
Moelwyn-Hughes parameter {Ccan be written as,

C1=[13/3+ @T)™ + 4/30T] (4)
Whereg. = (1p) (dp/dt) is the volume expansivity
Gruneisen paramet&e= (C;-1)/2 (5)

RESULTSAND DISCUSSION

Number of studies has been focused on the ultragwoperties of biomaterial solution [3-10].
The object of those studies is to identify the muolar interaction between biomaterial and
solvent. Recently the ultrasonic study on the smiubf D-mannitol provides sample evidence
for intermolecular force operating between D-mawingnd water [3]. The present study was
taken under acoustical behavior of D-mannitol &es& concentrations and temperatures.

The necessary data of ultrasonic velocity and densi agueous D-mannitol at various
concentrations and temperatures were taken by uBirige echo overlap and pyknometer
method. The related acoustical parameter i.e. atd@lwompressibility {;) fractional free
volume ( M), internal pressure (Pi) and Moelwyn-Hughes patam(;) are computed by given
formulae and shown graphical representation inréigh to 4 at various concentrations and
temperatures.

In ultrasonic velocity is found to increase withetincrease in mannitol concentration. The
increase in ultrasonic velocity in any solution icades the maximum association among the
molecules of solution. The maximum associationus tb the hydrogen bonding between the
solute and solvent molecules [6-10]. The condustisiudies of sucrose solutions and acoustical
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properties of fructose and maltose in water andgoeous NECI solutions also confirm the
formations of hydrogen bonds between the solutenatdr molecules [1, 2].

Figure 1 shows that, adiabatic compressibility esrdase with the increase in temperature and
D-mannitol concentrations. This confirms the presenf solute-solvent interactions through
dipole-dipole interactions of the-OH groups of migminwith the surrounding water molecules

3].

Figure 2 and 3 shows the free volumeg)(Wecrease and internal pressure with is increasing
temperature and concentration. It shows reversel trehich indicates molecular association
between D-mannitol and water molecules. The stromgtermolecular force due to thermal
agitation of molecule in aqueous mannitol.

Moelwyn-Hughes Parameter in figure 4 increase wititrease in temperatures and
concentrations. These indicate loosing of intermwer force due to thermal agitation of the
molecule in the aqueous mannitol solutions at higekeperature.The similar variations are also
found in Bayer’s nonlinearity parameter and Gruaeigarameter (not shown). These calculated
values with increasing mannitol concentration alsongly support the association.

—— 303K —B— 308K —a&— 313K —B—318K —B— 323K
45
4.4
4.3
42
4.1

4
39
38
3T 4

0 01 02 0¥ 04 05 06 O7 04 09 1
Concentration

Adiabatic compressibility ()

Figure 1:Variation of adiabatic compressibility with
concentration and tempertures
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Figure2: Variation of Free Volume with concentrations and
temperatures
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Figure 3: Variation of Internal Pressure with concentrations

and temperatures
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Figure 4: Variation of Moelwwn Hughes parameter with
concentrations and temperatures

CONCLUSION

The molecular association between D-mannitol anttmmolecules arises due to the hydrogen
bonding formation. D-mannitol shows hydrophilic ur&t with water molecules. Hence D-
mannitol is playing a very important role in foadedical and pharmaceutical industry as water
contains product.
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