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ABSTRACT

Velocities of longitudinal ultrasonic waves have been measured at room temperature for substituted thiazolidinesin
acetone (w:v %) using pulse-echo technique. Data of the measured ultrasonic velocity and density were used to
evaluate many acoustical and volumetric parameters, such as specific acoustic impedance, adiabatic
compressibility, partial molal volume, intermolecular free length, apparent molal compressibility, relative
association and salvation number. The changes in these parameters have been interpreted in terms of acetone
concentration. Results showed that, the acoustical and volumetric parameters yielded valuable information about
the behavior of acetone in the investigated solutions of thiazolidines.
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INTRODUCTION

It has been noticed over the years that interedtiolpgical activities were associated with thiadivles. Recently
applications of thiazolidines were found in drugyelepment for the treatment of allergies, [1] Hiédctions, [2]
tumor, [3] bacterial and inflammation. [3,4] Al al have recently reported on the synthesis of vargriscted
thiazolidines of antibacterial and antioxidant @ties. [5,6] In the recent years, the ultrasoreo+uestructive pulse-
echo technique has been found to be one of thedi@stiques to characterize the acoustical pragseai materials.
The measurements of the ultrasonic velocity argftklto interpreted solute-solvent, ionsolvent fatgion in
aqueous and non aqueous medium. [7-9] Fuena [10] studied the acoustical properties of complexvater. It
was investigated the acoustical properties of fdiffierent drugs in methanol and/or water and it vaawn
conclusion from adiabatic compressibility. [11,2\2¢shramet al also studied the different acoustical properties o
some substituted pyrazolines in binary mixture @oetwater and observed variation of ultrasonic cigjowith
concentration. [13] In other site, Palani measuveth ultrasonic velocity and density of amino atidaqueous
magnesium acetate at constant temperature. [I¥jdtfound that the ion-dipole interaction mainlypeeds on ion
size and polarity of solvent. The strength of igpete attraction is directly proportional to theeiof the ions,
magnitude of dipole. However that inversely projordl to the distance between ion and molecules] The
acoustical and thermodynamic properties of citddan water at different temperature. [16] Mishataal have
investigated ultrasonic velocity and density in naqueous solution of metal complex and evaluateustoo
properties of metal complex. [17] Arvinthretjal have determined the acoustic properties for theéure of amines
with amide in benzene at 303K-313K. They also dweiteed thermodynamic parameters 13.S.K. [18] Thakal
have studied the different acoustical parametersimdry mixture of 1-propanol and water. [19] Afteview of
literature survey the detail study of substitutedehocyclic drugs under identical set of experirabobndition is
still lacking. It was thought of interest to stuthe acoustical properties of prospective thiaznédi drugs under
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suitable condition. Therefore, the goal of the présvork is to measure the room temperature ultiaseelocity for
substituted thiazolidines, prepared as reportelitérature, [5,6] in acetone (w/v)% as a solvernhggulse-echo
technique. The data of measured velocity and dengit be used to evaluate many acoustical and meiic
parameters, such as the specific acoustic impedadésbatic compressibility, intermolecular freadéh, apparent
molal compressibility, relative association andszaibn number.

EXPERIMENTAL SECTION

The substituted thiazolidines, [5,6] are used ia fresent study. Acetone is used for solution petjwa of
different drugs. The densitiesl() of the investigated solutions were determinedubipng specific gravity bottle.
The relative error in these measurements was abolix10* g/cn?.

The measurement of ultrasonic velocitl) () in each investigated liquid sample was carried auroom
temperature and at 2 MHz frequency by using puéssho technique (GE model: USN60). The elapsed time
between the initiation and the receipt of the pulses determined. The velocity was therefore obthimgdividing

the round trip distance by the elapsed time. Thep@rature of the solution was mentioned constartitoylating
water through the double wall measuring cell mageofiglass. Simple combinations of the measurecsgdhic

velocity and density allows the determination of trarious acoustic and volumetric properties adogrdo the
following standard relations:

Specific acoustic impedancé = d U 1)

Adiabatic compressibility3, = (LJ )
dS S

Intermolecular free length., = K322 @)

where K is Jacobson constdiftwhich is given at temperatuf® by the relationK = (91368+ 0.3565T YL0™®.

Acetone conc.(%) are expressed by mL: mg (acetamg:. to give total of one hundred. Accordingly, high
concentration of the compound is found, at 55% (f5 mL of acetone).

RESULTS AND DISCUSSION
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Figure 1. Structures of selected thiazolidines laand l1a-c
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Ultrasonic parameters of selected thiazolidid@se and 2a-c (Figure 1) were measured e.g. density)(and
ultrasonic velocity U ), are listed in Table 1 for all solutions undeveagtigation, beside the calculated values of

adiabatic compressibility £), partial molal volume §,), intermolecular free lengthl(, ), apparent molal

compressibility (f, ), specific acoustic impedanceZ(), relative associationR, ), solvation number §,). It is
seen from the table that all the parameters anagly dependent upon the concentration of acetotigei solution.

It is well known that, the ultrasonic waves trawgbre faster in a more dense materials. This isitrimse of the
investigated solutions as shown in Table 1. FigRrdlustrates how the ultrasonic velocity variesttwithe

concentration of acetone in all solutions undeestigation. The figure shows clearly that, theagtmic velocity
decreases linearly with increasing concentratioaastone in the solution. The changes in the wliiasvelocity

can be explained on the basis of a model presdntdelyring and Kincaid [20] for sound propagationfadows.

According to this model, variation of ultrasoniclagty in solution depends upon the increase orefse of
intermolecular free length after mixing the compuatse Generally, it is expected that the intermdigctree length
and ultrasonic velocity should show a inverse i@hatwith each other. It has been found that, insirea the
concentration of the substituted heterocyclic conmats in dioxane leads to an increase in the intlercotar free
length and decrease in the measured ultrasonicitaeld he increase in the intermolecular free lénigt the greater
force of interaction between solute and solvenfdsyning hydrogen bonding. [20] This is due to thgngficant

interaction between ions and solvent molecules estijgg a structure promoting behavior of the adeledtrolyte.

This may also indicates that decrease in numbdreef ions showing the occurrence of ionic assamiatue to
weak ion-ion interaction. In case of the invesgghsolutions, the behavior of the intermoleculaeftength with the
percentage of acetone is completely opposite tbdhéhe measured ultrasonic velocity. These respitove that
Eyring and Kincaid model [20] is valid for the irsteyated solutions. Equation (1) suggests thatattmustic
impedance of materials depend on two major parasjetdich are the density and ultrasonic velocity.
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Figure. 2: Variation of ultrasonic velocity with acetone concentration for the substituted thiazolidies 1a-e and 2a-c in acetone-water
mixture. The solid lines are drawn as a guide to #eye.

One interesting observation in Table 1 is that, measured density values changes slightly withemsing the
acetone concentration in all studied solutions.sTéuggests that ultrasonic velocity is the corarbifactor for
estimating the acoustic impedance of these solsitibhis suggests that ultrasonic velocity is thetrdled factor
for estimating the acoustic impedance of thesetismist This explains why the acoustic impedanceafbelthe same
trend as that of ultrasonic velocity with acetooaaentration. Generally, it is expected that theuatic impedance
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and adiabatic compressibility should show oppobiébavior to each other. This is also true in cakdhe
investigated systems as shown in Table 1. The deseré the specific acoustic impedance and an aseref
adiabatic compressibility with the increase of patage of acetone in the solution may be due teat@n of
solvent molecule around ions. This behavior indisathe existence of weak ion-solvent interactioh] [2nd
indicates that there is significant solute-solieteraction.

Table 1. Ultrasonic velocity, density, adiabatic ampressibility and specific acoustic impedance Intenolecular free length of solutions
with different percentage of acetone-water mixture.

. . Adiabatic Intermolecular free Acoustic
Acetone Ultrasonic Density ibili | h . d

conc.(%) velocity(m/s) (Kg/m3) complroes& ||2ty engltl impedance

’ (x10%Kg/ms?) ( x10%'m) ( x1CPKg/m?s)
la

45 1361.23606 813.92 6.64 5.09 1.1071

55 1322.06287 813.76 7.03 5.03 1.0758

65 1363.63636 813.65 6.60 5.08 1.1095

75 1326.97807 813.7 6.98 5.24 1.0798
1b

55 1373.32281 814.1 6.51 5.04 1.1180

65 1375.49407 814.46 6.49 5.03 1.1203

75 1251.12 816.52 6.82 5.53 1.0216
1c

45 1386.454 814.12 6.39 5.00 1.1287

55 1366.045 809.53 6.62 5.08 1.1059

65 1362.835 811.52 6.63 5.09 1.1060

75 1359.906 813.79 6.64 5.09 1.1067
1d

55 1308.763 815.42 7.16 5.29 1.0672

65 1295.004 811.1 7.20 5.26 1.0504

75 1325.462 810.29 7.35 5.36 1.074
le

45 1315.441 817.43 7.07 5.25 1.0753

55 1319.181 817.35 7.03 5.24 1.0782

65 1340.008 815.35 6.83 5.16 1.0926

75 1280.471 816.61 6.47 5.40 1.0456
2a

55 1373.323 808 6.56 5.06 1.1096

65 1344.928 812 6.81 5.16 1.0920

75 1346.489 813 6.78 5.15 1.0947
2b

55 1346.749 813 6.78 5.15 1.0949

65 1342.852 810 6.85 5.17 1.0877

75 1340.524 810 6.87 5.18 1.0858
2c

55 1299.235 809 7.32 5.35 1.0511

65 1314.199 807 7.17 5.29 1.0606

75 1283.422 806 7.53 5.42 1.0344

Figure 3. Suggested hydrogen bond formation in congqund 2a

In Table 1, it is also cleared that high intermalac length was appeared Inl compared with other substituents,
suggested that increasing its hydrogen bond inieraén solution. It is well-known thabiological activity of
chemical compounds depend on the presence of iatecoiar hydrogen bond (IHB). [2d]hus, it can be noted that
compoundld would show potentially high biological activity @mpared with the other substituents due to the
basicity pyridine moiety. [5] From Besides, it cam also concluded that high dilution of the orgamimiety (75%
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acetone) increases with the intermolecular fregtlenso that more increasing of the hydrogen barchétion.
Thus, it can be noted that compoutdiwould show potentially high biological activity asmpared with the other
substitutents due to the basicity pyridine moig¢b}. Besides, it can be also concluded that hightidih of the
organic moiety (75% acetone) increases with thaimolecular free length, so that more increasinthefydrogen
bond formation. It is obviously noted that composi@d-c contain three oxygen atoms as electronegativeesiesn
that enable to hydrogen bond formation (e.g. comgda, Figure 3)with the solvent and consequently indicate
high interamolecular lengths compared with thosé&re at more dilutions. It is known that the ultrasos@mund
wave causes oscillations in pressure but the afioifis are fast enough that heat can't move frompcessed
regions to rarified regions in order to keep thmgerature constant. Before the heat can be cortlastay from
the compressed regions the compression has movsal tiat sound propagation is adiabatic.

Although static measurements have been used ferptlnipose, the observations indicated that measuntsnof

protein dynamics are effectively a more “sensitivasthod of determining the conditions under whichtgins are
most stable. [23] Accordingly, measurement of ldii compressibility, herein, would give infornmatiabout the
stability of thiazole moiety as a prospective dagginst degradation. Moreover, and from Tablei4 itoted that
generally, density and ultrasonic velocity increaséh increase in molar solution. The increasedlocity is due to
the decrease in adiabatic compressibility of theitl solution. The adiabatic compressibility are tleciding factors
of the ultrasonic velocity in the liquid solutionhigh directly relates with the anti-bacterial aitjivof that

compound. More solution concentration of solutioorenactive is the compound towards bacteria hesctha
concentration increases activity increases whitdtes with the effect of adiabatic compressibitifythe compound.
Hence adiabatic compressibility values is invergebportional to the molar solution concentration.

CONCLUSION

In conclusion, acoustical and volumetric parametesing ultrasonic echo technique can give us véuab
information about the behavior of thiazolidinessmlutions of the solute-solvent interaction. Therefmuch more
studies are required to apply the aforesaid stadyatious heterocycles in order to study their iitgbn solutions
and to introduce information about their stabifitin solutions to be used as potentially biologieative
compounds.
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