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ABSTRACT

Ultrasonic velocity and density have been measumedon aqueous solution of the synthesized ligands 5-

bromosalicylidene-2-amino-4-methylbenzothiazole BBA 5-bromosalicylidene- 2-amino-4-chlorophenoAEP)

and their metal complexes with Co(ll), Ni(ll) and(@) in methanol. The value of apparent molar wvokj acoustic
impedance, adiabatic compressibility, inter molecutee length and molar sound velocity (Rao’s ¢anf have
been calculated from density and ultrasonic veljodiata. The results have been discussed in the difkolvent
interaction and structure effecting metal complexes

Key words: Ultrasonic velocity, Acoustical properties, Metalhaplexes.

INTRODUCTION

Ultrasonic is an interesting field of study whiclakes an effective contribution to many areas of énundeavor.
In recent years, many attempts have been madesifidid of physical acoustics and ultrasound orndsolliquids
and gases. Drug macro molecular interactions apeiitant phenomena in physiology such as blood mengsand
intra/extra cellular fluids [1-3]. Hydrophilic artiydrophobic groups are present in almost everyobiohl system.
The cells of living organisms are composed of m#&mds of complex molecules such as lipids, proteins
carbohydrates and nucleic acids. Studies of monami¢s of these biopolymers may through light ompéexity of
these biomolecules of the metal involved with liyimrganism, this make us to understand their oaliip.
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5-Bromosalicylidene-2-amino-4-methylbenzothiazole

Br Cl
QC:P@
H
OH HO

5-Bromosalicylidene-2-amino-4-chlorophenol

However, due to the complexities of biological campds, direct experimental studies are not feasibtk hence
several parameters viz. apparent molar volume batla compressibility, Rao's constant, (molar soualbcity),
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acoustic impedance, studied through density andadhic velocity measurement, indirectly may beduse
investigate the chemical behaviour/molecular irtéoa in such systems [4,5]. The successful apgdinaof

acoustic methods to physico-chemical investigatibsolution becomes possible after the developroéatequate
theoretical approaches and methods for precisasoltmd velocity measurements in small volumegqoidis. In the
present studies, the ultrasonic velocity and dgriitsolutions of new Schiff bases and their metahplexes of
Co(ll), Ni(ll) and Cu(ll) have been measured andiosas acoustical parameters have been calculatetbim

agueous medium.

MATERIALS AND METHODS

All the used chemicals were of Anal R grade. A# tleagents from Sigma Aldrich. Metal salts wereaiigtd from
Loba Chemie. The ultrasonic velocity of the solatisas measured by using frequency of 2MHz with @uecy
of 0.03% at constant temperature.

RESULTS AND DISCUSSION

Complex compounds have characteristics that adde for the study of solute-solvent interactidmgsa suitable
selection of ligands and/or metal ions, the effefcfactors such as the size, structures and atecltrarge and its
distribution can be studied systematically. Theitamay be used to understand the nature of the smivent/solute
solvent interactions. These metal complexes magpsstructure promoters/structure maker or bredker.density,

ultrasonic velocity, acoustic impedance, molar sbwelocity (Rao's Constant), intermolecular freaghh and

adiabatic compressibility, free volume, internadgsure and cohesive forces of metal ion and metaplexes have
been presented in Table 1 and 2 [6-9].

The values of parameters for solution of metal dewgs, ligands (Schiff base) and metal chloriddeotfthe
interaction between metal ion and ligand in methascsolvent medium. The value of ultrasonic veioof ligands
at three different concentrations are in order B&ABACP. In general, on comparing the metal ion systhis
order comes to be Cu(Il)>Ni(ll)>Co(ll). Almost fall the three concentrations, ultrasonic velocity alensity
decrease on lowering the concentration.

The increase in the value of density has beerbat&d to increase in hydrophilic interaction. Ih@dso be seen that
the sound velocity increases or decreases dependitige structural properties of solute. Therethie solute that
increases the ultrasonic velocity is the structneder and those decreases the sound velocityramse breakers.
The values of apparent molar volume for Ni(ll) -qdexes in all the cases decrease in the order:)Ni(l
BABT>BACP. In the Co(ll) complex, this order contesbe BABT>BACP, while in the copper(ll) complexlvas
of apparent molar volume are in order Cu(ll) - BAEACP. Variation in apparent molar volume may be
accounted to the size and geometrical arrangememhetal complexes in solution. Apparent molar vodum
decreases with decrease in concentration of siidieating the decrease in stacking interactionveen solute and
solvent molecules. Fig- show a plot of ultrasonitoeity against the concentration of solution wigtedying the
values of ultrasonic velocity of ligands, it comssmparatively higher for the metal, [M = Co(ll)/N){Cu(ll)]
complexes of ligand (BABT). The values of ultrasprielocity of various Schiff base (ligand) systeatsthree
different concentrations follow the order: BABT>BRCIn general, on comparing the metal ion systehis,order
comes to be Cu(ll)>Ni(ll)>Co(ll), almost for alléithree concentrations.

On complexation the value and order of ultrasomioeity is changes. This reflects about the immdatature and
extent of interaction of both ligand and metal i@msthe solute-solvent interaction. Ultrasonic eépand density
decrease on lowering the concentration. With irsgeim concentration of solution, the ultrasonicoedly (U),
acoustic impedance (Z) and molar sound velocityi{R)ease, while compressibilitpd), and inter molecular free
length (L) decreases. The increase in ultrasonic veloc&y aldicates about the association among the melecu
and greater solute-solvent interaction. Molar sourelocity (Rao's constant)l increases with incre&se
concentration of solute. This parameter also indEaolute-solvent interactions depend on freetteagiong the
molecules.

The adiabatic compressibility values are compagtiviower in ligand- metal complexes (BABT-Cu), in
comparison to other metal chelates. The (BABT-Cajahcomplexes are in more compressed state tiansotOn
comparing the adiabatic compressibility of metaimptexes, the order comes to be Co(ll)-BACP>Cu(ll)-
BACP>Ni(ll)-BACP> Co(ll)-BABT>Ni(ll)-BABT>Cu(ll)-BABT.
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Table 1 : Value of density (do), ultrasonic velocyt (U), apparent molar volume (&), acoustic impedance (Z), adiabatic compressibilit
(#s), Rao's Constant (R) and intermolecular free lendt (Ly) for ligands BACP, BABT, metal (Coll/Nill/Cull) ch lorides and their metal
complexes at 301.15K

Molar Conc. | dox10° U @, x10° Zx10° x10M
dm3 | (kgm?) | (ms?) | (mPmol) | (kgm?s?h ?mZN'l) (Rx10) | Sn
BACP (Ligand) (CzHsBrCINO ;)

0.01 0.8133 1139 312.06 927.44 82.01 323932 158.7
0.005 0.8131 1134 614.06 924.07 82.30 63828.16 980[1.
0.0025 0.8120 1129 721.08 917.9 82.40 74951.77 7498

Co(ll) - BACP (C1:H1:BrCICoNOs)

0.01 0.8150 1142 340.53 928.53 81.60 3557|32 161.2
0.005 0.8144 1135 462.43 924.93 81.50 4825(09 306.5
0.0025 0.8132 1133 567.46 922.71 81.5%0 691925 5503.

Ni(Il) — BACP (C 1:H2BrCINNIO 5)

0.01 0.8147 1148 345.54 933.34 81.60 3618/18 162.1
0.005 0.8143 1145 381.62 931.27 81.62 398139 305.3
0.0025 0.8141 1144 460.34 931.21 81.91 4815|53 2506.

Cu(ll) — BACP (C1:HsBrCICUNO 5)

0.01 0.8160 1150 390.60 938.4( 81.90 409227 162.6
0.005 0.8150 1144 422.64 932.36 81.98 4420|124 309.2
0.0025 0.8148 1150 520.66 928.87 82.10 543904 1512.

BABT (ngand) C1:H1,BrOS

0.01 0.8146 1142 320.58 930.57 81.40 3350187 16[1.41
0.005 0.8140 1140 478.96 927.96 81.40 500342 20B8.3
0.0025 0.8130 1131 880.08 919.5 81.40 9169(44 2428.

Co (“) — BABT (C 3cH248|’200N404SQ)

0.01 0.8153 1170 380.06 953.9( 81.20 4004)79 16R.62
0.005 0.8150 1168 492.08 951.97 81.30 5182|122 31p.2
0.0025 0.8148 1158 1010.7 943.538 81.30 10614.120.343

Ni(Il) — BABT (C acH 2B NNiO.S,)

0.01 0.8162 1182 396..86 964.74 81.00 4196|07 664.3
0.005 0.8160 1180 492.67 962.84 81.10 5206|15 31p.6
0.0025 0.8149 1165] 1020.9¢ 936.32 81.30 10742.792.433

CU(”) — BABT (C 3CHZABrZCuNAOASz)

0.01 0.8172 1190 398.67 972.44 80.80 4224170 16H.32
0.005 0.8167 1184 488.66 966.97 81.00 516960 31B.1
0.0025 0.8153 1170 990.86 953.9 81.10 1044(.97 .1836

COClz- 6H,0

0.01 0.8189 1135 225.67 929.45 82.60 2553]99 155.21
0.005 0.8185 1130 280.68 924.9( 82.40 292350 204.2
0.0025 0.8180 1125 640.46 920.21 82.00 6661/05 5606.

NiCl, - 6H,O

0.01 0.8187 1138 230.68 929.45 82.20 240837 154.22
0.005 0.8184 1135 294.74 924.9( 82.00 3074|47 298.4
0.0025 0.8184 1132 880.69 920.21 82.00 9178/50 280[1.

CUClz 2H,0O

0.01 0.8190 1140 235.67 933.66 82.]10 2461[91 154.24
0.005 0.8178 1136 340.46 933.07 81.90 3552(43  30B.2
0.0025 0.8168 1134 990.45 929.21 81.$0 10328.49 .3610

The difference ifs may be accounted to the nature of ligand (reltivesak or strong field), solvation behavior,
stereo- arrangement of ligand around the metalrion;spherical 3d-ions radii and change in co-@tidm number.
In other words, the bulky chelate ring of the ligamakes the metal complexes hard to compress. fituege in
trend may be attributed to the activation energga¥vation, influence of size and distorted geognefrmetal ion-
polyhedron. The decreasefia values with increasing concentration of solutghhbe due to aggregation of solvent
molecules around the solute molecules. The abosterasf Ss follows thatfs depend upon the solvation layer
formed around the metal complexes. It is also ofeskthat the overlap of co-sphere of two ionic geproduce an
increase in volume whereas overlap of hydrophitid Bydrophobic group results, decrease in volunighét value
for ultrasonic velocity and acoustic impedance #mger value of adiabatic compressibility for ligamdetal
complex may be due to ligand structural effect.

The computed other parameters like free volume iatetnal pressure are given in Table 2. The frelme is
found to decrease with lowering in concentratiohe Tinternal pressure is found to increase with rovgein
concentration. An inverse trend as expected has Been in free volume changes. The internal pressua
sensitive parameter of solute and solvent intevactand gives both the attractive and repulsive emdar
interactions. The internal pressure of the solimiereases with lowering in concentration.
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Internal pressure provides a very important renfiarkhe study of structure and nature of moleciggractions in
liquids. The results are reported in table 1 comfpag account of values of internal pressure amaagous

complexes is as follows: Co(ll)-BACP>Cu(ll)- BACPos(I)-BABT>Ni(Il)-BABT>Cu(ll)-BABT.

On comparing the value of internal pressure ofed#fit metal ions with same ligand, it has been dotlmat the
ligand BACP and BABT show similar behaviour i.e.(lD@Ni(ll)>Cu(ll). Further the decrease in freelume and
increase in internal pressure with rise in conegitn of metal complexes in all the systems cleahpw the
inceasing magnitude of molecular interactions.

Table 2 : Value of molar volume (\,), free volume (V) internal pressure i), cohesive forces (H) and intermolecular free lenly (L) for

ligands BACP, BABT, metal (Coll/Nill/Cull) chloride s and their metal complexes at 301.15K

Molar Conc. dm® | Vpx10° | Vx10' [ #@ix10® | Hx10° | Lx10™
BACP (Ligand) (C1zH¢BrCINO ,)

0.01 400.885| 0.6222 14.369 57.603 0.8442
0.005 400.984 0.6219 14.520 58.2P2  0.84p8
0.0025 401.477 0.6204 14.708 59.049 0.8492

Co(ll) - BACP (C1:H1:BrCICoNO5)

0.01 931.860 1.151 41.97 39.112  0.83p3
0.005 932.203 1.150 41.988 39.150 0.83[8
0.0025 933.579 1.147 42.105 39.350  0.8378

Ni(Il) - BACP (C 1aH1:BrCINNIO 5

0.01 931.402 1.152 41.894 39.020  0.82P8
0.005 932.774 1.150 41.898 39.089 0.82p3
0.0025 932.432 1.147 41913 39.081 0.82P1

Cu(ll) — BACP (C1:H¢BrCICUNO )

0.01 936.274 1.140 42.779  40.0T4  0.84B80
0.005 937.432 1.137 42.826 40.145 0.84p1
0.0025 937.653 1.137 42.822 40.152  0.84p3

BABT (LI and) (ClanBrOS)

0.01 425.975] 0.5511 18.177  77.429  0.86p7
0.005 426.280 0.5503 18.370 78.307  0.8607
0.0025 426.810 0.5508 18.379 78.443  0.8825

CO(”) - BABT (C 3cH24B|’2CON404&)

0.01 917.453 1.188 3941 36.16¢3  0.8385
0.005 917.791 1.187 39.479 36.283  0.83p2
0.0025 918.014 1.186 39.483 36.246 0.8385

Ni(Il) - BABT (C scH2BrNNiO.S,)

0.01 916.442 1.190 39.26§f 35.983 0.83]0
0.005 916.666 1.191 39.283 36.009  0.83p2
0.0025 917.904 1.186 39.522 36.2y7 0.8373

CU(“) - BABT (C 3cH24B|’2CUN404&)

0.01 921.439 1.177 40.13p  36.979  0.8180
0.005 922.003 1.176 40.188 37.0%3  0.83[L0
0.0025 923.586 1.172 40.420 37.3B1  0.83p2

COC|2 .6H,O

0.01 290.279] 0.01186 39.525 11.4y3 0.87p1
0.005 290.421) 0.01185 39.575 11.4p3  0.8849
0.0025 290.599 0.01184 39.602 11.5013 0.8932

NiCl; .6H,0

0.01 290.350] 0.01186 39.545 11516 0.87p2
0.005 290.456)  0.01185 39.625 11.7p0  0.8789
0.0025 290.456 0.001185 39.624 11.863 0.8888

CUClz 2H20

0.01 208.156] 0.02307 10.448 21.790  0.86R0
0.005 208.730 0.02295 10.561 21.8p5 0.8703
0.0025 208.998 0.2289 10.572 21.903  0.8810

In the solid phase, the ligands act as monodehtdesitate chelating agents and have C=N linkage. liands
coordinate with the metal through the N and/or @afoHere the complexes exhibit 4 or 6 coordinatiamber and
metal to ligand stoichiometry in 1:2. Such biomiimetnd bio-synergistic studies of metal chelatesdlution may
be useful in understanding the interaction of metalated bimolecule in the body system. The studie these
lines may govern and guide for the subject andnbidecular dynamics in animal physiology vis-a-vi®riganic

medicinal chemistry.
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CONCLUSION

In the present investigation, density and ultrasovglocity have been measured in non-aqueous eoluif

synthesized metal complexes viz BABT- Co(ll), Ni{ICu(ll) and BACP - Co(ll), Ni(ll), Cu(ll) at 3015 K. From

the behavior of acoustical parameters, it can becloded that solute-solvent interaction gets weallewith

lowering concentration of 301.15 K. Such biomimeticd bio-synergistic studies of metal chelatesinotoon may

be useful in understanding the interaction of mekadlated biomolecules in the body system. Theiesuon these
lines may govern and guide for the subjects andlpnes, viz pharmacokinetics, biomolecular dynanicanimal

physiology and inorganic medicinal chemistry.
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