Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, A®, 8(8):948-957

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Ultrasonic studies of Some Transition Metal Acetate with
Poly Ethylene Glycol at 303K

A. Sherif* and S. Chidambara Vinayagam

Post Graduate and Research Department of Chemistry, Presidency College, Chennai, Tamil Nadu, India

ABSTRACT

Ultrasonic velocity, viscosity and density of solution containing transition metal acetates with poly (ethylene glycol)
were determined at 303K. From the experimental values the acoustical parameters such as adiabatic
compressibility (), acoustic impedance (2), free path length (L;), Free Volume (Vf), Internal pressure (zi),
Absorption Coefficient (a/f?), Available Volume (Vy), Viscous Relaxation Time (r)and Cohesive Energy (CE) have
been computed. The trend in acoustical parameters with concentration identifies the strong interaction between the
solute and solvent. The variations of these parameters with composition of the mixture suggest the strength of
molecular interactions in these mixtures.
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INTRODUCTION

Ultrasonic studies of liquid mixtures provide muaformation about their physicochemical propertigleasuring

of ultrasonic velocity is used to characterizingrthodynamic and physicochemical behavior betweenlitjuid
mixtures. Using densities, viscosities and ultr&sowelocities, the acoustical parameter such asabedic
compressibility ), acoustic impedance (z) and free lengtf) flave been calculated. The variation of ultrasonic
velocity and other acoustical properties used tcidhte the intermolecular interaction of liquics®ms [1-4 ] and
ionic interactions in electrolytic solutions [5-@]trasonic technique is also useful to investightethermodynamic
behaviour of binary mixture of Polyethylene GlygoEthanol[8]and Water and poly ethylene glycols @PE0 and
PEG 400) [9].The interaction of water with poly ethylene glyctlas been studied by measuring the density of
aqueous solutions of a series of poly ethyleneaiy(PEGS) ranging in number average molecular gifrom
106 to 5607[10].The ultrasonic studies were caroetl in aqueous solution of polyethylene glycoldéferent
temperatures [11]. Recently the nanotechnologynisnteresting tool to prepare nanoparticles. Magsearchers
have synthesized Zinc oxide nanoparticle [12-1dirfrsolution of certain zinc salts. Polyethylenecgly(PEG) is
also used to prepare the zinc oxide nanopartielesiever researchers have not used the ultrasastioitgue in this
technology. At present study is done to analyseirteraction of transition metal acetate solutiofisnanganese,
cobalt, nickel and zinc in polyethylene glycol. NMaparticle such as ZnO is a white powder that luble in
water, and it is widely used in food industriesinpmand pigments, ceramic, rubber industries, sentuctors etc.
Polyethylene glycol is a condensation polymer asldide in water and other organic solvent. Polyylethe glycol

is used to make emulsifying agents, detergentqssqaasticizers, ointments etc. Ultrasonic velo¢lt), density
(p) and viscosity1f) at room temperature and at different grams (28phave been experimentally carried out by
the authors. Acoustical parameters such as adéat@tnpressibility [§), Intermolecular free length {(Land acoustic
impedance (Z) were calculated from the experimethdigdh. The results were analyzed and it may beleded that
the molecular interactions between the solute hadgolvent do exit.
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EXPERIMENTAL SECTION

In the present study chemicals of metal acetate® weed of analytical grade and supplied by Signdrich,
Mumbai. Poly ethylene glycol 200 was purchased fiomlerck Ltd. Mumbai. Manganese acetate, cobaltaéee
nickel acetate and zinc acetate were used to prepar0.6M salt solutions. Mixture of Poly ethylegtgcol 200 and
solutions of metal acetates were prepared as sgintloé zinc oxide nanoparticle [13 &24]. 10ml of talesalt
solution with various grams of poly ethylene gly¢@y-16g). The densities of salt solution were mesas using a
specific gravity bottle. The ultrasonic velocity the liquid mixtures has been measured using draddinic
interferometer (F81, Research Model, Mittal Entimgs, New Delhi) working at 2 MHz frequency withcaracy +
0.1 ms". The density and viscosity are measured usinguatgrbottle and an Ostwald's viscometer of acopafct
0.1kgm-3 and + 0.001mNsfrespectively.

THEORY AND CALCULATIONS

From the measured value of ultrasonic velocity,sitgrand viscosity the acoustical parameters sischdiabatic
compressibility fa), acoustic impedance (z) and intermolecular feegth (Lf) were calculated and evaluated by
using the standard equation

The expression used to determine the Ultrasoniacitglis U = fA ms *----------- Q)

The densities of the mixture were measured usiaddimulap, = (W./w;) ps---------- (2)

Where w = weight of distilled water, w= weight of experimental liquich; = Density of waterp, = Density of
experimental liquid.

The viscosity was determined using the relation,

2 =T (t/ty) (polp1) -----mm--mmmmmv ®)

Wherel]; = viscosity of water]], = Viscosity of mixturep; = Density of waterp, = Density of mixtures,t= Time
of flow of water, $ = Time of flow of mixture.

Using the measured data, acoustical parameters asicdiabatic compressibilityd), acoustic impedance (z),
intermolecular free length (I, Free Volume(Vy) , Internal pressureni), Absorption Coefficient¢/f?), Available
Volume (Va) Viscous Relaxation Time){and Cohesive Energy (CE)were calculated and eteduby using the
standard equation

Adiabatic Compressibilityf)

(Ba)= (1/Up) kg'mS? ---emmrmemmemeees (4)

Acoustic Impedance (2)

Z == Up kg m?stmmmmeeeeeev (5)

Free Length (}
Ly == (K/Up") m (6)

Where, K is Jacobson’s constant. This constant tenaperature dependent parameter whose valuayat a
temperature (T) is given by (93.875 + 0.345T) X.108

Free Volume (V)

VN (VPR U71%40) Rkl — (7)

Where, Meff is the effective molecular weight M= > mi xi, in which mi and xi are the  molecularigl and
the mole fraction of the individual constituentspectively and k is a temperature independent aohstqual to

4.28 x 10 for all liquids.

Internal pressurer)
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On the basis of statistical thermodynamics, Sumaysna derived an expression for the determinaifointernal
pressure through use of concept of free volume

Where

T = is the absolute temperature

P =is the density and R is the gas constant.
Mg = is the effective molecular weight.

Absorption Coefficient (aj:
It can be calculated from the viscosity using thlation,

Viscous Relaxation Timer)
It is calculated using the relation,

© = 40)/ 3pU? (10)

Available Volume (Va):
It can be calculated from Schaff’s relation

(VAR VAR GEUTIUN N —— (12)

Where \f, is the molar volume and 3 1600 mg.

Cohesive Energy (CE):

It is usually given as a product of internal presdui) and molar volume ().
(0] ST VAV P [ To] o ——— (12)

Viscous Relaxation Timer)

It is calculated using the relation,
T = 41}/ 3pU? (13)

RESULTS AND DISCUSSION

The experimentally measured values of ultrasonioocity (u), density §) and viscosity ff) of the electrolytic
solutions and calculated values of acoustical paters such as adiabatic compressibilfig)( acoustic impedance
(z) and intermolecular free length (Lf), Free VokifV;) , Internal pressureni), Absorption Coefficient ¢/f?),
Available Volume (V) Viscous Relaxation Timer),and Cohesive Energy (CE) are reported in Tablédr8he
systems of Manganous acetate + PEG 200, Cobalita¢ePEG 200, Nickel acetate+ PEG 200 and zin@tret
PEG 200 respectively. The graphs are plotted forasbnic velocity (u), adiabatic compressibilia), acoustic
impedance (z) and intermolecular free lengt}) (b various mole fractions (corresponding to weighPEG) are
shown in fig.1 to fig 4.

Table-1 Ultrasonic velocities (U), densities], viscosities ), adiabatic compressibility’s $a), acoustic impedance (Z) and intermolecular
free length (L) in various mole fraction of manganous acetate +d#y ethylene glycol 200 at 303K

Mole Fraction of | Velocity | Density \(/'i(;i%gy Adiabatic compressibility] Acous(tg ;po?edance Int. mole. free length
PEG Uy ms! | (p) kgm?® (’1N m?s) (B)/I10"%Kg ' ms? Kgm?s? (LH/10Mm
0.0135 1566 1036.16 12.787p 3.93541 1.62262 3.93603
0.0306 1614 1049.32 14.985p 3.65835 1.69360 3.79495
0.0532 1639 1071.12 20.3184 3.47539 1.75556 3.69884
0.0842 1675 1096.18 28.4328 3.25154 1.83610 3.57773
0.1297 1701 1111.85 36.187 3.10846 1.89125 3.49813
0.2023 1721 1119.06 48.2128 3.01707 1.92590 3.44632
0.337 1729 1126.67 64.0848 2.96902 1.94801 3.41877
0.673 1728 1153.42 107.52 2.90352 1.99311 3.38085

950



A. Sherif and S. Chidambara Vinayagam

J. Chem. Pharm. Res., 2016, 8(8):948-957

Table-2 Ultrasonic velocities (U), densities], viscosities ), adiabatic compressibility’s $a), acoustic impedance (Z) and intermolecular

free length (L) in various mole fractions of Cobalt acetate + Pglethylene glycol 200 at 303K

. - R Density Viscosity Adiabatic compressibility] Acoustic impedance Int. mole. free length
Mole Fraction of PEG|  Velocity(U) rils () kgm® (n) x10° (B)/10°%K g ms? (2) 11 LfY10"4
p) kg (NerS) B) g ms KgmfZSl ( f) m
0.0135 1569 1044.87 12.528 3.88769 1.639401 3.9121
0.0306 1606 1053.29 15.644 3.68096 1.691584 3.80666
0.0532 1639 1066.59 21.1976 3.49015 1.748141 39066
0.0842 1665 1078.21 28.459 3.34555 1.795220 3.62909
0.1297 1698 1090.33 42.852 3.18102 1.851380 3.53873
0.2023 1720 1104.78 62.707p 3.05962 1.900222 34705
0.337 1726 1119.17 94.2512 2.99932 1.931687 3.43617
0.673 1729 1139.460 134.3368 2.93569 1.970126 338995

Table-3 Ultrasonic velocities (U), densitiep], viscosities §), adiabatic compressibility’s $a), acoustic impedance (Z) and
intermolecular free length (L) in various mole fraction of Nickel acetate + Polethylene glycol 200 at 303K

- - Densit Viscosity Adiabatic compressibilit Acoustic impedance Int. mole. free length
Mole Fraction of PEG|  Velocity(U) rils ) k Y | () x10° 10 pressibiity (2) 1P LAY10H 9
p) kgm (Nm?s) ®) g ms Kgm?S? (L) m
0.0135 1566 1062.17 10.1224 3.83904 1.66335 3.88754
0.0306 1622 1078.22 15.5971 3.52526 1.74887 3.72528
0.0532 1640 1098.15 18.3704 3.38572 1.80096 3.65081
0.0842 1675 1111.72 25.7496 3.20608 1.86213 3.55264
0.1297 1698 1128.09 34.8068 3.07455 1.91549 3.479
0.2023 1715 1166.92 50.371p 2.9136 2.00126 3.38672
0.337 1725 1192.14 131.76Q2 2.819 2.05644 3.33128
0.673 1729 1231.73 170.2578 2.71578 2.12966 3.26972

Table-4 Ultrasonic velocities (U), densitiep], viscosities §), adiabatic compressibility’s ga), acoustic impedance (Z) and
intermolecular free length (L) in various mole fraction of Zinc acetate + Poly thylene glycol 200 at 303K

. - Density Viscosity Adiabatic compressibility] Acoustic impedance Int. mole. free length
Mole Fraction of PEG|  Velocity(U) rils () kgm® (n) x10° (B)/10°%K g ms? (2) 1 L0
p) kg (NerS) B) g ms KgmfZSl ( f) m
0.0135 1550 1047.77 12.0968 3.97256 1.62404 3.95457
0.0306 1586 1055.38 15.7944 3.76691 1.67383 3.85084
0.0532 1638 1063.11 22.7176 3.50586 1.74137 3.71501
0.0842 1670 1072.5] 30.138p 3.34323 1.79109 3.62783
0.1297 1684 1081.04 37.9276 3.26193 1.82047 3.58344
0.2023 1703 1089.26§ 50.902 3.16548 1.85501 3.53007
0.337 1704 1108.43 68.376 3.10708 1.88876 3.49736
0.673 1708 1119.69 93.228 3.06145 1.91243 3.47158

Table-5 Internal Pressurelli), Free Volume (M), Cohesive Energy(CE), available Volume (Va), Absption Coefficient(a/f?) and
Relaxation Time([) of manganous acetate + Poly ethylene glycol 200393K

Mole Eraction Internal Free Voloun;e Cohesive available Volume Abgo_rption Rele?lxation
of PEG Pressure (Vf)xl(?1 m Energy(CE) Va/10° i Coeff|C|ent(a/f) Time
1Ii x10° Pa mol™* kJmol* X 10°Npm’s? T x 10%

0.0135 8.1779 5.0878 1.7579 4.5678 0.8449 0.6709
0.0306 7.4635 5.1811 1.8233 -2.1376 0.8931 0.7309
0.0532 7.2588 4.2656 2.0375 -6.842 1.1133 0.9415
0.0842 6.9541 3.5116 2.2941 -15.464 1.4512 1.2327
0.1297 6.0735 3.4859 2.4636 -25.605 1.7387 1.4999
0.2023 5.0797 3.4833 2.6945 -40.114 2.2223 1.9394
0.337 3.8182 3.9778 2.9078 -61.4 2.8933 2.5369
0.673 2.582 4.304 3.3984 105.29 4.75 4.1625
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Fig.1- Ultrasonic velocity Versus Mole Fraction opolyethylene glycol

Table-6 Internal Pressurelli), Free Volume (M), Cohesive Energy(CE), available Volume (Va), Absption Coefficient(a/f?) and
Relaxation Time(T) of Cobalt acetate + Poly ethylene glycol 200 803K

Mole Fraction of Internal Free Volléjnge Cohesive available Volume Absprption Rele?lxation
PEG P_ressure (Vf)le m Energy(CE) Va/10'm? Cogﬁlent(glf) Time
Iix10°Pa mol™* kJmol* X10"°Npm's? T x 10%
0.0135 8.1185 5.2729 1.7331 4.136 0.8161 0.6494
0.0306 7.6513 4.8317 1.8648 -0.9139 0.9427 0.7678
0.0532 7.3812 4.0114 2.0836 -6.8806 1.1868 0.9864
0.0842 6.8906 3.4826 2.3142 -13.644 1.5035 1.269
0.1297 6.519 2.7035 2.7001 -25.369 2.1107 1.8175
0.2023 5.7364 2.351 3.0863 -40.351 2.9328 2.5581
0.337 4.6067 2.2288 3.5365 -60.454 4.3062 3.7692
0.673 2.8575 3.0906 3.8121 -107.56 5.9971 5.2583

Table-7 Internal Pressure{li), Free Volume (M), Cohesive Energy(CE), available Volume (Va), Absption Coefficient(a/f?) and
Relaxation Time([) of Nickel acetate + Poly ethylene glycol 200 ab3K

Mole Eraction| Internal Pressurd Free Vol%mae (Vf)| Cohesive Energy Available Absorption Coefficient Rela_lxation
of PEG i x10' Pa x10°m (CE) Volume Va/10* n? @f Time
mol kJmol X10""Npm™s T x 10°s
0.0135 7.3881 5.9618 1.5847 4.4608 0.6544 0.5181
0.0306 7.7247 3.2719 1.9241 -3.273 0.8913 0.7331
0.0532 7.007 2.585 2.0656 -6.852 0.9971 0.8293
0.0842 6.6722 1.596 2412 -15.263 1.2959 1.1007
0.1297 6.0125 1.0242 2.7754 -24.512 1.657 1.4269
0.2023 5.3422 0.5857 3.292 -36.598 2.2499 1.9568
0.337 5.685 0.1345 5.2634 -56.285 5.6613 4.9524
0.673 3.3897 0.0836 6.0079 -99.469 7.0313 6.1651
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Table-8 Internal Pressure{li), Free Volume (M), Cohesive Energy(CE), available Volume (Va), Absption Coefficient(a/f?) and
Relaxation Time(T) of Zinc acetate + Poly ethylene glycol 200 at 3B

. Internal Free Volume Cohesive available Volume Absorption Relaxation
Mole Fraction of (Vy) e -
PEG Pressure X108m? Energy(CE) (Va) Coefficient(a/f) Time
I1i x10” Pa mol™ kJmol* X10°m?® X10™Npm''s? T x 10%
0.0135 8.1427 5.3703 1.7200 6.5821 8.1537 0.6409
0.0306 7.8187 4.6011 1.8800 2.1061 9.8041 0.7885
0.0532 7.7505 3.5567 2.1700 -6.6571 1.2887 1.0704
0.0842 7.1356 3.1612 2.3800 14.6212 1.5843 1.3417
0.1297 6.1938 3.1585 2.5600 21.7116 1.9302 1.6483
0.2023 5.2054 3.12 2.8100 34.7795 2.4875 2.1483
0.337 3.9697 3.4865 3.0400 49.8894 3.2792 2.8386
0.673 2.3939 5.1728 3.2200 90.7521 4.3922 3.8043
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Fig.2-Adiabatic Compressibility Versus Mole Fractio of polyethylene glycol
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Fig.4- Intermolecular free length Versus Mole Fracion of polyethylene glycol
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Fig.5- Internal pressure Versus Mole Fraction of ptyethylene glycol
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Fig.8- Relaxation Time Versus Mole fraction of Polyethyleneglycol

Table 1,2, 3 and 4 shows the measured values amddéhived acoustical parameters such as adiabatic
compressibilityp), acoustic impedance(z) and intermolecular fregtleLf) for the systems of Manganous acetate
+ PEG 200, Cobalt acetate+ PEG 200, Nickel aceta®® 200 and zinc acetate + PEG 200 at 303K. \Weeno-
sphere of both of molecules of metal acetates ahdgihylene glycol overlap/interact due to theiymity caused

by van der waals, hydrogen bonding or electrostataractions, some of the co- spherical molecsiarctures are
displaced/distorted or disrupted, causing chanyesiameters.

Ultrasonic velocity increases with increase in @ncation of PEG. Variation of ultrasonic velocityin aqueous
solution of metal acetates in polyethylene glyagpehds upon the increase or decrease of interntatdioee length
(Lg). The increase in velocity (fig.1) with concenimats suggests the increase in cohesive forcesalpelymer-
solvent interactiond®.Mole Fraction after 0.337M (Weight of poly ethytemlycol after 14gram) the ultrasonic
values slightly increases in all the systems exz@yat acetate —poly ethylene system. This indicatés337 M may
be strong interaction between the solute and sblmemay be form the nano particle of metal oxitlenale fraction
0.2023M(12gram) in zinc system may indicate forowatof zinc oxide™. The density and viscosity values also
occur in the same trend with velocity in the akktgyns due to the strong interaction of solutions.

From the Tables 1- 4 and fig .2, it is observed #tabatic compressibilityB&) decreases with increase in mole
fraction of poly ethylene glycol. This increasesinuctural order of metal acetates and poly etlegylgiycol may
result in more cohesion, and leads to a decredi® ihhe decrease fa results in an increase in the value of U. the
change in the adiabatic compressibilipa) in the mixture of solution indicates there isittaction on mixing and
the variation is may be due to formation of comptexnano materidf’.The reverse trend occurs in the acoustic
impedance (Z) with increase weight of poly ethylghecol in all the systems are shown in Table1-d4 &9.3.The
increase in acoustic impedance with increase iceotnation metal salt solution indicate solute-salvinteraction
increasé&’. The calculated other parameter of intermolectree length (L) is important parameter to access the
molecular interactions between the molecules. mmtdecular free length decreases with increase @ th
concentration of polyethylene glycol with metal @te solution. According to the Eyring and Kincaimdetf’,
ultrasonic velocity varies inversely with the inteslecular free length in the liquid mixtures. Inetlpresent
investigation, the positive values of intermolecuie length of PEG with metal acetate solutiors faund to
decrease with respect to the various concentratindsncrease and are given fig.4. Decrease indragh is due to
compression of liquid which indicates that the males are coming closer to each other; hence teenolecular
cohesion is stronger leading to strong moleculsociatior®.

The values of Free Volum@/), Internal pressureni), Absorption Coefficient (afj, Available Volume (Va)
Viscous Relaxation Timert), and Cohesive Energy (CE) are given in Table &8 fig. 5-9. The increase in
cohesive energy with increase in mole fraction alfyethylene glycol indicates the interaction beswenetal salt
solutions and poly ethylene glycol. Fig.6-8 showst@ng interaction for cobalt and nickel solutidhan other
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metal solutions. The same trend occurs in the ofssbsorption coefficient and relaxation time valuadicate
solute-solvent interaction between the moleculd® hternal pressure provides the information. Takulated
internal pressure values are shown in Table 5-& dbcrease in internal pressure value indicateshiteer
repulsive force created between the molecule alsndrease in mole fraction of poly ethylene glycalicates the
weak ionic —induced interaction between the sckstevent molecufd>?,

The structures of solvent and solute are changedolation due to interactions, provides variation their

properties. The interaction is not responsible doly molecular structure and also due to dipolestdip solute-
solvent, solvent-solvent, and charge transfer armbmplex formation. The ultrasonic velocity valukepend on the
weight of polyethylene glycol for manganese, cqohttkel and zinc ions. At higher concentratiorterms of mole
fraction of poly ethylene glycol the ultrasonic @eity values are same for manganese, cobalt anelnsystems
indicating strong molecular interaction indicatdse tnanomaterial formation. In zinc system the mdbec
interaction occurs at slightly lower concentratafrpolyethylene glycol due to nanoparticle formatio

CONCLUSION

Ultrasonic investigations of transition metal atesain poly ethylene glycol solutions have beemiedrout at wide
range of concentrations. The association of pojgetie glycol with transition metal acetates duethte strong
interaction between solute —solvent depends onirheease in the ultrasonic velocity and other atoals
parameters such as adiabatic compressibpay, (Intermolecular free length dlland acoustic impedance (Z). In all
systems the interactions occur at higher conceotratf poly ethylene glycol. It may be because ofymer
molecules come close to the solute molecules. Hewivzinc acetate-poly ethylene glycol systemititeraction
occurs at slightly low concentration than otherteyss.
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