Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 6(4):1232-1242

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Ultrasonic studies on molecular interactions of Zn®, in agueous
solutions of glucose at various concentrations

Neha Sawhney, Mukesh Kumar, Amit Kumar Sharma and Meena Sharma

Department of Chemistry, University of Jammu (J&Kilia

ABSTRACT

The values of density)( ultrasonic velocity (U) and viscosity)(for various concentrations of Zng@as been
measured in various aqueous solutions of glucoséMitl, and at 303.15 K in order to study the ion—solvent
interactions. By using standard relations from mead values of density, ultrasonic velocity (U) asistosity 4),

the desired acoustical and thermodynamic paramsetach as adiabatic compressbilifag), intermolecular free
length (lf), acoustic impedance (Z), relaxation timg, (ao’s constant (R), wada’s constant (W), free volume
(Vf), gibb’s free energyAG) and available volume &Y have been calculated. The changes in these p&eene
with change in concentration have been explainedtlm basis of solute-solvent interactions and dstrec
modifying tendency of solute in solvent. It is obsé that ion—solvent interactions increase witltregase in
concentration of ZH ions in agueous solutions of glucose.
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INTRODUCTION

Ultrasonic studies helps in characterising acoaktad thermodynamic behaviour of various liquicties [1-4].

Ultrasonic waves are also known as acoustic wahagsare propagating with frequency above 20, iHultrasonic

velocimetry, the propagation velocity of the ulbae wave, called the ultrasonic velocity, and nseasured by
applying wave frequencies in the frequency rangevéen 5 to 10 MHz. Ultrasonic velocity of any mediu
depends on density and adiabatic compressibilitthaf medium through a simple mathematical relataled

Newton-Laplace equation:

y=1
/ (mPad) /2

The ultrasonic velocity is thus having tendencypodviding volumetric and elastic information on wels in

aqueous solution [5]. Ultrasonic methods have hmeferred as compared to other techniques (Wyn. 4966)

like Infrared spectroscopy, Nuclear Magnetic Resgraetc., as Speed of sound itself is highly ¢$iwesio the

structure and molecular interactions present @ ftiquid mixtures that are related to the bindimges between
the constituents of the medium [6]. For estimatioh the molecular interactions in solutions qualily, the

ultrasonic velocity approach was first studied tageéman [7]. Ultrasonic methods helps for studyirgetular

interactions and studies on these interactionsigreficant for investigating their physico-chenlibahaviour.

Carbohydrates are one of the most important clasesganic compound that can present abundantlyving

nature .Carbohydrates play vital role in variety afeas including biological, industrial applicatonThe
preservation of sugar rich food products are diyemdlated to sugar water interactions. Carbohydratnd metal
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cations coexist in biological fluids. Carbohydratastal complexes plays a vital role in chemistrg &iology so
various studies of interaction between carbohydrated metal cations have been carried out. Measunteof

ultrasonic velocity and related parameters givéghtsinto solution properties. As ultrasonic wayesss through
liquid medium they undergo dispersion and distugbihe equilibrium between the molecules. The vé&oof

ultrasonic waves plays a very important role fdeipreting ion-solvent interactions or solute-salviteractions
which determine the chemical structure of soluteest molecules. Jacobson’s model and Shaaf's nmualet been
extensively used to explain and interpret the te4819].

EXPERIMENTAL SECTION

Glucose and Zinc Sulphate (A R grade) were drieléiuvaccum for 24 hours before use to minimize dgassition due to
bacterial contamination. Triply distilled water wased for preparation of various solutions and s prepared by
distilling ordinary water thrice over alkaline KM@ all glass apparatus.

Density Measurement

Densities of various solutions were measured uSingl capacity of specific gravity bottle. The temgere is
maintained constant by immersing the bottle in Balthermostat for 15 minutes. The density can beuleded
using the formula

Py = ("/w) Py (kgni®) (1)

where,

ws, is the weight of the distilled water.

W,, is the weight of the experimental liquid.

p1, is the density of water.

p2,1s the density of experimental liquid.

Density of water is taken from the literature

Weight can be determined by using digital balanitk accuracy of 0.0001gAn

Viscosity measurement

The viscosity of the aqueous solutions is measusdg an Ostwald’s viscometer calibrated with dguttiktilled
water. The Ostwald’s Viscometer with the experimaklituid is immersed in a temperature controllestev bath.
The flow of time was measured by a digital stopolaf he viscosity can be calculated using the fdamu

= m (%) (7/p,) (kgm's™) 03

where,

71, is the Viscosity of water

ty, is the time of flow of water

p1. 1S the density of water.

72, IS the viscosity of the experimental liquid.
t,, is the time of flow of the experimental liquid.
p2, IS the density of the experimental liquid.

Velocity Measurement

Ultrasonic velocity for different solutions was nmaed using Single crystal interferometer (Mittal
Enterprises, New Delhi) with frequency 7 MHZg.1. Constant temperature was maintained by thermostatic
water bath arrangement with accuracy of +0 °G1The experimental liquid was taken in a measudely and
this electronically operated constant temperatath Ihas been used to circulate water through ther gacket
of this double walled cell. The principle usedth®e measurement of velocity'‘is based on the accurate
determination of the wavelength’ in the medium. Ultrasonic waves of known frequent’ are produced by a
quartz plate fixed at the bottom of the cell. Thaves are reflected by a movable metallic plate papallel to
quartz plate. Standing waves are formed in the umdf the separation between the plates is exactiyhole
multiple of sound wavelength. The acoustic resoeajice rise to an electrical reaction on the gewerdriving the
quartz plate and the anode current of the genebaimosme maximum.

If the distance is now increased or decreased la@dsdriation is exactly one half wavelengths ortipld of it,
anode current again become maximum. By notingntial and final position of the micrometer foraomplete
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movements (maxima-minimataxima) of the micr-ammeter needle, one can find out the distad) moved by the
parallel reflector. The wavelength is calcud as

A=2d/n 3)
From the knowledge of wavelengil’ the velocity V' can obtained by the relation;
u=Axf (ms? 4)

The apparatus used for measuring ultrasonic vejoaftliquids can be represented as follo

MICROMETER

MULTIFREQUENCY ULTRASONIC INTERFEROMETER E L‘

] REFLECTOR

' EXPERIMENT LIQUID

.5 +,.1 ADJ
o — TO CONST TEMP
INPUT ---QTER BATH
] ]
OFF GAIN N QUARTZ CRYSTAL

il [
THE MEASUREMENT CELL

Fig. 1: Schematic representation of apparatus used for measng ultrasonic velocity of liquids.
RESULTS AND DISSCUSSION

From experimentally determined values of densitirasonic velocity and viscosity, various paramgtecan be
calculated such as: adiabatic nqressibility Bad), intermoleculafree length (), acoustic impedance (2),

relaxation time €, rao’s constan(R,,), wada’s constant (W), free volumeffV gibb’'s free energy 4G) and
available volume () were calculald:

a) Adiabatic compressbility (Bad )
Adiabatic compressibilitglepends on speed of sound and density of mediuntharswas calculated by using the
equation kown as Newton Laplace equati

B ="
? ’{“z“(kg‘lms‘z) (5)

Where, u = velocity & = densityof given solution

b) Intermolecular free length (Lf )
Intermolecular free length was dat@ned by using the following formula given by Jasmiv [10,11]

L = Ky Badifz (m) (6)

Where K is temperature dependent constant (= (93.875+0)RT€?)
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c)Acoustic impedance (2)
Acoustic impedance was determinieom equation,

kg m?sHZ =ux p @)

d)The relaxation time (r)
The relaxation timetj [12] was cadulated from the relation,

T = (*/3)Baan (s) @)

e) Rao’s constant ()
Rao’s constant was calculated ksjng following equation,

1
Ry = (Merr){p)u /3
m10/3s-1/3m|-1

( ) )

f) Wada'’s constant (W)
Wada's constant was calculategfllowing equation,

M ~1,
W = ( eﬁ}/p) Bﬂ.d i

g) Free volume (V)
Free volume wasalculated by above equati

3, ;
V; = (Merr“,zm") (m") (11)

Where My, is the effective miecular weight of solution, which is expressed asffM- EM=mix; where, x and
m are the mole fraction andolecular weight of the individual component the mixture respectively. K

(mmole (NInf) ) (10)

is the temperature independentgtant and its value is 4.28 X?.O

h) Gibb's free energy (AG)
Gibbs free energy canbe calculatemim acoustic relaxation time)(as follows,

AG = RT In (KT
n (<77, amord) 12)

Where k is Boltzmann constaft,is theabsolute temperature and h is the plank’s con
i) Available volume (Vg)

The available volume is a direoteasure of compactness in the liquid and the strend attraction between the
molecules of a liquid or a liquid wture. It can be calculated from Schaaf’s relation,

Vo= Vi [1 - ufux) (m3) (13)

The experimentally determined values of density viscosity ), ultrasonic velocity (U) for liquid mixture :
303.15 K are represented in Tabl
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Table 1: Experimental parameters (U,p and ) for liquid mixture at 303.15 K.

Conc. of ZnSQ u px10° x10°
(mol Kg*) (ms") (Kgm® | (Kgm*sh
1% glucose solution
0.00 1511.75 0.9991 0.8114
0.02 1514.3 1.0016 0.8181
0.04 1516.8 1.0062 0.8283
0.06 1517.88 1.0110 0.8353
0.08 1522.3 1.0133 0.8464
0.10 1524.48 1.0159 0.8549
2% glucose solution
0.00 1513.03 1.0036 0.8251
0.02 1516.3 1.0064 0.8328
0.04 1519.3 1.0105 0.8410
0.06 1522.3 1.0153 0.8518
0.08 1527.5 1.0174 0.8604
0.10 1531.3 1.0202 0.8696
3% glucose solution
0.00 1514.8 1.0070 0.8381
0.02 1518.66 1.0097 0.8460
0.04 1521.86 1.0143 0.8556
0.06 1526.83 1.0190 0.8665
0.08 1530.9 1.0201 0.8754
0.10 1537.3 1.0234 0.8843
4% glucose solution
0.00 1519.39 1.0107 0.8516
0.02 1520.66 1.0133 0.8590
0.04 1525.3 1.0177 0.8699
0.06 1530.5 1.0224 0.8811
0.08 1536.5 1.0240 0.8900
0.10 1542.3 1.0277 0.9005
5% glucose solution
0.00 1522.3 1.0143 0.8647
0.02 1525.3 1.0163 0.8738
0.04 1529.3 1.0214 0.8853
0.06 1535 1.0261 0.8965
0.08 1538.5 1.0277 0.9041
0.10 1545.8 1.0297 0.9154

In the present analysis viscosity, density andasttnic velocity increases with increasing concéintna of solute.
The density increase with increasing concentratibeolutes proposes a fair strong electrolyte matfrZnSQ in
which the Zi" ions tends to attract the water molecules. Theughincrease in values of ultrasonic velocity and
viscosity with different concentration of Zng@ various glucose solutions confirms the increasecohesive
forces because of strong interactions betweenesa@intl solvent molecules [13]. It is observed that ultrasonic
velocity (U) increase with increase in*Znons concentrations in various glucose solutidfslecular association is
thus responsible for the observed change. Thisat&m is due to Hydrogen bonding between solot: solvent
molecules.

Derived parameters such as Adiabatic compressilflit), inter molecular free length (). acoustic impedance (2),
relaxation time«) for liquid mixture at 303.15K are represented able 2.

The value of adiabatic compressibility, ) and intermolecular free lengthfldecreases and these two parameters
shows an opposite behaviour as compared to uti@sebcity (U). Experimentally it has been repdthat U and Lvary
inversely of each other with change in compositifnthe mixture [14-16] as in the present syst@values
decreases with increase in solute concentratiecamse inrqueous Zi ions solution, Zifi ions have tendency to form

a core compact structure with the solvent molectiissugh hydrogen bonding. The decrease in compiitgscan

be explained due to structural changes of molecinlgbe mixture resulting to an increase in ultrgisovelocity.
With increase in concentration adiabatic comprégsilgoes on decreasing. A large fraction of wateolecule
exerts electrostatic force of attraction, which daifinity to attracts the neighbouring moleculesults decrease in
the effective volume of wateNith this increase in ionic concentratiefectrostatic forces cause the structure to break

and the solute surrounded water molecules are ommpactly packed, results decrease in adiabati@uoessibility
(Bad), this shows thegolute-solute interactions are lesser than sollteest interactions. Thus this effect reduces the

adiabatic compressibility with increase in theé Zons concentration [17-19].
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Table 2: Derived parameters fq, L, Z andr) for liquid mixture at 303.15K

Conc.of ZnSQ | Pagx 10* Lix 10 Zx 10 Tx 10%
(mol Kg*) (m? N*) (m) (Kg m?s") (s)
1%Glucose solution
0.00 4.3796 4.3425 1.5104 4.7268
0.02 4.3540 4.3297 1.5167 4.7432
0.04 4.3198 4.3127 1.5262 4.7589
0.06 4.2929 4.2992 1.5346 4.769P
0.08 4.2587 4.2821 1.5425 4.7940
0.10 4.2355 4.2704 1.5487 48157
2%Glucose solution
0.00 4.3526 4.3290 1.5185 47764
0.02 4.3216 4.3136 1.5260 4.786)
0.04 4.2873 4.2964 1.5352 4.79538
0.06 4.2500 4.2772 1.5456 4.815]
0.08 4.2127 4.2590 1.5540 4.8209
0.10 4.1802 4.2424 1.5622 4.8349
3%Glucose solution
0.00 4.3276 4.3166 1.5254 4.8236
0.02 4.2944 4.3000 1.5333 4.8320
0.04 4.2568 4.2811 1.5436 4.8439
0.06 4.2098 4.2574 1.5558 4.8506
0.08 4.1791 4.2380 1.5645 4.8612
0.10 4.1345 4.2192 1.5733 4.862H
4%Glucose solution
0.00 4.2859 4.2957 1.5356 4.8544
0.02 4.2676 4.2866 1.5409 4,876
0.04 4.2232 4.2642 1.5524 4.8862
0.06 4.1755 4.2401 1.5648 4.8938
0.08 4.1364 4.2202 1.5734 4.8960
0.10 4.0908 4.1968 1.5850 4.8995
5%GIlucose solution
0.00 4.2551 4.2803 1.5438 4.8939
0.02 4.2291 4.2672 1.5502 4.9151
0.04 4.1861 4.2454 1.5620 4.9290
0.06 4.1363 4.2201 1.5750 4.9320
0.08 41110 4.2072 1.5811 4,9434
0.10 4.0642 4.1832 1.5917 4.9480

The free length decreases with increasing soluteentration. The increase of ultrasonic velocityaisolution of
different concentration results decrease of intéemdar free lengths as a result of mixing the congnt [20-22],
this indicates a large interaction between solutel golvent molecules and suggests a structure pnogno
behaviour on the addition of solute.

The acoustic impedance (Z), relaxation timeahd Gibb's free energp@) increase with increase in concentration
of solute. The behaviour of acoustic impedance tmesoresponsible for the propagation of ultrasorées, and
this behaviour can be explained on the basis gbiHgbic interaction between solute and solvent muidéec The
relaxation time and Gibb's free energy, both theEsmmeters shows the presence of molecular inienaby the
addition of solute concentration.

The relaxation time which is in the order of'l&econd is due to the structural relaxation pro¢23% This
suggested that these molecules get rearrangedodsipiportive process [15]. Due to hydrogen bondiatyveen
the molecules, unlike molecules approach closeath @ther and this causes increase in the valu€bdfs free
energy.

Derived parameters Rao’s constant)R Wada’'s constant (W) , free volume fj\Vgibb’'s free energyAG) and
available volume (Y for liquid mixture at 303.15K are represented able 3.
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Table 3: Derived parameters (R , W,Vf, AG and V) for liquid mixture at 303.15K

Conc.of ZnSQ Ry x 107 W x10° Vix10% | AGx 107 | V,x 107
(mol Kg*) (M3 mol™) | {m3mole(N/nf)*} (m) (ImotY) (m®)
1%Glucose solution
0.00 2.0865 3.9494 2.2233 4.5745 10.0273
0.02 2.0939 3.9644 2.2157| 4.5895 9.7666
0.04 2.0969 3.9725 2.2022 4.6033 9.4902
0.06 2.0989 3.9788 2.1950 4.6123 9.3735
0.08 2.1133 4.0068 2.1877 4.6340 8.9212
0.10 2.1214 4.0235 2.1793 4.6529 8.7003
2%Glucose solution
0.00 2.0968 3.9712 2.2008 4.6186) 9.9278
0.02 2.1039 3.9860 2.1954 4.6277| 9.5802
0.04 2.1093 3.9980 2.1892 4.6352 9.2543
0.06 2.1115 4.0046 2.1707| 4.6524 8.9138
0.08 2.1216 4,0242 2.1674 4.6575 8.3473
0.10 2.1294 4.0401 2.1592 4.6696) 7.9324
3%Glucose solution
0.00 2.1098 3.9976 2.1837 4.6598 9.7822
0.02 2.1178 4.0138 2.1793 4.6671 9.3666
0.04 2.1214 4.0228 2.1677 4.6773 9.0070
0.06 2.1259 4.0334 2.1560 4.6831) 8.4429
0.08 2. 1356 4.,0524 2.1522, 4.6923 8.0025
0.10 2.1456 4.0721 2.1485 4.6934 7.2854
4%GIlucose solution
0.00 2.1239 4.0258 2.1715 4.6864 9.3078
0.02 2.1309 4.0404 2.1643 4.7047 9.1887
0.04 2.1357 4,0516 2.1516) 4.7137| 8.6622
0.06 2.1405 4.0627 2.1396 4.7198 8.0682
0.08 2.1522 4.0850 2.1385 4.7221 7.4021
0.10 2.1596 4.1004 2.1311 4.7251 6.7408
5%GIlucose solution
0.00 2.1380 4.,0542 2.1585) 4.7203 9.0256
0.02 2.1468 4.0718 2.1493 4.7384 8.7073
0.04 2.1503 4.0807 2.1341] 4.7502 8.2470
0.06 2.1555 4.0925 2.1241 4.7528 7.5911
0.08 2.1662 4.1133 2.1229 4.7624 7.2125
0.10 2.1780 4.1358 2.1170 4.7663 6.3807
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Fig.2. Plot of adiabatic compressibility versus dferent conc. (m) of ZnSQ in various glucose solutions at 303.15K. It is fowl that the
adiabatic compressibility goes on decreasing withnicrease in the concentration of ZnSQ@in different glucose
solutions
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intermolecular free length goes on decreasing withncrease in the concentration of ZnSQin different glucose
solutions
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Fig.4. Plot of Free volume versus various conc.(m)@nSO, in various glucose solutions at 303.15K. It is fod that free volume goes
on decreasing with increase in the concentration 0ZnSO, in different glucose solutions

The values of Rao’s constanty(Ror molar sound velocity and Wada’'s constant (W)nmlar compressibility
increases with concentration because of the presesfcmore number of components and thus leads to a
close packing of the medium and thereby increidme interactions between solute and solvent.

The values of free volume (Y and Available volume (Y decreases with increase in concentration

of solute. With the increase in solute concentratihe strength of interaction between the molecitereases,
this results decrease in free volume.
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Fig.6. Plot of Acoustic impedance versus various no.(m) of ZnSQ in various glucose solutions at 303.15K. It is fawl that acoustic
impedance goes on increases with increase in thermentration of ZnSO, in different glucose solutions

CONCLUSION

Ultrasonic investigations of molecular interactiomslifferent aqueous solutions of glucose contajniarious conc.
of ZnSQ, have been measured. The experimental parametersthg valuable information regarding ion-solvent
interactions in aqueous solutions. Glucose usedjireous system as solute, modify the structureatémmolecules
into more arranged structure due to the formatibhyolrogen bonding. ZnS@dded as solute results breaking of
hydrogen bonds of solvent system and thus prodinieessolvent molecules. This results in increasthénvalue of
ultrasonic velocity and decrease in adiabatic cesgibility with concentration which shows that $etsolute
interactions are smaller than solute- solvent adgons. These structural changes in solutionguatieer conformed
by decreasing values of intermolecular free lemgth concentration.
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