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ABSTRACT

In the present study Ultrasonic velocity (u), density (p) and viscosity (1)
have been measured at 2MHz frequency in the binary mixtures of Pyri-
doxine Hydrochloride with water in the concentration range (0 to 0.1 M)
at 303°K using Ultrasonic interferometer technique. The measured value
of ultrasonic velocity, density and viscosity have been used to estimate
the acoustical parameters namely adiabatic compressibility (B), relax-
ation time (1), acoustic impedance (z), free length (L,), free volume (V)
and internal pressure (P), with a view to investigate the nature and
strength of molecular interaction in the binary mixture of Pyridoxine hy-
drochloride with water. The obtained result support the occurrence of
Complex formation mol ecul ar association through intermolecular hydro-
gen bonding in the binary liquid mixtures.
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INTRODUCTION

Ultrasonic offer themost exciting and fascinating
field of scientific research among theresearcher since
the ultrasonic and other related thermo acoustic pa-
rametersprovideuseful information regarding thestruc-
tureof molecules, molecular order, molecular packing,
inter and intra-molecular interaction™? etc. Ultrasonic
study of liquid and liquid mixture hasgained muchim-
portance during the last two decadesin ngthe
nature of molecular interaction and investigating the
phys ochemical behavior of thissystemi34.,

Thereview of literaturerevea sthat | ot of work has
been donetoinvestigate ultrasonic measurement of pure

liquid and liquid mixture at different environment, but
lesseffort has been madeto investigate ultrasonic stud-
iesin binary mixtureof B complex vitaminsi-e Pyri-
doxine hydrochloride (Vit-B6) with water.

In the present Paper we havereport the ultrasonic
ve ocity, density and viscosity of Pyridoxine hydrochlo-
ride with water at 303°K over entire range of molar
concentrations. From theseexperimenta vaueanum-
ber of thermodynamic parameters namely adiabatic
compressibility, acousticimpedance, relaxaiontime, free
length, freevolume, interna pressure have been calcu-
lated. Thevariation of these parameterswith molar con-
centration wasfound to be useful in understanding the
nature of interactions between the components.
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EXPERIMENTAL SECTION

Materials

Pyridoxinehydrochl oride used in the present work
wasof Andytica Reagent (AR) gradeswithaminimum
assay of 99.9%, they areused without purification. The
various concentration of solutionwas prepared by add-
ing sufficient amount of solvent water to Pyridoxinehy-
drochloride.

Methods

Theultrasonicvelocity (U) havebeen measuredin
ultrasonicinterferometer (M ode-F-05) supplied by
mittal enterprises, New Delhi operating at afrequency
of 2 MHz with an accuracy of 0.1%. Theviscosities
(n) of binary mixtureswere determined usng Ostwa d’s
viscometer by cdibratingwith doubledidtilled water with
an accuracy of +£0.001PaSec. The density (p) of these
binary solution was measured accurately using 25 ml
gpecific gravity bottlein an éectronicbalance precisely
and accurately usngweightingis0.1mg. Thebasic pa
rameter U, n, p were measured at vari ous concentra-
tion (0.00 M to 0.1M) and temperature of 303°K. The
variousacoustica parameterswere ca culated from U,
n, p vaueusing standard formul ae.

Computation

Inthe Present study variousthermo acoustica pa-
rameterswere cal culated using following relaions.

1) Ultrasonicvelocity (u)

Theexpresson used to determinetheultrasonic ve-
locityis
u=2d/T (m/sec)
=2dxv
=Axv(Here-2d=))
Where, v- isthe frequency of the generator whichis
usedto excitethecrysta; (Inthe present investigation,
aconstant frequency (2 MHz) interferometer wasem-
ployed and hence v’ value is 2 x 108 hertz.); d- Sepa
ration betweenthereflector and crystal; T—Travel time
of ultrasonicwave.

2) Density (p)
Theexpression used to determinethedensity is

p = (Wapliquidlww) x pW

Where: p - Density of experimental liquid; W

expliquid-
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Weight of experimenta liquid; W, - Weight of water;
p,,-Density of water.
3) Viscosity (n)

Theexpression used to determinetheviscosity is
Tl: {(pxtexp liquid)/ (pw th)}>< le
Where: n—Viscosity of experimental liquid; t,, Flow-
ingtimeof water; t —Flowing time of experimen-

o expliquid . )
td liquid; p,,—Density of water;  —Viscosity of water.

4) Adiabatic compressibility (B,)

It has been cal cul ated from the ultrasonic vel ocity
and thedensity of the medium using theequation.
p.=1/U%.

5) Acousticimpedance (z)

Acousticimpedanceintermsof ultrasonic velocity
& dendity using equation.

Z=u.p
6) Intermolecular freelength (L)

It has been determined as
L=k (B)"

Where: k —Jacobian Constant (Temperature depen-

dent); Thevaueof Jacobian Constant at any tempera
ture(T) isk;= (93.875+0.345x T) x 10°®
7) Freevolume(V))

Freevolumeintermsof ultrasonicvelocity & vis-
cosity.
V= (M.u/k,. )*
Where: k —Temperature independent constant =4.28
x 10°% M — Effective molecular weight.
8) Internal pressure(P)

Internal pressureintermsof ultrasonicvelocity, den-
Sty & viscosity.
P.=b.R_T.(k nfu)’2 (p/M )
Where: b- Cubic packing factor (assume2for al liquid
mixtures); R —Gas constant; k,_Temp independent
Congant; M- Effectivemolecular weight.

RESULTSAND DISCUSSION

The measured ultrasonic velocity, density and re-
lated thermo acoustical parametersof Pyridoxine hy-
drochloridewith water at 303°K were shown graphi-
calyinfigurel.1t01.8.
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Itisobserved that ultrasonic velocity and acoustic
impedance showsnonlinear incressing variationwithin-
creaseinmolar concentration. Thisindicatesthe com-
plex formation andintermol ecul ar weak association may
be dueto hydrogen bond formation®®. Thisbehavior is
theresult of structural changes occurringin the mix-
ture®,

The peak at molar concentration 0.04 & 0.08is
dueto formation of strong hydrogen bond, therefore
the maximum associ ation can occur at thesemolar con-
centrationswhereas, dip at 0.06 molar concentrations
showstheweakening of hydrogen bond & showsmaxi-
mum dissoci ation. Thuscomplex formation can occurs
at these molar concentrati ons between the component
molecules.

Adiabatic compressihility (B,) showsaninversebe-
havior compared to the ultrasonic vel ocity. Adiabatic
compressibility nonlinearly decreaseswith increasein
concentration of pyridoxinehydrochloride. Theincreas-
ing electrostrictive compression of water around the
solutemoleculesresultsin alarge decreasein the com-
pressibility of mixtures™. Thedecreasein compress-
ibility impliesthat thereisan enhanced molecul ar asso-
ciationinthe systemwith increasein solute concentra-
tion.

The oppositetrend of ultrasonic vel ocity and adia-
batic compressbility indicate association amonginter-
acting PyridoxineHydrochl orideand water molecules.
Inthe present system of aqueous Pyridoxine Hydro-
chloride, freelength variesnonlinearly withincreasein
molar concentration suggest thesignificant interaction
between sol ute and sol vent dueto which structural ar-
rangement isalso affected®

Relaxation timedecreaseswith increasein concen-
tration. Therelaxationtimewhichisorder of 102 sec
isdueto structura relaxation®? processin such acase
itissuggested that molecul e get rearranged dueto co-
operative process'12,

Nonlinear trend of density with concentrationindi-
catesthe structure-making and breaking property of
solvent due to the formation and weakening of H-
bondg™?.

Thefreevolumeincreases & interna pressurede-
creaseswith increasesin molar concentration indicate
the association through hydrogen bonding*. It shows
theincreas ng magnitude of interaction between the py-
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ridoxine Hydrochlorideand water.

CONCLUSIONS

Theultrasonic study of theliquid mixturesservesas
aprobeto detect the mol ecular association arising from
the hydrogen bonding between the molecul es of pyri-
doxineand water. The non-linear variation of thermo-
acoustical parameterswith concentration revealsthe
complex formati on between thecomponentsmolecules.
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