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ABSTRACT

Ultrasonic velocity, density and viscosity have been measured for glycine in aqueous Nacl and
MgCl, solution at, 303K, 308K and 313K Thermodynamic parameters such as adiabatic
compressibility (£), acoustic impedance (z), intermolecular free length (L;) and relative
association (Ra) have been obtained from the experimental data for all the mixtures, with a view
to investigate the nature of the molecular interactions. Adiabatic compressisibility (8) and
Intermolecular free length (L) decreases with increase with glycine concentration and
temperature. Acoustic impedance (z2) and relative association (Ra) are almost constant with
increase in temperature and gradually increases with glycine concentration of glycine. These
parameters have been further used to interpret the hydrophilic part of the solute and molecular
interactions in the mixtures.

Keywords. Ultrasonic velocity, ion solvent, adiabatic congsibility (3), acoustic impedance
(2), intermolecular free length {Land relative association {R

INTRODUCTION

Ultrasonic study and transport properties of ananimls in aqueous solutions of electrolyjtds
are very useful to obtain information about variotypes of interactions in solutions.
Consequently, the characterization of these intema& can assist in understanding the
thermodynamic stability of proteins and their udfof behavior. Electrolytes [2] dissolving in
water have been classified as structure makersractsre breakers, depending on the charge
density. It has been reported that ions with lowrgke density are net structure breakers; on the
other hand ions with a high charge density showosite behavior and net structure makers. It
is interesting to explore the ionic processes a@amying the aqueous solution of amino acids of
electrolytes. Also the interactions of glycine mquaous solution of electrolytes and temperature
dependence of these interactions play a vital mleinderstanding the nature of action of
bioactive molecules or the thermodynamic behavibrbiochemical processes in the body
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system. In fact, there are extensive thermo dynanpioperty studies of electrolytes in aqueous
[3, 4]or non- aqueous [5, 6] solutions but very few ineaps glycine solutions [7].

We report here in the adiabatic compressibilg), @coustic impedance (z), intermolecular free
length (L) and relative association {Rof glycine in agueous solution of electrolytes/atious
temperatures. Such data are expected to highlightrdle of glycine in presence of aqueous
electrolytes solutions and its influence with tenapere.

MATERIALSAND METHODS

AnalaR grade glycine (99.7%), sodium chloride (28).%nd magnesium chloride (99.5%) were
obtained from Merk Pvt. Ltd., Mumbai. All chemisalvere used without further purification.
Water used in the present investigation was desnhidistilled and was degassed by boiling,
prior to making solutions. All chemicals used wdreed over anhydrous CaCl2 in a desiccator
before use. All agueous solutions were preparettionized and distilled water, having specific
conductivity 0 10° S cm'. The stock solutions [8] of 1M concentration wenepared by
weighing the electrolytes on a digital balance véthaccuracy of+ 1 x 10° Kg. Solutions of
glycine were made on the mole fraction scale. Uag#fes in solution concentrations were
estimated at 1 x 10° mol kg* in calculations. The solutions were kept in thecsal air tight
bottles and were used within 12 hrs. Ultrasonicos®y measurements were measured by a
single crystal interferometer (F- 81, Mittal Entesps, New Delhi) operating at a frequency of 2
MHz. The source of ultrasonic waves was a quarystal excited by a radio frequency
oscillator placed at the bottom of a double jactatestallic cylindrical container. The cell was
filled with the desired solution and in the outacket constant temperature water was circulated.
The cell was allowed to equilibrate for 30 minuteop to making the measurements. The
interferometer was calibrated against the ultrasaeilocity of water used at T =303K. The
present experimental value is 1508.20mehich is in good agreement with literature value
1509.55 m3. Accuracy in the velocity measurement wak.0 ms'.

The densities of the solutions were determined rately using 25 ml specific gravity bottle and
electronic balance (accuragy 0.1 mg). An average of triple measurements wasntakto
account. Sufficient care was taken to avoid anybabble entrapment. Viscosity was measured
with precalibrated Ostwald type viscometer. Thevflof time was measured with a digital stop
watch capable of registering time accurate b1 s. An average of three or four sets of flow of
times for each solution was taken for the purpdsmlzulation of viscosity. The accuracy of the
viscosity measurements wa$.5 %. The experimental temperature was maintacoadtant by
circulating water with the help of thermostatic erdbath (accuracy in temperatuted.1K).

THEORY AND CALCULATIONS

From the measured values of ultrasonic velocityghl densityg) various thermodynamic
parameters was calculated by using the followiagdard expressions [9].

Adiabatic compressibilityf) = 1/tfp (m* N}
Intermolecular free length (L=k ('~ (A%

Where k is temperature dependent constant callddaxbson constant it is 6d10°,
642x10° and 65%10° for 303, 308 and 313 kespectively [10]
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Specific acoustic impedance (Zp= (Nni?)

AR (po/p)x(uo/u)*?
p= density of solute
po=density of solvent
u= velocity of solute
Uo= Velocity of solvent

Table-1: Ultrasonic velocities, densities and viscosities of glycine in aqueous solution of NaCl and MgCl, at 2
MHz and at 303K

e} u p 1 px10-10 zx10¢ L B

molkg! ms!  kgm? Nmls  mN! Nm? Al

Water+ NaCl + Glycine

0.000 163040 1038 03532 36242 1.6923 030351 1.0674
0.008 163336 1044 101423 33903 1.7052 03933 1.0443
0.017 163640 1048 108242 335634 17149 03918 1.0781
0.026 164060 1064 116420 34338 17332 03837 1.0083

T¥]

0.054 163020 1086 131290 33448 12015 037939 11233

(5]

LA
Lad

0.043 169232 1108 138230 31513 1.8731 03683 1.13
Water + MgCl;+Glycine

0.000 136031 1114 10,8134 36868 17384 03083 1.1280

0.008 1606.88 1122 139984 34517 18029 03836 1.1430

18512 03802 1.1770

Laa
Lia
LA
L4

L=

0.017 1609.76 1130 152888

18364 03703 1.1800

8]
[
e
3

#

0.026 161132 1132 16.6110

18663 03787 1.1340

L
(=]

i
[==]
(=]

0.034 1612.16 1136 173479

(]

2846 18796 03767 1.1930

Laa

0.043 161480 1164 199977

Where m, mole fraction; p, density of the solution ; 7,viscosity of solution; u, ultrasonic velocity; 5, adiabatic
compressibility; Ly, intermolecular freelength; Ry, relative association ; z,aucostic impedance.

RESULTSAND DISCUSSION

Experimentally measured values of ultrasonic véilesi(u) and densitiep) and calculated
values of thermodynamic parameters such as adiabathpressibility [f), specific acoustic
impedance(Z),intermolecular free length(Lf) andatige association (B of glycine in agueous
solution of Nacl and MgGlat, 303K, 308K and 313K are given in Table — 1ar#] 3.
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Table-2: Ultrasonic velocities, densities and viscosities of glycine in aqueous solution of NaCl and MgCl, at 2
MHz and at 308K

m u P n Bx107" zi 0F L= R.

molkg™  ms” kgm®  MNm&s MM M= AF

Water + NaCl+Glycine

)
o

0.000 165250 1058 08Y35 34612 17483 03896 11075

(=}

B0 1062 106196 24772 17476 03205 11093

(%]

0.008 164
0.017 164080 1068 11.6276 34779 17524 0320068 11131
0026 1639.20 1024 12.6407 24019 17933 03882 11406
0034 163448 1106 13.7625 3.3844 18077 03833 115714

0043 163180 1114 14 4284 33712 18178 03845 11588
Water + MgCl,+Glycine

0.000 158360 1109 12.5680 35056 17562 03971 1.1280
0.008 162080 1118 142838 34043 18120 03864 11470
0017 162176 1120 158042  3.3847 18164 0.385 1.1480
0026 162264 1138 16.9419 33374  1.8466 03826 1.1680
0034 162376 1144 17.6670 33153  1.8576 03813 11740

0042 162448 1150 18.3989 32051 1.8682 03801 11810

Where m, mole fraction; p, density of the solution ; 7,viscosity of solution; u, ultrasonic velocity; 5, adiabatic
compressibility; Ly, intermolecular free length; Ra, relative association; z,aucostic impedance.

Ultrasonic velocity of glycine in binary solvent xtire of sodium chloride (NaCl) and
magnesium chloride (Mgg@)l and water (KO) have been measured with the help of ultrasonic
interferometer at 2MHz. The variation of ultrasomelocity of glycine at various concentrations
and temperatures in co- solvent of water and Nadl MgChL shows the variation to be non-
linear. The nature of variation of ultrasonic vetpqu) with concentration (m) is evident from
Table 1, 2 and 3. This non linear variation indésathe presence of strong interactions in both
the systems. The variation of adiabatic comprd#sil{i) as a function of concentration of
electrolytes NaCl and Mggat different temperatures (303,308 and 313 K) @&played in Fig

1 and 2 respectively. The variation of ultrasoretoeity of system with concentration of NaCl in
H,O and glycine can be expressed in terms of deBdsiygiabatic compressibility by equation
[10]

e Sl G S --{5)

The sign and magnitude of quantitypd dc and @ /dc indicate that the H-bonded structure of
H,O is disrupted by the addition of glycine. Consagly ultrasonic velocity of system
increases depending on the structural propertiesobftes [11]. The solute that increases the
ultrasonic velocity is of structure maker [12, Igpes. Ultrasonic velocity of NaCl+&@ and
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MgCl,+H,0 increases in the presence of glycine with in@easemperature. The electrolytes
occupy the interstitial space of water and tentdreak the original ordered state of water due to
its self association. But with increase in tempagtthere occurs a structural rearrangement as a
result of hydration [14] leading to a comparativetpre ordered state. Therefore ultrasound
speed increases with increases in temperature.

Table-3: Ultrasonic velocities, densities and viscosities of glycine in aqueous solution of NaCl & MgCl, at 2
MHz and at 313K

m U P n Ba10™® zx10f L= R.

maolkg™  ms” kg m™ Mm=s M M Af

Water + NaCl+ Glycine
0.000 162881 1040 96571 36243 16831 0.4011  1.0694
0.008 163236 1058 102444 35471 17270 03974  1.0887
0.017 163432 1060  10.8461 35319 17324 03985  1.0012
0.026 163616 1068 117850 34976  1.7474 03845 1.0098
0.034 163744 1090 132136 34217 17848 03903 11228
0.043 183792 1112 143108 3.3520 18214 038683  1.1455
Water + MgCl.+ Glycine

0.000 155180 1081 115160 38415 16775 041355  1.0837
0.008 161024 1094 125058 35253 17616 038917 11206
0017 181072 1098 153553 35104 17686 03953 11248
0026 181288 1104 167821 34819 17806 03937 11314
0.024 161400 1126 180784 34092 18174 03888 11542

004z 161504 1138 199282 33689 18379 03873  1.1663

Where m, mole fraction; p, density of the solution ; 7,viscosity of solution; u, ultrasonic velocity; 5, adiabatic
compressibility; Ly, intermolecular free length; Ra, relative association; z,aucostic impedance.
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Figl: Adiabatic compressibility (B) against mole fraction of glycine in aqueous solution of NaCl
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Fig 2 : Adiabatic compressibility (B) against mole fraction of glycinein aqueoyssolution of MgCl,
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Fig 3: Acoustic impedance (Z)against mole fraction of glycinein aqueous solution of NaCl
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Fig 4 : Acousticimpedance (Z ) against mole fraction of glycinein agueous solution of MgCl,
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Adiabatic compressibilityf}) decreases with increase in concentration of rlgtes, a larger
portion of the water molecules are electrostatid #re amount of bulk water decreases causing
the compressibility to decrease. It is well knothat solutes causing electrostriction lead to
decreases in the compressibility of the solutiogdrdphilic[1,2] solutes often show negative
compressibility as well, due to ordering that iduned by them in water structure. In present
study @ / dc is negative which indicates the electrostittof water molecules as depicted in
Fig. 1& 2.

It is observed that the value of acoustic impendefz¢ (Fig. 3 & 4) varies with increase in
concentrations. The trend observed as regards dhation in ultrasonic velocity (u) with
temperature is in line. This also indicates sigaifit interactions in the systems.

2.405 —4—Temp=303 K
04 —l—Temp=308 K
0.295 Temp=313K
.39

0.385

Li(AY)

0.38

0.375

Q.37

a 001 0.02 0.03 2.04 0.05
m (maol kg -1)

Fig 5: Intermolecular freelength (L) against mole fraction of glycine in aqueous solution of NaCl
042 |
0.415

—— Temp=303 K

0.41 —W—Temp=308 K

0403 Temp=313K

a 0.01 0.02 0.03 0.04 0.05

m (mol kg 1)
Fig 6: Intermolecular freelength (L) against mole fraction of glycine in aqueous solution of MgCl,

The variation in ultrasonic velocity depends on ititermolecular free length {Lon mixing. It
is a predominant factor in determining the variated ultrasonic velocity in fluids and in their
solutions. It has been observed that, in the ptessstigation, intermolecular free length
decreases with increase in glycine concentrationalattemperatures. The variation of
intermolecular free length {L.with concentration m is shown in Fig.5 & 6. Thecdease in L
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indicates that there is significant interaction wen solute and co-solvent suggesting the
structure promoting behavior.
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Fig 7. Relative association (R ) against mole fraction of glycine in aqueous solution of NaCl
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Fig 8. Relative association (Rp) against mole fraction of glycinein aqueous solution of MgCl,

The variation of relative associationARwith concentration m is depicted in Fig 7 andt8s
observed that Rincreases with concentration of glycine.The relatassociation (R). It is
influenced by two factors: (i) Breaking up of thesaciated solvent molecules on addition of
solute in it and (ii) The salvation of solute malkx The thermodynamic parameters are given in
Table 1, 2 and 3.

CONCLUSION

Ultrasonic velocity, density and viscosity have tbaaeasured for glycine concentrations in
aqueous NaCl and Mgg£lsolution at 303K, 308K and 313K. The variation uftrasonic
velocity(u), densityf) and viscosity§) and other related thermodynamic parameters ssch a
adiabatic compressibilitf3), acoustic impedance(z), intermolecular free lefigy and relative
association (R)of glycine at various concentrations and tempeeatin co- solvent of water and
NaCl and MgC] shows the variation to be non-linear. Consequeunlisasonic velocity of
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system increases depending on concentration oingl\golution. It is known that electrostriction
leads to decrease in the compressibility of thetswi.. The non linear behavior confirms the
presence of solute-solvent, ion-ion, dipole-dipolen-solvent interactions. The observed
molecular interaction, complex formation, hydrogeond formation are responsible for the
heteromolecular interaction in the liquid mixtuiéhis provides useful information about inter
and intra molecular interactions of the mixtureeassting in the liquid systems.
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