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ABSTRACT

The ultrasonic velocity (U) and density*Y have been measured in the mixtures of Lithiumrékide and Lithium
Bromide in Polyethylene glycol (400) solution irffelient concentrations at 303 K. Ultrasonic velgditas been
measured using single frequency interferometer it (Model F-81). From the experimental data, otfedated
thermodynamic parameters, viz adiabatic comprefggibintermolecular free length, and acoustic irdpace are
calculated. The compressibility of a solvent ishieigthan that of a solution and it decreases wiith increase in
concentration of the solution. The abrupt variatioha velocity indicates the formation of compleariations of
the acoustical parameters in the binary mixtures studied. The graph between ultrasonic velocity aslume of
lithium salts solution in the mixed solution shossme peaks at a particular concentration. The prese
investigation comprises of theoretical evaluatidraooustic non-linearity parameter, B/A using Haatm relation,
Ballou’s empirical relation. A comparative studyBfA values obtained from the aforementioned methed been
made. The results are discussed on the basisefiolecular interactions present in the liquid mids. The non-
linear variation of velocity indicates the complfaxmation between the constituents of the mixtufée results
have been discussed in terms of various interastasent in these mixtures.

Key words: Lithium hydroxide-Lithium Bromide-Polyethylene glyc (400)-Acoustical parameters-molecular
interactions.

INTRODUCTION

For lithium battery applications, the most commomf of electrolyte is a liquid solution of lithiusalts dissolved
in a suitable polymer solvent. The salt is ofterad&rge anion and the solvent of a mixture haviigd stabilities.
Among the many properties of electrolytes, onéhefrnost important is its physico-chemical andhtrtnodynamic
properties.

Ultrasonic investigations in aqueous solutionsletteolyte and non electrolyte solution with polygene glycol
provides useful tool in understanding of physicrofel properties of the interacting componentstelcent years,
the measurement of ultrasonic velocity has beerelwig@mployed in understanding the nature of mobacul
interactions and physico-chemical properties ofttimary liquids [1-5] and to investigate soluteyamit interactions
in different proportionate mixtures. These Paranseee required to compute the internal presstee,folume and
other thermodynamic quantities. In many industigplications, liquid mixtures rather than singlenpmnent liquid
system are used in processing and product forroatiThermodynamic properties of liquid mixturesendeen
extensively used to study the departure of a igald mixture from ideality. The same authors hatadied the
ultrasonic velocity and densities in mixtures ofyaarylamide solution in sodium (meta) silicate gmatassium
silicate solutions in different concentrations #&33K [6] .Seshagiri and Ramachandra Rao have stuttie
thermodynamic and transport properties of somaulthsalts and they studied the specific interactibatween the
Lithium salts and solvents [7].
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In this study, an attempt has been made to reperexperimental value of ultrasonic velocity andsity of various
compositions of LiIOH and LiBr in Polyethylene glyc¢00) in lower and higher concentrations at room
temperature.

Using ultrasonic velocity and density, the derivazbustical parameters such as adiabatic compréssilfi.g,
acoustic impedance (Z), intermolecular free ler{gthand surface tensiow) are determined. There is a possibility
of complex formation of either stable or unstalyjgetand also it is expected that ultrasonic parameif a binary
mixture will be affected by the concentration oft salution.

EXPERIMENTAL SECTION

In this present investigation, two electrolytesthitim hydroxide and Lithium bromide (AR grade-Merakere
dissolved in distilled water at laboratory temperatto get 1N solution. Polyethylene glycol (4GREG) (AR-
Grade) is used a solvent. LiOH and LiBr of 0.5Nrevprepared from the standard solution. LiOH ofN\DvBere
mixed in PEG (400) solution in different conceritrat but the total volume of a binary solution waaintained as
100 ml. Similar method can be followed to preptre binary solution between LiOH, LiBr and PEG (#@®
higher concentration. Ultrasonic velocity and denaiere measured for LIOH-PEG(400) binary electmlsolution
at different concentration using a ultrasonic ifemeter(Mittel Enterprises, New Delhi) with adik frequency of
2MHz. Density measurements were carried out ugiegifc gravity bottle at 303K having a volume d@fml with
an accuracy of +0.001kg/m

RESULTS AND DISCUSSION

Ultrasonic velocities and densities are measured.i©oH and LiBr in PEG (400) in different concertimms are

presented in Tables 1-4. Ultrasonic velocity variesaccordance with molecular interactions in sohg. The

variation of ultrasonic velocity in a solution degs upon the intermolecular free length (Lf). THeasonic

velocity increases whereas the free length decseaisé vice versa. Presence of ion alters the iecular free
length. Therefore, ultrasonic velocity of a binaglution will be different from that of the solvefithe minimum

value of ultrasonic velocity indicates weakeningtef molecular association at these concentratiims.variations
of ultrasonic velocity with mole fraction of potass salt solution at different concentrations areven in Figure 1.
It is observed that the ultrasonic velocity vames-linearly with concentration and a sudden desged a particular
concentration shows a complex formation as repartetier [8-9].

Table 1 Experimental values of ultrasonic velocity (U), acastic impedance (Z), adiabatic compressibility f.q), molecular free length (L)
and surface tension of PEG (400) and Lithium hydroiie binary mixtures at lower concentration

Ultrasonic Acoustic Adiabatic
Velocity Impedance | Compressibility Molecular Surface
PEG:LIOH 5 10 Free length | Tension
) (2)x10 (Bad)10 (L) 10%m | (6) Nm*
ms? kgm?st kgms? f o
100:00 1565.43 1.7485 3.6532 3.8226 43.58
90:10 1572.25 1.7634 3.8235 3.9108 41.55
80:20 1600.62 1.7950 3.6857 3.8396 42.72
70:30 1652.20 1.8374 3.4835 3.7328 44.49
60:40 1647.76 1.7200 3.4877 3.7350 44.49
50:50 1655.65 1.7511 3.4346 3.7065 44.98
40:60 1662.39 1.7745 3.4041 3.6900 45.48
30:70 1704.66 1.7881 3.2805 3.6224 46.51
20:80 1711.99 1.7907 3.2618 3.6120 46.67
10:90 1732.92 1.8169 3.1759 3.5642 47.65
00:100 1743.38 1.8880 3.0379 3.4859 49.66

From the above observed data, it is clear thav#iniation of velocity through the mixtures depemngi®n the value
of intermolecular free length {L.as suggested by the Eyring and Kincaid [10] adiogrto which the ultrasonic
velocity increases/decreases with decreases/iregeis the free length, as in the present investigatThe

ultrasonic velocity increases whereas the freetlenigcreases and vice versa [11]. Presence ofraaliers the
intermolecular free length. There fore, ultrasovétocity of a solution will be different from thaff the solvent.

The Fig.1 shows the variation of velocity of LIOHEB (400) binary solution at different concentratidhis seen

that the velocity increases initially with the irasse of concentration and it shows some dips atgasition of

60:40 in the mixture of LiIOH (0.5N) and PEG (400phis non-linear variation of velocity indicatessthomplex

formation between the constituents of the mixtut@][ Similar non-linear variation were observedhajher

concentration of LiOH with PEG (400) solution.
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Fig.1 Variation of ultrasonic velocity with concentation of Lithium hydroxide solution in the LIOH-PE G (400) binary mixture

The variations are observed for the LiBr-PEG (48@ution at different concentrations. The lineariations are
observed at lower concentration and a non-lineaiatran are observed at higher concentration ofrL#alts
solution.(Fig.2) Hence it may conclude that, saroenplex molecules are formed at a particular coritiposof
binary mixtures. The above conclusions are sinidathe one drawn by Ragouramane and SrinivasalRhof
similar effect was also observed in solutions afesays uranyl chloride, nitrate, strontium iodidsd acetate and in
aqueous solutions of ethylene glycol [14-15].

Table 2 Experimental values of ultrasonic velocitfU), acoustic impedance (Z), adiabatic compressilily (Baq ), molecular free length(L)
and surface tension of PEG (400) and Lithium hydroie binary mixtures at higher concentration

Ultrasonic Acoustic Adiabatic
. Velocity Impedance | Compressibility Molecular Surfa_ce
PEG(400):LiOH 5 10 Free length | Tension
L) (2)x10 (Bad)10 (L) 10%m | (6) Nm*
ms? kgm?st kgims? f o
100:00 1740.41 1.785 3.222 3.590 46.81
90:10 1742.63 1.772 3.232 3.592 46.58
80:20 1750.20 1.612 3.983 3.991 40.12
70:30 1762.20 1.826 3.102 3.523 48.35
60:40 1606.10 1.660 3.722 3.865 42.25
50:50 1618.90 1.652 3.735 3.864 41.91
40:60 1590.40 1.645 3.808 3.902 41.92
30:70 1604.80 1.556 4.015 4.021 39.14
20:80 1863.20 1.872 2.862 3.385 50.99
10:90 1659.40 1.643 3.665 3.824 42.18
00:100 1872.33 1.843 2.887 3.392 50.47

Acoustic impedance (Z) was calculated using thentda

(2) = (Up) (1)

The acoustic impedance (Z) also shows the samd tkrelative association. The variation of acaugtipedance
with concentration is shown in Table 1-4. Acoustipedance is directly proportional to ultrasonitoegty and it is
reciprocal of adiabatic compressibility. In thisepent study, It increases with concentration @iuih hydroxide
and lithium bromide salts solution. The linear a#idn of acoustic impedance with concentration icore the
presence of molecular association between theesshlvent molecules. The sudden decrease in impedat a
particular composition may be due to the complexnfition in the solution and this may be on the dasithe
interaction between the solute and solvent molacfil6]. Such in increasing trends of impedanceéh&rrsupport
the possibility of molecular interaction between golute-solvent molecules.
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Fig.2 Variation of ultrasonic velocity with concentation of Lithium bromide solution in the LiBr-PE G (400) binary mixture

Table 3 Experimental values of ultrasonic velocitfU), acoustic impedance (Z), adiabatic compressiliy (Bag), molecular free length (L)
and surface tension of PEG (400) and Lithium bromid binary mixtures at lower concentration.

Ultrasonic Acoustic Adiabatic Molecular | Surface
PEG(400):LiBr | Velocity Impedance | Compressibility | Free length | Tension
L) @x10° (Bag)20%° (Lp (o) Nm*
ms! kgm?s? kgms 10%m
100:00 1497.75 1.5329 4.3502 4.1721 37.37
90:10 1771.30 1.9386 2.9154 3.4135 51.40
80:20 1727.40 1.8958 3.0578 3.4924 49.64
70:30 1726.60 1.8940 3.0510 3.4910 49.58
60:40 1718.88 1.8546 3.1374 3.5407 48.44
50:50 1678.16 1.8140 3.2865 3.6221 46.81
40:60 1591.97 1.7010 3.6921 3.8456 42.75
30:70 1585.30 1.7160 3.6745 3.8334 43.04
20:80 1548.00 1.6532 3.9042 3.9520 40.97
10:90 1531.11 1.6099 4.0265 4.0212 39.68
00:100 1503.00 1.4864 4.2321 4.2310 36.30
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Fig.3 Variation of adiabatic compressibility with concentration of Lithium Hydroxide solution in the LiOH-PEG (400) binary mixture
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Fig.4 Variation of adiabatic compressibility with concentration of Lithium Bromide solution in the LiBr-PEG (400) binary mixture

The actual deviation depends on the resultant teffde observed decrease/increase in adiabatic ressipility,
intermolecular free length, acoustic impedance agldtive association with composition is an evideraf
significant interaction between the component mdks in the binary mixtures. Adiabatic compresgipi{p,y of
the solution was calculated using the formula-

(Bad=1/(Up) (2)

Where U is the ultrasonic velocity apds the density of the solution. The variation dfadatic compressibility is
shown in Table 1-4. Adiabatic compressibility dexses with increase in the concentration.

Linear variations are observed only at the lowercemtration of LiOH and LiBr salts (Fig.3-4) sohuiand the non
linear variations are observed at higher conceaatrat It attains a sudden increase at a partiadarposition and it
may be due to departure of solvent molecules artlugdons. It means, ion-solvent interaction inse=aat a given
composition. This is again supports the complermftion in the solution at a particular compositifhg).

Table 4 Experimental values of ultrasonic velocityU), acoustic impedance (Z), adiabatic compressiltty (B.s), molecular free length (L)
and surface tension of PEG (400) and Lithium bromid binary mixtures at higher concentration

Ultrasonic Acoustic Adiabatic Molecular | Surface

PEG(400):LiBr Ve(IS(;'W Inzg;:ffgece CoTﬁprgzls(sjabomty Free length | Tension

ms? kgms’ kg?lmsz (L) 10*m | (o) Nm™*
100:00 1741.56 1.835 3.132 3.531 48.22
90:10 1757.10 1.832 3.105 3.520 48'22
80:20 1776.45 1.991 2.872 3.392 52'02
70:30 1735.61 2.012 2.853 3.371 52'94
60:40 1716.41 1.975 2.945 3.433 51'65
50:50 1619.07 1.784 3.452 3.712 45'31
40:60 1908.21 2.086 2.510 3.171 57'34
30:70 1874.98 1.954 2,731 3.304 53'24
20:80 1576.44 1.672 3.772 3.880 42'00
10:90 1584.52 1.652 3.813 3.902 41'52

00:100 1628.18 1.711 3.584 3.781 ’
43.57
Intermolecular free length (L ) were calculatechgsihe formula
(b = Kypad ©)

Where K is the Jacobson’s constdidd is the adiabatic compressibility of the mixetugon. Intermolecular free
length (L) decreases with the increase in concentratiohesblution. It may be stated that, density and feagth
are inversely related. The intermolecular free tbarig decrease with increase in concentration. ifitex molecular
free length has an inverse behavior. The structtirahges are also found to affect the variatiomigfr molecular
free length. An increase in free length producesrehase in ultrasonic velocity. Intermolecular fteegth (L)
decreases with the increase in concentration. Talsleshows the variation of free length with cortcation of

10
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LiOH and LiBr. It shows linear decrease at loweneentration and non linear variation at higheroemtration of
LiOH. Similarly, it increase in lower concentrati@nd it shows a non linear variations at higherceatration
LiBr. The sudden increase in free length with dasesin velocity at a particular concentration iaths the
significant interaction between the solute and mukes due to which structural arrangements of nubéscare
considerably affected [18-20]. Acoustical parametee also affecting the surface tension of tharyisolution.

Computation of non-linear parameter using B/A ratio

In the last few years [21], a number of theoreticadthods have been proposed for estimating thelinearity
parameter (B/A) for pure liquids and liquid mixtareThis parameter has been further correlated ottier thermo
acoustical parameters, which are used to deduceathiable volume and intermolecular free-lengthligtid
mixtures. Due to the increasing importance of Bifinnlg recent years, an attempt has been made loadea@B/A of
binary mixtures using Hartmann relation and Bakoopirical relation. A comparative study of B/A wak obtained
from these relations has also been made in ordevtew the above-mentioned approaches. Furtherrttoeagesults
are discussed in terms of the existence of comelatf molecular orientations between the molecufebinary
mixtures. General formulation for non-linearity pareter in terms of the acoustical parameters afdgjhas been
made using the experiment for the sound velocitydhd introducing the contribution due to acougtitameters
(K) and isothermal acoustic parameter (K”).The eggion for B/A has been expressed as[22],

BIA = 2K+2/K”

Computations of K and K” require only the knowledgfethermal expansion coefficient, Detailed method of
calculation is given.

Hartmann and Balizer obtained the following relatior B/A,;

B/A =2 +%Whereuisinm§

o~
S
N

Empirical relation proposed by Ballou is given [12} by

B/A =-0.5+ 1210

)

The B/A values for the liquids have been interpteds the quantity representing the magnitude ohtreness of
liquids. The B/A values are concenerned with irdtBoms between the components of the binary systdihs

interaction between the components of the binasgungs is stronger at higher concentration, whilie weaker at
lower concentration of salts. The behavior of byrlaguid mixtures can be explained in term of 1)ygisal forces -
dispersion 2) chemical forces — dipole-dipole iattion. The former factor increases the intermdéeciiee length
as described by Jacobson. This is turn, causestivegdeviation in sound speed and positive devatio

compressibility. On the other hand, the latterdactecreases the intermolecular path lengths lgatira positive
deviation in sound speed and negative deviatiocompressibility [23]. The ultrasonic velocity iscieases, with
concentration of LIOH up to a composition 70:30,ileltat 60:40, it shows a dip. The ultrasonic vélots again

increase with concentration of LIOH. The increasevelocity and decrease in free length shows siigelute

interactions while the ultrasonic velocity showsam linear variation at higher concentration dfilim hydroxide.

Table 5 Computation of non-linearity (B/A) paramete of Lithium Hydroxide and Lithium Bromide in PEG ( 400) electrolyte Solution by
Hartmann and Ballizer relation

Computing of B/A values by Hartman and Ballizer Reation
Concentration of Lithium LiOH at Lower LiOH at Higher LiBr at Lower LiBr at Higher
salts(ml) concentration concentration concentration concentration
0 8.2603 7.6309 8.5431 7.6271
10 8.2331 7.62237 7.5327 7.5774
20 8.1226 7.5994 7.6732 7.5166
30 7.9315 7.5612 7.6759 7.6464
40 7.9475 8.1017 7.7014 7.7096
50 7.9191 8.0535 7.8397 8.0529
60 7.8951 8.1620 8.1559 7.1357
70 7.7489 8.1067 8.1818 7.2267
80 7.7243 7.2598 8.3307 8.2165
90 7.6552 7.9058 8.4006 8.1848
100 7.6213 7.2341 8.5203 8.1090

11
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Polar molecules can interact with non-polar molesuhro dipole-induced dipole-dipole interactiorid/hen the
salts are dissolved in water, the ions are spiit in+, and OH- ions and are strongly banded wititaw molecules.
Similarly, polyethylene glycol is added with watemlecules, it enhances the disruption of watercsire. It

produces electrostatic effects of polymer on theosunding solvent molecules. In the pure PEG (4&0tion, the
velocity is low. When, the PEG (400) mixed witthium salts electrolyte solution, the velocitynsieases.

Table 6 Computation of non-linearity (B/A) paramete of Lithium Hydroxide and Lithium Bromide in PEG(4 00) electrolyte Solution by
Hartmann and Ballizer relation

Computing of B/A values by Ballou Empirical relation

Concentration of Lithium LiOH at Lower LiOH at Higher LiBr at Lower LiBr at Higher
salts(ml) concentration concentration concentration concentration
0 7.1656 6.3949 7.5120 6.3904

10 7.1323 6.3861 6.2747 6.3294
20 6.9971 6.3564 6.4469 6.2551
30 6.7630 6.3096 6.4500 6.4140
40 6.7826 6.9715 6.4813 6.4913
50 6.7479 6.9124 6.6507 6.9117
60 6.7185 7.0453 7.0378 5.7886

70 6.595 6.9776 7.0696 5.900
80 6.5094 5.9405 7.2519 7.1121
90 6.4247 6.7315 7.3375 7.0732
100 6.3832 5.9091 7.4840 6.8702

Addition of Li salts may increase the interactlmetween Li+, OHand Br” ion and PEG molecules. In the case of
mixed electrolytes, it favored to form more tramsiknes with dimensional stable morphology dudatge cation-
anion association effects. Due to the dispersioin$, there is a strong interaction between sclute solvent
molecules and it may be due to hydrogen bondingidoet the solute and solvent molecules. But atréacphar
composition, a sudden drop in ultrasonic velociggween the solvent and solute molecules, it mayuee to a
complex formation. At higher concentration of Litsaelectrolytes, more number of ions are formed @aon-linear
variation were observed due to the structure brgpgiroperty of PEG. It may be due to weak intéoacbetween
the molecules. The B/A values for the liquids haeen interpreted as the quantity representingrihgnitude of
the hardness of liquids. The B/A values are coneestewith interactions between the components efliimary
systems. The interaction between the componertsedfinary mixtures is stronger at higher conceiatma while it
is weaker at lower concentration of salts. Tablé Shows the variations of the B/A values calculatenn
Hartmann and Ballou relation and it shows decrestsedl with increase in concentration. This dataedbcity and
densities were taken for computing the various tties employed in the equation for B/A. The B/Auwes for the
liquids have been interpreted as the quantity ssing the magnitude of the hardness of liquidhe B/A values
are concenerned with interactions between the caemgs of the binary systems. It is evident from(dg.and (5),
that Ballous and Hartmann relations depend maimytloe ultrasonic velocity. The interaction betwethie
components of the binary mixtures is stronger ghéi concentration, while it is weaker at lower @amtration of
salts and the accuracy of both the methods linhiésusefulness of direct application of these methodliquid
mixture investigation

CONCLUSION

In the present investigation, the measurement thsdnic velocity and other acoustical parameteamaly
adiabatic compressibility, intermolecular free ldmgacoustic impedance and surface tension have ¢aeulated
for Lithium hydroxide and Lithium bromide salts polyethylene glycol (400) electrolyte solution iifferent
concentrations and it is evident that the presafden-solvent interactions leads to strong intéoas at lower
concentrations and weak interactions at higher eatnation of lithium salts of electrolyte solutiand consequently
promotes the structure breaking characteristicsth® aqueous electrolytic solutions. In conclusidhe
concentration, nature of the solvent, nature ofdblkete and its potion play an important role inedmining the
interactions occurring in the solutions. These @asions have given scope for further studies ortllbemodynamic
properties for the system. . On the basis of tkeudision, it can be concluded that the variatiocoofiputed values
of B/A will depends on the ultrasonic sound waveairgiven medium which helps in the interpretatidnthe
magnitude of the hardness of the liquid in termthefnon-linearity parameter.
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