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ABSTRACT

Ultrasonic velocities, densities and viscosities very dilute concentrations of aqueous
MnCl,.4H,0O system have been determined at 303.15K, 308.B3R,15K and 318.15K
temperatures. Using this data, the acoustical pagtars such as adiabatic compressibilitys3, (
intermolecular free lengths (). specific acoustic impedances (Z) and solvatiamipers (§
have been estimated. The results have been intecpie light of ion-solvent interactions in
terms of structure breaking and structure promotiragure of Mi? ions in aqueous media.

Keywords: ultrasonic velocity, ion-solvent interactions, auhtic compressibility,
intermolecular free length, solvation number.

INTRODUCTION

The study of molecular interactions in the liquigktares is very much important to study the
structural properties of molecules. Ultrasonic ggeris used in medicine, engineering,
agriculture, defence and industry. In chemical stdas ultrasonic energy is found useful in
studying the chemical processes and in syntheshemical substances. In solution of ionic
solute the attraction between the solute and sbligenf ion-dipole type. When electrolyte is
dissolved in solvent it causes volume contractiae tb interactions between ions and solvent
molecules and therefore other acoustical parametens be affected. Many researchers have
used ultrasound to investigate the ion-solventradt#ons in aqueous solutions containing
electrolytes [1, 6]. A survey of literature [1-18§veals that ultrasonic waves with low amplitude
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have been used by many scientists to investigatentiture of molecular interactions and
physiochemical behaviour of pure binary, ternarg quaternary liquid mixtures.

Recently V. Kannappan and S. Chidambara Vinayaggst[@lied ion-solvent interactions in
agueous and non-aqueous solutions of transitioniramel transition metal ions by ultrasonic
technique at 303.15K. However, to our knowledges ibbserved from literature survey that,
attempt has not been made to study ion-dipoleantems in very dilute aqueous solutions of
tetra hydrated MnGlat different temperatures. The present work dedls the measurement of
ultrasonic velocity, density and viscosity. Withetthelp of these parameters adiabatic
compressibility g), intermolecular free length (L. acoustic impedance (Z) and solvation
number (§ for very dilute aqueous solution of MnCat 303.15K, 308.15K, 313.15K and
318.15K have been calculated.

EXPERIMENTAL SECTION

Ultrasonic velocity for the aqueous solutions wasasured using a single crystal ultrasonic
interferometer at 2 MHz frequency (model F-81) digabby Mittal enterprises, New Delhi, that
has a an accuracy of 0.25 m/Sec atC25The temperature was kept constant, by constant
temperature watdrath with an accuracy of + 0.1K. The temperaturthefcirculating water near
the cell was measured by using PT-100 sensor aisdfoumd to be accurate to 0°23 The
densities of various concentrations have been meadsusing 25ml capacity specific gravity
bottle and digital balance (Shinko, model HTR-220@kade in Japan) with an accuracy of
0.0001gm. The viscosities have been determinedsimgOstwald viscometer.

The Qualigen made hydrated salt Mp@H,O of Anal-R grade having 99.5% assay was used
without further purification for the present invigsition. The aqueous solution of MR@H,O
was prepared in double distilled water in the pnmeseof perchloric acid to avoid hydrolysis [6].

THEORY AND CALCULATIONS
Various physical parameters were calculated froen rtireasured values of ultrasonic velocity
(V), density ) and viscosity{) using the following standard expressions.

Adiabatic compressibility) = 1/Up (Kg'ms?)
Intermolecular free length (Lf) =k\/ﬁ (m)

Where k is temperature dependent constant callethesbson constant [7] it is 2.075 x°10
2.095 x 10, 2.115 x 10 and 2.135 x 1® for 303.15, 308.15, 313.15 and 318.15K
respectively.

Specific acoustic impedance (Zpt (Kgm?s?)

Solvation number ($ = %(1—§j , ns=number of moles of solvent (mol/kg)
0

n; = number of moles of solute (mol/kg)

B = Adiabatic compressibility of solution at a pieular temperature (Rm?)

Bo = Adiabatic compressibility of solvent at a pautar temperature (fmn?)
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RESULTS AND DISCUSSION

The experimental values of ultrasonic velocity (Wdgnsity p) and viscosity if) and the
calculated values of adiabatic compressibility$, (ntermolecular free lengths . acoustic
impedances (Z), and solvation numberg (6r very dilute agueous solution of Mn@IH,O at
303.15K, 308.15K, 313.15K and 318.15K are summdrizelable 1.

Table 1.Ultrasonic velocities (U), densitiep], viscosities 4), specific acoustic impedances (Z), adiabatic
compressibility’s (), intermolecular free lengths (L), and solvation numbers (§ for ZnSo, + water system at
303.15K and 308.15K, 313.15K and 318.15K.

U /10% | p/10™° Z/10° | L/10™
Temp | Conc./M |\ Kgl:n'3 Il\llsm'2 Kﬁg'lms2 Kgm?St| m Sh
0.0000 | 1509.00 995.11 7.940 4.39 1.507 4348  -f--
0.0011 | 1510.78 1003.08 7.983  4.368 1515  4.337 1863.
0.0021 | 1512.17 100255 7.983  4.362 1516  4.334 9T73.
303.15K| 0.0041 | 1508.88 1003.79 8.147 4.376p 1515  4.341 046.1
0.0061 | 1512.52 1003.90 8.077 4.354 1518  4.330 076.4
0.0081 | 1511.32 1006.12 8.022 4.351 1.521 4.329 562.0
0.081 | 1517.72 101141 8.227 4.29p 1.535 4299 15.28
0.0000 | 1519.10 994.90 7.2d0 4.338 1.511 4361  -f--
0.0011 | 1521.74 100146 7.042 4.312 1524  4.348 6302.
0.0021 | 1521.20 100154 7.084 4.315 1524  4.349 1042.
308.15K| 0.0041 | 1520.36 1001.80 7.227 4.318 1523  4.351 061.5
0.0061 | 1520.35 1003.60 7.217 4.311 1526  4.347 257.3
0.0081 | 1520.52 1003.19 7.187 4.312 1525  4.348 241.9
0.081 | 1524.16 1009.28 7.319 4.26p 1.538 4324 11.41
0.0000 | 1530.00 992.27 6.530 4.284 1.518 4370  -f--
0.0011 | 1529.91 999.06 6.680 4.276 1.528 4.366 84.55
0.0021 | 1529.04 999.59 6.520 4.279 1.528 4367 28.25
313.15K| 0.0041 | 1526.28 1001.46 6.650 4.286 1.529 4371 3-9.1
0.0061 | 1532.00 100150 6.630 4.254 1534  4.355 162.0
0.0081 | 1530.60 100150 6.610 4.262 1533  4.359 534.2
0.081 | 1533.60 1008.29 6.820 4.21f 1.546 4336 10.58
0.0000 | 1536.20 990.31 5.960 4.258 1.521 4395  -f--
0.0011 | 1536.88 998.76 6.210 4.239 1.535 4.388 168.8
0.0021 | 1537.40 998.12 6.050 4.239 1.535 4.388  89.45
318.15K| 0.0041 | 1535.64 998.95 6.180 4.245 1534 4391 26.11
0.0061 | 1535.13 995.87 6.050 4.26[ 1.529 4.399 @16.7
0.0081 | 1534.80 999.40 6.130 4.248 1534  4.393 8|80
0.081 | 1541.39 1007.77 6.3J0 4.17]7 1.553 4356 12.26

At all temperatures the values of P, andn varies non-linearly with concentration. With
increase in temperature then shows the decreasing trend whereas U increashsngiteasing
concentration. The increase in the valueg,af with small change in concentration suggests the
moderate strong electrolyte nature of ¥imns which tend to attract water molecules. The-no
linear variation of U with small change in concatitsn for all temperatures shows the strong
molecular interactions between frions and HO molecules.

However for 0.0041M and 0.0081M concentration aB.B38K ultrasonic velocity decreases
which suggest that Mf ions behaves as structure breaker for the cludtevater molecules
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suggesting weak ioselvent interactions. For other temperatures smmaucture breakin
tendency of Mi ions was observed for somther concentration as shown iable 1 showing
weak molecular interactiort.

The nonlinear variation of ultrasonic velocity with condeations indicates occurrence
complex formation between molecules of M, and HBO [9]. The molecular associatic
becomes maximum at those concentrations where ityelocaxima occur. The hemical
interaction may involve due to the associabetween ion and dipol&olecul¢ [10].

At all temperatures, it isbserved from ablel and Fid. that at certain concentration ultraso
velocity is minimum. This is probable due to maximmassociatedvater molecules are brok
into their monomers andose association formed between Mt ions and water molecules.
is likely that the water molecules at certain coricgion of Mr*? ions may stay in associat
form. The associated waterolecules are larger in size as compared t? ions and have to be
accommodated in the system and this may cause strmetural changes resulting in t
weakening of intermolecular forces. This may bebphdy would be the reason for the decre
in U suggesting weak Mfions- solvent interactions [11].

From Table 1 and Fig., 3 is observed that adiabatic compressibilgy shows an inverse trer
as compared to U. Values @f decreases with increasing concentration of N, in water
solvent. For dltemperatures and at cein concentrations e.g. 0.0041tdr 303.15K, 0.0021M
and 0.0041M for 308.15K etc., compressibility igximum which suggest that I'? ions
behaves as structure breaker for the cluster okrwatolecules showing weak i-solvent
interactions. The occurrence of maximum U and mininfuat the same concentration indice
that there is a significant interaction betweer*?ions and water molecul [11, 12, 13].
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Fig. 4 shows the variation of acoustic imjance with concentration and temperature for
given system. When an acoustic wave travel in aiungdthere is a variation of pressure fri
particle to particle. The product of ultrasonicaaty (U) and densityp) is known as “specifi

435



B. R Shindeet al J. Chem. Pharm. Res., 2011, 3(3):432-438

acoustic impedance (2)” of the medium. This faawrgoverned by the inertial and elastic
properties of the medium. It is important to exaengpecific acoustic impedance in relation to
concentration and temperature. When a plane uftraswave is setup in a liquid, the pressure
and hence density and refractive index of the dgshows a periodic variation with distance
from the source along the direction of propagatibthere is stationary ultrasonic wave pattern
in the liquid, the density will be greater in thedal planes than in any other plane. From Tablel
and Fig. 4, it is observed that like other paramsete&z. U and3, Z exhibits a non-linear variation
with concentration for all temperatures. This suppdhe MA" ions interactions with water
molecules [15, 16, 17].

.45
@ S 1.55
E 44 o
: 2
@ p
@ a
m ~ 4.3 - o
< 2 4 S+
a £ =
S O 1.5 -
S¥ 42 - )
o 3%
= ——T=303.15K ] —e—T-303.15K
= 4.1 —&—T=308.15K 5 —m— T=308.15K
< —a—T=313.15K T —a— T =313.15K
9 —%—T=318.15K S ——T=318.15K
4 T T T T & 1.45 T T T T
0 0.002 0.004 0.006 0.008 0 0.002 0.004 0.006 0.008
CONCENTRATION, M CONCENTRATION, M
Fig. 3: B against concentratior Fig. 4: Z against concentration

From Table 1 and Fig. 5, it is observed that intdeoular free length . shows similar
behavior as reflected bf. The decreased compressibility brings the molectute a closer
packing resulting into a decrease of intermolectrize length [lJ. L¢is a predominant factor in
determining the variation of U in solutions. As decreases U increases and vice versa, showing
an inverse behavior. The interdependence;@mnd U has been evolved from a model for sound
propagation proposed by Eyring and Kincaid[14].Therease in the values @fand L with
decrease in ultrasonic velocity shows the struchmeaking behavior of MA ions in water
solvent showing weak ion-solvent interactions[13].

The solvation of the molecules in water is expldima the basis of Frank and Wen model of
solute solvent interactions [18], which pictureseth different solvent structures in the

neighborhood of the solute. In first region, thévent molecules are attached to the ion by strong
coordination bond and it is known as primary shedtisolvation. In second region, there are

weak forces of attraction between solute and solwewiecules and it is known as secondary
sheath of solvation. Third region is a region akisolvent [6, 12].
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From Table 1 and Fig.6 it is observed that theaaw number (§ in a given system decreases
with increase in concentration and it may attai phimary solvation in pure crystalline state.
The variation in the ;Swith concentration and temperature is also noealirfor Mri? ions +
water system, which suggest the presence of stronglipole interactions. For 0.0041M,
concentration at 303.15K and 0.0061M concentradibB18.15K § values are negative which
shows the structure breaking nature ofMons in aqueous media [12, 14].

CONCLUSION

Experimentally measured ultrasonic velocity andeottalculated acoustical parameters contain
valuable information about ion-solvent interactiombe non-uniform variation in the acoustical
parameters proves that there is considerable antdumieractions between Mhions and water
molecules and it shows moderate change with vergllsghange in concentration and
temperature.
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