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ABSTRACT

Viscosities and densities of solution of agueous electrolytes at different
molalities have been measured at 298.15 K. By using the data obtained and
the appropriate thermodynamic equations, the parameterslike apparent molal
volume ¢, partial molal volume ¢°,, relativeviscosity n ,, Jones-Dole B and
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Falkenhagen coefficient A, free energy of activation per mole of solvent
Ap,* and free energy of activation per mole of solute Ap,* of the agueous
electrolytes solution have been computed. Results show that there are
weak ion-ion interaction and ion-solvent interaction are very strong and
greater structure making ability in case of MgCl,, KNO,and Na,SO,. The
order of structure making ability asMg? > Na" > K*> Ba?*.
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1.INTRODUCTION

Thework on viscosity coefficient of € ectrolytic so-
[utions has been carried out by many workerg*3., It
hasbeen found by number of workersthat addition of
electrolyteseither breaks or makesthestructureof lig-
uid. Viscosty and itsderived parametersprovideval u-
ableinformationregarding the shapeand size of these
mol ecul es. The hydrophobic and hydrophilic proper-
tiesof fluid has considered asameasure of solute-sol-
vent and sol ute-sol uteinteractions. Motin reported the
gpparent molal volumeand viscositiesof NaCl, NH,Cl,
CuCl,, CuSO, and MgSO, inwater and water + urea
solutionsat 308.15, 313.15 and 323.15K. Therefore
adeeper knowledge of thetemperatureinfluenceof the
pureand binary systemsat amolecular isessential for
theunderstanding of many chemical and biologica pro-

cessesinthesemedia. Inrecent year someworkerg>8
haveutilized density and viscosity datadeduced thether-
modynamic propertiesof metd dectrolytessolution. The
measurement of viscosities of solutionsfromthebasis
of thestudiesof solute-solvent interactions. Themetal
ionsplay avitd roleinlife systems. Inthesework, the
volumetric and viscometric sudiescan provideamean-
ingful information regarding sol ute-solute and sol ute-
solvent interactionsin aqueousd ectrolyte solutions. For
these purpose, viscositiesand densities of the aqueous
electrolytes viz. NaCl, KCI, MgCl, BaCl, NaNO,
KNO, CH,COONa, CH,COOK and Na,SO, at dif-
ferent molalities (0.10, 0.15, 0.20, 0.25, 0.30, 0.35,
0.40, 0.45 and 0.50 ) m have been studied at 298.15
K. Severa thermodynamic parameterssuch asrelative
viscosity, goparent mola volume¢,, partial molal vol-
umed¢ ° a infinitedilution, Jones—Dolecoefficient? B,
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Falkenhagen coefficient!*® A, freeenergy of activation
per moleof solvent Au, *andfreeenergy of activation
per moleof solute Ap,*were computed from experi-
mental data. Such dataare expected to highlight the
roleof the cation and anion of an eectrolyteisinfluenc-
ingitspartid mola volumeat infinitedilutioninthesol-
vent. These cons derations prompted usto undertake
the present study.

2.MATERIALSAND METHODS

NaCl and KCl (>99%), MgCl, and BaCl,, (99%),
NaNO, KNO, CH,COONaand CH,COOK (199%)
and Na,SO, (> 98 % ) were procured fromB. D. H.
andA. C. S. grade. Thechemica swith quoted purities
weredried firstinan oven at 110°C and then at room
temperatureinavacuum over phosphorous pentaoxide
for at | east 48 hours and were then used without further
purifications. Theweighing were done on an Afcoset
ER-120A el ectronic balancewith aprecisonof + 0.1
mg. Viscositiesmeasurementswere carried out usnga
cdibrated Ostwald viscometer at 298.15 K. Runswere
repeated until three successive determinationswere
obtained within + 1s. Because dl theflow timeswere
greater than 100s. The estimated errorsin viscosity
measurementswere of theorder of + 0.1 % Kgms™.
Denstiesof water and agueous €l ectrol ytes solutions
were measured us ng double capillary pycnometer made
of Borosil glass. Thecapillary, with graduated marks,
has uniform bore and could be closed by well fitting
glass cap. Themarkswere calibrated with deionized
and doubledistilled water at 298.15K. Thedensities
of water weredetermined from the massof thesolution
inthepycnometer after reachingthermd equilibriumwith
aelectronicaly thermostatic water bath at 298.15K +
0.02K. Theaccuracy of the density measurement was
+0.01Kgm?=.

3. RESULTSAND DISCUSSION

Viscositiesand densities of the agueous solutions
of NaCl, KCI, MgCl,, BaCl,, NaNO,, KNO,,
CH,COONa, CH,COOK and Na,SO, at different
molalities (0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40,
0.45 and 0.50 ) m have been measured at 298.15 K
and reportedin TABLE 1. Thevauesof n and p de-
creaseand increasethe concentration of e ectrolytesin

TABLE 1: Viscosities, n, densities, p, relative viscosities,
1,4 and appar ent molal volume¢, of electrolytesin water at
298.15K

1, m10° 10° 3 ,10°
mmol 1) (AL B -nrel 10° 410 »
Sodium chloride
0.10 0.5256 10009 0.6175 19.49
0.15 0.5422 1002.0 0.6369 25.84
0.20 0.5499 1004.0 0.6460 24.01
0.25 0.5665 1008.0 0.6655 14.88
0.30 0.5734 1009.1 0.6737 18.22
0.35 0.5780 1010.2 0.6791 21.64
0.40 0.5821 1011.0 0.6838 16.23
0.45 0.5847 10149 0.6869 19.80
0.50 0.6118 1026.1 0.7188 12.67
Potassium chloride
0.10 0.6531 1001.1 0.7673 35.66
0.15 0.6706 1002.3 0.7879 42.01
0.20 0.6740 1004.0 0.7918 40.17
0.25 0.6811 1005.1 0.8002 43.08
0.30 0.6896 1008.9 0.8102 34.99
0.35 0.7169 10120 0.8423 32.08
0.40 0.7353 10140 0.8639 32.40
0.45 0.7455 1019.1 0.8758 25.96
0.50 0.7934 1020.2 0.9321 28.84
Magnesium chloride
0.10 0.4617 1007.0 0.5424 104.81
0.15 0.4232 1008.2 0.4972 131.15
0.20 0.4115 1009.1 0.4835 144.32
0.25 0.3950 10132 0.4641 140.19
0.30 0.3945 10179 0.4635 134.09
0.35 0.3617 1023.8 0.4249 126.87
0.40 0.2975 1025.1 0.3495 133.99
0.45 0.2542 1026.0 0.2986 139.53
0.50 0.2095 1030.0 0.3046 137.94
Barium chloride
0.10 0.6188 1012.1 0.7270 85.52
0.15 0.6079  1020.2 0.7140 91.87
0.20 0.5954 1027.0 0.6995 90.04
0.25 0.5865 1040.1 0.6890 72.89
0.30 0.5677 1049.3 0.6670 71.48
0.35 0.5557 1055.0 0.6528 93.40
0.40 0.5417 1062.0 0.6364 87.28
0.45 0.5293 1077.1 0.6218 66.91
0.50 0.5102 1086.2 0.5994 66.71
Sodium nitrate
0.10 0.6063 1001.1 0.7123 57.35
0.15 0.6101 1002.0 0.7168 52.61
0.20 0.6197 10034 0.7281 55.75
0.25 0.6292 1006.1 0.7392 49.61
0.30 0.6570 10109 0.7719 38.83
0.35 0.6863 1014.1 0.8062 36.86
0.40 0.7219 10172 0.8481 35.39

TABLE 1countinuenext page
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TABLE1
1, m1.0° p10° s ¢,10° Potassium nitrate
mmol ™) \m?29 (kgm?) "¢ (¥mo) 010 06700 10011 05703 6248
Sodium chloride 015 0.7598 10053  0.6467 48.71
010 05256 10009 0.6175 19.49 020 0.8095 1006.1  0.6890 56.87
015 05422 10020  0.6369 25,84 025  0.8920 1009.1  0.7592 53.74
020 05499 10040  0.6460 24.01 030 0.9027 10122 0.7683 51.65
025 05665 10080  0.6655 14.88 035 09223 10150  0.7850 50.65
030 05734 10091  0.6737 18.22 040  0.9269 10171 0.7889 51.55
035 05780 10102  0.6791 2164 045 1.0231 10220  0.8709 45.95
0.40 05821 10110  0.6838 16.23 050 1.0304 10240 08770 47.48
045 05847 10149  0.6869 19.80 Sodium acetate
050 06118 10261 07188 12.67 010 06465 10013  0.7595 120.62
: : 015 0.3723 1001.8  0.4373 115.21
R ‘ihlor 6d$673 T 020 02026 10020 02381  117.01
015 06708 10023 07879  ar01 025 0.1827 10030  0.2147 112.88
020 06740 10040 07918 4017 030 0.1664 10052 0.1955 110.13
095 06811 10051 08002 4308 035 0.1478 10088  0.1736 102.43
030 06895 10089 08102 34,99 040 0.1224 1011.2  0.1438 101.67
035 07169 10120 08423 3208 045 0.1084 10150  0.0987 96.62
0.40 0.7353 1014.0 0.8639 32.40 0.50 0.1059 1016.1 0.0702 98.60
045 07455 10191 0.8758 25.96 Potassium acetate
0.50 0.7934 10202 0.9321 28.84 0.10 0.5930 1000.2 0.6967 75.55
Magnesium chloride 0.15 0.5609 1001.0 0.6590 79.16
0.10 04617 10070 05424 10481 020  0.5543 10010  0.6512 78.70
0.15 04232 10082 04972 13115 025 05251 10033 06169 70.82
0.20 04115 10091 04835 14432 030 05142 1004.2  0.6041 78.76
0.25 03950 10132 04641  140.19 035  0.50% 10060  0.5986 72.97
0.30 03945 10179 04635  134.09 040 04492 1009.2 05278 68.63
0.35 0.3617 1023.8 0.4249  126.87 045 0.4379 10121 0.5144 65.26
0.40 02975 10251 03495  133.99 050  0.4360 10142 05122 64.56
0.45 02542 10260 02986 13953 Sodium sulphate
0.50 02095 10300 03046  137.94 010 06229 10110 07318 2344
Barium chioride 015  0.5599 10150  0.6578 22.90
0.10 06188 10121 07270 8552 020  0.4651 10161 0.5464 4r.17
0.15 06079 10202 07140 9187 025 04504 10171 0.5201 62.70
0.20 05954 1027.0 06995  90.04 030  0.4408 10191 0.5178 69.30
0.25 05865 1040.1 06890  72.89 035 0.3502 10213 04115 74.02
0.30 05677 10493 06670 7148 040  0.2620 10232 03079 77.51
0.35 0.5557 10550 0.6528  93.40 045  0.1322 1026.1  0.1553 78.08
0.40 05417 10620 06364  87.28 050 0.082 10284  0.0967 80.51
0.45 05293 10771 06218  66.91 o :
water, under investigation, which appear to be hydro-
0.50 05102 10862 05994  66.71 ; . . .
Sodium itrate phobic propertiesof solutesi.e. H- bond forming. The
0.10 06063 100L1 07123 5735 changein structureof solvent or solution asaresult of
0.15 0.6101 1002.0 0.7168  52.61 H-bond formation |eadsto decreaseinintermolecul ar
0.20 06197 10034 07281  55.75 freelength.
8'58 8'253(2) iggg-é g-ﬁig ;‘g-gé Theapparentmola volume, ¢, werecalculated from
035 06863 10141 08062 3686 measured dengity datausing thefollowing equation:
0.40 0.7219 10172 08481 3539 ¢, =[1000 (p°- p) / m p°] + M /p° @D
0.45 0.9040 10190 1.062 36.47 whereM isthe molecular weight of the solute, misthemolality
0.50 09105 10220 1.069 3533 of the solutions, p and p° are the densities of solution and

solvent respectively. The values of apparent mola volume, ¢,
of these systems arerecorded in TABLE 1.
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Positivevaluesof ¢, (TABLE 1) of these systems
indicating the presence of strong sol ute-solvent inter-
actions. Thecontraction of water invicinity of charged
group iscaused by el ectrostatic solute-solvent interac-
tions. The strong solute-solvent interactionsareindi-
caingthepresenceof larged ectrodriction effectinthese
systems. Thepartid mola volume, ¢, °atinfinitedilu-
tion, waseva uated by taking an average of dl thedata
points, standard deviations pertainto themean vaug™.
Indll theother casesthe stlandard partial molal volume
were obtained by |east square treatment to the plot of
¢, versusm*2, using Masson’s equation!*4
¢,=¢°,+S m” @

Here, S, isthe experimental slope, whichisconsidered to
be volumetric pair wise interaction coefficient™>*4, The de-
rived values of ¢° along with coefficient S are summarizedin
TABLE 2. Thevaluesof ¢°, for NaCl, KCI, MgCl, BaCl,, NaNO,,
KNO,, CH,COONa, CH,COOK and Na,SO, are positive, the
presence of strong interaction between ions and water mol-
eculesi.e. increase the electrostriction effect.

Thesdt of NaCl, KCl and MgCl, contain monovar
lent and bivalent cations but the sameanion. The cat-
ionsare of different nature and are hydrated by water
molecules. According to Vaslows*¥, concept of hy-
dration, small cations normally enhance hydrogen
bonded structura groupinginliquid. Asradiusof Mg,
isthesmallest it may occupy the smallest spaceinthe
hydration sheath. For thelarger radius of K*, it occu-
piesalarger spacein the hydration sheath than Na'.
That istheinteraction of Mg?" with water is greater
than Na* and K*

The BaCl,, NaNO,, KNO,, CH,COONa,
CH,COOK and Na,SO, contain cations Ba*?, N,
K*andtheir anionsareCl-, CH,COO, NO, and SO~
respectively. Thebehavior of cationsand anionsdiffer
essentially inthe presence of each other, which may
influencethewater structuredifferently. Thelarger sze
of Cl-, CH,COO, NO, and SO,* anion may occupy
alarger spaceinthehydration sheath. The SO,* should
be more highly solvated than CI-, CH,COO and NO,
duetoitshigher number € ectronegative groups. Sul-
phateion, containing four oxygen atoms, may enhance,
theformation of hydrogen bondinginwater solutiong?®.

Among the electrolytes studied (NaCl, KCl,
MgCl,, BaCl,, NaNO,, KNO,, CH,COONga,
CH,COOK and Na,SO,), the ¢°, val ues obtained for
MgCl, and Na,SO, are seento be abnormally higher
than those of the other electrolytes (shownin TABLE

TABLE 2: Partial molar volume, ¢°, at infinite
dilution,experimental sope, S, Falkenhagen coefficient, A,
Jones-Dole coefficient, B, freeenergy of activation for the
solvent, Au¥, and solute, Au¥, of electrolytesin water at
298.15K

o# _
Electrolytes S,10° A B AK 10_49 051
$%,10°  (m*mol® (dm*  (dm? O At
3 -l -2 -1/2 1 Ap™,10
(m*°mol™) ) mol™)  mol™) (kJ mol™)
NaCl 2008 -2489 -596 527 72.23
KCl2082 -2011  -613  5.17 7111
MgCl,246.13 17800 -593 593 84.57
BaCl,39.45 -3893 -1047  15.10 20.72
NaNO;38.77 27.00 -691  6.68 92.02
KNO; 6256 1850  -813 820 30.82
CH;S%gNa -12625 577 488 67.00
CHfogK 1000 551 333 4637
Na,SO, )
21853 33166 -464  7.40 10.45

2). Thisabnormally may be accounted for by thefact
that Mg+ and Na" can form an octahedral complex
withwater. TABLE 2 showsthat thevalueof S are
positivein case of thesystemsMgCl., NaNO,, KNO,
and Na,SO, indicating, thereby strongion-pair inter-
actions. Onthebasisof studiesconducted onavariety
of hydrophilic, hydrophobic and amphiphilic solutes, it
has been shown that positive S, vauesare generaly
associ ated with solutes showing an hydrophilic charac-
terl™ as in the MgCl, NaNO,, KNO, and Na,SO,.
Thenegativevauesof S obtai ned in thecaseof NaCl,
KCI, BaCl,, CH COONaand CH_COOK whichin-
dicatesion- ion [ nteracti onsareweak and lesscomplex
ionformation.

Viscositiesand rel ativeviscosities of the aqueous
electrolytes solution NaCl, KCI, MgCl, BaCl,
NaNO,, KNO,, CH,COONa,CH COOK and
Na, SO, “at different molalitiesarerecordedin TABLE
2. Thereativeviscosities of these systemswere deter-
mined at 298.15K fromtheviscosity data. Theserela-
tiveviscositieswereanalyzed by the Jones-Dol €% semi
empirica equation:

N,,=n/n,=[1+ Am">+ Bm] (3)

where n and n, are the viscosities of solution and solvent
respectively. A isthe Falkenhagen coefficient which indicates
ion-pair electrostatic interaction and B is the Jones — Dole
coefficient, an empirical constant, and is measure of ion-sol-
vent interaction. Its values of B depend on the size and shape

of the solute particles. They were obtained by a least square
treatment asintercept and slope of thelinear plotsof n/n,- 1
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[ mY¥2versus m‘2,

A per usud of TABLE 2 showsthat thevaluesof B
ispositiveand largefor theNaCl, KCl, MgCl.,BaCl,,
NaNO,, KNO,, CH,COONa,CH,COOK and
Na,SO, solutions. They showsthat thepresenceof very
strongion-solvent interaction Mg?ionbeingsmdlerin
sizethan Na*, K* and Ba"? hasan intenseforcefield
and hencestrong hydration around it. Therefore hydra
tion of MgCl,and Na,SO,. The SO,* ions should be
more highly solvated dueto itshigher number of elec-
tronegative groups. Sul phateion containing four oxy-
gen atoms, may enhance the formation of hydrogen
bondinginwater solution. Thevauesof A coefficient are
negativeinthese systemsthereby showingthe presence
of weak ion-ioninteractions. Yasmin and coworkerg®
have observed such anomal ous behavior of A and B.

According to thetransition statetheory of therela-
tiveviscosity of the el ectrol yte sol utions proposed by
Feakinset a.[**Ithe B- coefficientisgivenas,

B=(V{ - v3)/1000+y/] 9[(Ap*,- Ap™) / RT]/1000  (4)

where 1V, °and 'V ° arethe partial molal volumesof the solvent
and solute at infinite dilution respectively, Au*, is the free
energy of activation per mole of the solvent and Ap¥, is the
free energy of activation per mole of the solute. The values of

Ap% and Au%, were cal culated using the following equations:

Ap%¥ =RT In (n,V.°/ hN) (5)
and
Ap%, = Ap% + (RT /y/9)[1000B - (7 - v3)I (6)

where N is the Avogadro’s number. R and h are the gas and
Planck’s constant. T is the absolute temperature. The values
of Au%, is constant and Au%, is dependent mainly on B-coef-
ficentand IV -V °terms. Itisalso clear fromTABLE 2 that the
values of A% arelarger than Au*, suggesting that the forma-
tion of transition state is accompanied by the breaking and
distortion of the intermolecular bonds. The values of Ap*,are
largeof NaCl, KCI, MgCl,, BaCl,, NaNO,, KNO,, CH,COONa,
CH,COOK and Na,SO, solutionsrevea sthe order of structure
making ability asMg*?> K* > Na* > Ba2. T

he hydration of Mg*2is stronger than that of K*,
Na" and Ba*? ion since the electric charge of Mg*2is
twicethat of K* and Na* and theradiusof theformer is
much shorter than that inlater. Thissuggests maximum
gructuremaking ability and extent of interactionisgrester
in case of MgCl,and KNO,. The studies suggest that

ion-solvent interactioninthese systems.
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