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ABSTRACT

Thermodynamic property (partial molar volumes) ofmg alkaline earth metal chlorides viz; calciumarhde and
magnesium chloride have been determined in binayeaus mixtures of sucrose (3, 6, 9 and 12% byhweify
sucrose) with the help of density measurementsatemperature 303.15K. Effect of temperature wss studied
for these electrolytes in 3% (w/w) sucrose + wated five different temperatures (298.15, 303.18.89, 313.15
and 318.15K) were taken for the study. The demség@surements were made by using Ward and Millethade
and results have been analysed by Masson’s equattmexperimental values of slopes and partialameblumes
of these alkaline earth metal chlorides have bererpreted in terms of ion-ion or ion —solvent naigtions. The
¢e° value have also been determined which is interpréteterms of structure making or breaking capasitof
these salts. In the present study the alkalineheamtal chlorides have been found as structure keesain binary
aqueous mixture of sucrose.
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INTRODUCTION

Partial molar volume is one of the most importangérthodynamic properties that can be used as a ol f
determining the various types of interactions lide-ion, ion - solvent and solvent — solvent intgi@ns occurring

in aqueous and non-aqueous solutions [1-10]. Ricmuch interest has been shown for the studyactharides
because of their physical, biochemical and indakyriuseful properties [11-17]. In addition to thenportance in
the food, pharmaceutical and chemical industriessé¢ saccharides have received considerable attefoti their
ability to protect biological macromolecules [18,.1%e structural and physical properties of theusohs can be
determined by ion-ion, ion - solvent and solvergolvent interactions and a lot of work has beeredfon various
electrolytes in different binary aqueous mixtures kess attention is paid for alkaline earth mefabrides viz.,
magnesium chloride and calcium chloride in binagyeous mixtures of sucrose. The present studyusderstand
the interactions of magnesium chloride and calathioride in sucrose + water system.

Biologically magnesium is vital to health and f1gon is a component of every cell type. It is atsailable in
significant amount in nuts and certain vegetalidorophyll, the pigment that absorbs light in p&aninteracts
heavily with magnesium and is necessary for phatib®sis. Calcium is an important component in cenagal
mortars, and thus is necessary for constructioms Hlso used to aid cheese production. So it tsresting and
important to see the interactions of these saltattium and magnesium with the aqueous sucroséicos.

EXPERIMENTAL SECTION
The reagents magnesium chloride [Mg6H,0, M. W. 203.30 g], calcium chloride [CaCPH,0O, M.W. 147.02 g]

and sucrose [GH»,011 M. W. 342.30 g ] were taken of AR grade in thespra study. All these reagents were used
after drying over anhydrous calcium oxide in desfocs. Fresh triple distilled water was used asdstad solvent
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for preparing binary aqueous mixtures of sucrosk @her solutions. The binary aqueous mixturesuofase and
five different concentrations of above mentionekkbihe earth metal chlorides were prepared by weagid the
conversion of molality (m) into molar concentrati@) was done by using the standard expression:

C = md1000 (1)

1000+mM,
Where, d is the density of solution and id the molecular weight of alkaline earth metdbades.

The density was measured with the help of an appssimilar to the one reported by Ward and Millg2@]. This
apparatus consist of a glass float which is suspémdth nylon thread from a balance pan into andylical sample
container. The sample container has a bakeliteatap placed in a water bath. The whole assemblyaofpte
container and water-bath was placed in thermodtaises temperature was controlled with the help oélantronic
relay. The fluctuation in temperature was withirD-01K.The densities of different aqueous solutiéral&aline
earth metal chlorides were calculated with the loéline equation:

(Wo-W)
v )

d - do =
Here, d and glare the densities of sample solution and watgreas/ely; w and y are the weights of float in
sample solution and water respectively. The cdiibmeof float was checked by measuring density wepmethanol
at 308.15K (our value d = 0.7773 gcris in good agreement with literature valued = @0 gcent) [21]. The
accuracy in the density measurements was Igténi®,

The apparent molar volumeg() were calculated from the density data using tilewing expression [22]

1000(do-d) M,

d)v = + a (3)

Cdo
where d is the density of sucrose + water as solvent aisdtloe density of solution; ¢ is the molar concatidn of

the salts and Mis the molecular weight of alkaline earth metdbddes. The density measurements were carried
out in a well stirred water bath with a temperatoatrol of + 0.01 K.

RESULTSAND DISCUSSION

The densities of solutions of magnesium chloridé ealcium chloride in different compositions of suge + water
(3,6,9 and 12 wt %) at 303.15 K have been measamddvere used to calculate the apparent molar v@dgm The
plots ofd, versesVC were found to be linear in different compositiasfssucrose + water. A sample plot for
calcium chloride in different compositions of suseo+ water at 303.15K is shown in fig.1. The pantlar
volumesd? were calculated by using least square fit to thear plots of experimental values pfversus square
root of molar concentration ¢ and using Masson tojua

- * /!
q)v_ (1)8 + Sv Cl 2 (4)
whered? is the partial molar volume argj is the experimental slope.

Table- 1 Partial molar volumes (¢? ) and experimental slopes (S; ) for magnesium chloride and calcium chloride in sucrose + water

mixtures at 303.15K
Magnesium chloride Calcium chloride
Sucrose + Wate| 0 " 0 "
(% wiw ) v S, v S
(cr® molt) (cm3dm3’2mol 3/2) (cr® mol?) (cm3dm3’2mol 3/2)
3 55.14 2.23 77.62 -0.76
6 39.20 2.70 72.66 -0.66
9 24.49 3.10 71.11 -0.65
12 11.66 3.17 63.30 -0.62

Table 1 shows the values ®$ and S; , calculated in different compositions of binaguaous mixture of sucrose at
303.15 K. Itis clear, from table 1, that the valad slopesg;) are positive for magnesium chloride and negdtive
calcium chloride in sucrose + water mixture at 36K in all the compositions. The positive slopeues for
magnesium chlorides indicate the presence of stiomgion interactions and negative slopes in aafsealcium
chloride indicate the presence of weak ion- ioeriattions. Also, from Table 1, it is clear that thagnitude of;
values of alkaline earth metal chlorides increasiéls the increase in the amount of sucrose in watkich shows
that ion-ion interactions are further, strengthemddch may be attributed to the less solvation arfsi on the
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addition of sucrose to water for both the alkak@th metal chlorides studied here. Also from Tdblé is clear
that thed? values are positive and decrease in magnituda) the compositions of sucrose + water at 303.1&K
both the alkaline earth metals chlorides. The trefipl® values, for both the alkaline earth metals chiajdeth the
increase of sucrose amount in water, shows thatsiminent interactions decrease on the additiosuofose in water
Also, on comparing the magnitudesddf values with the values 6f , dIvalues are more in magnitudes than that
of S of the same alkaline earth metal chlorides in@icahat ion-solvent interactions dominate over ithreion
interactions in water + sucrose mixture at 303.15 K
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Figl: Plot of ¢ Vs CY?for calcium chloridein different compositions of sucrose + water at 303.15K
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Fig 2: Plot of ¢, Vs CY?for calcium chloridein 3% binary mixture of sucrose + water at different temperatures

Effect of temperature: Since the behaviour of both the electrolytes wamdoto be linear and same in different
composition of sucrose + water at 303.15 K, so amg composition system (3% w/w) has been selefcted
analysing the effect of temperature. The experialgntietermined values for the five different contcations of
both the alkaline earth metal chlorides at fivded#nt temperatures (298.15 — 318.15K) have beed tascalculate
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the partial molar volumé? of the salts.The plot of apparent molar voluineagainst the'C were found to be
linear as shown in fig. 2 for calcium chloride asnple plot.

Table - 2 Partial molar volumes (9 ) and experimental slopes (S; ) for magnesium chloride and calcium chloridein 3% (w/w) sucrose +
water mixtureat different temperatures

Magnesium Chloride Calcium Chloride

Temperature ) S, ) S,

) (em®*mol™® | (em*dm*mol®?) | (cm®mol™®) | (em*dm*?mol®?)
298.15 52.02 1.99 80.43 -1.16
303.15 55.14 2.23 77.62 -0.76
308.15 104.33 1.07 101.07 -1.14
313.15 114.07 0.75 109.64 -1.21
318.15 153.81 0.60 128.73 -1.68

It is evident from table 2 that the valuesSpfare negative for calcium chlorides in 3% aqueougurg of sucrose at

all temperatures. The negati$é values indicate the presence of weak ion-ion icteras for calcium chloride and
positive S} values indicate the presence of strong ion-ionrautgons for magnesium chloride and these values
further decrease with the increase in temperataietd decrease in ion-ion interactions and attdlthe increase in
the solvation of alkaline earth metal ions witteria temperature. Also it is clear from table hattthe values of
¢%increase with increase in temperature , for thélsgliae earth metal chlorides in sucrose + watefq3v/w) ,
thereby showing that ion — solvent interactions strengthened with increase in temperature. Thes&se in

¢? values may be trait to increase in solvation o#litie earth metal ions with rise in temperature.

It has been found that ony, is not only one parameter for determining thecétme making or structure breaking
nature of any solute. Limiting molar expansibikitig} is another parameter, which determines the streichaking
or breaking capacity of any solute in any of thivesat developed by Hepler [23].

The temperature dependenceddfin 3% Sucrose + water [relations (5) and (6)] for mesjmm chloride and
calcium chloride can be expressed by the followaligtions:

$% =-11339.83 + 64.76T - 0.094T2 for magnesiunogte (5)
0 = -5368.75 + 30.96T - 0.043T2 for calciumcside (6)
Limiting molar expansibilitiegh= [% »Which is temperature dependence functiopfis calculated for both the

alkaline earth metal chlorides by using relatids)sand (6) and are given in table 3.

Table - 3 Variation of limiting apparent molar volume expansibilities (¢2) for magnesium chloride calcium and chloridein 3% (w/w) sucrose +
water mixture at different temperatures

Temperature (K) Magnesium Chloridein 3% (w/w) Sucrose + water | Calcium Chloride 3% (w/w) Sucrose + water
P $% (em®*mol* K™ 2 (cm®*moal* K™
298.15 8.708 5.319
303.15 7.768 4.889
308.15 6.828 4.459
313.15 5.888 4.029
318.15 4.948 3.599

It is clear from this table that the valuesdgf decrease in magnitude with the rise in tempeeatar both the
alkaline earth metal chlorides. The decrease innihade per degree temperature suggesting thatehavior of
both the alkaline earth metal chlorides is not Eimio that of symmetrical tetra alkyl salts [Mijt like those of
common electrolytes [25,26].The variatidf with temperature, for both the alkaline earth rheldorides, is linear
as shown in figure 3. This positive decrease wetherature may be ascribed to the absence of ‘gipgicking
effect”.

179



R. C. Thakur et al J. Chem. Pharm. Res,, 2015, 7(1):176-181

9.0

8.5

8.0 1

B Magnisium Chloride
® Calcium Chloride

7.5

7.0 1

6.5
6.0
5.5 1

5.0 1

@ x 10° (cm’mol'K™)

4.5+
4.0+

3.5

T T T T T T T T T 1
295 300 305 310 315 320

Temperature (K)

Fig.3 Plot of ¢2 versetemperature for magnesium chloride and calcium chloridein 3% sucrose + water

Hepler has developed a technique of examining idye af [3° O / f)Tz]p i.e. second derivative of partial molar
volume with respect to temperature at constantspres for various solutes in terms of long rangecstire making
and breaking capacity of the solutes in aqueougisok using the general thermodynamic expresg8h [

[0Cr/0Plr = - [0°d%aTT, (7

It is observed from relations (5) and (6) tf@ft¢? / c’)Tz]p for the solutions of both the alkaline earth metdbrides
is negative showing that both the alkaline earthliainehlorides behave as structure breakers in sactowater
mixtures.

CONCLUSION

In the present study both the alkaline earth mdial® been found as structure breakers in sucresger mixtures.
Also the behavior of both the alkaline earth melkdbrides has been found similar to common elegtiesl
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