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ABSTRACT

Viscosities of some alkaline earth metal chloridés;, calcium chloride and magnesium chloride hawerb
determined in binary aqueous mixtures of sucrosé(® and 12% by weight of sucrose) with the lodldensity
measurements at one temperature 303.15K. Effettroperature has also been studied by taking edaidis
temperatures (298.15, 303.15, 308.15, 313.15 ar8l13K) for these electrolytes in 3% (w/w) sucrosavater.

Viscosity data has been analysed by using Jonesle &quation and B-coefficient values are deterahiriEhe

obtained parameters have also been interprete@ims of ion —ion and ion — solvent interactionstha present
study, magnesium chloride and calcium chlorideascstructure breakers in sucrose + water system.

Keywords:. B - coefficient, relative viscosity and structimeakers.

INTRODUCTION

Viscosities of solutions of electrolytes are uspalbne to obtain information about structure andpprties of
solutions [1-4].There are different types of int#ians existing between the ions in the electrolgtlutions and ion
— ion and ion — solvent interactions are of curtietérest. A number of researchers found that tditian of an
electrolyte either breaks or makes the structuréhefliquid and these interactions help in the usideding of the
nature of the solvent. The survey of literaturelf-shows that many studies have been carried auvdrious
electrolytic solutions but little attention has hegmid to the behaviour of magnesium chloride adiem chloride
in different compositions of sucrose + water.

Recently much interest has also been shown fosttidy of sugars (carbohydrates) because of theshleimical and
industrial importance [14-20]. In addition to th@mportance in the food, pharmaceutical and chenichustries,
sugars have received considerable attention for tdwlity to protect biological macromolecules [22].The
structural and physical properties of the solutioas be determined by ion-ion, ion - solvent angesd — solvent
interactions and a lot of work has been done faioua electrolytes in different binary agueous Sohs.
Biologically magnesium is vital to the health ang®ion is a component of every cell type. It is ads@ilable in
significant amount in nuts and certain vegetal@dorophyll, the pigment that absorbs light in p&arinteracts
heavily with magnesium and is necessary for phaetth®sis. Calcium is an important component in cenagid
mortars, and thus is necessary for constructiors Hlso used to aid cheese production. So it terésting and
important to see the interactions of salts of caiciand magnesium with aqueous sucrose solutionsce;léhe
present study is an attempt to study the solutatscahnd solute-solvent interactions in sucrose temsolvent
systems.
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EXPERIMENTAL SECTION

Alkaline earth metal chlorides viz; magnesium clder[MgCl,.6H,O, M. W. 203.30 g], calcium chloride [CaCl
2H,0, M.W. 147.02 g] and sucrose f8,,0;; M. W. 342.30 g ] of analytical grade were used rafte/ing over
P,Os desiccators. Double distilled water was used ffier preparation of binary aqueous mixtures of sucrobe
binary aqueous mixtures of sucrose as well asdghgians of magnesium chloride and calcium chlodelifferent
concentrations has been prepared by weight andatieersion of molal solutions (m) into molar sabuti(C) were
made by using the following expression:

1000 dm
~ 1000+mM, @

where d and Mis the density and molecular weight of the eacthefsalt. The densities of solutions of magnesium
chloride and calcium chloride were measured with ltblp of an apparatus as described by the Wardvilieto
[23].The glass sample cell had a Bakelite top watthole in the centre and was placed in a water bath
(x0.01°C).Density was calculated using the relation:

d = dy +-2= @)
where d and gdare densities of sample solution and pure watpeagtively, w and yare the weights of float in the
sample solution and water, and i¥ float volume. The relative viscosities of th@utions of magnesium chloride
and calcium chloride were determined with the lodl@stwald viscometer with the flow time of 289 .88conds for
water at 303.15K. Process was repeated until thueeessive determinations were obtained with il s@conds.
No kinetic energy correction required, as the flowe was greater than 100 seconds. The relativesises of the
solutions were determined by usual procedure [34FB8& density and viscosity studies were carrietliowater
thermostat (+ 0.01K) in order to study the effefctemnperature.

RESULTS AND DISCUSSION

The relative viscosities and densities of the sohst of magnesium chloride and calcium chlorideunrose + water
system in four different compositions 3,6,9 and 1@%w) were determined at 303.15K.The relativecusty data
has been analyzed by using Jones Dole equation[26].

Mre = o =1+ ACY? + BC @A)

where,n andn, are the viscosities of solutions and solvent retpely. A and B are two constants parameters. A
coefficient corresponds to ion- ion interactions @arameter B coefficient corresponds to ion —esatiinteractions.
These parameters A and B have been obtained binglat graph betweem,(— 1)/NC versesJC for both the
alkaline earth metal chlorides in all the prepacethpositions of sucrose + water at one tempera@r@03.15 K.

All these obtained values of A and B parametersawecorded in Table 1 and a sample plotypf- 1)/NC verses
\/C shown in Figure.1 for calcium chloride.

TABLE 1 : Values of A and B Coefficients of the Joas Dole Equation for magnesium chloride and calciurnhloride in different
compositions of sucrose + water at 303.15K

. Magnesium Chloride Calcium Chloride
Composition of A B A B
Sucrose+ Water [WW)%] | yszmor1ay | (dmPmol?) | (dm*mol™?) | (dmmol)
3 0.933 0.398 0.763 0.474
6 1.972 0.391 1.978 0.466
9 2.824 0.385 3.676 0.458
12 4.10% 0.37i 5.31¢ 0.431
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Figure 1: Plots of f.-1)Ac Vsc for calcium chloride in different compositions of sucrose + water at 303.16

It is clear from, Table - 1 that the values of Acrmases with the increase in the content of suciroseater

indicating that ion- ion interactions are strengii with the increase in the content of sucroseater. It is also
clear from Table - 1 that the values of B-coeffitifor magnesium chloride and calcium chloride ositive, in the
entire composition range of binary aqueous mixtafesucrose at 303.15K, thereby showing the presefstrong

ion —solvent interactions. Further values of B ffioent decrease with the increase of sucroseerdrin water at
303.15K, for an individual salt, thereby showingition — solvent interactions are weakened withitlceease of
sucrose content in water. In other words ion —s@wadecreases as the composition of sucrose ianitreases,
or it may be said that sucrose has less affinityafoelectrolyte than that for water.

The viscosity data has also been analysed on #ie bhtransition state treatment of relative viggoas proposed
by Feakinst al[27].The parameter B in terms of transition staeoty is given by the following relation:

B =

vO-vp | v [apg-apd
1~ V2 1 [“z “1] (4)

1000 1000 RT

WhereV_10 is mean volume of the solve@ is the partial molar volume of the alkaline earbtal chloride:x\uf
andApg* are the free energies of activations per moleuoé golvent and alkaline earth metal chlorideseetgely
and were calculated by the following relations [28]

AW = RTIn (noV0/hN ) (5)
AW = AW+ RT/VP [10003 - (V_1° - V_ZO)] (6)

Where R is the gas constant T is the absolute texhpe n, is the viscosity of the solvent, h is the Planck’s
constant and N is the Avogadro number.
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The values oﬁug* were calculated with the help of relation (5) amd given in Table 2 for mixed solvents, each
solvent mixture was treated as pure and the malamnve taken as a mean volume given as:

V10 = (4 My + x,M5)/dy (7

Wherex,,M; andx, , M,are the mole fractions and molecular weights ofwtater and sucrose respectively ahts
the density of (sucrose + water) as solvent. THaeegaofV,) for the alkaline earth metal chlorides calculatéth

the help of the density data and are recorded IleTa.The values ojug* andV_l0 calculated with the help of
relations (6) and (7) and are also recorded indabl

TABLE 2: Values 0f72, V_g, Aug‘ and Au‘z’* for magnesium chloride and calcium chloride in diferent compositions of sucrose + water at

303.15K
Magnesium Chloride Calcium Chloride
. — — K . _ 0 0" 0"
Composition of Sucrose + Water V2 (dm? 4] A (kI | AR (k3 | o (dm? 4] Apd Ay,
(wiw %) et (dm? mlol‘l) mzorl) Lo (dam® | (K (KJ
mol’) mol™?) mol’) mol™) | mol™) | mol™)
3 18.42 55.14 61.49 120.98 18.42 7762 61149 134.46
6 18.70 39.20 61.72 117.20 18.7( 7266 61}72 131.82
9 19.15 24.49 61.94 113.3] 19.15 7101 61}94 129.06
12 19.65 11.66 62.21 109.54 19.64 6380 6221 92B.0

It is clear from the table that the vaIuesA@ﬂ;’*andV_l0 are practically constant in all the solvent conifpaiss. Also
the values oﬁpg* does not change much with the change in compasitfcsucrose in water at 303.15K.In other
words it may be said thalu‘lj* values for different compositions of sucrose +wate 303.15 K are practically
constant and values Apg* change with solvent composition for each elegteoin sucrose +water at 303.15 K.

Further the positive values Apg* suggest that the transition state formationss lavoured in the presence of the

alkaline earth metal chlorides. This indicates that formation of transition state is followed Ihetbreaking and
distortions of the intermolecular bonds betweenese and water.

Many workers intensified that instead of param@e% is a better criterion for determining the struetur

making/breaking nature of any solute [29]. In ordteranalység parameter, the effect of temperature must be
studied.

Effect of temperature:

Since the behaviour of both the alkaline earth hedtirides in different compositions 3%, 6%, 9% &% (w/w)
of sucrose + water was found to be linear and idaihat 303.15 K. So, only 3% (w/w) sucrose + watgstem has
been selected for analysing the effect of tempezat(98.15K, 303.15K, 308.15K, 313.15K and 31&}5The
plot of (, — 1)/NC versesVC has been found to be linear for both the alkataeth metal chlorides at five
temperatures (298.15K to 318.15K). A sample plotcidcium chloride in 3% w/w sucrose + water systgshown
in Figure.2 at different temperatures. This is icadance to the Jones — Doles equation. The plpt,0- 1)/NC
verses\C has been fitted to least square fit method taiokihe values of A and B parameters.

TABLE 3: Values of A and B Coefficients of Jones De Equation for magnesium chloride and calcium chldde in 3% sucrose + water
at different temperature

Magnesium Chloride Calcium Chloride
Temperature A B A B
() (dm* mol™? | (dm*mol®) | (dm*"mol™?) | (dm®mol?)
298.15 2.150 0.384 2.632 0.421
303.15 0.933 0.398 0.763 0.474
308.1¢ 0.177 0.401 0.152 0.49:
313.1¢ 0.10¢ 0.41¢ 0.03¢ 0.49¢
318.15 0.027 0.426 0.026 0.511
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Figure 2: Plot of (.-1)Nc Vs \c for calcium chloridein 3% sucrose + water at different temperature

It is clear from Table 3, that the values of A paeter decreases with the rise in temperature imB#6sucrose +
water for both the alkaline earth metal chlorides, it suggests that ion- ion interactions are waak with the rise
of temperature. In order words, the presence okwaa— ion interactions may attributes to increestine solvation
of alkaline earth metal ions in sucrose + watetesys From Table 3, the values of B-coefficients positive for

both the alkaline earth metal chlorides in 3% wiwrsse + water at all temperatures. These positiliges indicate
the presence of strong ion — solvent interactidhgther the values of B-coefficients increase wilie rise in

temperature which suggests that ion-solvent intena@re enhanced with rise in temperature for bodse alkaline

earth metal chlorides. The valuegéfis positive for both the alkaline earth metal cldes in 3% w/w sucrose +

water. This indicates the structure breaking natdrmagnesium chloride and calcium chloride in sger+ water
system. The data of viscosity B-coefficients at .288 303.15, 308.15, 313.15 and 318.15 K has aksnb

interpreted by applying the transition state thedhe values oAu‘lj* andAug* have been recorded in Table 4.

TABLE 4: Values of7‘1’, V_‘z’, Ap‘l" and Apg* for magnesium chloride and calcium chloride in 3%sucrose + water at different

temperature
Magnesium Chloride Calcium Chloride
Tem‘()ﬁ)rat“re VO, (dm? | VO, (dm® | Au (kI | Apg (kI | VO, @dm? | VO, (dn® | ARY (kI | Apg (kI
mol™) mol™) mol™?) mol™?) mol™) mol™) mol?) mol™)
298.15 18.39 52.02 60.74 117.08 18.39 80.43 60.74 25.8%
303.15 18.42 55.14 61.49 120.97 18.42 77.62 61.49 34.45
308.15 18.42 104.33 62.24 130.8p 18.42 101.p7 62.4142.17
313.15 18.45 114.07 62.94 135.4p 18.45 109.64 62.94146.09
318.1¢ 18.4¢ 153.8: 63.7¢ 144.0¢ 18.4¢ 128.7: 63.7¢ 152.6:

According to Feakins modelug* increases with temperature for solutes having pesiiB/dT which is nicely
shown by both these salts[30].
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TABLE 5: Values of (Aug*— Auf), TASY and AHY  for magnesium chloride and calcium in 3% sucrose water at different temperature

Temperature Magnesiun Chlorioqe - Calcium Chlorid;:i -
® (Auz'- Auy') (kI mol) (kgAnfél'l) (kJA gqf)rl) (A3 - AuY') (kI mol) (kgAnférl) (kJA gqf)rl)
298.15 56.29 40817] - 29L.14 65.11 38849  .@b2
303.15 59.48 21501 - 294.04 72.96 739500 580
308.15 68.56 2421.86] - 291.0¢ 79.93 40152 .39
313.15 72.48 22870 - 2932 83.15 208603 @61
318.15 80.30 43555 -2915] 88.87 41455 @61

Also, It is clear from Table 5, that the quantitwg*-Au‘l’*), the change in activation energy per mole of tgoln

replacing one mole of solvent by one more moleatdite at infinite dilution is positive and less falkaline earth
metal chlorides in 3% w/w sucrose + water at défgrtemperatures so it may be said that transgtate is less
favoured in the presence of these alkaline eartialroblorides in the entire temperature range staidi

The entropy of activatioﬂsf* for both alkaline earth metal chlorides has bealtutated from the following
equations [27]:

a(aug”)
ar

=—ASY (8)

The values oASY" have been calculated from the slopes of linear qdmu‘z’* verses T. The enthalpy of activation
AHY" has been calculated with the help of relationf2if:

AHY" = Apg + TASY (9)

A sample plot has been shown in fig 3. Thes§ andAH? values at different temperatures are recordedaiolel
5.

A (KImol)

®m Magnisium Chloride
@® Calcium Chloride

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

Temperature (K)

Figure 3: Plot for A" Vs Temperature for magnesium chloride and calcium eloride in 3% Sucrose -Water
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It is clear from Table 5 that both parameters dpthand entropy of activation are negative for btith alkaline

earth metal chlorides taken in the present stutlgs& negative values 6HY andTASY" parameters indicates that
the transition state is associated with bond breakind increase in order.

CONCLUSION

In the present study the valueiéfis positive for both the alkaline earth metal ctdes in 3% w/w sucrose + water.

This indicates the structure breaking nature of meamm chloride and calcium chloride in sucrose atew
mixtures. Also values of thermodynamic activati@rgmeterdave been found negative, which indicates that the
transition state is associated with bond breakimjincrease in order.
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