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ORIGINAL ARTICLE ABSTRACT

The study of physico-chemical parameters
such as density and surface tension provides
valuable insight into solute—solvent and solvent—
solvent interactions in mixed liquid systems. In the
present work, the density (p) and surface tension
(y) of potassium oxalate in a sucrose water medium
were measured at 298.15 K to understand
interactions in mixed liquid systems. Surface
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chemistry. Information about molecular behavior may
be gained by studying avariety of physico-chemical
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factors, including dengity, viscosity, surface tension, refractiveindex, and apparent molar volume. of such
systems. Since both characteristicsareinfluenced by molecul ar interactions and externa conditions, surface
tensonand density arefrequently investigated together. Additionally, both parametersaretemperaturesensitive,
and their smultaneous assessment yie dsinformeation on the cohesive energy density of liquidsand mixtures.
Density and surfacetension correlations are utilized in material s science and nanotechnol ogy to forecast
solubility parameters, phaseequilibrium, and thearchitecture of surfactant systems. Inphysical chemistry, the
study of surfacetension and density in binary solvent systemsisimportant because these properties offer
hel pful information about intermolecul ar interactionsand the behavior of solutions. Binary mixturessurface
tension iscaused by the bal ance between the cohesive forcesins de each solvent and the adhesiveforces
between thetwo constituents. It isextremely composition sensitive and reflectsthemol ecular structureat the
liquid-air interface. For instance, the surface free energy changes when a polar solvent like water is combined
withalesspolar solvent liked cohol dueto hydrogen bondingand molecular association. Thefact that increasing
alcohol concentration causes adecrease in surface tension, which isexplained by the buildup of acohol
moleculeson theliquid surface, isawel I-known phenomenon. decreases cohes vewater-water interactions.
Inaddition, surfacetension dataarefrequently utilized in the creation of solute-solvent compatibility and are
used in theformulation of pharmaceuticals, surfactants, and emulsions[3]. Dendgity studiesin binary systems
areadsocrucid sincedensity isadirect measurement of mass per unit volumeand may beusedto predict the
composition of amixture. can be used to calculate avariety of thermodynamic parameters, including partia
molar quantities, isotherma compressibility, and excessmolar volume. Density deviationsfromided behavior
frequently point to particular molecul ar interactions|ike hydrogen bonding, ion-dipoleinteractions, or dipole-
dipoleforces. For instance, al cohol-water and amide-water Mixtures display negative deviationsin excess
molar volume, indicating significant hydrogen bonding between dissmilar molecules.

Density and surfacetension ana yses, takentogether, provideafull picture of how moleculesinteractin
binary solvent mixtures. Their combined anaysisisessentid toindustria formulations, chemica engineering,
and sol ution chemistry, whereathorough understanding of non-ideal behavior influencesthe effectiveness of
materia design and separation procedures. The study of density and surfacetensionin sucrose-water mixtures
isessentia for comprehending molecular interactions, sol ution thermodynamics, and practica applicationsin
thefood, pharmaceutical, and chemical industries. Thedensity of sucrose-water solutionsriseslogicaly with
the sucrose concentration because the heavier sucrose molecul es displace theless dense water molecules.
Sucrose(C, ,H, , 0, ,) isanon-volatile, highly polar solutewith ahigh capacity for hydrogen bonding, thus
itsdissolutionresultsin amore compact structurein the solvent matrix. Thisleadsto densitiesthat are higher
than that of purewater. Important thermodynamic variableslike compress bility, excessmolar volume, and
apparent molar volume, which shed light on sol ute-sol vent i nteractions, can be computed using density data.
For example, the apparent molar volume of sucrose decreaseswith increasing concentrations, suggesting
stronger hydrogen bonding and association within thesystem. Furthermore, the sol ute concentrati on of sucrose-
water mixturesaffectstheir surfacetens on. Sucroseisnot surface-active, unlike surfactants, anditsmolecules
prefer to stay in the bulk phaserather than moveto theliquid-air interface. Consequently, the addition of
sucrose usually leadsto an increasein surface tension because it strengthensthe intermol ecul ar cohesive
forces in the solution. Sucrose’s hydrophilic nature and its capacity to promote structural order in water are
both reflected inthisbehavior [5].

The density and surface tension of sucrose-water solutions are analyzed together to help describe
solute-solvent interactions, and thistechniqueiscommonly used in thefood industry (e.g., syrupsand drinks),
pharmaceutical preparations, and biological processes. The excellent hydrogen bonding network between
water and sucrose providesamodel for studying molecular interactionsin water-carbohydrate systems.
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Experiment

Ina5% (w/v) sucrose-water system, astock solution containing 1.0000M of each potassium oxaate
isproduced at 298.15K. The processof massdilutionisemployed to prepare different concentrations. The
experiment’s solution concentrations were determined to range from between 0.01 and 0.10 molar
concentration. Using the massdil ution technique, asol ution with varying concentration rangesof 0.01 M to
0.10 M was prepared at 298.15 K. Solution of densities are measured with a 10 cm?® double-armed
pycnometer. At these temperatures, pure water and benzene were used to calibrate the pycnometer. The
solution’s density was measured with an estimated precision of 0.00004 g cm-3. Stalagmometer was used
for themeasurement of surfacetension of potassium oxalate solutions. The apparatuswaskept in vertica
position. The solution wasallowed to drop very dowly, ensuring that every dropisfully formed. A definite
volume of solution determined by marksinthe stalagmometer was all owed to come out and the numbers of
dropswere counted. The calibration of stalagmometer wasdonewith triple distilled water.[ 6]

Results and Discussion
Densities of ammonium oxalate monohydratein 5%(w/v) sucrose-water,
plp, =WIW [ 1]
WhereW and W, areweight of potassium oxalate, sucrose-water respectively.
p isdensity potassium oxalate solution and p, isdensity of sucrose-water solution .

Dengitiesof potass um oxd ate sol utionswere determined asafunction of their concentration a298.15°K
temperaturein 5%(v/v) sucrose-water solution. The densitiesof solutewere obtained asanintercept of plot
between concentration and density of solutions (using Microsoft Excel). Thedataisreportedin Table-1.

Apparent molar volume, ¢v , isca culated by following the equation,[ 7] :
oV = (p,-p)/cpp, + M/p [2]

Where, cisMorality of the solution, M isMolar mass of the solute,p andp1 Density of solutionand
solute. Theresult of ¢v of potassum oxa atearereported in Table- 1. Theapparent molar volumeat infinite
dilution ¢°  were cal cul ated by the method of |east squareandfit to plot of ¢pv vsc'2in accordancewith the
Masson’s empirical relation, [8]

o, =90 vO v +S* v* vc'?[3]

Where, S* visexperimenta slope. Theslopeiscalculated by the extrapolation of the plotsto zero
concentration (using Microsoft excd). Thepositiveand lessnegeativeva uesof experimenta dopearegenerdly
associated with the solutes showing an overal hydrophilic character asinthe present investigation. Theva ues
of apparent molar volumearereported in Table 1.

Themolar volumesof solutionsarederived from thefollowing expression, [9]
V=X, M+X,M,)/Ir [4]
Where, X, and X, areMolefraction of mixed solvent and Mol efraction of solute M, and M, Molecular

weight of solvent and M olecular weight of soluteisdensity of solution respectively. The dataof molar volume
of solutionisreportedin Table 1.
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Table1: Density, Apparent Molar Volume, Molar Volume of Potassium Oxalate in Sucrose—Water System

At 298.15K
Concentration Density (d) Apparent S* 0 Molar volume
molar v dv
volume :¢v
0.0100 1.0057 79.6032 | 140.4060 53.9158 19.6627
0.0250 1.0078 140.3316 19.6887
0.0500 1.0100 160.6326 19.7321
0.7500 1.0122 182.4979 21.1176
0.1000 1.0165 170.7386 19.8178
0.2500 1.0338 176.8182 20.0721
0.5000 1.0685 178.8173 20.4749
0.7500 1.0837 179.5376 20.9063
1.0000 1.1075 179.8780 21.3201
- 3 - 3 : % : 3 -1
c inmol dm dingmcm ivm;rrr]]orl Sy in q)(\),in V in cm®mol
cm®dm®*?mol¥? | cm®mol*

Thesurfacetenson of sucrose: water 5%o(w/v) mixed sol vent was determined using fol lowing expression,
y1y0=nlxp,/n0OXx 1[5]
YYo= N X p/ Nx, [9]
Where,y, was Surfacetension of solvent n,was Number of drops of solvent . p, wasdensity of solvent
andr , weredensity of solution.

Thestudy of excessand mixtureproperty isnormally used to get informati on about molecul ar processes
that can occur during the mixing phenomena.

YE= Y - (X tXoy,) [6]

Where,y, was Surface tension of mixed solvent andy, was Surface tension of solute. Thedataare
collectedin Tables 2. All theva uesare positive showing sol ute-sol vent interaction. Excesssurfacetensionis
important in physica chemistry becauseit hepsunderstand how ionsinteract with solventsand how interfaces
aredtructured. It helpsdeterminehow ionsadsorb, how hydration affectsthem, and the propertiesof dectrolyte
solutions. By measuring surface tension at vari ous concentrations, chemists can analyze how specificions
affect thesepropertiesand theroleof hydration energy at interfaces. Studying excesssurfacetensoniskeyin
surface chemistry and has practica usesin aresslikedectrochemistry, colloid science, and biologicd systems
involving dectrolytes.

Parachor, P
Parachor of solutionswere ca culated using the surfacetension data.
P=V xy¥[7]
where,

P = Parachor of potassium oxaate solution.
V =Molar volumeof potassium oxal ate solution.

Thevauesarepresented in Tables-2. Parachor isimportant becauseit links molecul ar volumeand
surfaceproperties. It reflectsintermolecular forcesthrough surfacetension, providinginsightsinto theseforces
invariouscompounds. Parachor iswidely used in physical and organic chemistry toidentify themolecular
structure of unknown compounds, differentiateisomers, and confirm the presence of doublebondsor aromatic
features. Itisespecialy useful instructural chemistry when paired with other propertieslikerefractivity or
viscosity.[10]
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Table2: Surface Tension, Parachor and Excess Surfacetension of Potassium Oxalate in Sucrose—\Water

Systemat 298.15K

Concentration | Surface Tension | Parachor | Excess Surface Tension
0.0100 57.2190 45385 2.5531
0.0250 59.3902 4.5097 47231
0.0500 63.6226 4.4672 8.9533
0.7500 65.8159 4.4394 11.0778
0.1000 70.2289 4.4004 15.5553
0.2500 73.5276 4.3254 18.8409
0.5000 78.1652 4.2042 23.4564
0.7500 81.4771 4.1544 26.7445
1.0000 85.5202 4.0877 30.7631

cinmol dm® | yindynescm® yEin dynescm*

CONCLUSION

Thedatashow that thedengity of asubstanceincreaseswith concentration and decreaseswith temperature.

Thedendty of potassium oxa atein the specified rangeis 1.0074. A positive va ue of apparent molar volume
denctesstronger sol ute-solvent interactions. Theagpparent molar volumeof thesolutionisseento decreasewith
increas ngtemperature. Thesystem hashighand positiveva uesfor infinitegpparent molar volume, whichindicates
theexistence of solute-solvent interactions. Potassium oxa atei s surface active becausethe surfacetenson drops
with rising concentration. The surfacetens on of potass um oxaateisworth 1.1474. Thepositivesurfacetenson
va uesindicateafavorable solute-sol vent interaction. With rising temperature and concentration, theinteraction
becamelessintense. Thevaueof parachor determined will behelpful for additiond QSAR andysis.
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