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Sudy of Refractivel ndex and Related Parameter sof Potassium Oxalate
in Dmso-Water System at Room Temper ature

Abstract

The refractive index is a key physical
property that helps in characterizing pure liquids
and their mixtures. Inthis study, potassiumoxalate
was investigated in a binary solvent system of
dimethyl sulfoxide (DMSO) and water at room
temperature, with varying concentrations.
Measurements of refractiveindex and density were
carried out, and from these, related parameters
such as molar refraction and specific refraction
were calculated. The DMSO-water solvent system
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I ntroduction

Therefractiveindex isan essentia physicochemical property widely used to characterize pureliquids
and their mixtures. It provides valuableinformation about the optical behavior of asubstance and reflects
molecular sructureand interactions[ 1]. Inthe present study, potassium oxa ate hasbeen examined inabinary
solvent system composed of dimethyl sulfoxide (DM SO) and water a roomtemperature. Theinvestigation
was carried out by systematicaly varying the concentration of potassium oxaateto evauateitseffect onthe
refractiveindex and other related propertiesof the solution. Alongsiderefractiveindex, the density of the
solutionswas a so measured. Thesetwo primary propertieswere used to derive additiona parameterssuch
asmolar refraction and specific refraction, which areimportant for understanding the nature of solute-solvent
interactions[2]. Thestudy focuses on exploring theseinteractionswithin the DM SO-water medium, awidely
used binary solvent system known for its strong sol vating power and compatibility with both polar and non-
polar solutes[3].

Theexperimenta datacollected from thisinvestigation serveasabasi sfor ca culating severa important
physicochemical parameters. Theseincludeins ghtsinto the extent of ion-solvent and ion-ioninteractions,
which arecritical for interpreting sol ution behavior and for predicting solubility, reactivity, and molecular
associdion [4]. Moreover, therefractiveindex va uesplay asignificant rolein theinterpretation of spectroscopic
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data, asthey influencehow light interactswith thesolution[5]. Thisstudy a so highlightsthe broader applications
of thefindings. The DM SO-water solvent systemisfrequently employed in biochemical, pharmaceuticd, and
industrid processesduetoitsfavorablephysicd propertiesand ability to stabilizeawidevariety of compounds
[6]. Theinformation gained from thisresearch may thus contribute to advancementsin areas such asdrug
formulation, analytical chemistry, and material science, where accurate knowledge of solution behavior is
crucid.

Experimentation

Stock solution of 1.0M was prepared by dissolving desired in 200ml of mixed solvent. Massdilution
technique was applied to pre pare the solution of different concentration, ranges from 0.01M to 1.0M.
Densities of solutions in mixed solvent were determined using 10 cm?® doubled armed pycnometer at
temperatures 303.15K. Thepycnometer was calibrated a thesetemperatureswith distilled water and benzene.
Theestimated accuracy of density measurement. Refractiveindiceswere measured with thehel p of thermostated
Abbesrefractometer. Calibration of theinstrument wasdone by measuring therefractiveindicesof double
distilled water and toluene at known temperatures. Thesample mixturesweredirectly injected into the prism
assembly of theinstrument by meansof an air tight hydrodynamic springe. When theliquid mixturesattained
condant temperature, therefractiveindex measurementsweremade. Theerror inrefractiveindex measurements
waslessthan 0.0001 unit.

Results and Discussion
Densities
Densities of potassum oxaatein 5%(v/v) in DM SO -water,[ 7]
p/pl=W/W1[ 1]
Where,
W and W1 areweight of potassium oxaatein DM SO -water respectively,
p isdensity potassium oxalate solutionand rl isdensity of DM SO -water solution.
Denstiesof potass um oxd ate sol utionswere determined asafunction of their concentration a298.15°K

temperaturein’5%(v/v) DM SO -water solution. The densities of solutewere obtained asanintercept of plot
between concentration and density of solutions(using Microsoft Excel). Thedataisreportedin Table-1.

Apparent molar volume, ¢V, isca cul ated by following the equation,[ 8]

oV = (p1-p)icppl + M/p [2]
Where, cisMorality of the solution, M isMolar mass of the solute,r andr1 Density of solution and
solute. Theresult of ¢v of potassium oxalatearereported in Table-1.

o ‘ - o ¢°, werecal culated by themethod of least squareandfit
to plot of v vs ¢1/2 in accordance with the Masson’s empirical relation,[9]

¢, =0, V+S* c? [3]
Where, St v = Experimenta slope.

The dopeswere obtained by the extrapol ation of the plotsto zero concentration (using Microsoft
Excel). Thevauesof ¢, and S* arelisted in Table-1. The positive and |l ess negative val ues of experimental
dopearegenerally associated with the sol utes showing an overall hydrophilic character asin the present
investigation.
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TABLE 1:Density, Apperent Molar Volume, Mol arvolme of Potassum Oxalatein Dmso- Water System

at Room Temperature.
Concentration Density p Apparent molar S*v b ov Molar Volume
volume : v
0.0100 0.9489 88.26487 143.8862 48.5478 19.6651
0.0250 0.952768 143.6873 19.6942
0.0500 0.9547 162.3367 19.7431
0.7500 0.9566 179.8786 21.3190
0.1000 0.9585 171.6612 19.8409
0.2500 0.9757 177.2090 20.1291
0.5000 1.0045 179.0555 20.5968
0.7500 1.0371 179.6578 21.0386
1.0000 1.0563 179.9862 21.5150
Cinmoldm? | pingmcm3 | fyincm3mol? | S*vincm3dm¥2mol®? | fovincm3mol? | Vincm? mol?

Refractive Index

The experimental refractiveindices presented intale-2 show an increasing trend with increasein
concentration of hydroxamic acidsin themixed sol vent. Thisindicatesthat therefractiveindex isdirectly
related to theinteractionsinthe solutions.
Refractivity, |,

FromtheTable, refractivity of hydroxamic acidshave been cal cul ated following the equation,[ 10]

W,=n,—1[5]

where, n, = Refractiveindex of solute.
MOLAR REFRACTION, R,,

Expression of Molar refraction isproposed by LorentZ-Loren z,[ 11]

Ry =(n*-1Un?+2) xV [6]
TABLEZ2: RefractiveIndex, Refractivity and Molar Refraction of Potassium Oxalatein Dmso- Water

System at Room Temperature
CONCENTRATION | REFRACTIVE INDEX | REFRACTIVITY | MOLAR REFRACTION
0.0100 1.364 0.364 0.8546
0.0250 1.365 0.365 0.8515
0.0500 1.366 0.366 0.8502
0.7500 1.367 0.367 0.8488
0.1000 1.368 0.368 0.8475
0.2500 1.369 0.369 0.8329
0.5000 1.379 0.379 0.8115
0.7500 1.382 0.382 0.7880
1.0000 1.388 0.388 0.7757
Cin mol dm?3 RM in Cm3mol*

Polarizability of Solutions, a

Polarizability isafundamenta molecular property of great importance. It contributesintwoways, first
onemeasuring the ability with which the moleculeswill be deformed by an € ectric field and the other dueto
the orientation of molecul ar dipolesunder theaction of thisfield. Thefirst effect isindependent ontemperature
where as second effect i stemperature dependent. Polarizability of systemisderived from expression, [12]

a=3R,, /4nN[7]
where, N = Avogadro’s No. (6.023 x 10 %), 1 =3.14
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Thevauesof polarizability arereportedinthe Tables 3. Valueincreaseswith increasein concentration
and decreaseswithincreaseintemperature.

Excess Molar Refraction, R* |
Excessmolar refraction RE M iscal culated by following expression,[13]

REM: RM-(leMl + XZRMZ) [8]
Thevalueof R FarelistedinTables3.
TABLE 3: Polarzibility and Excess Refractive Index of Potassium Oxaatein Dmso- Water System at

Room Temperature
CONCERNTRATION | POLARZABILITY(102%) | EXCESS REFRACTIVE INDEX
0.0100 1.939g2! -0.0070
0.0250 1.933 F# -0.0058
0.0500 1.929 E# -0.0048
0.7500 1.964 E2! 7.6800 E®
0.1000 1.9233 % -0.0025
0.2500 1.8902 E* -0.0008
0.5000 1.8417 E%* 0.0074
0.7500 1.7884 E% 0.0147
1.0000 1.7604 % 0.0220
Cin mol dm o in cm.mol?

Conclusion

Ina5% (v/v) DM SO-water mixed solvent system at 298.15 K, the experiment providesathorough
physicochemical analysisof potassium oxalate. The observed density data showed alinear increasewith
concentration, allowing for accurate determination of the apparent molar volume (¢v) and its extrapol ated
vaueat infinitedilution.The positive and somewhat negative d opes (S*v) from the Masson equation point to
substantial sol ute-solvent interactionsand imply that potassium oxdate hasan overal hydrophilic character in
the mixed medium. The existence of greater intermolecular forcesin more concentrated sol utions was
corroborated by the higher refractiveindex measurementsas concentrati onincreased. Thedructurd arrangement
and didlectric propertiesof the solutein solution werefurther confirmed by the consistent trendsseeninthe
derived refractive parameters, such asrefractivity (p2), molar refraction,and polarizability (a).Furthermore,
variations caused by particular sol ute-solvent interactionsare highlighted by the excessmol ar refraction vaues,
which account for optimal mixing behavior. The databack up theideathat potassium oxal ate dissolveswell
andinteractsfavorably inthe DM SO-water system, making thismixed solvent agood candidatefor additiona
pharmaceutica or physicochemica researchinvolving smilar sol utes.
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