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ABSTRACT

Densities p) and refractive indices ) of potassium hexacyanoferrate(ll) trihydrate offfetent molal
concentrations (m=0.010-0.102 molgin aqueous 0.1 M HCI solutions were measured &t°G. Specific
refractions (R) were calculated from refractive index and densitysolutions. Apparent molar volumeg)(were
calculated from density data and partial molar voles were evaluated by Masson’s relation. Physicoatsa
behavior of experimental solutions has been stuitiédrms of ion-ion and ion-solvent interactions.
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INTRODUCTION

Potassium hexacyanoferrate(ll) trihydrate is inaigacompound having formula j&e(CN)]-3H,0O and it is a
potassium salt of [Fe(Ch}\" ion. It is used for separation of copper from nhalgnum ores, purification of tin and
as anti-caking agents for road salt and table Baliassium ferrocyanide is used for the produdaiiocitric acid and
wine. Density of solution is an important key tiedynamic property. Using density data of solutibe partial
molar volumes are calculated. Many workers haveiezhrout molecular interaction studies in solut{@r3] and
ion-ion and ion-solvent interactions in electrolgt@utions from partial molar volumes [4-6]. Pdrtizolar volumes
of hexaamminecobalt(lll) nitrate in proteated amditérated water has been studied by A. Zanella[&].s&5tudies
over the transport transport properties of tristbygmethyl)aminomethane hydrochloride in 20% (vagetone-
water were carried out by A. Dixit [8]. lon-solvemteractions in ionic solutions of alkali metdhlarides in
tetrahydrofuran + water mixture at different tengtares [9], atmospherically important electrolytdusions [10],
magnesium sulphate in formamide + ethylene glycoleoh solvents [11], aqueous solutions of sodiunmtateeat
different temperatures [12], salts of transitiontah@nd magnesium sulphates at different temperatii3] studies
carried out. Density, viscosity, and refractiomlér of Cu(NQ)»-3H,O in DMSO have been studied by A. K.
Mamyrbekova [14].

In aqueous media, ££e(CN)j]-3H,0 complex produce [Fe(CH} complex ions and Kions. In aqueous 0.1 M
HCI solution, H and Clions will be formed as HCl is strong acid. Studysolvation of [Fe(CNJ* and other ions
by water molecules due to ion-solvent interactigristeresting, therefore, in continuation with énterest to study
physicochemical properties of solutions [15-19}elre we report changes in density, refractive indes apparent
molar(') volume of 0.010-0.102 mol-kgqueous solutions of potassium hexacyanoferrjteifiydrate in 0.1 M HCI
at 35°C.

EXPERIMENTAL SECTION
Aqueous solution of HCI (0.1 M) was prepared irlatted volumetric flask (500 cinusing double distilled water.

Experimental solutions of potassium hexacyanofe(tt trihydrate M=422.39 g/mol) having different molal
concentrationsn(=0.010-0.102 mol-Kk§ were prepared by dissolving required quantitiesatid complex in 0.1 M
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stock solution of HCI in calibrated volumetric fla€50 cnf). Densities of different solutions were measursithg
single capillary pycnometer of 10 &mapacity. The pycnometer was calibrated usinglidistwater at 35°C.
Weighing was done on electronic balance (Anamed).G891g). Pycnometer with experimental solution was
immersed in the water bath for 10 min to attairrriired equilibrium and it was then removed and owells were
cleaned and weighed. Abbes refractometer (Rico I8di, New Delhi India, RSR-F1; Sr. No.-515-2-09nge
1.3000-1.7000; +0.001) was used for the refracthsiex measurements at experimental temperaturest@un
temperature water bath was used for maintainingretbsemperature of solutions. Temperature was taied
constant in Abbes refractometer by passing wateteatred temperature through the water jacket pgemliwith
refractometer.

RESULTS AND DISCUSSION
Experimental data of density, refractive index aattulated apparent molar volumes and specifi@ctifsns are
reported in Table 1. Variation in density and refiee index with concentration of experimental swlos is

presented in Figure 1 and 2.

Table 1: Densities p), refractive indices fip), apparent molar volumes () and specific refractions Rp) of aqueous K[Fe(CN)g]- 3H,0 in
0.1 M HClI solutions at 35C

m \m P n 2l np>-1/np*+2 Ro
mol-kg* mol”*kg™  g-cnt® ° cmmolt 0 P cnt-mol?
0.010 0.100 0.99584 1.3325 424.24 0.2054 0.2063
0.020 0.141 1.00125 1.3342 421.64 0.2064 0.2061
0.030 0.173 1.00305 1.3355 420.90 0.2071 0.2065
0.040 0.200 1.00576 1.3360 419.74 0.2074 0.2062
0.051 0.226 1.00756 1.3366 419.00 0.2077 0.2062
0.061 0.247 1.01027 1.3370 417.87 0.2079 0.2058
0.071 0.266 1.01388 1.3378 416.36 0.2084 0.2055
0.081 0.285 1.01568 1.3389 415.63 0.2090 0.2058
0.092 0.303 1.01929 1.3399 414.14 0.2096 0.2056
0.102 0.319 1.02200 1.3405 413.04 0.2099 0.2054

It can be seen that overall densities and refradtidices of aqueous potassium hexacyanoferrateitihydrate in
0.1 M HCI solutions increased with increase in @nration of complex which is attributed to preseiné strong
ion-solvent interactions.
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Fig. 1. Variation in density (p) with concentration (c) of experimental solutions

Specific refractionRp) which is electronic polarizability parameter wadculated by using experimental refractive
indices @p) and density of solutiong) in Lorentz and Lorenz [20] Eq. 1.
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Fig. 2. Variation in refractive index (np) with concentration (c) of experimental solutions

Calculated specific refractions are reported in |&ah. The Ry values roughly decrease with increase in
concentration of complex due to change in the edaat polarizability of system.

Apparent molar volumey() of different solutions was calculated from deypsiata [21] using following Eq. 2.

M _p-p
$,=— -~ @)

P Mpp,
Where; o= density of aqueous 0.1 M HCI solutionsdensity of potassium hexacyanoferrate(ll) trihydret 0.1
M HCI solutions;M= molar mass of complery=molal concentration of complex solution.
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Fig. 3. Variation in apparent molar volume §,) with concentration (c) of solutions
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It is seen from Figure 3 that the, values decreased with increase concentration ofptEx which suggests
strengthening of ion-solvent interactions in saloti Upon addition of the solute, resultant changedlume of
becomes less due to strong approach of solveiwtesmolecules.

The ¢, values were fitted to Masson'’s relation [22-23] BgFig 4:

¢,=¢) +SJm -

From Figure 4S, (ion-ion interaction parameter) apd, (ion-solvent interaction parameter) were deterchine
slope and intercept of the plot betwegrandm.
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Fig. 4. Graphical determination of¢° and S, from ¢, vs.\m plot using Masson'’s relation
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Fig. 5. Imaginary snapshot of [Fe(CNJ* ion in aqueous media

The ¢° value is measure of ion-solvent interaction [2@]idnic solutions and it gives information regagiin
structure of solute in solution [25]. Graphicaluelof ¢°% was found to be 429.20 émmol*; which is larger tham,
values for any experimental concentration of solutiThis indicates that the apparent molar volumefnite
dilution is larger than for other concentrated ohs which may be due to absence of some ionsitaractions in
infinitely diluted solution. This also implies thptesence of ions in solution causes contractiomoiome due to
ion-solvent interactions. The’, value is positive and large which indicates exiséeof strong positive ion-solvent
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interactions in solution [24, 26]. lon-solventdractions between [Fe(CHJ ions and polar water molecules are
shown in Figure 5. Polar water molecules surrouighlit charged [Fe(CN)* ions as a result of this volume
contraction occurs. Other ions such asfilom complex and Hand Cl ions in agueous HCI solution will also
shows ion-solvent interactions.

Graphical value 08, is found to be -48.44 cirkg® mol®2 Negative value 08§, indicates weak ion-ion interactions
and structure promoting effect of complex. It issefrom magnitude of° and S, values that ion-solvent
interactions dominate over ion-ion interactions.

CONCLUSION

Densities and refractive indices of aqueous satstiof potassium hexacyanoferrate(ll) trihydratedih M HCI
were measured at 3&. Specific refractions and apparent molar volurfieessolutions were calculated. It can be
concluded from variations in the experimental amgiveed physicochemical properties that strong iolvent
interactions dominating over the ion-ion interagi@re present in solutions.

Acknowledgement
Authors are thankful to the Director, School of @leal Sciences, S. R. T. M. University Nanded (M@Jia for
providing facilities for carrying out present work.

REFERENCES

[1] SR Aswale; SS Aswale; S. Hajade.Chem. Pharm. Re2012 4(8), 3783-3791.

[2] MP WadekarJ. Chem. Pharm. Re013 5(8), 37-41.

[3] P Khanuja; VR Chourey; AA Ansard. Chem. Pharm. Re2012 4(6):3047-3050.

[4] ML Parmar; DS Banyalnd. J. Chem. A2005 44, 1582-1588.

[5] J Krakowiak; H Koziel; W Grzybkowski. Mol. Lig, 2005 118(1-3), 57-65.

[6] PS Nikam; RP Shewale; AB Sawant; M HashrChem. Engg. Dat2005 50(2), 487-491.
[7] A Zanella; J Astor; W Kim; J Mao; K Pinnock; AF Faloro.J. Solut. Chem2012 41, 965-975.
[8] A Dixit. J. Appl. Chem.2013, 2013, 1-4.

[91 MN Roy; R Dey; A Jhal. Chem. Eng. Dat&001, 46, 1327-1329.

[10]SL Clegg, AS WexlerJ. Phys. Chem. 2011, 115, 3393-3460.

[11]A Ali; AK Nain; N Kumar; M Ibrahim. Proc. Ind. Acad. Sci2002 114(5): 495-500.
[12]SJ KharatJ. Mol. Lig, 2008 140, 10-14.

[13]ML Parmar; P Sharma; MK Gulerilnd. J. Chem2009 48, 57-62.

[14]AK MamyrbekovaRuss. J. Phy. Chem, 2013, 87(3), 414-417.

[15]SD Deosarkar; TM KalyankaRuss. J. Phy. Chem, 87(6),2013 1060-106.

[16]SD Deosarkar; ML Narwade; VV Pandha@hem Sci Trans2013 2(S1), S37-S42.
[17]1SD Deosarkar; AL Puyad; TM Kalyankd&uss. J. Phy. Chem, 2012 86(5), 775-778.
[18]SD Deosarkar; ML Narwad®asayan J. Chen201Q 3 (1) 55-59.

[19]SD Deosarkar; HG Jahagirdar; VB Talwatkdasayan J. Chen010,3(4) 755-760.
[20]WMBM Yunus; ABA RahmanApplied Optics1998 27(16) 3341.

[21]DR Delgado; AF Jiménez-Kairuz; RH Manzo; EF VargBsMartinez.Rev. Colomb. Cienc. Quim. Farm.,
2010,39(1), 57-67.

[22] DO MassonPhilosophical Magzing8, 1929 218-235.

[23]1D Choudhary; A Aswarl. Thermal Anal. Calorim2012 107, 21-24.

[24]MN Roy; R Chanda; BK SarkaRuss. J. Phy. Chem, 2009 83(10), 1737-1746.

[25] T Imai. Condensed Matter Phy2007, 10, 343-361.

[26]MN Roy; VK Dakua; B Sinhalnt. J. Thermophys2007, 28, 1275-1284.

394



