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ABSTRACT

The densities and viscosities of nicotinium dichawith DMSO and methanol have been measured&i3R.
The values are used to calculate the apparent mubiume(V(p), limiting molar vqume{V;), excess molar

volum4\/mE ) viscosity deviatio(AU) and excess Gibb's free energy of viscous (le*E ) The viscosity results

have been computed to calculate Falkenhagen cigeff(cA) and Jones-DoleB coefficient. The main aim of the

study is to correlate the excess properties witlemdar interactions present in the solution. Theesgth if
interaction is related to the nature of solvents.

Key words - Nicotinium dichromate, excess properties, appamolar volume, apparent limiting molar volume,
ion-solvent interaction.

INTRODUCTION

The physicochemical properties of solute in mixelent are influenced by measurement of densisgosity and
hence the derived parameters will give significafibrmation regarding solute-solvent interactiorisdé6sity and
density data of solutions give valuable informattowards solution theory and molecular dynamitsCrookeset
al® have reported density of solution of NaBR water to derive concentrative properties of RaBolution. The
apparent molar volume and viscosities of NaCl,,8H CaC}, CaSQ, MgSQ, in pure water, aqueous ufeand
sodium molybdate, tungstate in aqueous acetoriiaitel NHCI, NiCl, FeCk in DMSC have been reported. The
researchefshave measured the density and viscosity of triféamcetonato)cobalt(lll) solution in acetonitrile,
dichloromethane, chloroform, tetrachloromethanenzbee, toluene, ethyl benzeng;xylene at different
temperatures. Parmet al® have measured the viscosity of some metal nitiategter and in aqueous mixture of
DMF at different temperatures to explain the effefttemperature on ion-solvent interaction. Thevatbn
behavior of metal complexes in protic and aprotidvents is essential for many chemical and indaistri
applicatio* . Thus an attempt has been made to elucidate thi@ipinteraction and ion — solvent interactionaof
stable, non hygroscopic and mild oxidant nicotinigichromate(NDCY. But NDC acts as a reagent for the
oxidative determination of amines and aminophosptesi. Only conductance, vibration and thermal behawfor
NDC have been report¥d® But little work has been done on nicotinium danate (NDC). The present work
aims at the solvation of NDC in aqueous solutionBMSO and methanol at 308.25K.

MATERIALSAND METHODS

Nicotinic acid of high purity was used. Potassiuichcomate used was Anal R grade. Water used irsthidy was
double distilled. Nicotinium dichromate was premhtsy reported methd@l This is characterized by elemental
analysis and spectroscopic methods. The solutimsiade in aquo-organic mixtures of DMSO and methasith
different compositions. The pycknometre was catdmaby measuring the densities of triple distilledter. The
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density of DMSO and methanol were determined wittien The viscosities of different solutions wereasured
using Ostwald’s viscometer at 303.15K and the rfftuaedium was determined using a digital stop waiiod.
maintain constant temperature a thermostat withracy of +0.01K was used.

Molar concentratio(c) and molal concentratic(mn) are related by the equatidn
¢ =md(1+ 000ImM,)™ )

From the density data, the apparent molar vol(\r‘ga was calculated from the relatitn

V, =1000(cd,) ™(d, —d) + M ,d, " )

where C is the molar concentration of the solutioM, is the molecular mass of the solutetl,and d are the
densities of pure solvent and solution respectively

The apparent molar volume thus obtained is foundaty linearly withc''?. The V(p data were fitted by a method
of least squares to Masson’s eqution

V,=V,’ +S.c"? (3)

Over the range in which the densities are detemﬁnim@erevwo is the limiting apparent molar volume aﬁ, is

the slope of the ploY/, versex'?,

The viscosity data of electrolyte solutions bothaiqueous and non-aqueous solutions follow the Dure®
equation,

1, :ni =1+ AcY? + Bc 4)
0

where/, in the relative viscosity of the solutiory. and /7, are the viscosities of solution and solvent respelst c
is the molar concentratiorA is called Falkenhagen arld -coefficient is Jones-Dole coefficient.

The viscosity deviatio(A/]), excess molar vqun{VmE) and excess molar Gibb's free energy of activabbn

viscous row(AG*E ) were determined using the following equatfdiié
n

A =n- %1, )
i=1

Where X; is the molefraction of ith component/7; and/} refer to the viscosities of ith pure component &rel
mixture respectively.

vE:v—vai (6)

WhereV, andV represent the molar volume of ith pure componadttae mixture respectively

AG™" =RT[In nVv - Z x, In(7,V,)] @)

i=1
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RESULTSAND DISCUSSION

The experimentally determined values of densitied giscosities of pure solvents have been compaitial
literature values and presented in Table 1. Ieensthat experimental values compare fairly wethwie literature
values.

Table 1: comparison of Experimental and literature values of densitiesand viscosities of pure solventsat 303.15K

Pure solvents 0 (10° gcni®) 1] (mPa.S)
Expt. Lit. Expt. Lit.

DMSO 1.0907| 1.0905 1.8405| 1.83Y

methanol 0.7839 0.78T8° | 0.4928| 0.510

The experimental values of density, viscosity, d8oh in viscosity, excess molar volume, Gibb’'sefenergy of
activation of viscous flow of NDC in aqueous sadus of DMSO and methanol are listed in table 2.

Table 2: The data of density (p) , Viscosity (l]) , apparent molar vqume(V ) , Viscosity deviation (A/]) excess molar volume (an]z )

2

*E
and excess free energy for viscousflow (AG ) for nicotinium dichromate in different mole fractions of DM SO and methanol at

303.15K
Mole Concentration  Density viscosity apparent molar viscosity Excess molar Excess é&eergy
Fraction (C) (,0) (/7) volume(\/(o) deviatior(A/]) volume(\/mE) (AG*E )
Xog  (mole dmi) (gem?) (x10centipoise) (x1dm’mol™) (mPa.s) (Ra®'mol?)  (x1GJ mol?)

NDC in aqueous solution of DMSO

.02 1582 1.2406 -1.1877 0.2163 F6 880.37
.04 102 1.2582 - 0.4932 0.4491 6 885.59
.06 1283 1.2730 -0.2551 0.4639 &% 887.75
.059 .08 1.0363 1.3019 -0.1405 0.4927 3.5506 892.58
.02 1803 1.5068 - 1.8265 0.6577 786 902.86
.04 1164 1.5557 -0.7977 0.7066 666 910.26
.06 1504 1.5810 - 0.4646 0.7319 5836 913.46
.097 .08 1.0496 1.6518 - 0.3070 0.8027 3.6372 923.43
.02 11as 1.6934 - 2.4855 0.7948 3.4549 895.17
.04 14085 1.8606 -1.1396 0.9620 3.4389 918.38
.06 1795 1.8456 -0.6793 0.9470 3.4283 915.58
.144 .08 1.0611 1.9593 - 0.4516 1.0607 B3 913.32

NDC in aqueous solution of methanol

.02 0eg7 1.1853 1.1112 0.3776 3.7768 873.96
.04 0188 1.1937 0.7065 0.3860 3.7694 875.29
.06 (638 1.2422 0.5380 0.4345 3.7542 884.51
.099 .08 0.9863 1.2622 0.4890 0.4545 502 888.34
.02 0196 1.3004 2.0116 0.4329 3.8373 876.15
.04 0496 1.3593 1.1416 0.4918 3.8268 885.91
.06 o187 1.3997 0.7464 0.5322 3.7952 892.33
.160 .08 0.9763 1.4079 0.6148 0.5404 B7 892.65
.02 B95 1.4179 2.3184 0.4673 3.8471 868.36
.04 0645 1.4859 1.3378 0.5353 3.8442 880.17
.06 e25 1.4964 0.9757 0.5458 3.8323 881.22
.228 .08 0.9621 1.5070 0.7934 0.5570 28 882.26

1/2

Figure 1 and 2 represent the linear plot of appgarerar vqume(Vw) with ¢™“ for DMSO and methanol systems

respectively.
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Figure 1: Variation of apparent molar volume (Vw) with C¥2for NDC in aqueous solution of DM SO at 303.15K
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Figure 2: Variation of apparent molar volume (V(a) with C¥?for NDC in aqueous solution of methanol at 303.15K

The linear plots of7}, -1/cY? with c'? for DMSO and methanol systems are given in FigBrand 4
respectively.
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Figure3: Variation of /7, —1/\/E with C*2for NDC in aqueous solution of DM SO at 303.15K
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Figure4: Variation of /7r —1/\/Ewith C¥2for NDC in aqueous solution of methanol at 303.15K

The plots are drawn using least square fitting. Thasson paramete(y 0, SV) and viscosity parameters
(A, B) are tabulated in Table 3.
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0
. )and experimental slope(S,) , Viscosity coefficients(A, B) for nicotinium
dichromatein different mole fractions of DM SO and methanol at 303.15K

Table 3: Thedata of limiting apparent molar volume 6/

Mole Concentration limiting apparemslar S A B

Fraction (C) volums(Vw)
Xorg (mole dn) (MmolY) (fkg““mol®?) (dfAmor*?) (drfmol™®)

NDC in aqueous solution of DMSO

.06 -0.9166 0.2309 1.7617 -0.1584
.059 .08

.04 -1.2713 0.2493 3.7718 -0.4663

.097 .08

.04 -1.6710 0.3640 5.0642 -0.3443
144 .08

NDC in aqueous solution of methanol

.06 0.8739 -0.5095 1.0724 -0.0699

.099 .08

.04 1.5745 -0.3443 2.0874 -0.2493

.160 .08

.04 2.1276 -0.1405 3.0342 -0.5543

.228 .08

In both the systems the values of density incre@teincreasing molar conc. of NDC. This increasealue to the
attraction of nicotinium dichromate ion with DMSQnhda methanol. This increasing trend suggests a rateler
electrostatic nature. Molecular interaction is thesponsible for observed increase in deffsity

It is found from Table 1 that the values of excesdar vquméVmE) in respect to both the systems are positive

over the entire range of composition of NDC. Theifie values of\/mE may be attributed to the existence of

dispersive interactions between NDC and solvent emdés. VmE values decrease with increasing molar
concentration of NDC but increase with mole fragtiof solvents.

The following observations have been madé/g,walues of NDC in aqueous solutions of DMSO and isnedh
i. The Vw values are negative for DMSO system over the erdinge of composition.

ii. For methanol system tﬁé¢ values are positive for DMSO system.

iii. The magnitude o‘R/(p values in different mole fractions of solventse an the order

For DMSO system, ND&os9> NDC 997> NDCy 144
For methanol system, NRGys> NDCy 160> NDCq gg9
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From Figure 2 it is seen that limiting apparentmodolume(V(/,o) values for NDC in DMSO are negative where as
in methanol mixture these are positive. The negatadues decrease with increase in mole fractiomE¥WMSO. The

positive values of\/(ﬂofor NDC in methanol indicate the presence of stramgsolvent interactions. But a sharp

decrease irV(/,OvaIues suggest that the strength of ion-solvemtraation is reduced with molar concentration of
NDC but increase in these values with mole fractiohmethanol refers to solvation around NDC ianiiety. The
S, values are negative in methanol system but ipesfor DMSO system. The positive values indicédte t

presence of ion-ion interaction whereas negatieesaare associated with hydrophilic effécThis effect may be
due to presence of highly polar group S=0O groupMSO. So solvent-solvent interaction seems to bfcgently
strong in DMSO system.

Viscosity is one of the important property in urgtanding the molecular interactions occurring inxtomes.
Viscosities increases with molar concentration 8QNas observed in Table 1. The increase suggestsxiktence

of ion-solvent interaction. The values @ coefficient are positive showing ion-ion interacfiowhile The B-
coefficient of Jones-Dole equation indicates the-solvent interaction in solutiofisand provides useful primary
data about the solvation of ions and their effectte structure of solvent surrounding the solutdeules and has
been interpreted as a measure either of structureirig or structure breaking capacity of a solutesdlutiori?
depending on its magnitude. Positi& coefficient shows strong alignment of solvent todgasolute which is an
ion-solvent interaction parameter and depends uplative size of ion and solvent molecules. The mitage of
B values is in the order,

NDCmethanoI> N DCDMSO

Viscosity deviati0n£A/7) are positive for both systems. The positive valute(Al]) can be interpreted in terms

+E
of strong interactions between unlike molectilesree energy for viscous ro(AG ) is one of the important
parameter regarded as a relative criterion to débecpresence of interactions between unlike muibéest . The

*«E
positive values ofAG  gives an indication of strength of possible intéicacbetween NDC and solvent which may
be related to the size effect of mixing componéntiese solutiors.

CONCLUSION

The data of density, viscosity and related pararsetenfirm the presence of strong ion-solvent extgon in
methanol system. The strength of ion-solvent imtsa depends on concentration of NDC, polaritpucture and
mole fraction of solvent. Stronger hydrogen bondingsts in DMSO system having highly polar groupOSgroup
with water indicating solvent-solvent interacti@®o it can be concluded that there is a weak iomestlinteraction
in aprotic solvent media but NDC ion interacts met®ngly with protic solvent like methanol resngi stronger
ion-solvent interaction.
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