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Thermodynamic study of different substituted imidaolinone drugs at
different concentration in 70% (DMF+water) solventby viscometrically
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ABSTRACT

In the present work we investigate the densities, specific viscosities of different substituted 5-oxo imidazolinone
drugs of different concentration in the range (1x10° M to 6x10* M) in 70% (DMF+water) solvent at 303K.. The
experimental data study the effect of concentration of solute on viscosity in DMF-water mixtures. From the
viscometric data, the molecular interactions present in different solutions were studied. Appreciable molecular
interactions have been observed between solute substituted 5-oxo imidazolinone and solvent 70%(DMF-water)
mixture. The themodynamic properties such as free energy change(AG), enthalpy change(AH) and entropy change
(AS) of different substituted oxoimidazolinone drugs have been investigated in 70% (DMF+water) solvent by the
measurement of densities and viscosities at different temperature such as 305K, 307K and 309K. The experimental
data study gives the idea about effect of temperature on the molecular interaction and nature of reaction.
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INTRODUCTION

Viscosity is one of the important physical propestyned by the liquid. Shearing effect in the ligisdresponsible
for the viscous nature of the liquid which is natipibut the movement of liquid layers over each otiescometric
study reveals the important information regardioly®-solute and solute-solvent interaction in gonemus and in
nonagueous solution.

Solute-solvent interactions play an crucial roleairvariety of phenomenon. Mehrotra et al[1], Dasl§?] and
Kapadi et al[3] collectively studied the moleculateraction of an electrolyte in binary mixtureligfuids. Berry and
Irvings[4] has done the viscometric study of coried aqueous electrolyte solution at various eotrations.
Dhondge et al[5] has been done the viscometriciesuof some drugs including Metform in hydrochlerigMH),
Ranitidine hydrochloride (RH), and Tramadol hyddocide (TH) in aqueous solutions at different temgperes.
Pandey et al.[6] has done the viscosity measurernériqueous binary electrolyte having different anol
concentrations. A report on viscometric studiedNoN-dimethyl acetamide and ethanol binary mixtusedifferent
temperatures was also presented by Peshwe et @ljé].Jones-Doles equation[8] helps to evaluateotiwerved
viscosity concentration dependence of dilute etdgtie solutions. The density and viscosity of thiaen
hydrochloride + water and pyridoxine hydrochlorigleater at different temperatures were measuredhmnbge et
al[9]. The dependence of concentration of visgositconcentrated electrolyte solution was repottgdBreslau
Miler[10] and Vand[11]. Rajagopal et al[12] alsoeted density and viscosity measurements for 4almityric
acid in various composition in aqueous metformyjdrbchloride at different temperature.
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Recently, X. Meng et al. reported the study of ety of 2,3,3,-tetrafluoropror1-ene (R1234yf) in the
temperature of 243K to 3B83from saturated pressures up to 30 MPa, h offers a remarkably low glob
warming potential. Jodo C.F. Di([13] et al reported measurements of Wezosity of the ionic liquids -
hexyl-3-methylimidazolium bis[(trifluoromethyl)sulfony imide ([C6mMim][NTf2]), 1lethyl3-methylimidazolium
ethyl sulfate ([C2mim][EtSO4]) and-ethyl-3-methylpyridinium ethyl sulfate [C2mpy][EtSO4hy means ol
a vibrating wire viscometer. The study of of {thé~ + NaF + KF(eut.)+Na7Zr6F31) fluoride systemsHaeer
investigated by Peter Barborik efla]. Lee et al [15has been reported the Estimation of ir structure of titania
particulate dispersion through viscosity measurémam et ¢16] has done the viscosity measurements of
walled carbon nanotubdsmsed high temperature ni-fluids. Effects of concentration and temperatuon
viscosity in (lI-alanine/threonine/glycylglycine + aqueous-glucose/aqueous sucrose) systems has been re
by Riyazuddeen et al[17{Comufias et [18] studied the viscosity measurements fguadane at hih pressures to
350 MPa from T= 293.1to 363.1K. The density and viscosity of binary fexene + -decene) mixtures have
been simultaneously measured over the temperangefrom 29K to 470 K and at pressures up to 196 MPa |
been inestigated by Sagdeev e[19]. Freitas et al[20measured and predicted the t-pressure viscosities of
biodiesel fuels. Measurement of viscosity of highlgcous no-Newtonian fluids by means of ultrasonic guic
waves has been reported by Kazys ?.. Ghatee et al[22has investigated measurement and study of del
surface tension, and viscosity of quaternary amomo-based ionic liquids ([bb]Tf2N). High-throughput
viscosity measurement of protein formulation usingapillary electrophoresis strumentation have been
investigated by Allmendinger et af].

In the present work viscometric study of substil5-oxoimidazolidone was carried out at different terapere by
preparing the solutins of different concentrations 70% (DMF+water) solvent .

Different substituted oxoimidazolinone used-

0 La: R= -3-Chloro
HC—M—N = Lg: R= -H
T '5 N Le: R= -4-Bromo
— | H
\f p < 3 o CeHs
R Lp: R= -2-Bromo
Le: R= -4-methoxy

La =1-[2-hydroxy-5¢phenyl azo) benzylideramino]-2-phenyl-4-benzylidene- 6xoimidazolin«

Le =1-[2-hydroxy-5-(4bromo phenyl azo) benzylidene ami-2-phenyl-4-benzylidene-6xoimidazolint

Lc =1-[2-hydroxy-5-(4methoxy phenyl azo) benzylidene am-2-phenyl-4-benzylidené&-oxoimidazoline
Lo =1-[2-hydroxy-5-(2-bromo phenyl azo) benzylidene ami-2-phenyl-4-benzylidene- 8xoimidazoline
Le =1-[2-hydroxy-5-(3ehloro phenyl azo) benzylidene ami-2-phenyl-4-benzylidene- 8xoimidazolint

MATERIALS AND METHODS

The ligands of which physicplarameters is to be explore are synthesized by usported protoc[24]. The DMF
of AR grade was used. Freshly prepared doublylldidtivater was used. The densities of pure solaadtsolution:
of various concentrations were measured at diffebemgeratureusing a calibrated pycnome. All the weighings
were made on one pan digital balance (petit bal#i2e50B) with an accuracy of + 0.001 gm. Viscostaf the
solutions were determined with the help of calibdaOstwald viscometet 0.11% Kgn-1s-1). The flow time of
solutions were measured by using digital clockaafer company having error (+0.01S

CALCULATION
To determine the refi@e and specific viscosity, in t different concentration of the substituted oxoinzioledone
solution were prepared and there viscosities a@sored with help of the following mathematical tiela

(n)=(ds xts/dw xtw)xy,........... )
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Where

Iy = Relative viscosity

Dw = Viscosityof water

ds = Density of solution
dw = Density of water

ts = Flow time for solution
tw = Flow time for water

From the calculated values of relative viscosifig$ and the temperature (T),the graph betweeniogvs 1/T can
be plotted.

The relative viscosities of solutions at differenhcentration are presented in table 1. The viscdsita have been
analyzed by Jones —Dole equation[25]

(Mr -1) NC=ngJNC = A + BNC ------mmeemmeee- (3)

Where

A = Falkenhagen coefficient
B= Jones-Dole coefficient

C = concentration of solutions

The Falkenhagen coefficient (A) measures the sedabete interation while Jones-Dole coefficient {(B@asures the
solute-solvent interaction.

The thermodynamic parameters i.e. free energy &{Ag, enthalpy changaf) and entropy chang&§) can be
determine by using following relation,

AG = -2.303XRXSIOPE....cccvveeiiieiie e 4)
log 11 - 109 1y, = (AH/2.303)x(L/T1 -1/T2) ......... (5)
AS=AG -AH)/T .o, (6)

Table 1 Densites (d) gm/cc and specific viscositi@gp) of substituted oxoimidazolinone of different cocentration in 70% (DMF+ water)
solvent at 303K

Conc. La Lg Lc Lp Le
X 10° mole/lit | Density Rel. Density Rel. Density Rel. Density Rel. Density Rel.
(d) Viscosity (d) Viscosity (d) Viscosity (d) Viscosity (d) Viscosity
gm/cc 0 gm/cc 0 gm/cc 0 gm/cc 0 gm/cc 0
10 1.0168 1.2086 1.0224 1.4927 1.0188 1.1659 1.0p25.6601 1.0215 1.2635
5 1.0144 1.1862 1.0214 1.4806 1.0128 1.1452 1.0218.6096 1.0208 1.2134
25 1.0128 1.1549 1.020¢ 1.4602 1.0119 1.1148 1.0p1 1.5796 1.0201 1.1633
1.25 1.0114 1.1240 1.0198 1.3896 1.01f12 1.0847 06.02 1.4499 1.0194 1.1231
0.62¢ 1.010¢ 1.093: 1.017« | 1.307: 1.010¢ 1.064: 1.019¢ 1.350¢ 1.018t¢ 1.092¢

The value of A = Falkenhagen coefficient, B= Jobese coefficient is calculated by ploting the graptween of!
C VsnspAC of all substituted oxoimidazolinone.

Table 2 A = Falkenhagen coefficient, B= Jones-Dot®efficient values

L'ga”dv’\'/;?r/"DMF' A B (Lit/mol)
A 7269 2233
B 14.4¢ 99.7¢
c 2.856 1177
D 16.01 -98.75
E 2.001 13.86
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Fig.1 Plot of C VsgspiC Fig.2 Plotofv C VspspNC
(Ligand A in 70% DMF -Water) (Ligand B in 70% DMF-Water)
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Table 3 Densites (d) gm/cc Relative and relativesgosities gr) of substituted oxoimidazolinone of 0.01M conceation in 70% (DMF+

water) solvent at different temperature (303, 30537 and 309) K

Temp La Lg Lc Lo Le
K Density Rel. Density Rel. Density Rel. Density Rel. Density Rel.
(d) Viscosity (d) Viscosity (d) Viscosity (d) Viscosity (d) Viscosity
gm/cc 0 gm/cc 0 gm/cc 0 gm/cc 0 gm/cc 0
303 1.0168 1.2086 1.0229 1.492Y 1.0188 1.1659 5.0R2 1.6601 1.0215 1.2636
305 1.0142 1.1922 1.022 1.4767 1.01p9 1.15p4 2.0P11.5871 1.0207 1.2406
307 1.0135 1.1871 1.021 1.4672 1.01P1 1.1443 8.0R0 1.5388 1.0201 1.2156
309 1.0112 1.1688 1.0211 1.4542 1.0116 1.13f9 2.0R0 1.4950 1.0197 1.1681
Fig 7: Plot of logy, Vs 1/T Fig 8: Plot of logy, Vs 1/T
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Fig 11: Plot of loggr Vs 1/T Fig 12: Comparative Plot of loggr Vs
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__ligand &
0.11 20
0.1 g‘ __ligandB
-
X 15
_ 0.09 = __ligandC
= D
> 0.08 L
o 10 __ligand D
0.07
0.06 5 __LigandE
0.05
0.0032 0.00325  0.0033 0.00335 0
322 324 326 326 33 332
ur 1/Tx10-3

Table 4Values of Thermodynamic Parameters for temperaturalifference 309K- 305°K

AG AH AS

SYS®N |5 mol-1 K-1) | (3 mok-1 K-1) | (3 mol-1 K-1)
L -4082.17 -3896.41 0.6011
Ly -3304.80 -3017.61 10.9294
L. -3046.31 2132.04 12,9589
Lp -13439.4 -11707.3 +5.6055
Le 29956.57 11798.4 5.9608

RESULTS AND DISCUSSION

In the present investigation, the relative osity of solution of substituted oxoimidazolinc ligands decreases with
decrease in coeatration of solutions. The decrease in viscosity \@ecrease in concentration is may be ascri
to the increase in the interactions of sc-solvent. The relation betweesiscosity spN C) and concentration «
solution (/C) represented by plotting the graph (fi-5). These plotted graphs prove the validity of 3-Dole
equation for all systems by giving linear straidime. The values of Jon-Dole coefficients espeally B-
coefficients are the slope of grapispANC) Vs (VC) while the values of Falkenhagen coefficient A-Coefficient
are the intercept of graph af§pANC) Vs (NC). The order or disorder introduced by solutedivent is measured &
the values of Bcoefficient which shows either positive or negatixadues. B coefficient is in turn measures
effective hydrodynamic volume of solute, which amets for the io-solvent interaction.

In this work, the values of Beefficients for all systems are rative. It is apparent from table 2 tha-coefficient
is found to be negative for all system and is memathe effective thermodynamic volume of soluteakh@ccount:
for solutesolvent interaction, it is known as a measure ebler introduced by a wute in to the solver From
data of table 1 and, & is conclude that, the value Falkenhagen coefficient (A) and relative viscosifyligand A,
C and E is less than ligand B and D. this is bst in a structure of ligand A, C and E have electronation effect
of the substituet by +R effect. But in case of figaB and D there is als- effect is strong The decrease in
relative viscosity of solutions wit decrease irtoncentration measures the increase in interactfosolute anc
solvent. Thids represented by the value Jones-Dole coefficient (B) in table 2.

As the temperature increases the value of relaiseosity and density decreases shown in tabl2ug.to increas
in temperature the interaction between sesolute and soluteelvent decreases. The themodynamic parar
such as free energy chang€(), enthalpy changaf) and entropy changeA§) of different substituted-oxo
imidazolinone drugsare calculated by plotting graph betwel/T Vrs log nr are show in (fig 7-12).
Thermodynamic parameter mentioned in table 4.rdgative valu free energy changAG), enthalpy changaf)
interpreted that reaction of solute and solventspentaneous and exothermic and positive valientropy change
(AS) interpreted thatandomness of solute molecule in solvent increa
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