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ABSTRACT

The complex permittivity spectra of Ketones likam@&hylketone (DMK), Ethylmethylketone (EMK) and
Diethylketone (DEK) with 2—Methoxyethanol (2—-MEYJ &3-Butoxyethanol (2—BE) were taken using Time Doma
Reflectometry Technique in the frequency rangd@diiz to 30 GHz at 2B. The static dielectric constant) and
relaxation time {) for all the selected concentrations were obtaibgdusing least square fit method. Using these
parameters, the values of Bruggeman factgy, @xcess static permittivityS) and excess inverse relaxation time
(1k)F were also calculated. The Bruggeman plot showswaation from linearity. This deviation was attriled to
some sort of molecular interaction, which may tgkece between the unlike molecules. The effectiteviod
correlation factor (§" and corrective Kirkwood correlation factor fgpf the mixtures have been determined and
discussed to yield information on the structure aydamics of the mixtures. It confirms that thexaistructural
formation due to intermolecular interaction betwdégtones with 2-ME and 2—-BE. The long range andtshage
inteéaction between the dipoles can be studied ftoenthermodynamic parameter, excess Helmholtzéneegy
(4F5).

Keywords: Dielectric relaxation, Time Domain ReflectometBruggeman factor, Kirkwood Correlation factor,
Thermodynamic parameters.

INTRODUCTION

The phenomenon of dielectric relaxation of binanxtores of polar liquids in non—polar solvents atrmowave
frequencies has been attempted by many workerd.[Didlectric studies of binary liquid mixtures pblar—polar
are also important for understanding the intermdbacinteractions and the consequent structurataegement of
molecules in solution [5-10]. Dielectric studiesyide meaningful information regarding intermoleouind intra—
molecular association between the solute and sbimefecules. Advanced microwave technique like TDmenain
Reflectometry (TDR) has been used as a powerfulftwahe measurement of complex permittivity afuids and
their mixtures over a wide range of frequencieg) irom 10 MHz to 30 GHz [11-13]. A great dealimterest has
been evidenced in the study of dielectric relaxabehavior in ketone systems with a view to un@eidinhg the role
of hydrogen bonding and C=0 group in the systene ifilpportance of measuring the static permittivifyliquid
lies in the fact that it provides valuable inforinat about the ordering of the molecular interactiora binary
mixture.

Static dielectric constant of materials is an mgit property, which can play an important roletlie solution
properties. Measurement of relative permittivity leeen shown to be a useful technique in charaistgrmolecular
structure, solute—solute, and solvent—solute iotemas in solutions [14-16]. Madhurima et al, sadlnitriles and
ketones with alcohol in pure as well as their @ilsblutions in benzene at different microwave fesmies and
found that the molecular association takes platedsn two components of the molecules [17-21]. oAdls are
among the most important organic compounds, bectngseare of central importance to organic chemiand
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biochemistry. Due to the presence of the —OH giinipe molecule, the solution chemistry of thesmpounds can
be strongly influenced by the intermolecular hydnodgond formation, which can play an important riolehe
physical properties of these molecules. Thereftirey have been subject of extensive practical &iedretical
investigations to study intermolecular hydrogen ding [22—-26]. The aliphatic alcohols are excelléhtbond
donors/acceptors. On the other hand, ketones aragrtant class of industrial chemicals with maeientific and
industrial applications [22]. 2—-methoxyethanol and 2—butoxyethanol it is an milgaompound that
was used mainly as a solvent. 2—methoxyethanol weasl as a solvent for many different purposes ssch
varnishes, dyes, and resins.

The main use of 2—butoxyethanol is a solvent arid iised in paints and surface coatings, followsdleaning
products and inks. These compounds with a carbgmgp (C=0) are strongly hydrogen—bond acceptoetoes
are also polar, since ketones possess lack of Rydgroups and they are incapable to create intéroubar
hydrogen bonds, but due to the presence of oxytgen,can form hydrogen bonds with alcohol or watetecules
which lead to the complete solubility of low ketsria the former solvents. The lower molar masshalije ketones
are stable, colorless liquids and generally hapteasant, slightly aromatic odour. In the preseqtqr, the detailed
dielectric relaxation studies of ketones such asethylketone, ethylmethylketone and diethylketonih vi—
methoxyethanol (2-ME) and 2—butoxyethanol (2—-BHytsmns at different volume percentage of conceiurs
have been carried out using Time Domain Reflectoptethnique in the frequency range of 10 MHz toG30z.
Resulting dielectric parameter such as static digte constant, relaxation time, effective Kirkwoaorrelation
factor (§™), corrective Kirkwood correlation factorgg excess dielectric properties, thermodynamipertes and
Bruggeman factor for each concentration of ketam#s 2—ME and 2—BE solutions have been evaluated.

MATERIALS AND METHODS

2.1. Materials

AR grade chemicals such as dimethylketone, ethyiyfiedtone and diethylketone, 2—methoxyethanol (2)-Mdixd
2—butoxyethanol (2-BE) were obtained commerciatig aised without further purification. The solutionere
prepared at different volume percentages from 0%0@% in step of 25%, at Z5. The experimental and literature
values of static dielectric constant and relaxatiore for both experimental and literature are giueTable (1).

Table—1: Physical constant of pure compounds at 2&

Compounds  Static dielectric constantsp) Relaxation time ()

PS
Experiment Literature  Experiment Literature
2-ME 17.81 17.88" 29.99 30.067
2-BE 9.99 9.98! 47.86 47.78%
DMK 21.24 26.389 3.58 4.6%°
EMK 18.41 25.6%7% 5.45 5.3¢
DEK 17.21 24.88° 7.31 6.08°

2.2. Measurements

The dielectric spectra were obtained by the TimenBioa Reflectometry (TDR) technique [30-31]. The ffekix
model no. DSA 8200 Digital Serial Analyzer samplimgin frame along with the sampling module 80EQS ieen
used for the Time Domain Reflectometer (TDR). Agatiffve fast rising voltage pulse with 18 ps ingitlpulse rise
time and 20 ps reflected pulse rise time was fadudgh coaxial line system of impedance50Sampling
oscilloscope monitor changes in step pulse affteation from the end of line. Reflected pulse witih sample Kt)
and with sample Rt) were recorded in time window of 2 ns and digtl in 2000 points. The Fourier
transformation of the pulses and data analysis were earlier to determine complex permittivity cpee (o)
using nonlinear least square fit method [31].

RESULT AND DISCUSSION

The frequency dependent values of permittiétyand dielectric loss" of Dimethylketone (DMK) with 2—
butoxyethanol (2—-BE) mixtures at 25° C are showhiin(1) and Fig (2). It is observed from the pludt the values
of ¢' decreases with increase in concentration of 2sygffems and maxima of dielectric lassmax shifts from the
lower to higher frequency. It indicates the reléomttime values are decreases with increasing curat@n of
ketones [32],
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Fig. 1: Plot of Frequency dependent log F (HzJs. dielectric permittivity (&) for DMK
+2-BE.
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Fig. 2: Plot of Frequency dependent log F (Hz)s. dielectric loss €¢") for DMK + 2-BE.
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The static dielectric constant,), static permittivity at high frequency.{ and relaxation timer) were obtained by
using the non-linear least—square fit method [3BE general form of the relaxation model is givgrHavriliak—

Negami equation [34]
(50 B goo)

eX(w)=¢, + ll+(jwf)(l_a)]ﬁ

wheree*(®) is the complex reflection coefficient is the static dielectric constami, is the static permittivity at
high frequencyz is the relaxation timey andp are empirical parameters for the distributionedéxation times with
values between 0 and 1. The Havriliak—-Negami equoaiticludes three relaxation modes as limiting frihe
Debye moded = 0 andp = 1) implies a single relaxation time while Col®€ (@ = 1 andp = 1) and Cole
Davidson ¢ = 0 andp = 1) both suggest a distribution of relaxationgsnBut the polar—polar binary mixtures
volume percentage of all concentration of ketonih micohols could fit Debye type dispersion. Tliere, here ¢
=0 andB = 1) and experimental values&{w) were fitted to the Debye equation as,
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e* (W) =€, + (&=E) (L1)

The values of ), (t) and €,) are fitting parameters. The static dielectric stant €;), Relaxation time 1,
Bruggeman factor §J, Effective Kirkwood correlation factor {§, Corrective Kirkwood correlation factor g
Excess permittivityd®), Excess inverse relaxation timet)f/ Free energy of activation for relaxation tinad=() for
a mixture of ketones with alcohols and are lisred able 2 to Table 7. The volume percentage ofrieefncreases
the static dielectric constanty) increases in all the systems except DEK + 2—Mt#e ihcreases iref) values are
may be due to the transition of spherical molecalggregates into elongated aggregates giving dsgatallel
orientation of the dipoles. In the case of DEK H#VZE-systems anti—parallel orientation of dipolesetlplace.
Similar conclusion was drawn by Shirke et al [38} &thylacetate — alcohol systems. The volume péage of
ketone increases the relaxation timedecreases for all the studied systems.

3.1. Bruggeman factor

The information about the solute — solvent inteéaacts given by the Bruggeman factor. The effectrotume of the
solute gets modified by solute — solvent interardiand is best illustrated by the non — linearftthe Bruggeman

formula [36],
_ be
f, :((Eom 502)}( gmj =0=@) @)

(‘901 - 502) Eom

According to equ (2), a non linear relationshieipected betweery fand Vol. fraction of ketones. The estimated
values of § are shown in Fiq (3) and Fig (4). It can be seaemfthese figures thag fis not a linear function of
volume fraction of ketones.

1
* Exp.
0.8 values
Polynomial fit
0.6
2]
= 04
0.2
0
0 0.25 0.5 0.75 1

Vol.fraction of keones

Fig. 3. Plot of Bruggeman factorVs volume fraction of ketones in 2-ME.

The Bruggeman factog shows a negative deviation for the DMK + 2—-ME, DER—-ME, DMK + 2-BE and DEK

+ 2-BE systems, which indicate that intermolecutderaction is taking place in the mixture. The maxm
negative deviation from the linearity is observed DEK + 2—ME and DEK + 2-BE systems. The positive
deviation occurs in EMK + 2-ME and EMK + 2-BE syst&e The non-linearity of the curves indicate
heterointeraction which may be due to hydrogen bmndf the —OH group of alcohol with C=0 group afténe.
Similar interpretations were given by Thenappan Rrabakar Devaraj [37] and Patil et al., [38].
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Fig. 4: Plot of Bruggeman factorvs. volume fraction of ketones in 2-BE.

3.2. Kirkwood correlation factor

The structural information about the liquids frohe tdielectricrelaxation parameter may be obtained using
Kirkwood correlation parameter ‘g’ 9]. This parameter is useful for obtaining inforfatregarding orientation ¢
electric dipoles in polar liquids. The ‘g’ for timaire liquid may be obtained from the ressiol,

47NA/12:0 — (& —€.)(2& *&€,)
9kTM & (£, +2)°

where N, is Avogadro’s number, u is the dipole moment in ¢fas phasey is the density, K is the Boltzmali
constant, T is the temperature in Kelvin, M is thelecular weightgyis the static dielectric constant ag,, is the
dielectric constant at optical frequency whichhis square of the refractive ind

Modified forms of this equation have been usedttms the orientation of electric dipoles in binanyxture of
ketones with 2-ME and BE. Equation (3) imodified by assuming that for the mixturé™ has become effective
Kirkwood correlation factor in the mixture. The Kivood equation for e mixture may be expressed ag],

4'n‘\lA [:ulzpl + /122:02 %Jgeﬁ - (£Om B fmm)(250m + goom) (4)

okT |\/|1¢1 M, Eqm(Eay +2)°

Where, §"is the effective Kirkwood correlatiofactor for a binary mixture, witlp; and ¢, as volume fractions of
liquids 1 and 2 respectively. The effective Kirkwboorrelation factor ¢ calculated using equ (4) is en in
Table (3) and (6). The {9 values get decreases as the concentraf ketones increases in thystems of DMK +
2-ME, DEK + 2-ME, DMK + 2BE and DEK + —BE, where as in the cases of EMK —ME and EMK + 2-BE
systems, the calculated®f}y values first gets decreases upto 50 % volumeepéage of ketones and then ¢
increases. It means that in the cases of DM-ME, DEK + 2—-ME, DMK + 2BE and DEK + —BE, at the initial
concentration of ketones(¢y values are far greater than 1 and hence the mialedipoles have parallel orientati
among themselves. As titencentration of ketones increase®") values gets decreases steadily and approa
towards the antiparallel orientation of dipolesthie case of EMK +-ME and EMK + —BE systems, () values
are far greater than 1 which indicates that arditel orientation dominates. Hence this tendency lgadthe
conclusion that heterogeneous interaction betv—OH group of alcohol and C=0 group of ketone, letdshe
formation of multimers with antiparallel orientatiof the electric dipoles 7]. The orrective Kirkwood correlatio
factor (g) is a dielectric parameter which supplies esskmtfarmation regarding interaction of the compoartf
the mixture. For an ideal noimteracting mixture ; must be unity and the magnitude of the deviatiofig) from
unity indicates the magnitude of interaction betwége compounds i.e., a greater deviation fromyumieans
larger strength of interactions [41],

¢1+

M, M,

4N, ( 1 0.9,
okT

/ 2210292 —_ (EOm - gmm)(2€0m + goom)
17} =M M s 5
Jgf gOm(goom + 2)2 ( )
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where N, is Avogadro’s number, U is the dipole moment ia tas phase is the density, K is the Boltzmann
constant, T is the temperature in Kelvin, M is thelecular weightgq,is the static dielectric constant of mixture
ande,, is the dielectric constant at optical frequencychhs the square of the refractive index of thetonie.

The corrective Kirkwood correlation factor;{gvas calculated by using equ (5) for @5In the present system
ketones with alcohols, the values of) (@re close to unity for all the studied systemst, Bhe (g) values are found
to be slightly greater than unity for DMK + 2-MEER + 2—-ME, DMK + 2-BE and DEK + 2-BE systems,
indicating that effective dipoles in the mixture greater than the average of those in the pur@conas. Further,
the (g) values are found to be slightly less than undy EMK + 2-ME and EMK + 2-BE systems for all the
concentrations, indicating that the effective dgsoin the mixture are smaller than the averagbade in the pure
compounds. The values of¢{gare found to depend more on concentration thampéeature, as reported by
Balamurugan and Pawar [42-43].

3.3. Excess dielectric constant
The excess permittivity is defined as [44],

£ =(& &) _{(‘90 —&.).4+(& —6‘00)2@} --------- ©)

whereg; andg,— volume fraction and suffixces m, land 2 represerikture, liquid 1 (2ME) & (2BE) and liquid 2
(DMK, EMK and DEK) respectively. The excess perivity may provide qualitative information about rtinlers
formation in the mixture as follows:

1. & =0 indicates that there is no interaction betwiercomponents in the mixture.

2. €F < 0 reveals that components in the mixture magnfolosed multimers leading to the less effectiveobis
due to the interaction between the componentsdh auway that the effective dipole moment gets cedu

3. € > 0 denotes that components in the mixture inteiracsuch a way that the effective dipole moment is
increased. There is a probability for the formatdtinear multimers.

In an ideal mixture of polar liquids if the moleeslare interacting, a non linear variation in ditle constant and
relaxation time occurs. This confirms that theimelecular association is taking place in the syste

The excess property related to static dielectriostant and relaxation time provides significantoiniation
regarding interaction between the polar — polaritignixtures. In the case of ketones with alcolsoish as DMK +
2-ME, DMK + 2-BE and DEK + 2-BE systems, positivaue of excess dielectric constaff)(is obtained. The
positive values of excess dielectric constafi} {ndicates that molecules of the mixtures may fonwnomers or
dimers structures in such a way that the numbeeffgfctive dipoles increases. The negative valuegxaess
permittivity are obtained for the following ketomealcohol systems such as EMK + 2—-ME, DEK + 2—-MH &BMK

+ 2-BE systems. The negative value & (ndicates that molecules of the mixtures may fonuitimer structures
via hydrogen bonding in such a way that the effectipoles get reduced [45—-46]. The excess diégectmstant
(F) of mixtures was calculated using equation (6) imdariation with volume fraction of ketones irME & 2—
BE at 298 K shown in Fig (5) and Fig (6). It isakseen from the plots o) Vs volume fraction of ketones, the
(¢F) values are found to be maximum at 0.5 volumetifsacof ketones with 2-ME and 2-BE systems. Theret
interaction is between the —OH group of alcohol &wlO group of ketone and it is an agreement with th
conclusions reported by Pawar and Mehrotra et@lfi¥ dimethylene chloride—ethanol mixtures.
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Fig. 5. Plot of excess dielectric constant. volume fraction of ketones in 2-ME.
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Fig. 6. Plot of excess dielectric constaMs volume fraction of ketones in 2-BE.

3.4. Excess inverse relaxation time
The excess inverse relaxation time is defined as,

{2t}

where (1£)F is excess inverse relaxation time which repres#msaverage broadening of dielectric spectra. The
inverse relaxation time analogy is taken from smédine broadening in the resonant spectroscoB}. [#he
information regarding the dynamic of liquids 1 g@hahteraction from this excess property is as fofio

() (1h)F = 0: there is no change in the dynamics of liquidmd 2 interaction.
(i) (1h)F < 0: the liquids 1 and 2 interaction producese#ifsuch that the effective dipoles rotate slowly.

(i) (1/)F > 0: the liquids 1 and 2 interaction produceseddfisuch that the effective dipoles rotate fasty the
fields will co—operate in the rotation of dipoles.

The variation of (I)F with volume fraction of ketones are calculatedusing the equation (7) at 298K is shown in
Fig (7) and Fig (8).
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Fig. 7: Plot of excess relaxation times. volume fraction of ketones in 2—ME.

As seen from the plots, @F is negative for all the ketones with 2-ME and 2-BHis indicates that the addition
of ketones with 2-ME and 2-BE has created a hinddiéld such that the effective dipole rotatesvjo

—e—DMK+2-BE —8®—EMK+2-BE —&—DEK+2-BE
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2
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3
] -0.09
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L
-0.11

Vol.fraction of ketone
Fig. 8: Plot of excess relaxation times. volume fraction of ketones in 2—-BE.

Table—2: Variation of g, 1, fs and AF; values with volume fraction of ketones in 2-ME.

¢ €0 T (ps) f AF.

2 (a) (a) B (kJ/moI)
Dimethylketone+2—methoxyethanol

0 17.81(1) 29.99(5) 1 13.056
0.25 18.70(1) 15.62(10) 0.72 11.428
050 19.64(1) 12.78(5) 0.45 10.928
0.75 20.46(3) 5.45(1) 021  8.802

1 21.24(2) 3.58(1) 0 7.753
Ethylmethylketone+2—methoxyethanol

0 17.81(1) 29.99(5) 1 13.056
0.25 17.90(1) 18.88(1) 0.87 11.901
050 18.01(4) 13.03(2) 0.72 10.976
0.75 18.25(1) 7.82(6) 0.39 9.702

1 18.54(1) 5.10(1) 0 8.636
Diethylketone+2—methoxyethanol

0 17.81(1) 29.99(5) 1 13.056
0.25 17.55(2) 17.60(9) 0.56 11.726
0.50 17.35(1) 12.53(5) 0.23 10.878
0.75 17.29(1) 9.28(8) 0.13  10.129

1 17.21(1) 7.31(4) 0 9.534
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Numbers in bracket denote uncertainties in thedigstificant digits obtained by the least squatrenethod. e.g.
17.81(1) means 17.81+0.01.

Table—3: Variation of g, t, fs and AF, values with volume fraction of ketones in 2-BE.

o €0 T (pS) f AF.
: @ (a) ®__ (k/mol)
Dimethylketone+2-butoxyethanol
0 9.99(1) 47.86(24) 1 14.222
0.25 13.25(2) 31.30(22) 0.64 13.163
0.50 15.93(1) 20.22(7) 0.40 12.072
0.75 19.01(2) 6.04(1) 0.16 9.058
1 21.24(2)  3.58(1) 0 7.753
Ethylmethylketone+2—butoxyethanol
0 9.99(1) 47.86(24) 1 14.222
0.25 11.32(2) 24.22(13) 0.80 12.523
050 12.85(1) 11.79(4) 0.60 10.727
0.75 15.26(8) 7.54(1) 0.32 9.611
1 18.41(3) 5.45(9) 0 8.802
Diethylketone+2—butoxyethanol
0 9.99(1) 47.86(24) 1 14.222
0.25 12.62(1) 28.64(11) 058 12941
050 14.50(1) 15.29(5) 0.33 11.375
0.75 16.05(8) 9.71(2) 0.13  10.243
1 17.21(1) 7.31(4) 0 9.534
@Numbers in bracket denote uncertainties in thesagtificant digits obtained by the least squaterfethod. e.g. 47.86(24) means 47.8610.24.

Table—4: Variation of ¢®" g £F and (1k)F values with volume fraction of ketones in 2-ME.

E
¢ ¢ o & (‘1)/;)1
Dimethylketone+2—methoxyethanol
0 1.277 1 0 0

0.25 1270 1.009 0.063 -0.030
050 1.264 1.017 0.155 -0.078
0.75 1246 1012 0.107 -0.034

1 1.219 1 0 0
Ethylmethylketone+2—methoxyethanol
0 1.277 1 0 0

0.25 1.266 0.962 -0.150 -0.021
050 1265 0934 -0.267 -0.038
0.75 1.333 0.959 -0.169 -0.027

1 1.425 1 0 0
Diethylketone+2—methoxyethanol
0 1.277 1 0 0

025 1260 1008 -0.076 -0.002

050 1225 1003 -0.128 -0.005

0.75 1196 1002 -0.051 -0.003
1 1.163 1 0 0

Table-5: Variation of ¢*" g €% and (1/)F values with volume fraction of ketones in 2-BE.

1/)E
o2 geff o & (ps"i)1
Dimethylketone+2—butoxyethanol
0 1.928 1 0 0

025 1629 1042 0418 -0.053
050 1424 1024 0281 -0.100
0.75 1333 1035 0561 -0.049

1 1.219 1 0 0
Ethylmethylketone+2—butoxyethanol
0 1.928 1 0 0

0.25 1523 0.886 -1.435 -0.033
050 1385 0.853 -2.147 -0.032
0.75 1406 0.897 -1.606 -0.020

1 1.531 1 0 0
Diethylketone+2—butoxyethanol
0 1.928 1 0 0

0.25 1.752 1.083 0.794 -0.015

050 1525 1.079 0861 -0.013

0.75 1.333 1.050 0.621 -0.004
1 1.163 1 0 0
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The excess inverse relaxation time values are megative at 0.5 concentrations of ketones. Thethegealue of
excess inverse relaxation time indicates sloweatiat of the dipoles of the system. The free en@fggctivation
for relaxation time AF,) for all the systems is reported in Table 2 andl&&. It is clear from the table that as the
ketone concentration increaseAFf) values gets decrease. Thd=() values are greater at initial concentration of
ketones with 2—-ME and 2-BE systems [49],

3.5. Excess thermodynamic properties
The study of thermodynamic free energy can alse giformation on the interaction between the conapdsin the
mixture through the breaking mechanism of the H-élsoifhe excess free energy due to mixing is gisb@l;

(AFF) = (AFoS) + (AF,5) + (AF1) v, (8)

where, AF,F) represents the excess dipolar energy due torlmge electrostatic interactiodR,") represents the
excess dipolar energy due to short range interadteween identical molecules antF(.5) represents the excess
free energy due to short range interaction betwdissimilar molecules. The above terms are givedetail in
equation (9):

AFE :{% 2R R 2XUEGARRI

+[X1x2/‘4ﬂz(912_])(Rf1+Rf2 _R)I_R)Z]
R0 = [87NA] (&, —D(&., +2)

, (2, +¢.,.)
n (BN, ) (6D, +2)
"l ov ¢, +€,,)

V, is the molar volume of the componenjsande,,, are the static dielectric constant and staticegdieic constant at
optical frequencies, of the pure liquids, respeyiv

Table—6: Variation of thermodynamic parameters AFo 5, AF,.F, AF1£ and AFF) values with volume fraction of ketones in 2-ME.

P2 AFqF AF,E AF;F AFE
(J/mol)  (/mol)  (I/mol)  (I/mol)
Dimethylketome+2—methoxyethanol
0 0 0 0 0
0.25 -13.96 -4.31 2.91 -15.36
050 -0.78 -1.25 -1.73 -3.77
0.75 1237 2.34 -4.29 10.42

1 0 0 0 0
Ethylmethylketone+2—methoxyethanol
0 0 0 0 0

0.25 -0.61 0.07 0.97 0.43
0.50 3.14 1.67 0.64 5.46

0.75 5.36 2.46 -0.65 7.17
1 0 0 0 0
Diethylketone+2—methoxyethanol
0 0 0 0 0
0.25 5.60 1.67 —-0.05 7.22

0.50 3.55 1.18 1.01 5.74
0.75 -0.72 0.05 0.87 0.19
1 0 0 0 0

The long range and short range interaction betwhpaoles can be studied from the thermodynamic patam
excess Helmholtz free energy=. The different components &fF" such asAF,F, AF,F and AF., are given in
Table 4 and Table 7. The long range electro siatizactionAF,= calculated for first two concentrations (i.e) 0.25
and 0.5 of volume fraction of ketones such as DMikhww—ME are found to be negative and after thawvat
positive. As the concentration of ketone increasgg™ values are found to be negative at 0.25 volumeifraof
ketones such as EMK + 2-ME, DMK + 2-BE and DEK 4BE-systems. If the contributions td=,~ values are
negative then it indicates the presence of dipati4éed dipole interaction or depressive interactidre values of
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the excess dipolar energy due to long—range itieradF, are all positive in the entire concentration range
EMK + 2—-BE system studied. This shows the existariakpole—dipole interaction between ketone molesu

The volume fraction of ketone increases the exdagsslar energyAFo,"= due to long range electro static interaction
is found to be maximum at 0.75 concentration fortteé ketones except DEK + 2—-ME system. The sederd
AF,F gives the excess free energy due to short-rangeiiion between the like molecules. As the comatian of
ketone increasesF, values are negative for DMK + 2—BE and DEK + 2-8ftems. It indicates the non—specific
interaction of the above said systems. The valfied=g" are positive for EMK + 2—ME and DEK + 2—-ME systems
indicating that the strong short range interactloough hydrogen bonding.

Table—7: Variation of thermodynamic parameters AFy 5, AF,F, AF,F and AFF) values with volume fraction of ketones in 2-BE.

AFe®  AF.E  AFS AFE
2 (J/mol)  (/mol) (I/mol)  (I/mol)

Dimethylketome+2—butoxyethanol

0 0 0 0 0
025 -36.71 -57.04 26.85 —66.90
050 25.40 —27.73 -3.31 -5.65
0.75 42.80 -1.27 -15.16 26.35

1 0 0 0 0

Ethylmethylketone+2—butoxyethanol

0. 0 0 0 0
025 19.18 -0.19 30.71 49.70

050 8553 38.25 9.09 132.88

0.75  88.08 44.48 —6.29 126.27
1 0 0 0 0

Diethylketone+2—butoxyethanol

0 0 0 0 0

0.25 -39.37 -51.08 14.36 —76.10

0.50 0.41 -29.80 -10.33 -39.73

0.75 2253 -5.44 -12.37 4.70
1 0 0 0 0

The magnitude oAF,,® gives information on the strength of interactidresween unlike molecules. The values of
AF.F calculated in the systems of ketones + alcohashath the positive and negative, which indicagt the
hetero interaction between the compounds whichvarging with concentration and temperature. Findflg high
positive values ofAFF were observed for the EMK + 2—-ME, DEK + 2—ME anMK + 2—-BE systems, which
indicate that, the formation @fclusters with anti—parallel alignment of dipol&4]. In DMK + 2-ME, DMK + 2—
BE and DEK + 2-BE systems there is both negativepasitive values oAFF. It indicates that the formation of-
clusters ta3—clusters with parallel to antiparallel alignmeffitdipoles takes place. Th&F® values are contribution
of n;ainly due to the long range electrostatic imt&ion Ao~ and not due to the short range electrostatic antem
AF,~

CONCLUSION

From the above study, dielectric relaxation paramsetexcess inverse relaxation time and Kirkwoodetation
factor have been reported for various ketones RiME and 2-BE at 26. These data provide information
regarding solute—solute interaction in liquids. Téwcess inverse relaxation time values are negdtiveall
concentrations, of the above systems. It indicttas the slower rotation of the dipoles, due to sh&ute—solute
interaction and form the hydrogen bonded structpregluce a field in such a way that the effectiigok® rotation

is hindered. The electron contribution of the métirpup in C=0 group of ketone is significantly gter than that
of other group. Also the Dimethylketone with alcbbygstems have higher )7 negative values than that of other
ketone systems, revealing that the tendency of tmmformation is stronger in ketone + alcohol sysie
Therefore, expect the strongest intermolecular ¢wyein bonds would be formed between the C=O group of
Dimethylketone with alcohols system and weakesiveen the other ketone such as EMK and DEK withtato
systems viz., 2-ME and 2-BE. This observation flected in the dielectric constant, Kirkwood coatibn factor,
excess dielectric constant and excess inverseat@axtime values.
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