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ABSTRACT

Amino acids are the basic “building blocks” thatrabine to form proteins and play an important phiggiaal role
in all life-forms. They can be used as modelstieréxamination of the importance of intermolectlanding in life
processes. Dielectric spectroscopy severs to obdhinformation of the binary solutions on the macapic level
regarding hydrogen bonding, molecular associatiodsarge transfer, dipole-dipole and dipole inducdigole
interactions. In this paper two amino acids (DL-Ailze & L-Asparagines) with water have been studigd
dielectric spectroscopy. The static dielectric danss, their excess dielectric properties, Kirkwocakrelation
factor and Bruggeman factor of the amino acids tewaolutions for different temperatures have beealtulated
and reported. The static dielectric constants haeen achieved by using a sensor which is basedeguédncy
domain reflectometry technique. The behavior ofessdielectric permittivity and Bruggman factor gest the
presence of intermolecular interaction in the bipanixtures. The angular Kirkwood correlation factmnfirms the
parallel and antiparallel orientation of the eleitrdipoles in the mixtures.

Keywords: Static dielectric constant; Excess dielectric praps; Kirkwood correlation factor; Bruggeman factor;
Amino acids.

INTRODUCTION

Dielectric spectroscopy yields detailed informatiahout the structures, intermolecular interactiomgirogen
bonding, molecular associations, charge transfdrdipole induced dipole interactions. Amino acids the basic
“building blocks” that combine to form proteins. &very species, proteins are constructed from dimeesset of
twenty amino acids. As well as forming proteinszyanes and other body tissue they are also fourmdigiout the
body participating in a wide variety of chemicahcéons, and are vital in basic energy productipecies, energy
transfer and muscle activity. In the higher orgarsisincluding humans, amino acids are classifieceittser
“essential” amino acids (which must be consumethéndiet), or “non-essential” amino acids (whicim & made
by the body)[1]. While there are many forms of amino acids, altld important amino acids found in living
organisms are alpha amino acids. Alpha-amino dwde the —-COOH and —NHroups, both attached to the same
carbon atom, called the alpha carbon atom. Thelegshpmino acid, which is the molecule glycingNBH,COOH
contains no asymmetric carbon atoms (tetrahedrabcaatoms with four different groups attached).dflthe other
amino acids contain an asymmetric or “chiral” carladom and are, therefore, optically active. Theegal structure
of the alpha amino acids is R—CHWMkalpha)-COOH, and the optical activity for alphahamnacids is more
complex than glycine is directed by the alpha caf@e4].

Macroscopic parameter the dielectric constant hasnsively used for explanation of solvents effettsis an

important physicochemical parameter, as it is eeldb many important physical and biological apdlians [5-7].

The dielectric constant of a solvent is a relatweasure of its polarity and its measurements aenafsed for
evaluation of characteristics of the liquid sola8o[8]. This property can also be very useful asupport for

efficient design, stimulation of separation proessssample preparation and chromatography techsidgue
analytical chemistry [9, 10].
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The aim of the present work is to determine thermblecular interactions and hydrogen bonding betwemino
acids- water solutions. The behavior of amino agidaqueous solutions is of a major interest bezaveer is the
natural medium for biological molecules. A detailatbwledge of amino acid interactions with wateaiprimary
step in understanding the salvation process okfasgstems, such as peptides and proteins. Thesxiielectric
properties £F), Kirkwood correlation factor () and Bruggeman factorgf of the amino acids- water solutions
have been reported at 288, 298 and 308 K tempegatur

EXPERIMENTAL SECTION

Chemicals

The chemicals used in the present investigatiomBspectroscopic grade with 99.9% purity. One nsalkitions of
the two amino acids were prepared by mixing amgidsawith water. The experimental solutions werepared by
mixing solution from one mole stock of amino acidth water at eleven different volume percentagwater as 0
to 100% in steps of 10%. The temperature contrsijstem with water bath has been used to mairtaicanstant
temperature within the accuracy limitbfl°C. The sample cell is surrounded by a heat insigatontainer through
which the water of constant temperature using gé&eature controller system is circulated

Measurement of dielectric constant

The static dielectric constants of the aqueoustisolsl of amino acids with water were measured usirsgnsor,
which is based on the principle of frequency domaftectometry (FDR) technique. When power is agaplio the
sensor, it creates a 100 MHz frequency signal. $lgeal is then applied to a pair of stainlesslsteds, which
transmits an electromagnetic signal into the mixtdrhe field passes easily through the mixtureltieguin stable
voltage output that acts as a simple sensitive ureas dielectric constant. Each measurement esated at least
three times and average value of that reading akestas a dielectric constant. The accuracy of uneasent in the
dielectric constant was * 3.0 %.

Study of excess permittivity
The information related to the excess permittiwfythe aqueous solution was obtained from the expesperties
[11] of the mixture. The excess permittiviig defined as

£ =(go)n e X +HEX) @
Where X is volume fraction and suffix m, A, B repeats mixture, liquid A (1 mole aqueous solutiorawiino acid)
and liquid B (water) respectively. The excess p#ivity provides qualitative information abotdrmation of new
structure in the mixture as follows:
i) 5= 0: Indicates that solution A and B do not intérac
i) ¥ < 0: Indicates that solution A and B interact isuth a way that the effective dipole moment getdsiced.
i) €> 0: Indicates that solution A and B interact icls@ way that the effective dipole moment increases

Study of Kirkwood correlation factor
The Kirkwood correlation factor [12] provides infoation regarding the orientation of the electripadés in polar
:I:(z)l:lgsbure polar liquid, the Kirkwood correlati@acfor g may be obtained by the expression
aNptp (e, -¢. )28, +£.)
OKTM = g, (e, +2)
Where 44 is dipole moment,0is density at temperature T, M is molecular weidghis Boltzman constant, N is

©)

Avogadro’s number,[{s) is static dielectric permittivity and, is the dielectric permittivity at high frequency,
often represented by the square of the refractigtex.

Modified forms of this equation have been usedtti\s the orientations of electric dipoles in thedsy mixtures
are given by Kumbharkhane et al [13, 14] two sumpledions used are as follows:

2 2 -

47N H v Py XM +:U F P XF geff - (EOm goom)(ZEOm:goom)

KT M, M (€0 (Eam *+2)’]

where §" is the Kirkwood correlation factor for a binaryxnire. §" varies betweerg,, andg.
47N /’IZMpM gM X +/'12F10FgF X gf - (£0m_£mm)(2£0m+£wm)
kT M, M M T Eom(Eam *+2)

(6)

(7)
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Oy and g are assumed to be affected by an amoliit the mixture. §= 1 for an ideal mixture and deviation
from unity may indicate the interaction betweentiie components of the mixture.

Study of Bruggeman factor

The static permittivity of two mixture must lie semhere between two extremes corresponding to static
permittivity of two liquids. In order to understaride dipole interaction in the mixture of two ligsia various
mixture formula has been proposed [15, 16]

Bruggeman mixture formula [17, 18] can be usedras évidence of molecular interactions in binarixture. The
effective volume of the solute gets modified byusel— solvent interactions and is best illustrabgdthe non-
linearity of Bruggman formula. The static dielectcionstant({ly) of the mixtures is related to the Bruggman migtur
formula with volume fraction of solute which indtea the interaction between solvent and solutes Tavimula
states that static dielectric permittivity of bigamixture (s,), solute (sn) and solvent [sg) can be related to
volume fraction of solvent (V) which indicates tinéeraction between solvent and solute in the méxas;

fB:(ssm—ssEi‘) (55‘4)153 _ iy

esA—esEB ESTN

According to above equation linear relationshipxpected in the Bruggman fac{dg) and (V). Any deviation from
this linear relation indicates molecular interant[@9].

RESULTSAND DISCUSSION

The experimental results of static dielectric cantt €5) of the amino acids- water solutions of DL- Alamiand L-

Asparagines at 288, 298 and 308K are presentedgurd=1 and 2 respectively. It has been observad tte

dielectric permittivity of the binary mixture deases with increase in temperature as well as isergavolume
fraction of water. The decrease in permittivity twihcrease in temperature might be due to rapldrfarientation

polarization, because the increased thermal matémluces the alignment of the permanent dipoles. [Z8

decreases in dielectric permittivity with increasevolume fraction of water may be due to increassize and
shape of the complex molecules after hydrogen bgnigiteraction. This could be attributed to a dasesin number
of dipoles in the complex, which may lead to a dase in volume of the rotating molecules [21, 22].

Tablel. Variation in excess dielectric constant of DL - alanine with volume fraction of water at different temperatures

Percentage volume of WaterExcess dielectric constant Excess Excess
in DL-alanine T=288 K dielectric constant T=298 K dielectric constant T=308 K

00 0.0 0.0 0.0
10 1.59 2.01 1.13
20 0.58 2.17 2.24
30 0.27 1.40 141
40 1.10 0.93 1.18
50 1.12 -0.46 0.32
60 0.99 0.0 -1.00
70 -0.54 -1.08 -2.35
80 -0.35 -0.62 -2.38
90 -0.007 -0.46 -0.20
100 0.0 0.0 0.0

Table2. Variation in excess dielectric constant of L-asparagineswith volume fraction of water at different temperatures

Percentage volume of WaterExcess dielectric constant Excess Excess
in L-asparagines T=288 K dielectric constant T=298 K dielectric constant T=308 K

00 0.0 0.0 0.0
10 0.35 -0.52 0.16
20 0.22 -0.70 0.26
30 0.36 -0.97 0.64
40 0.26 -0.54 0.73
50 0.35 -0.55 0.60
60 0.15 -0.38 0.77
70 0.45 -0.02 0.76
80 0.40 0.15 1.11
90 0.08 0.03 0.26
100 0.0 0.0 0.0
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Fig. 1 Variation in static dielectric constant of DL -Alaninewith volume fraction of water at different temperatures
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Fig.2 Variation in static dielectric constant of L-Asparagineswith volume fraction of water at different temperatures
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Fig. 3 Variation in Kirkwood correlation factor (g°%) of DL-Alanine with volume fraction of water at different temperatures
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Fig. 4 Variation in Kirkwood correlation factor (g°") of L-Asparagines with volume fraction of water at different temperatures
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Fig. 5 Variation in Bruggeman factor (fg) of DL-Alanine with volume fraction of water at different temperatures
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Fig. 6 Variation in Bruggeman factor (fg) of L-Asparagineswith volume fraction of water at different temperatures

The excess permittivityef) provides significant information regarding intetian between the polar-polar liquid
mixtures and it is calculated by using equation {3l excess permittivity of the amino acid- waeiutions of DL-
Alanine with water at 288, 298 and 308K is presgiteTable 1. The excess permittivity is positimeDI-Alanine
rich region but negative in water rich region a¢ ttudied temperatures. The positive excess péityit(c)
indicate that the effective number of dipoles hia tmixture might be greater than the correspondimgage number
in the pure liquids, probably due to the creatibmew structure leading to a higher macroscopiengévity. The
negative values of excess permittivity in watehriegion are probably due to the creation of ledarpstructure
leading to a lower macroscopic permittivity [23fof a molecular point of view the negative valuéexcess
permittivity in water-alanine mixtures is the cogaence of formation of hydrogen bonds.

The excess permittivity of the amino acid- watelusons of L-Asparagines with water at 288, 298 &uBK is
given in Table 2. The excess permittivity is pogtinearly for the entire volume fraction ranges ah@88 and

308K temperatures, indicates that the binary métinteracts in such a way that the effective dipmlement
increases.

From Table 2 it is also observed that, at 298K terafure the excess permittivity is negative in Lp&sgines rich
region but positive in water rich region. The négaexcess permittivity indicates that the two $olus interact in
such a way that the effective dipole moment dee®ds L-Asparagines rich region but increases itewsch
region. The negative values @f) at this temperature are probably due to the ireaff less polar structure leading

to a lower macroscopic permittivity and positivdues of €F) are probably due to the creation of new structure
leading to a higher macroscopic permittivity [23].

The Kirkwood angular correlation factors”{gof amino acids- water solutions of DL- Alaninedaln Asparagines
were calculated for three different temperatureichviis presented in Figure 3 and 4 respectivei{.>g in DL-
Alanine and L-Asparagines rich region for the sddtemperatures, this indicates parallel orieotatf electric
dipoles in DL-Alanine and L-Asparagines molecul&hereas for pure watefg<1 [24, 25]

The Bruggeman factordf values of amino acids- water solutions of DL- difee and L- Asparagines at 288, 298
and 308K temperatures are noted graphically inféiduand 6 respectively. According to the giveradakere is
deviation from the linear relation which gives teeidence of strong molecular interactions betweéen amino
acids- water solutions of DL- Alanine and L- Aspirees.
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CONCLUSION

The static dielectric constant of amino acids- watgutions of DL- Alanine and L- Asparagines deses with
increase in temperature and volume fraction of wate

The excess permittivity of the amino acid- watdugons of DL- Alanine is positive at DL-Alaninect region for
the studied temperatures, indicates the effectivenber of dipoles in the mixture might be greateanttthe
corresponding average number in the pure liquitie @xcess permittivity of the binary solutions df-Blanine is
negative at water rich region for the studied terapees, shows the presence of certain interatiaween unlike
molecules.

The excess permittivity of the amino acid- watefusons of L-Asparagines is positive for 288 and83R
temperatures and negative at 298K temperaturdéoertire volume fraction range of water.

In the amino acids- water solutions the dipole paire formed and orient in parallel direction inirenacids rich
region and in antiparallel direction in pure water.

Bruggeman factor shows the deviation from the linmetation which gives the evidence of moleculdeiactions in
amino acids- water solutions.

Such study has potential advantage in qualitateteation of drug binding and to enable semi-quativié study of
the interaction between the drug and its target.
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