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The complex dielectric permittivity of L-alanine in aqueous medium at different concentrations and different
temperatures were measured in the microwave (0.02 b ν/GHz b 20) frequency region by using open-ended co-
axial probe technique. From the reflection coefficient and impedance data, the real and imaginary part of the di-
electric permittivity values is determined. It is observed that there is a decrease in the real part of the dielectric
permittivity up to certain frequency and an increase in the imaginary part of the dielectric permittivity with in-
crease in the molar concentration of L-alanine in water medium. Based on the experimental data the average re-
laxation timevalues are calculated and its behavior is analyzed in termsof boundwater and freewatermolecules.
The theoretical dipole moment of L-alanine is calculated at gaseous state as well as in aqueous medium by using
PCM and IEFPCMmodel at HF, DFT/B3LYP andMP2 calculations using 6-311G* basis set. Analysis between exper-
imentally determined parameters and computed dipole moments were discussed. The mean molecular polariz-
ability is calculated from the Lippincott δ function potential model and compared with the Le Fèvre method of
polarizability values.
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1. Introduction

The study of dielectric relaxation behavior of biological liquids is a
task of great importance because it provides valuable information on
the structural dynamics of molecules. Most of the biological systems
contain the hydrogen bonds between molecules [1]. This hydrogen
bond plays an important role in the various bio functional activities,
metabolic reactions, protein synthesis, drug designing, and electrical
properties of the material. Dielectric relaxation spectroscopy (DRS)
technique is so sensitive to detect changes in the molecular dynamics,
inter molecular bonding between the molecules and orientation of the
dipoles. The understanding of intermolecular hydrogen bonding, typical
relaxation behavior of proteins solutions attractedmany researchers for
the study of interest for recent and past [2–14]. The electromagnetic
characteristic of basic amino acids in solution and its applications inmi-
crowave sterilization as well as mechanism process explained by Chen
Meng et al. [15]. Floros et al. [16] analyzed the lysozymewithmolecular
dynamics simulations in terms of the dielectric function and the results
were explained by the hydration shell decomposition approach.
Godfrey et al. [17] interpreted the rotational spectra of two conformers
of alanine together with molecular orbital calculations using a larger
am).
basis set (6-311G**). Degtyarenko et al. [18] applied the Born-
Oppenheimer molecular dynamics simulations of an L-alanine zwitter-
ion solvated in water medium by considering the whole system rela-
tively larger in size i.e. the L-alanine amino acid and 50 water
molecules have been treated quantum mechanically.

2. Experimental and computational details

The chemical sample used in thiswork such as L-alanine of analytical
grade is procured fromSRL Pvt. Ltd.,Mumbai, India is taken in a different
molar concentration levels (0.1 to 1 M) in double distilled water
medium with respective maximum solubility. The complex dielectric
permittivity (ε⁎= ε′− jε″) of these samples is measured in the micro-
wave frequency range 20 MHz-20 GHz using the open-ended coaxial
probemethod [19,20] between 298K–323K. The high frequency dielec-
tric permittivity (ε∞) is measured by using Abbe refractometer. The
dipole moment of the L-alanine molecule is calculated theoretically at
gaseous state as well as in aqueous medium by using IEFPCM and
PCM model at the DFT/B3LYP and MP2 using 6-311G* basis set using
Gaussian software-03 [21–28]. The difference in energy between
aqueous L-alanine and L-alanine (gaseous state) provides the informa-
tion regarding the strength of the hydrogen bond interaction between
L-alanine andwatermolecules andwhich is tabulated in the Table 1, re-
spectively. The average dielectric relaxation time is determined from
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Table 1
Theoretical dipolemoment of the L-alaninemolecule in gaseous state, aqueous solventmedium and difference in energy is calculated from thedifferent quantummechanicalmethods and
its molecular polarizability (αM) from the Lippincott delta function model and Lefevre method.

State Gaseous state In water medium

Model HF DFT-B3LYP MP2 Exptl. value
from
literature
[17]

IEFPCM PCM

HF DFT-B3LYP MP2 HF DFT-B3LYP MP2

Basis sets 6-311G⁎ 6-311G⁎ TZVP 6-311G⁎ 6-311G⁎ 6-311G⁎ 6-311G⁎ 6-311G⁎ 6-311G⁎

Dipole moment (Debye) 2.293 1.737 2.436 1.80 3.540 3.231 3.735 2.291 3.231 4.060
Energy (a.u.) −321.7164 −323.7360 −322.9982 −321.8122 −323.7571 −322.9871 −321.8061 −323.7477 −322.9888
Difference in Energy (kcal/mol)
E = Ewater medium − Egas state

– 56.4758 13.2410 6.9653 60.2408 6.9025 5.8988

Molecular Polarizability
(αM

⁎10−25 cm−3)
82.655 83.581 82.926 – 83.600 85.034 85.842 84.348 84.873 84.892

Polarizability (×10−25 cm−3) by
Lefevre method

73.29 73.29 73.29 – 73.29 73.29 73.29 73.29 73.29 73.29
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the Debye and Cole-Cole plots [29] and the behavior is analyzed in
terms of bound water interaction with the amino acid molecule. The
mean molecular polarizability (αM) value of L-alanine in gaseous state
and aqueousmedium is calculated from the Lippincott δ function poten-
tial [30,31]model by considering optimized bond lengths from themin-
imum energy structure and compared with the Le Fèvre method [32] of
polarizability values.

3. Results and discussion

The temperature dependent low frequency dielectric constant (ε0)
and high frequency dielectric permittivity (ε∞ = n2) values of different
molar concentrations of L-alanine in aqueous medium are shown in
Figs. 1 and 2. From the Figs. 1 and 2, it is noted that there is an increase
in the dielectric constant, high frequency dielectric permittivity value
with increase in the molar concentration of L-alanine in water medium
and decreasing trend with an increase in temperature. It may be due to
the larger value of the dipole moment of L-alanine molecules and also
water structure is modified due to hydrogen bond. The nonlinear varia-
tion of the graphs indicates that molecular interaction exists between
the L-alanine and water mixtures through H-bonding. The complex di-
electric permittivity (ε⁎ = ε′ − jε″) for all concentrations of L-alanine
with frequency at one of the temperatures 308 K as shown in Fig. 3. It
is observed that there is an increase in the real part of dielectric
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Fig. 1. Graph of low frequency dielectric permittivity (ε0) with respective molar
concentration of L-alanine in water at different temperatures.
permittivity value (ε′) with increase in the molar concentration levels
of L-alanine inwater up to 5GHz and thereafter decreases with increase
in frequency and the same is observed for other temperatures. This may
due to the rotational diffusion of zwitterionic amino acid molecule. The
increase in the dielectric loss (ε″) (From the Fig. 3) with increase in the
molar concentration of L-alanine in water medium, it may due to the
presence of more number of self-associated groups formed by the hy-
drogen bonds with water molecules. Further, the dielectric field
strength Δϵ = (ϵo − ϵ∞) parameter reveals the presence of clusters in
the solutions. These clusters are developed in the liquid solution due
to the hydrogen bond network linkage or electrostatic attractive forces
between the polar groups present in the system. The polarity nature
of the L-alanine water system is greater when compared to the individ-
ual aqueous system. From Fig. 4, it is noted that the dielectric field
strength value increased with increase in L-alanine concentration in
water and which indicates the existence of clusters in the solution.
These clusters are responsible for increase in the degree of polarization
of the dipoles results increase in Δϵ values. The water molecules nearer
to L-alanine (bound water) play a significant role in the increase of de-
gree of polarization and it causes to rise in the electrical susceptibility
and field strength values. The degree of polarization is affected by the
increase in temperature which in turn decreases the dielectric relaxa-
tion strength values. From the Fig. 4 it is observed that dielectric field
strength value decreaseswith rise in temperature and it is due to break-
age of the number of hydrogen bonds between the self-associated
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Fig. 2. Graph of high frequency dielectric permittivity (ε∞ = n2) with respective molar
concentration of L-alanine in water at different temperatures.
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Fig. 3. Plot of real (ε′) and imaginary part of dielectric permittivity (ε″) of L-alanine in
water at one of the measured temperatures 308 K.
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Fig. 5. Plot of relaxation time (τ ps) with respective molar concentration of L-alanine in
water at different temperatures.
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groups (multimers) and also obstruct the orientational movement of
the molecules in the liquid medium.

From the Fig. 5, it is realized that the relaxation time of L-alanine-
watermixtures is greater than that of water and it may due to hydrogen
bonding between L-alanine to the water molecules. These hydrogen
bonds tend to correlate additively causes an increase in the net dipole
moment and polarizability values of the system. Further, L-alaninemol-
ecule surroundedwithwater (boundwater) relaxes little bit slower and
absorbmore electromagnetic energywhen compared to the non-bound
water. Since the relaxation time value of bound water is slightly greater
than non-boundwater i.e., 8. 47 pswhich as shown in the Fig. 5. The ro-
tational moment of the combined system hindered by the nearby mol-
ecules causes further slower rotation of the dipoles and it leads to the
dominant relaxation process. Thermal energy is sufficient to break the
hydrogen-bonded network in the liquid system and effects the degree
of polarization, hence decrease in the relaxation time values which are
as shown in Fig. 5.
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Fig. 4. Graph of excessive dielectric constant (Δε) with respective molar concentration of
L-alanine in water at different temperatures.
The ordering nature of the dipoles and their interaction is well ex-
plained by the Kirkwood correlation geff factor [33,34]. If the geff factor
is less than one indicates the random orientation of the dipoles whereas
if it is greater one indicates ordering nature as well as interaction be-
tween the dipoles. In order to calculate the ordering nature of the di-
poles (geff value) we have considered the theoretically derived dipole
moments of L-alanine in gaseous state as well as in aqueous medium.
From the Fig. 6, it is observed that geff value increases with increase in
molar concentration of L-alanine in water due to increase in the effec-
tive dipole-dipole interaction between the self-associated groups and
which leads to alignment of the dipoles in the field direction. The inter-
action as well as ordering nature of the dipoles reduced by raising the
temperature. From the Fig. 6, it noted that geff value decreases with in-
crease in temperature and it is due to breakage of hydrogen bonded net-
work in the liquid system.

The theoretical dipole moment of the L-alanine molecule is calcu-
lated at gaseous state aswell as aqueousmedium by using different sol-
vation models such as Polarizable Continuum Model (PCM), Integral
Equation Formalism variant (IEFPCM)with Density Functional Theoret-
ical (DFT-B3LYP),Møller–Plesset perturbation theory (MP2)methods at
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Fig. 6. Plot of Kirkwood effective (geff) correlation factor with respective molar
concentration of L-alanine in water at different temperatures.



Table 2
Variation of thermodynamical parameters ΔG⁎, ΔH⁎ and ΔS⁎ with respective molar con-
centration of L-alanine in water at different temperatures.

Sample Temperature in K ΔH⁎ kcal/mol ΔG⁎ kcal/mol ΔS⁎ cal/mol/K

Water 298 2.834 10.284 −25.00
303 10.499 −25.30
308 10.714 −25.58
313 10.873 −25.68
318 11.084 −25.94
323 11.298 −26.20

0.1 M ala 298 1.018 10.227 −30.90
303 10.440 −31.10
308 10.738 −31.56
313 10.904 −31.59
318 11.088 −31.67
323 11.301 −31.84
308 10.738 −31.56

0.2 M ala 298 2.060 10.204 −27.33
303 10.417 −27.58
308 10.765 −28.27
313 10.926 −28.33
318 11.110 −28.46
323 11.304 −28.62

0.3 M ala 298 1.688 10.209 −28.59
303 10.422 −28.83
308 10.790 −29.55
313 10.957 −29.61
318 11.116 −29.65
323 11.309 −29.79

0.4 M ala 298 2.522 10.220 −25.83
303 10.429 −26.09
308 10.816 −26.93
313 10.980 −27.02
318 11.148 −27.13
323 11.358 −27.35

0.5 M ala 298 3.210 10.421 −24.20
303 10.591 −24.36
308 10.850 −24.81
313 11.014 −24.93
318 11.154 −24.98
323 11.362 −25.24

0.6 M ala 298 4.684 10.493 −19.49
303 10.684 −19.80
308 10.878 −20.11
313 11.044 −20.32
318 11.181 −20.43
323 11.391 −20.76

0.7 M ala 298 3.059 10.375 −24.55
303 10.543 −24.70
308 10.893 −25.43
313 11.072 −25.60
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6-311G* basis set. In the present paper, we have considered the dipole
moment of L-alanine molecule is determined by one of the experimen-
tal methods [17,35] and comparedwith the theoretical dipolemoments
which are tabulated in Table 1. From the Table 1, it is observed that
there is an increase in the net dipole moment and mean molecular po-
larizability values of aqueous L-alanine when compare to the gaseous
state L-alanine. The increase in values indicates the presence of
hydrogen-bonded network in the aqueous L-alanine system and
which in turn causes changes in the bond length parameters. Further,
from the Table 1, it is noticed that the difference in energy between
the aqueous L-alanine (Dimer) and L-alanine (monomer) is in the
range of 6–53 kcal/mol which reveals the presence of hydrogen bond
interaction between the system.

The temperature dependence of ln(Tτ) vs 1/T of differentmolar con-
centrations of L-alanine in water as shown in Fig. 7. From this graph,
evaluated the thermodynamic parameters such as enthalpy of activa-
tion ΔH*, entropy of activation ΔS* by using Eyring's rate equation
[36] and which are tabulated in Table 2 respectively. From the Fig. 7 it
is observed that ln (Tτ) varies linearlywith increase inmolar concentra-
tion of L-alanine in water attributes the formation of multimeric struc-
ture in the solution. From the Table 2, it is observed that the enthalpy
of activation ΔH* is a positive value and this value increases with in-
crease in L-alanine concentration in an aqueous medium which indi-
cates the surrounding environment of the system is cooperative and
in favor of forming the hydrogen bonding network in the solution. Fur-
ther, the Gibbs free energy of activation ΔG⁎ is positive which indicates
the presence of interaction between dipoles in the system. The entropy
of activationΔS⁎ indicates themolecularity of the rate-determining step
in a reaction that is whether the reactants are bonded to each other, or
not. If the ΔS⁎ is positive which explains that entropy increases upon
achieving the transition state and also activated complex system is
loosely bound and about to dissociate whereas negative values for ΔS⁎
indicate that entropy decreases on forming the transition state towards
associative nature forming single activated complex system. From the
Table 2, it is marked that ΔS⁎ values are negative for all concentrations
which indicate the activated complex system is associative nature
forming single activated system by means of hydrogen bonding be-
tween L-alanine and water molecules.

The mean molecular polarizability of the L-alanine and aqueous L-
alanine is calculated from the Lippincott δ functional model by evaluat-
ing a parallel, perpendicular and nonbonding component of the polariz-
ability of the bonds. The value obtained with the Lippincott δ functional
model is verified with the Lefevre method of polarizability calculations
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Fig. 7.Plot of temperature dependence of ln(Tτ) vs 1/T of differentmolar concentrations of
L-alanine in water.

318 11.212 −25.64
323 11.420 −25.88

0.8 M ala 298 6.553 10.375 −12.82
303 10.543 −13.17
308 10.977 −14.36
313 11.088 −14.49
318 11.242 −14.74
323 11.447 −15.15

0.9 M ala 298 0.623 10.421 −32.88
303 10.591 −32.90
308 10.995 −33.68
313 11.104 −33.49
318 11.282 −33.52
323 11.479 −33.61

1 M ala 298 0.399 10.511 −33.93
303 10.661 −33.87
308 11.074 −34.66
313 11.146 −34.33
318 11.299 −34.28
323 11.503 −34.38
and which are mentioned in Table 1. The determined values are in
good agreementwith each otherwithin the error limit. Themean polar-
izability of the aqueous L-alanine is higher than the individual L-alanine
molecule and it is due to the presence of hydrogen bonding. The forma-
tion of hydrogen bonding between L-alanine with water molecules
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enhances the polarizabilities, dipole moment, relaxation time values
when compared to the individual system.

4. Conclusions

The temperature dependence of dielectric relaxation behavior of L-
alanine-water mixtures was investigated by using open-ended coaxial
probe technique at microwave frequencies. The average relaxation
time, dielectric field strength values and Kirkwood correlation factor
(geff) increases with increasing molar concentration of L-alanine in
water medium due to the presence of hydrogen-bonded network in
the system and decreases with increasing temperature. The water mol-
ecules bound to L-alanine have higher relaxation times than the relaxa-
tion time of free water molecules. There is an increase in the net dipole
moment and molecular polarizability values compared to free water
molecules due to the changes in the bond length parameters. The dipole
moment of the L-alaninemolecule is calculated in a gaseous state and in
water medium by using theoretical quantum mechanical calculations.
The enthalpy of activation ΔH* is positive which indicates the environ-
ment of the system is favorable for the molecular interactions.

References

[1] S. Scheiner, Hydrogen bonding, Oxford University Press, New York, 1997.
[2] T. Sato, R. Buchner, S. Frenandez, A. Chiba, W. Kunz, J. Mol. Liq. 117 (2005) 93–98.
[3] K. Zhuo, Y. Chen, L. Kang, S. Xu, J. Wang, J. Chem. Eng. Data 54 (2009) 137–144.
[4] H.C. Chaudhari, Ajay Chaudhari, S.C. Mehrotra, J. Chin. Chem. Soc. 52 (2005) 5–10.
[5] S.T. Balay, Trans. Faraday Soc. 47 (1951) 509–517.
[6] K. Zhuo, Y. Chen, L. Kang, S. Xu, J. Wang, J. Chem. Eng. Data 54 (2009) 137–144.
[7] K. Ajay Kumar, S. Bhaumik, T. Vishwam, V. Subramanian, V.R.K. Murthy, J. Eng.

Mater. Sci. 15 (2008) 196–198.
[8] R. Pethig, Annu. Rev. Phys. Chem. 43 (1992) 177–205.
[9] C.D. Abeyrathne, M.N. Halgamuge, P.M. Farrell, E. Skafidas, Sci. Rep. 3 (2013)

1796–1799.
[10] Jiangchuan Liu, Guozhu Jia, Zhou Li, J. Mol. Liq. 241 (2017) 984–991.
[11] Helen Jansson, Rikard Bergman, Jan Swenson, J. Mol. Struct. 972 (2010) 92–98.
[12] P. Raczyński, A. Dawid, Z. Dendzik, Z. Gburski, J. Mol. Struct. 750 (2005) 18–21.
[13] Mohd. Shkir, I.S. Yahia, A.M.A. Al-Qahtani, V. Ganesh, S. AlFaify, J. Mol. Struct. 1131

(2017) 43–50.
[14] Ajay Chaudhari, A.G. Shankarwar, B.R. Arbad, S.C. Mehrotra, J. Solut. Chem. 33

(2004) 313–322.
[15] Chen Meng, Fan Da-ming, Huang Lue-lue, Yi-shu Gao, Huang Jian-lian, Zhao Jian-

xin, Zhang Hao, Innov. Food Sci. Emerg. Technol. 41 (2017) 100–108.
[16] S. Floros,M. Liakopoulou-Kyriakides, K. Karatasos, G.E. Papadopoulos, Eur. Biophys. J.

44 (8) (2015) 599–611.
[17] P.D. Godfrey, S. Firth, L.D. Hatherley, R.D. Brown, Pierlot, J. Am. Chem. Soc.,1993,

115,9687–9691.
[18] Ivan M. Degtyarenko, Karl J. Jalkanen, Andrey A. Gurtovenko, Risto M. Nieminen, J.

Phys. Chem. B 111 (16) (2007) 4227–4234.
[19] Yan-Zhen Wei, S. Sridhar, Rev. Sci. Instrum. 60 (1989) 3041–3046.
[20] U. Kaatze, Metrologia. 47 (2010) S91–S113.
[21] E. Canses, B. Mennucci, J. Tomasi, J. Chem. Phys. 107 (1997) 3032–3041.
[22] J. Tomasi, M. Persico, Chem. Rev. 94 (1994) 2027–2094.
[23] J. Tomasi, B. Mennucci, R. Camm, Chem. Rev. 105 (2005) 2999–3094.
[24] V. Fock, Z. Phys. 61 (1930) 126–148.
[25] J.C. Slater, Phys. Rev. 35 (1930) 210–211.
[26] R.G. Parr, W. Yang, Density-functional Theory of Atoms and Molecules, Oxford Uni-

versity Press, New York, 1994.
[27] C. Lee, W. Yang, R.G. Parr, Phys. Rev. B 37 (1988) 785–789.
[28] D. Becke, J. Chem. Phys. 98 (1993) 1372–1377.
[29] N.E. Hill,W.E. Vaughan, A.H. Price, M. Davies, Dielectric Properties andMolecular Be-

haviour, Van Nostrand Reinhold, London, 1969.
[30] E.R. Lippincott, J.M. Stutman, J. Phys. Chem. 68 (1964) 2926–2940.
[31] A.A. Frost, B. Musulin, J. Chem. Phys. 22 (1954) 1017–1020.
[32] R.J.W. Le Fèvre, A.J. Williams, J. Chem. Soc. (1965) 4185–4188.
[33] J.G. Kirkwood, J. Chem.Phys. 7 (1939) 911–919.
[34] T. Vishwam, K. Parvateesam, S. Sreehari Sastry, V.R.K. Murthy, Spectrochim. Acta,

Part A. 114 (2013) 520–530.
[35] Chantal T. Falzon, Feng Wang, Wenning Pang, J. Phys. Chem. B 110 (2006)

9713–9719.
[36] H. Eyring, J.Chem.Phys. 4 (1926) 283–291.

http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0005
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0010
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0015
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0020
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0025
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0030
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0035
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0035
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0040
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0045
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0045
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0050
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0055
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0060
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0065
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0065
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0070
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0070
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0075
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0075
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0080
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0080
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0085
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0085
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0090
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0095
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0100
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0105
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0110
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0115
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0120
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0125
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0125
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0130
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0135
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0140
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0140
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0145
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0150
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0155
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0160
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0165
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0165
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0170
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0170
http://refhub.elsevier.com/S1386-1425(19)30664-X/rf0175

	Relaxation dynamics of l-�alanine in water medium investigated by dielectric relaxation spectroscopy
	1. Introduction
	2. Experimental and computational details
	3. Results and discussion
	4. Conclusions
	References


