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ABSTRACT

Aspartic acid was subjected to quantum mechanical calculations at B3LYP/3-21G**. The amino acid was tested in
gaseous phase then in the existence of two water molecules and when interacted with monovalent metal (Na) and
then two units were made to interact with divalent metal (Cd). Vibrational frequencies bands were shifted into
higher wavenumber as a result of hydration. The same was noticed also when Na interacted with aspartic acid
through the hydrogen bonding of COOH group. The change in geometrical parameters was discussed in terms of
changes in the COOH and NH, groups. The molecular point group was corresponding to C1 point group for all the
studied structures. The calculated total dipole moment increases as a result of complexation while dightly increased
in case of hydration. Finally, the band gap energy decreases as a result of hydration and then further decreasesasa
result of complexation.
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INTRODUCTION

Amino acids are well known as the building blockgmteins. Different spectroscopic analyses areaiéd toward
amino acids for understanding both protein and ewzpehavior. Among the known natural amino acidpagtic
acid is found in three forms namely L-, D- and LD].[ Aspartic acid has several advantages such as th
determination of the age of living and nonlivingsems [2-3]. It could be widely used in many are&s
applications [4-5] For industrial, medical and agricultural applicasoit is recommended to replace the
conventional non-biodegradable polymers with bioddgble polymers such as Poly(aspartic acid) (PPA)
Amino acids could be utilized as an effective tfmwl coordinating polymers and metal [7]. Applicatiof amino
acids as linkers has been utilized by several reBees [8-11]. More specific example could be giveraspartic
acid which has now new role in some applicationa asi-responsive cyclopolymer containing residuesspartic
acid [12]. For the determination of heavy metalshsas Hg(ll) aspartic acid was coated with CdS/guantum
dots in reverse micelles[13]. Molecular modelingHatrtree—Fock, MP2 and DFT were utilized to caltauland
model the first stage of catalysis in the monomaspartic proteinases [14]. The level of theories walso utilized
to study the anharmonic vibrational studies ofdaatic acid [15]. DFT was utilized to calculate tHéferent
conformers of aspartic acid in both gas and liqphdses [16-18]. In the present work L-aspartid a@s studied
using B3LYP/3-21G** level of theory. First in gavigse then in the presence of three water moleandsthen
after interaction with Na and Cd the first througie aspartic unit while the second through two @gpanits.

2. CALCULATION DETAILS

Aspartic acid in gas phase was studied then the= salecule was studied in the presence of the tivaer
molecules. Two complexes were tried the first ofenvNa interacted through the hydrogen bonding@O8 of
aspartic acid. The second complex was tried wherin@adacted with two aspartic units through thepdtogen
bonding.
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All the studied structures were calculated with &@n09 program at Spectroscopy Department, NatResearch
Centre, Egypt. Each structure was optimized usigsity functional theory at B3LYP [19-21] with 3-@1* basis
set. Vibrational spectrum was calculated for edalcture at the same level of theory. The optimhigguctures are

given in figure 1- a, b, ¢ and d respectively.
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Figurel. B3LYP/3-21G** optimized structure of a) apartic acid, b) tri hydrated aspartic acid, c) aspatic acid interacted with Na
through the hydrogen bonding of carboxyl group andd) two aspartic acid interacting with Cd through their carboxyl groups

RESULTS AND DISCUSSION

The vibrational spectrum of aspartic acid are dated at B3LYP/3-21G** and the band positions ahdirt
assignments are presented in table 1. The tabtemiethe characteristic bands for aspartic acighs phase, tri
hydrated aspartic acid, aspartic Na complex andréispgCd complex. The assignment of the spectrus aided by
computer software, whereas, each band positiorfinetl and the visualization of bands took placentike the
assignment.

As indicated in the table a band of N-H symmetritatching vibration is located at 3505tniThe stretching band
at 1753 critis assigned as C=0 with a contribution of aspaitie chain. It is regarded that the N-H bends @ith
N and C-C stretching give rise to a spectral bant6@7 cnt. C=0 is a unique band in this structure as well a
many other structures as described by Brian srh [This band is very sensitive to the surroundéngironment
which in turn changes its vibrational charactesssti In case of free aspartic acid, the band cbelds high as 1780
cm™ [23]. A shift of about 60 ci could be attributed to dimerization in solutionaph [24-26], while weak
hydrogen bonding makes it shifts about 50cf89-40]. In the absence of specific interactiothe position of
Amid | is correlated with Onsager's parameters 2(1)/ (2 — 1) [27-28], which reflects the intensity of lbca
electrical fields stabilizing the Amid | electriégple moment. This correlation is usually valid #amid | around
1730 cm’, and could be used to monitor environmental chamgearboxylic amino acids inside proteins [28.
molecular terms, this phenomenological correlatisrans that the Amid | is a function of the dieliectonstanteg,

of the environment. On the other hand, changing dheectric constant shifts the equilibrium betwete
charged/deprotonated and neutral/protonated formaénaid group, which is effectively the shift of thacid
dissociation constant (pKa) [25]. Thus, for mangqtical casesyCOOH ~ 1730 cr), the up shift in the position
of the protonated carboxyl stretching frequengyOOH, reflects an increase in th&g of the COOH group (~5
cn* per Ka unit). That means that, the high€OOH values corresponding to the elevatid,pand the opposite
correlation obtained for covalently bonded substituat the alpha carbon atom makes it inapplicabkbis case
[26].

Tablel. B3LYP/3-21G**calculated vibrational spectrafor aspartic acid, tri hydrated aspartic acid, asgrtic Na complex and aspartic Cd

complex
. . . . . Aspartic Aspartic
Aspartic acid | Trihydrated aspartic acid Nacomplex | Cd complex Exp., [29]
N-H 3505 3518 3598 3472 3346
C=0 1753 1770 1499 1484 1731
N-H 1697 1719 1710 1710 1680

www.scholar sresear chlibrary.com

220



Medhat Ibrahim et al Der Pharma Chemica, 2015, 7 (10):219-222

The effect of hydration upon aspartic acid was isalicht the same level of theory; the calculatecctspm is
indicated also in table 1. In the presence of tlwater molecules the vibrational characteristiesaifected as in the
following: The N-H symmetrical stretching vibratiomhich was at 3505cthis shifted to 3518 cth The C=0
stretching band at 1753 &his shifted to 1770 cth The last N-H bending band at 1697 tismshifted to 1719 ch

It is clear that the hydration of aspartic acid bh#ted its characteristic bands into higher wawebers. Another
effect studied, when the hydrogen of the COOH issttuted with Nal'he N-H symmetrical stretching vibration
which was at 3505cttis shifted to 3598cth The C=0 stretching band at 1753 tim shifted to 1499 cth The
last N-H bending band at 1697 ¢is shifted to 1710 cth It is clear that the interaction of aspartic with has
shifted its characteristic bands to higher waverenrsibCadmium is complexed with two aspartic unitsnaicated
in figure 1-d. The effect of complexation on thdrational characteristics was as follows, the Nythmetrical
stretching vibration is further shifted toward laweavenumber to be located at 3472'cihe same is noticed for
the C=0 band while the N-H bending is shifted td@ n" similar to that for Na- complex.

Some calculated physical parameters are giverbie &2 The molecular point group was corresponttnGl point
group for all the studied structures. The calculdt#al dipole moment was 4.903 Debye in gas phase result of
hydration the total dipole moment has slightly @éased to 4.647 Debye. Na has interacted with aspamt
enhances the total dipole moment to be 10.462 Dehgdar as divalent metal like cadmium interacishviwo
aspartic units the dipole moment for dimerizatisrsiipposed to be zero while the existence of cadnmoreases
the value of dipole moment to be 3.539Debye. désmr that complexation increases the total dipadenent while
slight increase was recorded in case of hydration.

Table 2. B3LYP/3-21G**calculated point group, totaldipole moment (TDM) as Debye, band gap energy {Fas eV geometrical
parameters of COOH including the bond angle C=0-C & (), bond length LC=0 as (A) and LC-O as (&), also th geometrical
parameters of NH; including the bond angle H-N-H as®), bond length LN-H as (A) for aspartic acid and ti hydrated aspartic acid

Aspartic Aspartic

Aspartic acid | Tri hydrated aspartic acid Na complex | Cd Complex Exp., [15]
Point group C1 Ci C1 C1

TDM 4.903 4.647 10.462 3.539

Eq 6.389 5.929 4.500 4.666
Cc=0-C (® 122.9 122.1 123.1 118.9 124.1
Cc=0 (A 1.231 1.262 1.287 1.291 1.202
c-0 (A 1.374 1.338 1.306 1.308 1.306
H-N-H (% 108.23 110.45 107.67 108.78 114.9
N-H (A) 1.015 1.015 1.017 1.014 1.085
N-H (A) 1.016 1.035 1.018 1.019 1.010

The HOMO/LUMO band gap energy was also calculated G389 eV and decreases as a result of hydrétem
further decreases as a result of complexation t6.829 eV, 4.500 eV and 4.666 eV respectively. éemetrical
parameters are introduced for COOH and,Nitterms of their bond lengths and bond anglegaRéng COOH the
C=0-C angle was 1223hen slightly decreased as a result of hydratid? (I°). Complexation is increasing the
bond angle as for Na (128)land decreasing it as for Cd (119.9The bond length C=0 has increased from the
gas phase to the complexation stage while the ditbed length of COOH has decreased. As for thengérical
parameters of Nj the H-N-H angle has increased from gas phase higthration (108.23to 110.48) then
decreased as a result of Na complexation to besIDThen slightly increased due to Cd complex to bg.2%).
There are two NH bond lengths; both of them wemalgaunchanged.

CONCLUSION

Density functional theory at B3LYP/3-21G** level wautilized for calculating the vibrational spectsome

physical as well as geometrical parameters forréispacid in gas phase. In addition the same lef¢heory also
studied the same acid in the presence of threerwaikecules and in the presence of monovalent nsetzth as Na
and divalent metal such as Cd. The changes ingbmetrical parameters were noticed and recordesl c@ltulated
results are in good agreement with experimentah.dihe agreement between experimental and calduti&

indicates that this level of theory is quite addqua study biophysical structures in different g In addition this
level of theory required shorter computation timfgck could be achieved with personal computer.
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