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В этой работе структурные, электронные и колебательные свойства L-аспарагина были 
изучены с использованием спектроскопии комбинационного рассеяния и теории функ-
ционала плотности (DFT). Молекулярная геометрия цвиттер-ионного L-аспарагина 
(ZWASN) была оптимизирована на основе базисного набора B3LYP/6-311++G(d,p). 
Внутримолекулярную Н-связь в цвиттер-ионном L-аспарагине анализировали с исполь-
зованием методов поверхностного молекулярного электростатического потенциала 
(MEP), квантовой теории атомов в молекулах (QTAIM), приведенного градиента плот-
ности (RDG), нековалентного взаимодействия (NCI) и электронных локализованных 
функций (ELF). Также были рассчитаны распределение атомного заряда Малликена, 
энергетическая щель HOMO-LUMO и другие электронные свойства. Эксперименталь-
ные спектры комбинационного рассеяния были записаны и интерпретированы с исполь-
зованием методов PED. 
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In this work, the structural, electronic, and vibrational properties of L-asparagine were studied 
using Raman spectroscopy and density functional theory (DFT) calculations. The molecular 
geometry of zwitterionic L-asparagine (ZWASN) was optimized based on the B3LYP/6-
311++G(d,p) basis set. Intramolecular H-bonding in zwitterionic L-asparagine was analyzed 
using surfaces molecular electrostatic potential (MEP), quantum theory atoms in molecules 
(QTAIM), reduced density gradient (RDG), non-covalent interaction (NCI), and electron loca-
lized functions (ELF) methods. Mulliken atomic charge distribution, HOMO-LUMO energy 
gap, and other electronic properties were also calculated. Experimental Raman spectra were 
recorded and interpreted using PED techniques. 

Keywords: L-asparagine, zwitterion, hydrogen bond, Raman spectroscopy, DFT method. 

I. Introduction 

Amino acids are molecules that have been widely 
studied in recent years because they are the main com-
ponents of proteins [1-6]. The presence of H-acceptor 
and H-donor centers such as carboxyl and amino 
groups in their structures is important in the secondary 
structure of proteins and in the process of aggregation 
in various solutions [3-6]. 

From a structural point of view, amino acids have 
two types of structures: neutral and zwitterionic. Basi-
cally, they are the neutral form (H2N–CHR–COOH) 
with the most stable structure in the isolated system, 

that is, for the gas phase [7–10]. However, they have a 
zwitterionic structure (+H3N–CHR–COO-) as a result 
of the transfer of the proton from the carboxyl group to 
the amino group in the crystal phase and in polar sol-
vents [11-14]. 

L-asparagine (C4H8N2O3) is an amino acid that 
can be found in both protein and free form. It is also 
important in the metabolic modulation of cellular 
processes in nerve and brain tissues [15]. Because it is 
involved in the conversion of amino acids in the liver, 
it is required for the synthesis of glycoproteins and a 
wide range of proteins [16-20]. In Ref. [21], the con-
formation of asparagine was analyzed. The 
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DFT(B3LYP)/6-311G* and DFT(B3LYP)/6-311+ 
+G** levels of theory were used to optimize a set of 
972 conformational test structures. MP2 single point 
energy calculations were performed on 62 stable con-
formations. Some H-bond displacement vibrations 
have also been reported to comprise realistic confor-
mational stretching modes. Kimura [22] investigated 
the theoretical stability of asparagine's side-chain 
structure in solutions. Aleman et al. [16] theoretically 
examined asparagine dipeptide utilizing HF and MP2 
techniques, concluding that the gauche conformation is 
dominant. The results of inelastic neutron scattering, 
infrared, Raman, and 1H NMR spectroscopy used to 
investigate L-asparagine dynamics are presented in the 
Ref. [23]. 

In the current work, the physical-chemical proper-
ties of the zwitterionic structure of L-asparagine were 
analyzed using DFT theory. We also tried to make 
spectral characteristics using Raman spectroscopy. 
Structural parameters (bond length and bond angle) 
and quantum chemical properties such as dipole mo-
ment, HOMO-LUMO gap, MEP surface, Mulliken 
charge analysis, electron affinity, ionization energy, 
and chemical potential were reported for the first time. 
Intramolecular H-bonding was analyzed using AIM, 
RDG, NCI and ELF. 

II. Experimental and computational details 

A Renishaw Invia Raman was used to record the 
Raman spectra of L-asparagine in the region 
400−4000 cm−1 at room temperature. As a source of 
excitation light, an argon laser with a wavelength of 
532 nm, a power of 50 mW, and a diffraction grating 
with a period of 1200 lines/mm was used. The dis-
persed light was recorded using a standard Renishaw 
CCD Camera detector. 

L-asparagine geometry was optimised using the 
DFT approach in the Gaussian 09W programme [24]. 
The DFT approach, particularly with the B3LYP hy-
brid functional, has been successfully used to calcu-
late molecules energies and numerous physical-
chemical properties [12, 25]. In this study, we used 
the B3LYP functional and the 6-311++G(d,p) basis 
set, which includes diffusion and polarisation func-
tionals. Furthermore, to gain a better understanding of 
intramolecular interactions in molecule, the topologi-
cal parameters of the electron density distribution in 
the most stable structure were obtained using the 
MULTIWFN [26] tool. The results of the AIM, NCI, 
RDG, and ELF analyses were visualised using the tool 
VMD [27]. 

III. Results and discussions 
III.1. Molecular geometry 

The geometric structure of the zwitterionic       
L-asparagine was optimized based on the B3LYP/6-
311++G(d,p) basis set (Fig. 1). The theoretical and 
experimental geometric parameters corresponding to 
the optimal geometry are presented in Table 1. Fig. 1 
shows that there is an internal hydrogen bond         
(N4-H14...O1) between ionized carboxyl (COO-) and 
amino (NH3

+) groups of zwitterionic asparagine. The      
intermolecular hydrogen bond length is 1.8 Å. 

 

 
Figure 1. The optimal geometry of zwitterionic L-
asparagine. 
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Figure 2. Potential energy surface scan for dihedral angle 
N4-C6-C8-O1 of L-asparagine. 

The potential energy surface (PES) of ZWASN 
was scanned around the N4-C6-C8-O1 dihedral angle 
to localize the structure corresponding to the energy 
minimum (Fig. 2). The result of the scan showed that 
the ZWASN geometric structure with the calculated 
N4-C6-C8-O1 dihedral angle equal to 12.43 degrees 
has the minimum potential energy. 
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Table 1. Geometric parameters of zwitterionic L-asparagine. 

 

Bond length, Å 

 Calculated Experimental 
[28]  Calculated Experimental 

[28] 
H(17)-N(4) 1.0196 1.00 C(9)-C(7) 1.5270 1.518 
H(16)-N(5) 1.0094 0.94 C(9)-O(3) 1.2290 1.240 
H(15)-N(5) 1.0073 0.92 C(9)-N(5) 1.3496 1.334 
H(14)-N(4) 1.0464 1.01 C(8)-O(1) 1.2612 1.2407 
H(13)-N(4) 1.0211 0.92 C(8)-C(6) 1.5652 1.536 
H(12)-C(7) 1.0918 1.01 C(8)-O(2) 1.2422 1.262 
H(11)-C(7) 1.0957 1.03 C(7)-C(6) 1.5265 1.535 
H(10)-C(6) 1.0903 1.00 C(6)-N(4) 1.5103 1.485 

Bond angles, Degree 
N(5)-C(9)-O(3) 122.8413 121.80 N(4)-C(6)-H(10) 106.7028 109 
N(5)-C(9)-C(7) 115.5871 115.92 C(7)-C(6)-C(8) 114.6398 109.84 
O(3)-C(9)-C(7) 121.4706 121.80 C(7)-C(6)-H(10) 109.2014 108.8 
O(2)-C(8)-C(6) 116.0919 118.07 C(8)-C(6)-H(10) 107.9658 109.8 
O(2)-C(8)-O(1) 129.2217 126.99 C(9)-N(5)-H(15) 122.2670 120.2 
C(6)-C(8)-O(1) 114.6742 114.90 C(9)-N(5)-H(16) 119.3032 118.6 
C(6)-C(7)-C(9) 111.6951 111.70 H(15)-N(5)-H(16) 118.2916 121 
C(6)-C(7)-H(11) 109.5651 107.4 C(6)-N(4)-H(13) 113.0403 111 
C(6)-C(7)-H(12) 110.8879 110.9 C(6)-N(4)-H(14) 102.3695 109 
C(9)-C(7)-H(11) 105.4480 107.3 C(6)-N(4)-H(17) 113.6946 114.5 
C(9)-C(7)-H(12) 111.4466 109.5 H(13)-N(4)-H(14) 108.2304 106 
H(11)-C(7)-H(12) 107.5586 110 H(13)-N(4)-H(17) 108.1747 105 
N(4)-C(6)-C(7) 112.0049 110.86 H(14)-N(4)-H(17) 111.1513 112 
N(4)-C(6)-C(8) 105.9504 109.90    

It can be seen from Table 1 that the experimental 
and calculated results are in good agreement with 
each other. 
III.2. Mulliken atomic charges 

Mulliken atomic charge analysis plays an impor-
tant role in the use of quantum-chemical calculations 
to interpret the electronic structure, reactivity, dipole 
moment, and polarizability of a molecular system [25]. 
The Mulliken charge distribution for the ZWASN mo-
lecule is depicted in histogram form in Fig. 3. It can be 
seen from the picture that all hydrogen (H) atoms in 
the molecule are positively charged. Among them, H 
atoms bonded to nitrogen atoms are charged more than 
H atoms bonded to carbon atoms. The oxygen atoms in 
the molecule are positively charged, and the oxygens 
in the ionized carboxyl group (O1 and O2) have a 
higher electron density than the remaining oxygen 
(O3). Also, the nitrogen atom of the ionized amino 
group (N4) has a smaller electron density than the ni-
trogen atom of the non-ionized amino group (N5). The 
carbon atoms C6, C7, and C9 in the molecule are ne-
gatively charged, and the carbon atom C8 is positively 

charged (Fig. 2 and 3). The dipole moment of ZWASN 
is 13.2 Debye. 
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Figure 3. Histogram for Mulliken atomic charges of 
ZWASN. 
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III.3. Molecular electrostatic potential (MEP) of 
surface 

The molecular electrostatic potential (MEP) of 
surface is characterized by the electron density distri-
bution of the atoms in the molecule. It can provide in-
formation about the physical-chemical properties of 
molecular systems, such as size, shape, charge densi-
ty, and chemical reactivity properties. It is also used 
to explain electrophilic and nucleophilic reactions 
and to study hydrogen bonding [12]. Fig. 4 depicts 
the MEP surface of the zwitterionic structure of L-
asparagine. Depending on the MEP level, the surfaces 
are represented in different colors. The colors red, 
yellow, green, blue are shown in increasing electros-
tatic potential order of the molecule. For our study, 
the map color code was between −0.127 (arb. units) 
(dark red) and 0.127 (arb. units) (dark blue) for the 
molecule under study, where blue color represents the 
region of nucleophilic reactivity (strongest attrac-
tion), and the red area indicates the region of electro-
philic reactivity (strongest repulsion). The green color 
represents the region with zero potential. The calcu-
lated results show that negative potentials are pri-
marily on oxygen and nitrogen atoms. Positive poten-
tials are on the hydrogen atoms of the amino group. 

 
Figure 4. Molecular electrostatic potential (MEP) surface 
of ZWASN. 
III.4. Frontier molecular orbitals 
 

The highest occupied molecular orbital (HOMO) 
and the lowest unoccupied molecular orbital (LUMO) 
are the two most important molecular orbitals that 
explain the chemical behavior, bioactivity, and physi-
cal properties of a molecule, and together they are 
called the frontier molecular orbitals. The energy dif-
ference between the HOMO and LUMO is the HO-
MO-LUMO energy gap. They play an important role 
in chemical stability. The energy gap (HOMO-

LUMO) is also used to represent intramolecular 
charge transfer (ICT), kinetic polarization, and the 
electronic spectra of a molecule or system of mole-
cules. Quantum-chemical parameters such as the 
global electrophilicity index, hardness, softness, elec-
tron affinity, and ionization energy can be calculated 
using Koopmans's theorem [29]. The frontier molecu-
lar orbitals of ZWASN are shown in Fig. 5. Using the 
HOMO and LUMO energies, various quantum-
chemical parameters (Table 2), such as ionization 
energy (IE), chemical potential (µ), hardness (ε), 
electron affinity (EA), and global electrophilic index 
(ω) were calculated using the following relations: 

• Hardness:    η = (EHOMO−ELUMO)/2 
• Chemical potential:    µ = (EHOMO+ELUMO)/2 
• Global electrophilicity index:    ω = µ2/2η 
• Ionization energy:     IE= − EHOMO 
• Electron affinity:  EA= −ELUMO 

 
Figure 5. Frontier molecular orbitals diagram of ZWASN 

Table 2. Quantum chemical parameters of ZWASN. 

EHOMO −0.259 eV 
ELUMO −0.017 eV 
EHOMO-ELUMO 0.242 eV 
Hardness 0.121 eV 
Chemical potential −0.185 eV 
Global electrophilicity index 0.007 
IE 0.259 eV 
EA 0.017 eV 

A molecule of a large HOMO-LUMO energy 
gap is stable and less reactive, while a molecule of a 
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low HOMO-LUMO energy gap is reactive. The 
HOMO-LUMO energy gap of ZWASN is 0.24 eV, 
which indicates its reactivity (Table 2). 

III.5. QTAIM, RDG, NCI, and ELFanalysis 

The quantum theory atoms in molecules 
(QTAIM) is one of the effective methods for studying 
intra- and intermolecular hydrogen bonds in molecu-
lar systems [12, 25]. The presence of a bond critical 
point (BCP) between the hydrogen atoms of the do-
nor group and the acceptor atom, which are linked by 
the related bond path, is associated with the formation 
of hydrogen bonds. Electron density ρ(r), electron 
density Laplacian 2ρ(r) and energy density H(r) at 
the critical points of the bond are the main topologi-
cal parameters for characterizing the nature of hydro-
gen. Figure 6a shows the bond critical points (orange 
dots) in the ZWASN molecule. Electron density in 
BCP formed between ionized carboxyl and amino 
groups ρ(r)=0.0405 au, electron density Laplacian 

2ρ(r)=0.1321 au. These values are in the hydrogen 
bond range (ρ(r)=0.0033−0.168 au, 2ρ(r)=0.020− 
0.139 au) [30]. The energy density has a negative 
value (H(r)=−0.005 au), and the covalent effect is 

dominant. This hydrogen bond energy is EHB=10.67 
kcal/mol.  

Noncovalent interactions (NCI) and reduced 
density gradient (RDG) analyses are innovative tools  
for graphical visualization of weak intermolecular in-
teractions. Quantification of the electron density of 
(sign λ2)ρ peaks relative to RDG provides informa-
tion on the nature and strength of molecular interac-
tions, where (sign λ2)ρ is the electron density multip-
lied by the sign of the second Hessian eigenvalue 
(λ2). In a molecular system, blue represents attractive 
interactions and red represents repulsive interactions; 
(sign λ2)ρ is critical in predicting the nature of the in-
teraction; for example, (sign λ2)ρ<0 indicates a at-
tractive (bonded) interaction, whereas (sign λ2)ρ>0 
indicates a repulsive (unbonded) interaction. The 
RDG scatter plot is depicted in Fig. 6b, which shows 
a colored isogram of weak interactions in the 
ZWASN molecule. Red represents strong repulsion 
(steric effect), blue − hydrogen bonding interaction, 
and green − van der Waals interaction in Figs 6b, 6c. 
 

 
Figure 6. Results of QTAIM (a), NCI (b), RDG (c), and ELF (d) analysis for ZWASN. 
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Electron localization function (ELF) topological 

analysis is widely used to describe chemical bonds in 
atomic and molecular systems and to determine re-
gions where electrons are located. ELF explains the 
electron pair density; the maximum number of elec-
tron pairs in the intermolecular space due to covalent 
bonding forms the main line of the ELF map. The 
ELF color map for ZWASN is shown in Fig. 6d. 

If the plotted values of ELF are between 0.5 and 
1.0, they have bonding and nonbonding localised 
electrons, however if they are less than 0.5, they have 
delocalized electrons. Though the interpretations are 
similar, the localized-orbital locator (LOL) expresses 
a more conclusive and flawless characterization than 
ELF. The red colour represents the higher end of the 
scale, while the blue colour represents the lower end. 
A delocalized electron region is indicated by a region 
with a value less than 0.5. Red and orange colors 
represent high electron localization. The region be-
tween the inner and valence shells is represented by a 
blue circle. The color shades of the ELF maps con-
firm the presence of bonding and non-bonding elec-
trons, with the red color around hydrogen atoms hav-
ing the highest value, indicating the presence of both 
bonding and non-bonding electrons. High ELF values 
around hydrogen atoms shown in red indicate high 
localization of electrons due to covalent bonding, a 
lone electron pair, or the presence of the core shell in 
this region. And the blue circle around the nitrogen 

atom shows the electron depletion region between the 
inner shell and the valence shell.  
III.6. Vibrational analysis 

Vibrational spectra are one of the main characte-
ristic properties of a molecule. The L-asparagine mo-
lecule consists of 17 atoms and has 45 vibrational 
modes. Figure 7 shows the experimental and theoreti-
cal Raman spectra of L-asparagine. Table 3 shows the 
results of the potential energy distribution (PED) 
analysis of vibration models. The VEDA programme 
[31] was used for PED analysis. PED analysis quanti-
fies the fraction of vibrational energy of a group of 
atoms in each vibrational potential energy. The Ra-
man bands corresponding to the N-H vibration of       
L-asparagine are located in the range of 3100–        
3600 cm−1. The spectral peak located at 3401 cm−1 
belongs to the NH2 asymmetric stretching mode. The 
spectral peak located at 3110 cm−1 belongs to NH2 
symmetric vibrations. Spectral bands of C-H stret-
ching located in the range of 2900−3000 cm−1. Spec-
tral bands of C=O stretching vibrations are located in 
the range of 1650–1700 cm−1. The spectral band lo-
cated at the wave number of 1694 cm−1 belongs to the 
non-ionized C=O stretching vibration. The spectral 
peak located at 1674 cm−1 belongs to ionized COO 
asymmetric stretching vibration modes. Spectral 
bands belonging to NH2 bending vibrational modes 
are located in the range of 1400–1600 cm−1. 

 

Figure 7. Experimental and theoretical Raman spectra of L-asparagine. 
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Table 3. Experimental and theoretical vibrational wavenumbers of L-asparagine 
 

Mode Experimental Calculated Assignment (PED≥10%) 
1  3575 νasym(H15-N5-H16) 99% 
2  3453 νsym(H15-N5-H16) 99% 
3 3401 3404 νasym(H13-N4-H14) 95% 
4 3110 3343 νsym(H13-N4-H17) 95% 
5 2966 2999 ν(C6-H10) + ν(C7-H11) 88% 
6 2956 2983 νasym(H11-C7-H12) 83% 
7 2935 2975 ν(N4-H14) 88% 
8  2932 ν(C7-H11) 87% 
9 1694 1694 ν(C9=O3) 76% 

10 1674 1668 νasym(O2=C8=O1) 73% + δ(H13-N4-H17) 11% 
11 1643 1658 δ(H13-N4-H17) 73% –τ(H13-N4-C6-C7) 23% 
12 1596 1629 νasym(O2=C8=O1) 12% –δ(H13-N4-H17) 65% 
13 1532 1624 δ(H16-N5-H15) 77% – δ(H15-N5-C9) 10% 
14  1466 δ(H12-C7-H11) 86% 
15 1427 1431 δ(H13-N4-H17)36% + τ(H11-C7-C9-N5) 22% 
16 1404 1421 δ(H13-N4-H1742% - τ(H11-C7-C9-N) 20% 
17 1363 1385 νsym(O2=C8=O1) 10% + τ(H10-C6-C8=O1) 47% 
18  1354 νsym(O2=C8=O1) 34% –τ(H10-C6-C8-O1) 17% 
19  1331 ν(N5-C9) 10% + νsym(O2=C8=O1) 15%+ δ(H10-C6-C7) 34% 
20 1300 1307 νsym(O2=C8=O1) 15% + δ(H11-C7-C9) 12% –ν(N5-C9) 17% 
21 1237 1228 δ(H11-C7-C9) 39% 
22 1144 1167 ν(C7-C6) 21%+ δ(H10-C6-C7) 19% + τ(H13-N4-C6-C7) 19% 
23 1102 1106 δ(H15-N5-C9) 30% + τ(H13-N4-C6-C7) 14% 
24 1075 1084 ν(N5-C9) 11%+ δ(H15-N5-C9) 21% – τ(H13-N4-C6-C7) 28% 
25 1005 1050 ν(C7-C6) 15%– ν(N4-C6) 27% –τ(H13-N4-C6-C7) (14) 
26  970 ν(C7-C6) 20% –τ(H13-N4-C6-C7) 18% –τ(H12-C7-C9-N5) 10% 

27 912 934 ν(N4-C6) 34% – τ(H13-N4-C6-C7) 11% + τ(H12-C7-C9-N5) 
14% 

28 888 874 ν(C9-C7) 54% 
29 838 839 ν(O1=C8) 11%+ ν(C8-C6) 29% + δ(O2-C8-O1) 35% 
30 799 759 δ(O2=C8=O1) 14%+ γ(O2=C6=O1-C8) 44% 
31 662 697 γ(O3=C7-N5-C9) 48% 
32 603 623 δ(C8-C6-N4) 10% –δ(C6-C8=O1) 15% –τ(H15-N5-C9-C7) 38% 
33 567 596 ν(C8-C6) 11% + δ(C6-C8-O1) 49% 
34 521 527 τ(H15-N5-C9-C7) 40% –δ(C6-C8-O1) 15%  

35  511 ν(C8-C6) 20%– δ(O2=C8=O1) 15% – δ(C6=C8=O1) 11% − 
 τ(H15-N5-C9-C7) 13% 

36 412 432 δ(N5-C9-C7) 64% 
37  346 δ(C6-C8=O1) 21%+ δ(C8-C6-N4) 16% + γ(C8-N4-C7-C6) 22% 
38  329 δ(C7-C6-N7) 53%  
39  296 τ(H15-N5-C9-C7) 92% 
40  270 τ(H13-N4-C6-C7) 74%  

41  259 δ(C6-C8=O1) 14% + δ(C8-C6-N4) 21% – γ(C8-N4-C7-C6) 
24% 

42  163 δ(C6-C7-C9) 69% 
43  76 τ(C9-C7-C6-N4) 76% 
44  70 τ(C6-C7-C9-N5) 67% 
45  49 τ(N4-C6-C8=O1) 65% 

* ν – stretching, δ – bending, τ – torsion, γ – out-of-plane vibration, sym – symmetric, asym – asymmetric. 
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IV. Conclusion 

In this work, the structural, electronic, and vibra-
tional physical-chemical properties of zwitterionic        
L-asparagine were investigated using Raman spectros-
copy and the density functional theory (DFT) method. 
Also, molecular geometry, vibrational spectra, electron 
density distribution in atoms, the molecular electrostat-
ic potential (MEP) of surface, frontier molecular orbit-
als (FMO), atoms in molecules (AIM), non-covalent 
interaction (NCI), reduced density gradient (RDG), 
and analysis such as electronic localization function  
(ELF) were performed. The molecular geometry of 
ZWASN was optimized using the 6-311++G(d,p) ba-
sis in the B3LYP approximation. The calculated geo-
metric parameters (bond length and angle) were com-
pared with the experimental results and found to be in 
good agreement. For the first time, the charge distribu-
tion in atoms was calculated. Topological analyses 
confirmed the presence of N-H...O internal H-bonds in 
the ZWASN molecule. Using FMO analysis, parame-
ters of ZWASN such as the HOMO-LUMO energy 
gap, ionization energy, chemical potential, hardness, 
electron affinity, and global electrophilicity index were 
determined for the first time. The theoretically calcu-
lated and experimentally observed wave numbers were 
compared and found to be in good agreement. These 
experimental and computational results will help in 
studying the physical-chemical properties of L-
asparagine. 
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Ушбу ишда L-аспарагиннинг структуравий, элек-
трон ва тебраниш хусусиятлари Раман спектро-
скопияси ва зичлик функционал назарияси (DFT) 
ҳисоблашлари ёрдамида ўрганилган. L-
аспарагиннинг цвиттер-ион тузилишининг моле-
куляр геометрияси B3LYP/6-311++G(d,p) базис-
лар тўплами асосида оптималлаштирилди. Цвит-
терион L-аспарагиндаги (ZWASN) ички    Н-
боғланиш молекуляр электростатик потенциал 
(MEP) сирти, молекуладаги атомлар (AIM), 
қисқартирилган зичлик градиенти (RDG), нокова-
лент таъсир (NCI) ва электрон локализация функ-
цияси (ELF) усуллари ёрдамида таҳлил қилинди. 
Шунингдек, Мaлликен атом заряд тақсимоти, 
HOMO-LUMO энергия фарқи ва бошқа электрон 
хусусиятлари ҳисобланди. Экспериментал Раман 
спектри қайд қилинди ва PED усули ёрдамида 
таҳлил қилинди. 
Калит сўзлар: L-аспарагин, цвиттер-ион, Н-боғланиш,        
Раман спектроскопияси, DFT методи. 
 
 
 
 
 


