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Abstract:
N-Acetyl-L-Glutamine (NALG) crystal was grown by slow evaporation
solution growth technique. Single crystal X-ray diffraction experiments
confirmed the cell parameters. The crystals were subjected to FT-IR and FTRaman spectral analysis to confirm the functional group of the compound.
Thermal stability of the compound was investigated by using thermo gravimetric
and differential thermal analysis. The optical study such as photoluminescence
emission and UV-Vis transmission spectrum were recorded. Computational
studies including molecular geometry optimization, Mulliken atomic charge
analysis and HOMO-LUMO analysis were also conducted using the theory level
B3LYP method at 6-311+G(d,p) to explore different intermolecular interactions
particularly hydrogen bonding .Molecular electrostatic potential is used for
visualisation and prediction of possible nucleophilic and electrophilic
interactions. The electric dipole moment and first order hyperpolarizability were
calculated. The second order NLO studies for N-acetyl-L-Glutamine crystal
were done by Kurtz-Perry technique, and it was compared with KDP.

Keywords: NALG crystal; DFT; first order hyperpolarizability; Second
Harmonic Generation.
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1. Introduction
Non linear optical crystals with high conversion efficiencies for second
harmonic generations are desirable, in various key functions such as frequency
shifting, optical modulation, optical switching in telecommunications and signal
processing [1].Among these organic materials are of great importance. In π
conjugated organic ionic species, the cation is the main source of non linear
properties, whereas anion stabilizes the crystal structure through columbic
interactions [2, 3].
In organic molecules the amino acid attract particular interest, as it
consist of both donor (NH) and acceptor group (C=O) and forms a donor-πacceptor group. L-Glutamine is an amino acid, present in large amount in the
human body. It keeps the required amount of nitrogen within the body and
provides proper growth and development of muscles [4].N-acetyl-L-glutamine is
a pharmaceutical drug and is derivate from acetylated-L-Glutamine. It has
valuable biological and medical properties, among which one can note is
antiulcer agent. These compound also posse’s luminescence and non linear
properties, which can be applied in optoelectronics.
Researchers have shown interest on the biological and medical
application of NALG, only papers with few studies are available to discuss the
structure of NALG at molecular level. The first attempt has been made to study
the structure of NALG in wide manner by using DFT techniques and also the
second harmonic generation efficiency of the material both experimentally and
theoretically.

2. Experimental Details
2.1 Materials
The N-acetyl-l-glutamine with analytical grade was purchased from Sigma
Aldrich (purity ≥ 98%) was used for crystal growth. The main material
selection factor depends not only on the laser conditions, but also on the
crystal’s physical properties [5].
2.2 Synthesis
The saturated solution of NALG was prepared, after several recrystallization
processes with various polar solvents. The clear solution was prepared from
10 ml of water in 2g of sample with continuous stirring at room temperature
for 30 minutes. The purity of the prepared solution was established by
filtration using Whatman-Grade 1 filter paper. The solution is allowed for
slower evaporation process. Transparent colourless single crystal of N-acetyll-glutamine was grown with optical quality after 3 weeks. The photograph of
the crystal is shown in Fig 1.
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Fig.1. Photograph of the NALG crystal

2.3 Chemical Characterization of NALG crystal
ENRAF NONIUS CAD4 single crystal X-ray diffractometer instrument furnished
with Mo Kα radiation source of X-rays (λ= 0.7107 Å) monochromated with
graphite monochromator has been engaged to determine unit cell dimensions and
space group of NALG grown a single crystal. The powder X-ray diffraction
(PXRD) was performed using PANalytical XPERT-PRO instrument for powder
crystalline sample of NALG carrying with Cu Kα radiation of X-ray source having
a wavelength (λ) of 1.5418 Å in the angle range from 5º to 60º with a scanning
resolution of 0.03°/s. FTIR and FT-Raman study was done using JASCO FT/IR410 spectrometer and BRUKER RFS27 spectrometer respectively. The vibration
measurements were performed in the frequency range from 4000-500 cm-1.
Shimadzu UV2450 spectrophotometer equipped with photomultiplier tube
detector was employed for recording UV-Vis-NIR optical transmittance spectrum
in the wavelength region from 200 to 1100 nm. The simultaneous thermo
gravimetric (TG) and differential thermal analysis (DTA) were carried out using
NETZSCH STA 409 °C thermal analyzer at a heating rate of 20 °C/min. The
Nd:YAG laser beam (wavelength (λ) of 1064 nm) radiation equipped, modified
Kurtz-Perry powder SHG method was utilized for measuring SHG efficiency of
powder crystalline sample of NALG single crystal. B3LYP method at 6-311G
(d,p) basis level of theory. The optimized geometry, Molecular electrostatic
potential, Mulliken atomic charge distribution of the material has been analyzed.
The HOMO-LUMO energies were calculated and the band gap has been found.
2.4 Computational Studies of NALG crystal
DFT Computation was performed using Gaussian ’09W software package using
the computational method has been applied to find the first order
hyperpolarizability.
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3. Results and Discussions
3.1Single Crystal XRD analysis
The grown single crystal of NALG has been subjected to Single crystal X-ray
diffraction study. The crystal belongs to orthorhombic system with
noncentrosymmetric space group P212121.The unit cell parameters are in good
concord with the reported literary value [6], shown in Table 1
.

Table 1. Lattice parameters value of the grown NALG crystal
Lattice parameters
Reported
Present work
a
13.811(10)Å
13.879 (2) Å
b
5.095(10) Å
5.013 (3) Å
c
12.914(10) Å
12.876 (3) Å
3
volume
908.72 Å
907.98 (2) Å3
System
orthorhombic
orthorhombic
Space Group
P212121
P212121

3.1.1 Powder XRD analysis
The grown single crystal of NALG has been subjected to PXRD. The obtained 2
values are used for indexing, by the PROSZKI software package. The sharp peak
indicates the good crystallinity of the material which is free from impurity. The
experimental powder XRD and the Simulated Powder XRD patterns are revealed
in Fig 2. As expected, the intensity variations of experimental patterns are
analogous to the simulated patterns.

Fig. 2.(a) Experimental and (b)simulated PXRD pattern of NALG.
3.2 Fourier Transform Infrared analysis
The FT-IR spectrum of the grown crystal was shown in Fig.3a. The characteristic
absorptions at 3226cm-1correspond to stretching vibrations ν(O-H).The
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absorptions at 3087 cm-1correspond to asymmetric stretching vibrations ν (CH2)
[7] .The stretching vibrations ν (CH2,CH3) at 2872 cm-1are found. The
asymmetric stretching deformation ν (CH3)appeared around 1422 cm-1. The
bands at 1382 cm-1 are due to ν (C-O) stretching vibration. The twisting of (CH2
occurs at band 1253cm-1.The absorptions at 1177cm-1 corresponds to (C-N)
stretching. The rocking of (CH3) occurs at band 992cm-1[8].The(C=O) wagging
modes (O-H) torsion occur at band 699 cm-1.The spectral region 606cm-1are
characterized by bands associated to C=O rocking[9].The observed characteristic
FT-IR vibration frequencies are listed in Table 2.
Table 2. FTIR and FT-Raman frequencies with their vibrational assignments of
NALG.
FTIR (cm-1)

Raman(cm-1)

Vibrational assignments

3445,3348,3226
3087
2872

3214
3090
2988,2926

O-H Stretching
Asymmetric stretching CH2
Stretching vibration CH2,CH3

1672
1422

1686
1454

1382,1349
1253
1177
992
936
699,648
606,533

1382,1383
1293
1134
999
933
699
543

C=O stretching
Asymmetric stretching
deformation CH2,CH3
C-O Stretching vibration
Twisting of CH2
C-N Stretching
Rocking of CH3
Hydroxyl out of plane bending
O-H torsion
C=O rocking

3.2.1 Fourier Transform Raman Analysis
The peak at 3214 cm-1 is ascribed to the O-H stretching [10]. The peak at
2988cm-1is assigned to CH3 stretching vibration. The intense complex band
appears at 2926cm-1 is assigned to asymmetric CH2 stretching vibration. The
band at 1686cm-1 is due to C=O stretching [11]. The peak at 1454 cm-1 is given
to CH2 asymmetric deformation. The spectral region 1382cm-1 is characterized
by CH2deformations.The hydroxyl out of plane bending is attributed to933cm-1.
The molecule have skeletal bending and torsion vibrations ,which give rise to
some low wave band less than 500cm-1.The FTIR-Raman spectrum is shown in
Fig 3b.
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Fig. 3. (a) FTIR and (b) FT-Raman spectrum of NALG crystal
3.3 Thermal studies
Differential and thermo gravimetric analysis was done and TG/DTA
curves are shown in Fig 4, From TGA curve NALG crystal is thermally
stable up to 198°C. The major weight loss occurs in the temperature range
of 198°C -240°C.In major decomposition temperature of the various
volatile products like NH2, CO, CH2 and a mixture of hydrocarbon gases
were liberated. This is complementary with the DTA curve, where there is
sharp endothermic peak at 208°C, due to melting point of the compound,
where there is a weight loss [12].

Fig.4. TG /DTA thermo grams of NALG crystal
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3.4 Optical analysis
UV-visible-near infrared transmission spectrum was recorded and is shown in
Fig 5.The crystal shows good optical transparency in the entire visible region of
400-800nm, with a lower cut off wavelength of 260nm. The 80% transparency in
the visible region, with no absorption makes it a good candidate for
optoelectronic devices. The presence of maximum absorption at 260 nm is due
to n-π* electronic transitions [13].This transition involves least amount of energy
than all the transitions and therefore, this transition gives rise to an absorption
band at longer wavelength.

Fig. 5.Optical transmittance spectrum of NALG crystal.
3.5 Photoluminescence studies
The photoluminescence intensity strongly depends on the structural perfection of
the crystal. The photoluminescence spectrum of NALG is shown in Fig 6. The
compound NALG displays the green emission in the molecule at 545nm. The
lower cut off wavelength appears at 530nm, is observed in the spectrum,
endorsing the suitability of NALG in optical application [14].

Fig. 6.Photoluminesence spectrum of NALG crystal.
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3.6 Second Harmonic Generation
The most widely technique for confirming SHG of the material is Kurtz powder
technique. The second harmonic generation has various applications in Fibre optic
communications which is interesting among Electrical Engineers. Harmonic
efficiency is directly related to the power per unit area of the laser beam [15]. The
NALG crystal has non centrosymmetric space group, which is essential condition
for SHG. When a Q-Switched Nd-YAG laser of fundamental wavelength 1064 nm
was sent through the powdered sample, the wavelength was halved to 532nm,
confirming its SHG efficiency [16, 17].The SHG property of NALG crystal was
compared with standard KDP crystal. The SHG efficiency of grown crystal is 3.2
times greater than KDP, shown in Fig 7.

Fig. 7.SHG conversion efficiency comparison between NALG and KDP.
3.7 Optimized Geometry
The structure of NALG crystal was optimized by the B3LYP method at 6.3119+G
(d,p) level of theory and structure is shown in Fig 8a & 8b. The single crystal Xray CIF (Crystallographic Information File) has been given as input. The
Optimized parameters have been compared with experimental geometrical
parameters and the differences seem too small, which is shown in Table
3.Observed bond length within the side chain is in general agreement, with those
reported for L-glutamine [18].The bond length C5-C6 is 1.513Å is shorter than the
expected. The angle (C3-C5-C6) is 111.65° smaller than the usual found in other
amino acids and peptides [19-21]. There is non planarity in C3, N1, C2, O1, C1
and NH1, and the best planarity is found in C1, C2, O1, and N1. The non planarity
could be due to intermolecular interaction involving hydrogen attached to the
peptide nitrogen. The nitrogen of the amide group is slightly pyramidal in
character [22] due to hydrogen bonding. The hydrogen atom bonded to C1 are
almost staggered with respect to the bond C1=O1. The structure is stabilized by
intermolecular hydrogen bonding such as N-H….O and O-H….O. The hydrogen
bond distance N1-O4 is shorter than other hydrogen bond distance N2 and oxygen
atom.
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Fig. 8. (a) XRD crystal structure of NALG and (b) DFT optimized structure of
NALG.
Table 3. Bond length, bond angles and Torsional angle comparison between XRD
and DFT optimized structure of NALG
Bond lengths (Å)
Parameters
C2-N1
C2-O1
C3-C4
C3-C5
C3-N1
C4-O2
C4-O3
C5-C6
C6-C7
C7-N2
C7-O4
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XRD
1.323
1.248
1.53
1.534
1.4514
1.2035
1.303
1.512
1.513
1.33
1.2249

CC-pVTZ
1.364
1.22
1.519
1.543
1.451
1.205
1.345
1.523
1.523
1.362
1.217
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Bond angles (°)
Parameters

XRD

CC-pVTZ

C1-C2-N1
C1-C2-O1
N1-C2-O1
C4-C3-C5
C4-C3-N1
C5-C3-N1
C3-C4-O2
C3-C4-O3
O2-C4-O3
C3-C5-C6
C5-C6-C7
C6-C7-N2
C6-C7-O4
N2-C7-O4
C2-N1-C3

116.8
121.62
121.54
110.09
111.42
111.43
124.51
110.98
124.5
111.65
113.57
114.97
122.04
122.97
120.94

115.51
121.9
122.59
109.67
108.05
113.66
124.92
111.92
123.14
112.55
112.25
114.52
123.32
122.15
122.16

Torsion angles (°)
Parameters
C1-C2-N1-C3
O1-C2-N1-C3
C5-C3-C4-O2
C5-C3-C4-O3
N1-C3-C4-O2
N1-C3-C4-O3
C4-C3-C5-C6
N1-C3-C5-C6
C4-C3-N1-C2
C5-C3-N1-C2
C3-C5-C6-C7
C5-C6-C7-N2
C5-C6-C7-O4
C1-C2-N1-C3
O1-C2-N1-C3

XRD
-171.76
5.85
105.68
-73.21
-18.47
162.64
178.93
-56.92
-134.78
101.82
-176.49
-154.35
26.84
-171.76
5.85

CC-pVTZ
171.24
-9.48
109.56
-69.11
-14.83
166.51
175.94
-63.01
-135.52
102.53
178.86
169.69
-10.97
171.24
-9.48

3.8 Mulliken Population Analysis
The Mulliken population analysis delivers the distribution of electrons in a
molecule and derives at atomic charge effect, dipole moment, molecular
polarizability and more a lot of properties of molecular systems [23].The atomic
charge values of O3, nitrogen (N1,N2) and carbon (C1,C5,C6) have a negative
charge and behaved as electron donors. The remaining atoms except H10 have
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positive charge, behaved as acceptors, which is shown in Fig 9a. The hydrogen
atom H9 (0.220) poses higher value than other hydrogen atom due to involvement
in intermolecular hydrogen bonding interaction. The N1 is less negative than N2,
which connects the amide and acetyl group. The atomic charge values are shown
in Table4.
Table 4. Mulliken atomic charge distribution analysis of NALG molecule.
Atom
C1
C2
C3
C4
C5
C6
C7
N1
N2
H12

Charge
-0.294
0.229
0.011
0.285
-0.151
-0.222
0.238
-0.165
-0.235
0.11

Atom
H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H11

Charge
0.114
0.118
0.162
0.157
0.119
0.087
0.147
0.124
0.22
-0.151
0.112

3.9 Electrostatic Potential Analysis
The Molecular Electrostatic Potential (MEP) is a useful tool to investigate the
molecular structure [24, 25].The electrostatic potential is produced by the
electrons and the nuclei of the molecule, which is used for visualization and
prediction of electrophilic and nucleophilic region[26]. The molecular electrostatic
potential is given in increasing colour code red>white>blue, indicating negative,
neutral and positive respectively [27]. From the MESP map Fig 9b of NALG, it is
clear that the carbonyl (C=O) lies in the most electronegative region (red), which
is suitable for electrophilic attack and the NH2 group lies in the electropositive
region (blue), which is suitable for nucleophilic attack.
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Fig. 9. (a)Mulliken atomic charge distribution and(b)Molecular electrostatic
potential (MEP)
4. Frontier Molecular Orbital Analysis
The molecules are categorized by a separation of highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO). The
HOMO is the ability to donate an electron and the LUMO is the ability to accept
electron. HOMO-LUMO plays a significant role in chemical reactivity, kinetic
stability, optical polarizability and the hardness (or softness) of a molecular
system [28, 29]. If Elumo- Ehomo shows less value, then the material has high
reactivity, softer and more polarisable. The HOMO-LUMO energy is calculated
by B3LYP method at 6.3119+G (d, p) basis set. The HOMO-LUMO energy
values are -7.04eV and -0.41eV respectively, and the energy gap is 6.64 eV, which
is shown in Fig 10. NALG molecule, which is considered, exhibited lower values
than those of urea (7.364eV) and KDP (8.364eV).

Fig. 10.HOMO and LUMO orbital of NALG molecule.
4.1 First Order Polarizability
NALG molecule is having non-zero dipole moment and hyperpolarizabilities. In
order to have high molecular hyperpolarizability, the organic molecules should
possess a good number of π electrons and extend delocalization[30].The
polarizability(α) and hyperpolarizability(β) of NALG crystal are calculated using
B3LYP method using at 6.3119+G (d,p) basis set. The calculated mean
polarizability (α) value of NALG is 107.85*10-24 and the first order
hyperpolarizability (β) is 801.5*10-33e.s.u. The highest contributing component in
NALG is in βxyy direction with 663.98*10-33e.s.u, which is clear evidence of
dipole moment. The electric dipole moment for NALG is found to be 1.30 debye.
The polarizability (α) and hyperpolarizability (β) and dipole moment values
obtained from Gaussian output, are reported in atomic units(a.m.u) given in
Table.5.
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Table 5. The calculated electric dipole moment (µ0 ), mean polarizability (α0 ) and
first order hyperpolarizability (β total ) components of the NALG molecule.

α (esu x 10-24)

β (esu x 10-33)

βxzz

297.93

αxx

17.12 βxxx

-350.03

βyzz

214.11

αxy

-0.12 βxxy

-39.53

βzzz

-222.5

αyy

17.6 βxyy

663.98

βtotal

801.55

αxz

-1.12 βyyy

303.31

αyz

0.59 βxxz

-36.98

µx

0.38

αzz

13.17 βxyz

95.28

µy

1.18

α0

107.85 βyyz

274.5

µz

0.38

µ

1.3

Dipolemoment (Debye)

5. Conclusion
An organic material NALG was synthesized and the single crystals were grown by
slow evaporation method at room temperature, which is optically transparent,
colourless and NLO active. The grown crystal crystallizes in orthorhombic system
with the space group ofP212121.The various functional groups were identified
using FTIR and FT-Raman spectroscopy. The UV-vis transmission spectroscopy
shows that the crystal has transparency in the visible region (400-800nm) which is
need for SHG. Thermo grams showed that the material is steady up to 198°C, is
suitable for device fabrication. Second harmonic generation efficiency of the
crystal is found to be 3.2 times greater than KDP, which makes the material
suitable candidate for NLO application. The quantum chemical calculation such as
optimized geometry, Mulliken charge analysis, is used to discuss various
molecular interactions. MEP study indicates that, positive electrostatic potential
for the NH+ group of cation and negative electrostatic potential around carbonyl
group. Homo-Lumo energy groups were evaluated and found to be 6.64 eV. The
calculated first order hyperpolarizability (β) of NALG crystal is 801.5*10-33e.s.u,
which indicates the usefulness of NALG in optical applications.
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