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Hybrid material: 4-Dimethylaminopyridinium nitrate gallic acid monohydrate abbreviated DNGA monohydrate has been successfully synthesized by slow evaporation method at room temperature. X-ray
diffraction (XRD) on a single crystal showed that the latter was crystallized in P-1 space group. Likewise,
thermal analyses demonstrated the stability of our crystal up to 80  C. Besides, the analysis of the
infrared spectrum (FTIR), allowed us to conﬁrm the presence of the different groups present in the
structure. Furthermore, by studying the UVeVisible spectrum, the transparency of our crystal was
proven. Despite the fact that of having a centrosymmetric structure, the nonlinear optical properties of
our single crystal, which was tested by Kurtz-Perry technique, proved that its second harmonic generation efﬁciency was 1.22 times more than that of KDP (potassium dihydrogen phosphate) single crystal.
This nonlinear optical behavior of the studied compound was also determined through the calculations
of polarizability and ﬁrst hyperpolarizability values.
© 2017 Elsevier B.V. All rights reserved.
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1. Introduction
In recent years, the massive use of high-power laser in different
applications has drawn much attention to the nonlinear optical
materials. Indeed, such compounds are characterized by their uses
principally in the ﬁeld of photonics, namely frequency doubling,
electro-optical switches [1] and optical information processing
[2e5]. In the aim of obtaining a new semi-organic nonlinear material two matrices were used, one organic and the other inorganic.
The major objective was to gather the beneﬁts of the remarkable
features of both inorganic and organic parts concomitantly. Actually, organic materials are discerned by their signiﬁcant properties
emanating from electronic delocalization along the double bonds
(aromatic rings, ethylenic double bond) and the presence of the
electron-donating electron-acceptor groups. Such inorganic compounds have a very high nonlinear coefﬁcient. Overall, pyridinium
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derivates are representative candidates of the mentioned materials
exhibiting nonlinear optical properties. Several research papers
have demonstrated that semi-organic compounds containing 4dimethylaminopyridium or any other aromatic rings as an
organic matrix have a very high nonlinear response [6e9]. With
respect to the inorganic compounds, they are recognized by their
stability, transparency and high threshold optical damage. Thanks
to these considerable properties, hybrid compounds may have a
quadratic susceptibility value cij comparable or even more than the
value of potassium dihydrogen phosphate (KH2PO4). From the
theoretical and experimental studies, it has become obvious that
the second harmonic generation (SHG) process may take place only
in non-centrosymmetric materials given their non-zero hyperpolarisability b. In spite of this, some accessible reports in the
literature provide a series of centrosymmetric molecules [10e20]
with a signiﬁcant nonlinear optical response.
The present research work reports the different physicochemical properties of a novel supramolecular centrosymmetric
crystal. It deals with the single X-ray diffraction (XRD) study, FTIR,
ultravioletevisible (UVeVis) spectroscopic studies and thermal
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analysis TGeDSC. The nonlinear optical properties was tested by
Kurtz-Perry technique and strengthened by Coupled-Perturbed HF
theory using the 6-31G basis set calculations of polarizability and
ﬁrst hyperpolarizability values. In this process, we tried to ﬁnd an
explanation of the presence of NLO for this centrosymmetric
compound.

2. Experimental details
2.1. Crystal growth
Our
crystal
was
obtained
by
dissolving
4dimethylaminopyridine and gallic acid in distilled water in nonstoichiometric proportions. A few drops of nitric acid were then
added and the mixture became transparent. The obtained mixture
was then stirred for short period of time, then allowed to evaporate
at ambient temperature without any intervention. After 2 weeks, 4dimethylaminopyridinium nitrate gallic acid monohydrate crystal
with good quality was obtained.
HNO3

C7 H10 N2 þC7 H6 O5 þH2 O!C7 H10 N2 Hþ NO
3 C7 H6 O5 $H2 O
The colorless crystals are shown in Fig. 1.

2.2. Characterization
The structure reﬁnement was realized via a two-dimensional
Kappa Apex II CCD Bruker diffractometer using an MoKa radiation with l ¼ 0.71069 Å at 150 K. The structural resolution was
performed by a SHELXT 2014 program associated with Fourier
synthesis difference using the PLATON program [21]. Fourier
Transform Infrared Spectroscopy (FTIR) determines the vibrations
of the functional groups of our compound in the range of
4000e400 cm1. Concerning the thermal analysis, we used a Pyris
6 Perkin Elmer DSC 4000 thermo analyzer with a heating rate of
5  C per minute. Based on the kurtz-Perry technique and using a
nanosecond laser Ndþ
3 : YAG, we performed the SHG measurement.
The optical transparency of our crystal was studied via UVeVisible
analysis by a Perkin Elmer Lambda 35 spectrophotometer in the
range 200e700 nm.

Fig. 1. Photograph of C14H17N3O9 single crystals.
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2.3. Single crystal X-ray diffraction
A suitable single crystal of the title compound was mounted on a
Kapton loop using a Paratone N oil. An assumption of the structure
was obtained by the direct method via a program SHELXT-2014 [21]
associated with the Fourier synthesis difference. The reﬁnement
was conducted using the PLATON program [21]. During the
reﬁnement steps, all atoms were reﬁned anisotropically except
hydrogens, whose positions were determined using residual electronic densities calculated by a Fourier difference. The criterion of a
good reﬁnement was based on the value of the two factors of
agreement R and wR, which is satisfactory for our crystal. The
structure analysis were realized with the triclinic symmetry, space
group P-1. The parameters of the structure were a ¼ 9.2201(3) Å,
b ¼ 12.8640 (4) Å, c ¼ 15.2487(5) Å with the following angular
parameters a ¼ 109.335(2) , b ¼ 101.106(2) and g ¼ 98.798(2) .
The latter's volume was 1628.12(9) Å3 with a multiplicity Z ¼ 2. The
different crystal data and conditions for collecting the intensities
are shown in Table 1.
2.4. FTIR analysis
Infrared spectroscopy is an important technique for characterization, which gives more information about the structure of the
compound. Fig. 2 shows the presence of stretching vibrations CeH
in the region of 3100 to 3000 cm1, which is characteristic of the
immediate recognition of stretching vibrations CeH [22]. CeH aromatic bending vibrations occur in the range of 1100e1000 cm1.
This compound is composed of two aromatic rings, each with three
CeH groups, giving rise to three CeH stretching groups. The elongation vibrations were observed at 3020 cm1 and 2780 cm1 in
the FT-IR spectrum. The absorption vibration bands corresponding
to CeCeN group were identiﬁed in the IR spectrum at about

Table 1
The crystal data and structure reﬁnement.
crystal data
Chemical formula
Formula weight (g mol1)
Crystal system
Space group
a (Ǻ)
b (Ǻ)
c (Ǻ)
F(000)
V (Ǻ3)
Z
Crystal size (mm3)
Condition of collection of
intensities
Diffractometer
Wavelength
Absorption corrections
Temperature (K)
q range for data collection 
()
Range of h, k, l
Reﬂections measured
Independent reﬂections [I > 2s (I)]
Structural reﬁnement
Computer programs
Reﬁnement
Parameters reﬁned
Number of Restricted
Electron density residuals (e. Ǻ3)
GoF
wR2
R1
Cambridge Crystallographic
Data Center (CSD)

C7H6O5(C7H11N2)NO3$H2O
373.32
Triclinique
P-1
9.2201 (3)
12.8640 (4)
15.2487 (5)
784
1628.12 (9)
4
0.420  0.300  0.140

Kappa Apex II
l (Ka) ¼ 0,71069 Å
Multi-scan
150
1,9  q  25.676
11  h  7; -15  k  15;-18  l  18
7785
5742
ShelxT et Shelxl
 sur F2
base
482
1
0.22 < Dr < 0.24
0.930
0.1124
0.0384
CCDC 1551035
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Fig. 2. FTIR spectrum of C14H17N3O9 single crystals.

1200 cm1. These bands observed in the wavelength range
1130e750 cm1 come from CeN and CeC stretching vibrations
[23]. The strong IR band at 800 cm1 is attributed to symmetrical
CeN stretching vibrations [23]. Concerning the nitrate anion, it has
symmetry D3h, whose normal modes are n1, n2, n3 and n4. n1 is
the symmetrical stretching vibration, n2 is the out-plane bending
vibration, n3 is the doubly degenerate asymmetric stretching vibration, and n4 is the bending vibration in the doubly degenerate
plane. These modes occur at about 1050, 920, 750 and 1280 cm1,
respectively [24,25] and n2, n3 and n4 are active IR. In the material,
the symmetric elongation vibration n1 is observed in the FT-IR
spectrum at 920 cm1. This excitation of the inactive mode n1 is
due to the local crystalline environment. n3 mode occurs at
1280 cm1 in the FT-IR spectrum. The bending vibration in the
1
plane, d (NO
3 ) is observed at 750 cm . These data indicate that for
the crystalline state, the selection rules of the group of points D3h
do not hold. Indeed, when the nitrate ion is in the mesh, the
symmetry of the NO
3 ion can be lost due to the formation of a
hydrogen bond and some of the prohibited modes can excited.
Moreover, it is clear that the observed bands have changed,
compared with the characteristic wave numbers of the free nitrate
anion due to the charge transfer interactions that take place in the
crystal [26]. The spectral assignment of the normal modes NO
3
transported in this report agrees well with previous vibrational
studies, such as nitrate L-asparaginium [26], L-lysinium dichloride
nitrate [27], nitrate DL-phenylalaninium [28] DL-valine nitrate and
L-leucine nitrate [29], Lornithine nitrate [30] and b-alaninium nitrate [31]. The different frequency assignments of the title compound are exhibited in Table 2.

2.5. Thermal analysis
Usually, the thermal analysis is a technique that makes it
possible to study the change of the state of a material as a function
of temperature. For the preparation of the samples, a mass of our
product is placed in a closed aluminum crucible and drilled on top,
so as the solvents evaporate. The temperature range applied for the
ATG analysis was of the order of 25e450  C. The machine was
under nitrogen ﬂux (20 ml/min).

Table 2
Assignment of IR band frequencies (cm1).
Band frequencies for DGAN
monohydrate crystal (cm1)

Assignments

800
1000
1130
1427
1500
1650
2780
3020
3509

CeN symmetric stretching
CeHaromatic stretching
CeN
CeH stretching
NeHþ
NO
3 asymmetric stretching
CeH symmetric stretching
CeH stretching
OeH symmetric stretching

As shown in the thermogram (Fig. 3), there were two mass
losses. Regarding the ﬁrst one, it is of 6% at about 98  C, which was
observed adhered at the departure of a water molecule of our
crystal. As for the second mass loss, it is the most important corresponding to a loss of 74%, which is compatible with the theoretical calculation between 110 and 320  C. This loss coincides with
the decomposition of the organic group (protonated DMAP and
gallic acid), and therefore only the nitrate anions remain. For DSC
analysis, the temperature range was limited to 160  C since there
was a mass loss of 70% between 160 and 300  C. Moreover, we
mentioned that the title compound does not have a phase
transition.
2.6. UVevisible
High transmittance in the UVevis region is signiﬁcant for optoelectronic devices and laser threshold applications. The optical
transmission spectrum of the grown crystal was recorded in the
range from 200 nm to 700 nm (Fig. 4). It is also helpful in revealing
the activation energy due to electronic excitation as well as to
ascertain the basic bonding present in the material. Transmission
spectrum has shown good transparency of about 37% in visible
region. The upper cut-off wavelength was found at 350 nm and
lower one at 300 nm. The sudden fall in the transmittance from the
upper cut-off wavelength was observed for the grown DGAN
crystal, which may be due to the fundamental absorption in the UV
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3.1.1. The organic group
The organic grouping of our compound is composed of two parts
as has already been described in the general description of the
structure. On the one hand, we have molecules of gallic acid which
are connected in wire in planes parallel to (011) Fig. 6. On the other
hand, we note the presence of protonated DMAP molecules that are
sandwiched with the gallic acid molecules between the nitrate
anions and water molecules. The protonated DMAP molecule and
the gallic acid are linked together by hydrogen bonds via the nitrate
anion that acts as a bridge between the two molecules as the H3AO12eH23A as well as CeC type bonds such as C5eC27eC6. Thus, CeC
distances vary between 1.478 Å (2) and 1.354 Å (3), and those between NeC are around 1.466 Å (2) and 1.344 Å (3). The CeH distances range from 0.95 Å to 0.98 Å with an average value equal to
0.965 Å. The distribution of the organic cation shows that the latter
are connected in a zig-zag form along the axis (a) at c ¼ ¼, ½, ¾ and
1.
Fig. 3. TGA curve-DSC curve.

Fig. 4. UVeVisible transmittance spectrum.

region. Absorption in the near ultraviolet region arises due to
associated p-p and s-p electronic transitions in the grown crystal.
The absence of absorption between 400 and 700 nm in the visible
region conﬁrms that this system presents a large transparency
window, and subsequently the latter could be an attractive hyperpolarizable potential for the frequency conversion [32].
3. Results and discussion
3.1. Description of the structure
The structural study of the compound allowed us to establish
the following model, whose asymmetric unit (Fig. 5) is composed of
two types of matrix. Indeed, the organic one is composed of a
molecule of gallic acid and a protonated DMAP molecule that exhibits the cationic part of this assembly. As for the inorganic matrix,
it is made up of nitrate anions as well as water molecules. Thus, the
latter are implanted between the two organic entities. Indeed, the
structure of this complex can be described as a three-dimensional
arrangement of the organic molecules, alternating with inorganic
ones. These different molecules are linked by hydrogen bonds
additional to p-p interactions that ensure the stability and cohesion
of the crystal structure.

3.1.2. The inorganic group
The nitrates from the anionic part of the structure. Thus, the
angles and distances of the latter are comparable to those described
in the literature. In fact, the three distances N5eO11, N5eO12 and
N5eO13 are of the order of 1.231, 1.2431 and 1.264 Å. Hence, we infer
that the bond lengths N5eO11 and N5eO12 are shorter than N5eO13.
This result can be explained by the fact that the O13 atom is engaged
in a relatively strong interaction with the hydrogen atom of the
water molecule N5e-O13/H4 [2.0023 Å]. These anions unfold in
pairs and develop along axis b as zig-zag form at c ¼ ¼ and ¾. The
water molecules as well as the nitrate anions are intercalated between the organic molecules forming, thereafter, a threedimensional network.
3.1.3. The hydrogen bonds
The cohesion of our C14H19N3O9 complex is ensured by a threedimensional network of weak, strong, intramolecular or intermolecular hydrogen bonds as well as electrostatic bonds of the Wan
Der Waals type (Fig. 7 and Table S1). These bonds link the nitrate
anions and the organic entities. Our compound has a type of
hydrogen bonding network identical to that observed in nitratebased hybrid compounds. Each of the oxygen atoms O11 and O13
of the nitrate anion are engaged in four and ﬁve bonds respectively,
while the O12 atom is engaged in three bonds, which is linked with
the H23 atom bonded to the carbon atom C23 of the DMAP molecule.
The latter's distance C23eH23/O12 is equal to 2.5103 Å, with H3
atom attached to the C3 carbon of gallic acid with a distance of
2.6087 Å and, ﬁnally, with the H4 atom bonded to the C18 atom of
the coordinate gallic acid (1x, 1y, 1z). The distance of this bond
is of the order of 2.0630 Å. In turn, the O13 atom is connected to the
coordinate H4 (x1, y, 1 þ z) and the distance between them is
2.0024 Å, as well as with the H3 stranded atom (1x, 2y, 1z),
whose distance is 1.883 Å. As for the O11 atom, it is linked to H20 by
a C20eH20/O11 bond of the order of 2.19 Å. Moreover, it is linked
with H15 of the protonated DMAP molecule of coated (1x, 1y,
1z) at a distance of 2.533 Å. Furthermore, the protonated DMAP
molecule also contributes to the cohesion of the structure by
hydrogen bonds via the N4eH4/O9 and N4eH4/O10 bonds whose
distances are equal at 2.060(19) Å and 2.24(17) Å, respectively. The
strongest intramolecular interaction is observed between
O8eH8/N6, which is of the order of 2.633 Å. On the one hand, the
different distances of hydrogen bonds current in the crystal, separating the donor atom from acceptor are ranged between
2.6642(19)Å (O3eH3/O13) and 3.315(2)Å (C23eH23/O12). Besides,
the angles separating these atoms from the hydrogen are in the
order of 113 (2) and 176 . On the other hand, the distances between
the hydrogen atom and the acceptor vary from 1,79 Å to 2.59 Å.
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Fig. 5. Asymmetric unit.

Fig. 6. The projection of the crystal structure in the (a, b) plane.

Finally, those which separate the donor atom from the hydrogen
are in the range of 0.72 Å (O18eH4/O12) and 0.980 Å
(C23eH23/O12).

was conﬁrmed through the emission of a green light (532 nm). The
calculated effective susceptibility value of this compound is 1.2
times higher than that of the reference material: potassium dihydrogen phosphate (KDP) Fig. 8.

4. Second harmonic generation (SHG)
In this research work, the efﬁciency of the SHG was tested using
the Kurtz-Perry technique. Indeed, the powder of our crushed
crystal was irradiated by a laser beam of wavelength 1064 nm
emitted by a Q-switched Nd: YAG laser [19]. The presence of SHG

In fact :

ð2Þ
csample

sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Psample
ð2Þ
 cKDP
¼
PKDP
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Fig. 7. Hydrogen bond inter layer.

or PKDP ¼

I2w
KDP
I2w
NPP



c2KDP



c2NPP

2
2

ð2Þ
cKDP
¼ 0; 44 pm=V
ð2Þ

so csample ¼ 0; 54 pm=V

In correlation with recently previous work, one can remark that
the SHG has close link with the nonlinear electrical susceptibility
cijk. Concerning centrosymmetric crystals based on the Kleinman
approximation symmetry and centrosymmetry of crystal, cijk is a
non-independent irreducible component of tensors, thus the
absence of the SHG effect [33]. As a result, noncentrosymmetric
molecules are usually chosen when preparing organic molecules for
studying this physical property. However, for many noncentrosymmetric dipole molecules, such as p-aminoaniline, and p-

Fig. 8. Power dependence of I2W vs I2Wof DGAN single crystals and KDP.

132

N. Ennaceur et al. / Journal of Molecular Structure 1151 (2018) 126e134

Table 3
SHG powder intensity values for C14H17N3O9 and other well-characterized centrosymetric materials.
Crystals

space group

SHG efﬁciency

References

(p-Nitrophenol, hexamethylenetetramine,
phosphoric acid and water) super molecular crystal
(C6H5C2H4NH3)2PbI4
Glycine picrate (GP)
C14H19N3O9

P21/c

4.1 times of KDP

[9]

Pcba
P21/a
P-1

Comparative to that of GaAs crystals
2.34 times of KDP
1,22 times of KDP

[26]
[27]
present work

nitrophenol, anti-parallel arrangement is often formed due to the
dipoles interaction in crystal, which can result in centrosymmetric
space group and make the bulk material exhibit no SHG.
Firstly, SHG has been demonstrated to be sensitive to the
structural characteristics of vicinal surfaces of cubic centrosymmetric crystals. Lüpke has presented a phenomenological theory
[10] and demonstrated that the intensity and the anisotropy of SHG,
which arise from surface electric dipole and bulk electric quadrupole effects, are proven to be sensitive to surface steps, and vary
with surface oxidation. He has also shown that the use of vicinal
surfaces allows the identiﬁcation of bulk and surface contributions
in SHG separately.
Secondly, Ashwell et al. [11,12] have recently reported that
squaraine molecules, which are centrosymmetric in the crystalline,
can exhibit SHG when deposited as Langmuir-Blodgett (LB)
monolayer ﬁlms. Besides, the occurrence of non-centrosymmetric
sets with concomitant intermolecular charge transfer has been
proposed as the cause of these unexpected results. The magnitude
of the effect observed by Ashwell is much larger than the SHG
output from thin ﬁlms of other centrosymmetric molecules, such as
copper phthalocyanine [13]. The high magnitude of the observed
SHG has been demonstrated by two means. Concerning the ﬁrst
one that is the centrosymmetry of squaraines in monolayers, it can
be destroyed, leading to the formation of dimeric, noncentrosymmetric aggregates [14]. In fact, centrosymmetric
bonding structure has been assumed to be present in the monomers comprising these dimeric aggregates. Furthermore, the
intermolecular charge transfer between the two centric monomers
(of the dimer) has been proposed as the cause of the large value of
the observed SHG coefﬁcients. As for the second means, it pertains
to the fact that the center of inversion symmetry in a monomeric
squaraine chromophore can be destroyed by an asymmetric
distortion of the charge distribution in one molecule by the highly
polar molecular environment arising from its near neighbours [15].
Thirdly, many centrosymmetric octopolar molecules with C3v,
D3h and Td symmetry, such as trinitrotriaminobenzene (TATB),
crystal violet (CV) and ruthenium trisbipyridine (RuTB), have been
synthesised with a non-zero b value. Joseph Zyss [16] has introduced an octopolar molecules theory that possesses nonlinear
optical properties, such as SHG. Besides, octopolar molecules provide a new approach for improving the ratio of performance of
nonlinearity to transparency for crystal. However, due to the
absence of permanent dipole moment in octopolar molecule, the
challenging issue is how to incorporate octopolar molecules into
materials with macro-noncentrosymmetry [17].
A supermolecular structure composed of p-nitrophenol, hexamethylenetetramine, phosphoric acid and water was obtained by
GUO Wensheng et al. [18]. The crystal has a centrosymmetric
structure with space group P21/c showing a high magnitude of the
observed SHG compared with that of KDP. This high response is
probably due to the change of the orientation and distances of pnitrophenol molecules in cocrystalline state with the need of
supermolecular system architecture. In this architecture, the
change of the orientation can result in the change of the crystal
symmetry, and the distances variation leads to the change of

nonlinear optical property of chromophore with centrosymmetry.
Thus, it can be seen that the increment of the distances of chromophores by the supermolecular assembly inhibits the interactions
between the dipoles of centrosymmetric molecules. It is worthy to
note that even the supermolecular crystal with centrosymmetry
can exhibit SHG effect [18].
Nevertheless, the present research work shows the SHG high
response that is probably due to a change in the orientation and
distances in the latter with the necessity of the architecture of the
supramolecular system molecules outside and within the crystal. In
the crystalline, Gallic acid is a unique chromophore molecule which
is isolated and ﬁxed by the inorganic-organic framework composed
of DMAP protonated, nitrate anion and water. Consequently, the
arrangement distances between gallic acid molecules are lengthened. Because the distance between gallic acid molecules is
lengthened by the host framework, the dipoles interaction between
gallic acid molecules is weakened greatly. This leads to the increase
in the energy of ground state [20] and decrease of the difference of
energy levels between the ground state and ﬁrst excited state, thus
facilitating for the electron the transition from the ground state to
the ﬁrst excited state. It is known that the benzene structure is
stable because the donor group OH of gallic acid form is strongly
hydrogenated with water in the host framework, and the protonated DMAP molecule is stabilized by the whole hydrogen bonding
network of supermolecular crystal with water.
The center of inversion symmetry in the crystal structure can be
destroyed by an asymmetric distortion of the charge distribution in
one molecule by the highly polar molecular environment arising
from its near neighbours. Actually, the whole crystal is stabilized by
a different hydrogen bonding, which is a kind of interactions that
increases the charge distribution between the two molecules
(DMAP and Gallic acid). The presence of strong hydrogen bonds
between the frameworks composing the crystal creates a kind of
permanent and strong polarization that can persist despite the
presence of inversion center. This permanent polarization interacts
with the beam of laser and overlapping its wave. Besides, the strong
response may be due to the intermolecular charge transfer [34,35],
the presence of a non-centrosymmetric residue within the crystal
during grinding, or else, a distortion in the molecules arrangement
inside the crystal. This kind of deformations happened during the
growth of the crystal. A few centrosymmetric materials, which can

Table 4
The average polarizability atot (  1022 esu) and ﬁrst hyperpolarizability btot
(  1027 esu) of the title compound.

bxxx
bxxy
bxyy
byyy
bxxz
bxyz
byyz
bxzz
byzz
bzzz
btot

1.01037
1,29755
1.41355
1.89144
0.0986211
0.173902
0.100455
0.00852846
0.0466655
0.0123999
4.05351

axx
axy
ayy
axy
ayz
azz
atot

1.55296
0.331659
2.37343
0.238819
0.176557
0.74876
1.55838
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be presented as references beside space group as well as SHG efﬁciency, are presented in Table 3.
5. Hyperpolarizability calculation
Commonly, we use the density functional theoretical approach
to calculate the nonlinear optical properties of the compound. The
frequency-dependent polarizabilities [a(-u; u)] and ﬁrst-order
hyperpolarizabilities for the NLO SHG [b(-2u; u;u)] phenomena
were computed at the characteristic Nd:YAG laser wavelength of
1064 nm (hu ¼ 0.04282 a.u.). The static and dynamic (hyper) polarizabilities were calculated analytically through the CoupledPerturbed HF theory, using the 6-31G basis set [36]. In fact, the
ﬁrst hyperpolazibility tensors can be presented as a 3D matrix,
which can be reduced through the Kleinman symmetry to only 10
components (bxyz, bxxy, bxyy, byyy, bxxz, bxyz, byyz, bxzz, byzz and bzzz).
However, the polarizability is conferred as a second rank tensor. In
this investigation, the calculations of the mean linear polarizability
(atot) and the mean ﬁrst hyperpolarizability (btot) are calculated
following the equations bellow [37]:





atot ¼ axx þayy þazz =3


btot ¼ b2x þb2y þb2z

1=2

This values are performed in atomic unit (a.u) and are then
converted into electrostatic unit (esu) knowing that for a: 1
a.u ¼ 0.01482  1024 esu and for b: 1a.u ¼ 0.8629  1027 esu. As
can be seen from Table 4, the polarizability aij has non-zero values.
It is also to be noted that the highest value is equal to
2.37343  1022 esu, which is observed for the direction (yy), and
the mean one (atot) is about 1.55838  1022 esu. As for the ﬁrst
hyperpolarizability of the studied crystal, the mean value (btot) is in
the order of 4.05351  1027 esu. Furthermore, as shown in the
table below, the highest value of the ﬁrst hyperpolarizability
(b ¼ 1.01037  1027 esu) is adhered to the direction (xxx).
Generally, the macroscopic hperpolarizabilities are relatively
important and the large value of the latter is linked to an intermolecular charge transfer that occurs from the electron cloud
movement of a conjugated system.
This charge transfer allows the electronic delocalization along
the double bonds (aromatic cycle or ethelinic bonds). In fact, our
crystal is composed of two aromatic cycles (DMAP and gallic acid),
which are referred to as charge-coupled conjugate molecules.
Therefore, based on the value of btot, it is possible to conﬁrm at least
one of the previous hypotheses concerning the source of the nonlinear optical properties. This conﬁrmed hypothesis is the delocalization of charge in different directions along the double bonds
within the considered compound and then the nonlinear optical
response increases.
6. Conclusion
A novel semi-organic material active for second harmonic
generation has been successfully synthesized by the slow evaporation method using 4-dimethylaminopyridine, gallic acid, nitric
acid and water as solvent. X-ray diffraction on single crystal showed
that our compound was crystallized in a triclinic system with a P-1
centrosymmetric space group. The DNGA structure can be
described as three-dimensional arrangement layers of the organic
molecules, alternating with inorganic ones. These different molecules are linked by hydrogen bonds added to p-p interactions that
ensure the stability and cohesion of the crystal structure. Infrared
spectroscopy conﬁrmed the molecular structure of this crystal, and
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especially the presence of NO
3 . The stability of DNGA is veriﬁed by
thermal the analyses up to 90  C. This material has a high absorbance in the UV region and an extensive transparency window
(290e920 nm) in the visible and near IR region. Moreover, despite
its centrosymmetry, this compound exhibited a nonlinear optical
behavior. Actually, the experimental study shows that the value of
the release of a green light at the output and an effective susceptibility value (c2 ¼ 0.54 pm/V) is 1.2 times higher than that of the
reference material (KDP). In synergy with other theoretical study
through the Coupled-Perturbed HF theory, using the 6-31G basis
set, which shows high value of the ﬁrst hyperpolarizability (btot). In
the light of this result, we have assumed that the delocalization of
charge in different directions along the double bonds within the
considered compound and then the nonlinear optic response increases. This may be due to the change in the symmetry of the
crystal during grinding. Hence, this active hybrid nonlinear optical
crystal (DNGA monohydrate) could be used for frequency doubling
applications.
Appendix A. Supplementary data
Supplementary data related to this article can be found at
https://doi.org/10.1016/j.molstruc.2017.08.105.
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