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INTRODUCTION

The unforeseen advances in the area of non-linear optics
have been revolutionized in the field of optical memory storage
devices, production of display technologies and telecommuni-
cations. In contrast with inorganic host, organic materials exhibit
massive nonlinear optics (NLO) response due to the presence
of active π-bonds. The π-electron mechanism in organic host
asymmetrized by electron acceptor and donor group is exten-
sively polarizable entities for NLO applications [1,2]. 3,4,5-
Trihydroxybenzoic acid is termed as gallic acid and it’s an
organic compound present in variety of herbs and foods [3,4].
Other than antioxidant and anticancer properties [5], it also
has medicinal applications for allergic diseases like allergic
rhinitis, sinusitis, asthma owing to its ability to hinder the hista-
mine release and the production of anti-inflammatory cytokines
[4,6]. Three hydroxyl group of this acid having both hydrogen
bonding acceptor and donor characteristics. In addition to that,
O–H part of this group has strong hydrogen bonded donor
groups while C=O section of carboxylic acid category has
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strong hydrogen bonded acceptor properties [7,8]. The present
material researchers started to focus on 5-nitrouracil due to its
immense number of applications in the pharmaceutical fields
[9,10]. In present work, the computational (DFT), structural,
spectral, dielectric, thermal, microhardness and powder second
harmonic generation (SHG) properties of gallic acid 5-nitro-
uracilate crystals (GA5NU) are reported.

EXPERIMENTAL

Synthesis: Commercially available gallic acid (C7H6O5)
(TCI, 99%) and 5-nitrouracil (C4H3N3O4) (Sigma-Aldrich,
99%) were taken in equimolar ratio (1:1) and the mixture is
dissolved in double distilled water and allowed the solution
for constant stirring of about 8 h. After stirring, the as-synthe-
sized solution was filtered using Whatmann filter paper to elude
the insoluble particles and the upper part of the beaker was
sealed with perforated sheet with tiny holes, kept the beaker
undisturbed for slow evaporation. After successive recrystal-
lization process, white coloured good quality crystals were
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harvested within a time span of 35-40 days and the photograph
of as-synthesized crystal is shown in Fig. 1.

Fig. 1. Photograph of as-grown GA5NU crystal

RESULTS AND DISCUSSION

Single crystal XRD analysis: The lattice parameters and
space group of the grown crystal is determined using single
crystal XRD analysis. The grown crystal belongs to monoclinic
crystal system with P21/m space group and the crystal refine-
ment data is shown in Table-1.

TABLE-1 
CRYSTAL STRUCTURE AND  

REFINEMENT FOR GA5NU CRYSTAL 

Empirical formula C11H9N3O9 
Molecular weight 159.22 
Temperature 274 (2) K 
Wavelength 0.71073 Å 
Crystal system, space group Monoclinic, P21/m 
Unit cell dimensions a = 7.4581(6) Å; α = 90° 

b = 9.3526(3) Å; β = 92.251(3)° 
c = 12.8457(9) Å; γ = 90° 

Volume 173.18(9) Å3 
Z, Calculated density 7, 1.457 Mg/m3 

 
Computational details: The theoretical calculations were

completed by Gaussian 09 program on Intel Pentium dual core
with the 1.80 GHz processor and demonstrated with Gauss
view 6.0. The fundamental errand of computational calculations
was to build an enhanced structure with least energy. The result
of this run yields with minimum energy was -834.65815 a.u.
The estimation was performed utilizing Beckee exchange
potential (B3LYP) method under the basis set 6-311++G(d,p)
because of its simplicity with minimum time consumption.

HOMO-LUMO: The ability to add an electron is men-
tioned as HOMO while the ability to acquire and electron is
expressed by LUMO energy. The eigen value of HOMO and
LUMO and their energy gap reflect the chemical activity of
the molecule. The calculated energies of GA5NU molecules
are EHOMO = -0.23963 a.u., ELUMO = -0.18469 a.u. and ∆E =
0.05524 a.u. (Fig. 2). Using Koopman’s theorem, other electrical
transport properties like electron affinity (A), chemical hard-
ness (η) and other properties are listed in Table-2.

Molecular electrostatic potential (MEP) analysis: This
study explains about the nature of reaction mechanism among
the molecules, i.e. electrophilic and nucleophilic conditions.

LUMO energy  = –0.18439 eV

Energy gap = –0.05524 eV

HOMO energy = – 0.23963 eV

Fig. 2. HOMO-LUMO structure of GA5NU crystal

TABLE-2 
LIST OF PARAMETERS CALCULATED USING HOMO-LUMO 

Molecular properties B3LYP/6-311G (d,p) 
HOMOenergy -0.23963 
LUMOenergy -0.18439 
HOMO-LUMOenergygap -0.05524 
Ionization potential (I) 0.23963 
Electron affinity (A) 0.18439 

Chemical hardness (η) 0.02762 

Reciprocal of hardness (S) 18.10282 
Chemical potential (µ) -0.21201 

Electronegativity (χ) 0.21201 

Electrophilicity index (ω) 0.81369 

Nuclcofugality (∆En) 0.6156 

Electrofugality (∆Ee) 1.0432 

 
The MEP map of GA5NU single crystal is shown in Fig. 3. The
colour code of MEP ranges from -1.213 × 10-2 to 1.213 × 10-2

by using Gaussview 6.0 program with DFT/6-311++ G(d,p).
The electrostatic potential distribution of colour is increased
in the order of red < orange < yellow < green < cyan < blue.
The most positive area is called nucleophilic site and repre-
sented by the blue region. For GA5NU crystal, around hydrogen
atom present in the molecule have more positive region which
is appeared by blue colour (proton acceptor) nearest to the
oxygen atom indicates the negative region of the molecule as
shown by red colour (electron acceptor). The coloured region
of the structure was recognized by electron and proton inter-
actions, which shows good NLO reactivity of the compound.

Fig. 3. MEP analysis of GA5NU molecule
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FTIR spectra: FTIR spectral analysis was performed
using Perkin-Elmer FTIR spectrometer in the wavelength range
4000 and 500 cm-1 and the obtained spectra is shown in Fig. 4.
The strong, broad peak inferred at 3452 cm-1 is due to inter-
molecular bonded O–H stretching. The weak peak arises at
3052 cm-1 is due to intramolecular bonded O–H stretching.
Small medium peak occurs at 2649, 2813 cm-1 occurs due to
C–H stretching. A small peak at 2011 cm-1 is due to C–H bending.
Various spectral assignments are given in Table-3.
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Fig. 4. FTIR spectra of GA5NU

TABLE-3 
VIBRATIONAL FREQUENCIES OF GA5NU CRYSTAL 

FTIR Assignments 
3452 O–H stretching 
2813 C–H stretching 
1691 C=O stretching 
1614 C=C stretching 
1305 O–H bending 
1015 C–N stretching 
927 C=C bending 
753 1,2-disubstituted C-H bending 

 
Mechanical study: The hardness test was carried out

using Futuretech FM 800 type E series for constant indentation
period of 10 s and diagonal length ‘d’ is measured for varying
loads ‘P’. Variation of Hv against load P is shown in Fig. 5 and
plot of log P vs. log d (Fig. 6) yields straight line and the slope
gives work hardening coefficient ‘n’ and the value of n is found
out to be 2.14 and the grown crystal comes under soft material
category. According to reverse indentation size effect (RISE)
the hardness value increases with increasing loads and in
normal indentation size effect (ISE), Hv value decrease with
increasing loads [11-13].

The elastic stiffness constant (C11) was calculated using
eqn. 1 [14]:

Wooster empirical relation C11 = (Hv)7/4 (1)

Brittleness index (Bi) is another property of mechanical
behaviour is calculated using eqn. 2:
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Fig. 5. Plot of Hv vs. load P
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where ‘Kc’ is coined as fracture toughness and it is calculated
using eqn. 3 [15]:

c 3/2

P
K

c
=

β (3)

The value of β = 7 for Vicker’s indenter, c is known as
crack length and it is measured from the midpoint of the
indentation mark to the tip of crack.

The tensile strength of the crystal (T) and yield point (Y)
was calculated using the following relations [16]:

Tensile strength (T) = 0.2 Hv + 6 (4)

Yield point (Y) = 0.23 Hv – 13.5 (5)

The mechanical parameters such as K1, K2, Hv, Kc, Bi, σv

and C11 obtained for grown crystal are given in Table-4.
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TABLE-4 
CALCULATED HARDNESS  

PARAMETERS OF GA5NU CRYSTAL 

Parameters Values 
n 2.14 

K1 (kg mm-1) 0.0535 
K2 (kg mm-1) 1.146 
Hv (kg m m-2) 102.278 
Kc (MN m-3/2) 0.3134 

Bi (m
-1/2) 31.104 

C11 × 1014 Pa 61.796 
σv (M Pa) 72.458 

Tensile strength T (M Pa) 116.24 
Yield point Y (M Pa) 18.72 

 
Thermal analysis: TG-DTA thermogram was carried out

in nitrogen atmosphere and recorded at a heating rate of 20
ºC/min. There was a sharp weight loss at 240 ºC, which is
attributed to the decomposition of grown crystal (Fig. 7). Below
the onset of decomposition, no significant weight loss was
observed hence the crystal is completely free from physically
adsorbed water. DTA trace indicates an intense sharp endo-
thermic, covering the temperature range 240 to 260 ºC and it
is interesting to note the absence of any exotherm/endotherm
process occured below > 240 ºC. From thermal analysis, it
was also observed that decomposition occurs in successive
steps but the process of disintegration is very slow process
[17,18]. Hence, the grown material is capable for NLO appli-
cations upto 240 ºC.
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Fig. 7. TG/DTA curve of the GA5NU crystal

SHG analysis: GA5NU frequency doubling efficacy was
determined using Kurtz and Perry powder technique. The
sample was irradiated to Q-switched Nd:YAG laser of wave-
length 1064 nm, 10 ns pulse width. SHG signal emitted at 532
nm was separated from the fundamental frequency by using
IR separator. From the detectors coupled to read output energy,
the peak intensity was observed to be 2.97 times higher than
that of urea. The SHG efficacy of grown crystal is in compar-
ison with other reported crystals (Table-5).
Conclusion

The gallic acid 5-nitrouracilate crystals (GA5NU) single
crystal was synthesized using slow evaporation solution growth
method. The SXRD analysis substantiates the grown crystal
belongs to monoclinic crystal system with space group P21/m.
The presence of various functional groups present in the host
material was affirmed by FTIR analysis. From Vicker’s micro-
hardness study, the mechanical strength of the grown crystal
was determined and exhibits a reverse indentation size effect.
From thermal analysis, it was evident that the grown material
is capable for NLO applications upto 240 ºC. The SHG efficacy
is 2.97 times higher than standard KDP.
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