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INTRODUCTION

Evolution of non-linear optical crystals has marked remark-
able achievements in the optics fields. Organic or inorganic
single crystals play an essential responsibility in optical device
fabrication required to the multifaceted property such as high
non-linear efficiency, architectural flexibility, good mechanical
strength, rapid response and easiness of fabrication [1]. In
general, extensive investigation going on organic NLO materials
for the reason of their high non-linear optical coefficients, large
hyperpolarizability, large optical non-linearity [2], easy to
prepare, low production cost [3] and rapid electro-optic response
compared to inorganic counterparts [4]. Organic molecules that
include cationic and anionic spices with the classical hydrogen
bonding interactions have high non-linearity and exhibit non-
linear optical properties. Guanidine is widely embedded in a
range of spectrum-wide supramolecular recognition processes
such as in organic, chemistry, medicine with special interest
encouraged by their potential non-linear optics applications
[5].
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Guanidine, a cation of Lewis base with six potential donor
sites which may readily be protonated by organic and inorganic
acids. As a resonance stabilized cation, assorted structures
could have prevailed from the choice of anchoring anions and
thereby tunable to a spectrum of applications such as opto-
electronic materials, biological, medicinal, energy harvesting,
etc. guanidinium architecture family include guanidinium
L-tartrate monohydrate [6], guanidinium 4-aminobenzoate [7],
guanidinium 4-nitrobenzoate [8], guanidinium L-glutamate
[9], guanidinium cinnamate [10], guanidinium propionate [11],
guanidinium 4-nitrophenolate [12] and guanidinium perchlorate
[13] in the literature. In the trail of this article, an attempt has
been performed for developing an amino-rich material intrin-
sically more hydrogen bonds with possible π-interactions. The
molecular orbital, population, hyperpolarizability values were
calculated and discussed.

COMPUTATIONAL METHODS

Quantum chemical calculations is performed from the
crystallographic data with HF and DFT/B3LYP with 6-311++G
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(d,p) levels using GAUSSIAN 09W software package [14].
For quantum chemical studies, the input of crystallographic
information file (CIF) is available with the CCDC deposition
(CCDC No.: 1205934). Initially, the HF analysis, adopting
the 6-311++G(d,p) basis set were carried out and then the DFT
using the Becke-3-Lee-Yang-Parr (B3LYP) supplemented with
the standard 6-311++G(d,p) basis set. The optimized geome-
trical parameters were compared with experimental data [15-18].
Analysis of Frontier molecular orbital (FMO) is another appr-
oach to studying the transfer of molecular charge. Gauss View 05
[19] was used to visualize the optimized structure, molecular
electrostatic potential surface (MEP), FMO of the compound.
NLO parameters have also been calculated.

RESULTS AND DISCUSSION

Molecular structure analysis: Guanidinium molecule is
occupied with eight units of the ionic pairs in the unit cell in
the monoclinic crystal system [20]. The optimized structure
of guanidinium nitrate is shown in Fig. 1. The optimized C–N

bond length varies from 1.309 to 1.353 Å and 1.309 to 1.372 Å
in HF and DFT methods, respectively. These optimized bond
distances are different from that of XRD due to the fact that the
theoretical prediction was done for the molecule in the gaseous
phase, whereas the experimental results were carried out in the
solid crystalline state. Because of methyl group positional dis-
order, the C–C single bond distance varies slightly from the
reported value. The nitrate moiety and the planar guanidinium
moiety are oriented at an angle of 84.7(2)º to each other. The
optimized geometrical parameters is presented in Table-1.

Mulliken charge analysis: Population analysis has an
important part in the molecular system since atomic charges
affect dipole moment, polarizability and electronic structure.
The atomic charge distribution of guanidinium nitrate is shown
in Fig. 2 and the Mulliken charge values are given in Table-2.
The charge distribution of guanidinium nitrate shows that the
nitrogen N8 atom (-0.708 e in HF and -0.529 e in DFT) has
higher electronegativity than other atoms because the carbon
atom is attached with two electropositive hydrogen atom (H9

(a) (b)

Fig. 1. Optimized structure of guanidinium nitrate (a) DFT and (b) HF levels

TABLE-1 
IMPORTANT OPTIMIZED GEOMETRICAL PARAMETERS OF GuN 

Bond length (Å) HF DFT Bond angle (°) HF DFT Torsional angle (°) HF DFT 
C(1)–N(2) 1.345 1.3617 N(2)–C(1)–N(5) 119.94 120.59 N(5)–C(1)–N(2)–H(3) 11.03 6.25 
C(1)–N(5) 1.312 1.3242 N(2)–C(1)–N(8) 119.92 119.85 N(5)–C(1)–N(2)–H(4) 168.06 159.00 
C(1)–N(8) 1.312 1.3261 N(5)–C(1)–N(8) 120.14 119.55 N(8)–C(1)–N(2)–H(3) -169.68 -174.83 
N(2)–H(3) 0.993 1.0067 C(1)–N(2)–H(3) 119.73 119.43 N(8)–C(1)–N(2)–H(4) -12.65 -22.08 
N(2)–H(4) 0.993 1.0071 C(1)–N(2)–H(4) 119.71 119.03 N(2)–C(1)–N(5)–H(6) 2.20 -6.84 
N(5)–H(6) 0.992 1.0064 H(3)–N(2)–H(4) 116.66 116.02 N(2)–C(1)–N(5)–H(7) 174.48 169.83 
N(5)–H(7) 1.023 1.0598 C(1)–N(5)–H(6) 120.44 120.57 N(8)–C(1)–N(5)–H(6) -177.09 174.23 
O(12)···H(7) 1.713 1.6069 C(1)–N(5)–H(7) 119.93 119.41 N(8)–C(1)–N(5)–H(7) -4.81 -9.10 
N(8)–H(9) 1.023 1.0568 H(6)–N(5)–H(7) 119.18 119.94 N(2)–C(1)–N(8)–H(9) -178.21 178.74 
N(8)–H(10) 0.992 1.0065 C(1)–N(8)–H(9) 120.06 119.21 N(2)–C(1)–N(8)–H(10) -1.72 -10.60 
O(13)···H(9) 1.711 1.62 C(1)–N(8)–H(10) 120.53 120.17 N(5)–C(1)–N(8)–H(9) 1.08 -2.33 
N(11)–O(12) 1.237 1.2775 H(9)–N(8)–H(10) 119.32 119.96 N(5)–C(1)–N(8)–H(10) 177.57 168.34 
N(11)–O(13) 1.237 1.2762 N(8)–H(9)···O(13) 177.01 176.72 C(1)–N(5)···O(12)–N(11) 10.72 25.58 
N(11)–O(14) 1.186 1.219 O(12)–N(11)–O(13) 118.11 118.40 H(6)–N(5)···O(12)–N(11) -178.07 -159.61 

   O(12)–N(11)–O(14) 120.95 120.75 C(1)–N(8)–H(9)···O(13) -19.81 -45.94 
   O(13)–N(11)–O(14) 120.94 120.85 H(10)–N(8)–H(9)···O(13) 163.66 143.37 
   H(7)···O(12)–N(11) 123.45 120.76 N(8)–H(9)···O(13)–N(11) 27.38 67.96 
   H(9)···O(13)–N(11) 123.30 121.25 O(13)–N(11)–O(12)···H(7) -3.99 -9.43 
      O(14)–N(11)–O(12)···H(7) 176.01 170.56 
      O(12)–N(11)–O(13)···H(9) -3.62 -9.40 
      O(14)–N(11)–O(13)···H(9) 176.38 170.62 
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Fig. 2. Atomic charges of guanidinium nitrate

TABLE-2 
ATOMIC CHARGES FOR OPTIMIZED GUANIDINIUM NITRATE 

Atoms HF DFT Atoms HF DFT 
C(1) 0.580 0.266 N(8) -0.708 -0.529 
N(2) -0.463 -0.346 H(9) 0.506 0.420 
H(3) 0.284 0.260 H(10) 0.305 0.268 
H(4) 0.279 0.257 N(11) -0.101 -0.358 
N(5) -0.688 -0.503 O(12) -0.323 -0.181 
H(6) 0.302 0.265 O(13) -0.319 -0.180 
H(7) 0.497 0.418 O(14) -0.152 -0.059 

 
& H10). The elongation of C–N bond distance due to the pro-
tonation is repeated due to electronegative repulsion between
C1 and N8 atoms. This confirms the presence of N–H···O
(N(8)–H(9)···O(13) intermolecular hydrogen bond in the mole-
cular structure. In general, carbon atom attached with electro-
negative, the charge of carbon atom changes from negative to
positive, which indicates that the delocalization of charge essen-
tially stand up through carbon atoms.

All hydrogen atoms are found to be positive in nature. In
addition, the two hydrogen atoms H9 (0.506 e and 0.420 e for
HF and B3LYP methods, respectively) and H7 (0.497 e and
0.418 e for HF and B3LYP methods, respectively) have higher
positive charge than the other hydrogen atoms. It is due to the
fact that two hydrogen atoms are situated between a donor N
atom of the cation and an acceptor O atom in the anion. Hence,
it makes the N–H···O hydrogen bonds to form a dimeric ring
motif in the solid crystalline state.

HOMO-LUMO analysis: Conjugated π-electrons in many
organic molecules are characterized as hyperpolarizability
examined by means of electronic spectroscopy, vibrational
spectroscopy and quantum mechanical calculation [21]. The
FMOs analysis is such as highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO).
Chemical hardness, chemical potential and electro negativity
information of guanidinium nitrate is given by these orbitals.
HOMO and LUMO energies are calculated by HF/B3LYP
methods with 6–311++G(d, p) basis set. Energy level diagram
of molecular orbits of guanidinium nitrate is shown in Fig. 3.

∆E = 10.974 eV
(HF)

∆E = 4.891 eV
(DFT)

Fig. 3. Molecular energy diagram of guanidinium nitrate by (a) HF and
(b) B3LYP levels

The energy difference between HOMO and LUMO anal-
ysis is called as band-gap, which is an important parameter to
indicate the structure stability. The HOMO-LUMO analysis
has also been used to elucidate the charge transfer phenomena
within the molecule. The chemical hardness (η), electron affinity
(A), electro-negativity (χ), electrophilicity index (ω), global
softness (ν) and chemical potential (l) have been calculated
using the HOMO and LUMO. The obtained energy values of
HOMO and LUMO for the compound are -0.399 a.u and 0.003
a.u in HF level, -0.236 a.u and -0.0564 a.u in DFT level. The
calculated energy gap value is 10.974/4.891 eV in HF/B3LYP
methods, respectively. The calculated molecular properties of
the title compound such as chemical hardness (0.201/0.089),
electron affinity (-0.003/0.056), electronegativity (0.198/0.146),
electrophilicity index (0.097/0.119), global softness (4.964/
11.137) and chemical potential (0.399/0.236) HF/B3LYP
methods, respectively. The calculated molecular orbital prop-
erty of mical potential is given in Table-3. These results show
that the molecule has good stability, high chemical potential,
small energy gap and connected with the existence of charge
transfer within the molecule and high chemical reactivity.

TABLE-3 
CALCULATED ENERGY VALUES OF GUANIDINIUM NITRATE 

Molecular properties HF DFT 
HOMO -0.399 -0.236 
LUMO 0.003 -0.056 
∆(EHOMO-ELUMO) (a.u) 0.403 0.1796 
∆(EHOMO-ELUMO) eV 10.974 4.892 
Ionization potential (I) 0.399 0.236 
Electron affinity (A) -0.003 0.056 
Global hardness (η) 0.201 0.090 
Global softness (ν) 4.965 11.137 
Electro negativity (χ) 0.198 0.146 
Chemical potential (?) -0.198 -0.146 
Global electrophilicity (ω) 0.097 0.119 

 
Molecular electrostatic potential (MEP) surface analy-

sis: In general, MEP is mostly used to identify the reactive
behaviour of a molecule, in that negative regions should be
observed as nucleophilic centers, whereas the positive sections
are potential electrophilic sites. Molecular electrostatic potential
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surface was investigated at HF/B3LYP with 6-311++G(d,p)
methods. MEP surface images for positive and negative sites
are shown in Fig. 4. The differences of the electrostatic potential
at the surface are represented by different colours and the
potential decreases in the order blue > green > orange > red.
In the MEP surface, the region with red colour is regarded as
most electronegative (electrophilic) region and the region with
blue colour is most positive region, where as the bluish green
colour bounded by the ring system of guanidinium nitrate is
related to less positive region. The MEP map of guanidinium
nitrate evidently recommends that the N and O atoms agree to
the most negative (-ve) potential region. From this study,
hydrogen atoms are the maximum influence of positive charges.

Electronic spectra analysis: The origin of electronic spec-
trum of the compound has been computed using TD-DFT
method. Time-dependent density functional theory on the elec-
tronic spectrum of organic materials are usually carried out
by separate calculations on the ground state and each excited
state. In general, π-conjugated system are meant a molecule
with a backbone in which a series of carbon atoms or hetero-
atoms are formed each carrying an π-atomic orbital [22,23].
The planar of molecular system, there occurs a strict difference
between π-orbitals and σ orbitals (symmetric). Computed
electronic spectra of guanidinium nitrate are given in Fig. 5.

The main features of the conjugated molecules is the inter-
connection between electronic and molecular structures. While
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Fig. 5. Computed electronic spectrum of guanidinium nitrate

the values vary due to the various calculations and parameters
active, most of the observations dispatch the weak peak at
5.92 eV to the in-plane polarized π→π* transition and the
band at 6.247 eV to the out-of-plane π→π* transition. The
TD-DFT computation for the interest complexes predicts
strong electronic transitions located at 198 nm (Table-4). Fig. 5
shows the S0 to S1 transition of the compound located near the
200 nm. It is also noted that the simulated absorption spectra
of the title compound exhibited maxima attributed to the π→π*
(HOMO-LUMO) transitions in the range 180-320 nm [24].
Finally, the compounds under investigation could be used as
optoelectronic material with intense wide absorption spectra.

TABLE-4 
MAIN TRANSITION STATES, ENERGY GAP AND  

OSCILLATOR STRENGTH FOR THE TITLE COMPOUND 

Electronic 
transitions 

Energy gap 
(eV) λmax (nm) 

Oscillator 
strength (f) 

S0→S1 6.247 198.48 0.0209 

S0→S2 5.920 209.43 0.0745 

 
Non-linear optical responses: Many different challenges

and issues identified in the determination of NLO properties
with high accuracy. In the novel NLO materials, computational
techniques are identified as a valuable method by finite-field
approach. Density functional theory has been used to investi-
gate the NLO properties of materials, computationally with
quantum calculations and at the forefront of recent research,
due to its importance in providing the main functions of optical
parametric oscillators, optical limiting and data storage. NLO
parameters such as dipole moment (µ), polarizability (α), first-
order hyperpolarizability (β) and second-order hyperpolari-
zability (γ) values were found by using these calculated com-
ponents in the following formulas [25-27] and presented in
Table-5.

Dipole moment (µ) = (µx
2 + µy

2 + µz
2)1/2 (1)

Polarizability (α) = 
1

3
(αxx + αyy + αzz) (2)

First-order hyperpolarizability (β) = [(βxxx + βxyy +
βxzz)2 + (βyyy + βyzz + βyxx)2 + (βzzz + βzxx + βzyy)2]1/2    (3)

(a) (b)

Fig. 4. MEP surface of guanidinium nitrate by (a) HF and (b) B3LYP levels
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Second-order hyperpolarizability (γ) =

1

5
(γxxxx + γyyyy + γzzzz + 2 γxxyy + 2 γzzyy + 2 γzzxx)    (4)

In general, the experimental method provides the infor-
mation of second harmonic generation in terms of molecular
level polarizability. For this reason, the second-order hyper-
polarizability calculation was attempted and calculated value
in the optimized structure is 82.613 × 10-36 esu, which is nearly
17 times greater than the standard urea (4.728 × 10-36 esu). Based
on these results suggests that the title molecule may have non-
linear optical application as a third harmonic generator [28].
Also, the large value of second-order hyperpolarizability is
highly responsible for the higher non-linear optical efficiency.
The larger value of hyperpolarizability and lower value of HOMO-
LUMO band gap indicates the suitability of guanidinium nitrate
for optoelectronic applications.

Conclusion

The structural parameters of the guanidinium nitrate were
optimized at HF/DFT with B3LYP/6-311++G(d,p) levels.
Computationally obtained calculated parameters are in good
agreement with experimental values. The low energy gap value
from molecular orbital study assists the charge delocalization
in the molecule, which makes the material to be NLO active.
The Mulliken charge analysis confirms the charge distribution
occurs between the molecules. Molecular electrostatic potential
gives the visual demonstration of the chemical reactivity of
the atoms. The time dependent-density functional theory calcu-
lation for the attention complexes forecasts strong electronic
transitions located at 198 nm. It is also noted that the simulated
absorption spectra of the title compound exhibited maxima
attributed to the π→π* transitions in the range 180-320 nm.
The nitrate salt of guanidine revealed better NLO property
and are much 17 times greater than that of standard urea. These
results showed that the guanidinium nitrate is a good candidate
for the optoelectronic device applications.
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TABLE-5 
NON-LINEAR OPTICAL PARAMETERS OF GUANIDINIUM NITRATE CALCULATED BY DFT/B3LYP METHOD 

Parameter a.u esu (× 10–24) Parameter a.u esu (× 10–33) Parameter a.u esu (× 10–36) 

?x 17.130 – βxxx -178.979 -1582 γxxxx 1393.265 206.482 
?y -0.647 – βxxy -1.598 -14.125 γxxyy 255.482 37.862 
?z 0.405 – βxyy -34.591 -305.75 γyyyy 206.613 30.620 
M 17.147 – βyyy -2.217 -19.596 γyyzz 50.271 7.450 
αxx -45.063 -6.678 βxxz -4.785 -42.295 γxxzz 264.216 39.1567 
αxy -2.417 -0.358 βxyz -1.685 -14.894 γzzzz 47.426 7.028 
αyy -43.122 -6.390 βyyz 1.438 12.710 γ 557.448 82.613 
αxz 0.834 0.124 βxzz 3.973 35.117    
αyz 0.845 0.125 βyzz -0.553 -4.885    
αzz -48.049 -7.120 βzzz -0.018 -0.159    
A -45.411 -6.729 β0 35.725 315.773    

∆α 6.342 0.939       
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