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Abstract 

In order to calculate the energy gap, molecular dipole moment, polarizability, and 

first hyperpolarizability of glycine–sodium nitrate (Na(NO3).C2H5NO2), a series of basis 

sets including polarized and diffuse functions have been employed at the framework of: 

Hartree–Fock, Density Functional Theory, and Möller–Plesset Perturbation Theory 

methods. Geometry optimization was carried out with DFT-B3LYP 6-311++G(d,p). The 

geometrical differences between the optimized molecule and the molecule in solid 

phase were attributed to intramolecular and intermolecular forces that are present in 

solid phase. In addition, the results have revealed that hydrogen bonds not only play an 

important role determining the crystal structure of glycine–sodium nitrate but also 

decreasing its energy gap. Further, it was confirmed that glycine–sodium nitrate has 

absolute value of dipole moment which is mainly caused by both the glycine dipolar 

character and the molecular geometry. Likewise, the calculations gave non-zero values 

of polarizability and first hyperpolarizability which are related to the linear and nonlinear 

responses, respectively.  

Introduction  

In order to allow the second harmonic generation (SHG) process, the materials 

must possess an absolute value of the susceptibility (X(2)) which is a bulk property and 

generally is associated with non-centrosymmetric crystalline structures. From a 
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microscopic point of view, the description of the bulk property (X(2)) is analogous to the 

molecular response named first hyperpolarizability (β). 

It is common that some organic molecules own absolute b values. What is more, 

some of these molecules tend to crystallize in non-centrosymmetric crystalline 

structures; therefore efficient SHG process is achieved in these materials. As a result, 

photonic technologies have created an interest not only for the traditional inorganic 

materials but also organic materials for nonlinear optical (NLO) applications. 

Materials based on aminoacids have already proved to achieve SHG when they 

were irradiated by a Nd:YAG laser source (λ~ 1064 nm) [1–5]. For example, some 

molecular crystals based on glycine have showed this phenomenon [6–10]. In 

particular, glycine–sodium nitrate (GSN) showed efficient SHG [6]. Besides, from ab-

initio calculations some of its physical and chemical properties were determined [11–

13]. 

Ab-initio calculations are excellent alternative methods in the design of NLO 

molecules and help to predict some properties of the new materials, such as molecular 

dipole moments, polarizabilities, and hyperpolarizabilities [14–18]. However, in order to 

obtain reasonable NLO properties it is necessary to use a sequence of basis sets and, 

at a given level of theory the convergence can be achieved. Nevertheless, the basis 

sets which the convergence could be achieved are generally large. On the other hand, 

the Möller–Plesset (MP2) methods are desirable for this purpose [19–20] but they are 

more computationally expensive. Consequently, NLO calculations have great 

computational cost due to the large basis sets employed plus the MP2 methods. 
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On the basis depicted above, a sequence of diffuse and correlation consistent 

polarized valence basis sets were employed with the aim of calculate the energy gap, 

dipole moment, polarizability and first hyperpolarizability of GSN at Hartree–Fock (HF), 

Density Functional Theory (DFT) and MP2 methods. 

Computational details  

Calculations were carried out using Gaussian 03W [21] package of programs. 

Gaussian 03W has already proved to be an important tool predicting molecular 

structures, spectroscopic properties, and molecular origins of NLO properties [22–26]. 

The single GSN molecule consists of a glycine molecule, a nitrate group and a 

sodium atom (Fig. 1). Its atomic positions, selected bonds and angles were taken from 

literature [27]. The optimization was completed by the Becke–Lee–Yang–Parr hybrid 

exchange-correlation three-parameter functional (B3LYP) [28] and 6-311++G(d,p) basis 

set.  

 

Results and discussion  

Geometry optimization  
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The optimized molecular geometry (Fig. 1) represents an isolated molecule under 

ideal conditions with a stationary point at the potential energy surface; the convergence 

was confirmed by observing no imaginary vibrational wavenumbers. Table 1 shows the 

selected bond lengths and angles for GSN molecular unit in solid phase along with the 

B3LYP/6-311++G(d,p) optimized molecule.  

According to B3LYP/6-311++G(d,p) calculations, the glycine molecule exists in 

dipolar form. Besides, in the optimized molecule the glycine unit is close to the 

geometry in solid phase (Table 1) 

 

except for the C–H and N–H bonds which are overestimated by DFT calculations. 

The bond length differences are in the interval from 0.005 to 0.033 Å and the angle 

differences are from 1.98° to 7.23°. In the case of nitrate group the calculated geometry 

is also close to the geometry in solid phase with bond differences from 0.011 to 0.057 Å 

as well as its angles very close to 120°. 
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Furthermore, direct comparison between the molecular geometry obtained in this 

work from ab-initio calculations and the molecular geometry reported in solid phase [27], 

evidences that hydrogen bonds play an important role determining the molecular 

structure of GSN in solid phase. Since they distort the molecular geometry mainly due 

to interactions between molecules and for this reason GSN reaches an optimum three-

dimensional arrangement. 

Energy gap  

In general the energy gap values obtained from HF and MP2 methods are close 

between each other (Table 2). The HF convergence was achieved at the minimum 

value of 0.41583 a.u. calculated with aug-cc-pVQZ basis set (Fig. 2). Likewise, it is clear 

from Fig. 2 that MP2 curve shows the same tendency. Consequently one should expect 

that the convergence could be achieved with the aug-cc-pVQZ basis set. In the case of 

DFT method, the computed values were approximately 45% lower than those calculated 

from HF and MP2 methods. 

It is known that hydrogen-bonded molecular crystals commonly have lower 

energy gap than an isolated molecule in gas phase. The latest is because hydrogen 

bond interactions between the charged species tend to decrease the energy gap [32]. 

For this reason, in this work a greater HOMO–LUMO energy gap of GSN isolate 

molecule was calculated. This observation is supported by the energy gap measured 

experimentally [11].  

Optical activity  
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At molecular level, the response of an isolate molecule to an electric field can be 

quantified by the dipole moment (µi):  

 

where the term µi(0)  represents the static dipole moment, α is the polarizability and β is 

the first hyperpolarizability. 

Clearly Table 2 shows that GSN molecule owns non-zero values of dipole 

moment which depict accurately its molecular characteristics, particularly the glycine 

dipolar character. The results displayed in Table 2 are also presented in Fig. 3. By 

observing the Fig. 3, it is noticed that the increase of the basis sets size tends to 

achieve the convergence and therefore to obtain reliable values of dipole moment. For 

example, at HF is clear that the convergence has been achieved since aug-cc-pVTZ 

and aug-cc-pVQZ basis sets gave the same value of dipole moment (6.5661 Debye). 

Besides, the values obtained from HF are only 8% and 7% larger than those obtained 

from DFT and MP2, respectively, with the advantage of less computational cost. 

Polarizability is described by a second rank tensor, but its average value (αTotal) 

can be obtained by considering only the diagonal elements as follows: 

 

The calculated α values are showed in Table 2 and Fig. 4. In general, the 

tendency is as follows; the more diffuse and polarization functions are considered, the 

larger is the value of α. In the HF scheme the values obtained are in the interval from 

50.9769 to 66.3325 a.u. Further, the convergence was achieved with aug-ccpVQZ basis 
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set, because the value obtained with aug-cc-pVQZ is only 0.18 % larger than that 

obtained with aug-cc-pVTZ basis set. On the other hand, the values obtained from HF 

diverge from 1.2% to 7.2% in relation to those obtained from MP2, and they are 12.87% 

smaller than those obtained from DFT. 

 

 

Therefore, the results suggested that at any level of theory, the aug-cc-pVQZ 

basis set most likely calculates the expected experimental value. The first 

hyperpolarizability is represented by a third rank tensor. The 27 components of the 3D 
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matrix can be reduced into 10 components according to Kleinman symmetry [33]. The 

Gaussian 03W output file provides the main ten components (βXXX, βxxy, βxyy, βyyy, βxxz, 

βxyz, βyyz, βxzz, βyzz, βzzz). can be defined in terms of the x, y, z components as [34]:  

 

where the components can be calculated as follows: 

 

 

The computed values (Table 2 and Fig. 5) show that GSN have an absolute β value. 

This feature is responsible for the second order nonlinear optical properties as SHG; 

therefore the values suggested the possibility of technological applications of GSN. 

By observing the Fig. 5 it is clear that the computed values were quite affected by 

the level of theory. The values obtained from DFT are 50% larger than those obtained 
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from HF and the values obtained from MP2 are extremely larger than those obtained 

from HF and DFT.  

On the other hand, the Fig. 5 shows clearly that at HF and DFT methods the 

convergence could be achieved with aug-cc-pVQZ basis sets. Unfortunately, 

experimental values for the first hyperpolarizability have not been reported in literature, 

therefore it is difficult to conclude which level of theory computes reliable values of β.  

 

Conclusions 

The implementation of HF, B3LYP and MP2 methods were used to analyze 

optical properties of GSN. The geometry obtained from ab-initio calculations suggested 

that hydrogen bonds play an important role determining the molecular structure of GSN 

in solid phase as well as tend to decrease its energy gap. Besides, it was observed that 

the energy gap can be calculated with HF level of theory with the same accuracy and 

lesser computational cost than MP2 method. Further, dipole moment, polarizability, and 
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first hyperpolarizability values showed that GSN can respond to an external electric field 

and allow efficient SHG. Finally, ab-initio calculations proved to be a useful tool to 

analyze the molecular structure and the optical properties of the new materials. 
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