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Abstract—The Density functional theory is one of the most
promising methodologies in fast and accurate calculations of electrical
and optical properties from the atomic basis. In this paper, we calculate
the electrical and optical properties of allylamine (2-propen 1- amine) in
terms of accuracy and speed of calculations obtained by selection of the
DFT-1/2 method with ultrasoft Vanderbilt pseudopotentials. The
comparison of density of states between the molecule and the bulk
configuration shows great agreement between them, therefore we
calculated the refractive index which showed even better agreement
with experimental data.

Density functional theory (DFT) [1] is an attractive tool
for predicting materials properties and comparing that
data with experimental results. It achieves satisfactory
agreement to the various experiments, which brings this
method as one of most interesting in the scientific
community. DFT is also is cost effective and enables to
calculate larger and more complex structures over the last
period. It is popular for being quantum scale simulation
method revealing the electronic properties of
semiconducting materials. In principle, DFT describes the
Pauli phenomena in the multi-electron system by
approximating exchange-correlation potentials. Overall,
the most actual approach engages General Gradient
Approximation (GGA) with density functional described
by Perdew, Burke, and Ernzerhof (PBE) [2]. The Linear
Combination of Atomic Orbitals (LCAO) [3] technique
with exchange and correlation within Kohn-Sham DFT
formalism was here particularly used. The GGA with
PBE density functional were jointly utilized to acquire
relaxed structure of allylamine. For electrical and optical
properties we use GGA-1/2 with PBE method in order to
obtain self-correction of DFT self-interaction error.

This method defines atomic self-energy potential in a way
that cancels electron-hole self-interaction energy. It has
been found to greatly improve bandgaps for a wide range
of semiconductors and isolators [4]. We have also used
Optimized Norm-Conserving Vanderbilt (SG15) pseudo-
potentials [5].

The absorption of allylamine causes only minimal changes
in the bonds and geometrical structures of atomic clusters,
therefore provide sites for the covalent immobilization of
graft polymers and biomolecules on chemically inert
surfaces [6-7]. One of the most important properties is
that the number of absorbed allylamine molecules to the
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surface can affect the optical spectrum [8]. Therefore, it
gives an enhancement of sensitivity in long-period fiber
gratings [9]. The characteristic of surface terminated with
an adsorbed allylamine molecule can be adjusted and
therefore results in controlling the optical properties of the
material. In general, amine enhances absorbance and
fluorescence. Another interesting property is hydrophilic
and therefore can be used to produce useful for solution
phase sequential reactions with various aldehydes and
carboxylic acids. These properties make allylamine an
important material in fabricating hybrid devices and
sensors.

Our experiments with the allylamine structure are a base
point for future calculations of the electro-optical
properties of a thin film of organic material on a BDD
structure. The results of the dispersion calculations of
pristine allylamine indicate that the presented method may
be used in the design process of materials for electro-
optical identification [10].

An allylamine structure was created using a 3D molecule
builder in software Atomistic Toolkit 2018.6 [11] from
Synopsys.
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Fig. 1. 3D molecule visualization of an allylamine molecule after
optimization of forces with an L-BFGS algorithm. Between two right
carbon atoms we can observe a shorter bond which is the representation
of a double bond.
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Relaxation of an allylamine molecule and surface slab
were done with a limited memory Broyden—Fletcher—
Goldfarb—Shanno (BFGS) algorithm [12].

The structure has been optimized with a forces tolerance
level below 0.01eV/A. Figure 1 illustrates the allylamine
molecule in a 3D ball and stick representation.

The mesh cutoff energy was set to 370 Rydberg and the k-
point sampling was Monkhorst—Pack grid with x, y, z (16,
20, 30). The boundary conditions were periodic in all
directions and the Poisson solver was a fast Fourier
solver. The tolerances in total band energy and the
hamiltonian matrix elements were set to 10%eV. The
vacuum buffer of 10A surrounding the allylamine
molecule model was used to prevent interaction between
molecules due to periodic boundary conditions. The
structure with periodic boundary conditions was used in
computation because the properties such as refractive
index, extinction coefficient, absorption cannot be
calculated using molecule configuration in Atomistic
Toolkit 2018.6 [11] from Synopsys. For calculations, we
use SG15 pseudopotentials [5].

The Density of States (DOS) calculation for the
allylamine is presented in Fig. 2, where we can observe
the comparison of two DOS plots computed for the
molecular configuration and the bulk configuration of
allylamine.
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Fig. 2. The density of states for allylamine in a) molecule configuration
(green) and b) bulk configuration with 10A spacing (blue).

The key point during this selection was to obtain
maximum accuracy with chosen methods, which is
possible if we take into account more atomic shells [13]
but do not exceed the moment when the computational
cost increases rapidly without any significant change in
accuracy. Figure 3 presents selected pseudopotentials for
each calculated basic element.

The first calculation performed for a pure allylamine
model was the density of states calculation. It is widely
known that optical properties of matter depend on its
electron structure. If we want to receive well-converged
data about the optical properties of a material, we must
know that we have the right model of its electron

http://www.photonics.pl/PLP

structure. The precision of the calculation of electron
properties indicates the precision of optical properties.
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Fig. 3. Basis sets visualization for a) nitrogen, b) hydrogen, c) carbon.
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Fig. 4. Refractive index for 3 basic geometrical directions X, Y, Z.

Relying on the DFT calculation of electron structure,
optical properties were calculated. In Fig. 4, we see the
plot of refraction index vs. wavelength. We can see that
the character of dispersion is normal. The change in the
reflection index and absorption index is still normal in a
wavelength range from 300nm over 1000nm. Refractive
index values show good agreement with the experimental
values of n=1.37 [7]. As we can see in Fig. 4, the
refractive index is dependent on molecule direction
therefore the result may be different because it should be
taken into account that a medium refractive index from
different  directions should give an efficient
approximation.

DFT calculations provide a powerful tool to predict
material properties accurately. The results presented in
this paper show that we can use the LCAO DFT with a
periodic boundary condition approach to organic
molecules and obtain a physical result. Moreover, it is
possible, due to a careful choice of pseudopotential, to
achieve optical parameters such as the refractive index
with precision similar to that of the B3LYP method [14].
The importance of this information comes from the fact
that the usage of B3LYP is far more resources consuming
than LCAO DFT GGA and enables to study much bigger
molecules and systems. In the context of the obtained
results, it is possible to think about calculating the electro-
optical properties for allylamine adsorbed to a
semiconductor surface.
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