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Abstract: The structural and molecular orbital analysis of 4-Styryltriphenylamine blue dopant molecule by using quantum chemical
calculations have been carried out with density functional theory (DFT) and united with AIM theory. The basis sets of HF, B3LYP and
B3PW91 methods were used to the geometrical parameters, bond topological analysis and electrostatic transport properties of the
molecules are studied. The characterized of the molecule have been analyzed to charge density and energy density. The variation of
atomic charges of the molecule has been compared to different optimized basis sets. The HOMO-LUMO gap of the molecule are
calculated from different basis sets. These calculated values have been compared with the density of states spectrum (DOS). The ESP is
depleted absolutely about the N-atoms and the charge accumulated of the molecule. The appreciative of the blue dopant 4-
Styryltriphenylamine moleculeis very useful for further a design of high efficiency, low cost and stability of OLEDs.
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1. Introduction

Organic Light Emitting Diodes (OLEDs) are emerging as a
fore-front in organic optoelectronics research methods [1-3].
It was focused on the first observed the OLED device by use
of a two layered organic thin film. Further reported a three
layered device, in which a host layer is sandwiched by
whole transport and electron transport layers. In addition,
they reported a two layered system; in which one layer have
roles of host and other layers of electron transport properties
of the OLEDs materials [4, 5]. Finally, the result of these
research studies in a reduction in operating voltage and
improvements in efficiency. High mobility of organic
electron transport materials are success of organic light
emitting diode molecules. A considerable number of small
molecules with electron motilities (ue) of up to 10 to 10
cm? V' s have been reported as electron transport layers
(ETLs) in OLEDs [6-8]. All the possible applications of
organic devices, white organic light-emitting diodes
(WOLEDs) have received considerable interest due to their
potential for replacing conventional lighting sources for
display backlighting and solid-state lighting [9, 10]. In the
particularly WOLEDs have promising properties like
improved high power efficiency, high colour temperature,
homogenous large area emission, low operating voltage and
simple fabrication process [11-16].

Recently, the triphenylamine OLED molecule is a non-basic
function. These derivatives have very useful properties in
electrical conductivity and electroluminescence of the
molecules. The electroluminescence of a material emits light
in response to the passage of an electric current or to a
strong electric field. It is used in OLEDs as hole-transporters
of these derivatives [17]. Figurel.depicts the chemical
structure of 4-Styryltriphenylamine molecule is trust to be
an excellent electrostatic and transport material of organic
light emitting blue dopant molecule. It is used as the electron
charge carrier increased to the quantum efficiency of
electron [18]. The main purpose of this research article is

focus on the present theoretical investigation, the
computational details, structural aspects, electron density
and charge density, atomic charges, AIM charges, molecular
orbital analysis and molecular electrostatic potential of the4-
Styryltriphenylamine OLED molecule have been studied.
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Figure 1: Chemical structure of 4-
Styryltriphenylaminemolecule

2. Computational Details

The 4-Styryltriphenylamine OLED molecule has been
carried out with density functional theory (DFT) with the
different basis sets HF, B3LYP and B3PW91 by using
Gaussian09 program [19-21]. All optimized geometry
(Figure 2) was performed via Berny algorithm in redundant
internal co-ordinates. The threshold convergence for
maximum force, root mean square (RMS) force, maximum
displacement and root mean square (RMS) displacement are
0.00045, 0.0003, 0.001 and 0.0012 au respectively. The self-
consistency of non-interactive wave function was performed
with a requested convergence on the density matrix of 10
and 10°® for the RMS and maximum density matrix error
between the iterations [22]. By using Bader’s theory of
““‘Atoms in Molecules’” (AlIM) the bond topological and the
electrostatic properties have been calculated from the
EXT94b routine incorporated to the AIMPAC software [23].
To produce the deformation density and Laplacian of
electron density maps are calculated from the wfn2plots and
XD package [24]. The isosurface of positive and negative
regions of the molecule has been plotted with Gview [25]
programme. The GaussSum program has been used to
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determine the density of states (DOS) of the 4-
Styryltriphenylamine molecule for different optimized
methods [26].

H@
Figure 2.0ptimized geometry of 4-Styryltriphenylamine
molecule

3. Results and Discussion

3.1. Structural aspects

The OLED of 4-Styryltriphenylamine molecule is in
excellent agreement with theoretical parameters.Recently, a
several computational methods coupled withHF, B3LYP and
B3PW91 have been used to analyze the geometrical
parameters, electronic structure and the molecular orbitals of
OLEDs molecules. The bond distance estimate the HF/6-
311G **methods are found to be continues smaller than the
other two methods [B3LYP/6-311G**and B3PW91/6-
311G**] respectively. This 4-Styryltriphenylaminemolecule
has four aromatic rings, one methyl group and the N atom is
added through this optimized geometry structure. Figure
3.shows the OLED molecule has been optimized by
different basis sets.
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Figure 3: Optimized geometry of 4-Styryltriphenylamine molecule at HF, B3LYP and B3PW91 levels.

A very interesting one of the present study of these OLED
molecules, the aromatic ring-1 in the C—C bond lengthsof the
molecule are calculated form HF methods are vary from
~1.382A to 1.395A. And, these bond distance are modified
from ring-1l are variation from ~1.379 A to 1.394 A
Similarly, the aromatic rings (I1l and IV) of the C—C bond
distances are found to be almost equal (1.383 A to 1.390 A).
For B3LYP/6-311G** methodsof all C-C bonds are
increases from 1.384 A to 1.407 A. Finally, the aromatic
rings of the C—C bond distance of these optimized methods
B3PW91/6-311G** are varied from (~1.382 Ato 1.405 A).
The maximum observed variation for all C—C bond is 0.028
A (Table-1).

The ring connector of the4-Styryltriphenylamine is varying
from ~1.327A to 1.478 A for all the optimized basis sets.
The maximum observed variation is ~0.151 A. The N—-C
bond distance of the molecule is slightly modified from

(~1.414 A t01.417 A) for HF methods. Notably, the N—C
bonds of the molecule are increases form (~1.410 A to 1.423
A) compared with other two methods (B3LYP and
B3PW91).However, the C—H bondlengths of the molecule
range are ~1.074 A to 1.087 A and almost remain same for
all the basis set levels. The maximum observed value is
~0.013 A. In the attractive study of bond angles of these
research studies, the bond angles of N-C—C bonds of the
molecule are vary from120.4° to 121° by calculated form HF
methods. By using another two methods (B3LYP and
B3PW91) these bonds are slightly modified from ~120.4° to
~121.1° respectively. Similarly, the C—N—C bonds of the
molecule are calculated from ~119.9° to ~120.1° in the HF
methods. However, these bonds are slightly altered from
~119.6° to ~120.4° compared with other two methods.
Table-2 shows that the selected bond angles of the 4-
Styryltriphenylaminemolecules are presented and compared
with different optimized methods.
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Table 1: Bond lengths of the 4-Styryltriphenylamine molecule at HF, B3LYP and B3PW91 levels

Paper ID: SR23824153410

Bonds HF/ B3LYP/ B3PW91/
6-311G** 6-311G** 6-311G**
Ring-1
C(1)-C(2 1.386 1.396 1.39%4
C (2)-C (3) 1.382 1.388 1.386
C (3)-C (4) 1.395 1.407 1.405
C (4)-C (5) 1.392 1.406 1.403
C (5)-C (6) 1.384 1.391 1.389
C (6)-C (1) 1.383 1.392 1.390
Ring Connector
C (4)-C (7) 1.478 1.465 1.461
C (7)-C(8) 1.327 1.346 1.346
C (8)-C(9) 1.476 1.461 1.457
Ring-11
C (9)-C (10) 1.390 1.405 1.403
C (10)-C (11) 1.383 1.387 1.385
C (11)-C (12) 1.388 1.401 1.399
C (12)-C (13) 1.393 1.406 1.403
C (13)-C (14) 1.379 1.384 1.382
C (14)-C (9) 1.394 1.408 1.405
N-C Bonds
N (1)-C (12) 1.414 1.416 1.410
N (1)-C (15) 1.417 1.423 1.416
N (1)-C (21) 1.417 1.422 1.416
Ring-111
C (15)-C (16) 1.390 1.401 1.399
C (15)-C (20) 1.390 1.401 1.399
C (16)-C (17) 1.383 1.391 1.389
C (17)-C (18) 1.385 1.394 1.392
C (18)-C (19) 1.384 1.394 1.392
C (19)-C (20) 1.384 1.391 1.389
Ring-1V
C (21)-C (26) 1.390 1.402 1.399
C (21)-C (22) 1.390 1.402 1.399
C (22)-C (23) 1.383 1.391 1.389
C (23)-C (24) 1.385 1.394 1.392
C (24)-C (25) 1.384 1.394 1.392
C (25)-C (26) 1.384 1.391 1.389
C-H Bonds
C(1)-HQ® 1.075 1.084 1.085
C(2)-H (2 1.076 1.085 1.085
C(3)-H () 1.074 1.084 1.085
C(5)-H () 1.076 1.085 1.086
C (6)-H (6) 1.076 1.084 1.085
C(M)-H®@ 1.077 1.087 1.088
C (8)-H (8) 1.077 1.087 1.088
C (10)-H (10) 1.076 1.085 1.086
C (11)-H (11) 1.074 1.083 1.084
C (13)-H (13) 1.074 1.083 1.084
C (14)-H (14) 1.075 1.084 1.085
C (16)-H (16) 1.074 1.083 1.084
C (17)-H (17) 1.076 1.084 1.085
C (19)-H (19) 1.076 1.084 1.085
C (20)-H (20) 1.074 1.084 1.085
C (18)-H (18) 1.075 1.083 1.084
C (22)-H (22) 1.074 1.083 1.084
C (23)-H (23) 1.076 1.084 1.085
C (24)-H (24) 1.075 1.084 1.085
C (25)-H (25) 1.076 1.084 1.085
C (26)-H (26) 1.074 1.083 1.084
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Table 2: Bond angles (°) the 4-Styryltriphenylamine molecule at HF, B3LYP and B3PW91 levels

Bonds HF/6-311G** B3LYP/6-311G** B3PW91/6-311G**

N (1)-C (12)-C (11) 121.0 121.0 121.1
N (1)-C (12)-C (13) 120.6 120.8 120.6
N (1)-C (15)-C (16) 120.4 120.5 120.6
N (1)-C (15)-C (20) 120.6 1205 120.4
N (1)-C (21)-C (22) 120.4 120.4 120.4
N (1)-C (21)-C (26) 120.6 120.6 120.5
C (12)-N (1)-C (15) 120.1 120.1 119.6
C (12)-N (1)-C (21) 120.0 120.4 120.0
C (15)-N (1)-C (21) 119.9 119.6 120.4

3.2 Electron Density and Charge Density Methods Deformation density

”

The most important role of the organic light emitting diodes

of  4-Styryltriphenylamine  molecule is plotted in

deformation density maps as shown in Figure 4. (a)-(c). The HF/6-

bond critical point having the Eigen values are calculated at 311G**

a point (3, -1). The bond topological parameters, electron

density, Laplacian of electron density, bond ellipticity and

eigen value for all the bonds have been calculated from

Table-3.The HF methods represent the high electron density

(ring-1) at bond critical points of the C—C bond distance of

the molecule are 2.204 eA®to 2.160 eA® The second

optimized method B3LYP of the molecule, the C—C bonds B3LYP/ 6-

are slightly decreases from 2.106 eA™ to 2.040 eA™. The 311G**

final optimized methods of the B3PW9L1 basis set, the C—C

bond distances are decreases from 2.105 eA™ to 2.042eA>.

The maximum observed variations in the ring-I for all C—-C

bonds are ~0.164 eA* Similarly, the aromatic ring-11 of the

4-Styryltriphenylamine molecule of C-C bonds for HF

methods are slightly varied from 2.209 eA™ to 2.182 eA®.

Both methods of the C—C bonds are increases from 2.115 | B3PW91/6-

eA” t0 2.038 eA*for B3LYP and B3PW91 respectively. The 311G**

maximum observed variation for all C—C bonds are ~0.171

eA and compared with ring-1 of the molecule. The aromatic Fig. (©

ring connectors of the molecule are differently changed.
These changes are (~1.945 eA™ to ~1.886 eA?) for all
optimized methods. Finally, the aromatic ring-111 and ring-
IV of the C—C bonds of the molecule are varied from
(~2.196eA%t0 ~2.069 eA®). The maximum observed
variation for all C—C bonds are ~0.127eA™ respectively. The
C—H bonds of high electron density at BCP of the molecule
are difference from ~1.988 eA® to ~1.883 eA? for all the
methods. Further, this study of 4-Styryltriphenylamine
molecule; the BCP was located almost equally distant from
each atom in every C—C bonds and also for N—C bonds.

In the present computational study, interesting deals with the
Laplacian of the electron density give some idea about the
nature of the bonds. The values of the Laplacian will show
whether the bond is concentrated or depleted. The Laplacian
of electron density was calculated and tabulated (Table-3).
From this study, the N—C bonds of the molecule (negative
value) are varying from-18.85 eA™to -18.49 eA™for all the
optimized methods. Apart from these bonds, the C—C bond
distances of the Laplacian of charge density are around (-
25.03 eAto -16.65 eA ). Whereas, the C—H bond distance
of the 4-Styryltriphenylamine molecule are increasing from-
26.59 eA®to -22.81 eA”are found to be unequal.Figure.5
(a)- (c) represents the Laplacian of electron density of 4-
Styryltriphenylamine molecule at HF, B3LYP and B3PW91
optimized methods.

Figure 4 (a)-(c) Shows the deformation density maps of 4-
Styryltriphenylamine molecule at HF, B3LYP and B3PW91
level. The positive contours (solid lines) and negative
contours (dotted lines) and zero contours (dashed lines) are
drawn at +£0.05 eA® intervals.

Methods

Laplacian of electron density

‘(m

HF/6-311G**

B3LYP/6-
311G**
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B3PW91/
6-311G**

Fig. ()

Figure 5. (a)-(c).The Laplacian of electron density of 4-
Styryltriphenylamine molecule at HF, B3LYP and B3PW91
methods. The contours are drawn in logarithmic scale,
3.0x2VeA™.

The electron density distribution at the bond critical points
of molecules can be calculated from the bond ellipticity ().
In generally, the bond ellipticity has been defined as,
measuring the anisotropy of the electron distribution at rp. It

is measure that the density is preferentially accumulated in a
given plane containing the both plane. It is expressed as, & =
(A1 / 2)—1. Where, A, and &, are the negative eigen value of
Hessian matrix [27, 28]. The positive value indicates
contraction of electron density. Thus, € is a measure of the
character of the bonding up to the limit of the double bond
for which the ellipticity reaches a maximum on going from a
double to a triple bond, the trend is reversed and the
ellipticity decreases with increasing bond order. The mean
value of C—C bonds slightly increases from 0.09 to 0.42 for
all methods. The average values of N—C bonds are found to
be small and around 0.06 to 0.10. Similarly, the C—H bonds
of the molecule are modified around 0.023 for all the
methods. The bond ellipticity (g) values are calculated from
Table-3.

Table 3: Bond topological properties of 4-Styryltriphenylamine molecule at HF, B3LYP and B3PW91 methods

Bonds PscP (r)a ?ZPBCP (r)b g )yld )\.zd )\.3d d1 dz D
Ring-1
C(1)-C(2) 2.189 -24.841 0.228 -16.782 -13.667 5.608 0.691 0.695 1.386
2.080 -20.709 0.195 -15.533 -13.000 7.824 0.697 0.699 1.396
2.079 -20.696 0.195 -15.352 -12.843 7.500 0.696 0.698 1.394
C (2)-C (3) 2.204 -25.022 0.244 -16.934 -13.613 5.526 0.690 0.691 1.382
2.106 -21.070 0.214 -15.781 -12.995 7.707 0.694 0.695 1.388
2.105 -21.036 0.215 -15.589 -12.829 7.383 0.692 0.694 1.386
C (3)-C (4) 2.160 -24.157 0.227 -16.484 -13.438 5.764 0.691 | 0704 | 1.395
2.040 -19.894 0.186 -15.125 -12.756 7.986 0.700 0.707 1.407
2.042 -19.946 0.187 -14.985 -12.630 7.669 0.706 0.699 1.405
C (4)-C (5) 2.177 -24.466 0.236 -16.691 -13.504 5.728 0.692 0.700 1.392
2.053 -20.140 0.196 -15.312 -12.807 7.979 0.700 0.705 1.406
2.054 -20.170 0.196 -15.160 -12.672 7.662 0.699 0.704 1.403
C (5)-C (6) 2.196 -24.911 0.236 -16.850 -13.635 5.574 0.691 0.693 1.384
2.098 -20.980 0.206 -15.708 -13.026 7.754 0.695 0.696 1.391
2.097 -20.967 0.207 -15.528 -12.868 7.429 0.693 0.695 1.389
C (6)-C (1) 2.201 -25.034 0.235 -16.903 -13.684 5.554 0.690 0.694 1.383
2.093 -20.921 0.202 -15.663 -13.034 1.776 0.695 0.697 1.392
2.092 -20.900 0.202 -15.477 -12.875 7.452 0.696 0.694 1.390
Ring Connector
C (4)-C(7) 1.876 -19.510 0.088 -13.629 -12.529 6.648 0.741 0.737 1.478
1.835 -16.646 0.105 -13.159 -11.912 8.424 0.734 0.731 1.465
1.843 -16.813 0.105 -13.096 -11.847 8.130 0.732 0.729 1.461
C(7)-C(8) 2.400 -28.043 0.420 -19.035 -13.402 4.393 0.661 0.666 1.327
2.258 -23.500 0.310 -17.303 -13.206 7.008 0.672 0.675 1.346
2.252 -23.339 0.312 -17.043 -12.991 6.695 0.671 0.674 1.346
C (8)-C (9) 1.879 -19.551 0.093 -13.669 -12.507 6.626 0.739 0.737 1.476
1.844 -16.792 0.110 -13.250 -11.937 8.395 0.730 0.731 1.461
1.851 -16.936 0.111 -13.177 -11.859 8.100 0.728 0.729 1.457
Ring-I1
C (9)-C (10) 2.182 -24.563 0.240 -16.754 -13.508 5.699 0.698 0.692 1.390
2.054 -20.148 0.197 -15.319 -12.799 7.969 0.701 0.704 1.405
2.054 -20.165 0.198 -15.160 -12.657 7.653 0.700 0.703 1.403
C (10)-C (11) 2.195 -24.812 0.244 -16.821 -13.523 5.531 0.693 0.690 1.383
2.105 -21.020 0.219 -15.761 -12.930 7.671 0.693 0.695 1.387
2.103 -20.972 0.220 -15.563 -12.755 7.346 0.692 0.694 1.385
C (11)-C (12) 2.199 -24.982 0.271 -17.114 -13.466 5.598 0.668 | 0.720 | 1.388
2.070 -20.400 0.227 -15.602 -12.720 7.922 0.682 0.720 1.402
2.069 -20.405 0.226 -15.428 -12.582 7.606 0.719 0.681 1.400
C (12)-C (13) 2.182 -24.709 0.259 -16.945 -13.455 5.691 0.722 0.672 1.393
2.054 -20.155 0.218 -15.453 -12.686 7.984 0.685 0.721 1.406
2.056 -20.202 0.217 -15.301 -12.567 7.666 0.684 0.720 1.404
C (13)-C (14) 2.209 -25.029 0.255 -16.967 -13.520 5.457 0.690 0.689 1.379
2.114 -21.131 0.227 -15.844 -12.909 7.621 0.690 0.694 1.384
2.115 -21.123 0.229 -15.664 -12.749 7.289 0.689 0.693 1.382
C (14)-C (9) 2.160 -24.172 0.227 -16.494 -13.443 5.765 0.696 0.698 1.394
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2.038 -19.877 0.186 -15.116 -12.748 7.987 0.703 | 0.704 | 1.408
2.039 -19.905 0.186 -14.964 -12.614 7.674 0.703 | 0.702 | 1.405
N-C Bonds

N (1)-C (15) 1.933 -18.493 0.066 -13.990 -13.123 8.620 0.931 | 0486 | 1.417
1.886 -18.568 0.093 -13.542 -12.387 7.361 0.874 | 0550 | 1.423

1.905 -18.710 0.091 -13.486 -12.362 7.139 0.880 | 0536 | 1.416

N (1)-C (12) 1.945 -18.516 0.063 -14.091 -13.256 8.831 0485 | 0929 | 1.414
1.910 -18.788 0.102 -13.739 -12.468 7.419 0543 | 0.873 | 1.416

1.927 -18.847 0.098 -13.666 -12.451 7.270 0531 | 0.879 | 1.409

N (1)-C (21) 1.934 -18.492 0.066 -13.998 -13.137 8.644 0.486 | 0931 | 1.417
1.889 -18.586 0.095 -13.566 -12.389 7.368 0.874 | 0548 | 1.422

1.905 -18.727 0.091 -13.489 -12.367 7.129 0537 | 0.879 | 1.416

Ring-111

C (15)-C (16) 2.190 -24.808 0.269 -17.033 -13.421 5.647 0.721 | 0.670 | 1.391
2.071 -20.397 0.230 -15.628 -12.706 7.937 0.718 | 0.684 | 1.402

2.069 -20.393 0.229 -15.442 -12.568 7.617 0.718 | 0.682 | 1.400

C (15)-C (20) 2.192 -24.829 0.270 -17.044 -13.422 5.637 0721 | 0.670 | 1.391
2.072 -20.414 0.230 -15.636 -12.711 7.934 0.718 | 0.684 | 1.402

2.071 -20.421 0.229 -15.456 -12.577 7.612 0.718 | 0.681 | 1.400

C (16)-C (17) 2.194 -24.814 0.242 -16.815 -13.538 5.539 0.693 | 0691 | 1.383
2.092 -20.810 0.211 -15.630 -12.905 7.724 0.698 | 0693 | 1.391

2.091 -20.774 0.213 -15.440 -12.731 7.397 0.697 | 0.692 | 1.389

C (17)-C (18) 2.194 -24.888 0.235 -16.829 -13.630 5.571 0.699 | 0.686 | 1.385
2.086 -20.783 0.202 -15.595 -12.977 7.789 0.700 [ 0694 | 1.394

2.085 -20.759 0.203 -15.409 -12.814 7.464 0.699 | 0693 | 1.392

C (18)-C (19) 2.196 -24.917 0.236 -16.848 -13.633 5.564 0.698 | 0686 | 1.384
2.087 -20.795 0.202 -15.603 -12.979 7.786 0.700 | 0.694 | 1.394

2.086 -20.777 0.203 -15.420 -12.818 7.461 0.699 | 0.692 | 1.392

C (19)-C (20) 2.193 -24.785 0.241 -16.795 -13.536 5.547 0.693 | 0691 | 1.384
2.091 -20.797 0.211 -15.621 -12.904 7.728 0.698 | 0693 | 1.391

2.091 -20.780 0.212 -15.440 -12.739 7.398 0.697 | 0692 | 1.389

Ring-1V

C (21)-C (22) 2.190 -24.814 0.269 -17.031 -13.424 5.642 0.721 | 0.670 | 1.391
2.070 -20.387 0.229 -15.614 -12.706 7.933 0719 | 0683 | 1.402

2.071 -20.423 0.229 -15.460 -12.580 7.617 0.718 | 0682 | 1.400

C (21)-C (26) 2.190 -24.802 0.269 -17.028 -13.413 5.639 0.669 | 0721 | 1.391
2.069 -20.362 0.229 -15.603 -12.693 7.934 0.683 | 0.719 | 1.402

2.070 -20.402 0.229 -15.450 -12.570 7.618 0.682 | 0.718 | 1.400

C (22)-C (23) 2.194 -24.811 0.242 -16.813 -13.538 5.540 0.693 | 0691 | 1.383
2.092 -20.807 0.212 -15.630 -12.901 7.724 0.698 | 0693 | 1.391

2.091 -20.787 0.212 -15.444 -12.741 7.397 0.692 | 0.697 | 1.389

C (23)-C (24) 2.194 -24.895 0.235 -16.834 -13.630 5.569 0.686 | 0.699 | 1.385
2.086 -20.785 0.202 -15.597 -12.975 7.788 0.694 | 0.700 | 1.394

2.085 -20.759 0.203 -15.409 -12.814 7.465 0.693 | 0699 | 1.392

C (24)-C (25) 2.195 -24.912 0.236 -16.844 -13.632 5.564 0.699 | 0686 | 1.384
2.086 -20.789 0.202 -15.600 -12.976 7.786 0.700 | 0.694 | 1.394

2.086 -20.773 0.203 -15.417 -12.818 7.462 0.699 | 0.693 | 1.392

C (25)-C (26) 2.193 -24.785 0.241 -16.798 -13.533 5.545 0.691 | 0693 | 1.384
2.091 -20.788 0.212 -15.620 -12.893 7.725 0.698 | 0693 | 1.391

2.091 -20.779 0.212 -15.439 -12.739 7.399 0.692 | 0697 | 1.389

C-H Bonds

C(1)-H(@Q) 1.979 -26.412 0.020 -18.537 -18.182 10.307 | 0379 | 0.680 | 1.059
1.901 -23.312 0.019 -18.006 -17.674 12368 | 0378 | 0.692 | 1.069

1.896 -23.207 0.018 -17.822 -17.507 12122 | 0376 | 0.694 | 1.070

C (2)-H (2 1.980 -26.458 0.017 -18.544 -18.228 10314 | 0379 | 0680 | 1.059
1.901 -23.331 0.017 -17.998 -17.704 12371 | 0378 | 0.692 | 1.070

1.896 -23.228 0.016 -17.816 -17.536 12125 | 0695 | 0376 | 1.071

C(3)-H@) 1.985 -26.507 0.020 -18.584 -18.212 10290 | 0679 | 0379 | 1.058
1.904 -23.308 0.018 -17.982 -17.657 12.332 | 0.691 | 0379 | 1.069

1.897 -23.177 0.018 -17.784 -17.476 12.083 | 0.693 | 0.377 | 1.070

C (5)-H (5) 1.975 -26.283 0.020 -18.429 -18.059 10.206 | 0.679 | 0.380 | 1.060
1.896 -23.136 0.019 -17.884 -17.544 12292 | 0692 | 0379 | 1071

1.889 -23.019 0.019 -17.696 -17.370 12.046 | 0377 | 0694 | 1.071

C (6)-H (6) 1.980 -26.458 0.017 -18.546 -18.231 10.318 | 0379 | 0.680 | 1.059
1.901 -23.326 0.017 -17.996 -17.701 12371 | 0378 | 0.692 | 1.070

1.895 -23.223 0.016 -17.814 -17.534 12124 | 0376 | 0.695 | 1.070

C (7)-H (7) 1.973 -26.171 0.021 -18.364 -17.978 10170 | 0382 | 0679 | 1.061
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1.891 22,935 | 0.020 -17.757 -17.414 12236 | 0692 | 0381 | 1.073
1.883 22.807 | 0.019 -17.567 -17.234 11.993 | 0.379 | 0694 | 1.073

C (8)-H (8) 1.976 26241 | 0.019 -18.395 -18.051 10.205 | 0.680 | 0.381 | 1.061
1.892 22987 | 0017 -17.778 17473 12265 | 0381 | 0692 | 1.073

1.884 22851 | 0017 -17.584 -17.288 12021 | 0695 | 0379 | 1.074

C (10)-H (10) 1.978 26374 | 0018 -18.483 -18.161 10270 | 0.379 | 0680 | 1.060
1.898 23193 | 0018 -17.924 -17.607 12.338 | 0.378 | 0692 | 1.071

1.891 23076 | 0.017 -17.737 -17.433 12.093 | 0.695 | 0376 | 1.071

C (11)-H (11) 1.986 26518 | 0.022 -18.736 -18.330 10548 | 0.374 | 0683 | 1.058
1.908 23417 | 0.021 -18.182 -17.810 12575 | 0.694 | 0374 | 1.068

1.900 23283 | 0.020 -17.991 -17.636 12345 | 0697 | 0372 | 1.069

C (13)-H (13) 1.987 26529 | 0.022 -18.741 -18.339 10551 | 0.683 | 0.375 | 1.058
1.909 23440 | 0.020 -18.196 -17.832 12587 | 0.694 | 0.374 | 1.068

1.901 23298 | 0.020 -17.999 -17.652 12354 | 0372 | 0697 | 1.069

C (14)-H (14) 1.988 26594 | 0.018 -18.637 -18.315 10357 | 0.680 | 0.378 | 1.058
1.905 23360 | 0.017 -18.026 -17.724 12390 | 0378 | 0692 | 1.069

1.898 23243 | 0.016 -17.836 -17.549 12142 | 0.376 | 0694 | 1.070

C (16)-H (16) 1.985 26485 | 0.022 -18.712 -18.306 10533 | 0.375 | 0683 | 1.058
1.907 23411 | 0.020 -18.177 -17.816 12583 | 0.374 | 0694 | 1.069

1.899 23270 | 0.020 -17.983 -17.635 12.348 | 0.372 | 0697 | 1.069

C (17)-H (17) 1.081 26500 | 0.016 -18.581 -18.283 10.364 | 0.681 | 0378 | 1.059
1.903 23366 | 0.017 -18.041 -17.746 12421 | 0.693 | 0377 | 1.070

1.897 23258 | 0.016 -17.855 -17.574 12171 | 0695 | 0375 | 1.070

C (18)-H (18) 1.977 26343 | 0.022 -18512 -18.105 10273 | 0.680 | 0.379 | 1.059
1.901 23292 | 0.021 -18.009 -17.645 12.362 | 0.692 | 0.378 | 1.069

1.895 23176 | 0.020 -17.818 -17.466 12108 | 0.694 | 0376 | 1.070

C (19)-H (19) 1.081 26502 | 0.016 -18.583 -18.284 10.365 | 0.681 | 0378 | 1.059
1.903 23366 | 0.017 -18.040 -17.745 12419 | 0.693 | 0377 | 1.070

1.897 23258 | 0.016 -17.853 17574 12169 | 0.695 | 0375 | 1.070

C (20)-H (20) 1.985 26497 | 0.022 -18.722 -18.316 10541 | 0.375 | 0683 | 1.058
1.907 23412 | 0.020 18177 -17.816 12581 | 0.374 | 0694 | 1.068

1.900 23278 | 0.020 -17.988 -17.639 12350 | 0.372 | 0697 | 1.069

C (22)-H (22) 1.985 26490 | 0.022 -18.717 -18.310 10537 | 0.683 | 0375 | 1.058
1.907 23407 | 0.021 -18.176 -17.809 12578 | 0.694 | 0374 | 1.068

1.899 23273 | 0.020 -17.982 -17.637 12347 | 0.697 | 0372 | 1.069

C (23)-H (23) 1.981 26503 | 0.016 -18.582 -18.285 10.364 | 0681 | 0378 | 1.059
1.903 23363 | 0.017 -18.036 -17.743 12415 | 0693 | 0377 | 1.070

1.897 23261 | 0016 -17.856 17577 12172 | 0695 | 0375 | 1.070

C (24)-H (24) 1.977 26340 | 0.023 -18.510 -18.101 10271 | 0.379 | 0679 | 1.059
1.901 23283 | 0.021 -18.003 -17.635 12.355 | 0.692 | 0.378 | 1.069

1.895 23181 | 0.020 -17.822 17472 12112 | 0.376 | 0694 | 1.070

C (25)-H (25) 1.981 26,502 | 0.016 -18.582 -18.284 10.365 | 0.378 | 0681 | 1.059
1.903 23364 | 0017 -18.038 -17.744 12418 | 0377 | 0693 | 1.070

1.897 23262 | 0.016 -17.858 17578 12175 | 0.375 | 0695 | 1.070

C (26)-H (26) 1.985 26490 | 0.022 -18.719 -18.310 10538 | 0.375 | 0683 | 1.058
1.908 23411 | 0.021 -18.180 -17.813 12583 | 0.374 | 0694 | 1.068

1.899 23273 | 0.020 -17.986 -17.640 12354 | 0372 | 0697 | 1.069

*Electron density (eA”)

® Laplacian of Electron density (eA™)

“Bond ellipticity

? Hessian eigen values (eA®) and d;, d, are the distances in
ﬁ between critical point and respective atoms of the bond in
1% line indicates to HF method

2" line indicates to B3LYP method

3"line indicates to B3PW91 method

3.3 Atomic Charges

The effective atomic charges play an interesting role in the
application of quantum chemical calculation. In the
polarization effects and the electrostatic interactions of the
atomic charges or partial atomic charges of the molecules
analyse in the chemical reactions [29, 30].The electrostatic
interactions accurately calculated to the atomic charges of

some different methods such as Mulliken Population
Analysis (MPA), Natural Population Analysis (NPA) and
Atoms in Molecules (AlIM) charges have been analysed. The
AIM charges of the4-Styryltriphenylamine molecule of all
C-atoms almost found to be positive value increases from
0.010 e to 0.450 e for HF methods. Similarly, another two
optimized methods of all C-atoms are almost negative value.
These C-atom values are increases from -0.030 e to 0.350 e
respectively. Especially, the N-atoms are almost negative
value. These values are varied from-1.130 e to -1.580 e for
all the optimized (HF, B3LYP and B3PW91) methods. The
maximum observed variation for these atoms are ~0.45 e.
The differences of AIM charges distribution for all methods
are presented in Table-4. The calculated values of the MPA
charges of all C-atoms vary from -0.031 e to 0.2 e by using
HF methods. When the applied B3LYP and B3PW91
methods the variation of C-atoms are increases from -0.060
e to 0.137 e. The maximum observed variation in all C-
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atoms are 0.17 e in all methods. Similarly, the N-atoms
remain almost negative value. The variations in all
optimized methods are-0.678 e to -0.498 e. The maximum
observed in the N-atoms are ~0.18e. The another calculated
methods of the NPA atomic charges of the 4-
Styryltriphenylamine molecule of all C-atoms are found to
be positive and negative values; these values are increased

from -0.231 e to 0.207 e for all basis sets. The maximum
observed variations in all C-atoms are around 0.24 e. The N-
atoms in the all optimized basis sets method are found to be
unequal (-0.468 e to -0.576 e). The maximum observed
variation in N-atoms are ~0.108 e. Table-5 shows that the
MPA and NPA charges for the HF, B3LYP and B3PW91
methods of the molecule.

Table 4: AIM charge of 4-Styryltriphenylamine molecule

HF/ o B3PW91/
Atoms 6-311G** B3LYP/6-311G 6-311G**
C-Atoms
co) 0.020 -0.020 -0.030
C (2 0.020 -0.010 -0.020
C(3) 0.020 -0.020 -0.030
C (4) 0.000 0.010 0.000
C (5) 0.010 -0.020 -0.030
C(6) 0.020 -0.010 -0.020
c 0.020 -0.010 -0.030
C(8 0.010 -0.010 -0.020
C(9) 0.010 0.010 0.000
C (10) 0.010 -0.010 -0.020
C(11) 0.030 -0.010 -0.030
C(12) 0.450 0.340 0.350
C(13) 0.030 -0.010 -0.020
C (14) 0.020 -0.010 -0.020
N-Atom -1.580 -1.130 -1.170
N (1) ) ' )
C-Atoms
C (15) 0.450 0.330 0.340
C (16) 0.030 -0.020 -0.030
c(17) 0.020 -0.010 -0.020
C (18) 0.020 -0.020 -0.030
C(19) 0.020 -0.010 -0.020
C (20) 0.030 -0.010 -0.030
C(21) 0.450 0.330 0.340
C (22) 0.030 -0.020 -0.030
C (23) 0.020 -0.010 -0.020
C (24) 0.020 -0.020 -0.030
C (25) 0.020 -0.010 -0.020
C (26) 0.030 -0.020 -0.030
H-Atoms -0.010 0.020 0.030
H (1) . . .
H () -0.010 0.010 0.030
H (3) -0.020 0.010 0.020
H (5) -0.020 0.010 0.020
H (6) -0.010 0.020 0.030
H (7) -0.020 0.000 0.010
H (8) -0.020 0.000 0.010
H (10) -0.010 0.010 0.020
H (11) 0.010 0.030 0.040
H (13) 0.010 0.030 0.040
H (14) -0.010 0.010 0.020
H (16) 0.000 0.030 0.040
H (17) -0.010 0.020 0.030
H (18) -0.010 0.020 0.030
H (19) -0.010 0.020 0.030
H (20) 0.010 0.030 0.040
H (22) 0.010 0.030 0.040
H (23) -0.010 0.020 0.030
H (24) -0.010 0.020 0.030
H (25) -0.010 0.020 0.030
H (26) 0.010 0.030 0.040
Table 5: MPA, NPA charge of 4-Styryltriphenylamine molecule
Atoms | | MPA | | | NPA |
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HF B3LYP B3PW91 HF B3LYP B3PW91
C-Atoms
c@1 -0.105 -0.087 -0.096 -0.190 -0.201 -0.206
C(®2 -0.077 -0.093 -0.104 -0.172 -0.191 -0.196
C(3) -0.105 -0.060 -0.062 -0.179 -0.185 -0.189
C(4) -0.031 -0.062 -0.081 -0.053 -0.061 -0.065
C(5) -0.105 -0.079 -0.087 -0.176 -0.183 -0.187
C (6) -0.079 -0.092 -0.103 -0.174 -0.195 -0.200
c -0.075 -0.076 -0.086 -0.167 -0.182 -0.187
C(8) -0.067 -0.070 -0.078 -0.152 -0.171 -0.176
C(9) -0.050 -0.062 -0.081 -0.084 -0.081 -0.085
C (10) -0.078 -0.077 -0.084 -0.148 -0.166 -0.170
C(11) -0.098 -0.090 -0.100 -0.214 -0.225 -0.231
C(12) 0.200 0.137 0.136 0.207 0.172 0.169
C (13) -0.086 -0.086 -0.095 -0.208 -0.219 -0.224
C (14) -0.078 -0.057 -0.059 -0.151 -0.168 -0.172
N-Atom
N (1) -0.678 -0.498 -0.532 -0.576 -0.476 -0.468
C-Atoms
C (15) 0.187 0.096 0.098 0.203 0.165 0.162
C (16) -0.108 -0.077 -0.090 -0.216 -0.222 -0.229
c@17) -0.072 -0.091 -0.101 -0.162 -0.187 -0.191
C (18) -0.112 -0.093 -0.103 -0.209 -0.214 -0.220
C(19) -0.072 0.107 -0.102 -0.162 0.166 -0.191
C (20) -0.111 -0.091 -0.092 -0.217 -0.187 -0.229
C(21) 0.190 -0.079 0.091 0.204 -0.222 0.161
C (22) -0.109 -0.082 -0.088 -0.217 -0.223 -0.228
C (23) -0.072 -0.092 -0.101 -0.162 -0.186 -0.191
C(24) -0.112 -0.094 -0.103 -0.209 -0.216 -0.220
C (25) -0.072 -0.091 -0.100 -0.162 -0.186 -0.191
C (26) -0.113 -0.084 -0.090 -0.219 -0.224 -0.229
H-Atoms
H (1) 0.097 0.093 0.103 0.186 0.200 0.205
H(2) 0.097 0.092 0.102 0.185 0.200 0.205
H (3) 0.094 0.087 0.099 0.185 0.196 0.202
H (5) 0.088 0.083 0.094 0.184 0.197 0.202
H (6) 0.097 0.092 0.103 0.185 0.201 0.205
H (7) 0.095 0.085 0.101 0.175 0.187 0.192
H (8) 0.094 0.086 0.101 0.175 0.187 0.193
H (10) 0.089 0.084 0.095 0.185 0.199 0.205
H (11) 0.109 0.110 0.127 0.201 0.216 0.223
H (13) 0.109 0.111 0.127 0.201 0.215 0.222
H (14) 0.095 0.089 0.100 0.187 0.199 0.205
H (16) 0.108 0.110 0.127 0.200 0.215 0.222
H (17) 0.100 0.096 0.107 0.186 0.202 0.207
H (18) 0.096 0.093 0.104 0.187 0.201 0.206
H (19) 0.100 0.096 0.106 0.186 0.202 0.207
H (20) 0.109 0.109 0.127 0.200 0.215 0.221
H (22) 0.109 0.110 0.126 0.200 0.215 0.221
H (23) 0.099 0.096 0.107 0.186 0.202 0.207
H (24) 0.096 0.093 0.104 0.187 0.201 0.206
H (25) 0.100 0.096 0.107 0.186 0.202 0.207
H (26) 0.109 0.111 0.128 0.200 0.215 0.222
4. Molecular Orbital Energies B3LYP and B3PW91 methods represented

The performance of HOMO and LUMO levels of the
molecules are very important for OLEDs molecules, it’s
associated with a high chemical reactivity. The charge
carrier injection ability can be evaluated by the energy levels
of HOMO and LUMO. In addition, the frontier molecular
orbitals (FMQOs) provide a reasonable qualitative prediction
on the excitation properties. Thus, the calculated HOMO-
LUMO levels are in good agreement with the different basis
methods [31-33]. The Molecular Orbital energy level
diagrams of4-Styryltriphenylamine molecule for HF,

Figure.6.The HOMO and LUMO levels energies of 4-
Styryltriphenylamine molecule are 9.23 eV to 3.47 eV
respectively (Table-6). This calculated value also compared
with the density of states spectrum (DOS). Figure?. (a)- (c)
shows the density of states spectrum  of4-
Styryltriphenylamine molecule with different optimized
levels. Significantly, the hybridization of the molecular
lower level broadens the DOS peaks. The molecules are
almost electron conductivity of the HLG may facilitate a
large conduction through the molecule [34].
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HF

B3LYP

BIPWOL

Table 6: Frontier of molecular orbital energies of

20,
4-Styryltriphenylamine molecule.
15
Methods HOMO LUMO HLG (eV)
10 HF -7.05 2.18 9.23
B3LYP 5.07 1.60 3.47
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Figure 6: Shows the MO energy level diagrams of 4-
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Figure 7 (a)-(c) Shows the density of states (DOS) for 4-
Styryltriphenylamine molecule at HF, B3LYP and B3PW91
methods. The green line indicates HOMO and the blue line

indicates LUMO levels.

Potential (ESP) obtained from different optimized level (HF,
B3LYP and B3PW91). Both negative (red) and positive
(blue) regions of this property are plotted at+0.5 eA™ iso
surface values. The negative ESP is concentrated entirely
around the N-atoms, whereas in the rest of the positive ESP
regions at low level [35-37]. From these studies, the H-
atoms indicate the strongest attraction and the C and N
atoms indicates the strongest repulsion. The electrostatic
potential also calculated to the polarization of electron
correlation and the charge transfer to the4-
Styryltriphenylamine OLEDs molecule.

Methods Electrostatic Potential
HF/ 6-
311G**
Fig. (a)
B3LYP/ 6-
311G**
Fig. (b)
B3PW91/ 6-
311G**
Fig.
(c)

Figure 8 (a)- (c): Molecular electrostatic potential of 4-
Styryltriphenylamine molecule at HF, B3LYP and B3PW91
methods. Blue: positive potential (0.05 e A™), Red: negative

potential (-0.05 e A™).

5. Conclusion

In this investigation of research articles, the electron
transport properties of 4-Styryltriphenylamine OLED
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molecules are calculated from Density Functional Theory
(DFT) method by using HF, B3LYP and B3PW91 basis sets
to explore its structural aspects also compared. The HF
methods of the molecules are analysed the geometrical
parameters (Bond Length, Bond Angle) and the electrostatic
transport properties of the 4-Styryltriphenylamine molecule
have been premeditated and associated with other two
methods. The bond topological analysis shows that the
variation of charge density and Laplacian of electron density
indicates the C—C bonds are much stronger than the H and N
bonds in the 4-Styryltriphenylamine molecule. The HOMO-
LUMO Gap of the molecule occur 9.23 eV to 3.47 eV for all
optimized methods respectively. A large energy difference
between the HLG frontier orbitals provides significant
information regarding the softness and high reactively of the
4-Styryltriphenylamine organic light emitting molecule. The
electrostatic potential map shows that the negative potential
regions are on electronegative atoms; while, the positive
potential regions are around the hydrogen atoms in the
molecules. These regions are change to the group charge
effect. The performance of organic light emitting diode has
submitted to real improvements of past years. These have
been fabricated high efficiency, low cost with compared to
other electron transport organic light emitting diode
materials. In future this research study, these are very useful
to scheme a new stability OLEDs electronics devices.
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