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МРНТИ: 29.29.49
A.N. Bimukhanov, A.A. Aldongarov

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
(E-mail: bimukhanov.92@gmail.com, enu-2010@yandex.kz)

Testing of combinations of Density Functional Theory functionals and basis sets for
predicting correct geometrical parameters of neutral hexacoordinated Si(bzimpy) 2

complex

Abstract: we present a study of geometrical parameters of the optimized cluster structure of hex-
acoordinated Si(bzimpy) 2 complex, containing the 2,6-bis(benzimidazol-2’-yl) pyridine ligand. The
purpose of this work is benchmarking different basis sets and functionals to study the Si(bzimpy) 2 .
Computational studies were performed using functionals B3LYP, BHandHLYP and CAM-B3LYP
and 6-311++g(d,p), cc-pVDZ and cc pVTZ basis sets. Obtained theoretical data of the geometric
parameters were compared with the experimental values. On the ground of comparison of theoretical
and experimental structural data it was shown that the theoretical method we have used describes
Si(bzimpy) 2 silicon complex reasonably well.
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Introduction. As early as 2018 Schmedake and co-workers reported on successful synthesis of
silicon hexacoordinated Si(bzimpy) 2 complex. The interest in this structure is supported by the
fact that Si(pincer)2 complexes are a promising new class of metal chelates for organic electronic
devices, and the rich synthetic diversity of dianionic pincer ligands should provide a number of
desirable and tailorable complexes for electron transport and electroluminescence applications. In
recent years, there has been a significant increase in the structural diversity of stable hexacoordinate
silicon complex, especially ones containing N or O chelating ligands, and the bipyridine ligand is an
especially well-known and important ligand for stabilizing hexacoordinate silicon complex [1].

Organic electronic devices have attracted significant attention over the last several decades as a
potential low-cost, lightweight, flexible, semitransparent, and customizable solution for a wide vari-
ety of applications. The most researched device applications have been organic photovoltaics (OPVs)
[2-5], organic light-emitting diodes (OLEDs) [6-9], and organic field-effect transistors (OFETs) [10
13]. Although organic materials are unlikely to outperform inorganic conductors or semiconductors,
a number of qualities make them desirable alternatives. Organic molecules are produced through
versatile synthetic routes involving inexpensive reactants and reaction conditions that only devi-
ate slightly from ambiance; by harnessing a vast array of well-established organic chemistries, the
properties of these molecules can also be tuned systematically via post-synthesis derivatization and
functionalization [14, 15]. Unlike materials traditionally used in electronics, organic molecules are
often processed at or near room temperature. The promise of facile processing obviates the need for
costly, high-temperature, high-vacuum deposition, and patterning procedures that inorganics require
and could translate into immense capital and operational savings [16, 17].

In this paper, the object of study is the neutral hexacoordinated Si(bzimpy) 2 complex (Figure
1), containing the 2,6-bis(benzimidazol-2’-yl) pyridine ligand.

The previously obtained experimental data [1, 18, 19] in this area provide a prospect for further
study in subsequent studies. The purpose of this work is to find a more suitable functionals and a
basis sets that will describe Si(bzimpy) 2 silicon complex reasonably well.
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Рисунок 1 – Optimized structures of Si(bzimpy) 2 complex

Calculation methods. DFT and TD DFT are the important tools in organic electronics. They
are used to correlate experimental results with electronic structure calculations and theoretical phys-
ical properties to evolve new design strategies effectively [20-25].

All quantum-chemical calculations of the hexacoordinated Si(bzimpy) 2 complex have been car-
ried out using density functional method, implemented in the Gaussian09 software package [26].
Nowadays, this method includes a wide range of different functional. Optimization of the structure
was calculated using B3LYP, BHandHLYP and CAM-B3LYP, and 6-311++g(d,p) [27, 28, 29, 30,
31, 32, 33, 34, 35], cc-pVDZ [36, 37, 38] and cc-pVTZ [39, 40, 41] basis sets.

All calculations carried out using the computational resources of the National Scientific Laboratory
for the shared use of information and Space Technologies at the K.I. Satpayev Kazakh National
Research Technical University.
Results and discussion. Bond lengths and linear angles of optimized Si(bzimpy) 2 structure

in all the functionals and basis sets are represented in Table 1. Figure 2 shows a simplified single
structure for clarity of atomic numbers. All functionals show relatively close values. However, the
method BHandHLYP/cc-pVTZ gives closest results to known experimental data.

Рисунок 2 – Simplified single structure

The total spent time on optimizing the structure is 945 hours. The BHandHLYP/cc-pVDZ method
showed the shortest time taken to complete the calculation, which is 14 hours. The most time spent
on the optimization task was taken by the CAM-B3LYP method – 221 hours. From the obtained
time data on the task execution, it can be noted that the speed of the calculation of the structure
directly depends on the selected basis set. Regardless of the selected functional, the cc-pVDZ basis
set is the fastest in terms of calculation of structure optimization, where the average optimization
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time takes 17.3 hours. The basis set 6 311++g(d,p) took longer, the average time spent is 96.3
hours. The cc-pVTZ basis set took the most time – 201.3 hours.

Table 1

Bond lengths and linear angles of Si(bzimpy) 2 compound
Functional B3LYP experimental
Basis set 6-311++g(d,p) cc-pVDZ cc-pVTZ

Atom number Bond length (Å)
Si1-N12 1.90425 1.91361 1.90291 1.8705
N12-C11 1.38127 1.3821 1.3782 1.364
C11-C16 1.40142 1.40585 1.39809 1.395
C16-C15 1.3867 1.39074 1.38287 1.367
C15-C14 1.41177 1.41573 1.40787 1.405
C14-C13 1.38337 1.38756 1.37956 1.387
C13-C10 1.40292 1.40727 1.3992 1.38
C10-N9 1.37468 1.37742 1.37209 1.395
N9-C8 1.31618 1.32086 1.31342 1.306
C8-C3 1.44434 1.44732 1.44111 1.47
C7-N2 1.35157 1.35394 1.34687 1.355
N2-Si1 1.89855 1.90717 1.89482 1.8745

Linear angle
N12-Si1-N21 163.379◦ 163.355◦ 163.435◦ 164.23◦

Functional BHandHLYP experimental
Basis set 6-311++g(d,p) cc-pVDZ cc-pVTZ

Atom number Bond length (Å)
Si1-N12 1.88275 1.89302 1.88148 1.8705
N12-C11 1.37248 1.37297 1.36938 1.364
C11-C16 1.39399 1.39792 1.39079 1.395
C16-C15 1.37564 1.37917 1.37193 1.367
C15-C14 1.40332 1.40691 1.39965 1.405
C14-C13 1.37294 1.37664 1.36929 1.387
C13-C10 1.39419 1.39815 1.39068 1.38
C10-N9 1.36749 1.36974 1.36495 1.395
N9-C8 1.29852 1.30284 1.29609 1.306
C8-C3 1.44378 1.44608 1.44058 1.47
C7-N2 1.33674 1.33909 1.33212 1.355
N2-Si1 1.88484 1.89435 1.8816 1.8745

Linear angle
N12-Si1-N21 163.511◦ 163.42◦ 163.548◦ 164.23◦

Functional CAM-B3LYP experimental
Basis set 6-311++g(d,p) cc-pVDZ cc-pVTZ

Atom number Bond length (Å)
Si1-N12 1.88835 1.8975 1.88698 1.8705
N12-C11 1.37794 1.3787 1.37489 1.364
C11-C16 1.39822 1.40268 1.39494 1.395
C16-C15 1.37909 1.38327 1.37536 1.367
C15-C14 1.40738 1.41143 1.40364 1.405
C14-C13 1.37656 1.38086 1.37287 1.387
C13-C10 1.39812 1.40255 1.39454 1.38
C10-N9 1.37427 1.37683 1.37164 1.395
N9-C8 1.3054 1.31004 1.30291 1.306

ISSN 2616-6836 Bulletin of L.N. Gumilyov ENU. PHYSICS. ASTRONOMY Series, 2020, Vol. 132, №3

61



Testing of combinations of Density Functional Theory functionals and basis sets...

Table 1 (continued)
C8-C3 1.44871 1.45143 1.44531 1.47
C7-N2 1.34224 1.34464 1.33765 1.355
N2-Si1 1.89254 1.90096 1.88885 1.8745

Linear angle
N12-Si1-N21 163.615◦ 163.615◦ 163.664◦ 164.23◦

Conclusions. Here in we have studied experimental and theoretical data of the neutral hexaco-
ordinated Si(bzimpy) 2 complex. We performed calculations to obtain the geometric parameters of
the structure under consideration using the B3LYP, BHandHLYP and CAM-B3LYP functionals and
using different basis sets. Obtained theoretical data of the geometric parameters were compared with
the experimental values. On the ground of comparison of theoretical and experimental structural
data it was shown that all methods we have used describe Si(bzimpy) 2 silicon complex reasonably
well. However, we can say that the BHandHLYP functional with the cc-pVTZ basis set has the
closest values to the experimental data. This work shows that computational methods can help in
the further study of future structures, as well as predict the future parameters of as yet unexplored
silicon complexes.
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Тестирование комбинаций функционалов и базисных наборов теории функционала плотности для
предсказания правильных геометрических параметров нейтрального гексакоординационного комплекса

Si(bzimpy) 2

Аннотация. Представлены результаты исследования геометрических параметров оптимизированной кластерной
структуры гексакоординационного комплекса Si(bzimpy) 2 , содержащего 2,6-бис(бензимидазол-2’-ил) пиридин лиганда.
Целью данной работы является тестирование различных базисных наборов и функционалов для изучения Si(bzimpy) 2 .
Вычислительные исследования были выполнены с использованием функционалов B3LYP, BHandHLYP и CAM-B3LYP и
базисных наборов 6-311++g(d,p), cc-pVDZ и cc-pVTZ. Полученные теоретические данные геометрических параметров
сравнивали с экспериментальными значениями. На основании сопоставления теоретических и экспериментальных
структурных данных было показано, что использованный теоретический метод достаточно хорошо описывает кремниевый
комплекс Si(bzimpy) 2 .

Ключевые слова: метод DFT, гексакоординационный кремний, функционал, базисный набор.

А.Н. Бимуханов, А.А. Алдонгаров

Л.Н.Гумилев атындағы Еуразия ұлттық университетi, Нұр-Сұлтан, Қазақстан

Si(bzimpy) 2 бейтарап гексакоординация кешенiнiң дұрыс геометриялық параметрлерiн болжау үшiн
функционалдық үйлесiмдiлiк пен тығыздықтың функционалды теориясының негiз жиынтықтарын

сынау

Аннотация. Мақалада құрамында 2,6-бис(бензимидазол-2’-ил) пиридин лиганд бар Si(bzimpy) 2

гексакоординациялық кешенiнiң оңтайландырылған кластерлiк құрылымының геометриялық параметрлерiн зерттеу
нәтижелерi келтiрiлген. Бұл жұмыстың мақсаты - Si(bzimpy) 2 зерттеуге арналған әртүрлi базалық жиынтықтар мен
функционалдық мүмкiндiктердi тексеру. Есептеу жұмыстары B3LYP, BH and HLYP және CAM-B3LYP функционалдары
және 6-311 ++ g (d, p), cc-pVDZ және cc-pVTZ негiзгi жиынтықтарының көмегiмен жүргiзiлдi. Алынған геометриялық
параметрлердiң теориялық деректерi тәжiрибелiк мәндермен салыстырылды. Теориялық және эксперименттiк
құрылымдық деректердi салыстыру негiзiнде қолданылған теориялық әдiс кремний Si(bzimpy) 2 кешенiн жақсы
сипаттайтындығы көрсетiлген.

Түйiн сөздер: DFT әдiсi, гексакоординациялық кремний, функционалды, негiздер жиынтығы.
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