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(ZER]
1) K. Sakata, M. Okumura, et. al. Chem. Lett. 2016, 344-346.
2) H. Koga, K. Tada, M. Okumura, J. Phys. Chem. C 2015, 119, 25907-25916.
3) H. Koga, K. Tada, M. Okumura, Cat. Comm., 2016, 77,79-82.
4) H. Koga, K. Tada, A. Hayashi, M. Okumura, Chem. Lett. 2017, 147, 1827-1833.

Structure and Chemical Activity of Selected Metal Oxide Catalysts,
Metal-Organic Frameworks and Gold Structures: Theoretical DFT Study

Nurbosyn U. Zhanpeisov
RIAFEFAFREUEFEFI

Quantum chemical studies on the adsorption and catalysis of
reactant molecules with extended metal oxides, transition metal
containing oxide materials and others are computationally very
demanding due to their three dimensional infinite structures. As
a result, the use of the finite size cluster approach has been
found as a solution to the problem in which one deals with a part
of the large system and the influence of the crystalline
environment is mostly neglected or only included approximately. Therefore, it is
particularly suited and could be even complimentary for other band structure or
periodic slab calculations to describe local phenomena and local character of

A ) T4
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Knteractions, i.e., interaction on catalytically active sites, defects at a broken space\
and translational symmetry, strong host-guest interactions, etc.

Over the years, we have applied the cluster approach for quantum chemical
calculations to shed light on structures and chemical activity of representative
transition metal and metal oxides as well as for other related issues. At the
beginning of the talk, we will first reiterate the results of oldest semi-empirical
cluster calculations to catalysis and chemisorption based on our own experience.
Namely, the discrepancies and analogies would be given on the formation of
protonated species in homogeneous acid solutions and on heterogeneous solid acid
catalysts surfaces. By getting some insight for the case of strong base molecule
interaction in these two distinct cases, it will be further shown how one can resolve
the long-lasting (on those days) dilemma on the nature of carbocations on solid acid
catalyst surfaces.

Second, we underline the ultimate importance of proper modeling the structure
and chemical activity of transition metal oxides as well as support structures to
understand the mechanism of formation of precursor defect structures on TiO, (110)
and number of surface catalytic reactions and transformations.

Next, in line with the strategy in combining metal-organic frameworks (MOF) into
extended networks, some solutions and insights will be given on how to stabilize and
characterize of the new modified metallic carbon K4 crystals and highly reliable
IRMOF structures. Attention will be paid here on possible potential of these materials
in gas storage and gas separation as well as efficient catalysis applications. Finally,
some recipe will be given on application of probe BPE molecules to characterize
active site nature of extended regular gold surfaces and discriminate gold
nanoparticle formation.

Theoretical Study on the Reversible Cleavage/Formation of the Cr-Cr
Quintuple Bond in the Highly Regioselective Alkyne Cyclotrimerization

Jen-Shiang Kenny Yu
BINIZEARE (8E)

The trimerization of alkynes catalyzed by the quintuply-
bonded dichromium amidinates is studied with density functional
theory as well as the multiconfigurational approaches of complete
active space self consistent field (CASSCF) and the second-order
perturbation theory (CASPT2). Analyses of electronic structures of
the dichromium complexes during the catalytic process based on
the CASPT2/CASSCF calculations show that upon the addition of

one alkyne, the two Cr centers with a short distance still remain bonded in 13 The
weak interaction in the ferromagnetic/antiferromagnetic coupling is dominant in the
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increased Cr-Cr length after addition of a second alkyne molecule (from '3 to ’5);
the inverted sandwich compound ”5 is predicted with a septet ground state, which
agrees with magnetic susceptibility measurements. The overall reaction involves
reversible cleavage/formation of the Cr-Cr quintuple bond, leading to spin crossing
in the ground state. Energy profile of the reaction pathways constructed at the BP86
level demonstrates that the addition of the second alkyne is the rate determining
step, which explains experimental observation.!*! The o donors, such as THF and
nitrile, facilitate the liberation of the dinuclear chromium catalyst from ’5 by
weakening the interaction between Cr and the arene.

11 -13 75
Ry R o DiMe; R. .~ .R
I =——SiMes 2 =—SiMe N""N
r=cCr L 3 V4
c( o R-N \\Cr Mo.Si Cr
_N__N. e e3Si., = 339A
RTTR I\N QSIME3
R N
R = 2,6-iPr,CgHs Me;Si :
Cr-Cr: 1.67 A (expt.) Cr-Cr: 1.75 A (expt.) P
R/N“\-?N\R

Cr—Cr: 3.39 A (expt.)
+ o donors |

[1]. Y.-S. Huang, G.-T. Huang, Y.-L. Liu, J.-S. K. Yu and Y.-C. Tsai, Angew. Chem. Int. Edit., 56,
15427-15431 (2017).

General Electronic Structure Theory Covering Exact and Variational Solutions
of the Schrédinger Equation

it 18
S CFATRGIATFR

The free complement (FC) theory is an exact general theory
for solving the Schrddinger equation of atoms and molecules.
Since the Schrdédinger equation is the governing principle of
chemistry, we can develop an exactly predictive quantum
chemistry on the basis of the FC theory. Since the discovery of
the FC theory, much progress has been done in our laboratory
along this line of the theory. We call this theory here as FC-exact
(FCE) theory and will show the high accuracy and the generality of the FCE theory by
the applications to many important atoms and molecules.

The complement functions (cf’s) generated by the FCE theory, called complete
(c-) set, consist of the integratable function set, called i-set, and the
non-integratable one, called n-set. The j-set includes mostly one-electron functions
and the n-set is characterized by the inclusion of the odd-powers of rj; (inter

\
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ﬂectron) functions. Intuitively, we can say that the important specific naturesm

chemistry are governed mostly by the i-set and the roles of the n-set are mainly to
shift the atomic energies in a molecule by some amounts. This implies that with the
variational solutions of the FC theory using i-set alone, which are called
FC-variational (FCV) theory, we can study the essential features of chemistry
displayed by atoms and molecules. For example, we can roughly draw the potential
curves of the ground and excited states of small diatomic molecules with the FCV
calculations using Ji-set cf’s alone. Importantly, then, by adding the n-set cf’s with
the FC theory, we can always obtain the exact FCE solutions as the extrapolations
from the FCV approximate solutions to the exact solutions. The FCV theory is a new
general variational electronic structure theory that is different from the VB theory
and the MO theory but belongs to the family of the FC theory that covers the exact
solutions of the Schrédinger equation.
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Invitation letter from Prof. Zdenék Havlas
JCS Symposium 2018

Dear Japanese colleagues and friends:

It is my privilege and honor to invite you to the 7™ JCS Symposium, which will be held in Prague on May 21 to
May 24, 2018.

The JCS (Japan-Czech-Slovak) Symposium series has already a long tradition, suggested first by the
prominent Czech quantum chemist Prof. Rudolf Zahradnik, during visit of Prof. Hiroshi Nakatsuji to the institute
of Organic Chemistry and Biochemistry, Czech Academy of Sciences. It is always a meeting with excellent
atmosphere among friends.

The Symposium topic is quantum chemistry, from methodology to applications in organic, inorganic,
biochemistry and material sciences.

The Symposium venue will return to the Institute of Organic Chemistry and Biochemistry, where the first
symposium was held. Comparing to the first Symposium, the institute is currently completely renovated, and
it offers a pleasant atmosphere. More pieces of information you will find at the Symposium web pages
www.]JCS2018.cz.

The month of May is one of the most pleasant months in Czech Republic, with fresh green and blooming.
During the Symposium there will be also time to show the participants beauties of historical city of Prague,
connected with famous Czech beer testing and scientific discussions.

Please, do not hesitate and join us for the Symposium.
With the best wishes, looking forward to meeting you in Prague,

Zdenek Havlas
Chairman of the 7" JCS Symposium
Vice-president of the Czech Academy of Sciences

Local organizing committee (Czech)
Zdenék Havlas Lubomir Rulisek Jifi Pittner Irena Krumlova

JCS HREES VRS L DS

ICS L FES RSO AF. FTIDEREFE. R. Zahradnik 3%, Z. Havlas
BE BROPENRLERD, ICS(HAR - F T - X0O/\F77)3 B0 EFE (CIhE
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is our principle, Science will follow with us.] ZIZRZ(CBIF. ARERILTDIL > RS wv
TZRBERL. MRERINBERRARR EERERATADRE(CENDHERD
TIEF3RSEEETNTULET,
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