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DFT AND QTAIM STUDY OF THE TRANSITION METAL COMPLEXES
WITH TETRAOXA[8]CIRCULENE BASED LIGAN

Karaush N. N.Baryshnikov G. V., Minaev B. F.
Bohdan Khmelnytsky National University, Cherkasy
karaush_nataliya@rambler.ru

A series of the transition metal -fdock metals) complexes with the
tetraoxa[8]circulene (TOC) based ligandi 3]l having one and twodecker
(sandwichtype) structure (Fig. 1, 2has been designed and studied by the
DFT/B3LYP [4, 5] method with the control of possible symmetry constrains using
the effective core potential Lanl2DZ [6] basis set. The quantum theory of atoms in
molecules (QTAIM) [7] was also used for the studied caxgd with the aim to
evaluate their peculiar electronic features.

The studied transition metal complexes are highly symmetrical compounds and
belong to the D4h symmetry point group (excepting less symmetrical complex 4,
which belong to the C2h symmetry pogroup in the ground triplet state). Thus, the
four Mi O bonds in the complexe$ 3. (Fig. 1) and eight MO bonds in sandwich 6
are equivalent by the bond length and electronic criteria. For complex 4 in which (the
excited singlet state is higher on 3Rdal/mol than the ground triplet state) four
coordination bonds are pairwise equivalent (Eig. Therefore, the central ion
coordination sphere is in strict conformity to squpl@ar geometry for thei b
complexes and represents a proper rectangulan poisthe complex 6 in the ground
state.

1M=Cut 0
2M=Cu® 1/2
3M=2zn?" 0
4M=Fe?* 0
4M=Fe?* 3/2
5M=Pt* 0

Fig. 1. Structure of the-dlock metal
complexes with the

Fig. 2.The optimzed structure of th

tetraoxa[8lcirculene  based  ligar SANAWICRtype complex 6 [Cd(TOC)2]2+:

I top view, bi side view, ci prismshaped
coordination cage consisting of the Cd2+
(alb).

(coordination MO bonds are show
by the dashed lines, ISspin number
of the studied complexes).

The selectivity of the dblock metal complexation with the TOC sheet can be
interpreted in terms of the strict correlation between the cation size and macrocycle
cavity of the TOGetramer similarly to the-Block metals complexation with the
TOC sheets [Band to the formation of crown ethers metal complexes [8, 9]. Thus,
the TOGsheet with the 1:8rown4d cavi ty di ameter of 4.1
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two opposite Oxygen atoms) is the most appropriate for the inclusion into this cavity

of the Cul+, Cul+, @2+ and Pt2+ ions which have almost equal ionic radii till 0.60

i [ 10]. Transition met al I Oonsrowdcaeith i on
can simultaneously bind two planes of T®@ramer forming sandwietype
complexes. We have obtained stable sandwich consisting of the Cd2+ central ion

(Fig. 2) with ionicradii0.7§ [ 1 0] .

All coordination M O bonds critical points in the studied complexé§ are
characterized by positive values of the electron density Lapla@gfn) > 0 and by
negaive values of the CremiéKraka electron energy density he(r) < O that allows to
attribute these MO bonds to an intermediate type of interactions in terms of the
Bader theory formalism [7]. The QTAIM analysis has also predicted an additional
stabilizationof the sandwicktype complex 6 due to the presenceé itacking G--C
interactions between two TOC parallel plains.

Therefore, the synthesis of the tetraoxa[8]circulene sheets [1, 2] is an actual
task because of their potential applications as the bionthtygpe nanopores
representing synthetic ionic channels [3].

[1] G.V. Baryshnikov, B.F. Minaev, N.N. Karaush, V.A. Minaeva, Phys. Chem.
Chem. Phys., 16, 6555 (2014).

[2] G.V. Baryshnikov, B.F. Minaev, N.N. Karaush, V.A. Minaeva, RSC Adv., 4,
25843(2014).

[3] N. N. Karaush, G. V. Baryshnikov, B. F. Minaev, RSC Adv., 5, 24299 (2015).

[4] A.D.Becke, J. Chem. Phys., 98, 5648 (1993).

[5] C. Lee, W. Yang, R.G. Parr, Phys. Rev. B, 37, 785 (1988).

[6] P.J. Hay, P.J. Wadt, J. Phys. Chem., 82, 270 (1985).

[7] R.F.W. Bader, Atoms in Molecules. A Quantum Theory, Oxford: Calendon Press,
(1990).

[8] C. Fiolka, I. Pantenburg, G. Meyer, Cryst. Growth Des., 11, 5159 (2011).

[9] P. N. Bartlett, M. J. D. Champion, M. E. Light, W. Levason, G. Reid, P. W.
Richardson, Digon Trans., 44, 2953 (2015).
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