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Abstract

Abstract

Functional coordination complexes are well reputed as the bond between
organic-inorganic materials and composite materials. How to design and synthesize of
metal-based coordination polymers with the predicted molecular structures and the
properties, and then further get the molecular-based materials based on them is still
one of the most important subjects in current synthesis and material chemistry due to
their intriguing topological structures and unique luminescent, electronic, magnetic,
catalytic and adsorbent properties.

The aim of this work is to investigate how to self-assembly and designed
assembly some functional coordination complexes with different structures and the
desired properties, such as single-chain magnets, clusters and multidimensional
polymers. Moreover, according to magnetic measurement results and structural
models, some simple discussions about the relationship between structures and
magnetism are carried on based on the quantum chemistry. The dissertation is divided
into seven chapters:

In chapter one, the basic content of molecular-based materials, especially
molecular-based magnetic materials, and self-assembly and designed assembly of
some multifunctional coordination polymers, were concisely introduced. In addition,
the research background and the related results of this dissertation were discussed.

In chapter two, five trinuclear manganese complexes (1-5) featuring the nearly
planar [Mn";0] triangular structure and other twelve 1D chains (6-12) based on the
[Mn"30] triangular units connected by different anion bridges were synthesized and

characterized. However, chain 18 does not based on the [Mn""

30], but based on single
Mn" ion. Here, Magnetic studies were performed on all compounds and the magnetic
data were reproduced through an isosceles triangle (J;, J2). The relationship between
structures and magnetism were discussed based on magnetic results and theoretical
model. Furthermore, the effect of different anion bridges or solvents on the structure
and magnetism were discussed simply.

In chapter three, two high nuclear copper clusters, tricorne Cu;;(19) and cycle
Cu;6(20) were synthesized and characterized and quantum Monte Carlo study (QMC)
was carried out based on the ALPS (Algorithms and Libraries for Physical

Simulations) project in order to simulate the magnetic behavior of these two copper

clusters. In addition, two 2D cobalt polymers (21-22) based on the 18-members

I
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“heart” cycle were also synthesized and characterized.

In chapter four, first, two pentanuclear tetrahedral clusters (23-24) were
synthesized and characterized, and then according to the concepts of the SBUs and
designed assembly, we selected TCNQ™ as the organic linkers to realize step-by-step
assembly and got two 2-fold interpenetrated diamond networks (25-26) successfully.
The results of the mass spectrum experiments indicated the tetrahedral structures are
still stable before assembling into 3D frameworks in solution. Moreover, Magnetic
data and the fitted results based on tetrahedral model are consistent.

In chapter five, a three-dimensional mixed-valence iron complex 27 with
NiAs-type topology showed spin-crossover behavior was characterized via variable
temperature crystal structures, temperature-difference map, Mdssbauer spectra and
magnetic susceptibilities, moreover, the pressure effects on the transition behavior
were also studied and a nonlinear hysteretic behavior of 7.(P) vs P was observed in
this compound.

In chapter six, six magnetic ordering complexes Fe'(L™)(NCR)[Fe"'CL] (L =
TCNQ, TCNQF,4, HCBD, DDQ; R = Me, Et) (28-33) were synthesized in a drybox.
Magnetic results show their ordering temperatures are different, some higher than
102°C, and some lower than 6.5°C.

In chapter seven, summary and outlook.

Keywords: Single-Chain Magnets (SCMs); Clusters; Second Building Units (SBUs);

Spin-Crossover; Magnetic Simulations.
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