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Thesis Summary

Spin state transitions are significant for switchabie phiysical properties, and spin state transitions can be achieved ﬂwrougl1
several diﬂ‘erent magnetic dynamics, such as spin orientation ﬂipping spin number change. Importantly, these spin
variation behaviors are deeply influenced by the molecular components, molecular @cMres and intermolecular
interactions, which can be carefully adjusted via artful chemical modulation and synthesis controlment. Our group is

| focusing on the realization of spin state transitions in coordination compounds, and the revelation of the correlation of
magnetic properties and molecular structures. Up to now, lots of coordination complexes that feature interesting spin state
transitions, and thus showing switchable magnetic properties under external stimuli, have been developed by our group
members. In this thesis, | carried out the present research work as a prolongation of our previous investigation, which will

be discussed in the following content.
In chapter 1, the research background on spin state transitions and scope of my research work is briefly infroduced.

In chapter 2, an octa-coordinated Fe(Il) complex, [Fe®(dpphen):(BF4):'1.3H:0 (dpphen = 2,9-di(pyrazo-1-yl)-
1,10-phenanthroline) with a pseudo-Dzs symmetric metal center showing slow magnetic relaxation is reported. This Fe(ll)
complex slow magnetization dynamic (single-ion magnet, SIM) behavior since this it possesses strong uniaxial magnetic
anisotropy. The uniaxial magleﬁc anisofropy for this high-coordinated Fe(Il) is confirmed by magnetic measurement,
high-ﬁwequency/ﬁgld electron paramagnetic resonance (HF-EPR) studies, aﬁd ab initio calculations, which reveal that it has
anegative axial zero-field splitting (D ~~6.0 cm™) and a small rhombic zero-field splitting (£ 0.04 cm™). Under applied

dec magnetic fields, the octa-coordinated Fe(IT) complex exhibits SIM behavior at low temperature. Fitting the relaxation



time with the Arthenius mode combining Orbach and tunneling terms affords a good fit to all the data and yields an
effective energy barrier (17.0 cm ™) close to the energy gap between the ground state and the first-excited state, The origin

of the strong uniaxial magnetic anisotropy for this complex has been clearly understood from thecretical calculations.

In chapter 3, in order to observe charge transfer coupled spin transition (CTCST) behavior in cyanide-bridged Fel/Fe™,
ligand (1,4—(1H—1,2,4—h'iazple)butane, btb) with stronger w-acceptor ability has been used. Two new cyanide-bridged
fe“/Fem mixecl—valenc\;.- compounds are presented, which were obtained via cyanofemate ([Fe™(Tp)CN)] -, Tp =
hydrotris(pyrazolyl)borate) and flexible ligand btk under different synthesis conditions. One of these two new compoﬁnd

{[Fe(Tp)(CN);]:Fe(btb) H:0},, is a cyanide-bridged one-dimensional {Fe™:Fe"}, double-zigzag chain, and e;chibits
thermal and photo-induced spin fransition behavior in the Fe(Il) sites. Whereas the other compound
[Fe(Tp)CN)]oFe(btb), 2H:O features cyanide-bridged trinuclear linear Fe™;Fe!! motifs further linked by btb forming an
extended linear chain, and shows weak antiferromagnetic interactions between metal centers. These results suggest that
flexible ligands are sensitive to synthesis conditions and can be used to produce variable structures and magnetic propertig:s.
Although CTCS behavior has not been observed, the proposal for doing ﬁnf1er work was provided, namely the ligand
field strength and redox potential for the metal center should be carefully balanced via using ligand with moderate

m-acceptor ability.

In chapter 4, collecti\‘relspin.number variation induced water-tunable thermal hysteresis in a valence tautomeric
dinuclear cobalt complex [{Co(tpa):}(dhbq)](PFe)s (tpa = tris(2-pyridylmethyl)amine, dhbq = deprotonated
2,5—di11ydroxyjl,¢be@quinone) are iﬁh‘oduced. Two polymorphs of complex [{Co{tpa):}(dhbq}](PFs): were obtained
via controlling the recrystallization temperature. Importantly, the two polymorphs display very distiﬁct magnetic behaviors,
thus provide a good oppdrtunity for the investigation on the “pure” contribution of intermolecular factors to the valence
tautomneric behaviors, The polymorph with the [{Co(tpa):}(dhbq)] cations arranged Aead-to-tail charac.terizes relatively
strong 77T inferactions, and thus shows an abrupt and complete thenmnal valence tautomeric transition with adjustable
hysteresis loop at around room temperature. Whereas, the polymorph featuring valence tautomeric cations ananged
head-to-waist with their neighbors exhibits weak 7 - interactions, thus lead to a gradual and incomplete thermal valence
tautomeric transition. The valence tautomeric transition process for both polymorphs can be induced by light, but the

light-excited states for them show distinct thermal relaxation behaviors.



