Abstract

This report describes the preparation and characterization of Fe(lll) and Co(ll) complexes with
either spin crossover or single-ion magnetism. Six new ligands have been prepared and fully
characterized: Hgsal-5-(3-py), Hgsal-5-(4-py), H.bgimbd, H,bpmabd, HnaphEen and HnaphBzen.

The heteroleptic complexes [Fe(gsal-Cl)(gsal-Br)]A-sol have been synthesized by layered diffusion
and show SCO behaviour intermediate between the homoleptic systems. Structural studies show
mostly LS Fe(lll) centres. A related series [Fe(gsal-X)(salpm-X)]A have also been prepared which show
only gradual or incomplete SCO.

[Fe(gsal-X),]OTs-sol, prepared by layered diffusion, show abrupt SCO in all cases with [Fe(gsal-
F):]OTs exhibiting a hysteresis of 50 K. Structures of [Fe(gsal-X);]OTs reveal 1D n-n chains of the
[Fe(gsal-X),]* cations, strong halogen bonding between the anion and cation, and high cooperativity.
[Fe(gsal-X),]NTf, made from [Fe(gsal-X):]JNOs and LiNTf, with [Fe(gsal-1);]NTf, showing a strongly
hysteretic SCO coupled to a change in the confirmation of the triflimide anion. The [Fe(gsal-X).][1,5-
npds] and [Fe(qgsal-X),]2[2,6-npds] complexes display either LS and HS character. Despite the large
anions most of the structures still contain 1D n-n chains with the Fe(lll) centres in the LS state.

The structure of [Fe(gsal-1);]OTf-EtOH shows extremely large changes in the unit cell parameters
consistent with the very wide hysteresis. EPR studies of [Fe(gsal-1),]JOTf show rhombic spectra and
strongly temperature dependent g-values suggesting an unusual relaxation process. Computational
studies of [Fe(gsal-1),]OTf and [Fe(gsal-Br);]NOs reveal that the short interactions in the former are
responsible for the abrupt SCO, while weaker contacts lead to stepped SCO in the latter compound.

The [Fe(gnal)2]JA compounds show SCO in the NCS and BPh, compounds. Structural studies of
[Fe(gnal)2]BPhs-5H,0 show a HS Fe(lll) centre and a combination of n-n and C-H:---w interactions
leading to strong connectivity. [Fe(gnal);]BPhs also shows the LIESST effect.

Iron(Ill) SCO nanomaterials have been prepared using the reverse micelle method with NaAOT as
a surfactant. [Fe(qgsal-1),]JOTf and [Fe(gsal-1);]NTf, nanomaterials exhibit a nanorod morphology while
[Fe(gsal-1),]OTf forms plate like aggregates. [Fe(gsal-1),]JOTf has residual HS at low temperature, while
the [Fe(gsal-1).]JNTf, nanomaterials exhibit the same magnetic profile as the bulk material.

[Fe(gsal-X)halide] complexes have been made in trying to make Fe(lll) SCO dimers. Most of the
compounds exhibit halogen bonding between the molecular units to form the extended structure.

[Co(Himap)] is found to be a single-ion magnet with relaxation via the Raman process. HF-EPR
studies and magnetic modelling of [Fes(2-Himap)s][NOs]s show the compound is a weak SMM with
ferromagnetic coupling between the Fe(lll) and Fe(ll) centres.

The [Fe(naphEen);]anion-sol compounds are almost all LS only. Structural studies show the
[Fe(naphEen),]* cations pack into supramolecular squares held together by C-H---O, n-n and C-H---w
interactions. [Fe(naphEen),;]BPh,-H,0-0.5CHCl> shows SCO coupled to a change in the orientation of
the ethyl group of one of the naphEen ligands.

The related [Fe(naphBzen),;]A complexes exhibit SCO in most cases with two showing hysteresis.
In the [Fe(naphBzen),]l, a 50% SCO with 20 K hysteresis is observed and a hidden hysteresis of 30 K,
revealed by light irradiation. [Fe(naphBzen),]BF4 exhibits stepped SCO with hysteresis in both steps.
Structural studies show remarkably varied packing but strong cation-anion interactions through N-
H---anion hydrogen bonds. In systems where the SCO is abrupt, the packing involves 2D sheets linked
through N-H---anion and C-H---anion interactions.
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