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Syntheses and Structural Characterizations of Novel Heavy Metal Heterobimetallic Complexes

Heterobimetallic complexes have enriched the fields of catalysis and materials science due to their

high specificity and cooperativity to their substrates." With two different metals bonded through a ligand or

metal-metal interaction, the electronic behavior of multi-metal compounds incorporating hard and soft

metals is poorly understood in comparison to monometallic complexes.' To further explore the properties

of these mixed-metal compounds, my project involves the synthesis and structural characterization of novel

heterobimetallic complexes with the sodium benzenethiosulfonate (NaBTS) ligand to create air-stable

catalysts.

Organic thiosulfonates contain two sulfur
donor atoms and two oxygen donor atoms, which
allows the anion to bond to multiple metals, thus
increasing the synthetic ability of the ligand. In
particular, I am interested in the NaBTS ligand
(Figure 1) due to the simple aromaticity of the anion
and the various applications of the ligand in the
pharmaceutical and agrochemical industry.” By
reacting soft transition metals and hard lanthanide
metals with this aromatic thiosulfonate ligand, I will
examine the inorganic coordination chemistry of
heavy metal heterobimetallic complexes to further

broaden their catalytic capabilities.
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Figure 1. Structure of NaBTS (Na(S,0,C¢Hs)).
The large yellow sphere is the sodium cation, red
spheres are oxygen atoms, and yellow spheres are
sulfur atoms. The benzene ring is in gray with the

hydrogen atoms omitted for clarity.

My research project, started in the Fall of 2025, has three primary goals. Firstly, I will synthesize

and structurally characterize inorganic compounds by reacting soft transition metal cations with the NaBTS

ligand to illustrate bonding through the sulfur atoms. Secondly, I will synthesize and structurally

characterize inorganic compounds by reacting hard lanthanide metal cations with the NaBTS ligand to



illustrate bonding through the oxygen atoms. Finally, I will combine these two synthetic approaches to
create novel heterobimetallic complexes with both hard and soft metals. I aim to expand the magnetic and
redox-active properties of these mixed-metal compounds,’ as there is precedence in the Villa group for
heterobimetallic complexes using the thiosulfate and 1,10-phenanthroline ligands (Figure 2). After

synthesizing the desired complexes, I will characterize the compounds via single crystal X-ray diffraction.

Figure 2. Ball-and-stick model of the {[Nd(Ci2HsN:)2(H>0)2(S:203)2][Ag(Ci2HsN>),JOH} - H,O complex,
derived from the single crystal X-ray diffraction data, is shown. Color scheme: silver, gray; carbon, black;
hydrogen, pale pink; nitrogen, blue; neodymium, bright pink; oxygen, red; sulfur, yellow. The neodymium
cation is bonded through the oxygen donor atoms while the silver cations are bonded through the sulfur donor

atoms, demonstrating the versatility of thiosulfate ligands.



I have recently started reacting multiple soft transitions metals, including silver(I), thallium(I), and
lead(II), with the NaBTS ligand via a room temperature synthetic method using a 1:1 metal:ligand ratio in
ethanol. I am now utilizing other organic solvents in my syntheses to determine which solvents yield the
highest quality crystals. Thus far, I have synthesized and characterized a new and exciting thallium(I)
benzenethiosulfonate (TI(BTS)) complex using ethanol (Figure 3). The one crystallographically unique
thallium cation in this compound possesses a stereoactive lone pair that is interacting with the benzene ring

perpendicularly.
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Figure 3. Ball-and-stick model of the TI(BTS) (T1(CsHs0.S:)) complex, acquired from the crystallography

data, is shown (left). The thallium cation is in pastel blue, oxygen atoms are in red, and sulfur atoms are in
yellow. The benzene rings are in gray with the hydrogen atoms omitted for clarity. The two-dimensional

extended structure of the same complex is also shown (right).

During the timeframe of the scholarship, I plan to continue tuning my synthetic methods and create
novel inorganic complexes with soft metals preferentially bonded to the sulfur donor atoms on the NaBTS

ligand. Then, I will create new lanthanide complexes to exploit the remaining oxygen donor atoms on the



NaBTS ligand. Ultimately, I intend to synthesize and structurally characterize the desired heterobimetallic

complexes. Overall, these investigations involving the synthesis of mixed-metal compounds will enhance

their multifunctional catalytic abilities and expand the fundamental understanding of heterobimetallic

catalysts in inorganic coordination chemistry.
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