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Transition Metals



Transition metals catalyze different reactions pathways such 
as hydrogenation, cross-coupling, etc.

Hydrogenation Cross-Coupling
(Jana et al., 2011)



Platinum Palladium Rhodium

$44,551.26 
per kg

$45,255.36 
per kg

$217,020.87 
per kg

**Data collected on September 18th**

Potential Effects of Transition Metals 
on Human Health

(Jomova et al., 2024)

Transition Metals have inevitable downsides due to its 
affordability and toxicity



Bismuth is 
Safer, 

Cheaper 
Metal Platinum Palladium Rhodium Bismuth

$44,551.26 
per kg

$45,255.36 
per kg

$217,020.87 
per kg

$384.55
per kg

**Data collected on September 18th**

Structure of the active pharmaceutical 
ingredient bismuth subsalicylate

(Svensson Grape et al., 2022)



General Scheme of Bismuth Redox 
Catalysis

(Cornella et al., 2022) Bismuth-mediated Radical 
Polymerization via Bi(II) radical

(Cornella et al., 2022)

Bismuth-catalyzed transfer 
hydrogenation

(Cornella et al., 2022)

Bi2O3 photocatalyzed α-alkylation of 
aldehyde

(He et al., 2025)

Bismuth goes 
through different 

redox catalysis 
pathways



Basics of Density Functional Theory (DFT) 

Computational Chemistry has several methods

Density Bond Orders and Kinetic Bond 
Orders from QUAO
(Rudenberg et al., 2020)

**DBO: density matrix of the total molecular wave function expanded in terms of QUAOs**
**KBO: interatomic kinetic energy between QUAO a on atom A and QUAO b on atom B**

Basics of Hartree-Fock Method
- Slater Determinant to calculate total electronic molecular wave 

function from each one-particle wavefunction
- Hartree-Fock energy derived from expectation value of 
Hamiltonian of total electronic molecular wave function

- Optimization of coefficients for linear combination of basis sets of 
atomic orbitals



Types and positions of substituents on the phenyl rings affect the bonding profiles of 
organobismth hydrides

Types of Substituents (e.g., R=F, 
NH₂, OCH₃, CH₃, SCH₃, NO₂) and 

Respective Positions of 
Substituents

Independent Variables Dependent Variables

Density Bond Orders and Kinetic Bond Orders 
from QUAO

(Rudenberg et al., 2020)

Homolytic Cleavage Energy of Bi-H bond 
(denoted by ∆H˚)



Flow of Computational Analysis



Flow of Computational Analysis
1) Preparation of Initial Input Files for Geometry Optimization

2) Confirmation of Local Minima on Potential Energy Surface (PES)



Flow of Computational Analysis
3) QUAO Analysis

Sample QUAO Results of Pyridine
**Each degenerate orbitals show interaction between QUAOs**

4) Calculation of homolytic cleavage energy  



Flow of Computational Analysis
5) Determination of optimal organobismuth hydride structure 
based on QUAO profiles and homolytic cleavage energies 

6) Experimental verification  


