
Hands-on Synthesis, Characterization, & Structural Analysis of Iridium (III) complexes; 
Introducing Undergraduate Community College Students to Organometallic Research

Summer 23 & Summer 24



Why Iridium(III) 2-phenylpyridine complexes
The pioneering work on Iridium(III) phenylpyridine complexes by Richard Watts and colleagues at UCSB in the 1980s and 1990s laid the foundation 
for a field with far-reaching implications. Their discovery of tris-phenylpyridine iridium(III) complexes revolutionized organic light-emitting diodes 
(OLEDs) and beyond (1).
These complexes exhibit exceptional photoluminescence efficiency and tunable emission wavelengths, making them ideal for OLED applications 
(1). Their photocatalytic properties have opened new avenues in synthetic organic chemistry, enabling challenging transformations under mild 
conditions (2).
The versatility of these complexes extends to biological applications, showing promise in bioimaging, photodynamic therapy, and antibacterial 
treatments (2 3). Water-soluble variants have expanded their utility in biological applications and green chemistry (2).
Future applications are vast, including more efficient solar cells and artificial photosynthesis technologies (4). The integration of these complexes 
with nanomaterials could lead to novel sensors and advanced drug delivery systems. In quantum information science, their long-lived excited states 
could be exploited for quantum sensing or computing applications (4).
Ongoing research in ligand design continues to unlock novel properties, such as asymmetric tris-heteroleptic iridium(III) complexes for improved 
OLED performance. The antibacterial properties of certain iridium complexes offer potential solutions to antibiotic resistance (2).
The field of iridium chemistry with phenylpyridine ligands remains dynamic, with applications spanning from materials science to medicine. Watts’ 
pioneering work continues to inspire researchers worldwide, driving progress in diverse fields (1 4).
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Synthetic Scheme & Crystals

Synthetic Scheme for the roll-over Iridium2,2'-bipyridine Complex,   [Ir(bpy-C3,N')(bpy-N,N')Cl]2
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1H & 13C NMR Analysis
1H and 13C NMR characterization was performed for all synthesized complexes in DCM using the Anasazi EFT 90 MHz NMR Spectrometer. To assign resonances for the metal 
complexes presented in the table, COSY (Correlation Spectroscopy) and HETCOR (Heteronuclear Correlation) 2D pulse sequences were employed.  MNOVA (MestReNova) 
software was utilized for processing both 1D and 2D NMR free induction decays (FIDs). This software, known for its user-friendly interface and automated data analysis, 
provided students with an accessible platform for spectral interpretation. In particular, MNOVA simplifies COSY and HETCOR workup by offering intuitive visualization tools, 
peak picking, and automated cross-peak assignments, making complex 2D spectral analysis more manageable for students.

Miramar College provides access to MNOVA in its computer lab, allowing students to independently process and analyze their NMR data. Through hands-on experience, 
students successfully learned to navigate 2D NMR processing, enhancing their understanding of spectral correlation techniques.  The spectra below showcase the students’ 
MNOVA-processed results.

1H NMR Analysis of the Roll-Over Isomer [Ir(bpy-C3,N’)(bpy-N,N’)Cl]₂      The 1H NMR spectrum of the synthesized roll-over isomer, [Ir(bpy-
C3,N’)(bpy-N,N’)Cl]₂, was obtained to confirm its structural identity. The NMR spectra on the left represent data from the original complex 
synthesized in 1990 (https://fogarces.com/fgarcesinfo/fogdoc/05_irbpy/5irbpy.htm), serving as a historical benchmark for comparison.  The 
NMR spectrum on the right corresponds to the attempted synthesis of the same complex in the present study. Key spectral differences 
between the two samples may provide insight into variations in ligand coordination, reaction efficiency, or purity of the final product.

https://fogarces.com/fgarcesinfo/fogdoc/05_irbpy/5irbpy.htm


Photophysical properties and Crystal Structures
Miramar College undergraduate researchers successfully synthesized and characterized a series of iridium(III) ortho-metallated complex dimers. 
The project provided community college students with hands-on experience in organometallic synthesis and advanced characterization 
techniques.  
Following the successful synthesis of the complexes, the students conducted UV-Vis absorption spectroscopy to investigate their photophysical 
properties, including the calculation of extinction coefficients using Beer’s law analysis. Luminescence properties were also measured, and cyclic 
voltammetry was performed on selected complexes to explore their redox behavior.  Beyond spectroscopic characterization, the study extended 
to structural analysis. Crystals obtained from three of the synthesized complexes were successfully analyzed using X-ray crystallography, 
confirming their molecular structures and coordination environments. 

In collaboration with the UCSD X-ray crystallography Facility and with the assistance of Dr. Milan Gembicky, crystal structures were successfully 
obtained for several of the synthesized iridium(III) complexes. The high-quality diffraction data allowed for precise structural determination, providing 
critical insights into coordination environments, bond lengths, and overall molecular geometry.
The R-indices for all datasets were approximately 0.035 or lower, indicating high structural quality. The R-factor, a measure of how well the calculated 
model fits the experimental X-ray diffraction data, ranges from 0 (a perfect fit) to approximately 0.6 (poor structural agreement). An R-factor below 
0.05 is generally considered excellent, further confirming the accuracy and reliability of the crystallographic data obtained in this study.


