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Professor Casadonte’s research interests focus upon the dynamics of unusual excited state processes 

as well as the fabrication of novel nanomaterial and molecular systems with potential applications as 

molecular photodevices, energy storage systems, catalysts, and environmental remediants. Several 

areas of research in his lab are aimed at understand the chemistry and physics of these high-energy 

events. 

The Chemical Effects of High-Intensity Ultrasound 
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Acoustic cavitation produces temperatures in excess of 5000 K and pressures greater than 100 

atmospheres during the adiabatic collapse of gas vacuoles in solution. These physical extremes are 

used to produce high-energy species not available by analogous thermal or photochemical routes. 

Sonication of mixed-metal powders in hydrocarbon solvents leads to the formation of intermetallic 

coatings which may have use as dehydrogenation catalysts and in thin film coatings. Ultrasound is also 

an effective means of removing hydrocarbon contaminants from aqueous media. This process may 

prove effective in the environmental remediation of waterborne pollutants. We have, for example, 

been able to degrade up to 1500 ppm of a variety of aliphatic, aromatic, and halogenated 

hydrocarbons in water to CO2, H2, and H2O in slightly more than one hour. 

 

Figure 1. The sonolytic degradation of octane and decane in water. 

The spring semester of 2000 was spent in Chambery, France on a Fulbright Scholarship. While there, 

Dr. Casadonte began preliminary studies on the application of pulsed ultrasound to enhance 

sonochemistry. It was found that with the appropriate pulsed waveform an enhancement of more 

than 300% in the rate of degradation of environmentally contaminants could be achieved relative to 

continuous ultrasonic irradiation. Little is known about the interaction of the pulsed sound field with 

the chemical species involved. Our group is also interested in exploring non-linear cavitation 

processes using variable frequency and heterodyne ultrasound. In this case, two different ultrasonic 

frequencies are input which produce a third frequency which is non-resonant with the cavitation sites. 

It is our belief that the non-linear cavitation phenomena produced by the multi-frequency ultrasound 

will lead to enhancements in the rate and efficiency of cavitation.We have already observed a 500% 

increase in the rate of acid orange degradation through the application of heterodyne ultrasound 

using a multi-frequency sonicator built in our lab. 

Our other activities involving sonochemistry include the fabrication of metal phosphide 

semiconductor materials from organometallic precursors, generation of graphite intercalation 



compounds, and a facile sonochemical methodology for the formation of ionic liquids, and the 

formation of true nano-alloys of precise stoichiometry for fuel cell catalysis. We have also been 

developed a single-transducer variable frequency sonicator which allows our group to probe the 

effect of frequency on sonochemical activity in a systematic manner. 

 

Figure 2. The Variable Frequency Sonicator. 

Supramolecular Chemistry and the Design of Photoactive Metallopolymers 

The goal of this research is an understanding of the spatial characteristics required for the fabrication 

of molecular photodevices. We have recently developed the first examples of photoactive 

multinuclear Cu(I) complexes containing bridging phosphines. We have also prepared multinuclear 

Cu(I) complexes containing phenanthrolines bound via oxyben bridges. 



 

Figure 3. Crystal structure of [(PPh3)2Cu(dmp)-O-(dmp)Cu(PPh3)2]2+ (dmp = 2,9-dimethyl-1,10-

phenanthroline) 

Similar complexes have been catenated to form metallo-polymers possessing photo-induced charge-

storage capacity. Our research group has recently synthesized a unique Cu(I) metallopolymer using 

polymerized phenanthroline acrylate as the ligand. We have synthesized a double helical species 

containing two phenanthroline units per Cu(I) (generating a Cu(I) channel in the middle of the 

polymer), and an asymmetric system containing one phenanthroline ligand and two coordinated 

triphenylphosphine ligands per copper. The polymer has photocapacitive characteristics, with 

measurable photocapacitance under 354 nm irradiation of approximately 65 µF/g (~600 mF/mole or 

1.3 mF/m2). The mononuclear species displays no analogous photcapacitance. Metallopolymers of 

this type may have future applications in optical computing. 

Photochemistry/Photophysics 

Another aspect of Professor Casadonte’s research includes the synthesis of complexes which display 

simultaneous emission from two or more distinct excited states. He has recently prepared a series of 

Cu(I) complexes containing phosphine sulfide ligands which emit from both charge transfer and 

intraligand emission excited states. Density functional calculations are currently underway in an 

attempt to understand the mechanism of multistate luminescence from these systems, which violate 

Kasha's rule. 



 

Figure 4. Luminescence Spectra of Cu(I) Phosphine and Phosphine Sulfide Complexes 

Chemical Education 

Professor Casadonte has an active interest in several areas of chemical education. In his recent role as 

an National Science Foundation Discovery Corps Fellow, professor Casadonte has explored the 

efficacy of an intergenerational learning and service program in the chemical sciences in elementary 

and middle schools, involving the use of senior citizens as secondary teachers at the 5th and 8th grade 

levels. Studies were performed on student learning enhancement, improvement in cognitive 

functioning among the seniors, and changes in attitudes between both the seniors and children during 

their curricular and extracurricular interactions. 

Professor Casadonte has an active program in service learning. He has developed a laboratory course 

that teaches chemistry though the development of novel chemical demonstrations. The students are 

then required to “perform” their demo show for various K-12 audiences. Pre- and post-content and 

attitudinal assessment instruments have been developed to determine the effectiveness of this 

hands-on, project-based learning environment. He is currently working on the development of an 

intercollegiate service learning project. 

A current research focus in the area of chemical education in the Casadonte group focuses on the 

exploration of the integration of mathematics and science into the K-12 curriculum. Through the 

auspices of a National Science Foundation GK-12 grant, Casadonte and a team of co-PI’s on the Texas 

Tech campus have developed “Math-Science-Engineering Bridge Quartets (MSEBQ’s), involving 2-3 

Math/Science/Engineering graduate students and 2-3 Math/Science/Engineering high school teachers 

who form a learning/teaching community in order to develop and teach integrated math/science 

curriculum. One of the purposes of this study is to help break down artificial barriers that exist in 

many students’ minds concerning the applications of math in science and vice versa. 
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