
. 
LA-UR-96- 1 

I 

Title: 

Authorts): 

Submitted to: 

Los Alamos 
N A T I O N A L  L A B O R A T O R Y  

Vlolecular-Level Assemblies on Metal Oxide 
Surfaces 

a ' J-3 
-,* 3. 

Jon R. Sc,ioonover, CST-4 
Carlo Bignozzi, Univ. of Ferrara, Italy 
rhomas Meyer, Univ. of North Carolina 

DOE Office of Scientific and Technical 
Information (OSTI) 

Los Alams National Laboratory, an affirmative actionlequal opportunity employer, is operated by the University of Caliiomia for the U.S. Department Of 
Energy under contract W-7405-ENG-36. By acceptance of tMs article, the publisher recognizes lhat the US. Gmefnmfl retains a nonexclusive. royalty- 
free license to publish or reproduce the published form of this contribution, or to allow others to do so. for U.S. Government purposes. The LoS A l a W  
National Laboratory requests that the publisher identify thh article as work performed under the a w c e s  



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



Molecular-Level Assemblies on Metal Oxide Surfaces 
Jon R. Schoonover*, Carlo A. Bignozzi (University of Ferrara, Italy), and 

Thomas J. Meyer (University of North Carolina-Chapel Hill) 

Abstract 
This is the final report of a one-year, Laboratory-Directed Research and 
Development project at the Los Alamos National Laboratory (LANL). The 
objective of this project was to explore molecular-level assemblies based on 
polypyridyl transition metal complexes attached to metal oxide surfaces to 
provide the basis for applications such as energy conversion and electricity 
generation, photoremediation of hazardous waste, chemical sensors, and optical 
storage and photorefractive devices for communications and optical computing. 
We have elucidated the fundamental factors that determine the photochemistry 
and photophysics of a series of these photoactive inorganic complexes in 
solution and on metal oxide substrates by exploiting our unique transient laser 
capabilities. This data is being utilized to design and fabricate molecular-level 
photonic devices. The rich chemistry of transition metal polypyridyl complexes 
can be utilized to prepare molecular assemblies having well-defined redox or 
excited-state properties that can be finely tuned to produce desired materials 
properties. We plan to explore other novel applications such as photorefractive 
switches and optical sensors using this molecular engineering approach. 

1. Background and Research Objectives 

A leading area at the forefront of basic and applied research today is the design of 
photo-driven, molecular-based devices. Of the top ten strategic technologies for the next 
decade, Battelle Technology Management Group includes (1) new materials at the molecular 
level for use in transportation and energy and (2) compact, long-lasting and highly portable 
energy sources. Molecular devices can be designed to address these issues. Toward this god  
we have pursued research into complexes that mimic biological processes, like photosynthesis. 
The natural photosynthetic apparatus consists of components that harvest visible light, create 
charge separation, and convert this light energy into chemical energy in the form of ATP. We 
are using nature's lead to design of artificial photonic devices for applications such as energy 
conversion and photoremediation of hazardous waste. 

*Principal investigator, e-mail: schoons@lanl.gov 
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Numerous intramolecular processes such as photoinduced energy transfer, charge 
separation by electron transfer, perturbation of optical transitions and polarizabilities, 
modifications of redox potentials in the ground or excited states, and photoregulation and 
switching of physicochemical properties are possible using polypyridyl metal complexes in 
molecular assemblies. These processes may be modulated by the arrangement of various 
components in the molecules to achieve the desired materials effect. With the continuing 
development of ultrafast laser spectroscopy, it is possible to measure transient vibrational 
spectra on time scales ranging from microseconds to femtoseconds to provide insight into the 
processes that occur following excitation. Ultrafast spectroscopy combined with the extensive 
chemistry available for transition metal polypyridyl complexes provides the basis for 
engineering on the molecular level of assemblies with specific functions. The research 
objective of this project has been to explore and study molecular assemblies based on 
polypyridyl metal complexes and fabricate devices by the attachment of these systems' metal 
oxide surfaces. 

2 .  Importance to LANL's Science and Technology Base and National R&D 
Needs 

This project supports the Laboratory's core competency in nuclear and advanced 
materials. The work combines the well-established chemistry of metal polypyridyl complexes 
and laboratory strengths in surface analytical methods and ultrafast transient laser 
spectroscopies. It enhances the Laboratory's ability to respond to national needs by addressing 
the general areas of complex experimentation and measurements, advanced materials synthesis 
and characterization, and advanced energy technologies. 

3 .  Scientific Approach and Resuits to Date 

A useful molecular assembly to be attached to a metal oxide surface for various 
applications must have: (1) the ability to absorb firmly on the metal oxide semiconductor; (2) 
high stability in both the oxidized and excited state; (3) efficient light absorption of visible light; 
(4) a long-lived electronically excited state; (5) an excited-state redox potential negative enough 
for electron injection into the conduction band of the semiconductor; (6) a ground-state redox 
potential as positive as possible compatible with (3) and (5); and (7) low kinetic barriers for 
excited- and ground-state redox processes to minimize free energy losses in the primary and 
secondary electron transfer steps. We have synthesized and studied molecular assemblies with 
the potential to fulfill all these important requirements. 
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In our initial studies of molecular assemblies, we have attempted to take advantage of 
efficient intercomponent energy transfer from a number of chromophoric units to a specific 
chromophoric unit that acts as an energy collector and a charge injection point (into the 
semiconductor). One complex we have synthesized and studied is [(NC)Ru(bpy)2(CN)Ru(bpy- 
4,4'(C00)2)2(NC)R~(bpy)2(CN)]~- (bpy is 2,2'-bipyridine). Time-resolved resonance Raman 
studies have demonstrated efficient energy funneling from the peripheral units to the central 
Ru(bpy4,4'(C00)2)2 unit. We have further demonstrated, using time-resolved resonance 
Raman and the complexes [(NC)Ru(phen)2(CN)Ru(bpy)2(CN)]+ and 
[(NC)Ru(bpy)2(CN)Ru(phen)2(CN)]+ (phen is 1,lO-phenanthroline), the ability to control the 
direction of energy transfer at the molecular level. The transient spectra unequivocally 
demonstrate localization of the excited electron on the terminal unit bound to the nitrogen of the 
bridging cyanide. Furthermore, the direction of energy transfer can be reversed by protonating 
the terminal nitrogen bound unit. 

time-resolved infrared spectroscopy on the nanosecond time scale. A time-resolved, step-scan 
Fourier transform infrared apparatus utilizing a commercially available interferometer and 
external optics and detection has been assembled. This novel system provides time resolution 
and sensitivity capable of measuring transient spectra on the nanosecond time scale. Data for 
some assemblies have been measured demonstrating the utility of the technique and the 
capability of measuring FIX2 difference spectra for short-lived excited electronic states and 
monitoring intermediate states. 

spectroscopies to polypyridyl complexes of Ru(1I) and Re(1) containing the ligand 
dipyrido[3,2-a:: 2',3'-clphenazine (dppz). Preliminary data on this ligand suggested a 
localized excited state that could be manipulated as part of a molecular assembly. Issues 
related to electronic distribution within dppz as the acceptor ligand and excited-state ordering of 
these complexes were studied to define the transient electronic and molecular structure of this 
unusual ligand. 

Within this research effort we have developed instrumentation capable of performing 

We have applied ground- and excited-state resonance Raman and infrared 
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Other ligand systems were studied as well as possible components of molecular 
assemblies. The electron-acceptor properties of N-methyl-4,4‘-bipyridinium cation 
(monoquat, MQ+) in polypyridyl complexes of Re(I), Ru(II), and Os(I1) were detailed. 
Ground- and excited-state resonance Raman measurements were employed to determine the 
sequence of events that occur after initial Mr1(dx) + bpy(n*) metal-to-ligand charge transfer 
(MLCT) excitation in these complexes. 

For example, infac-[Re(bpy)(C0)3(MQf)12+, excited-state electron transfer (bpy’-(x*) + 
MQ+(n*)) occurs concomitant with a twisting of the monoquat rings from an inter-ring 
dihedral angle of approximately 47” to 0”. While performing these measurements, it was noted 
that polypyridyl complexes containing MQ’ as a ligand compared to free MQ‘ displayed an 
additional, intense visible absorption band. Ground-state resonance Raman measurements 
were used to assign these electronic transitions allowing the new absorption feature to be 
assigned to the MLCT transition, MII(dn) + MQ’(n*). 
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