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Since the technical progress report of the previous renewal proposal, my students 

and I have published or have in press 13 papers (5 in JACS).   Another is under review; 

several others are in draft form.  This Final Report is an updated version of the 

Performance Report submitted with the renewal proposal for this project.  A synopsis of 

significant accomplishments follows: 

 The research has contributed the first of the following:  

*** the first example of a molten salt containing a molecule-like metal nanoparticle with 

corresponding semi-solid state redox behaviorUNC#5 

*** the first molten salts containing ruthenium pentaamineUNC#1 

*** the first example of electron hopping dynamics between Au nanoparticles involving 

aromatic tunneling barriersUNC#2 

*** the first examples of using plasticization by sorbed CO2 to vary transport rates in a 

semi-solid redox mediumUNC#4,6 

*** the first evidences for ion atmosphere relaxation dynamics as a source of control of 

electron transfer hopping rates in PEG-based molten salt, semi-solid 

media#UNC#4,6,8,9,12,13,14  In work in preparation, it is shown that ion atmosphere relaxation 

dynamics can also control electron transfer rates in a molten salt based on PEG coated Au 

nanoparticles. 

*** the first example of photoinduced electron transfer in a redox molten saltUNC#7 

*** the first example of voltammetry and luminescence of a molecule-like 

Au38(SC2Ph)24 nanoparticleUNC#10 

*** the first demonstration of intra-DNA guanine-based electron transport using a semi-

solid molten salt, and the first demonstration of semi-solid state electrocatalysis of DNA 

oxidationUNC#11 

 



 In a more general view, substantial progress has been made in: 

*** developing tools and techniques for voltammetric and other measurements in semi-

solids, including transport measurements under high CO2 pressure and added PEG to 

induce plasticization and enhanced transport, to measure optically driven electron transfer 

in electrochemically generated mixed valent molten salts, and measuring counterion 

transport rates directly as well as indirectly,UNC#13 

*** developing a more general model for understanding the apparent rates of electron 

hopping in semi-solid molten salts, which is based on ionic atmosphere relaxation that 

follows electron transfer.UNC#    That is, the electron transport process in ionically 

conductive redox semi-solids is a two-step process, electron transfer first, followed by a 

competition between back electron transfer and coulombically-driven counterion 

atmosphere relaxation (ion relocation). 

*** understanding the synthetic and physical ideas needed to prepare PEG-based DNA 

and oligonucleotide semi-solids, and to measure their transport properties, and finally 

*** a beginning in preparing molten salts of nanoparticles and measuring their transport 

properties.UNC#5 

LIST OF PUBLICATIONS AND ABSTRACTS  
 
UNC #1.  Jason E. Ritchie And Royce W. Murray, Electron Transfer Dynamics In 
Molten Salts Of Mononuclear and Dinuclear Ruthenium Complexes, J. Phys. Chem. B, 
2001, 105,  11523-11528.    
Abstract: 
We have synthesized highly viscous, room temperature molten salts by associating 
various Ru(NH3)5L cations (L = 4,4'-bipyridine, pyrazine, pyridine, 3-chloropyridine, 
benzonitrile) with polyether-tailed sulfonate anions.   Microelectrode voltammetry in the 
undiluted melts yields, on the basis of charge transport occurring by electron hopping, 
electron self exchange rate constants (kEX) for the various Ru3+/2+ couples.   The rate 
constant (and activation barrier) for the pyrazine bridged binuclear pentaamineruthenium 
melt (Creutz-Taube ion) is similar to those obtained for mononuclear 
pentaammine[ligand]ruthenium melts, meaning that charge transport in the former is 
dominated by the rate of inter- not intra-molecular electron transfer.   The data at 35°C 
are (Creutz-Taube ion) kEX = 3.7x104 M-1s-1, (pyridine) 1.1x104 M-1s-1, (3-chloropyridine) 
2x104 M-1s-1, and (benzonitrile) 3x104 M-1s-1.  All kEX values are smaller than those for 
[Ru2+/3+(bpy)3] in semi-solid melts having equivalent MePEG tail contents. 
 
UNC #2  W. Peter Wuelfing and Royce W. Murray, Electron Hopping Through Films of 
Arenethiolate Monolayer-Protected Gold Clusters, J. Phys. Chem. B, 2002, 106,  3139-
3145.    



Abstract: 
Electron hopping phenylbutanethiolate in films of arenethiolate (benzylthiolate, 

phenylethylthiolate, , and cresolthiolate) monolayer protected cluster molecules (MPCs) 
is investigated through measurements of solid state electronic conductivity.   Electron 
hopping rates between the Au cores of arenethiolate MPCs exceed those of previously 
studied solid state alkanethiolate MPC films, but the electronic coupling term, β = 0.8 Å-

1, is nearly the same.   Rate constants range from108 s-1 to 1011 s-1 across the series of 
arenethiolate MPCs; for the case of cresolthiolate the rate corresponds to a single 
molecule resistance of ~ 107 Ω/cresolthiolate ligand.   The 4-8 kJ/mol activation barrier 
energies for electron hopping are generally in line with Marcus theory predictions.   The 
low barrier energies and large rate constants arise from a combination of the low 
dielectric medium of the reactants and the partly aromatic tunneling bridges.  The sharp 
increase in film conductivity upon substituting arenethiolate ligands for >50% of the 
hexanethiolates on a hexanethiolate-protected MPC suggests a percolation effect. 
 
 
UNC #3  Brandon R. Brown, John C. Hutchison, Mary E. Hughes, Douglas R. Kellogg, 
and Royce W. Murray, Electrical Characterization Of Gel Collected From Shark 
Electrosensors,  Phys. Rev. E 65, 061903 (2002).   
Abstract: 

To investigate the physical mechanism of the electric sense, we present an initial 
electrical characterization of the glycoprotein gel that fills the electrosensitive organs 
of marine elasmobranchs ~sharks, skates, and rays!. We have collected samples of 
this gel, postmortem, from three shark species, and removed the majority of dissolved 
salts in one sample via dialysis. Here we present the results of dc conductivity 
measurements, low-frequency impedance spectroscopy, and electrophoresis. 
Electrophoresis shows a range of large protein-based molecules fitting the 
expectations of glycoproteins, but the gels of different species exhibit little similarity. 
The electrophoresis signature is unaffected by thermal cycling and measurement 
currents. The dc data were collected at various temperatures, and at various electric 
and magnetic fields, showing consistency with the properties of seawater. The 
impedance data collected from a dialyzed sample, however, show large values of 
static permittivity and a loss peak corresponding to an unusually long relaxation time, 
about 1 ms. The exact role of the gel is still unknown, but our results suggest its bulk 
properties are well matched to the sensing mechanism, as the minimum response time 
of an entire electric organ is on the order of 5 ms. 

 
 
UNC #4  Dongil Lee, John C. Hutchison, Anthony M. Leone, Joseph M. DeSimone and 
Royce W. Murray, Electron And Mass Transport In Hybrid Redox Polyether Melts 
Contacted With CO2 , J. Amer. Chem. Soc., 2002; 124, 9310-9317.   
Abstract: 

Films of neat metal salts with covalently attached oligoether side chains 
([Co(bpy(CO2MePEG-350)2)3](ClO4)2; bpy is 2,2’-bipyridine and MePEG-350 is methyl-
terminated oligomeric ethylene oxide with an average molecular weight of 350 Da) 
undergo marked changes in physical and electrochemical properties upon contact with  



CO2.  Electrochemical measurements indicate that the physical diffusion coefficient 
(DPHYS) of the Co(II) species, the observed rate constant for Co(II/I) self-exchange (kEX), 
and the physical diffusion coefficient of the perchlorate counter ion (DClO4) increase from 
2.4 × 10-11 to 7.0 × 10-10 cm2/s, 6.8 × 105 to 4.5 × 106 M-1s-1, and 3.4 × 10-10 to 
4.3 × 10-9 cm2/s, respectively, as CO2 pressure is increased from 0 to 2000 psi at 23 °C.  
A reduction in activation energy accompanies the enhancement of each of these 
properties over this pressure range.  Increasing CO2 pressure from ambient to 1000 psi 
causes the films to swell 13 %, and free-volume theory explains the enhanced mass 
transport properties of the films.  The origin of increases in electron-transfer kinetics is 
considered.  Plots of log(kEX) vs. log(DPHYS) and log(kEX) vs. log(DClO4) are both linear.  
This suggests that electron self-exchange is controlled by factors that also affect 
log(DPHYS) or log(DClO4).    One explanation is based on plasticization of the oligoether 
side chain motions by CO2 that affect ether dipole repolarization and Co complex 
diffusion rates.   A second explanation for the changes in kEX is based on control of 
electron transfer by relaxation of counterions neighbor to the Co complexes, which is 
measured by DClO4.   Both explanations represent a kind of solvent dynamics control of 
kET. 
 
UNC #5  Dongil Lee, Robert L. Donkers, Joseph M. DeSimone and Royce W. Murray, 
Voltammetry and Electron-Transfer Dynamics in a Molecular Melt of a 1.2 nm Metal 
Quantum Dot, J. Am. Chem. Soc. 2003, 125, 1182-1183. 
Abstract: 

New molecular melts of nanoparticles have been obtained by place exchanging 
thiolated poly(ethyleneglycol, MW = 350) ligands into the monolayer shells of the 
quantum dot nanoparticle Au38(phenylethylthiolate)24.   These melts are nearly 
monodisperse in monolayer protected Au clusters with core diameters of  ≈ 1.2 nm.   
LiClO4 electrolyte can be dissolved in the melt via the PEG component of the protecting 
monolayer, producing an ionically conductive nanophase and enabling voltammetry of 
the undiluted, semisolid nanoparticle molecular melt.  The optical and electrochemical 
charging properties of the small nanoparticles have molecule-like characteristics (as 
opposed to quantized double layer charging) both in dilute fluid-solvent solutions and as 
undiluted melts.   Potential step chronoamperometry shows that electronic charge is 
transported through the melt by diffusion-like core-core electron hopping reactions with a 
rate constant of 2×104 s-1.    
 
UNC #6  Dongil Lee, Amanda S. Harper, Joseph M. DeSimone and Royce W. Murray, 
Ion Atmosphere Relaxation Control of Electron Transfer Dynamics In a Plasticized 
Carbon Dioxide Redox Polyether Melt, J. Am. Chem. Soc. 2003, 125, 1096-1103.   
Abstract: 

The sorption of CO2 into the highly viscous, semisolid hybrid redox polyether 
melt, [Co(phenanthroline)3](MePEG-SO3)2, where MePEG-SO3 is a MW 350 polyether-
tailed sulfonate anion, remarkably accelerates charge transport in this molten salt 
material.  Electrochemical measurements show that as CO2 pressure is increased from 0 
to 800 psi (54 atm) at 23 °C, the physical diffusion coefficient DPHYS of the Co(II) 
species, the rate constant kEX for Co(II/I) electron self-exchange and the physical 
diffusion coefficient of the counter ion DCOUNTERION all increase, from 4.3×10-10 to 



6.4×10-9 cm2/s, 4.1×106 to 1.6×107 M-1s-1, and 3.3×10-9 to 1.6×10-8 cm2/s, respectively.   
Plots of log(kEX) vs. log(DPHYS) and of log(kEX) vs. log(DCOUNTERION) are linear, showing 
that electron self-exchange rate constants are closely associated with processes that also 
govern DPHYS and DCOUNTERION.  Slopes of the plots are 0.68 and 0.98, respectively, 
indicating a better linear correlation between kEX and DCOUNTERION.  The evidence 
indicates that kEX can be controlled by relaxation of the counterion atmosphere about the 
Co complexes in the semisolid redox polyether melts.  Since the counterion relaxation is 
in turn controlled by polyether “solvent” fluctuations, this is a new form of solvent 
dynamics control of electron transfer.   
 
UNC #7  Anthony M. Leone, Matthew K. Brennaman, Jennifer Tobodeau, John M. 
Papanikolas, Royce W. Murray, and H. Holden Thorp, Photoinduced Electron Transfer in 
Nucleic Acid Molten Salts, J. Phys. Chem. B  2003, 107, 6469-6473.  
Abstract: 

Molten salts of Ni(bpy350)3
2+ and single stranded oligonucleotides were prepared 

(bpy350 = 4,4’-(CH3(OCH2CH2)7.24OCO)2-2,2’-bipyridine).  Photoinduced electron 
transfer was observed between small amounts of Ru(bpz)3

2+* (E2+*/1+ = 1.35 V vs. SCE, 
bpz = 2,2’-bipyrazine) added to the melt and guanine in the nucleic acid, by measuring 
the emission lifetime of the ruthenium complex in melts containing varying amounts of 
guanine-containing nucleic acid.  Electrochemically determined diffusion coefficients in 
these media were < 1 X 10-11 cm2/s, showing that the Ru(bpz)3

2+* diffuses less than 0.4 Å 
during the measured excited state lifetime.  A linear relationship was observed between 
the fraction of Ru(bpz)3

2+* that was quenched (calculated as (�o-�)/�)) and the mole 
fraction of guanine-containing oligonucleotides.  This relationship supports a quenching 
mechanism that does not involve diffusion of the ruthenium complex.  The average 
electron transfer rate constant at full guanine loading was 7 x 106 s-1, which implies an 
average electron transfer distance of 12.5 Å (center-to-center). 
 
UNC#8  Anthony M. Leone, Jennifer D. Tibodeau, Steven H. Bull, Stephen W. Feldberg, 
H. Holden Thorp, and Royce W. Murray, Ion Atmosphere Relaxation Induced 
Percolative Electron Transfer in Co Bipyridine DNA Molten Salts, J. Am. Chem. Soc. 
2003, 125, 6784-6790.   
Abstract: 

  Polypyridyl complexes of Co decorated with 350-Da polyether chains 
(Co350

2+) form molten phases of nucleic acids when paired with DNA counterions 
(Co350DNA) or 25-mer oligonucleotides.  Analysis of voltammetry and 
chronoamperometry of mixtures of these phases with complexes having ClO4

- 
counterions (Co350(ClO4)2) and no other diluent provides charge transport rates 
from the oxidation and reduction currents for the complexes.  As the mole fraction 
of the Co350(ClO4)2 complex in the mixture is varied from ca. 0.25 to 1, the 
physical diffusion constants derived from the CoIII/II wave increase from 1x10-11 
cm2/s to 5x10-10 cm2/s, and apparent diffusion constants dominated by the CoII/I 
electron self-exchange increase from 1x10-10 cm2/s to 2x10-8 cm2/s.   Pure 
Co350DNA melts, containing no Co350(ClO4)2 complex, do not exhibit 
recognizable voltammetric waves; DNA suppresses the CoII/I electron transfer 
reactions of Co complexes for which it is counterion.   There are therefore two 



microscopically distinct kinds of Co350 complexes, those with DNA and those 
with ClO4

- counterions, with respect to their CoII/I electron transfer dynamics, 
leading to percolative behavior in their mixtures.   The electron-transfer rates of 
the CoII/I couple are controlled by the diffusive relaxation of the ionic atmosphere 
around the reaction pair, and the inactivity of the bound Co complexes can be 
attributed to the very low mobility of the anionic phosphate groups in the DNA 
counterion.   Substitution of sulfonated polystyrene for DNA produced similar 
results, suggesting that this phenomenon is general to other polymer counterions 
of low mobility.   We conclude that the measured CoII/I charge transport and 
electron transfer rate constants reflect more the diffusive mobility of the 
perchlorate counterion than the intrinsic CoII/I electron hopping rate.  
 
UNC#9   Amanda S. Harper, Dongil Lee, Joseph C. Crooker, Wei Wang, Mary Elizabeth 
Williams, and Royce W. Murray,  Parallel Variation Of Mass Transport And 
Heterogeneous And Homogeneous Electron Transfer Rates In Hybrid Redox Polyether 
Molten Salts, J. Phys. Chem. B 2004, 108, 1866-1873.   
Abstract:  

Metal complexes can be prepared as highly viscous (semi-solid), room 
temperature molten salts by combining them with oligomeric polyether substituents.  The 
fluidity, and transport properties of these hybrid redox polyether melts can be 
systematically manipulated by changing the oligomeric chain lengths and by adding 
unattached oligomers as plasticizers.   This paper describes the voltammetrically-
measured transport properties of several Co(II) poly-pyridine (2,2’-bipyridine, 
phenanthroline) melts.  The properties evaluated are the physical self diffusion coefficient 
(DPHYS) of the cationic complex in its melt, the diffusivity of its counterion (DCION), the 
heterogeneous electron transfer rate constant (kHET) of the Co(III/II) oxidation at the 
electrode surface, and the rate constant (kEX) for homogeneous electron self-exchange 
between Co(II) and Co(I) in the mixed valent layer next to the electrode.  These dynamics 
parameters change in parallel manners—over a large (>103) range of values—when the 
melt fluidity is changed by plasticizers or temperature.   While kHET and kEX both change 
systematically with DPHYS, they change on a more nearly proportional basis with DCION.   
The latter relationship is interpreted as a kind of solvent dynamics control in which both 
the homogeneous Co(II/I) and heterogeneous Co(III/II) reaction rates are controlled by 
the ionic atmosphere relaxation time constant, namely, the time constant of redistribution 
of counterions following an electron transfer step that has produced a non-equilibrium 
charge distribution.   DCION provides a measure of the ion atmosphere relaxation rate. 

UNC#10  Dongil Lee, Robert L. Donkers, Gangli Wang, Amanda S. Harper, and Royce 
W. Murray, Electrochemical and Optical Absorbance and Luminescence of Molecule-
like Au38 Nanoparticles J. Amer. Chem. Soc. 2004, 126, 6193-6199.    
Abstract: 
       This paper describes electrochemical and spectroscopic properties of a well-
characterized, synthetically accessible, 1.1 nm dia. Au nanoparticle, Au38(PhC2S)24, 
where PhC2S is phenylethylthiolate.  Properties of other Au38 nanoparticles made by 
exchanging the monolayer ligands with different thiolate ligands are also described. 
Voltammetry of the Au38 nanoparticles in CH2Cl2 reveals a 1.62V energy gap between 



the first one-electron oxidation and the first reduction.  Based on a charging energy 
correction of ca. 0.29V, the indicated HOMO-LUMO gap energy is ca. 1.33eV.   At low 
energies, the optical absorbance spectrum includes peaks at 675 nm (1.84 eV) and 770 
nm (1.61 eV), and an absorbance edge at ca. 1.33eV that gives an optical HOMO-LUMO 
gap energy that is consistent with the electrochemical estimate.   The absorbance at 
lowest energy is bleached upon electrochemical depletion of the HOMO level.   The 
complete voltammetry contains two separated doublets of oxidation waves—indicating 
two distinct molecular orbitals—and two reduction steps.   The ligand-exchanged 
nanoparticle Au38(PEG135S)13(PhC2S)11, where PEG135S is -SCH2CH2OCH2CH2OCH3, 
exhibits a broad (1.77 – 0.89eV) near-IR photoluminescence band resolvable into maxima 
at 902 nm (1.38 eV) and 1025 nm (1.2 eV).   Much of the photoluminescence occurs at 
energies less than the homo-lumo gap energy.    A working model of the energy level 
structure of the Au38 nanoparticle is presented. 
 
UNC#11  Anthony M. Leone, Dominic O. Hull, Wei Wang, H. Holden Thorp and Royce 
W. Murray, Electrocatalysis In Nucleic Acid Molten Salts, J. Phys. Chem. A 2004, 108, 
9787-9793.  Tomas Baer Festschrift 
Abstract: 

This paper describes redox chemistry in semi-solid molten salts of DNA in which 
the counterions of the phosphates are redox-active metal complexes with bipyridine 
ligands labeled with MW 350 poly-ethylene glycol (PEG) "tails", e.g., M(bpy350)3DNA 
(where M= Co, Ni, and bpy350 = 4,4’-(CH3(OCH2CH2)7OCO)2-2,2’-bipyridine).   Other 
redox-active metal complexes are added to the M(bpy350)3DNA melt: a) the PEG-tailed 
metal bipyridine complexes Fe(bpy350)3(ClO4)2 and Ru(bpy350)3(ClO4)2, and b) the non-
tailed complexes Os(bpy)3Cl2 (bpy = 2,2’-bipyridine) and Os(bpy)2dppzCl2 (dppz = 
dipyridophenazine).  In (a), electrogeneration of the powerful oxidizers [Fe(bpy350)3]3+ 
and [Ru(bpy350)3]3+ gives microelectrode voltammetry indicative of electrocatalytic 
oxidation of DNA base sites.  Since physical diffusion of the metal complexes is slow in 
the viscous semi-solids (and that of DNA is nil), the rate of electron hopping between the 
base sites of the DNA becomes a significant contributor to the overall charge transport 
rate, as deduced from analysis of the voltammetry.  DNA base site self-exchange rate 
constants of 1.1 x 106 and 1.8 x 106 s-1 are estimated from measurements using 
Fe(bpy350)3

3+ and Ru(bpy350)3
3+ oxidants, respectively.   In (b), a complex known to be a 

DNA intercalator in aqueous solutions is found to not be an intercalator in the DNA 
molten salt environment, as deduced from measurements showing the physical diffusion 
coefficients of aqueous non-intercalator Os(bpy)3Cl2 and aqueous intercalator 
Os(bpy)2dppzCl2 to be indistinguishable in the M(bpy350)3DNA melt.  
 
UNC#12   Srikanth Ranganathan and Royce W. Murray, Comparison Of Thermal And 
Optical Electron Transfer Barriers In Ruthenium Redox Polyether Melts, J. Phys. Chem. 
B. 2004, 108, 19982-19989.    
Abstract: 
 Combining redox active moieties with polyether oligomers produces amorphous, 
highly viscous, room-temperature molten materials notable for their high concentrations 
of redox sites that in mixed valent form exhibit facile electron transfer chemistry.  This 
paper describes experimental determinations and comparison of thermal and optical 



energy barriers for electron transfers in a specific redox polyether melt, namely the metal 
complex Ru(bpy350)2(CN)2 where bpy350 is 4,4’-dimethyl-2,2’-dipyridyl alkyl-bonded 
to 350 MW polyethylene glycol monomethyl ether.  Electrochemical measurements 
provide electron self-exchange rate constants (kEX) within the Ru(III/II) form of the melt, 
and physical diffusion rates of perchlorate ion (DClO4), along with the associated thermal 
activation barrier energies.  Plasticization by CO2 induced swelling of the melt results in 
enhanced mass and charge transport properties and decreasing energy barriers for both.   
Optical spectra of the same, electrochemically generated, mixed valent melt display an 
absorbance interpreted as an intermolecular Ru(II III) intervalence charge transfer band. 
The energy barrier results show that the observed thermal energy barrier is actually that 
for ion atmosphere relaxation processes, whereas the optical energy barrier corresponds 
to that of the actual electron transfer process itself.  
 
UNC#13    Wei Wang, Dongil Lee, Tony Leone and Royce W. Murray, Counter Ion 
Diffusivity Measurements Support Ion Atmosphere Relaxation Control of Electron 
Transfer Rates in a Semi-Solid Ruthenium Complex Molten Salt, Chem. Phys.  In press, 
publication expected Sept 2005.   For a special issue honoring Alexander M. Kuznetsov 
(65th).    
Abstract: 

Molten salts of ruthenium complexes [Ru(bpy(CO2MePEG350)2)3][X]2 have been 
prepared in which the counterion X is either perchlorate ion or mixtures of perchlorate 
and iodide ions in mole ratios of either 8:2 or 7:3.  Cyclic voltammetry in dilute, fluid 
solutions and in undiluted, semi-solid films of the iodide-containing molten salt shows 
two well-resolved iodide oxidation peaks and an anodic Ru(II/III) wave.   The average 
diffusion coefficients of the counterions were obtained by ionic conductivity impedance 
measurements, while that of iodide (as a surrogate for perchlorate ion transport) was 
measured directly using iodide voltammetry.   Agreement between the conductivity-
based and Faradaic counter ion transport data provides a quantitative validation of 
previous use of ionic conductivity data in study of the ion atmosphere relaxation model 
for electron transfer rate control in semi-solid redox hybrid polyether melts.  A second 
purpose of this report is examination of the ion atmosphere relaxation model with the Ru 
complex melts.  In this model, electron transfer rate constants are controlled by post-
electron transfer relaxation of counterion distribution around the donor-acceptor pair—
else back-transfer occurs.  The electron transfer rate constants as a result reflect 
counterion diffusion rates, not their intrinsic values.  The Ru(III/II) electron transfer rate 
constants in the [Ru(bpy(CO2MePEG350)2)3][X]2 melts indeed vary linearly with 
counterion diffusion coefficients in a manner consistent with ion atmosphere relaxation 
electron transfer rate control.    
 
UNC#14   Amanda S. Harper, Anthony M. Leone, Dongil Lee, Mary Elizabeth Williams, 
and Royce W. Murray, Ion Atmosphere Relaxation Controlled  Electron Transfer In 
Cobaltocenium Polyether Molten Salts, J. Phys. Chem. B.  submitted  

Abstract.  New model redox semi-solids for study of electron transfers in rigid 
media, based on combining cobalt(III) cyclopentadienyl complexes with oligomeric 
polyether counterions are reported in this paper.  The fluidity of the room temperature 
molten salt (Cp2Co)(MePEG350SO3) could be varied (plasticized) by varying the 



polyether content.  The charge transport rate during voltammetric reduction of [Cp2Co]+ 
is far greater than the actual physical diffusivity of the redox ion, owing to rapid 
[Cp2Co]+/0 electron self-exchange.    The measured electron self-exchange rate constant 
(kEX) is proportional to the diffusion coefficient of the ionic species in the melt; its 
activation barrier energy is close to that of the ionic species and much larger than 
predicted from intervalent charge transfer results; and the [Cp2Co]+/0 rate constant is close 
to those of dis-similar redox moieties in molten salts that have similar ionic diffusion 
coefficients.    All of these properties are consistent with the rate of electron transfers 
between a donor-acceptor pair being controlled not by the intrinsic electron transfer rate, 
but by relaxation of the ion atmosphere around the reacting pair, antecedent to electron 
transfer.   The results support the generality of the recently proposed model of ionic 
atmosphere relaxation control of electron transfers in semi-solid materials. 

 


