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Table 11. Extended Huckel Parameters 

orbital Hii,  eV ( , a  (2 ela c2 

Si 3s -17.3 1.38 
3p -9.2 1.38 

Pt 6s -8.98 2.55 
6p -4.18 2.53 
5d -10.57 6.01 2.696 ’ 0.6333 0.5512 

La 6s -7.61 2.14 
6p -5.01 2.08 
5d -8.21 3.78 1.381 0.7765 0.4586 

Exponents and coefficients in a double-b expansion of the 5d orbit- 
al. 

Ca2+(CuGe)2-. Neglecting the cation and filled d core, one may 
consider it equivalent to (GeGe’)’. There would be a hole in the 
a band, which would provide a driving force to form bonds between 
layers. The observed structure is shown in 25. 

Finally, we show the DOS to LaPtSi calculated by including 
the cation La in Figure 8. Since La is more than 3.2 8, away 
from both Pt and Si, there is not much interaction between them. 
Figure 8 is essentially the DOS of PtSi net plus that of La. The 
DOS of PtSi is not changed much (cf. Figure 6). But around the 
Fermi level, there is a lot of contribution from La states. Thus, 
the presence of the cation will strongly affect the conducting and 
magnetic properties of the compound. 
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Appendix 
The extended Hiickel method32 was used in the calculations. 

0 c a  

Ge 

0 cu 

CaCuGe 
25 

Since the extended Hiickel total energy may not be reliable in 
situations where the distance is varied, we kept the Si-Si distance 
fixed at 2.414 8, (the distance in SrSi,) and Si-Pt at 2.44 A (ideal 
bond length in LaPtSi). Pt parameters were derived from charge 
iteration of LaPtSi, with 6 k points. 494 k points were used for 
the graphite and CaSi, structures, 396 for ThSi2, 84 for SrSi2, 
494 for transition metal AIB2 structure, 270 for LaPtSi, and 35 
for LaIrSi. These are mesh points in the irreducible wedge of 
the Brillouin zone and were generated according to Pack and 
Monkhorst’s method.33 The extended Hiickel parameters are 
listed in Table 11. 
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Electropolymerized films of [ C o ( ~ - t p y ) ~ ] ~ +  (v-tpy = 4’-vinyL2,2’:6’,2”-terpyridine) are active catalytically in the electroreduction 
of both carbon dioxide and oxygen. The polymer films lower the overpotential of carbon dioxide reduction in DMF by nearly 
1 .O V and the four-electron reduction of oxygen in aqueous solution by 300 mV. The predominant product of carbon dioxide 
reduction is formic acid, as determined by the chromotropic acid test. The product distribution (water vs peroxide) in the reduction 
of oxygen was strongly dependent on the polymer coverage, with water being the predominant product a t  high coverage (>2.5 
X mol/cm2), whereas at lower coverage, hydrogen peroxide was the main reaction product. 

Introduction 

the four-electron reduction of oxygen to water at potentials close 

are often coupled with other chemical steps, e.g. protonation, and 
in addition there can be other reaction pathways such as the The reduction of carbon dioxide to useful fuel products and 

to those dictated by thermodynamics have attracted considerable 
interest in recent years.’ These are particularly difficult reactions 
to catalyze because they involve multiple electron transfers that 

(1) (a) Fisher, B.; Eisenberg, R. J .  Am.  Chem. SOC. 1980, 102, 7361. (b) 
Lieber, C. M.; Lewis, N. S .  J .  Am.  Chem. Soc. 1984, 106, 5033. (c) 
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Interfacial Electrochem. 1987, 229, 273. (d) Holdcroft, S.; Funt, B. 
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Collin, J.-P.; Jouaiti, A,; Sauvage, J.-P. Inorg. Chem. 1988, 27, 1986. 
(f) Cabrera, C. R.; Abruiia J .  Electroanal. Chem. Interfacial Electro- 
chem. 1986, 209, 101. 
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reduction of oxygen to hydrogen peroxide rather than water. 
Catalysts immobilized on an electrode surface are particularly 

advantageous due to their ready separation from the reaction 
medium and the small amount of material necessary for reaction. 
In addition the reaction rate can be controlled by the applied 
potential. In the case of [ C o ( ~ - t p y ) ~ ] ~ +  (v-tpy = 4'-vinyl- 
2,2':6',2"-terpyridine), the immobilization of the complex via 
electropolymerization to a polymer network on the surface also 
facilitates the electrochemical generation of an open coordination 
site on cobalt, which is generally regarded as a prerequisite for 
activation of small molecules such as oxygen and carbon dioxide. 
It appears that, for the polymeric film, steric constraints cause 
one (or both) of the terpyridine ligands to become bidentate. Such 
an open coordination site is then available for solvent or other small 
molecules such as oxygen or carbon dioxide to binds2 This is in 
marked contrast to the behavior of [ C ~ ( t e r p y ) ~ ] ~ '  in solution, 
where the ligands always retain their tris coordination. 

Numerous studies have been carried out on transition-metal 
complexes as reductive catalysts. In solution, [Ni(bpy),I2+, after 
being reduced to Nio has been observed to reduce carbon dioxide 
to carbon m ~ n o x i d e . ~  [ C ~ ( b p y ) ~ ] ~ '  has been observed to reduce 
allyl halides electr~catalytically.~ Cobalt phthalocyanines ad- 
sorbed on carbon electrode surfaces have been shown to reduce 
carbon dioxide to carbon monoxide a t  potentials as low as -0.65 
V vs SCE a t  pH 5.0, possibly through a mechanism involving a 
cobalt hydride intermediate.5 

There have been numerous studies on the use of electrodes 
modified with Co porphyrins or phthalocyanines for the electro- 
catalytic reduction of oxygen. Recently, Murray et al. found that 
the catalytic activity of electrodes modified with films of cobalt 
tetrakis(o-aminopheny1)porphyrin complexes toward oxygen re- 
duction was dependent on coverage, with higher coverages faci- 
litating the four-electron reduction of oxygen.6 This was attributed 
to the formation of dimeric species a t  high coverage. 

We have utilized electropolymerized films of [ C ~ ( v - t p y ) ~ ] ~ +  
in the electrocatalytic reduction of oxygen and carbon dioxide. 
The utility of surface-immobilized catalysts is dramatically evident, 
since the monomer in solution is catalytically inactive for these 
reductions at potentials where the immobilized layer is quite 
active.2 

Experimental  Section 
[CO(v-tpy),l2' was prepared as described previously.' 

Acetonitrile and dimethylformamide (DMF) (Burdick and Jackson dis- 
tilled in glass) were dried over 4-A molecular sieves. Tetra-n-butyl- 
ammonium perchlorate (TBAP) (G.  F. Smith) was recrystallized three 
times from ethyl acetate and dried under vacuum at 90 OC for 72 h. 
Water was purified by passage through a Milli-Q purification train. All 
other reagents were of at least reagent grade quality and were used 
without further purification. 

Instrumentation. Electrochemical experiments were performed with 
either an IBM-EC225 potentiostat or a Pine Instruments Model RDE4 
bipotentiostat, and coulometric measurements were made on a BAS 100 
electrochemical analyzer. Data were recorded on a Soltec X-Y-Y re- 
corder. Rotated disk and ring-disk electrode experiments were carried 
out on a Pine Instruments Model MSR rotating disk electrode assembly. 
Spectral measurements utilized a Hewlett Packard Model 845 1 spec- 
trophotometer. 

Glassy-carbon rotated disk and glassy-carbon disk/platinum ring 
electrodes were shrouded with Teflon (Pine Instruments). The ring 
collection efficiency was 0.23 calibrated with measurements in a solution 
of ferrocene. Electrodes were polished prior to use with I-pm diamond 
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Figure 1. Cyclic voltammogram in acetonitrile/O.l M TBAP at 50 mV/s 
for a glassy-carbon electrode modified with an electropolymerized film 
of [Co(v-tpy),lz+. Inset: plot of peak current vs sweep rate. 
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V vs. SSCE 

Figure 2. Linear-sweep voltammograms at 10 mV/s in oxygen-saturated 
aqueous pH 8.7 buffer solution (NaOH/Na2HPO4) for the reduction of 
dioxygen at an electrode modified with [Co(v-tpy),12+ (A, s = 50 pA) 
and at  a glassy-carbon electrode (B, s = 10 PA). 

paste (Buehler) and rinsed thoroughly with water and acetone. Elec- 
trochemical cells were of conventional design. All potentials are refer- 
enced to the sodium saturated calomel electrode (SSCE) without regard 
for the liquid junction potential. 

Procedures. Electrodes were modified with electropolymerized films 
of [ C ~ ( v - t p y ) ~ ] ~ +  by scanning the potential (200 mV/s) between 0.0 and 
-1.70 V for a prescribed length of time (depending on the desired cov- 
erage) in a thoroughly degassed 1.0 mM solution of [ C o ( ~ - t p y ) ~ ] ~ +  in 
acetonitrile with 0.1 M TBAP. The coverage of the polymer film was 
determined from the integrated charge of the cyclic voltammetric wave 
at a formal potential of -0.81 V when cycled in clean acetonitrile/O.l M 
TBAP solution containing no dissolved complex. 

Gases (presaturated with solvent) were vigorously bubbled through 
solutions for 45 min prior to experiments to ensure saturation. The 
concentration of oxygen in NaOH/Na2HP04 aqueous buffer at pH 8.7 
saturated with oxygen was 1.4 mM and in the ambient atmosphere was 
0.3 mM at  1 atm and at  22 0C.8 The concentration of carbon dioxide 
in saturated DMF was 215 mM at 1 atm and at 22 0C.9 

(8) Linke, W. F. Solubilities of Inorganic and Metallorganic Compounds, 
4th ed.; American Chemical Society: Washington, DC, 1965; Vol. 1 I ,  
p 1229. 
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Figure 3. Rotating-disk voltammograms at 10 mV/s for the reduction 
of dioxygen in aqueous NaOH/Na2HP04 pH 8.7 buffer solution at 1000 
and 4000 rpm: (A) [O,] = 0.3 mM; (B) [O,] = 1.4 mM. 

Electrolysis at  -1.20 V in C0,-saturated DMF solutions was carried 
out with a continuous flow of DMF-saturated carbon dioxide. The 
production of formic acid was estimated by using the chromotropic acid 
spot testlo and measuring the absorbances at 482 and 584 nm due to the 
reaction of chromotropic acid with formic acid. Absorbances were ref- 
erenced to a bare electrode under the same conditions as a blank. 
Results and Discussion 

The electrochemistry of [Co(v-tpy),12' has been described 
previously.2 Figure 1 shows a cyclic voltammogram (from 0.0 
to -1.0 V) in acetonitrile/O.l M TBAP under nitrogen for a 
glassy-carbon electrode modified with an electropolymerized film 
of [C~(v- tpy) , ]~+.  The wave with an Eo' value of -0.81 V cor- 
responds to the Co(II/I) couple. The wave shape is characteristic 
of a surface-confined reversible redox couple with the expected 
linear relationship of peak current with potential sweep rate 
(Figure 1 inset). 

Oxygen Reduction Catalysis. Figure 2 shows voltammograms 
for a bare and [Co(v-tpy),12+-modified glassy-carbon electrode 
in an oxygen-saturated aqueous NaOH/Na2HP04 buffer solution 
at pH 8.7. Oxygen reduction occurs a t  E,  values of -0.60 and 
-1.10 V at the bare carbon electrode surface. At the modified 
electrode, however, these voltammetric waves are shifted to E,  
values of -0.48 and -0.8 1 V, suggestive of electrocatalytic behavior. 
In media of lower pH, the second reduction wave was not observed. 
Other cobalt reduction catalysts have been found more effective 
in the four-electron reduction of oxygen to water in basic solutions 
than in acidic media.6 

The electrocatalytic reduction was studied by rotated-disk 
voltammetry. Figure 3 illustrates the voltammetry a t  rotation 
rates of 1000 and 4000 rpm for a modified glassy-carbon electrode 
in atmospheric oxygen (A) and saturated oxygen solutions (B). 
The current is proportional to the concentration of oxygen in 
solution and is thus enhanced approximately 4-fold for the elec- 
trode in saturated oxygen solution, consistent with the difference 
in oxygen concentration. The waves at -0.50 and -0.80 V are 
ascribed to the reduction of oxygen to peroxide and to water, 
respectively. 

0, + 2e- + 2H+ - H 2 0 2  

0, + 4e- + 4H' - 2 H 2 0  

The coverage of the polymer film greatly influenced which 
reduction peak dominated. For coverages up to r = 2.5 X 
mol/cm2 (approximately 25 equivalent monolayers), the two- 
electron reduction to peroxide dominated. Whereas for coverages 
beyond r = 2.5 X mol/cm2, the four-electron reduction to 
water becomes important, although both reduction processes still 
occur. 

The assignment of the reduction processes is supported by 
rotated ring-disk electrode experiments. While reduction occurred 

(9) Stephen, H.; Stephen, T. Solubilities ojlnorgunic and Organic Com- 
pounds; Pergamon Press: New York, 1963; Vol. 1, p 1063. 

(IO) Feigl, F. Spot Test in Organic Analysis; Elsevier: Amsterdam, 1956; 
p 451. 
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Figure 4. Disk and ring currents ( E R  = +1.35 V vs SSCE) vs disk 
potential scanned at 10 mV/s for a glassy-carbon disk, platinum ring 
electrode rotated at 2500 rpm for the reduction of dioxygen in oxygen- 
saturated aqueous pH 8.7 buffer solution at a polymer-modified electrode 
at coverages of (A) 9.7 X mol/cm2 and (B) 2.4 X IO-' mol/cm2. 

A 

0 
0 

0 
0 

B 
1 2 0 0 0  

- 9000 
r 

4 
6000 - 

1 . - 
3000 

0 
0 

Figure 5. (A) Levich and (B) Koutecky-Levich plots for rotated-disk 
limiting currents at an electrode modified with [C~(v-tpy),]~+ at a cov- 
erage of 9.7 X IO4 mol/cm2 for the two-electron (0) and four-electron 
( 0 )  reduction of dioxygen in aqueous pH 8.7 buffer solution. 

at the disk, the ring potential was maintained a t  +1.35 V to 
oxidize, and thus monitor, any Hz02 produced at the disk. As 
the polymer film coverage was increased, the ratio of the ring 
current to the disk current decreased, indicating a diminution in 
the formation of hydrogen peroxide (Figure 4). At low coverage 
(3.4 X mol/cm2), the H202 yield was 29.5% of the total 
reduction current, while at higher coverage (9.8 X 10+ mol/cm2), 
the H202 yield decreased to 6.5% a t  2500 rpm. 

The transition from the two-electron reduction process (yielding 
peroxide) to two competing reduction pathways at higher coverages 
(yielding peroxide and water, respectively) may be related to the 
closer proximity of the Co centers at higher coverages. We have 
previously studied the concentration dependence of the metal 
complexes on coverage, and it exhibits an initial increase in 
concentration with varying coverage., At high enough coverage, 
the concentration levels off. These findings indicate a change in 
packing density up to coverages of 15-20 monolayer equivalents, 
fully consistent with our observations. The four-electron reduction 
of oxygen to water may dominate when two Co centers can si- 
multaneously contribute electrons. As mentioned previously, 
Murray et aL6 have recently reported on the reduction of oxygen 
a t  electrodes modified with films of cobalt tetrakis(o-amino- 
pheny1)porphyrin in which the second reduction wave (the 
four-electron reduction to water) was enhanced while the two- 
electron reduction to peroxide diminished at higher coverages. 
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Figure 6. Rotated-disk voltammograms at 1000 rpm in COrsaturated 
DMF/O.l M TBAP solution foc the reduction of carbon dioxide at (A) 
a [Co(v-tpy)J2+-modified electrode and (B) a bare glassy-carbon elec- 
trode. 

They attributed this enhancement to the formation of cobalt dimer 
species. 

Limiting currents for each of the reduction processes are plotted 
as a function of w I l z  in Figure SA. The linearity of these plots 
a t  slower rotation rates indicates mass transport limited kinetics. 
At higher rotation rates, limiting currents level off, indicating some 
kinetic limitation such as a preceding chemical step, boundary 
layer effects, or limiting reactant permeation rates. 

Assuming that electron transport through the polymer film is 
the limiting step for this reduction, the Koutecky-Levich equation 
can be applied:" 

1 /ill,,, = 1 /(nFAk??Cb) + I / ( O . ~ ~ ~ F A U - ' / ~ ~ ~ / ~ W ~ / ~ C ~ )  

where cb is the bulk concentration of the reactant (oxygen) in 
water, r is the total surface  coverage,^ is the kinematic viscosity, 
and w is the rotation rate. In the determination of the rate 
constant, it was assumed that all of the deposited material was 
active in the reaction. This assumption, however, may not be valid 
at high coverages when reactant permeation may be limiting. Plots 
of 1 /il,m versus W - I / ~  are consistently linear (Figure SB); r = 0.98. 
At coverages of (5-10) X mol/cm2, the second-order rate 
constants were 4 ( f l )  X lo6 M-' s-' for the two-electron reduction 
and 3.6 ( f l )  X IO5 M-I s-l for the four-electron reduction. These 
rate constants are averages of five replicate determinations and 
two concentrations of oxygen (1.4 and 0.3 mM). The diffusion 
coefficient of oxygen was determined from the slopes of the 
Koutecky-Levich plots to be 2.0 (f0.8) X lod cm2/s, which is 
significantly lower than its solution value and may indicate im- 
peded permeation. 

However, results from the reduction of carbon dioxide (vide 
infra) show linear Levich plots up to surface coverages of 1 X lo4 
mol/cm2, so that the limiting factor in the reduction of oxygen 
may be the formation of a precursor rather than the rate of 
substrate permeation. 

Carbon Dioxide Reduction Catalysis. The reduction of carbon 
dioxide was dependent on the nature of the solvent. Acetonitrile 

( 1  1) (a) Levich, V. G. Physicochemical Hydrodynamics; Prentice-Hall: 
Englewood Cliffs, NJ, 1962; pp 345-357. (b) Koutecky, J.; Levich, V. 
G. Zh.  Fiz. Khim. 1956, 32, 1565. 
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Figure 7. (A) Levich and (B) Koutecky-Levich plots for rotated-disk 
limiting currents at an electrode modified with [C~(v- tpy)~]~+ at a cov- 
erage of 9.9 X mol/cm2 for the two-electron reduction of carbon 
dioxide in DMF/O.l M TBAP. 
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Figure 8. Absorption spectra for the reaction of formate with chromo- 
tropic acid after electrolyzing a C02-saturated DMF/O.l M TBAP so- 
lution with a [Co(v-tpy),12+-modified platinum-gauze electrode after (A) 
0.44, (b) 0.51, (C) 0.64, and (D) 1.10 C of charge. 

coordinates effectively due to the r-acidity of the nitrile moiety. 
In such solvents, no catalysis of carbon dioxide reduction was 
observed, probably due to occupation of the cobalt coordination 
site by solvent. However, in less coordinating solvents such as 
DMF, a strong catalytic effect was present. 

At electrodes modified with films of electropolymerized [Co- 
( ~ - t p y ) ~ ] ~ +  in solutions of DMF/O.l M TBAP saturated with 
carbon dioxide, the reduction of carbon dioxide can be effected 
at -0.90 V (Figure 6A), which is nearly 1.0 V less negative than 
the corresponding value at a bare carbon electrode surface (Figure 
6B). 

Electrodes coated with about 1 X lo-* mol/cm2 were employed 
in these studies. At high coverage values, the permeation of carbon 
dioxide appeared to be impeded, thus reducing the relative catalytic 
activity of the films and resulting in deviations from linearity in 
the ilim versus w ~ / ~  plots. Such plots were linear a t  high rotation 
rates for lower polymer film coverages (Figure 7A). 

In order to analyze for products of the carbon dioxide reduction, 
the DMF/O.l M TBAP solution was saturated with carbon dioxide 
and a continuous flow of DMF-saturated carbon dioxide was 
maintained through the system. The solution was electrolyzed 
at -1.20 V with a polymer-modified platinum gauze electrode for 
4 h. Formic acid was detected as a reduction product by using 
the chromotropic acid spot test? Further experiments were carried 
out to determine the yield of formic acid by using UV/vis spec- 
troscopy. The products of the chromotropic acid spot test have 
absorbances a t  482 and 584 nm, and these were monitored to 
determine the quantity of formic acid produced as the reaction 
progressed (Figure 8). 

Based on the production of formic acid, the turnover number 
for the catalyst was in excess of 500 turnovers. Chronocoulometry 
was carried out to assess the current efficiency of the system. The 
amount of the charge passed during electrolysis was compared 
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to the amount of charge consumed in the production of formic 
acid. The current efficiency of electropolymerized films was nearly 
100%. 

Both the turnover number and current efficiencies might be 
larger if other reduction products were also being formed during 
electrolysis. We have not yet detected products other than formic 
acid although initial studies by mass spectrometry detected traces 
of carbon monoxide. Also, the coverage of the platinum gauze 
is not known to a high degree of accuracy, and high coverages 
would preclude activity throughout the film. 

After 1 .1  C of charge was passed through the system, the 
electrochemistry of the catalyst was still present. However, the 
amount of electrochemically active material had been reduced 
to 25% of its initial value. The kinetics of the electrocatalytic 
carbon dioxide reduction were determined by using the Kou- 
tecky-Levich equation (analogous to the oxygen reduction kinetic 
analysis). The second-order rate constant for the reduction of 
carbon dioxide by two electrons is 1 ( & I )  X lo3 M-' S-I , s  a 
determined from the intercept of I/ili,,, versus u-1/2 plots (Figure 

7B). Although the rate constant for this reaction is not large, 
the decrease in the reduction potentiai due to the polymer film 
is remarkable. 

The polymerized films of [C~(v - tpy )~]~ '  are capable of reducing 
carbon dioxide to formic acid and thus creating a carbon-hydrogen 
bond. We propose that carbon dioxide binds to the open coor- 
dination site a t  cobalt and is subsequently reduced. The generation 
of an open coordination site a t  cobalt is wholly responsible for 
this catalytic activity. If this assertion is correct, one would expect 
that a single quinquepyridine ligand bound to a cobalt center may 
be even more active. W e  are currently pursuing the study of the 
electrochemistry and electrocatalytic activity of [Co(v-qpy)] 2+. 
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Synthesis and Characterization of (Catechola to) bis(P-diketonato) vanadium (IV) 
Complexes 
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The syntheses of the complexes [V(cat)(a~ac)~], [V(cat)(b~ac)~], and [V(dtbc)(b~ac)~] are described, and the complexes' UV- 
visible, infrared, and mass spectral data are presented. The complexes are nonelectrolytes with a room-temperature magnetic 
moment of about 1.8 p ~ ,  consistent with the d' vanadium(1V) system. The complexes show reversible one-electron reduction to 
the vanadium(II1) state at -0.22,-0).26, and -0.37 V ("E), respectively, in acetonitrile and at -0.39, -0.38, and -0.56 V ("E), 
respectively, in dichloromethane. Oxidation to the vanadium(V) state does not occur at potentials less positive than 1.0 V, at which 
the catecholate ligands undergo oxidation. These mixed-ligand vanadium(1V) complexes are more stable to disproportionation 
than the tris(catecho1ato) and tris(j3-diketonato) complexes, more stable to oxidation than the former complexes, and more stable 
to reduction than the latter. 

Introduction 

Only a few non-vanadyl vanadium(1V) fully chelated species 
are well characterized.'" This is surprising because these types 
of complexes provide access to a range of vanadium chemistries 
as they have, in principle, the possibility of oxidation and reduction 
to equivalent vanadium(V), -(III), and -(II) species, whereas the 
oxovanadium species are unable to retain their integrity after redox 
reactions. The  only mixed-chelate complexes reported are [V- 
(bpy)(dtbc),] and [V(phen)(dtb~)~]. ' ,* This paper reports the 
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synthesis and characterization of mixed catecholate P-diketonate 
complexes and a comparison of the complexes' properties with 
those of the tris complexes of these ligands. 
Experimental Section 

Materials. Catechol and tetrabutylammonium perchlorate were re- 
crystallized twice from ethanol, and 3,5-di-tert-butylcatechol was re- 
crystallized from pentane. Sodium meth~xide,~ oxobis(2,4-pentane- 
dionato)vanadium(IV),'O oxobis( 1 -phenyl- 1,3-butanedionato)vanadium- 
(IV),l' dichlorobis(2,4-pentanedionato)vanadium(IV)~ and dichlorobis- 
( I  -phenyl-I ,3-b~tanedionato)vanadium(IV)~ were prepared by literature 
methods. All solvents were AnalaR grade. Methanol was dried by 
refluxing over magnesium methoxide, and hexane, toluene, pentane, di- 
chloromethane, and acetonitrile were dried by refluxing over powdered 
calcium hydride. The distillation of the solvents was carried out under 
dried high-purity argon just prior to use. Vanadium analyses were car- 
ried out by atomic absorption spectroscopy, and the C, H, 0 analyses 
were conducted by the University of Queensland's microanalytical serv- 
ice. 

For the syntheses of the complexes, all operations were carried out 
under dry, oxygen-free dinitrogen in a VAC Dri-Lab Model M040-1 
drybox unless otherwise stated. 
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