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on the basis of experimental evidence. Studies of the rate of
dissociation of CH,CN from this complex, path B (there is
no evidence for the formation of a dicarbonyl product which
would result from path A), indicate this process to have a
first-order rate constant of ca. 1.8 X 1072 s7! at 15.5 °C.
Moreover, while the expected dicarbonyl products, cis,-
trans,cis-(phen)(L),(CO),Mo, are well-known,” they are
produced only under reaction conditions far more rigorous
(>100 °C) than those employed here. The dissociation of CO
in competition with that of CH;CN in fac-(CH,CN)(phen)-
Mo(CO); also is not expected on the basis of both ground-
state® and transition-state® bonding arguments.

There is evidence, on the other hand, which implicates the
competitive pathways (C) and (D) (Scheme I) in these sys-
tems.

(a) The stereoselectivity of the introduction of the 1*CO label
is quite temperature dependent, the labeling being highly
stereoselective (>95% axial) at 0 °C, but much less so (ca.
75% axial) at 25 °C. This observation would indicate sig-
nificant differences in the temperature sensitivity, i.e., in AH*,
for the processes leading to each geometrical isomer. For
competing associative and dissociative paths such as (C) and
(D), the dissociative path, which leads to formation of the
species containing the equatorial label, will exhibit greater
temperature sensitivity, as is observed.!?

(b) Enrichment studies using various mixtures of 3CO/N,
indicate that the fraction of 3CO label incorporation decreases
with decreasing '3CO pressure. This observation is consistent
with the decreasing accessibility of the associative path (C)
relative to a dissociative path such as (D) as the concentration
of 3CO decreases.

(¢) Evidence for the presence of two labels in some labeled
molecules, consistent with the accessibility of path D as that
which leads to the equatorial enrichment, comes from the
observation of a weak band in the carbonyl stretching spectrum
of (phen)Mo(CO), prepared from fac-(CH,CN)(phen)Mo-

(7) See, e.g.. Houk, L. W.; Dobson, G. R. Inorg. Chem. 1966, 5, 2119.
(8) See, e.g.: Stolz, I. W.; Sheline, R. K.; Dobson, G. R. Adv. Inorg. Chem.
Radiochem. 1966, 8, 1.
(9) Atwood, J. D.; Brown, T. L. J. Am. Chem. Soc. 1976, 98, 3190.
(10) For competing pathways (similar AG*), AH" is greater for the path with
the more positive AS*, i.e., for the dissociative path. See, e.g.: Angelici,
R. J.; Graham, J. R. J. Am. Chem. Soc. 1966, 88, 3659,

(CO); (25 °C), at 1788 cm™'. This band is attributable to the
antisymmetric stretch of the two equatorial 3 CO’s (B, mode
in the C,, local symmetry of the complex).!! No splitting
attributable to 3C-'3C coupling was observed in the 1*C FT
NMR spectrum of the complex. Such splitting would be
indicative of the presence of two labels in the same molecule,
rather than two species each containing an axial or equatorial
label. However, such splitting also was not observed for
(phen)Mo(CO), prepared from Mo(CO), containing ca. 30
mol % 13CO, statistically distributed,'? although this complex
is more highly enriched than is that prepared from fac-
(CH,CN)(phen)Mo(CO),.

It would appear probable that the dissociation of the second
carbonyl is from the apical position of the five-coordinate,
square-pyramidal intermediate on the basis both of “cis
labilization” arguments'? and strong 7-bonding in the equa-
torial plane, which should inhibit carbonyl dissociation from
such a position.

The proposed mechanism is of interest in its relationship
to decomposition of substituted metal carbonyls. For example,
it has been suggested that (amine)M(CO); complexes de-
compose via initial amine dissociation, followed by a bimole-
cular interaction of [M(CO);] and (amine)M(CO),.1* A
successive dissociation mechanism such as is indicated here
would also seem reasonable.
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Ru,(OAc),* is reduced by Ti(III) (at 25 °C, in 1 M LiCF;SO;-HCF;S0O;) by a two-term rate law, indicating that both
Ti** and TiOH?* are effective reductants for this oxidant. Rate constants are 2.3 X 102 and 3.4 X 10> M™! 57}, respectively.
Tris(pentane-2,4-dionato)ruthenium(III) is reduced by Ti(III), in 1 M LiCI-HCl at 25 °C, by the same general rate law
with rate constants of 0.08 M~! s™! for Ti** and 0.7 M™! s7! for TIOH?*. Ti** is not an effective reductant for Ru(IIT)
oxidants that lack delocalized = electrons: we take this as indicating that such reactions would be nonadiabatic.

Previous papers from this laboratory have demonstrated that
Ru(IIT)-Ti(III) redox reactions proceed by both outer-sphere!

and inner-sphere (bridged)? electron-transfer (ET) mecha-
nisms, depending on the ligand coordinated to Ru(III). In the

0020-1669/83/1322-1836801.50/0 © 1983 American Chemical Society



Ru(III)-Ti(III) Electron-Transfer Reactions

previously studied outer-sphere reactions, Ti(H,0);OH**
(hereafter TIOH?*) was the reductant and the rates of reaction
followed a linear free energy relationship. In contrast, Ti-
(H,0)3* (hereafter Ti’*) was ineffective as a reductant for
these oxidants. We now report two reactions in which both
Ti** and its conjugate base are effective reductants. We
attribute the gross difference in reactivity pattern between the
oxidants of present interest and those studied earlier to dif-
ferences in adiabaticity of the ET reactions of Ti** with the
two sets of oxidants. We conclude that adiabaticity of Ru-
(II)-Ti(III) ET requires at least one ligand capable of electron
delocalization on one of the metal ions. This requirement is
taken to arise from necessity for effective overlap of elec-
tron-donor and electron-acceptor orbitals prior to the ET step.

Experimental Section

Trifluoromethanesulfonic acid (3M Co.), hereafter HTFMS, was
distilled twice under vacuum before use. LiTFMS was prepared by
neutralization of lithium carbonate with HTFMS. Titanium(III)-
TFMS solution was made by dissolving 5 g of titanium hydride in
2 M HTFMS (150 mL) maintained, under nitrogen, at 40-50 °C
for 1 day. Cyclic voltammograms were recorded at 25 °C with use
of a glassy-carbon working electrode and a Ag/AgCl or calomel
reference electrode. Other techniques were as described elsewhere.!?

Tetrakis(u-acetato)diruthenium(ILIII) chloride (hereafter Ru,-
(OAc),Cl) was synthesized according to the literature method.?
Ruthenium analysis and the extinction coefficient at 425 nm in D,O
(e = 695 M~ cm™) agree with literature values. This salt was
converted to the TFMS salt with use of a Dowex S0W-X2 column
(which had been prepared in 0.01 M HTFMS) and was eluted with
0.5 M NaTFMS in 0.01 M HTFMS. Slow evaporation of the eluate
gave reddish brown microcrystals. Anal*  Caled for Ru,-
(OACc),CF;S0;-2H,0: Ru, 32.42; C, 17.34; H, 2.57. Found: Ru,
32.2;C, 17.21; H, 2.48. Tetrakis(u-acetato)diaquodiruthenium(ILIII)
tetrafluoroborate was prepared by an analogous procedure.*

The UV-vis—near-IR spectra of Ru,;(OAc),Cl, Ru,(0Ac),CF;S-
0,-2H,0, and [Ru,(0Ac)4(H,0),]1BF,in 0.9 M LiCF,S0,-0.1 M
CF;SO;H all exhibit bands at 310 (sh), 425, and 1000 nm, and the
extinction coefficients for all these complexes are quite similar to each
other. The spectrum of Ru,(OAc),Cl in solution is markedly different
from its solid-state spectrum. It has been suggested that, in aqueous
solutions, two axial positions are aquated.’®® The similarity of the
solution-phase spectra of the three substances mentioned above supports
this view. The common cation present in all these solutions will be
designated Ru,(OAc),*. Cyclic voltammograms showed a peak
separation of 75 mV between reduction and oxidation waves of
Ru,(OAc,)* in 0.9 M LiCF;SO;-0.1 M CF;S;H and gave a formal
reduction potential of 0.29 V vs. NHE. The voltammogram is un-
changed by changing the medium to 0.5 M LiCF;S0;-0.5 M CF;-
SO;H.

Tris(pentane-2,4-dionato)ruthenium(III) (hereafter Ru(pd);) was
prepared in 66% yield by using a modification of Barbieri’s method.6
Ruthenium trichloride trihydrate (Matthey, Bishop, Inc.) (10 g) was
dissolved in freshly distilled 2,4-pentanedione; 12.2 g of KHCO; was
added and the mixture refluxed, with stirring, for S h. After 1 h the
color of the reaction mixture had changed from green to magenta.
The product was extracted with hot trichloromethane. On cooling,
deep red, rhombic crystals formed. These were dried and recrystallized
from benzene—hexane (50/50 vol/vol). Anal.* Caled for Ru(pd);:
Ru, 25.38; C, 45.20; H, 5.27. Found: Ru, 24.85; C, 45.50; H, 5.27.

(1) (a) Davies, K. M,; Earley, J. E. Inorg. Chem. 1978, 17, 3350. (b)
Iadevia, R.; Earley, J. E. Inorg. Chim. Acta 1981, 53, L143.

(2) (a) Adegite, A.; Earley, J. E;; Ojo, J. F. Inorg. Chem. 1979, 18, 1535.
(b) Lee, R. A.; Earley, J. E. Ibid. 1981, 20, 1739. (c) Bose, R. N;
Earley, J. E. Ibid. 1981, 20, 2739. (d) Olubuyide, O.; Earley, J. E. Ibid.
1981, 20, 3569.

(3) Mitchell, R. W.; Spencer, A.; Wilkinson, G. J. Chem. Soc., Dalton
Trans. 1973, 846.

(4) Elemental analyses were performed by Galbraith Laboratories, Knox-
ville, TN. Ruthenium analyses on Ru,(OAc),* salts were done in this
laboratory by using methods described earlier.'?

(5) (a) Bino, A.; Cotton, F. A,; Felthouse, T. R. Inorg. Chem. 1979, 18,
2599. (b) Meisel, D.; Schmidt, K. H.; Meyerstein, D. Ibid. 1979, 18,
971.

(6) Barbieri, G. A. Atti Accad. Naz. Lincei, Mem., Cl. Sci. Fis., Mat. Nat.
Rend. 1914, 23, 335,

Inorganic Chemistry, Vol. 22, No. 13, 1983 1837
Table 1. Kinetic Data for Reduction of Ruthenium Complexes
by Ti(III) (25.0 °C, Ionic Strength = 1.0 M)

[H*],  [Ti*], 10%gpsq. [(H'I, [Ti**], 10%gpsas
mM mM g mM mM s!?

A. Ru,(0Ac),*, 0.5-1.2 mM in LITFMS-HTFMS

100 122 427 25 3.8 25.0
101 163 571 25 5.8 40.0
85 163  62.8 25 7.7 52.4
63 163  66.0 25 11.9 78.0
45 163 774 24 163 1100
44 122 586 14 163 153
25 24 165
B. Ru(pd),, 0.2 mM in LiCl-HC1
4 10 0.054 41 10 0.015
8 10 0.024 78 10 0.013
8 10 0.021 83 10 0.011
15 10 0.021 83 10 0.010
21 10 0.017 80 10 0.0096
40 10 0.015

Polarography in 0.1 M HCI-0.9 M LiCl gave a half-wave potential
of —0.278 V vs. NHE for Ru(pd);. This is in agreement with prior
reports.” The electronic spectra also agreed with reported values.®?

Color changes rapidly ensue when Ti(III) solutions are added to
acidified solutions of either Ru,(OAc),* or Ru(pd);. Following the
initial change in the case of Ru,(OAc),*, subsequent changes occur
on a much longer time scale. Formation of insoluble products com-
plicated absorbance-time traces for this slow reaction.

For both oxidants, titrations indicated that the stoichiometry of
the initial reaction is 1:1, within 5%. Rate measurements were made
under pseudo-first-order conditions, with Ti(III) in at least 10-fold
excess. Pseudo-first-order rate plots for the initial reaction were linear,
generally for at least 3 half-times. In a few experiments at low
[Ti(III)], the rate constant was computed from the data taken during
the first half-time. Repeated determinations using the same solutions
yielded rate constants agreeing within 3%. With different solutions,
reproducibility of better than 5% was obtained,

Results

The spectrum of Ru,y(OAc),* in TFMS media changes with
change in pH of the medium. At pH values less than 4.0,
isosbestic points at 415 and 450 nm are maintained as pH
changes. A plot of absorbance vs. pH shows a point of in-
flection at about pH 3. At pH values near 10, a further gross
change in spectrum occurs, and the previously yellow solution
turns green. The initial rates of the slow reactions that lead
to the ultimate reaction products for Ru,(OAc),* are insen-
sitive to changes in [H*] or in [Ti®*].

Table I contains values of observed pseudo-first-order rate
constants, kg, for the initial rapid change in spectrum. The
rate constant for reduction of the dimeric oxidant increases
linearly with [Ti(III)]. Second-order rate constants are com-
puted as k; = kgpeo/ ITiI(IIT)]. Values of k, decrease with
increasing acidity but do not approach zero at the highest acid
concentrations. Although the dimeric oxidant has an acidity
constant that is close to that of Ti3*, it seems highly probable
that base catalysis in both these cases is due to Ti(OH)**
functioning as a reductant, as is usual in Ti(III) reductions.
The data were fitted to the rate law

k, = (k[H*] + k’K) /([H*] + K)
where k and k' are second-order rate constants for the reactions

of Ti3* and TiOH?* with the oxidants, and K is the acidity
constant of Ti**, previously measured'® under our conditions

(7) Endo, A.; Watanabe, M.; Hayashi, S.; Shimizu, K.; Sato, G. P. Bull.
Chem. Soc. Jpn. 1978, 51, 800.

(8) Grobelny, R.; Jezowska-Trzebiatowska, B.; Wojciechowski, W. J. Inorg.
Nucl. Chem. 1966, 28, 2715,

(9) (a) Patterson, G. S.; Holm, R. H. Inorg. Chem. 1972, 11, 2285. (b)
Eaton, D. R. J. Am. Chem. Soc. 1965, 87, 3097. (c¢) Holm, R. H.;
Abbot, E. H. “Coordination Chemistry”; Martell, A. E., Ed.; American
Chemical Society: Washington, DC, 1971; ACS Monogr. No. 168, p
311.
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Figure 1. Variation of rate constant with free energy of reaction for
reduction of some Ru(III) and Os(III) oxidants by Ti(III) species.
Filled symbols indicate rate constants reported in this work; open
symbols refer to previous work (ref 1 for Ru(III), ref 12 for Os(III).
Triangles refer to reaction of Ti** with Ru(III) oxidants, and lozenges
refer to reactions of Ti’* with Os(III) oxidants. Circles and squares
refer to reactions of TiIOH?* with Ru(III) and Os(III) oxidants,
respectively. For TIOH?*, oxidants are entered in order of increasing
rate: Ru(pd),**, Ru(NH,)¢*, Ru(NH;);Cl?*, Ru(NH,)(H,0)%*,
Ru(en);**, Ru(NH;)s(py)**, Ruy(OAc),*, Ru(NH;)s(py)**, Ru-
(NH,),(i-nic),**, Os(4,4-(CH),bpy),**, Os(bpy),>*. For the Ti**
reactions, points are in the following order: Ru(pd).**, Ruy(OAc),*,
Ru(NH,),(i-nic),**, Os(4,4-(CH,),bpy);**, Os(bpy);**, Os(5-Cl-
phen)3**. For the other oxidants, the reaction with Ti** is too slow
to be detected (see text).

as 4 X 107> M. Plots of k,(K + [H*]) vs. [H*] were linear
and yielded the values k = 2.3 X 102 M1 s and k’= 3.4 X
10° M 57! for Ruy(OAc),* and k = 0.08 M' 57! and k' =
0.7 M1 57! for Ru(pd)s.

Discussion

The slow changes that lead to the ultimate products of the
Ru,(OAc),* reaction occur at rates that are consistent with
assignment of this reaction as decomposition of a Ru(II) di-
mer.!!  The corresponding reaction of Ru(pd);~ has been
reported to be slow.*® The initial changes correspond to Ru-
(IID~Ti(III) redox reactions.

By analogy with previously studied systems, the acid-in-
dependent terms in the two rate laws are taken as resulting
from a reaction channel that involves reaction of Ti** and each
of the two oxidants. Titration data indicate that there is a
deprotonation of Ru,(OAc),* that occurs near pH 3, but we
favor the interpretation that base catalysis of the reactions of
both oxidants results from the reaction of TiOH?*. Figure
1 shows a linear free energy relationship between the logarithm
of the second-order rate constant for reactions of TIOH?** with
various Ru(III) oxidants and the overall reaction free energy,
computed from cyclic voltammetric data. Also included in
the figure are data for various osmium(III) oxidants'? reacting
with both TiOH?* and Ti**. The presently reported rate
constants for reduction by TiOH?* correlate well with the
corresponding rate constants for the other Ru(III) oxidants,
and also with those for the Os(III) oxidants, and the present
rate constants for reaction of Ti** correlate well with the
corresponding rates for Os(III) reactions. This agreement
supports our interpretation that base catalysis of the reduction
of the dimer results from deprotonation of the reductant rather
than of the oxidant. In contrast to the systems of present

(10) Orhanovic, M.; Earley, J. E. Inorg. Chem. 1975, 14, 1478.

(11) Norman, J. G., Jr.; Renzoni, G. F.; Case, D. A. J. Am. Chem. Soc.
1979, 101, 5256.

(12) Brunschwig, B. S.; Sutin, N. Inorg. Chem. 1979, 18, 1731.

Earley, Bose, and Berrie

interest, all but one of the previously studied outer-sphere
Ru(III) oxidants reacted with Ti(III) in strictly base-catalyzed
reactions, without an acid-independent term in the rate law.
It is clear that both Ti** and TiOH?* are effective reductants
for the present two oxidants but that only TIOH?*, and not
Ti%*, is effective for those previously studied. The source of
the anomaly must be sought in reactions of the Ti** with
Ru(NH,)¢** and similar oxidants.

Our data lead us to conclude that the reaction between
Ti(H,0)¢** and Ru(NH,)¢** is slower than would be expected
on the basis of the correlation shown in Figure 1. Anomalous
behavior of hexaaquo cations in redox reactions has been
noticed previously.’* Two main classes of explanation have
been offered for such behavior. Entropy effects connected with
solvent reorganization should be more significant for aquo ion
reactions than for others, and some have suggested that this
is the main contributing factor to unusually slow electron-
transfer reactions of aquo ions.!>*  On the other hand,
Taube'® and others!® have suggested that some such anomalies
involve lack of adiabaticity in the outer-sphere electron-transfer
step.

Our data are not consistent with an interpretation based on
solvent structuring alone, since the effect we note is not cor-
related with the charge type of the reaction partners. On the
other hand, our results are fully consistent with explaining the
unusually slow reactions of Ti** with some (but not all) Ru-
(I1I) oxidants as being due to nonadiabaticity arising from lack
of effective overlap between electron-donor and electron-ac-
ceptor orbitals prior to the transition state of electron transfer.
This interpretation, and only this interpretation, rationalizes
which reactions show nonzero intercepts of plots of rate con-
stant vs. inverse acid concentration and which reactions do not
display such intercepts. Effective interaction between elec-
tron-donor and electron-acceptor orbitals appears to require
at least one ligand that can delocalize electronic orbitals away
from the metal centers.!” Hydroxide is sufficiently effective
to satisfy this requirement. If hydroxide is not present, some
other ligand may supply this function.

Linck and Sullivan'® reported that the rate of reduction of
Co(pd); was more sensitive to the nature of the reductant than
was the rate of reduction of Co(NH,);CI** or Co(en);**. This
they ascribe to orbital interaction between the oxidant and
reductant centers, through the r-electron system of the pd ring.
The two oxidants of present interest, and all the Os(III)
complexes shown in Figure 1, contain ligands with delocalized
electrons, capable of bringing about interaction between donor
orbitals and acceptor orbitals. The Ru(III) complexes studied
previously (and also shown in Figure 1) that did not contain
such ligands did not react with Ti* at rates detectable by our
experiments. The one oxidant that does display a high-acid
intercept contains two isonicotinamide ligands, which could
serve the required purpose. All of the complexes that lack
acid-independent terms in their rate laws also lack suitable
electron-delocalizing ligands. Reactions of the hexaaquo-
titanium(III) cation with these oxidants are slow in our view
because of deficient orbital overlap. We predict that these
reactions would be greatly accelerated by increased pressure.!®

(13) Chou, M.; Creutz, C.; Sutin, N. J. Am. Chem. Soc. 1977, 99, 5615.

(14) Yee, E. L.; Weaver, M. J. Inorg. Chem. 1980, 19, 1077.

(15) Taube, H. Adv. Chem. Ser. 1977, No. 161, 127.

(16) (2) Young, R. C.; Keene, F. R.; Meyer, T. J. J. Am. Chem. Soc. 1977,
99, 2468. (b) Brown, G. M,; Hopf, F. R.; Meyer, T. J.; Whitten, D.
J. Ibid. 1975, 97, 5385. (c) Balzani, V.; Scandola, F.; Orlandi, G;
Sabbatini, N.; Indelli, M. T. Ibid. 1981, 103, 3370.

(17) (a) Larsson, S. Chem. Phys. Lett. 1982, 90, 136. (b) Larsson, S. J. Am.
Chem. Soc. 1981, 103, 4034,

(18) Linck, R. G.; Sullivan, J. C. Inorg. Chem. 1967, 6, 171,

(19) (a) Sasaki, Y.; Ueno, F. B.; Saito, K. J. Chem. Soc., Chem. Commun.
1981, 1135. (b) Ueno, F. B.; Sasaki, Y.; Ito, T.; Saito, K. Ibid. 1981,
1135.
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Our conclusion suggests that hydroxide ion plays a crucial
role in outer-sphere redox reactions of conjugate-base forms
of aquo ions. At least in these Ti(III)-Ru(III) cases, hydroxide
ion functions as an outer-sphere electron mediator, a kind of
“bridging ligand”. Since electronic reorganizations are rapid
with respect to vibration times, such an interaction is quite
possible even in a short-lived “encounter complex™.? The

(20) Walsh, J. L,; Bauman, J. A.; Meyer, T. J. Inorg. Chem. 1980, 19, 2145.

requirement of hydroxide mediation of electrons does imply
that the hydroxo ligand is physically located near the line
joining the centers of the Ru and Ti atoms. This geometric
requirement indicates that electron transfer could occur in only
a small fraction (e.g., 0.1%) of collisions between reacting
cations. The reactions of present interest are sufficiently slow
as to be consistent with a factor of that magnitude.

Registry No. Ru, 7440-18-8; Ru(acac),, 14284-93-6; Ru,(OAc),,
30553-94-7; Ti, 7440-32-6.
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The spontaneous nitrito-to-nitro linkage isomerziation was followed spectrophotometrically for a variety of octahedral
(nitrito) (amine)cobalt(IIT) complexes in aqueous solution to examine the effect of ligands other than the reacting nitrito
group on the isomerization rate. The following characteristics were found: (i) The isomerization is retarded relative to
that of [Co(NH,);(ONQO)]?* for the complexes with chelate rings trans to each other, but it is accelerated for those with
chelate rings in other forms. (ii) An increase in the chelate ring size has little effect on the rate constant. (iii) The isomerization
rate of cis-[Co(en)(X)(ONO)]™ is relatively insensitive to the nature of X ligands, while that of zrans-[Co(en),(X)(ONO)]™*
differs greatly for different X ligands trans to the ONO group. (iv) A change in net charge on the complex has no appreciable
effect on the rate constant. These findings were discussed in the light of the reaction mechanisms proposed so far.

Introduction

It is well-known! that the nitrite ion NO,™ is coordinated
through either its O or N atom in Co(III) complexes and that
the O-bound nitrito complexes isomerize spontaneously and
stereoretentively? to the more stable N-bound nitro complexes
both in the solid state and in solution. Furthermore, this
reaction (called a nitrito-to-nitro linkage isomerization®) is
confirmed to be an intramolecular process*’ for which a
seven-coordinated'>” or six-coordinate r-bonded species? has
been proposed as a reaction intermediate. However, little
attention has been paid to the kinetic aspects of this reaction
in solution. In fact, only a limited number of nitrito Co(III)
complexes have been subjected to kinetic measurements:
[Co(NH;)s(ONO)]**,™1° trans-[Co(NH;),(py)2(ONO), ]+
cis- and trans-[Co(en),(ONO),]*,12714 cis-[Co(en),(NO,)-

(1) Basolo, F.; Pearson, R. G. “Mechanisms of Inorganic Reactions”; Wiley:
New York, 1967; Chapter 4, p 291.

(2) Murmann, R. K. J. Am. Chem. Soc. 1958, 77, 5190.

(3) For reviews, see: Fraser, R. T. Adv. Chem. Ser. 1967, No. 62, 295.
Burmeister, J. L. Coord. Chem. Rev. 1968, 3, 225. Norbury, A. H.;
Sinha, A. I. P. Q. Rev., Chem. Soc. 1970, 24, 69. Balahura, R. J;
Lewis, N. A. Coord. Chem. Rev. 1976, 20, 109.

(4) Murmann, R. K,; Taube, H. J. Am. Chem. Soc. 1956, 78, 4886.

(5) Grenthe, L; Nordin, E. Inorg. Chem. 1979, 18, 1109, 1869.

(6) Basolo, F.; Hammaker, G. S. Inorg. Chem. 1962, 1, 1.

(7) Mares, M.; Palmer, D. A.; Kelm, H. Inorg. Chim. Acta 1978, 27, 153.

(8) (a) Jackson, W. G.; Lawrance, G. A.; Lay, P. A,; Sargeson, A. M.,
Inorg. Chem. 1980, 19, 904. (b) J. Chem. Soc., Chem. Commun. 1982,
70. (c) Aust. J. Chem. 1982, 35, 1561.

(9) (a) Adell, B. Sven. Kem. Tidskr. 1944, 56, 318; Z. Anorg. Chem. 1944,
252, 272. (b) Ibid. 1952, 271, 49,

(10) Pearson, R. G.; Henry, P. M.; Bergmann, J. G.; Basolo, F. J. Am. Chem.
Soc. 1954, 76, 5920.

(11) Adell, B. Acta Chem. Scand. 1947, 1, 659.

(12) (a) Adell, B. Z. Anorg. Allg. Chem. 1956, 284, 197. (b) Ibid. 1957,
289, 313.

(ONO)]*,'9 cis-[Co(NH;),(ONO),]*,'% and cis-[Co(NH;),-
(OH,)(ONO)]** 1% in aqueous solution.
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