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Electrochemical Interconversion of Mono-, Bi-, and decompositon is reflected in a deep color change, the initial
Tetranuclear (Bipyridyl) Manganese Complexes in green solution turning red in a few seconds. Previous electro-
Buffered Aqueous Solution chemical measurements in an aqueous medium have been

performed only with unstabilized sampfedor instance in
Marie-Nodle Collomb Dunand-Sauthier,* aqueogs phosphatg solution where partial _dispropor'gionation
Alain Deronzier,* and Xavier Pradon occurs? Thus, in this paper the elec_trochemlcal behaviot of
is studied in buffered bpy/bpyHsolution at pH 4.5. Further-
Laboratoire d’Electrochimie Organique et de  more, we report an original electrochemical method to prepare
Photochimie Raox, Uniersite Joseph Fourier selectively high-valent polynuclear oxomanganese sudreasl
UMR CNRS 5630, BP 53 the linear tetranuclear [MfY Og(bpy)s]*™ 1° (3) complexes from
38041 Grenoble G#ex 9, France the mononuclear one2) in this specific medium. We have
also investigated associated back-transformations.
Stgphane Maage At a suitably polished vitreous carbon electrdéfthe shape
of the cyclic voltammogram aof (2 mM) in bpy buffetPis in
Laboratoire d’Etudes Dynamiques de la Structure close correspondence to that obtained insCN with a quasi-
et de la Skectivité, Universite Joseph Fourier reversible oxidation wave @, = 1.16 V (AE, = 90 mV)
UMR CNRS 5616, BP 53 and an irreversible reduction peakit = 0.40 V us Ag/AgCI
38041 Grenoble Gdex 9, France  (Figure 1A). To characterize the respective final products issued
from the oxidation and the reduction of this complex, exhaustive
Christian Philouze electrolyses have been carried out. An exhaustive oxidation of
. - . the solution at 1.25 V leads to a pronounced color change (green
Laboratoire de (;hlm(jle 'gﬁ.fga”'quff, LIJRA (Cj:,(N)RS 420 {5 red-brown), accompanied by the disappearance of the quasi-
Uniz!gfst,liigtpa?is-sllﬂeg'\fgg glggay Frrséir)(ce reversible system &, = 1.16 V while the irreversible peak
’ ' at 0.40 V persists (Figure 1B). Unlike the electrochemical
Receied December 2, 1996  behavior of this complex in CH¥CN 52the oxidized [MR'V:V O
S ~ (bpyu]*" species is not stable on the time scale of the
The photosynthetic oxidation of water at the oxygen evolving electrolysis, indicating that a chemical reaction is coupled to
center in photosystem Il is believed to occur at a tetranuclear the electron transfer. This oxidized species has been identified
oxomanganese cluster that can undergo sequential redoxX stepsas the tetranuclear clust& with a linear [MnOg]*" core
Much eff_ort has been devoted over the Iafs,t 10 yearsto Qegigningpreviougy prepared chemically from Migbpy)Chk(H20) by
u-oxo-bridged manganese complexes in order to mimic the Girerd et al'® In this case, formation of this tetranuclear cluster
structure and the magnetic properties of this natural active probably results from the association of two [WHYO,-
center? In contrast, few studies on the ability of these molecular (bpy)]** units issued from the decoordination of one bpy ligand
models to act as catalysts for water oxidation have been of the initially electrochemically formed [M#Y:V Ox(bpy)]+*
published. Only the mixed-valence binuclear UIH O species. The two bridging-oxo anions result from water
(bpy)]®* (1) (bpy = 2,2-bipyridine) and the analogous 1,10-  deprotonation. Equation 1 summarizes the overall process.
phenanthroline in a solid phase have been reported to be
associated with the generation of fiom water? The assumed v 3+ .
active species is [MfH'V O,(bpy)]*". This result, however, 2[Mn, 7 Oy(bpy)] ™ + 2H,0=
has not been corroborated as yeDespite this putative catalytic [Mn L"Voe(bpy)e]“+ + 2bpy+ 4H" +2e (1)
redox activity, knowledge about the electrochemical behavior
of 1 in aqueous solution remains unclear.
In a nonaqueous medium (GEN) the cyclic voltammogram
of 1 exhibits a reversible 1-electron oxidation wave leading to
the IV, IV species;, = 1.32us ECS) and a poorly reversible
1-electron reduction waveE(,, = 0.36 V), corresponding to (8) (a) Thorp, H. H.; Sarneski, J. E.; Brudvig, G. W.; Crabtree, RJH.
the 1lI, 11l state® This latter unstable species in subsequent Am. Chem. Sod989 111, 9249-9250. (b) Thorp, H. H.; Brudvig, G. W.;

; : ; Bodwen, E. F.J. Electroanal. Chem. Interfacial Electroche99Q 290,
chemically coupled reactions affords, at least in large part, the 5527557 (c) Kalsbeck. W. A. Thorp, H. HJ. Electroanal. Chem.

mononuclear complex ['\/Mbp}’)ﬂ2+ (2)-6_ Moreover,2 can be Interfacial Electrochem1991, 314, 335-343. (d) Manchanda, R.; Thorp,
electrochemically converted into the binuclear mixed-valence H. H.; Brudvig, G. W.; Crabtree, R. Hnorg. Chem 1991, 30, 494-497.

; ; ; i Ati i At (9) (a) Sarneski, J. E.; Didiuk, M.; Thorp, H. H.; Crabtree, R. H.; Brudvig,

compl'exl in this medium oxidatively, through the participation G. W.: Faller, J. W.. Schulte, G. Knorg. Chem 1991 30, 2833~ 2835.
of residual watef. ) (b) Sarneski, J. E. ; Brzezinski, L. J.; Anderson, B.; Didiuk, M.; Manchanda,

In aqueous solutiorl is stable only in the presence of 52.; gzrggt_rggég- H.; Brudvig, G. W.; Schulte, G. Korg. Chem.1993

i i i 4,5a " .

bipyridyl buffer (bpy/bpyH) in the pH range 4.35.4%5% The (10) (a) Philouze, C.; Blondin, G.; Mage, S.; Auger, N.; Girerd, J.-J.;
use of pure aqueous solutions or other buffers like acetate oryigner, b.; Lance, M. Nierlich, MAngew. Chem., Int. Ed. Engl992
phosphate causes very rapid decomposition of the complex. This31, 1629-1631. (b) Philouze, C.; Blondin, G.; Girerd, J.-J.; Guilhem, J.;
Pascard, C.; Lexa, Ol. Am. Chem. S0d.994 116, 85578565.

Electro- and spectrochemical characteristics of the resulting
oxidized solution are identical to those of an authentic sample
of 3 in the same medium. The cyclic voltammograma3oiin

(1) Yachandra, V. K.; Sauer, K.; Klein, M. Ehem. Re. 1996 96, (11) (a) Working electrodes for cyclic voltammetry and exhaustive
2927-2950 and references therein. electrolysis were, respectively, a vitreous carbon disk (5 mm diameter)
(2) See for instance: Manchanda, R.; Brudvig, G. W.; Crabtree, R. H. carefully polished with xm diamond paste and rinsed with ethanol before
Coord. Chem. Re 1995 114, 1—-38 and references therein. each potential run and a carbon felt piece A0 x 4 mm; RCV 2000

(3) (a) Ramaraj, R.; Kira, A.; Kaneko, MAingew. Chem., Int. Ed. Engl from Le Carbone Lorraine). The Ag/AgCl/3 M KCI was used as the
1986 25, 825-827; Chem. Lett1987 261-264. (b) Yao, G. J.; Kira, A,; reference electrode. Potential referenced to that system can be converted
Kaneko, M. J.Chem. Soc., Faraday Trans.1D88 84, 4451-4456. to the SCE by adding 20 mV. Previous attempts to examine the cyclic

(4) Ghost, M. G.; Reed, J. W.; Bose, R. N.; Gould, Elrfarg. Chem. voltammogram with a platinum working electrode in an aqueous bpy buffer
1994 33, 73-78. medium failed owing to the large background current from the competing

(5) (a) Cooper, S. R.; Calvin, Ml. Am. Chem. S0d.977, 99, 6623~ oxidation of wateP2 (b) All electrochemical experiments were performed
6630. (b) Morrison, M. M.; Sawyer, D. T. Am. Chem. So&977, 2, 257— in buffered solutions with bpy/bpyHmixtures; the total concentration [bpy]
258. + [bpyH*] was 0.050 M, and the pH was adjusted to 4.5 by addition of

(6) Collomb Dunand-Sauthier, M.-N.; Deronzier, A. Electroanal. HNOs. The most clearly defined cyclic voltammograms were obtained with
Chem. Interfacial Electrochemin press. NaBF, as additional electrolytes NaNO; or N&;SOs. The use of NaCl®

(7) Morrison, M. M.; Sawyer, D. Tlnorg. Chem.1978 17, 333—-337. induced the partial precipitation df
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Figure 1. Cyclic voltammograms in aqueous 0.05 M bpy/bpyH
buffer at pH 4.5 containing 0.1 M NaBFRt a carbon electrode (scan
rate 20 mV s?) (A) of a 2 mM solution of [Mn""V Ox(bpy)]®* (1),
(B) after oxidation at 1.25 V of (A), and (C)f@a 2 mM solution of

[Mn(bpy)sl*" ().

bpy buffer shows only an irreversible reduction pealEat=

Communications to the Editor

Mn,"" O,(bpy),]*" + 2bpy+ 4H" + 3e %

2[Mn" (bpy)s]*" + 2H,0 (2)

shape of the voltammogram of the resulting solution is identical
to that of a solution of2 (see below). This result is in
accordance with previous studies on the chemical reduction of
1 in the same medium with reducing agents, e.g., ascorbate,
hydroquinone, HSgr, and NQ~.414

A solution of the mononuclea2 complex in 0.05 M bpy/
bpyH™—0.1 M NaBF, shows an irreversible broad oxidation
peak around 0.86 V on the cyclic voltammogram, corresponding
to the metal oxidation process Mn(Il)/Mn(lll) (Figure 1C). This
oxidation leads, by releasing bpy ligands, as insCN, to the
formation of the binuclear manganese(lll,IV) complex, follow-
ing reaction 2b. The formation of this complex on the time
scale of the cyclic voltammogram is evidenced by the presence
of the quasi-reversible wave &, = 1.16 V, typical of its
oxidation, and by the irreversible cathodic peakEgs= 0.40
V, corresponding to its reduction on the reverse scan. A careful,
controlled-potential oxidation carried out at the foot of the
anodic peakE = 0.70 V) allows the quantitative buildup &f
without any formation 08. This is confirmed by the appearance

0.40 V12 The absorption spectrum, after exhaustive oxidation Of the typical 16-line spectrum of.!*> Once again, the

of a solution ofl (2 mM), is closely surperimposable with that
of 3 (1 mM) (Amax = 780, 670 (sh), and 425 (sh) nm), which

guantitative transformation requires an excess of coulometry
(2.5 electrons per molecule @). A yield of only 90% was

demonstrates that the transformation is quasi-quantitative. Theobtained after 1.5 electrons were passed (the amourfooied

oxidized solution is EPR inactive at helium temperature,

according to theS = 0 ground spin state 03.1° Moreover,

is evaluated by its typical visible absorption band at 688 am (
=560 L moit cm™)). A further oxidation at 1.25 V leads to

this electrogenerated tetranuclear complex can be precipitatedthe quantitative production @. On the other hand, exhaus-

by addition of a large excess of NaBR M) to the oxidized
solution. After filtration, the resulting brown powder (yield

tive reduction of an electrogenerated or an authentic sample
solution of3 at 0.2 V induces the restitution & The proc-

55%) exhibits the same characteristics as a chemically preparedss involves the consumption of about 8 electrons per mole-

authentic sample 0.3

cule of 3 in accordance with the summation of reactions 1 and

It should be noted that theoretically the oxidation involves 1 2. During this reduction some amount bfis formed; how-

electron per molecule of binuclear complex In practice, after

ever, this compound cannot be generated selectively and

on the experimental conditions), about 5% of the initial complex Potential &0.4 V).

remains in solution (Figure 1B). Additional consumption of

In summary, this work presents a straighforward electro-

electrons does not produce the total disappearance of thischemical method for preparing selectively Mmd Mn clusters

complex. That the observed excess of coulometry is due to affom a mononuclear Mn(ll) species. It also demonstrates the
slow, competitive oxidation of the electrolyte at this potential Significant tendency of Mn(IV) species to aggregate, even in a
has been established by a separate experiment conducted in th&edium containing a large excess of bpy ligands. Lastly, the
absence ofl. above results suggest thhtcannot act as an efficient homo-

On the other hand, exhaustive reduction of a solutioh af geneous electrocatalyst for® oxidation in aqueous solution,
0.20 V consumes 3 electrons per moleculelaind produces since its 1-e_|ectron-oxidized form is unstable and leads to the
guantitatively the mononuclea, following reaction 2a. The stable specie8.

JA964102U

(14) Chauhuri, S.; Mukhopadhyay, S.; Banerjee) RChem. Soc., Dalton
Trans.1995 621-624. The absorption spectrum of the solution shows a
shoulder at 350 nm, which indicates that the s coordinated by the
bpy ligands. This is confirmed by the similar visible spectrum, as well as
electrochemical curves, of a solution of the bpy/bpyuffer containing
some added Mt cations.

(15) Cooper, S. R.; Dismukes, G. C.; Klein, M. P.; Calvin, 84.Am.
Chem. Soc1978 100, 7248-7252.

(12) The tetranuclear complex is stable in 0.05 M bpy/bpydffer (pH
4.5) for several hours. Howeves,is slowly converted intd after several
days despite the large excess of bpy ligand.

(13)H NMR (CDsCN) 6 (ppm): 22.8 (vb), 11.4 (b), 9.0 (sh), 7.8 (s),
6.9 (s), 6.5 (s), 3.9 (b);1.0 (s),—5.6 (s),—6.0 (b),—8.0 (vb). The spectrum
differs totally from that of complex, where resonances are spread out
between 20 and 0 ppm. Selected IR bands{rim the Mn—oxo stretching
region: 728 (m), 702 (m), 662 (w), 654 (m), 644 (w), 564 (m). Philouze,
C. Ph.D. Thesis, UniversitBaris-Sud, Orsay, 1994.




