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Abstract

Metal carbonyl clusters are molecules or molecutenrs perfectly defined in size,
composition and structural details, which belongsize to the field of nanomaterials.
Their molecular structures result from subtle bedésnbetween the metal-metal and
metal-carbonyl interactions and usually adopt cleseked structures in which a chunk
of cubic or hexagonal metal lattice is surroundea Ishell of CO ligands.

Very often, such derivatives display extended redutivity affording reversible
electron cascades. In many cases such activitgases if interstitial or semi-interstitial
atoms of the main group elements (C, N, P, ete.Jregerted in their frames. This in fact
triggers establishment of further metal-to-inteiatiatom(s) interactions which not only
contribute to the number of cluster valence eledydut also modifies the bonding
character of the frontier molecular orbitals.

Keywords high-nuclearity = metal-carbonyl  clusters;  moleculasstructures;
electrochemistry.

Introduction

Miniaturization constitutes an actual and futurealldnge in developing
mechanical, optical, and electronic devices. Meliadters having a metallic core
encapsulated in a ligand shell could be suitabhelicates as components of data
storage devices and could potentially represent ulisnate solution for
miniaturization in nanoelectronics. [1]

As a matter of fact, metal—-carbonyl clusters canctwesidered in principle as
microscopic capacitors in that they are constitligda kernel of metal atoms
surrounded by a shell of nominally insulating canyddigands, Fig. 1 [1a].
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Figure 1. Schematic representation of a spherical capactmstituted by a high-
nuclearity metal carbonyl cluster.

Nevertheless, such a morphological similarity mustaccompanied by a series
of further requirements, such as:

1. electron-sink behavior, i.e. they should be abladeept and release electrons
reversibly (or they must maintain unaltered theigioal molecular structure);
2. the carbonyl ligand shell should effectively ingaléhe metallic core in order
to prevent intermolecular exchange of electronsclwiwvould hinder effective

storage of electrons in the corén fact, easy intermolecular electron
exchanges prevent the effective storage of elestiorthe molecule. In this
connection, evidences of the ability of metal cooéshigh-nuclearity metal
carbonyl clusters to act as a quantum dot have paeed;

3. the metallic core of the cluster should possiblydengo transition from
insulator-to-semiconductor regime;

4. finally, for practical purposes, the metallic cabould display dimensions
falling in the nanometric field.

The prerequisite to act as capacitor is to possegxtended and reversible redox
behavior.

Interstitial or semi-interstitial atoms of the mamoup elements (C, N, P, etc.)
play an essential role in the stabilization of higlctlearity metal carbonyl
clusters not only because they can contribute ¢ontlimber of cluster valence
electrons with no sterical consequences on the gegrof the cluster surface,
but also because they can modify the bonding ctexrat the frontier molecular
orbitals.[2]

In this picture, we wish to give an overall survaythe redox propensity of a
considerable number of metal-carbonyl clusterg asises from electrochemical
investigation.[3]

Homometallic clusters

Cobalt clusters

Let us start with the 130-CVE (Cluster Valence Elats) dianion [Ce( -
P)(CO)};]®. Fig. 2 shows its monocapped square antiprismggometry
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(encapsulating the phosphide atom) as well asatox activity in MeCN
solution. [4]

E (V, vs. SCE)
e

Figure 2. (a) Crystal structure and (b) cyclic voltammetbehavior (recorded at a
platinum electrode in MeCN solution; scan rate\6s2") of [Co,P(COY;]? .

It exhibits a one-electron oxidation and a two-&t@t reduction, both of which

are partially chemically reversible. In additionptlhh the redox processes are
coupled to chemical complications which afford twew peak systems at
intermediate potential values, which have been atemtly assigned to

degradation of the electrogenerated species to pihesphide monoanion

[CosP(CO)¢| -
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Figure 3. (a) Crystal structure and (b) cyclic voltammetbehavior (recorded at a
platinum electrode in MeCN solution; scan rate\5s2") of [Co;0P(COY;]° .

Related to the previous dianion is the 142-CVE el square antiprismatic
phosphide trianion [G@( s-P)(CO)i®, whose molecular structure and
electrochemical behavior are illustrated in Fig4 As seen, it exhibits a redox
pattern somewhat reminiscent that of JEO),]* , in that it undergoes a one-
electron oxidation and two sufficiently separatede-@lectron reduction
processes. All the processes exhibit partial chaimeyersibility.

The formal electrode potentials of the redox changghibited by the two
phosphide clusters are compiled in Table 1, togetli those of related species
that will be discussed below.

In confirmation that cobalt clusters with intensiitor semi-interstitial nitrogen
atoms show a distinctive aptitude towards unustedeschemistry and high
coordination numbers, (i.e. affording quite speglac shapes and extended
electron transfer properties), let us consider dah®ns [CgN,(CO),]* and
[Co1NA(COp] .
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Fig. 4 shows the crystal structure [5a] and thdicywltammetric behavior in
CH4CN solution [5b] of the 142-CVE tetraanion [@&,(CO)g]” .

Table 1. Formal electrode potentials [Ws SCE] for the electron transfer processes
exhibited by the cobalt clusters under discussiiisCN solution.

Complex Oxidation processes Reduction processes
. E®413 E%3p E” | E%2 E®3/a E%45 =G
[P(;?é(o); ? ] ; +0.16| 1.00 | 1.00 ; ;
1
38
[P(;?é"é)z;]g - 0.10 ; ] 132 | 1.47
7
[CoN(CONe™ | 585 | 052 | 0.14 ] ; 1.72 | 2.16
3
[CO1N2(COR4 - 0.23 | 0.23 - 1.05 1.47 2.07
.|
[CoCACORY™ | () 54 - ; - ; 1.06 | 1.68

(b)

E (V, vs. SCE)
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Figure 4. (a) Crystal structure and (b) cyclic voltammogrémacorded at a platinum
electrode in MeCN solution; scan rate 0.2 Ysf [CoigN2(CO)gl* .

The tetraanion (whose molecular structure can ba as built from two trigonal
prismatic units each containing an interstitiategen atom, sharing a common
edge) undergoes either three successive oxidatiotvgo successive reductions,
which, but for the most anodic step, exhibit feasuof chemical reversibility in
the cyclic voltammetric time scale.

In confirmation of the complete chemical reversipibf such processes, cyclic
voltammetric tests carried out on the solutionailtesy from each exhaustive
one-electron removal afforded profiles quite compatary to the original ones.
Given the similar peak heights of the reductioncpsses, it follows that the
present cluster can shuttle reversibly  the rich ueage
[CO]_ONZ(CO)]_Q]Z 13141516 .

In turn, Fig. 5 shows the molecular structure ame voltammetric profile in
CH5CN solution of the 154-CVE trianion [GiN,(CO)4]® [5b].

The trianion (whose molecular structure can be ssemwo octahedrons having a
common vertex, each octahedron encapsulating ageitr atom) exhibits three
consecutive reductions and one oxidation proceash estep involving one
electronper molecule. The pertinent formal electrode potestae summarized
in Table 1.

312



F. Rossi and P. Zanello / Port. Electrochim. Ac8a(2011) 309-327

(a) (b)

¥ | ‘ Ng mE(v,vs_SCE)
Va ) SR 20 15 -10 -05 00

Figure 5. (a) Crystal structure of [GeN(CO)4]® . (b) Cyclic and Osteryoung square
wave voltammograms recorded at a platinum electrnddeCN solution. Scan rates
0.2 Vs'and 0.1 V&, respectively.

The last example of the present section we discagssthe 177-CVE
tridecacobaltate dicarbide tetranion [g&(CO)4* . Its crystal structure can be
described as two mutually rotated prismatice@aunits sharing a common
vertex, capped at opposite sides by two five-bndgiobalt atoms, Fig. 6 [6a].

(a) (b)
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Figure 6. (a) Crystal structure of [GE€C2(CO)4* . (b) Cyclic voltammograms of [Gg
C,(CO)4* in CH:CN solution. Platinum working electrode. Scan agVs®.

As illustrated in Fig. 6b, the tetraanion exhilwtse oxidation and two reduction
processes, all having features of chemical andrelgtemical reversibility. Each
passage involves one electron [6b]. The formattedde potentials of such
redox changes are reported in Table 1.

We note that the related 176-CVE dinitride trianj@o;sN,(CO)4° possesses a
more limited redox activity [6b].

Iridium clusters

Two examples of iridium carbonyl cluster with quispectacular molecular
structures are here reported. The first exampleorsstituted by the 158-CVE
dianion [Iny(CO)4]? , whose metallic frame can be simply described ksge
(r») incompletetrigonal bipyramid, in that it lacks one axialdaone equatorial
vertex, Fig. 7a [7]. In MeCN solution it undergoagsseries of oxidations and
reductions coupled to chemical complications. Trestnsignificant are the first
two-electron oxidations and the first two-electreductions illustrated in Fig. 7b

[7].
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Figure 7. (a) X-Ray structure of [I5(CO)4]* . (b) Cyclic voltammograms recorded at a
platinum electrode in C}€N solution. Scan rate 0.2 Vs
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Figure 8. (a) X-Ray structure of [{§(CO),7] . (b) Cyclic voltammogram recorded at a
platinum electrode in C}€N solution. Scan rate 0.2 Vs

In spite of features of chemical reversibility dfet [Ir(CO)4l? /[Ir 12(CO)4]°
oxidation, the electrogenerated neutral derivasiviéers slow decomposition. As
far as the [l(CO4® /[Ir12(COX4]* reduction is concerned, although largely
departing from the electrochemical reversibilityhglt high peak-to-peak
separation attests its electrochemical quasirasétyg), it resulted chemically
reversible upon exhaustive electrolysis, thus stipgp that the tetraanion
undergoes a significant geometrical reorganization.

The second example is offered by the 181-CVE moiooar,4CO),;] , which

is related to the preceding,drdianion, in that it possesses tbhemplete(r2)
trigonal-bipyramidal geometry [8].

As illustrated in Fig. 8, the closed molecular ag@ament of the | monoanion

is sufficiently flexible to sustain reversibly edththe [I4(CO)y] / [Ir14(CO)]°
oxidation or the [lf(CO),7] / [Ir14(CO)7]* reduction [8].

The formal electrode potentials of the electrondfar processes exhibited by the
Ir1> and li4 clusters are reported in Table 2.

Table 2. Formal electrode potentials [Ws SCE] for the electron transfer processes
exhibited by the iridium clusters under discussion.

Oxidation processes Reduction processes solyent

Complex E®, E® o Eo E”r | E”23 | E”3 | E”45 | E”s0
Eo1/0 +2+
[Ir1(CO)q® | +0.26 | +0.26 | +0.83 | +0.83 .| 0.58°| 1.50° | 1.50 | MeCN
a a b 0.58 )
[Ir (COY7 |- +0.39] - - 0.00 | - - - - CHCI,

3 Coupled to slow chemical complicatioRgeak potential value for irreversible processes;
¢ electrochemically quasireversible.
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The high-nuclearity platinum clusters [®E€O),]*, [PtsCO)J*> and
[Ptsg(COMs)® exhibit an unexpected high aptitude to underg@nsible redox
processes.

(b) d
ﬁw\rsmmgcn

30 | 20 | 10 00  +10

Figure 9. (a) X-Ray structure of [R{(CO)2]* . (b) Cyclic voltammograms recorded at
a glassy carbon electrode in DMF solution. Scam a2 V§'.

Let us start with the 230-CVE tetraanion JREO),;]* . Its molecular structure
consists of a stacked sequence of three pentadmymis of platinum atoms,
sandwiching two platinum atoms, and capped at afpsiles by one platinum
atom, Fig. 9a [9]. As shown in Fig. 9b, it underg@sequence of close-spaced
pairs of reversible one-electron processes, stepraisging from 0 to-8 overall
charge [10].
It is noted that the electrogenerated neutral ssefPis(CO),]° undergoes
adsorption to the electrode surface.
The pertinent redox potentials of the redox charegdsbited by the cluster are
reported in Table 3, together with those of the taed platinum clusters

discussed below.

Table 3 Formal electrode potentials [Ws Ag/AgCI] for the electron transfer
processes exhibited by the platinum clusters udideussion.

Redox processes

Complex Eo,O/— E(),—/2— E® 2-/3- E” 34— E(”4—/5— E® 5-/6— E® 6-7— E® 7-18— SO|Vent
[Pto(CO)a* | +0.62 | +0.53° | +0.18 | —0.24 | —1.25] —1.4§ -238 -2.40 DM
[Pba(CO)kJ? | +0.64| +0.34 | 047 | 0.72 | 1.22 | 1.48 | - = | CHChL
[Pts(CONq? | +0.57 | +0.38 | —0.32] —0.54 -093 -120 - |

a Peak-potential values for irreversible processefofoadsorbed species; see text).

E (V. vs. Ag/AgCl)
-1.6 -08 00 +0.8

Figure 10. (a) X-Ray structure of [RACOg? . (b) Cyclic voltammograms recorded at
a glassy carbon electrode in &, solution. Scan rate 0.2 Vs
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As far as the 302-CVE dianion BiCO)q)° is concerned, Fig. 10a shows its
crystal structure, which has a cubic closest parkih Pt atoms constituted by
four parallel planes of Pt atoms (4, 9, 8, 3); thee platinum atoms layer
contains an interstitial Pt atom.[11] The pertinegtlic voltammetric profile
shown in Fig. 10b indicates that it also underges®rsibly a sequence of one-
electron process, namely two oxidations and foducgons, according to the
stepwise passage of the overall charge from 0 (e€e Table 3 [10, 11].

Also in this case, the electrogenerated neutraliepdP3,(CO)q]° is adsorbed at
the electrode surface.

Finally, we discuss about the 470-CVE dianiongPtO).]* , whose molecular
structure, which is illustrated in Fig. 11a, cotsisf an overallrs truncated
octahedron [12]. As shown in Fig. 11b, its redowrfie is reminiscent that of
[Pt,4(CO)]? , in that it also undergoes reversibly the progwespassage of the
overall charge from 0O to-6 see Table 3 [10, 11].

Figure 11 (a) X-Ray structure of [R{CO4]? . (b) Cyclic voltammograms recorded at
a glassy carbon electrode in g, solution. Scan rate 0.2 Vs

Osmium clusters

We like to discuss shortly about the dianion BO)g* , the macro-tetrahedral
geometry of which is shown in Fig. 12a [13]. Unpsbéd cyclic voltammetric
data revealed a rich electrochemistry, which, basedhe previously described
behavior of platinum clusters, have been now tesaist reinterpreted according
to the profile illustrated in Fig. 12b.

Figure 12 (a) Molecular structure of [@§CO4?. (b) Cyclic voltammogram
recorded at a glassy carbon electrode in@solution. Scan rate 0.2 Vs

It undergoes reversibly the oxidations Jg€0)4]* /[0S,(COs (E°' = +0.32
V) and [0$o(COd] /[OSo(CO)sa]® (E = +0.74 V, accompanied by electrode
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adsorption of the neutral species) and the redu¢@s,(CO))? /[0S;o(CONd’
(E® =-0.15 V).

Nickel clusters

Concerned with extended the electrochemical agtieit high-nuclearity Ni-
cluster, two Ni-carbide deserve attention:#8(CO)g® and [NigCo(CO2]® .
Fig. 13 shows the truncated octahedral geometrthef410-CVE hexa-anion
[Ni3,Cs(CO)e]® and its voltammetric behavior in MeCN solutiod]1

Figure 13 (a) Crystal structure of [BCs(CO)¢l® . (b) Cyclic (top) and hydrodynamic
(bottoT) voltammograms recorded at a platinum ebelet in MeCN solution. Scan rate
0.2 Vs~

As seen, joint cyclic and hydrodynamic voltammetechniques allow detecting
that the Ni, cluster undergoes four sequential reductions amel axidation
possessing features of chemical reversibility ie 8hort timescale of cyclic
voltammetry. Nevertheless, under the longer timksnacroelectrolysis, only
[Ni3,Cs(CO)d” appears perfectly stable.

The formal electrode potentials of the mentionedlore processes are
summarized in Table 4, together with those of #lated [NigCo(CO)s® below
discussed.

Table 4. Formal electrode potentials [Ws SCE] for the electron transfer processes
exhibited by the nickel clusters under discussidaCN solution.

Complex Redox processes
E”s /e E” 67— E” 78 E” gv9- | E” 910
[Ni 32C6(CO)sq]® -0.45 -0.77 —1.06 ~1.33 | -1.61
[NizsCs(COg]” -0.49 0.98 1.33 1.73 -

The crystal structure of the 482-CVE homologue kamisn [NisCs(COM° is
available in the protonated form [HNCs(CO)s° [15]. It substantially
possesses the same truncated octahedral geometrjNi,Cs(CO)d® with the
additional presence of six Ni(CO) units in the owdarface. Its electrochemical
behavior is shown in Fig. 14 [14].
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Figure 14. Cyclic (top) and hydrodynamic (bottom) voltammaas recorded at a
platinum electrode in MeCN solution of JNCs(CO),]° . Scan rate 0.2 Vs

In this case, because of the cathodic shift ofttedl processes with respect to
[Ni3,Cs(CO)e]®, the accessibility to different redox steps is enimited.

Heterometallic clusters

Most uncommon chemical and physicochemical propertof heteronuclear
derivatives, including metal-carbonyl clusterssarirom synergistic effects of
their polar metal-metal bonds [3a].

Figure 15 Molecular structures and cyclic voltammetric @sges (recorded at
platinum working electrode in MeCN solutions) of) (FeAu(CO)g]” (scan rate 0.2
Vs'Y); (b) [FePt(CO)d?* (scan rate 2.0 V3.

[Fe,Au(CO)d ~ vs. [FaPt(CO)d*

The comparison of the electrochemical behaviorhef isoelectronic (76-CVE)
and substantially isostructural [jAei(CO) g [16, 17] and [F&Pt(CO)d* [17,
18] illustrated in Fig. 15, is exemplificative die unforeseen role played by the
“bimetallic effect” on the redox activity of metehrbonyl clusters.

As seen, the RAu monoanion undergoes reversibly the sequerize (E® =
-0.73 V,vs SCE) and 2/3- (E” =-0.93 V), whereas the Rt dianion only
undergoes the partially chemically reversible ot@a2- /- (E® = +0.01 V).

[FesPty(CO)s”
The raft-like geometry of the 86-CVE dianion §P&(CO)<* is illustrated in
Fig. 16 [17,19] together with its cyclic voltammetresponse [20].
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It reversibly undergoes the sequential oxidatioocpsses [R€(CO):?*"° at

potential values: E® = +0.19 V and0.40 V, respectively; Ws SCE. In
confirmation, the crystal structures of both the nmanion and the neutral
congeners are available, [19, 21] and a few pertihend lengths are reported in
Table 5.

Figure 16. (a) Crystal structure of [ERt(CO)s)® . (b) Cyclic voltammogram recorded
at a platinum electrode in GHI, solution. Scan rate 0.2 V.

Table 5. Selected averaged bond lengths (A) of the clsigfEPE(CO):]21 " .

Complex Pt-Pt Pt-Fe
[FesPt(CO)e)” 2.75 2.60
[FesPt(CO)] 2.66 2.59
[FesPtz(CO)e)” 2.59 2.58

The significant shortening of the Pt-Pt distanced the substantially unchanged
Pt-Fe distances indicate that the HOMO of the dianis antibonding with
respect to the three platinum atoms.

[Co1RAN(CO)] > vs. [CQ1N(COYi] ™

An example concerned with the unforeseen role ef dfinergistic effects of
heterometallic vs. homometallic derivatives is ofte by the 154-CVE species
[Co,0RNNL(CO),4]* and the already examined [GH,(CO)]* .

Fig. 17 gives an overall picture of the structunel @lectrochemistry of the two
derivatives.

The metal frame of [GeRhN,(CO)4]* can be seen as composed of two capped
trigonal prisms (each containing an interstitiatrido atom) that share a
triangular face [22], whereas, as already discussed section 2.1,
[Co1iN,(CO)q]* is composed by two octahedrons having a commotexer
(each containing an interstitial nitrido atom) [5b]

The comparison with [G@N,(CO)]® (which undergoes three one-electron
reductions and a two-electron oxidation; see Tallg  shows that
[Co,0RNNL(CO)]® has a more limited electron transfer aptitude.fdaot, it
displays either a single one-electron reduction €2 1.06 V) or an apparent
two-electron oxidation (E° =0.24 V), both complicated by chemical reactions
[22].
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Figure 17. (a) Crystal structure and cyclic voltammogram [60:0RhN,(CO)1]*
(CHsCN solution); platinum electrode; scan rate 0.2'V¢b) Crystal structure and
cyclic voltammogram of [CaN2(CO)1]® (CH:CN solution); platinum electrode; scan
rate 0.2 Vs .

[MeM’6(CO)4(L)] ™

With the general formula [MM'g(COls(L)]™, we intend to include
[FesPci(CO)a(H)]® , [FesNig(CO4(N2)]* and [RyPA(CO)q” .

As schematized in Fig. 18, the isostructuralgfeeH(CO),4]*>" (160-CVE) [18]
and [RuPd;(CO)4* (158-CVE) [23], are constituted by a trigonallystirted
octahedron of Pd atoms capped by six Fe/Ru atoms.

[PdsRus(CO)4)? displays two chemically reversible one-electroridations,
whereas [F¢PdsH(CO)4)® exhibits only a single oxidation. In both casée t
chemical stability of the one-electron oxidatiors Heeen proved by controlled
potential coulometry. As far as the cathodic betwavis concerned,
[FesPdsH(CO)4)® exhibits two one-electron reductions, that arepted to slow
chemical complications. In turn, [FRu(CO)4? apparently also gives rise to
two reduction processes coupled to chemical commpdios, but, in reality, as
deducible from the voltammogram at high scan rakesvn in the inset, it gives
rise to a reversible two-electron reduction affogdithe short lived congener
[PdsRU(CO)d” .

The formal electrode potentials of the mentionetbxechanges are compiled in
Table 6, together with those of the below discusadion [FeNig(CO)4(N,)]% .

Figure 18 Cyclic voltammograms recorded at platinum eletgran MeCO solutions
of: (a) S[lFe,PdsH(CO)M]?’; (b) [PdRus(CO)4)> . Scan rates: (a, b) 0.05 Vs (inset)
20.4 Vs'.

Finally, Fig. 19a shows the crystal structure ofe ti68-CVE dianion
[FesNigN,(CO)4l? (in which the metal frame forms three octahedraitizs, the
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two external being filled by the two interstitiakndes), together with its cyclic
voltammetric response in MeCN solution, Fig. 194][2

Table 6. Formal electrode potentials [Ws. SCE] for the electron transfer processes
exhibited by the clusters [’ 5(CO)4(L)]" .

Complex Reduction processes Oxidation processes Solvent

E”. s | E¥3 | E%s | E%3p E” o | E”
[FesPEH(CO)d™ - -0.64 | -1.18 | +0.39 - - Me,CO
[RugPc(CO)q* - 1.09 -1.09 - +0.41 | +0.65 | Me,CO
[FegNig(COY4(N,)]* -0.40 | -0.90 - - +0.17 - MeCN

The dianion exhibits a (coulometrically measurea@-electron oxidation, which
possesses features of partial chemical reversibiis well as two stepwise
(coulometrically measured) one-electron reductiomgjich are chemically
reversible both in the cyclic voltammetric and ihet macroelectrolysis
timescales, Table 6.

In agreement with the chemical reversibility of theduction processes, the
crystal structures of the members of the whole sege [FeNigN,(CO)4)* 2"
have been solved. As expected on the basis ofléter@chemical reversibility,
the variations in metal-metal bonds are rathentétiTable 7.

Figure 19. (a) Molecular structure of [ENigN2(CO)4* . (b) Cyclic voltammogram
recorded at a platinum electrode in 4O solution. Scan rate 0.5 Vs

Table 7. Selected averaged bond lengths (A) of the clagfENigN2(CO)4]" .

Complex Fe-Ni Fe-Fe Ni-Nintratriangle Ni-Ni (intertriangle
[FesNieNz(CO)z4]2 2.63 2.61 2.79 2.62
[FeeNieNz(CO)z4]3 2.63 2.62 2.80 2.65
[FesNigN2(CO)q” 2.63 2.62 2.81 2.72

The fact that only the Ni—Ni bonds monotonicallgrease with the increase of
the number of valence electrons, suggests thaeldgwtron additions enter the
central octahedron and populate an antibondindadrbi

[CogPLCH(CO)d ™
The crystal structure of the 170-CVE dicarbide @ianCo;PuC,(CO),]*>" and
its cyclic voltammetric pattern are presented ig. 2O [25].
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The molecular structure closely resembles thoseviqusly reported for
[Co1:RhNL(CO)]* and [FeNigN,(COX4J™ (n = 2-4), in that, its metal cage
consists on a face-sharing trioctahedron in whiuh tivo external assemblies
encapsulate a carbide atom.

From the electrochemical viewpoint, [§RuC,(CO)4° undergoes two
reduction processes possessing features of cherewsaisibility (E°” = —0.91 V
and E* = -1.38 Vys SCE) and two oxidation processes, only the &irgt being
chemically reversible (E° = +0.18 V), whereas thesmanodic process is
coupled to chemical complications (E°*+0.77 V).

Figure 20. (a) Crystal structure of [GBuC(CO)4®. (b) Cyclic voltammogram
recorded at a gold electrode in THF solution. Sea® 0.2 Vs .

As a matter of fact the monoanion [PHC,(CO)y ] has been
crystallographically characterized [25] and a fegn#icant structural parameters
are reported in Table 8.

Table 8 Selected averaged bond lengths (A) of the clsg@mPuCx(CO)4" .

Complex CO'CQOutertriangle' CO'Ptinnertria_nglg CO'P'Fouter centrecoctahedror Co'ptinner noncentreioctahedror
[CogPtC(COY)4> 2.62 3.20 2.70 2.69
[CogPuCL(CO)J 2.62 3.22 2.68 2.75

As seen, as in the case of {R&N,(CO)," , the fragment involved in the
electron transfer process is the inner octahedron.

[Ag13Fes(CO)g >

The molecular structure of the 226-CVE trianion [#@(CO),]* , which is
illustrated in Fig. 21, consists of a centered atdloedron of silver atoms with
the triangular faces capped by Fe(¢Cits [26].

The pertinent cyclic voltammogram, Fig. 21b, shdhat the trianion in MeCN
solution undergoes reversibly the reduction to thedrresponding
[Ag1sFe(CO)* (E® =-0.37 V,vs SCE) and [AgFe(CO),]” (E° =-0.65
V). As a consequence, such tetra- and penta-arawge been structurally
characterized [27,28] and a few bond Ilengths fore tlsequence
[Ag13Fey(CO),)> 7> are summarized in Table 9.
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Figure 21. (a) Crystal structure of [AgFe(CO)J®> . (b) Cyclic voltammogram
recorded at a gold electrode in MeCN solution. Sedm 0.2 Vs .

Table 9. Selected averaged bond lengths (A) of the cls§fey sFes(CO),]" .

Complex Ag-Ag Ag-Fe
[Ag1:Fes(CO)]° 2.93 2.71
[Ag1:Fes(CO)]” 2.92 2.74
[Ag1:Fes(CO)” 2.90 2.75

Since the distances Ag-Ag tend to decrease andghiee tend to increase with
the addition of electrons, it is evident that tHeMOs of the cluster are bonding
with respect to the Ag-cuboctahedron and antibanduith respect to the Fe-
capping subunits.

[Os15Pc(C)2(CO) z

The 268-CVE dicarbide dianion [@Bd(C),(CO);]*> possesses the quite
spectacular structure shown in Fig. 22a, which loardescribed as a triangular
Pd; metal unit sandwiched between two tricapped ochlaidOsy( 5-C)(CO)4}
subclusters [29].

As illustrated in Fig. 22b, the dianion undergoes feversible reductions at E®’
= +0.17 V,-0.21 V,-0.77 V,-1.20 V,-1.71 V (V,vs SCE). The asterisked
reduction process atl.63 V is attributed to the [N(PBH|" counterion.

We note that the present cluster is isostructurih whe 274-CVE dianion
[Os,5Hgs(C)(COMz]* [30], which however possesses a markedly loweoxed
activity [31].

Figure 22. () Crystal structure of [@§d(C)(CO2]*. (b) Cyclic voltammogram
recorded at a glassy carbon electrode in®@ solution. Scan rate 0.2 Vs

323



F. Rossi and P. Zanello / Port. Electrochim. Ac8a(2011) 309-327

[Ni3gPts(CONg ™

As llustrated in Fig. 23a, the metal frame of thd2-CVE hexaanion
[NizsPts(CONgl® can be represented by an octahedron of platinunmsat
encapsulated in a4) macro-tetrahedron constituted by 38 nickel atogwch a
geometrical organization is structurally proved bsystal structure of the

protonated congener [NP&(CO)sH]” [32].

Figure 23. (a) Crystal structure of [MiPt(COusH]>. (b) Cyclic voltammogram
recPrded at a platinum electrode in DMF solutionMif:sPis(COug® . Scan rate 0.2
Vs~

As shown in Fig. 23b, the hexaanion displays a redhox aptitude exhibiting
five one-electron redox processes [namely, oneatixdid (E* =-0.62 V, vs
SCE) and four reductions (E® =0.97 V,-1.29 V,-154 V and-1.75 V,
respectively)] having features of chemical andtetehiemical reversibility in the
cyclic voltammetric time scale.

Conclusion

We have focused on the electrochemical behavi@ séries of high-nuclearity
metal-carbonyl clusters able to give rise to seqgesrof reversible, one-electron
transfer processes in order to attest their patkease inmolecular electronics. In
particular, we tried to support their possible asenanocapacitors proving that
they afford consecutive redox processes separajediniie differences in
potential values. Such a parameter, preluding ¢o temiconducting nature, is
crucial to the accurate control of the flow of ¢tens needed to charge the
device. The event has not to be neglected in thatonducting materials the
capacitor charging proceeds through an uncontraesdade of electrons. In fact,
we gave evidence that the transition from semicotaduto metallic conductor
takes place for metal-carbonyl clusters having emrdies above a likely
threshold value ofa. 70 [33].
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