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ChapterChapter 7, Part B 

7B.11 Abstract 

Electrochemicall  and photochemical properties of the tetrahedral clusters [Ru3Ir(u3-

H)(CO)|3]]  and [Ru3Ir(|i-H)3{CO)i2] were studied in order to investigate whether the 

previouslyy established thermal conversion of the former cluster into the latter hydrogenated 

derivativee also occurs under redox- and photoactivation. Two-electron reduction of [Ru3Ir(|i3-

H)(CO)i3]]  results in the loss of CO and concomitant formation of the dianion [Ru3Ir(u-

H)(CO)i2]]  . The latter reduction product is stable at low temperatures in CH2CI2 but partly 

convertss into anion [Ru3lr(|i-H)2(CO)i2] upon protonation in this solvent at temperatures 

abovee 283 K. The products [Ru3Ir(|i-H)2(CO)|2] and [Ru3Ir(u-H)(CO)12]
2 are also obtained 

uponn electrochemical reduction of [Ru3Ir((a-H)3(CO)]2] and via its stepwise deprotonation 

withh one and two equivalents of Et4NOH, respectively. Similar to the reduction pathway of 

[Ru3Ir(u3-H)(CO)i3],, the minor formation of [Ru3Ir(u-H)2(CO)i2] upon electrochemical 

reductionn of [Ru3Ir(u-H)3(CO)i2] is proposed to result from partial protonation of the direct 

reductionn product [Ru3Ir(u-H)(CO)i2]
2 . 

Irradiationn into the visible absorption band of [Ru3Ir(u.3-H)(CO)i3] does not induce any 

significantt photochemical reaction. Upon near-UV irradiation {A n̂ > 340 nm), however, this 

clusterr undergoes efficient photofragmentation into reactive unsaturated ruthenium and 

iridiumm fragments. In the presence of added CO, these fragments may either be stabilized or 

undergoo reclusterification to give stable homonuclear clusters. Remarkably, irradiation of 

[Ru3Ir(|a3-H)(CO)i3]]  in the absence of CO or in the presence of 1-octene also results in the 

formationn of the trihydrido cluster [Ru3lr((i-H)3(CO)i2], which is the major assignable 

photoproductt in these media. 

7B.22 Introduction 

Ass pointed out in Part A of this chapter, mixed-metal clusters have received steadily 

growingg interest over the past 30 years because of their potential in both homogeneous and 

heterogeneouss catalysis.1 The concept of cluster catalysis is based on the idea that the desired 

catalyticc transformation of a substrate may require coordination to several metal atoms within 

thee cluster framework. The presence of different metals in a heteronuclear cluster core may 

providee additional bi- or multifunctional activation pathways and offer the possibility for 

synergisticc effects that are not observed for the corresponding homometallic complexes. 

AA promising group of mixed-metal clusters combines iridium and ruthenium centres 

withinn the cluster core. Recent interest in these systems results from the observation that the 

carbonylationn of methanol to give acetic acid is effectively catalyzed by various iridium 

complexes,, especially when promoted by specific ruthenium compounds.2 The excellent 

catalyticc results obtained herewith for a ruthenium-iridium ratio of 3:1, prompted Süss-Fink et 
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al.al. to investigate the activity of the tetranuclear clusters [Ru3Ir(n3-H)(CO)i3] and [Ru3Ir(u-

H)3(CO)12] ,, as well as the alkyne-derivatives [Ru3Ir(CO)io(u3-r|
2-PhC=CPh)] and 

[Ru3Ir(CO)io(H4-r|2-PhC=CPh)(n-r|2-PhC=CHPh)]]  in the catalytic hydrogenation of 

diphenylacetylene.33 Catalytic activity, tentatively attributed to intact Ru3Ir intermediates, was 

indeedd observed for all clusters, with the highest activities and selectivities resulting from 

[Ru3Ir(u3-H)(CO)i3] .. Interestingly, the latter cluster has been shown to convert rapidly into 

thee corresponding trihydrido cluster [Ru3Ir(u-H)3(CO)i2] under the applied reaction 

conditionss (p(H2) = 10 bar, T= 393 K). In a next step, the latter hydrogenated species reacts 

withh two alkyne molecules to give the corresponding olefin and the intermediate [Ru3Ir(u-

H)(CO)i2(PhOCPh)],, entering the main catalytic cycle. 

Thee interesting thermal reactivity of the tetranuclear clusters [Ru3Ir(u3-H)(CO)i3] and 

[Ru3Ir(u-H)3(CO)i2]]  stimulated us to investigate their photo- and electrochemical behaviour. 

Wee focus in this Chapter on the conversion of the monohydride cluster [Ru3Ir(u3-H)(CO)i3] 

(1)) into its hydrogenated analogue [Ru3Ir(u-H)3(CO)i2] (2). Both clusters are schematically 

depictedd in Figure 1. Compared to the thermal reactivity at elevated temperatures in the 

presencee of H2 (vide supra), the latter conversion might in principal also occur under much 

milderr conditions, following photochemical or redox activation. Exploring these pathways is 

thee major goal of the presented study. 

(co)(co)33 (co)3 (co)2 —\-

11 2 4 

Figuree 1. Schematic structures of the studied clusters [Ru3Ir(u3-H)(CO)i3] (1) and [Ru3Ir(u-

H)3(CO)l2]]  (2) and anion rRu3Ir(u-H)2(CO)l2r (4). 

7B.33 Experimental section 

Materialss and preparations. CO (99.5%, Hoek Loos), PPh3 (Aldrich), 1-octene (Sigma), ferrocene 

(BDH)) and EUNOH (1.5 M in EtOH, Fluka) were used as purchased. Solvents of analytical grade 

(Acros:: dichloromethane (CH2C12), hexane) were freshly distilled from sodium wire (hexane) or CaH2 

(CH2C12)) under an atmosphere of dry N2. The supporting electrolyte Bu4NPF6 (Aldrich) was 

recrystallizedd twice from ethanol and dried in vacuo at 350 K overnight. 

Syntheticc procedures. The clusters [Ru3Ir(u3-H)(CO)i3] and [Ru3Ir(u-H)3(CO)l2] were obtained from 

thee group of Prof. G. Süss-Fink (Université de Neuchatel, Switzerland). They were synthesized 
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accordingg to literature procedures4 and characterized by IR and NMR spectroscopies and mass 

spectrometry. . 

Spectroscopicc measurements. FT-IR spectra were recorded on Bio-Rad FTS-7 and Bio-Rad FTS-

60AA spectrometers (16 scans at 2 cm'1 resolution), the latter being equipped with a dual-source Digital 

Modell  896 interferometer and a nitrogen-cooled MCT detector. The sample compartment of the Bio-

Radd FTS-60A spectrometer was modified to allow in situ laser irradiation into a thermostated cell. 

Electronicc absorption spectra were recorded on a Hewlett-Packard 8453 diode-array 

spectrophotometer. . 

Photochemistry.. All photochemical samples were prepared under a nitrogen atmosphere, using 

standardd inert gas techniques, and typically 10"3-104 mol dm3 cluster concentrations. As light source 

forr continuous-wave photochemical experiments served a Spectra Physics 2016 argon-ion laser or a 

Philipss HPK 125 W high-pressure Hg lamp equipped with the appropriate cut-off filter. 

Electrochemistry.. Cyclic voltammograms (CV) of approximately 10~3 M parent clusters in 10"' M 

Bu4NPF66 electrolyte solution were recorded using the set-up described in Chapter 2. IR 

spectroelectrochemicalspectroelectrochemical measurements at variable temperatures were performed in previously 

describedd optically transparent thin-layer electrochemical (OTTLE) cells.56 

7B.44 Results and Discussion 

Redoxx behaviour of [Ru3Ir(n3-H)(CO),3] (1) and [Ru3Ir(n-H)3(CO)i2] (2) 

Ass described above, hydrogenation of the heteronuclear cluster [Ru3Ir(|i3-H)(CO)i3] (1) at 

elevatedd temperatures results in the quantitative formation of the trihydrido cluster [Ru3Ir(u-

H)3(CO)i2]]  (2). In order to investigate whether a similar interconversion is also possible 

underr mild conditions via electrochemical reduction, we performed combined cyclic 

voltammetricc and IR spectroelectrochemical studies of clusters 1 and 2 in CH2CI2. The redox 

potentialss of clusters 1 and 2 are presented in Table 1. The v(CO) wavenumbers of clusters 1 

andd 2 and their reduction products are collected in Table 2. 

Tablee 1. Redox potentials of clusters 1 and 2.a 

Clusterbb EDX \V]c £D,a \V]c 

11 -1.61 +0.92 

2 __ - 1.87 + 1.17 
aa Conditions and definitions: 10"3 mol dm'3 solutions in CH2C12 (containing 10' M Bu4NPF6) at 293 K; 

Ptt disk electrode; v = 100 mV s"'; redox potentials versus Em (Fc/Fc+); £"pc, cathodic peak potential for 

reductionn of parent cluster; £p,a, anodic peak potential for oxidation of parent cluster; b Assignments 

givenn in the main text.c Irreversible process. 
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Cyclicc voltammetry showed that clusters 1 and 2 undergo an irreversible reduction at Ep c 

==  -1.61 V and Effi = -1.87 V, respectively, in CH2CI2 at room temperature (v = 100 mV s~'; 

seee Table 1). The reduction of both clusters remained fully irreversible even at 233 K (v = 100 

mVV s"1). 

Inn the course of the corresponding IR spectroelectrochemical experiments, the reduction 

off  1 in CH2CI2 at 223 K resulted in the neat conversion of the starting cluster into product 3, 

possessingg v(CO) bands at 1981 (w), 1961 (vs), 1909 (m) and 1754 (m) cm"1 (Table 2, Figure 

22 (top)). Upon warming the solution while keeping the electrode potential fixed, product 3 

provedd to be stable up to 283 K. At room temperature, however, the formation of 3 was 

accompaniedd by the simultaneous appearance of weak v(CO) bands at 2077 (vw), 2040 (w), 

20099 (m) and 1803 (w, br) due to a minor additional product, denoted as 4 (Figure 2 

(bottom)).. The reduction of cluster 2 at room temperature in neat and CO-saturated CH2C12 

alsoo resulted in the simultaneous formation of products 3 and 4 in a concentration ratio similar 

too that observed upon reduction of 1. 

22002200 2100 2000 1900 1800 1700 

WavenumbersWavenumbers (cm') 

Figuree 2. IR spectra obtained upon electrochemical reduction of cluster 1 to dianion 3 at 223 K (top) 

andd 293 K (bottom). Asterisks (*) denote v(CO) bands due to anion 4. 

Inn order to identify products 3 and 4 formed upon reduction of clusters 1 and 2, we studied 

thee stepwise deprotonation of cluster 2 on addition of Et4NOH. The latter compound has been 

shownn to be a suitable deprotonation agent e.g. for the related hydrido clusters [Ru^u-

H)4(CO)i2]
77 and [RuRh3(u-H)(CO)i2].8 According to the recorded IR spectra, the addition of 

onee equivalent of Et4NOH in THF resulted in the neat conversion of cluster 2 into its 

correspondingg anion [Et4N][Ru3Ir(u-rI)2(CO)i2]4 (see Figure 1), which is isoelectronic with 

thee known cobalt and rhodium clusters [Ru3Co(u-H)2(CO)i2]
 9 and [Ru3Rh(u-H)2(CO)i2] .l 0 

Unlikee parent cluster 2, the latter anion possesses three carbonyl groups bridging the edges of 

thee Ru2Ir plane. Importantly, the high-frequency v(CO) bands of [Et4N][Ru3Ir(u-H)2(CO)i2] 
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togetherr with the lowest-frequency one (1805 cm"1) correspond to those of the minor product 

4,, formed upon reduction of 1 and 2. Upon addition of a second equivalent of EuNOH, the 

anionn [Et4N][Ru3lr(u-H)2(CO)|2] is converted into another carbonyl product absorbing at 

1980,, 1953, 1906 and 1754 cm"1, with the formation of some minor side-products. In 

agreementt with the removal of a second hydride ligand, the latter product is assigned as the 

dianionn [Et4N]2[Ru3lr(n-H)(CO)|2] , exhibiting an IR v(CO) pattern and wavenumbers closely 

resemblingg that of the related cluster [Et4N]2[Fe3lr((i-H)(CO)i2]n and the major reduction 

productt 3. Based on the results of the deprotonation experiments, it is concluded that the 

irreversiblee reduction of cluster 1 results in release of CO and the concomitant formation of 

thee dianion [Ru3Ir(u,-H)(CO)|2]
2 (3). Similar CO loss reactions commonly occur, for 

example,, upon two-electron reduction of the clusters [Os3(CO)i2] , " [Os3(CO)io(4,4',5,5'-

tetramethylbiphosphinine)]133 and [Rh4(CO)i2].
8 The two-electron reduced dianion [Ru3Ir(u-

H)(CO)]2] 22 (3) is the only reduction product at low temperatures, getting partly protonated, 

mostt likely by traces of water in the solvent, into anion [Ru3Ir(u-H)2(CO)i2] (4) above 283 

K.. The simultaneous observation of 3 and 4 upon reduction of 1 at room temperature is 

thereforee concluded to result from the reduction of 1 into 3 followed by protonation to give 4. 

Tablee 2. IR v{CO) wavenumbers of clusters 1 and 2, their reduction products3 and the reference 

compoundd [Et4N12[Fe3lr(u-H)(CQ)i2l. 

Clusterbb v(CQ) [cm1] 

[Ru 3Ir(p 3-H)(CO) 13]]  (1 )  207 5 (s) ,  205 6 (vs) ,  201 7 (m) ,  186 8 (w ,  br ) 

[Ru3lr(u-H) 3(CO), 2]]  (2 )  207 9 (vs) ,  205 1 (s) ,  202 9 (m) ,  202 0 (m ) 

[Ru 3Ir((a-H)(CO) 12]
22 (3 )  197 8 (sh) ,  195 9 (vs) ,  190 8 (m) ,  175 4 (m ,  br ) 

[Ru 3Ir(n-H)(CO)| 2]
2""  (3) e 198 1 (w) ,  196 1 (vs) ,  190 9 (m) ,  175 4 (m ,  br ) 

[Ru3lr(n-H)(CO) 12]
22 (3 )  d  198 0 (w) ,  195 3 (vs) ,  190 6 (m) ,  175 4 (m ,  br ) 

[Fe3ir(u.-HHCO), 2]
22 c  197 7 (m) ,  195 4 (sh) ,  194 55 (s) ,  189 2 (w) ,  176 0 (sh) ,  174 3 (mw ) 

[Ru3lr(n-H) 2(CO), 2]]  (4) f  207 5 (vw) ,  203 8 (w) ,  200 8 (m) ,  179 9 (w ,  br ) 

[Ru 3Ir(n-H) 2(CO),2] ""  (4) g 207 3 (w) ,  203 7 (s) ,  200 4 (vs) ,  196 8 (m) ,  195 0 (m) ,  1818 ,  (w) , 

1805(w ) ) 

[Ru 3Ir(n-H) 2(CO)i 2]" ''  (4) h 207 4 (w) ,  203 8 (s) ,  200 5 (vs) ,  196 8 (m) ,  195 2 (m) ,  181 9 (w) , 

1805(m ) ) 
aa Conditions: 10"3 mol dm"3 solutions in CH2C12 (containing 10 ' M Bu4NPF6) at 293 K, unless stated 

bb c 

otherwise;; in situ reduction within an IR OTTLE cell. Assignments given in the main text. T= 223 

K.. d Prepared by deprotonation of cluster 2 with 2 equiv. of Et4NOH in THF. e [Et4N]+ salt in CH3CN 

(ref.. 11).' Minor product of thin-layer electrolysis; other v(CO) bands hidden under intense v(CO) 

bandss of cluster 3. g Prepared by deprotonation of cluster 2 with 1 equiv. of Et4NOH in THF. [PPN]+ 

saltt in THF ([PPN]*  = [bis(triphenylphosphoranylidene)]") (ref. 4). 
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Onn the contrary, the simultaneous observation of products 3 and 4 upon reduction of 2 can 

bee explained by three different reduction pathways (Eqs. (l)-(3)). According to pathways (1) 

andd (2) (Eqs. (1) and (2), respectively), direct two-electron reduction of 2 results in the 

formationn of a dianionic reduction intermediate that expells H2 and transforms into dianion 3. 

Thee latter reduction product may either be protonated (Eq. (1)) or undergo a 

conproportionationn reaction with yet non-reduced cluster 2 (Eq. (2)) to form the secondary 

reductionn product 4. Similar conproportionation reactions have been observed for the related 

clusterss [Ru4(u.-H)4(CO)i2]14 and [Ru2Rh2(u.-H)2(CO)i2].8 The protonation pathway is similar 

too that proposed above for cluster 1. 

Apartt from direct two-electron reduction followed by loss of H2, dianion 3 may also be 

formedd via two subsequent one-electron steps, each accompanied by loss of a hydrogen atom 

(Eq.. (3)). The observed formation of cluster 3 as the major reduction product then demands 

thatt the reduction potential of le-reduced [Ru3lr(jj-H)2(CO)i2] (4) lies close to that of parent 

clusterr 2, which is unlikely. 

[Ru3In>H)3(CO)12]]
 + 2 e > [Ru3ln>HXCO)12]

2- + H > [Ru3Ir(u-H)2(CO)12r (1) 

[Ru3Ir(u-H)3(CO)12]]
 + 2 e > [Ru3Ir(u-H)(CO)12]

2- +1 » [Ru3Ir(u-H)2(CO)12]- (2) 

[Ru3Ir(u-H)3(CO)12]]  + e » [Ru3Ir(u-H)2(CO)12r ^ - ^ [Ru3Ir(u-H)(CO)12]
2- (3) 

22 - 1/2 H2 4 - 1/2 H2 3 

[Ru3Ir(u-H)3(CO)12]]
 + C > [Ru3Ir(u-H)3(CO)12r (4) 

22 2'" 

[Ru3Ir<u-H)3(CO)12]]  - 2 [Ru3Ir(u-H)3(CO),2r » [Ru3Ir(u-H)(CO)12]
2- (5) 

22 V'  2 3 

Basedd on the experimental results, the formation of dianion 3 through one-electron 

reductionn of anion 4 (Eq. (3)) seems highly improbable. This is inferred from the fact that the 

reductionn product 3 is directly observed upon reduction of [Ru3lr(p.-H)3(CO)i2] (2), while 

accordingg to pathway (3) initial accumulation of anion 4 is expected. Direct two-electron 

reductionn and formation of dianion 3 as the reduction product is therefore most likely. In situ 

reductionn of cluster 2 in the IR OTTLE cell at low temperatures needs to be performed to 

confirmm unequivocally this conclusion. The question remains whether the subsequent 

formationn of anion 4 then results from protonation of 3 (Eq. (1)) or from a conproportionation 

reactionn between 2 and 3 as proposed in pathway (2). The occurence of the 
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conproportionationn reaction might be revealed by reacting dianion 3, prepared via 

deprotonationn of parent cluster 2 by two equivalents of Et4NOH, with an equimolar amount of 

freshlyy added cluster 2. If true, the low concentration of product 4 upon reduction of 2 

indicatess that the conproportionation reaction is rather slow on the time scale of the 

spectroelectrochemicall  experiment and cannot efficiently compete with the two-electron 

reductionn of 2. In the absence of the conproportionation reaction, anion 4 most likely results 

fromm protonation of the primary reduction product 3, as observed for cluster 1. For, the 

concentrationn of anion 4 was increasing on the expense of dianion 3 even after parent cluster 

22 had been completely reduced. The comparable ratio between products 3 and 4 formed upon 

reductionn of clusters 1 and 2 also supports the protonation pathway. 

Schemee 1. Reduction pathways of clusters 1 and 2. 

[Ru3Ii(u-H)2(CO)12] ] 

4 4 

Summarizingg the above results, two-electron reduction of [Ru3lr(u3-H)(CO)i3] (1) results 

inn the loss of CO and concomitant formation of dianion [Ru3Ir(u-H)(CO)i2] ~ (3). The latter 

reductionn product is completely stable at low temperatures but converts partly into the 

correspondingg anion [Ru3Ir(u-H)2(CO)i2r (4) at temperatures above 283 K. Although no 

v(CO)) bands of 2 are observed in the course of the electrochemical reduction of cluster 1, 

theree is certainly an alternative pathway for the conversion of 1 into its trihydrido analogue 2 

followingg electrochemical activation. This can be achieved upon complete protonation of the 

anionicc clusters 3 and 4 in a separate step, as the reversal of the deprotonation reaction of 

clusterr 2 with Et4NOH. Dianion 3 is proposed to be also the direct reduction product of 

clusterr 2, formed in two possible ways. First, one-electron reduction of cluster 2 causes a 

rapidd structural change of the primary reduction product 2' , producing a secondary product 

instantaneouslyy reducible to the corresponding dianion 2 . The latter species then readily 
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transformss into dianion 3 upon loss of H2. Secondly, and more likely,14 a rapid 

disproportionationn reaction of 2'~ to 2 and 22 takes place, producing again dianion 3 via H2 

releasee from 22 (Eqs (4) and (5)). Further (e.g. bulk electrolysis) experiments are required to 

elucidatee whether the formation of 4 in these cases results from protonation of 3 or a slow 

conproportionationn reaction with yet non-reduced 2; the observed ratio between 3 and 4, 

however,, supports the protonation pathway. The reduction pathways of clusters 1 and 2 are 

depictedd in Scheme 1. 

Photochemistryy of [Ru3Ir(n3-H)(CO),3l (1) 
Thee excellent thermal catalytic activity of cluster 1 in the hydrogenation of 

diphenylacetylene,33 has evoked our interest also in its photochemical behaviour. The presence 

off  the robust tetrahedral core, three bridging carbonyls and a u3-H cap over the triruthenium 

facee (see Figure 1), may prevent efficient photofragmentation of the cluster core, as observed 

forr the mixed-metal cluster [Os2Pt(CO)8(PPh3)2] (Part A of this Chapter). 

Thee electronic absorption spectrum of cluster 1 in hexane (Figure 3) exhibits an intense 

UVV band with a shoulder at about 320 nm and another one of lower intensity in the visible 

region,, tailing to 600 nm. In order to initiate photoreactions from both the lowest- and higher-

lyingg excited states, cluster 1 was irradiated with a continuous-wave argon-ion laser (kn = 

4888 nm) and a high-pressure Hg lamp (Ai„  > 340 nm), respectively. 

300300 400 500 600 700 

WavelengthWavelength (nm) 

Figuree 3. UV-vis spectrum of cluster 1 in hexane at 293 K. 

Irradiationn into the lowest-energy band of cluster 1 in CO-saturated hexane did not trigger 

anyy significant photochemical reaction. Upon near-UV irradiation (k„  > 340 nm), however, 

thee IR spectra showed the disappearance of the v(CO) bands of the starting cluster with the 

simultaneouss appearance of v(CO) bands due to [Ru(CO)5],
15 [Ru3(CO)i2]'

5 and minor 

[Ru4(u-H)4(CO)i2]
166 (Table 3). Besides, a black compound, tentatively assigned as the poorly 

solublee cluster [Ir6(CO)i6],'
7 precipitated from the solution. The nature of the photoproducts 
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pointss to an efficient photofragmentation process, resulting in the formation of unsaturated 

rutheniumm and iridium fragments. These fragments may either be stabilized by coordination 

off  added CO or undergo reclusterification to form homometallic clusters. 

Similarr to the experiment under CO, no photochemical reactivity was observed upon 

long-wavelengthh irradiation of cluster 1 in hexane containing 1-octene. However, prolonged 

irradiationn into the higher-lying absorption band (  ̂ > 340 nm) resulted in the appearance of 

neww v(CO) bands due to the hydrogenated cluster [Ru3Ir(n-H)3(CO)i2]
4 (2) (see Table 3), 

togetherr with some unidentified products. It remains to be investigated whether cluster 2 is 

formedd via a similar photofragmentation/reclusterification pathway as observed in CO-

saturatedd hexane, or results from C-H activation, converting 1-octene into 1-octyne. The latter 

reactionn is known to take place rapidly upon heating the clusters [M 3Ir(u3-H)(CO)|3] (M = 

Ru,, Os) in the presence of propylene (2 bar) at 353 K.18 Control experiments, however, 

showedd that a similar thermal reaction does not occur at room temperature. Surprisingly, 

irradiationn of cluster 1 in hexane resulted in IR spectral changes similar to those observed in 

thee presence of 1-octene. Apart from minor v(CO) bands due to [Ru3(CO)i2] , the trihydrido 

clusterr 2 was observed in significant amounts. Further experiments, including irradiation of 

clusterr 1 in solvents of different acidity, are compulsory in order to reveal whether a C-H 

activationn mechanism is indeed operative also in the latter case. 

Tablee 3. IR v(CO) wavenumbers of the photoproducts of cluster l.a 

Solventt Photoproduct v(CO) [cm"'] 

hexanee [Ru3Ir(u-H)3(CO)12]
b 2079, 2054, 2033, 2023 

[Ru3(CO),2] cc 2062,2033,2013 

notnot assigned 2094, 2066, 2005 

hexane/1-octenee [Ru3Ir(u-H)3(CO),2]
b 2079, 2054, 2033, 2023 

notnot assigned 2108, 2066, 2005, 1801 

hexane/COO [Ru(CO)5]
d 2038,2002 

[Ru3(CO)12]
cc 2063,2031,2013 

[Ru4(u-H)4(CO)i2]
ee 2082, 2066, 2032 (sh), 2025, 2009 (sh) 

[Ru3Ir(u-H)3(CO)12]]  2078, 2053 f 

notnot assigned 2068 
aa Conditions: hu > 340 nm, T= 293 K. b IR v(CO) (hexane): 2079 (vs), 2054 (s), 2033 (m), 2023 (m) 

cm"11 (Ref. 4). c IR v(CO) (cyclohexane): 2061 (vs), 2031 (s), 2017 (w), 2011 (m) cm1 (Ref. 15). d IR 

v(CO)) (cyclohexane): 2039 (vs), 2000 (vs) cm' (Ref. 15). e IR v(CO) (cyclohexane): 2081 (s), 2067 

(vs),, 2030 (m), 2024 (s), 2009 (w) cm"1 (Ref. 16). f Other v(CO) bands hidden under intense v(CO) 

bandss of the other photoproducts. 
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Summarizingg the results described above, irradiation of cluster 1 in CO-saturated hexane 

resultss in efficient photofragmentation into unsaturated ruthenium and iridium fragments that 

mayy either be stabilized by CO or undergo reclusterification to form homometallic clusters. In 

thee presence of 1-octene or in neat hexane, slow formation of the hydrogenated cluster 

[Ru3Ir(u-H)3(CO),2]]  (2) is observed. 

7B.55 Conclusions 

Thee heterometallic clusters [Ru3Ir(p.3-H)(CO),3] and [Ru3Ir(u-H)3(CO),2] have similar 

electrochemicall  properties as observed for the related homonuclear systems [Ru4([i-

H)4(CO)i2]]  and [Rh4(CO)i2]. It is clear that the reduction pathways are not determined by the 

differentt metals in the metal core, but by the presence of bridging or capping hydride ligands. 

Iff  bridging hydrides are present, as in the case of [Ru3Ir(u-H)3(CO)i2], they are expelled upon 

reductionn in order to preserve the stable electron-precise {M 4(CO)i2}  core. The reduction of 

[Ru[Ru33Ir(nIr(n33-H)(CO)i-H)(CO)i33],], possessing a p.3-H cap over the triruthenium face, results in dissociation 

off  CO and concomitant formation of dianion [Ru3Ir(u-H)(CO)12]
2~. Although cluster 1 cannot 

bee directly converted into the trihydrido cluster 2 in the course of the electrochemical 

experiment,, subsequent protonation of the produced dianion 3 and anion 4 in a separate step is 

surelyy possible. 

Formationn of cluster 2 is also observed upon irradiation of cluster 1 in hexane or in the 

presencee of 1-octene. Further experiments are compulsory in this intriguing case in order to 

reveall  whether a C-H activation mechanism is operative. 
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