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A. EiTRODUCTION 

In at y~rs there ve been a r of dev~l~prn~~~ in the field 
of catalysis, notably those w~~~~ with catalytic reactions of 
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ions and ~oor~~ation compounds. Two receat reviews by Halpern”* J have con- 
cerned themselves with. a variety of reactions in&d horn~~e~~us hydra- 

tisn, hydrofo~y~ation, o~datio~ of o an of a~~~~n~ corn- 
pounds and pal tion. The piatin~m- oup metals and their complexes 

x~p~~~at~y e~e~~ve 
of a short review by 

or so the Arnold of data pub~sh~d in tbi 
Wabash further reviewitlg. The emphasis of this revi 

of r~odi~rn ~ornp~~x~ sin 
that the expa~siun of effort has been 
sis topics, al cua~~ed with home acous systems, ~e~e~~ the 

r~view~r’s interest. 
their ~b~t(lri~ anal , the: ~~e~st~ of rbodium(I~~ ~rn~Ie 

le s~di~d but more r otty the study af su~tjtu~on o 
rhodium caordi 
to i~~~~de rhod 

reactions homogeneously ca- 
tion, Gwen i~ome~zatio~ and 

n of ocean and a~ty~en~, and will then deal 
on the 

halve. The kinetics were not 
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KCN on tet~~r~~y~-~~dicblororhodi~m(I), r~h(CO~~Ci]~. 
complex seems remarkably stable considering the strong n-bo capacity of the 

oup. Other less-stable hydrides”. 22 were also formed from reaction of 
dride with eis- and ~run~-~Rh(en)~Cl~J~* (Rh(~H~)~~i]*, trum-[Rh 

Cl,]” and [R~(H~ G),Cl,]-. Bore ride r~d~ctio~ of [ 
to the ~roductio~ of the rh~i~rn(~) s s evidence c~f an 
int~~ediate Rh”“N- spccieq which c~rn~se~ accordin o reaction (4), the 
bipyridyf stabilizi 20* 23* 2d. Reaction with excess bore- 

hydride has also dihydrido species cis- and f~u~-~b~~(e~l)~~ ’ 
on3 of the above-rn~~tio~~d isolated hyd~de s ies of 

ands could be obtained by usin 
ted molecular N, for the rcduc- 

olefinic bonds, althou t catalysts for the reduction of 
ic nitro compounds by hydrogen-transfer reactions”. 
x&lent refer co nsition metals h 

recently been pub~i~~~ed viol is that b~drogen in such 
complexes commonIy acts e~~tiveIy as an anionic ligand, 
coordination position. Generally the hydride es as a stro 
but u,v.-spectral studies in the weak-field ni 

st a rather lower l&and4 
r and amrn~ni~ and more akin to a hali 

shows a strong traa~ e~~t2~~. ‘*. It is reco that ~ta~~ic activity for 
ho neous hyd ion must concerned with the stabilities and labiliti~~ 

of dometallic which m act as intermediates in the catalytic reaction. 
The intermediate must be labile and its thermodynamic stability lie within narrow- 
ly~~~n~d limits, ~~le~~ it is su ci~nt~y stable it wiIX nut form readily while if 
its stability is to nt t~nsfo~ation to the products will be sfow. 
The ~t~ct~re, of c~rdin~t~d ds and electronic con~~~ration of the 
catafyst will be oi-tant factors, in ing the rate of reaction. Excludin 
not too conclusive earlier work n of olefin or acet 
compounds stacked ~ornog~n~ous~y by rhodi in ~~rcly-aqu~~ solu- 
tion has not been reposed. Studies in this med lead to the prosing 
of rhodium metal, heterogen~o~ bydro~eaat~ 
from dispropo~i~n lion or reduction of Rh 

A number of interestin 
P to involve hydridic sp 

hyd~d~ present in 

&ions of rhodium compie in sotutio~ arc 
similar to those discussed e and these will 

must be closely related to intermediate 
ion systems. 
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Delepine 3 ’ * ’ * first observed that ethanol and several other alcohols ca- 
talyzed the formation of the rruns-[Rh(py),CI,)+ cation from aqueous solutions 
of pyridine and chlororhodatc(III), which contain principally3’ 1,2,6-Rh@y),C13. 
A kinetic study6 of this reaction suggested that the mechanism involved a Rh’ 
species. The reaction was also found to be catalyzed by hypophosphoro~ acid 
and molecular hydrogen and an intermediate hydrido complex RhH(py),CI, was 
suggested as an intcrmediatc’* i 2* 2 2. S’ tmilar syntheses involving nucleophilic re- 
placement of halide ions by nitrogen donor ligands, catalyzed by reducing agents 
such asethanol, bypophosphorous acid, sodium borohydride, hydrazinium chloride 

and molecular H,, have been reported” ’ *- ‘?* “- “_ Complexes prepared include 
rrans-[Rh(bipy)2C1J*, ttalrs-(Rh@hen),CI,]‘, [Rh(en)J3’, ~Rh(HDMG)2Cl~]-, 
truns-[Rh(dipyam)2CS2]+ and substituted pyridinc complexes. Both hydrogen” 
and ethylene ’ ’ will also catalyze at room temperature the replacement of chloride 

ligand by water in the production of the fru,?s-[Rh(HIO),C1,]+ cation from solu- 
tions of rhodium trichloride; at higher temperatures, howevcc, metallic rhodium 
is formed. A hydridic mechanism is suggested involving hcterolysis of hydrogen by 
the rhodium trichloridc, the resultant hydride ion replacing chloride with subsc- 
qucnt displacement of hydride by water: 

720 11,O H¶O 
HO 

ph< 
Cl 112 Hz0 ..&/= HI0 I +c1 

- Cl’ 1 ‘If 
+H+ y ‘Rh’ 

A,0 
Cl Cl’ 1 ‘Ii,0 + 

E120 H:O 
H++H--- Hz 

Evidcncc that hydride intcrmcdiates are being formed, is furnished by 

H- 

the fact 
that some of thcsc systems do act as catalytic systems for the homogeneous hydro- 
genation of olcfinic bonds (see section E), e.g. cthanolic solutions of RhCl, or 
1,2,6-Rh(py),Cf, containing hex-I-cne, take up mulecular H,, at room temperature 
and 1 atm, producing n-hcxane’ 2. 

Of interest here are polarographic studies with rhodium complexes which, 
howcvcr, have frequently given rise to variabrc conclusions; most of the work is 

reported and discussed critically in a recent paper by Wilkinson and coworkers”. 
A number of halogenoammine complexes of Rh”’ and the hexachlororhodate(II1) 
ion are reduced in 24ectron steps indicating that Rh” is not formed and presenting 
evidence that the species responsible for the catalytic effects (e.g. the [RhCI,]‘- 
catalyzed reduction of Fcnr by Hz, and the catalyzed synthesis of the rhodium(llI)- 
ammine complexes) arc likely to be Rh’n-H- or Rh’ species. Two polarographic 
waves were obscrvcd with ci.+[Rh(trien)CI,]+ each involving a 2-electron step, 
and this is consistent with the production of the isolated mono- and dihydric 

species [RhH(trien)ClJ+ and [RhH,(trien)]+ (section B): 

cis-[Rh(tricn)CI,]+ E+= _2~.JavC(Rh(trien)C121- fi [RhH(trien)Cl]++ CI- -t-OH- 
S 

El m - 0.73 vl2a 

[RhH,(trien)J’ f Cl- + OH - r~ [RhH(trien)Cl]- 

Coardin. Cihem. Rev. 1 (1966) SOS-524 
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It is wefi knows that hydride of tradition rn~~ls Gant 

have also bee 
Nzr and the catal 

tianed. None of 
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reaction with h 

s mutt involve i 

af the 0 

F. 

must exhibit the CQMC: 
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and so is not considered the likely intermediate in the RhCJ,-catalyzed hydro- 
genation of ethylene in this medium”. A reaction closely related to catalytic 

hydrogenation is the catalytic hydrosilation of olcfins for which the ethylcnc dimer 

is reported to be an efficient catalyst6*. 

Of interest arc the recently-reported fluoroethylene complexes or rho- 

dium6’-” of the type Rh(acac)(C,H,)C,F, and [RhCI(C,H,)C,F,],, where the 

ethylene can also bc displaced by Lewis bases (L) such as phosphines, amincs, 

nitriles or cyanide, to give complexes such as Rh(acac)(C2F,)L2, [Rh(acac)- 

(C,F.,)L], and RhCI(C2F.,)L2. Acetylene complexes such as the nexafluorobut- 

2-yne dcrivativc RhCI(Ph,P)2CJFG, have also been prcpared6’. Chemical and 

N.M.R. evidence indicates that the metal-fluoroethylene and -.ro:etyIene bonds have 
considerable n-character, in contrast to the o-bonded fluoroolcfin complexes 

usually obtained . 72 Bubbling hydrogen through a benzccc solution of the RhCl- 

(PhaP)2C4F, species results in the production69 of 1, I, 1,4,4,4_hexafluorobutane 

and the dimer Rh2C12(PhJP)+ The acetylene complex itself is readily prepared by 

reaction of the hexafluorobut-2-ync with RhCI(Ph,P), and clearly the cfXcicncy 

of catalytic hydrogenation will_dTpend on the rate of formation and structure of 
the acetylene (or a corresponding olefin) complex. N.M.R. studics66*7’ indicate 

that there is no exchange of the coordinated and fret fluoroalkyne with the 

RhCI(Ph3P)&F6 complex, and also no exchange of fluoroolefin in the cor- 

responding tctratluoroethylcnc complex. RhCI(PhJP)2C,F,, although the ethylene 

complexes RhCI(Ph,P),C,H, and Rh(acac)(C,Cl,)z do show rapid cthylcnc ex- 

change. The complcx74 ;r-CsH5Rh(C2H4)2 shows no exchange but it appears that 

the coordinated ethylcnc may rotate with the coordinate bond as axis”. 

Olefin-n-complexes of rhodium(l) have frequently been prepared by re- 

duction of rhodium trichloride with the olcfin in the presence of ethanol; the 

ethylene dimer6’, [RhCI(C,HJ)2]2. a number of corresponding dimeric dienc com- 

plcxcs, (diene),Rh,Cl,, and the monomeric dicyclooctene and dibutadiene com- 

plexes, (C8H,4)2RhCI and (C,H6)2RhCI, have been prepared in this way75-7*. 
A monomeric norbornadicne complex. (C,H,),Rh(SnCI,). is isolated when stan- 
nous chloride is present in solution so These reactions presumably occur through . 

an intermediate Rh”‘-hydride again and indirect evidence for this is provided by 

the fact that a stable o-rhodium(lI1) complex can result from a similar system 

using acrylonitrilc _ 7g The ethanol-induced reactions have been discussed in terms 
of the following scheme (L = ligand): 

L,RhCI, =OI! L,RhtiCI, 3 L3RhCl *‘% [(olcfin),RhCl], (rr-complex) 
lIRJC!*=cII.cII 

* 

A4 
(uxomplex) 

6 \CN 

A IT- or a-complex will result depending on the efficiency of the Michael addition 
of the monohydride to the unsaturated compound. Reaction of the hydride, 

Cuordin. C/rem. Rev. I (I 966) 505-524 
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Of reacted interest t 
tization of olcfms, Rh 

hodium t~c~o~de- 
ns, s~died by C and ~~~od’4; and 

isomerization of 1, 
r worker invoke a 

vour a me 
n-ally1 intermediate. DaviesqL rules out both these mecba~s~ for the 

ation of the n-allylic deriv 

bie nucleophi~ic attack on the olcfin bond by a hyd~de8~ HRhCI,, and the iso- 
~e~~io~ of oIefins in the bydroformy~t~o~ reckon is tbuu~ht to pro dviaa 
similar mechanism”* q3. During the preparation’s of (CsHl.&RhlCla from 
cyclooeta-1 ,Sdiene and all the un~m?iexed bin is unvexed to the 
1*3-is~mer~~ and RhCt:, t$h), is also removed to 
this is ong4_ C~er in a OS has shown that 
linear are ~s~~~~ed by ~~CI(C~~~)~~~ or 
~(ac~c~~~~~)~ in the p nce of HCI, and deute~~*t~~r studies indicate 
that the mechanism does involve addition and elimination of a rbodium(III) 
byd~de at the olefin 

The isomeri~tion of olefins s been the subject of a recent review by 
0rch.inp5. 

OF 0 AND AC~L 

The catalysts ~ntinues to 
an active field of inves tion but one ~itb which we shall not anon oursel 

erectly. However, the a number of rewnt developments in the field of 
of interest in the present context. 

chloride or -nitrate ca 
of bu~diene m water or alcohol t 

mpicx. Natta and 

emulsion to a crys 
for the solution ~ly~ler~tio~ of b~~~eQe 

coonfn. C&m. Rev. 1 (I96Q !W-524 
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ain ~i~~~ in the presence of rbodi~ salts; they conclude that the 
ies is a rr-allylic rhodium(W) hydride rather than a rhodium(I) n-allylic 

The ~mpl~x, Rh,CI,(C,,H,,), isolated from a reaction of RhCIJ 
e8’ (lotion G) is not an active int~~edi~t~ for fo~~~o~ of the 

coin pol:.mers but did conve dienc to cyck tcio~~~“. The iess- 
dibut~di~ne com~l~x~* (C,H,) a legible intermediate. 

Closely related are the polymerization of phenylacety- 
lenezs~eO+ “i, and the oh n of pbenylaccstylcne”O * and hcxafluoro-Z 

complexly such as [~hCl(C~)~]* and K- 

~Qrnp~~x, ~-c~~o~n~d~e~yI~ 
in that it contains a st~~iiiz~d 

en found to be catalyzed by 
resence of the solvent is not 
d to in a rent art 

butenes, the primary 
probably being I-butene, w qucntly iscmerizes. Ethylene and propylene 

mainly l+diolefins. Tbc mechanism of the 

lyst appears to be the aniaa [ ~~~~Rh’C~~ ]I. This is oxidized 
h’tt~i~(~~~~jSJ- avers S 

may be water, ethanol or chloride. At - 15” where no dimerization occurs the 
latter complex loses C2H, and the salt Cs[C2H5RbCI,(H20)] has been isolated. 

g step b~t~~~n th 

which butene and S rapidly di~pl~~d by 
ion. Dimerization als ccurs only whea Mid is mechanism 
involves the folio 

ctions of coordi 
tion : 

(i) the r ible oxidation of t by a proton acid to 
(ii) the tion of coordina olefia bc?tween an 

1 ion to which it is attached 
n in rh~ium~~ij a&y1 and 

ands to 
~~~en~s of rhodium. 

Feature (iij is a specific ~~~~~1~ of an addition reaction that involves for- 
mation of an intermediate n-complex, which rearranges to add the elements of the 

inai complex acruss the un~~~~t~d bond of the olefin: 



including hydrogceatian (see e.g. section E and F), hydroformyiation, hydration, 
isomerization (see section Ii) and polymerization2*f’ “‘* lo9 an exatiple 
of a much wider class of “iu~~on*‘-~ ~~~~0~ rightly di by Heck” ‘9 

Their role in catalytic microns has b conside els~~~ere~. 

J. CARBONYL COMP OF RHODIUM 

rban monoxi 

complexes in WC1 solution 
of the Rh‘ anionic species 
inte~~di~t~ ’ ’ 4 

Tbc r~~cti~~ is of int bits auto sis, the diehlor rbonyl- 

rhodat~~) complex r r~duc~on o e chloror~~~~t species 
by CO. Addition of trip~enylphosphj~~ to the solution of r~(C~)~~i~]- gives a 
simple preparation of the familiar RhCOCI(Ph,P), complex. Heck”’ has de- 
scribed a similar pro dure in met~~nol solution which, however, requires X- 
penteee to reduce the rh~~urn to the u~i~~ent state. It be that a coordi 

d is necessary far CO r~d~cti~~ of rhodiu to occur under 
#ndi~on~; RhC13 in some ~on-aqu~~~ solvents pp~ntly 
Rh”” carbonyl derivatives’ ‘*. Hicbcr an9 lagal ed RhCll 
was much more reactive than the anhydrous material in its reaction with CO and 

0),J2 dimer~ *6-118- 
of rhodi*m(~ have 

precut from the [RhC O)& ~mer. These ~~c~ud~ the se 

RhL2(CO)X, where L = 3P, Ar,As, Ax,Sb, (PhO),P and 

the anions [Rh(CO),XJ- (X = Cl, Br, I) and (CO),X,]2- (X = Br, 

0 * g g* 1 20; the impounds [Rh(CO)~X]~ where X rboxylate* etch, thio- 
cyanate, su~~h~te or cyani$e2 ’ l ’ 2o ; the amine corn 

505-524 
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and the complexes ” ’ (P-ketone)Rh(CO),. n-CsHsRh(C0)2x 22 and its mono- 
and disubstituted derivatives cootining phosphines, phosphites and isonitriles 
have n synthesized r * ‘. 

action of Platinum-metal halides with afcohotic solution in the presence 
of t~~~~ phosp~~~-t~ @an given rise to the we~I-kale fo~atio~ of 
carbonyl, hyd~d~~nyl and hydrido complexes of the metal in a reduced 

valency state 5 ‘* ’ 6* s ’ l ’ 24 and the complex RhCOCI(Ph3P)2 has been prepared in 
this wayl*This complex has also been isolated by similar decarbonylation of alde- 
hydes and acylhalidesq3* ’ * ‘, and dimethylformamide, dioxan and certain ke- 

i26 using RhCls in the present of t~pheny~~hosp~ne or the Rh~i~h~P)~ 
ex itself. 
Complexes such as RhCOCI(Ph,P), of d” configuration undergo the now 

familiar oxidative-addition reactions by adding a wide variety of covalent mole- 
cules to form hexacoordinated complexes of d6 configuration’ *‘* * 2s. The rhodium 
complexes are less ve than their iridium aualogues but derivatives with 

SOz’ “1 HC144, or halides ’ r 53 and halogens * ’ 5* ’ *’ have been prewarm, 
e.g. ~2ww3 CL = Ar,P, RsP, Ar,As, Ac3Sb) from the reaction with halo- 
gens, and RRhL,(CO)XX from the organic halides. One of the latter compounds, 
chloroiodomethylbis(tri-n-butylphosphine)carbonyl rhodium(II”Q absorbs CO to 
giW * Is the acyl derivative, CH3CORhiC!(CO)[P(n-C,H,),l,. EZquilibria such as 

Rh~C~I~Ph~P)2 + O2 GG ~“‘C~l~h3P)~~~ (8) 

reactions with molecular H2 and CO, almost chewy 
quilibria lie far to the left’ so. Similar oxidative-addition 

reactions with “saturated” five-coordinate de complexes, such aa n-CsHsRh(C0)2, 
occur with the loss of a neutral CO ligand. The diiodide derivative” 3 r, n- 
C,H,Rh(CO)I,, and ~~uoro~i-i~ide de~va~v~ such as” s2* 133 rr-C&Rh- 
(CO)(C,F,)I, have been prepared in this way. An anionic carbonyl derivative of 
rhodium(W), [Rh(CO)I,]-, has been prepared by direct carbonylation of rhodium 
triodide in the presence of iodide ion’ ’ 9. 

The oxidative-addition reactions are not restricted to the carbonyl 
vatives; other examples in rhodium theists include the panoply-mentio 
reactions of HCl and ally1 chioride with RhCl(Ph,P), to give the hydride and 
ally1 derivatives, respectively, and the same complex also undergoes addition 
reactions with43 CHsX and Oz. 

ough rhodium(i) carbonyls are quite stable thermodynamically they 
arehi the CO and Cl in ~C~i~h~P)* exchan 
quickly’34* ’ “_ Exchange of CO in n-C,HsRh(CO), is reported to occur readily 
apparently via a dissociation mechanism 73, but other work has indicated that the 
exchange results are not reproducible and substitution of CO in this complex by 
phosphines etc., occurs via a birnolecuIar displacement reaction”23. Second-order 

of CO with Rh(CO),Cp-anisidine)Cl also indica an associative 
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process’ 3*. Comparison of the exchange rates of these square-planar rhodium(I) 
carboayl complexes with corresponding olcfin complexes (section F) has been dis- 
cussed by several workers”’ 28b* ’ “. The rate of CO exchange in the rh@um(III) 
octahedral complex Rh(Ph,P),COC13 is indepcndcnt of CO and takes place via a 
dissociative process ’ “. 

Of the rhodium carbonyl derivatives only the RhCOCl(Ph,P), and RhHCO- 

(Ph,P), (prepared by reaction of hydrazine on RhCOCl(Ph3P)2)39 have been 
reported as active catalysts for homogcncous hydrogenation (see section E) and 
there is clearly scope for further study of the reactions and possible catalytic 
properties of these types of complcxcs. Recently a corresponding thiocarbonyl 
derivative, RhCSCl(Ph3P)2, has been prcparcd by the reaction of RhCl(Ph,P)s 
with carbon Aisulphide and this again undergoes an oxidative-addition reaction 
with Cl, to give 44 Rh(Ph3P),CSCl,. 

K. EXCHANGE AND SUBSTITUTION RUCTIONS OF NON-ORGANOMf?TALLIC COMPLfXES 

Of RHODIUM 

The few studies concerning exchange and substitution reactions of the 
organomctallic rhodium complcxcs have been considcrcd in section F for the 
olefin complexes and in section J for the carbonyl complcxcs. Relatively little 
work has been reported on such reactions with other rhodi’lm complexes but these 
are of current interest for comparison with corresponding reactions of other 
related transition metals, in particular, the well-studied Co“‘ complexes and the 
last member of the triad, iridium, and for a better understanding of the catalytic 
properties of the complcxcs. 

Quantitative kinetic studies have been reported for the hydrolysis of rho- 
dium(II1) pentammines’3e-‘40 and substitution reactions of a more extensive 
series of rhodium(II1) ammincs have been studied by a number of work- 
ers34* ’ 4 1-‘44. The data arc really not very extensive but both similarities and dif- 
fcrences in behaviour of the Co“‘ and Rh“‘ complexes have been consider- 
ed ’ 39* l4 ‘. A variety of nucleophilic reagents react with rrans-[Rh(en),Cl,]+ at 
the same rate”’ indicating that the hydrolysis reaction is rate dctcrmining as is 
known for Co“’ complcxcs. The larger Rh ‘I’ ion leads to steric effects similar to 
but, as expected, smaller than those reported ‘*’ for Co”‘, and a retardation in 
rates of acid hydrolysis with increased chelation for Rh“‘ complexes is similar 
to the chelation cffcct of Co“‘ complex= 146 Important differences between Co“‘ . 
and Rh“‘ systems emerge in that replaament of an amine ligand by chloride for 
Rh”’ gives little increase in rates of acid hydrolysis, charge is not as important in 
Rh”’ complexes (suggesting &2 substitutions), and the stercochcmical result of 
both acid and base hydrolysis of rruns-[Rh(en),Cl,]+ is complete retention (for 
Co”‘, base hydrolysis is generally accompanied by large amounts of ‘somerization 

Coordin. Chem. Rev. 1 (1966) SOS-524 
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and racemization). Base hydrolysis is much slower for Rhm than for Co.m ammines 
and this has been discussed in terms of the outstanding z-donor ability of the 
amide iigarrd and the idea that ~-bonding is much less important for the Rhirr 
complexes in hydrolysis reactions 28c* 142_ The replacement of halides from tram- 

RhA4LXfi+ (where A4 = (NH,), or <e&; L = halide, N3-, OH-, NO,-, NH, 
and X = halide) has been used to estimate the kinetic ‘ctrans-etIect’f’4’ of the 
L F-P 34* 144. Harris et aL14* have studied exchange and substitution reac- 
tions of the ~sox~atorhoda~e(~ complex and various ~hloroaqu~rhodium~~ 
species. The rates range from rather-high lability in ~C~s(~~O)]‘- to rather- 
extreme stability in ~~~~0)~~ 3 * ; this ph~nomenu~ has been discussed previously 
for the ruthenium(III) series of chloroaquo comp1exes14Q in terms of crystal-field 
splitting of Cl- as compared to H,O. Much work remaias to be done in the fidd 
of s~bsti~~on-Dacron mechanisms for rhodinm complexes, and the devetop- 
me&s in the characterization of species present in solution by U.V. and visible 
spectroscopy should prove particularly helpful ’ * l ’ 5 ‘* ’ ’ ‘. 

Very little work has been reported on electron-transfer reactions involving 
Rhoda complexes ’ 52P 1 5 3. The reduction of ~~H~)s~] 2 + (where X = halide 
or acetate) by Cr” has been studied’52; a bridged activated compIex is involved, 
the rate decreasing in the order CI > Br > I in contrast to those observed in the 
corresponding reduction of the Pentamminecob~t~H) complexes ’ 54. This is 
considered due to the class-a acceptor property” 55 of Corn with its decreasing 
halide affinity in the order F $ CI > Br > I and the class-b acceptor character of 
Rhn! with opposite aEnities. However, Schmidtke156, by consideration of the 
formation of thiocyanate complexes which can coordinate through the “soft” 
sulphur or ““hard’ nitrogen atomfS7, con&ides that ~~H~)s]3~ is cIass-a 
whereas the free R.h3* ion is class-b. A similar argument bsed on consideration 
of the R..h”’ sulphamide Complex, where bonding to an uxygen of the SO,cI\sH), 
group is indicated3 ‘*, would suggest, however, ciass-a character for the free ion. 

I _Pot$ and coworkersL59* ltiO conclude from equilibria and enthalpy data that 
the [Rh(eu)2X2]* species is slightly class-b, and ia the ~-cyclopentadienyl- 
~~bony~hodi~~ complex the metal is designated ’ 2 3 class-b. For lower oxi- 
dation states more cJ.ass-b or softer behaviour is expected. AbrIand, Chatt and 
Daviesls5 had originaily classified rhodium as a type-b element but close to the 
border line of type-a and rhodium species clearly do exhibit characteristics of 
both types. 

This review has shown that research into the chemistry of rhodium is in a 
vex-y active state. Many new complexes containing particularly hydrido, Carbony& 
ntefinic- acetvleuic. alivlic and te~i~-~hos~~e tvne p;lcouus have ~en.pre~ared 



but as yet there has been relatively little study of their reactions and properties. 
The catalytic pro rties of rhodium complexes are of great interest but little quan- 
titative data have been reported although it ap rs qualitatively that groups such 
as halides, tertiary phospbines, CO, CN- and SnCf,- are particularly effective in 
~c~v~ting the p~ti~um-rne~l ions generafly. Presently in this laboratory we are 
investigating a numhcr of rhodium complexes in solution as homogeneous hydro- 
genation catalysts in an attempt to find correlations between catalytic activity and 
structure of the rhodium complexes through systematic variation of tbe coordi- 
nated ligands. 
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