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!bst of thensw imrganic anclcoordinationchsmistryof chromiumpuhlishsd 

during 1981 has heen concarnsd with the (III) oxidation stats, although much of 

thsworkisroutins. EWept for au accountofa feworgammstallic ccmpomds 

which resemble classical chrc3nium(III) ccrmplexes in same of their properties, 

the organcxnatall.ic chemistry of chromiumhas not hean included. Ths 

photochemistry of chrcxni~(III), and the synthesis and study of guadruply 

hondedchrcpnium(II) dimsrs, continue tohs active areas. 

4.1 CHRCMIUM(VI), W) and (IV) 

Solvolysis of CYOzC13 and CrO3 in chlorosulphuric acid producas chrcql 

chl0rosulphate, CrO3603C1)3, which has been charactsrissd by analysss, its 

diamagnstism, and IR spectra [l]. FYom concentrated solutions of 

K2 [cr&l and K3[Cr307] in chlorosulphuric acid, a grssn form of C?ZO~(SO~C~)~ 

separates at roan tsmperaturs and a dark brown form at elevated temperatures. 

The double chromates Ktn(CrOs)2 (Ln = La to Sm), RbIr1[Cr0~]~ (In = La to Nd), 

and CsLa[CrO4]3 are isostructuralwitheach other andwithcrocoite, 
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Pb[CKh,l El. Fb[Cr01+1 reacts with Moo3 or Crp(Moos)q to produce the 

ChromatoXIDlyiYdates R~~CXCI+.WC~ or R~&-OI,.C~~(MZOL,)~, respectively [3]. New 

ztxfmatmhromates, [NHs~~D~C~SO~~~ and Kq[AsCr~Oiq) [41, and the heteropoly 

salts [NH~]~ [cTMo6O24]. 10H20 and K:! [~v60191.12&0 151, have been prepared- 

Crystallographic and IR studies have been carried out on the hydroxychromates 
MIM III 

3 (OH)6PCx0,1~ (where MI = Na, K, or NH4; MI" = Fe, Al) [6], and 

thermgravimetric and 'H NMR spectral studies [7] indicate that one hydroxyl 

group is present in 4Zn0.4CrOq.K20.3H20. The heats of solution of K2[Cr207] 

in water, aqueous nitric acid or sodium hydroxide have been measured at 25 “C 

WI; from these data, the l-eats of formation of [H&OS]-, [Cr0412-, and 

K2[Cr2071(s) were found to be -879.5, -881.7 and -2061.9 kJ nolB1, 

respectively. 

Ammonium salts efficiently catalyse the oxidation of alcohols to carbonyl 

compounds by CrOq in organic solvents at roam tmature 191, aud 

t-butylchmnate can be safely and rapidly synthesised by the addition of 

aqueous CrOq to t-butanol, followed by extraction of the ester with carbon 

tetrachloride [lo]. 

Resonance Famn (RR) spectra have been obtained for the short-lived blue 

intermediate formed by the Cr(VI)-Hz02 reaction in strongly acidic solutions 

[ill. Several excitation wavelengths were used and the spectra showad a 

number of bands which could be assigned to the different v(Cr-0) ncdes and the 

v(C-0) mode within CrOs.HqO. The RR band intensity profiles indicate that the 

resonance effect is associated with the absorption band. at 590 nm, which is 

ascribed to an O+Cr(VI) charge transfer transition. The instability of the 

blue intermediate is reflected in the low v(Cr-0) and high ~(0-0) values. 

From thermdymmic considerations, the amount of Cr(VI) in sea water is 

expected to be sore than 10' times greater thsn that of CrUII), however, 

appreciable munts of Cr(II1) can be found in sea water even under oxidative 

conditions. This discrepancy could be due to the reduction of Cr(VI) by 

organic substances, or to the lack of specificity in the analytical procedures. 

A useful develolmant in this respect is the co-precipitation of Cr(II1) with 

the Co(I1) complex of l-pyrrolidinecarbodithioate, which allows [121 the 

selective analysis of Cr(VI) in artificial sea water in the presence of 

Cr(II1). 

The three equilibrium phases in the non-coudensed system CaO/Cr2Oq/O2 - 

the ternary oorqxm& thought to have the chromate chromite fomla 

Caq cr4vIcr211* )O24, calcium chromate and monocalcium chrcanite - have been 

investigated by solid state IR, diffuse reflectance, and ERR spectra [13]. 

Ccanparisons of the spectra of the different phases strongly suggest that CT? 

is not present in the ternary compound but that the tetraoxoanion rCYv0413- is. 
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Hence, the solid temaryphaseisbestdescribedas t.d2akimorthOhXWte 

Ca3 (CrVO~)2, rather than Caq(Crr%rn III)O*s. The latter represents the . 

ccPrposition when the ternary phase is dissolved in acid, where Cr(V) 

disproportionates into Cr(VI) and Cr(II1). 

TheXPESofpo&ered C&O5 hasbeen~cqared withthecorresponding spectra 

of relatedchrcmiumaqmmds and it appears [14] that this cmpoundis a 

mixed-valence compound containing Cr(II1) and Cr(VI) in the ratio 1:2, as in 

KCrsOe. 

!Ik cmposition and structures of five types Of Cr(V) con+x, formed in 

non aqueous solution in the presence of oxalic acid, have been investigated by 

RPR spectroscopy [15]. The ccmplexes were obtained by reduction of Cr(VI), or 

substitution of Naa[CrOs] and [Hpy] [CrOX,], by oxalic acid and/or organic 

solvent. The conplexation of Cr(V) with several diketones has been studied 

[16] in a similar manner. Tba oxidation of alcohols by [Hlphen] [CXCl~l and 

[(phen)CrCC13] [17], and of hydrazine by one of the new water-soluble and 

air-stable chromium(V) cmplexes (181, sodium 

bis(2-ethyl-2-hydroxobutyrato)oxochrcmate(V) (I), have been investigated (191. 

Et*c-o,j ,0-c 
No 

N?l I O/Cr\o-CEt I 
d=- 2 

(1) 

Reduction of [Hnbipy][CrCC15] takes place slowly in organic solvents, but, in 

general, the products havenot beencharacterised; the reactionwith 

ethanenitrile pro&ces [CrCls(bipy) (-)I, which can be abtained. similarly 

frcan iCrOCI (b&y) 1. The nitrile ligand in [C~Cl~(bipy) (NcMe)] is readily 

replaced to give [CrCl~(bipy)L] (nhere L = py, pyO or PhSO). Reactionsof 

[H~bipy][CrCX&] with higher nitriles or with nitrrmnethane all lead to the 

isolation of the known complex [CrCls (bipy)]. (201. The heat capacity and 

other thermodynamic properties of Csg[CrO~l have been determined (211. 

Further work on the chromyl(V) complex of 

2,3,17,18-tetramthyl-7,8,12,13-tetraethylcorrole (HsMDC) has been reported. 

Its zedoxchmistry audthatof thetetraphenylporphim co@exes (Cr(TPP)(aMe)l 

and [Cr(TPP)Cl] have been investigated by cyclic voltassetry and 



controlled-potential electrolysis. The cqpound [Cr(O] @EC) I undergoes n&al 

reduction more readily than the corresponding rmlybdenum coqound. Thishas 

keen attributed to extensive interaction between the chrcmim d 
W 

and ligaad 

orbitals which tends to reduce the d-electron density at the metal and to 

raise the d level. For [Cr(TPP) (CHe]], reduction first occurs at the 

heterocycli~ligand, but for [Cr(TPP)Cl] at the n&al. The less easy 

reduction at the metal for the former was attributed to the covalent character 

of the WC@le bond [22]. 

The oxidation of chlorotetraphenylporphinatochrmnium(III) with 

icdosylbenzene was reported previously [23] to prcduce (Crv=O) (TPP), by oxygen 

transfer to the metal and tm electron oxidation of the chromium. Hmever, 

EPR investigations have shmn [24] that the oxidation occursviaanunstable 

paramagnetic species (2) kich contains oxochmmium(V), (d'). The EPRspectra 

of the I70 derivative and the t-butylamine adduct (3) also indicate the 

N 

Ph-1+-O- V 2 V 

(2) (3) 

presence of chmnim(V) and, therefore, oxidation of the metal; oxidation of 

the ligand occurs in analogous iron(II1) complexes. The replacesrant of Cl in 

(2) by OH- and F- was also monitored by EPR spectroscopy. On standing at 

roomtemperature, (2) deccpnposed to areddiamgnetic oxcchmnimn(IV] ccqlex 

which is also produced via a w-oxochmmium(111) intermdiate from #('l'PP) by 

reaction with dioxygen 1251. The structure of [CrO(TPP)] is similar to those 

of other five coordinateaxometalloporphyrinc~lexes,withthemetdl atom 

W-5 ioutof theporphyrinplane towards theoxygenatom. The chrcmium(I1) 

ooit@ex was prepared by zinc amalgam or Cr(acac12 reduction of [CrClWPP)], and 

its oxidation monitored qectmphotcmetrically. 

4.2 rXRfXWM(III) 

4.2.1 Complexes of simple ligands 

The hexafluoroctites M3[C!.rF6] (where M is MI,+, Na, K, or W) have been 
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prepared in high yield by a new and convenient method -the reduction of an 

aqueous solution of Ctx& with hydrazine hydrate in the presence of an excess 

of equinolar armunts of W)H and 40% HF. The lithium complex Lis[CrFs].HzO 

was prepared from LizCO3. The excess of HF presmably prevents the formation 

of hydmxo or hydrated chromium(II1) species. Thecanplexesarestablein 

water and the rcomteqerature magnetic nomsnts aretypicalof octahedral 

chromium(111) coq&xes. Bands in the IR spectra at ea. 535 and 524 cm'-' 

have been assigned to w(Cr-F] vibrations [26]. 

Spin density data for KzNa[CrFG] have been re-analysed [27] and the 

magnetic properties of NaMn[CrF6] investigated [28]. Of the complex 

fluorides, M%l11%'~.7H20 (where MI1 = Mn, Fe, Co or Ni, and MI" = Cr,v,Mrl 

or Fe) those containing Cr(II1) have the highest decoqxition temperatures 

t291. 

There are tran~-[CrCl~(OH~)~]+ ions in the cccplex chloride Cs~CrCl~.4H~O; 

the CPCl and Cr-0 bond lengths are 2.302 and 1.925 i, respectively, and there 

isextensivehydmgenbondiq inthecrystal. Thepolarisedcrystal spectra 

have been assigned [303. Detailed optical absorption and Zeemn effect 

measurements have been made [31] on the exchange coupled chrcmium ions in 

Cs2[Cr2C19]. 

Scm evidence has been obtained for the electrochmical fixation of 

dinitrogen to ammnia and hydrazine on a p-type gallium phosphide photocathode 

in non-agueous electrolytes containing chlorides such as CrC13, and a trace of 

water [32]. 

X-ray structure determinations havebeencarriedoutona seriesof 

caesium alms and in CsCr(SOt+)~.12H~O the Cr-0 distance is 1.959 i [33]. In 

Cr(OH]%,.H20, each Cr atom is bonded to 2 OH groups, 3 oxygen atoms of SOS 

groups, andonewaterrmlecule, and infinite~~rchainsconnectedby SOI, 

groups form a three dimensional netmrk [34]. The structure [35] of 

CYI+H~(SOI,]~.~~H~O COIItaiIIS tm independent Cr Octahedra; in one, six water 

molecules are coordinatedbut, inthe other, onewaternoleculeis substituted 

by a sulphate oxygen atcm. 

The enthalpies of solution of [NHs]Cr(~1,)2.12H20, in agueous &ETCkdOriC 

acid, have been detemined by direct calorimtry at 25 'C, and the 

Bc constants for hydration of Cr3+ have been calculated 1361. 

Further crystalline mcdifications of CrP&.6H2O have been cbtained [37] by 

precipitation fm cold water, and TlCr(CO3]2 and T13Cr(CDJ]3 have been 

prepared frcm molten T12CO3 under pressure [38]. 

Further details have been given 1391 of the electrochemical synthesis of 

[Cr@=o)6] [w413r [Cr(m3)61[m412r and [c?z(m3)41[m412 by the Use of 

the metal as a sacrificial anode in dmso-HHF4 and CH3CN-HHFk solutions. The 
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last ccqlex is new and possibly contains bridging [BFk]- anions as the IR 

spectrun shows significant distortion frm Td syrrmetry. The salts 

[Cr(dmso)slXs (X = Br, I [401 or (Cl0~1 (411) and the dihexylsulphoxide (dhso) 

cosplex Cr(N&)3.3dhso have been prepared 1421, as have [Cr(NH3)5L]3+, 

bans-[Cr(NHg) ~+Lcl]~+ and trans-[Cr(NH3)sL2] 3+ (where L = dmf or dmso) [43]. 

Scare thiosulphate [441 and hydmxymethylthiosulphate [45] salts of [Cr(ur)613+ 

have been prepared, and a crystal structure investigation (461 shows that in 

[Cr(urea)6]C13.3HzO the ligand rmlecules are O-bonded. The N-oxide complexes 

(C~(LH)~(C~H~OH)~(OC~O~)ZI(C~O~,) (where LH is purine N(l)-oxide [47] or 

adenine N(l)-oxide (481) have been isolated. 

The trirutile compounds Mcr206 (where M = Te or W) exhibit a complicated 

variation of magnetic susceptibility in the temperature range 4.2-350 K. The 

magnetic behaviour can be explained at the higher temperatures in terms of 

magnetic interaction in quasi-isolated binuclear units (Cr2Cio)14- {J = -33.2' 

(M = Te) and -44.5' (M = W)]. The Cr-Cr distance is smiler (2.936 i) in the 

W compound than in the Te compound (2.984 i) and the latter manifests the 

weaker interaction. At lower temperatures, coupling between the binuclear 

units becomes important and is ferromagnetic for W and antiferromagnetic for 

Te; the intercluster exchange parameters are 1.4" and -4.5', respectively. 

tissbauer spectra of samples do& with 57Fe confirm the existence of the long 

range order shown by neutron diffraction at 4.2 K [49]. 

Few structures of complexes of the type [CrL+F2]X are known. The Cr-F 

bond distance in trcms-[Cr(NH3)4F2]I.H20 is 1.894 i and in cis-[Cr(NH~)bFp]C104 

is 1.887 i. The Cr-N bonds trans to fluorine in the latter coqound are 

significantly shorter than those which are cis (2.051 versus 2.062 i), hut the 

difference is tco small to be indicative of a structural tram effect. The 

v(Cr-F) absorptions are at 505 cm-l (trans) and 515 and 490 cm-' (cis) [50]. 

Scme amine coq+axes containing dodecahydrodicarbaundecaborate(l-) anions, 

[Cr(NH2R)sX] (CzBgHi2)2 (where R = Me, X = Br or Cl; R = Et, X = Cl) have been 

prepared and their thernolysis investigated [51]. The nrathylpyridine ccnnplex, 

CrC13(4-mepy)3.0.5 4-mepy, is isorrorphous with the corresponding 

n~lybdenum(II1) ccpnpound which has the trans stereochemistry (521. 

Cbrcanium(II1) forms a thermally stable, probably rrpnoazido-co@ex, on the 

addition of potassium azide to a chromium(II1) salt in nolten KCNS (531. 

Complexes of 2,5_diphenyloxazole (L, (4)) of the general formula [CrLnX3].ti20 

(where X = Cl, Br, I or NO3; n = l-3, m = O-6) are hexacoordinate, generally 

with monodentate N-bonded ligand (541. The reduction of [H2bipy] (CrCCl~] 

has been used [20] in the preparation of the mixed ligand ccanplexes 

[CrC13(bipy)L] (where L = MeCN, py, py0, or WBFO). 
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(4) 

Several investigations of cyano-complexes have been reported. Earlier 

raatl-xds for the preparation of cyano-hydroxo- and aq~~cyan~-~hrornateUII) 

conplexes have been based on the aguation of the [Cr(CN)613- ion, and have 

given poor yields. The hydroxo-coqlex K3[Cr(CN)6(CH)l .HzO has now been 

obtained crystalline in good yield by the reaction of [C~C~(NHB)~]C~Z with KCN, 

followed by separation on a .5ephadex gel column [551. TheIRandRaman 

spectra of [(N&z~)~(M)] [Cr(cN)~.l (M = Rb or Cs) have been determined [561, ad 

a non-cubic nodification of water-free Zn3[Cr(CN)6]2 has been prepared [571; 

the structure of Cds[Cr(CN)6]2.14H20 has been investigated [58] and a neutron 

diffraction study of K3[Cr(CN),j] at 4.2 K has been carried out [59]. me loss 

of 1.5 HCN nolecules acccqenies the thermal dehydration of 

[~(%)6(~~)1[~(~)61 [6'31. The therrel decoqosition of a series of 

chromium(III) ccanpoundS [a(NI43)6]X3, [0Tx(m3)51&, and tZY77la-[CrX~ (m3)1+1z 

(where X and 2 are Cl and/or Br) has been investigated under quasi-isothermal 

and -isobaric conditions (Q-conditions) and under dynamic conditions 

(D-conditions) [61]. !Iheccmplexes~re finallyconverted intonew 

mertriamnine trihalo-complexes, containing mixed halides in Q-conditions, but 

cieccnpsed in complicated ways under D-conditions. 

Dinuclear complexes of the fomxda [(aa)~FCrNCM(CN)3] (where aa = en or 

1,3-pn, and M = Ni, Ed or Pt) result on heating trans-[CrF(OHn) (aa)~] [M(CN)b] 

[621. 

TheXPES qectraof anus&r of cyanide and.1,2-diaminoethane complexes, 

including K3[Cr(CN)6] and [c!r(en) SIC1 3,havekenmeasuredinordertoobtain 

the difference AE between the N Is and C 1s binding energies [63]. For the 

coqlexes of 1,2-diamixethane, the AE values are related to u-donation; for 

the cyanide corrplexes, they are controlledxainlyby the nitrogen chargewhich 

dependsonthe m-back-donation. m calculations of the DV-Xu type applied to 

[M(CN)613- ions (where M = Cr, Mn, Fe or Co) give gcod correlation with the 

XPFS results [63,64]. 

S-trityl-L-cysteine (HLJ is only N-bonded in [Cr(HL)3C13] [65]. The 

apparent nolal volurres, viscosity coefficients, and conductivities in water at 
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25 OC of [CrLglXs (where L = NH3, H20, urea; LP = en, CH~(CH$E12)2, tn, or 

biguanide; X = Cl or IQ) have been determined [66]. The Reinekate anion 

[Cr(NH~)2(NCS)4]- has been used to obtain crystals suitable for single crystal 

X-ray investigations of a binuclear tungsten cation containing a bridging 

fomazanido(3-) ligand [67]. 

4.2.2 Hydroxo-bridged complexes 

Hydmlysis and polynkarisation produce mixtures of various species in 

aqueous solutions of metal ions. With inert ions such as Cr(II1) 

interconversions are sufficiently slow for identification of many species to 

be possible, and, in addition to the kmwn doubly bridged chromium(II1) dimr 

[(Hz01 Gr(OH)zCr(OH2) 4 14+, the singly bridged dimer ((H20) &r(OHlCr(0H~)~l 5+ 

[681 and a green trineric species [69] have been identified. Solutions 

containing the doubly bridged diner were separated by ion exchange techniques, 

making use of displacement elution, from aqueous solutions prepared by aerial 

oxidation of chromim(I1) perchlorate, or reflex of V chrc.mlilm(III) 

nitrate. The singly bridged dimar was obtained by repeated evaporation of 

parchloric acid solutions of the doubly bridged dimr. The formula of the 

singly bridged dimar was established through measurements of equilibria and 

freezing point depression and its antife rromagnetic behaviour shown similar to 

that of other hydroxo-bridged dimers. Thegreentrimrcontains theunit 

[Cr3 (OH) 41’+, but analysis of magnetic and ERR data did not distinguish between 

the possiblelinearor triangularhydroxo-bridgedarrangements of them&al 

atoms. 

The nature of the variation of the antiferromagnetic exchange parmeter J 

with the Cr-O-Cr bridging angle @ in (L-hydroxo-dimers remains uncertain through 

lack of magnetic and structural data. The value of J (obtained by fitting 

the magnetic susceptibility data to various models) for the new dimer 

~PU~S-[(H~O)(NH~)~CT(OH)C~(NH~~~]C~~.~H~O is approximately 35 cm-i, and 

0 = 155.1' [701, both values being similar to those reported for 

[(NHJ)&r(oH)Cr(NH3)5]5+ (J s 31 cm-l, @ = 154-166O) but larger than for 

cis-((II01 (NI%)&r(OH)Cr(NH3) 51 4+ (J % 21 cs-I, 0 = 142.8O). It is believed 

that the increased value of the angle 0 is partly responsible for the stronger 

couplingcmparedwith the cis dimsr, although the position of the 

hydroxo-hydrogen n-ay be important, as it is 0.5 i above the plane of the bridge 

in the cis diner. Magnetic data do not appear to be available for 

[(Ho) (en)2Cr(OH)Cr(en)2 (OH) 13+, which has a mch smaller bridging angle of 

135.4O. 
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The reaction of hexaamnin echromium(II1) nitrate with L-proline in water 

produces a purple compound which was thought to be either 

mertris(prolinato)chranium(III) Q-&-pro)3 1.6H20 (only fuc-isomers of 

tris(aminoacidato)chrcanium(III) complexes which are pink to red are known1 or 

a dimeric hydroxo-coqound [Cr(L-pro)2(OH)]2.4H20. Although the purple 

coxqound is soluble in MeOH or dmso, unlike other di-u-hydroxochromiu(III) 

diners, the electronic absorption spectrum did not support the mer structure. 

Crystal structure analysis has shown [71] that it is the di-u-hydroxo cxqound, 

with the N atoms of the amino acid truns in one octahedral unit and cis in the 

other giving a A-trans(N), A-trans(0) isoner (5). From considerations of 

NH 

sterichindrancebetweenprolinato-ligands and intramolecularhydrogenbonding, 

this appears tobethenoststableofthenmnypossibleiscmers. The 

matal-n&al separation (2.983 i) and the geomatry of the bridging unit are 

similar to those in (Cr(gly)2(OH)]* and other di-jl-hydroxxc&o&s. 

The IR qectrum of E~Lz(OHZ) (OH)]2 bhere HL = salicylic acid) shows that 

scms salicylate groups are nonod~tate and others chelating [72]. The 

structure of di-u-hydroxobis[bis{(S)-l-(2-pyridyl)ethyl ami.ne)chrcauum(III)] 

dithionite dihydrate and the absolute configuration of the cation have been 

determined [73]. The molecules in di-cI.-hydroxo-bis 

(bis[(S)-alaninato]chromium(III)] trihydrate contain cxzMEdrallycoordinated 

Cr atans in which there is a cis-cis-cis arrangement of two hydroxo 0 atcms, 

and two 0 and two N atcans of alanine [74]. The bursundy coloured crystals 

wxe hand picked frcnn the solid {also containing pink crystals of [Cr(S-Ala)3]} 

which separated frcantheagueous reactionmixture containing (S)-alanine and 

bW3) 61 m313. The C.r2(OH)2 bridging unit .shcws the same features as in 

the corresponding glycine coqound, and the Cr-OH-Cr angles are 97.6' and 99.4'. 

The dimer (Cr(EDDA) (OH)]2.4H20 (751 (where EDDAHp is 

N,N'-ethylenediaminediacetic acid) has now [76] been prepared by a new 
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synthetic route from [Cr(EDDA) (acac) 1.2H20 [771 and its magnetic susceptibility 

determined in the range 3.0 to 79 K. The datahavebeen fitted by theVan 

Vleck equation for pairs of exchange coupled S=3/2 ions, including a 

biquadratic term to yield the parameters J = -9.3 cm-', j = -0.2 cs-' and 

g = 1.96. !This coqlex has the smallest ratio of @ (angle at bridging oxygen 

atom) to r (the chromium-bridging oxygen distance) of the di-I-hydroxo-bridged 

chromium(II1) complexes of known structure and analysis [76,78] of the 

available data shaws that the singlet-triplet separation reaches a maximum 

when @/r is about SO'/;. The depandence of the magnetic properties of the 

known diq-hydroxo-bridged ccqlexes on @ and r, and the Cr-Cr separation, has 

been discussed in some detail [78]. The data for soma alkoxo-bridged 

conplexes, including [Cr(3-C1-acac)2 (OMe)]~, suggest that increased electron 

density on the bridging oxygen enhances the exchange coupling. 

Some further hydroxo-ccmplexes are referred to in Sections 4.2.3, 4.2.4 

and 4.2.5. 

4.2.3 Complexes of bidentate Zigands 

The thermal, magnetic and spectral properties of 

[C~~O(O~CCH~)~(OH~)~IC~.~HZO have been re-examined in terms of a n&e1 which 

includes spin exchange between equilateral triangular clusters, as wall as the 

intramolecular exchange [79]. T+.o inefluivalent pairs of trinier sites with 

different inter-cluster exchange parameters are required toobtain agreerrrent 

betwaen experimental and theoretical heat capacities, magnetic 

susceptibilities, and optical spectral data. Intercluster spin exchange is 

associatedwiththe hydrogenbondingbetwaen the trinrars. 

Soluble alkoxy soaps of chnmLum(III), with the general formulae 

Cr(OR)p (02CR'), Cr(OR) (02CR') 2, and Cr(02CR')s (where R = Me or St, 

R' = C7Hi5, Ci3H27, C15H31 or C21H43) have been prepared by the reaction of 

Cr(OR)B in benzene with stoicheiorretric amounts of the fatty acids [801. 

Wlecular weight determinations showad that the three types of ccqound are 

polymeric, dimeric, and monomeric, respectively. The solid state electronic 

spectra are typical of chromium(II1) complexes. Thenrcgravimetryof the 

product of metathetical reaction of sodium stearate and a chrcmium(II1) salt 

has indicated that the product is not a chromi~(III) tristearate, but a 

mixture of stearic acid (RX), [CrX2(OH)], and [CrX(OH)z] [81]. The acid 

impurity can be removed with ethanol. Stepwise formation constants, 

log K1 = 2.7 and log K2 = 1.1, have been reported [82] for the Cr(III)-propionic 

acid system. 
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Anmberof benzene seleninato-0,O' ccacplexes, [Cr(O&kC6H4X) 31 (where X = 

H, 4-C1, 3-C1, 4-Br, 3-Br, or 4-Me) have been carefully characterised [831. 

The pyrophosphakmmq+x [C~(OH~)~~RPZO~I.~H~O has been separated by ion 

exchange fromvarious substances, includingotherpolyphosphate coqlexes in a 

mixture of NasP207 and [Cr(OH2)&12]C1, and crystallised 1841. An X-ray 

structure determination has shown that it contains bidentate pyrophosphate 

ligand with the six menbered &elate ring in a boat conformation. This, and 

the extensive hydrcgen bonding,maybe important in thebindingof enzymes to 
this complex ardtoCr@TP). 

When CrCls is heated with methyl methylphmylphosphinate, I%aOP(O)MePh 

chloronrathane is eliminated and [Cr(O2PMePh)3] formed [85]. This complex has 

a magnetic moment at rocm temperature slightly below the spin-only value and 

may be a triply bridged linear polymer. A similar reaction occurs between 

triethyl phosphonoforn-ate C~H~OP(O)C(O)CC~HS and CrCl3, whence 

[Cr(C2H50FQC(O)OC2Hs) 31 and chloroethane are produced 1861. This 

chromium(111) cor@ex is also thought to be a polymer. Frcmthecorresponding 

reaction with chromium(IV) perchlorate, Kr (C2H~OPO~C(O)OC2H~)2(ClO~)l is 

obtained 1863, and triethylthiophosphate (L) forms [CrL2(OH2) 2@C103)21 [ClOsl , 

in which it is coordinated as the thiol isomr [(C~HSO)~P(O) (SC2Hs)l [87]. 

Typical chrcmim(II1) ccqlexes have been obtained from 

2-hydroxy-3-(3-methyl-2-butenylj-1, 4-naphthoguinone 1881, 

l-(2-furyl)-1,3-imtanedione, 4,4,4-trifluoro-l-(2-furyl)-1,3-butanedione [891, 

and 4,4,4-trifluoro-l-(3-pyridyll-1, 3-butanedione [go]. Unlikeothermtal 

acetylacetonates, [Cr(acac) 3] does hot react with cyancgm at a&ient 

conditions in CR2C12 1911. Cecorqmsition of [Cr(hfacac)31 (and of ccxqlexes 

ofothermtalswiththehexafluoro 8-diketonate) takesplaceby fluorine 

rearraugemnttothematal,a ccorqanied by elimination of CF2 and, ultimately, 

CrF3 1921. Scam I-F is also lost and this reaction replaces the elimination of 

n&al fluoride with [Cr(CF&WHCOR)~] (where R = Me, Et, 'Pr, 'Bu, Ph, or 

GH3S). It is possible that softening of the metal environmant, by 

substitution of one CF3 by R, weakens its ability to compete with hydrogen for 

the fluorine. The bxxmination of [Cr(tfacac)3], with Br2 in CHC13 below 

30 "C, haskenfoundtoproduceamixture , aualysedbyGc/~,tiichcontains 

[Crkfacac)2Ll, [Cr(tfacac)L21, and [CrLsl, xhere L is mnobrcminated tfacac, 

?xt the position of substitution was not conclusively determined [93]. The 

complex k(~-mac) 31, in which R-noac is theanionof 

l-R-menthoxy-3-acetylacetcme, has been synthesised, and found [94] from NMR, 

electmnicabsorption, andCD spectratohavethecis-A-configuration. The 

stereoselectivity is attributed to the inter-l&and hydrophobic interaction 

between the !z-nx&hylaudmethylgroups. 



The thermal deccmposition of tris(fl-benzoyl-N-phenylhydroxylaminato)- 

chromium(111) has been investigated using radicanetiic niethcds by labelling the 

complex with 'kr 1951. The thermal decoqmsition of sone chromium oxalates 

and their hydrazine adducts has been studied [96]. 

There have been extensive studies of difluorochrmim(III) corqlexes, like 

KrF2(0H2)1,1+ and KrF2(N)bl+, but no such ccmplexes of dicarboxylates were 

known previously. cis- and tram-[CrFz(ox)21 3-, cis- and tram- [CrF2(mal)213- 

(where ma1 is malonate) , and cis-[CrF2(ox) (en)]- and tram-[CrF2(ml)(en)]-, 

have now been isolated [97]. The coqkxes were characterised by their IR, 

electronic, and CD spectra, and their elution behaviour. The absorption 

spectraware analysed intermsof theangularoverlapmdel. 

Typical chrcmim(II1) chelates have been obtained from N-methyl-, iv-ethyl- 

[98a] and u-iodo-acetoacetanilides [98b], I-benzoyl-3-methyl-1-phenyl-2- 

pyrazolin-5-one [991, 4-benzoyloxine-3-methyl-l-phenyl-2-pyrazoline-5-one [loo], 

and sone triazolinethiones [loll. Ccqlexes of the nitrogen-en and 

nitrogen-sulphur donor ligands, phenylpyruvic acid semicarbazone and 

(4-netbylphenyl)pyruvic acid, and phenylpyruvic acid thiosemicarbazone and 

(4-methylphenyl)pyruvic acid thiosemicarbazone, have the general ccnqmsition 

[Cr(Ligaud-H)21 (X = Cl, Rr, I, or NO3) [1021. 

ccmpard with cobalt(III), few chromium(II1) coqlexes of optically active 

amino acids are kuown, particularly of the type [CrL(N)4]'+. TheccnIplexes 

B-Lkn)212+ (HL = glycine, alanine or phenylalanine) have been prepared aud 

resolved into their optical ismers [103]. FYcanabsorptionaudCD 

spectroscopic investigations, it has been found that [CrL(er~)~]*+ (HL = 

L-alanine or L-phenylalanine) exist as tm pairs of diastereomric, not 

manticnneric, isomers. 

when aqueous or alcoholic solutions of chromium(II1) chloride react with 

glycine in the presence of sodium or lithium ethoxides, the products are 

[~z(OH)2(OHa)s(gly)21Cl2.HzO, [Cm(OH)2(OH2)2(gly) 31Cl.H20, 

[~3O(gly)~(OHn)s1Cl.2HzO, and Kr3O(gly)~(OHz)31Cl.3H20 [1041. These 

campounds exhibit antif erromagnetic behaviour. 

In order to determine the nature of the products of reaction between 

chmmim(II1) and a- and B-alanine, the mission spectra of chrcdnium(III)- 

alanine conplexes have been ccqamsd with those of the chrmim(II1) far and 

mertris(glycinato) canplexes [105]. Only the binuclear complex 

[(ala)2Cr(OH)2Cr(ala)21.nH20 aud the mnodentate N-bonded amplexes were formed 

with cl-alanine; with @alanine nonodentate Iv-bonded complexes ware theonly 

products. The cmplexes Na[Cr(+cys)2].2H20 and [Cr(DPmt)2].2H20 have been 

reported [1061. 
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Adeteminationofthecrystalaudnolecular structureof the 

tris(pentamethylenedithi~~~]chrcanium(III] 1:2 chloroform adduct has 

shumthattheCrS6 coordinationoctahedmn istrigonallydistorted, and 

channelswithinthe st.ructurecontainCHCl~ noleculesl@mgen-bondedtithe 

sulphur atcms [107]. Ihe spectmscopicandmagneticprapertiesofthisand 

several related canplexes have been reported [108]. Investigations of the 

complexes of the thiosemicarbazide (I-IL] cmplexes, PC~U-IL)~]C~~.~HZO and CrL3, 

suggest that theligandkonds through the sulphur andhydrazinenitrcgen atoms 

and that the cmplexes are the cis iscaners [log]. 

The anhydrous complexes of mixed amines, [Cr(~]2L]Er3 [where L = 1, 2-pn, 

1,3-pn, 2-methyl-1,2-pmpanediamine(I], or trms-1,2-cyclohexa~diamine(II)] 

and [CrI&]Br3 (where L = I and L' = 1,2-pn, or 1,3-pn; L = II and 

L' = 1,2-pn) have been prepared by substitution reactions of 

cis-dichlorobis(diamine)~~(l+) or tris(d' lamine]chnmliLml(3+] ccanplexes 

[110]. 7hre are several advantages in theuseof the cis complexes as 

reactant: the solvent is eliminated, anhydrous reagents arenot required, 

reaction times are shorter, and there are iqroved yields in scans cases. The 

tris(diam.ine ]chzomium(III] reagent is useful when the dichloro-ccqlex is 

difficult to obtain. 

The CD spectra of the series of ccqlexes [Cr(en)3_z(l,3-lm)3c]3+ (s = 0 

to 3) have been measured over the range 500-1000 hm [ill]. Theoptical 

activity associated with the quartet-doublet chmnim(II1) transitions may be 

assigned within an effective D3 symnetry, irrespective of the actual synnnetry 

of the chromphore. Measurements of the axial single crystal CD spectra of 

[ (+)D-crb31) 31 3+ doped in 2IIrkan]3lC13.KC1.6H20 have been carried out under 

high resolution betwaen 7 and 293 K, and transitions to the excited states 

'T2, "Tl, 2E, 2T~ and 2T~ have been observed [112]. 

l’he thermal behaviaur of (+)5ag-[~(en]3]Cla.2H20, 

(+)589-Q[(en)3]Cl3.1'7H20, and (+]-[ti(=]3]Cl3.3H20 [113] has been 

investigated aud differences related to the crystal structures. 

The reaction of tram-[Cr(l, 3-pn)zFBr] [ClO~].0*5H20 with liquid anmnia 

produces only tmna-[~(l,~~]2F(~J]]~[Cl04], tiich, 081 reaykdlisatbn 

fran perchloric acid, gives the diperchlorate [ll4]. The amninatim of 

tram-[Crkn) mwl+ is kncm to produce a 60/40 ratio of cis- and 

t~na-Crkn]2F(~3]]+, but complexes of 1,3-m generally are more resistant to 

stereochemicalchangethanwrrespmdingenca@exes. Pea&ion of 

tram-Kr(1,3-pn) 2F(NH3]]+ with more liquid ammia resulted in little 

additicnalamdnation,but, inconcentratedHBr,the fluoro-ligandwasrelA.aced 

bywater. 
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Mixed ligand ccmtplexes of the imides, malonintide, glutarimide and 

phthalimide, and bipy and phen, have been prepared and characterised [Us], as 

have the cmplexes [CrL2Q]Cl.l.5H20 and [CrLL'(H~NCSNH~)~JCl~, in which L is 

the anion of 2-(2-pyridyl]benzimidazole, Q is biguanide, and L' is bipy or 

phen [1161. Similar mixed chelates containing dipicolinic acid have also 

been isolated 11171. 

The observation of optical activity in a racemic mixture of a labile 

ccmplex on addition of a chiral ccmpound (environmnt substance) is the 

Pfeiffer effect. Until recently, only chiral organic compounds have been 

used, for example, the chiral equilibrium of [Cr(ox)2(phen)]- is greatly 

displaced towards its (+)s+G- or (-)SI,S-enantiomars on the addition of 

R-(8S,9R)-@nine or &(8R,9S]-quinidine hytihloride, respectively [118]. 

The Pfeiffer effect of [Cr(ox)3]3- has been examined 11191 using optically 

stable complexes of the type eis-[M(diamine)~XYfn+ (where M = Cr3+ or Co3+, 

d&mine = en or 1,3-pn, and X and Y = anionic mmdentate ligand). It was 

found that the chiral equilibrium of [Cr(ox)3] 3- was always displaced in favour 

of its A enantimers in the presence of A enantiomrs of those complexes added 

as anenvirombant substance. It seems that A-cis-[M(diamine)&Y]"+ ccmplexes 

associate preferably with A-[Cr(ox) 31 3-, its inversion rate being retarded 

relative to that of its antipode. It is proposed that the absolute 

configuration of cis-[Mien or 1,3-pn)2XY]"+ and relatedccqkxes canbe 

inferred frcm the equilibrium shift induced in racemic [Cr(ox) 31 3-. ResOlved 

[Cr(en)3J3+ has been used to induce optical activity in a terbium complex 

[1201. 

4.2.4 P3aotoehemistry 

The hydridopentaaquachrcmi.m(III] ion [(HzO)K.~H]'+, previously prepared. 

by pulse radiolysis 11211, has ncm baeh prepared by W flash photolysis of 

chrc.mium(~~) perchlorate in dilute perchloric acid [122]. This ionhas a 

short lifetime, owing to a rapid reaction with HsO+ to evolve hydrogen. It 

might be considered related to the general family of alkylczimmium(II1) cations 

r&O) &rRl '+ but it is mch mre reactive. 

The photoaquation of trans- and cis-[Cr(NH3]4F2]+ in acidic aqueous madim 

at 22 'CT produces efficient ammonia aguation (@ = 0.36 and 0.45, respectively) 

for irradiation in the lowest quartet state, with minor yields of fluoride 

11231 and there was little wavelength dependence. lheobservedproductsfrun 

the tmns complex were the 1,6-difluom-2-aquatriwum(III) and 

1,2-difluom6-aquatr ~e~~(II~) ions in the ratio 1:2.5. The cis 

mmpound yielded these products in a 1:l.S ratio, together with small, 
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wavelength dependent amxlllts of the 1,2-difluoro-3-aquatri(111) 

ion. The sterecchemistry of photolysis of the trams complex is consistent 

withboth the edge displacementn-cdeland the Vanguickenbome-Ceulemans WC) 

theory. The results for the cis complex do not fit the four ncdel but can 

be accomodatedby the latter. 

The VC node1 has naw been extended to the photolabilisation of complexes of 

D2h symnetry t1241; previously the corrplexes considered were of real or 

effective Dqh sysnnetry. It has been shown that the leaving ligand is the one 

characterised by the smallest value of the bond index I*@%] [125], and this is 

compatible with the ahtost exclusive photodisscciation of en from 

cis-[Cr(en)z (NCS)Cl]+. 

Photoaguation reactions of [Cr(NH,)sX]2+ (where X = Cl, Br, or NE.], 

[Cr(NH3) 613+ [126], [Cr(KS) 613-, and [Cr(CN] 613- D271 in aqueous solution 

have been studied as a function of pressure up to 1500 bar. 

Upon ligand field irradiation in acidic solution, the 

tran~-[~(NHs)~(~)Cl]*+ cation undergoes simultaneous loss of dmf, Cl-, and 

NH3 [128]. Photosolvation of dmf predcminates at all excitation energies, 

and fromthewavelengthdepend~ce ofquantumyields, it is inferredthatthe 

lc%er lying 4E state andtheupper 'BP statearethemainprecursors to 

aguation of the axial ligands and of NH3 respectively. 

The question of doublet versus guartet reactivity in the photoanation of 

Kr(NH3)61 3+ by Cl- and Br- [129], and in the photochemistry of [Cr(en]3]3+ 

[1301, has been considered. A series of Cr(III]-alkylamine complexes with 

0%~ skeletons have been synthesised in order to study the role of hydrogen 

vibrations in the radiationless deactivation of the complexes in their lowest 

doublet state [131]. Theccanplexes have similar electronic propertiesbut 

frcm 8 to 18 N-H bonds. Measurements of absorption spectra, relative 

phosphorescence guantum yields, and phosphorescence decay times at liquid 

nitrogen temperature showed a gcod correlation between radiationless transition 

rate and the n&r of active hydrogen atoms attached to the donor atoms. 

Aprccedure that is proving useful in the synthesisof cyano-ccmplexes, is 

cyanide anation in dmso, since cyanide ion displaces coordinated &so cleanly 

butdeprotonates ratherthandisplaces coordinat~water. The preparation 

[132] of trans- and cis-[Cr(NH3]~(CN]2]+ per-chlorates starts frcan the recently 

characterised ccm@exes 1431 tuums- and cis-[Cr(NH3)~(dms0]2]~+, although 

trans- or eis-[Cr(NH3)+(dmso)Cl] *+canalsobeused (SchemeI). The 

insolubility of the perchlorate of bans-[Cr(NH3)~(CN)2]+ permitted its 

isolation frcnn solution, but it was necessary to separate the eis- isomer by 

ion exchange. Rapid trans-to-eis iscmerisation of trans-[Cr(MI3)5(~0)2]~' 

occurs on the addition of CN-, before anationpmduces thedicyanwlexes 
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in a stepwise manner, both apparently oia cis-[Cr(NH3)~@mso) (CNJ)12+ which, in 

anuncomo n rearrangernant, gives a mixture of trans- and cis-dicyano-coqlexes. 

The cis-nonocyanc-intermediate was isolated as the perchlorate salt. 

Cyarxxhlorcrcxxnplexes could not be obtained by anation of tCrW-13)~Mnxso)C112+, 

rather amixtureof thedicyano-iscPnerswasobtained. Substitution of C%TLW by 

CN- in water is stereoretentive. The 'E -f 'A (0 ) transitions have been 
9 2g h 

identified in the luminescence spectra of the dicyano-isomers. As with 

related complexes, the IR spectraare notgcodcriteriaof geometry, since the 

tram complex shms a small splitting of the weak C-N stretching absorption, 

andthe cis iscs-er doesnot. Theseisonxars are inert inneutralor alkaline 

conditions at rcom tenperature, but readily aguate stepwise in acid with 

retention of configuration. The cyanoagua- andcyanohy~lexesware 

characterised in solution. 

There is little difference in the electronic absorption spectra of cis- 

and truns-[Cr (NH3)bKN)212+, although the lowest energy band of the latter is 

slightly the less intense and less asymt+etric. The splittings of the Oh levels 

in thesecoqlexes are the reverseoftbxe foundgenerallyforothercosplexes 

[~(~3) 4x21 n+, because CN- has a stronger field than other acido-ligands. 

This leads [133] to atypical photolabilisation patterns with 
+ 

trm*[=(m,) 4 (a) 21 , as ccspared with the other diacido-cxxnplexes. 

Photolysis in acidic aqueous solution at 10 OC results in NH3 aguation 

(9 = 0.24) as expected, with no release of CN-, although the dark reaction is 

exclusively loss of CN-. The results corroborate those obtained [134] with 
2+ 

LcrmH3) SCNI - 

Photochemical substitution (ligand field irradiation) in [Cr(NH3)613+, 

[-m-bM3) 61 3+, and [cr(en) 31 3+ has been studied in acid solution [135]. In 

parchloric acid, photoaguation takes place, but when the solution contains a 

ligand capable of forming a stronger bond with Cr3+ than water, e.g. Cl- from 

HCl, the amine is replaced by that ligand. 

The 77 K excitation spectra of [C!r(ox) 313- in several crystal lattices have 

been reported [1361. Theccxqonentsofthe 2Tr and 2T2 statescanbe located 

guite easily by this technigue, and there are advantages over absorption 

measurenents. The quenching of triplet states of organic donors by 

[Cr(acac) 31 and [Cr(bzac) 31 in benzene soluticm has been studied [137]. The 

reaction of chrtxniurn(I1) with glycine yields four products, fat- and 

mer[Cr(gly) 31, the dineric species, di-w-hydroxotetraglycinatedi~um(II1) , 
and a series of caq~lexes involving singly and N-bonded glycinate ligands [138]. 

The 2E + ‘A2 luminescencespectrawererecordedfrwn4Ktorcuntemperature. 

The emission spectra aremuchnrxe indicative of the type of caqAex than the 

absorption spectra. The splitting of the 'E term in fat-[Cr(gly)2] was 



dependent upon its degree of hydration which varied with the crystallisation 

conditions. 

On ligand field excitation, A-[Cr(en) 313+ in acidic aqueous solution 

produces the A-&s, A-cis, and tram isomers of [Cr(en)p(enH) (OH2)1"', with 

guantum yields 0.10, 0.03, and 0.24, respectively, independent of the 

wavelength of irradiation [139]. It has been deduced that there is 

reactivity only from the lowest quartet state, with back intersystem crossing 

from the lowest doublet state to the quartet accounting for delayed reaction. 

Investigations of the oxidation of [Cr(bipy)3]*+ and similar metal chelates 

by various oxidants in aqueous sulphuric acid provide evidence that 

chemiluminescent reactions involving coordination ccqounds will prove to be 

connron and may be important for electronic display devices and lasers. Arrpng 

the new chemiluminescent reactions are the oxidation of [Cr(bipy) 3]'+ by 

[S208]'-, T13+ [1401, CeUV) and [Rutbipy) 31 3+ [1411. The emission is from 

the "Es state of [Cr(bipy)313+. The rates of quenching of this excited state 

by various cobalt(III) complexes have been investigated [1421. Quantum yields 

of photoaqation and the lifetimes of the *Tl/*E excited states have been 

determined in agueous solution of tris(amine) complexes of bipy and phen and 

various substituted derivatives [1431. The guantum yield of luminescence of 

ICr(bipy) 3 13+ in aqueous solution is lowered by the presence of D20, but the 

lifetime of the emitting 'E state remains unchanged [1441. This is considered 

to arise from the variation of efficiency of intersystem crossing from 4T2 with 

solvent composition. The rigidity of phen in [Cr(phen)3] 3+ leads to little 

variation of lifetine with D20 concentration. A n&r of new tris(amine) 

complexes of substituted phenanthroline ligands have been prepared during 

investigations of the reductive quenching of the *E state of [Cr(amine)313+ by 

Fe3+ '[1451. The luminescence spectra of Cr"'(TPP) and other 

matalloporphyrins have been investigated [146]. 

Various products of the W photolysis of solutions of chromium(III)azide 

ccmplexes [CrL(N3)12- (where L = edta, nitrilotriacetate or 

d-valine+,N-diacetate) have been separated by ion exchange chromatography, and 

identified as chromium(V) nitride complexes by their EPR, absorption, and CD 

spectra [147]. The reactions are of the type: 

[I.&? (N3) (H20)1- -% [LCrvN(H20)]- + N2 

A detailed study of the ability of several matallophthalocyanines to 

photoreduce methylviologen using visible light in the presence of 

triethanolamine has been carried out 11481. Irradiation of the chrcmium(II1) 

complex of tetra(octylsulphonamido)phthalocyanine (IWcH2) in the presence of 
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cysteine produces the chromium(I1) ccaqlex in situ tiich photoreduces the 

methylviologen. 

4.2.5 Contptexes of poZydentate Zigands 

comparisons of the visible and CD spectra in the spin-forbidden transitions 

of the new complex potassium (25,45)-2,4-pentanediaminetetraacetatochrcmmte(111) 

monohydrate [149] with those of chromium(II1) conplexes of edta analcgues show 

that the complex is formed stereospecifically with the A(AAA) absolute 

configuration [1501. The stability constants of Cr3+ with iminodiacetic acid 

(log B2 = 16.31) and nitrilotriacetic acid (log 62 = 18.47) have been 

determined [1511. The structure of aqua(N,N'-ethylenediaminetriacetatoacetic 

acid)chrcmium(III) has been determined because it is unusually 

substitution-labile [152]. As in other reactive chromium(111) complexes, 

coordination around themetalatomis a distortedoctahedron, and the 

distortion is likely to persist for the cceplex in solution. Anunberof 

mixed ligand ccqlexes of the types KICrLL1] or K,[CITI.LZ~] (where HJL is 

nitrilotriacetic acid and HL1 and RL2 are amino acids such as histidine and 

nicotinic acid) have been characterised [153]. 

Octahedral bis complexes of tridentate L-histidine, in which the 

histidinato-ions coordinate facially, can assuma the three iscaner ic forms 

(6, 7, and 8). The trans-hnidazole and truns-carbzqlate isceers of 

(‘3) (7) (8) 

[Cr(L-his)2]+, (6) and (7), have been isolated [154] as the nitrate and 

perchlorate salts, respectively. Theassignnrantswere based on the elution 

behaviourandthe IR,VIS,CD,and luminescence spactra of the isomars. 

Few chrcmium(II1) caqlexes containing bisttridentate) amino 

acida~ligands are known, but the carplexes [Cr(L- or D-asp) (L-his)] and 

[Cr(L-asp) 21- have now been prepared [1551. The fornerhas sixpossible 

iscraars: two meridional and one facial, each of which can ccmtain L- or D-asp, 
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ard all have been isolated or detected. Themeridionaliscmercmtaining 

L-asp is shown in (9), and this is the least stable apparently because, as 
0 

in 

(9) 

the correspcmding cAalt(II1) compounds, the amino groups avoidbeing tmns to 

each other. The preparation of the three iscaners of [Cr(L-asp)2]- has been 

refined {(lo) is one of the two cis iscmms~. The imrs were assigned 

(10) 

structures frantheirvisible spectraandhigh speedchrcmatcqrams; thiswas 

aidedbycomparisons of elutionbehaviourandCD spectrabetween the 

chrcmium(II1) and correqxmding coMLt(III) ccmplexes. 

The perchlorate salt, [Cr(salsen) (CH2)2][C10~].H20, has been prepared by 

reaction of an aqueous solution of hexaaqu achrmium(I1) pet-chlorate with 

sal2enH2 in acetone, lxt this method was not successful when attempted with 



salzphenH2 and acac2enR2 [156]. The salzen ccmplexwas alsopreparedby a 

template synthesis, which yielded salzphen and acaceen ccsplexes in solution. 

The polymer, [CYL(OR~)~]C~, in which L is the dianion of the Schiff base 

prepared by condensation of 5,5'-methylenebis(salicylaldehydef with aniline 

[157], and the conplexes [CrL(OAc)], where H2L = 

2-E[OCsH5CH:NMICO(CH2).~:CHCsH40H-2 (n = 0, 1, or 21, have keen 

characterised [158]. Condensation of biacetyl nonoxime with the appmpriate 

acid hydrazide produces the acido-ligauds HL and HpL', where HL is 

MaC(:EOH)C(Mef:NNRC(O)R, R=Ph, ~-C&HI,, 3-BrCsH4, 2-N0$6H4, WI, and HzL' is 

Mec(:NoH)C(Me~:NNHc(OJ~cH:!~~C~O~~:C~Me~C(:NoH~Me (n = 0 or 4); the complexes 

[CrL(OHp) slC12 and [Cr2L' (OH216lCl1, have been prepared [1591. 

The kinetics of solvolysis of [Cr(trm)C12lCl have been lleasuredinthe 

nonaqueous solvents,dmso, dmf, fo &de (form), and W~thylformmide (nmf). 

During these investigations [1601, the conplexes 

chloro~solventf ftren)chromium(III)pe.rchlorate were obtained, for which IR 

spectroscopic data indicate O-coordination of the solvent molecules: from 

visible spectra it was deduced that the ligand field stmngths of the 

coordinated solvent are greater than those of chloro- orb ram-ligands, and 

areintheordernmf<form<dmso<&f. Several oxalatc-species, e.g. 

ErHzrenH) (ox) (oH2)12+, have teen obtained in solution [El]. 

Three cmplexes K[Cr@CN)sAl, [Cr(SCN)3Ll, and K3[Cr@FCS)2Q] (where 

A = dien, L = N-(2-aminoe thyl)-1,3-diaminopropaue, and Q = deprotmated 

tram-1,2-di aminozyclohe.xane~N,N,N ‘,N '-tetraacetic acid) have been prepared by 

reactions with K3[Cr(SCN)6] [162]. The values of 10 Dq are in the order 

Q>L>A. TW diastereoiscmers, (+) go and (-)Eo, of 

cis-cl-[CrC&(S-picpn)l+ (where S-piqm is (S)-N,N'-bis(2-pyridylmathyl)-1,2- 

diaminopropane) were assigned absolute configurations from their CD spectra. 

An X-ray structural malysis of the chloride of the more stable isomer 

{(+lrn 6oo} has confimed its A configuration [163]. Thismrkhasbeen 

extended fl641 to catplexes of the related ligands 

(S,S)-N,N'-bis(2-pyridyhtWhyl)-2,3-~tanediamine(SS-picbn) and 

(S,S)-N,N'-bis(2-pyridylmethyl)-1,2-cyclohexanedimine(SS)picchxn), and 

[CIcl2(SS-picbn)1 [ClO~1.0.5H~O, [CzCl2@?-picchxnf1[ClO~].O.5H~O, and the 

di-(l;hydmxo dinuclear complexes [{Cr(OH) (S-picpn)21 [ClO1+12.3.5H20, 

f~Cr(CH) (SS-picbn))21.3H~O, and [~Cr&X-Il ~RR-picchxn~f~l~ClO~l2.4H~O have been 

investigated. !t'he dichloro-acmplexes were assigned the novel A-eis-cr 

structurefromCDspectrdlccarparisans,andstructureswerealsoassignedto 

thedihydm~cxqlexes. Steric repulsion is apparently responsible for the 

stereoselective fommtion of the A diastereoiscmzrs and the limited nmber of 

iscmersofthedinuclearhydm~ lexesobtained. !I.heCDar%dMCD 
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spectra of salts of A- and A--c&s-a-[CrX2(S-picpn)]+ (where X = Br, Cl, or F) in 

the region of the pyridine ring absorption band have been analysed [163] using 

the recent structural information [165]. 

A nusber of ch.rc&um(III) complexes of macrocyclic ligands have been 

prepared: blue cis-[Cr([l2]aneN~]Cl~]Cl.H20 was synthesised by refluxing 

CKl3.6H2O with [12]aneN1, (1,4,7,10-tetraazacyclododezane] in absolute ethanol 

inthepresenceofactivated zinc; violet cis-[Cr([12]aneN4] (NCS)2]NCS.2H20 

was obtained frcan the blue ccqlex in agueous solution by the addition of 

b&l ~~1; and green trans-[Cr([l5]aneNs)Cl2]Cl.2H20 Was obtained by the 

reaction of CrC13.3thf with [15]aneN4 (1,4,8,12-tetraazacyclopentadecane] in 

&nf [166]. Amixture of dark red cis- and green 

trans-[Cr(1,4,7,11[14]aneN~]Cl2]C1 was produced by refluxing CrC13.3thf with 

1,4,7,11[14]aneN1,(1,4,7,11-tetraazacyclotetradecane] in dmf, and the isomers 

were separated by fractional crystallisaticn from methanol. The magnetic 

manents were as expected for chromi~(II1) coqounds, and structural 

assigrmwtswerebasedan the W-VI.5 and IR spectraof the complexes. The 

rankingof Dqq for various bans complexes is 

1,4,8,11[14]aneN1, > 1,4,7,11[14]aneN4 > [15]aneN I,, and [12]aneNs appears to be 

a relatively weak field ligand. In order to study the base hydrolysis of the 

cation, trans-[CrC12(tet~]] [NO312 (teta = C-meso-5,7,7,12,14,14-hexasethyl- 

1,4,8,11-tetraazacyclotetradecane] has been prepared [167] by mixing solutions 

of CrCl3.6H2O and teta.2H20 in dmf, after they had been dehydrated by boiling. 

Electrochemical investigations [168] have suggested that twJ discrete paths 

of electran transfer are possible for the reduction of [Cr(TPP]ClLl (where L is 

a substituted pyridine]. Cne of these involves the new ccsiplex [Cr(TPP)L2]+. 

The products of electron transfer are Cr(TPP]L2 or [Cr0?PP)ClL]-. The 

preparation of [(~Pc)C!r(III)oH] has been given [148]. The equilibria and 

kinetics of the reactions between meso-tetra(I-Kmethylporphine)diaqua- 

chrcnnium(III) and CN- and NCS- have been lcoked at in some detail [169]. 

4.3 cHRaUuM(I1) 

4.3.1 CompZexes of simpZe ligands 

Further structural investigations of the trihal cchromates(I1) have been 

reported. a-CsCrC13 and a-C&13 are hexagonal at 295 K and have a slightly 

distorted BaNi structure [170]. The distortion is predominantly related to 

the local Jahn-Teller effect which leads to elongated octahedra. The 

elongation can occur along one of the three principal axes of the octahedron. 

Anewnodelis intrcduced,whichtakes intoaccoun tthe existenceof octahedra 
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with randanly distributed elongation directions. Neutron pawder diffraction 

masuremants show [171] that the linear chainstructuresofB-RbCrI~and 

y-F&013 oontain elongated ockhedra. For S-CsCrI3, the Curie &qerature is 

equal to 27 K,butTCcouldmtbe determined frcmthe xvsT curvesof 

y-KbCrI3. From fits of the pawder susceptibility data, J/k for C&rIs and 

KbCrI3 ware estimated to be -14 and -11 K, respectively. Neutronpowder 

diffraction studies [172] also show that a-Tl~[CrIs] contains a random 

distribution of elongated octahedra, and there is a phase transition between 

77 and 4.2 K. In B-T11,[Cr16] the directions of elongation of the octahedra 

are ordered., andthreedimns ional magnetic ordering takes place at 2.7 K. 

The ferromagnetic tetrachlorcchrcxnate(II), [1,3-pnH*] [QClk], contains 

layers of chlorine-bridged [CzzCl~]~- units [173] about 9.3 i apart, separated 

bytheprapane- 1,3-dianumnim cations. Chlorine bridges to adjacent [CL&,] 

units cmplete a tetragonally elongated octahedron around each chromic ion. 

Each bridging chlorine atom lies closer (2.39 i] to one chromium atm than the 

other (2.87 i). The bridging angle is 165.3", and the Cr-Cr separation 5.22 i. 

As in [dienH3] [CrCl~lCl 11741 and Kb2CrCl~ [175], the tetragonal axes alternate 

at right angles in the chlorine-bridged layers. This type of cooperative 

Jahn-Teller distortion (antifermdistortive order) is responsible for the 

ferrcmagnetism. Similar results have been found in a neutron diffraction 

investigation [176] of the structures of single crystals of Rb~[Crl_xMaxCls] 

(0 ,( z < 1). For z = 0.01, the Cr-Cl bond lengths to the bridging chloride 

atoms in the layers are 2.40 and 2.74 i, and the distortion in the (Mn,Cr)CIB 

cctahedradecreaseswith increasingz. The dataare inreasonableagreement 

with those for Rbz[CrC14] [175]. The antif erromagnetic ccxqmnd 

[N@2H2]2[CrCl1,] has very different structure (II) containing isolated 

2.62 : 
I 

\ 
2.40 i? 

(11) 

[Cr3C1i2]+ anions, in &L.ch the chromium atcans are arranged linearly 11731. 

Thecentralchrakmatmcanbeconsideredmrmmded by a tetragonally 

flattened octakdronof chlorine atomswhichbridge to the terminal metal 

atoms. These fom four SW andtmlongCr-Clbcmds. 
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AnuaberoftetrabrcarrxhrmM tes(I1) have been synthesised [177] and, like 

the tetrachlorochr~tes(I1) (see above and 1979 review), they exhibit various 

types of magnetic behaviour. The dihydrates Mz[CrBr1,(0Hz)2] (where M = Cs, Rb, 

NH4, or Hpy) are magnetically dilute, high-spin compounds. The anmonium salt 

isimrphouswith the analogous copper brcmidewhichis knowntocontain 

trans-[CuBr~(OH2)212- anions, with two short and tm long Cu-Hr bonds. The 

piperazinium salts [H2pipz12[CrBr6].2H20 and [H2pipz]2[CrHr~], and the 

guanidinium salt [C(NH2)3]2[CrBrs].2MeC02H, are also magnetically dilute. 

Their reflectance spectra are as expected for tetragonally distorted octahedral 

anions. Thernel dehydration gives the ccqounds Mz[CrBrb] (where M = Cs, Rb, 

NHI+, NPhH3, or Hpy) but the nonoalkylannonium salts [Nf?H3]~[CrBr~] (where R = 
n 

Ma, Et, Pr , n-Wh1, n-CsHl-I, or n-GzH25), NMezHzlz[CrBr~l and 

[C(NH2)3]2[CrBr,].2MeC&H have been crystallised from glacial acid, and 

[NEt4]2[CrBr~] frcm mixed organic solvents. Ferromagnetic tehaviour is 

exhibited by Cs~[CrBr4] and the sronoalkylanaonium salts, but the other 

tetrab roaochrcmates(I1) are antiferromagnetic. The reflectance spectra 

indicate tetragonal six coordination of CrlI and hence polymeric structures. 

Like the analogous tetrachlorc&romates(II), the magnetic data for the 

ferromagnetic tetrabrm tes fromliquidnitrcgen to roamtemperature can 

be reproduced by the high temperature series-expansion formula for a sheet 

ferromagnet with S = 2, and JR, > JCL. The reflectance spectra contain very 

sharp bands at cu. 15,600 and 18,400 cm-', assigned to spin-forbidden 

transitions intensified by magnetic coupling. The magnetic behaviour of the 

antiferromagnetic ccmplexesis reprcducedbythe highterrperature 

series-expansion formula with appropriate changes of sign. The stretching 

vibrations of the short Cr-Br bonds occur near 250 cm?. 

It is supposed that the fe rromagnetic complex brcsuides have layer 

structures like [1,3-pnH~][CrCl4] but structural data are as yet unavailable. 

The Curie temperatures of [NRH3]2[CrBr4] {where R = Me, n-Rr, or n-Ci2H25] are 

just below 60 K, and for [Hsdienl [CrC%,]Cl Tc is approximately 38 K [1781. 

TheuseoftheJahn-Tellertheoremin inorganicchemistryhasbeen 

considered [179] and an explanation given [180] for the experimental 

observation that most Cu(I1) and high spin Cr(I1) ccanplexes suffer tetragonal 

elongations. 

Many attempts to isolate pure solids from the deep red solutions, formed 

from Cr*+ and aqueous potassium cyanide in excess and thought to contain low 

spin Icr(cN) 614- ions, havebeenunsuccessful. Through careful control of 

concentration and pH, the green crystalline hexawtes(II) 

MI,[C~(CN)~].~H~O (where M = Na or K), and the dark green, sinple cyanide 

Cr(CN)‘2.2H20, have been obtained 11811. Dehydration at 100 OC in vacuum gives 
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the blue hexacyaucchramtes(11) and the brown chmnim(I1) cyanide, 

respectively. The v(C-N) stretching frequencies of the hexacyanochnaMtes~11) 

are characteristic of terminal cyano-groups but Cr(CN)z contains bridging, and 

Cr(CN)2.2H20 bridging and possibly terminal cyano=qmqs. Thecm&xesare 

alllowspin,butthelowar mmsnts of the sinple cyanides (Q2.8 P,) relative 

to those of the hexacyanochmmates(II) (3.1-3.5 Q my be due to less orbital 

contribution to tba former because'of planar configurations. X-ray powder 

data am! reflectance spzctra were also obtained. 

Recently, the dark greeu sodium salt Nas[Cr(CN)6].10H20 ms prepared by 

the reduction of Nas[Cr(CN)6] with amalgmted aluminium sheet and, from a 

crystal structure det ermination, the anion has nearly octahedral syrsnstry 11821. 

Apparently, the decahydrate crystallises but the dihydrate is the stable phase 

11811. In liquid ammnia, thehexacy anochmmtes(I1) can be reduced to the 

chrcmium(0) ccqlexes Ms[Cr(CN)61 by the appropriate alkali metal. Theseare 

all diamagnetic with a (t 
2g 

I6 configuration. 

4.3.2 Complexes of N-donor ligands 

Chromium(I1) conplexes of adenine (ade) of the stoicheicaztry [Cr(ade)2Xz] 

(where X = Cl, Br, or I) exhibit antif erromgnetic exchange [1831. The 

complexes were solvated to varying extents with 2-metboxyethanol. The 

preparation of KrWXX3) 61 DF412 and [CrOK!CH3)41 bF~l2 has been mentioned 

earlier [39]. 

The first step&se formation constant of [Cr(bipy)12+ in hnpa, determined 

spectrophotom?trically [1841, is log K1 = 4.61f0.02. HecauselogK1 is 

slightly greater in m than in water the cWomim(II) species in m was 

considered tobetetrahedral,~tnootherevidence~s given. 

Thechromim(I1) ion is inauuuusual tmns planarenvironmantin 

bis(2,6-dinethylpyridine)bis(trifluoroacetato)chrmim(II) [185] (12). The 

complex is prepared by the reaction sequence (1): 

cF3caM 2,6-mq& 
[thf.CrmHI,) 21 -c[thf.cr(o2c(=F3)212~ -[(2,6-meW)2CI:(02C(=F3)21r 

(1) 

each ligand is monodentate (CPN = 2.111 i and Cr-0 = 2.028 &. Themethyl 

groups of the 2,6-dimthylpyridine (2,6-mepy) molecules are above and below 

theCxO2N2 plane andblcck further coordination. 

4.3.3 CompZexes containing Cr 'I-&" quadruple bonds 

The lengthof the~Crquadruplebond inca@exesCrsL4 (onlyoneofthe 
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F3C 

(12) 

bridging anions L is &mm in (73) to (28)) is principally dependent upon the 

presence or absence of axial ligands and, to a lesser extent, on the bridging 

ligauds (see 1980 review). Axialligands have been excludedby steric 

hindrance in cmplexes where L is au acetanilido-{ccmple (13) [1861), or 

substituted acetanilitianion as in ccmplex (24) 11871. InccqomdskereL 

is carboxylate group, axial ligands such as R20 or pyridine are present or, if 

not, the [C!r2(02CR)~] molecules associate oia the axial positions to form 

infinite chains. Di&rcmium(II) compmnds of 2-phenylbenzoate (15,16) have 

now been synthesised [188], in the hope that the ortho phenyl groups muld 

prevent intermolecular association, but this expectation was only half achieved 

in that the stnxture of (1.5) antprises the usual dinuclear units, but pairs of 

theseunits arelinked~0 +Crbondstoformadimerofdimers (17) where 

there are two free axial positious. Here, the four 2-phenyl groups are 

dkected towards the sane endof aCrX.runit so thatassociationwitb a 

similardimar canoccur at the other end. The formation of infinite chains is 

prevented,butcarixxylateswith substitu~tsprcducing steric hindrance at 

kyth ends of the ~r-~r unit are necessary for the formation of discrete 

[Cr2(02CR)4 1 molecules. The molybdenum analogue of (15) does form isolated 

dimeric molecules [1891. 

ccanpaund (15) was crystallised frcan a mixture of chrammme and 

2-phenyl-benzoic acid in toluene as a ditoluene solvate. The reaction of 

anhydrous [Cr.2(OzccHB)s] and 2-phenylbensoic acid in thf with n-butyllithium 

inhtxaneproduced (~6),containingt~axiallycoordinated~ nolecule~. 

The structure is similar to those of other [Cr~(OKR)~Apl molecules, and the 

Cr-Cr distance, as with (IS), is within the range (approximately 2.28 to 
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r((lr-Cr) = 1.873 i 

w = 48" 

acetanilido 

(13) / 
I ;-:.rS \ 

o&) \ I 
i-1 

Cr - O--+Cr--_Cr 

r(Cx-Cr) = 2.348 i 

r(CXr) = 2.309 ; 

2CGH5CH3 (interstitial) 

2-phenyllxn2oa~ 

(15) 

r(Cr-Cr) = 1.937 i 

1.5C~HgFI3 (interstitial) 

w = 89.7' 

2,6-dimethylacetanilido 

(14) / 
I “;I;:: / 

oHc\o \ 
I 

I I 
thf+Cr-_ VCr tthf 

r(Cr-W = 2.316 ; 

r(Cr-thf) = 2.275 i 

2-phenylJxmoato 

(16) 

CH3 I I 
CH2Br2 -- -- CrNCr- -- -Br2CH2 

r(Cr-Cr) = 1.961; n 0 

(17) 

r Er-Br) = 3.554 i and 3.335 A 

2,6-dimsthylacetanilido 

(18) 



2.37 i) previously established. In the structure two ortho phenyl groups are 

directed towards each end of the binuclear unit. It is not understood why 

the axial coordination at one end in (1.5) should lead to a longer Cr-Cr bond 

than in (16), where there is axial coordination at each end. 

Complex (24), in which there are no axial ligands [187], was earlier 11901 

obtained with two molecules of dichloromathane positioned, as are the molecules 

of dibrcmomethane in the new complex (18) [1871. In the C&Cl2 adduct, 

r(Cr-Cr) was found to be 1.949 i, ccmsiderably longer than the value of 1.873 i 

in the unsubstituted complex (13), the only complex of the acetanilido type 

without axial ligands available for ccmparison at the time. Since no 

significant difference was expected between the Cr-Cr bond lengths in (13) and 

(14), it was assumed that axial interaction Cl+Cr by C&C12 molecules had 

caused the nniltiple bond to lengthen from 1.873 i in (13) to 1.949 i in the 

C&C12 addict. This interpretation is nowdoubtfulbecause the bond length 

in (14), which has no axial ligands, is close to those in the C&C12 or CH2Br2 

adducts. Bowever, since the chrcmi~halogenbondlengths decrease in going 

from dichloranethane to dibrm thane (van der Waals cc&acts should increase) 

there is still scme evidence for axial interaction. Molybdenum(I1) forms 

CB2C12 and CH2Br2 adducts iscpnorphous with (18). 

It is possible that the Cr-Cr bond in (14) is ea. 0.07 i longer than in 

(23) because the large dihedral angle w in (14) reduces the conjugation between 

the phenyl and amide ~-systems and hence the electron density between the Cr*+ 

ions. 

From a consideration of the dissociation equilibria for chrcmium(I1) and 

coppar acetates, it has been possible to estimate [191] the difference 

between the CrZCr andCu-C!u bondenergies in the acetate system. TheCr-Cr 

interaction is usually described in terms of one u, two 71, and one 6 ccqonents, 

and the weaker Cu-Cu interaction in terms of just one 6 component. In spite 

of a difference of three units in bond order, the Cr-Cr bond is stronger than 

the Cu-Cu bond by only about 45 kJ mol-i. 

Measurements of their low energy photoelectron spectra have provided useful 

information on the electronic structure of dichromium(I1) and dimAybdenum(I1) 

complexes [192] and a correlation between the ionisation energies of the 

netal's valence electrons and the Cr-Cr separation suggests that the separation 

is influenced considerably by the Coulon-bic repulsion between the metal atoms 

[193]. The firstmaasur-ts of the corelevelphotoelectron spectra of 

dichranium(I1) and dtilybdenum(I1) ccmplexes have been performed (1941 using 

AlEe-radiation. The complexes are M2Ls (where M = Cr, L = 00% or tip; 

M = Mo, L = OzCB, OKMe, or mhp, and Hmhp = 2-hydroxy-6-nrathylpyridine). The 

oxygen core ionisation energies (I.E.'s) of [Cr2(0$Ne)rl and [I@z(OKM~)I+I are 
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the samewithin experimental error, as are the oxygen and nitrogen core I.E.'s 

of Kr2 (mhp) 41 and D-532 (tip) 41. Also, the decrease inbindingenergyof the 

chrmium 2p levels from [Cr2 (02CMe)~l to [Crp(mhp)4] matches that of the 

molybdenum 3d levels in goirq from [MD~(OD%a)~] to [Mok32(mhp)1+]. Therefore, 

it has been concluded that the charge distribution is probably the same within 

[Cr2 (02CMe)41 and [MD2 (02UW41, and within [Cr2hW41 and [I+32 M-p) 41. 

Conseguently, the significant lengthening (0.40 i) of the Cr-Cr separation in 

going from [Crz (tip) 41 to [cl2 (02CM) 41 as ccnpared with the smaller 

lengthenirig (0.03 JG between the analogous nolybdenum(I1) complexes is not due 

todifferences in thebondingofthe ligands totheMz+centres,buttothe 

different nature of the Cr-Cr and W-&I interactions, notably the shallower 

potential well for the former which leads to greater sensitivity to the Cr-Cr 

separation to changes in charge distribution within the Cr2L4 ccmplex. 

The known dichromium(I1) canplexes have been classified into three groups 

according to the x&al-metal separations [195]. FWnn calorimstric 

measurements at 25 OC of the enthalpies of oxidative hydrolysis in solution, 

the standard enthalpies of formation of crystalline [Cr2(mhp)4] and [Crp(dq)k] 

(where dmp is the dimethoxyphenyl anion) have been found to be -(948.2+9) and 

-(961?22) kJ ml-', respectively [196]. The enthalpies of formation in the 

gaseous state and the enthalpies of atmisation (AH:) have been evaluated from 

neasuredorestimatedenthalpiesof sublimation, and attempts made to quantify 

the contributions to AH: from the metal-metal, metal-oxygen, metal-nitrogen 

and metal-carbon bonds in these molecules. 

4.4 MIWSCHEMISTRYOF cImmIuM(I1) AND (III) 

In this section, reductions by chromium(I1) ccq&axes, electrochemical 

reactions, and scms u- and IT-bonded organo&rmium(III) coqlexes are briefly 

and selectively reviewed. Although strictly organcmatallic ccaqmunds, the 

last have been included because they resemble, in oxidation state and other 

properties, classical chroinium(II1) ccordination ccaiplexes. 

The reduction of nitmamine with Cr2+ yields dinitrcgen and smmnia, and 

a hydrazido-Tlex is postulated as an intermdiate [197]. Theuse of low 

valent transition metal species including Cr(I1) ccdqxnmds inthe reduction 

of organic compounds has been reviewed [198]. 

Pyrazinereactswithagueous Cr*+ to form an intense green 1:lspecies 

1 (H20) Gr (pm- ) 1 3+ I cmsidered to be a ccqlex of chnmium(II1) in which the 

radical anionisprotonatedatthe remotenitrogen atcm. Substituted 

pyrazines behave similarly, and the electm&mical behaviour of the 'greens" 

derived frcanpyrazine, pyrazine-2-carbxamide, and pyrazine-2-caAoxylic acid 
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have been investigated (1991. Solutions of pyrazine green exhibit a single, 

composite polarographicwavewfiichpasseswithoutinflection fromanodicto 

cathodic currents. The anodic branch corresponds to oxidation to the 

chrcmium(II1) cation [(H20)&r(pz)13+, and the cathodic branch to two electron 

reduction to produce the dihydropyrazinium ion and Cr'+. The corresponding 

set of reactions for the pyrazinecarboxylic acid green gives rise to separate 

oxidation and reduction waves, and the green is believed to contain a bidentate 

organic ligand. The n-ore ccanplex electrochemical behaviour of the pyrazine 

carboxamide green is ascribed to the presence of tm iscaners, one containing 

bidentate pyrazinecarboxamide, and the othermoncdentate pyrazinecarboxamide 

coordinated to Cr*+ by the 4-nitrogen atom. Interconversion of these iscmers 

is catalysed by Cr*+. 

The dithiobenzoato-con@exes [Cr(S2CC6HbR-4)3] (tiere R = H, Me, MeO, MepN, 

or Rt2N) are reduced at a platinum electrode in a series of one-electron 

transfers [2001. The dithiabenzoate stabilises low oxidation states by 

involvement of the dianionic canonical form of the ligand in the structure of 

the initial complex. In the reduction of [Cr(NH3)5Ll '+ (n = 2 or 3; L = an 

amino acid, aminobenzoic acid, or Schiff base of an amino acid or aminobenzoic 

acid with benzaldehyde or 2-vanillin) at the dropping mercury electrode, the 

one-electron, irreversible reductions follow a mixed inner/outer sphere path, 

but reduction by Cr(I1) follows an inner sphere path [2011. The voltarsnetric 

behaviour of the bis complex of chromium(111) with 

2,6-bis(4-phenyl-2-pyridyl)-4-phenylpyridine was studied in ethane nitrile 

[2021. It shows four one-electron reductions to the +2, +l, 0 and -1 formal 

oxidation states. Canparisons with related ligands sh08 that phenyl 

4-substituents stabilise the low and the high oxidation states. 

The reduction of CHX3 (X = Cl, Br, or I) by Cr*+ proceeds via the primary 

products Crx2+ and CrCHX;+ [203] and the reduction of E&OH, RN3, and maleic 

acid has been investigated [2041. 

Oxidation by permsnganate of the dibridged tartrate ccsplexes (19) of 

chrcmium(II1) [H2Cr2(tart)pL~] and (HCr2(tart)~L~l- (hre L is bipy or phen) 

results in cleavage of the tartrate ligands to give bis(oxalato)-ccnnpounds 

[205]. Wbenphenis present, further oxidation occurs to give 

diaqua(axalato)-(phen)-chrosate(II1). Further studies of the co-oxidation of 

2-hydroxy-2-methyleric acid and 2-propanol by chrcmic acid have been carried 

out (2061. 

Organic cdonded ccqlexes of chrcanium(II1) are generally prepared froan 

aqueous chromium(I1) solutions, but this does not give good yields of simple 

alkylcaq&xes. The penta-aguan~thylchranium(III) ion is formad [2071 in 

high yield by reactions (2) to (51, in which the Fenton reagent H202/Cr(II) is 
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n 
N N 

““,,“<\ ,>O\@O 
I / cr\o_,? 

HC-0 

(19) 

[cr(oH2)612+ + Hz02 4 tCr(OH2)613+ + HO' + OH- (2) 

Ho* + (a3)2=& (~3)2s(o')(= (3) 

(c&)2s(o’)m + aj + a&&H (4) 

U-I; + [cc(oH2)61 2+ A [Cr(Of-Ip)~(CH~)]2+ + Hz0 (5) 

used togeneratehydroxylradicalswhich inturnproducemathylradicals frcan 

dmso. These are then trapped as the ions [Cr(OH2)5CH312+ by the substitution 

labile excess of agueous Cc'+ ions. It is considered that other al@1 

chromium(II1) ionscau be obtained frcmthe appropriate dialkylsulphoxide. 

Reactions of [Cr(OH2) 5CH312+ with electrophilic reagents have been investigated 

kinetically [208]. 

The cationic organcchmniumc~lexes [C~CH~CX]~+, [CrC&CH2CNj2+, and 

[CrCH2CH(CH3)CN12+ have ken prepared by the reaction of chrcanium(I1) 

parchlorate with acidified solutions of hydrogen peroxide in water containing 

mxlest concentrations of the appropriate organic nitrile 12091. These 

cmplexesarestableinagueous percNoric acid; theywereseparatedbyion 

exchange chrcmatography, andcharacterisedbytheir W-VIS spectra, and the 

NMRspectrum oftheorganic~eproducedbyreactionwith~~sbranine. 

~eseu-~ccmplexesdifferfranthehydroxymethyl~~(III) species in 

their unreactivity towards oxidants such as Fe3+ [210,2111. Kinetic 

investigations of the vanadyl(IV) oxidation of aguecus Cr2+ [2121 and of the 

hydmxymethylchrmim(III) icmhavebemrepmted [2l33, and further 

investigations of the aguatim of o-bonded organochromium cuqlexes derived 

frm 3- aud 4-pyridineacrylic acids ahd maleic and fumaric acids have been 
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carried out [214]. !The reactions of [l?Cr([15]aneN~) (OH2)]*+ with Hg(I1) and 

HgMa have been investigated kinetically in aqueous perchloric acid [215]. Hy 

reaction of (2-lithiobenzyl)dipl~sphine with [C~-C13(thf)~] or 

[CrEW2(thf)2], [Cr(CsHs-2-CH2PPh2)3] (20) has been obtained [2161, and 

Ph2 
P-CCH 

Cr 2 bl \ 

(20) 

[C~{(CHZ)~P(CH~)~)~] has been characterised [2171. 

The rhenaacetylacetonate ccmplexes [cis-(oC)@a(CH~CO)~lnM {where M = Cr, 

Fe (n = 3), or Cu (n = 2)) have been examined by cyclic voltamnetry [2181, and 

the redox potentials of the central ccordinatiug metal ions in the metalla- 

and analogous non-metalla-acac corqlexes were determined. The redox potential 

of the rhenaacetylacetonateconplexwas foundthenorepositive, reflecting 

the higher electronegativity of the rhena moiety. Metallobis(phosphonates) 

can also act as chelating ligands since (C5H5)M[{PKBle)20}2Hlr for example, 

tier-e M = Ni or Pd, will react [219] with netal acetylacetonates and metal 

chlorides to give new tri- and tetra-nuclear complexes, e.g. 

[((CsHs)M{P(~)20}2)3CIl. 

The existence of aquaorganochromim(111) complexes like those mentioned 

above shows that T-acceptor ligands are not needed to stabilise Cr-C u-bonds. 

The ion [(r15-C5H5)Cr(OHn)J2+, apparently containing a-bonded CsH5, has been 

preparedf= chrmomne, according to reaction (6) and isolated as the 

H[ClOsl 
CL-(T+C~H~)~ + 2H+ - 

Hz0 

L-I~-C~H~)C~(OH~)J~+ + fH2 + C5H5 

slightly impure violet tetrafluoroborate [(n'-C5H5)Cr(OHn)51 [HFI,]~ [2201 so 

that the same seems true for ~bomded organo&mmium(III) species. me aqua 

cation has also been obtained in solution from [NH&l [(?-1~-C5H5)CrC131 and 

[(ns-C5H5)zCrlI. Several halides and mixed halides [(~5-C5H5)CrX~l have been 

characterised [2211. 
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The complex [(~S-C~H~)t,Cr~O~] contains Cr atoms tetrahedrally disposed at 

four comers of a distorted cube, with the 0 atcms similarly arranged [2221. 

The Cr atcnns are capped by the [CsHs]- anions, and so are formally six 

coordinate and in the (III) oxidation state. TheCrQdistancesare 

markedly unegual (ea. 2.8 i) and the omnplex is antife rromagnetic. 

The photcchemical reaction between the antife rromagnetic complex 

[E(rl'-CsHs)Cr(SCMe3))2S] {which contains (21) a Cr-Cr bond 2.689 i long, and 

Me $S SCMe3 

(21) 

for which -2J = 430 cn? [223]) and Fe(CD)s results in the elimination of +ZKI 

carkonyl groups and one t-butyl radical to give 

1 h5-GH&-) 2 (I.+SCWS) b3-S) zFeK0) 31 L’241. The productcontainsaCr-Cr 

bond of length 2.707 i and one thiolate and tm sulphide bridges. The iron 

atomis2.726~fromonechrcwiumatcanand3.llO;;f-theother. The 

exchange parameters (-2J) for the antif -tic ccanplex are Cr-Cr, 

380 an-', Cr(l)-Fe, 2600 cm-', and Cr(2)-Fe, 170 cm-i, and direct exchange is 

considered the important factor determining themagnetism. 

Complex (21) acts as an unusual antiferrcmqnetic ligand bound by a 

sulphide bridge in the heterotrinuclear ccmplexes 

[{(r75-CsHs)Cr(~,)}2S.M(CO)5] (where M is Cr, MO or W [2251), and in 

tE(~5-CsHs)Cr(~3))2S.~z(co) 91 W61. The gtzcmkry of and magnetic 

interaction within (22) are little affected by ccmplex formation. Reaction 

of (21) with C~ZKD)~ produces [(115-CsHs)Cr(~3)~(r15CsHs) ~(cr3-S)~cO(cO) 21 

which is antiferromagnetic (-25 = 530 cm-') and contains the CrCrCo 

metallacycle. Heating this coqound intoluene in the presence of 

diphenylacetylene yields [227] the diamagnetic tetranuclear cluster 

[(~s-C~H~)3Cr3(~3-S)~~cO(cO)l which ccntains a tetrahedral arrangement of 

metal atoms. The coqlexes [{(~5-CsHs)~(SCMe3)~2S.~(co)2(~SCsHs) 1 and 

[I(~5-C5H5)3~3(~3-S)11}M(~5-CgH5)] (M = Cr, V, or Nb) have also been obtained 

[2281. 

The reaction [229] of &ms0zne with trifluo roacetic acid affords, after 

various treatments, a series of amqou&s, 
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~(r15-CsHs)~CTl~(~5-C~H~)CL.(0~C~~)31r [(r15-CsHs)Cr(02CCF3)2.thfl, 

[(~~'-C~HS)CI.(O~CCF~).WI, and [(w)3~(02~3)31. The last, a typical 

chromium(II1) ccmplex, has been character&ad by a complete X-ray analysis, 

and it can also be obtained from (22). 

The nitrosylation [230] of (21) with No in thf at rcom temperature forms 

[(n'-CsHs )Cr(NO)2 (I+&)] and the dimer 

I(n5-CsHs) (No)Cr(cI-S0&) (fi-S-S-CMe3)Cr(NO) (r15-GHs)l. 

Some cationic thionitrosyl complexes have been isolated [231]. On 

reaction of a solution of [NS] [PFs] in nitromethane, prepared in situ from 

N3S3C13 and Ag[PFBl, with [(C6H6)Cr(CO) 31 in ethanenitrile, 

[Cr(NS) (NC&) 51 [PF,jlz was obtained. It is reduced to [Cr(NS) (NC&)51 [PF61 in 

the presence of %uNC and zinc powder, and is re-formed on oxidation with 

[NoI[PF6l or Ag[PFsl. 

Improved conditions for the generation of the [Cr(NO)]2+ species from 

[CrOs]2- and aqueous hydroxylamine hydrochloride have been used [232] in the 

synthesis of the nononitrosyls [Ph+P13 [Cr(NO) (NCS) 51, [Cr(NO) (NCS)~(bipy)l, 

[Cr (NOI KS) 2 (ph) 1, and. [CflO@tndtc) 2 1. A number of derivatives of 

pantacyanonitrosylchromate, in which cyanide has been replaced by en, have 

been prepared from 0~03, KCN and en in aqueous solution to which hydroxylamine 

was added as the scurce of the NO group [233]. The derivatives are 

K[Cr(NO)(CN)z(en)(OH)l.H20, [Cr(~)(CN)z(~)(OHz)lr [-2(~)Z(~N)4(ed31, 

r-2 @JO) 2 (W 2 (en) slClz*2HzO, and 02 00 2 kd 51CL*6H20. The last two 

ware also obtained anhydrous as tetraphenylborate salts. These nitrosyls 

have temperature-dependent magnetic moments of approximately 2.0 I.LR. EPR, 

W-VIS, and IR investigations were also carried out, and the last three 

nitrosyls are considered to contain bridging ethylenediamine ligands. 

Well-defined "paired" chrcmium species in various oxidation states on 

silica and alumina catalyze propene hydrogenation efficiently at 195-263 K 

[2341. The catalyst was prepared by the reaction between [Cr2(n3-C3H5)41 and 

the surface OH groups of SiO2 or Al203, and the surface structures were 

characterised by IR, W diffuse reflectance, RPR, and photoluminescence 

spectroscopy, volumstrically, and by temperature prcqranmed hydrcgenolysis. 
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