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INTRODUCTION

The review on chromium chemistry this year deals mainly with the lnorganic
and coordination chemistry of the element which was cited in Chemical
Abstracts, Volumes 102 and 103. Thus most of the work published im 1985 and
some published towards the end of 1984 will be reviewed. Chromium
organcmetallic chemistry, Including carbonyl chemistry, is not formally
included in this review but reference is made to some papers of general
interest.

The organization of the review is similar to that of previous years. The
vartous oxildation states are dealt with in turn with individual systems
ordered in terms of the nature of the donor atoms. Chromium chemistry 1s
dominated by the trivalent state so, for convenience, this large section of

the review is divided into sections according toc the nature of the ligands.
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1.1 CHROMIUM(VI)

The oxidation of lactic acid by chromium{VI} has been studied in detail
and found to proceed In two separate and measurable steps, both of which give
pyruvic acid

2Ccr(V1} + 2CH,CHOHCOOH -— 2CH.,COCOOH + Cr(¥) + Cr(III)

3 3

Cr(v) + CH,CHOHCOOH -—= CH3COCOOH + Cr(IID)
The buildup and decay of chromium{(V) intermediates accompanied the
disappearance of Cr(VI). Mechanisms were deduced for each step and it was
suggested that the intervention of chromium{V) may be widespread in
chromtum(VvI) oxidations [1].

A study has been made of the interaction at physiological pH'a of
chromium(Vvl) with a serles of low molecular welght cellular reductants and
other model compounds since it is known that reduction to chromium{II1)} is
involved In the carcenogenic properties of chromium(VI), It was [ound that
only ascorbate and compounds containing a thicl group reduced Cr{VI) at an
appreciable rate. Several mechanisms of interaction were observed, but with
glutathione, which is the moat abundant intracellular thiol, clear evidence
was obtained for the formation of a chromium(VI) thloester in a rapid
pre-equllibrium step. This was followed by a slower reduction step involving a
further molecule of glutathione [2].

CrOF4 has been prepared by the reaction of Cr03 and fluorine at 140°C and
4 atm. pressure in a Monel autoclave with a watercooled lid. CrOF‘4 is a
powerful fluorinating agent and iz rapidly hydrelyzed by water. A sample
isclated Iin a nitrogen matrix showed a strong Cr=0C stretch at 1028cm_1 and a
doublet at 7&6,?42cm"1 due the chromium-fluorine stretches. an analyais of the
spectrum and comparison with similar data for MOOF“ and WOF4 suggested a
aquare pyramidal structure with a 0-Cr-F angle of 106°¢. Reaction between
CrOFé Tnd CsF under nitreogen gave Cs[CI0F5] which has a Cr=0 stretch at
955cm -~ and & broad band at 650-720cm  due to Cr-F stretches [3].

CrF6 has been prepared under conditions coneiderably less extreme than
those in the ariginal report of this compound. Reaction between CrO3 and
fluorine in a Monel reactor fitted with a watercooled lid at 170°¢ apd 25 atm.
preasure fecllowed by cooling te room temperature and then to ~63°C led to the

formation of CrFB' Excess F2 and CrO were pumped off to yield a mixture of

F
272
red CrF5 and yellow CrFa. Matrix isolation IR studies showed the Cr-F stretch
to occur at 759cm-1 [a].

Force fields and mean amplitudes of vibration have been calculated for MF6



and M02F2 {M Cr ,Mo,W). The agreement between calculated and observed specira

was good [5].
1.2 CHROMIUM(V)

A review has appeared on the coordination chemistry of chromium(v) [6].
CrN(TTP) is known to have a distorted porphyrin core while MnN{(ITP} has a
regular core. These structural differences are reflected in their resonance
Raman spectra. Whereas the MnEN stretch at 1052cm_1 is greatrly enhanced in
intensity, no such enhancement is observed for CrN(TTP) [7].

It has been shown that the most likely mechanism of the interaction
between iodosylbenzene and ClCr{TPP) involves transfer of an oxygen atom to

give Cr{v), which then teacts with further Cr(III) ta give Cr(IV)

PhI=0 + ClCr{TPP) —+= PhlI + C1Cc(OQ)(TPP)
HZO

ClCr(0)(TPP) +ClCr(TPP) == 2Cr(Q)(TPP} + 2H,0
but in the presence of excess of PhI=C the final product is Cr(v) [8]. The
kinetics of the interactioms of ClCr(TPP) with a number of percarboxylic acids
and hydroperoxides were also fnvestigated. The data indicated that all the
reactions proceeded with similar mechanisms inveclving heterolytic fission of
the 0-0 bond [8].

1-phenyl-1,2-ethanediol is oxidized by p-cyanc-N,N-dimethylaniline N-oxide
in the presence of CICr{(TPP) as catalyst. It was shown that photo-initiation
of the reaction is necessary and the likely catalytic intermediate 1is
cicr(o)(TPP} [9].

One-electron oxidation of Cr{Q)(TPP) by electrochemical techniques gave a
Cr{v) oxoporphyrin which is stable on the coulometric timescale. It is
reactive towards norbornadiene to give the epoxide in a 1:1 stoichiometric
reaction. A 2:]1 mixture of ClCr{(TPP} and iodosylbenzene gave a product which
was thought to be the Cr({IV) dimer [ClCr(TPP)]ZO which dispropertionates to
Cr (11I) and Cr(v) [10].

A number of substituted salzen complexes of oxochromium(v} have been
isolated. The synthetic procedure involved resaction of Cr(ITI) triflate with
the ligand and subsequent air oxidation to glve [(Sﬂlzen)cr(H20)2]035CF3'
Oxidation with icdosylbenzene in MeCN yielded the alir-stable [(salzen)CrO]+
species. The crystal structure of [(7,7'—MezsalzenJCr0]+ revealed a square
pyramidal structure with the oxo group apical and the Cr atom 0.53% above the
mean N302 plane. Bond distances are Cr=0 = 1.545(2), Cr-0 = 1.809(av) and
Cr-N = 1.98Z(av). All the complexes reacted with a variety of donor ligands



and the c<rystal structure of pyNQO adduct showed that the additional ligand
completed the cctahedral coordination about the metal. EPR and magnetic data
confirm the dl configuration of these complexes [11],

The catalytic epoxidation of various olefina with iodoaylbenzens may be
carriasd out In the presence of a series of Cr{TIII) cationsa [Cr(aalzen)]+ with
or without the presence of pyNO. Kinetic studies showed that the Cr(V) specles
[(snlzen)Cr0]+ and [(salzen)Cr(O)(pyNO)]+, described above, are the active
intermediates. The mechanism of the oxygen transfer involves the rate
determining attack by the Cr(V) oxoccation on the olefin [12].

It has been shown that the EPR signals for paramagnetic [Cr03]- and
[CIOQJB_ may be distinguished by a combination of g- and A-tensor analysis and
the temperature dependence of the line widths. Thls arises because the
electronic spin-lattice relaxation time for a species is dependent upon its
coordination and point symmetry. The results indicate that several previous
agsignments distinguishing betwesen these specles need to be reviewed [13].

The relatively stable Cr{V) complex sodium bia{2-ethyl-2-hydroxybutanatol-
oxochromate(V} has been the subject of several investigations. The chromium(V)

complex disproportionates
Cr{v) —= 2Cr(vIi) + Cr{iIIl)

and is most stable at pH 3-4 in the presence of a small amount of free
2-ethyl=-2-hydroxybutanoic acid. Oxidation of organic substrates with this
Cr{vV) reagent have been studied and compared with similar oxidatiomns using
Cr(VI). Generally, oxidaticons with Cr(V) are faster than those with Cr(VI)
(bhence Cr(V? is not usually observed as an intermediate in Cr{(VI) oxidations)
except for the oxidation of plnnacol (faster with Cr{VI)) and ethylene glycol
which is eoxidized at about the same rate by the two reagents. The organic
substrates investigated included oxalic acid, primary and secondary hydroxy
acids, alcohols ete {1417,

Reduction of sodium bis(Z2-ethyl-2-hydroxybutanato)oxochromate(V) by [V0]2+
has been investigated by spectrophotometric and EPR techniques [15]. In
reactions with [V0]2+ in less than 1:1 stoichiometry, the chromium appeared to
be reduced to Cr{IV) and only after addition of further [VO]Z+ was subsequent
reduction to Cr{III) observed. The EPR signal of Cr(V) decreased as [VO]Z+ wasg
added uwntil at 1:1 stoichiometry no signal was observed. The eight line
spectrum of [UO]2+ only appeared after 2 moles had been added. Kinetic
measurements also indicated the intervention of Cr(IV) in the overall reaction
gcheme [15]. In a similar reduction by Fe(IL}, spectrophotometric evidence
suggested transient formation of Cr{IV¥), but the observation was not so clear

cut as in the vanadium system [16]. In the reduction of the Cr{(V} species by



Ti{III}, Cr{IV) was not detected even though the reduction must pass through
this staege. Hence it was deduced that Cr{iV) must react with Ti{(III) at least
20 times faster than Cr(V) [17].

Matrix isolation studies show that CrFS rapidly disproportionatea in the
gas phase to CrF4 and CrI"6 [4]. This result therefore casts some doubt on the
interpretation of electron diffraction data for CrF5 reported in the review
for 1984. CrFg reacts with NF, .HF, to give (NFA)[CrFﬁ] and with NOF to yield
{NO)[CrF6]. The hexaflucrochromate(V) anion was ildentified by analysis and IR

and Raman spectroscopies [18]1.
1.3 CHROMIUM({IY)

The compound CrHa(dmpe)2 has been prepared in two wayg; by the interaction
of CrClz(dmpe)2 with lithium butyl or by the photolysis of Cr(Nz}z(dmpe)2 in
hexane. This is the first hydride of Cr{1V) and the first eight coordinate
complex of Cr{Iv}). The structure is dodecahedral with bord distances Cr-P =
2.255(3) and Cr-H = 1.53(3)-1.60(3>% [191.

The compounds SrZCro s BaZCrO4 and BaBCr05 have been prepared by high
temperature reactions between the appropriate chromate and Cr203. 41l contain
the tetrahedral [Cr04]4_ fon. Magnetic moments are close to apin-only values
with small Weiss constants and weak antiferromagnetic ordering was indicated
[zo].

Chromyl chloride, Cr02C12, and chromyl acetate react with various
alkylaromatics {(toluene, ethylbenzene etc) to yield solids which, on the basis
of IR and magnetic studies, contain Cr{IV) [21].

Chromium tetrafluoride has been isolated in a dilute matrix and displays

bands at 784 and 303cm_l which were shown to be due to monomeric CrF On

4"
warming, changes occurred in the spectrum which are consistent with a

monomeric to polymerfic rearrangement [&4].

1.4 ECHROMIUM(III}

1.4.1 Complexes of simple ligands

X-ray diffraction and structural refinement on [CO(NH3)5(H20)][Cr(CN)6] at
295 and 120 K showed it to be isomorphous with [CO(NHB)G}{Cr(CN)6]. The data
for both compounds were refined using an mspherical valence electron
population model. The metal comfiguration, the cbserved metal-ligand overlep
populations and the ammonia lone pair populations could all be analyzed in
terms of a single two parameter per bond O-bonding LF model, using only metal

d orbitals [22]. The spin distribution in the anion of CszK[Cr(CN}G] has been
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daetermined by polarized neutron diffraction and analyzed in terms of atomic
orbital populations [23].

There has been controversy in the literature as to whether the hydrolysis
af aquo Cr(IIl)-a-hydroxyalkyl complexes proceeds through intervention of a
water molecule o245 to the alkyl group, or whether a solvent water molecule is
invelved. The hydrolysis of number of such complexes have been studied
including [(edta)CrCCR1R20H)]2- (no coordinated water), and complexes of two
quadridentate ligands (nta and [lS]aneNa) which have a coordinated water
molecule and the a-hydroxyalkyl group eis and tpgng respectively.The results
indicate that a water molecule o%ig to the glkyl group has no major role in the
hydrolysis mechanism [24]. In addition, the specific rates of reaction of the
free radicals .CHZOH, -.CH{Me)OH and .C(Me)ZOH with [CrII(edta)]z- and
[CrII(nta)]_ are reported [24].

The reaction

2+ ]2+ ]2+

2cr + ICH. CO.H —_— [(Hzo)SI

2C0, + [(HZO)SCr(CHECOZH)

appears to give the expected products, but the Cr{IlI) complex has some
unusual preperties which are best explained by chelation of the organo group.
For example, reaction with Hg(II} does nat give [Gr(H20)6]3+ and an

organomercurial as usual [25]. It is suggested that the reaction is

CH

- +
(HZO)aCr\h

ZNc_oH + Hg®* —» [(H,0),Cr-0-C-CH,Hgl]°* + H
e 2774 2
Substitution of K3[Cr{NCS}6] with PEtzPh or PEtZ(p—tol} glves the new

series of complexes [Cr(NCS)a(PEtZR)ZJ_ [26]. The solvation of the
[Cr(NCS)q(morpholinejz]‘ anion has been studied in water/methanol mixtures
varying from 9.7 to 87.3 volume % MeOH at several temperatures. Mechanisms of
substitution are discussed [27].

It has been shown that the coordinated triflucromethane sulphonate in
[Cr(NH3)5(OSOéCF3)]2+ is readily replaced by a large number of ¢ and ¥ donor
ligands including H,0, MeCH, dmso, DP(OMe)a, dma, MaCN, urea etc thus opening
the way to the synthesis of may such derivatives {28].

The displacement of warter by dmso In the second coordination sphere of
[Cr(NHB)S(dmso)]3+ haslbeen investigated in dmso!HEO mixtures by line
broadening effects In "H NMR spectroscopy. The number aof molecules in the
second coordination sphere was found teo be 10 and stepwise equilibrium
congtantgs for the replacesment of H20 by dmso Yere determined. The free energy
increase per replacement is about 1.42 KJmol™ ~ [29].

The determination of the equilibrium constant K for the reaction



[Cr(NH3)5(H20)]3+ + B~ == [Cr(NHa)sﬁr]2+ + B0

2
several years age by a kinetic method and by the method of mixtures gave two
values which differed by an order of magnitude. The actual values have now
been verified by new determinations [30]. The descrepancy arises because
medium effects and/or other specific effects seriously influernce the
interpretation of the kinetic data and therefore the value from the method of
mixtures is preferred.

The kinetics of the stepwise aquation of trans-[ﬂr(ﬂﬂa)&(CN)2]+ to
trans—[CrCr(NH3)4CCN)(HZO)]2+ and finally to trans~[Cr(NH3)4(H20)2]3+ have
been studied apectrophotometrically In acid sclution. Both aquation steps can
be described in terms of an acid independent pathway (ko) and an acid
dependent one (kH), the latter consequent to instantateous and reversible (K]
protonation of some of the reactant, Then

k = (k, + kHK[H*})J(l + K[H*])

obs
and although the pattern for dependence for the two steps are different for
the two species, both favour the acid assisted pathway. Comparisons with the
kinetica of agquation of other cyano complexes of Cr{III} are discussed in
detail [311.

The emission spectra of some CrN, XY complexes (N& = 4py, 2en etc) have
been examined as a function of glassy solvent at 77 K. When X or Y is F or OH,
the splitting of the 2T1 level 1s reduced in hydrogen bonding solvents. The
solvent effect on the spectras depends upon whether the lowest component of le
(ZE,Q) is zbove or below 2E in all solvents. If it is above, the spectra are
sharp and solvent independent while if 1t is below the spectra are broader and
solvent dependent [32].

The crystal structures of trans—[Cr(NH3)4(H20)011012 and
trans-[Cr(NH3)4012]I have been determined [33]. Important bond distances are

24+ +
[Cr(NHB)a(HZU)Cl] [Cr(NH3)hclz]
cr-cl 2.298(1) 2.325(1)
Gr-N 2.064(3)-2.086(3) 2.071(2)
Cr-0 2.023(2)%

The water exchange between solvent and [Cr(H20)6]3+ and [Cr(Hzo)S(OH)]z+
has been investigated by 180 tracer studies at various pH's as a function of
pressure. For [Cr(H20)6]3+, iIn k is a linear function of pressure to 400MFa
implying no sclvaticnal change in the activation process [34]. The rate of

acquation of [Cr(HZO)SF]Z+ has been determined in relatively concentrated
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{(1-10M) HClO4 selution and compared wlth the corresponding data for
[or (1,004 (N,) 1% [351.

A series of complexes CrGl3(py.3COOR)3 (R = Me,Et,Pr ,Bu) have been
prepared with the esters of nicotinic acild being used to prevent coordination
of nictinic acid through its carboxylate group. IR studies indicate that all
the compounds have the ligand coordinated through nitrogen in a meridiianal
configuration [36].

1.4.2 Compliexes of bidentate ligends

Reactions of substrituted biguanidines {Rbiq} and [Cr(NCS)ﬁ]B_ in 3:1 molar
proportions in refluxing EtOH gave [Cr(Rbiq)3](CNS)3 [371.

The kinetics have been determined for the quenching of the long lived
excited states of [CT(L-L)3]3+ (L-L = bipy, phen), and the corresponding
ruthenium complexes, by the copper proteins plastocyanin, azurin and
stellacvanin. The kinetic behaviour of the reaction with plastocyanin was
discussed in terms of model in which the chromium complex bindes to the protein
at a site remote from the copper atom [38].

The reaction of [Cr(en)B]Cl with KCN in dmso at 80°C gave good ylelds of

cis—[Cr(en)z(CN)z]Cl. The ateregchemistry of the catlon was elucidated by ion
exchange studies, vibrational spectroscopy and by resolutioun [39].

Irradiation of solid [Cr(en)3]2(820“)3.3H20 in the region of the LF
4Azg — QTZg bands gave conversion to [Cr(en)z(ox)}[Cr(en)(ox)z]_ The yield
wag high and the kinetics of the reaction were studied. The products were
isolated by icon exchange technigues and fully characterized [40]. The
rphotoaquation of [Cr(1,3—pn)3]3+ has been studied in both acid and alkali
solution by absorption spectroscopy, pH measurements and phosphorescence
intensity measurements. It was concluded that two main products,

[Cr (pn), (pnH)(H,001%" and [Cr(pn),(Hy0),1°*, were formed [413.

Room temperature circular dichroiasm (CD) spectra have been measured in the
spin forbidden zEg,leg — 4623 transition for diastereociscmers of a number
of complexes of Cr(III) containing (R)- or {(8)-propylenediamine or (1R,2R)- or
(1s8,25)-1,2-trans-cyclohexanediamine. The compounds studied were of the types
[Cr(en)x(diamine)3_ ]3+ {x = 0,23, cia-[Cr(NH3)2(diamine)2]3+ and
[Cr(NHB)a(diamine)] * . The differences in the ohserved CD spectra between each
pair of diastereoiscmers were accounted for by the separability and additiviey
of the configurational and wvicinal CD effects [42].

Cis—[Cr(en)z(CN)2]+ has been shown to interact Iin solution with other
cations such as Hg(l), Ag{(I) and Cd{(II) and the association constants have
been measured. Isclation of the silver salt formed by addition of AgCN and

determination of {ts structure revealed the Interesting sterecchemistry shown



in (1) which shows that linkage lsomerism has cccurred at the chromium atom.

Bond distances were not reported [43].

N Cr NC — Ag —CN

1)

A series of complexes of the type [Cr(Rhiq)z(NCSJE](CNS) (Rbiq =
substituted biguanidine) have been prepared by the interaction of the ligands
with [Cr(NCS)6]3' in 2:1 proportions in refluxing EtOH [44].

Hydrolysis of [Cr(en}z(S—XCOO)j+ (X = CHZ’ CHECHZ’ CHEZ) involves an acid
catalyzed Cr-S bond cleavage as the first step. The product,
[Cr{en)z(HZO)(OOC—X—SH)]2+, can then react in three ways:- (i) the pendant
thial can coordinate to regenerate the starting material {ii) the pendant thiol
¢an anchimerically assiet Cr-0 bond cleavage to release the compléte ligand cr
{iii)} the pendant thiol can assist Cr-N bond cleavage to give further reactive
producta. The relative rates of these reactione are influenced by the ring size
of the chelated ligand and steric effects Iin the comparisons between X = CH
and CMe, [45].

2

A number of mixed chelate complexes of Cr(III) containing en, 1,3-pn and
fluoride have been prepared from trans—[Cr(en)Fz(HZOJz]Cl in refluxing EtOH by
the following reaction scheme (2). Heating trans-[Cr(en){pn)FC1]Cl or
eie—[Cr(en)(pn)F(Hzo)]Br2 gave a mixture of products including
gig-[Cr{en){pn)FX]X which on reaction with NH,F gave cis—[Cr(en)(pn)F2]+ which
was resolved [46]. The complete series of fluoro complexes of the type
[Cr(aa)(bb)F2]+ {where aa, bb are diamines such as en, pn, chxn) have been
synthesized using the general reaction

[Cr(aa)Fz(Hzo)z]Br + bbb  — [Cr(aa)(bb)Fz]Br + 2 H,O

2

The compounds were all frans except for ois-[Cr(en}(pn)Fz]Br [47]. The
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trans—[Cr(en)Fz(HZD)z]Cl

1,3-pn 2)

P
trans—[Cr(en)(pn)Fz]Cl

HClOA

k

trans-[Cr(en) (pr)F(Hy0)1(C10,), mb—w  Erans~[Cr(en)(pr)F(H,0)ICL,

BH, X (X = F,Cl,NC5) dry

trans-[Cr(en) (pn)Fx1* trans-[Cr (en) (pn)FC1]™

different stereochemistries for [Cr(en)(pn)F2]+ reported in these two papers
may well be correct and due to the different conditions of preparation.

The sclid phase thermal dehydration of trans—[Cr(en)zF(HZO)]{M(CN)A] (M =
Ni, Pd, Pt) to give trans-[Cr(en)z(F)NCM(CN)3] has been investigated by
non-thermal DSC together with isothermal and non-isothermal TG methods. The
proposed mechanism is SNl involving a square pyramidal activated complex and
elimination of water as Frankel defects [48].

The crystal structure of trans—[Cr(en)zF(NHB}](ClOa)z has been determined.
As expected, the stereochemistry is octahedral with bond distances Cr-F =
1.862(3), Cr-NH, - 2.093(6) and Cr-N = 2.057(8}—2.088(6)3 t49].

It has been found that Zﬁcia-[Cr(en)ZClz}Cl undergoes thermal racemization
at 158°C-without any gis tO tpagmg converaion., This result is in accord only
with the rhombic twist mechanism originally proposed for [M(aa)3]3+ complexes,
since the alternative trigenal twist would give both racemizarien and
isomerization [50].

Trans—[Cr(en)zBrz]Br.Hzo undergoes efficient photcaquation in the solid
state to give cis—[Cr(en)zBr(Hzo)]Brz. The chloride behaves similarly, but no
other complex cf the type tpans—[Cr(en)2X2]+ was found to be photosensitive
[511].

The compounds (aa—Hz)[Cr(aa)F4]CI {(aa = en, chxn) have been prepared by the
interaction of CrClB.GHZO, HF and the ligand. The crystal structure of the en
complex showed an octahedral stereochemistry for the anion with Cr-F =
1.885(10)-1.930(4) and Gr-N = 2.079{6)A(av). The compounda hydrolysed in HBr
aclution to give [Cr(aa)Fz(Hzo)z] [52].

CrCl3 reacts with guanine (LH) in refluxing EtOH/triethylformate to give
CrCl3(LH)2. IR evidence suggested that the ligand was not beonded through the
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exocyclic groups (CO and NHZJ and that all the chlorines were terminal. A
polymeric octahedral structure with one chelated and one bridging LH ligand was
postulated {53].

The kinetics of the reaction between [Cr(H20)6]3+

and L-cysteine have been
investipated. A simple first order process was observed which suggests that
ring closure ia rapid. The results are gtrikingly similar to those of an
earlier study of the glycine/Cr{III) system which suggests that a §,0 complex
is formed initiatly [54). The stability of glycine (HG) complexes of Cr{IILI}

have been determined by paper electrophoresis to be [CrG]2+ 108'07, [Cer]+

101432 ana cre, 101723 [551.

The solubility of Cr(acac)3 has been measured in HZOItBuGH and HZOIHEOH
mixtures as & function of temperature and the thermodynamic parameters of
solution calculated [56]. New complexes of the types [Cr(acac)B_x(L~L)x]n+
(L~L = bipyoz, 3,3‘—Mezbipy02) have been prepared. The number of conformational
isomers differed in the two series as a result of the steric interactions of
the methyl groups in the latter ligand. The isomers were resolved with visible
and CD spectra being recorded. Isomerization occurred via an intermolecular
conformation inversion of the bipyO2 ring and racemization coccurred via an
intermolecular twist mechanism [57].

CrOy reacts with 30, in dmso to give Cr2(5207)3.24dmso which is the first
disulphate of Cr(III) [58].

The chiral octahedral complex tris{{-)cyclic 0,0'-1{R}2R dimethylethylene-—
dithiophosphato)chromium(IITI) has been prepared in EtOH solution. CD spectra in

various solvents show a configurational inversion occurs which gives the

diasterecisomeric equilibrium [59]
A-(R,R)(R,R)(R,R) == A-(R,R}(R,R)(R,R)

The sodium salt of N-benzoylglycine (hippuric acid, hipH) reacts with
CrClB(t_hf)3 in refluxing MeOH to give Cr(hip)3 with the ligand acting as a
bidentate. Mixed carboxylates Cr(hip)3_x(Carbeylate)x were also synthesized
together with some adducts Cr(hip)3.2L (L = py, thf etec) in which one hippuric
acid proup is displaced as free anion [60].

It has been found that Pb2+ strongly catalyzes the aquation of [Cr(cx)3]3—
to GiS—[Cr(ox)z(Hzo)z]-. The catalysis 1ls greater than would be sxpected on the
basis of a previously determined relationship (for some transition metals)
between the rate of catalysis and KH—ox’ the formation constant for the first
oxalato complex [61].

The electronic structure of trans-[Cr(ox)z(py)z]_ has been calculated by
the spin peclarization SCF-Xa-SW method. The ground state for Cr3+ is 41’."3?8 and

the calculated electronic spectrum associated with d-J4 and pyridine p-x
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transitions agrees well with the experimentally observed spectrum. However, the
calculated energies of ligand to metal charge transfer transitions show poor
agreement [62].

The complexes azg and tpans—H[Cr(mal)z(nic—N)z] were synthesized starting
from Cr(II} solutionse and their steresochemistries determined using 2D NMR
studies [63]. Complexes of sulphosalicylic acid (55a1H3) have been prepared for
a number of M{III) iong including Cr{(IIl). The specles [Cr(Saal)(HZO)q] and
Cs3[Cr(Ssal)2(H20)2] were 1solated and characterized by electrophoresis, IR and
jon exchange studies. It was concluded that the ligand bonds through the
carboxylate and phenclate oxygen atoms [64].

The 1:1 charge transfer adducts between Cr(dtc)3 compounds and lodine have
been investigated and compared with those formed between thiuramdisulphides and
iodine. The latter form slightly stronger complexes, reflecting the lower
basicity of the sulphur atoms on coordination [65].

Complexes of dibenzoyldisulphide (L) with a number of transition metal
halfdes have been reported and CrCl3 reacts to give CrClBL. IR spectra indicate
chelation of the ligand through its two oxygen atoms with sulphur taking wno
part in the coordination. A polymeric structure with c¢hlorine bridges was

proposed to give an octahedral arrangement about chromium [66].

1.4.3 Complexes of polydentate ligands

CrClB(thf)3 reacts with K[HB(pyz)3] in dichloromethane to give
[CrCl3(HB{pyz}3)}_, isclated as the (AsPh4)+ salt. This anion reacts with
nitrogen bases L {such as py, pyz) to easlly replace one halecgen to glve
CrClz(HB{pyz}a)L and a crystal structure determination on the py compound
showed the donor atoms of the tridentate ligand to be arranged in the faeial
arrangement. Bond distances are Cr-Gl = 2.311¢1), Cr-N{py) = Z2.108(3), Cr-N =
2.043(3)-2.065(3)8 [67].

The complex (L-alanine-N-acetato){L-hiscidinato)chromium{III) monohydrate
has been synthesized and its crystal structure determined by X-ray diffraction.

The L-alanine ligand coordinates as the dianion through two oxygens and one
nitrogen while the histidine ligand coordinates through two nitrogens and one
oxygen. Each ligand coordinates in a fixediq? geometry, but the arrangement of
donor atoms about the metal is meridiongl a8 shown in (3) [68].

The crystal structure of bis(salicylaldehydethiosemicarbazonato(l-))
chromium(III) perchlorate, [CI(CSH8N3OS}2](0104)‘3H2
cation has a bis tridentate (S.N,0) meridionalligand arrangement with the S and

O, has been determined. The

O donor atoms of the ligands ~i{g to each other and the nitrogen atoms tranc.

Bond lengths are Cr-0 = 1.937, Cr-S = 2.416 and Cr-N = 2.038R [69].
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N 0
Cr (3)
1]
Bond distances are
(alanine ligand) {histidine ligand)
Cr-O(acetyl) = 1.960(3) Cr-N{amine) = 2.062(4)
Cr-0 = 1.946(4) Cr-N{imid) = 2.036(5)
Cr-N = 2.078(5) Cr-0 ~ 1.957(4)8

The compounds Kz[Cr(H3L)(H2L)].3HZO and KZ[CT(HzL)(A)].nHZO have been

prepared (where HSL = glutathione (4) and A = anion of amino acide such as

NH NH
SH {4)

L-cysteine, L-glutamic acid and L-aspartic acid). All show intense charge
transfer bands asscciated with Cr-S5 bonds. Comparison with the IR spectra of
other compounds suggests that glutathione is coordinated through a deprotonated
sulphur and the terminal glycine (¥,0}) group with the glutamic acid residue
also interacting with chromium [70].

The magnetic properties of the linear chain molecules [Cr(Pc)F]n and
[Cr(Pc)(CN)] have been measured over the temperature range 4.2-225 K. The
fluoro compound shows antiferromagnetic exchange with J = —121..'41::111_1 and g=

2.00 whilst the data for [Cr(Pc)(CN)]n indicates ferromagnetic exchange with
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J = D.2cm_1 and g = 1.98, This ia the first example of ferromagnetic coupling
in a linear chain Cr(II1I) compound. The differences between the systems were
discussed in terms of the electronegativities of the bridges and the crbitals
which transmit the superexchange interactions Fz11].

The interactions of Cr({TFP)C]1 with wvarious nitrogen bases in
dichloromethane have been ilnvestigated spectrophotometrically. It was found
that axial ligation 1is rapld and that a correlation exists between 1o K for the

equilibrium
Cr(TPP)Cl + L -» cr(rPP){CLIL

and pKa for the ligand, thus suggesting a predominantly o-bonding interaction
in the adducts [72].

Reaction between Cr(TPP)Cl with various thioglycollate esters in chloroform
in the presence of NMequ gave intensely coloured green solutions which are
thought to contaln bis{thiolate)}Cr(III}{TPP) species [73]. The Soret band in
the near UV spectrum was split in a manner simllar te that of cytochrome P&SO
in the reduced state in the presence of carbon monoxide.

It has been found that oxidative cleavage of l-phenvl-1,2-ethanediol to
give benzaldehyde stoichiometrically occurs in the presence of Cr(TPPJ)Cl and
the exogeneous oxidant G-.cyano-N,N-dimethylaniline-N-oxide. This carbon-carbon
lyase reaction is analogous to one step In the remcval of the side chain of

cholestercl by cytochrome P=450 The process Involves transfer of an oxygen

atom from the N-oxide to chromiiﬁcto give Cr(TPP)}0 followed by reaction of this
species with the diol, regenerating Cr{(TPP)C1l [741.

Cr{TPP) reacts with oxygen to give Cr(TPPF}0 and these species interact ta
give (TPP)Cr-0-Cr{TPP) as a blue, very air sensitive material which reacts with
excess oxygen to give Cr(TPP)O. The magnetic moment of the dimer at room
temperature is 1.61 BM per chromium atom and its variation with temperature
indicates antiferromagnetic coupling. An IR band at 860cm—1 ts assigned to the
Cr-0-Cr linkage [75]. Similar hetero dinuclear complexes (P)Cr-0O-Fe(P') were
prepared by the Interaction of CrIv(P)D and FeII(P') where P and P' are the
dianions of different porphyrins. These dinuclear caomplexes react with only one
mole of heterccyclic bases and a partial structural determination of the py
adduct showed the base to he coordinated to chromium. The magnetic properties
of the complexes were interpreted in terms of strong antiferromagnetic coupling
between Cr(III) (5 = 3/2) and Fe(III) (5 = 5/2) centres with J = -130 to
—150‘:‘.:11_1 [76].

Complexes of 1,4,7,l0-tetraazacyclotridecane, [13]aneN4, (L), have been
prepared for a number of first row transition metals including Cr(III).

Reaction of CrClB.BHZO and L in a mixture of dmf and 2,Z-dimethoxypropane gave
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violer crystals of cis—[CrClzL]Cl.HzO, the eis configuration being confirmed by
the electronic spectrum [77]. There is a trend in the stereochemistries of
Cr{(III) complexes from [12]aneN4 to [lS]aneNQ with the [12] and [13] ligands
giving cis complexes exclusively, [14] gives a mixture of o¢g and trens while
[15]aneN& gives only tragnsg complexes. This trend is related to the size of the
cavity in the ligand,

Cis—[ﬂr(NCS)z(tetb)]CNS has been resolved using potassium
antimonyl(+)tartrate and then converted back to the thiocyanate salt {(teth =
(RR};(85)-C(5,123-5,7,7,12,14,14-hexamethyl-1,4,8,l1-tetraazacyclotetradecane.
It was found that the chiroptical properties show extensive solvent dependence.
This was attributed to the fact that the 5 and 6 membered rings are cof opposite
helicity and the sclvent properties depend upon which ring pair is dominant in
a particular solvent [78].

The crystal astructure of traﬂs-[Cr(L)(Hzo)cl](N03)2 (L = 5,5,7e,12,12 l4e-
hexamethyl-1,4 .8 ,11l-tetraazacyclotetradecane} has been determined. The
macrocyclic ligand is planar and the sec NH protons adopt the mesc R{S5R)
configuration and the Me groups at the 7 and 14 positions adopt an eguatorial
orientation. Bond distances are Cr-Cl = 2.307(2}, Cr-0 = 2.090(6€) and Cr-N =
2.074(11)-2.102(7)Z [79].

The crystal structure determination of tr’ana—[Cr(L)(NCS)(Hzo)])CNS)2 (L =
[15]aneN4) shows that the ligand forms an equatorial belt about the metal atom
with all four N-H bonds orientated to one side of the metal, away from the
water ligand and towards the thiocyanato ligand. Bond distances are Cr-0 =
1.997(43, Cr-NCS = 1.976{(4) and Cr-N = 2.050(7)-2.108(63% [80].

In anhydrous solvents Cr(III} reacts with 1,5,9,13-tetraazacyclohexadecane
(L) to give species containing the CrL unit which appear to exist in one ¢is
and at least two frans forms [Bll].

Linear aliphatic tetraamines NHZ(CHZ)nNH(CHZ)mNH(CHZ)nNHZ (denoted as
n,m,n-tet) have been reacted with [Cr(NH3)613r3 and the products identified as
[Cr{tet)Brz]Br. The ligands used were 1,4,7,10-tetraazadecane {2,2,2-tet},
1,4,8,11-tetraazaundecane (3,2,3-tet) and 1,5,8,12-tecraazadodecane
(3,2,3-tet). With 2,3,2-tet all three possible isomers of [Cr(tet)Brz]Br shown
in (5) were isolated although ¢fs-a ia the thermodynamically stable isomer. In
the solid state cis-B converts to cig-o at 20°C and the frgnas isomer converts
to eig—a at 200°c [82].

Reactlion of Cr(III) salts with m-phenylenediamine and 2,3-butanedicne in
refluxing MeOH gave greyish green compounds which, on the basis of IR, magnetic
and electronic spectral data, were formulated as containing the macrocyclice
ligand (6) bound to chromium with the anilons {Cl;Br,NCS)} completing the
octahedral geometry about the metal [83].
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The decompesition reaction of H202 in the presence of [Cr(edta)(HZOJJ-
proceeds via two pathways in which both the aquo and the hydroxy-edta complexes

act as catalysts. Substitution contrelled mechanisme were proposed for the
reactiona [84].

The satudies of "D NMR of Cr{III) complexes reported in previous reviews

have been extended to include fully and partially deuterated edta and related
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ligands. The hexadentate coerdination of cdta (= l,2-cyclcohexsnediamine-
N,N,N' N'-tetraascetate) and pdta {(the 1,2-propanediamine analogue) was
demonstrated by 2D NMR spectroscopy. For the first time assignments of the
contact shifted ZD resonances were made whereas in previous studies structures
had been deduced simply from the number of resonances and the possible

molecular symmetries [85].

1.4.4 Dinuclear complexesg

New dinuclear complexes of the types [(NH3)5MNCCr(CN)5] (M = Rh,Ir) and
[(NH3)5MNCCr(N0)(CN)4] {M = Co,Rh,Ir} have been prepared by heating in the
solid state the double salts IM(NH3)5(H20)][Cr(CN)6] and
[H(NH3)5(HZO)][Cr(NO)(CN)s] respectively. The solid state deaquation-anation
reactions were followed by TG measurements. Activation energies were in the
range (101.4%5 - lZ?.BtS)KJmolql and these low values were taken as an
indication that an SNl dissociative mechanism with a square pyramidal
intermediate was operating [86].

Single crystal EPR apectra have been ohserved over a wide temperature range
for the complexes [LCr(OH)BCrLJXB-nﬂzo {X =1, n=3; X = ClLO,, n = 1; L =
1,4,7-trimethyl~l,4 ,7-triazacyclononane), The zero field splittings of each
excited state (S = 1,2,3) in the exchange coupled system (-27J = 128cmh1) were
derived [B87].

The magnetic susceptibility of di-u-hydroxebis[{({5)alaninate}chromium(III}]
trihydrate has been measured over the temperature range 1.8-290 K., The molecule
is known to contain a highly distorted Crzo2 unit and so provides a stringent
test of the proposed correlation between J and the geocmetry of the bridging
groups. The experimental data show that a simple averaging of parameters for
the two bridges is not sufficient and further theoretical work is required to
fully understand the interactions in this type of system [88].

It has been found that perchlorate catalyses the oxo-bridge cleavage in
[(H20)5Cr-—0-Cr(H20)5]4+ almast as well as chloride and bromide ions.
Furthermore, anation of Cr(III) is not the coperative mechanism since only
[Cr(H Qg ] is observed as the product in all cases and none of the inert
[Cr(H o) Cl] was observed even under conditions when the chloride catalysed
pathway predomlnates- The proposed mechanism involves bending of the originally
linear Cr-0-Cr unit followed by protonation of the emergent lone pair on the
H=0Xx0 group [89]. It has been found that both strong and weak reductants, such
as [Cr(H20)6]2+ and ascorbic acid, also catalyse the acid hydrolysis of
[(H 0) ;Cr-0-Cr(H, 0) ]4+ toe give only [Cr(H 202 ]3+

the aquo dimer show an irreversible one- electron reduction (Elfz = +{.52V wvs

. Electrochemical studies on

SHE) which is about .93V more positive than for [Cr(H O) ] . This may be
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understood in terms of electron acceptance inte the essentially non-bonding
eg(t) MG of the linear Cr-0-Cr system which disrupts 2px(0} - 34x(Cr) averlap,
leading to bridge rupture [90].

Chromium(III} catalyses the oxidation of EtOH by chloranilic acid
(2,5-dihydroxy-3,6-dichlorcbenzoguinone = HZL). Kinetic and spectrophotometric
studies indicated formation of a binuclear complex CrZL as the active catalytic
species [91].

The condensation of the triketone 2,2-dimethyl-3,3,7~-octatrione, H,PAa,
with en gave (HZPAA)zen. Reaction of this ligand with Crz(OAc)h and

recrystallization of the product from pyridine gave GrZE(HPAA)zen]B.pr.H o]

2
which was examined by X-ray crystalleography. Remarkably, the ligand is in the
unfelded form with the two 1,3-diketonate moities bonded to different chromium

atoms as shown in (7) [92].

N N
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Three such ligands are coordinated in this manner to give a Cr-Cr separation of
10.3a0.

The structure of monoclinic NaBaCr,F_, has been determined. The lattice is

29
built of tilted double ¢i3 chains of [Crng]nsn_, containing octahedrally
coordinated chromium, linked by the Na' and Ba iona. Bond distances are

Cr-F(t) = 1.86 and Cr-F(b) = 1.92-1.95% [93].

The energy dispersion of the singlet-triplet dimer exciton in CsB[Cr2clg]
has been studied by inelastic neutron scattering at temperatures down to 1.3 K.
Three exchange parameters were determined; intradimer, interdimer-intra-
sublattice and interdimer-intersublattice. The systematic variation of the

exchange parameters with substitution of chloride by bromide and iodide were
discussed [94].

1.4.5 Polynucfear complexes

It has been suggested previously that dynamic rather than static
distortions best explain the magnetic susceptiblility data for
[CrBO(OAc)G(H20)3]+. However, it has now been shown [95] that the complex
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undergoea a phase transition at 211.4 K and optlcal spectral data clearly show
the presence of two types of trimer in the solid state at low temperatures.
Hence the distorticns at low temperature must be static.

The complexes [CrnFe3_n0(glycinate)6(H20)3]3+ (n =1,2,3) have been
prepared in EtOH{HZO media at pH 2. The compeoaition of the CrFe2 complex was
confirmed by a structure determination. At low pH's glycinate can be made to
coordinate through the two oxygens of the carboxylare because the amino acid is
in the Zwitterion form [96].

Reaction of Crz(OAc)4 with metal acetates In pyridine scolution in air gives
the complexes [CrZMO(OAC}s(py)al {M = Mg ,Co,Ni) which have basically the same
geometrical structure as the [CrBD(OAc)s(H20)3]+ cations. The trimetallic
complexes [CrFeMO(OAﬂ)G(py)B] (M = Mn,Fe) were also prepared and the magnetic
interactions between the metal jons were investigated in detail. They exhibit
antiferromagnetic exchange and the strength of the Cr(III)-Cr{III) and the
Cr{TIT)-Fe(III} interactions are largely independent of the nature of M{II},
but approximately double those in the [Cr30]+ cation. This suggests that the
central oxygen provides the main superexchange pathway in these compounds [97].

Reaction of CrCl3(thf)3 with 2-hydroxyethanediol (hetHz) in the presence of
base yielded Cr3(het)6. A crystal structure determination revealed the
interesting structure of a linear trimer with ligands chelating to the outer
chromium atems and the alkoxide groups acting as uz-bridges to give an
cetahedral array of ¢_g5_ about the suter chromiums and an 06 array about the

53
inner chromium as shown in (8) [98].

AN v
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There has been a re-appraisal of the structures of [Cr3(DH)4]5+ and
[ch(OH)6]&+ which are early members of the serieg leading to the complete
poelymerisation of [Cr(H20)6]3+ golutiona as the pH is raised. It is now
suggested that the unusual formulations for the aquo species (see Review for
1983) are unnecessary, as the acidic character of the complexes can be

explained in terms ¢f intermal hydrogen bonding. A series of structures
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involving more usual uz—OH bridges and hydrogen bonding is now propoaed [99].

Crz(mhp)& (mhp = anion of é-methyl-Z-hydroxypyridine) in warm thf or
diglyme gave a dark green solution from which was isclated Cra(OH)h(mhp)s. A
crystal structure determinastion revealed a distorted cubane-type Cra(OH)4 core,
arranged such that there are two long Cr-Cr diagonals of 2.974(1)R% across two
CrzO2 faces and four short Cr-Cr diagomnals of 2.829(1)3. Four of the mhp
ligands bridge the short diagonals between chromium atoms, whilst the remaining
four bond to chromium atoms through oxygen and H-bond to a u3—OH group through
nitrogen [100].

1.4.6 Photochemistry

Phosphorescence lifetimes and their temperature dependencies have been
determined for [Cr(NH3)5(CN)]2+
of solvents. The lifetimes are in the 10-100use range, which is relatively long

and ¢fig and trans-[Cr(NH3J4(CN)2]+ in & variety

for Cr{iI¥I) acidoammines. Considerable solvent effects were chserved and the
results are discussed in terms of the various processes effecting the lifetime
of the doublet state [101].

The emission lifetimes of a number of Cr{III) complexes such as
[Cr(NH3)6]3+, [Cr(ND3)6]3+, [Cr(en)3]3+ and trans—[Cr(en)2F2]+ etc have been
examined in aqueous solution as a function of pressure up to 207MPa. The
apparent volumes of activation range from 0.lmLmol_1 for
tPans—[Cr(cyclam)(CN}2]+ to +6.9mLmol_l for [Cr(NHB}S(NCS)]2+. The effects of
applied pressure on the LF absorption bands of some compounds and the doublet
state emission spectrum of [Cr(NH3)6]3+ were also examined [102].

The compounds ciz and trans—[Cr(cyclam)(NH3)2]3+ have been prepared from
the corresponding dinitrato complexes in liquid NH3. Both isomers exhibit
strong phosphorescence in solution at room temperature. The emisslion of the
trarig isomer 1s very intense and long lived {136us in dmso at ZOOC) and shows a
12-fold enhancement gn N-H deuteration. The o¢g isomer has a much shorter
emission lifetime and shows oﬁly a weak deuterium lsotope effect. Poasible
rationalizations of these effects are discussed [103].

Electronic absorption and emission spectra, lifetimes and phosphorescence
yields of the lowest lying doublet states have been measured for the hexamine
Cr{III) cage complexes [Cr(sar)1>* and [Cr(diasar)1’* (sar = 1,4,8,11,15,18-
hexaazahicyclo[666]licosane; diasar = 3,6,10,13,16,19-hexaazabicyclol[666]-
icosane}. The photophysics were found tc be markedly different to those of
[Cr(en)3}3+. This has led to a queationing of the mechanism of relaxation of
the excited states in this type of molecule. The earlier work with [Cr(sep)]3+
was interpreted as favouring surface crossing to a reactive ground state

intermediate with higher coordimation number, but this work favours back
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intersystem crossing from the doublet state to an excited quartet state [104].
1.5 CHROMIUM(II)

1.8.1 Simple compounds of chromiwn(II)

The reaction of Cr{(II) with the fumarcnitrile complexes of Co(III} and with
fumaronitrile itself have been investigated in detail., The reaction between
[(NH3)5C0(NCCH=CHCN)]3+ (A) and Cr(II) follows the rate law

—dln[Al/dt = k[cri™*]

with k = (1.920.2) x 10°M 1571 (25%, 0.50M LIC10, /HC10,). The products of the

2+ [or(r,00,1%* and

fumaronitrile in equimolar proportions. When the reactlon was carried out with

reaction after separation by ilcon exchange were [Co(HEO)ﬁ}

a slight deficiency of Cr{(II) an intermediate was detected
spectrophotometrically which, based on its absorption spectrum and its rate of

agquation to [Cr(H20)6]3+ was thought to be (3).

B H ] 3+
/
(H20)56r-NEC—-C 9>
AN
C—C=NK
|
8 H _

Cr(II) reacts with fumaronitrile with a complex serles of colour changes from
blue to red {20 mins) to blue green (200 mins) so that the reaction is not

simply

Z+ S

2cr*t + 28% + NCCH=CHCN NCCH,GH,CCN + 2Ct

although the final product waz shown to be sucecinamide. It was shown that 2mol
of Cr2+ per mole of fumaronitrile are involved in the first stage of the

2+ is involved in the latter part of the

reaction and that no further Cr
reaction. Several intermediates were separated by ion exchange techniques and

all were thought to contain Cr-C linkages, one example being (0) [105].
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2+
(H,0)Cr— CH ~ CN
I (10 )

CH2——CN

The reductions of Co(III) cyateinesulphonato and cysteinesulphinato
derivatlives containing en by Cr(II} have been investigated by stopped flow
spectrophotometry [106].

When the green complex [Cr{OCtBu3}2.LiC1.(thf)2] (described in the Review
for 1983) is dissolved in warm hexane LICI is precipitated and a blue green
complex is obtailned. An X-ray structural analysis showed it to bhe
[Cr(u—OCHtBuz)(OCtBUBJ]Z containing roughly trigonal three coordinate Cr{II} as
shown in (11). The bridging ligands are derived from tri-t-butylmethoxide by

eliminaticon of C, H

4Hg which was detected by CG/MS analysis [207].

gy ad:1t
\c"-/-H
0
£ / \ i (11)
Bu,C0 «=e Cr Cr = GC Bu
3 \ / 3
0
/C\T“
’tBu IBu
Bond distances are
Cr-Cr = 3.075(1)
Cr-p0 = 1.974(av) Cr-0 = 1.838(1)%

Electron diffraction studies on CrCl2 at 895°% suggested the compound

exists as a bent monomeric species with about 30% of a dimeric form with two
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bridging chlorine atoms alsc present [10B8]. The geometrical parameters derived

from the analysis are

MONOmer dimer
Cr-ci(t) 2.207(10) 2.208(8)
cr-c1(b) 2.353(10)%
C1(t)-Cr-c1{t) 72°
C1(b)-Cr-Cl{b} 82°

There has been a detailed study of the optical spectrum of single cryatals
of the two dimensiocnal ferromagnet (HeNH3)2[Cr014] in the region of the quartet
te triplet LF transitions at 5330 and 62708 from 1.6-9 K. Below 2 K there is
evidence for cold band intensity arising from a small amount of spin canting
£109].

The thf adduct of GrClz reacts with dmpe to give trans—CrClz(dmpe)z. Bond
distances are Cr=Cl = 2.34B(av) and Cr-P = 2.368R(av). It reacts with LiMe to
give tﬂanB-CrHez(dmpe)z which has bond distanceas of Cr-C = 2_.16B(4) and Cr-P =
2.3458Cav) [110].

(NHeq)[CrBr3] has been prepared by the addition of HHeABr to a solution
obtained by the reaction of chromium metal with HBr gas in glacial acetic acid.
X-ray powder diffraction patterns are similar to those of the fully
characterized chloro analogue, The magnetic susceptlbility data at low
temperatures was analyzed in terms of the linear chain model and it shows the

compound to be antiferromagnetic [111].

1.5.2 Metal-metal bonded speciea

Generalized moleclar orbital and CI calculations on Crz(OZCHJ4 and
Crz({NH}ZCH>4 at various Cr-Cr bond lengths have been reported. The
calculations gshow that the Cr-Cr bond length in the aminoiminato complex is
(0.4B% shorter than in the formato complex. This is due to the stronger donor
(NH)2CH causing the chromium orbitals to expand, thus giving better Cr-Cr
overlap. Although axial ligaticon effects the Cr-Cr distance, these theoretical
studies show that the nature of the bridging group does effect it also [112].
2CH)4 and
[H2(020H)QJ+ (M = Cr,Mo,W) to yield the M-M bond distancea and force constants,

Hartree-Fock-Slater calculations have been performed on Hz(o

For the cations, the three alternatives of the electron being removed from o,x
and & orbitals were considered [113].

The kinetics of the reaction betwean Crz(OECMe)4 and [13]_ have been
studied in HOAc in the presence of Nal. The reaction is rapid and the spectrum
of the final Cr(III) preoduct closely resembles that of [CrBO(OAc)e(H20)3]+. The

kinetics support a mechanism of diiocdide adduct formation (presumably axial)
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before dissociation into monmeric species and subsequent oxidation to Cr(III)
[114].

1.6 CHROMIUM(1} AND CHROMIUM{O}

The electronic and geometric atructures CrH+, CrCH3+, CrCH2+ and CrCH® have

been investigated by ab-initic MCSCF and CI methods. The ligands CH CH, and

3 1
CH form single, double and triple bonds respectively with crt [115].

Reduction of tnans-CrClz(dmpe)z under N2 by Na/Hlg in thf gave red
trans—Cr(NZ)z(dmpe)z, although if the time taken for the reaction was limited
some brown crystals were isolated which are thought to be of the ¢is isomer. A
crystal structure determination of trans—Cr(Nz)z(dmpe)z gave the bond distances
Cr-N = 1.874(3), Cr-P = 2.2970(5) and N-N = 1.122(3)X. The shortness of the
Cr-F bonds compared with those in trans—CrMez(dmpe)z suggests that some back
bonding to phosphorus occurs in the dinitrogen complex [115].

Cr atoms were co-condensed with water in an argon matrix at 15 K. An adduct
was formed resulting in a decrease of the Vs bending mode of water by 13_1cm_1.
Photalysis of the adduct caused insertion of chromium to give HCr{OH) which is

non-linear [116].
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