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INTRODUCTION

The review on chromium chemistry this year deals mainly with the insrganic
and cogordination chemistry of the element which was cited in Chemical
Abstracts, Volumes 100 and 101. Thus most of the work published in 1984 and
some published towards the end of 1983 will be reviewed. Although chromium
crganhometallic chemistry is not Tormally ing¢luded in this review, reference is
made to some papers of general interest.

The organization of the review ls similar to ghat of previous yeara. The
various oxidation states are dealt with in turn with individual syatems ordered
in terms of the nature of the donor atoms. Chromium chemistry iz dominated by
the trivalent state and, for cohvenience, this large segment of the review is

divided into sections according to the nature of the lligands.

+ND REPRINTS AVAILABLE.
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1.1 CHROMIUM(VI)

quMg(CrO o 5H20 contains discrete regular tetrahedral [Crcuje_ icns with
Cr=0 = l 650alav) [1]. Volumes of activation for the base hydrolysis of
[Cr O?J 2= have been measured at 20°¢C using high pressure stopped flow
spectrophotometry. The walues of AV¥* for OH NH3' HEO and 2,6-1ut as hase are

~17.940.6, =1G.220.G, -24.920.9 and -26.0x0.7 respectively and are consistent
with the (Ja) mechanism deduced from kinetic studies on fhe same systems (2.
The cyelic polyether 1B-erown-6 gelubilizes chromate in CHCl. to give a
solution which is stable in the dark. However, light causes éeccmposition which
has been followed spectrophotometrically. [HCrOuT_ and CrO;,Cl.2 were detected as
intermediates in the decomposition to Cr{IITI) [3]. .

Chromyl chloride reacts almost quantitatively at 0% with F-zppi-butyl

hypochlorite according to the eguation

- =¥ " Il w -
ur02C12 + _{CFE)BuOCl — uroef(CLg)ECCJz + 2C12
bo give chromyl F-fepf-butoxide. This new chromium compound is a thermally
atable orange liquid, aithough it is decomposed by light. It is extremely
sensitive to water vielding z yvellow Cr(VI) solution and CFACOH (4.

The reaction hetween Cr0. and excess perfluoroglutaric Edhyd?l&e glves

3
chromyl perflucroglutarate in almost cuantitative yileld
\rﬂo_‘ 35°C, 54 [ .
Cr’O3 + {O;C[CF?)EC(G) ———=—  Cro,L{CF, JSCGOJ2

dark

It is o brown solid which readily hydrolyzes to HECrOk. in analogous complex
was obtained using perflucrcsuceini¢ anhydride. The involatilify of both
compounds suggests a polymeric structare with the bifunetional group acting as

a bridge between chromium centres. The IH spectrum of the glutarate complex

-1
T

showed Cr=0 stretchea at 970 and 950cm = [5]. Similarly, Crog, K,Cro, and
CrO,)CI2 all dissoalve in chlorosulphuric aecid to give CrOE(SOBCl}E. The dark

green splid has been isclated and characterized by analytiecal, conductance and
IR methoda {E6].

The reaction batween aqueous Va£CP207 and galena (Pt3) is commonly used in
the froth riotaticn of galena from other metal sulphides. XPES studies reveal a

combination of PbCrOa and Cr 0O .nﬁgo with a layer of chemisorbed CO. on the

273 2
surface, thus forming a2 mixed compler of The type Cr? 3 nH G, YLU (7},

The kineticz of the oxidation of formic acid by chromLum perox;dichromate

have beeh studied [87. In solution shis compound decompoaes according to

— oot 4 3ler.0.7°T + 30

Cr_(Cr. 0O 504

2(Cro0g)s



The peroxy oxygen reacts rapidly with substrate formlce acid, but the rate
determining step is

SHCODH  + [0r20712“ —  200_ + 2[HC1~03]' + H,O

2 Py

The resulting Cr(IV) species disproportionates $o Cr(III) and Cr{V) which also
reacts with HCOOH [8]. Similar oxidations by chromium peroxydichromate in
dilute H2504 of D-galactose, D-xylose and L-arabinose have also been studied.
The reactiona are all first order with respect to substrate, oxidant and
sulphuric acid concentrations [9]. The reaction between [Crou]z_ and L-cysteine
at neutral pH has been studied. A& 3:1 stoichiomeiry was established and the
rate law is

~dfer(VI)J/dt = all-cys1°LEr(VI)1/(1 + b([L-cys])

where a = 140113M-25-1 and b = 220&251“1_1 at 288 K. Several mechanisms are

possible, but the favoured one involvea initial Formaticn of a chromate thic
ester, a two-electron reduction of Cr(VI) with formation of L-cystine, and
following steps to complete the stolchiometry [10].

A new preparation of CrF6 has been reported in which Cr03 is reacted with

F2 at 170°C and 25 atm pressure [11]. The lemon yellow solid, which gives a

bright yellow vapour, is readily separated from CrF_., whieh is also formed in

5
the reaction, by sublimation at room temperature. The IR spectrum of CrF6 in a

N2 matrix gives a Cr-F stretech at 758.9cm_1 and the chromium isctope pattern

confirms the Oh aymmebry.

Part of the lazer induced flucrescence spectrum (17,900 - 18,600cm_‘

) of
CrOaFg has been obtained at an instrumental resolution of better than
O.Do1cm-1. This spegtrum, Ltogether with that of dispersed fluorescence, allowa
identification of the (0,0) band of the absorption speetrum and several
progressions in the lowest bending frequency [12].

The reactions between ClCr02+ {generated by 9%V electron impaet in a
selected ion flow tube) and alkenes have been studied in the gas phase [13].
Reaction with ethylene gives two producks arlsing from oxygen transfer, C2H30+
(75%) and C1Cr0" (12%) and one, ClCrOCH2+ {13%), containing both carbon and
chromium. The favoured mechanism for the reaction is insertion of the alkene
into the Cr=0 bond to give an oxametallocyclobutane which then undergoes
reductive elimination of CH20 Lo give ClCrOCH2+ in accordance with the theory
of Goddard and Rappe which was described in the 1582 review.

Cr(VI) is widely used az a selecfive oxidant for organic systems, but
little is known of the chromium reduction products. It has been shown that when

(pyH)[Cr0.C17] is used to oxidize n-oetancl, the chromium product is

3



(pyH)[CrOECl]. The identity of the Cr(IV) ccomplex was confirmed by the

disproporticnation
3Cr{IV) -— {Cr(VI} + Z2Cr(III;

by oxidatlon sxperiments and by maghnetic measurements. I contrast, reduction
of (pyHJ[CrEOT] with hexanocl gave a sollid which appears, on similar
experimental evidence, to he CP205 f14].

1.2 CHROMIUM (V)

During the course of the sxidatlon of ﬂis—fCr(phen)g[HEG)EJ to CriVvI) by
pericdate ieci, a lotg lived infermediate was observed wnich could be isplated.
The red-trown sglid proved to be [Cr{phen]e(IOG}] and the EPR spectra of the
salid and of a glassy solution were similar to fthose of other Cri{V¥} species.
Tne magnetic moment of the complex was feund fo be 1.94% BM. Tne [106]5—
conformation of the periodate fon is only cbserved with highly charged metal
centres, and the sfructure of the complex is thought to bDe square pyramidal
with the [106]5w ligand menodentate in the axial position ['55.

The reaction between Crd. and Bri_ ia known o give the adduct

3 3
Cr‘OFS.O.SBrF3 and this has now been shown to glve pure CrGFB upon heating in
fluorine at 120°C [16]. The IR spectrun indicates terminal oxygen (v =

Cr=0
990cmh1) and both bridging and terminal fluorinve ntomzs, sc a pelymneric

structure of the type (1) is propoesed.

O O
”’ F\(.|‘.Ir/F\C”r/F‘\\
\F/I\F/l \F/
F F

(1)

Several methods of preparing oxofluors anions of Cr(V) were investigated; all
gave [CrOFu]_ and no evidence was obtalned for the formation of [CrOF5]2_ in

the solid state. Cs[CrOF,] shows v = '00%cm | in addition to bands assigned

Cr=G
to both bridging and terminal fluorc groups [161. Zalts of [CroCl, 1" were



prepared by reducing Cr0_ with acetyl chlaride followed by addition of

py¥ridine, bipy or phen ii glacial acetic aeid [17)]. Alternatively, reduction of
Cr‘O3 in glacial acetic acid by gaseous hydrogen ¢hloride in the presence of

base led Lo the salts [CrOCl5]2_ [18]. Neutral adducts CrUClB(L-L) {L-L = bipy,
phen) were isolated by reducing Crd. in SOC].2 followed by addition of the

ligand in MeCW [17].

3

CrF5 is mouomeric¢ in the gas phase and should show a Jahn-Teller diatortion
from ideal D3h symmefry, Electron diffraction studles show that a sz model
(increase in one equatorial angle and displacement of one axial fluorine
towards this gap), and also an unreallstie four distance model, both showed
better fits with the experimental data than the exact D3h structure. The astual

structure could net be determined, but one possibility ias a dynamie Jahn-Teller

distortion averaging to a € v structure. No evidence could be found for a

2

contribution from the C,  structure [191.

Ly

1.3 CHROMIUM{IV)

i theoretical study of the electronic atructure of [CrFﬁ]e_ has been
carried out using several methods of calculation. The best calculated spectrum

agrees with the one observed for Rb_.CrF, within 1.5kK [20].

z &

1.4 CHROMIUM{III)

1.4.1 Complexes of simple ligands

*+22+, 3+ have been determined and

The crystal structures of [Cr(CNPh)6]
together with the previously repaorted ztructure for [CP(CNPh)GJO represent a
unique example of structural data for a metal which attains four oxidatien
states with the same ligation. In all gases the metal =tersochemistry is
octahedral although there is considerable angular distortion in the Cr{II)
complex and a slight axial elongation (Jahn=Teller?} for Cr(I}. There is,
surprisingly, a gradual inerease in Cr-C bond lengths in the sequence Cr(0) to
Cr{TIII), and a corresponding decrease in the C=N distance. This probably
results from decresased back bonding to the ligands [21].

Ab initio BCF calculations have been carried out for [Cr(CN)6]3- in its
ground state, for a zselected zset of ligand field excited satates and for the
average of the ligand field states (av. d3). Unfortunately, the SCF results are
only moderately successful from a quantitaktive point of view [22]. The erystal
atructure of the elpassclite CSEK[Cr(CN)éj has been determined, the anion is
almost perfectly octahedral with Cr-C = 2.072(2)4 {23]. In the complex
[Cr{ur‘ea)Gj[Cr‘(CN}ﬁ].(dmsc)g{EtOH)2 bath cation and anion have regular



sterecchemistrv [24] with

Cr-o = 1.960(2F - 1.982(1)4

Cr-C 2.07T402) - 2.081(2)

, [Cr(CN)50H33' and {Cr{CNJS(OH}3]3_ all produce [Croujz_ upou

rer(cNy, 37
exposure to UV Irradiation in alkaline solutien. It is thought that the initial
step iz reduction to a short lived Cr(II) species which is subsequently
oxidized to Cr(VI) [23]. In ¢ontrast, although the ¢omplexes
[Cr(CN)E_X[HEO)xNOTX_3 {rn =0, 3 or %) do lform some Cr{¥VI} under irradiation in
alkali solution, the reaction is not quantitative. Two reaction pathways were
demonstrated, one leading te Cr(¥I) ahd the other to displacement of N, but

the product remaining as Cr{III}

- i o YN
LCPUE{H2O}X] + noe + [(3-x}CN

- ? e
fer(an), | (8,00 NoI¥™3

0.,CHE

fora, 197 + HO.T + {(S-x)CH™
4

2
with the formation of [CFOMJE_ being the minor pathway (<20%) [267.

It is rare for a polyatomic molecule with many normal modes of vibration to
show significant intensity in ites Raman overtones. However, ECr(CN}5N033h coes
show such overtones and this has led to the first successful calculation of the
displacement of a petential surface along a given mode for such a multimode
polyatomic complex from the Intensity of its overtones [27].

., was prerared in solution by

}
354
and [Co[CN}6]“ . Such a complex provides

The bimetaliic complex :fNC)SCO(U—CN}CP(NH
the interaction of [Cr(NH3J5(HEOJ]3+
an ideal ecame for studying intermclecular energy transfer as Lhe gpectra of the
{wo independent transition metals are quite different. Irradiation at 373nm
gives bridging eyanide labildzation and formation of "COECN)SEHEOEJE_- Good
evidence or intermolecular energy transfer was obtained by the observation of
seitzitized acceptor emission [»8].

[Cr(NHBPS{NCO)]2+ nydrolyzes 1u aeid solution {(0.04 - O.6M HClOuJ to give
C02, ECr(NH3J6]3+ and other unidentified Cr{III) products which are probably a
mixture of triammines and diammines. The proportion of [Cr‘{NHq]GJj+ formed
decreases with (K] and increases with inereasing temperaturewagj. The
chserved rate law is of the form

~4LCr{NH 2+

. .
NCQY Cfdt = kobS[Cr(NH J5(hCO]

35! 3

where kcbs = a[H+]21(1 + b[H+]EJ



and at 55°C a = 0.36M‘1s”2 and b = 6.9 x 10_3M-1s"'.

The thermal decompositions in air of a number of imidazole,
N-methylimidazeole and 2-methylimidazole derivatlives of Cr(III) of the types
[CrL6]3+, [Cr‘LSKJE+ and 2{g and Lrans—[CrLuX2]+ have been investigated. A1l
eventually give Cr203, but differences in the reaction pathways can be related
to the trans effeets of the halogens in the compounds {30].

The kinetics of the reaction between [Cr(NHqJS(HEOJJB* and azide ion have
been investigated at pH 2.5 - 4.5 [31]. The firpt order rate constants For the
formation of [Cr(NH3}5(N3)]2+ show a dependence on total azide concentration,

[N3-]T, of the form
- + +
KobS;[N3 ]T = fk1Ka - k2[H ])f(Ka + [ 1)

where Ka iz the aeid dissceciatlion constant for HN. {which is the dominant fornm

3

of azide under these conditions} and k, and k. are the rate constants for the
i

2
3+ -
reactlons of [Cr(NH3}5(H20)] with [N3] and HN3

differs from one previously reported which falled %o take into account the

respectively. This mechanlsm

pessibility of HN3 involvement.

Photoinduced ionizations and photochemical ammine ligand agquation for the
complete series of {CP(NH3)XEH20}6_XJ3+ complexes have been examined and the
quantum yields determined. The reactivitiez of the tetraammines and triammines
are dominated by photoilonization [32].

Volumes of activation for the aquation of [Cr{NH26H3)561]2+ and for several
Co(IIT) complexes have been determined (33]. The aquation rates for the cobalt
complexes increase with pressure, but that of the Cr(III} complex is
independent of pressure. The data for [Cr(WH.CH.} Cl]2+ is net fully censistent

27°3°5
with an Ia mechanism and differs from the data for [Cr(NH3)5Cl]2+. It is
suggested that there is a c¢hange in the Importance of bond making and breaking
between the two chromium complexes.

A number of complexes of Z-amino-benzothiazole (L) (2)

2)

NH,

. 47,
of the types CrClaL3. CPELB(SOH)3' CrL3(N03)3 ete. have been prepared [34]. IR



evidence suggests that the ligand is coordinated through the amine nitrogen, :in
contrast te complexes of this ligand with Zn{II}, Hg(II;, Cu(T) and Ag{I) in
which coordinaticn is taought to oceur through the endecyelie nitrogen (347,
The kinetics of the substitution of aquo ligands in ECr(HQO)5OH]2+ by
DL~=phenylalanine have oeen investigated and activation parameters have been
evaluated. The mechaniam is thought to invelve sutersphere association between

Cr( OJEOH]2+ and phenylalanine (in the Zuitter lonic form) foilowed by an

2
asgociative interehange mechanism [357.

The second order rafe conatant For the reaction

. -2
ce® 4 PhCH,”  —=  [OroH,Pn]""
£ o

™17V in 0-2M Meo in water, 0.05M

HClOa at p = 0.10M at 2308. This value is based on flash photelysis
ul
determinations of both the photohomolysiz of [CrCHEPh]L+ and the

has been determined to be {(8.5%0.6) x *0

o £

photodecomposition of (PhCH?}pco itt the presence of et r36]. The rates of the
. o z -

reveraible alkyl group transfer between Cr * and [Co(I;](dmgBFe)?{HEO)NT

ce 4+ BCo(dmgBF.), == RCro* + Co(dmgBF,)
2°2 2’2

have been investigated In both directions and show a dependence on steric
effects consistent with a 5,2 mechanisa [37].

The kinetics of the hydrciysis of [(HEO)SCr(CMegoH}]2+ in the pHE range 0 -
5.6 have been investigated. The rate of hydrolyais increases at pE 2 although
the kinetic law incicted that the mechanism dpes not change from hycrolysis teo
homplysis. The reason for the acceleration of the reaction is due to the
eguilibrium

T{H_O].Cr{CMe OH}]2+ = T[H,0),(0H)Cr{CMe OH)1" + H.O
5 2 2700

2 2

LAl

and the rate of hydrolysis of the hydroxo complex is faster than that of the
parent compound [38].
Complexes of the extepsive family {[H20]5CrH]2+ (R = CHEOMe, CH({Me JOEL ,

CHMe2. CH,Ph) all react with hydroxyl radicals to give Cr-C bond cleavage via a

chain reaztion, although the process involves only short chain lengbhs due to
efficient chain terminating reactions [39°.

f{HzO]BCr(CMeEOH)]2+ may be used as a sourge of CHeEOH' radicals. These in
turn react with alkyl iodides, RI, to give the alkyl radicals which may then

interact witn cr”" to give the overall reaction

2+ 2+ - 4 . .
[(HEO)SC.(CMeEOH)] + BRI —= [(H20)5Crﬁ} + I + H + (CH3)2L0



thus effectively giving a c¢onversion of one organochromium complex to another.
The kinetics of this reaction for several alkyl lodides have beet examined and
found %o be pseuwdo first order and the identitlies of the organochromium
products were established [40].

The volumes of activation, av*, for the acld independent heterclysis of
[(HZO)SCP(CMEZOH)]Z+ and [(H20)5Cr(CHHeE)]2+ in HC10, have been measured and
the results (0.320.2 and -D.212cm3mol'1) are conslstent with the separation of

propantl and propane respsctively as the rate determining step. For the

* -
concurrent, homolyfic pathway leading to Cr2+(aq), AV 's are +15.111-60m3m01 !

2rnc>l"1 reapectively, values which suggest

(independent of pressure) and +26f2em
extensive breaking of the aolvent cage with the free radical separation from
cr®t [413,

Although Cr(IIL) forma many relatively stable alkyl complexes
[(HEO)BCPH]2+, those containing B-OH groups readlly decompose. It has
previously been proposed, based on UV-visible spectra, that elimination of
water from E(H2035Cr(CH2CMe20H)]2+ glves either [(HEO)SCr(CHZCMe:CHz}]E"' or
((Hao)SCr(CH:CMeZ)]2+ {both containing Cr-C ¢ bonds) before the final
elimination of Z2-methylpropene by protonztion. New evidence, based on the mass
spectrometric¢ examination of fhe Z-methylpropefie produced in deuterated
solution, now{shows that the intermediate is a surprisingly long lived alkene
complex [(H20 5Cr(CH2=CMe2)]3+ whose UV-visible spectrum is deceptively aimilar
to those of the alkyl complexes [LZz2].

57Fe and 151Eu Moessbager measurements on the Perovskites EuE‘e“_xJMXO3
{M = Al, Ga, S5¢, Cr, Mn, Wi} have been investigated in detall and the principal
result iz to establizh that the Fe(TII}-0-Cr(III) superexchange coupling in
orthoferrite and orthochromate solid solution i{s antiferromagnetic [43]. The IR
apectra of some i{riple orthovanadates TlM(II)CrE(VOM)3 have been observed., The
bands due to the Cr-O6 groups in the lattice reflect the different types of
condensed Cr0, units in these compopunds L[A4].

The absorption, emlssion and excitation apectra of Cr(III) were obtained
for transparent glass ceramigs contalning B ~quartz and petalite~like phases.
Emission from 2E and MTE levels were obaerved aimultaneously at room
temperature [45], )

In a series of papers [46-48] the solubilities of a number of salts of the
[Crfurea)6]3+ cation have been determined in water/methancl mixtures; these
were then used to derive frapsfer chemieal potentlals for the anlons.

Oriented single crystal Raman specira have been determined for a number of
Lransition metal alums CSM(SOH)2.12HED which contain the hexa-aquo metal
cations. The totally symmetris stretching modes are higher than previcualy
reported from measurements on aguecus solutiohs, and they vary with the

reciprogal of the metal-water bond lengths. For chromium, the band appears af
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=1 - -
S540cm ' [49]. A basic chromium selenite 2er(SeO?}2.Cr(OH)3.1nH?O has been

reported. The IR spectrum and the Znsolubllity of the compound suggest a
polymeric structure and itz electronie spectrum and meaghetic moment suggest
oetahedral Cri(ITI; [5C].

The complex [(Hzmscpmcme)ﬁ*
and the kinetics of I1ts hydrolysis to fCr[H20J5J3+ and MeCN have been

has been prepared in solution by twe tethods

devermined. 4 key factor In the characterization of the complex is that the
kinetics of hydrolysis of the products of the two very different preparative
routes were in fact the aame (51].

Rate parameters fcr the eleciroreduction of a numter of Cr{lIi) complexes
adsorbed onto Ag electrodes througk CKS ™, N3_, €17 or Bro bridging lisands have
been evaluated. Unimoleculayr rate constants Cor electron transfer wore
determined by rapld sweep veltammeiry. When the data were compared with similar
measurements at a mercury elecirode, marked differences were appareal showing

that the metal surface exerts a asignificant influence ot the electropn trausfer

step (527,
It is known that CrfCéHG)9 nay be absorbed into the lamellar compound Fei-‘S3
at abouf TSOOC to give FePSQ{Cr(CEHB)?}O 30 without noticeable decompeosition of

the guest rompound. However, It is utow reported that =zt 1500E. when =

de-oxygenated toluene solubion of Cr[CﬁHﬁ)2 is rencted with FeP5_,

decomposition of CrfCBHé}2 ocgurs within the interlamellzr space to give a
material FeSPBCery fx = vi. Y-ray powder diffraction showz {hat the

interlamel lar distance s about ©.424, the mame azs for FePS, itsell, bub a

3
detailed structural determination was rtiot possible because of numercus defects

in the lattice. EXAFS studies on FelP_Cr, ?C, showed & Cr-3 bond of 2.37 x

3 i
0.024, suggesting the prescnee of Cr(IT1) and alsc Fe=3 and Fe=C bonds [537.
A deftailed study has been made of the gquaternary spinel systenms

Cd, _Cu Cr.B Cd, _Cu Cr Se, and Mo, _Culr, 5, by {-ray diffracticonh at high
- Xk 27Th \ X

4’ o
tempzraiurz and also onh rguenched samples fﬁ#]? The hexagonal bronze-iike system
beCrFS, prepared by the interaction of the spproprlate guantlities of BbF, CrF2
and CrF3 at 35000, spans the compositlion range x = 0.18 - 0.29. Detalled
studies of the structural and magnetic properties are reported [55]. The

structures of the mixed oxidation state compounds quCr%F and CshCoCth,S

18,24
have been determined by single ¢rystal X-ray diffraction. Thiy exhibit a new
triple layer arrangement of octahedra, with average Cr-F distancea of 1.520 and
1.6294 respectively, with the smaller average value being due to the greater
proportion of Cr{III} in the structure [R67.

The equilibrium constants for Cr(IIT) and Cr{IT} Inner and outer sphere
complexes with C1°, Br and I have been determined (57] by elecirochemical

methods. The IR, Ramatr and flucrescence spectra of Cr(JIT) in a Cs.,NaSeCl, host

6
. . . U il
lattice have beenh reported. The quenching of the TH? — ﬂz fluorescence Iz
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temperature dependent [58]. The IR and low temperature Raman spechkra of
CSECrC15.RH20 have been measured; a previous X-ray study has shown the compound
to contaln the trans—[CrClE(H20J4]+ ion. & normal coordinate analysis was
carried ocui on this compound and the same structure was deduced for the

corresponding bromo complex. The important band assignmeniz are [59]

R IR
-1
Voreo 490 515em
Ver_cl 289 368
vCr-Br 304

A series of complexes CrCl {L = imidparzolethione) has been prepared and

L
spectroscopic evidence (especigliy IR} suggests the ligand is coordinated
through sulphur [60]. As part of study of glycine derivatives of several
bransition metals, the complex [CrCl3(glyH}2(H20)] was prepared in aqueous
solution at pH 2-3. The IR specirum suggested the ligand was coordinated
through the amine funetion [61]. CrClB(tth3 rea?ts with one mole of NaOR in
ROH to give soluble CrCla(OH}.EROH (kR = Me, EL, IPP, " Bu) which when heated
give unstable CrCla(OH} compounds. The alcohslates are octahedral and hence
dimeric in the selid state, probably with bridging OR groups, although they are
menomeric in ROH solutien. The ROH groups may be readily exchanged with

different alcohols, bub not the OR groups [62].

1.4.2 Complexes of bidentate ligande

The CD apectra of a number of aptically active dinitritobis{diamine)-
chromium(III) complexes have been measured in the visible and near UV region
and the stereochemical and conformational (rotational) isomerism of the
ceordinated nitro groups are diacussed on the basis of the solvent dependent CD
spectra of the intraligand band localized on the nitrc groups [637.

k earbonyl-bound nicotinie acid complex trans—[Cr{1,3—pn)2(nic-0}2]Cl has
been prepared and it is stable at the physialogical pH range [64]. The
coordination of the nicotinic acid Lhrough oxygen was conflrmed by 2D NMR (it
was reported in the review lazt year that 2D NMR may be used to determine the
stereochemistry of paramagnetic Cr(III) complexes). Labelling of nicotlnile acid
by D at the 2 positions gave a 2D NMR signal at +9.9ppm which on coordination
through the carbonyl gave only a small shift to +9.1ppm. In contrast,
previously known ¢omplexes of Cr{(IIT} with the ligand ¢oordihated through the
pyrldyl nitrogen gave a dramatie shift to abeut -70ppm, thus providing an NMR
method of determining nicotinle acid c¢oordinaticn in solubtion. The complex is

thought to be stable towards hydrolysis because of the effecis of the bulky
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1,3-pn groups [64].
Reaction of «is-[Cr(X(H,0)(en),JX, (X = Cl1,Br) with H[M{cw), 1 (M = Pa, PE)
gives the double salts eis-FCrX(HEO}(en)ej[M(CN}a] which, on standing in a

3J' React ion

desiccator, yield the cyaneobridged complexes gis—[X(en)?Cr-NC-M(CNJ
of cis—{CrX(H2O](en}23 with [Ni(CNjujgﬂ gave the narresﬁonding nridged
complexes directly [65]. The presence of the cyano bridges was confirmed by IR
spectroscopy. Some further examples of cymio bridged specles, In this case
hetween twe chromium atoms, have been prepared by heating the appropriate

doubly complexed species

transg -MLCrF (H20 Ylaa )23 fericu) 6] — aig=Ml{aa )2FCrI\TCCr { ch)5]

—
[
=
—

trang ~[CrF (8,0} (aa}, J{Cr(NOI(CH) ] — i -t1l(aa) FCruCCr{NO
M= K, Na, NHu+; aa = en, 1,3-pn

and their magnetic properties have been investigated [66]. The reactions
z,mns-[CrF(HED)(anEJLE — [CrF{aa)g"ijI

{aal. = len)

5 (T,%—pn)2 er (eni(1,3-pn)

2!
have alsc been investigated by thermogravimetric methods and their kineties and
activation parameters determined. The activation energies are low and suggest a
SNl type mechanism with 3 square pyramidal activated complex [67].

The ligand field absorption CP spectra have been measured for a series of

new complexes frans ~[CrF [diammine),}]+ {where the two diamines may be the same
=

or differsnt) in an atteépt to separate the varicus contributions to the CO
effect. The additivity of the CD contributions for the individual chiral
diamines was substanfioted iIn moznf cases, and the conformational and vicinal CD
csoptributions due to the puckered rings and the asymme{ri¢ carbon atoms,
respectively, were differentiated {68].

??ans—[CrXE(aa)zlx (X = Cl, Br; aa = en, ',2-pn, 1,3-pu) are all
photoisomerized to the ~Fp Isomer in methanol solution, bul o 24g —= *rgne
isomerism is observed. These observations are in contrast te thermal
isomerization of the selids reporited in previous years for which 27 — ¢{rngme
isemerism occurs for en and 1,2-pn complexes and frgna —e oz lsomerism for
1,3-pn compounds. The photoisomerization iz thought to oecur via a pheto
disaseciation to give a square pyramidal structure which could than lacmerize

as followa
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The ois-[CrXa(aa)ajx complexes all undergo a further slow photosubstitution
{0 give products which are thought to be fhc—[Cer(HeOH)(aa)23+, containing a
monodentate diamine, but these complexes c¢ould not be isplated [693. The
complexes [Cr(I,B—pn)(NCS)u]_ and tpfms—[Cr('I,3—pn)2[NCS)2]+ have been iaolated
and characterized [70].

Using Crx3(thf)3 {X = C1, Br) as starting materials, fge and mer—[CPKBL]
have been prepared (70] (where L = a tridentate ligand su¢h as
PPh(CH2CH2PPhE)2’ CMe(CHBPPh2)3, AsMe(CHECH2CH2AsMez)2, S(CHECHECstﬂe)2 or
potentially quaridentate ligands such as P(CH28H2PPh2)3, As(CHECHECHZAsMeg)
which behave aa tridentates). Some CPFSL complexes were alao prepared by
reacktions of CrCl3(tht‘)3 with AgF followed by additlon of the ligand. Complexes
of 1:2 stoichiometry CrL213 were obtained in the iode aystem (L =
PPh{CH,CH,PPh,),) which are thought to have CrP. coordination, but in [Crl,I,lI
(L = CMe(CHEAsMeE)B) the ligand is thought to act as a bidentate. Conductivity,

3

UV-visible anhd IR studies served €6 identify the coordination and isoweric form
of the complexes. The structure of‘mer—[Cr(P[CHecHQPPhe}B)CIBJ was confirmed by
an X-ray structural analysis. The Cr-P bonds are long (2.399(8) = 2,466(5)A)
which is thought to be due %o both steris effects and relatively weak bonding
to Cr. The Cr-Cl bond lengths fall In the range 2,292{6) - 2.320(5)a [T1].

A serles of cetahedral substitutlion products of KSECP(NCS)G have been
reported of the types [CP(NCS}M(L—L)]n_ or [Cr(NCS)Z{L'—L‘]]n_ where L-L and
L'-L' are varicus amino acids [72]. A number of complexes of the type
[Cr[AA)Q(Heo)QJ have been prepared where AL = glyetine, glutamic acid and
glutamine. A similar complex is formed with cysteine at low pH, but at higher
pH [Cr(cys)ejq ig formed with the ligand acting as a tridentate [73]. Although
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it is now believed tThat glucose tolerange fagtor (GFT) dpes not econtain
chromium, these compiexes, as well as some wicharacterized mixed ligand
cemplexes of Cr{IIl} containing nicotini¢ acid, were tested for biclogical
activifty using a yeast assay. Onily LCr[glutamine]E(H20}2]+ atid & mixed glycine-
nicotinic acid complex showed apprecianle activity. It is proposed that a

trans arrangement ¢of the non-coordinated nitrogen atoms In the ligands can
mimic fhe sfructural feature of $TF necessary for bioleogical aetivity [73].

The complexes [Cr(L—malJ(H20)4]+ and CCP(L—mal){L~L)(H20323+ (L-mal =
L-malic aeid, L-L = phen, blpy! have been prepared and studied using CD and ORD
measuremnents [74). The Formation of [Cr(glyO)(H?O}q]2+, which is in eguilibriunm
with [Cr(glyO){H20)3(DH}ﬁ+, from LCr(Hzo 633+ aﬁd glgcine {gly0ll} bhas been
studied at pH 3.0 - 3.8 at 20-15°%¢ and T = 0.8moldm™> (NaClG. .. The reaction is
zerc order with respect to glycine concentration [75].

Reaction of Crll_ with various aminhe acids has been investigated. The

3
complexes Crl_.H.0 were isclated for LH = piloolinie, nicotinig, anthranilic and

3Tz
m-aminobenzoic aclids. TR studies suggested that while the picplipate anion
coordinated through oxygen and nifrogen the others coordinated through beth
carboxylate oxygens. In contrast, ftryptophan and glutaric acid gave dinuclear

species L Cr[OH}2CrL2, which had low magnetie moments, in which the ligand is

2
thought te coordinate through & and ¥ [76]. The anion of ethyl-a-ketacyelo-

pentadienylearboxylate (3) chelates to Cr{III} through the snicenic oxygen and

(3)

COOEtL

the ketohs of the carbo;ylate group Lo give the CrL3 complex [7¥].

The complex Cr[ﬁl(OLPr)u]: is volatile. The maghetic Moment of 3.30BM and
the visible spectrum suggestsJoctahedral Cr{I1I} thus implying that the
[Al(OiPr)u]_ ligand is aeting as a bidentate [78). The complex reacts with
aleohols [79]

cp[gl{olpijJB +  3InROH Jfﬂgfffi~. CPEAI(G{Pr}u_n{ORJ“]3 + 30 PrOB

(R = Me, Et, "Bu, CF JCH,, By and Me PhC)
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Complete exchange occurs with R = Me, Et, ”Bu, and CF_CH Agac reacis

372
similar}y Lo give complexes formulated as Cr[Al(O“Pr)3(acac)]3,

Cr[Al(DlPr)e(acac)2]3 and finally Cr(acac). and Al{acae). are Cormed [79].

The interpretation of earlier results zn the formatizn and extraction of
Cr(acac)3 from agueous aglution into U-Me-2-pentanohe and d-Me-Z-pentanol
involved the assumption that the rate of formation of Cr(acac)3 was much faster
in the organic phase than in the aqueous. However, direct measurement of the
kinetics of formation now show this not to be so. As a result, a new mechaniam
of extraction involving [Cr(acac)(H20)4]2+ is proposed [80]. The sublimation
engrgy of Cr(acac)3 has been re-determined to be -141.515.6KJmol_1 and the
corresponding enthalpy of fuslon as 28.10+1.28kJmol ™ [811.

An electrochemical study of a serles of M{acac), complexea, ineluding

3

Cr{acac} hag found that in general the reversibility of the electrochemical

’
reductioz is inversely proportional to the Ziegler-Natta catalytic¢ activity of
the metal acac apecies [82].

Bromination of Cr(acac]3 with excess N-bromosuccinimide is well knowh Lo
yvield the complex with all three ligands brominated at the 3-poaition. However,
a deficiency of the brominating agent givesa mixed ligand complexes with partial
bromination. I{ has been shown that HPLC is a very efficient means of

aseparating the components of the mixture of Cri{acag) Cr(acac]z(acacBr].

'
Cr(acac)(acacﬂr)2 and Cr(acacBr}3. Carbon-13 NMR spegtra of the complexes show
interesting effects and are useful for identifying the products [83].

The rates of metal catalyzed oxalate dissoclation of {Cr{ox)3]3_ (to glve
[Cr(ox)z(Hgo}gl_ and fCr(ox)(H20]4]+J has been investigated
spectrophotomeirically. The order of catalytic activity, as measured by the

2 2 (2 2
second order rate constant KM’ follows the sequence Fe Faaor N +>003+>

Mn2+ which is alsp the order of the formation ¢onstant of the monooxalate
complex of the catalyzing metal. A mechanism similar £o that described in the
review for 1983 for the corresponding malohate complexes is thought to be
operative [84].

The lanthanide catalyzed isomerization of tﬁans—[Cr(ox)2(H20)2]_ and
trams-[Cr(mal)z(Hzojzj_ has been systematically studied using most of the
lanthanide ions. For the lighter lanthanides {La-Gd) there is evidence of
formation of moncdentate carbtoxylate groups prior to isomerization [85].

Complexes of Cr{III) and other firsf row transition metals have been
prepared using 2,2,3,4,4-pentaphosphetamic acid, RPO.”, (L). This ligand is
thought to be analogous Lo adebate in its ¢oordination mode and the complex
CrL3 iz monomeric [86]. The crystal structure of [Cr(NH3)u(HP20?)].2H20 has
been determined and is as shown in (4). Bond distances are Cr-N = 2.07(1) (av)

and Cr-0 = 1.968(5JA (av) L[87].
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i on

0 e
\ Clr / \0 (4)

Wl Y

NHq H = o

HaN

o,B-bidentate [Cr(HEOJh(adpas)] (adpes = adenosine-5'-(1-thiodiphosphate)
were prepared by interaction of the Ligand and [Cr(HaoJMCIEJCl at pH 3 at 80°c,
followed by chromatography. Similarly, o,B-bldentate [CP(NH3Ju(adpus)3 was
prepared from the neucleotide and [Cr(NH3)“612]C1. The complexes were shown to
¢ontain Cr-0 rather than Cr-3 ceoordination by isclation of the appropriate
isomera [8873. The aynthesis and stereochemical aasignment of the enantiomers of
[CrEHQO)u(psz] {pps = thiopyrophosphate) from the pure enantlomers of
[Cr[HEOJq[adpus}] has been reported. It is hoped these will be useful probes to
study the apecificity of enzymes [B9],

Reaction of [Cr(NCS)E}B' with a B-diketone (0-0} and a nitrogen deonor
ligand produces mixed ligand complexes of the types [Cr(O—OJ(T-pic)z(NCS)z] and
[Cr(O—O}(L-L.)(NCS}2] (where L-L = bipy, phen) [90].

Electrochemical studies on Cripdite), (pdtec = pyrrelidinedithiogarbamate)

3

and Co(opdte)(pdte), (where opdte is the oxyzen expanded ligand (5)) show that

2

M\ + ,/’S‘-
pyrr N:.c\ &)
v S——0—

the formally Cr{IV} complex formed on electrochemical oxidation is mere stable
for the opdte compound. In the case of Cr(pdtc)a, electrochenical reduction
leads to the formation of Cr({II) with loss of a pdte ligand, whilst for the
mixed ligand compound reducfion proceeds enfirely by loss of pdte to give
Criopdte){pdte) [G1].
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Different ¢,0-dialkyldithliophosphate complexes of the iype Cr‘(SEP{OR}ZJ3
undergo ligand exchange on refluxing to give rise to new mixed ligand complexes
which were identified by HPLC [92]. The attempted preparation of Cr(dtc)3 from
Cr(V¥I) always gives both Cr(dtc)3 and another product which can be separated by
chromatography. Although its molecular weight corregponds to Cr20(dtc)u, it is
formulated as a thiuram disulphide complex Crgo{dtc)e(tds}. It readily breaks
down to give Cr{dtc}3 £83].

New complexes of Cr{IlI}, Fe(ITI) and Co(III} with o, m, and
p-hydroxydithiobenzoate have been prepared and the bonding in the complexes

has been discussed in MO terms (947.

1.4.8 Complexes of polydentate ligands

Reaction of the bls(hydrazine} compound, L, (6), (2,2'-bipyridine or
1,10-phenanthroline; R = H, Me, CH CHEOH) with 2,6-pyridine dialdehyde in the

2
presence of agueous CrCl, raplidly gave good ylelds of the macrocyclic N_o (7).

3

5

Similar results were cbizined In the presence of hydrochlerie acid in the
absence of chromium, showing that the transient template is in fact the proton.
However, Cr(IIl) reacts slowly with L to give [CrLCIE}CI, which then slowly

reacts with 2,6-pyridine dialdehyde to éive a chromium complex of the NS
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- I+
macrocycle, LCr(NB}[H2032]”+ 1957. & crystal structure determination for the
compound with R = CH?CHQOH revealed an example of the very rare (for Cr(ITI}}
pentagonal bipyramidal atruchure with the water ligands axial and the

macrocyclie Zigand strictly planar. Bond distances are

i

2.206{%)A

Cr-N(bipy! = 2.C17(5), 2.G59(4) Cr-N(py)
2 2.009(4), 2.036(4)

Cr-N{N=C] = 2.196{4}, 56(3) Cr-¢

The ligand tris{Z-pyrazol-l-ylethyllamine (L} (8) reacts with Cr(HCS)2 in

(8)
A=

ethanol to give alr sensitive [or(NCSILIT which was isolakted as the LBPhq}
salt [96]. This complex reacts immediately with oxygen to glve
[{CP(NCS)L}ZOE(BPhqu ancé a crystal structlre determination For this binuclear

complex (8) revealed an almost linear oxygen bridge.

~—N N 2+
INL
N— Cr — Q Cr Y N @)
\ | NCS ‘ \ N/
N N—"
L el
Bond distances are
Cr-N lipgng 0) = 1.82013 Cr=N {afg O} = 2.07(%) - 2.70(1)A
Cr-N {amina) = 2.13(1) Cr-N (NCS} = 2.01(1}
Cr-0 = 1.82(1}
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The complex is feebly paramagnetic (p/Cr atom = 1.63BM at 300 K; 0.98BM at
86 K) consistent with strong antiferromagnetic coupling through the oxygen
bridge. The UV-visible spectrum is unlike those of most Cr(III} compounds, but
is similar to those of the basic rhedo 2alts which also cohbain linear oxa
tridges. The antisymmetric Cr-0-Cr atretch ocours at 8300m"1 (TQGCm_1 for the
TBO labelled complex) [967.

Air oxidation of CrClE.MHEO in an aquepus solution of the 15 membered

macrocyclic ligand 1,4,8,12-teftraazacyslopentadecane (Nu, (1Q)) gives

(10)

N
H ;th

[Cr(Nu]{HZO)2]3+- Deprotonation and substitutlion by thioeyanate ion were

studied and the results interpreted according to the scheme

[erti) (00,17 12 or ) (1,00 (Nes) 12
+H+Tl -H" +H+1L -
Certh, ) (or) (R0 17 8B Lor (4, (0H) (NGs)T*

+H+1L ~H+
-+
ECr(Nu)(OH)EJ

411 the relevant rate gonstants ware determined, buf the kinetie plots did nof
give good linearity and there was alasc a mismatch of dependence of knbsd and
absorbance of [Cr(Nu)(H20)213+ with pH. These effects are attributed to the
existenge of configurational (NH) or g{s isomera of the trans-[15]ane Na
macrocyelic complex [97].

The crystal structures of cis—[Cr(Nu)(0H)2]C1Oq.2H20 and
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cie-[Cr(N, ) (0,000,
Nu = pae=5,9,7,12,12, 14-hexamethyl-1,4 8, 11-tetragzacyclotetradecane}. Both

{S?Cﬁ).MH?G have been determined (where

structures contaln egual numbers of cptical isomers. In both cases the ligand
is folded to give N4 and N11 tpans to each other and In the carbonate complex

2= . . . q B}
the [003] ligand is bidentate [98]. Bond distances are

cf;‘.s—[Cr(Nq ){o_rnzj‘” .g-gs—f.r:r(wd_: (ozcojl2+
Cr-N1, NB 2,142 2,091, 2.1064A
Cr-N4, N1 2. 140 2,108, 2,111
Cr-0 1.918 1.945, 1.359

Electrochemical studies on (TPP}CPClOu reveal two reversibls oxidatlons and
two reductions, one reversible and one not. The flrst reduction corresponds fo
the formation aef (TPPCr (irreverzaible] and the second to the formation of
[(TPP)Cr] . The oxidations show a counter ion dependence and are probably megal
based. Spectrophotometric and electrochemical sfudies in mixed solvent systems
indicate formation of [(TPP)CrL2]+ (L = dmf, dnso, py). (IPPJCr{NQ) shows two
reversible reductions corresponding to the formation of [(TPRICr(N2)] and
{{TPP)C?[ND)]E_, whilst on oxldation an irreversible process 1s chserved dus to
the EC mechanism

(TPP}Cr (NG} = [(TPRICP(NO)IY  —= [iTPR)Cr1% + NO

which iz followed by a second oxidation similar to that observed for
(TPP)CrClOu £997.

Pivcolinic acid hydrazide and {zg-nicotinic acid hydrazide react with acacH
in the presence of Cr{III) to give complexea of open chain tefradentate ligands
directly. Spectroscopic evidence suggests fhe praoducts are (11) and (12)
respectively. The picolinic acid derivative c¢oordinates through the azomethine
and pyridinium nitrogens whilst the 78c-nicotinic aoid derivative coordinates

through the azomethine nitrogen and the amide oxygen atoms [1007.

The magnetic properties of two monomeric stereclacmers of I:Cr(thiSt]Ej+
and the dimerie [Cr{L—histJE(DH}]E have heen measured. The menomeric complexes
exhibit Curie-Weisa behaviour while the dinuclear complex showed ferromagnetic
behavipur at low Lemperature lending strong support to the proposed dihydroxs
bridged structure [107].

A4 review has been published on the optleally active Cr(IIT), Co(III! and
Rh{III) complexes of edta and related type ligands {102]. In a continuation of
the use of 2D NMR to investigate paramagnetie Cr(III] complexes, the 2D NMR

spectrum of [Crledta}]” and other complexes with similar ligands have been
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an { Ccr '

(12)

studied. It was shown that at most pH's edta forms a sexidentate complex,
rather than the pentadentate [Cr(edta)(HEO)]_ previously assumed, although at
both very high and very low pH's, pentadentate coordination is indieated [1031.
The crystal structure of Na[Cr(pdta)].3H20 {pdta = 1.3-propanediaminetetra-
acetate) has been determined. The ligand coordinates 1n a sexidentate manner
and bond distances are Cr-0 = 1.341(5) ~ 1.973{5} and Cr-N = 2.065(6)4 [104].
The acid catalyzed aquation of [Cr(atda)(acac)]” to give ECr(atda)(H20)2]
{atda = N-{p-carboxylphenyl)imincdlacetats) has been followed
spechtrphotometrically over the temperature range 50 = BOOC. The rate law is

given by
rate = k1fcamp1ex] + kz[complex]fH+]

with k_<k_. Both pathways are thought tu invelve a rate determlng step of

apening tse acac (or acacH) chelata ring followed by rapid replacement of the
monodentate acae by water. The rate constanis k, and k, are aimilar in
magnitude to those gbserved for Cr(acac)3 and much less thanh those involving
replacement of acac at Cr{IIT) when an additional pendant ligand is present.
This supports the concept that the pendant group in, say, [Cri{edtaH)(acac])]”
promotes disscciation of the acac ligand [109].

Reaction of [Crouj_ with [NH30H]Cl in the presence of pyridine-2,6- -
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dicarbexylic aeid (dipinHE} gives three products: fCr{dipichNO)(H?C}zj (I},
[Cr{dipic)(NO)(H2MOH)?] (ITT) and [Cr{dipic)(HENO)(HENOH}: (TiT}i. Cémpounds I
and IT have a single unpaired elecfron whilst TIT has three as expected ror
Cr{I17). The coordination of the teutral aydroxylamine Ligands in IT and 1IT is
unknown, but the hydroxylamido!1-) ligand in ITT iis probably o, & coordinated.
A crystal sfructure of I showed the dipic ligand to be tridentzte with the KG
ligand tpava L0 the vpyridine nitrogen. The bond distances are Cr-NO = 1.699(4),
Cr-F,0 = 2.006(3), Cr-0 = 2.027({2) and Cr-N = 2.012{3)4 [10€}.

The structure of [uuﬁr{{fsaigen]fH?O}2:C1A3H2O is thought to be (13) on the

_|__

\

O OH,

\ /N
/\/l\

0 OH, O

(13)

/

basis of magnetic studies. The magneiic ground state is a quintet (s = 2)
arising from a ferromagnetic iInteraction due to the strict orthogonaliily of the
b1 magnetic orbital arcund Cu and the al. a2 zivd b2 maglietic orbitals arcund Cr
[107].

A niew Lridentste ligand ;~{p'—eminophenyl}thiophenylimino)methyl—z—thienyl
ketone (14) has been prepared and rezeted with z nusber of first row Ltransition
metala, ineluding Cr{III). Reaction with Cr‘Cl3 Zave CrLCl3 which on the basis
of zpectroscoplc measurements s cctahedral with the ligand cocrdinated through

the 5,0 and & at the thienyl kektone snd of the ligand | 108].
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W '
s ?"—C=N S NH,, (14)

1.4.4 Dinuzlear complexres

A new blue-violet isomer of the dimeric caotion [(bispicen}Cr(OH)]2

{(bispicen = ¢15)) has been characterized by X-ray crystallography and itsa

N CHy-NH-CHp ~CHy—NH-CH,

Y -

(15)

magnetic properties studied. The complex is not optically active and the

perchlorate crystallizes as a racemate of ¢16y with non-equivalent chromium

\i/\DD .
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atoms. The Cr'E{OH)2 unit is alwmost planar with Cr-Cr = 3.046(2)4. The magnetic
properties were found to fit the previously reported medel which emphasizes the
importance of the geometry of the bridging groups L1021

Two erystal structures have been determined which toth present evidence
that the [HBOEJ- group, formed by interaciion of a hydroxo ligand and a water
molecule on an adjacent metal atom, is a bridging group befween metals. The
structure of the cation in ais—rCrLz(OH)(Hao]jfsgoﬁ) {I. = 2=pyridylmeihylamine}

is shown in (17).

T
N
HO ’ N
\\\Crﬂ///
(17)
H20/ | \N
N
| S
e
| _ _

Both types of Cr-N honds are sssentially the same length, 2.054(5) - 2.089(5)4,
but the Cr-0 diatances are markedly different, 1.926(4) and 1.993(5}4 with the
shorter distance assigned iLo Cr-OH. However, fthe packing in the lattice is sueh
that two cations make close contact with the hydroxe group of one close to the
water ligand of the cther, so it seems this may be Interprefed as an example of
[H302]- bridging. Unfortunately the position of the bridging bydrogen was nct
resolved in the structure determination £110]. It has generally heen accepted
that deprotonation of:fis—[Cr(dipy}e{H20}2]3+ gave Lhe correzponding
monphydroxo jon, but a structural determination on the iodide shows it to be
dimeriec in the solid state and bridged by two [H3023h groups, very similar to
the previous example. Once again, the hridging hydrogens were hot observed
although the terminal ones were. The structure is shown in (18) and it is
suggested thet such bridged complexes may be common intermecdiates in olation
reactions [111].

The complex trans-aguohydroxo-di-n-hydroxobis{fpz-triammine chromium(III))
ion, brans-[[H20)(NH3J3Cr(DH)2Cr(NH3)3(DH)]3+ (1) was prepared by the

condensation of f&c-[Cr{Nng%(HPOJBJ{CIG#) in agueous solubtion by addition of

3
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O---0 N
\\\\ gr - \\\‘ | -~ (18)
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H

LiOH. The icdides of the protonated and deprotonated diol cations of I were
also isolated and the two successive acid dissoeiation constantas of the Y4+
cation were determined to be 10'5'0 and 1077y at 25°C, 1M HC10, . 4 crystal
structure determination of the Lribromide of I showed fhat In the so0lid state
the compound exists as infinite chains of alternating trans-diaquo and
tregmg=dihydroxo diol ecations linked by very short (2.454) 0..H-0 bonds.
However, considering the uncertainty in the position of the bridging hydrogen
it ia doubtful if it should be regarded as "belohging" to only one of the
cations [112]. Bond distances are Cr-N = 2.058(4) - 2.093(5), Cr-pQH =
1.950(3) -~ 1.975(3), CrnHzo = 1.979(4)}a (av).

It the review last year the structure and magnetic properties of a
monoclinic form of [(NHB)uCr(DH12Cr(NH3)u]Cln were described. A4 new ftriclinic
form of this complex has now been izolated which is isostructural with the
corresponding Co(III) complex. The structure is similar to the form previously
deseribed except that the dihedral angle 9 is 50(3)G compared with 41% in the
monoclinie form. It has emerged over recent years that it is this angle whieh
has a critical effect on magnetie properiies, but unfortunately the structure
determination is not really accurate encugh with regard to the hydrogen

position to completely teat the model for magnetic behaviour [113].

A complex of Cr(IIT) with thiosucclhic aecid (L), [CraL(OH)2].2H20, haa been

prepared. IR evidence suggestis no coordinpatlon through sulphur, although the
conplex appears to conhbain octahedral Cr{III} with a low magnetic moment of
3.27 BM [114].

The interaction of violet [{(RCSHH)CrSCMe3}ES] R = H, Me) with
{FPh,} PdCl2 gave an almost instant colour change to deep green and a

3'2
atructural determination on crystals of {the complex R = Me showed that a

26
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trinuclear complex had been formed with transfer of c¢hlorine to chromium as

shown in {(19).

(!ZMes
)
/ \ {PPh%}ZPdC12U
C.H. at 207°C
Mecp —Cr Cr — 576
i\ s F - cpMe (19)
K l
\ Pd CMe.
CMe Me.C 3
3 3 \\‘S ///'l \\\S‘///

Mecb C{/S \\c ——Cl

cl / \cpMe

The Cr-Cr distance is 4.07G{71)A4 but magnetic interaction still scotrs between

the chromium centres (presumably through the p_-5) in a ferromagnetic manner

3
{2J = T1cm_1) in contrast to the starting material which displays

antiferromagnetic coupling [115].
1.4.6 Polyrnuciear complerse

The maghetic suscepbibility of the complex cation
[(en)ECr(OHJECr(en)(OH)ECr(en)(OH)ECr(en)2]6+, whose structure iz known to be o
linear chain, has been measured. The data have been interpreted using several
different theoretical models based on Heimehberg-Dirac-Van Vleck Hamiltonians.
The simplest description envisages two antiferromagnetic couplings ng z ‘.13!4 =
1gcm"1 and J23 = ‘.t-"-tcnf1 where chromiums 1 and t are terminzl. These parameters
are combined with the structural data using the model recently developed Tor
dinuelear chromium complexes [116].

There has been a re-determination of the crystal structure of



[Cru(NHB)12(0H}5]C16.4H20 to determine the positions of the hydrogens of the
bridging hydroexo groups, so that correlations between structure and magnetic
properties can be made. The main features of the earlier determination were
confirmed [117]. Bond disgances are Cr-N = 2.070(2) - 2.095(2), Cr-OH =
1.962{2) - 1.973{1), O-H = 0.66 - D.T3A.

The complex [Cr3(NH3)10(OH)u]Br5.3H20 has been isolated and X-ray
diffracticn showed the cation to have the structure (29) with the bridging

pctahedral group tilted by 21°.

P4P|3
f'alq PQH
LN
///,Cr
OH  NH3 OH (20)
HaN OH

Bond distances are

ey
Cr-l:cre“UH E ] 1-963(9) - 1-989(9)101
Cro—-OH = 1.963(11) - 1.860(7)

3
Cr=N = 2.085(12) - 2.116(9)

The maghetic susceptibility and EPR spectrum were Investigated and all
interactions were found Lo be antiferromagnetic. The complexes
[Cr{(OH)2Cr‘(NH3}u}3]Br6 and [Cr4(NH3)12(0H)6]C16 were also lsolated and
characterized [118].

Further work has been carried out on the reversible conversion of
[Cru(OH)6]6+ ko [CruD(OH)5]5+ which was discusged in detail in the review last
year. It has now been shown that the reaction 1s not a single proton tranafer

but involves the scheme (21).

27
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ler (om0 1% = Cory o), 37
isomerizationtl Tislow (zn
B+ H+ B4+
[CPA(OH)éj - [LP“O(CH]5J

Rate constants for all steps were measured and lend support to the structures
previously proposed for the compounds (119].

The mixed metal catien [FeCr2(u3-D]ECHBCOO}E(h2053]+ has heen prepared and
iaplated as the [PeCluj_ salt. & c¢rystal stirueciure determination showed the
metal atoms Lo be statistically diszordered within the usual
{CrBO(RCOOJG(H20)3]+ atruciure which was described in the review for 1982,
Average bond distances are M~y 0 - 1.89%, M-0 = 1.96RAa [120].

1.4.8 Fhotochemistvy

The effects that molecular structure have upon radiationiess transitions
have been examined for a serles of Cr{IIT) complexes. High frequency vibrations
(C-H, 0-H) are mainly responsible for non-radiative relaxation, so progressive

a
deuteration decreases the non-radiative rate. “E relaxation rotes iIn glassy

solutions at 77 K have been determined for |C“rNHH . X(F 0l ]3$,

: : o j 3+ - -3+
[Cr(hHB)ﬁ_x(DzoJx](3lx§wr(ND3,=6_x[H20)Xj [c r (D, ] (D (‘J and
[Cr{NH3)6 x(NCSij . In most cazes the non-radLat;VE rate for g mixed

1igand complex lies between the values for o homoligated compotnd [*217

The emission lifetime, ¢, and Its temperature dependence have teen measured
for aqueous solutions of [CP(NHE}SCNja and ¢ peprp-lCr {NH%Ju(vN)?]+. The
lifetimes are relatively lohg at 20% and pll 3 {22 and 65us respectively) and
conform with previously suggested rules for CriTIT]) phetochemistry. In Lhe case
of [Cr(NHa) CN]2+ the photoreaction {NH. aguation! gives both /s and
brans=[Cr (Nily ) (i, o) (ew)I7 (122]. :

The speatra and rise times for the doublet excited state absorpiion of
trans—[Cr(NHB)gtNCS)ﬁ]-‘ [Cr(NCS}B]B- and équs-[Cr(enJE[NCS)2}+ have been
measured. After approximately half the rise time, the speetra remained constant
with time, which is consisfent with vibrational relaxaticn times being
comparable with or shorter than the rise times [123].

The photochemistry and photlophysics of 2 number of Cr{III) complexes have
been studied with pulsed laser excitotion coupled with conductivity and
emission detection methods. The compounds examined were LCr\..3 pn;q]aT
[Cri{en) ] , 1Cr(NH ) 73+, ﬁﬁjﬁs—LCr(enJEng , fCrimd_ ) CNj and

3°6 3’5
{Cr( NH3) (NC3)IZY and most were studied in both acidiec and basic media. The
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major photochemical process is photoaquation resul%ing in eigher the release of
ammonia or the formatlon of a monodentate en or 1,3-pn ligand. In acidie media,
the conductivity detection method depends upon protonation of these products.
There are two compohents to the decrease in conductivity with the (minor)
short-lived stage probably arising from the very short-lived quartet states.
The major slower stage has the same life %Lime as emission and is probably
assccliated with thermal back intersysitem crossing to the lowest guartet siate,

Followed by aquation [124].

It has beepn found that, contrary to earlier reports, the lifetime of the
4T2 excited states of [Cr(bipyJ3]3+ and [Cr(ﬂ,?—Mezphen)BJB* are of the order
of 10-20ns [125].

Luminescence and photoselection spectra have been measured at 80 K for a

number of Cr{(IIl) complexes of D. and sz symmetry, including [Cr(bipy)3]3+.

3
[Crien) ]3+ and [Cr(L-hist)2]+. The photoselection data indicate that the

intensigy mechanism for emission involes a second order spin-orblt coupling
mechanism for LCr(en)3]3* and ECr(L-hist)EJ*, but for [Cr(bipy)3]3+ the
predomittant intensity wmechanism involves charge transfer bands overlapping the
d-d gransition [126]. The molar absorption coefficients of the E states of
[Cr‘(bipy)3]3+ and [Cr(M,T-PhEphen)3]3+ have been determined and the reduction
of the °E states to Cr(II) by Fe(II) and aromatic amines was studied [127].

The quantum yisld for the photoaguation of [Cr(bipy}3]3+ has been measured
in basic media as a function of pressure Lo give an apparent volume of
activation of 3.8x1.0 mlM-1~ From the phosphoresence lifetimes the volume of
ascktivation for aquation is +2.9 mlM_i. This value, unfortunately, does not
differentiate between assoclative and dissceiative mechanisms [128].

The lifetimes of emission for a number of Cr(III) complexes of the types
cig and trans—fCr(diamine)exx] {X,Y = monodentate ligand) have been meaaured in
aqueous solutlon by time-correlated single photon detection. The data are
interpreted using a model which assumes back intersystem crossing is the
dominaht mode of decay of the excited states of Cr{III) amine complexes and
estimates the rates of these processes [129].

The absorption and [lucresgcence spechkra of tpang-[Cr(en)2(NCS)2]+ have been
investigated in a range of solvents with widely varying donor number and 1{ was
found that in most cases the two specira shift in the same direction with
change of solvent {in most other systems opposite shiftas are observed). This
correlation is discussed in terms of a vibronic interzystem crossing mechanism.
The activation parameters of phosphoresende in the varlous solvents are
consistent with a possible single mechaniam, bug they do not correlate with the
solvent donor numbers [130].

Single orystals of Al{acac), cohtaining 1% Cr(acac)3 show three principal

3
phosphorescent bands due o Cr(III) at 1.8 K {in contrast %o ruby which shous
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only one) and these have been examined in magnetic fields (0-5.7 T] for various
orientations of the erystals. The prineipal o values of the corresponding
doublet states lie In the ranges g, 1.4-1.7 and g, 1.6-2.0 in contrast to ruby.
It is suggested that the most likely explanation for the differences is a

reveraal of the usual 2E. 2T ordering [131].

1.5 CHROMIUM{II}
1.6.1 Bimple complexes of chromiuwn(II)

The crystal structure of the previcusly reported (NEt,)[Cr(3nPh,j.(CO),]

j
has been determined and the anlen has the C3V {capped oetahedral) 3
stereochemistry, similar to that found for Mo(II} and W{II) carbonyl halide
derivatives [132]. However, the capping carbonyl in [Cr(SnPhg}B{CO)u]— spans o
triangular face of three tin atoms, but In [wtc0)501?]‘ the capped face nas the
three carbonyl groups.

The electronic structures of a number of one-dimensional metal
phthalocyanines, including CrPe, and their partially oxidized forms have been
afudied by the fight binding (LCAOD) method, It Is shown that the increase in
conductivity on oxidation is due to both the existence of a pattially filled
band and the simultanecus inerease in the inter-ring overliap associated with
the decreased Cr-Cr distance [133].

Chromium(TII) complexes of the two B-ketoamines(22) and (¢23) have been

(22)

{(23)
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prepared and characterized by X-ray crystallography. Both complexea are planar
and show unusual magnetle properties with rather low apnd femperature dependent
magnetic moments [134].

The Cr(II) complex of saccharine, [Cr(HQO)u(C?HqNOBS)Z].2H20 has been
shown to have the tramns structure with the ligand coordinated in a monodentate
fashion through nitrogen. Bond distances are Cr-N = 2.196(3) and Cr—HEO =
2.048(3) and 2.396{4)A. The distortions in the Cr-H,0 distances are clearly
assigned to Jahn-Teller effects when the siructure is compared with those of
other first row transition metals since similar disbortions ocecur for the
Cu{II} derivativa but for none of the others [1358].

Cr(80301)2 and a number of its derivatives of the types Cr(py)u(303C1)2,
Cr(MeCN)u(SOBCl)2 and Cr(bipy)2(80361}2 have been prepared and characterized.
IR studies indicate the chlorosulphate ligands are coordinated through oxygen
[136].

Self-consistent charge and configuration calculations {SCCC} have been
reported for all the first row Lransition metal ions [M(H20)6]2+. The trends in
the computed energy levels are in agreement with the experimental data, For
example, the stability inc¢reases from [Ti(Hzo)s]2+ to [Cu(H20]5]2+ [137].

The Cr{Il} reduction of Co{acac)3 was studied in various HEOidmf mixtures
over the {emperature range 25~H5°C at p = 1.00M. Three concurrent mechanilsms of
reaction were identified; outer sphere, monobridged inner sphere and dibridged
outer aphere [138].

The alkali metal salts ME[CrXu(HEO)z] (X = C1,Br} are isomorphous, and
presumably isostructural with, the octahedral trans-[Cqu(H20)2] salts.
However ., the salt (pyH}e[CrBrn{H20)2] is not isomorphous and a erystal
structure determination revealed that the ¢ompound ¢ontains the unusual neubral
square planar trans—[Cr(Brz(Hao)e] unit with the other ioni¢ bromides remocie
from the chromium atom. Bopd distances are Cr-0 = 2.038(2) and Cr-Br =
2.579(1)a [139].

The heat capacities of Cs[CrCl3] and Rb[CrCla] have been measured from
6=350 K by adibatic calorimetry and from 300-500 K by differential scanning
calorimetry [140].

1.5.2 Metal-metal bonded specties

A series of INDO calculationa on [CrQMeBJQ_ and the unknown [CrZClsjh-
complex suggest that the dominant description of the bonding involves
ferromagnetic ¢oupling between fhe iwo chromium atoms, although thia approach
gives an estimate of the Cr-Cr distance which is too long. towever, it is
suggested that although the role of the multiply bonded structures may be

small, they have importance in shifting the very flai potential energy surface



32

to shorter Cr-Cr distances ('41]. The mass spectra of [Crz(OECRJh] {R = Me Et,
iP , Bu) have been examined. ALl gave the parent lon as the base peak but.
surprisingly, all gave peaiks due to fragments containing only eone chromium
atom. A study of the mefastable peaks showed that these species argse from
direct cleavage of [Cr,{0.CR), J uniits [1427. The molar enthaipy of sublimation

2 ez

of [c;~2i02c1~1e3j,41 has been determined (1427 %o be 209.6£10.2 kJmoi , which is

considerably nigher than for the correspondihg melybdenum conplex (170.5%6.5
-1 . . . : :

kJnol ). This result is probzbly due to the tight packing in the lattice of

the chromium compound which gives rise Lo guite sheort Cr...0 contacts between

dimer units. The molar enthnalpy of dehydration for the reacticn

r ~ o r 1 g y
"Cr2(02uMe3)u].cH20 {cr) LCr £¢} CHB‘)M' {er) + 2H20 (g}
s 96.3:8.2 kJrol” | [143].

An X-ray structure defermination on (NER 4} [CrZ(OECFt) (HCS) ] showed it o
have the usual eclipsed configuration for the anien with sxial N-bonced
thioeyanate groupse. The Cr-Cr separation is 2.249{3}4, one of the longest
known, Cr=0 = 2.019(4) and Cr-H = 2.249(3)A. The complex exhibiis a weak
temperature Independent paramagnetism (1441, The compliexes
[Cr2(02CCH2NH3)u]Xu.nH20 X = Cl, ns 3; X= Br, n = 4 contain glycine

coordinated in tne zwitterion form _OecCHPNH3+ to give the usual carboxylate

bridged dimeric structure with the two halides coordinated in tha axial

positipns. Bond disiances are

X =Cl X = Br
Cr-Cr 2.524(1} 2.9130114
Cr-0 2.011{5}-2.032(5} 2.0z22(4)-2. 0011
Cr-i 2.581(1) 2.7360(1)

The complexes are especially stable in the s6lid state, which is attributed to
an extensive network of hydrogen bonding {145].

Ak initio restrictec Hartree-Fock ealeulations have been made on the ground
state of [CrNo(Och)qJA Complete CIl expansions were carried out and the
resulting natural erbital analysis is similar to the correlated wavefunctions

obtained for the homo bimetallic parent systems [146].
1.6 CHROMIUM(1)

crt oin its ground state does not react with hydrocarbons, but activated

states of cr’ (produced in a spark plasma) do react with propane and propens Lo
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give substantial amounts of [CrCH3]+ as deteckted by mags spectremetry [147].
Reduction of chromate by hydroxylamine hydrochloride, azide ion and
hydroxyl ion leads in a single step to [Cr(NO)(Na}S]aﬁ. If the reduction Is
done in the presence of L-L (= bipy, phen)} then complexea formulated as
[Cr(NG)(N,)_(L-L}] are readily isolated. All the complexes are low spin [148].

Transf[gr[CD)Q(PPha)aj shows reversible electrochemical oxidatien in CH2012
solution. Either chemical or electrochemical oxidation {at Hgz, Ft or Ag
electrodes) leadsz to the isclation of paramagnetic tpans—[Cr(CO}u(PPh3)2]+
which is sensitive to light and moisture. Tr‘ans—[Cr‘(CU)u(PPh " reacts with

3]2]
I, Br, MeCN ete and all reactions give trans-[Cr(CO), (PPh,)

3 2], either by
redox processes (I, Br™) or by disproportionation reactions (H,0, MeCH) (1497
The ¢omplexes fac/mey—[Cr(CD)g(P33 {P = moncdentate phosphorus ligand) may be
reversibly oxidized electrochemically to fag/mep—[CF(CD)3P3]+ on the short time
scale of cyclie volfammetry, although on the longer preparative time se¢ale the
isolated products are always the merl+ species. Rapid eleciron transfer between

mer and mep’ isomeric pairs was cbserved by EPR and NMR techniques [150].
1.7 CHROMIUM(O)

The first bond dissoclation energiea in the gas phase of a number of binary
carbonyls have been determined uging a pulsed laser pyrolysis technique. The
values for the Group VI carbonyls are 37, 40 and 46 keal/mel for Cr(CO}é,
Mo(CO), and W(CO)6 respectively [151]. Using the ligand “BudiNC (24) the

Bu

(24)

18-electron complex Cr(*BudiNC), was prepared from CrCl,(6hf), by Na/Hg

reduction. Oxidation with 1 or g noles of Ag[PF6] gave the corresponding 17 and
16-electron homoleptic complexes [152].

Cr(CO}S(Nz) has been identified by fast IR detection methods in cyclohexane
solution at room temperature. It was generated by photolytic decomposition of

through the intermediate Cr{CO)_(C.H, ) [153].

Cr(CO)6 in ¢yelohexane under N 5{CeH12

2
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411 previcus examples of complexes of diarsenes (RAs=AsR) have both
arsenics bound to the metal and an Bs-4s bond oredr of about 1.5. However, the
reaction betwsen CrfCO)ﬁ(thf) and RAs=AsR' { R = 2,4, 6 Bu}3C6H2, R =
CH(SiMes)Q) gave Crfco)s(RAs=AsH‘} which a orystal structure determination

showed to have only one arsenic bound to chromium as shown in (25) -

If (25)

The As-As distance of 2.246{1}4 iz =ignificantly shorter ihan inl12 diarsene

complexes [1547.
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