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also included,&ere thesewere cmitted frunlastyear's review [l]. 

The format is essentially the same as last year. Thephotcchemistryof 

manganesecorrplexeshasbeenadequatelyreviewedelsewfiere [2]. Once again, 

wxk of an essentially org armratallicnaturehasbeenexcluded, togetherwith 

reports of purely kinetic or mechanistic interest. 

5.1 HIGH oxIDATIcm ST= 

The differences in the structures of Kc X-ray absorption edges of solid 

KMOs] andaqueous K[MuO4] and KzWIOI,] were deteminedusing qmhmtmn 

radiation. Activation parameters for the [M~OI+]*-/[MMS]- electron exchange 

reaction have been calculated 131, and detailed excitation profiles for the 

Pin04 1 - ion in the vicinity of the IT2 state (v s 19000 an-'] were measured for 

K[MM&]/K[ClO4] mixtures and [PhsP] [MI-~&] 141. Kinetic bistability in the 

mangauate(VI1) oxidation of oxalate was observed [S], and a study of the 

oxidatimofalkenesby K[hOt+] foundsaseevidenceforintermadiateaxplexes 

[6,71. The IR spectra of [M3F] and its l*Oisotopmerswxe recorded inan 

argon matrix [8]. The reduction of @!nO4]- by dihydrogen showed a kinetic 

isotope effect [9], and the reduction of K[Mn01,1 by H+ and Mn*+ has also been 

studied [lO,ll]. 

Thepropertiesofbinuclearmanganesecunplexeswithrtru*roxo,dioxo-and 

peroxo-bridges have been revi- 1121. 

Using pulse radiolysis experiments, [Mtx341*- was reduced to themetastable 

w341 3- ion, which pxotonates to give [HM04]*- [13]. The dynamic Jahn-Teller 

effect in a ligaud field excited state of [Mn01+]~-, in a SrsW+l$Zl matrix was 

observed [141. 

5.2 MA=AWSE(IV] 

5.2.1 Halides and pseudohalides 

A thmmchemical study of [I&IFS]*- established its enthalpies of solution 

and hydrolysis, as ~11 as an estimate of its ion hydration enthalpy [15]. 

The reacticlll be- tm41 [m61 and Kd% yield& ~dl‘[~sl [w61 WI. The 

salts A[M~Fs] {A =.Ka, K or Rb] were prepared by a new~zoute; the mqanese(III] 

intemsdiate K~[MF61.H20 ShclkRd a very law magnetic mmsnt&etometal-mtal 

exchatqe interactions thmugh the fluoride ion [17]. The cmnplex LO21 IMu2Fgl 

vvas~reparedforthefirsttimebythereacti~of~~ orMnFn {n = 2, 3or 4] 

with F2/02 mixtures at high tenperatures and pressures. Ruby-redmystalswere 

characterised by single crystal X-ray diffraction, IR aud magnetic susceptibility 

measurements 1181. 
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5.2.2 Oxides 

The followingmixednrataloxideshave beenreported: MnM204 {M =Mg,Co OrNil 

[191, CI.I~.~M~~.~ O4 1201, Mcud4r11,01~ {M = Ca or Cd) WI and MWn205l 04 = Nd, SW 

m, cd, Dy, Tb, Ho, ET, Yb, Lu or Yl [221. Tt-eatmnt of the spinel-type 

material LiMt-1~04 with aqueous acid yielded a new crystalline fom of MnO2, 

designated X-M&2; a rmchanism for this conversion was proposed [23]. Sixteen 

synthetic Mu02 samples of different crystalline modifications and purity have 

been pqared, and found to be mainly mn-stoicheimetric [24]. Scmz physical 

properties of electrolytic ~u02 and chemical ~-102 have also beenmeasured and 

ccsrnpared k251. The reaction order for the dissolution of Mt-02 and Mu0 in acids 

with respect to [H+] have been reported [26]. Simltaneousl-GA,MGAaudDTA 

studies have been perfommd on MnO2, Mn304 and Mn203 [27], and the interaction 

of prope with &iaOz, k&O3 and MI-IO has been studied by IR s~trosc~ [28]. 

5.2.3 Other complexes 

9-e catecholate canplex [Mn(dtbc)3]2- has been prepared in aprotic solvents 

andcharacterisedbycyclicwl~try,WandEpRspedroscopy, aswell asby 

magnetic susceptibility measurements [29]. 

Asolublemanganese(IV) specieshasbeenobserved inthemngauate(VI1) 

oxidation of 2,4(lH,3H)pyrimidinediones (uracil and 5-methyl-, 6_methyl-, 

5-fluoro-, 5-chloro-, 5-b-, 5-i&o-, 5-ethanoyl- or 5-nitro-uracil); orders 

of reactionandthermodynamic constantswereobtained, audthemachanism 

investigated [30]. 

Six ccqlexes of the stoicheicmtry IQ&X2 (L = acac, [&CNEk2]- or 

mrpholinedithiocarboxylate; X = Clor J3r) have been prepared and characterised 

[311. 

5.3 MANGmEm(111) 

5.3.1 FZtmrides 

Tl-r? formation of manganese(II1) fluoride caqlexes has been studied in ionic 

agueous media of Li[ClO4] and H[ClOs]. The eguilibrimconstants forthe 

formation of the species [mFJ3-" In = 1, 2 or 3) and the [Mn((OH)F]+ were 

de&mined 1321. OnreductionofK[Mr0,] withacacHinthepresence of an 

excess of allcali metal difluorides A[HF2] (A = [NHs], Na, K or Cs], the ccarplexes 

A2[MnF5] {A = [NH41 or Na] or A2&Fs].H20 IA = K or Cs] resulted in almost 

quantitative yield [33]. %“he ccm@= Kz MnF51 has he~-~ prepared 1161 b= 

section 5.2.1). 
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The electric quadruple coupling constant at the "F site has been detersbed 

for MrVZ3 [34]. 

Thenmlysis of [Ph~113(Mc(C!N]~].nH~0 and. [Ph~I13[Mn(CN]~hlD] have been studied 

byDIGAandlGA; Phi and PhNC were observed as decmpcsition products [35]. 

The electronic energy levels of [Wn~O(CN1~016- were calculated using the self- 

consistent-charge and configuration M) nrathcd [36]. 

5.3.2 Oxides 

Theccmplexes~3 {A=La, Ck,Pr,Nd, Em, Ku,Gd,Tb,Dy,Ilo,Yb,LuorY] 

have been prepared by mprecipitation [373. The phase diagram of the !&@3*203 

system in air between 1100 and 1620 K has been determined [38]. 

5.3.3 Complexes with Group VIB donor Zigands 

Crystals of (Mu(spa] (O;?CMa)] {Hzspa = 3-salicylidewamim-l-pmpanol] were 

studied by single crystal X-ray diffraction. The determined structure, (I] is 

(1) 

consistent with its observed magnetic pmperties (391. The cmplexes D4l(thac) 31 

and [m(thffac)3] (thacB = l-(2-thienyl)-1,3+utanedione, thtfacH= 4,4,4+rifluom3 

l-(2-thimyl)-1,3-butanedione] have keen prepamd and characterised (401. The 

hexaketone lo-(nona-6,8-dionyl)-2,4,16,18-nonadecatetraone (2) was found to give 
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0 0 

II Ii 
HC(C5H,0C-CH2-C-CH3 I3 

12) 

a very stable ccm~lex of mnganese(II1). The cmplexwas foundtobe readily 

reduced to the manganese(I1) derivative, which itself was found to be kinetically 

stable to ligand exchange [41]. The ccarplexes Dln@ik)~Cll (dikH = acacIi, 

bemacH or dbzmH] were prepared and found to be five-coordinate in CSzClz; 

adduct fonnationwithvariousdonor solventswasmasured [42]. The chemical 

relaxation curves for the complex equilibria in solution for the complexes 

[MI-I(C~O~]~(H~O)~]~-*~ (7~ = 2 or 3; m = 0, 2 or 4) have been reported [43], and 

ths magnetic properties of the ccqlex fornrad with 2,4-dihydmxybmzoic acid 

have been studied [44]. 

The oxidations of cyclohexanor~ and glycine by [Mn(H~06] 3+ in perchloric 

acid and of tartaric acid, malic acid, cyclohexanol, allylic alcohols, halo@enols 

and halonaphthols by Mn~(s01,)~ have been studied [45-481. Manganese (III) 

ethanoate was used as a radical source in tba oxidation of allyl- and 

allenylcolbaloximes 1491, but whm used to oxidise flavones yielded mainly 

cleavage products [50]. 

Ccmplexes of the type [IWI((S~CNR~)~] {SzCNR2 = (3)l have been characterised 

(3; X = CHp, 0, iWe or Sl 

and contain bidentate dithiocsrbamte ligands [51,52]. The relatedamplex 

[M{Sz(JNWt] (2-MsCsH4)]3] has also been prepared, characterised and DI?SA and !IGA 

studies have been perfomed [53]. 

Thefirstevidencethat~tlanganesedoesbindtothesulphurgroupin 

~talloproteins hasbeenobsemed for amuganese(II1) ca@exmntaining acid 

phosPhatase 1541. 

The stability constaut for [Mn(H20] &112+ was calculated in H[ClOb] solution 

1551. 
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5.3.4 Complexes with nitrogen-donor ligands 

Nearly all mangmese(II1) ccmplexes are high-spin (5E in Oh), the only 

knownl~spinrfmganese(III) cmplex occurs with CN- ligands [~~-I(CN)~]~--, 

hmever for the ligsnd ~tris[1-(2-azolyl)-2-ambuten-4-yllamine~ = trp the 

m3nganese(III) ccqlex [Mn(trp)] uniquely shows a spin-crossover between 40 and 

50 K ('Eg5rc 3T lg in Oh -try). AnX-raycrystalstruct~ewas obtained to 

give further information about the manganese environment [561. 

5.3.5 Schiff base complexes 

msnese(II1) ccq~lexes incorporating acyclic potentially pentadentate 

Schiff bases (4) were prepared frcan msnganese(I1) precursors. The cmplexes 

OH 

Z a Z 

.C =N 
/ 

(4; R 

H 

H 

H 

H 

H 

H 

H 

R 

n m X 

11 - 

2 2 N-H 

2 2 -s- 

2 3 N-H 

3 3 N-H 

3 4 N-H 

3 3 -o- 

name 

ZSALEN 

ZSALDIEN 

ZSALDAES 

ZSALEPT 

ZSALDPT 

ZSALBFT 

ZSALDAPE 

CsH5 3 3 N-H ZHBPDFT ; Z = H, 3-N&, S-NO2 or 5-Me01 

prepared were [~(5-No2~)Ncs].fH2O,[~(3-N02~)NCS].)H20, 

[M(=)=].H20, [m(%'%=)Nc%], [b&l(3-~2~)~].H20, 

teal .fHnO, b(5-C% OSAIBFT)NCS].H20, bdIl(3+& SAIDZQE)NCS].2H20 

and [Mn(SALDAPE)NCS) (5). These were characterised by magnetic susceptibility 

measurements, Wspectroscopyandconductivitynrzasuremnts, snd itwas 

suggested that the manganese(II1) is in a p seudccctahedrdlenv~mt. Their 

reduction potentials as masuredbycyclicvoltamnetxy,~e shmmtodepend 

onthe arcmtic ring substituent effect, ard canpared to the ccmplexes formed 

by the potentially hexadentate ligands (6). Theccmplexesprepa??=dofthese 
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NCS 

Z ’ 
(CH&, (CH 2)n 

\X' 

(5) 

HO 

Z Z 

CH =N(CHZ),,,N(CHZ), NKH&N=CH 

(6; w x y name. 

2 2 2 SAL-1,4,7,10 

3 2 3 SAL-1,5,8,12 

3 3 3 SAL-1,5,9,13 ; Z = H or S-NO21 

ligands were D4n(sAG1,4,7,1O)NCSl, D4n(SAk1,5,8,12)~Cs] and 

[MnWG-1,5,9,13)NCSl.tHzO (7) [57]. For the cmplexes [Mn(ZSAIDFT)Ncs] 

IZ = H, 3-NOZ, 5-No2 or 5-CH30) it has been .simm that the reduction potentials 

Ep 
correlate with the 13C MR chemical shifts of the ketonic carkon &can, as z 

is varied [58]. In addition the manganese(II1) caqlexes [Mn(SAUlAES )Ncsland 

[~(5-No2SAIDlBJ)Ncsl werepreparedandtheir reactionwithNOand02 in 

solution and in the solid state were studied [59]. Eoth the mnganese(II1) 

ard manganese(II) cmpl&es with donor sets of {02N#l and WkPl derived frun 

substituted aldehYdes and bis(3- amino_propyl@lenYl&osphine (6) and (9) here 

synthesised [~&JURDX'P)NCS].HzO, [Mn(5-CH,CMXMPP)KS].fH20, 
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OH +x HO 

Z 
Z 

=N-_(CHZ)“-P-(~~Z)m~=c, 
I H 

‘gH5 

(8; ZSALPhDAPP; n q m q 2; 2 =H, S-NO2 or 5-MeO) 

--N-_(CHZ)n-P-_(~~Z),-~=c, 
I 

C6H5 
H 

(9; PYPhDApP; n =m =2) 

[~(5-@8&sAWhW@P)tKSl.H20 and tMn@YFhDWP 1 (Ncs) 21320. Allccmplexeswm? 

highspinandpentacoordinateandtheirreadivitywithNOand 02 was discussed 

[GOI. The Schiff base (H2L) derived from N,N'-bis(3-~1)piperazine 

and salicylaldehyde, was found to give the cmplex [MnLl [C104], on which the 

ligand is hexadentate [61]. The complexes rmu.A 1 

IHsL = R-2-HOCsH3~=~2CH(OH)CH2N=CHCsH3-2-OH-5-R; R = H, Cl, Br, ND2 or C&O) 
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were synthesisedandshawntobedimericwitheachmanganeseatcmoctahedrally 

ccordinated [62]. 

5.3.6 Complexes with other nitrogen-oxygen donor ligands 

The solid corrplexes [M(L)(O&W)] CHpL = ~-HOC~H~CH=NNHCO(~Z]~CONHN=~C~H~OH-~; 

n = 0, lor 2) were prepared and shown to be ocbhedral (631. The amplexes 

formad with I-amino- 3-(2-hydroxyphenyl)-1,2,4-triazoline-5-thione and 

3-(2-hydroxyphenyl)-4-(2-hydroxybenzylideneamino)-1,2,4-triazoline-5-thiOne ware 

preparedardcharacterisedas six-ccordinatepseu doodahedral amplexes [64]. 

Other caaplexes prepared include (M(tsc)2(acac)l, (m(tsc)2(py-2-CWlr 

(Mn(tsc]2(S2Cmt2)l, Ma(acac]2(w-2-aD)lr (Mnbcac) (w-2-coO) 21 

Itsc = NH2NHC(NH2)=S) [651, Mn(3+-quin]31, b((3-@q~in) 20311 ar-d possfib' 

K[Mn(3-O-quin)2(OH)2] {3-HO-quin = 3-hydr oxyguimline] [663, and also the 

ccmplexesof acrylamideandacrylicacid,whichware studied specbqhotmetrically 

[671. 

5.4 MANGANEsE(II) 

5.4.1 Halides 

5.4.1.1 FZuorides 

The unit cell parameters and crystal structures of the z-utile-type MnF2 at 

highpressurewaremeasuxed (681,andradiationdefects inMnF2 have&en 

observed (691. EPRqectmsccpyhasbeenusedtoestimtetheNe&temperature 

for fine particles of MnF2 [70] and the antif en-anagnetic to lmxmqnetic 

transition in b?aFp has been studied (71,721. Mmaover, the 180° antiferrcmagnetic 

danains in zem field corxditions have ban observed using neutrqn topqraphy (731. 

The magnetic mies of single crystals of Mal_x Zn F2 5 have been investigated 

[74] and the stability constant qf [MnF]+ has been measured (751. 

Ths cubic percvskite K[MnFg] was studied by high resolution elastic neutron 

diffraction [76] and absorption spectra frcxn the inner 3p shell of the transition 

metal ion was measured using qmhrotron radiation (771. Magnetoacoustic 

solutions in K[MrP,] single crystals were observed in the NMR region (781. The 

magnetic and structural phase transition in the vicinity of 186 K was 

rmaasured for K[MnF3] and the temperature dq+ldenceofboththetotalandthe 

elasti~inelastic neutron intensities observed [79,80,81]. ThevclmFasofthe 

structural dmains (T = 186 K) wzre also determined by X-ray diffracticm (821 

and thetransiticm frmcubic to tetraqmal phasewas studiedbyultrasonic 

techniques (831. 



Using [NHsD] + ion as an IR probe, it was shown that the perovskite 

[NHI,] [MnFs] showed a low temperature transition from a cubic phase to one of 

lower symnetry [841; by neutron diffraction studies this phase was shcwn to 

be tetragonal [85]. DH~,l@ftY?~l was shown to react with XeFs(see section 5.2.1). 

The boundary between the intermediate and snin-flop phases of Rb[Mg] has 

been determined (861. The interactions between non-eguilibrium phonons and 

nuclear spin waves in Cs[MnF3] have been studied [87,88]. 

Pointqroup of the commensurate phase bothbelowT0 and TN for Ba[Mr%,] 

have been determined (891, the phase was studied by Raman spectroscopy [go]. 

The dynamics of the axsnensurate-i surate phase transition at 247 K has 

been reported [91]. Weak Bragg reflections from the (100) plane observed in 

large samples of Ba[MrG?,] at 273 K suggest that the A21m,, space group: which 

was assigned after studying mtall samples of Ba[MnF~], to be incorrect for 

large samples (921. 

The oomplexes Mn[InFS].nH20 (n = 6, 5 or 0) were prepared frcxn InF3.H20 and 

MnCQ in dilute hydrofluoric acid; !IGA studies were performed [93]. The 

polarised absorption spectra of single crystals of Mn[SiF~~l.6H20 were recorded: 

there were marked differences between the spectra at 298 K and 80 K [94]. The 

entropy of transition associated with changes in H-bonding between the water 

molecules and the fluorine atoms was measured (951. 

Several mixed metal fluorides have been prepared containingmanganese(I1). 

It was found NaMnCrFs that the magnetic sub-lattices ordered below 21 K [96]. 

Evidence of a spin-glass transition in the vitreous insulating fluorides 

PbMnFeF7 and PbzMnFeFg have been observed [97], and in the former case the 

remanent magnetisation and anisotropic susceptibility were determined [98]. 

5.4.1.2 ChZorides 

Using a simple acdel, a theoretical fit of the lattice dynamics of MnCl2 was 

obtained [99]. For the system HCl + MnCl2 + H20 at various temperatures it was 

shawn that Hamed's rule does not hold for MnCl2 at most ionic strengths (1001. 

The diffusion coefficient and the activation energy of diffusion for aqueous 

solutions of MI%& have been determined (1011. 

‘Ibe reaction of MnClz with papaverine hydrochloride has been reported (1021, 

and the themrxdynamics of the ~nCl&cCl~ and ~nCl2/AgCl systems have been studied 

[103,1041. The temperature dependence of the vapour pressure of the Mn&/DyCl~ 

system has been determined (1051, as have the antife rrcmagneticresonancesin 

MnCl2 and the EPRlinewidths inaqueouspolyethylene glycolover a range of 

temperatures (T = 77-453 K) [106,107]. Experiments were carried out on 

4.3 rrpl an-3 MC12 (M = Ni or Mn) D20 solutions, totestthem&.hodofisomxphic 

substitution [108]. In addition a detailed study of the spin-flop-transition 
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in MnClz.4D20 was carried out by neutron diffraction [log], and the Ne& 

temperature of Mn@rl_z Cl )~.4H20 was measured [110]. r 

The canplex [I&,N][MhC13] has been studied extensively because it is a 

quasi-one-dimensional antiferrmagnet. Proton-spin lattice relaxation rates 

ware coqaredwith~theoretical values [ill], andmeasured over a wide range of 

temperatures (T = 20-300 K) [112]. Inaddition, its EpRwidthhasken studied 

over a range of Matures and orientations [113], and the breather contributions 

to the dynamical form factors of the sine-Gordon systems nraasured [1141. 

[(C!&)~NH][MnC13].2H20 was 

observed and the crystal field pammaters evaluated [115]. The structuresof 

[C&NH31 [MnC13].2H20 and [(CFI3)2NH2] [MnC13].2H20 were determined by X-ray 

diffraction. Roth salts were found to contain the eis-[MnClq(H20)2] unit 

[116,117]. Proton spin-lattice relaxation rates were measured for cadmim-do@ 

[&%,N][McCl3] and EPRmeasurem?nts were performd on capperdaped [fisNl[~Clal 

[118,119]. 

The structure of Na[MnC13] was determined by neutron diffraction [120] and 

an antif erromagnetic-paran?agnetic transition was observed at low temperature 

(6.5 K) under high magnetic fields [121]. The ferroe lastic domain structure of 

Rb[MuCls] was reported [122], as was the rapid exciton migration in the crystals 

of the infinite chain salts Cs[MX3].2H20 {X = Cl or Br], which indicated that 

Cs[MhC13].2H20 was mt strictly onedimensional [123-J. A neutron diffraction 

study on cobalt-doped Cs[MnC13].2D20 was perfonred aud TN dekrmined [124]. 

The magnetic resonances in [CH3NH2]2[MhCl~] in the sntife rrmagnetic and 

spin-flop regions were reported [125]. The elastic node in the layer material 

[CH3NR3]2[MnC14] was measured [126] and the zero field splitting parameter D of 

the 6S5/2 ground state of Mn2+ ions in chloride ion emvironmmts was discussed 

[127]. l'he thermal deaxnposition of [&NHJ]2[MnCls] has been observed [128]. 

The incamemuravate phase transition of [I%?L,N]~[M~C~~] has been 

studied by X-ray diffraction; theinmmxmsuratephasewasfoundtobemmcclinic 

and f erroelastic [129]. ?-he can@= t (m3a2a2) 2m21 [bfn&lc1 v&S prepared and 

its crystal structure determined [130]. The average structure of 

[C3H7NH3]2[MnCL,] was determined and a superspace group was also assigned [131]. 

The thermal behaviour of long chain N-alkylamronium tetrachlorcmgonate salts 

has been investigated [132]; inparticulardatawasobtainedcalorQnetrically 

[1333. Bis(tq@minium) and bis(diphenylbutykmrmium~ tetrachlomnanqanate(II) 

salts were prepared as examples of tm-dimmional autif exmrqnets,andtheir 

electronic spectra were recorded (T = lo-290 K) [134]. Ramanandresonance 

Raman spectra Of [C5H7S2]2[MnCl~] Were measured. The visible band which gives 

rise to the intense colourof the ccrrplexwas assighedasaani.on-+cation 

sulphu~-netal charge-transfer transition [135]. 



194 

Cmplex ion fometion in the ionic malts 21%Jl.~MhClz {M = Li, Na, K, Rb or Cs] 

havebeen sumarised [136]. The symetries of the Raman active modes of the 

sumki phase in the system 6NaCl:~nCln were calculated [137]. The plarised 

electronicabsorptionspectraofRb2[~14] single crystalsdownto 77 Kwas 

recorded and themanganese(II] ion shown to be in anoctahedral envi ronment [1381. 

Thetemperaturedependence of the linear birefringence of light has been studied 

[139]. 

Singlecrystalsof the inmngnmt melting mterials K3[Mn&l7], K~,[MnClsl 

and Cs[Mh1&191 were grown and characterised [140]. !rhe use of 

trioctylmethylammnium chloride as a means of extracting m2+ ions fmn hydrochloric 

acid solution was investigated [141]. 

5.4.1.3 Bromides 

Informtion abmt the pair distribution function and exchange dynamics of 

MnXz IX = Cl, Br or [BFs]] were obtained [142]. He-I and He-II I'm were observed 

for MnX2 {X = F, Br and I) and interpreted in terms of both ab initio M.O. 

calculation and intensity differences between spectra recorded with He-I and He-II 

radiation [143]. 

The structure of L~~DWIB~I,] was found to be cubic at 673 K and tetragonalat 

298 K [144]. Ligand field parameters ware calculated for the [~n~r4]~- ion and 

cmpared to experimental data [145], and the formation constants for a range of 

n?anganese(II) halide ccmplexes of Cl, Br and I have been evaluated [146]. The 

trigonal distortions of the [MuX614- {X = Br or Cl] octahedra in scms MnX2 layer 

cmqounds were evaluated [147]. 

5.4.1.4 Iodides 

Neutron lxmder diffraction and magnetic susceptibility and magnetisation 

measurements on single crystals of Cs[MnI3] indicated three-dimensional ordering 

takes place at T = 11.1(3) K [148]. The ligand field paramters for the [~nI4]~- 

ion were calculated, and ccqared to experimental data [145]. 

The hydration numbers of mauganese(II] as a function of the anion 

mmcentration {I-, Br-, C104- or SOS~-] has be C?IlllE2ElsuredbyEMRspectroS~ 

11491. 

5.4.2 Oxides, sulphides, seZenides and telZurides 

5.4.2.1 Oxides 

Mr0was shownto havea face-centredcubic crystalline structureaboveTN% 

110 K. At TN an antiferrcmagnetic ordering takes place and this was studied 

in term of the magnetoelastic coupling [150]. In very pure crystals of Mno 



195 

the temperature de-e (T = 4.2-300 K) of the principal mgnetic 

susceptibilities x and x, was observed (1511. The ancmaly in the elastic 

constantofkOn&43 Khasbeenassignedtothepresenceof theMsO phase 

(1521. TIE effect of non-stoicheicmetry on the magnetic properties of MnO was 

studiedandthis alsorevealedthepresence of the Mn304 phase (1531. A 

variety of non-stoicheianetric manganese mnoxides, and the probable separation 

of the phase diagram into tm principal areas, was observed (1541. 

elasticity constant of single crystals of MnO was reported [155] and sulphurization 

of &%-IO to MnS was studied (1561. Anon-equilibriumthemcdymmiCmdelfor the 

precipitation and oxidation of naturally occurring mganese oxyhydroxides was 

proposed [1571. 

Several two-coqxme ntphase systems have keen studied; llBIWRwa~ usedto 

investigate the Famagnetic MO/B203 system (1581. The study of the M/SiOn 

system at various teqeraturs (T = 1673, 1773 and 1873 K) indicated the stability 

of SiO2 in MnO/SiOn melts was a fmction of oxygen pressure (1591. The 

antiferromgnetic solid solution of MnO/coO was studied the mmqnetically and 

the Ml matures were detemhed (1601. m interaction of As205 with h?nO 

was studied themqraphically (1611. The system GE!Oz/MlO/MkO3 was studied at 

1173 K and. was found to behave similarly to that of the SiO2/MnO/Mn203 but quite 

differently froPn ~Z/FeO/~203 system [162]. 

Severalmixedmetaloxides containingmnganese(I1) ions havebeenobsemed. 

mur qlex oxides &2m308, -306, cdhh,Oe and -7012 WeZ'? prepared using 

a low temperature route [163]. The preferential of a-Ti02 needles in crystals 

of Mn[TiO3] was studied (1641. A convenient n&hod of preparation of the spine1 

We204 was discovered [165] and. (Mn,Zn)Fe204 was also prepared (1661. The 

ccmplexoxide LanTiMnOs was preparedbya solid state reactionandanalysedby 

X-ray crystallography (1671. The manganese(I1) ions in the A- and Y-type 

erionite zeolites exist in a ccordinativelyunsaturated state undq specific 

ditions andare surrounded kythreeoxygenatansof the zeolitecrystal 

lattice (1681. [~~~].~H:~2Owasprepared,andtheperovskitephase~as found 

to be orthorhcmbic (1691. 

The oxide pnictides E!a#Gb20 and F%@n2Bi20 have been reported and their 

structms determined [170]. 

The preparation of Nalo [IhW~,o24] .28H2O has been described [171] and an X-ray 

diffraction study of [Mn(H7_O)WQ103gln- m it to be similar to other 

hetero@ytungstates and hetero@ymlyWates (1721. The qherulitic products 

of nmqamse(II) ions amJ [Cr0412- ions have also been studied [173]. 
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5.4.2.2 Sulphides, selenides and teZZurides 

The effect of antif errmagnetic ordering on the optical absorption edge in 

c-MM was studied theoretically and experimentally 11741. The phase transition 

of B-M was found to be first order [175]. The free energy of fomation of 

MnS was determined as -X8.85+0.88 W nol-' by electrcchemical measurements [176]. 

The far-IRreflectance spectraof the pyrites type ccqmundsMnSz,MnSe2 and 

MnTe2 were determined [177], and the physical properties of cx+?n~S sulphide 

magnetic semi-conductors were measured [178]. 

The solid solution in the systems (~n,~g)Cd& snd (M-I,M~)Y~& were found 

to have the cubic T~BPI+ and cubic spine1 structures respectively; all materials 

were paramagnetic above 77 K [179]. The vaporization reactions of MnGa&(s) 

and Mn&a2S~(s) were established to be: 

3/=--2s4 (s) = @b-2% (s) + ~2s(S) + s2 (9) 

m3@2s6(s) = 3w(S] + (%nS(g] + S2(g) (T = 1150-1315 K) 

[180]. The aand Bphases ofMnGa2S4 have been prepared andcharacterised. 

Both were antiferrmqnetic with TN at 23.5 K and 11 K, respectively [181]. The 

magnetic structure of MnCr2$ at high magnetic fields cannot be fully described 

by n-agnetisation or by neutron diffraction [182]. The mixed metal sulphide 

(Mn,Fe)S2 was investigated by analytical electron microscopy and tissbauer 

spectrosccpy [183]. 

5.4.3 SuZphates, seZenates, carbonates, nitrates and phosphates 

5.4.3.1 &&hates and selenates 

The exchange interactions in a-MnSOrt was studied [184]. The effect on the 

line widths of the EPR spectra of MnSO4.nH20 (n = 5, 4, 1 or 0) with decreasing 

water of crystallisation was studied [185] and the 'H NMR spectra of the protons 

of the water of crystallisation in MGO4.H2O were also reported [1863. 

A mxhanism for the oxidation of DL-proline by MnSQ has been proposed [187] 

and the rate equation for the auto-oxidation of SO2 in aqueouS=4was 

determined [188]. The reductionmechanismofMn!B~ toMnonaHgelectrcdewas 

investigated by chronopotentiornetq [189]. MnSO4 was formed by the decaqxxition 

of [MW2Hs)2] [so412 [1901. 

The shape andextended fine structureof themanganese K-absorptim (EKAFS) 

discontinuity in the octahedral CampleES MnSO,,.H20, mCl2.4H20, MnC204.2H20 

aud a-MnS were determined [191]. The angular andtemperature dependences of 

thesecond meant of single crystals of [NH~]~S04.MnSOs were measured [192], and 

a new double salt [NH412SO4.2MnSO4 has been reported [193]. 
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Complexes of I&? 3- and I-substituted banzeneseleninic acids XCsH&aOzH 

{X = H, 3-C1, 4-C1, 3-Br, 4-Hr or 4-M?] have been reported and. characteris& 

IRspectra suggestthatthe cxxnplexcontainsabidentate seleninato-U,O' ligand, 

and possesses distorted octahedral geanetry (10) [194]. In addition, the 

(10; X = H, 4-CZ, 4-Br, 4-Me, 3-L?! or ~-BP) 

selenate(IV) ccm@exes Naz[Mn(SeO~)z(H20)1 and Kz[M% &205)3(H20) 31 ~-WE be~-~ 

prepared and characterised [195]. 

5.4.3.2 Carbonates 

Dense MnCCh was made by the deccqosition of mganese(I1) ammonium 

carbamate [196]. Tk stepwise stability constants, 11 and 3.7 ware calculated 

for Wn(HcO~)]+ and [Mn(HCO3)2], respectively 11971. 

5.4.3.3 Nitrates 

The mechanisn and kinetics of the thermal deccqmsition of hydrated Mu((No3)z 

under air, Nz andvacum ard anhydrous M(No3)2 under air andvacu~m havebeen 

investigated. Mxhanisms and activatim energies have been proposed [198-2021. 

A N,N-diethylacetamide/WZIter solution of Mn(NO3 12 was iIIveStigated by EPR 

spectroscopyandthreeionic speciesvJeredete&ed: (i) Mu2+ with mixed dea, 

Hz0 solvation, (ii) dea solvated ions (loose ion pairs), (iii) (tight ion pair) 

species. (ii) and (iii) are not well defined "chemical" species 12031. 

The solubility diagram of the Mn(IW3)2/CO(IQ)z/HzO and Mu(NO3)2/Ni(E1D~)z/Hz0 

systems were determimd [;04], also the solid System [=(m3)2 + ~(~3)21/ 

M[CzObI {M = K or NH~,]/water was studied [205]. 
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5.4.3.4 Phosphates 

It was found that [Mn(NHI,)l [P207] decomposes, according to a redox reaction, 

to Ph2 [P2071 [2061. 

5.4.4 Carboxylates 

The kinetic and. vc characteristics of the dehydration of 

bb(O~CNa)~.4H20 were determined [2071. The IR spectra of W(02CNe)2.nH20 

(O&z&4) were reccrded and vibrational bands due to H20 assigned [208]. 

Mg~l_.J (02CM.a) 2.4320 was studied by X-ray diffraction, MGA and IR 

spectroscopy: sms Mn-doped species (MnJJol_z) (OKMe)2.4H20 and 

(W$,_,) (02CW) 2. 4fi20 were also investigated [209]. 

The canplexes of the alkanedicarbxylic acids of fonmla HO$(CH2)&O~H 

(l&&73 have been prepared [2101. The extraction of manganese(I1) ions by 

long-chainalkyl~~~car~~lateshasbeen studied, andfoundtobe apmr 

method [2111. The mnganese(II) ccmplex of 3,4-dihy~xylzenzoic acid was 

studied by EPR in alkaline solution [212]. The cmplex MnL.nH20 {H2L = 

acid: n = 1 or 41 was prepared and its solubility measured [2131. 

!l!he complex MI& {HL = 3,5_dinitrosalicyclic acid} was prepared and screened 

for antifugal and antibacterial properties [2141. ‘Ihe ccwlex [Mn k.dHI) 2 (Hz01 21 

has also been prepared, and preliminary X-ray data presented 12151. 

potenticanetric and spectrcphotcs&ric investigations of the potentially 

tetradentate ligand semi-xylenol orange (II) (H~+sxo] have been reported, and the 

oxlHac~*N<~w~H 
b S03H 

CH$OOH 

0 

fllJ 

formtian constant was nraasumad [2161. The canplex Ca[Mn(edta)].nH20 was 

characterised by IR and X-ray diffraction and tha cc@exes MnCc(edta).6H20 and 

MnNi(edta).6H20 were also reported [2171. !l%e 'H m relaxation rates of water 

protons wsre measured in manganese(II)/edta solutions. Prctinofwatermlecules 

hydrogen-bondedtocoordinatingcarbxylateoxygenatcms contiibuted significantly 
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to overall relaxation rates. Onewatermleculewasfoundtobedirectly 

bonded to the metal ion [2181. The solubility of manganese(X) icms in water 

after treating with fulvic acid was detemined [219]. 

5.4.5 Complexes with Group VIB donor ligands 

The high energy modification and crystal hydrates of Tutton's salt containing 

manganese(X) wtxe prepared and their latent heats of solution masured [220]. 

l%e structure of (DL-proline)mnganese(II) sulphate tetrahydrate 

[(C~HsNC02)~(H20)c][SOs] was determined and found to be polymeric with the 

manganese atcm exhibit- a distorted octahedral geometry (12) 12211. 

OH2 

I H20\M”,0H2 

H20’ ‘0 I 

O &,c I 

H20,y-YJyJ 

H20’ I Mn \OH 2 

OH2 

The effect of spin lattice relaxatian times of the 13C nuclei 

acid (23) when amplexed with manganese(I1) was measured, and the 

sites detemined 12221. 

in ascorbic 
coordination 

OH YH 
OH 

(13) 
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Tfse mqdex [bfn((nap) 3 1 [%&,I 2 bp = fl-acetyl~lidhone], in which nap 

is bidentate,was showntocontain&?r~*+ in a regular octahedral environmnt [223]. 

T¶-e complex [Mn((quin-8+H-iV-O)~,(H20)2] [C10~]2.2HzO {q~in-8-OH-N+ = 

8-hydroxyquinoline N-oxide} (14) was prepared and characterised as hexaccordinated, / \ 
90 \ I / 

‘;” 
OH O- 

(141 

containing {bfrI06) mieties (i.e. four-phenolic oxygen-bonded midentate 

quin-8-OH-N-0 ligands and two water ligands [224]. The coq~1e.x of B-alanine, 

[Mn~n, (B-ala]s] [ClO1,]6.2H20, was prepared and characterised. The molecules of 

B-alanine link infinite, almost linear, chains of manganese atams by syn,syn 

and syn,anti carkoxyl bridges, cme mlecule of B-a&mine being tridentate [225]. 

The rmmal vibrations of the manganese(I1) cmplex of malonic acid diamide were 

reported [226]. 

The stability constants of the complexes formed with L-adrenaline and 

noradrenaline systems ware determined pH-metrically over a pH range of 5 to 11, 

and it was showr~ that in the presence of an excess of ligand only ortho-phenolic 

hydroxy groups participate in coordination 12271. The stability and 

stoicheicmtry of adrenaline (A] corrplexes ware determined frm 1:6 to 1:l ratio 

of Mn:A and the titration curves were explained by assuming that ccmplexes of 

the type MnAH, MnA, MuAzH2, MnA2H and MnA2 were present [228]. 

The binuclear conplex [Mr~((pdt)~] {H&t = 2-pyrrolidone-1,3-bis(carkodithioic 

acid)] was prepared; the ligaud Hzpdt exists in tm tautcmeric forms (25); 

S’ 
H 

‘..Q.=- s T 
I- 

HS’ 
- 

(151 

magnetic susceptibility msasurenvants indicate 

spin-coupling [229]. me 1:l complex formed 

thepresenceofscmemetal-metal. 

with manganese(I1) and 
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ethylenediamino (dithiocarbamte) was studied by IR spectroscopy and X-ray 

crystallography. Only the sulphur atcnnswere coordinatedgivingrise to a 

polymeric structure (2301. 

ccpnplexes of mqmese(~~) with cis ,cis-1,3,5-trihydmxycyclohexane t2311, 

2,3-dihydroxynaphthalene [232], 3,5-dichlom-2-hydrozyacetophenoue P331, 

1,1,1,5,5,5-hexafluoro-2,4-pentadione (2341, mm(hydr~thyl)phthalate [2351, 

dibenzoyk&hmate [236] and 5-hydroxy-2-methyl-1,4-naphthoguinone 12371 have 

alsobeen reported.. The canplexes of mnganese(I1) with dichlorophosphates 

have also been reported (2391. 

5.4.6 Complexes with nitrogen donor Zigands 

The tendency for manganese(I1) to form ccmplexes with pyrazole and substituted 

pyrazoles was investigated using polarographic methods and the am-dination 

numbers and stability constants of the complexes forned were determined [2381. 

The voltametric behaviour of the cmplexes [Mnkerosite)~] Iterosite = 

2,6-bis(4-phenyl-2-pyridyl)-4-phenylpyridine (26)) have ken studied in 

(16) 

ethanenitiile usingJJCandACpolarographyaudcyclicvoltmInetry. The cCqlex 

LmdeIgcestWJ one-electron reductions to the +land 0 oxidation states 

respectively, andapoorlydefinedone-electronoxidaticn tothe +3 oxidation 

state [240]. !lhe manganese(I1) azide system was studied potentiamatrically 

using a glass electrode, and the stability cmstauts were calculated (2411. 

The structure of the caqlex cis-[Mu(bipy)~(SCN)~] was de&mined by X-ray 

diffraction. lheobserveddistortion franoctahedral symmtrybeingduetothe 

bite angle of approximately 75.5" of the two bipyridine ligands (2421. The 

absolute cmfiguration and axial rotaticmal strengths of [Mn(eh)~l(No~lz were 

detenained using single crystal doping techniques (2431. 
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Heat capacity measurements of [Mn(trz)~(NCS)2] {trz = 1,2,4+riazole] were 

taken in the range l-90 K; a A-ancmaly was found at Tc = 3.292 K. Recent 

X-ray data show the space group of this ccqmnd to be PC&, not Aba2 as 

previously rewrted [244]. 

The ccwlexes hL2C121 and BIL~X~~ IX = Br, NCS or NO31 and D4nh+l [clos12 

IL = (17)) have been prepared and characterised [245]. The canplex [MnL&] 

IL' = (18)) was formsd from the 2:l addition of (18) to MnC12 [246]. 

NH 

NH2- 

NH- C = - N 

(17) 

The carplexof errpiricalformula 

jNH 
/’ \ I 0CgH5 

NH2 NH 
I 
tiH2 

(181 

[Mn(EttrZ)~WCS)~(H20) 3121 kttrz = 

I-ethyl-1,2,4-triazole] has been identified and characterised as a dimer 

containing both $-bridgjng and r$-non-bridgm triazole ligards. Thestructure 

deduced frcm IR spectroscopy, and magnetic susceptibility, DTA and LTtM 

measurements is shown in (19) [247]. 

Et 

(191 
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[Mr~(ap~ac)~X~l {apzac = RNKM~CHZM~C=NR, R = 2-pyridyl) hama been reported 

andwere fouudtohaveadistorted c&ahedralgecs&ry,coordinatingthroughthe 

azcmethine atam, not through the pyridine gmup 12481. 

Otherccmpkxeswithnitrogen-domr ligands thathavebem Studied include 

[MhLl and [Mn(HL)z] -{HzL = l,I-qimne and dioxin& [249], [MnLl (HpL = 

H#C(O)N=NC(O)NH:!} [2501 [Mi&,Cl~l (L = acrylamide) t2511 and M~LsIXP {L = 

tert-butylurea; X = [Cl041 or [NO311 12521. Complex formaticmbetween 

manganese(II) and triethylenetetramine 12531, hnpa [2541, l,rl-diaminobenz~e 

[255], aminopyridines 12561, 4-mathylpyridine [2571, 1,2,3-benzotriazole [2581, 

pyridine [259], hydrazodicarlxmimide [2601 and 4-butyl-4H-1,2,4+riazole [2611, 

have ken studied, as have the mixed ligaud ccmplexes formsd betwsen mnganese(II) 

and bipy as the primary ligaud, with several purine derivatives as secondary 

ligands Cadenine,i&oxauthine,xanthiue,guanosine audxanthosine1 [2621. 

5.4.7 Schiff base complexes 

The following Schiff base caqlexes involving the pentadentate ligands (4) 

(Section 5.3.5) have been prepared aud characterised; [Mh(SALD~)], 

[m(5-%SAZDIEN) (HzO)l, t~CSAUXES ) (H2011, [M~(~-NOZR=D?QE )(H20)1, [Mn(SMEF”Ol, 

h(5-~2=)1, [Mn(5-IWsALBpT)1, t~MF'LPC)l and tm(~~)l.fHnO. 

Reactions with NO and 02 in solution and solid state were studied, and subtle 

differences in reactivity noted [59]. The ccn@ex [~&z.) (HzO)] {Hzdss = 

2,3_dinitrilo-cis-2-butene-2,3-diimimms thyl)di-2-phenol} was prepared by a 

template reaction of a solution of MnX2 (X = Cl, Br or I), dkmkcmaleonitrile 

and salicylaldehy& in a ratio of 1:1:2 [263]. 

Themanganese canplexes of the Schiffbasesmkle fransulphaphurazole, 

sulphamethoxypyridazine or sulphaphmazolewith 2-hydroq-5methylacetophemm 

or 2-hydroxy-5-chloro-ace-one have been reported [264], as have the 

cmplexes MnL2.2H20 {L = furfurylidene benzoyl hydrazine or 5-nitmfurfuqlidene 

benzoyl hydrazine) [2651 and the polychelate prepared fran the Schiff base formed 

fran 5,5'-methylene-bis-salicylaldehyde and aniline [266]. 

The tetrahedral complexes [MnQl.HzO {Q = L or L'; H2L = 

~ethyl-8-(2-hydroxy-l-~ph~~~ylene)ditkiocarbazate snd H2L' = 

~~yl-8-[1-(5-b~2-h~~yl)ethylidene]dithiocarbazate} have been 

prepared [2671. 

5.4.8 Complexes with mzked-donor tigands 

Irradiation of [Mn2(CO)10] and 3,5-di-tert-kutyl-1,2-benm in tCkene 

gave the caqlex M~I,~~S&H~KM~~)~~~~, while in pyridine the complex 



[~{02CsH2(CMe3)2}(w)21.2~ Was obtained. The former ccmplexisa 

centrosymwtric tetramerwiththebtilengkhs suggesttigamnganese(I1) 

semiquinone formulation. The latter ccmplex exists as a mnawr (20) [268]. 

(20) 

The crystal structure of [MI&(H~O)~]~ {HL = 4-amino-3,5,6+richloropicolinic 

acid} was determined [2691. The ccsnplex [Mn(acp~l)~] [BFs12 {acpzl = N-acetyl 

pyrazole (21) 1 has been characterised by IR and NMR measurematS and the ligand 

found to be konded in its enol form (22) [2701. The Alex tMnW2L) (Hz0)21C12 

(-\ yN, 0 

s 

CH3 

0 

(21) 

(22) 

tH2L = ~,~'-(dipicolyl)-l,8-diaminrmaphthalene~ was prepared, the ligand was 

tbughttobetetradmtate,givingrise toadistorted ealgeanetry 

around the mmganese atan; a structure, (23), was proposed [2711. 
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I 
2+ 

1 
2CI - 

(23) 

The ccqlexes [Mr&I (picrate)~,[MnL~(H~0)21 (picrate IL = bipy or phen) 

and [Mr~Ll(H~O)~](picrate)~ (L' = pi, 4-Wpy, quinoline or 2,6+%py) have been 

prepared [2721. TIE structure of the canplex [Mnkrz) (HzO)I,(SOI+) 1 {trz = 

1,2,4-triazole) was determined by single crystal X-ray diffraction (24). An 

H20\CoH2 
Mn 

H 0’1 2 0 
I 

(241 

oxygen atcan of the sulphate ion is coordinated [273]. The ccwl= [Mu-m 21 

{HzL = 3- (2-hydroxyphenyl)-2-mercaptopropenoic acid (25)) was prepared and was 

,COOH 

CH=C’ 
\ 

SH 
OH 

1251 



206 

extracted readily into organic solvents (2741. The ccq?lexes tMnL2(H20) 21 
{HL, = 2- (2-hydmxybenzylidone)amino-5-phenyl-1,3,4-oxadiazole) aud [M&X2 1 
{L = cytosine, X = Clor Br), [MnLblX2.2H20 CL = cytosine, X = (Cl041 or [N&l) 

have also been reported [275,2761. 

From the new ligands, (26) and (27), several new manganese(I1) ant@sxes 

(26; R = OH, NH2, CO2H, CHO, {27* R' = R" = Ph J J 

SH, SMe or AsMepl R' I R" = H J 

R'=R"=Me , 

R'=Me R"=H J 3 

R' R" q fCHp/s) 

havebeersynthesised. Ligands (271, yielded on drying, dimeric ccmplexes 

[m,L,(H20),1 {H2L = (27)). Ligands (26) gave the coqlexes 

[m(H2L)(H20)][C104]2 {HAL = (26), except when R = OR since (26) 3 (27); R’=R”=Ph~- 

Inadditim theccmplexesof empiricalformla [ElnL] were obtained from 

mnganese(0) ccqxmnds with ligands (26). Magnetic lrcxmlt ITeasurenents 

indicatedthattbsse cc@exeswereprobablydineric, similar to the dimric 

speciesabove,butthe~ingin~sedimersappearedtobeweaker. In all 

these complexes the ligands, (26) and (27), act as stable planar ligands [2771. 

The purine (28; p-H) forms a complex [Mn(purH)Cl~ (H20)2], the structure being 

(28; purH) 

postulated as either dineric (29) or polymsric (30). (28) was favoured on the 

basis of magnetic rmnent measuremen ts (278). 
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OH2 
c’ \ J”,N(3) 

OH2 
-NW, 1 

Cl ’ 1 ‘N(9)_ N(3)’ 
M”Acl 

1 ‘Cl 

OH2 OH2 

(29) 

H2O 
OH2 

/ ! - 
OH2 

\ / 
-Mn -N(3) N(9) -Mn - N6-h(9)- 

I 
\ 

Cl / 
\ 

Cl 
Cl Cl 1 

(301 

Ihe ccaqlex [Mn((tpdtidp)2] (tpdtidp = tetraphenyldithioimidophosphatemidophosphate) was 

prepared and the &elate rings were shcam, by X-ray crystallography, to have 

nearly an S+ axis of syrmatry; thus it was possible toperfomnoxmalccordinate 

aualyses on a 1:l metal-ligand model possessing C2 synmetq 12791. Thf2 magnetic 

susceptibility of [Mu&cNEt2)2] was determined frcm 2-300 K, for a range of 

magnetic fields; the resultswere correlatedwithan intrachain antif errmagmtic 

exchange J/K = -7.5 [280]. 

The cmplex [M~(ESF~)S(ASFS)~] contains an octahedralmanganese atanwith 

coordinated [AsF6]- groups. The NS triple bend is one of the shortest observed 

between first and second r-m elesnmts (31) [281]. 

Other ccmplexes of mangauese(I1) reported this year include A#nL2.nIi20 and 

&%@&.5H20 {H2L = iminodiethan0i.C acid; A = Na, n = 7.5; A = Li, n = 4; 

A = K, n = 23 [282]. CcqYlexeswiththe following ligaudsha~bmnrelzmted: 

tetracycline [283], DL-4,4'-dithiobis(2-aminobutyric acid) [284], 

2-pherlylamino- 5-carboxymat&lthio-1,3,4-thiadiazole [285], phenylhydrazine 

derivatives of pyridine carboxylic acids [286], isonicotinic acid [2871, 

8-hydroxy@noline and halcgen-substituted ethauoic acids [2881, acacH and 

nicotinic acid [289], 4-benzoyloxinrs-3-nethyl-l-phenyl-2-pyrazolin-5-one [290,291], 

2-[4-amino-3-1-(1,2,4-triazolylazo)]naphthol-4-sulpbmate 12921, bipy, 4,4'-bipy 

and their dioxides 12931, 2-aminoethanol [294], 1v-(S-phenyl-1,3,4-thiadiazol-2-yl) 
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“\ / N 

FI~As-F- Mn -F 

$ 

/\ 

-AsF5 

N 

SF3 
a 

SF3 

(31) 

benzamide and acetamide [295], 4-oximino- 3-msthyl-l-phenyl-2-pyrazolti-5-one, 

4-oximino-3-n&hyl-2-pyrazolin-5-one, 4-oximino-3-phenyl-2-pyrazolin-5dne [296], 

l-(2-pycidylazo)-2-naphthol [2971, i+carbamoyl~azole 12981, phenoxyethanoic 

acid [299], pyridine-2-aldoxime, 6-rsethyl~idine-2-aldoxime [3001, 

4-amino-N-(5-ethyl-1,3,4-thiadiazol-2-yl)benzenesulphonamide [3011, 

2-aminonicotinic acid [3021, syn-phenyl-2-~idylketoxims, 

syn-methyl-2-Wridylketoxim 13031, sulphathiazole [3041, 2-hydmxy-1-naphthaldoxim 

[3053, 2-hydroxynaphthalene-1-am-2'-pyridine-N-oxide [3071, 

cc-benzoylmethylbenzylideniminobenzenes~p~nic acid, 2-(cAzenzoylmethylbenzyliden- 

imino)ethanesulphonic acid [3061, 4,4'-bis(3-fomyl-4-hydroxyphenylazo(diphenyl- 

sulphone [307], methionine, glycine [308,3091, hydrazcdithioamide [3101, 

1,2-dimercaptcethaue, 8-dimsrcaptcethylamine, cysteine, 3,4-dinrarcaptotoluene, 

8-mercaptoethylalcohol, n-ercaptoethanoic acid 13111, 3-brcm-2-hydmxy-5-methyl 

acetophenone, oxime and hydrazone [312], 2,6_diacetylpyridine salicyloylpicolinoyl 

hydrazones [313], 4-[(2-hydroxyphenyl)hydrazonol]-N-(benzylsulphonyl)-3-methyl-2- 

pyrazolin-5-one 13141, S-trityl-L-cysteine 13151, 2-hydrazinobenzimidazole [3161, 

1,3-di-4-piperidylpropane [317], salicylaldoxime, 0-vanillin oxime 13181, 

antipyrine, I-aminoantipyrine pyramidone [3191, cycloserine L3201, alizarine, 

lumcp~gneson [3211, cystine [3221, 2-hydmxy-l-naphthaldoxims 13231, 6 

6-amino-2,4-hexadiemic acid [3241, glycine [3251, dithiooxamide [3261, and 

ternary complexes of the ligands 2-methyl-8_quinolil, 4-n~thyl-8~in0li11ol 

and various heterocylic bases [3271, bipy, tropolone and 6-isoprqyltro@one 

[328], l,lO-phenanthroline, 2,2'-bipyridine and 2-phenyl acetohydroxamic acid 

[329], 1-amino-2-naphthol-4-sulpimnic acid and 2,2'-bipyridine, l,lO-PWthrOline, 

pyridine, I-rmethyl~line and quinoline [3301, glycine, alanine, B-alanine, 

phenylalanine and 2-phenylacetohydroxami c acid [3311, folic acid, 7,8-dihydrofolic 

acid and glycine, alanine, serine, hystidine, phenylalanine 13321, 
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N-phenyl-N'-benzothiazol-2-yl thiocarbamide and 2-methylbsnzimidazole [333], 

adenosine-5'-triphosphoric acid and 2,2'-bipyridyl [334], antipyrine, 

4-aminoantipyrine and picramic acid [335]. 

5.5 CARxNyL(xxREmS 

5.5.1 Carbonyls and hydridocarbonyls 

ti photochemical reactions of [Mn~(cO]~~] with pyridine and 4-alkyl- and 

3-halo-substituted pyridines, asneatsolventshavebeen studied. The rate of 

conversion of [MI-Q(CO)~~] to products was found to be increased slightly for 

I-alkyl-substituted pyridines and decreased markedly for 3-chloro or 

3-brmwpyridines. The mechanism probably involves hcmwlytic fission of the 

MI-I-Mn bond to give the radical [Mn(CC)5]', which is then rapidly attacked by 

pyridine to give the radical [Mn((co)s (py)~]'. Isolable species include 

~~zKm9~W)l, r~um3(w)31r~Ka51 and r~@Y)61[~n(o)512. The relative 

amount of ionic product was found to be slightly higher for alkyl-pyridines and 

markedly lower for the halogen-substitutedcorqmunds; supporting the proposed 

mechanim [336]. Hexane solutions of [Mn2(03)10] were subjected to flash 

photolysis under an atmsphere of CC, and the recanbination of radicals was 

observedtoobeya simplebimlecular rate law innon-degassed solvents,butfar 

more onrplex kinetics were observed in thoroughly degassed solvents [337]. The 

radical [Mn(cO)~l' was generated by the W photolysis of [Mn~(cO)l~] in a solid 

OrMtrix, 13CC enrichment and IR spectroscopy indicate the radical to have a 

square pyramidit C4v crxmkry t3381. 

The crystal structure of [Mn2UZZO] 101 was redetemined [339], and the Mn-Mn 

bond length was found to be 0.29038(6) nm, as cmpamad to 0.2923(3) nm previously 

reported [3401. A solid state phase transition was discovered (ea. 8 Kbar) 

for [Mn2(CO)io] consistent with a change in mlecular gecmetry from staggered 

(D4d] to eclipsed @4h] [341]. 

In the presence of E%u3po, exchange of CC in [Mn2(CO)i~] was achieved at 348 K, 

and was used for 13C0 incorporation [342]. 

The electronic and physical properties of [Mn,(CO)lo] have been calculated 

by LCAO-Hartree-E&k-Slater m&hod with a double-zeta SIC basis [343]; it should 

be noted that the Mn-Mn bond length used in these calculations was old value [340], 

not the recently redetermined value [339]. Multiphoton dissociation of 

[Mn2(CO)i0], followed by multiphoton ionization of the fragnrants, was achieved 

using a tunable pulsed-dye laser [344]. I70 NMR spectra of manganese carbonyls 

were recorded, andtixslinewidths achieved found tobe rmrrowxthan for13C 

MR qxxtroscopy, in scmks derivatives [345]. 



Dln2(CO)~01 was used to obtain manganese(I1) 

(Section 5.4.8) [277]. 

[HMn(CO)~] was subjected to electron impact; 

cmplexes of the ligand (26) 

the [MnH]+ ion was formed, 

and its base strength assessed using ion-cyclotron resonance [346]. 

5.5.2 HalidQS 

Reaction of [M~I(CO)~X] IX = Cl or Br} with TlF of AgF in CHzC12 gave the 

cluster [Mnl,(CO)12Fx(CO)4_x] {for TlF, z = 1 or 2; AgF, 3c = 2 or 3). The 

structureswhichareiscmxphousares~in (32). The OH groups result frcan 

MN013 

(32; X = F or Oh') 

the reactants containing smll amounts of water, and as muld be expected, 

rigorously dxying the reactants results in an increase in z [347]. 

lhe amplex of empirical formula CMt%Zl(CO)akhf)1 was showntobedimric 

by X-ray diffraction, with a Cab structure (33) not a C2v structure (34) [348]. 

L L 
oc I Cl I 

‘Mn’ ‘Mn’ co 

oc’ I ‘Cl ’ 1 ‘co 
co co 

(33; czh; 6 q thf) 

The ion [Mn(CO)&ll- was observed by EPR spectroscapy in [=(a)61 [x491. 
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L co 
Oc \ M”/c’ \ M”/co I I 
oc’ I ‘Cl’ 1 ‘co 

co L 

(34; Czv; L = thf) 

5.5.3 Complexes with oxygen donor ligands 

The CXqkXeS [bin (a) 5 (oZa%) 1 and [m(co) 3 by) 2 (02-3) 1 =fZ Prepared 

and chamcterised by X-ray diffracticm, (35) and (361, and the effect that the 

CF3 
I 

o/c‘b 

oc\M”/co I 

OC’I ‘co 
co 

(351 

CF3 

O- 
_( 

“\P /” 
9 
0 

oc4\ 
6 

NO 3 
(36) 
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effective chargeon themetalatomhas indetermining thebondlengths of the 

carkmyl group was discussed [350]. (IT-pyrolyl) tricarbonylmanganese(1) was 

treated with picric acid to give a binuclear complex (37); the picrate ion 

Q N 

t Oc co \I/ 
-Mn- 

t 

(37) 

acts as a 3e-ligand [351]. 

A new class of transition mtal ccanplex containing radicals, (38), has been 

Mn(CO),t+_n Ln 

(38; R = CMe3, CHMez, Ph, 3,5-CZ2C6H3J 

2-thienyl or a-thienyt; L = PBu3l 

made frcm the reaction of [MAIM]' radicals with aliphatic nitro ccmpounds in 

the presence of PBUS 13521. 

5.5.4 Complexes with sulphur and seteniwn-donor Zigands 

The mmplexes ci~-[~((co)~~~(Y)PPh~]] {X,Y = NR, 0 or S] and 

ci~-[~(cO)3(Z)~Hxc(Y)pPh2}] {X,Y = NR, 0 or S; 2 = Cl or Br] have been prepared, 

and in the caseof tk ambidentate thioformmide ligand, showntobeccordinated 

via sulphur and phosphorous atans [353]. The canplexes [Mn(CO)s(S2CNHR)] and 

[M~(W)~(CNBZ?)&CNHR)] {R = Me or other unspecified groups] have been prepared 

fran RWS and rMn(m)4(cmHMe)(NH2Me)] [354,3551. 

Irradiation of [Mn2(cO)10] in CH2C12 in the presence of an excess of L-L 

{L-L = RlR2W(Se)SeC(Se)NR1R2 or RlR2NC(Se)Se3C(Se)NRlR2; Rl= Rz= CZHS: @WR2= 

nmpholyl; RI= CT&, R2= C6Hs] produced [M~(CO)I+&~ZCNR~RZ]] almost quantitatively. 
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Refluxing this product in thf produced the catplex D4nKD) &I2 in variable yield. 

mis ccmplex was assigned a dimeric structure (39) [356,3571. The photmhemical 

0 NRl R2 

SeYC co 

I 
I 

OC \M”P\M,ICO I 

oc/ 1 -lSe/ \- 
I I 

co I clSe 
/ 

R1 R2N 

(39; RI = R2 = Czh’s, 

RlR2N q morpholyl, 

R1 = Me, RI = Ph) 

reaction to yield those products has been extensively 

reaction proposed, involving Mn-Mn bond fission [3581. 

5.5.5 CompZexes with nitrogen donor ligands 

The treatment of [(a-pymlyl)m(co) 31 with BuLi gave i2z ccpnplex skm as I 

(40), which was characterised by X-ray diffraction L3591. ThecaTiplexes 

Mn(CC83 0 

-Y 

, Mn(C0)2 

13U 

(401 

[hfn(~)3(~2~2~3)21Br‘and [h%h(m)3(~2mZa3)mI me farmedby the action 

of S-n&hyldithiccarbm&e on [Mn(cO)sBr]. Thefomrzramplexwascharacterised 

by single crystal X-ray diffraction [3601. 



214 

5.5.6 Complexes with phosphorus, arsenic, antimony and bismuth donor ligands 

lhe neutral complexes fac-[O~C1~(cO)3~Ph2P(cH1)~PPh2}] (l&$4) were 

prepared, and by the facile displacement of [CIOs]- a variety of related adducts 

fat-[Mn(CO) 3 IPh2PKH2)nPPh2]L] [Cl041 {L = phosphines, phosphites, pyridine, 

MC!N, &HIS, CO or MezCO] were synthesised [361]. The cmplexes 

cis,cis-[MnBr(CO)2(LL)L] were prepared and oxidised by either NO2 or [No][PFs] 

to give the unstable cationic species trans-[MnEw(C0)2 (L-L)L]+. Bmnide 

substitution has also been observed by N- or P- donor ligands [362]. !l’he IR 

and 55Nn NMR spectra of the ccanplexes [MnKD)61C1.HC1, hK33)s(02cEt)l, 

[MhKD)~(PR~)l[PF6] and D4n2KO)~(PR3)21 {PRs = PPh(OPh)z, PPr3, PHPh2, PPh@Et2)2 

or P(~-CGHI+F)~] have bees reported, and the above ligands arranged in order of 

ligand strength, The structure of Nn2KO)~(PHph2)2] was suggested to be 

[(oC)5~-~(a3)3(PHph2)2], in contrast to the synmstrical structure of the other 

dimeric coqlexes [PR~(OC)~M~-M~(CO)I,PR~] [363]. 

Reaction of (41) with [(wC~H~)M~(CO)~] gave the ccmpl~ (42) which shows 

0 
Ph2 P 

GN 

Me 

Ph2P 
0 

(41) 

CH2-CH=CH2 

scms unusual bonding properties [3641. 

The amplex tMn2 03 4 kCX3 hdppt-~) 21 has keen shmn to rfsct with acids, 

inthep?menceofCCtogive (43). !Ikca@.exwas characterisedby IR, 31P 

andlHNMRspectmsccpy, and inadditionapreliminary single crystal X-ray 
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P-P 

LBPh41 

143; P P = dppm) 

diffraction data has been collected. TheMn-Mnseparationwassbowlltohave 

extended from 0.293 ~1 to 0.32 nm on protonation Axing that the bridging 

distance of th? dplm ligand is sufficient to accctIcIDda tesuchachange. Inthf 

(43) reacts with Li[BHEt3] at 0% to generate [Mn2(&)4(B-CD) (b-)21, and it 

hasbeenpostulatedthatthis reaction cccurs via nucleophilic attack at Co, to 

give [MnpHKHO) (C0)~(~1-dppn) 21 as an intermediate 13651. 

Treatment of [Mn(cp) (CO)&hf)l with equi.~~lar quantities of Ps(SiMe2)3 (44) 

(44) 

gave [Mn(cp) (CO) 2Ll {L = P4(SGle2)~), L being ~~ncdentate, while in a 2:l molar 

ratio the canplex [Mn~(cp)2(cO)~Ll (45) was isolated in which L was bidentae 

[3661. 

Whzn the scdium derivative of 2-(diphenylpho@ino )ethanethiol was reacted 

with [Mn(CD)&Wl abinuclear,ccmplexwas isolatedwith the probable structure 

shown as (46) [3671. Otherccmplexespreparedthisyear include 

[MIKO)I+{S(X)CPR~~I IX= S or NPh; R = Ph or cycll, ~~~-[~(~))~{RIPC(S)NPNI}] 

CR = Ph or cycl), tMnKD)s~SNPh)CPPh~~l ,cis-[=(CD)s{P(c@),H)l 13681, (47) 

[3691. [(~~)M~(CO)~,~-C,$I~(EE+I~) (E'Ph2)}] {E = P, E’ = As; E = E’=P; E = E’=As} 

[(cp)Mn(a))2{1,2_CsH4(PPh2) (BiPh2) 11 and [(cp)Mn(cO)Ll {L = Ph2FQMHPPh2~ [3701. 
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CH2 
‘CH/ 

PPh2 

2 

(46) 

CHROAc 

P 
bin 

oc’ 1 ‘L’ 
L 

t47; R = Ph, Me or H; 

LL' = (CO) 2, (COl(PEtd, 

(COI(PPhd OT dppe} 

The cmphxes [(CC)SMII(DS?~)] {E = P or As] have been studied using 

electrochemical techniques [371]. The cation radical of [MII~(~-A~P~~)(CO)~] 

was observed by EPR in a glass formsd from a freon mixture [372]. In a 
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usual reaction, dimzthylarsimus acidwas stabilisedandisolatedas accqlex 

of manganese [Mn(CD)&lCAs(CH3)2oH~l t3731. 

TIE reaction of [(cp)~n(CD)~(thf)] with SW13 gave two different products, 

depend& on the conditions, (48) and (49). Both of these structuxeswere 

Cl Cl 

I I 
CP(CO)2Mn7Sb SbqMn(CO&CP 

Cl OC co Cl 

(48) 

cp(OC)@ ’ Sb \ Mn(C0)2CP 

\ / 
Cp(OC)iMn 

(49) 

confirmed by X-ray crystallography I3741. By an analogous reaction with BiC13, 

a ccorplex of ccqqsition {(~~)MII(CD)~)~B~C~ was prepared. X-ray diffracticm 

shared the cmplex to contain the unsymnetrical Bi2C12 bridghg miety, the 

formula of the cunplex being [(~~)I,M~Q(CO)BB~~C~~] [375]. 

5.5. 7 Organometallic complexes 

Many cyclic annplexes involvingcarbon-oxygen andcarbon-phosmrus 

coordination of manganese have been reported this year, including (50) [376-3781, 

(52) [379] and (52) [380]. 

For [WM~I(CO)~] the stereockmistry of insertion of Co into the Me-m bond 

was studiedusing 13c hrm qxctro~ [381], and the degree of acceleration that 

proton acids have on &thy1 migration was msasmed [3821. 

Thephotochemistryof [(cp)M1(0)3] and [@kcp)Mn(cO)3] inglassesat77K 

yielded [(cp)M11(C0)~1, [(cp)Mn(cO)l, [Mec~4~(cO)21 ad t~Mecp)~(COl while h 

the presence of ethers or alcohols yielded [(cp)Mn(cO) (thf) 21, [(cp)~(cO)2(thf)l, 
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(OQ+Mn 

I 7’ 

KH2+- Y 

R 

cc- 0 iln(CO)b 

(50; Y = 0, n = 1,2,3 or 4, R = Ph; 

Y = S, n = 3, R = Me; 

Y = CH2, n = 3, R = Ph; 

Y = CHMe, n = 3, R = Phi 

151; R q Ph or 2-C6HbPh) 

co 

(Ph0)3pA MnAco 
I 

(52) 

[ kpMnK0) 2 (mthf) 1 Imthf = 2-methyltetrd@rofwml, [ Mec~)~(cO) 2 (mthf) 1, 

[ kp)Mn(cO) 2 W.X-U I and 1 (Mecp)Mn 03 2 Nf-I) 1 {R = Me or Et) [3831. Thecrystal 

structure of [(~p)Mn(cO)~] was reinvestigated and evidence for deviation from 

planarity of the cyclopentadim was obtained 13841. 

An excellent review of the coordinatim chemistry of the [(cp)~(oO)21 

fragmnt has been published [385]. 

The czoqlex [(Mecp)Mn(o3)~] was used to protect Ph&& 13861. The cw 

[Wq~Mn(cO)~l + PbSiH2 - [M=q)EilnH(cO)~WHPhz)l 

[(Mecpl~(cO)z(SiHPb)l + X2 - [ Mecp)~(cO) 2 MXPhn) 1 + HX 

[&cp)~((x))2(Sixphz) 1 + 03- [ hcp)MO3 31 + PhzSiHX 

X = F, Cl, Br or I 

phase He-I and He-II PES spectra of [E(~3),CsHs-nl~(CO)~Ll (L = CD, n = 0, 1 

or 5; L = CZHI,, C3H6, n = 1 or 51 have been measured [387,3881, as has the He-I 

PES spectrumof [(cL-CH:!)((CH~C~H~)M~(C~)Z)Z] [3891; the ionisation energies 

fromthe studiesware amparedwitheach other. 
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The ccqlex [MnKO)2(nP-C~H~) (r15-CsH5) 1 has been prepared and its structure 

determined, (53). This ccmplexis unusualinhaving a $-C~He ligand, and 

analogous am@xeswxeobtained fmncycloheptatriene andcycloocta-1,3,6-triene 

[390]. 

Mn-I-, 

‘I 0 
ti 

(53) 

Scme [~~3-allyl~~cp~Mn~cO~~l~ salts have keen prepared [3911, and other 

organcmtallic ccqlexes studied include the cyclohexadienemnganese tricarkmyl 

anion (which was prepared by two different m&es) [3921, [RCCCH~MI-I(~)~] 

ER = Me, Ph or Me01 13931, L~IKC)SMII(BZ) DO)1 [3941, D4n(rl*-CS~) KO)L(C5BR)l 

(R = H, L = PKMe), or PMa3, R = Me, L = PbknPh), the latter mnplexes react 

with me equivalent of dimthyl acetylenedicarkoxylate to yield 

t~n?(cs2Cn(C02Me)2}(CO)L(C5HsR)l (54) [3951. 1 (E5Hs)Mn(CO) 51 {R = (cH2)nP(0) (OEU2; 

oc 

Mn- 

‘I 
P(OMel3 

C 

(54; R = HI 

n = 3, 5 or 7) has been prepared [396]. In addition the reaction lzetwsen 

Na[lbKD) 51 and (ClCH2)bk~SiCXCH2Cl has ken investigated [397], and the catplex 

[MnGH5BCH3) (W3l.containing a 1-methylborinato miety, has been obtained and 

acetylated 13981. 
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5.5.8 SityZ and germyl compZexes 

* CWlf=X [~(~o)s~Si(~3)311 was treated with a range of organic carbonyls, 

~JI order to develop new mtal-carbon bond forming reactions; my organic 

products were obtained and characterised [399]. The cmplexes 

Li[{~~]~(~)(~)z], [~I1phMeGe]Mn(Mecp)(CD)&e] and [{Ph3E]Mn(Mecp)(CO)pR'] 

{R' = I@ or Ph, E = Si or Gel were prepared, the first two containing optically 

active groups [400]. when [b@Cp)hln(~)~] was reacted with K[GeH3], 

K[(~cp)~(Wz(GeH3)1 was obtained, which was readily converted to the crystalline 

salt [EtbN] [(Mecp)Mnn(cO)~ (GeH3)l on addition of [Et4N]Cl. With G&L+, 

[(Mecp)~(CO)~(GeC13)~] was obtained: in both ccmpounds, shortening of the MI+& 

bond was observed [401]. Treatment of K[(Mecp)Mn(CO)~(GzzH~)] with ethanoic acid 

yielded [I(Mecp)Mn(CD)2 lzGe1 (55) containing a linear Mn=Ge=Mn system, which 

OC- Mn-CO 

II 
Ge 

II 
oc- Mn -co 

& Me 

represents the firstexaqqle of aMn-Gs doublebond. A related ccanplex 

tI(kcp)Mn(CO) 213Ge1, (56), was also synthesised, which also contained a 

Ge=Mr~(cO)~(Mecp) miety [402]. 

5.5.9 Mtied metal earbony& 

ti best the-c parameters for the formation, and phase transition 

and dissociation of MRe(CO) 101 and [~%Iz(CD)~~I have keen pmed 14031. The 

heteronuclear carlxmyl [MnTc(c0)~0 1 was synthesised by treating [Tc(cO)sBr] with 

[Mn(co)51- in thf [404]. For the carbonyl [MnCo (a)) 91, the C=O stretching region 
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-Mn 

Ge 

OC\,/ \Mn/co 

@ 
I I 
L C 

n M 
(56) 

has been cm@etely assigned. The results point to thepolarisationof the 

n-&al-metal bond in the sense [(cc)5m6+xos-(co)41 [4051. Themixedmtal 

complex [KnCo(C0)~(dab)l {dab = 1,4-diazabutadiene~ has been prepared, and the 

dab ligand was observed to be a Ge--donor [406]. Thelowtenperature resonance 

Raman spectra of [Re(CO)s(NCsH~(3H=NCsHs~-4)C~(CO)5)] has keen reported [4071. 

The Mn-Pt bonded complexes [(cp) (OC)~~~C,-~(PR,)C~HIIM~-~)~~PR~)ZI [P&l and 

[(cp) (OC)a{,C(PRs)CsHsMe_4~(~~)~t(SCsHs~-4) (PRs)l {PRs = PMe3 or PMenPhl 

were prepared. In both cases (PR3 = PMes) crystal structures were obtained 

[4081. The complex WnPtkCC6&Me-4) (C0)2~Pi%z3)2kp)ItJ%l has also been 

reported, in which one Co is semi-bridging, (57), [4091. The relatedcomplex 

- 

H-MeC6H4 

4% 1 \<-’ \pMe3 
co 1 

[MnPtWCS) (CD)Z(PRB) (cpll @R = PM+Ph or PKePhzl has also been reported [4101. 

The ccsrplex [(~)Sn~~~cO~~~HgC~(cO)~~1.0.5cH2C12 has been characterised 

by X-ray diffraction, and was found to mtain the novel Sn-Mn-Hg-Mn unit, in 
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which the M-Hg-m part is nearly linear, (58), [411]. The reaction of 

K[(M~~P)M~(CO)~(G~H~)] with Hg2C12 also gave a very interesting product (59), 

with a unique strmture [4121. 

Me 

(59) 

‘!%e ccqdex [(PPh,)gNl[ (C~F~)&LI-M~(CD)S) has ken PrePa=d [4131r as have 

the cxmplexes (60) L4141, (61) I4151 and (62) 14161. Other cmiplexes that have 

Me2 

/“‘\ 
(004Fe - Mn(C013 

\ 
PMe3 

(60. R’ = H, R2 = C02Me; f (61) 

R’ q C02Me, R2 = H; 

R’ = R2 = Phi 
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(OC)5M Mn (CO)3 

162; M q Cr, MO or W) 

been reported are [{Ph#eSnMn(CD) 1 5 , [M~(PW~~(~H~)P~SI-IM~(~) 51 [4171, 

[(cp)Ti(MM1~)Mn(CO)31 '- [418] and (63) which is probably oligermric [4191. 

Si(CH3)2CH2PPh2Mn(CO)4PPh2CH2 (CH3)2Si 

Fe Fe 

(63) 

Finally, the kinetics of the system [~~Pbl/~(Me~Pb)~((co)~l/~~~~Pb)~~rln(~)~)~1 

have been studied [4201. 

5.6 NmYLCCMPLEXFS 

Projected xa-SW and configuration interabion calculations trRre used to discuss 

the bonding and PES of [M(C0)s(No)l (4211. Using the interesting reagent 

[@Phs)zNl [NOnI, the cmplexes B~KO~I,WO)~ and [(PPh3)zNl Mn(C0)~@0)21 were 

prepared in high yield [422]. The reactions of [Mn(C0)(No)3] with L (L = P(CMe3)3, 

PH(-312, P(SiMe313, P(-313, P(Sm=3)3, P(m3) (s*3)2, P(m3) @+ie3)2 or 

P(C%3)(SnM3)2) all resulted in the elimination of Co. The resulting complexes 

[Mn(L) (NO)31 wsre studied by 31P and 55Mn NMR specmscopy [423]. 

The chiral nitrosyl ca@exes [(C5HsR)Mn(hlD) (L)Il (R = H or M, L = PPh3, 

P(OPh)3 or P(CsH11)3) were prepared dlcng with the dimeric species 

[(C~H~R)~M~Z(ND)~X] {R = H or Me, X = Cl, Br, I, CN, SCN or various organic 

anions) 14241. Tne structure of the cunplex [(Wcp)Mn(CS)(No)Il has been 

determined by X-ray diffraction (64) [4251. 

Other ccmplexes that have been reported include the n&&l-n&alnitmsyl 

Ag[(cp)m(a) (NO) (PPh,)l2 [4261, [b=p)m(W (NO)LI[BFI+I, [(C&)Mn(W (NO)LlE%l 

IL = C0 or PPh,) t4271, and [IEln~cO)2(No)l[EF~l EL = r+indenyl~ 14281. 
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Me T 
tin 

(64) 

The binucleating mm_mcyclic ligands {L2-), derived frcm tm equivalents of 

2,6-diformyl-4-nrzthylphenol and ti equivalents of 1,3-d.ianGnopmpane, results 

in two identical &OZ} coordination sites frcm which the heteronuclear ccmplex 

rMn%_llIL] 2+ was prepared (65) [429]. 

2+ 
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‘Ibe crystal structure and magnetic properties of the Ni(II)/Mn(II); 

~u(~~)/&?n(II)-dithicxxalato systems ware obtained. !rheseccm-plexeswerefoundto 

be isostructuralwith infinite-chainrmlecules . . ..A(SzCz021 Wn(H20131 (02C2S2) . . . . . 

iA = Ni or Cu1. The magmtic behaviour of the Cu(II)/~(II) system is unusual, 

the manganese(I1) and coppez(II1 ions appear to be antiferrma gnetically coupled 

14301. 

A heteronuclear conplex of l-msthylthymine, containing both the cis-{Pt(NH2)212+ 

unit and &!I?+ has been prepared and characterised by X-ray diffraction, and shmn 

to be Wn@-t(NH3) 2 (CsH7N2021212Cl21.lOR20 14311. IIlthecompleX 

[Cu{(prp)2en)lrln(hfacac)2] {where (~rp)~en is the Schiff base derived from 

2-hydroxypropiophenone and ethylenediamine1, the EPR and zero field splitting of 

the exchange coupled Cu(II)/Mn(II) pairs, were measured 14321. 

In addition the mixed-metal complexes Mn[Ni(cN11,] and 

I~~cp~2~cO~Nb~2~1~-H~l~~~cO~51 have also been reported 1433,434l. 

5.8 MIXEDOXlDATICNSIATECCMPLEXES 

The musualdodecanuclearcrystalline co@excontainingmanganese(II) and 

llWganeSe(~1 [h&l12 (CH3a30) 6 (H20) 40121.2cfi2~.4H20 has been pl-epared, and has 

been studied by X-ray diffraction. In this coaplex themanganese atcms are 

linked by triply bridging oxo-oxygen atans and by carboxylate bridges [435]. 

The crystal structure of {=31m4012 was obtained using neutron diffraction; 

it contained both manganeseUV1 and mnganese(III1, the latter being present in 

ti different types of Jahn-'Ieller distorted polyhedra [436]. The related 

ccmplexes ~InCu31Mn~Oi2 (In = La-Lu or Y1 were also studied and found to be 

ferrimqnetic [437]. 

Mn2FeO4 was studiedbytissbauer spectroscopy, andacationdistribution for 

this spine1 was proposed [438]. The structuralandnqnetic properties of the 

Pr l_ZMnl+x03 perovskites have also been studied [439]. 

5.9 P~ANDKEmKRINaxPLEXES 

[#I @PP1Cll (TPPH2 = meso-tetraphenylporphyrin1 was found to catalyse the 

specific oxidation of ketones by dioxygen, in the presence of [Bu4N][EU&] [440]. 

The hyperfine proton interactions have been analysed to give information about 

the spin populations on the hemaglobin derivatives of [Mnll(TpP)X]/[~lll(TpP)X] 

{X = H20 or Cl1 with matmyoglobin or fluorcmyoglobin as the six ligaud 14411. 

Water solublemanganese(II1) porphyrinswere reducedbydithionite in aqueous 

solution, and a mechanism was proposed. In addition, water soluble mnganese(II1 

porphyrins were found tobeoxidisedbydioxygenuia an axial inner-sphere 



II-lZChaniSn. It was found that quinones also oxidised mnganese(I1) porphyrins, 

far more rapidly than dioxygen [442]. No g2mmd state reactions were observed 

betweem manganese(II1) porphyrins and benso-1,4_quinone, naphtho-1,4_quinone or 

anthra-9,lO-guinone, but irradiation with visible light lead toxeduction of the 

guinones to hydmguinones. In the case of benso-1,4-quinone, mnganese(IV) 

porphyrins and semiguinone ware produced initially, which then reacted to give 

manganese(II1) porphyrin and hydrcquinone 14431. The lmainescence properties 

of [Mt-?(TPP)] ware measured, and these showed that there was little interaction 

between the metal and the porphyrin ~system [444]. In [MnlI1 (TPP)I the 

luminescence was found to originate frcm the second tripmultiplet state [445]. 

The preparation of manganese(I1) porphyrin in an agueous envircmment (the water 

soluble porphyrin used was prepared by the addition of four ethylene diamine 

molecules to protopmphyrin IX [446]) and the exchange reaction with zinc has 

been reported [447]. 

The average magnetisation between 2 and 20 K and lo-50 KOe of [MI?~~(TPP)C~] 

and [MnlI1 (TPP)Cl(py)] has keen studied and analysed [448]. [Mn(TPP)Cll arid 

(66) wzre reduced by [FesSb(SPr)4] '- and were observed by EPR 14491. 

7% porphyrin/~(III)/Na[BHI,]/O~ oxidation model system was found to behave 

similarly to the enzym system P-45O/NADHJO2 {cytocm P-450 was used as a 

typical example of enzynk oxygen-activation] [450]. P-450 type dioxygen 

activation was achieved using HP/colloidal Pt, as an effective electron donor 

rather than Na[BHt,] [451]. 

[m111 (TPP)] was shown to catalyse the oxidation of simple alkyl-substituted 

indoles,via first the temarycaqlex, then an indolenylhydroperoxidewhich 

decomposes to give the final product [452]. The bindingof imidazoles to 

manganese(III) protoporphyrins in water has also been studied [453]. 

me 8-polyrmphic formof [M-III (pc)] was studied by single crystal neutron 

diffraction at 5.8 K, and systematic differences in bond lengths kcmpared to 

those seen inpreviousdetenainations of the structure atT = 116 Kand 295 K] 

were revealed [454]. In addition the polarised neutron diffraction data at 

4.2 K has been collected and interpreted to give a spin-density distribution in 

the [rnII(pc)] crystal 14551. 

The electmchemical behaviour of [Enll(pc)] dissolved in pyridine, dmso and 

dma has been reported, in the presence of X- {X = Cl, Br or [C101+]]. Electron- 

transfer couples, representing net oxidations of the manganese, and of tha 

phthalocyaninering, andtwonetreductionsof the phthalocyanine ring- 

observed by cyclic voltamretry, and showed close to ideal behaviour [456,457]. 

[Mn(pc)] was found not to react with 02 in rigorously purified pyridine, but does 

reactindmtoyieldadioxygenadduct, andthe reactionwas famdtobe 

reversible. AIJ oxo-bridged [Mr~~~~@c)-O-Mh~~~(pc]] species was observed, and 
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a solid containing a bound superoxide [M~-?~~(pc) (Op)] was isolated [458]. 

Artificial haencglobins ware prepared with manganese(II1) tetrasulphonated 

phthalccyauine [MhII1 (tspc)] in place of hem. Spectrophotmetric titration 

data indicates the ratio of reagents in this process to be 1:l. The artificial 

haemglobin complex formed doss not react reversibly with dioxygen, and cannot 

act as a physiological oxygen carrier [459]. In the solid state the dioxygen 

adduct of [MnllnI1(tspc)l has ken shown to be best formulated as [Mnlll(tspc) (O,-)I, 

while in solution the EPR spectrum as a function of pH indicates that there is 

an intramlecular electron transfer between [Mr~~~(tspc)O~] and [MnlI1(tspc) (02-11 

[4601. 

The dimeric highly reactive C1_oxo-[azidotetraphenylporphyrinatcaMnganese(IV)] 

cmplex has been prepared and characterised by X-ray diffraction. Themanganese 

atcms are coupled antiferromaghetically. It reacts quantitatively with Ph3P to 

give PhspO, and to give a variety of products in low yields with alkanes, alkenes 

and chlorocarbons [461]. 

The average oxidation state of manganese in photosynthetic membranes was 

measured by X-ray edge studies, and shown to be betwaen +2 and +3 [462,4631. 

5.10 HYDFUDES,CARBIDES,NITWBESANDPHOSPRIDES 

The nature of binding in MnH was studied using a modified Phillips-Kleiman 

pseudopotential n&l-& [4641, and the upper limit of the dissociation energy of 

MnH was estimated [465]. 

The systemsA&W2~ {A = Cd, Ho andEr} ware converted intothe hydrideswith 

the composition &M:!3Hz {2=22), and the mgnetic properties of these systems were 

studied [466]. The hydrides of m2_$'ez and. related materials were prepared 

[467], as were the hydrides ErIW& {z = 4.6-4.01. These hydrides mre studied 

by X-ray diffraction [4681. The magnetic behaviour of Ti/Mn intermetallics and 

their hydrides were investigated by susceptibility neasuremnt (T = 5-360 K) 14691. 

The enthalpy of formation of Wp3C6 was calculated by masuring standard 

enthalpies of combustion of Mn23C6 to Mn304. The value obtained was 

12,746.0+15.6 kJ ml-' [470]. 

A double helix magnetic structure for MnP was proposed [471]. The thermal 

expansion coefficient of MnP was measured and found to be anisotropic [472]. 

IhevalencebondPFSofMnPcrystalswasmaasuredusingsynchrotronradiation 

[4733. 

Crystalsof2-MuP1,were examined by X-ray diffraction, and &m&&i to contain 

a 2-layer stacking variant of the previously reported 8-MnPb and 6-MnP, [474]. 

Anewphase ofMnP4 was examined by X-ray diffraction and shown to be triclinic 

(Mn-Mn = 3.21 i ccanpared to 2.94 i in the monoclinic form) [4751. 
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The phosphfxe~~e~Ceandph0sphorescenCe excitation spectraofcctahedrally 

oxxdimtedmanganese inMnP& wasmeasuredat77 and 4 K [476]. MnPS3 has also 

been shown to take up various cations from aqueous solution, where the electric 

charge was balanced by the loss of mnganese cations frun the layers. This 

reaction is limited, but has been extended to ccmplex cations [Cr(en) 3]*+ and 

[Fm(bipyj3]*+ [477]. 

The conplex phosphide YkMnCuP2 hasbeenreported, andslmwntobeisotypic 

with the Ca&Si2 type structure 14781. 

It was found that [MnN] was extensively decomposed in organic solvent-bromine 

mixtures, Mn going into solution [479]. !Ihe tzhermd conductivities of VN/MnN 

and CrN/MnN solid solution were masured at 100-1000 K [480]. The specific heat 

capacity of the cubicmetallicperwskites~~znNand~3GaN~ereportedbe~ 

6-350 K. First order anonmlies wxe detected 14811. 
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