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Introduction 

This review deals mainly with the inorganic and coordination chemistry 

of manganese which was cited in Chemical Abstracts, Volumes 98 and 99. Most of 

the work, therefore, was published in 1983, while some papers from the end of 

1982 have been included. The major journals (t.e. J. Chem. Sot., Datton 

Trans., J. C'hsm. Sot., them. Commun., Enorg. Cbem. and J. Am. them. Sot.) are 

reviewed for the full year of 1983. Organometallic chemistry is not formally 

included, but reference is made to some papers, possibly of general interest. 

Kinetic and mechanistic work is also excluded, as is purely magnetic, except 

where some direct relationship to coordination chemistry is involved. 

2.1 HIGH OXIDATION STATES 

The W-VI.9 and IR spectra are reported for [Mn207] in the solid state 

and in low temperature matrices. The IR spectra are consistent with a bridged 

structure, and suggest a wide Mn-O-Mn angle. The electronic spectra show 

vibrational progressions and are compared with other msnganese(VII) 0x0 

species [lJ. A study of the spin-spin and spin-lattice relaxation rates in 

the quadrupolar manganese nucleus in [HnO,]- has been undertaken, and shows 

that when these rates are a minimum with temperature, the lifetime of the 

excited vibrational state is less than the correlation time of the 

orientational motion [2]. The vibrational spectrum of [Mn03F] was presented 

and analysed, and all related constants cakulated. These were campared to its 
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chromium fluoro- and chloro- analogues [3]. Reduction of the oxides IC[MnO4] 

and [b&102] by hydroxylamine produces manganese(II) species. In alkaline media, 

the reduction of manganese(VI1) and manganeee(VI) is rapid, while that of 

manganese(IV) is slow [4]. 

2.2 MANGANKSW~) 

2.2.1 mtdes 

The oxidation of manganese(I1) Salts by K[ClO9] and Na[ClO9] to pln02 has 

been reported. The products differ in crystalline form with the oxidant and 

the conditions used, end were characterised by X-ray powder diffraction, IR 

spectroscopy, and chemical and electrochemical reactivity [5]. Examination of 

possible structures has provided infonnation into the enhanced electrochemical 

performance of MnO2 in aqueous solution and in lithium cells (61, while 

reoxidation of crude Mu02 yields chemical Mn02 (CKD) [7]. The structural data 

of electrolytic and chemical HnO2 has been reviewed [6]. By doping iron into 

MnOar the thermal characteristics of the compound have been changed, as shows 

by VIA, themogravia&ry and X-ray diffractionr the results were discussed in 

detail [9]. A statistical thermodynsmics approach to the electrical potential 

of manganese(IV) oxohydroxides has been presented, including modifications for 

two types of current carrier, and solid solutions of varying composition 

[lO,ll]. So-called 6-Nn02 was reinvestigated and found to be a mixture of two 

other form in sodium hydroxide solution, while in potassium hydroxide 

solution only one form was observed. High temperature treatment of the 

compound in alkaline solution led to a range of oxides and hydroxides 

depending on reaction conditione 1123. The Mn02/Ei2S04 equilibrium has been 

studied by titration, complexmetric titration, electron microscopy and 

electron diffraction techniques. The process of dissolution has been analysed 

and the results presented [la]. 



The new heteropolymolybdate IC2Ee[MnMo,028, '.4Ff20 has been prepared and 

characterised by diffuse reflectance electronic spectroscopy, magnetic 

moments, M'A and !lGA, and shown by X-ray powder diffraction to be isomorphous 

with the nickel(IV) compound [la]. 

2.2.2 RuZtdes and halocompZ.exes 

The fluoroinanganate(IV) salt K[MnF5] has been synthesised from Mf-10~ and 

K[HF2], and characterised by X-ray powder diffraction,_ DTA and !CCB [15]. The 

electronic spectrum of [MnF6]*- has been studied in detail and is interpreted 

in tern of its electronic configuration [16]. 

A series of dichlorobis(N-alkylsalicylidene-aminato)manganese(IV) 

complexes [Mn(N(R)X-sal)2Cl2] were prepared by oxidation with HCl of a 

manganese(III) complex [Mn(N(R)X-sa1)2Cl]. The products were characterised by 

their physical properties, magnetic moments, W-VI.5 and IR spectra,and 

electrochemistry [17]. 

2.2.3 Other cmnpLexes 

Aerial oxidation of aqueous solutions of manganese(I1) in the presence 

of 1,4,7-triasacyclononane and bromide ions produces a black compound 

C ( C6Qp3 j4b406 1 Bra . 5 ( OK }a 5 . 

6Ii20. The crystal structure has been determined, 

and the central unit of the molecule is shown in Fig. 1: 

Fig, 1: Central M406) Unit 
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Redox titrimetric, W-VIS and IR spectroscopic and magnetic mozaent data were 

also quoted [la]. 3.5-ditertbutylcatechoL (dtbcH2) has been used to synthesiee 

the con@= Na2[Wn(dtbc)3].6CH3CN, which was characteriaed by X-ray 

crystallcgraphy end 'E1/13C NMR spectroscopy and shown to have almost perfect 

octahedral symetry in the solid which is retained in solution. The reaction 

of the anion with the superoxide ion, [O,]-, has been studied by magnetic, 

spectroscopic and electrochemical techniques [19]. 

2.3 WAWGAWEsE(III) 

2.3.1 Oxtdes an& H@wxtdes 

Themixedoxides Ln &In 2 4/3W2/3 7 0 have rhombohedral pyrochlore structures, 

as shown by X-ray diffraction atudies. The magnetic susceptibilities were also 

presented [201. Solid phase studies have been carried out on Bi,O3-m3(M - Wc 

or W)-Mn203 systems in an attempt to synthesise Bi36Wn2MD60. The products were 

solid solutions with the S-Bi,O, structure: the lattice parameters were quoted 

1213. The mixed oxide system y-Mn203-c+Fe20.,-a-Hn20, exhibits 

auperparemagnetkc behaviour, and the results were discuesed [223. 

The manganese(III) hydroxides, M~[WU(OH)~]~ (M = Ca or Sr) were prepared 

frombasic WU(CH~COC)~~~ solutions and thoroughly characterised by XPES and 

IR spectroscopy. Crystal structure analy8i.s indicates that both have the cubic 

hydrogarnet structure, with parameters a = 12.437(5) & (Ca) end a - 12.882(S) 

% (Sr) (23,241. The heteropolytunqstate [BeMn(OH2 )Wl103e]7- has been prepared 

aa the potassiumand anmoniumsalts, and has analogous propertiee to those of 

anions with other hetero-central atoms: B, P, Si, or Zn [25]. High temperature 

dewsition of lanthanum and manganese oxalates yields amOrphOUS compounds 

up to 540 "c, but at 600 "C LaWnO is produced. X-ray powder diffraction 

spectra were presented and discussed [26]. 
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2.3.2 Phosphates 

The crystal structure of twinned MnBjfPOB]2.2H20 is reported. The unit 

cell is monoclinic, apace group P2/3. The manganese(II1) ions are in a 

distorted octahedral environment with two trans-Ii20 molecules and bidentate, 

bridging [PO9]'-ions [27]. MnEI[P20,] also has a monoclinic unit cell_, with 

space group PZ/n. The manganese has an octahedral environment, the crystal 

consisting of {Mn2010) units: two (MnO5) units sharing one edge. A hydrogen 

bond projection was given [27]. 

2.3.3 FZuortUe and O.mc~arttde Complexes 

Three polymorphs of Cs2Na[MnP5] have been prepared and the structures 

solved by X-ray diffraction. At pressures 25 atm, a cubic a-phase 5s formed; 

by quenching from 700 *C, a y-form can be trapped; while the normal P-phase is 

a variant of the y-phase 1291. The salt8 M[MW5].H20 (M = Pa or Sr) were 

preparea, and studied by X-ray crystall.ography. The structure contains 

mtrans-chains*' of (MnP5) octahedra, and these one-dimensional chains show 

antiferromagnetic interactions which were studied by magnetic susceptibility 

and Mossbauer spectroscopy IaO]. The vibrational, resonance Ramn and 

electronic spectra of the polycrystalline X7[Hn20(CN)10][cN] were recorded and 

assignments made [31]. 

2.3.4 Compounds of Phosphorus ma Arsentc 

The crystallographic parameters of [MnAsk_spSJ (0 < x ( 0.275) were 

determined as functions of temperature over the range 100-500 K, and the 

temperature dependence of these parameters was related to the variation of 

magnetic properties with temperature 1321. 
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2.3.5 Other CompCexes 

The manganese( III ) complex Na[Mn(dtbc)3].4CE13CN (dtbcE$ - 

3,5-ditertbutylcatechol) was synthesised in a manner analogous to that of the 

manganese(m) ccmplex, and its reaction with the auperoxide ion [02]- 

investigated by cv [19]. IQhen alcoholic solutions of [Hn( acac)3] or 

[Mn( acac&(tfa)] are irradkated with W radiation, the manganes0(11) 

[Mn(a~ac)~] complex is produced. EFR spectra of the photolysed solutions at 77 

f show the reduced [k¶r~(acac)~] species and the oxidation product [33]. 

[B¶n(aca~)~] has also been shown to react with protic and aprotic solvents in 

the prerence of perchloric acid to form pentam-2.4-dioc-m and a 

ligand-displaced complex [ 341. 

Complexes with the tridentate Schiff bases s-XsalampJ (I), and 

5-=daepJ (21, 

vw5--xaB1pulp?)23c@J=1 and Cm(5-xealasP)21cNCSI -118 Prepe=d, and 

characterised by spectral, magnetic and conductance techniques. Chemical and 

electrochemical studies were also carried out [35]. The reactions of the 

chloromanganese(III) Schiff base ccmplex!es (3): 
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with superoxide ion [O,! - in dmso solution were compared for the monomers (n = 

1) and higher oligomers (n = 3-5). While the monomeric complexes were reduced 

to tnanganese(l1) species, the polymers tended to form oxygenated complexes. 

Magnetic susceptibilities, W-VIS spectraandpolamgrams were recorded and 

the data are presented [36]. The complexes ~t4n2(H2L)Xq].nH20 and [Mn2LXzj.nt120 

(X = Cl, N03, 02CNe or OH), where LZi4 is the ligand formed from the reaction 

between salicylaldehyde and various aliphatic dicarbozqlic acid dihydrazides: 
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were prepared from solutions of low and high pi3 respectively, and were 

characterised by elemental analysis, magnetic susceptibility and IR, 

electronic and nDssbauer spectroscopy. The complexes have low magnetic moments 

(Ysff = 3.3-4.6 /as), which was explained in terms of antiferromagnetic 

interactions. The ligahd is hexadentate, and complexes are believed to be 

polymeric with phenoxide bridges [37]. The ligand L' (4). shouh below; 

(4) 

fomsd in the reaction between bis(4-sminophenyl)sulfide and 

2-acetylthiopheneglyozml, has been used to synthesise the complex 

[MnL',]C$which was subsequently characterised by IR and electronic 

Spectroscopy and magnetic moments: ligsnd field parameters were quoted. The 

complex is paramagnetic, octshedrally coordinated and high spin, with the 

ligand bonding through the thiophene S, carbonyl oand aacumthine N atome 

1381. The five-coordinate complex [Mn(tetraeneN4)C1]; (6), hes been 

synthesised and can be electrochemicslly reduced to the manganese(I1) complex. 

This theh reacts with oxygen gas to reform the mahganese(III) species [38a]. 

a series of CoI19leXeS of mngaheee( III) with dipicolinic acid 

(pyridine-2,6-dicarboxylic acid) pdcR2) and one of the monobasic acids (EIL"): 

picolinic acid (pyridine-2-caxboxylic acid), nicotinic acid 

(pyxidine-3-carboxylic acid), isonicotinic acid (pyridine-4-carboryli acid), 

sminophenol, glycine or 2- and +aminobensoic acids, formulated as 
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-N 

m- xylylene 

fMn(pdc)t”l.x~~0, have been 

magnetic susceptibility and 

prepared, and charaoterised by elemental analyses, 

electrical conductivity measurements, and IR and 

electronic spectroscopy. A polymeric structure is suggested with the ligand I? 

being bidentate, while the authors propose dipicolinic acid to be a 

pentadentate bridging chelating ligand [39]. The spin-free five-coordinate 

oomplexss CW2ClL (where HL is diethyldithiocarbamic acid, 

mxpholinodithiocarbamic acid, piperidinodithiooarbamic acid, 

8-hydroxyguinoline or pyridine-2-carlxmylic acid) were prepared by reacting 

[HnL2] with HCl in dichloromethane solution. The monosmric compounds are 

non-eleotrolytes, and molar conductance, magnetic susceptibility, molecular 

weight and spectral data were guoted (401. A study of the Jahn-Teller effect 

in C~(NI12)2~)6Mn]CC104]3 ia reported C411. 

2.4 WMSNESE(II) 

2.4.1 clxtcles 

Self-consistent Korringa-Kahn-&stoker band calculations indicate that 

antiferromagnetic HnO is au insulator. The equilibrium lattice constant and 
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total energy are calculated for this state 

between MnO and CaO has been investigated over 

1421. The solid eolution formed 

a wide range of compositions by 

magnetic sueceptibility, RPR and diffuse reflectance spectroscopy technique6 

(431. Melts of Mu0 in SiO3 under helium were atudied by X-ray diffraction, and 

radial distribution functions and interatomic distances are quoted. The melt 

contains (sio4) tetrahedra end (Mno,) octahedra [44]. 

The polycrystalline compound MnGa204 ia a epinel-like double oxide; the 

crystal structure was presented and discussed [45]. The ferrite6 (Zn,Mn)Pep04 

have been synthesised directly from MnO, and som properties briefly noted 

[46]. An&her prewation of the ferritea UnPe204 and HnO 5Zn,, 5Pe204 involves . . 

the hydrolysis of pentane-2.4-dionato complexes of nmnganeae( II) with 

Pe(OC2R5)3B with or without the presence of pentane-2,edionato zinc complexes 

[47]. The anisotropic thermal expansion coefficients of MnSb204 have been 

examined, and the anomalous expansion between 6 K and 115 K related to 

manganese(11) ion magnetic ordering [46]. 

2.4.2 SuLftdes 

Reactions of elemental manganese with anhydrous sodim carbonate and 

elemental sulfur at 870 K yielda the thiomauganate(II), Na2[Nn2s3], aa bright 

red crystals) X-ray diffraction shows that the unit cell is monoclinic, with 

the new spaoe group n/c. The cxyatal contains (bnS4} tetrahedra sharing edges 

to form foux-menbered chains, which are cross-linked into sheets. Magnetic 

aueceptibility measuzwnen ts show that there are antife rromagnetic interactione 

between maugane6e atom (491. X-ray diffraction studies of RIA[MnS9] indicate 

that the unit cell is tetragonal, spaoe group P. The CcmpMlna ie not 

isoimrphoua with the zinc or iron analoguea [50]. 

Rim temperature reaction of manganeee(I1) sulfide with Sodium and 

potassium gblyphosphatee in a nitrogen atamspbere produces hydrogen sulfide, 

elemental sulfur and sulfur dioxide, &Ale the phosphate ia reduced to 

phosphide and same manganeee(I1) is oxidised to manganeae(III) (9I]. 
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A crystal of [Zn 0.1sW%12Fe0.13so.5' 

by electron microscopy and microanalysis. The 

diffraction patterns were indexed in terms of 

found in Franckeite was analysed 

crystal is pclytypic, and the 

an hexagonal unit cell [52]. The 

crystal structure of Lap2Ga& has been determined, and also has an 

hexagonal unit cell, space group P63. The coordination of the manganese atom 

is in the form of a triangular antiprism, with the metal being almost Central 

c531. 

2.4.3 HaLtties, PseuUohaZtdes an& OxofiaLkfes 

2.4.3.1 FLuortdes and OxofLuortdes 

The electron diffraction study of WnF2 in the gas phase at 1400 K is 

reported. The molecule has a linear structure with an Mn-F distance of 

1.813(5) fi end an F-F distance of 3.615(5) f [54]. A detailed theoretical 

analysis of the first-ordex Raman spectra of MnF2 single crystal8 measured at 

4.2 - 563 K is presented, covering frequency shifts and the temperature 

dependence of line widths [55]. The crystal structure analysis of WnF2 has 

been used for a xeliability test of intensity variances a8 developed by 

Gonschorek [56]. The absorption, emission end excitation spectra of B&F2 doped 

with Ni2+ ions have been recorded and are discussed [57]. Watson*8 SCF 

procedure has been used to calculate energy levels in MnF2, and a close 

corxelation is cbserved with the results of optical absorption spectroscopy 

(581, while the photoemission energy distributions have been cbtained frcm the 

valence band8 of !dnF2and KWnF3, and the results are interpreted on the matrix 

element model. The t + eeparations agree with the ScPXa calculations 
29 9 

wqy- [59]. A method for regulated crystal growth of, especially, WnF2 

KMnF3 is reported [60]. 

on 

and 

The trifluoroaqusmenganates(II), A[MnF3(B20)] (A = WH4, Na or K), have 

been prepared by reacting lC[WnO4] with hydrazine hydrate in the presence of 

A[HP2]. The rubidium and caesium salts were aleo prepared. Characterisation 

was by elemental analysis, magnetic susceptibility, pyrolysis, IR spectroscopy 
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and chemical determination of oxidation State (611. From an X-ray diffraction 

study of KBYnF3 at 293 K, the unit cell WELB deduced to be cubic with space 

group Pm3m: dimensions are quoted. Furthermore, a study of the electron 

density distribution has shown that the Kn2+ ions are in the high Spin 

(t2g)3(eg)2 State [62]. The abeorption and magnetic circuku dichroism spectra 

of RbMnF3 have been recorded and the Faraday effect studied in the range 9000 

-1 
- 37000 cm , at 90 - 570 K. The cospponents of the Faraday effect were 

calculated and the Spectra analyzed [63]. The anomalous propagation of an 

acoustic pulse in K14nF3 is reported, and an equation derived to describe the 

phenomenon [64]. The magnetic properties of [NK4]MnF3 have been thoroughly 

investigated and are discuseed with respect to the solid state structure (653. 

~e2[KnF4] wan prepared from CsF and MnF2 at 900 K under hydrogen gas, 

with rapid cooling to prevent formation of a<s2[MnF4] [66]. X-ray and neutron 

diffraction Studies of Ba[!4nF4] have failed to confirm the observation of 

distortion with the wave vector reported by Scott. A detailed analySis of the 

nEm.UeWntS taken was presented [67]. 

The caapounds [NIi4]MnFeF6, [NE,lMnCrF, and KbHnFeF6have been prepared 

and analysed by X-ray czyratallography. The Structure was solved for 

CNE411hFeF6, and shown to contain (MnFeFlO} bioctahedra connected by vertices. 

Magnetic and Mossbauer spectroscopic studies have also been carried out. A 

detailed discussion of the structure was presented [6E]. The structure of 

LiMaPeF 6 haaaleobeene xamined by X-ray and neutron diffraction, and shows a 

@base change fram the a-foxm to the @-form at 560 "C. The Structure is of the 

Na2[Sfi6] type with a new form of cationic order, and was discussed in detail 

1693. 57 Fe tissbauer spectra were recorded for the modified pyrochlore 

CsXnFeF6 between 1.5 K and room temperature. Although the Pe3+ ione axe 

randomly situated in the crystal, there are two distinct Sites, a~ recently 

reported. me compound is antiferromagnetic with a N&e1 temperature of 25 A 

170). Specific heat measureme ntS on CWeF6 also show a magnetic specific 

heat at about 27 K 1711. 
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The mixed fluorides M"zM1_xR2 (~4 = Zn or Co) were prepared for a range 

of compositions, and the magnetic susceptibilities studied over a wide range 

of temperatures ti discover the variation of N&e1 temperature with composition 

c721. For the mixed fluorides Mn Cd 2 1_sF2, photoelectron spectroscopy was used 

to study the distribution of the density of states in the valence band region 

and the results related to composition [73]. Furthermore, the valence and 

conduction band structures have been examined by UPS 1741, and Auger 

spectroscopic analysis shows that the Cd2*(46) band is shifted to lower energy 

as the concentration of manganese ions increases [75]. 

Reaction of XF, MgF2, MgO, Si02 and Mn[C,O,] yielded mica crystals which 

were studied bY X-ray diffraction and shown to be 

K(Mg2 44MnC 24)(Sij e2Hno 18 )OloF2. Analysis of the structure shows that . . . 

manganese has substituted partially for silicon in four-coordinate sites, and 

partially for magnesium in six-coordinate sites [76]. 

2.4.3.2 ChZortdes, Bromtdes and KodCdes 

The low temperature perovskite-type structure of [C5H7NR3J2[MnC14] has 

been studied by neutron diffraction and the observed phase modulation analysed 

1773, while an X-ray study of the phase transition in the same compound is 

reported [78]. The complex [cystR],~MnClq] (cyst = cystamine) has also been 

prepared and characterbed (791. 

A neutron scattering study was performed on [NRS(CR2)3NR3][MnC14] to 

examine the motions of the NRJ groups over a temperature range of 40 - 300 K 

E801. The low frequency Raman and inelastic neutron scattering spectra of 

[CH_pEf3]2[MnC14] at low temperature were recorded and snalysed, and a complete 

assignment proposed [Bl.]. The low temperature structure of [(CE13)4N]~C13 haa 

been investigated by Raman spectroscopy and was discussed with reference to 

previous NMR spectroscopic and neutron diffraction work [82]. The ERR spectrum 

of [(CE!,)4N]MnClS was measured with far-IR lasers and pulsed magnetic fields. 

The observed behaviour was considered in terms of an antiferromagnetic 



resonance spectrum [93]. Luminescent parawters 

Rr) which were not previously acceea%ble have 

Constants from vibrational spectra 1641. 
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for [C5E5NR]2[HnX4] (X = Cl, 

been determined from the force 

Although the cell dimension8 previously determined for MnRr2.4R20 are 

correct, an XXWS study has shown that the bond-lengths are in error [95]. 

The low temperature RPR spectra in matrix isolation of M&12, Mn3r2, 

Bin12 and HnS, together with the manganese(I) halides, have been recorded and 

are preeented along with zero-field eplittinge, 55 Mu hyperfine interaction8 

and g-values. A correlation is shown between these values and the change in 

ionicity [95a]. The optical spectra of BYn a+ ions in both dipolar form and 

forming Suzuki-phase precipitates have heen studied by photostimulated 

luminescence method8 at room temperature and 77 K. An analysis of the spectra 

i8 preSented in tenn8 of the eleCtroniC configuration8 of the species (861. A 

detailed study of the energy level schemes for MnF2, bfnC12, MnC12.2R20, 

RnC12.4i20 and MnRr2 indicate8 that the participation of 3d electrons in Mu-X 

bonding in the crystals can be quantified by an effective occupation number. 

The values calculated, t.e. nu&ers of 36 electron8 participating in bond 

formation, 8581 MuF2 0.08~ MnC12 0.1, MnBr2 0.2 1873. 

The differential paramagnetic eusceptibility, x, was measured as a 

function of the applied field for the antiferrmagnete M11C12.48~0 and 

Mn13r2.4R20. simple models were used to describe the systems [sa]. 'phe 

temperaturedependence of the 35C1 NQR frequenciee of the chlorosnilinium 

cation in t+ClC6X4~,12C~l,] was studied, and the results analysed in 

tenas of a two-dimeneional antifer rmagnetic behaviour [89]. 

The equilibrium involving MnC12 and oxygen gas, with and without water, 

to regenerate chlorine gas was studied over a wide range of temperature, 

pressure and composition, aud the products of the reaction were discussed in 

detail, being mainly higher oxides and hydroxides of manganese [go]. The 

tmBr24af-HP0 ternary system haa been inveetigated by isothermal solubility 

measurements. The congruently eolubls EInBr2.2dmf.2E20 was found; solubility 



212 

data were presented f91]. The salublity isotherm at 298 K was determined for 

the Mnc12-dmso system, and the equilibrium solid phase was shown to contain 

MnC12.4H20 and MnC12.dmso.2H20 [92]. The diffusion of MnCl2 in aqueous sodium 

chloride solution has been examined by an electrochemical technique, and it 

has been shown that the diffusion coefficient increases with sodium chloride 

concentration. The hydration number of MnC12 is 3.5 [93]. 

The phase diagram of c~3NH31*c~l_~Cu;cC143 (0.03 G 

x C 0.96) is presented and discussed. For x = 0.03, the crystal structure has 

been solved and presented [94]. The phase transitions in [(cZH~)~N]M~C~~ 

between 20 K and 300 K were followed by Reman spectroscopy. Spectral data and 

wow theoretical analysis indicate that the space group is PZ1/L, [95-j. The 

heat capacity of [(cZR~)~NJM~C~~ over the range 1.5 - 300 K was reported, and 

an anomalous entropy gain at 126 K noted and associated with the monoclinic to 

hexagonal transition [96]. 

The heterometallic compound INRq14Fe2~l12 was prepared, and 

characterised by elemental analysis, electronic spectroscopy and magnetic 

susceptibility. The data were interpreted in terms of octahedral iron atoms, 

and a linear arrangement of metal atoms with manganese at one end [973. The 

temperature dependences of Km spectra end magnetic susceptibility in zero 

magnetic field have been studied in a new spin-glass Rb2[Mnl_rCrzC14] over a 

range of compositions [96]. 

The emission spectra of europium(II1) doped into KM&l3 or RbMnCl, were 

recorded, together with the diffuse reflectance spectra of RbMnC13.RuCl 3' 

KMnC13.RuC13, R3%nC13 and KMnCl 3. The observed emission bands were assigned to 

europirmo(II1) electronic transitions, and the absorption bands to 

manganese(I1) d-d transitions: crystal field and Racah paramsters were quoted 

1991. 

The IR and Raman spectra of Mn12 were recorded and used to interpret the 

=A -$ 4A 
1g g' lg 

transition in terms of one phonon progressions (1001. The 

optical absorption and magnetic circular dichroism spectra of single crystals 
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of Mn12 were reported over the range 1.5 - 300 K. All electronic and magnetic 

circular dichroism parameters were calculated and a detailed assignumt is 

given for the fine structure of the 'A -4R 4A 
1g Q‘ 1g 

transitions [loll. 

2.4.3.3 Cyantdes 

The compound C(~3)4W~e(~)6.~E20 WMJ examined by X-ray 

crystallography, and shown to contain lo-w spin, octahedral iron( III), and high 

spin manganeee( II) bonded to two NC- ligande and four water molecules rl.023. 

Detailed magnetic studies have been carried out and show the compound to be 

antiferromagnetic below 9.3 K [103]. The IR and Raman vibrational spectra of 

the CW~)6]9- anion have been analysed and assigned completely, using 

calculations based on the valence force field method, and there is good 

agreement with experimental results 11041. 

2.4.4 Sal&s, IntercaLates and Doped CrystaLs 

2.4.4.1 SaLts 

Reaction of manganeee(II) ethanoate with amwnium chrcmate(VI) can lead 

to isolation of c~432~cc~412.2~20~ (61, and 

~~436WCr0414.RR20~ (7), which have been identified from X-ray diffraction 

data. (7) irrevereibly converts to (6), which can further convert to 

t~,1,~,C-,1, and c~,1~,cc~,1,0~.~,0 11051. Manganese{ I I) 

hexafluorcnicbate(IV), Mn[RbF6], has been studied spectroscopically and shown 

to have an Reo3-type structure. The electronic spectrum has been assigned in 

terms of crystal field theory C106]. The ealt Rn[Rl~0,]~ was prepared by 

exchange reactions in aqueous solutions, and characterised by Ul!A and x-ray 

diffraction. Mn[IQO,], is cuapletely soluble in water in the presence of 

excess nio&ate(V), and manganese(II) ia partially cxidised [107]. The Raman 

spectra of m[TiF6].6H20 crystals were recorded and analysed, and mode 

frguencies assigned [106], and the phase transition at about 200 K has been 

studied by variable temperature IR spectroscopy and related to variations in 
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the M.n-0 stretching frequency ElOSa]. 

The vibrational spectra (Rsman, ER and far IR) of K2Mn2[S04]3 were 

recorded and have been comprehensively studied and assigned. !I%@ spectra were 

discussed with reference to similar salts [109]. The manganese(II) 

dioxourahium(vI) salt Hn[vo,],[sO4][0R]4.1.5H20 was synthesised, and the 

crystal structure detexmined by X-ray powder diffraction. The apace group is 

monoclinic, BZ/m. A thermochemical study has also been conducted on the 

compound and compared with those on isostructural salts [110]. Cryatallisation 

of mahganese(I1) and piperazine sulfate solutions produced three branches, 

identified as Mn!SO4.5H20, piperasine sulfate and Mu504 .[Cp,,N,][SO,]. 6H20. 

!Phe products were characterised by thermgravimetric analysis [ill]. 

The crystal structure of MnPt306, as refined from neutron diffraction 

experiments, shows the unit cell to contain a framewo rk of Planar (Pt04) and 

octahedral (Pt06) groups with a distorted, eight-coordinate manganese site. 

Some cation disorder was also noted [112]. 

The crystal structure of Hn[M3]2.4H20 was reported to be ieostructural 

with Cd[VO3]2. 4X20, by X-ray powder diffraction evidence, the unit cell having 

apace group Cc, with the mangatmee octahedxally surrounded by two water 

molecules and four oxygen atoms from the anion [113]. 

An investigation has been carried out into the precipitation of 

manganese(II) from aqueous solutions of Mn[C104]2 and Na4[P20,] over a range 

of pH values. Mn2[P20,], Na2Mn[P20,] and MnO were identified. Equilibrium 

constants and aolubility data were quoted [U4]. The thermal stability of 

m~,~,l,~ 2H20 has been investigated with reference to structural changes, 

and the dehydration of the crystalline hydrate was also studied by X-ray 

pmder diffraction. The variation between the results for manganeoe(I1) and 

those for magnesium and cadmium was discussed [115]. The dehydration of 

Mn[32P04],.2R20 was also followed by IR spectroscopy, and the influence of 

bonding within the compound on the spectra discussed [116]. Thermogravimetric 

analysis of the cyclic hexaphosphate Mn3[P6016].nR20 showed decomposition to 
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occur through pyrophoE8phatea and phosphoric acids, to a cyclic tetraphosphate 

aa final product 11171. Abmxption and fluorescence epectra of manganese(II) 

in phosphate, fluorophoehate and fluoride glasses, together with RPR 

spectroscopic data, indicate the manganese ions to be in octahedral sites, 

while the ionic contribution of the chemical bond between the Mn2+ ione and 

the Uganda increases with fluoride content [llS]. The solid solution 

r(2n0 75m0 25 3 . . ) [PO,], has been studied by neutron powder diffraction and the 

structure eihowe that the zinc ione occupy five-coordinate sitea while the 

manganese ions occupy B ix-coordinate eitee [119]. 

The crystal etructure of Mn[C104J2,6Ei20 haa been reported, where the 

manganese ie octahedrally coordinated to the six water mleculee. IR and Raman 

spectra were recorded over the temperature range 100 - 360 K, and observed 

bands were aseigned [120]. The themal decomposition of the perchlorate 

hexahydrate salt haa been studied by DTA and TCA, which showed that 

decomposition was to the oxide vta the dihydrate [121]. 

The Bolid eolution formed between Mn[cO,] end Ca[CC,] has been 

investigated over a wide range of compositiona by magnetic suecept$bility, ERR 

spectroecopy and diffuse reflectance spectroecopy [43]. 

%I NMR ~8pectro~copy studies on ethanoic acid exchenge with manganese(I1) 

indicates that solvent exchange occurs u a whole ethanoic acid molecule. Rate 

and energy constants have been calculated [122]. The magnetic moment of 

mngeneee(I1) in ethanoic acid eolution ham also been detenained (peff = 5.9 

P@) r1231. 

The ieothennal and nonisothermal dehydration and decomposition of 

Mn[C2C4].2E20 in a dinitrogen atmosphere have been etudied. Thermodynamic 

pexamtere for the eyetern have been evaluated and analysed 11241. An immersion 

analyeie of m[c204J.n[rz2H4J (where 0 c n < 4) ham shown that, where n is 

integral, the ealt ie an individual compound, while, where n ie fractional, 

the ealt it3 a mixture of phases E1251. 

An inveetigation of the eyetemt3 W=OO)2/bIg(~)2 and 
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Mnmm2/cd(~~~2 shows a continuous series of mixed crystals 

COCZYStalliSing, as the compounds M(xCOO)2.2~20 are isomorphous (x6]. 

2.4.4.2 IntercaLates 

Intercalation Compounds of the crystalline solid MnPS 3 have been 

studied: pyridine forms an intercalate with Mnl?S 
3 

in which the pyridine 

molecules are arranged between the (PS3) layers, perpendicular to the layers. 

The basal spacing is 12.4 A [X27]. The low frequency motions of [coW21+ 

and [Cr(C6Ii6)2)+ intercalated in Mn[PS_J have been studied by inelastic 

neutron scattering, aa compared with the IR and Reman spectra of the 

equivalent iodide8 [Co(cp)2]1 and [Cr(C6H6)2]I. Assignments of the various 

modes were made [12S]. The IR and Raman spectra of [Ru(bipy)212+ ana 

2,2'-bipyridine intercalated in MnPS9 were compared and related to the spectra 

of 4,4*-bipyridine and N,N'-dimethyl-4,4'-bipyridiniue chloride, and 

N,N'-dimethyl-4,4'-bipyridinium cations in CdPS9 [129]. 

2.4.4.3 Doped crystaLs 

The X-band EPR spectra of msnganese(I1) doped 

Zn[SiF6].6H20 were measured and analysed to evaluate 

parameters [MO]. Single crystals of @lg[SiF6].6H20 doped 

have been studied by x-band EPR spectroscopy at various 

results analysed [HI], and have also been examined with 

80iia state transitions, paramagnetic resonance spectra 

into crystals of 

the spin Hamiltonian 

with manganese(ll) 

temperatures and the 

reference to their 

and structure [132]. 

The EPR spectra of manganese(II) ions doped into [Mg(H20)6][SnC16] single 

crystals at 77 K and 290 K were reported. The manganeee( II) ions are shown to 

be in unique, axially symnetric environments: [Mn(H20)6] 2+ [133]. 

The EPR spectra of manganese(fI) ions doped fnto K2Zn[X04j2.6H20 (X = S 

or Se) were recorded, and the parameters determined were found to agree with 

those of Saraswat and Upreti [134].The absorption spectra of manganese(I1) in 

Lirc[SO4] was studied at room temperature end liquid nitrogen temperature. me 
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structure of the bands was discussed and assigned, aud the cryatal field and 

Racah parameters calculated [135]. An analysis of the luminescence spectrum of 

a triglycine sulfate crystal doped with manganeae(I1) haa given information on 

the spatial distribution of the iona in the crystal [136]. 

EPR and luminescence spectra of Ca[ZnF,] doped with about 1% 

manganese(I1) showad the Mn 2+ ions to occupy only zinc sites. The parameters 

determined are in the aama range aa those for [MnP,] &. The luminescence 

spectra do not serve am criteria to distinguish between four- and 

eight-coordination 11373. The effect on the EPR spectrum of the trigonal 

distortion on manganeae(I1) iona doped into Na2[ZnC14].3f120 was studied. The 

axial splitting paramater D showed a dependence on the distortion when the two 

were aligned 11385. Cryatala of SrF2 dopad with manganeae(11) have been 

studied by RPR spectroscopy, and as well aa cubic symatry, aoma Mn2+ iona 

show trigonal symmetry due to defects in the crystal. Parametera were 

evaluated and diacuaaed 11391. The manganeae(fI)-doped solid solutions of 

triaaarcoaine/calcim chloride and triaaarcoaine/calcir bromide were studied 

by RPR spectroscopy. The bromide ahowa a non-linear relationship between the 

axial fine structure parameter D and the bromide ion concentration [140]. The 

EPR spectrum of mnganeae(II)-dopad [NE,]1 single cryatala haa baen studied at 

momtemperature and analyaed, being analogous to the [NH4]Br/Mn 2+ and 

CaCl/Mn2+ ayateraa (1411. The EPR apactra of manganeae(rI)-doped CaCdC13 at 

varying hydrostatic preaaurea were studied, and the effect on the axial 

splitting parameter noted 11423. 

The EPR powder apectrrun of Mn 2+ in ZnS doped with copper haa been 

presented and discussed, together with a simple analytical method [143]. When 

ca2Zn3S4 doped 

non-equivalent 

parameters were 

!Ehe EPR 

llronoclinic gnP2 

with 4% manganese was studied by RPR apectroacopy, two 

Mn2+centrea were observed; fine and hyperfine structure 

given [1443. 

spectra of ~mnnyaneme( II) iona dopad into tetragonal and 

havebeenrecordedand analysedintenn8of the symmetry of 
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the crystals and ionic interaction therein [145]. when manganeoe(Ir) is doped 

into a Teo3/PbO glass, EPR spectra shm several environments for the manganese 

ion. At t5 mol. % MnO, the hyperfine sextet is clearly resolved, while for ~5 

mol. % MnO, antiferromagnetic behaviour is detected [146]. 

2.4.5 Phosphtne and Phosphtne Oxide CompLexes 

A series of compounds of formula MnU$(Q), (where L is a general 

phoaphine ligand; X is Cl, Br, I, 61, NO3, NO3, OK, SCN, S&R, or OCNI Q is a 

solvent molecule) have been prepared and characterieed. Their uses in the 

removal of dioxygen from nitrogen gas, in the production of oxygen gas, and in 

the absorption of dihydrogen, sulfur dioxide, alkenee and carbon monoxide were 

discussed f1473. The reversible coordination of O2 to MnXR{PR3) (X = Cl, Br, I 

or NCS) was discussed with refexence to solution (for the halide complexee) 

and solid state (isothiocyanate complex) systems. Equilibrium constants and 

electronic and IR spectral data were also presented. Data on the uptake of 

dioxygen were presented and the reversibility of the reaction discussed [1463. 

The solution EPR spectra of the oxygenated manganeae(II) species 

[Mn(02)(PR3)X2] (X = Cl, Br or I; R = Bu or Pent) were recorded between 0 OC 

and -60 "C, and indicate that the species in thf solution are six-coordinate 

high-spin complexes with axial s-try [149]. The previously published work 

of Green and coworkers on manganese(11) halide phosphine systems was discussed 

and their conclusions confirmed, while divergences from the method of 

McAuliffe were noted. Further properties of such systems were also reported 

[150]. A reply by Green to this latter paper was also published [151]. A 

detailed suunuary of work by McAuliffe and coworkers, with preparations, 

properties and spectral data, has been published 11521. Other workers in the 

field preeent IR spectral evidence which confirxna the reversible reaction of 

MnX2(PR3) with dioxygen, while suggesting that the chromophore is a 

manganeee(III) superoxide [1533, and EPR spectroscopic and spectrophotometric 

studies of [Mn2C14(PR3)3] in toluene and thf have shown uptake of oxygen to be 
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reversible at about 100 "C, forming a manganese(II1) species [154]. Ruture 

development8 are awaited with interest. 

The reactions of manganese(I1) dialkyle with tertiary phosphines or of 

manganese(I1) dichloride with manganese(I1) dialkyls in the presence of 

PhOSPhines leads to dimers CMn2R4(pMe3)2] (R = CH2siMe2, Cfi2CMe3 or CR,ph) 

and [BW,(CH2SiMe2)4(pR'& ( PRO3 = PEtJ, PPhMe2, pPh2Bie or 

p(cychl)j). The crystal structure8 of three of the compounds have been 

determined by X-ray diffraction methods, and each contains two asymmetrically 

bridging alkyds, one terminal alkyl and one terminal phosphine Per manganese. 

Typical interatomic distances are: r(Mn-Mn) 2.667-2.828 A, r(Mn-P) 2.562-2.684 

k based on the unit shown in Fig. 2 [x35]: 

Fig. 2: Central unit of [MI-I~R~(PR'~)~] 

The preparation, and cha.racterisation, 

techniques, of the monomeric four-coordinate 

using Solution EPR SpectroscoPy 

ComplexSS 

Cm2(PR’3)21 W. -PMa3r R-'31$Sle2Ph~ PR' =dqe: 3 

R = CH2CMe2Ph, CE2CbW 5,CH2SiMe50rCH2Fh) 

and the six-coordinate complex [Mn(2-(CH2)2C6H4}(~)2] have also been 

described. !Ihe X-ray crystal structures of [Mn,( CR2CMe2Ph)2(PMej)2~ and 
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[Mn(2-(CEI2)2C6H4](dmpe)2] have been determined 

MIPhCCH2 FH2CPhMe2 

B I’ , 
Mn 

/ \ 

Me3P PMe3 

and the former shows considerable distortion from tetrahedral. In the 

six-coordinate complex, the low-spin manganese(I1) ion has a smaller radius 

than the four-coordinate high-spin manganese(II) species, and this is 

reflected in the shorter Mn-C and Mn-P distances in the octahedral complex: 

r( Mn-c l/S r(Mn-P)/k 

c~2(=2~2Ph)2(~3)21 2.149(6) 2.633(4) 

[Mn2(2-(~2)2C6H4)(dmpe)2'1 2.104-2.110 2.230-2.298 

The X-band EPR spectra are discussed in terms of distorted tetrahedral 

high-spin and octahedral lcw-spin manganese(II) species (1561. The preparation 

of MnX (dmpe) 2 2 1 (X = Br, I or Me) has been reported, along with the crystal 
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stmairea of #t-m2(dmpe)21~ (81, and CMnMe2(dmpe)21i (9). 

(6); X = Br, (9); X-Me. 

The ccmplexee all have the trans-configuration the halide complexes being 

colourless, high-spin species (p eff 
= 5.9 cup), while the methyl ccmplex is a 

red, low-spin species (JL 
eff 

= 2.4 fia). The stronger ligand field of the methyl 

group is further confirmed by the Mn-P bond lengths, which are co. 0.4 A 

Bhorter in the methyl complex than in the brom complex. While reaction of 

:mRr2(dmpe)2] with &We, yields the dimethyl wmplex above, reaction with 

MgEt, or Li[ALH4] yields manganese(I) complexes, Which will bs considered 

later (Section 2.5) 11571. 

A detailed study of the mecharm-, electro- and high pressure 

photoluminescence of $&a(Ph3PO)2Br2~ has been reported [158]. 

2.4.6 Schtff BQse CompLexes 

The complex of manganese(xI) chloride with 

a-hydroxy-Rnaphthaldehydethiosemicarbaxone, of formula [Rn(L)Cl] (where L is 

the ligand), has been prepared, and its magnetic and RPR spectroscopic 

properties examined. It has been assigned a square planar structure, with S = 

3/2, Peff - 3.86 p . /3 c1591. [Mn( qa)2X2] (where qa is quinoline-2-aldoxime, 

isoquinoline-3-aldoxime; X is Cl, Br, I, NCS, NCSe, 02me or 1/2[S04]) and 
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[Mn(qa),(NO,)][NO,,] have been prepared, and chsracterisation includes molar 

conductance, X-ray powder diffraction, VT magnetic susceptibility and 

spectroscopy. For X = Cl, Br or I, the structure is a dimeric, halo-bridged 

distorted octahedron, while the others are monomeric pseudooctahedra [160]. 

The complexes [Mn(LEi2)] and [Mn2L(E20)4] (where LEI4 is the ligand formed from 

the reaction between salicylaldehyde and various aliphatic dicarboxylic acid 

hydrasides): 

CH=NNHC(CH.#NHN=CH 

n - 1, 2 or 4 

were prepared and characterised. The ligsnda are hexadentate and crystal field 

parameters have been calculated [161]. me manganese(II) complex with the 

Schiff base vanillin sulfanilate was prepared and characterised, and shown to 

be a l-spin octahedral complex [162]. The vanillin azine (vanas) complexes, 

of general formula [Mn(vanas)X2] (X = NO2, Clor NCS) and [Mn(vana~)~][ClO ] , 42 

were prepared, and characterisation indicates that the ligand is bidentate 

through both nitrogen atoms 11631. Cinnamaldehyde azine (cinaz) is also 

bidentate, forming tetrahedral complexes [Mn(cinaz)X2], [Mn(cir~~)~]X~ (X = 

NC'S, Cl or NCS) and [Mn(cinsz)2][C104]2 [164]. 

Manganeae( IX) complexes with the Schiff bases made from 

2-(aminomethyl)pyridine or 2(2-smi.noethyl)pyridine and substituted 

salicylaldehyde or substituted pyridine-2-carboxaldehyde have been prepared 

and characterised, and their properties compared 1351. cwmbim)2(Mlbts)21; 
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(10). (mbim = 2-methylbenzi.midazole, tu&teE = N-6_methylbeneothiaol-2yl 

ealicylaldimine) hae been synthesieed, and is a non-electrolyte, with 

octahedral coordination, 

H 

(10) 

the ligend nmbta- binding through the phenolic 0 and exncyclic N atoms (1651. 

The hydrezone complexes WG~fiPh)211C10,J2 (bdnph = 

benzil-2,Winitrophenylhydrawne) [166] and cWwh)2c12] (bdh = 

biacetyldihyxlrazone) [167] have been synthesised and identified by standard 

characterisation techniques. Two methods of bonding have been noted for the 

ligand 2-aceto-l-naphthol-N-benzoylhydrezone (anbhm): 

the deprotonated form ie tridentate through phenolic 0, carbonyl0 end 
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azomthine N, forming a complex [Mn(anbhz)C1].nH20, while the protonated form 

is bidentate through carbony and awmthine N in the complex 

PWabhW2C12 1 [168]. Other hydmzone complexes published include 

[IYn(hbs)Cl].ZH20, where [l-b]- is the tridentate anion of the Schiff base 

prepared from ealicylaldehyde and 2-hydrazinobsnzoxazole; (11) [169]: 

and [Mn(hppd)2] and [m(hppd)(MeoB)3]CO2CMeJ, where ChppdJ- is the anion of 

3-(2-hydroxyphenyl)-hydrazonopentane-2,Wione: the anionic ligand is 

tridentate [1703. 

Semicaxbazone complexes prepared include [Mn(bms)X2] (X = Cl, [N03], 

[NCS] or W~,l) I where bms is benzilmonosem.icarbazone c1711, 

CWbtp)2(X2W2:, where btpK is 

4-banzoylthioaemicarbazoM-3-arethyl-~-phenyL-2-~r~oLine-5-one; (3.2) [172j: 
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0 

Ph 
(121 

and [Mn(bas)X2] (X - [NW], [NO3] or Cl), [Mn(bas)21X2 (X = Cl, [ClO,] or 

[NO,]) and (Mn(das)X2] (X = Cl, [NCS], CNOJ or [ClO,]), where bas is 

henzalacetonesemicaxbazone; (13), and daa is dibenzalacetonesemicarbaaone; 

(14) [173]: 

PhCH=CHC=NNHCONH2 
t Hj 

(13) (14) 

The cationic ligand l-acetyltrimethylaniuak 

3-thic-+phenyleemicarbazide (atps) ha6 been used to prepaxe the ccmplex 

[Mn(atps)x2]c1.na20, where X is Br, Cl, 1/2[S04], [02C3M] or [NO3]. The mode 

PhCH=CHC=NNHCONH2 

b-kCHPh 

of ccordination is either through the caxbonyl 0 or the thio S, and the azide 

N 11743. The complex of l-salicyl-4-benxylamidothiosemicarbazone (sbtsg), 

[Mn(abts)2], was prepared and chaxacterised 

complex is six-coordinate with the ligand 

imino N and phenolic 0 atow [17S]. 

The 0xi.m c+wl-s cm?wzc121 (pan = 

by standard techniques. The 

binding through the thioketo S, 

pyridine-2-aldoxime) [176] and 
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Pw dab )*Cl* 3 Cd- = diacetylmonoximebenzoylbydrasone) Cl771 have been 

prepared and characterised by standard techniques. The 

bisacetylmonoximesalicylhydrazone anion, EmhI-, has been used to prepare 

[Mn(bmsh)2] [X76], Z-bromo-+methyl-6-acetylmonoxime-phenal (bmapEI) forms a 

manganese(I1) complex C~(bmaP)J f179!, and the anion of a-benzilmonoxime, 

cbmo1-r forms a complex CMn(bmo)2]; (15), which is reported by the authors to 

have square planar geometry [ISO]. 

bmoH= PhCOS=NQH 
Ph 

Of the polymeric Schiff base complexes which have ben synthesised, one 

is based on the tetradentate terephthalaldehyde bissemicarbasone ligand, with 

general formula [MnL.2H20}n [Ml], while other ligands prepared from 

terephthalaldehyde and the hydrasides of benzoic acid or pyridine-3-carb-oxylic 

acid have also been used [182]. The Schiff base derived from 3-toluidine and 

4,4~-(4,4~-biphenylenebisazo)di(salicylaldehyde); (16), 



(16) 

forms a dark, insoluble pclychelate of manganese(11) [163], and reaction of 

manganese(II) ethanoate with aalicylaldehyde and 

3-xylylenebis(2-(l,B-diautino)propane) results in the fozmation of the dimeric 

complex (17), which wae fully characterised [ler]. 

(17) 

Spectrophotcmetric evidence is preeented to 8how that a 132 complex is 

formed between mgmese(Ir) and methyl(benzothiazolyl)azoketoxime [165J. An 

electrochemical study of the ccmplex of manganeae(E1) with the Schiff base 

ionmd from, 2,B-diacetylpyridine and diethylenetriamine indicates that, at the 
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cathode, the ligand is reduced in preference to the metal, while oxidation has 

allowed the isolation of the analogous xanganese( III) complex [X6]. Stability 

constants in aqueous media are reported for the chelate [Hn(tb)2] (Htb = 

Z-(thiophene-Z-aldimino)benzoic acid) together with other thermodynamic and 

characterisation data [1873. Stability constants are also recorded for the 

manganese(11) complexes of 2-carboxyphenylhydrazoacetoacetanilide, 

2-carboxyphenylhydrazo-4-chloroacetoacetanilide or acetoacetarnide [188,189]. 

2.4.7 Compzexes of Nttrogen Donor Ltgands 

The ccnnplex C~(f91~eNg)21C12 (where (9]sneN3 is 

1,4,7-triazacyclononane) was prepared by adding the macrocyclic ligand to a 

solution of manganeae( II) chloride in dmso. The electrochemistry was 

investigated by cyclic voltamrnetry, and electronic spectra and magnetic data 

were also presented 11903. The macrocyclic ligand 

5,5,7,12,12,14-hexamethyl-1,4,8,ll-tetraazacyclotetradecane Wg[141~~N4~ 

reacts with manganese(III) ethanoate in methanolic hydrochloric acid to form 

the ccmplex ~Mn(B@S[14]aneN4)C12].2H20. Characteriaation was by IR and 
1 
H NMR 

spectroscopy and elemental analysis [191]. 

The EPR and photoacoustic spectra of the complexes of ma.nganese(II) 

thiocyanate and sulfate with the ligand hexamethylene tetramine have been 

recorded in the solid state and in solution. Magnetic momenta, photoacoustic 

and EPR spectral parameters were presented in detail. The metal ions have 

axial symmetry, and are six-coordinate [192]. The stability constant for the 

1:l complex of manganeae(I1) with hexamethylene tetramine at 25OC in a 

solution of ionic strength 0.5 has been evaluated [193]. 

The preparation and crystal structure of a manganese(I1) macrocycle 

adduct E~11f~4] are reported, where L is the macrocycle (la): 
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n 

(18) 

me manganese(I1) acts m a template for cyclising 

2,9-di( N-2 ‘-hydroxyethylhydrazine )-1, lO-phenanthroline with 

2,C-diacetylpyridine [194]. The novel complex K2[Hn(basen)2] (bmen - 

bis(2-amin&enmneaulfonyl)ethylenediamine) has been prepardl, and 

characterised by standard spectroscopic and physical techniques. The 

discussion of the structure and bonding propose6 a distorted octahedral 

environment with a possible polymeric configuration (1951. The crystal 

structure of the manganese(I1) adduct of 

bie(J-methyl-2-pyridyli)isoindoline (-pi), (Mn(bpI)2]; (19), is reported. 

!rhe ligands are anionic, tridentate and meridional in configuration, faming a 

distorted octahedron around the central manganese cl%]. 
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The complex [Nn( bipy )( NCS )2 1 has been prepared by the thermolysis of 

fIWbipy)2(R(=S)2], and has been shown by various spectroscopic techniques to 

contain a polymeric structure of zigzag chains. Variable temperature magnetic 

susceptibility masurements have also been made [197]. The cyanide complexes 

Ra2P4WCN)4!.m20, where L is bipy or l,lO-phen, were prepared from the 

metal, ligand and sodium cyanide in solution, and characterised by IR 

spectroscopy and magnetic moment data [199]. 

The formation of [Mn(p~)~]*+ in the presence of methanamide and dmf were 

investigated polarographically: formation constants were quoted [199]. The 

complex of manganese(II) chloride with perimethamine 

(2,4-diamino-5-(4-chlorophenyl)-6-ethyl-l,3-diszine: pna), 

CMnC12(H20)3(pma)3 was prepared. and characterised by elemental analysis, 

conductivity and IR spectroscopy. Ihe stability constant was determined and 

the authors suggest coordination through the hetero-N(1) atom [200]. 
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perimethamine 

The adduct MnC12.2pap.Eicl (pap = papaverine) ha.9 been prepared and 

papaverine 

characterieed by Standard techniques. The papaverine ligand iS coordinated 

through the hetero-N atom [200a]. 

The crystal structure of tranS-[Hn(NCS)2(pyrazole)4] has been reported 

showing tram-isothiocyanate groupS and four pyrazole Uganda in an equatorial 

plane, the molecule being Centrosymnetric. Variable temperature magnetic 

studies, IR and diffuse reflectance electronic Spectroaoopy and Tt3 have been 

carried out and the reeults were interpreted [201]. 

The CryStal StNCt!lre of [Mn(i.~kdH)~]C1~.4H~O hae been reported, and 

shown to contain manganese in an octahedral environment, coordinated to all 

six imidazole moleculee (2021. The crystal structure of [Mn(i.midR)4(H20)2]C12 

aiS showta octahedral coordination of the manganese, but the MnaH2 bonds are 

longer than in the hexaaqua complex, and WoRn-imidIibonds are shorter than 

in the hexaimidazole complex (the remaining two Mn-MdR bonds being 

comparable) [2033. The polymeric compl= i4n(triaz)3C12 (trim = 

4-butyl-4H-1,2,4-triazole) was prepared and characteriaed. The ligahd ie 

bidentate through N1 and JV2, and the complex is Six-coordinate and 

paramagnetic 12041. 

The complex [Mn(NCS)2(dmtp)2(H20)21 (dmtp = 5,74imethyl- 
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[1,2,4]triazolo[l,b-a]pyrimidine; (20),) has been prepared: 

(20) 

IR end electronic spectra were discussed. The ligahd is monodentate through N3 

[205]. The complexes CW=W2C12] and [Mr1(mnb)2l3~2] (where mb is 

2-methyl-5-nitrobensimidazole) have been synthesised, and characterised by 

standard methods, and a polymeric, halide-bridged structure proposed [206]. 

The complexes CWmW2X21 and Im-yy (where mab is 

6-methyl-2-aminobenzothiazole: x is I, NCS or 0,CMe) were prepared and 

characterised [207]. Reaction of 2-thiobarbituric acid (Htb) with 

mangsnese(~~) chloride yields a complex formulated as Mn(tb)Cl, characterised 

by spectroscopic end magnetic techniques. The authors state the structure to 

be octahedral, with the ligand being N-coordinated, bridging manganese atoms 

[209]. 

2.4.8 CmpZexes wCth Oxygen Donor Ltgunds 

AB tnttto ca.lculations on [MII(EI~O)~]~+ have been made and the m-14 

distance agrees closely with the experimentally determined value. Coordination 

energies, optimised geometries and electron density changes were discussed 

[209]. The complex of mngahese(II) with the tetrabasic 

l-hydroxyethylidenediphosphonic acid (H4hedp) was prepared and formulated as 
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[Mu,(hedp)(H20)6] [2lo]. The cryatal structure of the crown ether coxplex 

[Hn2Ci2(18--crown-6)(R20)6]C12 hae been described, consieting of {Mr~~Cl~(fI~o)~) 

units bonded to the crown ether vto the hydrated water [211]. 

The ligand biuret, H2NC(0)NHC(O)NH2 wa% used to eynthesise 

[Mn(biuret) X ].nH 0 22 2 (x = Cl, NO3 or 02CMe) and [Mn(biuret)2(S04)(H20)]. The 

ligand is bidentate through the carbonyl oxygen atoms, and the mnganese(I1) 

has distorted octahedral syxmeetzy [212]. Ccmplex adducte were prepared of the 

form (MnL,.2Q] where Hh is one of the following bidentate ligahdsr 

pentane-2,4-dione, l,l,l-trifluoropentene-2,r)-dione, 

1,1,1,5,5,5-hewfluoropentane-2,4-dione, 

1,1,2,2,3,3,4,4-octafluorooctane-5.7-dione or 

heptafluoro-2,2-dimethyloctane-3,54ione and Q ie one of the molecules 

pyridine, dmf, dmeo, tributylphosphate or butanone: themal stabilities were 

co@pared [213]. A xaem spectroxetric study of CWtca),l (ritca - 

l,l,l-trichloropentane-2,4-dione) has shown that although standard mass 

spectrometric reactions occur, a very facile chlorine rearrangememt ie of 

greater importance: a sunmary end fragmentation echeme warn presented [214]. 

me mang--(II) -We= cmbap)2(H20)21 and cWW?)2(X20)2] WbaP - 

2-(benzoylaceto)phenol; Hasp = 2-(acetoacetyl)phenol) were prepared, and 

characterised ae monomeric complexee by standard techniques. Although other 

metal complexes of these potentially tridmtate Uganda can be converted to 

binuclear apeciee, the authors suggest this ie not the case for xanganese(I1) 

(2153. 

The reaction of anhydroue manganese(II) chloride in methanol with 

lithium 2,2'-diphenylenedioxide (Li2dpd) yielded the corresponding caaplex 

IWdPa).2=3OHl TV+ . = 5.52 pp) which will react with base6 such aa 

pyridine end 2,2'-bipyridine to fore octahedral complexes. Pyrocatechol (LX2) 

reacte with xanganeee(II) chloride in the presence of an excess of 

triethylamine to fonn C=(=3)41 (Weff, = 5.59 Pp' 12161. 

1,64ihydroxyanthroquinone (Hdaq) hae been shown to form a mononuclear chelate 
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of formula [m(daq)2(H20)2]. Spectroscopic and magnetic 

and discussed with reference to the bonding in the complex 

data were presented 

12171. 

The complexes Cm(hYa)2Cl2 1.4R20, CWhW2(NCS)2].RtOR, 

[Mn(hyd)2SO4].2H20 and [Mn(hyd)2(02C14e)2].2H20 (hyd = hydantoin) have been 

prepared. The ligahd is bridging and bidentate through the carbonyl oxygen 

atom [216]. The complexes of alloxan, [Hn(alloxan)2X2].nH20 (X = Cl, N03, 

02CHe or 1/2[so,]) and [Mn(all0xan)~(NCS)~.1.5EtOE, were prepared, and 

characterised by IR spectroscopy. The ligand is reported to coordinate through 

"several" carbonyl oxygen atoms [219]. 

hydantoin alloacan 

mnganeee(II) cyanuric acid complexes [MnL2C12].0.5A20, CM.nL2S04].R20, 

[MnL2(NCS)2].EtOR and [MnL2(02CMe)2].3H20 have been synthesised, and 

cbaracterised by analytical, spectroscopic and thermogravimetric techniques. 

The cyanuric acid is O-bonded [220,221,222]. The isolation and 

characterisation of (&¶~-1(uracil)~(H20)2]C12 and [Mn(uracil)2C12] were reported. 

together with analytical, IR spectroscopic and !l?OA data [223]. 

HN,NH e I NH 
I+ 0 

0 H 

cyanuric acid uracil 



The IR spectrum 

coupaxed to that of ita 

manganese(II)/(2,4,5-T) 
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of manganese( 11) monochloroethanoate was recorded 4nd 

nickel analogue [224]. The third polymorph of the 

eeries (2,4,5-T - 

has been prepaxed and the structure 

2,4,5_trichlorophenoxyethanoic 

shorn by x-ray crystallography 

[225]. 

acid) 

to be 

HO-OH (21) 

The manganese(I1) copper tartrate 

HOWOH 

been prepared and a thermal decomposition schem proposed [226]. The Mossbauer 

spectrum of iron(II1) manganeee(I1) 0x0 iodoethanoate ~Pe2HnO(CE21COO)6(H20)6] 

was recorded to analyse the structure of the ccanplex [227]. 

[N(CH2)4]2[Mn(02CCP2)4] was prepared and, on the basic of magnetic, IR 

and diffuse reflectance spectroscopic data, the structure is believed to 

consist of tetrahedral manganeee(II) with unidentate trifluoroethanoate 

ligands [ZZS]. Formation constants axe reported for the levulinate ccrnplexes 

of manganese(II) at 25 OC in 0.1 N chloride solution (2291. 

Synthesis of the salicylate complex [Mn(~al)~(Ii~O)~] was reported, 

tcgether with some IR spectro#copic and conductivity data. The EPR spectra and 
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magnetic moment of the complex were discussed: the complex is high spin (cl 
eff. 

= 5.90 PP' [230]. The basic salicylate Complex [Mn(OH)(Sa1)3.1/2H20 wan 

prepared from aqueous solution at pH 6-9, and characterised by IR spectroscopy 

and m [231]. 

The citric acid complexes [WR2C)61[WC6H507 )H,o12.2Hz0 and 

[Mn(C6H607)H20] were studied by IR spectroscopy, which suggested that the 

alcohol group is involved in chelate formation. The latter complex is believed 

to be tetrahedral, with one uncoordinated acid group. In the fonner complex, 

the carboxylate groups are either moncdentate or bridging [232]. Cmplexation 

of thiodiethanoic acid, thiodipropanoic acid and diglyconic acid with 

mahganese(11) wai3 followed potentiometrically at various temperatures and 

ionic concentrations: formation constants and other themodynamic parameters 

were determined [233]. 

The crystal structure of manganeee(XI) pyridine-2-carboxylate-N-oxide 

[~(C6H4N03 )2(H,O)2]; (22), was reported: the E20 molecules are axially 

coordinated 12341. 

(22) 

The fwion diagram for the [MnC12( urea)]/urea system was studied and the 

heat of fusion calculated 12351. 
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2.4.9 Comptexes wtth Hkced N, 0 and S Ltgands 

The formation constants for the reaction of manganese(I1) with the 

2-(arylhydrazino)propanoic acids (aryl - phenyl, 4-tolyl or 4-nitrophenyl) 

were determined at various ionic strengths and temperatures, and in a range of 

solvents using potentiometric techniques: parameters were quoted and discussed 

[236]. The adduct of xanganese(X1) oxalate and triethanolamine (tea), 

W~(tea)~(C,O~)l. ~~a.8 prepared, characterised by IR spectroscopy and its 

thermal dewsition followed by n;A and DSC: themcdymmic parameters were 

discussed [237]. Dydrazinium hydrazinecarboxylate reacts with manganese(II) in 

aqueous solution to form a complex [Mn(N2H3COO)2(H20)2]. IR spectroscopy, D!PA 

and !KA were used to characterise the product [238], 

The ligands 2-(pyrrolylmethyleneamino)benxenesulfonic acid (HP) and 

2-(pyrrolylmethyleneamino)ethanesulfonic acid (H2pes) have been prepared and, 

when reacted with manganeae(II), yield CWpb~)(~~o)~l and C~(P-)(~~O~~I 

respectively. Electrical conductivity, magnetic and spectroscopic measurement8 

were recorded [2393. The complexes [Mn(pyrr)2C12] (pyrr = pyrrolidine) and 

W-4 l wr 13C12 I ( e-capr = r-caprolactsm) have been prepared, and 

characterised by IR spectroscopy [24D]. Reaction of manganese(11) with 

pyrasine-a-amide and pyrasine-2,3-diamide yields a complex with the protonated 

ligsnds bound through the heterocyclic N and amide 0 atoms [241]. 

The preparation and crystal structure were reported for 

P’W aapb )( H20 )Cl ICI; (23), (where 

2,6-diacetylpyridinebie(bensoylhydrazone)) [242]. 

dapb is 
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Reaction Of manganese(Ix) chloride with 

N,N'-bi.e(2-hydroxybenzyl)-1,2_diaminoethane in ethanol yields a six-coordinate 

adduct; (24a), fomulated from IR spectra as: 

OH cl 0 

HO 

NH-NH 
/cl 0 

\/ 
CI-Mn-Ct 

/\ 

cf 

NH 

o OH 

L/NH o 
Y) HO 

With the anhydrous salt, a dimeric oxo-bridged structure; (24b). is formed: 

o- 0 
NH-NH Q 

0 
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IR spectral data were presented and discussed C2433, 

The complexattin Of zta3gmese(rl) wil- 2-subsr-~3med 

thiazolidine-+carboxylic acids (where the substituent is propyl, phenyl or 

P-furyl) wae followed by potentiometric titration at different temperatures 

and ionic strengths. The thenmdynamic quantities &, A5 and AS were 

determined [244]. Work has been published on the ccmplexation of 

lV+ydroxymaleamic acid with manganese(Ir) [245]. The I-aminobenzoate 

(P-ambenz) complexes [E¶n(2-arnbenz)(HO-8-q~in)].nEl~O L2%!# 

WNacac)(2-~~)(~)~! and ',Mn(acac)( 2-ambenz)(H20)2: [247] were prepared, 

and characterised by standard techniques. Thepolymeric ccmple~~XnL, where L 

is 5,51-(4-phenylenebisazo)diquinolin-6-ol, has been prepared and 

characterised: each manganese ion has octahedral symnetry (2481. The 

manganese(II) complexes of Terieidone (tre; Terizidone is the Schiff base 

derived from terephthalaldehyde and cycloserine), formulated as [Mn(tn), :x2 

and [Mn(trz)4X2] (X - Cl, Br or I), have been prepared frcm the hydrated 

halides, and characteri8ed by standard methods; electronic spectral paramaters 

have been evaluated [249]. The complexes of N,N'-dibenzoyl-2,64iaminopyridine 

(dbap) with manganese(U): [Mn(dbap)X 1 (X = Cl, Br, NO2 or KS) have been 
2J 

prepared and characterised. They are five-coordinate trigonal bipyramidal 

complexes, with axial X ligands and a tridentate organic ligand 12503. 

The stability constants of +hydroxy, +~nethoxy and r-ethoxy-picolinic 

acid N-oxide ccmplexes of manganese( IX) were detexmined by pEI titrations 1:l 

and 1:2 chelates were observed [251]. The chlo mmangeneae(I1) ccmplexes of 

acme pyridine-carboxylic acid derivatives were prepaxed, having a general 

formula [MnC12L2]: the acids and their derivative8 include nicotinic acid, 

nicotinic amide, N-methylnicotinic amide, isonicotinic acid and nicotinic acid 

Woxide. The coarpleXe0 have been studied by various analytical and 

spectroscopic techniques, and stereochemistries were sugge&ed for the 

complexes [252,253]. The 2-, 3- and +benzoylpyridine (bzp) ccmplexee 
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[Mn(bzp)2(NCS)2] have also been prepared. Coordination of Z-benzoylpyridine is 

through the 0 and N atoms, while the 3- and 4-benzoylpyridines coordinate only 

through the N atom: the thiocyanate ligand is N-bonded. Spectral parameters 

are discussed [252,253,254]. The stability constants for manganese(I1) with 

pyridin*2,5_dicarboxylic acid were determined, and the thermodynamic 

parameters M, AEi and AC quoted [255]. The isonicotinic acid hydraaide (inh) 

complex [!~R~(inh)~Cl~] was prepared and characterised: the complex is 

six-coordinate [256]. Manganese(I1) complexes of fonuylhydrazide have been 

synthesised and formulated as [t4nL2C12] and [MnL2(504)]: analytical, magnetic 

and spectral data were quoted [257]. 

In the extraction of manganese(I1) from perchlorate solution8 with 

antipyrylmethane, a number of metal complexes of the ligand were isolated 

1259). An isothiocyanatomanganese(I1) COlIlpleX of 

bis(methylazninoantiWryl)ethane was prepared and characterised by standard 

methods [ZSS]. The ligand N,N'-bis(antipyrylmethyl)piperazine (apmp) ha8 been 

used to synthesise the complexes [Mn,(apnp)Cf] and K2[Mn(apnp)C14]. In the 

dimeric compound [Mn,(apnp)Cl4], the ligand, which bonds through the oxygen 

atoms, bridges the two metal centres [260]. The formation constants for the 

i:l and 1:2 adducts of manganese(II) with the monoanion of 

N-(2,3-dimethyl-I-phenyl- 5-oxo-3-pyrazoline-4-y1)-N'-benzoylthiourea have 

been determined [261]. Manganese(U) complexes with 4-(esubstituted 

phenylazo)-3-amino-Z-pyraxolin-5-one have been prepared in which the ligand 

bonds through the carbonyl-0 and arylaso-N atoms [262]. 

The react ions of manganese(I3) with l,lo-phenanthroline, 

4,7-diphenyl-l,lO-phenanthroline and 2.4-dinitrobenseneazopyrocatechol have 

been follcwed by RPR and IR spectroscopy. The stability constants of the 

complexes have also been waluated, and possible structures for these 

complexes proposed [263]. 

The reactions of mangsnese(II) salts with 2,2'-bipyridine, 

4.4'-bipyridine. 2,2'-bipyridine-N-oxide and 4,4*-bipyridine-N-oxide yield 
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complexes which have been thoroughly studied by RPR and optical absorption 

spectroscopy. The electronic state of the metal was examined, and magnetic 

mxaent data, electronic and photoacoustic spectra were presented and 

interpreted [X4]. The stability constants of manganeee(II) complexes with 

1,lKbphenanthroline and Tiron (disodium 1,2-dihydro~benzene-3,54ieulfonate) 

in dioxanefiater systems were determined by titrimetric techniques. pR 

stability wag also studied [ZSS]. 

The complexes [Mn(stm)2L2] (where Hstm is selenoylthienoyl and L 

is water, pyridine or 3- or Ppicoline) were prepared and cheracterised by IR 

spectroecopy and thermal analysis (2661. Anothez study of 

aanganeae/selenoylthien~~t~e compounds has also been published [266a]. 

The pyridine adduct of manganeae(I1) ascorbate has been prepared, end possible 

structures suggested on the basis of elemental analysis, IR and diffuse 

reflectance spectroscopy and magnetic properties [267]. Reaction of 

manganeee(I1) ethanoate with the ligand [(2-RN(0)~NNEIC6E45CEi2)2] (R - CR3 or 

C2H5) yielded the complex [Mn((2-FW(0)~WNRC6H45CR2)2)]; (25): 

(25) 

*h&h wllB characterised by standard techniques and assigned a six-coordinate 

StNCtU~ [265]. Adducts of 2-furenthiocarboxyhydrazide (Hftc) and its anion 

‘0 N 
Y 

R 
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were prepared. [Mn(Hftc)2C12] is six-coordinate, while [Mn(ftc)2] is a 

four-coordinate square planar compound. !Phe ligand is bidentate through 

terminal-N and thiocarboxy-S atoms [269]. 

A series of mixed metal complexes of ethylanediamine tetraacetate have 

been prepared and formulated as MnM(edta).6820 (M = Co, Ni, Cu or Zn). 

Characterisation by XR spectroscopy and X-ray diffraction showed the compounds 

to be isomorphous with [Zn2(edta)(R20)4J.2H20, while the IR spectra indicate 

both bridging and terminal carboxylate groups [270]. A detailed study of the 

compounds was also presented, and differences discussed with reference to the 

ionic radii of the various metals [271]. !rhe solid phase derived from 

manganese(II) ethylenediaminetetraacetate, manganese(II) perchlorate and water 

was identified by Schreinemaker's residue method, IR spectroscopy, X-ray 

diffraction, thermal analysis and magnetic measurements, and shown to have the 

composition MnS(edta)2(Clo4)2.20R20 [272]. At pE 7-8, the complex 

14n2(cdta).nH20 can be prepared from aqueous solutions of manganese(I1) 

carbonate and cyclohexanediaminetetraacetic acid (cdtaH4) [273]. Stability 

constants were determined for manganese(I1) and ethylenediphosphinetetraacetic 

acid by potenticmetry and electronic spectroscopy [274]. 

Manganese(II) chlorosulfate was prepared from manganese(II) ethanoate 

and chlorosulfuric acid. It Complexes with nitrogen-donor ligands to form 

[MnL (0 SCl) ] (L = CR CN, 43 2 3 py or py-N-oxide) and [MnQ,(O,SCl),~ ((2 = bipy or 

acridine). The complexes are all six-coordinate, with the chlorosulfate ligand 

being mono- or bidentate [275]. Manganese(I1) chloride reacts with 

2-mercaptophenol in 1:l molar ratio in methanol to yield metbanolic adducts of 

manganese(I1) 1,2-phenyleneoxideeulfide [276]. 

&action of an aqueous solution of manganese(n) with saccharin 

(C7R6W3S) gave an adduct CWC7R4~3S)2(R20)43.2E20 which was 

characteriaed by standard methods. The manganese is six-coordinate with the 

saccharinate ligand N-bonded [277]. 

The complex of manganeee(I1) with sulfadiasine salicylaldimine was 
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prepared and studied, and stability constant and AG values quoted [278]. 

Stability con&ante were determined by potentiometric titration in aqueous 

propanone over the pE range 3.5-5 for xnanganeee(I1) with sulfapyridazine, 

sulfadimeeine, sulfadimethoxine, norsulfazole, sulfamonon&hoxine, bucarban, 

butamid and albucid [279], and over the pE range 8-9 for manganeee( II) with 

sulfadimesine, sulfadinmthoxine, norsulfawle and sulfapyridazine [2SOl. 

Benzothiazolesulfonamide mrpholide (btsm) has been used in the preparation of 

the complexes [Mn(btsm)2X2] (X = NO3, O,CMe, Cl or picrate). The ligand ia 

bidentate through the thiazole-S and sulfonamide-N atoms, and the complex ie 

octahedral [281]. The analogoue complexes have been Prepaxed with 

cyclohexylbenaothiazolesulfonaxide [252]. 

The complexat ion of T.,-DDPA (63,Wihydro~phenylalanine) with 

umnganese( II) has been studied in detail by titrimetric and spectroscopic 

techniqueer AEi, AS and pK values were quoted and discussed [253], and the 

bonding deduced to involve an equilibrium between aminoacid-(N,O) and 

catechol-(0,O) groupa [284]. stability constant.8 for the 

~ganese(II)/DGa-alanine/doxycycline hydrate system in aqueoua solution were 

determined and discussed [285]. 

OH 0 OH 0 
doxycycline 

The aminoacid caaplex [Hn(L-lyeine)2].4E20hae been prepared and characterieed 

[286], and the interaction of manganese(I1) with various bi- and tridentate 

aminoacida haa been studied in aqueous media [287]. Conqlex formation between 

manganeee( II) and a eerie6 of dipeptidee hae been followed by potenticmetric 
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titration, and EPR and NMR spectroscopy have been ueed to investigate the 

structures of the species detected [286]. 

Complexes of manganese(m) with Gtyrosine and various adenosine 

phosphates have been prepared, and stability constants evaluated [289]. 

Variations in formation constants of manganese(rr) adenosinetriphosphate 

complexes with various aminoacids were studied and discussed [ZSO]. 

2.4.10 Comptexes w$th S or Se Qonor Ltgonds 

A synthetic method has been reported for the preparation of 

[PPh,]2]Mn(SPh)4] and scme properties were discussed [291]. The reaction of 

manganese(I1) chloride tetrshydrate with sodium thiophenate in ethanol yields 

the complex Na2[Hrt(SPh)4], while the compound Na2[t4n4(SPh)lo] has been 

isolated from the methanolic solution. The [Mt14(Sph)~~] 2- ion ; (26), has an 

adamantane-type structure, as shown by X-ray diffraction: 

SPh 

Ph 

(26) 

With sodium ethane-l,a-dithiolate (Na,edt) in methanolic ethanenitrile, the 

ccmpcund XUa21Mn(edt)2]~ (27a), is prcduced, which is very sensitive to oxygen 

gas, and readily oxidises in ethanenitrile solution to the manganese(III) 

dimer Na2EMn2(edt)41; (27b). The crystal structures of these two manganese 
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compounds have been determinedr 

(27a) 

1 
2- 

(27b) 

Electrochemical, magnetic end spectral properties were reported [292]. 

The phenylthiourea (PtU) adductS wMptUpzQle)2L 

IMptU I,( ND3 ),( EtOH )I I cmyl( ptu I,( 90* )( H20 1 I # Cmn( ptu )2’=12( Hz0 )I and 

Pmw2w-)2vJ~)21 were p=pared, and chamcterised by IR epectroecopy 

[293]. Complexes of 2,4-dithiobiuret (NH2C(S)NEIC(S)NIi2r dtb) were prepared, 

and formulated am [Mn(dtb)2S04] and [Mn(dtb),X(EtOH)]X (where X = NCS or 

02CW). The ccunplexes are Mx-ccordinate, and the ligand is bidentate [294]. 

Compounds of manganese(11) with selenoylacetone have been prepared and are 

discussed [295]. 

The complex [Mn(tmd),] (tmdri = tetramthylenedithiocarbemic acid) has 

been prepared, and characterised by elemental analysis, magnetic measurements, 

'IK;A. IR and electronic spectroscopy. The molecule hae peeudotetrahedral 

symetry [296]. The mixed metal dithiocarbamate complexes [M~IM(S~~)~J weze 

prepared for Y-Zn,CdorHganaR - methylcyclohexyl-, ethylcyclohexyl- and 

isopropylcyclohexylr characterieation was by etandard techniques. The 
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manganese haa square planar coordination, while the other metal has 

tetrahedral coordination [297]. Reaction of manganese(II) chloride with 

It-aminophenasonedithiocarbsmic acid (apdtcH) yields the complex [Mn(apdtc)2], 

which has been fully characterised. The ligand is reported to be bidentate 

through both sulfur atoms [289]. 

2.4.21 Other Complexes 

The sulfur dioxide adduct WnW2)2 I[-& prepared by oxidation of 

menganese with [AsF,] in the presence of SO 2' has been characterised by 

spectroscopic techniques [299]. The complex of manganese(II) with 

hydrotxis(l-indazoyl)borate (L), [MnLCl], was prepsred and characterised by 

standard physical and spectroscopic techniques [300]. The ligand 

bis(dimethylmethylenephosphoranyl)dihydraborate(1-) has been synthesised and 

reacted with anhybous MnErz, and the yellow complex formed has been shown by 

various methods to be of the form [ML,]; (2s): X-ray crystallographic 

analysis has shown the molecule to contain (MI-C-P-B-P-C) ring8 in a chair 

configuration, the whole complex having pseudotetrahedral geometry [301]. 

(28) 

The synthesis of a [C5B9-(~2)3<5H5]2- matallocenophane of 
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mnganese(I1) has been reported, as a 3,5_dichloropyridine adduct; (29). The 

crystal structure and nature of this high-spin, melectron-imbalancedm Camplex 

were discussed [302]. 

(29) 

2.5 WE(f) 

Localised molecular orbital8 were presented for [(NH,)9MRt] (where L = 

R, cR3, F, Cl) systems, and their derivation was discussed in depth [303]. 

The low temperature matrix isolation RPR spectra of HnCl, HnBr and Mnf have 

been recorded and discussed [94]. The preparation of the complex 

c(~(~4ww2)211 (301, was also reported, and the crystal structure 

presented and discussed. 
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[MnE(C2Ei4)(dmpe)2] has also been prepared 11571. 

2.6 CARBONYLCOMPLEXESOFMANGANESE 

2.6.1 CarbonyL and RydrtdocarbonyL CompLexes 

The electronic structures of [Mn(CO)5Ii] and [Mn(CO)5(CH3)] have been 

studied through a Green's function approach [304]. The Raman spectra of 

[Mn,(CO)lO] and mixed manganese/rhenium carkmnyls have been recorded in the 

range 10 - -1 
170 cm t 123 - 296 K, and thoroughly analysed [305]. A Raman 

spectroscopic study of [MnRe(CG)lo] at high pressures shows that there are two 

first order phase transitions, at 7 War and 13 kba~, interpreted as due to a 

change of wlecular conformation from staggered to eclipsed, aad back to 

staggered: an assignmnt of the spectra was suggested [306]. The IX spectra of 

[Ma2(CG)lo] in the gas phase and 74 solvents were measured, and trends in 

solvent shifts discussed at length 13071. The EPRspect?zumof [Mn(co),], 

generated by photolysia of the hydride, has been remeasured and reassigned 

[306]. The photochemistry of matrix-isolated [Hbfn(CO)5] has been investigated, 
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and spectral analysis indicates that two isomers of [HMn(c0)4] are formed 

[309]. 

CO 
I I 

oc___.- Mn-..__cb 
oc’ ‘co 

The laser photolysis of [!lr~~(cX,)~~] has been studied and shows that 

either Mn-Mn cleavage occurs to fosm [Mn(CO),J' radicals or Mu-Cc cleavage 

occurs to form [Mn2(c!O)g] [310]. The low temperature photodissociation of 

[Mn2(cO)10] in an alkane matrix was followed by IR spectroscopy, and it was 

deduced that, at low temperatures, loss of Cc to form [Mn2(cO),] occurs in 

preference to Mn-Mu bond cleavage which is seen in solution at 298 R [Oil). 

y-irradiated single crystals of [Mn2(CO),,] exhibit RPR spectra at 95 K 

characteristic of a [Mn2(CO),]- species with one CO bridge [X2]. RPR spectral 

studies have shown that the electron is localised in a Mu-M a* orbital [313]. 

The mechanism of ligand substitution in Pu2(~),,3 has been 

investigated by isotopic substitution [314]. The kinetics of the scrambling 

reaction between [Mn,(oO),c] end [Re2(cO)lo] to give [MnRe(co)lo] have been 

investigated and suggest that the reaction occurs via [!Un,l?e,(CX3),,] or 

[Mn2Re2(CO)16] clusters [315]. The vibronic activation of CO in [Mn2(CO)lo] 

was studied to examine the change in electron density distribution as 

functions of the CO coordinates 13161. 

Reduction of [~n,(cO),~] or [MnRe(CO)lc] with Li[Et3RR] produces the 

anionic fomyl complexes [MnM(CO)9(cIID)]- (M = Mu or Re). Their reactivity and 
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chemistry were examined in detail [317]. The reactions of [MI-I(CO)~H] with 

Lewis acids have been investigated, using VT multinuclear NMR techniques. 

Subsequently identified was: I ( co )5Mn-8-Bc13 3, while A12Br6 only produces 

[m(CO )$‘rl, CMCO)51CA1Br41 and C~2(~)101. me phosphine complex 

[Mn(CO)Ji( PPh3)] undergoes hydride cleavage with both Lewis acids to form the 

chloro and bromo derivatives [319]. Reaction of Na[Mn(COP] with MC13 (M = Ga 

or In) results in the formation of Na[C14_nM(Mn(CO)5)n] (n = 1, 2 or 3). When 

In(~CH2CH2CR3)3 is allowed to react with Na[Mn(CO)4L] (L = CC or PPh,), the 

species [(CH,CR,CR,COO)nIhMn(CO)4L] is formed: IR data for the carbonyl groups 

was presented [319]. The binuclear complex 

octaethylporphyrin) has been synthesised by 

[ClIn(OEP)], and characterised spectroscopically 

f(o~mw~)51 (OEP = 

addition of c~(w51- to 

2.6.2 Ealtdes 

[319a]. 

The W photoelectron spectra of the manganese(I) cazbonyl 

[Mn(CO),X] (where X = Cl, Br or I) have been studied and analysed in 

halides 

terms of 

the u-donor and n-acceptor properties of the X-ligand [320]. The photoinduced 

homlytic fission of [Mn2(CO)lo] in Ccl4 in the presence of 2,3-butadione as 

photosensitiser yields [Mn(CO),Cl] [321]. Reaction of [Mn(CO)5Br] with the 

ligmds Ph2PC(O)R (where R 3 CEI2CR2Cl or CH,CRClUi,) yields stable monomeric 

comple~s [(OC)4BrMn(PPh2C(0)R)], where the phosphine ligand is monodentate. 

The crystal structure of [(CC )4BrMn(PPh2[C(0)CH2CHc1CH3])I; (31). has been 

determined and the molecule has the stereochemistry: 

oc 

(31) 
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31P NMR and IR spectral data were presented [322]. The phosphino- or 

thiophoephorylformami de ligands Ph2PC(o)NFSiMe3 (R = Ph or Eke), Php(o)NRR (R 

* Ph, MS or CM,) or Ph2P(S)C(0)NHR (R = Fh or Me), have been used to prepare 

complexes of [Mn(CO),X]. Simple I:1 adducts axe fozmd with all three ligands, 

while the third also forms a bridged dimeric species with loss of PhNCO. 

Characterisation involved IR and '8 NMR spectroscopy [323]. 

2.6.3 Compounds wtth 0 &nor Ltgands 

The EPR spectra have been recorded for the products of the reaction6 

between [Mn2(CO),,] and the aemiquinone ligands Qj (32): 

Ah Cl 

/ 0 Cl/ O 
0 a Cl\ 0 

Cl 

--I- / 0 0 \ 
0 

t 

0 0 T 0 

(32) 
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A series of aclducts of [Mn(CO)4Q'] (where Q' is the radical anion from 

3.5-ditertbutylsemiquinone) with a variety of 0, N, S and P donor ligands have 

been prepared and analysed 13241. Reaction of 3,6_ditertbuty3semiquinone 

(dbsq) with [Mn(CO)5] produces Cdbsq]-[Mn(CD3)5]+, which loses CO to form 

C(dbsq)WCO)*l, and up to two further CO molecules can be replaced by 

triethylphosphite ligands. Tributylamine or propanone will replace only one CO 

mol@Cule: electronic spectra were recorded 13251. The EPR spectra of these 

complexes have also been recorded [326]. The preparation and characterisation 

of the binuclear complex [Mn2(asq)4L2] and the tetranuclear complex 

[Mn4(asq)4(CO)s] (ssq = acetylsemiquinone, L = CO, CH3CR or dme) were 

reported, and the solution magnetic behaviour and internal redox properties 

discussed [327]. 

The nitrosobenzene adduct [(c~)(CO)~MII(P~NO)] was synthesised by W 

photolysis of [( c~)Mn(cO)~] in thf followti by treatment with nitrosobenzene. 

The complex was fully characterised and the ligand noted as a two-electron 

donor [328]. 

2.6.4 CoInpounds wtth S, Se or Te Donor Ltgands 

Cm(m j5BrI adds to [(cp)(CO)2Fe(CS2)]-, losing CO and Br- to form a 

bridged, heterodinuclear compound, [(cP)(~)2Fe(cS2)Mn(cO)41, where the CS2 

group bonds: (FeC(S)SMn) to form a four-membered ring. The product was 

characterised by IR and lE NMR spectroscopy [329]. 

The ligand triphenylstannanedithiocarboxylate (L) has been prepared, and 

used to form the manganese(I) complexes [Rn(CO)4L] and fat-[Mn(CO)3( PPh3 )L], 

which have been fully characterised by spectroscopic techniques [3303. The 

reaction of [Mn(CO)4(NE12R)(CONHR)] with the isothiocyanate R'NCS (R = CR3 or 

C6H1,; R' = CR3, C Ii 
6 11' '6% or C6R5ar2) produces the dieubstituted 
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thiourea, the dithiocarbemato complex [Mn(CO)4(RRSCS2)] and the isocyanide 

derivative fat-[Mn(CO)3(CNR)(REiNCS2)]. The products have been fully 

characterised by IR and '?I WR spectroscopy [3X]. The compound [Mn(C!O)3BrG]~ 

(33), (where L is 2-methyl-2-( triphenylphosphonio)dithiopxqa.rmate) hae been 

prepared and its crystal structure determined at room temperature end at -110 

OC. At room temperature, the cry&al decomposes with loss of 

triphenylphosphine [332]. 

CH3 
[-@3 

\ 
PPh3 

Br (33) 

The tri- and tetracarbonyl complexes CW m )4( W’WPR2 11 t 

PfWWq(~E~W~R2)1t [~(~)o(~C~JPISlR2)12, EW’W3X(SCWWfPh2)I (x 

= Cl, Br or I) and [Mn(CO)3X(CH3SC(NR)PPh2] have been prepared and identified 

by NMR spectroscopy [333]. The 55 Mn RMR spectra of the series of complexes 

[(CO)4Mn(S2CZ)] (where Z - OR, SR, tUR2, PR2, P(S)R2, AsPh2 or Ph), 

f(W4WWWPR2)lr I(~)4~(SC(~')P{SlR2)I and 

~uc-[(CO)~B~M~(SC(NSR')PR~)] have been recorded, and show a relationship 

between the 
55 

Mn chemical shift and the nature of the coordinated thio ligand 

[334]. crystal structures were reported for [(CO)4Hn(SC(NPh}PPh2)]; (34), and 

for C(cO)4Mn(sC~Nph~P~S~Ph2~~; (35) C3351. 
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co 
PhpPh 1 

PhN-C’ ’ Mn' 
CO 

-\ S' 
I ‘co 

CO 

Ph 

(34) (35) 

The crystal structures of CWcO)4Ll and mc-EMMCO)3Br(HL)l; (36). 

(where EL is the ligand P,P,N-triphenylphosphinothioformmide) have been 

determined. Coordination is via P and S, forming a four-men&z red ring. The 

8tNctures were discussed in detail [336]. 

Oc\ ,PF 
O'C =-Mm--CO C=N 

OC\ ,PF 

OC’ \s/ ’ 

B~>MQ(OIC--N\H 

Ph OC Ph 

(36) 

The reaction of [( cp)(CO)3Mn] with the aUcylthioketenee: 
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0 C=S 

+BU 
\-C=S +Bu/- 0 C=S 

yields simple 111 adductsz [Mn(CO)(cp)L]. The complexes were all characterised 

by spectroscopic techniques, and the crystal struCture of one adduct Rae 

reported and disCussed (3373. 

The reaction of methylthiirane with manganese(I) hydride pentacarbonyl 

inserts sulfur into the Mn-Ii bond to form [(Mn(SEf)(CO),},], which has bridging 

SH gmups 13381. The preparations were reported of the dUnem 

[Mn2X2(CO)6(E2Ph2)I (X - Br or I; E - S, Se or !!?e), and the crystal structure 

of the bromo-seleno Complex; (37), described 13391. 

(37) 
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The preparation and crystal structure of a novel tellurium complex; 

(38), were reported, involving three (Mn(CO)2(cp)) groups bonded to one 

tellurim atom. The (Mn3Te) unit is almost planar, but does not have equally 

spaced Wn(C0)2(c~)) groups: 

1 OC+jn_ .a / 0 
Te 

The compound [Te2(Hn(CO)2(cp})3] was also reported [340]. 

2.6.5 Compounds wtth N Donor Ltgands 

The complex [Mn(cO)3(wD)]2- has been synthesised by reduction of 

[Mn(CO),(NO)J or [Mn(CO)3(NO)(PPh3)], and characterised by IR spectroscopy 

[341]. A new reagent [PPN][NO2] (where PPN+ was [Ph3P=N==PPh3]+) was reported 

to nitrosylate metal carbonyls such as c~(~)cl+’ wwqp=wlt 

[Mn(CO)q(NO)] and [Mn,(CO)IO] to generate CO2 and incorporate [NO]- into the 

molecule. The crystal structure of [Mn(co)2(rw)2]-: (39), was reported [342]: 
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(39) 

Oxidation of a 3-toluidine complex C~(C~)(CO)~(~~~-C~H~CR~)] yields a 

stable complex of an aminyl radical. This was characterised by spectroscopic 

measurements [343]. Novel amine and imine complexes, (40) and (U), involving 

a Mn-B u-bond were reported from the reactions of [(Cfi3)Mn(cO)g] with the two 

carboranes BloHlo -9 )z and BloHlo 
cXiRCHN=NPh [344]. 

R 
\ 

CH ,fcH’ NMe \-I / 2 

B10H9- Mn(C0)4 

(40) 

R\ 
CH Ch%h 1-1 / 
BloH9- MnKO)k 

(41) 
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The 1.2.3,~tetraphenyl-l,e-diazabutadiene (benzilbieanil; bba) complex 

[Mr~(bba)~]; (42), has been prepared and characterised by spectroscopic and 

magnetic measurements (geff = 3.93 jLB): it was reported to be pseudooctahedral 

13451. 

Ph 
Ph. N 

PY 
/N,,,,,n/ %Ph 

Ph-CNN/ \ ’ 

Ph’ 

(42) 

[Mn(CO)5Br! reacts with DiCN-n or Tria: 

Dim-n (n = 2, 3 or 4) TriCN 

to form [Hn(~)3(DiCN--n)Br], (Mn(CO)3(TriCN)Br] or CMn(W)3(~iCN)]CPF6! 

13461. 
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The thionylimide complex ~M~(CO)~(RNSO)~[ABP~] haa been prepared, and 

the nature of the ligand RNSC briefly discussed, but no definitive conclueione 

were drawn: N-coordination was suggeeted [347]. Reaction of [(CR,)Mn(C0)5J 

with CP3SC2N=SJ-NSo2CF3 yields a simple adduct 

:(~3)~(~)4(~J~zN~N~~Qp3)I. The mode of bonding i6 unknown, but 

coordination through one N at&m is SUggeSted [ 3483. 

The c3,h5-phosphazene (Re3Si)2~=(NSiRe3)2 displaces CC from [Rn(CO )5Br] 

to yieid the simple adduct [Br(CC)4mN(SiHe3)=P(+W.Me3)N(SiMe3)21; (43). 

Bowever, the anaiogous thio compound [(Me3Si)(Re3C)NR(S)-NCMa3] displaces CC 

and Rx- to form the Spiro compound (44). The reactions have been studied by 

31p and13 C RKR spectroscopy and an X-ray crystal structure of (44) is 

presented [349]. 

co teu +Bu 
I I 

OC\ /Y /A 
oc/Mn\s/ P\CH/SiMe2 I 2 

co 

Reaction of [(@ln(CO),( p-Br))S] with diimidazplate or dibenximida%olate 

(NR in general) results in the formation of the bridged dimera 

tRWW4(HW12. Subsequent reactions with phoephinee OS phoaphites yield 

Iti 4_nbn(Ir-Wl* (L = phoephine or phoephite). Structures were assigned on 

the basis of IR srectroscopic data 13501. 

The crystal 6tructuree of the ctsa~ccarbonyl-(l,l0_phenanthroline)- 



cts-bis(trimethylphosphite)manganese(f) 

c%s-dicarbonyl-(l,lO-phenanthroline)- 

perchlorate [351] and 

tram-bis(trimethylphosphite) manganese(I) perchlorate 13-l have been 

determined: both show manganese ions with pseudooctahedral coordination. In 

the latter complex, there are two crystalline forms, one of which shows one 

trimethylphosphite ligand to be statistically disordered. 

2.6.6 Compounda w&Oh Other Group 15 Donor Ltgands 

The complexes [Mn(m)6_nLn]+ and [(c~)M~(CO)~L] have been prepared for a 

wide range of phosphines, and variations in the 55 Mn chemical shift measured 

and considered in relation to ligand field splitting, Nephelauxetic effect and 

the nature of the Mn-L bond [353]. !Fhe manganese(Q) radicals [Mn(CO)3L2]' were 

prepared for a number of triallcylphosphines and phosphites, and studied by EPR 

spectroscopy. The effect of the phosphine ligand L is related to the electron 

exchange process [3543. The steric effects of phosphine ligands on the 

photochemistry of [Mn2(CC)lo] have been studied, and shown to influence the 

photolyais products [356]. 

For a range of phosphines PR 3 (R = CHMeEt, Bu. CBMe2 or OCBMe,), 

reaction of the radical [M~(CCI)~(PR~)~]' with Ccl4 yields IWCo~3(PR3)2C11r 

while reaction with Bu3SnB gives mainly [Hn(CO)3(PR3)H]. Characterieation of 

the starting radical and the products was by EPR, IR and W-VIS spectroscopy 

[356]. Irradiation of W2P)g~21 CL = pBu3 or P(OEt)3) with near W 

radiation in the presence of HCl yields the products CWW4-l and 

[HM~I(CO)~L]. The mechanism has been atudied and an oxidative addition to metal 

carbonyl radicals proposed [357]. 

CWCw5([s2C1) I reacts with triphenylphosphine to form the adduct 

[Mn(CO)3(PPh3)C1], while cww5(~2~)l with triphenylphosphine in 

ethanenitrile forms c~s-[M~(CO)~(PP~~)(C(O)CB~OM~)]. In methanol, no CC is 

incorporated, and the product is ct~-IMn(w)~(PPh~)(M2~)] [358]. 

A novel synthesis of a transition metal-substituted phosphorane is 
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reported. Reaction of Z-chloro-spirobi(l,3,2,beneodio%aphosphole) with 

Na[Mn(CO)5] yields the product (45), which was charactesised by standard 

spectrometric techniques [359]. 

Mn(C015 

The crystal structure of [( Me~p)Mn(cO)~(PPh3)]; (46), haa been reported 

and diacusaed 13603. 

Mecp 
\ 

Mn-PPhj 

QC 
/ I 

CO 

t-6) 

A series of cationic manganeee(f) cezbonyl phoqhine ccmplexes 

cww*(L2)21+ and me~fW~)~(~~)~l~ (~2 = dppn or dppe) have been 

PJ=P=- IWco),(dPm),l+ in both cte and tram forms. In 
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mer-C~(~)3tdppn)21’s one ligahd is nwnodentate, as shown by 31P WWR 

spectroscopy [361]. The triphosphines L1 : Ph2PpcH2CH2P(cych)CW2CE2PPh2 and L*: 

( cvch ‘2-2C=2P’ cych lQ12-2W +=h I2 ( crch = cyclohexyl) react photochemically 

with [(cp)Wh(CO)3] to form monoligate complexes [(~~)WII(CO)~L~] (n = 0 or 1) 

and C(cp)W.uL*], and bridged dimers c(cP)Wh(CO)(lr-L*)Mn(cp)(CO)*:. 

[(cp)Wn(CO)L1] also coordinates with ((cp)Wn(CO)2(thf)] to fom a bridged 

dimer [(cp)Wh(CO)(k-L~)Wn(CO)(thf)], and with other carbonyl-thf complexes of 

the metals V, Cr, MO, W or Co [362]. 

W photolysie of [Me,SnMn(CO)3(P(OPh}j)2] in benzene results in 

homolytic cleavage of the Sn-Mn bond and H-abstraction from a phenyl ring to 

leave two ortho-metallated compounds; (47) and (46): 

P(OPh13 
I 

(47) (46) 

The crystal structures were determined 

[363]. Reaction of [(cp)Mn(C0)2(thf)] with 

Cl) produces the bimetallic complex; (49): 

L = CO or P(OPh)3 

for both ortho-mtallated products 

[TiL2(cp)(q5-cp-PPh2)] (L = CO or 
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on exposure to air, this is oxidised to the phosphine complex 

[(cp)Mn(cO)2(PPhzcp)l. An x-ray crystal structure of the manganese/titanium 

complex was presented [364]. A series of manganese(I) complexes has been 

prepared from [Mnz(CO)lO] and PHPh2, producing C~z(IL--tI)(WPhz)(~)6]~ 

followed by reaction with various cyanides, isocyanides, phosphines and 

phosphites, yielding coxplexes with formulae: [Mu,(p-H)(&-PPh2)(cO),L], 

IMn,(Cc-H)(~-PPhZ)(CO)6LZ] and 

~Mna(Ir-EI)(~-PPhz)(~)4((~}2~P(O~}2)21. 

Reaction of [Mu,(j~L-a)( j~-PPh~)(co)~] with alkynes gave the asymetric alkenyl 

complexes [llnz(~-PPh2)(~~~~2~~1)(co),]. The CrFtal structures of 

CMn,(~--a)(~r-pph~)(CO)~(~~)~ 1 and 

[Mn2(~-~h2)(~~r~~~~2)(CO),] were reported [365]. 

The reaction between [14h,(CO)1,,] and the diphosphine ligands Et2PCH2PPh2 

(depm) and ( C6Hll )2XP2PPh2 (dcpm) were studied, and the products from boiling 

hexane were identified as (Mr~,(CO)~(depm)~] aud [Hn,(CO)6(dcpa)R]. IR spectral 
/ 

evidence is presented to show thatthe trans isoxer is most likely for the 

former, while the latter may be trans, but no definitive argumsnt was provided 

1366). Reaction of [Mh2(CO)5(dppx)2] with HCBF41 in ethanenitrile yields a 
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manganese(I1) hydride-bridged adduct; (=)I, with cyanide incorporated as a 

u-bonded ligand to one Mn, and as a n2 -bonded ligand to the other [367]. 

When diazomthane is allowed to react with [Mn2(cO)5(dppm)2], a 1:l adduct is 

formed which has been shown by X-ray crystallography to be 

CHn2(<x,)4(~~p~)2(C(O~CH~N2)]i (51) 13661. 

P 

Oc\ M,/ ‘O\M/ Co I 
0 c’ ‘N’ ‘co s 

\ // 

CHz I N 
P P 

(51) . u- 

Reaction of an excess of C(cP)WWgl t- the thf adduct 



WWWW2(tWl) with the cyclic phosphazene 

CNJP310~)9(POC6H~~*)]:L3. 

[N3P3( 4-OCgBqPPh2)6]sL* or the polymeric ligand L3: 
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1igand.e 

A 
I 

f I N=P 

I 
OPh 

X 

yields simple adducts where all the phosphine valencies have been saturated. 

!Phe cyclic hexaphosphine L2 can alao act aa a mnodentate or bidentate ligand 

[369]. 

F&action of K~(W~12~~~)),1 with C(CPNW~)~I We- +-he 

asymetric complex (52)~ 

Me 

(52) 

0 0 Me . 

-MbCO 
\ co 

which has been fully character%se& by spectroscopic and X-ray crystallographic 

technique@ [370]. The ccm~lexes [RAetHn(CO)2{cp))2~ (R - Fh, CE2CH(CEE3)z or 
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CE3CE3) have been prepared from the chloroarsenic analogue with [IILR3], and 

fully characterised. &XllpleXeS also Preparea include 

CC~(fif~lplc~l )(crPl, )I, the tropolone adducts 

I(C7H602)AS(~(co)3(cp))(Crlco},)] and f(C,a50,)As(MnfCQ!ZEMecP!)2]. and the 

oxygen-bridged dimers C(A8(Mn(C0)2(cp)l(Cr(CO)6~)20] and 

[(Aa(Wn(cO),(~cp)~3)~0]. Crystal structures of the chromium-manganese 

tropolone complex; (53), and of the dimanganese oxo-bridged dimer; (54), were 

presented [371]. 

CP 
\ 

Ml-l 

oc’/ 
OC 

An 

rhomboid 

(53) 

Mecp . Mec~ 

(54) 

EPR spectral study of [Hn2(CO)8(~-~Ph2)2]" hae ohm the (Rn2As2} 

to be planar. Further, the electronic structure of the radical cation 

has been partially elucidated [372]. The compound [(CO)4P~(CO)4~Me,] was 

studied and shown to react with CO at 45 "C to form a linear complex 

[(CO)4FeArr(t4e3)Mn(CO)5] with no Rn-Pe bond 13731. 

2.6 7 OrgmometaLGtc Compounds 

c~wv51- react8 with perfluoronorbornadiene to substitute a fluoride 

ion, giving [ (c,F,)klr~(CO)~], and this reacts with [Pi~(Pph~)~] to form the 

Colnplex C(PPh3)Pt(tlL-C7P7)W(CO)5: [374]. Reaction of [Mn(CO)5Br] with 



AsKW~2p)21 Yields C(~p(~t~,FI,)l 13751. fWdinc)3!C~61 

= l,P-bis(4-tert-butyl-2-isocyanophocyanoxy)ethane) has been prepared 
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(where dine 

by treating 

[Mn(CO),Cl] with dine in the presence of [PI?,]-. This has been further 

oxidised to [Mn(dinc)3][pP6)2, which is stable in the solid state but 

decomposes in solution to the manganese(~) species [376]. Reaction of 

WW4(Pne20)]2- with [(CF3S020CH2)2C(CH3)2] affords the manganocyclohexane 

derivative WW*=,=,~,~, I- The analogous c=Wlex 

[ ( oO)4MnPPh20CE12CMe2~2] ; ( 55), whose crystal structure is presented, takes up 

So2 to form the sulfinato ccmplex [(CO),HnPPh20US2~2~2502] f3773. 

CO CH 
I 3 

n' ‘“Z- k&-b”3 
'P- 

Ph2 
2 

co 

(55) 

Manganese(I1) chloride reacts with !4g[CIH6] .2thf in the presence of 

Lewis bases and butadiene to form [(q4<4E6)2MnL] {where L = PHe2, PEt3, 

Pwm3 or CO). Butadiene derivative complexes were prepared by metal vapour 

syntheeis. The crystal StNctUre of [(siz_c4E6)2bh(P{One]3)]~ (56). shows the 

manganese to have equare pyramidal coordination [378]. 
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(56) 

The crystal structure of [(CO)~M~(C~E~~COCEI~)W(CCJ)~(C~)] has been 

presented, showing a bridging l-ferrocenyl-l-oxoethyl group, q5-bonded to 

manganese and u-bonded to tungsten [379] 1 IR matrix isolation studies of 

[Mn(CO)4(COCfI3)] indicate the ethanoyl ligand to be u-bonded [38OJ. 

The X-ray fluorescence and XPS spectra of c(cPmWW331 

I(cpNWW2W’h3)l, C(cpFW~)(dppe)l, [(~PDWW(W,]N'~~J, 

C(cp)~(~)(~)(PPh3)JCPFgl and C(cpMnINo~(dppe)3VF61 were recorded and the 

result8 analysed in terms of the Mn-cp interaction [381,382], The donor 

properties of the 

the Lewis acids Al2Br5 and 

metal centre [383]. 

A molecular orbital 

manganese( I ) adducts [(cPWWW31 -d 

= 1 or 2) have been investigated with reference to 

GaC13. Coordination of the Lewis acid is to the 

study of the comple~s [((cp)Mn(cO)2]2L] (where L = 

Ge, N2 or PPh) has provided an explanation of the bonding in these complexes 

in accordance with obsemed spectroscopic data [384]. 

2.6.8 StZyZ and GmmuZ compZeses 

A neutron diffraction study of tO’WWW2MnEYS-‘h2)lt (571, haa 
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located the hydride 1.569(4) % from the manganese atom (a typical WI-H 

distance) and 1.802(3) % from the silicon atom. Although the Si-E! distance ie 

longer than typical Si--8 bonds (ca. 1.46x), it is much ehorter than the sum of 

the Van der Waal radii and the geometry around the silicon tends toward8 

five-coordinate. The authors, therefore, tend to favour a three-centred 

two-electron R!-H-Si bond [365]. 

co F 

Me c-Mn 
c 

/ I 

\ 

b ,, cf ? --Ph , 
'bh 

CO 

(57) 

A series of manganese(X) carbonyl casplexes with optically active silyl 

or germyl groups was synthesised and the stereochemistry of the cleavage of 

the Mr-SiorRn-Gebond examined. Itwas observedthatthemanganese complexes 

show poor retention of configuration [365a]. The optically active gemyl 

ligand S-(-)-(HePkl-NpGe) (1-Np = 1-naphthyl) canreplace aC0 liqendin 

[MeMn(CO)5] resulting in CC insertion in the Nn-Re bond. The anion thus forpBd 

tR3~(W3(=W]-, can be isolated or reacted with [Et,O][RF,] to yield the 

carbene complex [R3GeNn(CC)+(C{OEt}Re)]~ (58). The crystal structure of the 

carbsne ccr@lex was zemrted [366]. 
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CO CH3 

oc I I 

'MD--I 
Ge4Ph 

OC' 
I 
\ 

co c, 

P c . . . . 
Et he 

Photolysis of (Q_,)3GeB in the presence of pn2(CO)lol, or reaction of 

Na[Mn(CO)5] with [(CFp,)3GeX] (X = CT or I) produced C(cP,)gGeplrr(n;1)51; (591, 

in high yield. This cox@ex has subsequently been analyaed by %n, lgF NMR 

(53) 

and vibrational qectroscopy, and single crystal X-ray diffraction: 

CO 

oc I 
oc 'Mn 

I 'CO 

CO 

CF3 

I ($yCF3 

\ 
cF3 

The harbor@ force COn8tatlt8 and Graham con8tilllts vmre evaluated [307 3. The 

presence of a strong n-acceptor such ae [GeBrg]- in the carbonyl complex 
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[Br3GeMn(CO)9] results in the formation, on reaction with l-leucine, methyl 

ester, of the complex trms-[Br3GeHn(CO)4L] (where L - 1-leucine, methyl 

ester) [see]. Themogravimetric analysis of ~Mn(c0)9(GeXPhg)] (X - P or cl) 

shows that, in the presence of oxygen, CO is lost first, followed by Ph and 

then X, the fluoro compcunds being more etable then the chloro compounds 

[389]. 

2.6.9 Mixed Metal CompLexes 

(Ph~AB]~(co)9~v(co)~(No)] has been synthesised frcm [Ph4Ae][Hn(co)9] 

end [V(CO),(No)I, and characterised by IR spectroscopy la901. The preparation 

and crystal structure of ~(cP),(~)W(~~)~(~)*li (600)s were =p=ted 

1391]. 

co CP 

oc I 
'Mn 

I 
()c/ h 

Nb' 

CO 

I I 
co 6 cp 

(6Q) 

The phosphorus in [(CO)3Mo(q5-C5B4~)] (R - Ph or 4-kolyl) acts as a 

ligand when reacted with [(M~(cZO)~B~)~J to form the structure (61): 
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I 
R279 1 

(CO)4Mn-MoKO)~ 

J R= Ph, p-tolyl 

(61) 

The cwtal structure for R = Ph has 

of a Mn-m bond (3.054 S). h, 13c and 

[392]. 

been solved, and indicates the presence 

31p MR spectral data were also quoted 

The Crystal StNctUre Of I(c~)(cO)~Mnpe~(cIl)~(pPh~)(~~-~)]; (621, ha+r 

been determined and shows the molecule to contain a {14nFe2P) pseudoetrahedron 

f393]. 

co Ph 
I 

CP--Mn 
/ 
P 

/ 
co 

(62) 
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The roan teaqerature 57 Fe Mijesbauer spectra were reported for the clusters 

I(~)(~)2MnPe2(CO)6L(lr8-PPh)l (L = CO, P(ORe)3, PPh3, asPha or SbPh3) and 

show that the structures are in agreement with the lattice constants of 

low-spin Mn/Fe clusters [394]. 

Reaction of [(cp)!WCO)2(q2--3)] with [Fe,(CO),j yields three 

products, one of which is a cluster: (l-qs-cyclopentadienyl)- 

(1,2~1,3-~~ic~nyl)(l~2:2,3-odaethy~rylate)(2,2,2,3,3,3-hexacarbonyl)- 

trtanguto-l-manganese-2,B-diiron; (63), whose crystal structure was presented. 

COOMe 
/ 

f(cp)Mn(~),l~~~~)Fe(co),] is also formed in the reaction C3951. 

Reaction of [(cp)Co(PMe3)(CS)] with C(cp)Mn(CO)2(thf)] yields (a) in a 

I:1 reaction, and (66) in a 112 reaction. Methylation of (66) with CR303SCF3 

yields (66). Characterisation was by IR and 'R NMR spectroscopy [3961. 
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CP S 
\ 

CP 
f / 

Co' ‘Mn 
/ ‘c’ 

Me3P b 
\ 
co 

(54) 

CP 

\ 

/ 
Me3P 

(66) 

Mn(CO$ cp 
I 

CP s 
\ II 

co’ ’ / CP 

MejP 
/ LC,Mn 

C 

6 
\ 

CO 

(55) 

SMe 
II 

/ 

CP 

Co/C'Mn 
\,/ 

II \ 
0 CO 

+ 

F,CSO; 

5-m crystal structure of [(( PPh3)(CT))AMn~3SnBr~ has been reported and 

discussed. The manganese is six-coordinatewithplanar (Mn(CO)4) groups, and 

the tin is four-coordinate (3972. 
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2.7 P~INANDPORPHYRIN~WS 

The firm ccmplexee of the type [MnN(OKP)] and [MnN(TTP)] (OKP2- = 

octaethylporphinate; TTP 2- 0 meeo-tetra(r)-tolyl)porphinate) have been prepared 

by w11- oxidation of [Kn(OMe)(pcrph)] in the presence of ammonia. The red 

complexes are diamagnetic and have been characterised by etandaxd 

spectroscopic techniques: some chemical behaviour was also reported [398]. 

(2,3,7,8,12,13,17,18_oct~thylporphionitrido)manganeae(V), [KnN(OKP)], can 

be reduced by the methylating reducing agent eodium anthracenide and methyl 

iodide to 5,15-dimethy1-2,3,7,8,12,13,17,18-octaethy1-5H,158-porphi~tonitrido 

manganeae(V)j (67), which indicates that the I&I* bond is very resistant to 

reduction. The dimethyl complex has been fully characteriaed, end the crystal 

structure described. The IWmN bond, at 1.512 A, ia the shortest recorded 

example of such a bond [399]. 

(67) 

l'etraphenylporphircatamanganese(nr), mnrFm wae generated tn sttu 

in tetrachlorcethane at 77 A by a one-electron oxidation of [Mn lll(TPP)cl], 

and KPR and optical absorption spectra were recotied. Oxidation occure at the 
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metal centre, and the spin state of [Mnnr(TPP)] was assigned as 3/Z (4001. The 

mnganese(IV) porphyrins [Mn(TpP )X2 J (where X = Ng or NC0 ) have been 

synthesised, but are unstable at room temperature in solution, decomposing to 

fIW'l'pP)X]. Magnetic and spectroscopic properties were noted, and the crystal 

stYTWtWZ of the toluene SOlVatS [Mn(!PPP)(NCC)2J.0.5CEi3C6H5; (66), reported 

c-11. 

scam novel menganese( TV) porphyrin complexes, [xMn(TPP)(OIPh) I20 (Wee 

X = Cl or Br) and [(PhI(o~CMe)o)z~(~P)], have been synthesised and 

characterised, and their reactions as potential oxidants of hydrocarbons (as 

well as other substrates) were investigated [4O9,4O9,4@+]. 

'phe manganeee(1II) porphyrin (Mn(TPP)CNl; (69), has been pxepated, and 

chartierised by X-ray cryetallogxaphy. Some IR spectral and magnetic data 

were presented IQo51. 

The compouti CMn(TpP)(~E)2J~C104].MsdH; (70). has been prepared, and its 

crystal structure presented. The metal is bonded within the plane of the 

porphyrin, and the coordinated methanol molecules are in axial positions. The 

structure and electronic configuration were discussed with reference to 

sim.ilarsystems c4.061. 

The redox and photoreductive properties of manganese( 1x1) 

tetw 4-methylpyridyl)porphyrin in water have been ew. Reduction can be 

effected by dithionite in the absence of dioxygen, while oxidation can be 

through persulfate, hypochlorite or chloropentsmainocobalt(III) [407] 

The electrochemistry of the bridged phthalocyanin complex [(PcMn)ROJ has 

been studied in detail, and a four-electron ECE reduction mechanism proposed 

[409]. The tetra(4-N ,N’, N"-trimethylaniliniu))porphyrin IWII)DWIII) 

couple has been investigated electmchemically in aqueous media over the 

entire pH range, and the electronic spectral properties reported 14093. 

A matrix isolation IR spectral study of @nPc] and [Mn(ORP)] indicates 

that both molecules bind dioxygen gas in a side-on manner [410]. A single 
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crystal magnetic study has been performed on ferromagnetic [MC) at 1.2 - 25 

K, and the results discussed in texms of the crystal structure [411]. !Phe 

kinetics of the reaction of 5,10,15,20-tetrakis(4-sulfonatophenyl)porphvin 

with manganese(X) in the presence of cadmium(II) were studied 

spectroscopically 14121. It is reported that, on exposure to 
60 Co rraye at 77 

K, manganese(II1) porphyrins are reduced to manganese(II) porphyrins. 

Characterisation of the products was by EPR spectroscopy [413]. 

Two face-to-face bimetallic ccmqlexes [BlW(pTp4)]1 (72), have been 

synthesised with the diporphyrin, cryptically known as ETF4, one complex 

having M = N' = Mn, the other having M - Co, M' = Mn: spectral data were 

presented [ 4141. 
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Reaction of manganese(II) ethanoate with the porphyrins 

tetraplrlenyLporphyrin (WP), tetra+-methoxyphenyiporphyrin (WP), 

I3mazoporphyrin IX (E3PIX) or coproporphyrin (CG) a-c hig3 pressure and s-near 

deformation yieLds the complexes jm(TpP)], 1W-QP)l. [xn( RPIX)] or 

Em(c respectively 14151. The temperature dependencies of the magnetic 

susceptibilities of a number of manganese porphyrins were determined, and the 

factor6 influencing the magnetic behaviour were discussed [416]. 

Other work on porphyrins includes the isolation, characterisation and 

reactivity of high-valent oxoman ganoporphyrins [417]j the electrochemical and 

s~ctroscopic study of 3,5-di-tert-butylcatecholato and 

3,5-di-tert-butyl-2-benzosemiquinonato complexes of manganese(rI1) and 

manganese(IV) porphyrins C4181; and factors affecting the electron transfer 

and ligand addition reactions of manganese tetraphenylporphyrins [419]. 

2.8 BINARY AND TEmARYoXIDEs 

when MnC12. 14nSo4, C4n203, HrC03, Mn304, Mn02 or K[Mn04] are added to a 

Li2w3/Na,C03/!c2c03 eutectic under argon or carbon dioxide, the final products 

axe salts, mainly of manganese(IV) oxoanione, including CMnO2,_ J 2- 
,:m' I 3A 

IMnO,]- and [Mn205]2- [420]. High temperature X-ray analysis of the spinels 

X%m3-Lc 4 0 has given information on the distribution of cations in tetrahedral 

and octahedral sublattices. The distribution is independent of temperature 

between 700 OC and 1000 OC [421]. Using the RFR signal of Mn304 impurities in 

m0, it has been possible to show that the MagO is primarily concentrated on 

the surface of the MnO [422]. Oxidation of manganese(I1) ions with 02 gas at 

298 K yields a synthetic cryptomelane K2MnBO16. A detailed study of the 
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interrelation of the manganese ore8 nsutite, hauemanhite, manganite, 

pyrolysite and cryptomelane ha6 been preeented [423]. Reaction of Mn304 with 

butyllithium at mom temperature yielded the mixed oxides tizm304 (0 < 3 < 

2): electrochemical and X-ray diffraction data were preeented [424]. 

Photoelectron spectroscopy was used to study the reactions of manganese 

with dioxygen and water at different pressures and temperatures, to yield MnO, 

Mn203, l#h304 and Mn(OEI)2 [425]. A thennogravimtric method was used to examine 

the equilibria: 

3m203 = 2Mn304 + l/202 

-2 = Mn203 + 1/202 

at 790 - 99Q°Cand 466 - 495 OC reepeotively, at partial pressures of 

dioxygen less than one atmosphere [426]. 

siMn205 waeJ ahowh to have ferroeleotric propertiea with 

antiferranagnetic ordering by studying the temperature dependence of the 

pyrcelectricity, dielectric constant, dielectric loss, conductivity and 

magnetic sueceptihility of the compound (4271. The lattice constants for 

c-0 SC"0 2)m3 have been determined by X-ray powder diffraction, and the . . 

reeults are presented 14281. The synthesis and characterisation of the layered 

=w-tea c"remzOl+33: was reported [429]. A tiasbauer ~pectroecopic etudy 

of the octahedral sites in Co Fe I&I Oand x y 3-z-y 4 

Ni Fe m x y 3-z-y04 ham shown that the iron(III) iona are incorporated into two 

cites of octahedral symmetry [430]. 
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2.9 MJXED OXIDATION STATE AND NITROSYL COMPLEXES 

Polarographic reduction of [Mn2L402J 3+ (where L = 2,2'-bipyridine or 

l,lO-phenanthroline) shows three well defined diffusion contxolled waves 

corresponding to 1, 2 and 3-electron transfers for both diimine iigands 14311. 

Detailed calculations on C~(HzO)5(02)ln+ (n = O-3) were carried out by 

CNDO-UHF and MD-LCAO-SCP techniques, and the complexes have been classified 

according to the degree of o-en activation [432]. 

A large number of complexes of the general. formula 

[Cl(NH3)4Mn(N2)M(NH3)4Cl]n~ (where M is Cr or V) have been studied 

theoretically to examine the electronic factors involved in (cL_-N~) activation, 

using CNDJ-UHF and Mo-LI=Ao-SCF techniques [433]. For [Mn(CN)5(NO)]n- (n = 2 or 

3). calculations with the scaled-INDO method have been used to give data on 

the electron density on the NO ligands, the bond order and bond lengths of the 

N+, C-N, Mn-C and Mn-N bonds, and the NO and CN stretching frequencies [4343. 

me ==nPound ZMe4N]EMn2(~)6,. 1 aA20 was examined by X-ray crystallography 

and shown to contain low spin octahedral manganese(II1) ions C-coordinated, 

and high spin octahedral manganese{ 11) ions bonded to two NC groups and four 

H20 groups [102]. The magnetic properties were discussed [103]. 

Reaction of manganese(I1) chloride with tetramsthylaumnxium 

1.2-dicyanocyolopentadienide ([Me4N][dccp] in water, and recrystallisat ion of 

the product from ethanenitrile affords a ccmplex which analyees as 

C~4N!2EMn2(dccp)j(~)2E1201: the pxcduct may be polymeric 14351. The 

trimeric species [(Mecp)3Mn,(j~-NO)_,(~~-N0)] hds been synthesised and the 

reduction reactions of the NO ligands investigated. The crystal structures of 

the protonated epecies t(~~p),~,(~)~tr~~oK)]~BP~] and 
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((Neop)3Mn3(NO)3(~3-NOE)] [PF6] were reported. Other spectral data were also 

presented [436]. The crystal structure has been reported of the trimer 

Cm,(3-?rlec5~6 ),I, which has two (ml$}- 

bridged by one manganese(rI) centre. 

studied [ 4371. 

groups (5 - J-methyl-1,Ppentadiene) 

Its electronic structure haa also been 

2.10 BINART CQmouNDS OF THE GROUP 15 ELmmTS 

The heat capacity of the mngahese nitride t4n4N was determined over a 

temperature range 5 - 500 X: no enomaly was observed, ana various 

thermodynamic functions were quoted 14381. The structural properties of the 

phosphide and arsenide 

X-ray pcwder diffraction. 

ailicide Ni Mn Si 16 6 7' were 

Ni BfnP 16 6 7 and Ni16Un6As7 have been investigated by 

The structures, which axe isomorphous with the 

briefly discussed C4391. 

The laserphotoelectrcnspectraof [MnH]-and [MnD]-havebeen reported, 

with a qualitative description of the electronic structure of low- and 

high-spin metal hydrides. An interpretation of the spectra was given c4401. 

The titanium manganese hydriae Til 2MnL.a 3 Ii was studied by high resolution . 

quasi+lastic neutron scattering to follow the hydride diffusion in the Laves 

phase hydride. A detailed analysis of the results was presented [441]. The 

hydrides of ZL-MII Fe 2 0.8 were examinedbyMossbau&and %NMRspectroscopy, 

and show an increased hy'drogen uptake over !ZrMn2 f442J. 

The intercalate !4no 25TaS2 shows x-ray phctoerniesions which are related . 
to charge transfer from the manganese to the host band Btructure [443]. 

A review has been published covering manganese clusters [444]. 
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