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Introductisn

Thiz review deals mainly with the inorganic and coordination chemistry
of manganesse 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
1382 have been included. The major Journals (i.e. J. Chem, Soc., Dalton
Trans., J. Chem. Soc., Chem. Commun,, Inorg. Chem. and J. Am. Chem. Scc.) are
reviewed for +the full year of 1983. Organometallic chemistry is not formally
included, but reference ig made to some papers, possibly of general interest,
Kinetic and mechanigtic work ig also excluded, as isg purely magnetic, except

vhere some direct relationship to cocrdination chemistry is involved.

2.1 HIGH OXIDATION STATES

The DV-VIS and IR apectra are reported for [Hn207] in the =olid state
and in low temperature matrices. The IR spectra are consistent with a hridged
atructure, and suggest a wide Mn—-O-Mn angle. The electronic sapectra show
vibrational progressiongz and are compared with other manganese(VII} oxo
apeciea [1). A study of the apin-apin and spin-lattice relaxation ratesd in
the guadrupolar manganese nucleus in [Mno 4]_ has been undertaken, and showe
that when theee rates are a minimum with temperature, the lifetime of the
aexcited vibrational state is lesa than the correlation time of the
orientational motion {2]. The wvibrational spectrum of [nnan] was presented

and analysed, and all related constants calculated. These wers compaved to its
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chromium fluoro— and cohloro— analogues [3], Reduction of the oxides K{MnD 4]
and [Hnozjl by hydroxylamine produces manganese{IT) species, In alkaline media,
the reduction of manganese{VII) and wmanganese{VI) 1is rapid, while that of

manganese(IV) is slow {4].

2.2 MANGANESE(IV)

2.2.1 Oxides

The oxidation of manganese(Il) salts by K[CIOS] and !la.[ClOs] to unoz has
been reported. The producktz differ in crystalline form with the oxidant and
the conditions used, and were characterised by X-ray powder d&iffraction, IR
apectroacopy, and chemical and electrochemical reactivity [5]. Examination of
posaible structures has provided information inte the enhanced electrochemical
performance of Mnt:)2 in aquecus =olution and in lithiuwm cells [6], while
reoxidation of crude Ilnl.'.)2 yields chemical Mnoz {(CMD) [7]. The gtructural data
of electrolytic and chemical l'!hnci2 has bean reviewed [E]. By doping iron into
M.noz, the thermal characteristics of the compound have besn changed, as showm
by DTA, thermogravimetry and X-zay diffraction; the results were discussed in
detail [91. A astatistical thermodynamics approach to tha electrical potantial
of manganese(IV) coxohydroxidee has been preaentad, including modifications for
two types of current carrier, and Bolid solutions of varying Composition
f10,11}. Sc—called S—Hnoz was reinvestigated and found to be a mixture of two
other forms in s=sodium hydroxide gsolution, while in potagsium hydroxide
solution only one form wams obgerved. High temparature treatment of the
compound in alkaline solution led to a range of oxides and hydroxides
dapending on reaction conditions [12], The unoz/nzso“ agquilibrium has been
ptuwdied by titration, complexometric titration, electron wmicroscopy and
electron Jdiffraction techniques. The process of dissclution has bheen analysed

and the results presented [13].
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The new heteropolymolybdate KZHG [muo,?oz a].dﬂzo has bean prepared and
characterised by diffume reflectance electronic spectroscopy, magnetic
moments, DTA and TGA, and shown by X-ray powder diffraction to be isomorphous

with the nickel{IV) compound [1l4].

2.2.2 Halldes and halocompleres

The fluorcmanganate(IV) salt x[ms] has been synthesised from Hnoz and
K{Hrz], and characterised by X-ray powder diffraction, DIA and TGA {[15]. The
electronic sgpectrum of [HnFslz_ has been studied in detall and is intezrpreted
in terms of its electronic configuration [16].

A  Series of dichlorobis{N—-alkylsalicylidene-aminato dmanganese{IV)
complexes [Mn{R{R}X-sal} 2612] were prepared by oxidation with HC1 of a
manganege({ I1I} complex [Im{N(R)x—sal)zcl]. The products were characterised by
their physical properties, magnetic moments, UV-VIS and IR spectra,and

alectrochemistry [17].

2.2.3 0Dther compleres

Aderial oxidation of aguecus solutions of manganese!{II) in the presence
of 1,4, 7-triazacyclononane and bromide 4ions produces a black compound
[(C6515N3 )4Hn406]Br3-5(OH)0.5.6H20. The crystal structure has been determined,

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

Fig. 1: Central (Hnéoei Unit
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Readox titrimetric, UV-VIS and IR spectroscopic and magnetic moment data were
also quoted [18], 3,5-ditertbutylcatechol (dthcﬂz) has beean used to synthesipse
the complex Naz [Mn{ dtbc ) 31.6C53C'N, which was characterined by X-ray
cryatallography and lﬂ/lac NMR spectroscopy and ghown to have almost perfect
octahedral symmetry in the 20lid which is retained in solution, The reaction
of the anion with the superoxide ion, (621-, has been studied by wagnetic,

gpectropceopic and electrochemical technigquea [19].

2,3 MANGANESE({III)

2,3.1 Orides and Hydroxides

The mixed oxides anun‘v3w2/30,,

ag shown by X-ray dQiffraction studies. The magnetic susceptibilities were also

have rhombohedral pyrochlore structurea,

prasentad [20]. Solid phase studies have been carried out on Bizog-ma(u = Mo

or Wi-Mn 203 systemng in an attempt to synthesgise Bia szmso' ™he products wera
a0lid solutions with the 5—31203 structure: the lattice parameterz wera quoted
f21]. The miwed oxide syatom 7-~--l‘1n2t:13--1:1:—2‘13zc:‘a—r:c-!l.nzf:l3 axhibite
supérparamagnetic behaviour, and the results ware discuased [22].

The manganese(IXI) hydroxides, na[n:n(DH}sz (M = Ca or 5r) were preparad
from basic Mn( caaooo )3/'MC3.2 solutions and thoroughly characterised by XPES and
IR apectroscopy. Crystal structure analysis indicatee that both have the cubic
hydrogarnet structure, with paramoters g = 12.437({S) & (Ca) and 2 = 12.882(5)
% (Sr) [23,24]. The heteropolytungstate [Bettn(OH, )"11039]7_ has bsen prepaxved
as the potassium and ammonium galts, and has analogous preoperties to thogse of
aniong with other hetero—centra) atuems: B, P, 3i, or Zn {25). High temperature
decomposition of lanthanum and manganese oxalates yields amarphous compounds
up to 540 °c, bur at &00 °c LaMno, is produced. X-ray powder diffraction

spectra were pregented and diescussed [26].
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2,3.2 Phosphates

The crystal structure of twinned l-l.nﬂsfiio3}2.2520 iz reported. The unit
2all ip monocliniec, eapace group P2 I/b. The manganepe(Irl} ions are in a
distorted octahedral environment with two trans-Hzo molecules and Dbidentate,
bridging {Poajz_ions [27]. MH{P,0,] also has a monoclinic unit cell, with
gpace group P2 1 /n. The manganese has an octahedral envirormment, the crystal
congisting of {lmzolo} unitg: two (HnDG} units sharing one edge. A hydrogen

bond projection was given [27].

2.3.3 Fiuoride and Orocyanids Complores

Three polymorphs of Cszﬂa.[!mr‘a] have been prepared and the structures
solved by X-ray diffraction. At preasures >5 atm, a cubic c-phase is formed;
by quenching from 700 °C, a y—form can be trapped; while the normal g-phage ia
a variant of the sphase [29]. The salta H[mﬁ"s].ﬂzo (M = Ba or 3r) were
prepared, and studied by X-ray crystallography. The structure contains
"erans-—chains® of [HnE’G} octahedra, and these onedimensional chaina sghow
antiferromagnetic interactiona which were ptudied by magnetic susceptibility
and Mossbauer spectrxoscopy [30]. The vibrational, resonance Raman  and
electronic spectra of the polycrystalline K,?[mzlJ(CN)IO][C!N] were recorded and

assignments made [31].

2.3.4 Compounds of Phoaphorus and Arsenic

The crystallographic parametera of [ml-zp.r] {0 ¢« T <« £.,275) ware
determined az functiong of temperature over the range 100600 E, and the
temperature dependence of these parameters was related to the variation of

magnetic properties with temperature {32].
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2.2.5 Other Complezes

The manganese{ IIL) complex Na[Mn({dtboc )3 1. macn { dtbcaz =
3,5-ditertbutylcatechol) was synthegised in a manner analogous to that of the
manganese({IV) complex, and its reaction with the sSupercxide ion [021_
investigated by cv [19]. When ailcohoalic solutiona of [Hn(ncac)al or
[Mn{ acac )2(tia)] are irradiated with UV radiation, the wmanganose{lIl)
[Hn(aca.c)z] complex is produced. EPR gpactra of the photolysed solutions at 77
E show the reduced [!In{a.ca.c)z] species and the oxidation product [33].
[Mn( acac )3] has alec been shown to react with protic and aprotic solvents in
the pregence of perchloric acid to form pentane-2,4—dione and a
ligand—Aieplaced complex [34].

Complexes with tha tridentate Schiff bages S-Xsalamp; (1), and

N- (CHz]
DS O

n = ligalamp; (1) n = 2:salaep; (2)

E-Xsalaep; (2),

mz' Me0, H, T1
[m(s—mw)z}[msl and [lm(s-xsalaapjz][ucs] wers  prepared, and
characterised by spectral, magnetic and copductance techniques. Chemical and
electrochamical studiex were alsc carried out [35). The reactions of the

chloromanganese( IIT) Schiff base complexes (3):
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NN TN
OHC N CHO
HO{ o M CH, O’P?"“Ob-CHZ‘@UH

RN=CH NS0 -(H,~< 0 )OH
HO @_EHZ@O-*MR\ _ 2@

(3)

with superoxide ion {02 }* in dmass solution ware compared for the monomers (n =
1) and nigher oligomers (n = 3-5). While the moncmeric complexes were reduced
to manganese{II} species, the polymers tended to form oxygenated complexes.

Magnetic susceptibilities, UV-VIS spectra and polarcgrams waere recorded and

the data are presented [36]). The complexes {an(ﬂzn)x‘}.nﬁ G and [anLx }.nﬂzo

2 2

{X = cCl, N03’ ozcue or OH}, where 1:.!!4 ig the ligand formed from the reaction

between salicylaldehyde and various aliphatic dicarboxylic acid dihydrazides:

OH OH

=NNHC (CHz)mC NNH:\@
m=1-4
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were prepared from solutions of low amd high pH respectively, and were
characterised Dby elemental analysis, magnetic susceptibility and IR,
electronic and Mossbauer spectroscopy. The Complewxss have low magnetic moments
("sf_f = 3.3-4.6 ,u.ﬂ), which was explained in temms of antiferromagnetic
interactions. The ligand is hexadentate, and complexes are believed to be

polymeric with phenoxide bridges [37]. The ligand L' (4), shown below:

@O/\ N-(0)-5<0)-NH,

(%)

formed in the reaction between bis{ 4—aminophenyl)sulfide and
2—-acetylthiophenaglyoxal, has Dbeen used to  synthesise the complex
[M'21013"ﬂ’l‘10h was subsequently characterised by IR and electronic
spectroscopy and magnetic moments: ligand fisld parameters were quoted. The
complex is paramagnetic, cctahedrally coordinated and high spin, with the
ligand bonding through the thiophens 3, carbonyl ¢ and azomethine N atows
[38]. The five-coordinate complex [!lll:'u:1':.&1:.1:a,et|£l1\l"i yCll; (5). has heen
syntheajised and can be electrochemically reduced to the manganese(II) camplex.
Thisg then reacts with oxygen gas to reform the manganege{IIX) species [38a].

A saries of complexes of mpanganese{III) with dipicolinic acid
{ pyridine-2,e-dicarboxylic acid; pdcna) and one of the monobagic acide (HL™):
Picolinic acid { pyridime—2—-carboxylic acid), nicotinic acid
(pyridine—3—carboxylic acid), isonicotinic arid {pyridine—4—carboxylic acid),

aminophenol, glycine or 2= and &4amincbenzoic acids, formulated ag



2086

Ct 12+

R= Cghy
(s) m-xylylene

[Mn{ pde )L”].xﬂzo, have ba&en prepared, and characterised by elemental analyses,
wagnetic susceptibility and slectrical conductivity measurements, and IR and

electronic spectroscopy. A polymeric gtructure is auggested with the ligand L"

being bidentate, while +the authors propose dipicelinic acid to be a
pentadentate bridging chelating ligand [39]}. The sBpin-free five-coordinate
complexass [Hn.t.zcl 1. {where HI, is disethyldithiocarbamic acid,
morpholinedithiocarbamic acid, piperidinodithiocarbamic acid,
g-hydroxyquinoline or pyridine—2-carboxylic acid) were prepared by reacting
[H!nlza] with HCl in dichloromethans egolution. The wmonoweric compounds axe
non-electrolytes, and wolar conduckance, wagnetic susceptibility. melecular
weight and spectral data were quoted [40]. A study of the Jahn—Teller sffect

in [{(Nﬂz)z(?O}SHn}[CIO‘]a is reported [4l].

2.4 MRNGANESE( II)

2.4.1 Oxides
Self—consistent Xorringa-Fohn—Rogtcoker band calculations indicate that

antiferromagnetic MnO ie an insulator. The equilibrium lattice constant and
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total energy are calculated for this state [42]. The solid molution formed
between MnO and Ca0 has been investigated over a wide range of compositions by
wmagnetic susceptibility, EPR and diffuse reflectance spectroscopy techniques
[43]. Malts of MnO in sioz under helium were studied by X-ray diffraction, and
radial distribution functions and interatomic distances are quoted, The melt
containg [3104} tetrahedra and {llanG} octahedra [44],

The polycrystalline compound ll.nGazo s is a spinel-like doubls oxide; the
cryatal structure was presanted and discusaed [45). The ferrites (Zn,Mn )Pezo“
have bean synthesised directly frocm MG, and some properties briefly noted
[46). Another preparation of the ferrites HnFezo s and mo‘szno.smzo A involves
the hydrolyeis of pentane-2,4-dionato complexss of manganese(II) with

Fea( 0021-15 )3. with or without the presence of pentane-2,4-dicnatc zinc complexes

{47]. The aniscotropic themal expansion coefficientas of ms::zo 4 have been
examined, and the anomalous expansion between 6 K and 115 K related to

manganege( IX) ion magnetic ordering [48].

2,.4.2 Sulfides

Roactions of elemental manganese with anhydrous sodium carbopate and
elemental pulfur at B70 K yields the thiomanganate{II), an[nnzsa], as bright
red crystals; X-ray diffraction shows that the unit cell is monoclinic, with
the new space group C2/¢. The crystal containg {Mn3 4} totrahedra sharing edges
to form four-membered chains, which are cross—linked into sheets. Magnetic
susceptibility measuremants show that there are antiferromagnetic interactions
between maAnganese atoms [49). X-ray diffraction studies of m[l!nszl indicate
that the unit c¢ell is tetragonal. space group P, The compound is not
isomorphoul with the zine or iron analogues [50].

High temperature reaction of manganese(lII} aulfjde with scodium ang
potagsium polyphosphates in a nitrogen atmosphere produces hydrogen aulfide,
elemental sulfur and sulfur dicxide, while the phoasphate is reduced to

phosphide and some manganese(II) i oxidised to manganese{III) [S1].
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. . 1

A crystal of [Zno.zsmo‘u?eo'nso.sj found in Pranckeite was analysed
by electron microsceopy and microanalysis. The crystal ig polytypic, and the
diffraction patterns were indexad in terms of an hexagonal unit cell [52]. The
crystal etructure of La.s}mzsazslq has been determined, and also has an

hexagonal unit <¢ell, space group P& pe The coordination of the manganese aton
iz in the form of a triangular antiprism, with the metal being almocat central

[53].

2.4.3 PHalides, Pseudohalides and Orohalides

Z2.4.3,! Fluorides and Oxrofluorides

The alectron diffraction study of H.an in the gas phase at 1400 K is
reperted. The molecule has a linear structure with an Mn-F distance of
1.813(5) & and an P-F distance of 3.6125(5) A [54]., A detailed theoretical
analysis of the first—-order Raman apecira of Isz 8ingle oryastals measured at
4.2 - 563 K is presented, covering {requency shifta and the temperature
dependence of line widths [55]. The cryetal structura analysis of !tlan has
been used for a reliability test cof intensity variances as devaloped hy
Gongchorek [56]. The absorption, emission and excitation spectra of Mn.Fz doped
with Niz+ ions have been recorded and are discuesed [57]. Watson's SCF
procedure has been used +to calculate energy levels in unPZ, and a ¢lose
correlation ig cbserved with the resulte of optical absorption spectroscopy
[58], while the photoemission energy distributions have been obtained from the
valence Dbands of MnF_and W3, and the results are interpreted on the matrix

2

elament model. The tzg—eg geparationsa agree with the SCF-Xa calculations on
[Mnl“G]*_ [59]. & mathod for regulated crystal growth of, especially, l-lan and
JC!«!.nF3 iz reported [60].

The trifluorcaquamanganates(II), A{Hn?a(ﬂzo)] (A = NH‘, Ha or K), have
bean prepared by reacting K[MnQ 4] with hydrazine hydrate in the presence of
A[HFz]. The rubidium and caesium salts were also prepared. Characterisation

was by elemental analyais, magnetic susceptibility, pyrolysis, IR spectroscopy
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and chemical determination of oxidation state [61]. From an X-ray diffraction
study of Rl!!l‘ll“3 at 293 X, the unit cell was deduced to be cubic with apace
group PmiIm: dimensions are gquoted, Murthermore, a atudy of the electron
density distribution has showm that the Hn2+ ions axe in tha high apin
(tzg)a(eg)2 state [62]. The absorption and magnetic circular dichruiem spectra
of RhHhFa have been recorded and the Faraday effact studied in the range 9000

- 37000 cm ©, at 90 - 570 K. The components of the Paraday effect were

calculated and the apectra analysed ([63]. The anomalous propagation of an

acoustic pulse in nl.nF3 ig reported, and an equation derived to desacribe the
phenoménon [64]. The magnetic propertiea of [!la*]mm‘"3 have been thoroughly
investigated and are discussed with respact to the solid state structure (65].

,G—Cl!z[ltnl"] wag prepared from CeF and MnF_ at 900 X under hydrogen gas,

4
with rapid cooling to prevent formation of u-—Csz[HnF 4] [66]. ¥—ray and neutron
diffraction studies of Ba[MnF 4] have failed to confixm the observation of
distoxrtion with the wave vector reported by Scott. A detailed analysis of the
measurements taken was presented [67].

The compounds [HH, ]MnFeF [NE, IMnCIF . and FbNnFer. have been prepared

5’
and analysed by X-ray crystallography. The gtructure was aolved  for
[NH,IWB?S’ and shown to contain (Hn!'el."m} bioctahedra connected by vertices.
Magnetic and Mossbauer spectroscopic studies have also been carrjed out, A
detailed discussion of the structure was presented [68]. The structure of
LiWaPE has also been examined by X-ray and neutron diffraction, and shows a
phase change from the o-form to the g—form at 560 °C. The ptructure i of the
Naz[sir 6} type with a new form of cationic orxder, and waa discussed in detail
[69], 5Tpe Mogebauer ppectra were recorded for the modified pyrochlore
CeMnPer_ between 1.5 K and room temperaturs. Although the Pe>t ione are
randomly situated in the crystal, there are two distinct pgites, as recently
reported. The compound is antiferromagnetic with a Néel temperature of 25 K

{70). Specific heat measurements on CapnFeF_ alec show a magnetic apecific

6
heat at about 27 K [71].
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The miwed fluorides mzul_a% (M = Zn or Co) were prepared for a range
of compomitions, and the magnetic susceptibilities studied over a wide range
of temperatures to discover the variation of Néel temperature with composition
[72]. Por the mixed fluoridas m:chl—:ch’ photoelectron spectroscopy was used
ta 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 gtructures have been examined by UPS ([74], and Auger
spaectroscopic analysia shows that the cd2+( 4d) band is shifted to lower energy
as the concentration of manganese ions increases [75].

Reaction of KF, Hng, Mg, Si.oz and Hn[CZO‘}] yielded mica crystala which
ware atudied by X-ray diffraction and shown ta be
K(ng.'nmo.zé)( Sia.szmo.m )Olon. Analysis of the structure shows that

manganege has subatituted partially for silicon in four-coordinate sites, and

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

2,4.3.2 Chlorides, Bromides and Iodides

The low temperature perovekite-type structure of [Caﬂvm3]2(uncl4] ham
bean studied by neutron diffraction and the obpserved phase modulation analysed
[77]}, while an X-ray satudy of the phase transition in the same compound ia
reported [78]1. The complex [cystﬂ']zfm'nclq] [cyst = cyetamine) has alsec been
prepared and characterised [79].

A neutron Bscattering study was performed on [INII-Ia(c:I:I2 )ahl'ﬂaj[nnCl‘}] to
examine the mctiona of the Nﬂa groups over a temperature range of 40 - 300 K
[80]. The lcw freguency Raman and inelastic neutron acattering spectra of
[C53H53 ] 2[!mt:l 4] at low temperature were reccrded and analysed. and a complete
assignmwent propoged [8l]. The low temperature structure of [((.‘.EI3 )4N]anl3 has
baen investigated by Raman gpectroscopy and was discuased with reference to
previous NMR apectroscopic and neutron diffraction work [82]. The EPR spectrum

of [((::H3 b) GN]mcl was measured with far—IR lasers and pulsed magnetic fielda.

2
The ocbserxved behaviour was congidered in terms of an antiferromagnetic
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resonance spectrum [83]. Luminesscent parametere for [csasuulz[mx4] (X = C1,
Br)} which were not pravicusly accesgible have heen determined from the force
congtants from vibrational apectra [84].

Although the cell dimensions previously determined for nnm:z.qnzo are

correct, an EXAFS study has shown that the bond-lengths are in error [85],

The low temperature EPR apectra in matrix isolation of anlz, m:z,
l!.r:I2 and MnS, together with the manganese(I) halides, have basn recorded and
are preganted along with zaro—field splittings, 55“11 hyperfine interactiona
and g-values., R correlation is shown between these valuee and the change in
ionicity (B5a). The optical spectra of Mn®' ions in both dipolar form and
forming Suzuki-phase precipitates have besn Btudied by photostimulated
luminescence methods at room temperature and 77 K. An analysis of the spectra
ig presented in terms of the electronic configurations of the species [(86]. A
detailed satudy of the onergy level sachemes for Hnrz, Hn(:lz, unczl.z.zazo,

llnclz.ﬁ 0 and ImBrz indicates that the participation of 3d eslectronse in Mn-X

2
bonding in the crystals can be gquantified by an effective occupation number.
The valuag calculated, i.s, numbers of 3d elactrona participating in bond
formation, are: Hn.l"z 0.08) H:'tcl2 0.1; ll:ﬂB.'lr2 0.2 (8737,

The differential paramagnetic ausceptibility, x, was measured as a
function of the applied field for the antiferromagnets lmclz.mzo and
llnnrz.lﬂzo. Simple modelx were used to describe the systema [88], The
temperature—dependence of the ~°Cl MQR frequencies of the chlorcanilinium
catien in [Q-Clcsﬂqﬂ:ﬂajzflmcl 4] was studiad, and the results analysed in
terms of a two—-dimensional antiferrcmagnetic behaviour {89].

The oquilibrium invelving m-:clz and oxygen gas, with and without water,
to regenerate <chlorine gas was studied over a wide range of temperature,
pressure and composition, and the products of the reaction werxe discusged in
detail, being wmwainly higher oxides and hydroxides of manganese [90]. The
mnrz—dmf—nzo ternary system has been investigated by iscthermal solubility

measurements. The congruently solubls :mnrz.zdnt.znzo was found; solubility
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data were presented [91]. The solublity isotherm at 293 X was determined for

tha !mclz—dmso system, and the equilibrium sclid phase was shown to contain

nnc12.anzo and Mn(:lz.dm.so.ZEZO f92]. The diffusion of MnClz in aqueous sodium
chloride seclution has been examined by an electrochemical technique, and it
has bean shown that the diffusion coefficient increases with sodium chloride

concentration. The hydration number of l'!.ncl2 is 3.5 [93].

The Phage diagram of [CH_NH, ]

SN (M0, Cu €1 ] (0.03 5

x £ 0.96) is presented and discussed. For x = .03, the crystal structure haa
been sclved and presented [94]. The phase transitione in [(c:H3 )4N]m013
between 20 X and 300 K woere followed by Raman spectroscopy. Spectral data and
group theoretical analysis indicate that the space group is P2 I/b f951. The

heat capacity of [{k::El3 )4N]anl over the range 1.5 — 300 K waz reported, and

3
an anomalous entropy gain at 126 K noted and associated with the monoclinic to
hexagonal transition [96],

The heterometallic compound [NH 4] 4P32m112 WaSs prepared, and
characterised by elemental analysis, electronic spectrogcopy and magnetic
susceptibility. The data were interpreted in terms of octahedral iron atoms,
and a linear arrangement of metal atome with manganese at one end (97]. The
temperatura dependences of EPR spectra and magnetic susceptibility in =zero

magnetic field have been atudied in a new spin-glass sz [ml—:pcr:rCl over a

o)
range of compoaitions [98].

The emigsion spectra of europium(III) doped into Kan13 or mmc:l.a ware
recorded, together with the diffuse reflectance spectra of mmc13.mcla,
m*InCla.EuClB, ammc13 and KHn(:13. The observed emission bands were assigned to
europium( III) alectronic tranaitions, and the absorption bands to
manganesa({Il) d-d transitiona; cxryatal field and Racah parameters were quoted
[99].

The IR and Raman apectra of MnJI 2 were recorded and used to interpret the
&a —qﬁg,‘alg transition in terms of one phonon progressions [100]. The

1g
optical abserption and magnetic circular dichroism spectra of single cryatals
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of H.nIz ware reported ovexr the range 1.5 — 300 K, All electronic and magnhetic

circular dichroism parameters were calculated and a detailed assigrment is

given for the fine atructure of the 51\19—41:';,41\1‘; tranaitions [101].

2.4.3.3 Cyanides

The oompound [(n::El'3 )‘}NJl-lnre(CH)e.BHzo was examined by X-ray
cryetallegraphy, and shown to contain low spin, octahedxal iron{III), and high
gpin manganesal{II) bonded to two NC liganda and four water molecules ([102].
Detailed magnetic studies have been carried out ard show the compound to be
antiferromagnetic below 9.3 K [103]., The IR and Raman vibrational apectra of
the [Hn(Cﬁ)S]* anion have been analyzed and assigned completely, using

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

agreemant with experimental reaults {104].

Z2.4.4 Salts, Inbercalates and Doped Crystals

2.4,.4.1 Salta

Reaction of manganese({II) ethancate with ammonium chromate{VI) can lead
to isolation of [NH‘.}]zlln[tt::r.i::"]2 .ZHZD; (6), and
[m“]sm[cm‘]fzﬂ 0; {(7), which have heen identified from X-ray diffraction

2
data, (7) irreversibly converte to (6), which can further convert to
[NB, ] Mn [Cro, ), and [NH, IMn_{Cro ] 0H.H O [105]. Manganeae{ IT)
hexaflucroniobate( IV), lm[NbPG], hae been studiad spectroscopically and shown
to have an Reoa—type structure. The electronic spectrum has been assigned in
tarms of crystal field theory ({106]. The salt Hn[h!boajz was prapared by
exchange reactiona in aguecus sclutions, and characterised Ly DTA and X-ray
diffraction. m[ltbo3]2 is completely soluble in water in the presence of
excess nicbate(V), and manganese{IIl) is partially oxidised [l07]. The Raman
spectra of lm['ril'sl.sﬂzo cxystals were recorded and analysed, and mode
frquencies assigned [108)], and the phasa tranaition at about 200 K has besen

gtudied by variable temperature IR spectroscopy and related to variations in
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the Mn—D stretching fregquency [l08a].

The vibrational apectra (Raman, IR and far IR) of Ezmzfso413 were
recorded and have been comprehensively studied and asaigned. The spectra were
discussed with refarence to similar salts [109]. The manganese(Il)
dioxovuranium({vI} s=alt Mn[mzlz[soqr]{om*.l.sﬂzo was synthesigsed, and the
crystal structure determined by X-ray powder diffraction. The space group is
monoclinie, H2/m. A thermochemical study has alsc been ceonducted on the
compound and compared with those on isostructural salts [110]. Cryatallisation
of manganaese{Il) and piperazine sulfate sclutions produced three branches,
identified as H.nSOq.SHzO, piperazine gulfate and m:so“.[c*alznz][so*].ﬁﬂzo.

The products were characterised by thermogravimetric analysis [111].

The crystal structure of MnPt an refined from neutron diffractien

306’
experiments, shows the unit cell to contain a framework of planar (PtO,} and
octahedral {Ptosl groups with a distorted, eight—coordinate manganese site,
Some cation disorder was also noted [1lz2].

The crystal structure of m{wa ]2.4!{20 was reported to be isostructural
with Cd[VOa]z.&lzo, by X—ray powder diffraction evidence, the unit ¢ell having
apace group Cc, with +the manganese octahedrally surrounded by two water
melecules and four oxygen atoms from the anion [113].

An inovestigation has been carried out inte the precipitation of
manganese{IIl) from aguasus solutions of l\!n[{':lo‘l.]2 and Haql[on_’] over a range
of pH values. an[on,,J, Nazl-ln[PZOT] and MnC were identified. Equilibrium
constante and saolubility data were gquoted [114)], The thermal stability of
Hn[“zpoqlz'ZHzo has been investigated with reference +to structural changes,
and the dehydration of the orystalline hydrate was also studied by X-ray
powder diffraction, The variation between the results for manganese{II) and
those for magneaium and cadmium was diacussed [115]. The dehydration of
m(azm‘l]z.zﬂzo wasa algo followed by IR gpectroscopy, and the influence of

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

analyeis of the cyclic hexaphosphate HnB[PBOlB].n.Hzo showed decomposition to
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occur through pyrophosphates and phosphoric acids, to a cyclic tetraphoasphate
as final product [117]. Absorption and fluorescence spectra of manganese(Il)
in phosphate, fluorophoshate and fluoride glasses, tcgether with EPR
spectroscopic data, indicate the manganese ions to be in octahedral sites,
while the ionic contzibution of the chemical bond between the Mn’® ions and
the ligands increases with fluoride content [118]. The solid aolution
= ch“,x,s)!nc‘.25 )3[1:0412 has been studied by neutron powder diffraction and the
structure shows that the zinc ions occupy five—coordinate sites while the
manganese ions occcupy six—coordinate sites [119].

The crystal atructure of Hn[Cloqu,GHzO has bean reported, where the
manganese is octahedrally coordinated to the six water moleculea. YR and Raman
apactra were recorded over the temperature range 100 - 260 K, and observed
bande were assigned [(120]. The thermal decomposition of the perchlorate
hexahydrate B8salt has bheen studied by DTA and TGA, which showed +that
decompopition was to the oxide via the dihydrate [{121].

The 8c0lid sclution formed between mucoa] and Ca[ma} hag  been
inveatigated over a wide range of compositions by magnetic susceptibility, EPR
ppactroscopy and diffuse reflectance apectroscopy {43].

15 MMR spectroscopy studiss on ethansic acid exchange with manganase( IT)
indicates that solvent exchanges occurs as a whole ethanoic acid molecule. Rate
and energy constants have been calculated [122). The magnetic moment af
manganess(II) in ethancic acid solution hag alsc bean determined ("a,f,f = 5.8
Pﬂ) (123).

The igothermal and neoniscthermal dJdehydration and descompogition of
lm[czoq].znzo in a dinitrogen atmosphers have been studied. Thermodynamic
parameters for the system have been evaluated and analysad {124]. An immersion
analysis of mtczo“].n[nzn‘] (vhere ¢ < n ¢ 4) has shown that, where n is
integral, the salt ie an individual compound, while, where n is fractional,
the salt is a mixture of phases [125].

An investigation of the systemn Mn{ HOOO ) z/ll;( BCOO ) 2 and
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Mn(BOOC) 2/l::d{ HCOO )2 shows a continuous aaries of mixed crystals
cocrystallising, as the compounda M(HCOO )2.25 20 are isomcrphous [1z6].

2.4.4.2 Intercalqgtes

Intercalation compounds of +the crystalline solid Msa have been
studied: pyridine forms an intercalate with MnPS 3 in which the pyridine
molaculesa are arranged between the (BS 3} layers, perpendicular to the layers.
The basal spacing is 12.4 & [127]. The low frequency motions of {Co(cp)2]+
and [cCr( CGHG ¥ 2_'1+ intercalated i1n an_?Sa] have been studied by inelastic
nautron ecattering, and compared with the IR and Raman spectra of the
equivalent iodides [Co{ cp)z]I and [l':r(C!‘__,El6 )231. Assignmeénte of the various
modes were made ([128]. The IR and Raman Spectra of [Ru(bipy)3]2+ and
2,2"-bipyridine intercalated in MnPS 3 were compared and relatad to the apectra

of 4,4"'-pipyridine and N,N'-dimathyl-4,4'-bipyridinium chloride, and

N.N'~dimethyl—-4, 4'~bipyridinium cations in CdP53 [129].

2.4.4.2 Doped crystals

The X-band EPR spectra of manganesae{II} doped into crystals of
Zn[SiF 6].6320 werea measured and analysed +to evaluateé the spin Hamiltonian
paramaters [130]. Single crystals of Mg[SiPF 6].6[:120 doped with manganese{II)
have been studied by X-band EPR spectroecopy at various temperaturea and the
results analysed [131], and have alsc bean examined with reference to their
Bolid state transitions, paramagnetic resonance spectra and structure {132].
The EPR spectra of manganese(II) ione doped into [Mg(H,0) ](SnCl ] single
crystals at 77 X and 290 K were reported. The manganese{II) ions are shown to
be in unique, axially symmetric environmants: [nn(uzo}632+ [133].

The EPR spectra of manganese({IIl) ions dcoped into Kzzn[xio *]2.6320 (X = S
or S5Se) were recorded, and the parameters detexrmined were found to agree with
those of Baraswat and Upreti [134].The absorption spectra of manganese(II) in

LiK[30 4] was studied at room temperature and liguid nitrogen temperature. The
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atructure of the bands was discussed and assigned, and the crystal field and
Racah parameters calculated [135]. An analysie of the lumineacence spectrum of
a triglycine sulfate crystal doped with manganese{II) haa given information on
the spatial distribution of the ions in the crystal [las],

EPR and luminsascence spactra of Caf{zZnP 4] doped with about 1%
manganepe!{II) showed the !ln2+ ions to occupy only zinc sites. The parambters
determined are in the sape range as those for [WBJ‘_. The luminescence
apectra do not serve as criteria to distinguish between four— and
eight-coordination [137]. The effect on the EPR spectrum of the trigonal
distortion on manganese! II) ione doped into Naz[ZnCI “].3520 was studied. The
axial splitting parameter D showed a daependence on the distortion when the two
were aligned ([138]. Crystals of Ser doped with manganese{II) have been
studied hy EPR spactyoBcopy, and as well ag cubic symmetry, gome m2+ iong
show trigonal symmetry due to defects in the crystal, Parameters were
evaluated and digcussed [139]., The nanganegs({Il)-doped aolid soclutione of
trissarcosine/calcium chloride and trissarcosine/calcium bromide were studied
by EPR apactroscopy. The bromide shows a non—linear relationship between the
axial fine structure parameter D and the bromide ion concentration [140). The
EPR spectrum of manganese(II )—doped [qu]l gingle crystals has been studied at
roam temperature and analysed, being analogous te the [NH G]Br/m2+ and
cacl/Mn®® systems [141]. The EPR spectra of manganese(II )-doped cacdcl, at
varying hydrostatic pressures were studied, and the effect on the axial
splitting parameter noted {142].

The EPR powder spectrum of Hn2+ in 2Zn3 doped with copper has been
promented and discuased, together with a simple analytical method ([143). When
t:sZZnas‘ doped with 4% manganesae was studisd by EPR spectroscopy, two

2

non—equivalent Mn "'centres ware observed: fine and hyperfine atructure

parametera were given [l44]).

The EPR sapactra of manganese{II) ions doped into tetragonal and

monoclinic ZnP2 have been recorded and analysed in téerms of the asymsetry of
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the crystals and ionic interactions therein (145]. When manganeee(IIl) ig doped
into a Teoz/l?bo glass, EFR spectra show Beveral environments for the manganese
ion. At <5 mol. % MnO, the hyperfine sextet is clearly resclved, while for »5

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

2.4.5 Phosphine and Phogphine Orxide Complezes
A peries of compounds of formula Dmi.xz(Q)n {(where L 1is a general

phosphine ligand; X is Cl, Br, I, CON, NO_, NO

2 3rOH,SCNrSeCN,orOCN:QiEa

solvent molecule) have been prepared and characteriged. Their us&s in the
ramoval of dioxygen from nitrogen gasa, in the production of oxygen gas, and in
the abscrption of dihydrogen, aulfur dioxide, alkenes and carbon monoxide were

discuseed [147]). The reversible coordination of O_ to mxz(PRa) (X =¢C1, Br, 1

2
or NCS) was discuaeed with reference toc sclution ( for the halide complexes)
and 8clid state {iscothiocyanate complex) systems. Equilibrium constants and
electronic and IR spectral data were also presented. Data on the uptake of
dioxygen were prefented and the ravergibility of the reaction digcuased [146].
The BSolution EPR spectra of the oxygenated manganese(II) apecies
[M(O, PR IX,] (X = Cl, Br or I; R = Bu or Pent) were recorded between O °c
and ~-60 OC, and indicate that the species in thf molution are six-coordinate
high-spin complaxea with axial symmetry [149]. The previcusly published work
of Green and coworkers on manganese(II) halide phosphine systems wags discussed
and thelr conclusions confirmed, while divergences from the method of
McAuliffe were noted. Further properties of such gsystems were aleo reported
{150]. A reply by Green to this latter paper was also published {[151]. A

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

properties and spectral data, has bheen published [152]. Other workera in the

field present IR spectral evidence which confirms the reversible reaction of
MZ(ERB) with dloxygen, while suggesting that +the chromophore ia a
manganese{ III) superoxide [153], and EPR spectroscopic and apectrophotometric

studies of [ant:l 4( PRB b) 21 in toluene and thf have shown uptake of oxygen to be
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reversible at about 100 °C, forming a manganese{III) species [154]. Puture
developments are awajited with intereet,

The reactions of manganese({II) dialkyls with tertiary phosphines or of
manganese(II) dichloride with manganese(Il) dJialkyls in the presence of

phosphines leads to dimers [anRq_(ma )2] (R = CHzS:i.Has, cuzcae or Cﬂzp'h)

3

n * -
and [llrlz((:BzSi]lea)4(PR 3)2] {PR 3 PE'I:a, PPhHez

P{cychl]a). The cryetal atructures of thres of the compounds have been

, Pthna ox

determined by ¥X-—ray diffraction methoda, and each contains two asymmetrically
bridging alkyls, cone terminal alkyl and one terminal phosphine per manganese.
Typical interatomic distances are: r({Mn-Mn) 2.667-2.828 &, r{Mn-P) 2.562-2.684

£ based on the unit shown in Fig. 2 [1551:

Fig. 2: Central unit of [mzn4(PR'a)21

The preparation, and characterisation, using aolution EPR apectroacopy
techniques, ¢f the monomeric four—coordinate complexes

[MnR,(ER® ),] (PR’ = PMa,: R = CH CMe Bh; PR', = dmpe:

3 2

R = cnzc:nezph, C'.B.ZQBQS, c:ﬂzs:uua or mzPh)
and the Bsix-coordinate complex [miz'(mﬂzcsﬂq}(m’z] have alao bean

daescrided. The X-ray crystal structuras of [muz(c:azcmzpmz(ma )2} and
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5““{2"“332)2‘:694“‘3’“9‘3)21 have been determined

MeZPhCESZ CHyCPhMe

Mn
N
P

[ PMQZ
Vi

Me

ManP--—Mn— C
?

\—— PMGZ

Me PMe

3 3

and +the former shows considerable distortion from tetrahedral. 1iIn the
gix-coordinate complex, the low-spin manganese{II)} 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)/8 r{Mn-2)/&
[¥n,(CH, M, Fh) (PMe, ), ] 2.149(6) 2.633(4)

{Mn,{2—(CH,),CH, }(dmpe),]  2.204-2.120 2.230-2.298

The X-band EPR spectra are discussed in terms of distorted tetrahedral
high-spin and octahedral low-spin manganese{II) species [156]. The preparation

of [anztdmpe)zl (X = Br, I or Me) has been reported, along with the cryetal
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structures of {HhBrz(ﬂmPB)ZIJ (&), and [mz(M)zh (9}.

{8); X = Bx, (9); X = Me,

The complexes 2ll have the trans—configuration the halide complexes being

colourless, high-sapin species { Bosr = 5.9 pﬁ), while the methyl complex iz a

FF

rad, low-spin species ( by $ = 2.4 u ,G" The atronger ligand field of the methyl

£
group is further confirmed by the Mn—P bond lengths, which are ca, 0.4 A
ghorter jin the methyl complex than in the bromc complex., While reaction of
{mrz{dmpe)zj with Mg!laz yvielda the dimethyl complex above, reaction with
ngEtz oxr Li[AlH 4_1 vields manganese{I) complexes, which will be considered

later (Section 2.5) [157].

A detailed study of the mechano-, electro— and high pressure

photoluminescence of 'Mn(Ph 31-‘*1:)) zar.z} has been reported {158].

2.4.6 Schiff Base Complezres

The complex of manganese(Il) chioride with
a-hydroxy—g-naphthaldehydethicsemicarbazone, of formula [Mn(L)C1l} (where L is
the 1ligand), has been prepared, and its magnetic and EPR spectroscdopic
properties examined. It has been assigned a square planar structure, with s =

sz, 3.86 4 [i59]. [!(n(qa.)zxz} {where ga is quinoline—-2-aldoxime,

Hoge, = 6

isogquinoline—3—aldoxime; X is Cl, Br, I, NCS, NCSe, ozcne or 1/2[304}) and
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{m{qa)z(ms)][ﬂos} have been prepared, and characterigation includes molar
conductance, X-ray powder diffraction, VT magnetic susceptibility and
spactrogcopy. For X = C¢l, Br or I, tha structure is a dimeric, halo-bridged
distorted octahedren, while the others are monomeric pseudooctahedra (160].
The complexes [Hn(r..[-lz)] and [anh(HZO)q} {where LE4 i3 the ligand formed from
the reaction Dbetween 2alicylaldehyde and variocus aliphatic dicarboxylic acid

hydrazideas):

OH CH=NNHC(CH,), CNHN=CH- !

n=1, 2 or 4

ware prepared and characterised. The ligands are hexadentate and crystal field

parameters have been calculated [161]. The manganese{II) complex with the
Schiff baae vanillin sulfanilate was prepared and characterised, and shown to
be a low—spin octahedral complex [162]. The vanillin azine (vanaz) complexes,
of general formula [Hn(va.naz)xz] (X = ma, Cl or NCS) and [Mn(vanaz)Z]{C104}2,
were prapared, and characterisation indicates that the ligand is bidentate
through both nitrogen atoms {163]. <Cinnamaldehyde a=zine {cinaz) is also
bidentate, forming tetrahedral complexes {Mn(cinaz )XZJ. [Mn{ cinaz )szz (X =
NU3, Cl or NCS) and [Hn(cinaz)z][clo4]2 {164].

Manganese(II) complexes with the Schiff hages made from
2—{ aminomethyl )pyridine or 2{ 2—aminoathyl )pyridine and substituted

salicylaldehyda or substituted pyridine—2Z-carboxaldehyde have been preparxed

and characterised, and their properties compared [35]. [Mn(mbim) (nmbts),]:



223

(10}, (mbim = 2Z-methylbenrimidarole, mnmbtal = N-6-methylbenzothiazol-2-yl
galicylaldimine} has been synthesised, and ie a non-electrolyte, with

octahedral coordination,

N N\> OH
\ =

(10)

the ligand nmbts binding through the phenolic 0 and exocyclic N atoms {165],
The hydrazone complages {Mn(bdnph)_](ClO, ], (bdnph =
benzil~-2, 4~dinitrophenylhydrazone) (1661 and [Hn(bdh)zclz] {bdh =
biacetyldihydrazone) [167] have been synthosiged and identified »y standard
characterisation tachniques. Twe methods of bonding have been noted for the

ligand 2-aceto—l-naphthol-N-benzoylhydrazone (anbhzH):

NNH%—@

the deprotconated form is tridentate through phenclic ©, carbonyl 0 and
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azomethine N, forming a complex [Hn(a.nbhz}cll.nﬂzo, while the protonated form
is bidentate through carbonyl 0 and azomethine N in the complex
{Mn( anbhzH) 2(:12} [iss]. Othexr  hydrazone complexes  published inciude
[Hn{hbs}c':t}.zﬂzo, where (hbe] ie the tridentate anion of the Schiff base

prepared from salicylaldehyde and z-hydrazinobpenzoxazcle; (11) [169]1:

N HQ
O}NHNﬂ:H@

(2L

and {(Mn(hppd )21 and [Mn{hppd }{ MeCH )3}[02%}, where [hppd 3* ia the anion of
3—-{ 2-hydroxyphenyl )-hydrazonopentane-2, §~dione: the anionic ligand is
tridentate [17C].

Semicarbazone complexes prepared include (Hn(hns))[z] {X = CL, [Noa}.

{NCS] or {(:1041 Y, whare bms ig benzilmonogemicarbazone F173 7,
(Mn(btp),(8,0),1, where btpH is

4-banzoylithiosemicarbazone-3-methyl-1-phenyi-2-pyrazoline-5-one; (12) [172]:
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PhC=NNHCSNH,

Oy
N—N
Ph

(12}

ard [Hn(baz)le (X = [NCS1, [no3] oxr Cl}, [2-1:'1(r.»ma:,2]x2 (X = Cl, [clo‘] ox
[m3]) and [Hn{da.s)le (X = €1, ({Ncs), [Noa] or [c104]). where bas is
benzalacetonesemicarbazone; (13), and das is dibenzalacetonesemicarbazong;

(14) {173]:

PhCH=CHC=NNHCONH, PhCH=CHC=NNHCONH,
CHy CH=CHPh

(13) (1%)

The cationic ligand l-acetyltrimethy lammonivm—
3-thic—4-phenyloemicarbazide (atps) hae been wused +to prepare the complex
[Hn(atps)xz]cl.nazo, where X is Br, Cl, 1/2[so¢], [ozcne] or [Noa]. The mode
ef ccordination is either through the carbonyl O oy the thio 5, and the azide
N [174)]. The complex of l1-salicyl-¢-benrylamidcthicsemicarbwazone (sbtaH),
{Mn(ebts),], was prepared and characterised by standard techniques. The
complex is sgix—coordinate with the ligand binding through the thioketo s,
imino N and phenolic O atoms [1751].

The oxime complexes [m(pan)_zclzj {pao = pyridine-z-aldoxime) [(176] and
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[Mn(dab)2C121 {dab = diacetylmonoximebenzoylhydrazone) [177] have been
prepared and c¢haracterised by atandard technidqueas . The
bisacetylmonoximesalicylhydrazone anion, {bmsh]_, hasg Dbeen uged to prepare
[Mn(hmsh)2] [178], 2-bromo—4-methyl—-6—acetylmonoxime—phencl (bmapH) forms a
manganese{ II) complex {Hn(bmap}zj (1791, and the anion of oc-benzilmonoxime,
(pmo] , forms a complex {Hn(hmo}zl; (15), which is reported by the authorza to

have sguare planar gecmetry [180].

Mn

0

bmoH = PhCOC=NOH

~
\O Ph

(15)

of the polymeric Schiff base complexes which have ben gynthesiszed, one
iz based on the tetradentate terephthalaldehyde bissemicarbazone ligand, with
general formula [MnL.ZHZO}n fis1}, while other ligands prepared from
terephthalaldehyde and the hydrazides of benzeic acid or pyridine-3-carboxylic
acid have alsc baen usad [182]. The Schiff base derived from 3-toluidine and

4,4'—( 4, 4'-biphenylanebisazo }di( salicylaldehyde); (16},
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(ONCHO)NXO) <O NN{O)-CH=N(O)
M OH Me

Me HO

(16)

forms a dark, irsoluble polychelate of manganege(II) {1831, and reaction of
manganese( II} ethancate with galicylaldehyde and
3-xylylenebis{2-( 1, 3diaminc )propane} results in the formation of the dimeric

complex {17}), which was fully characterised [le4),

CJMnI h{M

O:)

{17)

Spectrophotometric evidence is presented to show that a 1:2 complex is
formed between manganese(Il) and methyl({benzothiazolyljazoketoxime [185]. An

electrochemical ptudy of the complex of manganese{II) with +the Schiff base

formed from 2,6-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 isclation of the analogous manganese(III) complex [186]. Stability
congtants 1in aguecus madia are reported for the chelate {Mn(tb)zj (Htb =
2~{ thiophena-2-aldimine }benzeic acid) tegether with other thermodynamic and
characterisation data [187]. 5tability constants are alsc recorded fer the
manganese( IT ) complexes of Zz—carboxyphenylhydrazoacetoacetanilide,

2-carboxyphaenylhydrazo-4—chlorcacetoacetanilide or acetoacetamide [188,189],

2.4.7 Compleres of Nitrogen Donor Ligands

The complex {Mn( [B]aneﬂa )2]c12 {where (9]aneN3 is
1,4,7-triazacyclononane ) was prepared by adding the macrocyclic ligand to a
solution o©f manganese(II) chiloride in dmso. The electrochemistry was
investigated by cyclic voltammetry, and electronic spectra and magnetic data
were alao presented {190]. The macrocyclic ligand
5,5,7,12,12, 14-hexamethyli-1, 4,8, 11~tetraazacyclotetradecane (Hes[ 14]aneN4)
reactg with manganese(IIT) ethanoate in methanolic hydrochlorie acid to form

the complex [Hn{ms[lé]aneN4}Clz].2H 0. Characterisation wag by IR and n wm

2
spectroscopy and elemental analysis [191].

The EPR and photoacoustic spectra of the complexes of manganese{II)
thioccyanate and sulfate with the ligand hexamethylene tetramine have been
recorded in +the solid state and in solutiosn, Magnetic moments, photoacoustic
and EPR spectral parameters were pregented in detail. The metal iong have
axial symmetry, and are six-—coordinate [192]. The stability c¢onstant for the
1:1 complex of manganese{II) with hexamethylene tetramine at 25% in a

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

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

adduct [Ml][BF4] are reported, where L is the macrocycle (18}):
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NN
HOCH,CH;N N-CHyCH,OH

N
N/
O

(12)

The manganese{Il)} acts as a template for cyclising

2, 9-Qi{ N~2'-hydroxyethylhydrazine 1, 10-phenanthroline with
Z2,6—diacetylpyridine [194]. The novel cowmplex xz[un(hasen)zl (basen =
big( 2-amincbanzenasgul foryl )ethylenediamine ) has béen prepared, and
characterised Dby standard spectroBcopic and phyeical technigques. The
dipouesion of the gtructure and bonding propeses a distorted octahedral
environment with a possible polymerice configuration {195]. The crystal
structure of the manganesal II) adduct of
bis( 3-methyl-2-pyridylimino)isoindoline (Ebpi), [Mn(bpI),]: (19), ie reported.
The ligands are anionic, tridentate and meridional in configuration, forming a

diptorted octahedron around the cantral manganese [196].
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(19}

The complex [Mp{bipy){NCS )2] has been prepared by the thermolysis of
[Hn(bipy)z( NCS )23, and has been shown by various spectroscopic techniques to
contain a polymeric structure of zigzag chains, Variable temperature magnetic
pusceptibility measurements have also been made [197]. The cyanide complexes

Naz[HnL(CN)"}mH 0, where L iz bipy or 1,10-phen, were prepared from the

2
metal, ligand and sodium cyanide in a8olution, and characterised by IR
gpectroscopy and magnetic moment data {199).

The formation of [Hn(py)s]2+ in the presence of methanamide and dmf were
investigated polarographically: formation constants were quoted [199). The

complex of manganesgeal IT) chleride with perimathamine

{ 2, 4diaminc—5-( 4—chleorophenyl }—6—ethyl-1,3—diazine: pma},

[mclz(ﬂzo)B(pma)} was prepared, and characterised by elemental analysis,
conductivity and IR spectroscopy. The stability constant was determined and

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

G
MeO
MeU ON
Y

NN OMe
NH2

Perimethamine papaverine

The adduct MnClz.zpap.Hcl {pap = papaverine)} hag been prepared and
characterigsed by standard techniqueas. The papaverine ligand is coordinated
through the hetero-N atom ([200a].

The crystal structure of trans—[Mn(NCS )2(pyra.zole )4] has been reported
showing trans-isothiccyanate groups and four pyrazole ligands in an eguatorial
plane, the molecule being centrosymmetric, Variable temperature magnetic
studies, IR and diffuse reflectance electronic apectroacopy and TGA have been
carried cut and the results were interpreted [201].

The crystal structure of [l\!n(imidn)GJClz.lﬂzo has been reported, and

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

gix imidazcle molecules (202]. The crystal structure of [nn(imida}“(azo)z ]tt:l2
also shows cctahedral coordination of the manganese, but the Mn—OE 2 bonds are
longer than in the hexaagua complex, and two Mnh—imidH bonda are shorter than
in the hexaimidazole complex (the remaining twe Mn—-imidE Dbonde being
comparable ) [203]. The polymeric complex Mn{triaz) 3c12 {triaz =
4-butyl-48-1,2,4-triazole) was prepared and characterigsed. The Jligand ism
bidentate through N1 and N2, and the complex is six—coordinate and
paramagnetic {204).

(8,0}, ] {drtp = S5,7—dimethyl-

The complex [Mn(NCS) (dmtp).(H,0),
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[1.2,4]triazole(l,5—alpyrimidine; {20),} has been prepared:

Me
NN
Me CN\kN

{20}

IR and electronic spectra were discussed. The ligand is monodentate through N3
[205]. The complexes [Hn{nmb)zclz} and [H:n(nmb)zBrZ] {where mnb is
2-methyl-5-nitrebenzimidazole) have been aynthesimed, and characterised by
standard methods, and a polymeric, halide-bridged structure proposed [206].
The complexeasn [Mn({mab } 2}(2] and [Mn{ mal ) 4){2] {where mab is
6é-methyl-2-aminobenzothiazole: X is I, NCS or ozc:l-!e} were prepared and

characteriszed [207]. Reaction of 2—thicbarbituric acid (Hth) with

manganese({ II)} chloride yielde a complex formulated as Mn{tb)Cl, characterised
by spectroscopic and magnetic techniques., The authors state the atructure to
be octahedral, with the ligand being N-coordinated, bridging manganese atoms

[208].

2.4.8 Complerss with Oxygen Donor Ligands

Ab inttio calculations on [HM(HZO)6]2+ have been made and the Mn—0
digtance agrees closely with the experimentally determined value, Coordination
energies, optimised geometries and electron density changes were discussed
{209]. The complex of manganesa(II) with the tetrabasic

1-hydroxyethylidenediphoaphonic acid (H “hedp) wag prepared and formulated as
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[mz(hedp)(ﬂzo)a] {210]). The crystal structure of the crown aether complex
[anclz( ls-crown-ﬁ)(ﬁzo)a Jcl2 has baen described, consisting of {an(‘:lztﬂzo)s}
unitsa bonded to the crown ether via the hydrated water [211].

The ligand biuret, HZNC( O JNHC{ O )Nﬂz wan uged to synthepgise
[!M(biuﬁt)zle.nﬂzo (X =C1, NDB or C_)zab) and [Hn(biuretjz(soi}(HZO)]. The
ligand ie bidentate through the carbonyl oxygen atoms, and the manganesa{II)
has distorted coctahedral symmetry [212]. Complex adducts were prepared of tha
form [Han.’zQ] where HL is one of the following bidentate ligands:
pentane—2, 4—dione, 1,1,1-triflucropentane—2, 4—dione,
1,1,1,5,5,.5-hexafluoropentane-2, 4~dione,
1,1,2,2,3,3,4, 4~octaflucrooctane—5, 7—-diona or
haptafivore—2, 2-dimethyloctane—3,5-dione and Q0 is one of the molecules
pyridine, dmf, dmec, tributylphoaphate ox butanons: thermal stabilities were
compared [213], A mass spectrometric study of [llln(tca.}zj {(Htca =
1,1,-trichloropentane-2, 4—dione ) has shown that although standard mass
spectrometric reactions occur, a very facile chlorine rearrangement isa of

greater importance: a summary and fragmentation scheme was presented [214].

The manganase{Il) complexes [m(b@)z(ﬁzo)zl and [Mn(aap),(B,0}),] (Hbap =
2—-{benzoylacato )phenol; Haap = 2-{acetoacetyl)phencl]}] wsere prepared, and
characterised ag monomeric complaxes by standard techniques., Although other
metal conplexes of these potentially tridentate liganda can be converted to
binuclear apecieg, the authors asuggest this is not the case for manganese(II)
f215].

The yeaction of anhydrous manganess{lII) chloride in wethanol with
lithium 2,2'—diphenylenedioxide (Lizdpd) yielded the corresponding complex
{Mn{dpd ). 2CH OH] (peﬁ. = 5.52 u) which will react with bases such as
pyridine and 2,2'-bipyridina tc form cctahedral complexes. Pyrocatechol (mzy
reacts with manganese(ll) chloride in the preasence of an excess of
= 5.59 u

(Bors. s
1,8~dihydroxyanthroquinone (Hdaq) has been shown to form a mononuclear chelate

triethylamine to form [MnL{ XEL 3 b] . 1 } [216].
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of formula [H.n(daq)z(ﬁzt‘.)) 2]. Spectroecopic and magnetic data were presented
ard discusaed with reference to the bording in the complex [217].

The complexes {Mn(hyd),Cl,].4H,0, {Mn(hyd} (NCS), }.EtoR,
[Mn{ hyd )2504].21120 and [Mn{hyd )z(ozcue )2].2520 (hyd = hydantoin) have been
prepared. The ligand is bridging and bidentate through the carbonyl oxygen
atoms (218]. The complexes of alloxan, {Hn(alloxan)zxz].nnzo (X = C1, “03'
ozcne or L/z{soq]) and [m(alloxan)z(NCS}z.l.SEtOB, were prepared, and

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

"several"” carbonyl oxygen atoms [2]19].

NH 0
0 N)"”o HN O

hydantoin dlloxan

Manganese{II} cyanuric acid complexas [Hanc:lzJ.O.SH 0, [MnL_50

" » QI'HZO'

[H.an(NCS )z J.Et0H and [mz(ozclle )2 1 .3&20 have been synthesised, and
characterised by analytical, spectroscopic and thermogravimetric techniques.
The cyanuric acid is O-borded [220,221,222], The jaolation and

¢haracteripation of [Mn{uracil) (H_O)

P 2]c12 and [Hn(uracil)zclzj were reported,

togather with analytical, IR spectroscopic and TGA data [223].

H
0 H

oyanuric acid uracil
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The IR spactrum of manganese{lII)} monochlorcethancate was recorded and
compared to that of ita nickel analogue [224]. The third polymorph of the
wanganesa( I1)/(2,4,5-T) series (2,4,5-T = 2,4,5-trichlorophencxyethanoic acid)
has been prepared and the structure shown by X-ray crystallography to be

[((2,4,5-TMn(B0),}, ~u~(2,4,5-T), 1) (21) (225].
HO OH

0 0/\(
H Mr/ F/

/:
OH 0 \‘0 0H

S

HO OH @ HO OH

The manganese{II) copper tartrate complax Hn [Cu 4c12517019} z.lﬂﬂzo has
been prepared and a thermal decompoeition echeme proposed [226]. The Mosabauer
spectrum of iron(IYI) manganese{1l} oxo icdeoathanocate {rezmcazrcno )stﬂzojs]
was recorded to analyse the structure of the complex [227].

[1‘!1[1.'::'!3 )4]2[M(0200F3)4] wag praparsd and, on the basis of magnetic, IR
and diffuse reflectance epectrogcopic data, the structure is believed to
conaist of tetrahedral manganese{II) with unidentate trifluorcethanoate
ligands {228]. Pormation constants are raported for the levulinate complexes
of wanganese(Il} at 25 °C in 0.1 M chloride solution [228].

synthesie of the salicylate complex [Mn{aal )2(520)2] wags raported,

together with some IR spectrogcepic and conductivity data. The EPR spectra anad
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magnetic moment of the complex were discussed: the complex is high spin (“eff.
=5.90 u,) [230]). The basic salicylate complex [Mn(OE)(sal}].1/2H.0 was
prepared¢ from agquecus solution at pH 6-9%, and characterised by IR spectroscopy
and TGA [231].

The citric acid complexes f"mtﬁzo)sIt"“(csﬂso7)nz°12‘2520 and
[Hn{csﬁso?)nzo] were studied by IR spectroscopy, which suggested that the
alcohol group ia involved in chelate formation. The latter complex is beliewved
to be tetrahedral, with one uncoordinated acid group. In the former complex,
the carboxylate groups are aither moncdentate or bridging [232]. Complexation
of thiodiethanoic acid, thiodipropanoic acid and diglyconic acid with
manganese{II) was followed potentiometrically at wvariocus temperatures and
ionic concentrations: formation constants and other thermodynamic parameters
were determined [2332].

The crystal structure of panganese(Il) pyridine—2—-carboxylate-N—oxide
(Mn(C_H NO_)} (B 0)_ ): (22), was reported: the 8,0 molecules are axially

64 3°'2°72 "2
coordinated [234],

(22)

The fusion diagram for the [Mnclz(urea)}/urea gystem was studied and the

heat of fusion calculated [2358].
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2,.4.9 Complexres with Mixed N, 0 and § Lipgands

The formation constants for the reaction of manganese{Il) with the
2—{arylhydrazine )propancic acids {aryl = phenyl, 4-tolyl or 4-nitrophenyl)
were determined at various ionic strengths and temperatures, and in a range of
solvents uging potentiometric techniques: parameters were quoted and discussed
[238]. The adduct of manganese(Il} oxalate amd triethanolamine {tea),
[Mn{ tea )2( czo*)], was prepared, characterised by IR spectroscopy and its
thermal decomposition followed by TGA and DSC: thermodynamic parameters were
digcussed [237]. Hydrazinium hydrazinecarboxylate reacts with wmanganese(II) in

agueous zolution to form a complex [!-m(NZH mo)z(ﬁzo)zj. IR spectroscopy, DTA

3
and TGA ware used to characterigse the product [23B].

The ligands 2—(pyrrolylmethyleneamino)benzenesulfonic acid (szbs) and
2—( pyrrelylmethyleneamino yethanesulfonic acid {szes) have been prepared and,
when reacted with manganese{II), yield {Mn{pbs )(1120}31 and [Mn(pes)(l:lzo)aj
respectively. Electrical conductivity, magnetic and spectroscopic measurements
waere recorded [239]. The complexes [Hn(pyzr)zc.lz] (pyrr = pyrrolidine)} and
[Mn( e-cap:)acl 2] {=—capr = e—caprclactam) have Dbeen prepared, and
characterised by IR spectroscopy [240]. Reaction of manganesa({Ill) with
pPyrazine—z-amide and pyrazine-z,3—diamide yields a complex with the protonated
ligands bound through the heterocyclic N and amide O atoms [241].

The preparation and crygtal structure were reported for
[Mn{ Aapb ¥ Hzo ¥1)iC); {23), {where dapb is

2,6-diacetylpyridinebis(benzoylhydrazone)) [(242].

O
N

HN N\ l /N“NH
et S~ ph
Hy0 L

(23)
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Reaction of nanganese{ IT} ¢hlorige with
N, N'-bis( 2-hydroxybenzyl }-1, z2-diaminocethane in ethanol yields a six-coordinate

adduct; (24a), formulated from IR apactra as:

HO
O~
Cl—Mn{—Cl
7\

NH NH
O AENG
(24a)

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

@NH/—\NH@

L Cl\ OH
Mn\ ::OH
LR

{24b)
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IR spectral data were presented and dipcussed [2a431.

The complexation of manganese! IT) wich 2—aubgcituzed
thiazolidine-4—carboxylic acids (where the subatituent ie propyl, phenyl or
2-furyl} was followed by potentiometric titration at dJdifferent temperatures
and ionic gtrengths. The thermodynamic quantities 4G, AH and AS were
devermined {244}, Work has been published on <the complexation of
Mhydroxymaleamic acid with manganese{IT f245]. The ZZ-amincbenzoate
( 2—ambenz } complexes IMn( 2—ambenz ){ BO—8—quin )] .nﬁzo 2461,
(Mn(acac)(2~ambenz }(py),] and {Mn(acac)(2-ambenz)(H,0),] {247] were prepared,
and characterised by standard techniques., The polymeric complex MnL, whare L
is 5,5'—{ 4-phenylenebiaazo iquinoelin—f-al, hasa bean  prepared and
characterised: each manganese 3ion has octahedral symmetry [248]. The
manganese(IY) complexes of Terizidone (trz; Terizidone is the Schiff base
derived from terephthalaldehyde and cycleserine), formulated as {Mn{trz) c sz
and [M(tn)4x2] (X = €1, Br or I), have been prepared from the hydrated
halides, and characterised by standard methods; electronic spectral parameters
have been evaluated {2491. The complexes of N,N'—dibenzoyl-2,6—diamincpyridine
{dbap)} with manganese{II}: [!m(dbap)le (X = Cl, Br, NO, or NCS) have been
prepared and characterised. They are Ffive-coordinate trigonal bipyramidal
camplexes, with axial X ligands and a tridentate organic J.igaﬁd {250].

The stability congtants of 4-hydroxy, 4-methoxy and 4-ethoxy-picolinic
acid N-oxide complexes of manganese(Il) were determined by pH titration; 1:1
and 1:2 chelates were observed [2511. The chloromanganese{Il) complexes of
Bome pyridine—carboxylic acid Jderivatives were prepared, having a general
formala [Mnclszl: the acids and their derivatives include nicotinic acid,
nicotinic amide, N-methylnjcotinic amide, isonicotinic acid and nicotinic acid
N-oxide. The complexes Thave baen studied by various analytical and

spectrogcopic +techniques, and stereochemistries were suggested for the

complexos [252,253]. The 2-, 3— and 4-benzoylpyridine (bzp) complexes
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[H:n{bzp)z(NCS )21 have alsoc been prepared. Coordination of 2-benzoylpyridine i=
through the 0 and N atoms, while the 3- and 4-benzoylpyridines ccordinate only
through the N atom: the thiocyanate ligand is N-bonded. Spectral parameters
are djiscussed (252,253,254]. The Btability constants for manganese(II) with
pyridine-2,5-dicarboxylic acid were determinad, and the thermodynamic
parameters AS, AH and AG quoted [255]. The isonicctinic acid hydrazide {inh}
complex [Mn{inh )2':121 wags prepared and characterised: the complex i
six-coordinate [256]. Manganese(IIl) complexes of formylhydrazide have been

gynthesised and formulated as (MnI,_C1

,C1,] and {MnL, (S0 )]: analytical, magnetic

and spectral data were gquoted [257].

In the extraction of manganese{IIl) from perchlorate solutions with
antipyrylmethana, a number of metal complexes of the ligand were isolated
[258). An isothiocyanatomanganese(II} complex of
bis(methylamincantipyryl )ethane was prepared and characterised by standard
methods [259]). The ligand N . N'-bis{antipyryimethyl )piperazine {apmp) has been
usted to aynthesise the caomplexes [an(apmp)c‘lél and Kz[!-mu.pmp)c}.&}. In the
dimeric compound [mz(apmp}clé}, the ligand, which bonds through the oxygen
atome, bridges the two metal centresg [260]. The formation constants for the
1:1 and 1:2 adducts of manganeaae( IT ) with the MONGan 1on of
N-(2,3-dimethyl-1-phenyl- S—oxo—3-pyrazoline—4—yl)-N'-benzoylthiourea have
been determined fasl]. Manganege( L) complexes with 4—(42-aubhstitured
phenylaze )-3—amino-2—-pyrazolin—-5—one have been prepared in which the ligand
bonds through the carbonyl—-0 and arylazo-N atoms [2621.

The reactions of manganese{ IL) with 1, 10—phenanthroline,
4, 7—diphenyl-l, J0-phenanthreline and 2,4—dinitrobenzeneazopyrocatechol have
been followed by EPR and IR spectroscopy. The stability constants of the
complexes hawve also been evaluated, and possible srtructures for these
complexes proposed [263].

The reactions of manganese(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 EPR and optical absorption

spectroacopy. The electronic state of the metal was examined, and magnetic
woment  data, electronic and photoacoustic spectra were presented and
interpreted {264}. The stability constants of manganese{IIl) complexes with
1,l0-phananthraline and Tiron (discdium 1, 2-dihydroxybonzene—3,5-disulfonate)
in Adioxane/water gystems were detormined by titrimetric techniques. pH
gtability was alse studied [265].

™e complexes [Hn(stm)zl.zl (wherae Hetm is selencylthienoylmethane and L
is water, pyridine or 3— or 4picoline) were prepared and characterised by IR
spectroncopy and thermal analysis [266]. Anothex study of
wangahese/selenoylthienoylmethane compounds has alss been published [2&6a].
The pyridine adduct of manganese(II) ascorbate has been prepared, and possible
structures suggested on the basis of elemental analysis, IR and diffuse
raflectance spectroscopy and magnetic properties [267]. Reaction of
manganese(I1) ethanoate with the ligand [(2-RN(0):NNHC H SCH,),] (R = CHj or

CH, ) yielded the complex [Hh{(2-RN(O)1HNBCEH4SC52)ZIJI (25):

PLAO
=

N 00 0 N
N W
R R

(25)

which was characterised by standard techniques and assigned a aix—coordinate

structure [268]. Adducts of 2-furanthiocarboxyhydrazide (Hftc) and its anion
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were prepared., [Mn{Hftc )20123 is six-coordinate, while [Mn{ftc )2} ig a
four-coordinate square planar compound. The ligand 38 bidentate through
terminal-N and thiocarboxy—-S atoma [269],

A series of mixed metal complexes of ethylenediamine tetraacetate have
heen prepared and formulated as Hnn{edta).éﬂzo {M = Co, HNi, Cu or Zn).
Characterisation by IR gpectrogcopy and X-ray diffraction showed the compounds
to be isomorphous with [an( edta)(HZO)Q}.zﬁzo, while the IR spectra indicate
both bridging and terminal carboxylate groupsa [270). A detailed study of the
compounds was also presented, and differences discusged with reference to the
ionjc radii of the wvarious metals [2711. The solid phase derived from
manganese{ IT} ethylenediaminetetraacetate, manganese{II) perchlorate and water
was identified by Schreinemaker‘'s residue method, IR spectroscopy, X-ray
Qiffraction, thermal analysis and magnetic measurements, and shown to have the
composition H:ns(edta )2(C104)2.20520 f2721]. At pH 78, the complex
H‘nzc cdta).hﬁzo can be prepared from aguecus solutions of wpanganese{IIl)
carbonate and cyclohexanediaminetetraacetic acid (cdtaH 4) {273]. Btability
congtants were determined for manganese(II) and ethylenedighosphinetetraacetic
acid by potentjometry and electronic spectroscopy [2741.

Manganese(II) chlorosulfate was prepared from manganese(II) ethancate
and chleorogulfuric acid. It complexes with nitrogen—donor ligands to form
{m4(03m1)21 {L = CHadt. PY or py-N-oxide) and [MQZ(OaSCI}Z} (Q = bipy or
acridine ). The complexes are all six-coordinate, with the chlorosulfate ligand
being mono- or  bidentate {275). Manganese{lI} chloride reacts with
2-mercaptophencl in 1:1 molar ratio in methancl to yield methanolic adducts of
manganepe{ II} 1, 2-phenyleneoxidesgsulfide {2767,

Reaction of an adueous agolution of manganesef{Il) with saccharxin
(C,HNO,S) gave an adduct [Mn(CH NO_S) (H,0),].28,0 which was
characterised by standard methods. The manganese ie six-Coordinate with the

saccharinate ligand N-bonded [277],

The complex of manganese{Il) with sulfadiazine palicylaldimine was
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propared and ptudied, and wstability constant and &G wvalues guoted [278].
Stability constants were determined by potentiometric titration in agqueocus
propanone over the pH range 3.5-5 for manganese({Il) with sulfapyridazine,
sulfadimeaine, sulfadimethoxine, norsulfazole, sulfamonomethoxine, bucarban,
butamid and albucid {279], and over the pH range 8-9 for manganese(Il) with
sulfadimesine, sulfadimgthoxine, norsulfazole and sulfapyridazine [(200].
Baenzothiazolesulfonamide morpholide {btsm) has baen used in the preparation of
the complexes [Hn(btsm)zxz] (X = NOB' Ozcua, Cl or picrate). The ligand im
bidentate +through the thiazele—s and pulfonamide~N atoms, and the complex is
octahedral [281]. The analogous conplexes have been prepared with
cyclohexylbenzothiazolesulfonamide [2B2].

The complexation of I1~DOPA (IL~3,4-dihydroxyphenylalanine} with
manganese{ IT) has been studied in detail by titrimetric and spectroscopic
techniques: AH, AS and pK values weare quoted and discussed [283], and the
bonding deduced %o involve an equilibrium between amincacid—{N,0} and
catechol-( 0,0} groups [284]. Stability constants fox the
manganesge( Il }/Dl—o~alanine/doxycycline hydrate system in agueous solution were

determined and discuased [285].

(_H

The aminoacid complex [Mn(L-lysine )21.4320 has been preparsd and characterised
[286], and the interaction of manganese({Il) with various bi— and tridentate
amincacids has been studied in agueous media [287]. Complax formation between

manganase(II) amnd a seriss of dipeptides hag been followad by potentiometric
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titration, and EPR and NMR spectroscopy have been used to investigate the
atructures of the epecies detected [288],

Complexes of manganese{II} with L—tyrosine and wvarious adenosine
phosphates have been prepared, and stability constants evaluated [289],
Variations 1in formation constants of wmanganese{Il} adenosinetriphosphate

complaxes with various aminoacids were studied and discussed [2907.

2.4.10 Complexres with 5 or Se Donor Ligands

A smynthetic method has heen reported for the preparation of
[PPhq]z}m(SPh )4] and some properties were discussed [291]. The reaction of
mwanganese( II) chloride tetrahydrate with sodium thiophenate in ethanol vyields
the complex Naz [Mn{ SEh )4], while the compound Naz (Mn 4( 5Ph) 10] has bean
isolated from the methanclic solution, The [Mn 4( Sph)lo]zu ion; (26), has an

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

SPh

Mn
e A
PhS SPh SPh
PhS Mn P n SPh
i)
PRS™ S ~ph
Ph

(26)

With sodium ethane-1,z-dithioclate (Nazedt) in methanolic ethanenitrile, the
COmPound Naz[lln( edt )z]; {27a), is produced, which is very sensitive to oxygen
gas, and readily oxidises in ethanenitrile solution to the wanganese( ITI)

dimer Naz[lmz(eﬂt)é]; (27b). The crystal astructures of these two manganese
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compounds have been determined:

(27a) (27}

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

The phenylthiourea {ptu)y adducts [Mn( ptu),(0,CHe ), 1,
[Mn(ptu) (NO ), (ELOH) ], [H!\(DtU)z(SD‘)(HzO)L {¥n{ ptu )2512(520)] and
[Mn{ ptu )2(117(.‘:3)2(!:1:03)2] were prepared, and characterised by IR spectroscopy
{293). Complexas of 2,4—dithicbiuret (NH,C(S)NEC(S)NH,: dtb) were prepaxed,
and formulated as [Hn(dtb}zsﬂ‘] and [lln(dtb)zxu’.‘tOH)]x {where X = NCS or
ozc:ue}. The complexeas are six—coordinate, and the ligand ia bidentate [294].
Compounds of manganese{Il} with selencylacetone have been prapared and are
discussed [295].

The complex [Hh(tﬂﬂ)zj (tmdH = tetramethylenedithiccarbamic acid) has
been prepared, and characterised by elemental analyesis, magnetic measuremants,
TGA, IR and selectronic gpectroscopy. The molecule has pseudotetrahedral
Eymnetry [296]. The mixed metal dithiocarbamate complaxes [Hnu(szcunz )4] ware

prepared for M = Zn, Cd or Hg andR = methylcyclohexyl-, ethylceyclohexyl— and

imopropylcyclohexyl: characterisation was Dby atandard technigues. Tha
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manganege has square planar coordination, while the other metal has
tetrahedral coordination (297]. Reaction of manganese(II) chloride with
4-aminophenazonedithiocarbamic acid (apdtcR) yields the complex [Mn( apdtc)zj,
which has been fully characterised. The ligand iz reported to be bidentate

through both sulfur atoms [289].

2.4.11 Other Compleresg

The sulfur dioxide adduct [I'ln(so2 }2][1\51’6]2, prepared by oxidation of
manganese with [J\an] in the presence of soz, has been characterised by
spectroscopic techniques [299]. The complex  of manganese(Il} with
hydrotris{l-indazoyl porate (L), [MnICl], was prepared and characterised by
standard physical and spectroscopic technigues {300]. The ligand
biz(dimethylmethylenaphosphoranyl ydihydraborate{1-) has been saynthesised and
reacted with anhydrous HnBzz, and the yellow complex formed has been shown by
varicus methods to be of the form [Han]; (28}: X-ray crystallographic
analysis has shown the molecule to contain {(Mn—C-P-E-P—C} ringes in a chair

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

(28)

The  aynthesis of a [C_g _ —
556 ~{CHy),C By 127 metallocemoghane  of
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manganese(II) has been reported, as a 3,5-dichloropyridine adduct; (29). The
crystal structure and nature of thia high-spin, "electron—imbalanced™ complex

were diascupsed [302].

Cl
{ ?1; ~=—NO
Ct

(29)

2.5 MANGANESE(I)

Localised wmolecular orbitals were presented for [(m-I3 >5m3 {(where L =
H, (:Ha, P, Cl) ayastems, and their derivation was discussed in depth (303].
The low temperature matrix isolation EPR spectra of MnCl, MnBr and Mnl have
bean recorded and discussed [€4]. The preparation of +the complex

((Mn(AlH, )(dmpe),},)s (30), was also reported, and the crystal structure

presantad and discussed,
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/Ml N 7 l\H(N\H/Pl'”"\ .

P A

(30)

[unﬂ(czaq)(dmpe)z] has also been prepared [157].

2.6 CARBONYL COMPLEXES OF MANGANESE

2.6.1 Carbonyl and Hydridocarbonyl Complemss

The electronic structures of (m(CO}SH] and [nn(OO)S(CEB)] have been
studied through a Green's function approach ([304]. The Raman spectra of
[unztco)m] and mixad manganese/rhenium carbonyls have besn recorded in the
range 10 - 170 m -, 123 - 296 K, and thoroughly analysed [305]. A Raman
gpectroscopic study of [HnRe(C:O)loj at high pressures shows that there are two
first order phase trangitiong, at 7 kbar and 13 kbar, interpreted as due to a
change of molecular conformation from gstaggered to eclipsed, and back to
staggered: an assignment of the spectra was suggested [306]. The IR spectra of
[an((x))lo] in the gae phase and 74 solvents were measured, and trends in
eolvent ghifts discussed at length {307)]. The EPR spectrum of [Mn(ccjs],

generated by photolysis of the hydride, has Dbeen remeasured and reasgsigned

[308]. The photochemistry of matrix-isolated [HHn(CO)s] hag heen investigated,
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amn! gpectral analysis indicates +that two isomers of [HMN({CO) 41 are formed

[309].

o H
| |

Mn.... Mn..
oC- 0 0C- L0
OC/ \H OC/ \CO

CS cirv

The laser photolyeis of [an(co)lo] has been studied and shows that
either Mn-Mn cleavage ocours to form [M!n(m)s]' radicals or Mn—CC cleavage
occurs to form [an(m)gl [310]. The low tamperature photodissociation of
[an(cn)loj in an alkane matrix was followaed by IR spectroscopy, and it was
deduced that, at low temperatures, loss of C0 to form [tmz(co)gj occura in
preferance to Mn—-Mn bond cleavage which is seen in sclution at 298 K [311],

v-irradiated gsingle crystals of [an(m)lo] exhibit EPR spectra at 85 K
c¢haracteristic of a [an(m)gj_ species with one CO bridge [312]. EPR spectral
studiea have shown that the electron is localised in a Mn-Mn ¢ orbital [313],

The mechanism of ligand aubstitution in {an(cO) hag  baen

10]
investigated by ieotopic subetitution [314]. The kinetics of the scrambling
reaction bhetween [l\mz(co)lo] and [mz(m}m] to give [me(co)m] have been
investigatad and suggest that the reaction occurs via (nnznezcco)zoz or
[annez(m)ls} ¢lusters [315]. The wibronic activation of OO in [H.nz(co)loj
wae Btudied to examine the dchange in electron dJdensity distribution as
functiones of the CC coordinates {316].

Raduction of [H:nz(m)lo] or EM(OO)IO] with Li[BtaBH] produces +the

anionic formyl complexes [mn(co)g(c.‘rm)]_ (M = Mn or Ra), Their reactivity and
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chemistry were examined in detail [317]. The reactions of [Hn(CO)sm with
Lewis acids have been investigated, using VI multinuclear HNMR techniques,

Subsequently identified was: [(CO)EMn—H——BCla], while Alzﬂr only produces

6
[Hn(GO)SBr], [Hn(CO)5][nlﬂr4] and [an(m}lo]. The phoaphine complex
[(Mn{CO) 43( I?Ph3 3] undergoes hydride cleavage with both Lewis acids te form the
chloro and bromo derivatives [318]. Reaction of Na(l-!n(cosj with m13 (M = Ga
or In)} resgults in the formation of Na[Cl«}‘nHIM(m)s}n} (n=1, 2 or 3), when
In(ODCCH2C32C233 )3 iz allowed to react with Na[Mn(OO)*L} {L = CO or PPha), the

species [(CH_CH _CH

58, 2000 )nIn!lh(OO)*L] is formed: IR data for the carbonyl groups

was pregented [319]. The binuclear complex [(OEP)Ian(CO)SJ { OEP =
octaethylporphyrin) has bean synthésised by addition of [Mn( 00)51‘ to

[C1In(QFP)], and characterised spectroscopically f[319a].

2.6.2 Balides

The UV photoelectron gpectra of the manganese{l) carponyl halides
[Mn(m)SX] (where X = C1, Br or I) have been studied and analysed in terms of
the o—donor and p-acceptor propertiea of the X-ligand [320]. The photoinduced
homolytic fission of [mz(mjlo] in Ccl4 in the presence of 2,3-butadione as

photusensitiser yields [Mn{Co )scl] (221]. Reaction of [Mn(CO )SBr] with the

ligands Ph,BC(O)R (where R = CH,CH,Cl or CH,

complexes [(0OC) 4Brnn( PPhZC{D}R) }j+ where the phogphine ligand is monodentate,

cHCch3) yields stable monomeric

The crystal structure of [(OC)4Bxim(PPh2[C(O)CHzCHCICEB})}; {31), has been

determined and the molecule has the sterecchemistry:

(0
| CO

~ " Ph
0C — Mi—P 2 _
oc I (=0

(0 CHyCHCICHy

(31)
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319 NMR and IR spectral data were presanted [322]. The phosphine— or

thicphosphorylformamide ligands PhZPC(O}H'RSi.Haa (R = Ph oxr Ma), thPC(O)HER (R
= Ph, Ma or c.'leg) or PhZP(S)C{O)HHR {R = Ph or Ma), have been used to prepare
complexes of [Mn(C0) Gx]. Simple 1l:1 adducts are formed with all three ligands,
while the third alsc forms a bridged dimeric species with loes of PhNCO.

Characterisation involved IR and 'H NMR spectroscopy [323].

2.6.3 cCompounds with O Donor Ligands

The EPR apectra have been recorded for the productg of the reactions

betwaen [an(co)lo] and the samiguinone ligands Q; (32):

/\Eio 9y ;
1 0
0 a 0

Cl

Cl
QLK
Ql

Cl 0 Cl

(32)
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A series of adducts of {Mn{TO) 49'] {where Q' 1is the radical anion from
3,5ditertbutylsemiquinone ) with a variety of 0, N, 5 and P donor ligands have
been prepared and analysed {324)]. Reaction of 3,6-dizertbutylsemiquinone
{dbsq) with [un(co)s] produces [dbaq]_[l!n(OO)s]+, which loses CO to form
[(dhaq)ﬂn{cc})q_], and up to twe further <C0 molecules can be replaced by
triethylphesphite ligands, Tributylamine or propanone will replace only one O
molacule: electronic spectra were recorded {325]. The EPR spectra of these
complexes have alse been recorded {326]. The preparation and characterisation
of the binuclear complex IN:nz( asq) 41'2} and the tetranuclear complex
[an.( asq)4(00)8] {apg = acetylsemiquinone, L = CO, CHSCN or dme) were
raported, and the sclution magnetic behaviour and internal redox properties

discuszed [327].

The nitrosobenzens adduct [{(cp)CO) 2l!ll.n( PhiNO)] was synthesised by UV
phaotolysis of [(cpiMn{CD} 3] in thf followed by treatment with nitrosobenzene.
The complex was fully characterised and the ligand noted as a two—electron

donor [328].

2.6.4 Compounds with S, Sa cor Te Donor Liganda

[Mn(CO) Br] adds to [(cp){c.‘o)zPe(CSz)]_. losing c0 and Br te form a
bridged, heterodinuclear <¢ompound, [(cp)(OO)ZFe(C52)Mn(00)4], where the 1:!52
group bends: (FeC(S)SMn) to form a four-membered ring., The product was
characterised by IR and 1H NMR spectroecopy [329].

The ligand triphenylstannanedithiocarboxylate (L) has been prepared, and
used to form the manganese{l) complexes [Hn(oo)4L1 and jac—[un(m)a(PPh3)L],
which have been fully characterised by spectroscopic techniques [330]. The
reaction of [}m{co)é{mza)(commn with the isothiccyanate R'NCS (R = CH3 or

CH ; R*= CH

aHyq C H CE or C Hst:H 2) produces the disubgtituted

3" 6 11° [ [
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thiourea, the dithiocarbamatc complex [Mn(CO) (RHNCS,)]) and the isocyanide
derivative fac-{lm(QO)B(GNR)( RHN'CSZ)}. The products Thawve Dbeen fully
characterised by IR and “H NMR spectroacopy [331]. The compound [Mn{cO) SBFLD)
{33), (where L iz 2-methyl-2-(triphenylphosphonio)dithicpropancate) has been
prepared and its crystal structure determined at room temperature and at =110
c

[ at room  temperature, the orystal decompoges  with loaa of

triphenylphosphine [332].

Co

0C S EHB
~— / S
e —

o > PPhy

The  tri-  and  tetracarbonyl  complexes  [Mn(CD) (SC{NRJPR,)],
[Mn(C0) (SC{NRIP{S}R,}], [Mn(CO) (SCINRIP(S]R,)}],. [Mn(CO) X(SC{MER}FPh, )] (X
= Cl, Br or I) and [Mn(C0),I{CH,SC{NR}PPh,] have been prepared and identified
by NMR spectropcopy [333], Tha 55Hn NMR gpectra of the series ¢f complexes

[(CO) Mn(5,CZ)] (where Z = OR, SR, KR, PR

,+ P(S)R,, RsPh, or Ph),

2

[(CO)QMSC{NR'}PFE)L [(00)4&1(3C{NR' }P{Sle)I and
fac-[(CO),BrMn(SC{NHR' }PR,)] have been recorded, and show a relationship
between the 5!-"!t!n chemical shift and the nature of the coordinated thio ligand
[334], Cryatal structures were reported for [(OB)4Hn(SC{MPh}PPh2)]; {34), ana

for [(CO)‘Hn(SC{HPh}P{S}PhZ)h (35) (33s5).
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0
Ph_Ph |
PhN_E/P\“M _-10 PhP-—-S\ /CO
N5 T~(0 ,,L—-S/I ~~co

o PhN 0

(34) (35)

The crystal structures of [nm(co)er.] and fac—{nn(oo)sBr(HI.)]; {36),
(where EL is the ligand P,P,N-triphenylphosphinothioformamide) have been
determined. Cocrdination is wia P and S5, forming a four-membered ring. The

structures were discussed in detail [338].

0C PPh, oc PPh,

AN
OC=Mn---C0 (=N Br

0C S Ph 0C S

{36)

The reaction of [(cp)(CO )3nn] with the alkylthiocketenes:
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TBU\—
(= (=S (=S
tBuf-

yields simple 1:1 adducte: [Mn(CO)(cp)L]. The complexes were all characterised
by spectroscopic techniques, and the crystal structure o¢f one adduct was
reported and discussed [337].

The reaction of mathylthiirane with manganess( ) hydride pentacarboryl
inserts pulfur into the Mn—H bond to form [ {Mn{SBE){CO) 4121, which has bridging
SH groups faze]. The preparations ware reported of the ¢imers
[un X (co) (E.Ph_)]1 (X=Bror I; E=35, S or Te), and the crystal structure

& 2 2
of the bromo-seleno complex; (37), described [339].

O

/

Otmx ——Br— 0
n‘“‘“‘Br MniE 0

oC— /

Se—— Se
o

(3n)
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The preparation and crystal etructure of a mnevel tellurium complex;
(38), were reported, invelving three (Mn( OD}z(cp)} groupg honded to one
tellurium atom. The {H:naTe} unit is almost planar, but deoes not have equally

spaced {Mn(CQ),(cp}} groups:

(38)

The compound [‘Pez(un{cn}z{cp})3] wag also reported [340].

2.6.5 Compounds with N Donor Ligande

The complex [Hn(coja(m)}Z_ has been synthesaised by reduction of
[Mn(CO),(NO)] or [Mn(CO),(MO(PFh )], and characterised by IR spectroscopy
{341]. A new reagent (PPN](NO,] (where peNt wae [PhaP—N-tPPh3]+} waa reported
to nitrosylate metal carbonyls auch as [M{co)s]+, [Hn(OO)S(neCN}],
[lm(CO)q(NO)] and [I-!nz(CD)lo} to generate CDZ and incorporate [NO]F into the
molecule, The crystal structure of [m{CO)Z(NO)ZJ_: {39), was reported [342}]:
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(3%)

oxidation of a 3-toluidine complex [m(cp)(co)zf 3—!!&2-56&*(:&3)} yields a
stable complex of an amipyl radical. This was characterised by Bpectroscopic
measuyements (343]. Novel amine and imine complexes, (40) and (41}, involwving
a Mn-B o-bond were reported froem the reactions of {{CH3 )Hn(co)s} with the two

carboranes Bloﬂlomtcna}z and Bmﬂmm-uph {348},

R CH R N
U N NN
CH——EH \NMez (H—CH NPh

\ BanHe ——
B1gHg— Mn(CO), 1oHo——Mn(CO),

{40) {41}
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The 1,2,3,4tetraphenyl-1, 4—diazabutadiene (benzilbisanil; bha}

complex

[Hn(bba)z]; {42), has been prepared and characterised by spactroscopic and

magnetic measurements (pe £5

[3451.

Ph

Ph. N
Phﬁ///N\Mn/ -ph
s 7\ 0P

« N

V4

TN\

(42)

{M.n(co)sﬂxl reacta with DiCN-—n or Tri—CN:

N

DiCN-—n {n = 2, 3 or 4} Pricy

= 3.93 “;3)‘ it was reported to be pseudcoctahedral

to  form {Mn(C0) (DiCN-n)Br], {MA(CO) (TricN)Br] or [MN(CO) (PricN)1[PF ]

[3a6].
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The thionylimide complex :mcm)s(mtso)linsrsz has been prepared, and
the nature of the ligand HNSO briefly discussed, dut no definitive conclusions
were drawn: N-coordinstion was suggested ([347). Reaction of [(CH,)Mn(CO)]
with cF 330 au-s-ﬁso 2(21’ 3 yields a gimple adduct
{(CH, Mn(CO) (CP S0 N=S=NSO,CF_ )]. The mode of bonding is urknown, but
coordination through one N atom is spuggested {3487,

The cs,as—phosphazsne (!-lsssi }ZN:P-( NS5iMe 3 b] 2 digplaces CO from [un(CO)ssrl
to yield the simple adduct [BI(CO) MnN(SiMe,)=P(~NSiMe )N(SiMe ) J; (43).
Bowever, the analogous thio compound [(Me Si)(Me C)NP(S)=NMe,] displaces CO
and Br to form the spiro compound (44). The reactions have been studied by

31}? ang 13c NMR ppectroscopy and an X-ray crystal structure of (44) is

presented {(349].

|
GC N
AN

M o SiMe,
AN
CH;

n/“\
SN

0C

o

(44}

Reaction of [(Mn(CO) (u-Br)},] with diimidazolate or dibenzimidazolate
{ NN in general) results in the formation of the bridged Jdimezrs
fMn(Co) 4( u—-bm)jz. Subsequent reactions with phosphines or phosphites yield
fMnf COY i-nLn( p—m)}z (L = phoBphine or phoephite). Structures wera assigned on
the basis of IR srectroscopic data [350].

The crystal ptructures of the cis—dicarbonyl—{ 1, l10~phenanthroline )~
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cia-bis(trimethylphosphize Jmanganese( ) perchlorate {351} and
cis—dicarbonyl—{ 1, L0—phenanthroline )-

trans—big( trimethylphosphite} manganese(I) perchlorate [352] have  been
datermined: both show manganase ions with pasudcoctahedral coordimation. In
the latter complex, there are two crystalline forms, one of which shows one

trimethylphosphite ligand to be staristically disordered.

2.6.6 Compounda with Other Group 15 Donor Ligands

The complexes [Mn(co)s_nLn]"' and [(cp}!h(CO)zL} have been prepared for a
wide range of phosphines, and wvariations in the 551-::1 chemical shift measured
and considered in relation to ligand field splitting, Nephelauwetic effect and
the nature cf the Mnh-L bond [353], The manganese(() radicals [!mcco)aLz]' ware
prepared for a number of trialkylphosphines and phosphites, and studied by EPR
gpectrogcopy. The effect of the phesphine ligand L is related to the electron
exchange process [354]. The steric effects of phosphine ligands on the
photochemigtxy of [}mz(OO)lo] have been studied, and shown to influence +the
photoclyaig products [3B5],

For a range of phoaphineg PR

(R = CHMeEt, Bu, CHMe, or OCHMe, ).

2 2

reaction of the radical [Mn(CO),(PR, )2]' with CC1, yields ({Mn(CO),(PR;),Cl].
while reaction with BuBSn.H gives wainly [Hn(CO)3(PR3)H]. Characteripation of

the starting radical and the productg was by EPR, IR and UV-VIS spectroscopy

[386]. Irradiation of [mz(CO}BL2] (L = E'Bu3 or P{ nEt)a) with near UV
radiation in the presence of HCY! yields the products [Mn{CO) 41:(:1] and
[HHh(CO)‘L]. The mechanism has been studied and an oxidative addition to metal
carbonyl radicals proposed [357].

[Mn( 00)5((‘1[2(:1)] reacte with triphenylphoephine to form the adduct
[lm(CO}3(PPh3 i}, while [nn(co)sccazoue)] with triphenylphosphine in
ethanenitrile forms t:ri,s—[l!:n(Ct:))‘l(P':"'l'l3 )(C{O}CEEOHE}]. In methanol, no CO ia
incorporated, and the product is cis—[lh(co)Q(PPhs)(c:EleMe)] [358].

A npovel synthesis of a traneition metal—-substituted phosphorane ie
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rgported. Reaction of 2-chloro-spirobi(l,3,2,benzodioxaphosphole) with
Ha[ﬂn(co)sj yields the product (45), which was characterised by s8tandard

gpectrometric techniques [359].

0, 0

y P('— Mn(CO)

of o >

{45)

The crystal structure of ((!-lecp)nn(m)z(PPh3)]; {46), hap been reported

and discuased {260].

Mecp

Mn
aC
o

(46}
A saries of cationic wmanganese{l) carbonyl phoaphine cowplexes

{Mn(CO) (L, ), 1" andmor—imtco}3(dm)2]+ (L, = dppm or dppe) have been

prepared, [m(co)z(dppmzj* in  both cts  and trans  Sorms. In
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mer-[!tmcco)a( dppm)zlq', one ligand is moncdentate, as shown by 31? NMR
spectroscopy [361]. The triphosphines L': Ph,PRCH CH_P(cych )CH,CH_BEh,, and L2,

(eych), PCH, CH, P(cych }CH,CH, P(cych ), (€ych = cyclohexyl) react photochemically
with [(cp)Hn(CO)g] to form monoligate complexes [(cp)Mn(OO)nLlj {n =0 or 1)
and  [(cpmnr®], and  bridged  dimers  [(cPIMn(COX kL Mn(cp)(co),l.
[(cp)un(m)nl} alsoc coordinatesa with [(cp)nn(cohz(thf)] to form a bridged
dimer [{ cp)!!.n(co}(p—l:.l Mn({CO thf)]l, and with other carbonyl-thf complexes of
the metals vV, Cr, Mo, W or Co [362].

Uv  photolysis of [&35!1!&1(00)3(5’[0?]1}3 )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 (48):

P(Oph)3

0C._ | _-RiOPh)

>n 0

0C

{87) (48) L = CO or P(OPh),

The crystal structures were determined for both orthometallated products
{3637, Reaction of [(cp)nn(m)z(thf)] with {TiLz(cp)(ns—-cp—Pthj] (L= C0O or

Cl) produces the bimetallic complex: (49):
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(49)

On exposure to  Air, this is oxidised <o tha phosphine complex
[(cp)H:n(CO)z( Pthcp)]. An X-ray crystal atructure of the manganese/titanium
complex was presented [364]. A Beries of manganese(Il) complexeas has been
prepared from (Mn,(C0),.]1 and PHPh,, producing {Mn, (-8 )(p-FPh, ool d,
followed by reaction with wvarious cyanides, isocyanides, phosphines and
phoaphites, yielding complexes with formulae: [an( p=H )(;.L—Pth )(OO),?L],

[Mn, (u—H)(4—PPh, Y CO) L, 1 and

[Mn, (u-B ) u-PFh, }(00), ({Et0} FOP(OEL},), 1.

Reaction of [u‘nz( u—ﬂ)(#—Pth )(m)a] with alkynes gave the asymmetric alkenyl
complexes [.th(n.—Pth )(_u—o-mz—CR-C!IR‘ )((I)),?]. The crystal structures of

(Mn, (u—H)(U-FPh, }(CO) (CNCHMe | 1,] ard

[antp—Pth)(u-o':nz—cm-cﬁz )(m)7] ware reported [365].

The reaction between [Mn (CO), ] and the diphosphine ligands Et,PCH, PPh,
(depm) and (Csﬂll )2m299h2 {dcpm) were studied, and the products from boiling
haexane ware identified as fmzcmje(depn)zl and [anccojs(dcpn)z]. IR aspectral
evidence is presented to show that the trans iscmer is most likely for the

former, while the latter may be trans, but no definitive argument was provided

[366]. Reaction of [mz(cc})s(dppu)z] with H[BPQ] in ethanenitrile yields a
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manganese( I} hydride-bridged adduct; (50}, with cyanide incorporated as a

o-bonded ligand to one Mn, and as a n -bonded ligand to the other [3671.

0C
OC/ \C%/ N

(50)

When diazomethane ig allowed to react with [an(CO)s(dppn)zl, a 1:1 adduct i=m

formed which hae  been shown by X-~ray crystallography

[Mn, (c0),(p—dppm), (C(O}CHN_)}; (51) [368].

(51)

Reaction of an excess of [(cp)!ﬂ&(co)s] {as the thf

to  Dbe

adduct
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{(cp)Mn(©CD),(thE)]) with the cyclic phosphazene ligands
h

[N,P.(OPh) (P-OCH PPh ) 1L,

[N.P,(4-OC.H PPh, }sm.z or the polymeric ligand L°;

PPh,

SN
N=T N=P
|
OPh OPh
1 X y |

vields simple adducts where all the phoephine valencies have been saturated,

n

The cyclic hexaphcsphine Lz can alec act ag a monodentate or bidentate ligand

{269].

Reaction of [CIAS{Mn{CO),{Mecp}),] with [(CP)Mn(C0),] yields the

asymoetric complex (S2):

0
_M£<0 ME
As—Mn—C(0

Me ‘-Mn/ \CO
/' \

0C 0

(52}

which has bsen fully characterised by spsctroscopic and X-ray crystallographic

techniques {370]. The complexes [m\n(m[cﬂ}zfcp] )2} {R = Ph, c&zca(ma)z or
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Cfﬂzcslz) have been prepared from the chloroarsenic analogue with {AlR3}, and
fully characterised. Complexes aiso prepared include
[ClAs(Hn{OO}z{cp} ¥ Cr{co}s 31, the tropolone adducts
[{Cj,ﬂsoz)lﬂtm(miaicpi NEr{Co} )] and [(073502 Jas(Mn{CO}, {Mecp] )2], and the
oxygen-bridged dimers [(M{Hn(co)z( cp)}{Cr(CO)s} )201 and
[(As{Mn(CO} 2( Hacp}}z)ZO]. Crystal structurea of the chromium-manganese
tropolone complex; (53}, and of the dimanganese oxo-bridged dimer; (54}, were

presented [371].

Mec\p Mecp
N 98 o' /\““\’CO
N per ¢ As—0-—p 0

0C  Creo 0ty

(53) {54)

An EDR spectral study of {Mn,(CO) (s-AsPh, )23”' has shown the (HnAe,]
rhomboid to be planar, Furthey, the electronic structure of the radical cation
has baen partially elucidated [372]. The compound [{C0) ‘Fe!tn( CO)QM!B 2] wag
studied and shown to react with <0 at 45 °c to form a linear complex

[(CO) FeAs(Me, Mn(CO) ] with no Mn-Pe bond {373].

2.6 7 OCrganometallic Compounds
[M(CO}E,]' reacts with perfluorconorbornadiene to subgtitute a fluoride
ion, giving [{C7?7)M{OO)5], and this reacts with [Pt(??ha )4] to form the

complex [(ms)zpt(n2~c7??)m(co>sz [3741. Reaction of [Ma(C0) Bzl with
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Ag{CB(SO,F),] yielde {(CO)Mn(CH{S0,F}, )] [375]. [Mn(dinc) J[PF ] (vhere dinc
= 1,2-bis{ 4 tert-butyl-2-isocyanophenoxy Jethane ) has been prepared hy treating
fm(co)scl] with dinc in the presence of {Pr'sl-. Thiz has Ieen further
oxidised to [Mn(dinc) ][PF.),, which is stable in the solid state but
decomposes in solution to the manganese{I} apecies [376]. Reaction of
[mfco)Q(puezo)]z_ with [(CF,S0,0CH,),C{CH,),] affords the manganocyclohexane
derivative [{CO}Y 4“"““20‘32*2@3 1. The analogous complex
{(c0) Qm@phzocnzalezcaz]; (55), whose crystal structure is presented, takes up
SO2 to form the sulfinato complex [(CO) *I'InPPh

zocazc:bzcnzsoz ] £377].

CO %H3

OE\ /CHZ__C'-\.CHB

Mn
oc—" | ~~p— [)----a.CH2

Ph,

co

(585)

Manganese!{Ir) chloride reacts with lt;[r:*ﬂs].zthf in the pressnce of

Lewis haseg and butadiene to fomm {{ﬂ‘—C‘Hs )2Hn1.] {where L = Pllea, Pzts.
P(nua)s or ¢0). Butadiene derivative complexes were prepared by metal vapour
aynthesis. The crystal structure of [(n‘—cias)zun(!'{mh}a)]: (56), sohown the

manganese to have square pyramidal coordination [378].
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T(OME)3
NS

(56)

The crystal astructure of [(CO)*un(c534OOCHz }W(OO)B(cp)] has been
presented, showing a bridging l-ferrocenyl-l-cxoethyl group, ns—-bonded to
manganese and o-bonded to tungsten [379], IR matrix isolation studies of
[Mn{CD) 4( COCEB)] indicate the ethancyl ligand to be o-bonded [380].

The X-ray flusreacence and XpPs spectra of [{ cpMn{ CO )3 1.
[(GPW(m)zprha)I. [{cp)Mn(C0)(dppe }]. [(Cp)m(m)(COJz][PFGL
[(cP)Mn(COXNOYPFh, ) I{PF 1 and ((cp)Mn(NO}(dppe)]{PFP_] were recorded and the
results analysed in terms of the Mn—cp interactien {381,3ez2]. The donpor
properties af the manganesa(I) adducts [{cpMn{CO ) 3] and

{(cp)nn(cx})n(PR ) ] {n = 1 or 2) have bheen investigated with reference to

273-n
the Lewis acids Alznre and Ga.cls. Coordination of the Lewis acid is to the
metal centre [383).

A wmolecular orbital etudy of the complaxes [{(cp)un(co)z}zL} (whare L =
Ge, N2 or PPh) has provided an explanation of the bonding in these complexes

in accordance with observed spectroscopic data [384].

2.6.8 Silyl and Germyl complexes

A neutron diffraction study of [(Hacp)(m)zmﬂ(simhz)]; {57), has
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located the hydride 1.569(4) & from the manganese atom {a typical Mn-H
distance) and 1.802(3) A from the silicon atom. Although the Si-H distance is
longer than typical Si-H bonds (ca. 1.48R), it is much shorter than the sum of
the Van der Waal radii and the geometry around the silicon tends towards
five—coordinate. The authors, therafore, tend to favour a three—centred

two-alectron Mn—H-5i bond [385].

o F

Me-{ G- :

[}
L}

bh
CO

{57)

A sories of manganese{l) carbonyl complexes with optically active silyl
or germmyl groups was synthesised and the stersochemistry of the cleavage of
the Mn—-Si or Mn-Ge bond examined. It was observed that the wmanganass complexes
show poor retention of configuration {385a)]., The optically active gorwmyl
ligand S-(~)—({MePh—1-NpGe} (1-Np = li-naphthyl) can replace a CO ligand in
[bh!m(m)s] remulting in €O insertion in the Mn—Me bond. The anion thus formed
[RSM'I(CD)a(CIJHB)}_. can be isolated or reacted with [EtBO][EP_‘] to yield the
carhene Complex (R, GeMn(CO) (C{OEt}Me)]; (58). The crystal atructure of the

carhane complex was reported [386].



270

FPhotolysis of (cra )3GeH in the presence of {an(co)lo], or reaction of
Na{un(co)sz with [(CE'B)BGem {X{ = C) or 1} produced [(CPB)SGelm(CO)s}: {59},
in high yield. This complex has subsequently been analysed by - Mn, T F MMR

and vibraticnal spectroscopy, and single crygstal X-ray diffraction:

{59)

The carbonyl force constants and Grazham constants were evaluated {3873, The

presence of a gtrong m-acceptor such ag [GeBraj_ in the carbonyl complex
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[Braeem(oo)sj results in the formation, on reaction with l-leucine, methyl
epter, of the complex trarw—[BrBGann(CO) ‘L] {vwhere L = l1-leucina, methyl
ester) [348]., Thermogravimetric analysis of [I!h(OO)s(Gexth)] (X= F or Cl)
shows that, 4in +the presence of axygen, C0 is last first, followed hy Ph and
then X, the fluoro compounds being more stable than the chloro compowxls

[399),

2.6.9 Maxed Metal Complares

(Ph AS]((CO) MuV(CO),(NO)] has been aynthesised from [Fh As){Mn(CO) ]
and {V(co)qtm)]. and characterised by IR spectroecopy [290]. The preparation
and crystal structure of [(CP),(CO)Mb(u—COMN(CO).); (60), were reported

[391].

€O cp

oc | co
S Mp—— Nlb/
oc” | T

o O cp

(80)

The phosphorus in [wo)smms-csn‘mz)] (R = Ph or &tolyl) acta as a

ligand when reacted with [{Im{CO)‘Br}z] to form the structure (&l}:
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RzFl’

l
(EO)AMn——Mo(CO)-j
R=Ph, p-toly!

(61)

The crystal satrtructure for R = Ph has been solved, and indicates the presence

of a Mn—Mo bond (3.054 R). 13, 130 and Yo o spectral data were alsco quoted

[aez],
The cryatal structure of [(cp)(CD)znhFez(CD)s(PPhs)(us—PPh)}: (62), has
haen detarmined and shows the malecule to contain a (Hn?ezp} paeudoetrahedron

[393],

EO /Ph
(p— Mn

0 \ / Fe(CO)3PPh;

© 03

(62)
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The room temperature 57pe Momabaver gpectra were reported for the clusters

[(cp)(m)zmez(co)sz(ua—mn {L = CO, P(OMe),, PPh ASPn, or SbPh,) and

3* k]
ghow that the structures are in agreement with the lattice constants of
low-sBpin Mn/Fe clustezrs [394],

Reaction of [{ cp}ll:n(co}z( nz—ac-ccmcas)j with {?ez(m)gg vielids three
products, one of wnich is a cluster: (l—ﬂs—cy"clopentadienyl)—
(1,231, 3-p-dicarvonyl ){ 1-n° 12, 3-c-methylacrylate )( 2, 2,2, 3, 3, 3~hexacarbonyl )-

triaengulo-i-manganese—2, 3-Aiiron; (63), whose crystal structure was prasented.

COOMe
/
C

-
Cf""

;L TTTTT—="Fel{{O)
oc. ’/’/,,f 3

Fe
ﬂlﬁa

(63)

[ (cp)Mn(C0) ,(§u~C=CHCOOMS )Pe(CO),} is also formed in the reaction {395].
Reaction of [(cp)Co{PMe,)(CS)] with [(cp)Mn(CO),(thf}] yields (64) in a
i1l reaction, and {65) in a 1:2 reaction, Methylation of (65} with CH

yields {66). Characterisation was by IR and 1& MR spectroscopy [396].

2957,
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-
cp\
/Co
_MEBP
(66}

F3CS03

The crystal gtructure of {{(PPha }(CO)“nn}E‘SnBrI has been reported and

discusged, The manganese is six—coordinate with planar {Mn(CO) 4} groups, and

the tin is four—coordinate [23971.
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2.7 PHTHALOCYANIN AND PORPHYRIN COMPLEXES

The firet complexes of the type {MnN{OEP)}] and [MnN{TTP)] (oEP®” =
octaethylporphinate; e’ - meac-—terraf 4-tolyl)porphinate) have been prepared
by [OC‘l]_ oxidation of [Mn{OMe)}(porph)] in the presence of ammonia. The red
complexes are diamagnetic and have been characrerised by standard
gpectrogoopic tvechniques: eocme chemical behaviour was also reportved {398].
(2,2,7,8,12,13,17,l18—octaethylporphinaconicrido imanganese{V), [MoN(OEP)], can
be reduced by the methylating reducing agent sodium anthracenide and methyl
iodide to 5,15-dimethyl-2,3,7,8,12,13,17,18-octasthyl-5H, 15B-porphinatonitrido
manganege{V}); {67}, which indicates that the MnmN bond is very reaistant to
reduction. The dimethyl complex has been fully characrerised, and the crystal
structure described. The MnaN bhond, at 1.512 &, 185 the shortest recorded

axampie of such a bond [399].

(67)

Tatraphanylporphinacomanganese( IV), [er(TPP}], wap gensrated in atitu
in tetrachloroethane at 77 X by a one-electron oxidation of [min(m)cll,

and EPR and optical absorprion spectra wera recorded, Oxidation occurs at the
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mecal cenctre, and the spin srate of [Hnw(TPP)j[ was assigned as 3/2 [400]). The

manganese(IV) porphyrins {Mn{TPP )x23 {where X = N or NCO) have been

3
synthesised, but are ungtable at room temperature in scolution, decomposinhg to
[Mn{TPPX]). Magnetic and spectroscopic properties were noted, and the crystal
structure of the toluene gscolvate {Mn{TEP)( Ncc))z].o.scaacsﬂs; {68), reported
{401].

Some novel manganege( IV) porphyrin complexes, [X¥Mn(TPP)(C1Ph)} 2(‘.t {where
X = €} or Br)y and [{PhI(Ozcﬂe )0}251:1('1??)]. have been synthesised and
characterised, and their reactions as potential oxidants of hydrocarbong (as
well ag other subgtrates) were investigated [402,403,404].

The manganese{III} porphyrin [Mn(TPP)CN}; {69), has been prepared, and
characterised by X-ray crystallography. Some IR spectral and magnetic data

ware presented {405].

The compound {Hn(TPP)(MaOH)ZJ[Clo&].MeOH; {70}, has bean prepared, and its
crystal structure presented. The metal is bonded within the plane of the
porphyrin, and the ccordinated methanol molecules are in axial pemitions. The
gtructure and electronic configuration were discussed with reference +o

similar systems {406].
The redox and photoreductive properties of manganese({III)

tetra{ s—methyipyridyl )porphyrin in water have been examined. Reduction can be

effected by dithionite in the absence of dioxygen, while oxidation can be

through persulfate, hypochlorite or chloropentamminoccobalt{ IILI} [407]

The electrochemistry of the bridged phthalocyanin complex {{(PoMn )20] has
been studied in detail, and a four—electron ECE reduction mechanism propoased
[408]. The tetra( 4-N,N" N"-trimethylanilipium)pozrphyzrin Mn(II)/Mn(III}
couple has been investigated electrochemicaliy in agueocus media over the
entire pH range, andd the electronic spectral properties reported [409].

A matrix jisolation IR spectral study of {MnPc] and {Mn{CQEP)) 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 ferromaghetic {MnPc) at 1.2 - 25
X, and the results discussed in terms of the crystal atructure (411]. The
kinetics of the reaction of 5,10,15,20-tetrakis(4-sulfonataphenyl Jporphyrin
with manganese({II) in the presence of cadmiuwm{II} were studied
spectroscopicaily {412). It is reported that, on exposure to GOCO y-rays at 77
K, manganese{ III) porphyrinas are reduced to manganese(II) porphyrins.
chararterisation of the products was by EPR spectroscopy [413].

Two face—to—face bimetallic complemes (MM'(PTP4)); (71), have been
aynthesised with the dJdiporphyrin, cryptically known as FTF4, one complex
having M = M’ = Mn, the other having M= Co, M' = Mn: pgpectral data were

presented [414].

(L)
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Reaction of manganaga( Il ) ethanoate with the porphyrins
tetzrapnenylporphyrin {TPP}, tearra—d-mechoxyphenylporphyrin {THEE),
nematoporphyrin TX (HPIXY or coproporphyrin (CP) at high pressure and shear
deformation yields tne complexes {Mn{TPP)). [(Mn(TMPP)I, [Mn{ FPIX)] or
(vn{CP)], rTespectively (415]. The temperature dependencies of tha magnetic
susceptibilities of a number of manganese porphyrins were determined, and the
factors influencing the magnetic behaviour were discusaed {4181,

Other work on porphyrine includes the igolation, characterisation and
reactivity of high-valent oxomanganoporphyrins [417]; the elaectrochemical and
apectroscopic study of 3,5-di—tert-butylcatecholato and
3,5-di-tert-butyl-2-benzogamiquinonatoe complaxes of manganese{III) and
manganese{ IV) porphyring [418]; and factors affecting the electron trangfer

and ligand addition reactions of manganese tetraphenylporphyrins [419].

2.8 BINARY AND TERNARY COXIDES

When HrlClz. NKISOQ. anoa, l-mcoa, Hha'D‘, HnDz or K{Hr.lOQ] are added to a

L12003/Na2003/K2m3 eurectic under argon or carbon dioxide, the final productsa

are salta, mainly of manganesa!lIV) oxvanicns, including [ln!:rxoz-;_ 2-
o, M 1T,
[ aJ

(nm33" and [unzosjz_ [420]. High temperature ¥-ray analysis of +the spinels

ugmma_:o s has given information on the distribution of cations in tetrahedral

and octahedral sublatticea, The distribution is independent of temperature
between 700 °C and 1000 °C [421]. Using the EPR signal of Mn O impurities in
MnO, it has been possible to show that the mao s is primarily congentrated on
the surface of the MnO [422]. Oxidation of manganese(II} ions with 02 gas at

2989 K vyielda a synthetic cryptomelane szaols' B detailed study of the
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interralation of the wmanganese ores nsutite, Thauemannite, manganite,
pyrelysite and cryptomelane has been presented [423]. Reaction of l£t1.3!:'.'4 with
butyllithium at room temperature yielded the miwed oxides I..i.xlllnao a (0 <=z ¢«
2): elactrochemical and X-ray diffraction data were presented [424].
Fhotoelectron spectroscopy was ugsed to gtudy the reactions of manganese
with dioxygen and water at different pressures and temperatures, to yield MnO,

unzoa, lmso

A and M:n(OH)z [425]1. A thermcgravipetric method was used to axamine

the equilibria:

M0, = Mn 0, + 1/20,

at 790 - 990 °C and 466 - 495 °C reppectively, at partial pressures of
dicoxygen less than one atmosphere [42€].

annm205 wag Bhoasm to have ferroelactric properties with

antiferrcmagnetic ordering by studying the temperature dependence of the
pyroelectricity, dielectric constant, diealectric losa, conductivity and
magnetic sumceptibility of the ocompound [427]. The lattice constants for

(I.;o BO‘O z)mm3 have been determined by X-ray powder diffraction, and the

results are presented [428]. The synthesis and characterisation of the layered

mAnRganates C‘:.{-a.-""zoz.-raz- was reported [429]. A Mossbauver wspectroscopic atudy

of the octahadral sités in Co_FPa Mn 0. and
X Yy 3Ty 4

uixpayms—:c—yoé has ghown that the iron{XI1I) ions are incorporated into two

gites of octahedral symmetry [430].
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2.9 MIXED OXIDATION STATE AND NITROSYL COMPLEXES

Polarographic reduction of [anLQOZJH {where L = 2,2'-hipyridine or
1.lo-phenanthroline) shows three well defined diffusion controlled waves
corresponding to 1, 2 and 3—electron transfers for both diimine ligands [431].
Detailed calculations on [Hn(HZG )5(02)Jn+ {n = 0-3) were carried out by
CNDO-UHF and MO-LCAO-S5CP technigques, amni the complexes have bheen classified
according to the degree of oxygen activation [43z2].

A large nurmber of complexes of the general formula
[CL(NH ) Ma(H, yoeg s, )ecljnm' (where M is Cr or V) bhave been studied
thaoretically to examine the electronic factors invelved in (p.—Nz) activation,
using CNDO-UHF and MO-LCAD-SCF technigques [433], For [m(cu)scmn“_ (n =2 or
3), calculations with the scaled-INDC method have been used to give data on
the electron dengity on the KO ligande, the bond order and bond lengths of the
K-, C-N, Mn—C and Mn—¥N bonds, and the NO and CN =tretching frequencies [4234).

The compound {HB4N]£Hn2(CN)G}.BE!20 was examined by X~ray crystallography
and shown to contain low spin octahedral manganesea(III) ions C—coordinated,
and high B8pin octahadral manganese{II} ions bonded to two NC groups and four
Hzo groupa [102]. The magnetic propertiea were discussed [103].

Reaction of manganese{IIl} chloride with tetramethylammonium
1, 2-dicyanocyclopentadienide ([Me 4N1[dccp] in water, and recrystallisation of
the product from ethanenitrile affords a complex  which analyses as
[!ﬁe‘tﬂlzimz(dccp)S(M)szO]: the product may be polymeric [435], 7The
trimeric apeciea [(uecp)glmz(p—ﬂo }a(yB—No)] has been synthesised and the

reduction reactione of the N0 ligands inveptigated. The cryetal structures of

the protonated species [(Mecp) Mn (N0 )3(p3—ma Y1(BF ] and
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[(H&cp)alma(NO)a(p.a—NOﬁ}](PFél were reported. Other spectral data were also
presented {436]. The crystal structure has been reported of the trimer
{!&13( 3%556 )4], which has two (H!nr..zi_ groups {HL = 3-methyl-l,4-pentadiene)
bridged by one manganese({II} centre, Its electronic structure has also been

atudied [{437].
2.10 BINARY COMPCUNDS OF THE GROUP 15 ELEMENTS

The heat capacity of the manganese nitride Mn 4“ was determined over a
temperatiire range & - 500 K: no ancmaly was observed, and varioua
tharmodynamic functions were guoted [438]. The structural properties of the
phosphide and arsenide Ni].smsp'? and Nilsnnaaa,], have been inveptigated by
¥X-ray powder diffraction. The structures, which are Aisomorphous with the
ailicide "1151‘"'5317' were briefly Qdiacussed [43%].

2.11 OTHER COMPOUNDS

The laser photoelectron gspectra of [MnH] and [MnD] have been reported,
with a gqualitative dJdescription of the electronic structure of low- and
high—-spin metal hydrides, An interpretation of the spectra was given [4490].
The titanium manganese hydride Til.zml. 833 was etudied by high resolution
guasi-elastic neutron gcattering to follow the hydride diffusion in the Lawves
phase hydride., A detailed analysis of the results was presented ({441]. The
nydrides of zrunzho_e were examined by Mosgbauer and 1g o apectroscopy,
and show an increased hydrogen uptake over Zrllnz fa42].

The intercalate mo.stasz shows X-ray photoemissions which are related
to charge trapnsfer from the manganese to the hoet band etructure [443].

A review haa baen published covering manganese clugters [444)].
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