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Introduction

This review deals mainly with the inorganic and coordination chemistry
of manganese which was cited in Chemical Abstracts, Volumes 98 and 99. Most of
the work, therefore, was published in 1983, while some papers from the end of
1982 have been included. The major Jjournals (i.e. J. Chem. Soc., Dalton
Trans., J. Chem. Soc., Chem. Commun., Inorg. Chem. and J. Am. Chem. Scoc.) are
reviewed for +the full year of 1983. Organometallic chemistry is not formally
included, but reference is made to some papers, possibly of general interest.
Kinetic and mechanistic work is also excluded, as is purely magnetic, except

where some direct relationship to coordination chemistry is involved.

2.1 HIGH OXIDATION STATES

The UV-VIS and IR spectra are reported for [Hn207] in the solid state
and in low temperature matrices. The IR spectra are consistent with a bridged
structure, and suggest a wide Mn-O-Mn angle. The electronic spectra show
vibrational progressions and are compared with other manganese{VII) oxo
gpecies [1]. A study of the spin-spin and spin-lattice relaxation rates in
the gquadrupolar manganese nucleus in [MnQ 4]_ has been undertaken, and shows
that when these rates are a minimum with temperature, the lifetime of the
excited vibrational state is 1less than the correlation time of the

orientational motion {2]. The vibrational spectrum of [Mno BF] was presented

and analysed, and all related constants calculated. These were compared to its
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chromium fluoro— and chlore— analogues [3]. Reduction of the oxides K[Mno“]
and [Mnoz] by hydroxylamine produces manganese(II) species. In alkaline media,
the reduction of manganese(VII) and manganese(VI) is rapid, while <that of

manganese(IV) is slow (41,

2.2 MANGANESE(IV)

2.2.1 Oxides

The oxidation of manganese(II) salts by K[C103] and Na[ClOsj to HnOz has
been reported. The products differ in crystalline form with the oxidant ana
the conditions used, and were characterised by X-ray powder diffraction, IR
spectroscopy, and chemical and electrochemical reactivity [5]. Examination of
possible structures has provided information into the enhanced electrochemical

performance of MnO_ in aqueous sSolution and in lithium cells [6], while

2
reoxidation of crude llno2 yields chemical Hnoz (CMD) [7]. The structural data
of electrolytic and chemical !!no2 has been reviewed [8]. By doping iron into
nnoz, the thermal characteristics of the compound have been changed, as shown
by DIA, thermogravimetry and X-ray diffraction; the results were discussed in
detail [9]. A statistical thermodynamics approach to the electrical potential
of manganese(IV) oxohydroxides has been presented, including modifications for
two types of current carrier, and solid solutions of wvarying composition
{10,11]. So—-called s-l'lrno2 was reinvestigated and found to be a mixture of two
other forme in sodium hydroxide solution, while in potassium hydroxide
solution only one form was observed. High temperature treatment of the
compound in alkaline solution led to a range of oxides and hydroxides
depending on reaction conditions ([12]. The moz/azso4 equilibrium has been
gtudied by titration, complexometric titration, electron wmicroscopy and
electron diffraction techniques. The process of dissolution has been analysed

and the results presented [13].
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The new heteropolymolybdate Kzﬂe[HnMo7oze}.4H20 has been prepared and
characterised by diffuse reflectance electronic spectroscopy, magnetic
moments, DTA and TGA, and shown by X-ray powder diffraction to be isomorphous

with the nickel(IV) compound [14].

2.2.2 Haltdes and halocomplexes

The £luoromanganate(lV) salt K[HnFs] has been synthesised from Mno2 and
K[HFZI, and characterised by X—ray powder diffraction, DTA and TGA {15]). The
electronic spectrum of [Mmrs}z_ has been studied in detail and is interpreted
in terms of its electronic configuration [16].

A series of dichlorobis(N—-alkylsalicylidene—aminato )manganese(IV)
complexes [Mn(N(R)x—sal)ZClz] were prepared by oxidation with HCl1 of a
manganese( III) complex [Mn{N(R)x—sal)zcl}. The products were characterised by
their physical properties, magnetic moments, UV-VIS and IR spectra,and

electrochemistry [17].

2.2.3 Other compleres

Aerial oxidation of aqueocus solutions of manganese(Il) in the presence
of 1,4,7-triazacyclononane and bromide ions produces a black compound
[(C6315N3)4Mn496]Bra's(OH)o's.GHZO. The crystal structure has been determined,

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

Fig. 1: Central {Mn,o } vnit
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Redox titrimetric, UV-vIS and IR spectroscopic and magnetic moment data were
also quoted [18]. 3,5-ditertbutylcatechol (dtbcaz) has been used to synthegise
the complex Naz[nn( dtbe) 3].6C53CN, which was characterised by X-ray
crystallography and lH/]'3C NMR spectroscopy and shown to have almost perfect
octahedral symmetry in the solid which is retained in solution. The reaction

of the anion with the superoxide ion, [02]_, has been studied by magnetic,

spectroscopic and electrochemical techniques [19].

2.3 MANGANESE(III)

2.3.1 Oxides and Hydroxides

The mixed oxides Ln_Mn

MR, /3W2 /30_’ have rhombohedral pyrochlore structures,

as shown by X-ray diffraction studies. The magnetic susceptibilities were also
presented [20]. Solid phase studies have been carried out on Bizos—ma(u = Mo

or W)—Hn203 systems in an attempt to synthesise Bias"nzmso' The products were

80lid solutions with the 5-31203 structure: the lattice parameters were quoted
f21]. The mixed oxide system y-Mn 2o3~a—Pezoa—a—Hn203 exhibits
superparamagnetic behaviour, and the results were discussed [22].

The manganese(III) hydroxides, na[nn( OH) 6] 2 (M = Ca or Sr) were prepared
from basic Mn( CSHBCC)O)Q/}S:}.2 solutions and thoroughly characterised by XPES and
IR spectroscopy. Crystal structure analysis indicates that both have the cubic

hydrogarnet structure, with parameters g = 12.437(S) & (ca) and a = 12.882(5)

& (sr) [23,24]. The heteropolytungstate [B‘;Mrt(on2 )w11039]7_ has been prepared
as the potassium and ammonium salts, and has analogous properties to those of
aniong with other hetero—central atoms: B, P, Si, or Zn {25]. High temperature
decomposition of lanthanum and manganese oxalates yields amorphous compounds
up to 540 °c, but at 600 °c LaMnO, is produced. X-ray powder diffraction

spectra were presented and discussed [26].
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2.3.2 Phospnates

The crystal structure of twinned Mn!i3[903} 2.2E!20 is reported. The unit
cell is monoclinic, gpace group P2 1/b. The manganese(III) ions are in a
distorted octahedral environment with two trans-Hzo melecules and bidentate,
bridging [P03}2_ions [27]. MnH[?207] also has a monoclinic¢ unit cell, with
space group P2 l/n. The manganese has an octahedral environment, the crystal
consisting of {Mn_O._} wunits: two {Hnos} units sharing one edge. A hydrogen

2710

bond projection was given [27].

2.3.3 Fluoride and Cxocyanide Compleres

Three polymorphs of Cs ZNa.[HnFGI have been prepared and the structures
solved by X-ray diffraction. At pressures >5 atm, a cubic a-phase is formed;
by quenching from 700 °C, a y—form can be trapped:; while the normal p-phase is
a variant of the y~phase [29]. The salts n[unrsj.nzo (M = Ba or S3r) were
prepared, and studied by X-ray crystallography. The structure contains
*¢rang—chains" of (MnPG} octahedra, and these one—dimensional chains show
antiferromagnetic¢ interactions which were studied by magnetic susceptibility
and Mossbauer spectroscopy {30]. The vibrational, resonance Raman and
electronic spectra of the polycrystalline K7[Mn20(CN)lo][CN] were recorded and

assignments made [31].

2.3.4 Compounds of Phosphorus and Arsenic
The crystallographic parameters of [ml—zp:r] (0 <« x ¢« 0.275) were
determined as functions of temperature over the range 100-600 K, and the

temperature dependence of these parameters was related to the variation of

magnetic properties with temperature [32].
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2.3.5 Other Complexes

The manganese( IIl) complex Na[Mn(dtbc) 3 1. qcnacn ( cli:):;cn2 =
3,5—ditertbutylcatechol) was synthesiged in a manner analogous to that of the
manganese(IV) complex, and its reaction with the superoxide ion [02]_
investigated by Cv ([19]. When alcoholic solutions of (Mn(acac )3] or
[Mn(acac )2( tfa)] are irradiated with UV radiation, the manganese(II)
[Mn( acac )2] complex is produced. EPR spectra of the photolysed solutions at 77
KX show the reduced [Mn(acac )z] species and the oxidation product [33].
[Mn( acac)al has also been shown to react with protic and aprotic solvents in
the presence of perchloric acid to form pentane-2,4dione and a
ligand—displaced complex [34].

Complexes with the tridentate Schiff bases S-Xsalamp; (1), and

5-Xsalaep; (2),

N- (CHZ)n

NO

n = 1:salamp; (1l); n = 2:salaep; (2)
X’NOZ, MeO, H, Cl
{Mn( s—nalamp)zl[ucs] and [Mn(s—xaa.laep)z][ncs] were prepared, and
characterised by spectral, magnetic and comductance techniques. Chemical and
electrochemical studies were also carried out [35]. The reactions of the

chloromanganese(IIY) Schiff base complexes (3):



204

) Ry
OHC CHO
—~Mn— i
Ho@ CHz{go 01}— cH.{ 0 YoH
4N
1
" ’M 2
Ho{©) EH2<§§ 0 CH=NR
. an

(3)

with supercxide ion [02 ]_ in dmso solution were compared for the monomers (n =
1) and higher oligomers (n = 3-5). While the monomeric complexes were reduced
to wmanganese(II) species, the polymers tended to form oxygenated complexes.

Magnetic susceptibilities, UV-VIS spectra and polarograms were recorded and

the data are presented [36]. The complexes {an(HZL)X4].nH20 and [Mn_TLX }.nﬂzo

(X = C1, Noa, Ozcue or OH), where LH4 ig the ligand formed frowm the reaction

between salicylaldehyde and various aliphatic dicarboxylic acid dihydrazides:

2 NNHC(CHy) CNNH= :OH
m=1-4
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were prepared from solutions of low and high pH respectively, and were
characterised by elemental analysis, magnetic susceptibility and IR,
electronic and Mossbauer spectroscopy. The complexes have low magnetic moments
{ By £f = 3.3-4.6 p.a), which was explained in terms of antiferromagnetic
interactions. The 1ligand is hexadentate, and complexes are believed to be

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

@OAN@s@NHZ

(4)

formed in the reaction between bis( 4-aminophenyl )sulfide and
2~acetylthiopheneglyoxal, has been used to synthesise the complex
[MnL'2]C13which was subsequently characterised by IR and electronic
spectroscopy and magnetic¢ woments: ligand field parameters were guoted. The
complex is paramagnetic, octahedrally coordinated and high spin, with <the
ligand bonding through the thiophene S5, carbonyl 0 and azomethine N atoms
{38]. The five—coordinate complex {Mn( tetraoneN 4)01]; (5), has Dbeen
synthesised and can be electrochemically reduced to the manganese(II) complex.
This then reacts with oxygen gas to reform the manganese(II1I) species [38a].

A series of complexes of manganese(III) with dipicolinic acid
{ pyridine-2,6—dicarboxylic acid; pdcﬂz) and one of the moncbasic acids (HL"):
piceolinic acid { pyridine~2-carboxylic acid), nicotinic acid
{ pyridine—-3—carboxylic acid), isonicotinic acid (pyridine—4-carboxylic acid),

aminophenol, glycine or 2- and 4—-aminobenzoic acids, formulated as
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Wp—x/

E6H12'

(s) m-xylylene

fMn( pdc )L"].xﬂzo, have been prepared, and characterised by elemental analyses,
magnetic susceptibility and electrical conductivity measurements, and IR and

electronic spectroscopy. A polymeric structure is suggested with the ligand L*

being bidentate, while the authors propose dipicolinic acid to be a
pentadentate bridging chelating ligand [39]. The spin-free five-coordinate
complexes [Hancl] . (where HI, is diethyldithiocarbamic acid,
morpholinodithiocarbamic acid, piperidinodithiocarbamic acid,
8~hydroxyquinoline or pyridine—-2-carboxylic acid) were prepared by reacting
[HnLa] with HC1l in dichloromethane solution. The monomeric compounds are
non-electrolytes, and wmolar conductance, magnetic susceptibility, wmolecular
weight and spectral data were quoted [40]. A study of the Jahn—Teller effect

in [{(l*!!lz)ZCO}SMn]I:Cl('.)“]3 is reported [4l1].

2.4 MANGANESE(II)

2.4.1 Oxides
Self-consistent Korringa—Kohn—Rostoker band calculations indicate that

antiferromagnetic MnO is an insulator. The equilibrium lattice constant and
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total energy are calculated for this state (42]. The solid solution formed
between MnO and Ca0 has been investigated over a wide range of compoeitions by
magnetic susceptibility, EPR and diffuse reflectance spectroscopy techniques
[43]. Mealts of MnO in Sio2 under helium were studied by X-ray diffraction, and
radial distribution functions and interatomic distances are qucted. The melt
contains (Sio 4} tetrahedra and {Mnos} octahedra {44].

The polycrystalline compound HnGazo is a gpinel-like double oxide; the

4
crystal structure was presented and discussed [45]. The ferrites (Zn,Mn)Fezo s
have been synthesised directly from MnO, and some properties briefly noted
[(46]. Another preparation of the ferrites MnFezo s and Mno. SZno‘sPezo a involves
the Thydrolysis of pentane-2,4-dionato complexes of manganese(II) with

Pe( oczns)a, with or without the presence of pentane-2,4-dionato zinc complexes

[47]. The anisotropic thermal expansion coefficients of Mnsbzo A have been
examined, and the anomalous expansion between 6 K and 11&% K related to

manganese(II) ion magnetic ordering [48].

2.4.2 Sulftides

Reactions of elemental wanganese with anhydrous sodium carbonate and
elemental sulfur at 870 K yields the thiomanganate(Il), Naztnnzsa}, as bright
red crystals; X-ray diffraction shows that the unit cell is monoclinic, with
the new space group C2/c¢. The crystal containg (MnsS 4} tetrahedra sharing edges
to form four-membered chains, which are cross-—linked into sheets. Magnetic
gusceptibility measurements show that there are antiferromagnetic interactions
between manganese atoms {49). X-ray diffraction studies of KLi[HnSZ] indicate
that the unit cell is tetragonal, space group P, The compound is not
isomorphous with the zinc or iron analogues [50].

High temperature reaction of manganese(II) sulfide with sodium gnd
potassium polyphosphates in a nitrogen atmosphere produces hydrogen sulfide,
elemental sulfur and sulfur dioxide, while the phoaphate is reduced to

phosphide and some manganese(II) is oxidised to manganese(III) [51].
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A crystal of [Zn

. . 1
o.zsmo.mf‘eo.nso.s] found in Franckeite was analysed

by electron microscopy and microanalysis. The crystal is polytypic, and the
diffraction patterns were indexed in terms of an hexagonal unit cell [52]. The
crystal structure of Lasmzcazsl 4 has been determined, and also has an
hexagonal unit cell, space group P6 3 The coordination of the manganese atom

iz in the form of a triangular antiprism, with the metal being almost central

[53].

2.4.3 Halldes, Pgseudohalides and Oxohalides

2.4.3.1 Fluorides and Orxofluorides

The electron diffraction study of Man in the gas phase at 1400 K is
reported. The molecule has a linear structure with an Mn-F distance of
1.813(5) 2 anda an P-F distance of 3.615(5) R ([54]. A detailed theoretical
analysis of the first—order Raman spectra of Man single crystals measured at
4.2 - 563 K 1is presented, covering frequency shifts and the temperature
dependence of line widths [55]. The crystal structure analysis of Man has
been used for a reliability test of intensity variances as developed by
Gonschorek {56]. The absorption, emission and excitation spectra of Man doped
with N12+ ions have been recorded and are discussed ([57]. Watson's SCF
procedure has been used to calculate energy levels in MnE‘z, and a close
correlation igs observed with the results of optical absorption spectroscopy
[58], while the photcemission energy distributions have been obtained from the
valence bands of Mnl?za.nd KMnFB, and the results are interpreted on the matrix
element model. The 1.:2';—eg separations agree with the SCF-Xax calculations on
[Mnrs]k [59]. A method for regulated cryatal growth of, especially, MnF2 and
mm=3 ig reported [60].

The trifluoroaquamanganates(II), A[Hn!-‘a(nzo)] (A = NH4, Na or K), have
been prepared by reacting K{MnO 4] with hydrazine hydrate in the presence of
A[Hr'z]. The rubidium and caesium salts were alsc prepared. Characterisation

was by elemental analysis, magnetic susceptibility, pyrolysis, IR spectroscopy
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and chemical determination of oxidation state {61]. From an X-ray diffraction

study of KMnF_ at 293 K, the unit cell was deduced to be cubic with space

3
group Pm3m: dimensions are quoted., Furthermore, a study of the electron
density distribution has shown that the Mn2+ ions are in +the high spin
( t29)3(eg )2 state [62]. The absorption and magnetic circular dichroism spectra
of libunl?:_l have been recorded and the Faraday effect studied in the range 9000
- 37000 cm 1, at 90 - 570 K. The components of the Paraday effect were

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

acoustic pulse in mr's is reported, and an equation derived to describe the
phenomenon {[64], The magnetic properties of {NH 4]Hnl-‘3 have been thoroughly
investigated and are discussed with respect to the solid state structure [65].

.G—CBZ[MnF‘}] was prepared from CsF and Hnrz at 900 X under hydrogen gas,
with rapid cooling to prevent formation of u—CsztnnF 4] {66]. X-ray and neutron
diffraction studies of Ba[MnF 4] have failed to confirm the obgervation of
distortion with the wave vector reported by Scott. A detailed analyeis of the
measurements taken was presented [67].

The compounds [NH4]nnFeP [Nﬂ4]ur\CrF6 and RthPer have been prepared

6’
and analysed by X-ray crystallography. The structure was solved for
{NH 4]l!nPeF6, and shown to contain {nnreFl o} bioctahedra connected by vertices.
Magnetic and Mossbauer spectroscopi¢c studieg have also been carrjed out, A
detailed discussion of the structure was presented [6B]. The structure of
Li!!nFaFG has also been examined by X~ray and neutron diffraction, and shows a
phase change from the o-form to the p—form at 560 °C. The structure is of the
Naz[s:i.rs] type with a new form of cationic ordexr, and was discussed in detail
{69]. 57pe Mossbaver spectra were recorded for the modified pyrochlore
CeMiPeF, between 1.5 X and room temperaturs. Although the re>t ions are
randomly situated in the crystal, there are two distinct sites, as recently
reported. The compound is antiferromagnetic with a Néel temperature of 25 K

{70]. Specific heat measurements on Csmw'el?6 also show a magnetic specific

heat at about 27 K {71].



210

The mixed fluorides annl—a:pz (M = Zn or Co) were prepared for a range
of compositions, and the magnetic susceptibilities studied over a wide range
of temperatures to discover the variation of Néel temperature with composition
[(72]. For the mixed fluorides Mn._thl_sz, photoelectron spectroscopy was used
to study the distribution of the density of states in the valence band region

and the results related to composition [73). Furthermore, the valence and
conduction band structures have been examined by UPS ({74], and Auger
spectroscopic analysis shows that the cd2+( 4d) band is shifted to lower energy
as the concentration of manganese ions increases [75].

Reaction of KF, Mng, MgoO, s:io2 and Mn[czo41 yielded mica crystals which
were studied by X-ray diffraction and shown to be
K(Mgz.44’”’0.24““3.32”"0.19 )olon' Analysis of the structure shows that

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

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

2.4.3.2 Chlorides, Bromides and I[odides

The low temperature perovskite—-type structure of [C3H7N33] 2[Mnt:J. 4} has
been studied by neutron diffraction and the observed phase modulation analysed
[77], while an X-ray study of the phase transition in the same compound is
reported [78]. The complex [cystH] 2[MhCl 4] (cyst = cystamine) has also been
Prepared and characterised [79].

A neutron scattering study was performed on [I‘lﬁa(cﬂ2 )BNBQJ[MnCl 4] to
examine the motions of the NH?. groupg over a temperature range of 40 - 300 K
[80]. The 1low frequency Raman and inelastic neutron scattering aspectra of
[CE3N33 ]z[!mcl 4] at low temperature were recorded and analysed, and a complete
assignment proposed [8l1]. The low temperature structure of [(CE(3 ) 4N]MnCl3 hag
been investigated by Raman spectroscopy and was discussed with reference to
Previous NMR spectroscopic and neutron diffraction work [82]. The EPR spectrum

of [((:El3 ) 4-N]“ncj'3 was measured with far—IR lasers and pulsed magnetic fields.

The observed behaviour was considered in texms of an antiferromagnetic
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resonance gpectrum [83]. Luminescent parameters for [csnsm]z[mx4] (X = c1,
Br) which were not previously accessible have been determined from the force
constants from vibrational spectra [B4].

Although the cell dimensions previously determined for MnBrz.t}Bzo are

correct, an EXAFS study has shown that the bond-lengthe are in errox [85].

The low temperature EPR spectra in matrix isolation of HnClz, nnBrz,
Hn12 and MnS, together with the manganese(I) halides, have been recorded and
are presented along with zero—field splittings, 55Mn hyperfine interactions
and g-values. A correlation is shown between these values and the change in
ionicity ([85a)}. The optical spectra of nn2+ ions in both dipolar form and
forming Suzuki-phase precipitates have been studied by photostimulated
luminescence methods at room temperature and 77 K. An analysis of the spectra
is presented in terme of the electronic configurations of the species [86]. A
detailed study of the energy 1level schemes for Han, MnClz, MhCIZ.ZHZO,

HnClz.AlH 0 and nnBr:2 indicates that the participation of 3d electrons in Mn-X

2
bonding in the crystals can be quantified by an effective occupation number.
The values calculated, {.e. numbers of 3d electrons participating in bond
formation, are: !Im"2 0.08; HnClz 0.1; M:nBr:2 0.2 [87].

The differential paramagnetic susceptibility, X, was measured as a
function of the applied field for the antiferromagnets Mnclz.tmzo and

MnBrz.Aﬂzo, Simple models were used to describe the systems ([B88]. The
temperature—dependence of the S°C1 NQR frequencies of the chloroanilinium

cation in [4-ClC GH NH

" 3]2['Mnc:J.qu was studied, and the results analysed in

terms of a two-dimensional antiferromagnetic behaviour {89].

The equilibrium involving Mnc.‘l2 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 wexre discussed in
detail, being mainly higher oxides and hydroxides of manganese [90]. The
HnBrz—dmf—Hzo ternary system has been investigated by isotherxrmal solubility

measurements. The congruently soluble m:z.zdmf.znzo was found; solubility
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data were presented [91]. The solublity isotherm at 298 K was determined for

the Mnclz—dmso gsystem, and the equilibrium solid phase was shown to contain

MnC12.4H20 and Mnclz.dmso.ZHzo {92]. The diffusion of Mncl2 in aqueous sodium
chloride solution has been examined by an electrochemical technique, and it
has been shown that the diffusion coefficient increases with sodium chloride

concentration. The hydration number of Mncl2 igs 3.5 [93].

The phase diagram of [CH_NH_]

JNH, 1, (M) Cu C1 ] (0.03

x £ 0.96) is presented and discussed. For x = 0.03, the crystal structure has
been solved and presented [94]. The phase transitions in [(CH3 ) 4bl]lémCl3
between 20 K and 300 K were followed by Raman spectroscopy. Spectral data and
group theoretical analysis indicate that the space group is P2 1/19 [95}. ‘The
heat capacity of [(CH3 ) 4N]MnCl3 over the range 1.5 -~ 300 K was reported, and
an anomalous entropy gain at 126 K noted and associated with the monoclinic to
hexagonal transition [96],

The heterocmetallic compound [NH 4] 41-"e2Mnc112 was prepared, and
characterised by elemental analysis, elec¢tronic spectroscopy and magnetic
susceptibility. The data were interpreted in terms of octahedral iron atoms,
and a linear arrangement of metal atoms with manganese at one end ([97]. The
temperature dependences of EPR spectra and magnetic susceptibility in zero
magnetic field have been studied in a new spin-—glass sz[unl_mCrmcl 4] over a
range of compositions [98].

The emission spectra of europium(III) doped into !<Mncl3 or l?.anCl3 were
recorded, together with the diffuse reflectance spectra of RanCl3.EnC13,
mncl3.EuC13, RanCl3 and I(Mncla. The observed emission bands were assigned to
europium( III) electronic transitions, and the abgorption bands to
manganese(II) d-d transitions: crystal field and Racah parameters were gquoted
[99].

The IR and Raman spectra of MnI 5 were recorded and used to interpret the
GA -4Eg, 4A1g transition in terms of one phonon progressions [{100]. The

1g
optical abscrption and magnetic circular dichroism spectra of single crystals
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of Mnl:z were reported over the range 1.5 — 300 K, All electronic and magnetic

circular dichroism parameters were calculated and a detailed assigmment is

given for the fine structure of the Ghlg-‘lag, 41\19 transitions [101].

2,4.3.3 Cyanides

The compound [(C‘.Ha )4N]nnre(cu)6.8820 was examined by X—-ray
crystallography, and shown to contain low spin, octahedral iron(III), and high
apin manganese(II) bonded to two NC ligands and four water molecules {102].
Detailed magnetic Bstudies have been carried out and show the compound to be
antiferromagnetic below 9.3 K {103]. The IR and Raman vibrational spectra of
the [Mn(CN) €’]4'-' anion have been analysed and assigned completely, using
calculations based on the valence force field method, and there is good

agreement with experimental results {104].

2.4.4 Salts, Intercalates and Doped Crystals

2.4.4.1 Salts

Reaction of manganese(II) ethanocate with ammonium chromate(VI) can lead
to isolation of [NH4]2Mn[c:04]2 . ZHZO; (6), and

[NH*]GHH[CIOQ.]‘_.ZH 0; (7), which have been identified from X-ray diffraction

2
data. (7) irreversibly converts to (6), which can further convert to
[NE, ] Mn, [CrO,], and [NH, JMn, [CrO, ] OH.H.O [105]. Manganese( II)
hexafluoronicbate( IV), m[!{brsj, has been studied spectroscopically and shown
to have an Reoa-—type structure. The electronic spectrum has been assigned in
terms of crystal field theory {106]. The salt un[Nb0312 was prepared by
exchange reactions in agqueous solutions, and characterised by DTA and X-ray
diffraction. Mh[ltboa]z is completely soluble in water in the presence of
excess niobate(V), and manganese(II) is partially oxidised [107]. The Raman
spectxa of un[TiFS].Gﬂzo crystals were recorded and analysed, and mode

frquencies assigned [108], and the phase transition at about 200 K has been

studied by variable temperature IR spectroscopy and related to variations in
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the Mn—0 stretching frequency [l08a].

The vibrational spectra (Raman, IR and far IR) of Kznnzfso4]3 were
recorded and have been comprehensively studied and assigned. The spectra were
discussed with reference to similar salts [109]. The manganese(II)
dioxouranium(VI) salt Mn[UO,],[SO, ]{OH],.1.5H,0 was synthesised, and the
crystal structure determined by X-ray powder diffraction. The space group is
menoclinic, B2/m. A thermochemical study has also been conducted on the
compound and compared with those on isostructural salts [110]. Crystallisation
of manganese(II) and piperazine sulfate solutions produced three branches,
identified as Mnso4.5320, piperazine sulfate and mus04.[c4512N2][504}.6320.
The products were characterised by thermogravimetric analysis [111].

The crystal structure of MnPtBOG, as refined from neutron diffraction
experiments, shows the unit cell to contain a framework of planar (PtO 4} and
octahedral (Ptos} groups with a distorted, eight-coordinate manganese site.
Some cation disorder was also noted [112].

The crystal structure of Mn[VOa] 2.411 0 was reported to be isostructural

2
with Cd[voa] 2.4320, by X-ray powder diffraction evidence, the unit cell having
space dgroup Cc, with the manganese octahedrally surrounded by two water
molecules and four oxygen atoms from the anion [113].

An investigation has been carried out inte the precipitation of
manganese(II) from aquecus solutions of Mn{ClO 4] 2 and Na 4[on_’] over a range
of pH values. an[P207], NaZMn[on7] and MnO were identified. Equilibrium
constants and solubility data were dquoted [114]. The thermal stability of
Hn[HZPO 4] 2.ZHZO has been investigated with reference to structural changes,
and the dehydration of the crystalline hydrate was also studied by X-ray
powder diffraction. The variation between the results for manganese(1I) and

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

m[HZPO‘l]Z.szO was also followed by IR spectroscopy, and the influence of
bonding within the compound on the spectra discussed [116]. Thermogravimetric

analysis of the cyc¢lic hexaphosphate !4!13[11601 8].nH:zo showed decomposition to
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occur through pyrophosphates and phosphoric acids, to a cyclic tetraphosphate
as final product [117]. Absorption and fluorescence spectra of manganese(II)
in phosphate, fluorophoshate and fluoride glasses, together with EPR
spectroscopic data, indicate the manganese ions to be in octahedral sites,
while the ionic contribution of the chemical bond between the m2+ ions and
the ligands increases with fluoride content [118]. The solid solution
r—( Zno.,’slmo.zs )3[!’0“]2 has been studied by neutron powder diffraction and the
structure shows that the =zinc ions occupy five—-coordinate sites while the
manganese ions occupy six—coordinate sites [119].

The crystal structure of Mn[ClO 4] 2,(:"Hzc\ has been reported, where the
manganese is octahedrally coordinated to the six water molecules. IR and Raman
gpectra were recorded over the temperature range 100 - 360 K, and ocbserved
bands were assigned [120]. The thermal decomposition of the perchlorate
hexahydrate salt has been studied by DTA and TGA, which showed that
decomposition was to the oxide via the dihydrate [121].

The 80lid solution formed between Hn[CO3] and Ca[OOa] has Dbeen
investigated over a wide range of composSitions by magnetic susceptibility, EPR
spectroscopy and diffuse reflectance spectroscopy [43].

lH NMR spéctroscopy studies on ethanoic acid exchange with manganese(II)
indicates that sclvent exchange occurs as a whole ethanoic acid molecule. Rate

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

manganese(II) in ethanoic acid sclution has also been determined ( "’a £F = 5,8

"B) [123].

The isothexrmal and nonisothexmal dehydration and decomposition of
nn[czo 4].zﬂzo in a dinitrogen atmosphere have been studied. Thermodynamic
parameters for the system have been evaluated and analysed [124]. An immersion
analysis of HI'I[CZOQ].n[NzH‘] (where O < n < 4) has shown that, where n is
integral, the salt is an individual compound, while, where n is fractional,
the salt is a mixture of phases [125].

An investigation of the systems Mn( HCOO ) 2/Mg( BCOO ) 2 and
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Mn( ch)z/cd(ncoo )2 shows a continuous geries of mixed crystals
cocrystallising, as the compounds M(HCOO )2.2520 are isomorphous [126].

2,4.4.2 Intercalates

Intercalation compounds of the c¢rystalline solid ansa have been
studied: pyridine forms an intercalate with MnPS a in which the pyridine
molecules are arranged between the {Psa} layers, perpendicular to the layers.
The basal spacing is 12.4 & [127]. The low frequency motions of [Cc:(cp)2]+
and (Cr( CGHG ) 2j[+ intercalated in Mn[PSBJ have been studied by inelastic
neutron scattering, and compared with the IR and Raman spectra of the
equivalent iodides [Co( cp)z]I and [c:(ceas )z}I. Assignments 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 related to the spectra
of 4,4"-bipyridine and N,N'-dimethyl-4,4'—bipyridinium chloride, and

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

2.4.4.3 Doped crystals
The X-band EPR spectra of manganese(II) doped into crystals of

Zn[SiFe].GH O were measured and analysed to evaluate the spin Hamiltonian

2
parameters [130]. Single crystals of Mg[SiI-‘s].GHZO doped with manganese(II)
have been studied by X-band EPR spectroscopy at various temperatures and the
results analysed [131], and have also been examined with reference to their
solid state transitions, paramagnetic resonance spectra and structure [132].
The EPR spectra of manganese(II) ions doped into [Mg( HZO) 6][Snc3.6] single
crystals at 77 K and 290 X were reported. The manganese(II) ions are shown to
be in unique, axially symmetric environments: [Mn(Hzo)6]2+ [133].

The EPR spectra of manganese(I1l) ions doped into Kzzn[xo4]2.6H20 (X= s
or Se) were recorded, and the parameters determined were found to agree with

those of Saraswat and Upreti [134}.The absorption spectra of manganese(XI) in

LiK[SO4] wae studied at room temperature and liquid nitrogen temperature. The
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structure of the bands was discussed and assigned, and the crystal field and
Racah parameters calculated [135]. An analysis of the luminescence spectrum of
a triglycine sulfate c¢rystal doped with manganese(II) has given information on
the spatial distribution of the ions in the crystal [136].

EPR and luminescence spectra of Ca{ZnF 4] doped with about 1%
manganese({II) showed the Mn2+ ions to occupy only zinc sites. The parameters
determined are in the same range as those for [WSJ‘}-. The luminescence
spectra do not perve as criteria to distinguish between four—- and
eight—-coordination [137]. The effect on the EPR spectrum of the trigonal
distortion on manganese(II) ions doped into Naz[ZnCJ. 4]‘3nz° was studied. The
axial splitting parameter D showed a dependence on the distortion when the two
were aligned ([138]. Crystals of Ser doped with manganese(II) have been
studied by EPR spectroscopy, and as well as cubic symmetry, some an+ ions
show trigonal symmetry due to defects in the crystal. Parameters were
evaluated and discussed [139]. The manganese(II)—doped 8o0lid solutions of
trissarcosine/calcium chloride and trissarcosine/calcium bromide were studied
by EPR spectroscopy. 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 [NH 4]I single crystals has been studied at
room temperature and analysed, being analogous to the [NH 4]Br/Mn2+ and
cecl/Mn®" systems (141). The EPR spectra of manganese(II)-doped CaCiCl, at
varying hydrostatic pressures were studied, and the effect on the axial
splitting parameter noted {[142].

The EPR powder spectrum of Mn> ™ in 2nS doped with copper has been
presented and discussed, together with a simple analytical method [143]. When
cs22n3s N doped with 4% manganese was studied by EPR sapectroscopy, two

non—-equivalent Hn2+centres were cobserved: fine and hyperfine structure

parameters were given [144].

The EPR spectra of ‘manganese(II) ions doped into tetragonal and

monoclinic Zan have been recorded and analysed in terms of the symmetry of
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the crystals and ionic interactions therein [145]. When manganege(II) is doped
into a Teoz/PbO glass, EPR spectra show several environments for the manganese
jon. At <5 mol. % MnO, the hyperfine sextet is clearly resolved, while for »5

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

2.4.5 Phosphine and Phosphine Orxide Complexes
A geries of compounds of formula ManE(Q)n (where L 1is a general

phosphine ligand; X is Cl1, Br, I, CN, Noz’ NO,_, OH, SCN, SeCN, or OCN; Q is a

3
solvent molecule) have been prepared and characterised. Their usés in the
removal of dioxygen from nitrogen gas, in the production of oxygen gas, and in
the absorption of dihydrogen, sulfur dioxide, alkenes and carbon monoxide were

discussed [147]. The reversible coordination of O_ to Mnxz(PRS) (X =Cl, Br, I

2
or NCS) was discussed with reference to solution (for the halide complexes)
and sclid state (isothiocyanate complex) systems. Equilibrium constants and
electronic and IR spectral data were also presented. Data on the uptake of
dioxygen were pregented and the reversibility of the reaction discussed [148].
The solution EPR spectra of the oxygenated manganese(II) species
[Mn(0, XPR)X,] (X =Cl, Br or I; R = Bu or Pent) were recorded between 0 °c
and -60 Oc, and indicate that the species in thf solution are six-coordinate
high-spin complexes with axial symmetry [149]. The previously published work
of Green and coworkers on manganese(II) halide phosphine systems was discussed
and their conclusions confirmed, while divergences from the method of
McAuliffe were noted. Further properties of such gystems were also 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 been published [152]. Other workers in the

field present IR spectral evidence which confirms the reversible reaction of
thz(PRB) with dioxygen, while suggesting that the chromophore is a
manganese(III) superoxide [153], and EPR spectroscopic and spectrophotometric

studies of [Mn2614(PR3)2] in toluene and thf have shown uptake of oxygen to be
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reversible at about 100 oc, forming a manganese(IXI) species ([154]. Future
developments are awaited with interest.

The reactions of manganese(II) dialkyle with tertiaxry phosphines or of
manganese(II) dichloride with manganese(Il) dialkyls in the presence of

phosphines leads to dimers [ann4(mle3 )z] (R = Cﬁzsznea, CHZC'MQ or anph)

3

and (an(anSiuea)4(pR'3)2] (PR'a = PEta, PPhMe, , Pthne or

2
P{cychl)3). The crystal structures of three of the compounds have been
determined by X-ray diffraction methods, and each contains two asymmetrically
bridging alkyls, one 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. z [155]:

|
C p
SN

_Mn Mn,_
ol \c/ P
|

”

FPig. 2: Central unit of [““234(“'3)2]

The preparation, and characterisation, using solution EPR spectroscopy
techniques, of the monomeric four—coordinate complexes

[MnR (PR’ ),] (PR’ = PMe_: R = CH _CMe Ph; PR’ = dmpe:

2
R = CHZCHezPh, CEZCMQ , CH Sl.!ha or Cﬂzph)

3 2

and the six-coordinate complex [Mn(Z-(CHz) )(dmpe)zl have also been

2C6Fa
described. The X-ray crystal structures of [an( (:thmezl’h)z(‘mae3 )2] and
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[Mn{2—( CHZ )2C6H4}(dmpe )2] have been detexrmined

and the former shows considerable distortion from tetrahedral. In 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)/& r(Mn-P)/&
[¥n,(CH,CHe Ph) (PMe_), ] 2.149(6) 2.633(4)

[Mn,{2-(CH,),CcH, }(dmpe),]  2.104-2.110 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 [Mnxz(dmpe)z] (X = Br, I or Me) has been reported, along with the crystal
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structures of {M.nBrz(dmpe)z}; (8), and [MnMez(dmpe)z}; (9).

(8); X = Br, (9); X = Me,

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

colourless, high-spin species ( By £5

= 2.4 U ’3). The stronger ligand field of the methyl

=5.9 uB), while the methyl complex is a
red, low-spin species (ue 5£
group is further confirmed by the Mn—-P bond lengths, which are ca. 0.4 A
shorter in the methyl complex than in the bromo complex. While reaction of
[M:nBrz( dmpe)z} with Mgnez yields the dimethyl complex above, reaction with
MgEtz or Li[AlH4] yields 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( Phapo )ZBrz} has been reported [158].

2.4.6 Schiff Base Complexes

The complex of manganese(II) chloride with
o—hydroxy—£-naphthaldehydethiosemicaxbazone, of formula [Mn({L)Cl] (where L is
the 1ligand), has been prepared, and its magnetic and EPR spectroscopic
properties examined. It has been assigned a square planar structure, with s =
3/2, B 3.86 p

eff. [<]

isoquinoline-3-aldoxime; X is Cl, Br, I, NCS, NCSe, ozcne or 1/2[804]) and

[159]. ([Mn(ga )zx2 ] (where qa is quinoline—2-aldoxime,
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[Mn(qa)z(Noa)][Nos] have been prepared, and characterisation includes molar
conductance, X-ray powder diffraction, VT magnetic susceptibility and
gspectroscopy. For X = Cl, Br or I, the structure is a dimeric, halo-bridged
distorted octahedron, while the others are monomeric pseudooctahedra [160].

The complexes [Mn(LHz)] and [anL(HZO)Q] (where LH is the ligand formed from

4
the reaction between salicylaldehyde and various aliphatic dicarboxylic acid

hydrazides):

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

n=1, 2 or 4

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

parameters have been calculated [1€1]. The manganese(II) complex with the
Schiff base vanillin sulfanilate was prepared and characterised, and shown to
be a low—spin octahedral complex [162]. The vanillin azine (vanaz) complexes,

of general formula [Mn(vanaz )xz] (X = NO Cl or NCS) and [Mn{vanaz )2}[C10

3’ 4}2.
were prepared, and characterisation indicates that the ligand is bidentate
through both nitrogen atoms {163]. Cinnamaldehyde azine (cinaz) is also
bidentate, forming tetrahedral complexes {Mn(cinaz )xz], [Mn( cinaz )2]x2 (X =
NO,, Cl or NCS) and [Mn(cinaz),][C10,], [164].

Manganese(IT) complexes with the Schiff bases made from
2—( aminomethyl Jpyridine or 2( 2—amincethyl )pyridine and substituted
salicylaldehyde or substituted pyridine-2Z-carboxaldehyde have been prepared

and characterised, and their properties compared [35]. [Mn(mbim)z(nmbts)z];
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(10), (mbim = 2-methylbenzimidazole, nmbtsH = N-6-methylbenzothiazol-2-yl
ealicylaldimine) has been synthesised, and is a non-electrolyte, with

octahedral coordination,

\ M -
N) ° Me@:s NC

(10)

the ligand nmbts binding through the phenolic 0 and exocyclic N atoms {165].

The hydrazone complexes {Mn({bdnph ) 2] [Cle 4] 2 (bdnph

benzil~2,4—dinitrophenylhydrazone) [166] and [Mn( bdh)zclz] (bdh =
biacetyldihydrazone) [167] have been synthesised and identified by standard
characterisation techniques. Two methods of bonding have been noted for the

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

NNH%-@

the deprotonated form is tridentate through phenolic ¢, carbonyl 0 and
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azomethine N, forming a complex (Mn{anbhz)Cl] .nﬁzo, while the protonated form
is Dbidentate through carbonyl © and azomethine N in the complex
{Mn( anbhzH ) 2Cl 2} [1i68]. Other  hydrazone complexes published include

{Mn(hbs )C1].2H O, where (hbs]” ig the tridentate anion of the Schiff base

2
prepared from salicylaldenyde and 2-hydrazinobenzoxazole; (1) [169]1:

N HO
O>-NHN=CH

(11)

and (Mn(hppd),] and [Mn(hppd )(MeOH), 1[0,CMe], where fhppd]  is the anion of
3—-( 2-hydroxyphenyl )-hydrazonopentane-2, 4~dione: the anionic ligand is
tridentate [170].

Semicarbazone complexes prepared include (Mn{bms )xz] (X =¢C1, [N°3 1,
{NCS] or {clo 4‘_l Y, where bms is benzilmonosemicarbazone 1713,
[Mn(btp )2(520)2} , vhere btpH is
4-benzoylthiosemicarbazone—3-methyl-l-phenyl-2-pyrazoline-5-one; (12) (17273:
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PhC= NNHCSNH,

e
N—N
Ph

(12)

and {Mn(bas)X,] (X = [NCS], (N0, or 1), (Mn(bas),IX, (X = cl, (€l0,1 or
[N03] and (Mn(das)X, ] (X = Cl, ([NCS], {Noa] or {C104J). where bas is
benzalacetonesemicarbazone; (13), and das is dibenzalacetonesemicarbazone;

(14) [173]:

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

(13) (18)

The cationic ligand 1l-acetyltrimethylammonium—
3~thio—4-phenylsemicarbazide (atps) has been used to prepare the complex
[nn(atps)xz]cl.nazo, where X is Br, Cl, 1/2[504], [ozcne] or [Noa]. The mode
of coordination is either through the carbonyl O or the thio S, and the azide
N [174). The complex of l-salicyl-4-bengzylamidothiosemicarbazone (sbtsH),
[Mn( sbts)z], was prepared and characterised by standard techniques. The
complex is six-coordinate with the 1ligand binding through the thicketo S,
imino N and phenolic 0 atoms [17S1].

The oxime complexes [m(pa.o)_ZCJ.z] (pao = pyridine-2-aldoxime) [176] and
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[Mn(dab)zclz] (dab = diacetylmonoximebenzoylhydrazone) [177] have been
prepared and characterised by standard techniques. The
bisacetylmonoximesalicylhydrazone anion, [hmsh]_, has been used to prepare
[Mn(bmsh)z] [178], 2-bromo—4—methyl—-6—acetylmonoxime—phencl (bmapH) forms a
manganese(II) complex an(bmap)z} [179], and the anion of o—benzilmonoxime,
(bmo]”, forms a complex (Mn(hmo)z]; (15), which is reported by the authors to

have square planar geometry [180].

M

N
O/

bmoH =" PhCOC=NOH

0
n/
N 0 Ph

(15)

Of the polymeric Schiff base complexes which have ben synthesised, one
ig based on the tetradentate terephthalaldehyde bissemicarbazone ligand, with
general formula [MnL.ZHzo}n f181], while other ligands prepared from
terephthalaldehyde and the hydrazides of benzoic acid or pyridine-3-carboxylic
acid have also been used [182]. The Schiff base derived from 3-toluidine and

4,4'—(4,4'-biphenylenebisazo )di(salicylaldehyde); (16),
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M X}

M HO

(ONCH{O)MNO)~ O NN{O)-CH=N(O)
OH Me

(o]

(16)

forms a dark, insoluble polychelate of manganese( II) {183], and reaction of
manganese( IT) ethanoate with salicylaldehyde and
3-xylylenebis{2—(1,3—diamino )propane} results in the formation of the dimeric

complex (17), which was fully characterised [184].

/

=
\

g

(17)

M

o
<
o
iz
——

O:J

Spectrophotometric evidence is presented to Show that a 1:2 complex is
formed between manganese(II) and methyl(benzothiazolyl )azoketoxime [185]. An

electrochemical study of the complex of manganese( IT) with the S8chiff 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 isolation of the analogous manganese(III) complex [186]. Stability
constants in aqueocus media are reported for the chelate [Mn(tb)z] ({Htb =
2~(thiophene—-2-aldimino )benzoic acid) together with other thermodynamic and
characterisation data [187)]. Stability constants are also recorded for the
manganese(IT) complexes of 2—carboxyphenylhydrazoacetoacetanilide,

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

2.4.7 Complexes of Nitrogen Donor Ligands

The complex [Mn([B]aneNa)z]C12 (where [9]aneN3 is
1, 4,7-triazacyclononane) was prepared by adding the macrocyclic ligand to a
solution of manganese(II) chloride in dmso. The electrochemistry was
investigated by cyclic voltammetry, and electronic spectra and magnetic data
were also presented {190]. The macrocyclic ligand
5,5,7,12,12,14~-hexamethyl-1, 4, 8,11~-tetraazacyclotetradecane (Mes[14]aneN4)
reacts with manganese(III) ethanoate in methanolic hydrochloric acid to form

the complex [Mh(Mes[lé]aneNé)clzj.ZH 0. Characterisation was by IR and lH NMR

2
spectroscopy and elemental analysis [191].

The EPR and photoacoustic spectra of the complexes of manganese(II)
thiocyanate and sulfate with the ligand hexamethylene tetramine have been
recorded in the solid state and in solution. Magnetic moments, photoacoustic
and EPR spectral parameters were presented in detail. The metal ions have
axial symmetry, and are six-—coordinate {192]. The stability constant for the
1:1 complex of manganese(II) with hexamethylene tetramine at 25°C in a

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

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

adduct [MnLCl]EBFQ] are reported, where L is the macrocycle (18):
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e

N
AN
Q

(18)

The manganese(Il) acts as a template for cyclising

2,9-di(N~2'-hydroxyethylhydrazine )~1, 10-phenanthroline with
2,6-diacetylpyridine [194]. The novel complex xz[nn(basen)zl (basen =
bis(2—-aminobenzenesulfonyl )ethylenediamine) has been prepared, and
characterised by standard spectroscopic and physical techniques. The
discussion of the structure and bonding proposes a distorted octahedral
environment with a possible polymeric configuration {195]. The crystal
structure of the manganese(II) adduct of
bis(3-methyl-2-pyridylimino)isoindoline (Hbpi), [Mn({bpI )2]; (19), is reported.
The ligands are anionic, tridentate and meridional in configuration, forming a

distorted octahedron around the central manganese [196].
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(19)

The complex [Mn(bipy)(NCS )2} hag been prepared by the thermolysis of
[Mn(bipy)Z(NCS)z], and has been shown by various spectrosicopic techniques to
contain a polymeric structure of zigzag chains. Variable temperature magnetic
susceptibility measurements have also been made [197]. The cyanide complexes

Naz[MnL(CN) nH O, where L is bipy or 1,10-phen, were prepared from the

1‘
4 2
metal, ligand and sodium cyanide in 8olution, and characterised by IR
spectroscopy and magnetic moment data {198].
The formation of [Hn(py)sj2+ in the presence of methanamide and dmf were
investigated peolarographically: formation constants were quoted [199]. The

complex of manganese(IX) chloride with perimethamine

( 2,4-diamino—-5—( 4—chlorophenyl )-6—ethyl-1, 3—~diazine: pma),

[MnClz(EZO)a(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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NN OMe
NHZ

perimethamine papaverine

The adduct MnClz.ZPap.Hcl (pap = papaverine) has been prepared and
characterised by standard techniques. The papaverine ligand is coordinated
through the heteroc—N atom {200a].

The crystal structure of trans-{Mn(NCS )2( pyrazole) 4] has been reported
showing trans-isothiocyanate groups and four pyrazole ligands in an equatorial
plane, the molecule being centrosymmetric. Variable temperature magnetic
studies, IR and diffuse reflectance electronic spectroscopy and TGA have been
carried out and the results were interpreted [201].

The crystal structure of [nn(imidn)GJClz.mzo has been reported, and

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

six imidazole molecules {202]. The crystal structure of [Mn{imidH) 4(320)2]c12
also shows octahedral coordination of the manganese, but the Mn—()H2 bonds are
longer than in the hexaaqua complex, and two Mn-imidH bonds are shorter than
in the hexaimidazole complex (the remaining two Mn-imidHE bonds Dbeing
comparable) {203]. The polymeric complex Mn(triaz )3C12 (triaz =
4-butyl-4H-1,2,4-triazole) was prepared and characterised. The ligand is
bidentate through N1 and N2, and the complex is six-coordinate and
paramagnetic {204]}.

The complex [Hn(NCS)z(dmtp)z(HZO)z] {dmtp = 5,7-dimethyl-
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{1,2,4]ltriazolo[1,5-alpyrimidine; (20),} has been prepared:

Me
NN
bqe[:;;t;l‘==b4

(20)

IR and electronic spectra were discussed. The ligand is monodentate through N3
{205]. The complexes [M(nmb)zclz} and [un(umb)ZBrz] (where mnb is
2-methyl-5-nitrobenzimidazole) have been synthesised, and characterised by
standard methods, and a polymeric, halide-bridged structure proposed [206].
The complexes [Mn({mab ) 2xz] and [Mn(mab ) 4x2] (where mab is
6-methyl-2-aminobenzothiazole: X is8 I, NCS or ozaae) were prepared and

characterised [207]. Reaction of 2-thicbarbituric acid (Btb) with

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

[zoej.

2.4.8 Compleres with Oxygen Donor Ligands

Ab initio calculations on [Mm(320)6]2+ have been made and the Mn—0
distance agrees closely with the experimentally determined value. Coordination
energiee, optimised geometriese and electron density changes were discussed
[209]. The complex of manganese(II) with the tetrabasic

1-hydroxyethylidenediphosphonic acid (H 4hedp) was prepared and formulated as
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[an(hedp)(ﬂzo)s] {210]. The crystal structure of the crown ether complex
[HnZClz( 1l8—-crown—6 )(Hzt'))s]cl2 has been described, consisting of {anclz(nzo)e}
units bonded to the crown ether via the hydrated water [211].

The ligand Diuret, !-IZNC(O)NHC(O)NH2 was used to synthesise
[m(biuret)zle.n.[-lzo (X = Cl, NO3 or chne) and [Hn(biuret)z(so4)(320)]. The
ligand is DYbidentate through the carbonyl oxygen atoms, and the manganese(1I)
has distorted octahedral symmetry [212]). Complex adducts were prepared of the
form [Han.ZQ] where HL is one of the following bidentate ligands:
pentane~2, 4—Adione, 1,1,1-trifluoropentane—2, 4—dione,
i,1,1,5,5,5-hexafluoropentane-2,4—dicne,
1,1,2,2,3,3,4,4-octafluorococtane—5, 7-dione or
heptafluorc—2, 2-dimethyloctane—3,5-dione and @ is one of the molecules
pyridine, dmf, dmso, tributylphosphate ox butanone: thermal stabilities were
compared [213]. A mass spectrometxic study of [Mn( tca)zl (Htca =
1,1,1-trichloropentane-2,4—-dione) has shown that although standard mass
spectrometric reactions occur, a very facile c¢hlorine rearrangement is of

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

The manganese(II) complexes [Hn(bap)z(ﬂzmz] and [IM(aa.p)z(BZO)z] {Hbap =
2—(benzoylaceto)phenol; Haap = 2-(acetoacetyl)phenol} were prepared, and
characterised as monomeric complexes by standard techniques. Although other
metal complexes of these potentially tridentate ligands can be converted to
binuclear species, the authors suggest this is not the case for manganese(II)
[215].

The vreaction of anhydrous manganese(II) chloride in wmethanol with
lithium 2,2*'-diphenylenedioxide (Lizdpd) yielded the corresponding complex

[Mn( dpd).zcnaoa] 5.52 “g) which will react with bases such as

(ueff.
pyridine and 2,2'-bipyridine to form octahedral complexes. Pyrocatechol (I.az)
reacts with manganese(lIl) chloride in the presence of an excess of
(u.e £5. = 5.59 5
1,8-dihydroxyanthroquinone (Hdaq) has been shown to form a mononuclear chelate

triethylamine to form {MnI{ rmta ) 4] ) [216].
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of formula [Mn(daq)z(HZO)Z]. Spectrogcopic and magnetic data were presented
and discussed with reference to the bonding in the complex [217].

The complexes [Mn(hyd),Cl,].4H,0, [Mn(hyd), (NCS),1.EtOH,
[Mn(hyﬂ)zsoqj.znzo and [Mn(hyd)z(ozcue)z].ZHzo (hyd = hydantoin) have been
prepared. The ligand is bridging and bidentate through the carbonyl oxygen
atoms {218)]. The complexes of alloxan, [Mn(alloxan)ZXé].nHZO (X = C1, “03'
ozcue or 1/2[804]) and [Mn(alloxan)z(NCS)z.1.5EtOE, were prepared, and
characterised by IR spectroscopy. The ligand is reported to coordinate through

"geveral"” carbonyl oxygen atoms [219],

NH 0
0 N}O HN 0

hydantoin alloxan

Manganese(II) cyanuric acid complexes [Mhchlz].o.SH o, [Manso4}.H20,

2
[Man(NCS)z]‘EtOH and [Man(ozcue)z].aﬂzo have been gsynthesised, and
characterised by analytical, spectroscopic and thermogravimetric techniques.
The cyanuric acid is O-bonded [220,221,222]. The isolation and
characterisation of [Mn(uracil)4(320)2]c12 and [Mn(uracil)2C12] were reported,

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

H
Og- N~ " NH
0 H

cyanuric acid uracil
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The IR spectrum of manganese(II) monochloroethancate was recorded and
compared to that of its nickel analogue {224]. The third polymorph of the
wanganese( IL)/(2,4,5-T) series (2,4,5-T = 2,4,5-trichlorophenoxyethanoic acid)
has been prepared and the structure shown by X-ray crystallography to be

[((2,4,5-T)Mn(H,0),},-4~(2,4,5-T),); (21) [225].
HO OH
HO O/NT?
\Mh/m\y//
O/I \ /l‘

HO OH o HO OH

OH OH

The manganese(Il) copper tartrate complex Mna {Cu 4012317019} 2.18320 has
been prepared and a thermal decomposition scheme proposed [226]. The Mossbauer
spectrum of iron(IXI) manganese(II) oxo iodoethanocate [Fezuno(CBZICOO)G(HZO)S]
was recorded to analyse the structure of the complex [227].

[N(Cﬂa) [!411(024::(':1"3 )4] was prepared and, on the basis of magnetic, IR

4]2
and diffuse reflectance spectroscopic data, the structure is believed to
consist of tetrahedral manganese(II) with unidentate trifluoroethanocate
ligands {228]. Formation constants are reported for the levulinate complexes
of manganese(II) at 25 °c in 0.1 M chloride solution {229].

Synthesis of the Bsalicylate complex [Mn(sal )2( Hzo ) 2] was reported,

together with some IR spectroscopic and conductivity data. The EPR spectra and
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magnetic moment of the complex were discussed: the complex is high spin (‘u‘a £f.
= 5,90 “;3) [230]. The basic salicylate complex [Mn(OH)(sal)].l/ZHzo wasg
prepared from aqueoug solution at pH 6-9, and characterised by IR spectroscopy
and TGA [231].

The citric acid complexes [Mh(HZO)G][Hn(C H_O, )Hzo]z.ZHzo and

6 57
{Mn( CGHGO,7 )Hzo] were studied by IR spectroscopy, which suggested that the
alcohol group is involved in chelate formation. The latter complex is believed
to be tetrahedral, with one uncoordinated acid group. In the former complex,
the carboxylate groups are either monodentate or bridging {232]. Complexation
of thiodiethanoic acid, thiocdipropanocic acid and diglyconic acid with
manganese(II) was followed potentiometrically at various temperatures and
ionic concentrations: formation constants and other thermodynamic parameters
were determined {233].

The crystal structure of manganese(IIl) pyridine-2-carboxylate-N-oxide
(Mn(C_H NO )z(nzo)z]; (22), was reported: the HZO molecules are axially

64 3
coordinated (234].

(22)

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

heat of fusion calculated [235].
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2.4.9 Complexes with Mixed N, O and S Ligands

The formation constants for the reaction of manganese(II) with the
2—(arylhydrazino )propanoic acids (aryl = phenyl, 4~tolyl or 4~nitrophenyl)
were determined at various ionic strengths and temperatures, and in a range of
solvents using potentiometric techniques: parameters were quoted and discussed
[236]. The adduct of manganese(II) oxalate and triethanolamine (tea),
[Mn( tea)z(czo 4)], was prepared, characterised by IR spectroscopy and its
thermal decomposition followed by TGA and DSC: thermodynamic parameters were
discussed [237]. Hydrazinium hydrazinecarboxylate reacts with manganese(II) in
aqueous solution to form a complex [Mn(Nzﬂacoo )2( HZO)Z]. IR spectroscopy, DTA
and TGA were used to characterise the product [238].

The ligands 2-(pyrrolylmethyleneamino )benzenesulfonic acid (Hzpbs) and
2—~(pyrrolylmethyleneamino Jethanesulfonic acid (Hzpes) have been prepared and,
when reacted with manganese(II), yield [Mn(pbs )(Hzo)a] and [Hn(pes)(HZO)a]
respectively. Electrical conductivity, magnetic and spectroscopic measurements
were recorded [239]. The complexes [Mn(pyrr)zclz] (pyrr = pyrrolidine) and
{Mn( e—capr)SCIz] ( e~capr = e—caprolactam) have been prepared, and
characterised by IR spectroscopy ([240]. Reaction of manganese(lI) with
pyrazine—2—-amide and pyrazine-2,3-diamide yields a complex with the protonated
ligands bound through the heterocyclic N and amide O atoms [241].

The preparation and crystal structure were reported for
{Mn(dapb )(E,0)C1]C1; (23), (where dapb is

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

O

N
N<
AN | J/ NH
et S o1~ g7
Hy0 Cl
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Reaction of manganese( IT) chloride with
N,N'-bis(2-hydroxybenzyl )-1, 2-diaminoethane in ethanol yields a six-coordinate

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

HO
O~
Cl— Mn{—Cl
/ N\

NH NH
O ANENC
(24a)

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

@\NH/—\NH’@

U A o P OH
Mn\ M <OH
NH\ /NH

(24b)
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IR gspectral data were presented and discussed [243].

The complexation of manganese( ITI) wirh 2-substitured
thiazolidine-4—carboxylic acids (where the substituent is propyl, phenyl or
2—-furyl) was followed by potentiometric titration at different temperatures
and ionic  strengths. The thermodynamic qQuantities 4G, AH and AS were
determined ({244]., Work has been published on the complexation of
N-hydroxymaleamic acid with manganese(IT [245]. 'The 2-aminobenzoate
( 2—ambenz ) complexes Mn( 2—ambenz )( BO—8—quin )] .nHzo 2461,
[Mn(acac)(z—ambenz)(py)zl and {M(aca.c)(z-ambenz)(ﬂzo)z] r247] were prepared,
and characterised by standard techniques. The polymeric complex MnL, where L
is 5,5'—( 4-phenylenebisazo )diquinolin-8~ol, has been  prepared and
characterised: each manganese ion has octahedral symmetry [248]. The
manganese(IX) complexes of Terizidone (trz; Terizidone ig the Schiff base
derived from terephthalaldenyde and cycloserine), formulated as ([Mn(trz) Glxz
and [Mn(tn)4x2] (X = Cl, Br or I), have been prepared from the hydrated
halides, and characterised by standard methods; electronic spectral parameters
have been evaluated {249]. The complexes of N,N'—dibenzoyl-2,6-diaminopyridine
{dbap) with manganese(II): {Mn(dba.p)xz] (X = Cl, Br, NOZ or NCS) have been
Prepared and characterigsed. They are five-coordinate trigonal bipyramidal
complexes, with axial X ligands and a tridentate organic liga\nd {250].

The stability constants of 4-hydroxy, 4-methoxy and 4-ethoxy-picolinic
acid N-oxide complexes of manganese(ll) were determined by pH titration: 1:1
and 1:2 chelates were observed [251]. The chloromanganese(Il) complexes of
some pyridine-carboxylic acid derivativese were prepared, having a géneral
formula [MnClsz}: the acids and their derivatives include nicotinic acid,
nicotinic amide, N-methylnicotinic amide, isonicotinic acid and nicotinic acid
N-oxide. The complexes have been studied by various analytical and

spectroscopic techniques, and stereochemistries were suggested fox the

complexes [252,253]. The 2-, 3— and 4-benzoylpyridine (bzp) complexes
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[Mn(bzp)z( NCS )21 have also been prepared. Coordination of 2-benzoylpyridine is
through the 0 and N atomg, while the 3~ and 4~benzoylpyridines coordinate only
through the N atom: the thiocyanate ligand is N-bonded. Spectral parameters
are discussed [252,253,254]. The stability constanteg for manganese(II) with
pyridine—2,5—-dicarboxylic acid were determined, and the thermodynamic
parameters AS, AH and AG quoted [255]. The isonicotinic acid hydrazide (inh)
complex [Mn(inh )2C12] was prepared and characterised: the conmplex is
six-coordinate {[256]. Manganese(II) complexes of formylhydrazide have been
synthesised and formulated as [HnL2012] and [uan(so4)]: analytical, magnetic
and spectral data were gquoted [257].

In the extraction of manganese(II) from perchlorate solutions with
antipyrylmethane, a number of metal complexes of the ligand were isolated
{258]. An isothiocyanatomanganese(II) complex of
big(methylaminoantipyryl )ethane was prepared and characterised by standard
methods [259)]. The ligand N,N’'-bis(antipyrylmethyl )piperazine (apmp) has been
used to synthesise the complexes [an( apmp )C1 4] and Kz[nn(a.pmp)cl 4]. In the
dimeric compound [an( apmp )C1 4}, the ligand, which bonds through the oxygen
atoms, bridges the two metal centres [260]. The formation constants for the
1:1 and 1:2 adducts of manganese(II) with the monoanion of
N-(2,3-dimethyl-1-phenyl— 5—oxo—3—-pyrazoline—4-yl )-N'-benzoylthiourea  have
been determined f2e6l]. Manganese( II) complexes with 4-(4-substituted
phenylazo )—3-amino—2-pyrazolin—5-one have been prepared in which the ligand
bonds through the carbonyl-0 and arylazo-N atoms [262].

The reactions of manganese(1I) with 1,10-phenanthroline,
4, 7-diphenyl-l, 10-phenanthroline and 2,4-dinitrobenzeneazopyrocatechol have
been followed by EPR and IR spectroscopy. The stability congtants of the
complexes have also been evaluated, and possible structures for these
complexes proposed [263].

The reactions of manganese(Il) salts with 2,2'-bipyridine,

4,4'-hipyridine, 2,2'-bipyridine-N-oxide and 4,4'-bipyridine-N—oxide yield



241

complexes which have been thoroughly studied by EPR and optical absorption

spectroscopy. The electronic state of the metal was examined, and magnetic
moment  data, electronic and photoacoustic spectra were presented and
interpreted [264]. The stability constants of manganese(II) complexes with
1,1l0-phenanthroline and Tiron (disodium 1, 2-dihydroxybenzene-3,S5-disulfonate)
in dioxane/water systems were determined by titrimetric techniques. pH
stability was also studied [265].

The complexes [m(stm)zl.z] (where Hstm is selenoylthienoylmethane and L
is watex, pyridine or 3— or 4-picoline) were prepared and characterised by IR
spectroscopy and thexrmal analysis [266]. aAnothex study of
manganese/selenoylthienoylmethane compounds has also been published [2€6a].
The pyridine adduct of manganese(II) ascorbate has been prepared, and possible
structures suggested on the bhasis of elemental analysis, IR and diffuse
reflectance spectroscopy and magnetic properties [{267]. Reaction of

manganese(Il) ethanocate with the ligand [(2—-RN(0):NNHCGH SCHZ )2] (R = CH3 or

4
Csz) yielded the complex [m((z—m(o):MC634m2 )2}]; (25):

QG
i

N 00 0 N
N W
R R

(25)

which was characterised by standard techniques and assigned a six-—coordinate

structure [268]. Adducts of 2-furanthiocarboxyhydrazide (Hftc) and its anion
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were prepared, [Mn(Hftc )2C12] is six~coordinate, while ([Mn({ftc )2] is a
four—coordinate square planar compound. The ligand is bidentate through
terminal-N and thiocarboxy—S atcms [269].

A gseries of mixed metal complexes of ethylenediamine tetraacetate have
been prepared and formulated as MnM( edta).GHzo (M = Co, Ni, Cu or Zn).
Characterisation by IR spectroscopy and X-ray diffraction showed the compounds
to be isomorphous with [an( edta )( HZO)‘}].szo, while the IR spectra indicate
both bridging and terminal carboxylate groups [270}. A detailed study of the
compounds was also presented, and differences discussed with reference to the
ionic radii of the wvarious metals [271). The solid phase derived from
manganese(1I} ethylenediaminetetraacetate, manganese(II) perchlorate and water
was identified by Schreinemaker's residue method, IR spectroscopy, X-ray
diffraction, thermal analysisz and magnetic measurements, and shown to have the
composition Mns(edta)z( Clo 4) 2.20820 [272]. At pH 7-8, the complex
an( cdta).nHzo can be prepared from aqueous sSolutions of manganese(II)
carbonate and cyclohexanediaminetetraacetic acid (cdtaH 4) [273]. Stability
constants were determined for manganese(II) and ethylenediphosphinetetraacetic
acid by potentiometry and electronic spectrogcopy [274].

Manganese(II) chlorosulfate was prepared from manganese(II) ethancate
and chlerosulfuric acid. It complexes with nitrogen-donor ligands to form

[MnL4(OasCl)z] (L = CH

3CN, pY or py-N-oxide) and thQz(oasCI)z] (@ = bipy or

acridine). The complexes are all six-coordinate, with the chlorosulfate ligand
being mono- or bidentate {275]. Manganesge(II) chloride reacts with
2-mercaptophencl in 1:1 molar ratio in methanol to yield methanolic adducts of
manganege(IX) 1,2-phenyleneoxidesulfide [276].

Reaction of an aquecus solution of manganese(II) with saccharin
(C,H.NO,S) gave an adduct [Mn(C_H,NO_S),(H,0),].2H,0 which was
characterised by standard methods. The manganese is 8six-coordinate with the

saccharinate ligand N-bonded [277].

The complex of manganese(II) with sulfadiazine sgalicylaldimine was
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prepared and studied, and stability constant and AG values quoted [278].
Stability constants were determined by potentiometric titration in aqueous
propanone over the pH range 3,5-5 for manganese(II) with sulfapyridazine,
sulfadimesine, sulfadimethoxine, norsulfazole, sulfamonomethoxine, bucarban,
butamid and albucid {279], and over the pH range 8-9 for manganese(II) with
sulfadimesine, sulfadimethoxine, norsulfazole and sulfapyridazine [280],.
Benzothiazolesulfonamide morpholide (btsm) has been used in the preparation of

the complexes [Hn(btsm)zxz] (X = NO_, ozcne, Cl or picrate). The ligand is

3
bidentate through the thiazole-S and sulfonamide~-N atoms, and the complex is
octahedral [281]. The analogous complexes have been Pprepaxed with
cyclohexylbenzothiazolesulfonamide [282].

The complexation of 1~DOPA (L~3,4—-dihydroxyphenylalanine) with
manganese( IT) has been studied in detail by titrimetric and sgpectroscopic
techniques: AH, AS and pK values were quoted and discussed [283], and the
bonding deduced to involve an equilibrium between aminocacid—(N,0) and
catechol—(0,0) groups {284]. Stability constants for the
wanganese( Il )/Dl—a~alanine/doxycycline hydrate system in agueous solution were

determined and discussed [285].

CHy OH NMe,
H

{ H

The aminoacid complex {Mn(L-lysine )2]‘4320 has been prepared and characterised
{286}, and the interaction of manganese(II) with various bi- and tridentate
aminoacids has been studied in agueoug media [287], Complex formation between

manganese(II) and a series of dipeptides has been followed by potentiametric
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titration, and EPR and NMR spectroscopy have been used to investigate the
s8tructures of the species detected [288].

Complexes of manganese(II) with L-tyrosine and various adenosine
phosphates have been prepared, and stability constants evaluated [289].
Variations in formation constants of wmanganese(II) adenosinetriphosphate

complexes with various amincacids were studied and discussed [290].

2.4.10 Complexes with S or Se Donor Ligands

A synthetic method has been reported for the preparation of
[Pph4]2]un(sph)4] and some properties were discussed [291]. The reaction of
manganese( IT) chloride tetrahydrate with sodium thiophenate in ethanol vyields
the complex Naz[Hn(SPh)4], while the compound Naz[MnQ(SPh)lo] has been
isolated from the methanolic solution. The [Mn4(sph)l°]2— ion; (26), has an

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

SPh

Mn
Phs/’ggh\\?Ph

PhS Mn ph/Mn SPh
e/
— S
PR~ S >ph
Ph

(26)

With sodium ethane-1,2-dithiolate (Nazedt) in methanolic ethanenitrile, the
compounad Naziun(edt)z]; (27a), is produced, which is very sensitive to oxygen
gae, and readily oxidises in ethanenitrile solution to the manganese( III)

dimer Naz[unz(edt)4]; (27b). The crystal structures of these two manganese
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compounds have been determined:

(27a) (27b)

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

The phenylthiourea {ptu) adducts [(Mn( ptu) 2( ozcue ) 2] .
[)‘lll(l-’tll)z(“c'sl ),(EtOH)], (Mn(ptu )2(504)(320)]. [Hn(ptu)ZClz(Ezo)] and
(Mn(ptu),(NCS),(EtOR),] were prepared, and characterised by IR spectroscopy
{293]. Complexes of 2,4-dithicbiuret (NHZC(S)NEC( S)anz dtb) were prepared,
and formulated as [Mn(dtb)zsoql and [Hn(dtb)ZX(EtOH)]x (where X = NCS or
ozcma). The complexes are six—coordinate, and the ligand is bidentate [294].
Compounds of manganese(II) with selenoylacetone have been prepared and are
discussed [295].

7 The complex [Mn(tmd)zj (tmdH = tetramethylenedithiocarbamic acid) has
been prepared, and characterised by elemental analysis, magnetic measurements,
TGA, IR and electronic spectroscopy. The molecule has pseudotetrahedral
symuetyry [296]. The mixed metal dithiocarbamate complexes [MnM( szqmz ) qr] were

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

isopropylcyclohexyl: characterisation was Dby standard technigques. The
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manganese has square planar coordination, while the other metal has
tetrahedral coordination [297]. Reaction of manganese(II) chloride with
4—-aminophenazonedithiocarbamic acid (apdtcH) yields the complex [Mn(apdtc )2],
which has been fully characterised. The ligand is reported to be Dbidentate

through both sulfur atoms [289],

2.4.11 Other Complexes

The sulfur dioxide adduct [Mn(soz )2][A8F6]2, prepared by oxidation of
manganese with [Aal-"5] in the presence of Soz’ has been characterised by
spectroscopic techniques {299]. The complex of manganese(Il) with
hydrotris(l-indazoyl )borate (L), [MnILl], was prepared and characterised by
standard physical and spectroscopic techniques [300]. The ligand
big(dimethylmethylenephosphoranyl ydihydraborate{l~) has been saynthesised and
reacted with anhydrous MnBrz, and the yellow complex formed has been shown by
various methods to be of the fomrm [Man]; (28): X-ray ocorystallographic
analysis has shown the molecule to contain {Mn-C-P-B-P-C) rings in a chair

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

(28)

The synthesis of a [C.v - —
55 ~(CH, )3‘C555]2 metallocenophane  of
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manganese(II) has Dbeen reported, as a 3,5-dichloropyridine adduct; (29). The
crystal structure and nature of this high-spin, "electron—imbalanced"” complex

were discussed [302].

(29)

2.5 MANGANESE(I)

Localised molecular orbitals were presented for [(NI-I3 )SNnL] (where L =
H, CHS' F, Cl) systems, and their derivation was discussed in depth [303].
The low <temperature matrix isolation EPR spectra of MnCl, MnBr and Mnl have
been recorded and discussed [84]. The preparation of +the complex

[(ldrx(AJH4)(d1upe)2)2]; (30), was also reported, and the crystal structure

presented and discussed.
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[Mnﬂ(c234)(dmpe)2] has also been prepared [157].

2.6 CARBONYL COMPLEXES OF MANGANESE

2.6.1 Carbonyl and Hydridocarbonyl Complezes

The electronic structures of [Hn(C.O)SH] and [Mn(CO)S(CHB)] have been
studied through a Green's function approach [304]. The Raman spectra of
(unz(OO)lo] and mixed manganese/rhenium carbonyls have been recorded in the
range 10 - 170 cm_l, 123 - 296 K, and thoroughly analysed [305]. A Raman
spectroscopic study of [MnRe(CO)lOJ at high pressures shows that there are two
first order phase transitions, at 7 kbar and 13 kbar, interpreted as due to a
change of molecular conformation from staggered to eclipsed, and back to
staggered: an assignment of the spectra was suggested [306]. The IR spectra of
[unz(co)lo] in the gas phase and 74 solvents were measured, and trends in
solvent shifts discussed at length {[307]. The EPR spectrum of (Mn(CO)s],
generated by photolysis of the hydride, has been remeasured and reagsigned

[308). The photochemistry of matrix-isolated [HMn(CO)SJ has been investigated,
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and sgpectral analysis indicates <that two isomers of [HMn(CO) 4] are formed

[309].

co H
I |

Mae Mn.
oC- 0 OC-» "0
0C / > H 0OC 7N CO

CS clrv

The laser photolysis of [an(OO)lO] has been studied and shows that
either Mn-Mn cleavage occurs to form {Mn( 00)5]’ radicals or Mn—CO cleavage
occurs to form [an(OO)g] [310]. The 1low temperature photodissociation of
[an(OO)lo] in an alkane matrix was followed by IR spectroscopy, and it was
deduced that, at low temperatures, loss of CO to form [an(OO)g] occurs in
preference to Mn-Mn bond cleavage which is seen in solution at 298 K [311].

y-irradiated single crystals of [an(CO)lo] exhibit EPR spectra at 85 K
characteristic of a [an(m)g]— species with one CO bridge [312]. EPR spectral
studies have shown that the electron is localised in a Mn-Mn c* orbital [313].

The mechanism of ligand substitution in [an(m)m] has been
investigated by isotopic substitution [314]. The kinetics of the scrambling
reaction between [an(co)_m] and [Rez(co)lo] to give [mne(co)lo] have been
investigated and suggest that the reaction occurs via [nnznezcco)zo} or
[annez(m)ls] clusters [315]. The vibronic activation of CO in [an(co)lo]
was studied to examine the change in electron density distribution as
functions of the CO coordinates [316].

Reduction of [l!nz(OO)loj or [HnRe(OO)m] with Li[EtSBH] produces the

anionic formyl complexes [unu(oo)g(cno)]_ (M = Mn or Re). Their reactivity and
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chemistry were examined in detail [317]. The reactions of [Mn(CO)SH] with
Lewis acids have been investigated, using VI multinuclear NMR techniques.
Subsequently identified was: [(CO )sMn—H-—BC13}, while AlZBr 6 only produces
[Mn(CO)SBr], [Mn(CO)sl[Aler] and [an(OO)lo]. The phosphine complex
[Mn(CO) 48( PPh3 )] undexrgoes hydride cleavage with both Lewis acids to form the
chloro and bromec derivatives [318]. Reaction of Na[Mn( cos] with !oiCl3 (M = Ga
or In) results in the formation of Na[Clq_nM[Hn(CO)s}n] (n=1, 2 or 3). When
In(OOCCH CH CH_ ) is allowed to react with Na[Mn(OO)q_L] (L = CO or PPha), the

2 2 33

species [(CH_CH_CH

2CH, ZCOO )nIan(OO)4L] is formed: IR data for the carbonyl groups

was presgented [319]. The binuclear complex {(OEP)InMn(CO)s] (OEP =
octaethylporphyrin) has been synthesised by addition of [Mn( CO)S]_ to

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

2.6.2 Halides

The UV photoelectron spectra of the manganese{(l) carbonyl halides
[Mn(CO)BX] (where X = Cl, Br or I) have been studied and analysed in terms of
the o—donor and m—acceptor properties of the X—ligand [320]. The photoinduced
homolytic fission of [an(m)lo] in CC14 in the presence of 2, 3-butadione as

photosensitiser yields (Mn(CO)SCl] (321]. Reaction of [Mn(CO)SBr] with the

ligands PhZPC(O)R (where R = CHZCHZCJ. or CH CHC1CH3) yields stable monomeric

2
complexes [(OC) 4Brun( PPhZC(O)R)], where the phosphine ligand 1is monodentate,
The crystal structure of [(OC)4Ban(PPh2{C(O)CH2CHC1CHB})]; {31), has been

determined and the molecule has the stereochemistry:
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3lp iR and IR spectral data were presented [322]. The phosphino— or

thiophosphorylformamide ligands l?hzl’c(o)NRs:i.Me3 (R = Ph oxr Me), PhZPC(O)NHR (R
= Ph, Me or cues) or PhZP(S)C(O)NB.R (R = Ph or Me), have been used to prepare
complexes of [Mn(CO) Gx]. Simple 1:1 adducts are formed with all three ligands,
while the third also forms a bridged dimeric species with loss of PhNCO.

Characterisation involved IR and lH NMR spectroscopy [323].
2,6.3 Compounds with O Donor Ligands

The EPR sapectra have been recorded for the products of the reactions

between [an(co)m] and the semiquinone ligands Q; (32):

,\&0 L O
Ct 0
0 ul 0

Cl

SR es
l |
a oo

(32)
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A serxies of adducts of [Mn(CO)4Q'] (where Q' is the radical anion from
3,5-ditertbutylsemiquinone) with a variety of O, N, S and P donor ligands have
been prepared and analysed {324)]. Reaction of 3,6-ditertbutylsemiquincne
(dbsq) with [un(CO)sl produces [dbsq]_[Mn(C0)5]+, which loses CO to form
[(dhsq)un(CO)Q], and up to two further CO molecules can be replaced by
triethylphosphite ligands. Tributylamine or propanone will replace only one CO
molecule: electronic spectra were recorded {325]. The EPR spectra of these
complexes have also been recorded [326]. The preparation and characterisation
of the binuclear complex [an(asq)4L2] and the tetranuclear complex
[Mn4(asq)4(C0)8] (asg = acetylsemiquinone, L = CO, CH3CN or dme) were
reported, and the solution magnetic behaviour and internal redox properties

discussed [327].

The nitrosobenzene adduct [(cp)(CO)ZMn(PhNO)] was synthesised by UV
photolysis of [(cp)Mn(CO)a] 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, Se or Te Donor Ligands

[Mn(CO)sBr] adds to [(cp)(CO)zPe(Csz)]—, losing CO and Br to form a
bridged, heterodinuclear compound, [(cp)(CO)ZFe(CSZ)Mn(c0)4], where the CSz
group bonds: {FeC(S)SMn} to form a four-membered ring. The product was
characterised by IR and lH NMR spectroscopy [329].

The ligand triphenylstannanedithiocarboxylate (L) has been prepared, and
ugsed to form the manganese(l) complexes [Mn(CO)4L] and fac—[Mn(co)3(PPh3)L],
which have been fully characterised by Spectroscopic techniques [330]. The
reaction of [Mh(CO)é(NHZR)(CONHR)] with the isothiocyanate R'NCS (R = CH3 or

CH : R'= CH

11 37 csﬁll' CGH5 or Ceﬂscnz) produces the disubgtituted
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thiourea, the dithiocarbamato complex [Mn(CO) 4( R!!Ncsz)] and the isocyanide
derivative fac-[Mn(CO)a( CNR )( RKNCSZ)]. The preoducts have been fully
characterised by IR and lH NMR spectroscopy [331]. The compound [Mn(CO) 3B::I..];
(33), (where L is 2-methyl-2-( triphenylphosphonio )dithiopropancate) has been
prepared and its crystal structure determined at room temperature and at -110
o

c. At room temperature, the crystal decomposes  with loas of

triphenylphosphine [332].

co

The tri—- and tetracarbonyl complexes [Mn(CO) 4( sc {NR)PRZ )3,
[m(00)4(SC{NR}P(S)R2)L [Hn(oo)s(SC{N'R}P(S}Rz)le [Mn(CO)ax(sc{NHR)Fth)] (X
=Cl, Br or I) and [Mn(m)al(cmasc{NR}Pth] have been prepared and identified
by NMR spectroscopy [333]. The ssnn NMR gpectra of the series of complexes
[(C0)4Mn(SZCZ)] (where Z = OR, SR, NRZ, PRZ, P(S)Rz, Asth oxr Ph),
[(C0)4MH(SC{NR'}PR2)]: ((CO)q_Mn(Sc(NR' }P{S}Rz)] and
fac—[(CO)aBrMn(SC(NER' }PRZ)] have Dbeen recorded, and show a relationship
between the ssnn chemical shift and the nature of the coordinated thio ligand

[334]. Crystal structures were reported for [(CO)4Mn(SC{NPh}PPh2)]; (34), and

for [(CO)4Mn(SC(NPh)P{S}Ph2)]; (35) [335].
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(0 co
Ph_Ph Ph
,/P\\.l ,/’[0 PhP=S I CO
F“1hr'C\\ ’/’,P4n.\\\~ | ™~ n,f””
S| (0 S5 | =00

co PhN 0

(34) (35)

The crystal structures of [Mn(CO)QL] and fac—{nn(co)3Br(HL)]; (36),
(where HL is the 1ligand P,P,N-triphenylphosphinothioformamide) have been
determined. Coordination is wvia P and S, forming a four-membered ring. The

structures were discussed in detail [336].

(36)

The reaction of [(cp)(co)snn] with the alkylthioketenes:
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TBu\_
(= (=S (=S
fBu/_

yields gimple 1:1 adducts: [Mn(CO)(cp)L]. The complexes were all characterised
by spectroscopic techniques, and the crystal structure of one adduct was
reported and discussed [337].

The reaction of methylthiirane with manganese(I) hydride pentacarbonyl
inserts sulfur into the Mn-H bond to form [{Mn(SE)(CO) 4} 2], which has bridging
SH groups [338]. The preparations were reported of the dimers
[H.nzxz(OO) (E.Ph_)] (X =Bror I; E=3S, Se or Te), and the crystal structure

6 2 2
of the bromo-seleno complex; (37), descrxibed [339].

o

[

0
oc\x‘ __Br—y (0
oc— “\Br//M”/\Cco

Se——Se

Ph/ \Dh

(37)



256

The preparation and crystal structure of a novel tellurium complex;
(38), were reported, involving three (Hn(CO)z( cp)} groups bonded to one
tellurium atom. The (Mna're} unit is almost planar, but does not have equally

spaced {Mn(CO )2( cp))} groups:

(1:0

0C~
CO Mn-
' Te/
CO )
o
co

(38)

The compound [‘I‘ez(un{co}z{cp} )3] was also reported [340].

2.6.5 Compounds with N Donor Ligands

The complex ([Mn(CO),(M0)1”” has been synthesised by reduction of
[Hn(CO)Q(NO)] or [Mn(CO)3(ND)(PPh3)], and characterised by IR spectroscopy
{341]. A new reagent [PPN] [N°2] (where PPN+ was [Ph3P=N=PPh3]+) was reported
to nitrosylate metal carbonyls such as [Mn(CO) 6]+’ [Mn(cO)s( MeCN)],

[M\'I(OO)Q,(NO)] and (an(GO)lo] to generate coz and incorporate [NO]_ into the

molecule. The crystal structure of [Mn(CO)z(NO)zj_; (39), was reported [342]:



(39)

Oxidation of a 3-toluidine complex [m(chco)z(a_mz-csHecasn yields a
stable complex of an aminyl radical. This was characterised Dby spectroscopic
measurements [343]. Novel amine and imine complexes, (40) and (41), involving
a Mn-B o-bond were reported from the reactions of [ (CH3 )Mn(c0)5} with the two

carboranes Bloﬂlocm?cmw(cns)z and Blonmctmcmidﬂl’h [344].

R CH R N
CQ_ 5H AN NMe, CH—CH NPh

Bk ——
BygHo—Mn(CO), 1oHg——Mn(CO),

(40) (41)
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The 1,2,3,4tetraphenyl-1, 4—diazabutadiene (benzilbisanil; bba) complex
[Mn(bba)zj; (42), has been prepared and characterised by spectroscopic and

magnetic measurements (ueff = 3.93 uB): it was reported to be pseudooctahedral

[345].

(42)

{Mn(CD)SBz1 reacts with DiCN—n or Tri—CN:

¢N

DICN-n (n = 2, 3 or 4) TriCN

to form ([Mn(CO),(DiCN-n)Brl, (Mn(CO) (TricN)Br] or {Mn(CO) (TricN)][PF ]

[346].
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The thionylimide complex {Mn(co)s( HNSO)][ABFG} has been prepared, and
the nature of the ligand HNSO briefly discussed, but no definitive conclusions
were drawn: N-coordination was suggested ([347]. Reaction of [(CI-I3 )Hn(CO)sj
with CF 380 2N=S-NSO ZCF 3 yields a gimple adduct
[(C!‘I3 )m(CO)4(CF3802N=S=N802CF3)]. The mode of bonding is wunknown, but
coordination through one N atom is suggested (348].

The ca,hs—phospha.zene (Measi)ZNP-(NSiMea )2 displaces CO from [Mn(co)ssr]
to yield the simple adduct [Br(c0)4MnN( s:me3 )-P(-Ns:i.ne3 N( Si!&ea )2]; (43).
However, the analogous thio compound [(Measi )(Meac)NP(S)-msl displaces CO
and Br to form the spiro compound (44). The reactions have been studied by
31? and 13C NMR spectrogcopy and an X-ray corystal structure of (44) is

presented [349].

o felsu f?u

K/\
NN o
Co

GC

(44)

Reaction of [{Mn(CO) 4_( u—Br)} 2] with diimidazolate or dibenzimidazolate
(NN in general) results in the formation of the bridged dimers
{Mn(CO) 4( u—m)]z. Subsequent reactions with phosphines or phosphites yield
tMn(Oo) L ( B NN)] (L = phosphine or phosphite). Structures were assigned con
the basis of IR srectroscopic data [350].

The crystal structures of the cis—dicarbonyl—(1,l0~phenanthroline)~
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cils-bis(Trimethylphospnite Jmanganese( ) perchlorate {351]) and
cis—dicarbonyl—( 1, 10-phenanthroline )-

trans-bis(trimethylphosphite) manganese(I) perchlorate [352] have been
determined: both show manganese ions with pseudooctahedral coordination. In
the latter complex, there are two crystalline forms, one of which shows one

trimethylphosphite ligand to be statistically disordered.

2.6.6 Compounds with Other Group 15 Donor Ligands

The complexes [Mn(CO) ]+ and [(cp)Mn(CO)zL] have been prepared for a

G—nLn
wide range of phosphines, and variations in the ssun chemical shift measured
and considered in relation to ligand field splitting, Nephelauxetic effect and
the nature of the Mn-L bond [353]. The manganese((Q) radicals [M:n(co)3L2]' were
prepared for a number of trialkylphosphines and phosphites, and studied by EPR
gpectroscopy. The effect of the phosphine ligand L is related to the electron
exchange procesg [354]. The steric effects of phosphine ligands on the
photochemistry of [an(OO)__L 0] have been studied, and shown to influence the
photolysig products [355].

For a range of phosphines PRa (R = CHMeEt, Bu, CHMez or Ocmdez),
reaction of the radical [Mn(CO )3(PR3 )2]’ with CcCl " yields [Mn(CO)3(9R3 )zcl],
while reaction with Buasnﬂ gives mainly [Mn(co)3(PR3 )JH]. Characterisation of
the starting radical and the products was by EPR, IR and UV-VIS spectroscopy

[356]. Irradiation of [an(CO)Bbzl (L = PBu3 or P(OEt )3) with neaxr UV
radiation in the presence of HCl1 yields the products [Mn(CO) 4LC1] and
[HMn(CO) 4L]. The mechanism has been studied and an oxidative addition to metal
carbonyl radicals proposed [357].

[Mn(oo)s( CHZCI)] reacts with triphenylphosphine to form the adduct
[mm(CO)a(PPha )Ci]l, while [Mn(CO)S(CHZOMe)] with triphenylphosphine in
ethanenitrile forms cts—[m(OO)4(PPh3 )(C{O)Cﬂzoue)]. In methanol, no CO is
incorporated, and the product is cts—[Lh(oo)4(PPh3 )(ct-xzoue)] [{358].

A novel synthesis of a transition metal-substituted phogphorane is
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reported. Reaction of 2—chloro-spirobi( 1,3, 2,benzedioxaphosphole) with
Na[un(CO)S] yields the product (45), which was characterised by 8tandard

spectrometric techniques [359].

20

O\
P—Mn(CO)
O/ N 0 5

(45)

The crystal structure of {(Mecp)Mn(CO )2( E’!’h3 )1; (46), has been reported

and discussed {[360].

Mecp

M”\PPh3

0C
Co

(46)

A series of cationic manganese(I) carbonyl phoaphine complexes

[Hn(CO)z(Lz)zj"' andmer—[Hn(CO)s(dppm)zj"' (L, = dppm or dppe) have been

prepared, [m(co)z(appm)zf in both ¢ts  and trans  forms. In
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mer—[Mn(CO)s(dppln)z]+, one 1ligand is monodentate, as shown by BJ'P NMR
spectroscopy (361). The triphosphines Ll: thPPCHZCHZP( cych )CHZCHZPth and L2:
(cych )ZPCHZCHZP( cych)CHZCHzP(cych )2 (cych = cyclohexyl) react photochemically
with [(cp)Mn(CO) 3] to form monoligate complexes [(cp)Mn( CO)nLl] (n=00o0r 1)
and [(cp )un:.z}, and bridged dimers {(cp)Mn(CO)(u—-Lz Mn(cp)(co), 1.
f(cp )Mn(CO)Ll] also coordinates with [(cp)Mn( co)z(thf )] to form a bridged
dimer [(cp)Mn( CO)(u.—Ll WMN(CO)(thEf)], and with other carbonyl-thf complexes of
the metals V, Cr, Mo, W oxr Co [362].

UV photolysis of {Me3SnMn( 00)3( P{OPh}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)

>Mn 0

0C

(47) (48) L = CO or P(OPh),

The crystal structures were determined for both ortho—metallated products
[363]. Reaction of [(cp)Mn(CO)z(thf)] with [TiLz(cp)(ns—-cp—Pth)] (L= CO or

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

On exposure to air, this is oxidised to the phosphine complex
[(cp)M.n(C'O)z( Pthcp)]. An X-ray crystal structure of the manganese/titanium
complex was presented [364]. A series of manganese(l) complexes has been
prepared from [an(OO)lo] and PBth, producing [an( u—H)(u—-Pth )(00)8],
followed by reaction with various cyanides, isocyanides, phosphines and
phosphites, yielding complexes with formulae: [an( w—H ) u.—Pth )(CO),7L],
[an( p-H)X #-Pth N CO) L, } and
[Mn, (p-HX H-"Pth )(m)“( (EtO}ZPOPIOEt}z )2]‘
Reaction of [nnz( p—H)( ,u.—Pth )(CO)B] with alkynes gave the asymmetric alkenyl
complexes [an( u—Pth X u—crmz—CR-M' X CO)_,]. The crystal structures of
(Mn,(u—H)(u-PPh, }(CO) (CNCMe_),] and
[an(u—Pth )(p.—a:nz—CH-HCEz )(CO)7] were reported [365].

The reaction between [an(CO)lo] and the dip_hosphine ligands EtZPCEZPth

{(depm) and (C )21=Cl!2!-’Pl'n2 (dcpm) were studied, and the products from boiling

6511
hexane were identified as [an(cO)s(depm)Z] and [an(OO)s(dcpn)z]. IR spectral
evidence is presented to show that/ the trans isomer is most likely for the

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

[366]. Reaction of [mz(m)s(dpm)z] with H[BFQ] in ethanenitrile yields a



264

manganese(II) hydride-bridged adduct; (50), with cyanide incorporated as a

o-bonded ligand to one Mn, and as a nz—bonded ligand to the other (367].

oc\M /H\Mn/co
OC/ \C%/ N

(50)

When diazomethane is allowed to react with [an( 00)5(dppm)2], a 1:1 adduct is
formed which has been shown by X-ray crystallography to be

[Mn,(CO) (u-dppm),(C(O}CH,N,)]; (51) [368].

7N
P P

0
n

o= | >N | 00

\ /
CHy—N

p P
N~

(51)

Reaction of an excess of {(cp)Mn(CO) 3 ] (as the thf adduct
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[(C’PW(CO)Z(thf)]) with

the cyclic phosphazene ligands
1
[N P,(OPh) (P-OC,H PPh,)]:L",
2 < . 3
[Nspa( 4—OCSE4PPh2 )s]m or the polymeric ligand L7 :

R
N=T N=P
|
OPh OPh
! X y |

yieids simple adducts where all the phosphine valencies have been saturated,

n

The cyclic hexaphosphine Lz can alsoc act as a mnodenta;:e or bidentate ligand
{369].

Reaction of [chs(m(co)z{uecp} )2] with [(cp)Hn(CO)a] yields the
asymmetric complex (52):

0
—MO ~(0 Me
N pg—M—(0
Me .. n/ \CO
OC/ \CO

(52)

which has been fully characterised by spectroscopic and X-ray crystallographic

techniques {370]. The complexes [m(IM(CO}z(cp) )2} (R = pPh, CElzca(cr:ls)z or
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CHZCHB) have been prepared from the chlorocarsenic analogue with [Ama}, and

fully characterised. Complexes also prepared include
[ClAs(Mn{Oo)z(cp} )(Cr{m}s 1. the tropolone adducts
[(C,H 0, )AS(Mn(CO}, (cP} N(Cr(CO} )] and [(C,H. O, )AS(Mn(CO},(Mecp}),], and the
oxygen-bridged dimers [(As{nn(co)z( cp)} [Cr(CO)s} )201 and

[(A=2({Mn(CO) 2( Mecp)} 2 ) 20] . Crystal structures of the chromium-manganese
tropolone complex; (53), and of the dimanganese oxo-bridged dimer; (54), were

presented [371].

Mecp MECD

\
C
p\ 0 OC*’M“\ )"ln\’co

/M“\As/ oc” As—0-—pd o
oc”/ / \
OC" Mn Mn—CO

0C
CF(CO)S OE/ EECD

\
Mecp/ o

(53) (54)

.

An EPR spectral study of [Mn,(CO),(k-AsPh, )zf has shown the (Mn s ]
rhomboid to be planar. Further, the electronic structure of the radical cation
has been partially elucidated [372]. The compound [{CO) 4PeHn(C0) QAsHez] was
studied and shown to react with CO at 45 °C to form a linear complex

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

2.6 7 Organometallic Compounds
[Mn(CO)s]— reacts with perfluoronorbornadiene to substitute a fluoride
ion, giving [(C,IF_I )Mn(OO)s], and this reacts with [Pt:(li'E'h3 )4] to form the

complex [(PPh, )th(n2-C7F7 Mn(CO) 1 [374]. Reaction of [Mn(CO)Bz} with
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Ag[CH(SO,F),] yields [(CO)Mn(CH(SO,F},)] [375]. [Mn(dinc) ][PF,] (where dinc
= 1,2-bis( 4-tert-butyl-2-isoc¢yanophenoxy ethane) has been prepared by treating
{Hn(OO)scl] with dinc in the presence of (Pl"s]_. This has been further
oxidised to [Mn( dinc):_'][PFG]z, which is stable in the solid state but
decomposes in solution to the manganese(I) species [376]. Reaction of

[un(co)g(puezonz_ with [(CF,S0,0CH,),C(CH,),] affords the manganocyclohexane

3 "2
derivative [(CO) 4mmuezocazqaezcnz 1. The analogous complex
[(CO) 4MnPPh20cazale2CH2]; (55), whose crystal structure is presented, takes up
SC.‘v2 to form the sulfinato complex [(CO) ‘mpphzocazmezcazsoz] £377].

CO %HB
Mn 3
oc— | —~P— olm
Ph, 2

g

(55)

Manganese(Il) chloride reacts with Mg[C 436}.2thf in the presence of

Lewis bases and butadiene to form [('n‘—c"ﬁs )ZMnL] {where L = m!ea, P‘Ets,
P( oue)3 or ¢0). Butadiene derivative complexes were prepared by metal vapour
synthesis. The crystal structure of [(n'—C B ) Mn(P(OMe} )] (56), shows the

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

(56)

The crystal structure of [(CO)‘*Mn( c534COCE2 )W(CO)a( cp)] has been
presented, showing a bridging l-ferrocenyl-l-oxoethyl group, ns—bonded to
manganese and o-bonded to tungsten [379). IR matrix isolation studies of
[Mn(CO) 4( COCHB)] indicate the ethanoyl ligand to be o-bonded [380].

The X-ray fluorescence and XPS spectra of [(cp )Mn(GO)BJ,
[(CP)M?‘(CO)Z(PPh3)L {(cp)Mn(CO)(dppe )], [(CP)HH(NO)(CO)Z][PFGL
[(cp)Mn(CO)(NO)(PPha)][PFSJ and [(cp)Mn(NO)(dppe)][PFGJ were recorded and the
results analysed in terms of the Mn-cp interaction {381,382]. The donoxr
properties of the manganese(I) adducts [(cp)Mn{CO) 3] and
{(cpYMn( CO)n( PRa ) a_n] {n = 1 or 2) have been investigated with reference to
the Lewis acids A;!.zBrG and Ga.C13. Coordination of the Lewis acid is to the
metal centre [383].

A wolecular orbital study of the complexes [{(cp)Mn(CO)z) 2L] (where 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 compleres

A neutron diffraction study of [(Hecp)(co)zunH(SiFth)]; (57), haa
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located the hydride 1.563(4) R from the manganese atom (a typical Mn-H
distance) and 1.802(3) & from the silicon atom. Although the Si-H distance is
longer than typical Si-H bonds (ca. 1.48&), 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, therefore, tend to favour a three—centred

two—electron Mn~H-Si bond [385].

0 F

Me{ G+ Mn

> ~ph

Ph
cO

(57)

A series of manganese(I) carbonyl complexes with optically active silyl
or germyl groups was synthesised and the stereochemistry of the cleavage of
the Mn—-Si or Mn—Ge bond examined. It was observed that the manganese complexes
show poor retention of configuration {385a]. The optically active germyl
ligand S—(~)-(MePh—1-NpGe) (1-Np = 1-naphthyl) can replace a CO ligand in
{MeMn(OO)s] resulting in CO insertion in the Mn—Me bond. The anion thus formed
[Racenn(Co)s(OOHe)]_. can be isolated or reacted with {Etao][m’4] to yield the
carbene complex [RSGeHn(OO) ‘(C{OEt}Me)] ; (58). The crystal atructure of the

carbene complex was reported [386].
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(58)

Photolysis of (GF'3 )acea in the presence of [an(co)m}, or reaction of

Na[Mn(OO)s] with [(CF3)3GeX] (X =Clor I) produced [(CFS)acenmco)S]; (59),
9

in high yield. This complex has subsequently been analysed by 55Mn, 1 F NMR

and vibrational spectroscopy, and single crystal X-ray diffraction:

q¢ CF3

o OC\[‘Ln G/e _— (F3

| "o
o

CF5

(59)

The carbonyl force congtants and Graham constants were evaluated (387]. The

presence of a strong wm-acceptor such as [GeBr3]~ in the carbonyl complex
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[BraGeun(CO)s] results in the formation, on reaction with 1l-leucine, methyl
ester, of the complex trans—[BraceMn(co) 4I..] (where L = l-leucine, methyl
ester) [388], Thermogravimetric analysis of [Mn(OO)s(Gemz)] (X= F or Cl)
shows that, in the presence of oxygen, CO is lost first, followed by Ph and
then X, the fluore compounds being more stable than the chloro compounds

f3g9].

2.6.9 Mixed Metal Compleges

(Ph_A8]((CO) MnV(CO),(NO)] has been synthesised from [Ph As](Mn(CO)]
and {V(CD) 4(ND)], and characterised by IR spectroscopy [390]. The preparation
and crystal structure of [(cp)z(OO)Nb(u—OO)nn(co)‘]; (60), were reported

fao].

C0 cp

oc | Co
e
oo | ¢

co O cp

(60)

The phosphorus in [(co)ano(ns—csn4pn2)] (R = Ph or 4tolyl) acts as a

ligand when reacted with {{Mn(CO) 4Br) 2] to form the structure (61):
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N

R=Ph, p-tolyl

(61)

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

13

of a Mn—Mo bond (3.054 &). 'H, 3¢ ana *'p spectral data were also gquoted

[392].
The crystal structure of [(cp)(CO)ZMnFez(CD)s(PPh3)(us—PPh)}; (62), has

been determined and shows the molecule to contain a {MnPeZP} pseudoetrahedron

f3e3].

Co Ph

/
tp— |l1n

6\ / Fe(CO)3PPhy

Fe =
(00 3

(62)
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The room temperature 57Fe Mossbauer spectra were reported for the clusters

[(CP)(CO)znnFez(CO)sL(ua—PFh)] (L = Co, P(OMe)a, PPh !\BIE‘h3 or SbPhs) and

3°
show that the structures are in agreement with the lattice constants of
low-spin Mn/FPe clusters [394].

Reaction of [(cp)&n(m)z(nz—uc-ccooma)] with {Fez(co)gi vields three
products, one of which is a cluster: (J.—ns—cyclopentadienyl)-—
(1,251, 3-p-dicarbonyl )( 1-n°:2, 3~c-methylacrylate)(2, 2,2, 3,3, 3~hexacarbonyl )~

triangulo-l-manganese-2,3—-diiron; (63), whose crystal structure was presented.

COOMe
/

C
=
C//

cp.Mﬁ/: —C0__0

——="Fe(CQ)
OC/\ / 3

Fe
KO@

(63)

[(cp)Mn(CO) z(u—c-cacoone YFe(CO) §3 is also formed in the reaction [395].
Reaction of [(cp)Co(PMea)(CS)] with [(cp)un(m)z(thf)] yields (64) in a
1:1 xeaction, and (65) in a 1:2 reaction. Methylation of (€5) with (:!!3C)3.‘3<':l?'3

yields (66). Characterisation was by IR and lﬂ NMR spectroscopy [396].
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'U\ﬁ/t’
/ \m=
\I/
=

77\

/
\f_) =
/

AN

(64) (65)

(66)

The crystal structure of C{(E'P‘n3 }CO) Mn} 3.‘.?mBr] hag Dbeen reported and
discugsed. The manganese is six—coordinate with planar {Mn(CO) 4_} groups, and

the tin is four~coordinate {397].
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2.7 PHTHALOCYANIN AND PORPHYRIN COMPLEXES

The first complexes of the type (MnN(OEP)] and [MnN(TTP)] (OEP® =
octaethyiporphinate; 1'1'92_ = meso-tetra( 4—-tolyl )porphinate) have been prepared
by [0Cl] oxidation of [(Mn(oMe )(porph)] in the presence of ammonia. The red
complexes are diamagnetic and have  Dbeen characterised by standard
spectroscopic techniques: some chemical behaviour was also reported [398].
{2,3,7,8,12,13,17,18-octaethylporphinatonitrido )manganese(V), [MnN(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—octaethyl-5H, 15B-porphinatonitrido
manganese(V}); (67), which indicates that the MnaN bond is very resistant <o
reduction. The dimetnyl complex has been fully characterised, and the crystal
structure described. The MnsN bond, at 1.512 A&, is the shortest recorded

example of such a bond (3991,

(67)

Tetraphenylporphinatomanganese( IV), {mw('!'PP)]. was generated in situ
in tetrachloroethane at 77 K by a one-electron oxidation of [HnIn( TPP )C1],

and EPR and optical absorption spectra were recorded. Oxidation occurs at the
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metal centre, and the spin state of {MnIv( TPP)] was assigned as 3/2 [400]. The

manganese(IV) porphyrins (Mn(TPP )le (where X = N_ or NCO) have been

3
synthesised, but are unstable at room temperature in solution, decomposing to
[Mn(TPP )X]. Magnetic and spectroscopic properties were noted, and the crystal
structure of the toluene solvate an('I’PP)(NCO)z].O.SCHBCGHS; (68), reported
{401].

Some novel manganese(IV) porphyrin complexes, [XMn(TPP)(OIPh)] 20 (where
X = Cl or Br) and [(PhI(Ozcue)O)ZMn(TPP)], have been synthesised and
characterised, and their reactions as potential oxidants of hydrocarbons (as
well as other substrates) were investigated [402,403,404].

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

were pregented {405].

The compound [Mn('I'PZP)(MeOH)z][Clo‘}].MeOH; (70), has been prepared, and its
crystal structure presented. The metal is bonded within the plane of +the
porphyrin, and the coordinated methanol molecules are in axial positions. The
structure and electronic configuration were discussed with reference to

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

tetra( &-methylpyridyl )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 chloropentamminocobalt(III) [407]

The electrochemistry of the bridged phthalocyanin complex [(PcMn )ZOJ has
been studied in detail, and a four—electron ECE reduction mechanism proposed
[408]. The tetra(4-N, N’ N"-trimethylanilinium)porphyrin Mn(II)/Mn(III)
couple has been investigated electrochemically in agueous media over the
entire pH range, and the electronic spectral properties reported [409].

A matrix isolation IR spectral study of {MnPc] and {Mn(OEP)] indicates

that both molecules bind dioxygen gas in a sSide—on manner {410). A single
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crystal magnetic study has been performed on ferromagnetic (MnPc] at 1.2 - 25
K, and the results discussed in terms of the crystal structure {411]}. The
kinetics of the reaction of 5,10,15,20-tetrakis(4-sulfonatophenyl )porphyrin
with manganese(II) in the presence of cadmium(II) were studied
gpectroscopically {412]. It is reported that, on exposure to 6OCO y-rays at 77
X, manganese( III) porphyrins are reduced to manganese(II) porphyrinsg.
Characterisation of the products was by EPR spectroscopy [413].

Two face—to-face bimetallic complexes [MM'(PTF4)]; (7)), have been
synthesised with the Jdiporphyrin, cryptically known as FIF4, one complex
having M = M' = Mn, the other having M = Co, M’ = Mn: spectral data were

presented [414].

0cC NH

(L)
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Reaction of manganese(Il) ethanoate with the porphyrinsg
tetrapnenylporphyrin (TPP}, tetra—4-methoxyphenylporphyrin (T™™PP),
nemaroporpnyrin IX (HPIX) or coproporphyrin (CP) at high pressure and shear
deformation yields <the complexes [Mn(TPP)], (Mn(TMPP)], [Mn(HPIX )] or
{Mn(CP)], respectively ({415]. The temperature dependencies of the magnetic
susceptibilities of a number of manganese porphyrins were determined, and the
factors influencing the magnetic behaviour were discussed {416].

Other work on porphyrins includes the isoclation, characterisation and
reactivity of high-valent oxomanganoporphyrins {417]; the electrochemical and
spectroscopic study of 3,5-di-tsert-butylcatecholato and
3,5-di~tert—-butyl-2~-benzosemiquinonato complexes of manganese(III) and
manganese( IV) porphyrins [418]; and factors affecting the electron transfer

and ligand addition reactions of manganese tetraphenylporphyrins [419].

2.8 BINARY AND TERNARY OXIDES

When anlz, Hnso4, anoa, mcoa, un304, un02 or K[Mnoé] are added to a

I.:‘thjoz_’/l'lazct:og/xzco3 eutectic under argon or carbon dioxide, the final products

are salts, mainly of manganese{IV) oxoanions, including [Hnoz-,_ 2—
+ b ]

. [MnO 3,

(Mnoa}- and [anos}z— [420]. High temperature X-ray analysis of the spinels

Hg:ma_zo A has given information on the distribution of cations in tetrahedral

and octahedral sublattices. The distribution is independent of temperature

between 700 °C and 1000 °C [421]. Using the EPR signal of Mn, 0, impurities in
MnC, it has been possible to show that the Mn_ O

2%, is primarily concentrated on

the surface of the MnO [422]. Oxidation of manganese(II) ions with 02 gas at

298 K vyields a synthetic cryptomelane szaols. A detailed study of the
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interrelation of the manganese ores nsutite, hausmannite, manganite,
pyrolysite and cryptomelane has been presented [423]. Reaction of unao A with
butyllithium at room temperature yielded the mixed oxides Lixmao A (0 «<x <«
2): electrochemical and X-ray diffraction data were presented [424].

Photoelectron spectroscopy was used to study the reactions of manganese
with dioxygen and water at different pressures and temperatures, to yield MnO,
nnzoa, l&nso 4 and Mn(OH)z [425]. A thermogravimetric method was used to examine
the equilibria:

3mMn.0, = 2Mn,0, + 1/20,

z:moz - ano3 + J./ZC)2
at 790 - 990 °C and 466 - 495 °C respectively, at partial pressures of
dicxygen less than one atmosphere [426].

B:i.unzos was shown to have ferroelectric properties with
antiferromagnetic ordering by studying the temperature dependence of the
pyroelectricity, dielectric constant, dielectric loss, conductivity and
magnetic susceptibility of the compound [427]. The lattice constants for
(T2, 6%%.2
results are presented [428]. The synthesis and characterisation of the layered

)l(no3 have been determined by X-ray powder diffraction, and the

manganates Ca_. Mn O was reported [429]. A Mossbauer spectroscopic study

1+ 2 143z
of the octahedral sites in Co Fe Mn O, and
X Yy 3~-x-y 4
Ni Pe Mn 0, has shown that the iron(III) ions are incorporated into two

T y 3—z-y 4
sites of octahedral symmetxry [430].
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2.9 MIXED OXIDATION STATE AND NITROSYL COMPLEXES

Polarographic reduction of {Mn,L 0 1% (where L = 2,2'-bipyridine or
1,l0-phenanthroline) shows three well defined JdQiffusjion controlled waves
corresponding to 1, 2 and 3-electron transfers for both diimine ligands [431].
Detailed calculations on [Mn(H,0).(0,) 1™ (n = 0-3) were carried out by
CNDO-UHF and MO-LCAO-SCF techniques, and the complexes have been classified
according to the degree of oxygen activation [432].

A large number of complexes of the general formula
(CL(NH, ) Mn(N, M(NH_ ) 4c13n"’+ (where M is Cr or V) have been studied
theoretically to examine the electronic factors involved in (u—Nz) activation,
using CNDO-UHF and MO-LCAO-SCF techniques [433]. For [Mn(CN)s(NO)]n_ {(n =2 or
3), calculations with the scaled-INDO method have been used teo give data on
the electron density on the NO ligands, the bond order and bond lengths of the
N-0, C-N, Mn~C and Mn-N bonds, and the NO and CN stretching frequencies [434].

The compound {Me4N][Mn2(CN)6}.BH20 was examined by X~ray crystallography
and shown to contain low Spin octahedral manganese(III) ions C—coordinated,
and high spin octahedral manganese(II) ions bonded to two NC groups and four
Hzo groups [102]. The magnetic properties were discussed [103].

Reaction of manganese(lI) chloride with tetramethylammonium
1, 2~dicyanocyclopentadienide ([Me 4N] [dcep] in water, and recrystallisation of
the product £from ethanenitrile affords a complex which analyses as
{Me N1, {Mn (dcCp) (MeCN),H,0]: the product may be polymeric [435]. The
trimeric species [(uecp)ama(u-uo )3( y.a-NO)J has been synthesised and the

zreduction reactions of the NO ligands investigated. The crystal structures of

the protonated species [(Mecp)suns(m)3(u3—uoa)]{BF%] and
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[(xecp)ama(NO)a(ya-Noa)][PFG] were reported. Other spectral data were also
presented [436]. The crystal structure has been reported of the trimer
{Mn3(3—-MeCSHG )4], which has two (Man}_ groups (HL = 3-methyl-1,4-pentadiene)
bridged by one manganese(II) centre. Its electronic structure has also been

studied {437].
2.10 BINARY COMPOUNDS OF THE GROUP 15 ELEMENTS

The heat capacity of the manganese nitride Mn 4N was determined over a
temperature range S - 500 K: no anomaly was observed, and various
thermodynamic functions were quoted [438]. The structural properties of the
phosphide and arsenide Nilsm6P7 and Nilsunsu,’ have been investigated by
X-ray powder diffraction. The structures, which are isomorphous with the
siljcide Nilsm‘sSiv' were briefly discussed [439].

2.11 OTHER COMPOUNDS

The laser photoelectron spectra of [MnH] and [MnD] have been reported,
with a qualitative description of the electronic structure of low- and
high-spin metal hydrides. An interpretation of the spectra was given [440].
The titanium manganese hydride Til. 2Mnl. 833 was studied by high resolution
quasi-elastic neutron scattering to follow the hydride diffusion in the Laves
phase hydride. A detailed analysis of the results was presented (44l1). The

hydrides of ZrMn Fe were examined by Mossbauer and 1g m spectroscopy,

0.8

and show an increased hydrogen uptake over ZrMhz {442].
The intercalate Mno zs'rasz shows X-ray photoemissions which are related
to charge transfer from the manganese to the host band structure {443].

A review has been published covering manganese clusters ([444].
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