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INTRODUCTION

The period of this review covers papers published in 1980 and 1981 included
in volumes 94 and 95 of Chemical Abstracts. Some papers from volume 93 are
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also included, where these were omitted from last year's review [1].

The format is essentially the same as last year. The photochemistry of
manganese complexes has been adequately reviewed elsewhere {2]. Once again,
work of an essentially organometallic nature has been excluded, together with
reparcs of purely kinetic or mechanistic interest.

5.1 HIGH OQXIDATION STATES

The differences in the structures of K, X-ray absorption edges of solid
KiMnOy] and aguecus K[MnO,] and K:([MnOs] were determined using synchrotron
radlation. Activation parameters for the iH’Oq]zn/[H'Du}‘ electron exchange
reaction have been caltoulated [3], and detalled excitation profiles for the
[M0,]” ion in the vicinity of the T, state (v ~ 19000 cm ') were measured for
KiMn0, ] /R[C10,] mixtures and [Ph,Pl[MnO,] [4]. Kinetic bistability in the
manganate (VII) oxidation of oxalate was abserved [51, and a study of the
oxidation of alkenes by K[M0.]1 found some evidence for intermediate camplexes
(6,71. The IR spectra of [MnO;F] and its %0 isotopamers were recorded in an
argen matrix [8]. The reduction of [MnOs] by dihydrogen showed a kinetic
isotope effect (9], and the reduction of K{®nO,) by H and Hn“ has also been
studled [10,11].

The properties of bimiclear manganese canplexes with mono-oxo, dioxo~ and
percxo-bridges have been reviewed [12].

Using pulse radiolysis experiments, [MnO,] was reduced to the metastable
M10,1°” ion, which protcnates to give [HMNO.1°~ [13). The dynamic Jahn-Teller
effect in a ligand field excited state of [Mn0,}° ", in a 5rsiPO.];Cl matrix was
cheerved [14].

5.2 MANGANESE({IV}
5.2.1 Halides and posudohalides

A thermochemical study of [MnFs]~ established its enthalpies of solutian
and hydrolysis, as well as an estimate of its lon hydration enthalpy [15].
The reaction between [NH,1[MnF;] and XePe yielded [NH.i(XeFsliMnFe¢] [16]). The
salts A{MnFs] {A = Na, K or Rb} were prepared by a new route; the manganese{III)
intermediate X [M0Fs] .HO showed a very low megnetic moment due to metal-metal
exchange interactions through the fluoride ion [17]. The oavplex [0z] {Mn:Fs]
was prepared for the first time by the reaction of 0. or MnF, {n=2, 30r 4}
with F:/0; mixtures at high temperatures and pressuwres. FRuby-red crystals were
characterised by gingle crystal X-ray diffraction, IR and magnetic susceptibility
reasurements [18).
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5.2.2 Oxides

The following mixed metal cxides have been reported: MnM,0. {M = Mg, Co or Wi}
(193, Cui,sMni s Oy [20], MCusMnyOyx {M = Ca or G4} [21] and M([Mn,Os] {M = ¥4, Sm,
Ba, G4, Dy, T, Ho, Er, Yb, Lu or ¥} [22]. Treatmenmt of the spinel-tyoe
material LiMn;0, with agueous acid yielded a new crystalline form of Mnd:,
designated A-MnC»; a mechanism for this conversion was proposed {23).  Sixteen
synthetic Mnd: samples of different crystalline modifications and purity have
been prepared, and found to be mainly non—stoicheicmetric [24]. Some physical
properties of electrolytic MnO; and chemical MnO» have also been measured and
compared [25]. The reactlen order for the dissolution of MnO: and MPO in acids
with respect to [H'] have been reported [26]. Similtaneous TGA, DIGA and DTA
studies have been performed on MnO:, Mn:Ow and Mn:Q3 (271, and the interaction
of propene with MnD;, Mnp0:; and MnD has been studied by IR spectroscopy [28].

5.2.3 Other complezas

The catecholate complex [Mn{dtbe) ;]2 has been prepared in aprotic solvents
and characterissd by cyclic voltammetry, UV and EPR spectroscooy, as well as by
magnetic susceptibility measurements [29]).

A soluble manganese (IV) species has been cbserved in the manganate (VII)
oxidation of 2,4(1H,3H)pyrimidinediones (uracil and S-methyl-, 6-methyl-,
5=fluoro—, S5-chloro—, 5-bromo—, 5-iodo—, S—ethanoyl- or S5—nitro—uracil); orders
of reaction and thermodynamic oocnstants were obtained, and the mechanism
immestigated [30].

Six camplexes of the stoicheiometry MnL,X» (L = acac, [S;(NEt:] or
morpholinedithiocarboxylate; X = Cl or Br) have been prepared and characterised
[31].

5.3 MANGANESE{(TII)
5.3.1 Pluorides

The formetion of manganese({III} fluaride camplexes has been studied in lonlc
acquaous media of Li[C10,] and H{ClO4]. The equilibrium constante for the
formation of the species [MoF,]%™" {7 = 1, 2 or 3} and the MM(GHIF]® were
determined [32]. On reduction of K[MnO,] with acarH in the presence of an
excess of alkall metal difluorides A[HF:} {A = [¥H.), Na, K or Cs}, the conplexes
Rz [MnFs} {A = [MH.] or Na} or A:;[MnFs).H20 {A = K or Cs} resulted in almost
quantitative vield [33]. The complex Kz [MnFs? has been prepared [16] {see
section 5.2.1).
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The electric quadruple coupling constant at the '°F site has heen determined
for MnFy [34].

Themmolysis of [PhoIT;IMn{CN) ;] .#nH20 and {Ph:I] 3 [Mn{CN) sNO] have been studied
by DTGA and TGA; PhI and PhNC were ocbserved as decoposition products [35%.
The electronic energy levels of [Mn,0{CH)1,1%” were calculated usirng the self-
congistent-charge and confiquration MO method [36].

5.3.2 Oxidas

The complexes AMn, {A = la, Ce, Pr, N3, Sm, Fu, G3, Tb, Dy, Ho, Yb, Iua or ¥}
have been prepared by coprecipitation [37], The phase diagram of the Mnz0;-Crz0;
system in air between 1100 and 1620 K has been determined {38].

5.3.3 (omplemes with Group VIB donor ligands

Crystals of {Mn{spa) (0;Me}] {Hzspa = 3-salicylideneamino-l-propanol} were
studied by single crystal X-ray diffraction. The determined structure, (I} is

CH,

|
o/c\

0

O\\Mn/o‘\‘\ —
N—"1 ~So—" | ™0

%/ 0

(1}

coansistent with its cbserved magnetic properties [39]. The complexes [Mn{thac);]
and [Mnithtfac}s] {thacH = 1-{2-thienyl}-1,3-butanedione, thtfacH= 4,4,4—-triflurro—
1-{2-thienyl)-1,3-butanedione} have been preparved and characterised [40]. The
hexaketone 10- (noma-6,8-dlony]}-2,4,16, 18-nonadecatetraone (2) was found to give
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HC(Cg Hyy € —CHy—C —CHy )
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a very stable complex of manganese(III}. The conplex was found to be readily
reduced to the manganese(II) derivative, which itself was found to be kinetically
stable to ligand exchange [41}. The complexes [Mn(dik}.Cl] {dikH = acacH,
benzacH or dbzmH) were prepared and found to be five-ccordinate in CHRCl,:
adduct formation with various donor solvents was measured {42]. The chemical
relaxation curves for the camplex equilibria in solution for the camplexes
M (C204)  (H0) 1°7*" {z = 2 or 3; m =0, 2 ar 4} have been reported [43], and
the magnetic properties of the complex formed with 2,4-dihydroxvbenzoic acid
have been studied [44].

The oxidations of cyclohexancne and glycine by [Mn{Hz0¢]1'% in perchloric
acid and of tartaric acid, malic acid, cyclohexanol, allylic aleohols, halophenols
and halénaphthols by Mne (S04} > have been studied [45-48]. Manganese{III}
ethancate was used as a radical scurce in the oxidation of allyl- and
allenyleolbaloximes [4%9], but when used to oxidise flavomes yielded mainly
cleavage products [50].

Conplexes of the type [Mn{S:CNR;):] {S:CNR. = {3}} have been characterised

s
X N——C{

/N
N
S
{3; X = CH,, O, NMe or S}

and contain bidentate dithiocarbamate ligands [51,52]. The related complex
(Mn{S:(N{Et) {2-MeCsH.) }3] has also been prepared, characterised and DTGA and TGA
studies have been performed [53].

The first evidence that manganese Goes bind o the sulphur group in
metalloproteins has been chserved for a manganese(III) oomplex containdng acid
pnosphatase [54}.

The stability constant for [Mn{H,0)sCl]%* was calculated in H[C1O.} solution
[55].
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5.3.4 Complexes with nitrvogen—donor ligands

Nearly all manganese(III} camplexes are high-spin {°F in 0p) . the only
known low-spin manganese (IIT) complex cocurs with (W ligands [MnicWie]®™,
however for the ligand {trisfl-(2-azolyl)-2-azabuten-4-yljamine} = trp the
manganese{ITI) complex {Mnitrp}l uniquely shows a spin—crossover between 40 and
50 K (35g = 3T1g in 0 symmetry). An X-ray crystal structure was cbtained to
give further information about the manganese environment [56].

5.3.5 Behiff base complexes

Manganese (ITI} canplexes incorporating acyclic potentially pentadentate
Schiff bases (4) were prepared from manganese (IT) precursors. The complexes

OH HO
Z Z
"C =N (CHZ)nx(CHZ)mN=C
/ \
R R
{4; R n m X name
H ? 1 - ZSALEN
B 2 2 ¥-7 ZSALDIEN
H 2 2 -5- ZSALDAES
H 2 3 - ZSALEPT
H 3 3 N-5 ZSALDPT
H 3 g V-5 ZSALEPT
I 3 3 -0- ZSALDAFPE
CeHs 3 3 N-H ZHBPDPT  ; I = H, 3-NOz, 5-NO2 or S-MeQ)

prepared were [Mn{5-N0;SALFPT)NCS] . #H.0, [Mn{3-N0, SALEPTYNCS] . #H20,

{Mn {SATEPTINCS] (Hz0, [Mn{5-NO>SALEPTINCS], [Mn{3-NO:SALBPTINCS] .H20,

IMn {SATEPTINCS] . 28,0, (Mn{5-CH;0SATBPTINCS] .H20, [Mn(3-NO,SALDAPE}NCS] . 2H:0

and [Mn(SALDAPE)NCS] (5). These were characterised by magnetic susceptibility
measurements, UV spectroscopy and conductivity measurements, and it was
suggesated that the manganese (ITI} is in a pseudooctahedral enviromment.  Their
reduction potentials as measured by cyclic voltammetry, were shown to depend
on the aromatic ring substituent effect, and campared to the camplexes formed
by the potentially hexadentate ligands (§). The camplexes prepared of these



NCS
0 0
\Mn/ 2
‘ / \
C=N N=C\
H” \ ( / H
{CH CH5)
Z)QX/ 2'n
(5)

CH= N(CHZ)W N(CH;), N (CHZ}y N=—CH

(6; name
SAL-1,4,7,10
54L-1,5,8,12

SAL~1,5,9,13 ;i 2 = Hor 5-N0z)

o E
W t» e H
Mo e W

ligands were [Mn(SAL-1,4,7,10)NCS], [Mn{SAL-1,5,8,12}NCS] and
[Mn{SAL~1,5,9,13)NCS) . 4H:0 {7} [57]. For the complexes [Mn{ZSALDPT)RCS)
{2 = H, 3-NO;, 5-N0; or 5-CH;0} it has been shown that the reduction potentials
correlate with the '°C MMR chemical shifts of the ketonic carbon atom, as 2
is varied (581, In addition the manganese{III) campleses [Mn(SAIDAESINGS] and
[#n {5-NO,SAIDIEN)NCS] were prepared and their reaction with NO and O, in
solution and in the solld state were studled [59]. Both the manganese {ITT)
and manganese {II} corplexes with donor sets of {0:¥,P} and {F,F} derived from
substituted aldehydes and bis{3-amino-propyl)phenylphosphine {8) and (9) were
synthesised [Mn{SALPhDAPP}NCS].H20, [Mni{5-CH;OSALPhDAPPYNCS].3H.0,

189
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10 Gl N

: \
CH)y |

OH HO

€ =N —(CHp)—P —(CH )N =C_
H H
CeHs

(8; ZSALPRDAPP; n=m=2; Z=H, 5-NO, or 5-Me(}

O] 0
C=N— fCHz)n_""IP_"_(CHz}rﬁ—N=C\

H CeHsg
(9; PYFhDAFP; n=m=2)

[Mn (5-N0, SALPhDAPP)RCS] . HzC and {Mn{FYPhDAPP) (NCS) 2] .H20.  All complexes were

high spin and pentacoordinmate and their reactivity with N0 and O» was discussed
[60]. The Schiff base (H:L} derived from N,N'-bis(3-aminopropyl)piperazine
and salicylaldehyde, was found to give the camplex [MnLj [C10w], on which the
ligand is hexadentate [61]. 'The complexes [Mn{L}]

{H;L = R-2-H0C¢H,CH=NCH,CH (OH} CH,N=CHCsH;—2-0H-5-R; R = H, Cl, Br, N»» or (H;0O}
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were synthesised and shown to be dimeric with each manganese atam octahedrally
coordinated [62}.

5.3.8 (Complexes with other nitrogen—caygen donor ligands

The solid complestes [Mn(L) {0>Me}] {H.L = 2-HOCgHyCH=INHOC (CH, ), CONHN=CHC Hy CH-2;
n =0, 1or 2} were prepared and shown to be octahedral {63]. The complexes
Formed with 4-amino—3-{2-hydroxyphenyl)-1,2,4-triazoline-5-thione and
3 {2-hydroxyphenyl)~4- {2-hydroxybenzylidensamino) -1, 2, 4-triazeline-5-thicne were
prepared and characterised as six—coordinate pseudooctahedral complexes [64].
Other complexes prepared include [Mnitsc):{acac)], [Mnitsc):{py-2-000}],
[Mnitsc) (S:Q¥ELz} ], [Mn(acac), (py-2-00031, [Mniacac) {py-2-C00}.}
{tsc = NH:MHC{NHz}=S} [65], [Mn{3-O-quin};], [Mn(3-O-quin}:{OH)] and possibly
K [Mn {3-O—quin) ; {OH) 2] {3-H0-quin = 3-hydresyquinoline} [66], and also the
cavplexes of acrylamide and acrylic acid, which were studied spectrophotometrically
[67].

5.4 MANGANESE (11}
5.4.1 Halides

5.4.1.1 Fluorides

The unit cell parameters and crystal structures of the rutile-type MnF; at
high pressure were measured [68], and radiation defects in MnF; have been
cbserved [69]. FPR spectroscopy has been used to estimate the Ne€l temperature
for fine particles of MnF, [70] amd the antiferromacnetic to paramagmetic
transition in MnF; has been studied [71,72]. Moreover, the 180° antiferrumagnetic
domains in zerc field conditicns have been obhserved using neutron topography [73].
The magnetic properties of single crystals of M, . 2n Fr have been investigated
[74) and the stability constant of [MnF]* has been measured [75].

The cubic perovskite K[MnF;] was studled by high resolution elastic neutrcn
diffraction [76] and absorption spectra fram the inner 3p shell of the transition
metal 1on was measured using synchrotron radlation [771. Magnetoacoustic
solutions in K[MnF;] simgle crystals were cbserved in the BMR region [78]. The
magnetic and structural phase transiticon in the viclnity of 186 K was
measured for K[MnF;] and the temperature dependence of both the total and the
elastic-inelastic neutron intensities chserved [79,80,811. The wlumes of the
structural domains {T = 186 K} were also determined by X-ray diffracticn (82]
and the transition from cubic to tetragonal cvhase was studied by ultrascnic
techniques [831.



192

Using [NH3D]+ ion as an IR probe, it was shown that the perovskite
[NH, ) [MnF3] showed a low temperature transition from a cubic phase to one of
lower symmetry [84); by neutron diffraction studies this phase was shown to
be tetragonal [85]. [NH, ] [MnF3] was shown to react with XeFg (see section 5.2.1).

The boundary hetween the intermediate and spin-flop phases of Fb[MnF3] has
been determined {86]. The interactions between nan—equilibrium phonons and
nuclear spin waves in Cs{MnF;] have been studisd [87,88].

Peint groups of the commemsurate phase both below Ty and Ty for Ra(MnF,]
have been determined [891, the phase was studied by Raman spectroscopy {901,
The dynamics of the commensurate-incommensurate phase transition at 247 X has
been reported [91]1. Weak Bragg reflections from the {100} plane chserved in
large samples of Ba[MnF,] at 273 K suggest that the A2, n SPace group; which
was assigned after studying small samples of BaiMnF.], to be incorrect for
large sanples [92].

The complexes Mn[InFg] .nH,0 (7 = 6, 5 or 0) were prepared from InF;.H,O and
M0, in dilute hydrofluoric acid; TGA studies were performad [93]. The
polarised absorption spectra of single crystals of Mn[SiF] .6H:0 were recorded;
there were marked differences between the spectra at 298 K and 80 K [94]1. The
entropy of transition associated with changes in H-bonding between the water
molecules and the fluorine atoms was measured {95].

Several mixed metal fluorides have been prepared containing manganese (IT}.
It was found NaMnCrFe that the magnetic sub~lattices crdered below 21 K [96].
Evidence of a spin—glass transition in the vitrecus insultating fluorides
PbinFeF; and Pb:MnFeFs; have been cbserved [971, amd in the former case the
remanent magnetisation and anisotropic susceptibility were determined [98].

5.4.1,2 Chiorides

Using a simple model, a theoretical fit of the lattice dynamics of MnCl; was
abtained {99]. For the system KC1 + MnCl: + H20 at various temperatures it was
shown that Harmed's rule does not hold for MnCl: at most ionic strengths [100].
The diffusion coefficient and the activation energy of diffusion for agquecus
solutions of MnCl; have been determined {101].

The reaction of MnCl: with papaverine hydrochloride has been reported {1021,
and the thermodynamics of the MnCl,/CoCl, and MnCl; /AgCl systems have been studied
i103,1041. The temperature dependence of the vapour pressure of the MnCl,/DyCl,
system has been determined [105), as have the antiferrcmagnetic resonances in
MnCl: and the EPR line widths in aqueous poclyethylene glycol over a range of
temperatures (T = 77-453 K) (106,107). Experiments were carried cut con
4,3 mol dm ? MCl, (M = Ni or Mn) D;0 solutions, to test the method of iscmorphic
substitution [108]. In addition a detailed study of the snin-flop-transition
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in MnCl,.4D,0 was carried out by neutron diffraction [102], and the Neél
temperature of l-m{Brl_Iclr)z.-inO was measured [110].

The canplex [MesN] [MnCl;) has been studied extensively because it is a
quasi-one—dimensicnal antiferrcmagnet. Proton-spin lattice relaxation rates
were compared with theoretical values [111], amd measured over a wide range of
temperatures (T = 20-300 K} [112]. In addition, its EPR width has been studied
over a range of temperatures and oriemtations {113], and the breather contributions
to the dynamical form factors of the sine—Gordon systems measured {[114]. The
electronic absorption spectra of single crystals of [{CHz) sNH] IMnCl3].2H:0 was
observed and the crystal field parameters evaluated [115]. The structures of
[CH,NH;] IMnCl5].2Ho0 and [{CH3) zMH2] [MnC133 . 2H:0 were determined by X-ray
diffraction. Both salts were found to contain the cts-[MnCl, (Hx0) 2] unit
f116,117]1. Proton spin-lattice relaxation rates were measured for cadmium-doped
iMeyN] [MnCl:;] and FPR measurements were performed on copper—doped [MeyNi [MnCl;]
[118,119].

The structure of Na[MnClz;] was determined by neutron diffraction (120]) and
an antiferromagnetic-paramagnetic transition was chserved at low temperature
(6.5 K} under high magnetic fields {121]. The ferroelastic damain structure of
Eb[MnCl:] was reported [122], as was the rapid exciton migration in the crystals
of the infinite chain salts Cs[MnX;].2H,0 {X = Cl or Br}, which indicated that
Cs[MnCls].2H,0 was not strictly one—dimensional [123). A neuwtron diffraction
study on cobale-doped CsiMnRCla].2D,0 was performed and TN determined [124].

The magnetic resonances in [CHiNHz], [MnCl,] in the antiferromagnetic and
spin-flop regions were reported [1251. The elastic mode in the layer material
[CH3MH;) ; [MnCly ] was measured [126] and the zero field splitting paramster D of
the ®Ss/, ground state of Mn?* ions in chloride ion enviromwents was discussed
[1271. The thermal dexomposition of (MeNH;]. [MnCl,] has been cbserved [128).

The incommensurate—commensurate phase transition of MeoNI» [MnCl,] has been
studied by X-ray diffracticn; the inocommensurate phase was found to be monoclinic
and ferroelastic [125). The complex [{MHa(H,(H,)NH2] {MnC1,]Cl was prepared and
its crystal structure determined [1301. The average structure of
[C3H7MH3} 2 [MnCls] was determined and a superspace group was also assigned [131).
The thermal behaviour of lomgy chain #-alkylammonium tetrachlorcmagonate salts
has been investigated {132); in particular data was obtained calorimetrically
{133]. Bis(tryptaminium} and bis{diphenylbutylammonium) tetrachlorcmanganate{(IT}
salts were prepared as examples of two—dimensional antiferrcmagnets, and their
electronic spectra were recorded {T = 10-290 K} [134]. Raman and rescnance
Raman spectra of [CsH7S:);([MnCl,] were measured. The visible band which gives
Tise to the intense colour of the camplex was assigned as a anion —e cation
sulphur-metal charge-transfer transitlon [135].
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Camplex ion formaticn in the ionic melts 2MCl.MnCl, {M = Li, Na, K, Rb ar Cs}
have bean summarised [136]. The symmetries of the Raman active modes of the
suzuki phase in the system 6NaCl:MnCl: were calculated [137]. The polarised
electronic absorption spectra of Ror[MnCl,] single crystals down to 77 K was
recorded and the manganese(II) ion shown to be in an octahedral envirorment [138].
The temperature dependence of the linear birefringence of light has been studied
[139].

Single crystals of the incongruent melting materials K;[MneCl;), K [MnClg)
and Cs[Mn,Cls] were grown and characterised [140]. fThe use of
trioctylmethylammonium chloride as a means of extracting Mn?* ions from hydrochloric
acid solution was investigated [141].

5.4.1.3 Bromides

Information about the palr distribution fimetion and exchange dynamics of
MnX {X = Cl, Br or [BF.]} were cbtained [142]. Be-I and He—II PES were cbserved
for MnX; {X = F, Br and I} and interpreted in terms of both ab tnitie M.O.
caleculation and intensity differences between spectra recorded with He-I and He-II
radiation [143].

The structure of Li; [MnBr,] was found to be cubic at 673 K and tetragomal at
298 K {1441. Ligand field parameters were calculated for the [MnBr.i?~ ion and
campared to experimental data [145), and the formation constants for a range of
manganese{II) halide cawplexes of Cl, Br and T have been evaluated [146]. ‘The
trigonal distortions of the [MnXe]“” {X = Br or Cl} cctahedra in same Mo, layer
compounds were evaluated [147].

5.4.1.4 Todidee

Neutron powder diffraction and magnetic susceptibility and magnetisation
measurements on single crystals of CsiMnI:;] indicated three—dimensional ordering
takes place at T = 11.1¢3) K [148]. The ligand field parameters for the [MnTI,}j2~
ion were calculated, and camared to experimental data [145].

The hydration mmbers of manganese{II} as a function of the anion
concentration {I , Br™, Cl0,  or 504%7} has been measured by MR spectroscopy
{149].

5,4.2 Orides, sulphidse, selenides and tellurides

§5.4.2.1 Owxides

MnO was shown to have a fape—centred cubic crystalline structure above TN "
110 K. At Ty an antiferramagnetic ordering takes place and this was studied
in terms of the magnetoelastic coupling [1501. In very pure crystals of MnO
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the temperature deperdence (T = 4.2-300 K) of the principal magnetic
susceptibilities X, and x  was cbserved [1511. The anamaly in the elastic
constant of MO near 43 K has been assigned to the presence of the Mn;0, chase
1152]. The effect of non-stolcheiometry on the magnetic properties of ¥MnD was
studied and this also revealed the presence of the Mn,0., phase [153]. A
variety of non-stoicheiametric manganese monoxides, and the probable separation
of the phase diagram into two principal areas, was observed [154]. ‘The
elasticity constant of single crystals of Mn() was reported [155] and sulphurization
of MnD to MnS was studied [156]1. A nomregquilibrium thermodynamic model for the
precipitation and oxidation of maturally ccourring manganese oxyhydroxides was
proposed [157].

Several twe-component phase gystems have been studied; 'B #MR was used to
investigate the paramasmetic MnO/B:0; system [158]. The study of the MnO/SiO;
system at various temperatures (T = 1673, 1773 and 1873 K} indicated the stability
of 5i0, in MnD/Si0, melts was a function of axygen pressure [153]. The
antiferramagnetic solid solution of MnQ/CoQ was studied thermomagnetically and
the Nedl temperabures were determined [160]. The interaction of As,05 with MnO
was studied thermographically [161]1. The system GeQ,/Mn0O/Mn.0; was studied at
1173 K and was found to behave similarly to that of the Si0»/Mn0/Mn,0; but quite
differently from GeDs/FeQ/Fe,0:; system [162].

Several mixed motal oxides containing manganese{II} icns have been observed.
Four camplex oxides CaxMn;Op, CaMniOg, CaMn,Op and CaMn;0;; were prepared using
a low temperature route (163]. The preferential of o-TiO: needles in crystals
of Mn[Ti0;] was studied [164]. A convenient method of preparation of the spinel
MnFe,On was discovered [165] and (Mn,2n)Fe,0y was also prepared [166]. The
complex oxide La,TiMnDe was prepared by a solid state reaction and analysed by
X-ray crystallography [167]. The manganese{II) ions in the A~ and Y-type
ericnite zealites exist in a cocrdinatively unsaturated state under specific
corditions and are surrounded by three oxygen atams of the zeolite crystal
lattice [168]. MnPb0;] .xH20 was prepared, and the perovskite phase was found
to be orthorhaombic [169].

The oxide pnictides Ba;Mn.Sb,0 and BaMn,Bi.0 have been reported and their
structures determined [170%.

The preparation of Nayg [MnWeO:4].28H20 has been described [171] and an X-ray
diffraction study of [Mn{H;0)5iMoy;054]" showed it to be similar to other
hetercpolytungstates and hetercpolymolybdates [172]. The spherulitic products
of manganese{IT) ions and (Cr0,1%” ions have also been studied [173].
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5.4.2.2  Sulphides, selenides and tellurides

The effect of antiferrcmagnetic ordering on the optical absorption edge in
o-MnS was studied theoretically and experimentally [174]. The phase transition
of R-MnS was found to be first order [175]. The free energy of formation of
MnS was determined as -218.8510.88 kJ mol™! by electrochemical measurements [176].
The far-TR reflectance spectra of the pyrites type camounds MnS;, MnSe, and
MnTe, were determined {177), and the physical properties of a-Mn S sulphide
magnetic semi-conductors were measured (178].

The solid solution in the systems (Mn,MgiGd:S, and (Mn, Mgy}Yb,S, were found
t0 have the cubic Th;P, and cubic spinel structures respectively; all materials
were paramagnetic above 77 K [1791.  The vaporization reactions of MnGasSy (S}
and Mn;GasSg (s} were established to be:

3/2MnGa,S, (s} = IMnyGazSs (s} + Ga,S5(s} + S, i)
MniGasSg (s) = 3MnSis) + GazSig) + Si(g) {T = 1150-1315 K}

[180}. The a and P phases of MnGa,5. have been prepared and characterised.

Both were antiferromagnetic with Ty at 23.5 K and 11 K, respectively [181]. The
magnetic structure of MnCr,Sy at high magnetic fields carmmot be fully described
by magnetisation or by neutron diffraction [182]. The mixed metal sulphide
(Mn,Fe}S; was investigated by analytical electron microscopy and Mosshauver
spectroscopy [183].

§.4.3  Sulphates, selenates, carbonates, nitrates and phoecphates

5,4.3.1 Sulphates and selenates

The exchange interactions in o-MnS0, was studied [184], The effect on the
line widths of the EFR spectra of MnSOy.nH,O (n = S, 4, 1 or 0} with decreasing
water of crystallisation was studied [185]) and the 'H NMR spectra of the protans
of the water of crystallisatian in MnSO,.H:0 were also reported [186].

A mechanism for the oxidation of DL~proline by MnSO, has been proposed [187]
and the rate equation for the auto—oxidation of S0; ih aqueous MnSD, was
determined [188). The reduction mechanism of MnSO, to Mn on a Hg electrode was
investigated by chronopotenticmetry [189]. MnSO, was formed by the decomposition
of [Mn(N:Hs}2][504]2 [190].

The shape and extended fine structure of the manganese K-absorption {(FXAFS)
discontinuity in the octahedral camplexes MnSQ, . HzQ, MnCl:.4H,O, MnC,0,.2H:0
and o-MnS were determined [151]. The angular and temperature dependences of
the second moment of single crystals of [NH,) 2S04 .MnSO, were measured [192], and
a new double salt [NH,§,50y.2MnSO, has heen reparted {193].
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Conplexes of the 3- and 4-substituted benzeneseleninic acids XCgH,SeO.H
{x = H, 3-Cl1, 4-Cl, 3-Br, 4-Br or 4-¥e} have been reported and characterised;
IR spectra suggest that the camplex contains a bidentate seleninato-0,0' ligand,
and possesses distorted octahedral geametry (72) [194]. In addition, the

A
Se

o |

o O]
O
OH»

{10; X = H, 4-CL, 4-Br, 4-Ma, 3-Cl or 3-Br}

selenate (IV) complexes Naj [Mn{Se0;) z (Ha0)) and K [Mn; {Se;0s) 2 (H20) 3] have been
prepared and characterised [1959].

§.4.3.2 (Carbonates

Dense M0, was made by the decomposition of manganese(II} ammenium
carbamate [196]. The stepwise stability constants, 11 and 3.7 were calculated
for [Mn{H0D;}]" and [Mn(BOD.),]1, respectively [197).

5.4.3,3 Nitrates

The mechanism and kinetics of the thermal decamposition of hydrated Mni{NOs)
under air, N; and vacuum and anhydrous Mn{ND;), under air and vacwm have been
imestigated. Mechanisms and activation energies have been proposed [198-202].
A ¥, y—diethylacetamide/water solution of Mn(ND;): was investigated by EFR
spectroscopy and three ionic species were detected: (i) Mn®* with mixed dea,
H;0 solwvation, {ii) dea solvated ions {loose ion pairs), {1ii) (tight ion pair)
species. {ii) and (iii) are not well defined "chemical" species [203].

The solubllity diagrams of the Mn(NO3) 2/Co(ND3) z/HzO and Mn (NOa} 2 /Ni{NDa) 2 /H0
systems were determined (204}, also the solid system [Er{MDz}: + Mn{NO3}2]/
M[C:0.} {M = K ar NH, }/water was studied {205],
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5.4,3.4 FPhosphates
It was found that [Mn(NH,)](P;0;] decamposes, according to a redox reactiom,
to Mns [P207] [206]).

§.4.4 Carboxylates

The kinetic and thermodynamic characteristics of the dehydration of
Mn{0z(Me) ; . 4H20 were determined [207]. The IR spectra of Mni0.(Me):.nH20
(0¢ngd) were recorded and vibraticnal bands due to H,O assigned [208].

(H;a_jhl_z) {0:(Me) . 4H:0 was studied by X-ray diffraction, DTGA and TR
spectroscopy; =me Mh-doped species (HnIOcal_:) {0.Me) ; .4H:0 and
(bm:Nil_r} (C2¥e) > . AH.0 were also investigated (209].

The camplexes of the alkanedicarboxylie acids of formula HO.C{CH.)},00:H
{1¢n¢7)} have been prepared [210). ‘The extraction of manganese(II} ions by
long—chain alkylammonium carboxylates has been studied, and found to be a poor
method (2111, The manganese {II) complex of 3,4-dihydraxybenzoic acid was
studied by FPR in alkaline solution [212]. The camplex MnL,»H,O {HsL =
acid; n = 1 or 4} was prepared and its solubility measured [213].

The complex MnlL: {HI, = 3,5-dinitrosalicyclic acid} was prepared and screened
for antifugal and antibacterial properties [214]. The camplex [Mn{salH}; (H;0)2]
has also been prepared, and preliminayy X-ray data presented [215].

Potentiametric and spectrophotometric investigations of the potentially
tetradentate ligand semi-xylenol orange (11) {H,sxo} have been reported, and the

CHy
O OH
U\  CHa COOH

SO3H CH2COOH

(11)

formation constant was measured [216). The carplex CaiMn{edta)].nH:0 was
characterised by IR and X~ray diffraction and the complexes MnCof{edtal.6H,0 and
MoNi {edta) .6H,0 were also reported [2171. The 'H NMR relaxation rates of water
protons were measured in marganese(IT) /edta soluticns. FProton of water molecules
hydrogen-bonded to coordinating carboxylate oxygen atoms contributed significemtly
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to cverall relaxation rates. One water molecule was found to be directly
bonded to the metal ion [218]. The solubility of manganese (II) ions in water
after treating with fulvic acid was determined [219].

5.4.5 Complexes with Growp VIB donor ligands

The high energy mdification and crystal hydrates of Tutton's salt containing
manganese {I1} were prepared and their latent heats of solution measured [220].
The structure of {DL-proline)manganese{IT) sulphate tetrahydrate
[ {C,HaNO0; IMN (H20) 4] [S04] was determined and found to be polymeric with the
manganese atam exhibiting a distorted octabedral geametry (12 [2210.

CH,

H20\ | /OHZ

Mn
Hzo/ | \0

(12}

The effect of spin lattice relaxation times of the !°C nuclel in ascorbic
acid (13} vhen complewed with manganese (IT) was measured, and the ocordination
sltes determined {222].

CH
' 2~ CH 0
OH I
OH

{13)
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The complex [Mn(nap)s] [SbCls): {nap = ¥-acetylpyrrolidinone}, in which nap
is bhidentate, was shown to contain Mn?® in a reqular octahedral envirorment [223).
The complex [Mn {quin-8-0H-N-0} 4 (H20) 2] [C104] 2 .2H,0 {quin-8-OH-¥-C =
8-hydroxyquinoline ¥—oxide} {14} was prepared and characterised as hexaccordinated,

AN
P
N+
!
OH -

O

(14}

containing {Mn0¢} moieties {Z.e. four-phenclic oxygen-bonded unidentate
quin-B~0H-N-0 ligands and two water ligands [224]. The complex of g-alanine,
[Mng (B~ala) 51 [C10: 16 . 2H,0, was prepared and characterised. The molecules of
B-alamine link infinite, almost linear, chains of manganese atams by syn,syn
and syn,anti carboxyl hridges, cne molecule of R-alanine being tridentate [225].
The normal vibrations of the manganese (II) complex of malonic acid diamide were
reported [226].

The stability constants of the complexes formed with L-adrenaline and
moradrenaline systems were determined pH-metrically over a pH range of 5 to 11,
and it was shown that in the presence of an excess of ligand only ertho-phemolic
hydroxy groups participate in coordination [227]. The stability and
stoicheicmetry of adrenaline {(A) complexes were determined from 1:6 to 1:1 ratio
of Mn:A and the titration curves were explained by assuming that complexes of
the type MnAH, MnA, MnA:H:, MnA:H and MnA, were present [228].

The binuclear complex [Mn(pdt).) {H:pdt = 2-pyrrolideme-1,3-bis (carbodithioic
acid) } was prepared; the ligand Hppdt exists in two tautomeric forms (15);

H . H. .
5 “‘0"’H\5 S« 0 H\S
C
{15)

magnetic sasceptibility measuwrements Indicate the presence of same metal-metal
spin—coupling [229]7. The 1:1 complex formed with manganese {(IT) and
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ethylenediamino {di thiocarbamate} was studied by IR spectroscopy and X-ray
crystallography. Only the sulphur atoms were ccordinated giving rise to a
polymeric structure [230].

Complexes of manganese (II} with eis,efs-1,3,5-trihydroxycyclohexane 12317,
2, 3-dihydroxynaphthalene [232], 3,5-dichloro-2-hydroxyacetophenone (2331,
1,1,1,5,5,5-hexafluoro-2, 4-pentadicne [234], mono {hydroxyethyl}phthalate (2351,
dibenzoylmethanate [236] and 5-hydroxy-2-methyl-1,4-naphthocuinone {237] have
alsc been reported. The canplexes of manganese{I1} with dichlorophosphates
have alsc been reported [239].

5.4.6 Complexes with nitrogen donor ligands

The tendency for manganese{II} to form camplexes with pyrazole and substituted
pyrazoles was investigated using polarcgraphic methods and the coordination
mumbers and stability constants of the complexes formed were determined [238].

The voltammetric behavicur of the canplexes [Mn{tervsite},] {tercsite =
2,6-bis{4-phenyl-2-pyridyl)—4-phenylpyridine (I6}} have been studied in

{16}

ethanenitrile using DC and AC polarcgraphy and cyclic voltammetry. The complex
wndergoes two cne—electron reductions to the +1 and 0 oxidation states
respectively, and a poorly defined one—electron oxidation to the +3 cxidation
state [240]. The mangarese{II} azide system was studied potenticretrically
using a glass electrode, and the stability constants were calculated [241].

The structure of the complex cio-[Mnibipy}z (SN} :] was determined by X-—ray
diffraction, The cbderved distortion fram octahedral symmetry being due to the
bite angle of appraximately 75.5° of the two bipyridine ligands [242]. The
absolute confiquration and axial rotational strengths of [Mnfen):] [ND:}. were
determined using single crystal doping techniques [243].
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Heat capacity measurements of [Mn{trz),{8C8),] {trz = 1,2,4-triazole} were
taken in the range 1-90 K; a A-anomaly was found at Tc = 3.292 K. FERecent
X-ray data show the space group of this compound to be Pebn, not Abe2 as
previously reported [244].

The complexes [MnT,Cl;] and [MnL:Xs] {X = Br, NCS or NO3)} and [MnL.] [C104]»
{L = {77)} have been prepared and characterised [245]. The camplex [MnL)Cl,)
{L' = (18} was formed from the 2:1 ad@ition of (78) to MnCl, [246).

i
/NH /p\
NHy— C NH OC gHe
NH— C=N NH, TH
{17) NH2
(18}

The camplex of empirical formula [Mn{Fttrz),(NCS),{H:0}:/2] {Ettrz =
4-ethyl-1,2,4~triazole} has been identified and characterised as a dimer
oantaining both n-bridging and nl-non-hridging triazole ligands. The structure
deduced fram IR spectroscopy, and magnetic susceptibility, DTA and DIGA
measurements is shown in (73} [247].

3
N
7
SCN N M NCS
<N 7
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[Mn{ap.ac) »X»1 {apzac = RN=CMeCHMeC=NR, R = 2-pyridyl} have been reported
and were found to have a distorted octahedral gecmetry, ooordinating throwgh the
azamethine atoms, not throwgh the pyridine group [248].

Other compledes with nitrogen—donor ligands that have been studied include
ML} and [Mn{HL};) {H,L = 1,4~quinone and dicxime} [249), [MnL] {H.L =
H2NC{O}N=NC (O)M82} [250} [MnL,Cl:] {L = acrylamids} {2511 and [MnLg]X: {L =
tert-butylurea; X = [ClOw) or [NO:]} [252]. Complex formation between
manganese {II}) and triethylenctetremine [253], hmpa [254], 1,4-diamincbenzene
[255], aminopyridines 12561, 4-methylpyridine (2571, 1,2,3-benzotriazole [258],
pyridine {2591, hydrazodicarkonimide [260] and 4-butvl-4H-1,2,4-triazole [261],
have been studied, as have the mixed ligand complexes formed between manganese (IT}
and bipy as the primary ligand, with several purine derivatives as secondary
ligands {adenine, hypoxanthine, xanthine, guanosime and xanthosine} [262].

5.4.7 Sehiff base corplexee

The following Schiff base complexes inmvrolving the pentadentate ligands {4)
{Secticn 5,3.5) have been prepared and characterised; [Mn{SAIDIEN}],

[Mn {5-N0,SATDIEN) {H:0)]), 1Mn{SALDAES) (H,0}], [Mn{3-NO,SAIDAPE} (H,0)], [Mn(SALFPT)],
[Mn {5-NO,SAIFPT)] . [Mn(5-NORSALHPT)], {Mn(NAPDPT)! and [Mn{HBPDPT)].3H,0.
Feacticons with MO and 0; in solution and s0lid state were stadied, and subtle
differences in reactivity noted {59]. The complex [Mn{dss) {H20}] {Haxdss =
2,3~dinitrilo-eis-2-bhutene-2, 3-diiminomethyl ) di-2-phenol } was prepared by a
tamplate reaction of a solution of MnX, (X = Cl, Br or I}, diamincmalecnitrile

and salicylaldehyde in a ratic of 1:1:2 {263]. '

The manganese{Il} complexes of the Schiff bases made from sulphaphurazole,
sulphamethoxypyridazine or sulphaphenazole with 2-hydroxy-S—methylacetophenone
or 2-hydroxy-5—chloro—acebophencne have been reported (2641, as have the
camplexes Mnl;.2H:0 {L = furfurylidene benzoyl hydrazine or S-nitrofurfurylideme
benzoyl hydrazine} [265] and the polychelate prepared from the Schiff base formed
fram 5,5'-methylene-bis-salicylaldelyde and aniline [2663.

The tetrahedral complexes (MnQ).H.0 {Q = L or L'; HL =
Methyl-3- (2-hydroxy-1-naphthyimethylene) dithiocarbazate and HaL* =
Methyl-8~ [1- {S-bramo-2-hydroxyphenyl }ethylidene]di thiccarbazate} have been
prepared (267].

5.4.8 Complemes with mized-donor ligands

Irradiation of {Mn, {(00);4] and 3,5-di-fert-butyl-l,2-benzoquinane in toluene
gave the complex [Mn,{0zCsH;{(Mei):1lsl, while in pyridine the camplex
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IMn{0,CeHs {((Mead o} (py) 2] - 2py was obtained, The former complex is a
centrosymuetric tetramer with the bond lengths suggesting a manganese (II}
semiquincne formulation, The latter camplex exists as a monomer (20} [268].

But h
8] 8] But
O
But 0/ \O
N But
{20}

The crystal structure of [Man{Hzolzln {HL = 4-amino-3,5,6-trichloropicolinic
acid} was determined [269]. The complex [Mn{acpzl});) [BF.j. {acpzl = F-acetyl
pyrazole {21)} has been characterised by IR and NMR measurements and the ligand
found to be bonded in its enol form {22) 1270). The complex [Mn{H.L} {H:0).3Cl,

2_‘ N\ N
I - | P C=CH,
0 M /
| 0
{21} I
H
{2g)

{HzL, = N, ¥'-{dipicnlyl)-1,8-diaminonaphthalene} was prepared, the ligand was
thought to be tetradentate, giving rise to a distorted octahedral geometry
around the manganese atom; a structure, (23), was proposed [2711,
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(23}

The complexes [MnL,] {plcrate);, iMnL, (H,0) 2] (picrate),; {L = bipy or phen}
and [MnL. {(H,0) ] (picrate), (L' = py, 4-Mepy, quinoline or 2,6-Me,py} have been
prepared [272]. The structure of the camplex [Mn{trz) {Hz0}(S0y4}] {trz =
1,2,4-triazole} was determined by single crystal X-ray diffraction (24}. An

HeO OHZ
N

Mn\
HZO/I N@N
0 e/
I
503

{24)

QHp

oxygen atom of the sulphate ion is coordimated [273]. The camplex [Mn{HL):]
{HL = 3- (2-hydrosgyphenyl)-2-mercaptopropencic acid (25)} was prepared and was

COOH

CH==C\
e
CH

{25)
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extracted readily into organic sclvents [274]. The complexes iMnL; {H.0) ]
{8L = 2- {2-hydroxybenzylidone) amino-5-phenyl-1,3,4—oxadiazole} and [MnL:X:]
{L = cytosine, X = Cl ar Br}, [MnL4]X;.2H:0 {L = cytosine, X = [Cl0s] or [NO:]}
have also keen reported [275,276].
Fram the new ligands, (26} and (27), several new manganese (II) carplexes

Ph Ph R! R"
AN v
Ne—¢” ¢—c
i li Il Il
N—NH N—NH
oL vy @,
: @ o 1O
(26; R = OH, NHy, CO:H, CHO, i{2?; R' = R" = Ph,
S8, SMa or AsMejz) R' = R" = H,

R' = R" = Me,
R' = Me, R" = H,
R' R = (CHz)k}

have been synthesised. Ligands {27), ylelded on drying, dimeric camplexes

[(Mn2Lz (H200 1 {He:L = {27)}. Ligands {26} gave the oomplexes

[Mn (8,1} (H,0] [C104] 2 {H:L = (26), except when R = CH since (26) 2 (27}; R'=R"=Ph}.
In addition the complexes of empirical formula [Mnl) were obtained from
manganese (0) compounds with ligands {26). Magnetic moment measurements

indicated that these compleves were probably dimeric, similar to the dimeric
species above, but the bonding in these dimers appeared to be weaker. In all
these complexes the ligands, (26) and (27), act as stable planar ligands ([277].
The purine (24; purH) forms a complex [Mn(purH)Cl; (Hz0):], the structure being

]
1 5 N7
N/
AN 7
N7 TN
H

(28; purH)

postulated as either dimeric {29} or pelymeric {(30). (£8) was favoured on the
basis of magnetic mament measurements [278],
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The complex [Mn{tpdtidp).] {tpdtidp = tetraphenyldithioimidophosphate} was
prepared and the chelate rings were shown, by X-ray crystallography, to have
nearly an Sy axis of symmetry; thus it was possible to perform normal coordinate
analyses an a 1:1 metal-ligand model possessing (> symmetry [279]. The magnetic
susceptibility of [Mni{S;NEt;} 1 was determined fram 2-300 K, for a range of
magnetic fields; the results were correlated with an intrachain antiferromagnetic
exchange J/X = =7.5 [280}.

The ocmplex [Mn(N=SF;3},{AsFs},] comtains an octahedral manganhese atom with
coardinated [AsFg]  groups, The NS triple bond is one of the shortest cbserved
betwean first and second row elements (31} [2811,

Cther complexes of manganese {II} reported this year include A;Mnl,.nH;0 and
BaMnL .SHz0 {H:L = iminodiethanoic acid; A =Ma, n = 7.9; A=Li, n = 4;

A=K, rn =2} [282]. Complexes with the following ligands have been reported:
tetracycline [283], DI-4,4'-dithickis {2-amincbutyric acid) 12841,
2-pherylamino-5-carbogymethylthio-1, 3, 4-thiadiazole [285], phemylhydrazine
derivatives of pyridine carboxylic acids [286), isonicotinic acid [287],
B-hydroxyquinoline and halogemr—substituted ethanoic acids (2881, acacH and
nicotinic acid [289], 4-benzoyloxime—3-methyl-1-phenyl-2-pyrazolin-S-one [290,291],
2-[4—amino—3-1- {1, 2, 4-triazolylazo} naphthol~4=-sulphonate (2921, bipy, 4,4"-bipy
and their dicxides [293]1, 2-aminoethanol [294], ¥-{5-phenyl-l;3,4-thiadlazcl-2-y1}
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(51)

benzamide and acetamide {2951, 4-oximino-3-methyl-l-phenyl-2-pyrazolin-S-cne,
4—aximino-3-methyl-2-pyrazolin-5-one, 4-oximino-3-phenyl-2-pyrazolin-S5-one [296],
1-{2-pyridylazo)-2-naphthol [297F, N-carbamoylpyrazole [298], phemoxyethancic

acid {299], pyridine-2-aldoxime, &-methylpyridine—2-aldoxime [300],

4-amino-#- {5—ethyl-1, 3,4-thiadiazol-2-yl)benzenesulphonamide [301],
Z-aminonicotinic acid [302}, syr-phenyl-2-pyridylketoxime,
syn-methyl-2-pyridylketoxime [303], sulphathiazole [304], 2-hydroxy—l-naphthaldoxime
[305], 2-hydroxynaphthalene~l-azo-2'-pyridine-#-oxide [3071,
a-benzoylmethylbenzylideniminobenzenesulphonic acid, 2-{c-benzoylmethylbenzyliden-
imino}ethanesulphonic acid [306], 4,4'-bis{3-formyl-4-hydroxyphenylazo{diphenyl~
sulphone [307], methionine, glycine [308,309), hydrazodithicamide [3101,
1,2dimercaptoethane, B—-dimercaptoethylamine, cysteine, 3,4-dimercaptotoluene,
B-mercaptoethylalochol, mercaptoethanoic acid [311), 3-bromo-2-hydroxy-S-methyl
acetophenone, oxime and hydrazone [312], 2,6—diacetylpyridine salicyloylpicclinoyl
hydrazones [313], 4-[(2-hydroxyphenyl)hydrazonol-#-{benzylsulphonyl }-3-methyl-2-
pyrazolin-S-one [314], S-trityl-L-cysteine {3151, 2-hydrazinobenzimidazole [316],
1,3-di-4-piperidylpropane (3171, salicylaldoxime, O-vanillin axime [318],
antipyrine, 4-amincantipyrine pyramidone [319], cycloserine [320], alizarine,
lumomagnescn [321], cystine [322], 2-hydray-l-naphthaldoxime [3237, .
6—amine-2,4-hexadiencic acid [324], glycine [325]), dithicoxamide [326], and
ternary complexes of the ligands 2-methyl-8—quinolinol, 4-methyl-8-quinclinol

and various heterocylic bases [327], bipy, tropolone and g-isopropyltropolone
13281, 1,l0-phenanthroline, 2,2'-bipyridine and 2-phenyl acetohydroxamic acid
[329], l-amino-2-naphthol-4-sulphonic acid and 2,2°-bipyridine, 1,10-phenanthroline,
pyridine, 4-methylpyrroline and quincline [330), glycine, alanine, B-alanine,
phenylalanine and 2-phenylacetchydroxamic acid [331], folic acid, 7,8-dihydrofolic
acid and glycine, alanine, serine, hystidine, phenylalanine [332],
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¥-phenyl-¥'-benzothiazol-2-y1 thiocarbamide and 2-methylbenzimidazola [333],
adenosine-5'-triphosphoric acid amd 2,2'-bipyridyl [334], antipyrine,
4-amirpantipyrine and pleramic acid [335].

§.6.1 Carbonyle and hydridocarbonyls

The photochemical reactions of [Mnp {Q0);4] with pyridine and 4-alkyl- and
3~halo—substituted pyridines, as neat solvents have been studied. The rate of
conversicn of [Mn; {(C0}1s] to products was found to be increased slightly for
d-alkyi-substituted pyridines and decreased markedly for 3-chloro or
3-braopyridines.  The mechanism probably involwes hamolytlc fission of the
Mn-Mn bond to give the radical [Mn{QO0)si’, which is then rapidly attacked by
pyridine to give the radical [Mn{0D)a{py)2]". Isclable species include
[Mns () s {pyi), Mn{COY; (py)s] [MniCO)s) and [Mnipy) s} IMn{0D)s)a. The relative
amount of ionic product was found to be slightly higher for alkyl-pyridines and
markedly lower for the halogen-substituted compounds; supporting the proposed
mechanism [336]. Hexane solutions of [Mn: ({00}i10] were subjected to flash
photolysis uder an atwosphere of C0, and the recarbination of radicals was
ochserved to obey a simple bimolecular rate law in non~degassed solvents, but far
more complex kinetics were observed in thoroughly degassed solvemts [3371. The
radical [Mn{CO}s]|° was generated by the WV photolysis of [Mn, {((0)15] in a solid
Q0 matrix, !*C0 enrichment and IR spectroscopy indicate the radical to have a
square pyramidal C‘lv geanetry {338).

The crystal structure of [Mn;{C0};¢] was redetermined (3391, and the Mn—Mn
bond length was found to be 0.29038{6} mm, as campared to 0.2923{(3) nm reviously
reported [340)]. A 501id state phase transition was discovered (2a. 8 Kbar)
for [Mn;{0D):,] consistent with a change in molecular geametry from staggered
(qu} to eclipsed (th) i3411.

In the presence of Bu,P0, exchange of Q0 in [Mn; i00}15] was achieved at 348 K,
and was used for 1300 incorporation {342].

The electronic and physical properties of [Mn;{00};,]1 have been calculated
by LCAO~Hartree-Fock-Slater method with a double—zeta STO basis [343]; it should
ke noted that the Mn-Mn hond length vsed in these calculations was old value (3401,
not the recently redetermined value [33%]. Multiphoton dissociaticn of
[Mnz {COY10], followed by multiphoton ionization of the fragments, was achieved
using a tunable pulsed-dye laser [344]. 70 MR spectra of manganese carbonyls
were recorded, and the linewidths achieved foumd to be narrower than for 3C
HMR spectroscopy, in same derivatives [345].
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[Mn, {C0Y10] was wsed to cbtain manganese(ii) complexes of the ligand i25)
{Secticn 5.4.8) [277].

[EMn {CD) 5} was subjected to electran impact; the (MnH}" ion was formed,
and its base strength assessed using lon—cyclotron resonance [346].

5.5.2 Halides

Reaction of [Mn{Q0)sX] {X = Cl or Br} with TIF of AgF in CH,Cl, gave the
cluster [Mn,({Q0);:F,{00),_ ) {for TIF, x = 1 or 2; AgF, £ = 2 or 3}. 'The
structures which are isomorphous are shown in (32},  The OH groups result from

X
(OC)3Mn'—-'/——'I— o

Mn(C0)3

Mn—

/ 3 |
'[CO) 3

(32; X = F or OH}

the reactants containing small amounts of water, and as would be expected,
rigorously drying the reactants results in an increase in x [347].

The carplex of empirical formula {MnCl{Q0); {thf)} was shown to be dimeric
by X-ray diffraction, with a CZh structure (33} not a C,, structure (34} {34B]).

L L
oC \lv!n L \Nln/co
oc” | Ta | o
co CO
(83; Cps L = thf)

The icn [Mn{00)Cl] ™ was observed by EPR spectrascopy in [Cr(0Dbe) [349].
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OC\NL/CI\NL/CO

oc | >Sa | o
co L

(34; Cp 3 L = th)

5.5.3 Complexes with cxygen domor ligands

The camplexes [Mn{C0)s (00CF3)t and [Mn{Q0}; (py) » {0,0CF3) 1 were prepared
and characterised by X-ray diffraction, (35) and (35), and the effect that the

CFy

C
™
O/ X0

oC Co
|
/Mn\
oc” | Sco
co
{35)

CF3

-
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effective charge an the metal atom has in determining the bond lengths of the
carboxyl group was discussed [350]. {m-pyrolyl}tricarbonylmanganese {I) was
treated with picric acid to give a binuclear complex (37}; the picrate ion

o € 0
| NO;
\ /
N—-*Mn-——O NO
4
/ ln\ N
OC CO CO 0~
{37}

acts as a 3e-ligand [351]).
A new class of transeition metal complex containing radicals, (38}, has been

0
R—-N{O \Mn(CO)l.-nLn
Ng
(38; R = CMss, CHMez, Ph, 3,5~CL3CeHas,
2—thienyl or 3-thienyl; L = PBus)

made from the reaction of [Mn{CO}s]1* radicals with aliphatic nitro compounkds in
the presence of PBus [352].

5.5.¢4 Complexes with sulphur and selenium—donor ligands

The coplexes cig— [Mn{C0}({XC{¥IPPh:}] {X,¥ = NR, O or 5} ard
eis-[Mn{CO) 5 {Z} {EMC(Y)PPh.}]) {X,¥ =NR, Oor S; 2 = Cl or Br} have been prepared,
and in the case of the anbidentate thioformamide ligand, shown to be coordinated
yia sulphur and phosphorcus atams [353]. The complexes [Mn{CO) . (SC(IMHR}] and
M (00} 3 (F84e) (S CNHR) T {R = Me or other unspecified groups} have been prepared
from FNCS and [Mn (CO), {OONEMe) (NHoMe)] 1354,355].

Irradiation of [Mnz{00);¢] in CHpCl: in the presence of an excess of L-L
{I-L = RyRoNC(S2) SeCiSe)NR1R, or RiR,NU{Se}SesC{SeiNRyRy; Ry= Rp= CaHsi NRaRp=
morpholyl; Ri= CHj, Re= CgHs} produced [Mni{CD),{Se:QF:1R:}] almst gquantitatively.
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Refluxing this product in thf produwed the camplex [Mn{O0);L]; in variable yield.
This complex was assigned a dimeric structure {88} [356,357). The photochemical

5e/| co
« T T
OC/l\Se/ co
co L/Se
Ve
R, RN

(39,‘ Rl = Rz = Csz,
18,8 = morpholyl,
Ry = Me, R, = LCh}

Teactian to yield those products bas been extensively studied, and an Sl bype
reaction proposed, imolving Mn~Mn bond fission [358].

5.5.5 Compleres with nitrogen donor ligands

The treatment of [ (r-pyrolyliMniC0) s} with Buli gave the camplex shown as
i40), which was characterised by X-ray diffraction [359]. The camplexes

oC o O
|/

N—— Mn +——

Mn(CO); O ~~ Mn(CO),
Bu

{40)

[Mn {00} 5 (NENHCS,CH; ) 2 JBT and  {Mn {CO) ; {NH,NHCSCH, )Er] were formed by the action
of S-methyldithiocarbazate an [Mn(QQ)sErl. The former camplex was characterised

by single crystal X-ray diffraction [360].
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5.5.8 Compleres with phoephorus, arsenic, antimony and bismuth donor ligands

The neutral complexes fac-[0;C10Mn {00} 3{Pth(CHz}nPth}] {Lgngd) were
prepared, and by the facile displacement of [Cl0,]1” a variety of related adducts
fae=[Mn{CO) 3 {Ph,P (CH.},,PPh, JL] [C104] {L = phosphines, phosphites, pyridine,
MeCN, CyHyS, 0D or Me,(D} were synthesised [361], The complexes
18 ;eis— [MNBr {Q0} ; (I~L)L] were prepared and oxidised by either NO; or [NO] [PFel
to give the unstable cationic species trans-[MnBr(CO),(I-L)L]".  Rromide
substitution has also been cbserved by #— or P- donor ligands [362]. The IR
and *5Mn MMR spectra of the camplexes {Mn(C0):}C1.HC1, [MniCO}s(0,CEL)T,
[Mn (CO) s {PR3} ] [PF¢] and [Mnz {CO}e (PR3} 2] {PR: = PPh(OPh);, PPr;, PHPhs, PPhiNEt;);
or P{4-CeHyFi:} have been reported, and the above ligards arranged in order of
ligand strength. ‘The structure of [Mn; {00}, (PXPh,};] was suggested to be
[{CC) sMn-Mn{CO} 3 (PHPh;) ;] , in contrast to the symuwetrical structure of the other
dimeric complexes [PR:{0C) .Mn-Mn{CO}4PRs] [363].

Reaction of {41} with [{0-C3HsIMn{CO)s] gave the camplex {42} which shows

Ph, P
Me
Ph.P
2
0
(41)
CHZ—CH:-CHZ
2 |
(OC),Mn~" * NMe
Ph,P C \
Yo
(42}

some unusual bonding properties [364].

The camplex [Mn; (CO) . (4=CO) {-~Gpem) 21 has been shown to react with acids,
in the presence of €O to give (43). The camplex was characterised by IR, *!P
and 'H MMR spectroscopy, and in addition a preliminary single crystal X-ray
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oC Mn H Mn CO [B Ph 4]

diffraction data has been collected. The Mn-Mn separation was shown @ have
extended from 0.293 m to 0.32 nm on protonation shosdng that the bridging
distance of the dppm ligand is sufficient to accomedate such a change, In thf
{43) reacts with Li(BHEt;] at 0°C to generate [Mng (OO} (u—~D) {p—dpomlz], and it
has been postulated that this reaction coccurs vig nuclecphilic attack at D, to
glve [MnzH{CGID) (0D} s{u—dppml 2] as an intermediate [365].

Treatment of [Mn{cp} {QO); {thf)] with equimolar quantities of P, (SiMez); (44)

{44}

gave [Mnicp) (CO),L} {L = P, (SiMe;);3}, L being monodentate, while in a 2:1 molar
ratio the complex [Mn; {cp). (00).L) {45) was isolated in which L was bidentate
[366].

When the sodium derivative of 2-(diphenylphosphino)ethanethiol was reacted
with [Mn{CO}sBr] a binuclear complex was isolated with the probable structure
showm as {46} [367]. Other cowplexes prepared this year include
[Mn {0}, {SPOCPR2}] {¥ = S or NFh; R = Ph or cycl}, fac-[MuBr{Q0};{RzEC{S)NFPhH]]
{R = Ph or cycl}, iMn{00}.{S{¥Ph)CPPh:}], cis~IMnBr{QD),{P{cycl) H}} ([368], (47)
[369]. [({cpiMn{C0}{1,2-CcHy (FPh;) {E'Ph2}}] {E = P, E' = As; E = E'=P; E = E'=As}
[ {cp)Mn{C0} 2 {1,2-C¢Hy {PPh.} (BiPh,) }} and [(cp)Mn{OO}L) (L = Ph,PCH=CHPPh,} [370].
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CP P— P CP
:Mn/ \p/ \Mrf\
ol g | S
5 5
f45)

/CHZ\
PhoP  CH,

l |
S
AN
(OC)sMr Mn(CO);
N

S

[
Hy PP
CHz PPhy

CH,

{48}
CHROAC

{47; B = Ph, Me or H;
LL' = {€0}2, (COI{PEta),
{€0Q)(PPh3) or dppe}

The camplexes [ (CC).Mn({FMe,}] {E = P or As} have been studied using
electrochemical techmicques [371]1. The cation radical of {Mn; (u—AsPh.) {00} z]
was observed by EPR in a glass formed from a freon mixture [372]. In a
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usual reacticn, dimethylarsinous acid was stabilised and isclated as a complex
of manganese [Mn{CO),CLl{As {CH3) CH}) [373].

The reaction of [{cp)¥n{0D),{thf}] with SkCl, gave two different products,
deganding' o the conditions, {(48) and (48). Both of these structures were

Cl Cl

| |
Cp(CO),Mn — Sb — Mn — Sb —Mn(CO),Cp

7 7N\
C ¢y ¢

g

{48}

Ct

Sb
Cp(0C)yMn // ™~ Mn{CO),Cp

Cp(OC)zMn
{43)

confirmed by X-ray crystallography £374], By an analogous reaction with BiCl,,
a complex of composition { {cp)Mni00),}.BiCl was prepared. X-ray diffraction
showed the complex to contain the vnsymmetrical BiCl, bridging molety, the
formula of the complex being [ {cp)yMny (O0) ¢Bi,Cl,] [375].

5.5.7 Organometallic complexzes

Many cyclic complexes involving carbon—owygen and carbon-phosphorus
coordination of manganese have been reported this year, including (50} [376-378),
{513 [379] and {52 ([380].

For [MeMn{(D}s] the stereochemistry of insertion of QO into the Me-Mn bond
was studied using !'C MMR spectrosoopy [381), amd the degree of acceleration that
proton acids have on methyl migration was measured [382].

The photochemistry of {{cpIiMR{Q0)a] ard [{Mecp}Mn{00) 4] in glasses at 77 K
vielded [{cp)MniCO}:], [{cpiMn{CO)], [{Mecp}Mn{COj:) and [{Mecp)Mn{CD)] while in
the presence of ethers or alcchols yilelded [{cpiMn{CO) {thf),1, [{cpiMn{CO}.{thf}],
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(OC),Mn +— PR, R

~0

|
(CH)—Y Mn{CO),

{(50; ¥ =0, n=1,2,30r 4, R = Ph;
Y=5, n=23, F =Me;
Y =CH, n=23, R=PFh
¥ = CHMa, n = 3, R = Ph}

{51; B = Ph or 2-CqH FPh}

hO) 2P o
(Ph0)4 ~ l -

Mn
(PhO)zFl’/ \P(OPh)3

0

{52}

({cpIMn {OD) z imthf}] {mthf = 2-methyltetrahydrofuran}, {(Mecp)Mn{C0);imthf}],
[ {cp)Mn (CO) , {(RCH) T and [ (Mecp)Mn (CO), (RHIT {R = Me or Bt} [383]. The crystal
structure of [{cp)Mn{Q0);] was reimvestigated and evidence for deviation from
planarity of the cyclopentadiers was cbtained {384].

An excellent review of the ccordination chemistry of the [{cpiMn{CO};]
fragment has been published [385].

The camplex [ {Mecp)MniCD)s] was used to protect Ph,SiH, {3861. The gas

[ {MecpIMn (0D} 3] + Ph,pSiH, —— [ (Mecp)MnH [O0) 3 {51HPh2} |

[ {Mecp)MNH{CO) 2 (SiBPh;)] + Xp —= [ {Mecp}MnB {00}, (5iXPh2)] + HEX

[ (Mecp)MnB{CO) 2 {(SiXPhe}] + OO = [{MecpiMn(CO) 3] + PhoSiHX
X=F,Cl,Brorl

phase He—T and He—II PES speckra of {{{CHs},CsHs—niMn{COIL} {L =00, 2 =0, 1
or 5: L = CzHi, CiHe, ® = 1 or 5} have besn measured [387,388]1, as has the He-1
PES spectrum of [ (u-CH,} { {(CH:CsHyIMniCO} 2121 (389]: the ionisation energies
from the studies were compared with each other.
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The complex [Mni{C0); in?=CeHs) (n°—CsHs)] has been prepared and its structure
determined, (53). This complex is unuswal in having a nz-CSHa ligand, amd

analogous complexes were cbtalned from cyclcheptatriene and cycloocta-l,3,6-triene
{3907 .

{53}

Scre [ {n*-allyl} {cp}n{c0}.]" sales have been prepared {391}, and other
. organaretallic complexes studied include the cyclchexadiene manganese tricarbomyl
anion {which was prepared by two different routes} [392], [ROOCHMnICO)s]
{R = M, Ph or M0} [393], Lif{0C).Mn{Bz) (CHD)] [394], [Mn(n?-CS:) (COILICsH4R)})
{R=H, L = P{QMe}; or PMe;, R = Me, L = PMe»Ph}, the latter camplexes react
with one equivalent of dimethyl aretylenedicarboxylate to yield

iMn{CS,C, (C0:Me) » } (COILICsHyR} ] {54) [395]. [ (RCsHu)MnéCDist (R = {CHz) [P {0} (CEX) 2;

COZME'
Mn —C / |
| CO,Me
oc P(OWG')3 2
(54; R = H)

n =3, 5or 7} has been prepared {3%6]. 1In addition the reaction between
Na[MniQD)s) and {ClCH:)Me,S5iC=CCH2C1 has been investigated [397], and the complex

[Mn{CsHsBCH4) (QD) 3] .containing a l-methylborinato moiety, has been obtained and
acetylated [398]. '
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£,5.8 5iiyl and gereyl complexzes

The camplex [Mn({C0}siSi{CH;)s}] was treated with a range of organic carbonyls,
in order to develop new metal-carbon bond forming reactions; many organic
products were obtained and characterised {399). The camlexes
L1 { {RPhMeGe }Mn {Mecp) (C0) 2], [{RPhMeGelMn (Mecp} {00} :Me] and [{PhsE}Mn (Mecp) (Q0) .R’]
{R" = Me or Ph, E = Si or Gel were prepared, the first two containing optically
active groups [400]. When [{Mecp}Mn{(D)i] was reacted with KiGeH;1,

K[ {MecpiMn {00} ; (GeHs)] was obtained, which was readily converted to the crystalline
salt [Et.N] [{MecpiMn{(D};{GeH;)] on addition of [Et,NICl. With GeCl,,

[ tMecp)Mn {00} 2 (GeCl 3} ;] was obtained; in both compourds, shortening of the Mn—Ge
bond was observed [401). Treatment of K (Mecp)}Mn(O0):{GeH;)) with ethanoic acid
yielded [{{Mecp)MniC0):},Gel (55) containing a linear Mn=Ge-Mn system, which

Me

OC— Mn—CO0

|
Ge
OC—Mn—CO

@Me

(55}

represents the First example of a Mn—Ge double bond. A related camplex
[{ {Mecp)Mn {00} 2}2Gel, (56), was alsc synthesised, which also contained a
Ge=Mn {C0) ; (Mecp) modety (4027,

5.5.8 Mixed metal ecarbonyls

The best thermmodynamic parameters for the formaticn, and phase transition
and dissociation of [MnRe{CO);e] and [Mn,{CO);,;] have been proposed [403]). The
heteronuclear carbonyl {MnTC{CD);,) was synthesised by treating [Tc{CD)sBr] with
(Mn{C0) 51~ in thf [404]. For the carbonyl [MnCo((D}s], the C=0 stretching region
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{56}

has been campletely assigned. The results point to the polarisation of the
metal-metal bond in the sense [(0C)sMn®*-Co® (CO}4] [405].  The mixed metal
carplex [MnCo{CD} s (@ab}] {dab = 1,4-dlazabutadiene) has been prepared, and the
dab ligand was cbserved to be a 6e —donor [406]. The low temperature rescnance
Raman spectra of [Re{QD} ; {(NCsH,CH=NCH,Me-4} {(Mn{00) s}] has been reported [407].
The Mn~Pt bonded camplexes [{cp} (OC) :Mn{u—C (PR; ) CsHeMe—4 1Pt (PR3} ] [EF:] and
{{cp} {OC)Mn{u—C(PRs ) CsHyMa-4} (100} Pt {SCeHyMe-4) (PR3)] {PR; = PMe; or PMeoPh]
were prepared, In both cases (PR:; = PMe:) crystal structures were abtained
[408]1. The complex [MnPt (u~OCsHuMe-4} (Q0} 2 (PMea): (cpdl(BFy] has also beem
reported, in which one (O is semi-bridging, {57}, [40%9]. The related complex

H—MECGH{‘
PMe3
@ [
|\ AN

8 PMe3

(57}

[MnPt (u—CS) €C0) ¢ (PR3} {cp)] {PR = PMe,Ph or PMePh;} has also been reported [410].
The camplex [ {TTP)Sn{Mn {00}, JHg{Mn{CO) s}1.0.5CH,Cl; has been characterised
by X-ray diffraction, and was found to contain the novel Sn—Mn-Hg—dn wmit, in
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which the Mn-Hg-Mn part is nearly linear, (58}, [411]i. The reaction cf

CO CO
oC
\ l N
0oC Hg Mn Cco

l CO l \Sn(TPP)
C co

0

{58)

K{ (Mecp)Mn (0} » {GeHs}] with Hg,Cl, alsc gave a very interesting product {59},
with a unique structure (4121.

CO CO ocC CIO
Me@ Mn —@
Hg Hg
Me @ Mn / n‘@MG
I\ a
co Cco 0C co
(58}

The compla\: [ {FPh3) 2N} [ {CcFs} 3A.u—m((1)) 5] has been PIEFEIEd [413], as have
the complexes (60) [414], {61) [415] and (62) [416]. Cther complexes that have

M92
>= \ (OC),, Fe Mn\(CO)g
CD(OC)Z PMG‘3
(60: R* = H, R? = COuMs; (81)
R = COuMe, R® = H;:

R* = R? = Ph}
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o+ Ao

(62; M = Cr, Mo or W)

been reported are [{Ph:MeSniMn(0D}s], [{Me{PMeOCH)PhSniMn{C0}s] [417],
[ tcp) T (MosO15)MN{CD} 3127 [418] and {£3) which is probably cligermeric [419].

Fe Fe

@ Si{CH4)CH, PPhoMn(CO), PPhoCH, (CH3) 5 Si @

{83}

Finally, the kinetics of the system [Me,Fb]/[ iMesFbiMn (0D} s1/ [ (Me.Pb} {Mn{CO)s};]
have been studied [420].

5.6 NITROSYL COMPLEXES

Projected Xo-SW and confiquration interaction calculations were used to discuss
the boending and PES of [Mni{C00),{NMO)] [421]. Using the interesting reagent
[{PPh;) :N] [NO;], the complexes [Mn{CO),(MO11 and [ (PPh:) N1 {Mn {00} (N0} ;] were
prepared in high yield [422]. The reactions of [Mn{OD) {NO),] with L (L = P{(Me;) s,
PH{(Me,) >, P{SiMes};, PiGeMes}s, P(SnMe:);, PitMes) {SiMes),, P((Me,) (GeMes), or
P{(Me;) {SnMea) ) all resulted in the elimination of 00, The resulting complexes
(Mo L) (90} 3] were studied by P and *SMn NMR spectroscopy {4231.

The chiral nitrosyl complexes [{CsH,RIMn{ND) (L}I] {R = H or Me, L = PPh,,
P{OPh) ; or P{CsH;11) 2] were prepared along with the dimeric species
[{CsH.R} ;Mn, {NO}3X]) {R = Hor Me, ¥ = C1, Br, I, (N, 5N or various organic
anions} [424]. 'The structure of the camlex {{Mecp)MniCS) (ROYI1 has been
determined by X-ray diffraction {64} [425].

Other complexes that have been reported include the mixed-metal nitrosyl
Ag{{cp}Mn (CH} (MO} (PPha) 1> [426]), [(cp}Mn{CD) (NO}L) {EF,]}, [{CsH7)Mn(CO) (ND}IL] [BF.,]
{L = CO or PPh3} {427}, and [IMn{0D), {NO)) [BF,} {L = n°-indenyl} [428].
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5.7 HETERCNUCLFAR OCMPLEXES

The binucleating macrocyclic ligands {L’"}, derived from two equivalents of
2,6—diformyl-4-methylphenol and two equivalents of 1,3-diaminopropane, results
in two identical {¥:0.} coordination sites from which the heteroruclear complex

IF . II 12+

iMn~"Cu L was prepared (85} [4291.

— CHj3 -

2+

z=

\/\/
/\/\

| CH3 _

{65)
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The crystal structure and magnetic properties of the Ni(IT)/Mn{II);

CQu(II) /M (II)-dithicoxalato systems were obtained. These complexes were found to
be isostructural with infinite—chain molecules *++*A{S2C20;) [Mn{B30} 31 {0,C2S5) ===~
{A = NiL or Cu}. The magnetic behaviour of the Cu{IT) /Mn({II} system is unusual,

the manganese{Il} and copper {II} icns appear to be antiferromagmetically coupled
[430].

A hetercmuclear eamplex of 1-methylthymine, containing both the eig={Pt(MH;},}**
unit and Mn?*t has been prepared and characterised by X-ray diffraction, and shown
to be IMn{Pt(NH;}»{CsHsN20,)232C12] .10H,0 [4317. In the complex
[Cuf iprp) zeniMn(hfacac)»] {where (prp).en is the Schiff base derived from
2-hydrovypropiophenone and ethylenediamine}, the EPR and zero field splitbing of
the exchange coupled CuiIl}/Mn(II) pairs, were measured [432].

In addition the mixed-metal camplexes MniNi(CH) ] and
({{cp) 2 (COIMDL}; {u-H} 1 [Mn(CO} 5] have alsc been reported [433,4341.

5.8 MIXED OXIDATTCN STATE OUOMPLEXES

The unusual dodecarmuclear crystalline complex containing manganese {IT} and
manganese {IV}) [Mn; » {CH3000% ¢ (Hz0) 401 2] . 2CH,000H. 4H,0 has been prepared, and has
been studied by X-ray diffraction. In this complex the manganese atoms are
linked by triply bridging oxoc-oxygen atoms and by carboxylate bridges [435].

The crystal structure of {CaMn;}Mn,0:; was cbtalned using neutron diffraction;
it contained both wanganese (IV) and manganese{III}, the latter being present in
two different types of Jalm-Teller distorted polyhedra [436]. The related
complexes {InCu; Mn,O;, {Ln = La-Lu or Y} were also studied and fournd to be
ferrimagnetic [437].

Mn;FeO, was studied by Missbauer spectroscopy, and a cation distribution for
this spinel was proposed [438], The structural and magnetic properties of the
Pry_ Mn, Os perovskites have also been studied [439].

5.9 FPHTHATOCYANINE AND PORPHYRTN ((MPLENES

[HnHI {TPPIC1] {TPPH; = meso-tetraphenylpcrphyrin} was found to catalyse the

specific oxidation of ketones by dieeygen, in the presence of {Bu,N) [BH,] [440].
The hyperfine proton interactions have been analysed to give information about
the spin populations on the hemaglobin derivatives of [Mnll (TEP)X] /MLl {TPP)X]
{X = H.0 or C1} with metmycglcbin or fluoromyoglchin as the six ligand [441].
Watey scluble manganese (IIT) porphyrins were reduced by dithionite in aguecus
soluticn, and a mechanism was proposed. In additicn, water scluble manganese{II)
porphyring were found to be oxidised by dioygen vig an axial imner—sphere
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mechanism. It was foumd that quincnes also ocxidised manganese (I1} porphyrins,
far more rapidly than dioxygen [442]. No ground state reactions were cbserved
between manganese {IIT) porphyrins and benzo-1,4-guinone, naphtho-1,4-cuincne or
anthra-9,10-guincne, but irradiatton with visible light lead to reduction of the
quinones to hydroquinaones, In the case of benzo-1,4-cuincne, manganese (IV)
porphyrins and semiguinone were produced initially, which then reacted to give
manganese (IIT) porphyrin and hydroquinene [443]. The luminescence properties
of 't {TPP) ] were measured, and these showed that there was little interacticn
between the metal and the porphyrin m-system [444]. In {HnIH TP} the
luminescence was found to originate from the second tripmiltiplet state [445].
The preparation of manganese(II) porphyrin in an agueous enviramment ithe water
soluble porphyrin used was prepared by the addition of four ethyleme diamine
molecules to protoporphyrin IX [446]1) and the exchange reacticn with zinc has
been reported [447].

The average magnetisation between 2 and 20 K and 10-50 KOe of [Mn 11 {TPP)Cl]
and Mo 1Y (TPPIC1 (py} ) has been studied and analysed [448]. [Mn(TPP)Cl) and
t56) were reduced by [Fe,S.{SPr},]12~ and were chserved by EPR [449].

The porphyrin/Mn(IIT}/MNa(BH.]/0: oxidation model system was found to behave
similarly to the enzyme system P-450/MBDH/O. {cytochrame P-450 was used as a
typical example of enzymic oxygen-activation} [450]. P-450 type dioxygen
activation was achieved using H;/colloidal Pt, as an effective electron donor
rather than Na[BH.] [451].

T (TEP) ] was shown to catalyse the axidation of simple alkyl-substituted
indoles, vig first the ternary camplex, then an indolenyl hydroperoxide which
decomposes to give the final product {452]1. The binding of imidazoles to
manganese {IT1) protoporphyrins in water has also been studied [4531.

The f-polymorphic form of [l'-!!nII {pc}] was studied by single crystal neutron
diffraction at 5.8 K, and systematic differences in bond lengths {compared to
those seen in previcus determinations of the structure at T = 116 K and 295 K}
were revealed [454)]. In addition the polarised neutron diffraction data at
4.2 K has been collected and interpreked to give a spin—density distributicn in
the n'l(pc)] crystal (455).

The electrochemical behavicur of (Mn'l{pc)] dissolved in pyridine, dmso and
dma has been reparted, in the presence of X {X = Cl, Br ar [C104,]1}. Electron-
transfer couples, representing net oxidations of the manganese, and of the
phthalocyanine ring, and two net reductlons of the phthalocyanine ring were
abserved by cyclic voltammetry, and showed clogse to ideal behavicur [456,457]).
iMo{pc) ] was found not to react with ©; in rigorously purlfied pyridine, but does
react in dma to yvield a dicxygen adduct, and the reaction was found to he

reversible. An cxo-bridged [MnIH (pc)-o-mHI(rx:}] species was observed, and
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a solid containing a bound superaxide (Mo llipc) (0;)] was isolated [458).
Artificial haemoglobins were prepared with manganese{III) tetrasulphonated

Iit (tspeil in place of heme.  Spectrophotametric titration
data indicates the ratio of reagents in this process to be 1:1. The artificial

phthalocyanine [Mn

haemogichin complex formed does not react reversibly with dicxygen, and carmot
act as a physiological oxygen carrier [459]. In the splid state the dioxygen
adduct of [Mn'l{tspc)] has been shown to be best formulated as [Mnlll {tspc) {0: 11,
while in sclution the EPR spectrum as a function of pH indicates that there is

an intramolecular electron transfer between [MnH {tspci0,] and [H{‘lIII(_tSpC) 0 11
14601.

The dimeric highly reactive p—oo-[azidotetraphenylporphyrinatomanganese (IV) 1
ocomelex has been prepared and characterised by X-ray diffraction., The manganese
atams are coupled antiferrcmagnetically, It reacts quantitatively with PhiP to
give PhyP0, and to give a variety of products in low yields with alkanes, alkenes
and chlorocarbons (461],

The average oxidaticn state of manganese in photosynthetic membranes was
measured by X-ray edge studies, and shown to be between +2 and +3 {462,463].

5.10 HYDRIDES, CARBIDES, NITRIDES AND PHOSPHIDES

The nature of binding in MnH was studied using a modified Phillips—Kleiman
pseudopotential method {464}, and the upper limit of the dissociation energy of
MnH was estimated [465].

The systems AgMn:; {2 = G4, Ho and Er} were converted into the hydrides with
the composition AgMz :H, {x=22}, and the magnetic properties of these systems were
studied [466], The hydrides of Yo, Fe,. and related materials were prepared
[467], as were the hydrides ErMnH, {r = 4.6-4.0}. These hydrides were studied
by X-ray diffraction [468]. The magnetic behaviour of Ti/Mn intermetallics and
their hydrides were investigated by susceptibility measurement (T = 5-360 K) [469].

The enthalpy of formation of Mn::Cs was calculated by measuring standard
enthalpies of combustion of Mn;C; to Mn;0,. The value obtained was
12,746.0+15.6 kT mol~! {470],

2 double helix magnetic structure for MNP was proposed [471]. The thermal
expansion coefficient of MnP was measured and found to be anisotropic [472].

The valence bond PES of MnP crystals was measured using synchrotreon radiation
[473].

Crystals of 2-MnP, were examined by X-ray diffraction, and showed to contain
a 2-layer stacking variant of the previousiy reported 8-MnP, and 6-MnPy 1474].

A new phase of HnPl. was examined by ¥-ray diffraction and shown to be triclinic
Mn=Mn = 3.21 A canpared to 2.94 A in the monoclinic form) [475].
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The phosphorescence and phosphorescence excitation spectra of octahedrally
coordinated manganese in MnPS; was measured at 77 and 4 K [476]. MnPS; has also
been showm to take up varicus catiocns from aquecus solution, where the electric
charge was balanced by the loss of manganese cations from the layers. This
reaction is limited, but has been extended to complex cations [Crien):])?% and
fRufbipy}:)2* [477).

The coaplex phosphide YBMnCuP; has been reported, and shown to be isotypic
with the CaAl;Si; type structure [478].

It was found that [MnN] was extensively decomposed in organic solvent-bromine
mixtures, Mn going intc solution [479]. The thermal conductivities of VN/MnN
and CrN/MoN solid solution were measured at 100-1000 K [480]. The specific heat
capacity of the cubic metallic perovskites Mn,ZnN and Mn;GaN were reported between
6-350 K. Piret order arcmalies were detected [481].
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