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A_ INTRODUCTION

In the higher oxidation states, manganese shows some resemblarce to technetrum and
rthemum, and 2 more formal resemblance to chlorine, especrally 1n the 7+ state Manganese
chemistry ts donunated by the very stable manparnese {II) cation (34*), which 1s in markad
contrast to technetium and rthemum where there is little evidence for any simple cations.

Apart from a review by Sidgwick over twenty years ago! and a recent review of the
solution chemistry of manganese (111}, no comprehensive collation of the higher oxidation
state chemistry of this ymportant metal has appeared

Reference to Table 1 dlustrates the multiplicity of oxidation states in which manga-
nese exists, and it 15 the purpose of this review to descnbe the chemistry of Malll, MnlV,
MnVY, MnVE, and MnVIL

B MANGANESE (VII)

Manganese (VII) 1s found only in compounds containing oxide ligands. All Mn VY com-
pounds are very strongly oxidising, and with the exception of the permanganates, are
thermally unstable, decomposing, often explosively, at or below room temperature.

Coord Chem Rev.,7 (1972) 353384
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TABLE 1

Redox potentials for manganese3

Reaction

W LEVASON,C A McAULIFFE

Redox potential (v}

MNQy(s) + 4 Hiagy * 27
MnO, sy + 4 OH (ag)
MO, > raqy

M (aq)

Mnh(aq) +4 H,0
MnOy gy + 2 H,O
MnO, gy + 2 H,0
Mn?*(aq) *+ 2 H;0
MA(O), (5) + 20H(aq)
Mn(OH), ¢y + 6 OH (aq)
MnO,¢q) + 4 OH (aq)
MnO, 5y + 4 OH (yq)
Mn{OH), (s) + OH™(aq)
Mno,,:'(aq)

Mn“(aq) +2H,0

MO (aqy + 2H,0+ 3 e”
MnO_*"(aq) + €

Mn"'(dq) te”

MnO. (aq)+ 8 H aq) + 5 &~
MOyt Hpagy t 3¢
MO, *"aqy + 4 Hiaqy+ 2 e
MO, (g3 + 4 Hitaqy + €
MO, 53+ 2 H,O+2e”
MnQ (ot 4 H,O0+5¢7
MnO, (aq) +2H, O +e”
MnO,* aq)+* 2 H,0+ 2"
Mn(OH)a(S) +e”

MnO;(aq) +e”

{2358
—0 588
-03
-15
~1 51
-1 69
—2 26
-10

003
-0 34
~-09
-0 &03

a2
-0 56

{t) Oxide halides

MnO,X (X = F, C1) are obtained from the reaction of KMnO, with the appropriate
halosuiphonic acid** or %7 with anhydrous HX. MnQ; F is also formed® from KMnO,
and IF; Manganese tnoxide fluoride forms dark green crystals, which melt at —38° to a
green hquid, which vaporises to a green gas (extrapolated b.p. +60°} Green-violet
MnO;Ci is sctmular but less stable. MnO3F decomposes above 0° often explosively, form-
ing MnO,, MnF,, and O,, and hydrolyses mstantly in water to HMnO, and HE. Microwave
spectroscopy® shows the structure to be tetraliedral, with Mn—F = 1.724 R, Mn-0O =
1 586 A, and O—Mn—F = 108.5°. The IR and electronic spectra of both compounds have

been reported®+1°.

{11} Manganese heptoxide

]

Mn,Q 15 an oily hiquid, P3° = 2 396, which appears red by transmtted, green by re-
flected light; the vapour ts purple. It freezes at 5.9° and can be distilled at low pressure®®.
It separates on standing'* ~*? from KMnO, and cold, concentrated H,; SO, . Mn; 04 de-
composes slowly above 0° into MnO, and oxygen, at lugher temperatures or m the pre-
sence of dust or organic fatter, it explodes violently, forming Mn; O, and oxygent!. It
dissoives m water to form permanganic acid of whach it 1s the anhydnde, and is soluble
without reaction m freons and SO,Cl;, and only stowly reacts with CCli, ; such solutions

have been proposed as useful strong oxidising agents® The structure 1s probably Q;MnOMnO;

{cf Cl,04), 2 proposal supported by the small dipole moment!?.
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{1z} Permanganic actd and the permanganates

r

A deep purple soiution of HMn0, 15 obfained by adding the calculated quantity of
sulphuric acid to saturated banum permanganate solution'* The dilute solution 1s stable
but decomposes on concentration Dubois!® obtamned a 24 5% solution whuch froze at
—11° to 2 mass of i1ce and permanganic acid crystals, but these soon decomposed in diffuse
daylight By fractional vacuum sublimation of these crystals, anhydrous HMnO,4 and the
dihydrate HMnOQ,4 2H,O were obtamed*s. HMnO, forms deep violet rectangular crystals,
very soluble mn water, and slightly scluble 1n CCl3CF 5 and perfluorodecalin. It explodes on
contact with most organic materiais, and on warmung. The dthydrate is generally simnilar
but reacts Jess violently

KMnQO, 1s extensively used as a strong oxidising agent, no attempt has been made o
cover thus aspect of st chemustry in thus review. Dark purple, orthothombic crystals of
KMnO, are normally obtained from K,MnQ, by electrochemical oxidation, or by dis-
proportionation with actds (usually CO,) Barmm permanganate resuits from passing CO,
through an aqueous suspension of BaMnQy, (ref 16}, and other permanganates are ob-
tained from this by metathesis with the appropnate sulphate! 1%  AgMnQ,, which crys-
tallises on muxing saturated solutions of KMnQ, and AgNQ,, can also be used with the
appropriate chionde®® 2 The spanngly soluble permanganates of NH,*, Rb, Cs, can be
obtamned directly from KMnQ; and M,S0, (M = NH,, Rb, Cs)?4,

The permanganates of K, Rb, Cs, NH,, Ba, Ag, crystallise anhydrous, but many of the
others form hydrates, e g L1 (3H,0), Na (2 1H, O) (ref. 25), Mg, Cd, Zn, Cu, Nz, (all 6H,0),
Sr (3H,0), Ca (4H,0). The hydrated alkali and alkaline earth permanpanates can he de-
hydrated without decomposition, but the others decompose®*.

The permanganate ion consists of a manganese atom surrounded by four oxygen atoms
at the corners of a regular tetrahedron?® with Mn—O (ave )= 1.629 £ 0 008 A, and
O—Mn—0 = 109.4 * (.7°. The electronic spectrum 1s discussed 1n Sect. E and the vibra-
tional frequencies are tecorded in Table 2 The IR spectra of a number of mdividual per-
manganates have been recorded, and discussed in terms of the site symmetry of the anjon®>.

The thermal decomposition of KMnQ, has been the subject of a great deal of work,
but the nature of some of the products 1s still uncertain. The watersoluble decomposttion
product is K;MnO,, but the nature of the water-insoluble part has been disputed. Thermo-
gravimetric and differeptial thermal analyses have been used to study the decomposition

TABLE 2

Vibmtional spectra of the teiraoxoanions

Trequency (cm ™)

v A} ¥, (E) wi(F,} v (&) Ref.
MnoO," 838 355 921 429 29
MnO, *- 810 862 328 30
Mno, > 836 770 348 30

Cogrd Chem Rev.,7{1972)353-384



356 W LEVASON, C A McAULIFFE

of the K and Rb salts?”+2®. Herbsten et al 28 propose the 1dealised decomposttion equation
10 KMnO,4 =2 6 K;MnO, + (2 3 K;0,7 3 MnO, ¢5)+6 0,

at 250° in air The phase in parentheses 1s of unknown structure but may be related to the
MnVY_Mnill complex oxtdes prepared by Scholder and Protzer®®.
The structural parameters of some tncividual permanganates are given in Table 3

TABLE 3

Crystal structures of some permanganates

Compound Type Dimensians (&) Ref
a b c
KMnO, Orthorhombice 9105 5720 7425 26
RbMnO, Orthorthambic 765 9 55 574 31
CsMnO, Orthorhombic 796 1006 5 80 31
NH_ MnO, Orthorthambic 758 9133 578 32
EMnO, 3H,0 Hexagonal 173 53% 17,33
BafMnO,}, Orthorhombic 41 11 B6 738 34
Se(MnQ,}, 3H,O Cubic 961 1
AgMnO, Monoclinie 566 827 713 35
Mg(Mn0O,), 6H,O Orthorthambie 781 13 56 528 31
Zn{Mn0,}, 6H,0 Osthorhambic 781 13 56 523 31
Ni{MnO,), 6H,0 Orthothombic 775 1345 520 31
Cd{MnO,), 61i,0 Orthorhombic R 04 1391 534 19
(v} MnOs or O3MrOSOH

The green solution formed on dissolving KMnO, in concentrated H, S04 contains
MnO,* or 0,Mn0SO,H, or possibly both, depending upen concentration, and not
(Mn0;),S0, as was assumed 1n the older iterature®®>*7 Cryoscopic, conductimetnc,
and electronic spectral studies were sawd to be consistent with the presence of a planar
MnO;" cation, formed by the reaction®®

KMnO, + 3 H,80, = K"+ H3;0™ + MnO;' + 3 HSO,™
In 100% sulphunc actd O3MnOSO,H 1s said to be present®”?
C MANGANESE {V1}

MnV! 15 confined to salts of the manganate (VI) jon, and MnO,Cl; MnV1is stable only
m basic solution, 1ts most characteristic reaction bemng to disproportionate m acidic or

neutral solution.

{1} Manganese dioxide dichloride

MnO,Cl, 1s the only oxide halide of Mn¥! known, although presumably MnO;F,
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could be prepared. Briggs® obtained MnO,Cl, as a very unstable brown liquid, by reduc-
tion of KMnO, 1n HSO,Cl with SO, at low temperatures. It begins to decompose at —30°,
and hydrolyses to MnO4 -, MnO,,and ClI™

(1) “Manganese trioxide”’

The early clarms®®:3% to have prepared MnOj; have niot been substantiated by later
work. Lankshear®® showed that the red solid claimed as MnQj; 1s really a mixture of
HMnO, and some MnO,, and it has since been demonstrated that Mn, O, loses oxvgen
to form MnO; directly, with no evidence for any intermediate oxide'? Despite this, re-
ports of a compound MnO; still appear in textbooks from time to time’

{1} Manganates { VI}

The parent acid 1s unknown, acidification of manganate (V1) solutions resulting 1n dis-
proportionation Manganates (VI} are obtained by fusing MnQ, with alkaly metal hydrox-
1des under oxtdising condrtions or by electrolytic oxidation of alkaline manganese (11}
solutions*! Pure K,MnO, was obtained by botling KMnO, with concentrated KOH sotu-
tion, and various hydrates of sodium manganate (VI) can be prepared stmilarly“?. Alkaly
metal manganates {VI} are also formed by thermai decomposition of the corresponding
permanganate?, or by heating MnO, with the meta! superox:de®**. Barium manganate
precipitates'® on botling KMnO, with a saturated aqueous solution of Ba(NO,), and
Ba(OH), Lithium manpanate does not appear to have been reported, MnO, does not dis-
solve readily m fused LiOH, and LiMnO,4 decomposes to Li,O and MnQ, on heating®?

A number of others manganates (V1) were reportad 1n the older literature (see ref. 45),
but these must be regarded as doubtful until reimnvestigated

Alkali metal manganates (Vi) form deep green crystals, which often appear darker
due to a superficial layer of permanganate They dissolve in aqueous alkal: to form green
solutions, but in acidic, neutral, or even weakly basic solutions, they disproportionate

3 MoMnO, + 2 H,0 = 2 MMnOg + MnO, +4 MOH (M = alkal: metal)

Thermal decomposttion produces manganates {V) and other products, e g , at 620° 1n
mtrogen?®

10 K;MnO =5 7 KaMnO, + 0.5(2 9 K, 0, 8.6 MnO; ;) + 340 0,

The electronic spectrum ts discussed later (Section E) and the IR frequencies are shown
in Table 2 K,MnO,{(d"} has a magnetic moment of 1 73 B M , and follows the Curie—
Weiss law with 8 =~ 0° (ref 46) The structure of K,MnQ, shows the Mn0,; 2™ 10n to be
tetrahedral with Mn—0Q =1 659 A, and O—Mn—0 = 109 5 + 0 7°, which means that the
Mn—O bond length 1s 0 03 A fonger than in the permanganate®” , 1n agreement with the
predictions of molecular orbital theory The structural parameters of the alkali manga-
nates are reported 1n Table 4.

Coord Chem Rev.,7{1972)3153--384
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TABLE 4

Manganate (V1} crystal structures

Compound Type Bimensions {A) Ref
a b c

K, Mno, Orthorhombic 7667 5895 10 359 47

Rb,MnQ, Qrthorhombic 7997 10670 6 044 44

Cs,MnO, Orthorhombic 8 360 il 052 6 257 44

D MANGANESE (V)

Manganese (V), the rarest of the hugher oxidation states, occurs in the manganate (V)
amon, and 1n MnOCl; It 15 even more prone to disproportionation than manganese (VI),
existing only mn strongly basie solutron.

[t} Manganese oxitde tichionde

This 15 the only oxide halide, although as with MnQ,Cl, the fluonne analogue should
be capable of existence MnOCl; is a munt.green liquid, with a deep yellow vapour,
formed by reducing KMnQ, dissolved 1n HSO,Cl with CHCly. or better with sucrose® .
The pure liquid decomposes above 0° to MnCl;, and hydrolyses readily, MnQO,4 3= bemng
produced only 1f sufficient alkali 1s present to prevent its decamposition.

{i1) Manganates [ V)

These were characterised by Lux®® as recently as 1946, although other workers had
previously cbtained blue oxo-species of manganese without recognising their true nature
Deep blue sodium manganate (V) is obtained*®~5° on reduction of KMnOa m concentrated
aqueots NaOH, with Na,504, KI, or HCOONa, or by oxidation of manganese (11} or MnO,
n an alkaline melt*®+%® A simple method for obtaining the Na, K, Rb compounds has
recently been described®? Pure anhydrous alkalt manganates (V) (including L1,MnQ0,) are
formed*? by heating the permanganate with MOH

Lux*8 obtained a deep blue hydrate which he formulated as Na;MnQO, 10H,0, but
Scholder et al.®? suggasted this was Na;MnO,4 $NaOH 12H,0, and found that on recrys-
tallisation from cold concentrated NaQH, NazMnQ, 7H,0 1s produced A compound of
hmiting compositton Na;Mn0,4.0 25NaOH.12H, 0, analogous to the corresponding vanadate,
phosphate, and arsenate has been obtained®?. Kiernm showed that NayMn0,4.10H,O con-
tains MnV and not MnY1and MnlVY by magnetic analysis®?

Bai(MnOQ,), (refs 53, 54), Sro(MnO, }(OH) (refs 54, 55), Bas(Mn0,)aCl (ref. 56), and
Bag(MnQ,); (OH) (ref 53) have been reported.

Electronic {Sect E) and wibrational spectra (Table 2), have been reported, but no struc-
tural data are available for the MnQO4>" 10n. The magnetic moments of a number of MnV
compounds have been reported by Klemm et al 37 as Na;MnQ, 10H,0 2.8B M,
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Bas(Mn0,);(OH) 2 83B M., Ba;(MnO,), 2 83B M , K;MnO, 2.68B M* Rb MnO,
26iBM*and Cs;MnQ, 257BM *

in solution, manganates (V) disproportionate into Mn0,* and MnQ., unlass a large
excess of alkali 1s present KiMnOQs 1s much more stable thermally than either KMnQy
or K;MnOy,, 1n dry air it appears to be stable up to at least 900°, but 15 decomposed rapid-
ly by moisture®®

A compound NagMnQz was reported m Scholder’s review®® but no details were given

E ELECTRONIC SPECTRA AND STRUCTURE OF THE TETRAOXOANIONS

The tetraoxoanions of manganese have provided fruitful discussion for workers inter-
ested in the energy levels and electromic spectra and structures of these tetrahedral (X0.)*
species, which are charactensed by strong visible and near-ultraviolet absorptions There
have been many 1nterpretations, and these frequently diuffer from one another

Wolfsberg and Helmholtz%® (W—H) carnied out some semi-empincal calculations on the
permanganate ton, according to the molecular orbital scheme, and their most surprising
result was the order »f the first unfilled M 0.%s (37, < 2¢) whuch 15 not 1n agreement with
crystal field (C F ) theory Subsequently, Ballhausen and Liehr®® (B-L) proposed a dif-
{ferent scheme which 1s in agreement with C F. theory and 1s justified by intensity calecu-
lations The latter proposals were supported by the studies of Carnngtor and coworkers®®™®3,
who showed on the basis of ESR measurements that the unpaired electron 1n the MnO,*~
1on {@'), occupied an e level More recently, Fenske and Sweeney®? concluded that if the
empincal parameters of the W—H calculations are substantially altered, any order of levels
can be obtained. and, consequently, any transifion assignment rustified A calculation of
Viste and Gray®® (V—G) has confirmed the B—L order of levels, but with a different
transifion assigniment.

(Olean et al.®% have carrted out an S.C.F —M O —L C A O, calculation for the MnO,~
ion, ar d confirmed the order of levels previously assigned by B—L A new spectral assign-
ment was presented, attnbuting to each observed absorption band two electrome transi-
tons occurnng between one of the occupied M 0.'s {r,, 244, 1£2) and the two lowest empty
M O *s (2e, 313). These workers subsequently extended their calculations to the MaQ,*"
and Mn0,4?" 10ns%?

The spectra of the three tons are shown mn Fig 1, and Tabie 5 contains the spectral
assignments proposed by various workers.

I MANGANESE (IV}

Mn'Y has a more extensive chemstry than the higher oxtdation states, but, in general,
the compounds are not particularly stable The apparent exception, MnO;, owes sts
“stability™ to its insotubility; other MnY compounds are readily hydrolyséd and reduced
There are few simple compounds, the majonty of manganese (1V) compounds containing
the element 1 a2 complex anion.

*I ow values may be due to the presence of some manganate (V1)

Coord Chenr Rev 7 (1912) 353384
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Fig 1 Electromic spectra of the tetrac~oanions {a}, (b}, Qleart et al *”, (c) G van den Boef, HJ van
der Beek and T. Braal Rec Trgv. Clim,, 77 {1958) 1064 Reproduced by permssion

(i} Halides

The only halide 15 the very reactive MnF,, there 1s hittle evidence for MnCl, despite a
number of claims in the older literature”®. Sharpe and Woolf?! were unable to 1solate
MnF, from the reaction of Mn{IO;), with BrF,, although the solution obtained gave
Mn!V¥ fluorocomplexes upon addition of KF. The blue, very hygroscopic, tetrafluonde
1s produced by fluorination of manganese powder 1n a flurdised bed?? or of MnF,, MnF;,
LiMnFs, or L1,MnFg, at 5507 (ref 73) It obeys the Cune—Weiss law with Uor= 3.48 BM.
Fluonne 15 lost on standing, and 1t hydrolyses mstantly in water. A small amount of red
sohid 1s produced from CIF and manganese powder 1n a fluidised bed”2, this may be a
mixed hahde, e g. MnClF;. There appear to be no oxide halides known

{1i} Complex halides
Hexahalomanganates (IV), MnX¢?™ (X = Cl, F), and pentafluoromanganates (IV),

MnF;, are known All attemnpts to prepare bromine analogues have farled.

Coord Chemt Rev,7 {1972} 353--384
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Hexafluoromanganates {IV) are obtained by four basic methods.

{a} Duect fluonnation of an intimate mixture of MnSQ,, MnCl,, or NH,MnF;, and
the chlonde, suiphate, or carbonate of the desired catron.

(d) Fluonnation of the corresponding permanganate, manganate (VI), or manganate {IV)

{c) Electrolytic oxadation of MnF; in 40% HF in the presence of the metal fluonde.

(d) Fluorination of the starting materrals in (g) or (b} with BrF, (ref. 89).

Some properties of these compounds are reported 1n Table &, and their structures in
Table 7

(NOY, MnF ¢ and the heavy metal hexafluoromanganates are instantly decomposed by
water. the alkall metal compounds hydrolyse only siowly 1n the cold The MnF4? 1on
(d?) 15 a regular octahedron?”'%7  with Mn—F = 1 72—1.75 A, and exhibits v (Mn—F) at
625 cin* (ref 81) Asprey et al 27 have recently studied the IR and Raman spectra of
some hexafluoromanganates ([V}

The bnck-red pentafluoromanganites (IV), formed on fluonination of MMnF5
(M = K,Rb,Cs) at 450—500°, or of LuF + MnF, at 350°, are instantly decomposed by
water’¥+ 74 They have magnetic moments in the range 3 7—3 9 BM , and the Mn—F
stretchung frequency in KMnFy 15 at 617 cm™! (ref 81) Although the structures have not
been determined. 1t seems probable that they contain condensed MnF, unts.

The very dark red hexachloromanganates (1V) are prepared3®-%% by adding saturated
alkalt metal chloride solution to calcium permanganate in 40% hydrochloric acid at 0°
The potassium salt 1s also obtained from KMnO,; and saturated aqueous HCl (ref 88),
or by the reaction of potassium acetate and manganese (I1I) acetate 1in the presence of a
large excess of acetyl chlonde®! They readily lose chlonne on standing K,MnClg has
ere= 3 9B M.%2 and v (Mn—Cl) = 358 em™* (ref 93)

The diffuse reflectance spectra of vhe hexafluoromanganates have been studied by a
number of workers?*™9% Allen et al ®* found five bands in the spectrum of K, MnF; at
14 0 KK (*Agg > 2E;, *Tig, £2¢°) 29 3 KK (PAag > 2Tag. 1271, 222 KK (*Ap > 2Ty,
I2g2€5). 28 6 KK (“A g > *Tyg, 1552€,), 38 8 KK (1 = 125) Novotny and Sturgeon®* re-
ported the spectra of the K, Rb, Cs and Ba compounds, and examined the effect of the
method of preparation on the spectrum of the K salt. Moews®5 reported bands at 15 4,
16.6,27.4,33 3 kK for K,MnCl,, but this was disputed by other workers, who reported
absorption at 17 8,25 0,43 5 kK, which they assigned as %r, = %1, *1, = %14, and charge
transfer, respectively®?

(ui}) Manganese dioxide

There 15 an extensive literature on MnQ,, only 2 very small amount of whrch will be
mentioned here** 1% The common form, 8-MnQ, (pyrolusite). 1s made by heating man-
ganese (11} nitrate at 150—160°, extracting with water, drying at 200°, and repeatedly
extracting with boiling nitric acid to remove lower nxides'®® Several modifications of
the basic method have been described®® and most of the other forms of MnQ, are said'¢?
to change nto the § vanety on heating tn air at 400° It has an 1deal composttion MnO; g4,
with the rutile structure 2 =4 38, ¢ = 2 86 A, but 1t 1s usually oxygen deficient®® Re.
ducing agents attack it readily 1n acid solution, alkalis cause disproportignation, whalst
concentrated H,S0, at 110° forms MnT sulphate and oxygen.
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TABLE 6
Hevafluoromanganates (IV)
Compound Preparation® Colout Magnetic moment Ref
(B.M.Y
Li,MnFE, a Yellow 385 74
Nz, MnF, a,c Yelow 75
K, MnFE, a, e d Yellow 386 71,75, 79,
8284
Rb,MnF, 3. ¢ Yellow 75,79
Cs,MnF, a,c Yellow 15,79
(NH,},MnF, c Yellow 85
CaMnF, a Yellow 387 T8, 79, B7
SeMnF, a, b Yelow 382 78-80
BaMnE, ab Yellow 390 78—RO
MgMnF, a Orange-yellow 39 78,79, 87
(NG),MnF, a Yelow 86
CdMinF, a Yellow 378 87
NiMnF, a Ochre-yeitlow 538 B7
ZnMnalb, a Orange-yellow 87
HgMnF, a Orange 87
CuMnF, a Brght red 443 87
AgMnF, b Dark brown 443 87
*Letters refer to methods a, b, ¢ and 4 discussed in text
TABLE 7
Structural parameters of MntV complex halides
Compound Type Parameters (&) Ref
a c
Ly, MnF, Na, SiF, hexaganal 242 4 59 14
MNa,MnF Na,SiF,, hexagonal 303 513 75, 76
K MnF, “Rb,MnF,™, hexagonal 567 9.315 77
tngonal 571 4 65 17
K,PtCl,,  cubic 8 28 77
Rb_ Mnl, “Rb,yMnF, ", hexagonal 536 9 50 17
K. PiCE,, cubic 840 77
Cs,MnF, K, PCl,,  cubic 8.92 11
(NH_ ), MnF “Rb,MnF ", hexagonal 591 9355 as
MghMinF LiSbF,, hexagonal 501 1317 78, 79, 87
CaMnF, L:SbE,, hevagonal 521 14 17 78, 79, 87
StMnF, BaGeF,, hexagonal 7.02 678 78,719
BaMnF, BaGeF,, hexagonal 735 709 78,79, 80
CdMnF, LiSbF,, hexagonal 508 14 00 87
NiMnF, VI, hexagonai 4.9% 1316 87
ZnMnF, VF,, hexagonal 4 96 1329 87
HeMnF LiSbF,, hexagonal 508 14 12 87
K, MnCE, K, ptCl,, cubic 96445+ 0002 38
Rb, MnCl, K, PiCl,, cubic 982+002 88
Cs,MnCl, K. PCl,, cubic 1017+x002 88
(NH,, },MnCl, K,PtCl,,  cubic 980=002 88
(NMe, ), MnCl, K, PtCl,, cubse 1270 = Q.02 &8
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A large number of varieties of MnO, have been reported, but despite a great deal of
work, the natunre of some of these 1s still 1n doubt Many of them contain MnU! ions, wa-
ter, or other metal ions, and exist over a range of compositions A brief discussion of
some of these forms 1s given below (see refs 102—104 for references to earlier work)

Glemser and coworkers' ' 9% descnibed six other vaneties, «, 7y, 8, €, 7, and the mm-
eral ramsdelite The latier is orthothombic 2 =4 53,5 =9 27,¢=2 87 A a-MnO; 15 re-
lated to the muneral cryptomelane, and always contains other large cations, 1t has been
formulated as A, MngO, 6 (A = K, Ba, etc,x < 1)!*"-'°? All forms lose oxygen on
heating, eventually forming MnaO; ft has since been shown that §-MnO,; 1s a temary
oxide (see below) The phase Mn(OH), 2MnQ,; 1s formed'?® upon wet oxidation of
¥-Mn, (O, above MnQO, ,.

(v} “M.xed-valence oxides™

The manganese—oxygen system, especially 1n the presence of other cations, and of
water, 15 very complex, and a number of compounds have been discovered in addition to
the simple oxades of Mnlt, MnlH and Mn!Y The older literature contamns several reports
of oxides containing manganese 1n more than one axidation state’, many of these must
be regarded as very doubtful and will not be discussed further. Compounds that do fit
o the category of mixed-valence oxides are Mn;04, MnsOg, and the recently discoverad
Mn,0;, 68,0, and Mn;0,; SH.O

o-Mn 304 occurs as the mineral hausmannite, and 1s the product®® of heating any oxide,
and marny manganese salts. m atr at 1000° The purple-rted powder has a distorted spinel
structure {distortion is caused by the 4* Mn!ll wons),a=813 A, ¢/a=116 Itisanormal
spmei MnlIMn, 010, (ref 111) not Mn,!IMn!VY0, as reported m some of the earlier work. It
changes reversibly into a cubic modification 3-Mn 304 above 1170° Concentratea H,S0,
produces Mnfl and Mn1ll sulphates, and HNO, causes disproportionation

Mn,0,4 + 4 HNG, = 2 Mn{NQO, ). + MnO, + 2 H,O

Mn;0; 1s produced on oxidation of Mn,O4 1n a nitrogen/oxygen stream at 250—500°,
or by heatmg 8-MnO{OH) in air below 500° {ref. 113) It 1s a black powder, which loses
oxygen above 550° to form e-Mn,0; The structure determination supports the formula-
tion M, TMn,1VQy,, there 1s a distorted octahedral arrangement of oXygen atoms around
MnlV, and a distorted trigonal prism around Mnl! (ref 114)

Giovanol: et al.1%5-1%% found that NagMn,; 4054 9HA0, reacts with dilute nitric acid to
produce manganese (I1I) manganate (V) Mn,0, 3 5SH,0 (hexagonal 2 =2 84,¢ =7 27 A), and
with Mn(NQO;); solution to form manganese (1I) manganate (IV) Mn,Q,, 6H,0. Prolonged
digestion of Mn,0, 3 SHy0O wath nitric acid produces ¥y-Mn0, , upon heating Mn,0,,.5H,0,
the first product 1s y-Mn(Q; and finally a distorted 8-MnQ, results §-MnO, seems to be re-
lated to these manganate (IV) species with some of the Mnf! replaced by MnI¥, 1t also
contams a fairly large amount of alkalt metal 1ons!27:19% The structural relationships of
these compounds, and the reduction of Mn,Q,; 5H,0 to y-MnO{QH) with cinnamyl al-
cohol, have been described!®
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(v} Manganates (IV}

A large number of mixed oxides containing Mn!V | often described as manganates (1V)
are known, but will not be descnbed here.

On heating a muixture of MnO, + 2KOH, Scholder and Protzer®' obtained a mixture of
KiMnO,, KMnQ,, and K;MnQ; At 200° thus contained 75 mole % of K,MnO,, whulst at
550° only 18 mole % was present Stmular resuits were obtamned with MnO, + 2RbOH
Some Mn!Y always disproportionates and the anthors report that the 1solation of pure
K.MnOj 1s not possible.

Scholder®? reported the compounds NazMnO,, Ba,MnO,, StoMnO., 2nd Li,MnO,,
but ro details were miven_ The crystal structure of Ba,MnO; was determuined by Mansmann'!5,
who found 1t to be 1sostructural with Cs3CoCls MMnQ 3 (M = Sr, Ba) and substances
formulated CaOxMnQ, (x =3, 1. 2, 3, 5) have been reported*®.

A number of “mixed valence” manganates exist, and will be dealt with here for conve-
mence KMnO,; and RbMnO,; oxidise readaly 1n air to substances of empirical formulae
MMnO; ;5 (M = Rb, K) These were formulated®! as MaMn,MMn,'VO, Giovanol et al 198
found that the oxadation of fresh Mn(OH), 1n aqueous NaOH with molecular oxygen
produced soditm manganese (11, I[11) manganate (IV), NagMn,; 40,7 9H,0, and determinted
its structure. It has a double-layer structure resembling chalcophamte A phase
K,MngO7a_sz0 was ocbserved®! from the reaction of MnQ,; with 2KOH, whuck 15 close
to the composition observed by Delano!!® for the compound formed from a mixture of
4K,CO; + MnO, Recent studies of the decomposition products of KMnO, have shown??
that the water-insotuble product(s} have compositions approximating to “KayMn,0,4",
which may indicate that they are related to some of the compounds discussed above
Further work 1s requited, however, before any conclusion can be reached.

{vi} Peroxomanganates {fV')

By reaction of KMnQO, with H,0, 1n 30% KOH at —18°, Scholder obtaned
K,oH Mn(0)(04)5 as a dark red crystalline sohd, which decomposed to MnQO, and O; 1nt
water, to Mn!! and O, 1n acids, and tended to explode on warming’!” The occurrence of
KsH Mn(OX0,)s and KsH;Mn(O; )4 was also postulated

{vir) Manganese (IV) compounds of oxygen donor ligands

The only simple compound appears to be the black crystalline Mn(S0,), obtained on
oxadising MnSO, in hot concentrated H.S0, with permanganate! ', which hydrolyses to
MnO, even in dilute sulphunec acid Anodic dissolution of manganese in 1822 & sul-
phuric acid praduces''® a dark-coloured solution contaimng Mn!V-

Complexes with orthopernodate, 10date, tellurate, and rather surprisingly, oxalate, are
probably the best known. Reimer and Lister'2? showed that the dark red crystals ob-
tained from MnSQ; and alkali penodate solutions, are MMnlO, 1H,0O (M = Na, K}, not
M,Mn;1,0,, as orignally reported'?! They have p.e=4 17 BM (Na), 387 BM (K),
and are remarkably stable, being msoluble in, and not hydrolysed by water On oxidising
the mixture of MnS0, and peniodate solutions with hypochlorte, two other compounds,

Coord Chern Rev,7 (1972}3531--384
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Na;H,Mn{I0,)3.17H,0 and K4H;Mn{104)3 8H,0 result!2? They are also red, but hydro-
lyse stowly i water to MnO,, 105, and H31047"

Alkaline hypochlornte oxidises Mn8O,, mixed with an alkalr metal tellurate, to dark
red complexes. KsHoMn{(TeOg)a 5H,0 (=3 30 B M } and Nas;H;Mn(TeO4); 3H,0
(refs 123, 124) which are less stable 1n solution than the penodate analogues!?* The
spectra ana structures of a number of penadato-, and tellurata-manganese (fV) compounds
have been determined?23,12¢,127

Complex 1odates, M,Mn (103} (M = NH;, K) and BaMn(IO,),, are produced as brown-
violet solids on boiling MnQ,, 10dic acid, and the metal 1odate soluttons'2® The K salt
hasp.g=3 82 BM., and dissolves in water to mve a hrown solution, which deposits a
brown precipitate (Mn0,?), its IR spectrum has been reported’*?

Dark olive-green crystals of K,Mn(C,0,4)2{OH), 2H,0, which on mtcroscopic examt-
nation proves to be a muxture of orange and green crystals, posstbly the cis and rrans
1somers, are formed?3? by the reaction of oxalic acid, potassium oxalate, and KMnO, 1n
aqueous solution at 0°. The crystals decompose at room temperature, and the solutions
slowly turn red-brown, 1ndicating the formation of MnHE,

Other complaxes 1nclude the red-brown formaldoxime Na, Mi{ CH;NO )¢, obtamned on
air oxxdation of manganese (1I) solutions contaimng formaldoxime!3! | black crystalline
(NH,4),H:MnE, O, (E = P. As)!'32, and the curious yellow-red glycerylmanganates (IV),

e g, Na;Mn(CaH;03;),, formed on heat:ng {reshly precipitated MnO, with plycerol and
aqueous alkalii33

{viu) Manganese (TV) complexes of N-donor ligands

These seem to be confined to biguamdine and 2,2"bipyndyl complexes On treatment
of alkaline KMnO, with biguanidine, or by oxidising Mn!! and biguanidine with alkaline
persulphate, bright red crystals [(OH);Mn(BigH), ] (OH), were formed, from which the
NO;, 8047, C,0,%, Ct0,4%, and 105, can be obtained by meztathesis. They have un-
usually low magnetic moments, in the range 2.0—2 SB.M.">%,

Mn(bipy)Cl; which 1s formed?3® as black crystals from the reaction of 2,2"-bipyridyl
with KMnQj, in concentrated HCI, loses chlorine on standing, and obeys the Curie—Weiss
law with gt = 3.82 B M. and 8 = 8° (ref. 136} The o-phenanthroline analogue has not
heen obtatned>%:137 hut red-brown [MnO(phen),1{Cl0O.s); 1H,0 forms on treating
MnCl;(phen)H, O mixed with o-phenanthroline, with HClQ,.' ¢ It is antiferromagnetic,
and may be an oxygen-bndged dimer, viz.

at

oI
\ \
ahdh

N N
although more highly condensed structures are also possible. Some N.donor complexes
which contain both Mn!V and Mnlll, are discussed under MnHl.
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(bx) KMn{CN g

Nitrosyl chloride oxadises K3Mn({CN}¢ 1n DMF to canary yellow K;Mn(CN)g, .7 =
394 B.M , which 15 instantly decomposed by water'3® Yakimach’*® claimed to have
obtained K;Mn{CN}; by reaction of KMnQ; with alkaltne KCN, but this was dented by
Goldenberg'4? , who could not repeat the preparation, and obtained a manganese (I1I}
cyanocomplex contaminated with KOH The KMnlIMn{(CN)¢ complex 1s similarly ob-
tamned'*® from NOC and K, Mp¥Mn%(CN),

{x) Heteropolyanions

Manganese (IV), ltke a number of other transition metal higher oxidation states, is
stabilised by incorporation into a heteropolyanion The 9-molybdomanganates (IV), e g
(NH4¥sMnMogO3; 8H,O (ref 141) have been known for some aime, and recently
12-niobomanganates (1V)!#2:1%3 have been obtained, and the structure of Na, ;MnNb, ;0,4 "
SOH, O determined 3. Flynn 2nd Stucky %5 have descnibed three types of vanado-
manganate (IV) — K;MnV, 0,5, 10H; 0. KsHMn 3V, 4,054 10H,0, and KoMnV [ 3034.-
16—18H,0.

G MANGANESC (iii)

MnIt has a far more extensive chemustry than any of the other oxidation states discussed
There are relatively few simple compounds, but Mnlll s faxrly stable in complexes, almost
all of which ate anionic, e g fluoro, chloro, cyano, of neutral §-diketonates; cationic species
are rare. The complexes with oxygen donor ligands have been known for many years, but
complexes with mtrogen donors have only recently been characterised Stdgwack’, for
example, stated i1n 1950 that “tnvalent manganese has no tendency to coordinate wath
nitrogen to form amines, mtrocomplexes, or 1n other ways™. There 15 an almost total ab-
sence of tomplexes of the heavier Group V donors.

1) Halides

A red-purple trifluonde, and a very unstable tnchlonde are known. MnF; 15 pre-
pared!?671%% by fluonnation of MnF;, MnCl,, vanous manganese oxides, or, best, Mnl,,
or by dissolving Mn(IOs),; in BrF; and evaporating at 140° (ref 71, 150). Ruby-red crys-
tals of the hydrate MnE, 2H,0 are obtained on dissolving Mn., O3 in aqueous HF, or by
oxadisimg Mn!t i HF solution with KMnO,, or electrolytically3 152 The anhydrous com-
pound is moisture-sensitive, but the hydrate 1s not hydrotysed in water in the presence of
HF {ref 151). MnF hberates fluonne on heating, although the dissociation pressure 15
less than 0.1 atm at 6007 (ref 153) and has been extensively studied as a fluonnating
agent, especially in organic chemustry'47-**% The structure 15 most unusval m that there
are three different Mn—F distances. The lattice 1s monochmic,a =8 509,56 =5.037, ¢ =
13 448 A, and the structure consists'*® of distorted MnF, octahedra shanng comers with
Mn—F 209,192,179 A and Mn—F—Mn {ave ) 146° The distortion has been discussed
in terms of crystal field theory and the Jahn—Teller effect by Hepworth et al *5%, Mass

Coard Chem. Rev,7 (1972) 353384
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spectra’ *® show that MnF; evaporates pnncipally as the monomer, whilst the value for the
heat of formation (—238 kcal. mole™ ) coupled with the heat of sublimeation (68 0 + 3 kcal.
mole™! at 298° K leads to a value for the average Mn—F bond enerpy of 97.9 £ 4 kcal
mele™! The bond disseciation energles are D{Mn—Fj; =101, D(FMn—F) =119,
D(F;Mn—F) = 74 kcal mole™ MnF, aobeys the Curnie—Weiss law with g, =50BM and
0 = 8°, and becomes antiferromagnetic at very low temperatures'5” An adduct MnF ;. 4XeFy,
or possibly MnF4.4XeF, 1s formed on heating manganese with xenon and excess fluonne
under pressure!*2

A black solid, analysing as MnCl, 1s formed’® on suspending MnO; 1n dry ether at —78°,
saturating with dry HCl, and precipitating with CCl, The action of iquud HCL on Mn(QAc),
at —100° produces brown crystalline MnCl;, soluble 1n organic solvents to green soluttons,
and readily loaing chiorine above about —35° (ref 159)

() Complex haldes

Mnil! forms « number of complex anions with the halogens, vzz MRF¢3, MnFg?™,
MnF,~ MnCl,?", and MnCls*~ but all attempts to prepare bromocomplexes have failed

KsMnF, and K,NaMnF are formed on fusing K;MnFs H,O wiath MHF, (M = K, Na)'52:152
and Cs,KMnFg has recently been obtained by direct flucnination'®! K;MnF, dissolves
i aqueous HF to reform the MnF; H,0Q% 10n, and 15 completely hydrolysed by water
|IM(NH3}s] MnFg (M = Co, Cr, Rh) are obtained on oxydising Mnl 1n 40% HF with KMnQ,
in the presence of the cation and NH4F (ref 163) The IR spectra of these compounds
have been examined, and discussed 1n terms of the distoried MnF4" 10n and the Jahn—
Teller effe.t?43 '

Pk crystals of K,MnF s H, O, which are hydrolysed by water, form®?+**? on oxidising
MnF; 1n 40% HF followed by addition of KHF, CsyMnF; H,O was crystallised from
muxed soluhions of CsF and MnF; 1n aqueous BF, whilst Mo MnF; (M = L1, Na, NH,) are
formed!®%-'¢7 on adding MHF,; to MnQ(OH) in 20% HF A substance which ts probably
BaMnF; 1s formed”® on hydrogen reduction of BaMnF, at 400° The “MnF,™ group in
(NH4):MnF; 15 actually a distorted MnF, octahedron, Mn—F =1 84,1 85,2 12 A, the
octahedra being Hinked into infinite chains'®” (Note added 1n proof. a crystal structure of
K; MnFs.H, O has been determined by X-ray crystallography The water molecule 1s not
coordinated, and bndgng fluonne atoms complete a distorted octahedron about the man-
ganese A J. Edwards,J Chem. Soc. 4, (1971) 2653.)

The brown-violet MMnF, (M = Li, K, Rb} are formed??-7* by hydrogen reduction of
the corresponding MMnF; at 150-250°

Hexachloromanganates (¥II) are only found with large cations Hatfield et al “® pre-
pared [M(pn);}MnCl, (M = Co, Rh) by oxidation of MnSQ, mn concentrated hydrochlone
acid with NaClO; m the presence of [M(pn)s;]Cl; The Co compound, and the less stable
[Cafen); 1 MnCl, 2H, O may be obtained vang KMnQ, as the oxadising agent!®?, These
compounds are mnstantly hydrolysed in water, decompose on keeping, and show rather
high v(Mn—Cl) frequencies compared with other hexachlorometallates (11y°3.

(NEt,).MnCl; 1s fermed by reaction of MnO, with acetyl chloride in ether’ 7*, or by
saturatiag MnO, suspended in CCl, with dry HCl and ether-extracting the black residue! 7
In both cases, adodltlon of NEi4Cl precipitates the dark green pentachloromanganate Ad-
dition of the ligand to the dark brown solution of KMnQ, 1n concentrated HCL precipitates
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TABLE 8

Complex halides of manganese {111}

69

Compound Colour Structural data Magnetic Ref
mornent
(B M)
K,MnE, Blue-violet Tetragona), a=8175 4 95 160
c=§830A
K NaMnF, Tetragonal, a=8171 162
c=83577
Cs KMnF, Violet Tettagonal, a=£§93 4 88 161
=926
(NH, ), MnF, Reddish 164
[ColNH, 3, ] MnE, Orange-brown  Cubac, g= 997 494 163
[Cr{NH,), IMnF, Golden-brown Cubic, a=1006 163
[Rh{NH, ) ] MnE, Violet Cubtc, a = 1005 163
K, MnF  H,O Pink 332 82,152,165
Na, MnF, Pink Orthorhombte, 2= 6 08
b= 786
c= 928 167
Ei,MnF, Pmk Orthorthombie, 2= 546
b= 778
c= B8l 167
(NH, ), MnF, Pink Orthoethombic, a = 6 20
™ b= 7%4
N c=1072 167, 167a
RbMnF, Brawn-violet 50 74
KMnF, Brown-vmalet 49 74
LiMnF, Brown 47 74
{Cofpn}, | MnCl, Dark brown 491 168
[Coten); ] MnCl, 2H, O  Dark brown 494 169
{NEt ), MnCl, Dark green 50 170,171
(phenH, nCi, Green-black 50 135, 136
{bipyH.IMnCl, Green-black a=13204 4 88 135,136,173
b= 7103
c=15339

the green-black (phent; MnCl; and (bipyH,)MnCls (ref 135) The structure of the latter
has been determimed, 1t contains discrete MnCls?~ ions which are square pyramidal with a
distortion towards trigonal bipyramidal, Mn—Cl = 2 53, 2 34 A (ref 173) The alkali metal
analogues have been descnibed, but there 1s some doubt as to whether they are M, MnCl,
or MaMnCl; H,O, and they would repay further study?®®:* 72

{11} Oxide

a-Mn0; 1s best prepared by decomposing manganese (1T} nitrate at 150-200°, and
then heating the product to constant weight at 600°, above thus temperature the product
obtamned 1s not completely stoichiometnc®®:1%® It 1s the normal product of heating many
manganese compounds in air between 600—800°%, but above 900° oxygen 1s lost to form
Mn3Q, The structure is body-centred cubic,a =9 401 A (c-sesquioxide type)* 7

Coord Chem Rev,T (1972) 353-384
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¥-Mn, 03 was reported as a black powder obtained by careful dehydration of ¥-MnO{OH)
(ref 175), but recent work 1ndicates that the y-Mn, O, phase exists only in the range
MnOy 333 40 2nd readily changes into &-Mn,03 on heating'®. The X-ray diffraction
pattern is said to be similar to that of Mny0Q4 to which 1t 1s related in the same way as
¥-Fe,0415 to Fe, 04,

There 1s much confuston 1n the literature about the nature of the vanous hydrated
oxides of Mnlll_ There s na good evidence for Mn(OH)3, but two forms of MnO(OH)
seem well-established &-MnGO{OH) (mmanganite) and y-MnO{OH) (groutite) are both form-
ed by the oxadation of Mn{OH), under carefully controlled conditions!®®. This reaction
can also yield MnQ, (vanous forms), manganates (JII), manganates (IV), and a number of
other products, so the confusion n the literature 15 not surpnsing! A g-MnO(OH) was
also reported to be formed tn thus reaction'®%!?7 but this 1s now 1n doubt'®® Both -
and y-MnO(OH) contain Mn™ surrounded octahedrally by oxygen atoms, with ali the
latter involved in hydrogen bonding'?® The difference m structures is in the extent of the
distortion of the octahedron, in a-MnO(OH}) thus 1s quite small with average Mn—0 =
1.89 A whilst in v-MnO(OH) there are four oxygens at 1 88 A, and two at 2 30 A, a much
mote distorted siructure’ 6

{rv) Manganates {HIT}

The large number of complex c.cdes will not be discussed Scholder and Kyri*7® found
that ¥n(OH), 1n 50% NaOH s oxadised to NaMnOQ,, also obtained on heating Mn,0; and
Na,COj; 1n air at 1000°, or along with the ¥, Rb analogues by heating a mixture of Mn, 053
and MOH 1n a I 2 ratio 1n nitrogen®! LiMnO, 1s formed by fusing the constituent oxides
in argori' 7 Scholder and Kyn?!7® also reported NayMn(OH)s.2 4H,0, NasMn(OH), 5H, 0,
and the Ba and Sr salts of the 1ons Mn(OH)s?*~, Mn(OH ¢, and Mn(OH),*".

M,Mn40, (M = K, Rb) are forrned on heating 1 1 mixtures of Mn, 0, and MOH®®.

{v} Manganese {III) compounds with oxygen donor hgands

Green Mny{S04); 1s formed on dissolving KMnO,, MnQ,, or Mn,0; 1n hot concentrated
suiphunc acid, and drying the product at 130°. It dissolves in 70% H,S0O, and on cooling
red HMn(SO, ), 2H;0 crystallises, but 1n more ditute acid, hydrolysis occurs! 32181
Violet solutions of MnH! are farme 1 by electrolysis of MnSQ, in suiphunc acid solution!®
Alums are formed wrth alkali sulpha‘es, there are double sulphates wath Al, Celll and Felll-
CsMn{S04); 12H,0 15 ruby-red, melts at 40°, and has g e = 4.9B.M, the Rb, K, NH,
analogues are known'#3:18% byt are less stable, and all are readily hydrolysed

Grey-green MnPO,.H,0 precipitates on oxidising MnH 1n phosphonc acid solution,
but redissolves in concentrated H,PO, to form a wiolet solubion, said by Meyer and
Marek'®® to contain HyMn(PO,),, from which double salts with alkalt phosphates, e g.
Na;HMn{PQ,4),.2H,0, can be 1solated On dilution of the violet solution MnPO, H.O is
precipntated. Several Mnl" salts of the condensed phosphoric acids are known?3.

Manganese (1I1) acetate s one of the easiest Mn'l compounds to obtain, and 1s a con-
ventent starting matenal for the synthesis of severa! others The cinnamon-byown anhy-
drous compound is produced 1n the violent reachion between Mn(NO ;)5.6H.0 and acetic

2
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anhydride®5?, and the dihydrate by oxidauon of the manganese (11} compound 1n glacial
acetic acid with chlorne or KMnQ, (ref 186)

Cartledge and Eriks!'®7 prepared the trisoxalato and bisoxalato complexes of Mnill by
oxidation of the corresponding MnIl complexes wath KMnO,. When care was taken to
1solate a pure product, the trisoxalatomanganate (111) could be stored at 20° in the absence
of light wath little decomposition, but the hisoxalatomanganate (I1T) was less stable, al-
though 1t kept fauly well at 0°

Meyer and Schramm prepared several malonate complexes but 1t appears that these
were impure n the majority of cases'®® Bullock et at. ' have obtained and studied a
large senes of malonate compiexes M[MnL,{H,0),] (M = Cs, T, NH,, Rb, NMe,, NEt,),
M[MnE,(H,0),].2H,0 (M = Na, K, CsHeN), M[MnL,(H,0),] 3H,0 (M = L1), M{MnL,]|
(M = Na, K), M3[MnL;] 3H,0 (M = K), M;[Mni,] H,O (M = K), and [MnL,(H,0),]
The effective magnetic moment for these complexes lay between 4 90 and 5.03 BM ,and
the visible spectra exhibtted two absorption bands at 22,000 cm™ and 13,000 — 16,000
cm™t. Cartledge and Nichols'™ calculated the equilibrium constant for the reaction

[MnL;]?7 +2 Hy0 = [Mal,(H,0), | + L* (L = C3H,0,)

and obtained an average value of K =0 057 at 0°

The sohd EDTA complex of Mnlll was characterised by Yoshino et al *°* who found
1t was decomposed by hght and heat, and was unstable at room temperature. They noted
that in solution two forms existed depending on the pH of the solution, and suggested
an equidibnum

[Mn(EDTA)(OH,)]” = {Mn(EDTA)(CH)] " +H*

which leads to the conclusion that erther EDTA 15 acting as a quinquedentate ligand, or
that Mnlll is capable of formung seven-coordinate complexes The idea of seven-coordi-
natron is reasonable 1n the light of the crystallographic establishment of the Mall—EDTA
complex as seven-coordinate'™?

The complexes [Mn(bipy02);1{Cl0,)s 3H;0, pogr =4 97 B M.1%? and [Mn(terpy0s).]
{Cl04}; (ref 194) have been obtained. The latter contains terpyO; behaving as a tridentate

higand.
fvi) B-ketoenolates

Fackler?®> has reviewed the literature up to 1965. Fernelius and Bryant!?S have de-
scnbed the prepamation of Mn(acac),, and the synthetic procedures have also been re-
viewed by Charles'®” Brown-black Mn(acac),, which 1s thermally less stable than the Cr,
N1, or Fe analogues, is most conveniently obtained by oxadising Mo!! with KMnQ, in the
presence of acetylacetone!®® The preparations of Malll complexes of diisobutyryl-
methane!®? dipivaloylmethane'®?, triflucroacetylacetone?%:201 '{.phenyl-1,3-butane-
dione?®°', hexafluoroacetylaceione*®?, and 3-cyano-2 4-pentanedione®®? have been de-
scribed

The standard heat of formation of Mn(acac)s at 25° has been determined by reaction
calonmetry?®3 to be —332.1 kcal mole™ . Enthalpy changes at 25° for the hypothetical
gaseous reactions

Coord Chem Rev,7 (1972)353-38a
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Mn¥ (g) + 3 CsH,0,™ {g) = Mn(CsH,0,); (g) AH = —1475 keal mole™
Mn (g) +3CsH,0, (g) =Mn(CsH,0,5)s (g) AH =— 263 keal mole™?

have been derived and thus the heterolytic bond energy = 246 keal. mole™ , and the
homolytic bond energy = 44 keal mole™ for the Mn—O bond i Mn(acac);. The homolytic
bond energy appears to provide the better basts for the comparison of M'T—0 bond ener-
gies for the first transition sernes acetylacetonates®®3,

Despite the lugh-spin d* electronic configuration of Malll 1n Ma(acac),, the room-tem-
perature X-ray crystal structure indicates an almaost regular octahedral arrangement about
the metal?®* The distortion from £ symmetry 15 slight, but real, with Ma—0O =1 88 &
(deviation 0 03 A) Forman and Orget?°® have suggested that, because of the unusual -
frared spectrum?®®, Mn(acac)s 1s Jahn—Teller distorted Morosin and Brathovde?®supgest
that, because there are two types of O—Mn—O bond angles (96.9° and 87.8°) in the com-
plex, the bands being observed 1nclude some couphng to an Mn—O bond. On the other hand,
the crystal structure of acetylacetonatobis(N-phenylaminotropomiminato)manganese (I1I)
has revealed?®? the first case of a distorted octahedral complex of high-spin Mnll | where
the distortion occurs because of different Mn—ligand bond lengths and not Mn—ligand
bond angles. The Mn—O bond 1n the mixed-ligand complex, [.96 A, s siprificantly longer
than in the acetylacetonate, this may be due to the presence of N donors 1h the complex
The distortion takes the form of four short bonds and two long bonds, and Bartlett and
Palenik?97 have suggested an empirical rule for predicting the final configuration of octa-
hedral Mot complexes

Barnum has carried out some Huckel LCAO—MO calculations on Ma(acac); and dis-
cussed the metal—ligand n-bonding®®® . Piper and Carlin?®® have studied the polansed
visible spectrum of Al(acac), 1somorphously replaced mn part with Mn®* Electronic energy
levels were assigned and interpretations of the spectral intensities and estimates of octa-
hedral and tnigonal field strengths were presented The tngonai field parameter, K, 18
500 em™!

When Mn(acac}, 18 subjected to vanious acids in water, saits of type [Mn{acac),(H,0),]*
are formed?!® Manganese can be extracted quantitatively from alkaline peroxide solutions
with acetylacetone and chloroform?!!

{vu} Schiff base complexes

There are not many reported mnvestigations of Schiff base complexes of Mn!!!' Early
work by Pfeiffer et al *** and Tsumaki**? on hydroxy compounds of the type Mn(salen}(OH)
and Ma(sal-NR),OH, has recently been reinvestigated?14:216 | euns et al 21 obtained two
modifications of Mn¢salen) (OH), one of which showed antiferromagnetic behaviour,
possibly ansing from an oxygen-bndged structure of the type [Mn,(salen), O] H,O Deriv-
atives of Lhe type Mn{salen)X (X = halogen, acetate, et¢ } have recently bean studied and
all display Curie—Weiss magnetic behaviour with small 8 values?!?, Mn{salen)} 1s oxadised
by mtrc oxide mn ethanol to an Mnfl denvative®*, and 1t has been shown that three dif-
ferent complexes containing Mall! and Mn™V can be formed on oxidation under various
conditions?!3_ The six-coordinate [Mn(TS,)]I H,0 (TS, = bissalicylaidehydetriethylene-
tetramine) was prepared?!” by reacting bissalicylaldehyde-Mn!l with tnethylenetetramne,
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concentrated HCI, and KI, the magnetic moment 1s norrna’ (5 05 B.M.). The complexes
Mn(sal-NR), and Mn(sal-NR), X (X = Cl, Br, OAc) show high-spin magnetic behaviour
(Mer= 4 80—5 04 B M ) wath small deviations from the expected susceptibilities according
to the Cune law?'®. The Cune—Weiss behaviour of the Mn(salen)X (X = Br, I) has been
explamed in terms of very weak antiferromagnetic interactions?*®.

(viii} Manganese (111} complexes with mitrogen-donor higands

Persulphate oxidation of [Mn(bipy);]?* produces a dark green complex?'?, charactenised
as {(Mn(bipy)z01:(82:0¢g); s 3H,0 by Turco and Nyholm??® who also obtained
[Mi(bipy); 0] 2({C104}; 2H;0 by metathesis with NaClQ, The effective magnetic moment
151 7 B M indicating an average oxidation state of Mny s,1e an Mn™. and MnfV -con-
taining molecule, for which the struciure

O
[(bapy). Mnmioh;an (b1py): ] *

was postulated

Goodwin and Sylva’3® found that o-phenanthroline and 2,2'-bipyndyl reacted with
KMnO;, 1n concentrated HCI, to produce pentachloromanganates (ITI), [bipyH, | [MnCl;]
and [phenH,] [MnCl;] Solutions of lower acidity produced [Mn(bipy}(H,0)Cl;]

{Hepr =49 BM ) and [Mn(phen)(H.0)Cl3] (.r =4 9B M) [Mn(bipy)Cl,] decomposes

on heating to produce [Mn(bipy)Cls],, a chlonme-bndged dimer, with the rather low
magnetic moment of 3 @ BM , which can be obtained directly, along with [Mn(phen)Cls] 2,
from the product of the interaction of MnOQ, and dry HCl 1n CCl, wath either of these
bidentate ligands'?* The same workers'?® also prepared [Mn{phen)(H,O0)F;] and
[Mn{terpy)Cl;] and studied the magnetic properties of a number of these complexes over
the range ~ 100—300°K The compounds [MnL{H,0)X;] (L = phen, bipy, X = F, Cl) are
simple paramagnetics, but [MnLCl,] are antiferromagnetic, in accordance with the dimenc,
or possibly more highly pelymenc, structures proposed The tndentate bgand terpy forms
[MnLCl;] (L = terpy) which 1s a normal, monomeric octahedral complex!3%

Funk and Kreis??! reacted MnCly with some simple ammes and obtained mainly 1 3
adducts The compounds were moisture-senstiive, but stable at room termnperature, in con-
trast to the simple tnchlonde Wath 2,2'-bipyridyl and o-phenanthroline, water-soluble
complexes resulted 1n which the chionde could be substituted by other 1ons; similar ad-
dition compounds wath ethers decomposed at room temperature Reaction of MnCl;
wath acetylacetone caused substitution of one or two chlondes by the diketone Among
the compiexes 1solated were MnLCl; (L = bipy, phen, py), MnL,Ci; (L = en, dioxan),
and MnL,Cl; (L = NHy, MeNH,, EtNH,, PINH,, py}, MnCl; 4THF, and Mn(acac)Ci,
and Mn(acac);Cl Unfortunately, no measurements were carned out on tlus interestmg
series of complexes

Ray and coworkers have prepared a number of interesting Mn!l complexes containing
the biguanide ligand. The compound [Mn,(big),(OH),]1H,0 becomes anhydrous on
heating to 90° (ref. 222) Mn(acac), reacts with bignanudine to yield2?® [Mn(acac)(big)
(OH)(H,0)] , which reacts further with H,O to produce [Mn(acac)(big H}(H,0)] OH
The muxed complex [Mn(big), (benzoylacac)] has also been produced?*?. These workers

Coord Chem Rev,7(1972) 353384
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have also prepared [Mn{(p1c)s] (uer =4 9 B.M ) and [Mn(oxin),] (uup=4 8 BM ) (pic =
anion of picolinic acid, oxin = anion of S-hydroxy quinoline). The {atter complex reacts
with bromine??* to form [Mn(5,7-dibromoxin),}

Eividge and Lever?2¢ found that the oxidafion of pyndine solutions of phthalocyanato-
manganese (11} with molecular oxygen resulted in precipitation of short. opaque crystals
which they formulated as Mn!V P¢ py.O {Pc = phthalocyanato) An X-ray structure of
this compound?®” showed 1t to be the more complicated phthalocyanatopynidinemanganese-
(IiI}-p-oxophthalocyanatopyridinemanganese (HI} Thus novel molecute consists of two
approxamately flat and parallel manganese phthalocyanine ring systems, joined by an
oxygen atom which 1s midway between the manganese atoms Each Mn also has a pyrndine

Average bonda distances and angles

{Reproduced by permission of the American Chemical Society )

molecule coordinated opposite to the oxygen atormn The crystals also contain molecules
of pyrnidine of crystallisation

Manganese has been implicated in oxygen formation which occurs during green plant
photosynthesis??® In fact, two Mn tons are found per photosynthetic unit m the chloro-
plast??® Several suggestions have been made as to the functton of the Mn 1on in the hib-
eration of O, by photosystem I1. In these schemes the Mn!—MnH{_MnIV redox system
1s thought to take part i the etectron-transfer cham from an electron donor to an elec-
tron acceptor?*?. Unforfunately, the metal atom binding sites and the ligands at these
sites are not known Calwin®*! has suggested that a relevant modei for the Mn in the
chloroplast would be Mn complexes of porphynn-like hgands. The photochemcal behav-
rour of phthalocyanine?3?, porphynn?33, and chlorophyll**¢ complexes of Mn have
becn extensively investigated In a detaled study of the photochemistry of phthalocyanine-
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manganese, 1t has been shown that the stable oxidation level of manganese may be shifted
among the (II), (II1}, and (IV) osxadation states, dependmg on the nature of the fifth and
sixth coordinating groups®3S Furthermore, photacherucal oxidation as well as photo-
chemucal reduction of the phthalocyaninemanganese (111} has been observed, and pnoto-
chermcal reduction of the manganesa (IV) compound demonstrated. Mnll etioporphyrins
also are reduced to the (I[}-oxrdation state?* Some halide complexes of Mn!!! proto-
porphyrin IX dimethyl ester have been prepared and studied®** A manganese (II) por-
phynn was first prepared by Zaleski®?, and this mesoporphyrin IX was later studied by
Taylor who examined its redox properties®*. Also, the acetatoetioporphynn 11232, aceta-
tohematoporphyrin IX dimethyl ester, and chlorohematoporphyrnn {X dimethy! ester?3?,
dervattves of Mn™f have been prepared. The reaction of MnUl tetrapyndylporphines with
vanous reducing agents has been studied?®®

{1x) Hexacyaqnomanganates (i)

K;3Mn(CN), 1s prepared®! by air oxrdation of KyMn(CN),, 0r®*2* by the acuon of
excess aqueous KCN on a manganese (111} complex such as MnPO4, K, MnF; H,0 or
Mn(CH,COO0);. The Li, Na, Rb, NH, salts are also known K ;Mn(CN), forms red crystals,
isomorphous with K3 Fe(CN)s,a =13 59,5 =10 62, =8 52 A (ref 243) The magnetic
moment 18 3.50 B M , considerably higher than the ““spin-only™ value for a low spin &*
compound (2 83 B M.). The Mn{CN},*" 1on is one of the few low-spin Mnil compounds
known (f2).

The yellow, dilute aqueous solution hydrolyses slowly to MnO(OH). Exchange be-
tween Mn(CN)4*~ and CN™ 1s very fast, first-order 1n Mn(CN)4?"~ and zero-order tn CN™

The standard potential for the reaction???

Mn{CN)}¢3™ + &~ = Mn(CN)s*

18 —0 24V

K3 [Mn(CN)sOH] has been reported®44-24%  The anion [Mn(CN)sNO) 37, although once
regarded as an Mp!! compound, extubits an N—O stretching frequency of 1730 cm™!
whach indicates the presence of NGO and hence the oxidation state of the manganese 1s
probably +1 {ref 246)

Red-brown crystals of 1 2 [K4Mn(CN)] .0 7[KsMn(CN)s] HsO, 2 mixed MnI—Mal
cyanocomplex 1s formed?*7 by reaction between K, Mn{CN), and K,Mn{(CN), under
carefully coatrolled conditions It has a magnetic moment of 1 04 B M

{x) Other Mn™ complexes

Nyholm and Sutton®*® were unable to oxidise [Mn(DAS)»X;] (X = Cl, Br, I} to MnHI,
are found that DAS raptdly reduced Mn(QAc), or Mn(acac); to Mn!! under anhydrous
conditions In the presence of small amounts of water, the red-purple [Mn(DAS)Cl; H,0]
{C10,) was formed 1n low yield The reaction can be represented

dry HCl gas

DAS + Mn(OAc); + HCIO, + acctic anhydnde + HyO [Mn(DAS)Cl,.H,0]{CIO,)

The complex has t,7 =5 13 B M. A green complex, probably the bromo analogue was
ssolated using HBr tn place of HCI 1n the above reaction.

Coord Chem Rev ,7 (1972) 353-384
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{xi) Manganese {If[}) i solution

A detatled review? 1s available, in which the generation of Mnlll in solution, 1ts estima-
tion, and the equilibria and kunetics of a large number of reactions are discussed.

Manganese {III) 1s a strongly oxadising species and 18 unstable with respect to dispropor-
tionatton Solutions of Mnll 1n perchlorate media 1s generally produce solid hydrated
MnQ; on standing, instability increasing with mcreasing [Mnll ] and decreasing acidity*®:250

2 Mo & MY + Mnl
MnlY + 2H,O - MnO, +4 H"

Complexation of Mn! with apions usually resuits 1n 2 reduction of the electrode poten-
tial of the Mn—Mn! couple; for example, the electrode potential in the presence of
EDTA1sca —0 82V (ref 251), while that in perchlorate media 1sca —1 58V Moreover,
the presence of a number of complexed Mn® species complicates the mterpretation of
kmnetic data For example, Waters and Littler?52 have concluded that hittle information
can be obtained from a study of the pH-dependence of reactions of manganese (Iff) pyro-
phosphate with organic reductants because of a lack of knowledpe of oxidising species
present in solution An interesting observation regarding the magmitude of the effects of
complexation on the oxidising power of Mn'!! 1s that hydrogen peroxide 1s found as a
product of the oxidation of oxalate by MnllICyDTA at fow pH?*S?

In an investigation of the analytical applications of the EDTA complex of MnH!, Pribil
et al 25%255 tound that the complex slowly decomposed Yoshino et 2l 25 ssolated
the complex and found decomposttion was enhanced by heat, light, and traces of Mnl!
ion Tanaka et al 2*7 have measured the standard oxidation—reduction potenttal of the
Mn!l EDTA-MnlEDTA compiex Hamm 1solated the complexes of Mnlll with EDTA,
trans-1,2-draminocyclohexane-tetraacetic acid (CyDTA), and hydroxyethylethylenediamine-
tetraacetic actd (HEDTA), and established the rates of decompasition 1n acidic solution
The standard potentials for the reaction Mn0Y + e~ == MnlY were determined, and all
three complexes were equally good oxidising agents Formation constants were calcu-
lated®*! The products of the decomposttion of the Mn!l complexes of CyDTA and EDTA
were Mnll complexes with cxidation of some of the ligand to formaldehyde, carbon di-
oxide, and the triacetate higand®® The oxidation of oxalate with MnllCyDTA lias been
studied®*?

Important mformation concerning the stabilities of several Mn™! complexes has been
obtained by a study of the Mn!-catalysed oxidation of oxalic acid by chlorine?5? and
bromine?%® The rate-determimng step in this reaction in the first-order decomposition
of the monoxalate complex, 1z

MnCz 04{- Lj Mn 4 C-zo.q_

Studies of the oxalate complexes of Mol showed259:261 that the decomposition was de-
pendent on the concentrations of oxalate and H 1ons. The decomposition of the tartrate
and glycolate??® complexes was found to be first-order in the complex concentration in

the presence of excess complexing agent, and to be intubited by the addition of Mnll1on.

262
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Wells and coworkers have carried out spectrophotometric 1nvestigations of alcoholo-2%%

and aquo-manganese (I1[)*** species 1n perchlorate media. The reactions of aquomanganese
(III} sons with bromide ton?®® hydrogen peroxide?®7:2¢® hydrazoic ac1d?*?-27® and
hydroxylamme??! in perchlorate media have been studied The species MnF(CHY",, has
been postulated by Davies and Kustin®™2

Oxadation of organic compounds by Mnt! complexes in aqueous solution has been
extensively studied?*? e g the oxidation of toluene by Mn{acetate); 1n refluxing acetic
acid yields benzyl acetate, o-methylbenzylacetate, and tolylacetic acid®*™. Most of these
results haye been suceessfully interpreted in terms of inner-sphere one-electron-transfer
processes*™ The non-aqueous chemistry has been less extensively explored, and the oxi-
dations reported have been tnterpreted as resulting from inner-27° or outer-sphere”®’ one-
electron-transfer steps Manganese (EEI} acetate oxidises ofefins to y-lactones??7-280

SPECTRA OF MANGANESE (iI1} COMPOUNDS

The electronic spectra of ugh-spm Mn!! compounds are of special interest because the
ground electronic state anticipated 1n octahedral complex, 5£, ts subject to strong Jahn—
Teller forces?85-281 I general, three bands are observed 1n the visible region, and satis-
factory assignment has been made tn terms of D, symmetry! 71:282 The two highest en-
ergy bands have been assigned to the transitions *B gz~ B, > °E,

5(Dgy
S(D gy
(A7
g
3
\ 52, , 5,
5)p {possibly
above Eg)
5(2)
E, e 5(2)323
52
( )glg
\ 5(2)Blg
free ton octahedral weak tetragonal styong tetragonat
field ficld (axral field (sq plaran)
elongation)

However, despite mtensive work on the preparation and optical properties of Mnt com-

plexes!$8,223,250,282°286 4 fficulties have arisen 1n assignment of the band mn the near-
infrared region. The relationship of the presence of this band to the structure of the com-
plexes has not been clasified The band {(which appears between 8 and 13kK has been
vanously assigned to a spin-forbidden transiion°%:21? from the ground state to *T,

(in Oy, symmetry), as a low-energy charge-transfer transition®®%-2#6 as a transition from
the 5Eg ground state to the tngonally split 3T,¢ excrted state®®”, and as a spm-allowed

Coord Chem Rev T (1972} 353-384
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transition between components of the *E; (in Oy, symmetry) ground state spht by Jahn—
Teller Forces?55:288  Dawis et al. have convincingly shown that this band can be assigned
to the SB,g—r 54 1g transition in Dy, symmetry, and they formulated an interesting ar-
gument for this assignment' 7. The reflectance spectra of KyMnF g (ref. 285) and MnClg3~
(ref. 289) show the presence of a low-energy band at 9,000 cm™ and 8,300 cm ™ respec-
iwvely The singlecrystal spectrum of {(NH,);MnF ;5 shows a similar low-energy band at
12,750 em™! which can be assigned to the sﬂlg-* ‘4 1¢ {ransition on the basis of polansa-
tion of the bands!®”2 All other hahde complexes for which there are data also show a
low-energy band, e g NasMnF; (12,500 cm™!) (ref 290), K,MnCl; (12,000 cm™!)

(ref 289), K,MoF; (12,100 em™ ) (ref 289), [(CoHs)sN] MnCl; (11,300 em™*) (refs,
135, 289), [{bipy)H,] [MnCls] (11,500 cmm™') (zef. 135), [(phen)H,] [MnCls] (12,500 cm™)
(ref 135) and MnF; {12,000 cm™ ) (ref 283) In the pentahalide species, the atom gen-
erally atiains six-coordinaiton by sharing axial ligands as in (NH,).MnF; {refs 167, 291)
In MnF,, all fluonnes are shared to complete the distorted octahedron about each Mot
1on The shift 1n position of the low-energy band in gomng from the hexahahdes to the
pentahalides and MnF ; is best understood on the basis of the Jahn—Teller effect In the
hexahalides none of the ligand 1ons is shared, hence dynamic motion (mintma 2xchange)
of the tetragonally displaced ligands about the manganese may occur In the pentahalides
and in Mn¥F,, where ligands are shared, the munima exchange shouid be decreased as stabi-
hisation of the molecule in one tetragonally dustorted form occurs A shift in the low-energy
(B —+ %4 1) band to higher wave-numbers consistent with a stahcally distorted structure
follows A similar argument®®® was presented for aqueous MnF?*

{xui}) Low-spin compounds

The spectra of Mn{CN)s*~ and of Mn{CN)(OH)?™ have been discussed by Chawla and
Frank???_ Earlier investigations?®3.2%9 of the spectrum of the Mn(CN)s 3~ 10n 1n aqueous
solution are of doubtful value, singe it has heen shown that hydrolysis in such solutions
15 not neghgble, as had been earlier assumed! 79-265

The Mn(CN),* 10n2%? shows charge-transfer absorptions at 43,500, 21,800 cm™!,
with a spin-allowed transition at 27,000 cm™' (*Ty ¢z —+ *Ej), and spin-forbidden transitions
at 12,000 em™* (3Tyg > °Ep), 12,500 cm™ Ty~ 'Tag) 13,500 cmi?, G Ty~ 'Ep),
and 24,500 cin™! (3]'13'-’ 4 1g)

RLFERENCES

1 NV Sidgwick, Crenncal Elements and Thetr Compaunds, Olord University Press, London, 1950,
p 1262

G Davies, Coord Chem Rev., 4 (1969) 199

T A Zordan and L G Hepler, Chem Rev, 68 (1968) 739

A Engelbrecht and A V Grosse,J Amer Chem. Soc 76 (1954) 2042,

TS Bnges, J fnorg Nucl Chem | 36 (1268) 2866

K. Wiechert, Z Anorg Chem , 261 (1950) 310.

O Michel and A, Doiwa, Natunvissenschaften, 53 (1966) 129

E.E Aynsley,J Chem Soc, (1958) 2425

A

2
3
4
5
6
7
]
9 Javan and A Engelbrecht, Phys Rev, 96 (1954) 649



HIGHER OXIDATION STATE CHEMISTRY OF Mn 379

10 PJ Aymomno, H, Schulze and A Muller, Z Naturforsch, B 24 (1969) 1508

11 Q. Glemser and ¥ Schroder, Z Anorg Chem , 271 {1953) 293

12 A.Swmon and F. Feher, Z Flektrochernr , 38 (1932) 137

13 IM Loven, Ber Deur Chem Ges, 25 (1892) ref 620

14 P Dubois, Comptr Rend , 200 (1935) 1107,

15 N A Fngeno,J Amer Chem. Soc, 91 {1969) 6200

16 G Brauer, Handbaok of Preparative Inorgaruc Chemuistry, Vol 2, Academec Press, New York, 1963,
p 1462,

17 A A Zmmovievand K V Titova, Russ J fnorg Chem ., 8 {1962} 823

18 A Muller and B Krebs, Z Marurforsch R 21 (1966) 163

19 EJ Baranand P J Aymomno, Mosnatsh Chem 99 (1968) 606

20 E Moles and M. Cresp1, Anal Soc Espan Fis Quun 21 (1923) 305.

21 E Moles and M. Crespi, Anal Soc Espan Fis Quun 20¢1922) 692

22 A Terran, A Brabanti, G Bigharde and A M Manottt Lanfredi, Acda Crysr, 21 {1966} 681

23 EG Prout and PJ Hetley, J Phys Chem , 66 (1962) 961

24 PD Komissarovaand § A Krestovnikova, Chem Abstr, 69 {1968) 56590

25 WP Doyle and 1 Kirkpainck, Specrrochim Acta, 24A (1968) 1495

26 G 1 Palenik, frnorg Chem , 6 (1967) 503

27 H Peters, K.H Radeke and 1. Till, Z Anorg Chem , 346 {1966} 1

28 FH Herbstein, G Ron and A Wesssman, J Clremt Soc 4, (1971} 1821

25 P ¥ Hendra, Spectrociim Acta, 24A {1968) 125

30 WP Gnifith,/ Chem Soc A (1966) 1467

31 A Muller and B Krebs, Marurwissenschafren, 52 (1965) 492

32 EJ Baranand PJ¥ Avmonino, Z Anarg Chem | 354 (1967} 85

33 3 A Ketelaar, 2 Krisr, 92 (1935) 155

34 A Hardy, € Piekarskt and P Hagen-Muller, Compr Rend 249 (195912579

35 ¥ Sgvari, Z Krisr, 99 (1938) 9

36 J Rover,J Inorg Nucl Chem , 17 (1961) 159

A7 HC Mishra and M C R_ Symons, J Chem Soc, {19623 4411

38 B Franke,J Prakt Chem 36 {1887) 31

39 TE Thorpeand I' J Hambly, J Chernt Soc, 53 (1888) 175

40 T.R Lankshear, Z Anorg Chenr, 82 (1913)97

41 G M Damanskayaarnd R 1 Agladze, fssted v Obt Elektrokhun 1 Radiats, Khon, Akad Nauk
Gruz SSR, (1965) 156

43 R Scholder and H Waterstradt, Z Anorg Chem, 277 (1953) 172

43 C Rocchiccioly, Compt Rend C, 256 (1963) 1707

44 G Duquenoy, Compt Rend C, 268 (1969) 1828,

45 IW Melor, A Comprehenswve Treanuse of Inorgame and Theoretical Chemustry, Vol X1, Longmans,
London, 1932

46 W. Klemm and ¥ A Jensen, Z dnorg Chewn , 237 (1938) 47

47 G I Falenik, fmorg. Chem , 6 {1967) 507

48 H ILux, Z Naturforzclr 1 {1946) 281

49 B Jezgwska-Trzebiatowska, I Nawogska and M Wrouska, Roczmk: Chem , 25 (1951) 405

50 R Scholder, D Fisher and H Waterstradt, 7 Anorg Chem., 277 {1954) 234

51 R Scholder and U Protzer, Z Anorg Chem 369 (1969) 313.

52 H Iux, E Brodkorb, R Mahrand E Oeser, Z2 Anorg Chem |, 337 (1965) 200

53 W. Klemm, Proc. Intern. Symp Reactwity nf Sohds Gortenberg 1952, Pt 1,1954,p. 173

54 R Scholder, Angew Chem , 70 (1958) 583

55 EJ Baran and P1 Aymontno, Monzrsht Chem 100 (1969} 1674

56 L H Brxnerand JF Wether, fnorg Chem , 7 (1968) 1474

57 W Klemm, C Brendel and . Wehrmeyer, Chem Rer , 93 {19560) 1506

58 M Wolfsberg and L Helmholtz, J. Chem. Phvs, 20 {1952} 817

39 C1 Ballhausen and A.D Liehr, J Mol Spectry . 2 {1958) 342

60 A Carnngton and M.C.R Symons, S Chem Soc, (1960) 88

Coord Chemt. Rev., 7 (1972) 353-384



380

61
62
63
64
65
66
67
68
69
70
71
72
73
14
75
16
77
78
79
80
81
82
83
84
85
86
87
88
89
50
91
92
93
94
95
96
97

W LEVASON, C A McAULIFFE

D S Schonland, Proc Roy Soc {London), Ser A, 254 (1960) 111

A Carrmgton and D § Schonland, Mol Phys, 3 (1960} 331

A Carnngton and C K Jorgensen, Aol Phys, 4 (1961) 395

R F Fenske and C Sweeney, frrorg Chem , 3 {1964) 1105

A Viste and HB Grey, frorg Chenr, 3 (1964} 1113,

L Qleart, G De Michelss and L. D1 Sipto, Mol Phys, 10 (1965} 111

L Oleart, G De Michelis, L D1 Sipio and E Tondello, Coord Chem Revs, 2 {1967} 53

ID Kingsiey,J S Prenerand B Segall, Phys Revr 1374, (1965) 189

L L Orgel, Mol Phys, 7 (1963} 397

J Kubnsand J H Krepelka, Collection Czech Chem Commun 7 {19353 105

A G. Sharpe and A A. Woolf, J Chem Soc, {1951} 798

H W Roesky, O Glemser and K H Hellberg, Clrem Ber . 98 {1965) 2046

R Hoppe, W Dahne and W Klemm, dnn Chem , 658 (1962} 1

R Hoppe, W Daline and W Liebe, Z Anorg Chem, 307 {1961) 276

B Co.J Chem Soc, (1954) 3251

D H Brown, K R. Divon, RWD Kemnmutand DW A Sharp, J Chem Soc, (1965} 1559

H Bode and W Wendt, 2 Anorg Chem 269 {1952} 165

R Hoppe,Jd Inorg Nucl Chem , B (1958} 435

R Hoppe and K Bhnne, Z Anorg Chem , 291 (1957} 269

R Hoppe, Rec Trav Chimr, 75 (1956) 569

R D Peacock and D W A Sharp, J Chem Sor, {1959) 2762

3T Grey,J Amer Chemr Soc, 68 {1946) 605

W G Palmer, Expernnental fnorganic Cherustry Cambridge Umiversity Press, London, 1962

H Bode, H Jensen and T Bandte, Angew Chenr 65 (1953) 304

A G Sharpe and B Con,J Chemr Soc , (19513 798

P Bouy, Aunr Chim (Faris), 4 (1959) 853

R Hoppe and G Siebert, 2 Anorg Chenr, 376 (1970) 261

P C Moews, It , Inorg Chern 5 {1566} 5

R D Peacock,J Chem Soc, (1953) 3617

R T" Wemnland and P Dinklacher, Z Anorg Chem 80 (1508173

HD Hartand M Tlewischer. Z Anorg Chemt 357 {1968} 113

N Elliot, J Chem Phys, 46 (1967} 1006

DM Adamsand DM Mormmns, S Chem Soc A, {1968) 694

G C. Allen, G A.M Eil-Sharkarwy and K D Warren, fnorg Nucl Chemn Letrers, 5 (1969) 725

D1 5 Navoiny and G D Stureeon, fnore Nucl Chem Letters 6 (1970) 455

C K Jorgensen, Acia Chem Secand , 12 {1958) 153%

B Jezowska-Trzebutowska, § Wajda, M Baluka, L. Nathantec and W Wojcieckowsk, fnorg
Cim Acta, 1{1567) 205

97aL B Asprey, M1 Resfeld and N A Matwayoff, J Mol Spectry , 34 (1970} 361

98

99
100
10}
102
103
104
105

106
107
108
105
110

TE Moore, M Fllis and PW Selwood, J Amer Chem Soc, 72 {(1950) 856.

A D Wadsley and A Walkley, Rev Pure App! Chem, 1 {1951} 203

W Fettknecht and A Marti, ffelv Chim Acta, 2B {1945) 129

K H Maxwell and H R Thwsk,J Chem Soc, {1955)4054

G Gartow and O Glemser, £ Anorg Chemn, 309 {19611 121

O Glemser, G Gatitow and ¥ Mesiek, Z Arorg Cherr, 309 {1961} 1

O Glemser and G Gattow, Z Anorg Chem , 309 (1961} 20

S 5 Bhatmager, A Cameron, E H Habard, A King, P L Kapor and B Prakash, S Chem Soc,
{1939) 1433

A Schmter and G Sterr, Z Anorg Chem , 346 {(1966) 181

A Schmier and G Sterr, Z Anorg Chem , 368 {1969) 265

R Giovaneli, E Stahliand W Feitknecht, Helv Chimr Acta, 53 (1970} 209

R Gtavanaol, E Stahliand W Fertknecht, Hel Chon. 4eta 53 {1970) 453,

R Grovanol:, W Feirtknecht and F. Fischer, Hely Chim Acta, 54 (1970) 1112



IIGHER OXIDATION STATE CHEMISTRY OF Mn 38t

11 NN Greenwooed, lonic Crystals Lattrce Defects, and Nonstarchionietry Butterworths, London,
(1968} p. 101.

12 HF McMurdie and E. Golovato, f Res Notl Bur Std, 41 {1948) 589

13 HR Oswald, W Feitknecht and M J Wampettch, Nagure, 207 (1965) 72

14 HR Oswald and M J Wampetich, Helv Chim Acta, 70 {1967 2023

15 M Mansmann, Z Anorg Chem . 339 (1965) 52

16 FH Delanc, Ind Eng Chem, 42 {1950} 335

17 R Scholder, Z Anorg Chem, 260 {1949} 41, 231

18 N1 Kharabadze, Elekiroklum Margantsa Akad Nauk Gruz S5SR, 2 (1963) 255,

19 II Remy, Treatise on Inorgamic Cherustry, Vol 2, Elsevier, Amsterdam, 1956

20 I Rewmer and MW Lister, Can . Chem | 39 (1961) 2431

21 WB Pnce,J Amer Chem. Soc 30 (1903) 182

22 MW Listerand Y Yoshino, Can J Chemn | 38 (1960) 1291

23 Y Yoshino, T Takeuch:r and H Kinoshita, Nippon Kagahu Zassiit, 86 (1965) 978

24 MW Listerand ¥ Yoshino, Can J Chem , 40 (1962} 1490

25 MW Lister, Can J Chem , 39 (1961} 2330

26 1D Brown, Can f Chem , 47 (1969) 3779

27 L Jensovsky, Omagiu Raluca Ripon {1966} 293

38 M A Berz, Compt Rend, 12R (1899} 673

29 WE Dasentand T C Waddmgton, J Chem Soc (1960) 2429

30 G H Carttedee and WP Encks,J Amer Cham Soc 538 (1936) 2069

31 Z Marczenko, Bulf Soc Chian, {1964) 939

32 V. augerand A Yakimach, Compr Rend, 187 (1928) 603

33 P Schottlander, Anr Chern, 155 (1870) 230

34 MM Rayand P Ray,S Ind Chem Soc., 35 (1958) 595

35 H.A, Geoodwin and R N Sylva, Australuan J Chemrn | 18 (1965) 1743

36 HA Goodwinand R N Sylva, dustrahan J Chemn , 20 (1967} 629

37 W Levasonand C A McAuihiffe, unpublished work

38 IR Fowlerand J Klemnberg, fnorg Chem, 9 (£970) 1005

39 A Yaiamach, Compt Rend, 190 (1930} 681

40 N Goldenberg, Trans Faraday Soc, 37 (1940} 847

41 JT Waugh, Acea Cryse, 7 {1954) 438

42 BW Dale, J M Buckley and M T Pope,t. Chem Soc 4, (1969) 301

43 CM Fiynnand G D Stucky, Inorg Chem , 8 {1969) 333

44 CM Fiynnand G D. Stucky, Inorg Chem , 9 (1970) 2009

45 CM Flynn and G D Stucky,t Amer Chem Soc, 92 (1970) 85

46 G Brawer, Handbook of Freparative fnorganmic Chemustry, Vol 1, Academic Press, New York,
1963,p 263

47 R D Fowler, HC Anderson, } M Hamilion, W B Burford, A Spadette, S B Brterhck and 1
Litant, fnd Eng Chern, 39 (1947} 343

48 HJ Emeleus and G L Hunt, J Chemt Soc, (1964) 396

49 EE Aynslcy, R D Peacockand PL Robinson,f Chem Soc, (1950) 1622

50 M A Hepworthand K H JYack, Acta Cryst, £0{1957) 345

51 T H Simons, Fluorthe Chemustry, Vol 1, Academitc Press, New York, 1950

§2 B Cowand A G Shaspe,f Cltem Soc, {1954) 1798

$3 HV Wartenberg, 7 Anorg Chem , 244 (1940) 337

54 R A Rausch, R A Davigs and D W Oshorne, J Org Chenr, 28 {1963) 494

55 M A Hepworth, K H Jack and R § Nyholm, Nature, 179 {1957} 211

56 ZF Zmbovand J L Margrave, J Fnorg Nuci Cheni, 29 {1967} 673

57 B M Bozorth and 3 W Nielson, Phrys Rev, 110 {1958) 879

s8 I Aubert and G H. Cady, fnorg Chem 9 (1970} 2600

59 A Chretien and G Varga, Bull Soc Chim | 3 (1936} 2385

50 R D Peacock,f Chem Soc., (1957} 4684

cord. Chem. Rev., 7 (1972) 353384



382

161
162
163
164
165
166
167

W LEVASON, C A McAULIFFE

S Schnesder and R Hoppe, Z Anorg Chem 376 (1970) 268

K Knox,dcta Cryst 16 (1963) A45

K Wicghardt and H Siebert, 2 drnorg Chem , 381 {1971} 12

} G Ryssand B S Vituhhnovskaya, Chem Absir, 48 (1954) 13506.

R § Nyholm and A G Shatpe, S Chem Soc, {1952} 3579

J.G Ryssand B S Vitukhnovskaya, Z Neorg Kium |, 3 (1958) LIRS

S Ernor, M Inoue, M Kishita and M Kubo, frorg Chem | 9 (1969) 1385

167aR Dingle, fnorg Chem , 4 {1965} 1287

168
169
170
171
172

W E Hatfield, R C Fay, CL Pflugerand T S Piper, J Amer. Chem Soc , 85 {1963) 265
W Levason, C A McAuliffe and S G Murray, submitted for publication

N § Guli, Chicem Ind {Londonj, {1961) 389

TS Davis, I P Facler, Ir and M J Weeks, Jnorg Chem |, 7 (1968) 1994

CE Race,J Chem Soc, 73 {1898) 260

1731 Bernal, M Ellot and R A Lulancette m M Cais (Ed ), Proc XT Intern Conf Coord Chem ,

174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
193
192
193
194
195
196
197
198
155
200

201
202
203
204
205
206

207
208
209

Haifa, fsrael, 1968, Elsevier, Amsterdam, 1968, p 518

L Pauling, Z Krisr, 75 {1930) 128

P Duhois,Annr Chrm , 5 {19363 4011

A F Wells, Structural Inorgame Chemnstry, Oxford University Press, London, 31d edn, 1962

W Feitknecht, P Brunnerand H R Oswald, Z Anorg Chem, 316 (1962) 154

R Scholder and H Kyn, Z dAnorg Chem , 270 (1952) 56

R Hoppe, Z Anorg Chem, 368 (1969) 262

L Domage, Bull Soc Chrm France 4 {1937) 594

L. Domage, Buil Soc Clum France, § (1939} 1452

S5V Gorbatschev and E E Schprtalshy, J Gen Chem. Russ, 10 {1540) 1961

O T Chnstensen, Z dnorg Chen, 27 (1501) 329

H Bommer, Z Anorg Chem , 246 (1941 275

I Meyerand 1 Marek, Z Anorg Chem, 133 {1924} 325

O T Christensen, Z Anorg Chem | 27 {1301} 325

G H Cartiedge 2nd W P Ericks,J Awmer. Chem Soc 58 (1936) 2061

J Meyer and W Schramm, Z drorg Chert, 123 {1922) 56

J1 Buliock, ¥ M Patet and J £ Salmon, S fnorg Nucl Chem , 31 (1969} 415

G H Cartledge and P.M Nichols, J Amer Chem Soc, 62 (1340) 3057

Y Yoshino, A. Quchi, T Tsunoda and M Kanma, Can J Chem , 40 (1962) 775

5 Richards, B Peterson, I V Siverton and § L Hoard, fnorg Chen:, 3 (1964) 27

R S Nyholm and A Turco,J Chem Soc, (1962) 1121

W M. Reiff and WA Baker, fnorg Chem |, 9 (1970} 570

¥ P Fackler, Iz, Progr Inorg Cherm., 7 {1966) 361.

W C Fernchus and B E Bryant, fnorg Syn, 6 (1957) 105

B G Charles, frorg Syr, 6 (1960) 164

G H Cartledge, S Amer Chem Soc 73 (1951)4416,U 8 Pat 2,556,316

G S Hammond, W.G Bordmin and G A Guter,J Amer Chem Soc, 81 (1959) 4682

A E Martell and M Calvin, Chenustry of the Metal Chelare Compounds, Prentice-Hall, New York,
1952

RC.Fayand T S Piper,J Amer Chem Soc, 84 {1952) 2303, 85 {1964) 500

TS Davis, ] P Fackler, Jr and M J Weeks, Jnorg Chem , 7 {1968) 1994

JO HHand R I Irving, J Chem Soc A, (1968) 3116

B Morounand 3 R Brathovde, Aeta Cryst, 17 {1964} 705

A Forman and L.E. Orgel, Mol Phys 2{19459) 362

K Nakamotao, Infrared Spectra of Inorgante and Coordination Compounds, Wiley, New York,
1963, Istedn ,p 216

M Bartlett and G 1 Palemik, Chemt Commun , (19703 416

D.W Barnum,J Inorg Nucl Chem, 21 (1961} 221,22 (1961} L8B3

T 5 Piper and R L, Catlin, fnorg Chem , 2 (1963} 260



HIGHER OXIDATION STATE CHEMISTRY OF Mn 383

210 G H Cartledge, J dmer Chem Soc 74 (1952) 6015

211 T Shigematsu and M. Tabustin, J. Chem Soc. Japan Pure Chem Sect., 83 {1962) 814

212 P Pieiffer, E Breith, E Lubhbe 2nd T Tsumakt, Anr Chem, 503 (1933) 84.

213 T Tsumaky, Bufl Chem Soc Japan , 13 {1938} 579

214 A Eamnshaw, E A. King and L F. Larkworthy,J Chem Soc A, {1968) 1048.

215 T Yanno, T Matsuchita, [ Masuda and K. Shinra, Chem Commun , {1970} 1317

216 I Leuwns, F E Mabbs and H Weigold, J Chem Soc. A, {1968} 1699,

21?7 B DasSarmaz, R Ray, R E Sievers and J C Bailer, It .5 Amer Chemi Soc, 86 (1964) 14

218 A Vandéen Bergen, K § Murray, M J O’Connor and B QO West, Austrafian J Cherm |, 22 {1969}
19,

219 F H Burstalland R § Nyholm, J. Chem Soc . {1952) 3570

220 A Turco and R § Nyholm, Chem Ind (London), (1960} 74

221 H Funkand H Kreis, Z Anorg Chem , 349 (1967} 45

222 M M. Ravand P Ray,J frd Chem Soc, 35 (1555) 595

223 MM Ray,I N Adhya, D. Biswes and S N Podder, Australwn J Chem, 19 (1966) BS1

224 MM Ray,J N Adhya, D Biswesand S N Podder, Austrafian J Chermr, 21 (1968) 801

225 MM Ray,I N Adhya, D Biswesand S N Poddcer, Australn J Chemn , 19 (1966) 1737

226 J A Elvidgcand A B P Lever, Proc Chem Soc, (1959) 195

227 LH Vogt, It , A Zaliun and D H Templeton, fnorg Chem , 6 (1967 1725, Sctence, 151 (1966)
569

228 E Kessler, W Arther and I E Brugeer, Arch Biochem Biophvs 71 (19373 326

229 R D Parkand NG Pon,J Afol Rwol, 6 (1963) 105

230 AD Swensenand L P Vernon, Biochun Biophys Acra, 102 (i965) 349,

231 M Calvin, Rey Pure Appl Chem , 15 {1965) 1

232 A Yamamoto, L K. Phillips and M Calvin, frorg Chem , 7 (1968) 847

233 P A Loachand M Calvin, Brochenustry, 2 (1963} 361

234 P.A Loachand M Calvin, Marure, 202 {1964) 343

235 G Engelsma, A Yamamoto, L Markham and M Calwvin,J Phys Chem , 66 (1962) 2517

236 1L Boucher,J dAmer Chem Soc, 90 (1968) 6640

237 1 Zaleshu, J Physiol Chem , 43 {1904} 11

238 I F Taylor,J Bol Chemo, 135 (1940) 569

239 P Hambright end E.B Fletscher, Jnorg Chem . 4 {1965) 912

240 1 A Lowther and W.C Fernelius, fnoreg Syn , 2(1946) 213

241 I Meyer, Z Anorg Chem , 81 {1913) 385

242 W D Tmadwell and W E Raths, Helv Chun Acta, 35 (1952) 2275

243 C Gotfned and J G Nagelschmitt, Z Krist, 73 (1930} 357

244 H K Saha, Chem. Abstr., 57 (1962) 1833

245 1D Chawia and M Y Frank,J frorg Nuecl Cherm, 32 (1970) 555,

246 B M Chadwick and A G Sharpe, 4dvgn fnorg Chem Radiochem , B (1966) 83.

247 A E.McCarthy,J Chem Soc A,(1970) 1379

248 R 5 Nyholmand GJ Sutton,J Chem Soc, (1958) 564

249 DR Rosseinsky, J Chem Soc, {(1963) 1181

250 H Dieblerand N Sutin, S Phyvs Chem , 68 {1964) 174

251 RE Hammand M A Suwyn,frorg Chem , 6 {1967) 139

2352 W A Watersand J § Luttler, .in K B Wiberg (ed ) Oxidation it Organie Cherusiry, Academic
Press, New York, 1965. .

253 M A Suwyn and R E Hamm, fnorg Chem , 6 {1967) 142

254 R Pribil and J Horacek, Collection Czech Chem Commun., 14 {1949} 454

255 R Pubil and E Homnychova, Collection Czech. Chemt Commun , 15 (1950} 456

256 Y Yoshino, Y Tsumodu and A Qusky, Bull Chem. Soc Japan, 34 (1961} 1194

257 N Tanaka, T Shiralashiand H Ogmo, Bull Chem Soc Japan, 318 (1965) 1515

358 K A Schroder and R F Hamm, fnorg Chem , 3 (1964} 391

259 H Taube,f Amer Chem Soc, 70 (1948) 1216

260 H Taube,J Amer Chem Soc, 70 {1948) 3928

Coord, Chern Rev,, 7 (1972) 353384



384 W LEVASON, C A McAULIFFE

261 FR Duke,JtJ Amer Chem Soc, 69 (1947) 23485

262 TN Srwastava, Z Phys Chem 209 (1958) 22

263 T N Srwastava, 7 Phys Chem, 211 {1959} 251

264 CF Wells and C Barnes, 7 Chem Soc A, (1968) 1626

265 CTF Wellsand G Davies, J Chem Soc A, (1967) 1858

266 CT Wellsand D Mays,J Chem Soc A, {1968) 577

267 CF Wells and D Mavs, J Chern. Soc A4, {1968) 665

268 G Dawvies, L J Kuschenbaum and K Kustin, frorg Chem , 7 (1968} 146

269 CF Wellsand D Mays,J Chem. Soc. A (1968) 1622 -

270 G Dawies, L I. Kuirschenbaum and K Kustin, Inorg Chem 8 (1969) 663

271 G Davies and K. Xustin, frorg Chem , B (1969) 484

272 G Davies and K Kustin, frorg Chem , 8 (1969) 1196

273 Ei Heiba, R M Dessau and W I Kozhl, Jr ,J Amer Chern Soc, 51 (19693 138

274 G Brauer, Handbook of Preparatnve Inorgante Chemustry, Vol 2, Academie Press, New York,
1863, p 186.

275 R Van Helden and E C Kodyman, Rec Trav Chim, 80 (1961) 57

276 PI Andrulis, M T8 Dewar, R Deutz and R 1. Hunt, 7 Amer Chem Soc 88 (1966) 5473

277 € Furlam and A Cam, Ann Chim {Ronte), 48 (1958) 286

278 O Holmesand DS McClute, J Chem Phys, 26 (1957} 1686

279 E{ Heiba, R M. Dessau and W ¥ Koehl, Jr ,J Amer Chem Soc, 90 (1968) 5905

280 } 1 Bush, IJr and H Finkbetmer, J Amor Chem. Soe 90 (196R} 5903

281 A D Liwehr, Prog frmorg Chem 3 (1962) 281

282 J P Fakclerand 1 D Chawla, fnorg Chem , 3 (1964) 1130

283 RJH Clatk,J Chem Soc, {1964)417

284 TP Fackler, TS Davisand I D Chawla, frorg Chent, 4 (1965) 130

285 W E Hatfield and W E Parker, fnorg Nucl Chem lLetters, 1 {1965} 7

286 R Dingle, Acta Chem Scand , 20 (1966} 33

287 C K Jorgensen, dActa Chemt Scand |, 16 {(1962) 2406

288 R Dingle, J Mol Speciry , 9 (1962) 426

289 TS Dawvis, Ph D Thesis Case Inst of Techn , 1967

2530 D Oclkrug, Angew Chern Intern Ed Engl, 5 (1966) 744

291 D R Sears, P D Thests Cornell Univ |, 1958

292 I D Chawlaand M J Frank,J frorg Nucl Chem, 32 (1970} 555

293 R Samuel and A R R Desparde, Z Phys, 80 (1933) 395

294 11 Alexander and HB Gray,J Amer Chem Soc, 90 (1968) 4260



