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All the d-block elements can have more than one oxidation
number {other than zero), the largest number being seven in
the ease of manganess. Tompounds containing the various
oxidation states of manganese have bean preparad. The tpble
shows the color and the various compounds! in which these
states are present. Among these, Mn(II} in MnSG,, MniIV)
in Mny, and Mni{VI in KMn(y are stable and are on our
laheratery shelves, Mnd0) is available in the form of metal.
The other states Mo (1), Ma(IV), and Mn{V1} are compar-
atively lens stable, but can be prepared in the lahoratory, i
avery short time, by mixing the common available salts of the
firgt three stabler states. Due to their characteristic color and
their simple preparations, this can prove to be & very inter-
esting class demonstration,
it is often found that a given oxidation number of an sle-
ment can be oblained by reaction of compoundds in which the
element has higher and lower oxidation numbers. The redox
potential can help to predict the direction of the reaction be-
eause if two electrode systems are linked to form & voliaic cell,
the system which is higher in the series will become the neg-
ative pole (transferring electrons to the external system) and
the svstem which is lower will become the positive pole. Be in
general for any padv of couples in the redos series, reaction will
tend {0 go in such a way that taking the individual species in
the couples in counter clockwise order, starting with the
bottors feft in the positions that they cocupy in the series,
gives the reactants and products of the possible reaction. A
more conventont form for prediction i o write the half
eguations for the electrodes in a diggram as below

in acid conditions

TR MO, R g M 4 2HG FT e 09 v

* P ik i /’1 .
@7 4+ Mn w M B 15V
in alkaline
conditions
L B0 R Mt = MaOHy + OH7 B =02V
13
T M), s Mg, 4 O F = ol v

Here the redos potential values suggest that formation of

Mn(11) from Mn(TD and MniIV) {5 not possible in acid or al-
kaline conditions. Predictions in this case refer only to stan-

tCotion, F. AL, and Witkingon, (., “Advanced Inorganis Chemis-
try,” interscience Publishers, New York, 19701
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Oxidation Stawes of Manganese
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dard conditions—meolar solutions of reactants and products
present at the same time and a fixed temperature, In other
conditions conesntrations or teraperature effects may aiter
the aquilibrivm position of the opposing electrode systems and
{ead to partial reversal of the change, provided the difference
in £ values for the electrodes coneerned is not greater than
0.4V, When we mix Mp(H? and Mn{V15in acid solutions

o+ M =M e E > Aty
4 3

Sem b GHT b MO =Me'T b 4HO0 F o2 5 v
the reaction is just feasible, but the decrease of p H will favor
the formation of Mn{lIl}.

Mn(¥) also cannot be prepared by mixing Mu{IV) and
MniV1}in acid or alkaline conditions because the B vahuss
differ by more than 0.4 V so reversal is not possible by change
of conditions in acid or in alkaline conditions

in zcid
e 2T MO =M 4 HO B =gy
P
% . _ }
ek 2HT + Mni), = Mnl), + HO F =23V
in alkaline '
eonglitions
e” 4+ WO+ Mo s Mol b 0HT £ w0 v
»

3

o HO 4 Ma0, = Mals + 0H BT w08 ¥

The reduction of MalVID in s strongly basic solation

. 1
AH R E S I S N o A, SR B
s = ¥
% - A
dem b HAY 4 M) e Mal” 4+ 30H Ero= sV

s possible at 2 very high pH.
Mui{¥V1} carmot be obtained by mizing Ma(VE] and Mn{lV)
in aetdie conditions, £ values belng far apart.
e UM, mIMal, T e BT e 58 Y
! s . .
2o AHT o M), m MaG, 4 2HA B w0 V

In alkaline conditions £ values still do not favor the resction,

hut as
e 4 IMn(y” @ 2Wn0T e BT = 8V
s y

& , - .
Zem 4 ZHO + Ma07 = Mad), & $HD AT =08



they are very close, change of conditions might reverse the
reaciion. Increase of alkalinity, therefare, tipe the balance in
favor of the reaction desired.

Experimental

Fraparation of Mofil}

Dissnlve about 12 g of hydrated Ma(lD) sulfate in 109 ml of dilute
sulfiric neid; a light pink colored seiution containing Mn(IT) is ob.
tanied,

Fraparation of M}

Take about 50 m! of the solution of Mn{ID) prepared above. Add
t0 it 19 1ai of concentrated sulfurie geid, cool the heaker under the tap,
aod then add 1wl of 0.1 M KMnO, solution. The resylting solution
iy deep red due to Mn(111). Dilution (rise of pF) returns MndlD and
MoV
Praparation of Mn(ii)

AL suspension of Mnbs in acstone is stable for sufficiont tme

L compare it black color due to Mr{IV) with the color of ather
states,

Proparation of M)

Add 150 g of potassivm hydrozide (peilets) 1o 20 miof water and
add 4-5 crvstals of KMnd)y 1o the paste and allow it to stand. A bige
color will sppesr slowly on stending.

Fraparation of Modvl)

To 80 ml of 0.01 M KMo, add 26 mi of 5% NaOH. Then add 16
g of aolid Ma(q. Shake and filter and a green colored solution is
produced showing the presence of MV Add dilute sulfuric geid
1o the henker rontalning the green solution, and the oolor shanges 1o
{vicket} Mn{VID. This revaraal can be done sy number of timaes,

Ancther method s to place a taver (approximately 1 em} of MuGs
solid on a filter and pour on i3 2 KMo, sohution {001 &), made al-
kaline by addition of NaOH. A green colored solution will appesr in
the filsrate below giving 2 beawtiful contrast 1o the colors of Mn(VID

(o

{violet) and Mn{VD} (gpreen).
Preparation of n{Vii

Asolation of .1 g of KM, in 100wl of water gives the beaugiful
visled colar of Mn(VT).
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