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THE HEAT OF OXIDATION OF MANGANOUS ION TO PERMANGANATE
AND THE MANGANESE POTENTIALS

Z, Z, Hugus and W, M, Latimer
Radiation Laboratery, Department of Chemistry and Chemlcal Englneeriné
: University of California
Berkeley, California
Janﬁavyﬂ 1951 _
Recent work by WalkleyQ,11,12 on the Mn - Mo** and Yt - M0y couples
has done much to clavify the thermodynamlcs of the various oxidation states
pf manganese, and it now appears definite that cell measurements on.the
Mn*t - MnOg and MnOg - Mn04 couples are reliable and reprodu01ble when the
manganese dioxide is in the form of pyrolusite prepared by heatlng ‘manganous
; nitrate, In order to confirm thls and to bring the thermal data into line
‘with the measured potentlals we have redetermlned the heat of- reactlon
MnOZ + 5/2 Hg + 5;, HY = Mnt+ + 4 HpO | | (1)
This heat and the entropy Ygluesrmavé been employed tg calculate the pbtehtial,

As a summary the potential diagrams relating all of the oxidation states of

manganese in uncomplexed solutions are given,

.Apparatus and Materials, The calorimeter uéed in these méasurememts )
>has been'describe@ previomsly°2;6 |

The'reégenté used were Bureaw of Stahdgmds sample 40e sodium oxalate,
Méilinckrodt_analytical'reagent“grade potassiun pe_rmanganate9 G, F, Smith
ferrous perchlorate and perchlorie aqidq |

A stock sbiution approximately 3 molal,in Fe§C104)2'and 0,5 molél in
.perchléric acid was prepéred and standardizeq against a soluﬁion ovaMnO4‘which
.in-turn standardized against the:primgry-standard NagColy4,

411 heats Ware‘measnred.aﬁ‘zﬁno ibOQZOC‘and.are expressed in tefms of
the defimedvcalorieov N -

In order to use the heat givenvby'Fontana4 for the ferrous-ferric

couple in 0,5 molal perchloric acid all heat determinations were carriedAout,,
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in 0.5 molal perchloric acid, with reagent concentrations approximating

those of Fontana,

Heat of Dilution of the Ferrogs Perchlorate Stock Solu.tioh° Weighed |
pértions of the ferrous pe:chlbrgte stock solution,we:e segled in giaés buibs
and brokeﬁ into 0,500 molal perchloric"acid in the Qalorimetern' Argon was » !
- bubbled through the perechloric acid before final aésembly of.fhe calorimeter
in order to prevent air ox1datlon of ferrous ion, A titration of tﬁb diiuted
ferrous pexuhlorate solutlon in the calorimeter at the conclusion of the
measuremeny showed no oxidation within the analytical accuraéy°

| The results of the calorimetric runs are shown in Table I, Using the~” -
molality of the ferrous perchlorate stock solution, 2,834 35 it méy be:calcu— -
lated that the heat of dilution is 1,88 k;cal/moles,'that.is for;ﬁherreaction A

Fe** (2,834 molal in 0,5 molal HC104) = Fe*t (0,016 molal in 0,5 molal

HC104) (2)
AH = -1,88 k-cal/mole
) rontana4 found for dilution from 1,937 molal to 0,025 molal Pe(ClO4)213H =
-1l,14 k~ca;/mole
The heat of dllutlon from O 025 t0 O 016 should be small and virtually

- all the diff@rence 1n these %two heats is unﬁonbtedly due to the differing

. .initial ferrous perchlorate concentrations, . e

TABLE I

Heat of Dilution of Ferrous
Perchlorate Stock

Rua ~ Weight of Stock  Heat evolved, cal,  Heat evolved/gm
1 '9.3180 gmn = 27,38 . 2,%

2 9 8586 © " 30.31 ! 3. 08
3 11,7698 - 35.16 L 299

Average 3,00 ¥ 0,05 calories
1 per gram of Fe(0104)
’ . stock solutlon
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Heat of Reaction of Permanganate Ion with Ferrous Ion,. A sample of

potéssium permanganaté was weighed ou? and del;vered to the calorimetér‘and
dissolved in watervﬁhere; A weighed portion of 72 percent pefchlofic acid
&as then slowly added with étirring t0 meke the'solutidn Oosoo;molal in‘per«:
_@hloric acido A w&ighed sampie of .the ferrous pe:chlorate'stock'solution
 was then introducedvinté a_giass sample bulbiand broken at an appropriaté
time in the calorimﬁtric_runo |

It should be mentioned bhat the potassium permanganate which analysis
‘showed to be IOOOQ % 0,1 percent'pure‘was kept in an opéque vacuum dessicator
over concéntratea sulfuric.aéid thrdughouﬁuthe course of the measurements,
Thé ferrous berchlafate stock solution was kéjt under)arggn and showed less
thanjo,l‘percent dgidation thrpughouf the measurements,

 The data obtained from the rﬁﬁé in Which‘permanganate waslreduced‘are
given in Table II, o |
| For the reaction’
| 5Fe+"+8H++Mn04-5Fe*“+Mn+++4Hgo | (3
in 0,5 m HC10, we have obtained -AH = - 149,06 keal ¥ 0.12. Fontana® gave
for the reaction , v |
| Fe*t* + H' = Fe+++ + 1/2 Hz(g) . Co , -'(4)

in:O m H01049 AH =+ 9, 53 = 0 .04 keal, ' |

Hence for the reaction o

5/2 Ha(g) + 3 Hi*‘ + MnOg Mn“" + 4 H20 - (1)
':i,n 0.5 m HC104, AH = - 196, n keal, (% 0,25 keal ) | -

Ac@@rding to the Bureau of Standards tables7 the heat of dilution of
HC104- 100H20 that is, approximstely 0.5 m HclO4, is less ‘than 100 calorles

Presumably the heat of dilutlon of permanganlc acid in O, 5 m HClO4 Would also
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be small, It remains fcr us tO*estimate‘thebheat of dilution of manganous:
perchlorate‘in 6.5 m HC1O0,, Unfoftanately.there_is no reliableimethod of
estimating this value however it seems reasonable that the heat of dilution
of manganous perchlorate from 0,003 m to infinlte dllutlon will also be small,
We shall theretore ‘take the heat of reaction (1) in pure water to be 196,71 /
% 0,23 keal,

The Mn -'MhOZAPotential The free. energy of reaction (1) may now be

calculated from the reection heat and the entropies of the substances involved,
For the entropies of Mn0j, Hs0 and Hp we shall use the Bureau of Stendards”
vjralue's; 45,4, 16,75 and 31,22 cal per deg, For the entropy of Mh““””,, the-
Bureau of.Staadards gave -20, Walkleylp gave —l?,é.and Kapustinsky® 419;10
We shell use -lS' : 1,5 cal per deg, The ion enfropies are .referred to S§+= 0
O = 5§ 4s+ 4830~ 5258, - 35g, SMnQ4
=-l9+6700'7'7805-0-454
_ - =-75,45, | | )
. Then AF® = pHO - TAS® | |
| = 196,710 - 298,16 x (-75,45)
/= =196,710 + 22500
- -174210 cal, |
This gives for the potential of the Mn"’*' - Mn04 couple in acid sol atlon
E® = -1,50 volts, - |
| We may now compare th1s value from thermal data w1th the measured

potentials Hutcﬁtnson5 obtalned the value l 23 for the manganousomanganese ‘

'dloxide (pyrolusite) couple in acid solution Wadsly and Walkleylo, are in

' close agreement by cell measurements These authors also discuss the value

~

from thermal data,vbased upon the heat of formation of,pyrolusite b& Shomate?
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and write,

Mntt + 2 HpO = MnQg (py:Qlusifé).+_4vﬁ+ +2e” E? =,m1022§;
Andrews and-Brownl‘found from direct cell measurements,

MnOg(pyrqlusite)w+ 4-QHf f-EnOZ + 2 Hg0 + 3 e~ g? = -0,588,
The eorrespbnding value for acid solution is \

Mﬁbg(pyroiusite) .2 Ho0 = MnO; + 4 HY + 36" E° = -1,695,

‘Combining the two couples, for the acid solutions, we find,
Mn** + 4 Ho0 = MnOz + 8 H' + 5 e~
EO - 2% -1,229 +3x-1695 . _ 3 509
- g v e °

The potential from cell measurements is thus in agreement with our _
value from thermal daﬁa°

Manganese Potential Diagram, As a summary of the various manganese

potentials the following diagrams are given,

Acid solution

-1,229 ' - . -1,695 o
Mn%£§§ Mn++( lo5) Mh+++(j9&g§)M302'Q:§&§) ~Mh0§ (22%9) MnOZ :&égé'- MHOZ‘
, -2,26
-1,51
Basic solution | 16;05 -0,588 -
w1052 gy o) 1% wn (om 5 L% BDyno, (-0.24) Mn03 (-0.58) Mn0y “éﬁé Mn°4
: 0,60 '

. The Mn - hn potentlal 1s in approximate agreement w1th the work of -
Walkleyl The Mn++.= Mn*++ and Mn**f.e hnoz are rough values (given in
“brackets) from the msasurements of Grube and. Huberlch4 The values for the

n0p - Mno;‘ and MoOz~ - MnOy couples were obtained by recalculations of

the equilibrium meaéurements.of Schlesinger and Siemss°

Values invoivihg'MhOS,aré taken in agreement with the‘assumption that

-
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the disproporticnation into MnOg and_MnOZ”,has a potential of about 0,5
volts, The couplesbin alkaline sqlution’are calculaﬁed from_the charge of

potential with H' and values for the solubility products of Mn(OH)z and

Mn(OH)3, -~ - . R
>This‘work'was performed under -the auspices-of the.Atomic,Enefgy ~
Commission,
. LMB/2-15-51

Information Division =
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Run  Molés of
KMnOg4

4 0,0031734
5 0,0032682

6  0,0033304

e

Heat of Reaction of Permanganate Ion

Wt of Fe(Cl0y)g
Stock Solution

15.836 gm
15,577

15,825

TABIE II

With Ferrous Ion

Observed ileat

520,00 cal
532,54

644,29

Correction
to Heat

~-47,52 cal
-46,75

~47,49

UCRL 1088

Final Heat

472,54

485,79

496,30

H
Kcal/mole
~148_90
=149 10

214917



