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The Stability of Gaseous Manganous Oxide

ls Introductiono L

In view of the 1nstab111ty of gaseous Feo(l (2) and N10(3)

with respect to dlssociatlon into the.gaseous. 1ements, Lt is of

interest .to 1nvest1gate the stability 'of gaseous MnO.;;_l“

Relatlvely 11ttle is known concernlng the manganese*oxygen

.Phase diagrame Le Blanc and Wehner(4) have found that MﬁO prepared

change in phaseo

Assumlng the actlvity of Mno to be essent_

an effusion celi contalnxng manganese oxide WhOSe comp07 1 ?1isj

Mngz0, o hlgh temperatures 1n vacuum.y!_,*&l_ij the essure

of oxygen overﬂMP304 1s ab@vt 109 atmﬁeij

ig rea cnedo

Durlng tnis time interval 3

region

that dissociation of Mn02 and Mngog occur read1¢y 1n Lhe rang

SS»OO---MOOO’C‘9 mhereas Mn,go4 was not ooserved to dissoclete L
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an apbreciable rate below 1300°C. The Mn02 was consequently heated
at 980°C until the pressure in the vacuum ling dropped to a value
Which indicap§d_thatayap;d;gg§:Qvolutiop.was'gcgurgggggy?klongerf
The resultant Mnz0, was a deep rust color and.uﬁon X-ray diffracticn
examination was shown to contain no'oﬁher'phases than Mng04. The
tetragonally distorted spinel structure had the lattice constants
a = 5,76 £ 0.01A, ¢ = 9.44 £ 0,014 with Cuke; radiation. Spectro-
chemical analysis indicated the following level of impurities: As,
Co, Ni, Sn, Pb, Cr not debecteds Mo 0.1-1%3 Na, 0.2%3 Fe <.01%.

The Mn304 was contained in a platinum effusion cell whose hole
sros was 7.94 x 1072 cm2. The equipment-and techniques involved in
' éondubting the effusion measurement by heating inductively in high
vacuﬁm have been described elsewhereo(z) The ratio of the weight
-on the collector to the total weight effusing was 15.4. Spectrochemi-
éal analysis of the resultant Mn0 after a 40 minute heating at 1767°K
showed < 0.01% platinum was pilcked up from the container., The
depgsit was dissolved from the 2 mil platinum collector plate with
36N HoS04, oxidized with KIO4 and determined colorimetrically as
permanganate on a Carey Recording Spectrophometer. X-ray diffraction
patterns of the residue in the effusion cell after each run showed
only the Mﬂo phasé was present. The lattice constants for the face-
centered cublc phase were a, = 4.438 & 0.0044 and ap = 4.441 i.0.00ZE
for the Mn0 resulting from runs 1 and 2 respectively (Table I), as

determined with CuKal radiatione.

Table I gives the results of the effusion measurements. Columns -

5 and 6 were calculated from'the data assuming the gaseous manganese
species in equilibrium with Mn0(s) to be Mn(g) and MnO(g), respec-

tively. The relation used in this calculation as derived from gas

2
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Run

1767
1767

Table I
Tims W, Mn Pyn (atm) assuming Pyno (gtm) assuming
secs x 107 collected (gm x 100) Mn(g) species ¥nO(g) species
1.80 49 6.50 x 1077 7.80 x 1077
2.40 73 | 7.58 x 1077 9.10 x 1077

02G=-TYdN
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kinetiecs is

p = Z MT_ ?
44 383 ea ot

wherein p is the pressure in atm; z the number of mcles of a
particular species effusing from the effusion cell, M and mcleseular
weigh%, T the temperature in °K, a the area of the effusion hole in

cm2 snd © the duraticn of the run in secondse

3. Thermc¢dynamlc Treatment,

In view of the agfeement between the results of runs 1 and 2
the average values Py = 7.04 x 1077 atm and PMnO = 8,45 x 1077 atm
are used in the calculation of the value of %Eo for the tWo possible
reacticns under‘@onsiderationz

uno{s) = Mn(g} + & 0,(g) (1)

M20{s)} = Mno(g) (2)

Within the desired accuracy of this research it is assumed that

Py sgpgz in reaction (1) and that the pressures of ln(g) and Mno(g)
givern above are upper limits. For reaction (1) AF . 42,23 kecal/moles
F"Ho

T
species in reaction (1) one cbtains the heat for the reaction:

Combining this value with available values(5)9(?}9(8% for the

MHggo = ~92.0 keal/mole for the reaction M(s) + %AOQ = M0{s).
Brewer(®! aiso gives the value Allogg = 68.63 kcal/mole for the heat
of sublimatiocn of manganese., Thus for the reaction (1} the thermo-
chemical value for the heat is AHogg :'16006 kcal/moles Since the

difference of one kecal/mole is probably within the accuracy allowed
by the assumptions made herein, this constitutes very good agreement

between the value calculated on the assumption of a disscciation

mechanism and the thermochemical value for the same reactione
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Tne &E.. value for reaction (2) as.calculated from the experi-

;-..HQ

mental Py . is %1-‘1 = 27.6 keal/mole, Assuming the - -
functicns for MnO(g) to be essentially equal to those for»NiO(g)g(lo)
and allowing fdr the difference in molecular weights, the experi-
mentally determined lower limit to the heat for reaction (2) is

AH, = 112 kecal/mole. Combining this value with those for the heat
of foermation of Mno(s)g(S3 the heat of sublimation of Mn(s)(g) and
the hezat of diésociation of %’02(8)(9) one calculatés the value

MHg £ 107 keal/mele for the reaction

Mno(g) = Mn(g) + olg).

The value given for this reaction by Gaydon(ll) from an inspection
of spectrosceopic data 1s D, = 92 kcal/mole, The divergence between
these two values is indication that the vapor-pressure of MnO(g) 1is
much lower than the upper limit given above if the value given by
Gaydon is for the dissociation of the MnO molecule from its ground
state. The upper limiting value cbtained in this work establishes

Gaydon'!s value as resultihg from the ground state or one quite close

te the ground stateo

4, Sunmary .

The measurement of the rate of vaporization of MnC(s) at high
temperatures in vacuum has been combined with available thermochsmical

data to'yield the values for the heats of the following reacticons:

Mn0(s) = Ma(g) + %,oz(g) AHoge = 160 keal/mele
I+ o

Mmolg) = Maigl + 0o{g) AH,. < 107 keal/mcle

Mn0(s) = MnO{g} AHogg = 112 keal/mole

(5)

Since the thermochemical value for the first reaction is
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AHggg = 160.6 kcal/mole, the experimental measurements lead one t¢ }
conclude that the gaseocus species in equilibrium with MnO{s) at 1767°K
are Mo{g) and %,éz(g} and that Mno(g) is not an important species in
the Vapcrizatwén of MnO. Gaydon(lly'gives D@(MnO) = 22 kéal/méie from,
an inspection of spectroscepic data. Comparison of this value with
AHGBéi107 kecal/mole for the second reaction indicates that ’che_uj_operll1
1imit set for the vapor-pressure of MnO(g) is quite high if the
spectPQSGOpie data result from the ground state of fhe Mno(gl moleculeo.
This then ié'supklementary indication that Mn0O wvaporizes by'diésacia=
tion to the gaseous elements and that Mno(gl) is not a predominate

This work was performed under the auspices of the Atomic Energy Commission,
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