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The Stab_i.li ty of Gaseous Manganous Oxide 

lo Introduction ... 
G ·~~ 

In view of the in~?tability of: gase.ou~ ~eo.(l,lt~(2) --~~_d NiB£~) 
with respect to dissociation into the ·ga~Efou.s eleme;,_~s,; it i.s .of". 

- . 
·interest to investiga. te the stability 'of gaseous MnO., . 

' ' . . 
Relatively little is knotm. concerl:liilg the manganes.e4oxyg~n 

Phase diagram e. Le Blaric a.nq Wehner(4) have ·to~i t~at ·_MnO pfep~red 
' ' . ' .... · .. ' ' 

in a· vacuum takes up oxygen up to. the 'compo~::t tio~:-Mliol ~13 wi·t~-~:~o 
. : ;~ .. 

change in phaseo At:3suming the activity of lVfu.O to b(;3 ~S.~~nbi.'~lly· 
•. . . ' ... -· .. , . 

, unity throughout the 1v1n0 ·solid solution ran.ge~ ·. o~.e may -·~hv:~~-£.-~gat~ 

the iTolatilization or· MnO by m~asuring the:··~~te -~t\vel~W~)t~~~·;t~om _ 
. . . . ' . -__ ,- .. : ~ . ;•' ··. :· .·_ ';.:\ >' .. ::·(,-.:-·:::_;.·:._;·~- :,: \ 

an effu.s ion cell containing manganese .oxide ;whose .(}Ol:rip:O·f:J;i._tf,qrii:: falls 
•• ' ' ' . .... •.• c • .._- _· '-... _·: ~-:~<····: ._ ... _·.::~.,-.. -~-~;·~_;:•.~.~_.-.\ '~~-· ' 

· within this range o Such me~surements m~:y. 'Qe cong.u~11.~cf!.-:J::Jy ·Jje~~~ng 

Mn 3o 4 to higll temper" ~ure •• ?n va~u~. N .~!~~: ;, th~ ~i~s~a~\~rgsu~ e 
of oxygen ·ovG.T' 1v1n3o4 ~~- ab~i1t·.1 ,;9,.:<atnf and:::'~~p;~:r>a:f:o~e;.th~).::9.~~P:9~:f~i·•on• 

.·, . . . . ·. '.' ' .. ~ ... ~. ; '' '. · .... ~.·. ·.· :·_· ;,!.':~<\··~<:._ .... :.':':>:·_.-,>·-;:· < :.·:<~·;;}(:··.:~:·.···';.:~'·~; .. ~~·::!_;·.;·.-~~·; ... ~::~:;.· ·. 
changes rapidl.y by loss_ 9f'·'6.xygeri· .un:G.:\:·~-- tb;:e··---~o-,:::s-'91.>£;q:::ii!.?lttt!.iciij.;;:~.uge· 
. . · .. - . . :. . ,<::.: . ·.· .. . <. :·: : ... -;:.:·~ ... ·:; __ :/::/-.\i~ .. ·/<-.:;<:;: ·.;'·:.~-~!~W-~;_:::~~?:. 
is reached c. DUring this t-:i;'lll€) int.e:rvf11 a, ~eg.l~g-~'QJ,,@ a.TilOttn-t:::(),@.:'MriY. · 

,! ·''· •.•• ·.' • :·,·.;:(\::-·-· '}'·· .• •. "<'/·;_ ... ;. . .:£~·.1~.~- ~-

:::. v:::::::::n ::n::;::~~~::::r~~~·i£ti1:G~;~~~~J~~~~,r;gion · 
By_ comp~ris6n .. of ·the ~.esul ts·· of :the .. e.f'fusJ:;ol)c -'¢~s.ur~'ln:elit_:is¢:·Jvl.th 

·-: ·:. >< -·· ~fs·f~·-; -·-····- .. :::·:\~.: :::i:Y:::)?.: · 
the knovm heat· of dis~·Oc:isJ;::Lon of· MnO( sl ~- . : ·t;p,~ ·mo,at pro.b.eJ:~~~:.;,;. ·::;-

. • ' -~· . ' : : . . . '. ·• . . ' : . . ' ' • . ' . .. . . •. · ;r.,.' ' ' ' 

mechanism for the v6iat'ili:~~tion or -~o t(~~~etG:' ·.: '~ ... .. . . . ;.·:·/ "~>· 
.1 " ' 

.· ' . . ,·.; 
.. · :·:· 

2 .. Experimenta.l:o 
': I ;'·,: 

•. 
,·· 

T'ne Mn304 used in thes-e de'termins,t:.tons ·w.-~s -prepare¥ by· h~a.tlng 
Merck's Reagen~ grade Mn02 •":t 95(JfC iii V~~U.ln!.t IU'~ll (~~·~s ~b$erved 
that: di.ssociation or :Mno2 ~d m2 <;>3 occu_l" re.adii:/ :tn tli~:·ral1S~:· .• 

• . ... .J>. . ' ,_ .• • . ·.•.•• /• 

·. '.·;,·· . ..... i· .. - •' 
,_.: . 
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an appreciable rate below 1300°C. The Mno2 was cons.equently heated 

at 950°C until the pressure in the vacuum lin.e dropped to a value 

which ind~cated tha to rapid gas evol1..1.tion was occurring ,.no longer. 
· ·, • " r f. . · • i - • ·., "" ~ · · · _ . - -~ . ~... ... . · , '', ;...,, · ~:t ) ~ • ~ 

The resultant Mn30J4 was a deep rust color and upon X-ray diffraction 

examination v:ras sho'Jim to contain no other phases than Mn304 o T'.ae 

tetragonally distorted spinel structure had the lattice constants 
+ . 0 0 a ::: 5o76 _ O.OlA.; c ::: 9.44 ·t O.OlA with CuKa.1 radiation. Spectro-

chemical analysis indicated the following level of impurities: As, 

Co, Ni, Sn; Pb, Cr not detected; Mo O.l-1%; Na, 0.2%; Fe <: .. ol%. 

The Mn3o4 was contained in a platinum effusion cell whose hole 

area was 7.94 x lo-2 cm2 • The equipment·and techniques involved in 

conducting the effusion measurement by heating inductively in high 

vacuum have been described elsewhere.( 2) The ratio of the weight 

on the collector to the total weight effusing was 15.4o Spectrochemi-

cal analysis of the resultant 1vln0 after a 40 minute heating at 1767vK 

sho'Ned < 0.01% platinum was picked up from the container. The 

deposit vvas dissolved from the 2 mil platinum collector plate with 

36N H2S04, oxidized viTi th KI04 and determined col orimetrically as 

permanganate on a Carey Recording Spectrophometer. X-ray diffraction 

ps.tterns of the residue in the effusion cell after each run showed 
. 

only the MnO phase was present. The lattice constants for the face-

centered cubic phase were a 0 ::: 4.438:!: 0.004A and a 0 
0 = 4.441 t. o.oo2A 

for the ~mo resulting from runs 1 and 2 respectively (Table I), as 

determined with CuKa.1 radiation. 

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 M:n.O(s) to be lYin(g) and MnO(g), respec­

tively. T'ne relation used in this calculation as derived from gas 

II>, 

.. .. 
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Table I 

Time Wt. Mn 
!mn "'K sees x 10~3 collected (gm x 10~ 

1 1767 l.SO "-9 

2 1767 2.40 73 

PMn (atm) assuming 
Mn(g) species m 

6 •. 50 X 10~7 . 

7.58 X 10-7 

~ ~-

(atm) 

7.Bo x 1o=7 

9.lo x 1o=7 

c:: 
0 
::u 
t-1 
I 

CJ1 
~ 
0 

i 
(J1 

I 
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kinetics is 

z~MT 
p = 44 o38:3 ea ot 

wherein p is the pressure in atm,p z the number· of moles of' a 
~. ·r \ ~ 

parti~::.ular species effusing f'rom the effusion cell 9 M and. molecular 

weit;hi;;.., T the temperature in °KJ) a the area of the effusion hole i.n 

cm2 and t the duration of the run in secondso 

3., Tn~rmcdzqamic Treatmento 
I 

In vlf:lw of the agreement between the results of rtms 1 and 2 

the average values P.M..n = 7 .. 04 x lo-7 atm and PMno = 8 o45 x 10-7 atm 

ar·e used :i.n the calculation of the value of' AF for' the two possible 
T 

react:i.vns under consideration~ 

Mn.O(s) = Mn(g;} + fr o
2

(g) 

Mc-:10 c s) __ rrm.o (g) 

Within the desired accuracy of this research it is assumed that 

(1} 

(2) 

P -Lp :in reaction (1) and t11.at the pressures o.f Mn(g) and MnO(g;) M.n -a c~ 

given abcnre are upper limits e For reaction (1) ~ = 42.,23 kcal/moleo 
T 

Gompining this value with available 
F ~ H0 valuesC5)!)(7).?(8'} for the 

T 
species in reaction (l) one obtains the heat for the reaction~ 

D.H298 = -92o0 kcal/mole f'or the reaction M(sJ + ~ o2 ::= MnO(s)o 

Brewer(9} also gives the value .6.H29s = 6S~o63 kcal/mole for the heat 

of sublimation of manganeseo Thus for the reaction (1) the thermo­

chemical value for' the heat is AH298 = 160o6 kcal/moleo Since the 

difference of one kcal/mole is probably within the accuracy allowed 

by the assumptions made hereinp this constitutes very good agreem~nt 

between the value calculated on the assumpti.on of a dissociation 

mechanism ~~d the thermochemical value for the same reactiono 

.... 
•\ 



The ~ value for reaction (2) as calculated from the experi-

T &' F - Ho 
mental PMrlO is T ::: 27 o6 kcal/mole 0 Assuming the --T--

functions for MnO(g) to be essentially equal to those for NiO(g) 9 (lO) 

and allowing for the difference in molecular weights, the experi­

mentally determined lower limit to the heat for reaction (2) is 

Lili ~ 112 kcal/mole a Combining this value with those for the heat 0• • 

of formation of MnO(s)v( 5 ) the heat of sublimation of' Mn(s)(g) and 

the heat of dissociation of~ 02(g)(g) one calculate.s the value 

AHQ) ~ 10'7 kcal/mole for the reaction 

.MnO(g) ::: lVIn(g) + O(g) o 

(11) The ·11alue given for this reaction by Gaydon from an inspection 

of spectr,oscopic data is Dcr = 92 kcal/mole o The divergence between 

these two values is indication that the vapor-pressure of IV"mO(g) is 

much lower than the upper limit given above if the ·value gi.1ren by 

Gaydon is for the dissociation of the MnO molecule from its ground 

statetl The upper limiting value obtained in this work establishes 

Gaydongs value as resulting from the ground state or one qui.te close 

to the ground stateo 

4 o Summ.ar,;z:, o 

The: measurement of the rate of vaporization of M:nO(s) at high 

temperatures in vacuum has been combined with available thermochemical 

data to 'yieJ.d the values for the heats of the follow:1 .. ng reactions~ 

MnO(s} Mn.(g) + 1 02(g) AH298 ~ 160 k ,/ .. -- - ca . .L mol.e 
2 

MJ:10 (g) -- M.~(g) + O(g) AHO s. 10? kcal/mole 

1\t'lO ( s) ::::: NmO ( g} Lili298 ;z 112 kcaJ../rnole 

Since the thermoc:hemi.cal value ( 5 ) for the fi.rst reaction is 
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AH298 = l60o6 kcal/molep the experimental measurements lead one to 

conclude that the gaseous species in equilibrium with MnO(s) at 1767°K 

\ 1·.\ ~ () are M.n(gl and - O....,(gs ana. that Il'm.O g is not. an important species in 
2 G 

the vapcr•izatio:n of MnO o Gaydon (ll) gives D
0

(IVJnO) =: 92 kcal/m.ole fro~·' 

an inspection of spectroscopic datao Comparison of this value with 

AH~~l07 kcal/mole for the second reaction indicates that the upper 

limit set for the vapor-pressure of MnO(g) is quite high if the 

spectroscopic data r·esult from the ground state of the MnO(g} moleculeo 

'11ds then J .. s supplementary indication that MnO vaporizes by d issoc:l.a~ 

tion ·to the gaseous elements and that MnO(g} is not a predomi.nate 

gaseous species o 

This work was performed under the auspices of the Atomic Energy Commissiono 
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