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ABSi'RACT 

Thennodynamic considerations permit us to predict the mode of 
vaporization of transition element sulphides.  MnS is the only clear 
case where the gaseous sulphide molecule has an appreciable concen- 
tration in the saturated vapor. This is confirmed by a mass spectro- 
metric investigation which gave us the measurement D§ (I^nS) = 65 f 
3 Kcal/mole . 
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ON THE EXISTENCE OF GASEOUS SULPHIDES OF THE TRANSITION 

ELEMENTS 

The Dissociation Energy of Gaseous MnS 

It is very important to obtain information on the 

lattice energy, AH Ijitj, of solids, and dissociation 

energies, D , of gaseous molecules of whole groups of 

compounds such as homonuclear molecules   , oxides   , 

(3) sulphides    etc. and to study the variation of these pro- 

perties, or ratio of these magnitudes, AH fatl/D = a, 

as a function of the electronic structure of the constitu- 

ting atoms. An interesting case ir that of the sulphides of 

transition elements. 

The simplest discussion of the mechanism of vaporization 

of solid sulphides rMeSjcan be based on three processes: 

[Mes]  ^ (Mel+ l/2 S,, (2) 

[Mes]  ^b  MeS (3) 

(condensed phases, solid and liquids, are marked by square 

brackets ^.J, gases without brackets). Complications that 

occur when instead of reaction (2) stoichiometric compounds 

Manuscript releajad by the authors April I9S2 for publication 
as an ASD Technical Docvmentary Reoort. 



Auch  as rMe-Sj or non  atoichiometric   solids  |Ue   S J   are   formed 

are   not  discussed   here   in detail.  Association  of  S-   is  not  dis- 

cussed,   dissociation   shall   be  mentioned. 

Which  of   the   processes   (l)   or   (2)   predominates   is   seen 

immediate IT  by   considering   the   equilibrium 

S2   + 3 fMe]       -^       2   (Mes)  + Me (4) 

and   the  magnitude 

A=3AHoCvapM*3   +  D°(S2)-4AHTatMes]  +TAf eff 2 [MeSj  + |le-S2-3[Mj]l   (ö) 

»here  AH   fyapMeJ   is  the   heat   of  vaporization   of   one   atom-gram 

fMeJ,  AH   fatMeSj   the   heat  necessary to  transform  one   half 

molecule-gram  fMeSjin   the   constituting  gaseous   atoms,   D   (S„)   = 

(3) 100   koal the   dissociation  energy  of   Sg   and A  fef   the   dif- 

ference   in  free   energy  functions   of   the   substances   given   in 

the   brace* 1 V. 

If   A ^ 0  process   (2)   predominates  and 

-  RTlnp(Me)/p(S2)   = A  = AH^  + TAfef (6) 

For   the   first   row  of   transition  elements   sulphides^    ' 

Afef £• — 5  e.u.    ;   the  dominant  term  is  the  enthalpy  difference 

vhich  from FeS to  CuS   lies   in  the   narrow  limits AH0(8)ä^ +24-3     kcal o 

(well within error limits) i.e. p(Me)/p(S2)»lO-4 at 1000«K 

_2 
and 10   at 2000#K. In this case the relation 

-RTlnp(S2)/p(MeS)=D°(MeS)*2AH°[atMeSl -D°(S2)-2AH^[vapA] 

*+TAf ef (2 [Me"]   + Sg   - MeS -   [MeS]J     (7)     e 



is obtained fron the equilibrium 

MeS + [MeS] ^=*  Sg + SJMeJ (8) 

Afef is again small, about + 3 e.u.; from a comparison of 

oxides and sulphides one obtains D (MeS) ^60 to 70 kcal and 

AH0(7) 0 - 40 to -50 kcal for FeS, CoS, CuS. Thus 

p(MeS)/p(Sp) increases with increasing temperature but even 

at 2000,K reaches only 10-  to 10- . This is not easily 

(6) 
reconciled with Hsiao and Schlechten's    results indicating 

20 to 54%  Fe and Co transfer in the vaporization of FeS and 

CoS ; these results would mean that D (MeS)^100 kcal. An 

explanation might be in the terms of more complicated gaseous 

sulphides such as Fe„S, Fe2S„ or gaseous polymers. Finally 

-RTlnp(S)/p(S2)'?6D°(S2) + AH° [vaplte] - 2AH° atJMeSjleads to 

p(S2)«ilO to 100 p(S). If [jte] reacts with [UeSJto give stoi- 

chiometric or non stoichiometric compounds p(S„)/p(Me) is even 

larger. 

In the first row of transition elements MnS is the only 

clear case of A <, 0 (eq.5), with AH  = - 64 ; at the end of this 

row for ZnS and GaS AH  = - 99 and - 59 kcal respectively. For 

the oxides AH  is strongly negative with the exception of CuO 

(+ 6 kcal), where however probably the actual process is 

\CuÖ\  a* l/2 [CugO] + l/2 02. For negative AH°, i.e. process (l) 



the ratio p(S2)/p(MeS) is obtained from the equilibrium: 

MeS ■as»»  l/3TMes\ + l/3 Sg + 2/3 Me (9) 

and 

-RTlnp(S2)/p(MeS)=D^(MeS)-2/3AH^ ^atMeS] -l/3D°( S2)+2/3RTln2 

+ TA fefll/sfMes] + l/3 Sg + 2/3 Me - Mesl       (10) 

For MeS an estimate similar to that above, giv s 

- logp(S2)/p(MeS) ^ -6500/T +1.5 using the mass spectrometric 

(7) 
vaporization technique described previously    experiments 

were carried out with MnS between 1800" and 1900»K: at 1850»K 

logp(S„)/logp(MnS) = 2.1 From eq.(lO) D0(MnS) =65-5 kcal 
£- o 

was obtained. For this third law method free energy functions 

of MnS were calculated from r  = 2.1 A and U) = 540 cm  , the 
e e 

data fronT ' were taken for Mn and Sg. Further AH2jH[MnSl= 

49.0 - 0.5 kcal^8'9'4^: S29^lns]= 18,7 t  0.3 e.u/10^ and 

C ^Mns3= 11-4 + 1.8 x lO-3!^11' yield logp(Mn) = - 3.00 - 0.35 5 

pressure calibrations by complete vaporization of weighed 

samples yield - 3.44. Also -RTlnp( S)/P(S2)ä 2/3rD( S2)-AH^ [atMnSJV 

is in agreement with experiment. 

For VS, TiS, CrS there are no data, however AH0fatMeOJ- 

AH0ratMeS{= 16.5 - 2 kcal for Ca, Mn, Co, Ni ; assuming this 

* o / \ 
difference to be constant AH  of eq.(6) is for these three 

sulphides -70 - 10 kcal. Assuming DO(Me0) - D0(MeS)^ 30 kcal 



as for oxides and sulphides of group II , Iv  and Mn one 

finds: -logp(S2)/p(MeS)Ä;- 3300/T + 1.5 and P(S)i^ 10p(S2): 

a favorable Situation for observing gaseous sulphides. 

For the two other rows of transition element« it seeas 

difficult to make predictions, for the rare earths however 

one would expect to find gaseous sulphides since AH [vapMel 

is relatively low and D0(MeO) higj/12'. 

L 
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