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SHORT COMMUNICATION

On the preparation of condensed ScO

DALE E. WORK anp HARRY A, EICK
Department of Chemistry, Michigan State University, East Lansing. Mich. 48823 (U.S.A.)}
(Received November 12th, 1971)

The reported® reduction of Sc,0; to condensed ScO under relatively mild
reducing conditions is surprising in view of the questionable existence of the solid
monoxide at high temperatures. Accordingly, this investigation was undertaken to
study the thermodynamic feasibility of the reaction and to re-examine the data cited
by Dufek et al as evidence for the existence of ScO under the specified conditions.

Condensed scandium monoxide has reportedly been prepared by reducing
the sesquioxide with silicon powder at 1500°C in a 10™3 Torr vacuum according to
reaction (1):

Sc,05(s) + Si(l) = 28cO(s) + SiO(g) (1)

That this reaction actually occurs under the given conditions is suspect for two reasons:
(1) an estimation of AG®; .0, at 1500°C indicates that the monoxide is unstable
with respect to disproportionation to the sesquioxide and elemental scandium, and
(2) AG, ;5 for reaction (1) is very positive for reasonable pressures of SiO(g).

First, a value for AG;, ;773 5.0 Was obtained by making independent estimates
of AHY 75 and AS] 4,3 The AH{ ;,; was estimated as shown in Fig. 1, while

Reaction (RCN) AHgyclkcalimole) Reference

Sc(s), 1773 +4 0,{g). 177325 ScOfs), 1773 A - 125 3
A E | B 91.2 12
Sc(s).298 4 O,{g), 298 K C - 15
B F D 449 13
Sc(g).298  Ofg), 298 ScO(s), 298 E - 60 2
cl lG i F 59.55 2
Scig).0 0O(g).0 J G ~ 1.6 2
° [n ) H } ~730 14
Sc*2{g).0 + 0 ?(g).0 ——*ScO(s).0 I
h 2
X 197513 5%
X ~1Bo

* Values reported for 9 monoxides (BaO, Ca0, CoO, MgO, NiQ, SrO, TiO, VO) were averaged.
Fig. 1. Scheme and values used to calculate AH |44, for ScO(s).
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AS3 1773 was estimated by use of reported S°,,, values for O3 and Sc?, an estimate of
S®,08.5c0 Obtained by use of Latimer’s* scheme, and an average of $°;,,3—5° 94
values for 9 other monoxides® (see Fig. 1) for (S°7,3—S°08)sco- These estimations
yielded for ScO(s) at 1500°C, AH®; = — 130 kcal/gfw, AS°; = —20.3 eu,and AG® ;= —94
kcal/gfw. Combination of this latter value with AG®; 773500, 8aVe AG® q73=
— 51 kcal/gfw for disproportionation reaction(2):

3ScO(s)=Sc(s) +Sc,05(s) (2

This value indicates clearly the instability of condensed ScO at this temperature.

Second, reaction (1) was analyzed with respect to its thermodynamic feasibility.
on the assumptions that SiO is an ideal gas and that equilibrium conditions existed
in the reaction chamber. Values of AGycy for several P, values were calculated
through use of published data for Sc,03* and SiO®, and by setting 4G7 ;73 50
equal to the variable, Y. The results are given in Table L If AG{ ;553 5.0 = —94 keal/
mole, as was estimated above, then P(SiO) must be less than 10~ !! atm in order for
reaction (1) to occur spontaneously, and the earlier assumption that the system was in
equilibrium is justified. That Dufek et al. were able to detect condensed SiO on the
Mo shields during a 5 h heating indicates that the SiO(g) pressure must have been much
higher than 10! atm, and is indicative of a positive AG for reaction (1).

TABLE 1

EQUILIBRIUM PRESSURE OF SiO(g) AS A FUNCTION OF AGf ;773 sc0 FOR REACTION (1) AT 1500°C

Pt si0tg) AG ey (keal/mole SiO) Max. value of Y (AGY,17+3,5.0)
Jor AGgey < 0 (kcal/mole)
10° 274.1242Y —137.06
1073 249.78+2Y —124.89
10-¢ 22545+2Y —-112.72
107° 201.1142Y —100.55
10712 17678 +2Y — 88.39
10715 152,44 +2Y — 76.22

Accordingly, we repeated the preparation reported for ScO. Our investiga-
tion did not reveal any condensed monoxide when equimolar amounts of Sc,0;
(reagent grade, 99.9 % pure, Alfa Inorganics, Inc.) and Si (99+ 9; pure) were heated at
1600°C for 5 h at 103 Torr in a Mo effusion cell. Crucible interaction with the sample
was evident. Furthermore, the heating of a 1:1.5 mole ratio mixture of Sc,0;-Si
at 107° Torr and 1650°C (better reducing conditions) yielded only sesquioxide, there
being considerable interaction between Si and the Mo crucible. The use of activated
Sc,0; (obtained by dissolving reagent grade sesquioxide in hydrochloric acid, precipi-
tating the hydroxide, and firing at 600° for 4 h) yielded the same results.

In view of these results a different interpretation is suggested for the data pre-
sented by Dufek et al., namely, the formation of a non-stoichiometric oxide-nitride.
The reported structure of ScO (NaCl structure, a,=4.45 A) is very close to that re-
ported for ScN7-® (NaCl structure, a, = 4.44 A), with both structures in good agreement
with the reported diffraction pattern (Table II). Scandium nitride-is known to be non-
stoichiometric®, and it is reasonable that a ScO,N, species could give rise to the ob-
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TABLE 11

COMPARISON OF INTERPLANAR d-SPACINGS FOR ScN aAND ScO

hkl Calculated for (iilgserved !
(4)
5¢0 (a, =445 4)! ScN (ao=4.44 A)"®
(4) (4)
111 2.569 2.563 2.556
200 2225 2.220 2.220
220 1.573 1.570 1.573
311 1.342 1.339 1.345
222 1.285 1.282 1.285
400 1112 1.110 1111
331 1.021 1.019 1.021
420 0.995 0.993 0.996

served diffraction pattern. (One such NaCl-type scandium-oxide—nitride has been
reported by Samsonov et al., a,=4.503 A, and others may well exist). This possibility
seems particularly likely in view of Felmlee and Eyring’s study of a strikingly analogous
samarium—oxygen-nitrogen system'°.

Although the condensation of gaseous SiO' is consistent with reaction (1),
it does not confirm that this reaction occurred, as contended by the authors. Other
reactions (e.g., reaction 3) also predict the emanation of SiO(g):

S¢;05(s) + Si(l) + yN(g) = 28¢O,N,(s) +SiO(g) + (1 — x) O-(g) (3)

In our investigation, an amorphous condensate formed on the walls of the vacuum
chamber above the effusion cell when an equimolar mixture of Si powder and the ses-
quioxide was heated at > 1500°C for 4 h under 60 Torr of N,. The diffraction pattern
of the residue in the Mo crucible did not reveal the lines reported for ScO although
lines corresponding to d-spacings of 1.355 A and 1.298 A were observed.

In any case, thermodynamic restrictions must be considered in determining
which reactions are possible for a given set of experimental conditions. In this par-
ticular case, it seems clear from energy considerations that the condensed phase
isolated by Dufek et al. must contain trivalent rather than divalent scandium if the
reaction is to be energetically feasible and if the condensed product is to be thermo-
dyamically stable. The additional energy required to produce the trivalent metal ion
(572 kcal/mole) may be more than offset by the gain in the lattice energy'!. Our belief
that the reported ScO was actually a non-stoichiometric oxide—nitride of trivalent
scandium stems from these energy considerations, the fact that the compound was
prepared at 1072 Torr, and the similarity between this system and the analogous
samarium one'°,

Finally, the oxygen-absorption data of Dufek et al., corresponding to a for-
mula of ScO, 45, must be regarded as credible evidence for the formation of ScO.
The extent to which these data may agree with a formula ScO,N, depends on the
accuracy of the oxygen-absorption measurements as well as the values of x and y.
The possibility that oxidation of some scandium hydride contributed to the observed
weight increase must also be considered carefully!®.

Through this investigation, the reported preparation of condensed ScO, with

J. Less-Common Metals, 26 (1972) 413-416



416 SHORT COMMUNICATIONS

scandium in the divalent state, is seen to be thermodynamically untenable, Although
this discrepancy could result from inaccurate thermodynamic measurements and
estimates, such an occurrence is unlikely in view of the magnitude of the Gibbs encrgies.
Incorrect formalization of the preparative reaction and faulty product characteriza-
tion seem more likely. In any case, the system merits further investigation, and an
oxide-nitride reaction product appears to be a reasonable hypothesis at this time.

Helpful discussions with Professor Gordon A. Melson, an NSF Fellowship
to D.E.W., and partial support of the U.S. Atomic Energy Commission {AT-(11-1)-716)
are acknowledged gratefully.
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