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Single-phase samples of &ScN,-, and two-phase SclScN alloys were prepared by direct nitridation of 
SC metal and by arc-melting of ScN + SC, respectively. The lattice parameters of &ScN,-, prepared at 
1370-1770 K were measured. The lattice parameter a = 0.45018(5) on the nitrogen-rich phase bound- 
ary and (1 = 0.45055(9) nm for &ScN,+, are in equilibrium with SC metal. Chemical analysis of nitrogen 
and oxygen in single-phase &ScN,-, prepared at 25 kPa nitrogen pressure and 1770 K yielded a 
stoichiometry of SCN~.~~~~.~~O~.~*~~.~,. Microprobe SC profiles across diffusion layers of &ScN,-, on SC 
metal prepared at 1380 and 1770 K indicate that in this temperature range ScN,-, has a homogeneity 
range of SCN~.~,-SCN,.~. In the diffusion layers the dark blue color of ScN on the nitrogen-rich surface 
takes on a clearly visible violet tinge near the Sc/ScN boundary. Nitridation of solid SC metal results in 
a porous or hollow nitride sample. This is probably due to the preferential diffusion of Sc3+ ions 
through the originally formed ScN layer. o 1988 Academic press, IIIC. 

Introduction 

Chemical bonding in scandium nitride 
seems to be of an intermediate character 
between the ionic bonding prevailing in the 
nonconductor calcium nitride and that of 
the metallic bonding in the (super)conduct- 
ing group IV transition nitrides. 6-ScNt.w 
was reported to be a semiconductor with an 
optical energy gap of 2.2 eV (I). A study of 
the literature on scandium nitride shows 
discrepancies with respect to the stoichi- 
ometry. Values of ScN,.m (I), ScN0.87 (2), 
SCN~.~~ (3) have been reported, and one 
study (4) reports a homogeneity region of 
ScN0.rScNo.87. Experimental details are 
not conclusive as to whether or not the 
samples were really homogeneous since 

relatively low temperatures (down to 1073 
K (4)) were applied for the preparation. 

The work described in the present paper 
was carried out in order to obtain more con- 
clusive information about the stoichiometry 
of 6-ScN1-, and to contribute to the knowl- 
edge of the scandium-nitrogen system. 

Experimental 

SC plates and SC sponges were heated in 
a cold-wall autoclave in pure nitrogen at 
pressures between 25 kPa and 3.6 MPa and 
temperatures between 1380 and 1770 K. In 
order to avoid contamination with oxygen 
the samples were wrapped in zirconium foil 
with a protective sheet of MO foil to avoid 
direct contact. For the preparation of diffu- 
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sion couples the heating current of the auto- 
clave was switched off before nitridation 
was complete. 

Two-phase alloys were prepared by arc- 
melting Sc/ScN mixtures in an Ar atmo- 
sphere. These samples were heat treated in 
sealed Ar-filled silica tubes. In order to 
avoid contact with the SiOZ wall the sam- 
ples were wrapped in MO foil. The heat- 
treated samples were investigated by metal- 
lography, X-ray diffraction (114.6-mm 
Debye-Scherrer camera and powder dif- 
fractometry with Ni-filtered Cuba! radia- 
tion), scanning electron microscopy, and 
electron probe microanalysis. In order to 
avoid potential buildup the samples were 
sputtered with a carbon layer for SEM and 
EPMA. 

The lattice parameters were calculated 
from Debye-Scherrer films with a com- 
puter program (5) which applies extrapola- 
tion to 28 = 180”. For this procedure all 
observed interferences (including Ka2 at 
high diffraction angles) were used. For the 
reassessment of powder intensity data a 
computer program for the calculation of 
powder ditfractograms (6) was used. 

The nitrogen analysis was carried out by 
the Dumas method. The oxygen content 
was analyzed by vacuum hot extraction. 

Results and Discussion 

ScN samples resulting from the auto- 
clave process had a nearly lusterless dark 
blue color. Within the pressure range inves- 
tigated (see Table I) no significant change in 
the lattice parameter of &ScNr-, was ob- 
served. Obviously even the lowest nitrogen 
pressure used was sufficient to ensure the 
maximum nitrogen content. The average 
value of the lattice parameter for the ni- 
trided samples is a = 0.45018(5) nm. 

Sample 7A was chemically analyzed and 
found to have a stoichiometry of [N]/[Sc] = 
0.98 + 0.005. The oxygen content was 
found to be about 1 at.%, resulting in a 

P (Nz) 
Lattice 

T/K parameter Comments 

ScN I 3 MPa 1700 0.45019(l) 
ScN 2 0.1 MPa 1670 0.45020(3) 
ScN 4A - 1370 0.45059(3) Arc-melted samples 
ScN 4B - 1370 0.45047(9) annealed in silica tubes 
ScN 4C - II70 0.45Ow4) I 1 average: a = 0.4505X9) “In 
ScN 5 3.6 MPa 1430 0.45020(4) 
ScN 6 31 kPti I380 - Diffusion couple 
ScN -IA 25 kPa 1770 0.45013(63 [N]/[Sc] = 0.98 c 0.005 
ScN 78 25 kPa 1770 - Rim-type sample (Fig. I) 
ScN 7C 25 kPa 1770 - Diffusion couple 

TABLE I 

CONDITIONS OF PREPARATION AND RESULTS 

gross composition of ScN0.98~0.00500.02~0.01. 
This is consistent with those values re- 
ported in the literature where it is stated 
that ScN has a 1 : 1 stoichiometry (2). 

At the low-nitrogen phase boundary 6- 
SCNI-, has a lattice parameter of a = 
0.45055(9) nm. This is the average value of 
samples ScN 4A-ScN 4C which had been 
annealed in silica tubes at 1370 and 1170 K 
for 2 and 3 weeks, respectively. ~-SC in 
equilibrium with &ScNi-, was found to 
have lattice parameters of a = 0.33 lO( 1) nm 
and c = 0.5280(6) nm, not significantly dif- 
ferent from pure SC metal (7). Obviously 
scandium metal does not take up any appre- 
ciable amounts of nitrogen in solid solution 
in the temperature range investigated. 

The differences in the lattice parameters 
of &ScN,-, are indicative for a homogene- 
ity region. Profiles of SC across the diffu- 
sion couples yielded a homogeneity region 
of -2 wt% SC. With respect to the [N]/[Scl 
ratio this yields a value of SCN~.~~-SCN~.J,~. 
It should be noted, however, that the pres- 
ence of pores in the nitride layer led to con- 
siderable discontinuities in the scan and 
made it difficult to obtain reliable quantita- 
tive results. Table I gives a summary of 
preparation and lattice parameters. 

Since the available data on the powder 
diffractogram of &ScNr-, (8) need some re- 
vision, the observed (diffractometer) and 
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FIG. 1. Rim-type hollow ScN plate (sample ScN 7B) obtained by nitridation of a compact SC plate. 
The white bar represents 1 mm. The arrow points to the slit corresponding roughly to the original SC 
surface. The material outside the slit was most probably formed by diffusion of SC’+ ions through the 
originally formed ScN layer and subsequent nitridation. 

TABLE II 

OBSERVED AND CALCULATEDX-RAYPOWDER 
DIFFRACTOGRAM OF ScNO.% 

System: cubic, space group Fm3m (No. 225) 
Unit cell: a = 0.45013(6) nm 
Point positions: 4 SC at 4(a), 4 N at 4(b) occu- 

pancy: 98% 
Wavelength: Ni-filtered CuKo radiation, 

Kcyl: 0.154056 nm 

h&l d obs I ohs d cd I Cd 

1 1 1 2.594 66 2.599 63 
200 2.247 100 2.251 100 
220 1.590 57 1.591 58 
3 1 1 1.357 22 1.357 25 
222 1.299 15 1.299 18 
400 1.125 7 1.125 8 
331 1.032 10 1.033 11 
420 1.007 19 1.007 26 
422 0.919 14 0.919 25 
511 - - 0.866 12 
333 - - 0.866 4 
440 - - 0.796 26 

calculated diffraction pattern of 6-ScN0.9s 
(sample 7A) is given in Table II. 

Further evidence for the existence of a 
homogeneity region in ScNr-, can be de- 
rived from the fact that the ScN layer in the 
diffusion couple showed a color change. 
The dark blue color of ScN on the outer 
surface takes on a clearly visible monotoni- 
cally increasing violet tinge when the ScN/ 
SC boundary is approached. 

Metallographic investigations of SC 
plates that had been fully nitrided revealed 
that the obtained scandium nitride was 
highly porous. By choosing thicker SC 
plates hollow ScN samples as shown in Fig. 
1 can be obtained. This is quite contrary to 
the experience with TiN, VN, and NbN, 
which can be obtained as fully dense sam- 
ples upon nitridation of the bulk metals. 

The fact that ScN has a larger lattice pa- 
rameter at substoichiometric compositions 
than at ScNr.,,, is most probably due to un- 
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occupied SC sites at a stoichiometric com- 
position. It is thus similar to FeO, where 
part of the Fe*+ sites are vacant (9). Just as 
with the diffusion of Fe*+ in FeO, the diffu- 
sion of SC’+ in ScN takes place predomi- 
nantly via migration of Sc3+ ions which dif- 
fuse from the SC core to the surface of the 
originally formed ScN-rim where they react 
with nitrogen. In Fig. 1 the original surface 
of the sample can be seen as the highly po- 
rous zone (slit) situated parallel to the outer 
and inner surfaces (arrow). The size of the 
original SC plate corresponds to the size of 
the slit. 

The diffusion process of Sc3+ is probably 
supported by the considerable decrease in 
molar volume during nitridation in the 
sense that ScN contracts relative to the SC 
metal and thus makes room for the diffu- 
sion of SC. SC metal has a molar volume of 
15.03 cm3/mole whereas SCNI-, has a molar 
volume of 13.74-13.77 cm3/mole, which is 
8.4-8.6% less. 

In the reverse direction, the diffusion of 
relatively large nitrogen ions appears to be 
rather slow. In order to satisfy the electro- 
neutrality requirements, electrons must dif- 
fuse from the outer surface to the Sc/ScN 
boundary. If these assumptions are correct, 

the hollow space in Fig. 1 could be consid- 
ered to be a very large Kirkendall pore. 
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