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Table 3. Z; Atomic coordinates perpendicular to the layers and lattice constants of clay minerals

Montmorill-
Mica(a)®) onite(@
A) A)
Octahedral 0-00 0-00
0, OH 1412 1-09
Tetrahedral 2:70 2:70
o 3-28 324
Interlayer 5-00 7-70
OH
Mg
A ©) A ©
a 5-189 5:21
b 8-995 902
¢sin B 20-014 14-40
o 90 90
B 95-18 97
y 90 90

Kaolinite(®
Diocta- Triocta-
hedral hedral Chlorite(®
A) (A)
327 0-00
4-37 1-05
0-60 2:71
0-00 3-26
6-00
7-05
A) © &) ©) (A) ©
5-14 5-55 5-33
8:93 961 9-24
7-13 720 14-10
91-6 90 90
104-8 90 97
89-9 90 90

(@) Atomic parameters from Jackson & West (1933).
(b) Lattice parameters from Radoslovich (1960).
(¢) From MacEwan, Ruiz Amil & Brown (1961).

(d) From Brindley (1961a).
(¢) From Brindley (19615).
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Th; N, crystal structure and comparison with that of Th,N,O.* By Rosert BEnz, Los Alamos Scientific Labora-
tory, University of California, Los Alamos, New Mexico, U.S.A. and W.H.ZACHARIASEN, University of Chicago, Illi-

nois, U.S.A.

(Received 31 May 1966)

The existence of Th3N4 has been reported (Matignon &
Delépine, 1907) and later substantiated (Neumann, Kroeger
& Haebler, 1932) by a different method of chemical anal-
ysis. The results reported in what follows were obtained
with Th3;Ny4 prepared by equilibrating ThN powder con-
tained in an induction-heated tungsten crucible with 0-13
atm. nitrogen at 1320°. The composition of the product
was determined both by weight gain as well as by ignition
to ThO,. The N:Th ratio was thus found to be 1-33 + 0-03.
Thorium sesquioxynitride, Th,N,O, was prepared by equi-
libration of the compacted mixture 3ThN+ ThO, with 2
atm. nitrogen at 1700°C. The Th content of this product
was determined by ignition to ThO;; the O:Th ratio was
taken to be the same as that of the initial mixture, and
nitrogen was computed by difference. The final composition
thus obtained was Th;N3.0420-060. An X-ray diffraction
powder pattern of a sample was found to be indistinguish-

* This work was performed under the auspices of the
U.S. Atomic Energy Commission,

able from that reported earlier (Zachariasen, 1949) for
Th,Nj with the hexagonal lattice parameters ap=3-8833 +
0-0002, co= 61870+ 0-0003 A. We did not succeed in ob-
taining N:Th ratios in excess of 1:33+0-03 by reacting
thorium or ThN with nitrogen at pressures up to 2 atm.;
therefore, the Th,N3 phase was not obtained. Although we
did not investigate sufficiently high nitrogen pressures to
confirm or exclude the existence of the Th,N; phase, all
the experimental results suggest the material previously
described as Th,N; was the same as the Th;N,O phase
described above.

The X-ray diffraction data obtained from a powder pat-
tern of Th3Ny4 are shown in Table 1. The observed intensities
are given for two samples I and 11. In sample 1, the inten-
sities are modified by an appreciable preferential orienta-
tion.

The observed values of sin26 correspond to a rhombo-
hedral lattice with ao=9-398+0-002 A, «=23-78+0-01°.
The dimensions of the corresponding hexagonal cell are
ao=13-871+0-001, co=27-385+0-005 A.
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Table 1. X-ray diffraction data for
Th3N, (Cu Ke; A=1-5405 A) *
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* Calc. relative intensities proportional to

1 4 cos226
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where p=multiplicity and F=structure factor.

AC2I - 14*

Table 1 (cont.)

20 22 5941 0.6
5975  w+ w
2117 5982 0.3
112k 6141 0.0
2023 6297 0.4
6328 wm wm
220 6335 0.5
223 6406 0.0
3015 6531 0.0
2119 6551 6562  vw v 0.L
226 6620 0.0
1028 6730 6746 vw - 0.0
2120 6860 0.0
311 6871 6893 vvw vw 0.1
312 6895 0.0
229 6976 j’o.s
6986 s s
314 6990 lo.y
20 25 7056 0.0
7069  wm n
315 T061 0.6
0030 .20 0.0
1029 781 0.0
317 7251 0.1
3018 T3Lh 1.4
1127 7351 U7 s s 1.3
318 7369 0.k
2024 460 0.1
2212 Thh 0.0
2122 7524 7533 m m 1.2
3110 7654 0.3
3111 7820 0.1
2123 7880 7885 wm w 0.7
2215 8115 0.0
} 8133 m e
1031 8131 0.1
1313 8200 8190 w m 0.0
30 82Lo 0.0
0228 8314 0.1
3114 8lak 8419  w+ m 0.6
Lol 8455 0.1
ohk2 8478 0.0
Lok 8573 8587 w w 0.5
00 33 8615 0.0
01 3 8629 0.6
2.1 25 8640 8639 m w 0.2
oks 86LL 0.7
1130 8704 0.0
2029 8765 0.1
Lo 7 8834 0.1
1316 8888 0.2
890k m m
2218 8898 3.1
o438 8953 0.4
1226 9043 9055  vvw - 0.6
3117 9149 9169  vvw v 0.6
4010 9238 0.5
302 9308 0.0
oLl glol 0.3
10 34 9673 0.6
0231 9TLL 4.5
9T6 W W
1319 9719 2.1
4013 9784 9785 W w %4
2221 9824 0.0

Both the cell volume and the observed intensities require
one stoichiometric molecule per rhombohedral cell, and the
calculated density is accordingly ¢=10-55 g.cm=3.

The observed intensities demand that the three metal
atoms per rhombohedral cell be in positions (000) and
+(zzz) with z=2/9. Thus, the thorium atoms have the
close-packed configuration ABABCACACA--- observed in
the samarium metal structure.

The nitrogen atoms have too small an effect on the inten-
sities to permit a direct determination of their positions.
However, on the basis of chemical stoichiometry and as-
suming an ordered structure, spatial considerations require
that they lie on the threefold axis with one set occupying
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octahedral and the other tetrahedral holes of the close-
packed metal configuration.
The structure thus arrived at is

Space group R3m

Hexagonal Rhombohedral
Description Description
(000)(333)(33%)*

3Th{d) (000) 1Th (@  (000)

6 Th (II) +(00z;) 2Th (D +(z12121)

6N (I) +(00z2) 2N (1) *(z22222)
6 N (II) +(00z3) 2N (I) *(z32323)

with z;=0-222+0-003, z, ~0-137, z3~0-389.
The interatomic distances for this assumed structure are

Th()-6 N (I) 2270A ThaD4N (I) 2344

-6 Th (II) 3-77 -3N (I 270
-6 Th (I) 3-87 -3Th @) 377
-3 Th (I) 3-77
-6 Th (II) 3-87

The Th3Nj, structure is closely related to that of ThyN,O
previously reported (Zachariasen, 1949) as Th;Nj. In the
latter structure the metal atoms are in simple hexagonal
close-packing so that the ¢ axis is twice the separation of
hexagonal layers, whereas the ¢ axis is nine times the layer
distance in the ThiNy structure. As shown below, the hexa-
gonal a axis and the layer separation are slightly smaller
for the Th3Ny4 phase:

Acta Cryst. (1966). 21, 840
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Th,N,O
ap=3-8833 A ay=3871 A
co=61870=2x30935A  ¢0=27385=9x3-043 A

The atomic positions of the ThoN,O structure are

2 Th in +(3%z;) with z;=0-25040-006

2N in #(3%z2) with z, ~0-631

10 in (000).

The N atoms occupy tetrahedral and the O atoms octa-

hedral holes of the close-packed metal structure. The inter-
atomic distances are

Th3Ny

Th-4 N 2354
=30 212

-6 Th 3-81
-6 Th 3-88

Thus, the configuration about the Th (II) atoms of the
Th3Ny structure is almost identical with that of the Th;N;O
phase. However, the Th (I) atoms form only six bonds to
nitrogen atoms, all occupying octahedral holes.
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X-ray examination of some rare-earth-containing binary alloy systems. By J.L.MoriarTY, J. E. HUMPHREYS,
R.O.GorpoN* and N.C.BAENZIGERT, Lunex Company, Pleasant Valley, Iowa, U.S.A.

(Received 23 May 1966)

Despite the intensive efforts which have been expended on
the study of rare earth intermetallic compounds in recent
years, there remains a large number of binary alloy systems
yet to be investigated. Upon reviewing compendia by
Gschneidner (1961) and McMasters & Gschneidner (1964),
certain patterns of omission were observed, these usually
occurring where one or both of the component elements
are difficult to handle with ordinary melting techniques.
In particular, most investigators seem to have avoided
lanthanides with: high vapor pressures, high oxygen affinity,
high melting points, divalent character, and those which
are relatively scarce. The general approach followed during
the present study was that described in earlier work by
Moriarty (1960). Structural data for compounds formed in
similar systems with gadolinium and dysprosium, and hol-
mium and erbium can be found in reports by Baenziger &
Moriarty (1961) and Moriarty, Gordon & Humphreys
(1965) respectively.

Alloys were prepared by blending stoichiometric pro-
portions of the components and either arc-melting them

* Present address: Yale University, New Haven, Con-
necticut, U.S.A.

1 Present address: State University of Iowa, Iowa City,
Towa, U.S.A.

on a water cooled copper hearth or encapsulating them in
tantalum crucibles and heating these in a tube or induction
furnace. All procedures employed a protective atmosphere
of dry argon gas. Each specimen was repeatedly remelted
to improve homogeneity. Final weights differed from initial
weights by less than 1-0 9. Purities of the metals used were:
rare earths, at least 99-8 %;; all others greater than 98-5 %.

In all cases the phases herein reported were identified by
indexing the X-ray diffraction powder patterns. Diffraction
equipment included a basic Norelco X-ray unit, using either
filtered copper Ko (Cu Ku;=1-54051, Cu Kaz=1-54433 A)
or iron Ku (Fe Koy = 193597, Fe Ky =1-93991 A) radiation,
114-6 mm Debye-Scherrer cameras, and either Ansco
Superay C or Kodak Type KK film. Suitable photographs
were made at 20 to 25°C of the alloy specimens in an an-
nealed condition. Filings were annealed in Vycor capillaries
previously ‘gettered’ with zirconium wire to minimize oxida-
tion. Some alloys were ‘bulk’ annealed in small sealed
Vycor tubes and then crushed.

Results of this study are given in Tables 1 through 4.
The lattice constants were calculated under the direction
of one of us (N.C.B.) with an IBM 7044 computer from
back-reflection data, with the use of an analytical ieast-
squares program written by Miss Carol Valley at State
University of Iowa.



