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The compound Sr;Ti;0; and its structure. By S. N. Rubprespen and P. Porerr, The British Ceramic

Research Association, Stoke-on-Trent, England

(Recetved T July 1957)

The compound Sr;Ti,0, has been formed by firing to
1400° C. mixtures of SrCO,; and TiO, in the molecular
proportions 3:2. Its structure may be considered as, in
a sense, intermediate between those of Sr,TiO, (K,NiF,
type) (see Ruddlesden & Popper, 1957) and SrTiO,
(perovskite). Whereas in Sr,TiO, perovskite layers are
interleaved with SrO layers, forming a tetragonal, body-
centred unit cell with axial ratio about 3-2, in Sr,Ti,0,
double perovskite layers are interleaved with SrO layers,
the axial ratio being increased to about 5:2. The unit cell
(Fig. 1) contains two formula units.

Fig. 1. The Sr,Ti,0, structure.

The samples have been examined by powder diffraction
methods, using Co K« radiation and a 9 cm. camera.
This has given the lattice parameters of the tetragonal

cell as a =390, ¢c=2038 A
and a calculated density of 504 g.cm.=3. The atomic

positions proposed have been estimated by analogy with
those of SrTiO, and Sr,TiO,, i.e. to give similar atomic
co-ordinations. In terms of the positions of the space
group I4/mimm the proposed positions are:

(0,0, 0; %‘a 12" J2‘)"‘

4Ti in (e) 0,0,2; 0,0,%; with z = z,.

201 in (a) 0,0,0.

8051 in (9) 0,4,2;0,4,%; §,0,2; 3,0, 2; with 2z = 2,.

4 Ogpr in (e) with z = z,.

28r; in (5) 0,0, 3.

4 Sryy in (e) with z = §—z,.

We have taken z, = z; = 2z, and z, = z; = 0-094. This
value of z; is derived from the relation (§—4z,)/z; =
1-33, which gives the same ratio of the Sr—-O and Ti-O
distances as in the Sr,TiO, case, the z value 0-15 there
giving (3—22)/z = 1-33.

Table 1. SryTi,0,: X-ray powder diffraction data

Spacings are calculated for a tetragonal unit cell, with
a =390, c = 2038 A

hicl de (A) dy (A) I, 1,
002 1019 — 3 —
004 510 — 0 —
101 3-83 3-84 6 10
006 3-40 6
103 3-38 } 3:39 3 } 10
. — 3-08 = 2
105 2.82 2.83 100 100
110 2.76 2.75 63 60
112 2.66 2.66 1 2
008 2.55 2:55 2 2
114 2.42 2:42 6 5
107 2:33 2:33 3 2
. _ 2:26 = 2
116 2:14 214 26 30
0,0,10 2.04 2.04 17 10
109 1-96 _ 0 -
200 1-95 1-95 40 50
202 1-92 — 0 —
118 1-87 1-87 3 2
204 1-82 — 0 —
. — 171 — 2
211 174 1-74 1 2
0,0,12 1-608 2
206 1-691 1-69, 3 } 5
213 1-689 1
1,011 1-673 1-67, 3 5
1110 1-640 163, 16 15
215 1-603 1-60, 33 30
208 1-548 1-54, 2 2
217 1-496 149, 1 2
0,0,14 1-456 — 0 —
10,13 1-455 — 1 —
11,12 1-446 1-446 2 2
2,0,10 1-409 1-409 17 15
219 1-381 — 0 —
290 1-379 1-379 11 10
222 1-366 — 0 —
224 1-331 - 0 —
301 1-208 _ 1 —
1,1,14 1-287 — 0 —
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Table 1 (cont.)

hkl d; (A) do (A) I, I,
1,0,15 1-283 4
2,012 1280 } 1-281 3 } 5
226 1-278 - 1 —
303 1-277 — 0 —
00,16 1-274 - 1 —
21,11 1-270 1-270 2 2
305 1-239 1-239 7 5
310 1-233 1-235 9 5
312 1224 = 0 Z
228 1-212 — 1 —
314 1-199 — 1 —
307 1-187 - 0 —
2,0,14 1-166 — 1 —
21,13 1-166 — 1 —
316 1-160 1-160 6 5
1,1,16 1-157 1-156 5 5
1,017 1-146 31
2,2,10 1-141 } 1-143 10 f 10
00,18 1132 - 0 —
309 1-128 — 0 —
318 1111 — 1 —
321 1-080 — 1 —
2,1,15 1-072 , 7
2,2,12 1-070 } 1072 2 5
323 1-068 — 0 —
2,0,16 1-066 2
30,11 1-064 1-066 1 2
31,10 1-054 1-055 12 10
11,18 1-048 — 0 —
325 1-046 1-046 14 10
1,019 1-035 1-034 1 2
0,0,20 1-019 — 1 =
327 1-013 1-014 1 2
2,2,14 1-000 — 1 =
30,13 1-000 — 0 —
31,12 0-997 0-998 3 5
2,117 0-988 0-987 7 5
2,0,18 0-979 — 1 -
329 0-976 — 0 —
400 0-975 0-976 9 5
402 0-970 — 0 —
404 0-957 — 0 —
1,1,20 0-955 — 2 —
411 0-944 — 1 —
1,021 0942 — 2 —
31,14 0-941 — 1 —
30,15 0-939 0-939 6 5
406 0-937 — 1 —
413 0-937 — 1 —
2,2,16 0-935 3
32,11 0934 } 0-934 4 } 5
0.0,22 0-926 0-926 4 2
415 0-921 0-921 30 15
330 0-919 0-919 10 5
332 0-915 — 0 —
2,1,19 0914 2
408 0-910 } 0-913 2 } 2
334 0-905 — 2 —
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These positions gave satisfactory agreement (Table 1)
between calculated and observed relative line intensities
and are considered sufficient to identify the structure
type. Temperature and absorption factors were not taken
into account in the calculations of relative line inten-
sities. No refinement of parameters has been attempted.

The possibility of the existence of related compounds
in which treble or quadruple perovskite layers are inter-
leaved with SrO layers was investigated by firing mix-
tures of the appropriate compositions, i.e. of SrCO, and
TiO, in the molecular proportions 4:3 and 5:4. Examina-
tion of the reaction products showed the occurrence of
Sr,Tiz0,, but not of Sry;Ti,0,;. In the products from both
compositions, Sr,Ti,0,, was found associated with SrTiO;
and Sr;Ti,0,. The proportion of Sr,Ti;0,, depended on
the firing schedule. The proportions of SrTiO; and
Sr,Ti,0, varied, indicating incomplete reaction, with un-
reacted strontium undetected by the X-ray analysis.

The lattice parameters of the tetragonal unit cell of
Sr,Ti,0,9, which again contains two formula units, are

a =390, ¢c=2814, ca="72

and the calculated density is 5:10 g.em.—2. This cell has
the same space group I4/mmm as for SryTi,0, the
proposed atomic positions for Sr,Ti;O,y being

(0’ 09 0; ‘%9 '%7 '%)"‘

2 Ti; in (a) 0,0, 0.

4 Tiy in () 0,0,2z; 0,0,z; with z = z5.

401 in (¢) 0,4, 0; 4,0,0.

4 Oy7 in (e) with z = z,.

8 Orrrin (9) 0, %,25 0,4,%; §,0,2; 4,0, 2; with z = 2,.
4 O1y in (¢) with z = z;.

4 Sr; in (e) with z = 1 —z,.

4 Sryy in (e) with z = }—z.

The 2’s are related by 24~ 25> 32y, 2, ~ 23~ 22, and 2, > 2;.
We have considered these equalities to hold exactly and
taken z; = 0-068,, to give (4—62z,)/z; = 1-33. The agree-
ment between calculated and observed powder diffrac-
tion data is comparable with that for SryTi,0,, all lines
with calculated intensities of 59 or more of that of the
strongest line being observed.
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Die Madelung’sche Zahl fiir den NiAs-Typ, welche sich
in der bisherigen Literatur nicht findet (vgl. die Zu-

sammenstellungen von Moliére (1955) und Hoppe (1956)),
wurde nach der Ewald’schen Methode (Ewald, 1921) fiir



