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Mn2Sb207 has been prepared by the solid state reaction of MnCO, and Sbz03 at 1100”C, and its crystal 
structure determined from X-ray powder diffraction data. The compound is trigonal P3,21 with a = 
7.191, c = 17.398 A, and the structure is fluorite-related, but not a distorted pyrochlore. The relation- 
ship between this structure and that of pyrochlore is discussed. MnSbz06 was formed as a reaction 
intermediate and its structure has also been determined. This phase is trigonal P321 with a structure 
related to that of Na2SiF6 and is apparently a new polymorph, since MnSbtOe has previously been 
stated to have either the orthorhombic columbite or the tetragonal trirutile structure. 6 1987 ACZXI~~~C 

Introduction 

In 1963 Aia et al. (I) reported the prepa- 
ration of a cubic manganese fluoantimo- 
nate which they considered to have the 
pyrochlore structure. However they did not 
determine the crystal structure or even the 
composition of the compound. Subse- 
quently, Brisse et al. (2) prepared Mn$Sb207 
by Baccaredda’s method (3) and also by the 
reaction of Mn02 and SbzOs. The com- 
pound was stable in air only below 600°C; 
its X-ray powder diffraction pattern was 
not well defined but was consistent with 
that of a pyrochlore structure. Oxide 
pyrochlores may be typified by Hg,NbzO, (4) 
which is cubic, space group Fd3m, with a 
lattice parameter of 10.453 A. The struc- 
ture has Nb at 16~ (O,O,O) sites, Hg at 16d 
(l/2, l/2, l/2) sites, and 0 at 8b (3/8,3/8,3/8) 
and 48f (0.323, l/8, l/8) sites. 

Recently, Subramanian et al. (5) pre- 

pared Mn2Sb207 by firing the mixed oxides 
in a sealed platinum tube at 1100°C. This 
material gave a sharp X-ray powder diffrac- 
tion pattern, and on the basis of that pat- 
tern, together with magnetic and Moss- 
bauer data, was described as having a 
rhombohedrally distorted pyrochlore struc- 
ture. However, while the d spacings in the 
diffraction pattern are generally consistent 
with a rhombohedral distortion of pyroch- 
lore, the intensities of ,the reflexions do not 
support that description of the structure. If 
the Mn2Sb207 structure were a slight distor- 
tion of the pyrochlore type, the intensities 
of the reflexions would be directly related 
by multiplicity factors to the intensities of 
the corresponding pyrochlore reflexions. 
This is not the case (see Appendix). 

As Brisse et al. (2) and also Subramanian 
et al. (6) point out, the stability field of the 
2 : 5 oxide pyrochlores is not well defined, 
as the literature contains few unambiguous 
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examples of the type. Consequently, new 
2 : 5 pyrochlores would help to define this 
field, and claims of such compounds need 
to be scrutinized carefully. 

Some compounds originally described as 
rhombohedral pyrochlores, Pb2Nb207 and 
PbzTa207 for example (7-IO), have subse- 
quently been shown to have more complex 
pyrochlore-related structures, and may not 
even have the ideal composition (11-13). It 
was therefore decided to reexamine 
Mn2Sb207 to establish the true composition 
or composition range, and to determine 
whether a different fluorite-related struc- 
ture might better explain the observed X- 
ray powder diffraction pattern. 

In the course of the work, another phase 
was found to form as a precursor to 
MnzSbzO;,. This phase was shown to have 
the composition MnSbzOs, and a trigonal 
structure related to, but distinct from, that 
of NiU206 (14) and LuzTeOs (15), both of 
which have the Na2SiFs structure (16). The 
crystal structure of this phase has been suc- 
cessfully determined from X-ray powder 
diffraction data. 

Experimental Methods 

The preparative techniques essentially 
followed those of Subramanian et al. (5). 
The starting materials were laboratory re- 
agent grade Sb203 (>99%) and MnCOs. The 
latter was precipitated from MnS04 solu- 
tion by the addition of NaHC03 solution: 
analytical grade reagents were used, and 
since the product could not be completely 
dried without risk of decomposition it was 
assayed by ignition to Mn203 at 600°C. 

The required quantities of the starting 
materials were milled together in a boron 
carbide mortar under 1 : 1: 1 trichloro- 
ethane, allowed to dry, and pressed into pel- 
lets which were fired in air on platinum foil 
in an electric furnace. The samples were 
weighed at intervals during the firing cycle 
to provide information on the reactions oc- 

cm-ring and to check on possible loss by 
evaporation. 

The phases present in the fired samples 
were identified by powder X-ray diffrac- 
tion, using a Guinier camera with CuKai 
radiation. To reduce the effect of manga- 
nese fluorescence a thin copper or alumi- 
mum screen was placed in front of the film. 
When accurate lattice parameters were re- 
quired, thoria (a = 5.5972 A) was included 
as an internal standard. X-Ray intensity 
data were obtained by planimetry of micro- 
densitometer scans of the Guinier photo- 
graphs. Series of two or more films with 
different exposures were used to provide 
reliable measurements of both strong and 
weak reflexions. 

Results 

Compound Formation 

(i) Pyrochlore composition. A mixture of 
the reactants calculated to yield the ideal 
pyrochlore composition was fired at suc- 
cessively higher temperatures from 450 to 
1250°C. After each firing a small portion of 
the sample was removed for X-ray diffrac- 
tion analysis to determine the phases 
present. Details of the firing conditions and 
products are given in Table I. 

Below 6OO’C there was no perceptible re- 
action between the components, which had 
however been converted to Mnz03 and (Y- 
Sb204. At 900°C the first compound to form 
was a trigonal phase subsequently shown to 
be a polymorph of MnSbzOe. At 950°C 
some Mn$Sb207 formed, and the reaction 
was complete after 72 hr at 1100°C. At all 
these temperatures the sample mass was 
consistent with the products indicated in 
Table I. 

At 1200°C and above appreciable mass 
loss occurred, presumably by evaporation 
of Sb as one of its oxides, but even after a 
10% mass loss the powder diffraction pat- 
tern contained only one weak line which 
could not be ascribed to the Mn$Sb207 
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TABLE I 

PRODUCTS OF THE SOLID STATE REACTION 2MnC09 t SbrOJ 

Reaction 
Temperature time 

(“Cl (hr) Reaction products Comments 

600 24 Mn~0~ + ar-Sb204 
900 24 Mn203 t y-MnSbz06 
950 24 MnzOs + Mn2Sb207 + y-MnSbzOb 
950 96 MnzSb20, + y-MnSbzOe t ? Trace of unidentified phase 

1100 72 MnzSbrO, 
1200 24 Mn2Sb20, 2.7% mass loss 
1250 24 Mn2Sb207 + ? 7.3% mass loss 

phase. This weak line at d = 4.99 A could 
not reasonably be explained by any known 
compound in the Mn-Sb-0 system. 

(ii) Range of homogeneity. To investi- 
gate a possible composition range for the 
Mn2Sb207 phase, compositions on either 
side of stoichiometry were prepared and 
examined. Table II sets out the composi- 
tions used, the firing conditions, the phases 
found, and their lattice parameters. The 
variations in the lattice parameters of the 
Mn$b207 phase, depending on whether it 
coexists with Mn304 or MnSbzOc, are ap- 
parently statistically significant and suggest 
a narrow range of homogeneity. 

(iii) Other compounds. To confirm that 
the major phase found at the 2MnO + 
Sb203 composition after firing at 900°C was 
MnSb206, reactants corresponding to this 

latter composition were mixed and fired at 
1100°C. A single phase was formed which, 
apart from improved crystallinity due to the 
higher firing temperature, was identical to 
the trigonal phase formed at 900°C in the 
2MnO + Sbz03 mixture. It has been desig- 
nated y-MnSbz06 to distinguish it from 
previously reported columbite (17) and 
trirutile (28) polymorphs with this composi- 
tion. 

Crystal Structures 

Crystal structures were refined using the 
program POWDER (19). Scattering factors 
for neutral atoms were used (20) without 
correction for anomalous dispersion. The 
weighting scheme used was W(Z) = lO.O/ 
(1 .O + I), corresponding to standard devia- 
tions for the measured intensities ranging 

TABLE II 

LATTICE PARAMETERS OF Mn2Sb207 PHASE IN SAMPLES OF DIFFERENT 

OVERALL COMPOSITION, AFTER FIRING FOR 72 HR AT 1100°C 

Lattice parameters (A) 
Nominal Phases 

composition present a C 

14MnO + 5Sb205 Mns04 t MnrSb,O, 7.1885(2) 17.3986(7) 
2MnO + SbzOS MnSb207 7.1903(18) 17.3951(11) 
lOMn0 + 7SbzOS MnzSbs07 t y-MnSbzOG 7.1933(8) 17.3974(24) 

Note. Figures in parentheses, here and elsewhere, are estimated stan- 
dard deviations in the last quoted decimal place. 
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from about 3 for the strongest reflexion for 
which Z = 100, to about 0.3 for unobserved 
reflexions. These errors are reasonable for 
Guinier camera intensity data. The 
weighted residual, Rw, is @wAZ2/c 
wZ2] 1’2 

(i) ikz#b~07. Diffraction data were col- 
lected to a maximum diffraction angle of 28 
= 60”. On the basis of the lattice parameters 
and the d spacings of the stronger reflex- 
ions, it was concluded that the structure 
was fluorite-related with trigonal symme- 
try. Different cation arrangements consis- 
tent with this model were investigated as 
trial structures using a truncated data set 
including only reflexions with 28 < 30”, 
since these reflexions are the most sensitive 
to the cation ordering. 

When scale and an overall temperature 
factor were refined, the pyrochlore arrange- 
ment of cations yielded R, = 35%, and 
there was no apparent correlation between 
the observed and calculated intensities of 

TABLE III 

CRYSTAL STRUCTURE DATA FOR Mn#bzOT 

Trigonal P3,21 
a = 7.191(l) A 

Z=6 
c = 17.398(l) A 

Atomic coordinates 

Atom Site X Y Z 

Mill 3(a) 0.82(2) 0 f  
Mn2 3(b) 0.83(2) 0 8 
Mn3 6(c) 0.68(2) 0.20(2) -0.005(4) 
Sbl 3(a) 0.32(l) 0 
Sb2 3(b) 0.33(l) 0 : 
Sb3 6(c) 0.50(l) 0.34(l) 0.165(2) 
01 6(c) 0.19(4) 0.20(3) 0.146(10) 
02 W 0.68(4) 0.62(3) O-188(9) 
03 6(c) 0.20(3) 0.55(3) 0.126(11) 
04 6(c) O.Ol(6) 0.32(5) 0.064(8) 
05 6(c) -O&l(4) O&t(5) 0.040(8) 
06 6(c) 0.52(6) 0.40(3) 0.061(11) 
07 6(c) 0.50(7) 0.80(6) 0.055(9) 

Note. B(Mn) = l.](8) A*, B(Sb) = 1.4(4) A’, B(O) = 
-0.4(17) AZ. R, = 5.50%. x2/v = 1.193 (74 observa- 
tions, 35 parameters). 

TABLE IV 

CALCULATED BOND LENGTHS IN Mn2Sb207, BASED 
ON PARAMETERS IN TABLE III 

Bond Length (A) Bond Length (A) 

Mnl-01 2.55 Sbl-02 3.31” 
-04 2.23 -05 1.90 
-05 2.27 -06 2.05 
-06 2.39 -07 2.09 

Mn2-01 2.34 Sb2-0 1 2.03 
-02 2.04 -03 1.67b 
-03 3.096 -04 1.78 
-05 2.23 

Mn3-03 2.34 Sb3-01 1.98 
-04 2.41 -02 1.81 
-04’ 2.46 -02’ 2.55 
-05 2.40 -03 2.22 
-06 2.66 -06 1.86 
-07 2.55 -07 1.99 
-07’ 2.24 

Note. E.s.d.‘s in the bond lengths are determined 
primarily by those of the oxygen coordinates, which 
range from 0.28 A in the xy plane to 0.16 A in the z 
direction. 

0 Sbl is formally 8-coordinated by oxygen, but 02 is 
clearly not part of the actual coordination. 

b These unacceptable bond lengths are both associ- 
ated with 03. 

the low-angle reflexions. In contrast, an- 
other cation arrangement yielded R, = 
16.5% and gave a good qualitative descrip- 
tion of the observed intensities. 

The preferred model has a cation ar- 
rangement which can be described in 
P3i21. The structure was refined in this 
space group using the full data set and, after 
some problems with degeneracy had been 
overcome, yielded R, = 5.5%. The refined 
parameters for this structure are given in 
Table III and derived bond lengths are 
shown in Table IV. Observed and calcu- 
lated intensities and measured d spacings 
are given in Table V. 

A variant of this structure, in which Mn 
and Sb atoms were interchanged, was also 
satisfactory at the stage where cation order- 
ing alone was considered. However, this 
model did not refine well, and it also had an 
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TABLE V 

X-RAY POWDER DIFFRACTION DATA FOR MnrSbrO, 

100 6.22 1.6 1.5 30 4 
101 5.86 5.2 5.1 11 8 
003 5.80 8.2 8.6 10 9 
102 5.06 11.5 10.7 21 6 
103 4.243 3.9 3.8 22 0 
110 3.594 4.1 4.1 22 1 
104 3.566 6.7 6.3 30 5 
111 3.521 2.0 1.9 20 8 I 
112 3.323 2.6 2.8 22 2 
200 - n.0. 0.1 31 0 
201 3.065 10.7 9.2 31 1 
113 - n.0. 0.3 22 3 
105 3.038 1.5 1.6 21 7 
202 2.931 100.0 101.5 11 9 
006 2.899 32.8 32.8 31 2 
114 - n.m. 0.6 30 6 
203 - n.0. 0.1 1 0 10 
106 - n.0. 0.1 22 4 
204 2.530 39.9 41.5 31 3 
115 - n.m. 0.6 20 9 
210 - n.m. 0.1 31 4 
211 2.332 d.m. 0.8 22 5 
205 - n.0. 0.4 21 8 I 
107 - n.0. 0.3 30 7 
212 2.271 0.8 0.8 1 1 10 
116 2.257 1.4 1.3 40 0 
213 - no. 0.1 40 1 
206 - no. 0.1 40 2 
300 - n.m. 0.6 22 6 
214 2.070 3.1 2.5 2 0 10 
301 2.060 d.m. 0.9 40 4 
108 - ll.0. 0.0 00 12 
117 - no. 0.3 40 8 
302 2.017 1.0 0.5 42 2 
303 - 0.6 0.3 40 10 
215 - 0.9 0.9 2 0 14 
207 - 1.2 1.1 24 4 
009 1.9327 1.9 1.3 2 2 12 

1.8741 
1.8605 

- 
- 

1.7970 
- 

1.7832 

- 
- 
- 

1.7167 
1.7082 
1.7018 
1.6938 
1.6868 
1.6754 

- 
1.6548 

- 
1.6052 

no. 
n.m. 
n.0. 
3.1 

d.m. 
d.m. 
d.m. 
d.m. 
d.m. 

ii::. 

dn::. 

0.2 
0.2 
0.4 
1.1 
0.8 
0.1 
1.2 
0.7 
1.0 
0.1 
0.2 
0.1 
0.6 

1.5964 d.m. 0.4 

no. 0.3 
n.m. 0.2 
no. 0.1 
2.2 1.5 

14.6 13.5 
24.8 24.4 
15.7 15.1 
9.9 8.4 
3.3 2.7 
7.1 7.2 
8.0 8.8 
4.3 4.6 
3.8 3.6 
5.4 6.0 
7.0 7.0 

- 
- 
- 

1.5501 
1.5317 
1.5275 
1.5182 
1.4654 
1.4494 
1.2654 
1.1658 
1.1603 
1.1541 
1.1357 
1.1286 

d.m. 
d.m. 
n.0. 
n.m. 
32.0 
no. 

0.5 
0.5 
0.3 
0.3 

32.3 
0.2 

29.3 27.5 

Note. Reflexions with intensities too weak to measure were classified 
as not observed (n.o.), not measurable (n.m.), or d-spacing measured 
(d.m.) and assigned intensities of 0.0,0.25, or 0.50, respectively. Non- 
equivalent h k 1 and k h 1 reflexions are not listed separately. 

implausible arrangement for the formal an- ions is unsatisfactory, but in view of its 
ion vacancies. It was therefore rejected. very large standard deviation it is not unac- 

Some comments on the parameters in Ta- ceptable. In any-case temperature factors 
ble III are necessary. The temperature fac- obtained from Guinier data are of doubtful 
tor for oxygen relative to those of the cat- physical significance because of correla- 
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tions with specimen absorption (21). The 
precision of the parameter estimates, in 
particular those for the anion coordinates, 
is very low, but this is an inevitable conse- 
quence of a low ratio of observations to pa- 
rameters varied of about 2 : 1. 

(ii) MnSbzOs. Diffraction data were col- 
lected to a maximum 28 of 87”. The lattice 
parameters and d spacings of the strongest 
reflexions suggested that the structure 
might be isomorphous with that of the tellu- 
rates Ln2Te06, SczTeOd, and InzTe06 (15, 
22) and uranates CoU206 and NiU206 (14) 
which have the NazSiFe structure (26). The 
density of the phase, measured pycnometri- 
tally, was 5.88 Mg rnm3, compared with an 
X-ray density of 6.19 Mg mm3 for the 
Na#iF&ype structure. 

The initial trial structure based on the 
Na;?SiF, type was not successful. R, was 
32%, for a truncated data set with 28 < 65”, 
and apart from the strongest reflexions 
there was little correlation between ob- 
served and calculated intensities. 

TABLE VI 

CRYSTAL STRUCTUREDATAFOR y-MnSb206 

Trigonal P32 1 z=3 

a = 8.8054(4)A c = 4.7229(4) A 

D, = 5.88 Mg m-3 0, = 6.193 Mg rn-) 
v  = 317.13 A3 

Atomic coordinates” 

Atom Site x Y Z 

Sbl lW 0 
Sb2 2(4 f i 

0 
0.509(9) 

Sb3 3(f) 0.305(l) 0 f 
Mn 3(e) 0.632(2) 0 0 

01 W 0.095(11) -0.115(6) 0.766(8) 

02 6(g) 0.474(12) -0.4oqlO) 0.744(10) 
03 6(g) 0.229(9) -0.232(12) 0.279(10) 

Note. B(Mn) = 1.42(43) A*, B(Sb) = 1.45(15) AZ, 
b(O) = 1.15(63) A*. R, = 4.22%. x*/v = 0.978 (62 
observations, 16 parameters). 

a Asymmetric unit chosen to correspond with that 
adopted by Kemmler-Sack for NiU206 (14). 

TABLE VII 

CALCULATEDBONDLENGTHS~IN Y-MnSb206, 
BASEDON PARAMETERSINTABLE VI 

Bond Length (A) 

Sbl-01 1.95 
Sb2-02 2.00 

Sb2-03 1.91 I 
Sb3-01 2.04 

Sb3-02 2.05 
Sb3-03 2.08 I 

Mean values (A) 

1.95 

1.96 

I 

1.99 

2.06 

Mn-01 2.24 

Mn-02 2.09 2.18 

Mn-03 2.20 

Note. e.s.d.‘s for the bond lengths are about 0.07 A. 
a Bond lengths in this table and in Table IV are cal- 

culated from the refined parameters before rounding to 
the values in Tables VI and III, respectively. 

An alternative noncentrosymmetric 
model with a different arrangement of cat- 
ions on the same set of cation sites was 
more promising. R, was 21.3%, and the 
qualitative fit of intensities was fair. When 
this model was refined with the full data set, 
R, fell to 4.22%. The parameter changes on 
the final cycle were all less than one-tenth 
of their respective standard deviations. The 
refined parameters and derived bond 
lengths are given in Tables VI and VII, re- 
spectively. Observed and calculated inten- 
sities and measured d spacings are shown in 
Table VIII. 

Discussion 

The existence of the compound 
Mn$b207 reported by Subramanian et al. 
(5) has been confirmed. Precision lattice 
parameter measurements suggest that the 
phase may have a narrow range of composi- 
tion since there are small but significant dif- 
ferences between the parameters measured 
for samples prepared on either side of 
stoichiometry, depending on whether 
Mn+Sb,O, coexists with Mn304 or Mn 
Sbz06. 

The X-ray powder diffraction pattern ob- 



MANGANOUS ANTIMONATES 177 

TABLE VIII 

X-RAY POWDER DIFFRACTION DATA FOR -y-MnSbrOh 

100 
001 
110 
101 
200 
111 
201 
210 
300 
211 
002 
102 
301 
220 
310 
112 
202 
221 
311 
400 
212 
401 
320 
302 
410 
321 
222 
312 
003 I 
411 
103 
500 
402 
113 I 

- 
4.722 

4.402 
4.015 

- 
3.220 
2.968 
2.882 
2.542 
2.461 
2.362 

- 
2.239 
2.202 
2.116 
2.082 

- 
1.9953 
1.9308 

- 
1.8211 

- 
1.1493 
1.1303 

1.6639 
1.6398 
1.6099 

- 

1.5694 
- 

1.4825 

n.m. 
23.8 
21.6 
32.4 

no. 
100.0 
41.9 

5.0 
63.4 
32.1 
14.2 

no. 
21.1 

2.4 
2.6 
4.3 

no. 
19.2 
3.6 

no. 
5.2 

n.0. 
2.8 

69.8 
3.6 

26.2 
3.9 

3.3 

14.3 
nm. 
n.0. 

9.0 

0.8 330 
23.9 203 
26.1 501 
34.1 420 
0.1 322 

100.9 331 
51.5 213 
5.2 421 

61.1 510 
33.4 412 
12.5 303 
0.1 511 

25.6 502 
2.1 223 I 
2.1 600 
4.6 313 
0.3 430 

18.7 332 
3.0 422 
0.8 601 
5.9 520 
0.1 403 
2.6 431 

10.1 512 
3.5 521 

24.9 004 
3.8 323 

3.4 
104 
610 

13.9 413 
1.3 114 
0.0 61 1 

9.5 
204 
602 

1.4616 
1.4550 
1.4513 
1.4410 

- 
- 

1.3819 
1.3185 

1.3695 
1.3605 
1.3384 
1.3155 

1.2806 

1.2112 
- 
- 

1.2465 

22.3 19.8 
6.0 5.4 

10.9 9.1 
4.5 4.0 

n.m. 1.3 
4.4 3.5 
8.2 1.3 
4.6 4.0 
2.8 2.6 
4.6 3.9 
4.2 4.7 

11.1 9.8 

5.0 

4.9 
n.0. 
n.0. 

7.8 
1.9 
1.1 

2.0 
n.o. 
no. 

4.1 

5.2 
0.8 
1.2 
8.3 
2.2 
2.1 

2.0 
0.1 
0.1 

(18.1) 12.1 

6.9 8.2 
no. 0.2 
no. 0.6 
4.6 5.3 

n.0. 1.1 
n.0. 0.3 
n.0. 0.0 
10.3 12.1 

Note. Reflexions with intensities too weak to measure were classified 
as not observed (no.) or not measurable (n.m.) and assigned intensities 
of 0.3 or 1.0 respectively. Nonequivalent h k I and k h 1 reflexions are 
not listed separately. Zabl in parentheses is not included in refinement. 

tamed from the phase agrees well with that can be indexed on the basis of a trigonally 
described by Subramanian et al. (5), though distorted fluorite-type subcell, so that it is 
numerous additional weak reflexions were reasonable to’ assume that the structure of 
observed and indexed. These weak reflex- Mn2Sb207 is fluorite-related, with the su- 
ions include some for which -h + k + 1 # percell, i.e., the true unit cell, determined 
3n, so that the symmetry is trigonal or hex- by the cation arrangement on sites permit- 
agonal, rather than rhombohedral as previ- ted by the subcell-supercell relationship. 
ously proposed. All the strong reflexions The cation arrangement corresponding to 
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pyrochlore ordering does not give a satis- 
factory explanation of the X-ray reflexion 
intensities. However, an alternate fluo- 
rite-related structure does explain these in- 
tensities and has been refined successfully 
in the space group P3121. 

The proposed structure cannot be re- 
garded as definitive. The ratio of observa- 
tions to parameters varied is low, and the 
nonequivalent hkl and khl reflexions cannot 
be resolved with powder data, so that preci- 
sion is poor. Nevertheless, the structure 
provides an acceptable description of the 
reflexion intensities, indicated by a good- 
ness-of-fit index close to unity. Also, the 
average bond lengths and coordination 
numbers are consistent with generally ac- 
cepted values. The bond lengths shown in 
Table IV exhibit considerable variation. 
Nevertheless, the overall mean values of 
2.41 A for Mn*+-O*- and 1.97 8, for Sb5+- 
O*- are in vary fair agreement with the ex- 
pected values of 2.34 and 1.98 A, respec- 
tively, derived from Shannon’s compilation 
of ionic radii (23). Two exceptional bond 
lengths in Table IV, and an unacceptable 
oxygen-oxygen distance of 1.87 A, are all 
associated with the same oxygen atom. Fi- 
nally, the structure provides a natural ex- 
planation for the trigonal distortion of the 
subcell relative to the ideal cubic form: this 
distortion is not so easily explained if cubic 
pyrochlore cation ordering is assumed. 

The relationship between the structure 
proposed here for Mn2Sb207 and the 
pyrochlore type is most easily understood 
in terms of the description given by Darriet 
et al. (24) and Yagi and Roth (25). In this 
view, the pyrochlore structure is composed 
of an alternation parallel to (111) of “hexag- 
onal tungsten bronze” (HTB) layers of cor- 
ner-linked B06 octahedra and “isolated oc- 
tahedron” (IO) layers. The stacking of the 
layers is such that all octahedra share all 
their corners with adjacent octahedra, giv- 
ing rise to a rigid 3-dimensional framework. 

In the Mn2Sb207 structure the same alter- 

nation of HTB and IO layers occurs, but 
the stacking is different and the isolated oc- 
tahedra share only four of their six corners. 
It is postulated that this results in a less 
rigid framework able to accommodate diva- 
lent cations which could not form a true 
pyrochlore. The different stacking se- 
quences are illustrated in Fig. 1. 

The review by Subramanian et al. (6) 
only reports structure determinations for 
A:+ Bg+ O:- pyrochlores in which A is Cd 
or Hg, with ionic radii in &fold coordination 
of 1.10 and 1.14 A, respectively. Conse- 
quently it is not surprising that Mn*+, with 
radius 0.96 A, does not form a pyrochlore 
with Sb5+. 

During the preparation of Mn2Sb207, a 
precursor phase formed that also has trigo- 
nal symmetry. The composition of the 
phase was shown to be MnSb20e, and it 
has been designated y-MnSb20c, to distin- 
guish it form the previously reported 
orthorhombic columbite (17) and tetragonal 

(B) 

FIG. 1. Idealized view down [ill] fluorite subcell 
direction of comer-linked B06 octahedra, showing the 
different stackings of the “hexagonal tungsten 
bronze” layer (light lines) and “isolated octahedron” 
layer (heavy lines) in the (A) pyrochlore and (B) 
MnZSb207 structures. Filled comers of the isolated oc- 
tahedra link to the adjacent HTB layer (not shown). 
Broken line is the projection of the trigonal unit cell. 
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u-h-utile (18) polymorphs with this composi- 
tion. 

The structure of y-MnSbz06 has been de- 
termined from X-ray powder diffraction 
data and shown to be related to, but distinct 
from, that of the tellurates and uranates 
with the Na2SiF6 structure. Both structures 
can be described as hexagonal close-packed 
oxygen arrays with cations occupying half 
the octahedrally coordinated sites. In both 
structures the same sites are occupied by 
cations, but the distribution of the differ- 
ent cations between the sites is different. 
This difference is readily explained by con- 
sideration of the cation radii. MnSbzOs has 
the general formula AB& while NiU206, 
CoU206, In;?Te06, SclTeOs, and NazSiFh 
have the general formula A2BX6 where A 
and B denote the larger and smaller cations, 
respectively. 

In conclusion, this paper sounds a note of 
caution against describing compounds as 
pyrochlores on the basis of a general for- 
mula A~B207, an approximately face-cen- 
tered cubic subcell with lattice parameters 
of about 5 A, and some supercell reflexions 
with positions corresponding to a doubling 
of the subcell parameters. There are numer- 
ous cation arrangements of the fluorite-re- 
lated type which would satisfy these condi- 
tions, only one of which is the pyrochlore 
type. The critical test is that pyrochlore or- 
dering of the cations must adequately ex- 
plain the intensities, as well as the posi- 
tions, of the X-ray reflexions. MnzSb207 is a 
relatively recent example where this test is 
failed, but there are many other reported 
pyrochlores which might repay a similarly 
critical reexamination. 

Appendix 

If Mn2Sbz07 has a structure which is a 
small homogeneous distortion of the 
pyrochlore type, the relative intensities of 
the 101 and 003 reflexions should be 3 : 1, 
determined primarily by their multiplicities, 

since both these reflexions derive from 111, 
reflexion (the subscript p denotes indices 
with reference to the pyrochlore axes: indi- 
ces without subscripts refer to the hexago- 
nal axial set). In fact the observed intensity 
ratio is 10: 13. Similarly the 021, 113, 105 
triplet derived from 311, has observed in- 
tensities in the ratios 10: 0: 3 compared 
with multiplicities in the ratios 1 : 2 : 1. Also 
the 102 reflexion, the strongest “supercell” 
reflexion, is derived from the 200, reflexion 
which is systematically absent for the 
pyrochlore structure. Finally the observed 
103 reflexion is not permitted by rhombohe- 
dral symmetry. 
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