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Analysis of X-ray diffraction evidence obtained from a single crystal of natural weberite, Na2MgAlF,, 
at room temperature and at - 140°C rules out all space groups but two, the noncentrosymmetric Zmm2 
(originally proposed by Bystrom) andZ2i2,2,. However, comparison of structure refinements in these 
two groups and in Zmma shows that the departure from centrosymmetry is so slight, and the positional 
and thermal parameters of some of the F atoms in the Zmm2 and Z2,2,2, refinements are so highly 
correlated, that the descriptions of the weberite structure in the three space groups must be regarded 
as practically indistinguishable. In the absence of a proof of achirality Bystrom’s space group assign- 
ment is provisionally accepted as valid, and Na*MgAlF, is considered as isostructural with the recently 
refined Na,NiFeF,. 

It took over thirty years for Bystrom’s 
(I) determination of the crystal structure of 
weberite, Na2MgA1F,, to be repeated by 
modern techniques. Then, by a curious co- 
incidence, two determinations were re- 
ported in the same year, both designed to 
verify Bystrom’s space group assignment: 
one (GT) on the type material from Ivigtut 
(2) and another (HVBDT) on a synthetic 
analog, Na,NiFeF,, assumed to be isostruc- 
tural(3). It is therefore ironical that the two 
investigations should disagree in their con- 
clusions and that oddly enough the work on 
Na,NiFeF, should confirm Bystrom’s 
Zmm2, while the work on weberite itself re- 
sulted in a reassignment to Zmma. 

The history of the crystallography of we- 
berite and its synthetic analogs has been 
briefly reviewed elsewhere (4), so only de- 
tail directly relevant to our present purpose 
will be repeated in the following. All the 

* To whom correspondence should be addressed. 

reports agree that weberite is orthorhombic 
and that the systematic absences are h + k 
+ 1 = 2n + 1, i.e., the unit cell is body 
centered. The nine body-centered ortho- 
rhombic space groups and their relations 
are presented in Tables I and II; Table 
I also shows the critical diagnostic classes 
of reflections allowed by the individual 
space groups. The reflections h0l and Ok1 
with 1 odd (designation of axes as in Table 
III) have been observed for both weberite 
and N%NiFeF,, many of them strong or 
very strong. This rules out Zba2, Zbam, and 
Zbca as possible space groups. The choice 
of the correct space group then depends on 
the observability of hk0 reflections with h 
odd. If these reflections are absent, the 
space group is Zmma or its noncentrosym- 
metric subgroup Z2mb. If they are present, 
the space group is one of Zmmm, Zmm2, 
1222, and Z2,2,2,. GT reported as observed 
systematic absences hklwith h + k + I= 2n 
+landhkOwithh+k=2n+l,without 
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TABLE I 

REFLECTIONS ALLOWED BY THE NINE 
ORTHORHOMBIC BODY-CENTERED SPACE GROUPS 

General condition: h + k + I = 2n 
Supplementary conditions: 

None 1222, 12,2121r Imm2, Immm 
hkfl (h = 24 I2mb, Imma 
hOI (h = 24 
Ok1 (k = 24 

Zba2, Ibam 

hko (h = 24 
ho1 (I = 24 
Okl (k = 2n) 

Ibca 

commenting on the presence or absence of 
the hk0 class with h odd, and they inter- 
preted their E statistic as favoring a centro- 
symmetric space group. This they took as 
an indication that the space group of we- 
berite is Zmma and refined the structure ac- 
cordingly (Table III). HVBDT, on the other 
hand, who had set out expressly to look for 
the presence of the diagnostic reflections, 
did observe a number of hk0 with h odd, all 
of them very weak. They thus concluded 
that the applicable space group was Imm2 
and refined the structure of Na,NiFeF, in 
this space group to an R of 0.029. 

The conclusion from these results is that 
either weberite and Na,NiFeF, have differ- 
ent space groups, even though the struc- 
tures are essentially the same, or that the 
space group of both compounds is Zmm2, 
but the hktl reflections with h odd are even 
weaker in weberite than in NazNiFeF, and 
thus likely to escape detection in a routine 
intensity collection by automatic diffrac- 
tometry, i.e. the hk0 reflections simulate 
the systematic absences of Imma and 12mb. 
A third possibility, not mentioned by GT 
and HVBDT, is that Bystrom’s stnMure is 
not the only one which gives a chemically 
reasonable atomic arrangement and a low 
R, and that another structure (or other 
structures) exists which is as compatible or 
more so with the observed diffraction inten- 
sities. 

In view of the continuing interest in fluo- 

rides and oxides with structures of the we- 
berite type (the former because of their 
magnetic properties, the latter as structural 
alternatives to A2B207 pyrochlores) it 
seemed worthwhile to reexamine the struc- 
ture of the mineral afresh. It was clear that, 
to resolve the existing ambiguities, a special 
effort would have to be made to determine 
whether or not hk0 reflections with h odd 
can be observed. 

Routine intensity collection (Table III) 
from a weberite crystal of good quality (for 
details, see Experimental) confirmed the 
orthorhombic body-centered unit cell and 
produced several very weak hk0 reflections 
with h odd and Z > 241). The existence of 
this class of reflections was confirmed by 
slow scans across some of them (a sample 
scan is shown in Fig. 1). The routine inten- 
sity collection and the slow scans were re- 
peated at - 140°C with much the same 
results. 

The presence of the diagnostic reflections 
points to one of the four space groups 
Immm, Imm2, 1222, and Z2,2,2,. A reso- 
nant-circuit test for piezoelectricity gave a 
negative, and thus inconclusive, result both 
at room and liquid-nitrogen temperatures. 
Looking for evidence of chirality by optical 
measurements seemed unpromising, as 
demonstration of optical activity in biaxial 
crystals is notoriously difficult. Predictably, 
a three-dimensional Patterson map was 

TABLE II 

SUBGROUP RELATIONS AMONG THE NINE 
ORTHORHOMBIC BODY-CENTERED SPACE GROUPS” 

Maximum subgroup with the 
same lattice translations 

Group I222 12,212, lmm2 Iba2 Ima 

Immm x X 

Zbam X X X 

Ibca X x 
Imma X X X 

a Disregarding orientation; standard settings. 
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TABLE III 

CRYSTAL DATA AND DETAILS OF REFINEMENT OF THE STRUCTURE OF IVIGTUT WEBERITE AND Na*NiFeF,” 

G-I’ (2) 
Weberiteb 

This work 
Na*NiFeF, 
HVBDT (3) 

R.T. R.T. - 140°C R.T. 

Radiation 
ho (cm-7 
a (A) 
b CA) 
c (A) 
v  (A7 
0 range (“) 
Total no. of reflections 
Refinement in Imma 

No. of unique reflections 
R; R, 

Refinement in lmm2 
No. of unique reflections 
R R, 

Refinement in 12,2,2, 
No. of unique reflections 
R:R, 

Refinement in 12mb 
No. of unique reflections 
R R, 

MO Kd 
8.0 
7.060(l) 

lO.OOO( 1) 
7.303(l) 

515.6(2) 
2-30 

1812 

425 
0.036;- 

MO Kcx 
7.8 

7.051(l) 7.050(4) 
9.968(2) 9.979(6) 
7.285( 1) 7.297(3) 

512.1(3) 513.4(8) 
2-25 

1016 1376 

306 244 
0.019; 0.018 0.021; 0.020 

313 254 
0.019; 0.017 0.021; 0.021 

510 410 
0.021; 0.021 0.022; 0.024 

551 441 
0.020; 0.020 0.021; 0.020 

MO Kcx 
63 
7.245(l) 

10.320(l) 
7.458( 1) 

557x$2) 
6-31 

1355 

527d 
0.029; 0.029e 

a The uncertainties quoted are single esd’s in units of the last place. The number of unique reflections is that 
used in the refinement; the numbers quoted for GT and for this work are for I > lu(Z). 

b NkMgAlF, (taken as completely ordered, see text). FW = 230.25. 
c Cu Kol was used in the determination of the unit-cell dimensions. 
d Includes 14 reflections with I < 3u(Z). 
e R = R, = 0.027 when the 14 reflections with Z < 3cr(Z) are omitted. 

compatible with Bystrom’s structure but in- methods to this crystal of isoelectronic at- 
sensitive to differences between the possi- oms resulted in merely reproducing the fea- 
ble space groups, and application of direct tures of the Patterson map. 

FIG. 1. Profile of one of the diagnostic h/dl reflec- 
tions (530) of weberite at room temperature (superpo- 
sition of ten slow 0 scans, arbitrary counts scaling). 

Keeping in mind the chemical and elec- 
trostatic reasonableness of Bystrom’s 
structure and the very low R values ob- 
tained in the GT and HVBDT refinements 
based essentially on Bystrom’s model, 
there appeared no obvious way of estab- 
lishing the possible existence of an alterna- 
tive, homometric or otherwise, chemically 
reasonable structure in these circum- 
stances. The problem then resolved itself 
into a comparison of refinements of the 
Bystrom model in the admissible space 
groups. Because of the extreme weakness 
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of the observed Z&O reflections with h odd 
Zmma and Z2mb were also included in the 
comparison. 

The six space groups are related as fol- 
lows: 1222 C Zmmm 3 Zmm2 C Zmma 3 
(Z2mb, Z212121). However, although Zmm2 is 
a subgroup of Zmmm, the Bystrom struc- 
ture cannot be described in the latter with- 
out having to place Na and Mg in the same 
equipoint (and similarly Na and Al). This 
rules out Zmmm and 1222. Refinements in 
the remaining four space groups are com- 

pared in Tables III and IV. It is seen that the 
differences between corresponding refined 
fractional coordinates are almost all within 
three esd’s; some of the differences outside 
these limits, e.g., x(Zmm2) and x(Z2mb), can 
be traced to the necessity of having to fix 
one of the coordinates at a particular (arbi- 
trary) value. Moreover, the refined coordi- 
nate values in Zmma are indistinguishable, 
within two esd’s, from those reported by 
GT; in Zmm2 they are reasonably similar to 
those of NazNiFeF7 if allowance is made 

TABLE IV 

REFINEMENT OF THE WEBER~TE STRUCTURE IN DIFFERENT SPACE GROUPS: PCSITIONAL PARAMETERS= 

Atom 
Imm2 
+ NW 

Zmmo 
- KM) 

Rmb 
- @it) 

Na( 1) 

N&2) 

Al 

F(l) 

F(2) 

F(3) 

F(4) 

F(5) 

F(6) 

249x8) 
0 
498q 11) 

0 
2534m 
7503( IO) 

2499(6) 
0 
[Ol 
0 
2499(3) 
25030 

0 
0 
8’+W) 

: 
6119f8) 

0 
166X6) 
4700(8) 
0 
3367(6) 
0282(8) 

1838(5) 
137&4) 
1865(7) 
3156(4) 
1371(4) 
8198t8) 

a(8) 

-2X13) 

- 106) 
-24(14) 

-11m 

1x4) 
-1411) 

59t11) 

58(12) 

-1X5) 
52(10) 

-‘x5) 
43( 11) 

w4 
-6(d) 
4WO) 

17(5) 
a(4) 

38(9) 

f  
oawl 
4 

-0027(6) , 

: 
f 

0 
0 
886X1) 

-0016(6) -15(S) 
1648(l) 41) 
4709t 1) 4(2) 

183Ot3) 
1359(3) 
1818t4) 

315Ot3) 
1388(3) 
8209(4) 

-2(5) 

-2X6) 

-X5) 

-11(4) 

-x4 

8(3) 
3(3) 
l(6) 

-U4) 
- 3(3) 

o(6) 

4(d) f  

: 
4(a) 0 

: 
4c) f 

0 
0 

4(b) 0 

: 

4(e) 0 
0 
886X2) -l(3) 

8th) 0 
1u8( 1) -4(I) 
4709( 1) W) 

160’) 1841(l) 4(l) 
1374(l) o(1) 
18Oql) o(1) 

4(b) 

4(b) 

4(a) 

2-544(b) 
0 
49wn 

WI 

: 

2X35) 

-Ll,,) 

0025(6) 

: 

~Y7) 
0 
88WU 

-8C3) 

4(10) 

-U7) 

W-9 
- ll(8) 

-30(10) 

-x3 

0042~7) -19(10) 
1649( 1) -5t 1) 
4709( 1) W) 

187q6) 
1376(3) 
1813(4) 

319x6) 
1372t3) 
1794(4) 

l(9) 
6(J) 
%6) 

- 7(9) 
- 5(3) 
X6) 

D Nonspecial parameter vahtes have been multiplied by IO’. Values in square brackets are defined. The first entry for each 
parameter refers to the room-temperature structure; the second entry is the low-temperature value presented as deviation from the 
room-temperature value. The values in parentheses are the single esd’s tin units of the last place) for the room-temperature and 
the low-temperature values, respectively. The room-temperature entries may be compared directly with the HVBDT values for 
NasNiFeF,. To compare with GT, add (Ott) to the Zmmn values for room temperature and find symmetry-equivalent position 
where required. Note that NaG) and Na(2) are interchanged and that OUT F(1) + F(2) -+ F(lh,, F(3) + F(4) -, F(2)ot, and F(5) + 
F(6) + P(3),,. 
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for the constant difference in z between the 
two refinements (which is due to the indefi- 
niteness of the reference point) and for the 
differences in the effective ionic sizes. 

The thermal parameters U, (Table V) 
vary little from one refinement to another, 
although the variation (and uncertainty) in 
the cross terms is greater than in the U,, 
terms. The reduction on cooling is appre- 
ciable for some of the Uij but statistically 
insignificant for others. The largest differ- 
ence between refinements is shown by U,, 
of Na(2), which assumes a large negative 
value in Zmm2. Our refinement in Zmma re- 
produces, qualitatively, the thermal param- 
eters of GT. In particular, U,, of Na( 1) and 
U,, of F(5) are both negative, and U,, of 
Na( 1) is by far the largest of all the Uij. A 
similar qualitative agreement is observed 
for our refinement in Zmm2 and the HVBDT 
Z& values of Na,NiFeF,, except that for 
Na,NiFeF, only the isotropic temperature 
factor of F(4) was refined because of the 
tendency of the Bij of F(4) to assume nega- 
tive values. 

Examination of the correlation matrix el- 
ements for the individual refinements (Table 
VI) reveals that for F(5) and F(6), which are 
in the same equipoint in Zmma but in sepa- 
rate general equipoints in the other three 
space groups, the positional and thermal 
parameters are highly correlated. Similarly, 
strong correlations exist between the posi- 
tional (and to a lesser extent the thermal) 
parameters of F( 1) and F( 2)) and of F( 3) and 
F(4), in Zmm2, where these atoms occupy 
separate equipoints. 

The conclusion thus is that the space 
groups compatible with the evidence and 
symmetry arguments presented here are the 
noncentrosymmetric Zmm2 and Z2,2,2,. 
Furthermore, since Z&O reflections with h 
odd were unmistakably observed for 
N&NiFeF,, these two space groups are the 
applicable alternatives also for this com- 
pound. NaeNiFeF, should therefore be re- 
garded as isostructural with weberite, with 

the residual uncertainty that the one might 
belong to Zmm2 and the other to Z2,2,2, (the 
last-named space group not considered as a 
possibility in HVBDT). However, the exis- 
tence of the strong F(5)-F(6), etc., correla- 
tions, the weakness of the Z&O reflections 
with h odd, and the indifference of R to the 
choice of space group all indicate that the 
difference between the noncentrosym- 
metric description and the centrosymmetric 
description inlmma , which results on ignor- 
ing the existence of the critical reflections, 
is very slight. The atomic positions result- 
ing from the refinements in the three non- 
centrosymmetric groups are very close to 
those of the Zmma model: the deviations 
from the respective special values in zmmu 
are within three esd’s for 19 of the 31 posi- 
tional parameters of refinement. Much the 
same result applies to the refinements in 
Z2mb. 

Until conclusive evidence of chirality has 
been presented, we shall regard the intui- 
tively more natural Zmm2 as the valid space 
group symmetry of weberite. The metal- 
fluorine distances resulting from the above 
refinements (Table VII) are all compatible 
with the distances expected from sums of 
the effective ionic radii. The possibility of 
partial disorder, strictly speaking, cannot 
be excluded, but it should be noted that a 
HVBDT refinement assuming a statistical 
distribution of Ni and Fe gave a somewhat 
higher R than the ordered structure; a re- 
finement of the room-temperature weberite 
intensities in Zmm2 with Mg and Al inter- 
changed resulted in R = 0.023 compared 
with 0.019 for the “normal” distribution. 
Examination of a synthetic Na,NiAlF, 
might shed further light on the weberite 
problem. 

Experimental 

The material for our structure determina- 
tion was specially selected for this purpose 
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by Professor H. Pauly of the Mineralogical 
Institute, Technical University of Den- 
mark, from his extensive collection of the 
Ivigtut material. It was a fragment of a 2-cm 
crystal with cleavage faces from the 
pegmatite overlying the Ivigtut deposit in 
the western half. The clear, colorless crys- 
tal (0.1 x 0.2 x 0.4 mm) used for diffraction 
was cleaved off this fragment. 

Because of the smallness of the fragment 
and the general scarcity of homogeneous 
weberite samples an accurate chemical 
analysis was not attempted. However, the 
results of X-ray fluorescence analyses (pure 
fluoride standards) on samples of Ivigtut 
weberite and the remarkable constancy of 
the weberite optics indicate that homoge- 
neous weberite may be regarded as stoi- 
chiometric Na*MgAlF, (H. Pauly, personal 
communication; cf. also Ref. (6)).’ 

The piezoelectric tester was of the 
Giebe-Scheibe type (Crystal Structures 
Ltd., Bottisham, Cambridge, England). 

X-Ray intensities were collected with a 
CAD-4 four-circle diffractometer (cf. Table 
III) and reduced by routine procedures (7). 
A conventional cold-gas-flow cryogenic de- 
vice was employed in the collection at 
- 140°C. Correction for Lorentz and polar- 
ization factors were applied but not for ab- 
sorption. The ionic scattering factors were 
taken from Ref. (8). Weighting schemes of 
the type HJ-~ = cr”IF,,l + klF,12(o = individ- 
ual esd calculated from diffractometer 
counting statistics) and full-matrix least- 
squares refinements (9) were used through- 
out. 

Tables of structure factors for the individ- 
ual refinements will be supplied by the au- 
thors on request. 

1 The original analysis of Ivigtut weberite (5) in- 
cluded I. 19% K, 0.08% Ca, and 0.37% Fe. The author 
comments that the Ca probably originated in a fluorite 
impurity, but the K and Fe were thought possibly to 
replace Na and Al or Mg, respectively, in the weberite 
itself. 
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TABLE VI 

CORRELA~ON MATRIX ELEMENTS (x 100) GREATER THAN [0..51a 

Refinement in space group 

Atoms zmm2 ~-&212, Zmma Z2mb 

Nti U-W 

Na( I)-Al 

Na(2)-Mg 

X -50; -61 Y --; 57 u,, 51; - 
u ss -; 56 u,, 51; - 

u, 51; - 

Na(2)-Al 

Mg-Al 

F( 1)-W) 

F(WF(4 

FUbF(6) 

z 90; 88 
U,, -56; -62 
U 22 --; -52 
u,, -53; - 

Y 93; 89 
z 95; 93 
U,, -65; -66 
U,, -65; -62 
U, -72; -58 
u, -73; -72 

X 90; 85 
Y -92; -89 
2 97; 96 
u,, -79; -71 
U,p -81; -75 
U, -80; -71 
UIZ 85; 88 
U,, -85; -82 
u23 80; 80 

U 33 -; 54 u,, 51; - 

u,, 53; - 

X 86; 83 
Y 88; 90 
Z 93; 92 
U,, -83; -85 
u,, -93; -90 
U, -92; -95 
U,, -89; -88 
u,, -94; -95 
u, -94; -95 

X 50; 59 

X 63; 65 

X 97; 98 
Y 94; 91 
Z 95; 94 
U,, -80; -80 
U,, -78; -80 
U, -78; -74 
U,, -85; -86 
U,, -84; -84 
U= -81; -82 

n Since all the correlations are between corresponding parameters, e.g., x-x or U,,,-Q,,, the parameter symbol 
is listed only once. First entry, room temperature; second entry, - 140°C. 
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