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THE CBVSTAL STRUCTURE OF BdGGLDITE
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Ansrrlcr

_ . p9_ c,rystal structure of bflggildite, Sr2Nas-
t$lzltqd{o], a 5.25r(3), b Jo.464(s), c ts.s7t(i)
A, p 107.53(3)", v 973.3(2) 4", z - 4, .pace gro,rp
P2rlc has been solved by patterson anA f'ouriei
methods and refined by a full-matrix least-squares
method to an R index of 5.5Vo for 1736 observed
(34) reflections. Each (POn) tetrahedron corner-links
+n,two Al@u octahedra to form an Alr(pOn)O,o unit
(p: unspecified anion); these units link bv'corner_
sharing between octahedra and tetrahedra to form
an infinite chain of composition (Alz@OJFs) that is
the fundamental basis of the structure. itis chain
extends parallel to the Y axis, and adjaent chains
nestle closely together to form a sheet- in the (100)
plane. Bonding within the sheet and between adjacent
sheets is by the Sr and Na cations that have co-
ordination numbers Fl, [8] and [9]. Bdggildite, with
its mixed corner-linked octahedral-tetraGdral citains,
is radically different from the other aluminofluoride
minerals containing tetrahedral oxyanions. In creed_
ite, CasAl:(SOe)Fe(OII)r.2HrO, and chukhrovire.
9s(Y,Ce)Alr(SO4)F$.10H2O, there is no linkage
between the AJQ' octahedra and the tetrahedra. This
is the result of tle different bond-valence require-
qent of the orygen atoms co.ordinating the p and S
in different structures.

Keywords: blggildite, crystal structure, alumino-
fluoride, phosphate.

Souvrm,r

La structure cristalline de la blggildite, Sr2Na2-
k\I,(POJFol, a 5.251(3), b 10.464(5), c tS.S7t(i)
A, B 107.53(3)", V 973.3(2) 4", Z - 4, de groupe
spatial P?a/ c, a 6t6 etablie par les m6thodes patter-
sotr et Fourier, et affin6e pa.r la m6thode des
moindres carr€s i matrice entidre, sur 1736 16-
flexions observ6es (3o), jusqu'i un r6sidu de 5.5Vo,
Ciaque t6traddre PO, s'unit i deux octaEdres AlOo
(@: groupe anionique non-sp€cifi6) en metrant un aio-
me d'oxygine en corrtmun avec chacun d,eu6 de fa-
gon i former un groupe Nr(PO)Oro. De tels groupes
s'unissent, par le m6me processus de partage d,atome
d'oxygBne entre octaBdre et t6traCdri, pour donner
une chaine infinie de composition Alr(pOrFs,
6l6ment structural fondamental, parallble i l;axJdes
y. Un ensemble de pareilles chaines proches l,une de
I'autre forme un feuillet s,tructural d,orientation
(100). Les liaisons, tant i l'int6rieur des feuillers
qu'entre feuillets contigus, sont assur6es par les cations
Sr et Na en coordiDence 7, 8 ou 9. par ses chalnes

mixtes d'octaedres et t6traedres i coins communs, la
b/ggildite diffbre radicalement des autres alumino-
fluorures naturels i oxy-anions t6tra6driques. Dans
la cr6edite Ca,AIr(SOJFT(OH),.2ILO et la tchou-
khrovite Cas(Y,Ce)Alg(SOJF1a.l0H2O, on n'observe
pas d'assemblage entre octabdres AlQe et t6traddres,
fait qui r6sulte des diff6rences entre les eilgences des
valences de liaison des atomes d'orygdne coordonn6s
i P et A S dans des structures diff6renGs.

(Traduit par la Rddaction)

Mots-cl6s: bdgeddite. structure srislallins, alumino-
fluorure, phosphate.

INrnopucttoN

Blggildite is a rare flesh-red phosphate
aluminofluoride mineral, SrrNarAlr(PO4)F0,
found at the Ivigtut cryolite locality, Greenland,
wherc it orcurs together with siderite, fluorite,
black cryolite, quarlz, green mica and sphalerite
at the contact of the cryolite body with ad-
jacent greisen (Blgvad 1951, Nielsen 1954,
Pauly 1956). M4ller (1956) showed b0eCild-
ite to be monoclinic, with space group Y2r/ c.
Mdller's orientation is retained here.

As part of a continuing study of the structures
of the aluminofluoride minerals (Hawthorne &
Ferguson 1975, 1981, in prep.), the structure
of b/ggildite has been solved to determine its
structural relationship to the other alumino-
fluorides. Althougb there are no oth€r phos-
phate aluminofluorides, there are sulfate alumi-
nofluorides, namely creedite, Ca*Alr(SOe)Fr
(OH)r.2HrO, and chukhrovite, Caa(Y,Ca)Al,
(SOa)Frg'1OHrO, the structures of which are
known. Consideration of bond valences in these
three minerals suggested that the structure of
b/ggildite would be based on (PO.)-(AIO")
linkages and that the structures of creedite and
chukhrovite should be based,on (SO,) -(Ca@r,e)
linkages (@: unspecified anion). As this is the
case for creedite and chukhrovite, solution of
the blggildite structure acquired added interest.

Expenrrvrnnrer.

Single-crystal X-ray precession photographs
display monoclinic symmetry with systematic
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absences OkO, k - 2n * L; hAL I -- 2n * t,
uniquely determining the space group ilt Fhl c.
Precession photographs of several crystals were
characterized by large spots, indicative of a
considerable degree of mosaicity. Cell dimen-
sions were determined by least-squares refine-
ment of 15 reflections automatically aligned on
a Syntex P2, automatic 4-circle diffractometer.

An equidimensional fragnent of -0.18 mm
diameter was used to collect the intensity data
according to tle experimental method of Haw'
thorne & Grundy (t976). TWo standard re-
flections were monitored every 5O reflections
to check for intensity fluctuations; no signifi-
cant change in their intensities was observed
during data collection. A total of 2J83 reflec-
tions were measured over one asymmetric unit
to a maximum 20 af" @' (sind/)r - 0.7M).
The data were corrected for LorenE, polariza-
tion, absorption and background effects' and
reduced to structure factors. A reflection was
considered as observed if its mapitude ex-
ceeded that of three standard deviations based
on counting statistics. Of the 2383 rinique re-
flections, 1736 werc considered as observed.

Srnucrrrnr Sor,unoN AND REFnIBMBNT

Scattering curves for neutral atoms were
taken from Cromer & Mann (1968), with
anomalous dispersion coefficients from Cromer
& Liberrnan (1970). R indices are of the form
given in Table 1 and are expressed as IEr-
centages.

The three-dimensional Patterson synthesis,
P(uvw), suggested atoms at the Wykoff posi.
tions 2a and 2c. These were assumed to be Al,
and a successful solution for the two Sr posi-
tions was subsequently derived. The remaining
atoms were found bv successive difference

TABLE 1. MISCELLANE0US INFORlilATI0ll: BOGGILDITE

a 5 .251(3) i
b  10 .464(5)

c  18 .577(9)
B 107.53(3)
v  e 7 3 . 3 ( 2 )

Space group P2rlc

Unlt cel l  contents
D"u.,"= 3.6929 cm-3

Crystal slze 10.20 rrn

Rad/Mono Mo/C

Total No. of lFol 2383

No. of lrol>3o 1736

Fina l  R (obs)  5 .5%
Fina l  R,  (obs)  6 .5%

4[SrrNarAl, (P0O)FrJ

Temperature factor fonn used: exnl-rrhrhrO.,;J
R  =  r ( l F o l - l F . l ) / r F o l

nn = t rw( lFol - lF" l )2/zwro27\ ,  w = 1

TABLE 2. ATOMIC POSITIONS AND EQUIVALENT ISOTROPIC
TEI'IPERATURE FACTORS FOR B9GGILDITE

B;ui v(A')
o. o3e6( r )
0.4632( r )
0.2500( 3)

0
0

0.2469
0.2425
0,2t94
0.2435
0  . l  l 2 l
0 . ' r730
0.3031
0.09 I  3
0.1243(7
0.09 I  9 (  7
u . l J t c

0.1261(7
0.2141(7
0.0339
0.1  3s9(  7
0.9663( 7

'Bequiv= 
% 

1 
I sijei3; gij: real-space rnetrjc tensor

TABLE 3. ANISOTROPIC TEMPEMTURE FACTORS (XIO4)* FOR
BOGGILDITE

Brr Bzz B3t 8te Bts Bzt

nxl05 
for  Sr( l )  and Sr(2)

Fourier synthesis, and full-matrix least-squares
refinement of all positional variables and in-
dividual isotropic temp€rature-factors sonverged
to an R index of 9.I%. Temp'rafxe factors
were converted to an anisotropic form as given
in Table l, and full-matrix refinement of all
variables, together with an isotropic extinction
corrertion (final value 1.0(2) x 10-0), resulted
in convergence at an R index of. 5.5Vo. T\is
value is somewhat higher than that normally
obtained in this laboratory; this may result
from tle fact the lgggildite is not as perfectly

s r( I  )  0.33s3( 2)
s r (  2 )  0 .3566(  2 )
P 0.e466(6)
A l ( r )  0
A r ( 2 )  0
Ar  (3 )  0 .6e51 (7 )
N a ( l )  0 . 1 1 0 5 ( t l ,
Na(2)  0 .s408(10,
0 ( l )  0 . 2 2 2 6 ( 1 6 ,
0(2)  0 .8644( r7 ,
o (3)  0 .e347( r8 ,
o (4)  o .72ee(  18 ,
F ( r )  0 . 3 0 3 0 ( r 4
F(2)  0 .43e7(14
F(3)  0 .85r3(15
F(4) 0.e380(14
F(5)  0 .e332( r4
F(6)  0 .63e6( r5
F(7)  0 .3431( r4
F(8)  0 .44r3( r5
F(e)  o .07oe(14

)

4
4
I

I
a

2
1

J

3
4
J

J

?

sr ( l )  12e4(45)  zw(e)  27(2)  -15(16)  -8 ( i )  l (
s r (2 )  r358(47)  24e(e)  35(3)  -16( I7 )  -17(7)  7 l
p  r32( r1 )  2o(2 ' )  2 ( l )  - l (4 )  -3 (2)  0 (
A r ( r )  8 8 ( l e )  2 4 ( 4 )  2 ( l )  o  - l ( 3 )  o
A r ( 2 )  l l 7 ( 2 0 )  2 5 ( 4 )  I ( 1 )  0  t ( 3 )  0
A 1 ( 3 )  l r 0 ( 1 3 )  2 r ( 3 )  2 ( l )  2 ( 5 ' '  - 7 ( 3 )  - 1 (
Na( l )  re3(23)  s0(5)  1e(1)  l (e )  -2515)  -4 (
Na(2)  176(22)  63(5)  4 ( l )  2 (8)  0 (4)  3 (
0( i )  r43(33)  28(7)  5 (2)  -5 (13)  -e (7)  2 (
|Q l  2o437 l  le (7 )  3 (2)  -2 (12)  -6 (7)  3 (
0 ( 3 )  2 1 4 ( 3 e )  3 r ( 7 )  3 ( 2 )  0 ( 1 3 )  5 ( 7 )  l (
014) stg(qq\ ez(s) z3(z) ?7(16) 7(8) 4(
F ( l )  1 2 3 ( 3 0 )  3 3 ( 6 )  l 0 ( 2 )  - 1 7 ( 1 1 )  - 1 6 ( 6 )  q (
Fo\ 128(28\ 33(6) 4(2) -8(I0) 0(5) -2(
F(3)  208(33)  37(6)  6 (2)  6 (12)  13(6)  I  (
F (4)  ' t32(2e l  27(6)  e (2)  20(11)  s (6)  -2 (
F(5)  r4e(30)  2s(6)  6 (2)  20( l I )  -5 (5)  - l (
F (6)  166(30)  54(7)  2 (2)  l ( l l )  6 (6 )  -3 (
Fo\  l t s (za)  47(7 ' )  7 (2)  7 (12)  - l (s )  6 (
F(8)  173(32)  3 l (6 )  8 (2 ' )  - i6 ( l l )  6 (6 )  2 l
F(e)  r8e(30)  37(6)  2 (2)  -3 (12)  l0 (s )  1 (

2 \
2 l
4)
7)
8)
5 )

0.33r 
'r  1(5)

0.3s7s4( 5)
o.eoe2(2)

0

0.2404(21
o.63ro(  3 )
0.5r e4( 3)
0.3e90(.4)
0.91 89 ( 4)
0.4784(4)
0.8390 ( 4)
0.0365 (4)
o . 2 i 1 r  ( 3 )
0.0604( 4)
0.2324(4)
0.762e(31
0.643r (3)
0.5480 ( 4)
0 .73e5(4)
0 .4r  r  7 (  3 )
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F( l ) -Na ( l ) -F (3 )  57 .4 (3 )
F ( l ) - N a ( 1 ) - F ( 6 ) '  6 5 . 1 ( 3 )
F ( l ) -Na ( l ) - 0 (3 )  66 .e (3 )
F (2 ) -Na ( l ) - r ( 3 )  e6 .2 (3 )
r ( 2 ) - t l a ( l ) -F (a )  66 .7 (3 )
F ( 2 ) - N a ( l ) - F ( 6 ) '  5 8 . 7 ( 3 )
F (2 ) -Na ( l ) -F ( s )  63 .6 (3 )
F (3 ) -Na ( r  ) -F (a )  76 .5 (3 )
F (3 ) -Na ( ' l  ) -F (6 )  73 .e (3 )
F (3 ) -Na ( l ) - 0 (3 )  70 .6 (3 )
F (a ) -Na (  l  ) -F (6 )  57 .0 (3 )
F(a)-Na( l  ) -F(8)  87.2(3)
F (6 ) -Na (  l  ) -F (8 )  10e .4 (3 )
F (6 ) -Na ( l ) -F (9 )  68 .3 (3 )
F (6 ) -Na (1 ) -0 (3 )  e l . 5 (3 )
F (6 ) ' -Na ( l ) -F (8 )  56 .1 (3 )
F ( 6 ) ' - N a ( l ) - 0 ( 3 )  e 4 . 2 ( 3 )
F (8 ) -Na (  l ) -F (e )  88 .3 (3 )
F ( e ) - N a ( r ) - 0 ( 3 )  5 7 . 1 ( 3 )

Iilean 73,9

2.54r ( r 'r )
3.01  4(  I  0 )
3 . r20( i l )
3 .505(  r2 )
2.780(r0)
2 .521 (  r  0 )
2 .563(  I  0 )
3 .  l r6 (e)
2.957(10)
2 . 9 9 5 ( l t )
2.500( r 0)
3.564(r2)
4 .1  30(  r3 )
2 .801 (10)
3.848( 12)
2.466( r 0)
4. 056( r 2)
3.423(s)
2 . 5 r 5 ( r 0 )

s r ( l ) -F (z )  2 .5e6(6)  s r (z ) -F f i )
s r ( l ) -F (4)  2 .s30( i )  s r i z i - r i z l

3l[]l:l[ii l1g1l;l !:{!i:F[il
sr ( l ) -F(7)  2 .4s1(6 i  s r i z i - r i s i
s r (  l ) -F (8)  2 .707(8 i  s r (z ) - r ia )
! " ( ! ) - f (9 )  z .+aa(a)  s r (z i -o ( r i
sr(r)-0(r) 2.643(e) sr(2)-0(2)
Sr(l)-o(a) 2.s99(91 Mean

l'lean ?.sw__ At(zl_F7lxz
t_g(1)  r .s re (e)  A t (2 )_F(e)x2
l-q(z) 

'1.s32(8) Al (2)-0(3)xz
P-0(3)  1 .535(8)
P-o(t i  i : i lai8i Mean

Mean t rsr_ iltSl:Flil
Ar ( l ) -F ( l ) x2  r . 804 (7 )  n r ( r ) - r ( s )
A 1 ( l ) - F ( 3 ) x 2  1 . 8 2 3 ( 7 )  A l a 3 i - F a 6 i
A1 ( l ) - 0 (2 ) x2  r . 873 (7 )  A r (3 ) -F (81

l'lean 1,33!- 
Al(3)-0(4)

na ( t ) -F ( l )  2 . 862 ( l o )  r ' l ean
Na( l ) -F(2)  2.365(e\

il:fi]:F[ij 3.#2.;l il:li]:F[tl
Na( r ) - r ( 6 )  2 . s67 (e \  na (z ) - r i o i
Na (  l  ) -F (6 ) '  2 . 73s (s )  Na (2 ) -F (7 )
Na ( r ) -F (8 )  2 .4s3 (s )  na (z ) - r ( g )
Na ( l ) - f ( e )  2 .41e (e )  Na (z ) -0 ( l )
Na (1 ) -0 (3 )  2 .800 (e )  Na (2 ) -0 (3 )

tr'lean 2.584 li.lean

Na(2) polyhedron

2 .778 (11 )  r ( l ) -Na (2 ) -F ( r )  68 .4 (3 )
3 .014 ( ' 10 )  F (1 ) -Na (2 ) -F (6 )  81 .5 (3 )
3 . e 3 0 ( 1 2 )  F ( l ) - N a ( 2 ) - F ( 7 )  l ' 1 1 . 7 ( 3 )
3 . 0 0 7 ( 1 1 )  F ( l ) - t l a ( z ) - o ( l )  7 8 . 0 ( 3 )
2 .e57 (10 )  F (3 ) -Na (2 ) -F (6 )  77 . ' t ( 3 )
3 .e57 ( I l )  F ( r ) -Na (2 ) -F (e )  e5 . l  ( 3 )
2 .995 ( ' 11  )  F (3 ) -Na (2 ) -0 (3 )  73 .8 (3 )
2 .72e (10 )  F (6 ) -Na (z ) -F (7 )  73 .e (3 )
2 .801 (10 )  F (6 ) -Na (2 ) -F (e )  66 .4 (3 i
2 .e40 (10 )  F (7 ) -Na (2 ) -F (e )  68 .6 (3 )
3 .437 (10 )  F (7 ) -Na (z ) -0 ( l )  e3 .e i 3 i
2 .515 (  10 )  F (e ) -Na (2 ) -0 (3 )  s6 .3 (3 )
3 . 6 5 7 ( I l )  0 ( l ) - N a ( 2 ) - 0 ( 3 )  g e . s ( s )

!Jl?_ llean Bo.z

Sr( l ) polyhedron

2 .780 ( t 0 )  F (2 ) - s r ( l ) -F (a )  65 .7 ( z l
2 .882 (10 )  F (2 ) - s r ( l ) -F (8 )  6s .8 ( z )
2 .522 (e )  F ( z ) - s r ( t ) - 0 (a )  s8 . l ( 2 )
2 .77s (e )  F (a ) - s r (  I  ) -F (5 )  65 .e2 i
3 .62e ( l  t  )  F (a ) - s r ( t  ) -F (e )  e3 . t i 2 )
3 .224 (10 )  F (a ) - s r ( t  ) - 0 ( l  )  77 .1 ( z \
2 .472 (e )  F ( s ) - s r ( l ) -F (6 )  s6 .o i , 2 \
2 .489 (10 )  F (5 ) - s r ( l ) -F (8 )  s6 . z (2 \
3 .379 (e )  F (5 ) - s r ( t ) -F (e )  eq . z i z \
2 .72e (101  F (6 ) - s r ( t  ) -F (7 )  Os . s iZ )
2.466(" t0)  F(6)-sr( l ) -F(8)  s4.3(2\
2 .801 (10 )  F (6 ) - s r ( l ) -F ( s )  65 .6 (2 \
3 .5e8 (12 )  F (7 ) - s r ( t ) -F (8 )  87 .7 i 2 \
2 .e40 (10 )  F (7 ) - s r ( l ) -F (e )  72 .9 ( z \
3 .638 (1 r )  r ( 7 ) - s r ( 1 ) -0 ( t )  so .4 i 2 \
3 .2s7 (11 )  F (7 ) - s r ( l ) - 0 (a )  80 . s (2 i
3 . 7 7 e ( l l )  r ( a ) - s r ( l ) - 0 ( a )  e 0 . 8 ( 3 )
3 . 0 3 6 ( l l )  F ( e ) - s r ( t ) - 0 ( l )  7 z . s ( 3 1
3 .220 (13 )  0 ( l ) - s r ( t ) - 0 (a )  7s .8 (3 )

!. X _ llean 72.s

Sr(2) polyhedron

3 .123 (e )  F ( I ) - s r ( 2 ) -F (2 )  74 . s ( z )
2 .778 (11 )  F ( l ) - s r ( 2 ) -F (3 )  6s . s ( z )
4 . 3 6 e ( 1  1 )  F ( 1 ) - s r ( 2 ) - 0 ( t )  1 1 4 . 8 ( 2 )
2 . s 3 6 ( 1 1 )  F ( l ) - s r ( 2 ) - 0 ( 2 )  s t . 4 ( z l
2 .527 (10 )  F (2 ) - s r (2 ) -F (a )  se .0 ( z )
2.882(10) F(2)-sr(2)-F(8) 68.s iz)
3 .4e1 (10 )  F (2 ) -S r (2 ) -0 (2 )  83 .9 (2 i
3 .116 (e )  F (3 ) - s r (2 ) -F (a )  7s .1 i 2 \
3 .882 (12 )  F (3 ) - s r ( z ) -F ( s )  99 .5 ( z \
3 .766 ( l ' l )  r ( 3 ) - s r ( z ) - 0 ( l )  e5 . l ( 3 i
2 .775 (e )  F (a ) - s r ( z ) -F (5 )  65 .  I  ( z i
3 . 563 (  10 )  F (a ) - s r (2 ) -F (8 )  e t . 0 ( z \
2 .83 r (10 )  F ( s ) - s r ( z ) -F (B )  66 . s i z \
2.872( ' t0)  F(5)-sr(2)-0( t )  67.8(z\
3 .707 (10 )  F (8 ) - s r ( z ) - 0 ( i )  e ] | . 6 i z \
3 .41  3 (e )  F (8 ) - s r (2 ) -0 (2 )  B0 .8 i 2 i
3 .610 (12 )  0 ( r ) - s r ( z ) - 0 (2 )  e6 .4 (3 )

3-249_ l{ean 78.8

TABLE 4. INTERATOMIC DISTAI,ICES AND ANGLES IN BOGG]LDITE

F ( r ) - F ( 3 )
F( r ) -F(6)
F(1  ) -F(7)
F ( l ) - o ( r )
F( 3)-F( 6 )
F(3) -F(e)
F(3) -0 (3)
F(6) -F(  7 )
F(6) -F(e)
F( 7)- F( e)
F( 7)-o( r )
F( e) -0( 3)
0(  r  ) -0 (3)

Mean

F(2 ) -F (4 )
F (2 ) -F (8 )
l (4)-9F)
r ( 4 J - r ( 5 )
F(4) -  F(e)
F(4)-0(  t  )
F(5)  -  F(  6)
It91-r(q)r ( J r - r ( y /
F(6)- F( 7)
F(6) -F(8)
F(6) -F(e)
F( 7)-F(8)
F(7) -F(e)
F(7) -0 (1  )
F( 7)-0(4)
F(8)-0(4)
F( e)-o( I  )
0 ( r  ) -o (4)

tr{ean

P tetrahedron
2 . s25 (12 )  0 ( l ) -P -0 (2 )  i l 1 . 7 (5 )
2 .520 ( . 12 )  0 ( l ) -P -0 (3 )  111 .3 (5 )
2 .537 (12 )  0 ( l ) -P -0 (4 )  1 l t . 4 f 5 i
? . ! s4 (11 )  o (2 ) -p -o (3 )  108 .2 ( s )
2 .463 (11 )  0 (2 ) -P -0 (4 )  t 06 .0 (5 )
2 .500 ( l o )  0 (3 ) -P -0 (4 )  108 .1 (5 )

e.991_ Mean 109.5

Al('l) octahedron

2.597(7)
2.537 (71
2 .51  5 (  7 )
2.554(7)
2.s60(7)
2.s82(7)
2.58e( e)
2.683( e)
z .  t6a

' |  .78e(7)
1.822(6)
1 .863 (8 )

!,-9?5 -
r . 8 r 6 ( 8 )
r .794(8)'r .786(8)'r 
. 788( 7)

r  .808(8)
I  .861 (8)

l--809_

2.412(s)
2 , s28 (9 )
2.  1 e8(8)
2 .336 (e )
2.828(e)
2.368(9)
2.45e( 10)
2,447

8e .0 (4 )
e l  . 0 (4 )
e2 .8 (3 )
87.2(3)
e2.0(  3 )
88.0(  3)
90.0

xz  87 .8 (3 )'x2 92.2(3)
x2 90.4(4)'x2 89.5(4)
xz 86.  I  (3)
' xZ  93 .9 (3 )

g!.!_

88.8(4)
88.8(3)
e0 .0 (2 )
86 .6 (4 )
e3.2(4)
88.5(4)
e l . 8 (4 )
87.5(4)
87  . 7  ( 4 )
s7  . 1  ( 4 )
86.6(  4)
e3.0(4)

90 .0

0(1) -0 (2)
0(  r  ) -o (3)
0(  r  ) -0 (4)
0( 2) -0( 3)
0(2) -o(4)
0( 3)-0(4)

Mean

F(l  ) -F(3)xz
F ( l  ) - F ( 3 ) ' x z
F (1  ) - 0 (2 ) x2
F( l  )  -0(  2)  'x2
F( 3) -0(2) x2
P (3 ) -0 (2 ) ' x2

l4ean

2.542(11) F( l  ) -Al  ( l  ) -F(3)xz
2 .588 ( ' , r o )  F ( ' , l ) -A l ( l ) -F (3 ) , x2
2 .663 (10 )  F ( l ) -A t ( l ) - 0 (2 ) xz
2 . s 3 6 ( l l )  F ( l ) - A l ( l ) - 0 ( 2 ) , x z
2 .65e (10 )  F (3 ) -A l ( t ) - 0 (2 ) x2
2 .567 (11 )  F (3 ) -A l ( l ) - 0 (2 ) ' x2

!=59!_ !,tean

F (1  ) -F (2 )
F ( l ) -F (3 )
F ( r ) - 0 ( l )
F(  l  ) -o(2)
F (2 ) -F (4 )
F (2 ) -F (8 )
F( 2)  -0(  2)
F( 3)  -  F(4)
F (3 ) -F ( s )
F (3 ) -0 ( l )
F (4 ) -F (5 )
F(4)-F(8)
F (5 ) -F (8 )
F (5 ) -0 (  I  )
F(8)-0(  r  )
F (8 ) -0 (2 )
0(  1 ) -o(2)

l{ean

Al(2) octahedron

l (z ) - l (e )4  2 .s03( t0 )  F(7) -A l  (2 ) -F(e)
r (7 ) - r (s ) ,xz  2 .603(e) '  r (z )_nr (z )_r ls l
l (Z ) -Q(9)4  2 .5e2(1 i l  r (z ) -n t (z i -o fs i
f (z ) -Q(g) ,4  2 .573112)  r (z ) -n r (z )_o(s )
F(e) -0 (3)x2  2 .515(10)  r (g ) -n r (z ) -o ls l
F (e) -0 (3) ,x2  2 .6e4( l t  )  r (g ) -n r  (zJ -o is i

llean ?.$q__ Mean

Al(3) octahedron

l(?)-f( l)  2.527(.10t F(2)-Ar (3)_F(4)
l (?)- l (5) 2.szr(r0) r(z)-nr(s)_r(oi
l (?)- f(q) 2.563(r0) r(z i-nr(e)-r(ei
F(2)-0(4)  2.s22(s)  F(2 i -At  a3i -o i4 i
l (1)- l ( ! )  2 .600(e)  r (+)-nr(s)- r (s)
F(4)-F(6)  2.s00( I0)  r iq i -nt fg i - r lo i
l(1)-q(1) 2.624(11) r(+)-Er(s)-o(+)
f ( ! ) - i (q)  2.47?(s l .  r (s i -nr(s)- r (o l

ii;j:[iii 3:?3ifi?l i{s]-ill3j:5lil
F(6)-F(8) 2.466(10) r(o)-nr (si_r(s)
F(8)-0(4) 2.662(1tt r(e)-nr(si-o(i i

Mean 2.557_ !.4ean

Na(l) polyhedron

F ( l ) -F (2 )  3 .123 (e )  F (  l ) -Na ( i ) -F (2 ) 72 .7  ( 3 )
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monocrystalline as most of the previous min-
erals examined. Observed and calculated struc-
ture factors may be obtained from The Depos-
itory of Unpublished Data, CISTI, National
Research Council of Canada, Ottawa, Ontario
KIA OS2. Final atomic positions and equivalent
isotropic temperature-factors are presented in
Table 2, and anisotropic temperature-factor co-
efficients are listed in Table 3. Interatomic
distances and angles, and the magnitude and
orientations of the principal axes of the thermal
ellipsoids, calculated with the proglam ERRORS
(L. W. Finger, pers. comm.), are presented in
Tables 4 and 5.

DtscussroN

Description ol the structure

The bdggildite structure (Fig. 1) has one
crystallographically t'nique POa tetrahedron that
shows tlpical variations in bond lengths and
angles (Table 4). There are three unique Al
positions with point symmetries 1, 1 and 1,
respectively. Al(1) and Al(2) are each co-
ordinated by four fluorine and two oxygen
anions, arranged in a slightly distorted octa-
hedral array; in each polyhedron, the two
oxygens are in a trans configuration. Al(3) is
octahedrally coordinated by five fluorine and
one oxygen anions, and shows sligbtly greater
angular distortion than the other Al octahedra.
Co-ordination polyhedra for the Sr and Na
cations are illustrated in Figure 2. Sr(1) is
surrounded by seven fluorine and two oxygen
atoms arranged in a distorted augmented
square antiprism. Sr(2) is surrounded by six
fluorine and two oxygen atoms, arranged in a
distorted square antiprism. Na(l) is surrounded
by eight fluorine atoms and one oxygen atom
in an arrangement that does not closely re-
semble any of the regular nine-vertex poly-
hedra. Na(2) is surrounded by five fluorine
and two oxygen atoms in an arrangement that
is a distorted augmented trigonal prism. The
variation in mean bond-lengtls among these
polyhedra can be explained reasonably well as
a result of variations in co-ordination number
of both the cations and anions. A comparison
of the observed mean bond-lengths with the
sum of the relevant cation and anion radii
lSr(1) 2.59(2.63), Sr(2) 2.58(2.58), Na(l)
2.58(2.56), Na(2) 2.45(2.45) Al for observed
(calculated) drstances shows very close agree-
ment, except for Sr(tr).

The empirical bond-valence table for bOggild-
ite (Table 6), calculated using the curves of
Brown & Wu (1976), confirms the assignrnent
of anions in this study. The bond-valence sums
around the fluorine anions closely approach the
ideal value of unity (except for F(2), perhaps),
indicating no significant substitution of OH
for F, which would tend to result in sums signifi-
cantly less than 1.0 v.z.

Each (POa) tetrahedron corner-links to two
Al octahedra to form an Alr(PO.)OFs unit;
this links by corner-sharing between octahedra
and tetrahedra to form an infinite chain of
composition tAlr(PO.)F l0- that is illustrated
in Figure 3. Three of the tetrahedral vertice.e
link to octahedra, and the p6{aing tetra_

TA3LE 5. WBRATION SLLPSOIDS FOR BOGGII.DITE

R.lr1.S.
DlspLac@eDt

Angl,e to AngLe to

X-sle Y€ls
Atrgle to

Z-sIe

0 ,064(3)8
sr ( l - )  0 .116(2)

0 .138(2)

0 .07 ! .  (3 )
s r (2 )  0 .1 -17(2)

0 .143(2)

0.051,(l-1)
P 0 .104(6)

0 .141- (s )

0 .056( ! .6 )
A1(1) 0.1r,4(r.r-)

0 .11-5  (9 )

0 .030(28)
Ar.(2) 0.r.r.8(9)

0. r,27 (r-0)

0.043(  16)
A1(3)  0 .107(7)

0 .139 (7 )

0.i l_o(l-l-)
Na(1)  0 .165(9)

0 .236(8)

0 .07s( I -3 )
Na(2)  0 .1 -60(9)

0 . r87(8)

0 .07  5(22)
^ / 1 \  n  1 r t a 1 < \

0.164(15)

0.061-(25)
o(2) 0.r ,06(u)

0. r-78 (r-4)

o.069(22)
o(3) o.r -3r(15)

0.170(r .5)

0.184(r .0)
o(4)  0,223(10)

0.292(LL)

go(z)o zt t ( t ) "
175(5) 88(3)
95(5) Lr4(1)

93(3) 27 (L)
173(4) 90(3)
96(4) 117(l-)

91(6) 26(3)
178(7) 9o(7)
92(8') 1r.6(3)

26(9)
64(9)
90

17 (6)
90

r-07 (6)

87(6) 33(4)
r.7r(10) 92(8)
8l-(10) L23(4)

83(8) 57(3)
L10(7) 92(7)
83(6) L41 (3)

e6(4) 24(5)
95(13) 67<6)
8(e) 82(6)

96(L7) 39(8)
r-67(16) 87(r.8)
102(17) r.29(8)

r-09(20) 32(U)
160(19) r-05(r.8)
95(9) U8(6)

92(L3) 15(7)
r.78(r4) 92(r,3)
90(17) 1-os(7)

110(r-2) 36(8)
158(1!.) 1L2(I-1)
82(7') 117(5)

a:(r) "
95(s)
8(3)

8o (r_)
97 (4)

82(3)
92(7)
8(3)

82 (9)
1  7 2 l O \

o n

9o(6)
90

0( 6)

7  5 (4)
81(r.o)
18(6)

51  (4 )
80(6)
4r,(4)

84(5)
r.73(r_o)
94(13)

6e(e)
r.03(r7)
2s (11)

82(7)
98 (r-0)
r_2(8)

92(7)
90(r.7)
2 (7 )

78 (4)
86 (7)
r J ( ) ,

90
90

90
0

90



to
Sr

r(1)
0,082(r-7) 53(9)
o.L22(L4) Lo9(12)
0.19r(r.2) 43(7)

0.073(18) 80(l_0)
0.r.33(t-3) 130(73)
0.141(13) 42(73)

o.o92(L6) 100(8)
0.142(13) 76(25)
0.L64(13) L7(2L)

0.102(t6)  s2(L6)
0.1r_7(13) 100(30)
0.154(13) 4O(L2)

0.085(16) 6e(12)
0.113(t5)  67(13)
0.168(12) 32(9)

0.055(24) 96(8)
o.147(13) 170(16)
0.r_75(12) 82(19)

0.092(15) 68(t3)
0.r.40(l_3) 157(14)
o.1"67(L2) 97(2L)

0.r.r.0(r4) 95(27)
o.123(L4) r2L(15)
0.r.64(r-3) 3L(l-5)

o.os4(22) 99(6)
0.r43(12) 101(4r.)
0.157(r.3) L4(32)

90 (16)
156(8)
r-r.4(8)

79(r.0)
136 (73)
L32(73)

96(r-3)
L66(24)
77 (2s)

1"4L(2O)
r,03(35)
5s (r.2)

96(22)
153 (r.2)
64(r.r.)

83 (s)
83(r.9)
r.0(14)

r.06(9)
Lo4(2t)
22(L5)

116(40)
r38(3s)
120(14)

e4(8)
r-68(39)
102(4r-)
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Two other aluminofluoride minerals contain
(XO4) oxyanions: the structures of creedite
caaAL(Soa)Fa(oH)r.2Hro and chukfirovite
Cag(Y,Ce) AL (SOn) Fls . lOHzO, have been solved
by Borisov et al. (1965) and Bokiy & Gorogot-
skaya (1965), respectively. flowever, these two
structures differ radically from the b@ggildite
structure. As shown above, the (XOn) group
in b@ggildite links to three pg;Qu octahedra to
form a tetrahedral/octahedral polymer that is
the fundamental unit of the structure. In the
creedite and chukhrovite structures, the (XOn)
groups do not link to lJlos octahedra at all,
but only to the Ca (and Y) polyhedra; in addi-
tion, in the creedite structure there is poly-
merization of the AlQu octahedra that does
not occur in b/ggildite.

These major structural differences can be
simply explained using bond-valence theory
(Brown 1978), together with the supposition
that the major imperative of a structure is the
satisfaction of ion bond-valences. In the case
of the bpggildite structure, t}re P-O and
Alrp bonds have average bond valences of 1.25
and 0.50 valence units (v.2.), respectively, and
the other cations have bond-valences of O.13-

. P

* . A l

o  S r ( t )

o Sr(2)

o  Na (1 )

@ Na(2'

. O x

. F

:1t?). a sheet of parallel chains that is linked.
#i;i adjacent sheets above and below by the

and Na cations (Fig. a).
30(10)
63(22)

103(35) Relatedstructures

9(11)
97 (L3)
96(9)

97 (37)
149(18)
120 (1s)

39(15)
LrL(22)
12r.(8)

13 (7)
i9 (8)
e8(6)

43(L2)
5s(r-6)
68(r.4)

29(27)
LOs(44)
1r4 (t 1)

9 (6)
92(LO)
99 (5)

r(4)

r(6)

r(7)

F(e)

hedral vertex does not; consequently, this re-
maining oxygen must bond to both Sr cations
at least, in order to satisfy its bond-valence
requirements. These tAlr(POr)F016- chains in-
tercalate together in the (100) plane to form

z
+

I
I
10(

l -+y

Frc. 1. The crystal structure of b/ggildite projected down X.
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F(5)

F ( 1 )
F ( 1 )

F(7)

TABLE 6. EMPIRICAL BOND-VALENCE IABLE FOR BOGGILDITE

F(4)

F(e)
F(e)

Ftc. 2. Co-ordination polyhedra in the bdggildite structure. Sr (1) in to.p-Iefl,
Sr(2) in top right, Na(l) in bottom left, and Na(2) in bottom righr

o ( 1 )

0.230 0.266
0.207

0.259
o.236

0.207 0.271
0.286

0.242 0.237
0.221 0.257
u. roo
o.271
0.161 0.244
0.281

0,r97

0.096 0 .168

I .  J Z J

1,277
1,267

0.555 L .205

0.442

0.508
0.518

0.515

o.o6s 0.143 o. tea$

3:13i 0.117 o.474xl
0.092

3:?33 o.zt3
0.164

0.124
0.141 0.072

sr(1)  sr(2)  Na(1) Na(z)  A1 ( i )  Ar  (2) A1 (3)

o ( 1 )
0  (2 )
0(3)
0(4)
F( l  )
F (2)
F(3)
F(4)
F(5)

F(6  )
F(7)
F(8)
F(e)

2.018
2,023
2.083
z. oig
0.943
1.115
1.038
1.079
0.996
1.086
0.949
1.020
0,969

2.038 2.004 1.029 1.074 3 .018 3.069 5.074

0.25 v.u, The oxygen atoms of the (POa)3-
tetrahedron have the largest bond-valence de-
ficiency, one that is most easily and simply
satisfied by further bonding to an Al to con-
tribute a further 0.50 v.a. This gives a total of
1.75 v.u., and the remaining bond-valence re-
quirements can be satisfied by further bonding
to the alkali and alkaline earth cations. The
stoichiometry of bdggildite does not allow the
(POa) group to link to four Alge octahedra.
In the case of the creedite and chukhrovite

structuresn the S-@ and Al*0 bonds have aver'
age bond-valences of 1.5O and 0.50 v.z.' re-
spectively, and the other cations have bond-
valences of -O.25 v.u. lf. there were linkage
between the (SOa) and (Al0') polyhedra, the
linking atoms would have ideal bond-valence
sums ind could not participate further in the
bonding. This would leave fewer anions to co-
ordinaie such large cations as Ca (and Y), which
prefer larger co-ordination numbers. If the
(SO4) and AlQu polyhedra do not link to-
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I
b

I

Frc. 3. The IAL(POa)F l infinite chain that is the fundamental basis of the b/ggildite structute.

c :-+{

F 9.. ,4' lolyhedral representation of the blggildite srructure; legend as in Figure 1. Intercalation of the
lAlr(PO4)Frl chains forms a sheet parallel to (100), that is illustrated 

-here. 
Bonding within aod

between (indicated by bonds ending in arrows) sheets is from the Sr and Na cations as shown.

gether, this leaves far more anions free to
participate in the co-ordination of Ca, allowing
it to assume the co-ordination number it pre-
fers, while still satisfying the bond-valence re-
quirements of each anion. There are no other
aluminofluorite minerals containing (pOo)"-
oxyanions to see if this argument holds true for
other structures, Ifowever, the same argument
can be applied to the mineral stenonite SrrAl
(COr)Fs, which should thus have linked car-

bonate and aluminofluoride polyhedra. A struc-
tural study of stenonite is planned to test this
argument.
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