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ABsrRAcr

The new species moydite, (Y, R.EE) [B(OH)4] (COt,
orthorhombic Pbca (No. 6l) wrth Z = 8, described in tle
preceding paper, has had its cell {imensions refined to a
9.089(l), b 12.244(l\, c 8.926(l) A and its novel crystal-
structure solved by direct methods, then refined by
difference-Fourier synthesis, on 1278 observed (3o) reflec-
tions, to residuals R = 5.190 and wR = 3.7V0. It has a
layered structure, with sheets of corner-sharing YOq poly-
hedra, reinforced by trigonal planar carbonate gtoups. Suc-
cessive sheets are linked by isolated B(OH)4 tetrahedra,
which attach themselves to them by opposite edges. The
results of the crystal-structure analysis were instrumental
in confirming the chemical composition of moydite.

Keywords: moydite, novel crystal structure, borate, car-
bonate, light element.

SoMMaIns

La moydite (Y ,REE) IB(OH)4] (CO3) est une nouvelle
espbce orthorhombique, de groupe spatial Pbca (n" 6l) a
Z : 8, d€cite dans l'article pr6c6dent. pa maille a 6t6 affi-
nde: a 9.089(l), b 12.244(l), c 8.926(l) A. Sa structure cris-
talline, d'un type nouveau, a 6t6 r6olue par m€thodes direc-
tes et affin6e ensuite, par la mdthode de Fourier-diffdrence,
sur 1278 rdflexions observ6es (3o), jusqu'aux r.6sidus R =
5. 1 Vo et R (pond€rd) = 3.1 v/0. C'est une structure en cou-
ches, dans laquelle des feuillets de polybdres YOe d som-
mets corlmuns sont renforcis par des groupements plans
CO3. Les feuillets successifs sont reli€s par des t6trabdres
isol6s B(OH)a, qui s'y attachent par deux aretes opposdes.
L'analyse de la structure a confirm6 la composition chi-
mique.

Mots-clds: noydite, nouvelle structure cristalline, borate,
carbonate, 616ment l6ger.

INTRODUC"TION

Moydite, a new mineral species from the Evans-
Lou pegmatite, Papineau Co., Quebec; is described
by Grice et ql. (1986). The authors commenced the
crystal-structure determination of moydite knowing
the rare-earth-element and yttrium concentrations.
The presence ofthe light elements hydrogen, boron
and carbon was known from the initial ion-
microprobe results, but relative amounts were un-
certain. The success of the structure analysis, sup-
ported by subsequent electron-microprobe,results,
gives credence to this method as a lechnique to de-
termine chemical composition.
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ExpnpJvrsNItAL

A crystal fragment chosen from the type material
of moydite (NMNS #50771) and measuring
0.25 x 0.20 x 0.05 mm was used for the data collec-
tion. X-ray-diffraction spots on precession photo-
graphs are sharp and single for this crystal. Interpre-
tation of these photographs indicates orthorhombic
symmetry, with the unique space-group
n/bzt/czt/a. Intensity data were collected on a
fully automated, Nicolet R3m four-circle diffractom-
eter operating at 50 kV and ,l() mA with graphite-
monochromated MoKcY radiation. A set of 25 intense
reflections was used to centre the crystal and subse-
quently refine the cell {imensions: a 9.089(1)' D
12.244(L) and c 8.926(l) A. A unique set of intensi-
ty data up to 20 = 60" was collected by the d:20 scan-
ning mode with a scan range of 2"20 plus the a1-cu2
separation, and scan speeds inversely proportional
to intensity, varying from 4 to 29.3" /mirrute. Two
standard reflection$ were monitored every 46 meas-
ured reflections to check crystal orientation' crystal
decrepitation and beam intensity. The crystal re-
mained stable in the X-ray beam, and all fluctua-
tions were within 1270. Of the 1496 intensities col-
lected, 1278 were considered observed (/>3o).

Reduction of the intensity data and refinement of
the structure were done by the SHELXTL package
of programs. Data reduction included background,
scaling, Lorentz and polarization and absorption sor-
rections. For the absorption correction, 12 intense
diffraction maxima over the 2d range of 9 to 56o were
chosen for ry'-diffraction-vector scans after the
method of North et sl. (1968). The ry'-scan set of in-
tensity data was used to refine a thin-plate empiri-
cal absorption-correction. Absorption correction
reduced the merging R of the ry'-scan data set from
14.5 to l.7t/o which, when applied to the whole data-
set, resulted in relative minimum and maximum
transmissions of 0.24$ and 0.il6.

CNVSTAT-STNUCTURE ANALYSS

The phasing of a set of normalized structure-
factors gave a unique E-map with the co-ordinates
of the single heavy atom ({, REE).The positional
and thermal parameters of this general site alone
were refined to give a residual index R : 2690. From
this initial model a series of refinements, with
difference-Fourier maps, showed additional atomic
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sites that were arbitrarily assigned the scattering fac-
tors for oxygen. At R = 169o with a Y and nine "O"
sites, it became important to differentiate between
the light atoms B, C and O; this was facilitated by
studying bond lengths associated with the various
sites.

Average cation-oxygen bond lengths from other
mineral structures with their coqresponding co-
ordinations [ ]^are: CUIII= 1,25 A\ BIIIII= 1.35
A, ngvl: 1.50 A, and YIIXI =2.50A. These differ-
ences in bond lengths made it relatively easy to iden-
tify the cation sites, and it became apparent there
was one Y, one B, one C and seven O sites, each in
a general position with a multiplicity of eight. This
model refined to R = 6.090, and gave the first solid
evidence as to the cell contents: (Y,REE)
H4BO4(CO3), with Z=8. The presence of H was
known from the ion-microprobe scans, but the
required number of H atoms, four, came from
charge-balance considerations.

The final steps of the least-squares refinement
involved a model of anisotropic thermal.vibration,
which slightly reduced R 1o 5.2t/0. At this stage in
the crystal-structure refinement, the AF synthesis
map was relatively smooth, withpnly minor differ-
ences in electron density (- I e /A3) associated with
the Y site. There was no positive indication of the
H sites.

The absorption edge of Y, \:0.7276 4,, is slightly
qbove the wavelength of MoKo radiation, tr = 0.7107
A; this gives rise to severe absorption-correction
problems. Knowing this fact the authors employed
an isotropic extinction parameter in the Fourier cal-
culations. The effect was not dramatic, lowering the

TABU 1. UOYDITE! POAIAIONS ND Tm]]N FAJ]MGS
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final least-squares refinement with 87 parameters to
R-indices of R:5.I 'and wR=3.7Vo.It should also
be noted that at least part of the effect might be due
to secondary extinction, because moydite crystals
diffract with intense, sharp peaks, indicative of a
hieh deeree of crystal perfection. The final positional
parameters and equivalent isotropic temperature-
factors (none of the atoms display marked thermal
anisotropy) are given in Table l, and the bond
lengths and angles in Table 2. Observed and calcu-
lated structure-factors and anisotropic temperature-
factors have been submitted to the Depository of
Unpublished Data, CISTI, National Research Coun-
cil of Canada, Ottawa, Canada KIA 0S2.

DEScRIPTIoN AND DISCUSSION OF TIIE STRUCTURE

Although the location of tbe four H sites could
not be determined from the Fourier synthesis, their
distribution could be readily deduced from bond-
valence calculations. Individual bond-valences and
their sums to the various sites are given in Table 3,
based on the constants of Brown (1981) and the bond
lengths of Table 2, Ideal compositions and occupan-
cies of the sites were adopted for the purposes of the
calculations. The accuracy of the results allows for
the confident assignment of protons to oxygen sites
04, 05, 06 and 07. This precludes any possibility
of H2O molecules.

The bond-valence calculations show sites 04, 05,
06 and 07 to be occupied by hydroxyl groups; this
is the expected result, as these anions are tetra-
hedrally bonded to boron. In minerals, boron has
never been found to bond to HrO, nor in car-
bonates does carbon ever bond to OH or H2O. The
reason for this follows simply from consideration of
the Pauling bond strengths for regular polyhedra..
The residual bond-strengths of orygen for each pos-
sible carbon and boron co-ordination complex are:
trigonal planar C+ has 0-0'67, higonal planar B3+
has O-l'm and tetrahedral B3+ has 0-1'25. None of
these oxygen atoms would attract two H+ atoms,
but either boron co-ordination complex (tetrahedral
or trigonal planar) couldtattract one H+. In keep-
ing with this argument Christ & Clark (197) pointed
out that hydrogen would have a preference for tetra-
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hedrally co-orr{inated boron over trigonal planar co-
ordinated boron in a crystal structure with both types
of polyhedra.

The ideal formula for moydite based on results of
the electron microprobe (Grice el al, 1986) and the
crystal-structure analysis is (Y,REI') [B(OI{)4]CO3.
Based on the chemical analysis the composition of
the Y site was initially set at (Ys.se, Sm o.r), where
the Sm scattering curye was chosen as an average for
the REE. When refined, the composition of the Y
site converged at Y6.esSm6.ro, which indicates a
reduced number of electrons at this site. This could
be a result of anomalous-absorption effects, as

already discussed, or it could be interpreted as par-
tial occupancy ofthe site. The latter is supported by
the empirical formula (Yo.6Caa.e2Cee.e1Nde.62Sm6..
Gd6.*Dyo.*Hoo.o) Do.es.

Moydite has a layer structure with sheets, perpen-
dicular to I, of corner-sharing YOn polyhedra rein-
forced by trigonal planar carbonate groups (Fig. l).
These sheets are linked via edge-sharing along the
I axis by isolated B(OH)4 tetrahedra, accounting
for the {010} cleavage. Hydrogen atoms likely
occupy the channels parallel 1o the Z axis.

Moydite belongs to a very rare class of minelals,
borate-carbonates; five others are known to date:

b

a

Ftc. l. A Z-axis projection of the moydite srnrcrure. The top half of the diagram
is a polyhedral representation; YOe polyhedra are stippled, B(OH)4 tetrahedra
are hatched and CO3 triangles are solid black. The bottom half of the diagram
is the equivalent ball-and-spoke representation of the structure. The YOe and CO,
polyhedra form sheets perpendicular to f that are linked by the B(OH)4 tetra-
hedra.
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canavesite Mgr(CO3)(HBO3).5H2O' borcarite
CaaMg[BoOu(OH)6](CO3)2, carboboritg CQyg
(cotf2[B(oH)4]r4H2o, gaudefroyite ca4Mnr + 3-*(BOt3
(CO3)(O;O}Da, and sakhaite CarMg@Or)z(COr).
nH,O with r?<1.

None of the known crystal structures of the
borate-carbonate minerals (all but that of canave-
site have been completed) resemble that of moydite'
Even carboborite (Ma et al. l98L), which has
independent B(OH)  tetrahedra and CO3 Croups,
bears no resemblance. Yet early in theinvestigation
of this new mineral, Gice et al. (1986) recognized
that moydite has a cell similar to that of lanthanite
(La,Ce)2(CO3)3.8H2O, and of ludwigite Mg2Fe
(BOJO2.

The cell {mensions of lanthanite, a9.50, b 16.94
and c 8.94 A, resepble those of moyclite, a 9.08, b
L2.22 and c 8.91 A, in the a-c plane because four
large Lgr- or Y-polyhedra having a cluster diameter
of 4.5 A define the dimensions of this plane in the
two respective structures. In the structure of lan-
thanite (Dal Negro et al. 1977), the b dimension is
controlled by two La-polyhedra, two carbonate
groups and two water molecules, whereas in moy-
dite the b dimension is only 3/4 thal of lanthanite
because only two Y-polyhedra and two borate tetra-
hedra need be accommodated.

Ludwigite has cell dimensions a9.14, b 12.46 and
c 3.05 A (Tak6uchi et al. 1950); tripling its c
parameter makes a cell comparable to moydite.
Moore & Araki (1974) discussed l^udwigite as one of
many compoqnds having a "3-A wallpaper struc-
ture". This 3-A repeat is the length of an octahedral
edge. Although the crystal structures of moyditeand
ludwigite do not resemble each otler, there are strong
simila'ities in the cell parametersfor these and many
other compounds. After all, 3 A is a typical O-O
distance, and perhaps the authors have only realized
the earth is not flat. For this conclusion, we apold-
gue to our former teacher, Professor Robert Fer-
guson, to whom we dedicate this paper.
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