
Introduction

Tengerite-(Y) is a hydrous carbonate mineral
of yttrium with small amounts of lanthanides. It
occurs as a secondary mineral on the original
rare earth mineral such as gadolinite-(Y). The 
redefinition of tengerite-(Y), as orthorhombic
Y2(CO3)3· 2–3H2O, was made with mineralogical
comparison of more than ten specimens from
worldwide localities and synthetic substances
(Miyawaki et al., 1993), and wiped out the con-
fused history in its definition. In the work for re-
definition, an analysis on the crystal structure of
tengerite-(Y) was carried out with a single crys-
tal of synthetic equivalent of tengerite-(Y). How-
ever, anisotropic displacement parameters were
used only for a part of crystallographic sites, Y,
C2 and O5 in the refinement. The imperfection in
the analysis seems to be due to the choice of X-
ray source. The significant anomalous dispersion
of MoKa radiation on an yttrium compound can
be considered as the major cause of the interfer-
ence on the analysis. Consequently, we have initi-
ated a refinement of the crystal structure on the
same single crystal with CuKa radiation as the
X-ray source.

Data Collection and Refinement

The intensity data were collected with a
RIGAKU AFC7R diffractometer with graphite
monochromatized CuKa radiation (50 kV, 200
mA). The sample is the same single crystal used
in the previous analysis (Miyawaki et al., 1993).
The approximate dimension of the crystal is
0.050�0.075�0.125 mm. The crystal was re-
moved from the glass rod (ca. 0.1 mmf), which
used in the previous measurement, onto a glass
fiber (10 mmf) to reduce the absorption effect
from the glass. The data were collected with
2q–w scan and the scanning rate of 2°/min (in
w) for 2q range up to 150°. A total of 844 reflec-
tions were collected, and merging of equivalent
reflections gave 474 unique reflections (Rint�

0.0259), of which 469 were classified as ob-
served [I�2s(I)]. The cell parameters refined
from 25 reflections with 2q range between 
50 and 60° are; a�6.0815(5), b�9.1596(9),
c�15.0956(10) Å, V�840.89(12) Å3, for which
Z�4.

The diffraction data were converted into the F2

data by a computer program written by Sugiyama
(personal communication). The y-scan tech-
nique was applied to the empirical absorption
correction (North et al., 1968). SHELXL-97
(Sheldrick, 1997) was employed as the refine-
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ment program. Scattering factors for neutral
atoms and anomalous dispersion factors were
taken from the International Tables for X-ray
Crystallography, Volume C (1992). Initial para-
meters were adopted from the results of the pre-
vious crystal structure analyses of tengerite-(Y)
(Miyawaki et al., 1993). A full-matrix least-
squares refinement was performed by refining 
a scale factor, positional parameters, and
anisotropic displacement parameters. The refine-
ment was converged to R1 [I�2s(I)]�0.0253,
R1 (all reflections)�0.0255, wR2 (all reflec-
tions)�0.1127, Goodness of Fit�1.156, Final
Drmin��1.487 and Final Drmax�0.552 e/Å3.

The final positional parameters and equivalent
isotropic displacement parameters are given in
Table 1. Table 2 shows anisotropic displacement
parameters. The selected interatomic distances
and bond angles are summarized in Table 3.

Description of Structure

The present refinement confirms the atomic

positional parameters in the previous structure
analysis (Miyawaki et al., 1993). Significant im-
provements could be made for accuracy in lattice
and atomic parameters in this refinement. It is
noteworthy that the two modifications in experi-
mental procedures, the employment of CuKa ra-
diation instead of MoKa radiation and replace-
ment of glass fiber as a sample supporter, are ef-
fective for precision in refinement. In the present
study, the anisotropic displacement parameters
could be refined for all of the sites. Figures 1 and
2 are the ORTEP (Burnett and Johnson, 1996;
Farrugia, 1997) drawings showing anisotropic
displacement of individual atoms. The displace-
ment parameters of carbon and oxygen atoms in
the carbonate group of C1 are apparently smaller
than those in the other carbonate group of C2
(Tables 1and 2, Fig. 1b). The directions of dis-
placements of oxygen atoms within the individ-
ual carbonate groups are mutually parallel (Fig.
1b). The anisotropies of oxygen atoms in the C2-
carbonate group are almost perpendicular to the
CO3 triangle plane.

The maximum residual electron density in this
refinement, 0.552 e/Å3, is smaller than that in the
previous analysis, 0.9 e/Å3 (Miyawaki et al.,
1993). Among the residual peaks in the final re-
sult, two could be refined as the hydrogen posi-
tions with full occupancy of the H atoms. The
extra refinement with the two H sites converged
to R1 [I�2s(I)]�0.0246 with final Drmax�

0.530 e/Å3. The positional and isotropic displace
parameters, x, y, z and Uiso, are as follows: 
H1; 0.23(3), 0.460(18), 0.455(9), 0.09(4); H2;
0.09(2), 0.498(11), 0.401(6), 0.05(3). The intro-

2 Ritsuro Miyawaki and Satoshi Matsubara

Table 1. Final atomic coordinates, equivalent
isotropic displacement parameters.

x y z Ueq.

Y 0.49886(6) 0.0049(6) 0.34217(2) 0.0078(4)
C1 0.2567(6) 0.2592(6) 0.1966(3) 0.0081(8)
C2 0.2771(10) 0.0671(8) 0.5000 0.0128(13)
O1 0.3174(5) 0.1322(4) 0.2270(2) 0.0126(9)
O2 0.1057(5) 0.2554(4) 0.13533(19) 0.0105(6)
O3 0.3249(8) 0.3786(4) 0.2229(2) 0.0139(10)
O4 0.4727(11) 0.014(2) 0.5000 0.0214(14)
O5 0.1879(6) 0.0906(5) 0.4245(3) 0.0267(11)
O6 0.1808(7) 0.4064(5) 0.4075(3) 0.0262(10)

Table 2. Final anisotropic displacement parameters.

U11 U22 U33 U23 U13 U12

Y 0.0067(5) 0.0099(6) 0.0068(5) 0.0013(2) �0.00028(11) �0.00010(11)
C1 0.0089(15) 0.0087(19) 0.0068(18) �0.0047(19) �0.0028(13) �0.0012(19)
C2 0.008(3) 0.016(3) 0.014(3) 0.000 0.000 0.003(2)
O1 0.0094(19) 0.013(2) 0.0158(17) 0.0079(13) �0.0007(12) �0.0027(17)
O2 0.0110(12) 0.0147(15) 0.0056(12) 0.0070(14) �0.0031(10) �0.0046(16)
O3 0.013(2) 0.016(3) 0.0120(18) 0.0056(15) �0.0042(13) �0.0049(13)
O4 0.029(3) 0.031(4) 0.004(3) 0.000 0.000 0.008(4)
O5 0.0116(19) 0.051(3) 0.0177(19) 0.010(2) 0.0009(12) 0.0062(17)
O6 0.0099(19) 0.041(3) 0.0275(19) 0.0113(19) 0.0016(15) �0.0007(16)



duction of the two H atoms in this extra refine-
ment showed no any significant differences in the
atomic parameters for the non-H atoms from
those in the final refinement without the H atoms.
Although this extra refinement with two H atoms
resulted in the “non positive definite” for princi-
pal mean square atomic displacements, U, of C1
and O2 atoms, the interatomic distances and
bond angle between these two H atoms and
neighboring O atom are reasonable as values for
water molecule; O6–H1 0.93(15) Å, O6–H2
1.00(12) Å and H1–O6–H2 79(10)°. The dis-
tances from these two H positions towards the
next neighboring O atoms, H1 · · ·O4 1.98(16) Å
and H2 · · ·O5 1.94(13) Å, indicate hydrogen
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Fig. 1. A view along a showing the connection between corrugated sheets.

Fig. 2. Enlarged view of the triangles of carbonate groups.

Table 3. Interatomic distances (Å) and bond angles
(°) with estimated standard deviations in paren-
theses.

Y –O6 2.363(5) C1 –O3 1.236(7)
–O1 2.366(5) –O2 1.304(5)
–O3 2.394(5) –O1 1.304(7)
–O2 2.397(7) mean 1.281
–O4 2.3894(7)
–O5 2.395(4) C2 –O5 1.281(5)
–O2 2.409(7) –O5 1.281(5)
–O3 2.486(5) –O4 1.284(10)
–O1 2.491(5) mean 1.282

mean 2.410

O1–C1–O2 115.2(4) O4–C2–O5 117.1(3)�2
O2–C1–O3 119.2(4) O5–C2–O5 125.8(6)
O3–C1–O1 125.6(4)



bonds between them, respectively. While two hy-
drogen bonds were proposed for one O5 · · ·H–O6
and another O5 · · ·H–O6 in the previous analysis
(Miyawaki et al., 1993), the present refinement
indicates the other hydrogen bond of O4 · · ·
H–O6.
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