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are /, and IOFO, "Unobserved"

Fo's are on an absolute scale,
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reflections are marked by *,
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The Calcium lon Environment TABLE 5.

3.2.

Ca jon is coordinated (fig. 1, table 4) to seven

The carbonate anions and their
ments in barytocalcite, BaCa(COs)

The

bxygen atoms, including one edge, O@", 4'"), of a

Distance or angle

FIGURE 2. The CO; environments in barytocalcite, BaCa(COs),.
The labels refer to atoms in table 5.
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served in the calcite (1.283(2) A [14]) and aragonite
(1.288(2) and 1.283(1) A [4]) phases of CaCOs.

The two CO; groups are nonplanar in barytocalcite.
The displacements of C from the plane of the oxygen
atoms are 0.025(5) A for C(1) and 0.022(4) A for C(2).
Both displacements are toward the two central Ca ions
Ca' and Ca'V in figure 2, and probably arise from
polarization of the O atoms by these Ca ions. Similarly
distorted CO; groups have been found in aragonite
[15, 4] and CazNaz(CO3); [1]. (In calcite, the CO; group
point symmetry is constrained to 32 by the choice of
R3c as the space-group.)

The different C— O bond lengths in the CO; groups
(table. 5) are consistent with the observed features in
the structure. O(1) is bonded to three Ba ions. O(2) is
bonded to two Ba ions and one Ca ion. Thus Of2)
experiences stronger interaction with its cation neigh-
bors, which is compatible with the C(1)— O(2) distance
being longer than C(1)— O(1). Similarly, O@4) is coordi-
nated to two Ca ions and one Ba ion, whereas O(3) is
coordinated to one Ca ion and two Ba ions. Thus, the
C(2)— O(4) bond distance is expected to be longer than
the C(2)—O(3) distance. Because the O, 4') edge is
coordinated to Ca whereas the O3, 4) and O(@3, 4)
edges are coordinated to Ba, the O4), C(2), O(4’) angle
is expected to be less than 120°. Both these effects are
realized.

Although O(2) and O(3) have similar environments,
comparison of the lengths of the bonds C(1)— 0O(2) and
C(2)— O(3) is not fruitful. Such a superficial comparison
only applies when the oxygen atoms are competing in
their bonding to the same central atom or when the
other oxygens in the CQ; groups also have similar
environments.

4. Discussion

Alm [3] showed that the structure given by Gossner
and Mussgnug [2] is incorrect. The general features of
the structure given by Alm for barytocalcite are correct
to within ~ 0.3 A. The details given here are, however,
far more precise. Gossner and Mussgnug and Alm gave
the space-group of barytocalcite as P2, in their limited
analyses of the structure. Qur more extensive analysis
shows, however, that barytocalcite can be refined
equally well, within the limits of the data, in the centro-
symmetric space-group P2;/m.

Baryiocalcite is related to the calcite and aragonite
phases of CaCOj3. There are pseudo-hexagonal layers
of cations parallel to (101) in the barytocalcite structure.
If the difference between Ca and Ba is igpored, a
pseudo-cell may be defined with a’' ~8.7 A (along
[101]), 5’ =5.2 A (along [010]),¢" ~ 9.2 A (along[101])
and B ~95° In this pseudo-cell, the cation layers
repeat every third layer along ¢’ as they do in calcite.
The pseudo-cell of baryiocalcite compares well with
the orthohexagonal cell 8.641,4.989,17.062 A of calcite.
The orientations of the COj groups in the two com-
pounds calcite and barytocalcite differ by a rotation of
~ 30° (the C(2)O3 group in barytocalcite further differs
in that it makes an angle of ~ 20° with the (101) plane),
and the cell repeat, 17.062 A, perpendicular to the

layers in calcite encompasses six cation layers Whel‘eas

barytocalcite repeats every three cation layers, As
regards the . . . ABCABC.. . sequence of cation layerg
barytocalcite is like calcite. However, the rotation of:
the CO; groups by ~ 30° relative to the CO; Dositiong
in calcite relates barytocalcite to the aragonite phage-

of CaCOs. Thus the detailed coordinations of the CQ,

groups are like those in aragonite, which also hag

CO; groups rotated by ~ 30° from the CO; positiong in

calcite, because all CO; edges in both compounds ar
shared in coordination to neighboring cations and a]]
apexes are further coordinated to cations. The c¢q.
ordinations of the cations in barytocalcite are howevey
different from the coordination of Ca in aragonite
partly because in the former there are two differentl;z
sized cations.
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discussions; P. B. Kingsbury gave technical assistance,
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