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The two-storied three-membered oxygen—silicon rings of formula {SigO;5;] which have been
suggested for pseudohexagonal elpidite, NayZr[SigOy5] - 3H,O (on analogy with the strictly
hexagonal catapleite, Nay,Zr[SizO¢] - 2H,0), have been unrolled and joined together as a re-
sult of x-ray structure analysis into infinite [Si;, 3045]« ribbons, in which two [S8iy+10]e
wollastonite chains are joined together "flatwise.™ These ribbons were first discovered

four years ago in epididymite.

The double oxygen—silicon chains present are the reason

for the close relationship between elpidite and the amphiboles; this is shown in its acicu-
lar habit, cleavage along the pseudohexagonal prism, and positive optical sign.

The structure .of this orthorhombic Na zirconi-
um silicate, with a dimetasilicate Si: O ratio of
2:5, was solved by us* and described [1] in a cen-
trosymmetric approximation within the space group
Pbmm:

a=T4 b=144,c=T05A Z=2 (s.g 2615).

The most characteristic feature of the silicate
structural arrangement was the "epididymite™ rib-
bon [3], two tetrahedra wide and with a repeat dis-
tance along the axis of three tetrahedra, giving a
"link" consisting of a 2 X 3 block (Fig. 1).f The
discrete [Siy+30;5]  ribbons lie in ranks parallel
to (100) in such a way that along [100] all the "odd"
members face in the opposite direction to the
"even™ members (Fig.2). They are inverted by the
twofold axis of rotation passing between the rib-
bons; and also by the glide plane (100) = b, in
which these ribbons lie. The unit cell constant a
= 7.4 A corresponds to one such rank (or "wall") of
the oxygen—silicon ribbons, which are connected
both to one another and to the Zr octahedra lying
between the walls; these octahedra lie on "derived”
twofold axes passing between the walls in the unit
cell, on the "median® derived glide plane b' (see
diagram of space group Pbm2 in Fig. 3).

The Zr octahedra and the oxygen—silicon rib-
bon together make up a three-dimensional anionic
framework. Between the Zr octahedra, in both the
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Fig. 1. An epididymite
ribbon, [Siy 4+2015]e. as
the product of condens-
ing two [Si2 +109]°°
chains related by a
longitudinal plane of
symmetry.

*From material donated by E.I. Semenov, one of the first dis-
coverers of this mineral in the USSR,

+ These ribbons (Fig. 1), discovered (in 1959) in the Be silicate
epididymite [3], were described as wollastonite chains [4] related
in pairs by a plane of symmetry in such a way that the chainslay
"flatwise,” sharing one O atom from each Si tetrahedron,

2[Siy +10g) =30 = [Siy 4 3045], unlike the situation in the xonotlite
ribbon [4], where only every third Si tetrahedron takes part in the
pairing of two wollastonite chains.
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Fig. 2. Structure of elpidite. The anionic
framework consists of epididymite ribbons
in two orientations, connected by Zr octa-
hedra. The light ribbons are in the fore-
ground along the axis b = 14,4 A and the
shaded ribbons are in the background.
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Fig. 3. Diagram at the space group Pbm2,
with two nonequivalent glide planes (100);
b and b°.

vertical direction (parallel to the ¢ axis) and the
horizontal (parallel to the b axis), lie twice the
number of Na cations; on the twofold axes in large,
somewhat deformed octahedra, and on the verti-
cal symmetry planes in the simplest type of seven-
cornered figure (heptaverticon) isatrigonalprism
with a semioctahedron on one of the square faces.
All the corners of the Na polyhedra which are not
joined to silica are occupied by H,O molecules of
two types.

The first structural model was obtained by the
use of the heavy Zr atom, which was of greatvalue
in the three-dimensional Patterson synthesis,

which was based on a massive set of about 1000 re-
flections from 0k!, hko, hkl (I = 1-5).

After having fixed the positions of the heavier
Zr and Si atoms only, we obtained from yz and xy
Fourier patterns all the other maxima which did
not contradict the suggested model and which were
identified as O or Na atoms or H,O molecules. The
pattern was spoiled only by two peaks on the yz
projection, corresponding firstly to unresolved
Orv and Nay, and secondly to the molecule (HyO)1
(Fig. 4). Both peaks showed "creep" and were bi-
furcated by the mirror plane perpendicular to the
twofold axis in the Pbmm space group.

In the subsequent stages of the analysis all the
atoms were used in constructing electron density
projections, whereupon the positions of Ofy, Naj,
and (H,0)f were improved, as follows: they; were
placed in twofold positions on the twofold s on
the lines of intersection of the two mirror planes
(in the group Pbmm). However, the corresponding
maxima, while remaining in the plane of symmetry
perpendicular to the y axis, invariably moved off
the other mirror plane into a fourfold position. Put-
ting half the Na and O atoms ineach of these posi-
tions, we carried out a series of Fourier synthe -
ses, resulting in the table of coordinates given in
[1]. The reliability factors turned out to be the
same for both the xy and yzprojections. They were
equal to about 24% (without taking the zero reflec-
tions and temperature factor into account). The
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Fig. 4. Elpidite, Projection of electron density on
yz (l,é unit cell) in the centrosymmetric approxima-
tion (space group Pbmm).

1 The molecules (HyO)g and (H,O)yy in Tables 1 and 2 of [1] were
denoted by Oy and Oyyp.
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discrepancy over the Hy0 molecules, with the a
priori small probability of finding them in the two
mirror planes, forced us to assume that there

was no true mirrorplane perpendicular to z in the
elpidite structure, but only a pseudoplane, so that
the symmetry was lowered to Pbm2. To fix the co-
ordinates in this more flexible version of the struc-
ture, the method of least squares was used (the re-
fining was carried out on a BEMS computer using
Brusentsev's program [5]). Figure 5 shows a con-
tour map of the electron density projection on yz
for a quarter of the unit cell. The plane of pseudo-
symmetry relates the peaks Sij, Oy, O, and Opp
to the peaks marked Sipy, Oy, Oy, and Orx,
respectively. The peaks Naj and (Hy0)1 do not
have mirror "reflections."

The coordinates listed in Table 1 were aver-
ages from projections on yz and xy and from three-
dimensional electron density syntheses. The re-
liability factors, after introducing the isotropic
factors B, taking the thermal movement of the
atoms into account in the calculation of least
squares and also considering the systematic er-
ror in the measurement of the intensities, fell to
the values Ry ; = 14.5%, Rpko = 15.6%, Rhki
= 20.7%. The average values for 8, evaluated by
Wilson's method, were taken as Sxyg = 0.49 and
Bxyz = 0.4 for all atoms. In the yz projection the
values of 8 were found for individual atoms; they
varied from 0.2 to 2.0.

Fig. 5. Elpidite. The same
projection (4 unit cell) in the
noncentrosymmetric approxi-
mation {space group Pbm2).
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TABLE 1. Coordinates of the Principle Atoms
in the Elpidite Structure

Atom [ 100x/a | 100w | 100z
Y7: (2 0 0 0
Siy(4) 27 15 25
Sigg(4) 29 14 71
Siryr(4) 59 14 0,2
0; (2) 2% | 25 23
Opr(4) 10 8 23
Opgi(®) 48 12 16
Oyy(2) 63 25 3
Oy (4) 78 9 1
Oy1(4 30 | 13 52
Oy (@) 22 | 25 82
Oy (4 14 8 81
Orx(4) 47 | 12 79
(H:0);(2) 87 | 25 37
(H20)1,(4) 72 8 49
Na; (2) 97 | 25 8
Napy (2) 0 0 51

From the viewpoint of "second-chapter"™ sili-
cate crystal chemistry [4], the architectural basis
of the elpidite structure is a layer parallel to the
x = 0 plane (in our description), which is made up
of Zr octahedra and twice as many Na polyhedra
(Fig. 6).* * Between the two adjacent "heavy™"
layers of this type lies a "reinforcement™ (Figs.2
and 7) of infinite oxygen—silicon ribbons arranged
so that the large Na polyhedra in both directions
match up with (are "commensurable™ with) vertical
and horizontal Si,O; diorthogroups slightly protrud-
ing from the ribbons, while each Zr octahedron is
the same height as one third of a link of the ribbon
of 8i0, tetraliedra.

The "seventh™ HyO molecule in the polyhedron
around Najy, and also the pair of HyO molecules
around Najy, each of which is bound to a single Na
atom (see Table 2 for the balance of valences) pro-
vide a satisfactory explanation for the zeolitic
character of elpidite.

The interatomic distances in elpidite are
shown in Table 3.

Due to the loss of the solitary satisfactory
crystal fragment of elpidite (cf. [2] concerning the
mass of twinned material), we have as yet beenun-
able to obtain more precise values of the unit cell

* *In the description of Fig. 2, our attention was focused on the
glide plane along which the oxygen—silicon ribbons are placed.
In a general description of the structure, it is natural to place the
origin at the Zr atom, which lies at a pseudocenter of symmetry
on the other glide plane, on which the Na atoms also lie together
with the entire heavy layer of large cations. The oxygen-silicon
"reinforcement” lies, of course, in the "second” glide plane (100).
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Fig. 6. Structure of elpidite. The architecture is based on heavy "walls" of Zr
octahedra and twotypes of Na polyhedra. a) The idealized case without the
seventh H,O molecule; b) the actual case with the seventh zeolitic molecule.

Fig. 7. Structure of elpidite. The
silicate reinforcement of parallel but
oppositely orientated epididymite
ribbons (at the same level x = %)
which packs out the basic layers of
cation polyhedra (on the level x = 0).

constants, and to provide sufficiently accurate
values of the atomic coordinates and interatomic
distances (Tables 1 and 3).

Being a chain (ribbon) silicate with a predomi-

nance of vertical columns of Zr octahedra and Na
polyhedra, elpidite has the typical positive optical
sign and tendency to form needles of the amphibole
type with a generally prismatic habit, with stria-
tions parallel to the ¢ axis along the appropriate

faces.

As the axial ratio is a:b = 1.9, it is fair to

call the crystals pseudohexagonal (of prismatic
habit). The cleavage (110), as in amphiboles, cuts
off one oxygen—silicon ribbon. Since the bond be-
tween the ribbons is provided by the highly charged
Zr*" ion, the corresponding fracture is uneven and
hackled [2].

The same basic mineralogical article [2] pro-
vides a certain amount of support for the closeness
of elpidite, NayZr([SigOs5] + 3H,0, to catapleite,
Na,Zr[SizOq] - 2Hy0 [6]. The relationship expected
had to be of the same type as that relating beryl,
BeyAly[SigOyg], to milarite, K(BeyAl)Cay * [Sij304]
[4]. The former is characterized by single-storied
six-membered oxygen—silicon rings, while the lat-
ter has similar rings, but they are two-storied.
With a completely identical cationic part (NayZr)
the three-membered catapleite ring [Si3Oq] should
correspond to a similar, but two-storied, [SigOys]
elpidite ring. We persistently searched for this
ring in the (001) projection until the three-dimen-
sional Patterson synthesis unrolled it into a ribbon—
the double chain depicted in Fig. 8. It was there-
fore particularly pleasant to note epididymite
among the paragenetic minerals of elpidite, since
this was the mineral in which the double [SizOj5]eo
chain was first located.

As noted in [2], an elpidite grain is to a large
extent made up of polysynthetic twins. This twin-
ning may apparently be connected with the natural-
ly insufficient supply of Zr in the forming crystal,
which forces the oxygen—silicon chains along (100)
into direct contact with one another. If, in such a
case, a bond is formed between the protrudingthird
tetrahedron in each link, this gives the eight-
membered ring so characteristic of the structures
of feldspars, in particular albite, a mass of which
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TABLE 3. Interatomic Distances in Elpidite (in A)

Zr— Oy =2.1(1)
— Oypp =2.0(7)
— 0y =2.0(6)

Na;— Oy —2.8(9)
—0y=2.7(2)

— Oy = 3.3 (%)

— (H:0); —=2.1 (8)

Naj; - 011 =2-3(9)
— Oy =2.6(1)
— (He0)3 =2.3(9)

Sif—Op==1.4 (9)

— 0 =1.6(1)
— Oy =1.7(1)
—Oyr=1.9(4)

Sipp—Oypp == 1.7(6)
— Oy =1.5(2)
—O01x=1.5(3)
—Oyr=1.4(3)

Sijp — Oy =1.4(3)

~ Oy =1.6(1)
—Oy=1.6(1)
— 01 =1.7(2)

always surrounds a grain of both elpidite and epidi- 2.

dymite.
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TABLE 2. Balance of Valences in the Elpidite Structure

0. H,0 Siy sip Isirr| sip [Sirn] Sipp | ze | Nar | Napp | g
0, A/t A 2
Oy 2l | Yo } 14/p
Oi11 s a 2
Oy Ya i Ya 2
Oy s Yo | Y2 184/43
Oy s s 2
Ovn 4/ /a 2
VIII s 4/ A e 141/49
Orx a 2
(H:0); 4 Ya L
(H20)y; s Ys

Zr-octaverticon
O — 01 =2.6(9)
—0y=2.8(2)
—0y=2.9(7)

— Oy =2-9(9)

Na-heptaverticon
Oyf — O =3.4(6)
—0y=2.8(2)

— 0%y =2-9(9)
— (H20); =3.2 (1)
Na-octaverticon
Opp— 011 ==2.6 (9)
— Oy =4.0(8)
— (H20)[; =3.3(9)
— (H20)p; = 3.1 (9)

Sij-tetrahedron
Oy — 01 =2.6(9)
— 0 =2.6(5)
—Oyr=2.6 (5)

Siyr-tetrahedron
Oyir— Oyig=2-4(9)
—Oyx =2.6(1)
— Oy =2.7(9)

Sipp-tetrahiedron
Opir — Oyr =2.4 (3)
—Oy=25(1)
— Opx = 2.5 (6)
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