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The phase Y = 6CaO' 3Si02 .H20 == CSS3H oc-
cupies an important position in a number of cal-
cium silicates [1-3]. Its unaltered appearance in
the hydration products of cement clinker, its lack
of dependence on the composition and stoichiom-
etry of the basic mix [the phase Y arises during
the hydrothermal treatment of mixes such as {3-
C2S, y -C2S, C2SH(A) silicates, as well as from the
reactions CaO + Si02, CaO + quartz, Ca(OH}z +Si02,
CaO + quartz, Ca(OH)2 + Si02, CaC03 + quartz, etc.],
and its stability in a wide range of temperatures
(up to 800°C) and pressures (up to 2000 atm) dis-
tinguishes the phase Y as one of the most stable
products of hydration of Ca-silicates. By virtue
of the above, the progress of the reaction, under
conditions of low temperature hydrothermal syn-
thesis and during the hydration and hardening of the
cement minerals, should be represented in a dif-
ferent fashion. Nevertheless the phase Y struc-
ture has not been deciphered so far.

For our x-ray analysis uncrushed monocrys-
talline particles 0.1-0.2 mm size were chosen. The
translations of the selected triclinical cells as
shown by B. N. Delone [4] are the shortest and
agree with those established earlier by L. Dent-
Glasser et al. [2]. They are: a = 6.85, b = 6.95,. c = 12.90 A, O! = 90°45' :I: 15', {3 = 97°20' :I: 20',
{3= 98°15' :I: 15', z = 2CasSi3012 . H20. The three-
dimensional Patterson function P (uvw) was con-
structed for 1800 nonzero reflections,1 Okl -4kl,
hOl. A large number, i.e., 18 central atoms in the
fundamental cell (12 Ca cations and 6 with a dispersive
power close to Si) as against 26 light

°
atoms

caused multiple superpositions and overlapping of
interatom vectors Ca - Ca, Ca -Si, Ca -0 and Si-
Si, which rendered a direct interpretation impos-
sible.

It was possible to separate the basic (point)
system from the vectorial one with the help of the
"multiple peak method" recently introduced into
our x-ray structure practice [6, 7]. To begin with,
10 points out of a total of 18 were fixed on the ba-
sis of octahedra. Later, the remaining 8 were
also fixed. However, the positions of these 18points
appeared to be unconnected to the center of sym-
metry and hence (for avoiding preconceived ideas,
see Belov et al. [8]) further interpretation was con-
ducted on the basis of the acentric group pl.2

At this stage the deviation coefficient was 0.43.
Prominently meeting the eye on the very first elec-
tron density chart p (xyz) was a regular sequence
of maxima with a periodicity of ~ bl 2 and -c I 6
and a 12. This net considerably complicated both
the identification of points on the basic system and
the further interpretation. Though the 12 Ca atoms
and 6 Si atoms account for more than 60 percent
of the scattering power of the cell, the R-factor
did not drop below 40%. Incorporation of lighter

°
atoms (with the necessary control on P (uvw)

by a process analogous to the procedure de-

scribed by Belov etal. and Kuzmin [6, 7]) facili-
tated the elimination of false peaks after several

l~loKa source, max sin e / A = 1.2 A -1; the intensity was
evaluated on a 4/2 density scale; absorption was not taken
intO account in view of the sufficiently small sample size
(~ 0.1 x 0.15 x 0.1 mm) and also the absence of atoms of es-
ceptional scattering power in the cell. The latter made special

stipulations in the statistical analysis of intensities [5] unneces-
sary and, as judged from the results. the Fedorov group PT was

the most probable group.

ZIt was later discovered that two of the points of the basic sys-

tem so fixed were" foreign points" i.e.. did not cotrespond to

atoms and thus violated the central symmetry.
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Ca1 0.1182

I

0.19\ 0.10:) 03 0.615 0.1% 0.806
Ca, 0.192 0.206 0.48lJ 0, 0.747 0.153 0.174
Ca3 0.:115 0.191 0.876 05 0.983 0.149 0.910
Cat 0.560 0.0:34 0.321 O,-(OH) 0.~29 0.165 0.300
Caj 0.894 0.46'i 0.291 0, 0.850 0.130 0.486
Ca, 0.595 0.477 0.703 Os-(OH) 0.192 0.210 0.685
Sh 0.61'1 0.291 0.098 O. 0.530 0.215 0.565
Si, 0.fK9 0.285 0.885 010 0.743 0.336 0.999
Sb 0.715 0.299 0.509 all 0.643 0.363 0.393
01 0.614 0.490 0.166 au 0.836 0.482 0.581
0, 0.394 0.138 0.05:3 013 0.112 0.510 0.170
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TABLE 1

Atoms
I

xla y,b zlezle

II

Atoms
I

xla ylb

synthesis cycles of p (xyz). In the PI group 1

Rhkl was lowered to 0.21 without making a ther-
mal correction (1800 reflections sin e / A :5':1.2
A-I).

At this stage we nevertheless reverted to the
central symmetrical variant. A more precise idea
about the polygon resulted in a reduction in 1Rhkl
from an initial value of 0.25 to 0.128 when 1Bhkl,
the isotropic thermal correction, was 0.17 A2 (the
corresponoding 1Rhkl and 1Bhkl values are 0.128
and 0.17 A2 respectively). In the absence of any
special apparent advantages in either of the variants
attention was focussed on the central symmetrical
system for which the final coordinates are pres-
ented in Table 1.

Three independent Si atoms are localized in the
tetrahedra. The distances are: Si-O = 1.63-1.65
A for tetrahedron edges 0-0 = 2.61-2.75 A; Si20-
0= 1.63-1.65 A for 0-0 = 2.61-2.77 A and Si3-
0= 1.59-1.65 A for 0-0 = 2.54-2.75 A.

Of the six crystallographically independent Ca
cations three are octahedrally enclosed as follows:
Ca2-0 = 2.32-2.52 A, Ca3-0 = 2.28-2.51 A , and

Fig. 1. The phase Y structure. Lattice faces of Ca polyhedra.

Ca5-O = 2.29-2.64 A; in this Ca3 and Ca5 have one
longer distance (2.51 and 2.64 A) as against 2.28
and 2.43 A, while Ca2 cations have two (~2 .50 A)
as against 2.32-2.38 A for the rest. The remaining
three Ca cations are located in a manner normal
for large cations, in seven-vertex polyhedra - a
triangular prism together with a half octahedron.
Even here one of the points stands further away
from the nucleus as compared to the rest: Cas-
0= 2.31-2.63 and 2.84 A. The last mentioned dis-
tance exceeds the average Cal- 0 (= 2 .45 A) by
more than 15 percent and in further work the Cal
polyhedron was assumed to be an octahedron.

In the structure of this more complex cement
silicate it is poss ible, in the first place, to dis-
tinguish a sheet of parallel Ca polyhedra (Fig. 1).
In contrast to the calcium silicates and other heav-
ier cations described earlier (Belov et al. [8, 10]
and others) the face is not solid but trellised; in
this the parallel b axes appear as continuous chains
of Ca seven-vertex figures (Ca4 and Cas) connected
with discrete octahedra (Ca5). Hydroxyl (OH-)
groups are situated in the openings, about which
more will be said later.

Intersecting along the C axis of the cell are
two such faces which are connected to each other
by centers of inversion. These centers are situated
in the gaps between the faces and this permits the
gaps to be of unequal width, as was unexpectedly
discovered and demonstrated in the case of tundrite
[10]. In phase Y one of the gaps is twice as wide
as the other and groups of four Ca octahedra (Cal
and Ca3) linking the faces are situated in the wider
gaps, while the two other octahedra are in the nar-
row gaps. Through the openings in the faces (and
through the OH groups) quartets and pairs are con-
nected in a continuous strip and, therefore, the
whole framework of six types of Ca polyhedra may
be represented as a three-dimensional lattice with
intercepting channels of two different cross-sec-
tions.
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Fig. 2. xz projections for phase Y. Shown in the figure are: A)

continuous strips of Ca octahedra; B) a bunch of Si04 ortho-

tetrahedra and diorthogroups of Si2~ on the background of a Ca

motif.

Along the a axis (Fig. 2) the strips are con-
nected to each other by silicon-oxygen radicals.
Of these a pair of octahedrons is connected with
two orthogroups Si04 while four others are con-
nected by two diorthogroups Si207. The center of
symmetry is situated. in the vacant octahedron be-
tween the two orthogroups, and precisely in the same
manner the central symmetrical octahedron links
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the right tetrahedron of one diorthogroup with the
left tetrahedron of the other. Other centers of sym-
metry are located on the common edges of the group
of two octahedra and the central pair in the other
four. The origin of the cell is located at the last
named center.

The phase Y is the first Ca silicate and along
with epidote, tsoizite and K2MntZn4[Si04h[Si207] it
appears [11] to belong to a small group of silicates
in which the structure is distinguished by ortho-
and diorthosilicate groups.
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