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THE CRYSTAL STRUCTURE OF SILINAITE, NaLiSi2O5'2HrO: A MONOPHYLLOSILICATE

JOEL D. GRICE
Mineral Sciences Section, Earth Sciences Division, Canadian Museum of Nature, Ottawa, Ontario KIP 6P4

AsstRAcr

The new species sl/lnaile, NaLiSi2Os.2HzO, is
rponocliruc A2/n, with q 5.061(l), b 8.334Q), c 14.383(3)
A, 9 ge .eQ)', V 602.5 43, and Z = 4. The crystal struc-
ture was solved by direct methods and refined on 792
observed reflections to residuals R : 3.0 and Rw = 2.6V0.
The monophyllosilicate layer parallel to (001) consists of
a unique configuration of linked pyroxene-type chains.
These slightly undulous layers are bonded together by inter-
layers of [LiO4] tetrahedra and [Na(HzO)4O2] octahedra.
The structure is compared to that of searlesite and maka-
tite. The results of the crystal-structure analysis were essen-
tial in determining the chemical composition of silinaite.
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SoMMAIRE

La nouvelle espice min6rale silinaite, NaLiSi2O5.2H2O,
est monoc[inique A2/n, avec a 5p61(l), b 83aQ), c
14.383(3) A, B 96.6(2)", V 602.5 X, et Z 6sal d 4. La
structure cristalline a 6t6 affin6e par m6thodes directes en
utilisant 792 r6flexions observ6es, jusqu'i un r6sidu R de
3.090 (R* = 2.6t/o), Le feuillet monophyllosilicate paral-
ldle n (001) contient un agencement unique de chalnes sem-
blables i celles des plroxbnes. Ces feuillets ldghement ondu-
lants sont li6s par des t6tra0dres [LiOa] et des octaddres
[Na(H2O)aO2] interfoliaires. La structure ressemble d celle
de la searlesite et de la makatite. Les rdsultats de l'6bau-
che de la structure cristalline se sont av6r6s essentiels dans
la d6termination de la composition chimique de la silinaite.

(Traduit par la R6daction)

Mots-clds: silinaite, structure cristalline, silicate en feuillets.

INrnooucrroN

Silinaite, a new mineral species from Mont Saint-
Hilaire, Rouville County, Quebec, is described by
Chao et al. (1991). When the crystal-structure deter-
mination of silinaite was cornmenced, the amounts
of sodium and silicon were known, but the results
of the electron-microprobe analysis totalled only 73
wt.Vo. The light elements lithium and hydrogen, as
well as the number of formula units, Z = 4, were
determined by crystal-structure analysis. The useful-
ness of this method as a technique to determine
chemical composition was described in detail by
Hawthorne & Grice (1990).

ExPERIMEI.I'IAL

A thin, platy, (@l) cleavage fragment chosen from
the rype material of silinaite (CMN #56467) and
measuring 0,27 x 0.20 x 0.075 mm was used for
the data collection. Single-crystal precession photo-
graphs yielded two possible space-groups, A2/n and
,4n. Intensity data were collected on a ftrlly auto-
mated, Nicolet R3m four-circle diffractometer oper-
ating at 50 kV and 40 mA with graphite-
monochromated MoKa radiation. A set of 25 intense
reflections was used to orient the crystal and refine
the cell dimensions: 4 5.061(l), b 8.334(2), c 14.383(3)
4,, P ge .eQ)' and V (fl2.5 43. A unique set of inten-
sity data up to 20 : 60o was collected using a 0 :
2A carnrng mode. Two standard reflections were
monitored every 46 measured reflections to check
crystal orientation, crystal decrepitation and beam
intensity. The crystal remained stable in the X-ray
beam, and all fluctuations were found to be within
t lt/0. Of the 883 unique intensities collected, 792
were considered observed lF > 2.5o(n1,

Reduction of the intensity data and refinement of
the structure were done with the SHELXTL pack-
age of programs. Data reduction included back-
ground, scaling, Lorentz and polarization and
absorption corrections 0, : 6,3 cm-r for MoKcr
radiation). For the absorption correction, I I intense
diffraction-maxima over the 20 range 6 to 57o were
chosen for V-diffraction-vector scans after the
method of North et ol. (1968). The V-scan set was
used to refine an ellipsoidal empirical absorption-
correction. Application of the absorption-correction
reduced the merging R of the V-scan data set from
1.7 to l.2t/o which, when applied to the whole data-
set, resulted in minimum and maximum transmis-
sions of 0.680 afi 0.722.

CNYSTEL-STNUCTURE ANALYSIS

Two E-maps were calculated from a set of nor-
malized structure-factors. One of these was chosen
for the initial model for least-squares refinement
based on favorable bondJenefhs between the atomic
positions. The positional and thermal parameters of
three atoms in this model refined to give a residual
index R of 37n/0. Difference-Fourier maps showed
additional atomic sites that were arbitrarily assigned
the scattering factors for oxygen. Scattering curves
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TABLE I. POSITIONAT COORDINATES AND THERMAL PAMMETERS (XIOO) IN SILINAITE

uequ23Ut :UnU::uzzu l t

Na L/4
Li L/4
s i  0 . 0525 ( t )
01  0 .0096 (3 )
02  0 .3610 (3 )
0 3 0
04  0 .0933 (3 )
H1  0 .041  (7 )
H 2  0 . 2 1 9 ( 6 )

0 .6035 (2 )  1 /4
0 .2395  (7 )  1 /4
0 . 1 5 2 6 ( 1 )  0 . 4 3 6 6 ( l )
0 . 1 2 1 1 ( 2 )  0 . 3 2 6 9 ( 1 )
0 .2053 (2 )  0 .4703 (1 )

0 r/2
0 .8583 (2 )  0 .  r5e4 (  I  )
0 .85s(4)  0 .10s(2)
0 .e4r (4 )  0 . r64(2)

2 .01(7)  2 .00(6)
r.te(22) 1.68(24)
0 .71(2)  0 .74(2)
1 . r e ( 6 )  l . 3 s ( 7 )
0 . 7 3  ( 6 )  1 . 2 2 ( 6 )
1 . 8 8 ( 1 1 )  l . 3 r ( 1 0 )
2 .21(8)  2 .70(e)
5 . 2 ( 1 . 1 )
3 . 6 ( 8 )

2 .47(7)  0
1 . 6 8 ( 2 3 )  0
0 .78(2)  0 .08(2)
0 . 8 8 ( 6 )  - . 1 1 ( 5 )
r . 1 5 ( 6 )  0 . 2 0 ( 5 )
r . 6 5 ( 1 0 )  0 . 7 6 ( 8 )
r .47  (7 )  - .02(7)

0 .73  (5 )  o
- .04(20)  0
o .  0 5 ( 2 )  - . 0 5 ( 2 )
0 .08(5)  -  .05  (5 )
0 . o o ( 5 )  - . 2 0 ( 5 )
0 . 2 5 ( 8 )  - . 3 0 ( 8 )
0 . 2 4 ( 6 )  - . 3 6 ( 8 )

2.12(4)
I  .53  (  r4 )
0 . 7 4 ( r )
1 .  r 4 ( 4 )
I  .04(4)
1 . 6 1 ( 6 )
2 . 1 3 ( s )

Note:  Anjsotropjc temperature factor  takes the form:
Esd's are in parentheses

TABLE 2. SELECTID INTERATOMIC OISTANCES (A) ANO BONO ANGLES (O)
IN SILINAITT

Na octahedron

Na-01 2 .473(21 xz
Na-04 2 .311(21 x2
Na-04 2.568(21 xz

l' lean 2.45f'

0 l - 0 4  4 . 0 3 7 ( 4 )  1 0 6 . 4 ( 1 )  x 2
0 4 - 0 4  3 . 3 9 2 ( 3 )  8 7 . 9 ( 1 )  x 2
0 4 - 0 1  3 . 7 8 0 ( 3 )  1 0 4 . 3 ( l )  x 2
0 l - 0 1  3 . 2 3 2 ( 3 )  8 1 . 6 ( 1 )
0 4 - 0 1  3 . 3 1 9 ( 3 )  8 7 . 8 ( l )  x 2
04-04 2 .889 (3 )  68 .4  (  1  )
0 4 - 0 4  3 . 1 0 8 ( 3 )  7 8 . 9 ( l )  x 2

M e a n  3 . 4 4 9 - -  9 0 . 5 ' '

Li Tetrahedron

L i - 0 1  1 . 9 9 7 ( 3 )
L r  - 0 r  1 . 9 9 0 ( 3 )

Mean I .994-

Si tetrahedron

s i  - 01  1 . s90 (1 )
s i - 02  1 .641 (1 )
s i - 02  1 .63s (2 )
s r -03  1 .605 f i )

l4ean T- 61q 
-

02-01 2.657 (2)  110.7(1)
03 -01  2 .693 (1 )  114 .9 (1 )
03 -02  2 .575 (1 )  10s .0 (1 )
02-01 2.697(2) 113.3(1)
02-02 2.638(1) 107.1(1)
02 -03  2 .577 ( l t  105 .2 ( I )

l'lean 2.640 109.4

Nots: Esd's are ln parentheses

for neutral atoms from Cromer & Mann (1968) and
anomalous dispersion coefficients from Cromer &
Liberman (1970) were used. At R : 4.50/0, the Na,
Si and five crystallographically non-equivalent ,,O',
sites had been located. The refined occupancy of one
"O" $ite was found to be very low. This site has
tetrahedral coordination with an average bondJength
of 2.00 A. The average interatomic distances (Ondik
& Smith 1968) for lighr elements (Z < B) in tetra-
hedral coordination are: Li-O 1.98, Be-O 1.65 and
B-O 1.48 A. Clearly Li is the only cation large
enough to fill this tetrahedral site in the crystal struc-
ture of silinaite.

The final steps of the least-squares refinement
involved a conversion to anisotropic temperature-
factors for all cations and oxygen atoms. With a
weighting scheme of cr-2(9, the refinement attained
an R of 3.690 (R* = 3.40/o). At this point in

T.exp[ ( 2r'2 (ul la"2h2 . . . .+2u 12a*b*hk +. . . . ) ]

the refinement, the AF synthesi$ gave clear evidence
of the two hydrogen atoms associated with one oxy-
gen (O4). Refinement of the positional parameters
of the H atoms with isotropic temperature-factors
increased the number of refinable parameters to 6l
and gave final residuals of R = 3.070 and R* :
2.60/0. It should be noted that when the occupancy
of Na and Li sites was allowed to refine, Na was
found to be 98(l) and Li, 100(2)90, i.e., the pos!
tions are fully occupied. The excellent refinement of
the Li occupancy is further proof of its existence in
this site. The final positional and thermal parameters
are given in Table I, and the bond lengths and angles
in Table 2. Table 3, the observed and calculated
structure-factors, has been submitted to the Deposi-
tory of Unpublished Data, CISTI, National Research
Council of Canada, Ottawa, Canada KIA 0S2.

Drscnrprrox AND DrscussroN oF THE STRUCTURE

The most striking feature of the silinaite structure
is the layer of [SiOn] tetrahedra parallel to (001). In
Figure l, the monophyllosilicate layer can be seen
to consist of slightly kinked, pyroxene-type,
unbranched.eweier single chains, linked together and
alternating, with one chain having apices up and the
adjoining chain, apices down. The chains are parallel
to the ,Y axis. These two features of the structure
(silicate sheets and chains reinforced by [LiOo]
tetrahedra) are exemplified in the observed cleavages,
(001) perfect and (010) distinct. The (001) plane is
also the composition plane for the twin law of
silinaite (Chao et al. l99l). In Figure 2, one can see
that a rotation of 180" about the [001] axis through
the Li atoms would readily produce the observed
twin. On the composition plane, site vacancies would
be necessitated in the Na positions, but the other
anions and cations would require very little change
in position.

This type of single-layer silicate is not illustrated
in Liebau's (1985) classification of silicates. He stated
(1,. 216) that such a structure type is not known.

0 l - 0 1  3 . 0 7 7 ( 2 )  1 0 1 . 0 ( l )  x 2
0 1 - 0 1  3 . 2 3 2 ( 3 )  1 0 8 . 6 ( 3 )
0 1 - 0 1  3 . 3 1 9 ( 3 )  1 1 2 . 7 ( l )  x 2
0 l - 0 1  3 . 4 7 3 ( 3 )  1 2 0 . 8 ( 3 )

l',lean 3.250 lOtlt

H Bonds
H1-04 0.74(3)
H1-02 2.  l6(3)
H2-04 0.94(2)
H2-0r 2.03(3)
Hz-Hl  1.34(4)
H2-04-H1 105(3)
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Ftc. l. The (001) layer of silicate tetrahedra of the silinaite structure, showing
pyroxene-type chains parallel to the Xaxis. Na (large open circles) and Li (small
open circles) atoms also are shown. The unit cell is outlined.
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Silinaite is the first known example of a monophyl-
losilicate with this configuration of linked chains.
Another unique feature of the silinaite silicate layer
is the l80o bond angle of Si-O3-Si. The average
bond-angle of a strain-free Si-O-Si bond is near l40o
(Liebau 1985, p. 30), and the number of reliably
determined crystal structures in which this angle is
close to 180' is very limited. As 03 lies on a center
of symmetry, the non-centrosymmetric space group
An was tested to make sure of the center of sym-
metry that fixes the bond angle at l80o . The crystal
structure in space group An refined to residual
indices R = 3.6 and Rw : 3.30/0, which is signifi-
cantly poorer than the refinement in space group
AZ/n.This confirms the linear Si-O3-Si bond. It is
also of interest to note that the temperature factor,
U*, of 03 is only slightly larger than U"o for Ol
and 02. This contrasts with the data presented in
Liebau (1985, p. 29), which show a considerable
increase in temperature factors for oxygen atoms in
linear Si-O-Si bonds. An explanation of this may
be that strain increases on this bond as it approaches
180". In response to this strain, the central oxygen
adom may assume a disordered position. If this dis-
order were not recognized in the structure refine-

ment, it would be exemplified by large temperature-
factors.

The silicate layers in the silinaite structure are
bonded together by [LiO+] tetrahedra (Fig. 2). The
bond-valence sum based on the constants of Brown
(1981) for the Li site is 0.93 v.u., which compares
well with the ideal valence of I for Li. The agree-
ment gives further evidence for the correct assign-
ment of Li to this atomic site. These [LiOr] tetra-
hedra are crossJinked by Na in octahedral
coordination with two O atoms and four H2O
molecules. Each H2O molecule, composed of 04,
Hl and H2, is H-bonded to the silicate layer with
an H1....O2 bond length of 2.16(3) A and an
H2....o1 bond length of 2.03(3) A. Figure 2 illus-
trates the slight wave, or strain, in the silicate layer,
with the [LiO4] tetrahedra pulling layers together
and the [Na(HzO)aOz] octahedra bulging them
apart.

Silinaite bears some resemblance, both chemically
and structurally, to the minerals searlesite,
NaBSips(OH), and makatite, NarSioO6(OFI)2"4HrO,
and the synthetic phases a-Na2Si2Or, B-Na2Si2Or,
metastable Li2Si2O5 and stable Li2Si2O5. Ghose &
Wan (19O determined that searlesite is a singleJayer
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Ftc. 2. An X-axis projection of the silinaite structure, showing the slightly wavy layer of silicate tetrahedra interleaved
with [LiO4] tetrahedra (shaded) and Na (small circles) in octahedral coordination, with four water molecules Qarge
circles with two small circles for H) and two oxygen atoms shared with the [LiOa] tetrahedron. The unit cell is out-
lined.

silicate formed by linking unbranched zweier single
chains together. The phyllosilicate layers are held
together bV tBOr(OH)rl tetrahedra and [NaOr(OH)a]
octahedra much like the linkage in silinaite; yet in
searlesite, unlike in silinaite, the [SiO4] tetrahedra
in the chain alternate up and down. The nearly pla-
nar phyllosilicate layer in silinaite and searlesite con-
trasts with that of makatite (Annehed et al. 1982),
composed of vierer single chains, which are highly
convoluted with the relatively large [Na(HrO)u]
polyhedra. Like makatite, synthetic B-Na2SirO,
(Pant 1968) has Na in both five- and six-fold coor-
dination, but Na polyhedra in this dehydrated phase

are smaller and more uniform in size, and thus
impose a more planar [SiOa] layer composed of
dreier double chains almost identical to those of
searlesite. The higher-temperature polymorph, a-
Na2SirOr (Pant & Cruickshank 1968), has each Na
coordinated to five oxygen atoms, which corrugates
the [SiO4] dreier single layer. Stable LirSirOr (Lie-
bau 1961) has the same configuration of silicate sheet
as cv-Na2Si2O5, but with tighter corrugations owing
to the smaller [LiOo] tetrahedra. In metastable
Li2si2o5 (Smirh et al. 1990), rhe Li coordination
and type of silicate layer are the same as for its poly-
morph, but adjacent silicate layers have tetrahedra
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that "point" in opposite directions.
From the above discussion, it is evident that

although the three minerals and four synthetic phases
all have a single silicate layer composed of sixlinked
[SiO4] tetrahedra, the crystal structure can accom-
modate a variety of cations with differing coordi-
nations and polyhedral sizes. This variability is
accommodated by varying numbers and types of
chains composing the silicate layer as well as by cor-
rugations of the layer itself.
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