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Abstract

The crystal structure of baratovite has been determined and refined from 4654 single-crystal
diffractometer data by means of direct methods and least-squares refinements with anisotropic
thermal parameters, giving R : 0.034. The structure consists of SirO,, rings connected by
dense Ca-octahedral sheets and by Ti-octahedra, Li-tetrahedra, and l2-fold K-polyhedra. The
chemical formula derived from the structural study is KLitCar(Ti,Zr)z[Si.Ot.]zFr. Analysis of
the experimental values shows that in baratovite there is no correlation between Si-O(br)
distances and Si-O(br)-Si angles. Positive correlations between Si-O distances and (O-Si-O)g
angles as well as between the Si-O bond length variation and the bond strength variation are
found. Our results confirm the structural model published by Sandomirskii el a/. (1976) as this
investigation was approaching completion.

Introduction and experimental

Baratovite is a new silicate found as an accessory
mineral in quartz-albite-aegirine pegmatitic veinlets
in quartz-aegirine syenites and albitites of the Dara-
Pioz alkalic massif, Tadzhikistan (USSR). The min-
eral has been described by Dusmatov et al. (1975),
who gave optical and physical properties, IR spec-
trum, crystal data, and a chemical analysis leading to
an idealized formula KLizCarTizSir2Os?F.

A colorless cleavage fragment with the shape of an
irregular cube of about 0.3mm was used for our
work. A preliminary crystallographic study by Weis-
senberg photography confirmed both the lattice pa-
rameters and the crystal symmetry obtained by the
above-mentioned authors. Final lattice parameters
were determined from the scattering angles of 25
high-angle reflections, measured on a Philips single-
crystal diffractometer. Crystal data are given in Table
1. Intensity data were collected on the same com-
puter-controlled diffractometer (Centro di Cristallo-
grafia Strutturale del CNR, Pavia, Italy) with MoKa
radiation and the or20 scan technique. Of 4654 re-
f lect ions scanned within the range 2<0<30",40l l
were considered to be actuallv observed accordins to

I We wish to dedicate this paper to the memory of our friend and

colleague Professor Sergio Quareni of the Mineralogical Institute,

Padova University, who died, before his time, on August 23, 1978.
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the criterion I > 4o(l). Absorption was considered
negligible.

The structure was solved with the MulreN pro-
gram (Germain et al., l97l) which was used in its
fully automatic mode. Positional and isotropic ther-
mal parameters were refined by full-matrix least-
squares cycles down to an R index of 0.040. A weight
l/tG, with o deriving from counting statistics, was
given to all observed reflections. Two further cycles
with anisotropic thermal parameters led to a final R
index of 0.034. Atomic scattering factors used in the
structure-factor calculation are those given in the
International Tables for X-ray Crystallography (1974,
p. 99-l0l). Final atomic and equivalent isotropic
thermal parameters are given in Table 2, while bond
distances and angles are listed in Table 3. Observed
and calculated structure factors and anisotropic tem-
perature factors are listed in Tables 4 and 5 respec-
tively'z.

Discussion of the structure

In baratovite six-membered SieOra rings are pres-
ent. As shown in Figure l, which represents a projec-

'z To receive a copy of these tables, order Document AM-79-099
from the Business Office, Mineralogical Society of America, 1909
K Street N.W., Washington, D.C. 20006. Please remit $1.00 in
advance for the microfiche.
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Formu la :  L i 3ca7  (T i o .  
B  t z t  O  . . t  31 ,  l r t uo1  U ]  r " ,

F W  1  3 9 8 . 5

Un i t  ce l l  d imens ions :  a  =  16 .941  (3 )  A

b  =  9 . 7 4 6 ( 2 )

c  =  2 0 . 9 0 7  ( 3 )

0 = ' r t z . s o ( 1 0 ) o

c e l l  v o l u m e  3 1 8 9 . 1  A 3

Space group: c2/c

7 .  i

D m :  2 . 9 2  g  c ^ - 3  
( * )

D x :  2 . 9 1 2  g  c m - 3

p  ( l q o K o )  :  3 0 .  1  c m - l

c r y s t a l  s i z e :  - 0 . 3  x  0 . 3  x  0 . 3  m

the formula given by Sandomirskii et al. (1976). On
the other hand the assumption of OH substituting for
F is not supported by experimental evidence. In fact
the examination of the interatomic distances around
the F position does not show values suitable for H-
bonding; moreover in the difference Fourier synthesis
there are no maxima attributable to H atoms. Table 3
shows that the three Ca-F bond lengths are shorter
than the Ca-O bond lengths. In the Ca( I ) , Ca(2), and
Ca(4) octahedra, the differences between Ca-F and
the mean values of Ca-O are 0.083, 0.112, and
0.143,{ respectively. These figures are close to the
difference between the effective ionic radii of 02- and
F- (Shannon, 1976). A further attempt to clarify this

Table 2. Fractional atomic coordinates and isotropic thermal
parameters

Table l. Crystal data

( x )  
v r h "  g i v e n  b y  D u s m a t o v  e t  a l .  ( 1 9 2 5 )

t ion of the structure along [102], pairs of rings are
superimposed in this direction; the rotation angle
between the two is about 30o. In Figure 2 an ac
projection ofthe structure is given. In the [102] direc-
tion the Si-O rings are connected on one side by
means of a dense Ca-octahedral sheet and on the
other by means of Ti-octahedra, distorted Li-tetra-
hedra, and irregular l2-fold K-polyhedra.

The present results confirm the structural model
presented by Sandcimirskii er at. (1976), in a paper
which appeared when this investigation was ap-
proaching completion. Our study, however, provides
higher precision in interatomic distances and angles.
This is due to the higher number of reflections used
and to the better Fo-F" agreement reached in the
refinements.

An improvement in the R index was also achieved
by taking into account the presence of Zr in barato-
vite. Bykova's chemical analysis (Dusmatov el a/.,
1975) gives ZrO, : 2.28 percent; assuming that all Zr
substitutes for Ti, an atomic latio Zr/Ti : 0.15 (87
percent Ti, l3 percent Zr) results. Another indication
of the presen ce of Zr in the Ti atomic sites is given by
the temperature factor. In fact, considering this posi-
tion fully occupied by Ti, .B turned negative during
the refinement. Occupancy refinement led to aZr/Ti
atomic ratio very similar to that computed from the
anafysis; the temperature factor for (Ti,Zr) became
positive definite and the R index improved.

The amount of f luorine in baratovite, determined
by Bykova, is not enough to justify the two atoms in
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Table 3. Interatomic distances (A) and angles ( ')

sl  tetrahedra

s i ( 1 )  -  o f i )  1 . 6 2 5
o ( 2 )  1 . 6 1 4
o  ( 3 )  1  . 5 0 ' l
o ( 4 )  1 . 6 2 5

Mean 1 .617

o ( 1 )  -  o ( 2 )  2 . 6 5 1
o ( 1 )  -  o ( 3 )  2 . 6 6 0
o ( 1 )  -  o ( a )  2 . 5 6 1
o ( 2 )  -  o ( 3 )  2 , 6 9 5
o ( 2 )  -  o ( 4 )  2 . 5 8 0
o ( 3 )  -  o ( { )  2 . 5 7 4
Mean 2 .538

s i ( 2 )  -  o ( | )  1 . 6 2 8
o  ( 5 )  1 . 6 0 0
o ( 5 )  1 . 6 0 9
o ( 7 )  1 . 6 3 5

l lean 1 .6 tE

38s

Ca octahedra

c a ( 1 ) - F  2 . 3 3 6  c a ( 2 ) - F  2 . 3 0 6
o  ( 2 , 3 )  2 . 4 6 6  0 ( 6 , 7 )  2 . 4 ' t 9
o ( 2 , s )  2 . 3 9 8  O ( ' t 1 , 3 )  2 . 4 2 6
o ( 9 , 7 )  2 . 3 9 0  0 ( 1 { , 3 }  2 . 4 6 0
0 ( 1 4 , 4 )  2 . 3 8 0  O ( 1 { , { }  2 . 3 9 6
0 ( 1 8 , 3 )  2 . 4 6 0  0 ( 1 8 , 4 )  2 . 3 9 1

M e a n  2 . 4 0 5  M e a n  2 . 1 0 0

c a ( 3 )  -  o ( 2 , 2 )  2 . 4 0 0
o ( 5 , 2 )  2 , 3 9 1
o  ( 9 , 5  )  2 . 3 9 2
o ( 1 1 , 3 )  2 . 4 4 5
o  ( 1  1  , 6 )  2 . 4 1 O
o  ( 1  8 , 4 )  2 , 4 1 7

l { e a n  2 . 4 1 0

TI polvhedroq

Sl -  Sl  al lEtances

c a { 4 ) - F  2 , 2 9 1 \ 2
o ( 5 , 3 )  2 . 4 1 2  x  2
O ( 9 , 3 )  2 . 1 1 9  x  2

Mean 2 .393

o ( 1 )  -  s l ( l )  -  o ( 2 )  l l o . o
o ( 1 )  -  s r ( 1 )  -  o ( 3 )  1 1 0 . 9
o ( 1 )  -  s t ( l )  -  o ( 4 )  1 0 1 . 0
o ( 2 )  -  s r f i )  -  o ( 3 )  1 1 3 . 7
o ( 2 )  -  S 1 ( 1 )  -  O ( { )  1 1 1 . 7
o ( 3 )  -  s l ( 1 )  -  o ( l )  1 0 6 . 0

o ( f )  -  s 1 ( 2 )  -  o ( 5 1  1 1 0 . 2
o ( | )  -  s l ( 2 )  -  O ( 5 )  r 1 1 . 1
o ( { )  -  s r ( 2 )  -  o ( 7 )  1 0 3 . 0
o ( s )  -  s l ( 2 )  -  0 ( 6 )  1 1 1 . 2
o ( 5 )  -  s r ( 2 )  -  o ( 7 1  1 0 9 . 8
o ( 6 )  -  s r ( 2 )  -  o ( 7 )  1 0 7 . 9

T i  -  o ( 3 , 9 )  1 . 9 { 1
o ( 5 )  1 . 9 5 5
o ( 8 , 8 )  ' t . 9 3 6
o ( 1 2 , 1 )  1 . 9 5 3
o f i 5 , 1 0 )  1 . 9 3 3
o ( 1 7 , 3 )  1 . 9 5 2

ilean 1 .9{5
o ( 3 , 9 )  -  o ( s )  2 . 8 2 3  O ( 3 , 9 )  -  r r  -  O ( 5 )
o ( 3 , 9 )  -  o ( 8 , 8 )  2 . 7 6 8  0 ( 3 , 9 )  -  r l  -  o ( 8 , 8 )
o ( 3 , 9 )  -  0 ( 1 2 , 1 )  2 . 6 3 6  O ( 3 , 9 )  -  T r  -  O f i 2 , 1 )
o ( 3 , 9 )  -  0 ( 1 5 , 1 0 )  2 . 1 2 8  O ( 3 , 9 )  -  A r  -  0 ( 1 5 , 1 0 )
o ( s )  -  o ( 8 , 8 )  2 . 6 ' t 1  o ( 3 , 9 )  -  r i  -  o f i 7 , 3 )
o ( s )  -  0 ( 1 2 , 1 )  2 . 8 0 1  O ( 5 )  -  r i  -  o ( 8 , 8 )
o ( s )  -  0 ( 1 7 , 3 )  2 . 8 3 1  o ( 5 )  -  r t  -  0 ( 1 2 , 1 )
o ( 8 , 8 )  -  0 ( 1 5 , 1 0 )  2 . 7 1 A  o ( 5 )  -  T r  -  o ( r 5 , 1 0 )
o ( 8 , 8 )  -  0 ( 1 7 , 3 )  2 . 8 1 0  o ( s )  -  r r  -  0 ( 1 7 , 3 )
o f i 2 , 1 )  -  o ( 1 s , ' r 0 )  2 . 8 3 s  o ( 8 , 8 )  -  r i  -  o ( 1 2 , 1 )
o ( 1 2 , 1 )  -  o ( 1 7 , 3 )  2 . 1 9 3  O ( 8 , 8 )  -  r i  -  o ( , r s , l 0 )
o o s , 1 0 )  -  0 ( 1 7 , 3 )  2 . 6 2 6  o ( 8 , 8 )  -  r t  -  o ( , t ? , 3 )

o f i 2 , 1 )  - T t - O f i s , 1 0 )
o ( 1 2 , 1 ) - T 1 - O f i 7 , 3 )
o ( 1 5 , 1 0 ) - r t - o f i 7 , 3 )

Ll tetrahedra

L r ( 1 )  -  o ( 3 )  1 . 9 ' 1 8  t  2
o ( 1 2 , 1 )  1 . 9 1 1  x  2

l tean 1 .915

o ( 3 )  -  o ( 3 , 9 )  3 . 6 s 6  O ( 3 )  -  L l ( r )  -  O ( 3 , 9 )
o ( 3 )  - O ( 1 2 , 1 )  3 . 0 8 7  x 2  O ( 3 )  -  L l ( 1 )  - o ( 1 2 , 1 )
o ( 3 )  - 0 ( 1 2 , 1 0 )  2 . 6 3 1  x 2  o ( 3 )  - L i ( 1 )  - 0 ( 1 2 , 1 0 )
o ( 1 2 , 1 )  -  O ( 1 2 , 1 0 )  3 . { 9 {  O ( 1 2 , 1 ) - L l ( 1 } -  O ( 1 2 , 1 O )

L i ( 2 )  -  O ( 5 )  1 . 8 9 7
o ( 8 , 8 )  1 . 9 0 5
o ( 1 s , 3 )  1 . 8 9 6
o ( 1 7 . 9 )  1 . 9 ' , 1 9

i lean ' l  .90 5

o ( s )  -  o ( 8 , E )  2 . 6 1 1
o ( 5 )  -  0 ( 1 5 , 3 )  3 . ' t 1 0
o ( 5 )  -  0 ( 1 7 , 9 )  3 . 5 1 3
o ( 8 , 8 )  -  O ( 1 5 , 3 )  3 . 5 2 0
o ( 8 , 8 )  -  o ( 1 7 , 9 )  3 . 1 5 1
o ( 1 5 , 3 )  -  O ( 1 7 , 9 )  2 . 6 2 6

K polvhedron

o ( 7 )  -  s t ( 3 )  -  o ( 8 )  1 1 2 . 0
o ( 7 )  -  s r ( 3 )  -  o ( 9 )  1 0 8 . 0
o ( 7 )  -  s r ( 3 )  -  o ( 1 0 1  1 0 4 . r
o ( 8 '  -  s r ( 3 )  -  o ( 9 )  l l l . s
o ( 8 )  -  s r ( 3 )  -  o ( 1 0 )  1 0 6 . E
o ( 9 t  -  s r ( 3 )  -  o ( l o )  l l o . 7

o ( l 0 )  -  s i ( a )  -  o ( 1 1 )  1 1 1 . 5
o ( l 0 )  -  s l ( { )  -  o ( 1 2 )  1 0 9 . 8
o f i 0 )  -  s l ( r )  -  o ( l 3 )  1 0 r . 8
o ( 1 r )  -  s l ( { )  -  o f i 2 )  1 1 3 . 8
o ( t 1 )  -  s t ( r )  -  o ( l 3 )  1 r 0 . 0
o ( 1 2 )  -  5 1 ( r )  -  O f i 3 )  1 0 9 . 3

9 2 . 9
9 1  . 2
8 5 .  3
8 9 .  5

t ? 3 . 5
8 1 . 3
9 ' t  . 5

1 7 4 . 3
9 2 . 8

1 7 1 . 1
9 0 . 5
9 2 . 6
9 3 . 7
9 t  . 4

o o )  -  o ( s )  2 . 5 1 7
o ( { )  -  o ( 5 )  2 . 6 7 0
o ( 4 )  -  o ( ? )  2 , 5 3 1
o ( s )  -  o ( 6 )  2 , 6 9 1
o ( s )  -  o ( 7 )  2 . 6 4 8
o ( 6 )  -  o ( 7 )  2 . 6 2 1
l{ean 2.640

o ( 7 )  -  o ( 8 )  2 . 6 7 5
o ( 7 )  -  o ( 9 )  2 . 6 1 9
o ( 7 )  -  o ( 1 0 )  2 . 5 7 2
o { 8 )  -  o ( 9 )  2 . 6 9 3
o ( 8 )  -  o ( 1 0 )  2 . 5 8 6
o ( 9 )  -  o ( 1 0 )  2 . 6 5 7
l {eaD 2 .634

1 / 2  -
1 / 2  -

t -
1 / 2  -
1 / 2  -
1 / 2  -

s r ( 3 )  -  o ( z )  1 . 6 3 1
o ( 8 )  1 . 3 9 7
o ( 9 )  1 . 6 0 6
o  ( l 0 )  1  . 5 2 5

ltean I .6t 5

s r ( { )  -  o f i 0 }  1 . 6 2 6
o ( 1 1 )  1 . 6 1 6
o ( l 2 )  1 . 6 0 7
o ( 1 3 )  1 . 6 1 2

Mean 1 .520

o ( s ) - L r ( 2 ) - o ( 8 , 8 )
o ( 5 )  - L r ( 2 )  - O ( 1 5 , 3 )
o ( 5 )  - L l ( 2 )  - O ( 1 7 , 9 )
o ( 8 , 8 ) - L r ( 2 ) - O ( 1 s , 3 )
o ( 8 , 8 )  - L r ( 2 )  - O ( 1 7 , 9 )
o ( 1 s , 3 ) - L r ( 2 ) - O f i 7 , 9 )

1 4 4 . 5
1 0 7 . 4  \  2

8 7 . O  x  2
1 3 2  . 1

8 5 . 1
I  1 0 . 2
1 3 , 1 . 0
1  3 5 . 5
1 1 0 . 9

8 ?  . 0

o ( 1 0 )  -  o ( 1 1 )  2 . 6 1 9
o ( 1 0 )  -  o ( 1 2 )  2 . 6 1 5
o ( 1 0 )  -  o ( 1 3 )  2 . 5 2 7
o ( 1 1 )  -  O ( 1 2 )  2 . 6 9 9
o ( 1 1 )  -  O ( 1 3 )  2 , 6 6 0
o ( 1 2 )  -  O ( 1 3 )  2 . 6 4 1
Mean 2 .642

o ( 1 3 )  -  O ( 1 { )  2 . 6 3 5
o ( 1 3 )  -  O f i s )  2 . 6 6 8
o ( 1 3 )  -  O ( 1 6 )  2 . 5 8 1
o ( 1 4 )  -  o f i 5 )  2 . 7 0 0
o ( 1 { )  -  o ( 1 5 )  2 . 6 1 3
o ( 1 5 )  -  o ( 1 5 )  2 . 5 7 9
l fean 2 .511

o ( 1 )  -  o ( 1 6 )  2 . 5 { 6
o ( 1 1  -  o t 1 7 l  2 . 6 2 2
O ( 1 )  i  o ( 1 8 )  2 , 5 6 1
o ( 1 6 )  :  o ( 1 7 )  2 . 5 4 4
o ( 1 6 )  -  o ( 1 8 )  2 . 6 6 {
o ( 1 7 )  -  o ( 1 8 )  2 . 6 9 0
M e a n  2 . 6 3 8

Swetrv code

None

s l ( s )  -  o ( 1 3 )  1 . 6 2 7
o ( l { }  r . 6 0 8
o f i s )  1 . 6 0 2
o ( r 6 )  1 . 6 2 1

M e a n  1 . 6 1 5

o ( 1 3 )  -  S r ( 5 )  -  O ( l r )  1 0 9 . 2
o ( 1 3 )  -  S r ( 5 )  -  o ( l s )  1 1 1 . 5
o ( l 3 )  -  s r ( 5 1  -  o ( 1 6 )  r 0 5 . t
o ( | l )  -  s l ( 5 )  -  o f i 5 )  l l r . 5
o ( 1 i l )  -  s r ( s )  -  o ( 1 5 )  1 0 9 . ?
o f i 5 ,  -  s l ( s )  -  o f i 6 )  t 0 5 . 2K  -  O f i , 3 )  3 . ' , 1 2 8  x

o ( 4 , 3 )  3 . 1 2 4  x
o ( ? , 3 )  3 . l s o  x
o ( 1 0 , 3 )  3 . 1 4 3  x
o ( 1 3 , 3 )  3 . 0 8 9  x
o ( 1 6 , 3 )  3 . 2 0 7  x

l lean  3 .110

s l ( 1 )  -  5 1 ( 2 )  3 . 1 1 7
s l ( 2 )  -  5 1 ( 3 )  3 . 2 1 1
s 1  ( 3 )  -  S t ( | )  3 . ' , 1 5 1
s r ( 4 )  -  s r ( 5 )  3 . 1 6 7
s r ( s )  -  s r ( 5 )  3 . 1 8 0
s l ( 6 )  -  S t ( 1 )  3 , 1 5 7

s i ( 6 )  -  o ( i )  1 . 6 2 6
o ( 1 5 )  1 . 6 2 6
o ( 1 7 )  1 . 6 0 r
o f i 8 )  r . 5 r l

t rean 1 .618
o ( 1 )  -  s l ( 6 )  -  o ( l 6 )  t 0 3 . 1
o ( l )  -  s l . ( 6 )  -  o ( 1 7 1  t 0 8 . 6
o ( 1 )  -  s r ( 6 )  -  o ( l 8 )  1 1 0 . 6
o ( l 5 )  -  s r ( 6 )  -  o ( 1 7 )  t 0 9 . 9
o ( 1 6 )  -  s t ( 6 )  -  o ( 1 8 )  t t o . ?
o ( 1 ? )  -  s l ( 6 )  -  o ( 1 8 )  l l 3 . s

s l  ( 1 )  -  O ( 1 )  -  s i ( 6 )  1 5 2 . 3
s I ( 1 )  -  O ( 4 )  -  s I ( 2 )  1 5 0 . 7
s r ( 2 )  -  o ( ? )  -  s i ( 3 )  1 5 8 . 8
s l ( 3 )  -  O ( 1 0 )  -  s r ( 4 )  1 5 1 . 5
s l ( 4 )  -  o ( 1 3 )  -  s r ( s )  1 5 2 , 7
s r ( 5 )  -  o ( 1 6 )  -  s 1 ( 5 )  1 5 6 . 2

s l ( 6 )  -  s r ( 1 )  -  s r ( 2 )
s l  ( 1  )  -  s r .  ( 2 )  -  s l  ( 3 )
s l ( 2 ) - s r ( 3 ) - 5 1 ( { }
s l  ( 3 )  -  s r . ( 4 )  -  S r ( s )
s l ( { )  -  S r ( s )  -  s r ( 5 )
s l ( 5 )  - S i ( 6 )  - 5 1 ( 1 )

1 2 1  , 2
1  1 9 . 4
1 2 0 , 1
1 1 9 . 4
1 2 1  . 1
1 ' t 8 . 9

v
1 + y

1 / 2 + y
1 / 2 - y' l  - v  I  -

- y  1 -
3 / 2 - y  l -
1 / 2 - y  l -

- 1 / 2 + y  1 / 2 -
v  1 / 2 -

- 1  * y  1 / 2 -

T h e  B t a n d a r d  d e v l a t l o n 6  a r e :  O . O O 2  I  f o r  S t - O ,  T t - O ,  C a - O ,  K - O  a n d  O - O r  O . O O I  I  f o r  L I - O ;  0 . 0 0 1  R
f o r  S L - S l ;  0 . 1 o  f o r  O - S 1 - O  a n a t  O - T 1 - O ;  0 , 2 0  f o r  O - L I - O ,  O . ' l c  f o r  S I - O - S i  a n d  S I - S I - S L
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Fig A partial view of the structure, projected along [102],
Si-O rings, Ti-O and Li-O polyhedra, and K atoms.showing

problem was made during the least-squares refine-
ment. Starting from the assumption that the F posi-
tion was occupied half by oxygen and half by fluorine
atoms, the occupancies were allowed to vary, but the
results of the refinement were unreliable, because of
the similar scattering powers of O and F. In fact two
successive cycles gave occupancy values shift ing in
opposite directions.

a : .  .  . .  .  . ! / z &

Fig.  2.  An cc project ion of the structure.  AI  l /2 c a port ion ofa
Ca-octahedral sheet is outlined. Between the Si-O rings, at l/4 c,
the Li tetrahedra (solid circles), Ti octahedra (open circles), and K
atoms (large open circles) are represented.

In Table 6 an electrostatic valence balance, com-
puted according to the method of Brown and Shan-
non (1973),  is  g iven.  Since th is  method appl ies to
oxides, all distances involving the F atom, namely
Ca(l)-F, Ca(2)-F and Ca(4)-F, were artif icially in-
creased by 0.084 in order to take into account the
difference between the O'- and F- effective ionic
radii. The balance is quite satisfactory not only for
oxygens (maximum deviation 3.0 percent) but also
for f luorine, thus confirming that the F sites are truly
occupied by fluorine atoms. In the balance
computation three long Ca-O distances, namely
Ca(2)-O(13,6)  :  3 .139A, Ca(4)-O(7,6)  and Ca(4)-
O(7,14) : 2.889A were omitted. The general charge
balance is not substantially modified by taking into
account these long Ca-O distances; only minor
changes take place and often not in the right direc-
tion. Consequently, the chemical formula derived
from the present structural study is KLirCa,
(T ir.rrZr o. rr)r[Si6O r8 jrFr.

Consideration of the Si-O bond lengths and angles

As one can see from Table 3, the Si-O(br) bridging
bond fengths, which range from 1.624 to 1.6364, are
all greater than the Si-O(nbr) bond lengths, which
range from 1.597 to l.6l6A. The two mean values are
1.628 and I .607A respectively, while the overall Si-O
mean bond d is tance is  l .6 l8A.  The Si .  .  .S i  d is tances
wi th in the r ing vary f rom 3.147 to 3.2 l l { ,  wi th a
mean value of 3.1694. Recently O'Keeffe and Hyde
(1978), in a paper dealing with Si-O-Si configura-
tions in sil icates, published a histogram showing the
dist r ibut ion of  14l  nearest-neighbors Si .  .  .S i  in  var i -
ous sil icates and sil icas. The minimum and maximum
values are 2.94 and 3.27 A, with a pronounced peak at
3.06,4' and a clearly skewed distribution. The values
found in baratovite fall on the right tail of the histo-
gram.

The six independent Si tetrahedra show O-Si-O
angles ranging f rom l0 l .8o to 114.6 ' ;  the smal lest
angle in each tetrahedron is the one involving two
bridging oxygen atoms which are shared with the K
polyhedron. The bridging Si-O-Si angles show val-
ues ranging f rom 150.7 '  to  158.8"  wi th a mean value
o f  l 5 l . 3 o .

Many authors (e.g. Brown et al., 1969; O'Keeffe
and Hyde,  1978;  Baur,  1971,1977) have studied the
relationships between Si-O(br) bond distances and
Si-O(br)-Si angles. Because of the low number of
independent observations and the fact that individual
Si-O(br) and Si-O(br)-Si values are clustered around
the mean value, it is not very meaningful to check
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Table 6. Electrostatic valence balanc" 
_

; ; )  s i ( 2 )  s i ( 3 )  s i ( 4 )  s i ( s )  s i ( 6 )  L i ( 1 )  L i ( 2 )  r i  c a ( 1 )  c a ( 2 )  c a ( 3 )  c a ( a )  K  s u m s

o ( 1 )  0 . e 8
o ( 2 )  1 . O 1
o  ( 3 )  1  . 0 3
o  ( 4  )  0 .  9 8  0 . 9 7
o  ( s )  1  . 0 s
0 ( 6 )  1 . 0 3
o ( 7 )  0 . 9 s
o ( 8 )
o ( 9 )
o ( 1 0 )
o ( 1 1 )
o  ( 1 2 )

o ( 1 3 )
o ( 1 4 )
o ( 1 s )
o ( 1 6 )
o ( 1 7 )
o  ( 1 8 )

F

u  -  z )  u .  b  /

0 . 2 6  0 . 6 5

o . 2 5  0 . 6 8

0 . 0 8  2 . o 4

2 . O 0

1  . 9 5

0 . 0 9  2 . o 4

1 . 9 6

u  -  5 2  z . v z

0 .  0 8  ' t  . 9 9

1  . 9 8

0 . 3 1  2 . O 4

0 . 0 8  2 . o 3
't  .9'7

1  . 9 5

0 . 0 9  2 . 0 3

2 . 0 3
4 0 1

0 . 0 8  2 . 0 2

1  . 9 4

1  . 9 9

0 . 3 7  1 . 0 5

0 . 9 6

1  . 0 5

1 . 0 2

0 . 9 7  0 . 9 8

1  . 0 1

1 . O 4

0 . 9 7  0 . 9 7

1 . 0 2

1 . 0 4

0 . 9 7  0 . 9 7

1  . 0 4

1  . 0 1

0 . 9 8
l 0 . 3 0
\ 0 . 3 5 0 . 3 4

0 . 3 3  0 . 3 4

0 . 3 6  0 . 3 5

^  ^ ^  / 0 . 3 3u . r z  \ o - 3 1
0 . 2 5  0 . 6 6

^  ^ -  / 0 . 3 0, .  r o  \  0 . 3 5
o . 2 5  0 . 6 8

0 . 2 4  0 . 6 6

0 .  3 0  0 .  3 s  0 .  3 3

0 . 3 3  0 . 3 5

baratovite for a correlation between Si-O(br) and Si-
O(br)-Si. However, an attempt shows that in barato-
vite this correlation is very poor and not in the ex-
pected direction. In fact the same Si-O(br) bond
length is found for the bridging atoms O(1), O(10)
and O(16), while the corresponding Si-O(br)-Si an-
gfes are 152.3",151.5'  and 156.2' .  Moreover,  against
all expectation, the largest Si-O(br)-Si angle (158.8" )
corresponds to the longest Si-O(br) distances (1.636
and l.63lA). This result seems to be in agreement
with that outlined by O'Keeffe and Hyde (1978) who
found no correlation between d(Si-O) and the Si-O-
Si angle when the angle involved is greater than 145o.

A second kind of diagram, often found in papers
dealing with silicate structures, is that relating d(Si-
O) with (O-Si-O)a (the mean of the three O-Si-O
angles common to the bond). As shown in Figure 3,
an interesting feature ofthis diagram for baratovite is
the splitting of the experimental points into two well-
separated populations: one related to the bridging
oxygen atoms, the other related to the non-bridging
ones. The regression line referring to all 24 experi-
mental points shows a good correlation (r : 0.85)
comparable with the one found, for example, in ro-
senhahnite (Wan et al., 1977). This regression line,
however, is no longer consistent with the distribution

1 .635

1 .630

r . 625

r .620

1 . 6 1 5

t . 610

1.605

1.600

107  108  109  t 10  111  112

< 0 -  s i - 0 L ( " )

Fig. 3. Observed Si-O bond lengths d(Si-O), plotted against the

average values ofthe three O-Si-O angles common to each bond.

<

e
I

6

E

\

att'

r  0 ( b ' )

r  l l  (n  b r )

f  =  O.85
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Table 7. Ap", Si-O distances, Ad(oc) and Ad(om) calculared after
Bau r  ( 1971 )

A p, - .  o
dca t c  Aa  (oc )  Aa  (om)

s i ( 1 ) - o ( 1 )
o  ( 2 )

o  ( 3 )

o ( 4 )

s i ( 2 ) - o ( 4 )

o ( s )
o  ( 5 )

o  ( 7 )

q i  t ? l - n t ? t

o ( 8 )

o  ( 9 )

o ( 1 0 )

s i  ( 4 ) - o ( 1 0 )

o ( 1 1 )

o  ( 1 2 )

o  ( 1 3 )

s i ( s ) - o ( 1 3 )

o ( 1 4 )

o  ( 1 s )

o ( 1 6 )

s i ( 5 ) - o ( 1 )

o ( 1 6 )

o ( 1 7 )

o  ( 1 8 )

0 .  0 6 2 5  1  . 6 2 3
- 0 . 0 2 2 5  1 . 6 1 5
- 0 . 1 0 2 5  1  . 5 0 8

0 . 0 6 2 5  1  . 6 2 3

0 . 0 6 2 5  1  . 6 2 4
- 0 . 1 0 2 5  1 . 6 0 9
- 0 . 0 2 2 5  1  . 6 1 5

0 . 0 5 2 5  1 . 6 2 4

0 . 0 5 2 5  1  . 6 2 1
- 0 . 1 0 2 5  ' t  .  5 0 5
- 0 . 0 2 2 5  1 . 6 ' , t 3

0 . 0 6 2 5  1 . 6 2 ' l

0 . 0 6 2 5  1  . 6 2 6
- 0 . 0 2 2 5  1  . 6 1 8
- 0 . 1 0 2 5  1 . 6 1 1

0 . 0 5 2 5  1  . 6 2 6

0 . 0 6 2 5  1 . 6 2 1
- 0 . 0 2 2 5  1  . 6 1  3
- o . 1 0 2 5  1  . 6 0 6

0 . 0 6 2 5  1 . 6 2 1

0 . 0 6 2 s  1 . 6 2 3

0 . 0 6 2 5  1 . 5 2 3
- 0 . 1  0 2 5  1  . 6 0 8
- 0 . 0 2 2 5  1  . 5 1  5

0 . 0 0 2  0 . 0 0 8
- 0 . 0 0 1  - 0 . 0 0 3

- 0 . 0 0 4  - 0 . 0 1  3

0 . 0 0 2  0 . 0 0 8

0 .  0 0 4  0 . 0 1  0
- 0 . 0 0 9  - 0 . 0 1  8
- 0 . 0 0 6  - 0 . 0 0 9

o  . 0 1 2  0 . 0 1  8

0 . 0 1 0  0 . 0 1 5
- 0 . 0 0 9  - 0 . 0 1  I
- 0 . 0 0 7  - 0 . 0 0 9

0 . 0 0 4  0 . 0 1  5

0 . 0 0 0  0 . 0 0 6
- 0 .  0 0 2  - 0 . 0 0 4

- 0 . 0 0 4  - 0 . 0 1  3

0 . 0 0 6  0  . 0 1 2

0 . 0 0 6  0 . 0 1 2
- 0 . 0 0 5  - 0 . 0 0 7

- 0 . 0 0 4  - 0 . 0 1  3

0 . 0 0 3  0 . 0 0 9

0 . 0 0 3  0 . 0 0 8

0 . 0 0 3  0 . 0 0 8
- 0 . 0 0 4  - 0 . 0 1  4
- 0 . 0 0 1  - 0 . 0 0 4

o<(

o
!
s

of the experimental points when the populations are
treated separately. Therefore the correlation of d(Si-
O) with (O-Si-O)s found in baratovite is less mean-
ingful than appears from the / coefficient value.

In Table 7 the Si-O distances calculated as sug-
gested by Baur (1971) are reported together with the
values of Ad(oc) and Ad(om) as defined by Baur: the
former as the difference between the observed and
calculated distances and the latter as the difference
between d(obs) for one individual anion in a coordi-
nation polyhedron around a cation and the mean
d(obs) for all anions in this coordination. As can be
seen from the values of Ad(oc) the observed and
calculated distances are in good agreement; the mean
value of Ad(oc) is 0.0054. The highest discrepancies
are found in the distances related to O(7), i.e. Si(2)-
O(7) and Si(3)-O(7), where the Ad(oc)'s are 0.0t2

-o.12 -o.o8 -o.o4 0 0.o4 0.o8
/  p" (v.u.)

Fig. 4. Bond length variation A{om) us. Apo for the 24 values of
Si-O bond lengths in baratovite. Superimposed points are split
along the abscissa.

and 0.010A respectively. This is probably related to
the coordination of Ca(4), which binds six anions in
an irregular octahedron (mean distance 2.3934) and
two more O(7) atoms at a distance of 2.8894. Owing
to the long interatomic distance the contribution of
Ca(4) was not taken into account in the computation
of the po value to be attributed to O(7). The agree-
ment between the observed and calculated distances
is reflected in the good correlation (r : 0.96) found
between L,po and Ad(om). As shown in Figure 4 there
are three separate groups of experimental points: this
clearly depends upon the three kinds of coordination
of the oxygen atoms.
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