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A Ref inement  of the Crystal  Structure  of Danburite* 

:BY GEORG JO~r~SSON 

Gates and CreUin Laboratories of Chemistry, California Institute of Technology, Pasadena, California, U.S .A.  
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The crystal structure of danbttrite, CaB~Si20 s, which was solved by Dunbar & Machatsehki (1930), 
has been refined by the method of least squares. The boron atom is found to be in the center of a 
B04-tetrahedron with no significant differences between the four boron-oxygen distances. The 
average value of the cation-oxygen distances within the BO4-tetrahedra is 1.47±0.02/~ and within 
the Si04-tetrahedra 1.62~:0.01 A. 

Introduction 

Danburi te ,  CaB2Sig08, has been reported to contain 
a framework of silicon and boron te t rahedra  in the 
form of SilO 7 and B~O 7 pairs (Dunbar  & Machatschki,  
1930). The positions of the boron atoms within the 
B2OT-groups could not be accurately determined but  
seemed to be displaced away from the center of the 
te t rahedron toward the center of one of its sides. 
Wi th  this arrangement ,  however, the B-O distances 
seem to be ra ther  unlikely. They would be more plau- 
sible ff the boron atom were assumed to be close to 
the center of the te t rahedron (Strukturbericht, 1937), 
bu t  for the bridging oxygen this would lead to a very  
low value, 1-5, for the  sum of the bond strengths. 
A ref inement  of the structure is therefore of interest  
especially as other compounds have been reported to 
contain the boron atom in an unsymmetr ica l  place in 
the BOa-grou p (Berger, 1953; Ito et al., 1951). 

E x p e r i m e n t a l  procedure  

As reported by  D. & M. danbur i te  is or thorhombic 
with the space group Pnma and has four formula 
weights per uni t  cell. The cell dimensions determined 
in a S t raumanis- type  powder camera are 

a - - 8 . 0 4 ,  b = 7 . 7 4 ,  c = 8 . 7 7 A  
(Cu Ka, ;~ = 1.5405 A ) .  

Those previously given by  D. & M. are (after trans- 
forming the sett ing from Pbnm) 

a = 8.01, b = 7.72, c = 8.75 ~ .  

The differences are probably  due to the change in 
the wave length scale. 

Crystals with ma× imum dimensions less than  about  
0-2 ram. were photographed with Mo K ~  radiat ion in 
a Weissenberg camera with rotat ion about the a- and 
b-axes. The intensit ies were es t imated visual ly  by  
comparison with an  in tens i ty  scale and after correction 
for Lorentz and polarization factors they  were placed 

* Contr ibut ion No. 2406. 

on a common scale by  use of reflections occurring on 
both sets of photographs.  No corrections for absorption 
were made (linear absorption coefficient 17 cm.-1). 

Structure determinat ion  

On a rotat ion photograph around the  b-axis the  hll 
reflections were much  weaker t han  the hO1 reflections 
indicat ing tha t  some of the atoms must  be close to 
the planes y - - 0  and y = ~. The calcium atoms, 
however, which must  be in fourfold positions, tha t  is, 
on the mirror planes at y = ±¼, have a max imal  con- 
t r ibut ion to the hll reflections and can therefore be 
expected to appear  clearly on a generalized Pat terson 
projection calculated from these reflections. Maxima 
were found on this projection tha t  could be inter- 
preted as coming from atoms at approximate ly  the 
positions given by D. & M. for the  calcium atoms. 
The positions of the silicon atoms were also found in 
the  same way. From the parameters  for the calcium 
and silicon atoms most of the signs of the hll reflec- 
tions could be determined,  and the generalized projec- 
t ion: 

@1(zz) = f: @(xyz) sin 2gydy 

= - ~Y, Z, F(hll) sin 2g(hx+lz) 
h 1 

was calculated. Wi th  the parameters  obtained from 
this projection the signs of the hO1 and h3l reflections 
were determined and the hO1 and the generalized h3l 
projections were calculated. F rom these all the para- 
meters  could be obtained, al though the y parameter  
for the boron atom had  a relat ively large uncertainty.  
They are compared in Table 1 with those given by 
D. & M. The largest differences, more than  0.5 A, 
occur for the boron atom and for one of the oxygens 
in four-fold position. 

The x- and z-parameters were now refined by  three 
cycles of least squares with use of 135 observed hOl 
reflections. Weight ing factors were calculated accord- 
ing to the weighting procedure described by  Hughes  
(1941). During the course of the ref inement  the 
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Table 1. Positional parameters 

D.&M. 

Ca x 0.37~ 
Y ¼ 
z 0.0625 

Si x 0.058 
Y 0"93v5 
z 0.18~5 

B x 0.312s 
y 0"125 
z 0.43~5 

Ol x 0.200 
y 0 
z 0"10 o 

O~i x O. 139 
y 0.9%. 
z 0.375 

Oi~ x 0.417 
y 0.08s 
z 0"3195 

O~v x 0.500 
Y 
z 0.31e~ 

Ov x 0-250 
Y ¼ 
z 0.43~ 

Fourier- hO1 Okl Partial 3-dim. 
projections refinement refinement refinement 

0.384 0.3859 ~ 0.3858 

0.078 0.0761 0.077 0-0765 

0.055 0-0535 - -  0.0535 
0"939 - -  0-9443 0-9447 
0"191 0"1925 0.1923 0.1926 

0.253 0"2589 ~ 0.2597 
0.10 - -  0.0783 0.0787 
0"423 0"4201 0.420 0.4196 

0"197 0"1924 ~ 0.1931 
0"000 - -  0-9968 0.9964 
0.070 0.0676 0.068 0.0680 

0.127 0.1245 ~ 0.1250 
0.970 - -  0.9602 0.9590 
0-363 0.3658 0-3656 0.3655 

0.393 0"4000 - -  0-3996 
0.071 - -  0.0758 0.0781 
0-313 0.3124 0-311 0-3124 

0-482 0"484 - -  0-4863 

0.328 0"3357 0.3368 0.3365 

0-189 0.1844 - -  0.1848 

0.429 0"4258 0-435 0"4272 

R-factor, defined as ~,[]Fo[-[Fc[I/.~lFo[, was reduced 
from 0.147 to 0.083. 

Quite independent ly  the y- and z-parameters were 
refined in the  same way from 73 0kl reflections; the  
R-factor  dropping from 0.144 to 0.076 in four cycles. 
During these ref inement  cycles the  same isotropic 
t empera tu re  factor  was used for all the  atoms. The 
scattering curves used were those given by Berghuis 
et al. (1955) for Ca and O, by  McWeeny (1951) for B, 
and  by  Internationale Tabellen for Si. The refined 
parameters  are given in Table 1. 

:Because of overlap in the  0k/-projection the  z- 
pa ramete r  shifts for most  of the  atoms oscillated 
between ra ther  large values during consecutive cycles. 
This was also observed for the  x-parameter  shift for 
O~v in the  h0/-refinement. In  order to obta in  more 
accurate parameters  a par t ia l  three-dimensional  re- 
f inement  was therefore carried out, using 538 observed 
reflections from the hO1, hll,  h21, h3l, Okl, lkl, and 2kl 
levels, and  s tar t ing with the  parameters  obtained in 
the  hO1- and 0k/-refinements. An individual  isotropic 
t empera ture  factor  was used for each atom. After three 
ref inement  cycles all the  indicated paramete r  shifts 
were less t han  0.0002 and the  R-value, including only  
the observed reflections, was 0.095. The tempera ture  
factors used in the 3rd ref inement  cycle were 0.52 J~ 
(Ca), 0.49 /~9 (Si), 0.57 _~' (B), 0.39 /~2 (0~), 0.5l /~2 
(On), 0.45 J~e (Ore), 0.29 A ~ (Oiv) and 0.34/~9. (Or). 
The resulting posit ional parameters  are given in 
Table 1. Observed and calculated s tructure factors 
are compared in Table 2. 

S tandard  deviat ions in atomic coordinates computed 
from the  results of the  3rd ref inement  cycle are 

0.003 /~ for Ca and  Si, 0.013 A for B, and 0.009 A 
for O. These values lead to s tandard  deviat ions of' 
0.010 A for Ca-O and  Si-O, 0.016/~ for B-O and 0.01~ A 
for O-O distances. 

D i s c u s s i o n  o f  t h e  s t r u c t u r e  

Project ions of the  s t ructure  along the  b-axis and the 
a-axis are shown in Figs. l(a),  (b). The bond lengths 
are given in Table 3. The s t ructure  is bui l t  up from 
Si20 ~- and  B2OT-groups, as was also found by  D. & M. 
There is however no significant difference between the  
B-O distances within a BO4-tetrahedron, and  the  
oxygen (Or) common to two BO4-tetrahedra is in 
close contact  with the  calcium atom. The calcium 
a tom has 7 oxygen atoms (Or, 2 0 i ,  2 Oii, and 2 0 ~ )  
a t  an average distance of 2.46/~ and two other  oxygens 
(On) at  3.01 /~. The sum of the  bond strengths for 
Ov is therefore about  1.8, but  the  Ca-Or  distance is 
significantly shorter  t h a n  the  other  Ca~O distances. 

If the  coordinat ion number  for Ca is assumed to be 
seven the  CaOT-polyhedron and the  BO4-tetrahedron 
have one common edge (O~-On) and, as might  be 
expected, the  O~-O~i distance is shorter  t ha n  the  
other  0 - O  distances within the  BO4-tetrahedron. If  
the  two oxygen atoms a t  a distance of 3.01 A are in- 
cluded in the  coordinat ion polyhedron around the 
calcium atom, this has another  edge (On-Or)  in 
common with the  BO4-tetrahedron and also an edge 
(On-O~)  in common with the SiO4-tetrahedron. These 
O-O distances are significantly shorter  t h a n  the  o ther  
O-O distances wi thin  the  B20 ~- and Si20~-groups. No 
other  distances in these groups differ s ignif icantly 
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T a b l e  2. Observed and calculated structure factors 
The three  columns in each group conta in  the  values,  reading f rom left  to right,  of l, Fo, and  Ft. 

An asterisk indicates t ha t  the  va lue  given for Fo is the  m i n i m u m  observable  F - v a l u e  for an unobse rved  ref lect ion 
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~ ~ ~ ~ ~ -29 ~ ~ : ~  .5 11 , 21 ~ ,  ~o ~o f "~ ~ ' ~  
.5 63 -57 7 11- -5 8 35 6 6o 6o ]3 -15 -~9 
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]2. 32 .-9.5 0 ~,  -.29 k 8* 9 ].2* -2 ]-5 -].8 6 ].d* -5 
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o ~ -56 6 ]3 z6 6 ].7 -z7 59 62 
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15 11- 7 1 -15 .5 11- 15 8 ].9 20 12 15- -].5 8 k7 ~ 9 1O* 

].5 2k -25 lO 27 -5 7 2o 16 lO ~7 ~. ].k 16 -].9 ]2 25 -9.5 11 51 .-27 i0 19 26 
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Table 3. Bond  lengths 

Within a B2OT-group 

B-0v 1.46 
-O I 1.47 
-OH 1.50 
-Oi~ 1.47 

Oi-O~ 2.33* 
-OHI 2.43 
-Or 2.47 

OH-OIH 2.44 
-Ov 2.36* 

OHI-Ov 2.40 

Within a SisOT-grou p 

Si-Oiv 1.62x 
-OI 1"617 
-O~ 1.62a 
-Oii I 1.612 

OI-OH 2.68 
-Olrr 2.66 
-OIv 2.665 

Orr-OItI 2.56* 
-Olv 2.645 

OI~-OIv 2.64 

Within a CaO~-group 

Ca-Or 2.405 
-2 OI 2"502 
-2 OII 2"45 s 
-2 OIH 2"461 
-2 OII 3"005 

OI-Or 3-92 
-OH 2.33, 3-53 
-OHI 2-78 

OH-OH 3.16, 3.23 
-OIH 2-56, 3.93 
- 0v  2.36, 3.48 

OHI-OrrI 2.66 
-Or 3.38 

* Common with the coordination polyhedron of Ca. 

@) 

The average value of the  B-O distances is 1-475 A. 
Schulze (1934) has repor ted the  B-O distances for 
t e t rahedra l ly  coordinated boron to be 1.49 A in BAs04 
and 1.44 _~ in BPO~. Zachariasen (1937) has found 
the  distance 1.53 A in KH2(HaO)~Bs010, and 1.42- 
1.51 A in a pre l iminary  report  on the  s t ructure  of 
HBO 2 (1952). I to  et al. (1951) have found 1.48 _~ in 
boracite, C1Mg3B7013; Collin (1951) 1.42 _~ in bandy-  
lite, CuC12.CuB204.4 H20;  Fornaseri  (1949) 1.41 A in 
teepleite, NaBO2.NaC1.2 H20 ; and  Clark & Christ 
(1957) 1.47 ~_ in CaB303(OH)5.2 H20. 

I n  the  Si207-group the  average Si-O distance is 
1.62 A which is somewhat  larger t ha n  the  value 
1.60±0-01 /~ accepted by  Smith  (1954). The average 
O - 0  distance, excluding the  short  O~-O~I distance, 
is 2.66 J~. 

© 

L 

(b) 
Fig. 1". (a) Projection of the structure along the b-axis. 

(b) Projection of the structure along the a-axis. Large 
circles represent calcium atoms. The smaller circles represent 
boron atoms. Oxygen atoms are at all the vertices of the 
tetrahedral figures. 

from their  average values with the  possible exception 
of the  0 - 0  distances in the B04-te t rahedron,  which 
show somewhat  larger deviations.  

* 'The dotted and the full lines which indicate the farther 
and nearer edges of the pairs of tetrahedra at the lower right 
hand corner and at the upper left hand corner of Fig. l(b) 
have been interchanged'. 
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