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Attszug

Eine Roéntgen-Strukturanalyse von Ba,mumperchlor&t Tnhydra.t ergab
= 7,278 + 0,005 A, ¢ = 8,64 £ 0,01 & und zwei Molekitle in der Elementar-
zelle. Die Raumgruppe ist P6; oder P6,/m. Es werden die Atomparameter fisr
beide Raumgruppen . -angegeben. Die Perchlorationen sind nahezu volIkommene
Tetraeder mit einem mittleren Cl—O-Abstand von 1,44, A und einkbm 0—O-
" Abstand von 2,35, A. Jedes Ba++-Ton ist von zwdlf Sauerstoffionen i einer leicht
. gestdrten ikosaedrischen Anordnung umgeben; die Ba—O-Abstinde betragen
- 2,96 A bis 3,18 A. Die Tkosaeder sind durch gemeinsame Dreieckflichen 1a.ngs
der 6,-Achse miteinander verbunden. Die Ikosaedar-KoordJnatlon, die fiir ein
Tonenradien-Verhéltnis von 0,902 sehr plausibel ist, sehemt noch mcht fiir
_Strukturen von Barlumverbmdungen angegeben “worden zu sein.’ Deshalb
" wurden einige solcher Strukturen neu best.lmmt. dabei’ wurde m ]f’:a.(NOa)2 und
_BaBiF, die Ikosaeder Ixoordmatmn gefunden Fenlvrn T

Ahstmct

A det.allcd X-ray study ha.s been made of the crystnl structure of barmm
perchlorate trihydrate ;‘Vh-wh i hexagonal wnth a= 727 8 ;t 0. 005.& and
"¢ =9.64 + 0.01 A containing two molecules in its uhib coll. The space group is P8,
- or Pﬁafm. Statistical N {z) tests favoured the choice of P8, but, when the effect of
- heavy atoms at special posmons wore conszdered gome 0;.8“1198 seemed t0
rvesult. Hence the atomic para;nebers for both the spaee pé'_ai'e given. The
perchlorate ions in this structure are nearly p foct téirahedra. Wwith a mean
Ci--O distance of I. 443 A and 0--0 distance of 2.35, A. Each Ba+* jon in this
" strueture is surrounded by twelve oxygens in & slnghtly chstorted icosahedral
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arrangement, the Ba to O contacts varying from 2.96 A to 3.18 A. These
icosahedra share triangular faces with their neighbours along the 6, axis. The
icosahedral coordination, which appears to be very feasible for a univalent
ionie radius ratio of 0.902, does not seem to have been brought out explicitly in
any other complex ionic structures of Ba compounds. Hence the reported

crystal structures of some of these compounds have been re-examined. The .

central Batt ion coordination in Ba(NO,), and BaSi.]?‘,s has been shown to be
icosahedral. - : .

introduction

As part of a programme in this laboratory on the systematic
x-ray analysis of some perchlorates, a complete investigation on the
erystal structure of barium perchlorate trihydrate has been carried
out. The earliest studies on similar complexes were those due to
WesT who worked out the structures of a series of divalent metal
perchlorates (hexahydrates)1:3 on the basis of his first determination3
- on LiClO,-3H,0. During these, he also examined Ba(ClO,),-3H,0

" and drew attention to its possible similarity to that of the Li compound
purely from a qualitative inspection of the weak layer lines in the ¢
. axis oscillation photographs. No other details concerning the structure
“are available from WEsT’s investigations apart from some preliminary

erystal data. Therefore the accurate atomic parameters in th1s strue-
ture have been evaluated by us by Fourier analyses.

During this programme, studies have also been completed-" on
the erystal structures of KCIO, and Cu(ClO,), - 6H,0. Besides knowing
the atomic arrangements in these structures, we were also concerned
with establishing the geometry of the anion polyhedron enveloping
each cation in these complexes. Tt was also of interest to enquire
whether the complex perchlorate ion retained its gshape when set in
different, environments and, if so, to derive its exact dimensions which
hitherto were not known to a.ny great aecuracy’:5.

1 C. D. WEsT, Crystal structures of hydra.t.ed compounds. II. Struecture type
Mg(C10,), - 6H :0. Z. Kristallogr. 91 (1935) 480—493. S

2 A.F. Werws, Siructural Inorgamc Chelmst.ry (CIa.rendon Press, 0xf0rd
1950) p.441.

.20. D. Wesr, Crystal structures of some hydrated compounds i LiC10, -
3H,0, Lil- 35,0, Ba(ClOy), - 3H,0. Z. Kristallogr. 88 (1934) 198—204.

* N. V. Mawni, The crystal structure of potassmm perchlorate-KCl(h Proc.
Ind. Acad. Sci A 46 (1957) 143—151.
, 5 L. Pavrine, The nature of the chemical bond (Comell Umverslty Press,

Tthaca, 1948), p. 240,

8 A.F. Wer1s?, p. 268.
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Experimental

The colourless deliquescent crystals of barium perchlorate are
hexagonal prisms flattened on (10.0); other faces observed were (10- 1)
and sometimes? (10-2). The dimensions of the hexagonal unit cell are
a="7.278 4-0.005 A and ¢ = 9.64 + 0.01 A so that ¢:e = 1.32.
The only absences in the {00-7) spectra when lis odd lead to Di—P8,22,
C§-—P8, and C%,—P6,/m as the space group possibilities. Assumption
of two molecules in the cell yields a calculated specific gravity of 2 .91,
in fair agreement with the value 2.84 reported by West. .

A single crystal having a cross-section 0.04x0.05 cm perpendicular

" to the ¢ axis was enclosed in a LiNDEMANN glass capillary and used

to collect the intensity data. Intensities of hk-I reflections for =10
2, 3 and 4 were recorded on multlple-ﬁlm Weissenberg photographs
using CuKx« radiation, the equi-inclination technique being employed
to obtain the h)gher-level data. It was generally found that reflections
- due to layer lines having I odd were of very feeble intensity. The
intensity estimates were done by visual comparison with ealibrated
intensity strips. The geometrical corrections such as Lorentz and
polarisation factors and the physical corrections for absorption for
ur = 9 were employed in the reduction of the entire data. Difficulties
due to extreme hygroscopic nature of the crystals, their slight asym-
metric shape and heavy absorption (u = 400 cm—l) rendered the
- latter corrections uncertain by about 100/9 o e

- Space-group determination’

For one of the space groups, P6,22, pairs of reflexions &k-0 and
kh-0 with the same 8- values should have identical intensities. On
this basis, this space group could be discarded. Further attempts at
distinguishing betweenthe remaining two possibilities P86, and
P6,/m were made through the applieation. of the sta,tlstlcal N {z)
tests®. It is well-known that in either of these space ‘groups, the
* six-fold symmetry along the hexagonal axis, ¢, cavses the hk-0 inten-
sities to have a centric distribution. In the case of the general hk-l
reflections, however, the intensity dlstrlbutlon is centnc only in the
space group Péy/m, but it is not in P 63 The N{z) plots shown in

TPV, GROTH Chemische Kryst&llographle (1917 ) 185.

* E. R. Howsrts, D. C. Pumries and D. Rocers, The probahblty distribu. 7
tion of x-ray intensities. I1. Experimental investigation and the x-ray detection
of centres of symmetry. Acta Crystallogr. 3 {1950} 210214,




The crystal structure of barium perchlorate trihydrate 203

~ Fig.1 compares the theoretical distributions with the experimental

ones. The latter, obtained from statistical treatment of Ak-0 and
kk-1 intensities, are found to be closer to the theoretical distributions
for the centric and acentric cases respectively. The presence of this
difference in the two experimental plots in itself appears to be an
indication of the absence of cenire of symmetry in the unit cell.
However, -attention must be drawn to a possfble anomaly mvolved
here.

50
N(Z) ,
-} [}
e \max ,N(z 1.56) '
\max 1N(Z,1.56)
100

— 7%

Fig. 1. Comparison of the experimental N (z) distributions in kk- 0'{open circles)

and hk-I (crosses) reflections with the theoretical centro- and non-centro-

symmetric distributions respectively. _ The SiM's curves, max. i¥ (. 1.56) a.nd
max. 1¥ & 1.56) are mdleated by hroken lines

The congideration of symmetries in either of the space groups
indicate that one Ba and two Cl atoms are to be in special positions on
three-fold axes (multlphcxty 2). The location of heavy atoms at the
special sites is known to affect the intensity distribution curves
appreciably. Reecently, Sim® has evaluated the nature of this influence
in the case of a triclinie crystal and obtamed mod_lﬁed N{(z) values in
terms of a parameter r defined by 7 = fg/(ZL)’ . where fy and

w1,
( JTJ)"" = (,E fi ) denote contributions ﬁ'om the heavy atoms and m

light atoms respectwely The value of thls paramei;er was found to be
1.56 for Ba(C10,), - 3 HzO at sin § = 0 {if we consider the chlorlnes also

? G. A, Biv, The prob&bﬁxty distributions of x-ray intensities: the eﬂ'eet of
one heavy atom in a triclinic cell containing a mmaber of hght a.toms Acta
Crystallogr. 11 (1958) 123—124. :
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as light atoms). The new curves computed by Sim for this value,
. represented by broken lines in Fig. 1, show significant differences from
the experimental distributions. Also one observes a sensible disparity
in the latter curves due to the hk-0 and hk-I set of intensities, not-
withstanding that either of them is similarly influenced by the special
location of the barium atom at the origin. Although this might lend
sufficient support to our choice, these arguments may be fallacious. For,
it must be remembered, S1M’s expressions are derived for a triclinie
cell with one heavy atom at the origin which renders its full contribu-
tion (trigonometric part) to all types of reflections, whereas an atom at
the origin in our caseé gives for the hk-! reflections its full complement
only when [ — even and nothing at all when 1= odd. The Cl and O
atoms situated on the triad axis contribute va.rymg amounts to the
three types of reflections A—k = 3n or 3n 4+ 1, but these eontribu-
tions are fixed for the same value of [ for each of these groups. Hence, to
allow for these, it is obvious that c'orrespon&ing alterations should be
made using SiM’s general approach. Our prelimninary computations
_lead us to believe that the experimental plots are irreconcilable with

the space group P6,/m and so P6; was employed for the solution of

the structure. However, as it is widely.known to erystallographers

that the intensity distributions can vary dependmg on the sampling

procedures followed, the alterné.ti#é ace group could not be totally
_ignored. Consequently, this was reconsidered at,&er_“ th Lstructure ana- .

lyms was complete and the eorrespondmg a.tomlc p arameters. denved o

Structure analysm :

(a) Rk O pro;eetlon ‘

The prehmmary structure in projéction was resolved from a Patter-
son synthesm on (OO 1). A knowledge of the B 3 CI'"parameters

location of oxygens at the general posxtmns, ‘the temperaturé corrected
contributions from one Ba, two Cl and two O ator hich overlap on
chlorines in thls projection) were ‘subtracted fror the 'F, va.lues and
employed as coefficients in a Fourier §uwmmation, This synthesis
(Fig.2), which had a better resolution of atornic peaks ylelded the
oxygen parameters and these were used as basis for a regalcula.tlon of
structure factors. The observed values were now ‘i_n' good agreement

FES
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with the calculated ones. Further refinement was achieved through the .
iterative process of difference Fourier syntheses. For the Ak-0 re-
flexions, the final value of B = % [ F,—F. |] Z | F, | was found to be
0.108.

(b) Determination of z parameters
‘Owing to the tendency of the crystals to deliquesce rapidly in air
and the exfreme smallness of the samples grown, intensity data were
not collected for other than ¢ axis as the axis of rotation. Hence, the

Fig. 2. The c-axis Fourier proj ection with Ba, Cl and O atoms st gpecial positions
removed. Contours are drawn st axbitrary intervals

general hk-I reflexions for I = 2 to 4 were eﬁplojed in the evaluation
of the third coordinate in the structure. From these data, the inten-
sities of %0-] reflexions (nearly thirty in number) were isolated and
employed to construct a Patterson synthesis. The interactions due to
Ba—Ba, Ba—Cl and CI—C1 vectors were dlstmgmshable in the vector
map. The phase angles evaluated from a knowledge of the z heights
of Cl atoms were used in an F, Synthesm on (01.0). The oxygen atoms,

as expected, were not resoh‘ed in this map since the errors in the seal-
ing process (effected independently for each layer by WiLson’s1?
procedure) and those due to diffraction (as a result of the paucity -of

A J C Wson, Determm&tmn of absolute from relative x-ray intensity
data. Nature {London] 150 (1942) 152. wre e
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terms in the synthesis) were so pronounced.as to mask the position of
the Tighter oxygens. Two of the eight O atoms of the perchlorate groups
are on three-fold axis and hence the position of the perchlorate group is
characterised by an unknown parameter representing a. transiation of
the whole group along the three-fold axis. This parameter, ag well as
the height of one water molecule in the asymmetric unit, was deter-
mined by trial aided by other considerations such as known inter-ionie
geparations ete. As the tultimate z parameters are essentially derived

"Table 1. Observed arid calewlated structure factors*® for barium perchlorate Virz'jkydmta

Bel 7, LA Bl z T el F L omLr, T
106 30.7 29.8 1wz 3.8 27.% 103 234 25§ - 10k 50,3 M43
200 - 6.6 13,3 202 6.8 .3 -5 S & e B 116 1 208 ¥R 3.t
06 AN.3 B3 302 AT.S kA0 303 £.8 5.6 bl T LV T 5 4
o 2.2 2.2 607 Zh.a 2007 3 hE A6 84 25,2 2%.6
300 9.9 111 502 15.%  16.0 05 7.0 5.3 08 1.1 181
600 21,7 20.% 602 24,1 26,1 03 8 b N 604 17.8  13.3
700 f.1 7ol 702 B.5  £.% 03 11 1.k T70R 9.5 1w,
0o 5.6 2.3 862 3.7 5.2 113 11,9 1L.8 11 3.8 334
118 BRL6 79,8 | 112 7LE A1 125 3.0 33 124 206 246
120 4h.7  AMLE 122 36.2 373 A3 T 87 i3h ek 356
136 134 19.3 1327 15.6 150 13 2.6 14 0wy 3.6 a7
o 35.2  36.3 4z 25.9 4.3 1337 %8 1.5 5% 166 16,6
150 §.9 ¢ 6.3 152 11.1 126 1583 2.7 1.3 164 5,3 7109
160 -2 9,4 162 10.5 10.7 73 0.9 0.6 17 1.6 110
120 10.% 10,5 w2 a2, 10.6 21} 3.9 5.7 2th 234 26,7
210 18,8 20,2 212 333 354 228 8,7 9.1 2 136 3ns
220 37.6 46,4 222 4.k 36.5 253 4.9 3.4 T 23.2 25.2
I3 2.8 23.7 232 130 1k.9 243 5.5 5.4 /4 151 162
240 1k.9  15.9 2h3 12,8 15.0 255 3.5 4.6 5% 8.2 16,2
230 15.9 1%.9 292 18,4  17.1 26% 1.8 1.4 265 11.¥ 12,7
260 &0 5.3 262 7.0 5.7 33 5t b6 s 22,8 23,9
310 13.7 147 Nz 2.6 2.6 323 A3 S.A 524 28,9 23.1
. 320 10.9 9.9 322 1209 17.k 333 2.1 1.1 334 24,0 19.0
330 328 0.3 332  25.4  26.9 ¢ 33 B.h - 2.1 356 16,3 1.0
e 7.0 5,k 32 9,8 11.2 353 2 1.8 b2 9,5 11.2
50 6.3 7.8 352 7.9 7.8 413 &1 5.3 Atk 21,1 7.5
3b 11.8 0.6 o2 Guk 8.1 423 9.3 10.8 izh  1B.8 18B.%
A18 38,2 Al.4 412 37.6  35.% 433 5.6 5.7 A4 120k A7
420 6.5 6,1 422 132 13.2 &3 2.4 1.3 Ad k5 12,7
430 6.5 6.6 432 0.5 10.5 53 i1 1.6 J& a4 17,9
k%0 13.2 13,0 a2 13.8  13.7 513 5.1 6.9 2% 15.%  13.8B
550 XY 5.6 52 5.8 5.9 523 .2.8 0.4 35% - 9.8 11.7
b1 6.2 8.5 317 12,8 £1.9 533 1.4 2,6 63% 12,8 1I5.%
520 22.0 .k 522 20,7 17.2 %3 1.6 1.7 634 11,5 12.8
530 7.2 7.7 532 8.8 7k B3 4.8 2.5 A7tk 1k.0 12,0
340 3.2 b 32 5.3 5.5 625 0.6 G5 o
610 6.5 7.0 612 9.9 7.1 My X3 LS o
620 72 7.5 622 7.0 5.8
630 9.2 &% €32 w2 i
0 136 10,3 12 0.9 9.9

* These structure factors, which are computed on the basis of an asymmetric
unit using the space group P6; have been corrected with temperature factor
parameters B = 3.8 A%, 3.4 A2, 3.21 Azand 2.28 A? for groups of hk- 1l reflections
~when I =0, 2, 3 and 4 respectively. The corresponding structure factors cal-
culated for the space group P6,/m are practically the same except in the layer
I = 3. The variation in B suggests a amall error in the absorption correction.
from these methods, much accuracy cannot be claimed for them. The
comparison of the final structure factors, shown in Table 1, reveal that
the agreement between the values is very good except for hk-3
reflections. For the latter, since there are no barium contributions and
sometimes no Cl contributions (when A—k == 3=), the quality of the
final agreement (R = 0.22) reflects the measure of accuracy attained in
the assignment of the oxygen parameters. : o
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Atomie parameters
(@) Non-centrosymmetric space group —P8é,

The proposed structure is hexagonal based on the non-centrosym-
metric space group and in this arrangement, atoms are in positions
indicated in Table 2. The values are listed in ferms of the fractional
coordinates. It might be pointed out that, in this space group, the
three oxygens 0, of one perchlorate group (related by three-fold
symmetry) need not necessarily have the same zy parameters as the"
corresponding atoms O, of another group. Likewise, the water oxygens
need not be at heights + /, ¢. Nevertheless, it was found that the best
intensity agreement from a series of trial movements resulted only
- when the oxygens are at these positions. '

Table 2. Atomdic coordinates in barium perchlorate irthydrate eﬁ:pressad in fractions

of cell edges _
Space group: P, Space group: P8y/m

Atom Posi- Coordinates Atom | Posi- ' Coordinates

tlon 2 { y | = tion x i y | =
Ba 2a | 0 0 0 Ba | 2b | 0 0 0
Cl1, 25 1 * 0.004 | - C1 4f y % 0.043
Cl, 26 | % 3 0.419 7.
0, | 2b 1 :  l—a46] O 4f | 3 3 |—0.107
0, 26 | % z 0.569 |
0, 6¢c €.183 | 0.458 | 0.05¢]| O 124 0.183 | 0.458 | 0.0923
0, 6c | 0.183| 0438 0.369] . : .
Oy 6c | 0.283| 0.200| 0.250] Op | 6r | 6.283| 0.200] %

- {b) Centrosymmetric space group —P6;/m

The above structure can easily be rearranged to satisfy the addi-
tional symmetry of this space group by a translation of the C10, groups
along ¢ by 0.039 in fractional units so that adjacent groups are related
by reflection symmetry. The barium ion and the water oxygens, how-
ever, occupy the same sites as before. The corresponding atomie para-
meters derived for this new arrangement are listed in the same table
(Table 2). Recalculation of structure factors using this set of para-
meters revealed that the R factors for the hk-Ireflections; which had
values 0.084, 0.22 and 0.095 for I = 2, 3 and 4 respectively for the
previous structiure, now showed the corresponding values 0.086, 0.254
“and 0.098. Caleulations for [ = 0 remain nnaltered. The slightly worse
Intensity agreement in the new computations for h&-3 reflections may
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not be significant as their intensities are very weak as indicated already.
Thus it is seen that the R factors are essentially insensitive despite the
appreciable modification in the strueture. Consequently, it sppears that
much more reliable intensity data.are required before the spaee group
can be unambiguously established. Although the structural environ-
ments are similar in both cases, the various dimensions mentioned in
the description of the structure are those computed for the arrange-
ment in the space group P6,.

Structure
- The structure consists of Ba—T,0 groups distributed around the
6, axis at the cell corners, and columns of tetrahedral Iierchlorate
groups in close packing along the threefold axes (at $ § and % 1).

Table 3. Dimensions of the perchlorate groups

. CL—0, 1454 1 0, —0, 275 &
Cl, — O43) ' 1.44 0] — 033 3.04
Ql, — O, 1.45 '

Cl, — 03(3) : 1.44
"0, —04(3) 236 = . 0, — CL — 0{(3) 109° 327
0] — 043 2.35 0;—ClL, —0{(3) © . 109°2¢

0, — 04(3) 2.36 0, — Cl, — 0§(3) 109° 32/

Q; — 043y 235 Q, — Cl, — 04(3) 109° 26'

Individual ClO, ions are disposed in such a way that the bonds Cl,—0,
and ClL,—O, of the two different groups coincide with the symmetry
axis, and these point to opposite directions. The distances in the two
perchlorate groups and the O--C1—0 angles are represented in Table 3,
where O, and O,’ denote oxygens at general positions (three each
equivalent by threcfold symmetry) belonging to two non-equivalent
perchlorate groups. The mean CI— and O—O dimensions are 1.44; A
and 2.35; A respectively and comparable to those found in other
perchloratesL* (viz. 1.48 A and 2.37 & in NH ,Cl0; and 1.46 A and
.2.39 A in KCIO,). Each Ba*+ ion in this structure is surrounded by six
water molecules arranged in groups of three on elther side, the suc-
eessive groups being related by the 6, axis along c. These six barium-to-
water oxygen contacts are all identical and equal to 3.03 A. Besides
these water molecules, six more nearest neighbours of oxygens, each
belonging to different perchlorate groups, are also coordinated to the

1t W VENKATESAN, The crystel structure of ammomum perehlorate—
NH,CIO,. Proe. Ind. Acad. Sei. A 46 (1857) 134:——142
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central atom in the structure. Three of these oxygens (0y), equivalent _
by trigonal symmetry, are found at a distance of 2.96 A from Bat+ ion,
and a similar group of three atoms (0,) at 3.18 A, so that these six are
arranged in a puckered hexagonal ring with barium at the centre. The
distribution of the twelve oxygens, illustrated in projection on (00.1) in
Fig. 3, shows that they are at the corners of a slightly distorted ico-
sahedron with its threefold axis along the 6; axis of the space group.

Fig.3. The projection of the hexagonal structure on the (00.1) plane indicating

_ atomic positions. The small black circles represent Bat* ions at the centres of

the oxygen (large open circles) icosahedra at the cell corners. The chlorines are
denoted by broken circles - '

These polyhedra at the hexagonal cell corners share a common trian-
gular face along ¢ so that at these corners there is ah infinite array of
* ieosahedral groups. S e

If now, the structure is viewed as belonging to the centrosymmetric
space group, it is seen that the above icosahedral coordination is
essentially retained, with the modification that the six perchlorate
oxygen neighbours which coordinate with the bariim jon are all
equidistant from it (Ba—O = 3.05 A) so that the puckering in the
six-membered ring of these oxygens becomes symmetrical about the
central barium. _ : ' Co

Each water molecule in this structure is equidistant from two
barium ions (Ba—O,, = 3.03 A) and nearly so from two closest oxygen

7. Kristallogr. Bd. 114, 3/4 14
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neighbours O and O of the perchlorate groups-at two different triad
axes, the actual distances being 2.60 A and 2.66 A respectively. All
these four atoms are found at the corners of a highly deformed tetra-
hedron with the water oxygen at the centre. The relatively short
approach of the two perchlorate oxygens towards each water molecule
shows evidence of hydrogen-bond formation alonv the two tetrahedra]
directions. S

- Crystal coordination of Ba** jon

The anion polyhedra in the structure of barium perchlorate are
scen to be built-up of continuous oxygen frameworks in distorted
icosahedral formation. It might be pointed out that the icosshedral
configuration does not séem to have been mentioned in eonjunction
with any other complex ionic crystals, though 1t is known to be pre-
valent in some complex alloy structures, particularly of transition
metals1?, and also in the structure of boron (teoragona.l 13) and some of
its compounds 14,15,

The regular icosahedron, thch is one of the five regular solids, has
twenty equilateral triangular faces and there are six five-fold axes and -
ten three-fold axes. This coordination polyhedron can be viewed as
built. up from geometrical packing of identical rigid spheres. It is seen
that a“group of these spheres in pentagonal pyramidal arrangemert,
when set ih contact with a similar group but rotated through 36 °, will
produce a perfect icdsa,hedral sphere—packing The pocket formed at
the centre of this composite solid can be filled by a sphere-of slightly
smaller radius, the theoretical ratio of the two radii being 0.902. This
spatial arrangement seems to have been overlooked by Pavrixg8 in
his evaluation of the hrmtmg radius ratlos for other symmetrlcal co-
ordination polyhedia, =~
~ An attempt has been made to look for thls type of coordmatwn
exhibited by divalent barium 1on For this, We re—exa.mmed the re-

12 F G, FRANK and J G- KASPER, Complex alloy st-ructures rega.rded as
sphere paeckings, 1. Deﬁmtlons and basic prmmples Acta Crysta.llogr 11 (19:)8)
184—190. :

12 ¥ L. HoArD, R E HUGHES; and D. E Sms, The structure of tetra.gonal
poron. J. Amer. Chem. Soc. 80 (1958) 4507—4515. '

1 H. K. Crarx and J. I.. HoARD, The crystal structure of boron carbide.
J. Amer. Chem. Soe. 65 (1943) 2115—2119. e

s W. N. LirscoMs, Structures of boron hydndes J Chem Physms 22 (1954)
085088, )

1 F.. Paurmwe’, p.382.
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ported crystal structures of some barium compounds. The ratio of the
ionic radius of Bat with reference to O is evaluated as 0.87 and it is
recognized that for this value the anion polyhedron is most stable when
the cation coordination number ranges from nine to the extreme value
of twelve. The symmetrical configuration for the nine neighbours
arises by.adding atoms beyond the centres of each of the vertical faces
of a right triangular prism. This coordination group has been found in

c

3

.u?

Fig.4. The orthorhomblc structure of BaSO., pm}ected on the (010) plane. The
coordination group around the Ba++ ion, which is a triangular prism with two
of its faces centred, is outlined

a number of crystals?”. In barite, which is known to be isostructural
with KC10,4, the barium jon appears to possess an eight-fold coordi-
nation. In the structure of KClO,, each K* ionis surrounded by a cage of
eight oxygens found at the vertices of a distorted triangular prism, as
mentioned above, but with only two of its vertical faces centred. This
configuration ean also be viewed as a highly distorted Archimedean
antiprism. The projection of this structure in (010) plane indicating
atomie positions is given in Fig. 4 to show the central atom coorcimat:on
in typical barite-like structures,

v A, F. WaLLs?, p. 91. ot
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An interesting example of icosahedral coordination for Batt ion is
provided by the cubic structure of anhydrous barium nitratei®. In
this, four molecules are arranged in a cell of dimension « = 8.11 &4
according to the space group 7§ —Pa3. The cation coordination is not
explicitly mentioned in the original work but is seen to manifest ifself
with clarity in the projection of the structure on the (111) face of the
cube given in Fig.5. In this figure, one of the coordination groups
around the origin is heavily outlined. The dimensions of the two edges

Fig. 5. The projection of thércu_bic'struetn-r‘e of Ba(N 03)2'30;; 1ts (111 ) faco showing
an icosahedral coordination group of oxygens (large open circles) around Ba++
ions (small open cxrcles) The mtrogens Gf the XO, groups are hatched

(at 120° to each other) are each equal to ]/‘?/3 a and that of the (111} .

axis perpendlcular to the prOJectlon is V_a In this umtz the atomic
parameters gwen m Angstrom umts are as follows '

1 Ba, in 000; 3 Bay, in 3.31, 3.31, 4.68; 2N ino, 0, 49,,
6 N, in 3.31, 1.99, 1.64; 6 O,in 0.11, 1,29, 4.92; .

6 0, (1)in4.49, 2.81,2.29; 6 Oy, (2)1-1'1293 1.52,2.14;
6011(3)1n342 1.63,0.48.. R I

- BF. M. JARGER and F. A. vaw MELLE, On the sfininetry and the structure
of the cubic nitrates of calecium, strontium, barium snd lead. Proc. Acad. Sei.
Amstérdam 31 (1928) 851—655. 4 :
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In this structure, six of the Ba—Q distances in one codrdination.
group are all equal to 2.82 A and another six, likewise, are identical,
being each equal to 3.00 A, thus making twelve in all. The 0—0 dis-
tances are 2.14 A (of one NO, group), 3.31 A and 4.08 A (sixeach). As
one of these oxygen-to-oxygen contacts (0—O = 2.14 A)is provided by
the same NO, group, the resulting icosahedral group is deformed
despite the fact that the central barium ion is nearly equidistant from
all the oxygens. Each coordination polyhedron shares six common
corners with similar members of the unit cell

Fig. 6. The rhombohedral unit of the structure of BaSiF, projected on the (111}
plane. The icosahedral arrangement of ¥ atoms (open circles) around Ba++ ion
{(shaded cu‘ele) is outhned The sxheons are denote& bjr sma.II black cu‘oles '

A gimilar coordination was a&so onoouﬁtieré& in —'ﬁhe Stfuctures of_ the
isomorphous complex flucrides® — BaSiF;and BaGeF,. These thombo-
hedral structures have been considered as a distorted CsCl-type
arrangement of Ba** and SiFy— (Ger'—) ions. The coordination of _
fluorine about banum is twelve. This icosahedral arrangement of a,ll the
twelve fluorine atoms is indicated by thick lines in Fig.6.

Investigations at present are directed towards finding the shape and
geometry of the anion polyhedron in other bariam complexzes. At this
gtage, it seems highly proba,ble that the most feasﬁ)le conﬁguratmn,

1 7. L. Hoarp and W. B, VINOENT, Struet.ures of complex ﬂuorides
‘Barium flucsilicate and Barium ﬂungerma.nate J. Amer. Chem Soe 62 (1940)
31263129, .
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around tht divalent barium ion is icosahedral as this spatial arrange-
ment permits a highly symmetrical distribution of anion packing and
is as satisfactory as the other well-known cubo-octahedron for twelve-
fold coordination. Further, it possesses a freedom of distortion to
comply with the simultaneous coordination requirements of atoms
other than the central one'®. Finally, it agrees with the predicted
coordination number from radius-ratio criterion. In view of these, one
feels reasonably certain that, in the crystalline state, when the cation
size is only slightly smaller than that of the anion, the discrete coordi-
‘nation of the latter in icosabedral groupings around the former
appears to be genuine- '

Acknowledgement

The authors thank Prof. R. S. KrisexaN, Head of the Department

of Physies, Indian Institute of Science, Bangalore, India, for his kind
interest in the work. '




