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Pyrogallol, C,H,O,, has been used as an ana- =t > &
lytical reagent for antimony and bismuth be- § & &
cause colourless Sb(C,H,0,).H,0 and yellow g - =4 =4
Bi(C,H,0,) are only slightly soluble in water g « Coo
solution.! The reagent may be used for quantita- |
tive determination of Sb3t and Bi*+ either ‘E
alone or in presence of ions of Zn, As or Pb.? o R~
Geometrical considerations show that one Sb e s
or Bi cannot be bonded to all three oxygen ‘B 2 LeRS
atoms of one pyrogallate ion. For the Sb ® « ceee
compound the structural formula may be & =
2 &
g ~
S3 gsss
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So—oH ¢t | 2| 2388
o SES B B <
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OH .§ .|;
L €583
with three-coordinated Sb as proposed by Feigl * w3 E=FE
or a structure with four-coordinated Sb bonded RN a I~
to two or more pyrogallate ions. The second st «Q °,8°¢3
alternative seems to be the most probable. ?oge':
Sb(C,H;0,4).H,0 and Bi(C,H,0,) were syn- e
thesxzed according to the method of Vogel.* E-_ « paampetany
The X.ray powder photographs were inter- ,-5’3‘:- - QIS
preted by orthorhombic unit cells. The dif- BT | =2 IR
fractograms indicate that the Sb and Bi com- I q e RN
pounds are very similar in spite of their dif- [Z3:-N
ferent water content. The following lattice 5
arameters were obtained with the aid of ‘E .4
east-squares calculations. ga IR
g e ZEZSSSg%e
Sb(C,H,0,).H,0 Bi(C,H,0,) g g EELELE “]? LA
a/A 8.4168(12) 8.5515(11) g |~ | ot ITL
b/A 15.982(3) 16.063(3) £
c/A 4.7871(9) 4.6799(7) i P
V/A3 643.9(2) 642.8(2) R Cr¥oxcic
ot g3I32g33s
Single crystal measurements were made for E 8 > 28338~ A8]
the antimony pyrogallate compound. Weissen- ~
berg photographs showed the following condi- 28
tions limiting possible reflexions: kkl only with 28 _
k+1!=2n and hOl only with h=2n, which are KR s )
characteristic for the space groups Amam (No. e s -3 5
63), Ama2 (No. 40) and A2,am (No. 36). The < g g 88 &
observed density (by floation) is 2.62 g cm™®, g3 8 O terte | terte D 2 44D
in good agreement with the calculated density P g
of 2.71 g em™ for four formula units per unit ~E
cell. Thus the unit cell contains four Sb atoms. 2 B g
Because of the very low observed intensity of Sg ::a 5388 "‘

all reflexions with h=2n+1, the positions
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4(c) in Amam, 4(b) in Ama2 and 4(a) in A2,am
did not seem probable for the Sb atoms. The
positions 4(a) and 4(b) in Amam are not compat-
ible with the presence of the stereochemically
active lone pair of the Sb atoms, since their
point symmetry is 2/m. Thus space group Ama2
was used and the four Sb atoms were assumed
to occupy the position 4(a) with z=0 whereby
the origin of the unit cell was fixed.

A single crystal (0.065x 0.014 x 0.283 mm?)
was mounted on a Pailred diffractometer along
the crystallographic ¢ axis (the 0.283 mm direc-
tion). Totally 1041 reflexions were collected
using MoKe radiation (A=0.71069 A). The con-
ditions for recording and reducing the intensi-
ties were mainly the same as described by
Aurivillius and Malmros.? 417 intensities were
considered unobserved, being weaker than
2.58 o(I), where o(I) is the standard deviation
of the intensity based on counting statistics.
4 weak intensities were rejected because of un-
even backgrounds. The remaining 620 intensi-

ties contained both 2kl and hkl reflexions. After
corrections for Lorentz, polarization and ab-
sorption effects (uyoxe=42.9 cm™), the cor-
responding observed reflexions were average
and 309 independent reflexions thus remained
from the diffractometer measurements.

Having fixed the positions of the Sb atoms,
the positions of the C and O atoms were found
from difference Fourier maps. Least-squares
refinements were made using anisotropic tem-
perature factors for the Sb and O atoms and
isotropic ones for the C atoms. The positions
of the non-water hydrogen atoms were deduced
from geometrical considerations and their
temperature factors were fixed to agree with
those of the corresponding carbon atoms. The
parameters of the hydrogen atoms were not
varied during the least-squares calculations.
Anomalous dispersion was finally introduced
for the Sb atoms and the weighted R-value
was 0.0332. The signs of all z coordinates were
reversed together with the signs of the terms
B.s and B,5 belonging to the anisotropic tem-
perature factors. A new refinement gave the
value 0.0327 for the weighted R-factor. Thus
the structure of the single crystal used could
best be described by the last-mentioned param-
eters. The final conventional R-factor is 0.023
for 309 reflexions. The antimony atoms do not
contribute to 25 reflexions with A=2n+1. The
separate R-factor for these reflexions is 0.066.
Positional and thermal parameters are listed
in Table 1. Lists of |F, | and |F | are available
on request.

The crystal structure of antimony pyrogal-
late is mainly as could be expected from the
present knowledge of the coordination of anti-
mony(III).* Each antimony atom is coordi-
nated to four oxygen atoms belonging to two
pyrogallate ions (¢f. Fig. 1) in such a way that
endless isolated chains of composition
Sb(CH;0,) parallel to the crystallographic a
axis are formed. The Sb—O distances and
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Fig. 1. A projection along the c-axis of an
endless chain of composition Sb(C,H;0,).H,0.
The chain is parallel to the a-axis. The water
molecules are also indicated.

O—-Sb—O0 angles agree well with the ones
found for other four-coordinated Sb(III)-
oxygen compounds. In addition to the four
oxygen atoms at close distances, the Sb atom
has two water molecules as next nearest neigh-
bours at the distance 2.91(1) A (¢f. Fig. 1).
Hydrogen bonds may be present between the
water oxygen and the pyrogallate oxygens at
the distance 2.71(2), 2.99(2) and 2.99(2) A. Two
antimony atoms, and one water oxygen atom

Fig. 2. A projection along the c-axis showing a
part of the endless chain and a water molecule
in order to illustrate the formation of the
chelate rings.
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Table 2. Distances (A) and angles (°) in the SbO,-polyhedron. The labeling of the atoms is given in Fig. 2,

Present K,[Sb,y(C,H;0,),].3H,0° Fe(C,,H,N,);

compound 8b,(CH,;0,),.8H,0*
Distances
Sb—02 2.022(9) 2.06(3), 2.01(3) 1.94(1)
Sb-—- 02’ 2.05(2), 1.91(3) 1.94(1)
Sb—01 2.228(4) 2.25(3), 2.22(3) 2.11(2)
Sb— 01’ 2.17(3), 2.16(3) 2,16(2)
Angles
01—8b—-0V’ 151.8(8) 147(1), 151(1) 153.5(7)
01-8Sb—02 78.0(3) 77(1), 79(1) 79.7(8)
01—8b—02’ 82.7(4) 78(1), 80(1) 82.7(5)
01’'—8b— 02 82.7(4) 82(1), 81(1) 84.9(5)
0l’'—Sb—-02’ 78.0(3) 79(1), 86(1) 79.1(5)
02—8b— 02’ 92.9(9) 94(1), 103(1) 100.3(6)

are situated close to the plane formed by the
corresponding pyrogallate ion (Fig. 2). The
largest deviation from the best plane through
the pyrogallate ring is 0.04 A for the Sb atoms
and 0.35 A for the water oxygen atom. In this
way three rings are formed which are nearly
coplanar with the benzene ring, namely two
five-membered chelate rings SbO,C; and one
four-membered ring containing two antimony
atoms, one pyrogallate oxygen atom and one
water oxygen atom. In Table 2 selected dis-
tances and angles of the present compound are
compared to corresponding values for two
other compounds where Sb also takes part
in two five-membered chelate rings.
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project financially supported by the Swedish
Natural Science Research Council.
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