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Lead forms a number of compounds with low solubility.
These compounds are often obtained as microcrystalline
powders when precipitated from aqueous solutions. This is
the case for the compound PbS,0;, the structure of which is
not known in great detail, as well as for the compounds
PbC,0, and PbSO,, where the crystal structures were re-
cently investigated from X-ray and neutron powder diffrac-
tion data.!” Structure determinations from powder patterns
are thus possible,'? but another approach is to test different
crystal growth methods, that may eventually result in crys-
tals large enough for single-crystal X-ray diffractometry.
Such efforts resulted in single crystals of lead thiosulfate
acetate, Pb;(S,0,),(CH,COOQ),, by slow mixing (diffusion)
of a solution of lead acetate with a solution of sodium
thiosulfate. The crystal structure of Pb,(S,05),(CH;COO),
is reported below from single-crystal X-ray diffractometry.

Experimental

Sample preparation. White crystal needles of Pby(S,0;),-
(CH,COOQ), were formed in slow mixing by diffusion of
a solution of lead acetate with a solution of sodium
thiosulfate. The two solutions were made from 9.48 g
Pb(CH,C00),3H,0 (Merck p.a.) in 25 ml of water and
from 6.20 g Na,S,0,-5H,0 (Ferak p.a.) in 25 ml of water.
The crystal growth experiment was made in a U-shaped
Pyrex glass tube. A plug of Pyrex glass wool was placed in
the lower part of the U-tube to reduce the mixing of the
two solutions by convection. The two solutions were simul-
taneously slowly poured into the two sides of the U-tube
and left at room temperature for two weeks. The crystals
formed were washed with water and dried in air.

X-Ray diffraction. A guinier photograph of Pb;(S,0;),-
(CH,COO0), was taken with a Guinier camera using Cu Ka;
radiation (A = 1.540598 A) and an internal standard of
silicon (a5, = 5.43050 A). The positions and intensities of
the diffraction lines were measured on a double-beam
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photometer. The pattern was indexed with the ortho-
rhombic cell a = 17.530(4), b = 9.226(3), ¢ = 8.800(2) A,
found in the single-crystal measurements (see below). The
X-ray powder pattern was also measured with a Stoe dif-
fractometer with a position-sensitive detector and Cu Ka,
radiation. The detector is curved and covers 40° in 26, and
with two positions of the detector a 20 range of 80° is
measured. Before the measurement the diffractometer was
calibratred with a standard of Ag,Ge,P,, (¢ = 10.312 A).

A needle-shaped crystal of Pbs(S,0,),(CH;COO), with
dimensions 0.038%0.013%x0.625 mm® was mounted on a
goniometer. The needle axis proved to be along the [001]
direction. Precession photographs of the planes h0/, hll, Okl
and 1kl gave the preliminary values of the unit cell
parameters. The conditions for the observed reflections on
the precession photographs indicated the space group Pccn
(No. 56).

A four-circle diffractometer (Huber) using Mo Ka radi-
ation (A = 0.7107 A) and the w-26 step-scan technique was
used in the data collection. The total scan width in 26 was
1.6 + 0.692 tan 6. The extent of the reflection was deter-
mined with the o([)/I method.> Two standard reflections
were measured for every 50 reflections. A total of 3584
reflections were measured, corrected for absorption (u =
355 cm™!) by Gaussian integration, and averaged to 1495
independent reflections with I > o(]).

The unit cell parameters determined on the four-circle
diffractometer in a least-squares fit with 25 reflections mea-
sured at high and low x and at positive and negative 8 were:
a = 17.530(4), b = 9.226(3), ¢ = 8.800(2) A.

Structure determination

The structure was solved by direct methods using the mea-
sured structure factors and the program MULTAN.* The
four highest peaks found by the program were interpreted
as positions for two lead atoms and two sulfur atoms.
Phased on this model the remaining atoms in the structure
were found by structure-factor and Fourier-map calcula-
tions. The structure was refined (LINUS)® by a least-
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Fig. 1. Stereoscopic projection of the
structure of Pb,(S,0,),(CH;CO0), along

=

[010]. The c-axis is along the page.

squares procedure using neutral atoms for the scattering
factors.® The scattering contribution from the lead atoms
was corrected for anomalous dispersion.” No attempts were
made to locate the hydrogen atoms in the acetate ions. The
final R(F)-value was 6.0% [R(F) = 100xZ||F,,|

|F el /2| Fopl]- A list of observed and calculated structure
factors is available on request from the authors. The posi-
tional and thermal parameters of the structure are listed in
Table 1, and Fig. 1 is a stereoscopic drawing of the structure
viewed along the [010] direction.

The model of the structure arrived at was used to calcu-
late the profile of the X-ray powder pattern of the com-
pound and to compare the calculated profile with the ob-
served profile in a least-squares procedure using the pro-
gram EDINP.? This calculation showed that the crystal
investigated was representative for the bulk sample.

Discussion

The diffusion crystal growth experiment with solutions of
lead acetate and sodium thiosulfate resulted in crystals of
Pb,(S,0,),(CH;COO),. The intension with this growth ex-
periment was to produce single crystals of PbS,0;, but at
the experimental conditions used crystals of Pb;(S,0;),-
(CH;COOQ), were formed in preference to crystals of
PbS,0,.

The single-crystal structure investigation of Pb,(S,0;),-
(CH;COO0), shows a layer character of the structure with
layers of lead atoms parallel to the be-plane. The layers are
held together by the S,0,>~ and the CH,COO~ ions. The
lead atom Pbl is eight-coordinated with seven oxygen
atoms and one sulfur atom, and the lead atom Pb2 is
eight-coordinated with six oxygen atoms and two sulfur
atoms. The interatomic distances are listed in Table 2 and
are compared with the lead—oxygen distances found in
the crystal structures of PbC,0,,! PbSO,,2 PbSO, and
Pb(CH,CO0),:3H,0.!° However, the standard deviations
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on the interatomic distances are twice as large as found for
the structures of PbC,0,,! PbSO,,? Pb(CH,C0OO0),-3H,0"
and Na,S,0,-5H,0." This is due to the heavy-atom nature
of the structure, where a considerable scattering contribu-
tion comes from the lead atom in the X-ray case, and to the
rather small size of the crystal investigated. Only 1495
independent reflections were used in the structure refine-
ment. The structures of Refs. 1, 2 and 11 were refined with
neutron diffraction data, where the heavy-atom nature
of the compounds less pronounced than in the X-ray
scattering case. The structure of Ref. 10 was derived from
single-crystal X-ray diffraction data. The compound
Pb(CH;C0O0),:3H,0 readily crystallizes from aqueous
solutions, so it is easy to select crystals with optimum size
for an X-ray diffraction experiment for this compound, and
this was not the case for Pbs(S,0;),(CH;COO),.

Table 1. Atomic coordinates and equivalent isotropic
temperature factor parameters, Uy x1 04,2 for
Pb;(S,0,),(CH,COO0),. For the last four atoms isotropic
U-values are given.

Atom  x/a y/b zlc U,

Pb1 0.4986(1) 0.2075(1) 0.1658(1) 193(4)

Pb2 0.2500 0.2500 0.1979(2) 176(5)

S1 0.3812(3) 0.0542(7) 0.4860(7) 137(26)
S2 0.3863(4) 0.0504(7) 0.7182(7) 178(29)
o1 0.3867(12)  0.9077(18)  0.4232(21)  220(93)
02 0.3075(10)  0.1222(21)  0.4508(21)  196(85)
03 0.4447(10)  0.1468(20) 0.4326(18)  170(80)
04 0.9499(11)  0.0917(21)  0.4064(22)  210(38)
(03 0.8723(11)  0.8932(21)  0.3830(22)  215(38)
C1 0.8850(15)  0.0311(28)  0.3998(32)  194(49)
Cc2 0.8146(18)  0.1268(36)  0.4108(38)  318(67)

Upq = (113) Z 2 Ua' a’ aa,
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