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Hydrothermal synthesis at 200 °C produced a new open antimony sulfide framework,
[C2H8N]2[Sb8S12(S2)], designated DMA-SbS-SB8. The structure (Cmca, a ) 9.9704(7), b )
11.652(2), and c ) 25.979(3) Å), determined from data collected on a small single crystal (20
× 30 × 40 µm in size) utilizing the synchrotron/imaging plate system installed at the X3A1
beamline of the NSLS, consists of [Sb8S12(S2)]2- double chains formed from Sb4S72- single
chains joined through S-S bridges. The double chains contain 18-membered Sb8S10 rings
and are interlocked to form sheets perpendicular to the b axis. Dimethylammonium ions,
assumed to be protonated to charge balance the anionic [Sb8S12(S2)]2- framework, reside
within 18-membered rings. The structural building units of the new open framework are
similar to those described previously in other members of the antimony sulfide system.
Experiments carried out at different temperatures and reaction times show that DMA-SbS-
SB8 is formed from a distinct poorly crystallized phase (designated DMA-SbS-SB8′), which
is the dominant phase at 100 °C.

Introduction

By applying well-known hydrothermal techniques
used for the production of oxide molecular sieves, a

variety of novel open metal chalcogenide frameworks
have been synthesized over the past decade.1-31 These
structures are often characterized by common secondary
building units such as (Sb3S63-),9-11,32 (Sn3S72-),19-24

and (Ge4S104-)15,25-31 and contain large pores which
are often occupied by organic molecules added to the
starting materials and believed to act as templates.
The manner in which these units polymerize is de-
pendent upon the types of the organic templates and
can also be influenced by the addition of transition
metals.15,26,27,29-31 Recently, the number of sulfide
frameworks synthesized according to these strategies
and structurally characterized has increased steadily.
Some distinctive structural relationships have emerged
from this database, which may be useful to understand-
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ing the structural systematics of these chalcogenide
compounds and directing future syntheses.
In this paper, we report the synthesis of a novel

antimony sulfide framework [C2H8N]2[Sb8S12(S2)] (des-
ignated DMA-SbS-SB8) and its structural characteriza-
tion with data collected by utilizing the synchrotron/
imaging plate system.14,27,29,31 We also analyze its
structural relationships with other known open anti-
mony sulfide frameworks and its evolution from a poorly
crystallized and structurally distinct phase (designated
DMA-SbS-SB8′).

Experimental Section

Synthesis and Characterization. Dimethylamine was
used in an attempt to direct the crystallization of an open-
framework antimony sulfide.10 To a mixture of antimony
metal (0.24 g, Alfa) and elemental sulfur (0.10 g, Alfa), a 40
wt % dimethylamine (DMA) solution (1.5 g, Aldrich) was added
to form a slurry. This was heated at 200 °C under thiosulfate
bearing hydrothermal conditions in a Pyrex-lined bomb.14 After
1 day the products were washed with water and ethanol and
dried in air. They were a mixture of needle- and plate-shaped
crystals. The needles were typically 0.01 × 0.01 × 0.20 mm
in dimension with some up to 0.5 mm in length. The plate-
shaped crystals were usually less than 0.05 mm on edge and
typically 0.02 × 0.04 × 0.04 mm in dimension. The two types
of crystals had a similar dark red color. The powder diffraction
pattern of the mixture is shown in Figure 1a. Three plate-
shaped crystals from the batch were chosen for examination
with the single-crystal synchrotron/imaging plate techniques
described in detail below. However, because the X-ray reflec-
tions from these crystals were diffuse, they were unsuitable
for further study.
Another batch of the same reagents was heated for 3 days

at 200 °C. Only plate-shaped crystals were present. They
were washed and the yield was calculated to be 90% based on
antimony metal. Crystals from this batch were used for
structural analysis, which confirmed they were of a new phase,
designated as DMA-SbS-SB8.10 The powder diffraction pat-
tern of the phase (Figure 1c) is consistent with that calculated
from the structural model (Tables 1, 2 and Figure 1d).
Comparison between parts a and c of Figure 1 suggested that
the needle crystals from the first batch, referred to as DMA-
SbS-SB8′, were a distinct material.

To isolate DMA-SbS-SB8′, other experiments were carried
out with shorter reaction times or at 100 °C. The products
were always a mixture of two phases when heating at 200 °C
for less than 1 day. However, at 100 °C only needle-shaped
crystals of DMA-SbS-SB8′ were produced, even after 7 days.
The needle shaped crystals examined at the synchrotron were
found to be poorly crystallized. The powder ground from them
was slightly brownish, and the X-ray powder diffraction
pattern is shown in Figure 1b.
Quantitative electron-probe microanalysis was carried out

on samples of DMA-SbS-SB8 and DMA-SbS-SB8′ using a
Cameca Camebax instrument. The accelerating voltage was
set to 20 kV, and the beam current to 10 nA. A rastered beam
of 20 µm was used in order to reduce beam damage. The
measured weight percentages of Sb and S in DMA-SbS-SB8
were 65.06 ( 0.48 and 28.82 ( 0.55, respectively, leaving a
residual of 6.12% to undetectable elements such as N, C, and
H. These results are consistent with the composition derived
from the crystal structure (Table 1). For DMA-SbS-SB8′, a
trial compositional analysis was made with a 5 µm rastered
beam and higher magnification. The electron radiation dam-
age was so serious that sample crystals decomposed quickly.
An analysis by plasma emission spectroscopy (for Sb) and high-
temperature combustion (for S and N) was done for DMA-SbS-
SB8′, resulting in a molar ratio of Sb:S:N ) 4:12.24:1.20, which
is sulfur rich with respect to DMA-SbS-SB8 (Table 1).
The IR spectra of DMA-SbS-SB8 and DMA-SbS-SB8′ were

recorded from 4000 to 400 cm-1 on a Perkin-Elmer 1600 Series
FT-IR spectrophotometer using KBr pellets. The distribution
of absorption peaks in both spectra were very similar. All
peaks were only 5-20% above background, and this might be
due to the low concentration of organic material in both
compounds. Resolvable peaks were located at 3062.6 (wide),
1564.9, 1442.3, 1397.6, 1371.5, 1007.8, 879.7, and 809.1 cm-1.
All except the peak at 809.1 cm-1 match the pattern expected
for dimethylamine;33 this confirms the existence of this mol-
ecule in both phases.
Synchrotron/Imaging Plate Data Collection and Pro-

cessing. A crystal of DMA-SBS-SB8 was selected and mounted
on a glass fiber 20 µm in diameter. X-ray diffraction data were
collected at the beamline X3A1 of the National Synchrotron
Light Sources (NSLS) at the Brookhaven National Laboratory.
A scintillation detector was used to center 22 reflections from
which an orientation matrix and cell parameters were deter-
mined (Table 1). An imaging plate (IP) cassette was then
loaded on the 2θ arm of the Huber diffractometer in place of
the scintillation detector. The first set of rotation photographic
data was collected with no 2θ-arm offset. For each exposure
the crystal rotated 8° with an overlap of 2° between successive
exposures. Data were collected from 30 IPs within 4 h;
experimental details are summarized in Table 1.
From the orientation matrix and the distribution of reflec-

tion spots on the IPs, it was noticed that the rotation axis was
close to the b axis of the crystal’s unit cell. This was later
confirmed by studying the distribution of recorded reflections
in reciprocal space. This orientation generated a blind zone
around the b* axis and in order to collect as many unique
reflections as possible, another data set was collected with the
goniometer offset 36° from its original position and the 2θ arm
at 30°. The alternation of crystal orientation can also be
achieved by using an elbow device.34 To avoid overlapping of
reflection spots on one IP while collecting as many reflections
on each IP as possible for intensity scaling between plates,
the φ oscillation range for each exposure was varied from 6°
to 10°. From Figure 2 it is clear that the second data set covers
a wider range of (sinθ)/λ.
Each image was processed to obtain the refined crystal-to-

plate distance and the IP tilt angles.35 Examination of the
reflection extinction conditions suggested a C centered lattice.
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Figure 1. X-ray powder diffraction patterns of (a) the mixture
of needle (DMA-SbS-SB8′) and plate-shaped crystals (DMA-
SbS-SB8), (b) pure DMA-SbS-SB8′, and (c) pure DMA-SBS-
SB8. The experiment was performed on a Scintag diffracto-
meter with Cu KR (λ ) 1.5406 Å) radiation. (d) Calculated
X-ray powder diffraction pattern40 of DMA-SbS-SB8 based on
the structure model obtained from the single-crystal X-ray
diffraction study (Tables 1 and 2).
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From two data sets a total of 8968 fully recorded allowed
reflections with I > 1.0 σ(I) were integrated using the “seed-
skewness” method.36 Those close to the oscillation axis were
rejected due to the distorted spot shapes on the IP. Reflections
close to IP margins or oscillation boundaries were also ignored
because of the possibility of their being partially recorded and
nonlinear exposure during the acceleration and deceleration
of the rotation motor.

Structure Determination and Refinement. Inspection
of systematically absent reflections suggested extinction sym-
bol C--21. The data were merged in point group 222, and a
structure model was obtained in space group C2221 by using
the direct methods in SHELXS86.37 Subsequent refinement,
difference Fourier synthesis and analysis of possible missing
symmetry was carried out using a package of programs written
and maintained by Calabrese.38 The results strongly sug-
gested the presence of an inversion operator, through which
positions of crystallographically unique atoms were related
within 4σ to others in the atom list. We concluded that Cmca
is the correct space group, although six weak reflections
violated this symmetry. These reflections were some 300 times
weaker than the strongest observed and were attributed to
effects not related to the choice of space group, such as multiple
reflection.39 A similar phenomenon was observed and dis-
cussed in our other synchrotron/imaging plate studies.29 The
raw integrated reflections were then merged in point group
mmm and the final refinements in Cmca against F2 were
carried out using SHELXL93.40 The hydrogen atoms on either
nitrogen or carbon atoms of the template molecules were not
located in Fourier difference maps. Their ideal positions were
calculated and refined using the “riding” or “rotating” models
in SHELXL93.40 Final atomic parameters and selected inter-
atomic distances and angles are given in Tables 2 and 3.

(36) Bolotovsky, R.; White, M. A.; Darovsky, A.; Coppens, P. J. Appl.
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Table 1. Selected Crystallographic Data for the Synchrotron/Imaging Plate Experiment for DMA-SbS-SB8

Crystal Data
chemical formula [C2H8N]2[Sb8S12(S2)]
chemical formula weight 1537.8
crystal system orthorhombic
space group Cmca
unit cell a ) 9.9704(7) Å, b ) 11.652(2) Å, c ) 25.979(3) Å
volume of unit cell 3018.1(7) Å3

formula per unit cell, Z 4
density calcd from formula and cell 3.345 g cm-3

radiation type and wavelength synchrotron, λ ) 0.642(1) Å
no. of reflns for cell measurement and 2θ range 22 reflections, 16.1° < 2θ < 36.6°
measurement temp 293 K
crystal shape, color and size plate, dark red, 0.02 × 0.03 × 0.04 mm

Data Collection
data-collection method imaging plate
imaging plate Fuji imaging plate, medical, high resolution, HR-V, 20 × 25 cm
scanner Fuji, Bio-imaging analyzer, BAS2000
2θ offset of image plate cassette 1st set 0°; 2nd set 30°
crystal to imaging plate distance 1st set 142 mm; 2nd set 160 mm
no. of images exposed 1st set 30; 2nd set 29
oscillation angle 6-10°
overlap angle 1°
φ range 180°
gradation and latitude 1024, 4
resolution 100 µm
sensitivity 1st set 10000; 2nd set 6000
no. of reflns integrated (I > 1.0σ(I)) 8968
no. of unique reflections 2027
merge R (based on I) 0.035
minimum, maximum value of (sin θ)/λ 0.101, 0.833
absorption coefficient 37.96 cm-1

absorption correction none

Refinement
refinement on F2
final R(F), wR(F2) for all integrated reflections 0.0409, 0.1362
goodness-of-fit for all integrated reflections 1.226
no. of parameters refined 76
no. of reflns used 2027
maximum shift/esd 0.008
residual electron densities ∆Fmin ) -1.51 eÅ-3, ∆Fmax ) 1.48 e Å-3

Table 2. Fractional Atomic Coordinates and Equivalent
Isotropic Displacement Parameters (×103 Å2) for

DMA-SbS-SB8

atom x y z U

Sb1 0.30365(5) 1.09976(4) 0.31994(2) 21.62(14)
Sb2 0.0000 0.96559(6) 0.38871(2) 23.3(2)
Sb3 0.5000 0.86321(6) 0.25591(3) 25.1(2)
S1 0.5000 1.1367(3) 0.37584(10) 26.5(5)
S2 0.1809(2) 1.1013(2) 0.40258(7) 28.6(4)
S3 0.5000 1.0569(2) 0.22556(9) 22.8(5)
S4 0.0000 0.9191(3) 0.48285(10) 35.1(7)
S5 0.3168(2) 0.8877(2) 0.31972(7) 27.4(4)
N1 0.5000 0.8374(12) 0.4333(5) 48(3)
H1aa 0.5000 0.7538(12) 0.4244(5) 213(119)
H1ba 0.5000 0.8814(12) 0.4002(5) 213(119)
C1 0.3756(14) 0.8641(11) 0.4616(4) 59(3)
H2ab 0.3002(23) 0.8167(56) 0.4475(23) 92(29)
H2bb 0.3538(50) 0.9473(19) 0.4575(28) 92(29)
H2cb 0.3882(32) 0.8461(72) 0.4989(7) 92(29)
a The coordinates of the two hydrogen atoms attached to N1

were calculated and then refined with a “riding model”.40 b The
coordinates of the three hydrogen atoms attached to C1 were
calculated and then refined with a “rotating model”.40
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Results and Discussion

Structural Characteristics of DMA-SbS-SB8. The
structure contains three unique Sb(III) atoms. Each is
coordinated to three S atoms with bond lengths ranging
from 2.390(3) to 2.505(3) Å and S-Sb-S angles from
83.15° to 94.61° (Table 3), forming an SbS33- trigonal
pyramidal primary building unit (Figure 3). The formal
bond valence of each Sb-S bond is calculated to be

greater than 0.88 v.u. and their sums for one antimony
are from 2.83 to 3.02 v.u.41 Each antimony has one-to-
three additional sulfur near neighbors at distances
ranging from 3.147(2) to 3.597(3) Å (Table 3) with
calculated formal bond valence less than 0.22 v.u.41
These weak interatomic interactions are not considered
in the definition of the primary building units and SbS
polyhedra but represent interactions between higher
level structural building units discussed below.
Three SbS33- pyramids form an Sb3S63- semicube

(Figure 3), which is a common secondary building unit
found in antimony sulfides.9-11,14,32 The alternative
connection of semicubes and individual pyramids forms
Sb4S72- single chains, which are paired to make
Sb8S12(S2)2- double chains through S-S bridges (Figure
4a). The connection generates an Sb8S10 18-membered
ring, containing two dimethylamine (DMA) molecules.
The nitrogen atom from each DMA is positioned at the
corner of an Sb3S63- semicube to complete a distorted
cube (Figure 4) with its two N-CH3 bonds pointing
away from the cube. Since the double chain is anionic,
the DMA molecules are assumed to be protonated for
charge balance. This leads to a chemical formula for
DMA-SbS-SB8, [C2H8N]2[Sb8S12(S2)].
The Sb8S12(S2)2- double chains lie in the (010) plane

of the structure and interlock in a zipperlike arrange-
ment (Figure 4a) allowing interactions to form sheets.
These are typified by Sb2‚‚‚S3 (3.147(2) Å) and Sb1‚‚‚S3
(3.173(3) Å) interatomic distances (Table 3). The sheets
are then stacked perpendicular to the b axis with
intersheet interactions characterized by Sb1‚‚‚S5 (3.560-
(3) Å; Figure 4b and Table 3). The shortest distance
between the dimethylammonium cation and its sur-
rounding framework atoms is represented by the inter-
atomic distance S(2)‚‚‚N(1) [3.380(8) Å], implying
possible H bonding between the template and the
framework.
Structural Relationships between DMA-SbS-

SB8 and Other Antimony Sulfides. The Sb4S72-

single chain, similar to those discussed above, also
occurs as a common structural feature in the antimony
sulfides templated by piperazinium (SBSpip or PIP-SbS-
SB4,10 Figure 5a), ethylenediammonium (SBSen or EN-
SbS-SB5,11 Figure 5b) and 1,3-propanediammonium13

(41) Slupecki, O.; Brown, I. D. Acta Crystallogr. 1982, B38, 1078-
1079.

Figure 2. Percentage of unique reflections measured with I
> 1.0σ(I) in equal-volume shells of s ) (sin θ)/λ for (a) the first
set of data, (b) the second set of data, and (c) the combination
of two sets of data.

Table 3. Selected Interatomic Distances (Å) and Angles
(°) for DMA-SbS-SB8

Sb1-S2 2.471(2) S2-Sb1-S5 92.04(7)
Sb1-S5 2.474(2) S2-Sb1-S1 83.15(7)
Sb1-S1 2.475(2) S5-Sb1-S1 97.66(9)
Sb2-S2 2.426(2) S2a-Sb2-S2 96.07(11)
Sb2-S2a 2.426(2) S2a-Sb2-S4 89.77(7)
Sb2-S4 2.505(3) S2-Sb2-S4 89.77(7)
Sb3-S3 2.390(3) S3-Sb3-S5b 96.41(7)
Sb3-S5 2.483(2) S3-Sb3-S5 96.41(7)
Sb3-S5b 2.483(2) S5b-Sb3-S5 94.72(10)
S4-S4c 2.085(7) Sb1-S1-Sb1b 104.54(9)
N1-C1 1.475(14) Sb2-S2-Sb1 103.56(7)

S4c-S4-Sb2 102.8(2)
Sb2‚‚‚S3d,i 3.147(2) Sb1-S5-Sb3 98.94(7)
Sb1‚‚‚S3i 3.173(2) C1b-N1-C1 114.5(13)
Sb1‚‚‚S3d,i 3.287(3)
Sb1‚‚‚S5e,i 3.560(3)
Sb2‚‚‚S4f,i 3.590(3)
Sb3‚‚‚S3g,i 3.597(3)
S2‚‚‚N1h,j 3.380(8)
a -hSymmetry operation codes: (a) -x, y, z; (b) 1 - x, y, z; (c)

-1 - x, 2 - y, 1 - z; (d) -1/2 + x, y, 1/2 - z; (e) 1/2 - x, 1/2 + y, z;
(f) x, 2 - y, 1 - z; (g) x, -1/2 + y, 1/2 - z; (h) -1/2 + x, 1/2 + y, z.i The
Sb-S interactions with interatomic distances larger than 3.140 Å
are not considered in defining primary building units or SbS
polyhedra. j The shortest distance between the nitrogen atom of
DMA and the sulfur atom from framework, implying a possible
hydrogen bonding between the template and the framework.

Figure 3. ORTEP43 drawing of a semicube secondary building
unit and its connection to individual SbS33- pyramids. Semi-
cubes and individual pyramids are connected alternatively
along [100], forming a single chain of composition Sb4S72-. The
Sb-S interactions with interatomic distances larger than 3.140
Å are shown (Table 3). Ellipsoids are drawn at 50% probability.
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(Figure 5d). In PIP-SbS-SB4, single chains are paired
through hydrogen bonding with piperaziniums, which
separate them by 7.0 Å from each other.10 The paired
chains also interlock in a “zipper” arrangement resem-
bling that found in DMA-SBS-SB8. In EN-SbS-SB5, the
framework is very similar to that of DMA-SBS-SB8,
except that single chains are connected through a single
sulfur atom rather than a S2 unit (Figure 5b,c). The
structure templated by 1,3-propanediammonium13 (Fig-
ure 5d) also consists of chains if Sb-S interactions with
interatomic distances larger than 3.020 Å are not
considered in defining SbS polyhedra.13 In this case,
the chains are connected through two SbS33- pyramids
(Figure 5d). The size differences of the apertures
generated by the connection of single chains may be
attributed to the size, charge, and shape of the tem-
plates. For example, the opening of the Sb8S8 16-
membered ring (free dimension ≈1.2 × 6.3 Å) found in
EN-SbS-SB5 is not big enough to enclose two protonated
dimethylamine molecules, which are approximately 2.6
× 4.7 Å/molecule. Instead, an Sb8S10 18-membered ring
(free dimension ≈2.8 × 6.3 Å) is formed in DMA-SbS-
SB8 to create a bigger aperture for two dimethylam-
monium molecules. The free dimensions are estimated
assuming 3.70 Å as the van der Waals radius of the
sulfurs lining the inner peripheries of the quasi-
rectangular openings in these structures.
Although not every antimony sulfide has such build-

ing units, the persistence of the Sb4S72- single chain in
the compounds discussed above suggests it is one of the
important structural building blocks in the synthesis

of open antimony sulfides. Structures based on this
building unit have their unique topologies, which can
be systematized. Single chains consisting of alternating
SbS33- pyramids and Sb3S63- semicubes give rise to a
repeat distance of about 10 Å (Figure 3). The chains
are likely to be paired or to be bridged, forming quasi-
rectangular openings with free dimension about 6.3L
Å, where L is determined by the way in which a pair of
chains is connected. For example, it is 1.2 Å for the
single sulfur bridge in EN-SbS-SB511 and 2.8 Å for the
S-S bridge in DMA-SBS-SB8 (Tables 1 and 2 and
Figure 5c). The paired single chains or double chains
in most cases are like rigid slabs with zipperlike
structural components (semicubes) on both sides. They
interlock to form parallel stacked sheets. The interac-
tions between interlocked double chains or between
neighboring sheets are usually represented by some
weak Sb‚‚‚S interactions with interatomic distances
about 3.1-3.5 Å (Table 3 and refs 10, 11, and 13).
This way of generating open antimony sulfide frame-

works can create, in addition to the known structures,
a range of as-yet-unsynthesized structures. Since the
variation of the frameworks in this system is mainly
caused by the different ways in which single chains are
bridged, modification of the reaction pathway may lead
to different structural motifs.
DMA-SbS-SB8 and DMA-SbS-SB8′. Some of the

features of DMA-SbS-SB8' can be deduced, though its
structure is unknown. The similarities in the IR
absorption spectra of DMA-SbS-SB8 and DMA-SbS-8′
suggest that both phases contain the same templates.

Figure 4. (a) Double chains interlocked in a “zipper” arrangement forming sheets (b) perpendicular to the b axis. Some of those
interatomic distances (>3.140 Å for Sb‚‚‚S and >3.300 Å for S‚‚‚N) indicative of weaker interactions are shown as dotted lines.
Two molecules of dimethylammonium, assumed to be protonated for charge balance, are arranged close to the 18-membered ring
(Sb8S10) aperture in the sheet with the nitrogen atoms from them positioned close to the corner of the of Sb3S63- semicubes to
complete distorted cubes.
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The common reflections, at 2θ ) 23.80°, 28.71°, 40.12°,
and 41.97° for example (Figure 1b,c) in their X-ray
powder diffraction patterns, suggest that both phases
share common structural features. One reasonable
assumption is that DMA-SbS-SB8′ contains similar
paired single chains as DMA-SbS-SB8 and the other
compounds discussed above. From the systematics of
these frameworks, the difference between DMA-SbS-
SB8′ and DMA-SbS-SB8 likely arises from the way in
which single chains are connected. In the X-ray powder
diffraction patterns (Figure 1b,c) the most obvious
distinction between these two phases is the position of
their first peaks. For DMA-SbS-SB8 (Figure 1c), the
(002) reflection is located at 6.799° and represents the
repeat of the double chains (d ) 12.990 Å) along the c
axis (Figure 4). For DMA-SbS-SB8′, the first peak is

located at 5.152° (Figure 1b) corresponding a d space
of 17.229 Å. Since the repeat distance of the single
chain is about 10 Å and the period of stacked sheets
less than 10 Å, one possible source of the reflection is
the repeat of double chains within sheets.
Considering that DMA-SbS-SB8′ is sulfur rich com-

pared to DMA-SbS-SB8, single chains in DMA-SbS-SB8′
may be connected through (Sn)2- (n > 2) units rather
than the (S2)2- units found in DMA-SbS-SB8. The
(Sn)2- (n > 2) connection has been observed in the
structure of CsSbS6, in which (S5)2- units are found.32
If the first peak in the powder diffraction pattern of
DMA-SbS-SB8′ represents the repeat of double chains,
the (Sn)2- unit could be estimated to be (S6)2- since the
S-S bond length is about 2.05 Å and the S-S-S bond
angle is about 106°.42

Experimentally, DMA-SbS-SB8′ can nucleate over a
wider temperature range and transform to DMA-SbS-
SB8 at 200 °C only under hydrothermal conditions.
Following the transformation, the crystallinity of the
DMA-SbS-SB8 structure increases with time. This
accounts for the high quality of the single crystals of
the phase after heating at 200 °C for 3 days. The
mechanism of the transformation is unclear and re-
quires a detailed structure for DMA-SbS-8′. This, and
a real-time study of the processes involved in the
transformation between these two phases, are in
progress. Results from these experiments will aid
future synthetic efforts and structure design.
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Figure 5. Structural relationship between some antimony
sulfide frameworks templated by (a) piperazinium (SbSpip or
PIP-SbS-SB4),10 (b) enthylenediamomnium (SbSen or EN-SbS-
SB5),11 (c) dimethylammonium (DMA-SbS-SB8), and (d) 1,3-
propanediammonium.13
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