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Abstract: This work concerns the coordination chemistry of cadmium(ll) tri-tert-
butoxysilanethiolates in the presence of aliphatic diamines. Reactions of binuclear
[Cd{SSi(OtBu)s}.]> with respective diamines yield five new neutral one-dimensional
coordination polymers, [Cd{SSi(OtBu)s}2(u-C4sH12N2)(CH3OH)]n (1), [Cd{SSi(OtBu)z}2(u-
CsH14N2)(CH30H)]n (2) [Cd{SSi(OtBu)3}2(u-CsH16N2)(CH30H)]n (3), [Cd{SSi(OtBu)3}2(u-
C7H1sN2)]n (4) and [CA{SSi(OtBu)s}2(u-CsH20N2)]n (5), which adopt different spatial chain
topologies. New polymers are fully characterized by X-ray single-crystal diffraction,
elemental analysis and IR spectroscopy. The thermal stability of (1), (3) and (4) complexes is
studied by thermogravimetry (TG, DTG).
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1. Introduction

Complexes of d*® metal ions for instance cadmium arouse considerable attention of the
researchers. The flexibility of stereochemistry and ability to coordinate various types of
ligands lead to cadmium compounds that exhibit interesting structural features and potential
applications for instance in light emitting diodes (LEDs), biomedical analyses, fluorescence,
cancer phototherapy, gas adsorbents or catalysts [1-12].

The designing of artificial self-assembling systems requires the deep knowledge of many

factors, such as the preference of metal ions for specific coordination environment, ligand
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geometry and relative orientation of donor groups as well as reaction conditions e.g.
temperature of the synthesis or solvent polarity [13-17].

In the synthesis of various organic-inorganic networks the most extensively explored are
bipyridyl derivatives which play the role of rigid linkers. Because of their abundant
coordination modes to metal ions they allow to obtain diverse structural topologies with
transition metals as well as complicated supramolecular networks through aromatic
interactions [18-20].

For many years we have been interested in syntheses of metal complexes that contain
silanethiolate residues. The most investigated silanethiol is sterically hindered tri-tert-
butoxysilanethiol (tBuO)3SiSH which is relatively stable in atmospheric conditions [21] and
applied as a S-ligand in syntheses of complexes enables to obtain numerous mono-, bi- and
polynuclear metal tri-tert-butoxysilanethiolates [22-31]. This particular silanethiol was used
in synthesizing biomimetic complexes that imitate the structure and geometry of active sites
found in some metalloproteins [32-40] as well as in the design and construction of the
coordination polymers. We have carried out reactions of Co(ll), Cd(ll) and Zn(ll) tri-tert-
butoxysilanethiolates with bidentate 4,4’-bipy, pyrazine and quinoxaline and so far, we have
obtained only one coordination polymer [Co{u-SSi(*BuO)s}{SSi(‘BuO)s}(u-4,4"-bipy)]» and
several binuclear silanethiolates with metallic centers bridged by bidentate ligands [41-44].
Recently, we have considered nonrigid ligands like aliphatic diamines to be excellent
candidates as building elements in the multidimensional networks. Their conformational
flexibility and ability to act as H-bond acceptors and donors may lead to the formation of
supramolecular structures with unusual topology structures. For our experiments we choose
bimetallic and neutral cadmium tri-tert-butoxysilanethiolate [Cd{SSi(OtBu)z}2]> [45] and the
group of flexible aliphatic diamines varying with the number of carbon atoms in chain in
purpose of checking whether there are some structural relationships between the length of the
flexible chain of N-donor ligands used in syntheses and topologies of potentially obtained
complexes.

Despite the wealth of experimental data of bipyridyl complexes there is nothing about the use
of aliphatic diamines for construction of the coordination polymers. Moreover, there is no
information about compounds that contain thiolate residues and aliphatic diamines
coordinated simultaneously to a metallic centre. There is only Saber’s work describing three
1D cadmium thiocyanato complexes with SCN residue as bridging elements [46].

As a result of our experiments we have obtained five novel and neutral heteroleptic cadmium

tri-tert-butoxysilanethiolates with polymeric structures and bidentate aliphatic diamines as
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linkers. Herein we describe their syntheses, crystal structures, spectral and thermal analysis.
All obtained complexes are stable in atmospheric conditions and show various spatial

arrangements of polymeric chains.

2. Experimental

2.1. Materials
Tri-tert-butoxysilanethiol and [Cd{SSi(OtBu)s}2]> were synthesized as reported previously
[21, 45]. All other starting materials were obtained from commercial sources without further

purification.

2.2. Synthesis

Complexes (1)-(5) were obtained using the same synthetic procedure. To a solution of
[Cd{SSi(OtBu)z}2]> (1.34 g, 1 mmol) dissolved in 20 mL of methanol respective amine [(1)
1,4-diaminabutane (0.21 mL, 2 mmol), (2) 1.5-diaminapentane (0.24 mL, 2 mmol), (3) 1,6-
diaminahexane (0.24 g, 2 mmol), (4) 1,7-diaminaheptane (0.24 g, 2 mmol) and (5) 1,8-
diaminaoctane (0.29 g, 2 mmol)] was added. Resultant mixtures were left at room temperature
for a few days to yield colorless crystals of (1)-(5) complexes, stable in atmospheric

conditions.

2.2.1. [Cd{SSi(OtBu)s}2(u-CsH12N2)-(CH30H)]n (1)

Anal. Calc. for C20HesS2S1207N2Cd: C 44.00; H, 8.91; S, 8.10; N, 3.54%. Found: C 44.02; H,
8.70; S, 8.40; N, 3.68%. M. p. 163-164°C. IR (solid state): v = 3321 (s), 3261 (s), 3170 (s),
2982 (vs), 2928 (vs), 2871 (s), 1591 (s), 1471 (s), 1386 (vs), 1362 (vs), 1239 (vs), 1177 (vs),
1042 (vs, br), 1014 (vs), 965 (vs), 911 (m), 822 (s), 802 (s).

2.2.2. [Cd{SSi(OtBu)z}2(u-CsH14N2)(CH30H)]n (2)

Anal. Calc. for Cs0H72S2S1207N2Cd: C 44.73; H, 9.00; S, 7.96; N, 3.48%. Found: C 44.69; H,
8.98; S, 7.98; N, 3.47%. M. p. 175-176°C. IR (solid state): v = 3329 (s), 3261 (s), 3179 (w),
2975 (vs), 2935 (vs), 2898 (s), 1600 (s), 1471 (s), 1388 (vs), 1362 (vs), 1240 (vs), 1193 (vs),
1057 (vs), 1137(vs), 997 (vs), 928 (w), 822 (s), 813 (m), 700(s).

2.2.3. [Cd2{SSi(OtBu)3}4(u-CeH1sN2)]n (3)
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Anal. Calc. for CsaHi124S4S14012N2Cda: C 44.45; H, 8.57; S, 8.79; N, 1.92%. Found: C 45.74;
H, 8.98; S, 8.15; N, 3.51%. M. p. 153-155°C. IR (solid state): v = 3497 (m), 3342 (s), 3267
(s), 3156 (w), 2969 (vs), 2928 (vs), 2863 (vs), 2704 (w), 1630 (s), 1590 (s), 1470 (s), 1387
(vs), 1363 (vs), 1238 (vs), 1186 (vs, br), 1017 (vs, br), 1014 (vs), 908 (m), 819 (s), 801 (s).

2.2.4. [CA{SSi(OtBu)s}2(1-C7H1sN2)]n (4)

Anal. Cale. for C31H2S2S1206N2Cd: C 46.45; H, 9.05; S, 8.00; N, 3.49%. Found: C 46.39; H,
8.98; S, 8.01; N, 3.50%. M. p. 152-154°C. IR (solid state): v = 3337 (s), 3302 (s), 3260 (s),
3237 (m), 3133 (w), 2972 (vs), 2927 (vs), 2870 (s), 2764 (W), 2699 (w), 1586 (s), 1471 (s),
1456 (s), 1386 (vs), 1361 (vs), 1239 (vs), 1187 (vs), 1056 (vs), 1042 (vs), 1022 (s), 1001 (vs),
987 (vs), 909 (m), 820 (s), 802 (s), 747 (W), 725 (w).

2.2.5. [Cd2{SSi(OtBu)z}4(u-CsH20N2)]1n (5)

Anal. Calc. for CseH128N201254Si4Cd2: C 45.23; H, 8.67; S, 8.62; N, 1.88%. Found: C 45.35;
H, 8.68; S, 8.61; N, 1.91%. M. p. 139-140°C. IR (solid state): v = 3342 (m), 3278(m), 2977
(vs), 2933 (vs), 2887 (s), 1727(w), 1589 (s), 1474 (s), 1388 (vs), 1364 (vs), 1241 (vs), 1186
(vs), 1103 (w), 1043 (vs), 1019 (s), 933(m), 825 (s), 824 (s).

2.3. Thermal analysis coupled with IR

Thermogravimetric analysis was performed using Netzsch thermobalance TG 209 coupled
with Bruker IFS66 FTIR spectrometer under argon. The volatiles evolving from the heated
sample were transported to the spectrometer chamber via thermostated pipe in the stream of

argon.

2.4. Spectral measurements

The elemental analyses (C, H, S and N contents) were performed on an Elemental Analyser
EA 1108 (Carlo Erba Instruments). The IR spectra were measured for crystalline compounds
in the range of 4000-700 cm™ with Momentum microscope (IR detector) attached to Mattson

Genesis Il Gold spectrometer (IR source).

2.5. Structure determination
Experimental diffraction data were collected on a KM4CCD kappa-geometry diffractometer,

equipped with a Sapphire2 CCD detector. An enhanced X-ray MoKa radiation source with a
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graphite monochromator was used. Determination of the unit cells and data collection were
carried out at 120 K. Data reduction, absorption correction and space group determination
were made using CrysAlis software package [47].

All H atoms connected to carbon atoms were placed in calculated positions guided by
difference map. The C—H bond distances were constrained to the range from 0.96 to 1.00 A,
and Uiso = 1.2 Ueq (1.5 for methyl group), thereafter refined as riding.

In complex (1) one molecule of 1,4-diaminobutane was found to be disordered over two
positions with occupancy factors of 0.5. Certain C atoms of 1,4-diaminobutane molecule were
made equal during the refinement [EADP C27 C28 C29 C30]. This molecule was refined with
the DFIX restraint due to stabilize the whole molecule of 1,4-diaminobutane (1.400 A for N—
C and 1.450 A for C-C). The second molecule of 1,4-diaminobutane was also found over two
positions with occupancy factors of 0.21(4) and 0.79(4). Atoms EADP C25 C25a and EADP
C26 C26a were made equal during the refinement. The methanol molecule was found to bed
disordered over two positions with occupancy factors 0.5. Two pairs of atoms O8-O8A and
C31-C31a were made equal during the refinement (EADP). The methanol H atoms were
located from a difference map, fixed at 0.84 A for O—H and refined with the DFIX restraint.
The amine H atoms were located from a difference map and for N1, N1A, N3 fixed at 0.88 A
for N—H and refined with the DFIX restraint. Structures of (2)-(5) complexes were solved by
direct methods and all non-hydrogen atoms were refined with anisotropic thermal parameters
by a full-matrix least squares procedure based on F?. Hydrogen atoms were usually refined
using an isotropic model with Uiso(H) values fixed to be 1.5 times Ueq of C atoms for CHz or
1.2 times Ueq for CH2 groups. Only hydrogens of NH bonds in (2)-(4) were positioned from
differential electron-density maps and refined freely. Disordered tBu groups: C12 (s.o.f.
0.52(10)/0.48(10)); C15-C16 (s.o.f. 0.59(2)/0.41(2)); C18-C20 (s.o.f. 0.507(9)/0.493(9)) in
(2), C42-C44 (s.o.f. 0.831(10)/0.169(10)) in (3). The C-C bond lengths in molecules of
diamine in (3) were disordered C49-C51 (s.o.f. 0.527(8)/0.473(8)); C53-C54 (s.o.f.
0.570(13)/0.430(13)).

Solutions and refinements were carried out using the SHELX-97 [48]. Crystal data,
description of the diffraction experiment, and details of the structure refinement are given in
Table 1. Crystallographic data (without structure factors) for the structures reported in this
paper have been deposited with the Cambridge Crystallographic Data Centre with reference
numbers CCDC 826670 and 874406-874409 and can be obtained free of charge via

www.ccdc.cam.ac.uk/data_request/cif.
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3. Results and discussion

3.1. Synthesis and structural description of complexes (1)-(5)

All compounds were obtained by in situ reaction of cadmium(ll) tri-tert-butoxysilanethiolate
[Cd{SSi(OtBu)s}.]> [45] with the corresponding N-donor aliphatic diamine in solution of
methanol. Syntheses resulted with air-stable and colorless crystal products insoluble in
common organic solvents and water, due to their polymeric and neutral nature.

X-ray analysis performed on a single crystal of [Cd{SSi(OtBu)s}2(u-CsH12N2)-(CH3z0OH)]» (1)
(Fig. 1) revealed that it crystallizes in monoclinic space group P2:/c with four molecules in

the unit cell.

Fig. 1. Molecular structure of [Cd{SSi(OtBu)s}2(u-CsH12N2)-(CH30H)]» (1) with atom
labeling scheme and hydrogen bond interactions (shown as dashed lines) (hydrogen atoms

omitted for clarity). Thermal ellipsoids are drawn at 30% probability.
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The asymmetric unit contains one cadmium(ll) ion, two diamine molecules, two tri-tert-
butoxysilanethiolate residues and one molecule of solvent-methanol. Each Cd(Il) center is
four-coordinated by two N atoms from bridging diamines and two S atoms from terminal
coordinated (tBuO)sSiS~ ligands and can be described as a distorted {CdN.S2} tetrahedral
geometry with the S—-Cd-S angle as the widest angle among them (124.91(5)°) (Table 2). One
from two hydrogen atoms of each donor group of amine molecule is engaged in the formation
of intramolecular N1-H1A---O3 and N2-H2D---O1 hydrogen bonds with oxygen atoms of
adjacent tert-butoxyl groups (Table 4). The molecule of methanol solvent is sited in the void
between polymer chains. The resolution of the structure of (1) without specifying any
parameters showed that the molecule of solvent is sited in two position and forms two weak
N1-HIB---O8 and O8-HS8:--S2 hydrogen bonds (D---A 3.499 and 3.409 A respectively),
however they are strong enough to keep the molecule of solvent in the structure. The
resolution showed also that the molecules of linked diamines are positioned alternately in
regular and disordered form, what automatically influences the distance values between

consecutive cadmium atoms (10.356 A and 8.403 A respectively). The chains of (1) form

channels running along the [010] crystallographic axis where molecules of methanol reside
(Fig. 2).

Fig. 2. Crystal packing of (1) along b axis. H atoms of tBuO groups omitted for clarity.

Coordination ~ polymers  of  [Cd{SSi(OtBu)s}2(u-CsH14N2)(CH3OH)]»  (2) and
[Cd{SSi(OtBu)z}2(u-C7H1sN2)]n (4) crystallize in the same space group (P-1) with similar
unit cell dimensions. The topology of their polymeric structures is common and the view of

(2) and (4) is given in Figures 3 and 5. The coordination motifs around Cd atom are CdN>S>
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just as in (1), but there is also a difference between the structure of polymers (2) and (4) and it
is the regular arrangement of carbon chain of 1,5-diaminepentane and the presence of solvent
molecule in (2) (Fig. 3) and all Cd atoms laid in one line distant by 10.039 A.
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Fig. 3. Molecular structure of [Cd{SSi(OtBu)s}2(u-CsH1sN2):(CH3OH)]n (2) with atom
labeling scheme and hydrogen bond interactions (shown as dashed lines). All tBu groups are

removed for clarity. Thermal ellipsoids are drawn at 30% probability.

A close look at the structure of (2) showed the presence of intra- and intermolecular hydrogen
bonds: two intramolecular N1-H---O are formed by hydrogen atoms HIA and H1B of
diamine with O(1) and O(4) of two tBuO groups. One of two hydrogens of the second
nitrogen N2 is engaged in one intramolecular N2—H2E---S1 hydrogen bond with sulfur atom
of the silanethiolate residue, whereas the second one forms one intermolecular N2-H2D---O7
hydrogen bond with methanol molecule (Table 4). Hence, neighboring threads of polymer (2)
are arranged parallel and adopt the shape of ribbons (Fig. S2 Supplementary Materials). The
molecule of solvent is trapped in the structure by the formation of additional O7-H7D---O3

hydrogen bond with oxygen atom of tBuO group.
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Fig. 4.The core of [{SSi(OtBu)3}.Cd{u-SSi(OtBu)3}Cd{SSi(OtBu)3s}(u-CsH1sN2)]n (3) with
atom labeling scheme and the illustration of two hydrogen bond motifs: S,(6) formed by N1—
HIA---S1 and N2-H2E---S1 and S%(8) formed by N1-HIA---S1 and NI-HIB--09
hydrogen bonds. H atoms of C—H bonds omitted for clarity. Thermal ellipsoids are drawn at
30% probability.

Unlike to (1) and (2), compound (4) does not contain any molecules of solvent in crystal
structure. Nevertheless the net of intra- and intermolecular hydrogen bonds is also present
here. One from two hydrogen atoms of each NH2 forms intramolecular N-H---O hydrogen
bond with O atom of tBuO group, whereas the second H atom is engaged in intermolecular

N-H---S of silanethiolate group from the neighboring polymeric chain (Fig. 5).
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Fig. 5. Molecular structure of [Cd{SSi(OtBu)z}2(u-C7H1eN2)]n (4) with atom labeling scheme
and hydrogen bond interactions (shown as dashed lines). H atoms of tBuO groups are omitted
for clarity. Thermal ellipsoids are drawn at 30% probability.

The chains of diamine in (4) are bent in the form of a sinusoidal wave and are at a distance of
about 4 A in the adjacent polymeric threads (Fig. S4 Supplementary Materials). Such
arrangement of ligands around metallic centers additionally allows for the formation of one
weak Cd(1)----O(4) (3.086 A) interaction between oxygen atom from siloxyl residues and
Cd(2). It may have the influence on the angles values around metallic center which are
slightly wider in (4) (102.05(10)-130.22(3)°) than in (2) (98.41(16)-124.01(5)°) (Table 2).
The Cd---Cd contacts are only slightly longer in (4) (10.211 A) than in (2) even though the N-
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to-N distances in two bridging ligands differ significantly (mean 7477A in 1,5-
diaminapentane vs. mean 8.703 A in 1,7-diaminaheptane). Apart from structural disparities
the average Ni—N, Ni-S, S-Si and Si—O bond distances in (1), (2) and (4) complexes are
comparable (Table 2).

A different coordination mode has been found in the structure of [Cd2{SSi(OtBu)s}a(u-
CeH16N2)]n (3). This complex crystallizes in monoclinic space group C2/c with four molecules
in a unit cell (Fig. S3 Supplementary Materials). While it is true that the coordination sphere
on metal center in the polymeric chain is the same as in the previous complexes (CdN»S>),
compound (3) contains additional Cd(1) metallic center what distinguishes it from the
previous complexes. Cd(1) in (3) is coordinated by two silanethiolate residues as S-terminal
ligands and one in a O,S-chelating mode (Fig. 4). Sulfur atom from this residue coordinates at
the same time to Cd(2) as terminal ligand. The resultant tetrahedral ring Cd(1)O(7)S(3)Si(3)
is practically planar, which is typical of cadmium complexes containing tri-tert-
butoxysilanethiolate residue acting as O,S-chelating ligand [49-51]. In the result the
coordination sphere on Cd(1) ion is CdOSs. The only structural consequence of the presence
of those additional interactions is the significant elongation of Cd(1)-S(3) bond from
chelating tri-tert-butoxysilanethiolate residue (2.6555(7) A) which bridges two Cd(1) and
Cd(2) metallic centers through sulfur (Table 3). Additionally the specific spatial arrangement
of the ligands around the Cd(1) and Cd(2) facilitate the formation of two additional
Cd(1)---O(6) and Cd(2) ----O(10) interactions (2.970 A and 2.893 A, respectively). They are
shorter then the analogous interactions in complex (4), but also longer then the average Cd-O
bond distance (2.36 A) and even longer than those found in other cadmium silanethiolates
(2.5137(13)-2.6165(19) A) [41, 42, 49-51]. Therefore we considered them not as covalent
bonds but as a Cd---O interactions..

The polymeric chain of (3) adopts the topology of helix with the twist of N-Cd-N angle. The
diamine carbon chain is arranged in a quite regular way (Fig. S3 Supplementary Materials).
The possible cause of this order is the presence of three intramolecular hydrogen bonds. Two
of them N1-H1A---S1 and N2-H2E---S1 link together to form S;!(6) motif, whereas the third
hydrogen bond N1-H1B---09 forms S»%(8) motif with N1-H1A---S1 (Fig. 4) [50].

The N-to-N distance in 1,6-diaminehexane is practically the same like in 1,7-diaminaheptane
(mean 8.606A in 1,6-diaminahexane vs. mean 8.721 A in 1,7-diaminaheptane), but the
Cd--Cd contacts in resultant polymers differ significantly (12.316 A in (3) and 10.211 A in
(4)). Nevertheless it does not affect the Cd-S, Cd-N and Si-S distances and angles in (3)
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which are situated in the average range of values and comparable with those found in
heteroleptic monometallic cadmium tri-tert-butoxysilanethiolates (Table 3).

The last neutral polymer with the formula of [Cd2{SSi(OtBu)s}4(u-CsH20N2)]n (5) has been
obtained with the use of 1,8-diamineoctane. The reaction of diamine with cadmium binuclear
substrate [Cd{SSi(OtBu)s}:]2 does not change it’s structural arrangement only the amine
molecule completes the coordination sphere on each metal atom resulting with CdNS3 kernel
(Fig. 7). The closer look into the structure of (5) shows that O(1) and O(6) atoms from two
silanethiolate ligands are slightly directed to the Cd(1) and Cd(2) atoms and are distant at
3.203 A and 3.408 A from Cd(1) and Cd(2) respectively. Those distances are significant and
cannot be assigned as a covalent bonds but only as a weak interactions.

Complex (5) crystallizes in monoclinic space group P2: with two molecules in a unit cell
(Fig. S5 Supplementary Materials). The Cd---Cd and N-to-N distances between next
monomers are the longest within obtained (1)-(5) complexes (15.484 A and 11.303 A
respectively) according to expectations. The Cd-S bond distances in the Cd»S> ring of
complex (5) are comparable with those present in substrate [Cd{SSi(OtBu)s}.]> and only the
Cd(1)---Cd(2) distance in this ring elongated a bit in (5). The coordination of diamine on
metallic centers in (5) influences also on S(2)-Cd(1)-S(4) and S(2)-Cd(2)-S(4) angles
causing their insignificant widening, whereas Cd(1)-S(2)-Cd(2) as well as Cd(1)-S(4)-Cd(2)
angles narrowed considerably (84.90(3)° and 84.96(3)°) when compare with the substrate
(86.9(1)°) [45]. Diamine molecules are engaged in two intramolecular N-H---O hydrogen
bonds with siloxyl residues (Table 4) and are slightly arcuate. Molecules of (5) pack into
sheets with the separation distance of 14 A between diamine chains of two neighboring
polymeric threads (Fig. 5S Supplementary Materials). Resultant spaces between polymeric
fibers are bordered on each site by tBuO groups of silanethiolate residues. Figures 6 and 8 are

given for better comparison of (1)-(5) chains topology.
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Fig. 6. The comparison of chains topology of complexes (1), (2) and (4).
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Fig. 7. Molecular structure of [Cd{u- SSi(OtBu)s}{SSi(OtBu)s}(u-CsH20N2)]n (5) with atom
labeling scheme. All tBu groups and hydrogen atoms of C—H bonds are omitted for clarity.
Thermal ellipsoids are drawn at 30% probability.
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Fig. 8. The comparison of chains topology of complexes (3) and (5).

3.2. Spectral Characterization.

Vibrational spectra were recorded for complexes (1)-(5) in the solid state in the range of
4000-700 cm™* and are consistent with their crystal structures. All five compounds show the
characteristic band of NH2 group vibration at about 3300 and 3400 cm™ corresponding to
vs(NH2) and vas(NHy), respectively (Fig. 9).
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Fig. 9. Solid state FT-IR spectra of (1)-(5) in the 3400-3100 cm™* and 1100-900 cm™ range.

The OH stretching vibrations from the solvent should also be present at the same region, but
it is difficult to assign those vibrations with particular value. Generally free methanol
molecules should show one band at 3682 cm but this frequency is red shifted at around 3300
cm™ when the same hydroxyl group is engaged in interactions via hydrogen bonding. An
increasing strength of those hydrogen bonding, i.e., liquid and solid state of methanol, led to a
further red shift of the OH stretching vibration to 3200 cm™ [53].

The FTIR frequencies of (1)-(5) complexes are red shifted due to different structures of
analyzed complexes and the presence of intramolecular N-H:--S and N-H---O as well as
intermolecular N-H---O, N-H---S and O—H:--O hydrogen bonds in crystal structures [53, 54].
More similarities can be found in the range of 1100-900 cm™ where complexes show

superimposed bands assigned to Si—-O-C bonding from silanethiolate residue (Fig. 9). Only
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spectrum of complex (3) show a broad band which is typical for silanethiolates that contain

the additional interactions of oxygen from the Si-O-'Bu residue to the metal center.

3.3. Thermal analysis (TG and DTG)

Thermal analysis was followed for (1), (3) and (4) complexes and TG and DTG curves are
shown in Fig.10, 11 and Figs. S6, S8 Supplementary Materials. Thermal diagrams reveal
mass loss in the temperature range of 25-400 °C and show that one stage decomposition takes
place in case of (3) and (4) complexes, whereas decomposition of complex (1) goes in two-
step process which is connected to the presence of solvent molecule in the structure of this
complex in contrast to (3) and (4). The first noticeable weight loss of (1) is at about 160°C
what corresponds to the loss of mentioned molecule of CH3OH (calculated 4.0 %, found 3.6
%) (Fig. 10). Above 180°C gradual weight loss undergoes with final sharp degradation at
294°C with total weight loss corresponding to loss of 89%. A yellow crystalline powder has
been obtained as a final solid product of the decomposition of all three complexes and

elemental analysis showed the presence of CdS.

120 10
100 [
— 80 1
o~
= L 10
2 ©
2 a0 E
b=
8 - -20
2 40 -
L 30
20 1
0 - - . 40
25 125 225 325
T[°C]

Fig. 10. Thermogravimetric curves of (1) for the heating rate of 10 K-min™.

FTIR spectra of the off-gases of the decomposition process show mostly the same profile for
analyzed complexes with the presence of gaseous products that come from the decomposition
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of tri-tert-butoxysilyl substituents (Fig. 11 and Figs S7-S9 Supplementary Materials). They
possess both Si—-OH (v(si-0)=1074 cm™) and Si—-O-tBu (v(c 0)=1193 cm™) fragments. Spectra
contain also additional bands observed for symmetric and asymmetric scissor-bending
vibrations characteristic for tert-butyl residues (1394 and 1371 cm™) as well as for CH;
groups of aliphatic carbon chains of diamines (1477 cm™) and skeleton vibration of tBu group
(1241 cm™).

[+]

234°C

289°C
8
c
S
£ !
w
c
e
-

3500 3100 2600 2100 1600 1100 600

v [emT]
Fig 11. FTIR spectra of the volatiles evolving during TG analysis of (1) recorded at 234 and
289 °C.

4. Conclusions:

Five new 1D coordination polymers have been synthesized in the reactions of bimetallic
cadmium tri-tert-butoxysilanethiolate [Cd{SSi(OtBu)s}.] and various aliphatic, linear
diamines. All complexes were characterized by X-ray crystal diffraction, elemental analysis
and FTIR measurements. In order to determine the thermal stability, TG and DTG were
followed for complexes (1), (3) and (4). Also gaseous products from decomposition of those
complexes were identified by means of IR spectroscopy. Polymeric chains of presented
compounds adopt different chain topologies and contain different amount of metal ions. The
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Cd(ll) center in polymer threads of (1), (2) and (4) complexes resides in a CdNzS;
environment, whereas complexes (3) and (5) contain an additional metal center tetrahedrally
coordinated with CdN2S, and CdOSs kernels in (3) and CdNS3 in (5). Presented complexes
are stable in atmospheric conditions. Despite the structure diversity of described complexes
there is still much experimental work required in order to establish strategies disclosing
structure correlations and used ligands in the synthesis of coordination polymers that contain
silanethiolate ligands.

Appendix A. Supplementary data

CCDC 826670 (compound 1); CCDC 874406 (compound 2); CCDC 874407 (compound 3);
CCDC 874408 (compound 4); CCDC 874409 (compound 5) contain the supplementary
crystallographic data. These data can be obtained free of charge Vvia
http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail:

deposit@ccdc.cam.ac.uk. Supplementary data file contains packing diagrams of compounds

(2)-(5).

Appendix B. Supplementary data

Supplementary data associated with this article can be found, in the online version, at doi:
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Fig. S1. Scheme of (1)-(5) complexes.
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Fig. S2 Crystal packing of (2) along c axis. H atoms of tBuO groups omitted for clarity.

Fig. S3 Crystal packing of (3) along c axis. tBuO groups omitted for clarity (S-yellow, O-red, N-blue,
Si-green, Cd-pink, C and H — black).
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Fig. S4 Crystal packing of (4) along ¢ axis. H atoms of tBuO groups omitted for clarity. (S-yellow, O-
red, N-blue, Si-green, Cd-pink, C and H — black)

Ic

~ ~ X
«%"i’%}i\; }sgﬁf%%o}:«%%ﬁﬁ §)“”%{

X 'S ¥ x
Vﬁﬁﬁ%ﬁgﬁﬁ%ﬁﬁﬁ%}%&?%ﬁ%

~ ~
LS ey Vo W Ty U
TSRO O%

Fig. S5 Crystal packing of (5) along a axis. tBuO groups omitted for clarity. (S-yellow, O-red, N-blue,
Si-green, Cd-pink, C and H — black).
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Fig S7 FTIR spectra of the volatiles evolving during TG analysis of (3) recorded at 292 °C
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Fig S8 Thermogravimetric curves of (4) for the heating rate of 10 K-min'
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Fig S9 FTIR spectra of the volatiles evolving during TG analysis of (4) recorded at 286, 292 and
299 °C.
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Table 1 Crystallographic data and structure refinement for (1)-(5) complexes

@) (2) ®) 4) ()
Empirical formula C29H70CdN207525i2 C3oH72CdN207SzSi2 ClogH24BCd4N4OZ4SSSig 031H7zch20682Si2 C55H128Cd2N201284Si4
M; /g mol? 791.57 805.60 2917.90 801.561 1487.00
Temperature /K 298(2) 120(2) 120(2) 120(2) 120(2)
Wavelength /A 0.71073 (Mo Ka) 0.71073 (Mo K) 0.71073 (Mo Ko) 0.71073 (Mo Ko) 0.71073 (Mo Ka)
Crystal system monoclinic triclinic monoclinic triclinic monoclinic
Space group P2./c P-1 C2/c P-1 P2;
a/A 9.0876(3) 10.0393(3) 48.1097(9) 10.2109(3) 14.0835(3)
b /A 16.8473(5) 14.6229(6) 14.4214(2) 13.5526(5) 19.4941(4)
c/A 29.8773(8) 16.8956(5) 25.2096(5) 15.4806(5) 15.3310(4)
o/ 90 113.520(4) 90.0 89.220(3) 90.0
BI° 106.875(3) 96.729(3) 117.382(2) 81.646(3) 109.126(3)
v /P 90 102.267(3) 90.0 83.857(3) 90.0
V /A3 4377.3(2) 2165.15(13) 15531.0(5) 2107.37(12) 3976.71(16)
Z 4 2 4 2 2
D (Mg m3) 1.201 1.236 1.248 1.263 1.242
0 range /° 2.34 10 25.50 2.46 t0 25.50 2.23 10 25.50 2.26 10 25.50 2.52 t0 25.50
L|m|t|ng indices -11<=h<=9 -12<=h<=11 -58<=h<=58 -9<=h<=12 -15<=h<=17
-20<=k<=20 -13<=k<=17 -11<=k<=17 -16<=k<=16 -20<=k<=23
-36<=1<=30 -20<=I<=20 -30<=1<=29 -18<=1<=18 -18<=<=8
[R(int) = 0.0266] [R(int) = 0.0275] [R(int) = 0.0250] [R(int) = 0.0244] [R(int) = 0.0187]
Completeness to @ max /% 99.9 99.9 99.9 99.9 99.9
1 (mm) 0.686 0.695 0.765 0.712 0.748
Data / restraints / parameters 8132/19/412 8048 /6 /481 14477 /8 /833 7839/0/431 12953/1/757
Goodness—of—fit on F2 1.066 1.092 1.059 1.055 1.051
Final R indices [I>20(1)] R;=0.0742 R; = 0.0592 Ry =0.0352 R; =0.0386 R; =0.0333
WR2 =0.2042 wWR2 = 0.1540 wR, = 0.0866 wR2 = 0.0950 WR; = 0.0854
R indices (all data) R =0.0823 R:=0.0716 R: =0.0441 R: =0.0469 R; =0.0361
wR2 =0.2115 wR2 =0.1604 wR2 =0.0913 wR2 = 0.0984 wR2 = 0.0867

Largest diff. peak and hole /eA

3.277 and -1.048

2.171 and -0.774

1.189 and -0.832

0.840 and -0.423

1.353 and -0.623

Crystalographic data for the structures (1)-(5) have been deposited with the Cambridge Crystallographic Data Centre, CCDC 826670 and 874406-874409. Copies of the data
can be obtained free of charge on application to The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: int.code +(1223)336-033; e—mail for inquiry:
fileserv@ccdc.cam.ac.uk; e—mail for deposition: deposit@ccdc.cam.ac.uk
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Table 2. Selected interatomic distances (A) and angles (°) for (1), (2) and (4).

Bond lengths
Cd(1)-N(1)
Cd(1)-N(2)
Cd(1)-S(1)
Cd(1)-S(2)
Si(1)-S(1)
Si(2)-S(2)
Si(1)-0(1)
Si(1)-0(2)
Si(1)-0(3)
Si(2)-0(4)
Si(2)-0(5)
Si(2)-0(6)

Bond angles
N(1)-Cd(1)-S(1)
N(1)-Cd(1)-S(2)
N(2)-Cd(1)-S(1)
N(2)-Cd(1)-S(2)
S(2)-Cd(1)-S(1)
N(1)-Cd(1)-N(2)

Si(1)-S(1)-Cd(1)
Si(2)-S(2)-Cd(1)

@

2.300(7)
2.20(2), 2.30(2)
2.4790(14)
2.4525(15)
2.079(2)
2.088(2)
1.642(4)
1.617(4)
1.636(4)
1.644(4)
1.634(4)
1.624(4)

99.84(19)
103.7(2)
102.9(11)
110.1(14)
124.91(5)
115.7(8)
114.6(7)
98.49(7)
106.01(7)

@)

2.322(4)
2.302(4)
2.5045(14)
2.4445(14)
2.076(2)
2.076(2)
1.626(4)
1.649(4)
1.623(4)
1.644(4)
1.621(4)
1.633(4)

111.44(12)
100.58(12)
99.26(13)
120.49(12)
124.01(5)
98.41(16)

100.57(6)
108.95(7)

(4)

2.326(3)
2.288(3)
2.4430(8)
2.4981(8)
2.0736(11)
2.0973(11)
1.628(2)
1.636(2)
1.650(2)
1.637(2)
1.621(2)
1.632(2)

103.08(8)
101.39(7)
110.18(8)
106.07(8)
130.22(3)
102.05(10)

112.53(4)
97.94(4)
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Table 3. Selected interatomic distances (A) and angles (°) for (3) and (5).

Bond lengths
Cd(1)-S(1)
Cd(1)-S(2)
Cd(1)-S(3)
Cd(1)-S(4)
Cd(2)-S(2)
Cd(2)-S(3)
Cd(2)-S(4)
Cd(1)-N(2)
Cd(1)-0(7)
Cd(2)-N(1)
Cd(2)-N(2)
Si(1)-S(1)
Si(2)-S(2)
Si(3)-S(3)
Si(4)-S(4)
Si(1)-0(1)
Si(1)-0(2)
Si(1)-0(3)
Si(2)-0(4)
Si(2)-0(5)
Si(2)-0(6)
Si(3)-0(7)
Si(3)-0(8)
Si(3)-0(9)
Si(4)-0(10)
Si(4)-0(11)
Si(4)-0(12)
Bond angles
S(1)-Cd(1)-S(2)
S(1)-Cd(1)-S(4)
S(2)-Cd(1)-S(3)
S(1)-Cd(1)-S(3)
S(2)-Cd(1)-S(4)
S(1)-Cd(1)-0(7)
S(2)-Cd(1)-0(7)
S(3)-Cd(1)-0(7)
N(1)-Cd(2)-N(2)
N(1)-Cd(1)-S(1)
N(1)-Cd(1)-S(2)
N(1)-Cd(1)-S(4)
N(1)-Cd(2)-S(3)
N(2)-Cd(2)-S(2)
N(2)-Cd(2)-S(3)
N(1)-Cd(2)-S(4)
N(2)-Cd(2)-S(4)
S(3)-Cd(2)-S(4)
S(2)-Cd(2)-S(3)
S(2)-Cd(2)-S(4)

®)

2.4472(7)
2.4283(6)
2.6555(7)

2.5192(6)
2.4668(7)

2.5711(16)
2.310(2)
2.315(3)
2.1024(10)
2.0949(9)
2.1165(9)
2.0825(10)
1.6355(19)
1.6302(18)
1.6214(19)
1.6298(19)
1.626(2)
1.6386(19)
1.6463(17)
1.6040(19)
1.6311(19)
1.641(2)
1.622(2)
1.6290(18)

143.22(2)

111.24(2)
104.30(2)

103.97(4)
97.79(4)
68.18(4)
102.73(12)

102.93(7)

99.02(7)
99.34(7)
101.87(7)
145.10(3)

(5)

2.4341(9)
2.5737(10)

2.6043(10)
2.6124(10)
2.4118(8)
2.5789(10)
2.310(3)

2.318(3)
2.0912(13)
2.1228(14)
2.0896(14)
2.1150(14)
1.629(3)
1.634(3)
1.625(3)
1.624(3)
1.625(3)
1.618(3)
1.641(3)
1.633(3)
1.620(3)
1.628(3)
1.634(3)
1.613(3)

126.74(4)
126.34(3)

;)1.85(3)

104.12(9)
103.39(9)
100.05(8)

51.45(9)
109.73(9)

98.71(9)
129.22(4)
127.45(3)
91.55(3)
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Cd(1)-S(2)-Cd(2)
Cd(2)-S(4)-Cd(1)
Si(1)-S(1)-Cd(1)
Si(2)-S(2)-Cd(1)
Si(4)-S(4)-Cd(1)
Si(2)-S(2)-Cd(2)
Si(3)-S(3)-Cd(2)
Si(4)-S(4)-Cd(2)
Cd(1)-S(3)-Cd(2)

_110.50(3)
97.27(3)
87.68(3)

_100.74(3)
94.78(3)
108.20(2)

84.90(3)

84.96(3)

101.24(4)
108.23(5)
101.50(5)
114.42(5)
108.39(5)
105.62(5)
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Table 4 Parameters of the hydrogen bonds in the complexes (1)-(5).

Compound Bond D-H [A] H---A [A] D--A[A] ZDHA [°]
@ N1-H1A-03 0.90 2.28 3.081(8) 148.0
N2-H2D-O01 0.90 2.41(4) 3.13(5) 137(2)
N3-H3E-O1 0.88(2) 2.72(14) 3.31(5) 125(12)
@) N1-H1A-O1 0.97(6) 2.43(6) 3.287(7) 147(5)
N1-H1B-0O4 0.96(6) 2.36(6) 3.134(6) 137(5)
N2-H2D-07 0.91(3) 2.49(7) 3.080(7) 123(6)
N2-H2E-S1/ 0.90(3) 2.58(4) 3.444(5) 162(6)
A3) N1-H1B-09 0.88(4) 2.40(4) 3.136(4) 142(4)
N1-H1A-S1 0.79(3) 2.71(3) 3.435(3) 153(3)
N2-H2E-S1 0.87(4) 3.04(4) 3.591(3) 123(3)
(4) N1-H1E-S2! 0.84(4) 2.75(4) 3.518(3) 153(3)
N1-H1D-04 0.92(4) 2.68(4) 3.337(4) 128(3)
N2-H2E-S2! 0.88(3) 2.74(3) 3.528(3) 149(3)
N2-H2D-03 0.85(5) 2.49(5) 3.267(4) 153(4)
(5) N1-H1B-09 0.88(4) 2.40(4) 3.136(4) 142(4)
N1-H1A-0O11 0.92 2.23 3.039(4) 146.5
N2-H2E-O7 0.92 2.50 3.229(4) 136.1

Symmetry codes: i (1). (-x+2,-y+1,-z+2); (2). (-X+2,-y+1,-z+1); (4). (-x+1,-y,-z+1).
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