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Abstract: Alkaline earth saccharinates Mg — Ba were synthesized by the known solution-based methods and also by mechanochemical synthesis.
The compounds were characterized by TG/DSC, X-ray powder diffraction, and Mg, Ca and Ba saccharinates by single-crystal X-ray analysis. The
structure of Mg(sac)z-7H20 (sac = saccharinate), is known but the diffraction data were collected at 170 K in this study for comparison with
other structures. Crystals of hydrates of Ca — Ba saccharinates are very thin needle-like. A 4 um crystal of Ca(sac),- 7H.0 gave a low intensity
diffraction pattern of sufficient quality to locate non-hydrogen atoms (triclinic crystal system, space group P-1, Z = 4). Crystals of strontium
saccharinate were too thin for data collection, however the formula Sr(sac).-4H20, proposed in a previous publication was confirmed by
thermogravimetric analysis. Diffraction from a 12 um thick crystal of Ba(sac).-4.5H20 resulted in a complete data set (monoclinic crystal system,
space group P2/c, Z = 8). In the corresponding structures, the Mg ion is six-coordinated forming an octahedron, both Ca ions are irregularly
eight-coordinated with the polyhedra bridged by saccharinate ions into chains, whereas both Ba ions are irregularly nine-coordinated with the
polyhedra sharing edges and corners through bridging water molecules and bridging saccharinate ions into double chains. All water molecules
are included into hydrogen bonding into layers with only van der Waals and weak C—H---O bonds between the chains.

Keywords: mechanochemical synthesis, alkaline earth metals, saccharinate, crystal structure.

sweetener in the formulation of foods and beverages was
also investigated in terms of saccharin-induced muta-
genicity in human clonal RSa cells.['8 It has been shown that
saccharin can serve as a versatile polyfunctional ligand
being included in the metal saccharinates as i) an ion; ii) a

INTRODUCTION

T HE structural properties of saccharin (systematic name:
1,2-benzisothiazol-3(2H)-one 1,1-dioxide)!>2l and espec-
ially of its compounds with various metals have been rather

intensively studied during the last five decades.’-14
Various ligation properties of saccharin in compounds with
different metals were studied, such as influence of the
nature of the metal ion on the type of the metal-to-ligand
bonding,[*>! the bond valence model,[®) NMR studies, 7]
influence of metal bonding on the saccharinate
geometry.[13] Suspected carcinogenic nature of its sodium
salt (known as Natreen) commonly used as an artificial

ligand coordinated through the nitrogen atom, the
carbonyl oxygen atom, the sulfonyl oxygen atom/s or the
nitrogen atom; jii) several of the above modes in the same
compound; iv) a neutral molecule.!*5]

Different types of bonding depend on the nature of
the metal in the saccharinate compound. Many of these
compounds were characterized by the Jovanovski group.
Mostly ionic character of bonding was found for the
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alkaline and alkaline earth metals.!9 There are several
structures of saccharinates with some alkaline metals, such
as lithium, Li(sac)-11/6H,0,129 several different hydrates
with sodium (Na(sac)-2/3H,0,B] Na(sac)-15/8H,0,[12.21]
and with potassium, Kz(sac)s-2H,0,[221 K3(sac)s- 7/3 H,0.[21]
There are also mixed alkaline metal saccharinates such as
NaK(sac),-H,0[231 and NaRb(sac),-4H,0.124

The first row transition metal ions form isomor-
phous coordination type complexes of the type
[M(sac)2(H20)4] - 2H,0, with M = V,[111 Cr,[20] M, [4.25] Fe, Co
and Ni,[48] Cul6.25] and Zn.[49] There are also structures with
bonding of more covalent character as in Cd,!*9 Hg,!”l and
Pb.[12] Structures of saccharin with all lanthanides have also
been published.[2]

Of the alkaline earth metals only the structure of
Mg(sac),-7H,08! has been determined. Due to the lack of
the suitable single crystals to solve the crystal structures of
the saccharinates of alkaline earth metals, calcium,
strontium and barium, and in order to get preliminary
information on some of their structural characteristics, we
have previously studied their X-ray powder diffractograms
as well as their infrared spectra in the region of the OH, OD,
CO and SO; stretching modes. The study of their infrared
spectra in the region of the CO stretching vibrations
indicated that the metal-to-saccharin bonds have mainly
ionic character.[!9]

Previously, the saccharinates of the mentioned
alkaline earth metals were prepared by solution-based
methods. Now we were interested to prepare them by
mechanochemical synthesis. Mechanochemical synthesis
is an efficient technique for synthesis or transformation in
the solid state.l27-291 The reactants have to be chosen
carefully not to get mixtures of products. We have
published mechanochemical synthesis of several com-
pounds.[30-33] Some reactions were very fast even by
mixing with only a mortar and pestle.[*3] We have also
characterized a solid-state-to-solid-state transformation
of five different compounds into one stable solvate only
by neat grinding.[30

Here we report both mechanochemical and solution-
based synthesis!319 of the hydrates of magnesium, calcium,
strontium and barium saccharinates, Mg(sac),-7H0,
Ca(sac),-7H,0, Sr(sac);-4H,0 and Ba(sac),:4.5H,0. The
compounds were characterized by X-ray powder diffrac-
tion (XRPD), and thermogravimetric/differential scanning
calorimetry analysis (TG/DSC). The crystals of the hydrates
of calcium, strontium and barium saccharinates are needle-
like and very thin. After our continuous attempts in years,
we have now managed to collect single-crystal X-ray
diffraction data sets of calcium and barium saccharinates
which were good enough to finally determine their crystal
structures. Unfortunately, this was not the case with the Sr

compound. The structure of Ba(sac),-4.5H,0 was of much
better quality than that of Ca(sac),-7H,0 and is discussed
in detail. The coordination polyhedra of the metal ions, the
coordination mode of the saccharinate ligand, and the
connectivity achieved through the saccharinates and
hydrogen bonding in the hydrates of alkaline earth metals
Mg, Ca and Ba is presented.

EXPERIMENTAL
Materials and Methods

All chemicals were purchased from commercial sources
(Kemika, Alkaloid) and were used without purification.
Infrared spectra were measured on a Thermo Scientific
Nicolet iS50 FTIR Spectrometer equipped with an ATR
module. A Retsch MM200 mill operating at 25 Hz, a 14 mL
Teflon milling jar and one 8 mm steel ball were used for all
mechanochemical syntheses.

Powder X-ray diffraction (PXRD) was performed on a
Malvern Panalytical Aeris diffractometer in the Bragg-
Brentano geometry with CuK, radiation (A = 1.54184 A) at
room temperature. The samples were placed on a silicon
holder and the diffraction patterns were measured in the
26 range 5 — 40° with a step size of 0.022° and 15.0 s per
step. X-ray powder diffraction data were collected and
visualized using the HighScore Plus program.[34

Thermogravimetric analysis was performed on
Mettler-Toledo TGA/DSC3+. 2 — 8 mg of samples were
placed into alumina crucibles (70 pL) and heated in a
temperature range 25 — 800 °C (Ca — Sr saccharinates) and
25 —1200 °C (Mg saccharinate) and a constant heat rate of
10 K min~1 and under an oxygen flow of 50 mL min-1,

Solution-based Synthesis

Hydrates of Mg, Ca, Sr and Ba saccharinates were prepared
by gradually mixing of the corresponding carbonates and a
warm aqueous solution of saccharin in a molar ratio 1:2 as
previously published.[* Colorless, very thin needle-shaped
crystals were obtained after cooling of reaction mixture to
the room temperature. Several attempts to get better
quality crystals of Ca — Ba saccharinates by recrystallization
failed (Figure 1).

Mechanochemical Synthesis

Synthesis of Mg(sac),*7H,0

Magnesium carbonate (42.2 mg, 0.5 mmol) and saccharin
(183.2 mg, 1.0 mmol) were placed into a Teflon milling jar
and 45 pL of water was added (n = 0.2 mg pL™l).
Experiment was performed for 30 minutes and the
resulting powder diffraction pattern was consistent with
the crystal structure of Mg(sac);'7H,O (Figure 2; CSD
refcode: MGSACA10).3]
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Figure 1. Crystals of Ca(sac),- 7H,0 (left), Sr(sac),-4H,0 (middle) and Ba(sac),-4.5H,0 (right). The red line shows the scale of T mm.

Synthesis of Ca(sac),-7H,0
Calcium hydroxide (37.0 mg, 0.5 mmol) and saccharin
(183.2 mg, 1.0 mmol) were placed into a Teflon milling jar
and 44 ulL of water was added (7 = 0.2 mg pL™1). Experiment
was performed for 30 minutes and the resulting powder
diffraction pattern was consistent with the crystal structure
of Ca(sac),- 7H,0 (Figure 2).

Synthesis of Sr(sac),-4H,0

Strontium carbonate (73.8 mg, 0.5 mmol) and saccharin
(183.2 mg, 1.0 mmol) were placed into a Teflon milling jar
and 51 ulL of water was added (n = 0.2 mg pL™1). Experiment
was performed for 30 minutes and the resulting powder
diffraction pattern was consistent with the one previously
published for this compound obtained by the solution-
based method!*! (Figure 2).

Synthesis of Ba(sac),-4.5H,0
Barium hydroxide octahydrate (157.7 mg, 0.5 mmol) and
saccharin (183.2 mg, 1.0 mmol) were placed into a Teflon
milling jar and 34 pL of water was added (n = 0.1 mg pL™1).
Experiment was performed for 30 minutes and the
resulting powder was consistent with the crystal structure
of Ba(sac),-4.5H,0 (Figure 2).

Single Crystal X-ray Diffraction

A prismatic crystal of Mg(sac),-7H,0 suitable for obtaining
good single-crystal X-ray diffraction data was easy to find.
However, over 100 thin needle-like crystals of calcium,
strontium and barium saccharinates were tested before
finding a 12 um thick crystal that gave a relatively good data
set for barium saccharinate, Ba(sac)-4.5H,0. The best
diffraction data for calcium saccharinate, Ca(sac),-7H-0,
was from a very thin crystal of only 4 um giving very weak
diffraction. Crystals of strontium saccharinate were very
thin so not even the unit cell could be obtained. The best
method for searching for a good crystal was under
polarized light, since the transparent crystals gave some
diffraction pattern whereas those that were opaque did
not. The opaque needles were agglomerate of several

thinner crystals. Crystals were mounted on cryo-loops with
some Paratone N oil and transferred into a cold air stream
at 170 K. All data were collected on a XtaLAB Synergy-S
Dualflex HyPix diffractometer. All data were measured
using CuKa radiation but the data for Ba(sac),-4.5H,0 were
re-measured using MoKa radiation, and were better and
will be given here. Data collection and reduction were
performed by the CrysAlis software package.35] The X-ray
diffraction data were corrected for the Lorentz-polarization
factor, and absorption effects by the multi-scan method
empirical absorption correction using spherical harmonics
implemented in SCALE3 ABSPACK scaling algorithm. Using
Olex2,3¢] the structures were solved by the ShelXT[37]
structure solution program using intrinsic phasing and
refined by the full-matrix least-squares method based on
F2 against all reflections with ShelXL.38 The riding model
with Uiso(H) = 1.2Ueq(C) and with C-H = 0.95 A was used
for aromatic H atoms. All hydrogen atoms for magnesium
saccharinate were found in the difference Fourier map
and were refined isotropically. The data of calcium
saccharinate were sufficient for finding non-hydrogen
atoms. Only the Ca, S and O atoms were refined aniso-
tropically. Water hydrogen atoms could not be located
and could not be modelled. For barium saccharinate the
H-atom parameters on water oxygen atoms were fixed or
restrained with Uiso(H) = 1.5Uq(O). Water oxygen atoms
02w, 08W, O10W and O11W are located at special
positions with an occupancy of 0.5. Geometrical para-
meters were calculated using Olex23¢] and PLATON.[39]
Drawings of the structures were prepared by ORTEPI40]
and MERCURY. 41

The crystallographic data and details of data
collection, structure solution and refinement are presented
in Table 1.

CCDC 2252049 — 2252051 contain the supplement-
ary crystallographic data for Mg(sac), - 7H,0, Ca(sac),- 7H,0
and Ba(sac),-4.5H,0, respectively. These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/structures
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Table 1. Crystal data and details of the structure determination

Mg(sac)z- 7H20

Ca(sac)z- 7H20

Ba(sac)2-4.5H:0

Empirical formula
Formula weight M:

Chemical formula, moieties

MgCiaH22N2013S2
514.76

(Mg(sac)(H20)s), (sac), 2(H20)

CaCiH2N201352
530.53

(Ca(sac)(H20)s), (sac), (H20)

BaCisH17N20105552
582.76

(Baz(sac)s(H20)), (sac), 2(H20)

Crystal data

Crystal system, space group
Crystal size / mm
Crystal habit, colour

Temperature / K

a/R;b/A c/A

al/% Byl
v/ A
z
Dca\c/mg m-3
u/mm™

F(000)

Triclinic, P—1
0.058x0.042x0.038
Prism, colorless
170

6.98190(6); 11.20507(8);
14.31685(9)

79.9042(6); 78.1318(6);
82.7309(6)

1074.362(14)
2
1.591
3187
536

Triclinic, P -1
0.189x0.004x0.004
Needle-like, colorless

170
6.936(2); 9.644(2);
33.623(4)
90.910(14); 90.48(2); 107.63(3)

2143.0(9)
4
1.644
5.005
1104

Monoclinic. P 2/c
0.281x0.012x0.011
Needle-like, colorless
170

18.8637(6); 7.1588(3);
30.2235(11)

90; 97.626(3); 90

4045.3(2)
8
1.914
2.228
2296

Data collection

Radiation type, wavelength / A

Timin; Tmax fOr absorption
correction

20 range for data collection / °
hkl range

Scan type

No. measured, independent, and
observed reflections /> 20(/)

CuKo, A =1.5418
0.798;1.000

8.0-156.0

—8<h<8 -14<k<14,
17<1<18

w

35095, 4429, 4429

CuKo, A =1.54184
0.457;1.000

7.9-130.0

—-7<h<8,-10<k<11,
-30</<39

w

12010, 6068, 1608

MoKa, A =0.71073
0.754;1.000

44-56.0

—24<h<24,-9<k<9,
-39</<39

w

46602, 9516, 9516

Rint 0.032 0.348 0.102
Refinement on 2
No. data/restraints/parameters 4429/0/365 6068/0/412 9516/0/539

R@[I>20(/) ]; R [all data]
wWRPXI [J > 20(/) ]; wR [all data]
Goodness of fit on F2, S

Max. / min. electron density,
Aprmax; Domin / €A

0.0226; 0.0238
0.0674; 0.0606

1.053

0.24/-0.33

0.1843; 0.3858
0.3897; 0.4976
1.015

1.61/-0.94

0.0811; 0.1277
0.1625; 0.1781
1.092

4.61/-1.99

@ R=3[] | Fol=IFel [1/Z] Fol
© WR = (E[w(F,? — F2PY/w(FAY

) w=1/[0%Fo?) + (g1P)? + g:P] where P = (Fo? + 2F?)/3

9§ = {Z[W(Fo? = FZ))/ (Nobs = Noaram) *

RESULTS AND DISCCUSION

Synthesis
In the solution-based reaction of carbonates of alkaline
earth metals with aqueous solutions of saccharine, in a

molar ratio 1:2, alkaline earth saccharinate hydrates were
obtained as previously published.319 Here, we have shown
that these saccharinates can also be obtained by
mechanochemical synthesis. The products were analyzed
by powder X-ray diffraction (Figure 2).
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Mg_sac_calc

Ca_sac_m
Ca_sac_s
1 Ca_sac_calc
) A Sr_sac_m
‘. h Sr_sac_s
Ba_sac_m
Ba_sac_s

Ba_sac_calc

T T T T T T T T T T T
10 15 20 25 30 20/

Figure 2. PXRD patterns in the 26 range 5 — 35°.
For each alkaline earth saccharinate, Mg(sac),:7H,0
(Mg_sac), Ca(sac),-7H,0 (Ca_sac), Sr(sac),-xH,0O (Sr_sac),
Ba(sac),-4.5H,0 (Ba_sac), the corresponding pattern is
denoted by _calc (calculated from the crystal structure), _s
(crystals obtained by the solution-based method), —m
(crystals obtained by mechanochemical synthesis). Since
the structure of Sr(sac),-xH,0 could not be obtained there
is no calculated powder pattern.

Crystal Structure of Mg(sac)z:7H;0

The crystal structure was reported previously,®! and will
not be discussed in detail here. Drawing of the structure with
the coordination polyhedron shown in green color is given
in Figure 3. The atom-numbering scheme of cations, anions
and water molecules of crystallization in the asymmetric unit,
and an overlay of the published room temperature and the
present low temperature [Mg(sac)(H20)s]* cation, is given
in the Supplementary Figures S1 and S2, respectively.
Characteristic of this structure is octahedrally
coordinated Mg ion by one saccharinate through the
carbonyl oxygen and five water molecules. One
saccharinate and two water molecules do not coordinate
the Mg ion but participate in hydrogen-bonding of the
O-H-:-O and O-H--N type forming layers parallel to (001),
with only weak C-H--O and van der Waals interactions
between layers, (Figure 3 and Supplementary Figure S3).
More details on the bond lengths, angles, hydrogen bonds
and analysis of short ring-ring interactions is given in the
Supplementary Tables S1, S2, S3 and S4, respectively.

Crystal Structure of Ca(sac)2:7H,0

The quality of this crystal structure, with data obtained
from a very thin crystal (Supplementary Figure 4) does not

Figure 3. Projection of the crystal structure of
Mg(sac),-7H,0 down the g-axis (in the b-c plane). The
coordination polyhedra around Mg are shown in light green
color and the hydrogen bonds in light blue color.

allow detailed analysis of the bond lengths and angles
(bond lengths, angles, short ring-ring interactions, and
interatomic distances between possible donors and
acceptors of hydrogen bonds are given in the Supplement-
ary Tables S5 — S8, respectively). The asymmetric unit
consists of two Ca ions, two saccharinate ligands and
twelve water molecules involved in coordination, and two
saccharinates and two water molecules that do not
coordinate Ca ions, Figure 4. Although it seems that there
is a center of symmetry between the two Ca ions the
structure could not be solved in half on this unit cell, and
analysis in PLATON showed that there is no need to change
the space group. The observed and calculated PXRD
patterns are also in agreement, Figure 2. Both Ca ions are
eight-coordinated with two sulfonyl oxygen bonded
saccharinate ligands and six water molecules. The Ca-O
bond lengths are in the range 2.35(2) to 2.67(2) A, Table 2.
Both coordinating saccharinates are bridging with the
connectivity ...Cal-011-S1-012-Cal... and ...Ca2-022-S2-
021-Ca2... and form infinite chains along the g-axis.

Figure 4. Drawing of the crystal structure of Ca(sac),-7H,0O
with the atom numbering scheme.
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The coordination polyhedra of the Ca ions (Figure 4)
and packing in the unit cell is shown in Figures 5 and 6. From
the interatomic distances involving the water molecules of
the type O---0 and O-N, since the hydrogen atoms were
not located, it can be supposed that all water molecules are
involved in hydrogen bonding. The chains are connected by
hydrogen bonds, also involving the two saccharinates and
two water molecules that are not involved in coordination
of Ca ions, into double-layers parallel to (001), Figure 6.
There are only van der Waals contacts between the layers.

Table 2. Bond lengths in the coordination spheres of the Ca
cations (d / A)

Cal  OIW  2.445(15) Ca2  O7W 2.36(2)
Cal  02W  2.390(19) Ca2  08W 2.33(3)
Cal  03W  2.565(17) Ca2 09w  2.507(18)
Cal  04W  235(2) Ca2 O10W  2.384(16)
Cal  OSW  2.424(19) Ca2 oMW 237(2)
Cal  06W  2.395(16) Ca2 ORW  2481(18)
Cal  OM  2.586(16) Ca2 021 2.460(17)
Cal 01260 2.567(18) Ca2 02200 2.67(2)

Transformation of the asymmetric unit: @ =1+x,y,z; ® 1+x,y,z

Figure 5. Projection of the structure of Ca(sac),-7H,0 down
the g-axis (in the b-c plane). The polyhedra around the
calcium ions are shown in green color and the probable
hydrogen bonds between donors and acceptors in light blue
color.

Figure 6. Packing of the structural moieties (Ca(sac)(H20)s),
(sac) and (H,0) in Ca(sac);- 7H,0. The polyhedra around the
calcium ions are shown in green color.

Stacking of the saccharinate anions along the a-axis
can be seen in Figure 6. There are 1T interactions
between the six-membered saccharinate rings. The
perpendicular distances of the center of gravity of one
ring to the adjacent ring are in the range 3.306(9) to
3.568(10) A (Supplementary Table 7).

Crystal Structure of Ba(sac)2:4.5H;0

The crystal structure consists of two crystallographically
different Ba2* cations, four structurally different saccharinate
anions and eleven different water molecules (four of them
laying at special positions: 02W, O8W, 010W and 011W)
(Figures 7 — 10). The moieties present in the asymmetric
unit are (Baz(sac)s(H20)7), (sac) and 2(H,0), Figure 9. Both
cations Bal and Ba2 are irregularly nine-coordinated.
Thereby, Bal is surrounded by one carbonyl O atom, two
sulfonyl O atoms, one N atom and five water O atoms
(Figure 7), whereas Ba2 is coordinated by two carbonyl O
atoms, two sulfonyl O atoms and five water O atoms
(Figure 8). All bond lengths, angles, hydrogen bond
parametrers and short ring-ring interactions, are given in
the Supplementary Tables S9 — S12, respectively.

Almost perpendicularly to the chains formed by Bal
and Ba2 coordination polyhedra are the saccharinate
anions laying almost parallel to the a-c unit cell plane
(Figures 10 and 11). The saccharinate anions are planar,
within experimental errors. The interatomic distances and
angles within saccharinate ions are close to the values
found in Na and Mg saccharinatesi® in mixed K;Na
saccharinate,[23] in Mn saccharinatel¥ and the corres-
ponding isomorphous saccharinates of Mn, Co, Ni, Zn, Cu,
Cd and Crf8-10] as well as in lithium saccharinate.[20]

Figure 7. Coordination of the Balion in Ba(sac),-4.5H,0 with
the atom-numbering scheme.
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Figure 8. Coordination of the Ba2 ion in Ba(sac);-4.5H,0
with the atom-numbering scheme.

Figure 9. Connectivity of the structural moieties
(Baz(sac)3(H20)7), (sac) and 2(H,0) in Ba(sac),-4.5H,0. The
saccharinate anion not included in coordination is shown
with the label S4 for the corresponding sulfur atom. Other
atoms in this saccharinate have the same labeling scheme
as in other saccharinates but starting with 4 (C41, 041...).

Table 3. Bond lengths in the coordination spheres of Ba
cations (d / A).

Baf ot 2.629(6)  Ba2 on 2.740(7)
2.853(7)  Ba2 013 2.71(7)
2.705(7)
3.048(7)  Ba2 031 3.015(7)

)

Ba1l o1w 2.842(6 Ba2 o1w 2.918(7

BaT 022
Bal  023®  2917(7)  Ba2  021@
BaT N1

)
)

Ba’ 02w 2.807(6 Ba2  04W  2.894(6)
Ba’ 03W  2788(7) Ba2  OSW  2.859(7)
Bal ~ 04W®l  2843(6) Ba2  O06W  2.821(7)
Ba’ 08W  2795(6) Ba2  O/W  2.692(7)

Transformation of the asymmetric unit: @ 1-x,y,%—z; ®P)x,1+y,z

The role of the water molecules in the structure of
Ba saccharinate is diverse. Four of them lie at special
positions. Water molecules O2W and O8W which are
coordinated to Bal lie on 2-fold axes (positions 2f: %, y, %;
%. -y, %). Solvent water molecules 010W and O11W also

Figure 10. Projection of the structure of Ba(sac),-4.5H,0
down the b-axis (in the a-c plane). The polyhedra around the
barium ions are shown in light green color and the hydrogen
bonds between donors and acceptors in light blue color.

lie on 2-fold axes (positions 2e: 0, y, %; 0, —y, %) but do not
participate in coordination of Ba cations. In addition,
molecule O9W also does not participate in the mentioned
coordination spheres. Since these four water molecules are
in special positions, and in spite of the existence of even
eleven crystallographically different water molecules, the
chemical formula describing the asymmetric unit is
Ba(sac)4-9H,0, and the empirical formula is Ba(sac),-4.5H,0.
Regardless of either being coordinated or not to Bal or Ba2
cations, all water molecules are included in the hydrogen
bonding (Figure 10, Supplementary Table S11) forming
layers parallel to (001). The hydrogen bonds are of the O-
H---:O and O—H-::N type and are weak to medium strong, the
0-+0 and O--N distances range from 2.702(9) A to
2.837(10) A, and from 2.793(10) A to 2.882(10) A,
respectively. There are only weak hydrogen bonds of the C—
H---O type between the layers, as well as van der Waals
interactions. Stacking of the bonded and free saccharinate
anions can be seen in Figures 10 and 11. The distance from
the centers of gravity of the saccharinate six-membered
rings to the best plane of the neighboring saccharinates
(calculated through the six-membered ring) are in the
range 3.453(4) A to 3.692(4) A (Supplementary Table $12).

The values of the C-O distances in the four
crystallographically different saccharinate ions range from
1.211(11) Ato 1.246(11) A, the longest distance being in the
free saccharinate anion. These C-0O distances are similar to
other in the ionic saccharinates.[!3] These results are in a
very good agreement with the study of the infrared spectra
of Ca, Sr and Ba saccharinates in the region of the CO
stretching vibrations which strongly indicated that the
metal-to-saccharin bonds in these compounds are mainly
ionic in character.[29]
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Figure 11. Packing of the structural the structural moieties
(Baz(sac)3(H20)7), (sac) and 2(H,0) in Ba(sac),-4.5H,0. The
polyhedra around the barium ions are shown in light green
color.

Thermogravimetric Analysis

Results of the thermogravimetric analysis of Mg(sac),- 7H20,
Ca(sac),-7H,0, Sr(sac),-4H,0 and Ba(sac),-4.5H,0 are
shown in Table 4 and Figure 12. Water loss and the mass
fraction of the metal in calcium, strontium and barium
saccharinates are consistent with the theoretical values. By
thermogravimetric analysis it was found that the strontium
compound probably has the formula Sr(sac),-4H,0. All
compounds except Mg(sac),- 7H,0 lose water molecules in
two consecutive steps starting at 30-56 °C. Decom-
position of compounds starts at temperatures 390 — 449 °C
and proceeds in several consecutive steps. It was found
that the stability of the anhydrous saccharinates decreases
as radius of metal ion increases. Calcium, strontium and
barium saccharinates decompose completely to the
respective metal sulfates.

The formula Ca(sac),-4H,0 was previously proposed
from electrometric Karl Fisher titration.['] Now we have
found that this hydrate starts to lose water already at 30 °C
so the compound analyzed previously has already lost some
water molecules.

Mg(sac);:7H,0 has a different mechanism of
decomposition, it starts losing water at 76 °C in several
consecutive steps which are overlapped with decom-
position of the saccharinate ions. At around 700 °C an
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Figure 12. TGA curves of Mg(sac),- 7H,0 (blue), Ca(sac),- 7H,0
(purple), Sr(sac),-4H,0 (red) and Ba(sac),-4.5H,0 (green).

unknown compound is formed. We supposed it to be
magnesium sulfate, however the experimental and theor-
etical values were not in agreement. MgS0O, is very
hygroscopic and the powder patterns did not correspond
to the powder pattern of the anhydrous compound nor
with any known hydrate. Another analysis was carried out
to 1200 °C and the decomposition to magnesium oxide
started at 950 °C and was completed at 1050 °C.

CONCLUSION

Mg(sac), - 7H,0 forms well diffracting crystals and the room
temperature structure was determined previously. The
data presented here was collected at 170 °C. The crystals of
other alkaline earth metals Ca — Ba crystallize in the form of
very thin needle-like crystals and it was difficult to find well
diffracting crystals. After many crystallization and data
collection trials the crystal structures of Ca(sac),:7H,0
and Ba(sac);-4.5H,0 were successfully determined. The
formula for Sr(sac),-4H,0 was proposed from the thermo-
gravimetric experiment and is in agreement with the
previously proposed formula from the IR spectral analysis
and from electrometric Karl Fisher titration.[2°]

The structures are characterized by bonding of the
saccharinate anion (or anions) and water molecules to
the metal cation, free saccharinate ions involved in
stacking and m--m interactions, and water molecules of

Table 4. Thermogravimetric data of Ca(sac),-7H>0, Sr(sac),-4H,0 and Ba(sac),-4.5H,0.

Water loss Compound decomposition
Compound
6/°C Wiheor(H20) / % Wexp(H20) / % 6/°C Wiheor(M) / % Wexp(M) / %
Mg(sac)z2- 7H20 76 24,50 /@ /@ 4,72 4,23
Ca(sac)2- 7H.0 30 23.77 23.30 449 7.55 7.61
Sr(sac)z-4H,0 ® 56 13.75 14.01 428 16.72 16.50
Ba(sac)2-4.5H.0 35 13.91 13.25 390 23.57 23.62

(@ water and saccharinate decomposition are overlapped
() theoretical values are calculated for the formula Sr(sac), - 4H,0
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Figure 13. Connectivity of the polyhedra in the structural
moieties (Mg(sac)(H,0)s)(sac) (left); (Ca(sac)(H,0)g)(sac)
(middle) and (Bax(sac)s(H,0)7)(sac) (right). The Mg and Ba
coordination polyhedra are shown in light green color, and
green color for the Sr polyhedra.

crystallization. In the (Mg(sac)(H20)s) moiety the Mg ion is
six-coordinated forming an octahedron, in (Ca(sac)(H20)s)
the two Ca ions are irregularly eight-coordinated with the
polyhedra bridged by saccharinate ions into chains, and in
(Bax(sac)s(H,0)7) both Ba ion are irregularly nine-
coordinated with the polyhedra sharing both edges and
corners through bridging water molecules and bridging
saccharinate ions into double chains (Figure 13). All water
molecules are involved in hydrogen bonding forming layers
with only weak van der Waals and C-H--O interactions
between them. The needle-like crystals of Ca(sac),:7H,0
and Ba(sac)z-4.5H,0 are elongated in the direction of the
chains, along [100] and [010], respectively.
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Figure S3. Packing of Mg(sac)>-7H20 in the unit cell. Hydrogen bonds are shown with blue
dotted lines.

Figure S4. Crystal \of Ca(sac)2-7H20 in the loop used for data collection. Dimensions of the
crystal are 0.189 mm X% 0.004 mm X 0.004 mm. It is elongated along [100].





Table S1. Bond lengths in Mg(sac),-7H>O

AtomAtom  Length/A AtomAtom  Length/A

S1 012 1.4444(8) N1 Cl11 1.3571(13)
S1 013 1.4425(8) N2 C21 1.3456(14)
SI NI 1.6249(9) C21 C22  1.4984(14)
S1  CI3 1.7601(10) C11 CI12  1.4933(15)
S2 023 1.4457(8) C22 C27  1.3868(15)
S2 022 1.4423(8) C22 C23 1.3824(15)
32 N2 1.6196(9) C14 C13 1.3801(15)
S2 (23 1.7624(11) C14 CI15 1.3972(16)
Mg 021 2.0135(8) C12 C13 1.3839(14)

Mg O4W  2.1082(8) CI12 C17  1.3879(15)
Mg O2W  2.049009) C27 C26  1.3967(16)
Mg O5W  2.1092@8) C17 Cl6  1.3918(17)
Mg O3W  2.0511(9) C23 C24  1.3819(15)
Mg OIW  2.0311(9) C26 C25 1.3896(19)
021 C21 1.2414(13) C24 (25 1.3972(17)
011 Cl1 1.2402(13) C15 Cl6  1.3916(17)

Table S2. Bond angles in Mg(sac),7H.O

Atom Atom Atom Angle/° Atom Atom Atom Angle/°
O12 SI NI 110.98(5) C11 N1 SI 110.72(7)
012 S1 C13 110.53(5) C21 N2 S2 110.53(7)
013 S1 012 114.62(5) 021 C21 N2 125.50(10)
O13 SI NI 111.55(5) 021 C21 C22 120.47(9)
013 S1 C13 110.61(5) N2 C21 C22 114.03(9)
Nl S1 Ci13 97.23(5) O11 CI11 NI 123.02(10)
023 S2 N2 111.41(5) O11 Cl11 Ci2 123.22(9)
023 S22 (C23 109.47(5) N1 Cl11 C12 113.76(9)
022 S2 023 114.13(5) C27 C22 C21 128.15(10)
022 S2 N2 111.73(5) C23 C22 C21 111.27(9)
022 S22 (C23 111.19(5) C23 C22 C27 120.58(10)
N2 S2 C23 97.72(5) C13 Cl14 Cl15 116.72(10)
021 Mg 0O4W 86.75(3) C13 Cl12 Cl11 111.22(9)
021 Mg O2W 96.80(4) C13 Cl12 C17 120.10(10)
021 Mg O5W 86.81(3) C17 Cl12 Cl11 128.68(10)
021 Mg O3W 174.76(4) C14 C13 SI 129.84(8)
021 Mg OlW 91.80(4) C14 C13 Cl12 123.10(10)
04W Mg O5W 86.50(3) C12 C13 S1 107.07(8)
O2W Mg 04W 90.30(4) C22 C27 C26 117.39(11)

O2W Mg O5W 175.03(4) C12 Cl17 C16 117.80(10)





Atom Atom Atom

O2W Mg
O3W Mg
O3W Mg
OIW Mg
O1W Mg
O1W Mg
OIW Mg
C21 021

O3W
04W
O5W
04W
O2W
O5W
O3W
Mg

Angle/° Atom Atom Atom

88.22(4) C22
91.74(4) C24
88.09(4) C24
175.23(4) C25
94.39(4) C23
88.88(4) C16
89.30(4) C15
149.30(7) C26

C23
C23
C23
C26
C24
C15
Cl16
C25

S2

S2

C22
C27
C25
Cl4
C17
C24

Table S3. Hydrogen bond parameters in Mg(sac)2-7H20

D
o1w
o1w
o2w
o2w
o3w
o3w
04w
04w
osw
osw
o6wW
Oo6wW
o7W
o7W

C15

H
HIWA
HIWB
H2WA
H2WB
H3WA
H3WB
H4WA
H4WB
H5WA
H5WB
H6WA
H6WB
H7WA
H7WB

HIS5

A
O6W!
O7W?
o7W?
N2!
012!
013
o113
N1
N1!
04W?
023*
0222
O6W!
o113

023°

d(D-H)/A
0.828(19)
0.833(19)

0.79(2)
0.844(19)
0.847(19)
0.842(19)
0.827(19)
0.865(19)
0.814(15)

0.83(2)

0.81(2)

0.82(2)
0.857(19)
0.824(19)

0.922(17)

d(H-A)/A
1.914(19)
1.88(2)
2.070(19)
2.117(19)
1.94(2)
1.986(19)
1.93(2)
2.03(2)
2.106(15)
2.24(2)
1.97(2)
2.03(2)
1.90(2)
1.943(19)

2.494(16)

d(D-A)/A
2.7300(13)
2.7071(12)
2.8245(13)
2.9350(13)
2.7701(12)
2.8022(12)
2.7513(12)
2.8912(12)
2.9123(13)
2.9889(12)
2.7657(13)
2.8172(13)
2.7509(13)
2.7457(12)

3.2034(14)

Angle/°
106.42(7)
130.61(9)

122.96(10)
121.41(11)
116.51(11)
120.84(11)
121.44(10)
121.14(10)

D-H-A/°
168.6(17)
175.4(17)
160.4(17)
163.3(17)
167.7(17)
163.1(16)
173.6(17)
174.3(16)
174.4(17)
151.3(19)
167.5(19)
161.7(17)
170.8(16)
164.5(17)

134.0(13)

1ler, Y, Z; 2l-x,l-y,l-z; 3-x,l-y,l-z; 4-x,-y,l-z; 5-x,-y,l-z; 6x,l+y,-l+z; 51+x,y,z;

Table S4. Analysis of short ring-ring interactions in Mg(sac)2-7H2O

6-Membered Ring (1) CI12
6-Membered Ring (2) C22

--> Cl13
--> C23

> Cl4
> (24

--> Cl15
--> C25

--> Cl16
-> C26

--> Cl17
--> C27

- Cg(I) =Plane number I (= ring number in () above)
-Cg-Cg = Distance between ring Centroids (A)

- Alpha = Dihedral Angle between Planes I and J (°)

- Cgl_Perp = Perpendicular distance of Cg(I) on ring J (A)
- CgJ Perp = Perpendicular distance of Cg(J) on ring I (A)
Cg(@)---CgJ) Cg---:Cg  Alpha

Cgl_Perp CgJ Perp





Ceg(1)-Ce2) [-x,1-y,1-z]  3.6104(6)  3.91(5) 13.5656(5)  -3.5354(4)
Ce(1)--Cg(2) [1-x,1-y,1-z] 3.5898(6)  3.91(5) 3.3269(5)  3.4111(4)

Table S5. Bond lengths in Ca(sac),-7H>0

Atom Atom Length/A AtomAtom  Length/A

Cal OIW  2445(15) 023 C21 1.31(3)
Cal 02W  2390(19) N2 C21 1.31(3)
Cal O3W  2.565(17) C21 C22 1.43(3)
Cal 04W 235(2) €22 C23 1.41(3)
Cal OSW  2424(19) (22 C27 1.43(4)
Cal O6W  2.395(16) (23 C24 1.27(3)
Cal Ol1 2.586(16) C24 (25 1.42(3)
Cal OI2!  2567(18) (25 C26 1.50(3)
S1 011 1.474(14) C26 C27 1.35(3)
S1 012 1.48(2) S3 031 1.364(18)
SI NI 1.553(18) S3 032 1.409(19)
S1  CI3 1.76(3) S3 N3 1.56(2)
012 Cal>  2567(17) S3 (C33 1.80(2)
013 Cl1 1.25(2) 033 C31 1.29(3)
N1 Cl1 131(3) N3 C31 1.34(3)
Cll CI2 1.52(3) C31 (32 1.43(3)
Cl12 Cl13 1.41(3) €32 (33 1.51(3)
Cl12 Cl17 1.42(3) €32 C37 1.44(3)
C13 Cl4 1.35(3) €33 C34 1.27(3)
Cl4 Cl15 1.43(4) C34 (35 1.43(4)
Cl15 Cl16 1.41(4) C35 C36 1.32(3)
Cl16 C17 1.41(3) C36 C37 1.43(3)
Ca2 O7TW 236(2) S4 041 1.45(2)
Ca2 O8W 233(3) S4 042 1.458(18)
Ca2 O9W  2.507(18) S4 N4 1.54(2)
Ca2 OlIOW 2.384(16) S4 C43 1.78(2)
Ca2 OlIW  237(2) 043 C41 1.22(3)
Ca2 OI2W 2481(18) N4 C41 1.39(3)
Ca2 021 2.460(17) C41 C42 1.41(3)
Ca2 0222 2.67(2) C42 C43 1.42(3)
s2 021 1.450(16) C42 C47 1.49(3)
2 022 1.41(3) C43 C44 1.34(3)
2 N2 1.57(2) C44 (45 1.37(3)
S2 (23 1.80(2) C45 C46 1.41(3)
022 Ca2! 2.67(2) C46 C47 1.41(3)

Llx,ty,tz; 214X,y tz

Table S6. Bond angles in Ca(sac),'7H.0





Atom Atom Atom

o1w
o1w
Oolw
o2w
o2w
o2w
o2w
o2w
o2w
o3w
Oo3w
04w
04w
04w
04w
04w
04w
04w
O5wW
osw
osw
O5wW
Oo6wW
o6wW
o6wW
o6wW
Oo6wW
012!
Ol11
Ol1
Ol1
O12
O12
N1
S1

S1
Cll1
O13
O13
N1
Cl13
C13
C17

Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
Cal
S1

S1

S1

S1

S1

S1

011
012
N1

Cl1
Cl1
Cll1
Cl12
Cl12
Cl12

O3W
011
012!
O1wW
O3W
O5W
O6W
011
012!
011
012!
O1W
o2wW
O3W
O5W
O6W
011
012!
O1W
O3W
011
012!
O1wW
O3W
O5W
011
012!
011
012
N1
Cl3
N1
Cl13
Cl3
Cal
Cal?
S1
N1
Cl12
Cl12
Cl1
Cl7
Cll1

Angle/°
139.4(6)
65.0(6)
72.0(6)
99.0(7)
75.7(7)
81.8(7)
134.5(6)
81.3(7)
74.4(6)
74.4(5)
139.8(6)
89.1(7)
149.7(7)
79.2(7)
105.8(8)
75.4(6)
75.8(7)
135.6(6)
149.1(7)
71.0(6)
144.3(6)
78.6(7)
81.8(6)
130.7(6)
76.3(6)
135.8(6)
62.6(6)
125.8(6)
115.1(12)
113.6(11)
104.8(11)
111.3(10)
112.2(11)
98.5(11)
141.7(11)
144.0(10)
114.9(15)
130(2)
119(2)
110.5(18)
112(2)
117(2)
131(2)

Atom Atom Atom
O11WCa2
O11WCa2
O11WCa2
O12W Ca2
O12W Ca2

021
021
021
021
021
022
022
022
N2

S2

S2

C21
023
023
N2

C23
C23
C27
C22
C24
C24
C23
C24
C27
C26
031
031
031
032
032
N3

C31
033
033
N3

C31
C31
C37

Ca2
Ca2
Ca2
S2
S2
S2
S2
S2
S2
021
022
N2
C21
C21
C21
C22
C22
C22
C23
C23
C23
C24
C25
C26
C27
S3
S3
S3
S3
S3
S3
N3
C31
C31
C31
C32
C32
C32

O12W
021
0222
O9W
0222
O9W
O12W
0222
N2
C23
021
N2
C23
C23
Ca2
Ca2!
S2
N2
C22
C22
C21
C27
C21
S2
S2
C22
C25
C26
C25
C22
032
N3
C33
N3
C33
C33
S3
N3
C32
C32
C33
C37
C33

Angle/°
80.5(8)
74.6(8)

131.6(8)

144.3(7)
70.3(6)

138.7(6)
69.0(6)

125.0(8)

112.5(11)
107.5(12)
116.3(16)
111.4(12)
108.6(12)
99.0(11)
158.3(12)
145.4(14)
112.2(17)
124(2)
122(2)
113(2)
116(2)
117(2)
127(2)
99.8(16)
132.8(18)
127(2)
119(2)
116(2)
122(2)
118(2)
124.3(15)
107.7(10)
107.2(11)
109.3(11)
105.1(10)
100.6(10)
113.5(17)
125(2)
123(2)
111(2)
116(2)
130(2)
114.1(17)





Atom Atom Atom

Cl12
Cl4
Cl4
Cl13
Cleé
C17
Cl16
o7W
O7TW
O7TW
o7W
o7W
O7TW
Oo8W
o8wW
o8wW
Oo8W
o8wW
o8wW
Oo8W
Ooow

Cl3
Cl13
Cl13
Cl14
Cl15
Cle6
Cl7
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2
Ca2

O10W Ca2
O10W Ca2
O10W Ca2
O10W Ca2
Ol1WCa2
Ol1WCa2

Sl

Sl
C12
CI5
Cl4
CI15
C12
oow
ol10W
Ol1W
O12W
021
0222
O7W
oow
Oo10W
Ol1W
O12W
021
0222
0222
oow
O12W
021
0222
oow
O10W

.| +X,y,Z; 21 +X,y,z

Angle/°
103.6(17)
131(2)
126(2)
118(2)
119(2)
121(2)
119(2)
73.6(8)
138.3(6)
147.0(6)
101.7(7)
75.6(7)
78.2(8)
85.4(10)
69.2(9)
107.2(10)
76.5(9)
146.5(8)
81.5(9)
142.8(8)
74.1(7)
74.3(6)
89.3(5)
144.4(7)
67.9(7)
123.0(9)
74.2(6)

Atom Atom Atom

C32
C34
C34
C33
C36
C35
C36
041
041
041
042
042
N4

C41
043
043
N4

C41
C41
C43
C42
C44
C44
C43
C44
C47
C46

C33
C33
C33
C34
C35
C36
C37
S4

S4

S4

S4

S4

S4

N4

C41
C41
C41
C42
C42
C42
C43
C43
C43
C44
C45
C46
C47

S3
S3
C32
C35
C34
C37
C32
042
N4
C43
N4
C43
C43
S4
N4
C42
C42
C43
C47
C47
S4
S4
C42
C45
C46
C45
C42

Table S7. Analysis of short ring-ring interactions in Ca(sac),-7H>O
C(14) -->
C(24) -->
C(34) >
C(44) -->

6-Membered Ring (1) C(12) -->
6-Membered Ring (2) C(22) -->
6-Membered Ring (3) C(32) -->
6-Membered Ring (4) C(42) -->

- Cg(D

- Alpha

C(13) —>
Cc(23) —>
C(33) —>
C(43) —>

= Plane number I (= ring number in () above)
-Cg-Cg = Distance between ring Centroids (A)

= Dihedral Angle between Planes I and J (°)

- Cgl_Perp = Perpendicular distance of Cg(I) on ring J (A)
- Cgl Perp = Perpendicular distance of Cg(J) on ring I (A)

Cg(D)---Cg()

Cg...Cg

Alpha

C(15) —>
C(25) —>
C(35) —>
C(45) —>

Cgl _Perp

Angle/°
97.8(13)
135(2)
127(2)
112(2)
128(2)
118(2)
119(2)
122.3(14)
111.7(11)
105.0(11)
108.5(11)
109.5(10)
96.7(12)
117.5(18)
123(2)
131(2)
106(2)
120(2)
123(2)
117.5(18)
100.7(15)
133(2)
125(2)
117(2)
121(2)
124(2)
114(2)

C(16) -=> C(17)
C(26) > C(27)
C(36) -> C(37)
C(46) > C(47)

CgJ Perp





Cg(1)
Cg(1)-
Cg(2)-
Cg(2)-
Cg(3)
Cg(3)

Cg(3]
-Cg(3)
-Cg(4)
-Cg(4)
Cg(2)
Cg(2)

3.672(13) 10 3.355(10)  -3.549(9)
[l+x,y,z]  3.853(13) 10 -3.567(10)  3.306(9)
[F14x,y,z]  3.717(13) 4 3.436(10)  -3.396(9)
3.715(13) 4 3.377(10)  3.474(9)
[-14x,y,z]  3.853(13) 10 3.306(9) -3.568(10)
3.672(13) 10 -3.54909)  3.355(10)

Table S8. Interatomic distances between possible donors and acceptors of hydrogen bonds in
Ca(sac)>'7H.0O

D A d(D:--A)/A
O1W O(11) 2.71(2)
O1W O@B1) [-14x,-1+y,z]  2.90(2)
01w O(12) [-1+x,-1+y,z]  2.94(2)
o1w 0(32) [x,-1+y,7] 2.97(3)
o2w 0(33) 2.68(2)
o2w O(OW) [-14x,-1+y,z]  2.95(3)
02w 0(12) [-14x,-1+y,z]  3.00(3)
02w o(3W) 3.04(3)
02w N(D) [-14x,-1+y,2] 3.04(3)
o3wW O(13W) 2.81(2)
03W O(5W) 2.90(3)
03W N(2) 3.02(3)
O4w NQ3) [x,-1+y,z] 2.90(3)
O4w O(6W) 2.91(3)
O4w o(11) 3.04(3)
05w O(13W) [-1+x,y,Z] 2.78(3)
05w 0(23) 2.82(2)
05w O(6W) 2.98(3)
06W 0(12) [-14x,-1+y,z]  2.58(2)
O6W O(13) [-1+x,-1+y,z]  2.83(2)
O6W NQ3) [-14x,-1+y,7] 3.01(3)
o7TW 0(43) 2.70(2)
o7W O(9W) 2.92(3)
07TW 0(21) 2.95(3)
o8W O(9W) 2.76(4)
o8W 0(13) 2.80(3)
o8W O(14W) 2.82(4)
o8W O(11W) 2.91(4)
09w O(14W) [1+x,y,7] 2.68(3)
O9W OQ2W) [-1+x,y,Z] 2.95(3)
09w O(10W) 2.95(3)
O10W 0(22)d [1+x,1+y,z]  2.84(3)
010W 0(23) [1+x,14y,z] 2.85(2)
010W O(11W) 2.87(3)
010W N(4) [1+x,1+y,z] 2.91(3)
O11W 0(12) 2.50(2)
D A d(D---A)/A





Oo11W
o12W
o12W
o12wW
o12wW
013w
o13wW

ol14wW

C45-H45

N(D)
0(21)
0(41) [x,1+y,z]

0(42) [1+x,1+y,7]
0(22) [3-x,2-y,1-zZ]
O(14W) [x,-1+y.7]

0(43)
0(33)

0@41) [3-x,1-y,1-Z]

2.53(2)
2.80(3)
2.89(3)
2.89(3)
2.97(3)
2.68(2)
2.78(2)
2.83(2)

3.17(3)

Table S9. Bond lengths in Ba(sac),'4.5H,O

Atom Atom  Length/A

Bal
Bal
Bal
Bal
Bal
Bal
Bal
Bal
Bal
Bal
Ba2
Ba2
Ba2
Ba2
Ba2
Ba2
Ba2
Ba2
Ba2
S2
S2
S2
S2
S1
S1
S1
S1
S3
S3
S3

Bal'
Ol11
022
0232
N1
O1W
o2w
o3w
04W?
Oo8wW
012
013
021!
031
o1w
O4W
O5W
o6wW
oO7W
022
023
N2
C23
012
013?
N1
Cl13
032
033
N3

4.4749(10)
2.629(6)
2.853(7)
2.917(7)
3.048(7)
2.842(6)
2.807(6)
2.788(7)
2.843(6)
2.795(6)
2.740(7)
2.711(7)
2.705(7)
3.015(7)
2.918(7)
2.894(6)
2.859(7)
2.821(7)
2.692(7)
1.443(7)
1.451(7)
1.616(7)
1.774(9)
1.446(7)
1.430(8)
1.611(7)
1.763(9)
1.451(7)
1.428(7)
1.621(8)

Atom Atom

023
031
041
N1

N2

N3

N4

Cll1
Cl1l1
Cl12
Cl12
C13
Cl4
CI5
Cl16
C21
C22
C22
C23
C24
C25
C26
C31
C32
C32
C33
C34
C35
C36
C41

Bal?
C31
C41
Cl11
C21
C31
C41
O11!
C12
C13
C17
Cl4
C15
Cl6
C17
C22
C23
C27
C24
C25
C26
C27
C32
C33
C37
C34
C35
C36
C37
C42

Length/A

2.917(7)
1.237(11)
1.246(11)
1.348(13)
1.362(11)
1.354(11)
1.340(11)
1.219(11)
1.489(12)
1.360(12)
1.403(14)
1.402(12)
1.368(15)
1.400(16)
1.360(15)
1.493(13)
1.367(13)
1.393(13)
1.384(14)
1.396(14)
1.408(18)
1.398(18)
1.501(12)
1.393(12)
1.401(12)
1.384(14)
1.397(15)
1.367(17)
1.393(15)
1.485(12)





Atom Atom  Length/A AtomAtom  Length/A

S3 (€33 1.771(10) C42 C43 1.386(13)
S4 042 1.446(7) C42 C47 1.396(12)
S4 043 1.449(7) C43 C44 1.396(12)
S4 N4 1.635(8) C44 C45 1.404(14)
S4  C43 1.760(9) C45 C46 1.377(15)
o011 c11’ 1.219(11) C46 C47 1.388(13)
013 S1° 1.430(8) O2W Bal' 2.807(6)
021 Ba2! 2.705(6) O4W Bal? 2.843(6)
021 C21 1.211(11) O8W Bal' 2.795(6)

N, y,1/2-z; 2 x, 14y, z; * x,- 14y, z

Table S10. Bond angles in Ba(sac),-4.5H,0

Atom Atom Atom Angle/° Atom Atom Atom Angle/°
O11 Bal Bal! 57.20(17) O12 S1 NI 111.9(4)
O11 Bal 022 70.3(2) 012 S1 CI13 110.8(4)
011 Bal 0232 69.7(2) 0132 S1  O12 113.4(4)
Ol11 Bal NI 130.3(2) 0132 S1 NI 111.5(4)
Ol11 Bal OlW 138.4(2) 013> S1  C13 111.0(5)
Ol1 Bal O2W 63.74(18) N1 S1 CI13 97.2(4)
Ol1 Bal O3W 97.0(2) 032 S3 N3 112.5(4)
011 Bal 04W? 135.1(2) 032 S3 (C33 109.8(5)
Ol11 Bal O8W 64.98(19) 033 S3 032 114.5(4)
022 Bal Bal! 101.28(13) O33 S3 N3 111.1(4)
022 Bal 0232 110.31(19) O33 S3  (C33 110.4(4)
022 Bal NI 121.7(2) N3 S3 (C33 97.3(4)
023 Bal Bal! 101.66(13) O42 S4 043 114.5(4)
0232 Bal NI 127.9(2) O42 S4 N4 110.7(4)
N1 Bal Bal' 73.16(15) 042 S4 (43 110.7(4)
O1W Bal Bal! 129.06(14) O43 S4 N4 111.3(4)
O1W Bal 022 68.24(19) 043 S4 (43 111.6(4)
O1W Bal 0232 129.08(19) N4 S4 C43 96.8(4)
OIW Bal NI 72.2(2) C11! O11 Bal 168.6(7)
O1W Bal 04W? 78.85(19) SI  O12 Ba2 146.5(4)
O2W Bal Bal! 37.14(16) S1° 013 Ba2 154.0(4)
O2W Bal 022 69.52(18) C21 021 Ba2! 177.3(8)
O2W Bal 0232 130.23(17) S2 022 Bal 146.4(4)
O2W Bal NI 75.82(16) S2 023 Bal’ 142.0(4)
O2W Bal Ol1W 98.1(2) C31 031 Ba2 131.3(6)
02W Bal 04W? 151.07(14) S1 N1 Bal 134.0(4)
O3W Bal Bal! 154.15(18) C11 N1 Bal 114.3(5)
O3W Bal 022 68.3(2) C11 NI SI 111.1(6)

O3W Bal 0232 63.12) C21 N2 S2 112.4(6)





Atom Atom Atom

O3W Bal
O3W Bal
O3W Bal
O3W Bal
O3W Bal
04W?Bal
04W?Bal
04W?Bal
04W?Bal
O8W Bal
O8W Bal
O8W Bal
O8W Bal
O8W Bal
O8W Bal
O8W Bal
012 Ba2
012 Ba2
012 Ba2
012 Ba2
012 Ba2
013 Ba2
013 Ba2
013 Ba2
013 Ba2
013 Ba2
013 Ba2
021! Ba2
021! Ba2
021! Ba2
021! Ba2
021! Ba2
021! Ba2
021! Ba2
O1W Ba2
04W Ba2
04W Ba2
O5W Ba2
O5W Ba2
O5W Ba2
O6W Ba2
O6W Ba2
O6W Ba2
O6W Ba2

N1
O1wW
O2W
04W?
O8W
Bal!
022
023?
N1
Bal!
022
023?
N1
O1wW
O2W
04W?
031
O1W
04W
O5W
Oo6WwW
012
031
O1wW
04w
O5W
Oo6WwW
012
013
031
O1W
04w
O5W
Oo6WwW
031
031
O1wW
031
O1W
04w
031
O1W
04W
O5W

Angle/° Atom Atom Atom

132.7(2) C31
70.6(2) C41
137.5(2) O11!
69.12) O11!
134.5(2) N1
126.13(13) C13
132.54(19) C13
66.04(19) C17
75.9(2) C12
36.83(16) C12
131.20(17) Cl14
71.37(18) C15
77.40(16) Cl4
149.59(15) C17
74.0(2) C16
94.0(2) 021
120.5(2) 021
75.7(2) N2
142.30(19) C23
134.3(2) C23
63.7(2) C27
122.8(2) C22
115.42) C22
144.5(2) C24
73.1(2) C23
63.3(2) C24
69.1(2) C27
70.0(2) C22
73.2(2) 031
143.12) 031
88.3(2) N3
85.4(2) C33
136.5(2) C33
81.9(2) C37
63.76(19) C32
65.33(18) C34
75.47(19) C34
64.58(19) C33
128.3(2) C36
83.13(19) C35
134.98(18) C36
139.2(2) 041
142.1(2) 041
81.9(2) N4

N3

N4

Cll1
Cll1
Cl1l1
Cl12
Cl12
Cl12
C13
C13
Cl13
Cl4
C15
Cleé
C17
C21
C21
C21
C22
C22
C22
C23
C23
C23
C24
C25
C26
C27
C31
C31
C31
C32
C32
C32
C33
C33
C33
C34
C35
C36
C37
C41
C41
C41

S3
S4
N1
C12
C12
Cll1
C17
Cl1
Sl
Cl14
S1
Cl13
Cl6
CI15
C12
N2
C22
C22
C21
C27
C21
S2
C24
S2
C25
C26
C25
C26
N3
C32
C32
C31
C37
C31
S3
S3
C32
C35
C34
C37
C32
N4
C42
C42

Angle/°
111.6(6)
110.5(6)
125.2(9)
121.909)
112.8(7)
112.5(8)
120.5(8)
126.9(8)
106.3(6)
122.9(9)
130.8(8)
116.1(10)
121.3(10)
122.1(11)
117.0(10)
124.3(9)
123.8(9)
111.9(8)
112.6(8)
121.2(10)
126.2(9)
106.9(7)
123.3(9)
129.8(8)
117.1(10)
119.6(11)
122.5(10)
116.3(10)
123.8(8)
123.2(8)
112.9(7)
111.9(8)
118.9(9)
129.3(8)
106.2(7)
130.2(8)
123.6(9)
115.8(10)
122.2(11)
121.5(10)
118.0(10)
123.0(8)
122.2(8)
114.8(8)





Atom Atom Atom

O7TW
O7TW

Ba2 Ol2
Ba2 OI3

O7W Ba2 021!
O7W Ba2 031

O7TW
O7TW

Ba2 OIW
Ba2 0O4W

O7W Ba2 O5W
O7W Ba2 O6W

022
022
022
023
023
N2

S2 023
S2 N2
S2 C23
S2 N2
S2 C23
S2  C23

Angle/° Atom Atom Atom

67.9(2) C43
127.6(3) C43
137.5(2) C47
68.0(2) C42
86.5(2) C42
133.3(2) C44
75.0(2) C43
75.1(2) C46
114.4(4) C45
111.0(4) C46
111.5(4) Bal

C42
C42
C42
C43
C43
C43
C44
C45
C46
C47
o1w

C41
C47
C41
S4

C44
S4

C45
C44
C47
C42
Ba2

110.6(4) Bal! O2W Bal
111.7(4) Bal® O4W Ba2
96.2(4) Bal' O8W Bal

1-x, y,1/2-z; %, 1+y, z; °x,-1+y, z

Table S11. Hydrogen bond parameters in Ba(sac)2-4.5H>O

D
o1w
o1w
o2w
o2w
o3w
o3w
04w
04w
osw
osw
Oo6wW
Oo6wW
o7W
o7W
Oo8W
Oo8W
oow
oow

H A
HIWA O9W!
HIWB N3
H2WA N2
H2WB N22
H3WA 033!
H3WB 032
H4WA N3
H4WB O9W
H5WA O11W
H5WB N43
H6WA 0423
H6WB 043*
H7WA O10W!
H7WB N4*
HSWA N2°
HSWB N2!
HOWA 041
HO9WB O5W

O10WHI10A 041°
OIOWHIOB 041
Ol1WHIIB 031

d(D-H)/A  d(H-A)/A
0.99 1.78
0.99 1.94
0.99 1.87
0.99 1.87
0.96 2.32
0.95 1.92
0.99 2.10
0.99 1.81
0.97 1.90
0.97 1.97
0.79 2.13
0.94 2.18
0.99 1.79
0.87 2.09
0.99 1.86
0.99 1.86
0.87 1.98
0.87 1.97
0.87 2.00
0.87 1.86
0.87 2.16

d(D-A)/A
2.763(10)
2.861(11)
2.807(10)
2.807(10)
2.975(11)
2.837(10)
2.882(10)
2.723(10)

2.785(9)
2.910(11)
2.901(10)
3.059(10)

2.778(9)
2.925(13)
2.793(10)
2.793(10)
2.811(10)
2.788(10)

2.702(9)

2.702(9)

3.023(9)

Angle/°
110.8(8)
120.4(8)
128.8(9)
107.2(6)
122.3(8)
130.5(7)
115.909)
122.6(9)
120.6(9)
118.3(9)
136.7(3)
105.7(3)
138.2(2)
106.3(3)

D-H-A/°

Ux,14y,z; 21-x,y,1/2-2; 3-x,y,1/2-z; *-x,1+y,1/2-z; °1-x,1+y,1/2-z; -x,y,1/2-z

171
154
156
156
124
161
135
153
149
162
166
155
170
161
156
156
160
156
136
162
174





Table S11. Analysis of short ring-ring interactions in Ba(sac)2-4.5H>O

6-Membered Ring (1) C12 --> C13 --> Cl4 -->
6-Membered Ring (2) C22 --> C23 --> C24 -->
6-Membered Ring (3) C32 --> C33 --> (C34 -->
6-Membered Ring (4) C42 --> C43 --> C44 -->

- Cg(I) = Plane number I (= ring number in () above)

- Alpha = Dihedral Angle between Planes I and J (°)
-Cg-Cg = Distance between ring Centroids (A)

- Cgl_Perp = Perpendicular distance of Cg(I) on ring J (A)
- Cgl Perp = Perpendicular distance of Cg(J) on ring I (A)

Cg(I):--Cg(J) Cg--Cg Alpha
Cgl---Cg2 [1-x,1+y,1/2-z] 3.882(6) 3.3(5)
Cg3---Cg4 3.821(6) 3.005)

Cg3---Cgd [ x,-1+y,z] 3.737(6) 3.6(5)

CI5
C25
C35
C45

Cgl_Perp
-3.540(5)
3.624(4)
-3.534(4)

> Cl6
> (26
> (C36
> C46

-

-->
-->

C17
C27
C37
C47

CgJ Perp

3.455(5)
-3.692(4)

3.453(4)











