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ISOMORPHISM IN THE THIOSACCHARINATES OF Mg, Co(II), Ni(I) AND Zn(II):
COMPARISON WITH THE ANALOGOUS METAL SACCHARINATES
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P.O. Box 162, MK-1001 Skopje, Republic of Macedonia

The thiosaccharinates of magnesium, cobalt(Il}), nickel(IT) and zine(Il) were synthesized and studied by infra-
red spectroscopy and powder X-ray diffraction and their structural properties were compared with the corresponding

characteristics of the analogous metal saccharinates.

The very close similarity of the infrared spectra of the studied thiosaccharinates of magnesium, cobalt(II),
nickel(II) and zine(Il) indicates isomorphism between them. Additional evidence is obtained from the study of their
powder diffraction patterns which are also similar and confirm the isomorphism.

Contrary to the case of the corresponding saccharinates which are hydrates (the magnesium salt crystallizes as
a heptahydrate, structurally different from the hexahydrates of the saccharinates of cobalt(II), nickel(II) and zinc(IT)
which form an isomorphous series), the studied metal(IT) thiosaccharinates are anhydrous.

Only a single pair of strong bands was found in the infrared region where the SO, stretching vibrations are ex-
pected to appear, this being indicative for the existence of only one type of SO, groups in the structure.

Since various factors determine the frequency of the SO, stretchings, it is difficult to use the positions of the
Vi(SO2) and vy(SO,) bands as a tool for making conclusions about the type of metal-to-ligand bonding in the studied

metal thiosaccharinates,
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analogous metal saccharinates

INTRODUCTION

1,2-benzisothiazol-3(2H)-one 1,1-dioxide, com-
monly known as saccharin, is cyclic imide which
forms several types of metal saccharinates showing
thereby different coordination patterns. Treated
with P,Ss saccharin transforms into its thioana-
logue thiosaccharin  (1,2-benzisothiazol-3(2H)-
thione 1,1-dioxide) (see Scheme 1). Thiosaccharin
also forms metal thiosaccharinates, but less is
known about its coordination ability.
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Scheme 1

We have prepared and studied the structural
characteristics (crystal structures and infrared spec-
tra) of a series of metal saccharinates (including
those of Mg, Co(II), Ni(Il) and Zn(II)) [1-3], as
well as thiosaccharinates of Na, K, Cd, Pb(Il), Ca,
Sr, Ba, Mn(II), Cu(II) and Hg(IT) and thiosaccharin
itself [4—12]. The structural characteristics of vari-
ous metal saccharinates have also been studied by
other authors [13-17] while, with the exception of
the crystal structures of thiosaccharin [12] and its
compounds with Na [4] and K [5] published by us,
there are no structural examples of metal com-
plexes with thiosaccharin.

In the course of the investigation of various
metal thiosaccharinates we have prepared and stud-
ied the infrared spectra as well as the X-ray dia-
grams of the thiosaccharinates of Mg, Co(Il),
Ni(II) and Zn(II).
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EXPERIMENTAL

The studied compounds were synthesized for
the first time by addition of an alcoholic solution
of thiosaccharin to an aqueous solution of
Mg(NO;) - 6H,O, Co(NOs)-6H,0, NiSOy4-6H,0
and ZnSO, - 7H,0, respectively. The mixture was
refluxed up to 373 K for 15 min. After cooling to
room temperature, corresponding polycrystalline
yellow substances (needle-shaped tiny little crys-
tals) were obtained.

The infrared spectra were recorded on a
Perkin Elmer 580 spectrophotometer and System
2000 FT IR interferometer using KBr discs. The
band fitting was performed with the program
GRAMS/32 [18].

The X-ray powder diagrams were obtained on

a JEOL diffractometer using CuKa radiation (A =
154.178 pm).

RESULTS AND DISCUSSION

The results of the elemental analysis for the
studied metal thiosaccharinates are given in Table
1. They confirm the predicted formula M(thiosac),
(see Scheme 2).

S )

M = Mg, Co, Ni, Zn

Scheme 2

The infrared spectra of the title compounds
are shown in Fig. 1. The very close similarity of
the infrared spectra of the studied thiosaccharinates
of Mg, Co(Il), Ni(Il) and Zn(II) indicates isomor-
phism between them.

Since the similarity between the infrared
spectra can not a priori be taken as a proof that the
studied compounds have the same crystal structure
[9, 19], additional evidence about the isomorphism
between the thiosaccharinates of Mg, Co(1I), Ni(II)
and Zn(Il) was obtained from the study of their
powder diffraction patterns. As can be seen from
Fig. 2, the diffraction diagrams of the studied com-
pounds are also very similar to each other, classify-
ing the title compounds as members of the isomor-
phous series.

Unfortunately, our efforts to prepare the ap-
propriate monocrystals for crystal structure deter-
mination of the title compounds were unsuccessful.
In order to obtain some structural informations, the
infrared spectra of the title compounds and the ab
initio results for the thiosaccharin and deprotonated
thiosaccharin [20] as well as the results of the nor-
mal coordinate analysis for compounds of similar
type [21-23] were used.

Table 1
Elemental analysis for the studied thiosaccharinates of Mg, Co(1l), Ni(1l) and Zn(1l)
Elemental analysis(in mass %)
T B . . e N .
.......... . . o - . Fxp

C4HgN,0,5,Mg 420.65 39.97 357 1.92 2:13 6.66 6.22
C,4HgN,0,8.Co 455.27 36.93 38.85 177 1.96 6.15 5.96
C4HgN,O,SyNi 455.05 36.95 37.56 1.78 2.01 6.15 6.09
C4HgN-0,8,Zn 461.71 36.42 36.74 1.75 1.94 6.06 5.99

Bull. Chem. Technol. Macedonia, 19, 1, 9-16 (2000)
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Fig. 1. The FTIR spectra of the thiosaccharinates
of Mg, Co(Il), Ni(II) and Zn(II)
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Fig. 2. The powder diffraction patterns of the
thiosaccharinates of Mg, Co(II), Ni(II) and Zn(Il)

Our main interest was focused on the frequen-
cies of the bands due to the stretchings of the SO,
groups. Although it is well known that the assign-
ment of the bands originating from the SO, stretch-
ing vibrations in the saccharin and metal sacchari-
nates [e.g. 24] as well as in thiosaccharin itself and

[nac. xem. Texnon. Makenonuja, 19, 1, 9-16 (2000)

metal thiosaccharinates [6, 8, 11, 12] is accompa-
nied by some difficulties concerning the presence
of additional bands in the same spectral region
[20-23], the strongest bands appearing in the spec-
tra of the studied title compounds at 1330 cm™' and
1176 cm™ are assumed as antisymmetric [V4(SO,)]
and symmetric [V4(SO,)] SO, stretching vibrations,
respectively, Fig. 3. Generally, the antisymmetric
sulphonyl stretching mode and the symmetric one
in sulphones are considered to be good (character-
istic) group vibrations manifested by the most
prominent bands in the infrared spectrum. Accord-
ing to the ab initio calculations for the saccharin
and thiosaccharin, that is applicable for the
v,s(SO,) mode and partly in the case of the v{(S0O,)
mode [e.g. 20, 25].

Absorbance

1360 1320 1280 1240 1200 1160
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Fig. 3. The results of the curve-fitting procedure in the v(SO,)
region in the FTIR spectrum of zinc(II) thiosaccharinate,
the representative of the isomorphous series: original spectrum
(full line); reconstructed spectrum (dashed line);
the component bands (dotted lines)

Both, IR spectral analysis [24] as well as the
ab initio force field treatment [25] have shown that
the frequencies of the antisymmetric and symmet-
ric SO, stretchings in metal saccharinates are lower
than in saccharin itself. This lowering varies on
going from one compound to another and is caused
by various factors. Similarly, the ab initio treat-
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ment for thiosaccharin and its deprotonated ana-
logue [20] has shown that the frequencies of the
Vv(SO;) modes decrease on going from thiosac-
charin to metal thiosaccharinates. It is worth men-
tioning that the frequency of the v,(SO,) mode in
the spectra of the title compounds (1330 cm™) is,
as expected, lower than the corresponding mode in
thiosaccharin itself (1377 cm"l) at the same time
being considerably higher compared to the fre-
quency of the respective mode in the correspond-
ing metal saccharinates (1288 cem™! in Co, Ni and
Zn compounds and 1265 cm™ in the Mg com-
pound). The higher v,(SO,) mode in the spectrum

Table 2

of thiosaccharin (1377 cm™ compared to the corre-

sponding mode in the saccharin spectrum (1326
cm‘i) is also found in the cases when CDCl; as a
solvent is used [20, 25]. Higher are also the fre-
quencies of the bands arising mainly from the
v4(SO;) mode in the spectra of the studied com-
pounds (1176 cm'l) compared to the frequency of
the corresponding modes of the analogous metal
saccharinates (1155 cm™') (see Table 2). The
v4(S0,) mode frequency in the studied metal thio-
saccharinates is even higher than that one in thio-
saccharin itself (1155 cm™) (see the discussion
below).

Some structural and spectroscopic data concerning the SO, groups in some metal saccharinates
as well as in thiosaccharin and its compounds with various metals

Compound R(S-0)/pm <(0-S-0)” Frequency data/cm’
Vas Vy A A A
Saccharin [26, 27] 142.9 117.7 1335 1180 155
140.9
Metal saccharinates Mg [1, 26] 144.5 114.4
144.9 1265 1155 110 70 25
142.2 1144
144.5
Co(II) [13, 26] 144.7 116.5 1288 1155 133 47 25
143.8
Ni(II) [13, 26] 144.8 116.9 1288 1155 133 47 25
143.8
Zn(Il) [14, 26] 144.6 116.7 1288 1155 133 47 25
143.4
Thiosaccharin [12] 143.1 117.5 1377 1155 222
1425
Metal thiosaccharinates Na [4, 6] 145.8 113.5 1270 1160 110 107 -5
143.9
K [35, 6] 1443 1137 1270 1160 110 107 -5
144.2
Hg(1I) [11] 1309 1153 156 78 2
Mg 1330 1176 154 47 =21
Co(II) 1330 1176 154 47 B3
Ni(IT) 1330 1176 154 47 =21
Zn(II) 1330 1176 154 47 -21

A=vy — v AT = v(sac) — v (M-sac) or A’ = v, (thiosac) - v, (M-thiosac);
A" = v (sac) — v{(M-sac) or A" = v (thiosac) — v,(M-thiosac);
sac, M-sac, thiosac and M-thiosac denotes saccharin, metal saccharinate, thiosaccharin and metal thiosaccharinate,

respectively.

Bull. Chem. Technol. Macedonia, 19, 1, 9-16 (2000)
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The lowering of the frequency of the symmet-
ric SO, mode in the spectra of the metal sacchari-
nates compared to the corresponding mode in sac-
charin as well as its lowering in the spectra of the
metal thiosaccharinates compared to the spectrum
of thiosaccharin itself is also expected, as it was
already stated, according to the ab initio force field
treatment [20, 25, respectively]. These expecta-
tions agree well with the results of the IR spectral
analysis of metal saccharinates and saccharin itself
but do not correspond with the experimentally ob-
served frequencies for the symmetric SO; modes in
the metal thiosaccharinates and thiosaccharin (see
Table 2). As seen from Table 2, namely, except for
the case of the Hg(II) compound, the frequency of
the v¢(SO,) mode in the spectra of metal thiosac-
charinates is higher than that one in the spectrum
of thiosaccharin. It should be born in mind, how-
ever, that the ab initio force field treatment [20]
also shows that the vy(SO,) mode in the spectrum
of thiosaccharin is mixed with at least two addi-
tional modes, one of them being the ANH) mode
which in the spectra of metal thiosaccharinates ex-
pectedly disappears. This is not the case with the
vi(SO,) mode in the spectrum of saccharin, where
ANH) mode is not a component of v{(SO,) mode.
It should be one of the reasons why the v(S0,)
mode in the thiosaccharinates of Mg Co(Il), Ni(Il),
Zn(Il), Na and K does not follow the same already
well established spectral pattern for saccharin and
its compounds and instead to the lower, shifts to
the higher frequencies. The presence of C=S group
in the thiosaccharinates, instead of C=0 group in
saccharinates, with highly delocalized normal co-
ordinates involved in more pronounced mixing of
the vibrations in the region of the symmetric SO,
vibrations could be additional explanation for the
unexpected spectral behavior of thiosaccharinato
ligand of the studied compounds.

It is interesting to mention that the frequency
difference between the antisymmetric and symmet-
ric SO, stretching vibrations in the spectra of the
studied metal thiosaccharinates [A = Vv,(SO,) —
Vv(SO,) = 154 cm"] is larger compared to the cor-
responding value in the spectra of saccharinates of
Co(II), Ni(II), Z(IT) (A = 133 cm™) [26] and Mg (A
=110 cm'l) [24, 26] (see Table 2). It could be re-
lated to the possible existence of larger O-S-O an-
gle in the thiosaccharinate ligand of the studied
metal thiosaccharinates compared to the values of
the O-5-O angles in the saccharinate ligands of the
analogous metal saccharinates, [24]. A slightly

I'nac. xeM. TexHon. Makepnonnja, 19, 1, 9-16 (2000)

more pronounced frequency difference between
the antisymmetric and symmetric SO, stretching
vibrations in deprotonated thiosaccharin (136 cm™)
[20] compared to deprotonated saccharin (126 cm™)
[25] is also found in the spectra recorded in
DMSO-dg as well.

The appearance of the single pair of strong
bands (see Fig. 2) in the region where the v,4(SO;)
and v4(SO;) modes are expected [6, 28-31] indi-
cates the existence of only one type of SO, groups
in the structure of the studied compounds [24]. The
band shape analysis of the spectral region where
the stretching SO, vibrations are expected, namely,
has shown that the bands with smaller intensity
appear as a result of other type of vibrations ex-
pected according to the ab initio force field treat-
ment for thiosaccharin and its nitranion [20] while
the rest of the bands with rather weak intensity are
probably due to the combinations or overtones.
Unfortunately, similarly to the case of the metal
saccharinates [24], the positions of the bands aris-
ing from the antisymmetric and symmetric SO,
stretching vibrations can not be used to make con-
clusions about the type of metal-to-ligand bonding
in the studied metal thiosaccharinates (whose crys-
tal structures are not determined). Namely, it is
well known that various factors determine the fre-
quencies of the SO, stretches [24] (e.g. the partici-
pation of the electron-donor atoms from the thio-
saccharin ligand in the hydrogen bonding and/or in
coordination sphere around the metal atom as well
as the value of the O-S-O angle in the SO, group).

In order to obtain more precise structural in-
formation about the title compound, the spectro-
scopic characteristics of the thiosaccharinates of
Mg, Co(Il), Ni(Il) and Zn(II) are compared with
the ones of the analogous metal saccharinates with
known crystal structures.

The comparison has shown that, contrary to
the corresponding saccharinates of Mg, Co(Il),
Ni(Il) and Zn(II) which are hydrates, the studied
thiosaccharinates of Mg, Co(II), Ni(Il) and Zn(II)
are anhydrous. Otherwise, the saccharinates of
Co(Il), Ni(Il) and Zn(II) are isomorphous hexahy-
drates [2], while the Mg saccharinate is hepta-
hydrate [1] and expectedly does not belong to the
isomorphous series of the saccharinates of bivalent
Mn, Fe, Co, Ni, Cu, Zn and Cd [26]. The structural
differences between the above mentioned isomor-
phous metal saccharinates, on the one hand, and
the saccharinate of magnesium, on the other hand,
are very clearly seen by the appearance of their
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infrared spectra shown in Fig. 4. Namely, the infra-
red spectrum of Mg saccharinate heptahydrate in
the region between 4000 and 400 cm™ differs from
the spectra of the isomorphous hexahydrated sac-
charinates of Mn(Il), Fe(II), Co(1I), Ni(II), Cu(II),
Zn(II) and Cd(Il). The differences are especially
pronounced in the region of the stretching H,O,
CO and SO, vibrations as well as in the region of
the H-O librational modes.

TRANSMISSION

| | | | |
3500 2000 1200 400
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Fig. 4. The infrared spectra of the isomorphous hexahydrated

saccharinates of Mn(II), Fe(1l), Co(II), Ni(II), Cu(II), Zn(II)

and Cd(II) compared to the spectrum of the Mg saccharinate
heptahydrate in the region between 4000 and 400 em™

Additional evidence about the previously de-
termined [1, 2] structural dissimilarities between
the saccharinates of Co(II) (as a represent of the
isomorphous series) and Mg is obtained by the ap-

pearance of their infrared spectra in the region of
the stretching OD vibrations of the isotopically
isolated HOD molecules (where the D content does
not exceed 3%), Fig. 5. Namely, the number of the
bands originating from the stretching O-D vibra-
tions in the spectrum of the Mg saccharinate hep-
tahydrate is considerably larger (at least eight)
compared to the number of the bands originating
from the corresponding v(OD) modes in the spec-
trum of Co(ll) saccharinate hexahydrate where
only three types of crystallographically different
water molecules exist (being manifested by the
appearance of five bands in the spectrum). It corre-
sponds (at least qualitatively) with the existence of
seven crystallographically different water mole-
cules (14 OH groups) in the structure of the hepta-
hydrate of Mg saccharinate [1], manifested by
presence of 14 hydrogen bonds with different
O, A (A = proton acceptor) distances (some of
them being very close to each other). On the other
hand, in the structure of M(II) saccharinate hexa-
hydrate (M = Mn, Fe, Co, Ni, Zn, Cd) [2, 13-15]
only five different O, A distances appear in the

structure.
a
& !

I !
2700 2500 2300
WAVENUMBER/cm!

TRANSMITANCE

Fig. 5. The infrared spectra of Co(II) saccharinate
hexahydrate (a) and Mg saccharinate heptahydrate (b) in the
region of the stretching OD vibrations of the isotopically
isolated HOD molecules

CONCLUSION

This work has confirmed the expected
changes of the ligation properties of thiosaccharin
compared to saccharin appeared due to the substi-
tution of the oxygen atom in saccharin by sulfur

atom in thiosaccharin. The study of the title com-
pounds has shown that, contrary to the saccharinate
of the magnesium, which does not belong to the
isomorphous series of the saccharinates of Co(Il),

Bull. Chem. Technol. Macedonia, 19, 1, 9-16 (2000)
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Ni(Il) and Zn(II), the magnesium thiosaccharinate
is a member of the group of isomorphous thiosac-
charinates of Co(II), Ni(Il) and Zn(II). It has been
also shown that the thiosaccharinate compounds
are anhydrous. Obviously, in all examined com-

(1l

[2]

[3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]

pounds the ligand has the role of the decisive fac-
tor for the molecular structure of the compound.
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HU30OMOPOU3IAM KAJ THOCAXAPUHATHUTE HA Mg, Co(II), Ni(IT) 1 Zn(II):
CITIOPEJBA CO AHAJIOTHUTE METAJ/THU CAXAPHUHATH

Amuan Kaxun, Tmarop Josanoscxs, Opxupeja Fpynue

Hucmuimiyit 3a xemuja, ITM®, Ynusepauitieii ,,Ca. Kupua & Meitioouj",
i. chax 162, MK-1001 Ckoiije, Peitybauxa MakedoHuja

Knyunu 26opoBH: THOcaxapuHaTH; Marte3nym; ko0anT(1I); suxen(Il), uunk(I1); n3oMopduzam;

AHAJTOIHH MCTalHH CaXapHHAaTH

CHHTETI-‘IBI{I)Z[HH €& H HCIIMTYBAHH THOCAXAPHHATHTE

Ha MarHe3nyM, KoGant(Il), nuken(Il) u wuuk (1) co MeToO-

Inac. xem. TexHon. Makenonuja, 19, 1, 9-16 (2000)

JUTe Ha MH(paLpBeHa CIeKTPOCKOMHja W PEHTeHCKa Jii-
tpakiuja Ha crpautenu obpacit. HUBHHTE CTpYKTYpHU



16 A. C"ahi!, G. Jovanovski, O. Grupde

KApPaKTEPHCTHKH C€ CIIOpEIEeHH CO OHHE Kaj AHAIOIHHTE
METaJIHH caXxapHHaTH.

TloseMara CIWYHOCT Ha HMH(PaUpPBEeHHTE CIEKTPH
Ha M3yYYBaHHTe THOCAXapHHATH Ha MarHe3suyM, Ko-
Ganr(I), auken(Il) u uuHk(Il) yKaxkyBaaT leKa OBHe coe-
auHeHHja ce uzomopguu. Toa ro NMOTBpAyRaaT HHUBHHTE
peHjireHorpaMu Ha CripalleHn o0pacili.

3a pasJiHKa o] COOIRETHHTE caXapuHaTH KOH ce XHU-
JpaTH (MarHe3MyMOBOTO COefJHHEeHIe KPUCTATH3UPA KaKo
XeNTaxuApaT U € CTPYKTYPHO Pa3lIMiHO Off XeKCaXHpaT-
HHTE caXapUHATH Ha KOOAnT, HUKEN M UMHK, KOU Ce H30-
MOppHI), U3YUYBAaHUTe MeTallHH THOcaXapuHaTu ce Ges-
BOJHH.

ITocToemeTo Ha caMo efleH Nap JEeHTH CO CHIeH HH-
TEH3HTET BO MOAPavjeTo Ha HH(PPAIPBEHHOT CIEKTAp Ka-
Ae 1UTO ¢¢ oueKyBaaT BajeHTHUTE SO,-BUOpaLuMyn yKaxy-
Ba Ha IIOCTOEHHE Ha caMo efieH THIT SO,-IPYIH BO HUBHHTE
CTPYKTYPH.

Co ornep Ha Toa ITO pa3nuyHu akTopu BMjaaT
Bp3 ¢pekBeHnrjaTa Ha SO,-BaJeHTHUTE BHOpaLMH, I0-
noxOUTe Ha JIeHTHTE V,(SO;) 1 v,(SO,) Temko e jga ce
ynoTpebat 3a foHecyBakhe 3aKIy4OIlHM 3a TUIIOT Ha BpcKa-
Ta MeTal—JHraH Kaj M3ydyBaHUTE MeTalTHH THOcaXapH-
HATH.

Bull. Chem. Technol. Macedonia, 19, 1, 9-16 (2000)



