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Inan attempt to obtain some information about the character of the metal-to-ligand bonding in silver saccharinate
and to make other structural inferences, the infrared spectrum of the title compound was studied, parlicuiarly in the
region of the CO and SO, vibrations. Judging from the CO stretching frequency, the silver-to-saccharin bond in silver
saccharinate appears to be mainly ionic in character. Because various factors determine the frequency difference of the
two SO, stretching modes, the position of the SO, bands cannot be used to make conclusions about the type of

metal-to-ligand bonding.
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INTRODUCTION

In order to obtain information on the crystal
chemistry of various metals as well as on the complex-
ing properties of saccharin, we have undertaken a
broad research of the structural [1—7] and spectro-
scopic [8—12] characteristics of several metal sac-
charinates. In the meantime, data related to the
structures of additional metal saccharinates have been
published [13—15]. The crystal-structure analysis re-
vealed differences in the type of the metal-to-ligand
bonding in various metal saccharinates. It was found
that some complexes are mainlyionic 1, 5, 14], others
are covalent [2, 4, 6] and in still other cases the bonding
appears to be intermediate between ionic and covalent
[3, 13, 15].

For a number of metal saccharinates, the correla-
tions between the structures, on the one hand, and the
infrared spectra, on the other [9,10], have shown that
irrespective of whether or not the CO and SO, oxygens
participate in the coordination sphere around the
metal atoms and/or take part in hydrogen bonding, the
frequency of the: CO and SO, stretching vibrations in
the spectra of the saccharinates is lower than in
saccharin itself but the magnirude of the frequency
lowering depends on the type of the metal-to-saccharin
bond. Thus, the shift to lower frequencies in the case
of the ionic or intermediate metal saccharinates (those
of Mn, Fe, Co, Ni, Zn, Cd, Pb, Mg and Na) is more
pronounced than that observed in the case of the
covalently bonded compounds (mercury saccharinate

and chloromercury saccharinate) [9, 10].
The structural relevance of the number of ob-
served C=0stretching bands is considerably less in the

case of a saccharinate of unknown structure. It was
found that in the spectrum of the highly deuterated
Nas(sac);+2H,0 (sac denotes saccharinate ion), only
one carbonyl stretching band exists [9, 10], in spite of
the existence of three crystallographically different
C=0 distances in the structure [1]. It is true that these
three distances are very close to each other but, on the
other hand, two clearly separated bands are found [9,
10] in the infrared spectrum of the highly deuterated
analogue of Mg(sac),7H,O, despite the fact that in
the structure of the protiated compound the two
carbonyl distances are also very close [1]. Furthermore,
two C=0 stretching bands are present (for reasons of
symmetry) in the spectra of the isomorphous series of
the saccharinates of Mn, Fe, Co, Ni, Zn and Cd [10],
whereas only one type of C=0 group is present in the
structure [3].

The main structural inferences which could be
made by analyzing the bands which are due to the SO,
stretching modes are related to the values of the O-S-O
angles and, perhaps, the number of crystallograp-
hically non-equivalent SO, groups. It has been shown
[16] that the increase of the O-S-O angle in the
structure is expected to produce an increase in the
frequency difference between the v, (SO,) and
v((SO,) modes in the spectra, the general conclusion
being supported by the results of the spectra-structure
correlations for various saccharinates [12, 17]. On the
other hand, the number of pairs of SO, stretching
bands [i.e. bands due to the v, (SO,) and v,(SO,)
modes] may be indicative of the number of non-equi-
valent SO, groups. This too has been shown in the
course of our previous studies on saccharinates [12,
17].
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Since, to the best of our knowledge, neither
crystallographic nor infrared studies have been per-
formed on silver saccharinate, we decided to try to get
some preliminary information about the metal-to-
ligand bonding character in silver saccharinate and
about other structural characteristics of this com-

pound. As a basis, the analysis of the CO and SO,
stretching regions of the spectrum of silver sacchari-
nate was used, the spectral characteristics in the
present case being compared to those of previously
studied saccharinates with known structures.

EXPERIMENTAL

The crystals of silver saccharinate were prepared
by mixing equimolar aqueous solutions of AgNO; and
saccharin (or sodium saccharinate) and keeping the
resulting mixture at a high temperature (~ 350 K) for
10 min. After cooling the reaction system to room
temperature, transparent needle-shaped crystals were
obtained. The crystals were recrystallized from aque-
ous solution.

The infrared spectra were recorded from AgCl
discs on a Perkin-Elmer 580 infrared spectrophoto-
meter. A VLT-2 variable-temperature cell cooled with
liquid nitrogen was used for the low-temperature
(LNT) measurements. The room temperature (RT)
and LNT infrared spectra of the title compound in the

4000 - 300 cm™! region are shown in Fig. 1.
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Fig. 1. RT (1) and LNT (2) infrared spectra of silver saccharinate

RESULTS AND DISCUSSION

CO stretchings

In general, the location of the carbonyl stretching
bands in the spectra of metal saccharinates is not
always straightforward because of the existence, in the
same spectral region, of bands due to some of the
vibrations localized mainly in the six-membered aro-
matic ring and, in the case of the crystallohydrates, of
bands originating from the water bending vibrations
[9, 10]. Fortunately, silver saccharinate is anhydrous,
while the bands due to the benzenoid ring stretches are
expected to appear lower than 1600 cm™ [18, 19] and
to be rmuch sharper than those arising from the CO
stretches,

As seen in Fig. 2, only one strong band appears
in the C=0 stretching region of the LNT spectrum of
silver saccharinate, the sharp band around 1582 cm™
being undoubtedly due to one of the benzenoid ring
stretching modes. The frequency of the »(CO) band
(1628 cm™) is 97 cm™ lower than that of the cor-
responding band in the spectrum of saccharin (see Fig.
2) and falls in the region of the frequencies of the C=0
stretching modes of ionic saccharinates of Mg, Na, Pb,
Mn and its isomorphous analogues of Fe, Co, Ni, Zn
and Cd [9, 10] (see Fig. 3). This is a serious indication
that the silver-to-saccharin bond in the title compound
is mainly ionic in character.

Bull.Chem.Technol. Macedonia, 12, 1-2, p.11-15(1993)
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SO, vibrations

As is well known [e.g. 20-23], the bands due to
the two SO, stretching vlhralmns are expected in the
region from 1350 to 1100 cm™

As seen in Fig. 4, eighr bands of various intensity
appear in the room-temperature spcclrum of silver
saccharinate in the region (1400-1100 cm™ )where the
antisymmetric and symmetric SO, stretchings are

expected. When the temperature 15 lowered, a new

band separates (at around 1316 cm™ } on the high-fre-

2 quency side of the band around 1305 cm™ ! where at RT
only a shoulder is seen. Thus, all together nine bands

(at 1370, 1‘%58 1341, 1316, 1305, 1272, 1178, 1155 and

1130 cm™ ) appear in the LNT spectrum of the title

compound in the region where the v (SO,) and
v,(S0,) modes are expected, the bands at 1305, 1178

and 1155¢e¢m™ belng broader and far more intense than
the rest.

According to the normal-coordinate analysis for
phtalimide, potassium phtalimide and its tetrachloro
analogue, at least four [18] or, perhaps, as many as six
[19] bands due to the rmg stretches should be present
in the 1360-1130 cm™ region, Conscquently, it is
reasonable to assume that the sharp bands in the
spectrum of the title compound whose frequencies are
similar to those calculated for the ring stretch modes
in potassium phtalimide and its tetrachloro analogue
could be similarly assigned to the ring stretches. Such

1 A 1 are the bands at 1370, 1358, 1341, 1272 and 1130 cm™!
1800 1600 (and probably the shoulder at 1310 cm™ as well),
leaving the remaining two pairs of intense bands (those
at 1316 and 1305 cm™ and 1178 and 1155 cm™

Fig. 2. The C=0 stretching region in the LNT infrared spectra respectively) to be attributed to the antisymmetric and

of saccharin (1) and silver saccharinate (2)

symmetric SO, stretching vibrations.
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Fig. 3. The C=0 stretching frequencies in the LNT infrared spectra of various metal saccharinates
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Fig. 4. The SO, and ring stretching region in the RT (1)
and LNT (2) infrared spectra if silver saccharinate

The existence of four such bands should be
considered as an indication that wo non-equivalent
SO, groups exist in the structure of silver saccharinate.

Very similar spectral behavior in this spectral region is,
namely, observed in the infrared spectra of the
covalently bonded saccharinate of Hg [17] and the
ionic lead saccharinate [12] where two rather different
values for the O-S-O angles (118.7° and 111.8° in
mercury saccharinate and 120.4° and 111.8° in lead
saccharinate) have been found in the respective struc-
tures [2, 5]. On the other hand, in the corresponding
spectral region of the spectra of the saccharinates of
manganese, sodium and magnesium and of chloromer-
cury saccharinate [10], only a single strong band ap-
pears in each of the above-mentioned regions (those
of the antisymmetric and of the symmetric SO, vibra-
tions). In all these cases either all SO, groups are
equivalent (as in manganese [3] or chloromercury
saccharinate [4]) or the values for the crystallograp-
hically different O-S-O angles are very close to each
other (e.g. 112.9, 113.9 and 114.0° in sodium sac-
charinate and 114.4 and 114.7° in magnesium sac-
charinate [1]). Itis, therefore, fairly safe to assume that
in the structure of silver saccharinate at least fwo
non-equivalent SO, groups (and, consequently, at
least two non-equivalent saccharinate ions) exist. Such
aconclusion is not necessarily in disagreement with the
existence of only a single v(C=0) band since, as
mentioned in the introduction, the number of the
observed C=0stretching bands in the infrared spectra
of various metal saccharinates does not always cor-
respond to the number of non-equivalent C=0 groups
in the structure. Needless to say, the two non-equi-
valent carbonyl groups (if such do indeed exist) are
expected to be structurally similar.
It is tempting to conclude that the relatively Iugl

frequency of the v, (SO,) bands (1316 and 1305 cm

is indicative of covalent metal-to- hgandbondmgsmce
such high frequencies for the corresponding mode
have been found in the case of the covalent mercury
(1120 cm*l) and chloromercury saccharinate (1300
cm” ) whereas in the case of the ionic saccharinates of
Na, Mg and Mn, the v, (SO,) frequencies are much

lower (1260, 1265 and 1288 cm™’, respectively [17]).
Such a conclusion, however, would contradict that
drawn from the analysis of the C=0 stretching region
and, furthermore, would not account for the fact that
the frequency of one of the two v, (SO,) modes (1308
and 1255 cm™) in the spectrum of the ionic lead
saccharinate is also rather high and close to the

frequem:y of the v, (SO,) mode in saccharin (1335
cm” )ntself Therefure far-reaching conclusions about

the type of metal-to-ligand bonding should not be

made on the basis of the v, (SO,) frequencies in the
spectra of saccharinates and related compounds.
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Peszume

HH®O®PAIIPBEH CIIEKTAP HA CPEBPO CAXAPHUHAT : CTPYKTYPHU 3AKJIYYHOLIN
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Kayunu 36opoeu: cpebpo caxapHHaT; Bpeka MeTall-siuran; CO SO2 BHOpaLMH

HenuryBaH e MHppaupBeHHOT cnekTap Ha cpebpo caxapH-
HATOT cO e ja ce 106MjaT Hekou HHpOPMALIMK 32 KapakTepoT
Ha BPCKATA METAJI-TIMMaH Kaj ORa coeflMHeHHe, Kako M Jla ce
HATNPABAT JAPYTH CTPYKTYPHH 3ak1y4ouM. IIpuToa, ocobeHo BHH-
MaHMe e MocReTeHo Ha nojpayjeto Ha CO u SO, BHOpauHHTE.
3akJyueHo e eka, cyaejku cnopen gipekreHIMjaTa Ha BaJleHTHa-
Ta CO BHOpalMja, BpekaTa cpedpo-caxapHH Bo cpedpo caxapHHa-

I'nac.xem.TexHo1.MakeaoHHja, 12, 1-2, c. 11-15(1993)

TOT € MIaBHO jOHCKA 10 cBojoT KapakTep. HajmeHo e, McTo Taka,
[IeKa, co orJlel Ha Toa WTOo pasHW (akTopH ja onpeaenysaat
(pekBeHTHATA pa3siMKa Ha ABaTa SO, BaleHTHH MO/J14, N0J103KBaTa
1a SO, NIEHTUTE HE MOJKE [1a TOCITY M 33 [IOHECYBAHLE HA 3aKJ1YHO-
LM 32 THINOT HAa BPCKATa METAJI-JIMIaH/1.



