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In an attempt to obtain some information about the character of the metal-to-ligand bonding in silversaccharinate
and to make other structural inferences, the infrared spectrum of the title compound was studied, particularly in the
region of the CO and SO, vibrations. Judging from the CO stretching frequency, the silver-to-saccharin bond in silver
saccharin ate appears to be mainly ionic in character. Because various factors determine the frequency difference of the

two SOz 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-ta-ligand
bonding in various metal saccharinates. It was found
that some complexes are mainly ionic [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 SOz oxygens
participate in the coordination sphere around the
metal atoms and/or take part in hydrogen bonding, the
frequency&){the: CO and SOz stretching vibrations in

, the;spectra of the saccharinates is lower than in
saccharin itself but the magnitude of the frequency
lowering depends on the type of the metal-ta-saccharin
bond. Thus, the shift to lower frequencies in the case
ofthe 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= ° stretching bands is considerably less in the

case of a saccharinate of unknown structure. It was
found that in the spectrum of the highly deuterated
Na3(sach.2HzO (sac denotes saccharinate ion), only
one carbonyl stretching band exists [9, 10], in spite of
the existence of three crystallographically different
C= ° 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}z' 7HzO, despite the fact that in
the structure df the protiated compound the two
carbonyl distances are also very close [1].Furthermore,
two c=o 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=o group is present in the
structure [3].

The main structural inferences which could be

made by analyzing the bands which are due to the SOz
stretching modes are related to the values ofthe O-S-O
angles and, perhaps, the number of crystallograp-
hically non-equivalent S02 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 vas(SOZ) and
vs(SOz) 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 S02 stretching
bands [Le. bands due to the vas(SOZ) and vs(SOz)
modes] may be indicative of the number of non-equi-
valent SOz 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 S02
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 AgN03 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.
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The infrared spectra were recorded from AgCI
discs on a Perkin-Elmer 580 infrared spectrophoto-
meter. A VLT-2variable-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-l region are shown in Fig. 1.

1600 1200 BOO 400

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 du~ to the benzenoid ring stretches are

expected to appear lower than 1600 cm-l [18,19] and
to be much sharper than those arising from the CO
stretches.

As seen in Fig. 2, only one strong band appears
in the C=O stretching r~gion of the LNT spectrum of
silver saccharinate, the sharp band around 1582 cm-l
being undoubtedly due to one of the benzenoid ring
stretching modes. The frequency of the v(CO) band
(1628 cm-I) is 97 cm-l 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=O
stretching modes of ionic saccharinates ofMg, 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.
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S02 vibrations

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

As seen in Fig. 4, eight bands of various intensity
appear in the room-temperature spectrum of silver
saccharinate in the region (1400-1100 cm-I) where the
antisymmetric and symmetric SOz stretchings are
expected. When the temperature is lowered, a new
band separates (at around 1316 cm-I) on the high-fre-
quency side of the band around 1305 cm-I where at RT
only a shoulder is seen. Thus, all together nine bands
(at 1370, 1358, 1341, 1316, 1305, 1272,1178,1155 and
1130 cm-I) appear in the LNT spectrum of the title
compound in the region where the vasCSOZ) and
vs(SOz) modes are expected, the bands at 1305, 1178
and 1155cm-1 being broader and far more intense than
the rest.

According to the normal-coordinate analysis for
phtalimide, potassium phtalimide and its tetrachloro
analogue, at least/our [18] or, perhaps, as many as six
[19] bands due to the ring stretches should be present
in the 1360-1130 cm-1 region. Consequently, 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
are the bands at 1370, 1358,1341, 1272 and 1130 cm-1
(and probably the shoulder at 1310 cm-1 as well),
leaving the remaining two pairs of intense bands (those
at 1316 and 1305 cm-1 and 1178 and 1155 cm-1

respectively) to be attributed to the antisymmetric and
symmetric SOz stretching vibrations.
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Fig. 2. The C=O stretching region in the LNT infrared spectra
of saccharin (1) and silver saccharin ate (2)
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Fig. 3. The C=O stretching frequencies in the LNT infrared spectra of various metal saccharinates
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Fig. 4. The S02 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 indicat\on that two non-equivalent
S02 groups exist in the structure of silver saccharinate.

Verysimilar 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 (118.70 and 111.80 in
mercury saccharinate and 120.40 and 111.80 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 S02 vibra-
tions). In all these cases either all S02 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 114.00 in sodium sac-
charinate and 114.4 and 114.70 in magnesium sac-
charinate [1]). It is, therefore, fairly safe to assume that
in the structure of silver saccharinate at least two

non-equivalent S02 groups (and, consequently, at
least two non-equivalent saccharinate ions) exist. Such
a conclusion is not necessarily in disagreement with the
existence of only a single v(C=O) band since, as
mentioned in the introduction, the number of the
observed C=O stretching bands in the infrared spectra
of various metal saccharinates does not always cor-
respond to the number of non-equivalent C=O 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 hi~h
frequency of the vaS<SOZ)bands (1316 and 1305 cm- )
is indicative of covalent metal-to-ligand bonding since
such high frequencies for the corresponding mode
have been found in the case of the covalent mercury
(1320 cm-I) and chloromercury saccharinate (1300
cm-I), whereas in the case ofthe ionic saccharinates of
Na, Mg and Mn, the vas(S02) frequencies are much
lower (1260, 1265 and 1288 cm-I, respectively [17]).
Such a conclusion, however, would contradict that

drawn from the analysis of the C= ° stretching region
and, furthermore, would not account for the fact that

the frequency of one of the two vas(S02) modes (1308
and 1255 cm-I) in the spectrum of the ionic lead
saccharinate is also rather high and close to the

frequency of the vas(SOZ) mode in saccharin (1335
cm-I) itself. Therefore, far-reaching conclusions about
the type of metal-to-ligand bonding should not be

made on the basis of the vas(S02) frequencies in the
spectra of saccharinates and related compounds.
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JlH(!)P AUPBEH CITEKT AP HA CPEEPO CAXAPJlHA T : CTPYKTYPHJI 3AKJIYQOUJI

Pe3HMe

CmlBUl(a TWl'leBa*, rJIurop JOBaHoBcl\:U, EojaH IIIonTpajaHoB

HHCTlfTYT 3a xCMlfja, JIplfpOJJHo-MaTCMaTlf'lKlf qJaKYJlTCr, YHlfBCp3lfTCT "CB. KlfplfJllf MCTOJJlfj",
noulT. rpax 162,91001 CKonjc, MaKcJJoHlfja

*JIocrojaHa aJJpcca: P3 HPHK-HHp, OXHC, CKonjc, MaKcJJOHlfja

KJIY'IHH 36opOBH: cpe6po caxapHHaT; BpcKa MeTaJl-JlHraH!I; CO H SOz BH6paUHH

HCTIlnYBaH e HH<ppaupBeHHoT cneKTap Ha cpe6po caxapH-
HaTOTco ueJl !la ce !l06HjaT HeKOH HH<popMaUHH 3a KapaKTepOT
Ha BpcKaTa MeTaJJ-JlHraH!I Kaj oBa COe!lHHeHHe, KaKO H !la ce

HanpaBaT !lpyrH CTPYKTYPHH3aKJlYQOUH.rIpHToa, oc06eHo BHH-
MaHHe e nOCBeTeHo Ha nO!lpaQjeTo Ha CO H SOz BH6paUHHTe.
3aKJlYQeHOe !leKa, CY!lejKH cnope!l <ppeKBeHUHjaTa Ha BaJleHTHa-
Ta CO BH6paUHja, BpCKaTa cpe6po-caxapHH BOcpe6po caxapHHa-

fJlac.xeM.TeXHOJl.MaKe!lOHHja, 12, 1-2, c. 11-15(1993)

TOT e rJlaBHO jOHcKa no CBojoT KapaKTep. Haj!leHO e, HCTOTaK3,
!leK3, co orJle!l Ha Toa WTO pa3HH <paKTOpH ja onpe!leJlYBaaT

<ppeKBeHTHaTa pa3J1HKa Ha !lBaTaSOzBaJleHTHH MO!la, nOJlO)f(6aTa

HaSOz JleHTHTe He MO)f(e!la nOCJlY)f(H3a !lOHecYBafbe Ha 3aKJlYQO-
UH 3a THnOT Ha BpCKaTa MeTaJJ-JlHraH!I.


