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INFRARED SPECTRA OF THIOSACCHARINATES

OF CADMIUM AND LEAD
COMPARISON WITH THE ANALOGOUS METAL SACCHARINATES

Gligor Jovanovski, Adnan Kahil, Orhideja Grupce

A b s trac t The Fourier transform (FT) infrared spectra of
thiosaccharinates of cadmium and lead in the 4000-400 cm™
region were studied. Although the observed resemblance between
the spectra recorded in KBr pellets suggests a possible similarity
between their structures as well, the powder X-ray diagrams show
that these two compounds are not isomorphous. The presence of
broad and intense bands in the region of the HOH stretchings
shows that thiosaccharinate of cadmium is a crystalline hydrate
and the spectral picture in the region of the O-D stretchings of the
isotopically isolated HOD molecules in the partially deuterated
analogue indicates that present in its structure are at least two
types of crystallographically different water molecules involved in
the formation of weak hydrogen bonds. The room temperature
(RT) spectrum of lead thiosaccharinate in the region of the
v(HOH) modes differs significantly from the spectrum recorded at
the boiling temperature of liquid nitrogen (LNT), which may
perhaps be interpreted as an indication that a phase transition is
taking place on lowering the temperature. The spectrum of lead
thiosaccharinate was recorded in a Nujol mull as well. While the
KBr and Nujol spectra are essentially identical in the region below
1600 cm™, no bands are observed in the HOH stretching region of
the mull spectra. In fact, it was shown that the appearance of the
spectra of lead thiosaccharinates depends on the emulsion prepara-
tion rate. A comparison of the spectral characteristics of the thio-
saccharinates of cadmium and lead with those of the correspond-
ing saccharinates (their crystal structures are known) was made,
special attention being paid to the analysis of the SO, stretching
region in the saccharinate and thiosaccharinate compounds.

Key words: cadmium; lead; thiosaccharinates; saccharinates; IR
spectra
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1. INTRODUCTION

Compared with the lasting interest in the investigation of the poten-
tially carcinogenic saccharin and its metal compounds resulting, in the last two
decades, in an accumulation of a large body of published data on the structural
and spectral characteristics of this class of compounds, much less has been
done in the case of thioanalogue, thiosaccharin, and its compounds. So far, the
structural characteristics of thiosaccharin and its compounds with various met-
als (Na, K, Mg, Mn, Co, Ni, Cu, Zn, Cd, Pb, Hg) have been studied using infra-
red spectroscopy and X-ray diffraction [1-7]. As an addition to these studies,
the results of the investigation of the Fourier transform infrared (FTIR) spectra
of the thiosaccharinates of cadmium and lead and their comparison with the
spectra of the corresponding saccharinate analogues are given in the present

paper.

2. EXPERIMENTAL

The thiosaccharinates of cadmium and lead were synthesized mixing
aqueous solutions of CdCl,-2H,0 or Pb(NOs), with sodium thiosaccharinate.
The obtained crystals of the formed salts were then filtered, washed with dis-
tilled water and ethanol and dried in a vacuum desiccator. The corresponding
saccharinates were prepared analogously, only using sodium saccharinate in-
stead of sodium thiosaccharinate. The infrared spectra were recorded on a Fou-
rier transform interferometer Perkin-Elmer System 2000 in the 4000-370 cm™
region applying the methods of the pressed KBr pellets and Nujol mulls. A low-
temperature cell P/N 21525 equipped with KBr windows was used for re-
cording the infrared spectra at the boiling temperature of liquid nitrogen (LNT).
The powder X-ray diagrams were recorded on a JDX-75 diffractometer using
Cu—Ka radiation.

3. RESULTS AND DISCUSSION

The Fourier transform infrared spectra of the thiosaccharinates of cad-
mium and lead recorded at room temperature (RT) and LNT are shown in Fig. 1
and Fig. 2 respectively, and those of the saccharinates of Cd and Pb are shown
in Fig. 3 and Fig. 4 respectively. A pronounced difference between the spectra
of the saccharinates and the corresponding thiosaccharinates is apparent, both
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in the region of the HOH stretching modes and in the spectrum in general. As
can be seen, the substitution of the oxygen atom in the five-membered ring of
saccharin with a sulfur atom dramatically changes the overall appearance of the
IR spectra, due to the more extensive coupling of the vibrational modes in the
case of thiosaccharin. On the other hand, the infrared spectra of the thiosaccha-
rinates of cadmium and lead recorded in KBr pellets are very similar (Fig. 1
and Fig. 2) although it is perhaps worth mentioning that the room-temperature
spectrum of Pb-thiosaccharinate in the region of the v(HOH) modes differs
from the corresponding LNT spectrum (see Fig. 5). The presence of the broad
and rather intense bands in the region of the stretching HOH vibrations of the
infrared spectra of the two compounds under investigation may be taken as an
indication that these two thiosaccharinates are hydrates. As discussed below,
such a conclusion is certainly applicable to the thiosaccharinate of cadmium
under all experimental conditions encountered in this study, whereas the corre-
sponding lead salt may or may not be a crystalline hydrate as well.
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Fig. 1. Fourier transform infrared spectra of the Cd-thiosaccharinate hydrate recorded
in a KBr pellet, at RT (a) and LNT (b)

Tpunosu, O, MaT. Tex. Hayku, XXVII-XXVIII, 1-2 (2006-2007), ctp. 17-29

755



COBPAHH TPYJIOBH

20 G. Jovanovski, A. Kahil, O. Grupte
a PO
N T f(
@
2
HL 1‘ f
=
1 ] L J 1 1 ke 1 L 1 L 1 L 1 1 1 1 1

3800 3400 3000 2600 2200 1800 1400 1000 600
Wavenumber fem-!

Fig. 2. Fourier transform infrared spectra of the Pb-thiosaccharinate hydrate, recorded in

a KBr pellet, at RT (a) and LNT (b)
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Fig. 3. Infrared spectra of the [Cd(sac),(H,0)4]-2H,0 recorded at RT (a) at LNT (b).
Hereafter sac is an abbreviation for the saccharinato ligand/ion
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Fig. 4. Infrared spectra of the Pb(sac),-H,0 recorded at RT (a) and LNT (b).
The Nujol bands are denoted by arrows
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Fig. 5. Fourier transform infrared spectra of the hydrated Pb-thiosaccharinate at room
(a) and low temperature (b) in the region of the v(OH) vibrations
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The appearance of four bands in the infrared spectrum of the partially
deuterated analogue of cadmium thiosaccharinate in the region of the OD
stretchings due to the presence of the isotopically isolated HOD molecules (Fig.
6) indicates that at least two types of crystallographically independent water
molecules are present in the structure of this compound, being included in for-
mation of weak hydrogen bonds. This is confirmed by the appearance of at least
two bands in the region of the HOH deformations around 1600 cm™ (Fig. 1).

Transmittance
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Fig. 6. Fourier transform infrared spectra of low deuterated Cd-thiosaccharinate
recorded at RT (a) and LNT (b) and Cd-thiosaccharinate recorded at LNT (c)
in the region of the v(OD) modes

As mentioned above, the situation with the thiosaccharinate of lead is
more complicated. Namely, the structural similarities between the thiosacchari-
nates of cadmium and lead suggested by the appearance of the infrared spectra
recorded in KBr were not proven by the X-ray diagrams of their powdered sam-
ples, which clearly show that these two compounds are not isomorphous (see
Fig. 7).
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Fig. 7. X-ray powder patterns of the thiosaccharinates of cadmium and lead

To further check the reasons behind the apparent inconsistence between
the infrared and X-ray results, the infrared spectra of Pb-thiosaccharinate were
recorded in Nujol mulls as well as in KBr. As seen in Fig. 8, the spectra re-
corded by both techniques are essentially identical except the HOH spectral
region, where the bands due to the v(HOH) modes would be expected. In fact,
no bands were observed in the spectrum of the Nujol emulsion of Pb-thiosac-
charinate. Later on it was shown that the spectral picture in the above-mentio-
ned region depends on the rate of the emulsion preparation, bands appearing and
becoming more intense as the rate of the mull preparation is increased (see Fig. 9).

In the spectrum of the partially deuterated analogue of [Cd(sac),(H,0),]-2H,0,
five bands appear due to the presence of the isotopically isolated HOD mole-
cules in the region of O-D stretching vibrations [11] (Fig. 10). This is consis-
tent with the existence of three types of crystallographically different water
molecules and five O,,---A distances in the structure of the Cd compound [8, 9].
The presence, however, of only one type of crystallographically different water
molecule (with two different O-H distances) in the structure of Pb(sac),-H,O
[10] agrees well with the observation of two bands in the region of the v(OD)
vibrations of the isotopically isolated HOD molecules [12] (Fig. 10). Due to the
insolubility in water of lead thiosaccharinate, a comparative study of the infra-
red spectrum of a partially deuterated analogue in the region of the OD stretch-
ing vibrations of the isotopically isolated HOD molecules was not possible.
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Fig. 8. Fourier trans
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form infrared spectra of Pb-thiosaccharinate recorded at RT in KBr

(a) and in the Nujol emulsion (b); the Nujol bands are denoted by arrows
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ndence of the v(HOH) band intensity in the spectrum of lead

thiosaccharinate on the emulsion preparation rate increasing (going from 1 to 4)
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Fig. 10. Fourier transform infrared spectra of the Pb(sac),-H,O (Ia), Pb(sac),-HDO (Ib)
and [Cd(sac),(HD),0),]-2(HD),O [II] recorded at LNT in the region of the v(OD)
vibrations of the isotopically isolated HOD molecules

Special attention in this work was focused on the region of the SO,
stretchings. Since the SO, vibrations are considered as good group vibrations
(being usually manifested as the strongest bands in the spectrum), they are stud-
ied in detail for a number of various metal saccharinates (see [13] and refer-
ences therein). As was shown by the IR spectral analysis and confirmed by the
ab initio force field treatment [13, 14], the common feature for both types of
compounds (metal saccharinates and metal thiosaccharinates) is that v (SO,)
vibrations appear at lower frequency than the corresponding mode in saccha-
rin/thiosaccharin themselves. On the other hand, the v,(SO,) mode shifts to
lower frequencies only in the infrared spectra of the saccharinate compounds
whereas the frequency of this mode in the infrared spectra of the metal thiosa-
charinates is either higher than in the case of tiosaccharin itself or remains un-
changed (Table 1). The mixed character of the v{(SO,) mode in thiosaccharin is,
most probably, the main reason for this peculiarity [14].
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Table 1

Structural and spectroscopic data concerning the SO, groups in saccharin and
thiosaccharin and the corresponding compounds of cadmium and lead

Compound R(S-0)/pm <(0-S-0)° v,(SO,)/cm™ 1(SO,)/em™

Saccharin [13, 15] 142.9 117.7 1335 1180
140.9

Cd(sac),[(H,0)4]-2H,0 [8, 9, 13] 1445 116.1 1288 1155
143.7

Pb(sac),-H,0 [10, 13] 143.9 120.4 1308 1167
143.3 109.5 1255 1142
146.3

o 142.9

Thiosaccharin [1, 5] 143.1 117.5 1320 1155
142.5

Cd(thiosac), xH,O0* 1286 1155

Pb(thiosac),-xH,0O 1290 1158

*Thiosac is abbreviation for the thiosaccharinate ligand/ion.

As has already been shown [13], the geometrical characteristics of the
SO, group, especially the O-S-O angle, affect the frequencies of the SO,
stretches. Thus, in the case of Pb(sac),-H,O [10, 13] two pairs of bands appear
(Fig. 4 and Table 1) due to the two rather different O-S—O angles in the crystal-
lographically different SO, groups present in the structure. On the other hand, in
the case of Cd(sac),(H,0)4]-2H,0 where a single type of SO, groups exists,
only one pair of SO, stretching bands appears [8, 13]. In the IR spectra of the
studied thiosaccharinate compounds single pairs of SO, stretches also appear,
thus suggesting. the presence of only one type of crystallographically different
SO, group in each of the two compounds as well. The strong bands at 1155 cm’
(cadmium) and 1160 cm™ (lead) are assigned to the v(SO,) mode, whereas the
intense bands at 1286 cm™ (cadmium) and 1290 cm™' (lead) are attributed to the
V.s(SO,) mode (see Fig. 1 and Fig. 2 and Table 1). Although these two thiosac-
charinate compounds exhibit very similar behavior in the region of the SO,
modes, this cannot be used as a definitive basis for far-reaching conclusions
about the type of metal-to-ligand bonding, since various factors affect the fre-
quency of the of SO, stretches [13].
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4. CONCLUSIONS

The study has shown that:

The thiosaccharinate of cadmium is a crystalline hydrate. At least
two crystallographically different water molecules are present in
its structure. The true nature of the corresponding lead salt is open
to discussion.

In the v(HOH) spectral region differences exist between the infra-
red spectra of lead thiosaccharinate recorded by the methods of
pressed KBr pellets and those obtained from Nujol mulls, the in-
tensity of the bands in the latter case being dependent on the
emulsion preparation rate.

Significant differences between the IR spectra of the saccharinates
of cadmium and lead, on the one hand, and the corresponding thi-
osaccharinate analogues, on the other hand, are observed. They
are apparently mainly due to the more expressed coupling of the
vibrational modes in the case of the thiosaccharinate compounds.

The IR spectral picture in the region of the v(SO,) stretchings
suggests that only one type of SO, group is present in the struc-
tures of the studied compounds, implying the existence of a single
type of thiosaccharinate ligands/ions in their structures.
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Pe3zume

MH®PALIPBEHHU CIIEKTPH HA THOCAXAPUMHATHUTE

HA KAJTMHUYM U OJICBO
CIIOPEJIBA CO AHAJIOTHHUTE METAJIHA CAXAPHHATH

N3zyuysann ce ®T mHppanppeHn cnekTpH Ha THOCAXapMHATHTE Ha KaJMUyM H
071080 BO monpaujeTo ox 4000 no 400 cm™. Y1 nokpaj Toa mTo Ha6ILYIyBaHaTa CTMYHOCT
Mefy CIIeKTpHTE yKa’KyBa Ha MOXKHA CTTHYHOCT ¥ Ha HUBHNTE CTPYKTYPH, PEHreHOrpamMu-
Te Ha crpamrenuTe oGpaciy MOKaKyBaaT ieKa OBNe JIBE COEJMHEHN]a He ce M30MOpghHH
nomery cebe. ITpucycTBOTO Ha MIEPOKH M MHTEH3MBHH JIEHTH BO NOAPAYjeTO Ha BaJEHT-
nute HOH Bubpauum Bo crieKTpuTe CHHMEHH BO npecyBany TaGneTtn of KBr xako na yxa-
JKyBa JleKa THOCaXapMHAaTHTEe Ha KajgMHMYM M OIOBO ce KpHcTanoxuppaTn. Msrmenor Ha
CIIEKT2apOT Ha KaMHYM THOCAaxapHMHATOT BO NojpadjeTo Ha BameHTHHTe OD Bubpauuu
KOH NOTEKHYBaaT OJf NPUCYCTBOTO Ha M30TOonckH msonupann HOD Monexynu BO mapi-
jaHO JeyTepupaHHOT aHANOT YKaXyBa ieKa BO CTPYKTypaTa Ha OBa COeJMHEHNE N0CTOo-
jaT HajMaNKy JiBa THIA Ha KpHCcTanorpad)cki He3aBICHH MOJIEKYJIH BOJia KO y4IecTByBaaT
BO cO3[[aBaibe Ha cnabu BOJOPOJHU BPCKH. BakBHOT Haoj NoKaxKyBa JieKa OBa COeJIuHe-
HUe e HeCOMHEHO KpucTanoxugpart. Of fpyra cTpaHa, NOBHIMaTeJIHaTa aHajn3a Ha Clek-
TPHTE Ha COEJIHEHNETO Ha ONOBOTO ja CTaBa NOJ COMHEHNE HeropaTa BHCTHHCKA NPHPO-
na. iMeHo, ocBeH o Tabnetka o KBr, vH(paupBeHHOT CIEKTap Ha OJIOBO THOCaXapHHa-
ToT Gewie cHUMeH H off emyn3uja of Nujol. Makap 1TO, rmo6GajHO rIIeaHo, CeKTPUTe
CHJYIMEHH CO JIBETE PA3JINYHH TEXHHKH Ce YMHAT MIEHTHUHHM, NIOCTOj4T JACHH Pa3UKH BO
panentHoTo HOH noppauje. IMeHo, BO cnekTapoT cHEMEH BO Nujol, Bo noppaujeTo Ha
v(OH) MOJOBHUTE TNOjaBYBabeTO MM HENOjaByBaH-ETO HA JEHTH W HUBHIOT HHTEH3HTET
3aBucu off Op3UHATa Ha MOArOTBYBalbe Ha eMyN3HjaTa, CO TOa WITO HHTEH3UTETOT Ha JICH-
TUTE pacTe cO 3rojieMyBalbe Ha Gp3WHaTa Ha MOATOTBYBame Ha o0pa3eloT 3a CHIMalbe.
OcBeH TOa, ClIeKTpalaHaTa ciuka Bo nojpayjeto Ha V(HOH) monosute ox nndpanpseHn-
OT CIIeKTap Ha OJIOBO THOCAXapMHATOT CHEMEH Ha coOHa TeMnepaTypa € GUTHO pa3iTnyHa
O] OHaa BO CIeKTAapOT JOOMeH Ha TeMIlepaTypaTa Ha BpMElbe Ha TedeH a30T Taka IUTo €
MO>KHO NPH CHHMXKYyBatbe Ha TeMIlepaTypaTa eBeHTYalHO Jla foara o (asHa TpaHcopma-
1Hja BO Koja Gu Gniie BKIyYeHH MOJEKYIHTe O Bojja. Bo cekoj cnyyaj, norpebnu ce Ha-
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TaMOIIIHY MCIUTYBakha Ha oBa coefuHeHne. CnekTpalHATe KapaKTepPUCTHKH Ha THOCAaxa-
PHHATHTE Ha KaJJMHYM M OJIOBO C€ CIOPEJIEHH CO OHME Ha COOJBETHHUTE CaXapHHATH UMM
KPHUCTAJTHU CTPYKTYpPH ce no3HaTtu. IIputoa, co 1en fa ce go6ujaT HeKOM CTPYKTYPHH CO3-
HaHHja 3a THOCAXapMHATHHTE aHAlO3H, NOceGHO BHMMAaHHME € NOCBETEHO Ha BaJeHTHHTE
pubGpannu Ha SO, TPYNUTE BO CIEKTPUTE Ha CaXapUHATHHTE W THOCAXapHHAaTHHTE COEJH-
HEeHuja.

Knyunn 360poBu: KaMuyM; 0JIOBO; THOCaXapHHATH; CaXxapUHATH; HH(paLpBEeHN
CNIEKTpH
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