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Abstract: The saccharinates: K5(sac);- 2H,0, Najz(sac);+ 2H,O (the triclinic form), Rb,(sac),- H,O,
Cs(Hsac)(sac)- H,O and NHy(sac) were prepared from the corresponding carbonates and saccharin.
and their thermal decomposition was investigated by thermogravimetric (TG, DTG. DTA)
methods in static amosphere of helium and by DSC in a flow of nitrogen.

All compounds, excluding the anhydrous ammonium salt, were dehydrated prior to the decom-
position of the saccharinato ligands. Except for the Cs salt, the decomposition of the dehydrated
saccharinates started for about 150 K higher than the decomposition of the saccharin itself.
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1. Introduction

Besides the commercial importance of the alkali saccharinates (mainly owing to their
high solubility in water), the structural data for these compounds are rather scanty. To date,
only the crystal structures of one of the two hydrates of Na saccharinate [1] as well as that of
K,Na saccharinate [2] have been published. Recently, we have synthesized the saccharinates
of K, Rb and Cs (structure determination and refinement is in progress). In this paper we
report the thermal behavior of the saccharinates of K, Na, Rb, Cs and NH,.

2. Experimental

Starting from the respective carbonates and saccharin, the following salts were
prepared from warm EtOH/H,0 mixtures: Kj(sac);: 2H,O (KSAC), Rbs(sac)> H,O (RBSAC),
Cs(Hsac)(sac)- H,O (CSSAC) and NHy(sac) (ASAC). Commercial Na saccharinate was
recrystallized from EtOH to give the triclinic Nas(sac);r 2H.O (NASAC) [3]. For the
TG/DTG/DTA analyses Setaram TG-DTA92 instrument and a static atmosphere of helium
were used (Al,O; crucibles). The DSC measurements were performed with Mettler DSC20
oven connected to a Mettler TA 400 temperature controller, using Al containers (air, heating
rate 5 K/min).

3. Results and Discussion

3.1. Dehydration of the Salts

All compounds (except the anhydrous ASAC) are dehydrated prior to the decompositi-
on of the saccharinato ions.

The dehydration of NASAC and KSAC (Figs. 1 and 2) proceeds in two steps, along
with the existence of only rwo structurally different types of water molecules in the structure

CilipykitiypHa xemuja 67

377



COBPAHH TPY[IOBH
16™ Congress of the Chemists and Technologists of Macedonia, Skopje, 28-30 October, 1999

of NASAC. At the same time, this is an indication that there are two structurally non-
equivalent types of water molecules in case of KSAC. The mass loss ratio of the two
dehydration steps of KSAC inevitably shows that the molar ratio of the structurally different
water molecules is 2:1, 2/3 of the water molecules in its structure being more weakly bonded
than the rest. The higher dehydration temperature of KSAC compared to that of NASAC, on
the other hand, indicates that the water molecules in the structure of the first are more strongly
bonded than those in the latter compound. The anhydrous NASAC and KSAC undergo
melting prior to the further decomposition (Figs. 1 and 2).
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Fig. 1. Thermal Decomposition Curves of NASAC
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Fig. 2. Thermal Decomposition Curves of KSAC

Contrary to NASAC and KSAC, RBSAC initially melts (at 473 K) upon heating and
afterwards is dehydrated (Fig. 3).

The decomposition of CSSAC (Fig. 4) starts (at 368 K) with partial dehydration,
yielding Cs(Hsac)(sac). 0.5H,0. This step represents an interconversion between the two
forms of Cs saccharinate, CSSAC and Cs(sac)- 0.5H,O. The product thus can be formally
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considered as a “solid mixture” of the latter form and saccharin. The hemihydrate afterwards
melts and undergoes complete dehydration. The sharp endothermic peak at 489 K corresponds
with the melting of the molecular saccharin, in agreement with the proximity of this
temperature value with that of the melting of the saccharin itself (502 K).
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Fig. 3. Thermal Decomposition Curves of RBSAC
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Fig. 4. Thermal Decomposition Curves of CSSAC

3.2. Decomposition of the anhydrous salts

The anhydrous NASAC and KSAC are decomposed in a single step (Figs. 1 and 2),
corresponding with endothermic peaks at 760 K.

The decomposition of the anhydrous RBSAC and CSSAC is similar and, at the same
time, different from that of the dehydrated NASAC and KSAC. RBSAC and CSSAC. namely,
adopt three-step decomposition pathway (Figs. 3 and 4). Presumably due to the difference
between the decomposition temperatures of the saccharinato molecules and ions, the decom-
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position steps in case of CSSAC are well separated. Two of the steps in the case of RBSAC
overlap, but since one of them is exo- and the other endothermic, they could be clearly
resolved from the DTA curve.

In agreement with what is intuitively expected, the decomposition pathway of ASAC
is different from those of the alkali saccharinates. The decomposition of this salt namely, is
accompanied with sublimation, the overall process being finished around 673 K.

4. Conclusions

The present study shows a degree of similarity of the structures of NASAC and KSAC
and, at the same time, a dissimilarity with that of RBSAC and especially with CSSAC. The
results show that there are two structural types of water molecules in a molar ratio 2:1 in
KSAC. The existence of molecular saccharin in CSSAC is confirmed.
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AncrpakT: [loafajku o cCOONBETHUTE KapOOHATH U CaXapHH, CHHTETH3HPaHH Ce CIeHHUTC
caxapuHaTHH conu: Ks(sac);- 2H,O, Nas(sac);- 2H,0 (Tpuknunuyna cpopma), Rbs(sac),: H,O,
Cs(Hsac)(sac)- H,O u NHy(sac). MicnuTyBaHO € HUBHOTO TEPMHUKO pa3/IOKyBakhe BO CTaTHY-
Ka aTMoctepa Ha XeJIHyM co TepMorpaBuMeTpucku Metonu (TG, DTG, DTA), kako # co au-
¢pepeHUMjaTHA CKAHUHT KaJOpUMETpHja BO JUHAMHYKa aTMocdepa Ha a30T.

OcseH xaj 6e3BONHOTO aMOHMYMOBO COEIMHEHUE, Kaj CUTe COeTJUHEHH]a foara 10 IeXuj-
paTaluja npef pasioKyBalkeTOo Ha caxapuHaTHUTE nHraHau. Co HCKIYUYOK Ha LIE3HYMOBATA
COJI, TEeMIepaTypaTa Ha pa3joXyBake Ha AeXuIpaTHpaHUTe caxapHHAaTH € 3a oKojy 150 K
[IOBUCOKA Of1 OHAa Ha CaxapHHOT.
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