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The thermal decomposition of some M[HPO3 (M - Li, Na, K) phosphites under nitrogen at- 
mosphere was investigated. A stepwise mechanism of thermal decomposition has been 
proposed. 

Keywords: hydrophoshites of lithium, sodium and potassium, mechanism of thermal decom- 
position 

Introduction 

Results of the investigation of the thermal decomposition of some hydrophos- 
phites of alkali metals are presented in this work. In the I-IPO]- anion there is 
direct bonding between phosphorus and hydrogen. According to the morphologi- 
cal classification of simple species [1-6], the anion is described by ev = 2, ez = 5 
(ev - number of valence electrons, ez - number of elementary negative charges 
formally brought with ligands to the coordination shell). 

Evolution of hydrogen from the anionic sublattice of hydrophosphites during 
thermal decomposition is connected with the formation of volatile products. In 
this system simple molecules like PH3, 1-120 and 1-12 can arise. In our previous 
paper [6] we have shown that in the case of thermal decomposition of  hydrophos- 
phites with counter-ions of 2+ charge (e.g. Mg 2§ Ca 2§ Zn 2§ Sr 2§ Cd 2§ Ba 2§ the 
only gaseous product is hydrogen. Thus the course of thermal decomposition can 
be described by the following stoichiometric equation (mechanism I): 

(6y + 4x)HPO~- ---> (3y + 2x)H2 + (3x + y)PO43- + 2yP2074- + p~yX)- 
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E x p e r i m e n t a l  

The thermal decomposition of hydrophosphites was studied by complex ther- 
mal analysis and by identification of the reaction products by means of X-ray 
phase analysis and infrared absorption spectroscopy. 

Complex thermal analysis was performed with the aid of a Paulik-Paulik- 
Erdey Derivatograph produced by MOM Budapest, which enables simuletaneous 
recording of T, TG, DTG and DTA curves. 

The reactions were carried out in tubular furnaces at temperatures determined 
from thermogravimetric curves in protective atmosphere of dried, oxygen-free 
nitrogen. 

X-ray phase analysis was performed on the Carl Zeiss TUR apparatus. The in- 
frared absorption spectra were recorded by means of a Carl Zeiss SPECORD 
75IR apparatus. Solid samples were prepared in the form of KBr pellets or as 
suspension in nujol. A ten-centimeter gas cell was used for the determination of 
gaseous products in the case of lithium hydrophosphite. 

The following compounds were used in the present investigations: 

- Li2HPO3.H20 - precipitated from diluted aqueous solutions of K2HPO3 and 
Li2SO4 (p. POCh, Poland), 

- Na2HPO3.5H20 - prepared by neutralization of an aqueous solution of 
H3PO3 with NaOU solution (p.a. POCh, Poland) in the presence of phenoloph- 
thalein, 

- Na2HPO3 - prepared from Na2HPO3.5H20 after heating for 2 hours at 
250~ 

- K2HPO3.H20 (p. Hopkins & Williams Ltd, England), 

- H3PO3 - prepared by hydrolysis of PCI3 (p. Xenon, Poland) with con- 
centrated hydrochloric acid (p.a. POCh, Poland). 

R e s u l t s  a n d  d i s c u s s i o n  

The results of complex thermal analysis (e.g. TG, DTG, DTA curves) are 
presented in Figs 1 and 2. 

According to the literature [7-13], in good agreement with our investigations, 
the main solid products of thermal decomposition are crystalline orthophosphates 
and pyrophosphates, amorphous substances of uncertain composition (probably 
phosphides). 

Investigations of the gas phase are of great importance for the determination 
of the mechanism of decomposition. In the literature different gaseous products 
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Fig, 1 TG, DTG and DTA cttrves of: a) Li2HPOvH20, b) K2HPO3-H20 
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Fig. 2 TG, DTG and DTA curves of: a) NazHPO3-5H20, b) Na2HPO3 

and different stoichiometry of the amorphous substance have been reported 
[7-13]. Hence, detailed analysis of the evolution of hydrogen was carried out 
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during thermal decomposition of phosphites of alkali metals e.g. Li, Na, K. The 
results are summarized in Table 1 containing the following parameters: 

TIR - temperature of disappearance of the -2400 cm -~ band (which cor- 
responds to the stretching mode of the P-H group) in the IR spectra of solid 
samples, 

TDTc - temperature of the maximum rate of weight loss taken from the DTG 
curve, 

A m -  weight loss taken from the TG curve, 

H~oor - theoretical weight percentage of hydrogen in anhydrous phosphites. 

Only in the case of  the potassium salt can we assume that the only gaseous 
product is hydrogen. During the thermal decomposition of lithium and sodium 
salts also PH3 and H20 are most probably formed. PH3 was detected in the gas 
phase by IR study in the case of lithium salt. 

Table 1 Results of the investigation of the evolution of hydrogen during thermal decomposi- 
tion of hydrophosphites 

Cation TIR/~ TDTG/~ Am / % Hthr 

Li 1+ 520 500 2.70 1.07 
Na 1+ 500 455 1.10 0.80 

K l+ 560 510 0.70 0.64 

Using morphological classification of simple oxophosphorus species and their 
hydrogen derivatives [1-6] we can propose an alternative mechanism (II) of the 
course of the thermal decomposition leading to the formation of PH3 and H20: 

(1) 8HPO~- --> 4PO~ + 4H2PO~- 

(2) 4PO33- + 4Hff'O 1- ~ 4PO]- + 4H2PO~2 - 

(3) 4HzPO~- ---> 2HPO~- + 2HsPO~ 

(4) 2HPO~- + 2HzPO~ ---> 2HPO~- + 2Hff'O 

(5) 2HPO]- + 2PO~ ~ 2POs s- + 2HPO]4- 

(6) 2PO~ + 2H3PO ---> 2PO]- + 2PH3 

(7) 2 H P ~ -  -~ P~O, 4- + H~O 

8HPO]- ---> 4PO~ + P207 ~ + 2PH3 + H20 

In Fig. 3 mechanism II is shown in morphological classification in the ev - ez 
- ezri + system. 
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On the basis of the stoichiometry we can calculate the theoretical weight loss 
for mechanisms I and II (Table 2). 

Comparing experimental values with calculated ones (given in Table 2) for 
mechanism II deviations of 16 and 4 percent were obtained for lithium and 
sodium hydrophosphites, respectively. In the case of potassium salt the deviation 
is negligible. 
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Z u s a m m e n f a s s u n g  - -  Es wurde die thermische Zersetzung von Phosphiten M[HPO3 (M - Li, 
Na, K) in Stickstoffatmosphere untersucht. Die Schritte des Mechanismus der thermischen Zer- 
setzung wurden vorgeschlagen. 
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