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Abstract 

The thermal decomposition of [C(NH2)&FeF6 has been studied by simultaneous TG 
and DTA in an argon atmosphere, FAIR spectroscopy, X-ray diffraction and mass 
spectrometry. The compound decomposes in at least two consecutive and partly 
overlapping processes. Decomposition of the organic part of the compound is mainly 
finished below 410°C. The evolved vapour contains melamine (C,H&), NH3, Nz, HF and 
several other compounds. In the last two stages (CN), is evolved, the final decomposition 
products being Fe and FeF,. 

INTRODUCTION 

Most of the simpler guanidinium salts decompose by a vigorous 
exothermic reaction, which accounts for their use in explosives. On the 
other hand, guanidinium tetraborate, sulfate, phosphate and polyphos- 
phate are used as fireproofing agents [l]. A number of guanidinium salts 
have been examined by TG and DTA measurements [2], and some of 
them also by mass spectrometry [3]. Using thermophotometry, Wendlandt 
[4] found that some selected guanidinium salts exhibit light emission 
during their thermal decomposition. In an inert atmosphere [5], DSC 
curves of some guanidinium salts consist of two or more endothermic 
peaks, except for guanidinium chromate, for which one exothermic peak 
was observed, connected with light emission. 

The thermal decomposition of guanidinium fluorometallates has not 
been reported up to now. The compound [C(NH&FeF6 [7] is cubic 
(space group Pa3) and consists of FeF, octahedra, which are placed at Na’ 
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Fig. 1. TG and DTG curves of decomposition of [C(NH2)J3FeFb. 

and Cl- sites in the NaCl lattice, and of guanidinium cations at the 24-fold 
general position. 

EXPERIMENTAL 

The compound [C(NH2)&FeF6 was prepared in an aqueous solution 
of the corresponding fluorides, as described elsewhere [6]. Thermo- 
gravimetric studies were carried out in a dynamic argon atmosphere on a 
Mettler TAl thermoanalyzer at a heating rate of 4Kmin-’ in the range 
25800°C. X-ray powder patterns of the solid residues were obtained with 
a Guinier de Wolff camera using Cu Ka radiation. Vibrational spectra of 
solid residues from the samples heated to various temperatures were 
recorded in KBr on a BIORAD FTIR 60 spectrometer in the range 
4000-450cm-‘. The C, H, N elemental analyses of the residues were 
effected on a Perkin-Elmer 204C analyzer. Mass spectral analyses were 
carried out using a Finnigan 3300 GC-MS System spectrometer with its 
ionization source operating at 70 eV. 

RESULTS AND DISCUSSION 

There are four stages in the decomposition of [C(NH,),]FeF, (Fig. 1, 
Table l), with the main part in the range 215410°C (54.5% mass loss). 
The decomposition process in this range consists of two consecutive and 
partly overlapping steps. The organic part of the compound decomposes 

TABLE 1 

Four stages in the decomposition of [C(NH,),],FeF, 

Stage Temperature range (“C) DTG,,, Mass loss (%) 

1 25-355 325 42.5 
2 355-410 390 12.0 
3 410-680 645 14.1 
4 680-800 685 9.4 
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Fig. 2. Mass spectral data. 

TABLE 3 

X-ray powder diffraction data for the phase at 355*C 

11.44 too 3.39 90 
3.81 100 3.23 70 
3.61 80 1.90 70 



244 T. MarEac Grahek, P. Bukovec/Thermochim. Acta 215 (1993) 241-246 

4000 3000 

Fig. 3. IR spectrum of [C(NH,),]FeF,. 
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Fig. 4. IR spectrum of the phase at 355°C. 
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Fig. 5. IR spectrum of the phase at 410°C. 
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mainly below 410°C. In the vapors evolved, NH, and HF were detected by 
qualitative reactions. According to the mass spectral data (Table 2, Fig. 2), 
melamine is the main product of the decomposition. The formation of 
melamine was additionally proved by collecting the sublimate and 
comparing its IR spectrum with that of pure melamine. The guanidinium 
cation undergoes decomposition into neutral fragments which vaporize 
and polymerize. The decomposition product of guanidine is cyanamide 
(m/z = 42), h’ h d w ic un ergoes dimerization and trimerization to melamine 
(m/z = 126) [3]. P ea k s in the mass spectra correspond to the fragmenta- 
tion of melamine [ll] and of smaller entities. 

The solid phase isolated at 355°C (after the first DTG effect) has an 
entirely new X-ray powder pattern, which could not be identified by 
means of ASTM table (Table 3). The diffraction pattern of the next 
intermediate phase, isolated at 410°C (after the second DTG effect), 
shows the lines of FeF, [15]. Additional information on the intermediate 
phases has been obtained from the infrared spectra, which were compared 
with that of the initial compound as shown in Figs. 3-6. The spectrum of 
guanidinium hexafluoroferrate(II1) (Fig. 3) is in good agreement with 
those for guanidinium chloride and iodide respectively [9] and for 
guanidine [lo]. In the spectra of intermediate phases, new bands appear in 
the region 1600-1000 cm-’ indicating, in addition to FeF,, the existence of 
phases containing N-H and C-N bonds. Elemental analysis of the residue 
at 410°C (C = 12.73%, H = 1.82%, N = 25.81%) suggests the same. 

The X-ray powder pattern of the intermediate phase isolated at 680°C 
shows d-values characteristic of FeF, and Fe(CN), [12-141. The FTIR 
spectrum exhibits the bands Y(C-N) at 2083 and v(Fe-C) at 648cm-l, 
together with a weak absorption in the N-H stretching region (Fig. 6), 
indicating that the decomposition products of the organic cation are still 
present at this stage. 
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Fig. 6. IR spectrum of the phase at 680°C. 
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At 800°C the decomposition products are Fe and FeF,, as proved by 
X-ray diffraction. A tentative overall decomposition reaction could be 

2[C(NH ) ] F F 2 33 e ,+FeF,+Fe+N,+(CN),+NH,+HF 

+ C3H6H6 + other gaseous products 

The experimental mass loss for this reaction is 78.1%, which is in good 
agreement with the theoretical value of 78.6%. 
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