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THERMAL DECOMPOSITION OF AMMONIUM 
FLUOROMANGANA-I-ES (III) 

(Receivtd 30 Novanbcx 1976) 

ABSl?CACl- 

The thermal decomposition of ammonium fiuoromanganates (ill) has been 
investigated in air and argon by simultaneous thermogravimetry and differential 
thermal analysis- Chemical analysis, X-ray powder data, and inffared spectra have 
been employed to characterise the intermediate and final products. The thermal 
decomposition can be described by the sequence (NH,)3MnF, --, (NH&MnF, - 
NH,MnF, --, MnF,. Although penta- and tetra-fluoromanganates are well-defined 
compounds, the intermediate states could not be separated, In addition, a hi& 
temperature form of ammonium hexafiuoroman_eranate has been observed, 

IhrCRODUCnON 

There are only a few studies on the thermal decomposition of ammonium 
fluorometallates (III) reported in the literature- For (NH,)3MF, (M = Al, Fe) 
Shinn et al.’ have found NH,MF4 as intermediates and MF, as final products_ 
In our study2 on the decomposition of ammonium hexafluoro-aluminate, -gaIlate 
and -i&ate, the same intermediate and tinal compounds have been isolated_ Thermal 
decomposition of (NH,),VFg and (NH,),CrFz at 5CWC has been used as a prepara- 
tive way of obtaining the respective trifiuorides In an investigation dealing with the 
complexes (NH1)3MF6 (M = SC, Ti, V, Cr)‘, tetrafiuorometallates were found as 
intermediates for the first three compounds_ In the case of titanium, the subIimation 
of NH,TiF, was observed in addition to its decomposition_ (NH,),CrF6 decomposed 
directly to CrF,. 

For man_~ese. two compounds are known in the literature, (NH,),Mne and 
(NH,),MnF$ In addition, in a recent investigation on the system MnF3-NH,F- 
HF-H,O ammonium tetrafiuoromanganate (HI) has been isolated*_ 

EXPERIt4ENTAL 

Ammonium fiuoromanganates (111) i&ted in . the &&atio~ already 
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mentionede have heen used in this study. Thcrmo~vimetric (TG), derivatc thermo- 
gravimetri? (DTG), and dZermtia1 thermal analysis (DTA) data were obtained 
simultaneously by means of a Met&r thermoanaiyzer with PtjPt-Rh thermocotipIes 
and Pt crucibles (TDl). Measurements were carried out in a dynamic atmosphere 

._ (51 h-l) of dry argon and aii at heating rates of I and 6T min’ ‘, rcspectfvtAy, and 
sample masses of 100 In& 

inert alumina was used as reference material for D3.A. 
l[ntermediate phases were o&akd by heating &he initial compounds at a 

heating rate of 6°C min- ’ to the desired temperatures and cooling the sampks. 
PyroIysis experiments were performed in a tube furnace supplied and regulated 

_ _by a vettier TM I6 digital-regulator. The sampk~~ of IO0 mg were heated isothermally 
in a dynamic atmosphere of argon and air at a flow-rate of 2l h’ f. The amount of 
hydrogen fluoride given off was detexmia~ by passing the gases through a solution of 
N/IO sodium hydroxide. 

Infrared spectra were measured using a Model 522 Perkin-Elmer grating 
spectrumeter (4?0@-250 cm ̂  *). Cqstdugmphie powder spectra were obtained with 
a Guinier-de Wolff and high temperatnrc Lcnne-de Wolff camera, respectivefyS 
using CuKa radiation. 

The thermal decomposition af NN[,MnF, in argos begius at 170”C, as shown 
in Fig 1. The process is a~omp~ish~ in one step yielding MnF, as final prodtzct, as 
proved by X-ray powder pho~~ph and chemical analysis. The experimental mass 
loss of 37.26 % agreed with the theoretical value of 37.62 %. 

In a separate pyrolysis experiment carried out at 300°C. 0.73 moles He/f -00 
mol NH,MnF, evolved. The composition of white sublimate deposited on the cooled 
part of the tube was approximately NH,HFz. It is known that thermal decomposition 
of N&F begins at about 100°C to give first NHIHFz, which further decomposes to 
NH3 and Hp. 

Inourcase thecomprexstartsdecom~singatahighertempe.-ature,consequentXy 
giving HF and NH,, however the two gases recombine to form the most stable of the 
two fiuorides_ Bemuse there is no sharp difference between the thermal stabilities of 
NH&F and NH,HF,, the extent of recombination strongly depez& on the cxperimen- 
tal conditions, The decomposition of NH,MnF, in an inert atmosphere can therefore 
be descxii by the equation: 

The simuIt&eousiy obtained DTA cum is endotherm and runs parallel to the 
DTG one. The peak tempetatures are given in T’able 1. 

The them& decomposition of NH[,hnnF, in dry air resulted in nearfy the same 
TG curve having a weight Ioss of 37.40%. 7Be endothermal &on commences at 
the same tempcratnre as in inert atmosphere and continua up to 310°C. At this 



temperature the exotf-~rmal reaction starts with a i3TA peak at 336OC The DTG 
curve shaws the maximum reacting rate to appear aL the same temperature as in 

ZUjgO% 

The detection of hydrogen fhwxide evoked under the we conditions as 
pretiously, revealed l-37 HF/l&O NH,MoF,. Taking into account the oxidation of 
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-&zlmGzii- tk foJb&lg &Juation can be writteu, having ,the s&e tJWantic2J weight 
J&s as tr;e previous one 

NH,MnFb- -!- w s =‘MnF, + fN, a- 2HF t J-W (2) 

U m umsider the endothirmal part of the TG curve(47.4%) to foiiow eqa (I) and the 
utotherm~ one to- obey eqn(2). we get the r&o HF/N&MnF, of 137, This fairly 
&B& agreement of cakulatcd and experimental Values is only fortuitous, bezzzuse the 
exmcatal conditions in both cases were different. NverthcJcss, the increased 
amount of HF given off cJearJy indicates the nature of the exot.hcrmaJ reaction_ 

TkrmoanaJykal curws for the decomposition of (NH,),MnF, are presented 
in Fig_ 2. The compound under&es a two-stage thermal decomposition_ 33e forma- 
tion of au intermediate pha~ is not evident from the TG curve_ ‘Ihe use of a heating 
rate of J *C min- 1 gives rise to splitting of the DTG curye, however, the two reactions 
sZill overlap. 

Jf tfte compfex is heated at 6°C min’ ’ to the first peak temperature, the inter- 
mediate is obtained with a mau loss of J7_95 %. The X-ray powder photo~~ph of the 
isoJated phase shows a mixture of (NH,),MnFS and NH,MnF+ The final product is 
again MnF, with a mass ICES of 49.30% (theor. 50.03)_ 

The DTA curve is paraikl to the DTG but shows a better resolution (Table J)_ 
TG and DTG curves for the decomposition of (NH&MnF, in dry air are the 
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samez in an inert atm&phere;The fist DTA peak at 2?0°Ccorresponds to the one 
in argon, However, the second endotherm at 295°C and the exotherm at 322°C 
resembk the DTA’curve of NH4MnF4 recorded in air. 

‘The thermal decomposition of (MH,),MnF, is shown in Fig. 3, Under these 
experimental co&itions the process occurs in a single step and the pathway of the 
TG curve does not permit the establishment of the stoichiometry of the decomposition 
reactions- On the other hand, there are five DTG peaks showing the procw to be 
rather complicated, Employing a heating rare of f “C min’ ’ with all the other expexi- 
men&d conditions fixed, two slight breaks appear in the TG curve_ The corresponding 
mass tosses are I24 and 23,7-A_ The calculated vaJues for the dissociarion of one 
and two mokcuics of NH,F, S-61 and 33-21x respectively, do not a_- with the 
experimentat data, 

intermediate phases isolated by heating (NH,),MnF, to the DTG-peak 
temperatures are given in Table 2. All stages of the thermal decomposition but the 



fast are thirefore titipani&. by SubJimatiOn .of NE&F, Ik. thc&urX of the- de- 
com~$xsition of _@lHI)31$nF,. both..pre~#ou&y~ &+&%med compouock ap- as 

_ 
in- . In the last sk;pj dispkportkjtiation of MH,MnF, ckcurs to yield 
MnF;. The 161~4 mass loss is 58.500/, in good agreement with the cak&ued value of 
5834%. 

The DTA CII~. which is paraM to ffit DTG oqc, has an additional peak at 
92OC (Table 1). There is ZIO weight change, so it can bc ascribcd to ti polymorphic 
transitiOrl~ . 

The curves run in dry air reveal the sme fcaturc a5 in the former cases. The 
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DTA again shows an exotherznal reaction in the last stage of pyrolysis, whereas the 
TG and D%G remain almost unchanged_ 

The ‘izystal structure of ammonium pentafiuoromanganate consists of MnFz’ 
octahedra, sharing their trans vertices to form endless chains.? There are two crystaf- 
Iographicaliy non-equivalent nitrogen atoms in the unit ceil, both possessing C, 
sites, The crystal structures of hexa- and tetra-fluoro compounds are unknown_ 
On the basis of infrared spectra it was suggested’ that both (NH,),MnF& and 
NH,MnF, have octahedral coordination of manganwe. In the first case the octahedra 
are isolated; in the second one, they share their fiuorine atoms to form a layer-like 
structure_ 

The changes in X-ray powder pattcm were followed up to IWC (Fig_ 4)_ The 
powder patterns of pure substances are also shown for comparison, At about 80°C 
some of the lines of the initial compound disappear, clearly indicating the increase 
in symmetry. The temperature of this polymorphic change is somewhat fewer than 
t’hat determined by DTA. Such transitions are known for similar compounds,-etg_,, 
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l 1N~,MnF4ccua~a=7_752(6)Ac 
Ab=m#(I)Ac= 

=6_153(12) A; 2(NH&AbFsorthorcnn~a=6~3) 
to_m~) A; 3 HT+I&~~MRF~ cubic P = 6_02 A : 



@I’H&N”‘F, (AA = Al loi In’, ,Sc, Tis), Comparison of the X,ray. powder photo- 
graph between 80 ‘and lu)OC to that of pure (NH,),MnF, reveals a &se relationship 
betwets them.. The pattern; in. fact; consists of (NHJ,MnF, lines together with 
some additiourd t&s already pre&nt in the initial pattern, These extra~tines, which 
may be attributed to a high temperature form of ammonium hexaBuoromaugauate, 
c&.bc indexed on the basis of a cubic unit celi (%abIe3).The fines of (NHJIMnFS 
disappear at about 140°C; but before that, the strongest reffections of NH,MnF, 
appear. meen 120 and 140°C there are three phases, HT-(NH,),MnF6, (NH& 
MnFs and NH,MnF,, present at the same time. It is interesting that the fines of 
HTaHJ,MnF, are preserved over the whole temperature rauge- 

it should be added that heating of (NH&MnF, isothermally at 200°C for 
two days, resuhed in complete decomposition to MnFz with weak lines in its X-ray 
powder photograph_ 

Heating the sample at 150°C for 25 days yieided MnF, as weII, having extremely 
weak Iines in its X-ray powder photograph. 

The sublimation of NH,F as well as disproportionation of tervalent manganese 
are obviously competitive processes so that the over&l reaction heavily depends 
upon the experimentaf conditions. 

The infrared spectra of several intermediate stages closely resemble those of 
pure substances_ A representative part of the spectrum given in Fig 5 shows the 
splitting of the NH: deformation mode and Mn-F streching mode, respectively- 
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The changes in ammonium band were attributed to increasing hydrogen-bonding in 
the sequence hexa-, penta-, and tetra-fluoromanganates’. Similar splitting was 
obscrvcd in decomposition of ammonium metavanadate”. It was ascribed to a 
disordered struchze in terms of NHf ion arrangement_ Such a disordered state, 
formed by random removal of NH: ions, may appear in our case too, but the mention- 
ed similarity of the spectra of the initial substances and intermediate phases, supports 
the former exphnation- 
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