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Acid alkali hexafluoroaluminates of K and Rb were prepared by precipitation of alkali 
fluoride containing HaAIF 6 solutions with ethanol. Compounds were characterized by X-ray 
diffraction, IR spectroscopy, 1H-NMR and chemical analysis. The constitution is 
MI(HaO)2A1F6. Lattice parameters were determined. 

Dehydration and thermal decomposition were investigated by thermal analysis (TG, DTG, 
DTA) on a derivatograph-Q and by high temperature X-ray diffraction. Thermal decom- 
position is accompanied by liberation of H20 and HF and a condensation O f [A1F6] a- octahedra 
forming layer structures. Stable intermediate products are MIA1F4 �9 0.5H20 and MIA1F4 . At 
higher temperatures hydrolysis occurs. 

We earlier investigated the thermal decompositions of  alkali metal flu- 
orometallate hydrates and their structural changes [1, 2]. By variation of  the 

synthesis methods, we were able to prepare a new type of  fluoroaluminate with the 
analytical composition MIH2A1F6.2H2 O. Well crystallized substances with 

M ~= K and Rb have been prepared. Potassium can be partly substituted by 
rubidium and caesium. Aluminium can also be replaced by other M m cations, but 

only to very slight extents. 

Since we are interested in the relations between the nature of  the water bonding, 
the thermal behaviour and the structural changes during thermal treatment, we 

have investigated these compounds. This paper reports on spectroscopic, X-ray and 
thermal analytical investigations of  acid fluoroaluminates, especially those of  

potassium and rubidium, and the mixed cationic c o m p o u n d  

Ko.sRbo.sH2AIF 6 "2H20. 

* Presented at the Microsymposium on Halogen Chemistry held in Budapest, 1987. 
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Experimental 

Preparation of the compounds: 1 g AI was dissolved in 50 ml HF solution (40%). 
A concentrated solution of alkali metal fluoride, chloride or carbonate in H F  was 
added (molar ratio M~:AI = 1 : 1) to this solution, followed by 50 ml ethanol. 
After 30 minutes the solution became transparent and crystallization began. The 
crystals were separated after some hours, washed with ethanol and dried in air. The 
compounds were analysed for alkali metal with sodium tetraphenylborate, for 
aluminium with EDTA, and for fluorine by SEEL. 

TG, D T G  and DTA curves" were recorded with a Q-1500 D derivatograph. 
Experimental conditions: Pt crucible, sample masses 25ff4500 mg, heating rate 

5 deg/min, N 2 flowing at 25 l/h, ~-AI20 3 as reference substance for DTA. IR 
spectra were recorded on an Specord IR-75 instrument (KBr pellets) and 1H-NMR 
spectra on an FKS 176 multi-pulse spectrometer. X-ray powder diffraction patterns 
were recorded with a Guinier-Lenn6 camera with a heating device (heating rate 
2.5 deg/min, 20-600~ 

Results and discussion 

Analytical characterization 

The atomic ratio given by elemental analysis is M ~ : A1 : F : H 2 0  = 1 : 1 : 1 : 6 : 2. 
Consequently, there are different possibilities for the constitution: it may be an 
adduct M~AIF4 �9 2H20,  a hexafluoroaluminate dihydrate M~H2A1F6 �9 2H20,  or an 
oxonium hexafluoroaluminate MI(H30)2AIF6 . In spite of the fact that the 
specimens are well crystallized, the crystal structure could not be determined, 
because they show complicated symmetry relations, pointing to a disordered 
structure. 

The IR spectra of  all compounds are very similar and rich in absorptions. The 
position of v3(A1-F) at 535 and 585 cm-  1 points to the presence of isolated, but not 
regular [A1F6] 3- octahedra [3]. It is not possible to decide if the crystal structures 
contain H3 O+ or H 2 0  and HF. It can rather be assumed that all the observed 
absorptions are caused by the interaction of  H 2 0  with H § and F -  and by strong 
hydrogen-bonding. 

From 1H-NMR measurements it should be possible to establish if there are water 
molecules or/and oxonium ions. The room-temperature spectra show a narrow 
signal, pointing to a high mobility of  the protons. The low-temperature spectra 
( -  150 ~ show a broad signal in the case of  the Rb compound. The shape of  this is 

typical of  H30  + or both H30  + and H20.  
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TaBle 1 Lattice parameters of cubic hexafluoroaluminates 

1415 

Compound a, pm Temp., ~ Ref. 

(HaO)aAIF 6.3H20 815.0 - 90 4 
K(HaO)2AIF 6 864.6 20 this work 

Ko.sRbo.z(H30)2A1F6 869.5 20 this work 
Rb(H30)2AIF 6 881.4 20 this work 
(NH4) aAIF6 840.0 20 5 
K3AIF 6 855.0 400 6 
RbaAIF 6 888.0 400 6 

Oellers and Mootz [4] determined the crystal structure of HaA1F 6. 6H20 and 
found that the constitution corresponds to an oxonium salt hydrate 
(H30)aAIF6 �9 3H20 with cubic symmetry. Table 1 shows the lattice parameters of 
the synthesized compounds determined from powder diffraction patterns. 
Comparison of the unit cell parameters of the acid fluoroaluminates with those of 
other alkali metal hexafluoroaluminates and the oxonium hexafluoroaluminate 
hydrate reveals a great similarity. To summarize all the known experimental results, 
we tend to assume that the prepared acid fluoroaluminates are alkali metal oxonium 
hexafluoroaluminates MI(HaO)2AIF6 . 

Thermoanalytical and X-ray investigations 

Figure 1 shows the complete TG, DTG and DTA curves of the K compound. It 
can be seen that there are two parts in the TG curve: the first appears between 85 
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Fig. I TG, DTG and DTA curves for the decomposition of K(H30)2AIF6 
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Fig. 2 TG, DTG and DTA curves for the decomposition of (K, Rb) (H30)2AtF6 

and 140 ~ , and the second from 140 to 210 ~ . The first part corresponds to the loss of  
2 mole HF  and 1 mole H20.  The second part corresponds to the loss 0.85 mole 
H20,  which means that a small amount  of  water remains in the structure. The DTA 
curve shows several endothermic effects, corresponding to a gradual liberation of  
H F  and H20.  It is not yet possible to give an explanation of  the effect at 112 ~ but  we 
tend to assume that there is a chemical reaction before and during the liberation of 
HF and H20. This initial reaction causes the loss of  H F  and H20.  As we have not 
analysed the gaseous phase, we are not able to estimate and separate the 
temperature ranges of  liberation of  HF  and H20.  However, it is probable that HF 
and H 2 0  are given up essentia!ly simultaneously in the temperature range 85-140 ~ 

The liberation of the last mole of  H 2 0  is also a stepwise process, with two DTA 
effects, at 180 and 208 ~ Above 210 ~ no weight loss is detectable. At 615 ~ a large 
endothermic effect can be observed, caused by melting of  the tetrafluoroaluminate 
formed. 

Figures 2 and 3 show the TG, D T G  and DTA curves (up to 300 ~ of the (K/Rb) 
compound and the Rb compound. The first part of the weight loss is connected 
with two DTA effects. As compared with the K compound, the temperature of  the 
initial reaction are lower. Consequently, this temperature should be a characteristic 
one and a criterion of stability. The second part  of  the weight loss is not revealed 
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Fig. 3 TG,  D T G  and DTA curves for the decomposit ion of Rb(H30)2A1F 6 

Table 2 High-temperature X-ray investigations of phases dependent on temperature ('~C) 

1417 

Phases M I = K M E = (K, Rb) M 3 = Rb 

M~(H30)zA1F6 20-125 20-120 20-  85 
Amorphous  phase 125-140 120 205 85-120 
MIAIF4 - 0.5H zO 140-345 205-375 120-425 

MIAIF4 220-550 285~,85 300-500 

M~AIF 6 and product of  hydrolysis 370-600 4 0 0 ~ 0 0  440-600 

distinctly as compared with the second part in the case of the K compound. 
Consequently, the corresponding DTA effect is very weak. Further, the last 
quantity of water is liberated over a wide temperature range. 

High-temperature X-ray investigations have provided more information about 
the thermal decomposition and the phases formed during thermal treatment. The 
results of X-ray analysis are listed in Table 2. It should be noted that the conversion 
temperatures found by X-ray analysis can not be compared with those of thermal 
analysis without restriction because there were different conditions. Thermal 
analysis gives values more exactly, but the effects observed are comparable. 

Thermal treatment and the following liberation of HF and H20 lead to 
destruction of the crystal lattice and an amorphous phase results. The first 
crystalline product is a tetragonal phase. The separate synthesis of this phase and 
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elemental analysis showed the composition M1AIF4 �9 0.5H20. Further increase of 
temperature leads to the tetragonal M~A1F4 phases. At higher temperatures 
(> 400~ M~AIF 6 and a cubic oxygen-containing phase (the Rb compound has not 
yet been identified) are traceable, caused by hydrolysis [7]. After cooling, A 1 2 0  3 is 
detectable besides the hexafluoroaluminate. 

With reference to thermal analysis, the first DTA effect corresponds to the 
formation of the alkali metal tetrafluoroaluminate hemihydrate. The second, 
weaker DTA effect is connected with dehydration of the hemihydrate and the 
formation of M~A1F4. The endothermic effects at 615, 608 and 590 ~ for the K (K, 
Rb) and Rb compound, respectively, correspond to the melting points of M~A1F4. 
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Fig. 4 TG and DTA curves for the dehydration of MXA1F4.0.5H20. 1: M j = (K, Rb), 2: M I = K, 
3: M l = Rb 

The compounds M~A1F4.0.5H20 can be synthetized through the heating of 
MIHEA1F6.2H20 for about 2-4 h at 100 ~ TG and DTA curves showing the 
dehydration of the hemihydrates are presented in Fig. 4. Corresponding to the X- 
ray investigations [7], only in the case of the K compound is a two-stage process 
detectable; this leads to the formation of pure KA1F4. For the Rb and (K, Rb) 
compounds, higher dehydration temperatures have been found. There is a wide 
temperature range of dehydration causing hydrolysis reactions and consequently 
no pure tetrafluoroaluminate can be obtained. The thermal decompositions of acid 
hexafluoroaluminates can be summarized as shown in the following scheme. 

J. Thermal Anal. 34, 1988 
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M I ( H 3 0 ) 2 A 1 F 6 ]  

- 2  HF 
amorphous - 1.5 H 2 0  

phase 

isolated [AIF6] 3- 

M~AIF 4 " 0 . 5 H 2 0  condensation 

l - 0"5H20 1 

I 

MIA1F4 [ layer-like structure 
/ 

+H20 / - H F  [AIF4/zF/]- 

1 
M~AIF6 hydrolysis 

+ cubic hydrolysis product | 

M~AIF 6 isolated [AIF6] a- + AI/O 3 
+ AI20 a 

All the investigated compounds showed the same thermal behaviour in principle. 
There are differences in thermal stability and reactivity. The decomposition is a 
two-stage process involving a structural reconstruction. Especially the Rb- 
containing compounds are very susceptible to hydrolysis 
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Zusammenfassung - -  Es wurden saure Kal ium- und Rubidiumhexafluoroaluminate  durch F/illung aus  
Alkalifluorid enthaltenden H3AIF6-L6sungen mit Ethanol dargestellt. Die erhaltenen Verbindungen 

wurden chemisch, r6ntgenographisch,  IR- sowie IH-NMR-spekt roskopisch  charakterisiert. Die 
Konst i tut ion der Verbindungen ist M~(H30)zA1F 6. Die Git terkonstanten wurden aus R6ntgendiffrak- 

tionsdaten bestimmt. Entw~isserung und thermische Zersetzung wurden mittels Heizguiniertechnik und 

Thermoanalyse  (TG, DTG,  DTA) an einem Der ivatograph-Q untersucht.  Bei der thermischen 

Zersetzung erfolgt eine HF- und H20-Abgabe  sowie eine Kondensat ion von A1F 3--Oktaedern  unter 

Ausbi ldung von Schichtstrukturen. Als stabile Zwischenprodukte wurden M~A1F~-0.5H20 und 
MXAIF~ nachgewiesen. Bei h6heren Temperaturen werden Hydrolysereaktionen beobachtet.  

Pe31OMe - -  Kric~ble rercaqbTopa~roMrXUaTbl ra~n~ r~ py6ri,arm 6b1~n no~yqenbl n3 paCTBOpOB 
qbTOpl'l./~OB r a i n s  ~ py6marts, co~ep~raLunx n3mlU 6, nyTeM oca~r~eans 3TaHO.rlOM. l~o.ayqeHribie 

coe~lnuenrl~ cocvaBa MI(H30)2AIF6 6613iri oxapar+epri3oaanbl peH'rrenoca-pyrTypHE,iM aHaaa3OM, 
I/IK- H I-iMP-cnerTpocKor~r~e~ n XHMHqecKI4M aHa.rlH3OM. Onpe~e~eabi napaMeTpbi nx 

KpncTa~anqecKax petuevor. ~err i~pavauns  n TepMnqecroe pa33ogemle  6bimi rxcc~e~tonaHbi MeTo- 
~aMrl TepMwtecroro anami3a (FF, ,~TF, ~ T A )  Ha Q-RepnBaTorpaqbe, a TaK~re Bt,:cogoveMnepaTyp- 
nbIM penTrenocvpyr+ypn~,v~ ana3rl3oM. TepMnqecroe pa3~o~enne conpo~o~r~taexcz ~b~ae~enneM 

~o~,~ n qb~opnc~oro no~opo~a rt ron~tencattrle~ OrTaa~IpoB [A1F6] 3- c o6pa3oaanne~ c3oricTb~x 

c+py~vyp. YcvaHo~3eHO o6pa3oBanne yc+o~,~r~,~x npoMe~ryvoqnbix npo~ty~+o~ xrina 

M~AIF# �9 0 .5H20 n M~AIFa. Flpri 6o~iee abxco~rix +eMneparypax npoHcxo~arIT rr~apo~rl3. 
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