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Abstract 

Science and Technology, Locked Bag 33, Clayton, Kc. 3168 (Australia) 

The isomerisation (thermalisation) process of the lacunaty ion A-Na8HPW903,.xHz0 (unthermalised 
PWg) as a function of temperature and predrying procedures has been followed by FT-IR spectroscopy. 
Excessive water content inhibited conversion to B-Na8HPW9034 (thermalised or A-PW,) on heating 
to 140 “C in a static system, but complete conversion was obtained in a flow system. Contacting 
B-Na8HPW,0,, with water reversed the process. This has implications for the preparation of transition 
metal containing phosphotungstate dimer compounds. Reactions of solutions of transition metal ions 
such as Co” and Mn’+ with A-Na8HPW90X4 yields predominantly (MOH2)~PzW1806812- while 
B-Na8HPW90X4 forms M,(Hz0)2PzW180h810-. Good yields of the latter are only obtained whenever 
solid B-Na8HPW90Xa is added to a solution of transition metal ions. 

Introduction 

Since Weakley et al. [l] reported the preparation 
of di-substituted heteropoly-tungstates (M4(H20)z- 

P*WlsG@310-) f rom tri-vacant heteropolyoxoanion 
precursors (PW90348-), several studies on the syn- 
thesis and characterisation of this class of compounds 
have appeared in the literature [2-51. According to 
Finke et al. [3], high yields of M4(Hz0)zPzW1s0ss’0- 
were obtained whenever the PWg precursor was 
thermalised at 140 “C prior to reaction with transition 
metal salts. Unthermalised PWg yielded a different 
product, which Knoth et al. [4] characterised as 

(MOHz)~PzW,sO~sl* - . This compound transformed 
on recrystallisation at 100 “C (boiling water) into 

M~(H~G)~P~W,&X~~-. Thermalised PWg (A-PWg) 
was ascribed to be predominantly B-PW, while un- 
thermalised PWg was assigned the A-PW9 structure 
[6]. Both forms are distinguished by their IR and 
NMR spectra. The isomerisation of A-type anion to 
B-type depends strongly on conditions of dehydration 
and has been described as somewhat ‘erratic’. 

In our efforts to produce di-substituted manganese 
heteropoly-tungstates we encountered irreproduci- 
bilities in the nature of the initial product and 
therefore studied the system in more detail. This 
work reports on the thermalisation of PWg as a 
function of drying conditions and water content, on 
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the stability of A-PWg in aqueous solution, and on 
the type of transition metal containing dimer as a 
function of preparation procedure. 

Experimental 

FT-IR spectra were recorded with a Mattson Cyg- 
nus 100 FT-IR spectrometer using KBr sampling 
discs; “P NMR spectra were recorded in the solid 
state with a Brukker 400 spectrometer; thermal anal- 
ysis data (TGADTA) were obtained with a Stanton- 
Reelcroft STA-780 analyser (nitrogen atmosphere, 
ramp rate = 10 “C/min). 

Preparations 

NasHPW9034.xHz0 was prepared according to 
Massart et al. [7]. To sodium tungstate dihydrate 
(120 g), dissolved in distilled water (148 ml) with 
stirring, was added 93% ortho-phosphoric acid (2.6 
ml) followed by glacial acetic acid (22 ml). Gentle 
stirring led to a white precipitate of NasHPW9034. 
xHz0, which was isolated by filtration and washed 
ready for drying. The isomer obtained depended on 
drying temperature (2). At 20< T<80 “C, almost 
pure A-NasHPW903d (unthermalised PWg) was ob- 
tained, while at T>80 "C B-Na8HPW90X4 (ther- 
malised or A-PWs) appeared in the product. Iso- 
merisation to B was complete after drying at 140 
“Cfor >2 h. 
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Transition metal containing dimers of PW,- 
(M~(H~O)~P~W~~O~S’~- and (MOH~)~P~W~SO~S’*-~ 
were prepared by adding either isomer to a solution 
of the transition metal ion in stoichiometric amounts. 
The solution was stirred for 15 mitt, then excess 
KC1 was added to precipitate the compounds. The 
precipitates were filtered and recrystallised from 
water at 50 “6. A temperature of 50 “C was chosen 
beeause Knoth et aE. [4] reported that M(GH&- 
Pzw&&j8”- was converted to M~(H~O)~P~W~~- 
Ohg’O - in solution at temperatures above 60 “C. 

Results and discussion 

Isomerisation of PW, 
The FT-IR spectrum of freshly prepared PWg (Fig. 

1, trace a) shows two prominent bands at 1060 and 
1030 cm-’ and a series of peaks in the range 950-700 
cm-‘. Bands at and above 1000 cm-’ have been 
attributed to P-O vibrations whereas terminal and 
bridging W-O bands appear below 1000 cm-’ 131. 
When PWp is heated to 140 “C new IR peaks appear 
at 1170 and 1000 cm-’ (P=O bands of the A-PW, 
species), and intensities change in the W-O region 
(traces b, c, Fig. 1). Only incomplete isomerisation 
is observed with freshly prepared PWg (trace b, Fig. 
l), while samples dried in air for 24 h before thermal 
treatment transform completely (trace c, Fig. 1). This 
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Fig. 1. IT-IR spectra of: a, PW, as prepared; b, PTIyP 
heated at 140 “C for 4 h; c, PW, dried at 22 “C for 24 
h then heated at 140 “C for 2 h. 

is in agreement with Finke et al. [3] and Knoth et 
af. 147 who have reported previousty that drying of 
PW, prior to heat treatment has a profound effect 
on the thermolysis process. The thermal isomerisation 
process can be followed also by solid state 3’P NMR 
spectroscopy (Fig. 2). The traces a and c agree closely 
with spectra reported for PW, and A-PW, [3]. 

However, in a flow system, with nitrogen contin- 
uously purging the sample, complete thermaiisation 
occurs at 140 “C (Fig. 3) irrespective of whether the 
sample was freshly prepared or dried for 24 h prior 
to heat treatment. This is a clear indication that 
water content andfor rate of water removal infhtence 
isomerisation. A series of controlled drying exper- 
iments, followed by thermalisation and character- 
isation of the dried precursor by TGA were expected 
to shed some light onto this problem. TGA traces 
of samples as isolated from the preparation solution 
were difficult to obtain, due to their extremely high 
water content. However, compounds dried in air for 
24 h at ambient temperature gave TGA/DTA traces 
(in the temperature range 22-250 “C) which showed 
two main peaks for water loss, namely a low tem- 
perature peak (peak I) with a maximum between 
90 and 100 “C and a high temperature peak (peak 
II) at 167 “C. The results are summarised in Table 
1. Further drying (up to 170 h) in a desiccator over 
silica gel resu’tted in reduction of water found in 
the low temperature peak from previously around 
40 molecules of water per lacunary ion down to 9 
molecules. The high temperature peak, which rep- 
resented about 8 molecules of water per lacunary 
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Fig. 2. Non-spinning solid state 3*P NMR of: a, PW,; b, 
PW9 heated at 140 “C for 0.5 h; c, PWg heated at 140 “C 
for 4 h. 
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Fig. 3. FT-IR spectra of PW, thermalised by programmed 
(10 “Urnin) heating in flowing nitrogen to 140 “C and held 
at that temperature for 1 h. Starting material: a, PW, 
immediately after filtration; b, PW, dried at ambient tem- 
perature for 24 h. 

TABLE 1. TGADTA results (22-250 “C) 

Drying Maxima of DTA 
time’ peaks 
@I (“(3 

Hz0 contentb 
(molecules) 

Ia’ Ib II I II 

24 85 108 165 38 8 
96 79 92 167 18 8 

144 7.5 91 167 13 8 
170 88 167 9 8 

“In desiccator over silica gel at ambient temperature. 
bCalculated from weight loss. ‘Peak Ia appears as shoul- 
der on Ib. 

ion, was not reduced by drying at ambient temper- 
ature. If samples dried at ambient temperature for 
24-170 h were heated to 140 “C, they completely 
isomerised to A-PWa as was evident from FT-IR 
spectra (spectra identical to trace a in Fig. 1). It 
appears that once the large quantities of water which 
are initially present after filtration are removed by 
drying in air at ambient temperature for 24 h, further 
drying has no influence on the thermalisation process. 

Reversal of isomerisation by dissolution 
The thermalised lacunary ion A-PW9 (FT-IR trace 

1, Fig. 4) was placed in a filter funnel and some 
water was passed through it. The solid remaining 
in the filter showed the IR spectrum in trace 3 
(spectrum of mixture of A-PW9 and PW9), and the 

1200 1000 cm-1 

Wavenumbers 

Fig. 4. FI-IR spectra of A-PW9 washed with water: 1, 
starting material; 2, compound recovered from solution; 
3, material remaining in filter funnel. 

solid recovered from the liquor exhibited trace 2 
(spectrum of PW9). Thus, isomerisation is reversible 
according to 

HzO. 25 ‘C 
PW, ( A-PW, 

140 ‘C 

This reversibility of the isomerisation has strong 
implications for the preparation of transition metal 
containing phosphotungstate dimer compounds. 

Preparation of A4,(H20),P2 W1806810- and 

tMoH,),P, Wm06~‘~ - with M= cobalt, manganese 
Figures 5 and 6 show the IR spectra of compounds 

obtained from thermalised PW9 by different reaction 
sequences: 

A: addition of solid A-PW9 to an aqueous solution 
of metal halide (trace a, Figs. 5 and 6); 

B: dissolution of A-PW9 in water followed by 
addition to a solution of metal halide (traces b); 

C: dissolution of A-PW9 in water, followed by 
stirring at 22 “C for 16 h and subsequent addition 
to solution of metal halides (traces c). 
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Fig. 5. I?-IR spectra of cobalt-(PW,), compounds prepared 
by adding to a Co” solution: a, solid A-PWg; b, A-PW9 
in solution; c, A-PWg stirred in water for 16 h; d, solid 
PW, (unthermalised). 

For comparison, the spectra obtained by reacting 
unthermalised PW, with solutions of metal halides 
are shown in traces d (Figs. 5 and 6). The spectra 
obtained by procedure A and from unthermalised 
PW9 are identical to the spectra reported by Finke 
et al. [3] and Knoth et al. [4] for M4(HzO)ZPzW,806810- 
and (MOH2)xP2W,,0,,1’-. When the starting ma- 
terial was A-PW,, a change in the preparation se- 
quence (procedures B and C) resulted predominantly 
in M4(HZO)zP~WlsOh810- with manganese chloride 
solutions, but the quantities of (MOHz)sP2W,806812- 
among the product increased from B to C. The 
reaction of A-PW9 with cobalt was substantially in- 
fluenced by the procedure, with both B and C 
predominantly yielding (MOH2)~PzW18068’2-. 

Conclusions 

Reversible isomerisation reactions of tri-vacant 
heteropoly-tungstates upon heating and dissolution 
in water may lead to more than one product when 
reacting with M2+ solutions. Pure M4(H20)2P2- 

W,s068r”- results only when A-PW, is added as a 
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Fig. 6. FT-IR spectra of manganese-(PW& compounds 
prepared by adding to a MnZf solution: a, solid A-PWg; 
b, A-PW9 in solution; c, A-PW, stirred in water for 16 h; 
d, solid PW, (unthermalised). 

solid to solutions of transition metals. Pure 

(MOH&PzWrsO6s 12- is the product of unthermal- 
ised PW, with M2+ solutions irrespective of addition 
sequence. When A-PW9 is contacted with water prior 
to addition to transition metal ion, solution induced 
isomerisation to PW, occurs, leading to mixtures of 

M,(H~O),PZWI~O~~‘~- and (MOH2)3PZW1806812-. 
Which product is dominant appears to depend on 
the type of metal ion, the effects being less pro- 
nounced with manganese than with cobalt. 
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