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ABSTRACT 

The different stem auoearina during the dehydration orocesses of ammonium trioxalato- 
chromnte(IJ1) and ferraie(IIIj have bien inv&tigated bi consideing 1) - their crystallization diagrams , 
2) - thennogravimetry (TG) under controlled water pressure and 3) - differential thermal analysis 
(DTA). In the case of ammonium trioxalatoferrate(III) trihydrate (NH4) 3 [Fe (C,O,) 3] .3H,O theTG 
curves exhibit a plateau corresponding to the dihydrate intermediate. For the chromate(II1) the 
dehydration eouilibrium is divariant. These observations are discussed in terms of the crystal structures 
of both investi’gated solids, especially on the basis of the specific role played by one of ihe three water 
molecules in the trihydrates. 

INTRODUCIION 

The present work is part of a general scope dedicated to the study of the pyrolysis of ammonium 

trioxalatometallates(II1). in order to get at low temperature finely dispersed simple (1.2) and/or mixed 

oxides (3.4). Some of these oxides, which can be original metastable phases (5.6). also exhibit 

nutgnctic (7) and electric (8) properties and are good catalysts for oxo-dehydrogenation reactions. 

Optimal conditions for the preparation of these solids require the precise knowledge of their themlal 

decomposition. Accordingly, homogeneous dispersion of the metallic elements has to be already 

realized in the precursor phases. The liquid-solid equilibria during crystallization. and the 

dehydration processes have then to be. accurately established. 

In the present work, the interest of using the above-mentioned techniques for the investigation of 

trioxalaton~etallates(III) is particularly emphazised. The dehydration processes of the trihydrates are 

then discussed in relation with their respective crystal structures. 
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EXPERIMENTAL 

mtion of ammonium trioxa- 

The preparation method used for the synthesis of ammonium trioxalatochromate(II1) 

(NH, ) , [Cr (C,O, 1 3 1 .3H,O has been derived from the one given by BAILAR and JONES in the case 

of the potassium complex (9). by replacing the potassium salts by the ammonium homologues. The 

corresponding reaction is formulated as : 

(NH,),Cr,O, +7H,C,O, +2 (NH,),C,O, -12 (NHo13[Cr(C,0,1,1 .3H,O + 6C0, + H,O 

Ammonium trioxalatoferrate(II1) is obtained by dissolving ferric hydroxide in an aqueous solurion 

of ammonium hydrogeno-oxalatc. The ferric hydroxide is prepared by reaction between ammonia and 

ferric chloride solutions : 

2Fe(OH), + 3H,C,O, + 3 (NH, 1 ,C,O, --f 2WH,),[Fe(C,O,l,l .3H,O 

These complexes are recrystallized twice in water. The fenate(III) is light-sensitive, and has to be 

stored in a dark place, since otherwise it might be altered as a consequence of solid sate photoreduction 

of the Fe(II1) species. 

X-mv diffractiorl 

AI1 the phases have been characterized by chemical and X-ray powder diffraction using a 

SIEMENS D-500 with graphite post-monochromatized copper radiation (IO). The structures of the 

trihydrates have been established by single-crystal investigations on an ENRAF-NONIUS CAD4 

automatic diffractometer at the Henry-Longchambon Diffraction facility of our University (I 1.12). 

TG and DTA technioueS 

The dehydration experiments have been performed on a SETARAM G20 thennobalance equipped 

with a PR 54OC temperature programming device for the constant heat-rate runs. The dehydration has 

also been srudicd under constant partial water-pressure. In this later case the sample is disposed in a 

small reactor in the thermostat, and a water-saturated air stream coming from another thermostat is 

admitted on the investigated solid. For each run at a given temperature, the sample is weighed, 

equilibrated for 24 hours in the presence of the gaseous stream (according to the <<equilibrium 

points>> method [ 13]), and re-weighedbefore the next run. 

For the DTA experiments a SETARAM MDTA8.5 analyser has been used with a 600 “Uhr 

heating-rate. 
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Crystallization phase diafframs 

Besides the well-known thermal analysis, several other experimental techniques have been used. 

In the case of the water-ammonium trioxaJatochromate(II1) system, the composition of the saturated 

liquid phase can be obtained by visible-light spectrophotomeby. The spectra of the aqueous solutions 

exhibit three bands at 419 , 568 and 677 nm (figure 1). The investigated system satisfies the 

Lamben-Beer law. The signal at 677 nm is very weak and only the two other absorption bands have 

been explcntcd &sls = 10.005 m2.mol-’ : ~~~~ = 7.866 m2.mol”). 

In all cases the solubility has been determined by specific-weight (SW) and resistivity (R) 

measurements. At a given temperature and for a given saturated solution of known composition, the 

variations of SW and R are measured when small amounts of water are added to the solid-liquid 

system. The SW (or R) versus water-volume curve might present several discontinuities corresponding 

each to a different phase transition. The last discontinuity corresponds to the saturation limit. Figure 2 

represents the corresponding observations for the ferrate(II1) complex. 

The experimental devices have already been described elsewhere (14.15.16). 
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Fig.1 -Visible-light spectrophotometry of Fig.2 - a) - Variation of the conductivity 

(NH,) ) [Cr (C,O,) 3] .3H,O aqueous SOhtiOIIS. b) - Variation of the specific weight 



RESULTS 

&nrid-soli m .I 

All the results obtained by ~hc above-mentioned techniques are very consistent and are represented 

on figures 3 and 4. 
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H20- (NH,), [Cr (C204) >I phasedi.agram H~O- (NH,) 3 [Fe (C,o,J 3I phase diagram 

The w:ller-cllrom;,Je(Jll~ sysrem (figure 3) reveals the existence of a non-congruently mehjq 

trihydrare with a peritectic plntenu at 1WC corresponding to the trihydrateJanhydrous salt eQU%bfium 

and of a eukcrjc at -5.8”C for 32.5% anhydrous phase. The compositions of the saturated solutions 

and of the hydrate have been determined by investigating their Tamrnan diagrams. 

In the water-ferrate(lII) system (figure 4) a non-congruently melring trihydrste with a pen’tectic 

plateau at 54.PC corresponding to the trihydrate-dihydrate equilibrium is observed. irhis 

non-congruently melting dihydratc presents a petite& plateau at 133°C corresponding to the 
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dihydrate/anhydrous salt equilibrium. Except for the existence of a dihydratc in the water-ferrate(lII) 

system, both investigated diagrams arc very similar. 

Pehvdration of the trihvdw 

The TG curves have been recorded (figure 5) with a 2O”CJb heating rate. For the chromate(ll1) 

the progressive loss of the three water molecules is observed in the 25-12O’C range (observed 

weight-loss : 12.5% ; calculated for 3 H,O : 12.75%). In the case of the ferrate(ll1) the total 

weight-loss corresponds to 2.8 water molecules (11.9%). as already reported by BRAR et al. in (2). 

but the TG curve exhibits a pseudo-plateau near the 65-7O’C temperature range, which might indicate aI 

least a two-step water departure, and/or the existence of a possible plateau for the intermediate 

dihydrate. 
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weight loss% 
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I 

lOSS% 

Fig.5 - TG curves for a 2OYY-u heating rate. 

In order to verify this interpretation, the dehydration has been investigated under conaolled partial 

water pressure at 1200 Pa, using the CC equilibrium points>> technique during the heating and the 

cooling of the analyzed specimen (figure 6). For the ferrate(II1) the experiment has been performed on 

crystals issued from a crystallizing solution just before the run. The experimental curve exhibits a 

plateau in the 30-40°C range, corresponding to the loss of one water molecule. and above this plateau 

the loss corresponds to the remaining two water molecules : accordingly, the two-step water depanure 

and the existence of a normal trihydrate for the ferrate(ll1) are thus certified. The ferrate(ll1) is very 

air-sensitive, andlosespart of its water content when isolated from the saturated solution. In the case 
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of the chromate (III), the first rapid water-loss corresponds at 50°C to nearly two water molecules, the 

anhydrous salt being observed at 9O’C. Furthermore, in the 50-90°C range, the equilibrium is divariant. 
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The DTA curve for the ferrate(II1) 

(fig. 7a) exhibits two endo-peaks. The 

first one is weak and is attributed to 

the departure of the first water 

molecule, which is not tightly bonded 

in the crystal structure. The second 

peak is intense and corresponds to the 

loss of the remaining two water 

molecules. In the case of the 

chromate(II1) (fig. 7b) only one 

complex endo-peak presenting a 

shoulder at 12YC is observed. 
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Fig.6 -TG runs under controlled water pressure at 1200 Pa - heating(O)/cooling(A) of the specimen. 

Fig.7 -DTA curves 
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In order to reinforce our interpretations, the water-pressure controlled TG curves have been 

compared on a same drawing with previously established phase-diagrams. Figure 8a corresponds to 

this comparison for the ferrate(II1) complex. whereabscissaestand for molar-fractions : it clearly 

appears that the dehydration processes are all within the domain corresponding to the existence of solid 

phases ; the characterization of the dihydrate corresponds to an abrupt temperature increase. For the 

chromate(N) (figure 8b), a similar situation is observed. Accordingly, our interpretations of the TG 

and DTA curves are consistent with the above-mentioned results. 
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Fig.8 - Comparison of the phase diagrams with the TG curves under controlled 

water pressure atmosphere at 1200 Pa : for the ferrate (a) and chromate (III) (b) complexes. 

Discussion of the dehvdration of the trivdrates in terms of their crvstal stm 

Some of the crystal data concerning the investigated uihydrates are summarized here : 

(NH,)5[Cr(C,0J31.3H20, space group Pi, Z = 2 , a =7.857(l). b = 10.667(2). c = 10.694(2)& 

a = X3.27(1), J3 =70.06(l). y= 70.54(1)O, V =794(l) A3 , Dx = 1.773 g.cnl-3 
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(NH,)SIFe(C,0,)3].3H,0, space group PZt/c ,2 = 4, a = 7.791(4) ,b = 20.124(6). c = 10.478(3!& 

p = 106.87(3)‘, V= 1572(2) A3 , Dx = 1.808g.cm” 

Although these two complexes are not isostructural,,crystal structures exhibit striking 

similarities (figure 9) : 

the geometry of the [ Cr (C,O, ) 3 ] macro-anion is the same ; 

channels parallel to the [loo] are observed in both cases ; 
one water molecule and one ammonium ion are respectively 

spread over four mutually excluding OW3A.OW3B and N3A,N3B sites ; 

- in both cases one water molecule is not revealed by the difference-Fourier maps : 

0x2' b 

Fig.9 - Crystal structure details for the (NH,) s [Cr tC,O,) al .3H,O (a) and 

(#H,),[Fe(C,O,),]. 3H,O (b) complexes. 

but there are important differences : 



- in the chromate(M) the structurally characterized water molecules are both out of the 

channel, and it might be assumed that the third water species is spread over several partially 

occupied sites in the channel which is only occupied by the two symmetry-related N3B and 

N3B’ ions. 

- in the ferrate(III) Owl and OW3A are in the channel and OW3B is 

very close to it. In this case we assume that the third water molecule is not in the channel 

but statistically disordered near the assumed possible “OW2” site (cf. chromate(II1) homologue) : 
this structurally <<missing>> water might then correspond to the labile molecule which is 

already lost at low temperature. as soon as the complex is separated from its saturated 

solution. 

Furthermore. it must be emphasized that the Owl and 0W2 water molecules in the chromate(IIl) 

complex have a relatively high Debyc-Wailer factor of nearly 15 AZ, whereas in the ferrate(III) phase 

the thermal factor for the OW3A and OW3B species arc nearly 5 A*, which thus correspond to tightly 

bonded water molecules. These remarks must also be considered in the case of the potassium (17) and 

rubidium (18) trioxalatochromate(lI1) complexes, where all the three water molecules arc localized by 

X-ray techniques on single-crystal investigations 

At this stage of our investigations we might propose some assumptions concerning the 

dehydration-processes of the (NH,)JCr(C204).J.3H?O0 and (NH&[Fe(C,O,,),].3H,O phases. In the 

chromate(II1) phase the weakly bonded Owl and OW2 molecules (cf. above) are casely evolving 

during the first dehydration step, and the third but undetected and tightly bonded water molecule, 

which is <<delocalized>> in the channel, gives rise to the divariant equilibrium observed at higher 

temperatures. This assumption might find some support by considering that this third water molecule is 

involved in possible hydrogen bonds with the protons of the N3B and N3B’ ammonium ions. In 

(NH,),[Cr(C20&.3Hz0, K3[Cr(C26&].3Hz0 and RbJCr(C20,)J.3Hz0 the 0W2 water molecule 

is well localized but weakly-bonded (high rhcrmal factor) ; hence, if we assume in the fcrrate(Il1) a 

possible localization of a third water molecule delocalized near its potentially possible “OW2” site, its 

departure during the dehydration could correspond to the dihydrate-plateau observed on the TG curve 

of figure 6, the remaining and more tightly bonded OWI and OW3A,OW3B molecules evolving at 

higher temperatures. 

Further discussion of structure related prop&es concerning the investigated phases has now to bc 

extended by considering also the potassium and rubidium trioxalate(III) complexes (17.18). This work 

is presently in progress and will be related elsewhere. 
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CONCLUSION 

We might conlude by considering that the above mentioned results represent preliminary 

investigations concerning the study of thecrystallization-process of hydrated ferrate(II1) and 

chromate(Il1) mixed solid solutions which might then be decomposed in ordu to synthesize finely 

dispersed mixed-oxides presenting original catalytic properties. 

It must also be emphasized that several problems concerning the dehydration of the investigated 

complexes could be resolved thanks to the knowledge of their crystal structures. 
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