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Previous investigations linking the thermal decomposition properties of metal 
oxalates to the nature of the bonding have been successful only in establishing quali- 
tative relationships. A quantitative relation is now revealed permitting prediction of 
the thermal decomposition temperatures Ta (~ of metal oxalates: 

T d ----- 516 - -  1.4006 rc/ri ~fY, l 

where rc/ri is the ratio of the Pauling covalent radius and the ionic radius of the metal 
atom in hexacoordination, and Z'I t is the sum of the ionization potentials of themetal 
atom in kJ mol- 1. 

The thermal decomposition of metal oxalates has been the subject of  numerous 
investigations [1 - 7]. The most important applications of  the thermal decomposi- 
tion reaction are in the fabrication of  surface-active metal oxides for use in cata- 
lysis [8, 9] and in the preparation &well-defined double or multicomponent oxides 
which show interesting optical and electrical properties [10-12] .  

As regards the general trend of the thermal decomposition temperatures, the 
available data show a decrease of the dissociation temperature with increasing 
electronic interaction between the metal and oxalate ions. Therefore, the oxalates 
of the d elements display lower thermal decomposition temperatures than the 
oxalates of s and p metal ions of the same charge. The higher the charge on the 
metal ion, the tighter the binding of the metal and carboxylate groups, which 
increases the mutual electronic interactions. 

Accordingly, the highest thermal decomposition temperature will be observed 
for the largest cations of  the smallest charge. This generalization permits predic- 
tion of the trends of  the thermal decomposition temperature, based on the posi- 
tion of the metallic element in the periodic table. From these considerations, the 
thermal decomposition temperature T a (~ of ionic oxalates where the metal 
M = alkali, alkaline earth and rare earth is found to be best defined by the 
relation; 

T a = 516 - 1.4006 rc/r i x / f I i i  (1) 

* Excerpt from a Dissertation by I. A. Kahwa, in fulfilment of the requirements for 
the degree of M. Sc. at the University of Dar es Salaam. 
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where r e is the Pauling covalent radius of the metal, r i is its ionic radius 
in hexacoordination, and S, Ii is the sum of the ionization potentials in 
kJ �9 mo1-1. 

Experimental 

The preparation of metal oxalates from analytical grade metal oxides, hydroxides 
and chlorides was by methods of homogeneous precipitation employing diethyl 
oxalate, followed by recrystallization of the precipitates from aqueous solutions. 
The compositions of the metal oxalates and their hydrates obtained by air-drying 
of the products were established by standard methods of chemical analysis. 

Results and discussion 

The thermal decomposition studies in air were performed on a Linseis equipment 
for simultaneous TG (L81) and DTA (L62), using well-grown crystals of approxi- 
mately 75 #m obtained by sieving (200 mesh). The quantities used (20-30 mg) 
were packed in a platinum crucible, while the reference (c~-Al.,Os) was placed in 
a crucible of identical dimensions. The temperature was measured with a P t - P t / R h  
thermocouple and the heating rate 5~ was employed throughout. 

The onset thermal decomposition temperatures obtained (Table 1) are in gener- 
ally good agreement with the most recent literature values. The TG curves are 
similar to those from recent investigations [2, 3, 7] and therefore will not be 
reproduced here. 

A plot of Td against rc/ri  ~/S, li (Fig. 1) is linear, in agreement with Eq. (1), 
and discrepancies occur where the oxalate decomposition is known to follow 
oxidation of the metal cation. For the oxalate of trivalent cerium, the oxidation 
of cerium has been suggested to occur prior to oxalate decomposition [13]. Con- 
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Fig. 1. Onse t  decompos i t i on  t empe ra t u r e s  o f  me ta l  oxala tes  vs .  t he  ra t io  r-2-c 42? ,  1 i 
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Table 1 

Onset thermal decomposition temperature of alkali metal oxalate,% MeC~O~, alkaline earth 
metal oxalates, MC204, and rare earth metal oxalates, Ln2(C~O~)a 

Metal oxalate Onset decomposition 
temperature, ~ 

MzCzOa 

M = Li 
Na 
Rb 
Cs 

MC20~ 

M =  Be 
Mg 
Ca 
Sr 
Ba 

Ln~(C204)3 

Ln = La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Yb 

460 
460--465 

475 
475-- 480 

325-- 330 
380--385 
405--410 
420--425 
395-- 400 

375 
260-265 
370-  375 
370-375 
370 -375 
330- 335 

375 
365 -  370 
360-365 
350-- 355 
360-- 365 
355--360 

f i rmat ion  is ob ta ined  f rom our  studies i f  the ionic rad ius  o f  Ce 4+ and  the respective 
sum o f  the ion iza t ion  potent ia l s  are assumed,  in which case the da ta  poin ts  for  
Ce~(CzO4) ~ lie on  a s t raight  line. 

C o n c l u s i o n s  

The na ture  o f  Eq. ( I )  suggests tha t  the  cor re la t ion  o f  the charge-radius  ra t ios  
wi th  the the rmal  decompos i t ion  t empera tu re  can yield only  qual i ta t ive re la t ion-  
ships. Strictly,  Eq. (1) should  ho ld  for  the rad ius  o f  the meta l  ions effective in 
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the respective solid oxalate compound .  The ionic radii  used are based on  experi- 
menta l  averages obta ined  f rom structure determinat ions  on  many  compounds  
for each metal  ion (Table 2) [14]. The deviations of these values f rom the effective 

Table 2 

The radii, ionization potentials and values of the ratio rc  (2JI~) u2 
r l  

Metal  

Li 
Na 
K 
Rb 
Cs 
Be 
Mg 
Ca 
Sr 
Ba 
La 
Ce(III) 
Ce(IV) 
Pr 
Nd 
Sm 
Eu(III) 
Gd 
Tb 
Dy 
Ho 
Er 
Yb 

Covalent  radius 
Te~ flk 

1.225 
1.572 
2.025 
2.160 
2.350 

Ionic  radius,  
S u m  of  ionizat ion 

potentials,  
kJ  Mol_  ~ 

0.74 
i .02 
1.38 
1.49 
1.70 

526 
502 
425 
409 
382 

rg 

(kJ  - t oo l -  ~)xl~ 

37.961 
34.525 
30.249 
29.326 
27.019 

0.889 
1.364 
1.736 
1.914 
1.981 
1.690 
1.646 
1.646 
1.648 
1.642 
1.660 
1.850 
1.614 
1.592 
1.589 
1.580 
1.569 
1.699 

0.35* 
0.72 
1.00 
1.16 
1.36 
1,061 
1.034 
0.80 
1.031 
0.995 
0.964 
0.950 
0.938 
0.923 
0.908 
0.894 
0.881 
0,858 

2669 
2201 
1748 
1627 
1481 
3468 
3542 
7091 
3645 
3668 
3910 
4048 
3756 
3801 
3920 
3960 
3933 
423l 

131.221 
88.876 
72.581 
66.558 
56.054 
93.803 
94.742 

173.257 
98.219 
99.960 

107.662 
123.899 
105.461 
106.348 
109.572 
111.216 
111.535 
128.803 

* The cation radius of Be 2+ in CN6 was not given [141 thus the Ahrens ionic radius in CN6 
was used, The two generally show close agreement. 

radii  of the cations in the oxalates, however, is insignificant in the present study. 
The covalent  Paul ing radii  [15] are those which have been used to establish the 

electronegativities of the elements according to A l l r e d - R oc how  [16]. The signif- 
icance of the present findings is confirmed by the correlat ion of the act ivat ion 
energies Ea and  the quanti t ies rc/r  i and  Z / / w h i c h  will be described in a separate 

communica t ion  [17]. 

The authors wish to thank the University Research and Publications Committee for 
grants which enabled carrying out of the preliminary studies, and the Staff Development 
Committee of the University of Dares Salaam for financial support to I. A. Kahwa. 
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RI~SUM~ --  Les 6tudes ant6rieures qui reliaient les caract6ristiques de la d6composition thermi- 
que des oxalates m6talliques /t la nature de la liaison sont rest6es limit6es ~. des relations 
qualitatives. Une relation quantitative qui permet  de pr6dire les temp6ratures de d6eomposi- 
tion thermique Ta(~ des oxalates de m6taux est pr6sent6e ici: 

Ta = 5 1 6 -  1.4006 r e / r  i 4 ~ I i  

ofa rc/r i est le rappor t  du rayon covalent de Pauling au rayon ionique de l 'a tome m6tallique 
hexacoordonn6 et Z'I~ la somme des potentiels d ' ionisation de l 'a tome de m6tal en kJ.mo1-1. 

ZUSAMMENFASSUNG - -  Frfihere Untersuchungen fiber Beziehungen der Eigenschaften thermi- 
scher Zersetzung yon Metalloxalaten in Bezug auf  Bindungseigensehaften, waren nur  hin- 
sichtlich der FeststelIung qualitativer Zusammenh/inge erfolgreieh. Es wurde ein quanti tat iver 
Zuhammenhang  gefunden, welcher die Voraussage der thermischen Zersetzungstemperaturen 
Ta (~ der Metalloxalate gestattet: 

Ta = 5 1 6 -  1.4006 re/r, x/~-~i 

wobei re/ri das Verh/~ltnis der Pauling'schen kovalenten Radiusen und des Ionenradius des 
Metallatoms in sechsfacher Koordinat ion ist und S I  t die Summe des Ionisierungspotentials 
des Metallatoms in kJ .mol -L  

Pe3/oMe - -  Ylpe~bt~yll~rle ~tccJIe~oBaHrm, Kacaromrlec~ 3aBI~eHMOCTH TepMr~ecKoro pa3JIO~Kertm~ 
OKCanaxoB MeTa~I:IOB OT npHpo~bI CBH3H~ yCTaHOBrlarI TOd/BKO I~a~eeTBeHnble COOTnomeHitJi. 
Ter~epl~ x e  BBIBe~IeHo KO.rlHqeCTBeHHO ypaBHenHe, ltO3BO.rlslomee yCTaHaB.l/tn3aTb TeMnepaTyp~,i 
TepMH~iecrcoro pa3nomerma Ta (~ oKcanaTOB MexamlOB: 

Ta = 516 -- 1.4006 rc/r t 4 " ~ i  

F~Ie rc / r i  - -  OTHOmeHHe KOBaYleHTHOFO pa~Ryca no FloJirmry ra i, iormopa)lnyca aToMa MeTa.riJia B 
LllecTIaKpaTHO~ Koop,~rmaLiHrl, a ~YT[i - -  CyMMa I;IOHH3aI~HOHHBIX rioTeHt[HaJIOB aTOMa MeTa.rI~a, 
Bblpa)KeHHBIX B K~)lq~'MOJ/B - I  , 
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