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A mechanism for the thermal decomposition of ionic oxalates has been proposed on 
the basis of three quantitative relationships linking the quantities re/rt (the ratio of the 
Pauling covalent radius and the cation radius of the metal atom in hexacoordination) 
and 2JIt (the sum of the ionization potentials of the metal atom in kJ tool -1)~ with the 
onset oxalate decomposition temperature (Td) (Eq. 1) the average C-- C bond distance 
(d) (Eq. 2), and the activation energy of oxalate decomposition (E~) (Eq. 3): 

To = 516 -- 1.4006 rc  (2Jl~)�89 (1) 
ri 

d =  1.527 + 5.553 x 10-6 (122 - r~c (Zli)~) z r l  (2) 

Ea = 127 -t- 1.4853 X 10 .6 -- 9800 (3) 

On the basis of these results it is proposed that the thermal decomposition of ionic 
oxalates follows a mechanism in which the C-- O bond ruptures first. From Eq. 3 it is 
further proposed that strong mutual electronic interactions between the oxalate and the 
cations restrict the essential electronic reorganization leading to the products, thereby 
increasing E~. 

In  our  previous contr ibut ion [1] we reported a quantitative expression (Eq. 1) 
linking the quantities rc/r i (the ratio of  the Pauling covalent radius [2] and the 
ionic radius of  the metal a tom in hexacoordinat ion [3]) and S I  i (the sum of  the 
ionization potentials o f  the metal a tom in kJ mol  -~ [4, 6]) with the onset oxalate 
decomposi t ion temperatures (Td): 

rc 2 T d = 516 - 1.4006 - -  (Sli) ~ (1) 
r i  

Equat ion 1 identifies mutual  electronic interactions between the cation and the 
oxalate anions as ranking high in importance among  the factors bearing on  the 
oxalate decomposi t ion process. The influence o f  these electronic interactions on  
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Fig. I. The average C-- C bond  distance (d) of some metal oxalates and oxalatometallates v s .  

the ratio r~ (Z:Ij)�89 
ri 

Table 1 

The experimental average carbon-carbon bond  (d) in some metal oxalates and oxalatometallate 
anions 

C o m p o u n d  d'-] A Ref. C o m p o u n d  ~,, k Ref. 

M~C204 �9 n HzO M = Ce 1.557 (70) 16 
M = L i  1.561 (4) 5 Pr 1.540 (50) 16 

Na 1.54 (7) 7 Nd 1.540 (40) 17 
K 1.574 (24) 8 Yb 1.50 (4) 18 
Rb  1.58 (4) 9 Sc 1.526 (15) 19 

MC204 " 2 H~O M(C20~)22- 
M = Ca 1.55 (2) 10 M = Be 1.545 (3) 20 

Sr 1.52 (4) 12 Cu 1.565 (?) 21 
Ba 1.55 (2) 11 Pt 1.537 (40) 22 

~-- MC~O~ " 2 H~O Mn 1.564 (18) 23 
M = Mn 1.593 (35) 13 M(C~O~)2- 

Fe 1.65 (5) 14 M = Ti 1.529 (6) 24 
Co 1.416 (35) 13 Y 1.529 (26) 25 
Ni 1.331 (35) 13 Er 1.529 (11) 26 
Zn 1.538 (35) 13 M(C20,)33- 

~--CuC~O a �9 2 N H  s 1.481 (30) 15 M = A1 1.534 (9) 26 
~-- MCzO ~ " 2 H~O Cr 1.538 (4) 27 

M = Fe 1.27 (5) 14 Rh  1.495 (?) 28 
Co 1.343 (35) 13 M(C~O4) 4-  
Ni 1.320 (35) 13 M = Sn 1.553 (8) 29 

Ms(C20~) 8 �9 n H 2 0  Th 1.532 (2) 30 
M = La 1.533 (30) 16 Zr 1.545 (8) 31 
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the bonding in the oxalate anion is found to be critical, as indicated by the quanti- 
tative expression (Eq. 2) which reproduces the average C - C  bond distances (d) 
in oxalates and oxaltometallate anions: 

F "2  
d =  1.527+ 5.553x 10 -~ 122-  c (  L) I . Z  �89 

ri ] 
(2) 

Furthermore, the limitations encountered in a comparative interpretation of 
the kinetics of topochemical processes notwithstanding, a definite trend (Eq. 3) 
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Fig. 2. Activation energy of metal oxalate decomposition vs. the ratio [r~l Zll ' 
2 

r~ j 

appears to be followed when the activation energies of oxalate decomposition 

(Ea) are correlated with the ratio "'[rcl 2 ZIi: 
1 r i )  

E~= 127+ 1.4853x 10-6 [ire/2 z~ / i - - l r i ]  9800] ~ (3) 

On the basis of these complementary results (Eqs 1-3),  it has been possible 
to make proposals regarding the oxalate decomposition mechanism with reason- 
able justification. The results in Eqs 1 - 3 have been interpreted, and an oxalate 
decomposition mechanism which is consistent with the interpretation put forward 
is proposed. 

Experimental 

The oxalate decomposition temperatures referred to in the text are those reported 
in our earlier study [1 ]. The experimental C -  C distance (d) is the average of all 
the C - C  bond distances reported in the respective structure determinations 
(Table 1 and Fig. 1). The activation energies (E~) used to obtain Fig. 2 are those 
determined for oxalate decomposition employing metallic crucibles. Subsequently, 
other activation energies which agreed closely with the established trend were 
included. 
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Table 2 

The activation energies of oxalate decomposition 

Crucible 
Metal Ea, material or Heating rate/ Sample Refer- 

oxalate kJ tool_ 1 decomposition programme, Atmosphere weight, ence 
medium ~ mg 

M2CeO4 
M=- Li 

Na 

K 

220 Platinum Isothermal dry nitrogen 100 33 
250 KBr matrix Isothermal -- 4 mg/g 34 

of KBr 
250 KBr matrix Isothermal -- 4 mg/g 34 

of KBr 
MC~O 4 

M = Be 190 ? Isothermal ? 100 35 
Ca 160 Platinum 10 air 35 36 

M2(C~O.). 
M = La 130 Silver Isothermal Vacuum 5 -  17 37 

Sm 130 ? ? Vacuum/air ? 38 
Yb 170 Silver Isothermal Vacuum 6 -  8 39 
Y 150 Silver Isothermal Vacuum 6 -  9 40 
Pu 150 Platinum 10 air 35 36 

M(C~O~)z 
M = Th 220 Platinum 10 air 35 36 

225 Platinum 6 air 500 41 

Results and discussion 

A plot of dvs. the ratio r e  (SIi) �89 (Fig. 1) is parabolic and deviations are observed 
ri 

where large errors are reported in structural determinations. The carboxylate 
groups apparently experience the largest mutual repulsion when their electronic 
interactions with the cations are minimum; hence the largest value of d = 1.610 A. 
is predicted for rc/ri(ZIi)~ = 0. Increments in the electronic interactions between 
the oxalate group and the cations are expected to reduce the electron density in 
the carboxylate groups, thereby reducing the repulsion between them. This factor 
is found to manifest itself in the contraction of  the C - C  bond as the ratio 
re/ri(ZIi) ~ increases to 122. However, beyond this value the mutual electronic 
interactions appear to be sufficiently high to cause an electron drift from the C -  C 
bond. For this reason, the minimum value of 1.527 A is obtained, instead of the 
value 1.504 A which is considered to be normal for the Csp~ - Csp, bond [32]. 
Due to extensive electronic interactions between the metal atom and the oxalate 
group through the 3d-orbitals, the trend adopted by the d values in transition 
metal oxalates deviates markedly from the one found in ionic oxalates (Table 1). 

On the basis of the trend shown by the onset decomposition temperatures (Eq. 1) 
and the electronic distribution inferable from structural data (Eq. 2), it is pro- 
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posed that oxalate decomposition follows a mechanism in which the C - O  bond 
ruptures first. Rupture of the C -  O bond may be followed by electronic reorganiza- 
tion leading to either C---O, CO2 and O 2- (route 1) or C - O  and CO~- (route 2), 
as follows: 

C~O 

o,,. o o (-) I/"7" 

~-l.~--~i~-~- - ~c-g", 
0 ,7 ~'0 ~(~o / "~ 2~,a  

( - )  

C=O 4- 

4- 0 2. q) ). CO z + 0  2 
% 

(-/  
C-) 0 
o { 

O Z - ~ G  C.~ ~ 0 o 
{-) 

Evidence in support of the mechanism proposed above is found in the plot of 
(re] 2 

the activation energy (Ea) of oxalate decomposition vs. the ratio (-~-i / ZIi in Fig, 2. 

When the oxalate anion is most stabilized by resonance, the C -  O bond is strong- 
est, and accordingly the oxalate decomposition temperature and activation energy 
are highest (Eqs 1 and 3). Large mutual electronic interactions between the 
carboxylate groups and the cations weaken the C - O  bond, thereby lowering the 
decomposition temperature and the activation energy (Eqs 1 and 3). However, 
the occurrence of a minimum point in Fig. 2 indicates that strong mutual electronic 
interactions between the cations and the oxalate anions restrict the electronic 
reorganization leading to the products. Accordingly, this electronic reorganization 
assumes prominence in the course of the oxalate decomposition process when the 

�9 r c 1 
ionic potentaal-- (ZIi) ~ is large and correspondingly increasing values of E~ are 

ri 
.observed. Route 1 is favoured when the oxalate group is attached to a cation of 
large ionic potential while route 2 is favoured when the ionic potential is low [1 ]. 

Conclusion 

Equations 1 - 3  indicate that the nature and extent of mutual electronic inter- 
actions between the metal atom and the oxalate group have a decisive influence 
on the mechanism of oxalate decompositon. Although the influence of other 
factors typical of topochemical processes on oxalate decomposition can not be 
discounted on the basis of Eq. 3, the complementary nature of quantitative 
relationships 1 - 3  suggests that the metal atom - oxalate bond is most decisive. 

The authors wish to thank the University Research and Publications Committee which 
~enabled them to carry out the preliminary studies, and The University Staff Development 
,Committee for financial assistance to I. A. Kahwa. 
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ZUSAMMENFASSUNG - -  Ein  Mechan i smus  der  thermischen  Zerse tzung ionischer  Oxalate wurde  
au f  der  Grund lage  yon  drei quant i ta t iven Zusammenhf ingen  vorgeschlagen,  welche die Mengen  
rJr~ (Verhfiltnis des Paul ingschen kovalenten  Radius  und des Kat ionenrad ius  des Meta l la toms 
in Hexakoord ina t ion)  und  2;I~ (die Summe der  Ionis ierungspotent ia le  des Meta l la toms in 
kJ  M o l - x )  mit  der  anffinglichen Zerse tzungs tempera tur  (To) (Gleichung 1), der  durchschnit t l i -  
chen  En t fe rnung  der  C - - C  Bindungen  (d) (Gleichung 2) und der  Akt ivierungsenergien der  
Oxalatzersetzung (E~) (Gleichung 3) verbinden.  

T O = 516 --  1.400 re (Z/i)�89 (1) 
r, 

d =  1.527 -t- 5.553 • 10 -~  ( 1 2 2 - -  r~(Xli)�89 z (2) 
t rl J 

E a = 127 -t- 1.4853 • 10 -~ 9800 (3) 

Aufg rund  ihrer  Ergebnisse  ist der Verfasser  der  Ansicht ,  dab bei der thermischen  Zerse tzung 
yon  ionischen Oxalaten ein solcher  Mechan i smus  verl~uft bei we lchem die C - - O  Bindung 
als erste aufgerissen wird.  Sie ve rmuten  auf  Basis der angegebenen Gleichung (3), dab die 
sehr  s tarke E lek t ronen in te rak t ion  zwischen dem Oxala t ion  und  dem Ka t i onen  jene bedeutende  
E lek t ronenumges ta l tung  die zur Bildung des P roduk t s  ft ihrt  beschrfinkt und derar t  E~ 
erhOht ist. 

Pe3~oMe - -  Ylpe~I~o~eH MexaHH3M TepMrztnecKoro pa3sioT~em~ HOHHbIX oKca~aTOB Ha OCHOBe 
Tpex KOJ/tlaleCTBeHHblX COOTHOIIIeHI~I~, eB~3BIBaIOIKHX re/r I (OTHOmeHIIe KOBaJIettTHOFO pa~I~yca 
no I loa rmry  x pa~Inycy MeTaI~I-XaTaoria B mecTx~oop/IHHatt~oaao~ COCTOaHHn) ~ XI~ (CyM~a 
rmrm3aRnom%rx rlOTeHIIHa~IOB aToMa MeTa~a ,  ~ i p a ~ e ~ a ~  B x~Iz~/~o~) c HanazmHo-~ TeM- 
riepaTypoR Ta paaaox~enna oKcaJmTa (ypaBm 1), co cpe~Inn~ pacc~oz~teM CB~3a C - C  (d) 
(ypaBm 2/r~ 3neprr~e~ aKTi~Batlar~ Ea p e a ~ I a a  pa3ao~eHi~z oI~caaaTa (ypaBm 3) 

To = 516 - -  1.4006 re (2;Ii)�89 
ri 

d----1.527 + 5.553 x 10-6 (122 - r~e (Z/i) �89 

Ea = 127 -1- 1.4853 • 10 -6 - -  9800 

(1) 

(2) 

(3) 

Ilpe~iIIoyioz~eHo, nTO TepMIl~Iecroe pa3;lo~eltrle IIOHHbIX OKCaJIaTOB rlpoTeKaeT iio MexattII3My, 
r)Ie cnana~a rIpOIiCXO)II~T pa3pbIB C - - O  CBfI3H. Ha  OCHOBaHIIII ypaBr~eurin 3 BbI~BI/IHyTO ~aJlb- 
HeRmee n p e ) I n o a o ~ e ~ e ,  nTO COBMeCTHOe CHJIbHOe 3JieKTpomtoe B3a~IMO)le~CTB~Ie Me~J~y 
oKca~aT-rIOHOM I~ KaTHOHOM MeTan~a CylJ/eCTBeHHbIM o6pa3oM orpaH~m4BaeT 3neKTpOtIItyto 
neperpynnnpoB~y, npr~BO)Inn~yro K ~Ipo~yKxara peaKIInH, BcJIe~ICTBHe nero yBeHIln~IBaeTcg E a . 
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