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Differential therrnal analysis (DTA) of some 25 oxalates are reported in atmospheres 
of oxygen and nitrogen. It is shown that in some cases in nitrogen the metal is formed, 
in other cases the oxide of lowest valency state is produced, while a third group give 
the same oxide product in nitrogen and oxygen. The production in oxygen of the 
oxide for the first group, and of a higher oxide in the second group is a phenomenon 
which in the first case involves a further reaction of the metal with the oxygen atmos- 
phere. Another group of oxalates produce characteristic DTA curves due to the 
formation of carbonate as the initial decomposition product. The dehydrations of 
these oxalates are marked by endothermic peaks. 

Thermogravimetry (TG) of a wide range of oxalates in air and in nitrogen 
has previously been reported [1 ]. Earlier investigations into the thermal decom- 
position of oxalates were discussed in that publication. The DTA data by Ugai [2] 
is characteristic of decomposition in an inert atmosphere with endothermic peaks 
for the decomposition stage. Doremieux and Boulle [3] report that for some 
oxalates the decomposition is shifted to a lower temperature when carried out 
in oxygen but that in other oxalates the decomposition characteristics remain 
the same in both oxygen and nitrogen. 

The DTA technique involves the use of very small quantities of material and 
the presence of an inert gas allows the observation of the actual decomposition 
reaction uncomplicated by subsequent or simultaneous oxidation reactions with 
the atmosphere. The use of oxygen as the carrier gas then demonstrates the changed 
nature of the reaction. 

Since the comparison of DTA results from different sources is to some extent 
dependent on the type of apparatus and the method of operation, the analysis 
of some 25 oxalates has been undertaken using a standardized procedure in 
order that the thermal stability and pattern of decomposition of these single 
metal oxalates could be studied. This paper is based on an earlier note by the 
authors presented at the 1st ICTA, Aberdeen 1965 [4]. 
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Experimental and results 

Materials 

Aluminium oxalate exists in a basic form and has been described in detail in 
a previous paper [5]. The oxalates MC204 �9 2 H20 where M --= Mn 2+, Fe 2+, 
Ni 2 + and Zn 2 +, chromium oxalate Cr2(C20~) a �9 6 H20, iron(III) oxalate Fe2(C2Q)a- 
�9 H20, copper oxalate CuC204 �9 1/2 H20, cadmium, tin(II), lead(II) and tho- 

rium(IV) oxalates were the materials studied in the TG  study, together with the 
commercial antimony and bismuth oxalates [1 ]. Additional high purity oxalates 
included in this DTA study were those of lithium, sodium, potassium, magnesium, 
calcium, strontium, barium, ammonium and oxalic acid itself. A commercial 
sample of cerium(lII) oxalate was also used. 

Apparatus 

The apparatus used was that manufactured by Gebruder Netzsch and operated 
at a heating rate of 5 ~ rain =1. The model No of the DTA unit was 404, the thermo- 
couples were platinum-platinum rhodium, the material was in direct contact 
with the thermocouple and enclosed by platinum sheaths. To improve base line 
stabil!ty, the sample was diluted to 10% by weight with the reference material 
and a total weigh t of 800 mg used throughout the work. The reference material 
was chromatographic grade alumina calcined at 1200 ~ . The controlled atmosphere 
consisted of either dry oxygen or dry deoxygenated nitrogen passing over the 
sample at the rate of 100 ml rain -1. At the completion of all analyses in nitrogen, 
oxygen was admitted to the sample at the maximum temperature, any oxidation 
of  the decomPosition product being shown as an exothermic peak. 

The results were obtained as graphs of differential temperature and reference 
temperature against time. The final decomposition products were determined by 
chemical analysis and X-ray analysis, and checked against the weight loss on the 
T G  data. 

Results 

Fig. 1 shows a typical DTA curve of an oxalate which first dehydrates (endo- 
thermic peak) and then in oxygen shows an exothermic peak at the decomposi- 
tion temperature but an endothermic peak for decomposition in nitrogen. The 
decomposition of any carbonate formed in oxygen is endothermic but has the 
characteristic shape also ~shown in Fig. 1. This characteristic shape is often not 
so pronounced in nitrogen. For each type of peak shown in Fig. 1, two tempera- 
tures are recorded, the first the point of departure from the base line and the second 
the peak temperature. Not  all the data recorded in this paper is presented in 
graph form but reference can be made to Fig. 1 when the actual DTA trace is 
not produced. 
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Lithium oxatate (Li2CzO4) possessed no water of  hydration, so the first peak 
in oxygen was a large exothermic peak (AT = 14 ~ associated with decom- 
position. 

The trace for this and the sodium and potassium oxalates is given in Fig. 2. 
Similar DTA data for magnesium, calcium, strontium and barium oxalates is 
given in Fig. 3. Information on the oxalates of aluminium, thorium and cerium 
is shown in Fig. 4, for chromium and manganese(II) in Fig. 5, for iron(I1) and (III) 
in Fig. 6, and for cobalt and nickel in Fig. 7. The DTA traces for the other 
oxalates are given in Figs 8 - 1 1 ,  viz. copper, zinc and cadmium in Fig. 8, tin 
and lead in Fig. 9, antimony and bismuth in Fig. 10, and ammonium oxalate 
and oxalic acid in Fig. 11. 
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Fig. 1. Tylzical DTA curves for an oxalate in nitrogen and oxygen. 1. Peak AB: endo dehydra- 
tion; 2. Peak CD: exo decomposition in oxygen; 3. Peak EF: endo decomposition of the 
carbonate; 4. Peak GH: endo decomposition in nitrogen; 5. Peak J: an exo peak that some- 
times appears when air is admitted at temperature J. (In all the above peaks, the first letter 
associated with the peak represents the temperature of departure from the base line, the 

2nd the temperature at the maximum peak height.) 

Discussion 

The results may be conveniently divided according to their decomposition 
pattern in an inert atmosphere and subsequent behaviour on admission of oxygen. 
Those which on admission of oxygen underwent oxidation of their decomposi- 
tion products are termed Type I and include oxalates of antimony, bismuth, 
cadmium, cobalt, copper, iron(II), iron(III), lead, manganese(II),  nickel and 
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tin(I]). The other group of oxalates, termed Type [I, did not undergo oxidation 
at the end of the DTA run in nitrogen upon admission of oxygen and these 
included aluminium, barium, calcium, cerium(lII), chromium, lithium, magne- 
sium, potassium, sodium, strontium and zinc. 

The following general conclusions can be drawn: 
a) All dehydration peaks are endothermic. 
b) All primary decomposition peaks in oxygen are exothermic irrespective of 

whether the product is an oxide or a carbonate. 
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c) Wi th  one exception, viz. copper, all pr imary  decomposi t ion peaks in ni t rogen 
are endothermic.  

d) Peaks for the decomposi t ion of the carbonate  to the oxide are endothermic 
bo th  in ni t rogen and  oxygen and  of a characteristic shape. 

The  endothermic character of all the oxalate decomposi t ions in n i t rogen with 
the exception of copper should be noted,  since at least two authori tat ive texts 
on thermal  decomposi t ion list the thermal  decomposi t ion of nickel, lead and 
thor ium oxalates as being exothermic [6, 7]. The inversion of the pr imary  decom- 
posi t ion peak arises f rom two sources. The compounds  of type I show an  exo- 
thermic peak in  oxygen because the oxidat ion of the init ial  solid product  is strongly 
exothermic and  superimposes on the much  weaker decomposi t ion endotherm.  

The type II  compounds  show a similar p h e n o m e n o n  because the decomposi-  
t ion results in the format ion  of carbon  monoxide  which is oxidized exother- 
mically at the surface. Tests with undi lu ted  samples prove that  this effect is not  
caused by the presence of the reference a lumina.  This means that  a carbonate  
surface is capable of oxidizing the carbon  monoxide  in certain cases. 

< 

Fig. 2. DTA curves for the oxalates of lithium (1), sodium (2) and potassium (3) in nitrogen 
and oxygen 

Lithium oxalate 

la N2: 538~ ~ 
6950--728 ~ 

lb 02: 444~ ~ 
651~ ~ 

Sodium oxa~te 

2a N2: 464~ ~ 
814~ ~ 

2b 02: 440~ ~ 
(shoulder 
at 470 ~ ) 

812~ ~ 

endo decomposition to carbonate 
endo decomposition of carbonate 
exo decomposition to carbonate 
endo decomposition of carbonate 

endo decomposition to carbonate 
endo melting of carbonate 
exo decomposition to carbonate 

endo melting of carbonate 

Potassium oxalate 

3a N2: 

3b 02: 

95~ ~ 
3700--388 ~ 
481~ ~ 
860 ~ -- 898 ~ 

82 ~ -- 129 ~ 
370~ ~ 
458~ ~ 
856~ ~ 

endo dehydration 
endo phase transition in oxalate 
endo decomposition to carbonate 
endo melting of carbonate 
endo dehydration 
endo phase transition in oxalate 
exo decomposition to carbonate 
endo melting of carbonate 

(In this and other figures the first temperature quoted is the point of departure from the 
base line and the second temperature is the temperature at which the maximum in the peak 

OCCURS) 
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A d d i t i o n a l  p e a k s  w e r e  f o u n d  d u e  t o  p h a s e  c h a n g e s  a n d  t h e s e  a r e  l i s t e d  i n  

T a b l e  1. T h e  p h a s e  c h a n g e  i n  t h e  c a l c i u m  c a r b o n a t e  w a s  o n l y  o b s e r v e d  i n  t h e  

s a m p l e  a t  2 0  % d i l u t i o n .  I t  w o u l d  s e e m  t h a t  t h e r e  is  a p o s s i b i l i t y  o f  r e a c t i o n  o f  

t h e  c a r b o n a t e  w i t h  t h e  a l u m i n a  d i l u e n t .  

T h e  c l a s s  o f  o x a l a t e s  l i s t e d  a s  T y p e  I c o n t a i n s  t w o  d i s t i n c t  s u b - g r o u p s ,  n a m e l y  

t h o s e  t h a t  p r o d u c e  a m e t a l  i n  n i t r o g e n  a s  t h e  s o l i d  e n d  p r o d u c t  a n d  t h o s e  t h a t  

Fig. 3. D T A  curves  for the  oxa la tes  o f  m a g n e s i u m ,  ca lc ium,  s t r o n t i u m  and  b a r i u m  oxa la tes  
in  n i t r o g e n  a n d  oxygen  

Magnesium oxalate 

l a  N2: 172 ~  221 ~ endo  d e h y d r a t i o n  
426 ~  505 ~ endo  d e c o m p o s i t i o n  to oxide  

lb  Oz: 182 ~  212 ~ endo  d e h y d r a t i o n  
279 ~  312 ~ exo 
455 ~  486 ~ exo  d e c o m p o s i t i o n  to oxide  

Calcium oxalate 

2a N2: 134 ~  201 ~ endo  d e h y d r a t i o n  
425 ~  646 ~ endo  d e c o m p o s i t i o n  to c a rbona t e  
719 ~  797 ~ endo  d e c o m p o s i t i o n  to oxide  

2b Oe: 137 ~  205 ~ e n d o  d e h y d r a t i o n  
394 ~  444 ~ exo d e c o m p o s i t i o n  to c a r b o n a t e  
643 ~  653 ~ exo  p h a s e  c h a n g e  in c a r b o n a t e  

( shown  in s ample  a t  20 % di lut ion)  
698 ~  794 ~ endo  d e c o m p o s i t i o n  to oxide  

Strontium oxaiate 

3a N2: 136 ~  184 ~ 
424 ~ - -  501 ~ 
( shou lder  
a t  468 ~ ) 

911 ~ - -  924 ~ 
980 ~ - -  1069 ~ 

3b 02:  135 ~  185 ~ 
407 ~ - -  502 ~ 
920 ~ - -  925 ~ 
967o--1057 ~ 

endo  dehyd ra t i on  
endo  decem!ecs i t ion  to c a rbona t e  

endo  phase  change  in c a rbona t e  
endo  d e c o m p o s i t i o n  to oxide 
endo  d e h y d r a t i o n  
exo d e c o m p o s i t i o n  to c a r b o n a t e  
endo  p h a s e  change  in c a r b o n a t e  
endo  d e c o m p o s i t i o n  to oxide 

Barium oxa~ t e  

4a  Nz: 132 ~  161 ~ 
468 ~ - -  487 ~ 
795 ~ - -  802 ~ 

4b 02:  128 ~  155 ~ 
390 ~ - -  433 ~ 
795 ~ - -  802 ~ 

eudo  de h y d r a t i o n  
endo  d e c o m p o s i t i o n  to c a rbona t e  
e n d o  p h a s e  change  in c a r b o n a t e  
e n d o  d e h y d r a t i o n  
exo  d e c o m p o s i t i o n  to c a r b o n a t e  
endo  phase  change  in  c a rbona t e  
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p roduce  a lower  oxide.  On admiss ion  of  oxygen or  a i r  the  metal  is oxidized to 
the  oxide. A n  example  o f  this is the the rmal  decompos i t ion  of  nickel  oxalate.  
The  o ther  g roup  consists  of  oxala tes  which decompose  in n i t rogen to  a lower 
oxide  bu t  which oxidize on admiss ion  of  air  or  oxygen to a higher  oxide. Typica l  
of  this class of  oxala tes  is manganese( I I )  oxalate.  Here  the oxide M n O  is fo rmed  
bu t  on admiss ion  of  oxygen this is oxidized to a b lack  oxide in a very s t rongly 
exothermic  react ion.  The  subsequent  ox ida t ion  in bo th  these groups  is comple te  
and  no t  superficial  because  of  the high surface area  of  the  ini t ial  p roduc t  and  
the s t rongly  exothermic  charac te r  o f  the  ox ida t ion  process.  In  oxidizing up  
larger  quant i t ies  of  manganese( I I )  oxide p roduced  by  the the rmal  decompos i t ion  
o f  the  oxala te  the t empera tu re  has  been observed to rise f rom ambien t  to 760 ~ 
Surface areas  for  M n O  p r o d u c e d  in this way were found  to be in the region 2 0 -  
150 m2g -1. Similar ly  nickel  p r o d u c e d  in this manner  by  the thermal  decompos i -  
t ion of  nickel  oxala te  in n i t rogen has large surface areas  in the region 1 0 0 -  170 
m2g -1 [9]. The influence o f  the s t rongly exothermic  ox ida t ion  react ions  on the 
decompos i t ion  t empera tu re  is seen best  in the  oxala tes  o f  manganese ,  i ron,  
cobal t ,  nickel  and  copper .  Here  the decompos i t ion  t empera tu re  in oxygen m a y  
be much lower than  the decompos i t ion  t empera tu re  in n i t rogen;  this is because  

.< 

Fig. 4. DTA curves for the oxatates of aluminium, thorium, and cerium in nitrogen and 
oxygen 

Aluminium oxalate 

la N2: 225 ~  ~ 
295 ~  321 ~ 

lb 02: 228 ~  
262 ~ -- 284 ~ 

-- 329 ~ 

endo dehydration 
endo decomposition 
largely exothermic reaction complex peak 
endo depression, dehydration 
exo peak decomposition (dehydration 

and decomposition overlap) 

Thor ium(IV)  oxalate 

2a N2: 82 ~  113 ~ 
201~ ~ 
319~ ~ 
375~ o 

2b 02: 88 ~  107 ~ 
200~ ~ 

3280--367 ~ 

endo dehydration to dihydrate 
endo dehydration to anhydrous salt 
endo[ 
endo] decomposition to oxide 

endo dehydration to dihydrate 
endo dehydration to the anhydrous 

salt 
exo decomposition to oxide 

Cerium( l l I )  oxaNte 

3a N2: 109 ~  159 ~ 
372~ ~ 

3b 02: 113 ~  159 ~ 
358 ~ -- 388 ~ 

endo dehydration 
endo decomposition to oxide 
endo dehydration 
exo decomposition to oxide 
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Potassium oxalate 
Barium carbonate 
Calcium carbonate* 
Strontium carbonate 
Cobalt oxide 
Manganese oxide 
Lead oxide 
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Table 1 

Summary of phase changes 

Mater ia l  Charac te r  Depar tu re  f rom P e a k  
of  peak base  line t empera tu re  

~ ~ 

endo 
endo 
exo 
endo 
endo 
endo 
endo 

370 
795 
643 
920 
955 

1004 
780 
850 

i , 

j ~  

388 
802 
653 
925 
968 

1011 
797 
857 

* See text for observation on this peak. 
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tee initial oxidation of the oxide or metal formed by the thermal decomposition 
reaction is so exothermic that the subsequent decomposition of unreacted material 
is accelerated. The oxidation of manganese(II) oxide, and of the nickel metal 
are good examples. The heat generated by the oxidation of the initial quantities 
of manganese(II) oxide or nickel formed is sufficient to promote further decom- 
position of the oxalate. In almost all the other oxalate decompositions the tem- 
perature of decomposition in oxygen is either the same as in nitrogen or a little 
lower. 

The initial dehydration reaction is always endothermic. In many dehydrations 
the product of dehydration is amorphous and the dehydration could be followed 
by an exothermic recrystallization process. This phenomenon is reviewed at 
length by Young [10] and it is pointed out that in vacuum and in the presence 
of very low partial pressures of water vapour the product of dehydration may 
be amorphous whilst in the presence of larger partial pressures of water vapour 
the anhydrous product is crystalline [11, 12]. Under these circumstances an 
exothermic transition should be observed in some cases where an amorphous 

..~:. 

Fig.  5. D T A  curves for the oxa la tes  of  c h r o m i u m  and  m a n g a n e s e  in n i t rogen  and  oxygen  

C h r o m i u m ( I l l )  o x a ~ t e  

l a  N~: 70 ~  123 ~ 
322 ~ --  349 ~ 
800 ~ 

l b  02: 60 ~  103 ~ 
262 ~ 

355 ~ -- 364 ~ 

endo  d e h y d r a t i o n  
endo  decompos i t i on  to  oxide  
exo on  a d m i s s i o n  of air, bu t  no t  as big 

as in  others  where  b u l k  o x i d a t i o n  
occur red  

endo  dehyd ra t i on  
complex  exo, peaks  at  295 ~ and  332 ~ 

sepa ra t ed  by  m i n i m u m  at 321 ~ 
m u c h  smal le r  exo 
bo th  these exo the rmic  regions  assoc ia ted  

wi th  d e c o m p o s i t i o n  to oxide  

M a n g a n e s e ( H )  oxalate  

2a N2: 112 ~ -  131 ~ 
343 ~ --  396 ~ 
760 ~ 

2b 02:  99 ~  127 ~ 
227 ~ --  269 ~ 

1004 ~  1011 ~ 

endo d e h y d r a t i o n  
endo  d e c o m p o s i t i o n  to oxide 
exo very large,  on  a d m i s s i o n  of air  

a t  this  t e m p e r a t u r e  
endo  d e h y d r a t i o n  
exo d e c o m p o s i t i o n  to oxide  

endo  oxide  d issoc ia t ion ,  no t  revers ib le  
on  coo l ing  
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Fig. 6. D T A  curves for the oxatates of  iron,  cobal t  and nickel in ni t rogen and oxygen 

I ron( I I )  oxalate 

l a  N2: 161~ ~ 
315~ ~ 
960~ ~ 

1050 ~ --  
lb  Ox: 161~ ~ 

178~ ~ 

l ron ( lH)  oxalate 

endo dehydrat ion 
endo decomposi t ion  to oxide and metal 
small exo in this region 
large exo on admiss ion of  air 
endo dehydrat ion 

exo decomposi t ion  to oxide 

(Data  taken f rom Broadbent ,  Dol l imore  and Dol l imore  [19]) 

2a N_~: 163 ~  ~ endo dehydra t ion  
291 ~  345 ~ endo decomposi t ion  
700 ~ large exo on  admiss ion of air 

2b Air:  --  159 ~ endo dehydrat ion 
- -190 ~ exo | change of  valency state 
--  240 ~ subsidiary exo / and  decomposi t ion  

300 ~  325 ~ exo to oxide 
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anhydrous product of dehydration undergoes a recrystaltization to a stable 
crystal form. An endothermic dehydration in an inert dry atmosphere might 
therefore be expected in some cases to be followed by an exothermic recrystalliza- 
tion, and such exotherms have been reported by Dell and Wheeler [13]. In this 
study except for the magnesium oxalate no such exotherms could be detected 
either in dry oxygen or nitrogen. In studies on anhydrous manganese(II) [8], 
zinc [14] and nickel oxalates [9] reported previously we have shown by X-ray 
diffraction studies that the anhydrous oxalates prepared by these techniques in 
dry nitrogen gave clearly distinguishable X-ray diffraction patterns, which indi- 
cated that these anhydrous products were crystalline and not amorphous. The 
difference, between our observations of a crystalline anhydrous salt and those 
of Topley and Smith [11] and also of Volmer and Seydell [15] who showed 
the existence of an amorphous anhydrous product in the absence of water vapour, 
can be explained by the higher temperature rarge in which our dehydration 
reactions took place and the presence of a large pressure of inert gas around 
the s~mple. 

It would seem possible that in a dry nitrogen atmosphere the higher temperature 
alone of our studies would be sufficient to cause the dehydration to proceed to 
the stable crystalline form and the exothermic peak associated with recrystalliza- 
tion of an amorphous material is accordingly absent. 

There are certain general modes of decomposition for oxalates that can now 
be listed. Reactions occurring in inert atmospheres are considered first. The first 
event that can be listed is dehydration which is then followed by oxalate decom- 
position. The decomposition of the alkali and alkaline earth oxalates is via a 
stable carbonate stage, e.g. 

CaC204 = CaCQ + CO 

At a higher temperature the carbonate may decompose to the oxide with 
evolution of COz. A second group decompose directly to the oxide, viz. 

MgC204 = MgO + CO + CO s 
and 

Z n C 2 0  ~ --  Z n O  -t- C O  + C O  2 

In an inert atmosphere a further group of oxalates decompose to the metal, e.g. 

NiC204 = Ni + 2 COz 

The DTA data discussed in this paper supports the concept of two further 
reactions taking place in air or oxygen, namely oxidation of a metal or lower 
oxide, e.g. 

1 Ni + 2 0  z = NiO 

and a reaction involving oxygen and product carbon monoxide catalyzed at the 
solid product surface, e.g. 

J. Thermal Anal  2, 1970 
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c o  + 1 - %  = c %  

In  o ther  oxa la te  systems no t  s tudied  here,  namely  the rare  ea r th  oxala tes  [16], 
the res idues  are  given as ei ther  ca rbona tes ,  bas ic  ca rbona tes  or  oxides and  the 
presence o f  c a r b o n  in the sol id  residues is also r epor t ed  due to  the surface 
ca ta lyzed  reac t ion :  

2 CO = C Q  + C 

The  ind iv idua l  oxatates  which do  not  con fo rm to this general  pa t t e rn  may  
now be discussed.  

F o r  a lumin ium oxa la te  i t  has  been suggested tha t  the or iginal  s t ructure  is a 
th ree -d imens iona l  a r r ay  o f  a lumin ium,  oxala te  and  hydroxyl  ions  in a d i s tor ted  
gibbsi te  la t t ice  a n d  the the rmograv ime t r i c  (TG)  da t a  ind ica ted  an over lap  o f  
d e h y d r a t i o n  and  decompos i t i on  [5]. The  D T A  da ta  (Fig.  4) showed an endo-  
thermic  p e a k  due to dehyd ra t i on  and  another ,  pa r t i a l ly  over lapping ,  endo the rm 
due  to decompos i t i on  o f  the  oxala te  can  be observed  for  the  ma te r i a l  run in 
ni t rogen.  The  overal l  exo thermic  na tu re  o f  the  decompos i t i on  in oxygen indica tes  
tha t  an  over lap  of  d e h y d r a t i o n  and  decompos i t ion  occurs  under  these condi t ions .  

T h o r i u m  oxa la te  wi th  six molecules  o f  water  o f  crys ta l l iza t ion  Th(CzO~)z- 
�9 6 H 2 0  dehydra tes  in two stages accord ing  to W e n d l a n d t  et al. [17]. The  inter-  
media te  hydra t e  stage is p r o b a b l y  the  d ihydra te .  Sr ivas tava  and  Vasudeva  M u r t h y  
[18] descr ibe  the subsequent  decompos i t ion  as p roceed ing  with  an endothermic  
peak  in an iner t  a tmosphere  to give thor ium(IV)  oxide and  carbon.  The  sub- 

Fig. 7. DTA curves for the oxalates of cobalt and nickel in nitrogen and oxygen 
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sequent  ox ida t ion  of  the  ca rbon  then  p roduces  the  exothermic  peak  in oxygen 
a n d  this fits the  da t a  p r o d u c e d  in this  study.  A visual  inspect ion  o f  the sample  
p r e p a r e d  in  n i t rogen  ind ica ted  the presence of  carbon .  Del l  and  Wheeler  [13] 
suggest  tha t  the ca rbona te  is fo rmed  as an in te rmedia te  bu t  this is no t  borne  out  
by T G  da t a  [1 ]. 

The  i r on ( I l l )  oxala te  D T A  trace in oxygen (Fig.  6) owes its complexi ty  to a 
change  o f  valency state in the anhydrous  oxa la te  fo l lowed by  subsequent  decom-  
pos i t ion  to the  oxide. B roadben t  et al. [19] were able to p repa re  anhydrous  
i ron( I I )  oxala te  by  dehydra t ion  of  i ron ( I l l )  oxala te  hydra te  hea ted  at  220 ~ and  
Ga l l aghe r  and  K u r k j i o n  [20] demons t r a t ed  the valency change  o f  i ron( I I I )  to 
i ron( I I )  a t  250 ~ by  use o f  the  M r s s b a u e r  effect. 

Coppe r  oxala te  (Fig.  7) decomposes  in n i t rogen with an exothermic  react ion.  
In  this respect  i t  is s imilar  to the decompos i t ion  of  mercur ic  oxala te  [2] and  silver 
oxala te  [21]. These decompos i t ions  are  of ten descr ibed as au to  ca ta ly t ic  bu t  i t  
is p r o b a b l e  tha t  in some envi ronments  the  results are  largely governed by  the 

Fig. 8. DTA curves for the oxalates of copper, zinc and cadmium in nitrogen and oxygen 
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Fig. 9. D T A  curves for the oxalates of  tin and  lead in ni t rogen and oxygen 
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occurrence of self-heating. There is evidence that the presence of oxygen inhibits 
the decomposition of silver oxalate [22]. The DTA data shows no indication 
of this for the copper oxalate. 

Ammonium oxalate decomposes endothermically and in a similar manner 
both in nitrogen and oxygen. It  occurs as a monohydrate and the first peak is 
due to dehydration. The decomposition remains endothermic in oxygen because 
the material is entirely gaseous and there is no active solid product surface to 
serve as a catalyst for oxidation reactions. 

Oxalic acid also shows an overall endothermic reaction in both nitrogen and 
oxygen and again the DTA trace is similar in both environments. It occurs as 
a dihydrate and the overall decomposition is an overlapping series of reactions 
comprising dehydration, volatilization, and decomposition to formic acid and 
carbon dioxide, all of  which could contribute to a largely endothermic DTA 
trace in both nitrogen and oxygen. 
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Rt~SUME - -  O n  c o m m u n i q u e  les r6sul ta ts  de l '6 tude  de 25 oxa la tes  pa r  ana lyse  t h e r m i q u e  
diff6rentielle,  da ns  l 'oxyg~ne  et d a n s  l 'azote .  O n  m o n t r e  que  p o u r  cer ta ins  d ' en t re  eux,  dans  
l ' azote ,  le m6ta l  se fo rme ,  et que  p o u r  d ' au t r e s  l ' oxyde  c o r r e s p o n d a n t  h la valence la p lus  
faible appa ra t t ;  d ' au t r e s  encore  d o n n e n t  le m 6 m e  oxyde  dans  l ' azo te  et dans  l 'oxyg~ne.  D a n s  
l 'oxygbne,  et p o u r  le p remie r  g roupe ,  il se f o rme  l 'oxyde ,  t and i s  que  l ' oxyde  sup6r ieur  appa -  
ra i t  p o u r  le s econd  g r o u p e ;  d a n s  le p remie r  cas,  u n e  r6ac t ion  ul t6r ieure  du  mdta l  avec  l 'oxy-  
g~ne de l ' a t m o s p h 6 r e  est mise  en jeu .  U n  au t r e  g r o u p e  d 'oxa la t e s  d o n n e  des en r eg i s t r emen t s  
d ' A T D  carac t6r i s t iques  en  r a i son  de la f o r m a t i o n  de c a r b o n a t e  c o m m e  p r o d u i t  de d 6 c o m -  
pos i t ion  initial .  Ces  oxa la tes  se d6shydra t en t  en  d o n n a n t  des pics e n d o t h e r m i q u e s .  

ZUSAMM~NFASSUNa - -  ES w u r d e n  25 ve rsch iedene  Oxala te  du rch  D T A  in Stickstoff-  u n d  
Saue r s to f f a tmosphf i r e  un t e r such t .  I n  e in igen  Ffillen wurde  in St ickstoff  das  Meta l l  gebildet ,  
in a n d e r e n  das  O x y d  y o n  n iedr igs te r  Wer t igkei t .  Es  k o m m t  a u c h  vor ,  dab  das  gleiche Pro-  
d u k t  in  be iden  G a s e n  en ts teh t .  Beide erw~ihnten P r o d u k t e  werden  in Saue r s to f f  e n t s p r e c h e n d  
oxydier t .  Bei e in igen  O x a l a t e n  erhiel t  m a n  cha rak te r i s t i s che  Spi tzen,  die zeigten,  dab  das  
ers te  Z e r s e t z u n g s p r o d u k t  K a r b o n a t  war .  Die  D e h y d r a t i o n  dieser Oxa la te  zeigte sich d u r c h  
e n d o t h e r m i s c h e  Spi tzen.  

Pe3roMe. - -  I IpoBe~en Anqbqbeperit~nanbnbi~ TepMH~Iecrn~ a imnn3 (,/ITA) 25 oKcaaaToB B aT- 
MOCqbepe ri~cstopo~la n aaoxa.  I Io ra3ano ,  nwo B neroTopt,~X cny,m~x MeTanJt 06pa3yeTc~ B a3oTe, 
B ~ p y r n x  cny~anx oI~c~, aHme o r ~ c a e n ~ o ~  qbopMbI, a xpeTt,~ r p y n n a  ~aex o~nnaroBI,~e npoztyr-  
TbI oKrtcJienrI~ B a30Te H rr~cJ~opo~e. O6pa3oBaI~ne B ~ncnopo)/e  oi~r~ce~, BXO~nUlHX B r~epnyro 
r p y n n y  n o6pa30BanHe Br~ctuHx oKnce~, Bxojlflmnx B nepByro rpy rmy  ~ 06pa30BaHHe BbIC- 
mHX OI(tte~, BXO~atI~WX BO BTopyIo rpyImy,  ItB.rl~IeTCfl ~eHOMeHOM, I~OTOpbI~ B IlepBOM c~y- 
�9 iae BKJnoqaeT pearllr~m MeTaYiJia, npoxo~lamyIo c aTMOCqbepo~ KncJ~opoRa. ,~pyra~ r p y i m a  
OKcanaTOB ~IaeT xapaKTepHyIO KpnByIO ) ITA,  COOTBeTCTBy~O~Jlyro'o6pa3oBan~no Kap6o~aTa, 
nBY/fl~omeroc~t l-IattaYlbI-Ib~M npo~IyKTOM pacna)la.  IIpoIIecc~,t )Iern~IpaTa~In~I 9~nx OKCartaTOB 
xapaKTepa 3ylOTC~l an~loTepMn'~ecKnMa rraKarca~. 
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