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ABSTRACT 

Metal oxakte hydraztnates M&O4 2 NIH, where M=Mg, Mn. Fe, Co, Nl. Cu, Zn and Cd have been 
p;Pparr,d and charactensed by chemical analysts and Infrared spectra Thermal reactwlty and decomposl- 

hon of these oxalato complexes have been studled using thermogravlmetry and dlffcrcntlal thermal 

analysis Hydrazmates of Mn, Fe, Co, Ni and Cu oxalates exhlblt autocatalytlc decomposltron behavlour 
whereas the others do not This phenomenon can be attnbuted to the presence of a bndgcd hydrazmc as 
well as the thermal stablhty of the anhydrous metal oxalates 

INTRODUCTION 

Recently we reported the preparation of metal hydrazido carbonates 

M(N,H,COO), -1 [l] where M = Mn, Co, Ni, Cu and Zn and metal hydrazido 
carbonate hydrazinates M(N,H&OO),(N,H,), -II [2,3] where M = Fe, Co and 
Ni. Thermal analysis of these compounds [ 1,3] showed some interesting features. For 
example both I and II decompose exothermically in air. Complexes of type I 
decompose t’lrougb the corresponding metal oxalate and carbonate intermediates to 
the respective metal oxides. 

M(N,H,COO), - MC,O, + 2 NH, + N, (I) 

MC,O, + MCO, + CO (2) 

2MCOs?M,Os +2CO, (3) 

On the other hand complexes of type II decompose through a reactive inter- 
mediate (x) (which could not be isolated) to the respective oxides. Further, type II 
compounds exhibit auto-catalytic decomposition whereas type1 compounds do not 
show such behaviour. This difference in reactivity between I and II could be 
attributed to the presence of hydrazine in II. Because of the similarity of I and II one 
can speculate the possible intermediate (x) during the thermal decomposition of II to 
be an oxalato compound. The possible reaction sequence could be written as 

M(N,H,COO)*(N,HJ* +MGO,(N,H,), + 2 NH, + N, (4 
(x) 
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02 
2 MC20,(N,H,), - M,03 

The observed reactivity 

+2NH, fN, +4CO, +H,O (5) 

of the intermediate (x) could then be understood since 
metal oxalates decompose exothermically in air and combustion is expected to be 
autocatalytic because of the presence of hydra&e fuel. 

A survey of the hterature revealed that a number of metal oxalate hyclrazinates 
have been prepared and their thermal properties studied by Krylov and co-workers 
[4-S]. However their studies do not indicate the observed reactivity. 

In order to test our hypothesis we have now prepared a number of metal oxalate 
hydrazinates MC,O,(N,H,), where M = Mg. Mn, Fe, Co, Ni. Cu, Zn and Cd by 
different methods and charactensed them by conventional chemical analysis and 
infrared spectra. Thermal reactivity of these hydra&rates has been investigated by 
thermogravimetry (TG) and differential thermal analysis (DTA) 

EiiPEREMENT’AL 

Metal oxalate hydrazinates MC20,,(N2 H, )z where M = Mg. Mn, Fe, Co, Ni, Cu, 
Zn and Cd were prepared by any of or all the methods described below. 

I Reuctlon of metal oxalate hydrates wrth hydratme hydrate 

Freshly prepared metal oxalate hydrates were treated with stoichiometric quanti- 
ties of 99- 100% hydrazine hydrate. The mixture was thoroughly stirred for a few 
minutes. The reaction was instantaneous ulth evolution of heat. Change m colour of 
the origmal salt was also observed in the case of few salt, e.g. 

Iron bright yellow --_, light yellow 
Cobalt light pmk + dark pink 
Nickel light green -j blue 

MCI0,.2 Hz0 + 2 N,H,.H,O 4 MC20,.2 N,H, + 4 H,O (6) 

The products were analysed chemically and found to be MC2G,(NzH,), where 
M = Mn, Fe. Co, Nr. Zn and Cd. 

II Reactron of metui powder wth ammonium oxatate in hyciraztne hydrate 

When metal powder (eg. Mg, Fe, Co, Zn, Cu etc.) is added to a solution of 
ammonium oxalate in hydrazine hydrate-it dissolves with the evolution of heat, 
hydrogen and ammonia. The product on chemical analysis was found to be 

MC,Q,P&d~- 
M + (NH&,O,-H,O + 2 N,H,.H,O + 

MCtO,(Nt I-f, )2 

where hd = Mg, Fe, Co, Zn, Cu. 

f3 H,0+H2 +2NH, (7) 



115 

In the case of copper the product CuC,O,- 2 N2H, is highly unstable, loses a 
molecule of hydrazine in air and forms the monohydrazinate as the stable product. 

III Reaction of aqueous solutions of metal salts wrth ammomum oxalate rn hydrazrne 
hydrate 

When an aqueous solution of metal salt was mixed with ammonium oxalate in 
hydrazine hydrate, corresponding metal oxalate hydrazinates were precipitated. 

M2+ + (NH,&@,. H,O + 2 N,H,. H,O + 

MC,O,(N,H,), + 3 Hz0 + 2 NH; (8) 

where M = Fe, Co and Ni. 
Hydrazine content in all these compounds was determined by volumetric analysis 

using standard 0.025 M KIOJ solution under Andrews’ conditions 191. Oxalate 
content was determined either volumetrically using standard KMnO, solution or 
gravimetrically precipitating as calcium oxalate monohydrate. Metal content was 
determined by volumetric analysis using standard EDTA solution. 

Infrared spectra were recorded as nujol mulls using a Perkin Elmer 599 spectro- 
photometer. 

Thermogravimetry (TG) was carried out usmg a Stanton-Redcroft thermobalance 
TG750. Heating rate employed was 10°C per rmnute. 6-8 mg of each sample were 
used in a platinum cup. All experiments were carried out in air. 

Differential thermal analysis (DTA) was done up to 500°C using an instrument 
described elsewhere [lo] fitted with an omniscribe strip chart recorder. The heating 
rate employed was 10°C per minute. 50 mg of each sample were used in a platinum 
sample holder. All experiments were done in air. 

RESULTS AND DISCUSSION 

The results of the chemical analysis (Table 1) show that there is a good agreement 
between observed and calculated values of metal, oxalate and hydrazine contents for 
the proposed formula MC,O,(N,H,), where M = Mg, Mn, Fe, Co, Ni, Zn and Cd 
and CuC,O, . NzHq. The infrared spectral data of these complexes have been 
tabulated in Table2 and the assignments are made on the basis of earher studies 
[ 1 l- 141. In all these complexes the metal has octahedral coordination. The main 
feature of the infrared results is that hydrazine is present as a bridged ligand as is 
seen by the fact that the YN_N of N,H, - 960 cm’ * [ 141 and the C,Oi- is bonded to 
the metal as a bidentate [ 11,131. 

Thermal analysis data of the compounds have been summarised in Table 3. The 
composition of the intermediates and products are fixed by the observed weight ioss 
in TG, as well as by chemical analysis, IR and X-ray powder pattern. Thermogravi- 
metric results are in agreement with the DTA data. 



T.4BLE I 

.4nalytd data 

Compound H> drvlne bfetrtl Oxrrlatr 

Found (C&z) Found (Cnic) Found (Cixlc) 

&f&O,-2 N,H, 

bin&O, 2 N2H, 

Fe&O, 2 NzHS 
CoC20, 2 NzH, 
XC,O, ? N,H, 

CuC,O, N, H, 
ZnCzO, 2 K7HJ 

CdC,O, 2 NtHJ 

35 4 (36 7) 

3 I 3 (30 8) 

30 4 (30 8) 
30 3 (30 3) 
30 6 (30 3) 
17.2 (174) 

28 6 (29 4) 

24 2 (24 2) 

144(13 R) 

25 9 (26 5) 

27 2 (26 8) 

37 0 (28 0) 

27 0 (27 9) 

33 4 (34 6) 

31 O(30 1) 
42 3 (42 5) 

49 x (50 0) 

41 6 (42 5) 

40x (42 4) 

a0 (4 1.7) 

41 3 (41 8) 

48 3 (47 9) 

39 9 (40 5) 

32 I (33 3) 

The sahent features of the thermal analysis are: 

a) all oxalate hydrazinate complexes decompose exothermically 
b) manganese and iron complexes decompose in a single step and show autocata- 

lytic decomposition 
c) the cobalt complex decomposes in two steps and exhibits autocatalytic decom- 

position 

d) copper and nickel complexes decompose in three steps. 
The copper complex loses one molecule of hydrazine at room temperature itself. 
Both of them exhibit autocatalytic decomposition 

e) Mg, Zn and Cd complexes decompose In more than two steps and do not show 
autocatalytic behavlour. 

The observed difference in the decomposition pattern and reactivity could be 
explamed on the basis of the thermal stability of the anhydrous metal oxalates and 
the nature of the M-N,H, bonding in these complexes. Since the decomposition 
temperatures of MnC,O, ( Td = 275OC) and Fe&O, ( Td = 235°C) [ 151 coincide with 
the temperature at which N,H, IS lost from M(N,H,)z+ complexes we see smgle 
step decompositions, as in the case of Mn and Fe complexes. However in the case of 
other transition metal oxalate hydrazinates as we go from Co (Td = 260°C), Ni 

(Td = 35OOC) to Cu (Td = 31OOC) the decomposition temperature of MC,O, varies 
from 260- 35OOC. Therefore we see that the hydrazine molecules are lost successively 
without the decomposition of the metal oxalates. Infrared results also confirm this 
observatton. It can be seen that Ye+ in these complexes changes from 340 cm-’ in 
Mn, Fe, Co etc. to 400 cm-’ in the case of nickel and 460 cm-’ in the case of 
copper, indicating weak M-N,H, bonding in the case of Ni and Cu complexes, 
respectively. 

The decomposition of Zn, Cd and Mg complexes appears to follow an entirely 
different path. Unlike other transition metal ions, Zn and Cd have a completed d 
shell and the decomposition of Zn&O,(N,H,), and CdC20,(N,H2)z appears to be 
similar to MgC,O,(N,H,),. Both Mg and Zn complexes decompose to give a yellow 
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coloured intermediate which has been identified as MCO; - NH,(N,) where M = Mg 
or Zn by TG wt. loss, ESR and IR spectra. The presence of the CO, radical in this 
intermediate IS evidenced by an ESR signal with g= 2.0034. It is known that 
MgC,O, decomposes via the formation of such a radical [16]. Infrared spectra of 
these intermediates shows strong absorption at - 2200 cm-’ corresponding to YN =N 
as in dinitrogen complexes [17]. Further details of this nitrogen complex will be 
pubiished elsewhere. 

It is interesting to note that transition metal oxalate hydrazinates MC,0,(N,H,)2, 
where M = Mn, Fe, Co, Ni and Cu, when touched with a glowing splinter igntte and 
exhibit autocombustion yielding the corresponding metal oxides. The observed 
autocombustion behaviour of Mn and Fe complexes is as expected since they 
decompose in a single step. However Co, Ni and Cu complexes which decompose in 
more than one step aIso exhibit autocombustion. This behaviour could be attributed 
to the higher heating rates during combustion compared with decomposition as well 
as the huger sample sizes used for combustion. The exothermicity of the decomposi- 
tion of the hydrazine is enough to ignite the metal oxalates e.g. in the case of 
FeC2O,(N,H, )2 3 when a strand of the sample is ignited in air the maximum 
temperature of the condensed phase has been recorded as 560°C using a chromel- 
Alumel thermocouple although the ignition temperature is 180°C. Further, a close 
examination of the TG curves and thermal analysis data reveals that the decomposi- 
tion is continuous with short breaks. Thus, one can now understand why the 
intermediate (x) during the decomposition of M(N, H,COO),(N, H, ), -II where 
M = Fe, Co and Ni could not be isolated. MC*O, l (N, H,), formed by the thermal 
decomposition of II appears to be very reactive and caught fire when exposed to air. 
Another factor responsible for the autocatalytic behaviour might be the catalytic 
activrty of the transition metal oxides formed. It has been established that transition 
metal oxides, e.g. F%O,, catalyse the decomposition of hydrazme [ 181. 
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