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The mechanisms of the thermal decompositions of various isomers of Cu(C,O,)- 
(NH,), were studied in this work. Data were obtained by the DSC technique and 
Derivatograph as welI as infrared spectra and chemical analysis. The destruction of 
the complexes was found to take place in three steps-the first two of them being 
endothermic, and the third one exothermic. The values of AH,, apparent activation 
energy and stoichiometry of the first step of destruction suggest that certain difG-erences 
in bonding of the oxaiate groups in each isomer !ead to quite significant differences in 
their thermal decompositicn. 

IxrRODUcrIOS 

As part of a general study’-3 of isomerism of Cu(I1) complex compounds, in 
this paper we study the conditions of preparation and structures of a-, /?-, and y- 
Cu(C,OJ (NH,), . (Two of them have been studied befores.) We have established 
that differences between modifications resulted from a different type of bonding of 
the oxalate group to the central atom, and aiso from different distorrions of the 
coordination polyhedron around Cu(II)_ While z-CU(C~O~)(NH~)~ is Cu(II) sur- 
rounded w%h Iigands in the form of a prolongated tetragonal bipyramid’ &Cu(C,O,)- 
(NH,), probably takes the form of a compressed one’. There is no detailed informa- 
tion on the structure of the y modification, although its infrared spectrum shows a 
more symmetric coordination of the oxalate group3 as is the case for the Q modifica- 
tion. 

This work was directed towards obtaining information on the course of reac- 
tions taking place during thermal decomposition of the modifications of Cu(C,O& 

(NH312 9 and to find out to which extent these proces,ses are influenced by structural 
differences. The problem of energetic differences between the pra!ongated and the 
compressed tetragonal bipyramids as well as their di!%erent reactivity in substitution 
reactions was theoretically solved by Bersuker’ for the complexes with a homo- 
geneous coordination sphere. However, the complexes under study have a hetero- 
geneous coordination sphere, and the reaction mechanism is aIso complicated due to 
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the polymeric structure of Cu(C,O,)(NH,),. That is the reason why vve did not try 

to solve the “intimate” mechanism6 of reactions taking place during thermal decom- 

position of the CU(C~OJ(KH~)~ modifications_ 

EXPEXIMESTAL 

The studied complexes have been prepared by methods previously described2-*. 
The composition of complexes and intermediates of thermal decomposition (Table I) 

has been- analytically controlled usin g complexometric (Cu(II)), magnetic (C,O,) 

and distillation (NH,) methods. 

TABLE I 

ANALYTICAL DATA FOR z-, & AKD ~-CU(C~OJ(NH,)~ 

Compomrd % cu 

fomd CdC. 

% cto, % NH, 

foImi core. found talc. 

z-CU(C=O~(XH~)= 34.22 34.24 47.55 47.42 18.18 18.35 
/J-Cu(C=Oa)(XH& 34.13 34.24 47.17 47.4’ 18.05 18.35 
+ZU(C~O&KHJ)~ 3420 34.24 47.42 47.42 IS.25 18.35 
L~rcrmcdiats of therma decomposition of 
x-CU(C,O,)\WH,)~ 37.10 37.69- 51.05 52_22= 11.05 10-W 
j3-cu(c:o~)(~I-ih’1~~ 37.33 37.69 50.30 52.22 II-70 10.09 
~-CU(C~O~)(NH~)~ 36.37 37.69 45.79 5222 14.38 10.09 
Final product of thermal dcromposition of 
z-Cu(CzO~)(NH& 77.5 79.SSb - - - - 

PCuGO,) WI-I& 77.5 79.ss 
~-Cu(C=O,)(NH.), 73_s3 79.55 

“CMcuIated for Cu(C,O,)(XH,). 
bCaIculated for CuO- 

The type of bondin g between the oxalate groups and ammonia molecules to 

the central atom has been studied by infrared spectra, using a nujol-suspension 

technique in a Perkin-Elmer 137 spectrophotometer. 

Thermal decompositions of the Cu(C,O,)(NH,), modifications have been 

studied on the Derivatograph OD 120 (MOM Budapest). The measurements were 

carried out in a platinum crucibie with Pt-Pt,Rh thermocouples in an air atmosphere. 

The sample weight was 100 mg, the temperature increase 3 deg min-’ and the 

galvanometer’s sensitivity7 DTA l/IO, DTG l/IO. For measurin,: the heats of decom- 
position a Perkin-Elmer differential scanning calorimeter, Model DSC-lB, calibrated 

by melting point of pure indium (429X), was used. Samples weighing about 5 mg 

(accura&y 50.02 mg) have been placed in aluminium sample pans with pierced 

0over-s to permit _gaseous decomposition products to escape. The temperature range 

over which most reactions were studied was 157 to 287°C usually scanned at 8 deg 

min- ‘_ All of the measurements were carried out under a dry nitrogen atmosphere. 
From the obtained DSC curves, using the method’ the values E,, (apparent activation 
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energy) and n (reaction order) have been determined as well. The va*.ies of decom- 

position heat (AH), apparent activation energies (E,,) as well as re; .:tion orders (n) 

are shown in Table II_ The uncertainties are espressed as the standar.’ deviation of 

the mean. 

RESULTS AXD DISCUSSION 

As the data obtained from the Derivatograph show, the thermal decompositions 

of z-, fl- and 7-Cu(C,O,)(NH,), start at about 200”? (Fig. 1). The thermo_qavimetric 

curves indicate for a11 three modifications a one-step reaction leadins to CuO forma- 

i 

Fig. I. Derivatogram of CU(CZOJ)(NHS)Z - 

tion. However, the DTG and DTA curves do not impIy a one-step reaction_ On the 

contrary, they indicate that the reaction is divided into three steps, different for each 

modification. To establish differences in thermal decomposition of the compIexes, we 

decided to use a differential scanning calorimeter. As can be seen on Fizs. 2-4 the 
destruction of a11 three modifications proceeds in two endothermic reactions immedi- 

ateIy foliowing each other, foliowed by an exothermic reaction (not shown in Figs. 

24) The obtained values of AH for both endothermic reactions (AH, and AH, 

respectively) as we11 as the total AH value (AH,) are given in Table II together with 

temperature parameters Ti (at which the pen first deviates from the baseline) and 

TM (at which the enthalpy chan_ee is at maximum). 
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Fig_ Z DSC thermogram of z-Cu(CZOa)(XH3)=- 
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Fig. 4. DSC thermogram of -pCu(CZOO)(NH&. 

TABLE II 

HEATS OF DECOMPOSITION, APPARENT ACTIVATION ENERGIES AND REACXION 
ORDERS DEIERMINED FROM DSC CURVES FOR a-. & AND pCu(C20i)(NH~)l 

1. 

I. 

Endothermic reaction 
Tl I”Kl 
Tn WI 
AHI Bcal mole-‘] 
E,, [kcaI mole-‘] 
n 
Endothermic reaction 
T, [“Kl 
Tw [“Kl 
AH, 

455 460 465 

499 491 502 
10.5f0.2 13.9io.3 18.8f0.4 
59 68 61 
0.7 I 0.7 

516 512 518 
530 532 530.540 

6.95&0.15 5.4Sf0.15 2.3f0.20 

17.5 18.4 21.1 

Results of analytical control of products formed during the first endothermic 
reaction (Table I) show that, in the case bf the CL and /3 mod&cations, *he destruction 
process initially Ioses one mole of ammonia, while the bonding of the oxalate group 
undergoes no essentiaI changes. This fact is supported by comparison of infrared 
spectra of Q and B modifications3 with those of intermediates (Table III). Hence, the 
frrst part of thermal decomposition of z and j3 modifications can be characterized by 
a stoichiometric equation as foliows: 

CW,O.J (NH,), (9 --, CuGO,WH,), (9 + NH, (tzl 

The situation is quite different for y-Cu(C,OJ(NH,), as can be seen from the inter- 
mediate composition data in Table I. The first step of the thermai decomposition of 
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TABLE III 

ABSORPTION BANDS OF OXALATE GROUPS IN THE INFRARED SPECTRA 
z-, j% AND ;I-CU(C,O,)(SH,)~ AND INTERMEDIATES IN THEIR THERMAL 
DECOblPOSITION 

OF 

Band =-CdC,O,) (~~3)* 
assigmenr - 

initial inrermediare 

i-cu(czo4)w~3h 

init iai inrcriueciiare 

v,o-c-o i715 1710 sh 
1685 1680 
1630 I635 
I615 1610 

(1710) 1694 (2180-2130) 
1663 1665 I665 1663 

1638 1624 I625 
1624 1625 1601 

Y,O-C-O 1340 1350 1420 
1320 I409 I409 1417 I350 

v,O-C-O I263 1256 1273 
1x0 I256 1263 123-o 1263 1256 

m-C-0 515 781 809 790 790 
7i8 798 777 790 781 780 

this complex cannot be described by such a simple equation as in the former cases, 
since the destruction of the oxalate group has aheady taken place in this reaction 
step. The infrared spectra of T-CU(C~O,)(NH~)~~ and the intermediate during its 
destruction are quite different. This supports the above-mentioned mechanism of 
the thermal decomposition of ;I-Cu(C,O,) (NH& _ 

The AH values found for individuai reactions agree with the stoichiometry of 
the thermal decomposition for all modifications; diKeren:es between them are greater 
tfian the deviations from the mean values. 

The observed trend of diITerences at the AH, and AH, values was unexpected. 
We have found the Iowest AH, and AH, vaIues to be r-Cu(C,O,)(NH,), prepared 
under optimal conditions for the preparation of the most stable form. As the studied 
reactions take piace in the solid state, the obtained values of AH, cannot be rigorously 
regarded as a gauge of the bond strength_ All the same it is interesting to compare 
our values of AH1 for r-Cu(C,O,)(NH& (elongated tetragonai bipyramid) and 
/3-Cu(C,O,)(NH,), (most 1ikeIy a compressed tetragonal bipyramid) with .he theo- 
retically predicted5 centrai atom-ligand bonds energies in complex compounds of 
copper(H) with homogeneous coordination spheres, where the coordination poly- 
hedron is deformed due to the Jahn-Teller effect. On the other hand, the increase of 
the AH1 value for f-Cu(CzO,)(NH,), might be caused by the initiaI destruction of 
the oxalate group. We suppose that the high AH, value for s-Cu(C204)(NH3), is due 
to a simultaneous &crease in concentration of the ammonia moIecules and the 
oxalate groups- 

The Al-r, value (the energy of the second endothermic reaction) is the highest 
for z- and the lowest for r-Cu(C,O~)(NH,),. This fact is in agreement with the 
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structure, and with already determined mechanism of thermal decompositions for 
single modifications. 

The fact that the endothermic part of the thermal decomposition for all three 
modifications can be partly overlapped by the exothermic part of the reaction 

cuoi-co --, cu+co, AH = 20. I kcal mole- ’ 

accompanying the cop_per(II) oxalates destruction’, means that we cannot predict 
the relative stabihtics of x-, /3- and y-Cu(C,O,)(NH,), purely from the AN values. 

Using the method in ref. 6 we have obtained the values of apparent activation 
energies (E-J and reaction orders (n) given in Table III for the first endothermic 
reactions. We have found the lowest activation em- __~,gy for r and the highest one for 
the /.? modification; the EA vaIue for y-Cu(C,04)(NH,), is intermec’:ate_ 

coNCLU.sIOS 

Regarding the thermal decomposition of complex compounds as a certain type 
of substitution reaction, it can be stated that the substitution reactions start at Z- and 

P-Cu(C@.I)(N%)z on the short bond by splitting one molecule of ammonia_ That 
course of reaction, usual at copper(H) complexes 9 is aided by the fact that anions 
occupying the positions on the Ionger bonds form bridges to the neighbouring central 
atoms at the same time. Hence, the reaction opening on such a piace needs a greater 
amount of ener_gy than the breakdown of the copper ammonia bond. 

. 
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