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The influence of different degrees of distortion of the coordination polyhedra in 
some Cu(II) complexes on the courses of their thermal destruction was studied. It was 
found that  differences in the thermal stability and  stoichiometry of thermal decomposi- 
tion may be satisfactorily explained by the different degrees of distortion of the coordina- 
tion polyhedra in the Cu(II) complexes under discussion. This fact appears to be 
significant with respect to the chemical reactivities of these complexes, though the 
influence of other factors cannot  be excluded. 

The recent development of science is characterized by an explosive evolution 
of experimental techniques, allowing one to obtain very precise data on the 
structures of substances. Due to these possibilities, a new type of isomerism has 
been detected for copper(II) complex compounds [1 ], called distortion isomerism 
[2]. The existence of this type of isomerism is well explained by the theory of 
vibronic interactions in electronically degenerated states of the central atom [3]. 
This theory, together with a number of experimental data [3], pointed to the 
marked plasticity of the coordination sphere of Cu(II), a consequence of which is 
the occurrence of Cu(II) complexes not in one but in several possible stable con- 
formations differing in the lengths of their Cu - ligand bonds [3]. At present 
distortion isomers are called substances with the same stoichiometric composition, 
but with different degrees of distortion of their coordination polyhedra. As 
follows from the definition, the differences in the stuctures of distortion isomers 
are smaller, than those of the classical types of isomers, e.g. cis-trans isomers. 
The structural differences between distortion isomers may be determined not 
only by monocrystal X-ray analysis, but also by a number of other physico- 
chemical methods allowing the study of structures of substances (IR, electronic, 
EPR spectra, etc.). 

It is clear that chemists will not only be interested in the static determination 
of differences in the complex compounds under investigation: their interest will 
be directed mainly to the chemical behaviour of the compounds. One of the 
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414 LANGFELDEROVA.: THE INFLUENCE OF THE STRUCTURE 

possibilities for studying this problem is given by thermal analysis. This paper 
has the object of showing to what extent the degree of distortion of the coordina- 
tion polyhedron influences the course of thermal decomposition. 

Discussion 

The study of complexes of CuC12 with alkyl derivatives of ammonia [4] showed 
for compounds of the type CuCI~L 4 and CuC12L2 that the degree of distortion of the 
coordination polyhedron increases with increasing o--donor ability of the ligands 
and simultaneously as the steric requirements of the ligands advance. A com- 
parison of the data listed in Table 1 leads to the conclusion that with increasing 
degree of distortion of the coordination polyhedron from L = methylamine 
through ethylamine to diethylamine (shown in Table 1 by the shift of the maxi- 
mum of the d-d absorption band to higher wavenumbers), the thermal stability 
of the complex decreases, the evaluation being made on the basis of the decompo- 
sition temperature or the maximum of the first endothermic deviation [5]. The 
temperature at which the reduction of Cu(II) to Cu(I) takes place in the same 
order decreases. From the results of non-isothermal studies of the decomposition 
of the complexes listed in Table 1, it may be stated that with an appreciable 

Table 1 

Some thermal and spectral properties of CuCI2La and CuCI2L: complexes [5] 

Complex pKB 

Maximum of 
the 1st 

endoreaction, 
~ 

V-max of the d - - d  
transition, c m -  1 

Temperature 
of the cu (n )  

reduction, 
~ 

CuCl2(ma)4 
CuCl2(ea)4 
CuCl2(ma)2 
CuClz(ea)~ 
CuClz(dea)2 

3.37 75 
3.22 65 
3.37 140 
3.22 130 
2.89 (100) 

16 400 
17 300 
14 000 
15 300 

18 800 14 800 

160 
147 
162 
150 
130 

change of the distortion of the coordination polyhedron (transition from differently 
distorted tetragonal bipyramide in the case of the complexes CuCl2(ma)2 and 
CuClo(ea)z to the practically square-planar structure of CuC12(dea)2 ) a change 
in the decomposition stoichiometry also takes place. The decompositions of 
complexes with methyl- and ethylamine as ligands may be expressed in accordance 
with the results obtained by isothermal methods for ethyl- and diethylamine, 
respectively, [6-  8] by the equations 

CuCI2L2(s) 
CuC12L(s) 

CuClzL(s) 4- L(g) 
CuCI + oxidation and polymerization products 

of L 
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In cont ras t  to the above  complexes,  the complex  CuC12(dea)., undergoes  redox  
changes s imul taneous ly  with the release o f  first pa r t  o f  the dea [5 ]. These results  are  
con t r ad i c to ry  to the usual  op in ion  o f  an enhancement  o f  the thermal  s tabi l i ty  o f  
a complex  with increas ing basici ty  o f  the l igand L. The same dependences  were 
also observed for  a series o f  complexes  Cu(SCN)2L 2 [9] and  Cu(OCN)2L 2 [10], 
where L denotes  pyr id ine  and  its mono-  and  dimethy!  derivatives (Tables 2 and  
3). The au thors  o f  these papers  [9, 10] came to the conclusion tha t  the the rmal  

Table 2 

Some thermal and spectral properties of Cu(NCS)2L~ complexes [9] 

Decomposition 
Complex Cu(NCS)2L2 ~ with L PKB Vmax of the d ~ d  temperature of 

= transition, cm -1 the complex, 
~ 

pyridine 
c~-picoline 
fl-picoline 
7-picoline 
2,3-1utidine 
2,4-1utidine 
2,6-1utidine 
3,4-1utidine 
3,5-1utidine 

8.78 
8.04 
8.37 
8.02 
7.43 
7.37 
7.28 
7.54 
7.85 

15 600 
13 000 16 600 

17 100 
16 200 
14 100 
17150 

14 500 16 700 19 700 
13 100 16 300 
13 200 16 300 

110 
60 

110 
110 
70 
65 
65 

100 
100 

Table 3 

Some thermal and spectral properties of complexes Cu(NCO)~L2 [10] 

Initial decompo- 
Complex Cu(NCO)zL 2 V~rnax of the d ~ d  sition temperature 

with L = PKB transition, cm -t of the complex, 
~ 

~-picol.ine 
fl-picoline 
~,-picoline 
2,4-1utidine 
2,6-1utidine 

8.04 
8.37 
8.02 
7.37 
7.28 

14 800 17 700 
15 500 
16 300 

13 700 17 100 
14 300 16 700 19 300 

80 
130 
155 
100 
130 

stabi l i ty  of  the s tudied complexes  is mos t  influenced by the steric p roper t ies  o f  the 
l igands.  They showed tha t  the influence o f  a methyl  g roup  in the c~-position to 
the d o n o r  n i t rogen  a t o m  is pa r t i cu la r ly  marked ,  and  they suggest tha t  such a 
methyl  g roup  hinders  effective in te rac t ion  o f  the centra l  a t o m  with the an ion  
l igand leading to the fo rma t ion  of  t e t r agona l -b ipy ramida l  coo rd ina t ion  po lyhedra .  

A n  eva lua t ion  o f  the above  da ta  and  also a c ompa r i son  o f  the l i te ra ture  in forma-  
t ion  on the s tructure o f  the complexes CuA~X2, CuA2X2, CuAX2 and CuX2 [11 - 13 ] 
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with their thermal stabilities [14, 15] permits the conclusion that the thermal 
stability of a Cu(II) complex is markedly enhanced by the formation of chains. 
It may be stated that the less symmetrical the chain, i.e. the more different the 
values of a and b, the lower the thermal stability of the copper(II) complex. 

L L L 

k k l. 

Based on the infrared, electron and EPR spectra [4], in the complex CuClz(ma)2 
a pseudooctahedral structure is suggested, in which the lengths of the Cu - X 
bonds may be considered to be equal; on the change to ethylamine ligands the 
structure becomes a distorted tetragonal bipyramid [4], the Cu - Xz - Cu - 
chain becomes asymmetrical; owing to this, the distribution of the electron shell 
between the involved atoms changes, with weakening of the bond Cu - L, the 
ethylamine molecule being released more easily from the complex than the 
methylamine molecule. The complex compound CuC12(dea)z exhibits a square- 
planar structure [4, 16] (as the complexes CuN~+), and owing to this its thermal 
stability decreases appreciably. 

The situation appears to be more complicated for the group of complexes 
Cu(NCS)~L2 and Cu(NCO)2L~, where dative n-bonds between the central atom 
and the ligand L and the group NCX (X = 0, S) are also to be considered. Never- 
theless, in general it holds that the thermal stability of a complex is the lower, 
the more distorted the coordination polyhedron, i.e. the more the structure ap- 
proaches the square-planar form. An exception is the complex Cu(NCO)z(2,6- 
lutidine2), where an optimum balance of the factors influencing the stability of the 
system (steric effect, formation of dative n-bonds and crystal lattice energy) is 
suggested [10]. 

The foregoing showed that the differences in thermal stability of the complexies 
CuX2Az (at least for the discussed series) may be satisfactorily explained by the 
different degrees of distortion of the coordination polyhedra, though of course, 
other factors must also be taken into consideration. 

The following part of this paper will deal with the different degrees of distortion 
of the coordination polyhedra of Cu(II) in compounds with the same stoichiometric 
composition, viz. in distortion isomers, demonstrated by the courses of their 
thermal decomposition. 

In evaluating the data of the behaviour of distortion isomers of copper(II) 
complexes during their thermal decomposition, we may divide the observed 
differences into two groups. 

I. Differences in the decomposition temperature. In evaluating these differences, 
it is necessary to decide whether they are really caused by different interactions 
in the inner coordination polyhedra, or between the coordination polyhedra, or 
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only by physical effects (e.g. defects of the crystal lattice, particle size, t ransport  
phenomena,  etc.). 

Table 4 presents the temperature of  decomposition, that of  the maximum of 
the first deviation on the DTA curve, the values of the valence vibrations for the 
bond between the central a tom and the nitrogen of the neutral ligand and the 
frequencies of  the absorption band maxima of the d - d  transitions in the electronic 
spectra of the complexes, for some pairs of  distortion isomers. 

Table 4 

Some thermal and spectral properties of some couples of distortion isomers 

~ 
V r l l a x  

Complex Td, TM, ~eu--N, cm-~ d ~ d  trans. References ~ ~ 
�9 1 0 a c m - I  

c~-CuBr2(NHa)~ 
fl-CuBr~(NHs)2 
~-CuCI~(py)2 
fl-CuClz(py)2 
c~-CuC12(?)-pic)2 
fl-CuC12()J-pic)e 
c~-Cu(NCS)~(py)2 
fl-Cu(NCS).(py)~ 
c~-Cu(HCOO)2(NHz)2 
fl-Cu(HCOO)2(NHz).- 
c~-Cu(C204)(NH 8)2 
fl-Cu(C, O4)(NHs)~ 
7-Cu(C2Oa)(NHs)z 

110 
140 
122 
138 
135 
145 
1113 
1113 
130 
137 
182 
187 
193 

293 
289 
200 
210 
164 
184 
185 
175 
135 
142 
226 
218 
229 

482, 416 
491, 418 

265 
268 
296 
300 

258, 220 
253, 218 
460, 430 
460, 432 

488 
480 
488 

14�9 
14.1 
14.8 
14.6 
14.7 
14.8 
15.6 

15.6 
15.9 
15.4 
15.6 
15.7 

1, 17, 18 
1, 17, 18 

19 
19 
19 
19 
20 
20 
21 

21, 22 
23 - 26: 
23-  26 
23-26 

A comparison of the values of  the decomposition temperature (Td) and o f  
~Cu-N shows that the dependence existing between them is not simple. For the 
majority of the isomer pairs observed the increase of the decomposition tempera-  
ture of one of the isomers is in accordance with the greater strength of the metal - 
ligand bond. The difference in the values of the valence vibration ~Cu-N for 
co- and fl-Cu(NCS)2py2 did not influence the decomposition temperature, but on 
the other hand for e- and fl-Cu(HCOO)z(NHa)2 the difference in To amounted 
to 7 ~ though the value of ~C~-N was the same for both complexes�9 The fact that 
the decomposition temperatures do not change equally with changes in ~Cu-N 
in all the cases is ascribed to different interactions between the coordination poly- 
hedra. 

An evaluation of the above information leads us to the conclusion that the 
values of  the temperature of  decomposition and also of the maxima of the corre- 
sponding deviations in the D T A  curves reflect the differences in the distortion of 
the coordination polyhedra as well as those of the strength of the Cu - volatile 
ligand bond,  but their numerical values are of course influenced by other in te r -  
actions too. 
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In comparing the decomposition temperatures of, for example, the e-isomers 
of the studied pairs, it is clear that these temperatures are strongly influenced by 
other factors in addition to the metal - volatile ligand bond strength. The lowest 
decomposition temperature in the compared series is exhibited by e-CuBr 2 �9 (NH3)2, 
while of the studied anions Br- shows the weakest ability to form hydrogen 
bridges. 

It is sometimes preferred in the literature to evaluate the strength of the ligand 
coordination by means of the maximum temperature (TM) of the corresponding 
deviation in the DTA curve [27]. The data listed inTable 1 show that the differences 
in the strength of the ligand coordination given by the value of ~Cu-N also appear 
in the values of TM. However, it is not possible here either simply to compare 
T M with Vcu-N- 

II. The second group of significant differences in the courses of thermal 
decomposition of distortion isomers of Cu(II)complexes covers those of the 
decomposition stoichiometry. For complexes of the composition CuX2A2, where 
X denotes anions consisting of several atoms, their infrared spectra, and in some 
cases also the results of their X-ray structure analysis, indicate differences in the 
coordination of the polyatomic anions to the central atom. These complexes 
showed differences in their decomposition stoichiometry. Though one cannot 
suppose that no changes of the bonding conditions occur in the solid residues 
during the first phases of thermal decomposition, it seems that in these cases the 
stoichiometry of thermal decomposition is influenced significantly by the structure 
of the starting complex. The isomers of Cu(NCS)2(py)~ may be considered as an 
example [20]. The decomposition of/?-Cu(NCS)e(py)2 is the same as shown in 
[28] and takes place with the formation of CuSCN �9 SCN; the e-form yields a 
compound of the same composition but of different structure only if the decompo- 
sition proceeds in a nitrogen flow. With decomposition in air, the isolated inter- 
mediate has the composition Cu2S(CN)2S2(CN)2 [20]. The different course 
of thermal destruction in the region of decomposition of the thiocyanate groups 
is in good agreement with the data of other physico-chemical methods, pointing 
to the fact that the structural differences between the isomers are due to the 
different symmetries or positions of the thiocyanate groups in the crystal lattice. 

For the isomers of Cu(NCS)~(NH3)2 it has been found [29] that in addition 
to the differences in the bond lengths in the inner coordination polyhedron, 
those complexes also differ in the angle of deviation of the NCS group from 
linearity. The DTA curves showed marked differences just in the region where 
the destruction of the thiocyanate group occurs [30]. The changes in the thermal 
decomposition of the isomers of Cu(NCS)2(NH3)z when they are exposed to 
pressure are interesting. The detailed character of the changes due to pressure 
in the coordination sphere of Cu(II) and in the whole lattice is not perfectly clear, 
but powder diffractograms, lead us to the suggestion [30] that the changes in 
the coordination polyhedra probably occur with a mutual shift of some planes 
in the lattice. The decomposition temperature of the product is lower by about 
50 ~ than the original temperature (130 ~ and according to the TG curve two 
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moles of NHa are released in the first step, while only one mole of ammonia 
is liberated from the original samples [30]. 

Another example is given by the isomers of Cu(C204)(NHa)~, the decomposi- 
tion of which was studied by calorimetric methods [23]. The first decomposition 
step of c~- and fl-Cu(C204)(NHa) 2 may be expressed by the equation 

~-, fl-Cu(C204)(NH3)2(s) -o Cu(C~O4)(NH3)(~ ~ + NH3(g ) 

The values of AHfor this reaction (AH~ = 10.5 kcal.mole -1 and AHp = 13.9 
kcal.mole -1) indicate unequal interactions of the ammonia molecules with 
the central atom and also within the whole crystal lattice. The ?-isomer exhibits 
quite another situation, since even in the first step of thermal decomposition 
a considerable decomposition of the oxalate group itself takes place. A different 
type of bonding of the C20~- ion and also a different Cu -NH3  interaction in 
the structures of these complexes have been found by direct X-ray structure 
analysis [31] as well as by other physico-chemical methods [24-26]. 

The isomers of Cu(NH3)2(HCOO)2 also show different courses of decomposition 
on heating [22]. According to the TG and DTG curves, the a-isomer decomposes 
in only one step to Cu, NH 3, H20 and CO 2, whereas the decomposition of the 
fl-form yields a green intermediate of composition Cu(NHa)Ls(HCOO)2, this 
having been considered the fi-form itself in the older literature. 

Conclusion 

The object of this paper was to demonstrate a direct relationship between 
the structures of Cu(II) coordination compounds, or more exactly between the 
degrees of distortion of the coordination polyhedra, and the courses of their 
thermal decomposition. Though, of course, we cannot exclude the influence of 
physical factors, which in reactions of the type A(s ) ~ B(s) +Ccg ) in general 
play an important part, nor the effect of secondary interactions within the crystal 
lattice, nevertheless, on the basis of the presented experimental data we may 
state that the courses of thermal decomposition of copper(II) complexes (for an 
analogous or equal stoichiometric composition of the complexes) are strongly 
affected by the degree of distortion of the coordination polyhedron. With respect 
to the chemical reactivity of these complexes, this fact appears to be rather sig- 
nificant. 
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R~SUM~ -- On a 6tudi6 l'influence des diffOrents degrOs de distortion des polyh6dres de coordina- 
tion sur l 'allure de leur dOcomposition thermique, dans le cas de quelques complexes du Cu(II). 
On a trouv6 que les diffOrences de stabilit6 thermique et de stoechiomOtrie pouvaient expliquer 
de mani6re satisfaisante les diffOrents degr6s de distortion des polyh6dres de coordination 
dans les complexes du Cu(II) 6tudiOs. Ce fait semble &re plutOt significatif de la r6activit6 
chimique de ces complexes, bien que l'influence d 'autres facteurs ne doive pas &re exclue. 

ZUSAMMENFASSUNG - -  DeE EinfluB der verschiedenen Grade der Koordinations-Polyeder- 
Verzerrung in einigen Cu(II) Komplexen auf den Verlauf ihrer thermischen Zersetzung wurde 
untersucht. Es wurde festgestellt, dab Unterschiede in der thermischen Stabilit/it und der 
StOchiometrie dee thermischen Zersetzung durch die verschiedenen Verzerrungsgrade dee 
Koordinations-Polyeder in den erOrterten Cu(II) Komplexen befriedigend erkl/irt werden 
k6nnen. Diese Tatsache scheint hinsichtlich der chemischen Reaktivit/it dieser Komplexe 
yon grosser Bedeutung zu sein, obwohl der Einfiull anderer Faktoren nicht ausgeschlossen 
werden kann. 

Pe3~oMe - -  ]~blJIO n3y'~eno Byili~mlle pa3Ymqrto~ cTelieHn rici~axceHn~ Koop~n~attrIO~HOrO r~oYm- 
a~pa ~ aerorop~,ix XOMn~tercax Cu(II) na xo~ nx Teprcm~ecro~ ~ecTpyra~n. Ha~/ie~o, '~TO np~t 
o6cyxc~ertrnt paa~r~,in.~ ~x a TepMm~ecro~ cTa6nm, aOCTn rt CTeXI~OMeTpHr~ repMa,~ecroro paaJIO- 
:~Igen~i~i, MO~IgeT 6bITb y~o~aeT~opItTem, no o6~,zcneno na ocno~e paaan~Ho~ cTenerra r~c~a~enr~l 
roop)~rmat~onnoro no~_na~pa B rO~Tt~e~cax Cu(lI). ~)TOT qbarT, no-~mln~oMy, cropee ~I~SI~- 
eTClt CylIIeCTBeHHbIM IIO OTHOIZIeHI-IIO X!4MI~xtecI(O~ peaKI2IIOHI-IOOIIOCO6HOCTII ~TFIX KOMIIJIeKGOB~ 
XOTZ BJIII~IHIIe 1I ~pyrr~x ~barTopoB He Mo)KeT 6blTb HCK/UOVteHO. 
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