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The thermal decompositions of Cu(en)2(NCS)X. where X = CI--, B r ,  NO j ,  BF~ and 
CIO. ,  have been studied in comparison with the coursesofCu(en)2(SCN) z and Cu(en)2X2 
decomposition. It is shown that the presence of the thiocyanate group in the complexes 
Cu(en)~(NCS)X is the most important factor in the decomposition course, in agreement with the 
fact that the anions X - are not coordinated, or are only semicoordinated. Significant differences 
were found in the courses of thermal decomposition of two forms of Cu(en)2(NCS)(BF,~) 
differing in the structure of their coordination polyhedra. 

The influence of the structure on the course of the thermal decomposition of 
coordination compounds is frequently discussed in the literature. The aim of the 
present work was to study the course of thermal decomposition of Cu(II) complexes 
containing ethylenediamine (en) and the thiocyanate group in the heterogeneous 
coordination sphere. The thiocyanate group exhibits a wide variety of coordination 
possibilities [1]. In tetragonal-bipyramidal Cu(lI) complexes, this group can be 
coordinated to the central atom via the nitrogen atom (in the equatorial plane and 
in the axial positions) or via the sulphur atom (in the axial positions only), and it 
also often forms bridges between Cu(ll) atoms. The mode of its coordination to 
Cu(ll) depends both on the properties of the other ligands present in the 
coordination sphere and on the counter ions. It has been established that the 
substitution of one--SCN group in Cu(en)2(SCN)2 for CIOs [2] or Br- [3] anions 
leads to N-coordination of the NCS group in Cu(en)2(NCS)X (X- = ClO~, Br ), 
in contrast to its S-coordination in Cu(en)2(SCN)2 [4]. Analogous differences in the 
coordination of the thiocyanate group are assumed for other complexes 
Cu(en)2(NCS)X, where X-  = Cl-, NO 3 and BFg [5]. Moreover, the complex with 
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X- = BF~ has been prepared in two forms differing significantly in the structures 
of their coordination polyhedra [5]. It was therefore of interest to study 
manifestations of the structural differences in the course of the thermal 
decompositions of the complexes Cu(en)2(NCS)X in comparison with that found 
for Cu(en)2(SCN) 2 . 

Experimental 

Procedures for the preparation of the complexes under study, as well as the 
analytical results, are given in [5]. 

Thermal decompositions of the complexes were performed on an OD-102 
derivatograph in dynamic nitrogen atmosphere. All complexes were finely 
powdered before measurements. The sample weight was 100 mg, the heating rate 
was 6 or 9 deg min-1, and ct-Al20 3 was used as reference material for DTA. 

Results and discussion 

A. Thermal decomposition of the complexes Cu(en)2X 2 

The thermal decomposition of Cu(en)2(SCN)2 (Fig. 1, Table 1) starts at relatively 
low temperature (150~ Before decomposition, the complex melts at 130 ~ . In the 
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Fig. ! TG. DTG and DTA curves of Cu(en)s(SCN)2 
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Table 1 The course of thermal decomposition of Cu(en)zX z 

1145 

Weight Melting Temperature 
X-  loss temperature, of decomposition, 

~ ~ 
Remark 

SCN 0.5 en 130 155 endothermic 
CIO4 210 215 explosion 
NO3 195 200 explosion 
BF4 0.5 en 210 exothermic 
Br 1 en 230 endothermic 
CI I en 215 

first step of decomposition 0.5 mole of ethylenediamine is released, which has also 
been proved analytically by the content of copper in the intermediate prepared at 
150 ~ (Table 3). However, the DTA curve indicates a more complicated course of 
decomposition, the release of ethylenediamine being accompanied by a small 
endothermic peak, followed immediately by a strong exothermic peak. This can be 
caused by recrystallization of the molten sample during the evolution of 
ethyldiamine, as observed in the decomposition of Cu(en)SO4 [6]. The other 
complexes Cu(en)2X2 exhibit higher thermal stabilities (Table 1). The course of 
their thermal decomposition depends strongly on the anion present. The 
decompositions of complexes with X -  = CtO4 and NO~- are accompanied by an 
explosion. From Cu(en)z(BF4)2, a little more than 0.5 mole of ethylenediamine 
excapes in the first step (Fig. 2). The formation of Cu(en)X2 during the thermal 
decomposition of bis-ethylenediamine complexes was observed in the TG curve for 
the complexes with X-  = C1- and Br- only. These reactions proceed with 
activation energies (calculated according to the Coats-Redfern method [7]) of 
153• and 221+10 kJ mol 1 for C1- and Br-,  respectively [8]. However, 
formation of the monoethylenediamine complex is indicated in the TG curves only 
by the break in the curve, and no plateau has been observed. 

From the above experimental data relating to the decompositions of the 
complexes Cu(en)2X2, we can conclude that the chemical properties of the anions 
present, and their ability to be coordinated or to cause redox reactions, play the 
most important roles in the course of their thermal decompositions. The lowest 
thermal stability for Cu(en)2(SCN)2, as compared with the other complexes 
Cu(en)zX2 studied, could be connected with the reducing influence of the 
thiocyanate group, coordinated to the Cu(II) via the sulphur atom in the direction 
of unpaired electron localization, as suggested for other Cu(II) complexes [9]. Due to 
the melting of the complexes before their decomposition, the interpretation of their 
thermal stabilities on the basis of their room-temperature crystal structures should 
not be absolutely correct. 
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Fig. 2 TG,  DTG and DTA curves of Cu(en)2(BF4) 2 

B. Thermal decomposition o f  the complexes Cu(en)  2 ( N C S )  X ( X -  = CI , Br , 

NO3, ClO~ and BF4- ) 

The melting and decomposition temperatures of the complexes Cu(en)2(NCS)X 
(Table 2) are in general higher than those of Cu(en)2(SCN)z, but lower than those 
found for Cu(en)2Xz. with the exception of Cu(en)z(NCS)CIO 4. The decom- 
position of this complex is accompanied by an explosion, although the C104 group 
is not coordinated to the Cu(II) atom [2]. In this complex the thiocyanate group is 

Table 2 The course of thermal decomposition o f  Cu(en)2fNCS)X 

Meltivg 
X Weight 

loss temperature, 
C 

CIO4 230 
NO 3 0.5 en 140 

Br 0.5 en 160 
VI 0.5 en 130 

v-BF4 ~ 0.5 en 150 
b-BF4 h 2 en 

a violet form 
h blue form 

Decomposi thm v,.,. of  
temperature~ Remark dd transition, 

C e m -  

235 explosion 18.500 
140 endotherm 18. 100 

170 endotherm 18.080 

165 endotherm 17.760 
170 endotherm 18.00 0 
120 ? 14.700 
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coordinated via the nitrogen atom to two copper atoms, thereby forming --~Cu-- 
N(CS)--Cu-chains: together with the absence of a reducing thiocyanate group 
bonded via the sulphur atom, this could be the reason for the somewhat higher 
thermal stabilities of the complexes Cu(en)2(NCStX as compared with that of 
Cu(en)z(SCN) 2. The decomposition temperatures of the tetragonal-bipyramidal 
complexes Cu(en)2(NCS)X increase with the increasing degree of their coor- 
dination polyhedra deformation (evaluated from d d absorption band maxima 
Table 2), analogously to other series of tet ragonal-bipyramidal Cu(ll) complexes 
[10]. The overall course of thermal decomposition of all the tetragonai-bipyramidal 
complexes Cu(en)2(NCS)X (X- = CI-, Br-, No3 and BF4, violet form) is 
dominated by the presence of the NCS group, while the X-  ions exert a relatively 
small influence (Table 2, Figs 3 and 4). This is understandable when it is considered 
that the anions X-  are not coordinated in these complexes. 

The differences between the structures of the two isomers of Cu(en)2(NCS)(BF 4) 
(violet and blue forms) are reflected very expressively in the courses of their thermal 
decompositions. The violet form. which is presumed to have a tetragonal- 
bipyramidal structure of the coordination polyhedron with ~ semicoordinated BF~ 
group [5], is decomposed (Fig. 5) in a similar way ~s the other tetragonal- 
bipyramidat complexes under discussion. For the Nue Cu~en)z(NCS)(BF4), a 
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Fig. 5 TG. DTG and DTA craves of the violet form of Cu(en)2(NCS)(BF4) 
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tetragonal-pyramidal structure with an N-coordinated thiocyanate group and a 
non-coordinated BF2 group is presumed [5]. This means that in this complex the 
stabilizing effect of  chain formation is absent. Indeed, the decomposition 
temperature is lower than those observed for other complexes of the same 
composition (Table 3). Moreover, a quite different decomposition stoichiometry 
was found for this complex. In the first step, according to the TG curve (Fig. 6), 
both molecules of ethytenediamine are released. Nevertheless, the DTA curve 
suggests a more complicated decomposition course, and further we found the 
formation of Cu(BF4)2 to be not very probable. Unfortunately, the difficulties 
involved in the synthesis of  a greater amount of this complex prevented us from 
studying the decomposition stoichiometry in detail. 

TaMe 3 Analytical composition of  thermal decomposition intermediates 

Presumed Content of  Cu, % Temperature 
. . . . . . . . . . . . . . . .  of the intermediate 

Complex intermediate calcd, found preparation, r~C 

Cu(en)~.5(SCN) 2 23.57 23.74 150 
(release of NO2) i 4.54 194 
Cu(en)(BF,) 2 21.37 21.90 214 
Cu(en)t.s(NCS)(NO3) 23.13 22.64 180 
Cu(en)I.5(NCS)CI 25.70 26.75 180 

Cu(en)2(SCN) 2 
Cu(en)2(NO3)2 
Cu(en)2(BF,d2 
Cu(en)z(NCS)(NO3) 
Cu(en)~(NCS)CI 
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Fig. 6 TG, DTG and DTA curves of  the blue form of  Cu(en)2(NCS)(BF4) 
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The decomposition stoichiometries of all the complexes under study are quite 
complicated. The pr~ducts of the first step of decomnosition are black, sintered 
materials. As it has already been mentioned, this could be connected with 
recr!:.~tallization of the melted sample after release of the first ethylenediamine 
portions. Analytical evaluation of the Cu(ll) contents in "hese intermediates (Table 
3~ showed that. with the exception of Cu(en)2(NCSJ(NO d. the contents of Cu(ll) 
are in agreement ~ith their assumed compositions. I~.:othermal study of the 
decompositions of the complexes showed that the melting of the crystals and the 
release of the ethylenediamine molecules are practically simultaneous. After the 
weight loss corresponding to the first step in the TG curve is reached, the samples 
are solidified again and the decomposition proceeds in a quite complicated manner. 
As it can be seen from the respective TG curves, neither the monoethylenediamine 
complexes nor the compounds Cu(NCS)X were recorded as decomposition 
halcrmediates. The decomposition of the respective anions starts in the presence of 
,.-~h vlencdiamine. The decomposition of the thiocyanate group is analogous to its 
d:~,omp~ilion in complexes which contain pyridine or subs!ituted pyridines as 
n,'utral ligands in their coordination spheres [11], and it is accompanied by redox 
ch~,nges of the cemral atom. 

In conclusion, we can say that the courses of thermal decomposition of the 
ethylenediamine complexes are strongly influenced by the chemical properties of 
the anions present. The mode of thiocyanate group coordination is reflected in the 
tber~nal stabilities of the complexes, the complexes with S-coordination being less 
stable than those with an N-coordinated thiocyanate group. However, the higher 
thermal stabilities of the N-coordinated complexes can be caused by chain 
formation as well. The increase in thermal stability owing to chain formation is 
~;o~t!y demonstrated in the differences in the thermal stabihties of the blue and 
~i,~iet forms of Cu(en)2(NCS)(BF4). The differences in the courses of thermal 
decomposition of the i.wo complexes also demonstrate the importance of the 
stroc'.ures of the coordii~ation polyhedra for their chemical reactivity. 
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Zt~ammenf~sung - -  Die thermische Zersetzung yon Cu(en)2( NCS)X (X = CI. Br, NO,,  BF.~ und CIO,O 

wurde untersueht und rnit der yon (u(el;i2tSCN)2 und (. -,(e~)zX ~ vcrglich~n. Dcr den Vcrl~uf t;er 
Zersetzung cntscheidend bestimmende Faklor isl die An,~ ~senhei~ der Thi~rydm~t-(~ruppe in drn 
Cu(en)2(NCS)X-Komplexen, was in I~bereinstlmmung damit ~eh~. dal3 die Anionen X mch~ c~.ier nar 

roll,else k~ordiniert sind. Es wurden signifikantc Unlcrschiedc im Verlaufder thernuschc~, Zcrsctzui.g 
yon zwci sich in der Strt~ktur ihrcr Ko,~rdinafionspolycJc~ untcr-, hcidendc~ F~,rm'n vu:~ 
Cu(cnh(NCS}(BF.0 gefunden. 

PemJ~ae TcpMriqecKoe pa3:lo~renHe ~OMU leKc ~ls (Tu(en),(NCSiX :,1r X ('1, Be. NO: BI'.~ ~: 
(,,'10 4. 61,1.IO ,ce:le2oBa~o ~ coHocraB.lemm c pa3.'It}~CUHeM KOMII.leL 20:~ (..'U~ t~n ~,1S(- "~' I? h CH(r ~-~X 2 . 

H o K a 3 a t t o ,  q r o  tla,qHqHe rHOII.HaHaIHOH I p) l l l lbl  B KOMII.ICK;:IX ( , ' u l e r J ) ,~N(  ";IX aa.  in, ~cn 

oIIpeLI.e:DIR)IIIHM (]laK-ropoM l lpOllecea  paUlO;4~llnl l  it COl.'lac~.elt~'fl ,2 ~ik|K'lt)~l -I'll) ~tlU.IO|lld ~'k b 

KOMII:ICKCaX Ite KOOp~lHHHpOBallbl H'IH rO' lbKO IIt~glyKOop.AHIIHpOBallbl ~,'t. i ailt~ll.l=?~ibl "il . ,Iqfl  l~.'.~bl~b_12 

pa3:l~l,ms ilpOll.er TepMHqecKOI'O pa3~,toa~em~a ;myx ~opM Cuienj (NCS)BI . o t z ~ a m m a ,  ca 

CIpOelUtCM KOOpLI, HUalI.HOHUOIO MIIOIOI pal t l lhKd.  
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