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DIIMINES OR TRIIMINES* 
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Istituto a7 Chimica Genaak &NYJni~ersitri di Catania, Citr& Umkrsiraria, 
Vial.. A. Doria 8, 95125 Catania (ha/y) 

(Reeivcd 18 May 1976) 

A thermal decomposition study on a series of mixed complexes of cupric ion 
with dicarboxylic acids variousIy substituted (potentially bidentate or tridentate) and 
heterocyclic diimines or trGnines was carried out. It is suggested that the decom- 
position mechanism is stron@y inffuenced by the aromatic system of both Iigands- 

The study of the correlation between the parameters obtainable from thermo- 
analytical techniques and the strength of the metal-hgand bond was tie object of 
previous pape13’-~. In this work some mixed complexes of the cupric ion with 

bide&ate or tridentate dicarboxylic acids (aliphatic, aromatic or alicyclic) and 
heterocyctic diimines or triimines (see Table I) were examined. 

Since X-ray structurai investigations pointed out the lack of isomorp,hism of 

these complexes, also of those for which it is reasonable to assume a similar structure, 
this work was directed to obtaine information on the mechanism of the reactions 
during thermal decomposition, with the purpose to find to which extent these 
processes are inlIuenced by electronic effects due to substituents, structurai dif- 
ferences and substrate capable of doing .rr-bonding_ Our interest was also aimed at the 
study of how the “stronger” ligand influenced the thermal decomposition of these _ 

mixed complexes. 
Thermal analysis on some cupric dicarboxylates was also carried out in order 

to compare two thermal patterns of cupric species containing a sin.@ar part, and 
considering the Iack of information in the literature5*6. 

*Presented in pan it XII Congmsm dcih Sxieck Chimicx Italiana. Cagiiari. 1975. 
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TABLE I 

TEMPERATURES OF IN&AL DEHYDRATIOti (TII)WJti~ ‘:- - -: .. 
DECOMFOSJTION OF ANHYDROUS OR DEHYDRATED-SPECIES (7-2 OF 
MIXED COMPJZXES OF THE CUPRIC ION AT 0 52.C min-’ 

MAL=maIQnEleid:Et-MAL=~ahylmalo nit acid; DE&-Mh~ &~ukyl&donic acid; Be-MAL 
=bca&jxrafoti acid; CPRD = cgdopropcm-I.k%arboxyJJc add; CBUD = qciobuth-I+ 
~~icacid;CPED=~~ran-J,J-d~yiic~;CHED=cydohoun-J.f-dicarboxylic 
~d;OX=ooxal~~d;MALE=maIdcacid;P~=pbthalicacid;SUC-=~ acid; iTAC= 
ifaamic acid; DIPIC= dipkolinic acid; IDA= iminodiacaic acid: ODA=oxydiac&c acid; 
THDA=~rdd;AI)B=~rrwmnicadd;dip=S2’-dipyridyi;pben=J.10-p~- 
CI&IJC; wrpy = 2,2=.2--tupyridyI; en = enthyIcr&amim 

cu PHT-2&O 
Cu CFRD-2&O 
Cu NAL-4HzO 
cu z5uc- J&o 

Cu dip MAL-Hz0 
Cu dip CPRD 
Cu dip CBUD 
CudipCHED 
Gldipox 

- CudipPHT 
cu dip sue 
Cu dip MALE 
Cu dip IDA 
Cu dip DIPIC-2H:O 

Co phcn MAL 
Cu pkn CPRD 
Cu phm CBUD 
cu phen cfm 

-cypbulcHm 
cu phtn ox 
cu phcn PHT 
Cu pJKa3 sue 
cuphmm 
Cu phw Et-MAL 
Cu ptsen DBu-MAL-2H,O 
co phen Be-MAL 

_ Gx phtn ITAC-H,O 
Cu phcn DIPIC 
Cu phcn IDA-2H,O 
Cu p&n ODA 
Cu pben THDA-2Hz0 

ChtClpyMAL 
Ckx tapy CPRD-2Hx0 
Cm tapy Phi-2H,O 
Cu w SUC- H,O 
Cn espy IDA-2H,O 
Cu terpy ODA-H,O 
fiLnp~-A 

Cu en MAL-Hz0 

Cu dip ADB 

150 
160 
70 
60 

80 

110 

90 

90 

100 

140 

100 
90 
92 

100 
110 

90 

220 
230 
192 
244 

196 
220 
202 
154 
I60 
14-l 
2J0 
140 
2J8 
215 

160 
205 
185 
170 
175 
I40 
180 
215 
190 
180 
165 
165 
IS0 
240 
190 
250 
190 

180 
2% 
204 
180 
1% 
230 
175 

, 
179 

:.. 
210 - 
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The complexes reported in Table 1 were prepared following a procedure 
described elsewhere7-9_ The simuItaneous TG, DTG and DTA were performed with 
a Mettier vacuum thermoanalyxer in dynamic nitrogen atmosphere (10 1 h-r). The 
heating rate and the experimental conditions were the same as previously described’4- 
The uactivation energy” E,* was determined by the methods knonw in the litera- 
turer”=” _ The simultaneous EGA was carried out with a Bakers mass-spectrometer 
type QMG 313; X-ray powder analysis was performed with Cu-K, radiation (Ni 
filtered). 

RESUJXSANDDISCCESION 

Thermal behasiour of the cupric dicarboxyla~es 
The TG and DTG curves are presented in Pig_ I_ In dry nitrogen atmosphere, 

under reduced pressure or vacuum, the cupric dicarboxylates decomposed with an 
initial mass loss, in one step, corresponding to the dehydration stage: 

CuPHT-ZH,O -+ CuPHT-0.15H20 + 1.85H,O 

CuMAL-4H,O 3 CuMAL-O.ISH,O +3_85H,O 

CUSUC- H,O --, CUSUC-O_lSH,O +0.85H20 

CuCPRD-2H20 + CuCPRD-0_15H,O+ 1_85H,O 

As one can see the loss of water mokcules was not complete, the remaining 
0_15H20 was eliminated in the following nearly horizontal step (see Fig I)_ After 

00’00 ‘= . 200. 250 300 ‘c 

Fig_l.TGamcsat 0=2”Cmin-’ of the following dickozqlates - - - - Cu Mti-4H,O; 
Cu PHT-2H,O; --o--o- Cu CPRD-2H+O; --A-A- Cu SUC-H,O.. 
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this step a rapid dcoomposition oa;mrcd, givingCuzO ani CuO as rcsidukl p+uc& 
innitrogenatmosphereandCuundervacu&n. For this particular decomposition 
me&anSm it was not possiiJe to prepare of the anhydrous speck These resuIts are 
in mt with those reported by various author+ in the study of the thermal 
hehaviour of cupric hydrated dicarbo@ws_ 

For the mixed compkxes containing one or more water niolecuks, the initial 
mass Ioss, in one step, corresponded to the compkte dehydration stage, unlike the 
behaviour of the dicarboxyIates_ At the end of this process the formation of stable 
anhydrous mixed compkxes was obtained. The initial tempera&es of the dehydration 
are reported in Table 1, In dry nitrogen atmosphere the anhydrous complexes of 
copper0 with &2’-dipyridyI and bidentate dicarboxylic acids decomposed in two 
nmniug steps that were not separable- An exampIe of thermoanaIytical curves for 
thcsecomplcxcscanbcstcnmFig.2Tbefirststcpcorrespondstothercmovalofthe 
dicarboxylate &and and consequent probable formation of an unstable intermediate 
product CUO-~4ipyridyl (this species was only assumed on the ground of the 
reaction stoichiomctry)_ In the second step the 2&2’4ipyridyl is eIiminatexI, leaving 
a cno-ch,o mixttxe as tidae. 

Fi~ZTGandMG amesof9~mgofthcm2aicompIaCudipCP~at 0 =O.S%IIGI~-~_ 

The anhydrous complexes of copper0 with 2,2’-dipyridyl and tridentate 
dkarboxyk acids &composed in one step with conkmporary elimination of both 
@u.uls and formation of CuO and 01~0 residual pro&+_ 

The anhydrous or dehydrated compti__of u~ppzr@) with &2’,2--terpyridyl ’ 



211 

or l,lO-phenanthroline and bide&&e or tridentate dicarboxylic acids decomposed, 

as in the case of the anafogons complexes with 2,2’-dipyridyl and bidentate di- 

carboxylic acids, giving two non-separable steps, when heating rates from 0.5 to 
2°C mm- r were used (Fig_ 3). With heating rates of 4°Cmin-1 the complexes 

containing only the bidentate dicarboxylic acids decomposed in three non-separable 
steps, The first two correspond to the demolition of the dicarboxyhc @and and the 
third to the ebmination of the heterocyclic diimine or t&nine. An example of TG and 

DTG curves for these species is given in Fig. 4. 

c 

loo 4oo’c 

Fig_ 3. TG and MG curves of 3 1 .Omg of the mixed complex Cu phcn IDA- 2H,O at a = 2°C min- I- 

In an attempt to obtain further information about the decomposition 
mechanism and to prepare stable intermediate products, thermal analysis under 
reduced pressure and vacuum was also carried out, Under both conditions, ah 
compIexes decomposed in one step, forming a CUO-CU~O mixture, under reduced 
pressure, and Cu under vacuum, as residual products. An example is shown in Fig. 5. 

The simultaueous EGA of decomposition products pointed out that the lirst 
step is due to the elimiuation of the ciicarboxylate anion giving the CO, peaks together 
with the peaks of decomposition fragments. In the case of the CnMAL dip system the 
peak relative to the anhydride of the dicaboxyhc acid was also found From this fact 
and -the reaction stoichiometry we think that the elimination of the dicarboxyk&e 

anion occnrs as~anhydride, that rapidly decomposes. The following ehmination of the 
diimine or triimiue occurs with demolition prooesses, shown also by the EGA peaks, 



I 

‘c % 

fig_ 5. TG and DTG curves of 6-8 mg of the mixed compfa Cu dip CPRD at 0 = Z’C mitt- s under 

=dt=dPrmurt (10-f mm Erg), 

From these considtrations we can write the following general mechanism: 

fim*P CUR(COO)~B --+ CuOB+RGO, 
1 

CO,+other fragments 

sccondstep CuOB - Ch,O+CuO+B 
L 

co,+othcr fragments 

This ma&an&m is supported by the E’vaks reIative to the possible one; they are 
reported in Tabks 2 and 3. High values of E,f, as in most of those relative to the first 
step, can be justified only by admitting more contemporary decomposition processes, 
namely the thermaJ decomposition is not a “single step” process, as shown by the 
curves, but under the cuwc envelope a “muIti step” process lies. Moreover, the final 
residual products of CuO and CuLO can be utpkxined taking &count for ox-red 
reactIons among the metal ion and the demolition products. One can sez that this 
&c&a&m does not change by varying the dicarboxykate anion, the numbers of the 
cheW.e ring and the effkctive coordination number_ This pattern niay be attriiiutable 
to the presence in the ternary species of tioIecuIes hating an acceptor AxkIing 
system. This fact causes the formation of a very strong b+@ .betwun the copper ioq 
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and the diimine or triimine by back-donation_ In other words the z-bonding 
formation is responsable for the kind of decomposition mechanism found in thermal 
decomposition of these mixed complexes. 

An important feature to note is the simihuity of this decomposition mechanism 
in the solid state and the results of studies in soIution on the metal ion-catalyzed 
decarboxylation, where the formation of special ternary compIexes changes the rate 

TABLE 2 

g VALUES RELATIVE TO THE DECOMPOSITION STEPS OF - -. 
THE ANHYDROUS OR DEHYDRATED MIXED COMPLEXES, 
USING HEATING RATES RANGING FROM 0.5”C min-’ i0 2°C mixa-’ 

Corn&x Es es 

Cu dip MAL- Hz0 42 
Cu dip CPRD 78 
Cu dip CBUD 85 
Cu dip CHED 92 
GzdipPHT 95 
Cu dip SUC 96 
Cu dip MALE 60 
Cu dip IDA 8P 
Cu dip DIPIC-2H20 78’ 
Cu phen MAL 35 
Cu phcn CPRD 73 
Cu phcn CBUD 80 
Cu phcn CPED 90 
Cu phcn CHED 85 
Cuphalox ILV. 

Cu phen PHT 158 
cu phcn sue 162 
Cb phen MALE n-v_ 
Cu phen Et-MAL 130 
Cu phen DBu-MAL-2Hz0 60 
Cu phen Be-MAL 160 
Gz phcn II-AC-Hz0 122 
Cu phen DIPIC 96 
Cu phen IDA-2H:O 74 
GJ phen ODA 149 
Cu pkn THDA-2Hz0 15 

9 
17 
I2 
21 
19 
II 
21 

16 
15 
I6 
12 
17 
El-V_ 

20 

15 
17 
7- 

I3 
14 
13 
4 
8 
5 
8 

Cu tcrpy MAL 145 17 
GI tapy CPRD-2H10 82 Xl-V_ 

Cu cu-py PHT-2HrO 159 8 
GI texpy SUC-HrO 112 14 
Cu cerpy IDA-2HzO 25 13 
Cu cupy ODA- Hz0 113 8 
Cu ccrpy THDA 77 14 

Cu at MAL- H,O 

CudipADB 

‘RocmiLlO~SlCp 

nxa 

IS 45 
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g VALUES RELA-ITVE TO TiE DECOMPOSlTION SfEps OF 
SOME MIXED COMPLEXES USING A HEATING EWTE OF 4.Cmin-’ 

cuphcnMAL 
CuphalcPRD 
CUphCllCBUD 
GlpbenCPFZD 
aphnv 
CilpbakPHT 
GE phak sue 
&phnEt-MAY_ 
Gz piten DBtx-MAL-2Hz0 
GE phax BC-MAL 
Cu pkn I-i-AC- H,O 

9 
53 

ILV, 
49 

60 
164 
64 

128 
50 

I51 
80 

11 19 
20 17 

lLV_ 19 
47 10 
21 17 
21 18 

no 7 
7 7 

14 I6 
14 19 
39 11 

a=PY- 96 57 I8 
Co tapy CPRD-2HzO 62 31 I5 
01 tmpy PHI’-2Hz0 145 27 12 
Cn SUC-H,O rmpy 80 35 9 

of the last process_ Moi-eover, the resuIts of these kinetic studies showed that the 
cataIytic activity in the decarboxylation was more effective, when the second @and 
is au aromatic namely when the metal ion formed effizctive ~-bonds with this ligand. 
No enhancement was found to be in solution with aliphatic amiu~*~_ 

To point out the veracity of these condusions we took the thermal behaviour 
of other two systems into account The first was the Cue&SAL (en is the abbreviation 
of ethy~endiamine), where the aromatic substrate of the heterocyclic diimine was 
@aced by an aliphatic one- The second CudipADB (ADB is the abbreviation of 
aminodiiic acid), where the dicxrboxyiate anion, substituted with an aromatic 
one, conld be competitive with the x-acceptor system of the neutral base. 

In the 6sst case the thermal decomposition occurred in one step, whereas in the 
second it is possible to observe an inversion in the order of the e&minaGon of the 
ligamis, the 2,2’-dipyridyl daxmposed Srst_ 

These facts con&m the previous explanation of the decomposition mechanism 
supposed for these complexes. The Ir-bonding formation seems to be the fador 
cantroIling this thermaI behaviour- In fact in the C&r&ML system the eIin&ation 
of the dicarbozqiate anion is not yet the first decomposition process but it cxcurs at 
the same time of the nedrd base elimirdon. Moreover, in-the CudipADB system, 
where the anion has conjugating capacities similar to or stronger than *Se diimine or 
w the decomjxxition behaviour is inverted, 

We wish to adcnowiedge the~i?nancial support of the ‘Consigli~ P+zionale 
deikRicemhe”(Rome)forthiswork, .‘-- . . 
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