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The dehydration of some isostructural EDTA chelates MgNiL " 6H~O, 
MgCoL �9 6H20, MgCuL �9 6H20 and MnCuL �9 6H~O, was studied by thermogra-  
vimetry under  quasi-isobaric and quasi-isothermal conditions. In the TG curves four 
decomposit ion periods can be distinguished. The inflexion points of the curves 
probably refer to the transit ional  formation of the intermediates MrMnL " 5H20, 
MIMuL " 2H~O and MtMnL " H20. 

In the first part of our publication [1 ] we reported results obtained in investi- 
gations of the dehydration processes of different EDTA chelates of the type: 
MIMnL'9H20.  We performed our investigations with a non-conventional 
thermogravimetric technique under quasi-isothermal and quasi-isobaric con- 
ditions [2, 3]. 

In the present paper we wish to report observations made in connection with 
the dehydration of the EDTA chelates MgNiL'6H20,  MgCoL'6HzO, 
MgCuL" 6H20 and MnCuL.6H20, which had been investigated earlier by 
dynamic thermoanalytical methods [4, 5]. 

lnstrument 

Experimental 

A Q-Derivatograph (Hungarian Optical Works, MOM, Budapest) was used 
by means of which thermoanalytical investigations can be performed under 
conventional [6] and quasi-isothermal and quasi-isobaric conditions [2, 3]. 

Experimental conditions 

Curves 1-4 in Figs 1-4 were traced by applying a quasi-isothermal heating 
programme (0.5 mg weight change min) and four different types of sample holders, 
i.e. the labyrinth crucible [2, 3], the conventional crucible of the Derivatograph, 
either covered or uncovered, and the polyplate sample holder [6] in the sequence 
of curves 1-4 respectively. It was found that the partial pressure of the gaseous 
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decomposition products in contact with the solid sample changed in the above 
sequence as follows: Pgas = 0.01,  0.05,  0.2 and 1 atm respectively [1]. For the 
sake of comparison, the TG curve (curve 5) is shown by a dotted line in the 
figures. This curve was obtained in the conventional way by using the uncovered 
crucible and a heating programme of 5~ The TG, DTG, and DTA curves 
in Fig. 5 demonstrate the whole thermal decomposition similarly in the uncovered 
crucible and under dynamic heating conditions. All experiments were carried 
out in the presence of air. 

Chemicals 

The method of preparation [7] of the binuclear chelates is rather simple, since 
if two different metal EDTA chelates are brought together in an aqueous solution, 
then their binuclear complex will be precipitated: 

Mr2L + M~L = 2MIMnL �9 6H20 

After filtering-off of the precipitate it is washed with water and alcohol and dried 
at room temperature. 

Results and discussion 

The investigated complexes MgNiL.6H20,  MgCoL �9 6H20, MgCuL.6H20 
and MnCuL.  6HeO are binuclear, isostructural octodentate chelates of the type 

[Mi(H20)aOiOn] [MilL] " 2H20 

where O I and On are the carbonyl oxygens of the EDTA carboxylic group. 
These analogous structures are probably responsible for the fact that the de- 

hydrations of all four chelates took place in a very similar way, and differences 
between them can only be found in the values of their transformation temper- 
atures. 

In the TG curves of the four chelates (curves 1 in Figs 1-4), obtained by 
applying the quasi-isothermal heating programme and the labyrinth sample 
holder, four sections can be distinguished uniformly. First one mole of water 
escapes, an intermediate of composition MIMuL �9 5H20 being formed. 

In the second period of the decomposition this intermediate loses further 
3 moles of water. This process was unambiguous and took place according to 
zero order [1], curves 1 in Figs 1-4 showing the sample temperature to be 
strictly constant during this decomposition period. 

Curves 1 of Figs 1-4 show two further break-points, corresponding to the 
compositions MIMnL ' 2H20 and MIMuL.H20.  It is rather hard to identify 
the first break-point, but the second can be recognized without difficulty. The 
third period of the decomposition process took place in a temperature interval 
of about 10-15 ~ between the above two break-points, demonstrating that this 
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process  is no t  an unambiguous  and  uniform react ion.  A possible  exp lana t ion  
o f  this could  perhaps  be tha t  in this pe r iod  o f  the decompos i t ion  not  solely the 
reac t ion  M I M ~ L . 2 H 2 0  = M 1 M I ~ L . H 2 0 + H 2 0  took  place,  bu t  the decom-  
pos i t ion  process  M I M u L  �9 H20  = MIMHL + H20  also slowly s tar ted,  and  the 
decompos i t ion  pe r iod  in quest ion was the resul tant  of  the two reactions.  

0 MgNiL.6H20 

2OtM_g_N_t . . . . . . .  

TemperQture :~ 

Fig. 1. Dehydration of EDTA chelate MgNiL �9 6H20. Sample holder: curve 1: labyrinth; 
curve 2: crucible with lid; curve 3: crucible without lid; curve 4: polyplate. Heating pro- 
gramme: curves 1-4: quasi-isothermal. Weight of sample: c a .  350 rag. Atmosphere: air. 

MgCoL.6H20 
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100 2oo 30o 
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Fig. 2. Dehydration of EDTA chelate MgCoL �9 6H20 Sample holder: curve 1: labyrinth; 
curve 2: crucible with lid, curve 3: crucible without lid; curve 4: polyplate. Heating pro- 
gramme: curves 1-4: quasi-isothermal. Weight of sample: c a .  350 rag. Atmosphere: air. 
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The last period of  the dehydration took  place in a broad temperature interval 
extending over 30-180  ~ . 

Curves 2 - 4  in Figs 1 -4  are o f  similar course as curves 1. Accordingly, it 
seems that in every case the decomposit ion was practically the result o f  the same 
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Fig. 3. D e h y d r a t i o n  o f  E D T A  chelate  M g C u L "  6H~O. Sample  ho lder :  curve  l :  l abyr in th ;  
curve  2: crucible  wi th  lid; curve  3: crucible  w i thou t  lid; curve  4: polyplate .  Hea t ing  pro-  
g r a m m e :  curves  1 -4 :  quas i - i so thermal .  Weigh t  o f  sample :  ca. 350 mg.  A t m o s p h e r e :  air. 
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Fig. 4. D e h y d r a t i o n  o f  E D T A  chelate  M n C u L  - 6H~O. Sample  holder :  curve  1 : l abyr in th ;  
curve  2: crucible  with lid; curve  3: crucible  wi thou t  lid; curve  4: polyplate .  Hea t i ng  pro-  
g r a m m e :  curves  1 -4 :  quas i - i so thermal .  Weigh t  o f  sample :  ca. 350 mg.  A t m o s p h e r e :  air. 
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partial reactions and their mechanisms between the courses of these were also 
very similar. 

A significant shift can be found between the course of these curves. However, 
the temperatures of the second decomposition period increased in the sequence 
of the applied sample holders along with the increased partial pressure of the 
water vapour in the vicinity of the sample. This also proves that the reaction 

MIMnL. 5HzO = MIMHL. 2H20 + 3H20 
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Fig. 5. TG, DTG and DTA curves of EDTA chelates. Sample holder: crucible without lid. 
Heating programme: dynamic, 5~ Weight of samples: c a .  350 mg. Atmosphere: air 

is actually a process leading to equilibrium. In spite of this in this decomposition 
period the sample temperature did not become constant, even transitionally. 
This can probably be explaine d by supposing that under the given conditions 
not  solely the above reaction took place, but the next two partial dehydration 
processeS started too. Accordingly, the relevant section of curves 2 -4  in Figs 
1-4  represents the resultant of  more than one partial reaction. 
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Curves 1 of Figs 1 . 4  show the decomposi t ion temperatures of the inter- 
mediates M I M I I L - 5 H 2 0  and  MxMIIL to decrease without  exception in the 
sequence: 

Mg Ni complex > Mg Co complex > Mg Cu complex > M n  Cu complex; 
this s imultaneously also expresses the stability sequence of these chelates. 

The curves obtained under  the convent ional  experimental  condit ions do not  

offer much informat ion  about  the part ial  reactions taking place dur ing the thermal  
decomposi t ion of the compounds  in question. All  the curves traced by using the 

dynamic heating programme and  the open crucible (curves 5 in Figs 1-4) show 
the dehydrat ion of the investigated chelates as a one-step process. 

The TG,  D T G  and D T A  curves obtained for the overall decomposi t ion of the 
chelates (Fig. 5) are no t  characteristic; this is unders tandable ,  since they are 
the resultants of m a n y  complicated part ial  processes. 

The authors wish to thank Prof. E, Pnngor for valuable discussions, and Mrs. M. Wagner 
for her technical assistance. 
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R/~SUMI~ -- On a 6tudi6 par thermogravim6trie, en conditions quasi-isobares et quasi-iso- 
thermes, la d6shydratation de plusieurs ch61ates de I'EDTA isostructuraux: MgNiL " 6 H20 
MgCoL �9 6 H20 , MgCuL �9 6 H20 et MnCuL �9 6 H~O. On peut distinguer quatre 6tapes de 
d6composition sur les courbes TG. Les points d'inflexion des courbes se rapportent probable- 
ment/t la formation transitoire de produits interm6diaires de composition MIM~IL " 5 I420, 
MIMnL " 2 H20 et MIMn L �9 H20. 

ZUSAMMENFASSUNG - -  Die Dehydratisierung einiger isostruktureller EDTA-Cl~elate, x~ie 
MgNiL" 6 H20, MgCoL" 6 H~O, MgCuL" 6 HzO und MnCuL" 6 H20 ~urde thermo- 
gravimetrisch unter quasi isobaren und quasi isothermen Bedingungen untersucht. In den 
TG-Kurven k6nnen vier Zersetzungsabschnitte unterschieden werden. Die Inflexionspunkte 
der Kurven beziehen sich wahrscheinlich auf die Crbergangsbildung intermedi~irer Produkte 
der Zusammensetzungen M~MnL " 5 H20, M~MIIL " 2 H20 und MIMnL " H20. 

Pe31oMe - -  TepMorpaBHMeTpn~eCKnM nyTeM 1Jp~I KBa3H-~I306apnbtX H KBa3H-H3oTepMI-IqecKgX 
ycnoBnnx 6~Tna rt3yqe~a ~errt)/paTaIlrin HeKoTopt,IX rt3OCTpyKTypHbIX E~TA xenaToB: MgNiL. 
.6HeO , MgCoL . 6H20, MgCuL. 6H20 n MnCuL. 6H~O. Ha KprIBl, Ix TF MO~rIO at, I~eanTb 
aerbipe nepao~a pa3s~o~renua. ToqKn Hnqb~eKcnr~ rm I~pnB~ix, Bepo~TnO, oSyC~OB~eH~I o6paaoBa- 
HaeM nepexo~m,~x npoMe~yToqm, ix npo~yrToa pa3noaceH~in M~MaL. 5HeO, MtMttL. 2H20 n 
M~MHL. H~O. 
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