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T H E R M A L  ANALYSIS  O F  E T H Y L E N E D I A M I N E  
C O M P L E X E S  O F  Ni(ll)  C H L O R I D E  
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Thermal analysis of mono-, bis- and tris~ethylenediamine (en) complexes of Ni(II) chloride 
was Carried out using TG, DTG and DTA techniques. The kinetic parameters were estimated 
from dynamic TG studies using the Coats and Redfern equation. The thermal stability of the 
metal-ligand (Ni-N) bond irl the complex was found to decrease with increasing Ni: en ratio. The 
DTA studies showed that tlae loss of en was initially endothermie but became increasingly 
exothermic with the progress of the decomposition. The final step in the case of all the three 
complexes was always composite in natur e causing the loss of both C1 atoms with simultaneous 
oxidation of Ni to NiO. The dissociation of the Ni-en bonds appears to be regulated by the 
"'nucleation and growth" mechanism. Kinetic parameters corresponding to various steps of 
decomposition of all the three complexes were evaluated. 

It is well-known that N i  2+ forms three well-defined chelate complexes with 
ethylenediamine (en) with stoichiometries of [Ni(en)] 2+, [Ni(en)2] 2+ and 
[Ni(en)3] 2 § in solution [ 1] with their relative stabilities decreasing in the order mono 
(log k ~ 7.5)> bis (log k ~ 6.4)> tris (log k ~ 4.3). It is also known that in aqueous 
alcoholic medium these three complexes can be obtained in solid form [2] with 
distinct Colours, viz. green (mono), blue (bis) and purple (tris). Measurements of 
electrical Conductivity of the three en complexes of Ni(II) chloride in solid state at 
various temperatures exhibited a number of discontinuities indicating structural 
phase changes and/or decomposition of these complexes with rising temperatures. 
Although some information on thermogravimetric analysis of the bis- and tris- 
complexes and their differential thermal analysis over a restricted range of 
temperature (upto ,-,450 ~ has been found in literature [3], detailed thermal 
analysis on all the three complexes including the related kinetic parameters has not 
been reported. Such information would be helpful in understanding the above- 
mentioned discontinuities in electrical conductivity and the mechanism of electrical 
conduction in such complexes. Therefore, as a part of our studies on coordination 
compounds, the work on thermogravimetric analysis (TG), differential thermo- 
gravimetry (DTG) and differential thermal analysis (DTA) of the mono-, bis- and 
tris-en complexes of Ni(II) chloride was undertaken to determine their thermal 
stability, decomposition steps and related kinetic parameters over the temperature 
range up to ~ 800 ~ 
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Experimental 

The three complexes, Ni(en)Cl 2, Ni(en)2Cl 2 and Ni(en)sCi2 were prepared by 
treating solutions of NiCI 2 and en in aqueous medium with appropriate 
stoichiometric ratios by following the procedure described in the literature [2]. The 
complexes were characterised by elemental microanalysis (C, H and N), estimation 
of nickel by volumetric method [4a] and chlorine by ion-exchange chromatography 
[4b] and also by infrared and electronic spectroscopy. The nickel chloride, methanol 
and ethylenediamine used in the preparation were all AR-grade reagents; Dynamic 
thermal analyses (TG/DTG/DTA) Were carried out on a "Netzsch" Thermal 
analyzer in a platinum crucible in air atmosphere at a heating rate of 10 deg/min up 
to 800 ~ (Fig. 1, Table 1). 
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Fig. 1 TG (i), DTG (ii)and DTA (Iii) curves for Ni(en)Cl: (~--); Ni(en)2Ci 2 ( ...... ) and 
Ni(en)sCl2 : 2H20 ( .. ) 
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Results and discussion 

Elemental and spectral analysis 

The results of  elemental analysis indicate that the three complexes have 
molecular (empirical) formulas as Ni(en)C12, Ni(en)2Cl 2 and Ni(en)3Cl 2 .2H20;  
the metal to ligand (Ni : en) ratios being the same as those for the respective species 
in solution [I]. The infrared spectra (nujol mulls) of  all these complexes contain 
vibrational b~inds due to characteristic group frequencies corresponding to N - - H  
stretching ( ~ 3140-3480 cm-  1), NH 2 scissoring ( ~ 1570--1590 cm -  1), N H  2 twist- 
ing (~970-995 cm -~) C - - H  stretching (~2860-3120cm-a) ,  CH2 scissoring 
(~1450-1460 cm-1), CH~ wagging ( ~  1320-1340 cm-~), CH 2 twisting 
(~1270-1280 cm-~), N i - - N  (,-,410-460 cm -~) and Ni----C1 (510-530 cm -~) 
which are comparable with those reported in literature [5, 6] for similar compounds. 

The electronic spectra in aqueous solutions for these three complexes contain 3 to 
4 bands over the range 11,000-30,000 cm -~ characteristic of  [Ni(H20)6] 2+ 
octahedral species in solution [7]. 

Thermal analysis 

Of the three NiCl2-en complexes, it was found that the mono- and bis-complexes 
were anhydrous while the tris-complex was a dihydrate. The TG  curve of  Ni(en)Cl2 
showed loss of  the chelated en over the temperature range of  315-520 ~ in two steps 
in a ratio of  1"2, The relative areas urider the corresponding D T G  peaks were 
consistent with this fractional loss ofen. This observation suggests the possibility of  
a tri-nuclear framework of  the complex. The loss of  en was found to be exothermic 

from the DTA curves. This was followed by dissociation of  NiC12 with loss of  the 
two Cl's over the temperature range of  560-700 ~ with simultaneous oxidation of  Ni, 
finally resulting in NiO at ~800 ~ (Fig. 1). 

The T G  curve of Ni(en)2Cl 2 showed a relatively sharp step over 250-310 ~ 
corresponding to the loss of  one en followed by a somewhat broader step over 
330-550 ~ indicating the slow loss of  the second en. Both of  these steps were again 
exothermic in nature. The third and final step occurred around 700 ~ corresponding 
to the loss of  both C1 atoms and simultaneous oxidation of Ni resulting in NiO as 
the ultimate residue as in the case of the mono-en complex. 

The complex Ni(en)aCl2 �9 2H20 exhibited a single and somewhat broad step over 
60 to 130 ~ in the T G  curve corresponding to the loss of  both water molecules. 
However,  D T G  and DTA curves clearly indicate it to be a composite step. The three 
en's were found to be lost in two steps of  nearly equal magnitudes in the TG  curves 
at ~ 145 ~ and ~ 310 ~ which is indicative of  a transformation of the mononuclear 
tris-complex to some kind of  binuclear complex after the first step. The loss of  the 
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latter 1.5 en from the binuclear complex appears to take place at a slower rate than 
the first 1.5 en being lost from the initial mononuclear tris complex. The same 
behaviour was exhibited by the DTG trace corresponding to the two-step loss of the 
three en's. Again, the single step of the first fraction of the 1.5 en in the TG curve 
appeared to be actually a composite step from the DTG and DTA traces. From the 
DTA curve it is also apparent that the loss of crystal water is an endothermic 
process while the loss of the en exhibits exothermic peaks of progressively 
increasing magnitudes. The final step was dissociation of NiCI2 with loss of both 
C1 atoms with simultaneous oxidation of Ni to NiO over a wide temperature range 
of ~ 500 to 750 ~ similar as in the case of the mono- and bis complexes. 

The kinetic parameters, viz. the order of reaction (n), activation energy 
(E,/kJ mol-1), the frequency factor (A) and rate constant (k) corresponding to 
each of the observed steps of decomposition in the TG curves discussed above were 
deduced by fitting the observed degree of decomposition (~t) for each step to the 
Coats and Redfern equation [8]. 

The calculation of various kinetic parameters as explained above shows that, 
except for the last step in the case of the tris-complex, the order (n) for various steps 
ranges from 1.5 to 2.5 with the activation energies being of the order of 102 kJ/mol 
(Table 1). The crystal water in the tris-complex appears to be rfioderately strongly 
bound (Ea ~ 67 kJ/mol) which is not lost during the drying of the complex under 
vacuum. The loss ofligand molecules in mono-, bis- and tris-complexes occurring at 
progressively lower temperatures (~375, 350 and 325 ~ respectively) were also 
associated with progressively lower activation energies, viz., 230, 140 and 
130 kJ/mol (averaged over the two step losses for en in each case). If the 
decomposition temperatures and activation energies are considered as the criteria 
of thermal stability then the thermal stability of metal-ligand bonds is found to 
decrease with increasing Ni :en ratio i.e. the stability decreases in the order 
mono > bis > tris (anhydrous). The deamination process for all the three complexes 
is found to be initially endothermic but further becomes progressively exo- 
thermic. Though the concept of order is not well defined for solid state thermal de- 
composition reactions, the number n deduced as above ranging over 1.5 to 2.5 
can be considered to indicate the growth of nuclei to be two-dimensional aniJ/or 
three dimensional in nature. The activation energies for the final steps in each case 
(viz., loss of chlorine together with atmospheric oxidation of Ni to NiO), were 
found to decrease with decreasing n though the related temperatures cor- 
responding to the respective ct max. values were quite comparable (~  750, 745 
and 690 ~ respectively). 

The enthalpy changes for the bis- and tris-complexes in solution in presence of 
KCI are reported [1] to be ~75 and 120 kJ/mol respectively, both of which are 

smaller than the respective average activation energies (~  140 and 130 kJ/mol) for 
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tl~e loss ofligand molecules. Though the thermodynamic quantities for reactions in 
solution and solid state cannot be compared directly, the observation that AH< E. 
can be taken to imply that the decomposition rate is regulated by the "nucleation 
and growth" mechanism [9]. 

A research grant to LSP from the C.S.LR. (India) and a JRF to SRN are thankfully acknowledged. 
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Zmammeafmmag Mittels TG-, DTG- und DTA-Verfahren wurde eine Thermountersuchung des 
mono-, bis- und tris-.g.thylendiammin (en) komplexes yon Ni(II)-chlorid durchgef'fihrt. Unter 
Zuhilfenahme tier Gleichung yon Coats umi Redfern wurden die kinetischen Parameter anhand tier 
Daten aus dynamischen TG-Untersuchungen abgesch/itzt. Es wurde gefunden, daft die thermische 
Stabilit/it tier MetaU-Ligand Bindung (Ni-N) der Komplexe mit anwachsendem Ni :en  Verh/iltnis 
absinkt. Aufgrund der DTA Untersuchungen erwies sich die Abgabe yon en anf'~ing!ich als endotherm0 
mit fortschreitender Zersetzung jedoch als zunehmet~l exotherm. Bei allen drei Komplexen war der 
letzte Schritt immer komplexer Natur und beinhaltete die Abgabe beider Chloratome verbunden mit 
einer gleichzeitigen Oxidation yon Ni zu NiO. Die Dissoziation tier Ni-en Bindung scheint durch einen 
,,Keimbildungs- und wachstums"-mechanismus bestimmt zu werden. Die kinetischen Parameter f'fir die 
emzelnen Zersetzungsschritte ailer drei Komplexe wurden ermittelt. 

Pe~ame Me'roaaMa "IF, 21TF a ~TA npo~eaen Tg~)Mlgq(~,Illl~ a}taJlll3 MOHO-, 6lie- H Tpa- 
aTnaemma~anomax ro~maexcos xaopmla mama�9 Hcxoaa n3 aaah~LX aaua~aqecxo~ TF [] 
acnom,aya ypaaHenue KoyTca-Peadimpua, 6m.rm onpeaeaema ram~l~aecrae napauerpu.  Haft�9 
qTO TepMOyCTOfiqHBOCTb CBIIi3H MeTa.a.ri-gnrau~ s xoMn~egcax yMeHbmaeTca c yl~JIHqeHHeM 
COOTnomenaa mlxeab : 3Tmlen~taMmt. ~T A  acca�9 uoxaaa.aH, srro noTepa a m a a a a  noc~ma 
IIepBouaqa~bHO 3H~OTepMH'~egrd~ xaparrep, •o no Mepe ~amme'maero pa3aoxena~ npottecc 
cTanoaa.aca i~e 6once 3K3oTepMilqgggllM. Kone~'Lq CTa.RgJ! pa~oxeHa �9  acex Tpex KOMIIJIeKCOB 
RocmIa C~tOXHHI~ xapaxTep, o6ycaomaemauil I I O T ~  O6OHX aTOMOV xaopa a OmtoBpeMeH~M 
OKHC.JIeHHeM HHKe.llg ,/10 e r o  ogci,dla.  Paaphm cng3efi nm~e.ak-3Tg.~IeH~IaMUH CBl~eTe211hCffByeT O 

MexaHH3Me ((o6pa3oBaRR~ H p o c T a  ~IlieHTpOB KpH&ra212IH3alIHIDL Ortper~eJ1eHH KHHeTHq~t~KkIe n a p a -  

MeTpI~ paaaa~nax cza~uagt paaaoxem~ acex Tpex ~osmaeKcoa. 
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