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ABSTRACT 

[NiL,(H,0)Cl]Cl.nH20 (L = N-methyl-1,3-propanediamine: n = 0 and 1). [NiL,Xz] 

[X = Br, CF,CO, and CCl,CO,], and [NiL,(H,O)Y].H,O (Y = SO, and SeO,) have been 
synthesized and their thermal investigations have been carried out in the solid state. 
[NiL,(H,O)Cl]Cl.nH,O and [NiL,(H,O)Y].H,O exist in the trans form. On deaquation 
they transform to cis-[NiLzCl,] and cis-[NiLzY]. [NiL,(SO,)] undergoes a reversible endo- 
thermic phase transition (117-169“C AH = 6.5 kJ mol-‘). The complex trans- 

[NiL,(CF,CO,),] has been found to transform into its isomer upon heating, showing an 
endotherm (135-150°C AH =18.9 kJ mol-‘); on keeping the product in a humid atmo- 
sphere (relative humidity 60-70%) it reverts to its original form. [NiL,Cl,], [NiLCI,] and 
[NiL(SO,)] have been synthesized pyrolytically in the solid state from their parent diamine 
complexes. All the complexes possess octahedral geometry and diamine is chelated in all of 
them except in [NiL(SO,)] where it is bridged. The occurrence of phase transition phenomena 
is supposed to be due to conformational changes in the six-membered chelate rings. 

INTRODUCTION 

Thermal investigation of nickel(I1) diamine complexes in the solid state 
have been carried out extensively by Chaudhuri and co-workers [l-11]. 
While performing these studies, we observed some novel thermally induced, 
reversible [l-3] as well as irreversible [1,4,6,11] phase transitions. On the 
basis of various physico-chemical studies, most of these phase transitions 
were assumed to be due to the conformational changes of the five- and 
six-membered diamine chelate rings. Recently, these types of conformational 
changes phenomena have been established in the light of single crystal X-ray 
analysis [lo]. Besides these phase transitions, the decomposition of diamine 

* To whom correspondence should be addressed. 
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complexes also appears to be very interesting since it occurs through several 
isolable intermediate complex species [2,5,9], some of which do not seem to 
have been prepared from solution. It has been noticed in those studies that 
both the phase transition phenomena as well as decomposition path of the 
diamine complexes largely depend on the substituent on the diamine and the 
anions associated with them. This is probably due to the fact that increasing 
temperature causes increasingly larger amounts of thermal motion in both 
the chelate ring and anion. For an anion that can undergo orientational 
reorientation (e.g. BF,-, ClO,, NO,, NO,, SCN-, etc.) [1,4,12-141, the 
onset of reorientation of the anion changes the strength of the hydrogen 
bonding, allowing the chelate ring to undergo conformational changes. It 
should be mentioned that these anions did not show this type of conforma- 
tional change in all cases, and this is probably because the interconversion 
between the isomers is frequently prohibited by the presence of a high 
potential barrier which is not overcome before decomposition by the increas- 
ing temperature. In this context, studies of the thermal behaviour of N- 
methyl-1,3-propanediamine (L) complexes of NIX, [X = Cl, Br, CCl,CO,, 
CF,CO,, OSSO, and 0.5SeO,] in the solid state are relevant. 

EXPERIMENTAL 

All the chemicals employed were AR grade. Nickel was estimated gravi- 
metrically in our laboratory. Carbon, hydrogen and nitrogen were de- 
termined by a Perkin-Elmer 240C elemental analyser. The equipment 
employed for IR, electronic spectra (mull), magnetic susceptibility, and 
thermal measurements is the same as those reported earlier [l-4]. X-ray 
powder diffraction patterns were taken by Philips XRD diffractometer (PW 
1730/1710) kept in a room (relative humidity 30%) using Cu K, radiation. 
Table 1 lists the analytical, magnetic and electronic spectral data. Thermal, 
IR spectral and X-ray powder diffraction data are presented in Tables 2, 3 
and 4, respectively. 

Preparation of [NiL,(H,O)Cl]Cl (l), [NiL,Br,] (4) and [NiL,(CCl,CO,),] 

(6) 

These were prepared by the addition of diamine (L) (2-3 mmol) dropwise 
to the respective metal salts (1 mmol) dissolved in 10 ml ethanol-water 
mixture (9 : 1). The complexes, which separated within a few minutes on 
stirring, were purified by washing with ethanol and dried in a desiccator. 

Preparation of [NiL,(CF,CO,),] (5) 

This species separated in crystalline form on keeping the mixture pre- 
pared by the procedure adopted for complex (1) over-night at room temper- 
ature (ca. 25 o C). 
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TABLE 2 

Thermal parameters of N-methyl-1,3-propanediamine (L) complexes of nickel(I1) 

Thermally induced reaction Temperature DTA peak 
range ( o C) temperature ( ’ C) 

[NiL,(H,O)Cl]Cl.H,O (1) -+ [NiL,Cl,] (la) 
[NIL&l,] (la) -+ NiLCl, (lc) 
NiLCl, (2~) + NIL,,,, Cl 2 
NiL,,,, Cl, + NIL,,, Cl z 
NiL,,,Cl, + NiL,,,Cl, 
NiL,,,C12 + NiCl, 

[NiL~(H~O)(SO~)I~H~O (2) + PJiL,(SO,)I @a) 
WGWGI (W + WL,WJ1(2b) 
PiL,WWI (2b) + WiL,(SW Pa) 
[NiL,(SO,)] (2b) + NiLSO, (2~) 
NiLSO, (2~) + NiL,,,,SO, 
NiL0,a3S04 + NiSO, 

[NiL,(H,O)(SeO,)].H,O (3) + [NiL,(SeO,)] (3a) 
[NiL,(SeO,)] (3a) + NiLSeO, 
NiLSeO, + NiSeO, 
[NiL,Br,] (4) -+ NiL,,,Br, 
NiL,_,Br, + NiLBr, 
NiLBr, -+ NiBr, 

WiL,(CWO,)J (5) + [NIL,(CF,CO,),l Pa) 
[NiL,(CF,CO,),] (5a) -+ NiO 
[NiL,(CCI,CO,),] (6) -+ [NiL,Cl,] b 

60- 80 
160-240 
256-292 
292-305 
305-340 
340-392 

90-120 
117-169 
157-109 
205-235 
298-350 
350-435 

92-130 
188-258 

258-330 
190-238 
238-280 
280-362 
135-150 
184-293 
108-120 

75 
232 
284 
295 = 

312 a, 328 a 
384 a 
110 
140,155 
137 a 

220 
340 
395,410 a 
118 
235,251 
282 
225,232 

308, 332 
143 
238,252,280 a 
115 

a Denotes exothermic peak; the rest are endothermic. 
b On purification this compound shows identical behaviour to (la). 

Preparation of [NiL,(H,O)(SO,)] . H,O (2) and [NiL,(H,O)(SeO,)] . H,O (3) 

These were prepared by the addition of diamine (L) (4-5 mmol) dropwise 
to the finely powdered metal salts (1 mmol) with vigorous stirring. After ca. 
12 h, the mixture was treated with 15 ml ethanol-water (9 : 1) and the 
desired products separated out on stirring were thoroughly washed with 
ethanol and dried in a desiccator. 

[NiL,Cl,] (la), NiLCl, (lc), [NiL,(CF,CO,),] (5a), [NiL,(SO,)] (2a), 
NiL(S0,) (2~) and [NiL,(SeO,)] (3a) were prepared in solid state by the 
temperature arrest technique [l-11] (see Table 2) from their respective 
parent diamine complexes under a nitrogen atmosphere. Species (la) may 
also be synthesized pyrolytically from [NiL,(CCl,CO,),] (6). 

RESULTS AND DISCUSSION 

The notable phenomena that were observed in the thermal analysis of 
these diamine complexes are discussed in the following sections. 
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Deaquation-anation associated with geometrical isomeritation in NiL,Cl, . H,O 
(I), NiLJO,. 2H,O (2) and NiL,SeO, . 2H,O (3) 

All these complexes possess octahedral geometry as is evident from their 
magnetic and electronic (mull) spectral data (Table 1). The complex 
NIL&l,. H,O behaves as 1 : 1 electrolyte (A, = 90 mhos) whereas the 
complexes NiL,SO, .2H *O and NIL, SeO, .2H 2O behave as non-electrolyte 
in methanol (A, = 10 mhos and 12 mhos, respectively) suggesting the 
presence of SO:-, SeOi- and one of the Cl- ions inside the coordination 
sphere. IR spectra of these complexes show the presence of pw(H,O) * at 
690 cm-i [for (l)] and 730 cm- ’ [for (2) and (3)] and from which it is 
suggested that the water molecule is probably co-ordinated with the Ni atom 
[14]. As a result these complexes may be represented as [NiL,(H,O)Cl]Cl, 
[NiL,(H,O)(SO,)] . H,O and [NiL,(H,O)(SeO,)] . H,O. 

On heating, complexes (1) (2) and (3) become deaquated at 80, 120 and 
130 o C, respectively. Reports of elimination of co-ordinated water at such a 
low temperature are not rare in the literature [15], though, in general it takes 
place at comparatively higher temperatures ( > 100 o C). The magnetic mo- 
ments (Table 1) of these deaquated species suggest that they also possess 
octahedral geometry. Their electronic spectra are analogous to those of the 
respective aquated complexes, except for a slight shift of the peaks to the 
longer wave length region (Table 1). This change in the peak positions, is 
consistent with the proposed formula (see above) as, on elimination of the 
water molecule from the coordination sphere, the counter anion takes the 
vacant position. In the case of complexes (2) and (3) the change in coordina- 
tion behaviour of SOi- and SeOi- (from monodentate to chelating biden- 
tate) is not interpretable from their characteristic IR bands as they are 
overlapped with the several diamine vibrations. IR spectra, due to the 
diamine vibration of the dehydrated species (la), (2a) and (3a) are almost 
identical to those of cis-[NiL,(NCS),] * * which suggests that they also 
possess c&configuration. On comparison of the IR spectra of the aquated 
and deaquated species, it is observed that S(NH,) [17], p,(CH,) [18] and 
v(M-N) [19] bands at ca. 1600, 900-800 and 610-500 cm-‘, respectively are 
much more split in the deaquated species than the corresponding aquated 
analogue and from this important observation it is proposed that the 
aquated complexes possess trans configuration [17-191. From the foregoing 
discussion it is reasonable to assume that the hydrated complexes (l), (2) 
and (3), on heating undergo deaquation-anation associated with geometrical 

* This peak is identified by comparison of their IR spectra with those of [NiL,(NCS),] [16], 
[NiL,(CF,CO,),] (5) and their deaquated analogue. 
* * The structure of the complex [NiL,(NCS),] have been established by X-ray crystallogra- 

phy 1161. 
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TABLE 4 

The prominent lines in the X-ray powder patterns of complexes 

WiL~(CWWJ (5) lNG(CWW,I (54 a 
d 6) d (A) 

9.61s 8.31vs 
8.51s 
7.97s 
6.92~s 
6.23m 
5.52~s 
5.15ms 
4.98ms 
4.82~s 
4.62s 
4.57ms 
4.33ms 
4.19s 
4.15s 
4.09ms 
4.02ms 
3.9ow 
3.78~ 
3.69~ 
3.53m 
3.33mw 
3.27m 
3.23m 
3.14mw 
3.01w 
2.97m 

7.93vs 
6.92~ 
6.39m 
6.09m 
5.47vs 
5.31vs 
4.72s 
4.4ovs 
4.13m 
3.99ms 
3.85ms 
3.77s 
3.55m 
3.47w 
3.37m 
3.23~ 
3.09vw 
3.05vw 
2.98~~ 
2.931~ 
2.88~ 
2.78ms 

a Species (5a) was obtained after the phase transition of (5) was cooled in a desiccator and 
X-ray powder patterns were taken immediately. vs, very strong; s, strong; m, medium; w, 
weak; vw, very weak. 

isomerization with the retention of octahedral configuration and these can 
be represented as 

trans-[NiL,(H,O)Cl]Cl + cis-[NIL&l,] + H,O and 

truns-[NiL,(H,O)X] - H,O -+ cis-[NiL,X] + 2H,O 

(X = SO, and SeO, ) 

In this context it may be noted that this type of geometrical isomerism 
was not observed in similar systems reported previously [2,7]. However, in 
complex [NiL,Br,] - 2H,O (L = N, N’-dimethyl-1,2-ethanediamine) [2] some 
type of conformational changes of the diamine skeleton took place simulta- 
neously with deaquation. 

It is interesting to note that both species (1) and (la) absorb water to 
form the dihydrate, NIL&l,. 2H,O (lb), when kept in a humid atmosphere. 
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TG (4) ‘soot 
E&d0 

_. _.__.!.._ 
“CI. 

TG(i) 2w 20~” 

I 
\ ‘7 F=s 

f \ 
DTA(1 bt, ’ _-- 

Fig. 1. Thermal curves of [NiL,CI(H,O)Cl]Cl (1) (- ) sample mass, 12.37 mg; 
{NiL~(~~O)Cl]~l.H~~ (lb) (- - - - * -) sample mass, 18.76 mg and {NiL,Br,] (4) (.-.-.) 
sample mass, 15.42 mg. 

This dihydrated species on heating loses both the water molecules in a 
single step as is evident from its TG-DTA curve (Fig. 1). The species (1) 
and (lb) cannot be distinguished by electrolytic conductance, magnetic 

Fig. 2. Thermal curves of [NiL~(~~~)(SO~)].H*~ (2) (- ) sample mass, 13.59 mg and 
[NiL~(H~O)(SeO~)].H~O (3) (- - - - - -) sample mass, 17.97 mg. 



moment, electronic and IR spectral data. Consequently, (lb) is represented 
as truns-[NiL,(H,O)Cl]Cl . H,O. Species (2) and (3) are non-hygroscopic 
whereas their dehydrated species (2a) and (3a) are deliquescent. Here it may 
be noted that the complex NiL,Br, (4) is not at all hygroscopic and it is 
synthesized in anhydrous form. It shows almost identical magnetic moment 
and IR spectral bands to [NIL&l,] (la). Electronic spectral bands of species 
(4) are shifted towards longer wavelengths in comparison to its chloro 
analogue. Such shifting is not unusual as the bromide ion possesses lower 
crystal field stabilization energy than the chloride ion. All these observations 
suggest that it also possesses the cis configuration like (la), (2a) and (3a). 

Irreversible phase transition in NiLz(CF,CO,), (5) 

[NiL,(CF,CO,),] (5) possesses an octahedral geometry as is evident from 
its magnetic and electronic spectral data (Table 1). The non-electrolytic 
behaviour in methanol and the similarity (due to diamine vibration) in the 
IR spectra to truns-[NiL,(H,O)Cl]Cl (1) and truns-[NiL,(H,O)(SO,)] * H,O 
(2) suggest that both the trifluoroacetate groups are monodentate and in the 
trans position. This complex, trans-[NiL,(CF,CO,) *] (5) undergoes an 
endothermimc irreversible phase transition (135-150 o C, AH = 18.9 kJ 
mol-‘) upon heating (see Fig. 3 and Table 2) yielding an isomer (5a). The 
similarity of the magnetic and electronic spectral data (Table 1) of these two 
isomers implies the presence of an identical [NiN,O,] chromophore in both 
[1,4,11]. On the other hand the dissimilarity of v(NH,), 6(CH,), [v(C-N) + 

I I I 

127 137 147 157 

t PC 

Fig. 3. DSC curve of [NiL,(CF,CO,),] (5) (- ) sample mass, 8.54 mg. 
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v(C-C)] and [v(M-N) + Y(M-0)] in the regions 3350-3150, 1470-1420, 
1120-1020, and 530-420 cm-‘, respectively, in the IR spectra (Table 3) and 

the X-ray powder diffraction patterns (Table 4) of the two isomers (5) and 
(5a) indicate that they probably differ only in their chelate ring conforma- 
tions [1,4,11]. For the six-membered diamine ring systems in trans- 
[Ni( tn) 2 a *] (tn = 1,3_propanediamine) different conformational isomers have 
been isolated and their relative stabilities have been discussed [1,20,21]. 
Among these isomers, the most energetically favoured one is that in which 
the rings are in chair conformations with the two sets of carbon atoms on 
opposite sides of the NNMNN plane [20]. Crystallographic studies of the 
complexes trans-[Cu( tn) 2(N03) *] [22], trans-[Co( tn) $1 ,]Cl . HCl . 2H,O 
[23] and trans-[Ni(tn),(NO,),] [24] reveal that all of them have the two 
chairs on the opposite sides of the plane of the metal-amine coordinate 
bond. Consequently, it is assumed here that complex (5) exists in this most 
stable trans-chair-chair conformational form. Complex (5a), which exists in 
a higher energy state (18.9 kJ mol-‘) than (5), may therefore possess any of 
the following conformational forms of the two tram six-membered chelate 
ring: (i) c&chair-chair (ii) chair-skew boat (iii) skew boat-skew boat. From 
the energy difference it is very difficult to suggest the structure of (5a), as 
the conformational energies of all the forms are very much dependent on the 
apical ligands, a (a = CF$O, in the present case) due to their non-bonded 
interactions with the chelate rings [20] and no calculated value is available 
for a = CF,CO, in the literature. It is interesting to note that the complex 
(5a) reverts to (5) in a humid atmosphere but retains its identity in a 
desiccator. This observation suggests that moisture present in the atmo- 
sphere acts as a heterogeneous catalyst as observed earlier [l,lO]. 

This reversal [(5a) + (5)] also takes place if (5a) is crystallized from any 
solvent, e.g. CHCl,, CH,OH, C,H,OH, etc. The reason for this reversion 
may be explained as follows: the species (5a) exists in a high energy state. 
When it is dissolved in the solvents mentioned above, the potential barrier 
that prevents the reversion of (5a) to (5) in solid state is lost and the chelate 
rings preferentially arrange themselves in the most stable conformational 
form. Naturally, on crystallization, the stable form (5) is obtained. It is 
interesting to note that a humid atmosphere also catalyses the conversion, 
(5a) --j (5). It is expected that water molecules first become attached to 
complex (5a) due to van der Waals attraction thus lowering the potential 
barrier. 

Reversible phase transition in NiL,SO, (2a) 

The species [NiL,SO,] (2a) undergoes a reversible phase transition (AH 
= 6.5 kJ mall’) upon heating to form species (2b) without any visual colour 
change, showing two overlapping endotherms in its DSC curve. But on 
cooling (2b) reverts to (2a), showing only one exothermic peak (see Fig. 4 
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107 117 127 137 147 157 167 I 
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Fig. 4. DSC curves of [NiL,(SO,)] (2a) ( ---) sample mass, 9.21 mg, first heating and 
cooling; (- - - - - -), second heating and cooling. 

and Table 2). On reheating (2a) again shows two overlapping endotherms in 
almost the same temperature region as is observed in the first heating curve, 
but the first peak appears (140 o C) as a shoulder. On recycling, the heating 
as well as the cooling curves are found to be identical to the second heating 
and first cooling curves, respectively. Recently, the analogous endother~c 
reversible phase transition observed in Cu(dmtn)~(NO~)~ [25] has been 
reported to be due to the occurrence of a dynamic equilibrium between the 
different conformational forms of the six-membered diamine chelate. Here 
the observed energy change for the transition (4) + (4a) is found to be ca. 
6.5 kJ mol-’ and is comparable with the enthalpy change for the analogous 
endothermic phase transition due to ~onformational changes of the chelate 
rings of some other nickel bisdiamine complexes [1,4,10,11]. As a conse- 
quence, it may be assumed that some types of conformational changes 
and/or a dynamic disorder of the diamine chelate is responsible for this 
phase transition. However, the IR spectra of (2b) at ca. 165 o C are found to 
be almost identical with those of (2a) which is in contrast to the behaviour 
of the high-temperature phase of the analogous bisdiamine complexes 
[1,4,10,11,24]. As a result, the exact nature of the phase transition remains 
unexplored due to the lack of facilities for obtaining other spectral and 
structural data at higher temperature. 

decomposition of the complexes 

The complex [NiL,Cl,] (la) on heating transforms to NiCl, via NiLCl 2 
(lc), NiL0,75C12, NiL,,Cl, and NIL,,, Cl, as is evident from the breaks of 
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the TG curve as well as DTA peaks (Fig. 1). Amongst these intermediates, 
only the monodiamine species (lc) is isolable in pure form by the tempera- 
ture arrest technique. Species (lc), greenish yellow in colour, also possesses 
octahedral geometry as is evident from its magnetic moment and electronic 
spectral data (Table I). The IR spectra suggest that the chelating behaviour 
of the diamine is retained. Then its structure should be polymeric pseudo- 
octahedral with the bridging chloride as reported by Dokum et. al [26] in 
Co(H) and Mn(II) complexes of 2-2-bipyridyl and by us in analogous 
Ni(dia~ne) systems [2,8,9]. 

The complex [NiL,SO,] (2b) upon heating starts to decompose at 205 * C 
and transforms to NiLSO, (2c), which is light green in colour, at 235*C. 
Species (2~) also possesses octahedral geometry as is evident from magnetic 
and electronic spectral data (Table 1). The diamine is acting here as a 
brid~ng bidentate ligand which is evident from its much simpler IR spectra 
compared with that of the bis species @a). The sulphate group is supposed 
to be bridged quadridentate to satisfy its octahedral geometry. This quadri- 
dentency is not interpretable from its IR spectra due to the overlapping of 
diamine bands. Species (2~) starts to decompose at 298 O C and transforms to 
NiSO, via a non-isolable intermediate NiL0.33S04 as is evident from the 
break in the TG curve (Fig. 2). 

The complex [NiL,SeO,] (3a) starts to decompose at 185°C and trans- 
forms to NiSeO, via a non-isolable intermediate NiLSeO, (Table 2; Fig. 2). 
The instability of the monodiamine species is probably due to the lesser 
ability of the selenate group to act as a quadridentate bridged ligand in 
comp~son with that of the sulphate group. This type of behaviour of the 
selenate group has also been reported earlier [2]. 

The complex [NiL,Br,] (4) transforms to NiBr, upon heating via non-iso- 
lable intermediates NiL,.,Br, and NiLBr, as is evident from the TG breaks 
and the corresponding DTA peaks (see Fig. 1 and Table 2). 

On further heating the complex ]NiL,(CF,CO,),] (5a) starts to decom- 
pose at 180 * C and transforms straight to NiO at 293” C. 

The complex [NiL,(CC13C02)2] (6) starts to decompose at 108°C and 
transforms to [NIL&l,] admixed with some impurities at 120°C. This on 
thorough washing with ethanol-water mixture (9 : 1) yields complex (1) (see 
above). Similar thermal decomposition of diamine complexes of nickel(I1) 
trichloroacetate has also been observed previously [2]. 
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