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Abstract

[NiL,]X, (where L=N-phenylethane-§,2-diamine and X=1" and CI107), [NiL,X,] (X is CI,
Br, NCS™, 0.580; or 0.55e077) and [NiL,(H,0),]{NO;}, have been synthesized from solu-
tion and their thermal study has been carried out in the solid phase. [NiL,Cl,] upon heating un-
dergoes irreversible endothermic phase transition (142-152°C, AH=0.35 kI mol™") without
showing any visual colour change. This phase transition is assumed to be due to conformaticn
changes of the diamine chelate rings. NiLCl, and NiL, I, have been prepared pyrolytically
from [NiL.,Cl,] and [NiL.]L, respectively in the solid state. [NiL,(H,0),]1{NO3), upon heating
undergoes deaguation-anation reaction without showing any visual colour change. [Nil,X,]
(X is CI7, Br, NCS§™), [NiLy(H,0),{NG5), and [NiL,(NOs),] possess trans-octahedral con-
figuration, whereas, [NiL,X,] (X is 0.5S03 or .58¢03") are having cis-octahedral configura-
tion. Amongst the complexes, only NiLCl, shows unusually high (5.1 BM at 27°C} magnetic
susceptibility value.
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Introduction

Solid state thermal studies of nickel(IT) complexes of ethane-1,2-diamine and
its N-alkyl substituted derivatives are well documented in the literature [1-10].
It is observed that inductive and steric effect of the alkyl groups influence the
thermal properties of the complexes i.e., the thermally induced phase transitions
and/or decomposition of the complexes in the solid state. Similar study with
analogous complexes of N-phenyl substituted derivatives of ethane-1,2-diamine
is not documented and the mesomeric effect of the phenyl group vis-g-vis the
positive inductive effect of the alkyl group and high steric effect of phenyl group
make such study relevant. Here we report the syntheses and characterization of
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N- phenylethane 1.2~ dlamme complexes of Ni(IDX, (X=Cl', Br,I", NCS", NO;,
Cl07, 0.5505 and 0.55¢037), their solid state thermal properties and comparison
of their thermal stability with those of analogous complexes of N-alkyl substi-
tuted ethane-1,2-diamine in the solid state.

Experimental

High purity (98%) N-phenylethane-1,2-diamine(L) was purchased from
Aldrich Chemical Company Inc. and used as received. All other chemicals used
were of AR grade. The equipments used for elemental analyses, IR
(4000 250 cm™") and electronic spectra (mull) (1500-300 nm), magnetic sus-
ceptibility measurements and for thermal analyses (TG-DTA and DSC) were re-
ported earlier {11].

Commercial anhydrous nickel(I) iodide was practically insoluble in ethanol.
Therefore, an ethanolic solution of nickel(I) iodide was prepared by mixing
nickel(II) nitrate hexahydrate and sodium iodide in ethanol in 1:2 molar ratio and re-
moval of sodiom nitrate by filtration as described by Goodgame and Venanzi [12].

3}

8 a

Preparation of the complexes

[NiL3]X> (X is I" and C103) were prepared by slow addition of an ethanolic so-
lution (5 cm’) of N-phenylethane-1,2-diamine (3 mmol) to the corresponding
nickel(I1) salts (1 mmol) dissolved in ethanol (10 crm Y. The complexes which
Separdled immediately were filtered, washed with ethanol and dried in a CaCl--
desiccator.

[NiL,X,] (X is CI", Br', NCS~, 0.5803 and 0.55e03") and [NiL,(H,0),](NOs)»
were synthesized by adopting the above procedure but by changing metal-diamine
ratioto 1:2,

NiLCl, (1a), [NiL2(NO:):] (5a) and NiL,sI; (3a) were prepared in the solid
state pyrolytically at 300, 120 and 185°C respectively from the corresponding
parents species.

Results and discussion

Characterization of the complexes

Elemental analyses (Table 1) reveal that nickel(IT) iodide and nickel(1I} per-
chlorate form tris-diamine species, whereas, the rest nickel(1l) salts yield bis-
diamine species with N-phenylethane-1,2-diamine (L) and all attempts to pre-
pare bis-species with iodide and perchlorate and tris-species with other
nickel(ID) salts from solution failed. IR-spectral study suggests that the diamine
is chelated in all the complexes [3, 5, 10].

As a result, the tris-species appear to possess Ns-chromophore around
nickel(II) and their electronic and magnetic susceptibility data conform to octa-
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Fig. 1 Electronic spectra {mull) of trans-[NiL,CL,] (1) {—, trans-[NiL,Br,] (2) (- - -);
trans-[NiL,(NCS),] (4} (-—} and cts-[NiL, SO, (T} ()

hedral geometry in them. The bis-species, [NiL:Xo], (X = C1°, Br, NCS7, NO;,
0.550% and 0.55e0%), NiL2(NO3);-2H,0 and [NiLy(NOs),] exhibit magnetic
susceptibility vaiue of ~3.1 BM and their electronic spectral band positions (Ta-
ble 1) suggest that they should possess octahedral geometry. But these com-
plexes may have cis or trans configuration and in order to know this configura-
tion their electronic spectra in NIR-region have been studied. [NiL:Xs] (X= cr,
Br, NCS™ and NO3) possess trans-octahedral configuration as they exhibit two
d-d bands in NIR region [13, 14] (Fig. 1), whereas, [NiL:X;] (X= 0.5S05 and
0.58e03") appear to possess cis-configuration as they exhibit one d-d band in
NIR-region [13, 14].

In order to attain cis-octahedral configuration, SO7 and SeO; should act as
bidentate chelating ligand. The actual mode of coordination of the nitrate ions in
NiLa(NO3);2H,0 and NiL;(NOs); has been assigned by IR-spectral study in the
region of 1700-1800 cm™, where the vi-symmetric stretching and the double de-
generate in-plane bending mode of coordination of nitrate ion in metallic com-
plexes have been assigned [13, 15]. The complex, [NiL2(Hz0)2](NO3), (5) shows
only one relatively strong band at ~1750 cm | which suggests that the nitrate ions
are not coordinated with the meta) ion and thus indicating the coordination of
two water molecules in the complex. On the other hand, [NiLANOs),] (5a) ex-
hibits two peaks at ~1755 and ~1743 cm™' and the small separation (~12 cm ')
between the two peaks indicates that the nitrate jons are acting as unidentate li-
gand in the complex. [NiLo(NCS).} (4) shows a single sharp vic-n hand at
~2096 cm™' which suggests that the thiocyanate groups are N-bonded [16].

The monodiamine species, NiLCl, {ia) obtained by pyrolysis of [Nil.;Cl]
(1) in the solid state possesses unusually high magnetic susceptibility value (5.1
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BM at 27°C} considering the above formula. This may be due to the ferromag-
netic behaviour which is possibly developed from the CI” bridging [17-19] and
metal-metal interaction. The foregoing facts and the stoichiometry of the com-
pound would require either pentacoordinated or tetracoordinated tetrahedral
species [3]. IR and electronic spectra of (mull) of the species are not so well re-
solved. Therefore it is very difficult to comment on the structure of the complex.
Another interesting species is NiLasI> (3a) which is obtained by pyrolysis of
[NiLi]l, (3) in the solid state. Its magnetic susceptibility value (3.2 BM at 27°C)
is typical of octahedral nickel(IT) and its electronic spectra (Table 1) corrobo-
rates this geometry. X-ray single crystal structural analyses of these species are
essential to understand the actual structure. But we could not synthesize single
crystals of any of the complexes.

Thermal analysis

[NiL,CL,] (1} upon heating undergoes an endothermic phase transition
{142-152°C, AH=1.35kJ mol ™) (Fig. 2) and gets transformed to [NiL,Cl:] (1a)
with no visual change in colour. The species (1a) on cooling to ambient tempera-
ture does not show any exotherm but on immediate reheating shows endothermic
phase transition in the same temperature range with smaller peak area than that
in the initial heating (Fig. 2). However, [NiL.,Cl,] (1a) on exposure to humid at-
mosphere (60% or above) for several h reverts to (1) as is evident from the AH
value (Fig. 2). The above facts suggest that the reversibility of the transition is
dependent on time. The species (1a) upon further heating decomposes and trans-
forms to nickel(Il) chloride through the formation of the intermediates, NiLCl,
and NiL, sCl; as is evident from the plateaus in the TG curve (Fig. 3). NiLCl, has
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Fig. 2 DSC curves for trans-[NiL,Cl,} (1) (wL. taken=8.1 mg); [{(—} first heating curve; AH=
1.35 kJ mol " (- - -) second heating curve (the sample was heated immediately after
cooling to ambient temperature; AH=0.76 kJ mol™" and (—--), third heating curve (the
sample was heated after a time gap 5 h cooling to ambient temperature},

AH=1.33 kJ mot™]
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Fig. 3 TG-DTA curves for frans-fNiL,ClL,] (1) (—)}{wt. taken= 13.30 mg); trans-[NiL,Br,]
(2} (---)(wt. taken=12.95 mg); and [NiL,}1, (3} (- )(wt. taken=14.70 mg)

been synthesized pyrolytically in pure form in the solid state and characterized.
But we could not prepare NilgsClz in pure form [Nil2Br:] (2) on the other hand
does not exhibit any phase transition and starts to decompose at 260°C. Its de-
compositions pattern is very much similar to that of (1a). But the plateaus corre-
sponding to NiLBrz and NiLg sBr; are not so well resolved and all attempts to pre-
pare them have failed. [Nils]I: (3) upon heating undergoes decomiposition
through the formation of intermediates, NiL., sI» and Nil.:I, as is evident from the
plateaus in the TG curve. Nil., sI; may be synthesized in pure form in the solid
state but synthesis of NiL:I; is not feasible. [NiL;J(ClQy)2 (6) as well as
[NiL,(NCS),] (4) upon heating do not show any phase transition before decom-
position. The former decomposes at ~200°C whereas the latter at ~240°C. But in
both cases there are no plateaus in the TG curves for the formation of any inter-
mediate. [ N1L2(H20)2(NO3)2 (3) upon heating undergoes deaquation-anation re-
action without showing any visual colour change and transforms to [NiL2(NQO3)s]
(5a) at 120°C retaining the geometry as well as chromophore (N;O,) around
nickel(II}. However [NiL,(NO4)-] (5a) reverts to (5) on exposure to humid at-
mosphere (60% or above). [NiL,SQ4] (7) and [NiL:SeO.] (8), on the other hand

undergo decompeosition without showing any plateau in the TG-curves.

Conclusions

Table 2 represents the 7 (initial temperature of decomposition) of
RNHCH:CH;NH> (R=methyl/ethyl/n- propyl/isopropyl) and N—phenylethane-

Y _dismine ramnlavee Af niclalfTTY T io ~nhopruad that tha camiianmsa

],4. Giamine COMPICACS O NICRCI1L). 11 18 O05CIveQ tnat tne SCYUCIIce Ul 11 WlLll
respect to the counter anions for N-phenylethane-1,2-diamine complexes fol-
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lows the same trend as observed with RNH-CH,—CH,—-NH: i.e. SO>S0 >
Br>CI™. It is also to mention that thermal stability of with respect to Ti of N-
phenylethane-1,2-diamine is very close to that of N-propylethane-1,2-diamine.
Thus, mesomeric and steric effect of phenyl groups have little influence on the
thermal stability/thermal properties of N-phenylethane-1,2-diamine complexes
of nickel(1I).

I T
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