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[NiL,]Cl,- H,O, [NiL,(H,0),]Br,, and [NiL,(NCS),] (L=1,4-butanediamine) have been synthesized and

their thermal investigations have been carried out.

[Ni,L,Cl,], [NiLCl,], [Ni,L,Brs], and [NiL(NCS),] have

been synthesized pyrolytically in solid phase by temperature arrest technique from their corresponding parent

diamine complexes.

All the parent tris and bis(diamine)complexes possess O, geometry.

[NiLCl,] possesses Tq4

geometry, whereas, [NiL(NCS),] possesses Op though 1,4-butanediamine is chelated in both of these mono-

(diamine) complexes.

Thiocyanate is found to be bridged in [NiL(NCS),].

The probable mechanistic paths

of decomposition of these diamine complexes have been propsoed.

Chelating and bridging bidentate character of 1,4-
butanediamine (L) in metal complexes are well docu-
mented in literature.l-3 Metal complex having un-
identate diamine is also known.? Synthesis of [NiLg]2+
is not yet reported. But tris chelate complexes like
[CoL,]3+ are known, where L attains seven-membered
chelate rings and possesses chair conformations.56)
Recently, some 1,4-butanediamine complexes are being
used for the preparation of macrocyclic complexes.”

We have recently reported a series of thermal in-
vestigations of metal 1,2-ethanediamine and 1,3-pro-
panediamine complexes in the solid phase.8-1? In
these investigations we synthesized a good number of
novel metal diamine complexes. Besides these, ther-
mally induced structural and conformational changes
in nickel(IT) diamine complexes were observed by us.13)

The purpose of this paper is to report the thermo-
chemical studies of nickel diamine complexes having
seven-membered chelate rings and to compare their
decomposition patterns with those of five and six-
membered chelate complexes.

Experimental

The metal salts used were all of A.R. grade purity. 1,4-
Butanediamine was supplied from Fluka AG, Switzerland.

Preparation: [NiL,]Cl,-H,O (1), [NiL,(H,0),]Br, (2), and
[NiL,(NCS),] (3).

1,4-Butanediamine (L) (3—4 mmol) was added to the
ethanolic solution of nickel salt (1 mmol) dropwise with
stirring. On mixing immediate separation of complex took
place. The resulting heterogeneous mixture was stirred for
~10h and the desired complexes were collected by filtra-
tion, washed thoroughly with ethanol and dried over fused
CaCl, desiccator.

[Ni,L,Cl,] (1A): This was synthesized by keeping the
complex (1) at ~185°C in a nitrogen atmosphere. The
thermolysis was stopped when no more diamine was lost as
evident by getting a constant weight.

[NiLCL] (1B): This was synthesized following the me-
thod adopted for the synthesis of complex (1A) from complex
(1) at =~245°C.

[NiL,Br,] (2A): This was synthesized by heating the com-
plex (2) upto =135 °C.

[Ni,L;Brg] (2B): This was synthesized from complex (2)
at ~260 °C by the similar procedure to that adopted for
the synthesis of complex (1A).

[NiL(NCS),] (3A): This was also synthesized from com-
plex (3) at =235 °C by the similar procedure to that adopted
for the synthesis of complex (1A).

Molar conductance data of these complexes could not be
taken since these complexes decompose in water and are
insoluble in all the available solvents.

Analytical, spectral band maxima and magnetic data are
shown in Table 1.

The apparatus employed for carrying out thermal analysis
is the same as reported earlier.®® Table 2 lists the thermal

TaBLE 1. ANALYTICAL, MAGNETIC AND ELECTRONIC SPECTRAL DATA OF Nill 1,4-BUTANEDIAMINE(L) COMPLEXES
Elemental analyses/9,2)
Compound Color Hegr (BM.)  Apuy (nm)
Nickel Nitrogen = Halogen/Sulfur
[NiL,]Cl,-H,O 1) Blue 14.3(14.2)  20.5(20.4) 17.0(17.2) 3.32 600, 370
[Ni,L,C1,]® (1A) Green 22.3(22.4) 16.1(16.0) 26.9(27.1) 3.29 670, =~470(sh), 400
[NiLCL,]® (1B) Greenish 26.9(26.9) 12.9(12.8) 32.2(32.6) 3.50 680, =~530(sh),
yellow ~440(sh), 400
[NiL,(H,0),]Br, (2) Light blue 13.6(13.6) 12.9(13.0) 36.7(37.1) 3.20 580, 365
[NiL,Br,]» (2A) Light blue 14.8(14.8) 14.2(14.1) 40.2(40.5) 3.22 580, 364
[Ni,L;Brg]» (2B) Greenish 20.5(20.6) 7.3(7.3) 56.0(56.1) 3.56 ~740(sh), 685,
yellow ~520(sh), =~460(sh),
405
[NiL,(NCS),] 3 Light blue 16.7(16.7) 23.9(23.9) 18.0(18.2) 3.23 580, 370
[NiL(NGCS),]» (3A) Blue black 22.3(22.3) 21.1(21.3) 24.2(24.3) 3.16 ~710(sh), 580

~470(sh), 350

a) Figures in parentheses are the calculated values.

b) Compounds synthesized in the solid state.
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TaBLE 2. THERMAL PARAMETERS OF Nill 1,4-BUTANEDIAMINE(L) COMPLEXES

Decomposition reaction

Temperature range/°C

DTA peak temperature/°C

Endo Exo

[NiL,]ClL-H,0 — [NiL,]Cl, 50— 85 80 —

[NiL,;]Cl, — [NiL,Cl,] 135—185 180 —

[NiL,Cl] — [Ni,L,Cl,] 185—205 200 —

[Ni,L,Cl,] — [NiLCl,] 215—245 240 —

[NiLCl,] — [Ni,LCl,] 285—315 — 314
[Ni,LCl] — NiCl, 315—375 — 335, 360

[NiL,(H,0),]Br, — [NiL,Br,] 75—130 105, 120 —

[NiL,Br,] — [Ni,L;Brs] 155—260 178, 202, 250 —
[Ni,L,;Br,] — NiBr, 275—345 — 284, 312
332, 340

[NiL,(NCS),] — [NiL(NCS),] 175—230 224 —
[NIL(NCS),] — Ni(SCN), 280—340 — 270, 280

data.

Infrared spectra in KBr (4000—400 cm-1) and in polythene
discs (400—250 cm-1, in some cases) were recorded using a
Beckman IR-20A and Perkin-Elmer 597 IR spectrophoto-
meters respectively and the corresponding data were given
in Table 3.

Results

[NiL;]Cl;-H,O (1) becomes anhydrous at 85 °C
(Fig. 1, Table 2) showing an endothermic peak at
80 °C. The blue-colored anhydrous species starts de-
composition at 135 °C and transforms to [Ni,L,Cl,] at
205 °C through the formation of nonisolable interme-
diate, [NiL,Cl,]. The derived [Ni,L,Cl,] on further
heating results [NiLCl,] at 245 °C. The unis(diamine)
species is stable upto 285 °C and then decomposes to
NiCl, through the formation of nonisolable intermedi-
ate, [Ni,LCl,] at 315°C. DTA curve shows three
endotherms for the elimination of first two moles of
diamine and three exotherms for the elimination of
residual diamine.

[NiL,(H,0),]Br, (2) starts deaquation (Fig. 2,
Table 2) at 75 °C and becomes deaquated completely
at 130 °C showing two overlapping endotherms in the
DTA profile. The deaquated species starts deamina-
tion at 155 °C and transforms to [Ni,L,Brg] at 260 °C,
through the formation of nonisolable intermediates.
The derived [Ni,L,Br,] starts decomposition at 275 °C
and transforms to NiBr, at 345 °C. The corresponding
DTA curve shows three endotherms for elimination of
1.25 mole of diamine and four exotherms overlapping
to each other for the elimination of residual diamine.

[NiL,(NCS),] starts deamination (Fig. 2, Table 2)
at 175 °C and generates thermally stable [NiL(NCS),]
at 230 °C. Unis(diamine) species starts decomposi-
tion at 280 °C and transforms to Ni(SCN), at 340 °C.
The DTA curve shows initially an endotherm followed
by an exotherm for the elimination of first molecule
of diamine. It shows two overlapping exotherms for
the elimination of last molecule of diamine.

Discussion

Possession of bands at 3300, 3245, 3220, and 3140

2mg j[ZOpv

1(IJO 260 32)0 400
Temperature/°C

Fig. 1. Thermal curves of [NiL;]Cl,-H,O (1) sample

mass, 11.60 mg.

___________ 2mg:[20 pv

ICI)O Z(I)O 300
Temperature/°C
Fig. 2. Thermal curves of [NiL,(H,0),]Br, (2) (—),

sample mass 12.86 mg and [NiL,(NCS),] (3) (---),
sample mass 11.50 mg.

cm™! due to »(NH,) and at 2945, 2940, 2860, and
2850 cm~! due to »(CH,) in IR spectrum (Table 3)
of [NiLg]Cl,-H,O (1) is well consistent with chela-
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tion character of the ligand.8-13) Literature shows less
number of IR bands due to »(NH,) and »(CH,) for the
complexes, where diamine acts as bridging bidentate
ligand.?) Morever, the IR spectrum of complex (1)
is quite similar to the IR spectrum of [Ni(tn);]Cl,:
2H,0O (tn=1,3-propanediamine),? which also indicates
the chelation character of the ligand in the complcx

We are not able to isolate the bis(diamine) species
from complex (1) by temperature arrest technique
owing to its thermal instability. So it is very difficult
to suggest the actual configuration of the bis species.
But the isolation of cis bis(diamine) complexes from
[M(en);]Cly [M=Co(III) and Cr(III)],14:1% [Ni(en)4]
Cl, and [Ni(tn),;]CL? hint the formation of cis bis-
(diamine) species here. Decomposition of [NiL,]Cl, is
different from the corresponding tris chelate complexes
of 1,2-ethanediamine and 1,3-propanediamine as it gen-
erates [Ni,L;Cl,] (1A) upon heating. The IR spectrum
(Table 3) of complex (1A) shows some additional
bands in the regions of stretching (v), bending (4),
wagging (o), twisting (z) vibrations of NH, and CH,
and stretching vibrations of skeleton »(C-N) and »(C-C)
along with the other bands responsible for chelation
character of diamine in comparison to the IR spectrum
of complex (1). This observation suggests the chelat-
ing as well as bridging character of the ligand in com-
plex (1A). Two probable structures are suggested
(Structures 1* and 1; Scheme 1) for the complex (1A).
It is rather difficult to say which structure actually
displays here. Spectral and magnetic data of the com-
plex cannot distinguish the structures clearly. How-
ever, electronic spectral band positions (Fig. 3) in
800—300 nm and their relative intensity difference may
suggest the formation of #p geometry.1® If O, geom-
etry would be considered for the complex (1A), the
relative intensity of »,[3A,—3T,(F)] and »4[3A,—3T,(P)]

N
Nﬁtﬂ")
£

a |—2L
Deamuratuon—anatlon

[Vol. 58, No. 2

bands in mull spectra would not differ much.8%13)
Scheme 1 clarifies that formation of [NiLCl;] (1B)
occurs either from complex (1A)(O,) or from complex
(1A)(¢bp). Both the cases seem to be feasible. But if
we have octahedrally symmetrical [Ni,L;Cl,], then
cleavage of bridging chlorine as well as ligand elimina-
tion (Scheme 1) would occur simultaneously during
heating, which is rather complicated path. On the
contrary, if the complex (1A) possesses tbp geometry
then only ligand elimination would occur for affording
[NiLCl,]. In this context single endothermic DTA

Arbitrary absorbance

300 400 500 600 700 800
Wavelength (nm)
Fig. 3. Electronic mull spectra of [NiLy]Cl,- H,O(1)

(—), [Ni,L,CL,] (1A) (- - -), [NiLCl,] (IB) (--~--),
[NiLy(H,0),1Bry (2) (- =+~ -+ -), [NiiLyBrs] (2B)
(). INIL(NCS)] (3) (- and [NL(NCS).]
(34) (- = = - -

L =N—N=1,4-butanediamine

\13?“ °‘|\’r/3 (“\Cliﬂ,l

'/\. .z\"

A

(S

| -iL
T—Cl.."—]'\I

NJEN,

Structure 1

D O

2 Ni-—-~—Cl

N/A

'\t« l\ /‘N ) / Str:j::ture 2
LN

Structure 1

Scheme 1.
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peak (Fig. 1) for the solid state reaction of [NiyL,Cl,]
—[NiLCl,] probably corroborates the tbp geometry in
[Ni,L,Cl,].

The IR spectrum of [NiLCl,] suggests that the ligand
is chelated here. Band appearing at 345 and 336 cm~!
in IR spectrum (Table 3) is well significant for
terminally coordinated Cl atom in T, geometry.l?
Higher magnetic moment (Table 1) of [NiLCly] in
comparison to other complexes is due to greater orbital
contribution for loss of symmetry. The electronic spec-
tra in mull (Fig. 3) display the characteristic band of
the T, Ni"* system (Structure 2, Scheme 1) at =670
nm which is tentatively assignable to the 3T,—3T,(P)
transition (vg).18:19)

In addition to the fundamental modes, we observe
other modes of vibration of water molecule p (H,O) at
~700 cm~! and »(MO) at =395 cm~ in IR spectrum of
[NiL,(H,O),]Br, (2).20 The bands responsible for
p.(H,0) and v (MO)are found to be absent in the anhy-
drous species. The diaquabis(1,4-butanediamine)nick-
el(IT) bromide and dibromobis(l,4-butanediamine)-
nickel(II) complexes are undoubtedly cis as is evident
from IR assignments?1:22) in comparison to the trans-
[NiL,(NCS),] (3). Complex (2) after deaquation-ana-
tion decomposes less stoichiometrically than that of
its chloro analogue (vide supra) and generates isolable
as well as nonisolable intermediates. This is probably
due to anion effect. Complex (2B) possesses some
additional bands (Table 3) in comparison to the IR
spectrum of complex (1B) which might be due to the
possession of chelating as well as bridging behavior of
the diamine. Higher magnetic moment (than that of
an O, complex) and electronic spectrum of complex
(2B) (Fig. 3) suggest that nickel(II) is probably tetraco-
ordinated having T, geometry.

Appearance of »(CN) at 2095 cm~! and »(CS) at 770
cm! in the IR spectrum?-26) (Table 3) of [NiL,-
(NCS),](3) clearly indicates that the compound (3) is
actually trans-diisothiocyanatobis-(1,4butanediamine)-
nickel(IT). The IR spectrum of complex (3) supports
the chelation character of diamine. Complex (3) gener-
ates [NiL(NCS),] (3A) at 230 °C in single step as observ-
ed from its TG curve (Fig. 2) and corresponding DTA
profile gives an endotherm followed by an exotherm.
The exothermic peak may be due to some rearrange-
ment taking place in complex (3A) after its formation.
It is interesting to note that isolation of [Ni(NCS),-
(en)] and [Ni(NCS),(tn)] was not possible by us from
their corresponding bis(diamine) complexes. Similar
IR data of [NiL(NCS),] (3A) with those of [NiLCl,]
and [NiL,(NCS),] indicate that the ligand is also
chelated in complex (3A). Magnetic moment (Table
1) of the complex (3A) suggests that nickel(II) is
octahedrally surrounded. Although electronic spectra
in mull (Table 1, Fig. 3) are not well resolved due to
its dark color, the band maxima are well consistent for
pseudooctahedral coordination of nickel(II) ion. »(CN)
of complex (3A) exhibits two intense bands at 2130 and
2120 ¢m~! and three prominent shoulders at 2160, 2080,
and 2060 cm~! (Table 3). These data indicate the
bridging character of thiocyanato group in the com-
plex.2%:28) The spectroscopic and magnetic data sug-
gest that all thiocyanato groups are bridged having

Thermal Investigation of Ni!! Diamine Complexes
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Structure 3

pseudooctahedral chromophore in complex (3A). Str-
uctures of [M(NCS),(bipy)][M=Co(II) and Mn(II)]
have been reported earlier by Dockum et al.2® This
observation suggests the probable structure of complex
(3A) as depicted above. The occurrence of the geo-
metrical difference in [NiLX,](X=Cl- and NCS-) is
probably due to more bridging ability of thiocyanato
group although examples of similar type chloro-bridged
complexes are known.?®)

Thermal studies on en and tn complexes of nickel(II)
reported by us and the present investigation reflect
that thermal decomposition is very much dependent on
the chain length of diamine.
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