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Solid-Phase Thermal Square-Planar-to-Octahedral Isomeric Transformation of
Nickel (II) Complexes Containing C-Substituted Ethylenediamines

Yoshinori Ihara

New type of isomeric transformation from square-planar{(low spin) to octahedron
(high spin) was discovered and investigated in the thermal reactions of bis(C-substituted
ethylenediamine) nickel (II) complexes, [Ni(diamine), ] X,(X=C1, Br, or NO; ), in the solid
phase. This transformation which proceeded endothermically and was accompanied by a
thermochromism from yellow to blue-violet was of discontinuous and reversible. Obvious
differences in the reactivity were observed among the complexes with the mono-substituted,
1,1-di-substituted, di-form of 1,2-di-substituted, and meso-form of 1,2-di-substituted
ethylenediamines. This indicates that this type of reaction (and the stability of the square
planar species or octahedral ones) is strongly dominated by the steric effect of the sub-
stituent group(s) in the coordinated diamines. The enthalpy changes for these endothermic
transformations (<15.9 kJmol™!) suggest that the energy gap between square planar and
octahedral structures is very small. The activation energies for them were also estimated.
The results of all the thermal reactions of the nickel(II) complexes with twelve kinds of
C-substituted ethylenediamines, including the transformations, are summarized and dis-

cussed systimatically.
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Table 1 List of ligands.
S L . Ref. No.
Diamine Abbreviation C-substituent(s) .
Ligand Complex
1,2-propanedimaine 1,2-pn —CH,
1,2-butanediamine 1,2-bn -C,H, Ta 2d
3,3-dimethyl-1,2-butanediamine dmbn -C(CH,), 7b 2d
1-phenyl-1,2-ethanediamine phenen —C Hq Tc 3
dl-2,3-butanediamine dl-bn —CH,,-CH, 7d 8a
dl-1,2-diphenyl-1,2-ethanedimaine dl-stien —C,H;,-C,H; Te 3
dl-1,2-cyclohexanediamine dl-chxn -CH,CH,CH,CH, - 7f 8b
meso-2,3-butanediamine m-bn —-CH,,-CH, g 8a
meso-1,2-diphenyl-1,2-ethanediamine m-stien -C,H;,—C,Hq 7h 3
meso-1,2-cyclohexanediamine m-chxn —CH,CH,CH,CH, - 7i 8c
2-methyl-1,2-propanediamine i-bn CH,
< 8d
CH,
2-phenyl-1,2-butanedimaine pbn < CyHg 7i 7i
C.Hy
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TG/DTA patterns of [Ni(H,0),(1,2-bn), -
X,, where X = CI ( ) and Br (----- ).
Heating rate: 2°C min!, gas flow: N,. at
200 ml min~!, sampling weight: 20.7 mg
(X =Cl), 21.6 mg (X = Br).

Fig. 1
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[Ni(H,0), (1,2-
), at

Fig. 2 Electronic spectra of
bn), ] Br, at room temperature (
100°C (-----), and at 160°C (—-—).
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Fig. 3 Thermal reaction schemes of
(a) [Ni(H,0),(1,2-bn), 1X,(X = Cl or Br)
and
(b) [Ni(m-bn), 1(NO3),.
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Fig. 4 TG/DTA pattern of [Ni{m-bn), [ (NO3],.
Heating rate: 2°C min™! , gas flow: N, at
200 mlmin™", sampling weight: 22.2 mg.
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Fig. 5 Electronic spectra of [Ni(m-bn), ] (NO; )2
before heating (——) and after heating
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containing C-substituted ethylenediamines.

Table 2 Types of thermal reactions of nickel(II) complexes

\X

Diamine a Br NO, Clo,
1,2-pn Oh — Oh’ Oh — Oh’ Oh — Oh' Oh — Sp
1,2-bn Oh — Sp — Oh’ Oh — Sp —» Oh’ Oh — Oh’ Oh— Sp
dmbn Oh — Oh’ Oh — Oh’ Oh — Sp - Oh’* Oh— Sp
phenen Oh — Oh’ Oh — Oh’ Oh - Sp - Oh’ Sp

dl-bn Oh - Sp — Oh’ Oh — Sp — Oh’ Oh — Sp Oh — Sp
di-chxn Oh — Sp - Oh’ Oh — Sp — Oh’ Oh - Oh’ Oh — Sp
dl-stien Oh — Sp — Oh’ Oh — Sp - Oh’ Oh — Sp -~ Oh’ Sp

m-bn s s Sp — Oh™* Sp
m-chxn Sp Sp Sp — Oh'* Sp
m-stien Sp Sp Sp Sp

i-bn Sp —» Oh'* Sp Sp Sp

pbn Sp Sp Sp Sp

“Sp” with no arrow means “prepared as Sp complex from solution, and shows no thermal
reaction until decomposition”. The parts of transformation of Sp — Oh’ are underlined. The
complexes which take cis-octahedral structure are marked with *.

Table 3 Oh — Sp and Sp — Oh’ transformation
temperatures of various diamines and
X, shown as (Tg/T;)/°C?).

X

Diamine a Br NO,
1,2-bn 90/140 85/140

dmbn 45/280P)
phenen 85/130
dibn 88/160 68/175

dl-chxn 125/185 105/175

dl-stien 130/145 132/150 102/170
m-bn (20)/188
m-chxn (20)/230°)
i-bn (20)/165

a) T4 is defined as the temperature at which Oh—Sp
reaction ceases, while T; is defined as the peak tempera-
ture of DSC curve for the Sp — Oh’ transformation. All
these values were taken from DSC data under the same
conditions (sampling weight: about 10 mg, heating rate:
2°C min~', flow rate of N,: 200 mlmin'). As to the
values in parentheses, see ref. 14. b) This was obtained
under the heating rate of 10°C min™! .¢) This was ob-
tained under the heating rate of 20°C min™".
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Fig. 6 The relationship between Ty and AT (=
T; — T,) for the complexes which show
the types (iii) and (iv) reactions. The
points for the complexes which show
type (i) reaction are also given on abscissa.
The combination of diamine and X for
each point is: 1, 1,2-bn; 2, dmbn; 3,
phenen; 4, dl-bn; 5, dl-chxn; 6, di-stien; 7,
m-bn; 8, m-chxn; 9, i-bn; and a, Cl; b,

Br; ¢, NO3.
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Fig. 7 Sketches about the conformation of a
coordinated diamine. (1) mono-substitut-
ed-, (2) dl-di-substituted-, (3) meso-di-
substituted-, (4) 1,1-di-substituted ethyl-
enediamine.
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Table 4 Activation energies and enthalpy
changes of Sp - Oh' isomeric

transformations.

Complex affkimol-! AH[kJmol-?
[Ni(1,2-bn), [Cl, 334(£26) 15.9
[Ni(1,2-bn), | Br, 234(+34) 7.02
[Ni(phenen), ] (NO,), 206(x14) 0.49
[Ni(dl-bn), 1 C1, 494(:9) 13.0
[Ni(dl-bn), ] Br, 276(x4) 13.8
[Ni(dl-chxn), [ Cl, T78(x102) 1.81
[Ni(dl-chxn), ] Br, 466(+60) 7.87
[Ni(d/-stien), | Cl, 4.10
[Ni(dl-stien), ] Br, 214(+12) 448
[Ni(dl-stien), | (NO,), 296(z11) 7.72
[Ni(m-bn), |(NO,),  361(+9) 7.43
[Ni(-bn), }C1, 321(x16) 5.02
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Fig. 8 AE values of square planar-to-octahedral
transformation of [Ni(diamine), X, for
various diamines and X(Cl, Br, NO3).
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