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ABSTRACT

Monochloroacetato (MCA) cyclic diamine (piperazine (pipz); N-methylpiperazine (mpipz);
1,4-diazacycloheptane (dach)) complexes of nickel(II), zinc(II) and cadmium(II) were synthe-
sized. A thermal investigation was carried out and the stereochemical changes which occurred
during thermal decomposition were studied. The complexes were characterized with the help
of elemental and thermal analyses and IR spectral and magnetic moment data. They were
found to have the compositions: [Ni(pipz)(MCA),(H,0),], [NiL,(MCA),]-2H,0 (L=
mpipz or dach), [Zn(pipz)(MCA),]-H,0, [Zn(mpipz)(MCA),]-2H,0, [Zn(dach)(MCA),],
[Cd(pipz),(MCA),]-2H,0 and [CdL,(MCA),] (L = mpipz or dach). Attempts to prepare
N, N’-dimethylpiperazine complexes failed. Configurational and conformational changes
were studied using thermal analysis and IR spectral and magnetic moment (in the case of
nickel(Il) complexes) data. All the complexes of nickel(II) and cadmium(II) appeared to
possess an octahedral structure, whereas those of zinc(II) appeared to be tetrahedral.
Thermodynamic parameters such as activation energy EJ, enthalpy change AH and entropy
change AS for the dehydration and decomposition reactions of the complexes were evaluated
using some standard methods. The order of stability of the complexes (with respect to EX)
follows the trend pipz > mpipz > dach. A linear correlation obtained by plotting EX vs. AS
shows that a system with a higher entropy change AS will require less energy E for
decomposition.

INTRODUCTION

As a continuation of our earlier studies [1-3], this work reports the
thermal investigation and stereochemical studies of monochloroacetato cyclic
diamine complexes of Ni', Zn"" and Cd" in the solid state. On heating
under non-isothermal conditions, the complexes first undergo dehydration
(in some cases) followed by decomposition in a single or multiple step(s) (see
later, Table 3). In these complexes, before pyrolysis, the cyclic diamines
function as bidentate chelating agents (boat form) as indicated by the larger
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number of IR bands in the 700-1400 cm™' region than that of the free
cyclic ligand which exists in the chair form [1-4]. The monochloroacetate
ion may function as a unidentate ligand in many cases and as a bridging
bidentate ligand in a few cases as shown by the IR spectral data [3,5] (see
later, Table 2). In general, the frequency of the asymmetric vibration of
CO, of MCA (7,(CO;)) increases, while the frequency of the symmetric
vibration is the same or decreases as compared with the frequency of CO5
of the acetate ion [3,5]. This is in agreement with earlier findings [S-7]. On
heating under non-isothermal conditions, all the complexes undergo decom-
position via some intermediate complexes. The cyclic diamines in these
intermediates function as bridging bidentate ligands (chair form) [3,4] and as
both chelating and bridging agents in some Cd" complexes. The monochlo-
roacetate ion acts as a unidentate agent, a bridging bidentate agent or a
bidentate agent. From these considerations, the stereochemical changes of
the complexes and intermediates (heated products) are presented in Scheme
1. Some thermodynamic parameters such as EX, AH and AS for the
dehydration and decomposition reactions of the complexes in the solid state
are evaluated. Some useful conclusions (as in refs. 1-3) are drawn and the
electron-withdrawing effect of chlorine on the CO; of CH,CICO; (MCA)
is reported. Furthermore, the effects of N-alkylation and increasing ring size
of the cyclic ligand on the stability of the complexes is discussed.

EXPERIMENTAL
Materials and methods

Metal carbonates of AnalaR grade were used as received. Metal mono-
chloroacetates were freshly prepared by neutralizing monochloroacetic acid
with an excess of the metal carbonate, followed by slow evaporation of the
monochloroacetate solution obtained by filtration. Piperazine (Merck,
F.R.G.), N-methylpiperazine, N, N’-dimethylpiperazine and 1,4-diazacyclo-
heptane (homopiperazine) (Fluka AG, Switzerland) were used as received.
Diethyl ether and ethanol were dried by standard procedures [1]. Acetone
(AnalaR) obtained from BDH was used as received.

Preparation of complexes

[Ni(pipz)(MCA),(H,0),]

A clear solution of freshly prepared nickel monochloroacetate (~ 0.900 g;
3 mmol) in dry ethanol (50 cm’) was treated with the ligand (~ 0.516 g; 6
mmol) in dry ethanol (20 cm®) with constant stirring. A bluish green
precipitate of the nickel complex was obtained. This coalesced when treated
with a little dry ether. The complex was collected by filtration under suction,
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washed with dry ethanol (3-4 times), followed by a little dry diethyl ether
(2-3 times), and was kept over fused calcium chloride in a desiccator. Yield:
0.860 g, ~70%.

[Ni(mpipz),(MCA),] - 2H,0

A solution of freshly prepared nickel monochloroacetate (~ 3 mmol) in
50 cm’® of dry ethanol was treated with the ligand (mpipz) (~ 0.7 cm® of
density 0.903 g cm™? 6 mmol) with constant stirring. Excess dry diethyl
ether was added and a bluish green, oily complex was obtained. The oily
complex (collected after decanting the supernatant liquid) was treated with
acetone with vigorous stirring until the complex crystallized. The complex
was collected by filtration, washed with a little acetone and dried over fused
calcium chloride in a desiccator. Yield: ~ 50%.

[Ni(dach),(MCA),] - 2H,0

The ligand (dach) (~ 0.600 g; 6 mmol) in dry ethanol (20 cm®) was added
to a dry ethanolic solution (50 cm®) of the freshly prepared nickel monochlo-
roacetate (~ 3 mmol). Excess dry diethyl ether was added and a yellowish
green precipitate of the complex appeared. The complex was collected by
filtration, washed with acetone and dried over fused calcium chloride in a
desiccator. Yield: ~ 70%.

[Zn(MCA),] - xH,O (L = pipz, mpipz or dach, x = 1 for pipz, 2 for mpipz
and 0 for dach)

The ligand (~ 6 mmol) in dry ethanol (20 cm®) was treated with a
solution (50 cm?) of the freshly prepared zinc monochloroacetate (~ 0.860 g;
3 mmol) in dry ethanol. A white precipitate of the zinc complex was
obtained. This was collected by filtration, washed with dry diethyl ether and
kept over fused calcium chloride in a desiccator. Yield: ~ 50%—-60%.

[Cd(pipz),(MCA),] - 2H,0 and [CdL,(MCA),](L = mpipz or dach)
These were prepared in the same way as the zinc complexes. Yield: ~
60%—-70%.

Elemental analysis, thermal investigation, IR spectroscopy and magnetic mo-
ment measurements

Nickel, zinc and cadmium were gravimetrically estimated by standard
procedures [8]. Carbon, hydrogen and nitrogen were measured using Per-
kin—Elmer 240C and Carlo Erba 1106 elemental analysers. The results of the
elemental analyses are given in Table 1. Thermal investigations (TG and
DTA) were carried out using a Shimadzu DT-30 thermal analyser in
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TABLE 1

Analytical (calculated values in parentheses) and magnetic data of monochloroacetato cyclic
diamine ? complexes of Ni"', Zn'" and Cd"

Complex Colour Analysis (%) Mgy
M C H N (BM)
1a [NiL(MCA),(H,0),] Bluish 15.80 26.59 4.45 7.80 3.31
green (15.96) (26.11) (4.90) (7.61)
2a [NiL5(MCA),}-2H,0  Bluish 12.02 34.78 6.50 11.53 3.16
green (12.19)  (34.88) (6.64) (11.63)

3a[NiL}(MCA),]-2H,0  Greenish  11.84 3469 654 1224 325
yellow (12.19)  (34.88) (6.64) (11.63)

4a [ZnL(MCA),]-H,0 White 1885 2793 445 8.37
(19.33)  (28.37) (473)  (8.27)
5a [ZnL'(MCA),]-2H,0  White 1710 2795 5.33 6.94
(16.84)  (27.81) (5.15)  (7.21)
6a [ZnL”(MCA),] White 1793 2998 461 7.35
(18.56)  (30.64) (4.54)  (7.95)
7a[CdL,(MCA),]-2H,0  White 2180 2888 583  11.44
(22.15)  (28.38)  (5.52) (11.04)
8a [CdL,(MCA), ] White 2194 3378 554  11.70
(22.51)  (33.64) (5.61) (11.21)
9a [CL}(MCA), ] White 21.89 3331 5.22 11.59

(22.51)  (3364) (5.61) (11.21)

* L = piperazine (pipz), L' = N-methylpiperazine (mpipz) and L” =1,4-diazacycloheptane
(dach).

dynamic nitrogen at a heating rate of 10° C min~'. a-Alumina was used as a

standard. The activation energy E) was evaluated from the TG curve using
the equation of Horowitz and Metzger [9] and from the DTA curve using
that of Borchardt and Daniels [10]. The enthalpy change A H was evaluated
from the DTA curve using the relation AH = KA, where K is the heat
transfer coefficient (calibration or cell constant; the cell used was a platinum
crucible and its constant K was evaluated from the data obtained using
indium metal as a calibrant) and A is the total area under the particular
DTA peak measured using a compensating planimeter with an optical tracer
of Fuji Corona 027. The entropy change AS was calculated using the
relation [11] AS=AH/T,,, where T, is the DTA peak temperature in
kelvin. IR spectra were recorded using Beckmann IR 20A and Perkin—Elmer
783 IR spectrometers. The KBr disc method was employed. The effective
magnetic moments were evaluated from the values of gram susceptibilities
measured with an EG and G PAR 155 vibrating sample magnetometer at
room temperature. The solid residues obtained from pyrolysis were identi-
fied by qualitative analysis. Conductivity measurements could not be per-
formed because the complexes were insoluble in most organic solvents.



95

RESULTS AND DISCUSSION

[Ni(pipz)(MCA),(H,0),] (1a)

This complex has not been reported previously. It has a bluish green
colour and the presence of water molecules is confirmed by the appearance
of IR bands at 3400 cm™! (»(OH)) and 1600 and 1560 cm~' (§(HOH))
(Table 2). Furthermore, the weight loss in the TG curve of 1a in the range
40-292°C and the endothermic peak in the DTA curve at 85°C (Fig. 1)
correspond to two molecules of water. On pyrolysis, the complex la first
undergoes dehydration, followed by the loss of one-half of the cyclic ligand
to form the complex [Ni(pipz),s(MCA),] (1b) (Table 3). The complex 1b is
converted into NiCl, via the formation of Ni(MCA),. This takes place in
two steps, 1(b) and 1(c), in the ranges 292-326°C and 326-530°C respec-
tively (Fig. 1 and Table 3). Values of EX, AH and AS for the conversions
la — 1b, 1b — Ic¢ and 1¢ — NiCl, are given in Table 3.

The bluish colour and the value of the effective magnetic moment
(ter = 3.31 BM) of 1a suggest an octahedral structure. In this complex, the
cyclic ligand (pipz) functions as a bidentate chelating agent in the boat form
as shown by the greater number of IR spectral bands in the 700-1400 cm ™!
region (Table 2) compared with the free ligand, which exists in the chair
form [1-4]. The monochloroacetate ion (MCA; CH,CICOO ™) probably acts
as a unidentate ligand. The unidentate nature is indicated by the values of
the separation between the asymmetric and symmetric frequencies of MCA

__________

Fig. 1. Thermal curves of [Ni(pipz)(MCA),(H,0)
[Ni(mpipz),(MCA),]-2H,0 (2a) (6.96 mg) (------ ) and [Nx(dach)z(MCA)z] -2H,0 (3a)
(13.53 mg) (-+~--- ).
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(Av =190(215) cm™!) (Table 2). This value of Av is higher than that of the
unidentate acetate ion [3). An increased value of Ar has already been
reported [5-7). From these results it can be concluded that water molecules
probably coordinate with the central metal ion Ni''. The presence of
coordinated water [5] in 1a is also shown by its IR frequencies (735 cm™!
(p,(H,0)), 610 cm™! (p,(H,0)) and 440 cm~! (»(MO))) in M-OH,. in
addition to the characteristic stretching and bending (scissoring) frequencies
of the free water molecule already mentioned. These low frequencies of
water may overlap with those of other modes of vibration (Table 2). The
probable path of decomposition of 1a is shown in Scheme 1.

[Ni(mpipz) ,(MCA), ] - 2H,0 (2a)

This bluish green complex has not been reported previously. The presence
of lattice water in 2a is shown by the appearance of IR bands at 3300 cm ™!
(»(OH)) and 1660 and 1590 cm~! (§(HOH)) (Table 2). Moreover, the
weight loss in the TG curve of 2a in the range 35-145°C and the endother-
mic peak at 65°C in the DTA curve (Fig. 1) correspond to two water
molecules. On non-isothermal heating, the complex 2a first undergoes dehy-
dration, followed by the decomposition of the anhydrous complex
[Ni(mpipz),(MCA),] (2b) into NiCl, via the formation of intermediates
[Ni(mpipz)(MCA),] (2¢) and Ni(MCA),. This takes place in three steps,
2(b), 2(c) and 2(d), given in Table 3. This table also shows the values of E},
AH and AS for the conversions: 2a — 2b, 2b — 2¢, 2¢ —» Ni(MCA), and
Ni(MCA), — NiCl,.

In complex 2a, the cyclic ligand (mpipz) acts as a bidentate chelating
agent whereas the monochloroacetate ion (MCA) acts as a unidentate ligand
as shown by the IR spectral data (Av =215(250) cm™!) in Table 2. Further-
more, the value of p., of 2a is 3.16 BM. Based on these facts, it can be
concluded that 2a has an octahedral configuration. The probable path of
decomposition of 2a is given in Scheme 1.

[Ni(dach) ,(MCA),] - 2H,0 (3a)

This greenish yellow complex has not been reported previously. The
presence of lattice water is shown in the same way as in complex 2a. On
heating, 3a first undergoes dehydration in the range 50-185°C (Table 3 and
Fig. 1) to give [Ni(dach),(MCA),] (3b), which is converted into NiCl, via
the formation of Ni(MCA),. This takes place in the ranges given in Table 3.
The values of EY, AH and AS for the dehydration and decomposition
reactions are also given in Table 3.

In complex 3a, the dach ligand acts as a bidentate chelating agent,
whereas the monochloroacetate ion probably functions as a monodentate
ligand as indicated by the IR spectral data (Av = 255 cm™"). Therefore 3a
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possesses an octahedral structure. This is also supported by the value of the
effective magnetic moment (i = 3.25 BM). The probable path of decom-
position of 3a is shown in Scheme 1.

[Zn(pipz)(MCA),} - H,O (4a), [Zn(mpipz)(MCA),]-2H,0 (5a) and [Zn-
(dach)(MCA),] (6a)

These white complexes have not been reported previously. On pyrolysis,
complexes 4a and 5a first undergo dehydration in the ranges given in Table
3 to give the anhydrous complexes [Zn(pipz)(MCA),] (4b) and [Zn(mpipz)
(MCA),] (5b). Both of these decompose into Zn(MCA), in the ranges
200-365 and 150-365° C respectively (Fig. 2). The complex 6a decomposes
to form [Zn(dach), ;(MCA),] (6b) in the range 40-288°C, and 6b decompo-
ses into Zn(MCA), in the range 288-360 ° C (Fig. 2). The weight loss in the
thermal curve (TG) of 4a shows that the final product is ZnO, whereas that
of 6a shows that the final product is ZnCl,. These products are verified by
qualitative analysis. Values of EX, AH and AS for the dehydration and
decomposition reactions of the complexes are given in Table 3.

The IR spectra of the complexes 4a, Sa and 6a show that the cyclic
ligands, which function as bidentate chelating agents, exist in the boat form
[4] (Table 2). The MCA ions act as monodentate ligands [3,6,7,13]; the
values of Av are 250 cm ™! for 4a, 210 cm™! for Sa and 215 cm™! for 6a.
Therefore these complexes possess a tetrahedral structure in which zinc has a
coordination number of four; this is typical of zinc [14].

ENDO!

EX0

Fig. 2. Thermal curves of [Zn(pipz)(MCA),]-H,O (4a) (11.40 mg) (——),
[Zn(mpipz)(MCA),]-2H,0 (5a) (13.31 mg) (--- - - - ) and [Zn(dach)(MCA),] (6a) (10.80 mg)
(== ).
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The probable paths of decomposition of 4a, Sa and 6a are given in
Scheme 1.

[Cd(pipz),(MCA),] - 2H,0 (7a), [Cd(mpipz),(MCA),] (8a) and [Cd(dach),-
(MCA),] (9a)

These white complexes have not been reported previously. On pyrolysis,
complex 7a first undergoes dehydration to give the anhydrous complex
[Cd(pipz),(MCA),] (7b). This takes place in two steps in the ranges 35-109
and 109-188° C respectively (Table 3 and Fig. 3). The complexes 7b, 8a and
9a decompose to Cd(MCA),, [Cd(mpipz), (MCA),] (8b) and [Cd(dach)
(MCA),] (9b) in the ranges 188-335, 80-115 and 40-250°C respectively
(Fig. 3). Complex 8b is converted into Cd(MCA), via the formation of
[Cd(mpipz), s(MCA),] (8¢c). Complex 9b decomposes into CdCl, via the
formation of Cd(MCA),. The ranges of conversion are given in Table 3,
which also shows the values of the thermal parameters.

In all these complexes (7a, 8a and 9a) the cyclic ligands function as
bidentate chelating agents. MCA probably functions as a unidentate ligand
in 7a; in 8a and 9a, MCA probably acts as a bridging bidentate agent as
shown by the IR data [5,13,15,16]; A is 200 cm~! for 7a, 160 cm™~! for 8a
and 150 cm™! for 9a (Table 2). As a result, 7a possesses an octahedral
structure and exists in a monomeric form, whereas 8a and 9a have oc-

tahedral structures and exist in dimeric forms. These are depicted in Scheme
1.

(8a)_
Te \, womc
"
N5 “
»°C 1
\ aonc
ENDO ' |>.J._ \('90)
\ 6~
M 210°C ., 230°C
17act - =
~ e J T "
2Qu¥I2mg \.. 370
EX0| | .
! Fa = e
(90} N ses%
e A
........ "
ia
Vi P
2guv|2mg V N ,’
\ |
220%C ‘v’
Fig. 3. Thermal curves of [Cd(pipz),(MCA),]-2H,0 (7a) (17.50 mg) (——),

[Cd(mpipz),(MCA),] (8a) (12.06 mg) (------ ) and [Cd(dach),(MCA),] (9a) (9.00 mg)
(--—-).
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CONCLUSIONS

In almost all the complexes, the DTA curves show two peaks, indicating
that the decomposition of metal monochloroacetates into metal chlorides
occurs in two steps [17,18].

As in our earlier observations [1-3], the order of stability of these
complexes (with respect to E}) follows the trend pipz > mpipz > dach
(Table 3). N-Alkylation of the cyclic ligand should increase the stability of
the mpipz complexes due to the increased basicity of mpipz. However, the
steric effect causes decreased stability [19,20]. Furthermore, the dach com-
plexes are the least stable (with respect to E}), although the strain in the
cyclic ligand can be reduced by introducing a methylene group between the
amine functions.

The linear correlation between E and AS (as observed previously [1-3])
indicates that a system with a higher entropy change AS will require less
energy E for its thermal decomposition [1-3,11] (Fig. 4).

As mentioned earlier, the values of Ay (Table 2) are higher than those of
acetato complexes [3]. This phenomenon may be due to the electron-
withdrawing effect of chlorine on CO; in MCA.

150

Q2le)

1301

Ea*lkdmot™)

36 160 720 W20 160 180 260 220 240
As(IK o)

Fig. 4. Plots of EX vs. AS for conversions: [Ni(pipz)(MCA),(H,0),] — [Ni(pipz)4s(MCA),]

(1(a)); [Ni(mpipz),(MCA),] — [Ni(mpipz)(MCA),] (2(b)); [Ni(mpipz)(MCA),]} - Ni-

(MCA), (2(c)); [Ni(dach),(MCA),] = Ni(MCA), (3(b)); [Cd(pipz),(MCA),] = Cd(MCA),

(7(c)); [Cd(dach)(MCA),] = CAMCA), (5(b)).
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