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ABSTRACT.

Metal complexes of oxygen-donor ligands, particularly amides 

and amino acids, have been prepared to investigate their coordina

tion properties. These studies include chapters on biuret, urea, 

diacetamide, acetamide, hexamethylenebisacetamide and amino acids.

The complexes formed with the metal ions Mg(II), Ca(II),

Sr (II) , Fe(II), Col II). Ni(II), ZnUI) and Cd (II) were studied by 

using several physical techniques, such as infra-red, Raman, 

electronic and electron spin resonance spectroscopy. In order to 

use electron spin resonance, these complexes were doped with a 

nominal 1Z of Mn(II) ions, which then act as stereochemical probes. 

The zero field splitting parameters thus obtained were used to 

compare the different complexes.

In the infra-red and Raman studies particular attention was 

paid to the shifts in the amide group vibrations, and were used to 

deduce the mode of coordination; for example, it was found possible 

to differentiate monodentate from bidentate coordination.

Some work on seven-coordinate complexes ML (NO.) (M= Co, Ni,3 3 2

Zn or Cd; L = pyridine or substituted pyridines) has also been 

included. The high D and X values deduced for these complexes 

suggested considerable deviation from cubic symmetry.

For the first time, the variations in the hyperfine spacing 

of the sextets were observed at Q-band frequency, which made it 

possible to determine the sign of D from the Q-band spectra of 

these complexes.
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CHAPTER. I.

INTRODUCTION.

The role of metal ions in biochemical systems has long been

established as being of essential significance, with almost all

processes in living tissues requiring the presence of metals of

1-2one kind or another . The quantities of these metals, in 

biological systems, vary from micrograms to many grams. The so- 

called ‘bulk' metals, Na, K, Mg and Ca exist in much greater 

quantities than the heavier metal ions, Mn, Fe, Co, Cu, Zn, Mo and 

so on, which exist in small to trace quantities.

The physiological and biochemical functions of the 'bulk' 

metals and the 'trace' transition metal ions are quite different. 

The bulk metal ions are important in maintaining the structure of 

proteins by neutralizing negative charges of peptide chains and 

in controlling the function of cell membranes which selectively 

pass certain molecules. On the other hand, the ionic forms of 

'trace' metals are often incorporated into proteins i.e. metallo- 

proteins.

An understanding of the many differing roles played by metal 

ions in biological processes can only be achieved through a 

detailed knowledge of the coordination spheres of the complexed 

metal ions in their active sites. Such information is often 

difficult to obtain, since these active sites are buried in large 

and complex molecules. The knowledge about the active sites, in
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these complex biomolecules, can be achieved by using model 

complexes having smaller ligands, with the presence of the same 

structural groups as larger biomolecules, and employing a variety 

of instrumental techniques. In this context, the rapid development 

of the field of bioinorganic chemistry has largely been due to 

the study of simple models by applying several instrumental 

techniques as n.m.r., e.p.r. and Raman spectroscopy, in addition 

to improved methods of X-ray diffraction.

This thesis discusses the preparation arid structural study 

of the complexes of biologically important divalent metals with 

oxygen-donor ligands, particularly amides and amino acids. Such 

complexes are of importance in modelling the interaction of metal 

ions with peptides and proteins. The structures of these 

complexes have been studied by using several spectroscopic 

methods, espacially infra-red, Raman, electron spin resonance and 

electronic spectroscopy. Some work on structure determination of 

seven coordinated complexes of metal(Il) nitrates with pyridine 

and substituted pyridines is also included.

Of other techniques available, e.s.r. spectroscopy has widely 

been used in this work. The stereochemical information has been 

derived from the study of the e.s.r. spectra of manganese(II) ions 

doped into the complexes of Mg(II), Ca(II), Sr(II), Zn(II), Cd(II),

Fe(II), Co(II) and Ni(II) at a nominal ratio of 1Z. It is evident 

from work reported previously^ ^  ^  and the body of information 

to be presented that, at least for complexes of the type studied 

here, the inclusion of 1Z of manganesetII) ions results in these 

ions adopting a site within the lattice rather than forming a
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separately-distinguishable phase.

Although many other paramagnetic species yielding observable

epr spectra can also be used as dopant ions in order to study the

diamagnetic host lattices however, several features of the half-
5

filled shell of high-spin d configuration make the Mn(II) 

uniquely suitable for this purpose:

1. The lack of marked stereochemical preferences, due to the 

absence of Crystal Field Stabilisation Energy (CFSE), means that 

the Mn(II) ion adopts the stereochemistry of the host lattice. 

This contrasts with some other ions such as Cu(II) which tends 

to distort lattices to its own stereochemical preferences.

2. Unlike some other transition metal ions, in Mn(II) the very

6small spin-orbit coupling of the ground state i.e. A^, with 

excited states, results in long spin-lattice relaxation times. 

This gives strong epr signals at room temperature.

3. The multielectron manganese(11) ion generally gives richer (and 

more informative) spectra than do ions with fewer unpaired 

electrons.

5The epr of high spin d manganese!11) ion has been discussed 

in detail previously^ However, it seems necessary to describe 

the aspects of Mn(II) epr relevent to this work before any 

discussion of the complexes and the interpretation of their 

spectra can be undertaken.

Electron spin resonance involves the transition of an unpaired 

electron between two spin states (Ms states) in an applied magnetic 

field, B. For a simple system, having only a single unpaired
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electron, there would be only two spin states. Under normal condi

tions these two states are degenerate, but the application of a

magnetic field removes this degeneracy and the energy of each of

these states is then given by E= M gpB, where g is the spectroscopics

splitting factor, 3 is the Bohr magneton, and B the magnetic field.

As the number of allowed spin states is given by (2S+1), for

the Mn(II) ion, where S = 5/2, there are six M states, character-s

ised by the values of +5/2, +3/2, +1/2, -1/2, -3/2, -5/2. In a 

regular cubic symmetry, all six energy states are degenerate at 

zero-field but will split as an external magnetic field is applied 

as shown in Fig. 1.1. Only five transitions are allowed, subject to 

the selection rule, AMs = ±1, but they all occur at the same field 

value and only one transition is observed, very close to free 

electron value i.e. 2.0023, or, within the limits of accuracy of 

our measurements. 2.00.

B

Fig. 1.1. Energy levels of five electrons in regular environment.
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On the other hand, if the ion is not in a regular cubic

symmetry, the degeneracy of the Ms levels will be removed even in

the absence of an applied magnetic field, although as Kramers

2+ .theorem is applicable to the Mn ion at least a two-fold degene- 

.12racy must remain . This results in three pairs of Kramers Doublets 

and the energy level diagram will depend on the magnitude of the 

splitting, hereafter called zero field splitting or zfs. When an 

external magnetic field is applied parallel to the axis of symmetry 

(Z-axis), all degeneracy is lifted. Since the selection rules allow 

to change by *1, the spectrum would consist of five transitions 

no longer superimposed (Fig. 1.2). Each of these electronic transi

tion will further split into six hyperfine components due to nuclear

B
Fig. 1.2. Energy levels of five electrons in a distorted cubic

environment.
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The presence of the zero field splitting may be described by

the Spin Hamiltonian 1.1, used throughout this work to fit the 

zfs parameters of the observed spectra.

The terms a and F. which are negligibly small in relation to 

D and E, have been omitted from the Hamiltonian 1.1, and the term 

SAI, which calculates hyperfine splitting due to nuclear spin 

interaction, has been neglected to simplify calculations. This is 

justified because the results obtained when applied to the centre 

of the hyperfine lines, throughout this work, fitted very well. 

Further, in Mn(11) the presence of an orbital singlet ground state 

is expected to result in a g value very close to the free spin 

values, as has been confirmed throughout this work.

The parameters D and E, in the Hamiltonian 1.1, are the most 

important for this work and their magnitudes are the major deter

mining factors of the spectra observed. D and E are defined as

Where D , D and D are the elements of the diagonalized y y zz
D tensor.

For an ion in a regular cubic symmetry, both the D and E are 

zero. In contrast if the ion is in a non-regular environment 0 and 

E become finite and their magnitude depends on the degree of

gfJBS+ DlS 2 - 1/3 S(S+1) ) ♦ ElS 2 - S 2 ) ♦ SAI 
z x y

i.i.

E
D - D xx yy

2
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distortion in that particular environment. The parameter D can be 

regarded as the distortion of the cubic symmetry along a single 

axis i.e. tetragonal distortion. The parameter E is then a measure 

of the difference between the remaining two axes i.e. in the 

equatorial plane. So it is clear that E describes the distortion 

only in the plane whereas, D depends on all three axes and measures 

the difference between one axis and the average of the two.

It should be noted that the values of D and E are not unique

but depend on the choice of axis, which is arbitrary. However,

tables are available for the conversion of any axis system to the 

. 13'proper system . A 'proper axis system was suggested by 

Blumberg1* and is adopted here. In this 'proper' axis system D and 

E have the same sign, the Z-axis is always chosen as the axis of 

greatest or least bond strength or field gradiant and A (=E/D) 

always has its minimum value, and is never greater than 1/3. The 

parameter A is therefore used as a measure of the rhombic distor

tion of a system. If A= 0 represents axial symmetry, ar» increase 

in A represents a departure towards rhombic symmetry with A= 1/3 

corresponding to complete rhombic symmetry.

As the spectra were recorded on powder samples, throughout 

this thesis, the microcrystallites are oriented in all possible 

directions to the external magnetic field. The experimental spectra 

therefore consist of a superposition of the X-, Y- and Z-axes 

spectra, resulting a total of fifteen "allowed" transitions, 

although depending on the values of D and A. some of these transi

tions are either degenerate or out of range of the spectrometer.
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Each of these transitions is further split into six by the hyper- 

fine interaction of the manganeselII) nucleus, which has a spin of 

5/2. In addition some "off-axis" transitions are also observed 

which appear because their resonance fields reach a maximum or 

minimum at which field changes with respect to direction. These 

“off-axis" transitions are generally very weak due to their low 

transition probabilities.

The relative signs of the parameters A and 0 can be determined 

from the observed spectra. The hyperfine terms of the Hamiltonian 

1.1 give rise to six equally spaced lines of equal intensities.
3

However equations (1.2) given by Bleaney and Ingram suggest that the 

spacings of the lines within the sextet will vary and an increase 

in the hyperfine spacing across a sextet means a negative sign 

for A and vice versa**.

- Am - (35/4 - m2 + m (2M - 1)) 1.2.
2Ho

During the previous determination of the sign of this para- 

3 5-6 10—11meter for Mn(II) * ' , the hf spacing was always found to

increase with field across a given sextet suggesting that A is 

negative, and this has also been confirmed during this work.

It is possible to determine the sign of the parameter D from 

the variations between sextets in the mean spacing of the hyperfine 

components with the magnetic field parallel to 2. The equations 

used by Bleaney suggest that if the average hf spacing of the 

sextets increases across the spectrum from the low-field to the 

high-field Z-axis transitions, then D and A have opposite signs,
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and vice versa .

This method of determining the sign of parameter D has been 

used previously and was found useful but limited in its applic

ability because the effect is most pronounced at X-band frequency

10-11and greatest for the extreme Z-axis transitions . This means 

that the full range of the spectrum at X-band has to be observable, 

limiting D to a maximum value of ca. 0.07 cm 1 for which the sign 

of D can be determined in this way.

For the first time, the variations in the average hyperfine 

spacing of the sextets have been observed at Q-band frequency, 

during this work, which made it possible to determine the sign of 

D for complexes, with D values higher than 0.07 cm 1. Similar to 

the X-band spectra, again at Q-band frequency the effects have 

been observed greatest for the extreme Z-axis transitions, and 

therefore were used to determine the sign of parameter D for the 

complexes of diacetamide and amino acids (Chapter IV and VII).

As the infra-red spectra of amides complexes have been 

reported, throughout this work, it seems desirable to briefly 

discuss the general features of the infra-red spectra of amide 

ligands in the solid state. All amides show a strong carbonyl 

absorption near 1640 cm \  the frequency of which is influenced 

to some extent by the dipolar structure with which it can resonate. 

This absorption is termed the amide I band15. In the infra-red 

spectra of amides containing the group CO-NH-CO (biuret and 

diacetamide), two strong carbonyl bands appear very close to one 

another. They fall between 1740-1720 cm"1 and 1720-1700 cm"1 when

3
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both the carbonyl groups are trans- and come more closer, appearing

16-17
as a single band, in the infra-red spectra of cis- isomers

In addition to the carbonyl absorption (amide I), primary

and secondary amides show a second band originating in NH modes.

The origion of this band is different in the two cases. This band

is referred to generally as the amide II band. In primary amides

this band is principally associated with the NH^ deformation mode

"1 18and occurs in the 1650-1620 cm region . In secondary amides

this band has been variously assigned either to the N-H deformation

19 20vibration or to the C-N stretching vibration . It has been

shown that two vibrations contribute considerably to this band,

15 -1resulting in two bands , one close to 1550 cm (amide II band) 

and the second near 1300 cm 1 (amide III band). In primary amides 

this band falls near 1400 cm 1 and is assignable to the C-N 

stretching mode.

Further the primary amides show two NH stretching modes near 

3350 and 3180 cm 1. The secondary amides usually show only a 

single NH stretching absorption, the position of which depends on 

whether the amide exists in the cis- or trans- form. In the trans

form this band appears in 3320-3270 cm ' region whereas, in cis- 

form this could be seen in 3180-3140 cm * region. In many 

secondary amides a second weak absorption is found at lower 

frequencies near 3080 cm ^. Other characteristic absorptions of 

secondary amides appear at lower frequencies, but are of less 

diagnostic value.
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CHAPTER II.

COMPLEXES OF BIURET WITH METAL(II) HALIDES.

Although, in solid biuret exists in trans- arrangement, with

21intra-molecular hydrogen-bond , when biuret acts as a ligand it

can adopt either the cis- or the trans- configuration (IA and IB).

22In the X-ray crystal structure of Zn(biuret)2C12 , biuret is bound

H
h 2n  n  n h 2

\ / \ /c c
o o

(IA)

H
(X N NH2
\  /  \  /  2c cI II

n h 2 o

(IB)

to the metal as a bidentate ligand via two oxygen atoms and is in 

cis- configuration (IA). Each zinc ion is surrounded by a planar 

arrangment of four oxygen atoms, lying at the corners of a slightly 

distorted square. The coordination is completed by two chloride 

ions, which occupy the trans- positions so that the whole poly

hedron can be described as a distorted octahedron. Ihe same type

of structure has been inferred, from spectral data, for Mn, Co 
23

and Ni complexes Recently, in the X-ray crystal structure of 

Sr(biuret)^(C104)2, again the biuret molecules have been found to
2 kadopt the same configuration .
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On the other hand, in the complexes M(biuret)C12 (M= Cd and

Hg), biuret adopts the monodentate trans configuration (IB) with

2 5 — 2 6an intra-molecular hydrogen-bond . In the cadmium complex each

metal ion has four bridging chloride ions coordinating in a plane

and the donor oxygen atoms from the ligand molecules occupy the two

25
remaining trans-coordination sites, giving a CdO^Cl^ chromophore

So far, the complexes formed by biuret with transition metals

22-23 25-26have been studied extensively ’ , but those of the main

group metals have received little attention. Some predictions for

the complex formation of biuret with alkali and alkaline earth

metal ions, as derived from quantum chemical calculations within

27the LCGO-MO-SCF framework, have been reported and the formation

of these complexes in DMSO solutions have been studied by means of 

1 . . 2BH NMR spectroscopy and solubility data , but only one solid

24complex of biuret with strontium perchlorate has been reported

This chapter describes the preparation of a number of complexes 

of biuret with alkaline earth halides. The mode of coordination of 

biuret in these complexes and also in those with transition metals 

has been established by vibrational spectra and their structures 

have been studied by the e.s.r. spectra of Mn(II) doped complexes. 

These complexes are of interest because they provide the opportunity 

to obtain a better understanding of the binding of these metal 

ions to peptide group containing ligands, for a better insight into 

the function of several bio-inorganic systems, these being the 

simplest compounds in which bonding interactions occur between 

metal ions and peptides.
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Vibrational Spectra.

The characteristic bands in the infra-red and Raman spectra 

(where possible) of these complexes are listed in Tables 2.1 and

2.2, together with the i.r. frequencies reported for biuret

29 23,30hydrate . The previously reported i.r. spectra ‘ for the Mn,

Co, Ni, Cd and Hg complexes are in good agreement with the present

results.

The biuret molecule can adopt either the cis- or the trans

configuration in its complexes, and considerable differences can be 

expected between the vibrational spectra of both types. Although 

the infra-red spectra for both types of complexes and their

deuterated analogous have been reported, and normal coordinate

30-31analyses have been carried out to assign the bands , Raman 

spectra have not been reported previously for any of them. In the 

infra-red spectra of cis- biuret complexes, where biuret acts as a 

bidentate ligand, the two carbonyl stretching absorptions appear 

very close together, along with the occurrence of the imide II band 

near 1500 cm 1. On the other hand, for the trans- biuret complexes, 

where biuret acts as a monodentate ligand, the presence of two well 

separated carbonyl stretching absorptions and the occurrence of the 

imide II band around 1580 cm 1 were observed in the i.r. spectra 

and no band could be seen near 1500 cm \  The infra-red spectra of 

monodentate biuret complexes are also closely parallel to that of 

uncomplexed biuret hydrate29, which exists in the trans- configura

tion21 shown to be present in these complexes.
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Most of the complexes of biuret studied here seem to contain 

the ligand in the cis- configuration (IA). coordinating with metal 

ions through both of its carbonyl oxygen atoms. This can readily be 

seen from the infra-red spectra where both the carbonyl stretching 

bands appear close together in most cases appearing as a single 

very strong band, and the imide II band appears around 1500 cm 

(lable 2.1). However, in the Raman spectra of these complexes both 

of the carbonyl stretching bands are well resolved and can be seen 

clearly (Fig. 2.1) and confirm the i.r. spectral results.

On the other hand, the complexes M(biuret)2C12 lM= Ca • cc* and 

Hg) and Cd(biuret)2Br2 contain monodentate biuret which appears to 

be in the trans- configuration (IB), coordinating through one of 

the two carbonyl oxygen atoms. The appearance of two well separated 

carbonyl absorptions in the range 1690-1750 c m 1 and imide II band 

around 1580 cm 1 in the infra-red spectra are clearly consistent 

with this type of coordination Uable 2.2). Further, the similarity 

of the spectra of these complexes with that of uncomplexed biuret 

also confirms the presence of the trans- configuration, coordina

ting through one of the two carbonyl oxygens.

As with the infra-red, the Raman spectra of these trans-biuret 

complexes are again very different from those with biuret in cis-

configuration. In contrast to their infra-red spectra, only one of 

the two carbonyl stretching bands is observed in the Raman spectra 

of these complexes. A similar situation is observed in the Raman 

spectrum of uncomplexed biuret. In these complexes the observed

18



Figure 2.1. Raman spectra of: A) MnCbiuret^C^; B) MnCbiuret^B^;

C) Co(biuret)2Cl2; D) Co(biuret)2Br2.
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carbonyl stretching band appeared at lower frequency than for solid 

biuret indicating the coordination of the ligand with metals 

through the carbonyl oxygen atom.

In general, the criterion for the existence of bonding through 

oxygen in all these complexes is the shifting of the carbonyl 

stretching frequencies, imide I (symmetric) and imide I (asymme- 

trie) bands, towards the lower frequency side and the shifting of 

C-N stretching frequencies towards the higher frequency side. All 

of these complexes show a decrease in the frequencies of carbonyl 

stretching bands and an increase in the frequency of C-N stretching 

band. Further, the imide III band which has considerable contribu

tion from C-N stretching of the -CONHCO- group appears at higher 

frequencies in all these complexes. These shifts are consistent 

with a decreased C=0 order and an increased C-N bond order.

An important feature, in the i.r. spectra of Ca(biuret)̂ Cl2 

and CaBr^ complexes, is the appearance of some extra bands, around 

1540 and 1600 cm \  and the considerable decrease in the frequency 

of the imide III band for which no explanation can be given. Further, 

a band observed at 1740 cm 1 in the hydrated MgCl2 complex 

disappeared on dehydration.

Electron Spin Resonance Spectra.

The following complexes of biuret were obtained doped with a 

nominal 1Z of manganous ions and their e.s.r. spectra were measured 

at both X- and Q-band frequencies.
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MtbiuretIgClg 

M(biuret)2Br2 

[Mg (biuret)2(HgO)2]X2

(M= Co, Ni. Zn, Cd, Mg and Ca)

(M= Co, Ni, Zn and Mg)

(X= Cl or Br)

Ca(biuret)^Cl2 

Ca(biuret)^Br2.2H20

At X-band, the spectra of complexes M(Mn)(biuret)2C12 (M= Co, 

Ni, Zn, Mg & Ca) are extremely complicated (Fig 2.2) with consider

able overlapping of transitions throughout the magnetic field range 

and detailed interpretation is difficult. Strong absorption near 

zero field is observed for all of these complexes, suggesting D 

values of about 0.1-0.2 cm \  The Q-band spectra for these comp

lexes were, however, of rather better quality with quite good 

resolution (Figs. 2.5 h 2.8) and interpretation allowed the 

determination of D and A for all of these complexes with reasonable 

precision (Tables 2.4, 2.5 h 2.9).

In the Q-band spectra of the complexes M(biuret)2C12 (M= Co, 

Ni. Zn and Mg), the highest field 6-5 transition in the Z direction 

was very weak and coincided with a broad absorption due to oxygen 

near 2030 mT. This transition could not be identified with certai

nty, even though the samples were repeatedly evacuated and flushed 

with nitrogen, and the microwave cavity was continously flushed 

with the gas during the running of the spectra. Therefore, the 

fitting of D and A values for these complexes was performed by 

using the other observed bands and this high-field band was then 

predicted. The values of D and A obtained in this way, were used 

to simulate the X-band spectra of these complexes, very good
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agreement being obtained (Fig 2.2). This confirms that the band 

observed near 2030 ml in the Q-band spectra of these complexes is 

the genuine 6-5 transition.

The spectra of the complexes M(Mn)(biuretJ^Br^ (M= Co, Ni,

Zn and Mg) are closely similar to one another. At X-band frequency 

the spectra are much simpler in form IFig 2.3), with the main 

intensity near g = 6, indicating a much higher value of D and a 

low but finite X. Due to their high D values, many of the calcu

lated transitions are beyond the range of the X-band spectrometer 

and some of the Z transitions, which are expected to be very weak, 

are difficult to see. However, at Q-band frequency most of the 

calculated transitions were within the range of the spectrometer 

(Table 2.6) and the good quality of the spectra allowed the deter

mination of values of zero field splitting parameters quite easily. 

The values of D and X. as determined from the Q-band spectra of 

these bromide complexes, were then used to simulate the X-band 

spectra, showing good agreement between the experimental and 

simulated spectra (Fig. 2.3).

The spectra for[Mg(Mn) (biuret)2(HgO)2]X2 (X= Cl or Br) are 

very similar to one another, and of the same general type, but 

very different from those of the analogous anhydrous complexes.

The highest band around 560 mT for the chloride complex and around 

640 mT for the bromide complex suggested D values of about 0.05 - 

0.08 cm 1. For the complex [Mg(Mn) (biuret)o(Ho0)lCl , both the 

X-band (Fig 2.6) and Q-band (Table 2.7) spectra were generally of 

sufficient quality to allow interpretation for D and X. However, 

the higher frequency at Q-band results in better resolution and
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was preferred.

The spectra of Cd(Mn) (biuret)2C12 at both the X- and Q-barid

frequencies differ cosiderably from those of the Co, Ni, Zn and Hg

analogues, with the strongest bands at each frequency occurring in

the g = 2  region, indicating a much lower D value. Like all other 
eff

complexes the observed positions of the off-axis transitions in the 

Q-band spectrum of this complex fitted very well (Table. 2.B).

For the complexCHg(Mn) (biuret)2(H20)2]Cl2 only, the value of 

D was found to be small enough and the hyperfine splitting at X- 

band was sufficiently well- resolved (Fig 2.6), that the sign of D 

could be determined from the 6-5 and 2-1 transitions with the 

magnetic field parallel to the Z-axis. The average spacing of the 

hyperfine components was greater for the lowest-field allowed tran

sition than for the highest-field observed transition (as shown by 

the figures below) and hence D is found to have negative sign.

tMg(Mn) (biuret)2(H20)2]Cl2.

6 - 5 110.5 mT 1 A 11 |ave. = 9.5 mT.

2 - 1 570.7 mT 1 A l1 lave. = 8.4 mT.

The intensity of the lowest-field allowed transition was 

considerably higher and it seems that this band has been mixed with 

spin-forbidden bands, mainly the 5-2 transition in the XZ and YZ 

planes, which always appears in this region. In the Q-band spectrum 

of this complex, however, spin-forbidden transitions appeared only 

at 420-665 mT. i.e. well out of the range of the allowed transit-
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ions, and the intensity of the lowest-field allowed transition 

(6-5) was perfectly normal. By analogy with the chloride, the D 

value for[Mg(Mri) (biuret)2(H20)23Br2 is assumed to have negative 

sign. For all other complexes, where it was not possible to deter

mine the sign of D, the assignments 1-6 in the tables are made for 

positive D. Should it be negative the labels would have to be 

reversed.

Values of D and X, as found from the Q-band spectra of all

these complexes are collected in Table 2.3. The observation of

the data reveals that the values of D and X, for the complexes

M (Mn)(biuret)2C12 (M= Co, Ni, Zn and Mg), are closely similar so

it can reasonably be suggested that their structures are similar.

This allows the conclusion that, based on the known structure of 

22Znlbiuret)2C12 and the D value of its manganous doped complex, 

all of these complexes have the distorted octahedral structure 

with each metal ion surrounded by four oxygen atoms, from two 

chelating biuret molecules, and the chloride ions occupying the 

trans- positions.

Like their chloride analogues, all the bromide complexes

M(Mn)(biuret)2Br2 (M= Co. Ni, Zn and Mg) have similar values of

D and X. Although, no X-ray diffraction study is known for these

bromide complexes, there is evidence from infra-red spectroscopy 

32at low frequency that the structures are trans-octahedral for 

cobalt and nickel bromide complexes. The e.s.r spectra of these

complexes, discussed here, also support this; the observed values 

of D and X for all of them are of the same magnitude as can be 

expected for a trans-octahedral structure. It seems likely that
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the structures of these complexes are similar to their chloride

analogues i.e. each metal ion is surrounded by a planar arrangement 

of four oxygen atoms, lying at the cornors of a square, and bromide 

ions occupying the trans- positions.

Further, in common with the usual trend, the magnitude of D

found for these bromide complexes are greater than that of the

corresponding chloride complexes. The A values observed for the

bromide complexes are quite small, suggesting approximate

symmetry for them. However, the high values of A for the chloride

complexes suggest considerable asymmetry in the X/Y plane. This

result is in line with, what could be expected from the distorted

22octahedral structure of Zn(biuret)2C12

The D values observed for[Mg(Mn) (biuretJ^tH^O^lX^ (X= Cl 

or Br) are close to one another, but considerably different from 

those of corresponding anhydrous complexes. The low values of D 

for these hydrated complexes are consistent with a coordination 

sphere of six oxygens and suggest the formulation of these complexes 

as dihydrates. with water molecules replacing the halide ions in 

the coordination sphere. Further, the negative sign of D, observed 

for these compounds, suggests the presence of a compressed octa

hedron around the metal ion i.e. the ligand field on the Z-axis

is stronger than that on either of the X- or Y-axes. This result

23is consistent with the previously observed weakness of biuret as 

a ligand.

On the other hand, the observed values of D= 0.087 cm’1 and 

A= 0.03, for Cd(Mn)(biuret)̂ Cl^ are considerably different from
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those of the analogous Co, Ni, Zn and Hg complexes. These figures 

are closer to the values previously found for manganese!II) ions 

in the chloride-bridged polymer Cd(pyridine)2Cl2, for which 

D= 0.125 cm”1 and X= 0.02. It is expected that the D value would 

decrease when the nitrogen-coordinated ligand, pyridine, is replaced 

by oxygen-coordinated ligand, biuret, since the oxygen-donor is 

closer to chloride in the spectrochemical series, and thus produces 

less distortion along the principal axis even though the Cd-0 

distance (2.34 °A) is very similar to the Cd-N distance in the 

pyridine complex (2.35 °A). The X value, which is a measure of 

distortion within the chloride-bridged chain, remains fairly small. 

Indeed, the value of E in the Spin Hamiltonian is very similar for 

the two compounds, although the Cd-Cl distances are not quite equal 

in the biuret complex.

From this it can be assumed that the major effect upon D is 

the change from nitrogen- to oxygen- coordinated ligands, and that 

effects caused by the differences in bond lengths with otherwise 

identical structures are less important.

In view of the vibrational spectra (Table 2.2), the biuret 

molecules in Ca(biuret)2Cl2 are found to have trans- configuration 

and are acting as monodentate ligands. In contrast to its Cd 

analogue, the observed D and X values for this complex are consis

tent with a trans- CaO^Cl2 chromophore. The lower D value, compared 

with that of Mg(Mn)(biuret)2C12, is in line with the usual observa

tion that D decreases as the size of the host ion increases. If the 

complex contained a CaO^Cl^ chromophore, with bridging chlorides.
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a D value lower than about 0.0B7 cm \  as found for Cd(bxuret)̂ Cl^• 

would be expected. It seems likely that in this complex, as in the 

analogous mercury complex, biuret may be acting as a monodentate 

bridging ligand and coordinating, through one of the two carbonyl 

oxygens, with two Ca atoms.

On the other hand, calcium and strontium formed complexes of 

the type MtbiuretJ^X^. The e.s.r spectra of manganese(II) ions in 

these complexes gave very low D values but high A. Since the infra

red spectra show chelating biuret, it seems likely that the 

structures of these complexes are closely similar to that of

Sr(biuret) (CIO ) , which has been shown by X-ray diffraction to 4 4 2

has an eight-coordinate structure, from four chelating biuret

24molecules, with little distortion

Spectra were also obtained for pure manganese(II) complexes

Mn(biuret)2X2 (X= Cl or Br). These complexes had been studied

34 -1previously . the spectra being interpreted using D= 0.17 cm and

A= 0.167 for the chloride complex and D= 0.37 cm 1 and A= 0.067 for

the bromide complex. These values are rather different from those

observed in the present work. However, previously these values were

obtained essentially from the X-band spectra, very few transitions

being seen at Q-band. Fortunately, access to excellent Q-band

facilities and the hyperfine splitting in doped complexes now permit

the observation that these complexes are in fact very similar to 

their zinc analogues (Fig 2.5), and although the resolution is

necessarily poor, it is suggested that D= ca. 0.19 cm-1 and

A= ca. 0.00 for Mn(biuret)2C12 and D= ca. 0.49 cm-1 and A= 0.015

for Mn(biuret) Br .
2 2
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EXPERIMENTAL.

Commercially available biuret was purified by recrytallization 

from ethanol. All other chemicals were of reagent grade and were 

used without further purification.

M(biuret) X„. (M= Mn, Co, Ni and Cd; X= Cl or Br, M= Hg; X= Cl).
2 2

These complexes were prepared by adding the hot solution of
3

hydrated metal(II) salt (0.01 mole) in ethanol (80 cm ) to a hot
3

solution of biuret (2.06 g., 0.02 mole) in ethanol (160 cm ). The 

resultant mixture was allowed to cool to room temperature and the 

precipitate thus formed was filtered off, washed with cooled 

ethanol and dried in vacuo over p2°5 *

Zn(biuret)2C12.

Zinc chloride (0.68 g., 0.005 mole) was dissolved in water 
3

(20 cm ) and one drop of cone. HC1 was added to prevent partial 

hydrolysis. It was then mixed with a warm solution of biuret 

(1.03 g., 0.02 mole) in water 150 cm^), refluxed for one hour and 

allowed to evaporate at room temperature. The white precipitate 

thus formed was refluxed in ethyl acetate to eliminate the excess 

of ligand. The compound was filtered off, washed with ethyl acetate 

and dried in vacuo over PgO,..

Zn(biuret) Brrt.2 2

This was prepared by a method similar to that for the analogous 

chloride complex.
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A warm solution of calcium chloride (0.555 g., 0.005 mole) in
3

ethanol (20 cm ) was added to a warm solution of biuret (2.05 g.,
3

0.02 mole) in ethanol (120 cm ). The reaction mixture was refluxed

for three hours and the white precipitate of Ca(biuret)^Cl^ thus

formed was filtered off, washed with ethanol and dried in vacuo

over P 0_.2 5

After filtering off the precipitated Ca(biuret)2C12, the 

filtrate was stored at room temperature. White crystals which

oformed were filtered off, washed with ethanol, and dried at 110 

for 12 hours. The crystals crumbled to a white powder which was 

analysed as Ca(biuret)^Cl2.

Ca(biuret)4Br2.2H20.

This complex was prepared by the method used for Ca(biuret)2C12. 

When, refluxed in dry ethyl acetate for 24 hours, this complex lost 

both water molecules and was converted into Ca(biuret)^Br2.

Mg(biuret)2Cl2.

Magnesium chloride hexahydrate (0.01 mole) was dehydrated in 

ethanol:2,2-dimethoxypropane and was mixed with a warm solution 

of biuret (0.02 mole) in ethanol. The reaction mixture was then 

refluxed for 24 hours and the white ppt. thus formed was filtered 

off, washed with diethyl ether and dried in vacuo at room 

temperature.

Ca(biuret) Cl and Ca(biuret) Cl .2 2 4 2

29



A warm solution of magnesium chloride hexahydrate (1.02 g.,

30.005 mole) in ethanol (20 cm ) was added to a warm solution of
3

biuret (2.06 g., 0.02 mole) in ethanol (120 cm ). The reaction

mixture was refluxed for 3 hours, concentrated and allowed to cool

overnight. The white ppt. thus formed was filtered off, washed

with ethanol and dried over P 0 . This complex can also be prepared
2 5

by recrystallising the anhydrous complex from water.

Mg(biuret)2Br2.

This complex was prepared by refluxing the stoichiometric 

quantities of MgBr2.6H20 and biuret in dry ethyl acetate for 72 

hours. The ppt. thus formed was washed thoroughly with diethyl 

ether and dried in vacuo.

[Mg (biuret)2(H20)23Br2.

This complex was prepared by the recrystallisation of the 

anhydrous complex from water.

Sr(biuret)^Br2.

Strontium bromide (1.24 g. , 0.005 mole) and biuret (2.06 g., 

0.02 mole) were dissolved in hot ethanol (120 cm3), and the solution 

was refluxed for 3 hours with constant stirring. It was then 

concentrated and allowed to stand overnight. The white precipitate 

thus formed was filtered off, washed with ethanol and dried in 

vacuo at 50°C.

[Mg (biuret)2(H20)23Cl2.
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Table. 2.1

Characteristic vibrational spectra bands of cis- biuret complexes.

COMPOUND C=0 Stretching 
bands

Imide II 
band

Imide III 
band

Mn(biuret)2C12 IR 1697 VS 1490 S 1333 S

R 1681 VS 1678 Sh 1481 S 1352 W

Mnlbiuret)2Br2 IR 1702 VS 1490 S 1333 S

R 1683 VS 1675 S 1483 S 1354 W

Co(biuret)2Cl2 IR 1697 VS 1492 S 1336 s

R 1682 S 1675 VS 1486 S 1356 w

Co(biuret) 2 B r 2 IR 1697 VS 1 494 S 1337 s

R 1685 S 1673 VS 1490 S 1357 w

Ni(biuret)2Cl2 IR 1702 VS 1495 S 1336 s

R 1679 VS 1675 VS 1485 S 1356 w

Ni(biuret) 2 B r 2 IR 1701 VS 1494 S 1337 s

Zn(biuret)2C12 IR 1699 VS 1492 S 1336 s

Zn(biuret)2Br2 IR 1698 VS 1494 S 1338 s

Mg(biuret)2Cl2 IR 1713 VS 1505 S 133B s

Mg (biuret) 2Br2 IR 1708 VS 1501 S 1339 s

[Mg (biuret)2(H20>2JCl2 IR 174 4 S 1713 VS 1505 S 1340 s

[Mg (biuret)2(H20)2]Br2 IR 1707 S 1694 VS 1496 S 1340 s

Ca(biuret)^Cl2 IR 1731 S 1711 S 1502 S 1306 s

Ca(biuret)^Br2.2H20 IR 1732 S 1710 Sh 1501 S 1305 s

Ca(biuret)^Br2 IR 1730 S 1707 S 1491 S 1304 s

Sr(biuret),Br0 4 2 IR 1725 Sh 1690 VS 1495 S 1327 s



Table. 2.2

complexes.

Characteristic vibrational spectra bands of trans- biuret

COMPOUND C=0 stretching 
bands.

Imide 
band.

II CN stretcl

Biuret. IR 1745 S 1718 VS 1515 M 1420 M.

R 1690 VS 1511 S 1423 W.

CdIbiuret) Cl .2 2 IR 17 4 8 S 1696 VS 1579 S 1446 S.

R 1672 VS 1582 S 1448 M.

Cd (biuret) 2 Bi'2 * IR 1743 S 1696 VS 1587 S 1435 S.

R 1669 VS 1580 S 1438 M.

Hg(biuret)2Cl2. IR 1739 S 1693 VS 1591 S 1428 S.

R 1667 VS 1581 M 1426 M.

Ca(biuret) Cl„.2 2 IR 1744 S 1692 VS 1585 S 1450 S.

R 1675 S 1581 S 1445 Br.
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Table. 2.3

Zfs parameters of Mn(II) in biuret complexes.

COMPLEX. D (cm 1 ) X

C o ( b i u r e t )2C 1 2 * 0.191 0.0B3.

N i (b i u r e t )2 C 1 2 * 0.194 0.083.

Z n (b i u r e t )2 C 1 2 • 0.192 0.082.

M g ( b i u r e t ) 2 C l 2 . 0.194 0.079.

Co t b i u r e t )  Br .
2 2

0.491 0.015.

Nit b i u r e t )2 B r 2 • 0.499 0.015.

Z n ( b i u r e t )2 B r 2 . 0.491 0.015.

M g t b i u r e t ) 2 B r 2 . 0.491 0.015.

[Mg ( b i u r e t ) 2 < H 2 0 ) 2 ] C l 2 . - 0.054 0.105.

[Mg ( b i u r e t ) 2 (H20 ) 2 3 B r 2 . - 0.074 0.160.

C d ( b iu re t) cl .
2 2

0.0B7 0.030.

C a ( b iu re t) Cl .
2 2

0.121 0.023.

C a ( b i u r e t ) ^ C l 2 . 0.042 0.240.

C a t b i u r e t ) ^ B r 2 . 2 H 20. 0.035 0.290.

S r (b i u r e t )^ B r 2 . < 0.020 —
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Table 2.4

Q-band ESR spectrum (mT) of Co(Hn)(biuret)2Cl2.

Observed.
-s 33.875 GHz)

Calculated for D= 0.191 cm" \  x= 0.083.

B. T.P. Fxeld Direction 1 evel:

246. W

250. W

394 . W 394.8 5.34 Z 2--1 .

426 . W 425.1 0.43 e= 23°. ♦ = 00° 5--2.

471 . W 471.1 0.67 e= 28°, ♦ = 90° 5--2.

657 . W 658.0 1.43 e= 55°,

oooII 4 - - 2 .

f 747.9 3.54 Y 6--5.
747 . W <

^753.5 1.26 e= 6 1 ° , ♦ = 90° 4--2.

802 . W 801.7 8.36 z 3--2.

944 . M 942.0 6.36 Y 5--4 .

954.6 3.39 X 6--5.

1021 . M 1021.7 6.28 X 5--4.

1132. S 1132.5 8.30 X 4--3.

1161. S 1159.4 8.21 Y 4 - - 3 .

1209 . S 1208.9 9.16 Z 4 - - 3 .

1298. S 1297.3 8.87 X 3 - - 2 .

1415. S 1413.5 3.58 Y 3-- 2.

1544.6 6.88 X 2--1 .

1618. M 1617.3 7.90 z 5--4.

1738. W 1737.3 6.52 Y 2--1 .

2028.7 4.76 Z 6--5.



Table. 2.5

Q- band ESR spectrum ImT) of Mg(Mn)lbiuret)2C12.

Observed.
(v= 33.870 GHz)

Calculated For D= 0.194 cm 1, A= 0.079.

B. l.P. Field Direction Levels.

245.4 W

249.6 W 

Region of 

Overlap.

470.6 W/M

660.9 W

747.4 M

796.9 W

943.4 h/S

1016.5 H/S

1129.6 S

1156.7 S

1209.8 S 

1299.0 S 

1412.4 M/S

1623.6 H 

1740.2 W

H 381.6

425.5

470.4

661.4

746.6 

754.1 

795.1 

939.9

946.3

1016.5

1130.7

1157.3

1208.8 

1299.9

1412.5

1554.6

1623.7

1740.7

2041.3

5.33 Z 2--1 .

0.51 0= 23°, ♦ = 00° 5--2.

0.69 0= 28°, ♦ = 90° 5--2.

1.47 0= 55°. ♦ = 00° 4--2.

3.51 Y 6--5.

1 .28 0= 61°, ♦ = 90° 4--2.

8.35 Z 3--2.

6.33 Y 5--4.

3.37 X 6--5.

6.25 X 5--4.

8.28 X 4--3.

8.19 Y 4--3.

9.16 Z 4--3.

8.86 X 3--2.

8.59 Y 3--2.

6.90 X 2--1.

7.91 Z 5--4.

6.55 Y 2--1 .

4.77 Z 6--5.
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Table. 2.6

Q-band ESR spectrum (mT) of Zn(Mn)(biuretIgBrg.

Observed.
(v = 33.070 GHz)

Calculated For D = 0.491 cm \  A= 0.015 •

B. T.P. Field Direction levels.

Region 66.7 1.33 6= 48°, 4 = 90° 6--3.

42-106 M 69.9 1 .02 0 = 44°, 4 = 00° 6--3.

513. M 513.2 2.02 Y 6--5.

581 . M 583.8 2.01 X 6--5.

645.0 1.24 0 = 20°.

oooII 4--3 .

f 688.0 3.66 Y 5--4.
690. VS

^691.4 3.71 X 5--4 .

Broad C  831.4 3.78 0= 12°. 4 = 90° 5--3.

Center Ca:840J \j55.6 4.16 0 = 10°, 4 = 00° 5--3.

1065. M/S 1064.1 6.12 X 4--3.

1100. M/S 1108.8 6.01 Y 4--3.

1209. S 1208.0 9.23 Z 5--3.

^1282.2 7.49 0= 10°, 4 = 00° 5--3.
1260-1330. W J

IL1313.1 7.22 0= 11°. 4 = 90° 5--3.

Region of > z' 1708.0 7.86 0 = 66°, 4 = 00° 3--2.

Overlap 1772.1 7.74 0 = 67°. 4= 90° 3--2.
► i

1680 - 1779.4 6.12 0 = 32°, 4= 00° 4--3.
M/S

1830. ' M812.0 6.09 0 = 34°. ii to o o 4--3.
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Table. 2.7

Q-band ESR spectrum (mT) Of [Mg (Mn) (biuret)2(H20)2K V

Calculated For D= -0.054 cm 1, A= 0.105.
Observed.

(v= 33. 995 GHz) B. 1 .P. Field Direction Levels.

420. W 420.5 0.02 0= 40°.♦= 90° 5--2.

615.5 0.01 0 0 6= 82 .♦= 00 4 - - 2 .

637 . W 638.0 0.04 0 0 0= 77 ,♦= 90 4--2.

664 . W

985. W/M 983.2 5.11 Z 6--5.

1065. W 1064.9 4.58 Y 2--1 .

1102. M 1098.6 8.09 Z 5--4.

1136.0 7.62 Y 3 - - 2 .

1139. M/S 1138.8 4.49 X 2--1 .

1170. M/S 1170.9 7.55 X 3--2.

1 208. S 1207.7 8.94 X 4 --3.

1210. S 1210.0 8.94 Y 4--3.

1215. S 1214.1 9.02 Z 4--3.

1250. M 1249.5 8.39 X 5--4 .

1286. M 1287.3 8.30 Y 5--4 .

1296.7 5.54 X 6--5.

1329. M 1329.8 7.93 Z 3--2.

1370. W 1368.3 5.43 Y 6--5.

1445. W 1445.8 4.91 Z 2--1 .
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Table. 2.8

Q-band ESR spectrum (mT) of Cd(Mn)(biuret)2C12*

Observed.
(v= 34.000 GHz)

Calculated For D = 0.087 cm \  0.030.

B. T.P. Field Direction Levels.

366.0 VW

427.0 W 427.9 0.03 0= 30°, ♦ = 00° 5--2.

433.0 W 432.6 0.05 0= 32°. ♦ - 90° 5--2.

f 633.5 0.22 0= 66°, ♦ = 00° 4 - - 2 .
608-670 W <

^645.9 0.24 0 = 66°, ♦ = 90° 4 - - 2 .

r  702.1 0.10 0 = 13°. ♦ = 00° 5--3.
703.6 W

^  703.7 0.14 0= 15°, ♦ = 90° 5--3.

841.9 W 841.9 5.05 Z 2--1.

1015.8 M 1019.8 4.27 Y 6--5.

1028.2 8.05 Z 3--2.

1054.6 M 1054.0 4.24 X 6--5.

1105.3 M/S 1106.4 7.31 Y 5--4.

1123.1 M/S 1121.9 7.29 X 5--4.

1199.9 S 1199.5 8.85 X 4--3.

1201.1 S 1201.3 8.84 Y 4--3.

1215.0 S 1214.5 9.01 Z 4--3.

1287.9 S 1288.4 8.52 X 3--2.

1308.2 S 1306.2 8.48 Y 3--2.

1390.2 M 1390.3 5.80 X 2--1 .

1402.2 M 1400.9 7.97 Z 5--4.

1427.3 M 1423.0 5.75 Y 2--1 .

1588.3 W 1587.3 4.96 Z 6--5.
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Table. 2.9.

Q- band ESR spectrum (mT) of Ca(Mn)(biurett^Cl^.

Observed. 
(v-33.880 GHz)

Calculated For D = 0.121 cm"1, A= 0.023.

B. T.P. Field Direction Levels.

274.9 W

281.8 W

441.9 W 441.2 0.05 6= 18°.♦ = 00° 5--2.

446.3 W 446.7 0.07 B= 19°>= 90° 5--2 .

503.0 W

Overlap 

626-685 W 

692.6 W/M 

Region: 

725-774 W

950.8 M/S

986.5 M

1060.6 M/S

1077.3 M/S

1182.2 S

1183.6 S

1309.0 S

1328.3 S

"650.0 0.51 6= 62°.♦= 00° 4 - - 2 .

^664.8 0.51 0= 63°,♦= 90° 4--2.

692.0 5.06 z 2--1 .

[^746.3 0.32 0= 16°.♦= 00° 5--3.

L749.7 0.36 0= 17°,♦= 90° 5--3.

["950.9 4.00 Y 6--5.

[j51.1 8.05 Z 3--2.

987.5 3.96 X 6--5.

1060.2 7.00 Y 5--4 .

1076.1 6.97 X 5--4.

1181.9 8.70 X 4 - - 3 .

1184.6 8.69 Y 4--3.

1210.2 9.02 Z 4--3.

1308.8 8.65 X 3--2.

1328.2 8.60 Y 3--2.
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1463.5 W 1462.4 6.11 X 2--1 .

1469.8 H 1469.4 7.97 Z 5--4.

1497.1 M 1496.9 6.05 Y 2--1 .

1728.2 W 1728.6 4.96 Z 6--5.

40



Table. 2.10

Q-band ESR spectrum (mT) of CalHnHbiuretl^Br^.211̂ 0.

Observed.
( V = 33.875 GHz)

Calculated For D = 0.035 cm 1, 0.290.

B. 1 .P. Field Direction Levels.

1062.6 VW 1062.8 5.19 Z 2--1.

1072.6 4.78 Y 6--5.

1136.0 W 1135.8 8.16 Z 3--2.

1140.6 W 1140.4 7.81 Y 5 - - 4 .

Region of r  1202.4 4.62 X 6--5.

Overlap. J |̂ 1 203.0 7.68 X 5--4.

1206.2 S 1206.3 8.98 X 4--3.

1208.8 S 1209.3 9.02 Z 4--3.

1210.1 S 1209.0 8.97 Y 4--3.

1212.5 8.31 X 3--2.

1220.0 M 1221.5 5.40 X 2--1 .

1278.1 VW 1278.4 8.15 Y 3--2.

1283.1 W 1283.5 7.87 Z 5--4.

1348.8 5.21 Y 2-- 1 .

1358.2 VW 1358.2 4.83 Z 6--5.
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Figure 2.2. X-band ESR spectrum of Zn(Mn)(biuret)2Cl2 an<̂  simulated

spectrum for D= 0.192 cm"*, 0.082.
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spectrum for D= 0.491 cm'*, X= 0.015.
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spectrum for D= 0.121 cm- *, X= 0.023.
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1000 B(mT)
X

500 1500

Figure 2.5. Q-band ESR spectra of A) Zn(Mn)(biuret)2Cl2;
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B) Mn(biuret)2Cl2.



Figure 2.6. X-band ESR spectrum of[Mg(Mn) (b iu ret^ ^ O ^ JC ^ .



500 B(mT)

Figure 2.7. X-band ESR spectrum of Mg(Mn)[(biuret)2(H20)2]Br2.



Figure 2.8. Q-band ESR spectrum of Ca(Mn)(biuret)2Cl2*



CHAPTER. III.

COMPLEXES OF UREA WITH 6R0UP II METAL HALIDES.

Although a number of the complexes of urea with group II metal

35halides have been prepared and the crystal structures of a few of
3 0_39

them have been reported previously . no detailed spectroscopic

studies of these complexes have been made. The infra-red spectra

have been reported only for the magnesium, calcium, cadmium and

40mercury chloride complexes and the Raman spectra have not been 

studied for any of them. Further, the strontium-urea complexes have 

not been prepared previously.

This chapter describes vibrational and e.s.r. studies of the 

urea complexes of group 11 metal halides. The mode of coordination 

of urea in all of these complexes has been established by infra-red 

and Raman spectra and their structures have been studied by the 

e.s.r. spectra of Mn(II) doped complexes.

Vibrational Spectra.

The characteristic bands in the infra-red (4000-400 c m 1) and 

the Raman spectra (1700-950 cm 1) of urea and its complexes with 

group II metal halides are listed in Table 3.1. The infra-red and

Raman specta of the free ligand in the solid state have been
41-42

studied thoroughly and are in good agreement with the present

results. Further, the previously reported infra-red frequencies for
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Mg, Ca, Cd and Hg chloride complexes*0 are in close agreement with 

those observed here.

Urea has three coordination sites, the carbonyl oxygen and 

the two nitrogen atoms of the amide groups. The formation of an 

oxygen-to-metal bond in these complexes should cause only minor 

changes in the vibrational spectra of urea, mainly in the carbonyl 

and C-N stretching vibrations. The bonding between carbonyl oxygen 

and the metal ion increases the C=0 bond length and decreases the 

C-N bond lengths. As a result, the carbonyl frequency of urea 

should decrease and the C-N stretching frequencies should increase 

on coordination through oxygen atom. On the other hand, if a 

nitrogen-to-metal bond is present in the complex, the spectrum 

would differ significantly from that of the free ligand. The H-N 

stretching frequencies would be shifted to lower values and the 

carbonyl stretching frequency would be shifted to the higher side.

In the infra-red spectra of all of these urea complexes of 

group II metal halides (Table 3.1), the frequency of the carbonyl 

stretching vibration (at 1682 cm-1 in the ligand) decreases, 

indicating that the urea molecules have coordinated with the metal 

through carbonyl oxygen atoms. The frequency of the urea band at 

1600 cm 1, in the infra-red spectrum, and at 1578 cm”1, in the 

Raman spectrum, which has been assigned as the mixed vibration of 

NH2 bending and C=0 stretching modes41, also decreases quite 

considerably on coordination.

In the infra-red and Raman spectra of all of these complexes, 

the C-N stretching bands appear at higher frequencies compared
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with the free ligand. All these band shifts on complex formation 

are consistent with a decreased C=0 bond order and an increased 

C-N bond order.

An important feature observed in the spectra of HglureaJCl^ 

is the presence of some extra bands for which no explanation can 

be given. In the infra-red spectrum these bands appear at 15*0 

and 1455 cm”1 and in the Raman spectrum a strong band appears at 

1001 cm 1.

In the infra-red spectra, the H^N stretching vibrations of 

urea in the region 3500-3150 cm 1. appear at higher frequencies 

in the cadmium and mercury complexes and at lower frequencies in 

magnesium, calcium and strontium complexes. This suggests that in 

the Cd and Hg complexes the hydrogen-bonding has been decreased 

compared with the free ligand, whereas in Hg, Ca and Sr complexes 

the hydrogen-bonding has been increased.

Electron Spin Resonance Spectra.

Complexes of 4:1 stoichiometry.

Urea can form both anhydrous and hydrated complexes of 4:1

stoichiometry when it reacts with group II metal halides. The

crystal structure of [Mg (urea);(H20)2]Br2 shows that the MgZ+ ions

are octahedrally coordinated by the oxygen atoms of the four urea

and two water molecules and bromide ions are not involved in the 
.. . . 35

coordination . The corresponding anhydrous chloride complex was 

reported to have an octahedral structure in which each metal ion
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is coordinated with four oxygen atoms from urea molecules and

37chloride ions occupy the trans-positions . In order to determine 

if the halide ions are coordinated to the metal centre, the e.s.r. 

spectra, at both X- and Q-band frequencies, are reported for the 

following complexes prepared doped with 1Z of manganese(II) ions.

Calurea)^ IX= Cl or Br)

Sr(urea)^C12

[Mg (urea)4(H20)23X2 (X= Cl or Br)

[Ca (urea)4(H20)23Br2

The e.s.r. spectra for all of these complexes, at both X- and 

Q-band frequencies, are generally of good quality and proved to be 

sufficient to permit interpretation for the parameters D and A.

At X-band frequency, the spectra of complexes M(Mn)(urea)4Cl2 

(M- Ca or Sr) are very complicated with overlapping of transitions 

over a wide range of magnetic field and detailed interpretation 

is difficult (Figs. 3.1 & 3.2). The strong transitions observed 

near zero field, for both complexes suggests D values of about 

0.1-0.2 cm In the spectrum of calcium complex the highest field 

transition appears in the region 910-960 mT, indicating a D value 

of 0.12-0.15 cm 1 and for the analogous strontium complex this 

transition appears in B50-920 mT region, suggesting a D value 

higher than 0.12 cm ' but less than the calcium complex. The Q-band 

spectra of these complexes are of excellent quality and allowed 

the interpretation for the zero field splitting parameters very 

easily (Tables 3.3 & 3.4).

The X-band spectrum of Ca(urea)4Br2 is much simpler in form,
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with main intensity near g 6* indicating a much higher value 

of D and a low but finite A. The Q-band spectrum of this complex 

is of very good quality and allowed the determination of values 

of D and A very easily (Fig. 3.3).

In contrast to the anhydrous complexes, the spectra for all 

the hydrated complexes are very similar to one another, and of the 

same general type. The strongest bands occur in the 9eff= 2 region, 

indicating much lower 0 values and the highest band observed around 

*75 mT in the X-band spectra of magnesium complexes suggested D 

values of 0.031-0.035 cm’1 for them.

For the complexes[Mg(Mn) (urea)^(H20)23X2 (X= Cl or Br), the 

value of D was found to be small enough and the hyperfine splitting 

at X-band was sufficiently well-resolved that the sign of D could 

be determined from the 6-5 and 2-1 transitions with the magnetic 

field parallel to the Z-axis. In each case, the average spacing 

of hyperfine components was greater on the highest field observed 

band than on the lowest field allowed transition and hence D is 

found to have positive sign. For all other complexes assignments 

in the tables are made for positive D. Should it be negative the 

labels would have to be reversed.

Values of D and A for all of these complexes with 4:1 stoich

iometry are also listed in Table 3.2. For the anhydrous complexes, 

the values of D and A are dependent on the size of host metal ion. 

The D value observed for the CaCl2 complex is higher than for the 

analogous SrCl2 complex as can be expected, due to the larger size 

of strontium ions. Further, in common with the usual trend, the
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magnitude of D found for Ca(Mn)lurea) Br is greater than that of
2

the analogous chloride complex, suggesting that in all these anhy

drous complexes halides are involved in the coordination. The low 

values of A observed for them confirm that these complexes have 

quite reqular in-plane structures.

The 0 values observed for all the hydrated complexes are close

to one another but entirely different from those of the analogous

anhydrous complexes. The low values of D suggest the coordination

sphere of six oxygens around the metal ions. This result implies

3 6that like[Mg (urea) (HgO)g]Br2 . all other hydrated complexes have

water molecules coordinated with metal ions and the halides are not

in the coordination sphere. The observed A values for these

complexes are considerably higher indicating that some asymmetry

has been introduced in the X/Y plane. This result is unexpected

because in the X-ray crystal structure of[Mg (urea)^(H20)2]Br2,

the four urea molecules were found to be forming a perfect square,

owith bond angles very close to 90 and bond distances of 2.05 and 

o 362.07 A .It seems likely that the higher A values observed for all 

these hydrated complexes arise due to the unequal participation, in 

hydrogen-bonding, of the urea molecules.

Complexes of 6:1 stoichiometry.

This section deals with the e.s.r. studies of the complexes 

having the highest ligand:metal ratio encountered anywhere in 

this work i.e. 6:1. X-ray crystal structure determinations for 

Mg(urea)gBr2 and Zn(urea)g(N03>2 have been reported38"39. In both
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of these complexes metal ions are surrounded octahedrally by six 

urea molecules, coordinated through the oxygen atoms.

The following 6:1 complexes of urea were made doped with 1Z 

of manganese!11) ions.

Mg(urea)gX2 (X= Cl or Br)

M(urea)gBr2 (M= Ca or Sr)

[Ca (urea).Cll.2urea 4 Z

H(urea)g(N03)2 (M= Zn or Co)

The quality of both the X- and Q-band spectra, for all of 

these complexes, were sufficient enough to obtain the parameters 

D and X which are listed in Table 3.2.

For the 6:1 complex of CaCl2 both the X- and Q-band spectra

were very similar to that of the Ca(urea) Cl_. The calculated* 2

values of D and X are also very similar, suggesting that the two 

complexes have closely similar structures. It seems likely that in 

CaCl2 complex of 6:1 stoichiometry each calcium ion is coordinated 

with four urea and two chloride ions and this complex can correctly 

be formulated as [Ca (urea ) ̂ Clg].2urea.

For all other complexes the spectra were of same general

type, with strongest bands occurring in the g - 2  region,ef f

indicating very low D values (Table 3.2). These low values of D 

are consistent with a coordination sphere of six oxygen atoms. The 

higher values of X observed for these complexes suggest consider

able deviation from axial symmetry. This result is not unexpected 

and is consistent with the X-ray crystal studies of these hexakis
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38 — 39urea complexes . where the observed bond angles are far away 

from 90° (84-96° in the zinc complex and 88-93° in the magnesium 

complex. When the values of parameter 0 are compared for the 

analogous 6:1 complexes of different metals, it is found to be 

dependent on the size of the host metal ions. For the bromide 

complexes of these metals the values of D are found in the 

following order.

Mg > Ca > Sr.

This result is in line with the usual observation that D 

decreases as the size of the host metal ion increases. Due to their 

large sizes, the Ca and Sr ions can more readily accomodate the 

regular six-coordinate environment, which results in the lower 

values of D for them, compared with the analogous Mg complex.

Complex Cd(Mn) (ureaKlg.

This complex is believed to have the same structure as assumed 

for Cd(pyridine)Cl211, that is, cross-linked parallel double chains 

of halide-ion-bridged Cd ions with the coordinated oxygen atom 

attached to the remaining octahedral site, resulting in a CdOCl
5

chromophore.

For this complex, the e.s.r. spectra were measured at both 

X- and Q-band frequencies and proved to be of sufficient quality

to allow interpretation for D and X. However, the higher frequency 

at Q-band results in better resolution (Fig. 3.7 and Table 3.8), 

and was preferred for determination of D and X.

Due to the lower D value the sign of D for this complex was
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determined from its X-band spectrum. The hyper-fine spacing was 

greater for the lowest-field allowed band than for the highest- 

field observed transition suggesting the negative sign for D.

The observed values of D= 0.046 cm 1 and A= 0.080 for 

Cd(Hn)(urea)Cl^ are consistent with the values previously reported 

for manganesetII) ions in the analogous chloride-bridged polymers 

Cd(Mn)LCl2 (L= pyridine or substituted pyridine)7, i.e. D= 0.06 

cm 1 and A= 0.04. It is expected that the D value would decrease 

when the nitrogen-coordinated ligand, pyridine, is replaced by 

oxygen-coordinated ligand, urea, since the oxygen-donor is closer 

to chloride in the spectrochemical series, and thus produces less 

distortion along the principal axis. All attempts to dope the 

complex Cd(urea)2Cl2 were unsuccessful. The negative sign for D 

is consistent with the expected compression of the octahedron, 

and agrees with that found for the pyridine complexes.
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EXPERIMENTAL.

All of these complexes were prepared by previously reported 

43-4 4methods . The aqueous solutions of the hydrated metal salts 

and urea, in stoichiometric quantities, were mixed together and 

were evaporated slowly at room temperature.

The doped complexes were prepared by adding 1Z of Mn(II) 

salt in the aquous solution of corresponding metal salt. Before 

recording their e.s.r. spectra, the samples had tobe finely 

ground, to ensure the absence of single crystal effects.
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Table 3.1

Characteristic vibrational spectra bands of urea complexes.

Compound CO Stretch 
(Amide I)

H N Bend 
(Amide II)

CN Stretch 
Asym. Sym •

Urea (Solid) IR 1 6B2 S 1600 S 1462 S 1000 M

R 1649 S 1578 W 1468 W 1010 VS

Cd(urea)Cl2 IR 1677 VS 1592 VS 1479 VS 1017 W

R 1651 M 1572 M 1497 S 1020 VS

Cd(urea ) Br2 IR 1673 VS 1585 S 1475 VS 1013 W

R 1645 M 1567 M 1491 S 1017 VS

Hg(urea)Cl IR 1675 M 1576 S 1486 M 1011 W
1540 M 1455 VS

R 1643 M 1555 M 1482 M 1014 VS
1001 s

[Mg (urea)t(H20)2)Cl2 IR 1658 SBr 1582 M 1468 SBr 1017 u

R 1489 W 1019 vs

[Mg (urea)4(H20)2]Br2 IR 1660 Br 1575 M 1465 VS 1018 w

Ca(urea)̂ Cl2 IR 1664 S 1588 S 1468 VS 1022 w

R 1662 M 1594 M 1490 M 1022 vs

Ca(urea)̂ Br2 IR 1661 S 1585 S 1469 VS 1018 w

R 1663 W 1490 U 1022 vs

Sr(urea)4C12 IR 1658 Br 1575 S 1466 VS 1010 w

Mg(urea)gCl2 IR 1659 SBr 157 B S 1465 VS 1008 w

Mg(urea)_Br_ b Z IR 1661 SBr 1580 S 1463 VS 1010 w

Ca(urea) Br_ b Z IR 1658 SBr 1579 S 1464 VS 1015 w

Sr(urea) Br b Z IR 1660 SBr 1578 M 1453 VS 1005 w

59



Table. 3.2.

Zfs parameters of Mn(II) in complexes.

Complex D (cm 1) A

Ca(urea)̂ C12 0.145 0.035

Sr(urea)^Cl2 0.134 0.003

Ca(urea)^Br2 0.425 0.016

[Mg (urea)4(H20)23Cl2  ̂ 0.032 0.180

[Mg (urea)4(H20)23Br2 4 0.031 0.250

[Ca (urea)4(H20)23Br2 0.019 0.225

[Ca (urea)4C123.2urea 0.145 0.035

Mg(urea) Cl 6 2 4 0.043 0.200

Mg(urea) Br 
b Z 0.023 0.246

Ca(urea) Br_b Z 4 0.019 0.220
*

Sr(urea) Br_ b Z < 0.019 —

Zn(urea) (NO ) b J Z 0.036 0.248

Co(urea)g(N03 )2 0.036 0.245

Cd(urea)Cl2 - 0.046 0.060

* Too small to evaluate.
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Table. 3.3.

Q- band ESR spectrum (mT) of Ca(urea)^Cl2.

Observed.
(v= 33.940 GHz)

Calculated For D= 0.145 cm" \  A = 0.035.

B. T.P. Field Direction Levels.

263.3 W

491.8 W 492.1 0.01 0= 90°, ♦ « 40° 5--3.

590.2 W 591.5 5.10 Z 2--1.

659.1 VW 660.3 0.75 0= 60°, ♦ = 00° 4--2.

687.5 W 688.8 0.78 0= 61°.

ooo)n♦ 4--2.

B95.B W 895.5 3.82 Y 6 —  5.

902.3 M 901.8 8.11 Z 3 — 2.

962.2 W/M 962.2 3.77 X 6--5.

1024.8 H/S 1026.7 6.78 Y 5--4 .

1052.8 H/S 1054.7 6.74 X 5--4.

1170.7 S 1171.1 8.58 X 4--3.

1176.5 S 1177.2 8.55 Y 4--3.

Region S 1212.3 9.04 Z 4 - - 3 .

1317.8 S 1317.9 8.73 X 3--2.

1355.5 S 1353.9 8.64 Y 3--2.

1505.5 S/M 1505.6 6.35 X 2--1.

1522.4 S/M 1522.8 7.96 Z 5--4.

1566.9 H 1568.0 6.24 Y 2— 1.

1834.7 W 1833.6 4.92 Z 6--5.
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Table. 3.4

Q-band ESR spectrum (mT) of Sr(Mn)(ureal^Clg.

Observed.
(v= 33.B95 GHz)

Calculated For D= 0.134 cm"1, A= 0..003.

B. T.P. Field Direction Levels

272.1 W

449.7 W

636.2 W 636.8 5.01 Z 2--1.

Region f 665.2 0.65 0 = 61°, ♦= 00° 4 - - 2 .

wr i
642-692 J L667.3 0.66 0 = 61°, ♦= 90° 4 - - 2.

Region r  767.7 0.45 0= 0 0  17 , ♦= 00 5--3.

743-794J 1^768.3 0.45 0= 0 0 17 . ♦= 90 5--3.

924.7 M 923.8 8.01 Z 3--2.

943.9 W 943.8 3.88 Y 6--5.

950.2 W 949.1 3.88 X 6--5.

1050.4 M 1051.6 6.87 Y 5--4.

1053.2 M/S 1053.8 6.86 X 5- -4 .

T 1177.7 8.63 X 4--3.
1177.9 S

Li 17 8.1 8.62 Y 4--3.

1211.2 S 1210.8 9.00 Z 4--3.

1327.3 S 1326.1 8.67 X 3--2.

1330.6 S/M 1329.0 8.66 Y 3--2.

1498.1 M 1497.8 8.00 Z 5--4.

1507.3 M/W 1507.4 6.20 X 2--1 .

1512.8 W 1512.4 6.19 Y 2--1 .

1785.7 W 1784.8 4.99 Z 6--5.
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Table. 3.5

X-band ESR spectrum (mT) of[Mg(Mn) (urea)^(H20)2]Br2.

Observed.
(v= 9.489 GHz)

126.8 W

204.9 W

223.2 M 

271.4 M/S

276.2 M/S 

Overlap

327.8 S

334.1 S

{

Region

of

Overlap

395.1 S

403.1 M/S 

457.0 W

473.8 W

Calculated For D= 0.031 cm , A= 0.250.

B. T .P. Field Direction Levels

205.5 5.57 Z 2--1 .

224.0 4.24 Y 6--5.

271.1 8.53 Z 3--2.

278.8 7.22 Y 5--4.

324.3 6.95 X 5--4.

327.5 3.88 X 6--5.

328.5 8.80 X 4--3 .

335.5 8.72 Y 4--3.

337.5 9.15 Z 4--3.

340.4 8.86 X 3--2.

360.6 6.32 X 2--1 .

394.9 8.38 Y 3--2.

405.0 7.73 Z 5--4.

458.2 5.72 Y 2-- 1 .

474.4 4.56 Z 6--5.
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Table. 3.6

Q-band ESR spectrum (mT) of Mg(Mn)(urea)fiBr2.

Observed.
(v= 33.900 GHz)

Calculated For D= 0.023 -1cm , A= 0.246.

B. T.P. Field Direction Levels

1113.5 5.10 Z 2--1 .

1126.4 4.85 Y 6--5.

1162.0 8.08 Z 3--2.

1168.2 7.87 Y 5--4 .

1199.0 4.75 X 6--5.

1203.6 7.80 X 5--4 .

1209.5 8.99 X 4--3.

1210.4 8.99 Y 4--3.

1210.7 9.01 Z 4--3.

1216.4 8.20 X 3--2.

1224.5 5.26 X 2--1 .

1253.0 8.11 Y 3--2.

1259.7 7.93 Z 5--4.

1296.1 5.15 Y 2--1 .

1308.8 4.90 Z 6--5.

11U W 

1127 W 

1163 M 

1169 M 

Region of 

overlap

1209 S

1210 S

1215 S/M 

Region of^ 

overlap J  

1 259 M 

1 296 W 

1309 W

}  {

{
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Table. 3.7

Q-band ESR spectrum (mT) of Co(Hn)(urea)g(N03 )2

Observed.
(v= 33.880 GHz)

Calculated For D= 0.036 cm 1, x= 0.245.

B. T .P. Field Direction Levels

1056.4 5.16 Z 2--1.

1077.3 4.76 Y 6--5.

1132.9 8.14 Z

C
M1
r»

1142.6 7.79 Y 5--4 .

1191.8 4.61 X 6--5.

1197.7 7.67 X 5--4.

1206.5 8.98 X 4--3.

1208.9 8.97 Y 4--3.

1209.7 9.02 Z 4 - - 3 .

'1218.1 8.31 X U) i i ro

1232.6 5.41 X 2--1 .

1276.2 8.17 Y 3 - - 2 .

1286.9 7.89 Z 5--4.

1344.7 5.24 Y 2--1 .

1364.7 IDC
O Z 6--5.

1056.4 W

1077.2 W

1134.9 M

1144.3 M 

Region of

overlap J
1206.4 S

1209.2 S

Region of^ 

overlap

1274.8 M/S

1284.2 H

1344.9 W/M

1364.9 W
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Table. 1.8.

Q-band ESR spectrum 3* H O Cd(Mn)(urea)Cl2-

Calculated For D= - 0.046 cm 1. A= 0.080.
Observed.

(v= 33.880 GHz) B. 7 .P. Field Direction Levels.

1013.1 W 1013.3 5.07 2 6--5.

1089.9 W 1090.0 4.63 Y 2--1 .

1111.1 M 1111.7 8.06 Z 5--4.

Region 1137.9 4.57 X 2--1 .

1146.5 M/S 1147.3 7.67 Y 3 - - 2 .

1169.2 M/S 1170.1 7.63 X 3 - - 2 .

f  1205.6 8.96 X 4 - - 3 .
1206.2 S

\j206.9 8.95 Y 4--3 .

1209.8 S 1210.2 9.01 Z 4--3 .

Region 1244.6 8.32 X 5--4.

1270.5 S/M 1269.0 8.27 Y 5--4.

1287.9 W 1287.3 5.45 X 6--5.

1309.2 M 1308.7 7.96 Z 3--2.

1334.5 W 1333.9 5.37 Y 6--5.

1406.9 W 1407.4 4.94 Z 2--1 .
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Figure 3.1. X-band ESR spectrum of Ca(Mn)(urea)4 Cl2 .
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CHAPTER IV.

COMPLEXES OF OIACETAMIDE WITH DIVALENT METALS.

Unlike biuret, solid diacetamide (DA) has been found to exist

16
both in cis- (A) and in trans- configurations (B) . However, due

to the pronounced tendency of the trans- form to dimerize, the 

most stable form of the free ligand is the dimeric compound (C). 

The cis- form is unstable and reverts to the trans- form on 

standing, but when it acts as a ligand, diacetamide forms stable 

complexes in either of these two configurations.

H
H3C N CH3 

\  /  \  /  3 c c
o o

(A)

H
O. N CH3v vI II

ch3 o

(B)

a  ch3

c
h 3c  n  
3 \  /  \

C H

O
OII

H
N ch,

c.
ch3 no

(C)

A large number of complexes, formed by diacetamide with 

divalent metal halides and nitrates have been reported 

previously, and both cis- and trans- forms have been suggested 

but physical studies have been limited to their infra-red and

74



45-47visible spectra . Recently, the X-ray crystal structure of

rco (DA) (H 0) ]C1 has been studied and the ligand molecules have 
u 2 2 2 2

been observed in cis- configuration (A), coordinating through both

of their carbonyl oxygen atoms, with the water molecules occupying

4 Bthe trans- positions

With divalent metal perchlorates, only the complexes of

diacetamide in 1:3 stoichiometry have been prepared and their

infra-red spectra, visible spectra and conductivity measurements

49have been reported but those of 1:4 and 1:2 ratio have received 

very little attention. The X-ray crystal structure of only the 

magnesium perchlorate complex of 1:4 stoichiometry has been 

reported and each metal ion is found to be coordinated with two

diacetamide molecules, acting as bidentate ligands, and the trans-

50 . .positions are occupied with water molecules . The remaining two 

diacetamide molecules are hydrogen-bonded and are not involved in 

coordination.

This chapter discusses the preparation of a series of the 

complexes formed by diacetamide with metal perchlorates in 1:4 and 

1:2 stoichiometry. The e.s.r. spectra of Mn(II) ions doped into 

the lattices of a large number of diacetamide complexes of metal 

halides, nitrates and perchlorates have been obtained to study 

their structures and the evidence of the mode of bonding of ligand 

molecules in these complexes have been provided by measuring their 

vibrational spectra. X-ray powder patterns have been used to 

confirm the structures of metal perchlorate complexes of 1:4 

stoichiometry.
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Vibrational Spectra.

As solid diacetamide has been found in both forms, i.e. cis- 

and trans-, the infra-red spectra of both isomers and of their 

deuterated analogues have previously been carried out to assign 

the bands15. Due to the difference in the configuration of the 

-CONHCO- group, remarkable differences have been observed between 

the infra-red spectra of the two isomers. Like biuret (Chapter 

II), in the spectrum of the trans- form of diacetamide two well 

separated carbonyl stretching bands appeared at 1734 and 1700 cm 1, 

while in the spectrum of cis- form these bands were so close 

together that they appeared as a single band at 1734 cm 1. Further, 

for the cis- isomer only a single band was observed in the imide 

III region whereas for trans- form two bands were seen clearly in 

this region. The Raman spectrum of diacetamide has been reported 

only in solution51.

Vibrational spectra of metal halides and nitrate complexes.

The characteristic bands in the infra-red (4000-400 cm"1) 

and Raman spectra (1800-1200 cm"1) of the complexes of 

diacetamide with divalent metal halides and nitrates are listed

in Table 4.1, together with the infra-red frequencies reported for 

cis- and trans- forms of the free ligand16.

The infra-red spectra of many of these complexes have 

previously been reported*5 *5 and are in good agreement with the
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present results. It has been suggested from the infra-red data

that the diacetamide molecules in most of these complexes are

acting as bidentate ligands, coordinating through both of their

carbonyl oxygen atoms and are in cis- form (A), since the spectra

closely parallel that of uncomplexed cis- diacetamide (Table 4.1),

with a shift of v(C=0) to lower frequency, as expected. Only the

infra-red spectrum of[Co IDA)^(H^O)^iBr^ differs in one respect

from the rest of the cis- form complexes. Instead of a single

carbonyl absorption around 1720 cm 1 there is a doublet at 1725

and 1691 cm”1. This suggests that while the diacetamide molecules

appear to be in the cis- form, the carbonyl groups are probably not

all equivalent. The two carbonyl bands appear at lower frequencies

46than those of the other monodentate complexes , and it is possible 

that this complex exhibits metal bonding (1725 cm 1) and hydrogen 

bonding (1691 cm 1) carbonyl groups.

Raman spectra of trans- diacetamide and the complexes with 

metal halides and nitrates were recorded in the region 1800-1200 

cm 1 (Fig. 4.1), the characteristic bands of which are listed in 

Table 4.1. As the cis- form is extremely difficult to isolate and 

is unstable47, all attempts to measure the Raman spectrum of 

diacetamide in this configuration were unsuccessful.

In the Raman spectrum of trans- diacetamide, as in the 

infra-red, two well separated bands appeared in the carbonyl 

stretching region and two weak bands could be seen in the imide III 

region. In the complexes, however, there is a single carbonyl 

stretching band and a single band in the imide III region, in
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1200 1500 1800

Figure 4.1. Raman spectra of: A) Diacetamide (trans-); B) [Co (D A ^ ^ O ^ B ^ ;

C) [Co (DA)2(H20 )2]Br2. 
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agreement with the infra-red results. It seems that this is 

characteristic of the cis- bidentate arrangement of the ligand.

In the Raman spectrum of[Co (DA)^(HgO)23Br2, a doublet 

appeared in the carbonyl region and only a single band could be 

seen in the imide III region. This supports the previous suggestion 

that, although the diacetamide molecules in this complex are in 

cis- configuration (A), they are either acting as monodentate 

ligands, or possibly two of them are uncoordinated, as in the 

perchlorates discussed below.

Infra-red spectra of metal perchlorate complexes.

The characteristic bands in the infra-red spectra (4000-400

cm 1) of all the complexes of diacetamide with metal perchlorates

are collected in Table 4.2. The infra-red frequencies reported

here for the complexes of 1:3 stoichiometry are in very close

49agreement with those published previously

The X-ray crystal structure of the magnesium perchlorate 

complex of 1:4 stoichiometry had been studied and each metal ion 

was found to be coordinated octahedrally by two diacetamide mole

cules. acting as bidentate ligands and by two water molecules^.

The remaining two diacetamide molecules are only hydrogen-bonded 

and all the ligand molecules are in cis- configuration (A). The 

similarity in the infra-red spectra shown in the Table 4.2 suggests 

that in all these 1:4 metal perchlorate complexes, both co-- 

ordinated and free diacetamide molecules may be present, both in 

the cis-form.
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The infra-red spectra of the previously reported complexes 

of diacetamide with cadmium and mercury halides*7, in which the 

ligand molecules are coordinated in the trans- form, closely 

parallel that of uncomplexed trans- diacetamide in both the 

carbonyl bands (1735 & 1700 cm ') and the imide III bands (1310 

h 1225 cm-1). Since the bands positions observed in the spectra of 

these metal perchlorate complexes of 1:4 stoichiometry are consi

derably different from the trans- form of free ligand, it is 

concluded that the cis-form is present here.

The carbonyl absorption, appearing around 1755 cm 1, in all 

of these perchlorate complexes can then be assigned to the unco

ordinated diacetamides and that at 1720-1740 cm 1 is assigned to 

the metal bound C=0, by analogy with the halide complexes. 

Similarly, the two bands in the imide III region, are assigned 

to the coordinated (1250 cm 1) and uncoordinated (1225 cm 1) 

diacetamide molecules.

In contrast to the 1:4 complexes, the infra-red spectra of all 

perchlorate complexes with 1:3 and 1:2 stoichiometry suggest that 

all the diacetamide molecules in these complexes are bidentate, 

chelating through their carbonyl oxygen atoms. All these complexes 

show a single band in the imide III region, in agreement with the

ligand molecules being in cis- configuration. For the complexes of 

Fe, Co, Ni and Mg with 1:3 stoichiometry only a single carbonyl 

stretching band is observed, but for the analogous Zn and Cd 

complexes and also for the complexes of Zn and Co with 1:2 

stoichiometry, a second band appears as a shoulder to the higher
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frequency side of the main band, in the carbonyl stretching region. 

This band does not disappear even after drying at room temperature 

for several days.

In the previous report of the infra-red spectra of these 1:3

metal perchlorate complexes some extra bands, at 3500, 3342, 1755,

1630 and 1224 cm"1 were observed for the incompletely dried samples

49
and were suggested as mainly due to the presence of water . A band 

near 1755 cm"1, observed for each of these complexes, was associated 

with a minor modification of the cis- diacetamide in the presence 

of water. Although in most of the complexes this band disappeared 

after drying in vacuo at room temperature for 24 hours, in the 

spectrum of Zn(DA) (CIO^) it did not disappear.

It was found in this work that the positions of all these 

extra bands are consistent with those of the corresponding 1:4 

complexes and it seems likely that the incompletely dry samples of 

Mn. Fe, Co and Ni are actually mixtures of the complexes of 1:3 

and 1:4 stoichiometries. On drying, in vacuo for 24 hours, the 1:4 

complexes convert to 1:3 complexes, a method used here for the 

preparations of these complexes of 1:3 stoichiometry.

Electron Spin Resonance Spectra.

The e.s.r. spectra were measured at both X- and Q-band 

frequencies for the 1Z of manganese(11) ions doped into the 

lattices of the following complexes of metal halides, nitrates 

and perchlorates:
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CM (DA)2(H20)23X2 

Cm9 <d m 2(h20)2J(N03)2 

Leo (DA)AlH20)2]Br2 

m (d a )2c i2

M t DA)2(N03)2

m (d a )^(h2o )2(ci o4)2

M(DA) ( C I O ^

[m (DA)2(H20)23(C104)2

(M= Mg, Co and Mx; X= Cl or Br)

(M= Mg, Co and Hi)

(M= Co and Zn)

(M= Mg. Fe, Co. Ni and Zn)

(M= Mg, Fe, Co, Zn and Cd)

(M= Co and Zn)

Hydrated complexes of metal halides and nitrates.

The spectra of complexes[M (DA) (H20)23X2 (M= Mg, Co and 

Ni; X= Cl or Br), [Co -(DA) (H 0) 3Br and [Mg (DA)2(H20 )23 (N03)2 

are of the same general type and suggest that all of these 

complexes have identical structures. At X-band frequency all the 

spectra are very complicated (Figs. 4.3 h 4.5-4.6), with consider

able overlapping of transitions and detailed interpretation is very 

difficult. The highest bands observed in the 640-740 mT region, for 

most of these complexes, suggest D values of about 0.07-0.10 cm 1 

for them. However, at Q-band frequency all of these complexes gave 

very well resolved spectra (Figs. 4.4 & 4.7) which were used to 

determine the values of D and A (Tables 4.5-4.8).

The positions of the off-axis transitions were calculated 

for the Q-band spectra of many of these complexes and fitted very 

well with those observed. However, two weak bands observed around 

300 and 367 mT, in the spectrum ofLMg (DA)2(H20)23Cl2, could not 

be fitted with any of the calculated off-axis transitions.
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For the first time, the variations in the average hyperfine 

spacing of the sextets have been observed at Q-band frequency which 

made it possible to determine the sign of D for these complexes, 

with 0 values higher than 0.07 cm"1, a maximum limit for which 

the sign of D could be determined at X-band frequency (Chapter I). 

Like X-band, again at Q-band frequency the effect was greatest for 

extreme Z-axis transitions, and was used to determine the sign of 

D for all the hydrated halides and nitrate complexes.

For all these hydrated complexes of diacetamide, the average 

spacing of the hyperfine components was greater for the highest- 

field observed transition than for the lowest-field allowed band.

For example, for[Co(Mn) (DA) (H20 ) ̂  Cl2. the figures are:

2-1 822.5 mT N ave 9.2 mT.

6-5 1599.7 mT lAl ave 9.5 mT.

Hence D is found to have positive sign.

The values of D and A for these complexes are listed in Table 

4.3. For all the hydrated complexes of metal halides and nitrates 

the values of D and A are closely similar to one another, but 

cosiderably different from the anhydrous analogues. These values 

are as expected for a coordination sphere of six oxygens around 

the metals and suggest the formulation of these complexes as 

[M (DA)2(H20)23X2 (M= Mg, Co and Ni, X= Cl or Br; M= Mg X= N03”) 

and [Co (DA)^(H20)2]Br2. Further, the identical values of A observed 

for these complexes suggest that, like [Co (DA)2(H20)2]C1248. in

these complexes water molecules are occupying the trans

positions .
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The positive sign of D observed for these hydrates indicates 

that the ligand field on the X- or Y-axes is stronger than that 

on the Z-axis, despite the fact that in the X-ray crystal structure 

of [Co (DA) (H 0) ICl 4B. the bonds between cobalt and oxygen atoms 

of the diacetamide are longer (2.078 and 2.085°A) than those with 

water (2.044°A). The observed stronger crystal field effect for 

diacetamide compared to water molecules, in these complexes, is 

not unexpected. In the crystal structure of cobalt complex, the 

water molecules are found to be hydrogen bonded, so that H of H^O 

is pulled away. This would weaken the crystal field effect of these 

coordinated water molecules resulting in a positive sign of D for 

these complexes. This result is also in line with the previously 

reported higher Dq value of diacetamide (9Q0 cm 1) than that of 

water (850 cm 1)*9.

Anhydrous complexes of metal chlorides.

The spectra for M(DA)2C12 (M= Mg, Co and Hi) are very similar 

to one another but entirely different from those of the analogous 

hydrated complexes. At X-band frequency, their spectra are very 

complicated, with the overlapping of transitions over a wide range 

of magnetic field. The strong absorption observed near zero field 

suggests D values of about 0.1-0.2 cm’1. The Q-band spectra of all

these complexes are much better resolved than the X-band (Table 

4.9) and gave the values of D and A very easily.

Like their hydrated analogues, in the Q-band spectra of 

complexes M(DA)2C12 (M= Mg, Co and Ni), the variations in the
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average hyperfine spacing of sextets, for the extreme Z-axis 

transitions, were sufficient to allow the determination of sign 

of D. For example, for Mg(Mn) (DA^Cl^:

2-1 577.2 mT
l A l| ave

8.7 mT.

6-5 1850.5 mT
l A l| ave

9.1 mT.

The cobalt and nickel complexes were similar. These figures

demonstrate that for these metal chloride complexes of diacetamide 

the sign of D is positive because the average hyperfine spacing of 

the sextets is greater for the highest-field observed transition 

than for the lowest-field allowed transition.

No X-ray crystal structure has been reported for the anhydrous

complexes of metal halides with diacetamide but from the visible

spectra and magnetic susceptibility data, the halide ions in the

complexes Co(DA)2X2 (X= Cl or Br) have been suggested to be coor-

46dinated with the cobalt ions

The positive sign of D observed for M(DA)2C12 (M= Co, Ni & Mg) 

suggests the trans- coordination of Cl ions and the higher values 

of D observed for these complexes than for the analogous hydrated 

complexes, are in line with the lower ligand field strength of 

chlorides than the water molecules. For all these complexes the A 

values are very high and the approximate symmetry of these

complexes may be described as D2h rather than D;h. The high values 

of A indicate considerable in-plane distortion. The increase in E 

values from water (0.009 cm’1) to chloride (0.028 cm”1), in the 

MgCl2 complexes of diacetamide, is opposite to that expected, since 

in the former, the water is closer to the metal and would have a
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greater perturbing effect on tbe plane. The observation could be 

explained by a tendency for the in-plane structure to twist towards 

tetrahedral as the axial field is reduced.

Anhydrous complexes of metal nitrates.

For the anhydrous nitrate complexes M(DA)^(NO^)  ̂ (M= Co and 

Zn). the strongest bands at each frequency occur in the ggff= 2 

region (Fig. 4.8), indicating much lower D values. The highest 

band observed around 590 mT, in the X-band spectra of both of these 

complexes, suggests a D value of about 0.05 cm 1. The spectra of 

these complexes at both frequencies were of very good quality to 

allow interpretation for D and A. However, the higher frequency at 

Q-band was preferred (Table 4.10). The values calculated for the 

two complexes are rather similar.

The zinc complex has been studied previously and on the 

basis of infra-red, NMR and conductance data, the nitrate ions have 

been reported to be coordinated with central metal ions and six 

coordination was suggested for this complex. The lower values of 

D observed here are consistent with this observation and confirm 

that in these compounds each metal ion is coordinated with four 

oxygen atoms from two chelating diacetamide molecules and two 

oxygens from the nitrate ions.

Hetal perchlorate complexes of 1:4 stoichiometry.

The spectral profiles of metal perchlorate complexes of diacet

amide, in 1:4 stoichiometry, closely resemble those of the hydrated
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complexes of metal halides and nitrates with diacetamide. the very 

rich X-band spectra are not analysed in detail (Fig. 4.11). How

ever, the highest band observed in the 620-720 mT region, for most 

of these complexes, suggest D values of 0.07-0.10 cm . The Q-band 

spectra are very well resolved and were used to determine the 

values of D and X (Tables 4.12-4.13).

Again the sign of D for these perchlorate complexes was 

obtained from the variations in the average hyperfine spacing of 

the sextets at Q-band frequency. The effect was greatest for 

extreme Z-axis transitions:

Co(Mn)(DA)4(H20)2(C104)2.

864.7 mT
l A l| ave

9.1 ml

1557.0 mT
l A lave

9.6 mT

Mg(Mn)(DA) (H 0) (CIO^.

2-1 864.2 mT A 1I | ave 9.2 ml.

6-5 1557.9 mT | A 1I I ave 9.6 ml.

Further, the positions of the off-axis transitions were 

calculated for the Q-band spectra of many of these complexes 

and fitted very well with those observed.

The values of D and X, are listed in Table 4.4. All these 

metal perchlorate complexes of diacetamide, with 1:4 stoichiometry, 

have similar values of D and X, suggesting very similar structures. 

The values are consistent with an M0C2+ chromophore, in line withD

the crystal structure reported for the magnesium perchlorate
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complex in which each metal ion is coordinated by four oxygens from 

two chelating diacetamide molecules and the water molecules occupy 

the trans- positions . The remaining diacetamides are hydrogen 

bonded and are not involved in coordination. Due to their identical 

values of zero field splitting parameters. D and A, it seems likely 

that all of these complexes have this type of structure, and should 

therefore be formulated as [M.(DA)2(H20)23 (CIO^)2-2DA.

As in the very similar hydrated metal halide complexes, the

positive sign of D observed for these complexes suggests that the

ligand field is stronger on the X- and Y-axes than on the Z-axis.

Again in the crystal structure of [Mg (DA).(Ho0) )(CIO.)_.2DA the

observed bond lengths between the magnesium and oxygen atoms of

odiacetamide (2.041 and 2.048 A) are greater than between the

magnesium and water (2.026°A). Ihis result is not unexpected

because in this complex, as in [Co (DA) ̂ ( H O ) 1C1 , the water
2 2 2 2

molecules are hydrogen bonded resulting a weaker crystal field 

effect for the water.

On present evidence, it appears that in these hydrated 

diacetamide complexes, a positive value of D is not due to a 

geometrical elongation of the octahedron in the Z-direction but is 

associated with the greater strength of the crystal field effect 

on the X- and Y-axes than on the Z-axis.

In view of the similarity in the e.s.r. spectra of these 

complexes, their X-ray powder diffraction patterns were examined 

for isomorphism. There are marked resemblances between the powder 

patterns of all the complexes[M (DA)?(^0)g](CIO^) .2DA (Fig. 4.2).
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However, some extra weak bands are observed for the Fe, Co, Ni and

Zn complexes, which possibly arise due to the differences of the 

hydrogen bonding of uncoordinated ligand molecules. The similarities 

are consistent with the observed similarity of spectral parameters, 

but do not indicate complete isomorphism.

Metal perchlorates complexes of 1:3 stoichiometry.

For the complexes M(DA)3(CIO^) , no X-ray crystal structures

have been reported previously but on the basis of spectral studies,

the metal ions have been reported to be octahedrally coordinated to

49six oxygen atoms, from three chelating diacetamide molecules

The e.s.r. spectra of M(DA)3(CIO^) (M= Mg, Fe and Co) are

very similar to one another. The strongest bands at both frequen

cies occur in the gg = 2 region, suggesting very low values of 

D for these complexes. In contrast, in the X-band spectra of the 

apparently analogous zinc and cadmium complexes, considerable 

overlapping of transitions can be seen over a wide range of 

magnetic field and the highest band observed around 800 mT, in 

the spectra of both of these complexes, suggests D values of 

0.11-0.12 cm ' (Fig. 4.9). The Q-band spectra of both of these 

complexes are very well resolved (Fig. 4.10) and gave the values 

of D and A quite easily (Table 4.11).

For the tris- diacetamide complexes of magnesium, iron and 

cobalt perchlorates, due to their small D values, the spectra are 

so complicated at both frequencies that the sign of D could not be 

determined. For the analogous Zn and Cd complexes, the spectra are
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very well resolved at Q-band frequency and were used to determine 

the sign of D.

Cd(Mn)(DA)3(C104)2.

6--5

2--1 1685.; mT

738.2 mT 9.6 mT.

9.1 ml.

These figures demonstrate that in these complexes the 

average spacing of the hyperfine components are smaller on the 

highest field observed band than on the lowest field allowed 

transition, indicating a negative sign for D.

The values of zero-field splitting parameters, D and A, for

all of these complexes are reported in Table 4.4. The identical,

very small, values of D observed for the Fe, Co and Ni complexes

indicate that these three complexes have similar structures and

2 +suggest D symmetry, with an MO chromophore, as suggested 3 b

previously from the infra-red results.

On the other hand, the D and A values observed for the 

analogous Zn and Cd complexes are entirely different. These values 

are very high and are similar to the values observed for the 

histidine complexes of Zn and Cd (Chapter VII). The X-ray crystal 

structures for both of these histidine complexes have been reported

previously and the metal ions have basically been found to be 

coordinated tetrahedrally with four nitrogens and are very loosely 

associated with two oxygen atoms52"53.

On the basis of the similar values of D and A, it seems
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possible that the diacetamide complexes of zinc and cadmium, with 

formula M(DA)3 (CIO^)2, also basically have tetrahedral structures. 

However, the remaining oxygen atoms are also loosely attached to 

the central metal ions. This result is in line with the infra-red 

spectra of both of these complexes (Table 4.2), in which a second 

band appears in the carbonyl region.

This geometry is not unusual for zinc and had also been

observed previously in the X-ray crystal structure of [Et^N]

54[Zn(S2(NMe2)3)] . In this complex one of the three dithiocarbamato

molecules is acting as bidentate ligand (Zn-S 2.42 and 2.46°A)

whereas, the other two molecules are formally unidentate with a

omean Zn-S distance of 2.31 A. This coordination geometry of Zn 

atom has been described in terms of a distorted tetrahedron of 

short Zn-S bonds with the remaining two S atoms occupying positions 

over two faces of the idealised tetrahedron.

Alternatively, it is possible that the tris- diacetamide

complexes of Zn and Cd have distorted trigonal prismatic structure

if all the oxygen atoms are bonded. Previously, the e.s.r. spectrum

of complex K[Cd(Mn)(acac)3].HgO had been studied111, and the

observed value of D= 0.113 cm 1 for this complex, was of the same

magnitude as observed for these diacetamide complexes. However.

the A value was considerably smaller. The X-ray crystal structure

showed that in K[Cd(acac)33.H^O, the Cd ions were in a trigonal
55prismatic environment . In the infra-red spectrum of this 

complex, only a single v(C=0) band appeared at 1585 cm"1, together 

with the absence of any band at higher frequency in the carbonyl 

stretching region and was suggested the bidentate coordination of

92



ligand molecules.

If the high D value for these zinc and cadmium complexes of 

diacetamide is due to trigonal prismatic structure then no explana

tion can be given for the second carbonyl stretching band observed 

in the infra-red spectra of both of these complexes. Further, the 

considerably higher values of A for the diacetamide complexes, than 

for the acac complex, makes a trigonal prismatic structure rather 

unlikely in this case, unless it is considerably distorted.

Hetal perchlorates complexes of 1:2 stoichiometry.

The e.s.r. spectra of the complexes [M (DAJ tH OJ^HCIO^)  ̂ (M= 

Co and Zn) are rather similar to one another. The X-band spectra 

are of very good quality (Fig. 4.12) with strong transitions in the 

g = 2 region. The highest band observed around 560 mT suggests D 

values of about 0.05 cm 1. The well-resolved Q-band spectrum (Table 

4.14) gave the values of D= 0.052 cm 1 and A= 0.2.

The identical values of D and X observed for these bis

diacetamide complexes (Table 4.4) implies similar structures. The

2 +small value of 0 corresponds with an MO chromophore and indicateD

that the water molecules are probably coordinated to the metal 

ions. Considerably higher values of X, for these complexes, suggest

appreciable in-plane distortion. It seems likely that as in the 

tris complexes of Zn and Cd, in these complexes the diacetamide

molecules are unsymmetrically coordinated, with one oxygen atom of 

each only loosely attached to the central metal. This result again 

corresponds with the infra-red spectra (Table 4.2), where a second
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band appeared in the carbonyl stretching region. This stoichiometry 

was found only for cobalt and zinc, and this unsymmetrical coord

ination may indicate a tendency towards tetrahedral coordination.

Previously from the single crystal e.s.r. study of trans-

Mg(Mn)(acac)2(H20)21°, A was found to be very high, approaching

its maximum value of 0.33, although the in-plane oxygen atoms were

55forming a nearly perfect square . This was ascribed to the charge 

accumulation along the X-axis due to electron delocalization on 

the chelate ring. In contrast to this result, for all the corres

ponding diacetamide complexes of metal halides and perchlorates, 

in which water molecules occupy the trans- positions and the in

plane oxygen atoms from two chelating diacetamides form a near

perfect square, the observed A values are very small. It seems 

therefore that in these diacetamide complexes the H-electron 

delocalization on the chelate ring is much smaller than for the 

acetylacetonate anion.

This would in fact be expected, since the normal bonding 

requirement of the nitrogen is satisfied without delocalisation 

of the double bond, and the arrangement E is 

expected to be the only major canonical form 

present. This is also in agreement with the 

vibrational spectra, where the v(C=0) is at 

very high frequency for an amide, in the 

region normally found for an unconjugated C=0.

The relatively high value of A for diacetamide compared with 

the other amides, is also in agreement with this suggestion. In

H
\  N ✓V

O  O  

(E)
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most amides, and in the acetylacetonate anion, the bond order of 

the C=0 is reduced, and the Tl-donor capacity of the oxygen is incr

eased. This extra 11-donor capacity tends to decrease the A value.

If this effect is absent, or is much reduced, in diacetamide, then 

the observed higher A value would be explained.
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EXPERIMENTAL.

Hydrated metal halides and nitrates complexes.

All of these complexes were prepared by grinding thoroughly 

the mixtures of diacetamide and corresponding hydrated metal salts 

in various metal to ligand ratios. The product thus formed was 

washed with diethyl ether to remove the excess of ligand and 

dried in vacuo for 10 minutes.

M(DA)_C1_ (M= Mg, Co and Ni).
2 2

These complexes were prepared by drying the hydrated

ochloride complexes in vacuo at 80 C for 16 hours.

[M (DA) (H 0 ) 1 (CIO,) .2DA (M= Fe. Co. Ni and Zn).
l 2 2 2 4 2

All of these complexes were prepared by similar method to 

the of hydrated metal halide complexes, however, the metal to 

ligand ratio used was 1:5.

The complexes of Fe, Co and Ni can also be prepared by mixing 

a hot solution of metal perchlorate hexahydrate (0.01 mole) in
3

ethyl acetate (30 cm ) with a solution of diacetamide (0.05 mole)
3

in ethyl acetate (30 cm ). The precipitates thus formed were 

filtered off, washed with diethyl ether and dried in vacuo for 30 

minutes.

M(DA)j(CIO^)g (M= Mg, Fe, Co and Ni).

These complexes were prepared by drying the corresponding
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1:4 complexes in vacuo for 24 hours.

M(DA)3(C104)2 (M= Zn and Cd).

A hot solution of metal perchlorate hexahydrate (0.01 mole)
3

in ethyl acetate (25 cm ) was mixed with a hot solution of
3

diacetamide (0.04 mole) in ethyl acetate (25 cm ). The white 

precipitates thus formed was filtered off. washed with diethyl 

ether and dried in vacuo for 4 hours.

[M (DA) (H 0)2](C10 ) (M= Co and Zn).

Both of these complexes were prepared by a similar method to

that of Zn(DA) (CIO ) , however, the metal to ligand ratio used 3 h Z

was 1:2.
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Table. 4.1

Characteristic vibrational spectral bands of metal halides

and nitrate complexes.

Compound C=0 Streching bands Imide III bands

Cis-diacetamide (A) IR 1734 VS 1236 S

Trans-diacetamide (C) IR 1734 S 1700 s 1310 S 1223 S

R 1745 S 1730 vs 1309 W 1223 W

[co (d a )2(h2o )2k i 2 IR 1719 VS 1254 S

R 1722 VS —

[Co (DA>2<H20l2]Br2 IR 1719 VS 1245 S

R 1720 VS 1253 W

c o (d a )2c i2 IR 1724 VS 1254 S

R 1718 VS 1253 W

Cco (DA).(H 0).]Br_
k c & 2 IR 1725 S 1691 s 1252 S

R 1731 S 1716 vs 1242 M

c o (d a )2(n o3)2 IR 1724 VS 1263 S

rNi (DA)2(H20)2)C12 IR 1722 VS 1253 S

R 1728 VS —

[Hi <DA)2<H20)2m 2 IR 1716 VS 1245 S

R 1728 VS 1252 W

Ni(DA)2(N03) IR 1724 VS 1259 S

[Mg (DA)2(H20)2]C12 IR 1734 VS 1255 S

R 1737 VS —

[Mg (DA)2(H20)23Br2 IR 1732 VS 1256 S

R 1740 VS 1250 W
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Table. 4.2.

Characteristic infra-red spectral bands of metal perchlorate

complexes.

Compound C=0 Stretching bands Imide III bands

[Mg (DA)2 tH20 »2J(C104)2.2DA 1756 S 1742 S 1247 S 1224 S

[Fe (DA)2(H20)2)(C10t)2.2DA 1756 S 1721 S 1251 S 1225 S

[CO (DA)2(H20l2)(C10t>2.2DA 1755 S 1729 S 1243 S 1225 S

[Hi (DA>2(H20)2)(C104>2.2DA 1756 S 1727 s 1248 S 1226 S

[Zn ( D A ) 2 ( H 2 0 ) 2 3 ( C 1 0 4 )2 .2DA 1754 S 1728 s 1251 S 1224 S

Mg(D A )3(C I O ^ )2 1735 VS 1254 S

Fe(D A ) (C I O  )_ 
J 4 Z

1721 VS 1255 S

C o (D A ) ( C I O  )„ 1723 VS 1255 S

N i (D A ) ( C I O  ), 
J 4 2

1723 VS 1252 S

Zn(DA) (C I O  )
3 4 2 1753 Sh 1718 v s 1269 S

C d (DA)3 (C I O ^ )2 1753 Sh 1718 v s 1261 S

[CO (DA)2(H20)2)(C104 I2 1750 Sh 1724 v s 1245 S

[Zn (DAt2(H20)2](C104 )2 1752 Sh 1726 v s 1250 S
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Table 4.3.

Zfs parameters of Mn(II) in metal halides and nitrates complexes.

Complex D (cm 1) A

[Mg (DA)2(H20I2]C12 0.0905 0.010.

[Co (DA)2(H20)2K 1 2 + 0.0905 0.003.

[Ni (DA)2(H20)2]C12 ♦ 0.0883 0.010.

[Mg <DAI2(H20)2)Br2 + 0.0790 0.053.

[Co (DA)2(H20)23Br2 0.0852 0.030.

[Co (DA)4(H20 )23 Br2 + 0.0980 0.035.

[Hi (DA)2(H2OI23Br2 + 0.0772 0.065.

[Mg (DA)2(H20)21(N03)2 0.0795 0.060.

Mg(DA)2Cl2 ♦ 0.1490 0.180.

Co(DA) Cl 2 2 0.1475 0.189.

Ni(DAI2Cl2 0.1510 0.180.

c o (d a )2(no3)2 0.0590 0.130.

Zn(DA) (NO )2 3 2 0.0580 0.135.
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Table 4.4.

Zfs parameters of Mn(II) in metal perchlorates complexes.

Complex D (cm-1 A

[Mg (DA)2(H20)2HC104>2 .2DA
+ 0.0810 0.078

[Fe (DA)2(H20)23(C104
'*•

2DA + 0.0805 0.080

tCo (DA) (H 0) )(CIO i l Z 4 >2 , 2DA
♦ 0.0810 0.080

[Ni (DA)2(H20)2HC104 )2'. 2DA 0.0790 0.090

[Zn (DA) (H 0) ](CIO
t i t  4 V 2DA + 0.0805 0.082

MglDA) (CIO )
J 4 t 0.0190 0.070

Fe(DA)3(CIO^) 0.0205
*

c o (d a )3(ci o4)2 0.0200 0.090

Zn(DA)3(CIO^) - 0.1165 0.125

Cd(DA)3(CIO^) - 0.1107 0.146

[co (d a )2(h2o )2](c i o4'2 0.0520 0.200

[Zn (DA)2(H20)2](C104'2 0.0525 0.200

* Indetermined.



Table. 4.5

O-band ESR spectrum (mT) of[Mg(Mn) (DA>2(H20)2]C12.

Observed 
(v= 33.865 GHz)

Calculated For D= 0.0905 cm \  A= 0.010

T.P. Field Direction Levels

299.8 U

366.6 W

429.6 W/M

Region: 

616-666 

Overlap 

682-730

{429.4 

431.1

. 1  {
H 704.8

705.4

637.0 

641.3

0.04

0.05

0.26

0.27

0.13

0.15

6= 29°. ♦= 00° 5--2

0= 30°. ♦ = 90° 5--2

e= 65°, ♦= 00° 4--2

0= 65°, ♦ = 90° 4--2

0= 14°, ♦= 00° 5--3

o o8= 15 , ♦= 90 5--3

822.2 W/M 831.7 5.02 Z 2--1 .

1015.2 M 1015.9 8.02 Z 3--2.

1020.3 M/S 1019.5 4.23 Y 6--5.

1031.1 M 1031.4 4.22 X 6--5.

1104.0 S 1102.4 7.27 Y 5--4.

1107.5 M/S 1107.7 7.26 X 5--4.

p194.1 8.83 X 4 - - 3 .
1194.9 S

lj 194.7 8.83 Y 4--3.

Region S 1209.7 9.00 Z 4--3.

1293.1 S 1292.2 8.53 X 3 - - 2 .

1296.5 S 1298.3 8.51 Y 3--2.

1404.0 S/M 1403.6 7.99 Z 5- - 4.
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1405-2 M 1404.1 5.82 X 2--1 .

1414.6 H 1415.4 5.BO Y 2--1 .

1597.6 W 1597.4 4.99 Z 6--5.
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Table. 4.6

Q-band ESR spectrum (mT) of[Co(Mn) (DA)2(H20)23Br2.

Observed 
(v= 33.865 GHz)

Calculated For D= 0.0852 cm \  A= 0.030.

B. T.P. Field Direction Levels.

429.3 W

Region: 

610-670 

Region: 

680-725

844.8 W

1017.7 M 

1026.6 M

.}

.}

1104.9 M/S

1118.2 M/S

1196.0 S

Region:

1282.5 M/S

1299.2 M/S 

1361.8 W

1393.3 M 

1415.2 W/M

1575.5 W

(425.6

430.2

(630.4 

642.5

(697.6 

699.0

844.8

1018.9

1027.2 

1052.3

1103.9 

1119.1

{1195.3

1196.9

1209.7

1282.2

1299.7 

1381 .8

1392.2

1413.8

1574.7

0.03 0= 30°, ♦ = 00° 5--2.

0.05 0= 32°, ♦ = 90° 5--2.

0.21 0= 66°. ♦ = 00° 4--2.

0.24 0= 66°, ♦ = 90° 4--2.

0.10 0= 13°, ♦ = 00° 5--3.

0.14 0s 15°, ♦ = 90° 5--3.

5.05 Z 2--1 .

4.29 Y 6--5.

8.05 Z 3--2.

4.25 X 6--5.

7.33 Y 5--4.

7.30 X 5--4.

8.85 X 4--3.

8.84 Y 4--3.

9.01 Z 4--3.

8.52 X 3--2.

8.47 Y 3--2.

5.79 X 2--1 .

7.97 Z 5--4.

5.74 Y 2--1 .

4.96 Z 6--5.
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Table. 4.7

Q-band ESR spectrum (mT) of[Ni(Mn) (DA^tHgOl^Br^.

Observed 
(v = 33.870 GHz)

Calculated For D= 0.0772 cm 1, A= 0.065.

B 7 .P. Field Direction Levels.

880.7 W 879.4 5.10 Z 2--1.

1018.3 U 1018.5 4.37 Y 6--5.

1045.5 W/M 1044.5 8.09 Z 3--2.

1086.2 W 1084.2 4.30 X 6--5.

1106.2 7.4 1 Y 5--4 .

1138.4 M 1136.4 7.36 X 5--4 .

1197.5 S 1197.2 8.88 X 4--3.

Region of^ r 1200.2 8.87 Y 4--3.
Sf <

Overlap. _J |_1 209.7 9.02 Z 4--3 .

1269.7 S 1267.5 8.50 X 3--2.

1301.5 8.42 Y 3 - - 2 .

1348.1 W 1348.5 5.74 X 2--1.

1376.3 M/S 1375.1 7.95 Z 5--4.

1410.0 M 1411.4 5.64 Y 2--1 .

1541.0 W 1540.7 4.92 Z 6--5.
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Table. 4.B

Q-band ESR spectrum (mT) of[Mg(Mn) (DA)2(H20)21(N03)2.

Calculated For D= 0.0795 cm \  X= 0.060.
O b s e r v e d ______________________________________ ______

(v= 33.B65 GHz) B. T.P. Field Direction Levels.

o ,  o
I ^ 4 2 1 . 2 0 . 0 2 0 =  3 1 , 4 =  0 0 5 - - 2 .

4 2 8 . 6  W <
\̂4 2 9 . 5 0 . 0 5 6 =  3 5 ° , 4 =  9 0 ° 5 - - 2 .

Region of>. , 6 2 2 . 7 0 . 1 7 0 =  6 7 ° ,

oooII♦

4 - - 2 .

Overlap: 6 4 4 . 7 0 . 1 9 0 =  6 8 ° , ♦ II to o
o

4 -  -  2  .
► <

5 9 7  - 6 9 0 . 1 0 . 0 5 0 s  1 0 ° . 4 s  0 0 ° 5 - - 3  .
W

7 1 6 .  J ^ 6 9 2 . 2 0 . 1 2 0 =  1 5 ° . 4 s  9 0 ° 5 - - 3  .

8 7 0 . 4  W 8 6 9 . 3 5 . 0 9 Z 2 - -  1 .

1 0 1 4 . 6  W / M 1 0 1 5 . 4 4 . 3 5 Y 6 -  -  5  .

1 0 3 9 . 1  M 1 0 3 9 . 4 8 . 0 8 Z 3 - - 2 .

1 0 7 7 . 9 4 . 2 8 X 6 - - 5 .

1 1 0 5 . 0  M / S 1 1 0 4 . 1 7 . 3 9 Y 5 -  -  4  .

1 1 3 2 . 9  M 1 1 3 2 . 7 7 . 3 4 X 5 - - 4  .

1 1 9 6 . 4  S 1 1 9 6 . 4 8 . 8 7 X 4  -  -  3  .

1 1 9 9 . 2  S 1 1 9 9 . 3 8 . 8 6 Y 4 - - 3 .

r " 1 2 0 9 . 6 9 . 0 2 Z 4 - - 3 .
Region: S

l 1 2 7 0 . 0 8 . 5 1 X 3 - - 2 .

1 3 0 1 . 6  S 1 3 0 2 . 4 8 . 4 3 Y 3 - - 2 .

1 3 5 5 . 2  M 1 3 5 5 . 1 5 . 7 6 X 2 - - 1  .

1 3 8 1 . 0  W / M 1 3 7 9 . 9 7 . 9 5 z 5 - - 4 .

1 4 1 5 . 6  W 1 4 1 4 . 9 5 . 6 6 Y 2 - - 1  .

1 5 5 1 . 7  W 1 5 5 0 . 3 4 . 9 2 Z • 6 - - 5 .
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Table. 4.9

Q-band ESR spectrum (mT) of MglMn)(DA)2C12.

Observed 
(v= 33.865 GHz)

Calculated For D= 0.149 cm-1 A= 0.180.

B. T.P. Field Direction Levels.

Region:

225-282

Region

446-530

248.0

248.9.}  {
.}  c ;

0 . 01

0 . 1 0

0.05

0.13

e= 90°. 4 = 67° 6--3

e= 70°, ♦= 90° 6--3

6= 09°, ♦= 00° 5--2

0= 13°. ♦ = 90° 5--2

577.2 W 577.6 5.56 Z 2--1 .

600.6 0.84

oIDiDII03 ♦ ii o □ o 4 - - 2 .

T742.8 3.92 Y 6--5.
743.4 W

|̂ 7 51.1 0.79 0= 65°, II (0 o o 4 - - 2 .

891.7 M/S 890.6 8.56 Z 3--2.

958.9 M 957.8 6.84 Y 5--4 .

1094.3 W 1095.2 3.62 X 6--5.

1104.9 M 1104.3 6.63 X 5--4 .

1150.5 S 1151.5 8.62 X 4 - - 3 .

1185.0 S 1184.6 B. 50 Y 4--3.

p205.3 9.20 Z 4--3 .
Region S

\l240.5 8.95 X 3--2.

1380.2 W 1380.2 6.64 X 2--1 .

1430.3 S 1430.8 8.48 Y 3--2.

1524.0 M/S 1523.9 7.78 Z 5--4 .

1710.6 W/M 1709.4 6.04 Y 2--1 .

1850.5 W 1849.4 4.59 Z 6--5.
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Table. 4.10

Q-band ESR spectrum (mT) of Co(Mn)(DA)2(H03)2.

Calculated For D = 0.059 -1cm , A= 0.130.
Observed

(v= 33.865 GHZ) B. T.P. Field Direction Levels.

958.8 W 957.7 5.14 Z 2--1.

1037.3 W/M 1037.5 4.55 Y 6 - - 5 .

1083.4 M 1083.5 8.13 Z 3 - - 2 .

1120.6 M 1119.7 7.59 Y 5--4 .

1137.6 4.43 X 6--5.

1165.0 M 1166.7 7.50 X 5--4 .

1201.0 M 1201.7 8.93 X 4--3.

1205.7 S 1205.2 8.92 Y 4--3.

1209.9 S 1209.7 9.02 Z 4--3.

1245.3 M 1243.0 8.43 X 3--2.

r  1291.0 5.60 X 2--1 .
1293.8 M/S

\j294.3 8.31 Y 3--2.

1337.4 M 1336.1 7.91 Z 5--4.

1388.4 W/M 1387.8 5.45 Y 2--1 .

1463.0 W 1463.0 4.87 Z 6--5.
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Table. 4.11

Q-band ESR spectrum (mT) of Zn(Mn)(DA)3(C104)2

Calculated For D= - 0.1165 cm 1, A= 0.125.
Observed

(v= 33.B60 GHz) B 7 .P. Field Direction Levels.

263.6 W 

453.4 W 

519.1 W 

Region:

712.4 W 712.0 5.29 Z 6--5.

8B0.1 W 880.8 4.11 Y 2--1.

961.0 M 959.7 8.28 Z 5--4 .

1030.7 M 1030.7 7.10 Y 3--2.

1072.3 3.92 X 2--1 .

1116.7 M 1114.2 6.96 X 3--2.

1177.5 S 1177.2 8.75 X 4 - - 3 .

1190.2 S 1190.8 8.70 Y 4 - - 3 .

1208.7 S 1208.7 9.09 Z 4 - - 3 .

Region. 1264.0 8.74 X 5 - - 4 .

1366.3 M 1365.2 8.49 Y 5--4 .

1380.2 W 1378.8 6.20 X 6--5.

1457.4 M/W 1457.7 7.86 z 3--2.

1559.9 W 1559.3 5.89 Y 6--5.

1709.8 W 1709.1 4.77 Z 2--1 .
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Table. 4.12.

Q-band ESR spectrum (mT) oftFe(Mn) . (DA)2(H20)23(CIO^)2-2DA.

Observed 
(v= 33.875 GH2)

Calculated For D= 0.0805 cm \  A = 0.080.

B T.P. Field Direction Levels.

f 421.2 0.02 0= 31°,

oooII♦ 5--2.
430.5 W <

L429.8 0.05 0 = 35°. ♦ = 90° 5--2.

Region: r  622.5 0.17 0 = 67°, 4- n O o o 4 - - 2 .

594-674 w j \^6 4 4.9 0.19 0 = 68°, ♦ = 90° 4--2.

865.1 W 865.5 5.12 Z 2--1 .

1002.1 W 1002.8 4.35 Y 6--5.

1038.1 M 1037.6 8.11 Z 3--2.

1087.6 W/M 1087.2 4.26 X 6--5.

1098.7 H 1098.2 7.39 Y 5--4.

1135.4 H/S 1136.7 7.32 X 5 - - 4 .

1196.1 M/S 1195.8 8.87 X 4 - -3.

1199.9 S 1199.9 8.86 Y 4--3.

1209.3 S 1209.8 9.03 Z 4 --3.

1267.8 S/M 1265.5 8.53 X 3--2.

1308.4 M 1309.4 8.42 Y 3 - - 2 .

1347.2 5.79 X 2--1 .

1383.7 M/W 1382.3 7.93 Z 5--4.

1429.7 W 1428.0 5.65 Y 2--1 .

1556.4 W 1555.0 4.89 Z 6--5.

110



Table. 4.13

Q-band ESR spectrum (mT) of[Mg(Mn) . (DA)2(H20)23 (CIO^)2-2DA.

Observed 
(V= 33.880 GHZ)

Calculated For D = 0.081 -1cm , A= 0.078.

B T .P. Field Direction Levels.

864.2 W 863.5 5.12 Z 2--1 .

1002.8 W 1002.9 4.35 Y 6--5.

1037.0 W/M 1036.7 8.11 Z 3--2.

10B6.7 W 1085.6 4.26 X 6--5.

1099.8 M 1098.1 7.39 Y 5--4 .

1135.6 M/S 1135.9 7.32 X 5--4 .

1196.3 S 1195.9 8.87 X 4 - - 3 .

1200.5 S 1199.9 8.86 Y 4 - - 3 .

1210.0 S 1210.0 9.03 Z 4--3.

1267.6 M 1266.6 8.53 X 3--2.

1308.8 M 1309.5 8.42 Y 3 - - 2 .

1349.5 H/W 1349.3 5.79 X 2--1 .

1384.5 M 1383.5 7.93 Z 5--4.

1429.4 W 1428.5 5.66 Y 2--1 .

1557.9 W 1557.4 4.90 Z 6--5.



Table. 4.11

Q-band ESR spectrum (mT) of [Co(Mn).(DA)2(H20)23IC10^)2.

Observed
Calculated For D= 0.0520 cm 1, A= 0.200.

(V= 33.B65 GHZ) B T.P. Field Direction Levels.

9B5.4 W 985.4 5.20 Z 2--1.

1031.0 W/M 1031.9 4.63 Y 6--5.

1097.9 H 1096.9 8.17 Z 3 - - 2 .

1119.3 M 111B.1 7.66 Y 5 - - 4 .

1169.5 W 1168.7 4.46 X 6--5.

1182.7 7.53 X 5--4 .

1202.3 S 1202.2 8.95 X 4--3 .

1206.7 S 1206.4 8.94 Y 4--3 .

1209.4 S 1208.9 9.03 Z 4 - - 3 .

1227.0 S 1227.3 8.42 X 3--2.

1258.3 5.57 X 2--1 .

1296.4 S/M 1297.3 8.25 Y 3 - - 2 .

1320.3 M 1321.6 7 . B7 Z 5--4 .

1392.3 W 1391.0 5.37 Y 2--1 .

1435.3 W 1435.0 CMC
O Z 6--5.
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Figure 4.6. X-band ESR spectrum of[Ni(Mn) (D A ^ fl^ O ^ lC ^ .
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Figure 4.8. Q-band ESR spectrum of Zn(Mn)(DA)2(N03 )2-
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Figure 4.10. Q-band ESR spectrum of Cd(Mn)(DA)3(C104)2.
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CHAPTER. V.

COMPLEXES OF ACETAMIDE WITH GROUP (II) METAL HALIDES.

The interaction of acetamide with divalent metal ions,

particularly with Mg, Ca and Zn, is of significance in modelling

the interaction of metal ions with peptides and proteins. The

previously reported data on acetamide complexes of divalent metals

is very small. Although a number of complexes of acetamide with

56-58group II metals have been reported , no systematic spectrosco

pic studies have yet been carried out. Only the infra-red and Raman

57spectra were reported for Cd(acetamide) (X= Cl, Br or I) . The

X-ray crystal structure studies of Cd(acetamide)2C12 revealed it

to be that of a chloride-ion-bridged polymer, with the donor oxygen

atoms from the acetamide molecules occupying the trans- 

59positions

This chapter reports investigations of the acetamide complexes 

of group II metal halides and manganese (11) halides, by using 

several physical techniques such as, infra-red, Raman and e.s.r. 

spectroscopy.

Vibrational Spectra.

Infra-red measurements have previously been carried out not 

only for acetamide but also of its three deuterated species i.e. 

CH^OND^, CD^CONH,, and CD^COND^ and from the combined results of 

these measurements and the calculation of normal vibrations, the
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observed bands were assigned in detail . The Raman spectrum of

 ̂ ,42.61
acetamide in the solid state has also been reported

The C=0 stretching vibration (amide I band) at 1675 cm , in 

the infra-red spectrum of acetamide, was reported to be coupled 

with the C-N stretching and NH^ bending modes. This band was found

to contribute only the 59Z of carbonyl character, the remainder

15 -1 -1
being largely C-N stretch . The bands at 1632 cm and 1457 cm

were assigned to NH^ bending (amide II band) and CH^ asymmetric

deformation vibrations respectively. Like amide I band, the nature

of the 1404 cm”1 band, in the infra-red spectum of acetamide, was

60also very complicated. According to Suzuki , this band could be 

assigned to the CN stretching mode, but there were considerable 

contributions from the CC stretching, NH^ rocking, NCO deformation 

and CH^ symmetric deformation vibrations.

The characteristic bands in the infra-red and Raman spectra 

of these acetamide complexes, together with free ligand, are listed 

in Table 5.1. The present results are in good agreement with the 

previously reported vibrational spectra for acetamide and its 

cadmium halide complexes**^' **1, but a second carbonyl band is

observed in the Raman spectrum of free ligand. In all cases the 

frequency of the carbonyl stretching band decreases on complex 

formation, but by only a small amount compared with corresponding

urea complexes (Chapter III). This result is not unexpected since, 

due to the coupling of C=0 stretching band of acetamide with C-N 

stretching vibrations, a large decrease in frequency of this band 

could not be expected on coordination. Further due to the coupling 

of C-N stretching band of free ligand at 1400 cm"1 with four other
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vibrations, no appreciable increase was observed in the frequency 

of this band on coordination. However, in the Raman spectra of the 

manganese complexes a second strong band appeared at higher 

frequency 11430 cm 1). So from the shifting of the carbonyl band 

towards the lower frequency side it appears that in all these 

complexes the ligand molecules have been coordinated with metal 

ions through their carbonyl oxygen atoms.

Electron Spin Resonance Spectra.

All of these complexes were made doped with 1Z of Mn(II) ions

and their e.s.r. spectra were measured at both X- and Q-band

frequencies. The X-band spectra are of very good quality (Figs.

5.1-5.2,5.41 but due to the extensive overlapping of transitions.

at this frequency, it was not possible to determine the values of

D and A. However, the strongest transitions observed near zero-

field, in the spectra of Ca(acetamide 1 Cl and Cd(acetamide) Cl ,
4 2 2 2

suggested D values of 0.1-0.2 cm The X-band spectrum of 

Ca(Mn)(acetamide)^Br2 is much simpler in form (Fig. 5.1), with the 

main intensity near 9e^^= 6, indicating a much higher value of D. 

For all other complexes, the spectra are of same general type. The 

strongest bands occur in the g = 2 region (Fig. 5.2), indicating 

much lower D values.

The Q-band e.s.r. spectra are very well resolved (Figs. 5.3 

h 5.5) and therefore were used to obtain the values of D and A 

(Tables 5.3-5.5).

In addition to the anhydrous and dihydrated complexes of CaBr
2
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a third compound with formula Ca(acetamide)^Br^•H^O was prepared.

In the X- and Q-band spectra of this complex the transitions of 

both the anhydrous and dihydrate complexes appeared iFig. 5.1), 

suggesting that this complex is actually a mixture of 

Ca(acetamide)̂ Br^ and Ca(acetamide)̂ Br2.2H20 .

For the complexes M(Mn)(acetamide)^X2.2H20 (M= Mg, X= Cl or 

Br; M= Ca, X= Br), the D value was small enough and the hyperfine 

spacing sufficiently well resolved, that the sign of D could be 

determined from their X-band spectra. In all cases the mean 

spacing of the hyperfine components was smaller for the lowest 

field allowed transition than for the highest observed band and 

hence D has positive sign.

The values of D and A for all of these acetamide complexes 

are collected in Table 5.2. The low values of D for Mlacetamide)^X2 

2H20 (M= Mg, X= Cl or Br; M= Ca, X= Br) are consistent with a 

coordination sphere of 6 oxygens around the metal ions and suggest 

the formulation of these complexes as [M (acetamide) (HgO)2)X2.

These values are closely similar to those of corresponding urea 

complexes (Chapter III) and the lower value of D observed for the 

CaBr2 complex than for the Mg analogue is in line with the general 

observation that D decreases as the size of host metal ion 

increases.

The spectral profiles, at X-band, of Ca(Mn)(acetamide) X (X=
4 2

Cl or Br) closely resemble those of corresponding urea complexes 

(Chapter III). However, for the acetamide complexes, many more 

lines are observed than can be expected for a single set of zero-
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field splitting parameters and suggest the presence of more than 

one magnetically distinct Mn(II) site. The Q-band spectra of both 

of these complexes are very well resolved IFig. 5.3) and the 

observed positions and intensities of transitions indicate unequal 

distribution of manganese!II) ions between two lattice sites 

characterised by the parameters:

D= 0.128 cm"1, A= 0.010 and D= 0.135 cm"1. A= 0.007 

for Ca(Mn)(acetamide)̂ Cl2 and

D= 0.391 cm"1, A= 0.012 and D= 0.414 cm’1, A= 0.020 

for Ca(Mn)(acetamide)^Br2.

In each case the intensities of transitions observed for the 

lattice site with higher D value were comparatively weaker than 

those for the other site. The higher D value observed for the 

bromide complex, than for chloride complex, indicates coordination 

of halide ions. Further, both of these acetamide complexes have 

lower D values than their urea analogues, suggesting a weaker 

ligand field effect by acetamide than by urea. This result is in 

line with the previously reported higher value of urea

™1 6 2  “ 1 6 3(850 cm ) compared with acetamide (824 c m )  .

The D and A values found for complexes Cd(acetamide)Cl2 and 

Cd(acetamide)2Cl2 are consistent with the values previously 

observed for Mn(II) ions in the corresponding chloride-bridged 

polymers Cd(urea)Cl2 (Chapter III) and Cd(biuret)2C12 (Chapter II) 

respectively, where the ligands are also coordinating through their 

carbonyl oxygen atoms.

127



EXPERIMENTAL.

All the complexes were prepared by the slow evaporation of 

aquous solutions of equimolar ratios of metal halides and acetamide, 

at room temperature, in vacuo over H2SO^. For CdX2 complexes one 

drop of corresponding Cone. HX was added to the metal salt 

solution, to prevent the partial hydrolysis.
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Table. 5.1.

Characteristic vibrational spectra bands of acetamide complexes.

COMPOUND C=0 Stretch NH? Bend CN Str.
L= acetamide (Amide 1) (Amide II)

IR 1675 S 1621 S 1397 S
Acetamide

R 167 B W 1641 M 1595 M 1405 S

[Mg La (H20)2]C12 IR 1665 VS 1645 Sh 1590 S 1405 S

[Mg L;(H20)2]Br2 IR 1662 VS 164 1 S 15B2 S 1406 S

CaL.C12 IR 1662 VS 1600 S 1397 S

R 1673 M 1652 M 1612 M 1400 VS

CaL4Br2 IR 1659 VS 1625 M 1595 S 1402 S

CdLCl2 IR 1661 VS 1613 Sh 1385 S

R 1 65B S 1567 M 1420 W

CdL Cl 2 2 IR 1 67 B VS 1655 VS 1600 S 1404 S

R 1685 S 1646 VS 1602 SBr 1401 S

CdLBr2 IR 1660 VS 1610 M 1386 S

R 1655 S 1570 M 1409 M

HgLCl2 IR 1660 VS 1611 S 1391 S

R 1652 VS 1591 W 1405 S

MnL2Cl2 IR 1678 Sh 1660 VS 1 5B5 s 1403 S

MnL_Br_ 2 2 IR 1660 VS 1630 S 1580 s 1405 S

R 1671 M 1653 M 1595 M 1405 VS
1629 M 1575 W 1431 S

MnL4Cl2.H20 IR 1665 VS 1 63B Sh 1 5B0 S 1405 S

R 1674 M 1656 M 1581 M 1404 VS
1600 Sh 1433 S

MnL4Br2.H20 IR 1660 VS 1629 S 1580 S 1405 S

R 1671 M 1653 W 1596 M 1404 VS
1630 M 1576 M 1432 s
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Table. 5.2.

Zfs parameters of Mn(II) in complexes.

Complex D (cm 1) X

[Mg lacetamide)^(H20)2]C12 + 0.024 0.222

[Mg (acetamide)^(H20)2]Br2 + 0.022 0.170

[Ca (acetamide)^(H20)2]Br2 + 0.019 0.150

f 0.128 0.010
Ca(acetamide) Cl <

L 0 . 135 0.007

C 0.391 0.012
Ca(acetamide) Br <

Jj). 4 1 4 0.020

Cd(acetamide)Cl2 0.044 0.030

Cd(acetamide)„Cl 2 2 0.100 0.030
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Table. 5.3

Q-band ESR spectrum (mT) of Ca(Mn)(acetamide)^C12.

Calculated For D= 0.135 cm 1
1 Calculated For D= 0.128 -1cm

A= 0.007
Observed

A= 0.010

Levels Field Direc. B (v=33.992 GHz) B Field Direc. Level!

2--1 Z 636.0 637 .

665. 666.1 Z 2--1.

3 - - 2 z 925.1 927.

6--5 Y 94 1.9 941 . 940.2 z

CM11m

969. 969.0 X 6--5 .

5--4 Y 1052.3 1053 .

5--; X 1057.6 1058. 1060.1 Y 5--4 .

1067 . 1067.3 X 5--4 .

4--3 X 1180.5
1181.

4--3 Y 1181.5

1184.
ri 183.7 X 4 - - 3 .

185.0 Y 4 - - 3 .

4 - - 3 Z 1214.3 Region. 1214.4 z 4--3 .

1324. 1322.9 X 3--2.

3--2 Y 1335.1 1336.

r 1488.5 z 5--4 .
1489 .

\^1491.8 X 2-- 1 .

5- - 4 Z 1503.4 1503.

2-- 1 X 1509.8 1511 .

2- - 1 Y 1521.5 1522.

1764 . 1762.7 z 6--5.
6 - - 5 Z 1792.6 1793.

131



Table. 5.4

Q-band ESR spectrum (mT) of[Mg(Mn) (acetamide)^(H20 )2)Br2

Calculated For D= + 0.022 cm ', X= 0.170
Observed 

(v= 34.000 GHz) B. T.P. Field Direction Levels.

1122. W 

1143. W 

1169. W/M 

1177. W/M 

Region of 

overlapping 

transitions

1214. S

Region of^ 

overlap. 

1251. M 

1260. W/M 

1265. W 

1306. W

}{

1120.4 5.07 Z 2--1 .

1143.7 4.84 Y 6--5.

1167.4 8.06 Z 3--2.

1178.6 7.86 Y 5--4 .

1192.1 4.78 X 6--5.

1202.2 7.81 X 5--4 .

1213.3 8.99 X 4--3.

1213.9 8.99 Y 4--3.

1214.5 9.00 Z 4--3.

1225.3 8.18 X 3--2.

1238.3 5.23 X 2--1 .

1249.7 8.12 Y 3--2.

1261.6 7.95 Z 5--4.

1286.0 5.16 Y 2--1 .

1308.6 4.94 Z 6--5.
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Table 5.5.

Q-band ESR spectrum (mT) of Cd(acetamide)2C12*

Observed 
(v= 34.000 GHz)

Calculated For D= 0 .1 0 0  c m  V 0.030.

B. 7 .P. Field Direction Levels

433.1 0.04 0= 26°, ♦= 0 0 ° 5--2

43B.7 0.07 ii

oCOCMItCD 90° 5--2

f~639.2 0.32 e= 64°, ♦= 0 0 ° 4 - - 2

|_6 54.2 0.33 0= 65°, ♦= 90° 4 - - 2

r  718.7 0.18 6- 15°, ♦= 0 0 ° 5--3

|̂ 7 21.3 0 . 2 1 0= 16°, ♦= 90° 5--3

786.2 5.06 Z 2 - - 1

992.5 4.17 Y 6--5

1000.4 8.06 Z 3--2

1031.9 4 . 13 X 6--5

1089.5 7.20 Y 5--4

1107.1 7.17 X 5--4

1194.8 8.80 X 4--3

1̂ 197.2 8.79 Y 4 - - 3

J 21 4.5 9.02 Z 4--3

1297.3 8.58 X 3--2

1317.9 8.53 Y 3--2

1417.4 5.92 X 2 - - 1

1428.7 7.97 Z 5--4

1454.8 5.86 Y 2 - - 1

1642.9 4.59 Z 6--5

433. W 

439 . W 

Region: 

614-670. 

Region: 

Center 720 

787 . W 

991 . M

1032. W/M 

1089. M/S 

1107. M/S 

1195. S 

Region of 

overlap. 

1298. S 

1319. M/S

1418. W/M 

1430. M 

1457. M 

1643. W

}

}{
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Figure 5.2. X-band ESR spectrum of[Mg(Mn) (acetamide^CH^O^lC^.
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Figure 5.3. Q-band ESR spectrum of Ca(Mn)(acetamide)4Cl2.
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Figure 5.4. X-band ESR spectrum of Cd(Mn)(acetamide)2Cl2.
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CHAPTER VI.

COMPLEXES OF HEXAMETHYLENE BISACETAMIDE WITH METAL(II) HALIDES.

During recent years, much work has been devoted to test the

numerous chemical compounds which induce the differentiation of

64-66several types of malignant tumor cells . Among these agents.

Hexamethylenebisacetamide (HMBA) has a number of characteristics

which render it one of the most interesting and of greatest

67-69potential clinical use and it has now been entered in phase I

clinical trials, for the treatment of human cancers69 7U.

Although a tremendous amount of work has been done to under

stand the pharmacological and therapeutic roles played by HMBA67 76 

no attempt has been made to study the complexes of this compound 

with divalent metals. The X-ray crystal structure of HMBA has 

previously been reported71 and the amide groups were found in 

trans- configuration (A).

OH

I h2 h2 h2
H3C N C C C CV /  \  /  \  /  \  /  \  /  \

C C C C N CHc
H-- H' H'

H

(A)

139



This chapter discusses the preparation of a number of comp

lexes formed by HMBA with divalent metal halides. Present interest 

in this kind of complex arises due to the opportunity to study the 

coordinating ability of the clinically significant compound HMBA 

with biologically important metals, such as magnesium, calcium and 

the ions of the first transition series and also ions which are 

toxic, such as cadmium and mercury.

The following complexes of HMBA were prepared and their struc

tures were studied by using infra-red, reflectance, electron spin 

resonance spectroscopy and magnetic susceptibility.

IM(HMBA) ] [MX ] (M= Mri and Co; X= Cl or Br)
3 4

[Ni(HMBA)3][NiX^].nH20 (X= Cl; n= 2 and X= Br; n= 1)

Ni(HMBA)Cl2 .H20

Ni(HMBA)Cl . 3H 0
3 6 2

Cd (HMBA)X (X= Cl or Br)
3 6

M (HMBA)Cl (M= Cu, Cd and Hg)
2 4

Zn(HMBA)2Cl2 .H20

M(HMBA)2X2 IM= Mg and Ca; X= Cl or Br)

Infra-red Spectra.

The infra-red spectra of HMBA and its deuterated analogue have 

previously been studied in the range 4000-725 cm”1 and the

assignments of the bands have been made on the basis of their 

shifts on deuteration The present results are in good agreement

with those reported previously, but the study is extended to lower 

energy and assignments are made for the bands observed in the 

region 725-400 cm”1.
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In the infra-red spectra of secondary amides, low frequency 

absorption i.e. the amide IV, V and VI bands, have been assigned 

near 620, 700 and 600 cm"1 respectively73 74 and in the spectrum 

of HMBA these bands are identified at 630, 713 and 604 cm 

respectively. Amide V band originates due to NH deformation modes 

and amide IV and VI bands are due to skeletal modes. As with 

secondary amides , the position and intensity of amide IV band,

which originates due to N-C=0 deformation, did not change on 

deuteration but both the amide V and VI bands disappeared.

The characteristic infra-red spectral bands for all the 

complexes of HMBA, together with those of the free ligand and its 

deuterated analogue, are listed in Table 6.1. The inspection of the 

infra-red data suggests that the ligand molecules, in all of these 

complexes, have been coordinated with the metal ions through their 

carbonyl oxygen atoms. The criterion for the existence of such 

bonding in amide group containing complexes, is shifting of the 

carbonyl stretching frequencies (amide I bands) towards the lower 

side reflecting decreased bond order and the shifting of CN stret

ching bands (amide II and III) towards the higher frequencies. In 

all these complexes, the carbonyl stretching bands appeared at 

lower frequency than the free ligand and the amide II and amide III 

bands, which have considerable contributions from CN stretching 

vibrations, appeared at higher frequencies.

An important feature, in the infra-red spectra of Mn, Co,

Ni, Zn, Mg and Ca complexes, is the shifting of a strong band of 

ligand at 1476 cm , towards the lower frequency side on complex
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formation. This decrease in frequency on complex formation is more

than that observed for amide I bands and suggests that this band of

HMBA probably has considerable C=0 character. This result eliminates

the possibility of CN stretching character, as suggested previously

for this band, and supports the second idea that it could be due to

72an out-of-plane motion of the amide groups . In the spectra of Cd 

and Hg complexes this band appears at slightly higher frequencies, 

than free ligand, and suggests that in Cd and Hg complexes the 

ligand molecules appear in some what different conformation than 

that in other complexes. Similarly, amide VI band of the HMBA at 

604 cm \  which arises due to C=0 out-of-plane bending mode, 

appears at considerably lower frequencies in the spectra of Cd and 

Hg complexes, whereas it remains unchanged in other complexes.

Another important feature is the appearance of some extra 

bands in the infra-red spectrum of the complex Zn(HMBA)2C12.H^O 

(Table 6.1). The positions of these extra bands correspond with 

those of free ligand. It seems likely that in this complex, either 

the HMBA molecules are acting as monodentate ligand, coordinating 

through one of the two carbonyl oxygens, or only one of the two 

ligands is chelating with the Zn and the second molecule of HMBA 

is only hydrogen bonded.

E.s.r Spectra, Reflectance Spectra and Magnetic Susceptibilities.

The reflectance spectra of these complexes are measured over 

the range from 4000 cm to 30,000 cm ^. On the basis of their 

stoichiometry, reflectance spectra (Table 6.2), e.s.r. spectra 

and magnetic susceptibility data (Table 6.3), all the divalent
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metal complexes with 2:3 stoichiometry are assigned the mixed 

octahedral-tetrahedral structures and these complexes can correctly 

be formulated as [M(HMBA)^]LHX^] (M= Mn, Co and Ni; X= Cl or Br).

On the other hand, the complex NitHMBAjCl^H^O has essentialy a 

tetrahedral structure and the complex Ni^tHMBAKl^..3H^0 has 

chloride-bridged polymeric octahedral structure.

Manganese(II) halide complexes.

With manganous chloride and bromide, crystalline complexes of 

HMBA with 2:3 stoichiometry were prepared, but crystals suitable 

for an X-ray structural determination could not be obtained.

5
Due to the d configuration of Mn(II) ions, the observed

intensities of the electronic transitions from the ground state 

6S to the states of fourfold multiplicity are expected to be very 

weak and therefore difficult to detect, especially in the reflect

ance spectra of 0^ symmetry. However, the tetrahedral complexes 

have about 100 times higher intensities than octahedral ones76. The 

electronic spectra of manganese(II) complexes fall into three well 

defined regions.

In the reflectance spectra of these complexes of manganous 

halide the strong multiple transitions appear in the region 21000 

to 24000 cm 1 (Fig. 8.1), which can easily be assigned to the v̂  

band, caused by transitions to the states originating from the 4G 

term of the free ion. Another closely spaced group of transitions 

appears in the range 25000 to 2B000 cm ' and is designated band, 

originating from 40 and 4p terms of the free ion. The observed

143



electronic band energies for these complexes are very similar to

2 -

those of corresponding [HnX^] anions (X= Cl or Br) reported

previously77. Further, observed magnetic moments of about 5.9 B.M.

for both of these complexes confirm the presence of high spin d5

configuration of Mn(ll) ions. The observed spectral properties for

manganese(II) halide complexes lead to the conclusion that both of

2 -

these complexes contain the tetrahedral [MnX^] chromophores 

(x= Cl or Br) and can correctly be formulated as LMn(HMBA)[MnX^] 

(X= Cl or Br).

The e.s.r. spectra of these complexes consist of a broad band

centered at g „= 2 region, suggesting either considerable magnetic ef f

interaction between neighbouring metal ions or very regular cubic 

75symmetry . They are consistent with the formulation MnL^MnX^ in 

which both manganese ions are in fairly regular cubic environments. 

Small distortions would not be detected in these undiluted 

compounds.

Cobalt!II) halide complexes.

Despite variations in the ratio of ligand to metal salts 

used in the reactions, the only complexes which could be prepared 

from cobalt(II) chloride and bromide are of 2:3 stoichiometry. The 

reflectance spectra of these complexes are indicative of basically

tetrahedral structures, although there are several shoulders which 

also suggest the presence of an octahedral chromophore. It seems

possible that, like the manganous analogues, these complexes also 

contain the tetrahedral [CoX^]2 anions, with ColHMBA)32+ cations 

as the octahedral species.
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Figure 6.1. Reflectance spectrum of [Mn(HMBA>3][MnBr4].
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All the observed electronic spectral bands for these complexes 

are collected in Table 6.2. In both cases, very intense bands in 

the 4500-6500 cm”1 region are assigned to the transition 

( 1CF)--4A2) of cobalt(II) in a ligand field of Td symmetry. The 

V 1 transition ( S ^ —  *A2) nob ob3erved in either spectrum, but

this is not unexpected since this band may be quite weak in these 

complexes, and also be obscured by the strong ligand vibrational 

bands. For both compounds very intense multiple absorptions in 

the 13500-16500 cm-1 region are assigned to the v3 transition

i t  2-
( T (P)-- Ag) of tetrahedral [MX^] chromophore. The electronic

band energies, observed for these complexes, are very close to

2 -  7 8those of the ICoX^] anions, published previously

In the CoBr^ complex, a band appears around 7500 cm \  which

can easily be assigned to the v^ transition (*T g(F)--S g(F)) , of

2 +an octahedral [Co (HMBA)3] chromophore. The v3 transition 

4 4l T^glF) —  T glP)), in octahedral cobalt(II) complexes appears 

around 20000 cm 1. In the chloride complex this band appears at 

19100 cm \  but it is difficult to assign the exact position of 

this band in the spectrum of bromide complex, due to the admixture 

of spin forbidden transitions to doublet states.

Like their electronic spectra, the observed magnetic moments 

of 4.74 B.M. (chloride) and 4.84 B.M. (bromide) also support the 

same conclusion, i.e. the mixed octahedral-tetrahedral structures, 

[Co (HMBA)33ICoX^] (X= Cl or Br). The experimental magnetic moments 

are nearly equal to the root-mean-square of the magnetic moments 

expected for the individual species.
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Nickel(II) halide complexes.

With nickel!II) chloride and bromide, HMBA formed the 

complexes Ni2(HMBA^Cl^.ZH^O, Ni^(HMBA)^Br^.H20 , Ni(HMBA)Cl2.H20 

and Ni3(HMBA)Clg.3H20. Similar to their manganese and cobalt 

analogues, the reflectance spectra of nickellll) complexes, with 

2:3 stoichiometry, suggest mixed octahedral-tetrahedral structures 

and can correctly be formulated as [NilHMBA)^]LNiX^I (X= Cl or Br).

The intense, multiple absorptions in the 13000-16000 cm 1

3 3region, are then assigned to the ( 7 CF)—  T^lP)) transition of

Nil II) in T symmetry. The relatively weaker but still strong band d

found between 7000-7500 cm 1, for both of these complexes, are

3 3 2-assigned to the v_ ( T.(F) -- A_(F)) transition of LNiX.] chromo- 2 1 2  4

phores. There are some additional weak absorptions below 5000 cm \

3 3which undoubtedly arise from the ( T CF)—  T2(F)) transition,

but the band maximum can not be measured with certainty because of

the ligand vibrational bands in this region. The electronic band

2 -

energies assigned to LNiX^] anions, in these complexes, are

again fairly close to the values previously reported for tetrahalo

79nickelate(II) anions

The bands observed in the region 20000-24000 cm * are assigned

3 3 2 +to the v3 ( T^IP)-- Agg) transition of octahedral [Ni (HMBA)3]

chromophore. The magnetic moments of these complexes are also in

line with the proposed structures.

The electronic spectrum of the complex Ni(HMBA)Cl .H 0
2 2

suggests essentially a pseudotetrahedral stereochemistry (Fig. 6.2),



and the magnetic moment of 3.72 B.M. is in agreement with this.

The transition is assigned to strong, multiple bands in the 

14000-16000 cm-1 and the vtransition occurs at 7800 cm 1. Alth

ough the exact position of the transition could not be measured

with certainty the unsplit nature of the v3 band, in this complex, 

indicates an electronic symmetry not much lowered from T . The 

occurrence of a tetrahedral nickel(II) complex containing water 

is unusual. It is not clear whether it is coordinated or hydrogen 

bonded.

With nickel(II) chloride, a yellow complex of stoichiometry

Ni„(HMBA)Cl .3H o is prepared. The electronic spectrum of this 3 6 2

complex suggests essentially an octahedral structure, with A 

-1 3 3ca: 6900 cm . The A -- T (F) transition (v2) is assigned to

-1 3 3bands around 11500 cm . The A„ -- T. (P) transition (v„) appears2g 1g 3

around 22000 cm 1. A band observed at 27000 cm 1 in the spectrum

of this complex most probably arises due to charge transfer. The

weak ligand field is consistent with coordination through the

60carbonyl oxygens of the ligand . The spectrum of this complex is

81 — 1rather similar to that of Ni(Py)Cl2 (A= 7000 cm ), which has a

8 2polymeric, chloride-bridged, octahedral structure

Although, the magnetic moment of 3.33 B.M., observed for 

this complex, seems slightly high for an octahedral environment, 

it is very close to the values previously observed for halide- 

bridged, polymeric, octahedral complexes81.

All these results lead to the conclusion that the structure 

of complex Ni^tHMBAJClg.31^0 is based on NiCl^ chains, with HMBA
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Figure 6.2. Reflectance spectrum of Ni(HMB A)Cl2.H20.



bonded to some of the metal ions and probably the water molecules

filling the empty coordination sites.

Copper(II) chloride complex.

With copper(II) chloride a single complex of stoichiometry 

Cu2(HMBA)C1; was formed. The e.s.r. spectrum of this complex 

exhibits a very broad g = 2 signal, indicating the presence of 

magnetic exchange coupling in the lattice.

Because of the relatively low symmetry of the environments in 

which the copper(II) ions are characteristically found, the 

detailed interpretation of the reflectance spectrum of Cu2(HMBA)C1^ 

is very difficult. It shows a very broad band in the 650-850 nm 

region and the resolution of this band into the proper number of 

sub-bands, with correct positions, is not possible. A strong band 

at 370 nm and a shoulder around 400 nm, in the spectrum of this 

complex, probably appear due to charge transfer.

Magnesium and calcium halide complexes.

In an attempt to study the e.s.r. spectra, all the complexes 

of magnesium and calcium halides were prepared doped with 1Z of 

manganese(II) ions but their spectra at both the X- and Q-band 

frequencies are of very poor quality. Most of the observed bands 

are broad totally lacking any hyperfine splitting. This leads to 

the conclusion that none of these complexes could be doped with 

Mn(II) ions and were only mixed with pure manganese complexes.
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EXPERIMENTAL

Hexamethylenebisacetami.de.

This compound was prepared by previously reported method

Finely powdered diaminohexane (11.6 g; 0.1 mole) was covered with

3excess of acetic anhydride (18.8 cm ) and the mixture boiled 

under reflux for one hour to complete the reaction. The acetic 

acid produced and the remaining acetic anhydride were distilled 

off at 150°C. On cooling, white needles separated, which were 

recrystallised from ethanol and dried in vacuo.

[M(HMBA)^][MX^l(M= Mn and Co; X= Cl or Br).

These complexes were prepared by dehydrating the corresponding 

metal(II) halide (0.001 mole) in ethanol:2,2-dimethoxypropane (10
3

cm ) and adding a warm solution of HMBA (0.003 mole) in ethylacetate
3

(30 cm ). The precipitates thus formed were filtered off, washed 

with ethyl acetate and dried in vacuo.

(Nit HMBA) 3HNiCl^].2H20.

This complex was prepared by dehydrating the nickel(II) chloride
3

hexahydrate (0.001 mole) in ethanol:2,2-dimethoxy propane (10 cm )

and adding a warm solution of HMBA (0.004 mole) in ethyl acetate 

3(30 cm ). The reaction mixture was then refluxed for four hours

and the turquoise precipitate thus formed was filtered off, washed 

with ethyl acetate and dried in vacuo.

[Ni(HMBA)3HNiBr4].H20 .

This complex was prepared by a method similar to that for

83
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the analogous manganese complex.

Ni(HMBA)Cl_.HnO.
2 2

A warm solution of nickel(II) chloride hexahydrate (0.001 mole) 

in ethanol was added into a warm solution of HMBA (0.002 mole) in 

ethyl acetate. The reaction mixture was refluxed for three hours 

and turquoise precipitate thus formed was filtered off, washed with 

ethyl acetate and dried in vacuo.

Ni (HMBA)Cl .3H O.3 6 2

A warm solution of nickel(II) chloride hexahydrate (0.001 mole)

3in ethanol (10 cm ) was added to a warm solution of HMBA (0.003 mole)
3

in ethyl acetate (40 cm ). The resulting solution was refluxed 

until the complete precipitation of yellow complex, which was then 

filtered off, washed with ethyl acetate and dried in vacuo.

Cu2(HMBA)Cl4.

This complex was prepared by the same method used for the

complex Ni (HMBA)Cl .3 6

Cdg(HMBA)Cl^.

This complex was prepared in a similar manner to that of 

analogous copper complex, except that the CdCl2.2.5H20 and HMBA 

ratio was 1:6 respectively.

Cd3(HMBA)Xg:- (X= Cl or Br).

The warm solutions of hydrated cadmium halides (0.001 mole)
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3
in ethanol (20 cm ) were mixed with the warm solution of HMBA

3
(0.002 mole) in ethanol (30 cm ) and the reaction mixtures were

allowed to evaporate at room temperature. Next day the white

precipitates formed, which were then filtered off, washed with

oabsolute ethanol and dried in vacuo at 110 C.

Hg2(HMBA)Cl4.

HgCl2 (0.001 mole) and HMBA (0.003 mole) were dissolved in
3

water (30 cm ) and refluxed for three hours. The reaction mixture

was allowed to evaporate at room temperature. After several days

white crystals were formed which were filtered off, washed with

odiethylether and dried in vacuo at 110 C.

Zn(HMBA)2C12 .HgO.

A warm solution of zinc chloride (0.001 mole) in ethylacetate
3

(10 cm ) was mixed with warm solution of HMBA (0.002 mole) in
3

ethylacetate (30 cm ). The reaction mixture was refluxed for half 

an hour and the oily liquid thus formed was converted into white 

powder on drying in vacuo over p2°5-

M(HMBA)2X2 (M= Mg and Ca; X= Cl or Br).

All of these complexes were prepared by dehydrating the 

corresponding metal halides (0.001 mole) in acetone:2,2-dimethoxy 

propane and adding a warm solution of HMBA (0.003 mole) in acetone 

The reaction mixture was then refluxed for 16 hours and the white

precipitates thus formed was filtered off, washed with acetone and 

dried in vacuo.
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Table. 6.1

Characteristic infra-red spectral bands of HHBA complexes.

Complex C=0 Str. 
(amide I)

anu do 
band

i i LH Du-fur. 
C=0 Char.

a nude 
band

III

164B Sh
HHBA 1631 VS 1537 S 1475 S 1285 M

HHBA (Deuterated) 1625 VS 1422 S 1478 S 1137 H
1462 S

IHn(HHBA) HHnCl ] 
3 4

1627 VS 1564 s 1437 S 1303 H

[Hn(HHBA)]lHnBr ] 3 4 1625 VS 1563 s 1438 S 1302 H

ICo (HHBA)3JLCoC14] 1620 VS 1564 s 1437 S 1303 H

LCo(HHBA)]tCoBr ] 3 4 1 61 B VS 1561 s 1438 S 1301 H

tNi(HHBA) ] LNiCl ].2H 0 
3 4 2 1621 VS 1562 s 1430 S 1301 H

lNi(HHBA)33lNiBr4].H20 1620 VS 1556 s 1435 S 1301 H

Ni(HHBA)Cl2.H20 1619 VS 1564 s 1438 S 1304 H

NilHHBA)Cl .3H_0 3 6 2 1627 VS 1565 s 1438 S 1308 H

c u2(h h b a)ci4 1596 VS 1569 s 1480 S 1303 H
1442 s

Zn(HHBA)Cl.HO 2 2 2 1627 VS 1580 s 1475 s 1287 H
1609 VS 1538 s 1432 s

Cd3(HHBA)Clg 1635 VS 1554 s 1486 s 1290 H

Cd3(HHBA)Brg 1635 vs 1548 s 1485 s 1289 H

Cd2(HHBA)Cl4 1635 vs 1565 s 1485 s 1297 H

(Continued)
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Hg2(HMBA)Cl4 1632 VS 1568 Sh 14B5 S 128B M 
15 3 8 S

Mg(HMBA»2Cl2 1641 VS 1572 S 1433 S 1302 M

Mg(HMBA) Br 2 2 1630 VS 1564 S 1436 S 1309 M

Ca(HMBA)2Cl2 1633 VS 156B S 1435 S 1297 M

Ca(HMBA) Br_ 2 2
1635 VS 1565 S 1435 S 1305 M
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Table 6.2.

Reflectance spectra of HHBA complexes .

Complex Absorption maxima (cm 1).

[Mn(HMBA)_][MnCl ] 3 4 26400 S. 23200 Sh, 22500 M.

[Mn(HMBA)^][MnBr^] 26300 VS, 23000 Sh, 22300 S. 21500 Sh.

(Co(HMBA)JLCoCl ] 3 4 25000 W, 22700 W 19100 M. 16300 Sh,

1 5800 Sh, 14950 S, 14400 VS. 6190 H,

5585 M, 4950 M.

[Co(HMBA) 31CoBr ] 3 4 25300 W, 23500 VW, 21650 W, 15600 Sh,

14925 Sh, 14500 vs, 13900 Sh, 7400 Sh,

5600 M, Broad absorption 5000-4000.

LNi(HMBA)3][NiCl4].2H20 23600 M, 16650 Sh, 16400 Sh, 15820 Sh,

14250 VS. 7450 SBr.

[Ni(HMBA)3]LNiBr^].H20 27400 VS. 16900 M, 15400 Sh. 14BOO VS,

13300 M, 10750 Sh, 7100 S.

Ni(HMBA)Cl2.H20 15650 S. 14330 vs, 11735 Sh, 7800 S.

Ni(HMBA)C1.3H0 3 b 2 26900 M, 22100 S, 12900 Sh, 11550 M,

6900 IMBr.

Cu2(HMBA)C14 12790 VBr, 21050 Sh, 25770 S-
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Table 6.3.

Room temperature magnetic properties for HMBA complexes.

Complex T

l°K)

X ^(per metal ion)

3 -1 -11 (m mol xlO )

P (per metal eff. ion)
(B.M.)

[Mn(HMBA)_]LMnCl ] 3 4 297 18444 5.90.

LHn(HMBA) 1LMnBr,] 3 4 295 19012 5.96.

ICo (HMBA)]ICoC1 ] 3 4 297 11930 4.74.

[Co(HMBA) ]LCoBr ] 3 4 297 12416 4.84.

LNi(HMBA) UNiCl.] 295 7450 3.73.
2H20. 3

[Ni(HMBA) 1LNiBr 1 296 6588 3.52.
h 2o .

Ni(HMBA)Cl_.H_0 2 2 297 6735 3.56.

Ni (HMBA)Cl .3H 0 3 b Z 297 5871 3.33.



CHAPTER VII.

PREPARATIONS AND ESR SPECTRA OF THE COMPLEXES OF

AMINO ACIDS WITH 6R0UP II METALS.

Of all the possible model studies of metal ions with

biologically important ligands, those relating to metal-amino acid

84interactions have been the longest studied . As the proteins 
a

contain the same type of donor groups therefore, amino acids 

complexes act as models for the metal binding sites on proteins.

Although a large number of complexes of transition metals

containing amino acids, as ligands, have been synthesized and

X-ray crystal structures of most of them have been reported 

85previously , those of alkaline earth metals have received very 

little attention. Only a few complexes of magnesium and calcium 

have been reported previously and some of them have been used as 

chemotherapeutic agents.

In this chapter the preparations of a number of complexes of 

magnesium and calcium halides with several amino acids, such as, 

Gly, p-Ala and L-Pro are reported. The structures of all these

complexes, together with previously reported complexes of cadmium 

and zinc with Gly, Gly-Gly, L-Pro, 4-Hyp and L-His (Fig. 7.1), are 

studied by means of the e.s.r spectra of manganese(II) ions doped 

into the their lattices.
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oII
H2N----CH2----- C-----OH Gly

O

H2N ----CH2— CH2 C OH P-Ala

O O

H2N  CH2-----C— NH CH2 C OH Gly-Gly

O

r C

CH2— CH---- C-----OH
I

n h 2

L-His

N
H

Figure 7.1. Amino acids structures and abbreviations.

(Note: Amino acids exist as zwitterions both 

in the solid state, and their complexes).
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Complexes of amino acids with alkaline earth metals.

The complexes of amino acids with alkaline earth metals which 

have been prepared doped with 1Z of manganese(II) ions include:

Ca (L-Pro) gClg • CatGly)^ (X= Cl or Br), Ca(Gly)2Cl2.2H20,

HglGly)2X2.2H20 (X= Cl or Br), Mg(L-Pro)4Cl2.5H20, Mg(L-Pro)4Br2. 

4H20, Mg(Gly)2(N03)2.4H20 and Mg(p-Ala)Cl2.4H20.

The X-band spectra for all these complexes are of good quality 

but very complicated and difficult to interpret. For the complexes 

Ca(L-Pro)2Cl2, Ca(Gly)4Cl2 and Ca(Gly)4Br2 the overlapping of 

transitions could be seen over a wide range of magnetic field 

(Fig. 7.2). The highest band observed around 825 mT, in the X-band 

spectrum of Ca(L-Pro)2C12 suggests a D value of about 0.120 cm 

Like their acetamide analogues (Chapter V), in the X-band spectra 

of Ca(Gly),X_ (X= Cl or Br), many more lines are observed than 

can be accounted for by a single set of zero field splitting 

parameters, D and A, and suggest the presence of manganous ions 

in more than one environment. This was confirmed by the Q-band 

spectra (See below).

In contrast to the anhydrous complexes, the X-band spectra of

all the hydrated complexes of calcium and magnesium are of the same

general type, with the strongest bands appearing in the g „ = 2ef f
region (Fig. 7.3), indicating much lower D values for them.

The Q-band spectra for all these amino acids complexes of 

alkaline earth metals are very well resolved (Figs. 7.4-7.5) and, 

therefore, were used to obtain the values of D and A (Tables
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7.2-7.4). In the Q-band spectrum of Ca(Gly) Cl , at least four4 £

pairs of transitions at the extremities of the spectrum are well 

resolved. The positions and intensities of these transitions appear 

to indicate unequal distribution of manganese(II) ions between two 

lattice sites characterized by the zero field splitting parameters:

0= 0.082 cm-1, A= 0.178 and D= 0.086 cm 1, A= 0.144.

In the Q-band spectrum of Ca(Gly)^Br2< again the number and 

intensities of observed transitions suggested unequal distribution 

of Mn(II) ions between two lattice sites but the intensities for 

one of these sites were very weak and the exact value of D and A 

for this lattice could not be determined. Ihis would appear there

fore to be an impurity present in small quantity.

Only for the complex Ca(L-pro)2Cl2, could the sign of D be 

determined, at Q-band frequency, as for the diacetamide complexes 

(Chapter IV), from the variations in the average hyperfine spacing 

of the sextets with the magnetic field parallel to the Z-axis.

Ca(Mn)(L-Pro)2Cl2.

2-1 707.2 mT A| = 9.2 mT.( |ave

6-5 1717.2 ml 1 A l = 9.7 mT .I |ave

From these figures it is concluded that D is positive. For

other complexes, due to overlapping of transitions, it was

possible to determine the sign of 0 at either of the two frequen

cies, therefore, the assignments 1-6 in the tables are made for 

positive D.
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The values of D and A for these complexes are listed in 

Table 7.1. The observed value of D= ♦ 0.118 cm 1 and A= 0.087, for 

Ca(Mn)(L-Pro)2Cl2, is consistent with a trans- CaO^Cl2 chromophore. 

The D value is closely similar to that found for manganese!II) ions 

in the corresponding biuret complex Ca(Mn)(biuret)2C12 . for which 

D= 0.121 cm~1 and A= 0.023 (Chapter II). It confirms that, like 

Ca(Mn)(biuret)2C12, this complex also has an octahedral structure, 

with each metal ion surrounded by four oxygen atoms and chlorides 

occupying the trans- positions. The comparatively higher A value 

for L-Pro complex suggests quite considerable asymmetry in the 

X/Y plane.

For complexes Ca(Gly)^X2 (X= Cl or Br), the observed values 

of D and A suggest that these complexes have distorted octahedral 

structures, with coordinated halide ions. The D value found for 

the bromide complex is greater than for the chloride analogue, as 

expected. The A value for bromide complex is very small, suggesting 

symmetry for this complex, but the high values of A for the 

chloride imply quite considerable rhombic distortion.

For Ca(Mn)(Gly)2C12.2H20 and for all the hydrated magnesium 

complexes the observed values of D and A are consistent with a 

coordination sphere of six oxygens, and are very similar to those 

of corresponding urea complexes [M (urea)^(H20)2]X2 (Chapter III).

The zero field splitting parameters for Mg(Gly*2tN03* 2 '4H2° 

and Mg(p-Ala)Cl2.4H20 are closely similar indicating identical 

structures for both of them. These complexes have not been 

reported previously but a similar complex of zinc with formula
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[Zn (fi-Ala) (H 0) 3(NO ) has been reported, and its X-ray crystal 
2 2 4 3 2

structure showed that each metal ion was octahedrally coordinated 

by four water molecules and the p-Ala molecules were occupying 

trans- positions, coordinating through their carboxyl oxygen 

atoms . This Zn complex was made doped with 1Z of Mn(II) ions and 

its e.s.r. spectrum suggested a very low value of D, even lower 

than 0.02 cm V  The observed values of D for both of these hydrated 

magnesium complexes are also very small and suggest that, like zinc 

complex, in both of these magnesium complexes probably all the four 

water molecules are coordinated to metal ions and these complexes 

can correctly be formulated as [Mg (Gly) (H20) ](NO^) and 

[Mg (p-Ala)(H 0) ]C1 .

For complexes Mg(Mn)(L-Pro) Cl_.5H 0 and Mg(L-Pro) Br0.4H 0,4 2 2 2 2 2

identical values of D and A, eliminate the possibility of halide

2 +coordination and the low values of D are consistent with an MgO6

chromophore, but it was not possible to find the exact number of 

L-Pro and water molecules coordinated with metal ions.

Complexes of amino acids with cadmium chloride.

The complexes of amino acids with cadmium chloride are well

known and the crystal structures of most of them have previously 

8 7 " 9 0been studied . The structure determinations of the complexes

Cd(L-Pro)Cl2.H20 and Cd(4-Hyp)Cl2, by X-ray diffraction, revealed

both structures to be that of chloride-ion-bridged polymers with

B 7 — B Boctahedral co-ordination of the cadmium . Each cadmium ion has 

four chloride ions co-ordinating in a plane and from the trough
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positions in the zigzag folding structure, the two carboxyl oxygen 

atoms of ligands co-ordinate to the two cadmium atoms. For both of 

these complexes, all the angles around the Cd were approximately 

90° and all of the Cd-Cl distances were equal.

The structures of Cd(Gly)2Cl2 and Cd(Gly-Gly)2C12 have also

been studied by X-ray diffraction. In Cd(Gly)2Cl2, each cadmium

atom co-ordinates octahedrally with three chloride atoms and three

8 9carboxyl oxygen atoms . On the other hand, in Cd(Gly-Gly)2C12 each

metal atom is surrounded octahedrally by two chlorine atoms and

90four carboxyl oxygen atoms from Gly-Gly . For the latter complex, 

the Cd-Cl distances (2.56°A) were equal and two of the four Cd-0 

distances (2.60 and 2.43°A) are also rather similar to Cd-Cl 

distances, where as, the remaining Cd-0 bonds (2.25 and 2.29 °A) 

are considerably smaller.

Thus for these cadmium chloride complexes of amino acids there 

would be three different environments around the cadmium atoms.

1. cdo2ci4 (Pro and 4-Hyp complexes)

2. CdO Cl 3 3 (Gly complex)

3. Cd04Cl2 (Gly-Gly complex)

In order to see the effects of various environments around 

the cadmium, on the zero field splitting parameters, D and A,

these complexes of cadmium chloride were prepared doped with 1Z of 

mangenese(II) ions and their e.s.r. spectra were measured at both, 

the X- and Q-band frequencies.

At X-band frequency, the spectra of all these complexes are
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very complicated, with overlapping of transitions, and therefore, 

difficult to interpret. The spectra of complexes Cd(L-Pro)Cl2.H20 

and CdU-Hyp)Cl2 are very similar to one another but entirely 

different from that of Cd(Gly)2Cl2.

At Q-band frequency, they all gave good quality and very well 

resolved spectra (Figs. 7.6-7.7) which were therefore used to 

determine the values of D and X (Tables 7.5-7.6).

Like Ca(L-Pro)2C12, in these amino acid complexes of cadmium 

chloride, the variations in the average hyperfine spacing of the 

sextets were sufficient, at Q-band frequency, that the sign of 

D could be determined from the 6-5 and 2-1 transitions with 

the magnetic field parallel to the Z-axis. The figures for 

Cd(Mn)(4-Hyp)Cl2 are:

775.5 ml A| Jave 9.1 ml

1645.1 ml I Al1 lave 8.7 mT

Very similar values were found for the complexes Cd(L-Pro)Cl2. 

H^O and Cd(Gly-Gly)2C12. D for these compounds is therefore 

negative. For the complex Cd(Gly)2Cl2, it was not possible to 

determine the sign of D, due to the overlapping of Z-axis transi

tions with those of the X- and Y-axes transitions (Fig. 7.6).

The values of D and A, for these amino acids complexes are 

collected in Table 7.1. The closely similar values of D and X 

observed for Cd(L-Pro)Cl2.H20 and Cd(4-Hyp)Cl2 are as expected, 

due to their very similar X-ray crystal structures. These figures 

are consistent with the values (D= 0.100 cm"1, A= 0.030) found for
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corresponding chloride-bridged acetamide complex Cd(acetamide)2C12

(Chapter V). The D values for both of these amino acids complexes

33 -1
are less than for the pyridine analogue (D= 0.125 cm ), despite 

the fact that the Cd-0 distance (2.32°A), for both of these 

complexes, is closely similar to the Cd-N distance in the pyridine 

complex (2.35°A). This result is in line with general observation 

found in this work that the D value decreases when the nitrogen- 

coordinated ligand, pyridine, is replaced by oxygen-coordinated 

ligands, L-Pro and 4-Hyp.

The negative sign of D observed for both of these complexes 

suggest the tetragonal compression of an octahedron i.e. the 

ligand field on the Z-axis is stronger than that on either the X- 

or Y-axes. This result is again consistent with the chloride- 

bridged structure and the Z-axis Cd-0 bonds would have the 

stronger ligand fields than the X- and Y-axes Cd-Cl bonds.

In contrast to the chloride-bridging complexes, Cd(Gly)2Cl2 

has D= 0.0905 cm 1 and A= 0.320. The value of A (0.32) for this 

complex is extremely high, approching the maximum of 1/3 and 

indicates considerable asymmetry in the X/Y plane, suggesting 

quite appreciable rhombic distortion. The higher values of D and 

A observed for this complex are consistent with its meridional 

geometric structure, in which the three axes have different types

of donor atoms sets i.e. Cl-Cd-Cl, Cl-Cd-0 and O-Cd-O89. In a 

perfect meridional octahedron a value of 0.333 would be predicted.

For a facial geometry each axis would have the same donor atoms set 

i.e. Cl-Cd-0, resulting in lower D and A values.
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The D value found for CdlGly-Gly) Cl^ is slightly higher than 

for the chloride-bridged cadmium complexes but of the same order 

of magnitude. The negative sign of D observed for this complex is 

in agreement with the cis- arrangement found by X-ray diffraction. 

The unique axis has two oxygen donor ligands, and therefore a 

stronger crystal field than the X- and Y-axes. The octahedron is 

therefore compressed. The D value is lower than would be expected 

for a trans- arrangement.

Complexes of L-His with zinc and cadmium.

Histidine is an optically active a-amino acid that occurs in 

its laevo form in many proteins. It has four possible sites at 

which a metal could become complexed. It is important biochemically 

since it is likely by virtue of its basic chelating characteristics 

that the histidyl group is present at the active or allosteric 

sites of certain enzymes. It differs from the other amino acids 

studied here, in that it is behaving as an anion in the complexes.

The complexes of L-His with zinc and cadmium, which are made

doped with 1Z of manganese(II) ions and discussed here are:

M(L-His)^•ZH^O and M(L-His) (M= Zn and Cd). Complexes of Zn and

Cd, with the general formula MtL-HisJ^^H^O, have previously been

52-53prepared and their crystal structures have been determined

In both cases the unit cells were found to be very similar, and the 

framework of hydrogen bonds, holding the molecules together, was

the same. In the zinc complex, metal ions were primarily coordinated 

tetrahedrally to four nitrogens at 2.05 and 2.04°A and very loosely 

associated with two oxygens at 2.79°A52. In the analogous cadmium
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complex the Cd-N distances have increased to 2.26 and 2.25 A. The

increase was to be expected from the increase in ionic radius of

the metal, but the Cd-0 distance at the same time decreased to 

o2.49 A and these changes allowed this complex to be more

realistically described as six-coordinate with a cis- arrangement

of oxygens. However, the shape of the coordination group around

53cadmium was still very far from a regular octahedron

0

The spectra of all these complexes, measured at both X- and Q- 

band frequencies, are of very good quality (Figs. 7.6-7.9). Due to 

the extensive overlapping of transitions, at X-band frequency, it 

was not possible to determine the values of D and A, however, the 

highest band observed around 715 mT, in the spectra of complexes 

M(L-His) .2H20 (M= Zn and Cd), suggested D values of about 0.09 

cm '. The Q-band spectra of the complexes are very well resolved 

and were used to determine more precise values of D and A.

As for Ca(Mn)(L-Pro)^Cl^. in the Q-band spectra of the 

complexes Cd(Mn)(L-His)2.2H20 and Zn(Mn)(L-His) , the variations 

in the average hyperfine spacings of the sextets were sufficient 

that the sign of D could be determined, and it is found to be 

negative.

Cd(Mn)(L-His)2.2H20.

IAI = 8.5 mT| |ave

|A|ave * 8-3 mT

I*lave ■ 8'7 mT
Nave * 8 4 ml

6-5 819.7 mT

2-1 1596.3 mT

Zn(Mn)(L-His)2.

6-5 906.0 m7

2-1 1509.9 mT
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The values of D and A for all these L-His complexes of zinc

and cadmium are collected in Table 7.1. The 2 ero field splitting 

parameters of complexes M(L-His) . 2 ^ 0  IM= Zn and Cd) are closely 

similar to one another but entirely different from those of the 

anhydrous analogues. They suggest quite considerable deviation 

from regular symmetry, as would be expected from the crystal 

structures.

The negative sign of D found for these hydrated complexes

suggest that the principal D tensor axis lies along the two metal-

nitrogen bonds as would be expected from the crystal structure.

The sizeable rhombic distortion shown by the higher A values found

ofor these complexes are probably due to deviations from the 90 

angle expected. Further, the comparatively lower value of A 

observed for cadmium complex is also consistent with the X-ray 

crystal studies.

The similarity of structures between M(L-His)2 (M= Zn and 

Cd) is quite clear from their identical values of D and A. These 

figures are distinctly lower than for the hydrated analogues, 

suggesting geometries tending, most probably, towards regular 

octahedral structures. Again the negative sign of D observed for 

these complexes suggests that, like their hydrated analogues, in 

these complexes the principal D-tensor axis lies along the line 

of two Cd-N bonds, and that coordinated oxygens from the carboxyl 

groups are in cis- positions.

From these results it appears that in complexes M(L-His) .2H 0
2 2 *

the hydrogen bonding, between the carboxyl oxygens and the water
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hydrogens, is playing an important role in maintaining their

structures. On dehydration, due to the absence of hydrogen 

the carboxyl groups of L-His molecules become free to move 

probably come closer to the central metal ions. Ihis would 

in more regular octahedral structures and the lower values 

X observed for the anhydrous complexes.

bonding. 

and most 

result 

of D and
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EXPERIMENTAL.

Complexes of Mg and Ca.

All the amino acid complexes of Ca and Mg were prepared by

using the same general method. The equimolar ratios of metal salts

and amino acids were dissolved separately in the minimum of water.

The solutions were mixed and allowed to evaporate at room

temperatures. The white precipitates thus formed were dried in

vacuo over P„0,_.2 5

CdLCl2 (L = L-Pro and 4-Hyp).

To an aqueous solution of ligand (0.02 mole), CdCl2.2.5H20

(0.02 mole) was added. The resulting solution was stirred for six

o
hours on a water bath at 70 C. The white precipitates thus formed

owere dried in vacuo at 50 C.

Cd(L)2Cl2 (L= Gly and Gly-Gly).

Both of these complexes were prepared by a method similar to 

that for Ca and Mg complexes.

M(L-His)2.2H20 (M= Zn or Cd).

Metal carbonate (0.01 mole) was added to an aqueous solution

of L-histidine (0.04 mole) and the mixture was heated. Carbon 

dioxide was evolved. The resulting solution was filtered off and 

allowed to cool at room temperature for several days. The fine 

crytals thus formed were dried at room temperature.
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M(L-His) (M= Zn or Cd).
2

Both of these complexes were prepared by drying the 

corresponding hydrated complexes at 100°C for 16 hours.
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Table. 7.1.

Zfs parameters of Mn(II) in amino acids complexes.

COMPLEX. D (cm 1) A

Ca(L-Pro)2Cl2 + 0.118 0.087.

Ca(Gly) Cl
r  0.082 0.178.

* c \^0.08B 0.144.

Ca(Gly)4Br2 0.240 0.007.

[Ca IGly)2(H20)2JCl2 0.035 0.285.

Mg(L-Pro)4Cl2.5H20 0.053 0.150.

Mg(L-Pro)4Br2.4H20 0.053 0.150.

[Mg (Gly)2(H20)21C12 0.043 0.215.

[Mg (Gly)2(H20)23Br2 0.033 0.200.

[Mg (Gly)2(H20)4](N03)2 0.026 0.200.

[Mg (P-Ala)(H20)43C12 0.025 0.180.

Cd(L-Pro)Cl2.H20 - 0.109 0.033.

Cd(4-Hyp)Cl2 - 0.102 0.014.

Cd(Gly)2Cl2 0.091 0.320.

Cd(Gly-Gly)2Cl2 - 0.119 0.050.

Zn(L-His) .2H20 0.092 0.179.

Cd(L-His)2.2H20 - 0.091 0.126.

Zn(L-His)2 - 0.071 0.090.

Cd(L-His ) 2 0.074 0.050.
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Table. 7.2

Calculated for D= 0.118 cm 1, A= 0.087.
Observed. ______________________________________________

(v= 33.890 GHz) B. T.P. Field Direction Levels.

266.9 W 

452.0 W 

517.2 M 

Region:

602- W

Q-band ESR spectrum (mT) of Ca(Hn)(L-Pro)2Cl2.

707.2 W 706.1 5.21 Z 2--1 .

907.9 W 907.6 4.07 Y 6--5.

959.1 M 957.9 8.20 Z 3--2.

T1042.6 3.94 X 6--5.
1042.8 M/S

\j04 2.7 7.06 Y 5--4 .

1101.5 M 1101.6 6.97 X 5--4.

1180.5 S 1180.0 8.73 X 4--3.

1189.0 S 1189.7 8.69 Y 4--3 .

1211.2 S 1210.1 9.07 Z 4--3 .

Region: 1281.2 8.71 X 3--2.

1354.1 S/M 1352.7 8.53 Y 3--2.

1411.3 M 1409.9 6.17 X 2--1 .

1463.2 M 1462.9 7.91 Z 5--4.
1538.2 W 1537.1 5.95 Y 2--1 .

1717.2 W 1716.5 4.84 Z 6--5.
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Table. 7.3.

Q-band ESR spectrum (mT) of Ca(Mn)(Glyl^Clg.

Calculated 
A= 0

for
.144

D= 0.086 cm 1I

Observed
33.900

Calculated
A=

for D= 0.082 
0.178.

-1cm

Levels Field Direc. B. (v= GHz) B. Field Direc. Level:

438.0

2--1 Z 843.5 843.9

862.6 863.1 Z 2--1 .

949.8 949.0 Y 6--5.

6 - - 5 Y 1026.4 1027.5

1036.8 1035.8 Z

CM11m

5- - 4 Y 1074.6 1073.4 1073.4 Y 5--4 .

5--4 X 1148.3 1148.3

4 --3 X 1192.7 1194.0 1193.5 X 4--3 .

4 --3 Y 1201.0 1201.3 1202.7 Y 4--3 .

4 - - 3 Z 1209.9 1210.0 1209.5 Z 4 - - 3 .

3 - - 2 Y 1335.0 1337.0

1340.0 1338.4 Y 3--2.

1385.0 1384.3 Z 5--4.

5 - - 4 Z 1394.2 1394.0

2--1 Y 1478.6 1479.5

1482.5 1481.9 Y 2--1 .

1561.8 1560.7 Z 6--5.

6--5 Z 1579.8 1561.0
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Table. 7.4

Q-band ESR spectrum (mT) of MglMn)(L-Pro)^Br2.4H20

Calculated for D= 0.053 cm’1, A= 0.150.
Observed.

(v = 33.900 GHz) B. T .P. Field Direction Levels.

419.3 W

613.6 W

640.3 W

662.6 W

986.9 W 986.4 5.15 Z 2- -1 .

1050.8 W 1050.2 4.60 Y 6--5.

1096.1 M 1098.3 8.13 Z 3--2.

1129.2 M 1127.5 7.64 Y 5 - - 4 .

1152.8 4.48 X 6--5.

1175.0 M/S 1176.0 7.55 X 5--4 .

1205.3 S 1204.1 8.95 X 4--3.

1207.7 S 1207.3 8.94 Y 4 - - 3 .

1211.0 S 1210.5 9.02 Z 4--3.

Region: 1237.3 8.40 X 3 - - 2 .

1276.0 5.55 X 2--1 .

1289.2 S/M 1289.8 8.27 Y 3--2.

1325.8 M 1323.1 7.91 Z 5--4.

1375.9 M/W 1375.6 5.39 Y 2--1 .

1436.7 W 1436.1 4.87 Z 6--5.
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Table. 7.5.

Q-band ESR spectrum (mT) of Cd(Mn)(L-Pro)Cl2.H20.

Calculated for D= - 0. 109 cm ', A= 0.033.
Observed.

(v= 33.900 GHz) B. T.P. Field Direction Levels.

441.2

Region:

616-687 W

744.1 W 744.2 5.07 Z 6--5.

968.6 M 968.2 4.10 Y 2--1 .

977.1 M 977.5 8.07 Z 5 —  4 .

1014.7 W/H 1015.5 4.05 X 2--1 .

1074.0 M 1073.2 7.12 Y 3--2.

1092.8 M/S 1094 . 1 7.08 X 3--2.

1187.8 S 1187.4 8.76 X 4--3.

1190.9 S 1190.5 8.75 Y 4--3.

Region: 1210.9 9.02 Z 4--3.

1299.8 S/M 1298.3 . 8.62 X 5--4 .

1322.8 S/M 1323.1 8.56 Y 5 —  4.

1432.6 M 1430.7 6.01 X 6 —  5.

1445.7 M 1444.4 7.97 Z 3 —  2.

1474.3 W 1475.4 5.94 Y 6 — 5.

1677.9 W 1677.9 4.94 Z 2--1 .
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Table. 7.6

1Q-band ESR spectrum (mT) Of Cd(Mn) (Gly-Gly) jjClg.

Observed.
Calculated for D= - 0.119 cm 1, A= 0.050.

(v= 33.880 GHz) B. 7 .P. Field Direction Levels.

704.3 W 702.9 5.12 Z 6--5.

934.2 w 934.7 4.04 Y 2--1 .

956.5 M 956.4 8.12 Z 5--4 .

1013.1 W 1012.7 3.96 X 2--1 .

1055.5 M 1054.2 7.04 Y 3--2.

1089.5 M 1088.1 6.98 X 3 - - 2 .

Region of ̂ C  1181.4 8.72 X 4--3.

Overlap. J |_1187.1 8.70 Y 4--3.

1210.0 S 1210.0 9.04 Z 4--3.

1297.0 S 1296.1 8.67 X 5 - - 4 .

1338.5 S/M 1337.4 8.57 Y 5--4 .

1438.5 M 1437.3 6.12 X 6--5.

1465.3 M 1463.9 7.95 Z 3--2.

1512.9 M/W 1510.7 6.00 Y 6--5.

1718.3 W 1718.0 4.91 Z 2-- 1 .
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Table. 7.7.

Q-band ESR spectrum (mT) Of Zn(Mn)(L-His)2.2H20.

Calculated for D= 0.092 cm”1. A= 0.179.
Observed.

(v= 33.760 GHz) B. 1 .P. Field Direction Levels.

3B0.3 W

442.8 W

548.8 W 

Region. 

576-700 W

B15.3 W 815.6 5.32 Z 6--5.

912.9 M 912.3 4.33 Y 2--1 .

1011.6 M 1009.3 8.30 Z 5--4 .

1052.5 M/S 1051.0 7.35 Y 3--2.

112B.2 W/M 1127.2 4.10 X 2--1 .

1147.6 M/S 1147.9 7.18 X 3--2.

1184.5 S 1183.8 8.85 X 4--3.

1196.4 S 1195.6 8.81 Y 4--3 .

1204.9 S 1204.0 9.08 Z 4 - - 3 .

Region: 1236.2 8.67 X 5 - - 4 .

1308.6 M 1306.5 6.00 X 6--5.

1348.9 M/S 1348.2 6.39 Y 5--4 .

1400.1 M 1400.3 7.83 Z 3 - - 2 .

1511.8 W 1511.0 5.65 Y 6--5.

1600.5 W 1598.6 4.74 Z 2--1 .
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Table. 7.B.

Q-band ESR spectrum (mT) of Cd(Mn)(L-Hislg.

Observed.
(v= 33.810 GHz)

Calculated for D= 0.074 cm 1. A= 0.050.

B. T.P. Field Direction Levels.

891.3 W 893.0 5.07 Z 6--5.

1031.9 W 1032.4 4.39 Y 2--1 .

1049.9 M 1050.3 8.06 Z 5--4 .

1080.5 4.34 X 2--1 .

1110.5 M 1112.6 7.44 Y 3--2.

1133.6 M 1134.7 7.39 X 3--2.

1196.1 S 1196.5 8.89 X 4--3.

1198.5 S 1198.6 8.88 Y 4--3.

Region: 1207.7 9.01 Z 4--3.

1267.5 M 1266.7 8.47 X 5--4 .

1291.8 M 1291.6 8.41 Y 5--4 .

1346.4 5.70 X 6 - - 5 .

1363.8 M/W 1365.1 7.96 Z 3--2.

1394.0 W 1392.6 5.62 Y 6--5.

1521.6 W 1522.7 4.94 Z 2--1 .
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Figure 7.2. X-band ESR spectrum of Ca(Mn)(L-Pro)2Cl2.
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Figure 7.3. X-band ESR spectrum of Mg(Mn)(L-Pro)4Cl2.5H20.
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Figure 7.4. Q-band ESR spectrum of Ca(Mn)(L-Pro)2Cl2.
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Figure 7.5. Q-band ESR spectrum of Ca(Mn)(Gly)4Br2.
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Figure 7.6. Q-band ESR spectrum of Cd(Mn)(Gly)2Cl2.
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Figure 7.7. Q-band ESR spectrum of Cd(Mn)(4-Hyp)G2.
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Figure 7.8. X-band ESR spectrum of Cd(Mn)(L-His)2.2H20 .
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Figure 7.9. X-band ESR spectrum of Zn(Mn)(L-His)2.



CHAPTER. VIII.

ESR SPECTRA OF Mn(II) DOPED SEVEN COORDINATE COMPLEXES OF

METAL(II) NITRATES.

So far, all the complexes discussed, except amino acids, have 

had metal ions octahedrally coordinated either by six oxygen atoms 

or by a combination of oxygen coordinating ligands with chloride, 

bromide, nitrate or perchlorate anions. For amino acids complexes, 

in addition to above environments, metal ions were also found to 

be coordinated by a combination of oxygen and nitrogen atoms.

This chapter discusses an e.s.r. study of a number of known

seven coordinate complexes of the type M(pyridine) (NO^) (M= Co,

Ni, Zn or Cd), where, the ligand coordinates with the metal ion

91-92through the nitrogen atom . Similar complexes of substituted 

pyridines have also been prepared, for the first time, and their 

e.s.r. spectra measured to see the effect of substituents on the 

values of the zero field splitting parameters D and A. These 

complexes are of interest because they provide the opportunity to
5

study the e.s.r. spectra of high spin d ions in the seven 

coordinate environment around the metal ion. The following comp

lexes of the type M were obtained doped with a nominal 1Z

of manganese(II) ions.

M(pyridine)3(N03)2

M (3,5-dimethylpyridine)3(N0 3)

M(3-methylpyridine) (NO )
3 3 2

Co(3.4-dimethylpyridine)3(N03)

(M= Co, Ni. Zn and Cd)

(M= Co, Ni, Zn and Cd)

(M= Ni and Cd)
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The e.s.r. spectra of all these complexes, at both X- and 

Q-band frequencies, are generally of good quality (Figs. B.1-8.5), 

sufficient to allow the interpretation to yield the values of zero 

field splitting parameters, D and A. However, before recording 

their spectra, the samples had to be finely ground, to ensure the 

absence of single-crystal effects.

At X-band frequency, the spectra of these complexes are very 

complicated (Figs. 8.1-8.3). There is considerable overlapping of 

transitions over a wide range of magnetic field and detailed inter

pretation is very difficult. The strong absorption observed near 

zero field suggests D values of about 0.1-0.2 cm \  for these 

complexes.

The spectra of M(pyridine) (N03) (M= Co or Zn) are generally

similar to that of the analogous nickel complex but with consider

able differences of detail. The spectrum of Cd(pyridine)3(N03) is 

also closely similar to those of the analogous complexes of cobalt 

and zinc nitrates but indicating a slightly lower D value.

The complexes of cobalt, nickel and zinc nitrates with 

substituted pyridines and Cd(3-methylpyridine)3(N03)2 gave spectra 

very similar to one another, and generally of the same type as for 

the pyridine complexes, suggesting that all of these complexes 

have similar structures. On the other hand, the spectrum of 

Cd(3,5-dimethylpyridine)3(N03) differs considerably from those 

of the other substituted pyridine complexes, with the strongest 

bands occuring in the g = 2 region. This indicates a much lower 

D value for this complex. All the attempts to prepare the 4-methyl-
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pyridine complexes of the type M L^tNO^)^ M̂= C°* Ni. Zn and Cd) 

were unsuccessful. Similarly, with 3.4-dimethylpyridine only 

cobalt nitrate and with 3-methylpyridine nickel and cadmium 

nitrates gave the complexes M

The Q-band spectra of all of these complexes are much better 

resolved than the X-band (Figs. B.4-8.5) and allowed the inter

pretation of the spectra to yield the values of D and A very 

easily. The results are given in Tables 8.2-8.7.

It was not possible to determine the sign of D for any of 

these complexes because of the higher D values, so assignments are 

made for positive D. Should it be negative the labels would have 

to be reversed.

In the Q-band spectra of most of these complexes the lowest 

allowed band was overlapped with off-axis (4-2) transitions and 

the hyperfine structure was less regular than on the other 

allowed bands.

The positions of the off-axis transitions were calculated for 

the Q-band spectra of many of these complexes. Although, most of 

the calculated transitions fitted very well with those observed, 

a weak band around 260 mT in the Q-band spectra of many of these 

complexes could not be fitted with any of the calculated off-axis 

transitions.

The values of the zero field splitting parameters, D and A, 

obtained from the Q-band spectra of these complexes, were used to 

simulate the complete X-band spectra, good agreement being
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obtained IFig. 8.1). No attempt was made at detailed assignments 

of the X-band spectra because of overlapping of the transitions 

and because many of the transitions observed are "off-axis“.

The complexes MlpyridineJ^tNO^)^ (M= Co, Zn and Cd) have been

92-93studied by X-ray diffraction and have been found to involve

a seven coordinate structure. Each metal ion is coordinated by three

nitrogen atoms from the pyridines and by four oxygen atoms from

bidentate nitrato groups. Further, due to the larger ionic radius

of the metal, the complex Cd(pyridine) (NO^) has been found to

be more regular than the analogous cobalt and zinc complexes. The

corresponding nickel complex is not isomorphous with them and is

thought to have a six coordinate structure, containing a monoden-

9itate and a bidentate nitrate group

The values of the zero field splitting parameters, D and X, 

found from the Q-band spectra of these complexes are collected in 

Table 8.1. An inspection of the data reveals that all of these 

complexes show considerable deviation from cubic symmetry, as 

would be expected for a seven coordinate structure, particularly 

with these bulky ligands.

The similarity of structures between M(pyridine)3(N03)2 (M=

Co and Zn) is quite clear from their identical values of D and X,

and the slightly lower value of D found for the cadmium complex 

is in line with the usual observation that D decreases as the size 

of the host ion increases. Due to its larger size, the cadmium 

ion can more readily accommodates a regular seven coordinate
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environment, which results a lower value of D than for the 

analogous cobalt and zinc complexes.

The pyridine complex of nickel has a distinctly lower D value 

than the analogous Co and Zn complexes, suggesting a geometry 

tending towards an octahedral structure, but with an increased 

rhombicity. This result confirms the previous observation that 

Ni(pyridine)3(N03)2 has an octahedral structure but also shows 

that there is still quite considerable distortion.

All the substituted pyridine complexes of cobalt, nickel and

zinc have approximately the same values of D and A, so it can

reasonably be suggested that their structures are closely similar.

All of these complexes gave somewhat lower D values, compared

with the pyridine complexes of cobalt and zinc. This result is the

opposite of what would be expected. This is despite the fact that

these substituted pyridine ligands have higher basicity and are

presumably the better 6-donors. The explanation probably lies

in steric requirements of the ligands. It seems likely that steric

factors are causing an increase in the length of the metal-nitrogen

bonds, and hence a decrease in the differences between the nitrogen

and oxygen donors. A similar effect was found for complexes of

33these ligands with cadmium halides

Although, the A values for the complexes M(pyridine) (NO )
3 3 2

(M= Co and Zn) are quite small, the presence of the substituents 

on the pyridine ring has considerable effect on A values. The A 

values for the substituted pyridine complexes are rather higher 

than for pyridine itself, and highest for the 3-methylpyridine
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complexes, suggesting that considerable asymmetry has been intro

duced into the X/Y plane by this substitution.

However, the general similarity of the spectra of the 

substituted pyridine complexes to those of pyridine indicates 

that they all very probably have the same type of seven 

coordination, in which each metal ion is coordinated by three 

nitrogen atoms from the ligands and by four oxygen atoms from 

two bidentate nitrato groups.
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EXPERIMENTAL.

M(pyridine)3(N03)2:- (M= Zn, Cd, Co and Ni).

These complexes were prepared by dehydrating the corresponding

hexaaquo metal(II) nitrate (0.1 mole) with 2.2-dimethoxypropane 

3(20 cm ) and adding pyridine (0.3 mole) to the solution. The 

precipitates thus formed were recrystallised from 1:1 ethanol- 

2, 2-dimethoxypropane solutions containing a small amount of 

pyridine. The crystals thus formed were filtered off, washed with 

diethyl ether and dried in vacuo at room temperature.

M(3,5-dimethylpyridine)3(N03)2:- (M= Zn, Co and Ni).

These complexes were prepared by dehydrating the corresponding 

metal(II) nitrate hexahydrate (0.1 mole) in 2,2-dimethoxypropane 

and adding 3,5-dimethylpyridine (0.3 mole) to the solution while 

still hot. The precipitates thus formed were filtered off, washed 

with diethyl ether and dried in vacuo at room temperature.

Co(3,4-dimethylpyridine)3(N03)2.

This complex was prepared by dehydrating cobalt nitrate 

hexahydrate in 2,2-dimethoxy propane and adding 3 moles of 3,4-di- 

methylpyridine to the solution. The solution was chilled (-5°C) 

for 24 hours. The precipitate thus formed was filtered off, washed 

with diethyl ether and dried in vacuo at room temperature.
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M(3-methylpyridine)3 (N(>3 ) :- (M= Ni and Zn).

Both of these complexes were prepared by a method similar to 

that for the the Cot3,V-dimethylpyridine) (N03) . However, the 

solution was chilled for 12 hours. The precipitates thus formed 

were filtered off, washed with diethyl ether arid dried in vacuo 

at room temperature.
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Table. 8.1.

Zfs Parameters of Mn(II) in complexes.

COMPLEX D (cm 1) X

Zn(pyridine)3(N03)2 0.147 0.014

Cot pyridine)3(N03) 0.148 0.029

Ni(pyridine)3(N03)2 0.125 0.101

Cd(pyridine)3(N03) 0.127 0.060

Zn(3,5-dimethylpyridine) (N03  ̂2 0.131 0.062

Co(3,5-dimethylpyridirie) 3 (N03>2 0.130 0.059

Ni(3,5-dimethylpyridine) (N03
>2

0.130 0.065

Cd13.5-dimethylpyridine) (N03>2 0.070 0.020

Co(3,4-dimethylpyridine)3(N03>2 0.125 0.065

Ni(3-methylpyridine) 3 ̂ N03)2 0.128 0.078

Cd(3-methylpyridine >3(N03 ) 0.127 0.105
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Table. 8.2.

Q-band ESR spectrum (mT) of Co(Hn)(pyridinet^lNO^)^.

Observed.
(V=33.858 GHZ)

Calculated For D = 0.148 cm"1. A= 0.029.

B. 1 .P. Field Direction Levels.

579 . W 575.7 5.09 Z 2--1.

C  892.5 8.09 z 3 - - 2 .
892 . M

^892.7 3.79 Y 6--5.

951 . W/M 949 .1 3.75 X 6--5 .

1025 . M 1022.3 6.75 Y 5--4 .

10 4 7. M 1045.8 6.71 X 5 - - 4 .

1168 . S 1167.0 8.55 X 4--3.

1172 . S 1172.3 8.53 Y 4 - - 3 .

1209 . S 1209.4 9.04 Z 4--3.

1319 . M/S 1319.3 8.73 X 3--2.

1350 . M/S 1349.9 8.65 Y 3 - - 2 .

1516 . M 1514.4 6.37 X 2--1 .

1530 . M 1526.4 7.97 Z 5--4.

1569 . W 1567.1 6.27 Y 2--1 .

1842 . W 1843.5 4.93 Z 6--5.
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Table. B.3.

Q-band ESR spectrum (mT) of Ni(Mn)(pyridine)3(N03)2.

Observed.
(v = 33.755 GHz)

Calculated For D= 0.125 cm 1, A= 0. 101 .

B. T .P. Field Direction Levels

262 . W

454 . W 455.8 0.14 0 = 21°. ♦ it to CD
O 5--2.

508 . W 509.1 0.03 0 = 90°, ♦ II ro 00 O 5--3.

Region of r  624.0 0.54 0= 60°. ♦ = 00° 4--2.

Overlap. J \^ 692.0 0.58 0= 64°, ♦ - 90° 4 - - 2 .

671 . w 670.3 5.26 Z 2-- 1 .

873 . W 873.8 4.02 Y 6 - - 5 .

934 . W/M 937.3 8.25 Z 3--2.

1024 . M 1022.1 7.00 Y 5--4 .

1040.2 3.87 X 6--5.

1093 . H 1093.8 6.89 X 5--4.

1171 . S 1170.0 8.70 X 4--3.

1183 . S 1182.9 8.65 Y 4 - - 3 .

Region. 1204.7 9.09 Z 4 - - 3 .

1275 . S 1272.6 8.76 X 3--2.

1361 . M/S 1361.1 8.54 Y 3--2.

1407 . W 1407.1 6.26 X 2--1 .

1477 . M 1473.1 7.89 Z 5--4.

1566 . W 1563.6 5.99 Y 2--1 .

1744 . W 1742.9 4.80 Z 6--5.
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Table. 8.4

Q-band ESR spectrum (mT) of Zn(Mn)(3.5-dimethylpyridine)3(N03)2.

Observed. 
'=33.995 GHz)

Calculated For D= 0.131 cm , A= 0. 062.

B T.P. Field Direction Levels

266.

457 . W 457.4 0.28

ooatII♦

o
toIICD 5--2.

507 . W 506.0 0.01 O O 0 = 90 , ♦= 22 5--3.

1-643.6 0.60 0= 60°, ♦= 00° 4--2.
Region of 1 I

> < 655.9 5.16 Z 2--1.
Overlap. 1 I

*-6B7.6 0.61 0= 63 , ♦= 90 4 - - 2 .

901 . W 902.9 3.96 Y 6--5.

933 . W/M 934.8 8.16 Z 3--2.

1009 . W 1009.4 3.86 X 6--5.

1039 . M 1037.7 6.94 Y 5--4 .

1084 . M/S 1083.3 6.87 X 5--4 .

1188. S 1187.4 8.63 Y 4 --3.

1215. S 1214.0 9.06 Z 4--3.

1298. S 1300.6 8.72 X 3--2.

135B. M/S 1357.4 8.58 Y 3--2.

1457 . W/M 1455.6 6.25 X 2--1 .

1497 . M 1493.5 7.93 Z 5--4 .

1559 . W 1555.6 6.08 Y 2--1 .

1773 . W 1773.6 4.87 Z 6--5.
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Table. B.5

Q-band ESR spectrum ImT) of CotMnM3,4-dimethylpyridine)3(N03)2.

Observed.
1 V=33.755 GHz)

Calculated For D= 0.125 cm’1 9 A= 0.065.

B 1 .P. Field Direction Levels

449. W 452.0 0.10 0= 19°, ♦ = 90° 5--2.

673. W 670.8 5.16 Z 2--1 .

903. W 904.1 3.99 Y 6--5.

937 . W/M 938.0 8.16 Z 3--2.

1011.0 3.89 X B--5.

1035. W/M 1035.5 6.98 Y 5--4.

1081 . M 1081.6 6.91 X 5--4 .

Region. 1172.7 8.69 X 4 - - 3 .

1181. S 1180.9 8.66 Y 4 - - 3 .

1206. S 1205.4 9.06 Z 4 - - 3 .

Region. 1288.2 8.71 X 3 - - 2 .

1347 . M/S 1345.0 8.57 Y 3--2.

1434.2 6.21 X 2--1 .

1476 . W/M 1473.1 7.93 Z 5--4 .

1535. W 1534.7 6.03 Y 2--1 .

1740. W 1741.4 4.87 Z 6--5.
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Table. 8.6

Q-band ESR spectrum (mT) of Ni(Mn)(3-methylpyridine)3(N03)2.

Calculated For D= 0.12B cm 1. A= 0.078.
Observed.

(v=33.88B GHz) B. T .P. field Direction Levels

266. W

455. W 456.6 0.10 0= 18°, ♦ = 90° 5--2.

507 . W 507.3 0.02 0 = 90°. ♦ = 25° 5--3.

635.1 0.57 0= 60°. 4>= 00° 4- - 2.
Overlapping 1 

of > < 663.0 5.20 Z 2--1 .
Transitions 1

*- 689.1 0.61 0- 60°, ♦ = 00° 4--2.

891. W 891.2 3.99 Y 6--5.

934 . W/H 936.3 8.20 Z 3 - - 2 .

1022 . W 1022.5 3.86 X 6--5.

1032. M 1031.4 6.97 Y 5--4 .

1088. M/S 1087.8 6.88 X 5--4 .

1176. S 1175.1 8.6B X 4--3.

1185. S 1185.4 8.64 Y 4 - - 3 .

1211. S 1209.9 9.07 Z 4--3 .

1288. M/S 1288.5 8.74 X 3--2.

1359. M 1358.4 8.56 Y 3 - - 2 .

1436 . W/M 1434.4 6.25 X 2--1 .

1487 . M 1484.1 7.91 Z 5--4.

1559. W 1557.8 6.04 Y 2--1 .

1758. W 1759.1 4.84 Z 6--5.
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Table. B.7.

Q-band ESR spectrum (mT) of Cd(Mn)(3-methylpyridine)3(N03

Observed.
Calculated For D= 0.127 cm-1, X= 0.105 •

(V=33.999 GHz) B. 7 .P. field Direction levels

671.9 VJ 671.8 5.27 Z 2--1 .

874.6 W 874.8 4.02 Y 6--5.

940.5 W 942.3 8.26 Z 3 - - 2 .

1027.5 M 1026.8 7.00 Y 5 - - 4 .

1047.5 M 1050.1 3.86 X 6--5.

1101.9 M/S 1102.3 6.88 X 5--4 .

1178.6 S 1177.8 8.69 X 4--3 .

1190.9 S 1191.4 8.65 Y 4 - - 3 .

Region of^\ ri213.4 9.09 Z 4--3.

Overlap. 1 \^1280.2 8.76 X 3 - - 2 .

1375.8 M/S 1373.5 8.53 Y 3--2.

1424.5 W 1415.5 6.28 X 2- -1 .

1488.2 M 1485.4 7.88 Z 5--4.

1581.2 W 1580.4 5.99 Y 2--1 .

1759.5 W 1758.9 4.79 Z 6--5.
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Figure 8.2. X-band ESR spectrum of ZnCMnXpyridinetyNOj)^
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Figure 8.3. X-band ESR spectrum of Zn(Mn)(3,5-dimethylpyridine)3(NC>3)2.
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Figure 8.4. Q-band ESR spectrum of Cd(Mn)(pyridine)3(N03 )2.
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Figure 8.5. Q-band ESR spectrum of Zn(Mn)(pyridine)3(N03 )2.



EXPERIMENTAL.

Preparation of the complexes.

Preparative details are given at the end of each chapter.

Physical Techniques.

EPR Spectroscopy.

X-band spectra were obtained on a Varian E-12 spectrometer. 

Q-band spectra were obtained with a Bruker 200D-SRC spectrometer 

and an ER 078 15-in electromagnet. All samples were measured as 

polycrystalline solids at room temperature.

Electronic Spectra.

Diffuse reflectance spectra over the range 4000 to 18500 cm 

were obtained on Beckman DK2 spectrometer, and for the range 

12000 to 30000 cm 1 on a Pye Unicam SP8-100 spectrometer.

Infra-red Spectra.

Infra-red spectra (4000-400 cm were obtained by using 

Perkin-Elmer 1720 FTIR spectrometer.

Raman Spectra.

Raman spectra were measured on a Spex Ramalog V spectrometer 

and Spex Datamate computer control unit, using the exciting line 

at 568.2 nm from a coherent Innova 90 krypton-ion laser, and 

488.0 nm from a coherent Innova 70 argon-ion laser. Spectra were 

taken for solid samples as spinning KBr discs.
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Magnetic Susceptibilities.

Powder samples were measured using the Evans Balance.

X-ray Powder Data.

X-ray powder data was collected by using a Siemens D500 

diffractometer.

Chemical Analysis.

Analysis for Z composition of C, H and N were carried out by

the Microanalytical Laboratory, Imperial College.

C H N

L= biuret. FoundtCalc.) FoundtCalc.) FoundtCalc.)

MnL Cl 
2 2

14.59(14.45) 3.00(3.01) 24.98(25.30)

MnL Br 
2 2 1 1 .78( 1 1.40 ) 2.3712.38) 19.92119.95)

CoL_Cl_ 2 2 14.61(14.29) 2.96(2.98) 25.14(25.00)

CoL _Br_ 2 2 11.70(11.29) 2.36(2.35) 20.00(19.76)

NiL Cl 2 2 14.20(14.30) 2.89(2.98) 24.37(25.02)

NiL Br 2 2 11.96(11.30) 2.35(2.36) 20.17119.78)

ZnL.Cl. 2 2 15.09(14.02) 2.84(2.92) 25.09(24.53)

ZnL2Br2 11.24(11.13) 2.28(2.32) 19.28(19.47)

CdL Cl 2 2 12.82(12.33) 2.48(2.57) 21.14(21.57)

CdL2Br2 10.40(10.03) 2.07(2.09) 17.40(17.56)

»gL2ci2 11.11(10.05) 2.08(2.09) 17.93(17.59)

MgL2ci2 15.63(15.93) 3.56(3.32) 27.03(27.88)

MgL2Br2 12.55(12.30) 2.66(2.56) 20.77(21.52)
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c H N

[Mg 1-2IH20)2]C12 14.55(14.23) 4.14(4.15) 24.87(24.90)

[Mg L2<H20)2]Br2 11.08(11.26) 3.1013.28) 18.83119.70)

C 8 L 2 C 1 2
15.41(15.14) 3.16(3.15) 26.28(26.50)

C a U . C 1 2
18.49(18.36) 4.20(3.82) 32.31(32.12)

CaL«Br2 15.63(15.69) 3.13(3.27) 27.25(27.45)

CaL,Bro.2H_0 4 2 2
14.78(14.82) 3.45(3.70) 25.79(25.92)

SrLABr2 14.76(14.55) 3.54(3.03) 25.24(25.47)

L= urea.

[Mg L4(H20I2)C12 13.30(12.93) 5.48(5.39) 30.90(30.16)

[Mg l 4IH20)2 ] Br2 10.44(10.43) 4.35(4.35) 24.26(24.35)

M9L6C12 15.73(15.81) 5.23(5.27 ) . 36.52(36.90)

MgLBBr2 13.42(13.23) 4.48(4.41) 31.27 (30.86)

CaL4C12 13.93(13.68) 4.65(4.56) 31.85(31.91)

CaL4Br2 10.87(10.91) 3.64(3.64) 25.31(25.40)

CaL^Cl^•2L 15.41(15.29) 5.10(5.10) 35.71(35.67)

CaL6Br2 13.13(12.86) 4.35(4.29) 29.97(30.00)

S r S C 1 2 12.23(12.04) 6.03(4.01 ) 27.75(28.10)

SrL6Br2 11.89(11.85) 4.42(3.95) 27.70(27.65)

CdLCl 2 5.22(4.93) 1.65(1.64) 12.33(11.51)

CdLBr2 3.71(3.61) 1.09(1.20) 8.44(8.42)

HgLClz 3.70(3.62) 1.13(1.21) 8.40(8.45)

L= diacetamide.

[CO c 2<h20)2)c i2 26.02(26.09) 4.86(4.89) 7.39(7.61)

[CO L2(H20)2lBr2 20.80(21 .01 ) 3.91(3.94) 6.18(6.13)
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C H N

c o l2c i2 28.24(28.92) 4.7414.22) 8.38(8.43)

[CO.Lt(H20)2JBr2 29.19(29.14) 4.84(4.86) 8.59(8.50)

c0l 2(n o3)2 25.23(24.93) 3.55(3.63) 14.64(14.54)

[Hi L2tH2°»2lcl2 25.95(26.11) 4.85(4.89) 7.51(7.61)

tNi L ( H O ) ]Br 2 2 2 2
20.24(21.02) 3.63(3.94) 5.95(6.13)

NiL_Cl 2 2
28.50(28.94) 3.94(4.22) 8.33 (8.44 )

NiL (NO )2 3 2
25.47(24.95) 3.88(3.64) 13.46(14.56)

[Mg L IH 011C1U a 2 2 2 2
28.66(28.80) 5.30(5.40) 8.52(8.40)

[Mg L (H 0) ]Br 
u 2 2 2 2

22.41(22.73) 4.16(4.26) 6.60(6.63)

HgLjCCiO^ 27.29(27.38) 4.70(4.00) 8.14(7.98)

FeL3IC1V 2 25.77(25.82) 3.79(3.76) 7.58(7.53)

c o l3(c i o4)2 25.15125.67) 5.39(3.74) 7.25(7.49)

NiL3(C10t)2 25.58(25.68) 3.71(3.75) 7.09(7.49)

ZnL (CIO )J % c 25.17(25.38) 4.15(3.70) 7.37(7.40)

CdL3(C104)2 23.35(23.44) 3.36(3.42) 6.84(6.84)

[Mg L 2(H20)21(CIO^I 2L 29.09(28.95) 4.82(4.82) 8.71(8.44)

[co l 2(h 2o )2)(c i o4 i 2L 27.17(27.51) 4.52(4.59) 7.77(8.02)

[Hi L2(H20)2]IC104]>2-2L 27.16(27.52) 4.42(4.59) 7.87(8.03)

[Zn l2(H20)2J(C104]*2* 2L 26.86(27.25) 4.45(4.54) 7.92(7.95)

[Co L2(H20)2](C104;
>2 19.14(19.36) 3.39(3.62) 5.46(5.64)

[Zn L2(H20)23(C104;
>2 19.62(19.11 ) 3.42(3.58) 5.69(5.57)

L= acetamide.

[Mg l 4(h2o )2]c i2 26.67(26.16) 6.70(6.54) 16.66(15.26)

[Mg L4(H20)23Br2 20.58(21.05) 5.34(5.26) 12.00(12.28)

CaL4C12 27.75(27.67) 6.35(5.76) 16.03(16.13)
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C H N

CaL4Br2
22.99(22.03) 6.1414.59) 13.38(12.84)

[Ca L4(H20)23Br2 19.9B(20.34) 5.85(5.09) 11.65(11.86)

CdLCl2 9.6719.90) 1.99 (2.06 ) 5.81(5.78)

CdLBr2 7.29(7.24) 1 .39(1.51) 4.15(4.22)

CdL2C12
16.03(15.93) 3.25(3.32) 9.26(9.29)

MnL_Cl_ 2 2
19.70(19.67) 4.22(4.10) 11.48(11.47)

MnL_Br 2 2
14.01(14.41) 4.80(3.00) 8.06(8.41)

MnL,Cl_. H_0 4 2 2
24.75(25.26) 5.74(5.79) 14.44(14.74)

Mr.L4Br2.H20 19.40(20.47) 4.8314.69) 11.26(11.94)

L= glycine.

CaL4Cl2 22.52(23.36) 4.68(4.87) 13.13(13.63)

CaL4Br2 20.10(19.25) 4.13(4.00) 1 1 .65( 1 1.20 )

[Ca L2(H20)21C12 16.12(16.16) 4.63(4.71) 9.52(9.43)

[Mg 18.43(17.20) 5.0314.98) 10.48(9.96)

[Mg t-2 ( h20 > 2J Br2 12.80(12.97) 3.74(3.78) 7.51(7.57)

[Mg l 2(h20)21(M03)2 13.27(12.96) 4.34(4.86) 15.42(15.12)

CdL2Cl2 14.12(14.40) 2.72(3.00) 8.22(8.40)

L= p-alanine.

[Mg L(H20)4]C12 13.91(14.05) 5.79(5.85) 5.40(5.46)

L= L-proline.

CaL2Cl2 35.47(35.19) 5.29(5.28) 7.51(8.21)

HgL4Cl2.5H20 37.37(37.19) 7.29(7.13) 8.72(8.68)

HgL4Br2.4H20 33.45(33.51) 6.12(6.14) 7.82(7.82)

CdLCl .H O  2 2 18.67(18.96) 3.26(3.48) 4.30(4.42)
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C H N
L= L-histidine.

ZnL_.2H.0 2 2
34.51135.17) 4.78(4.88) 20.09(20.52)

z h l2 38.17(38.56) 5.22(4.28) 22.33(22.50)

CdL_.2H 0 
2 2

31.79(31.55) 4.28(4.38) 18.58(18.40)

M L 2
33.68(34.25) 4.66(3.81 ) 19.47(19.98)

L= Hexamethylenebisacetamide.

[MnL ][MnCl ]
j •*

42.26(42.26) 7.02(7.04) 9.79(9.86)

[MnL^]IMnBr^] 35.25(34.96) 5.88(5.83) 8.22(8.16)

[CoL3U C oC14] 41 .69 (41.87 ) 6.97(6.98) 9.66(9.77 )

[CoL^]LCoBr^] 35.17(34.69) 5.96(5.78) 8.13(8.09)

[NiL ] [NiCl ] .2Ho0 40.15(40.20) 7.27(7.15) 9.2119.38)

[NiL ]INiBr ].H_0
J H C

34.05(34.11) 7.07(5.88) 8.02(7.96)

NiL Cl_.H_0 2 2 35.19(34.51) 6.24(6.33) 8.05(8.05)

Ni3LC16-3H2° 18.64(18.66) 3.69(4.04) 4.17(4.35)

CV C14 25.34(25.58) 4.19(4.26) 5.74(5.97)

ZnL.Cl .H_0 2 2 2 43.08(43.29) 7.34(7.57) 10.12(10.10)

Cd L Cl 3 6 16.30(16.00) 2.68(2.67) 3.74(3.73)

Cd LBr3 b 11.76(11.79) 1.91(1.97) 2.66(2.75)

Cd2LC1t 21.72(21.17) 3.58(3.53) 4.90(4.94)

H92LC14 16.73(16.15) 2.59(2.69) 3.79(3.77)

MgL2ci2 48.79148.45) 9.78(8.08) 11.19(11.31)

MgL2Br2 41.59(41.07 ) 8.07(6.85) 9.65(9.58)

caL_Cl0 2 2 46.52(46.97) 7.73(7.83) 10.73(10.96)

CaL_Br_ 2 2 40.11(40.00) 7.47(6.67) 9.31(9.33)
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L= 3,5-dimethylpyridine.
C H N

ZnL3lM03)2 48.27(49.37) 5.10(5.29) 13.55(13.71)

CoL3tM03,2 50.02(50.00) 5.43(5.36) 13.98(13.89)

N1L3«M03»2 49.94(50.03) 5.36(5.36) 13.78(13.90)

CdL3(n°3)j 45.45(45.21) 4.89(4.84) 12.52(12.56)

L= 3-methylpyridine.

N i L 3 ( N 0 3 » 2
46.30(46.78) 4.47(4.55) 15.06(15.16)

CdL3(N03 )2 42.34(41.91) 3.97(4.07) 13.25(13.58)

L= 3,4-dimethylpyridine.

C0L3(N03)2 49.92(50.00) 5.20(5.36) 13.78(13.89)
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