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SUMMARY 

Part I 

  

The coordination behaviour of 2-benzoylpyridine (PhCOpy ) 

with some transition metal cations was investigated. 2-benzoylpyridine 

is believed to be a weak-field, bidentate (NO-co-ordination) ligand. 

Complexes of 2-benzoylpyridine with the perchlorates, chlorides, 

bromides and iodides of manganese (II), cobalt (II) and nickel (II) 

are described. Some compounds of zinc (II), cadmium (II) and 

magnesium (TI) were studied for comparison. With the exception of 

Mn (PhCOpy )X_ (X = Cl or Br) and Cd(PhCOpy) C15, all compounds 

isolated were bis-complexes but the metal ions are six-co-ordinate 

in all cases. 

The complexes, [Nn (PhCOpy){EtOH) 9] (C104 )o3 

[Co(PhCOpy), (OH) 9] (C10, )o and [Ni (PhCOpy), (EtOH) 9] (C104) with 

ionic perchlorate groups, and [Co(PhCOpy) (C104) 9] and 

[Ni(PhCOpy), (C104) 9] with weakly coordinated perchlorate groups 

were characterised. In nitromethane, it was established that - 

[Co(PhCOpy ) Xo] (X = Cl or Br) dissociates to the pseudo-tetra- 

hedral complex, [Co(PhCOpy )X.] . The two forms of Ni (PhCOpy ) C1, 

are believed to be the two isomers of the trans-dichloro-complex. 

[Mn(PhCOpy)X,] (X = C1 or Br) and [Cd(PhCOpy )C1.] are polymeric. 

The compounds M(PhCOpy oly. (M = Co, Ni, Zn or Cd) are isomorphous 

and form isomorphous groups with M(PhCOpy)oClo. 

{KM = Co, Ni(green and yellow)]. 

Part II 

The compounds investigated have al] been of one or the 

other of two types, namely [(pyridine base), (M)2*(13)]
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(M = first row divalent transition metal ion) or [(pyridine base), 

(wr ys* (CNSTy)o] »(M' = Ni(II)) only and pyridine base = pu iine 

B-picoline or y-picoline in both cases. Some I, compounds of 

manganese (II), iron (11), cobalt (II) and cadmium (11) with pyridine 

bases were crystallised from acetonitrile. Acetonitrile was retained 

as an uncoordinated, lattice component. W'? (B-picoline)(13)9 

(M = Fe, Mn or Cd) could not be crystallised. 

Little information concerning the structure of the above 

compounds was obtained from physical examinations. The most 

informative data was derived from the measurement of the magnetic 

susceptibilities. High-spin octahedral complexes, [M(pyridine base), 

(15) 9] (M = Mn, Fe or Co) and planar or "tetragonally distorted 

octahedral" nickel (II) complexes, Ni(pyridine base )X [X = I, or 

(NCS-I5) J were characterised. Study of the magnetic susceptibilities 

at various temperatures is described for nickel (11) complexes only. 

The bonding nature of (CNS-I5) , as Ni-NCS-I, is discussed. 

The compounds Cd(py)a(13)o5 Cd(y-pic)a(I3)o 2(CH2CN) , and 

the polymerisation reactions involved in cadmium - y-picoline-iodine 

are described. 

The conductivity study of all compounds in nitromethane and 

in dimethylsulphoxide, and the absorption spectra of 13 ions in 

acetonitrile and in 1,2-dichloroethane are described.
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CHAPTER 1 

INTRODUCTION 

The properties of d-block transition metal complexes depend on 

the number of d-electrons in the metal ion and their electrostatic 

interaction with the Wier tins ions, atoms or molecules. Ina free 

ion the d-orbitals are degenerate but this degeneracy will be lifted 

when the d-electrons interact with the surrounding ions, atoms or 

molecules (often called ligands). 

There are two main theories which explain the change in the 

d-orbital energies, they are the molecular orbital theory and the 

crystal field theory. The crystal field theory is described first. 

la In an octahedral environment © of six negative charges, the metal ion 

has two groups of d-orbitals: the triply degenerate tog (dxz, dyz and 

dxy) and the doubly degenerate e (dx@-y?, dz°) orbitals. The ey 

orbitals are of higher energy than the tog orbitals. In the tetrahe- 

dral environment the to orbitals are of higher energy than the e 

orbitals (fig.1). 
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A further splitting of the d-orbital will arise in the octahedral 

complex by withdrawal of two trans-ligands. (These two trans-ligands 

lie on the Z-axis). The degeneracy of the & orbitals lifts 

- orbital. first, the dz? orbital becoming more stable than the d(x? - y 

At the same time the threefold degeneracy of the tog orbitals is also 

lifted. The dyz and dzx orbitals will remain equivalent to one 

another, but they become more stable than the dxy orbital (fig.2). 
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The.-crystal field theory does not provide any information about 

orbital overlap (or covalent bonding) between the metal ion and the 

Surrounding ligand atoms. Therefore certain modification is required 

in simple crystal field theory. A modified crystal field theory is 

that in which the orbital overlap is involved using all parameters 

of interelectronic interactions. These parameters are namely, the 

spin-orbit coupling constant,A,and the interelectronic repulsion 

parameters which may be the Condon and Shortley parameters (F, and
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Fa) or the Racah parameters (B and C). They are related: 

fe FCG 

The Racah parametershave a small advantage in that if they are 

employed, the separation between terms of the same spin-multiplicity 

within a configuration involve only the parameter B. The separation 

between states of different multiplicity involve both B and C. With 

the Condon-Shortley parameters, the separation between terms, even of 

the same multiplicity, in general are functions of both Fo and Fae 

The simple molecular orbital is now considered for an 

octahedral complex (mig)! There are nine valence shell orbitals 

of the metal ion to be taken for o and m-bonding. Six of these dz°, 

dx2-y?, S, Px, py and pz have lobes lying along the metal-ligand 

bond direction and are suitable for o-bonding, whereas the other three 

dxy, dxz and dyz are suitable for m-bonding. Figure(3) shows a 

molecular orbital energy diagram for an octahedral complex formed 

between the metal ion of the first transition series and six ligands 

which do not have a m-orbitals. The Tog orbitals do not point at 

the ligand orbitals and hence are not involved in o-bonding. They 

remain unchanged in energy. 

If the ligand possess m-orbitals, the effect of m-bonding will 

vary, depending on the energy of the ligand m-orbitals relative to 

_ the energy of metal Tq orbitals and also depending on whether the 

ligand m-orbitals are filled or empty. Figure 4(a) indicates a 

situation where the ligands have empty m-orbitals of higher energy 

than the metal Tog orbitals. The net result is to stabilize the metal 

"59 orbitals with respect to the metal EG orbitals. In effect,
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Fig. 3. A qualitative molecular orbital energy level diagram for an 
octahedral complex between a metal ion of the first transition 
series and six ligands which do not have m-orbitals 
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Ligands have m-orbitals of higher Ligands have m-orbitals of lower 
energy than the metal Tog orbitals. energy than the metal Tog orbitals.
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m-interaction gives a great A value than the case, if th 

o-interactions. The second important situation is shown 

in which the ligands possess only filled n-orbitals of lo 

than the metal Tq orbitals. The interaction here desta 
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Tog orbitals relative to the Eg* orbitals and thus the A value becomes 

less. 

There is another important case in which the ligands such as 

CO, CN or pyridine have both bonding and antibonding p_-orbitals 
TT 
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The size of A is most readily measured spectroscopically by 

observing the energy of the electronic cranes cn betucEn the tog 

and @ orbitals of the metal ion. The electronic transitions occur 

at particular wavelengths in the near infrared, visible and near ultra- 

violet region of the spectrum and they are called d-d transitions. 

The magnitude of A depends on the ligand and on the nature of the 

transition metal jon. 

It is possible to arrange the ligands in order of the magnitude 

of ligand field (A) produced or experienced?@, such an ordered 

sequence being known as the '§pectrochemical series'. The ligands 

are arranged according to the increase in the A value with any 

constant metal ion and metal ions are arranged in order of increased 

A developed with a constant ligand group. The more common ligands 

are now placed in the following order: 

Lox < SCR OC] < Nie ee Urce” OH ONG 

~ HCOO™ < (C,0,)*" <H,0 < NCS” < glycine” ~ EDTA 

< py a NH, “en”. deh. tren < dipy -* phen-* NOn” CN" 

The interelectronic repulsion forces between d-electrons are 

decreased by complex formation. The metal ions or ligand groups can 

be arranged in a series according to the value of B', the Racah 

interelectronic repulsion parameter?» In other words the common 

ligands can be arranged in order of their ability to cause electron- 

cloud expansion. This order is almost independent of the metal ion. 

Such a series is called Nephelauxetic series, i.e. cloud expanding 

series. The series are based on the order in which B' increased 

toward free ion value B. The ligands are placed in the following



order:- 

2- ~ 
F > H,0 > Urea > NH, > (C,0,) en > NCS” 

2 3 24 

>» CL. 2 N > Br’ 

The d-group transition metals have a remarkable ability to form 

complexes with various ligands such as pyridine,2,2'-bipyridyl, 

1,10-phenanthroline and their substituted derivatives. The metal 

complexes with these heterocyclic amines have high biological 

activity. The toxicity of 2,2'-bipyridy] and 1;10-phenanthroline 

metal complexes to mice and rats, bacteriostatic and bacteriocidal 

properties and action on enzymes have been demonstrated by Dwyer et aie, 

Recently Gillard® has found that the rhodium complexes of pyridine 

and its alkyl substituent show antibacterial activities. 

The co-ordination compounds of pyridine, substituted pyridines, 

quinoline and iso-quinoline with transition metal ions have been 

studied extensively and accurately in the solid state and in solution 

in organic solvents’ !6, The stability of these complexes depends 

upon many factors such as basicity of ligand, steric interaction, 

m-bonding and the perturbing effect of the ligand field on the 

energy of d-electrons. 

However, the substituent group on the pyridine ring could produce 

some differences in the co-ordinating ability of ligand and properties 

of the metal complex. Thus the substitution of electron attracting 

groups such as ~COCH ~CONH, ~COOCH., -CN and -C1 causes the electron 32 

density on the pyridine ring to be lowered which results in a weakening 

of the ligand + metal o-bond but enhance the tendency to metal > ligand 

m-bonding, whereas the electron-releasing substituents such as ~CHe, 

~CH,0H increase the electron density on the pyridine ring and enhance 

the o-bond strength and weakening the m-bond.



The poRIT ION of the substituent in the pyridine ring decides the 

solid state stereochemistry. The basicity of amine changes such as the 

position of substituent is altered. For monosubstituted pyridines, 

the y-substituents are more basic than the others and thus forming 

more stable complex with metal ions. The basicity of the ligands as 

V7 are: pyridine:5.22; judged by their pKa values (in water at 25°C) 

2-picoline:5.96; 3-picoline:5.63; 4-picoline:5.98; quinoline:4. 58. 

The m-acceptor properties may be altered significantly by substitution. 

18 et al, explained these properties in terms of the different Nelson 

charge densities and charge distribution in the pyridine ring. Thus 

in fig.6, 1*, 3* and 5* positions in the pyridine ring are those of 

greatest electron density and 2, 4 and 6 positions those of least 

electron density. 

Pei 

Pig. of; 

So any back co-ordinated charge from metal to the pyridine ring 

(M+L  m-bonding) will be localized mainly on the 2, 4 and 6 positions. 

And therefore in complexes with 3-picoline, back co-ordination will be 

inhibited in comparison with 4-picoline and pyridine. It was found 

that the greater m-acceptor capacity of quinoline and iso-quinoline 

compared to pyridine may be attributed to the more extensive delocal- 

ization of m-electrons in the quinoline and iso-quinoline. 

The metal-ligand stretching frequencies are greatly affected 

19 
by substitution in the pyridine ring. Wong and Brewer ~ found that the
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frequencies of the Cu(II) complexes (M-Nitrogen stretching frequency ) 

are appreciably changed by the effect of different substituents in the 

4-position of the pyridine ring and decrease in the order: 

CH... > CH,0H > H.>.COCH 3 9 3 > CONH, & COOCH, > CN 

the M-N stretching frequency in Cu complex: 

285 > 276 > 268 > 265 > 26444264 > 243 cm! 

Cattalini et al@° who worked with Gold(III), pyridine and substi- 

tuted pyridines pointed out that M-ligand stretching frequencies 

appear to increase with increase in the base strength of the ligands. 

(The pKa values are in order of 4CN-py < py < 3me-py < 4-me-py 

< 2 -me-py < 3,5-lutidines < 2,6-lutidines < 2,4-lutidines ) 

The Au-ligand stretching frequency of AuCl 3. ligand (AuC1,.L) is 

taken here and it is in the order: 

4CN-py < py < 3-me-py < 4-mepy < 3,5-lutidines < 2,4-lutidines 

249 8249 

< < 234 cm 

22F: 2289 

] ] ] < 286 cm) < 289 cm.' < 306 cm 

The sterically hindered group present in the pyridine ring may 

affect the stability of the metal complexes. Nelson et ain, Buf fagni 

at al, Ve-14 and Curran et ae! independently found that for  a-pico- 

line ana a-lutidines the maximum number of moles of ligand which can co- 

ordinate to each of the metal ions Co(II) or Ni(II),is limited to two. 

Since pyridine, B-picoline, y-picoline e921 and g-lutidines !3+!4 tend 

to form stable octahedral complexes of the stoichiometry ML Xo (where 

M = Co(II) or Ni(II) and X = halide or pseudchalide); the limitation 

of the stoichiometry of a-picoline and a-lutidines to ML OX, complexes 

may be largely due to steric effects.
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Koros, Nelson et ail! examined a series of complexes of Co(II), 

Ni(II) and Zn(II) with pyridine, mono-substituted pyridine, quinoline 

and iso-quinoline in chloroform. They found that in the presence of 

excess Of the appropriate amine, the ML OX, (where M = Co(II), 

X = halide or pseudohalide) exist in equilibrium with the corres- 

ponding mononuclear octahedral complex. 

The equilibrium process is as follows: 

ML OX, + 2L == ML AX, 

(Tetrahedral ) (Octahedral ) 

They also found that higher crystal field stabilization in an 

octahedral field and lower crystal field stabilization in tetrahedral 

field for Ni(II) ion than for a Co(1I) ion indicates that the tetra- 

hedral complexes of Nickel (II) are less likely than with Co(II) ion. 

Moreover the M+ L_ m-bonding is dependent upon the nature of 

anionic Tgane (X) present in the complex. The more polarizable the 

anionic ligand (X) (e.g. I), the more charge is transferred to the 

metal ion and this enhances the release of non-bonding "d" electrons 

to antiboding m-orbitals of amine. Their effectiveness in promoting 

M+ L m-bonding is in the order of 1>Br>C1>NCO>NCS. This order remains 

the same for complexes with a variety of substituted pyridines. 

The position of pyridine in the spectrochemical series is close 

to that of ammonia, suggesting rather normal o-bonding@<, Bostrup 

eo 
and Jgrgensen*~ found that the highest number of pyridine ligands 

introduced with certainty in a complex was four such as in [Ni(Py), 

(H20),] * and NiPy,Cl, (where py = pyridine). They have esti- 

mated that for Nickel (11) nitrate in pyridine, A = 10,200cm |; for 

Nipyg(SCN)», & is 10,200 cm”!
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Rosenthal and Drago“* have estimated a A value for the hexakis- 

pyridine Ni(II) cation. The equilibrium studies on solution of Ni(II) 

tetrafluoroborate or of Ni(II) perchlorate in nitromethane in the 

presence of an excess of pyridine, supported an existence of a six 

co-ordinate pyridine complex of Nickel (II). The spectrochemical 

| and 6 == . = 0.83 were calculated from parameters, A = 9850 cm 

the spectrum assigned to an octahedral Ni (py) 6° species,(B' is the 

Racah B values for the complex and B is the Racah B values for the 

free ion. The interelectronic repulsion forces between d-electrons 

are decreased by complex formation). 

The complexes of highly conjugated polyheterocyclic ligands 

such as 1,10-phenanthroline and 2,2'-bipyridy] are well known for 

their stereochemistry, their usefulness in analytical chemistry and 

their ability to stabilize unusual valence states of some of the 

metals. They can act as moderately good m-acceptors when complexed 

with transition metal ions”, These ligands are very weak bases and 

26 
usually form monoprotonated species. The pKa” values at 25°C are: 

2,2'-bipyridy] = 4.5; 1,10-phenanthroline = 4.98. 

2,2¢bipyridyl forms high spin tris-complexes with V(II), Mn(IT), 

Co(II), Ni(II) and Cu(II) but forms low spin complexes with Cr(II) 

and Fe(I1)oo227, The corresponding 1,10-phenanthroline compounds 

have similar properties to their 2,2'-bipyridy] analogs. The tris- 

bipyridy] or phenanthroline-Fe(1II) complexes are anomalously high in 

the stability sequence. The stepwise formation constants for bipyridy] 

and phenanthroline complexes with divalent metal ions were obtained by 

Irving and Mellor@®, They found that, for Fe(II), the trend is 

Ky PK, <sK, and thus Fe(II) tris-bipyridy] and phenanthroline complexes 

do not follow the usual Irving-Williams order of stabilities.
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28 obtained A values of Nickel(II) complexes with Jgrgensen 

ethylenediamine, 2,2'-bipyridy] and 1,10-phenanthroline and suggested 

that the spectro-chemical position of 2,2'-bipyridy] and 

1,10-phenanthroline is higher than ethylenediamine. The A values of 

tris-complexes of ethylenediamine, 2,2'-bipyridy] and 

1,10-phenanthroline are: 

] ] [xi (en) ] * = 11,200 en”; [i(biny),| 2 = 12,650 on” 
] 12,700 cm '. Palmer and Piper@* have and [Ni (phen) ] ates 

investigated the polarized crystal spectra of the tris-bipyridy] 

complexes of Ni(II), Co(II) together with Fe(II), Ru(II) and Cu(II). 

They obtained values uf A = 12,800 cm” | and Racah parameter B' = 

710 cm” | from the spectrum of the tris-(2,2'-bipyridyl) Nickel(II) ion. 

This value of the Racah parameter B' in the complex represents a 30% 

reduction of the free ion value. The tris~(2,2'-bipyridyl) complex 

of Fe(II) was found to be spin paired having a ground state Ty 

Ig 

Robinson, Curry and Busch?2 . skilfully used the A values of 

Nickel(II)-trisdimethine complexes as a measure to the critical 

values for spin pairing in the respective Fe(II) complexes. They 

concluded that ligands of A < 12,500 cn”! with respect to Nickel(II) 

gave spin free Fe(II) complexes while ligands of A > 12,500 cm” | with 

respect to Nickel(II) gave spin paired Fe(II) complexes. Thus a 

critical value for spin pairing in the respective Fe(II) complexes 

30 ] 
was given by the same authors~~ as A = 12,500 + 800 cm. 

The complexes of a substituted derivative of 2,2'-bipyridyl and 1,10- 

phenanthroline with various transition metal ions have been studied’ »31 932, 

The substitution in 2,2'-bipyridy] and 1,10-phenanthroline may lead to in- 

creased stability of the metal complexes due to increased basic strength
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or m-acceptor properties of the ligand; on the other hand, substitu- 

tion can lower the stability of complexes because of the ligand's 

lower basic strengths or by virtue of steric hindrance caused by the 

4531532, The substitution” of the electrophilic substituent groups 

bromo or nitro group in the 4,4'-position of bipyridy1 or 

4,/7-position in phenanthroline lowers the base strength and hence 

reduces the stabilities of the metal complexes In the case of the 

2-methylphenanthroline complexes the stability constant drops because 

of the steric effects of the large methyl] groups present in the 

32 found that, a-position to the metal-nitrogen bond. Irving and Mellor 

when the more sterically hindered 2,9-dimethyl-phenanthroline ligand 

is used, the stability constants become smaller, and K2/K1 for Cu(II) 

is greater than unity. 

2,2'2"-Terpyridyl is believed to be a more highly conjugated 

3] 
amine than 2,2'-bipyridyl~ and behavesas a weak base. Mono and bis- 

complexes of 2,2',2"-terpyridy] (terpy) with various metal ions have 

been studied by Hogg and Wilkins, The A value estimated as 

: for Ni(terpyridy1)5°* ion. They believed that terpyridy] 12,740 cm 

has fleicar crystal field strength than bipyridyl. This conclusion 

was made from the observation of d-d transition bands in bis- 

(2,2',2"-terpyridy]) Ni(II) ion. Using a recent A value obtained by 

Palmer and Piper for Ni(bipy) 3°" as A = 12,800 cm” | then terpyridyl 

and bipyridy] were seen to be of similar ligand field strength. The 

mono-terpyridyl complex, Fe(terpy) Bry was found to be a high spin 

complex with a moment of 5.10 B.M; whereas the bis-complex of 

terpyridyl-Fe(II) was known to be a diamagnetic. 

: : 4. 
The other systems which have been extensively studied 39-40 are 

those in which 2-pyridyl groups such as 2,2'-bipyridy] are insulated by
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the introduction of the group, > X.R (where X = N or C and R = H or 0); 

These ligands are: di-2-pyridylamine and di-2-pyridylketone,. 

Pyridine nitrogens are co-ordinated to.the metal ions in both 

ligands which form six-membered chelating ring system. 

Di-2-pyridylamine is potentially a bidentate ligand. It forms 

34-35 36 (ies ) bis-, and tris-complexes with iron and 

35,3/ 
) . 

» cobalt(II 

nickel (II In di-2-pyridylamine, the group -NH is inserted 

between the two pyridyl groups and this would impede conjugation 

between the two pyridyl] rings. The A value estimated as 11,200 cm! 

from the spectra of the nickel(II) complexes (35 - 3q band). All 
2g eg 

34535 | with di-2-pyridylamine are found to be high iron(II) complexes 

spin (5+ 

2g 
diamagnetic (I, ground state; L = di-2-pyridylamine). Goodgame and 

Ig 
obtained A value as 12,000 cm” | 

ground state), except for FeL,(CN).4 compound, which is 

34 
Burbridge from the spectra of the 

jiron(II)- di-2-pyridylamine complexes. Thus di-2-pyridylamine produced 

] a stronger ligand field than ethylenediamine, A = 11,400 cm ° for 

Fe(en)°*; but a weaker one than 1,10-phenanthroline. (A value for 

2+ -1,41 
binky Fe (Phen). 1s 3 00ecm 

McWhinnie et a1? presented the following spectrochemical series 

of bivalent metal ions for di-2-pyridylamine: 

Petit) > <Cotlly we NIT) 

Osborn and McWhinnie?® first considered di-2-pyridylketone 

(pyCOpy) as a ligand, in which the group > C = 0 is the insulating 

group between two pyridyl groups. Since then a number of the 

transition metal complexes of di-2-pyridylketone have been reported? 240242, 

Di-2-pyridylketone is believed to be an ambidentate ligand®®, It can 

co-ordinate to a metal ion either via nitrogen atoms of the two
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pyridyl groups (N,N=co-ordination) or nitrogen atom of one pyridyl] 

group and the oxygen atom of the carbonyl group (N,0-co-ordination) 

figure 7(a) and 7(b). 

w
e
    

N,N-coordination N,0-coordination 

Figs 7(a} Fig. o70e) 

The N,N-co-ordination and N,0-co-ordination, for di-2- 

pyridylketone, can be differentiated by observing the position of the 

carbonyl stretching frequency which shifts characteristically to a 

lower wave number on co-ordination. Moreover, in di-2-pyridylketone 

39 complexes a complication~” also arises due to the hydration or 

.alcoholation across the ketone double bond (figure 8). 

& 
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Fig.8.
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Morgan”? compared di-2-pyridylketone with other bidentate ligands 

such as acetylacetone, salicyclic acid etc., in that all form six- 

membered ring systems. The similarity of di-2-pyridylketone is found 

to be more close to an acetylacetone. Both ligands have m-electron 

systems and are of the same symmetry, Coy. 

Copper(II) halide and perchlorate complexes with di-2-pyridylketone 

have been prepared>®, The N,N-co-ordination and N,0-co-ordination 

were observed in Cu(II)-perchlorate complexes with di-2-pyridylketone. 

One [cucrycopy) 9(H,0)z] (C10; )ohas ionic perchlorate groups and 

] co-ordinated water molecules. [vg tF) for C10, is at ~ 1100 cm” and 

v(OH) is at 3550 on ee The ligand, di-2-pyridylketone, is N,0-co- 

] 
ordinated. The carbonyl] stretching is assigned at 1445 cm‘. Dehydration 

of the above copper(II) complex affords bis(pyCOpy) copper(II)- 

perchlorate. The infrared study of this complex suggests that 

perehlorate groups were co-ordinated [ for v(C10,): V1 (A, ) 2952 cn”! 

V6 (By) 1055 om”! and Vg(Bo)» 1130 cn || 38° The carbonyl] frequency , 

] 
v(CO) at 1700 cm ', indicates a free carbonyl group i.e.N,N-co-ordination. 

Feller and Robson®> found that the complex, Cu(pyCOpy )(H.0). S0y5 

like other solvated di-2-pyridylketone - Cupric complexes ?® showed a 

strong band at 1445 ona its infrared speeErae The di-2- 

pyridylketone is suggested to be N,N-chelated in these complexes. 

39 proposed that the disappearance of carbonyl stretching frequency They 

v(CO), or an inexplicably large shift of carbonyl band in solvated 

~ copper(II) complexes, can be attributed to hydration or alcoholation 

across the ketone double bond: 

eos 0. + ROH + $C(0H) (OR) 

The visible absorption spectrum. of Co (pyCOpy).Cl5 in dime- 

thy] formamide solution clearly indicates the presence of a tetra- 

hedral cobalt(II). The maxima at A max,14900(e,250) and
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16 ,400*cm” ! (ce, 190) were assigned to the 4, + 4, (p) transition. A 
2 ] 

*(1x107 Pom” 210 nm).Jn the presence of an excess of the ligand, 

di-2-pyridylketone, the complex Co(pyCOpy) Cl, exists in equilibrium 2 . 

with the corresponding octahedral complex. The equilibrium process 

in dimethylformamide is as follows: 

DMF 
aan 

Co(pyCOpy) Clo q———~-  Co(pyCOpy) Cl, + pyCOpy 

Octahedral Tetrahedral 

In the ketonic ligand, the co-ordination is accompanied by a 

characteristic shift in the carbony] stretching frequency to a 

lower wavenumber in the infrared spectrum. The complexes of many 

ketonic ligands with various transition metal ions have been reported’ ?45, 

43 
Scagliavini and Tartarini’~ first used benzophenone as a ligand with 

transition metal ions when preparing unstable solid TiC1,-benzophenone. 

The carbonyl stretching frequency in the free ligand, benzophenone, is 

] 
at 1675 cm but when it is complexed with various metal ions, the 

carbonyl band is shifted to a lower wavenumber: e.g. v(CO) is at 

] 44 45 
1550 cm in VCl, * 2phCOph °; 1560 cn”! in TiC1,« 2phCOph ~. 

Bridgeland et aii4 reported a maxima in the diffuse reflectance 

spectra at 14,300 cm! (2, + 3) and 20,400 cm! (2, + 2 ) 
lg 2g lg 2q 

and magnetic moment, Hoge = 1.70 B.M. for tetrachloro-bis (benzophenone) 

vanadium (IV). 

The following spectrochemical series with respect to vanadium(IV) 

have been presented by these workers’: 

phenanthroline « bipyridyl > ethyleneglycoldimethylether > 

1,4-dioxan > pyrazine > benzophenone > 2,6-dimethylpyrazine > 

tetrahydropyran > tetrahydrofuran > Cl .
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Fowles et als? prepared complexes of titanium(II)-chloride with 

ketones of the type TiCT,, 2RCO » where R = CH, CoH. or CoH. For 

all these three ketone-Ti(III) compounds, co-ordination results in an 

appreciable lowering of the carbonyl stretching frequency: R = Me, 
oo 

v(CO) was at 1675 and 1560 cm (in free Tigand,Me,CO, v(CO) was found 
es i ae a at 1715 cm!) Et, 1655 cm”! (Et,CO, 1720 om!) and Ph, 1560 cn”! 

(PhCO, 1680 cm L The visible spectra of titanium(III)chloride 

complexes were reported. The complex TIC12. 2Ph,CO has maxima at 
* 

] | in the visibie region of the spectrum. 15,600 cm saad 25,600 cm 

_ [Approximate wavelengths of colours: Ultraviolet- <400 mi; Visible 

(Violet,400-450 mu; Blue,450-500 mu; Green-500-570 mus 

Yellow,570-590 mu; Orange ,590-620 mi; Red,620-760mi); Infrared > 760m] °1(¢) 

Tome be) nm) *(Note: Imp = 1x10 

TheJ°presented the following spectrochemical series with respect 

to titanium(III): 

Methylcyanide e ethylcyanide > H.0 > morpholine > 

dimethylketone ~ diethylketone w benzophenone > tetrahydrofuran 

Other ketonic ligands of the type X-COR (where X contains a 

potentially co-ordinate group) have also been used for complex 

formation, e.g. B-diketones, Be ween Gh =R . Fackler has 

reviewed the large number of complexes of B-diketones. f-Di-ketones 

which have at least one proton on the carbon atom between the carbonyl 

groups, exhibit keto-enol tautomerism (fig.9).
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The complexes of many ligands are reviewed” including benzoylacetone, 

dibenzoyImethane, acetylacetone, trifluoroacetylacetone etc. 

In the present work, metal complexes of 2-benzoylipyridine (PhCOpy) 

are studied. The ligand, 2-benzoylpyridine is studied since it should 

provide a good analogue for N,0-co~-ordination in di-2-pyridylketone°®, 

and enable N,0-co-ordination to be recognised by spectroscopic properties 

The 2-benzoypyridine is an ambidentate ligand and may co-ordinate 

to a metal ion in one of the following three possible ways: 

Ph =-pheny] group
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The above (1) and (2) possibilities were only found in Rh(III) 

complexes ®, The mono-dentate (i.e. N-bonded or 0-bonded) 

é~benzoylpyridine complexes of first transition metal ions were not 

isolated. 

The known complexes of 2-benzoylpyridine will now be described. 

47 Hemmerich and Fallab*’ first reported the copper(II) complex of 

2~benzoylpyridine in which the molecule was acting as a bidentate 

#8598 studied the complexes of copper(II) 

6 and rhodium(IIT) complexes, 

ligand. McWhinnie and Osborn 

perchlorate, halides; zinc(II )halide 

with 2-benzoylpyridine. The ligand, 2-benzoylpyridine (PhCOpy) was 

found to be N,0-co-ordinated in both copper(II) and zinc)II) complexes. 

The shift in the carbonyl] stretching frequency was similar in both 

zinc(II) and copper(II) and suggested weak interaction between carbony] 

group and metal ions. The infrared spectrum of green bis-(2-benzoy1- 

pyridine)copper(II) perchlorate suggests the perchlorate groups to be 

weakly co-ordinated to copper. 

Some rhodium (III) complexes with 2-benzoylpyridine (PhCOpy) have 

been prepared’®, The complex, Rh(PhCOpy) C15, Rh (PhCOpy )C1, is formed by 

the reaction of RhC1 and 2-benzoylpyridine in ethanol. The cation 

(Rh(PhCOpy) C1)” has been obtained as perchlorate in yellow and 

orange isoMeric forms, both isomers have trans- chloride ligands. 

The substitution reaction of the trans-dichlorobis (PhCOpy)Rh (III) has 

been described by the same authors “© who suggested that the ligand, 

2-benzoylpyridine was found to be co-ordinated to rhodium(III) in all 

three possible ways (i.e. N,0, -0 and N-bonded 2-benzoylpyridine, 

page 19 ) 

The reaction proceeds via an isomeric form of (Rh(PhCOpy) C15)", 

as follows:
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Some rhodium (III) complexes of other 2-pyridylketones (py-C0.R) 

have been prepared”? in which the group,R,has been varied: R = amino 

phenyl, 2-m-aminobenzoylpyridine (pyCOPhNR, ) 5 R = methyl, 

2-acetylpyridine(pyCOMe); R = nitrophenyl, 2-m-nitrobenzoylpyridine 

(pyCOPhNO, ). The rhodium(III) complexes of 2-acetylpyridine, 

2-m-amino-, and 2-m-nitrobenzoylpyridine were found to be similar 

48 to Rh(PhCOpy )C1 Rh(PhCOpy )C1, The conductivity data of these 9° 

complexes in dimethylformamide solution indicates some ion 

association in dilute solution. The position of the carbonyl stretching 

frequency, v(CO) in each of these complexes suggested that the carbony] 

group is co-ordinated to the rhodium(III) cations.
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CHAPTER 2 

EXPERIMENTAL 

(A) CHEMICALS: 

(B) 

(C) 

(D) 

The 2-benzoylpyridine used, was obtained from the "KOCH-LIGHT 

LABORATORIES LTD"., England., and used with no purification. 

The metal perchlorates and metal iodides (except Cdl, and ZnI,) 

were synthesised in the laboratory. 

SOLVENTS: 

All solvents were purchased and were purified by standard 

methods”°, The purification methods are described on page- 82 

in the second part of this thesis. 

ANALYSIS: 

Microanalysis for carbon, hydrogen, nitrogen and halogen were 

carried out by Mrs. Taylor, microanalytical laboratory, this 

department, and Drs. G. Weiler and F. Strauss, 164, Banbury Road, 

Oxford. 

Metals were also analysed gravimetrically, e.g. Nickel as Nickel- 

dimethylglyoximate, Ni(C,H0.Ny)o3 7 and Cobalt as Co(CcHeN) q 

(SCN) 921 €), Halides (chloride, bromide, iodide) were determined 

volumetrically by Volhard's method?! (¢) | 

SPECTRA: 

(i) Diffuse Reflectance Spectra: 
  

Diffuse reflectance spectra (30000-4000 cm” !)* were recorded 

for finely powdered specimens against a magnesium oxide (or 

lithium fluoride) reference using a "UNICAM-SP-700" spectrophoto- 

meter with an 'SP-735' diffuse reflectance attachment.
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<17) Solution Spectra: 

Solution Spectra (30000-13300 cm”! )*, were measured using a Perkin 

Elmer Spectrophotometer No.137" with 1 em, 2 cm and 4.0 cm matched 

Silica cells respectively. 

(iii) Infrared Spectra (4000 -625 cm™!)*: 
  

Perkin Elmer Spectrophotometers "PE-237" and "457" were used to 

record spectra for paraffin oi] mulls. 

(iv) Far Infrared Spectra: 
  

- Far infrared spectra (to 200 cm” !) were recorded for paraffin oil 

mulis in cesium iodide supports using a Perkin Elmer Spectrophoto- 

meter, "PE-225" 

* Note: 10°/cm = 1 millimicron (mu) = 10°"meter = 1 nm 

CONDUCTIVITY: 

Molar conductivities of freshly prepared solutions (1073) in 

purified nitromethane were determined with a "Mullard" 

conductivity bridge, using a standard conductivity cell type 

E7591/B and cell constant 1.36. The detailed theory and choice 

of solvent is described in the second part of this thesis,page- 85. 

MAGNETISM: 

Magnetic susceptibilities were determined by the Gouy method at 

room temperature. The Gouy tube was calibrated with 

Hg [co(Ncs), | (taking Xy = 16.44 x 107° ¢.g.s. units at 20°C)22?, 
The tube calibration was checked by measuring the magnetic  sus-~ 

ceptibility of [Ni (en),$,03] for which a value of Xq equal to 

(10.60 0.1) x 107° c.g.s. units at 19°C was obtained. 

This agrees satisfactorily with the literature values??, A 

Stanton Instruments Ltd. balance, model S.M.12 was used. The 

diamagnetic susceptibility of 2-benzoylpyridine was determined 

in the laboratory, at room temperature and other diamagnetic
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corrections were made from Pascal's constants as listed by Figgis 

and Lewis?2? : (Xg for 2-benzoylpyridine = -124,.3 x 10° c.g.S. units 

at anrey. The detailed theory of magnetic susceptibility, its 

calculation and diamagnetic corrections are described in the 

second part of this thesis, page 94,. 

X-RAY POWDER PHOTOGRAPHY 
  

X-Ray powder, photographs were taken using Cuka radiation. 

(The "SOLUS~SCHALL", London generator and "Phillips" camera and 

X-ray tubes were used.)



CHAPTER 3 

Nickel(II), Cobalt(II) and Manganese(II) halides and 

perchlorate complexes with 2-benzoylpyridine and also 

  

  

some new complexes of Zinc(II), Cadmium(I1) and 
  

Magnesium(II) halides with 2-benzoylpyridine 
  

In this chapter the preparations, characterisations, and the 

spectroscopic and magnetic properties are presented for the following 

new nickel(II), cobalt(II) and manganese(II) complexes. Some 

complexes of Cd(II), Zn(II) and Mg(II) are also described. 

Complex Preparation Solid State Discussion 
& solution of structure 

data 

Ni (PhCOpy)5 (C10), p 26 Table 1 & 5 P 46 

Ni (PhCOpy ) C1, (green) p 27 : D5 

pee) 2° lp(vellon p 27 : ; p 5] 

Ni (PhCOpy ) Br, p 27 2 p 53 

Ni(PhCOpy) oI, p 28 , o53 

Co(PhCOpy).(H 29){C104)5 p 28 Table 2 & 6 D5 

Co(PhCOpy) (C10, )o p 29 . p 55 

Co(PhCOpy ) C1, p 29 . p 56 

Co(PhCOpy ) Br. p 29 " p 56 

Co(PhCOpy) 1, p 30 2 p 56 

Mn (PhCOpy ). (EtOH). (C10,). p 30 Table 3 & 4 p 60 

Mn(PhCOpy C1, p 3] . p 60 

Nn(PhCOpy )Br, p 3) - " p 60 

Mn ( (PhCOpy) 41, p 31 : p 60 

Zn(PhCOpy)oI p 32 Table 8 p 61 ey



Complex Preparation Solid State Discussion of 
& solution structure 

data 

Cd (PhCOpy)C1, p 32 Table 8 76 

Cd(PhCOpy ) oI, P 32 - p 61 

Mg (PhCOpy)1,(H,0). P 32 eee p 61 

PREPARATIONS 

1. Nickel(II) complexes of 2-benzoylpyridcine: 
  

Diperchloratobis-(2-benzoylpyridine )nickel(II) 
  

Nickel(II) perchlorate hexahydrate (2m.moles,0.52g) was heated 

under reflux for 30 minutes with 2,2+dimethoxypropane (10 m1). 

2-Benzoylpyridine (4m.moles,0.73g) in. 2,2+dimethoxypropane (5m1)was added 

and the solution was heated under reflux for a further 30 minutes. The 

green crystals deposited from the solution after one hour were 

filtered and washed with fresh solvent. The product was dried over 

P9109 in a vacuum desiccator. Yield of green solid: 1.3g 

(Found: C 46.35 ,2.75. Ns4.73 NI, 9ra2s; Cog ty gol NoNi0 
10 

requires:C,46.2; H,2.9; N,4.5; Ni,9.40%) 

If ethanol was used as eaivenhs the perchlorate complex was obtained 

with co-ordinated solvent molecules. Thus a green diethanolodiper- 

chlorato bis-(2-benzoylpyridine) nickel(II) was prepared. 

(Found: €,4679; H,4.38t,N, 9,95; Ni,8)2et. Coch. C) 2gt3ge! gNaNi0 12 

requires:C,46.9; H,4.29; N,3.90; Ni,8.20%) 

However treatment of this compound at 137°C in vacuo over 72 hours 

afforded diperchloratobis-(2-benzoylpyridine) nickel(II)



Dichlorobis~(2-benzoylpyridine)nickel(I1). (green form): 
  

2-Benzoylpyridine(7.3g, 40m.moles) in cold ethanol (50 m1) was 

added to nickel(II) chloride hexahydrate (20 m.moles,4.8g) in cold 

ethanolic solution (50 ml). The resulting solution was refluxed for 

half an hour. After the solution had refluxed for half an hour, it 

was allowed to cool and the green solid was filtered off and washed 

with fresh solvent (ethanol) and dried over P19 in a vacuum 

desiccator. Yield of the green solid: 6.4g. 

(Found: . C,56:Si06,3.8; N,506; Nisl1:90; C1,14.5%.... Ci, H-.CTNNIO 
ERAS Cee oe 

requires: C,58.2; H.3.73 N,5.73 Ni,11.84; C1,14.3%) 

Dichlorobis-(2-benzoylpyridine)nickel(I1).(yeilow form): 

Dissolution of above green solid in ethanol affords a green 

solution which becomes yellow on addition of benzene. If the volume 

of the solution is reduced, a yellow solid dichlorobis~-(2-benzoy1- 

pyridine)nickel(II) separates out. 

(Foung: - ©, 58, 24" Hi 35. ge 0.5 G6: Ni 11; 89s -C1 14. 3% C C1,N,Ni0 24 pu ee 

requires © °€,50.2; H.3.72°.5 39: Ni 1d, 84; C1,14.3%) 

This yellow isomeric form was stable for many months after removal of 

the free ligand. However, contamination by the ligand resulted in 

reversion to the green form. The isomerisation reaction (yellow > 

green) was rapid in molten 2-benzoylpyridine. 

Dibromobis-(2-benzoylpyridine)nickel(IT) 
  

2-Benzoylpyridine(7.3g, 40m.moles) in cold ethanol (50 m1) was 

added to nickel(II) bromide trihydrate (4.5g, 20 m.moles) in cold 

ethanolic solution (50 ml). The resulting solution was refluxed for half 

an hour and the red solid was filtered off and washed with ethanol.
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The compound was dired over P19 in vacuum desiccator. Yield of 

red solid: 9.0g. 

(Found: C.49.25 ‘Hogc2s N,4.73 Ni,10.23; Br,27.0% C Br,.N,Ni0, 24! gBrN 

PequUi res $:0,49. 53 70, 9,.15 N,4,.8; N1, 10.03, 8,27. 3%) 

Diiodobis-(2-benzoylpyridine)nickel (11) 
  

This compound was prepared as above bromo-compound. 

The yield of dark green solid, 12.59 

(Found: C,42.5; H,2.8; N,4.4; Ni,8.70; 1,37,50% Coats gi NoNi0, 

requires: C,42.4; H,2.7; N,4.1; Ni,8.64; 1,37.40%) 

2. Cobalt(II) complexes of 2-benzoylpyridine: 
  

Diaquobis~(2-benzoylpyridine)cobalt(II)perchlorate 
  

Cobalt(II)perchlorate hexahydrate (2m.moles, 0.54g) was heated 

under reflux for 30 minutes with 2,2'-dimethoxypropane (10 m1). 

é-Benzoy|pyridine (4m.moles, 0.73g) in 2.2'-dimethoxypropane (5 ml) was 

added and the resulting solution was heated under reflux for a further 

30 minutes. Bright bearoe crystals deposited from the solution after 

one hour, were filtered off and washed with fresh solvent. The orange 

solid was dried over PAP 9 in a vacuum desiccator. Yield = 1.6g. 

(Found: C,42.8; H,3.7; N,4.33 Co,9.0%  C.,H CoC1 oN 2490 2912 

requires: C,43.6; H,3.4; N,4.3; Co,8.93%) 

If ethanol was used as solvent, the perchlorate complex was obtained 

with co-ordinated solvent molecules. Thus an orange diethanolodi- 

perchloratebis-(2-benzoylpyridine)cobalt(1I) was prepared. 

(Found:  €,46.95%-H,3, 96; N,3.82; Co, 8c10% CoghsjCoClNo0, 5 

requires: C,49.90; M,4.493' N,9.913 CoO,8223%)



However treatment of the both diquo- and diethanolo-cobalt(II) 

perchlorate compounds at 137°C in vacuo over 72 hours afforded the 

yellow-orange solid, diperchloratobis-(2~benzoylpyridine) cobalt(II) 

with a weight loss corresponding to the loss of two mole of water 

or ethanol respectively. 

Dichlorobis-(2-benzoylpyridine)cobalt(II) 
  

é~Benzoylpyririne (7.3g, 40m.moles) in cold ethanol (50 m1) 

was added to cobalt(II) chloride hexahydrate (20 m.moles, 4.76g) 

in cold ethanolic solution (50 ml). The resulting solution was 

refluxed for half an hour. After the solution had refluxed, it was 

allowed to cool and the yellow-brown solid was filtered off, washed 

with ethanol and finally dried over P01 in a vacuum desiccator. 

Yield of yellow-brown solid, 7.19. 

rounds: (757, @.:073.07 0.5.8: Coctt 85; C1. 13.0%  ¢ CoCloN.0 oats 2 

requires:; C,58.03:0,0,7; N,5.73 Co;T}.90; 61.14.32) 

Dibromobis- (2-benzoylpyridine)cobalt (II) 
  

This compound was prepared as the above chloro-compound. 

Yield of yellow-brown solid: 10.5g. 

(Found: C,49.2; H,3.3; N,4.9; Co,10.3; Br,26.0% Cog) gBroCoN.0, 

requires’ © ,49,9; H,3.7; .0,4;8*.Co,10.103 “Br, 27; 33) 

In a similar preparation using acetone as a solvent and an anhydrous 

cobalt(II)bromide afforded a green solid,Co(PhCOpy),Br, «acetone. 

Yield of the green solid,4.49g. 

(Found: (C,49.9; H,4.0; N,4.2; Co,9.65; Br,24.8% C..H.,,Br.CoN,0 
P1202 eS 

requires: C,50.0; H,3.8; N,4.4; Co,9.8; Br,24.8%)



Infrared evidence supported the presence of acetone, v (acetone) 
c=0 

occured at 1713 cm”! However treatment of acetone adduct at 137°C 

in vacuo over 1 hour afforded the yellow-brown solid, Co(PhCOpy) Bry; 

with a weight loss corresponding to the loss of one mole of acetone. 

The infrared spectrum of this compound showed no band at 1713 cm”, 

(Found: « 0,49.26°H,3. 21) N,4.53:Co,10.20; Br, 26.5% Co gh) gBroCoN,0, 

requires: C,49.3; H,3.10; N,4.8; Co,10.10; Br,27.3%) 

Diiodobis-(2-benzoylpyridine)cobalt(I1) 
  

This compound was prepared as above chloro-compound. A dark-brown 

solid was obtained. Yield: 12.2g. 

(Found? C.4g 0p 2.75 N45; €o,8.81; Ted .2% Cogh  gloloN0, 

requires: C,42.403 H,2.67% N,4.12: Co,8.76: 1,37,3743 

3. Manganese(II) halide and perchlorate complexes with 2-benzoylpyridine: 
  

Diethanolobis~(2-benzoyl pyridine )manganese(II)perchlorate 
  

2-Benzoylpyridine(40m.moles,7.3g) in cold ethanol (50 m1) was 

added to manganese(II) perchlorate hexahydrate (20m.moles,5.26g) in 

cold ethanolic solution (50 ml). The resulting solution was refluxed 

for half an hour. After that, it was allowed to cool and poured into 

an evaporating dish. The dish was then placed over P09 in a vacuum 

desiccator and the solution was allowed to evaporate slowly under 

vacuum. Orange crystals were formed after one week, which were dried 

. further to remove free solvent. Yield of an orange solid: 10.89 

(Found: C,46.9; H,4.18; N,3.93; Mn,7.5% Cogs Cl oMnN0, 5 

requires: C,47.2; H,4.25; N,3.98; Mn,7.72)



oY 

Di iodobis- (2-benzoy Ipyridine)manganese (II) 

2-Benzoylpyridine (40m.moles,7.3g) in cold ethanol (50 m1) was 

added to manganese(II) iodide tetrahydrate (20 m.moles,;7.6g) in an 

ethanolic solution (50 ml). The resulting solution was refluxed for 

half an hour. On the solution being cooled, diethylether was used to 

induce cystallisation. The red-brown crystals were filtered off, 

washed with diethylether and dried over P19 in a vacuum desiccator, 

Yield of red solid: 9.8q. 

  

(Found: C 42.6; Heated guN 4.445 Mn 8.25207, SP Re Cogh gl MnNo0, 

requires: C,42.7; H,2.7; N,4.2; Mn,8.13; 1,37.6%) 

The following manganese(II) complexes were isolated in metal to ligand 

ratio of 1:1 only. All attempts made to prepare metal to ligand ratio 

of 1:2 resulted in formation of only 1:1 complexes. 

Dichloromono- (2-banzoy Ipyridine )manganese(II): 

2-Benzoylpyridine (20 m.moles 3.669) in cold ethanol was added to 

manganese(II)chloride tetrahydrate (3.96g, 20 m.moles). The resulting 

solution was refluxed for half an hour ee was allowed to cool. 

Diethylether was used to induce crystallisation. The yellow crystals 

obtained, were filtered off, washed with diethylether and dried over 

P19 in a vacuum desiccator. Yield of yellow solid: 6. mh 

j2tlgo 1 oMnNo (Found: C46. 35403713. 0.4.99 91ns 16, Vs i, 20708 C 

‘ requires:C,46.5; H,3.0; N,4.5; Mn,17.773;C1,22.9%) 

Dibromdnio- (2-benzoy pyridine manganese (11): 

A similar procedure was used as outlined in the above chloro- 

compound of manganese(II). Yield of the yellow solid: 6.4g. 

(Found: C,36.6; H,2.4; N,4.13 Mn,14.0; Br,40.1% Cj HBr MnNO 

yequires: C,36,2; H,2:3: W,470s.Mn,13.8: Br, 40.2%,



  

4, Zinc(1I1), Cadmium(I1) and Magnesium(I1) complexes with 2-benzoylpyridine 

The general procedure which was outlined for nickel(II) and cobalt(II) 

complexes was used for the preparation of the following compounds: 

Diidobis-(2-benzoylpyridine)zinc(II): 
  

Yield of the yellow solid: 10.59. 

(Found: C,42.30; H,2.42; N,4.20; 1,36.96; CoqHygIoNo0oZn 

requires: €,42,.0:°H,2,65: N.4.12; 1,37,01%) 

Diiodobis-(2-benzoylpyridine)cadmium(II): 
  

Yield of the yellow solid: 12.8g. 

(Founds 0 ,89:¢; 4,2.374 0,3.815 60,515.25 1,34. 7% Cog, pfdIoNo0, 

requires: C,39.33; H,2.48; N,3.86; Cd,15.34; 1,34.642%) 

Diaquobis~(2-benzoylpyridine)magnesium(II)iodide: 
  

Yield of the yellow solid: 8.3g. 

(Found: C€,42.2; H,3.4; N,4.13 1,38.0% CoghooloMgNo0y 

requires + G, 42.3; -4,3.3; N.4.13. 137.52) 

Dichloromono~ (2-benzoylpyridine)cadmium(II): 
  

In this complex, all attempts made to prepare metal to ligand ratio 

of 1:2 resulted in the formation of 1:1 complex only. 

Yield of the white solid: 909. 

(Found: C,38.8; H,2.31; N,3.80; C1,24.4; Cd,30.42% C,,HoCdC1,NO 

requires: C,39.3; H,2.48; N,3.82; C1,24.35;Cd,30.602%).



RESULTS 
  

Solid state data for the complexes of 2-benzoylpyridine with 

nickel(II), cobalt(II) and manganese(II) are described in Tables 1, 2 

and 3 respectively. Solid state data for Cd(II),Zn(II) and Mg(II) 

complexes of 2-benzoylpyridine are described in Table 8. Solution 

spectra and conductivity measurements for the manganese(II), 

nickel(II) and cobalt(II) complexes are given in Tables 4,5 and 6 

respectively. Figure -10 and Table 7 show the effect of addition 

of an excess of 2~benzoylpyridine to a nitromethane solution of 

dibromobis-(2-benzoy]pyridine)cobalt(II). 

X-Ray powder photographs are given on pages-44 & 45 and its data 

(d-spacings measurements) are giyen in Tables 9 and 10. 

Figure -13 shows the ionic and weakly co-ordinated perchlorate 

groups in nickel(II) and cobalt(II) complexes of 2-benzoylpyridine.



Solid state data for complexes of Nickel(II )with 2-Benzoylpyridine 
  

  

  

  

          

Complex tTMagnetic Infrared spectra Diffuse Reflectance 
moment (in cm™!) 5 spectrum & 

(maxima in cm )§ 

Mert Tgmp]|v(CO) v(MX) v(C10, ) 
B.M. C 

Ni (PhCopy)(C10,). a.0 421.6] 1614... - 1132, 24,400.13 15,800; 

(Green) | 1037, | 10,400. 

915, 

Ni(PhCOpy C1, snes 86,01 1615 238. - 24,700; 14,700; 

(Green) 12,200, 8,800. 

Ni (PhCOpy) C1, 3.04 119.5} 1614 261% ‘* 24,800.,3 22,900.) 

(Yel iow) 14,600; 9,000. 

Ni(PhCOpy) Br, 3.16 {21.2} 1615) - ~ 28,500; 25,400., 
1605) 

(Red) 
19,600; 9,700. 

Ni(PhOOpy).1, 3.17 120.0] 1618) - - 24,600; 16,200; 
1608) 

(Dark-green) 9,400 

  

S =.Strong. ms - medium strong; sh ~ shoulder 

* Uncertain due to ligand absorption in this region 

$1 x 10t cm = 1000 nm 

t The positive values of yw are obtained for paramagnetic substances. 

 



Solid state data for complexes of cobalt(II) with 

Ks Feith 

Tape ye 
ee en re me necirnnta ree tee 

2-Benzoylpyridine 
  

  

+Magnetic 

  

Infrared spectra 

  

            

Complex Diffuse Reflectance 
moment (in cm” !) 5 spectrum 

: ; -] 
‘ maxima in cm )§ 

Hore |Temp. v(CO)v(MX) v(C10,) ( ) 

B.M.| C 

(9(Pacopy ){H20 4,30} 21.4} 1620 - Pre 29 roo; 95500. 

(C10,). 

(Orange) 

Co(PhCOpy) C14 5.184 210+ 1610 249. 3 23,600; 205100; 

(Yel low~-brown) UgUUN Sao 

Co(PhCOpy ) Br. 4.85} 21.7} 1615 - - 29,800; 25,700 

(Yellow-brown ) 23,500; 19,700.)3 

16,500; 14,500.) 5 

9,400. 

Co(PhCOpy),Br.° POU 21.08 171 Sho - 23,000; 16,900; 
cs 1630) 

~ acetone 13.900 

(Green) 

Co(PhCOpy ol, 4.56} 21.0} 1615 - - 264700; 22,800: 

(Dark-brown) TR SHO0. | Se eeu, 

s ~- Strong sh - shoulder 

§ 1x 10° cm! = 10 nmand 1 x 10" cm! = 1000 nm 

t+ The positive values of pp are obtained for paramagnetic substances. 

 



TApEE OS 

Solid state data for complexes of manganese(II) with 2-Benzoylpyridine 
  

  

  

  

              

Complex tMagnetic Infrared spectra Diffuse Reflectance 

momen e (in om” !) § spectra 
: : -| Loge genp NW(CO) v(MX) v(C10, ) (maxima in cm )§ 

B.M. 

Mn(PhCopy) Cl, 6.78 21.7} 1630 267% 295300; . 23,500 he 550M S 
(Yellow) 238° 

Mn (PhCOpy ) Br, 6.64 21.6 | 1620 - - 29,500; 27,700 ..3 

(orange- 23,200; 16,500.) 3 
yellow) 

Nn (PhCOpy ) a1, 5.63 21.0 1632.) - - 27,000; 20,700.) 3 

1625.) 
(Red-brown ) 1620 16,600. 

hin (Phony Eton), STI 21.8 | 1622 - 1095), £9,c0U,; 24,000; 

(C104). : 16,300, 
(Orange- 

yellow) 

S - strong, m - medium, b - broad, sh - shoulder 

* Uncertain due to ligand absorption in this region, 

] ] Btw 100 ent = 10 nm and 1 x 10° cm! = 1000 nm, 

+ The positive values of yu are obtained for paramagnetic 

substances.



aT re 

TABLE 4 
een certo enna 

Solution spectra and conductivities of Manganese(II)complexes 
  

= OT 2-Benzoylpyridine 
  

  

  

              

Complex ein Solution spectra janes Data 

(Maxima in cm” !)g M(in 16°m) Temp 
MeNOo G 

Mn (PhOOpy )C1., Nitro- Insoluble in nitromethane - 23°C 
methane * 

Mn (PhCOpy )Br, " 27,700(150) 20 hed 

Nn(PhCOpy) 91, 25 ,600(860); 16,900.) (50) 34 23.0 

lin (Phcopy), 
f 24,900 (30) 156 23,0 

ERP) (10g) 

TABLE 5 

Solution spectra and conductivities of Nickel(II)complexes 
  

of 2-Benzoylpyridine 
  

  

  

          
  

Complex Solvent |Solution spectra sConductivity Data 

(Maxima in cm” !)s Ancin 109M) Temp 
MeNO? ie 

hi (Pho Oy), Nitro- |16,000(17)* igo 19.6 
(C10, ). fesse | 

Ni (PhCOpy ) C1, : 26 ,300(410); 14,300(34) 6 19.5 

(Green) 

Ni (PhCOpy) C1, : 26,300(400); 14,200(31) 8 S\3 

(Yellow) 

Ni (PhCOpy) Br, 26,100(610); 14,400(31) 36 19.0 

Ni (PhCOpy) 1, si 24 ,600(190); 16,450(100) 76 19.0 

Notes fox Table 445. 
* 

density and total concentration of metal. 

we 10 en 

‘| Am . Molar conductivity = Ohm”! mole” 

= 10 nm and 1x 104 em”! = 1000 nm. 

| cm* . 

Apparent extinction coefficient calculated from observed optical 

 



- 36. 

TABLE 6 
eee mt tne 

solution spectra and conductivities of cobalt(II )complexes 
  

of 2-Benzoylpyridine 
  

  

  

Comp Tex Solvent Solution Spectra bonds Metey Data 
-] + 2m 3 

(maxima in cm )§ (in 10°M) Temp 
MeNOo c 

[co(Phcopy), Nitro- | 26,200(1030); 19,300(55)*. 192 -2402.60 
methane 

(10) .|(C10,), 

Co(PhCOpy) C1, : 26 ,200(690); 16,900(160) 
21 2148 

16,000(120); 15,000(180) 

Co (PhCOpy) Br, y 25,800(930); 17,500., (125) 

16,400(170); 15,200(160) - oF een 

14,500(175) 

: "<= | chloro- | 24,200(940); 17,700(130). - ~ 
form 

Co(PyCOpy) Br. * } 24,300(930); 17,900(130) - - 
acetone s : 

Co(PhCopy) a1, nitro- | 24,900(15) 54 22.0 
; methane 

15,100, (62) 

14,100... (75)           
  

    

* Apparent extinction coefficient calculated from observed optical 
density and total concentration of metal. 

care eee 10 nm and 1 x 10% om! = 1000 nm. 

| mole” | cm 2 

§ tex 10 

+ ZX\m= Molar conductivity = Ohm



ak 

= 40 He 

TABLE 7 

Solution Spectra of Co(PhCopy) .X» in the presence of Added Ligand 
  

Solid = Co(PhCopy) Br; Solvent = CH NOos L = 2-Benzoylpyridine. 3 

  

] 

  

  

  

  

  

bk   

Solution Solution Spectra in cm § 

10° M Co LaBr, 25,800(930)*, 17,540., (110), 16,200(155), 

15,000(160),  14,300(210) 

10°? M Co LaBr, + x10 ML} 26,700(1400), 17,600(120), 16,260(115) 

15,000(105)  14,500(150) 

1079 M Co LyBr, + x1074ML | 26,690(1235), 17,670,, (117), 16,150(145) 

14,880(140), 14,270(165) 

10° 3M Co LoBr, + 10° ML | 25,950(1345), 17,500(140), 16,400... (117) 

14,7004,,(40) 

1072 M Co L,Br, + 10°! ML | 25,700(2000), 24,200(1150), 17,800(147)     

Co(PhCopy)C1, gives similar 

  
spectra on addition of ligand. 

_* Apparent extinction coefficient calculated from observed optical 

density and total concentration cf metal. 

] 64.210 cr F080 tin. 

** (See Figure-10, )



TABLE 8 

Physical data for complexes of Mg(II), Cd(II) and Zn(II) 
  

  

with 2-Benzoylpyridine 

  

  

  

Compound Colour "Infrared data (in cn!) Conductivity Data 

v (C0) v (MX) Temp 

ne 

Ha (PhCOpy). 91, Yellow 1625 - 23 

21,0] 

Zn(PhCOpy ) oT, Yellow 1620 ~ - ea 

Cd(PhCOpy ) oI, Yellow 1638 - 23 

*269. 1, Insoluble in 
Cd(PhCOpy )C1 White 1635 ¥265 nitromethane] - : 23qsh 

s         
  

* uncertain due to ligand absorption in this region 

sh - shoulder, s - strong; 

§ (1.x 10° cm! = 1000 nm) 
“ee = Molar conductivity = Ohm”! mole” | cm 

 



d-spacings from the X-ray powder photographs of the complexes of 

42 

PARLE ut 9 

  

Ni(II), Co(II )and Cad (Iichloride with 2-benzoylpyridine 
  

  

  

  
        

Ni(PhOOpy) C1, Ni (PhCOpy) C1, Co(PhCOpy) C1, Cd(PhCOpy )C1. 

(green form) (Yellow form) 

8.50. 8.50. 8.20. 8.51, 

7,00. 6.90, 7.09, 7.00 | 

5.59. 5.58. 5.70, 5.68. 

4,59. 4.57, 4.60, 4.70. 

4.15, 4.17, 4.10, 4.20, 

3.85, 3.82. 3.78, 3.80. 

3.55 3.52. 3 ay 3.60. 

3.37 3.40, 3.36, 3.40, 

3.20, 3.18, 3.23, 3.12. 

2.907, 2.87, 2.95, 2.92, 

2.80, 2.78, : 2.80, 2.80, 

2.67, 2.65) os ers 2.68, . 

2.58) w 2.57) \, 2.98), 2.60, 

2.43y Ww 2.43) w 2.40, 2.40, 

2. 36m 2.35, 2.37, 2.35, 

2.23y w 2.20, +1, 2.28) 2.25, . 

2.08y w 2.07) 2.14, 2.08, 

2.05. 2.02) y 2.00, w 2.02,, _ 

1.97, 1.95), 1.95) 1.94) - 

1.88, . Vary y 1.88, , 1,87, ; 

1.83) 1.80) 100 1.80) ¥j 

1. 98«° Tie < iA Lee a V.W V.W V.W 

S - strong, m- medium, w - weak, v.w. - very weak. 
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TABLE 10 

d-spacings from the X-ray powder photographs of the complexes of 
  

Ni(II), Co(II), Cd(II) and Zn(II) iodide with 2-Benzoylpyridine 
  

    

  

          

Ni (PhCOpy ) oI, Co(PhCOpy) a1, Zn(PhCOpy) oI, Cd(PhCOpy)o1, 

10.0 9.9 9.88 10.0 S © S S 
7.00 6.80 6.80 7.0 s S S S 
6.20 6.50 6750... 6.20 mM m m m 
i ae 560 5.60 5. 55 S m m S 

5.90 5.20 6.22 5.20 S m S S 
4.45 4,50 4,40 4.20 S S S S 
4.10 a;95 4.10 3.90 S m WwW S 
a0 3.65 3.68 3.66 m m mi m 
3,50 3595 3.50 3259 wW W m m 
gion oi ae 2130 a.oe m m m m 
3.00 a.20 3310 3.40 S m V.W S 
2.92 2.95. : 2.95 2.95 

2.80 2.77, 2.75) 2.77 

2.58, 2.60, 2.60 2.58 

2.49 2.45. 2.48 2.48 | 

2.30) 2.25) 2.25) 2.27, 

2.08) SHA oi 2.12 2.10, 

Ba tee, 5/0) Lear 

Poly 1.65) ena 1.67 

1.53) me Ve 1.52) 

S - strong, m- medium, w- weak, v.w. - very weak. 
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Dichloromono- (2-benzoy Ipyridine )cadmi um(IT)
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Prytarea ree 

Di iodobis- (2-benzoy pyridine )nickel (II) 

  

Dhcopy)g T 

Di iodobis- (2-benzoyl pyridine )cadmi um(II) 

  

Zn(PhCOpY)2 Ta 

Di iodobis- (2-benzoy pyridine )zinc(I1)



DISCUSSION 

1. Nickel(II) Complexes with 2-benzoylpyridine: 
  

All nickel(II) compounds isolated with 2-benzoylpyridine were 

bis-complexes and the metal ions are located in very distorted octa- 

hedral environments. Characteristic shifts of the carbonyl group 

frequency, v(CO), for 2-benzoylpyridine to lower wave number were 

noted on co-ordination which indicates that 2-benzoylpyridine 

functions solely as a bidentate ligand. 

‘The spectra of nickel(II) complexes can readily be interpreted by re- 

ferring to the energy level diagram for a8 ions (fig.11(a)). 

The ground state of nickel(II) in an octahedral co-ordination is 34 
2g? 

(oy (e,)°. It is seen from the energy level scheme (fig.11 (b)), 

that nickel(II) in regular octahedral co-ordination will always 

possess two unpaired spins. This is not the case for axially 

distorted nickel(II). There are three spin allowed transitions for 

a typical octahedral nickel(II) complex and they are the 

3y + 3 ; 3, + 3 (F) and 3 > 3) (P). These bands 
2g 2g 2g lg 2g Ig 

* * * a 
occur in the range of 7,000-13,000; 11,000-20,000 and 19,000-29,000cm | 

T 

regions respectively. In addition two spin forbidden bands, to leg 

and to ] are frequently observed [(not shown in Fig.1] (a) )} } 
2g 

Octahedral nickel(II) complexes have relatively simple magnetic 

behaviour and all of them should have the magnetic moments ranging 
* - 

from 2.9 to 3.4 BM. (1x 10' cm! = 1000 nm). 

A. Complexes with Nickel(II) Perchlorate: 

Reaction of 2-benzoylpyridine with nickel(II) perchlorate 

hexahydrate in 2.2'-dimethoxypropane affords a green complex of 

stoichiometry Ni(PhCOpy),(C10 If ethanol was used as solvent 2(C10))o.
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Figure: 11(a) Partial energy level diagram for a a8 jon in an 

octahedral field. 
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Figure: 11(b) Energy level scheme for the triplet states in 

octahedral coordinated Nickel(II) complexes.



a green perchlorate complex of stoichiometry Ni (PhCOpy) (C104). 

2EtOH was obtained with co-ordinated solvent molecules. The 

carbonyl stretching frequency, v(CO), for Ni(PhCOpy), (C10 2 (C104)o is 
at 1614 cm”! and for Ni (PhCOpy)9(C10,)».2£t0H is at 1610 cm”! which 

indicates NO-co-ordination of 2-benzoylpyridine in both complexes. 

(The carbonyl stretching frequency in 2-benzoylpyridine is at 1665 om”! 

but when it is complexed with various metal ions, the carbonyl band is 

shifted to a lower wavenumber). 

The number and position of infrared bands associated with the 

perchlorate group have been used to indicate whether the group is a 

monodentate (~0-C10,), an jonic (C10, ) or a bidentate ligand, 

tone 54 
it) an C10,. . An ionic perchlorate group has Ty symmetry and has 

a strong infrared active bands V3(Fo) at 1110 cm” and a weak band at 

- which corresponds to V1 (A)s is theoretically forbidden in the 932 cm 

infrared. When a perchlorate group functions as a monodentate ligand, 

the co-ordinated oxygen is no longer symmetrically equivalent to the 

3v" 
The frequency V3(Fo) of the ionic perchlorate group is resolved into 

other three and the effective symmetry of the group is lowered to C 

v, (A) and v,(E). Also the frequency Vy of the ionic perchlorate 

group becomes frequency vo(Ay) which is infrared active. When a 

perchlorate group functions as a bidentate ligand, the symmetry of the 

group is reduced to Coys and the frequency V3 of the ionic perchlorate 

_ group has its degeneracy completely resolved, giving v1 (Ay); V6 (B, ) and 

Ve (Bo) » all of which are infrared active. Also the frequency Vy of the 

ionic perchlorate becomes Vo(A,) which is infrared active. This is 

illustrated in fig.12.



  

state of C10, synme try 

-O-C10, C2, Vo(A,) v, (A) v,(E) 

(Infrared) (Infrared) (Infrared) 

eae 
C10," Ty v, (A) V3(Fo) 

(Raman) (Infrared) 

932 cm”! 1110 cn! 

ae Coy, vo (A) V1 (A, ) V_(B, ) Vg (Bo) 

(Infrared) (Infra- (Infra- (Infra- 
rea) red ) red)     

  

Some vibrations of the C10, group as a function of symmetry 
  

Figure 12. 

The complex Ni (PhCOpy) 5 (C10, )» has two infrared bands in the solid state 

at 1132 and 1027 cm! which corresponds v,(A) and v,(E) and it has a band 

at 535 cn”! corresponding to Vo (Ay). Since the splitting of frequency 

v3 (C10, ) is not very pronounced in this complex (fig.13), the (C10)) groups 

are considered to be weakly co-ordinated, fhe interaction of the anion with 

with the metal being sufficient to favour a spin-triplet ground state 

at room temperature and to cause splitting of v3 (C10, ) and to allow 

some intensity for v4 (C104)°4. The conductivity data (Table-5) of 

Ni (PhCOpy), (C104), indicates an extensive ionic dissociation of the 

perchlorate groups in nitromethane solution, although the solution 

spectrum remains consistent with the presence of a six-co-ordinate 

Species. (The complex is 1:1 electrolyte in nitromethane solution. ) 

The magnetic moment and diffuse reflectance spectra (Table 1) support 

an octahedral environment about the nickel(II) ion. Reaction of 

nickel(II) perchlorate hexahydrate and 2-benzoylpyridine in ethanol
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“Figure - 13.



Sys 

gives Ni (PhCOpy), (EtOH), (C10, ) 55 in which the perchlorate groups are 

definitely ionic (fig.13). This complex has a broad single band 
* 

! in the solid state spectrum. corresponding to v4(F5) at ~ 1110 cm 

However treatment of Ni (PhCOpy )(2EtOH) (C10, ), at 137°C in vacuo 

over 72 hours affords diperchloratodi- (2-benzoylpyridine)nickel (II) 

where again there is infrared evidence for some degree of perchlorate 

co-ordination in the complex.*(1 x 10° cm! = 1000 nm). 

B. Complexes with Nickel(II) halides: 
  

_ Reaction of hydrated nickel(II) chloride and 2-benzoylpyridine 

affords the green solid Ni (PhCOpy ),C1,. Addition of benzene to an 

ethanolic solution of green Ni (PhCOpy ) Ci, gives a yellow solid of the 

same composition. As previously stated if the yellow isomer is carefully 

washed free of free ligand it is stable for many months, However 

failure to remove any contaminating ligand results in reversion to the 

green form in a matter of days, The isomerisation reaction (yellow —pgreen) 

was very rapid in molten 2-benzoylpyridine. The two isomers of the 

composition, Coghs CI ONINA0,» clearly contain six-co-ordinate nickel(II) 

and equally clearly the detailed environment of the metal differs in 

the two cases. Nitromethane solutionsof green or yellow Ni(PhCOpy) C1, 

are green and nonconducting and both isomers give identical solution 

spectra which are in turn not identical with either set of solid state 

data. The magnetic moments and diffuse reflectance spectra are 

different in both cases. (Table-1) 

The isomers may be related as cis- and trans-dichloro-compounds 

or they may have similar arrangements of halogen ligands and differ 

with respect to the co-ordination of 2-benzoylpyridine (e.g.mutually 

cis- or trans- 2-pyridy] group), three such isomers being possible 

for a cis-dichloro-compound and two for a trans-dichloro-compound.
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: 2 AL Cl a 

ae 2 Cl | aS Cl ae ac 

N aaa N 0 af, 

(1) (2) (3) 

C1 C1 

ee) Se ra. We > 
Cl Ci 

(4) (5) 

X-Ray powder photographs of the two compounds are identical (Table 9 ). 

This initially surprising result probably implies that the nickel 

chlorine spacings are similar in the two complexes since it will be 

these heavier atoms that will be primarily responsible for the X-Rays 

being scattered. Thus it is unlikely that the complexes (yellow and 

green) differ as cis- and a trans-dichloro-compounds. The two complexes 

are isomorphous with Co(PhCOpy ),C1, which shows, in common with the 

compound Ni(PhCOpy ),C1,(green), a single cobalt-chlorine stretching 

frequency. Thus it is believed that these two isomers are formed as 

the trans-dichloro compound. The yellow isomer which gives a simpler 

spectrum below 17000 cm is considered to contain cis-2-pyridyl] 

groups (dxz = dyz) and the green isomer to contain trans-2-pyridy] groups 

(dxz # dyz). The far infrared data (Table 1) support this with the 

more complex spectrum for yellow isomer, Ni(PhCOpy) Clo, being consistent 

with the noncentrosymmetric microsymmetry.
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Reaction of hydrated nickel(II) bromide and 2-benzoy lpyridine 

affords the red solid Ni(PhCOpy ).Br,. The nitromethane solution of 

this compound is green and nonelectrolyte. The carbonyl frequency is 

at 1615 cm” showing that the ligand 2-benzoylpyridine is NO-co- 

ordinated in this complex (v(CO) for free 2-benzoylpyridine is at 

1665 cm!) The magnetic moment (3.16 B.M.) and solid state and 

solution spectra (Tables] & 5) in the visible region, suggest an 

octahedral environment for the nickel(II) cations. 

The reaction of hydrated nickel(II) iodide and 2-benzoyl pyridine 

affords the dark green solid Ni (PhCOpy 515. The 2-benzoylpyridine 

is NO-co-ordinated in this complex (v(CO) = 1618 cm! ). The molar 

conductance of this complex suggest some ionic dissociation in 

nitromethane solution. The diffuse reflectance spectra and magnetic 

moment, (3,37.B.M.:). (Table 1), indicate an octahedral co-ordination 

about the nickel(II) cation. 

2. Cobalt(II) complexes with 2-benzoylpyridine: 
  

All cobalt(II) complexes with 2-benzoylpyridine are six-co-ordinated, 

high spin complexes. The metal ions are located in very distorted 

octahedral environments. The 2-benzoylpyridine is NO-co-ordinated in 

all complexes and characteristic shifts of the carbonyl] group 

frequency, v(C0), to a lower wave number were noted on co-ordination. 

In octahedral co-ordination the ground state for Cobalt(II) ion, 

can be either 4. (t . or *, (t, Pe y! depending upon the 
Ig g 9 

strength of the ligand field. Thus for weak ligand fields the 

5 2 Tyq (tea), (24) 
2 

field the Ey (tog g) 

field ligand will be required for spin pairing in cobalt(II) ion 

4 e.)°, is the ground state and for a stronger ligand 

] We becomes the ground state. However, a strong 

(A > 15000 cm!y!¢
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Fig. 14. A partial energy level diagram for Co(II) ion in an 

octahedral field. (The “£4 (G) becomes the ground state 

in sufficiently high fields).



The 2-benzoylpyridine is considered to be a weak field ligand 

(a value of A=10000cn With respect to nickel(II) may be estimated) and 

therefore all cobalt(II) complexes of 2-benzoylpyridine were considered 

as high-spin complexes having the ground state 4, Cee) 
Ig 

octahedral co-ordination. The octahedral cobalt(II) ion should have 

Nn 

three spin-allowed d-d transitions and they are arranged in order of 

increasing energy: 

desi (Fy de guy Oy (F) > Beomgend <4 FG P fig.14 ene A 7, (F) * 4. (P) (fig.14) 
T 1g Ig lg 

The 4 | T (Fach An transition appears near ~ 12000cm ~~ as a very 
lg 2g 

ld 
weak peak and generally it is not observed The high spin octahedral 

cobalt(II) compounds have magnetic moments ranging from 4.7 to 5.2 B.M. 

A. Complexes with cobalt(II) perchlorate 
  

Reaction of hydrated cobalt(II) perchlorate with 2-benzoylpyridine 

in 2,2'-dimethoxypropane affords an orange solid, diaquobis -(2-benzoy1- 

pyridine) cobalt(II) perchlorate. The position of carbonyl stretching 

frequency indicated that 2-benzoylpyridine was NO-co-ordinated in this 

complex. The infrared spectrum showed the presence of water 

(v(OH) = 3400 cm™!) and showed that the perchlorate groups were ionic 

(v3(C10,) = 1117 cm!) (fig.12). Thus from the position of (OH) and 

Vv3(C10,), the complex is formulated as [:co(Phcopy) 9 (4,0). | (C10,).. 

The magnetic moment (4.30 B.M.) and visible spectra of the complex 

indicates an octahedral co-ordination about the cobalt(II) ion (Table 2). 

The effective magnetic moment is rather low but this is possibly due 

to quenching of the orbital contribution by the low symmetry ligand 

field rather than an indication of the presence of some cobalt(II) ions 

in another spin state. If ethanol was used as a solvent, the perchlorate 

complex was obtained with co-ordinated solvent molecule of the stoichio- 

metry Co(PhCOpy) EtOH), (C10 However treatment of both diaquo- 2 a)o-
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and diethanolo- complexes at 137°C in vacuo over 72 hours afforded 

diperchlorato bis(2-benzoylpyridine) cobalt(II). There is infrared 

evidence for some degree of perchlorate co-ordination in this complex 

(fig.13). The reaction is accompanied by loss of v(OH) and by splitting 

of V3(C10, ) and increasing intensity for V,(C10,). The conductivity 

of Co(PhCOpy)5 (C104). indicates an extensive ionic dissociation of the 

perchlorate groups in nitromethane solution. 

B.Cobalt(II) halides complexes with 2-benzoylpyridine 
  

Reaction of 2-benzoylpyridine and hydrated cobalt(II) halides in 

ethanol affords the yellow brown solid of composition Co(PhCOpy ) 4X, 

(X = Br or Cl) and the dark-brown solid, Co(PhCOpy )oI,. A similar re- 

action with anhydrous cobalt(II) Snide ree toe green solid, 

Co(PhCOpy ).Br.. acetone. The infrared spectrum of the acetone adduct 

] supports the presence of acetone, v(CO) = 1713 cm Heating of the 

adduct in vacuo afforded the yellow-brown solid Co(PhCOpy ) Br. and the 

infrared band at 1713 cm’! disappeared. The 2-benzoylpyridine is NO-co- 

ordinated in each of these halides complexes. The far infrared spectrum 

of Co(PhCOpy )C1, shows a single cobale-chlorine stretching frequency. 

Thus in the solid state the chloro and the bromo complexes are con- 

sidered to be trans-dichloro(and dibromo )-bis~ (2-benzoy Ipyridine) 

cobalt(II). The magnetic moments and the visible spectra in the solid 

state for each of these halide complexes , Co (PhCOpy )oX. where 

X = C1,Br,I are consistent with an actahedral environment about the 

’ cobalt(II) ion (Table 2). 

Although Co (PhCOpy ) 9X. (X = Cl or Br) does not undergo complete 

ionic dissociation, the nitromethane solutions of these complexes are 

intensely coloured (dark-green) and the spectra (Table 7) bears no 

relation to those of the solid state. The visible absorption spectrum 

of Co(PhCOpy ) Br, in nitromethane solution clearly indicated the presence
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of a tetrahedral cobalt(II) species. (A max 14,270 cme (e = 212) 

and 16,130 cm | (e = 154) may be assigned to the Ae ee 

transition.) The chloro compound gives the similar spectra in 

nitromethane solution. Addition of ra alin: of 2-benzoylpyridine 

to the nitromethane solutions of chloro or bromo complexes causes the 

intense band centered at 15000cn (which associated with the tetra- 

hedral species) to decrease in intensity and the spectra becomes more 

characteristic of "octahedral" species. A more detailed study of this 

phenomenon with the complex, dibromobis(2-benzoylpyridine) cobalt(II), 

revealed an isobestic point at 16000cii! as the ligand concentration was 

increased with the cobalt concentration constant (fig.10}. The 

solution studies in nitromethane suggest the following equilibria to 

be established: 

Co(PhCOpy) 9X" + X" === Co(PhCOpy) 4X, == Co(PhCOpy )X, + PhCOpy 

‘octahedral' tetrahedral 

The solution spectra of Co(PhCOpy) Br, and its acetone adduct are 

identical in both nitromethane and chloroform, the latter solvent . 

favouring an "octahedral" species in solution. The solid-state data 

of both compounds are marginally sensitive to the presence of acetone, 

which is however readily lost. These differences may arise from 

direct cobalt-acetone interaction in the crystals or by modification 

of the lattice by acetone sufficiently to alter the site symmetry in 

the complex. 

The conductivity data of Co(PhCOpy) oI, indicates some ionic 

dissociation in nitromethane solution and the spectra bears no relation 

to that of solid state. The solution spectrum of this complex, in 

nitromethane, is complicated due to charge transfer from metal to 

ligand. However tetrahedral species can easily be observed in the 

solution spectra. The X-Ray data suggests that this compound is 

isomorphous with many other compounds of the type M(PhCOpy),1, (Table 9),



3. Manganese(II) complexes with 2-benzoylpyridine 
  

The manganese(II) perchlorate and iodine compounds with 2- 

benzoylpyridine were isolated as bis-complexes and the manganese(IT) 

ion is located in six co-ordinate environments in both cases. The 

chloro- and bromo- complexes were isolated as mono-complexes with 

é-benzoylpyridine. The shift of the carbonyl stretching frequency 

v(CO), for 2-benzoylpyridine to lower wave number in the manganese(I1) 

complexes indicated that the ligand is NO-co-ordinated. 

The bright orange to red-brown colour of manganese(II) complexes 

of 2-benzoylpyridine is quite striking when compared with most of 

the manganese(II) salts which are very pale pink in octahedral 

surroundings. This intense colour is attributed to the charge transfer 

bands which extend far into the visible region. It is this phenomenon 

that prevents one from getting any useful electronic absorption data 

from solid state and solution spectra. The reason is that the charge 

transger bands mask the weak spin-forbidden d <> d transitions. 

In a high-spin octahedrally co-ordinated manganese(II) complex, 

the ground state for manganese(II) ion is 6q (5.9 872 )e- Since. this 
eg “g 

is the only sextet level present, the d «+ d transitions are all spin- 

forbidden and thus give rise to very weak absorption bands. 

(The spin-forbidden transitions give absorption bands ~ 100 times 

le There weaker than those for similar but spin-allowed transitions) 

are six absorption bands in the visible and near ultraviolet region of 

the spectrum for manganese(II) complexes. They all correspond to the 

spin-forbidden transitions and are assigned from the ground state to 

various excited states in order of increasing energy: 

6 (4.}:%6,.0 a 
lg lg : ig 
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rig, 158, Partial energy level diagram for the Mn(II) ion, 

- showing only the 6. state and the quartet states. 

The magnetic moment for a high-spin manganese(II) complex is 5.92 

B.M. This value of magnetic moments does not alter much in the 

manganese (IT) complexes with weak field ligands like 2-benzoylpyridine. 

This is not surprising because neither crystal fields nor the 

spin-orbit coupling alone can remove the sixfold degeneracy of the 

“ground state of the manganese(II) ion.



A. Manganese(II) perchlorate complex with 2-benzoyl pyridine 

Reaction of hydrated manganese(II) perchlorate with 2-benzoylpyridine 

in ethanol affords a bright orange complex of stoichiometry, Mn(PhCOpy), 

] (C10 cEtOH. The position of v(CO) for this complex is at 1622cm™ 4)o: 
which indicates NO-co-ordination of 2-benzoylpyridine. 

The infrared spectrum showed the presence of co-ordinated solvent 

] molecules (v(OH) = 3390 cm’) and also suggests that the perchlorate 

groups were ionic. A broad infrared band centered at wx» 1100 cm”! 

which corresponds to V3 (C10, ) has been observed. The magnetic moment 

(6.1 B.M.) of this complex is consistent with six-co-ordinated high- 

Spin manganese(II) compounds. The visible spectrum of this complex, 

in the solid state, was very weak and therefore it could not give any 

structural information. The conductivity data of Mn(PhCOpy (C10, )». 

2 EtOH, indicates an extensive ionic dissociation of the perchlorate 

groups in nitromethane solution. { (The complex is 1:1 electrolyte in 

nitromethane solution, (table 4).} The complex is therefore formulated 
C10, 

as [vn (PhCopy), 2eton | (68%; ) The infrared spectra also supported 2 

this conclusion for the solid state. 

B. Manganese(II) halide complexes with 2-benzoylpyridine 

The reaction of hydrated manganese(II) iodide with 2-benzoylpyridine 

in ethanol affords the red-brown complex of the stoichiometry 

Mn(PhCOpy)o1,. The 2-benzoylpyridine is NO-co-ordinated in this complex, 

v(CO)= 1620 cm”! The molar conductance of this complex indicates 

some ionic dissociation in nitromethane 

The magnetic moment,5.6B.M,is consistent with octahedrally co- 

ordinated high-spin manganese(II) compounds. The visible spectrum of 

this complex, in the solid state, is very weak. A considerable 

simplification of the solid state spectrum is to be expected.
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As previously stated (p.31 ) the dichloro- and dibromo- manganese 

(II) complexes with é-benzoylpyridine were isolated in metal to ligand 

ratio of 1:1 only. All attempts made to prepare metal to ligand ratio 

of 1:2 resulted in the formation of 1:1 complexes only. Both complexes 

were obtained as orange solids and formulated as dichloro- (or dibromo) 

mono (2-benzoy Ipyridine) manganese(II). The 2-benzoylpyridine is found 

to be NO-co-ordinated in both complexes. The magnetic moments, in both 

cases, are consistent with high-spin manganese(II) complexes. 

5a Goodgame et al.~~ found that most of the tetrahedral manganese(I1) 

complexes fluoresce under ultraviolet light. (The state ie (46) which is 

responsible for the fluorescence, is found in many manganous compounds )°°, 

Since the dichloro- and dibromo-mono (2~benzoy pyridine) manganese (IJ) 

fail to fluoresce under ultraviolet light and since the position of the 

metal-halogen stretching frequency v(MnC1) is too low for a four-co- 

ordinate species (the tetrahedral (nc ,] 2° gives v, at 284 cn”! a a 

polymeric Structure for chloro- and bromo- complexes of manganese (II) 

in which manganese(II) is six co-ordinated, is likely. (fig.15(b)). 

The extreme insolubility and the complexity of v(MnC1) for the 

chloride are consistent with the polymezric structure of the dichloro- 

manganese (II) complex. Although soluble to the extent of ca.10°°m in 

nitromethane, the bromide complex is believed to be similar. 

4, Cadmium(I1),Magnesium(II) and Zinc(II) complexes with 2-benzoy1- 

Cd(I1),Mg(II) and Zn(II) iodide compounds with 2-benzoy pyridine 

are isolated as bis-complexes and the metal ions are located in six- 

co-ordinate environments. The Ca(11}, compound with 2-benzoylpyridine is 

isolated as monocomplex only. The position of carbony] stretching 

frequency, v(CO),indicated that 2-benzoylpyridine is N,0-co-ordinated in



  

(X = Cl, Br) 

Fig. 15b. Polymeric (octahedral) structure for 

: meno ates 
dihalob+s- (2-benzoylpyridine )manganese(ITI).



each of these halide complexes. With the exception of Zn(PhCOpy Joly, it 

is observed that the carbony] group interacts: rather weakly with the 

metal ions in these halide complexes. 

: The x-Ray data (Table-10) suggests that the complexes M(PhCOpy ) oI, 

[ (where M = Cd(II) and Zn(II) )] are isomorphous with the complexes, 

M(PhCOpy )oT, (where M = Co(II), Ni(II) ) and also gives very similar 

photographs to M(PhCOpy),C1, (where M = Co(II), Ni(II); green and 
2.2 

yellow). The Mg(PhCOpy).J 2,0 has a very different x-Ray powder 
2. 

photograph and therefore is not isomorphous with any other complexes 

listed, Surprisingly, Cd(PhCOpy )c1, gives a very similar photograph to 

Ni (PhCOpy ) C1, (Table 9). The complexes of the general formula, 

M(PhCOpy )o1, (where M = Zn(1I),Cd(I1) and Mg(II) are non-electrolytes 

in nitromethane. 

Since the position of the metal-halogen stretching vibration 

frequency, in Cd(PhCOpy )C1. is too low for a four~co-ordinate species, 

a polymeric structure for dich lofemondet2-bencoy Ipyiidine) cadmium(IT) 

in which cadmium(II) is six-co-ordinated, is likely. The extreme 

insolubility of Cd(PhCOpy )C1., in nitromethane and complexity of v(CdC1) 

for the chloride are consistent with this view.From the insolubility in 

nitromethane and from far infrared data, it is seen that Cd(II) chloride 

complex of 2-benzoylpyridine is very similar to that of the manganese(II) 

chloride-2-benzoylpyridine complex.



CONCLUSIONS 

The study of the complexes of 2-benzoylpyridine with 

first-row transition metal cations showed that 2-benzoyl- 

pyridine (PhCOpy) is a weak-field, bidentate (N,0 co-ordination) 

ligand. With the exception of Mn(PhCOpy) Xo (X = Cl or Br) and 

Cd(PhCOpy )C1, all compounds isolated are shown to be bis-complexes 

with the metal ions located in six-co-ordinate environments 

in all cases.



PART II 

Study of the compounds produced on the addition of 

iodine to some divalent first row transition metal 

complexes of the simpler pyridine bases



CHAPTER 4 

INTRODUCTION 

The ability of halide ions to associate with one another, with 

one or more halogen molecules or with an interhalogen molecule to 

form polyhalide ionic complexes has long been recognised mea p0: A 

few years ago, the polyhalides (also called perhalides) were defined 

as products of the additive combination of the metal halides or the 

halides of other radicles, which acting as Lewis bases, with the 

halogen or interhalogen molecule or molecules which act as Lewis 

58a 
acids Recently however the positively charged polyhalide complex 

ions were isolated 98a | Thus apolyhalide complex ion can be defined 

as an aggregate consisting of three or more halogen atoms and carrying 

either a positive or negative electric charge. 

Polyhalide ions can be represented by a generalized formula, 

x Yep where X , Y and Z represent either an identical, two different 

or in the case of the anions, three different halogen atoms. The total 

number of halogen atoms,m+ n+ p in such a complex is always odd, 

A. 8. Oy 7.0L. o: 

The property of forming polyhalides is connected with the volume 

of the cation. In order to form a polyhalide salt, the cation must 

have a large radius and a small charge. Caesium with the largest 

atomic volume of any metal, forms them most easily whereas other alkali 

metals form them to a less extent as the atomic volume decreases.
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The general methods of preparation of crystalline polyhalide 

complexes in the solution has been reviewed by Chattaway and Hoyle°®, 

B? and also by Popov and Buckles, In the by Cremer and Duncan 

preparation of polyhalide complexes, the choice of an appropriate 

solvent as the reaction media, is of primary importance. The halogens 

and the polyhalides are highly reactive chemically and therefore the 

solvents which can easily be halogenated by polyhalogen compound or 

which effect solvolysis reaction are to be avoided. A large majority 

of polyhalide complexes can be prepared either in methanol or, ethanol 

solution. However, in the case of unstable polyhalides, a solvent 

which is more inert to halogenation has to be used such as acetic 

acid or 1,2-dichloroethane. 

The stability of solid polyhalides depends on numerous factors 

such as the size and symmetry of the cation and the size, symmetry 

and the nature of the polyhalide ion and the chemical resistance 

of the compound to atmospheric moisture. The most stable polyhalide 

salts are formed when the ionic sizes of the cation and the anion are 

similar. In the alkali metal series, it is found that the stability 

of the polyhalides decreases in the order Cs > Rb > NHa > K > Na, 

which corresponds to the order of decrease in cationic size, All 

polyhalides decompose spontaneously into a halogen or interhalogen 

compound and a lower halide: It is found that many polyhalides 

dissociate at room temperature. The stability of crystalline poly- 

halides of caesium and rubidium has been determined by Ephraim?! 

who measured the temperature at which the dissociation pressures of 

the polyhalides reached one atmosphere. from his results, it is 

found that the stability of a trihalide with respect to dissociation 

is greater when the cation is larger and more symmetrical. It is 

also evident that the centrosymmetric polyhalide ions are much more 

stable than those of asymmetric ones. (€.9-IBr,” is much more stable than
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the 1,Br ior. Cremer and Duncan®* determined the relative stabili- 

ties of the polyhalide salts by suspending the Solid polyhalide in carbon~ 

tetrachloride solutions at 25°C. When the equilibrium was reached, 

they determined the concentration of halogen in the supernatent 

liquid. They made the same conclusion from their results that not 

only the size but also the symmetry of the cation is important in the 

overall stability of the polyhalides. 

Most of the polyhalide complexes hydrolyze readily in the 

aqueous solutions. Cremer and Duncan®? found that in the aqueous 

solutions, aha triiodide ion was the most resistant one and that 

the extent of hydrolysis is increased with increasing replacement of 

iodine by more electronegative halogens. Because of its relative 

stability in aqueous solutions, the triiodide ion has been more 

thoroughly investigated than other polyhalides. Various physico- 

chemical methods such as spectrophotometry (ultraviolet, visible and 

infrared), electrical conductance, potentiometry etc., have been used 

extensively in the studies of polyhalide ions in solutions. The spectro- 

photometric study for the reaction, 1,(aq) + I (aq) oo I, (aq); in 

the solution of 107°M iodine and 107* - 107° in the iodide ion has 

been made by Daniele’. The solutions were acidified with 10° 

HC10, to supress the hydrolysis of iodine. Itwas found that the 

change of formation constant, Kf, with temperature gave the enthalpy of 

the-reaction as -4760 + 400 cal.molé! (-19915.84 + 1673.6 joules.mol”-) 

The value for the enthalpy of the L, formation as -5190 + 400 cal.mol”! 

] (-21338.4 +1673.6 joules mol.) in aqueous solution, has also been 

determined spectrophotometrically by Awtrey and Connick®°, The 

measurement of the stability constant of the tribromide,Br.” and 

trichloride,C1l, ion has beenrestricted due to their extreme instability 
3 

in aqueous solution .
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The spectrophotometric study of polyhalides in nonaqueous solvents 

66 
was made by Buckles et al They studied the tetramethylammonium 

triiodide, pentaiodide and enneaiodide in 1,2-dichloroethane and 

showed that at solute concentration of about 2 x 10°” M , only the 

triiodide ion exists in solution. The formation constant of the 

triiodide ion was determined from spectral measurements and was 

7 at 25°C. From their results, it is seen that the found to be 10 

stability of triiodide, ba, in 1,2-dichloroethane is larger by 

several orders of magnitude than its stability in water. The 

conductivity measurements of the tetramethylammonium polyiodides in 

acetonitrile at 5°C, were made by Popov et ay. They indicated 

that the pentaiodide and the heptaiodide ions can only exist in more 

concentrated solutions. They also suggested that ondilution, the 

higher polyiodides undergo progressive dissociation as 1— I I 
ot 2 

and at infinite dilution, the polyiodide ions dissociated completely 

to the stable triiodide, I. and iodine. The dissociation of the 

tribromide ions, in water-methanol mixtures, has been studied 

spectrophotometrically by Dubois and Herzoge®, From the data of the 

formation constant of Bra jon in methanol and in water-methanol, they 

estimated the value for the enthalpy of the reaction Br + Br, it Bra 

] ] in methanol as -5790 + 730 cal.mole .(~24230 + 3054 joules mol Vi 

The triiodides of the alkali metals have been investigated in more 

detail than the other polyiodides due to their relative stability 

9860 It is found that the alkali metal in solution and in the solid state 

ions such as potassium, sodium and ammonium form hydrated (solvated) tri- 

iodides whereas alkali metal ions with large radii such as caesium and 

rubidium readily form anhydrous triiodide. Many alkali metal salts 

of triiodide anions havea tendency to form a variety of stable mole-



- 69 - 

69 
cular complexes with some organic compounds. Martin’~ obtained the 

3° eC HCN; Nal,.2CeH,CNs and 

Lil,.4C-H.CN, from alkaliiodide-iodine mixtures in benzonitrile. A 

molecular complexes such as KI 

similar 4:1 lithium complex was also obtained in o-toludine. The 

presence of such organic compounds or solvent molecules is. essential 

for the stability of alkali-metal triiodides because the whole substance 

decomposes into a alkalimetal iodide and iodine when those organic 

compounds or solvent molecules are removed. 

Many attempts have been made in the past to prepare the polyiodide 

salts of the polyvalent cations. It is believed that neither the 

alkaline earth metals nor the transition metals form such complexes 

in the solid state. However polyiodides can be formed when the size 

of the cation is increased by co-ordination. A number of polyiodides 

of transition metal ammines such as Ni(NH3)4(17)o and Co(NH3)¢(13)4 

70 Linde 
have been prepared by Ephraim and Mosimann Naldini prepared 

some di-triiodides of iron(II) and Manganese(I1) with triphenylphosphine 

and triphenylarsine (bulky organic ligands). The manganese(II) 

triiodides’* were prepared by an addition of iodine to the mixture 

of ML oI4(] mole) and 2 moles of ligand where ligand, L = tripheny1- 

phosphine or triphenylarsine in dichloromethane. In the preparation 

7] of the triiodides I, ,of iron(II) yi3 y having formula Fel, (13)5 

(where L = tripheny Iphosphine or triphenylarsine) a stream of air has 

been passed constantly during an addition of iodine to the mixture of 

FeloI, (1 mole) and 2 moles of ligand in dichloromethane. These 

manganese(II) and iron(II)polyiodides are dark red solids, non-ele- 

ctrolytes in nitromethane at 25°C and are paramagnetic at room 

temperature. Recently Baranovskii and Belova’® prepared the nickel(II) 

polyiodides Ni(en)g(13). and eal from the reaction of tris - 

(ethylenediamine) nickél(I1) di-iodide and iodine in methanol. The
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compound, Ni(en)aly, obtained in form of golden yellow plates, was 

found to be paramagnetic at room temperature. while a black solid, 

Ni(€n),(13)oswas found to be diamagnetic at.room temperature. 

The crystal structure of the polyiodides of the alkali metals has 

aes Mooney!“ has been studied extensively by a number of investigators 

found that in ammonium triiodide the ee group forms a linear ion 

within 3° and is not centrosymmetrical. The I.” group has two 

different I-I bond distances, 2.82A° and 3.10A°, The asymmetry of 

the triiodide ion, I. was also found to hold in caesium eee 

The I. group has two I-I bond distances 2.83A°. and 3,03A0* 

76 found However in tetraphenylarsonium triiodide, Mooney and Slater 

that the triiodide ion I, sis symmetrical with the two I-I bond 

distances being 2.90 + 0.02A° and the apex angle of 176.4°, 

The nature of bonding in the triiodide ion, I, was discussed 

Me Hach and Rundle/® who pointed out that the bonds in by Pimentel 

the tridedide ion,I, , are the result of a delocalization of the 

5p-electrons of the iodine atoms. The resonance forms of the tri- 

iodide ion hag been shown as follows: 

I I- Tand I ----I 1 

They’! »78 
also assumed that the resonance in the triiodide ion, ea 

results in a centrosymmetric system. The asymmetry of the triiodide 

is due to an asymmetric surrounding in the crystal, which disturbs 

79 however, the equivalence of the relatively weak bonds. Slater 

expressed a different point of view namely that the symmetrical 

triiodide ion, I, is obtained only if a large positive ion exerts 

a pressure on the anion and forces it into symmetric configuration. 

Mulliken®? found that iodine in its violet solutions exists free 

but in its brown solutions it forms 1:1 molecular complexes. The stable
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molecular complex of iodine with pyridine,Py.2I,, was first prepared 

by Prescott and Trowbridge”! , Since then Chatelet®?, huldiken®? 283 | 

have reported that iodine forms stable complexes with pyridine 

and other related compounds. Chatelet be found that on evaporation 

of a concentrated solution of iodine in pyridine, long yellow 

transparent needles were formed, which largely converted to micro- 

crystals of iodine within five minutes. He studied the rates of 

evaporation of iodine-pyridine solution and from it, the composition 

(CHEN) 5.1, was assigned to the crystals first deposited. The 

molecular complex formed between iodine and pyridine is regarded as 

charge-transfer comptex®?, Mul liken®? suggested that when iodine 

is dissolved in pyridine, the following reactions should be 

considered as the primary reactions: 

Py + I, = Py. I, eguter comorex. ere (1) 

Py.I, = (Py) I” "Inner complex". (2) 

  (PyIY To Pyl* 4+ (3) 
fast 

It was also suggested that in iodine solutions in pyridine, the 

pyridine was acting as an electron donor toward iodine in reaction 

(1) and was acting as a polar medium in assisting reaction (2) and (3). 

The electric conductivity of iodine in pyridine as a function 

of concentration and time was investigated by Kortiim and WiTski?s, 

They found that iodine in freshly prepared solutions in pure pyridine 

4 
at a concentration of about 10°" molar gives a very small conductivity. 

The concentration dependance of the very small initial conductivity of 

freshly prepared solutions indicates that the initial dissociation WaS 2 

fast + i 
Ca tos etn (NE 

fast
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The subsequent rise in the conductivity of pyridine-iodine solution 

with time was found to be attributed to the formation of (Pyo1) and 

I, : 
i “eS TOW 4 

Pyl,+ (Pyl) + I ———»(Pypl) + I, 

Thus the results suggest that the conductivity of pyridine-iodine 

solution is mainly due to the formation of (Pyo1y and 1. species. 

The net change in reaction was represented as 

apy I Pait.< I. ¥ 9 —>( Y9 ) 3 

The ineeaiet and visible absorption spectra of dilute 

solution of iodine and pyridine in heptane and in pyridine have been 

studied by Reid and Mulliken®®, Their spectrophotometric study onthe 

pyridine-iodine system in heptane indicated that at the equilibrium, 

Py. 1, cuter complex was formed. The visible iodine band and charge 

transfer band of Pyl, were found at Amax, 422 nm (e = 1320) and 

Amax 235 nm = (e = 50,000) respectively. (For free iodine, the 

iodine band is at 520 nm ) Further spectrophotometric study 83 

of the pyridine-iodine system in pyridine suggested that on addition 

of pyridine to the iodine solution in heptane, the iodine band of 

Pyl,, Amax, 422 nm shifted to lower wave number with increased 

intensity. At high concentration of pyridine (but not too dilute in 

iodine) the iodine band has reached about Amax = 389 nm (e = 2620). 

These changes were found to be attributed to the increased polarity 

and stability?® » of the Pyl, “outer complex" in the polar pyridine 

solvent than in heptane. Other interesting spectrophotometric 

changes have also been found by Reid and Mulliken®® in which very 

dilute solutions of iodine in pyridine (107“M) were used, The two 

major bands were found to be shifted at Amax, . 368 nm and Amax 

287 nm ; respectively. These bands were due to the formation
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of triiodide, re ion in the solution. Buckles®° et al.found that 

triiodide has two peaks, one at Amaxs 385 nm and one of nearly 

double as great peak intensity at 295 nm .. On further dilution of 

3 

band at Vmax 365 nm has disappeared. This final change®? may be 

the iodine-pyridine solution below 10° molar suggests that the I 

attributed to redissociation of triiodide, I, ion in pyridine 

solution. The net change was represented as follows: 

Py.I,+ J — I, + Py 

I, + Py > (Pyl). + 21 a: 
ve “fe a 

Py + PyI ZPy #4] 

py + Py Py Py 

The complexes of pyridine and its substituted derivatives with iodine 

both in the solid state and in solution have been studied by a number 

85-90 
of investigators The spectrophotometric measurements of the 

pyridine-iodine system in heptane by Reid and MU11likén - 

] 

gave the 

at 26°C. McKinney et a" value of formation constant as ~ 200M ~ 

determined the formation constants, (Kf) of the complexes of pyridine 

and substituted pyridines with iodine Spectrophtometrically in carbon- 

tetrachloride at 25°C. Their results suggest that the plot of logkf 

vs pKa of the respective pyridines follows a linear relationship. 

However this linear relationship has not been observed in the 

complexes of iodine with the sterically hindered pyridines. The 

influence of solvent properties on the formation of pyridine-iodine 

change-transfer complexes have been studied by McKinney and Popav’’ 

Their results of the formation constants of the pyridine-iodine complex 

in twelve different non-polar solvents at 25°C, suggests that the 

stability of pyridine-iodine complex increases with the increase in 

the dielectric constant of the reaction medium.
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The infrared studies on pyridine-iodine and picolines-iodine 

85 
systems by Glusker~~ et al, Glusker and Thoms on®® , and Plyler and 

Mulliken®? have revealed that the infrared spectra of pyridine and 

picolines are markedly altered by the addition of iodine. The 

Spectral changes in the pyridine-iodine system were explained on the 

bases of the formation of a highly polarized "inner complex", 

(IPyy 1", Piyler and Mulliken®? suggests that when iodine and 

pyridine were dissolved together, the iodine fundamental vibration was 

ea ae 
absorbed strongly and the band shifted from its vapour value, 213 cm | 

to 184 om) (in heptane) or 174 em” (in benzene). Moreover the 

pyridine iodine in benzene solution gives a very weak absorption band 

at 204 om. Recently Ginn and Wood?” studied the intermolecular 

vibration spectra of the pyridine-iodine complex and found that a 

solution of iodine in pyridine shows two absorption bands, one strong 

‘band at v 167 ait and one weak band at 137 de Further study?” on 

a solution containing 0.25 iodine in 10% pyridine plus 90% benzene 
* 

WV, shows only a single band at 171 cm’. The n-heptane solution 

r 
containing pyridine and iodine also gives a single band at 180 cm. 

90 
Thus it was suggested™~ that the lower band was only observed in 

polar solvent, which was due to the formation of I. jon in solution. 

#1 x 10° cm! = 1 x 10° nm) 

The study of the paramagnetic susceptibility provides useful 

information on the stereochemistry, structure, bonding and an oxidation 

State of transition elements in co-ordination compounds”! In co- 

ordination compounds the metal ions, which are responsible for para- 

magnetic effect, are kept separated from each other by a bulk of magnetic- 

ally inert ligand atoms. The magnetic interaction between neighbouring 

dipoles reduces greatly and hence the co-ordination compounds are usually 

magnetically dilute. However many paramagnetic substances show magnetically
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concentrated behaviour to some extent at temperature near absolute zero?< (@) | 

It is found that the ideal paramagnetic substance obeys the Curie 

law, which states that paramagnetic susceptibilities depend inversely 

on temperature: 

where C = Curie constant; T = absolute temperature. 

The magnetic properties of complexes are usually described in terms 

of magnetic moment, Moree rather than of the susceptibility, Xq° The 

following equation shows the relation between magnetic moment and 

magnetic susceptibility at the given temperature: 

4s 4 oy ryt 
Hore = (3k nyg2) (x,T)* 

23 molecules mol”. where N is Avogadro's number = 6.023 x 10 

0.9273 x 10°29 erg/gauss 

16 

8B is the Bohr magneton 

k is Boltzmann's constant = 1.381 x 10 '° erg/deg. 

1 is the temperature in “i 

therefore 
Vore = 2.83 (xaT)? Bohr magnetons 

The modi fication?< >) of the Curie law, describing the behaviour of the 

magnetic susceptibility as a function of temperature, is known as the 

Curie-Weiss law: 

oe 
XA Te 0 

8 is known as the Weiss constant. According to the Curie-Weiss law, 

the susceptibility should be linearly related to the reciprocal of the 

absolute temperature, T. 

3 
Hore = 2.83 {Xp (T 6)} 

The Weiss constant 6 can be determined as a finite intercept in a 

plot of Le against T. 
XA
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It is of interest to understand the magnetic properties of a 

transition metal complex in terms of the orbital splitting 93(a) 

According to Hund's rule of maximum multiplicity, a group of 'n' or 

less electrons occupy a set of 'n' degenerate orbitals, they spread 

out among the orbitals and give 'n' unpaired spins so the process of 

pairing of electrons requires energy to make it occur. Moreover 

additional sides is required for the electrons to be placed in the 

same orbital, i.e. paired. 

Let us consider a hypothetical molecule in which two orbitals 

have been separated by an energy AE and that two electrons are to be 

placed in these orbitals. It is seen from the figure-I6, that if one 

electron is to be placed in each orbital, their spin would remain 

unpaired and their combined energy would be 2E + AE. (where E, = 

energy of the lower state and AE = the energy separating between lower 

state and excited state). If these two electrons are to be placed in 

the lower orbital, their spins will have to be coupled to satisfy the 

Pauli exclusion principal. The total energy at this time is (2E, + P) 

where 'P' denotes the energy required to cause pairing of two electrons 

in. the same orbital. So there are two possibilities, either (a) or 

(b) (figure -16) for its ground state and this depends on whether AE 

is greater or less than the pairing energy,P. If AE < P, the triplet 

state (a) would be more stable and if AE > P, the singlet state(b) 

would be the more stable. 

A 

te t 
E. | a A ! 

= 2E tAE Es EO + EG + P= 2E) + P 

  

  

ps. Eee (Ete) 

(a) (b) 

Fig. 16 A hypothetical two-orbital system which shows two possible 

distribution of two electrons.
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The above argument is now considered for transition metal ions. 

It has been seen previously (page 1 ) how crystal field theory describes 

the effect of the ligand field on transition metal ions. The splitting 

of the five degenerate d-levels of a transition metal jon into two or 

more separate sets of levels depends on the symmetry of the field. 

For fields of 0, symmetry, the & and tog levels are produced, The 

level exists as an upper doublet (the dx?-y* and d2° orbitals) and “g 
the tog as a lower triplet (the dxy, dxz and dyz orbitals). This is 

shown in figure 17. 

The spin state of any transition metal ion in an octahedral 

electrostatic field depends upon whether the splitting energy Ay is 

greater or less than the mean pairing energy ‘pe3tb) For a particular 
4 eG 7 ton of d’, d, d ord’ type ina strong crystal field, a more stable 

configuration will be obtained because the electrons will occupy the 

more stable tog orbitals. On the other hand, for weak crystal fields, 

where P > Aye the electrons will spread themselves out among the set of 

d orbitals. In such cases the spin multiplicity will be the maximum. 

4 .: d® or a! in 0. symmetry the spin state is dependent 

a d°, d° d°, a? and 

Thus for d‘, d 

on the strength of the ligand field. For ions d 

qld. it is found that the number of unpaired electron is fixed at the 

free ion value regardless of how strong the crystal field 45 234d) | 

The effect of distortions of the co-ordination polyhedron upon 

the magnetic properties is best seen in the a® ion in 0. symmetry 

where the low spin state does not exist. Al] regular octahedral 

complexes of nickel(II) show a paramagnetism due to the presence of 

two unpaired spins. However, this situation changes whenever an 

octahedral environment is subjected to an axial distortion. Such 

distortion lowers the symmetry from 0, to Dan and this results in
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Fig.17: Splitting of orbitals in octahedral, tetragonal and 
square planar ligand fields. 
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Fig.18: The high-spin and low-spin ground states for d® system 
(Ni(II) ion) in a tetragonally distorted octahedral field. 

(a) weak tetragonal distortion (b) strong distortion or 
square field.
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further loss of degeneracy of the d-orbitals. Figure -18(a) shows 

the situation as to whether a tetragonally distorted a8 complex will 

have high spin or low spin. This is simply-depends upon whether the 

pairing energy,P, is greater or less than the separation energy »q, 

(fig.-18(a)). When the tetragonal distortion is large, the energy 

separation between the dx?-y* and dz” orbitals, (q,) or between 

dx@-y? and dxy orbitals (qo) may increase the electron pairing energy. 

(fig.-18(a) and (b)). It is clear that large tetragonal distortion 

leads to square planarity. The dz® orbital may fall below the dxy 

orbital (fig.-18(b) and fig.-17). Thus in such case there will be a 

change in magnetic moment from ca 3.0 B.M. to zero. 

The measurement of magnetic susceptibility below room temperature 

provides valuable information concerning the origin of anomalous 

magnetic behaviour 91 +94, In Day, symmetry nickel(II) ion may undergo 

Asinglet -triplet spin state isomerism, The magnetic cross-over was 

found in a series of tetragonal nickel(II) complexes. This cross-over 

occured due to a small change in the nature of the axial ligands?*, 

" studied a series of N,N'-diethylethylenediamine Goodgame and Venanzi 

complexes of the type, Ni(diamine) Xo, where X was univalent anion 

Two types of complexes, a diamagnetic and paramagnetic were found to 

exist. The cross-over in ground states have been found between 

X = Br(diamagnetic) and X=Cl (Hage = 3.29 BM .). Brubaker and Busch?© 

observed a similar result for complexes of nickel(II) with the planar 

quadri-dentate ligand, S,S'-0-xyly1-2,3-pentanedione-bis (mercaptoethy1- 

imine). They found that perchlorate and iodide complexes of Ni(II) were 

diamagnetic while the chloride, azide and thiocyanate were paramagnetic 

(Ho ge= Si poe Beerey) A sharp change in magnetic cross-over has 

also been found for complexes of 1, 4, 8, 1]1-tetra-azacyclotetradecane 

97 (cyclam) with nickel(II) jon The chloride and bromide complexes
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of nickel(II) cyclamwere paramagnetic and the iodide was diamagnetic. 

In all of the complexes seen above, the room temperature magnetic 

bahaviour is consistent with either the singlet or triplé ground state. 

Certain systems can be understood on the basis of equilibria 

between co-existing singletand triplet states whose energy separation 

is comparable with thermal energies. In such cases the distribution 

between the two states can be described by Maxwell-Boltzmann statistics 

if there would be no change in structure other than the alteration 

94 
in spin-state” . For such systems, the magnetic susceptibility is 

calculated by the following equation: 

2g°nBe 1 
x = degieee AE: 

A 3kT. | ] + a exp es | + Na 
  

Where g is the Lande' splitting factor, N is Avogadro's number, 

8 is the Bohr magneton, k is the Boltzmann constant, T is the absolute 

temperature, AE is the energy separation between singlet and triplet 

states and Na is the temperature independent paramagnetism. This 

equation suggests that the magnetic susceptibility will increase with 

temperature. However this could not be possible where A << kT. 

Spin-state isomerism (singlet- triplet) in a crystalline nickel (II) 

98-100 Holt et aye complexes has been reported by several workers 

reported that dichlorotetrakis (N,N'-diethylthiourea)nickel(II) is 

found to be spin-paired at temperatures lower than ca 194°K, but 

| partial paramagnetism is obtained on raising the temperature. The 

corresponding N,N'-diethylthiourea complexes of nickel(II) bromide 

and iodide are found to be diamagnetic at room temperature, but the 

bromide complex becomes weakly paramagnetic at 373°K. Melson and 

Busch?? studied a series of nickel(II) complexes with the planar 

quadridentate macrocyclic ligand, tetrakis-anhydroaminobenzaldehyde 

(TAAB).
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The chloro and bean complexes exhibit anomalous room temperature 

moments and the measurements of the variation of magnetic susceptibility 

as a function of temperature give non-Curie-Weiss plots. An inter- 

esting series cf nickel(II) complexes with benzimidazole has been 

100 studied by Goodgame et al Several of these compounds show unusual 

magnetic behaviour. The blue form of NiL{C1 5S, (where L = benzimidazole 

and S = acetone of solvation) is magnetically normal. The green form 

with the same stoichiometryhad a room-temperature magnetic moment of 

3.06 BM., but the temperature dependence of the susceptibility of 

same compound indicated antiferromagnetic interaction. 

The normal magnetic moments of 6-co-ordinate Co(II) complexes 

fall in the range of ca 1.8 BM. to ca 5.2 BM. At sufficiently high 

ligand fields, the 2p (26) state crosses the a (4c) state and in 

this region, a thermal distribution between spin states could exist. 

A study of the temperature-dependence of the magnetic susceptibility 

by Stoufer et a1/2! Showed that the moment for the complex bis- 

(2,6-pyridinedialdehyde dihydrazone) cobalt(II) iodide varies from 

1.9 BcM. at 80°K to 3.7 B:M. at 337°K, Stoufer,Smith et a1 102 also 

reported temperature-dependence studies on the magnetic properties 

of six cobalt(II) complexes. These compounds, containing ligands with 

unsaturated nitrogen donors{ (e.g. pyridine-2-aldehyde methylimine,PMI, 

biacetyl-bis(methylimine) ,BMI, etc. )}exhibit anomalous magnetic behaviour 

101,102 and they give non-linear Curie-Weiss plots. They found that an 

equilibrium between a doublet and quartet state exists for these cobalt 

(II) complexes with PMI, BMI and pyridine-2,6-dialdehyde dihydrazone. 

An enthalpy calculation on linear portion of the susceptibility curves !92 

indicates that the 2e (26) state is the one of lower energy. This 
g 

Suggests that the ligand field is not strong enough to cause complete 

spin pairing.



CHAPTER 5 

EXPERIMENTAL 

(A) CHEMICALS 
  

Reagent grade pyridine, 8 -picoline and y-picoline were purified 

by drying over sodium hydroxide pellets and redistilled before use. 

The resublimed grade of iodine was used. Other chemicals such as 

silver nitrate, sodium thiosulphate and potassium thiocyanate used 

were A.R.grade. The metal iodides e.g. Nilo, 6Ho05 Col, ,6H,0 and 

‘Mniy, 4505 were synthesised in the laboratory. General procedure 

for the synthesis of metal iodides is described as follows: 

An equivalent amount of metal carbonate (NiCO., CoC0, or Mn CO.) 

was dissolved in a minimum quanti ty of the hydroiodic acid. After 

evolution of carbon dioxide ceased, the iodide solution boiled for 

a few minutes and filtered in a conical flask. Fine metal wire or 

metal powder was added to the iodide solution and corked. The flask 

was fitted with a bunsen valve. The solution was boiled gently. Thus 

excess of the iodine was taken up by the metal and any excess of 

hydroiodic acid was evaporated by prolonged boiling of the solution. 

When the volume of the solution was suitably reduced, the metal iodide 

crystals were separated on cooling. They were filtered off and dried 

between filter-paper pads. 

(B) SOLVENTS 

All solvents were reagent grade and were purified by standard 

50 66,104 methods The procedure for purification and drying of each 

solvent were adopted as follows:



Methanol: 

Anhydrous calcium sulphate was added to methanol and was kept for a 

couple of days. The methanol was then decanted from the calcium sulphate 

and filtered. Then it was distilled under reduced pressure. For 

keeping dry, it was kept over the molecular sieves, type 3A, 

Dichloromethane: 

The dichloromethane was dried over anhydrous calcium sulphate for 

a couple of days. Then it was decanted from the calcium sulphate, 

filtered and distilled under reduced pressure, For keeping dry, it 

was kept over molecular sieves. The boiling point of dry dichoromethane 

was checked as 40-41°C at 760 m.m. pressure, 

Nitromethane: 

The nitromethane was kept over phosphorus pentoxide for a couple 

of days: Then it was decanted from the phosporous pentoxide and 

centrifuged to remove any trace of sbvlid phosphorus pentoxide. 

Finally it was distilled under reduced pressure. The boiling point 

of.distilled nitromethane was checked as 101°- 102°C at 760 m.m.pressure. 

1,2-Dichloroethane: 

Commercial 1,2-dichloroethane was shaken with concentrated sulphuric 

acid, followed by two or three portions of water. The material was 

dried over anhydrous calcium chloride and then heated with barium 

oxide under reflux. After that it was distilled through a fraction- 

ating column packed with glass helices. The distillation product 

of 1,2-dichloroethane gave a b.p. 83°C at 760 m.m. pressure.



Dimethyl Sulphoxide: 

Dimethyl] sulphoxide was refluxed for several hours in contact with 

calcium oxide and then was distilled through a fractionating column 

under reduced pressure. 

(C) SPECTRA: 

(i) Diffuse Reflectance Spectra: 
  

Diffuse reflectance spectra (30000 - 4000. cm”! yx were 

recorded for finely powdered specimens against a lithium fluoride 

reference using a "UNICAM, SP 700" spectrophotometer with diffuse 

reflectance attachments, "SP 735". Several compounds were decomposed 

on grinding in open air. They were sensitive to moisture. As a 

precaution all compounds were powdered in a dry box. 

(ii) Infrared Spectra: (4000 - 250 cm”) 

A "Perkin Elmer" spectrophotometer "PE-457" was used to record 

spectra for paraffin oi] mulls. Great care was taken with very unstable 

compounds. The paraffin mulls were prepared in dry box in the case 

of compounds which readily decompose in the open air. 

(i117) Solution Spectra: (50000 - 14000 cm!) 

Solution spectra were measured using a "Perkin Elmer" spectro- 

photometer PE-137 with 1 cm matched silica cells. The 1,2-dichloro- 

ethane°®, acetonitrile and nitromethane which were used for solution 

spectra, were purified, dried and redistilled. Fresh stock solutions 

were prepared for each series of spectra, 

(D) X-Ray Powder Photography: 
  

X-Ray powder photographs were taken using Mo Ka radiation. The 

"SOLUS~SCHALL" London generator and "PHILLIPS" camera and X-Ray tubes 

were used. 

6 * 41x 10 cm” = 10 ‘nm)



(E) CONDUCTIVITY 

Molar conductivities of freshly prepared solutions (10° 3m) in 

purified nitromethane and in some cases, in. dimethylsulphoxide were 

determined with a Mullard conductivity bridge, using standard 

conductivity cell type E 7591/B and cell constant 1.36. 

Theoretical Consideration: 
  

The determination of conductivity for co-ordination compounds and 

the interpretation of the results obtained in terms of possible 

structures was first carried out eighty years ago 193, 

The majority of people have calculated molar conductivity, Am 

of solution at a single concentration (i.e. 1073) and have compared 

this value with previous work to judge the nature of a given electro- 

lyte type. 

The specific conductivity, k, of a solution can be determined 

by measuring the resistance, R, in an experimental cell of known 

cell constant. The cell thus formed one arm of a Wheatstone bridge 

circuit. Then k, specific conductivity calculated from the following 

expression : 

k = cell constant/R 

{ The resistance, R, of any uniform conductor varies directly as its 

length (% cm) and inversely as its area of the cross section (a sq.cm) } 

Inorganic chemists have widely used molar conductivity, My for comp- 

arisons of. the conductivity of electrolytes. The following expression 

gives the relation between the specific conductivity and the molar 

conductivity of a solution: 

My = kV and My Es Ge 

where V4 is the volume of mole of solute and Cu is the concentration 

of solute expressed in mole.cm™°,
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Solvent Consideration in conductivity 
  

measurement of the metal complexes: 
  

The selection of a solvent for conductivity determination on metal 

complexes depends on its dielectric constant, viscosity, specific 

conductivity, easiness in purification and donor properties towards 

metal ions. So in practice, a solvent with a high dielectric constant 

and low viscosity would be preferred for the conductivity study. Thus 

nitromethane, acetonitrile and methanol may be selected for conductivity 

measurement. The data of dielectric constant, viscosity and specific 

conductance for selected solvents were tabulated as follows '23, 

  

  

  

  

  

Solvent Dielectric Viscosity Specific conduct- 
constant a | =] 
at 260¢ (g < ) | ance ohn”! cm”! 

at, 30°C |: at 25°C 

Nitromethane 35.9 0,595 6.56 x 107 

Methanol 32.6 0.545 1.50 x 10°" 

Acetonitrile 36.2 0.325 5.9 x 10°9 

Dimethy1- ie 
sulphoxide 46.6 1.960 3,0 % 40             

The use of methanol suffers from its high toxicity and difficulty in 

purification. Acetonitrile has high toxicity and strong donor property. 

The use of dimethylsulphoxide is also avoided due to its high viscosity 

and strong donor capacity. The donor capacity of the common organic 

solvents for metal ions is roughly in order of dimethylsulphoxide > 

dimethy]formamide > acetonitrile > nitromethane !93,
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Thus from the above data it is seen that nitromethane has become 

the most widely used solvent for the determination of molar conducti- 

vity of the metal complexes. The molar conductivity of the tetra- 

methylammonium iodide was measured at 22°C which had value 90.2 

ohm! cm?.mo1™!, 

] 

This value agrees with the literature value as 

scm? ,mo17! at 250103, The average values for complexes 

of unidentate ligands were found to be 88.5 ohm”! .cm*.mo17 | 

electrolytes and 167 ohm”! cm?.mo1~!, 

91.5 ohm 

fori 

for 2:1 electrolytes. The 

molar conductivity of tetramethylammonium iodide was measured in 

dimethy sulploxide as 31.0 ohm”! .cm®.mo17! 

104 

. at 22°C and agrees with 

the literature values The values of molar conductance of metal 

complexes in dimethylsulphoxide give low results due to its high 

viscosity. 

(F) ANALYSIS: 

Microanalysis for carbon, hydrogen and nitrogen were carried 

out by Mrs. Taylor, Microanalytical laboratory, this department; 

Dr.F.Strauss, Microanalytical laboratory, 10 Carlton Road, Oxford, 

and also by A. Bernhardt, 5251 Elbach Uber Engelskirchen, West Germany. 

The analysis of carbon, hydrogen and nitrogen which was carried out in 

this department, were done on F & M Scientific Instrument, Model "185" 

C,H & N autoanalyser. In "F & M" machine the carbon, hydrogen and 

nitrogen were analysed by combustion of a sample on combustion bar (with 

cavity at the end) and the gas produced, followed by gas-liquid 

chromatographic analysis. Some compounds (mainly trijodide I,” 

complexes) were found to give low carbon values, when analysed on the 

F & M machine. This was due to the presence of an excess iodine in 

the compound and on combustion of such a compound, the iodine inhibited 

the oxidation of carbon monoxide to carbon dioxide (CO > C0.) thus 

leading to a low carbon value.
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Analysis of "metal" and iodide(I ) in the complexes 

having formula wil, T,": (where M = Ni(II),Co(I1), 

Mn(II), Fe(II) and Cd(II),L = pyridine, 8-picoline 

and y-picoline: 

  

Analysis of "Metal": 

Sample (0.3g) was Weighed into a éonical flask and dissolved in 

25 ml. of distilled water. 

Soldium hydroxide pellets (0.3 - 0.5g) were added to the 

solution. The solution was boiled for 20-25 minutes to remove the 

heterocyclic base (pyridine or B-picoline or y-picoline). The 

solution wes cooled and diluted further with 25 ml. of distilled 

water, and then it was acidified with a few drops of dilute hydro- 

chloric acid. This solution was used for respective metal analysis, 

e.g. nickel(II) was determined gravimetrically as nickel(II) dime- 

51 (a) 51(b) 
thylglyoximate » cobalt(II) was determined as Co (Py), (SCN). 

Analysis of iodide (I7) by Volhard's method?! (¢) 

The iodide (I) was determined volumetrically by Volhard's method. 

Procedure: 

| Sample (0.19) was weighed in a conical flask and dissolved in 

25 ml. of distilled water. Sodium hydroxide pellets (0.1g) were 

then added to the solution. The solution was boiled for 20-25 minutes 

to boil off the heterocyclic base (pyridine or 8-picoline or y-picoline) 

It was cooled and acidifiedwith a few drops of 6N nitric acid. A 

measured, excess volume of standard (0.05N) silver nitrate solution 

was added. The iodide present in the sample was precipitated as AgI and 

excess of silver nitrate (AgNO) which remained in the solution 

was then back titrated with standard (0.05N) potassium thiocyanate 

solution using ferric alum solution as an indicator (For each titration 

1 ml of an indicator was used).
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From the titration reading, the iodide content was determined 

as follows: 

(a) Total AgNO,(0.05 N) Sol", added = A ml. 3( 

(b) In back titration,0.05N KSCN solution used = B ml. 

Therefore, (m.moles of I (Total m.moles of (m.moles of KSCN 

in sample) p Ag* added to the ~ used for back 

| sample solution) titration) 

m. (0005 x. A}>= 40,05 4.8) eC! 

hence the 4 of I. in the sample = 'C'x 126.90 x 100 

wt of sample 

(in mg) 

= D% 

Analysis of "metal", "added iodine" and "total iodine" 

in the compound having formula MLZ (13). (where M = Ni,Co, 

  

  

Mn, Cd and Fe; L = pyridine,f-picoline,y -picoline) 

Analysis of "Metal": 

Sample (0.3g) was weighed into a 250 ml. beaker. A few drops of 

  

concentrated sulphuric acid were added carefully with the use of glass- 

rod. The beaker was covered with a clock-glass. The mixture was 

heated gently with micro-burner flame. The iodine was evolved as a 

violet vapour. The beaker was removed from the heat and cooled. 

Again a few drops of concentrated sulphuric acid were added and the 

mixture was heated gently to remove all remaining traces of iodine. 

After evolution of violet vapour (iodine) ceased, the mixture was 

heated further for a few minutes and then cooled. The metal was 

converted to its sulphate (M(II)SO; ) and the heterocyclic base to 

their cation-sulphate ,LH.HSO, (where L = pyridine or B-picoline or 

y-picoline). Distilled water (25 ml.) was added to dissolve the solid- 

mixture. The solution was then made alkaline with concentrated 

sodium hydroxide solution and was boiled for 20-25 minutes to remove
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the heterocyclic base. At this stage the metal ions were converted to 

metal(II) hydroxide and formed metal(II) oxide on! further heating of 

the alkaline solution. The solution was cooled and a few drops of con- 

centrated hydrochloric acid were added to dissolve metal(II) hydroxide 

and metal(II) oxide. When the solution became clear it was further 

diluted with 30 ml. of distilled water This diluted solution was 

finally used for the respective metal analysis, e.g. nickel was deter- 

mined gravimetrically as nickel(11)-dimethylglyoximate, cobalt was 

determined gravimetrically as Co (Py) 4 (SCN). and so on. 

The summary of the reactions involved in removing iodine and the 

heterocyclic base (pyridine, B-picoline or y-picoline) is described 

as follows: 

  

ML a (13)5 heated (iodine vapour) Metal(I1) sulphate 

(sample) with few (evolved nae & LH.HSO, formed 

drops of | diluted with 

_ Conc.HS0, 25 ml. water 

Solution of M(II)SO, 

& LH.HSO, formed 

just alkaline 

with NaOH 

solution 

- boiled - 

i clear ily a diluted Heterocyclic bases 

obtained with water removed, 

further and few (M(II) hydroxide 8 
diluted drops of (M(II) oxide were 

with conc.HCl (formed 
water added 

~boiled- 

is solution was used for en 

metal analysis 

(e.g. Nickel. was determined as Ni-dimethylglyoximate, gravimetrically 

using NH, ammonium acetate buffers at pH, 7.54.1)
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Analysis of "added iodine" in Mba (13)o compounds 
  

The added iodine was determined volumetrically by titrating with 

a standard (.1N) sodium thiosulphate solution using iodine as self- 

indicator. The colour of the triiodide ,I,°, solution before titration, 

was reddish-brown. It became yellow on addition of NapS504 solution 

and at the end point it was found colourless. 

In order to obtain an accurate titration result, all “added 

iodine" should be liberated completely from the triiodide(1, ) 

coimplexes. The triiodide (I, ) complexes, MLg(13)os were not soluble 

in water. They were found to be dissolved easily in many polar 

organic solvents such as methanol, ethanol, acetonitrile and acetone, 

which were missible with water, but in most cases, the iodine-starch 

reaction was rather faint, The best results were obtained by 

dissolving the triiodide ML (13)o (where L = pyridine,§ -picoline or 

y-picoline; M = Ni(II), Co(II), Mn(II), Fe(II), or Cd(II),) in a small 

amount of glacial acetic acid, diluted with water and titrated 

immediately with standard (0.1N) sodium-thiosulphate solution. The 

presence of an acetic acid does not seem to influence the starch-iodine 

reaction. However, it was found that using iodine as self-indicator 

the error was practically nil. (or < 0.1%). 

Procedure for the determination of "added iodine" from the 

triiodide (15°) complexes is described as follows: ? 

A sample (0.19) of triiodide complex was weighed into an iodine- 

flask and dissolved in a minimum of glacial acetic acid. The solution 

was diluted at once with distilled water (25 ml.) and the flask 

stoppered. The solution was stirred for a while and the liberated 

iodine was then titrated with standard (0.1N) sodium thiosulphate 

solution using iodine as self-indicator. The colour of the triiodide
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(I, ) solution before titration was reddish-brown, then became yellow 

on addition of sodium thiosulphate solution, and was found colourless 

at the end point of the titration. The "added iodine" was determined 

as; 

T ml. N Na5$,0. iz 0.1269,.1. 

The overal} reaction which occured rapidly and stoichiometrically 

under the experimental condition (pH < 5) was: 51 (e) 

2 S503 + I, = S49 | 

PR is ae a 

also I, +1 — 1, 

2 S50, + I, = S40¢ ol 

The colourless intermediate S504] was formed by the reversible 

reaction: 

S,04:71 poast Tee s,0,1 $14 
8 

This, S,041, intermediate was reacted with thiosulphate ion to produce ~ 

the main course of overall reaction: 

S501 + S50. = S4% + J 

The intermediate S041 was also reacted with iodide ion: 

2 So031 + I = S406 + I, 

This explained the appearance of iodine near the end point in the 

titration of very dilute iodine solution by thiosulphate.
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Analysis of the "total iodine" in the compound having 
  

formula MLy(Iz), (where M = Ni,Co,Mn,Fe or Cd and 
  

L_= pyridine,8 -picoline or y-picoline 
  

Procedure: 

A sample (0.3g) was weighed and transferred into a narrow mouthed 

conical flask and dissolved in 20-25 ml. of glacial acetic acid. The 

solution was diluted with 25-30 ml. of distilled water. The iodine 

liberated in the solution was reduced by passing sulphur dioxide (SO, ) 

gas into the solution for a few seconds. The solution became colour- 

less as iodine was reduced to iodide. The excess of sulphur dioxide which 

remained in the iodide solution, was removed or minimised by adding 

a few drops of concentrated potassium permanganate solution. After 

removal of an excess sulphur dioxide, the iodide solution was boiled 

for 5 ~ 10 minutes, and acidified with a few drops of dilute nitric 

acid. The solution was transferred to a beaker and iodide was pre- 

cipitated as silver iodide by adding an excess of dilute silver nitrate 

solution. The solution containing AgI precipitate, was boiled for 5 

minutes and cooled. The precipitate was filtered off through a sintered 

glass crucible (Por-4) washed with cold dilute nitric acid and finally 

three times with hot distilled water. Prolonged contact of the precipitate 

(AgI) with nitric acid, was avoided as the iodide would be attacked 

through oxidation. 

The precipitate was dried at 140°C for about one hour and weighed 

as silver iodide. It was further dried for 10-15 minutes to check the 

constalt weight of Agl. From the precipitate's weight, iodine was 

determined as; 

Agl I i
 

234.7 126.9 

Gravimetric Factor = 0.5405
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If the weight of ppte. of AgI = 'x'g and weight of sample taken, was 

0.3g then percentage of iodine is, 

toe OO fe a ex". x 0.5405..x Poe ney % 

(G) MAGNETISM 

(i) Magnetic susceptibility measurement at room temperature: 
  

Magnetic susceptibilities were determined by the Gouy method at 

room temperature. 

The Gouy method is the most simple and frequently employed method 

for the measurement of the magnetic susceptibility of a given compound. 

The technique in this method consists of the measurement of the differ- 

ence in the force developed on application and removal of the magnetic 

field, H. The apparatus used in the Gouy method is shown in figure 19(a). 

Specimens: 

The Gouy tube which was made of glass, was used for holding the 

powdered sample. The tube was constructed with a diaphram across its 

middie. It was siichended in a collar as illustrated. In figure-19(b) 

diagram of a Gouy tube and its method of suspension is given. The 

length and internal diameter of the tube are 20.0 cm and 0.3 cm 

respectively. The specimen length (up to a reference mark) is 10 cm . 

. Uniform packing of the powder into the Gouy tube is necessary to avoid 

error in the measurement of susceptibility of a compound. A small 

quantity of the powdered sample was introduced into the tube and the 

bottom of the tube tapped firmly on a wooden surface a number of times 

to pack the powder uniformly. The process of a small addition of the 

» powder and tapping of the tube continued until the fubd was filled up 

to the mark (i.e. 10 cm mark).
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The magnet power supply type D 104 (Newport Instrument) was used 

to produce the magnetic field. A Stanton Instrument Ltd. balance, 

model SM-12 was used for the measurement of the difference in the 

force developed in the absence and presence of the magnetic field. 

The Gouy tube alone was placed in the magnetic field to obtain 

the force developed on an empty tube. This force was negative because 

it is composed of a diamagnetic material. It usually denoted by 'é'. 

In order to obtain the force on the sample alone (F'), the force on 

the empty Gouy tube, '6', has to be subtracted from the force (F) on 

the tube with sample. 

Thus force on the sample alone, F' = F-(-5) =F +6 (here F, F' 

and 6 in milligram). The following expression was used to determine 

the magnetic susceptibility of a given compound, 

1008 eee oe (1) 

where a= a constant allowing for the displaced air and is equal to 

0.029 x specimen volume. (The specimen volume in cm? was measured on 

100 mm. length of the sample packing); 6 = the tube "calibration 

constant"; W = the weight of the sample (in gram). 

Two very good solid calibrants are HgCo (CNS) ,and Ni(en),S,03. 

They are easily prepared pure, do not decompose or absorb moisture, and 

pack well. Their susceptibilities at 20°C are 16.44 x 10°° and 

11303 % 10°° c.g.S. units, decreasing by 0.05 x 10°° and 0.04 x 10°° 

_ per degree temperature rise respectively, near room temperature. The 

cobalt compound, besides having the higher susceptibility, also packs ra- 

ther densely and is suitable for calibrating low fields while the nickel 

compound with lower susceptibility and density is suitable for higher 

fieldso°A. 

The tube calibration constant,8, was determined as follows:
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Mercury (1!) tetrathiocyanato-cobaltate(I1I) was used for the 

determination of the Gouy tube calibration constant 8. The magnetic 

susceptibility of Hg[Co(CNS) 4 | had been previously determined by 

ne(a) as Xg = 16.44 x 107° cg.s units at 20°C. Figgis and Nyholm 

Taking this real value of Xg for Hg [Co(cNs),], the tube calibration con- 

stant,8 was determined by observing the force on Gouy tube filled 

with finely powdered Hg[Co(CNS) 4]. 

Determination of the tube calibration constant Be 
  

Weight of empty Gouy tube, magnet ‘off' = 8,53991 g. 

Weight of empty Gouy tube, magnet 'on' = 8.53942 g. 

Temperature = 20.0°C 

Weight of Gouy tube filled with 

Hg[Co(CNS),] magnet '‘off' = 9.65378 g. 

Weight of Gouy tube + Hg[Co(cNS),], 

magnet ‘on’ = 9.72550 g 

Specimen volume 'V' (at 10.0cm height) = 0.6027 ml. 

(Water was used to measure 'V') 

a = constant allowing for the displaced 

air = 0.029 x V 

= 0.0175 

'6' = Force on empty Gouy tube = - 0.49 ing 

F' = F orce on the sample = F - (-6) 

71.82 + 0.49 = 72.21 ing 

(where F being the observed force on specimen + tube 

W = Weight of Hg[Co(CNS) , only = 1.1138 g 

Using the above data, the tube calibration constant, 8 was det- 

ermined using the above equation (1),0on Page 96.
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The Xg for Hg(Co(CNS),) was taken as 16.44 x 107° at 20%. 4) 

Putting values for W, a, B in equation (1) then; 

10°116.44 x 1076} = 0.0175 + 8(72.21) 
1.1138 

iS 18.25 "= 
72757 0-253 

The magnetic susceptibility of Ni(en),S,0, was determined by using 
a 

the above '8' value. The susceptibility, Xg was obtained as 

10.60 + 0.1 x 10° c.g.S. units at 19°C. This value agrees satis- 

538 | and so confirms the value factorily with the literature values 

obtained for 8. 

The detailed observation and calculation for the determination 

of the magnetic susceptibility of the compound, diiodo-tetrakis(pyri- 

dine)nickel(II), is illustrated as follows: 

(a) Determination of Magnetic Susceptibility of Ni (Py) 1 
  2 

Weight of empty Gouy tube, magnet ‘off' = 8.53991 g 

Weight of empty Gouy tube, magnet 'on' = 8.53942 g 

Temperature = 20.5°C 

Weight of Gouy tube filled with powdered 

, Ni(Py)gIo; magnet ‘off! = 9.32083 g 

Weight of Gouy tube + Ni(Py)qlos 

magnet 'on' = 9.33985 

Specimen volume 'V' (at 10cm height) = 0.6027 ml 

a = 0.029 x 0.6027 = 0.0175 

'é', observed force on the Gouy tube only = - 0.49 mg 

Force on the specimen = F -(-S) = F + 6 = 19.51 mg 

(where F being the observed force on the sample + tube = 19.02 mg) 

Weight of sample, Ni(Py) ql, only = Wg = 0.7809 g. 

Using above experimental values for 'a', '8', 'w' and F} the magnetic
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susceptibility of Ni(Py) 41, was determined as follows: 

    

108 Xy = HBF! _ 0.0175 + 0.253 (19.51) 
te 0.7809 

Xg = 6.34 x 10° esg7sa-untts. 

The molecular weight of Ni(Py) a1, is 628.9 

6 Xm = {628.9 x 6.34x 10°° = 3987.0 x 10° c.g.s. units 

(b) Determination of magnetic moment, Hoge OF the Ni(Py)al, 
  

Xg for Ni(Py)gl, = 6.34 x 107° c.g.s. units 

Molar susceptibility *M for Ni(Py) al, = 3987.0 x 107° c.g.s.units 

The diamagnetic correction for the pyridine, iodine etc. was made 

52(b)_ from Pascal's constants as listed by Figgis and Lewis It was 

My Txiee 6s 92 ex Oo 

Ge 20 %6.0: Fe “Woo x 1 

H:..20: 4.2993 © w 58:60 x 10°° 

Ne Aa ete 1G aa x Hee 

rs -2 x 44.60. = “89%0 % 107° 

double bonds: 12x(-8.2)= -98.4 x 107° 
200.6 x 1076 

Thus ; 
Xm ={XM + (diamagnetic correction)}x 107° 

(3987 + 200.6) x 107° 

4187.6 x.10° c.g.s, units, 

and hence magnetic moment, Hagpe Was determined using the following
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expression: 

ns cad ee = SR TTS) ae (2) 

(where T = room temperature + 273.0 = 293.5) 

putting the value of T and * M in the above equation (2); 

2.84 {293.5 x 4187.6 x 107°} 2 ore 

3.184 B.M. 

This value, 3.148 B.M. i.e. 3.15 B.M. for Ni (Py) aI, agrees 

satisfactorily with literature values 195, 

Ni(Py)4I, obtained by Belova et a1!°° was 3.15 B.M. at 20°C) 

(The value of Vere for 

(17) Magnetic Susceptibility Measurements down to Liquid 
  

Nitrogen Temperatures: (Ref: 120) 
  

The method employed for the magnetic susceptibility measurements 

at low temperature was basically the same as that for room temperature 

measurement. However the low temperature measurements need a cryostat 

to maintain low environmental temperatures of the specimen. The Newport 

Instrument, with variable-temperature Gouy balance system, was used to 

perform the susceptibility measurements at low temperature. A diagram 

of the general arrangement of the balance and cryostat is shown in 

Figure-20. The liquid nitrogen inlet is shown in Figure -21.° 

The Basic Equipment 

1. Magnet and Power Supply 
  

A Newport 4 in. Electromagnet Type A was used. A field strength 

of about 6000 gauss was used. The power supply will provide continuous 

variable current from zero up to 20 amps. 

2. The Balance 

A Stanton semi-micro balance, Type SM12S, was used.
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3, ‘The Gryostat; 

The cryostat consists of three major components; an inner copper 

cylindrical chamber of high thermal inertia, an inner glass dewar with 

controllable vacuum surrounding the chamber and an outer glass dewar. 

The specimen was suspended inside the copper chamber which was heated 

electrically by a coil wound in a groove around the outside of the 

chamber. The copper chamber was 7 inches long with an outer diameter © 

of 7/8 inches and an internal diameter of 1/2 inch. The inner dewar 

Separates the chamber and specimen from the liquid nitrogen. So, by 

connecting a vacuum pump to the outlet of the vacuum space, the heat 

leak to the liquid nitrogen can be controlled. The inner dewar was 

suspended inside the outer dewar with the copper chamber vertical. 

The stepped outer dewar was used to contain the liquid nitrogen coolant. 

4, Specimen Temperature Measurement and Control 
  

The temperature control was performed by using the unbalance volt- 

age of the resistance bridge to switch a heater current on and off. A 

large diameter variable resistance was calibrated accurately in terms 

of temperature and was used to set the temperature value required. 

5. Specimen and Suspension 
  

The specimen was powdered and packed into a Gouy tube. The Gouy 

tube was made of silica-glass and was found to be purely diamagnetic. 

The specimen length of 10 cm was chosen. The suspension of the 

specimen tube is shown in Figure( 20). 

Experimental Procedure: 
  

The glass draught excluding tube (Fig. 20) was removed and the inside 

of the inner dewar was flushed with nitrogen to remove the air. This 

was achieved by placing a ground glass stopper over the top of the 

dewar and connecting the vacuum pump to it. The dewar was then switched 

from the vacuum line to an input of dry nitrogen.
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After the flushing, the Gouy sample tube, containing the finely 

powdered sample was hooked onto the suspension, lowered into the 

chamber and the glassware replaced. The temperature was set at room 

temperature (20°C) and after 15-20 minutes the Gouy sample tube was 

weighed with and without the magnetic field. Then the temperature 

control was set at -180°C and, with the vacuum applied between the walls 

of the inner dewar, the liquid nitrogen supply was switched on. When 

the required temperature (-180°C) was reached, the heating current was 

switched on, (heater supply dial set at 8°), After complete 

equilibrium attained, the Gouy sample tube was weighed with and without 

the magnetic field. For the measurements at ches temperature (above 

-180°c) again the temperature control was set at required temperature, 

with heater supply switched on. (set the heater supply dial at 10-15°C). 

Once the thermostat has begun. to function, half an hour was sufficient 

for equilibrium to be attained and then weighing with and without the 

magnetic field were repeated. 

The diamagnetic correction for the Gouy tube was made by measuring 

the weight of empty tube in the same way as was done with the sample 

(i.e. at -180°C, and other different temperatures). Mercury(II)-tetra-thi 

ocyanato-cobaltate(II) was used for the determination of the Gouy tube - 

calibration constant, 8. 

The results are usually presented in the form of a graph of 

reciprocal susceptibility (after diamagnetic correction) against 

- temperature, T(K) which, if the Curie-Weiss Law is obeyed, will be a 

straight line intersecting the temperature axis at 6K, the law being: 
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CHAPTER 6 

The compounds produced on the addition of iodine to some 
  

first row transition metal complexes of the simpler pyr- 
  

idine bases 

In this chapter the preparations, characterisations, spectroscopic 

and magnetic properties are presented for the following new complexes 

of the types MLg (13), and M'La(NCSI,)5. (where M = Ni(II), Co(II), Fe(i), 

Mn(II) and Cd(II), L = pyridine, 8-picoline or y-picoline and M' = 

Ni(II) only-). The reaction between CdI,, iodine and y-picoline is 

also described. 

Complex Preparations Solid state& Discussion 
solution data 

Ni (pyridine), (13), P 109 Tables ee P 154. 

Ni(B-picoline) (13), P 109 . p 154 
Ni(y-picoline),(13), P 110 . 4 Pp 154 

Ni (pyridine) ,(NCSI5), Pp 112 Tables Teste P 160 

Ni(8-picoline),(NCSI,)., D113 om " Pp 160 

Ni(Y-picoline), (NCSI), D143. ” . P 160 

Co(pyridine),(13), Pp 116 Tables ae Pp 170 

Co{g-picoline) ,(1),2(CH.CN) Pp 117 : " p 170 

Co(Y-picoline),(13)y2(CH.CN) P 118 : a P 170 

et 32 P 131 Tables eas P 170 

Fe(-picoline)4(13)> Pp 31 ” Pp 170 

Fe(y-picoline)4(13), 2(CH, CN) p 132 i " p 170
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Complex - Preparation Solid state & Discussion 
solution data 

Mn(y-picoline),(I..), 2(CH.CN) p 120 Tables 16,17,18 p 170 
arSt2 3 & 19. 

Cd(pyridine), (13), p 121 wee ALB ye ple 
: & 19 

Cd(y-picoline), (13), 2(CHCN) Die . i P 172 

PREPARATIONS 

The preparation of the triiodide (13) complexes, MLa(13)os 

involved a two step process. The first step is the preparation of 

the parent compounds of the stiochiometry ML, I, and the second step is the 

preparation of the triiodide (13) compounds of the stoichiometry 

ML (I3)5 from their respective diiodides. (Where M = divalent cations 

and L = pyridine, B-picoline and y-picoline). Similarly the iodine 

addition compounds of nickel(II) thiocyanate with pyridine, B-picoline 

and y-picoline are prepared from their parent compounds NiLA(NCS).« | 

1. Nickel(II) compounds with pyridine, B-picoline 

and y-picoline 

  

(A) Preparation of nickel(II) iodide compounds of the 

stoichiometry, Nilglos (where L = pyridine, 
  

B-picoline, and y-picoline) 
  

A hot ethanolic solution of nickel(I1) iodide hexahydrate 

(10m.moles, 4.2g) was added dropwise with constant stirring to a 

hot ethanolic solution of the appropriate ligand (Py or picolines). 

A pale green crystalline product formed immediately on cooling, which 

was filtered off and dried between filter-paper pads. It was further 

dried over sodium hydroxide pellets for an hour in a desiccator at 

an atmospheric pressure. The washing and recrystallisation of a 

pale-green product was restricted due to the loss of the ligand mole- 

cules (pyridine bases).
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The following pure complexes were isolated using above general 

method. 

(i) Diiodotetrakis-(pyridine)nickel (II) 
  

A pale~green solid was obtained. Yield, 6.5g. It was fairly 

stable in the open air but decomposed on prolonged exposure to air. 

(Founds. C,38,212°H,9,3:,N,8,78: 1.40, 30% 

C H Ni;requires:C,38.19; H,3.21; N,8.90;1,40. 72) 20hogloNy 

(ii) Diiodotetrakis-(B-picoline)nickel (II) 
  

A pale-green solid was obtained. Yield 6.8. 

(Found: C,42.2; H,4.02; N,8.00; I,37.0% 

Coghogl oN Nis requiresi€,42.1; H,4-12; N.8.17; 1,37.10%) 

This compound was very sensitive to moisture and turned to 

sky-blue in open air within a few ene The analysis of the sky- 

blue solid suggested the formula, (Ni(H0),(B-pic)gI,). 

(POUNGs © 04.095 N,4c0ls Ne. 1s 1s00.er 

Cog gol N,Ni0, :requires :C,39.96; H,4.48; N,7.76; 1,35.05%) 

The infrared spectrum of a sky-blue, (Ni (H,0)5(B-pic),I5). 

suggested the presence of water molecules and. v(0H) was found at 

5 3400cm |, while infrared spectrum of freshly prepared green compound, 

| was absent. Therefore Ni(B-pic),I,, the water band at ~ 3400 cm 

freshly prepared compound, Ni(B-pic),I, was kept in a sealed ampoule 

for future use. It was stable for many months in a sealed ampoule. 

(iii) Diiodotetrakis-(y-picoline)nickel (II) 
  

A pale-green solid was obtained. Yield, 7.0g. 

(Found: C,42.25; H,4.20; N,7.95; 1,36.98% 

Coqto gl Nani sreguives} ee. ee Hy4. 123°: N,8.175. 237.1%)
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This compound was moderately sensitive to moisture and decomposed on 

prolonged exposure to air. Therefore it was kept in a sealed ampoule 

for future use. 

(B) Preparation of the triiodide (1,) complexes of nickel(II) 
  

with pyridine,8 -picoline and y-picoline. 
  

The general methods of preparation of crystalline polyhalide 

complexes in the solution have been reviewed by Chattaway and Hoy1e°8 , 

and by Cremer and Duncan>’, They studied principally the tetra- 

‘alkylammonium salts of polyhalide ions. In the preparation of tri- 

iodide, (15) complexes in solid state, the choice of an appropriate 

solvent as the reaction medium is of primary importance. The iodine 

and triiodides (15) are highly reactive chemically and therefore the 

solvents which can easily be halogenated by triiodide compounds or 

which effect hydrolysis reactions were avoided. The large majority 

of tetraalkylamnonium-polyhalide compounds were prepared either in 

methanol or in ethanol solution. However in the preparation of 

triiodide (13) complexes, solvents which are more inert to halogenation 

or hydrolysis such as 1,2-dichloroethane, dichloromethane have been 

used. The preference was given to dichloromethane owing to its low 

boiling point (40°C) (very volatile in nature). The triiodide,I., 

complexes were very unstable in the open air and ha decomposed into 

free iodine and iodide, 3 <I, +I. Therefore all complexes were 

“prepared in a closed system at room temperature. The quick-fit flask, 

water-condenser and other glass equipments which were used in the 

preparation of complexes, were carefully dried before use. The dichloro- 

methane was dried and purified (page 83) before use as a solvent in 

the reaction.
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The fol lowing nickel (II)-triiodide complexes having the composition 

NiLg(13)os were prepared(where L = pyridine, 8-picoline or y-picoline). 

The diiodide complexes of pickel (Ii) with pyridine, B-picoline and 

y-picoline were used as starting material in the respective preparations. 

(i) Di-triiodotetrakis (pyridine )nickel(II) 
  

The diiodotetrakis(pyridine)nickel(II) (5 m.moles,3.15g) was 

weighed in a dry 50 ml. quick-fit flask. Iodine (10 m.moles; 2.53g) 

was added to the flask. Both solids were mixed together and the flask 

‘stoppered immediately. The solid mixture swirled for a minute. Then 

20-25 ml. of dichloromethane was added at once. The flask was attached 

to a water-condenser which in turn was fitted with an anhydrous calcium 

chloride guard tube. The solution was then stirred with a 

magnetic stirrer without heating for 10-15 minutes. Reddish-brown 

sparkling crystals formed in the solution which were filtered off and 

dried over sodium hydroxide pellets for half an hour in a desiccator 

at atmospheric pressure. The crystalline product was then sealed in 

a dry ampoule. Yield of eae tron solid, 4.5g. 

(Found: C,21.2; H,2.1; N,4.8; added iodine,45.2; 

total iodine,66.95; Ni,4.89%, ; 

ConHonI-N,Ni requires: C,20.15; H,1.8; N,4.9; added jodine,44.7; 20h argh 6a 
total iodine,67.0; Ni,5.15%) 

(41) Di-triiodotetrakis(8-picoline)nickel(II): 

This compound was prepared in the same way as the above ditri- 

iodotetrakis (pyridine )nickel(II)A reddish-brown crystalline product 

was obtained on slow evaporation of the solution (which contained 

10 m.moles of Ni(B-pic) 1, and 20 m.moles of iodine in dichloromethane) 

in a vacuum desiccator at room-temperature. The product was dried over 

sodium hydroxide pellets in a desiccator at atmospheric pressure. This 

compound was very sensitive to moisture and turned toa black oily mass
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in the open air within a few minutes. . Therefore it ae sealed in a 

dry ampoule for future use. In a sealed ampoule however it remained 

unchanged for many months. Yield of a reddish-brown solid, 5.1g. 

(Found: C,24.5; H,2.6; N,4.55; added jiodine,43.0, 

total iodine,63.90; Ni,4.95%. 

Co,HongI-N,Ni requires: C,24.183H,2.40;N,4.79; added iodine,42.5; 
24 28°6 4 

total iodine,63.84; Ni,4.92%) 

(iii) Di-triiodotetrakis-(y-picoline)nickel (II) 

This compound was prepared as in the procedure outlined for the 

preparation di-triiodotetrakis(pyridine)nickel(II)A reddish-brown 

crystalline product was obtained. Yield,5.45q. The product was kept 

in a dry ampoule for future use. 

(Found: C,23.3; H,2.8; N,4.4; added iodine,42.2, 

total iodine,63.73; Ni,4.86%. 

Meationi-N tli requires: C,24.18; H,2.40; N,4.79; added iodine,42.5; 
24 28 6 4 

total iodine,63.84; Ni,4.92%) 

(C). Ni(I1)-thiocyanate compounds with pyridine, 
  

€-picoline and y-picoline 
  

The complexes, NiL, (NCS), where L = Py, B-pic, or y-pic) were 

prepared by the following procedure: 

‘Ethanolic solutions of nickel(II) niarate hexahydrate (10 m.moles, 

2.9g) and potassium isothiocyanate (20 m.moles,1.94g) were mixed and 

precipitated potassium nitrate removed by filtration. The solution 

(which contained NCS” and Ni** ions) was warmed gently for a 3-5 minutes 

and filtered again. This hot solution was then mixed with a hot ethanolic 

solution of an appropriate ligand(L) (45m.moles)(where L = Py. or f-pic 

or y-pic). Sky-blue crystals formed immediately on cooling, were 

filtered off &washed with a small amount of alcohol containing 5% of 

the appropriate ligand (Py,8-pic or y-pic). The crystalline solid was
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then dried over sodium hydroxide pellets for an hour in a desiccator at 

atmospheric pressure. 

The following compounds having the composition, NiL, (NCS). 

(where L = Py, or ®-pic or y-pic) were isolated using the above general 

methods: 

(i) Di-thiocyanato-tetrakis (pyridine )nickel (II) 

A sky-blue crystalline solid was obtained. Yield, 4.9g. 

(Found: C,53.68; H,4.07; N,16.95% 

| Coola NgNiS, tauirest C53. 795 Hy4i ls NGI7Z. 12%) 

(11) Di-thiocyanato-tetrakis(8-picoline)nickel (II) 

A pale-blue crystalline solid was obtained. Yield, 5.3l1g. 

(Found: C,56.92; H,4.98; N,15.27% 

CogogN Nis. requires: €,57,0; 7H,5.34 .Nyt5.402) 

(iii) Di-thiocyanato-tetrakis-(y-picoline)nickel (IT) 

A sky~blue crystalline solid was obtained. Yield,5.4g. 

(Found: C,56.95; H,5.06;.N,15.36% 

CoglogNgNiS. requires: | G,07.03 “H,9. 103° Ny to.A0e) 

These thiocyanato complexes of nickel(II) with pyridine, 

68-picoline and y-picoline were fairly stable in the open air but de- 

composed on prolonged exposure. Therefore they were kept in a sealed 

ampoule for future use.
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(D). Iodine addition compounds with NIL, (NCS), 
  

(where L = Py. B-pic or y-pic)   

The iodine addition compounds with ML,(NCS), (where M = Co(II), 

106 
4 2 

and Ni(II), L = py) were first prepared by Pfeiffer and Tilgner 

The same compounds were also prepared and studied spectroscopically 

107 
by Foster and Goodgame Both authors have used ethanol as solvent 

for the reaction. The following procedure was used by Pfeiffer and 

106 
Tilgner for the preparation of iodine adduct with di-thiocyanato- 

tetrakis (pyridine)nickel(II). 

4.99 of Ni (Py) 4 (SCN). was dissolved in 15 ite of ethanol 

and 7.6g of iodine was added to it. The solution was warmed on a 

water-bath for two hours with refluxed condenser. The ethanol was 

then evaporated to small bulk. Dark crystals were formed in the 

solution on cooling. The crystalline product was re-crystallised 

from chloroform. 

In the present work, however, a different procedure was used 

for the preparation of the iodine addition compounds with NiL, (SCN) 
4 2 

(where L = Py, B-pic or y-pic). They were prepared as follows: 

(i) Iodine adduct of dithiocyanato-tetrakis (pyridine )nickel (II) 

Di thiocyanato-tetrakis(pyridine)nickel(II) (5 m.moles 4.90g) was 

weighed in a dry 50 ml quick-fit flask. Iodine (10 m.moles,2.53g) was 

added to the flask. Both solids were mixed tage thee and the flask 

stoppered immediately. The solid mixture swirled for a minute. Then 

20-25ml of dichloromethane was added at once. The flask was attached 

to a water-condenser which in turn was fitted with an anhydrous calcium 

chloride guard tube. The solution was then stirred with a magnetic 

stirrer without heating for 10-15 minutes. Dark-brown crystals were
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formed on site evaporation of the solution in a vacuum desiccator at room- 

temperature. The crystals were collected and recrystallised from chloro- 

form. . The product was dried over sodium hydroxide pellets for 

about an hour in a desiccator at atmospheric pressure. This compound 

was moderately sensitive to moisture and decomposed on prolonged exposure 

to air.Therefore the dark-brown solid was stored in a sealed dry ampoule. 

Yield of the solid, 6.59. 

(rounds C,20.7. 2.4: N,8.2; 1,50.78; Ni,5. 82% 

C Hog laNgNiS, requires :C,26.463H,2.02; N,8.4;1,50.83; Ni,5.87%) ce 

(II) Iodine adduct of dithiocyanato-tetrakis(@-picoline)nickel (II) 

This compound was prepared in the same way as the above iodine 

; adduct of di~thiocyanato-tatrakis(pyridine)nickel(II). Dark-brown 

crystalline product was obtained. Yield of product, 6.7g. This com- 

pound was very sensitive to moisture and decomposed to a dark oily mass 

on exposure to air. Therefore it was stored in a sealed dry ampoule. 

(Found: C,29.2; H,2.80; N,7.61; 1,48.2; Ni,5.72% 

Cogtogl gNiS. Yequires: °C ,29.6;" 2.703 N, 7.9%. 1,48. 1¢ Ni 5.5%) 

(iii) Iodine adduct of dithiocyanato-tetrakis (y-picoline)nickel (II) 

This compound was prepared in the same way as the above iodine 

adduck of dithiocyanato-tetrakis (pyridine)nickel(II).A dark -brown 

crystalline product was obtained. Yield 6.8lg. It was very sensitive to 

moisture and decomposed to a dark oily mass on exposure to air. There- 

fore it was stored in a sealed dry ampoule. 

qround: C,29.2; H.2.83 N,7.7; 1,48. 3; NV, 5.8% 

Coghogl gNgNiS. requires:C,.29,6;H,2.7; N,7.9; 1.48.1; Ni,5.5%)
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2. Cobalt(II) complexes with pyridine,f-picoline and y-picoline 
  

(A) Preparation of cobalt(II) iodide complexes of pyridine, 
  

B-picoline and y-picoline 
  

The cobalt(II) complexes having the formula CoL,L, (where L = py, 

B-pic or y-pic) were prepared in the same way as the diiodo-tetrakis- 

(pyridine)nickel(II) (page106). The following compounds were isolated 

in the solid state. 

(i) Diiodo-tetrakis (pyridine) cobalt(II) 
  

A pink crystalline product was obtained. Yield, 6.2g, 

(Found: 0,38, o::Hagel: N,8.763°1,40. 4° Co.9:-2% 

Coola Col Ny requires: €,38.2; Hi3.21¢.N.8.9; 1.40.7; €o,9e37%) 

(ii) Diiodotetrakis(8-picoline)cobalt(IT) 
  

‘A brownish-pink crystalline product was obtained. Yield of 

product, 6.42 g. 

round: C 42.23) Hoge. WG.c; 1,3/<c3 COPFcts 

Co glo gol Ny requires: C,Ac.0651,4%, 125N,8.2; 1,37.13 Co,9.22) 

(iii) Diiodotetrakis(y-picoline)cobalt(II) 
  

A greyish-pink crystalline product was obtained. Yield of 

product, 6.90g. 

(Founds.0 42.33 H,4.25 Nio.ae; 1,060.97; Co;9. 3% 

Co gto gCol Ny requires: C,42.06;H,4.123N,8.20, 1,37.1;.. Co,9.22) 

The above cobalt(II) compounds, Col yl, (where L = py,8-pic or 

Y-pic) were found to be very sensitive to moisture and decomposed in 

a few minutes on exposure to air. The decomposition of CoL yl, was
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seen by the colour changing from a to bluish-green. Abluish-green 

compound was found as CoLal,s a tetrahedral species. Thus the compound : 

Col yl,s was carefully prepared, dried and sealed immediately in a dry 

ampoule for future use. 

(B) Preparation of the triiodide(I,) complexes of cobalt(II) 
  

with pyridine, B-picoline and y-picoline 
  

, 

The triiodide (I) complexes of cobalt(II) with pyridine, 
3 

B-picoline and y-picoline were prepared in the same way as the tri- 

iodide(13) complexes of nickel(II) with pyridine, B-picoline andy-picoline 

(page 109). However in the preparation of the tri iodide(I,)compounds 

of cobalt(II), there was only an oily mass formed instead of a 

crystalline product when dichloromethane was used as the reaction 

solvent. Other solvents such as Vea tatch icroetnate, chloroform and 

methanol were found to be useless and gave the same results as the 

dichloromethane. On the otherchand solvents which induce crystalli- 

sation e.g. benzene, diethylether, carbontetrachloride, were added 

separately to the oily mass (dark brown) of the triiodide-cobalt(II) 

complexes in dichloromethane, but a crystalline product was not 

obtained. | 

- had prepared some alkali metal salts of triiodide anions Martin 

and found that a variety of stable molecular complexes could be isolated 

in the presence of an organic compound or solvent molecule of crystall- 

isation. The presence of such organic compound or solvent molecules 

were essential for the stability of metal-triiodides because in their 

absence, the trijodide(I5) compound decomposed into metal iodide and 

free iodine. 

The above idea? was applied in the preparation of triiodide(1,) 

complexes of cobalt(II) with B-picoline and y-picoline. Acetonitrile
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was subsequently found to be a good solvent in the preparation of 

cobalt(II) triiodide complexes. The diiodide-complexes of cobalt(II) 

with pyridine, ®-picoline and y-picoline were used as starting material 

in the following preparations. 

(i) Di-triiodotetrakis (pyridine )cobalt(II); 

Diiodotetrakis(Pyridine)cobalt(II) (5 m.moles,3.15g) was weighed 

in ae 50 ml.quick fit flask.Iodine (10 m.moles 2.53g) was added 

to the flask. Both solids were mixed together and the flask stoppered 

immediately. Then 20-25 ml of dichloromethane was added at once. The 

flask was attached to a water-condenser which in turn was fitted with an 

anhydrous calcium chloride guard-tube. The solution was stirred 

with a magnetic stirrer, without heating for 20-25 minutes. Dark- 

brown oily mass was formed on slow evaporation of solvent in a vacuum 

desiccator at room-temperature. A small amount of this oily mass was 

treated separately with benzene, diethylether and carbontetrachloride to 

induce crystallisation but a solid stable product was not obtained. The 

dark-brown oily mass which formed in dichloromethane was then kept ina 

desiccator over sodium hydroxide pellets at atmospheric pressure. A 

dark-brown crystalline product was obtained from the oily mass after 10 

days keeping in a desiccator at atmospheric pressure. The product was 

further dried over sodium hydrox de pellets in a desiccator. Yield of 

product,5.2g. This compound was found to be sensitive to moisture and 

decomposed to a dark oily mass on exposure to air. Therefore it was bebe 

in a sealed ampoule. 

(Found: C,21.5; H,2.2; N,4.8; added iodine,44.31; 

total iodine ,66.91; Co,5.03% 

Coola gCol Ny requires: C,21.14; H,1.80; N,4.9; added iodine,44.7; 

total iodine,67.0; Co,5.16%)
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(17) Preparation of di-triiodo-(8-picoline) and di-triiodo- 
  

(y-picoline)cobalt(II) using acetonitrile as the 
  

reaction solvent: 

(a) Di-triiodotetrakis(6-picoline)cobalt(I1) diacetonitrile 
  

Di iodotetrakis (@-picol ine) cobalt(II) (5 m.moles 3.429) was 

weighed in a dry 50 ml. quick-fit flask. Iodine (10 m.moles,2.53g) 

was added to the flask. Both solids were mixed together and the flask 

stoppered. Then 20-25 ml. of acetonitrile was added at once. The 

flask was attached to a water-condenser which in turn was fitted with 

an anhydrous calcium chloride guard tube. The solution was then 

stirred with a magnetic stirrer without heating for 20-25 minutes. 

Reddish-brown sparkling crystals separated on slow evaporation of 

solution in a vacuum desiccator. The crystalline product was then 

dried over sodium hydroxide pellets for about an hour in a desiccator 

at atmospheric pressure. Yield of product, 5.6g. This compound was 

very sensitive to moisture and decomposed to a dark-brown oily mass on 

exposure to air. TheFefore it was kept sealed in a dry ampoule. The 

infrared spectrum of this compound supported the presence of the 

acetonitrile molecules and also suggested that the cyanide group (CN ) 

was not co-ordinated{(v(CN)}for compound found at ~2303 and 2279 cm”! 

and for free acetonitrile, v(CN) is at 2283 cm” !), The analysis of this 

compound also suggested the presence of two molecules of acetonitrile. 

(Found: C,26.29; H,2.81; N,6.49; added iodine,39.77; 

total iodine, 59.70; Co,4.64% 

Cogs ,Col EN ¢ requires: C,26.37; H,2.69; N,6.59; added iodine,39.84; 

total iodine, 59.75; Co,4.62%)
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(b) Di-triiodotetrakis (y-picoline)cobalt(II.)di-acetonitrile 
  

This compound was prepared in the same way as the above di- 

triiodotetrakis(8-picoline)cobalt(I1) diacetonitrile. A reddish-brown 

crystalline product was obtained. Yield of product, 5.63g. The 

infrared evidence supported the presence of acetonitrile molecules 

in the compound, and also suggested that the cyanide (CN ) group was 

not co-ordinated{(CN)}found at 2305 and 2278 cm !; for CH 
] 

3CNsv(CN). 

is at 2283 cm). This compound was less sensitive to moisture than 

the above cobalt(II)-f-picoline compound. However on long exposure 

to air, it decomposed to a dark-brown oily mass. Therefore it was 

stored in a sealed ampoule. 

(Found: C,26.35; H,2.90; N,6.44; added iodine, 

39.80;total iodine,59.70; Co,4.65% 
Cogtigg Col EN. requires: C,26.37; H,2.69; N,6.59 added iodine 

39,.84;total iodine,59.75; Co,4.62%) 

3. Manganese(II) compounds of pyridine,6-picoline and y-picoline 

(A)_Preparation of Manganese(II)iodide complexes of pyridine, 
  

B-picoline and y-picoline 
  

The manganese(II) compounds having the formula Mnl aT, (where L = py, 

B-pic. or y-pic) were prepared in the same way as the nickel(II) iodide 

complexes of pyridine and picolines (Page 106). Pink-white coloured 

crystals were obtained which were dried over sodium hydroxide pellets 

in a desiccator at atmospheric pressure. These compounds were very 

sensitive to moisture and decomposed on prolonged exposure to air. 

The following solid compounds of manganese(II) iodide with | 

pyridine, B-picoline and y-picoline were isolated in a pure state.
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(i) Diiodotetrakis (pyridine )manganese (II) 

Straw coloured crystals were obtained. Yield of product, 5.7g. 

(Foutid: 0.98, } 28,3, 2: N.8.9< I ,40. 4%, 

CogHogloNnNy requires: C,38.35:H,3.4: N,9.0: 1,40.5%) 

(ii) Diiodotetrakis(8-picoline )manganese (II) 
  

Pale-pink crystals were obtained. Yield of product, 5.3g. 

(Found: C,42.05; H,4.40; N,7.99; 1,35.05% 

Coqhogl oMnN, requires 5.042.335 H,4. 153. N,8.22: 1,35.2%) 

(iii) Di iodotetrakis (y-picoline)manganese (II) 

Straw coloured crystals were obtained. Yield of product ,6.0g. 

(Found: C,42.1; H,4.30; N,8.0; 1,35.1% 

Coghog! inl, requires: C,42.3; H,4.15; N,8.223;1,35.2%) 

(B) Preparation of the triiodide(I.) compounds of manganese(ITI) 
  

with pyridine, 8-picoline and y-picoline 

The tri iodide (15) complexes of manganese(II) with pyridine and 

B-picoline were not isolated in the solid state. The use of both 

dichloromethane and acetonitrile gave a dark-brown oily mass. 

Other solvents such as 1,2-dichloroagtthane, chloroform and methanol 

gave the same result as the dichloromethane and acetonitrile. Solvents 

which induce crystallisation e.g. benzene, diethylether, carbontetra- 

chloride were added separately to an oily mass (dark brown) of the 

triiodide-manganese complexes with pyridine and B-picoline (in 

dichloromethane and in acetonitrile) but in both cases no crystalline 

solid was obtained. All experiments were done in a dry nitrogen 

atmosphere in a dry-box.
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Preparation of the triiodide(I5) compound of manganese(II) 
  

with y-picoline 

The preparation of triiodide-manganese(II) compound of y-picoline 

in dichloromethane gave a dark-brown oily mass. The 4 of other 

solvents such as 1 ,2-dichidéthane, chloroform and methanol were found 

to be useless, and gave the same result as dichloromethane. Acetonitrile 

on the other hand, was found to be a good solvent in the preparation of 

manganese(II)-triiodide compound of y-picoline. - The diiodotetrakis 

(y-picoline) manganese(II) was used as starting material jin the 

following preparation: 

Di-triiodotetrakis (y-picoline)manganese(II)diacetonitrile 
  

This compound was prepared in the same way as the di-triiodotetra- 

kis (B-picoline)cobalt(II)diacetonitrile(Page 117).A reddish-brown. 

crystalline product was obtained. Yield of product,5.7g. The infrared 

evidence supported the presence of the acetonitrile molecules in 

this compound and also suggested that the cyanide group (CN ) was not 

co-ordinated. (v(CN) in the compound found at 2302 and ~ 2279 cm”! 

(v(CN) in CHCN 1S. at 32283 cm !), The analysis of this compound also 

Suggested the presence of two molecules of acetonitrile. This compound 

was sensitive to moisture and decomposed to a dark-brown oily mass on 

exposure to air. Therefore it was stored in a sealed ampoule. 

(Found: C,26.21; H,2.8; N,6.41; added iodine,39.76 

total iodine,59.73; Mn,4.80% 

Coghg gig MnN. requires: C,26.4; H,2.70; N,6.6; added iodine,39.94; 

total iodine,59.90; Mn,4.85%)
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4. Cadmium(11) compounds with pyridine, B-picoline and y-picoline 
  

(A) Preparation of cadmium(II)iodide complexes of pyridine, 
  

B-picoline and y-picoline 
  

The cadmium(II) compounds having formula CdL yl, (where L = pyridine 

B-picoline and ypicoline) were prepared in the same way as the nickel (II) 

iodide compounds of pyridine, B-picoline and y-picoline (Pagel06)-.A white 

crystalline product was obtained in each preparation. The product was 

dried over sodium hydroxide pellets in a desiccator at atmospheric pressure. 

These compounds were not particularly sensitive to moisture. 

The following solid compounds of cadmium(II)iodide with pyridine, 

B-picoline and y-picoline were isolated in a pure state. 

(i) Diiodotetrakis(pyridine)cadmium(IT) 
  

A white crystalline product was obtained. Yield of product 6.0g. 

(Found: C,34.90; H,3.1; N,7.90; 1,37.11; Cd,16.30% 

Coola dl oN, requires; C,36..13:-.H,2.0; N,8.2; > 1,387.23: Cd, 16.46%) 

(11) Diiodotetrakis (B-picoline)cadmium(I1) 
  

A white crystalline product was obtained. Yield of product, 6.1g. 

(Found: O39, 123-3. 13..Ny7.30%°:5,.34.30; Cd, 15.01% 

Coto gCdI ony requires: C,39.01; H,3:02;N,7.505: 1 34,35; Cd,15.21%) 

(i117) Diiodotetrakis(y-picoline)cadmium(IT) 
  

, White crystals were obtained. Yield of product, 6.4%, 

(Found: C,38.39; H,3.00; N,7#33; 1,34.29; Cd,15.13% 

Colo gtd Ny requires: C,39.013 Hagens Nf toc; 1,904.35); 0C, 15.206) 

(B) Preparation of the triiodide(I,)compounds of cadmium(I1) 
  

with pyridine, B-picoline and y-picoline 
  

(i) Di-triiodotetrakis (pyridine)cadmium(IT) 
  

This compound was prepared in the same way as the di-triiodo-
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nickel(II) compound of pyridine (Page109).A dark-brown crystalline product 

was obtained. Yield of product,5.7g. This compound was moderately 

sensitive to moisture and decomposed on prolonged exposure to air. 

Therefore it was stored in a sealed ampoule. 

(Found: C,19.89; H,1.80; N,4.54; added iodine,42.51; 

| total iodine,63.86; Cd,9.37% 

Coola Cdl Ny requires: C,20.1; H,1.70; N,4.70; added iodine,42.66; 

total iodine,63.98; Cd,9.44%) 

. The compound, di triiodfgatetraki s(B-picoline) cadmium(II) could not 

be isolated in solid state. The reaction between di-iodotetrakis 

(8-picoline)cadmium(II)(1 mole) and iodine (2 mole) in dichloromethane 

and in acetonitrile gave a dark-brown oily mass. Addition of di-ethyl 

ether, benzene andcarbon tetrachloride to the dark-brown oily mass 

did not induce crystallisation. Other solvents such as chloroform, 

methanol, 1,2-dichloroethane gave the same results as the dichloro- 

methane and acetonitrile. The oily mass obtained in dichloromethane 

and in acetonitrile, were kept separately in a desiccator over sodium 

hydroxide pellets for a long time but in both cases no crystalline 

solid was obtained. 

(ii) Reaction of di-iodotetrakis(ypicoline)cadmium(II) and 
  

iodine in dichloromethane 
  

This experiment was performed in a dry nitrogen atmosphere in a dry 

box at room temperature. Di-iodotetrakis(y-picoline)cadmium(II) 

(1 mole) was weighed in a dry 50 ml. Quick-fit flask. Iodine (2 mole) 

was added to the flask. Both solids were mixed together. Then 20-25 

ml. of dichloromethane was added at once. The solution was stirred for 

15 minutes and then evaporated slowly on aclock-glass. Reddish-brown 

crystals were separated on a clock-glass. They were collected and dried 

between filter paper-pads. The crystalline solid was then sealed
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immediately in a dry ampoule. The solid was found to be decomposed 

within half an pour in a sealed ampoule. A dark-brown oily mass 

formed which was unreactive to’ the sodium thiosulphate in glacial 

acetic acid and found insoluble in common organic solvents e.g.chloro- 

form, acetone, carbon tetrachloride etc. However, the freshly prepared 

solid was found to be soluble in all common organic solvents and also 

reactive to sodium thiosulphate in glacial acetic acid. The analysis 

of freshly prepared reddish-brown solid suggested that the di-triiodo- 

tetrakis (y-picoline)cadmium(II) compound was formed. This compound 

remained unchanged at freezing temperature in a sealed ampoule for a 

long period. 

(iii) Reaction of di-iodotetrakis(y-picoline)cadmium(II) (1 mole) 
  

and iodine (2 mole) in acetonitrile 
  

The reaction between diiodotetrakis(y-picoline) Cd(II) (1 mole) 

and iodine(2 moles) in acetonitrile gave the same result as in 

Sch taromethiene. Reddish-brown sparkling crystals were formed which 

were dried between filter pase? pads. The analysis of the freshly pre- 

pared red-brown solid Pahesksa that di-triiodotetrakis(y-picoline) 

cadmium(II)-di-acetonitrile was the compound formed. The infrared 

evidence also supported the presence of acetonitrile molecules and 

suggested that the cyanide group,CN , was not co-ordinated. Although 

this compound was sealed immediately in a dry ampoule, it was decomposed 

into a dark-brown oily mass within half an hour. The dark brown oily 

mass was found to be insoluble in common organic solvents e.g.chloroform 

acetone, - carbon tetrachloride etc. and found unreactive to sodium 

thiosulphate in glacial acetic acid. The freshly prepared compound, 

however remained unchanged at freezing temperature in a sealed ampoule 

for a long period.
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(C) Alkyl-pyridine Polymerisation reactions: . 

(i) Reaction between cadmium(II)iodide, y-picoline and 

iodine at 60-80°C 
  

Cadmium(II)iodide (1 mole) was weighed in a 50 ml dry Quick-fit 

flask, y-picoline (4 moles)was added to the flask. Then, after 2-3 

minutes, iodiwe (2 moles) was added. Heat was produced when the iodine 

mixed with the y-picoline-cadmium iodide mixture. The flask was then 

attached to a water-condenser which in turn was fitted with an anhydrous 

calcium chloride guard tube. The solid mixture formed in the flask, . 

was heated for a couple of hours on water-bath at a temperature of 

60-80°C. A dark-brown viscous oi] wae formed in the flask. The vapour 

of this oily mass was tested with litmus paper which suggested that 

hydroiodic acid was not produced. The flask was cooled and a dark- 

brown oily mass which smelt like y-picoline was collected. This viscous 

oil was kept over sodium hydroxide pellets in a desiccator. The dark- 

brown oi] was found to be insoluble in common organic solvents, e.g. 

chloroform, acetone, carbontetrachloride etc. and also found unreactive 

to sodium thiosulphate in glacial acetic acid. 

(ii) Treatment of the above dark-brown oil with 50% hydrochloric 
  

acid 

The dark-brown viscous oi] was refluxed with 1:1 hydrochloric acid-water 

mixture for about two and a half hours. The viscous oi] was dissolved 

in boiling hydrochloric-water mixture. A yellow-brown clear solution 

was formed.A yellow-brown i.e. sandy microcrystalline substance was | 

deposited on cooling the orange-brown clear solution. The crystalline 

solid was filtered off and washed three times with cold 1:1 hydro- 

chloric acid-water solution and finally with cold water. The yellow- 

brown solid was then dried over sodium hydroxide pellets in a vacuum 

desiccator.
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The filtrate (mother liquor) of yellow-brown, solid was exposed 

to a limited supply of air at room temperature. Bark-brown crystals 

were deposited in the formof flat needles .This compound was soluble in, 

and decomposed by water. It was filtered off and dried over sodium 

hydroxide pellets in a desiccator. The analysis of this compound 

suggested that it contained much iodine but no cadmium. The infrared 

Spectra suggested the presence Of organic molecules in the compound. 

A fresh crop of the dark-brown compound was produced on re-exposing 

the mother liquor to the atmosphere. 

(ii17) Action of slow direct heat to the dark-brown viscous oi] 
  

The dark-brown viscous oi] was heated gently in a sublimation 

apparatus. A yellow vapour was evolved which was turned to a brown 

solid mass on cooling. This dark-brown compound deposited on the cold 

finger of thie sublimation apparatus and was collected. It was found 

to be very sensitive to moisture. The brown compound was recrystallised 

from petrolium-ether. The pale straw coloured plates were obtained on 

recrystallisation. The analysis of pale-straw crystals suggested the 

presence of cadmium and ee 

This crystalline product was treated with aquous sodium hydroxide. 

The organic compound was then separated by ether Scbvattion. The ether- 

extract was distilled Slowly on water-bath. Off-yellow liquid 

set iina like ypicoline was obtained at the end of distillation and 

dried over sodium hydroxide pellets in a desiccator. The molecular 

weight of this yellow-liquid was found as 93.0 using mass~Spectra. 

(Picolines have a molecular weight of 93.13). The picrate derivative 

of this yellow-liquid was prepared. The melting point of this derivative 

was found as 163°C (The picrate derivative of y-picoline has a melting 

point of 164°C). Therefore it was believed that the yellow liquid 

obtained from ether extraction was nothing but only y-picoline.



        
  

  

          
  

r10caee Simple glass apparatus for the separation of the complex 

organic ligand from an orange cadmium (11) compound. 

Glass apparatus with narrow side tube. 

Nickel-crucible containing orange-brown compound and 

powdered sodium hydroxide mixture. 

Glass test tube for collecting yellow liquid. 

Ice bath for cooling vapour which had not condensed.
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(iv) An attempt to liberate the ligand from the orange-brown 
  

(sandy microcrystalline )compound 
  

The orange-brown compound was mixed with powdered sodium hydroxide. 

The solid mixture was put into a nickel-crucible. The crucible was then 

placed in a simple glass apparatus (Shown in fig.22). The solid mixture 

in the crucible was fused by applying direct heat to the glass~-apparatus. 

The yellow-vapour was evolved which was condensed in the side-tube of 

the apparatus. The condensate was collected in the test-tube which was 

dipped in an ice-bath. The yellow vapour was turned to a yellow liquid 

on cooling. This off-yellow liquid smelt like y-picoline and it contained 

much water. It was then dried over sodium hydroxide pellets. Finally it 

was distilled at 143-145°C from a micro-distiliation flask to remove 

water and excess of y-picoline. However it was found that the liquid 

boiled at 143°-145°C leaving no residue in the distillation flask. The 

picrate derivative of the above distillate was prepared and its melting 

point was found as 164°C. (The picrate derivative of y-picoline has a 

melting point of 164°C) Therefore it was believed that the yellow liquid 

separated from fusing of orange-compound was nothing but y-picoline only. 

The summary of the above cadmium(II)iodide-y-picoline-iodine 

reaction and the products obtained from it, are described in the chart 

(page 128).



*
a
u
s
u
d
s
o
w
z
e
 

3Yz 
03 

PLNbL]| 
w
s
u
z
o
w
 

ayy 
B
u
L
s
o
d
x
a
 

-d4 
UO 

paonpoud 
3q 

ued 
punodwod 

ayy 
so 

sdoud 
usau4 

*wNLWped 
Ou 

3NgG 
*uoqued 

SULPOL 
YINW 

pauLe 
UO. 

pue 
uazem 

Aq 
pasoduwodap 

pue 
Seu} 

SWOS 
PSULeZUOD 

SEM 
ANPLSdu 

apLXOoupAYy 
WNLpOS 

aul 
UL 

SLGNLOS 
Sem 

punodwod 
sLul 

‘Sa{paeu 
yeLy 

4O 
Wuoy 

*pauLezgo 
3ui 

UL 
payLsOdap 

sj,eqysAUud 
UMOUg-yUeP 

*yDeLq 
ZSOUWLY 

SOM 
SULLOOLd-A 

ayL] 
BuLyLows 

pinbiy 
mol[ak-440 

“peulezqo 
"aunqzeusduia}? 

woou 
7e 

ule 
JO 

SOM 
SULLODLd-A 

ayt] 
BuL,[ 

Laws 
pinbl|, 

MOLL ad-340 
Ai ddns 

payiwt}, 
e 

02 
pinbiy 

usuqow 
asodxa 

(pasni-H 
OeN 

pauapmod) 
UOL}DeU2X9 

a
a
y
e
 
/ 

HOeN 
UZLM 

paqesuy 
“BuLlooo 

~
~
 

uo 
adueysqns 

suLz__eysAud-oudiw 
Apues 

*a°L 
uMOug 

: 
SULPOL 

pue 
-abueuo 

ue 
szLsodap 

yOLUM 
uoLInlOs 

ueald 
u
M
O
u
g
-
a
b
u
e
u
0
 

WNLUped 
psuLezUOd 

PLIOS 
BUL[]eySAUD 

MOLLAA 
SLUL 

*
p
a
u
t
e
z
g
o
 

sazeid 
M
O
|
{
a
A
 

ajed 
e 

pue 
j
o
u
e
Y
y
o
W
 

wWouy 
P
e
s
t
L
L
e
y
s
A
u
d
e
u
 

SeM 
SLUL 

‘“SNzeuedde 
aut 

Jo 
squed 

4
3
1
0
0
 

sy} 
UO 

Pasuapuod 
puNodwod 

uMOug-uUSLPppdu 
sul 

     
    

POXN[ Jou 
= 

4dJOM-19JH 
“9U0D 

L2] 
YILM 

paqeaud 

= 128 -= 

zeoY 
"poe 

diga0e 
jeLoe|6 

qoauip 
MoLs 

‘AL ddy 
UL 

E
9
e
s
f
e
y
 

0} 
S
a
L
y
o
e
a
u
u
N
 

eq 
0} 

punols 
sem 

QI 
( 

°923 
a
p
l
L
u
o
p
y
s
e
u
.
s
z
 

uoqued 
Sauo0jade 

S
u
U
O
J
O
U
O
]
 

Ud 
*B°a 

s
q
u
a
A
L
o
s
 

D
L
u
e
b
u
o
 

uowwod 
UL 

a
l
q
n
y
o
s
u
L
 

sem 
az 

(1) 

paw4os 
SBM 

4eZ/[ 
LO 

SNODSLA 
UMOAG-y4eP 

Y 

Jo00L 
> 

*,09 
< 

Sunoy 
40 

ajdnoo 
e 

uos 
pazeoy 

(s@pow 
Z) 

auLpol 
+ 

(salow 
~) 

auLLooLd-A 
+ 

(e,ow 
{) 

er 
pg 

 
 

SUOLZDRSU 
,,UOLZESLUSWALOd, 

S
U
L
P
L
U
A
d
-
|
[
A
W
L
Y



= 129 - 

6. Iron(I1)compounds of pyridine, 8-picoline and y-picoline 

(A)_ Preparation of iron(II)-iodide complexes of pyridine, 

B-picoline and y -picoline 

The iron(II) complexes having formula Fel yl, where L = pyridine, 

g-Picoline, or y-picoline were prepared in the same way as that used by 

Golding et ai, 108 for the preparation of diiodotetrakis(pyridine) iron 

(II) compound. 

The foilowing procedure was adopted for the preparation of 

Fell. complexes (where L, pyridine, B-picoline or y-picoline). 

Finely divided iodine (7 g) was gradually added to 2 g of pure iron 

powder in 20 ml. of methanol. The solution was stirred and then 

filtered into a flask containing 50 ml. of the appropriate ligand - 

(pyridine, ®-picoline or y-picoline). The mixture was allowed to 

stand for a few hours in a nitrogen atmosphere over the sulphuric acid 

(as a drying agent) in a desiccator. The stream of nitrogen gas was 

passed over the solution continuously to avoid an oxidation of iron(II) 

solution. Bright yellow crystals were obtained which were filtered 

quickly and dried over sulphuric acid in a dry nitrogen atmosphere 

in a desiccator at atmospheric pressure. 

“the following pure complexes were isolated using the above general 

method. 

(i) Diiodotetrakis~(pyridine)iron(II): 
  

Bright yellow crystals were obtained. Yield of the crystalline 

solid, 7.1g. It was kept in a sealed ampoule for future use. 

(Foand:.0 38.2: H,3.2: N,8.6;--1,40.23; Fe,8.'78% 

CoghooFel Ny required: C,38.4; H,3.335;N,8.9; 1,40.55; Fe,8.90%) 

This compound was moderately sensitive to moisture. It was unstable 

to atmospheric oxidation and became brown on standing.
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(ii) Diiodotetrakis(B-picoline)iron(I1): 

A brignt yellow crystalline solid was obtained. This compound 

was found to be very sensitive to moisture and also very unstable to 

atmospheric oxidation and became brown even though it was stored ina 

sealed ampoule. The analysis of freshly prepared yellow solid suggested 

that the diiodotetrakis:(B-picoline)iron(II) compound was formed. 

tFound: C.4e<0;- 1,4. 206.0,8. 193°1,35.05; Fe,8.5% 

Coho pFel Ny required: C,42.15; Ho4.31:N,8.21¢ 1535.18: Fe,8.67%) 

(III) Diiodotetrakis(y-picoline)iron(II): 

. Bright yellow microcrystalline solid was obtained. This compound 

was moderately sensitive to moisture but unstable to atmospheric 

oxidation and became brown on standing. Therefore it was kept sealed 

in a dry ampoule for future use. 

round: .C 42.15 °8,4.255 N Gv15; ©, 35.10 Fe,8.60% 

CogtogFel Ny required: C;4es43 8 4:012°8\68.21;° 1.35.18; Fe 8,602) 

(B) Preparation of triodide(I.) complexes of iron(II) with 

pyridine, B-picoline and y-picoline 
  

These iron(II) compounds were prepared in a dry nitrogen atmosphere 

in a dry box. Only two compounds, the di-triiodotetrakis (pyridine) and 

ditriiodotetrakis(y-picoline)Fe(II) were isolated in a pure solid 

’ state. The di-triiodo-tetrakis-(8-picoline)iron(II) could not be 

isolated in the solid state, because the starting material diiodo- 

tetrakis(8-picoline)iron(II) was very unstable to atmospheric oxidation 

and sensitive to moisture. 

The preparation of di-triiodotetrakis(pyridine) and 

di-trijiodotetrakis (y-picoline)iron(II) using dichloromethane as the
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reaction medium(solvent) gave a good result. The diiodide complexes 

of iron(II) with pyridine and y-picoline were ised as starting material 

in the respective preparations. 

The following iron(II)-triiodide complexes having composition, 

Fel, (13). were prepared (where L, = pyridine or y-picoline). 

(i) Di-triiodotetrakis(pyridine)iron(I1) 
  

7 This compound was prepared in the same way as the di-triiodo- 

nickel(II) compound of pyridine (page 109). Reddish-brown crystals were 

obtained on slow evaporation of the solution in a vacuum desiccator. 

The solid was then dried over sodium hydroxide pellets in a nitrogen 

atmosphere in a desiccator. This compound was very unstable in the 

Open air and decomposed on standing. Therefore it was kept sealed in 

a dry ampoule. 

(Found: C,20.10; H,1.70; N,4.68; added iodine 44.723. 

Fe,4.90; total iodine,67.0% 

Colao Fel eng required: C,21.2; H,1.78; N,4.90; added iodine,44.8C 

Fe,4.90; total iodine,67.20%) 

(ii) Di-triiodotetrakis(y-picoline) iron(II) 
  

This compound was prepared in the same way as the procedure 

outlined previously (Page 109) for the preparation of di-triiodotetrakis 

(pyridine)nickel(II). Reddish-brown crystals were obtained on slow 

evaporation of the solution in a vacuum desiccator at room temperature. 

This compound was sensitive to moisture and decomposed on exposure to 

air. Therefore it was stored in a sealed ampoule. 

(Found: C,24. 36; H,2.60; N,4.60; added iodine,42.60% 

Fe,4,.58; total iodine,62.80% 

C,,Ho gFel.N, required: C,24.24; H,2.40; N,4.70; added iodine,42.69% 24''28 64 
Fe,4.69; total iodine ,63.04%)
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The same iron(II)-di-triiodide compound of y-picoline was prepared 

using acetonitrile as the reaction medium (solvent) but the compound 

(red-brown) obtained, contained two molecules of acetonitrile as solvent 

of crystallisation. The analysis of this compound suggested the presence 

of two molecules of acetonitrile. The infrared evidence of this compound 

also supported the presence of acetonitrile molecules and suggested that 

the cyanide group (CN ) was not co-ordinated ,(v(CN ) in the compound was 

] ] 
found at 2298 cm, 2283 cm). The analysis of the acetonitrile 

adduct was as follows: 

(Found: C,26.20; H,2.51; N,6.48; added iodine,39. 76% 

Fe,4.28; total iodine,59.64% 

Catan ceeL Ne required: C,26.4; H,2.7; N,6.61; added iodine 39.90% 
ea 34 SG 

Fe,4,40; total iodine,59.85% )
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RESULTS 

Solid state data for complexes of ‘nickel (II) with pyridine, 

B-picoline and y-picoline are described in Tables 11, 12, 13 and 

20. Solid state data for the complexes of-manganese (II), cobalt (II), 

iron (II) and cadmium (11) with pyridine, B-picoline and y-picoline 

are described in Tables 14, 15, 16 and 17. The conductivity data of 

the above complexes are given in Table 18. The absorption spectral 

data for the triiodide (13) complexes of nickel (II), cobalt (II), 

manganese (II), iron (II) and cadmium (II) are given in Table 19. 

Figure 22 shows a simple glass-apparatus used in the 

attempted separation of the complex organic ligand from an orange- 

cadmium compound. Figure 23 (a) and (b) and Figure 25 (a) and (b) 

show the infrared spectra of nickel (II) complexes, Ni (py) 4X» 

(X = I” or I3) and Ni(py)gX5 (X = NCS” or NCS-I,) respectively. 

Figure 24 and Figure 26 show thE Wit tuse reflectance spectra of 

: 
respectively. Figure 27 describes the magnetic behaviour of the 

Ni(py)4X_ (X = I or I3) and Ni (py) 4X (X = NCS” or NCS-I,) 

complexes, NiLZ(NCS-I5)o (where L = pyridine, ®-picoline or 

y-picoline) at various temperatures. 

The x-ray powder photographs of some nickel(II), cobalt(II) 

and cadmium(II) complexes are given on pages 149 & 150.
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TARE LI 

Solid State data of nickel(II)complexes of pyridine, 
  

8 -picoline and y-picoline 
  

  

  

          

q Complex Colour tMagnetic Diffuse Reflectance spectra 
moment a 

Voff Temp. (maxima in cm )§ 

Beet @e. 

Ni(py),1 ea towe 9.15 [20.5.5 26,600: 19,600 ,; 15,706 
Az sh 

green ~ ; 

12,400, 5 10,800, 7,400, 

Ni (py), (1.) Reddish- | Dia- |17.5 | 27,200; 23,900 
aoe brown magn- (br,sh), 

etic 18,900 (45n shy!! 800,358,700, 

Ni(8-pic) 1, Yellow= 73.14 |21.0 | 25,200; = 19.,600;. 16,000; 
green 

13,200, 5 7,800). 

Ni (B-pic), (13). Reddish- | 2.82 |19.0 | 26,400; 23,000.) sh) 
brown 

19,700... 

Ni(y-pic),I Yellow- {3.21 ]18.0 | 25,400; 3 19,300_, 315,900; 
Pree 294 green sh 

10,700.)3 7,800, . 

Ni(Y-pic),(13)o Reddish- Die. 16.0 | 26,800; 23,800 4 shy} 
brown magn 19.100 

etic Aaa 

Ni (py) 4 (NCS). Sky- $.15 116d 27,400; 23,100.) 16,950 

blue 12,800.,3 10,200. 
sh 

Ni (py)4(NCS-I,). Dark- See eui0 Fer cuu; 23,800 (, sh) 
brown : : 

Tei300..3 10,500. 
sh 

Ni (B-pic), (NCS), Blue Boa 18.2 27 ,300.,,3 17,200; 12,400, 

10,400. 

Ni (B-pic), (NCS-1,), Dark- 3.22 | 19.5 | Compound decomposed to 

brown dark-brown oily mass. 

Ni(y-pic), (NCS). oie 3.10.418.0. 4: 24,9005 25,400.13 23,500.) 

= 17,100; 12,700. 10,400. 

Ni (y-pic),(NCS-1.), oe 3.18 120.0. 126,800; er anae ota sh 

rown 
10,600. 

  

8 
W 
+ 

1 x 10° cm! = 10 nm eae ce 
~ weak, sh - shoulder, br - broad., 1 py - pyridine. pic - picoline. 

Positive values of u are obtained for paramagnetic substances. 
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TABLE - 13 

Infrared Spectra of the di- thiocyanato-nickel (II )complexes of 

pyridine, B-picoline, y-picoline and its Iodine adducts 

  

Band 
sae walt; JO C 

Assign- NiL Ncghnit,uest,|NiL Cd, me aN Li(vcs), Init, “fics } 

  

  

fi 

v(C-N) | {2080} {2127} | {2080} | {2110} | {2070} | {2125} 

1600 1600 1607 1610. | 1618 1620 

1599. 159 1886s | 1585 1560 1558 
| 2 1 1504 1505 

1488 1483 1485 — - - 
1483 3 

1460 1460 1460 1460 1460 1460 

1443 144) 1420 1425, | 1422 1420 

1378 1378 | 1380 1380 ° | 1378 1378 

1357 ‘ 1336,,, | 1338 ‘ 1335, 

1235 1235 1245 1245 1230 1232 
1235 ‘ 2 : 

sh 

1219 1218 1213 1215 1214 1211 
1215 1214 oe ee ; 

1150 1150 1198 1199 " 2 
: 3 1185,, | 1185,, | 1160 : 

1120 os 1135 1135 1125 : 
1115 1115 : : 

1070 1069 1070, | 1060 1071 1072 
1057 “ : < 

1045 1041 1040 1040 1040, é 
1040 “ - - . 

1010 1010 1021, : 1024 1023 

997... ; 992 995, 985 ‘                 
CONTINUED...
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TABLE - 13 continued 

  

  

  

i
 

NGS 

  

Band § 5: Assign- WiL, (NCS) AL AICSH}INiL{NCS, Ii {NCS} NIL ACS, 
ments 4 oe 2 

9 
26(NCS) | {970} {955} | {965} | 947, 3] {965} 

950 932. 923, 920° | 870 

884 880, Bizd eee B18} 815 

v(C-S) | {802} {775}* | {g02}* | {802}* | {805}* 

770 < 790 773 hI 

760 759 ee: 760 

715 722 710 70 i 

702 703 - - 3 

655 P 652 652 : 

630 630 538 538, 540 

- a 497 497 500 

S(NCS) | {485} {465} {481} {472} | {483.3 
(bending 7 fiede) 440 433 419 420 

435 3 358 362 360,, 
404 

v(M-NCS) | {285} {280} | {275} (269.3 | {272}             

870 

818 
812 

{775} 

740 

540 

498 

{477} 

{270w} 

  

Vv - very; w - weak; sh - shoulder 

§ L = pyridine; L' = 8 -picoline; L" = y -picoline. 

{| Frequency of absorption bands in cm”; 

] 5 ] (1 x 107 cm™! = 1000nm and 1 x 10% cm?! = 7 x 10 nm) 

* Partly obscured by ligand bands. 
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TABLE -. 14 

Infrared Spectra of Iron(II) and cadmium (II) iodide and 

di-triiodide compounds of pyridine 
  

  

  

            

Pyridine Fe(py)gI, |Fe(py)q(I3)5 | Cd(py)gl, Cd(py)a(13)5 
(liquid 

film) 

e 61598 1600 1602 1603 1598 

1583 1582 1589 9) 1570 
: 1583 ) 

1483 1485 1517 1484 1484 

eat 1460 1460 1460 1460 

1439 1445 = 1445 1443 

1375, a Tair 1377 1378 1378 

1218 1222 1228 1216 1215 

- 1213 * 1210 - 

1148 Ei56 1154 1152 1150 

1069 1078 ) 1065 1065 1065 
1072 } 

1031 1038 1042 1038 1035 

991 1009 1026 1013 1008 

. ‘ 2 993 . 

940, 974 975 : 943 | 

745 758 eS 758 753 

75] 775 - > 

700 704.5, 698 705 698 

= 697 * 694.1, ~ 

602 628 632 632 627 

405 422 430.1, 421 418 

- - - 415.1), 4122. 

*Frequency of absorption bands in cm-1 (1x104cm™!=1000nm & 1x102cni! =1x105nm) 
py ~- pyridine, Via ONG EY. w - weak, sh - shoulder. 
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TABLE 17 

Solid State data of Cobalt (II), Manganese (II) and 
  

Iron (iI) complexes of pyridine, 8-picoline and y-picoline 
  

  

  

  

{ Complex Colour tMagnetic | Diffuse Reflectance spectra 

moment (maxima in cm” !)g 

Here] TEMP, 
BM &Y 

Co(py) gl, Pink 4.95| 18.5| 24,700; 20,800; 18,800. 
17,600., 3 8,800 

Co(py)4(13)5 Hae 4.70| 20.5 Ak 24 0005) br? 

ew 

Co(B-pic)gl, Pink- 5.00} 21.0} 26,500; 21,800.)3 18,400), 
brown 15 800.1 8,700 

Co(8-pic), (13). Red~ 4.84] 18.0 26 500. ; 23,400... 
2CH CN brown 19,100.35 10,000 

Co(y-pic) al, Grey- 4.98! 19.0} 25,200; 21,500.,3 17,300; 
pink : 15,300.15 8,600 

Co(y-pic),(I.,) Red- 4,80! 17.7] 26,800 ; 24,000.,; 19,100. ZEW ACN ties” brown 10,100" 4 sh 
Mn(y-pic) I, Straw 5.031 18.7 Se eoash 21,300) 3 

rT eee 

Mn (y-pic)4 (I), Red- Bee 18.515" 
2CH CN - brown 

Fe(py)qI, Yellow 5.917) 19.5 

Fe(py)4(13)o ae 6.80) 18.) 
rown 

* Fe(y-pic) 41, Yellow | 5.60] 18.5 DstNot observed 
Fe(y-pic),(13)o La 5.417 19.8 

rown 

Fe(y-pic), (13), Red- 5ig91 20.0 a 
2CH3CN brown               

1 py - pyridine; pic - picoline; w - weak; sh - shoulder; v - very; 
br - broad 

IE Positive values of uw are obtained for paramagnetic substances 
**Compounds were decomposed to dark-oily mass 

1,000 nm re ee
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TABLE 18 

Conductivity data of Nickel (11), Cobalt (11), Cadmium (II), 
  

Manganese (II) and Iron (II) complexes of pyridine, B-picoline 
  

and y-picoline © 

  

  

: Complex Solvent Temperature| Molar Conductivity 

% + 2m 
(in 1073m solution) 

Ni (py) gl. Nitromethane 22 121.0 

Ni (py) 4 (13)5 : 23 175.0 

Ni(B-pic)gl, : 22 124.0 

Ni(B-pic),(13)o : 24 185.0 

Ni(y-pic)al, . 22 127.0 

Ni(y-pic), (13). . 24 213.0 

Ni (py) (NCS). " 22 42.0 

Ni(B-pic), (NCS), . 22 40.0 

Ni (y-pic) g(NCS), ‘i 22 43.0 

Ni (py) g(NCS-I,)o Dimethy1- 24 86.0 
sulphoxide 

Ni(B-pic),(NCS-I4), . 24 85.0 

Ni(y-pic),(NCS-I,), . 24 86.0 

Co(py) al, Nitrome thane 24 119.0 

Co(py)4(13)o , 23 155.0       
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TABLE 18 (CONTINUED) 
  

  

  

          

: Complex Solvent Temperature! Molar Conductivity 
0 +Am 

(in 107? solution) 

Co(B8-pic),l, Nitrome thane 24 108.0 

Co(p-pic),(1.) 23 165.0 
acHons °° 

Co(y-pic) gl, . 24 106.0 

Cae vedic), (14) z 25 163.0 
ocipeis =” 

Cd(py) ql, Dimethy1- 23 38.0 
sulphoxide 

Cd(py)4(13)o 23 80.0 

Mn(y-pic)sl, : 25 40.0 

Mn (-y-pic), (I) u 25 72.0 
AG Bee 

Fe(py) al, . 24 34.0 

Fe(py)4(13)o . 22 80.0 

Fe(y-pic) gl. " 25 35.0 

Fe(y-pic), (13), : 24 72.0 

Fe(y-pic),(I.) : 24 75.0 
BONG 

f py - pyridine; pic - picoline 

(Ay = Molar Conductivity = ohm@! moi7!, cm?, 
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TABLE 20 

  

The magnetic data of Nickel(I1) complexes at ‘various temperatures 

  

  

Temper- 6 ' 
T compound she 10°: ev M * Hore BLM. 

(K) (c.g.S.units) 

Ni(py)4(13)5 291 - dimagnetic 

Ni(y-pic)4(I3)5 289 - diamagnetic 

Ni (B-pic)a(I3)5 293 344] 2.85 

193 - diamagnetic 

93 - diamagnetic 

Ni py LINES eg 293 3992 3.07 

193 6066 oUF 

93 12432 3.05 

Ni (B-pic), (NCS-I,). 293 3900 3.01 

193 5984 3.01 

93 12000 2.91 

Ni(y-pic), (NCS-I,), 293 ais 3.14 

193 6067 3.07 

93 12080 3.00             
+ py - pyridine; pic - picoline 

* Molar susceptibilities, X'y reported after diamagnetic 

corrections.
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Iodine adduct of dithiocyanatotetrakis (pyridine )nickel (II) 

  

Di-triiodotetrakis (pyridine )cobalt(II) 

  

Di-triiodotetrakis (pyridine )cadmium(II) 

  

Di-triiodotetrakis (pyridine )mickel (II)



o 156..* 

  
    “ 4 

Di-triiodotetrakis (Y-picoline)cobalt(II)-diacetonitrile 
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DISCUSSION 

The compounds investigated have all been of one or the other of 

two types, namely 

2+ (pyridine base), (M) (X3)o 

where X was iodine, and M was a divalent Ist row Transition Metal or 

2+ 
(pyridine base), (M') (CNS.I,), 

where M' = Nickel(II) only. 

Some triiodide,I3, compounds of iron(II), manganese(II), cobalt(II) 

and cadmium(II) with pyridine bases were crystallised from acetonitrile. 

The infrared evidence of these compounds pointed strongly to the 

acetonitrile being held as a lattice component unco-ordinated to the 

metal ion. These compounds are: Col.g(13)5-2CH3CN where L = B-picoline 

or y-picoline; ML (13)5.2CH3CN, where M = Mn(II), Fe(II) and Cd(II), 

and L = y-picoline only. The triiodide,I,, complexes of Mn(II), Fe(II) 

and Cd(II) with B-picoline could not be isolated in the solid state, 

i.e. they could not be crystallised. 

: ae The crystallographic The ion I, is known to be linear within 3 

data of the ion (CNS.I5) is not known but it is believed that the ion 

(CNS.I,) could not remain linear. Both of the anions will be highly 

polarisable and also very bulky. The triiodide ion I, has an overall 

length of about 5.92A°. The ion (NCS.I,)” will probably be bonded as 

M-NCS-I,. The bonding of iodine to sulphur of the NCS group and 

bonding of metal ion to (NCS.I,) group through nitrogen is explained 

by the spectroscopic evidence (page164). Again the pyridine bases have 

a 'rigid' well defined shape and are known to interact strongly with 

oven The detailed nature of this interaction will be very halogens 

much a function of temperature since the position of the equilibrium 

P, woe 1 + I will lie more and more over towards the righthand side
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as the temperature is raised. It was expected that in a number of 

instances that the interaction of the pyridine base and the complex 

anion would be sufficiently strong to impose an unusual 'geometry' on 

some of the metal ions and that this would be detectable using the 

ordinary physical methods. 

The pyridine bases used in this work were limited to three, namely 

pyridine, 3-methylpyridine (8-picoline) and 4-methylpyridine (y-picoline). 

The ligand 2-methylpyridine (a-picoline) was excluded from the series 

owing to the considerable steric hindrance experienced at the nitrogen 

owing to the presence of the adjacent methyl] group. Again another reason 

why 2-methylpyridine (a-picoline) was excluded, was because, it is electro- 

nically analogous to 4-methylpyridine(y-picoline), that is 3- and 4- 

methylpyridines by themselves illustrated the principle effects of alkyl] 

substitution in the pyridine ring on the availability of the lone pair 

on the nitrogen atom. 

In the normal course of events the electronic spectrum of a compound 

will give one a very good guide to the stereochemical environment of a 

first row transition metal ion contained therein, however, in the compounds 

under investigation it was found that even at liquid nitrogen temperatures 

the absorption spectrum due to I, was both so broad and intense that in 

general the d+~d bands of the compounds under examination were completely 

obscured and so no information concerning the electronic structure of the 

compound was available from this source. It was found that in the foll- 

owing limited series of compounds, namely MLa(I3)o. where M =Ni(II),Co(II), 

Fe(II) and Cd(II) & L = pyridine; NiLy(I3)o, where L = B-picoline or 

y-picoline; NiL,(NCS.I,), where L = pyridine, B-picoline or y-picoline 

.2CH and also MLA (1 CN, where M = Co(II), Mn(II), Fe(II) and Cd(II), 312-20, 
L = y-picoline, that at liquid nitrogen temperature they changed in colour
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from very dark reddish-brown or black to a bright orange-red. However, 

in few cases of nickel(II), it was observed that the compounds were 

diamagnetic at ce temperature and therefore planar and so expected to 

be red or orange-yellow and so once again the electronic spectrum was found 

to be uniformative. 

Overall it was found that the most informative data was derived 

from the measurement of the magnetic susceptibilities of these compounds- 

when in general no evidence of unusual or unexpected stereochemistry was 

found except in the case of the following nickel(II) compounds, 

Ni (pyridine), (13), and Ni(y-picoline), (13), which were found to be dia- 

magnetic at room temperature. The conclusion drawn from this was that 

at least in the case of nickel(II) it has been found pessible to prepare 

compounds which were either 'planar' or ‘tetragonally distorted octahedral' 

compounds with one of the octahedral diagonal axis greatly elongated. 

The effect of distortion of the coordination polyhedron upon the magne- 

tic properties is best seen in the nickel (11) jon in 0, symmetry where the 

low-spin state does not exist. All regular octahedral nickel(II) com- 

pounds show a paramagnetism due to the presence of the two unpaired spins. 

This situation, however, changes whenever an octahedral environment is 

subjected to an axial distortion. Such geometrical distortion lowers 

the symmetry from 0, to Dar and this results in further loss of degen- 

eracy of the d-orbitals. The tetragonally distorted a8 complexes will 

have high-spin or low-spin depending upon whether the pairing energy, 

'P', is greater or less than the separation energy, ‘Gy! (Fig.18(a), 

page 78). When the tetragonal distortion is large, the energy separa- 

* orbitals (q,) or between dxé . y? and tion between the ax? - y? and dz 

dxy orbitals (qo) may increase the electron pairing energy (Fig.18(a) 

and 18(b), page 78). It is seen from the figure-17, (page 78), that 

a strong tetragonal distortion leads to square planarity. In such case
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the dz” orbital may fall below the dxy orbital (fig.18(b) and 17, 

page 78 ) and there will be a change in magnetic moment from ca 3.0 B.M. 

to zero. 

1. Nickel(II) complexes of pyridine,®-picoline and y-picoline 
  

A. The triiodide,1, complexes of nickel(II) with pyridine, 
  

B-picoline and y-picoline: 
  

The preparation of the trijodide ,1,,complexes of nickel(II) of the 

stoichiometry, NiL,(13)o (where L = pyridine,®-picoline or y-picoline) 

involved a two step process. The first step is the preparation of the 

parent compound of the formula, NiLal, and the second step is the pre- 

paration of the triiodide,I, complexes of the stoichiometry ,NiL,(13)o 

from their respective diiodide compounds. 

The study of the infrared spectra of nickel(II) iodide and 

triiodide (15) 

bands of the ligands were little changed on co-ordination with nickel (IT) 

ion. Gill et all® 

complexes with pyridine bases showed that the vibrational 

found that the pyridine vibrational bands in the high 

frequency region (above 650 cm”) show very little shift upon complex 

| (in-plane ring deformation) and formation while bands at 602 cm 

405 cm! (out-of-plane ring deformation) were shifted to higher fre- 

quencies upon co-ordination. to metal ions. From the infrared spectrum 

of Ni(py) glo. it is found that the vibrational bands at 602 and 405 cm” | 

of free pyridine are shifted to 632 and 435 cm”! respectively. A band 

at 745 cm”! (C-H out of plane deformation) of free pyridine splits into 

two bands which are shifted to 762 and 752 cm! in the complex,Ni (py) ,I4. 

In the triiodide compound, Ni (PY )g(T3)o these bands (at 602 , 405 and 

745 cm!) of free pyridine are shifted to the same position as found in 

the compound, Ni (py) glo. In addition, a new band found at 477 cm”! in
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the dz? orbital may fall below the dxy orbital (fig.18(b) and 17, 

page 78 ) and there will be a change in magnetic moment from ca 3.0 B.M. 

to zero. 

1. Nickel(II) complexes of pyridine,8-picoline and y-picoline 
  

A. The trijodide,1, complexes of nickel(II) with pyridine, 
  

B-picoline and y-picoline: 
  

The preparation of the triiodide,I.,complexes of nickel(II) of the 

stoichiometry, NiL,(13)o (where L = pyridine,®-picoline or y-picoline) 

involved a two step process. The first step is the preparation of the 

parent compound of the formula, NiLgl, and the second step is the pre- 

paration of the triiodide,1, complexes of the stoichiometry ,NiL,(13)5 

from their respective diiodide compounds. . 

The study of the infrared spectra of nickel(II) iodide and 

triiodide (15) complexes with pyridine bases showed that the vibrationai 

bands of the ligands were little changed on co-ordination with nickel(I1) 

16 
ion. Gill et al. found that the pyridine vibrational bands in the high 

frequency region (above 650 cm!) show very little shift upon complex 

formation while bands at 602 cm”! (in-plane ring deformation) and 

405 cm”! (out-of-plane ring deformation) were shifted to higher fre- 

quencies upon co-ordination to metal ions. From the infrared spectrum 

of Ni(py)gly, it is found that the vibrational bands at 602 and 405 cm”! 

] 
of free pyridine are shifted to 632 and 435 cm respectively. A band 

at 745 cm! (C-H out of plane deformation) of free pyridine splits into 

two bands which are shifted to 762 and 752 cm”! in the complex,Ni (py) alo. 

In the triiodide compound, Ni (PY )qg(13)5 these bands (at 602 , 405 and 

745 cm”) of free pyridine are shifted to the same position as found in 

the compound, Ni (py) glo. In addition, a new band found at 477 em! an
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the spectrum of Ni(py)4(13); which is absent in both free pyridine and 

in the compound Ni (py) glo. A study of the infrared spectra of B-picoline 

complexes with nickel(II)iodide and nickel(II)triiodide (Table 12.) 

suggested that a shift of 15 cm”! or more only occurs in bands at 630 cm”! 

(inplane bending of ring)*¥ 457 cm”! (out-of-plane bending of ring)* and 

] 
at 1228 cm (band due to the substituent in the ring)* of free 6-picoline. 

In the compound, Ni(B-picoline),I,, these bands of free B-picoline are 

found to be shifted to 648, 480 and 1242 cm” | respectively. In the 

] triiodide compound, Ni(B-pic),(I3)o the bands at 630 and 457 cm of 

free B-picoline are shifted to 652 and 482 cm”! respectively. In addition 

the vibrational band of free f-picoline at ~ 535 cm” | (a band due to the 

substituent in the ring)* is shi fted(570 cm! in the compound, 

Ni(B-pic)y(13)o- The overall appearance of the spectrum due to y- 

picoline in its complexes of nickel(II) iodide and the triiodide,I., 

differs appreciably from that of free base (y-picoline). The coordina- 

tion sensitive bands of y-picoline are? 1608 cm” | 

] 

(c-c stretching 

(C-H in-plane bending)*; 997 cm”! (ring vibration)*; 

] 

vibration)*, 1224 cm 

] 
800 cm, (C-H deformation)* and 515 cm (a band due to the substituent 

in the ring)*. These vibrational bands of the y-picoline are shifted 

to higher frequencies on coordination with metal ions.(* The assignment 

of frequencies of 8-picoline and y-picoline were taken from the work of 

110 4 ] 5 
Green et al. 1 x10° cm = 1000 nm, 1 x 10%cm™ « } x:10°rm, ) in 

the infrared spectrum of Ni(y-pic)qlos the coordination sensitive bands 

] cae 

of y-picoline are shifted to 1617, 1232, 1020, 812 and 540 cm . However 

in the triiodide compound, Ni(y-pic),(13)o, it is found that, apart from 

* 

| which are also found at the same position the bands at 812 and 1617 cm. 

in Nilgl,, the coordination sensitive bands of free y-picoline at 1223, 

997 and 515 cm” * are found to be shifted to a higher frequencies than 

found in Ni(y-pic)aly. In the infrared spectrum of Ni(y-pic),(13)o5
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they are shifted to 1254, 1050 and 577 cm” | respectively. Another 

vibrational band of y-picoline at 485 cm”! (out-of-plane ring bending) 

is shifted to 499 cm”! in the infrared spectrum of Ni(y-pic)gI, and 

to 510 cm! in Ni(y-pic),(13)o- Thus the above infrared data suggests 

that the interaction between the metal ion {nickel(II)} and pyridine 

bases increased on the formation of the triiodide-complexes ,NiL,(I3),. 

(where L = py, B-pic. or y-pic.). 

As previously stated (page 152) the electronic spectra of the tri-~- 

iodide complexes of nickel(II), NiL,(T3)o (where L = py, B-piceor y-pic) 

do not give any information regarding the electronic structure of the 

compounds. In the visible region of the spectrum, the d-<+d transition 

bands of the compounds, NiL,(13)5 were completely obscured by the 

presence of the trijodide,I, ion. .It had been hoped that tetrahedral 

bands might be seen through the I, spectrum. 

The measurements of the magnetic susceptibilities of these tri- 

iodide complexes, NiLg(13)o at room temperature gave information con- 

cerning the stereochemistry of the nickel(II) ion in the triiodide 

compounds. The compounds , ditriiodo-tetrakis(pyridine) and -(y-picoline) 

nickel(II) are found to be diamagnetic at room temperature. (The parent 

compounds , Ni(py) al, and Ni(y-pic)gl, are paramagnetic at room temper- 

ture). Therefore it is believed that in the triiodide complexes, 

Ni (py), (13). and Ni(y-pic),(13)os a large tetragonal distortion occurs . 

which leads to the square planarity of these complexes and hence their 

diamagnetism. The 8-picoline compound of nickel(II)-triiodide, 

Ni (B-pic),(I3)o,i8 found to be paramagnetic at room temperature 

= 2.83 B.M. at T9%e). This magnetic moment, 2.83 B.M. is con- (ere 
sistent with a six-coordinated environment of the nickel(II) ion.
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The possible reason for Ni (B-pic),(13)5 being paramagnetic, is 

that in a pyridine the 1,3 and 5positions are those of greatest electron 

density. Therefore any back coordinating charge from metal to the ligand 

(M +L) is inhibited in ®-picoline which already carries an excess charge. 

Hence in the B-picoline complex, the charge transfer from halogen to 

ligand and back-donation of electrons from nickel(II) to the ligand 

(Ni + L) is less in comparison of y-picoline-triiodide complex, 

Ni(y-pic),(13)o- This would have the effect of decreasing the in-plane 

field and thereby increasing the ligand-field symmetry. In otherwords 

the tetragonal distortion in B-picoline-nickel(II) triiodide complex, 

Ni (B-pic),(13)o5 is not large enough to bring about square planarity. 

Conductivity data of these complexes, NiLy(13)o (where L = py, 

B-pic, or y-pic) in nitromethane indicates dissociation of the compounds 

in that solvent, although the solution spectra were unable, owing to the 

presence of I, ions ,to give any help concerning the structure ofthe moiety 

containing the metal ion.. However, it was shown beyond reasonable doubt 

that the compounds were not dissolved as non-electrolytes in nitromethane 

solution but rather as 1:2 electrolytes. 

B. Iodine addition compounds of dithiocyanato-tetrakis (pyridine 
  

base) nickel(II), where pyridine base = pyridine, ®-picoline 

oy picoline 

  

Reaction of iodine and di thietyanato-tetrakis (pyridine base )nickel (II) 

affords a dark-brown crystalline product of the stoichiometry, 

NiL,(NCS.15)5 (where L = pyridine, B-picoline or y-picoline. The same 

abbreviation,(L), is used for pyridine, 8-picoline or y-picoline in 

the rest of the discussion). 

The parent compounds, NILA (NCS)o5 were extensively studied by 

9,18 
Nelson and Shepherd The magnetic and spectroscopic data of the
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complexes, NiL,(NCS),, in Table 13, are consistent with the previous 

9518 work Thus in the complexes NILA (NCS)o5 the nickel(II) ion is 

found to have a six-coordinated environment. 

The infrared study of the complexes, NiL, (NCS), and NiL, (NCS.I 4 NGastols 
provides good evidence concerning the manner of bonding of the thio- 

cyanate group to the nickel(II) ion in the complexes ,NiL, (NCS), and 

also the manner of bonding of iodine molecules to the NiL, (NCS), 

entities. The thiocyanate group may coordinate to a metal ion through 

the nitrogen (M-NCS) or the sulphur (M-SCN) or both (M-NCS-M' ) 

In the first transition series metal complexes!!! s the thiocyanate 

group coordinates to a metal ion through nitrogen. The free thio- 

] 112 cyanate ion absorbs at about 750 and 2055 cm in the infrared spectrum 

(750 and 2055 cm”! are the C-S and C-N stretching vibration respectively). 

] The frequencies of these bands are shifted to 780-860 cm and 2065- 

] 
2095 cm respectively in the SCN-Metal complexes, and 690-720 and 

rile 2080 - 2195 cn”! respectively in the NCS-Metal complexes For 

bridging thiocyanate the v(C-N) shifts to higher wavenumber than for 

M-NCS complexes while v(C-S) usually shifts to an intermediate frequ- 

ency! 132115. The C-N and C-S stretching frequencies in the complexes, 

NiL, (NCS), (Table 13), suggested that the thiocyanate group (SCN) is 

found to be N-bonded to the nickel(II) ion. This view is supported by 

the X+ray structural studies which showed that in thiocyanate complexes 

of cobalt(II)& nickel(II) with pyridine, M(py)g(NCS)os the thiocyanate 

groups were found to be coordinated through nitrogen! !4, 

However, in the infrared spectra of the compounds NiLQ(NCS.I5)o5 

there are pronounced changes in the C-N and C-S stretching frequencies 

(Table 13) which strongly support the idea that the iodine molecules 

are bonded to the thiocyanate groups. The infrared data (Table 13) 

Suggest that the stretching frequencies, v(C-N) and v(C-S) are changed
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from those characteristics of N-bonded thiocyanate (as stated above for 

115 
NiL, (NCS), ) to those expected for bridging NCS groups Thus in the 

complexes, NiL,(NCS.I,)55 there could be two possibilities in which 

iodine may coordinate to the thiocyanate groups, M-N-C-S-I-I or 

N-S~C-N-I-I. A change from M-N to M-S bonding could occur during the 

formation of the compounds, NiLA(NCS.I5)o- 

107 
» who worked on the compounds ,M(py )(NCS.15), 

(where M = Co or Ni) and Ni(y-pic),(NCS.1,)o, made a distinction of the 

Foster and Goodgame 

two possibilities ,M-N-C-S-I-I or M-S-C-N-I-I, by studying an electronic 

Spectra of pairs of compounds MLy (NCS), and MLA (NCS.15)5- Jgrgensen!!6 

demonstrated that the ligand field strength, A , of NCS is less when 

coordinated to a metal ion through sulphur than when bonded through 

107 
nitrogen. Foster and Goodgame studied the electronic spectra of 

the compounds M(py)qg(NCS.15)5 (where M = Co or Ni) and found that in 

each compound, the energy of the first transition {4 Tyg (F) > 4 Tog 

for Co(II) and Shag > 3Toq for Ni(11)}was found to be slightly greater 

for ML (NCS.15)5 than for the corresponding compounds ML (NCS)... This 

result, according to the view of Jgrgensen! '6 | strongly supported that 

in the compound MLA(NCS.15)o5 the NCS groups were still bonded through 

nitrogen to the metal ion. From the data of the visible spectrum 

NCS.1 and NiL (Table -11) of the compounds NiL (NCS). which were 4817 4 
studied here, it is seen that there is a slight increase in the energy 

of the first spin-allowed transition of nickel(II) (3 Mog aa 3 Tq) 

in the NiL,(NCS.14). relative to the corresponding compound NIL, (NCS). 

(where L = pyridine and y-picoline only). This result is consistent 

or which again supported with the data obtained by Foster and Goodgame 

the idea that in the compounds ,NiL,(NCS.I,), the NCS groups are still 

bonded to the nickel by nitrogen. Thus it is concluded that these 

compounds NILA (NCS)5(T5)o should be formulated as MLy(NCS-I,). con-
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The magnetic data for the compounds, Ni(Ly)(NCS.1,), at room temp- 

taining coordinated diiodothiocyanate ions, (NCS-I 

erature (Table 11) are consistent with the six coordinated environment 

of nickel(II) ion. The compounds NiL,(NCS.14). are insoluble in nitro- 

methane and therefore the conductivity measurement was taken in dimethy]- 

sulphoxide which indicates dissociation of these compounds in that 

solvent. The conductivity data shows the presence of 1:2 electrolytes 

in dimethylsuphoxide. Again the solution spectra of these compounds, 

NiL,(NCS.15)o5 are unable, owing to the presence of an iodine containing 

anion (NCS-I,), to give any help concerning the structure of the moiety 

containing the nickel(II) ion. 

Spin-state isomerism in the case of nickel(II) has been a subject 

of interest for a number of years 217100 Maki! 

118 

and Ballhausen and 

Liehr ~, using the weak-field and the strong-field approach respectively, 

have calculated the effect on the electronic energy levels of applying 

axial ligand-field perturbations to planar nickel(II) complexes. The 

relative energies of the lowest singlet state and the lowest triplet 

state, and therefore the magnetic behaviour, are effected both by a change 

in the in-plane ligand field and by an axial perturbation of it. An 

increase in the axial component of the ligand field of a diamagnetic 

complex reduces the energy of the lowest triplet state relative to the 

singlet ground state, and eventually leads to the formation of a triplet 

ground state, with consequent paramagnetism. Such axial perturbations 

may be due to; (i) solvation, either in coordinating solvents or in solid 

disolvates (ii) polymerisation of four coordinate complexes in solid or 

in non-coordinating solvents and (iii) purturbation by the anions X in 

a complex of the type NiLAX55 where L represents the planar field pro- 

duced by four neutral ligands. In present work the complexes NiL AX,
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where L = pyridine bases and X = I, or (NCS-I,) were considered to 

be the example of class (i171) axial perturbation. 

The magnetic susceptibilities of some nickel (11) complexes of 

the type NiLgXos where L = pyridine bases and X = I, or (NCS-I,) ‘ 

have been studied over the temperature range 293 to 93 K. It was 

previously stated (page #53) that the compounds, Ni (pY)a(13)o and 

Ni(y-pic), (13), were found to be diamagnetic at room-temperature and 

therefore have a square-planar environment about nickel(II) ion. 

However the study of the magnetic susceptibility of the compound, 

Ni (B-pic)y(13)5 as a function of temperature (range 293 to 93K) 

suggested that the magnetic cross-over had been found in this complex. 

The compound was found diamegnatic below 200 K. The same compound had 

a magnetic moment of 2.85 B.M. at room-temperature. This result 

suggested that in the compound, Ni(B-pic)g(I3)o5 the Spin-singlet- 

triplet isomerism occurred. This compound appeared to have a spin- 

singlet ground state ('e) at low-temperature. 

The magnetic susceptibilities of the complexes Ni(L),(NCS-I5)o5 

(where L = pyridine bases), were also studied over the temperature 

range 293 to 93 K. These complexes have a room temperature magnetic 

moment of 3,0+ 0.1 B .M. and were found to obey the Curie-Weiss law 

over the range 293-93 K. The magnetic data are shown in the Table-20. 

The plots of Les against temperature afforded straight lines in all 

cases. (figure 27). 

i who studied the diamine complexes of Goodgame and Venanzi 

nickel(II), found that the complexes with anions of negligible or low 

coordinating ability were diamagnetic while those with anions of medium 

to good coordinating power have room-temperature magnetic moments of 

3.2 + 0.1 B.M. From the above conclusion and from the magnetic data 

obtained for the present work (Table -20) it may be predicted that in
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A = Ni(Py)4 (NCS-I5), 

( cman s—— B= Ni(B-pic), (NCS-1,), 

shin Sils pls Gm Ni(y-pic), (NCS-I,)5 

300 + 

S P 

  
loo--     

93 193 293 
  

? Temperature CK) 

Fig.27. Plot of reciprocal of molar magnetic susceptibility (Ty om) 

against temperature (K).
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the complexes, NiL,(13)o and NiL, (NCS-I,)5s(where L = pyridine bases), 

the anion, I, might have lower coordinating ability than the anion, 

= 

(NCS-1,)”,
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2. Some Triiodide (14) Compounds of Manganese(II), Iron(I1) 

‘and Cobalt(I1) with Pyridine Bases: | 
  

The triiodide (13) compounds of Mn(II) with pyridine and B-picoline 

could not be crystallised from any organic solvent. However, the tri- 

iodide compound of manganese(II) with y-picoline was crystallised from 

acetonitrile with the composition, Mn(y-pic),(13)5-2s ( where s = 

acetonitrile molecule). The iron (II)-triiodide compounds of pyridine 

and y-picoline were isolated with the stoichiometry Fel (I3)o (where 

L = pyridine and y-picoline only). The compound Fe(y-pic),(13)o was 

also crystallised from acetonitrile with the composition Fe(y-pic), 

(1,),.2s. (s = acetonitrile). The reaction of iodine and diiodo- 

tetrakis(pyridine)Co(II) affords the dark brown compound Co(py)4(13)5 

while the triiodide-cobalt(I1I) compound of 6-picoline and y-picoline 

were crystallised from acetonitrile with the composition 

CoL,(13)5.2CHACN; (where L = B-picoline or y-picoline). 

A study of the infrared spectra of these compounds gave only 

limited information which nevertheless turned out to be of considerable 

interest. A number of triiodide-compounds prepared, which were initially 

anhydtous, had a strong affinity for water and were indeed decomposed 

by it, giving viscous black oils. Other compounds, uch as triiodide 

compounds of iron(II), manganese(II) and cobalt(II) with y-picoline 

(and with B-picoline in Co(II) case) which had proved very difficult 

to crystallise, and indeed which only crystallised from acetonitrile | 

were found to have retained acetonitrile. The acetonitrile could not 

be removed without decomposing the compounds to an oi] although, as 

previously stated, the infrared evidence pointed strongly to the ace- 

tonitrile being held as a lattice component dnedordi nated to the metal 

ion. The analytical data of these complexes also support the presence
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of two molecules of acetonitrile in them. 

The magnetic moments of the above manganese(II), iron(II) and 

cobalt(II) compounds at room temperature are consistent with the for- 

mation as an octahedral spin-free compounds. The electronic spectra, owing 

to the presence of trijodide,I., are so broad and intense that in general 

the d€ 3d bands of these compounds are completely obscured and so no 

information regarding the electronic structure of the compound is avai- 

lable. The conductivity data of the compounds ,Fe(py)4(I3)o5 

M(1T) (y-pic)4(Ig)y 2CHACN (where M = Fe(II), Mn(II))in dimethy1sulphoxide 

indicates the dissociation of the compounds in that solvent and it was 

shown that they behave rather as 1:2 electrolytes in dimethylsulphoxide. 

However, the nitromethane solutions of the compounds Co(py),(I3)5 and 

Co(L)q(13)o 2CH CN (where L = B-picoline or y-picoline) are intensely 

‘coloured (dark-green). The conductivity data of these compounds also 

indicates dissociation in that solvent and they appeared to be 1:2 

electrolytes. The visible absorption spectra of Co(L)q(13)5-2CHCN; 

(where L = 8- picoline or y-picoline) in nitromethane solution (10°) 

clearly indicates the presence of a tetrahedral cobalt(II) species 

] 
Ce ~ 14490 cm 

to the 4 Ay > 4 T, (P) transition). The compound ,Co(py)4(13)os 

(6,320) and ~ 15290 cm” |, (c,350) may be assigned 

gives a similar spectra in nitromethane solution. Addition of 10% of 

3m) of the respective pyridine base: to nitromethane solution (10 

B-picoline and y-picoline - Co(II) compounds causes the intense band 

centered at ~ 15000 cm’ | (which associated with the tetrahedral species) 

to decrease in intensity and the spectra becomes more characteristic of 

octahedral cobalt(II) species.
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3. The triiodide,I,, complexes of cadmium(II) with pyridine bases 

“‘and some reactions involved in y-picoline-Cd-triiodide compound: 
  

Reaction of iodine and diiodidotetrakis(pyridine)Cd(II) in 

dichloromethane affords a dark-brown crystalline product of the stoich- 

iome try »Cd(py){T3)o. The conductivity data in dimethylsulphoxide 

indicated the dissociation of this compound in that solvent and also 

suggested that the compound, Cd(py) 4 (I3)> was not dissolved as a non- 

electrolyte in dimethylsulphoxide solution but rather as a 1:2 electro- 

lyte. The triiodide-Cd(I1) compound of B-picoline could not be isolated 

in crystalline form. The reaction between iodine and diiodotetrakis 

(y-picoline)Cd(II1) in dichloromethane gave a reddish-brown crystalline 

product of the stoichiometry, Cd(y-pic),(13)>. This compound was also 

crystallised from acetonitrile and found to have retained acetonitrile. 

The analytical data and infrared evidence supported the presence of acetonitr- 

ile which was being held as lattice component uncoordinated to the Cd(II) 

ion. Although the compounds cdly ptt) ,(7 4) 54nd Cd(y-pic), (13). 2CHCN were 

obtained in a crystalline form, they were decomposed into a dark-brown 

oily-mass within half an hour. This dark oily-mass was found to be 

insoluble in common organic solvents and also found unreactive to sodium- 

thiosulphate in glacial acetic acid. It was noticed that both compounds 

Cd(y-pic), (13), and Cd(y-pic),(13)o 2CH CN remained unchanged at freezing 

temperature in a sealed ampoule for long period. The freshly prepared 

compounds Cd(y-pic) (13), and Cd(y-pic)a (13). 2CH.CN, were found to be 

soluble in all common organic solvents and also found reactive to sodium 

thiosulphate in glacial acetic acid. 

The reaction between cadmium iodide, y-picoline and iodine at 60- 

80°C (without using solvent) gave a dark-brown viscous oi]. Again this
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dark-brown oi] was found to be insoluble in common organic solvents 

and also found unreactive to sodium thiosulphate in glacial acetic acid. 

The action of slow, direct heat to this dark-oil in sublimation apparatus 

gave a brown solid compound which deposited on the cold finger of the 

apparatus. This brown. compound was recrystallised from petroleum ether. 

Pale-straw coloured plates were obtained on recrystallisation. Attempts 

made to separate the organic ligand from this compound by treatment with 

aqueous sodium hydroxide followed by ether-extraction gave a yellow liquid. 

The infrared spectra. and the melting point of the picrate derivative 

of this yellow liquid suggested that the liquid obtained during ether- 

ectraction was nothing but y-picoline only. The molecular weight of the 

yellow liquid was found to be 93.0 using mass spectra, (Picolines have a 

molecular weight of 93.12) which again supported the idea that it was 

y-picoline only. 

On treatment of the dark-brown viscous oi] with concentrated hydro- 

chloric acid the oily compound discolvad slowly in hot acid and 

crystallised out as a fine powder (orange-yellow) from this solution on 

cooling. Attempts were made to liberate the ligand from the orange- 

yellow compound by pyrolysis of the compound in closed vessel (see Fig. 

22, page 126) gave a yellow liquid which was again found to be y-picoline. 

The infrared evidence and melting point of the picrate derivative of the 

yellow liquid supported the above conclusion. 

Thus owing to the complicated infrared spectra and analytical data 

obtained for both, the orange-yellow compound (separated by HCl treat- 

ment) and a pale-straw coloured compound (obtained by the action of 

direct heat to the dark-brown oil) and also inability to separate the 

free organic ligand from them it was not possible at this stage to 

reach any conclusion regarding the CdI,-y-picoline-Iodine reactions.
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4. General observation on triiodide (15) complexes: 
  

Absorption spectra of trijodide(I.) ions were determined in aceto= 

nitrile and in 1,2-dichloroethane (Table -19). In both solvents two 

bands (A__.) were found for I, species. They were at 1 ( )? ~365 nm 
max max 

~ 290 nm. More detailed studies on triiodide ions in 

119 
and Xo (max)? 

solutions suggested that the I, ions dissociates in acetonitrile 

In the triiodide-complexes, studied here, it was found that the tri- 

jodide species, 3 were dissociated in acetonitrile. Ina very 

dilute solution of acetonitrile, the maxima of triiodide ions 1 (max) 

at + 365 nm was found to be missing in many triiodide complexes. 

However, in 1,2 dichloroethane solution, the triiodide (15) ions are 

remained present as ion pairs, and the absorption spectra of triiodide 

119 
ions, in this solvent, are not affected by ion-pair formation The 

‘absorption spectra for all triiodide complexes studied here in 

1,2-dichloroethane suggested that in a dilute solution of 2 x 107°, 

the trifodide species remained uneffected. The maxima Loa) at ~ 

365 nm and ~ 290 nm are found present in all triiodide complexes. 

Obviously data obtained by quantitative analysis of the compounds 

gave empirical compositions. These in general were those which one 

would expect, namely LANG however it was found that there were 

two rather surprising exceptions in the cases of cadmium and zinc- 

triiodide complexes with pyridine base, when it was desired to obtain 

a set of X-ray diffraction diagrams of all the compounds. It was 

found that in the case of zinc that it was not possible to isolate a 

zinc-pyridine base-triiodide and in the case of cadmium, it was found 

on attempting to carry out quantitative analysis that the substance 

obtained was complex and it failed to react normally with sodium thio- 

sulphate. As previously stated, more detailed work indicated that
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instead of the simple coordination compound Pte a product had 

been obtained in which the pyridine ring system had been attacked 

giving, it was suspected, a product in which the basicity of the pyridine 

system had been greatly reduced as shown by the fact that the compound 

dissolved slowly in hot concentrated hydrochloric acid and crystallised 

out as fine powder from this solution on cooling. The obvious conse- 

quence of these two results was that two compounds whose X-ray powder 

diagrams would have served as useful reference frames were found to be 

unobtainable, and so a means of obtaining the nature of the geometry 

of donor groups about some of the metal ions by seeing which complex 

halides were isomorphous with the products of cadmium and zinc was lost. 

The underlying assumption made in this work was that one could reasonably 

expect the ligands to be arranged tetrahedrally about zinc, octahedrally 

about cadmium and most probably also octahedrally about manganese(II), 

iron(II) and cobalt(II). 

The quantitative analysis of the complex iodides in particular 

proved to be a most vexatious topic. Whilst it was found to be a 

straightforward operation to determine the metal content and both iodine 

and iodide, it was found very difficult to obtain values for carbon, 

hydrogen and nitrogen that were consistent with the values for metal 

and halogen. It was observed that combustion of these compounds which 

contained in the PGian of 80% of iodine did not appear to follow a 

regular path as it was found that even with highly crystalline, dry, 

apparently homogeneous samples different operators could obtain 

different values for the carbon, hydrogen and nitrogen content. This 

resulted in rather more weight having to be placed on the metal and 

halogen analysis results than one would have wished. It was found 

however that when analysis for carbon, hydrogen and nitrogen had been 

obtained from several analytical establishments fairly well defined 

trends in the results became clear and that ultimately satisfactory
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results were obtained. 

As previous ly mentioned X-ray powder diffraction photographs were 

taken of all the compounds prepared in the complex halide or pseudo- 

halide series. Even though some photographs were taken several times 

changing the length of exposure and using fresh samples of compound, 

it was found in a few instances impossible to produce satisfactory 

photoahiphs. The X-ray powder photographs for some compounds, e.g. 

Ni (B-pic),(NCS-Iy)os Ni(y-pic),(NCS-I,),, Co(B-pic),(13)5.2CH,CN and 

the iron(II) compounds of the general formula Fe(L),(1 where L = 
3)2 

pyridine or y -picoline, were not obtained because of the fact that 

they were probably decomposed while being filled into x-ray tubes. The lack 

of lines and the very dark background suggested strongly that not only 

were the compounds in each case almost non-crystalline but they were 

also strongly fluorescent under X-ray irradiation. It had been intended 

to sort the photographs into isomorphous sets and then hopefully select 

a number of the group which could reasonably be expected to have a 

particular geometric arrangement of ligands about the central atom and 

then to go on to conclude that the same geometric arrangement of ligands 

was to be found in the case of the other members of a given isomorphous 

set. This intention was very largely frustrated by the unexpected in- 

ability to prepare the required derivatives of cadmium and zinc respect- 

ively. However, it was found possible to make positive suggestions in 

the cases of Cd(py)g(13)os Co(py)4(13)5 and Ni (py) q (NCS-I,)o which were 

‘found to be isomorphous. In a limited number of cases the diffraction 

pattern was found to contain so many clear lines as to make comparisons 

with it very difficult and somewhat unreliable. This was found to be the 

case in the following instances, Co(y-pic)a(13), 2CHACN and Mn(y-pic), 

(13), 2CH.CN,
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CONCLUSIONS 

The po igiral ide compounds investigated have all been of the 

types, M+ (pyridine base), (13), or cm! )** (pyridine base) 4 (NCS~I5)o5 

where M = a divalent first row transition metal, M' = Nickel (II) 

only and pyridine base = pyridine, B-picoline or y-picoline. 

Owing to the instability of these complexes toward moisture 

and heat, an inert atmosphere in the preparation of the polyhalide 

complexes is an essential requirement. . The polyhalide complexes, 

are highly reactive chemically and therefore the solvents which are 

more inert to halogenation or hydrolysis have to be used as a reaction 

medium. The quantitative analysis of the complex iodides proved to 

be a more vexatious topic. It has been found that even with highly 

crystalline, dry, apparently homogeneous samples, different 

“operators could obtain different values for the carbon, hydrogen 

and nitrogen content. This results in more weight having to be 

praced on the metal and halogen analysis results than one Would 

have wished. 

The considerable limitation of the electronic spectra, the 

solution spectra and the X-ray powder photography as structure tools 

for the study of the metal-polyiodide complexes are well illustrated 

by this investigation. However, the study of the magnetic 

susceptibilities provides useful information concerning the structure 

of the metal-triiodide complexes. The conclusion drawn from this 

investigation is that at least in the case of nickel (II), it has 

been found possible to prepare compounds which are either 'planar' 

or 'tetragonally distorted octahedral’ compounds. 

The study of the reaction of the CdI, -y-picoline-~iodine 
2 

has not been fully investigated. However, some detailed work
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indicated that instead of the simple coordination compound expected, 

a product obtained (orange-brown compound) in which the pyridine 

ring system has been attacked giving a product in which the basicity 

of the pyridine system has been greatly reduced as shown by the fact 

that the compound dissolved slowly in hot concentrated hydrochloric 

acid. Detailed information about the Cdl, ~ y-picoline-iodine could 

‘only be obtained if one could separate the complex organic ligand 

from the orange-brown cadmium compound, and this proved impracticable, 

dry distillation with sodium hydroxide only yielding the simple 

pyridine base, y-picoline.
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