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I, INTRODUCTION

1. CRYSTAL FIELD ASPECTS OF INFRARED SPECTRA

The theoretical treatment of bonding in transition metal-
compounds has led to the deyelopment of the Crystal Field
Theory (CFT). This is based on an entirely electrostatic
model in which the ligands produce a field approximately
equivalent to a set of negative point chargés. Theveffect’of-
this electric field is to destroy the degeneracy of the d-;
orbitals of-theAtransition metal, the resulting energy changes.
having an important bearing on the properties of the complex
formed. The Molecular Orbital Theory, in which the degeneracy
of the d-orbitals is removed by the overlap.of metal and ligand
orbitals, leads to similar resulfs,to those of CFT but can also
account for additional effects such as ﬂrbonding, The Ligand i
Field Theory (LFT) is a modified form of CFT which has been
developed to take accéunt of covalent bonding effectén .

In an octéhedral environment the influence of the crystal
field is to remove the dégeneracy of the d-orbitals of the ﬁetal
such that they are split into two sets. This splitting results
in £hree degenerate orbitals(izg)?eing stabilized'by 4Dngnd'two
degenerate orbitals (eg) being destabilized by 60¢, the total’
crystal field splitting between the two sets béihg 100¢q. Theﬁ
removal of the 5-fold degéneracy of the d-orbitais leads to an
overall stapilization of the'system except in those ‘cases, B
namely 4%, d'° and high spin d° in whiéh there is no net
stabiliZation since the effectvof the electrons in thevtzg
orbitals is balanced by the destabilization resulting from the
occupancy of the eg orbitals. The decrease in energy of the

system is termed‘the crystal field stabilization energy (CFSE).

i N .
The CFSE of a metal ion in an octahedral environment is giverd

»



byl
CFSE = -(0.4 N, - - 0.6 N, )100g
o 29 g
where Nz and Ne are the numbers¢of electrons in the

29 8

IZg and eg orbitals respectively and 100¢ is the crystal field

splitting parameter, being the energy difference between the

2

£, and eg orbitals. Jorgensen“ has expressed 10Dq¢ as

29
100q = {g
where 4 measures the crystal field splitting power of the
ligand relative to water which is téken as unity and g is ‘the
spectroscopically determined magnitude of 100q for the
octéhédrally hydrated metal ion.

Of the various energy changes occurring on. complex °
vformation, the crystal field stabilization (CFS) effect
represents only a small fraction of the total energy changé.
Althoﬁgh most of the bonding energy in transition metal
complexes is accounted for by the electrostatic attraction
between metal ion and iigands, the.relatively smélthFS effect
ls important when investigating differences between complexes
in which other effects influencing the thermodynamic properties
are constant or are expected to vary smoothly through theAset_
of complexes being studied. Hence,jto investigate the CFS
effect on co;plex stability, a series of isostructural, iso-
valent transition metal complexes of constant ligand combination
.is used so that all energy changes are constant or smoothly
varying. -Examination of such serie; has shown'r® that a
QiggctACorrelation exists between the CFSE and various thermo-
dynémip properties such as lattice energies} heats of iigation
and interionic separations.

The infrarea'(IR) stretching 'vibrations of metal-ligand



(M-L) bonds are principally dependent on two factors, namely
the masses of the respective metal and ligand and the force
constant of the M~L bond, this latter factor being determined
by the M~L bond étrength which is relatedlto the stability of-
the metal complex. Hence, in the absence of a significant
mass effect, the M~L stretching frequencies (VM-L) are expected
%o show a correlation with the complex. stability and hence with
the CFSE in an isostructural series of transition metal complexes.
Such a relationship has been found in the B-ketoenolates of
trivalent first transition series metals® in which the wM-O .
parallels- the variation of CFSE with d-orbital population for
an octahedral environment: Correlations of this sort have
been extended by Thornton and coworkers® !® to include a
large range of first transition series cémplexes such as the
2, 2'-bipyridyl (bipy) and 1,10-phenanthroline (phen) complexes
of the divalent metals®, divalent metal acetylacetonates and
their nitrogen. base adductss, di- and trivalent.metal
tropolonates’; the potassium salts of the divalent tris (acetyl-
acetonateé)g, the di-~ and trivalent y=-substituted acetyl-
acetonates®, a large series of complexes With nitrogen donors?®- .
and trivalent'oxalates and cyanidesl°. CFSE correlations have.
been used to assign VM-L in a large selection of-dig§;en£ metal
salicylaldimine complexes!!~'?®,  These correlations have been
extended to the second transition series acetylacetonates!® and
to the tr0polonatoi”— énd tetrakis(tropolonato}lanthanide(III)I5
chel;tes;. These latter complexés;ihVolve crystal field split-
tingéf.the degenerate<45—orbitals\and the CFS effects are small
as compared with the effects noted for d-orbitals.

Since. the CFS effect is a s&all-perturbation.on the total

M~-L bonding, it is necessary, in order to isolate the CFS effect,

to find reference complexes in which these effects are, absent. -



Such compounds are those with a d°, high spin d® and d!°
configuration and in the lanthanides, those with a £°» high
spin 47 and $'* configuration. These compounds exhibit zero
CFSE and their vM-L frequencies are entirely dependent on the
various other effects determining M-L bond strength and on the
ionic mass efféct. Following the method of George and McClure?,
an interpolation line is drawn between these points on the
plqt of vil-L against d-orbital population and the frequency
véiues along this line may be considered to be those- which
would have been realized in the absence of a crystal field.
The "difference between the experimental frequencies (v) and
the value given by this interpolation line (vg) is the crystal
field contribution to the totél IR frequency and (v-vjp) has

been shown to yield a good correlation with calculated CFSE's"*~7¢

1051“515.



2. SUBSTITUENT CONSTANTS

One of the earliest theories developed to derive a
qﬁantitative relationship between the structure of compounds
and their chemical reactivity is the Hammett equation®®.

The fact that the effects of substituents in many reaction
series involving benzene derivatives could be correlated with
the acid strengths of the corresponding benzoic acids!’?, led
Hammett®® to propose a general quantitative relation bethén
_the'nature~of é substituent (R) in such a system and the
reactivity of a side chain mefa or para to R. This relation.
has become known as the Hammett equation and is widely applied
in the form

log(*/, ) = op

o

Here k and ko are rate or equilibrium constants for
reactions of the substituted and the unsubstituted compounds
respectively, o is the substituént constant which depends
solely on the nature and position of R and p is the reaction
constant wﬁich depends on the reaction, the cbnditions under
~which it takes place and the nature of the-éidé chain.

The reaction constant is a measure of the sensitivity of the-
reaction series to ring substitution, while the substituent
constant o represents the ability of the substituent to
withdraw or release electrons by a combination of its inductive

(field) and resonance effects and is-defined by the equation

o = log (K/K )

o
where K and K, are the ionization constants for the substituted
and unsubstituted benzoic acids respectively. Hence the
tonization of benzoic acid has been arbitrarily chosen as a

standard reaction type for which p is fixed at unity and all



o values are referred to hydrogen for which o=0. A positive
¢ value for a substituent indicates that the substituent.
withdraws electrons relative to hydrogen; substituents with
negative ¢ values repell electrons relative to hydrogen.

_Thé Hammet£ relationship applies only to the mefa and
parna substituents since o4fho substituents give rise to steric
interactions which make quantitative relationships unreliable.
Hammett ¢ values which have been recalculated by Jaffe'®-
using more recent values of lonization and rate or equilibrium
constants, include both inductive and resonance effects.

In atteﬁbting to separate these effects, Taft!® proposed that
regardless of the presence or absence of steric and resonance

effects, the inductive effect (I) may be represented as

I = p*o’*
where the terms have similar meaning to those of Hammett
except that o* is defined in terms of the specific rates for
the. acidic and basic hydrolysis of an ester having the
substituent alpha to the carbonyl group. M

o¥* = 1

ek _ " k
515 [log( ‘/kolB log ( /ko)A]

Finding that o* calculated from the hydrolysis of acetate
'esters;(substituent, R = XCHZ) correlétes well with the
‘acidity constants of the acids XCH,COOH, Taft then defined?°s?!
a new substituent parameter, o' for the substituent X such that

]

g = 0.450%

The choicé of the coefficient 0.45 was intended to make o'
equal to 1og(K/K ) for the acidity constants of the

. o .
4 ~ X - bicyclo [2.2.2] oqtane-l—éa;boxylic acids. Since a

large proportion of the available o' walues derive from data



on the acidity constants of XCHZCOOH, this parameter is~
now.defined?? such that the inductive effect (I) is represented
as

I = p'Gj-
where p' depends only on the reaction and ¢' is given by

o' = 0.262 log(*/, )
} (@]

where‘K_o is the acidity constant of acetic acid in aqueous.
solution at 25°C and K is the corresponding constant for the

acid@ XCH.COOH. Hence in both ¢ and ¢' series the reference:

2

substituent is hydrogen. Subsequent to Taft's introduction

of ¢' as a pure inductive-parameter,LSwain and Lupton??. |

separated the electronic effects of a substituent into its

pure field (F) and pure resonance (R) components and showed

that ¢' is a function only of their field parameter.
Relationships between substituént constants and various

IR bands in substituted aromatic, he£erocyclic and aliphatic

organic. compounds have been found by various workers. Linear

correlations of the symmetric and the a5ymme£ric VN-H of

anilines?® and amines?*, vO-H of phenols?® and vC=0 of aliphatic

6

ketones?® with ¢ or o¢* have been reported. In the field of

metal co-ordination chemistry, correlations between ¢ or o*
have been reported amongst others for ywC=0 and vM-0 of various
alkylamine, aniline and pyridine adducts of Ni(II) and Zn(IT)
acetylacetonates?’~2° for wU=0 of the alkylamine adducts of
uranyl dibenzoylmethanate?? -and of the pPyridine adducts of

1

uranyl acetylacetonate’® ~and for vM-~L in metal salicylaldimine

complexesti~13,



3. METHODS OF ASSIGNING METAL-LIGAND VIBRATIONS

IN IR SPECTRA

The importance of assignments of metal-ligand vibrations
lies in the fact that they yield direct information concerning
the structure of the complex and the nature of the metal-ligand

bonds. Appearing below 700 cm™t

due to the high mass of the
metal ion and the comparative weakness of the M-L bond, the
assignment of these bands is complicated by intermolecular.
Pnteractions, lattice modes, lowering of symmetry, vibrational
coupling- and the appearance of ligand vibrations activated by
complex formation3?,

Assignment. of M-L vibrations are-usually made by the

following methods:

1. Since M~L vibrations are absent in the free ligands, a
comparison between the spectra of the free ligand and
its metal complexes yield assignments for vM-L. The
drawback of this method is that some ligand‘vibrationé.

activated by complex formation may appear in the same

region as the M-L vibrations??.

2. Metal—ligana'vibrations are expected to appear in the
same region for complexes of igentical metals and
similar ligands. fhis method has yielded values of
vCu=N in complexes®® of Cu X, L, (X = Cl,.Br; L =
substituted 'pyridine) and of VM-0 in substituted pyridine,
alkylamine and Anilihe adducts.of Ni(Ii), Co(II)and Zn(II)

acetylacetonates?’"2°%,

3. Theoretical calculations such as normal co-ordinate
analysis using empirical metal-ligand and other bond
lengths yield theoretical values for the M-L and other

vibrations of the complex.



4. As already noted, the M-L vibrations in a series of
isostructural isovalent transition metal complexes
of constant ligand combination are expected to follow

the order of the CFSE's of.the metal ions.

EJ . Metal-=ligand vibrations show a shift if the complex is
isotopically labelled. The vM-0O bands in
acetylacetonates®®*3® and the wvM-N bands in metal salicyl-
aldimine complexes!!®*? have been assigned by replacing
the ordinary oxygen and nitrogen donor atoms by the
isotopes '®0 and 5N respectively.

The position of a band.in the IR spectrum is dependent

on the masses of the atoms involved in the particular vibration. -

Hence an IR s?ectrum of a labelled compound is usually

distinctly different from that of the unlabelled complex.

The spectral differences observed for.the isotopic compounds-

depend on the fatio of the masses of the labelled and nérmai

atoms.. The greater the ratio, the larger is the i?otOpic shift
of the relevant bands. The biggest shifts are fouhd for.

tritiated and deuterated molecules which show shifts up -to

1300 and 1000 cm * respectively?®’. Isotopic shifts for smaller
ratios are considerably less, but can be as high as 40 cm"l
for !'®0-labelled molecules®’. The observed isotopic shifts

of an IR band depend on various factors such as hydrogen bonding
in the molecule (which can reduce the expécted shift), the
number. and nature of the atoms in the molecule which have been
isotopically labelled and the extent of coupling of vibrationél-
bands. The smallerlthe vibrational coupling, the purer is this
‘absorption and the greater will be its isotopic shift.

' The expected isotopic shifts can be calculated?®’ by

assuming the labelled atom to be part of a simple harmonic

-



.

10

oscillator. The vibrational frequency of a diatomic molecule

can.be represented by the equation

o 1 k L
where v = vibrational frequency

k = harmonic force constant and

Il

u = reduced mass of the molecule,

Hence the shifts may be calculated from

.

where the superscript,. i, refers to the labelled molecule.

This yields. a good approximation provided the vibration of

the

two atoms concerned is minimally affected by the remainder of

the molecule. These expected shifts can be observed in

vibrationally pure IR bands?’,
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4. METAL CHELATES OF 2-~-THENOYLTRIFLUOROACETONATE AND

BENZOYLTRIFLUOROACETONATE

The majority of reports on the metal complexes of 2-
thenoyltrifluoroacetone (TTA) and benzoyltrifluoroacetone (BTA)
relate to their role as synergists in the solvent extraction
of metal ions using phosphorus esters®®”*3,  Although many
of the phosphate and phosphine oxide adducts of these
complexés have been isolated, no systematic study of their
IR spectra has been reported.

The molar heats of sublimation for some B—ketoenoiates
(including TTA and BTA) of various common metal ions were
calculated by Berg and Truemper““. An attempt was made to
relate these heats with the polarity of the molecule ih that
the greater the polarity the larger is the molar heat of
sublimation. Berg and Reed*’ found that many chelates of
TTA are sufficiently volatile and stable to be fractionally.
sublimed in a vacuum and recovered with high yields. The
differences in the fecrystallization zone temperatures:
observed among the chelates studied indicated that a number
of mixtures could be resolved by the fractional sublimation
of the TTA chelates. Similar studies“® on the metal chelates
of BTA showed that these were not suitable for sublimation
studies since the chelates condensed not in'wéll—defined zones
as did the TTA chelates, but rather in most cases as liqﬁids.

“

The stability constant data available for TTA and BTA

49

divalent chelates*®~*? indicate that they follow the normal

0 1

Irving-Williams®® stability order. Shigematsu and coworkers?
have studied the:stability of a series of tri-n-octylphosphine
oxide adducts of Sc(III) and'Zn(II) B-ketoenolates and showed

that the stability of the adducts depended on the nature of
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the substituents in the 1,3-positions.. The formation of
mono-alkylamine and .-—alkylamine hydrochloride adducts of
[Cu(TTA)z] in solution was studied by Ke and Li®*?. When

bulky R.N adducts are formed, the 2-thienyl group is forced

3
out. of plane and so acts as an electron withdrawing group
by induction leading to stronger adduct formation.
Lintvedt and Holtzclaw®® have studied the proton magnetic
resonance spectra of various B-diketones including TTA and
BTA and have shown that the CF3 group strengthens the c=c
and C = O bonds through its strong inductive effect, The
aromatic groups are electron donating by a resonance effect,
the thienyl moiety having a smaller effect than tﬁe phenyl.
The upfield shift of the enolic proton of BTA and TTA relative-
to acetylacetone shows that the electron withdréﬁing effect
of. the CF3 group predominates over the electron donating power
of the aromatic group. Yamazachi and Takeuchi®* found a
relationship between the chemical shifts in the *H and !°F
‘nuclear magnetic resonance spectra of ten TTA chelates and the-
electronegativity and ionic radius of the corresponding metals.
The electronic spectra of Cr(III) and Fe(III) complexes.
of BTA and TTA have been reported °%7%7 and Lintvedt and
Kernitsky>® have shown that the 4 value for BTA occurs in the
rénge of other substituted B-diketones, all of which lie within
a narrow limit of the value for acetYlacetone. Noskova and
Kazanova®® have shown from MO calculations based on electronic
absorption spectra that in cémplexes'éf TTA with metals which
do not participate in any significant w-bonding, the order
.0of the ﬁqunds in Ehese,complexes shows no great difference
to those calculated for the acetylacetonates. Rao and Li“2

‘showed from the electronic spectrum of [Ni(TTA)é] that the
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'Ni(II) is octahedrally co-ordinated.

The IR spectra of metal TTA and BTA complexes have mainly.
been studied in the 4000 - 700 cm-l region, the main bands of
interest being the vC=0, vC=C and thienyl vibrations“?=%3%, 353=62,
The. assignment of vC=0 in these complexes was made by comparison
with acetylacetonates and thus the assignments mirror the
chénges'that:have been made in the assignment of the corresponding
band tn the acetylacetonate spectra. The electron delocalization
tn the metal f-ketoenolate ring results in considerable coupling
of the IR bands and hence few bands represent pure~vibrations.

The first two bands below 1700 cm—l were originally empirically

assigned by Lecompte to the vC=0 and vC=C vibrations respect-

§3,64 ~68

ively Nakamoto and coworkers®® reversed these
assignments with-normal<Xhordinate analyses whereas a subsequent
an@lysis69 and '°0-labelling studies®®’®® on Cr(III) and Cu(II)
acetylacetonates showed that the original empirical assignments
had been correct.

Noskova and coworkers7° have investigated the spectra
of TTA and some of its meéal complexes in the region 3800 =~
230 cmml and have assigned the vibrations of the chelate,ring
from theoretical considerations. They found that the vibrations
of the terminal groups are superimposed onlthe chelate ring:
vibrations, suggesting’® that no m-electron Hélocalization
occurs throughout the entire molecule. Kassiérer-and Kertes’!
studied the spectra of various divalent TTA ;omplexeé and -their
phen adducts and have empirically assigned various bands

including several M-O modes below 700 cmﬁl;
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5. METAL ANTHRANILATES

The bis(anthranilates)of Mn(II), Co(iI), Ni(II), Cu(II)
and Zn(II) have been reported in the literature’?77°%, These.
metal chelates precipitate from agueous solutions as the
anhydrous species [M(ANA)ZJ where ANA represents: the anion
of anthranilic acid. The high insolubility of these compounds
for stability constant measurements has led most workers’® 7°
to report only the first equilibrium constant, Kl’ for the

reaction.

Thermogravimetric determinationsq0, magnetic moment

75,81,82 82785

measurements and IR spéctra have been published
and the use of 5~bromo-anthranilic acid (5-Br-=ANA) as an
analytical reagent has been discussed’?. Structures for
these compoupds have been proposed from magnetic moment and

IR measurements. - Livingstone’’®

suggested tetrahedral structures.
for the Ni(II) and Co(II) compounds based on their magnetic
moments, while Lumme®?, froﬁ similar measurements, concluded

that these two ions had a square planar high spin configuration.

Hill and Curran®®

have studied the IR spectra of the chelates
Qlei(Ii), Cu(IIr), zn(II) and Cd(II) and noted the presence

of a perturbed asymmetric carbo#yl frequency and the lowering
of.the N=-H stretching mode frequency. In view of this a
tﬁang—COplaﬁarfchelate structure around the metal ion has been
suggested and the possibility of the metal acquiring an
octahedral environment by co-ordinating with the carboxylate
oxygen in planes directly above and below the metal ion in

the crystal lattice has been posﬁulatedak. Sandhu and

coworkers??

suggested a similar structure from a study of the
symmetric and asymmetric carboxylate bands of the sodium salt

and the divalent metal complexes of anthranilic acid. From
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a‘compariéon with metal acetates in which the carboxyl group

is also bidentate, it was suggested®? that there are two

unequal M-~O bond lengths and that the structures are tetragonal.
The polymeric nature of the chelates is supported by their

negligible solubility®2’'®7.  Sandhu and coworkers®? also

report magnetic moment measurements which support the proposed

distorted octahedral stereochemistry. On the basis of

magnetic mament?®® and electron paramagnetic resonance studies!®?,

the Cu(II) chelate has been assigned a square planar structure.
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6. METAL CHELATES OF PICOLINIC AND QUINALDIC ACIDS

Picolinic and quinaldic acids readily form metal complexes
with divalent transition metal ions, although much of the
relevant work in the literature appertains to the picolinates

rather than to the gquinaldates. ' The use of guinaldic acid

d86'87

as an analytical reagent has been investigate and its

chelates have been subject to stability constant®®, thermo-

89,99

gravimetric magnetic moment®! and visible-ultraviolet

88

spectroscopic measurements.

The chelates of picolinic acid have been studied by

94796

visible-ultraviolet®? %3, infrared®!* and electron spin

resonance 22

spectroscopy. Lumme®’ has measured the stability
constants of the common divalent metal chelateé and has shown
that they are more stable than the corresponding metal
guinaldates. The dehydration and decomposition of the
picolinates have been investigated by thermogravimetric
4analysisgl’9f’l°° and the effective magnetic moments®1#%1+101
hé&e been shown to be normal high spin values.

The Co(II), Ni(II) and Zn(II) picolinates are known to be

isomorphous! 227105

y having a trans-octahedral stereochemistry.
The*iwo picolinate anions occup? trans=planar positions with-
two wate; molecules co-ordinating in the apical positions to
compleththe six co—ordinate structure. In addition, another
twoﬁwate;vmqleculegﬁare held in the crystal lattice. Thans -
bis(pidolinato)cdpper(II):aihydrate has been the subject of.
two x—réy investigations. From single crystal'x—réy results

¢ showed that the picolinate groups form

Cox and coworkers.!’
a’ trans-planar structure with Cu(II) and that the two .water
molecules are unco-ordinated. This result was confirmed by

Takenaka and coworkers!®? who reported that the structure shows
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extreme Jahn-Teller distortion from an octahedral stereo-
chemistry, each Cu(II) atom being weakly co-ordinated in the
apical positions by the carbonyl groups of the ligands above
and below the chelate plane. Gillard and coworkers'®? have
characterized two forms of bis(picolinato)copper (II) dihydrate
by electronic and infrared spectroscopy, magnetic moment,
thermal and x-ray measurements. The difference between the
two forms lies in the position of the water molecules in the
crystal lattice.

The infrared spectra of the picolinate (pic) and
quinaldate (quin) chelates have received little attention in
the literature. The IR spectra of picolinic and quinaldic
acids have been reported between 4000 and 650 cm™ =+ by Lumme®",
while Isaac and coworkers®® in a report on the IR spectra of

.

monosubstituted pyridines have reported the IR.bands of
picolinic acﬂiin the regioﬁ 650 to 300 cm L. Lumme®® has
reported the spectra of various divalent ion pic and quin
chelates in the range 4000 - 620 cm—l and assigned various
bands to the ligand groups. Kleinstein and Webb®! have
recorded the IR spectra of some pyridine carboxylic acid
complexes in the 1000 - 2501cm—l‘rang¢ and have empirically
assigned vM-N and vM-O bands in the. regions 450 -480 cm™ L

and 410.- 420 cm-l respectiVély.
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7. METAL CHELATES OF - 8=QUINOLINOL

One of the more~widely used organic precipitants for
inorganic metal ions is 8-quinolinol (oxXine) with its mono-
and disubstituted derivatives. The usefulness of these
chelating agents for the gravimetric determination of a
number of metal ions has been extensively investigated!®2r119,
The oxine ligand plays an important role in some biological-
systems and its function is related at least in part to its
chelating ability with metals!!!,

Thus far, metal oxinate 03x1chelates'have,been the

subject of various physicochémical\investigations including

112=120 131 93,
14 4 .

X-ray diffration infrared!?!- ultraviolet-visibleS

132=138 nuclear magnetic resonance'!®®, electron spin.

0,141 142,143

resonancel" and mass spectrometry. The magnetic

148 .of various chelates has been measured

susceptibility!**”~
and the stability ‘constants for 8-quinolinol and substituted
8equinolinol~chela£es have been determined by various workers'“?,
8-Quinolinolates have been the subject of thermogravimetric

and differential thermal analysis'®°~!%% and their heat
stabilities?®*r155% and heats of dehydration!®®+!57 have been
repoited. The usebof 8-quinolinol in the extraction of metal

ions into an organic solvent has been studied!®®~!®% and the-

heats “and entropies of chelate formation have been galculated1§1’

163

The IR specﬁfa of a nﬁmber of 8-quinolinol:chelates have-
been previously published!?!~!3! put little attention has been
given .to substituted 8—quinolihols,»except, to a limited extent,
for methyl-substituted compouﬁds. One of the earliest reports
was by Stone'?® who reported the IR épectra of Mg (II) and

Bi(ITII) oxinates so as to correlate the structure. determined
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from the spectra with the large solubility difference:
between the two chelates. Charles and coworkers'2?? have -

studied the IR spectra of about 17 chelates in the region

1200 to 650 cm—l. The, similarity between the spectra was.

1 was found to

noted and the characteristic band at 1100 cm™
be sensitive to metal ion substitution; this band is assigned
to the C-0 vibration. Magee and Gordon!?°®7!%27 report IR
spectra in the .range 5000 - 250 em™t for a variety of metal
oxinates and gsSigned the bands in the region 1500 - l6OO_cm“l
to vC=C, vC=N and ring vibrations and in the region 1200 -

1000 et

"to C-H deformation modes.. They discussed the
quantitative analytical applications of the IR spectra.
Katritzky and Jones!®" have correlated the IR bands
characteristic of the various monosubstituted quinoline
‘nuclei with those of similarly substituted naphthalenes, and
tentativé assignments for specific moleéular vibrational-

! have reported

1

modes were suggested. Tackett and Sawyer!?

the IR spectra of about 15 oxinates in the 800 - 400 cm~
&

region, including the spectra of o- and B-Cu(OX),.. Both

forms have very similar spectra below 650 cm_;, while the B-

hform shows unique peaks in the region 800 - 650 cm-l, the
difference being explained on the basis'of cis=-thans -
isomerism??!, Tentative assignments for some of the bands
in this region are given by comparison with the spectra of
‘pyridines, naphthalenes, phenols. and benzene.
Assignments of M-L vibrations were first giveﬁ:by

Larsson and Eskilsson?!?3!?

who assigned bands near 300 and
400 cm*l.as VM~-0 in the Fe(III) and Co(III) oxinate spectra
respéctively. Assignments were made by comparison with the

ligand itself, the VM-N bands being expected in thé& very
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low frequency region due to the_figidityfand mass of the.
8-quinolinol ligand®®!. Kulkarni and Mukhedkar!?? have.
assigned vM-N and VM-O in the narrow range 540.« 480 em™t
by comparison with ammine and pyridine N-oxide complexes,
whereas Ohkaku and Nakamoto!3° quote these vibrations to be
about or below 300 en™! from metal ion labelling sﬁudies{
X-ray diffraction studies.-have been niade on a series
of compounds of the type [M(OX)2(HZQ)2]‘where M is 2n, Ni,
Co,.Cd and Pb. The results of these investigations!!®a117,119
show that two chelating oxinate énions co-ordinate. to the
metal by forming a tnané—planar structure, two water molecules
‘bonding- in fhe apical positions-to complete £he octahedral
stereochemistry. Crystal structures-of;anhydrous metal
oxinates other than Cu(II) and PA(II) are not known, although
Mande and Cﬁétallss have reported that anhydrous Co{(II) ‘
oxinate.is tetrahedral from observations of  the cobalt K-
X-ray absorption edge. Fanning and Jonassen!®® prepared two
forms of anhydrous Cu(II) oxinate and studied their room
temperature magnetic properties and IR spectra. Frazer and

coworkers?*®

. measured the magnetic susceptibilities as a
function of temperature for both forms down to 88°K. The
crystal structure of the a-form was determined by Hoy and .
.Morriss!!? and that of the. 8-form by Palenik!'!'®, 'Thé
strﬁcture of the a-form consists of a chain of essentially
planar [Cu(OX),] molecules. Each Cu(II) atom is 6-co-ordinate
and is weakly co-ordinated in the apical positions by oxygen
atoms from neighﬁouring molecules;. the Cﬁ—Ovéut-df—plane4'
distance being 3.32 R and the in-plane distance 1.94,2.

The B~form exists as a dime;—like unit in which the Cu(II)
is}S—coFOrdinate and the Cu-0 odt-of?plane distance is 2.83 K; :
- The Cu-0 in-plane distance of 1.93 X is almost identical with -

that observed for the o-=form.
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2. -PREPARATION'OF COMPOUNDS

" (1) Complexes of 2-Thenoyltrifluoroacetone and

Benzoyltrifluoroacetone

The di- and trivalent metal compiexes were prepared
by the general method previously reported’" except that
either the metal aéetate, chloride or nitrate, buffered
with sodium acetate was employed. Adaustment of the pH
of the solution to 6 is necessary for precipitatibn of the
Ca(II)l, Sc(III) and Ga(III) complexes. This methoé yields
the dihydrates of the metal(II) complexes except for those
of Ca(II) ahd Cu(II) obtained only in the anhydrous form.
Dehydration of the Mn(II), Co(II) and Zn(II) TTA complexes
is;accomplished within 3 hours at 110° and 0.2 torr, that
of the Ni(II) complex requires 5 hours-at 1809 at this.
‘pressure. Dehydration of the BTA chelates could not. be
achieved without decomposition. The Mn(III) complexes were.
prepared from Mn(III) acetate by an analogous:procedure to
that of the corresponding tropolonatel?’°. The V(III) complex
is very susceptible to oxidation and was prepared and handled
throughout under nitrogen. The sodium salts of the divalent
tris(B-ketoenolates) were prepared by an,énalogous procedure
to that described in the literature for the ammonium salts'’®'.
The pyridine adducts were prepared by dissolving the diJalent
metal complex in pyridine from which the pyridiﬁe adduct:
crystallized after the addition of petroleum ether. The
addition of concentrated ammonium hydroxide to an ethanolic
solution of the dihydrate caused the bis(ammonia) adduct to
precipitate. The bipy and phen adducts were prepared by
heating equimolar proportions of the divalent chelate with the

nitrogen base in benzene. The subsequent addition of petroleum °
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prevent adduct formation. The phen adduct of Co(II) oxinate

was obtained by the method of Lenzer'7’?

» the other phen and
bipy adducts being prepared by heating equimolar proéortions
of the nitrogen base and the dihydrated chelate in a benzene
suspension. The substituted 8-quinolinol chelates were
prepared in a similar procedure to that of the unsubstituted
compounds, the anhydrous specieé being produced by heating
at_lZOo; 140° and 0.2 torr. Addition of petroleum ether

to a pyridine solution of the dihydrated metal chelate causéd
the bis(pyridine) adduct to precipitate. Quinaldine
(2-methyl-8-quinolinol) formed a mono(pyridine)'adduct without
apparent solution. The éodiumusalt§ were prepared by mixing

ethanblic solutions of sodium hydrbxide and ligand,
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I11. RESULTS

1. ANALYSES OF. COMPOUNDS

Table 1. Aﬂalytical data on the 2~thenoyltrifluoroacetonate

complexes
Complex Calculated , F;undﬁ B
3C $H %C e
‘[Ca(TTA)z]n‘ 39.8 1.7 39'9 1.8
[Mn(TTA) 1 38.6 1.6 38.3 1.5
ECo(TTA)zjn , 38.3 1.6 38.0 1.5
[Ni(TTA)2]n 38.4 1.6 . 38.0 1.7
[cu(TTA),] 38.0 1.6 38.0 1.8
[zn(TTR),] 37.9 1.6 37.7 1.5
ESc(TTA)3J 40.7 1.7 41.0' 2.1
[V(TTA),] 40.4 1.7 40.6 1.8
[Cx (TTA) 4] 40.3 1.7 41,1 2.1
[Mn (TTA) 5] 40.1 - 1.7 40.1 1.8
[Fe(TTA)3J 40.1 1.7 39.2 1.9
[Ga (TTA) 5] 39.3 1.7 ©39.1 1.7
Na[Mn(rpTA)3J 39.0 1.6 38.4 1.6
NalCo (TTA) 5] 387 1.6 38.7 1.6
Na[Ni(TTA) 5] 38,7 1.6 38.1 1.9

Nalzn(TTA) ;] 38.3 1.6 37.9 1.9
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ether caused the precipitation of the adducts which were
collected on the filter, washed with petroleum ether and

ailr dried.

(i1) Complexes of Anthranilic Acid

The metal complexes of anthranilic and substituted
anthranilic acids were prepared either by the method of

* or by the addition of an ethanolic

'H#11 and Curran®
solutiton of the ligand (2 mole proportions) to an agueous
solutien of the metal acetate, chloride or nitrate (1 gram)
buffered with sodium acetate. The resulting precipitate

was filtered, washed with water and ethanqlnand dried 4n vacuo
over silica gel. The‘sodium‘salts were prepared by mixing
ethanolic solutions of sodium hydroxide and ligand. The '°N-

labelled compounds were prepared from 15N-anthranilic acid of

95 atom - % Isotopic purity supplied by Prochem Ltd.

(iii) Chelates of Picolinic and Quinaldic Acids

Thé divaleht metal picolinates were prepared by mixing
. an ethanolic solution of ligand (2 mole proportion) with a

- sodium acetate buffered aqueous solution of a metal salt:

(1 g{gm). Tﬁe resulting solution was concentrated to about
15 ml. and the chelate allqwed to crystallize oqt. All- the
divalent metAls except Mn(II) yielded hydrates.m Cu(ITr) forms
a dihydrateﬁwhich loses one mole of water on standing for 10O
days and can be dehydrated 4in vacuo at room temperature. The -
corresponding quinaldates were prepared by adding an aquéous»
solution of metal salt to a methanolic solution of 1ig§hé
whose pH Had been adjusted to 5 by the addition of sodium
carbonate. The resulting precipitates were filtered, washed

with methanol and dried 4{n vacuo over silica gel at room
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temperature. The Cu(II) chelate was dehydrated at 155° for
3 hours at 0.2 torr. Dehydration of the other chelates of
picolinic and quinaldic acids was unsuccessful or else the-
resulting anhydrous compounds absorbed water while in the
form of a Nuyjol mull. The potassium salts of the tris-
(quinaldate) divalent chelates were prepared by AissolVing
the ligand (3 mole proportions) and potassium hydroxide

(1 mole proportion) in methanol and adding the metal salt

(L gram). The solution was reflu#ed for a COﬁple of hours
andvthén the resulting precipitate was filtered from the hot
solutﬁon,'washed.with methanol and dried'at rooﬁ ﬁemperature'
in vacuo over silica gel. Bipy and phen édduéts were
prepared by heating a suspension.of thevhydrated chelate with
aﬁ eQuimolaf proportion df the nitrogen base in benzene,for

6 hqurs.‘ . The bis(pyridinei adducts were precipitated with
peﬁ?oleum ether from é pYridine solution of the hydrated
chelate or were obtained by heating the chelate in'a pyridine

slurry.

(iv)]  Complexes of 8-Quinolinol-

The metal oxinates were prepared by mixing an aqueous
solution of each metal chloride with an ethanolic sblution
of oxine in a 1:1.05 molar ratio. The resulting complex was
pfécibitated by buffering with sodium acetate, filtered and
washéd with ethanol to remove excess oxine. - These products
were dried or dehydrated according to standard procedure’l!®, The
a~ ahd fB-copper oxinates were prepared by the method of
Fanning and Jonassen? 6. ~ The Mn(III) chelate was preﬁared
from the correSponding écetylacetonate following: the procedufe

of Ray and coworkers®?, using 2-propanol as the solvent to.



Table 2. Analytical data on the adducts of the 2-thenoyl-

trifluoroacetonate complexes

Complex Calculated ?ound
o $C $H 3N %C | 3H $N
[Mn(TTA)Z(HZO)ZJ 36.0 2.3 35.2 2.2
[Fe(TTA)z(Hzolzl 36.0 2.3 35.0 2.4
[co (TTA], (H,0) ] 35.8 2.3 35.9 2.4
[Ni(TTA), (H,0),] 35.8 2,3 36.1 2,6
[Zn (TTA), (H,0]), ] 35.3 2.2 35.4 2.1
IMn (TTA), (py) ] 47.9 2.8 4.3 47.9 2.7 4.4
[cO(TTA)Z(py1ZJ 47.3. 2.7 4.3. 47.0. 2.6 4.6
[INi (TTA), (py) 51 47.4 2.7 4.2 47.5 2.6 4.2
[Cu(TTA), (py)] 43.1 2.2 2.4 42.8 2,2 2.3
[zn(TTA), (py),] 46.9 2,7 4.2 46.6 2.6 4.2
[Mn(TTA)z(NH3)(H20)J 36,1 2.5 2.6 35.3. 2.3 2.8
[Mn (TTAL , (NH,1 ] 36.4 2.7 5.3 36.4 2.7 5.4
[Co (TTA) , (NH;), ] 35.9. 2.6 5.2 36.1 2.6 5.1
[Ni (TTAL, (NH,) ] 35.9 2.6 5.2 36.0 2.5 4.6
[Zn(TTAIz(NH3)2J‘ 35.5 2.6 5.2 35.1. 2.5 4.6
[Mn(TTA)Z(bipy)j 48,0 2.5 4.3, 48.1 2.5 4.4
ECO(TTA)Z(bipy)J 47.5 2.4 4.3 47.8 2.4 4.4
[Ni (TTA), (bipy) ] 47.5 2.4 4.3 48,0 2.4 4.3
[Cu(TTA)z(bipy)J 47.2. 2.4 4.2 47.4. 2.4 4.5
[Zn(TTA)z(bipy)J 47.0 2.4 4.2 47.1 2.3 4.2
[Mn (TTA) , (phen) ] 49.9 2.4 4.1 49.9 2.3 4.1
[Co(TTA), (phen) ] 49.3 2.4 4.1 49.3 2.3 4.1
[Ni (TTA) , (phen) ] 49.4 2.4 4.1 48.6 2.3 4.0
LCu(TrA)ziphen)J 49.0 2.4 4.1 48.7 2.4 4.2
48.9 2.3 4.1 48.9 2.5 4.4

[Zn(TTA) 5 (phen) ]
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Table 3. Analytical data on the benzoyltrifluoroacetonate
complexes
Complex Célculated Found
3C $H $N 3C %H %
[Sc (BTA) ,] " 52.2 2. 52.1 2.5
[Cr(BTA)3] : 51.7 2.6 50.9
[Mn(BTA)3J . 51.4 2. 50.8 .
[Fe (BTA) ;] 51.4 2,6 51.1
[Ga(BTA)3].H20' 49.1 2. ' 48.9
Na[cO(BTA13J 49.5 2. 49.7 2.4
Na[Ni(BTA)3].H20 48.4 2.7 48.1
NaEZn(BTA)3J.H20 ' 47.9° 2.7 47.7° 2,6
- [Mn(BTA) , (H,0),] 46.1 3.1 46.0
[cO(BTA)z(Hzo)ZJ'_ 45.7 3.1 ‘ 45.7 3.2
[Ni(BTA)2(H20)2J 45.8 3.1 46.1 3.0
[cu(BTA)zj 48.6 2.4 - 48.7
[Zn(BTA)z(H20)2J 45.2 3.0 45.2
[Mn(BTA)z(py)zl 56.3 3.5 4.4 56.0
[Co (BTA) , (py) 5] 55.6 3.4 4.3 55.4
[Ni (BTA), (py),] 55.7 3.4 4.3 55.9
[Cu(BTA)z(py)J 52.4 3.0 2.4 51.6 2.8
EZn(BTA)z(py)zj : 55.1 3.4 4.3 54.9 3.4
[Mn (BTA) , (bipy) ] 56.4  3.2. 4.4 56.0 3.2
[Co(BTA)z(bipy)J- 55.8 3.1 4.3 56.0
[Ni(BTA)Z(bipy)J 55.8 3.1 4.3 55.8
[cu(BTA}, (bipy) ] . 55.4 3.1 4.3 55.2. 3.1
[Zn(BTA)Z(bipy)J 55.3 3.1 4.3 54.9
[Mn (BTA) , (phen) ] ‘58}0 3.0 4.2 57.9. 3.2
[co(BTA), (phen) ] 57.4 3 57.1 3.0
[Ni(BTA)Z(phen)J 57.4 3 57.4. 3.0
[Cu(BTA)z(phen)] 57.0 3.0 4.2 56.7
3 ‘ 57.0. 2.9

.[Zn(BTA)z(phen)J 56.9
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Table 4. Analytical data on the complexes [M(X-ANA)ZJ
M X Calculated ;:o’ung
3C $H $N 3C 3 3N

Mn H 51.4 3. 51.0
Co H 50.8 3. 50.4. )
Ni H 50.8 3. 51.1 .
Cu H 50.1 3. 49.9
Zn H 49.8 3, . 49.5
Mn 5-C1 42.8 2 42.3
Co 5-C1 42.0 42.1
Ni 5-C1 42.0 41.5
Cu 5=Cl 41.5 41.0
Zn 5-C1 - 41.4 41,3 .
Mn 5-Br 34.9 34.6
Co 5~Br '34.4 33.8 . .
Ni 5-Br 34.4 . . 33.7
Cu 5«Br 34.1 . 33.6
Zn 5-Br 33.9 2. . 34,2
Mn 5-I 29.2 1 . 29.3 ‘
Co 5-I 28.8 4.8 28.6 4.0
Ni 5eI. 28.8 . 4.8 28.8 4.6
Cu 5-1I 28.6 . 4.8 27.9 . 3.7
Zn 5-I 28.5 4.7 28.5 4.3
Mn 5-CH, 54.6 7.9 54.2 7.9
Co 5<CHj 53.5 7.8 53.1 7.8
Ni 5~CH, 53,5 7.8 51.7 7.9
Cu 5-CH, 52.8 7.7 52.1 7.7
Zn 5-CH, 52.4 7.7, 52,3 7.7
Mn - 4-NO,, 40.6 13.5 - 40.8 13.3
Co 4-NO, 39.9 13.3 38.8 .4 12.8
Ni 4-NO,, 39.9 2. 13.3 38.4 . 12.6-
Cu 4-NO, 39.5 2.4 13.2 39.2 2.4 12.9
Zn- 4-NO, 39.3 2.4 13.1 39.1- 2.1 13.0
Mn? 5-NO,, 35.7 3.4 11.9 35.6 3.3 11.8
coP 5-NO,, 36.8 3.1 12.3 36.7 3.0 12.4
Ni€ 5-NO, 31.8  4.2. 10.6 31.8 10.8
Cu?‘ 5-NO, 35.0 3.4 11.7 34,5 11.5
Zn 5-NO, 33.6 3.6 11.2 33.0 11.8

4 trihydrate . dinydrate € hexahydrate
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Table 5. Analytical data on the salts Na (X-ANA)
X Calculated Found
%C $H &N $C $H N
g 50.0 8.3 50.0 4.0 8.3
5-c1P 39.7 6.6 39.5 3.3 6.6
5-BrP 32.8 5.5 32.9. 2.7 5.6
5-1P 27.8 4.6 28.1 2.2 4.0
5-CH, 55.5 4.7 8.1 54,3 4.7 8.1
4~NO,C 35.0 3.8 11.9 35.3 3.7 11.6
5-NO, 41.2 2,5 13.7 41.6 2.4 13.7
a’hemihydrate b monohydrate. ¢ dihydrate.
Table 6. Analytical data on the metal picolinate complexes
Complex Calculated Found
%C $H $N %C $H &N
[ca (pic), (H,0),] 45.0 3.8 8.8 44.9 9.1
[Co(pic), (H,0),].2H,0 38.4 4.3 7.5 37.9 7.5°
[Ni (pic), (H,0),1.2H,0 38.4 4.3 7.5 39.3 7.8
[Zn(pic), (8,0),].2H,0 37.8 4.2 7.3 37.7 . 7.5
[cu(pic),].2H,0 41.9 3.5 8.1 41.7 . 8.1
[Cu(pic),].H,0 44.2 3,1 8.6 43.9 8.6
[Cu(pic),] 46.8 2.6 9.1 46.1 9.1
[Mn (pic),] 48.2 2.7 9.4 48.3 9.6
[Co(pic), (bipy)1.0°5H,0 56.4 3.7 12.0 56.3 . 5 12.0
[Ni (pic), (bipy) ].0¢5H,0 56.4 3.7 12.0 56.4 11.9
[zn (pic), (bipy)] 56.7 3.5 12.0 55.9 .4 12.0
[co(pic), (phen)] 59.6 3.3 11.6 59.0 .3 11.8
[Ni(pic), (phen)].0*5H,0 58.6 3.5 1l.4 58,7 1107 -
[zn(pic), (phen)].2H,0 54,8 3.8 10.7 ‘5542, . 3.3 10.8
[Co (pic), (pyl,1.2H,0 53.1 4.5 11.3 52.8 4.2 11.3
[Ni(pic), (py),].2+5H,0 52.2 4.6 11.1. 52,3 4.3 11.1
[Zn(pic)z(py)zj.ZHZO 52.4 4.4 11.2 51.9 4.0 10.8
46.8 3.3 9.1 45.8 3.3 9.1

- Na(pic),0°5H,0
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Analytical data on the metal quinaldate complexes

Calculated

Found

Complex
3C $H 3N 3C SH &N
[ca(quin), (H,0)] 59.7 3.5 6.7 59.7 3.5 7.2
[Mn (quin) , (H,0) ,] 55.2 3.7 6.4 55.3 3.7 6.5
[Co(quin)z(Hzo)é] 54.7 3.7 6.4 54.7 3.6 6.7
[Ni(quin) , (H,0),] 54,7 3.7 6.4 54.6 3.6 6.6
[Cu(quin)z(sz)] 56.4 3.3 6.6 56.5 3.3 6.7
ECu(quin)ZJ 58.9 3.0 6.9 58.7 2.9 7.0
[Zn(quin)z(HZO)] 56.2 3.3 6.6 56.6 3.3 6.8
[Co(quin) , (bipy)] 64.4 3.6 10.0 64.7 3.6 10.2
[Ni(quinlz(bipy)] 64.4 3.6 10.0 63.9 3.5 9.9
[Mn (quin), (phen) ] 66.3 ° 3.5 9.7 66.0 3.4 9.9
[cO(quin)Z(pheh)J 65.9 3.5 9.6 65.7 3.4. 9.7
[Ni (quin) , (phen) ] 65.9 3.5 9.6 65.7 3.4 9.8
ECu(quin)z(phen)J 65.4 3.4 9.5 64.8. 3.4 9.6
. [2n(quin), (phen)] 65.1 3.4 9.5 64.8 3.4 9.7
" [Mn(quin), (py) ,J 64.6 4.0 10.0. 63.7 3.9 9.9
[co(quin), (py),] '64.2° 3.9 10.0 64.2 3.9 10.2
[Ni (quin), (py),] 64.2 3:9 10.0 63.5 3.9 9.9
[zn(quin], (py)] 61.4 3.5 8.6 61.3 - 3.7 8.9
K[Mn (quin) ;] J2H,0 55.7° 3.4 6.5 55.4 3.8 6.5
K[Co(quin);J.2H,0 55.4 3.4 6.5 54.9 4.2 6.1
K[Ni (quin) 5].2H,0 55.4 3.4 6.5 55.9 4.2 6.3
Na(quinj.lesﬁzo, 54.1 4.1 6.3 53.6 3.7 6.7
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Table 8. Analytical data on the metal 8-=quinolinolate complexes
COmblex | Calculated . | Found -
8C 3K 8N 3¢ sH  aN.
[Mn (0X) , (H,0) , ] 57.0 4.2 7.4 56.9 4.2 7.2
[Co (0X], (H,0) , ] 56.4. 4.2 7.3 56.1 4.2 7.3
[Ni (0X) , (H,0) ,] 56.4 4.2 7.3 56.3 4.3 7.2
[zn (0X], (H,0),] 55.5 4.1 7.2 55.4. 4.1 7.2
[Mn (0X) , ] 63.0 3.5 8.2 62.8 3.7 8.1
[co(0X1,] 62.3 3.5 8.1 61.6 3.6 7.9
[Ni (0X) ,] 62.3 3.5 8.1 61.6 3.5 8.0
a=[Cu (0X) 4] 61.4 3.4 8.0 60.9 3.4 7.8
B«ECu(oxzzj 61.4 3.4 8.0 61.2. 3.4 8.0
[Zn(OXLZJ 61.1 3.4 7.9 60.9 3.9 7.9
[cr (0X) 4] . 66.9 3.8 8.7 66.5 3.9 8.2
[Mn (0X) 5]  66.5 3.7 8.6 66.7 3.7 8.8
[Fe (0X) 4] 66.4- 3.7 8.6 65.6 3.6 8.6
[cé(ox)3] 66.0 .5.7 8.6 65.4 3.6 8.8
[Ga (0x] 5] 64.6 . 3.6 8.4 65.1 3.8 7.8
[Co (0X) , (bipy) ] 66.8 4.0 11.1 66.1 4.0 - 10.9
[N (0X1, (bipy) ] 66.8 4.0 11.1 66.4 4.1 10.7
[CO(OX)Z(phen)] 68.3. 3.8 10.6 : 68.3 3.8 10.8"
[Ni(og)z(phen)J 68.3 3.8 10.6  67.5. 3;9 10.4
[zﬁ(ok)z(phen)] | 67.5 3.8 10.5 67.4- 3.8 10.3

[N (OX) , (py) ,1.H,0 64.3 4.6 10.7 63.6 .4.7 10.3
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Table 9. Analytical data on the substituted 8-quinolinolate
complexes [M(R-OX)Z(HZO)ZJ
M R Calculated Foﬁnd
%C $H &N %C $H 3N

Co 5-C1 47.8 3.1 6.2 48.1 3.1 6.4
Ni 5-C1 | 47.8 3.1 6.2 47.9 3.1 6.5
Zn 5~-C1 47.1 3.1 6.1 46.9 3,0- 6.5
Co 5, 7=di-Cl 41.5 2.3 5.4 41.5 2.3 5.6
Ni 5, 7-di-Cl ' 41.5 2.3 5.4 39.9 2.6 5.3
Zn 5, 7-di-Cl ‘ 41.0 2.3 5.3 40.9 2.2 5.6
Co 5, 7-di-Br 30.9 1.7 4.0 30.9 . 1,7 4.4
Ni. 5, 7<di-Br 30.9 1.7 4.0 30.1 2.0 4.4
Zn 5, 7<di-Br 30.6 1.7 4.0 30.6 1.6 4.3
Mn 5~C1-7-1 30.9 1.7 4.0 30.7 1.5 3.8
Co 5~C1-7-1I - 30.7 1.7 4.0 30.8 1.7 3.7
Ni 5-Cl-7-I | 30.7 1.7 4.0 30.8 1.7 3.9
Zn 5-C1-7-I 30.4 1.7 3.9 30.1 1.6 4.0
Co 2-CH, 61.1 4.6 7.1 61.0 4.7 7.3
Ni 2-CH, 61.1 4.6 7.1 60.9 4.5 7.1
Cu 2-CH, 60.2 4.6 7.0 60.0 4.6 7.2
zn® 2~CH, 60.1 4.5 7.0 60.1 4,5 7.1
Ni 2~CH,-5, 7-di-Br  33.1 2.2 3.9 33.2 2.2 4.2

a monohydrate
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Table 10. Analytical data on the substituted 8¥quinolinolate
complexes [M(RvOX)zj

M R Calculated Found

3C $H &N 8C $H 3
Mn 5-C1l 52.4 2.4 6.8 52.3

Co  5-Cl 51.9 2.4 6.7 51.8 2.4
Ni  5-Cl. 52,0 2.4 6.7- 51.7 _
Cu:  5<Cl 51.4 2.4 6.7~  51.4 2.3
Zn  5-Cl. 51.2 2.4 6.6 50.9 2.3
co 5, 7-di-Cl 44.6 1.7 5.8 44.2 1.7
Ni 5, 7-di-C1l 44.6 1.7 5.8 44.4 1.7
Cu 5, 7-di-Cl 44.2 1.6 5.7 44.2. 1.6
Zn 5, 7-di-Cl 44.0 1.6 5.7 44.0

Mn 5, 7-di-Br. 32.8 1.2 4.3 33.0- 1.3
Co 5, 7-di-Br 32.6 1.2 4.2 32.4 1.4
Ni 5, 7-di-Br 32.6 1.2 4.2 32.9 1.1
Cu 5, 7-di-Br. 32,4 1.2 4.2 32.5

Zn 5, 7-di-Br 32.3 - 1.2 4.2 32.4 1.3
Mn 5-C1-7-I 32.6 . ' 32.3

Co  5-Cl=7-I . 32.4 4.2 32.4

Ni 5-C1l-7-I 32.4 4.2 32.2 1.2
Cu 5-Cl-7-I 32.1 4.2 31,8 1.2
Zn 5-Cl-7-TI 32.1  1.2. 4.1 31,8 .
Mn 2-CH, 64.7 7.6 64.4 4.4
Co 2~CH, 64.0 4.3. 7.5 62.7

Ni 2<CH, 64.0 4.3 ° 7.5 62.7

Cu 2-CH, 63.2. 4.2 7.4 63:4 4
Zn 2=CH, 62.9 7.3 63.1 4.2
Mn 2=CH,-5, 7-di-Br 35.0 1.8 4.1 34.8 1.8
Co 2-CHy=5, 7-di-Br  34.