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ABSTRACT

Forty trivalent metal chelates of 2<-thenoylacetone,
2—thenoyltrifluoroacetone, 2-furoylacetone, 2-furoyltrifluoroacetone.
benzoylacetone, benzoyltrifluoroacetone and nicotinoyltrifluoro-
acetone (where metal(Hl) = Al, Crf Mn, Fe and Co) as well as
some mixed ligand p-diketonate complexes of iron(lH), have
been prepared and their spectroscopic and magnetic properties
have been examined. Among the series of compounds studied,

Al (fbd) Mn(fbd)3, AKtftbd)”, Co(tftbd)3, Cr(tffbd)3,
Mn(tffbd)3, Co(tffbd)3, M(thd)3, M(tfpybd)3 (where M = Al, Cr, Mn,
Fe and Co ), Fe(bzac)2 (tftbd), Fe(tftbd)2(bzac), Fe(fbd)2 (tbd)
and Fe(tbd)~(fbd) have been investigated for the Ffirst time.

The effects of 3-pyridyl, 2-thienyl, 2-furyl, phenyl and
trifluoromethyl substituents have been discussed in relation to
the lowest spin-allowed transition, n3 - m and Nfl-o,

0 and — C— C stretching vibrations. Substitution- of a
methyl group in 2,4-pentanedione - by a furyl ring, and a methyl
group inl-1"furyl )-1,3-butanedione by a trifluoromethyl are
found to strengthen the C---0 and C — C-— C and weaken the
M—0 bonds of the chelate "rings; while the 2-thienyl group shifts

the M-0 and C — 0 to lower, and C---C to higher frequencies. The



phenyl substituent, as expected,, rcren -f en? the M-OVid C___ Q
bonds and weakens the C— O bonds. The most sensitive M-0
stretching modes follow the order CoClll) >A1(TII) > Cr(IXI)

> Mn(Il1l1) > Fe(lll). However, the lowest spin-allowed V™~
transition of the O-ketoenolate anion, although i to be

metal sensitive, does not follow the same trend "f*luoro: iatliyl

group substitution resulted in the bathochromic shift of the

13« x4 Transitions
The ligand field enerc ~,f(ligand), b35 and
9”5 have been calculated anc order of nephelauxetic

effect in the ligands has be

Htffbd > Htbd > Hfbd > Hacac > Hbztfac >

Htftbd > Hbzac > Htfpybd.

While the spectrochemical series of the ligands depicted by the
magnitude of F(ligand) parameter also follow:".the orders

tfpybd” < bztfac” < fbd" < tffbd" < thd" <

< tfthd

reflectance spectra and magnetic properties of these
compounds revealed that they are very similar to the corresponding

tris— (2,4-pentanedionato) metal(111) octahedral complexes.
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CHAPTERI

INTRODUCTION
1.1 General behaviour of f-diketones

h-Diketones participate in tautomeric equilibria where

an apparently pure compound is actually a mixture "of two or
three substances having keto and enol structures (Fig.la)
[1, 23. Generally fi-diketones are weak acids and their pKa
values are given in Table 1. The enolate anion (Fig Ib) has
a five-atom -n-network extending over the two oxygen and the
three non-terminal carbon atoms. Six electrons occupy the
resulting n-type molecular orbitals. The enolate anion will
have a symmetric ~tructure often represented as in
Fig Ib, if R™, R? and R™ are treated as point masses and

and RN are equal. One of the most fascinating features
of the chemistry of this class of compounds is the variety
of ways in which their enolate anions (Fig Ib) can bond to
metallic and or semimetallie atoms or ions, to give
varied molecular structures. Among the metal " -diketonates,
metal acetylacetonates (R"=R2=CH3;R"= H) have received
the greatest attention and can most often be thought of as

prototypes for other p-ketoenolate complexes.



R1 r2 rl
enol

keto

Fig. 1(a) Keto-eno!

Abbreviations

Htbd

Htftbd

Hfbd

Hbzac
Hbztfac

Htfpybd

A

21

r2z rl
enol

tautomerism

ch3

ch3

cf3

CH3

cf3

cf3

Fig. 1(b) B-keto -
enolate anion
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TABLE 1 pK3;s of O-Diketones.

O-Diketone PKa Refere ice
Hexafluoroacctylacetone 4.40 [31
Furoyltrifluoroacetone 5.40 [43
Benzoyltrifluoroacetone 6.20 n 31
Thenoyltrifluoroacetone 6.50 [33
Trifluoroacctylacetone 6-t° [31
Benzoylacetone <9.20 3]
Furoylacetone N e 3 © [4]
Acetylacetone 9.80 [31
Thenoylacetone 10.00 [4]
Dibenzoylmethane 10.30 [4]

Dipivaloylmethane 11.77 [43
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There are four different ways as shown in Fig. 2, in
which a ketoenolate anion may function as a ligand in
bonding to metals and semimetals. Though the most commonly
found coordination [5} is through the two oxygen atoms of the
ligand (Fig# 2a), coordination through the y-carbon atoms
has been established conclusively by X-ray crystallographic
methods for a platinum (1IV) complex [6] and also for a Werner
complex, KPt(acac)2Cl [7] (Fig. 3). Bonding of the metal 1ion
to the carbon-carbon double bond of the Qnol form is not
crystallographically established as yet, but the elegant work
of Lewis and coworkers [7 - 9" has proved beyond doubt that a
platinum(l1l) — olefin bond exists in the acidified Werner
complex, HPtCacacJ™Cl (Fig-4). In general, therefore,
the metals most likely to form carbon bonded complexes are
the second and third row transition elements at the right hand
side of the periodic table with an increased tendency toward
formation in going from the second to the third row transition

elements [I10}#



2*



Fig. U Werner

Complex ;

HPt (acac”

Cl

\/
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The occurrence of oxygen-chelated acetylacetonate
complexes can be appreciated from the fact that such complexes
have been reported for all the main group transition elements
(except Technetium) and lanthanide elements (except Promethium)
as well as numerous main group and actinide elements, various
aspects of this subject have received extensive treatment in
several review articles [11 - 14]; and it is known that when
the coordination number of the metal exceeds twice the charge
on the metal ion, and if the ligands sterically allow it,
polymerisation (or adduct formation of the metal O-ketoenolate
complex occurs* Crystallographic evidence for polymerization
exists for species like [Ni(acae) 3 [153, [CoCacac)™!'™ [163
Fefacac)” [5Q and [ (CH™) "Pt(acac) while there is also
an evidence for polymerization from molecular weight determi-
nations of Mn~cac)”, LnCacac)”, (Ln=lanthanides) [53* Zn(acac)
appears to crystallize as a trimer [14, 15, 18, 193 while
Cr(acac)” [53 as a polymer.

fCr monomeric six-coordinated complexes with trivalent
metals, an octahedral coordination of oxygens about the metal
is expected and it has been confirmed for the structures of

AKacac)” [63» FeCacac)” [203, CrCacac)”™ [213 and Mn(acac>3 223
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The Mntacac)” molecule however, is known from structural
analysis as having two average Mn - 0 bond distances 195pm
and 200pm [239 in a compressed MnO” octahedron compatible
with the predicted Jahn-Teller distortion and consistent with

the electronic spectra.

1.2 Preparative methods of metal g-diketonates

Under the appropriate conditions, the enolic protons

of 1,3-diketones can be replaced &y different metals or their

salts, forming metal derivatives which are characteristic of

the various g-diketones ; ve major preparative methods are

encountered and these aie described below.

) The Fir&t method involves direct reaction of
B-diketones with metal salts. The reaction may

occur in an aqueous solution and, or, in a

non-aqueous medium. The metal salts usually used

N are: acetates, nitrates, oxalates, oxychlorides

and chlorides [24j.

M°+ + nRCOCHSCOR‘ EtOn(95?° > lvl(RCOCHCOR')n +nH+
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In the course of such a reaction, there iIs an increase In
concentration of free acid iIn solution which therefore
makes the reaction come to an equilibrium short of completed

reaction. A pH control is therefore essential for the reaction

jC o 10 co 0lei,lon mi 1 this i1s achi Buffering the
solution. For tills reason, the use acetates 1w
widely reccommended for such orerr™fri as i1lluctrated

in the reactions below.

(@ MCl,, + 2 Hacac + 2NaAc -~ Mn(accac)2 + 2NaCl + 2HAc

() 4lin(acac)2 +KMnCh cac +HAc - 5Mn(acac) 5t KAc + 4H§Q.

(Ac = acetate anion”™Hacac = acetylacetone and HAc - acetic acid)

The pH control could also be achieved by gradually
adding a weak base such as ammonia, however, one must be very
careful to maintain the pH below a critical value otherwise
a metal hydroxide or basic salt might contaminate the product.
Occasionally the controlled addition of ammonia may also
result in high local concentrations which may cause the

precipitation of basic diketone derivatives. The difficulties
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may be avoided by the homogeneous generation of ammonia
(adding urea to the solution and heating) [253 as illustrated

in the preparation of Crtacac)”.
(@ CO(NH2)2 + H?S 2KH3 * con

() crcls3 + 3Hacac + 3\H3 1 Cr(acac)3 + SNH~CI

In aqueous solution, the reaction is usually limited by
insufficient solubilities of many B-diketones, and this may
be overcome by using a mixture of water with ethanol or

dioxane; or by adding the ji-diketone in an alcoholic solution,

acetate) [26]«

(ii) The second method involves a reaction of a soluble
salt of a met" his is very similar to the first method
and the reaction involves the preliminary formation of the
diketone in water by adding the minimum necessary amount of
ammonia or sodium carbonate [273. it is then equivalent to
oarrying out the reaction at a higher pH than by the use of
the @-diketone alone. Under this condition, a number of

substances other than the desired neutral chelate can be formed.
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Among these, are (&) a mixed compound e.g., MchX (ch=0-diketone,
X=halidc, nitrate etc.) [27], resulting from the presence of
insufficient O-diketone in the region of the reaction or to
the formation of usually insoluble compounds, (b) metal
hydroxide or basic chelate, e.g., MchOH [27], or (c) complex
anions, e.g., Mch™- [27] resulting from the presence of excess
O-diketone.

(iii) The third method is the reacttibon of metal carbonyls
with O-diketones. This involves refluxing the appropriate
mononuclear metal carbonyl with the neat O-diketone for two
to four days [28]. This type of reaction is illustrated by
the following general equation:

3
MCCO) | + 3RCOCH,GOR™ -  M(RCOCHCOR') -5 + H, nco

(M = Co, Mo, Cr; R = CH3 or CF3; R« =CH3 or CF3)

(iv) The fourth method involves the reaction of metal salts

of 2-cthylhexanoic acid, naphthenoic and stearic acids with

the O-diketone in suitable organic solvents. The advantages of
these metal salts and particularly of the ethylhexanoates is
their appreciable solubility in organic solvents such as

petroleum ether, benzene, and chloroform. Consequently the
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pH control which is often difficult during synthesis of
metal chelates in water or strongly polar solvents, is no
longer necessary. The metal acetylacetonates are precipitated
in crystalline form, even at room temperature on mixing the
3-diketone with the solution of the metal ethylhexanoate in
benzene or petroleum ether. Iron(111), cobalt(n), cobalt(XIl),
mangonese(1l1), zirconium(V), aluminium(IXl), calcium(ll),
zinc(11) and copper(ll) acetylacetonates have been prepared
by using this procedure [29].

(v) Lastly, the reaction of a 3 diketone with a metal
is usually carried out in an anhydrous inert medium, it has
been used for obtaining derivatives of the alkali metals,
alkaline earth metals, copper (in the presence of air), and
aluminium (as an amalgam).

Apart from the above major categories of preparative
methods, one could easily use an adaptation of any of them
where suitable for the preparation of a particular metal

3-diketonate desired.
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1.3 Infrared Spectra

The infrared spectra of the metal acetylacetonate
compounds have been studied extensively [30 - 40], however,
the band assignments in the infrared have for long bekn a
subject of controversy. These have been so mainly because
most of the bands were assigned purely on “empirical basis.
Usually the bands of interest are those in the spectral range
1600 - 1250cm L and below 500cm™t corresponding to vibrations
of the basic 0-C-C-C-0 skeleton ante the metal - ligand bonds
respectively.

Nakamoto and MarteH 11960) [39]J carried our an appro-
ximate normal coordinate analysis on CuCacac)” in an attempt
to give a detailed description of the character of, among others,
the absorption bands at about 1600 and around 1500cm . They
proposed that the first band should have ™ 75% C=C stretching
character, whilst the latter should correspond mainly to the
C=0 stretching modes. Similar deductions were made by Mikami
and coworkers (1967) [41*], from normal coordinate analysis
of Cutacacjg and Pe(acac)”. However, Behnke and Nakamoto
[42] recommended from the normal coordinate analysis of

PtiCncacjCI”™ and some of its deuterated analogues, a change in these
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assignments. The vibrations corresponding to the absorption
band of the highest frequency (in the region 1600 - 1250cm- I)
were attributed to pure C=0 stretching modes, Muss g

junge [43, 44~ from observations of frequency shifts following
isotopic substitution in relevant places with 13C and 180, also
supported this new change in assignment. Table 2 shows an
agreement between the assignments by Behnke and Nakamoto [421

and those of Junge and Musso [43, 44].

TABLE 2, Assignment of vibrational frequencies (cm ) of metal

acetylncetonates (1600 - 1200 Cm-1 ).

Behnke and Nakamoto[42] Junge and Musso[43,447] Assignment
1578 1580 Mainly vaSC———O
152+ 1530 Mainly \>,SC-C-C
1 | s

97 1390 Ve ct——0
1354 &CH-

1231 1280 V. C~—GC*—cC
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Prom the IR spectra of most metal O-ketoenolate complexes,
M(RCOCHCOR*)n (where R ch3, cbh5, c4h3s, c4h3o0, cbhdn, cf3=r>),
it is observed that some bands are shifted while others are
least affected by changing the metal ion. Bands' not sensitive

to metals are:

CH3 degenerate deformation; (1415 - 1385cm™1)
CH3 symmetric deformation ; (1370 - 1356cm”’1)
C - H rocking * ~n3Ff1028 - 1020cm 1)
C - R; (937 - 930cnft N y (800 - 770cm” ~)

Bands between 1600 and 1400 cm-1 and 700 - 400 cm-1
are found to be sensitive to the nature of the metal while the
spectra of the low frequency region < 6OOcm-1 are found to
be very helpful in studying the substitution effects.

Qelford and coworkers [35] have studied the effect of
substitution cf CF3, 0C2H5, N(C2H5)2 for the CH3 groups of
CuCacac)”™ while Dryden and Winston [45] have discussed the
relation between C=0 stretching frequency and the electronic
effect of the substituents. Nakamoto and coworkers [46] have
found that substitution of CF3 for CH3 causes marked shifts

of the C~— 0 and C---C stretching bands to higher frequencies
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and of the H-0 stretching bands to a lower frequency. These
results indicate that the strong positive inductive effect
of the CF~ group strengthens the former two bonds and weakens
the M-0 bond. They have also suggested from the infrared
spectra that whereas the CF~ weakens the M-0 bond, phenyl
group substitution strengthens the M-0 bond slightly. The
principal electronic effects considered were mesomeric interac-
tions of the phenyl group with the semi-aromatic metal chelate
ring. This result is however contradictory to that of an
ESR study by Kuska and Roger

For octahedral coordinatiion in the first row transition
metal 3-diketonates, the M-0 stretching modes are known [48] to
exhibit a variation with the d-orbital population similar
to that shown by thermodynamic properties particularly since
the masses coordinated ions do not markedly differ. In
their studies, Hancock and Thornton [48] found the following

order of M-0 stretching frequences;

Sc < T1 <V<Cr >Mn > Fe < Co

This order is iIn agreement with the crystal field stabilization

(CFSE) data [49]. Moreover it is also known that the CFSE is a
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function of the magnitude of I0Dq [49] and the mode of occupa-
tion of the t g and % orbitals. The majority of octahedral
complexes of 3d4 - &] are spin-free except for Co(Ill)

which is invariably spin-paired. Therefore considering a hypothe-
tically complete series of complexes of all ovalent ions

r
with 3d° — 3d ~ configuration, in which the 3** - 3d 1ions are

spin-free, the calculated CFSE’'s follow the order:

d°<da<d2<d3>d4>d5<d7<d8>d 9>d
The most sensitive M-L stretching modes of the majority of
transition metal(1l1) and -/CCll) complexes exhibit this order
except where Jahn-Teller distortion leads to additional
stabilization [50].

Among the first row trivalent transition metals, Mn(lll)
is unigue with respect to Jahn-Teller distortion. Diffraction
studies [255\%Aé the complexity of the far - infrared spectrum
[40] have been cited as evidence of tetragonal structure,
Hancock and Thornton [48] studying acetylacetonates, benzoylace-
tonates, dibenzoylmethanates, trifluoroacetylacetonates and
dipivaloymethanates of the ions, Sc (ill), V(ni), CrdlIl),

Mn(11l), Fe(lll) and Co(lll), observed additional bands in the
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m-o stretching region occurring in the enectra of Mn(acac)-,
MnCdbra)J and Mn(bzac)J but not in those of Mn(dpm)W and
Mn(tfacac)They explained this observation by suggesting
that, either these latter complexes are not distorted or that
there may be a coincidence of the lower frequency band with
some other bands in the spectrum.

Nnkamoto et al. E46J also proposed that a band occurring
near 450cn™ 1is attributed to M-0 stretching vibration; and the
force constants they obtained for the various acetylacetonates

(1:3 complex) indicate the following sequence:
Co(1l1D) > Cr(1ID) > Fe(1ID) > Mn(XID).

Once again the position of Mn(11l) in the sequence indicates
an appreciable distortion in the Mn(acac)” complex. Further
evidence of the jahn-Teller effect in manganic acetylacetonate

based on IR data has been reported by Forman and Orgel [40J.

1*4 Electronic Spectra

Electronic transitions may occur in ultraviolet and or
visible and near infrared region of the electromagnetic
spectrum. Visible spectroscopy is limited to chelates of the

transition metal ions, the lanthanides and the actinides. The
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bands observed in the visible region are mainly the crystal
field bands and depend mainly on the donor atoms of the ligands
and on the metal ion under consideration. There are”“two types
of crystal field transitions viz, the more intense spin-allowed
transitions and the lower intensity spin-forbidden transitions,
which usually appear as shoulders on the spin-allowed
transitions. Ultraviolet spectroscopy IS also one of the
usual tools in structural determinations of all chelates since
they all absorb in this region. The ultraviolet spectrum is
more complicated and consists of electronic transitions between
the ligand and the metal or vice versa (charge transfer), and
also transitions within the ligand itself which are usually
tt-* Nn* n-*rr*, n-*a*ora-, o* transitions.

The theoretical and experimental investigations of
9-ketoenolafce complexes in the near ultraviolet region have
been reviewed by Fackler . Several calculations like the
Huckel [35, 51 - 533 and self-consistent field [53, 54J types
have been done on the acetylacetonate ion Tt-structure, These
have led to the placement of five molecular w levels (Fig. 5),
with the general agreement that the lowest spin-allowed

1
transition, w3 =* lies in the 30,000 - 37,000cm™ region.
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The second spin-allowed transition, less firmly placed,
is in the 50,000Cm-1 region. Ogden and Selbin [55] observed
that on replacing the proton of the enol form of a
O-ketoenolate with sodium ion, the transition is shifted
to a lower energy. This has been attributed to the equivalence
of the metal - oxygen bonds in the chelate ring [56] and also
to the electrostatic effect of the cation [57], Many authors
[53, 56 - 61] have observed a band in the region 20,000 -
25,OOOcm'1 in most acetylacetonate complexes; and have suggested
that it may possibly arise from an n w* or w “mn* spin-
forbidden transition within the ligand. As a result of
phosphorescent and absorption spectra investigations carried
out on a number of 9-diketone complexes, Ogden and Selbin [55]
firmly assigned this band in the 20,000 - 25,000cm- I region
as the spin-forbidden intraligand « - w* transition i.e., prima-
rily singlet - triplet within the ligand or doublet-quartet
within thel complex.

\Jb st ketoenelate complexes of transition metal ions
also exhibit a band in the 25,000 - 28,000cm'l region. This
band has variously been assigned to (i) d-d [62 - 64];

(i) w— w* or n - w* singlet-triplet intraligand transitions



[54, 603 and (iii) metal-to-lignnd (3d - n*) transition
[51, 52, 65].

The spectral region 27,000 - 33,OOOcm-{-representS the
lowest spin-allowed transition - rt*. This kyul is very
sensitive to the metal-ion nucleus and may move to higher
or lower energy with respect to the enolate anion. It has
been shown [66J to move to a higher energy when the dn orbitals
lie between o and levels thereby inerkasing the rp-interac-
ticn(drh-p-n) = Furthermore, the transition may be split into
several components resulting from a splitting of the excited
state bv configurational interaction or by the symmetry of the
atomic orbitals which are combined in the complex.

Phenyl substituted ligands show bands in the 36,000 -
41,000cm’™ region and may be attributed to the primary bands
in benzene rtsystem [55, 66] . other aromatic group substitutions
e.g. pyridyl substituted ligands have been shown [67] to behave
in a similar manner as phenyl substituted ligands.

The ligand field transitions depend immensely on tho
spectroscopic term of the metal ion and the magnitude of the

ligand field strength of the coordinating ligand.



A survey of the published spectra of chromium(lIl)
complexes [56, 68 - 76j show that, there are usually three
strong and intense absorptions around, 17,5OOCm-1; 23,000om-
and 30,5000m_l# This is in accordance with a 4F ground state
and 4p lowest excited state of a 3d3 configuration. The
first band in the neighbourhood of 17,500cm is considered
as a direct measure of the crystal fTield splitting energy
parameter 10Dg, In solution however, %some of these bands
appear highly perturbed.

There are several reports [56, 60, 77-80] appearing in
the literature concerni e spectra of six-coordinate,
high—spin, manganese(lll1) complexes and some tentative
assignments have been proposed. Several other workers [56, 60,
78, 79] have interpreted their results in terms of an octahe-
dral model and® have assigned the absorption at ~ 20,OOOcm-1

as the only spin-allowed crystal field transition, 5Eg-4 5T

2g*
Nyholm ~t al. [81] have observed splitting of the band near
22,000cm'1 with a separation of 2,600cm'1 . This splitting

has been attributed to the Jahn-Teller distortion of the ng

excited state, i.e., to the transitions 5BA - 5829 and

58\9 J‘5EA« Similar assignments have also been made by



Dingle [82], and Fackler and Chnwla [83], Furthermore,
Dingle [SO] has studied the spectra of manganesetlll) ion in
a variety of molecular environments in which two regions of
absorptions are observed. One near 20,000cm"'l and the other
in the region, 5,000 - 15,OOOCm-1 The higher energy absorp-
tion is accounted for by the transition > 5T’\g or "ts
components in one or other lower symmetry groups. The lowering
of the symmetry could account for the”ppearance of multiple
absorption maxima in some spectra3 r

Crystal field transitions iron(l111) complexes occur
from the ground term 6 to higher quartet and doublet terms,
The solution spectrum c¥ Fe(acac)” in acetone shows four bands
in the near infrare nd visible regions at 9,760 (0,45),
13,160 (0,70)] 23,120 (3250) and 28,4locm-_1~ (3420) (extinction
coefficient in parenthesis) T20, 60], Piper and Carlin [60]
also studied a pure orthorhombic crystal at 77K and observed
that >ectrum displays absorption bands at 9,300 and
12,940 cm_1 which they assigned to the 6 t 4 and 6 A +#
4T29 transltions respectively. In chloroform, two weak

spin-forbidden bands were observed at 13,800 (725nm) and

10,256¢cm ~ (975nm) [56] and these were assigned to the A



and the Ai transitions respectively. However, there
was in addition, a band at 23,200cm'1 (431nm) whose origin

was unknown and consequently no assignment was proposed.
Mathews [84], studying the absorption spectrum of tris(thenoyl-
trifluoroacetonate) iron(ill) reported a similar band occuring
at 23,800cm  and..assigned..it.to the Aig - \E&&~AIQ(G)
transition. This assignment was confirmed by a recent study
carried out by Tgndcn and Gupta [85] on Fe™O~.

Crystal field absorption spectra of cobalt(ill) complexes
consist of transitions from thé v ground state to higher
singlet upper states. Singh ana Sahai [75] have assigned
(this singlet - singlet) transition AIg T?g to the
25,0000m-1 band observed for Co(acac)” in chloroform solution.
In addition to this, they also observed two weak shoulders
lying at 12,500cm :% A%\ %r T~) and at 9,090cm :% A%A ik ]
These transitions have extinction coefficient < 1.

Aluminium(l1l) complexes are diamagnetic and basically
not being a transition metal, do not show any d-d transitions.
Most of the tris(ketoenolate)aluminium(l11l) complexes known
[75] only exhibit transitions typical of the ligand. Thus most

of the electronic transitions reported in aluminium(l1l) comp-

lexes occur in the ultraviolet region.
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1.5 Magnetic properties

In a hypothetical manner, one can assume the formation
of a coordination compound to occur by first, the metal
losing electrons, the number being equal to the oxT on
state of the cation so formed. This is then followed by the
hybridization of the appropriate orbitals on~he metal ion so
as to facilitate their occupation by electron pairs from
the coordinated groups. The disposition of these groups and
the hybridized orbitals which they use, define the stereochemis-
try of the molecule. Consequently the non-bonding electrons
of the metal ion, which are assumed to be of secondary
importance, as far as bonding is concerned, are then arranged
in accordance with Hund"s rule: "that the most stable arrange-
ment is one with the maximum number of unpaired electrons"
in whatever orbitals remain. These unpaired electrons are
in turn associated with paramagnetism of the metal ion.

The study of magnetic properties therefore, can yield
valuable information about the bonding and stereochemistry
of these transition metal complexes.

According to the theory of Bose-Stoner which was extended

by Van Vleck [86j , the magnetic moment u ~.f of a paramagnetic
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material should lie between /"SfS+1) and /74S(S+1) + L(L+1)
(where S = sum of the spin quantum numbers, s”, for
individual electrons and L = orbital angular momentum®"~
quantum number of the ion), in other words, u,.:&-hould lie

between the Rexo and n values. The assumptiibdf~is made

S+t

for the first row transition elements that the hultiplet
widths are small compared to kT (where k is the Boltzmann
constant and T is the room temperature), whence the "spin-only"
formula results providing L=0, or the L(L+1) contribution Iis
almost completely suppressed,. in cases where the moment
exceeds gs_ ) value, it is presumed that this is due to the
presence of a finite value of L, i1.e., of an "torbital
contribution"e

Orbital angular momentum in d-orbital systems is as a
result of thf ability to carry an electron in one d-orbital
into another equivalent and degenerate d-orbital by a rotation.
However, there must not be an electron with the same spin in
the second d orbital. By considering how the ground terms

of metal ions in octahedral ligand field strengths are most

nearly described by tj?e™ ( =0 - 6, m = 0 - 4) configurations,



we may readily find those systems for which all orbital angular
momentum has been destroyed. The e™ configurations do not
contribute to the angular momentum. The only t~ configun-
tions (apart from t%) for it is not Possible to make
the required transformations of d orbitals are t? (since there
. , - 0 v i,
is no equivalent, degenerate position of thex y spin as
any of the three electrons). A similar situation is encountered
for tgr configuration. The orbital degeneracies of the
terms to which the configurrations * € 331 and t6 el
2979 2979

correspond are unity or two. Orbital angular momentum is
destroyed for A and E ground terms. Conversely for AA, t;.

5 _ <A~ i} _
and t,, the orbital transformations can take place. Configura-
tions of the type t3 em , th e™ and t) em which lead to

2979V’ 2979 299

T terms, are asso.c”.ted with orbital angular momentum. Orbital
angular momentum remains with T terms. The position is
summarised in ®able 3.

Tai also shows magnetic moments at 300K and at 80K
of ~r~yalent metal ions of the first row transition elements
that possess A or E ground terms. When there is no orbital

angular momentum associated with the ground term, there can
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TABLE 3, Ground terras for which orbital angular

momentum is or is not Quenched, (octahedral

Complexes)e
No. of d Free-ion Nearest tg em
electrons ground term g9

configuration

contribu-
tion
exDected



be no spin-orbit coupling splitting of the term. SueA
systems may be expected to have no energy levels separated
from the ground levels by ~ KT. It is therefore predicted
that octahedral complexes giving rise to A or E ground

terms should have magnetic moments close to the spin-only
value, and independent of temperature. Since orbital angular
momentum remains in T terms, state Separations of the order
of kT may occur and consequently, the magnetic moments of
transition metal complexes with T terms may depart from the
spin-only value and depend on temperature”™ Representative
values are given in Table 5. Here, it is observed that the
magnetic moments of compounds with T ground terms depart from
the spin-only vé?ug, and vary with temperature more than do

those with d E terms.
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TABLE 5f Magnetic moments at 300

No. of d

electrons

possess T ground terms.

Compouna ion

_ S 3+
CsTl(SO¢)2,12h20 Ti
(NH4)HV(S04)2. v3+

12h80
3+
K3Mn (CN>6 Mn
I<3Fe (CN) 6 2>t
3+
K3CoF3

and 60 K of trivalent

Ground
Ferm

ions of the first row transition elements that

[87]1-

W p{8.M.)
%§BOK 80k

1.8

3.2

2.4

5.5

1.5

2.7

3.1

2.2

5.2

meta

43FF-00)
(B8.M.)

1.73

2.7

2.83
1.73

4.90

UefT

(B-M.)
300K
1.9

2.7

3.6

2.5

5.6

80K

1.2

1.4-1.7

2.9

2.0
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Occasionally, the magnetic moments of complexes with
A and E ground terms differ appreciably from the spin-only
value. The effect is most noticeable toward the right-hand
side of the transition series. This is so because, on
account of spin-orbit coupling, the "quenching” of orbital
angular momentum by the ligand field can never be complete.
By coupling the orbital angular momentum toi the spin, the
spin-orbit coupling prevents the perfect separation of orbitals
on the basis of their orbital angular momentum. Taking spin-
orbit coupling into account in A and E ground terms systems,

the moment is given by

4\/i0d ) for A terms,
q

~eff. «“ ~eff/ 5'05 (1 “« 25\10Dq1 for Eg terms
%

ueff. “ ueff.CS*°*

(where 10Dq is the energy separating the interacting terms,
and \ is t in-orbit coupling constant for the terms
involve*

Thus for a high-spin manganese(l11) octahedral complex,
the ground term is ~EN from the term of the free ion, and *©
the magnetic moment will lie below the spin-only value

(4,90 B.M.) by the factor (1 - 2Vlqu) and should be indepen-
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dent of temperature. For hexa-aguomang8nese(m) ion the
value of 1ODq has been reported as 21,000cm [801. The

. B -1
substitution of the values of « = 2, X = 88cm and 10D =
q

21,000cm"1 in Ueff « 4.90 (1 - 2*/10d ) will lead to
s 4.86 B.M. Spin-free manganese(l11) complexes usually
have mangetic moments in the range 4.85 - 5.10 B.M. [88j.

Table 6 gives a summary of the magnetic moment values
at room temperature of some tris(g-ketoenolate) metal(ill)
complexes of first row transition metals® The variable
temperature susceptibility of Mn(aeac)* [89} in the temperature
region (300 - 17k) shows that the room temperature magnetic
moment is 4.98 B.M., and the Cuirie - Weiss law holds down to
80k with « = 5.5~. Below 80K susceptibility rises more
rapidly than by the Curie-Weiss law.

Chromium(lll) in an environment of octahedral symmetry
has a 29 ground term and the degeneracy of this level is
not, in the first approximation, affected by the detailed
nature of the ligand field. The magnetic moment is expected
to be reduced below the spin-only value for three unpaired

41/

electrons by the term (@ - 10D )= However, the spin-orbit

coupling constant of Cril+ is small (A= 91cm 1), and the
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reduction in moment should be small - some 2%. This difference
between the spin only and anticipated moments is not outside
the inaccuracy of many of the measurements that have been
made [903»

The susceptibility of the Fe(tftbd)” and Fe(dbm)” comple-
xos have been measured at several temperatures in the region
86K to room temperature [84]_  The susceptibility values for
Fetdbn)” complex were found [84" obey the Curie law while
those for the Fe(tftbd)® complex obeyed the Curie-Weiss law
with = 32 .

Except for a few compounds of cobalt(l11)f the comolexes
of trivalent cobalt are of the low-spin type (t"g) and have
a small positive susceptibility of the order of 100x10 ~c.g.s.
mol_la In oltahedral spin-paired cobaltic complexes the B
term of the t%A set lies lowest and here the second order

Zeeman effect accounts for the small paramagnetism usually

observed in these complexes.
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TABLE 6. Room temperature magnetic moments for

some tris (g-ketoenolate)

T*etal{l11)

complexes of Ffirst row transition metals T
2

Compound

Cr(acac)
Mn(acac) 3
Mn (tFtbd)”
FeCacac)3
Fe(tfacac)3
Fe(tftbd)
Fe(dbm)3
Fe(bzac) 3

Fe(bstfac)3

Ueff_(B.M.)

3,86
4.89
6.16
5.97

5.96

T.K,

] I
295

293
291
300

300

Referenc

[903
[90]1
[o1]
[92]
[92]
[84]
[84]
[92]
[92]
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1,6 Applications of 3-diketones

Possible applications of O-diketo
chelates exist in the areas of liquid organometal
NMR shift reagents, unusual phosphors, catalysts for
polymerization and extractants for most metals (i.e,, in metal
analysis and in most analytical procedures)

Metal analysis. The coordinating ability of 3-diketones
to several metals makes it possible fob their uses as
extractants in trace After extraction,
the metal constituent _ , sitatively by
spectrophotometric methods or qualitatively by identification
of the metal (O-diketone) by GC-MS technique. De, Khopkar
and Chalmers [93J have given a review on this subject which
includes some optimum conditions for extraction of some
typical metals using O-diketone systems. This is summarised
in Table 7. Although several types of ligands have been
examxned, the fluorinated 1,3- diketone, Htfacac, is most
often used iIn quantitative analysis. Chromium has been analy-
sed in biological systems as Cr(tfacac)” f94] and beryllium

measured in air as BeCtfacac)”™ [94], The identity of the
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eluted Cr(tfacac)”™ or BeCtfacac)”™ is confirmed by GC-MS. The
lovZer limit of detection is of the order of 1x10_129 of
beryllium. Terlouw and Heerma [95] have also used 2-thenoyl-
trifluoroacetone for the determination of some transition
metals (Zn, Ni, Cr) at the nanogram level, using mass
spectroraetric techniques. Quantitative gas chromatographic
schemes also exist for the determination of beryllium in
blood, urine and tissue; chromium in serum; aluminium in
uranium; aluminium, gallium and indium in aqueous solution;
iron in ore; chromium in steel; titanium In bauxite;
aluminium, 1iron, copper in alloys: uranium, tungsten and
molybdenum in alloys and ores, etc., [96], All these are
extracted in the form of 8-diketonate chelates.

Electron capture gas chromatography has also been used
to analyse ultratrace quantities of metals as 1,3-diketonates,
M(RCOCHCOR¥)n (where M = Be(1l1), Cr(l1l), Fe(11l), Ni(ll),
CudlD), Y(1ID, AI{IID); R=R* =CH, or CF ; n=2 or 3) in
aqueous solutions [97, 98, 99], in biological fluids [96]
and Be(ll) in polluted air [94]. The ECGC has also been

further developed by Sievers et al. [100, 101] to the extent
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that it has become the most rapid and sensitive method for the
ultratrace analysis for Be(ll) and er(11l) in terrestrial,
meteoritic and in lunar rock and dust samples. Infact,
samples returned from the Apollo 11, 12, 14 and 15 sites were
analysed using the ECGC method [100].

Organometallic lasers. The principle of stimulation of
emission from metastable states has led to the rapid develop-
ment of powerful light sources which get their name from
the process of Light Amplification by the Stimulated Emission
of Radiation (LASER). The first laser action of metal
3-dikctonates was reported by Lempicki and coworkers
[102 — 105], They found that tris(benzoylacetonate) europium
(111) dissolved n a mixture of methanol - etnanol (3:1)
exhibits laser oscillations when subjected to high-energy
flashes, if the solution is contained in an optical cavity of
temperatures < 140K. The laser radiation at 612.9nm shows
the usual relaxation oscillations and line narrowing associated
with stimulated emission. Laser activity of the adduct of the
europium tris-benzoylacetone with one molecule of benzoylacetone
and one molecule of piperidine, Eu(bzac)”.HP (where HP =

piperidine) in methanol - ethanol mixtures, has also been
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demonstrated [102 - 105], in all cases, a characteristic
intense Eu™+ red luminescence (consisting of two strong lines
in the 613.0 and 614.0nm region) has been observed.

NMR shift-reagents, in 1969, Hinckley [106] noticed
that on adding the pyridine adduct of europium(lll) tris-
dipivaloylmethanate, Eu(dpm)”~, to a carbon tetrachloride
solution of cholesterol, characteristic selective downfield
shifts iIn the spectrum of the steroid took place. The
europium complex was therefore called a ''shift reagent'.
Potential uses of shift reagents in the assignments of 13C
NMR spectra [107] have now been inade. For example, lanthanide
chelates of optically active camphor derivatives produce
different shifts in racemic solutions of optically -five
compounds, thereby allowing measurements of optical purity
of NMR.

Lastly,t search for new complex forming reagents
suitablgN~pr chromatography, Gil-Av and Sehurig [10b]
prepared a series of Rh(1)(C0)2 (RCOCHCORe=)(where, RCQCHCOR"

anion & acac, tfacac, hfacac) and studied the separation of

twenty—seven CE - CB n-alkenes.
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Optimum conditions for extraction

of metals using P-diketone systems

Metal

AX(XTT)

Be(11)

cr(iin

Cudlb)

Eu(ll)
Fe(ll11)

Pd(ll)

v
Mn (1)

p-Diketone

Hacac

Htfacac

Hdbm
Htftbd

Hbzac
Hacac
Htfacac
Htftbd
Htfacac
Htftbd
Htftbd
Hacac
Htftbd
Hacac

Hb

Hdbm
Hacac

Htftbd

Hacac

Hacac
Htftbd

Solvent

Chloroform

Carbon tet—
rachlorlde

benzene

hexane

benzene
Chloroform
Chloroform
benzene
chloroform
benzene
benzene
benzene
I1BMK
benzene

any org.
solvent

benzene
benzene

acetone-
benzene

any organic
solvent

chloroform

acetone-
benzene

[931,

£H

7.5-9.5

0O
5-10

5,5

6.0
6.0

2.4 -6

2-5
5.5

2.5-7.0

2-7

3-6

5.5-8.0

0-8
2.0

6.7-8.0

Mode of

GLC
Mass spec.

Spectrophotome-
trie at 350nm

GLC
UV at 295nm
ECGC
GC-MS
GC-MS
Mass spec.
Mass spec.
visible, 570nm
Fluorimetry

vis, 440nm

vis, 420-440nm
vis, 410nm

Polarography

Colorimetric/Mnss

spec.

Polarography

vis, 450nm

vis, 420nm
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1.7 Aim of the Work

Though various metal £>-diketonates have been reported
in the literature, no systematic studies have been made in
understanding the effect of variation of metals in a
particular oxidation state with specific ~-diketones.
Moreover, it would also be of interest to exai the relative
effects of different (Vdiketones on the same metal ion;
and effects if any, of the various substituents in the
A-diketonates on their spectra and magnetic properties. To
this end we have selected some trivalent metals of the
first row transition metals M (I11l) = Cr, Mn, Fe, Co; and

AL(111) (non-transition metal), using the following ligands.

() 2 - Thenoyltrifluoroacetone
(ii) 2 - Thenoylacetone
- Furoyltrifluoroacetone
<iV) 2 - Furcylacetone

(v) Benzoyltrifluoroacetone
(vi) Benzoylacetone
(vii) Nicotinoyltrifluoroacetone
In this work, the complexes are characterized by study-

ing electronic spectra (reflectance and solution), infrared
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spectra and magnetic properties.

Furthermore tris-iron chelates of mixed ligands
comprising the above group of jVdiketones will be examined
in order to compare their competitive coordinating abilities,

There is no reason why using the above techniques, the
effects of the substituents within and among the several

>»diketonates should not be studied extensively.
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CHAPTER 2

THEORETICAL

2,1 Electronic spectra T66, 69, 901

To a first approximation each of several slactroos in a
partly filled shell may be assigned its own >F one-
electron quantum numbers, n, 1, and S»NAS* There are
always fairly strong interactions among these electrons
which make this approximation unrealistic. |In general the
nature of these iInteractions is not easy to describe but the
behaviour of each real atom often approximates closely to a
limiting situation called the L-S or Russell-Saunders
coupling scheme. This limiting situation is encountered
when we have,

spin—spin coupling > orbit-orbit coupling > srin-orbit coupling
SI S2 St 1n

This situation is found to apply to the lighter elements up
to the*end of the first transition series, and tj the lower
energy levels of the heavier elements.

For the Russell-Saunders coupling scheme, the quantum

numbers necessary to specify the individual electrons are
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derived from those of the individual electrons in the following
way. capital letters are used to denote the quantum numbers
of the entire atom, but the meaning of the symbols

exactly ns for the single electron quantum numbers,

_ - - _ L - maximum value of M ,@ .1
Ti X*011; A - @-1
i
H a )u\. ; S = maximum value of M- ----Q.2)
1 Cv>
The summation over i covers all tfie electrons in the filled
shell. Also the quantum number®equivalent to j and m\s

may be referred to,

M, = Mti + M@I J xitcum value of H‘J .3)

Energy levels ;f an atom (or free ion) are specified
by the above quantum numbers. Due to the combined action of
the mutual repulsions between the electrons in the shell and
the Pauli exclusion principle, the degenerate set of energy
IcvelotHiat corresponds to a partially filled shell of electrons
is split into a number of sets of energy levels, which are
called "terms". Terms are specified by two of the above

quantum numbers, total spin and the total angular momenta,
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3 and L* The system of nomenclature used is,

2S + 1

where the quantity (2S+1) is the spin multiplicity and L

given as a capital letter according to the following symbols:

L : 0 1 2 3

Term symbol €S p D F

J, the total angular momentum quantum number, J then has
the value L-S if the electron shell is less than half-full;
and L + S if it is more than half-full. If it is half-full
and S has the maximum value, L must be zero and J = S, For
convenience, the states which may arise by Russell - Saunders

coup"* “ all dn configurations are listed in Table 8,
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TABLE 8. States for o systems in

Russell-Saunders coupling.

d . d O
¢, d° “(S,D,6) G.F> A
43, 87 2 D) (PFD,F,G,H)  "(P»F)

d4, dé6  1(S,D,G) 3®,ky '¥:in,r,,, D 3@.d,f,g,h) 5{d)

d5 2(D) 2(PfD,F,G,H) ?\C 3 z(S,DtFrG,I) 4 (DTG) 6 (5
d,lO’ q° 1,(3)
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On deciding the ground state term for a particular d
system, we invoke the Hund®s rules
(i) The ground state term always has maximum
multiplicity.

(ii) When comparing two states of the s pin
multiplicity, the state with the higher value
of L is usually more stable,

(iii) J then has the value L - S if the electron
shell is less than half-full and L+S if it is
more than half-full,
For example the d2 configuration has 3F as the term symbol

with 1DF

P, 1G and 18 as higher terms (Fig, 6). The ground
state symbol is F and it is split by spin-orbit coupling into
3FSJ QF— and EYE states, of which the first is the lowest and
the ;e between successive pairs are 3\ and 4X
respectively <E(JfJ+l) =

a magnetic Tield, spectroscopic states are split again
to give (2J+1) levels, each separated by g?H where g is the

Lande splitting factor for the given system, P the Bohr

magneton and H the field strength. This is the Ffirst order
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singlet

Configuration Spin slates Terms from Il Multiplets Magnetic
ss coupling coupling from Is field H
coupling

Fig. 6. Splitting of the states of a gaseous d2
configuration- (not to scale)
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Zeeman effect. The g factor is given by the expression,

S(s+1) + J@A+1) - L+ 0 (2.9
23{3+1D)

and is a number of the ord;*~ of unity.

In a strong cubic octahedral field, the F ground state
and 4P lowest excited state of chromium(lll% ion split
according to the energy level diagram shown in Fig.7. From
this energy level diagram, the following electronic transi-

tions are possible:

4 4 BAND(I)
X T V F>
BAND(I 1)
4 BAND(II1
1g<4p> arm
Mangonese(lll) term 5D and in an octahedral

setting , the orbital degeneracy is partially removed and the

ground term is split Into a lower, doubly-degenerate '"E

_ i 5
and a higher, triply-degenerate states. Consequently,
the only single spin-allowed d-d transition (5Eg «<5T29) is

expected in the visible region. Crystal field theory predicts
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that large distortions from octahedral symmetry should occur
for such a configuration. Jahn-Teller effect therefore, will
lead to a further splitting of the E9 and Tﬂg states, so that
even In a complex with six equivalent donor atoms.

regular octahedron configuration is not expected. Rather,
one in which the octahedron is elongated or compressed along
one of the four-fold axes to give a tetragomally distorted
system, is encountered. Assuming an axially elongated octa-
hedral configuration, the energy level diagram shown in

Fig. S is expected. Thus thre& jible or near infrared
absorption bands are expected, corresponding to the

transitions:

% - Aig
%
y 9 -
_ 5e
alg - g

If distortion by compression or flattening is assumed, a
reversed energy level is expected. Fig. 9 shows this type
of splittings in manganese(ll11) complexes with octahedral,

trigonal, tetragonal and rhombic geometries.
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5
g
lon Octahedral Weak tetragonal Strong tetragonal
field field (Axial elon- field (sguare pla

gation)

Fig. &, A simplified energy Ilevel diagram of Mn3
ion showing tetragonal distortions.
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SA

trigonal (D3), tetragonal (Dz,h) and rhombic {Q)

geometries
levels in

(The
@ .

relative ordering of some of the
D/,h. and C2 symmetries will

depend on the specific structure present)
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Iron(11l) 1ion has a t;ges electronic configuration

which gives rise to only one sextet term in the frees ion,

g
i,c., S, as well as many quartet and doublet terms (Fig.10).

The transitions possible (although spin-forbidden) are:



75.

Fig. 10- Splitting of the ion in the presence
of octahedral field (eg. Fe3+; Mn?+)
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The visible absorption spectra of cobalt(lll)
complexes may be expected to consist of transitions from

ground state to other singlet states. Although- the
entire energy level pattern for cobaltCm) 1ion is not
known iIn detail, the two absorption bands usually found in
the visible spectra of regular octahedral cobalt(lll)
complexes represent transitions to the upper singlet

1 1
states and 1T A-
g 29 ( Ig

| w \- TZX,>

9
Selection rules: For a ition to give an optical

absorption, AS=0. Transitions for which AS ~ 0 are said to be
spin—forbidden. Other transitions which involve redistribu-
tion of electrons in a single quantum shell {e.g., d =*d,

p *p, e.t.c.,) are Orbitally forbidden (Laporte rule). For
an orbitally allowed transition, AL =« + 1. Transitions of

the type g * g and u » u are described as being parity for-
bidde] > example in an octahedral complex, there are a
number of normal modes of vibrations, some of which are anti-
symmetric with respect to the inversion centre (U - type
vibrations). On mixing the vibrational and electronic

parts of the wave function (so-called vibronic coupling), the
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ground term may become mixed with a g-type vibration and the
excited term with a u-type vibration. The transition instead
of being g — g becomes partly g ®*u and is therefore allowed.

Finally there is the phenomenon known as "intensity
stealing”. When a ligand field transition Recurs close to a
charge—transfer band, its intensity often increases markedly.
This i1s believed to be due to mixing”™ h e electronic wave
functions of the forbidden excited term with the allowed
level, resulting in electron! nsitions to the excited
term becoming more allowed. This gaining of intensity
decreases rapidly as the separation between the allowed and
forbidden bands increases.

The laxity of the Laporte rule coupled with the "intensity
stealing" phenomenon, make it possible for most d *d
transitions and spin-forbidden transitions to be observed in

the spoctra of most transition complexes.

2.2 Magnetochemistry [66, 69, 87, 90, 109]
Magnetochemical measurements are associated with the
presence of paramagnetism, which in turn, may be related to the

presence of unpaired electrons on the metal ion.
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Magnetic susceptibility is defined in the following

way. If a substance is placed in a magnetic field of

[13 113 113 113 N

B = H + ---- (.5
i 4
to ?s reaglly related to the ?ntens?ty of magnetization |1
of the body. Then,
B = H + 4d 2.6)

The ratio B/H, called the magnetic permeability of the

material is given by,

B/H = 1 + 4rt(I/H)

"SVj + 44K .. @.D

where K is called the magnetic susceptibility per unit volume.
In practice, susceptibility is usually expressed per unit mass

and is given the symbol X e
Xg - K/p 2.8)
where p is the density of the material. The molar

susceptibility is defined as,

Xn - XgM .9"

where Xm is ”“he susceptibility per mole and M is the molecular
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weight of the material,

On the basis of I, K and X» substances may be divided
into three categories:
diamagnetic, paramagnetic a™d ferro - or antiferromagnetic.
Substances with negative susceptibilities a d to be
diamagnetic and have values of the order to - 500x10'6
c.g.s. units and are usually independent of field strength
and temperature* The diamagnetic susceptibility of a

molecule may be written as:
*mol "' \bplw *EF L (2.10)

where the molecule contains atoms of atomic susceptibility,
(i*e,, per gram atom), e represents '‘constitutive"

corrections which take account of such factors as the exis-
tence of w - bonds* Pascal®s constant6 [1093 are used in
estimate he diamagnetic contribution to the total suscep-
tibitijiy of a compounde

aramagnetic compounds have positive susceptibilities and
these ore of the order of 0-100x10~"c,g.s. units, and are

independent of field strength, but dependent on temperature
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If the molar susceptibility of a paramagnetic compound is
corrected for the diamagnetism of all except the paramagnetic

atom, we obtain the susceptibility per gram atom, yr where

Vt—O.]_iS obtained from equation (2.10)

For an assemblage of non-interacting magnetic dipoles
with alignment energy much less than the thermal energy
available to the atom, kT, it can further be shown that the

magnetic susceptibility shoul inversely with temperature.

C/T 2.12
W\ @-12)
where C is the Curie constant.

In the application of magnetic measurements to chemistry,

it is often convenient to deal in terms of a quantity known

as the effective magnetic moment, defined by the expression,

(2.13)

2.828 (XaT)

where, k is the Boltzmann constant, N is Avogadro number, T

the absolute temperature and ?, the Bohr magneton defined as,
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P= ey .14)
9.27 x 10-2lergs.G"1

e is the electronic charge, h is Planck®"s consta
the rest mass of the electron and c is the w zy of
light.

IT the Curia law is obeyed, Aerr, is independent of
temperature. In fact, comparatively few systems follow
the Curie law. A modification of the Curie law is capable
of accounting for the magnetic susceptibility of a great

many systems over a considerable range of temperature. This

is the Curie-Weiss law.

C
T - ...(2.15)

where is the Weiss constant. When the Curie-Weiss law

is followed,

Vaff, - 2-32e ty T * S] (2.16)

< 5
The susceptibility is sometimes expressed as,

+ N* . .17
3kT
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The Na term of the above equation (2.17) arises from the
underlying diamagnetism of the ion and is referred to as
temperature independent paramagnetism (T.1.P.). The T.I.P.

term is defined as
N« = (2.18)

where y is 8 or 4 for A or E terms respectively. The
T_-1.P. 1is small ~ 100 x lO'GC.g.s. units* In real situations,
this is the origin of the paramagnetism of such systems as
the Co(ll11) low-spin complexes i octahedral environment.
Ferromagnetism and antiferromagnetism are special
cases of paramagnetism where the magnetic dilution is
inadequate, thus making the magnetic dipoles on adjacent
paramagnetic centres interact. The two possibilities are,
either adjacent dipoles may tend to align themselves parallel
to the applied field or antiparallel to the applied field.
Thes former leads to ferromagnetism and the latter being
antiferromagnetism, in systems iIn which cooperative magnetic
alignment takes place, the magnetic alignment energy, may
become comparable to, or greater than, the thermal energy KkT.

Also, the alignment forces on adjacent dipoles may become
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comparable to, or greater than the alignment force exerted
by the applied field. These facts show up in experimental
phenomena in the form of a complicated susceptibility
dependence on both temperature and applied field strength.
For either ferromagnetics or antiferromagnetic3f-there is
a temperature above which the thermal energy is sufficient
to start to destroy the cooperative alignment between
adjacent dipoles. Such a temperature is known as the Curie
temperature, Tc or often in the case of antiferromagnetics,
the Noel temperature, (Fig.11la). Above Tc the behaviour
approximates that of a normal paramagnetic and at temperatures
well above it, a Curie-Weiss law holds and susceptibility
is independent of field strength. Below T*, the susceptibi-
lity does not depend on temperature or field strength in
a simple manner. At the susceptibility of a ferromagnet
undergoes an abrupt change in slope. For an antiferromagnet,
the susceptibility goes through a maximum. Above ?c, systems

t to magnetic exchange obey a Curie-Weiss law.

In general, in magnetically concentrated systems a positiv

Weiss constant is characteristic of antiferromagnetism, and a



g%

Figo 1 b. Deviations from the Curie law that

may be fitted to the Curie-Weiss law.
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negative one of ferromagnetism (Fig. lib).

Many different methods have been used to measure the
magnetic properties of materials in solid, liquid and
gaseous states among which are the Gouy, Faraday, Quinke
and NMR methods. However, the simplest and most common

method is the Gouy method [110],
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CHAPTER 3

EXPERIMENTAL

3.1. Reagents of interest are:

2-Thenoyltrifluoroacetone (HtFthd)
2-Thenoylacetone N(Htbd)
2-Furoyltrifluoroacetone HtFfbd)
2-Furoylacetone (Hfbd)
Benzoyltrifluoroaceton& (Hbztfac)
Benzoylacetone {Hbzac)

HicotinoyltrifigBacetone (Htfpybd)

All the above B-diketones were commercially available from
Eastman Organic Chemicals Ltd. The organic solvents used were
obtained from British Drug Houses Ltd. (BDH). The 1inorganic chemicals
were also commercially available (BDH). All the organic solvents
v/ere purified using appropriate methods as described in Vogel [ 111 3*
Apart from A]_(N9_1)9+1—g, CrCI?.%ﬁAO and FeCI3.6H50 which were used
as the sources of the aluminium (111) -, chromium (I11)- and iron (11D

ions respectively, there were no simple metal (1Il) ions of manganese

(111) and cobalt (IIl) readily available. These last two metal (III)
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ions were therefore obtained by preparing MnfOOCCHg)g.ZhQO

and Na”~CotCOn) by established methods [1ilE21133>

3.2 Preparation of complexes

The preparation of AI(1I1), CrCIXI) and Fe(Hi)
complexes was achieved by the general method established by
Berg and Truemper [26] whilst the Mn(11l) chelates were
prepared by an adaptation of a procedure given by Donaruma
[114]. The cobalt(lll) chelates were isolated starting from
sodium tris-carbonat®© cobalt(qu) trihydrate, Na”[co(COM)~NIH”NO

as the source of cobalt(lll) ion [113, 115]

3.2.1 Preparation of aluminiumdll), chromium(Ill) and
iron(11l1) 2-diketonates.

The AI(IID), Cr(11l) and Fe(lll) complexes were
prepared by mixing stoichiometric amounts of the metal(lll)
nitrate or chloride where appropriate with the ligand.

The metal(l11) salt was made up as a 5wth aqueous
solution and buffered immediately before use by adding 5g. of
sodium acetate for every 100ml of solution. The buffered

metal (111) ion solution was shaken with an alcoholic
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solution of the ligand until reaction appeared complete. After
precipitation, the chelateswsre collected by filtration and
dried over P7O,. vacuo* Analytical samples were obtained

by recrystallization from suitable organic solv

3.2.2 Preparation of manganese(l 1) °-djketonates.

The p-diketone(0.045mole) and manganic acetate dihydrate
(0.015 mole) were mixed up until a homogeneous mixture was
obtained. The homogeneous mixture was dissolved in 50ml
dry methanol and gently refluxed for 30 minutes. After
refluxing, about 25 - 30ml of the methanol was distilled off.
A further 5 - 10ml of methanol-acetic acid mixture (azeotrope)
was also distilled off. The mixture was then cooled down to
room temperature and was extracted twice with 15ml portions of
dry chloroform. The chloroform extracts were placed in a
desiccator and gently pumped out. Fine black powderB of

manganese(l111) P-diketonates were obtained by this method.

3.2.3 Preparation of cobalt(lll) P-diketonates
Cobalt(ll1l) P-diketonates were prepared using Na”~Co”™0)

370 ns the source of cobalt (I1l) ion.
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3ml of glacial acetic acid was added to a mixture of
sodium tris-carbonato cobaltate(Hl) trihydrate (56.4g, 0.015
mole) and the 2-diketone (0.045mole) in 50ml of 60% acetone-
water* The mixture was refluxed for 15mins. then the cold
mixture was extracted with ether. The ether extracts were
washed with saturated sodium bicarbonate solution and then
water. The organic layer was dried and pumped under vacuum.
Analytical samples were obtained by recrystallization from

ether.

3.2.4 Preparation of mixed ligand chelates of
iron(l11l) p-diket

These chelates were prepared using the method described
in section 3.2.1, except that, desired combinations of
ligands were used in such a manner as to preserve the 1:3

stoichiometry.

3.3 licroanalysis

ie elemental analyses were carried out in the Micro-
analytical Laboratories of the University of Ibadan. The
composition of the various metal constituents of the

complexes was determined by complexometric titrations and
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other standard analytical methods described in Vogel [1163*

3.4 SpectrlL measurements

The infrared spectra were recorded on a Perk eElmer
model IR-577 spectrophotometer using KBr discs and nujol
mull where appropriate. The calibration of the instrument
was checked against a polystyrene film and is believed to be
correct to within + *an® in the 4000 - 2000cm range, and
+?cn” in the spectra range 2000 el The diffuse
reflectance spectra of the complexes in the range 50,000 -
5,OOOCm_l were recorded on an Unicam SP 700 spectrophotometer
with an SP 735 Diffuse relectance attachment, using LiF as
a standard. The electronic spectra of the complexes in

chloroform solutions were measured using the SP6 - 400 and

SP30UV spectrophotometers.

3.5 Magnetochemical measurements

The magnetic measurements were carried out at room
temperature for all the compounds and from 293 - BOK for
selected compounds. This was accomplished by use of the Gouy

balance
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The principle behind the Gouy method involves suspending
a uniform rod of the specimen in a non-homogeneous magnetic
field, and measuring by a conventional weighing technique, the
force exerted on it [110].

If the field gradient over an element, SV, of the

specimen is 5H/S1, then the force, 9F exerted is,

OF = (Ka - K2)dv =*..(3,1)

where and are the susceptibility per unit volume of
the specimen and the displaced medium respectively, integra-
tion over the whole length of the specimen from H = at zero

length to H = Ho at length 1, gives,

3-2.)

G-3

\

where W is the total weight of the specimen then equation (3.3)
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becomes,

K2V - (™M)w

A t Bw
W

Pig«l2 shows diagrommatically, the system used for measurements
at room temperature only.

The procedure involves measuring the pull on a specimen
suspended between two poles ofS% magnet, usually an electro-
magnet; and weighing it without the field and then again
with the field applied. To be able to allow for the diamagnetism
of the glass tube it is necessary first to weigh the empty tube
with the field on and off, the difference being (when using an
electromagnet, series of values should be obtained for
different fields). When subsequently the tube is filled with
the sample and weighed with and without field, \O%S is obtained,
W is -~hen the difference — W). Since the glass is
diamagnetic, is a negative quantity and, for paramagnetic
samples, W>V%+g W is obtained as the difference between the

weights of the filled and empty tube without field



of foam rubber

L Th ermometer
Ground glass joint

Rubber ring

Powdered sample

Pole pieces

Coil of magnet.

Fig. 12. Schemqg”jjf lagram of Gcuy balance for room temperature

measurement s.



The constants A and B in equation (3.4) must be obtained
by calibration before measurements can be made. This is
usually done by using calibraats such as HgCotCNS)”~ and
NI (°n)g(s20™) which have known susceptibilities 20JC with
the appropriate correction factors per degree temperature rise.
Measurements at low temperature can be done using a modifi-
cation of the room temperature set up. The modification involves
surrounding the specimen with a cryostat in order to control
the temperature (Pig. 13). Any measurement near, or below,
the boiling point of oxygen (~ 90K) must be performed in
the absence of air. Nitrogen provides a convenient substitute
and, if the chamber containing the specimen is previously
flushed out with .nitrogen, this atmosphere can be maintained
by a slow continuou$ Stream of the gas introduced at a distance
above the specimen. If this is sufficiently slow, it has no
appreciably effect on the weighings. The additional advantage
accru t the K™V correction is now negligible .. for

nitrogen<;—0.0004x10_6) and equation (3.4) reduces to

X <*4>w (3.5
WH
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CHAPTER 4

RESULTS

4.1 Physical and analytical data
The stoichiometric and chemical composition together
with the various decomposition temperatures

summarised in Table 9.

4.2 Infrared spectra

The infrared spectra of t diketones and their
trivalent metal complexes Investigated, are shown in
Figures 14 - 21. Their observed vibrational frequencies
together with the proposed assignments of the fundamental
modes, in the spectral range 1800 - 200 cm arc m"iven in

Tables 10 — H

4.3 Electronic spectra

The diffuse reflectance spectra of the metal 8-dikctonatos
at room temperature are shown in Figures 22 - 28. Tentative
assignments have been made for the various electronic transi-
tions and these are summarised in Tables 17 - 20. The

solution spectra of these compounds In chloroform- have also been
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;"M 'UN
Alftttbd”
Cr(tftbd)3
Mn (tttbd)3
Fe(tftbd)3
Co (tftbd)3

Al(tbd)3
Ci(tbd)j
Mn(?bd)3
Fe(thd)3
Co(thd)3

Al(tttbd)3
Cr(ttfbd)3
NYi(tf tbd)3
ne (ttfbd)3
Co(tftbd)3

Al (fbd)3
Cr(fbd)3
Mn(tbd)3
Fe(fbd)3
Co(tbd)3

Pbysral
Htftbd.

FOKMUIA

C2AH12F9(-16S3 Al

C?«h12F906 % c'

c2”hl1l2f9°6s3Mp

C24H12F9°653Fe

C24HI2F9°6s 3Fe

C2iH2i06S 3Al

C2AH21°6 s 3Cr
C24H21°6s3 Mn

c24H21°5s 3Fe
C24H2106S3CO

C2AHT2 F9° 9Ai
N2AH12 FsOgCr
C24HI2F9°9Mn

C2A h!2 F9° 9Fe
C24 Hi3 FgOgGo

C24H21°9AlI
c24H21°9 Cr
c2Ah2109 Mn
C2Ah21°9 fe
c? N2"P"o

N

and analytical
Htbd

Hbzac
COLC'H

w hitish

dk brown

*

red

green

w hitish
brc.vn
black

e red

green

whitish/

brown\
black
*red

green

-whitish
brown
black
red
green

data of tnvalent

Mol wi

690 54

715 57

718 50
719 41

722 5C

528
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34

37
556 30"
557 2 \

560 30

64234
667-37
670 30
671 21
674 30

480-41
505 44
508 37

509 28
512 37

M pi
Dac Tsmr:
203-204

184 -185
149-150
135-136*

metal

188 - 189 j2 ~ 2

221- 222

164V ,65
197- 198

~"132—133

204-205
183-184
144-145
187-188
142-143

249-250
287-288
159-160
233-234
174-175

cal
x C
41 77 iV
40 30 1s /
170
4(\p 170
168
54 55 3 97
52 04 379
51 77 377
51 69 377
51 40 375
44 88 141
43 19 136
4300 135
42 <5 135
42 75 135
60 00 4 41
57 03 4 19
56 70 4 16
56 60 4 16
56.26 4 1

complexes

Hbztfoc Httpybd and mixed D-diket
or - cutiiiwy
kroltei

v 91
7 30
7 65
7 PO
8 If

5 1
9 40

9 88
10 02
10 52

4 20
7 79
8 20
8 32

8 74

562
10 29
10-81
1097
1160

41
A3
39
39
40

64

51
51
49

44
43
43
47
43

60-

56

56-

56

bd.

97

11
7h
45
03

70
70
40

98
25
02
72
1?

50
76
44
85

5600

H*bd

>U N

180

155
187
16"
174

39h
39f
3 fr
4 06
4 20

187
168
203

119
1Pi

4 50
4 47
4 44

4 65
4 23

A IV,

' 8C

4 00
7 gn

8 25

Kj 01
10 50

10 63
124



Table 9

Al(bzac)qg

Cr(bzac)3
vin(bzac)3
Fe (bzac)3
Co(bzac)3

AKbzttcic)”
Cr(bztfac)3
Mn(bztfac)3
Fe (bztfac)'j
Co(bztfa<"3

Al (ttpy t«J)3
Cr(tfpybd)”
Mn(ttpybd)3
Fe (ttpybd)3
Co(ttpybd)3

Fe {tbd"Cbzac)
Fe(thd)2 (fbd)
Fe(tbhd)2 (tbd)

IN27hI5F9N M) ai

contd

FORMULA

colouh
c30H27°6At Whitish
C3nH2700Cr brown
C30H2706Mn black
030*2 706Fe red
c30H27°6Cr green
c30h 18 w hitish
c30H18F9°scr 9reen
Q30H18F92&Mr Plack

red

c30H18FS °6 Fe
Q30hI8 £9°6Co 9reen

Icream

(-27H15F9 fs3(fefwln nran 9fi

C27H15F9N306F2 br9"C

ClI7THMFQi""QpG* qrtrn"

C26H23°8FV '
024*21 S207FC
C2AH21S O3Ri

Fe(bzaC)Z(ttthd) Q8h22f35 0 6f<‘]

Fe(tttbd)2 (bzac

J

) c26h17fBs2°6 +©

. J

Mol wt

510 53

535 56

538 49

539
524

40
49

672 A3
697 45
700-39
701 29

704-36

67611H
|[70m sn
JO4 06

704 97

708 06

519-31
541 40
525 33
593 31
659 26

M pi  *C
~C TP
224-225
214-215
162- 163
200- 201
109- 110
159- 16(P
120 - 121
13/5 138
1

~J62 - 163

S75 - 176
234- 235

>250

169- 190
169- 17C
202- 203
218 - 219
222 -224
70 - 72
78 -6 0

CAL CLI ATE

V.c V, H 4< v
§ L
7058 5 33
67 28<5CIV $ 71
66 91 5-05 0 20
66-80 ~5 05 O 35
3765-42 502 0 86
i 59 270 401
*51 66 260 746
51 45 259 784
51 38 259 7096
51 16 2 58 8 37
49 04 2 38 399
46 21 2 30 742
4602 229 780
45 96 2 29 792
45 76 2 28 8 3?
60 13 4 46 1075
53-24 3 91 1032
54 87 403 10-63
5612 370 4 32
47 37 2 60 8 47

a n

70 08

57 28

66 40

67
66

01
50

53 64
51

51

80
55

5093
51 40

49 00
46 13
46 20
45 62
44 23

93 23

52 ec
55 30
56 79
47 24

% H

5 73
5 14
545

5 50
5 44

276
290
2 55

2 90
2 41

2 30

2 29
2 26

242

4 46
4 20
4 02
379
2 53

% Weej 1

5 12
9 46

10 01

10 19
10 60

383
7 19
8 01

776
7 S'7

390
695
6 00
7 85
7 ?6

1072
10 30
10 59
9 20
8 44



99-
investigated and are shown in Figures 29 - 42. The
positions with their molar absorption coefficients, together

with their proposed assignments, are given in Tables 21 - 24.

4.3 Magnetic susceptibility data

Table 25 is a summary of the results of magnetic suscepti-
bility measurements at. room temperature while Table 26
gives the over-range temperature (293 - 80K) susceptibility
measurements of some selected compounds. Figure 43 shows the
plots of the reciprocal susceptibility and the effective

magnetic moment against temperature for these selected compounds,
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Ligand

1620vs
1525sh
1465s
1418s
1382w
1360m
1280s
1240m
1210W
1090m
1075s

1035m 1
998eh

TABLIS 10.

Al

1575s
1535s
1500s
1450sh
1400s
1352s
1315m
1238m
1200«
1098s
1080sh
lo42sh
1005vs
980s
865vs

825m
004vs

Aapi“snmsnt of the observed yi#bFiHifsHLII
freg-uenciesfcm-~) of 1-(2-thienyl)-1>3~bu”~nedione

(Htbd) and

Cr

1570s
1535s
1500s
1422sh
1390s

1350s
1309m
1242s
1202w
1100s
1080w
1042w
1005s

964s

868s

S34m
804vs

Mn

1572m
1530s
1505s
1420m
1395s
1350s
1286m
1230m
1200w
1098s
1080w
lo44w
1005m

958m
868m

830m

S00s

con t.

its trivalent metal oomplexos

Fe

1590m ~
1539s

1395s
1350s
1302m
1240m
1200w
1100s
1080w
1042w
1004m

965m
868m

818m

800s

Go

1530s
1508s

Approximate Assignment

vas C— 0
3
vas Q__Z“ -4

1420sh jThienyl ring stretches

1390s
135™m
1290m
1240s
1205w

1100m
1078w

1045w
1005m
965m
865s
812m
Sia

vC— 0 + 9CH
vs C*—0

Vs G-— C—C
ve=c + VC-R

J3CH (chelate ring)

I3CH (Thienyl)

VC-R

J-VvCH (Thienyl)



TABLE 10 Contd

asymmetric stretch: Va, symmetric stretch;
ither Thienyl or CH,; 3, strong; vs, very strong;
ledium; w, weak; sh, shoulder;

n-plane-deformations; y, out-of-plane deformation.
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TABLZ 11. Assignment of th> ™H‘"rv»sd vibrational
frequenci33(cn-") of 4,4,4-trifluoro-1- (2-thienyl).

1 f3-butanedione(Htftbd) and its trivaient metal

complexes.
LigE nd Al Cr Mn Fe Co ApproxIrfta™te Assignments
1655s 1600s 1575s 1595s 1575vs 1580vs — —O
1525m 1550s 1542s 1542s 1540s 1540s c’“C—=C
1515w 1515w . 1520w 1518w

145Cw 1450m 1449m 1460m 1435* 1435w }Thienyl ring stretches
1420s 1412vs 1410vs 1410vs 1410vs 1420vs

— 1390m 1390sh _ 1390w 1390*

1565m  1365m 1360s 1358m 1360s 1355s VC— 0 + 3CH
1350W  1330m 1320s  1300cf 1310vs 1315vs vs c—0

1282w 1263s 1264m 126om 1260m  1260m Vs ¢ ¢Cc cC
1260w  1240s 1240s 1240m 124om 1240m  yCc=C 4+ vC - 9
1200m  1200s 124" 1200m 1204m 1202s VC— OF., + *GR3

113Cw 1150s 114(3~ 1140m 1145s 1145s

1-9CH (chelate ring)
1100m 1090wr 1090w 1090w 1088« 1088w J

1070w 1072s 1060s 1072s 1072s
1lo45« . 1045w 1045w "UCH (Thienyl)
984s ~ 1022w 1005m 1020m 1022w |

contd



106 *

T."ALS 11 Contd.

Ligand Al Cr Hn Fe Co Approximate Assignments

940m 950vs 944vs 938vs 972vs 950vs

862vs 867s 868s 868s 865s 865s JyTH  (ThienyD)
805m 798vs 795vs 800vs 800vs 795vs
765sh  780m 780m 778m 778a 785vs
7"0s 758m 758w 758w 758w 758w vCH (chelate ring)

730m 752m 735s 735vs 728vs

J[vc1-.cp3

} scf3
680r 695m 695m 690m 692m "700m
610> 604s  604vs 600vs 598vs 605s chelate ring deformations
580w 565" 552m 542m 540. 550w Thienyl ring deformations
B 465w 468w 465w 465w 465w chelate ring vibrations
+VvwWM -0
428vs 410s 5921k >582m 435m VW - 0 (most sensitive)
575s 350m 340m 342m 352m VM - 0

550w 538s 313m 310w 310w vm - 0
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TA3L3 12. Assignment of the bs- i-iJ vibrati

_ -1
Frequencies (cm ) of 1-(2-furyl)-1.. tanedion -
(Hfbd) and its trivalent metal complexes.

LigEnd Al Cr Mn Fe Co Approximate Assignment

1?30a 1605s 1600s 1595s 16008 1600m N:vas C— 0O

162CS 1560s 1550s 1555s 1550vs 1550s

IA7?m  1520s 15153 1510s 1520s  1515s

MNLwW 13?8m 1775s 1A70S  iIyAss 17853 \FuryX ring stretches
139%=w 1380s 17003 17+00m  1°00s 17200 J

V35 C N

1370w 1330w 1385s 1375m 137*+s 1375s Vs 0—O
130Cs - 132Aw 1310w 1320w 1320w NC = 0 + SCH

1235 1235s 1232s 12303; 1232m 1230m Vs C— 1---S

1205m 1220s 1220m 1220m 1215m 1215m vCeC + VC=R

1165m 1170s 11700f 1170m 1170m 1170m 1

1100s 1125s 112*tvs 1120vs 1122s 112723  j9CH (chelate ring)
: 1085W 1085w 1085w 1080W 1080w \

1020s 1008vs 1010vVS 1005vs 1005vs 1010s  J§”CH (Furyl)

970m » 9873  956m  96Am  965m
935m 938m 935w 935w 935w -

contd



TA3LH 12 . Cjl.ti.

Ligand Al Cr Mn Te Co Approxi®“ta Assignment

890s 890VS 890vs 890vs 890m 888m

m - (Furyl)
825vs 82”vs 8I8vs 820vs 83ovs
795s 790vs 790s 797s 795s 785sh

7<5s  770v3 770vs 770vs 770s 27~y JYCH (chelate ring)

600m 696S  6nom 638w 6387 650m Chelate ring deformations
6?5vs 6?"vs 600s 600s y 600m Metal-Ligand Combination ban
. - D683 ~"50vs 4tOvs  IB2vs  p70s —0 (most sensitive)
’ - “+15m - MSmo - 30 VM- 0
- ¥oom 395«  38osh 360w 5w VM- 0
- 358m 370s 3£0w 298m 30~/ VM—0

Vas, asymmetric stretch; vs, symmetric stretch;
R, either i“uryl or CH®; S, strong; V3, very strong;
m, medium; w«”eak; sh, shoulder;

3, in-plane deformations; v, out-of-plane
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TA3L3 13. Assignment of the observed vibrational
frequencies(cra“ ¥ of 4,4 ,4-trifluoro-1-2-furyl).
1,3-butanedione(Htffbd) and its trivalent

metal complexes.

Ligand Al Oor Mn Fe Approximate Assignment

1680ra 1l610m 1600sh 1615s 1600sh

1620s 1585s 1580vs 1582s 1580s

1350m 1550% 1525m 1530m 1530m

14 75m  1505* i46o0ovs 1772m i465s”" 5s }Furyl ring stretches
14 50m  1A-60vs 1445vs 1l44o0s 1i*5* 1435m

1595* 1405s 1400vs 1392vs 14001 1390s VS r— 0

1320sh 1330vs 1320vs 1315vs 1320vs 1320vs ve— 0 + 3 c H

1?75s 1270s 1270s 1270vs 1268s

1235*  124om 12400/ 1242m 1240m  1240m VC— C + vG- R

1210m  1205s 1210s ~192vs 1205vs 1205s VOA-CE- + 3 CF~

[ 1150 . 1150 1150vs 1175s )
Heora o 50T ° B CH (chelate ring)
1110s 1110s 1105s 1104vs 1105s
1095m 108Sw 1070s 1085* 1090w

\ICH (Furyl)
IC20vs. 1022vs 1025VS 1028s 1025s 1022m

contd



Ligand Al
9?7 2w 960vs
9L5S 920m
890vs 890vs
810s 810s
?20vs 788s
630s 768s

. 687vs
- 6183
595s
- 525w
N*5vs
- 380s
Vas, asym
R,
m, medium;
1,

Or

955vs

920m
890vs

802s
7903
?70s
690vs
605vs
600vs
535m

H28s

TABLE 13. Contd,

Mn

950vs
920m
890vs
812s
785s
?68vs
68ovs
615m

598m
570m

39
330w

stretch;
Jiti™ Fathryl or CFY;

w, weak; sh,

Fe Co .appnaoiir# Assaneﬁt

950vs 958s
920s 920w
890vs 890vs
810s 80 N O (
788s 795V y
780, 770om  €Ve T °T3

[*CF-

682vs 708m Chelate ring deformations
,-6I01I\ 615m V VM = 0

600vs 595m J

578m 550w VM - 0

390m *Hra VM — 0 (most sensitive)
358m #FO5m VM= 0

Ns, symmetric stretch;
3, strong; vs, very strong;

shoulder;

in-plane deformations; vt out-of-plane deformations.
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TA3LB 14. Aas: gweent of the obea”™vod vibration™*]
frequencios(cn-1) of ,3-bat” one

(Hbzac) and its trivalent raotai complexes

2 2
Ligand Al Cr Mn Fe Co Approximate Assignment
A v
1590m 1600s 1595s 1595s 1595s 1592m Vas C— 0O

151 Os 1570m 1555m 1560m 1555s 1560s rvas C---C—g

1515w 1530m 1520m 1510m 1520s
- 1495m  1492m 1490m 1492s 14921 [phenyl ring stretches
1453s  1465m 1455m 1455m 1455sr  1455m

1348s 14cOm 1380s 1390s Whvh 1385vs VvC=0 + °.H
1312s,

1266m 1320s 1300s 1290m 1310s vs Cs™Z0
1235m 1215s 1215m 1212m ®W215m 1210m vs C C C
1166w 1186m 1188 1188m 1185m  1185m VC=C + vg— r

1156* 1165w 1lhew 1160w 1162w 1165w
mow 1120s 1115s 1110s 1112m 1115w
1964w 10?8]~ 1078s 1078m 1076m  1075m
1c42m 1035~. 1034s 1034m 1034m  1032s  JaCH (phenyl ring)

3>nCH {chelate ring)V

1000s 1008s 1005s 1005s 1005s 1005m ]
970s -975vs 965s 960s  965m  965m Iych (phenyl ring)

contd,,
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TajLS 1. Jont"

Ligand Al Cr Mn Fe co approxinage Assignment
L8 8 B B B B |

930m 935w 955w 932w 932w 930w
8"0m 860vs 8s8vs 855vs 855s 862s
758s  775vs 772vs T775vs 775s 770vs
722m 720vs 715vs 718vs 715vs 705s
702m 700s 695s 690s 688vs 690m
690m 625m 624  620m  620m ~Metal - Ligand

- 600s 615s 586w  582m h s J(combination bands)

- 558m 560vs 560m 53%5m 565m VM - O

- A75vs *66V3 A65vs ~0ra  ”88s VM — 0 (most sensitive)
- +i#ora kkovs ~30vs4' 32vs ~15m VM — O

- ~15s 398m 335« 335* 398m VM — O

- - 378s - - vCr — 0/

*VCH (chelate ring)

Vas, asymmetric stretch; W<

, symmetric stretch;
R, either phenyl or CH-"; strong; Vs, very strong;
m, medium; w, weak; sh, shoulder; , in-plane deformation

v, out-of-plane deformation.
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liigand

1610i5
1580i
1515%h
17987?h
1470vs
1A65£h
138oe
1325=h
1284s
1210s
1165s
1120s
1100m
1075s
1030m
1002s

TABLE 15.

Al or
1610S 1602s
1580s 15773
1555m  1540m
1500m  1500m
1485s 1460s
1465s  1432m
1442m 1386w
1340s  1330s
1300s 1300sj
1260m 1260m
1200s 1205s
1150s 1150s
110,5k HOOw
S085m

* 1030S 1032m
~1005m 1008m

Assignment of the obser”eu vribratior

frequencies(cm™ ) of A ,A,A-trifluoro-1-nhenyl-

1,3-butanedione(Hbztfac) and its trivalent

ractai complexes.

Mn

1600s
1570s
1535s
1490s
1470s
1435s
1385w
1323s
1285s
1250s

1200s
1190s

1140s
1078m
1028s
1003

Fe

1600s

1575s
1540m
1500m
i460s

1430m
1420m

1330m
1300s
1260m
1205s
1150s
1105«
1085m
1032m
1008m

contd .

Co

1598:
15706
1540m
1495w
1460m
1425m
1390m
1325s
1298vs
1255m
1200s
1150s
1100w
1080w

1030m
1005w

Approximate Assignment

Vas r‘—n

vas 0—C---0

JPhenyl ring stretches

J

J
vo— n + mCa

VS czzzo
Vs C~—— C— C

vc=C + VC--R
VG- CFj + ~CF»
*>H (chelate ring)

|BCH (phenyl ring)

\ yCH



Ligend

£20rc

890m
812m

779vs
78w
722vr
700s

682st
620vr

Al

960V 3

8"\5w

B20s\
8 10sjdbt

775vs

758sh
730vs

700vs

680m
655m

615s
560m
~N30vs

380vs

Cr.

957vs
8"\3w
815s
775vs

755w
730vs

702s

635sh
660s

602s
558m
460w

Mn
91\ 5s
80w
815m
775s

750m
723s

?00m
68osh
673m
595m
550w
~50m
390w

TABL3 15. Cor.”d

Fe

950s
82 ¢m

810w

?80s

755«
728s

705s
635H
6723
600m
575m
50w

390m

Co

958m
87 ow
815m
™ oy
750sh
730m

690s

608m
570m
405w

355m

Approximate Assignment

W r

3}S0r3
~"C— F

»0o- CF?

|chelate ring

\deformations
J
VM- 0
VM- 0 (most sensitive)
VM- 0
VH- 0
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T>.3-S 16. Assignment of the observed vibration!
frequencies(cm ) of 4,?,4 +rifluoro-1-(3-pyriGyl).
1,3-butanedions(Etfr:Y~d) and its trivalont
metal complexes

Ligand Al Cr Mn Fe 0o Approximate Assignment
1645s 1620m 1600s 1630s 1615s 1618 s vas Cli=0

1615s 1580m 1570s 1580m 1575m 1580m Vas G— 0---0

15i0n 1550m 1545m 1542s 152ni 1542m

1524s 1515w 1485m 1480s 1485w 1480m Pyridyl ring stretches

iH<ts 1475s 1446vs 1425m 1450s 1428m <
>
1320w 1390w 1390w 1390w 1390w 1390w

1322m 1320s 1315vs 1305vs 13108 1305vs VS 0— 0

1300vs 12653 1265s 1265m 1260m 1262m VS c-— C— C
1230s 1205s 1210s 1205s 1200s  ?210s Vo— G + vo— R
1185m 1150s 1155s 1148vs 1150s 1145s Tod

1140s 1100m 1130* 1105* 1125sh - j

10F8m 1080m 1085m 1082s 1090W  1032m

1Q1QW  962s>71>28m 1048s 1025W  1050m IyOH
9/8m onow V55s 1038s 950ra 1035sh
925m  830sh £8l8sh 950m  84om  950m
8J5m”~  815m - 810m 812m 835w

con td.



iIn

Ligand

790w
775vs
7;0S
7£0vs
670m
6" 5vs
620vs
575s
4f£ 5m

as,

Al

790s
7&0m
7281
702m
664 s
&8m
570sh
530w

425m
398m
375m
350m

Cr

795vs
74om
724m
700m
"670s
605vs

570m
530w
460w

420m
365m
342m

Mn

795s
740m
730m
705s
658vs
642m
585vs
525m
48ow

442m
380m
340m

T-wijS 16.

Fe

Go

788s = 790vs

736m
724m
700m
656s
620w
59™m
535m
480w
405w

390w
330w

740sh
725m

705s
660s
rjers"
fA0m
530m
450m

415m
405m
350m

Approximate Assignment

e CFy

—R

__chelate ring deformations

i+ Vk— 0

achelate ring vibrations
\

VM- 0

VM- 0

VM- 0 (most sensitive)

s, strong;
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V «103 cm- '
r(ttpybd)j . Mnftfpybd” , Fc(l!lpybO/3 and Cotllpybolj

in the visible region
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Htbd

45 Cr

Htbd

500 40-0 350 300
0 xKr cm-1
Fig29 UV spectra of Htbd and the corresponding trivalcnt metal
complexes in chloroform solution-

250
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Co(fttfS™)

) x10 cm'
of Htftbd ana Al(tftbd>3 , Cr(tftbd)3 , Mn(tttbd>3 and
complexes in chloroform solution
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its trivalent complexes
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Fig 36 Visible spectra of Cr(tbd)3 , Mn(tbd)s , FeCtbd*and Co(thd b
in chloroform solution



20 0 12 0

37 Visit"JV spectra of Cr(tftbc)™ , M nftftbd”® , Fe(tftbd)3 and
Co(ttt*a)s in chloroform solution
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M (I

ALC TID)

Cr(m)

TABL3 17?.

Diffuse reflectance spectra of trivalont

metal complexes of 1-(2-thienyl)- 1f*-u-_.tanedione
(Htbd) and 414,4-trifluoro-1-(@-thienyl)-1,3-

in the region 50000-Z%00J0 cm™
and their proposed assignments.

butanedione(Htftbd)

M(tbd) "

vcm’

45600
37600
32500
27000
25700

45200
37300
334-00
30200
27600

23400

21000

71

br
br
br
brsh
sh

vbr
br
br
br

sh

M (tFthd) |

Venfl

45600
37500
31800
27300
25600

45200
37000
33300
30000
27500
26200
23400

21200
20300

br

o}
&

br

brsh

sh

vbr
br
br
br

sh

sh

contd

}

- ssignments
Ty o L
Tt - w* (Intraligand; S.A.)
n3 - V

w - w* (Thienyl)
- w* (spin forbidden)

TM3 " /\5*
tw - T (Intraligand; 3.A.)

n
43" X 4
A2g - V p>
n - T (Thienyl)

MM29 - N\ g (P
n - w* (spin forbidden)



TABLE 17« Aontd®

M M(tbd
db) (tbd)
cm
17500 17500
MnC ILT) 45200 br *+5200 br 'tg - \/
58200 vbr 37800 vbr t - w* (Intraligand; 3.A.)
34300 br 32000 br T2 - T
29300 sh 29300 3 - n* (Thienyl)
24200 23400 w* (spin forbidden)
21300 br 215 5a B
) £ Ig 26
16800 5,
1 =g
9800 B
Ig Ig
< &
Fe(lll) 45200 br ~5300 br 13 v Ags
37600 vbr 37400 vbr t - w* (Intraligand; 3.A.)
N\
338007br 34300 br ng v/
26000 6AIg(3) - SjgtD); n-Tr* (Thienyl)
00 sh 22800 sh Alg(H “ E 4. /o
1 g° AlrC A
20000 18800 6A1g(3" "> T2g(0)

contd,,



12300 sh
9600

Co(lll) *+5600 br
37600 vbr
32*+00 br
26000 br
22000 sh
16*+00
11*+00 sh

Noortviation™*brabroad;

TABL3 17. Clontd,

12800
9500

*+5500
37000
32200

26600

16500
11*+00

8600

sh, shoulder;

3.u., spin-allowed.

sh

br
vbr
br
br
sh

sh

> - .V G)
D - *TlIg0)

n - n* (Intrulignnd;
" Vv
ww ~ > (Thienyl)
d =-d
iy

1A, -

19 Ig
IAIgU) -

lai« (3> - 3tis(fH

vV, Vvery;

3. ..
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«lqn

cr(iin)

TAELS 18. Diffuse- reflectance spectra of trivalent
metal complexes of 1-(2-furyl)-1,3-but”,"edione(Hfbd)
and "Min-trifluoro-1-2-fpryl)-1 ,3-butanedione (HtFEHED
in the region 50000 - 5000 cm_1
assignments,,

H (Fbd)"

ch

~5700
57600
33500
23000

~5300
37600
3V*00
30600

23600

20700
-n17600

-1

br
br
br

brsh

vbr
br
br
br

MC tFfbd)

ch

45400
37200
32VDO

s
JF5300

5&>00
33300
30700

27700
23700
21300
20000
17700

-1

br
br

brn>i

vbr
br
br
br

sh

sh

contd.

and their proposed

}

T r éésignments
,> -
tt - v~ (Intraligand. 37
n3 - V
n - w* (Furyl)
n3 “ n5*

n - n* (Intraligand.

n3 "V
\ - S, <«

a - n* (Furyl

u 1(’ yD

a2, - V P

tt - n* (spin forbidden)
Zg_SZQ(F)J

\



T-8LJS 13. 3ontd

M 1D
Mn(11X) 45000 br 45000 br m - T
s
37700 br 37300 br w - t* (Intraligand; 1.-.)
30000 br 30400 br
28500 sb 28200 sh urvi
n* ur
26000 25400 G (Furyly
21400 br 22000 br 5%
"IS " 29
16800 164 5
4 mis '*
8500 600 5.
& 1S 13
Fe(lll) 45300 br 800 br n3 "y
37600 by 36600 br tt - * (Intraligand; 5.a.)
35000 vbr 34400 vbr -3 - n,
2?4 0 sfK 26600 sh 6”}E<5) - T- (D): nTT* (Furyl)
sh 23200 sh
Bais<ld) - “w 01
n 19200

6Hg (3) -

contd.
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TABLE 18. Contd.
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**1(111)

cr(iin

T-i3LS 19. Diffuse reflectance spec-ra of trivalent
metal complexes of 1-phenyl-1,3-butanedione(Hbzac)
and ~if,if-trifluoro-1-phenyl-1,3-butanenedione(Hbz
in the region 50000 ~ 5000 cm_1 and their proposed

massignments.
M(bzac), M(bztfac) SSSTgAment
vcm—l
if5300 br iBb"N00 br v
37300 vbr 37600 vbr ph n - mr*;
31600 br 3500Q br n3 v
28600 sh 28800 sh n - n*
if5300 br 200 br n3 -V
37700 vbr ~~™p7600 vbr ph n - n*; « - d
31800 vbr 31600 br
?
30000 br 30100 br \
2?2 " TIs(P>
. 26800 C. T.
22200 sh i i
-, V P
*»7600 171100 % s - W =)

con tu.



M(l 1 |) M (bzac)"

ch—l

MnCITT) A5100 br
37700 vbr
35200 br
23200
21300 br

16600

130

8500

Fe(lll) ~5700 br
35800 vbr
29700 vbr

N
25700 brsh

22800 \ h
/W

t >3000 sh
" 9600

TA3L3 19- Gontd.

X L-

M (bztfac) Assignment
“em1

5200 br - T
38000 vbr ph n - w* w- d
35000 br 1> r v
28200 V-T.
22000 br \ §A "p*

5- 5-

Ig S
9000 >k !
Ig Ig

~5300 br 7 - 5>
36800 vbr ph - T T - d
27800 vbr ~ VkK*5 C* T*
27800 brsh 6AIS(3) - ((®))
21200 sh

“js<3) - V G)
20k00

6'le(« - 1,TZg(G)
10600 \6,

\Y G>

contd.



T~3LS 19. Gontc’,,

mCiii) M(bzac) M(bztfac)® ass]
Vet Vemt
Co(l11) A5NO0 br 35300 br T .
37600 vbr 37000 vbr ph'mr - w? «- d
33200 vbr 1 33800 vbr \Vj
25600 26300
22000 sh 22000 sh -d
16500 16500 "o 1$ie
11300 sh 120 \V} S) - 3T2s(@)
3600 £80n ~

vV 3> - 3tlG@)

.abbreviations: v, very; br, broad; shf¥f shoulder;

C. T,,, chaipme transfer; oh, nhenyl rinc.
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TABLE 20. Diffuse reflectance spectra of trivalent
metal complexes of * ,~-trifluoro-1-(3-pyridyl) -
1 ,5-butanedione(Htfpybd) in the region

50000 - 5000 cm and their proposed assignments.

contd
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TABLE 21. Electronic spectral data of Hthd
and Htftbd and their trivalent metal complexes

in chloroform.

. Il
vmax X 10 cm

Compound Hibd

Ligand §7.862 5 3.67 4%
3704 ; 3.66 38
33.3%3 400 34
30.49 427 30

AT(ITT) b6.51 ;o 422 4T
b0.82 420 42

3T.04 4018 38,

32.25 ; 4.38 34,
28.99 4.7~ 1%,

Cr(HT)  48.78 .49 45
LO.00V 430 4o
37«0<y4.30 3}
33,56 0 4.00 34

§0.25 452 30,
2703 462 2%,
23.81 ; §.43 11,

20.83 ; 2.27 0.
1179 2.11 17.86

1o Se
Htfthd
Ay 3
N
Ay 3
303
ST
62
02 oy

46 A
§4
514
A1
00 4
g1
N
(.
97 4
99 3
L

1

contd

28
-oqrt

4, 1
35 "3y
.50 Azg "
65 mo-oow
A5

L] )
68 n - o
05 iy

Alyg

................ ."“'"“'"“'"'55 l:
Assignment
AR N L
b0 on - w* (Intraligand; 5.
19 n5_ V
A8t - fTEAThienyl)
95 (spin forbidden)
A !
X yrl nb
28
)1 |- w (Intraligand; 3.
b ns * i
48w ow* (Thienyl)

30 w3 - ud*

(Intraligand; 3.

Tlg(P)
(Thienyl)

V Fo
(spin forbidden)

rZQUW



TABLE 21. Gontd
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TABLS 22. Electronic spectral data of Hfbd and
Htffbd and their trivalent metal complexes in

chloroform.

contd



Compound

Fe (111)

Co(lll)

Yux XIRBerat

Hfbd
27-03 ; 3.26
23.53 ; 2.37
21.50 : 2.30
A AP * *9
*0.00 *+ 2%
37.0%+ KRR
30.78 *+.85
26.67 2
23.53 3.92
20.%+1 3.69
16.67 2.38
*%0.00 X37
37.0%+ *+.25
32.79 *+.21
26.67 *+.70
23.53 *+.38
20.%1 2 .5%
16.95 2.12

157

Table 22. contd.

; log e
Htffbd
27.%0 ; *+.00
2*+.39 ; 3.*5
22.22 2.95
18.87 ; 2.80
e+ ; *+.00
*+0.00 ; *+7p
35.09 ; *+S~
31.75 1 *+.20
26.72 ; 3.80
22.*7 ; 3.50
18.18 ; 3.05
17.39 ; 2.80
*.67 *+.20
37.0%+ *+.15
31.25 *+60
28.57 *+.50
22.73 3.20
20.33 2.60
16.81 2.35

Assignment

J+T - TR (Furyl)

1l ig

7”3 " n5*

w - tww* (Intraligand)
n3 "V

ww - wr (Furyl)

Ao V D
RAg(s) - E, A

-t W Q)

0

jn - 4% (Intraligandj
n! - -Fr’ *
a« — m* (Furyl)
c. T.
d =~d

1A - 1T
Ig Ig
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Contd
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TABLE 23. Contd
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Conti,
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TABLE 15

Compound

A thd)
Cr{thd) ]
Wa(thd)*
Fe(tbd)“
0 (thd)"
Al(tftbd)
Cr{tfthd)r
n(tfthd)s
Fe(tftbd)“
0 (tfthd)s

Co(fbd)s
Al(tifbad)3
critiibd )J
MnCtffh d)?
Fe(tffbd)
o (tffba)3
Al(bzao),
Cribzao)3
Mn({bzao)d
Fa(bzao)d
Co(bzae)d

163.

Room temperature magnetic measurement
5000 Gauss.
(~ve)DMC x 10"%§ XA X 10-6
Erg. gauss® mole ey, gauss’
mold"l
206.7 1.2
206.7 5838.3
206.7 10609.1
206.1 LtAT0.9
206.7 L4400
237.0 LO2A
237.0 6024.7
237.0 1ro2e.9
237.0 ME355.Y
237.0 169.4
183.7 0.2
185.7 §374.9
185.1 1037124
1857 145540
286.9
0 "305.8 £9.3
205.8 6821.3
205.8 105571
205.8 14855 .2
205.8 2596
1977 30.3
1977 6410.6
1971 1L0gs .4
19747 146997
1917 197.3

Contd,

data

it

Uoff.

a field

(299K

Bt I -

0.13

4.99
5.82
1.02
0.49
3.76

0.63
0.02
3.87
£.99
5.84
0.82
0.34
3.99
£.9%
5.910
0.78
0.27
3.88
5.09
5.87



Al(bztfac).

Cr{batfac)?

Wn(bztfac),

Fe(b2tfac).
Co(bztfac).
Al(tfpybal
Critfpybd).
MnCtfpybd).
Feltfpybd).
Coftfpybd],

228.0
228.0
228.0
228.0
228.0
216.3
216.3
216.3
216.3
216.3

TABLE 25-Contd

MT.

B

(293K)
N

0.18
if. 20
5.00
5.42
0.90
0.42
3.80
5.10
3.69
1.10
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TABLE 26. Variable temperature magnetics measurement data (293 - 80K)
1

“

AL Won(thd)* OMC = -206.7 x 10" “€rg* gauss mole
W, ot 106 horox 12, ‘ [*eff,
T (K) (erg. gauss® mole ) (mole gauss "*arg ) (B .M.
293 10626 0.94 A 4,99
261 116144 0.8 . .93
179 13217 s Q] 491
197 14930 0.67 4,85
165 17899 0+ 486
133 22850 0.44 £.93
101 29724 <y .34 4.90
93 31366 > 0.32 4.83
b1 33113 0.30 - £.80
N
~
B. Fe(fbd)3 > 18T 1076 eryg. gauss_2 mole
X 102 Ueffr
- (19, gavss mole | (mole gauss “erg ) (N.B.)
293 14556 a. 69 5.84
261 K r 16339 0.61 5.84
229 10496 0.54 5.82
197 21499 0.417 5.82
25669 0.39 5.82
133 L7385 0.32 5.81
101 41503 0.24 5.80
93 45073 0.22 5.80

§7 48182 0.21 5.80
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TABLE 26. Contd

Pe(tfpybd)™ DNC = -216.3 x 10 erg. gauss mole L
e 10 Fe x 102

T (k) (erg..gauss? mole ™) (mole gauss “erg. ) KBM.)
293 5674 3-69
261 5990 167 3.54
229 6544 3.46
197 7038 3.33
165 1789 3.1
133 8758 o T 305
11 541 1 7 2.613
93 7908 1.26 2.35%
§1 §204 N 1.21 2.4

Co(thd) OMC = -206.7 x 10~ erg. gauss mole'
-1 ’

Keo x 10" o x 10 0 eff

T (k) (erg.gausi2 mole” ) (mole, gauss 20rg 1) B. M)
293 $44.99 2.15 1.02
261 £32.3%6 2.31 0.95
229t" 472.25 2.11 0.93
51415 1.94 0.90

165 641.41 L.36 0.92
133 729.93 137 0.88
11 §69.57 1.15 0.84

57 908.26 110 0.8¢C



Co(tFtbd)”

TjKI

293
261

(erg,

167

TABLE 26. Contd.

DMC = -257.0

gauss® mole ™)

135.65
169.37
183.68
20K
264.08
34775
37767
103,71

v 10"6 erg.

-1

*Co x 10N P o f

(molg, gauss

f.
erg 1) (B 1LJ)

0.63

0.57
0.58

0.59
0.62

0.53
0.53



Mr

16*.
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Fe(tfpyt- J

_j_
16C 2iC-
T {K"
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Fig.
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uel f
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CHAPTER 5

DISCUSSIONS

Among the series of metal B- diketonates studied, the following
complexes; AKfbd)», Mn(fbd)3, Al(tftbd)"~, Co(tftbd)~, Cr(tffbd)",
Mn(tffbd)», Co(tffbd)3, M(tbd)3, M(tfpybd)* (where M = Al, Cr, Mn
Fe and Co), Fe(bzac)2(tftbd), Fe(tftbd)2(bzac), Fe(fbd)2&bd) and
Fe(tbd)2(fbd) have been investigated the first time. The elemental
analysts (Table 9) establish that all the metal(l111) B-diketonates have
an empirical formula of M(B-diketone) ~. All the complexes have varying
degrees of solubilities in most of the organic solvents but are insoluble
in water. Most of the compounds were found to be extremely soluble
in chloroform, benzene, diethylether and petroleum ether. For each
pair of scries f compounds, the non-fluorinated metal B-diketonates
have much higher melting points than the corresponding Ffluorinated ones.
This observation confirms an earlier conclusion made by Berg ano
Truemper [26] regarding the volatility of fluorinated metal

B-diketonates
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5.1. infrared Spectra

The I.R. spectra of the P-diketones and their trivalent metal
complexes studied are depicted in Figures 1d-21q Tentative vibrational
assignments for the bands (Tables 10 - 16) have been made with the aid
of the extensive theoretical and empirical studies ,<n the 1.R. spectra
of other metal P-ketoenolates [30-44], Ihja to the electron delocalisation
in the chelate rings leading to extensive coupling between various
vibrational modes, very few bands can therefore be said to represent
pure vibrations, consequently, the concept of “group frequency"
is not generally applicable in the assignment of the observed vibra-
tional bands in the series of spectra obtained.

The formation of the metal p-diketonates most invariably involve
the enolic tautomer of the p-diketone (Fig.lb) and the metal ion. The
vibration best described as asymmetric C --- o0 stretching in the enol
tautomer of the ligands absorbs broadly and strongly at 1640 - 1580
cm~ [34, 119]. As there are four nearly equivalent bonds in tht
enol nucleus (two CO and two CC bonds), four stretching frequencies
are expected involving all the bonds. These usually occur near 1600,
1500, 1450 and 1260 cm [34], The regions for the vibrations of all

the metal chelates under investigation, each involving all four ' bond



17%+

and a half**bonds are, 1600 - 1560; 1530 - 1500; ca. 1450, and

ca. 1250 cm_1 (Tables 10 - 16). These bonds have been assigned’

to the vas C 0, Vas C cC ---C, Vs C —=—=-0 and Vs C -————C ----C
stretching modes respectively. Whereas for most of the O-diketones
studied, the first intense vibrational band lies in the region 1640 -
1580 cm:%ﬂ the infrared spectrum of Hfbd (Table 12), gives a sharp
absorption at 1730 cm . This band could be caused by a free carbonyl
of the keto—form of the I1-(2-furyl)-1, 3-butanedione (Hfbd). On
chelation however, this band is lowered by approximately 150 cm_1

The trifluorofuroyl-acetone gives i mi lar band at 1680 cm_1 shewing
a comparatively greater acidic character than its non-fluorinated
analog (see pKa values iIn Table 1). These assignments are supported
by a more refined normal co-brdinate treatment of acetylacetonato
platinum(11) complexes [42] and by O-labelling of the carbonyl
oxygen [120j.

Difficulties are encountered in the identification of the /ands
around 1600 cm in the phenyl-substituted O-diketones in which the
carbonyl band is shifted into the same region of absorption, h third
band appears near 1600 cm_1 in phenyl—subéiituted O-diketonates, which

has been ascribed [48] to the first aromatic ring stretching vibration
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(Tables 14 and 15). This particular band is metal insensitive and its
frequency is close to that observed for mcnosubstituted benzenes.
Pyridyl substituents behave similar in this region to monosubstituted
pyridine compounds. For 2-furyl and 2-thienyl substituents, the ring
stretching vibrations are at much lower frequencies (1523 : 9cm_1)

[121]J and bands have been observed in this region in the spectra of

Htbd, Htftbd, Hfbd, HtFfbd as well as their metal chelates (Table 10-13).
There arc no complications from overlap of these bands with the vas

C — O and Vas ¢ --- C --- C modes and unlike the phenyl - and pyridyl -
substituted £-diketonates, the assignment is comparatively straight-
forward. Vibrational bands originating in the CF~- group are assigned

by comparison with the spectrum of CFM[122] and normal coordinate studies
of tri— and hexa- fluoroacetylacetonates [46].

In the 1300 - %OS cm_I spectral region, the main absorption bands
are due to the ligands. Based on theoretical analysis [39] and some
supporting experimental data [40], this region could very well i”present
the overtone or combination zone for metal-oxygen fundamental modes
which are thought to appear at frequencies below 600 cm_1 for all the

spectra observed.
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The most important bands in the spectral region 600 - 200 cm_I are
due to metal - oxygen vibrations. This is because organic substituents
have very few strong absorptions in this region. In all the series
of complexes studied, it is observed that the vibrations bands in
this region appear to be metal sensitive and, at least, there is a
correlation with one of the metal - okygen stretching modes. These
VlJ g modes which show a variation with d-orbital population have

therefore been assigned as the most metai sensitive' modes
Figure 44 shows plots of vwW-o0 (most sensitive) modes with d-orbital
population. In all the series, it served that the VM-0 frequencio
follow the order*

Co > Al > cr > Mn > Fe
The higher values of the aluminium(ll11) chelates suggest the covalent
nature of the A1-0 bonds since the usual drr - ptr bonding prevalent
in transition met s non-existent in the trivalent aluminium. The
position of cobalt in the above order also indicates that cobalt 111)
with six 3d-electrons has a 6 o electronic configuration thus making
available the vacant orbitals to participate in covalent banding in

addition to the usual dmr - pn bonding. The other metals are in good

agreement with the expected trend based on crystal field stabilizati n
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energy data [48], Absorptions between 400 and 250 cm although metal
sensitive, are either insufficiently resolved to permit interpretation

or followed no trend definite enough to warrant any general deductions.

5.2. Effects of substituents on major vibrationa

Tabic 27 shows the comparison of Vas C 0, Vas C —- C -
and VM - 0 frequencies of the metal(lll) P-diketonates. Phenyl
substitution in MCacac)” is known to shift M-0 and C ---- C stretches
to higher frequencies and that of C — - 0 to a lower frequency due to the
mesomeric interaction of the phenyl gfoup with the semi-aromatic metal
chelate ring £461. On the other hand, comparison of M(acac)” with the

corresponding MCtbd)”™ and M(fbd)” (Table 27) reveals that M-O vibrations

shifted to lower frequencies, while C — 0 stretching modes were
irregular. However § ilift of C — o0 to a lower frequency for
2-thienyl and to gher frequency for 2-furyl substitutions is observed,

This could probably be Attributed, to a more electronegative oxy,en
atom in the furyl ring than sulphur in the thienyl ring which may affect
the extent of the mesomeric interactions occurring between these five-

membered heterocyclic aromatic rings and the corresponding semi-aromatic

metal chelate rings
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TABLE 27. Comparison of VasC— -Q, find WX fr&tfuendies

of metal (in) complexes.

Ligand A1CIID) Cr(1Il) wmn{lIl) Fe(m) CodllD)

VasC--- Q(Hacac)? 1577 1590 1575 1576 1572 1578
Vase---- O (Htbd) 1620 1575 1570 15 1570 1568
VasC— -O (Htftbd) 1655 1600 1575 1595 1575 1580
Vase ---0 (Hfbd) 1730 1605 1600 \/595 1598 1600
vase—O (Htffbd) 1680 1610 1600 1612 1600 1600
Vase-—-0 (I-1bz2©) 1590 1600 1595 1595 1595 1592
VasC-—-O(Hbztfac) 1610 161~""*1602 1600 1600 ISIS
VasC—Q(Htfpybd) 1645 1620 1600 1630 1615 1618
VasC— - (Hacac)+ 1529 1545 1524 1510 1526 1527
VasC G (Htbd) i«5 1535 1535 1530 1535 1530
VasC——C- C (Htftbd" 1525 1550 1542 1540 1548 1540
VasC---C- 1(Hfbd) 1620 1560 1550 1555 1550 1550
VasCc—- C— 1620 1585 1580 1582 1580 1575
V asC —-C“~ C(Hbzac) 1550 1570 1553 1560 1555 1560
VasC—C——m€(Hbztfac) 1580 1580 1574 1570 1575* 1570
VasC— -C—— C(Htfpybd) 1615 1580 1570 1580 1575 1580

Contd



VM-0

VM-0

VM-0

VM-0

VM-O

VM-0

VM-0

VM-0

co ()

=166

454

435

470

45C

438

570

350



In the case of MCtfpybd)”~ chelates, the assignments to the chelate
ring vibrations are given in Table 16. Here, it is observed that while
the c—m»-m0 and C — C —--—-C vibrations are little perturbed, the M-0
stretchings are fairly sensitive to metal substitution. The VM-O modes
of M(tfpybd)3 complexes also exhibit variation with d-orbital population
(Fig.44).

The trifluoromethyl group substitution in pla”~ of a methyl one
shows a more pronounced effect by shifting the C — 0O and C — C to
higher frequencies and M-0 to lower frequencies, a phenomenon commonly

found with fluorosubstituted (3-diketonates C1233.

5.3. Ultrav Spectra

The diffuse reflectance spectral data for the complexes are
summarised in Tables 17 X<20. In the UV region, four broad bands are
located around 45,000; 37,000; 32,000 and 27,000 cm_1 for M(tbd)™,
M(tFtbd) ., M(Fbd)Oand M(tfFfbd) complexes. The absorptions in the range
40,000 — 30,000 cm_i are very broad and asymmetric, consequently, their
band positions <are only approximate. On the basis of previous assignments
of related complexes [55, 56, 61], the bands have been assigned to
5 ; - ™ (intraligand); w3 - ™ * and w - rr (thienyl or furyl)

transitions respectively. The assignments of the w - T (thienyl cr



Vuti J'tn
Tir -

181.

i'l
0il)

M -Q JYorv*ch|p'i

f?- jike*r nn*cs

*rc luency

(he



182

furyl) transitions are based on semi-empirical calculations on the
Tf-electron system in furyl- and thienyl - sym - trinitrobenzenes [124J.
These calculations placed the bands due to the flvc-membered aromatic
rings at 28,409 and 27,470 cm—1 for the thienyl ring while those for
the furyl ring at 26,390 and 25,840 cm resjiectively

The M(bzac)”, M(bztfac)” and MCtfpybd)”™ complexes unlike their
2-thienyl — and 2-furyl- counterparts, show three main absorption bands
around 45,000, 38,000 and 33,000 Cm_1 These are mainly due to the
transitions within the ligand and other TT-interacticns in the metal
chelate rings. While thebands around 45,000 cm_1 in all the complexes
appear to be well defined and symmetrical but not significantly sensitive
to the change in metal nucleus, those around 33,000 cm—1 mainly due tc the
lowest spin-allowed transitions, o - are very broad and asymmetric.
These latter transitions are very much metal sensitive due to their
involvement in a considerable degree of metal-ligand winteractions.

The solution spectra of these compounds in chloroform (Pigs.29-36)
show similar bands in the UV region as described above except that,
owing to sol perturbations, most of the bands are shifted tc
slightly higher energies. The effect of solvent on the spectra of
the various complexes may probably result from different stabilities

of the chelate rings in chloroform which would favour some rearrangements
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like dissociation and or polymer formation.

From the ultraviolet absorption data, it is evident that in the
case of each series of metal fj-diketonate studied, trifluoromethyl
substitution in place of a methyl group resulted in the bathochrcmic
shifts of T - tt, transition due to the inductive effect. Furthermore,
the replacement of methyl groups by aromatic groups, more especially
phenyl groups resulted in shifts of absorption bands towards lower
energies in all transitions. This indicates the dominance of the

resonance effect over the weak inductive effect of the phenyl ring.

5.4. Magnetic and Ligand-field Spectral properties

The bands in the visible and near infrared regions are mostly
due to ligand — field transitions and their assignments are summarised
in Tables 17 - 24. The effect of each ligand on the metal ions
investigated is the same. However, it appears that the only significant
differences in bonding within the series arises because of diffe rent

charge densities on the donor oxygen atoms.



Aluminium chelates

As expected, nil the aluminium(l1l) 3-diketonates studied are

diamagnetic and show no ligand field transitions.

Chromium(l11) Chelates

The maanetic moments at 293K of the chromium(ill) compounds are
given in Table 25 and these values are in close agreement with the
predicted value of slightly less than the spin-only moment of 3.98 B.M.
[109],

The ligand-field transitions depend n th,~ spectroscopic term
of the metal ion as well as the magnitude the ligand field strength
of the coordinating ligand. With 4A’Ck8§%und state, three spin-all wed
transitions are expected for chromium(l11) compounds in an octahedral
environment of donor atoms (Fig.7). These transitions have been f und
around 17,500; 23,400 and 30,000 cm_1 represented by BANDS I, 11, 111
respectively. Usually BAND I1Il may be obscured by a charge transfer
band therefore making the assignment somehcw doubtful. Their assignments

4A2A - 4T2 Kr)4J A2g J‘4Tlg(F) and 4A2g - 4T’\fP) are straight-f rward

and arc in greement with the values quoted in the literature n

Cr(tftbd)” [76]- Tandon and Gupta [68] assigned the three bands
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. _ n -1
observed in chromium(m) oxide as 16,500 cm (BAND I1); 21,740 cm

(BAND I11) end 36,230 cm"” as BAND I1I1. Similarly fcr Cr(acac) , Bamum

-1 n —
[52, 563 observed BAND I at 17,857 cm and placed BAND Il at 23,256 cm 1

on the assertion [69 - 71j that BAND Il is expected at a frequency cn
7000 cmt higher than BAND I. Fatta and Lintvedt f72] also observed
for Cr(acac)”™, BAND I at 17,860 cm_1 and BAND 11 at'ZétZGO cm_i. They
have also reported in an earlier paper [73] thgt gthe First spin-allowed
transition (BAND 1) whose energy is assumed tolggfequal to I0Dg, is
nearly independent of the nature of the chelate ring substituent grou. s.
Furthermore, they also suggested [72] that the second spin-allowed
transition (BAND 11) whose energy depends upon Dg and the Racah parameter
D, has not been definitely assigned in the tris(P-diketonato)-
chromium(l1l) spectra because of overlapping intense charge transfer
bands. The assigmmamt or 1 is transition is somewhat uncertain. A
band is observed in the range 26000 - 28000 ca™'1 (log e 4.00 - 4.60)
for Cr(tfpybd)” which has been assigned to a charge transfer band,
possibly d = w transitions.

< 5
Manganese(l111) Chelates

The effective magnetic moments of Mn(tbd)”, Mn(tftbd)”, Mn(fbd)”™,
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Mn(tFfbd)”, Mn(bzac)3, Mn(bztfac)3 and Mn(tfpybd)3 at 293K are 4.99,
5.0B, 4.99, 4.98, 5.09, 5.00, and 5.10 B.M. respectively. For
octahedral high—spin manganese(l11) complexes in different environments,
an appreciable effect of Jahn - Teller distortion is expectted and
magnhetic moments with values ranging from 4.85 - 5 ,M. have been
reported in the literature _[881. The value of .6.16 B.M. for Mn(tftbd)j
quoted by Shephard and Thornton [91] seems to be rather high for a

tAS Ué configuration. An over-range temperature (293 - 80k ) magnetic

susceptibility measurements for Mn(tbd)3 (Fig.43b) indicate that the
values arc independent of temperature. Variation of @eff. with T obeys
the Curie-Weiss law with a 0 value of -8°.

The electronic spectra of manganese(ll1l) complexes have been
interpreted [56, 60, 78, 80] in terms of an octahedral model and a band
at _ 20,000 cm_1 has been assigned to the spin-allowed crystal field

transition 5E 5 In carbon tetrachloride solution spectra of tris

9y~- 29°
(acetylacetonato)-manganese(in) complex, Dingle [80] reported three

1
bands located around 8500; 17,600 and 22,000 cm~ . The first two

bands were assigned to chayige transfer transitions and the last one
as 5E stng* Similar bands with their corresponding assignments

*.ere also reported for tris (benzoylacetonato) manganese(ni). In
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ethanolic solution, Barnum [52] observed a shoulder at 18,180 cm_1
and assigned it to the 5Eg 5T29 transition.

However, structural determinations on several six-coordtinated
mangnnesetlll) complexes in a variety of molecular environments revealed
that they are either distorted by flattening or elongation [23], For
MntacacJ”™j distortion by flattening or compression has been reported
[23] and this is supported by the two different average Mn - O bond

distances. This would correspond to a MAi  ground state [125]

(Fig. 9) instead of a jb™ ground term on the basis of an elongated

octahedral model (Fig. 8) [126"], The three d-d spin-allowed transitions

in Mn(acac)_ (21,300; 17,900 and 9500 cm ) were therefore assigned
5. 5 5

Ig Bng A1g B Eg

and respectively. Since there are no X-ray structural

on the basis of the revi§g%/state 1125J as 5A
0

data available on the manganese(l11) complexes under investigation,

a similar distortion (by compression) has been assumed and the ligand
field bands”~feve been assigned accordingly (Tables 17 - 24). From
Tables 1 it is observed that, for all the manganese(lll)
ketoenolhxesi the three transitions are placed around 22,000; 16,500

-1
and 9000 cm
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iron (111) Chelates

Prom Table 25, the magnetic moments of all the iron(HIl) £-
diketonatcs apart from Pettfpybd)” are in the range > 86 i 0.04B.M.
and these values are iIn reasonable agreement with & reported for
Fe(tftbd)% (5.83B.M.) [84] and Fe(acac)_3 (5.97 B.ﬁ.; [92]. These
values indicate that Fe(lll) iongin these complexes adopt a high -
spin d® electronic configuration. The table temperature magnetic
susceptibility of Fe(fbd)”™ (Fig. 43a) in the temperature region (293 -
80k ) shows that the room temperature magnetic moment is 5.84 B.M.,
and Curi”-Waiss law holds down to 80K with 9 =6 ". A moment of 3.69 3.M.
at 293K obtained for Fe(tfpybd)”~ appears to be rather unusual for a
high - spin d® system.J Variable temperature susceptibility measurements
of Fe(tfpybd)” show dependence on temperature (Fig. 43d). However,
this behaviour is similar to those reported for some ferric dithiocar-
bamates [127] for which a spin-crossover phenomena between two spin
states S m h and 5/2 were postulated.

Having as n ground state in octahedral high-spin iron('rll)
complexes, moments around 5.90 B.M. were expected. The absence of
higher T terms of sextuplet multiplicity and the occurrence of quartet

and doublet terms in the excited states make the transitions spin-forbidden



189

The reflectance spectra of the Fe(lll) C-diketonates show four bands
in the visible region, located near 27,000; 23,400; 20,000; and
12,300 cm_l; and have been tentatively assignhed to 6AI0(S)'5 4Tg’\CD);
SAIg(®®) "\ \'g (6> \'glIS) - Sg<G) and "We®™* ~ 4TIlgG)
transitions respectively. Similar bands have beerr reported for
Fe(tftbd)” [84J but no assignment was proposed for the band at 27,000
cm—ﬂl Low frequency bands around 9500 cm similar té that reported
for Fetacac)”™ which were assigned by Barnum [52] as >
transitions, were also observed in the spectra of Fe(tbd)®, Fe(tftbd)
Fe(fbd)~T Fc(bzac)”, while the corresponding bands were found to

be absent in the spectra of Fe(tffbd)”, Fetbztfac)” and Fettfpybd)”.

Cobalt(lll) Chelates

The majority of the octahedral cobalt(m) complexes are
diamagnetic wjlLth exception of [coFO] ~ and [Co(H€O)UFJ] which
are paramagnetic. The magnetic moments at 293K obtained for most
of the cobalt(l1l) p-diketonates studied, are 0.75" 0.09 B.M.,
except for Co(tftbd)” and Co(tfpybd)”™ which gave moments of 1.02 and
1.10 B.M. respectively. These latter two moment values are certainly
high for low~spin cobalt(m) complexes. The former values within

reasonable limits of experimental errors could be indicative of
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diamagnetic behaviour. The values for Coftftbd)” {1.02 R.M.) and
Co(tfpybd)”™ (1.10 B.M.) neither suggest the presence of high-spin
cobalt{lXl) - nor cobalt(ll) - species as impurities. The extent of
A"em - jtiem exhibited by these two compounds therefore, may possibly
be due to the contribution of the T.lI. P term, which arises as a result
of second order Zeeman effect with higher ligand %%e%d terms.

Their ligand field bands are similar to those reported for

Co(acac)” by Barnum [52], indicating that the central metal ion

is predominantly of the low-spin cobalt(lll) type. The ground state
term of low—spin cobalt(ill) 1ion in an octahedral environment is

~lg nn© trans™ions reported ('Tables 17-24), like many other
workers [52, 56, 75], consiNjt*MliF those from the ground state to

higher singlet upper states and to some triplet excited states.

5.5. Nepheluuxetic and Spectrochemical series

In octahedral complexes, the partly filled d shell having the
symmetry tynes e Bnd () is distorted by the formation of
delocalised molecular orbitals and no longer necessarily corresponds
to the angular function characterising the d-orbitals. Thus,
is the antibonding molecular orbital with a certain a component in

the ligands, while the corresponding bonding molecular orbital is



completely filled in the ground state of the complex., In the same
way, y of the partly filled shell becomes nntibonding with respect
to the occupied rr-orbitals of the ligands. |If empty, high-energy tu
orbitals nf the ligands Should turn out to be important; the partly
filled v5 should be bonding with respect to these components. In
other words, the energy difference Ao (also called (E _3— E .5) or
10 Dg) between the subshells y* and y™ consists in octahedral
complexes of the following contributions, among others;
@ the difference in electrostatic perturbation of the ligands
on the two subshells;
® the effect of a »bondin< - M) on y3;
© the negative effect of "~-bonding with Ffilled orbitals
@« > M on v,-; and
(d) the positive effect of n-bonding with empty ligand orbitals
CM - L) on Y5.

Contribution (b) is considerably more important than the
other three effects in most complexes, while contributions (@) and
(c) possibly change Ao some 10 to 30%. These contributions are
appreciated more if the magnitude of the ligand field parameters
B35* ~ and 3"5> where g5 IS the interaction between Vg and y
subshells, D< being the crystal field splitting energy parameter

and 3 , the extent of covalency, are known.
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The crystal field splitting energy parameter 10 Dg was

calculated from the relationship [1283.

10 Dq e f(ligand). g(metal ion) x 10 en L.

The f(ligand) values for the series were derived from the spectra of
the chromium(lll) chelates since the A2g 2g ansition (BAND 1)
in chromium(lll) compounds is a direct measure of 10 Dqg. The values

of the Raeah parameters and C were calculated from standard

equations which include configurational interactions.

%ﬁ 4 Vi
B Ay, T 1= 7.5835 + 15Dq V h 7225075 + 100 Dg - 180 DGBAJ
BAND 11
¢ 35
335 Bas
Bo

(where Bo is the B term for the free ion. A value of 920 cm’_’1 for BO

is us in the calculation).

able 28 is a summary of the calculated 10Dgq, f (ligand) , 835,

and C parameters for the chromium(lll) complexes. The spin-

allowed transitions from which values were calculated take



TABLE 28.

Compound

Cr(tbd)
Cr(tftbd)j
Cr(fbd)

cr Ctffbd)”
Cr(bsac)”
Cr(bztfac)
Cr(tfpybd)

Cr(acac)3

1

Calculated IODq___7 f(ligand),, ng,

Chromium(l1l) 5-dilcetones.

<

W

E(BANDIT)X!0 cm"

/L t

Tlg<

23.8s

- e &

22.

23.

24.

21.

22.

20.

23.

99

40

69

74

73

83

26

4

4

A2g- T2g(F)

10D

,,1u3,

17,

17.68

17.86
17.50
17.40

17.86

cmr

1

357and C parameters for

g(metal)

xI'O3 cm

17.0
17.0

17.0

17.0

17.0
17.0
17.0

17.0

1

f(ligand)

1.04(6)
1.05(0)
1.03(5)
1.04(0)
1.05(1)
1.02(9)

U02C4)

B35

cm

575

475

551

699

347

488

305

505

0.63

0.52

0.60

0.76

0.38

0.53

0.33

0.55

cm

2300

1900

2204

2796

1388

1952

1220

2020
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TABLE 29. Calculated Ao xl10 Sem © value
Compound uo xi’O'ch_
Cr(tbd), 17.78
Cr(tftbd) 3 17.87
cr(fbd)3 17.60
Cr(tffbd) 4 17 68~y
Cr(bzac) 4 17.86
Cr(bztfac) 3 17.50
Cr(tfpybd). 17.41
Mn(tbd) 21 .97
Mn (tdbd) 22 07
Mn(fbd) 21.74
Mn(tffbd) , 21.84
Mn(bzac) 3 22.05
Mn(bztfac)3, & 21.61
Mn(tipybd) 21.50
Fe(thd)h * 14.64
Fe(tftbd)3 14.71
Fe(fbd) 14.49

D) 14.56
Fe(bzac) 3 14.70
(bztfac) 3 14.41
Fe(tfpybd)3 14.34
Co(tbd)3 19.87
Co(tftbd) 19.97
Co(fbd) 19.67
Co(tffbd). 19.76
Co(bzac)” 19.95
Co (bztfac)” 19.55

Co (tfpybd)3 19.46
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place between, the strong-field configurations 3 and A%<2}

Hence repulsions within both the w - and a - bonding subsets are

believed to determine the value of B ,, is therefore reduced
more by complcxation. The fact that changes markedly with
changes in the substituent groups and R™» leads one to conclude
that induction has its main effects through a - bo system.

The order of decreasing 335 is equivalent to increasing covalency.
This order is independent of the metal ion and is known as the
nephelauxetic series of the 3-diketones. From the calculated

values of the nephelauxetic series of the 3-diketones studied is

35
Htffbd > Htba > Hfbd > Hacac > Hbztfac >

Htftbd > Hbzac > Htfpybd.

From Ao (IQDg) values of th&:lomplexes (Table 29), one can say that,
for each particular 3—Xiketone, the metal ions fall in a decreasing
order of Ao, which IS in agreement with the spectrochemical series

of the metal it
Mn(1IX) > Co(lll) > Cr(1ll) > FcCIIY)

Also from the f(ligand) values of the 3-diketones the spectrochemical
series 1is,
tfpybd~* < bztfac ” < fbd“ < tffbd” < tbd~ <

acac bzac ~ <tftbd-.
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Although no X-ray crystallographic studies have been done
on these comoounds except for Mn(acac)3 C233 and Fe(acac)3 [20]

it could be safely assumed from the spectral and magnetic

properties that, the AI{IIl), Cr(ni), MnClID), Fedlll) ﬁéé~

Co(lll) metal 1ions are all in octahedral environments. Hence,
their chelates could likely have octahedral geomékries except
in the manganese(l11) complexes where there evidence of

distortions due to Jahn-Teller effect
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