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ABSTRACT

The oxo-metal complexes were synthesized using tetra dentate Schiff
base ligands (2N,20). The Schiff base ligands were obtained by the
condensation of some primary amine ({ethylenediamine and 1,6-
hexandiamine } with some ketone {Benzoylacetone, Acetylacetone and
Benzoin) which are produced the following tigands, HyL,'=[Ca:HasN203],
FLL2=[CaHuN2 5], Hal3=[CreMaeNaOy).  HhL'=[C)sHxN,0;]  and
HiL’=[C;0H25N,0,]. These tetradentate ligands have the 2N, 20 donor
sites. The tetradentate ligands were reacted with some oxo-metal cations
namely, UO2*", VO, Mo02¥" and ZrO*'. This study confirmed the
formation of mono-nuclear complexes for all the cations under
investigation. The Schiff base ligunds and their complexes have been
were characterized by elemental  analysis(C,HN) infrarcd  (IR),
electronic (UV) and mass spectroscopy Lo verify their structures, The
clemental analysis obtained for H%, C% and N% were in good
agreements with the calculated values for the compounds. The IR showed
the expected absorption bands for the compounds, since the frequencies
attributed to the C=N, C=0, C-O and O-H groups were observed on the
figands spectra. And these bands in complexation have been shifted 10
lower frequencies and new bands due to M-C and M-N were also

apparent. The mass specirum data analysis for the ligands under

IX




consideration showed a fragmentation pattern which were in excellent
agreement with the molecular structures.  The clectronic spectra of
complexes in 10° M DMF or chloroform showed the expected
transitions. In addition, the measured values of the magnetic moment

suggested the square pyramidal stereochemistry of most complexes.
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Chapter £ Introchietion

1. Introduction
1.1. Schiff base

Since the discovery of Schiff base {azomethine), by Hugo Schiff, the
German chemist, there have been extensive work carried on the Schiff base
and their complexes due to their biological and industrial applications. The
Schitf base is a tunctional group that contains a carbon-nitrogen double
bond with the nitrogen atom connecied 10 an aryl or alkyl group but not
hydrogen.[1]
1.2. Schiff base complexes:
1.2.1. Vanadyl complexes

The synthesis and characterization of the V({IV) complex of a
salicylaldimine, |V(Cyl13N200].2C;HOS8.2H,0, has been described.
The reaction of 2.4-dihydroxybenzaldehyde and 1,2-phenylenediamine
with vanadyl sulfate preduces a monomeric V(IV) complex. Its structure
reveals that the vanadium(1V) ion is pentacoordinated and situated in a
distoried square-pyramidal environmentfi].

Structural modification of organic molecule has considerable
biological relevance. Further, coordination of a biomolecules to the metal
ions significantly alters the effectiveness of the biomolecules. In view of
the antimicrobial activity ligand [bis-(2-aminobenzaldehyde)] malonoyl

dihydrazone], metal complexes with Cu(ll), Ni(ll}, Zn(l) and
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oxovanadium(1V) have been synthesized and found to be potential
antimicrobial agents. An attempt is also made to correlate the biolegical
activities with geometry of the complexes. The complexes have been
characterized by elemental analysis, molar conductance, spectra and
cyclicvoltammetric measurements. The structural assessment of the
complexes has been carried out based on electronic, infrared and molar
conductivity values [2].

The electrochemical properties of vanadyI(TV) derivatives, namely
salen Schiff base complexes of the type [VO{(Salen)] (5-BrSalen, 5-
NQO,S8alen, 5-MeOSalen, salpn (bis(salicylaldehyde)-1,3-propanediamine,
>-BrSalpn, 3-NO,Salpn, 5-MeOSalpn.Me;Saien, Salophen, 5-BrSalophen,
and 3-MeOSalophen} have been investipated. The equatorial Schiff base
ligands affect the oxidation potentials via interaction with the d-orbitals of
the vanadyl metal ion. The cathodic peak potential (Epc) becomes less
negative according to the sequence MeQ™ < H < Br' < NO;[3].

Two series of the unsymmetrical diimino tetradentate Schiff bascs
derived from phenylenediamine and 1,3-naphthalene diamine and their
vanadyl complexes have been made and characterized by 1H, 13C NMR,
IR, UV-Vis and clemental analysis [4].

Fifieen Schiff base ligands were synthesized and used to form
complexes with vanadium in oxidation states [II, [V, and V.

Electrochemical and spectral characteristics of the complexes were

Lad
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evaluated and compared. In acidified solutions in acetonitrile the
vanadium{lV) complexes undergo reversible disproportionation 1o form
V(1) and V(V) complexes. With several of the ligands the V(III)
complexes are much more stable in the presence of acid than 15 the
previously studied complex with salen, an unelaborated Schiff base ligund
(H» salen = V. N-cthylenebis {salicylideneiminato}). Equilibrium constants
for the disproportionation were evaluated. The vanadium{lI[} complexes
reduce dioxygen Lo form two oxo ligands. The reaction is stoichiometric in
the absence of acid, and second-order rate constants were evaluated. In the
presence of acid some of the complexes investigated participate in a
catalvtic ¢lectroreduction of dioxvgen [3].

Neutral 1etradentate N2O; tyvpe complexes of Cu(ll), Ni(I[), Mn{il),
Zn(Il} and VO(1l} have been prepared using a Schiff base ligand formed by
the condensation of o-phenylenediamine with acetoacetanilide in alcohol
medium, All the complexes have been characterised on the basis of their
microanalytical data, melar conductance, magnetic susceptibility, IR, Uv—
Vis TH NMR and ESR spectra, [R and UV—Vis spectral data sugpest that
all the complexes are square-planar except the Mn(1[) and VO(II) chelates,
which are of octahedral and square pyramidal geometry respectively. The
monomeric and neutral nature of the complexes was confirmed by their

magnetic susceptibility data and low conductance values. The ESR spectra
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of copper and vanadyl complexes in DMSO solution at 300 K and 77 K
were recorded and their salient features are reported.[0]

The saccharimato complexes of Au(lll), ZrO(D, VO and UO.(11)
metal ions have been prepared and the coordination ol saccharin in these
complexes has been investigated through their '1INMR and IR spectra as
well as by thermal analysis. [1 was found that saccharin interacts with all of
these metal ions in the anionic form and coordinates in & monodentate
fashion through its nitrogen to Au(lth), ZrO(D and VO(IE) ions, whereas it
coordinates 1o UOy(I1) 1on as a bidentate ligand using its carbony] and
sulphonyl groups. A square structure has been proposed for Au(lll)
complexes, polvmeric chain structures for ZrO{11) and VO(11) complexes
and an octahedral structure for UQ;-saccharin complex. The thermal
properties of these complexes were shown to be consistent with the
proposed structures and indicate that metallic gold, ZrQ, V.05 and
UCLSOy are obtained as final thermal decomposition products of these

complexes [7].

1.2.2. Urany! complexes

Four new complexes [UO(HNTANH:O)].3H,0, Na[UQyNTA)].
(H;0), [ZrO(HNTA)(H,0)].3H,0 and Na[ZrQ(NTA)].H;O were obtained
by the reactions of UO,*" and ZrO™" salts with nitrilotriacetic acid (NTA)

dissclved in waler and NaOH aqueous solution. Infrared specira of the
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solid complexes have been oblained and assigned on the basis of Cs point
group. Octahedral and polymeric chain structures are adopted for the uranyl
and zircony! NTA complexces, respectively, Thermogravimetrie (1G) and
differential thermal analysis (DTA) data are in accordance with the
proposed structures and showed that the complexes decompose to metal
oxides.[8]

terdentate neutral complexes of Cu(ll), Ni{I1), Ce(1l), Mn{iI), Zn(1[),
Cd(In, Hg(IN, VO(II), ZrO{Il) and UO; [I have been made using a Schiff
base derived from [-phenyl-2.3-dimethyl-4-aminopyrazol-5-one  (4-
aminoantipyring) and acctoacetanilide. The structural features of the
chelates have been confirmed by microanalytical data, IR, UV-Vis,
'"HNMR, ESR and mass spectral techniques. Electronic abserption and IR
spectra of the complexes indicate an octahedral geometry around the
central metal ion, except for the VOIL and ZrOll complexes which show
square pyramidal geometry.[9]

The synthesis and charactenization of 2-acetylpyndine-(2-
aminobenzoylhydrazone)}(HLL1)} and its first dioxouranium complex has
been described. The single crystal X-ray structural analysis of the
hvdrazone, HIL. |, reveals an almost planar structure with intermelecular
hydrogen bonds. The complex [UOyLiXDMF)R]J(NO;) is formed by
refluxing a suspension of HL | with uranyl nitrate in methanol in the

presence of a small quantity of triethylamine. Recrystallisation from DM
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results in single crystals suitable for X-ray crystallography. The single
crystal X-ray study of ithe complex shows a distorted pentagonal-
bipyramidal coordination geometry around the uwranium(V1) center,
determined by two axial oxo ligands, two nitrogen and one oxygen atoms
from a chelating monodeprotonated hvdrazone and the oxyvgen donor atoms
of two dimethylformamide molecules.[10]

The reaction of uranyl nitrate with asymmetric Schifl base ligands in
the presence of base yields dinuclear uranyl complexes, [UOL{HI 1]y DMF
(1), [UO;{HLZ2)]2DMIH,0 (2). and [UO;(HL3}]y2DMF (3) with 3-(2-
hydroxybenzylideneamino)propane-1,2-diol  (HsL1), 4-{(2,3-dihydroxy-
propylimine)methylbenzene-1,3-diol (HiL2), and 3-(3,5-di-tert-buty[-2-
hydroxybenzylideneamino)propane-1,2-diol  (H;L3), respectively. Al
complexes exhibit a symmetric U;0; core featuring distorted pentagenal
bipyramidal geometry around each uranyl center. The hydroxyl groups on
the ligands are attached to the uranyl ion in chelating, bridging, and
coordinate covalent bonds. Distortion in the backbone is more pronounced
in 1, where the phenyl groups are on the same side of the planar U-O; core.
The phenyl groups are present on the opposite side of U,Q; core in 2 and 3
due to clectronic and steric effects. A similar hydrogen-bonding pattern is
observed in the solid-state structures of t and 3 with terminal hydroxyl
groups and DMI' molecules, resulting in discrete molecules. Free aryl

hydroxyl groups and water molecules in 2 give rise to a two-dimensional
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network with water molecules in the channels of an extended corrugated
sheet structure. Compound 1 in the presence of excess Ag(NO,) yiclds
{[(UONOy)(CeH,OCOOY(NH(CH2CH3)3)32 (4), where the geometry
around the uranyl center is hexagonal bipyrimidal. Two-phase extraction
studies of uranium from agueous media employing H;L, indicate 99%
reduction of uranyl ion at higher pH. [11]

A new approach 1o the molecular recognition of metal oxo cations was
introduced based on a ligand design strategy that provides at least one
hydrogen bond donor for interaction with oxo group(s) as well as
conveniional clectron pair donor ligands for coordination to the metal
center. This concept of stereognostic coordination of oxo metal ions is
excmplified in the design of four tripodal ligands tris[2-(2-
carboxyphenoxy)ethyl]lamine [NEB], tris[ 3-(2- carboxyphenoxy)propyl]
amine [NPB], tris[3-(2-carboxynaphthyl-3-oxy)propylJamine [NPN] , and
tris[3-(2-carboxy-4-octadecylphenoxy)propyl]amine{ NPodBJor sequestrate
of the uranyl jon. The ligands NEB, NPB. and NPN form 1:! complexes
with U0,"". The bidentate coordination of carboxyl groups of these
compounds is indicated by the infrared spectra, which offer some support

for the presence of a hydrogen bond to the uranyl group. [12]
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1.2.3. Zirconyl and Molybdenyl complexes

Fewer zirconyl and molybdy! Schift base complexes have been
reported in comparison with uarnyl and vandyl counter parts. Pyridine N-
oxide complexes having the composition ZrO(Py.0).(C10,),,
Th(Py.(Ng(C104),, and UO2(Py.(3)u(C1O0y); have been prepared. The
infrared and electronic absorption spectra show that the bonding between
the metal and pyridine N-oxide in the complexes has occurred by donation
of the lone pair of p-electrons on oxygen to the metal, und that the T-
bondcharacter of NO group increases in the complexes as uranyl < thorjum
< zirconyl. The decrease in the vibrational structure of the UQ,™ spectrum
in the visible region indicates strong coordination of pyridine N-oxide to
the uranyl group. The decomposition temperatures ol zirconyl, thorium,
and uranyl complexes are 307, 350, and 319" C respectively [13].

The synthesis of two monomeric molybdenum{V]) Schiff base
complexes derived from N-phenyl-2-hidroxy-1-naphthaldimine and N-
benzyl-2-hidroxy-1-naphthaldimine: [MoQOx{(C:H;O:{OCH, ) 2-
OCgHeCH=NHC,Hs)] and [MoOx{CsH;0:XOCH;)(2-0OC qHCH=NF-
CH,C¢Hs)] have been deseribed. These complexes are the first examples in
which potentially bidentate Schiff bases are monodentately bonded to
molybdenum as zwitterionic ligands, The structure of first complex was
determined by X-ruy analysis. Within the same ligand, the hydrogen atom

attached to nitrogen forms an intramolecular hvdrogen bond of 2.548 A
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with the oxvgen atom coordinated to molybdenum. The octahedral
coordination of molybdenum is completed by two oxo-oxygens, two
acetylacetonato oxygens and one methoxy oxygen. The compounds were
characterized by chemical analvsis, TR spectroscopy and single crystal
structure determination, [14]

Six new dioxobridged complexes of molybdenum {IV) and tungsien
(IV) with N-alkylphenothiazines having the gencral formuta
M,04L);(H;3); [whereM = molybdenum or tungsten and L. = N-alkyl-
phenothiazines] have been synthesized. The complexes have been
characterised on ihe basis of analyuical, molar conduclance ,magnetic
susceptibility, spectral data, TGA and DTA. The low magnetic moments
for the complexes are due to spin—spin interaction or metal-metal bonding.
The interactions of these complexes with some biologically important
amino acids have been studied. [15]

Three optically active Molybdenum (VI} dioxo complexes with
tetrahydro salen and substituted tetrahydro salen derivatives as ligands
were synthesized and examined as catalysts for asymmetric epoxidation.
Complexes of the type MoO2(LYSolv} and WO2(L) (1. = tridentate, trans-

2-aminccyclohexanol derived chiral Schiff base, Sclvent = alcohol) were

10
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prepared and characterized by elemental analysis, NMR and IR
spectroscopy. These complexes were applicable as catalysts for olefin
cpoxidation reactions with terl-buly) hydroperoxide being the oxidizing
agent. In case of cis- fi-methylstyrene moderate enantiomeric excesses of
up 10 26% can be reached when the reaction is carried out at 0°C. [16]

The metal ions use to control the self-assembly of multicomponent
supramolecular structures is a subject of such investigation, with particular

attention to multihelical species and those containing internal cavities.[17]

(]

—N N=—
OH HO
OH HO
HiL
OH HO
OH HO
H,L

Likewise, the chemistry of metal complexes with dicompartmental
ligands has arisen a growing interest because of their biomimetic

possibilities, catalyvtic properties, ability to stabilize unusual or mixed
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oxidation states and their usefulness to design molecular magnetic

materials.[17]
Uranyl salophenes, for the first time, have been utilized in the
experiments with complexation and recognition of polar nentral molecules,

Le. formamide, acetamide, dimethylsulfoxide, urea derivatives, etc.[18]

R, o o © Ra

I. Ri=Rs=R:=H
I R=R;=H, R;=.0C;s1 L
[T R|=R2~R_1=T.-Hu

12
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2. Experimental
2.1, Materials and reagents

All materials and reagents used in this study were laboratory pure

chemical. They include, as shown in table.

Materials and rcagents The company
Formula o

Ethylenediamine 60.09 C2HEN2
1,6-hexanediamine 116.2 CoHI16N2 Aldrich
Benzoylacetone 162,18 Ricdel-dehaen

Acetyl acetone 100.11 CsHeO; S{lgma L?hem]cal CO.
Steinheim, Germany

212.24 C!4I‘h201 Aldrich

Ufrany] Nitrate.
hexahedrate

Zirconium oxide 32295 - Koch-Liht Laboratories
chloride.octahedrate o £rOCL,.8H;0 LTD England
Sodium molybdate 241,96 Na:Mo04.2H,0 Riedel-Dehaenag
116.96 NH/VO; Ricdel-Dehacnag

14
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2.2. The synthesis of the Schiff basc ligands

The synthesis of the Schitf base ligands was prepared by the
literature procedure. An ethanolic solution (40ml) of primary diamine
(1 mole) was refluxed with diketenes (2mole) for about 12h. The volume of
the solution was reduced to one third and 10m] of petroleum ether (60-
80C") was added with constant stirring. The solid product formed was
filtered and recrystallized from ethanoi and dried in vacuo. This method

was based on the previous methods for the preparation Schiff base

ligands.[19]

2.2.1. The preparation {}f{HlLl = CaHyyN;O) ligand

An ethanolic solution (40ml) of Ethylenediamine (0.6 ml, 0.01mole)
was refluxed with Benzoylacetone (3.24g, 0.02mole) for about 12h. The
volume of the solution was reduced to one third und 10ml of petroleum
ether {60-80C") was added with constant stirring. 'The solid product formed
was filtered and recrystallized from ethanol and dried in vacuo.
The same procedures was used for the synthesis of {HgL'= C1:Hz:N:0;3)
from Ethylenediamine with Benzoylacetone | (H1.>= Ca2H3aNaD2) from
1, 6-hexanediamine with Benzoylacelone | {HgLjl = C15H2gN:0,) from 1, 6-
hexanediamine with acetylacetone, (H,L.! = C|l13N;0;) from Ethvlenedi
amine with acetylacetone and (HsL* = Cy0HyeN,0,) from Ethylenediamine

with Benzoin.

15
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2.3. The synthesis of metal Complexes:

The Schift base complexes under investigation were synthesized by
one method, an ethanolic solution of Schiff base ligands (Imol) was
refluxed with oxe-metai salt (1 mol) in ethanol for about 6h. The volume of
the solution was reduced to one third and the concentrate cooled at 0C'. The
solid complex formed was filtered, washed with cthanel and dried in

vacuo.[19]

2.4, The studies on ligands and its metal Complexes
2.4.%, Physical techniques measurements and spectroscopic
2.4.1.1. Elemental analysis

All the Schiff base ligands and their complexes under investigation,
were subjected to (C, H and N) elemental analysis which performed at
micro analytical center faculty of Science-Cairo University (Egypt) and the

Complexation at laboratories of RASCO company Libya.

2.4.1.2. ¥Mass spectra

Mass spectra were recorded with a Shimadzo 24 GCMS-QP

10Q0LEX, at micre analytical center University of Cairo.

18
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2.4.1.3. Melting point

The melting point of ligands and their complexes were measured in
capillary tubes Philip Haris, Shenston-England, serial No.B/A-211, at
chemistry department. Faculiy of Science, Garyounis (UOG) University.
2.4.1.4. Magnetic moment measurements

The magnetic moment measurements of complexes under
investigation were determined by using a modified Goy type magnetic

balance Herts SG8 SH), England, at Cairo. University.

2.4.1.5 Infrared spectra

The IR spectra of the Schifl base ligands and their complexes under
investigation were recorded using BRUKER IFS 25 spectrophotometer
using KBr Discs, al the region 400-4000cm™ at Advanced Laboratory for
Chemical Analysis, Al Fatah University Tripoli and micro analytical center

faculty of Science-Cairo University (Egvpt)

2.4.1.6 Electronic spectra

In 107 M solution of Schiff base ligands and their complexes were
prepared by dissolving the accurate weight of the compound in 25 cm’ of
DMF or CHCI;. The spectra of the obtained solutions were scanned within
the visible and ultraviolet measured wusing a 6408 UV-vis

spectrophotometer using |em matched silica cells, at Advanced Laboratory

19
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for Chemical Analysis, Al Fatah University Tripoli, and Micro Analytical

Center, Cairo University, Giza-Egypt.
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Chaprer 3 Results and discussion

3. Results and discussion:
3.1. The studies on Schiff base ligands

The Schiff base ligands under investigation were formed by the
condensation reaction of Ethylenediamine with Benzovlacelone obtained
H2L'=[C21H14N102], 1,6-hexancdiamine  with Benzoylacetone ohtained
H,L% [C26H32N,00), 1, 6-hexanediamine with Acctylaccton obtained
HzL‘j'. [CrelzgN;O;], Lthylenediamine with Acetylaceton obtained
H,L* [C12HwN;0;] and  Ethylenediamine  with  Benzoin  ohtained
H:LS= [C3pHagN205]. The Schiff base ligands were subjected to elemental
analysis, Infrared, Mass spectroscopy and Llectronic spectroscopy 10

identify their structures.

3.1.1 Elemental analysis of the Schiff base ligands
Elemental analysis resulis of the ligands are given in table {1); the
results are in good agreements for the ligands and correlated well with the

calculated.

3.1.2. Infrared spectrum of the Schiff base ligands

The infrared spectral data is shown in Table {2).The assignment
of The infrared bands the Schiff base are in good agreement with our
expected Fig.1-3 the band at 3418 em''is attributed to the OH group

[20-22]. A band at 1597-1657 cmt'are due to v(C=N} vibration [23-28].

L
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The band at 1547-1657 cmare assigned to W(C=C) stretching frequency
i21,23,28,29]. The C—O stretching absorption are seen at range 1263-
1334em™'[21,30,31].

The infrared spectrum of the ligand HEL'= C32Ho3N504. Showed a
strong band at 1606 cm’' is assipned to v(C=N) azomethine group
stretching. The absorption band in the region 1547cm™ is assigned to the
w({C=C) vibration. Finally strong band at 1288 cm” is attributed to the
existence of W(C—0).

The infrared spectrum of the ligand HyL’- CagHyN2Os. Showed a
strong band at 1597cm™ is assigned to v(C=N} azomethine BrOUp
strelching. The absorption band in the region 1582¢m™ is assigned to the
wW(C=C} vibration. Finally strong band at 1289 ¢m’ is attributed to the
existence of W({C—O ).

The infrared spectrum of the lipand HiL*~ Ci¢HzeN;O,. Showed a
strong band at 1605 em™ is ussigned to wWC=N) azomethine group
stretching. The absorption band in the region 1564em™ is assigned to the
wC=C) vibration. Finally strong band at 1354cm™ is attributed to the
existence of v(C—O ).

The infrared spectrum of the ligand HyL . C2HzN;O.. Showed a
strong band at 1609 cm’ is assigned to w(C=N} azomcthine group

stretching. The absorption band in the region 1579cm™ is assigned to the

[
L]
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v(C=C) vibration. Finally strong band at 1353cm™ is attributed to the
existence of v(C—O ).

The infrared spectrum of the ligand 512 CaygHzgN2O5. Showed a
strong band at 1681cm™ which is assigned to v(C=N) azomethine group
stretching. The absorption band in the region 1657cm” was assigned to the
v(C=C) vibration, The band a1 3418 cm” is due to hydrogen bonding of
(OH) group ‘Finally the strong band at 1263cm™ was attributed to the

existence of v(C—O ).

3.1.3 Electronic spectrum of Schiff base ligands

The electronie spectrum of all ligands were recorded in 10~°M DMF are
presented in table (3). Fig.(6-10). The Schiff bases were characterized
mainly by absorption bands in the region (28490-47146¢m™). The bands
were  attributed 1o aromatic #_.x* or azomethine group at rangel263-

1354cm™ [30,32).

3.1.4 Mass spectrum of Schiff base ligands

The mass spectra ol shifT bose "ligands” are given in the figures
(11-15) and Schemes {1-5). The compound peaks are in good agreements
with their empirical ftormula as indicated trom elemental analyses.

The other peaks represent fragments of the ligands.
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The mass spectrum of (H.L'} showed the following fragmentation
scheme the molecular ion peak at m/z 348 is corresponding to the
molecular weight of (CsHayNyO2). The peak at m/z 304 which is the base
peak is assigned to (CagHapN70Y fragment, A peak at m/z 119 and 77 are
due to (CgHsO) and {Celly)” [ragment.

The mass spectrum of (H;L?) showed the following fragmentation
scheme 2. The molecular ion peak at m/z 404 is corresponding to the
molecular weight of {CyH;N20;). The peak at m/z 299 is due to
(CigHzeN,0)  fragment. A peak at m/z 244 is due to (CysHyN,O)Y
fragment. A peak at m/z |88 is assigned to (C,H;sNO)" fragment. The
peak at m/z 105 which is the base peak is assigned to (C;HO)" fragment.

The mass spectrum of (};L*) showed the following fragmentation
scheme 3. The molecular ion peak at m/z 280 is corresponding to the
molecular weight of (CHz3N30;). The peak at m/z 237 which 1s assigned
to (C4H26N.0) fragment.. The peak at m/z 180 which is the base peak is
assigned to (C[1eNO)* fragment. A peak at m/z 138 is due to (CoH,5N)Y'
A peak at m/z 98 is due to (CsHgNO)Y fragment. A peak at m/z 55 is due to
(C4H,) fragment,

The mass spectrum of (H;L*) showed the following fragmentation
scheme 4. The molecular ion peak at m/z 224 is corresponding to the
molecular weight of (C,3H;N:0;) frapment. The peak at m/z 175 which is

the base peak is assigned to (C,yH;sN2)" fragment. A peak at m/z 105 is
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due to (CeHoN;)" fragment. A peak at méz 51 is assigned o (CyHN)
fragmen

The mass spectrum of (H;L°Y in scheme S showed the followings
fragmentation. The molecular ion peak at m/z 448 is corresponding to the
molecular weight of (C3gHzN;Os). The peak al m/z 174 is assigned to
(CigH\oNz0)"  fragment. A peak at m/z 105 is the base peak due to

(C;H,0) fragment . A peak at m/z 77 is due to (CoHs) fragment

3.2 Studies of Schiff base complexes

In this section, we focus our attention on the analysis of the entire
complexes, the analysis included the elememal analysis, magnetic
susceptibility, IR and UV-vis spectra,
3.2.1 Elecmental analysis
Analytical results for complexes. C, H and N, all the synthesized

compounds are given in table (4).

3.2.2 Infrared spectra of the complexes

The IR spectra of the complexes are found in table (5) and Figures
{16-26).the IR spectra of the complexes compared with those of the ligand
indicate that the v (C=N) band at {1563 to 1652 cm’") shified to lower or
higher frequencies at ranging from 1263-1354cm™'[25,26,30,33,34]., band

at (1231 to 1362 em™) for  v{C—0) stretehing]30,31,35-37) and region at

20
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(3306 to 3446 cm’') for  O-H group stretching[22,28]. Conclusive
evidence of bonding is also shown by the observation that new bands in the
speelra of the metal complexes appear at (473 to 570 em™) and (417 to
546 cm’'} these are assigned o w(M—OQ) and W{M—N) stretching
vibrations and are not observed in the specira of the ligands
(22,27,28,31,37]. and new band region at { 818 10 987em™) is attributed to
the existence of M=0 band |22, 38].

The infrared spectrum of the C;;H2N,O4U.8HaO Complex showed a
peak at 1600cm™ which is assigned to the v(C=N} streiching frequency..
The spectra of the complex exhibited the presence of a band at 1284cm™
which is due 1o the v(C—O) vibration. The broad band at 3445 em™ is
attributed to the presence of (OH) group of water molecuies. The
coordination mode of ligand is further supported by the appearance of new
bands in the range of 507 1o 434cm’™ indicating the formation of (U—Q)
and (U—N) bonds respectively. Finally new strong band at 919 cm’ is
attributed to the existence of U=0 band.

The intrared spectrum of the Ca;HaN2OyMo.4HO Complex showed
a strong peak at 1604em™ which is assign 10 the vw(C=N) stretching
frequency.. The spectra of the complex exhibited the presence of a band at
1289¢m™ which is due to the v(C—O} vibration. The strong band at 3306

1

cm ' is attributed to the presence of {(OH) group of water molecules. The

coordination mode of ligand is further supported by the appearance of new
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bands in the range of 570 to 546 indicating the formation of (My—O} and
(Mqo—N) bonds respectively. Finally new band at 900 cm’' is atiributed to
the cxistence of Mo=0 band.

The infrared spectrum of the CyHaaN203V. H;O Complex showed a
strong peak at 1604cm™ which is assign to the v(C=N) stretching
frequency. The spectra of the complex exhibited the presence of a band at
1289cm™ which is due to the v(C—Q) vibration. The broad band at 3446
em’ is attributed to the presence of (OH) group of water molecules. The
coordination mode of ligand is further supported by the appearance of new
bands in the range of 570 to 504em” indicating the formation of (V—0O)
and (V—N) bonds respectively. Finally new band at 884 cm’” is attributed
to the existence of V=0 band.

The infrared spectrum of the CytlyaN;03Zr.2H0 Complex showed
a strong peak at 160Tem™ which is assign to the v(C=N) stretching
frequency.. The spectra of the complex exhibited the presence of a band at
1288cm’! which is due to the v(C—0) vibration. The coordination mode of
ligand is further supported by the appearance of new bands in the range of
570 to 450cm™ indicating the formation of { Zr—O) and (Zr—N) bonds
respectively. Finally new a strong band at 818 em™ is attributed to the
existence of Zr=0 band.

The intrared spectrum of the Cyb3uN04U.6H;O Complex showed a

peak at 1605cm™ which is assign to the WC=N) stretching frequency. The

28
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spectra of the complex exhibited the presence of a band at 1278m’’ which
is due to the v(C—OQ) vibration. The broad band at 3425 em” is atiribued
to the presence of (OH) group of water molecules. The coordination mode
of ligand is further supported by the appearance of new bands in the range
of 513 1o 435cm” indicaling the Tormation of (LJ—O) and (IJ—N) bonds
respectively. Finally new strong band at 924 em™ is attributed to the
existence of U=0 band.

The infrared spectrum of the CygH3N203Zr.6H,0 Complex showed
a strong peak at 1563cm™ which is assign to the w(C=N) stretching
frequency.. The spectra of the complex exhibited the presence of a band at
i1245cm™ which is due to the v(C—O) vibration. The band at 3419 em™ is
attributed  to  the presence of (Oll} group of water molecules The
coordination mode of ligand is further supported by the appearance of new
bands in the range of 476 to 420cm™ indicating the formation of (Ze—Q)
and (Zr—N) bonds respectively. Finally new a strong band at 942 ery! is
attributed to the existence of Zr=0 band.

The infrared spectrum of the CgHyeN;O4U.2H;0 Complex showed &
peak at 1603cm™ which is assign to the v(C=N) stretching frequency.. The
speetra of the complex exhibited the presence of 2 band [328cm™ which
is due to the (C—Q) vibration. The broad band at 3424 em™ is atiributed
to the presence of {OH) group of water moelecules. The coordination mode

of ligand is further supported by the appearance of new bands in the range

29
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of 545 to 417 indicating the formation of (U—O) and (U—N) bonds
respectively. Finally new strong band at 920 em” is attributed to the
existence of U=0 band,

The infrared spectrum of the Ci,HzN;0:7r.2H,0 Complex showed
a peuk at 1601em™ which is assign to the viC=N) stretching frequency..
The spectra of the complex exhibited the presence of 4 band at 1342cm’™
which is due to the {C—Q) vibration. The broad band at 3374 cm”' is
attributed 10 the presence of (OH) group of water molecules. The
coordination mode of ligand is further supporied by the appearance of new
bands in the range of 473 to 422cm™ indicating the formation of (Zr—0Q)
and (Zr—N) bonds respectively. Finally new strong band at 818 em’'is
attributed to the existence of Zr=0 band,

The infrared spectrum of the C;H zN.OyU.H;O Complex showed a
peak at 1600cm™ which is assign to the v(C=N) stretching frequency.. The
spectra of the complex exhibited the presence of a band at 1337cm™ which
is due to the W(C—O) vibration. The broad band at 3422 em™ is attributed
to the presence of {OH) group of water molecules. The coordination mode
of ligand is further suppoerted by the appearance of new bands in the range
of 505 10 432em™ indicating the formation of (U—Q) and {U—N) bands
respectively. Finally new strong band at 930 cm™ is atiributed to the

existence of U=0 band.
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The infrared spectrum of the CyoH gN-0;V.6H;0 Complex showed a
strong, peak at 1556cm™ which is assign to the v(C=N) stretching
frequency. The spectra of the complex exhibited the presence of a band at
1362cm™ which is due to the viC—0O) vibration. The broad bund at 3396
em™ is atiributed to the presence of (OH) group of water molecules. The
coordination mode of ligand is further supported by the appearance of new
bands in the range of 542 10 424 cm” indicating the formation of (V—0)
and (V—N) bonds respectively. Finally new band at 938 em™ is atiributed
to the existence of V=0 band

The infrared spectrum of the CygHaN-O3Mo.H.O Complex showed a
strong peak at 1652cm’ which is assign to the vw(C=N) stretching
frequency.. The spectra of the complex exhibited the presence of a band at
1231em™ which is due to the v(C—) vibration. The band at 3314 em’™ is
attributed to the presence of (OM) group of water molecules. The
coordination mode of ligand is further supported by the appearance of new
bands in the range of 355 and 460 cm-! indicating the formation of (Mp—
) and (My—N} bonds respectively. Finally new strong band at 987 cm” is

attributed to the existence of Mo=0 band

3
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3.2.3 Electronic spectra and magnetic measurements of complexes

The magnetic moment values, p.g measured for all mmpléxes al room
temperature (298 K) and the recorded in the solid state are given in table
(6). The electronic spectra of complexes in 107 M DMF or chloroform
shows a d-d transition at region { 465> - E35)nm and the show several
bands at region (325 - 379)nm transition in the aromatic ring or azomethine

group. x_ = * assigned to the data are recorded in table (6). [39,40-43]

3.2.3.1 Electronic spectra and magnetic measurements of complex
square pyramidal struciures:

‘The electronic spectrum of the vanadyl complex Coal N0V . H.0
exhibits bands at 11976 ¢m™und 21505¢m™ which can be assigned to
B,— 'A, and EBHP;,—+ E transition And the band at 26385 cm’ is
assigned 1o the x_. x * transition of the aromatic ring or azomethine group
which agreeable with the reported results. These transitions, as well as the
measured value of magnetic mement {1.74 B.M) suggpest square pyramidal
stereochemistry of the compound.

The electronic spectrum of the vanadvi complex C3H;gN-O, V.
6H,0 exhibits bands at 13245 em™'and 21276cm™ which can be assigned to
B;— 'A; and Bypy— E (ransition’ And the band at 30769 cm™ is
assigned to the x_ = * transition of the aromatic ring or azomethine group

which agreeable with the reported results,  these transition, as well as the

fad
13
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measured value of magnetic moment (1.76 B.M) suggest square pyramidal
stereochemistry of the compound.
The Zirconyl Complexes are Dia magnetic moment. and square

Pyramidal geometry.

3.2.3.2 Electronic spectra and magoetic measurements of complexs
octahedral structures:
The Uranyl and molabadat Complexes are Dia magnetic moment,

and octahedral geometry [30,32].
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Table (1) Elemenial analysis data, colors and melting points of Schiff baxes under

invesiigaiion.
Found
The ligands M. Wt (Cale)) M.P | Color
C% H N%
7516 | 6.67 | 8.11 white
Cg;Hz.q,NzOz 348.47 _ 177C° Crystal
(73.82) | (6.95) | (8.04)
76.25 7.1 6.97 white
CaeH1aN2 O 404.59 99C*
(77.18) | (7.98) | {6.92) Crystal
68.0% 0.74 10.14 bright
CsHzN:0» 280.44 110C°
(68.32) | {(10.08) | {9.99) Brown
63.68 8.58 12,53 ]
C|2H20N202 22432 ; 85C* white
(64.25) | (9.00) | {12.48)
| 800 | 592 0.35 orange
Cagl {33N20, 448.55 953C*
(80.33) | (6.29) | (6.2%) Yellow
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‘Table (2) Infrared spectra of ligands wnder investiyation.

Ligands ¥ i’;:f“] ' [f;:—)l} ‘:fglf } ¥ '::F}
C22H2 N2 O, 1606 1288 — 1547
Caph12N2 O, 1597 1289 —_ 1582
C ol TagN2On 1605 1354 B 1564
CiallniN20; 1609 1353 — 1579
CigH2sN2O; 1657 1263 3418 1657

Tuble (3} Electronic spectra of Hiyandy vunder investigation

A £ v
Ligunds Transitions
nm | (L.mol'em™) cm”
Cn]'I;szO; 351 0.674 28490 TR *
CaeH3aN, 0O, 343 2.51 20154 To.a"
CiaH2eN20, 31 2.18 32154 ro.m*
Cu['lmN;Oz 322 2128 31035 r_.x*
CmHng;Oz 209 365 37146 .rr_,.rr"'
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Table () £lemenial analysis, Color and M.P of Schiff buse  complexes under

investigation,
m Found
Cumplex M.w, color {,T (cale.)
i C% H% N%
3449 5.44 3.41

CyaHaaN-Ou U L BHLO 760137 Orange | %5 (3474) | (5.08) (3.68)

whilte

. 48.70 4932 521
CoaHyNOMo 4HO 546.42 Crystal | 250

(1836) | (551 | 5B

. Pale ap | 60.22 6.79 6.26
CaHpNyO5 V. H0 43758 Green | 20 | 6125 | G6) | (649

54.22 4 83 6.17

ColpNoOsZr 21,0 | 48967 | white | 150 | 530y 1 535y | (572

40.04 5.95 342

CoeHaoN; 04U 61,0 780.64 Omnge {204 | oo | 543y | (3.59)
] . . 51.20 6.48 507
Czall‘:uNzoﬁ-?:TG”zO 61784 whire 177 {5{]54) {685} (4.53}
32.76 5.58 394

CisH2eN204U.2H,0 3B4ad ) Yellow | 230 1 g gey | 547y | @79)

46.09 6.8 6.37

CmHzﬁ.Nlezrqu:O 121.64 white 163 {4558} . (?.]?:I {664}

. . . 28.56 4.37% 525

C|3H|3N104U-!'120 S10.18 Yellow 210 (28.24) £3.95) (5.49)

e 4 3320 7.96 1.01

CI2H|SN20]v'6HJD 307.31 white 143 [3628) t?ﬁl} (?DSJ
. Pale 61.16 4.83 4.87

CsoH 26N 0yMo. H,O 392.48 Yellow 190 {60.81) (4.76) (4.73)

36
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Table (5) Infrared bands assignments {cm '} of the Schiff base complexes

under investigation.

_ WC=N) | viC=0) | wOH) [ v(M=0} | «(M-0) | v(M-N)
The complex enr! e’ | em! em”! em’! em”!
Cy:H3N,04U 8H,0 160G 1284 3445 919 507 434
CybN.OMo 410 | 1604 1289 3306 GQ0 570 546
CaalaN;O3 V. HL0 1604 1289 3446 Bid 5370 504
C26H30N;0,U.6H,0 1605 1278 3425 924 513 435
C16H1oN-0;5Zr.6H0 1563 1245 3419 | 942 476 420
C6HasMN20,1U.2 HyO 1603 1328 3424 | 920 345 417
CielleNy; O3Zr.2 FIO | 1601 1342 3374 213 473 422
CyaHgN; OsU. 1,0 1600 1337 3422 Q930 305 432
CizHgN; 04 V.6 H;O 1565 1362 3396 938 542 424
CyoHaeN2OMo. 1,0 | 1652 | 1231 | 3314 | o087 | 555 | 460
Table (6 Electromic Spectra ad magneric moment of the Schiff hase complexes
wndder investigation
The complex € vem'' | Per | Geometry
P A om Lmolem’ B.M )
833 2135 11676
Square
CazHapa N0V L HLO 4635 1.564 215051 L1.74 _
pyramidal
379 0.936 20385
733 2.354 13245 Square
CiaHigN;O:V.0H, 0 [ 470 2.106 21276 1.76 'r{; dal
325 1.098 |30769 pyramda
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Mass spectrum of Schiff base Ligands
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Suggested geometrical structures for the metal
complexes under investigation
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Conclusion

The FEthylenediamine and 1,6hexandiamine reacts with
Benzoylacetone, acetylacctone, and Benzoin, the reaction produced are the
Schiff base ligands  Hal.'a [CyaHaaN:05], Hal2L [C26H32N,0;], HiL .
[Crol12sN20y] JHoLY [CiHN,0s) and HoL’~ [CyalN50;] have been
nrepared by direct condensation. The prepared Schiff base ligands have been
reacted with some oxy metal ions UQ-, VO, Mo0,” and ZrO™and
produced the corresponding complexes. The analysis of the Schiff base
ligands and their complexes showed that the formation of mononuclesr

metal complexes.
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