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CHAPTER 1
INTRODUCTION



.L1. INTRODUCTION

The importance of the pyrazolone azo dves in the industry as well as
their analytical applications and excellent ability to act as ligand attracted
the attention of coordination chemists to study their reactions with

transition metal ions.

Azo compounds containing a heterocyclic moiety drew the attention
of many workers. The importance of pyrazolone azo-dyes in industry as
well as their analytical applications and excellent ability o act as
potential ligands attracted the attention of coordination chemists to study

their reactions with transition metal jons.

Pyrazolone and pyrazole derivatives such as 5-pyrazlones are formed
by the reaction between hydrazines and B-ketonic esters ¢.g. 3-methyl-1-
phenyl-3-pyrazolone was prepared from pheny| hvdrazine and ethy] aceto
acetate, this on methylation gives antipyrine which is used in medicine as

an antipyretic.

Pyrazolone-5-ones have attracted much atiention as ligands for a
large number of metal ions. The metal chelates produced are well known
for their analytical and biological uses. The azo derivatives of 3-
pyrazelones, as well as their metal complexes have wide application in
the dyc industry and as analyticul reagents for micro determination of
metals. Various methods were reported for the svnthesis of 4-arvlazo-5-
pyrazolone. The electronic and infrared (IR) spectra of a large number of
arylazo-3-pyrazolones were investigated for structure elucidation, nuclear
rmagnetic resonance was used as a 100l to determine the tautomeric forms
of arylazo-3-, -4-, and -5-pyrazolones and several related azo
heterocycles in chloroform. Mass spectral fragmentation patterns of

arylazo pyrazolones were found 1o be largely dependent on structure.



The metal complexes of the aryluzo pyrazelones were prepared and their
structures were determined by electronic absorption specira, [R, "1 NMR
spectra, electron spin resonance (ESR) and thermogravimetric (TG)

analysis.

In this research some azopyrazolone derivatives were prepared and
used as ligands in this investigation, and the complexes of the transitjon
metal ions (Mn™, Co®*, Ni**, Cu®" and Zn**) with the ligands (I-V) were

prepared.

[n order to make sure about the structures of the prepared ligands,
some spectral analysis (IR, 'H NMR, elemental analysis, mass spectra
and UV-Visible absorption in different solvents) were done. For the
prepared complexes the analysis [IR, 'H NMR, Elcmental analysis,
Thermogravimetric analysis {(1'G), Differential thermal analysis (DTA),
Molar conductivity, Magnetic susceptibility and Electron Spin resonance
(ESR)} were studied,



[.2. literature survey

Azole is the suffix used for five-membered ring containing two or
more hetero-atoms, al least one of which is nitrogen for example
pyrazoles and pyrazole derivatives such as S-pyrazalones which were
formed by reaction between hydrazines and p-Ketonic esters. eg 3-
methyl-1-phenylpyrazolone from phenvlhydrazine and ethyleaceto
acetate. This, on methylation gives antipyrine (phenazone, 2,3-dimethyl-

1-phenylpyrazol-5-one), which is used in medicine as a febri fuge {2

i CH — CH.
4]
CHZCOCH,COOE u i;/ - Eon
' N \DEI
CeHsNHNH, *“l‘“
CGHE
CH,C=—CH c:H,cl:l— TH:
CH4N Cam ':CI:I;EE[O"‘ N c<0 — ]
\N/ 0 \NH okt
I
(!,HS CH,

The coordination chemistry of pyrazolin-S-ones has attracted much
attention by virtue of their applicability as potential ligands for a large
nuraber of metal ions™"! The metal chelates thus produced are well
known for their analytical and biological uses. The 4-position of
pyrazolin-5-one system is highly reactive and undergoes coupling
reactions with diazonium salts to give 4-arvlazo derivatives!™'®. These
azo-derivilives of 5-pyrazolones as well as their metal complexes have
wide applications in the dye industry as well as analytical reagents for

micro determination of metals!!”!



Different methods were reported for the syntheses of d-aryluzo-5-
pyrazolones™ . The electronic; IR and 'l1 NMR spectry of some
arylazopyrazolones were obtained® in pure organic solvents and buffer
solutions and absorption bands in the UV and visible spectra were
assigned. The IR and ' NMR spectra confirmed that the investigated
compounds exit mainly as hydrazo-keto tautomers. The pK, values were
obtained using spectrophotometric and potentiometric methods, X-ray
diffraction and  spectral studies of 1-phenyl-3-methyl-4-(2 4-
dimethylphenylazo)-5-pyrazolone indicated that it exists as tautomer 1 in
its crystals®’, The pyrazole ring and its substituents are nearly coplanar,

and an intramolecular NH-O bond forms a 6-membered ring.

The infrared spectra of thineen substituted 4-benzenchydrazo-5-
pyrazolones were investigated®® The N-H vibration of the arylhvdrazo
pyrazolones was undectable as the NH absorption was broad and weak
due to hydrogen bonding. A strong absorption band at 1525-1550 cm”
was assigned to NH—N vibration coupled with the C=C vibration. It was
found that the v« _x frequencies correlate with o-Hammett {unction of the
substituents of the phenylhydrazo moiety. The C=0, C=N were iocated
at 1635-1650 and 1570-1585cm’™, respectively.

The electronic spectra of some 3-amino-4-aryiazo-2-pyrazolin-5-
ones 2 were investigated in pure organic selvents of varving polarities’™.
In terms of the molecular structures of azo compounds and the solvents

characteristics, the different absorption bands observed in the UV-visible



spectra of the studied compounds were assigned to locally or te
predominantly intra-and inter-molecular charge (runsfer  electronic
transitions, It was confirmed that these compounds exist mainly as a
chelated hydrazo-keto structure 3. Furthermore, it was concluded that,
under the influence of high electron accepting substituents (NO,) and in
high pelar solvents (DMF), the azopyrazolone compound was liable to

exist in hydrazone-azo tautomeric equitibrium,

O O
£
H\«- fc““*‘n '\H,-"‘\-o

I
H 2 H 3

=

I m—

Nuclear magnetic resonance was used to determine the tautomeric
forms of arylazo -3-, -4- and -S-pyrazolones and several related azo
heterocycles in chloroform”. The assignment of the hydrazone structure
to the 5-pyrazolones was supported by infrared data. Several conclusions
emerged [rom the NMR spectra: (a) in the heterocyelic system studied he
hydrazone NH resonance comes from 3-5 ppm lower than the azohvdroxy
OH resonance and (b) the hydrazone NH resonance of structurally similar

azo heterocycles falls within a 2-ppm runge,

Mass specral fragmentation of the phenvlazopyrazolones 4 and 5
R—ﬁ_TH—H\ H—ﬁ—— cn—n:rl—@

] R
\H/\n \N;“\D

|
CoHy 4 J:'I,iHs
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{for 4, R=Me, R' =H, p-CH;, p-OH, 0-Ol) was found"" 10 occur
primarily via rupture of the phenyl N-bond and less readily via rupture of
the pyrazole-oxocyclic N bond. Compound 5§ where R=AcNH; R'=H,
p-CH;. p-NQOs. p-CF;, f{ragmented primarily via loss of ketene and
secondartly via rupture of the ring —azo group bonds, while for R= H,
NH,, CHj; R' = H, NH,, fragmentation occurred in the ring or by loss of
CH;.

The mass spectra of the compounds having the general formula 6

H‘C—ﬁ—— i::MHN—Q

H\ ,!/C%u

H o

R

(R = H, D-CHj, F-CI‘I'{ -OCHj. -NO;.. -CDO“, -C]J

were determined and the fragmentation rationalized from high resolution
and metastable mass measurements®™, Intense molecular ions and jons
formed by consecutive decomposition of the N-containing part of the
melecule were obscrved. In additien, jions with aniline-type structures and

their decomposition products were also observed.
[

The mass spectra of 7 (R= CH;, AcNII; R'=H, (CH;),N, OH, OCH;,
Cl, NOs, etc) were given®, Compound 7 eleaved on either side of the
azo group. Rearrangement processes leading to arvlamine radical ions

were ailso described,



The electronic absorption and IR spectra of some 4-arylhydrazone-3-
methyl-5-pyrazolones were assigned und correlated (o ils molecular
structure!™. The electronic spectra in ethanol comprise four absorption
bands. The first three bands located near 253-260 and 335 nm, being
characterized by high molar absorptivities, were assigned to -1 type
transition. 'The first two bands were assigned 1o ('L,—1A) and ('Ly—1A)
transition, respectively. The third band was assigned 10 a n-7 transition
involving the whole molecule influenced by C.T. interaction of the band
on the longer wavelength side (400-438 nm) is broad, solvent sensitive
and corresponds to a charge transfer (C.T.) transition. The C.T.
originates from the phenyl ring to the carbonyl group by resonance and
from the hetero ring by induction. The authors noticed that this band was
highly influenced by the nature and position of the substituent on the
phenyl ring, donor group cause a red shift while acceptor groups cause a
counter-shilt relative to the non-substituted compound, These compounds
display azo-hydrazo tautomerism.

I-IF—i—J::HHN—Q WE—C— TH-—NI—N—@
I ; | ’

NS = X S

! |
The keto form is enhanced by the electron acceptor groups while electron
donor groups favor the enol form due (o increased polarization of the
carbonyl group. The latter assumption was further proved from IR
spectra. A broad band was observed within the 3338-3500 cm™ region
which corresponds to the stretching vibration of the OII- group. The

appearance, broadness and low frequency of that band supported the

occurrence of keto-enol tautomerism within these compounds. The



spectra show bands in the range 1670-1640 cm™ assigned 10 Ve, Vean and
Vi=n

E! —Inany et all*” investigated the UV-visible electronic specira of
some l-phenyl-3-methyl-4-arylhydrazone-5-pyrazolones. In ethanol the
spectra comprise 4 bands in the region 200-500 nm, The band observed in
the range 240-260 nm (A) was ascribed to the n-x transition in the 1-
pheny! ring. The second band, observed at 275-280 nm (B}. was ascribed
to the m-m' transition of pyrazolone ring involving carbonyl and
azomethine groups in addition to electron migration along the
heterocyclic system. The bands observed in the ranges 343-352 nm (c)
and 380-410 nm (1)) were assigned to n-m* transition duce to their
observed weak absorbances. In cyclohexane. the absorbance and shape of
band (B} changed compared 10 ethanol, thus denoting changes in the
structure of the pyrazolone moiety by changing the polarity of the

solvent. This was explained on the basis of a shilt in the tautomeric

equilibrium:
H.E—Iﬁ—-——?—_-NHH—Q H_c—li'i'-—li:_u-_—ru@
A _— X
N c _——t N
N g ~ /CH"-::H
C.H, CH,

The authors prepared the complexes of Cu, Co, Ni, Mn, Zn and Pd
with the mentioned ligands and determined their structures by electronic
absorption spectral studies. A bathochromic shift of band (D) of the
ligand was observed with the complex formation which was ascribed to
the polarity of M-O bond (M=divalent ion and O=pyrazolone oxygen)
and by the perturbation of the n electron system by the dn-pm interaction
between the hydrazone group and the metal ion . Band (B} was related to

this change in polarity and a slight shifi was noticed indicating a covalent



LY - LI

character of the M-O bond. Bands (B) and (C) are paralie! to the shifts
observed for band (D) but uppear as shoulders. Band (A) was observed in

its position but displaying some increase in its moiar absorptivity.

The absorption and fluorescence spectra of some arylazopyrazolone
dyes were investigated™. The emission was assigned to their hydrazone

form.

HC—C —— C==MNHN —@
I .

N\ }%n

T H

i "a

{R=H:N, Me;N, OH, H, OMe, CI, CN, NO,, COOH)

A very good linear correlation was obtained between the o-Hammett
constant and the differences between the absorption maxima of the
hydrazone and the anion forms. Quantum chemical calculation indicated
a charge migration upon excitation. The electron donor substituents
caused bathochromic and hypsochromic shifis in the absorption and
fluorescence maxima, respectively, while the acceptor substituents

shified both maxima bathochromically.

The proton ligand stability constant of 3-mu:lhyI-4—(21‘-}‘uyctr-::q::q.F
phenylazo)-2-pyrazoling-5-one  and the stability constants of its
complexes with Ni, Co, 7Zn and Mn were determined

37

potentiometrically” "', at 50% aqueous ethanol and at jonic strength 0.8

(KNGy). The stability constants are Zn < Ni > Co > Mn.

The use of 3-methyl-4-(p-ethoxyphenylazo)-2-pyrazoline-5-one as a
ligand with some divalent metal ions®*! resulted in an order of stability

having the sequence Zn < Cu > Ni > Co > Mn,
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The stability of chelawes of  1-(p-nitrophenyl)-3-methyl-4-
arylhydrazone-3-pyrazolones with divalent iron, cobalt, nickel, copper
and zinc ions in 70% ethanol were determined potentiometricallv™®!. The
observed order of stability (logf1) follows the sequence Fe > Co > Ni >

Zn for pyrazolone 8-a and Fe > Co > Ni < Cu >Zn for pyrazolone 8-b.

HE—Cc—cCcF ™
Ll
N,/ o
'“i a ¥ =0H
NG, b X=COQ0OH
8

A theoretical explanation of this order was given considering the
ionic radii of the metal ions regardiess of their respective coordination
numbers or geometry, ‘I'he abnormal high stability of the Fe** pyrazolone
complex is attributed to the known orbital stabilization which occurs in

Fe’* ion during complex formation.

The relative stabilities of the metal compiexes {Cu, Ni, Co and Zn) of

simple arylazo pyrazolones having the formula:

HC—c C N=N—®
ﬂ | R
|
™~ TOH
|
EHH!

(R = p-Br, p-I, m-CH;, m-Br, m-Cl and NO;)
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were measured potentiometrically in 75% by volume dioxane™”. For a
given substituent X, the order of decreasing stability was found to be Cu

> Ni> Co > Zn. The logP; values were greater than log B, values.

Stability constants of the copper complexes with investigated dyes
was found, 1o depend on the substituent and increase in the order, NO <
(Ci, Br) <[ < OCH; < CH; < H. with the exception of the methoxy
derivative the order followed the electron attracting power of the
substituent group. In case of the methoxy group the inductive effect

prevailed over the resonance effect,

ssociation censiants of 4-(3-pyridylazo}-3-amino-2-pyrazolin-5-
one (PAP) and 4-(2-pyridyl-3-hydroxyazo)-1-pheny|-3-methyl  -2-
pyrazolin-5-one (PMP) and stability censtants of their chelates with
Th(IV), Zr(IV), Ce(llI), Y{II{), La(Ill) and UO(I1) were determined
potentiometrically in 20% (v/v) EtOH-H,O at an ionic strength of 0.1 mot
dm™” (NaClO)™". The order of the stabilities is: ZN(IV) > Th{lV) >
UOLVI} > Y(II) > Ce(lIT) > La(Ii),

The reaction of La(lIl}, Ce(Ill), Th(1V) und UOxII) with some
heterocyclic azopyruarzolones was studied by the spectrophotometric molar
ratio and continuous variation methods and IR spectra™l. The solid
complexes were prepared and studied by elemental analysis and
cenductance measurements. The azopyrazolones studied act as neutral or
monobasic bidentate ligands and bonded to the metal ions through the O
atom of the carbony! group and the a-N of the arvlazo group. All solid

chelates prepared behave as non electrolytes in DMF solutions.

Kinetic studies of the thermal decomposition of metal chelates of

substituted hydrazopyrazolone 9 were done™! by TG, DTG and DTA.



(R = OH, COOH, OCH;)

Complexation was strongest with the hydroxy derivative and the relative
order of thermal stability was UO,” > Fe*" > Cu™ > Hg*". The results
were uscd Lo explain the stabilization of such chelates by dative n-

bonding between M" and the ligand .

Metal chelates of pyridine azopyrazolin-5-one derivatives with

Y —C —— £ H——N ==N
o
NS g

!

(X =H{L,L2}, CoHs (L3), Y = NHy(L,), CH; (La,L3)

Zr(1V), La(lll}, Y(III} and UQO«VID) have been prepared and
characterized by clectronic, IR, '"H NMR spectra and thermogravimetric
analyses!'”. Electronic absorption spectra of the free ligands exhibit
mainly two bands in the ranges 234-2350 and 350-380 nm. The former one
may be attributed to n-x" electronic transition in the conjugated system of
the ligands, while the latter one corresponding to n-n” transition in the azo
(L1, L3} or hydrazo (L.} bond involving C.T. However, the broad band at
405 nm for (lp) was assigned to Keto-hydrazone intramolecular
hydrogen bonding confirming thus its hydrazone structure. The above
two bands were red shifted in the presence of the metal ions studied. The

visible band shifts decreased in the order Zr{IV) > UOLVI) > Y({I) >



13

La(lll). The stoichiometry of the differemt metal complexes was
determined by applying conventional spectrophotometric methods. The
results revealed the possibility of both 1:1 and 1:2 meiat ion 1o ligand
adducts. These results were confirmed by conductimetric titrations of
each metal ion using the ligands as titrants. Definite evidence for the
structure and coordination sites of the ligands was obtained from infrared
data. The keto structure of the free ligands and their complexes was
confirmed by 'H NMR data which revealed that there is no signal for the
OH proton. Broad band at ~5.8 and 4,4 ppm for L, and 1., was ascribed to
the NH proton of the pyrazolone ring, The pyridyl (L, L3) and phenvl
(L3} protons resonate downfield in the § 7.1-9.1 ppm range. The § NH,
(Ly) and & CHj (L, L3} signals appearing at 4.03 and 2.5 ppim were up
field shifted, indicating that the shielding was increased as a result of
complex formation. The signal around 3.4 ppm in the NMR of all
complexes was assigned to the associated water molecules. This
assumpiion was supported by thermogravimetric analysis which indicated
loss of water molecules in the range 120-230 C confirming that water
molecules are coordinated. It was concluded that L, and L3 act as ncutral

bidentate ligands while ligand [.; can act as menobasic bidentate.

Structural studies of transition metal complexes of Co(I, Ni(Il) ,
Cu(ll), and Pd{ll) with 3-amino-4-(substituted-arvlazo)-5-(1 H)
pyrazelone compounds were discussed™!, the stoichiometries of the
complexes reported are 1:1, 2:3 Co(1D), 1:1 Ni(I1), 1:1, 2:1 Cu(Il}and 1:2
Pd(Il}. The investigators suggested rhombic symmetry with 4- or -5-
coordinate Co(lIl), square planar and tetrahedral contiguration for Ni(II},
tetrahedral Cu(ll) and square planar for Pd(Il) Complexes. The

complexes contained no anions ,
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M(HL): (M=Cu, Cr. Mn; HI.=1-phenyl-3-methyl-4-(2-hydroxy-4-
nitrophenylazo}-3-pyrazolone, ML (M=Cu, Ni), CuL (H.l. =1-phenyl-3-
methyl-4-(2-hydroxy-5-nitrophenylazo)-5-pyrazolone, and Ni(HL); were
prepared ™! The complexes were characterized by IR and UV spectra
stability constanis were determined for Ni , Co, and Cu complexes with
H,L and H.L, both ligands coordinate through the azomethine N and
deprotonated phenol O atom in the 1:2 complexes. The 1:1 complexes are
polymeric and the ligands are tetradentate, bridging and coordinating

through the two azo N atoms and the O atoms.

The syntheses and temperature-dependent magnetic properties of
Cu(ll) and Ni(Il) complexes of 2-hydroxvbenzeneazo derivatives of
I-phenyl-3-methyl-5-pyrazolene and 2.4-pentanedione were reported™*®),
The Cu(ll) complexes exhibit antiferromagnetic  behavior. It was
suggested that these compounds form sheet like polvmers with the Cu
ions acting as the bonding agent between the azo groups and the
antiferromagnetism was due primarily 10 direct Cu-Cu interaction
between these sheets. The Ni{II) complexes, however, are diamagnetic,

which is consistent with the suggested polymer structure.

Mixed ligand complexes were obtained by the replacement of
coordinated water in some Cu(Il) and Ni{I1) complexes derived from 3-
methyl-4-(p-methylphenylazo)-pyrazol-5-onest’. The Cu(IIy and Ni(II)
complexes were assigned planar and distorted octahedral structures,
respectively, on the basis of IR, magnetic moment and electronic spectral
data. The authors made an attempt 10 correlate the replacement of the
ligands in the parent complexes with the crystal field strength of the
incoming N donors, as well as the geometry of the producis so cbtained.
Complexes of cobalt([]) with 3-methyl-4-(p-methyl {a) , p-methoxy (b),

o-methoxy (c), phenyluzo) pyrazol-5-one and I-phenyl-3-methyl-4-(o-
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carboxyphenylazo) pyrazol-5-onc (d} have been prepared and studied
through elemental analysis, mugnetic measurements  and spectral
studies®™ | [n the electronic spectra of the complexes (a), (b), and {c)
three principal bands were observed in the ranges 5320-7200. 9790-
10380 and 16490-26000 cm™, In case of complex (d), the bands were
observed at 7000, 18600 and 21000 cm™ and assigned to ‘T (F) —
T24(E), ") = *As(F) and ‘T\(F) > *I'(P) respectively assuming

octahedral symmetry.

Some planar and octahedral complexes of Cu(1l) and Ni(ll) with
different 3-methyl-d-arylazopyrazol-5-ones have been prepared' ™ and
their structures established using analvtical, conductance, magnetic,
infrared and clectronic spectral data. The complexes have been prepared
by refluxing Cu(Il} or Ni{[) sulphate suspended in toluene with the
corresponding ligand in toluene for 6-10 hrs. Toluene was then distilled
off and the reaction mixture was allowed to cool. When the complex
separated out it was recrystailised from toluene. The complexes contain
only one moleeule of the ligand which functions as bidentate donor,
coordinating through the carbonyl and aze groups while the rest of the
positions in the coordination geometry of the metal are occupied by water
molecules. The magnetic and electronic data of the complexes were

discussed in the light of the structures assigned.

Chelates of Mn(11), Fe(IIl), Zr(IV), Pd(I1) and Ag(I) with 4-[(4-R-
NQ),) were prepared and characierized by IR and UV —visible spectra and
conductance measurements'®™. In the chelates |-exists in the hydrazone—

keto form L-are coordinated through the carbonyl O and arylazo N atom.

Mathur et a]l*!! prepared complexes of some platinum metal ions with
4-arylazopyazol-3-one. Square planar Pd(1l) and octahedral Pi{1V) and

Rh(ITI) were proposed from IR, magnetic and clectronic spectral data. All
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compiexes are diamagnetic.’ Ligand ficld parameters were reported and
discussed. The higher stability of Pt(IV) complexes and its position in
spectrochemical series was discussed. The IR spectra of the complexes

indicated the bonding of carbonyl. N:N and COOH group 10 the metal.

La(Ill), Ce{Ill, Th(1V), and UOLVT) chelatcs with 3-phenyl-4-
arylazo-3-pyrazolones have been synthesized and were characterized by
several analytical tools such as e¢lemental analvses, IR, NMR. TG, and
molar conductance techniques. The data obtained show that all of the
prepared complexes contain water and / or aleohol in their coordination
sphere and the ligands form 1:1 and 1:2 complexes which are in good
agreement with the proposed formula. The NMR data of the prepared
ligands show the existence of the ketonic structure rather (han the enolic
form. The TG data revealed no crystal water outside the coordination
sphere. The azopyrazolone ligands act as neutral bidentate tigands bonded
to the metal ions through the oxygen atom of the carbonyl group and the
a nitrogen of the arylazo group. All solid chelates preparcd behave as non

— efectrolytes in DMF solutiont™!,

3-phenyl-4-arylazo-5-pyrazoloncs  have been synthesized and
characterized by elemental, infrared (IR) , ultraviolet and visible spectra
(UV-Vis), proton nuclear magnetic resonance ('H NMR) and mass
spectra. It has been proved that these compounds exhibit a keto-enol
tautomerism in solution. The donor character of the substituent increase
the eno! form .The ionization constants of the investipated ligands have
been determined potentiometrically and they found 10 decrease in the
order OCH;(1V) > CH;(I1) > H(I) > CI{II). The Co(Il) complexes of the
investigated 3-phenyl-4-arylazo-5-pyrazolones have been prepared and
characterized by elemental and thermat analvses as well as by IR, UV-

Vis, electronic transition, potentiometric, conductimetric and magnetic
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measurements, The data suggest octahedral geometry for Cofll) {I:1)

complexes and tetrahedral for Co(l1) (2:3) complexest™,

Mn(ll), Co(li), Ni(ll} and Cu(Il) chelates with 3-phenyl-4-(p-
methoxyphenylazo)-5-pyrazolone have been synthesized™! and were
characterized by ¢lemental, thermal analyses, IR, UV-VIS, 'H NMR,
conductometric and magnetic measurements. The first stage in the
thermal decomposition process ol these complexes shows the presence of
water of hydration, the second denotes the removal of the coordinated
water molecules. The final decomposition products were found to be the
respective metal oxides. The dala of the investigated complexes suggest
octzhedral geometry with respect to Co(Il) 1:1, tetrahedral for Ni(Ii) 1:1
and 2:3 square planar for Cu(ll) 1:1 and 2:3 complexecs with no
coordinated water molecules (2:3) Co{ll) and Mn{ll) complexes are

tetrahedral.

Six kinds of 4-acylpyrazolone were synthesized from |-phenyl-3-
methyl-5-pyrazolone (PMP) and 1,3-diphenyl-5-pyrazolone (DPP), and
then six new compounds of semicarbazone containing pyrazolone:1-
phenyl-3-methyl-4-acetyl-5-pyrazolone semicarbuzone (PMAP-SC) (1a),
I-phenyl-3-methyl-4-chloracetyl-5-pyrazolone semicarbazone (PMCP-
SC} (1b). 1-phenyl-3-methyl-4-propionyl-5-pyrazolone semicarbazone
{PMPP-SC} (l¢), 1.3-diphenyl-d-acetyl-5-pyrazolone  semicarbazone
(DPAP-5C) (2a), 1,3-diphenyl-4-chloracetyl-5-pyrazolone semicarbazone
(DPCP-8C) (2b), and 1.3-diphenyl|-4-propicenyl-5-pyrazolone
semicarbazone (DPPP-SC) (2¢), were synthesized by dircel condensation
of the pyrazolone with semicarbazide (SC). The products were
characterized by elemental analysis, IR, 'H NMR and € NMR specira,
The crystal structure of compound l¢ was determined by X-ray

diffraction analysis. Ic¢ belongs to the monoclinic system with space
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group C2/c and cell dimensions: a = 2.3590 nm, b = 0.9456 nm, ¢ =
1.3319 nm, B = 101.65(2)°, V = 2.9098(8) nm[3), Z=8, Dle] = [.312
g/em|3], F(D00) = 1216, R[] = 00348, wR[2] = 0.0913"%),

According to the importance of the pyrazolone derivatives and their
Antifungal and Amimicrobial activities as well as their azo compounds in
dying. The thesis presented the synthesis of some new pyrazolone
derivatives and elucidating their structures by using dilferent tools vig,
Elemental analysis, IR and UV-visible. The binary solid complexes of the
prepared ligands with UOy(It), La(lil) and Ce(IIT} are separated and
investigated and discussed using the previous tools and TGA.
Furthermore, the ionization constants of the synthesized ligands as well

as of their chelates with Cu([l), Co{Il), Ni(ID, UOx(I1), La(Ill) and

Ce(IIl) arc evaluated by using potentiometeric and spectrophotometric
techniques. The results obtained on the basis of the nature of the metal

ions under investigation and the nature of the prepared ligands®.

4-(4-ethoxy-phenylhydrazono)-1-phenyl-3-methyl- H-pyrazolin-
5(4H)-one (H-EMPhP) as ligand and its Cu(ID), Co(ll) and Ni{ID
complexes were synthesized and characterized by their therma] and
spectral properties. The azocoupling product (H-EMPhP), able of azo-
hydrazone tautomerism act as a bidentate ligand involving in
coordination the azogroup nitrogen of its common anion, and the oxygen

atom that is bound to the pyrazole ring of the mentioned anion®"!,

New compounds, structurally related 1o the potent protein kinase C
inhibitor staurosporine, with a bisindelylpyrazolone framework and
substituted on the pyrazolone nitrogens with N,N-dialkylaminoalky! side
chain, were synthesived and evaluated for growth-inhibitory properties in
several human cell fines. Many showed inhibition of TNF-u production in

response to the tumor promotor TPA on HL-60 cells. The apoptotic
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activity on HeLa cells has been examined for several of these

compounds™,

The known NMR spectroscopy data on different types of synthetic
azo and polyazo dyes, including metal complexes, are correlated. The
fundamentally new opportunities in the NMR spectroscopy of 'H, °C,
and "N nuclei in solving problems of structural chemistry in this field of

industrial chemistry are demonstrated'™!,

The new azopyrazolone dye has been synthesized and its crystal
structure has been investigated. The structure has been solved by direct
methods and refined by full-matrix least-squares techniques 10 R=0.050
lor 2622 unique reflections. The tautomeric form of the molecules has
been determined as a hydrazo form. Delocalization of the C3=03 and
C4=N3 m-electrons and defocalization of the lone-pair ¢lectrons of N1,
N3, and N4 atoms has been observed. The intramolecular N-F...0
hydrogen bond forms the six-membered ring CaNal 1..,O condensed with
the pyrazolone ring. The molecules are connected by intramolecular C-

11...0 hydrogen bonds'™™,

The dissociation constants of 4-(4-chlorophenylazo)-3-methyl-1-[ 2-
demx}'-fi-nmrphiIinopmpane-]-}']]-Z-pyrazcnlin-S—mw (CAMP) has been
determined potentiometrically in 0.1 M KCl and 40% (v/v) ethanol-water
mixturel®!, The stepwise stability constanis of the formed complexes of
Mn™, Co™, Ni¥*, Cu®, Zn™, La¥, Ce® and UO,*" with CAMP have been
determined. The stability of the formed complexes were found as follows:
U0, > Ce® > La® > Mn™ < Co® < Ni** < Zn*. The thermodynamic
parameters (AG, AH and AS) for CAMP and iis complexes were
evaluated and discussed. The dissociation process is non-spontaneous,
endothermic and entropically unfavourable. The formation of the

compiexes has been found to be spontancous, exothermic or endothermic
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(depending  on  the metal) and entropically favourable. The
stoichiometries of  these complexes were determined
spectrophotometrically and conductometrically and indicated the

formation of 1:1 and 1:2 (metal:ligand) complexes'®'),

The dissociation constants of 3-methyl-1-phenyl- {p-|N-(pyrimidin-2-
yhsulfamoyl]phenylazo}-2-pyrazolin-5-one  and melal-lipand  stability
constants of its complexes with some transition metal ions have been
determined potentiometrically in 0.1 M KCI and ethanol-water mixture
(30 vol. %Y The order of stability constants of the formed complexes
increases in the sequence Mn®*, Co™, Ni**, Cu®, La™, 1™, uo, zr*.
The cffect of temperature was studied and the corresponding
thermodynamic parameters (AG, AH, and AS) were derived and
discussed. The dissociation process is nonspontaneous, endothermic, and
entropically unlavourable. The lormation of the metal complexes was

found to be spontaneous, exothermic, and entropicall v favourable.

Proton-ligand dissociation constants of 4-sulfamethazineazo-3-
methyl-1-phenyl-2-pyrazolin-5-one (SMP) and metal-ligand stability
constants of its complexes with bivalent metal ions (Mn®, Co®', Ni**
Cu™, and Zn®) have been determined potentiometrically in 0.1 M KCl,
and a 40% {v/v}) ethanol-water mixture'®!. The order of the stability
constants of the complexes was found to be Mn?* < Co < Ni < Cu < ¥n.
The dissociation constants, pK', of SMP and the stability constants,
logK, of its complexes at different temperatures and the corresponding

thermodynamic parameters were determined.

The ligand 2-(2"-thienyl)-8-hydroxyquinoline has been synthesized
and the solution stability of some of its metal chelates were
determined'®”, 1t was found that log Ki<log K; is attributed to strong

steric interaction between the 2-substituent and coordinated water on
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addition of the first ligand. This interaction results in distortion toward
tetrahedral geometry. Previously unexplained data tor other 2-substituted

8-hydroxyquinolines have been interpreted in terms of this effect,

Potentiometric studies on the free ligands and the metal complexes of
indium (11} with thiomalic, malic and aspartic acid have vield step wise
protonation constants of the ligands and the formation constant of the

complexest®!,

Thermodynamic constants have been obtained by
extrapolation the values at various jonic concentrations. The values of

overall changes in AG, AH, and AS accompanying the reaction have been

evaluated a1 35°C, the trend in the stability constant values of indium (111}

complexes has been found to be thiomalic > malic > aspartic.

[nfrared (1R), nuclear magnetic resonance (NMR), thermogravimetric
analysis (TG), derivative thermogravimetric analysis (DTG), differential
thermal analysis (DTA) and molar conductivity studies have been carricd
out on the chelates of (Mn(11), Co(11), Ni(TI), Cu(il) and Zn(11} with 3-
methyl and 3-phenyl-4-nitroso-3-pyrazolones!®!. The solid chelates were

synthesized, separated, analyzed and their structures were elucidated.



I.3. Aim of Work

The present investigation is concerned with the use of azo pyrazolone

dyes having the general formula

(where R = H, p-Cl, p-CH;, p-OCH; or 0-COOH)

as chelating agents for divalent Mn , Co, Ni, Cu and 7Zn. The ligands will
thus be synthesized and subjected to elemental analysis und spectral
studies (IR, '"H NMR, Mass spectra and UV-visible) for the purpose of

structure elucidation.

The reactions of the above ligands with the metal cations will be
prepared in suitable media (ethanol). The solid chelates of the
azopyrazolone dyes with divalent Mn, Co, Ni, Cu and Zn will be
prepared and subjected to several analytical studies [Eiemenial analvses,
'"H NMR, IR, TG, DTA, Molar conductivity, Magretic susceptibility and
Electron spin resonance (ESR)] to elucidate their structures. In the light
of the previous studics, the metal ligand bond characters will be

discusscd.



CHAPTER 11
EXPERIMENTAL
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II. Experimental

II.1. Chemicals

All chemicals used were of the highest purity available. These
included manganese (1) chloride (MnCl;.4H;0), cobalt (I1) chloride
(CoCl,.6H,0), nickel (I chloride (NiCl.6H,0), copper (1) chloride
(CuCl2.2H:0), zine chloride (ZnCly), uniline, p-chloroaniling, p-toluidine
(p-methylaniline), p-ansidine (p-methoxyaniline), o-carboxyaniline
{o-aminocarboxylic acid), sodium hydroxide, ammonium hydroxide (30%
NEH,), ammonium chleride, disodium salt of ethylenediamine tetraacetic
acid dihydrate, sodium chloride, silver nitrate (AgNQO;), sulphuric acid
{F;804), hydrogen peroxide {H,O,) and hydrochloric acid (37% HCI).
The solvents used were ethanol, methanol, dioxane, isopropanol,
cyclohexane, chloroform, Dimethylsulphoxide (DMSO) and dimethyl
formamide (DMF} derived from Merk and BDH. These solvents were
purified by distillation'®’!, The water used doubly distilled.

[1.2. Synthesis.

1.2.1. Synthesis of 1,3-diphenyl-S-pyrazolone’,

A mixture of ethyl benzoylacetate (9.6g; (.05mol) and phenyl
hydrazine (5.4g; 0.05mol) was heated at 100°C in water bath for one hr.
the resulting oil was cooled and stirred with ether (30 ml) untl
solidification occurred. The crude product was then filtered off. The final
product was crystallized from 50% aqueous ethanol and collected as

while powder.

The mechanism and the occurred reactions are illustrated in figure (1}
(p32)
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11.2.2. Synthesis of 1,3-diphen yi-4-phenylazo-5-pyrazolone®”,

A well-stirred solution of aniline 0.01mole in 40 ml ethanol and 20 mi
of 2M HCI was cooled in an ice sall bath and diazotized with aquecus
sodium nitrite solution (20 ml, 0.01mol). The cooled (0-5" C) diazonium
solution was added slowly to a well-stirred solution of {0.01 mole) 1,3-
diphenyl-5-pyrazolone in (100 ml) ethanol containing sodium hydroxide
(10 g). The reaction mixture was stirred for one hour at room
temperature, then acidified with diluted HC| (100 ml, 2.5M) 10 neutralize
the reaction mixture and precipitate the azopyrazolone derivative. The
product was recrystallized from ethanol to give the azopyrazolone

derivative /1,3 -diphenyl-4-phenylazo-5-pyrazolone, Figure (3).

11.2,3.  Synthesis of 1,3-diphenyl-4-(p-chiorophenylazo)-3-
pyrazolond®’,

A well-stirred solution of p-chloroailine (0.0lmole in 40 ml ethanol)
and 20 ml of 2M IICI was cooled in an ice salt bath and diazotized with
aqueous sodium nitrite solution (20 ml, 0.01mol). The cooled {U~5B C)
diazonium solution was added slowly to a well-stirred solution of (0.0]
mole) 1,3-diphenyl-5-pyrazolone in (100 ml) ethanel containing sodium
hydroxide (10 g). The reaction mixture was stirred for one hour at room
temperature, then acidified with diluted HCI (100 ml, 2.3M) to neutralize
the reaction mixture and precipitate the azopyrazoione derivative, The
products was recrystallized from ethanol to give the azopyrazolone

derivative /, 3-drpheny!-4-@—choforapheny!aza)—5-pyraza;’nmf, Figure(3).
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H.2.4, Synthesiy of 1,3-diphenyl-4-(p-methylphenylazo)-5-

pyrazolond®”,

A well-stirred solution of p-toluidine (p-methylaniline) {(0.01mole in 40
mi ethanol) and 20 ml of 2M HCI was cooled in an ice sali bath and
diazotized with aqueous sodium nitrite solution (20 ml, 0.01mol). The
cooled (0-5" C) diazonium solution was added slowly to a weli-stirred
solution of (0.¢1 mole} [.3-diphenyl-5-pyrazolone in (100 ml} ¢thunel
containing sodium hydroxide (10 g). The reaction mixture was stirred for
one hour at room temperature, then acidified with diluted HCI (100 ml,
25M) to neutralize the reaction mixture and precipitate  the
azopyrazolone derivative. The product was recrystallized from ethanol to
give the azopyrazolone derivative 1, 3-diphenyi-4-(p-methyiphenyiazo)-5-
pyrazolone, Figure (3),

I1.2.5. Synthesis of I,3-dipheny -4-(p-methoxyphenylazo)-5-
pyrazoloned®,

A well-stirred solution of p-ansidine (p-methoxyaniline) (©.01mole in
40 ml ethanol) and 20 m! of 2M HCI was cooled in an ice salt bath and
diazotized with aqueous sodium nitrite solution (20 ml, 0.01mol). The
cooled (0-5 C) diazonium solution was added slowly 1o a weli-stirred
solution of (0.0 mole) 1.3-diphenyl-5-pyrazolone in (100 ml) ethanol
containing sodium hydroxide (10 g). The reaction mixture was stirred for
one hour at room temperature, then acidified with diluted HC) {100 mi,
2.5M} to neutralize the reaction mixture and precipitate  the
azopyrazolone derivative. The product was recrystallized from ethanol to
give the azopyrazolone derivative 1, 3-diphenvi-4-(p-methoxyphenylaze)-

J-pyrazolone, Figure(3).
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I1.2.6. Synthesis of 1,3-diphenyl-4-(o-carboxyphenylaze)-5-
pyrazolone’®”,

A well-stirred solution of 2-carboxyaniline acid (o-aminoenzoic acid)
(0.0lmole in 40 ml ethanol) and 20 ml of 2M HCI was cooled in an ice
salt bath and diazotized with aqueous sodium nitrite solution (20 ml,
0.01mol). The cooled (0-5" C) diazonium solutien was added slowly 1o a
well-stirred selution of (0.01 mole) 1,3-diphenyl-5-pyrazolone in {100
ml) ethanol containing sodium hydroxide (10 g). The reaction mixture
was stirred for one hour at room temperature, then acidified with diluted
HCI1 {100 ml, 2.5M} to neutralize the reaction mixture and precipitate the
azopyrazolone derivative. The product was recrystallized from ethanol to
give the azopyrazolone derivative 1,3-diphenyl-4-(o-carboxyphenylaza)-

S-pyrazolene, Figure (3),

Azopyrazolone derivatives were used as ligands in this investi gation,

these derivatives are :
1,3-diphenyl-4-phenylazo-5-pyrazolone (ligand I)
I,3-diphenyl-4-(p-chlorophenylazo)-5-pyrazolone (ligand 1))
I,3-diphenyl-4-(p-methylphenylazo)-5-pyrazolone (ligand 11 1}
1,3-diphenyl-4-{p-methoxyphenylazo)-5-pyrazolone (ligand 1V}
l,3-diphenyl-4-(0-carboxyphenylazo)-5-pyrazolone (ligand V)

Figure (2} illustrates a general reaction which explain the occurring
reactions upon ligand preparation process. From this figure, the produced
azopyrazolone derjvatives are: ligand [ when R = H, ligand [I when R =
Cl (pura), ligand [l when R = CH; {para), ligand IV when R = QCHj;
(para), ligand V when R = COOH (ortho),

Figure (3} illustrates the structures and names of the investigated ligands.
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11.2.7, Synthesis of solid complexes.

The solid chelates were synthesized by mixing a hot alcoholic
saturated solution of {(0.00! mole of metal jon dissolved in hot ¢thanol)
with the required amount of ligand under investigation sufficient to form
11 or 1:2 (M:L) compounds. The pH of the solution was then maintained
at a value of 6.5-7.5 by addition of ammonia solution®. The reaction
mixture was heated on a steam bath with occasional stirring for 4 hrs, and
evaporated till dryness, The produced chelate was then dissolved in
ethanol to remove unreacted species. It was then filtered off by suction
and rewashed with ethanol till a colorless filtrate was obtained, suction,

filtered and then finally kept in a vacuum desiccator.

11.2.8. Determination of metal-content in the complexes.

The metal contem of the prepared  solid complexes was
determined®™, In this case, a weight of 25-35 mg of the solid complex
was placed into a 50 ml digestion flask to which 3 mi of concentrated
sulfuric acid followed by about 2 ml hydrogen peroxide were added. The
solution was heated gently to fumes, and then boiled, excess hydrogen
peroxide was added when necessary. The solution was heated to dryness.
The residue obtained was then dissolved in the least amount of
concentrated nitric acid and diluted with distilled water 1o a volume of
250 ml. For transition metal ions the pH is adjusted to pH 10 using
ammoniacal buffer and Eriochrome hlack T. (L. B, I} as an indicator for
Mn™ and Zn** which give a red color, then titration of the red color was
performed with standard 0.01 M EDTA (ethylenediaminetetraacetic acid)

to the pure blue end point.
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For Co™, Ni*" and Cu® speck of Murexide indicator was added 1o
give yellow color with Co®* and Ni** at pH 12 and to give orange color
with Cu™ using ammonia solution (1:1) until the formation of dark blue
Cu(NF3),*", Titration of the yellow or orange color was performed with
standard 0.01 M EDTA solution to the pure purple end point. ANl the
obtained results are summarized together with those of the elemental

analysis of the complexes in the next chapter.

11.2.9. Effect of solvents of different polarities on ligand V

The absorption values in various solvents are influences by solvation

and/or diclectric constants of the solvents.

The maximum absorption of figands V at the visible region was found
in six different solvents with different polarities (ethanol, methanol,
dioxane, isoprepanol, cyelohexane and chloroform).

The diclectric constant (D) is the factor which has a substantial

influence on the transition energy, or more precisely i) or (D)8,

where:

f(D) = 2(D- 1)/2D+1 and HD) = (D-1)(D+2)

The plots of {D-1)/(D+1), f{I3) and $ (D) against the wavenumber y,,
(inem™) of the charge transfer (C.T.) band were obtained {or each ligand.
In order to know whether the dielectric constant (D) is the only factor that

influence on the transition energy or there are other factors, [ike hydrogen
bond.

The maximum absorption of the investigated ligand V in organic solvents
of diffcrent polarities are obtained by measuring the absorption
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of ligand V at A, in the following selvents {cthanol, methanol.
isopropanol, dioxane, cyclohexane and chloroform). Ligand V was taken
as a sample, and it was the only ligand that studied using the absorption

in organic solvents of different polarities.

11.2.10. Molar conductivity Measurements.

The molar conductance of the solid complexes in DMF was measured
using a conductivity meter type {Philips, PW 9526 digital conductivity

meter).

Conductivity measurements in non aqueous solutions have been used
in structural studies of the complexes under investigation. The molar
conductivities of 1 M solutions in DMF of the given complexes are
measured using Philips conductivity meter of 0.82 cell constant. The

product of the cell constant and the measured conductance of a solution

give the specific conductivity K. The molar conductance (Am) ohm-!

cm2 mol-1 was calculated by using the relation:
Am =K/C

where C is the molar concentration of the metal 1on solutions.

[1.3. Physical mecasurements

11.3. 1. Magnetic susceptibility measurements'’”

Magnetic susceptibility measurements were determined using

SHERWOOD scientific magnetic susceptibility balance.
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The magnetic moment is determined by weighing a sample in and out,

the mass susceptibility y is calculated using the equation;

lSlial L{R - RO)

10° m

Xe =
where:
Ro = Reading of empty tube,
L. = Sample length (cm)
m = Sample mass {g)
R = Reading for tube plus sample.
Cpa = Balance calibration constant, equal to 2,086.

For paramagnetic metal ion, it is customary 10 quote, not xg, but the

effective magnetic moment, pefy, of the ion in Bohr magnetons {BM).

beffand Xg are related by the expression:

Meff=2.828Y Xgxmol. wl.x T T =25+ 273 = 298

Heff will be independent of temperature for a substance obeying the Curie

Law.,

For compounds containing unpaired electrons, both the spin angular
momentum and the orbital angular momentum of the electrons can
contribute to the observed paramagnetism. However, for complexes of
transition metal ions, the orbital contribution is largely quenched by the
field due to the surrounding ligands. In this case, we have the simple spin

only formula:

Heff = ¥n(n+2) BM



32

were n is the number of unpaired spins clectrons.

11.3.2. Elemental analysis of the ligands and complexes.

Elemental analysis was performed in the micro-analytical center of

Cairo University, Giza, Egypt.

11.3.3. Infrared spectral measurements.

The [R spectra were recorded on SHIMADZU FT-IR 8201 PC

spectrophotometer applying the KBr disc technique.

I1.3.4. The nuclear magnetic resonance.,

The NMR spectra were measured by using a VARIAN Gemini 200

MHz spectrophotometer.

1L.3.5. Mass spectral measurements,

Mass spectra were done on GC-Mass 2b 1000 Ex mass

spectrophotometer.

I1.3.6. Thermal analysis.

Thermal analysis (TG and DTA) were done using SHIMADZU, Type
TG-50 and DTA-50 thermal analyzer.
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The TG curves were obtained by the weight loss percent for the

investigated solid complexes from room temperature up to 800°C with a

heating rate of 10°C per minute, Figures (31-40)

11.3.7. Electron spin resonance (e.s.r,)

The electron spin resonance {e.s.r.} of some of the Cu(II) complexes were
recorded by using EMX ESR spectrometer (Brucker) 1998 Y at Micro-

Analytical center — Cairo University, Giza, Egvpt.
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I1.4. Reactions, mechanisms and structures,

IL4.1. Preparation of 1,3-diphenyl -3- pyrazolone

0 0

Il
@—f!:!-cﬂ —C0 - CHLH, QW NH.

Ethyl benzoylacetate Phenyl hydrazine

) - H,0

Q

3— ﬂ*—,g

r
-

,-"
£

1,3 - diphenyl 5. pyrazolone

Figure (1): Schematic diagram illustrates the method of preparation

of 1.3-diphenyl-5-pyrazolone starting with ethyl benzoylacetate and

phenyl hydrazine.
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1.4.2, Preparation of azo compounds

H#Q * NaNo,

W

R
Aniline derivatives
@\ Actios moly uma gravp
—CH,
[
N C=0 +
\N/

1 ]
C_

Ny

N

CH—N=N
b
c=0 .

HCI N
ethanol o

R
Dlazonlum salt

+
N -
cl
R‘\

LY

Azopyrazolone derivatives which used as a ligand in this research

Figure (2): Schematic diagram illustrates the reactions occurred during
preparation of azopyrazolone derivatives, R*= 11, p-Cl, p-CHs, p-OCH; or

0-COOH.



11.4.3. The structures of the investigated ligands
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figand 1

t.3-diphenyl-4-phenylazo-5-

pyrarolong

; —ﬁH—N=N—QCH3

M Cc=
\Nx’

>

|.3-diphenyl-4-(p-methylphenylazo)

-3-pyvrazolone

llgand 3

C—CH—N==N

|
N C=0 Hooc
Ny

N

¥ ligand 5

1,3-diphenyl-4-(o-carbox yphenylazo)-5-pyrazolone

N C=0

ligand 2

1,3-diphenyl-4-{p-chlorophenylazo)-
J-pyrazolone

ligand 4

1.3-diphenyi-4-(p-methoxy
phenylazo)-5-pyrazolone

Figure (3) : Structures and names of the investigated ligands,
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HI. RESULTS and DISCUSSION

[1L.1. Spectral studies on the free ligands

The investigated ligands (I-V} were not previously reported in the
literature. The syntheses and elemental analyses have been reported in the
experimental section. The structures of these ligands was established by
the use of elemental analyses, 'H NMR, mass and [R spectral analysis. In
so doing we were guided by published works!'™ 3% ¥ ¥ g5 the ¢losely

related pyrazolone type compounds,
11 Infrared spectral analysis.

The infrared absorption spectra of the investigated ligands (1-V) are
shown in figure (4). The most significant IR bands that affect the

structures are listed in table {1).

Inspection of the [R spectra and the bands frequencies data shows the
presence of a broad band at 3406-3440 cm™ which corresponds 10 the
stretching vibration of the OH group result from the azo-hydrazo
tautomerism (CH-N=N to C=N-NH} followed by hydrogen bonding with
C=0 group of the pyrazolone ring., The appearance as well as the
broadness and the low frequency of the band denotes the presence of

intramolecular hydrogen bonding!™,

R
i r ) R

M o
Sy “‘“xnﬁ.-

-

where R = H (1), p-Ci (11}, p-CH; {11}, p-OCH; (IV) or o-COOH (V).
The unn band appears as a medium broad one within the range 303 1-

3298 cm™ for all compounds studied.
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Interpretation of IR spectra of the free lizandy

(a) OH bands.

The infrared absorption band arising from the OH valence vibration
was first noted as a band near 3440 ¢m™ appeared to be associated with

the hydroxyl group!™!,

However, the absorption range for the O-H stretching vibration of an
unbonded hydroxyl group was quoted within the 3700-3500 cm”
range'”), The hydrogen bonds give rise to broad absorption bands in the
range 3450-3200 ¢cm’'. The broad shape is usvally attributed to the fact
that the molecules containing the OH group associate inte various
polymeric forms in which the molecuies are involved in hydrogen
bonding to different extents. Accordingly, the broad band observed is a
composite one consisting of a number of sharper bands. The IR spectra of
the compounds under investigation show a broad band at 3211 cm™ (1),
3171 em™ (11), 3070 em™ ([11), 3498 em™(IV) and 3331 em”’ (V).

The band shows broad appearance and due to its relatively high
frequency it can be concluded that the (OH) group of the investigated

ligands involved its hydrogen bonding,

Both v, stretching and O-H deformation vibrations gives rise to two
strong absorption bands in the lower frequency!’'! region characterizing
compounds, but there is a good deal of confusion as to which of these is
C-O or O-1 band. Indeed both may be connected in some way to the O-H
deformation modes. The first one absorbs around 1226 cm” {O-H) while

the second band arises in the region {028-1055 cm™ C-O. See tabic (1.
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{b}) —-C=C- vibration.

[t has been pointed out that in mono and disubstituted benzenes, the
ring breathing vibrations tends to absorb near 1450, 1500, 1580 and 1600

) However, in benzene itself, this set of bands is reduced to two

cm
bands only because the two half ring stretching vibration have the same
frequency and therefore degenerate, this is the reason for the appearance
of two bands in the spectrum near 1600 and 1500 cm” corresponding to

the C=C vibration.

Colthup'™ shows that the 1600 cm” band occurs within the range
1625-1575 cm™ and that one at 1500 cm”! occurs within the range 1525-
1475 em’™, The IR spectra of the present compounds show the first band
at 1593 em’, the latter at 1550 em” for the investigated ligands (1-V),

respectively. See table (1),
(C) =C-H- vibrations.

Aromatic compounds show the C-H stretching absorption in the
region 3100-3000 cmand may thus be differentiated from saturated
compounds. The bands due to the (C-H) stretching modes of alkanes are
found in the region 3000-2820 ¢y ')

Fox and Martin'™ have noticed the appearance of two strong bands at
about 2962 cm’ in hydrocarbens containing methyl group due to
usymmetric and symmetric stretching modes of methy! group. The C-H
stretching bands of mcthoxy group are found in the region 2832-2R15
cm™' 7! The strong to medium bands lying within the wave number [ 490-
1440 em™ and 1340-1310 ¢m” may be assigned to CH; asymmetric
bending vibrations.

Weak absorption bands are observed in the region 1200-900 cm™ whick
may be assigned to the C-H in plane deformation in the benzene
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ring {S¢yp). Out-of-plance deformation, for aromatic C-H (¥cu) bands

are expected within the range 1000-650 em’™,

Wifter and Thompson!™! proposed the range 760-740 em™' for the
absorption of the out-of-plane bending in monosubstituted aromatics.
This was slightly extended by Colthupto 770-730 cm™. The upper part
of range of this band overlaps the range of o-disubstituted compounds.
On decreasing the number of frec adjacent hydrogen atom on the ring, the
absorption frequency of the out-of-plane C-H vibrations show a further
shift to lower frequencies and strong band appears in the range 860-800
em’ corresponding to out-of-plane deformation of two adjacent ring

hydrogen atoms!”,

The bands in the 3090-3000 e 'region in the investigated ligands are
due to Ar-H stretching vibration while those appeared in the 2950-2920
em™ region is due to aliphatic C-H stretching vibration, The bands at
1180-1159 cm” and B840-780 cm’ arising in the spectra of the
investigated ligands may be assigned to C-H in-plane deformation and
C-H out-of-plane bending, respectively, The ye, of the aromatic rings are
observed within the wavenumber 899-867 cm’” range. The number and
shape of these bands depends on the position and the type of substituents

present. The results are listed in table (1.
(d} C-N group.

Assignment for C-N band ¢an be regarded as absorption near (250 cm’!,
Thompson!™! quated the range 1325-1280 cm™ when the carbon is
unsalurated or aromatic, other bands possible 1o appear in this region are
O-H and C-H in-plane deformation modes, ¢ O-H stretching. The data are
listed in table (1}. Thus the bands appearing in the IR spectra of the
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ligands (I-V) 1230, 1226, 1236, 1230 and 1226 cm”", respectively are

assigned to the stretching vibration of C-N.
{e} -N=N band

The ynay bands are observed in the range 1488-1498 ¢cm”’ conjugated
with the ring skeletal vibrations (Uewe) 1546-1604 cm™. The strong band

observed at 1248 cm™ i3 assigned to the C-O vibration!®®
{f) -C=0 band

The vee; band are obscrved in the range 1635-1650 cm ' The
bands at 1660-1630 ¢m™ are assighed to C=0 stretching of the carboxyl
group™l, Also C=0 were found in the range 1674-1650 ¢m™™) ‘[he
strong band appearing at 1654 cm' s assigned to the stretching
frequency of the C=0 group? . Also the band observed with the range
1707-1713 cm™ assigned to ve=oL Thus the bands appearing in the IR
spectra of the ligands (I-V) 1654, 1651, 1651, 1654 and 165] em’,

respectively are assigned to the stretching vibration of C=0.
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Figure (4): Infrared spectra of the investigated ligands.
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Table (1): The most significant bands in IR spectra of the investigated
ligands {[-V}).

Band Ligand
Assignment
N i I1 111 1V v

cm

VoH 3429 3406 3421 3440 3429
VaH 32%4 3058 3298 3031 3058
Vom0 1654 1651 1651 1654 1651
Voo 1593 1593 1593 1593 1593
Vo= 1550 1550 1550 1550 1350
ViaN 1496 1492 1492 1496 1497
Ve 338 1338 1338 1338 1338
don 1230 1226 1226 1230 1226
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1IL.1.2. 'H NMR spectral studies.

Nuclear magnetic resonance (NMR) proved to be powerful tool for
structural elucidation, the identification of structural fragments, atoms,
connectiveness, relative configuration and conformation, absolute
configuration intra- and intermolecular interactions as well as a variety of

molecular dvnamics.

In this work we invoked the 'H NMR technigue for the purpose of

establishing the possible azo-hydrazo""! or keto-enol tautomerism.

The 'H NMR of the investigated ligands (I-V) was recorded in
DMSO as a solvent and tetramethylsilane as an internal standard. Figure
(5) illustrate '"H NMR spectra of the investigated ligands (I-V). The
chemical shift values of the different types of protons in the investigated
ligands ([-V} are reported in table (2),

The 'H NMR spectra of 1,3-diphenyl-4-phenylazo-5-pyrazolone
(ligand 1) in DMSO, figure (5), exhibits a sharp signal at (13.7) ppm. This
signal is assigned 1o the proton of NH proup. A singlet signal observed

downfield at {13.8) ppm, this signal is diagnostic of intramolecular H-

bonded proton in the investigated ligand (f11)1""),

‘c—c=w—m-®
[ | ﬂ' R

N C .
7 ‘\\D.—

O

where R = H (I), p-C1{11), p-CH;, (iI1). p-OCl1#; {IV) or 0-COOH (V).
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Figure (5): 'H NMR specira of the investigated ligands (I-V).
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Table {2): '1{ NMR spectral data of the azopyrazolones.

Ligand Chemical Shift Assignment
13.7 NH hydrazone
. 8.19-7.23 Aromatic C-H protons
Ligand I
3.33 H>0 solvent protons
2.5 DMSO protons
8.2-7.25 Aromatic C-H protons
Ligand I 3.35 H,O solvent protons
' 251 DMSQ protons
13.8 NH hvdrazone
8.16-7.23 Aromatic protons
Ligand Il 3.32 H,O solvent protons
2.5 DMSO protons
2.3¢ CHj; protons
8.18-7.03 Aromatic protons
. 3.79 OCH; protons
Ligand IV
3.38 H;O solvent protons
2.52 DMSO) protons
15.04 COOH proton
. 8.21-7.23 Aromatic protons
Ligand V
337 H,O solvents protons
2.50 DMSO protons

The 'H NMR spectra of all ligands exhibit a singlet signal at (2.5-2.52)
ppm which is assigned to the CH; protons of the solvent, alse the
aliphatic protons of the methy! groups appeared 2.30 ppm for ligand HI.
The signals observed at (7.03-8.21) ppm are assigned 10 the protons of the
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aromatic ring™®",

The signals observed at (13.7-13.8) ppm are
assigned to the proton of the NH group for ligands (1) and (III}, table (2).
The appearance of these signals indicates the involvememt of these

ligands in azo-hydrazo tautomerism and has the following structure;

2

C—CH—N:N—(E ;3—){ ¢ — C=MN-—HMH x
| ] é Q
M =0 N =0

\N s — ™ N e

X=Hor CHg.

'The signals observed at 15.04 ppm for ligand (V) are assigned 10 the
nroton of the carboxylic group (<COOH).
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I 1.3, Muss spectral studies.

Mass spectra is a powerful tool in clucidating and confirming the
structure of chemical compounds®™. It is known from the standard
concept of physical organic chemistry that eyclic structure. double bonds,
aromatic and specially heteroaromatic rings stabilize the parent ion, and

thus increase the probability of its appearance in the mass spectra.

Fragmentation pattern of ligand T is given in figure (6), figure {7)

illustrates the possible pathway for the prominent fragments.

TO0 . | i} 86,
Who I e
1
i
............ R B L el Bk ik Bl A e il M i e el ey B B b o Be o
b 50 1060 150 200 250 Jo0 350 AN 450 o0
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' 106 U
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I NI Y |
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ity 4 2111
RN J ‘
W 320 390 360 WA 400 470 440 460 480 00
i st > 5=16 #:=43 Pas-11 Tot=ll

Figure (6): The mass fragmentation pattern of ligand 1.

Our attention is restricted only to the general mechanism of
fragmentation and thus not all the peaks are going to be interpreted. This
is due to the fact that there are usually many possibilitics for molecular

rearrangements of the produced lonic fragments,
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Figure (7): Schematic diagram illustrates the general mechanism of
fragmentation of ligand 1.
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Figure (8): The mass fragmentation pattern of ligand I1.

The fragmentation pattern of the unsubstituted 1,3-diphenyl-4-
phenylazo-5-pyrazolone (ligand I} can rearranged as shown in the

fragmentation path involved in figure (7).

Differences in the other figures resull from the effects of the
electronegativities of the substituents attached to the uromatic ring,.
For each one of the investigated ligands {[-V), the muss fragmentation

pattern and the general mechanism of fragmentation are iliustrated in the
figures (8-15).
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Figure (10): The mass fragmentaticn pattern of ligand III.
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Figure (11); Schematic diagram illustrates the general mechanism of

fragmentation of ligand M.
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Figure (12): The mass fragmentation pattern of ligand 1V.
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Figure (13): Schematic diagram illustrates the general mechanism of

fragmentation of ligand 1V.
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Figure (15): Schematic diagram illustrates the general mechanism of

fragmentation of ligand V.
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Referring 1o the figures (6-15), the mass spectral pattern of ligand |
shows a peak of 339 (caled. M.wt = 340). The fragmentation pattern of
this ligand can be regarded as general scheme showing the main
frapmentation paths involved. The differences in other ligands (I1-V)
result from the effect of electronegativities of the substituents attached 10

the aromatic ring.
For ligand [, the main peak is observed at 374 (caltd. M, wt = 374).
For ligand 111, the main peak is observed at 354 (caltd. M.wt = 354),
For ligand [V, the main peak is observed at 370 (caltd. M.wt = 370).
For ligand V, the main peak is observed at 384 (calid. M.wi = 384).

From the data obtained we concluded that the molecular weights are

in good agreement with the calculated values.



I1.1.4. Elemental analysis for the investigated ligands.
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Table (3): Elemental analysis data of the investigated ligands (1-V)

C% H% N% CI%%
Ligand R (Caltd) (Caltd) (Caltd) (Caltd)
found found found found
: o (74.12) (4.71) (16.47)
74.84 5.03 16.64 N
(67.38) (4.02) (14.95) (9.48)
11 p-Cl
67.24 4,52 15.17 3.64
(74.57 5.08 15.82
III p-CH; ) ( ) ( ) N
73.47 5.37 15.85
{71.35 4.86 15.13
IV p-OCH, ) ( ) ( ) N
71.31 5.03 13.51
68.75 4.17 14.58
v o-COOIH ( ) ( ) ( -
08.08 4.54 14.91
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I1.1.5. The absorption of ligand V in organic solvents of
different polarities.

Using the equations mentioned previousely, the following parameters
[(D-1}(D+1), (D) and ¢(D)]1361 were calculated for different solvents

and are listed in table (4).

The plots of {D-1)}(D+1), f (I} and ¢ (D) against the wavenumber
Ve (10 cm’") of the charge transfer (C.T.) band obscrved al A are

shown in figures {16-18).

The deviation in linearity in case of ligand V indicates that the
dielectric constant is not the only parameter governing the solvent shift,
This may be attributed to solvation which appears to be more important

than the dielectric constant of the solvent.

Solvation, however, may also be parlly due to certain chemical
properties including the formation of hydrogen bonding between the
solute and the solvent molecule™ . The change in the strength of solute—
solvent hydrogen bonding and the solvation energy on going from the
ground to cxited state depends on the properties of both solute and
solvents™™, These changes contribute to the band shilt, whether (o higher
or lower energy and the observed shift 15 the resultant effect of these
differemt factors, This phenomenon can be used in structure clucidation

for ligands.



Table (4) : Some solvent parameters,

solvent D (D-DAD+D) f(1) ¢ (D)
Il:thanol 25.00 0.923 0.941 (.B89
methanol 32.70 0.941 0.955 0913
isopropanol 18.60 0.898 0.922 0.854
1,4 - dioxane 3.30 0.500 0.571 0.400
cyclohexane 2.00 0.333 0.400 0.250
chleroform 5.10 0.672 0,732 0.577
1.7
TE 1 n u\
= '//_\\u
E [ \nn
> s
241 T T 1 T 1 T T f T v |
0.3 0.4 0.5 0.5 0 00 08 1.0
{314 D+

9

Figure (16) : Relation between the maximum absorption of C.T. band of
ligand V and (D-1)/(D+1) of solvents of different polarities (ethanol,
methanol, isopropanol, dioxane, ¢yclohexane and chloroform).
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Figure (17) : Relation between the maximum absorption of C.T. band of
ligand V and f{D) of solvents of different polarities (ethanol, methanol,
isopropanol, dioxane, cyclohexane and chloroform),
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Figure (18) : Relation between the maximum absorption of C.F. band of
the investigated ligand V and ¢ (D) of solvents of differeni polarities
(ethanol, methanel, isopropanol, dioxane, cyclohexane and chloroform).
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IIL.2. Stoichiometry and structure of the solid

complexes.

The solid complexes of the metal ions (Mn**, Co*, Ni**, Cu** and
Zn**) with the investigated ligands (1-V) were prepared as described in
the experimental section. The resulting complexes were subjected 1o
elemental analysis for (C, H, N, Cl} and metal content™, infrared
spectral studies (IR), magnetic susceptibility, thermogravimetric analysis
(TG), differential thermal analysis (DTA) and electron spin resonance
{ESR).

The solid chelates of the bivalent metal ions {Mn2+, Co¥, Ni", Cu™
and Zn’") with 1,3-diphenyl-4-arylazo-5-pyrazolones were prepared as
previously described under the experimental part. The resulting chelates
were subjected to elemental analysis for C, H, N, Cl and metai content,
infrared spectral studies (IR), molar conductance, nuclear magnetic
resonance ('H NMR), thermogravimetric analysis (I'G), differential
thermal analysis (DTA). The results of elemental analysis which listed in
tables (12-16) are in good agreement with those required by the proposed
formula where in all cases 2:2 and 2:3 (M:L) solid complexes were
isolated™! for ligands I-1V, for ligand V 1:1 and 1:2 complexes were
isolated. The infrared spectra of the free ligands and solid complexes are
recoded as KBr discs. 1n order 1o comment on the structure of the solid
chelates using the IR spectra, first the IR spectra of free ligands must be

discussed 1o assign the important bands in their spectra.
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111.2.1. Infrared spectra of the solid complexes.

The infrared spectra of the solid complexes display interesting
changes which may give a rcasonable idea about the structure of these

complexes.

The main IR bands of the sclid complexes are given in tables (5-9),

and the spectra in figures (19-28).

Comparison of the IR spectra of the metal complexes, figures {19-
28), with those of the free ligands, figure (4), shows that the Uyey are
shified to the lower wavenumber on complex formation indicating that it

1s center of chelation.

The vemo are disappeared indicating that it is a center of chelation as
it losses its double bond character (-C-O-M-) this is confirmed by the
appearance of a new band corresponding to vy in the range 1211-1296

cm™ for all of the investigated complexes.

The OH stretching frequency appears in the spectra of all of the
complexes under study as a sharp band appears in the range 3494-3244
em™ which is ascribed to chelated OH ion which is neutralizes the

change on the metal ion.

The spectra of metal complexes exhibit bands in the ranges (482-590)
and (410-505) cm’' which may assigned to (M—N) and (M—O)
stretching frequencies!™), respectively. In other words, these bands arc
pessibly due to the formation of coordination bonds between the denor

atoms (O and N) and the central metal ion.

However, if these changes are interpreted in relation to elemental
analysis, tables (12-16), and the results of thermogravimetric analysis, the

picture of the solid chelates may be classifted.
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Table (5): The most significant bands in IR spectra of the complexes of
ligand T with the metal ions (Mn®*, Co**, Ni¥*, Cu*" and Zn?").

Band Assignment
Complex

YOu ¥imiy V= Vy=y Yoo L L T

Mn-1(2:2) | 3413 | 1596 1550 1488 | 1265 | 590 | 489

Man-1(2:3) | 3444 | 1596 1550 1488 | 1265 | 590 | 489

Co-1(2:2) | 3448 [ 1593 | 15931550 | 1492 [ 1218 | 5207 ] 416

Co-T1(2:3) | 3494 | 1554 1554 1492 [ 1218 | 513 | 474

Ni-1(2:2) | 3425 {1658 | 1596-1550 | 1488 | 1265 | 310 | 424

Ni-1(2:3) | 3363 [ 1658 1600-1581 | 1488 | 1211 | 528 | 416

Cu-1(2:2) | 3355 | 1654 1558 1488 | 1222 | 567 | 428

Cu-1(2:3) | 3440 | 1654 | 1593-1558 | 1488 | 1218 | 509 | 424

Zn-1(2:2) | 3386 | 1666 1596 1485 | 1242 | 532 | 424

Table (6): The most significant bands in IR spectra of the complexes of
ligand I1 with the metal jons (Mn®", Co*", Ni**, Cu®" and Zn*").

Band Assignment

Complex
You VCmn Viul V=N Yeo | YMN | VM0

Mn-II (2:2) | 3433 | 1589 1554 1488 | 1261 | 505 | 420

Mn-1I (2:3) | 3398 | 1589 1554 1488 | 1261 | 505 | 443

Co-I1 (2:2) | 3436 | 1651 1554 1488 | 1261 | 509 | 474

Co-I1(2:3) | 3436 | 1589 1554 t48% ! 1261 | 505 | 416

Ni-I1(2:2) | 3340 | 1581 1488 1454 [ 1215 | 532 | 424

Ni-IT (2:3) | 3348 | 58] 1488 k454 1 1211 | 536 | 420

Cu-11{2:2) | 3344 | 1647 | 1593-1566 | 1458 | 1222 | 617 | 416

Cu-11(2:3) | 3363 | 1647 | 1593-1566| 1458 | 1222 | 493 [ 416

Zn-M1 (2:2) | 3433 | 1651 | 589 1454 | 1261 | 478 | 410

Zn-11(2:3) | 3417 | 165] 1589 1454 | 1261 | 505 | 482
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Table (7). The most significant bands in IR spectra of the complexes of
ligand I1I with the metals (Mn®", Co®', Ni**, Cu®" and Zn*"),

Band Assignment

Complex
VoH Viomy, VYe=C ¥N=n Yoo | Yy | YA

Muo-11 (2:2) | 3421 | 1593 1554 1488 | 1269 | 309 | 443

Mn-III(2:3) | 3375 | 1593 1554 1488 | 1272 | 509 | 439

Co-III (2:2) | 3444 | 1596 1550 1488 | 1288 | 520 | 416

Co-111 (2:3) | 3448 | 1596 1550 1488 | 1288 | 520 | 466

INI-JRE(2:2) | 3436 | 1651 [1593-1550) 1488 | 1269 | 516 | 428

Ni-1H (2:3) | 3440 [ 1651 | 1593-t550| 1488 | 1269 | 513 | 428

Cu-111(2:2) | 3352 | 1647 | 1596-1562 | 1488 | 1296 { 559 | 416

Cu-TIT(2:3) | 3355 | 1651 | 1596-1562 | 1488 | 1296 | 509 | 416

Zn-M11(2:2) | 3440 | 1651 | 1593-1550 | 1488 | 1269 | 3543 | 486

In-TI1(2:3} 3433 | 1651 | 1593-1554 | 1488 | 1269 | 547 | 489

Table (8): The most significant bands in IR spectra of the complexes of
ligand ¥V with the metal ions (Mn*, Co™, Ni¥¥, Cu®" and Zn?").

Band Assignment
Complex

You Ve VY= Vi=x ¥o.o Yy | Vo

Mn-1V (2:2) | 3444 | 1693 | 1550-1523 | 1492 | 1245 | 3520 | 412

Mn-1V (2:3) | 3398 | 1593 | 1550-1523 | 1492 | 1245 | 516 | 412

Co-1V (2:2) | 3440 | 1596 | 1596-1550| 1492 | 1245 | 516 | 420

Co-1V (2:3) | 3421 | 1596 [ 1596-1550) 1492 [ 1245 | 520 | 424

Ni-1V (2:2) | 3425 | 1654 { 1589-1550| 1492 | 1245 | 516 [ 428

Ni-TV (2:3) | 3386 | 1654 | 1589-1550 | 1492 | 1245 | 516 | 424

Cu-1V (2:2) | 3244 | 1647 | 1596-1554 | 1492 | 1249 | 567 | 470

Co-1V (2:3) | 3440 | 1647 | 1554-1488 | 1454 [ 1249 | 567 | 505

Zn-1V (2:2) | 3433 | 1654 | 1593-1550| 1492 | 1254 | 567 | 470

Zn-1V (2:3) | 3390 | 1654 | 1593-1550 1492 | 1245 | 520 | 493
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Table (9): The most significant bands in IR spectra of the complexes of
ligand V with the metal ions (Mn?*, Co®*, Ni**, Cu?" and Zn*"),

Band Assignment

Complex
Yo YCuN Ve YNay Yo LRI RN VALO

Muo-V (1:1) | 3379 | 1585 | 1485 | 1427 | 1296 | 489 420

Mn-V{1:2) | 3375 | 1585 | 1485 [ 1427 | 1296 | 489 420

Co-V{I:1) | 3394 | 1600 | 1554 | 1488 | 1222 | 532 451

Co-V(1:2) | 3390 | 1589 | 1488 | 1423 | 1296 | 482 420

Ni-V (L:1) | 3379 | 1596 | 1581 | 1450 | 1253 520 432

Ni-V (1:2) | 3394 | 1658 | 1593 | 1485 | 1249 | 520 447

Cu-V(1:1) | 3390 | 1643 | 1585 | 1435 | 1249 | 524 428

Cu-V (1:2) | 3425 | 1658 | 1585 | 1435 | 1245 320 424

Zn-V (1:1) | 3325 | 1627 | 1596 | 1485 | 1242 | 470 45]

Zo-V{(1:2) | 3386 | 1662 | 1596 | 1485 | 1245 | 489 439
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H1.2.2."H NMR spectra of the complexes

Figures (29-30) illustraie '"H NMR spectra of Zn complexes with the
investigated ligands (I-V), 'H NMR spectral data of Zn complexes with

the investigated ligands (I-V) are illustrated in tables (10-11),

For the complex |Zn-I (2:2)] the signal observed at 16.6 ppm is
assigned to the proton of the chelated OH group. The signals observed
within the range (8.19-6.71} ppm are assipned to the protons of the
aromatic (-CH) groups. The signal observed at 3.32 ppm is assigned to
H,O protons of the solvent. The signal observed at 2.5 ppm is assigned to
the protons of DMSO,

For the complex [Zn-11 (2:2)] the signals observed at (8.00-7.48) ppm
are assigned to the aromatic (CH) protons. The upficld shift of these
signals may be due to complexation. The signal ebserved at 3.35 ppm is
assigned to the H,O protons of the solvents. The signal observed at 2.51

ppm is assigned to the proton of DMSO.

For the complex [Za-II (2:3)] the signal observed ati3.6 ppm is
assigned to the proton of NH group. The signals observed within the
range {(8.14-7.27) ppm are assigned to the aromatic (CH) proton. The
upficld shift of these signals may be due to complexation. The signal
observed a1 3.30 ppm is assigned (o the H,O protons of the solvent. The

signal observed at 3.50 ppm is assigned 10 the protons of the DMSO,

For the complex {Zn-IiI (2:2)] the signal observed at (3.8 ppm is
assigned to the proton of NH group. The signals observed within the
range (8.18-7.13) ppm are assigned to the aromatic (CH) protons. The
downfield shift of these signals may be due to complexation. The signal

observed at 3.35 ppm is assigned to the H,O protons of the solvent. The
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signal observed at 2.52 ppm is assigned to the protons of the DMSO. The
signal observed at 2.34 ppm is assigned 1o the protons of the —CH, group.

For the complex [Zn-IIl (2:3)] the signal observed at 13.8 ppm is
assigned to the proton of NH group. The signals within the range (8.20-
7.28) ppm urc assigned to the aromatic (CH) protons; the upfield shift of
these signais may be due to the complexation, The signal observed at 3,35
ppm is assigned to the solvent H;0 protons. The signal observed at 2.51
ppm is assigned to the protons of DMSQ. The signal observed at 2.33
ppm is assigned to the protons of the ~CHj; group.

For the ligand [Zn-[V (2:2)] the signal observed at 13.1 ppm is
assigned to the proton of NH group, The signals observed within the
range 8.14-7.01 ppm are assigned 1o the aromatic {C-H) protons. The
upfield shift of these signals may be attributed to complexation, The
signals observed at 3.37 ppm is assigned to the protons of the solvent.
The signal observed at 2.52 ppm is assigned to the protons of the DMSO.
The signal observed at 3.77 ppm is assigned to the protons of the OCH;

group,

For the compiex [Zn-[V (2:3)] the signal observed at 13.8 ppm is
assigned to the proton of NH group. The signals obscrved within the
range (8.18-7.03) ppm are assigned to the aromatic (CH) protons. The
signal observed at 3.33 ppm is assigned 1o the protons of the solvent. The
signal observed at 2.51 ppm is assigned to the protons of DMSO. The
signal observed at 3.79 ppm is assigned to the protons of OCH; group.
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Figure (29): '"H NMR spectra of the complexes of Zn with ligands I, 11 and 1.
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Table (10): 'H NMR spectral data of Zn complexes with the investipated

ligands (I-]T1).

compilex M:L Chemical shift Assignment
16.6 OH bridge
Zn-] 8.19-6.71 Aromatic C-H protons
(2:2) 3.32 Hy() solvent protons
2.5 DMSO protons
. 8.00-7.48 Aromatic C-H protons
n.—.
3.35 HyO solvents protons
(2:2)
2.51 DMSO protons
13.6 NH hydrazone
Zn-Il 8.14-7.27 Aromatic protons
(2:3) 3.30 H,O solvent protons
2.50 DMSO protons
3.8 NI hydrazone
8.18-7.13 Aromatic protons
Zn-l1
3.35 H;() solvent protons
{2:2)
2.52 DMSQ protons
2.34 CHj; protons
13.8 NH proten
8.20-7.28 Aromatic protons
Zn-IlI
3.35 H»0 protons
(2:3)
2.51 DMSO protons
2.33 CHj; protons
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Table (11} 'H NMR spectral data of Zn complexes with the investigated
ligands (TV and V).

complex M:L Chemical shift Assignment
13.1 NI proton
2.14-7.01 Aromatic protons

-1V

3.77 (QOCH; protons
(2:2)

337 11,0 solvents protons

2.52 DMSO protons

13.8 NH proton

8.18-7.03 Aromatic protons

Zn-1V

3.79 QOCHj; protons
(2:3)

3.33 F,O solvent protons

2.51 DMSO protons

16.4 OH proton
Zn-v B.18-7.05 Aromatic protons
(1:1) 3.37 H,Q solvent protons

2.50 DMSQ protons

16.2 NH proton
n-v 8.21-7.23 Aromatic protons
(1:2) 3.43 H:0 solvent protons

2.51 DMSO protons
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For the complex [Zn-V (1:1)] the signal observed at 16.4 ppm is
assigned to the chelated (O} group. The downfield shifl of these signals
may be due to complexation results from increasing the electron cloud of
the metal ion. The signals observed within the range (8.18-7.05) ppm arce
assigned to the protons of the aromatic (CH) groups. The upficld shift of
these signals may be due to complexation, The signal observed at 3.37
ppm is assigned to the H;O protons of the solvent. The signal observed at
2.50 is assigned to the proton of the DMSO,

For the complex {Zn-V (1:2)] the signal observed at 16.2 ppm is
assigned to the proton of the NH group. The downfield shift of this signal
may be due to complexation results from increasing the electron cloud of
the metal ion. The signals observed within the range 8.21-7.23 ppm are
assigned to the protons of the aromatic (CH) groups. The signat observed
at 3.43 ppm is assigned to the H,O protons of the solvent. The signal

observed at 2.51 ppm is assigned to the protens of DMSO.
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H1L.2.3. Elemental analysis for the complexes,

Table (12): Elemental analysis, molar conductance (Am) and pg for the

complexes of the divalent metal ions (Mn**, Co®, Ni**, Cu®* and Zn*)
with ligand .

C% H% N% M%
Complex | (Caled) | (Caled) | (Caled) | (Caled) | Am T
found | found found found

6LITY [ (412) | (13.59) | (6.66)

Mo-T@2 6187 | 389 | 1454 | 621 | 666 | 513

(65.91) | (.01} | (14.64) | (3.78)

Mo-TZ3) | oo | 01 | 1555 | a3 | 478 | 475

(60.58) | (4.08) | (13.96) | (7.08)

Col@D | o5 | 276 | 1408 | 702 | 708 | 399

(65.46) | (3.98) | (14.54) | (5.10)

Col@3) | 6590 | 388 | 1608 | s.08

5.10 2.79

(60.58) | (4.08) | (1347) | (7.06)

NFLED) g 1a | 414 | 1908 | 700 | 796 | 389

(65.48) | (3.98) | (14.55) | (5.03)

NEL23) | 6606 | 420 | 1450 | 500 | 593 | 267

(59.92) | (4.04) | (1330 | (7.55)

Col@D) qo03 | sa1 | 1396 | 763 | 755 | 131
(64.94) | (3.95) | 1443) | (537)

Col@3) | oo | aon | 1as3 | gon | 537 | 126
(50.66) | (4.02) | (132) | (7.73)

Znl@D Y sgo9 | 447 | 1336 | 754 | 773 | 091
©4.73) | (3.93) | (1438) | (55D

Zn1(2:3) 551 | 054

64.76 4,07 14,50 3.59
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Table (13): Elemental analysis, molar conductance (Am) and perr For the
complexes of the divalent metal ions {(Mn**, Co®, Ni**, Cu** und Zn*")

with ligand 1.
C% H% N% | CI% | M%
Complex | (Caled) | (Caled) | (Caled) | (caled) | (Caled) | (Am) | pon
found | found found | found | found
(56.44) | (3.36) | (1235} | (7.83) | (6.15)
Mn-I1 49.16 | 5.80
(2:2) 5635 | 355 | 1288 | 841 6.78 ' '
(60.46) | (3.43) | (13.43) | (851) | (4.39)
Mn-1I 13.44 | 4.06
(2:3) 6099 | 320 | 1544 | 783 | 454 ' '
c (56.00) | (3.33) [ (1244 | (7.77) | (6.59)
o-11
_ 44.25 13.42
(2:2) 5692 | 338 | 1262 | 803 | 6.69
Corr | (6005} | 341 [(1335) | (846) | (4.68) i laa
(2:3) 5869 | 334 | 13.18 | 836 | 521 il
. (56.03) [ (3.29) [ (12.45) [ (7.78) | (6.52)
Ni-1I 35.18 [ 2.70
(2:2) 56.10 | 3.43 | 13.05 | 800 | 7.03 : :
. (60.10) | (3.41) [ (1335) | (8.40) | (3.66)
Ni-1I 9.11 | 2.28
(2:3) 61.08 | 355 | 1291 | 843 | 459 ' '
(55.04) | (3.52) [(12.30) | (7.70) | (6.98)
Cu-llI 25.13 | 1.75
(2:2) s4a85 | 337 | 1191 | 7.31 7.25 ' :
o (59.64) | (3.39) 1 (13.25) | (8.29) | (5.00)
u-1 17.25 | 1.76
(2:3) 5826 | 346 | 1285 | 904 | s.02 sl I
7 (55.21) | (3.28) | (12.27) | (7.66) | (7.16)
n-11 3735 | 0.73
(2:2) 5883 [ 396 | 1348 | 737 | 7.55 ' '
. (59.46) | (3.38) [ (1321} | (837) | (5.19)
n-11 11.50 | 0.97
(2:3) 6555 | 3.3 | 13.67 | 815 | 4.93 ' '
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Table (14): Elemental analysis, molar conductance (Am) and gy for the
complexes of the divalent metal ions (Mn®", Co®, Ni**, Cu* and Zn*"

with ligand ITI.

C% | H% | N% | M%

Complex | (Caled) | (Caled) | (Caled) | (Caled) | (Am) Mefr
found | found found found

voqn | CLO8) [ (4.46) | (13.14) | (6.4) oo | oo

2:2) | 60.16 | 445 | 1323 | 635 | °* ‘
Mol | 693) | @54) | (1468) | (480) ol e
@3) | 6893 | 445 | 1455 | 466 ' '

(6140) | (a41) | (13.02) | (6.85)

CoM@2} | gnso | 447 | 1363 | 701 | 1318 ] 298
(66.17) | (4.33) | (12.95) | (4.58)

CoAll23) | 6678 | 498 | 1220 | s06 | 770 | 290
(63.66) | (4.58) | (13.50) | (7.07)

NFILR2) ) caor | s0a | 1370 | 733 | 1314 | 340
(66.19) | (4.34) | (14.04) | (4.90)

NEER3) [ oo | aae | ass | ags | 667 | 29
(6075) | (4.37) | (12.88) | (7.30)

Co-MN 22| o84 | 450 | 1250 | 7.04 | 1406 | 155
(6519) | (a30) | (1393) | (5.26)

Co-MUQ2:3) | o519 | 415 | 1323 | ssa | 825 | 129
(60.49) | (4.35) [ (12.83) | (7.49)

I @D | 5000 | 306 | 1235 | 6o | 1442 | 059
(65.46) | (4.29) | (13.88) | (5.40)

L-MU @D coon | 438 | 1374 | 551 | 847 | 057
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Table (15): Elemental analysis, molar conductance (Am) and g for the
complexes of the divalent metal jons (Mn?*, Co®*, Ni**, Cu*" and Zn?")

with ligand 1V,

C% H% N% M %

Complex | (Caled) | (Caled) | {Caled) | (Caled) | (Am) Kty
found found found Found
97 | (329) | (12.67) | (621

Mn-Tv ( e ) &=D 38.15 | 591
(2:2) sg44 | 436 | 1269 | 6.52
64.03) | (420) | (13.58) | (4.44

Moav | (20 [ A33H 1 @4 oo | s
(2:3) 64.02 | 428 | 1335 | 433
(5920) | {3.26) | (12.55) | (6.60)

. 3220 | 3.62
ColV@D | co57 | 441 | 1162 | 645
(63.62) | 3.17) | (1339) | (@.73)

v 930 | 2.55
ColVZ3) | a0 | 298 | 1345 | 479

GO | @26 (11256 [ 638) | o | a5

NEVED | 5965 | a1s | 1238 | 683 I
6464) | (4.17) | (13.50) | (&.70)

N 758 | 3.29
NEIV23) | goca | 428 | 1308 | a3
(38.02) | (317) | (1230) | (697

. 2913 | 1.59
Co-W@2) | 5709 | 425 | 1296 | 6.53

G315y | @14y [(1339) [ Go9) | .

CoVZN | 350 | 460 | 1372 | 505 ' '
(5835) | (4.20) | (1237) | (791

. 90.17 | 0.005
oV | soer | 499 | 1281 | 734
(62.96) | (3.13) | (133%) | (5.19)

v . 8§59 | 0.79
V&R | oaen | 457 | 1382 | 491
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Table (16): Elemental unalysis, molar conductance (Am) and iy for the

complexes of the divalent metal jons (Mn?*, Co*, Ni**, Cu™ and 7Zn*")
with ligand V.

C% | H% | N% | M%

Complex | (Caled) | (Caled) | (Caled) | (Caled) | (Am) Ta,
found | found found Found
5539) | 3.73) | (1230) | (12.07

Mr-V (1:1) (56.29) (3.84) (12;?J {11.?9] AT el
6430) | (3.65) | (13.64) | (6.69)

M-V (D) | oot 399 | 13sa | 6as | 0| OO
G490) [ (3.70) | (12.20) | (12.89)

Co-vit) | syza | 311 | 1240 | 1206 | 200 | *8
@a00) | 3.63) | (1357) | (7.14)

Co-VD) | croq | 340 | 332 | 733 | 5 | 3
(54.93) | .14) | (12.20) | (12.70)

NEVIED | c400 | 461 a0 |oazsa | | 2
63.02) | (3.63) | (1338) | (7.10)

NV | es | aor | o | et | N2V

oy Ga36)| a8y | (208 [0370) [T
D1 sa20 | 337 | 1263 | 133
6365) | (3.61) | (13.50) | (7.65

Cu-V(1:2) 63.51) {3.66) (13.70] {?.39} [ B
G4.13) | (3.65 | (12.03 | (14.09)

Zo-VED | ssog | 37 | 1241 | 1489 | 0 | 0P
6350) | G.60) | (1347) | (7.86)

Zo-VD | o6 | s00 | 1348 | 793 | U] O
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HI.2.4. Thermogravimetric analysis (TG).

These mcthods of analysis open up new possibilities for the
investigation of metal complexes™*!!; The aim of this 5.1:1.1¢:lj-,r is to obtain
information concerning the thermal stability of the divalent transition
metal-azopyrazolone complexes, establish whether the water molecules
are inner or outersphere if present and suggest a general scheme for the
thermal decomposition of these complexes. The thermogram follows the

decrease in sample weight with the linear increase in temperatures.

In the present investigation, heating rates were suitably controlled at
10°C min and the weight loss followed up to 800°C. From TG curves
obtained, figures (31-40), the weight loss for each complex were
calculated within the temperature range at which the loss occurs. The
found and calculated (based on the suggested stoichiometry) mass losses

are collected in table (17).

Inspection of the TG curves for complexces, the initial weight loss

occurring at temperature range (126-223°C).

The TG curves show the decomposition of the organic moiety of the
chelates and this continues till a constant weight is obtained where the

metal oxide (MO) residues are formed as the final product fer complexes,

TG analysis of the complexes of the divalent metal ions (Mn“, Co?,
Ni*", Cu** and Zn**) with the investigated ligands (I-IV) 2:2 and 2:3, 1:1
and 1:2 for ligand V are performed and are shown in table (17). The
weight loss being measured from ambient temnperature up to 800°C at rate
of 10°C min”, The weight loss for each chelate obtained from the
thermographs was used to calculate the decomposed ion of the organic

material present, since no hygroscopic water was observed up to the 120-
223°C range.
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For the [Mn-1 {2:2)] chelate, four pheny! molecules, eight nitrogen

atoms and hydroxyl group arc expelled within the temperature range 150-

378°C cormresponding to a loss of 53.51% (caltd. 53.04%). In the

temperature range 378-459 a weight loss of 30.23% (caltd. 29.73%) is
observed corresponding to the loss of two phenyl, six carbon atoms, two
hydrogen atoms and one OH group. At the end of the thermogram, the
melal contents were calculated from the residual weight of 6.78% (caltd.
8.60%) which is in good agreement with the calculated values obtained
by determination of the metal content afier decomposition of the chelate
applying the method described by McDonald!® and with the results of

elemental analysis table (12).

For the [Mn-] (2:3)] chelate, three phenyl molecules, four nitrogen
atoms, and two carbon atoms are expelled within the temperature range
223-319°C corresponding to a loss of 27.26% (caltd. 27.11%). In the
temperature range 319-557°C a weight loss of 62.22% (caltd. 61.64%) is
observed corresponding to the loss of six phenyl, eight nitrogen, seven
carbon, hydroxyl group, two oxygen atoms. At the end of the thermogram
the metal contents were calculated form the residual weight of 11.04%
(caltd. 12.36%) which is in good agreement with the calculated values
obtained by determination of the metal content atter decomposition of the
chelate applying the method described by MceDonald®! and with the

result of elemental analysis table (12).

For the [Ni-II {2:2}] chelate, four nitrogen atoms are expelled within
the temperature range 120-242°C correspending to a loss of 5.92% (caltd.
6.21%). [n the temperature range 242-365°C a weight loss of 21.91%
(caltd. 22.43%) is observed corresponding to the loss of two phenyl, four
carbon atoms and two hydrogen atoms. In the temperature range 305-

553°C a weight loss of 56.70% (caltd. 54.75%) is observed
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corresponding to the loss of four nitrogen atoms, four phenyl molecules,
two chloro atoms, two carbon atoms and two hydroxyl groups. At the end
of the thermogram the metal contents were calculated from restdual
weight of 15.85% (cahd. 16.61%) which is in good agreement with the
calculated values obtained by determination of the metal content after
decomposition of the chelale applving the method described by

McDonald and with the result of clemental analysis table (13).

For the [Ni-Il (2:3)] chelate, three carbon atoms are expelled within
the temperature range [65-357°C corresponding to a loss of 2.61% (caltd.
2.86%). In the temperature range 357-465°C a weight loss of 17.74%
(caltd, 17.13%) is observed corresponding to the loss of two phenyl
moleccules, two nitrogen atoms and one chlore atom. In the temperature
range 465-642°C a weight loss of 50.15% (caltd. 50.95%) 1s observed
corresponding to the six phenyl, two chlore, two carbon atoms and six
nitrogen. At the end of the thermogram the metal contents were
calculated from the residual weight of 12.44% {caltd. 11.64%) which is in
good agreement with the calculated values obtained by determination of
the metal content after decomposition of the chelate applying the methed

described by McDonald" and with the result of clemental analysis table
(13).

For the [Co-111 (2:2)] chelate, two methyl group, two phenyl and four
nitrogen atoms are expelled within the temperature range 200-362°C
corresponding to a loss of 26.40% (caltd. 27.67%). In the temperature
range 362-435°C a weight loss of 15.60% (caltd. 14.65%) i1s observed
corresponding to the loss of two hydroxyl group, four nitrogen atoms and
three carbon atoms. In the temperature range 435-519°C a weight loss of
39.25% {(caltd. 40.00%) is observed corresponding to the loss of four

phenyl, and three carbon atoms. At the end of the thermogram the metal
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contents were calculated from the residual weight of 16.87% {caltd.
17.42%%) which is in good agreement with the calculaied values obtained
by determination of the metal contemt after decomposition of the chelate

1691

applying the method described by McDonald™" and with the result of

elemental analysis table (14).

For the [Co-1I1 (2:3)] chelate, three methyl group, four phenyl and
four nitrogen atoms are expelled within the temperature range 200-357°C
corresponding 1o a loss of 34.82% (caltd. 34.17%). In the temperature
range 357-508°C a weight loss of 59.21% (caltd. 58.56%) is observed
corresponding to the loss of seven phenyl, four nitrogen and nine carbon
atoms. At the end of the thermogram the metal contents were calculated
from the residual weight of 5.83% (calid. 6.26%) which is in good
agreement with the calculated values obtlained by determination of the
metal content after decomposition of the chelate applying the method

described by McDonald!® and with the result of elemental analysis table
(14).

For the [Cu-IV (2:2)] chelate, two phenvl, two methoxy, four
nitropen, two carbon atoms and two hydroxyl groups are expelled within
the temperature range 135-393°C cormrespoending to a loss of 36.22%
(caltd. 36.62%). In the temperature range 393-464°C a weight lass of
14.93% (caltd. 14.65%) is observed comresponding to the loss of one
phenyl and four nitrogen atoms. In the temperature range 464-557°C a
weight loss of 29.44% (cahd. 29.52%) is observed corresponding 10 the
loss of three phenyl, and three carbon atoms. At the end of the
thermogram the metal contents were calculated from the residual weight
of 17.55% (caled. 17.64%) which is in good agreement with the

calculated values obtained by determination of the metal content after
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decomposition of the chelate applying the method described by

McDonald!®! and with the result of elemental analysis {15).

For the [Cu-IV (2:3)] chelate, two methoxy groups are expelled
within the temperature range 137-230°C corresponding to a loss of 4.87%
(caltd. 4.94%). In the temperature range 230-340°C a weight loss of
18.11% (caltd. 17.94%) is observed corresponding to the loss of two
phenyl, four nitrogen atoms and one hydroxyl group. In the temperature
range 340-483°C a weight loss of 66.31% {caltd, 64.19%) is obscrved
corresponding to the {oss of seven phenyl groups, cight nitrogen, nine
carbon atoms, one oxXygen and one methoxy group. At the end of the
thermogram the metal contents were calculated from the residual weight
of 10.62% (caltd. 12.67%) which is in good agreement with the
calculated values obtained by determination of the metal content afier
decomposition of the chetate applying the method described by

McDonald"® and with the result of elemental analysis table (15).

For the [Zn-V (1:1)] chelate, one phenyl group, two nitrogen atoms
and onc hydrogen atom are expelled within the temperature range 196-
342°C corresponding to a loss of 23.87% (caltd, 22.58%). In the
temperature range 342-457°C a weight loss of 28.63% (caltd. 28.79%) is
observed corresponding to the loss of one phenyl, one carbon atom and
one carboxylic group. [n the temperature range 457-715°C a weight loss
of 34.91% (caltd. 34.59%) is observed corresponding to the loss of one
phenyl group, two nitrogen atoms, two carbon atoms and two oxygen
atoms. At the end of the thermogram the metai contents were calculated
from the residual weight of 17.56% (caltd. 17.48%) which is in good
agreement with the calculated values obtained by determination of the

metal content after decomposition of the chelate applying the method
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described by McDonald!®® and with the result of elemental analysis table
(16).

For the [Zn-V (1:2)] chelate, two carbon atoms are expelled within
the temperature range 192-261°C corresponding to a loss of 2.75% (caltd.
2.88%). In the temperature range 261-357°C a weight loss of 24.88%
(caltd. 23.33%) is observed corresponding to the loss of two phenyl
groups, two nitrogen atoms, one carbon atom and one hydrogen atom. In
the temperature range 357-457°C a weight loss of 30.65% (calid. 31.15%)
is observed comresponding to the loss of three phenyl, and two nitrogen
atoms. In the temperature range 457-642°C a weight loss of 29.86%
{caltd. 29.58%} is observed comresponding to the loss of one phenyl, four
nitrogen atoms, two carbon atoms and two carboxyl group. At the end of
the thermogram the metal content were calculated from the residual
weight of 9.7% (caltd. 9.78%) which is in good agreement with the
calculated values obtained by determination of the metal content after
decomposition of the chelate applying the method described by

McDonald®™! and with the result of elemental analysis table (16).
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I 2.5. Differential thermal analysis (DTA).

The diffcrential thermal analysis curves (DTA) are characterized by
the presence of a large and sharp cxothermic peak on the DTA curves at
the temperature range (426-549), figures (31-40). For [Mn-I (2:2}] and
[Mn-1 (2:3)] are 437 and 438. For [Ni-II (2:2)) and [Ni-II {2:3)] are 461
and 526. For [Co-1II (2:2)] and [Co-lIl {2:3)] are 500 and 426. For [Cu-
IV (2:2)) and [Cu-1V (2:3)} are 476 and 443. For [Zn-V (#:1)] and [Zn-V
(1:2)} are 549 and 542, respectively. At these temperatures the chelates
are no longer stable and a phase change is liable 10 occur due to the
change in crystal structure of the complexex. i.e. crystallographic phase
transition. Rising the temperature than these temperatures results in the
decomposition and combustion begins leaving a final residuc of the metal

oxide.
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Table (17): Molecular weight, temperatures of decomposition, loss

percent and the corresponding groups in thermogravimetry (TG).

Complex .
: o Caltd | Found )
(ligand- M.wt | Temp (*C) loss% | loss% Assignment
metal)
150378 | 53.04 | 5351 aCT, 8N Ol
MoT(2:2) | 82386 | 378456 | 2973 | 3093 IC,Ha, 6C.2 H, O
459-800 860 | 6.78 MnO
223319 | 27.01 | 2798 3CaHs AN, 2C
MnI12:3) | 114686 | 319557 | 6164 | 6266 6CeHs, 8N, 7C. OH. 20
557-800 1236 | 11.04 IMnO
126242 621 | .62 aN
. 242365 | 2243 | 2191 2C,Hy 4C.2 H
Ni-T@2) 9004 365.553 5475 | 5670 | aCgHs. 201, 20H, 4N.2C. OH
553-800 1661 | 1585 INIO
165357 286 | 28] 3C
) 357465 1703 | 17.74 202N, €
Nel@3) 112579 | icear | so0s | sos 6C4H, 2CL. 2C. 6N
642-800 1164 | 1244 INIO
200362 | 27.67 | 264 3CThy, 2C5H,. AN
362435 1465 | 156 2011, 4N, 3C
Colll{2:2) | 859.86 433-519 40.00 | 3925 ACHs, 3C
519-800 1742 | 1687 2Co0
200-357 | 34.07 | 3457 3CH,, 4C4is, 4N
Co-lll(2:3) | 119686 | 357508 | 3856 | 5923 5CgHs, 2CeHy, 4N, 9C
508-800 626 | 583 CoO
135393 | 3662 | 3622 | 20W.4N,2C,H. I0CH. 2C
_ 393464 1465 | 14.93 Colls 4N
Culv(z:2) | 901 464-557 | 2052 | 2944 2CeH;, Cylly. 3C
557-800 (764 | 17.55 2Cu0
137-230 394 | 287 20CH,
. 230-340 1794 | 18.11 2C,H,. 4N. OH
ColVi23) | 1254 340483 | 64.09 [ 6631 | 6CeHs, Colla. 8N, 9C, OCH,. O
483-800 | 1267 | 1062 2Cu0
196342 | 22.56 | 3387 CeH,. 2N 11
_ 342457 | 2879 [ 2863 CsHs, COOH, C
Zo-V{k1) | 46538 | L Y 3359 | 34.9] CeHs, 2C. 2N. 20
715-800 1748 | 17.56 Zn0
[92-261 288 | 2.5 T
261-357 | 2333 | 2488 CsHs, 2N, C, H, CoH,
n-v(1:2) | 8338 | 357457 | 3115 | 308s 3CgHs, 2N
a57-642 | 2058 | 2086 CeHy, 4N, 2CO0H. 2C
642-800 978 | 970 70
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I11.2.6. Molar conductivity measurements.

The molar conductivities of the solid complexes were measured for
the solutions of the complexes of 2:2 and 2:3 for ligands (I-1V), and of
L:1 and 1:2 for ligand V are in the range 7.16-49.26 ohm™ em? mol™.
These values were measurably small for the ionic complexes of the
divalent metal ions. These low conductivity values may be attributed to
the absence of chioride ions rather than ionic association to the metal ions
during complex formation. This directly supports the fact that all of the
investigated complexes are non-ionic in nature, The conductivity values

for all of the investigated complexes are listed in tables (12-186),

I1.2.7. Magnetic susceptibility measurements.

The magnetic moment () of a transition metal can give important
information about the number of unpaired electrons in the metal jon, and
in some special cases help to indicate the structure of the complex, The
general equation for the magnetic moments of the first raw transition

metal ions is given by the relation:

Wesey = VAS (SH1) + L (L+1) (B.M.)

where § is the total of the spin quantum numbers and L is the resultant of
the orbital angular momentum quantum number of all the elecirons in the
molecules and gy, is the magnetic moment given in the unit of Bohr
magnetons. In a large number of complexes of first raw transition
elements the orbital contributions is quenched by the electric field of the
surrounding atoms and one can consider only spin contributions and

hence

ws =4S (S+1)
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or in terms of the number of unpaired clectrons, n, where n = §/2 we

have:

us=+vn (n +2) (B.M.)

Experimentally determined the values of | are in some cases higher
than those calculated using the spin only approximation. Such is the case
of Co™ complexes, in which case orbital contribution can not be

neglected.

The calculated magnetic moments of (2:2) and (2:3) (ML)
complexes of the investigated ligands (I-IV) and of (1:1) and (1:2) for
ligand (V) with Mn*" metal ion are in the range 4.6-3.91 B.M. indicating
the presence of 5 unpaired electrons in d-orbital (Mer = 5.91). The
decrease in pgy of the complexes is due to spin-spin coupling of the two

metal ions present in the same complex molecule, Tables (12-16)

For Co®, (2:2} and (2:3) (M:L) complexes with the investigated
ligands (I-IV) and (1:1} and (1 :2} for ligand (V), the calculated magnetic
moments of the cemplexes are in the range 2.55-3.21 B.M. indicating the

presence of three unpaired clectrons per metal jon. Tables (12-16)

Ni** (2:2) and (2:3) (M:L), (1:1) and (£:2) for ligand (V) complexes
show piy in the range 2.07-3.98 B.M. denoting two unpaired electrons

and showing paramagnetic properties for all of the investigated ligands (I-
V). Tables (12-16).

For Cu™* complexes (2:2) and (2:3) (M:L) of ligands (I-[V), and (1:1)
and (1:2) complexes of ligand V the calculated magnetic moments of the
complexes are in the range 1.24-1.76 B.M. indicating the presence of one

unpaired electron per metal jon in its d-orbital. Table (12-16).
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For Zn™* (2:2} and (2:3) (M:L}) of figands (1-IV), (1:1) and (1:2) of
ligand (V) complexes, the calculated magnetic moments are in the range
0.54-0.97 B.M. indicating the absence of unpaired electrons and 7n

complexes was a diamagnetic properties. Table (12-16).

All of the metal ions (Mn®', Co¥, Ni** and Cu®*) complexes show
paramagnatism, which means that the ligands have little effects on the

metal lons field i.e. the ligands cxhibit a weak field effect.

Zn** complexes show diamagnetic behavior since the d-orbitals are

completely filled and Zn*™" considered as non-transition metal ion,
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I{1.2.8. Electronic spin resonance (ESR).

The X-band ESR spectra of Cu**- azopyrazolone compiexes at room
ten;:perature generally show one or two broad signals depending on the
nature of the ligands used and the type of the complexes formed, ESR
spectra of Cu®* complexes with the investigated ligands ([, IV and V) are

illustrated in figures (41-46).

The g values (gl and g,) which reflect the geometry of the

Cu™- environments are given in table (18).

Generally, the complexes are not magnetically dilute, therefore,
exchanges™ and for dipolar [orces are expected to operate in such a case,
the g anisotropy is likely to be reduced. The absence of hyperfine is taken

as evidence of exchange us is the fact that

G=gy— 2/g

is lower than four'™ which could be atiributed to tetrahedral symmetry
around the Cu®' ions. Morcover, the apparent broadening of the ESR
signals may be due to an interaction between Cu? ions which are
probably present in nonequivalent lattice position, the positive shift of g
values from that of the free electron (2.0023) indicates 4 high covalent
character of the bonding between the Cu®* ions and the azopyrazolone

ligandst®*,
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Table {18): ESR spectral data of Cu®* complexes with tigands I, TV and V.

Complex g, =gy Bx =81
Cu-l (2:2) 20859 |
Cu-1 (2:3) 203806 | ..
Cu-1V (2:2) 2.05616 2.06776
Cu-1V (2:3) 2.06037 2.07141
Cu-V (1:1) 2.12941 2.18337
Cu-¥ (1:2) 2.11293 2.17279
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H12.9. General structures of the complexes.

Based on the results of elemental analysis, IR, 'H NMR, thermal
analysis, Electron spin resonance (ESR) and magnetic moments
calculations. For ligand V, :1 and 1:2 complexes are isolated; their
structures may be formulated as seen in figures (47). The proposed
steriochemical structures for the investigated metal complexes suggest
tetrahedrai geemetry for 1:1 complexes and suggest octahedral geometry
for 1:2 complexes and all of the formed complexes are without

coordinated water molecules.

The proposed steriochemical structure for the investi gated metal
complexes suggest tetrahedral geometry with respect to Mn, Co, Ni, Cu
and Zn with the investigated ligands (I-IV) 2:2 and 2:3, and are illustrated
in figure (48),
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N .}4\
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1.1 complex
M =Mn, Co, Ni, Cu and Zn

1.2 complex
M = Mn, Co, Ni. Cu and Zn

Figure (47): Structures of 1:1 and 1:2 complexes of ligand V.
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2.2 complex
R=H., Cl, CH,, OCH,

Figure (48): Structures of 2:2 and 2-3 complexes of ligands (I-1V).




SUMMARY
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Summary

The present thesis comprises three chapters:

1- Chapter I includes the literature survey. The previous studies
available in the literature have been reviewed with emphasis on
those concerned with the chemistry of the transition metals,
including formation of the transition metal complexes with various
ligands. A literature survey is also given with regard to the structure,
interpretation of color changes, absorption specira, complex
formation, ability of pyrazolone derivatives and their uses, Also a
literature survey on the divalent metal ions of Mn, Co, Ni, Cu, and

Znis given.

2- Chapter II includes the experimental part, involving materials,
preparations of various compounds and solutions, instruments used
and working procedures. It also includes all detailed methods of
calculations. The elemental analysis are also given for the prepared

compounds.

3- Chapter I includes the results and discussion:

a. The electronic absorption spectra of the investigated ligand (V)
was Investigated in some organic solvents of different polarities.
The solvent effect on absorption bands was studied. The plots of
dielectric constant D, (D-DADHI), {(D) and ¢ (D) against v of

the band observed in the C.T. band are not linear relations.
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b. The mass spectra of all ligands (1-V} were studied 1o get further

insight as the nature and different fragmentations which arce
characteristic for every compound., The mass spectra of each
compound showed the molecular ion M' at m/z value

corresponding to its molecular weight.

¢. The infrared spectra, 'H NMR and elemental analysis were also

obtained and studied for the investigated ligands (I-V).

d. The solid complexes of the transition metal jons with the

vestigated ligands (I-V) were prepared and the precipitated
complexes were chemically analyzed. The results of analysis
suggested chemical composition for each of the solid complexes
obtained. IR, ' NMR, thermal unalysis, magnetic susceplibility,
mass  spectra, electron spin resonance {ESR) and molar
conductance confirmed the compositions and structure of the
scparated solid complexes. The results show 2:2 and 2:3 (M:L)
complexes for ligand (I-1V), 1:1 and 1:2 (M:L) complexes for
ligand V.,

The complexes were formed through coordination with the oxygen
of the pyrazolone ring, N of the azo-hydrazo group and covalent

bond with the oxygen of the hydroxyl group,
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