Republic of Iraq
Ministry of Higher Education
& Scientific Research
University of Kerbala, College of Science
Department of Chemistry

Synthesisand Characterization of Binuclear Complexes
with Novel Heterocyclic Ligands Derived from 2,5-
dimer capto-1,3,4-thiadiazolateVia Click Chemistry

A Thesis

Submitted to the Council of the College of Science,
University of Kerbala as apartial fulfillment
of the requirements for MSc. degree in Chemistry

By

Atheer Mahdi M adlool
B.Sc. in Chemistry (2003) Al-Mustansiriyah University

Supervised by

Assist. Prof. Dr. Assist. Prof. Dr.

Ashour Hamoad Al-Ghadeer Eman Taleb Kareem

1433 A.H. 2012 A.D.



JENENERERENENENENENENENENENENENENENENENENENENENEN RN RN NN
e e s e L L e S L L S N L e O S L S S L I VI I S
.«\»@.ﬁé»ﬂﬂl“«\?ﬂ“\»@»ﬂﬂ.@?ﬂ“\»@»ﬂﬂ.@?ﬂ“\»@»ﬂﬂ.@?ﬂ“\»@»ﬂﬂ.@?ﬂ.\«\»4&..“.\»/@..“«\54[..\«\»4&..“.\»/@..“«\54[.“\»@»ﬂﬂ@»fﬂ“\»@»ﬂﬂ.@?ﬂ“\»m@»@ﬁ&»

RN

NI SN TN AN N N

-

!

24\

|
(VVAIN /gt yous)

(

NSNS AN

N,



Dedication
%oﬁ%ﬁw cmw’ng; love “Iraq”
To my family (my father, my mother, my

brothers: Tha'er, Thamer, Muthanna and my

sisters)



Acknowledgments

Thanks to Allah the one the single for all thisskiag
during the pursuit of my academic career.

| would like to express my sincere thanks and my
appreciation to my supervisors Assist. Prof. Bshour H. AL-
Ghadeer and Assist. Prof. DrEman T. Kareemfor their
encouragement and guidance throughout the coursehisf
work. | am also grateful thanks to the staff memabef the
College of Science especially the great human doed dest
brother Assist. Prof. DIAdnan Al — Sa'adifor his favor which |
will not forget, all words can't express his graale in this

stage of my life, so I'll always say to him “thaydu”.

My deep gratitude is due to Dr.Saleh Hadawi, Oa'@&Fraq, Dr.
Abbas Matrood, Dr. Zaid Al-A'arajy, Dr. Muneer, Mdatham dallool,
Mr. Hassan Faisal, Mr. Hussain Mubarak, Mr. Athedassan, Mr.
Naseer, Mr.Ehssan and his wife Mrs. Raghad, anddieBp thanks are
due to all others who gave me help and sincere @atipn especially my
colleagues Atheer, Salam, Mohammad Adnan, Mohanthaiadain and

Rajwan Abdul-Jabbar.
My deep thanks is due to the staff members of the

University of Kufa especially to the great human Bbdullah
Mohammad Al; my best friends Mr. Haidar Noori and Mr.

Haider Abdulrazzag.



| am deeply indebted to my family for their suppant
patience during the years of my study. | wish tpress my
deepest thanks to my brother Tha'er and his wifedatinuous

support and encouragement during the whole resepectod.

Atheer



Certification

We certify that this thess was prepared under our supervision at the
Department of Chemistry, College of Science, University of Kerbaa as a partial

requirement for the Degree of Master in Chemistry

Signature: Signature:
Name: Ashour Hamoad Al-Ghadeer Namé&man Taleb Kareem
Title: Assist. Prof. Titl&sstis. Prof.
Address: Al-Mustansiriyah University/ Address: Kerbala University/
College of Pharmacy Eduean College of pure and applied Sciences
Date: / /2012 Date: / /2012

In view of the available recommendations. | forward this thesis for debate by

the examining committee.

Signature:
Assist. Prof. Dr.
Adnan Ibrahim Mohammed

Head of Chemistry Department

Date: / /2012



Examination Committee Certificate

We, the examination committee, after reading this thesis and examining the
student Atheer Mahdi Madlool, in its content, have found that it meets the
standard and requirements as a thesis in fulfillment for the Degree of MSc. In
Chemistry. Date / /2012.

(Chairman)

Signature:

Name: Dr. Abdullah Mohammed Ali
Title: Professor

Address: Kufa University/

( Member) ( Member)

Signature: Signature:

Name: Dr.Khaled Jawad Kadhem Name: Dr. Adnan Ibrahim Mohammed

Title: Professor Title: Assist. Prof.

Address: Al-Qadesyya University/College Address: Kerbala University/College
of Sciences of Sciesce

Date: / /2012 Date: // 2012

( Member& Supervisor ) ( Member& Supervisor )

Signature: Signature:

Name: Dr. Ashour Hamoad Dawood Name: Dr. Eman Taleb Kareem

Title: Assist. Prof. Title: Assist. Prof.

Address: Al-Mustansiriyah University/ Address: Kerbala University/
College of Pharmacy Education College of pure Sciees

Date: / /2012 Date: [/ /2D

Approved by the council of the college of scienca it’'s session No.
in /12012

Signature:

Name: Dr. Ahmed Mahmood Abd Al-latif

Title: Professor

Address: Kerbala Universty / College of Scinces
Date: / /2012



Report of Linguistic Evaluator

| certify that the linguistic evaluation of thisthesis was carried out by me and it

is accepted linguistically and in expression.

Signature :

Name: Dr. Sabah Wajed Ali
Title: Assist. Prof.
Address: Kerbala University/ College of Education

Date : [ 12012



Report of Scientific Evaluator

| certify that the scientific evaluation of this thesis was carried out by me and

it is accepted scientifically.

Signature :

Name: Dr. Hassan Ahmed Hassan

Title: Assist. Prof.

Address:Baghdad University/ Ibn-Elhaitham College ® Education
Date: [/ /2012



Summary:

The work includes the synthesis and characterization of three ligands
that contain three heterocyclic rings, one of these is thiadiazole while the
others are two triazoles rings. The preparation of ligands is carried out
through synthesis two precursors, the first is akyl azides, which is prepare
from the reaction of alkyl halides with sodium azide and the second is
terminal akyne was prepared by the addition reaction of propargylbromide
with 2,5-dimercapto-thiadiazole dipotassium salt, then the collection
between two precusors via click chemistry reaction obtained, the general

preparation reaction equations summarized by the following scheme:

NaN; =
R—X > R—N, R = heptyl, octyl, decyl
DM SO/ 70°C X =1, Br

24 h (D

N=—N
KS/QS»\SK + 2 He= CH.Br M L 5/47 §\S
- S

(2)

=N

N
/« »\ Cu*/ (H,0+t-BuOH)
=\ s—=—= t+ 2 R—N, >

o 65°C/ (12h.)
(3a) when R = Heptyl

— N—N —
A<
S S
(3b) when R = Octyl S

(3c) when R = Decyl (3)




The prepared ligands were characterized by FT-IR, UV-Vis, H,*C-NMR,
Elemental micro anaysis of elements C.H.N.S, spectroscopies in addition

the solubility in different solvents was tested.

The ligand complexes were prepared by reaction of the titled ligands with
Co?*, Ni?*, Cu?, Pd?* and Pt*" ions, the complexes were characterized by
FT-IR, UV-Vis, magnetic susceptibility and Molar conductivity
measurements. The solubility of prepared complexes were tested with

different solvents.

From the spectroscopies, magnetic moments and molar conductivity the
suggested geometry around the metal ions can be described as:

Tetrahedral of cobalt(ll) complexes with all ligands, square planar of
palladium(l1) complexes with al ligands, while the octahedral geometry for
nickel(11), copper(Il) and platinum(l1V) complexes.
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Chapter One Introduction

(1).I ntroduction:

Heterocyclic compounds occupy a central tgosiamong those
molecules that makes life possible. The chemistfy heterocyclic
compounds has been an interesting field of studyaftong timé). The
vital interest of the pharmaceutical and agrochamiadustries in
heterocycles is often connected with their natocaurrence, among the
approximately 20 million chemical compounds ideatfby the end of
the second millennium; more than two-thirds aretostyclid?. Synthetic
chemistry provides cornucopia of heterocyclic systeMore than 90%
of new drugs contain heterocycles and then interfa&tween chemistry
and biology?. So that heterocycles were have a big distance in
applications as ligands in the inorganic chemisfilgd. A lot of
applications and uses of complexes which often aontfrom

heterocycles and metal ions have been kifewn

(1.1)2,5-dimer capto-1,3,4-thiadiazol e

Thiadiazole is a heterocyclic compound featuringthbawo
nitrogen and one sulfur atoms as a part of the atienive-membered
ring. Thiadiazole and related compounds are cdl|8dl-thiadiazole (two
nitrogen and one other heteroatom in a five-mentbarg). They occur
in nature in four isomeric forms a%. 1,2,3-thiadiazole;B. 1,2,5-
thiadiazole;C. 1,2,4-thiadiazole and. 1,3,4-thiadiazolé*% Fig.(1-1)
illustrated the isomeric forms of thiadiazoles. @@l properties of
1,3,4-thiadiazole have been reviewed in the last years. So that, the
interesting of 1,3,4-thiadiazole as a privilegedstegn in medicinal
chemistry has prompted the advances on the therageiential of this

systent),
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N—/N N N
7\ I\ i\ I\
NN AN N
S S S Ng
1,25thiadiazole 1,3 4-thiadiazole  1,2,4-thiadiazole 1,2,3-thiadiazole

Fig. (1-1) Isomeric forms of thiadiazole

2,5-Dimercaptol,3,4-thiadiazole is one of the fgnof five members
heterocyclic compounds, two nitrogen atoms comaginheterocycles
with three sulfur atoms are considered as an imporiclass of
compounds in medicinal, industrial, biological cheimy because of their
interesting diversified biological applicatié®. It used in several
applications as organic compound or as a liganddrganic compounds,
the best method to produce it was reportedshifmon and coworkefs

Scheme (1:1)
\
/ o
N /N
HoN—™—NH; +2CS2 pyridine >
. . . HS S SH
hydrazine carbon disulfide  Reflux 1,3 4-thiadi azole-2,5-dithiol

Scheme (1:1) Preparation of 2,5-Dimecapto-1,3,4-Thiadiazole

Supumn and coworker® reported a study of synthesis and
biological activity of metal complexes of 5-(2-amathyl)-2-amino-
1,3,4-thiadiazole. The complexes were containingllfZoNi(ll), and
Cu(ll) metal ions, it was prepared and charactdriby elemental
analysis, IP electronic spectroscopy and conduttyneThe new

derivatives, possessing the following formulae, Le®H),], [NiL 2Cl5],

2
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and [CoLCLl4], showedin vitro antifungal activity againsfspergillus
andCandida spp. The structures of complexes which have been pedpa
belong to pseudo octahedral geometry syd$tegn(1-2)

M
S / \N/
HoN /
X N\<S
NH,

M=Cu(t}y Ni(ll) and X= OH or CI

Fig.(1-2) Metal 5-(2-aminoathyl)-2-amino-1,3,4-thiadiazole complex

In 2007 Tzeng and coworké’sreported a study of [Novel tri-
nuclear Re(l) complex containing 1,3,4-thiadiaza)&-dithiolate], found
that due to the three resonance stapes of 1,&dziole-2,5-dimercapto
Fig.(1-3) the ligand was tridentate so the stéB@ was the most stable
when it forming a complex with Re(l) , this complexbelong to type
NS, donor ligand complexes. X-ray crystallography vshothat the
coordination bonds in the complex were created éetwtwo (S) atoms
from dimercapto and the third from (N) atom with (Remetal ion.
Fig.(1-4)
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HS/KS/\\XRSH-‘_:%/\S> “\S‘:_:%S /S%

Fig.(1-3) Resonance shapes of 1,3,4-thiadiazole-2,5-dimer capto

(a) onx A

Fig.(1-4)X-ray crystallography of Re(l) complex containing 1,3,4-
thiadiazole-2,5-dithiolate

In 2010 Turan and coworkef® were reported the study of
preparation and characterization complexes of tazade derivatives
with Co(lIl), Ni(ll), Cu(ll) and Zn(ll) metal ionsthe ligand (L) and its
metal complexes have been characterized by eleh@rdhses, UV-Vis,
IR, 'H-NMR spectroscopies, magnetic susceptibility arfuermo
gravimetric differential thermal analysis (TGA, DJAhe suggested
structure of these complexes are octahedral for (lBn complex,
tetrahedral for Ni (Il) complex, square planar foo(ll) complex and

square-pyramidal for Cu (II) compleiig. (1-5)
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SO,

OH
HO\ /

g 3y i_L f@

0,4S

OH

Suggested structure of square-pyramide Cu(ll)comple

Fig.(1-5) Square-pyramidal structurefor Cu(ll) complex

In 2011Adediji and coworker8” were synthesized and studied the
biological activities on metal complexes of 2,5rdiao-1,3,4-thiadiazole
derived from semicarbazide hydrochloride. The metahplexes were
prepared and characterized using elemental anaipéia-red, UV-Vis,
magnetic moment, atomic absorption, thin layer ofatmgraphy and
molar conductance measurements. The IR data revéad the ligand
behaved as tridentate neutral ligand. It coordohatethe metal iorvia
sulfur and nitrogen of the amines, the UV-Vis specind magnetic
moment data, shown that the complexes were hatiexbtal geometrical

structuré&?),



Chapter One Introduction

(1.2)1,2,.3-Triazoles:

1,2,3-Triazole ring system has been the subjeatoofSiderable
research mainly due to its usefulness in syntr@tyanic chemistry and
also because of the pharmacological properties sHoywsome of its
derivative§®: 12 In 2002, Sharplessand Meldal*® improved the
regioselectivity of the cycloaddition reactions bging Cu(l)-catalyzed
ligation (click chemistry) of organic azides and terminal alkynes.
Scheme(1:2)

Ro

N
N¢ \N_
—_— Cul
R; — t+ R, N3 ' . —
1

Click Chemistry, addition reaction between terminal alkynewith 1-azidoalkane by use Cu*! asa
catalyst

Scheme (1:2) Preparation of 1,4N-Substituted-1,2,3-Triazole (Click
Chemistry)

Preparation of regioselective of 1,4-N-sbustitutgcBttriazole by
using this mechanism was one of marvelous methdaswean produced
these compounds by using Cu(l) ion as a catalystisoreaction. Many
methods can be using to obtain Cu(l) ion, the Csfgcies can be
generated by oxidation of Cu(0) or reduction of I§u§pecie§?), or by
direct use of Cu(l) ion finding in Cul or CuCl siit), so it can used in
cycloaddition reaction as a catalyst, another direct method to obtain
Cu(l) ion instant in solution by reducing Cu(l)nief copper sulfate to

Cu(l) ion by sodium-L-ascorbate in aqueous envirenth-31%)

In 2009 Gonzaleand coworker® reported a study of Phenyl1H-
1,2,3triazoles as new cyclometalating ligands falium(lIl) complexes,
the triazoles were synthesized “click chemistry” method, as a new
type of cyclometalating ligand. The photophysicat alectrochemical

6
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properties of these complexes were investigatedraxpntally as well as
theoretically by using density functional theonheTproperties of these
new complexes were compared to their known 2-plpgmiglinato
analogues. The emission of the described complexas clearly
influenced by the applied ancillary ligand and dan adjusted over a
broad range of frequenci€sg.(1-6)

N N
I /
5 Nr: 6 5 NJ;]G ~ |
1! _.-0= 1|__,fN
sExi SN dhe
NS 7 ,'\13
| N | N
N N
R R
[Ir(a).(bpy)I" [Ir(a),(acac)]’ [Ir(a),(pic)]’

Fig. (1-6) Iridium(l11) triazole complexes

(1.3) N & Sdonor ligands:

Chemistry of metal complexes containing both nigro@nd sulfur
donor ligands has grown rapidly, largely due todseovery of metals in
mixed nitrogen/sulfur environments as the activessof many important
enzyme8”). Macrocyclic ligands are considerably attractivethie quest
for new chemistry, because they offer a wide ver@t donor atoms,
lonic charges, coordination numbers and geometrythef resultant
complexes?®. In the literature survey 1,3,4-thiadiazole2,3striazole,
amino acids, Schiff bases, semi and thiosemicaibazad been divided
as organic compounds having N,O and S donor &énis these
compounds were largely used as antibacterial, ungél, antitumomand
anti-leukemia agerff®. As ligands, they also provide many potential
binding sites for complexation and have obtainetivarsified biological

activity, by the result of such chelatibh Metal complexes of

7
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semicarbazones and thiosemicarbazones have arocsesiderable

interest in view of their industrial and biologidaiportancé&?).

In 2003 Kuzmano¥i?? was prepared complexes of Ni(ll) and
Co(ll) with 2-phenyl-2-imidazoline. Complexes wesgnthesized and
characterized by elemental analysis of the metalamconductivity,
magnetic susceptibility measurements, UV-Vis angpctra. The room
temperature effective magnetic moments, UV-Vis d&Rddata of the
complexes suggest that all Ni(ll) and Co(ll) conxgle have a tetrahedral
configuration, which is realized by participatiohtbe pyridine nitrogen
of two organic ligand molecules, and two chloride ritrate anions,

typical for these classes of organic ligands.

In 2008 Hussairand coworker$® reported a study of synthesis
and antimicrobial activities of 1,2,4-Triazole arid3,4-Thiadiazole
derivatives of 5-amino-2-hydroxybenzoic acid, theuctures of the
compounds were assigned on the basis offHR\MR spectral data. The
study interested to the synthesis of some triazblagdiazole derivatives
and evaluation of their antimicrobial activitiesor@poundsl,2,4-triazoles
and 1,3,4-thiadiazoles were screened for theitbacterial activity
againstSaureus (gram-positive) ancE. coli (gram-negative) bacteria,
compounds were found to have moderate antimicralgiality®®,

In 2010 Salimonand coworker$? were reported a study of
synthesis, characterization and biological actiaitySchiff Bases of 2,5-
dimercapto-1,3,4-thiadiazole, the compound were cighied by
elemental analysis, electronic absorption, infrarkdl and *C NMR
spectral measurements. The structural formulaepgned compound had

shown inFig.(1-7)
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(o APl

X=mNO,, pNO,, pOH, pCH3, cOH, pN(CH3),, 3,4-OH, mCHs, pCl, mOH

Fig. (1-7) Schiff Baseligand diverted from 1,3,4-thaidiazole

In 2010 Ruizand coworker$® were reported a study of new 7-
azaindole palladium and platinum complexes, cryssatuctures,
theoretical calculations aniah vitro anticancer activity of the platinum
compounds. The X-ray structure determinations of
[NBus][M(CeFs)2(Haza-N)(aza-N)] - Haza [M = Pd, Pt; Haza =7-
azaindolate H-pyrrolo[2,3b]pyridinate)] have established for the first
time the coordination to the same metal centeodf beutral and anionic
forms of the ligand. Theoretical calculations weugported the observed
coordination and H-bonding interaction of the ploroand pyridine
moieties of the neutral and deprotonated heteraclghnds.Fig. (1-8)

15

Fa cz3

Fig(1-8) Crystal structure of Pd(l1) pyrrolo pyridine complex

In 2012 Bentissand coworker$® were reported a study of
preparation of Aqua bis[2,5-bis(pyridin-2-yl)1,3Miadiazole xoN,,N3]
(trifluoromethane-sulfonates)copper(ll) trifluoro-methanesulfonate, the

complex shows a distorted octahedral coordinateppexll) cation

9
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which is linked to two thiadiazole ligands, one &ramolecule and one
trifluoromethanesulfonate anion. The second triftumethanesulfonate
anion does not coordinate with Cu(ll) cation. Eduhdiazole ligand uses
one N pyridyl and one N thiadiazole atoms for camation with copper

lon. N atom of the second non-coordinating pyrisiibbstituent is found
on the same side of the 1,3,4-thiadiazole ringnasStatom, as it shown in
Fig.(1-9)

= _+
e N
T l S =
N7 ‘;\l Vi
T o4 I O3SCFa)
HEO—/—/CU\—O—ﬁ‘_CFs": 55CFa)
N N—
/N N ©

Fig. (1-9) Aqua big[2,5-bis(pyridin-2-yl) 1,3,4-thiadiazole x2N2,N3]

(trifluoromethanesulfonatoxo)copper (11)trifluoromethanesulfonate

Theoretical data collection and calculation of th@mplex by several
chemical computer prografffd shown that ligand groups will be arrange

around central metal ion in octahedral geoméirg.(1-10)

Fig.(1-10)Theoretical structure (octanedral geometry) of Cu(ll)

complex

10
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(1.4) M etal Complexes Structures and Applications:

Metal complexes play an essential role in severddd and
applications chemistry such as agriculture, phaeutacal and industrial
chemistr{?”. So that, scientific research centers, big medicompanies,
physical and chemical colleges around the worlcehegreat interesting
to study these compounds and its applications limfalife fields. The
studied of complexes have a potential to be usedrags and these
would further enable us to evaluate their utility agriculture and
industry?®. The cognition of potential employment of metampdexes
and chelates in therapeutic application providefuloutlets for basic
research in transition metal chemistty

(1.4.1) Cobalt Complexes Structures and Applications:

Cobalt complexes have been interesting in our &teme of vital
compounds were divided as cobalt complexes, sirapéanple of these
compounds was B Vitamin. As it known Vitamin B, (cobaloxime) is a
cobalt complex containing a glyoxime ligaiftd Cobalt complexes were
found to act as catalysts in cross-coupling and oktiki—-Heck

reactionsY,

In 2001 Squattritd? was studied crystal structures of the cobalt
complexes of 4-amino-3-trifluoromethyl-1,2,4-tri¢&é-thione, he found
that in the bis natural bidentate ligand of 4-ar@awifluoromethyl-
1,2,4-triazole-5-thione, SiT3HsF; (afmt) of the divalent cobalt ion, the
triazole bonds to the metal ion through the amime thione substituents
on the five-membered ringig.(1-11). Two water molecules complete the
octahedral coordination sphere [Co(atftipO).](NO3),

11
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Fig.(1-11) five-membrane ring of cobalt complex & its X-ray structre

crystallography

In 2002 Nayakand coworker$® were reported a study of synthesis
and characterization of some Cobalt(lll) complexesntaining

heterocyclic nitrogen donor ligands. These compswnere belong to the

type trans-[Co(DHLCI] where DH = dimethylglyoximato anion,
L=heterocyclic nitrogen donor ligand(pyridine, pipkne). The
complexes have been characterized by FTR, *C NMR spectra,
conductivity and thermal decomposition studies. Blrecture of these
complexes shows that the geometry was octahedrdl rydrogen
bonding was formed between ligands in compldxgs(1-12)

o/H\\O
e ]

HszC /N\|/N\ CHy
:’; /C|°\ ;(
HzC I\\I ! T CH
O\\H/O

Fig. (1-12) Cobalt complex and H-bonding between ligands
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In 2002 Amirnasr and coworkét8 were prepared and
characterized a series of complexes of the typehb®En)X;, where
Phcaen =N,N'-bisp-phenyl-cinnamaldehyde)-1,2-diiminoethane. In the
study the crystal and molecular structures of [@o&en)Ch] Fig.(1-13)
was determined by X-ray crystallography from singfgstal data, the
coordination polyhedron about the central cobalh i® distorted
tetrahedron with CI-Co-Cl, 110.17(6)°; and N-Co-84.16(13)°. This
structure consists of intermolecular hydrogen booifdthe type C-HX.
The formation of the C-HM weak intramolecular hydrogen bonds due to

the trapping of C-H bonds in the vicinity of the tadeatoms.

Fig.(1-13) X-ray crystallography of [Co(Phcazen)Cl;] complex

In 2003 Brooker and UdoBeckmanf® were synthesized and
characterize many of di and tri nuclear cobalt clexgs with many of
triazoles, the complexes were characterized byyXergstallography and
the geometry of all complexes was octahedi).(1-14)

13
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Fig.(1-14) Perspective view of the[Co''2 (L)(NCO)3]* cation

In 2010 Changand coworker€” were reported an interview and
study of cobalt complexes as antiviral and antéaatagents, the cobalt
complexes were containing polydentate donor ligands study was
focus on theantimicrobial activity of the homoleptic [Co(N§)]3* ion.
So the study was review the current status of thkdical activities of

Co(lll) complexes formed with mono and polydentagands.

(1.4.2)Nickel Complexes Structures and Applications:

Nickel was found in its compounds in several oxmastates; the
divalent ion seems to be the most important forhbotganic and
Inorganic substances. Water-insoluble nickel comgsumay dissolve in
biological fluids. Particles of the same chemieatity (oxides and
sulfides) have different biological activity depamgl on crystalline

structure and surface properti®s

14
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In 2000Bermejo and coworke®® were synthesized and studied of
Mono- and di- nuclear Ni(ll) complexes withs;® Schiff base ligands
and crystal structure of [NI(AEPyz)]CKO(HAEPyz derived from 7-
amino-4-methyl-5-aza-3-hepten-2-one and 2-acetglipge). In the study
mono- and di- nuclear Ni(ll) complexes witO asymmetrical Schiff
bases have been prepared and characterized, pttysioal data
indicate that all the complexes were quasi squkmeap. The X-ray
crystal structure of [NI(AEPyz)]CIO was reported, whose NiN
chromophore is remarkably square plafag(1-15)

Fig(1-15) X-ray of the complex cation [Ni(AEPyz)]*

In 2007 Santillan and Carraf® were reported a research of
synthesized new binuclear complexes of Ni(ll) dedifrom a diatopic
hetero -scorpionateligand,(4-carboxyphenyl) bis{Briethyl -pyrazolyl)
methane, the complexes have been synthesized andctdrized by X-
ray diffraction, 'H NMR, IR, UV-Vis spectroscopies, and magnetic
susceptibility. These building blocks have beenssghently used for the
construction of higher order metallosupramolecalahitectureskig. (1-

16)
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Fig (1-16) X-ray of [Ni2 (L4c)4] complex

In 2005 Boese and coworke?® were reported a study of ring
transformation and complex formation of (3-acet@-dihydro-1,2,4-
triazole oximes). The reaction of the ligands wii(ll) and Pd(ll)
acetates in ethanol at room temperature yieldedréspective square
planar complexes. X-ray structure determination avfe of these
complexes revealed that metallation led to unexgukctring
transformation of the triazole ligand. It is prokalkthat such ring
transformation generated the imidazole-N-oxide rmexliate which
coordinated to Ni(ll) ion. The complexes were cletgdzed by elemental
analysis, FT-IR, 'H-NMR, ¥C-NMR and HRMS spectroscopies.
Complex theoretical structure was in square-plgeametry, it was draw
by ORTEP plotFig.(1-17)

—{Wé N/=
P e

Fig(1-16) ORTEP plot of the molecular structure of Ni(ll) complex
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In 2010 Al-Amiery and coworker® were reported a study of
synthesis, characterization anahtibacterial study of some metal
complexes derived from bis(5-(benzylthio)-1,3,4athazol-2-
yl)methane, one of these complexes was containiif) Ninetal ion,
these complexes were characterized by C.H.N.M. @hah analysis,
FTIR spectroscopy, Electronic spectra (UV-Vis),addition to molar
conductance of complexes solution in DMF solveahd evaluation the
magnetic momentgia Gouy’s method .Thantibacterial activity for the
ligand and their metal complexes were studied againree selected
micro-organismsStaphylococcus aureus, Pseudomonas, and Klebsiella

complexes were more effective than alone ligand.

In 2012 Aly and coworkef¥) they are study of synthesis and
characterization of transition metal coordinatiomlymers derived
froml,4-benzenedicarboxylate and certain azoles. sAries of
coordination polymers of Co(ll), Ni(ll), and Cu(llyere prepared and
characterized based on elemental analysis, inframddelectronic spectral
studies, magnetic measurements, molar conducttrerepal analysis, X-

ray diffraction, scanning electron microscopy, dmdlogical activity.

Fig(1-18)
_ = .74
- }-u“. -,
& .. P TeY%
Y 9P 0%0 959 6
. o 09 9 5
O :::r-“\-' - .:_‘_'_)-q ;
. _9-q
0-g
o)

Fig. (1-18) A perspective view of complete coordination around Ni(l1)
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(1.4.3)Copper Complexes Structures and Applications:

It has been established that the properties of emppordinated
compounds are largely determined by the naturagahtls and donor
atoms bound to the metal ion. The most remarkatideegements in the
design and development of Cu(l) and Cu(ll) compteasantitumor |,

anticancer agents, industrial and agriculture applicatitis

In 2006 McGinley and coworker4? were reported a study
of Copper(ll) complex of a tridentate N-donor liganwith
unexpected Cu—H interaction. The new pyridine antigpand, meophdpa
-bis(dipyridylmethyl)-4-methoxyaniline) was synthesd and reacted
with copper(ll) perchlorate. The X-ray crystal stwre of the resulting
complex revealed a monomeric copper(ll) site, wit& copper bound to
the three ligands nitrogen in a relatively unusualridional fashion, as
well as a chloride and a water molecule. The sixtbrdination site was,

unexpectedly, occupied by a phenyl ring hydrogemakFig (1-19)

Fig(1-19)X-ray structure of [Cu(meophdpa)CIl(H20)](ClO4).H20

In 2012 Ravindeand coworker$® were synthesized and studied
spectral and antibacterial of Copper(ll)tetra-azecracyclic complexes.

In the study a novel family of tetra-aza macroaycliu(ll) complexes

18
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[CuLXz] (where L = N donor macrocyclic ligands) and (X = CNGOy)
have been synthesized and characterized by elenaeratiysis, magnetic
moments, FT- IR, EPR, mass, electronic spectralzeminal studies. The
magnetic moments and electronic spectral studiggesi square-planar
geometry for [Cu(DBACDT)]CGland [Cu(DBACDT)](NQ), complexes
[where (DBACDT) = 7,16-dihydrodibenzgl) [1,3,8,10]-tetraazacyclo
tetradecine-7,16-dithione] and distorted octaheglealmetry to the rest of
the complexes. The biological activity of all thesemplexes against
gram-positive and gram-negative bacteria was coaapanth the activity

of existing commercial antibacteriedmpounds Fig(1-20)

0
X= ¥
—NH NH— Y= ClI orNOy (HEOADO)

x\ X= FIHJ( Y= CIorNO; (TBACD)
5
— Y N= X= . .
~ Giu - jj _NH”NH— Y= ClorNOy™ (HBOADT)
: 5
__N/ V= x= . v-o (eacom
]
x= }“”J< Y= CIorNO;™ (TBAHD)

X= ) Y= CI"orNO;y" (OBACI)

Fig(1-20) Representative structures of copper complex

(1.4.4)Palladium Complexes Structures and Applications:

Palladium complexes have been interested in mamjicapon
fields: research, industry, chemotherapy and aljuis The significant
similarity between the coordination chemistry ofllgdium(ll) and
platinum(ll) compounds has advocated studies ollPdomplexes as
antitumor drugs; but the hydrolysis in palladiunmgdexes is too rapid
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about 10 times faster than for their corresponding platiramalogues, so
that, several research groups have focused onrédpamtion of Pd(ll)
complexes bearing bidentate ligands as a way tbilig&a these

compounds and to prevent any possieransisomerisntt® Fig.(1-21)

H>
N

NH c NHs* ,< \Pd /Cl
\Pd/ N
N "o NO3
N, \ /

Fig. (1-21) Palladium(l1) complexes with ethylenediamineligand

In 2006 Sodeoka and Hamashifftavere reported a study of acid—
base catalysis using chiral palladium complexeshé study chiral Pd
aqua andu-hydroxo complexes were found to act as mild :Brested
acids and bases, and chiral Pd enolates were getiefim these
complexes even under acidic conditions. Highly @inarlective Michael
addition, Mannich-type reaction, fluorination, aoconjugate addition of
amines have been developed based on the acid-aseter of these Pd
(1) complexes.Scheme (1-3) shown Pd enolate as a key intermediate for

the enantioselective reactions:
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Scheme (1-3) Pd(I1) enolate as a key intermediate for the

enantiosdective reactions

In 2010 Asiri and Kharf*® were reported a study of Palladium(ll)
complexes of N and S donor ligands derived fromrosgieal
thiosemicarbazones aantibacterial agents. In the study they were
reported synthesis, characterization antbacterial activity of Pd (Il)
complexes of steroidal thiosemicarbazones (STS@)nagtwo Gram-
positive and Gram-negative bacteria. The structafeahese compounds
were elucidated by IRH NMR, 3C NMR, FAB mass spectroscopic
methods, elemental analyses and TGA analysisaiftieacterial activity
of these compounds were testedvitro by the disk diffusion assay
against two Gram-positive and two Gram-negativedsac The results
showed that steroidal complexes are better inh#ibd both types of the
bacteria as compared to steroidal thiosemicarbazbigp (1-22)
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Fig. (1-22) structure of palladium (1) complexeswith
thiosemicarbazone derivatives

In 2011 Mirica and coworker4® were reported a study of
binuclear palladium(lll) complexes with a singlesupported bridging
halide ligand and reversible formation from mondaac palladium(ll) or
palladium(lV) precursors. In the study they werpared novel cationic
binuclear Pd(Ill) and mono-nuclear Pd(IV) complexagported by a
common tridentate nitrogen donor ligand, N,N’,Nirtethyl-1,4,7-
triazacyclononane (Mwacn).The X-ray structure analysis of complex
reveals a square-planar arrangement of twoiddls and two N atoms
around Pd, while the third N atom of Bfkecn is not in close proximity to

the metal centeFig. (1-23)

Fig. (1-23) X-ray crystallography of Pd(I1) complexes
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(1.4.5)Platinum Complexes Structures and Applications.

Chemical, pharmacological and clinical research amicancer
coordination complexes has yielded remarkable antier agents such as
cisplatin, carboplatin, and oxaliplatih “®. Many of studies had been
prepared to explain the mechanism of platinum cewxed activity as

anticancer andntitumor agent§°-52)

In 2002 De Almeidaand coworker8" were reported a study about
synthesis of platinum complexes from N-Benzyl-li8ganediamine
derivatives, potential antineoplastagents. They were described the
synthesis of seven new platinum complexes havindpeiyll,3-
propanediamine derivatives as ligands. Complexes weepared by the
reaction of K[PtClj] with the appropriate ligand in water. The compglex
were analogs of cisplatin, so they were charaedrtry FT-IR,*H-, 13C-

and%Pt NMR spectroscopies.

In 2003 Collinsand Wheaté>? were reported a study of binuclear
platinum complexes aanticancer drugs. In the study it has been found
that the multi-nuclear platinum complexes exhibitedlent anti-cancer
activity, the associated toxicity could limit thailinical use. Given that
these complexes derive their activity from the nadducts they form
with DNA, three important aspects of their bindiage discussed; their
DNA pre-association, the DNA adducts formed and tB&A
conformational changes inducddg (1-24)
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o HoN 0 0

NN TN
Pt Pt

o Nwcrapn” o o/ o \O

0 0

Fig. (1-24) Binuclear platinum complexes containing two linked

cisplatin centers

In 2011 Bakalova and coworker8® were reported a study of
platinum complexes with 5-methyl-5(4-pyridyl)hydamt and its 3-
methyl derivatives, synthesis and cytotoxic acfigjtiantitative structure
activity relationships. The novel complexes werearelterized by
elemental analysis, IRH, 13C, **Pt NMR spectroscopies and molar
conductivity. The cytotoxic effects of these conxele were examined on
three human tumor cell lines by MTT-dye reductiasay.Fig. (1-25)

shown molecular structures of the investigated IPtdnd Pt(IV)

complexes:
T
N H
oc—
o oc™ "\
HN cl | co
HN cl
SN cl N
| _— | N\ cl
/ t\ / t/
Sy “ /p\m
HaC | | TSN
3 Cl
= AH,0 HaC = ol
HN 5H,0
| co y HN
oc— 7 | co
oc— "
| N
CHs H

Fig.(1-25) Molecular structures of the investigated Pt(l1V) complexes
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In 2011 Dell'’Amicoand coworker8* were reported a study of bent
binuclear platinum (ll) halo-bridged carbonyl coexds. The study
appeared that binuclear platinum (Il) complexeseh@avo square-planar
plans, so the bent (angle) between these planega$echbelong to the
decrease of electronegativity of halo-bridge atemnit was in(l) less than
(Br) and in (Br) less than (Cl), when the halo-gedatom was (Cl) there
was not found bent, the angle in this case is etj8@f. Fig.(1-26) the
crystal structure ofrans-[Pty(u-Cl).Cl(CO),] and Fig.(1-27) the crystal
structure otrans-[Pty(u-X)2X2(CO),] X= Br, |

o C O
e I e
c
et
bty )
0 b
SO0~

Fig.(1-26) The crystal structure of trans-Pt2(u-Cl)2Cl2(CO)2

ot

40 e
T

~
bt B gt
N gh

Fig.(1-27) The crystal structure of trans-Pta(u-X)2X2(CO)2, X=Br, |
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(1.5)The Aim of Work:

Literature show that 2,5-Dimercaptol,3,4-thaidiazpll,4-substituted
1,2,3-triazoles and there complexes have a gemelalin analytical,
industrial, agriculture and pharmacological applimng® & 1. 13)

According to these facts, the aim of this work clooé summarized:

1- Synthesis and characterization of a series of |ydeotate
(2,5-bis((1-alkyl-1H-1,2,3triazole-4-yl)methylthid),3,4-
thiadiazole) ligands type 48, that may be used in medical

application asntibacterial, antifungal, andantiviral agents.

2- Synthesis complexes of ligands with some metal mfngotential
medicinal, industrial, agriculture and analyticpphacations.

3- Study the coordination positions of the prepareghrids with
various metal ions.

4- Study the chemistry and structure of the prepaoacptexes.
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(2) Experimental Section:

(2.1) Chemicals:

All common laboratory chemicals and reagents atediinTable

(2-1). It has been used without further purification.

Table (2-1) Chemicals used and their supplier

Purity
No. Material Company source of %
supply

1 1-lodooctane Aldrich 98.00
2 1-lododecane Aldrich 98.0d
3 1-Bromoheptane Aldrich 99.0(
4 Sodium azide B.D.H 99.00
5 Dimethylsulfoxide (DMSO) Qualikems 99.00
6 Diethyl ether Scharlau 99.50
7 Ethyl acetate Sigma-Aldrich 99.50
8 N-N Dimethyl form amide (DMF) Qualikems 99.00
9 Methanol Fluka 99.90
10 | Absolute Alcohol (Ethanol) Hyman 99.90
11 | n-Hexane GCC 95.0(
12 | Dichloromethane (DCM) Lab-Scan 99.80
13 | Acetonitrile Sigma-Aldrich 99.50
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No. Material Company source of | Purity
supply %
14 | Sodium sulfate Sigma 99.90
15 | Sodium-L-ascorbate Sigma 98.00
16 | Propargylbromide Aldrich 80.0D
17 | 1,3,4-Thiadiazoole-2,5-dithiol | Aldrich 98.00
dipotassium salt
18 | Platinum tetrachloride Fluka 99.00
19 | Palladium chloride B.D.H 99.0p
20 | Nickel (I1) chloride hexahydrate Fluka 99.00
21 | Cobalt (1) chloride hexahydrate Riedel. De Hean 99.00
22 | Copper (Il) chloride dihydrate Merck 99.00
23 | Copper sulfate pentahydrate B.D.H 9900
24 | t-Butanol G.C.C 99.50
25 | Acetone G.C.C 99.00
26 | Sodium Chloride Trade

99.(?“0
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(2.2) Instruments & Techniques:

The following measurements were used to chatiaetére ligands
and their complexes.

(2.2.1) Melting point measurement:

Melting points of the complexes were measured detexd in open
glass capillary tubes using an electro thermal 98@ital melting point

apparatus with an Electro-thermal Stuart meltinigpipapparatus.
(2.2.2) Infrared spectra:

Infrared spectra were recorded as (KBr) and)(@ists using (8300)
(FT-IR) Shimadzu spectrophotometer in the rang@®@4800) cm, at
University of Kufa / Iraq.

(2.2.3) Electronic spectra:

The electronic spectra of the compounds weremddausing a (UV-
Visible) spectrophotometer type Shimadzu 160 inrgmge (800—-200) nm,
using quartz cell of (1.0) cm length with concetitra (10%) mol.L?,

solution in DMF at 25°C of sample.

(2.2.4)Thin layer chromatography (TLC):

TLC was performed on ready-to-use silica-gel &gd (Mesh 60) to
monitor the reactions and test the purity of thew nsynthesized

compounds, staining solution was KMni@ basic media.
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(2.2.5) Magnetic Susceptibility Measurements:

Magnetic susceptibility measurements determined Bglance
Magnetic Susceptibility, Model (MSB-Mk1) at Univégsof Al-Nahrain /

Iraq.
(2.2.6) Conductivity Measurement:

Electrical conductivity measurements of the comedexwere
recorded at 25°C for solutions of samples in DMiagiss PW 9526 digital
Conductivity meter.

(2.2.7) Elemental microanalysis:

Elemental microanalysis for the ligands were pented on a
(C.H.N.S) analyser from EuroEA elemental analygddniversity of Kufa

/ Iraq.
(2.2.8)H and 3C NMR spectra:

'H and 3C NMR spectra for ligands and some complexes were
recorded in DMSO-using a Jeol EX270 MHz, and BRUKER-400 MHz
instruments with a tetramethylsilane (TMS) as darimal standard at Ahl-

Albait University / Amman-Jordan.
(2.2.9) The Proposed molecular structure:

The molecular structures of the complexes weggassted by using

chem. Office 2003, ultra draw and ultra pro3DX peog.

30



Chapter Two

Experimental Section

(2.3) Abbreviation of the ligands

nomenclature of the synthesized ligands.

synthesized ligands

Table (2-2): describes the suggested abbreviation, structure an

Table (2-2): Abbreviations,structure and nomenclature of the

M.W
&
Symbol Structure Empirical
formula
\/\/\/\ N & /\/\/\/
1 x{ /&_ﬁ\ }j
L N 508.77
2,5-big((1-heptyl-1H -1,2,3-triazol -4-
yl)methylthio)-1,3,4-thiadiazole CaoH36NsSs
/\/\/\/\’\;N\\N& & /\/\/\/\
s/&S s 536.82
L2
2,5-big((1-octyl-1H -1,2,3-triazol-4-yl)methylthio)-1,3,4-t hiadiazol e CaaHaoNsSs
S~ 'S @ /\/\/\/\/\
\{ / ﬁ\ }J
L3 S/C S 592.93
2,5-bis((1-decyl-1H -1,2,3-triazol-4-yl )met hylthio)-1,3,4-thiadiazole
CagH4gNsSs
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(2.4)Synthesis of the ligands and precursors:

The compounds  of  2,5-bis[(1-alkyl-1H-1,2,3-triaZbiH)
methylthio] -1,3,4-thiadiazole (alkyl = heptyl-, tyt and decyl) were
synthesized by a method containing multi step reastas well as using
starting materials to produce the precursor comgsthen preparing final

products. The methods are listed below

(2.4.1) Preparation of 1-azidoalkane:

(2.4.1.1) Preparation ofl-azidoheptane:

NaNs , DMSO
Br » R—Nj

70°C, 24h.

R

Scheme (2:1) preparation of 1-azidoheptane

Sodiumazide (2.93 g, 45 mmol) was added tcstimeed solution of 1-
bromoheptané2.686 g , 15 mmol) in DMSO (50 mL), the suspensi@s
stirred at 70C for 24 h., the reaction mixture was diluted wathter (50
mL), extracted with EO (3 X 50 mL). the combined organic layer was
washed with saturated solution of NaCl (50 mL)edrover NgSO, and
evaporated to dryness under reduced pressure @olgazidoheptanas a
colorless liquid (1.485g, 70%).
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(2.4.1.2) preparation ofn-alkylazides:

NaN; DMSO
R—I » R—N;

710°C, 4h.

R=CgH17andC1dH21
Scheme (2-2) preparation of n-alkyl azides

Sodium azide (2.93 g, 45 mmol) was added #ostirred solution of
alkyl iodide (15 mmol) in DMSO (50 mL), the suspension was atirat
70°C for (4 h.), the reaction mixture was poured inewg100 mL) and
extracted with EO (3 X 50 mL), the combined organic layers were
washed with saturated solution of NaCl (50 mL)edrover Na&SQO, and
evaporated under reduced pressure to ghakylazides as a colorless
liquids. Table (2-3) states the quantities, reaction conditions to peepa

compounds.

Table (2-3) Quantities & reaction conditions to pr@are compounds

) Alkylhalide _ _ _
Starting Sodiumazide Time & %of
Compound ) (mmol. & _
alkylhalide (mmol. & wt.) Temp. yield
wt.)

1-Azido (15 mmol, 4 hours

1-lodooctane (45 mmol, 2.925 g) 59.30
octane 3.600 g) 20 °C
1-Azido (15 mmol, 4 hours

1-lododecane (45 mmol, 2.925 g) 53.13
decane 4.022 g) 70 °C
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(2.4.2) Preparation of [2,5-bis(prop-2-ynylthio)-13,4-

thiadiazole] terminal alkyne derivatives from 2,5-

dimercapto -1,3,4-thiadiazole salt :

N=N

KS/«S»\SK + 2=chp ————> Solvent /E S\

Conditions =g §—=

Solvent = EtOH, Conditions =Reflux/ 2 hours
Solvent = DMF, Conditions =70 C/ 24 hours

Scheme (2-3) preparation of terminal alkyne

Two different methods had been used to prepare cimspound:
First, propargylbromide (24 mmol, 2.856 g) was ablde the stirred
solution of 1,3,4-Thiadiazole-2,5-dithiol dipotassa salt (24 mmol, 2.856
g) in EtOH (40 mL), the mixture was stirred andlueffor (2 h.), the
mixture was poured in ice water (80 mL) and ext@rdatith EtO (3 x 40
mL), the combined organic layers were washed vathration solution of
NaCl (50 mL), dried over N&O, and evaporated under reduced pressure
to give 2,5-bis(prop-2-ynylthio)-1,3,4-thiadiazol®ecrystallized by n-
Hexane the product was precipitated as white needistals in yield
(0.485 g) %17.

Second, propargylbromide (24 mmol, 2.856 g) wasedd the
stirred solution of 1,3,4-Thiadiazole-2,5-diththpotassium salt (24 mmol
,2.856 g) in DMF (40 mL), the mixture was stirrgd78°C for (24 h.), the
reaction mixture was poured in ice water (80 mLd artracted with RO
(8 x 40 mL), the combined organic layers were wdskhéh saturation
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Chapter Two Experimental Section
solution of NaCl (50 mL), dried over BM&O, and evaporated under
reduced pressure to give 2,5-bis(prop-2-ynylthi®@)4d-thiadiazole.
Recrystallized by n-Hexane the product was preatipit as white needle
crystals in yield (1.085 g) %38.

(2.4.3) Preparation of 2,5-bis[1-alkyl-1H-1,2,3-tazol-4-yl)
methylthio]-1,3,4-thiadiazole:

I
_ AN,

Cul*/ (H,O+t-BUOH)
65°C/ (1 h.)

N
R\N/N\\N N// \N’R
A
S S S

3)
Scheme (2-4pPreparation of 2,5-bis[(1-alkyl-1H-1,2,3-triazol-4-
yl)methylthio]-1,3,4-thiadiazole

(3a) when R = Heptyl
(3b) when R = Octyl
(3c) when R = Decyl

Click chemistry reaction was used in the end steprepare 2,5-
bis[(1-alkyl-1H-1,2,3-triazol-4-yl)methylthio]-1,3;thiadiazole by
cycloaddition reaction between (1.0 mmol.) of 2i§jrop-2-ynylthio)-
1,3,4-thiadiazole dissolved in ( 9 mL, mixture smo of distilled water
with t-Butanol (2:1) in ratio) with (2.5 mmol.) aflkyl-azide by used Cti
as a catalyst (this ion was formed instant in smtuby reduce Cii to Cu*
ion in reaction between (0.1 mmol, 0.0250 g) ofpmpsulfate with (0.2
mmol, 0.0396 g) of sodium-L-ascorbate), stirre®@C for (1 h.), white
precipitate was formed, dissolved by (10 mL) DGMed over NgSO,,
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purification by column made of silica gel (mesh @&solved in DCMand

evaporated partitions of product under reducedspresto give 2,5-bis[(1-
alkyl-1H-1,2,3-triazol-4-yl)methylthio]-1,3,4-thigakzole Table(2-4) stated

the quantities, reaction conditions to prepareniatsa

Table (2-4) Quantities and reaction conditions to gepare ligands

1.0 mmol| 2.5 mmol V(mL) o
. 0
Ligand of of alky- 0.2 mmol 0.1 mmol | mixture |
. (Sodium-L-ascorbate) | (Copper sulfate) (H,O+t-Butanol) yI e|d
alkyne azide 21

Lt 0.226 g | 0.4570 g 0.039¢ 0.025¢ 9mL 83.21
L2 | 0.226g| 0.388g| 0.039g | 0.025g| 9mL |85.44
L3 | 0.226g| 0.457g| 0.039g | 0.025g| 9mL |83.78

(2.5) Preparation of complexes:

All metal complexes were prepared by the same ndet(t® mL)

solution of metal salt dissolved in MeOH added %ongL) solution of

ligand dissolved in MeOH in the mole ratio (2:13pectively, reflux for (2

h.) a precipitate was formed, separated by fili@natvashed by (5 mL) of

Et,O and (5 mL) of cold MeOH. Finally, recrystallizéde complex by
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acetonitrile.Table (2-5) listed quantity of ligands, metal salts to prepare

complexes and some physical properties of thegpeel complexes.

Table (2-5) Quantity of ligands & metal salts to pepare complexes

ligand M
Complex Ligand (wt. & Metal salt Wt & mmol Color P
of metal salt °C
mmol.)
(0.0199 g)
[CozL ' mH0xCI] Lt (0.039) CoCh.6H0 Deep blue| 176
(0.1179 mmol)
(0.0589) mmol
(0.01889)
cozmroxe | L2 | (0039) | cocp om0 ommmme | Blue | 192
(0.0558) mmol '
(0.0171 g)
[Co2L3mH0xCI] L3 (0.039) CoCh.6H0 | 10110y mmor | PRIEDIUE 221
(0.0505) mmol '
228
miLimioxe] | Lt | ©0039) | Nicr, erpo | (00199 9) gionish-
(0.0589) mmol (0.1179) mmol Dec.
green
235
NiLZmoxel] | L2 | (0039 | il em0 | (00188 9) yoyouish.
(0.0558) mmol (0.1117) mmol Dec.
green
misLmrboxcl] | L3 | ©:039) | Nici,erp0 | (00170 g) Yellowish- 242
(0.0505) mmol (0.10119) mmol green Dec.
(0.0188 g)
[CuzLtmH0xCI] Lt (0.039) CuCh.2H,0O | (0.1179) mmol Green 101
(0.0589) mmol
(0.0178 g) Greenish
I -
[CuzL2mH0xCI] L? (0.039) CuCh.2H0O | (0.1117) mmol 107
(0.0558) mmol yellow
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(0.0161¢9) .
ellowish-
[CuzL*mH20OXCI] L3 (0.039) CuCh.2H,0O | (0.10119) mmol 119
(0.0505) mmol green
Wi. of
li d
Ligand 9 Wt. & mmol M.p
Complex & Metal salt Color
of metal salt °C
mmol
Deep
[PcbLImHz0xCl] Lt (0.039) pace | (002099)  oun | 108
(0.0589) mmol (0.1179) mmol
Brown
[PdL2mH20xCI] L? (0.039) PdCh (0.0198 g) 111
(0.0558) mmol (0.1117) mmol
Pale brown
[PcbL3mH:0xCl] L3 (0.03 g) pacy | (001799 122
(0.0505) mmol (0.10119) mmol
Orangish- 201
[PtLmH20xCI] L? (0.03 g) PtCL (0.0397.9) yellow
(0.0589) mmol (0.1179) mmol Dec.
Orangish- 218
[PtoL2mH0xCl] L? (0.039) PtCl (0.0376 g) yellow
(0.0558) mmol (0.1117) mmol Dec.
(0.03408 | Yellowish- 239
[PtoL3mH.0xCl] L3 (0.03 g) PtCL 9) orange
(0.0505) mmol Dec.
(0.10119) mmol

Dec. = decomposed
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(3) Results and discussion

(3.1) Synthesis and characterization of ligands anprecursors:

New polydentate ligands with (N &) donor type atoms have been
synthesised. In general the ligands contain threeerbacyclic five
membrane rings, one of [1,3,4-thaidiazole] cemira and two of [1,4-N
substituted 1,2,3-triazole] rings.

(3.1.1) Synthesis and characterization of Alkyl-ad compounds (1a,
1b and 1c):

Compounds 1a, 1b and1c) were prepared by a classical method,
scheme (3:1) The compounds were prepared from the reactidmatuf-
alkane with sodium azide. The reaction belongsN@ $echanism, the
azide group will be substituted wittalogen. Compoundd4, 1b & 1¢)

were characterized by FT-IR spectra.

NN sy, 250 5 NN e

70°C/24 hours (1 a)

VA VAVAVS o DMSO A VAVAS R Nal
+NaN, a

—_—
70°C/4 hours (1b)

CHol DMSO /\/\/\/\/CHZNS
/\/\/\/\/ NaN, T + Nal

70°C/4 hours
(1c)

Scheme (3:1) the method to prepare compounds (1) & 1c)
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(3.1.2) Synthesis and characterization of [2,5-bis{op-2-
ynylthio)-1,3,4-thaidiazole] compound (2):

Compound 2) was prepared by substitution reaction between
[1,3,4-thaidiazole,2,5-dithiol potassium salt] wiflpropargylbromide]
Scheme (3:2)Compound 2) was characterized by FT-IR spectra and

C.H.N.S elemental analysis. Solubility of compoigdis summarized in

Table (3-2)
/2 §\ N=N
Ethanol
t 2 =cBr T onomre Reflux/2hours =—— /( )\ + 2KBr
(2)
¥t N
/ \
+ 2 =OMBT Ta panouns 70°C/ 24hours = /4 )\ S—= +2Kpr
(2)

Scheme (3:2) prepare of compound (2)

(3-2) Synthesis and characterization of the ligandd_?, L2 &
L3):

Compounds 3a), (3b) and Bc) were prepared by cycloaddition
reaction between compoun@) (with compounds 1@, (1b) and (¢
respectively. The cycloaddition reaction of alkyegzwith [2,5-bis(prop-
2-ynylthio)-1,3,4-thiadiazole] by use Cu(l) ion as catalyst Click
Chemistry” resulted to prepare compounda,(3b and3c) the ligands
[LY], [L?] and [L®] respectivelyaccording to the general method shown in
Scheme (3:3)Compounds3a), (3b) and @c) were characterized by FT-
IR, 'HNMR, 3CNMR spectra and C.H.N.S elemental analysis.
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Table (3-1)summarized melting point and C.H.N.S elementalyamsbof
compounds 3a), (3b) & (3¢ Figs. (3-1), (3-2)and (3-3). Table (3-2)
summarised solubility of compound8aj, (3b) and B¢ in different

solvents.

=N

N

Cul (H,O+t-BuOH)
>
65°C/ (12 h.)

N N
R\N/ \\N N// N’R
3
S S S

3)
Scheme (3:3) General method to prepare (3a), (3&)(3c)

+ 2 R_N3

=—g

(3a) when R = Heptyl
(3b) when R = Octyl
(3c) when R = Decyl

Table (3-1) Melting point and C.H.N.S elemental angsis of
compounds (3a), (3b) & (3c)

Empirical Yield Found, (calc.) %
Compound M.W m.p | Colour
Formula %

C H N S

1 Off 51.427 | 7.192| 21.025 18.6Q1
L CoH36NsSs | 508.77| 83.21| 108.0°C

white | (51.94) | (7.13)| (22.02) (18.91)

) Off 53.326 | 7.366| 20.474 17.808
L CoaHaoNgSs | 536.82| 85.44| 109.5°C

white | (5370) | (7.51)| (20.87) (17.92)

3 56.380 | 7.586| 18.431 15.891
L CosHagNsSs | 592.93| 83.78] 113.0°C  White

(56.72) | (8.16)| (18.90)| (16.22)

( ) calculated.
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Table (3-2): Solubility of Compound (2), [L}], [L?] & [L 3]

Compound
Solvent LY [L?] [L3]
(2)
H20 = - - 3
n-Hexane + - - -
Ethyl acetate + - - -
Diethyl ether + + + +
DCM + + + +
t-Butanol + - - -
Methanol + + + +
Acetonitrile + + + +
DMSO + + + +
DMF + + + +
Acetone + + + +
(+) Soluble £) Insoluble (+) Sparingly
Instrumental Parameters
Carnier (kPa}  Purge (mi/min) ~ Oygen (iml)  Delta P O2 (WPa) Sampling Delay (s) Run Time (s) Front (oC)  Rear (°C)  Oven (9C)
a5 80 20 35 6 320 980 Off 115
Chromatogram
235911 _ Integration P v
Start Int. 1
PT 1
PW 1
Min, Area 1000
Baseline Front
3
e
g |
AL
! 3 | ﬁ | | |
[+]
0 sec 360

Fig.(3-1) C.H.N.S graph of ligand [L}]
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Instrumental Parameters
Carner (kPa)  Purge (mi/min)  Oxygen (mi) Delta P O2 (kPa) Sampling Delay (s) Run Time (s) Front (°C)  Rear (°C)  Oven (°C)
85 80 20 35 6 320 980 o 115
Chromatogram
Integration Parameters
366,688
. Start Int. 1
PT 1
PW 1
- Min, Area 1000
Baseline Front
:
8
1
_A.L I
| ray |
0
0 sec 360
Fig.(3-2) C.H.N.S graph of ligand [17]
Instrumental Parameters
Carrier (kPa)  Purge (mijmin) _ Oxygen (mi) Delta P OZ (WPa) Samping Delay (s) Run Time (s) Front (°C)  Rear (°C)  Oven (°C)
8s 80 20 3 6 30 980 ot 115
Chromatogram
Integration Parameters
260,670, Start Int. 1
PT 1
oW 1
o Min, Area 1000
Baseline Front
g
)LIJ L I fLX Lol |
o T T T
o sec 360

Fig.(3-3) C.H.N.S graph of ligand [L]
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(3.3)FT-IR Spectral data for the ligands and precursors:

(3.3.1) FT-IR spectral data for alky-azides:

The FT-IR spectra of 1-Azidoheptane, 1-Azidooctemed 1-
AzidodecanenFigs.(3-4) (3-5), (3-6) respectively display the same
characteristic bands, since the bands in the re¢@965,2850 cm)
attributed to the/(C-H) andv(C-H) stretching of methyl and methylene
groups in the aliphatic chain respectively. While tharacteristic band at

(2096-2094 cm) assigned t@(Ns) stretching referred a good evidence to
the alkylazides were obtained. TH(E-H) bending bands appeared at the
region between (1458-1377 djn The bands at the region (1259, 1120
cn1?) attributed to/(C-N) andy(C-C) stretching respectivefy: °°)
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Fig. (3- 4) FT-IR spectrum of 1-Azido heptane
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(3.3.2) FT-IR spectral data for 2,5-bis(prop-2-ynythio)-1,3,4-
thaidiazole:

The FT-IR spectrum of 2,5-bis(prop-2-ynylthio)-#3haidiazole
Fig.(3-7) exhibits band at (3210 ch assigned to stretching o{C-H)
band in terminal alkyne group. While the band @5@®cm') assigned to
{C-H) stretching of methylene group. The band at (2id%c
characterized witlsymmetry reduces intensity efC=C). While the
bands at (1396 ch), (1375 cmi) due tod(C-H) bending of aliphatic
chain, the bands at (1058 &m (952 cm') and (865 cm) assigned to
v(N-N) stretching,0(C-H) bending in plane and out of plan of alkyne
respectively, and the band at (6989rassigned te(C-S) of thiadiazole
ring(®5:59)
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Fig. (3-7) FT-IR spectrum of 2,5-bis(prop-2-ynyltho)-1,3,4-
thaidiazole
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(3.3.3) FT-IR spectral data for 2,5-bis[1l-alkyl-1H1,2,3-
triazol-4-yl) methylthio]-1,3,4-thiadiazole:

(3.3.3.1) FT-IR spectral data for 2,5-bis[1-heptyltH-1,2,3-triazol-4-
yl) methylthio]-1,3,4-thiadiazole:

The FT-IR spectrum of 2,5-bis[1-heptyl-1H-1,2,3n0l-4-yI)
methylthio]-1,3,4-thiadiazolelL["] ligand Fig.(3-8) shows bands at (3128
cm?l) and (3116 cm) assigned ta(C-H) stretching of aromatic ring.
While the bands at (2954 ¢ty (2924 cm') and (2850 cm) due tov(C-

H) sym. and asy. stretching of methyl and methylegreups
respectively. The band at (1467 €m assigned te(C=C) stretching of
triazole ring, the band at (1548 @assigned ta(C=N) stretching of
thiadiazole ring. While the bands at (1381 %9m(1242 cm') and (1058
cm?) attributed tov(N=N), v(C-N), v(N-N) stretching of triazole ring
respectively. The absence of bands at (2096, 21t1) avhich are
assigned ta(N3) andv(C=C) stretching in the precursors, and appeared
the new bands of triazoles ring consider a goodesnge to the reaction
that occurs and the compound 1,2,3-triazole ring @@ained. While the
bands at (879 cf), (831cm?) assigned to bending 6{C-H) in plane
and out of plane in aromatic ring. The bands atl¢@"), (723cm?)
attributed tov(C-S-C) asym. & sym. stretching of thiadiazole ring, and
the band at (640c™) assigned to(C-S) stretching of dithaiol group

56)
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Fig. (3-8) FT-IR spectrum of [L}] ligand

(3.3.3.2) FT-IR spectral data for 2,5-bis[1-octyl-H-1,2,3-triazol-4-yl)
methylthio]-1,3,4-thiadiazole:

The FT-IR spectrum of 2,5-bis[1-octyl-1H-1,2,3-hwd4-yl)
methylthio]-1,3,4-thiadiazolelL[] ligand Fig.(3-9) shows bands at (3128
cm?), (3116 cm') assigned tov(C-H) stretching of aromatic ring of
triazole group. While the bands at (2958%1{2922 cm') and (2850 cm
1) assigned to(C-H) sym. and asym. stretching of methyl and methylene
groups. The bands at (1465 ‘®rand (1548cm) assigned ta(C=C),
v(C=N) stretching of thiadiazole ring respectively. Tih@nds at (1386
cml), (1238 cm) and (1058 cm) due tov(N=N), v(C-N), v(N-N)
stretching of triazole ring respectively, the alugenf bands at (2096,
2111 cm') which is assigned t@(Ns) and v(C=C) stretching in the
precursors, and shows the new bands of triazotgs monsidered a good

evidence to the reaction occurs and the compouh@-irjazole ring was
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obtained. While the bands at (894 Hnand (829 cm) assigned t@(C-
H) bending in plane and out of plane of aromatig.rWhile the bands at
(781cm') and (723 cm) due tov(C-S-C) asym. & sym. stretching of
thiadiazole ring. The band appeared at (646Y)cassigned to/(C-S)
stretching of dithaiol substituted on thaiadiazirhg®>: 5°)

\/\/\’¥N/N\}N N/N\N J\/\/\/ EsHMaDzY
o2 _ — O |
R S S

1 i

e
-
o

Wa. of Sexm; T Thne; 52012 11:16:18 AM
Feaolirion; Leex; [ ]

Fig.(3- 9) FT-IR spectrum of [L?] ligand
(3.3.3.3) FT-IR spectral data for 2,5-bis[1-decyl-#-1,2,3-triazol-4-yl)
methylthio]-1,3,4-thiadiazole:

The FT-IR spectrum of 2,5-bis[1-decyl-1H-1,2,3-20&4-yl)
methylthio]-1,3,4-thiadiazole ] ligand Fig.(3-10)shows bands at (3128
cm?), (3115 cnt) assigned tov(C-H) asym. and sym. stretching of
aromatic ring. The bands appeared at (2958)c(2901 cm') and (2854
cm?) attributed tov(C-H) asym. and sym. stretching of methyl and
methylene groups. While the band which appeared1467 cm')
attributed tov(C=C) stretching of triazole ring. The band at (1548%m
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assigned tov(C=N) stretching of thiadiazole ring. While the bands
appeared at (1386 ct)) (1246 cmt) and (1056 cm) assigned te(N=N),
v(C-N), v(N-N) stretching of triazole ring respectively. Thesahce of
bands at (2096, 2111 cinwhich is assigned te(Ns) and v(C=C)
stretching in the precursors, and appearance thebaads of triazoles
ring consider good evidence to the reaction wasiroand the compound
1,2,3-triazole ring was obtained. While the band890 cm'), (829 cm
1) assigned té(C-H) bending in plane and out of plane of aromatig.rin
The bands at (781 cthand (721 cm) attributed tov(C-S-C) asym. and
sym. stretching of thiadiazole ring, and the ban48 cm') assigned to
v(C-9) stretching of dithaiol group substituted on tll@aole ring.

i
R —

dc"'“‘k"‘l“'n“‘ No. of Seans; DateTinse; SB/2012 11:21:08 AM
Resoluthon; User: »
Apodization;

Fig.(3-10) FT-IR spectrum of [L¥] ligand

The FT-IR spectral data of 2,5-bis[1-alkyl-1H-1;2r&zol-4-yl)
methylthio]-1,3,4-thiadiazole were summarizedTable(3-3)
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Table (3-3) FT-IR spectrum of 2,5-bis[1-alkyl-1H-12,3-triazol-4-yl)
methylthio]-1,3,4-thiadiazole

Compound :ﬁ:’c :If;:l WC=N) | v(C=C) | »(N=N) | w(C-N) | »(N-N) | 6(C-H) | v(C-5-C) | v(C-S)

s =strong, m = medium, w = weak
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(3.4) (UV-Vis) Spectra of the ligands:

(3.4.1)(UV-Vis) Spectrum of [L'] ligand:

The (UV-Vis) spectrum of UY Fig.(3-11) exhibits a broad
absorption peak between (239 - 295 nm) ( 4184143861') (Emax =
3660) assigned tor{>n*) and ( n—x*) transitions®”).

4,780 T I ] 1

e - /\’\’LN,N\\N A
= N—N =
S s S

2000 H |

2,000 4 ‘J .

1.000 H -

|

190,00 400,00 600,00 800,00 1000,00 110000
nm.

Fig.(3-11) UV-Vis spectrum of [L}] ligand

(3.4.2) (UV-Vis) Spectrum of [L4] ligand:

The (UV-Vis) spectrum of U?] Fig.(3-12) exhibits a broad
absorption peak between (231- 293 nm) (43290 - B448Y) (Emac
3976) assigned toron*) and ( n-n*) transitions”).,
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Fig.(3-12) UV-Vis spectrum of [L?] ligand

(3.4.3) (UV-Vis) Spectrum of [L%] ligand:

The (UV-Vis) spectrum of U3 Fig.(3-13) exhibits a broad
absorption peak between (251- 296 nm) (39840 - 33#8Y) (Emax =
3974) assigned tor>n*) and ( n-n*) transitions”).,
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Fig.(3-13) UV-Vis spectrum of [L¥] ligand
Table (3-4) Electronic spectral data for the ligand
VY wave
No. | Compound | A nm aumber Emax assignment
ot molar-*cm?
239 41841 TS ek
1. [LY] 3660
295 38610 n ->mn*
231 43290 Sk
2. (L2 3976 |
293 34129 n >mn*
251 39840 T ST
3. L 3974
-] 296 33783 n ->mn*
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(3.5) Nuclear magnetic resonance ( NMR ) spectra:

(3.5.1)!H , 13C NMR spectra for the ligand [LY:

(3.5.1.1)'H NMR spectrum for the ligand [LY]:

TheH NMR spectrum ofI[1] Fig.(3-14)in DMSO-cf display the
signal at § = 0.98 ppm, 6H) due toof methyl groups, the chemical
shifts at § = 1.10, 1.21, 1.39 ppm, 10H) assigne€to, Cr 45, andCo-
respectively. The signal ab & 3.45 ppm, 4H) attributed to the protons
attached to carbof:- atoms, the chemical shift was affecting by the

neighboring group of triazole ring.

The protons of methylene groups which lie betwe®sn gulpher
atom and triazole ring were appeareddat @.25 ppm, 4H), the signal at
(6 =7.55, 7.60 ppm, 2H) attributed to the protonercarbon atoms.
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Fig.(3-14)'H NMR spectrum of ligand [L1]
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Fig.(3-14)'H NMR spectrum of ligand [L1]
(3.5.1.2¥°C NMR spectrum for the ligand [LY:

The 3C NMR spectrum ofl[] Fig.(3-15)in DMSO-c¢ shows the
signal at § = 17ppm) assigned t€;"for terminal methyl group of
aliphatic chains, the signals at£ 22, 23, 24, 33, 35, 37 ppm) due to the
carbon atom<£e, Cs, Cs, Cz, C2rand C-S respectively, while th€;-
appeared signal ab & 50ppm), the carbon atoms: @nd Gof triazole
rings shows the signals at£ 125, 134 ppm), the signal at£ 153 ppm)
assigned to carbon atoms & C; of thiadiazole ring.
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(3.5.2)!H , 13C NMR spectra for the ligand [L?:

(3.5.2.1)'H NMR spectrum for the ligand [L2]:

'H-NMR in DMSO-¢ of the ligand [I?] Fig.(3-16)appeared signal
at (6=0.836ppm, 6H) due to the protons attached to cale, the
chemical shift at§ = 1.15,1.21, 1.23 ppm, 20H) assigned to the psoton
attached to carbolCz,Cs, sv 6, and Cr-of methylene groups of the
aliphatic chains respectively. The signal&t1.761ppm, 4H) assigned to
protons ofC>-methylene group of aliphatic chains, the chemibdt svas
affecting by the neighboring group of triazole rifddpe signal até=4.316
ppm, 4H) assign to the protons®@i-of the aliphatic chains.

The protons of methylene groups which lie betwed®sn gulpher
atom and triazole ring were appeareddat @.55 ppm, 4H), the signal at
(6 = 8.06, 7.90 ppm, 2H) attributed to the proton€efin triazole rings.

T T T T T T T T T T T T T T T
17 16 15 14 13 12 11 10 9 8 T [ s 4 3 o ppl‘l’l

i R 7*ﬂ8ﬂ |

Fig.(3-16)*H NMR of ligand [L ?]
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Fig.(3-16)*H NMR of ligand [L ?]

(3.5.2.253C NMR spectrum for the ligand [L?]:

The 13C NMR spectrum ofl[] Fig.(3-17)in DMSO-c¢ shows the
signal at § = 22 ppm) assigned t@s"for terminal methyl group of
aliphatic chains, the signals at<£ 26, 27, 28, 29, 30, 32 ppm) due to the
carbon atomsCs, C2, Cs, Cs, Csrand Cr-respectively, while thé&;-
appeared signal ab € 49 ppm), the carbon atonS4 & Cs of triazole
rings shows the signals &t 124, 129 ppm), the signal at£ 164 ppm)

assigned to carbon ator@s & Csof thiadiazole ring.
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(3.5.3)!H, 13C NMR spectra for the ligand [L3]:

(3.5.3.1)'H NMR spectrum for the ligand [L3]:

TheH NMR spectrum ofI[®] Fig.(3-18)in DMSO-cf display the
signal at § = 0.84 ppm, 6H) due to the protons attache@itof methyl
groups, the chemical shifts & £ 1.10, 1.39, 1.877 ppm, 24H) assigned
to Cg, Cs, 5", 6", 7» @andCzrespectively. The signal aé € 3.08 ppm, 4H)
attributed to the protons attached to carla@nof the aliphatic chains.
The signal at§ = 4.31 ppm, 4H) assigned to the protons of ca®on

the chemical shift was affecting by the neighbogngup of triazole ring.

The protons of methylene groups which lie betwed®sn gulpher
atom and triazole ring were appeareddat @.55 ppm, 4H), the signal at
(6 =8.10 - 7.95 ppm, 2H) attributed to the prot@asof triazole rings.
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Fig.(3-18)}H NMR of the ligand [L3]
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(3.5.3.2%°C NMR spectrum for the ligand [L3]:

The 13C NMR spectrum ofl[3] Fig.(3-19)in DMSO-c¢ shows the
signal at § = 21ppm) assigned t&io'for terminal methyl group of
aliphatic chains, the signals at € 23, 27, 28, 31, 32 ppm) due to the
carbon atom<£y, Cz:, Co, Cs 5 6, 7, andCg respectively, while the
C1 appeared signal ab (= 50 ppm), the carbon aton® & Cs of
triazole rings shows the signals at 123, 131 ppm), the signal at £
165 ppm) assigned to carbon ato@s& Cs of thiadiazole ring.
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(3.6) Synthesis and characterization of the comples

All complexes were prepared by a similar methodowsh in

Results & Dissections

Scheme (3-4and(3-5). The complexes were prepared from the reaction

of the ligands with metal chloride salt at reflmxmethanol, recrystallized

with acetonitrile.

N

\‘& )J + 2 MCIyXH,0 MeOH/ Reflux -~

2 h.

\/N

\\N\\/X/ \\/X

SRSy

Scheme (3-4): preparation of (Oh) complexes

SN
L& )J + 2 MCIXH0 MeOH/ Reflux _

2h.

\N/N\ x
M=Co ' X =CI" A\
Pd N~ / /

Scheme (3-5): preparation of (Td or Sp) complexes

64



Chapter three Results & Dissections

(3.6.1) Synthesis and characterization of [l complexes:

All complexes were prepared by a similar method;4blubility of
the complexes in different solvents was summarigedrable (3-4)
Spectroscopic methods [FT-IR, UV-Vis], along witlolar conductivity,
magnetic susceptibility and melting point were usedharacterize the

complexes.

Table (3-5) solubility of [L!] complexes in different solvents

CompIeX DCM CHsCN EtO Acetone | CgHis MeOH | CHCl; | DMSO DMF
[Co(LYCLICI, + |+ | - + S+ + ] ]+
[Nio(LY)(H0)ClICl> | - - - + - - N R
Cwl)HOMC | + | + | - | + | - | +| +] +] +
[PA(LY)CIICI R - - _ N R
[Pt(LY)(H0)ClICls | - - - - - _ |+ #

(+) Soluble {) Insoluble (+) Sparingly
(3.6.2) Synthesis and characterization of the fil complexes

All complexes were prepared by a similar methddble (3-5)
summarized the solubility of the complexes in ddfg solvents.
Spectroscopic methods [(FT-IR), (U.V-Vis)] along thvi molar
conductivity, magnetic susceptibility measuremeatsl melting point

were used to characterize the complexes.
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Table (3-6) solubility of [L?] complexes in different solvents

Complex DCM | CHCN | EtO Acetone | CgHis MeOH | CHCls DMSO DMF
[Co(L?)CIZ|Cl2 + + - + - + + + +
[Ni2(L?)(H20)ClZ]Cl2 | - - - = - - , + +
[Cu(L)(H0)]Cla | + | + | - | + e o I s
[Pdx(L?)CI2]Cl2 + - - - - - _ + +
[Pt2(L?)(H20)Cla]Cis | - - - - - - - + +
(+) Soluble £) Insoluble (+) Sparingly

(3.6.3) Synthesis and characterization of the fil complexes:

All complexes were prepared by a similar methiable (3-6)
summarized the solubility of the complexes in dd#fg solvents.
Spectroscopic methods [(FT-IR), (U.V-Vis)] along thvi molar
conductivity, magnetic susceptibility measuremeatsl melting point

were used to characterize the complexes.

Table (3-7) solubility of [L®] complexes in different solvents

Com pleX DCM | CHiCN Et,O Acetone CeH14 MeOH CHCl, DMSO DMF
[Coa(L3)Cl]Cl2 + + - + - + + + +
[Ni2(L3)(H20)CloICl | - - - = - - - + +
[Cux(L3)(H0)Cls | + | + - + - + | + + +
[Pc(L3)Cl]Cl2 = + - - - - - + +
[P(L)HO%ClCls | - | - | - - ] I N R n

(+) Soluble {) Insoluble (+) Sparingly
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(3.7) FT-IR spectra of synthesis complexes:

(3.7.1) FT-IR spectra of [L}] metal complexes:
(3.7.1.1) FT-IR spectrum of [Ce(LY)CI]Cl::

The FT-IR spectrum of [G(L1)CI,]JCl, complex Fig.(3-20)
appeared the bands at (3132%m(2956 cnt), (2922 cnt) and (2856
cm?) attributed tov(C-H) stretching of aromatiay(C-H) asym. and sym.
stretching of aliphatic chain respectively, the dsat (1547cnb), (1465
cm?), (1378 cm) , (1226 cmt) and (1047 cn) due to stretching of
v(C=N), v(C=C), v(N=N), v(C-N) andv(N-N) respectively. The bands
were shifting to the lower frequency compared wihith values which that
appeared in the free ligand, can be attributedheodelocalization of the
electronic density in thea system (HOMG-LUMO) indicating to the
donor atoms were coordinate with metal ion [ whd@MO= Highest
Occupied Molecular Orbital; LUMO= Lowest Unoccupiddolecular
Orbital]. While the bands at (785 ¢ (731 cm') and (667 cm)
assigned to stretching ofC-S-C) asym. and sym. respectively, ar(-
S) in thiadiazole ring and dithiol groups respediryethese values
appeared shifting (about 8 to 27 ¢nhigher than the base values of these
bands in the free ligand, that is mean there wamdooate obtained

between S atoms in dithaiol group with metal§oa°)
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Commans; Mo, of SNk Dita/ Tt #2012 11:11:33 AM
a7 Rasahution; Umr
A peoedizarion;

Fig.(3-20 ) FT-IR spectrum of [Ce(LY)CI;]Cl. complex
(3.7.1.2) FT-IR spectrum of [N(L 1)(H20)4Cl2]Cl2:

The FT-IR spectrum of [N(L1)(H20)4Cl,]Cl, complexFig.(3-21)
appear broad band at (34008massigned to stretching ofO-H), in
water molecule, the bands at (3136¢n(2955cnt), (2927cmt) and
(2856cmt) attributed tov(C-H) stretching of aromatie(C-H) asym. and
sym. stretching of aliphatic respectively. While thands at (1541ch
(1465 cmb), (1379 cm'), (1241 cm’) and (1056 cn) assigned to
v(C=N), v(C=C), v(N=N), v(C-N) and v(N-N) stretching respectively.
The bands were shifting to the lower frequency cara@ with the values
which that appeared in the free ligand, can beibated to the
delocalization of the electronic density in ther system
(HOMO—LUMO) indicating to the donor atoms were coordinat¢h
metal ion. While the bands at (784 tm(729 cm!) and (667 cm)
assigned to(C-S-C) asym. and sym. stretching anC-S) stretching of
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thiadiazole ring and dithiol groups respectivelyede values appeared
higher shifting compared with base values of theaads in the free
ligand before chelating , that is mean the cootdiredtained with thiol

group$>> °6)

_I_l’"_l_‘_l_l?l_hs1i'°|||||-|||r||||1l'||1||;||r| LI S e B B T
4000 3750 3600 A5 3000 w0 2500 2000 1750 1800 1250 1000 ™= 500

Comment; No. of Scans; Date/Time; 5/8/2012 12:26:35 PM
Ni7 Resalution; User, L3

Fig.(3-21) FT-IR spectrum of [Ni(L1)(H20)4Cl2]Cl> complex
(3.7.1.3) FT-IR spectrum of [Cu(L)(H20)e]Cl

The FT-IR spectrum of [G(L1)(H20)]Cls complexFig.(3-22)
appeared broad band at (3566'¢massigned to stretching ofO-H) in
water molecules, the bands at (313012956 cm'), (2924 cnt) and
(2856 cmt) assigned tesym. and synstretching ofy(C-H) aromatic and
v(C-H) aliphatic respectively. While the bands at (1646), (1456 cm
1, (1380 cm'), (1224 cmt) and (1047 cn) attributed to stretching of
v(C=N), v(C=C), v(N=N), v(C-N) andv(N-N) respectively. The bands

were shifting to the lower frequency compared wihith values which that
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appeared in the free ligand, can be attributedhéodelocalization of the
electronic density in thea system (HOMG-LUMO) indicating to the
donor atoms were coordinate with metal ion. Whiie bands at (772 cm
1 (723 cmt) and (669 cm) attributed to asym. and sym. stretching of
v(C-S-C) andv(C-S) in thiadiazole ring and dithiol groups respeditye
these values appeared higher shifting comparedheitle values of these
bands in the free ligand before chelating , thatmean there was

coordinate obtained with thiol grouys®®.

B sHiMaDzL

g

B
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Drate/Time; /82012 2:09:23 PM
User;

Fig.(3-22) FT-IR spectrum of [Cw(L*)(H20)6]Cl4 complex
(3.7.1.4) FT-IR-Spectrum of [Pa(LY)CI;]Cl2:

The FT-IR spectrum of [B(LY)CI]JCl, complex Fig.(3-23)
appeared the bands at (3134%m(2955 cmt), (2928 cmb) and (2854
cm?l) assigned tov(C-H) stretching of aromaticy(C-H) sym. and

asym.stretching of aliphatic respectively. While thands appeared at
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(1547 cm'), (1463 cm'), (1377 cmt) , (1241 cmt) and (1049 cm)
attributed tov(C=N), v(C=C), v(N=N), v(C-N) and v(N-N) stretching
respectively. The bands were shifting to the loWwequency compared
with the values which that appeared in the freandy can be attributed to
the delocalization of the electronic density in the system
(HOMO—LUMO) indicating to the donor atoms were coordinat¢h
metal ion. While the bands at (792 €m (727 cm!) and (667 cm)
assigned te(C-S-C) sym and asym. stretching, am{C-S) stretching of
thiadiazole ring and dithiol groups respectivelyede values appeared
higher shifting compared with base values of thiesads in the free

ligand, that is mean there was coordinate obtaivigdthiol group$®: °°)

aﬂmn Mo of Scans; Date/Time; 582012 1:32:11 PM
Resclution; User;
Apodization;

Fig.(3-23) FT-IR spectrum of [Pa(L)CI;]Cl2> complex
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(3.7.1.5) FT-IR-Spectrum of [Pg(L1)(H20)2Cl4]Cl.:

The FT-IR spectrum of [KHL)(H,0),ClsCl, complexFig.(3-24)
appeared broad band at (3508'¢massigned to stretching ofO-H) in
water molecules coordinated with platinum iongfierred to existence of
(H20) in complex coordinate with platinum ion. Whilarals appeared at
(3138 cm?), (2955 cmt), (2924 cm') and (2858 cm) assigned te(C-H)
stretching of aromaticy(C-H) sym and asymstretching of aliphatic
respectively. The bands exhibit at (1546'¢n§1463 cmt), (1374 cm'),
(1230 cm') and (1051 cm) assigned ta(C=N), v(C=C), v(N=N), v(C-
N) and v(N-N) stretching respectively. The bands were shiftimghe
lower frequency compared with the values which #pgteared in the free
ligand, can be attributed to the delocalizatioringf electronic density in
the © system (HOMG-LUMO) indicating to the donor atoms were
coordinate with metal ion. While the bands appeate(r73 crmt) (736
cnml) and (667 cm) attributed tov(C-S-C) sym and asymstretching
,andv(C-S) stretching of thiadiazole ring and dithiol greuspectively,
these values appeared higher shifting comparedhegitle values of these
bands in the free ligand, that is mean there wasdooate obtained with

thiol group$®> °°)
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Fig.(3-24) FT-IR spectrum of [P&(L1)(H20)2Cl4]Cl4 complex

The FT-IR bands ofL?Y] ligand and Co(ll), Ni(ll), Cu(ll), Pd(ll) and

Pt(IV) complexes were summarizedTiable. (3-8)

73



Chapter three Results & Dissections

Table. (3-8) The FT-IR bands of [l}] ligand and Co(ll), Ni(ll),

v(C-H) v(C-H)

Compound aromatic | aliphatic

. a1ogs | 2954s
L al16e | 2924s
2850s

2956s

[Coz(LY)CIZCl> 2922s
28565

2955s

[Ni2(LY)(H20)4(Cl)2]Cl> | 3400br 2927s
28565

29565
[Cuz(L1)(H20)6]Cls | 3566br 2924s
2854s
2955s

[Pd2(LY)CIZ]Cl 2 2928s
2854s

2955s

[Pta(LY)(H20)2(Cl)4]Cl | 3508br 20245
2858s

Cu(ll), Pd(Il) and Pt(IV) complexes

br = broad, s =strong, m =medium, =weak
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(3.7.2) FT-IR spectra of [L?] metal complexes:
(3.7.2.1) FT-IR spectrum of [Ce(L?)CI]Cl:

The FT-IR spectrum of [G(L?)CI,]Cl, complex Fig.(3-25)
appeared the bands at (3132¢n(2956 cm'), (2922 cm') and (2852
cm?) assigned te(C-H) aromatic stretching andC-H) sym. and asym.
stretching of aliphatic respectively. While the bBarat (1546 cnb), (1465
cm?), (1377 cmt) , (1224 cm) and (1047 cn) assigned to/(C=N),
v(C=C), v(N=N), v(C-N) andv(N-N) stretching respectively. The bands
were shifting to the lower frequency compared wihith values which that
appeared in the free ligand, can be attributedhé¢odielocalization of the
electronic density in thea system (HOMG-LUMO) indicating to the
donor atoms were coordinate with metal ion [ whd@MO= Highest
Occupied Molecular Orbital; LUMO= Lowest Unoccupiddolecular
Orbital]. While the bands at (781 cdim (732 cm!) and (669 cm)
assigned tov(C-S-C) sym. and asym. stretchingC-S) stretching of
thiadiazole ring and dithiol group respectivelyesh values appeared
higher shifting compared with the base values ef¢hbands in the free
ligand before chelating , that is mean there wasdinate obtained with

thiol group$® °°)
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Fig.(3-25) FT-IR spectrum of [Ca(L?)Cl;]Cl. complex

(3.7.2.2) FT-IR spectrum of [Nj(L2)(H20)4Cl-]Cl2:

The FT-IR spectrum of [M(L?)(H20)4Cl,]Cl, complexFig. (3-26)
appeared broad bands at (33813361 cnt) assigned to/(O-H)
stretchin of water molecules, this band is an ewdeto existence of
(H,0) in the complex. While the bands appeared at {3%8%), (2956
cn?), (2921 cm') and (2854 cnh) due tov(C-H) aromatic stretching, sy
v(C-H) sym. and asym. stretching of aliphatic respettivEhe bands at
(1548 cmt), (1465 cm), (1381cm‘), (1226 cnt) and (1056 cm)
attributed tov(C=N), v(C=C), v(N=N), v(C-N) and v(N-N) stretching
respectively. The bands were shifting to the loWwequency compared
with the values which that appeared in the freandy can be attributed to

the delocalization of the electronic density in the system
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(HOMO—LUMO) indicating to the donor atoms were coordinat¢h
metal ion. While the bands appeared at (781)¢rf¥24 cm') and (669
cm?l) due tov(C-S-C) and v(C-S) stretching of thiadiazole ring and
dithiol groups respectively, these values appeanggher shifting
compared with base value of these bands in the ligeaxd before
chelating, that is mean the coordinate obtainedvédxt metal ion with

thiol group$®> °°)

SHIMADZU

Dmie/Time; 5/8/2012 12:35:09 PM
User;

Fig.(3-26) FT-IR spectrum of [Ni(L?)(H20)4Cl2]Cl2 complex
(3.7.2.3) FT-IR spectrum of [Cu(L?)(H20)6|Cl

The FT-IR spectrum of [G(L?)(H20)]Cls complex Fig.(3-27)
appeared broad band at (34449nassigned to stretching ofO-H) of
water molecules. While the bands at (3132ni2922 cm') and (2850
cm?l) assigned ta(C-H) stretching of aromatia;(C-H) sym. and asym.

stretching og aliphatic respectively. While the dsrat (1546 cm),
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(1456 cmb), (1384 cnt), (1226 cm) and (1049 cn) attributed to
v(C=N), v(C=C), v(N=N), v(C-N) and v(N-N) stretching respectively.
The bands were shifting to the lower frequency cara@ with the values
which that appeared in the free ligand, can beibated to the
delocalization of the electronic density in ther system
(HOMO—LUMO) indicating to the donor atoms were coordinat¢h
metal ion. While the bands appeared at (782)¢cr¥32cm') and (669
cnml) assigned tov(C-S-C) sym. and asym. stretching andC-S)
stretching of thiadiazole ring and dithiol groupspectively, these values
appeared higher shifting compared with base vabfi¢isese bands in the
free ligand before chelating , that is mean co@tirobtained between

metal ion with thiol groug® %6

E sHMaADZU

T W T o e s o L et o
1730 1500 1230 1000 ] 500
Thom
Date/Time; 5/82012 2:13:27 PM
User; L]

Fig.(3-27) FT-IR spectrum of [Cw(L?)(H20)s]Cl4 complex
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(3.7.2.4) FT-IR spectrum of [Pd(L?)CI;|Cl>:

The FT-IR spectrum of [RB(L?CI;]JCl. complex Fig.(3-28)
appeared the bands at (3128%m(2956 cnt), (2923 cnt) and (2850
cm?) attributed tov(C-H) stretching of aromatic, sym. and asym.
stretching of aliphatic respectively. The band$1a48 cm'), (1464 cm
1, (1385 cmt), (1234 cm') and (1056 cm) assigned te(C=N), v(C=C),
v(N=N), v(C-N) and v(N-N) stretching respectively. The bands were
shifting to the lower frequency compared with th@ues which that
appeared in the free ligand, can be attributedheodelocalization of the
electronic density in tha system (HOMG-LUMO) indicating to the
donor atoms were coordinate with metal ion. While bands exhibit at
(781cm?), (724cmb) and (650 cm) assigned tov(C-S-C) sym. and
asym. stretching, and(C-S) stretching of thiadiazole ring and dithiol
groups respectively, these values appeared higjiifetng compared with
the base value of these bands in the free ligdnrad,i$ mean coordinate
obtained between metal ion with thiol grotip$°)

EsHmmManzu
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User; [

Fig.(3-28) FT-IR spectrum of [Pd(L?)CI2]Cl> complex
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(3.7.2.5) FT-IR spectrum of [P#(L?)(H20)2Cl4]Cl a4 :

The FT-IR spectrum of [RL?)(H20).Cl4]Cls complexFig.(3-29)
appeared broad band at (3508-¢nattributed tov(O-H) stretching of
water molecules, it assigned to existence ofQHmolecules in the
complex. The bands at (3138 €mn (2955 cm'), (2924 cm') and (2858
cmt) assigned ta(C-H) stretching of aromatia;(C-H) sym. and asym.
stretching of aliphatic respectively. The bandseappd at (1546 ch),
(1463 cmt), (1374 cmb) , (1230 crt) and (1051 cm) due to ofv(C=N),
v(C=C), v(N=N), v(C-N) andv(N-N) stretching respectively The bands
were shifting to the lower frequency compared wihith values which that
appeared in the free ligand, can be attributedhé¢odelocalization of the
electronic density in thea system (HOMG-LUMO) indicating to the
donor atoms were coordinate with metal ion. While bands appeared at
(782 cmb), (736 cm!) and (667 cm) assigned to/(C-S-C) sym. and
asym. stretchingy(C-S) stretching of thiadiazole ring and dithiol groups
respectively, these values appeared higher shitmmpared with the
base value of these bands in free ligand, thataeaamctoordinate was
obtained between metal ion with thiol grotip$°)

80



Chapter three Results & Dissections

EsHiMaDzW

LN B B S e s N L WL
1750 ] 1250 1000 5 800
1fom
Comment; Mo, of Scans; Date/Time: $/8/2012 1:12:48 PM
pig Resolution; - Usen

Apodization;

Fig.(3-29) FT-IR spectrum of [P(L?)(H20)2Cl4]Cl4 complex
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Table.(3-9) FT-IR of (L?) ligand and its Co(ll), Ni(ll), Cu(ll), Pd(ll)
and Pt(IV) complexes

v(C-H) v(C-H)

Compound aromatic | aliphatic

] a1oge | 2958
L 3116s | 2222S
2850s

2956s

[Co2(L?)CICl> 3132s | 2922s
28525

[NI ) 2956s

3381b 2921
(L2)(H20)4Cl2]Cl ' SaEde

2956s

[Cu2(L?)(H20)6]Cls | 3444br 2924s
28545

2956s

[Pd2(L?)CI]Cl> 2923s
28505

2955s

[Pt2(L2)(H20)2Cl4]Cl4 | 3508br 2924s
2858s

br = broad, s =strong, m =medium, =weak
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(3.7.3) FT-IR spectra of [L]] metal complexes:
(3.7.3.1) FT-IR spectrum of [Ca(L3)CI;]Cl2:

The FT-IR spectrum of [G{L3)CI,]Cl, Fig(3-30) appeared the
bands at (3140 c®), (2956 cm'), (2918 cm') and (2854 cn) assigned
to v(C-H) stretching of aromatioy(C-H) sym. and asym. stretching of
aliphatic respectively. The bands appeared at (154%, (1465 cnt),
(1381 cm'), (1228 cm') and (1056 cm) attributed tov(C=N), v(C=C),
v(N=N), v(C-N) and v(N-N) stretching respectively. The bands were
shifting to the lower frequency compared with th@ues which that
appeared in the free ligand, can be attributedhé¢odelocalization of the
electronic density in thea system (HOMG-LUMO) indicating to the
donor atoms were coordinate with metal ion[ whel@MD= Highest
Occupied Molecular Orbital; LUMO= Lowest Unoccupiddolecular
Orbital]. While the bands appeared at (779'5n732 cmt) and (667
cm?l) assigned te(C-S-C) sym. and asym. stretching(C-S) stretching
of thiadiazole ring and dithiol groups respectivelyese values shown
higher shifting compared with base values of thHeseds in free ligand
before chelating , that is referred the coordirdimined between metal

ion with thiol group$®: )
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Commnent; 3
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Fig.(3-30) FT-IR spectrum of [Ca(L3)Cl2]Cl> complex
(3.7.3.2) FT-IR spectrum of [Ni(L3)(H20)4Cl;]Cl: :

The FT-IR spectrum of [M(L%)(H.0)4sCl;]Cl, complexFig.(3-31)
appeared a broad band at (3406 mssigned to/(O-H) stretching of
water molecules. While the bands exhibit at (3180")¢ (2956 cmt),
(2922 cmt) and (2852 cm) assigned ta/(C-H) stretching of aromatic,
v(C-H) sym. and asym. stretching of aliphatic respebtivEhe bands at
(1547 cmb), (1467 cmb), (1381 cm'), (1230 cm') and (1056 cm)
attributed tov(C=N), v(C=C), v(N=N), v(C-N) and v(N-N) stretching
respectively. The bands were shifting to the loWwequency compared
with the values which that appeared in the freandy can be attributed to
the delocalization of the electronic density in the system
(HOMO—LUMO) indicating to the donor atoms were coordinat¢h
metal ion. The bands at(784 ¢m (721 cm') and (667 cm) assigned to
v(C-S-C) sym. and asym. stretching(C-S) stretching of thiadiazole ring
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and dithiol groups respectively, these values amukedigher shifting
compared with the base value of these bands in lfgeexd before
chelating , that is mean coordinate obtained betweetal ion with thiol

group$>> °6)
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Fig.(3-31) FT-IR spectrum of [Ni(L %)(H20)4Cl2]Cl2 complex
(3.7.3.3) FT-IR spectrum of [Cu(L %)(H20)6]Cl 4 :

The FT-IR spectrum of [G(L3)(H20)s]Cl4 Fig.(3-32) appeared a
broad band at (3533 cHh assigned tov(O-H) stretching of water
molecules, this band assigned to existence gbjkh complex of copper
ion. While the bands appeared at (3101'gn2952 cm'), (2922 cnt)
and (2850 cm) assigned ta(C-H) stretching of aromatic;(C-H) sym.
and asym. stretching of aliphatic respectively. Daads at (1541 ch),
(1456 cmb), (1361 cm’) , (1238 cmt) and (1051 cm) attributed to
v(C=N), v(C=C), v(N=N), v(C-N) and v(N-N) stretching respectively.
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The bands were shifting to the lower frequency cara@ with the values
which that appeared in the free ligand, can beibated to the
delocalization of the electronic density in ther system
(HOMO—LUMO) indicating to the donor atoms were coordinat¢h
metal ion. While the bands appeared at (78%)¢rf¥23 cm') and (667
cm?l) due tov(C-S-C) asym. and sym. stretching(C-S) stretching of
thiadiazole ring and dithiol groups respectivelilfede values shown
higher shifting compared with the base value afséhbands in free
ligand before chelating , that is mean coordindt@ioed between metal

ion with thiol group$®: )
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Fig.(3-32) FT-IR spectrum of [Cw(L 3)(H20)s]Cl4 complex
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(3.7.3.4) FT-IR spectrum of [Pd(L3)CI;|Cl>:

The FT-IR spectrum of [RB(L3)CI;]JCl. complex Fig.(3-33)
appeared the bands at (3128%m(2957 cnt), (2922 cnt) and (2850
cml) assigned ta(C-H) stretching of aromatia;(C-H) sym. and asym.
stretching of aliphatic respectively. The band§lagdé cmt), (1463cmt),
(1384 cmt) , (1242 crmt) and (1055 cm) attributed tov(C=N), v(C=C),
v(N=N), v(C-N) and v(N-N) stretching respectively. The bands were
shifting to the lower frequency compared with th@ues which that
appeared in the free ligand, can be attributedheodelocalization of the
electronic density in tha system (HOMG-LUMO) indicating to the
donor atoms were coordinate with metal ion. Whilke bands appeared at
(783 cm?b), (724 cmt) and (667 cm) attributed tov(C-S-C) sym. and
asym. stretchingy(C-S) stretching of thiadiazole ring and dithiol groups
respectively, these values shown higher shiftingmared with the base
value of these bands in free ligand, that is meaorctnate obtained
between metal ion with thiol groufs®)

El SsHimmanz=u
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Fig.(3-33) FT-IR spectrum of [Pd(L®)CI2]Cl> complex
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(3.7.3.5) FT-IR spectrum of [P#(L3)(H20)2Cl4]Cl a4 :

The FT-IR spectrum of [RL3)(H20).Cl4]Cls complexFig.(3-34)
appeared a broad band at (3510'massigned ta(O-H) stretching of
water molecules, it assigned to existence eO(Hn complex of platinum
ion. The bands appeared at (3138%m(2954 cm), (2921 cm’) and
(2856 cm') assigned to(C-H) stretching of aromatic;(C-H) sym. and
asym. stretching of aliphatic respectively. Whiie bands at (1546 chp
(1463 cm'), (1377 cm') , (1237 cm) and (1049 cm) assigned to
v(C=N), v(C=C), v(N=N), v(C-N) and v(N-N) stretching respectively.
The bands were shifting to the lower frequency cara@ with the values
which that appeared in the free ligand, can beibated to the
delocalization of the electronic density in ther system
(HOMO—LUMO) indicating to the donor atoms were coordinat¢h
metal ion. While the bands at (782&n (731cm') and (667crm)
attributed to sym. and asym. stretching \§C-S-C) ,andv(C-S) in
thiadiazole ring and dithiol groups respectiveliljese values shown
shifting (about 1 to 19 crf) compared with base values of these bands in
free ligand, that is mean coordinate obtained betwaetal ion with thiol

group$>> °6)
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Fig.(3-34) FT-IR spectrum of [P&(L3)(H20)2Cl4]Cl4 complex
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Table.(3-10) FT-IR spectrum of [L¥]] and its Co(ll), Ni(ll), Cu(ll),
Pd(Il) and Pt(IV) complexes

v(C-H) v(C-H)

Compound aromatic | aliphatic

2958s
L3 2901s
2850s

2956s

[Co2(L3)CI;]Cl> 2918s
2854s

2956s

[Ni2(L3)(H20)4ClI]Cl> | 3406br 2922s
28525

29525
[Cuz(L3)(H20)6]Cla | 3533br 2922s
28505
2957s
[Pd2(L3)CI]Cl> 2922s
28505
2954s

[Pt2(L3)(H20)2Cl4]Cl4 | 35100r 2921s
28565

br = broad, s =strong, m = medium, =weak
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(3.8) UV-Vis spectral data of synthesized complexes

(3.8.1) UV-Vis spectral data of [I}] complexes
(3.8.1.1) UV-Vis spectrum of [Ce(L })CI;]Cl> complex:

The electronic spectra of tlmplex [Co(LY)Cl,]Cl, Fig.(3-35)
exhibits four absorption peaks, a broad peak af (3®) (32679 cm)
(Ema= 3990 molartcn?) assigned to ligand field and charge transfer, the
other three peaks at (572 nm) (17482 dn{€ma= 1008 molatcnr?y),
(610 nm) (16393 crh) (Ema= 1112 molatcm?) and (637 nm) (15698
cmt) (Ema= 1130molatcm?) which are assigned d-d transitions type
(“Ax— “T2) , (*A— “T1:®) and (“A— “T1®), respectively indicating
a tetrahedral structure aboutCoThis result is in agreement with that
reported previously about the electronic spectrafafr coordinate
(tetrahedral) cobalt(ll) complexés 5 60)

48100y

3,000

0.000U 1 1 . B

190,00 400,00 :
soo.aom_ 600.00 1000,00 110004

Fig.(3-35) UV-Vis spectrum of [Ca(LY)CI;]Cl.complex
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(3.8.1.2) UV-Vis spectrum of [Ni(L*)(H20)4Cl2]Cl>complex:

The electronic spectrum of theomplex [Np(L)(H20)4Cl2]Cl.
Fig.(3-36) exhibits a broad absorption peak at (285 nm) (356@%)
(Ema= 3858 molarcn?), which assigned to ligand field and charge
transfer. The peaks appeared at(455 nm) (21978)d@mna= 258 molar
leml), (624 nm) (16025 crh) (Emax = 53 molartcm?) and (693 nm)
(14430 cmt ) (Emax = 63molartcm®) which are assigned to the d-d
transitions type3@.g— 3T.9) , (*Ag— 3T:9® ) and ((A.g— 3T1g®),
respectively indicating a distorted octahedraicttire about Nf. This
result is in agreement with that reported previpwiout the electronic

spectra of six coordinate (octahedral) nickel(tinplexe&®: 61 62)

4T ¥ y

4,000 At -

Aba,

400,00 600,00 800,00 1000,00 1100,

Fig.(3-36) UV-Vis spectrum of [Ni(L})(H20)4Cl2]Cl> complex
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(3.8.1.3) UV-Vis spectrum of [Cu(L1)(H20)6]Cl4 complex:

The electronic spectrum of tlktemplex [Cuy(L)(H.0)e]Cl4 Fig.(3-

37) exhibits abroad absorption peak at (264 nm) (378T8) (Emac
3757 molatcm?) assigned to the ligand field and charge transfae
absorption peaks appeared at (541 nm) (18484 Xima= 53 molar
leml) (610 nm) (16393 cm-1)&ha= 145 molatcnm?) and (735 nm)
(13605 cm ) (Ema= 291 molarcm?), which are attributed to the d-d
transitions type 2Big— 2Aig ), ( ?Big— 'B.g) and {B.g— °%Eg )
respectively indicating a distorted octahedralaitire about Ci. This
result is in agreement with that reported previpwiout the electronic

spectra of six coordinate (octahedral) copper@hplexe8? 3)

4533

4,000 - rvmw

3000

Absg.
\

2,000 ”-‘
1

1,000

06,000 1 1
160,00 400,00 600,00 800,00
rnem,

1000,00 1100,

Fig.(3-37) UV-Vis spectrum of [Cu(L*)(H20)s]Cl4 complex
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(3.8.1.4) UV-Vis spectrum of [Pe(L1)Cl2]Cl. complex:

The electronic spectrum of teemplex [Pd(L1)Cl,]Cl, Fig.(3-38)
exhibits abroad absorption peak at (334 nm) (298#0) (Ema= 3257
molaricnm?) assigned to the ligand field and charge transfiére
absorption peak at (590 nm) (16949 Ym(Enas= 615 molartcn?)
assigned to d-d transition type B-»B-g), this result is agreement with
that reported previously about the electronic speof four coordinate

(square planar) palladium(ll) compleés

4610

4,000 (‘,‘Lﬂr ' i

190,00 400.00 600,00 800,00 100000 11
nm. !

Fig.(3-38) UV-Vis spectrum of [Pd(L*)CI,]Cl. complex
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(3.8.1.5) UV-Vis spectrum of [PHL1)(H20)2Cl4]Cls complex:

The electronic spectrum of theomplex [P#(LY)(H20).Cl4]Cl,
Fig.(3-39) exhibits three absorption peaks, a broad peakHE fim)
(45871 cmt) (Ema= 3257 molatcm? ) assigned to the ligand field and
charge transfer, the peaks at (455 nm) (21978 ki@€na= 158 molar
cmt) and (580 nm) (17241 chh (Ema= 218molarcm?) assigned to d-d
transitions type'B.g— 'A;g ) and (B.g— !B:g) respectively, indicated
to distorted octahedral structure about*Rtomplex. This result is
agreement with that reported previously about tleetenic spectra of

six coordinate (octahedral) platinum(lV) complefas

4,875 T T T T

4,000 .

Al |

2,000

1.000

0,000 1 1 1 1

190,00 400,00 600,00 800,00 100000 1100
nm,

Fig.(3-39) UV-Vis spectrum of [P#(L*)(H20)2Cl4]Cl4 complex

Table (3-11) summarized the electronic spectral data[lof] and its
Co(I1), Ni(l1), Cu(ll), Pd(ll) and (Pt(1V) complexe
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Table (3-11) Electronic spectral data of [£] and its metal complexes

e
Compound Anm | vem?® | molar? | Assignment
cm™
239 | 41841 -
[L] 3660
295 | 38610 -
306 | 32679] 3990 | ligand field
APo— To
CoaL)CLICI 572 | 17482 1008 Ranals
610 | 16393| 1112 | “A—"T:
637 | 15698 1130 | ‘Az T.®
285 | 35087 3858 | ligand field
_ 455 | 21978 258 | 3A.g— 3Tog
[NIz(L 1)(H20)4C|2]C|2
624 | 16025 53 | 3Axg— ST1g®
693 | 14430 63 3Ao0— ST1g®
264 | 37878| 3757 | Ligand field
541 | 18484 53 2B1g— 2A1g
[Cuz(L1)(H20)6]Cl 4
610 | 16939 145 | 2Big— 'Bug
735 | 13605 291 2B1g— 2Eg
334 | 29940 3257 | Ligand field
[Pd(LY)CI2ICl2
590 | 16949 615 Big—B2g
218 | 45871 3257 ligand field
[Pta(LY)(H20)Cls]Cls | 455 | 21978 158 | B.g— 'Aug
580 | 17241 218 | 1Bxg— !Big
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(3.8.2) UV-Vis spectral data of [I?] complexes:

(3.8.2.1) UV-Vis spectrum of [Ce(L?)Cl;]Cl. complex:

The electronic spectrum of tkemplex [Ca(L?)Cl,]Cl, Fig.(3-40)
exhibits four absorption peaks, a broad peak a8 () (32467 cm)
(Ema= 3982 molatcnm?) assigned to ligand field and charge transfer.
While the peaks at (572 nm) (17482 tMEma= 741 molarcm?), (610
nm) (16393 cm) (Ema= 812 molarcm?) and (637 nm) (15698 cin)
(Ema= 829 molartcm?) which are assigned to d-d transitions type
(“A— 4T2) , (“A— *T1® ) and (“A>— “T1®) respectively, indicated to
tetrahedral structure about €aomplex. This result is in agreement
with that reported previously about the electromsigectra of four

coordinate (tetrahedral) cobalt(ll) complex&s® &%

4,608 7

4,000 f,‘)wﬂ-ﬂ i

3,000} lrll

2.000#1

1.000 |

| e

190,00 400,00 600,00 L
o Fod;oa 100000 1100,

Fig.(3-40) UV-Vis spectrum of [Ce(L?)CI;]Cl. complex
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(3.8.2.2) UV-Vis spectrum of [Ni(L?)(H20)4Cl2]Cl> complex:

The electronic spectrum of theomplex [Np(L?)(H20)4Cl2]Cl,
Fig.(3-41) exhibits a broad absorption peak at (278 nm) (358M%)
(Emax= 3627 molaftcm?) which assigned to the ligand field and charge
transfer. The absorption peaks appeared at (43q2¢#890 crmt) (Emax=
227 molarcm?), (622 nm) (16077 ci) (Emax = 43 molarcm?) and
(690 nm) (14492 cmM) (Emax= 61 molarcm?) are assigned to the ligand
field and d-d transitions typ€A.g— °T.g ) , (°A.g— °Tig® ) and
(A.g— 3T1g®) respectively, indicated to distorted octahedtalicture
about Nf* complex. This result is in agreement with that orégd
previously about the electronic spectra of six dowate (octahedral)

nickel(ll) complexe8® 61 62)

4632y :

4,000

3,000

Abs,

2,000 Hi

1,000 =i

0.000 — r

180,00 400,00 £00,00 o £00,00 100000 1100,

Fig.(3-41) UV-Vis spectrum of [Ni(L?)(H20)4Cl2]Cl> complex
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(3.8.2.3) UV-Vis spectrum of [Cu(L ?)(H20)6]Cl4 complex:

The electronic spectrum of tlktemplex [Cuy(L?)(H.0)e]Cl4 Fig.(3-
42) exhibits a broad absorption peak at (266 nm) (976381Y) (Emac
3657 molarcm?) attributed to the ligand field and charge transtéde
peaks at (541 nm) (18484 &n(Emax = 101 molartcm?), (608 nm)
(16447 cm-1) &max= 198 molarcm?) and (736 nm) (13586 chh (Emax=
309 molartcm?) which are assigned to the d-d transitions tfBeg—
2A10 ), (°Big— !B.g) and {Big— 2%Eg ) respectively, indicated to
distorted octahedral structure about?Cuoomplex. This result is in
agreement with that reported previously about tleetenic spectra of
six coordinate (octahedral) copper(ll) compléXe®)

5,000 y

' F. N!“ 'rw. 3
2 'Ii

2,000

0.000}1
-0,324U 1 1 1 1

190,00 400,00 600.00 800,00 1000,00 1100
am. ' 1

Fig.(3-42) UV-Vis spectrum of [Cu(L?)(H20)6]Cls complex
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(3.8.2.4) UV-Vis spectrum of [Pe(L?) Cl;]Cl> complex:

The electronic spectrum of teemplex [Pd(L?)Cl,]Cl, Fig.(3-43)
exhibits a broad absorption peak at (324 nm) (30864) (Enac 3548
molaricnm?) assigned to the ligand field and charge transfiére
absorption peak at (597 nm) (16750 Ym(Ena= 582 molartcn?)
assigned to d-d transition typ#(g—B.g), this result is agreement with
that reported previously about the electronic speof four coordinate

(square planar) palladium(ll) complexés

4,595 y

3,000 -

2,000 | .

1000 [ i

=

| |
0000' 1 1 L 1

150,00 400.00 600,00 - 800,00 100000 1100,

Fig.(3-43) UV-Vis spectrum of [Pd(L?)Cl,]Cl. complex
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(3.8.2.5) UV-Vis spectrum of [PHL 2)(H20)2Cl4]Cls complex:

The electronic spectrum of theomplex [P#(L?)(H20).Cl4]Cl,4
Fig.(3-44) exhibits a broad absorption peak at (236 nm) (2287%)
(Emax = 3214 molatcm®), which assigned to ligand field and charge
transfer. The absorption peaks at (455 nm) (21978 ¢€nax = 58 molar
lem?) and (577 nm) (17331 chh (Enax = 74 molarcm?) which  d-d
transitions type '8.g— 'A:g) and {B.g— !B:g) respectively, indicated
to distorted octahedral structure about*¢tmplex. This result is in
agreement with that reported previously about tleetenic spectra of

six coordinate (octahedral) platinum(lV) complefas

4873 . .

i | l‘#‘lrwl -

3,000 - -

Abra,

2,000 F

0,000 S
120, 400,00 00,00 B00,00 100000 110000

Fig.(3-44) UV-Vis spectrum of [P#(L?)(H20)-Cl4]Cls complex

Table (3-12) summarized the electronic spectral data[lof] and its
Co(I), Ni(l1), Cu(ll), Pd(ll) and Pt(IV) complexes
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Table (3-12) Electronic spectral data of [E] and its metal complexes

Em .
Compound Anm | vem? > Assignment
molar~* cm?
L7 231 | 43290 STk
203 | 34129 | 976 n Smn*
308 | 32467 3982 | ligand field
AAo— To
[Con(LDCLICI» 572 | 17482 741 el
610 | 16393 812 Az— "1
637 | 15698 829 | ‘A Ti®
278 | 35971 3627 | ligand field
_ 410 | 24390 227 | 3Ag— 3Tg
[Ni2(L?)(H20)4Cl2|Cl 2
622 | 16077 43 | 3Ag— 3T1g®
690 | 14492 61 | 2Axg— °T1g®
266 | 37939 3657 | ligand field
541 | 18484 101 | 2Big— 2Aig
[Cu2(L?)(H20)6]Cl 4
608 | 16447 198 | 2Big— 'Bzg
736 | 13586 309 | 2Big— %Eg
324 | 30864 3548 | ligand field
[Pd2(L?)CI]Cl>
597 | 16750 583 | Big—'B:g
236 | 42372 3214 | ligand field
[Pta(LY)(H20)2ClsCls | 455 | 21978 58 1Bog— 'Aig
577 | 17331 74 1Bog— 1Bi1g
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(3.8.3) UV-Vis spectral data of [I]] complexes:

(3.8.3.1) UV-Vis spectrum of [Ce(L %)Cl2]Cl. complex:

The electronic spectrum of tkemplex [Ca(L3)Cl,]Cl, Fig.(3-45)
exhibits four absorption peaks, a broad peak ad (@h) (32258 cm)
(Emax = 3995 molatcm?) assigned to ligand field and charge transfer.
While the peaks at (571 nm) (17513 tN(Ema= 992 molatcm?), (610
nm) (16393 cm ) (Enax= 1017 molatcm!) and (637 nm) (15698 cin
(Emax= 1018 molatcm®) which are assigned to the d-d transitions type
(“A— “T2), (PA— T ) and (*A.— “T1®) respectively, indicated to
tetrahedral structure about €@omplex. This result is in agreement with
that reported previously about the electronic speof four coordinate
(tetrahedral) cobalt(ll) complexés 5 69)

4,583 T T ] ] 1
4,000~ Erwﬁﬂ I
] _
= .
P |
<
2,000 ‘] -
1,000 L -
0,000 1 1 1 [|
190,00 400,00 600,00 800,00 100000 1100
am.

Fig.(3-45) UV-Vis spectrum of [Ce(L 3)CI;]Cl. complex

103



Chapter three Results & Dissections

(3.8.3.2) UV-Vis spectrum of [Ni(L*)(H20)4Cl]Cl> complex:

The electronic spectrum of theomplex [Np(L3)(H20)4Cl2]Cl,
Fig.(3-46) exhibits a broad absorption peak at (283 nm) (3583%)
(Emax = 3867 molat cm?) attributed to the ligand field and charge
transfer. While the absorption peaks at (413 nf213 cm?t) (Emax= 229
molart cml), (639 nm) (15649 crh) (Enax= 88 molartcm?) and (681
nm) (14684 cm ) (Emax= 92 molarcm?) which assigned to the ligand
field and d-d transitions typéX.g— °T.g), CA.g— 3T:g® ) and ¢A.g—
3T10®) respectively, indicated to distorted octahedtalicture about
Ni%* complex. This result is in agreement with thatorégd previously
about the electronic spectra of six coordinate aloetiral) nickel(ll)

complexe8§?® 61 62)

4,695 I

4,000~ ’I,,,qu‘q i

3,000 -

Abs,

0,000 ALl

180,00 400,00 600.00 800,00 100000 1100,
nm.

Fig.(3-46) UV-Vis spectrum of [Ni(L 3)(H20)4Cl2]Cl2> complex
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(3.8.3.3) UV-Vis spectrum of [Cu(L *)(H20)6]Cl4 complex:

The electronic spectrum of tlktemplex [Cuy(L3)(H.0)e]Cl4 Fig.(3-
47) exhibits a broad absorption peak at (299 nm) (33d@') (Emax =
3842 molatcm?) attributed to the ligand field and charge transfghile
the absorption peaks at (535 nm) (18691 ct€max = 76 molarcm?)
(623 nm) (16051cm) (Emax= 214 molarcm®) and (722 nm) (13850cHh
(Emax= 229 molar cm!) which are assigned to the d-d transitions type
(°B1g— 2A10), (°B1g— B>g) and {Big— 2EQ) respectively, indicated to
distorted octahedral structure about?Cuoomplex. This result is in
agreement with that reported previously about tleetenic spectra of

six coordinate (octahedral) copper(ll) compléXe®)

4,395 ;

o] VWW' .

3,000 r | |

Abs,

2,000 [

0.000

-0.345U L 1 1 1

190,00 . 400,00 600,00 800,00 100000 11
nm.

Fig.(3-47) UV-Vis spectrum of [Cu(L %)(H20)s]Cls complex
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(3.8.3.4) UV-Vis spectrum of [Pe(L %)Cl2]Cl. complex:

The electronic spectrum of teemplex [Pd(L3)Cl,]Cl, Fig.(3-48)
exhibits a broad absorption peak at (322 nm) (310%%) (Enac 3764
molaricm?) assigned to the ligand field and charge transfiére
absorption peak at (599 nm) (16694 Ym(Enas= 564 molartcnm?)
assigned to d-d transition typ#(g—B.g), this result is agreement with
that reported previously about the electronic speof four coordinate

(square planar) palladium(ll) complexés

4,724 7 T T T

“ty _

3,0000/ ‘ -

Abs

2,000 H ‘ -

1,000} -

0,000 l ! —_ | T h 4 1 S S — 1 1 ¥ [
190,00 400,00 600,00 800,00 1000,00 1100,

nm,

Fig.(3-48) UV-Vis spectrum of [Pd(L®)Cl]Cl. complex
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(3.8.3.5) UV-Vis spectrum of [PL 3)(H20)2Cl4]Cls complex:

The electronic spectrum of theomplex [Pi(L3)(H20).Cl4]Cl,4
Fig.(3-49) exhibits a broad absorption peak at (233 nm) (82&m?)

(Emax = 2214 molatcm?) attributed to the ligand field and charge

transfer. While the absorption peaks at (457 nrhB82 cmt) (Emax= 78
molaricm?) and (547 nm) (18281 chh (Emax = 86 molaricm?) which
assigned to the d-d transitions typ®.0— 'Aig) and {B.g— BiQ)

respectively,

indicated

to distorted octahedral ucttire about

Pt*complex. This result is in agreement with that regub previously

about the electronic spectra of six coordinateafoetral) platinum(lV)

complexe&®,

4686

4,000 -

2,000

1
’i
1,000 [~

0,000
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L |
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400,00

600,00

nm.
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1000.00

1100,

Fig.(3-49) UV-Vis spectrum of [P(L 3)(H20)-Cl4]Cl. complex

Table (3-13)summarized electronic spectral datglof] and its Co(ll),

Ni(Il), Cu(ll), Pd(ll) and Pt(IV) complexes:
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Table (3-13) Electronic spectral data of [E] and its metal complexes

& .
Compound Anm | vem? e Assignment
molar~* cnm?
L] 251 | 39840 n-Sn*
3974
296 | 33783 NSt
310 | 32258 3995 | ligand field
571 | 17513 992 “Ar— “T>
[Co2(L3)CI]Cl>
610 | 16393 1018 | “A— ‘T.®
637 | 15698 1018 | “Ar— ‘T.®
283 | 35335 3867 | ligand field
_ 413 | 24213 229 SA.g— °Tog
[NIz(L 3)(HzO)4C|2]C|2
639 | 15649 88 3A.g— 3T1g®
681 | 14684 92 3A.0— 3T1g®
299 | 33444 3842 | ligand field
535 | 18691 76 ?B1g— 2A1g
[Cu2(L3)(H20)6]Cl 4
623 | 16051 214 ?B1g— 'Bog
722 | 13850 229 2B1g— 2Eg
322 | 31055 3764 | ligand field
[Pd2(L3)CI2]Cl
594 | 16694 564 'B,g—'B.g
233 | 42918 2214 | ligand field
[Pto(L3)(H20)Cl4]Cls | 457 | 21881 78 1B.g— 'A1g
547 | 18281 86 1B,g— 'Big
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(3.9) Magnetic susceptibility of synthesized comptes

Magnetic moment has been determined in the soatke dby
faraday's methdf ¢, The magnetic properties of these complexes
should provide a testing ground for the oxidatidates of the
complexes, therefore provides a way of counting ribenber of
unpaired electrons. This should help in predictimgbonding model
and electronic structure. The magnetic susceqtiidir complexes
was measured at room temperatdrable (3—-14) the effective

magnetic momenterr / B.M.) is given by

n =2828/X, T

Where:

[T= Absolute temperature (25+273=298)]

[Xa= Atomic susceptibility corrected from diamagneiresence]
The magnetic susceptibility was calculated accagrdio the

example shown below:
For the complex [CELY)CI2]Cl.

Xq(Gram susceptibility) = 7.6373 x £0
Xwm(Molar susceptibility) = X M. Wt.
= 6.952 x48 768.54 = 5343.479x *0
Xa(Atom susceptibility) = X-D
= 5343.479 x 10— (- 255.56 x 10)
= 5599.8300°
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n =2828/X, T

H .= 2.828 ( 5599.039 x 10 x 298 }2
W= 3.652 B.M

Table (3—14)Magnetic susceptibility of synthesized complexes

Compleres | g |y | v | g b | St
[Co(LY)ClCl 6.952 | 5343.479| 5599.03)  3.652]  3.88 tetrahedral
[CoxLACLICI 6.707 | 5343480 5599.040 3652  3.88 tetrahedral
[CoAL3)CLICI 6.265 | 5342.982| 5598542 3652  3.88 tetrahedral

[Nio(L)(H20CLICl2 | 2520 | 2185.739| 2437.019  2.410 2 4g0CtaNedral
[NiZ(L)(H20)CLICl2| 2396 | 2145.458| 2396.738  2.390 2.430Ctahedral
[Nio(L)(H20)CLICl2| 2219 | 2111.484| 2362764  2.373 2 450Ctahedral
[CuAL)(H:0)X]Cla | 1000 | 883.030 | 1128200 1639  Ll.73octahedral
[Cux(L®(H:0)]Cls | 0969 | 882778 | 1127.948  1.639]  L.73octahedral
[Cuz(L3)(H20)s]Cl4 0.911 881.055 | 1126.22% 1.638 1.73 octahedral
[Pc(LY)CIZ]Cl2 0.00 0.00 0.00 | Diamagneic | 0.00 |SQquare planar
[Pcx(L?)CIZ]Cl2 0.00 0.00 0.00 | Diamagneic | 0.00 |SQquare planar
[Pa(L7)CLICI 0.00 0.00 0.00 | Diamagnetc | 0.00 |Sduare plana
[P(LY)(H20)CLCls | 0.00 0.00 0.00 | Diamagnetc | 0,00 |Octanedral
[P(L?)(H20)CLCla | 0.00 0.00 0.00 | Diamagnetc | 0,00 |OCtanedral
[P(L9)(H20)ClCla | 0,00 0.00 0.00 | Damagneic | 0,00 | OCtahedral
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(3.10) Molar conductivity for the synthesized compaxes:

Molar conductivity can be attributed as one of ltleast evidences

to suggest the charge of complexes from its elgté&asolutions, the

molar conductance of different type of electrol{fféss summarized in

Table (3-15) the molar conductance of synthesized

compleres

(DMF) are summarized inTable (3-16). The conductance of the
cobalt(l), nickel(ll) and palladium(ll) complexex all ligands were in
the range (130-173 S.émmole! ) indicating the 1:2 ratio electrolyte
nature. While the conductance of the complexes agper(ll) and

platinum(lV) are in the range (277-295 S?amole?) indicating (1:4)
ratio electrolyte natuf®.

Table (3-15)Molar conductivity of different complex solutions

Type of electrolyte

SOIENt | i o R
1:1 1:2 1:3 1:4
Water 0.0 120 240 360 380
Methyl cyanide 0-30 | 120-160 220-300| 340-420 500
Nitromethane 0-20 75-95  150-180 220-260 290-]
DMF 0-30 65-90 | 130-170 200-240 300
Ethanol 0-20 35-45 70-90 120 160
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Table (3-16) conductivity of complexes dissolved §DMF)

No. Compound C?angigx;ty Rﬁ:ticc: of 23%?:?5::(1

1. [Cox(LH)CIZ[Cl2 145 1:2 tetrahedral
2. [Cox(L?)CIZICl2 142 1:2 tetrahedral
3. [Cox(L°)CIZICI2 140 1:2 tetrahedral
4. [Niz(L*)(H20)4Cl2ICl2 173 1:2 octahedral
5. [Ni2(L?)(H20)4Cl2|Cl > 170 1:2 octahedral
6. [Niz(L)(H20)4Cl2|Cl2 169 1:2 octahedral
7. [Cuz(L*)(H20)e]Cl4 288 1:4 octahedral
8. [Cuz(L?)(H20)e]Cl4 284 1:4 octahedral
9. | [CuxL?)(Hz0)e|Cl4 277 1:4 octahedral
10. [Pdx(L*)CIZCl2 130 1.2 Square planar
11. [Pdz(L?)Cl2]Cl2 130 1:2 Square planar
12. [Pdx(L°)CIZCl2 131 1:2 Square planar
13. | [Pta(L7)(H20)Cl4Cla 295 1:4 octahedral
14, | [Pta(L)(H20)Cla|Cla 294 1:4 octahedral
15. | [PtoL)(H20):CldCla 290 1:4 octahedral
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(3-11) Suggested structures of ligands & complexes
(3.11.1) Suggested structure of ligands:

From the FT-IR, UV-Vis,!H, ¥C NMR spectral data, in addition
C.H.N.S elemental analyses the suggested struatfifed], [L?] and [L7]
ligands show irFig.(3-50), (3-51) & (3-52)

Fig.(3-51) [L?] ligand structure
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Fig.(3-52 ) [L7] ligand structure

(3.11.2) Suggested structures of the ligands:

From FT-IR, UV-Vis spectra of complexes, magnetic
measurements and molar conductivity the suggestedctwres of
complexes were Td for cobalt complexes, Oh for elick copper
complexes, Sp for palladium complexes and Oh fatimhm complexes
Fig. (3-53), (3-54), (3-55), (3-5@nd(3-57)respectively:
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Fig.(3- 54) Suggested structure of [NfL)(H20)4Cl;]?>* complex
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Fig.(3-56) Suggested structure of [Pdl 12Cl]?* complex
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Fig.(3-57) Suggested structure of [BL2H,04CI]** complex
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