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Summary

In this study, four different azomethine ligands were synthesized derived from
cyclohexyl-1,2-diamine and o0-Phenylenediamine with  3,5-di-tert-butyl-2-
hydroxybenzaldehyde or P-(dimethylamino)benzaldehyde and their complexes with
cobalt(ll) and zinc(ll) . The synthesized ligands and their complexes were
characterized by FTIR, *H-NMR, CHN and SEM analysis. Their finger print
application as powder was explored. Latent fingerprint detection study indicated that
the compounds of Zn(Il) complexes with L4C1 was active and it work perfectly
and it is suitable to be powder shows good adhesion and finger ridge details without
back ground staining. The demonstrated method can be applied to detect fingerprints
on all types of smooth surfaces and hence, it can be easily adopted for latent

fingerprint detection.
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1-Introduction

1- 1 Schiff bases:

The German scientist Hugo Schiff announced a significant accomplishment in 1864 that
he had seen in the world up to that point and in which he had illuminated the field of chemistry in
general and organic chemistry in particular. By creating the first chemical, which has the active
group azomethine (-N=CH-) by combining some aldehydes or ketones that have been synthesized
in the presence of acid [1], based on the scheme (1-1). Schiff bases in general [NR1=R3R2C [where
R1,R2,Rz]] alkyl, aryl or non-cyclic homogenous or heterogeneous. Azomethine group (-N=CH)
as functional active Schiff bases are known by various names. [2] Comparatively speaking, schiff
bases are more stable and easy to prepare.

Schiff bases can be prepare by reacting between aldehydes or ketones with primary

amines[3] using a catalyst. The majority of research revealed that the sp? hybrid orbital contains
the lone electron pair. The azomethine group's nitrogen atom conferred chemical and biological
significance [4][5].
And when they are generated from chemicals such as aniline and benzaldehyde, they are known
as compounds having distinct names compared to the compounds they were derived from, such as
anils. The name can be attributed to carbonyl compounds because ketamines and aldimines,
respectively, are Schiff bases produced from ketones and aldehydes, respectively[6][7].

Schiff bases must be separated and purified carefully since they are senstive to hydrolysis
processes with acid acting as a catalyst. In the presence of carbonyl molecules, amines produce the
unstable intermediate carbinolamine[8]. As a result, a water molecule is lost, and imine
substituted-N is created. The action that establishes the reaction's pace is the loss of a water

molecule [9]. based on the scheme (1-2)
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C R NH —
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R=H, alkyl, cycloalkyl, aryl
R-= alkyl, cycloalkyl, aryl

R= H, alkyl, cycloalkyl, aryl

Scheme (1-1): represents the condensation of carbonyl and amine compounds
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stepl: protonation of the carbonyl step2: addition of the amine step3: deprotonation

q /H
L+ .
o . e : OH
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/N @ e ® |
/ \ (1 2) R TA/ HA—\ R—N—H
. H H26'
R-NH, carbinolamine
step4:protonation of the —OH grop step5: loss H,O step6:deprotonation
N
H H  H \ / \ / C
NN o o c I .
P H _l_ —_— N* — !\IH + H,0\=== N: * H;0
| @ | ® | { /9 2 / ’
N * N R H H
/\ /\
R H R H minor major
carboinolamine protonated intermediate(all octetsfilled) imine

Scheme (1-2) The mechanics of Schiff base formation in an acidic medium

Due to the basic character of amines, significant quantities of acid are rarely employed as a
catalyst since they can cause Schiff bases to decompose into the matching carbonyls and amines
(protonation of the amine).

In reality, the creation of Schiff base molecules involves a synthesis of both addition and deletion
processes.

The solid state and moderate thermal stability of Schiff bases are their distinguishing features.
They frequently have color. Their ability to dissolve in organic and water-based solvents is
influenced by the preparing of their constituent groups. For instance, when they are generated

from sugars to increase the amount of hydroxyl groups, their solubility in water increases[10].



Schiff's bases are employed as raw materials for the synthesis of several heterocyclic compounds
and their metal complexes, as well as for the production of rubber, dyes, and printing ink, [11] also
used as anticorrosion [12]. Some Schiff bases with the heterocyclic ring offer therapeutic benefits

as diuretics and cardio-stimulants, such as the substance (Furadantin) seen in Figure (1-1)[13] [14].

NO,

Figure( 1-1): compound formula (Furadantin)

1. 2 .Methods of Synthesis of Schiff Bases

A Schiff base is an aldehyde or ketone analogue that has a (-C=N-R) group in instead of
the carbonyl group's oxygen. It is possible to make schiff bases by condensation of an aldehyde or
ketone with a primary amine, followed by nucleophilic addition to form an a hemiaminal and a
dehydration to produce an imine. Microwave irradiation is the most straightforward method to

make the desired compounds [15], using ethanol, dimethyl formamide, or another organic solvent.

Synthesis of Schiff base by microwave, shorter reaction times are the microwave approach's
standout characteristics, improvements in chemical yield and straightforward reaction conditions.
By condensation of 3-ketobutaehydrazid with salicylhydrazide and a few drops of acetic acid, 3-

ketobutaehydrazid is used as a microwave-based approach to create Schiff bases. In a teflon beaker



with 300 watts of microwave power, the substance is given two minutes to react, producing a solid

result[16]. scheme (1-3)

ﬁ
HN—-C
HiC 0 e/
N . C=—N
=0 H microwave /
HZC/ NH,—N—C ) H,C
AN 2min 2 \ HO
/C:O c—0
1N ) /
NH, OH HN\
NH,
3-oxobutanehydrazide ~2-hydroxybenzohydrazide (E)-N(4-hydrazineyl-4-oxobutan-2-ylidene)-

2-hydroxybenzohydrazide
Scheme (1- 3) react in a teflon beaker in microwave oven 300 w for two minutes giving solid

product

1-2-1- The common method of condensation: -

Schiff bases are prepared from the reaction of aldehydes or ketones compounds with
primary amines under acidic conditions, using ethanol as a solvent and hydrochloric acid. [17]as

in the following reaction:



H
CHO Nk,
N\
N R

HCI Stiring

t —>
Ethanol n

R
7

Scheme (1- 4) for producing Schiff base from an aldehyde and primary amine synthesis.

Ketones can be more difficult to make than Schiff bases made from aldehydes. This is due to the

fact that ketones are less activity than aldehydes and require high experience to prepare. [18].

1-2-2- Oxidation of primary or secondary amines:

The hypochlorite ion mediates the oxidation process. In the reaction that produced the

Schiff base[19].

H _
—NH, T~C——NHCI C=——NH

R =H, Alkyl or aryl

Scheme (1-5) Preparation of Schiff base from oxidation of primary amines with hypochlorites

-6-



1-2-3- The reaction of phenols with nitriles

Catalysis in the presence of acid, as in the subsequent reaction [20].

OH OH NH

+ R C=—N > CHs

Scheme (1-6 ) preparing Schiff base from the reaction of phenols with nitrites.

1-2-4- Metal amides and ketones react:

As seen by the following reaction, aromatic ketones react with metal amides to form Schiff

base[21].

[

foich ¢ B — gy ¢ i

Scheme (1-7 ) preparing Schiff base from the reaction of metal amides with ketones.



1-3- Spectral properties of Schiff bases
When a hydrogen, alkyl, or aryl group is attached to a carbon atom group (—N=C-), the

azomethine group (—N=C-) for Schiff bases exhibits the stretchable frequency in the infrared
spectrum in the region (1590 - 1680) cm™. The presence of various compensators on these two
atoms determines the position of the elastic frequency of a group azomethine. The position of the
stretch frequency of the azomethane group is determined by the presence of various compensators
on these two atoms. For instance, the aryl group’s (ArCH=NR) bonding results in a shift towards
a lower frequency, namely at (1621-1657) cm™. In compounds of the type (ArCH=NAr), when the
two aryl groups are linked to the carbon and nitrogen atoms, (C=N) occurs at (1621-1631) cm™.
Compounds with sequential double bonds followed by single bonds, or the so-called uncoupled
chromophore, exhibit bands in the ultraviolet spectrum that are attributed to the (n — ™) transition
in the (235-272) nm range, where there is a considerable change in the spectrum due to coupling
with alkyl or aryl groups, such as the weak (n — =" ) absorptions are covered by the appearance of
the strong bands ascribed to the (7 — 7 ) transmission. Patai has examined numerous Schiff bases'
electronic spectra[22]. Nuclear magnetic resonance spectra studies were utilized to clarify the
structural makeup of the Schiff bases in solution. These studies benefit from learning enough about
the chemical equilibrium between (keto-enol) and isomers (syn-anti) and structural distortions in
solvents in order to understand the structure of the complexes of Schiff bases derived from

benzaldehyde and its substitutes, beta-diketone and (o-hydroxy acetophenone). different[23].

1-4- Applications of Schiff base

A significant class of organic compounds is the schiff bases, particularly in the

pharmaceutical and medical application. Researchers in organic chemistry and those working in

-8-



the field of medicine were both drawn the production and development of new Schiff base
derivatives. The biological activity of Schiff's bases, which include agricultural insecticides and
antibacterial, anticancer,antifungal,andanti-tuberculosis agents,has been the subject of numerous
investigations[24,25], Due to their extensive variety, Schiff's bases have proven to be successful
throughout the years.
1-4-1 In medicine

Schiff bases as an antibiotic[26], Schiff bases have been used treat fungi and bacteria[27],
lack of blood sugar[28], Anti-inflammatory[29], fungicide[30],and anti-tuberculosis drugs[31]
Figure (1-2), antiproliferative[32], some of the Schiff's bases were notable for their anti-cancer
capabilities[33,34], In addition to work as an antioxidant[35], olso they used as analgesics and
anti-inflammatory medications[36,37], and exhibit some spasmolytic effectiveness[38], as well as

anthelmintic action[39], Aside from the potential application as an anti-AIDS efficacy[40].

O
R3
N N
R1 J/ \C
N
N H
R, NH

R1,R2, R3 =H or Me

Figure(1-2) hydrazone-derived Schiff bases against tuberculosis



1-4-2 In catalysts:
Schiff bases have been used as catalysts [41,43], they play an important role

synthesis of organic materials[44] Figure (1-3).

0]
OH P
/k Oxidation
)Oi/ Microwave /(l)J\/
OH Thermal
O

Mo catalyst

Figure(1-3) Schiff base complexes and their versatile applications as catalysts in oxidation of
organic compounds
1-4-3- Industrial applications:

Schiff's bases have been studied for various technical purposes, such as the possibility of
using them in magnetic materials, photochemical materials, corrosion inhibitors for malleable steel
in an acidic medium[45] Figure (1-4), other industrial applications, such the production of organic
dyes. The product conform active system use catalytic agent cannot make that alone, for example:
(CoL) complex which Schiff base is (N,N-ethylene bis salicylideneiminato), L = iminato Figure
(1-5), which use as catalytic agent to oxidize the hydrazone to diazo compound which use in

organic preparation involved the peptides[46].

-10-



When some Schiff bases are mixed with oxidized agent for example vanadium Schiff bases
complex when mixed with sulphide can be converted to sulphoxide [47]. Further complex
manganese complexes as an oxidizing agent also used as oxidized agent [48], Furan group-
containing Schiff bases that have been polymerized in some cases provide highly sensitive
semiconductors[49], Nickel Schiff base complexes are used to add color to the thermal resistance
material [50], Additionally, the Schiff base ligands with a variety of transition metal have been

used as stabilizer in polymer [51,52].

H) - Qp

CHy

2-((4-(dimethylamino)benzylidenc

_ (LN N-dimethyl-4-((methyhminojmethyl)amling benzoate
(aminojphenol

Figure(1-4) Schiff bases as corrosion inhibitors

N N
— \C / —
N,

Figure(1-5) Schiff base complex (N,N-ethylene bis-salicylidenemato) as a catalyst
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Schiff bases ligand can be react with transition metal to form color complexes which can sensitive

and selective for some metal and used to determination metals in a variety of samples[53].

1-5-Classification of Schiff Base and their Complexes :

The complexity is more stable depending on the type of coordination and the number of
coordination sites[54]. Depending on the electron donor sites within their structural makeup,
represented by oxygen, nitrogen, and sulfur atoms, Schiff bases function as ligands with the

capacity to form coordination bonds with various metal ions:

1-5-1- Monodentate Schiff bases

The nitrogen atom of the azomethine group, which is part of the molecule's structure,
represent as a bond between the ligands and the metals in this kind of complex. Because the
nitrogen atom in the azomethine group has a high basic character. A study in which the researcher
was able to build a complex of platinum ion (I1) from its interaction with the Schiff base ligand
(Bakkar)[57,58] (Benzophenonethiosemicarbazone) is an illustration of this type of coordination
(BTSC). The two nitrogen atoms of the azomethine groups of the two ligand molecules formed
the two coordination sites with the metal ion, while the two chloride ions formed the other

coordination sites. Figure(1-6).

-12-



O—w

HN NH
o
NN
HN/ NH,
N
|

Figure( 1-6 ) Complex of Monodentate Schiff bases

1-5-2- Bidentate Schiff bases

This class of ligands according to the types of donor atoms that are present in the ligand
molecules, such as (O,N) or (N,N), or (S,N). The metal-nitrogen bond is likely to be responsible
for the exceptional stability of Schiff's two-dented base complexes. Additionally, the type of metal
ion and its charge affect how this kind of ligand behaves and binds In order to create [59,60],
bidentate type (N-O) was used to condense the molecule phenyl dimethyl -4-amino- 5-oxo-
pyrazole with salicylaldehyde. The ligand was identified using several spectroscopic techniques
and a rigorous elemental analysis, and its complexes were made with ions of cobalt (1), nickel
(11, and copper(1l), respectively According to the findings of the analyses indicated above, the

complexes with the general formula (ML2Cl>) assumed an octahedral stereotyped shape when the
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ligand was coordinated using nitrogen and oxygen atoms as donor atoms, as seen in the

accompanying Figure(1-7).

HO Cl

Figure( 1-7 ) Complex of Bidentate Schiff bases type of (NO)

Additionally, Yousif. Et.al[61,62] (have prepared new ligand included a bidentate Schiff bases of
type (NN) [(2-Bromo-phenyl)-3 [(2,4dinitro-phenyl)-hydrazono]-] 4,2] amine butylidene-methyl-
1, then reacted the ligand with several metal elements, namely (Co (I1), (Ni) (1I), Cu (Il),and
Zn(11),in the mole reaction of (1:2). The following techniques were used to characterized each
compound: The predicted shape of the tetrahedral cobalt and zinc complexes was determined from
the results of infrared, ultraviolet-visible, HNMR, and flame atomic absorption spectroscopy (with
accurate analysis of the elements and measurement of molar conductivity and magnetic

sensitivity). Figure (1-8)
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Me
Me\C/\C/
|
N/
M

QN/ N

Br ¢ . ON
/ \/ \Me
Me

NO, Br

l,

M= (Co (I1), Ni (11), Cu (I1),and Zn(11)

Figure( 1-8 ) Complex of Bidentate Schiff bases of type of (N-N)

1-5-3- Tridentate Schiff bases

As these Schiff bases are created from the bidentate ligands, adding another donor group to
them such as: amine, hydroxyl or thiol groups and others, the distinctions between the tridentate
Schiff bases depend on the donor atoms in them. For instance, Schiff base is derived from 4- amino
antipyrene, which displayed a tridentate Schiff bases [63]. Example of this type NNN (in the
preparation of metal complexes with zinc (I1), cadmium (1), and mercury (Il) ions, this type of

ligands are stable metal complexes. the exact elements, the infrared spectrum, the molar
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conductivity, and the electronic spectra. According to the research, all investigated compounds

had an octahedral shape, as seen in the following Figure(1-9).

j
o

\N

H3C/N\ :

M= Zn(II) , Cd(II) , and Hg(II)

\Z\
vy

Cl,

OH

X

Figure( 1-9) Complex of Tridentate Schiff bases type of (N-N-N)

In the research done by Hassan and his team[64,65], they were able to prepared the ligand, [2(2-
naphthalen-5-yl)diazenyl)-4-(2-hydroxy naphthalen-3-yl methyleneamine)-3-hydroxy

naphthalene-1-sulfonic acid]which is tridentate Schiff bases (ONO) Figure (1-10).

The complexes were identified by atomic absorption by flame, infrared and ultraviolet-visible
spectra, electrical conductivity measurements with melting points, and ligand complexes (H2L)
with chromium (I11) (manganese) (1) and iron (I1). The proposed formula for the chromium
complex was K[ML2]H2O, whereas the manganese and iron complexes had the formula

K[ML2]H20 octahedral as in the Figure that shows the stereoscopic shape of the chromium
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complex (I11). Thermal analysis technique was also used to prove the presence of crystallized water

molecules H20 in the synthesis of the complexes.

Re It
I

O\

Cr\
(0]

" i
# >

Figure( 1-10 ) Complex of Tridentate Schiff bases type of (O-N-O)

~+

In a study that included the preparation and characterization of chelating complexes of cobalt (I1),
nickel (I1), copper (I1), zinc (I1), mercury (11), and cadmium with the new Schiff base ligand [2,2
di hydroxy -4,4- dimethoxy benzopheneden thiosemicarbazone(BPHTSC)] figure (1-11), there are
other types of tridentate bases as well, including the type (ONS)[66,67]. The measurements of the
elements, magnetic moments, molar conductance, infrared, and ultraviolet-visible spectra were
used to determine the interstructures of these complexes. The research also demonstrated that all

of the solid complexes' structural formulas are [ML>], as suggested by the octahedral stereotype,
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and that the ligand (BPHTSC) belonged to a Tridentate Schiff bases clade that was connected to

the complexes under study via nitrogen, oxygen, and sulfur atoms:

MeO S\%NHHO O OMe
/

O U

L

MeO OMe

M= Co(II)>Ni(II) » Cu(IT) > Zn(II) » Cd(II) or Hg(II)

Figure( 1-11) Tridentate Schiff bases type of (O-N-S)

1-5-4- Tetradentate Schiff bases

This types of Schiff base have high ability to coordinate with metal ions and there are many

research published on this types of ligands.

A group of donor (N,N,N,N)[68] atoms, Figure (1-12)
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™ TN H
H1f|3 Ein
H,C CH=>
. rff
HI ““H:l:H_c =
rh r!rh

Figure(1-12) Group of donor (N,N,N,N)

Figure(1-13) Group of donor (N, N, O, O)[69][70] atoms :

CH,—CH,
/ N
CH=N N=CH

OH HO

Figure(1-13) Group of donor (N, N, O, O)
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1-5-5-Pentadentate Schiff bases

There are several types of atoms in this kind of Schiff base, including (N,N,N,N,N)[71]
Figure(1-14),(N,N,N,S,S)[72,73]Figure(1-15),(N,N,N,0,0)[72,73]Figure (1-1 6 ) ,(N,N,0,0,S)
[74,75] Figure ( 1-17), and (N,N,0,0,0)[76,77] as Figure (1-18)in the following examples:(N,N,

N, N, N) group of donor atoms, Figure (1-14).

Figure(1-14) group of donor (N,N,N,N,N)

T
Me N Me
f|}'_ _/”|
-\.""\ = 'S-‘““

Figure(1-15) group of donor (N,N,N,S,S)
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An example of (N,N,N,O,0) donor atoms, Figure(1-16)

CH=N N =CH
7 | OH HO |
N 4

Figure(1-16) group of donor (N,N,N,0,0)
An example of (N,N,0,0,S) donor atoms, Figure(1-17)

/ \—on HO

Figure(1-17) group of donor (N,N,O,0,S)

An example of (N,N,0,0,0) donor atoms, Figure(1-18)
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Figure(1-18) group of donor(N,N,0,0,0)

There were also discovered several varieties of multi-dentate Schiff bases, including hexagonal
bases with donor atoms (NsO2)[78], seven-dentate bases (N4O3)[73], bases with donor atoms

(04N28)[79], and bases with nine dentate (Ns04)[80].

1-6-Reactions of Schiff’s Bases

1-6-1- Addition of acid halides

Without the use of catalysts[81], acid halides like acetyl chloride[82], (para-anisoyl
chloride)[83], and benzene (sulphonyl chloride) are added to Schiff's bases in the manner

described below Scheme (1-8).
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COCH; H

benzene /
M N=C—hy =00 ——> ANl

Cl
benzene ?' ﬁ
Ar1—N:(H3—Ar2 + M0 coq —> Afz—(ll—l;l—04< >70Me
H Ar1

Scheme (1-8 )acid halides reaction for Schiff base
The following hypothesized mechanism demonstrates how the positive portion of the acid

chloride is added to the nitrogen atom first and the negative portion is added to the carbon atom[84]

Scheme(1-9):

R,R1=Ce¢Hs- , R2=H
Scheme (1-9 )mechanism of the acid chloride for Schiff base
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1-6-2- Addition of Grignard Reagents

The mechanism below described produce secondary amines when Crignard reagent is

applied to Schiff bases[85], [86] Scheme (1-10).

N\ MgXAr g HAr
-tk < Rt — - i f— LN feh=t-fy  + mo

2

intermediate

R1=4-CsHs- NO2
R2=-CHs

Scheme (1-10 )mechanism of the Grignard reagent is applied to Schiff bases
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1-6-3- Addition of Hydrogen

In the presence of the surfactant catalyst, it is possible to hydrogenate Schiff bases to produce

the appropriate secondary amines [87] Scheme (1-11).

H, H H
Ni

Scheme (1-11 )Addition of Hydrogen to Schiff base

1-6-4- Cycloaddition Reactions of Schiff base

The most common example of cyclic addition reactions is the Diels-Alder reaction[88][89]
the scientist's distinction of the cyclic addition 3.1-bipolar notion (Smith)[88] Where new
directions in research for the re-polymerization of olefins have been opened, along with the
addition of carbines and nitrites to the unsaturated centers, and where fresh concepts for the cyclic

addition in the isomethin bond are crystallizing (—C=N)[88].

To make dichloraziridine bind to N-benzylidene aniline, dichlorocarpine was added[90] Scheme
(1-12).
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H
Ph—N==C—FPh + :cCl, ——> Ph—N—C—Ph

PN

Cl Cl

N-benzylidene aniline dichloro carbene dichloro aziridine

Scheme (1-12 )dichloraziridine bind to N-benzylidene aniline

The reaction of diphenyl methylene aniline with chloroform and potassium t-butoxide, on the

other hand producing ( 3,3-dichloro-2,2,1-triphenylaziridine)[91] Scheme (1-13).

Ph o F|’h

| t-BuO
N
Ph——N——C——Ph + CcHCl, ——>  Phm—N—C—Ph

Cl /C\CI

chloroform 3,3-dichloro-2,2,1-

diphenyl methyl ili
pRcty! MEttylene antine triphenylaziridine

Scheme (1-13 )producing ( 3,3-dichloro-2,2,1-triphenylaziridine)

Staudinger prepared a large number of tetracyclic compounds by reacting diphenyl ketene with

N-benzylidene aniline [92].
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Ph

o
VAN Pw——c——bé7

Ph—C=—c=—0 Ph——N=C—Ph ———> |

| AN
Ph
H
diphenyl ketene N-benzylidene aniline 1,3,3,3-tetraphenyl-2-
azetidinone

Scheme (1-14 )reacting diphenyl ketene with N-benzylidene aniline.

The formation of 1,2,3 tiriazoline from the reaction of (diazomnethane) with p-nitro-N (P-nitro

benzylidene) aniline was reported by Buckley[93] (1,3-dipolar cycloaddition) Scheme (1-15).

H
O2NOﬁ:N@NOQ+ N, —> OzN‘@‘C_N\ N0,

p-nitro-N (P-nitro benzylidene) anilng (diazomnethane) 1,1, trazoling dertvatives

Scheme (1-15 )formation of 1,2,3 tiriazoline
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1-6-5- Hydrolysis
1-6-5-1 In acidic medium

Schiff's bases in an acidic solution hydrolyze via an iminium ion intermediate[94][95]

Scheme (1-16)

+
H H +H resonance B0 H
N=— =—=| (- —— ~\-¢- | = N-C-
= N |
acid H H H H ' OH
Schiffs base [minium 1on Carbocation Carbinolamine

Scheme (1-16) hydrolysis of Schiff bases in acidic medium

1-6-5-2- In basic medium

The double bond's carbon atom is attacked by the hydroxyl ion, which causes the
electron pair to move from the double bond toward the nitrogen atom. According to Scheme (1-
17), the basic nitrogen atom loses a molecule of ammonia or amine when it forms an alkoxide

ion[96] by abstracting a proton from the nearby hydroxy group.

-28 -



0
.. —
R—N—C—R = > R—NMNH, T R—CH
H B0

[ming amine aldehyde

Scheme (1-17) hydrolysis of Schiff bases in basic medium

1-6-5-3- In neutral medium

The production of an oxonium ion involves the addition of a water molecule to the carbon
atom of the (-N=C-). Scheme (1-18) shows how the latter undergoes intramolecular hydrogen

transfer to produce carbinolamine, which breaks down into aldehyde and amine.
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\8/ H
intra-molecular (O
- 0 -] - - | -
R=N=C-R R—N—C-R = R—N—C—R
H H protic transfer |l| H
Imine oxonium ion carbinolamine
<
0\6

_ o
I

R—NH, T ~R—C—H

amine aldehyde

Scheme (1-18) hydrolysis of Schiff bases in neutral medium

1-6-6- With DMSO

The interaction of N-benzylidene aniline with DMSO in basic media, which is a saturated
solution of sodium hydroxide in DMSO, was investigated by V.D. Filimonov and
Thimoschenko[97] in 1986 at a temperature of at least 90C. Trans-2-phenyl-vinyl methyl sulfide
is easily converted from the benzylidene aniline within 15 minutes in 80%[97][98], as shown in

Scheme (1-19).

-30-



Y

0: NaOH
N=g +  HC—S—CH,

N-benzylidene aniline DMSO
0:
Il reduction . .
C=g-S—cH, ——> C=C-S~CH, +  CeHs—NH,
2-phnylvinyl methyl sulfoxide trans-2-phenylvinyl methyl sulfide aniline

Scheme (1-19) The reaction of N-benzylidene aniline with DMSO in basic medium
1-6-7- schiff base Complex formation

When the benzene ring has an electron-donating group, such as CH>,OH at the position
ortho Schiff base acts as a bidentated ligand in this situation.[99], they can form complexes with
the transition metal ions, such as Co(ll), Ni(ll), and Cu(ll). An example of such ligand is

(salicylaldehyde)ethylenediimine (saL.2en)[100], Scheme (1-20).
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N=C
‘ H
CH,OH e
" o-ci-5—"
Cu
2 —— T
.o C:N
C=N H
H

Scheme (1-20) The imino group Schiff's bases complex with Cu (I1).
1-7 Some complexes of Schiff bases with cobalt and zinc

There have been numerous studies on the complexes formed by Schiff bases with transition
elements and complexes of Schiff bases with multiple metal ions (3d)[101][102]. The transitional

elements employed in this work are, cobalt (I1) and zinc(1l).

The electronic configuration of cobalt,is (4s?> 3d’) which is the seventh element in the first
transition series, allows for oxidative states (I, 11, I11) One of the most significant and stable states
is the oxidation state (11, 111), and the typical coordination number for it are (4,6). Cobalt complexes
become more stable as their oxidation state rises[103]. Cobalt (I1I) is crucial for biological
processes[104] because it is a component of vitamin B12 and has an octahedral structure with five

nitrogen atoms Figure (1-19) .
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Figure (1-19) vitamin B12 (Cyanocobalamin)

Recently, inexpensive zinc complexes have been suggested as promising new components for
white organic light-emitting devices. Specific Zn(ll) complexes containing 2- (2-
hydroxyphenyl)benzothiazolates ligands have been used in OLEDs as blue light emitters, hosts,
and electron transporters. Certain thermally activated high performance green Zn(ll) complexes
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have also been described[1][106], and one of the most important aspects of their device fabrication

is their excellent solubility in the majority of organic solvents Figure (1-20).

/ "\ ci

M= Zn,Cd, and Hg
Figure (1-20) Schiff base Zinc complex
1-8 Fingerprint analysis

Every day, we handle objects like coffee cups, car doors, and keyboards. It is possible that
every time we do so, our fingerprints serve as our individual signature[105].The fingerprints of
two persons are never exactly the same. The friction ridges on a human's finger leave impressions
on surfaces that are known as fingerprints.[106] the comparison of two sets of fingerprints is one

of the most popular and trustworthy biometric methods.

Fingerprint matching merely takes into account a fingerprint's visible characteristics.[105] even
genetically identical twins have unique fingerprints. because of their individuality, fingerprints can
be utilized for a variety of purposes, such as background checks, biometric security, identification
in large-scale disasters, and of course, in criminal circumstances.For more than a century,

fingerprint analysis has been used to identify criminals and solve crimes, and it is still a very useful
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tool for law enforcement[107]. additionally, they have been discovered on Minoan, Greek, and
Chinese[108] ceramics as well as the walls of Egyptian tombs. In ancient China, officials used
their fingerprints to authenticate official papers. Written contracts in Babylon were initially signed

with fingerprints around 200 BC[109].

Latent fingerprints were first identified by American criminal detectives in the 1930s on fabric
surfaces, particularly on the interiors of gloves left by offenders[110].The International
Association for Identification (IAl), the first forensic professional organization, was founded in
1915 with fingerprinting as its foundation[111] to assist police in connecting one crime scene to

another involving the same person.

Fingerprints are one of the most crucial tools available. Investigators can follow a criminal's
history, including previous arrests and convictions, using fingerprint identification to help in
sentencing, probation, parole, and pardoning choices[112]. The human body is one of the many

solid objects on which fingerprints can be found.

According to the type of surface on which they are located and whether they are visible or not,
analysts divide fingerprints into three categories[113]: While fingerprints left on hard surfaces are
either patent (visible) or latent (invisible)[114], those left on soft surfaces (such as soap, wax, wet
paint, fresh caulk, etc.) are likely to be three-dimensional plastic prints. When blood, dirt, ink,
paint, or another substance is transferred from a finger or thumb to a surface, visible prints are
created. Surfaces that are smooth or rough, porous (like paper, fabric, or wood) or nonporous can
all contain patent prints (such as metal, glass or plastic), for making flimsy prints that can be seen
under ultraviolet light and as shown in the Figure (1-21), many fluorescent chemicals have been

utilized[115][116] and as shown in the Scheme(1-21), This can help a forensic scientist recover
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fingerprints from the crime scene and a defense scientist identify captured prisoners of war and

fallen native soldiers[117].

Material type Photography clarity of latent fingerprints
Visible UV at 366 nm

Plastic card E 1 ]

Stainless steel spoon

Plastic spoon

Coin

Hacksaw

Material type Photography clarity of latent fingerprints
Visible UV at 366 nm

Plant leave

Figure (1-21) Examination of hidden fingerprints with fluorescent dust on various substrates
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Bare finger Picking powder from Mortar

Powder dusting

Captured by Samsung A6 pls JoSnm UV light Normal light

Scheme (1-21) representation of latent fingerprint development.

1.9. Aim of this work

1- Prepared and characterized new ligands based on cyclohexane diamine and phenylene
diamine.
aration and characterization of a series of Cobalt(II) and Zinc(II) complexes 2- Prep

3- Check the ability of the prepared complexes as colorant in fingerprint application
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2- Experimental part

2-1 Chemical materials :

Table(1-2) : The chemicals used, their of purity , and the companies.

No Chemical name Company Purity % Molecular Y\ieight
1 | Benzene-1,2 diamine Merck 99 gl(r)goh
2 | Cobalt chloride Merck 98 129.83
3 | 3,5-di-tert-butyl-2- Sigma Aldrich 99 234.34

hydroxybenzaldehyde
4 | 1,2-diaminocyclohexane Sigma Aldrich 98 114.19
5 | Ethanol Merck 99.8 46.07
6 | Ethanol Merck 70 46.07
7 | Ether Merck 99.8 74.12
8 | Glacial Acetic Acid Sigma Aldrich 98 60.05
9 | Methanol Sigma Aldrich 99.8 32.04

10 | P-(dimethylamino)benzaldehyde | Sigma Aldrich 99 149

11 | Salicyaldehyde Merck 99 122.12

12 | Zinc acetate Alfa 99.8 183
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2-2 Instrumental :

Table(2-2) : The equipment and techniques used in the study, the equipped companies and their
locations.

No The device name Workplace

1 | Electric balance University of Babylon/College of
Science, Department of Chemistry

2 Oven- memmert University of Babylon/College of
Science, Department of Chemistry
3 Melting point meter University of Babylon/College of

Science, Department of Chemistry
4 Ultraviolet spectrophotometer Forensic Evidence Laboratory in

(UV) Baghdad

5 Infrared spectrophotometer (IR) | University of Babylon/College of
Science, Department of Chemistry

6 Scanning electron microscope Tabriz University/Iran
7 Proton Nuclear Magnetic Tehran University center lap/Iran
Resonance Spectrometer
(IHNMR)

2-3 Preparation of the ligands

2-3-1 Preparation of the ligand (1,2 phenylene-bis (azaneylylidene)

bis(methaneylylidene)bis(2,4-di-tert-butylphenol) (L.)

The ligand (L1) [118]was prepared by dissolving 3,5-di-tert-butylsalicylaldehyde (2.343 g,
0.01 mol) in a ethanolic solution(25 ml) and (0.540g, 0.005 mol) of benzen 1,2-diamine , 2-3
drops of glacial acetic acid were added to the mixture), the mixture was refluxed for 3 hours,
then was cooled and the precipitate was filtered and dried it was recrystallized from absolute

ethanol and then the precipitate was collected, giving a yield of ( 65 %), M.P( 170-d ).
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H (o]

OH

NH,
@ " 2

NH,

benzene-1,2-diamine
3,5-di-tert-butyl-2-hydroxybenzaldehyde

reflux l 3 drf)ps qf glacial
acetic acid
HO
HC
[l + 2H,O

(1,2-phenylenebis(azaneylylidene))bis(methaneylylidene))bis(2,4-di-tert-butylphenol)

Scheme (2-1):synthesis rout of ligand (L)

2-3-2 Preparation of the ligand 4,4'-(((1,2-phenylene bis (azaneylylidene))

bis(methaneylylidene))bis(N,N-dimethylaniline) (L>)

The ligand (L2) was prepared by fellow the literature[119] by dissolving compound

benzen 1,2-diamine in an amount (1.08g, 0.01 mol) and (2.98g, 0.02 mol) of P- (dimethylamino)

benzaldehyde in (25 ml) of absolute ethanol a (2-3) drops of glacial acetic acid were added to

the mixture, the mixture was refluxed for a period of (3 h), the mixture was cooled to form
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yellow powder, filtered and dried, then was recrystallized from absolute ethanol, giving a yield

of (55%) M.P(235-d).

O
NH,
2 H
NH, \N
o W
g g
=3
=T % . .
o © B = 4-(dimethylamino)benzaldehyde
benzene-1,2-diamine c. o =
al = L
a2
<3
o
2-

Q

N=——cCH
N=—=cCH

T

4,4'-(((1,2-phenylenebis(azaneylylidene))bis(methaneylylidene))bis(N,N-dimethylaniline)

Scheme (2-2):synthesis rout of ligand (L>)

2-3-3 Preparation of the ligand 6,6'-((cyclohexane-1,2-diylbis

(azaneylylidene))bis(methaneylylidene))bis(2,4-di-tert-butylphenol) (L3)



The ligand (L3) was prepared by fellow the literature by dissolving compound 1,2-
cyclohexane diamine in an amount (0.57g, 0.005 mol) and (2.34g, 0.01 mol) of 3,5-di-tert-
butylsalicylaldehyde in (25 ml) of absolute ethanol a (2-3 ) drops of glacial acetic acid were added
to the mixture, the mixture was refluxed for a period of (3 h), the mixture was cooled to form
yellow powder, filtered and dried, then was recrystallized from absolute ethanol, giving a yield of

(73%) M.P(140-142).

HO

HC

N

3 drops of glacial
—I— 2 acenc acid _I_ 2H20
reﬂux
N
CyCIOhexane' 1 ,2-dlam1ne 3,5-di-tert-butyl-2-hydroxybenzaldehyde /C
H
HO

6,6'-((cyclohexane-1,2-diylbis(azaneylylidene))bis(methaneylylidene))bis(2,4-di- ferz-butylphenol)

Scheme (2-3):synthesis rout of ligand (Ls)
2-3-4 Preparation of the ligand 2,4-di-tert-butyl-((2-((4-

(dimethylamino)benzylidene)amino)cyclohexyl)imino)methyl)phenol (La)
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The ligand (L4) was prepared by fellow the literature by dissolving compound 1,2-
cyclohexane diamine in an amount (0.570g, 0.005 mol) and (1.171g, 0.005 mol) of 3,5-di-tert-
butylsalicylaldehyde and( 0.745g, 0.005 mol) of P- (dimethylamino)benzaldehyde in (25 ml) of
absolute ethanol a (2-3 ) drops of glacial acetic acid were added to the mixture, the mixture was
refluxed for a period of (3 h), the mixture was cooled to form yellow powder, filtered and dried,

then was recrystallized from absolute ethanol, giving a yield of (70%) M.P(103-105).

N &
\N
NH» |

4-(dimethylamino)benzaldehyde .
cyclohexane-1,2- ¢ Y ) Y 3.5-di-tert-butyl-2-

diamine hydroxybenzaldehyde

Proe 108

etoey3 jo sdoip ¢
reflux

N
[:::]:: + 2H,O
N H

2,4-di-tert-butyl-(2-((4-(dimethylamino)benzylidene)amino)cyclohexyl)imino)methyl)phenol

Scheme (2-4):synthesis rout of ligand (L4)

2-4 Preparation of the complexes

2-4-1 Preparation of the complex (ZnL1)
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Dissolve (0.270 g, 0.0005 mol) of ligand (L1) in 25 ml of methanol, to which (0.091 g, 0.0005
mol) of zinc acetate solution is added, the mixture was refluxed for (2h), then the mixture was
cooled and the precipitate was collected, dried and recrystallized from absolute ethanol giving a

yield of (67%) M.P(135-1137).

H;}ﬁ( |’l\

0
CH3COO f< + 2CHCOOH
rfelux 0

(ZnLl )

Scheme (2-5):synthesis rout of ligand and Schiff base metal complexes (ZnL1)
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2-4-2 Preparation of the complex (ZnL.>)

Dissolve (0.370 g, 0.001 mol) of ligand (L2) in 25 ml of methanol in a (100 ml) round
flask, to which (0.183 g, 0.001 mol) of zinc acetate solution is added. The mixture was refluxed
for(2h), the mixture was cooled to form precepitate, which was dried and recrystallized from

absolute ethanol giving a yield of (70%) M.P(95-97).

N=—CH

N—
N=CH —ch
@ Zn(CH,CO0), > N\Lz O
n
N=CH _» \
N/
\

4,4'(1,2-phenylenebis(azaneylylidene))bis(methaneylylidene))bis( N,N-dimethylaniline)
(zaL, )

Scheme (2-6):synthesis rout of ligand and Schiff base metal complexes (ZnL>)
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2-4-3 Preparation of the complex (CoL.>)

As in (ZnL1) but using (0.148 g, 0.0004 mol) of ligand (L1) in 25 ml of methanol in a (100
ml) round flask to which (0.051 g, 0.0004 mol) of cobalt chloride. the mixture was refluxed for
(2h), then was cooled, to form precipitate , which was dried and recrystallized from absolute

ethanol giving a yield of (60%) M.P(255-d).

"
N<
CH, N
AN
= —CH
N=CH CoCly
—>>
N=CH reflux N_/CI-IY
N ~CHs N/
\ \
CH,
4,4'-(1,2-phenylenebis(azaneylylidene))bis(methaneylylidene))bis( N,N- (CoLy)

dimethylaniline)

Scheme (2-7):synthesis rout of ligand and Schiff base metal complexes (CoL>)
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2-4-4 Preparation of the complex (ZnLzs)

Dissolve (0.546 g, 0.001 mol) of ligand (L3) in 25 ml of methanol in a (100 ml) round
flask, to which (0.183 g, 0.001 mol) of zinc acetate solution is added. The mixture was refluxed
for(2h), the mixture was cooled to form precepitate, which was dried and recrystallized from

absolute ethanol giving a yield of (62%) M.P(155-157).

N
Ci 4 Zn(CH;COO),
N

6,6'-(cyclohexane-1,2-
diylbis(azaneylylidene))bis(immethaneylylidene))tylphenol)

|
N
\ /o
Zn -+ 2CH;COOH
li\/liN/ \o ’

(znLy)

Scheme (2-8):synthesis rout of ligand and Schiff base metal complexes (ZnLs)
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2-4-5 Preparation of the complex (ZnLs)

Dissolve (0.230 g, 0.0005 mol) of ligand (L4) in 25 ml of methanol in a (100 ml) round
flask, to which (0.091 g, 0.0005 mol) of zinc acetate solution is added. The mixture was refluxed
for(2h), the mixture was cooled to form precepitate, which was dried and recrystallized from

absolute ethanol, giving a yield of (73%) M.P(117-120).

Zn(CH,C00),
>

o

reflux

N

1
2V

7N\

(w0 )

Scheme (2-9):synthesis rout of ligand and Schiff base metal complexes (ZnLs)
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2-4-6 Preparation of the complex (CoL.s)

Dissolve (0.184 g, 0.0004 mol) of ligand (L4) in 25 ml of methanol in a (100 ml) round

flask, to which (0.051 g, 0.0004 mol) of cobalt chloride solution is added. The mixture was

refluxed for(2h), the mixture was cooled to form precepitate, which was dried and recrystallized

from absolute ethanol, giving a yield of (74%) M.P(128-130).

N

(L)

\ 4

CoCl
2 N\\ / +  HC

reflux 7 \

e

Scheme (2-10):synthesis rout of ligand and Schiff base metal complexes (CoL.)
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3- Results and discussion

3.1 Preparation of (L1 and L2) and Their Complexes:

The ligands L1 and L2 were prepared by the reaction of benzene diamine with 2
equivalents of  3,5-di-tert-butylsalicylaldehyde forL1 and 2 equivalents of p-
dimethylaminobenzaldehyde for L2. All their complexes were synthesized (Scheme 3-1), and

characterized by infra-red, 'THNMR ,FESEM and other avilable techniques.

=/££iT£
SN
Zn(CH;COO) AN
N= i N %
Sk
NHz 3,5-di-tert-butyl- ZnL,
salcyldehyde
\
(<l

Scheme ( 3-1) Ligands (L1 and L) and their complexes
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3.1.1 Chracterization of (L)

The infra-red of (L) reviled v(C=N) for the azomethine at 1645 cm™?, and the band at
3400 cm* belong to hydroxyl group azomethene [120] (Figure 3-1). IR (KBr): v" = 3400(s), 1645

(s) cm™,

3.1.2 Chracterization of (ZnL1)

The infra-red of (ZnL:) revealed v(C=N) for the azomethine at 1609 cm™* was shifted
from 1645 cm™ in the parent ligand, this evidence that coordination from the metal to ligand was
from azomethine group.and the band around 3400 cm™ belong to hydroxyl group in ligand (L1)
was disappear which is further evidence to form Zn-oxygen bond at 745 cm™ and Zn-N at 640
cm? [121] (Figure 3-2). IR (KBr): v = 1609 (s), 745 (s), 640 (s) cm™.

The formation of (ZnL) also charactrized by tHNMR, ( Figure 3.3 ) peak at 5.51 ppm for hydroxyl
group in the ligand L: was disappear in addition to the peak around 10 ppm in the ligand was
shifted to 9.034 ppm in the complex. *H NMR (400 MHz, DMSO): & =9.034 (s, 2H, CH=N), 7.93-

7.24 (m, 8 H, Ar-H), 1.64 (s, 18H, CHsC), 1.22 (s, 18H, CHsC).
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Figure (3-1) Infrared spectrum of the (L1)
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Figure (3-3) 1H- Nuclear Magnetic Resonance Spectrum of the (ZnL1) complex

3.1.3 Chracterization of (L>)

The infra-red of (L) revealed v(C=N) for the azomethine at 1645 cm*,and the band about

2835 belong to N(CHs)2 group [122] (Figure 3.4). [123]IR (KBr): v*= 2835 (m), 1645 (m) cm™™.
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3.1.4 Chracterization of (ZnL>)

The infra-red of (ZnL.) revealed v(C=N) for the azomethine at 1532 cm™*,and the band at
622 cm-1 and 745 cm-1 respectively belong to Zn-N and Zn-O bond(Figure 3-5) IR (KBr): v~ =
1532 (s), 745 (s), 622 (s)cm*. The *H NMR for the complex (ZnL>) not satisfied because we send
it two time to check but it take very long time to get the result but both was not good.

3.1.5 Chracterization of (CoL>)

The infra-red of (CoL.) reviled Co-N bond at (416)cm™ [124]. The azomethine
frequency was also shifted from 1645 cm™ in parent ligand to 1627 cm™* (Figure 3-6). IR
(KBr): v=1627 (s), 416 (s) cm™. Complex (CoL,) was also characterized by *HNMR, ( Figure
3-7) peaks at 1.61 ppm and 1.25 ppm reveal methyl group and aromatic was also clear, there
are some noise between 2-4 ppm may be because the samples take long time to reach to the
instrument to check. *H NMR (400 MHz, DMSO): § =9.18 (s, 1H, CH=N), 7.13-6.89 (m, 8

H, Ar-H), 1.62 (s, 6H, (CHs)2N), 1.25 (s, 6H, (CHs)zN).
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Figure (3-7) *H- Nuclear Magnetic Resonance Spectrum of the (CoL2) complex

3.1.6 Scanning Electron Microscopy (FESEM)

One of the important technique use to characterize surface morphology is scanning electron

microscopy also use to predict the properties of the compounds.FESEM was employed to analyzed
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the surface morphology of the complexes ZnLiand ZnL..It is clear from the figures of the FESEM
that the ZnLicomplex has broken stone like structure of it is particals (size 27 to 80 nm),while
ZnL has botryoidal like structure of it is particals according to the earlier report shown that the
complexes with botryoidal or rock shape of particals could be have photoluminescence possessions
and this lead to active in the fingerprint application. The element composition(zinc, oxygen and
carbon) atoms, also proved by the EDAX spectrum Figure(3- 8) and Figure(3-9), which gave more

evidence to form the metals complexes.
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Figure.(3-8) SEM and EDX for ZnL;
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Figure.(3-9) SEM and EDX for ZnL,
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3.2 Preparation of (Lz and L4) and Their Complexes

.. R/%\é

H/C O:N/Zf o
=<
“
<N, —
¢ ra) OO({) ( Lazn )
=7
Co
N—_ \CI

N

( Laco )

Scheme ( 3-2) Ligands (Ls and L4) and their complexes

The ligands Lz and L4 were synthesized by the reaction of 1,2-cyclohexane diamine with
two equivalents of 3,5-di-tert-butylsalicylaldehyde for Lz while Ls prepared by one equivalent of
p-dimethylaminobenzaldehyde and one mole of 3,5-di-tert-butylsalicylaldehyde. All their
complexes were prepared (Scheme 3-2) by reaction with one mole of these ligands with one mole

of the zinc acetate or cobalt chloride. All ligand and complexes were characterized by infra-red,

'HNMR , FESEM.
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3.2.1 Chracterization of (Ls)

The infra-red of (Ls) revealed v(C=N) for the azomethine at 1651 cmt.and the band at

3427 cm belong to hydroxyl group (Figure 3-10). IR (KBr): v'=3427(s), 1651 (m)cm ™.

Ligand (Ls) was also charactrized by *HNMR, ( Figure 3-11) peak at 6.29 ppm reveal hydroxyl
group, while peak at 8.42 ppm for azomethine group. *H NMR (400 MHz,): § = 8.42 (s, 2H,
CH=N), 7.43-7.24 (m, 4 H, Ar-H), 4.25 (tert, 4H, CH>(cyclo), 3.34 (tert, 4H, CHz(cyclo), 1.23 (s,
36H, CHs).

3.2.2 Chracterization of (ZnLzs)

The frequency of the v(C=N) was 1624 cm™* in the complex(ZnLs), and the band at around
3500 attrbuted coordinated water molecules to the zinc atome in the complex (Figure 3-12) IR
(KBr): v~ = 3405 (m), 1624 (s)cm™*-
Complex (ZnLs) was also characterized by *HNMR, ( Figure 3-13 ) peak at 6.29 ppm reveal was
disappear while other peak seem to be shifted in somewhat from their position or some of them
splitted to two peaks form example peak belong to (H-C=N-) splitted into two peaks.'"H NMR (400
MHz, DMSO): & = 8.21 (s, 2H, CH=N), 8.22 (s, 2H, CH=N), 7.46-6.89 (m, 4 H, Ar-H), 4.24 (tert,

4H, CHy(cyclo), 3.39 (tert, 4H, CH2(cyclo), 1.31 (s, 18H, CHs), 0.84 (s, 18H, CHa)
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Figure (3-10) Infrared spectrum of the (Ls) ligand

-65-



g 38 A 88K 5B b
4 [ @ M L -
|| oy ||
‘ |
|
|
Iy ‘ | ﬁ‘u’hwl "\ |;|" | ! l‘U
1 W N A ST e ‘J .

F2E+06

F2E+06

F2E+06

F1E+06

FSE+05

10.5 10.0 9.5 8.0

85 B0 75 70 65 &0 55 50 45 40 35 30 25 W 15 1D
f1 (pprm)

Figure (3-11) *H- Nuclear Magnetic Resonance Spectrum of the (Ls)
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Figure (3-13) *H- Nuclear Magnetic Resonance Spectrum of the (ZnLs)

3.2.3 Chracterization of (L4)

The infra-red of (L4) reviled v(C=N) for the azomethine at 1645 cm™. (Figure 3-14). IR
(KBr): vi=3113 (s), 3045 (s), 2956 (s), 2333 (m), 1645 (s), 1591 (s), 1575 (m), 1560 (s), 1533 (s),
1469 (), 1446 (s), 1421 (s), 1301 (s), 1271 (s), 1130 (s), 1014 (s), 923 (s), 871 (s), 819 (s), 759
(s), 696(s), 630(s), 590(s), 505(s), 443(s), 418 (s) cm™. Ligand (L4) was also charactrized by

'HNMR, ( Figure 3-15) peak at 9.82 ppm reveal (H-C=N-) group. *H NMR (400 MHz, DMSO):
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5 =19.82 (s, 2H, CH=N), 7.03-6.83 (m, 6 H, Ar-H), 6.32(s, 1H, OH), 4.32 (tert, 4H, CHa(cyclo), -

H), 3.65 (tert, 4H, CHa(cyclo), 1.93 (s, 6H, (CH3)2N), 1.57 (s, 18H, CHa).

3.2.4 Chracterization of (ZnLs)

The infra-red of (CoLs) reviled v(C=N) for the azomethene at 1616 cm™, and the band at
2883 belong to (CHs)2N group, also, the band at 619 cm-1 and 738 cm-1 respectively belong to
Zn-N and Zn-O. (Figure 3-16). IR (KBr): v- = 2883 (m), 1616 (s), 738 (s), 619 (s),cm™ - The
complex (ZnLs4) was also charactrized by HNMR, peak around 6 ppm was disappear while other
important peaks are clear(Figure3-17). H NMR (400 MHz, DMSO): & = 10.30 (s, 2H, CH=N),
7.44-7.32 (m, 6 H, Ar-H), 4.39 (tert, 4H, CH(cyclo), 3.40 (tert, 4H, CH>(cyclo), 1.42 (s, 3H, CHz),
1.39 (s, 24H, CH).

3.2.5 Chracterization of (CoLs)

The infra-red of (CoLs) reviled v(C=N) for the azomethine at 1641 cm™. In addition to the
peak at 2854 cm™ belong to (CH3)2N group, (Figure 3-18).IR (KBr): v"= 2854 (s),1641 (s),cm ™.
(CoLs) was also charactrized by *H NMR (Figure 3-19), (400 MHz, DMSO): § = 9.81 (s, 2H,
CH=N), 7.06-6.86 (m, 6 H, Ar-H), 4.25 (tert, 4H, CH>(cyclo), 3.61 (tert, 4H, CHz(cyclo), 1.93 (s,

3H, CHs), 1.61 (s, 24H, CHs).
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Figure (3-14) Infrared spectrum of the (L4) ligand
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Figure (3-17) *H- Nuclear Magnetic Resonance Spectrum of the (ZnLs)

-73-

rie+l

rle+l

FlEl7

rlel7

rle+l7

FlE+07

raE+0

rE+ 0B

r7Es0b

FoE+ 0B

R

e+ 0B

rie+0

r2E+0h

rle+l

rl

r1E+06




B SHIMADZU

o~ Ge'vev
. - g0 98y
» Q9 vis
“~'
oL 129
v s p5069
S LLS9L
T ¥9 058
= lzess
80 .6

— - G160}
—

=S

. gz9sLl
——— eg0eet

£000€}

99 ovvi

/N\

| ~oM—

,—///,"W i
il
)
\
e
> eveee
§5'195¢
{f
{
\\
> vLvSse
) 165862
.//‘-
/'/’
e
3 ~19°€LEE
,”/
96'EpLE
:)‘;:
/
o
o = o o
S R © ~ 8

Figure (3-18) Infrared spectrum of the (CoLs)
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Figure (3-19) *H- Nuclear Magnetic Resonance Spectrum of the (CoL.)

3.2.6 Scanning Electron Microscopy (FESEM)

FESEM was employed to analyzed the surface morphology of the complexes ZnL, it is
clear from the figures of the FESEM that botryoidal structure size (61 to 361 nm). According to
the results that the complex with botryoidal structure shape could be have more activity than
other. The element composition(zinc, oxygen and carbon) atoms, also proved by The EDAX

spectrum (Figure 3-20), which gave more evidence to form the metals complexes.
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Figure.(3-20) SEM and EDX for ZnL4
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3.3. CHN Element analysis

The CHN data were checked the result below represented the experimental and theory

data.

Table 3-1 the CHN data for selected complexes.

Compound | Chemical formula M.WT C H N M
g\mol Calculated | Calculated/ | Calculated/
/ found found found
L4 C30H43N30 461.69 77.97 9.31 9.09 _
(78.00) (8.62) (9.33)
ZnL, C36H46N202Zn 604.16 71.45 7.60 4.63 10.82
(70.77) (7.01) (3.22) 10.11
CoL, | Cy4H26N4ClCo 500.33 57.56 5.19 11.19 11.80
(58.77) (4.88) (9.67) 11.91
Znly C32H45N303Zn 585.11 65.62 7.69 7.17 11.17
(64.90) (7.21) (7.01) 10.92
CoLs | C30H42CICoN3O 555.07 64.85 7.56 7.56 10.66
(63.97) (7.44) (7.61) 10.24

3.4. Molar Conductivity

The molar conductivity of the complexes was employed to predict the structure of the

complexes whether it have ionic form or nonionic form because the values of the molar
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conductivity increase with increasing of number of ionic parts. The results reveal that all the

complexes have nonionic behavior. Table (3-2) the standard molar values in different solvents,

while the result from this study shows all complexes were have molar condectivity less than 20

in DMSO solvent so that mean all complexes are non- electrolyte.

Table (3-2) standard molar condectivity in the different solvents

S Non- Electroyte type
Electrolyte 1:1 1:2 1:3 1:4
Water 0.0 120 240 360 480
Ethanol 0-20 35-45 70-90 120 160
Nitro Methane 0-20 75-95 150-180 220-260 290-330

Methyl Cyanide 0-30 120-160 220-300 340-420 500
DMF 0-30 65-90 130-170 200-240 300
DMSO 0-20 30-40 70-80
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Table (3-3) the standard molar values in different solvents

No | Compound Code Molar condectivity
S m? mol*!

1 | Zn(CasHasN202) Znl, 12

2 | Zn(C2H32N40,)(C2Hz02), ZnL, 10

3 | Co(CaqH26N4)Cls Col4 11

4 | Zn(CssHs2N205) ZnlLs 9

5 | Zn(CsoH42N30)(C2H302) ZnL4 7

6 | Co(CsoH42N30)CI Coly 8

3.5. Fingerprint application

The metal complexes have been employed as colorant latent finger print which were carry
through for the prepared complexes by choosing glass as surface. In this study, we exploted how

these complex can be colorate latent finger prints under ultraviolet light to observe their possibility

to detect in forensic fingerprints.

All complexes was tested as colorant and from the results noticed that the powder of the complex
ZnL4 was better than standard powder(black and white) used in this purpose. Because of this

powder work perfectly could be applied in all kinds of smooth surface to detect latent finger print.

Figure (3-21) represented used standard powder
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Mo card

Figure(3-21) Test (ZnL)complex under UV light

-80-



|50100 [ 14]k

Figure(3-22) Test (ZnL4)complex under UV light
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Conclusion

1- Preparation and characterization of new ligands based on  cyclohexane
diamine and phenylene diamine

2- A series of Cobalt(IT) and Zinc(Il) complexes have been synthesised,and
characterized by IR, IHNMR, FESEM and CHN spectra,

3- Their ability as colorant for fingerprint application was tested

4- In term of activity ZnL4 was worked

5- Some features were suggestive from the results for instance phenylene diamine

complexes was less active
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Future work

1-Prepare new mix aldehyde Schiff base and use them to prepare new complex because mix

aldehyde show activity in the application.
2-Apply the ligands and their complex in different applacation.

3-Use other techniques to suggest the structure of the complexes.
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