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 الاهــــــــــــــــــــــــــــــداء

 .. إلى من بلغ الرسالة وأدى الأمانة .. ونصح الأمة .. إلى نبً الرحمة ونور العالمٌن

 سٌدنا محمد صلى الله علٌه وسلم

الى من أحمل اسمك بكل فخر...الى من أفتقدك منذ الصغر...الى من ٌرتعش قلبً لذكرك... الى  

 هذا البحث أبًمن أودعتنً لله أهدٌك 

إلى ملاكً فً الحٌاة .. إلى معنى الحب وإلى معنى الحنان والتفانً .. إلى بسمة الحٌاة وسر 

 الوجود  إلى من كان دعائها سر نجاحً وحنانها بلسم جراحً إلى أغلى الحباٌب 

 أمً الحبٌبة

 علمونً علم الحٌاةإلى من ..  إلى من آثرونً على نفسهم..  إلى سندي وقوتً وملاذي بعد الله

 إلى من أظهروا لً ما هو أجمل من الحٌاة

  إخواتً 

.. إلى من سأفتقدهم ..  إلى من تذوقت معهم أجمل اللحظات..  إلى من كانوا ملاذي وملجئً 

 تً بالله ...... و من أحببتهم بالله صدٌقاتًاإلى من جعلهم الله أخو..  وأتمنى أن ٌفتقدونً

 سرى ورسل 

إلى من أتمنى أن .. ولن ٌعرفونً من لم أعرفهمإلى ..  بٌن سعادتً وحزنً  إلى من ٌجمع

 إلى من أتمنى أن تبقى صورهم فً عٌونً..  أذكرهم إذا ذكرونً

 الٌهم جمٌعا أهدي ثمرة جهدي هذا 

 

Hanan H. Ali 
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Abstract 

1-In this study, some organic compounds contain hetero-atoms were 

synthesized by several steps as following: 

 First; 4-phenylazoaniline [1] and 4-phenyl azophenol [17] were prepared in 

two steps:  

 The treatment of a primary aromatic amine (aniline) with nitrous acid 

to form a diazonium salt. 

 Coupling reaction of aromatic diazonium ion with activated aromatic 

ring (aniline, phenol). 

Second; Organic compounds (1E, 4E)-1, 5-diphenylpenta-1, 4-dien-3-one 

[2], (E)-3-(furan-2-yl) acrylaldehyde [3] were prepared by aldol 

condensation reaction between two molecules of an aldehyde or a ketone. 

Third; Organic compounds [4-11] were prepared by reaction of 4-

phenylazoaniline [1] in one step by a condensation reaction between the 

carbonyl group of aldehydes or ketone and the amino group to yield the 

following compounds: 

[4]- N, N-dimethyl-4-[(E) - 4-{(E)-phenyldiazenyl} phenylimino] methyl 

aniline 

[5]- (E)-N-(4-bromobenzylidene)-4-[(E)-phenyldiazenyl] aniline 
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Organic compound (E)-4-(4-nitrobenzylideneimino) benzenthiol [12] was 

prepared in one step by a condensation reaction between carbonyl group of 

p-nitrobenzaldehyde and aromatic primary amino group of p-

aminothiophenol. 

Fourth; Organic compounds [13-16] were prepared by reaction of (E)-4-(4-

nitrobenzylideneimino) benzenthiol [12] in one step by an alkylation 

reaction between (Ethyl Bromide, n-propyl Bromide, Benzyl Chloride or 1, 

2-Dichloroethane) and thiol group to yield following compounds: 

[13]- (E)-4-(ethylthio)-N-(4-nitrobenzylidene) aniline 

[14]- (E)-N-(4-nitrobenzylidene)-4-(propylthio) aniline 

[15]- (E)-4-(benzylthio)-N-(4-nitrobenzylidene) aniline 

[16]- (E)-4-(2-chloroethylthio)-N-(4-nitrobenzylidene) aniline 

Organic compounds [18-20] were prepared by reaction of (E)-4-(2-

chloroethylthio)-N-(4-nitrobenzylidene) aniline [16] with ((E)-4-(4-

nitrobenzylideneimino) benzenthiol [12], 4-phenyl azophenol [17] or p-

aminopyridine) to yield the following compounds: 

[18]- (NE, N’E)-4, 4’-[ethane-1, 2-diylbis (sulfanediyl)] bis [N-(4-

nitrobenzylidene) aniline] 
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[19]- (E)-N-(4-nitrobenzylidene)-4-[2-{4-(Z)-phenyldiazenyl} phenoxy] 

ethylthio aniline 

 [20]- (E)-N-[2-{4-(4-nitrobenzylideneamino) phenylthio} ethyl] -4-amine 

pyridin 

2-The prepared compounds were identified by melting points, FT-IR, UV-

visb., 
1
H-NMR and 

13
C-NMR spectroscopic techniques. 

3-The prepared compounds [4-16] and [18-20] were used as corrosion 

inhibitors for mild steel in 1M H2SO4 at 30 C. Weight loss measurement was 

regarded as evaluation method to test the inhibition efficiency of the above 

compounds. 

4-Semi-empirical molecular quantum calculations within the PM3 method as 

implemented in Hyperchem package were used to study the relationship 

between molecular structure and inhibition efficiency. The compound [8] 

showed lowest energy gap that gives good inhibition efficiency. Synthesis of 

organic compound [1-20] showed in these schemes 
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Chapter one                                                      Introduction  

1 
 

1. Introduction  

1.1. Organic synthesis 

The term synthesis means in Greek "put together". Synthetic organic 

chemistry is the "art" of building-up complex molecular structures of 

organic compounds putting together smaller easily accessible (commercially 

available) compounds
 (1)

. Sugar, gasoline, plastics, aspirin, paper, milk, 

apples, meat and most of the substances important to life and life styles have 

one thing common: they all contain the element Carbon (C). Carbon is such 

a unique and important element that an entire branch of chemistry studying 

carbon and its compounds. Several millions of such compounds are currently 

known as hydrocarbons (compounds of carbon and hydrogen only) and the 

derivatives of hydrocarbons, (compounds containing C, H and O, N, S, P, 

halogen etc.) 
(2)

. 

The first organic synthesis is the synthesis of urea performed by Wöhler in 

1828 and that of acetic acid performed by Kolbe in 1845. From around 1900, 

a great number of synthetic efforts have been made, and more complex 

structure such as Camphor (Komppa 1903 and Perkin, 1904) or the complex 

structure of haemin ( Fisher, 1929) have been produced (see Figure 1-1) 
(3)

. 

During the last two decades, organic chemists were able to accomplish the 

synthesis of entirely new types of complex, uses in drugs, flavors, 

nutraceuticals, and new materials. Even though the quest for the synthesis of 

molecules with a steadily increasing size and complexity has not found its 

end,
 (4)

 the challenge in organic synthesis today lies less in the synthesis of 

monstrous natural products, than in the development of efficient, selective 

and environmentally benign transformations. Despite the immense number 

of organic transformations that have been developed since the days of 
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Wöhler, organic synthesis is still in its early stages of development, 

compared to the powerful and selective synthetic tools available in nature
 (5)

. 

 

H2N

O

NH2

urea

O

OH

acetic acid
O

camphor

Fe

N

N

NN

HC2O

C2OH

Wohler, 1828 Kolbe, 1845
Komppa, 1903
Perkin, 1904

Haemin
Fischer, 1929

 

Figure 1-1: Examples of natural products synthesized in ancient times 

 

1.2. Azo dyes 

Azo dyes are compounds that contain azo group (-N=N-) linked to methine 

or aromatic sp
2
-hybridized C-atom, colorants composed of multiple azo 
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groups are termed mono- , bis-, tris-, etc. of azo dyes 
(6)

. The azo group is 

normally attached to two aromatic groups. The resultant dyes exist in the 

Trans configuration which is more stable than cis form
 (7)

. Examples of azo 

dyes show in (Figure 1-2). 

 

NH2N

N

HO

N

N

 

Figure 1-2: Examples of azo dyes 

 

1.2.1. Preparation of azo dyes 

Azo dyes are performed in two- stage reaction sequence: diazotization and 

azo coupling (see Figure 1-3). 

 

NH2

NaNO2

HCl
N N

X

activated aromatic

X= NH
2
, OH, OR

X

primary aromatic amine diazonium salt Azo dye

(0--5)0C
alkaline or acidic

medium

 

Figure 1-3: Synthesis of azo dyes 

 

1.2.1. 1. Diazotization 

The first stage of azo dyes synthesis involves the treatment of a primary 

aromatic amine (ArNH2), which may be alicyclic or heterocyclic, with 
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nitrous acid to form a diazonium salt (ArN2
+
Cl 

-
)

(8)
. Nitrous acid (HNO2) is a 

rather unstable substance that decomposes relatively easily by dissociation 

into oxides of nitrogen, so the reaction requires a mineral acid where the 

choice for many diazotizations is hydrochloric acid. This is because the 

presence of the chloride ion can exert a catalytic effect on the reaction under 

appropriate conditions thus enhancing the reaction rate
 (9)

.  

A convenient and general one-step preparation of aromatic and some 

heterocyclic iodides in good yields includes a sequential diazotization-

iodination of aromatic amines with KI, NaNO2, and p-TsOH in acetonitrile 

at room temperature 
(10)

. 

 

Ar-NH
2

1) 3 eq. p -TsOH. H2O, MeCN,

2) aq. soln. of (2 eq. NaNO2 + 2.5 eq. KI)

3) 

Ar-I

 

Figure 1-4: Iodination of Aromatic and Heterocyclic Compounds  

 

A new, simple, and effective method for the diazotization of a wide range of 

arylamines using a polymer-supported diazotization agent in the presence of 

p-toluenesulfonic acid gives various pure arenediazonium tosylates with 

unusual high stabilities. As a result, these salts are useful and versatile 

substrates for subsequent transformations, such as halogenation and Heck-

type reactions
 (11)

.  
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Ar-NH2

Resin-NO2
- /TsOH

AcOH, reflux, 

Ar-N2
+ TsO-

Stable diazonium salt

Where
Ar:

H3C
H2N

NH2

NH2 NH2

H
3
CO

 

Figure 1-5: Preparation of unusually Stable and Pure Arenediazonium 

Tosylates 

 

1.2.1. 2. Azo coupling 

The second stage of azo dyes synthesis involves aromatic diazonium ion act 

as electrophiles in coupling reaction with activated aromatic such as aniline 

and phenols. Usually, the substitution occurs at the Para position; if this 

position is already occupied, the ortho position is favored
 (12)

.Also the 

position of coupling depends upon the nature of the condition; these in an 

alkaline solution, the coupling will be directed by the –OH group and in an 

acidic medium, the reaction will take place with respect to amino group. 

Electron attacking groups in the ring of the diazonium salt facilitate 

coupling, while the presence of electron donating groups (amino, hydroxyl 

etc.), especially in the Meta position of original amino or phenolic 

compound, also facilitates the coupling reaction. Diazonium salt with –NO2 

or SO3H groups, particularly in the Para position, are stronger electrophiles. 

Such a group facilitates coupling, because of the fact that it increases the 

positive charge on the nitrogen atoms. An alkyl or alkoxyl group in the Para 

position acts in a reverse manner. A halogen or a nitro group in the ring of 
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aromatic amine or phenol lowers the electron density in the ring. Hence such 

compounds do not undergo coupling with diazonium salt
 (13)

.  

Unsymmetrical and symmetrical bis (hetaryl) azo dyes were prepared by 

diazotisation-coupling and oxidation reactions in moderate yields. Their 

absorption maxima were observed in the range of 427-631 nm, being more 

bathochromic than the corresponding non-hetarylazo derivatives 
(14)

. 

Ar-NH2

1.1 eq. NaNO2

AcOH/ H2O / H2SO4

00C, 2h

[ Ar-N2
+HSO4

-]

Where
Ar: Ar':

1 eq. Ar'-H

MeOH/ AcOH/ H2O/ H2SO4

Ar
N

N
Ar'

N

SH3CO
N

S NEt2

ph

NEt
2

 

Figure 1-6: Synthesis of bis (hetaryl) azo dyes 

 

Easily obtainable cyclic enaminones (piperidin-2-ylidenealkanones) can be 

transformed into substituted bicyclic pyridazinium tetrafluoroborates upon 

treatment with corresponding diazonium salts. The transformation can be 

performed either in a one-pot way or in a two-step process with the isolation 

of single azo-coupled enaminone as the intermediate 
(15)

.  

R

O N
H Y

+ 2

N2
+ BF4

-

X

AcONa

CH2Cl2

reflux, 

N
N

N

N N
H Y

X

R

X

Z-

Where:

R= Me, ph

X= H, Me, OMe, Cl

Z= BF4
-, PF6

-

Y= 2,4-(OMe)2ph, Me, 4-OMeph, 4-Meph

 

Figure 1-7: Synthesis of 1-arylpyridazinium salts 
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1. 2.2. Colour of azo dyes 

Azo dyes produce colour because they selectively reflect, transmit or scatter 

light in the visible spectrum (see Table 1-1), contain one or more 

chromophoric groups (i.e., azo bonds), have a conjugated system of 

electrons and exhibit stability due to resonance of electrons
 (16)

. In addition to 

containing this chromophoric system, azo colourants may also possess 

functional groups known as Auxochrome (i.e., “colour helpers”), such as 

carboxylic acid, sulfonic acid, amino groups and hydroxyl groups (see 

Figure 1-8). While these are not responsible for colour, their presence can 

shift the colour of a colourants and they are most often used to influence dye 

solubility
 (17)

.  

 

Table 1-1: Wavelength of light absorption versus colour in organic dyes 

Wavelength Absorbed 

(nm) 

Colour Absorbed Colour observed 

400-435 Violet Yellow-green 

435-480 Blue Yellow 

480-490 Green-blue Orange 

490-500 Blue-Green Red 

500-560 Green Purple 

560-580 Yellow-green Violet 

580-595 yellow Blue 

595-605 Orange Green-blue 

605-700 Red Blue-green 
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O

HO

N

N N

Methyl red

Na+

OH

O

O-
N

N

N+

O

-O

Alizarine yellow R

Na+

Na+

S
O

O-O

N

N N

N

S
O

O

O-

H2N

NH2

Congo red

 

Figure 1-8: Structure of some azo dyes 

 

1.2.3. Applications of azo dyes 

Azo dyes are widely used in industry and daily life, where; azo dyes have 

been studied widely because of their excellent thermal and optical properties 

in applications such as optical recording medium, toner, ink-jet printing like 

Brilliant Blue ( see Figure 1-9), and oil-soluble light fast dyes
 (18)

. 

 

OH HN

N
N

NaO3S SO3Na

N

NN

Cl

N
H

SO3Na
SO2CH2CH2OSO3Na

 

Figure 1-9: C.I reactive red (194) as inkjet dye 
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Different dyes used in textile industry usually have a synthetic origin and 

complex aromatic molecular structures which make them more stable and 

more difficult to be biodegraded. Due to their ease of manufacturing 

methodology, azo dyes accounts for almost 80% of annual production of 

commercial dyes all over the world
 (19)

. 

Many azo pigments are non-toxic, although some, such as dinitroaniline 

orange, ortho-nitroaniline orange, or pigment orange 1, 2, and 5 have been 

found to be mutagenic 
(20)

. Likewise, several case studies have linked azo 

pigments with basal cell carcinoma 
(21)

. 

Azo dyes used as components in permanent hair dyes can only be 

decolorized by methods such as chemical bleaching using hydrogen 

peroxide. Flame Orange and Ruby Red are used as components in 

permanent hair dyes
 (22)

. 

N

N

CH3

CH3

N

N NH
2

Flame orange

N

N

CH3

CH3

N

N N

CH3

CH3

Ruby red

 

Figure 1-10: Examples of permanent hair dyes 

 

Also, attention has been focused on the investigation of organic dyes as 

potential inhibitors for the metals in corrosive environment 
(23)

. Most of the 

dyes consist of double bonds, hetero atoms and aromatic rings. All these 

functional groups present in the molecules which leads towards the dyes 

being considered good corrosion inhibitors azorubine dye (AZB) was used 

as corrosion inhibitor 
(24)

. 

http://en.wikipedia.org/w/index.php?title=Dinitroaniline_orange&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Dinitroaniline_orange&action=edit&redlink=1
http://en.wikipedia.org/wiki/Ortho-nitroaniline
http://en.wikipedia.org/wiki/Basal_cell_carcinoma
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OH

S

N
N

S

O

O

O-Na+

O O-Na+

O

 

Figure 1-11: Structure of Azorubine dye (AZB) 

 

1.3. Schiff bases 

1.3.1. Synthesis of Schiff bases 

Hugo Schiff was the first scientist who described Schiff bases in 1864 
(25)

,A 

Schiff base (or azomethine) is a functional group that contain a carbon- 

nitrogen double bond with the nitrogen atom connected to an aryl or alkyl 

group, but not hydrogen. Schiff base are of the general formula R1R2C=N-

R3, where R3 is an aryl or alkyl group that makes the Schiff base a stable 

imine. A Schiff base derived from aniline, where R3 is a phenyl or 

substituted phenyl, can be called an anil
 (26)

.  

The preparation of Schiff bases involves a variety of conditions and is 

brought about by mixing carbonyl compounds and primary amines 
(27) 

in 

various proportions and employing a range of solvents. The formation of 

Schiff bases 
(28)

 is generally favored by making use of dehydrating agents. 

The acid/base catalysis or heating is employed for the synthesis of Schiff 

bases as their reactions are mostly reversible. The Schiff bases are formed by 

the reaction of amines with carbonyl compounds but it does not follow 

simple nucleophilic addition, but give an unstable addition compound called 

carbinolamine. The compound thus obtained is unstable and loses water 

molecule. The dehydration step during formation of Schiff base is actually 
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the rate determining step. The removal of product or separation of water 

from the reaction mixture assists the formation of product
 (29)

.  

 

R H

O

H+

R

O

H

H

:NH2-R'

H

NH

R
OH

H R'

-H+
H

N

R
OH

H R'

H+
H

N

R
O

HH

H R'

H

N

R

H R'
:B

H

N

R

R'

Figure 1-12: Mechanism of Schiff base 

 

 An intermolecular reductive Schiff base formation from nitroarenes and 

benzaldehydes to yield diarylimines is carried out in the presence of iron 

powder and dilute acid. This process tolerates various functional groups and 

often proceeds quantitatively with no need for purification 
(30)

. 

 

Ar-NO2 + OHC-Ar'

10 eq. Fe

6 eq. HCl (0.6 M in H2O)

EtOH, 650C, 1.5 h
Ar

N
Ar'

Where
Ar: Ar':

I OMe
 

Figure 1-13: Preparation of diarylimines from nitroarenes and benzaldehyde 
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 New Schiff bases of 1, 10-phenanthroline-2, 9-dicarboxaldehyde with 

sulfur-containing amines such as 2-mercaptoaniline, S-alkyl/aryl 2-

aminobenzenethiol and methyl hydrazinecarbodithioate have been 

synthesized and characterized by spectroscopic and X-ray crystallographic 

techniques 
(31)

. 

 

N

N

O

O

NH
2

SH

H2N
N
H

C
S

S

CH3

1,10-phenanthroline-2,9-dicarbaldehyde

Solvent/ H2SO4
Solvent/ H

2
SO

4

N

N

N

N

N

H
N

C
S

S

CH3

N
N
H

C
S

S

CH3

S

N

N

S

Schif f base-1Schif f base-2
 

Figure 1-14: Synthesis of New Schiff Bases Formed by Condensation of 2, 

9-Phenathroline-1, 10-dialdehyde with Sulfur-Containing Amines 

 

1.3.2. Application of Schiff base 

Schiff bases have attracted considerable attention of organic chemists due to 

their useful as starting material in the synthesis of important drugs, such as 

antibiotic, antiallergic, anticancer, antiphologistics and antitumor 
(32)

. 

A series of novel Schiff’s base derivatives of N, N’-bis (2-aminoethyl) 

pyridine-2, 6-dicarboxamide with different substituent showed a significant 

antibacterial activity 
(33)

.  
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N

C
N
H

N
C
H

R

C
N
H

O
N

C
H

R

O

Where
R:

O S N

OCH3

OCH3

OH

OH

 

Figure 1-15: Structures of Schiff base derivatives  

 

Moreover, Schiff bases have also attracted much attention because of their 

ability to act as ligands for complexation of different metal ions in various 

oxidation states
 (34)

, where a large number of different Schiff base ligands 

have been used as cation carriers in potentiometric sensors as they have 

shown excellent selectivity, sensitivity, and stability for specific metal ions 

such as Ag(II), Al(III), Co(II), Cu(II), Fe (III), Gd(III), Hg(II), Ni(II), Pb(II), 

Y(III), and Zn(II) 
(35- 40)

.  

New type tetradentate Schiff base ligands derived from ortho phenylene 

diamine, salicylaldehyde and isatin where both oxygen and nitrogen donor 

sites. It coordinates with the metal ion in a tetradentate manner 
(41)

. 
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NN

H3C

H3C

O

H2O

H
2
O

O

Fe

(OAc)
2

[Fe(L2) (H2O)2] (OAc)2

NN
H

2
O

H
2
O

O

Fe

(OAc)2

[Fe(L2) (H2O)2] (OAc)2

NN H
2
O

H
2
O

O

Fe
(OAc)2

O

O

[Fe(L2) (H2O)2] (OAc)2

 

Figure 1-16: structures of Fe (III) Complexes with Schiff base Ligands 

 

An interesting application of Schiff bases is their use as an effective 

corrosion inhibitor for metals and alloys, which is based on their ability to 

spontaneously form a monolayer on the surface to be protected .Examples  

of Schiff bases derivatives of 2-aminophenol as corrosion inhibitor for Al 

alloy
(42)

.  

C
H

N

HOX

Substitution(X)

-Cl

-OCH3

Name

N-4-chlorobenzilidene-2-aminophenol
N-4-methoxybenzilidene-2-aminophenol

 

Figure 1-17: Schiff bases as corrosion inhibitor 
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Many commercial Schiff bases inhibitors are used for more efficiently in 

many cases due to the effect of C=N bond 
(43)

. The principal interaction 

between the inhibitor and the metal surface is generally chemisorptions, 

physisorption or both 
(44)

. The inhibitor molecule has nucleophilic center, 

such as oxygen, sulfur and nitrogen atoms. These atoms have free electron 

pairs which are readily available for sharing. Together with the electronic 

cloud of the benzene ring, they create multiple absorption sites for the 

inhibitor thus enabling stable monolayer formation 
(45)

.  

Molecular model of Schiff base of N-(2-chlorobenzylidene)-4-acetylaniline 

(CBAA) was proposed for its corrosion inhibition towards of St3S carbon 

steel in acidic chloride solutions (see figure 1-18) 
(46)

.  

 

 

Figure 1-18: Proposal of model of protective layer of (CBAA) on St3S 

surface in a 1.2 M Cl
-
 solution: (a) chemisorptions, (b) feedback bond, and 

(c) electrostatic interaction (physisorption) 
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1.4. Alkylation reaction 

Alkylation is a general term for the introduction of an alkyl group into a 

compound and is a more specifically known as Methylation, Ethylation, 

Propylation, Butylation, etc., depending upon the alkyl group inserted. 

Alkylation of a phenol result in ether, while alkylation of a thiol gives a 

sulphide, primary and secondary amines can also be alkylated 
(47)

. 

 

1.4.1. Preparation of O-alkylation 

The most common general method for the synthesis of ethers is the 

Williamson ether synthesis 
(48)

. Alkoxide ions are good nucleophiles and 

displace halide ions from alkyl halides, resulting in the formation of a new 

Carbon- Oxygen bond. Alkoxides are produced by treatment of alcohols 

with either a base or an alkali metal. 

 

H
3
C

H
2

C

OH

H
3
C Br

H3C

H2
C

O

H3C

H2
C

O

CH3

Na

Na

 

 

An efficient method chemoselectively converts benzyl alcohols into their 

methyl or ethyl ethers in the presence of aliphatic or phenolic hydroxyl 

groups using 2, 4, 6-trichloro-1, 3, 5-triazine (TCT) and dimethyl sulfoxide 

in methanol or ethanol
 (49)

. 
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R-OH
1.2 eq. TCT, 1 eq. DMSO

MeOH

R-OMe

Where
R: benzyl

TCT:

N

N

N

Cl

Cl Cl

 

Figure 1-19: Preparation of ether 

 

1.4.2. Preparation of S-alkylation
 (50, 51) 

Thioethers can be synthesized by a pathway similar to that of the 

Williamson ether synthesis. A thiol is converted to the thiolate anion by 

reaction with sodium hydroxide.  

The reaction of one equivalent of hydroxide ion with a thiol results in 

essentially complete conversion of the thiol into the thiolate anion (and of 

hydroxide ion to water). 

 

H3C-SH + OH-

Thiol

(pka 10)

H3C-S- + H2O

Thiolate anion

(pka 15.7)

 

 

A cobalt-catalyzed coupling of aryl halides with thiophenols and 

alkanethiols allows the preparation of various aryl sulfides in excellent 

yields under mild reaction conditions. 
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Ar-I + HS-Ar' Ar-S-Ar'

Where
Ar: Ar':

1-2 mol % Col2 (dopp)

1.5 mol% Zn

pyridine, CH
3
CN

O

NH2

 

Figure 1-20: Cobalt-Catalyzed Aryl−Sulfur Bond Formation 

 

1.4.3. Preparation of N-alkylation
  

N-alkylation of primary amines is a significant research goal because the 

resulting secondary amines are some of the most important partial structures 

of biologically active compounds and functional materials 
(52)

.  

In ionic liquids 1-butyl-3-methylimidazolium hexafluorophosphate 

([bmim][PF6]) or 1-butyl-3-methylimidazolium tetrafluoroborate 

([bmim][BF4]), a highly regioselective N-substitution of pyrrole with alkyl 

halides, sulfonyl chlorides, and benzoyl chloride gave substituted pyrroles in 

excellent yields. Michael addition of pyrrole with electrophilic olefins was 

completed in a highly regioselective manner to afford N-alkylpyrroles 
(53)

. 

 

NH + X-R

KOH

[Bmim][PF6]
N R

Where

R-X: CH3I, alkyl-Br,

allyl-br, benzyl-Br,

 

Figure 1-21: N-Substitution of pyrrole in Ionic Liquids 
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Reaction of 4-bromo-NH-1, 2, 3-triazoles with alkyl halides in the presence 

of K2CO3 in DMF produced the corresponding 2-substituted 4-bromo-1, 2, 

3-triazoles in a regioselective process. Subsequent Suzuki cross-coupling 

reaction provided an efficient synthesis of 2, 4, 5-trisubstituted 1, 2, 3-

triazoles, whereas hydrogenation furnished an efficient synthesis of 2, 4-

disubstituted 1, 2, 3-triazoles 
(54)

.  

 

NN

N
H

+ Br-R
0.5 eq. K2CO3

DMF
NN

N

Ar Br Ar Br

R

Where

R: alkyl (r.t), benzyl (10°C),

CH2CO2tBu (-10°C)

 

Figure 1-22: Synthesis of Poly-Substituted 1,2,3-Triazoles 

 

A series of N, N′-asymmetrically substituted imidazolium iodides have been 

synthesized, starting from N-arylimidazoles and the less expensive, but less 

reactive, 1-chlorobutane or (3-chloropropyl)trimethoxysilane. The addition 

of potassium iodide and the use of 1, 2-dimethoxyethane as a solvent 

allowed the synthesis of multigram quantities of these salts 
(55)

. 

 

N
NH

Ar

Cl

Cl Si(OMe)
3

N
N

Ar

R

+ or
1-1.7 eq. KI

DME, D

Where

R; Me, Si(OMe)3

I

 

Figure 1-23: Synthesis of N-Alkyl-N'-aryl­imidazolium Iodides 
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1.5. Corrosion process 

1.5.1. Definition of corrosion and Corrosive Environment 

Corrosion is a naturally occurring phenomenon commonly defined as the 

deterioration of a substance (usually a metal) or its properties because of a 

reaction with its environment. Like other natural hazards such as 

earthquakes or severe weather disturbances, corrosion can cause dangerous 

and expensive damage to everything from automobiles, home appliances, 

and drinking water systems to pipelines, bridges, and public buildings 
(56)

.  

All environments are corrosive to some degree. Following is the list of 

typical corrosive environments
 (57)

: air and humidity, water, steam and gases 

(chlorine), ammonia, hydrogen sulfide, sulfur dioxide and oxides of 

nitrogen, fuel gases, acids, alkalis, and soils. 

It may, therefore, be observed that corrosion is a potent force which destroys 

economy, depletes resources and causes costly and untimely failures of 

plants, equipment and components. 

 

1.5.2. Classification of Corrosion
 

The differing forms of corrosion can be divided into the following eight 

categories based on the appearance of the corrosion damage or the 

mechanism of attack
 (58)

: 

- Uniform or general corrosion. 

- Galvanic corrosion. 

- Pitting corrosion. 

- Crevice corrosion, including: Corrosion under tubercles or deposits, 

filiform corrosion and poultice corrosion.  

- Erosion-Corrosion, including: cavitation erosion and fretting corrosion. 

- Intergranular corrosion, including: sensitization and exfoliation. 
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- Dealloying. 

- Environmentally assisted cracking, including: stress corrosion cracking 

(SCC), corrosion fatigue, and hydrogen damage (including: hydrogen 

embrittlement, hydrogen-induced blistering, high- temperature hydrogen 

attack, and hydride formation). 

General corrosion is the most common form of corrosion. It is characterized 

by a chemical or electrochemical reaction that takes place on the expose 

surface. The metal becomes thinner and eventually results in perforation and 

failure. The general attack result from local corrosion- cell action; that is 

multiple anode and cathodes are operating on the metal surface at any given 

time. The location of anodic and cathodic areas continues to move about on 

the surface, resulting in uniform corrosion. Uniform corrosion can be 

prevented or reduced by proper materials selection, the use of coating or 

inhibitor, or cathodic protection. These corrosion prevention methods can be 

used individually or in combination 
(59)

. 

 

1.5.3. Corrosion cell
 
 

The special characteristic of most corrosion processes is that the oxidation 

and reduction steps occur at separate locations on the metal. This is possible 

because metals are conductive, so the electrons can flow through the metal 

from the anodic to the cathodic regions. The presence of water is necessary 

in order to transport ions to and from the metal, but a thin film of adsorbed 

moisture can be sufficient. A corrosion system can be regarded as a short-

circuited electrochemical cell in which the anodic process is 
(60)

: 

Fe(s) Fe 2+
(aq) + 2e-

 

And the cathodic steps can be:  
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O2(g) + 2H2O(l) + 4e-
4OH-

 

These reactions are illustrated schematically in Figure 1-8 
(61)

. 

 

 

Figure 1-24: Schematic diagram of corrosion cells on metal 

 

Corrosion often begins at anodic location where the metal is under stress. 

The metal ions dissolve in the moisture film and the electrons migrate to 

another location (cathode) where they are taken up by a depolarizer. Oxygen 

is the most common depolarizer; hydroxide ions react with the Fe
2+

 to form 

the mixture of hydrous iron oxides known as rust 
(62)

. 

 

Fe2+
(aq) + 2OH-

(aq) Fe(OH)2(s)

4Fe(OH)2(s) + O2(g)
2Fe2O3.H2O(s) + 2H2O(l)  
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1.5.4. Corrosion Prevention
 (63)

 

Since corrosion can be defined as the undesirable reaction between metal or 

an alloy and its environment; therefore corrosion processes can be affected 

by controlling one of the reactants. In the case of corrosion inhibitors, it is 

environment, which is subjected to the modification by adding certain 

chemicals. The corrosion rate may also be reduced by other means such as 

adjusting the pH and temperature, removing dissolved oxygen or lowering 

the conductivity of the electrolyte. An inhibitor is a substance that retards or 

slows down the chemical reaction, thus a corrosion inhibitor is a substance 

which when added to an environment decrease the rate of attack by the 

environment on a metal. Inhibitors can be classified into the following 

categories: Anodic (passivators), Cathodic, Ohmic, Precipitation, Vapour 

phase, and Organic inhibitors. 

 

1.5.5. Organic corrosion inhibitor 

Corrosion inhibitor is defined as chemical substance that can reduce the 

corrosion rate with the present of in small concentration without changing 

the concentration of corroding agent in a corrosion system. Corrosion 

inhibitor reduces the rate of corrosion with increase the polarization 

behavior of anode and cathode.  

Organic compounds, mainly containing oxygen, nitrogen and sulphur atoms 

and having multiple bonds, are recognized as effective inhibitors of the 

corrosion of many metals and alloys. In different media, for a given metal, 

the efficiency of the inhibitor depends on the stability of the formed complex 

and the inhibitor molecule should have centers, which are capable of 

forming bonds with the metal surface via an electron transfer. Generally, a 



Chapter one                                                      Introduction  

24 
 

strong coordination bond causes higher inhibition efficiency, the inhibition 

increases in the sequence of atoms O < N< S 
(64)

. 

 The corrosion inhibition of carbon steel in 3% NaCl solution at 50°C with 

imidazoline-based inhibitors has been evaluated. The results showed a low 

performance of the inhibitors 
(65)

.  

 

N NHO

R

Where

R: alkyl chain of C12 and oleic chain f rom

coconut oil

 

Figure 1-25: Structure of the hydroxyethyl imidazoline 

 

A series of metal-phosphonate organic-inorganic polymeric hybrid materials 

are synthesized, structurally characterized, and evaluated for their 

anticorrosion properties for the protection of carbon steels. These materials 

are Zn-AMP (where AMP) amino-tris (methylenephosphonate)), Zn-

HDTMP (where HDTMP) hexamethylenediamine-tetrakis 

(methylenephosphonate)), and Ca-PBTC (where PBTC) 2-

phosphonobutane-1, 2, 4-tricarboxylate) 
(66)

.  
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Figure 1-26:  Schematic structures of the AMP, HDTMP, and PBTC 

corrosion inhibitors 

 

The interesting class of inhibitors are green inhibitors because they are non-

toxic and do not contain heavy metals hence they are environmentally 

friendly 
(67, 68)

. It has been published that the inhibitory actions of plant 

extracts are due to the presence of some organic compounds such as 

saponins, tannin, alkaloid, steroids, glycosides and amino acids 
(69)

. Most of 

these compounds have centers for π-electrons and functional groups (such as 

-C=C-, -OR, -OH, -COOH, -NR2, -NH2 and –SR), which provide electrons 

that facilitate the adsorption of the inhibitor on the metal surface. Also, the 

presence of hetero atoms such as P, O and S enhances the adsorption of the 
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inhibitor on the metal surface. Amino acids in the plant extracts play an 

important role in the inhibition mechanism 
(70-79)

.  

 

1.6. Computational chemistry 

Computational chemistry is the application of chemical, mathematical and 

computing skills to the solution of interesting chemical problems. It uses 

computers to generate information such as properties of molecules or 

simulated experimental results. Very few aspects of chemistry can be 

computed exactly, but almost every aspect of chemistry has been described 

in a qualitative or approximate quantitative computational scheme 
(80)

. 

The major computational requirements are 
(81)

: 

-Molecular energies and structures. 

-Geometry optimization from an empirical input. 

-Energies and structures of transition states. 

-Bond energies. 

-Reaction energies and all thermodynamic properties. 

-Molecular orbitals. 

-Multipole moments. 

-Atomic charges and electrostatic potential. 

-Vibrational frequencies. 

-IR and Raman spectra. 

-NMR spectra and so on 

The most important numerical techniques are ab-initio, semi-empirical and 

molecular mechanics. Definitions of these terms are helpful in understanding 

the use of computational techniques for chemistry. Semi-empirical methods 

use parameters derived from experimental values that simplify theoretical 

calculations. These methods usually do not require long computation times, 
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and lead to qualitative descriptions of molecular systems. In particular, the 

semi-empirical PM3 method makes uses of an accurate procedure to predict 

chemical properties, through a simplified Hartree-Fock (HF) Hamiltonian 

(82)
. 

 



Aim of Work 

82 

 

 

Aim of work  

 

The aim of this work is to prepare and identify some organic compounds [4-

16] and [18-20] that containing hetero atoms (sulfur, oxygen and nitrogen) 

to act as corrosion inhibitors on mild steel surface in acidic media. Weight 

loss method is used to measure the inhibition efficiency of the prepared 

compounds. Semi-empirical molecular quantum calculations within PM3 

method were used to study the relationship between molecular structures of 

prepared compounds and their inhibition efficiencies. 
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2. Experimental  

2.1. Instruments and apparatuses 

1. The infra-red spectra of the prepared compounds were recoded using 

FTIR 8300 Fourier transform infrared spectrophotometer of SHIMADZU 

Company as a potassium bromide (KBr) discs in the wave number range    

of (4000-400) cm
-1

, Al-Nahrain University, department of chemistry, and  

Ibn Sina state company/ The Ministry of Industry located at Baghdad 

University, College of science for women, department of chemistry. 

 

2.  Ultraviolet spectra were recorded on SHIMADAZ U.V-visible recording 

spectrophotometer U.V. 1650 by using Ethanol as solvent, Al-Nahrain 

University, department of chemistry. 

 

3. 
1
H-NMR and 

13
C-NMR spectra were recorded on nuclear magnetic 

resonance Bruker spectrophotometer model Ultrasheild 300 MHZ, using 

tetramethyl silane as internal standard and DMSO-d6 as solvent, AL-Albait 

University, Amman, Jordan). 

 

4. Melting points were determined by the open capillary method using hot 

stage Gallenkamp melting point apparatus and were uncorrected. 

 

5. The elements analysis of mild steel was performed by Spectro max – 

Germany, 2009, State Company for Inspection and rehabilitation, Ministry 

of Industry and Materials. 

 

6. Balance, Sartorius AGGOTTINGEN, Germany, BL210S.   
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2.2. Chemicals 

All the chemicals used in this work were of highest purity available and they 

supplied without further purification. The following Table 2-1 shows the 

chemicals and the companies which supply themes. 

Table 2-1: Chemicals and their Manufacturers. 

Number Chemicals company 

1 Absolute Ethanol Scharlau 

2 Acetaldehyde Merck 

3 Acetone Fluka 

4 Aniline Himedia 

5 Benzaldehyde Riedl-Dehaen AG 

Seelze-Hannouer 

6 Benzyl Chloride Alpha Aesar 

7 Cinnamaldehyde Alpha Aesar 

8 Diethyl ether GCC 

9 Distilled water  

10 Ethyl Bromide Alpha Aesar 

11 Ethylene Dichloride Fluka 

12 Furfural SCRC 

13 Glacial Acetic Acid Hopkins & Williams 

14 Hydrochloric Acid Himedia 

15 L-(+)-Arabinose Merck 

16 n-propyl Bromide Alpha Aesar 

17 p-aminothiophenol Alpha Aesar 

18 p-aminopyridine Alpha Aesar 
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19 p-bromobenzaldehyde Merck 

20 p-dimethylaminobenzaldehyde Merck 

21 Phenol Fluka 

22 Potassium hydroxide Fluka 

23 p-nitrobenzaldehyde Alpha Aesar 

24 Sodium bicarbonate BDH 

25 Sodium hydroxide Fluka 

26 Sodium nitrite Merck 

27 Sulfuric acid Himedia 

 

 

2.3. Preparation methods 

2.3.1. Preparation of 4-phenyl azoaniline [1]: 

NH2 N2
-Cl+

N

N

NH2NaNO2/ HCl

(0--5)0C

Aniline

Acidic solution

 

a) Diazotization
 (83) 

In beaker (50 mL) dissolve (2 mL, 0.02 mole) of aniline in (4 mL) distilled 

water and (4 mL) concentrated hydrochloric acid. Place the beaker in ice-

water bath at (0 - 
-
5)  C for half hour. Add slowly sodium nitrite solution [(2 

g, 0.02 mol) in (10 mL) distill water] previously cooled to 0 C. yellow 

solution will be obtained and keep it for the next step. 
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b) Coupling 
(84) 

Aniline (15 mL, 0.16 mole) was added slowly to yellow solution with 

constant stirring, then add slowly (2.5 g) of finely powdered aniline chloride 

[prepared by adding (2 mL) aniline with excess (3 mL) concentration 

hydrochloric acid]. The result was cooled, filtered and washed with small 

volume of ether, then dried. After, that the mixture warmed to (40 - 45 C) in 

water bath for 1hr. Reaction mixture allowed to stand for 30 min., then 

added with stirring (15 mL) of Glacial acetic acid with equal volume of 

water. Allow the mixture to stand with stirring for 15min., filtered using 

section pump and washed with (10 mL) of water and dried. The crude 

product was recrystallized with CCl4. The physical properties of the 

synthesized compound [1] are given in Table 2-2. 

 

Table 2-2: Physical properties of compound [1] 

4-phenyl azoaniline 

Molecular formula C12H11N3
 

Colour Orange to brown 

Molecular weight(g/mol) 197.24 

M.P.,  C
 123-125 

yield% 73 
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2.3.2. Preparation of (1E, 4E)-1, 5-diphenylpenta-1, 4-dien-3-one [2] 
(85)

: 

O H

H3C CH3

O

2 +

NaOH/ aq. EtOH

O

 

Solution of (10 g) of sodium hydroxide in (100 mL) of water and (80 mL) of 

ethanol was placed in water bath at about 20–25°C and stirred vigorously 

while one-half of a mixture of (10.18 mL, 1 mole) of Benzaldehyde and 

(3.67 mL, 0.5 mole) of acetone was added. In about two or three minutes a 

yellow cloud forms which soon becomes a precipitate. After fifteen minutes 

the rest of the mixed reagents were added. Additional (3 mL) of ethanol was 

added to the mixture. Vigorous stirring was continued for one-half hour 

longer, and the mush was then filtered by section pump. The product was 

thoroughly washed with distilled water and then dried at room temperature 

to constant weight with no further purification. The physical properties of 

the synthesized compound [2] are given in Table 2-3. 

Table 2-3: Physical properties of compound [2] 

(1E, 4E)-1, 5-diphenylpenta-1, 4-dien-3-one 

Molecular formula C17H14O 

Colour Yellow 

Molecular weight(g/mol) 234.29 

M.P.,  C 107-110 

yield% 56 
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2.3.3. Preparation of (E)-3-(furan-2-yl) acryl aldehyde [3] 
(86)

: 

O O

H

+ H3C H

O

NaOH/ H2O

then H2SO4
H

O

O

 

Mixed (8.4 mL, 3.8 mole) of furfural and (75 mL) of water. Then (12 mL, 

8.6 mole) of acetaldehyde was added. The mixture was stirred and cooled to 

(10°C) and to it was added (2mL) of (33 ) sodium hydroxide solution, 

where upon some heat were generated. Without cooling, the stirring is 

continued for four hours at room temperature. At the end of this time (10 ) 

of concentrated sulfuric acid was added until the mixture was acidic. The 

two layers which have formed were separated. Take the bottom layer and 

extracted with ether. Dark red liquid was obtained. The physical properties 

of the synthesized compound [3] are given in Table 2-4. 

 

Table 2-4: Physical properties of compound [3] 

(E)-3-(furan-2-yl) acryl aldehyde 

Chemical formula C7H6O2 

Colour Dark red 

Molecular weight(g/mol) 122.12 

B.p.,  C 110 

yield% 47 
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2.3.4. Preparation of [N-substituted] (E)-4-(phenyldiazenyl) aniline
 
[4-

11] 
(87)

: 

N

N + R R'

O

Abs. ethanol
G. acetic acid

N

N

N
NH2

R

R'

Where
R:

R'

O
O

N(CH3)2
Br NO

2

HOH
C

C
HOH

HOH
C

C
H2

OH

[4] [5] [6] [7] [8] [9] [10] [11]
______________________________________________________________________________________

H H H H H H H

 

   

A mixture of 4-phenyl azoaniline (1.97 g, 0.01 mole), absolute ethanol (20 

mL) and appropriate aromatic aldehydes or ketones (0.01 mole) and few 

drops glacial acetic acid was refluxed for (5-8) hours. After cooling at room 

temperature the precipitate was filtered and dried. The products were 

recrystallized from ethanol. The physical properties of the synthesized 

compounds [4-11] are given in Table 2-5. 
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Table 2-5: Physical properties of compounds [4-11] 

Comp. Name 

& No. 

Chemical 

formula 

Color Molecular 

weight 

(g/mol) 

M.p.,  C yield

% 

N, N-dimethyl-4-[(E)- 4-{(E)-

phenyldiazenyl} phenylimino] 

methyl aniline  

[4] 

C21H20N4 Orange 328.41 148-150 40 

(E)-N-(4-bromobenzylidene)-

4-((E)-phenyldiazenyl) aniline 

[5] 

C19H14BrN3 Orange 364.24 155-158 44 

(E)-N-(4-nitrobenzylidene)-4-

((E)-phenyldiazenyl)aniline 

 [6] 

C19H14N4O2 Orange 330.34 157-160 75 

(Z)-N-(furan-2-ylmethylene)-

4-((E)-phenyldiazenyl)aniline  

[7] 

C17H13N3O Brown 275.11 155-157 66 

N-[(1E, 4E)-1, 5-

diphenylpenta-1, 4-dien-3-

ylidene]-4-[(E)-

phenyldiazenyl] aniline  

[8] 

C29H23N3 Deep 

yellow 

413.19 161-164 52 

(E)-N-[(E)-3-

phenylallylidene]-4-[(E)-

phenyldiazenyl] aniline 

 [9] 

C21H17N3 Brown 311.14 141-144 47 

(E)-5-[4-{(E)-phenyldiazenyl} 

phenylimino] pentane-1, 2, 3, 

4-tetraol  

[10] 

C17H19N3O4 Brown 329.35 133-135 50 

(E)-N-[(E)-3-{furan-2-yl} 

allylidene]-4-[(E)-

phenyldiazenyl] aniline  

[11] 

C19H15N3O Brown 301.34 180-183 45 
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2.3.5. Preparation of (E)-4-(4-nitrobenzylideneamino) benzenethiol [12] 

(87)
: 

NH3HS N NHS

N

O

O

O

OO

H

+

 

A mixture of 4-amino thiophenol (1.25 g, 0.01 mole), absolute ethanol (20 

mL) and 4-nitro benzaldehyde (1.51 g, 0.01 mole) and few drops glacial 

acetic acid was refluxed for 5 hours. After cooling at room temperature the 

precipitate was filtered and dried. The products were recrystallized from 

ethanol. The physical properties of the synthesized compound [12] are given 

in Table 2-6. 

 

Table 2-6: Physical properties of compound [12] 

(E)-4-(4-nitrobenzylideneamino)benzenethiol  

Chemical formula C13H10N2O2S 

Colour Orange 

Molecular weight(g/mol) 258.30 

M.p,  C 98-100 

yield% 83 
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2.3.6. Preparation of [S-substituted] (E)-4-(4-nitrobenzylideneimino) 

benzenthiol [13-16]: 

N SH

N

O

O

+ R-X

N S

N

O

O

R

Where
R:

CH
2

CH
3

CH
2

H
2
C

CH3

H2C
CH2

H2C

Cl

[13] [14] [15] [16]
_____________________________________________

Br Br Cl ClX:

 

 

Alkyl halide (0.0025 mole) was added by small portions with stirring to a 

mixture of (E)-4-(4-nitrobenzylideneimino) benzenthiol (0.65 g, 0.0025 

mole) with ethanolic alkali solution (0.04 g KOH in 10 mL EtOH) and then 

final mixture was refluxed for 2 hours. After cooling, the reaction mixture 

was poured into crushed ice, and the precipitate was obtained, which was 

filtered and then recrystallized from acetone 
(84)

. In case of compound [16], 

to a stirred solution of (100 mL) of  [sodium (1 mole) in absolute ethanol (1 

liter)] was added to (E)-4-(4-nitrobenzylideneimino) benzenthiol (0.0025 

mole) and then drop wise 1,2-dichloroethane (0.0025 mole, 10 mL ethanol) 

over about one-half hour, the temperature being kept at 20-25
o
C by cooling. 

The reaction mixture was stirred for an additional 5 hr. at room temperature, 

the ethanol was removed, and the residue treated with cold water. The 
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product was filtered and then recrystallized from acetone 
(88)

. The physical 

properties for the prepared compounds [13-16] are given in Table 2-7. 

 

Table 2-7: Physical properties of compounds [13-16] 

Comp. Name & No. Chemical 

formula 

Color Molecula

r weight 

(g/mol) 

M.p.,  C yield

% 

(E)-4-(ethylthio)-N-(4-

nitrobenzylidene)aniline 

[13] 

C15H14N2O2S Yellow 286.35 >220 60 

(E)-N-(4-nitrobenzylidene)-

4-(propylthio)aniline 

[14] 

C16H16N2O2S Yellow 300.38 200-203 47 

(E)-4-(benzylthio)-N-(4-

nitrobenz 

ylidene)aniline  

[15] 

C20H16N2O2S Yellow 340.09 >220 53 

(E)-4-(2-chloroethylthio)-N-

(4-nitrobenzylidene)aniline 

[16] 

C15H13ClN2O2S Yellow 320.79 170-173 62 
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2.3.7. Preparation of 4-phenyl azophenol [17]
 (89)

: 

NH2 N
2

- Cl +
N

N

OHNaNO2/ HCl

(0--5)0C

phenol

aq. NaOH

 

Aniline (3 mL, 0.0374 mole) was dissolved in concentrated hydrochloric 

acid (10.25 mL) and water (10.25 mL). Aqueous sodium nitrite [2.85 g, 

0.0425 mole in water (8.75 mL)] was added to the aniline solution drop wise 

while stirring at 0ºC. Phenol (3.41 g, 0.0375 mole) was dissolved in a 

sodium hydroxide solution [3.2 mL, 0.01 mole NaOH in water (3.5 mL)], 

and cooled to 0°C. The aniline and sodium nitrite mixture was added drop 

wise to the phenolate. The yellow precipitate was formed and then filtered, 

dried, and recrystallized with CCl4. The physical properties of the 

synthesized compound are given in Table 2-8. 

 

Table 2-8: Physical properties of compound [17] 

4-phenyl azophenol  

Molecular formula C12H10N2O 

Colour Yellow 

Molecular weight(g/mol) 198.22 

M.P.,  C 148-150 

yield% 85 

 

 



Chapter two   Experimental part 

41 
 

2.3.8. Preparation of (NE, N’E)-4, 4’-[ethane-1, 2-diylbis {sulfanediyl}] 

bis [N-{4-nitrobenzylidene} aniline] [18] 
(84)

: 

S

CH2H2C

S

N

N

N

O

O

N

O

O

 

Solution of  (E)-4-(2-chloroethylthio)-N-(4-nitrobenzylidene) aniline (0.80 

g, 0.0025 mole) was added into mixture of (0.65 g, 0.0025 mole) of (E)-4-

(4-nitrobenzylideneimino) benzenthiol and ethanolic alkali solution (0.04 g 

KOH in 10 mL EtOH). The result was refluxed for 2 hours. After cooling, 

the reaction mixture was poured into crushed ice, and the precipitate was 

obtained, filtered and then recrystallized from acetone. The physical 

properties for the prepared compound [18] are given in Table 2-9. 

Table 2-9: Physical properties of compound [18] 

(NE, N’E)-4, 4’-[ethane-1, 2-diylbis {sulfanediyl}] bis [N-{4-

nitrobenzylidene} aniline] 

Chemical formula C32H34N4S2 

Colour Yellow 

Molecular weight (g/mol) 538.77 

M.p.,  C 200-203 

yield% 64 

 



Chapter two   Experimental part 

42 
 

2.3.9. Preparation of (E)-N-(4-nitrobenzylidene)-4-[2-{4-(Z)-

phenyldiazenyl} phenoxy] ethylthio aniline [19] 
(84)

: 

S

CH2H2C

O

N

N

N

N

O

O

 

Solution of (E)-4-(2-chloroethylthio)-N-(4-nitrobenzylidene) aniline (0.80 g, 

0.0025 mole) was added drop wise into mixture of (0.5 g, 0.0025 mole) 4-

phenyl azophenol and ethanolic alkali solution (0.04 g KOH in 10 mL 

EtOH) with stirring. The result was refluxed for 2 hours. After cooling, the 

reaction mixture was poured into crushed ice, and the precipitate was 

obtained,   filtered and then recrystallized from acetone. The physical 

properties for the prepared compound [19] are given in Table 2-10. 

 

Table 2-10: Physical properties of compound [19] 

(E)-N-(4-nitrobenzylidene)-4-[2-{4-(Z)-phenyldiazenyl} phenoxy] ethylthio 

aniline 

Chemical formula C27H22N4O3S 

Colour Yellow 

Molecular weight (g/mol) 482.55 

M.p.,  C 193-195 

yield% 75 
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2.3.10. Preparation of (E)-N-[2-{4-(4-nitrobenzylideneamino) 

phenylthio} ethyl] -4-amine pyridin [20] 
(84)

: 

S

CH2H2C

NHN

N

N

O

O

 

Solution of (E)-4-(2-chloroethylthio)-N-(4-nitrobenzylidene) aniline (0.32 g, 

0.001 mole) was slowly (about 1.5 hr) added drop wise into mixture of 

sodium hydrogen carbonate (0.12 g) in (1 mL) of water and (0.42 g, 0.0045 

mole) of 4-aminopyridine with stirring at room temperature.  The result was 

heated in water bath at (90-95)  C for 3 hrs. The mixture was allowed to 

cool, filtered and then recrystallized from ethanol. The physical properties 

for the prepared compound [20] are given in Table 2-11. 

 

Table 2-11: Physical properties of compound [20] 

(E)-N-[2-{4-(4-nitrobenzylideneamino) phenylthio} ethyl] -4-amine pyridin 

Chemical formula C20H18N4O2S 

Colour Yellow 

Molecular weight (g/mol) 378.45 

M.p.,  C 192-195 

%yield 66 
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2.4. Weight loss measurements  

The sheet of mild steel used has the composition percentages (0.002% P, 

0.288% Mn, 0.03% C, 0.0154% S, 0.0199% Cr, 0.002% Mo, 0.065% Cu, 

0.0005%V and the remainder iron) which obtained by using spectro max. 

The mild steel sheet was mechanically press-cut into disc shape with 

diameter (2.5 cm). These disc shapes were polished with emery papers 

ranging from 110 to 410 grades to get very smooth surface. However, 

surface treatments of the mild steel involve degreasing in absolute ethanol 

and drying in acetone. The treated specimens were then stored in a moisture-

free desiccator before their use in corrosion studies. Mild steel specimens 

were initially weighed in an electronic balance. After that the specimens was 

completely immersed in 250 mL beaker containing 1M sulphuric acid in the 

presence and absence of inhibitors. The specimens were removed after 8 

hours exposure period at 30ºC, washed with water to remove any corrosion 

products and finally washed with acetone. Then they were dried and 

reweighed. Mass loss measurements were performed as ASTM method 

described previously 
(90, 91)

. The tests were performed in duplicate to 

guarantee the reliability of the results and the mean value of the weight loss 

is reported. Weight loss allowed calculation of the mean corrosion rate in 

(mg cm
-2

 h
-1

) 
(91)

. The corrosion rate of mild steel was determined using the 

relation: 

  
  

  
                                                                                                               

Where ( m) is the mass loss, (S) the area and (t) is the immersion time. 

 



Chapter two   Experimental part 

45 
 

The percentage inhibition efficiency (E %) was calculated using the 

relationship
 (91)

 :  

 

    (
           (   )

     
)                                                                        

Where Wcorr and Wcorr (inh) are the corrosion rates of mild steel in absence and 

presence of inhibitor, respectively. 

 

Basic information can be provided from the adsorption isotherms to explain 

the interaction between the organic compounds and metal surfaces. So that, 

the degree of surface coverage values ( ) at different inhibitor 

concentrations in 1M H2SO4 was achieved from weight loss measurements 

[  = E (%) /100] at 30
o
C and tested with Langmuir isotherm relationship 

(92)
: 

 

 

 
 

 

    
                                                                                                        

Where Kads is the equilibrium constant of the adsorption/desorption process, 

C (M) is the inhibitor concentration in the test solution. 

 

According to the Langmuir isotherm, Kads values can be calculated from the 

intercepts of the straight line of plotting (C/θ versus C). Kads is related to 

the standard free energy of adsorption,  G
o

ads, with the following equation: 

(The value 55.5 is the molar concentration of water in the solution) 

 

      
 

    
     (

      
 

  
⁄ )                                                               
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2.5. Theoretical calculations 

Theoretical calculations were carried out using the semi-empirical 

calculations with PM3 method 
(82)

.  For this purpose the Hyperchem 

Program 
(93) 

with complete geometry optimization was used.  

The purpose of these calculations is to provide information about the 

electron configuration of several organic inhibitors by quantum chemical 

calculations and to investigate the relationship between molecular structure 

and inhibition efficiency. Some electronic properties such as energy of the 

highest occupied molecular orbital (EHOMO), energy of the lowest 

unoccupied molecular orbital (ELUMO), energy gap ( E) between LUMO 

and HOMO and Mulliken charges on the backbone atoms for prepared 

compounds [4] to [20] were planned to determine. 
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3. Result & discussion 

3.1. Synthesis of organic compounds [1-11] 

First: The chemical steps for the synthesis of compounds [1-11] are shown 

in scheme 3-1 

NH2

N2
-Cl+

N

N

NH2

NaNO2/ HCl

(0--5)0C

Aniline

Acidic solution

R R'

O

N
N

N R

R'

Where
R:

R'

O

N(CH3)2
Br NO

2

HOH
C

C
HOH

HOH
C

C
H

2

OH

[4] [5] [6] [7] [9] [10]
______________________________________________________________

H H H H H H

[1]

O H

H3C CH3

O

2 +

O

+

N
N

NH2

N

N
N

[2]

[8]

O O

H
H3C H

O

H

O

O

+

N

N

NH2

N N

N

O

[3]

[11]

+

 Scheme 3-1: The chemical steps for the synthesis of compounds [1-11] 
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3.1.1. Characterization of 4-phenyl azoaniline [1]: 

 

NH2 N2
-Cl+

N

N

NH2NaNO2/ HCl

(0--5)0C

Aniline

Acidic solution

 

 

The mechanism reaction for the synthesis of compound [1] is showed below 

(94)
.  

 

NH2

O
N

O
H NH2

N

O

-H+

NH
N

O

+H+

N
N

OH

H
N

N

OH2

N
N

X

N
N

H

X

-H+
N

N

X

Where

X: NH2, OH

 

 

The FTIR spectrum of compound [1] revealed a medium stretching vibration 

band at 1415 cm
-1

 that corresponds to (N=N) bond (see Figure 3-1). In this 

spectrum there are three other characteristic bands at 3059cm
-1

 and (3475, 

3379) cm
-1

 due to (C-H) aromatic and (symmetry and asymmetry) NH2 

stretching vibrations, respectively
 (95)

. That means compound [1] is existing 

in azo form. 



Chapter three                 Result & discussion 

49 
 

 

Figure 3-1: FTIR spectrum of compound [1] 

 

 

3.1.2. Characterization of (1E, 4E)-1, 5-diphenylpenta-1, 4-dien-3-one & 

(E)-3-(furan-2-yl) acrylaldehyde [2], [3]: 

These compounds were prepared by aldol condensation reaction where two 

molecules of an aldehyde or a ketone may combine to form a β-

hydroxyaldehyde or β-hydroxyketone which is very easily dehydrated. The 

mechanism reaction for the synthesis of compounds [2, 3] was showed 

below 
(96)

. 
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R

O

C
H2

H

OH

-H2O

R

O

CH2 H

O

R' R

O O

R'

H

H2O

-OH-

R

O

C
H2

OH

R'

H
-H2O

R

O

R'

H
Where
R: alkyl, H
R': phenyl, f uran

 

 

The FTIR spectra of compounds [2], [3] are depicted in Figures (3-2 and 3-3 

respectively), and also some of their absorption bands are shown in Table 3-

1.  

 

Table 3-1: FTIR Spectral data of prepared compound [2], [3] in cm
-1 

Compound 

No. 

Fig. 

No. 

ν C-H 

aromatic 

ν C=C 

Olfinic 

ν C=C 

aromatic 

ν C=O ν C-H 

aldehyde 

ν C-O 

[2] 3-3 3051 1628 1593 1651 - - 

[3] 3-4 3124 1624 1546 1674 2727 1122 
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Figure3-2: FTIR Spectrum of compound [2] 

 

 

Figure 3-3: FTIR Spectrum of compound [3] 
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3.1.3. Characterization of N-[substituted] (E)-4-(phenyldiazenyl) aniline 

[4-11]: 

These compounds were prepared by condensation reaction of 4-phenyl 

azoaniline with aldehyde or ketone in absolute ethanol.  

The FTIR spectra of compounds [4-11] revealed disappearance of bands at 

(1660-1700 cm
-1

) and (2700-2850 cm
-1

) which belong to (C=O) and (C-H 

aldehyde hydrogen), respectively. In addition, appearance of absorption 

band of the imine (CH=N) (see table 3-2) as evidence for formation of the 

above compounds 
(97)

. 

The FTIR spectra of compounds [4-11] are depicted in Figures (3-4) to (3-

11) respectively, and also some of their absorption bands show in Table 3-2.  

 

Table 3-2: FTIR Spectral data of prepared compounds [4-11] in cm
-1 

Compound 

No. 

Fig. 

No. 

ν C=N ν N=N ν C-H 

aromatic 

ν C-H 

aliphatic 

ν C=C 

Olfinic 

C=C 

aromatic 

ν of other 

bands 

[4] 3-4 1608 1435 3032 2858 - 1573 C-N-C, 505 

[5] 3-5 1620 1400 3043 - - 1581 C-Br,  

821 

[6] 3-6 1624 1411 3066 - - 1577 -NO2, 

1519, 

1342 

[7] 3-7 1643 1411 3035 - - 1597 C-O, 

1238 

[8] 3-8 1651 1408 3059 2935 1604 1523 N-H 

3360 

[9] 3-9 1627 1438 3059 2974 1600 1573 - 

[10] 3-10 1604 1435 3078 2933 - 1537 O-H, 

3342 

[11] 3-11 1670 1411 3059 2970 1597 1504 C-O, 

1138 



Chapter three                 Result & discussion 

53 
 

 

 

Figure 3-4: FTIR Spectrum of compound [4] 

 

 

Figure 3-5: FTIR Spectrum of compound [5] 
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Figure 3-6: FTIR Spectrum of compound [6] 

 

 

 
Figure 3-7: FTIR Spectrum of compound [7] 
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Figure 3-8: FTIR Spectrum of compound [8] 

 

 

 
Figure 3-9: FTIR Spectrum of compound [9] 
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Figure 3-10: FTIR Spectrum of compound [10] 

 

 

 
Figure 3-11: FTIR Spectrum of compound [11] 
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The FTIR spectrum of prepared compound [8], which depicts in Figures (3-

8), showed a tautomerism that could be occurred as below: 

 

N

N

H
N C

HC

C
H

CH

N

N

H
N HC

C

C
H

CH

N

N

N HC

HC

C
H

CH

 

The appearance of absorption band of (N-H) at 3360 cm
-1 

indicated the 

tautomerism behavior (Table 3-2).  

The UV-visible spectra of the Schiff bases show two bands with maximum λ  

at ~370 nm and ~260 nm due to the various n→π* and π→π* transitions. 

The first π→π* transition is due to excitation of the π electrons of the 

aromatic ring, and the other n→π* transition is due to the presence of 

unpaired electrons in the azomethine group 
(98)

. UV-visible spectra for the 

prepared compounds [4-11] in absolute ethanol are showed in Figures (3-12) 

to (3-19) and Table 3-3. 
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Table 3-3: UV-Visible Spectral data of prepared compounds [4-11] 

Compound No. Fig. No. n→π* (nm) π→π* (nm) 

[4] 3-12 387 346 

[5] 3-13 364 269 

[6] 3-14 378 259 

[7] 3-15 386 242 

[8] 3-16 399 294 

[9] 3-17 364 232 

[10] 3-18 382 245 

[11] 3-19 395 271 

 

 

 

Figure 3-12: U.V. spectrum of compound [4] 
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Figure 3-13: U.V. spectrum of compound [5] 

 

 

Figure 3-14: U.V. spectrum of compound [6] 
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Figure 3-15: U.V. spectrum of compound [7] 

 

 

Figure 3-16: U.V. spectrum of compound [8] 
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Figure 3-17: U.V. spectrum of compound [9] 

 

 

Figure 3-18: U.V. spectrum of compound [10] 
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Figure 3-19: U.V. spectrum of compound [11] 

 

1
H-NMR spectra of prepared compounds [4-11] are also used for confirming 

the structure of final products. Table 3-4 and Figures (3-20) to (3-24), show 

the following characteristic chemical shifts (ppm) in DMSO-d6 as solvent. 

The signal at δ=2.5 ppm and δ= 3.3 ppm could be belong to DMSO-d6. 
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Table 3-4: 
1
H-NMR spectral data of compounds [4-11] in ppm 

Comp. 

No. 

Compound structure 1
H-NMR  data of ( -H) in ppm Fig. 

No. 

 
[4] 

N

N N

N

CH3

CH3

 
 

3.038 [Singlet, 6H, -N-(–CH3)2], 6.799- 

6.975[doublet of doublet,4H, ph-

N(CH3)2], 7.382-7.602 (doublet of 

doublet, 4H, ph-N=CH-ph), 7.705- 

7.879(doublet of doublet, 4H, ph-N=N-

ph), 7.951[triplet, proton in p-position of 

aromatic ring linked to (N=N)] 8.520 

(Singlet, 1H, -N=CH-) 
 

 

 

3-20 

 
[5] N

N N

Br

 
 

7.476-7.573(doublet of doublet,4H, ph-

N=CH-ph), 7.760-7.899 (doublet of 

doublet, 4H, ph-Br), 7.949-7.997 

(doublet of doublet, 4H, ph-N=N-ph), 

7.639 [triplet, proton in p-position of 

aromatic ring linked to (N=N)], 8.738 

(Singlet, 1H, -N=CH-) 
 
 

 

 

3-21 

 
[6] 

N

N N

N

O

O  
 

7.584-7.597 (doublet of doublet, 4H, 

ph-N=CH-ph) 8.001-8.016 (doublet of 

doublet, 4H, ph-N=N-ph) 8.393-8.409 

(doublet of doublet, 4H, ph-NO2) , 

7.924[triplet, proton in p-position of 

aromatic ring linked to (N=N)], 

8.918(Singlet, 1H, -N=CH-) 
 

 

 

 

3-22 

[9] 

 

 

N

N N

 

6.888 (doublet, 1H, -CH=CH-ph), 7.216 

(doublet, 1H, -CH=CH-ph), 7.268-7.395 

(doublet of doublet, 4H, ph-N=CH-CH), 

7.707-7.729 (doublet of doublet, 4H, 

ph-CH=CH), 7.612 [triplet, proton in p-

position of aromatic ring linked to 

(CH=CH)], 7.947-7.973 (doublet of 

doublet, 4H, ph-N=N), 7.488 [triplet, 

proton in p-position of aromatic ring 

linked to (N=N)], 8.253(Singlet, 1H, -

N=CH-) 

 

 

 

3-23 
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Table 3-4: Continued 

Comp. 

No. 

Compound structure 1
H-NMR  data of ( -H) in 

ppm 

Fig. No. 

 
[10] 

 
 

 
 

HO
OH

OH

OH

N

N
N

 
 

3.402-3.643 [quartet, 2H, the 

two (-C-H) near to (N=CH)], 

3.707 [quintet, 1H, (-C-H) far to 

(N=CH)], 3.867 (triplet, 2H, -

CH2), 4.475-4.920 [doublet, 3H, 

the three (O-H) linked to (C-

H)], 5.098 [triplet, 1H, (O-H) 

linked to CH2], 8.077(Singlet, 

1H, -N=CH-) 

3-24 

 

 

 

Figure 3-20:
1
H-NMR Spectrum of compound [4] 

 



Chapter three                 Result & discussion 

65 
 

 

Figure 3-21: 
1
H-NMR Spectrum of compound [5] 

 

Figure 3-22: 
1
H-NMR Spectrum of compound [6] 
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Figure 3-23: 
1
H-NMR Spectrum of compound [9] 

 

Figure 3-24: 
1
H-NMR Spectrum of compound [10] 
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13
C-NMR spectra were also used for characteristic of the Schiff base 

structures. Table 3-5 and Figures (3-25) to (3-31) are shown the 

characteristic chemical shifts of prepared compounds [4-10] in ppm, where 

DMSO-d6 chemical shifts (as solvent) occurs at δ= 39.51 ppm.  

 

Table 3-5: 
13

C-NMR spectral data of compounds [4-10] in ppm 

Comp. 

No. 

Compound structure 13
C-NMR  data of ( -C) in 

ppm 

Fig. 

No. 

 
[4] 

N

N N

N

CH3

CH3

1

1

2

4 3

4 3

6 5
7

9 8

9 8

10

11

13 12

13 12

14

 

C1= 40.263, C2= 155.651,  

C3= 111.932, C4=129.913,  

C5= 124.355, C6=161.473,  

C7= 152.532, C8= 122.872,  

C9= 122.403, C10= 149.685, 

 C11= 153.144, C12=123.988,  

C13= 131.187, C14= 131.603 

 

 

3-25 

 
[5] 

1

2

N

N N

Br

3

3 2

5 4

6

8 7

8 7

9
10

12 11

12 11

13

 

C1=122.483, C2=130.709,  

C3= C12=123.829, 

C4=131.974, C5=160.928, 

C6=C10=153.750, 

C7=C8=C11=122.150, 

C9=150.007, C13=129.456  

 

 

3-26 

 
[6] 

1

6 2

8
13 N

N N

N

O

O

3

3 2

5 4

710

8 7

9

12 11

12 11

 

C1=C6=148.086, C2=123.057, 

C3=124.354, C4= 130.431, 

C5=155.202,  

C7= C8=C11=122.917, 

C9=C10=136.563, 

C12=124.570, C13=129.974 

 

 

3-27 
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Table 3-5: Continued 

Comp. 

No. 

Compound structure 13
C-NMR  data of ( -C) in ppm Fig. 

No. 

 
[7] 

1

8
N

N N

5 4

710

9
O

2
3

6

8 7

12 11

12 11

13

 

C1= 129.177, C2= 112.246, 

 C3= 117.031, C4= 129.488,  

C5= 139.938, C6= 121.777,  

C7= 112, 246, C8=C11= 122.298, 

C9= 145.643, C10= 122.124,  

C12= 124.244, C13= 129.307 

 

 

3-28 

 
 

[8] 

15

14

6

910

13 8

3

4

7
6

12
N

N N

1

1

2

2

3 2

3 2

3

4

5

5

910

11

13

14

 

C1= 126.380, C2= 128.454,  

C3= 129.145, C4= 134.404,  

C5= 142.521, C6= 112.482,  

C7= 152.857, C8= 151.155,  

C9= 121.677, C10= 113.340,  

C11= 143.244, C12= 152.419,  

C13= 124.831, C14= 129.461, 

 C15= 130.502 

 

 

3-29 

 
[9] 

15

14

910

13 8

7
6

12
N

N N

1

3 2

3 2

45

910

11

13

14

 

C1= 123.854, C2= 127.756,  

C3= 129.443, C4= 129.087,  

C5= 122.462, C6= 145.457,  

C7= 135.313, C8= 122.651,  

C9= 121.955, C10= 129.864,  

C11= 131.307, C12= 128.237, 

 C13= 128.980 

 

 

3-30 

 
[10] 

11

13

8 7

8 7

12

11 6

5

12

N

N N

134 2

9

10

OH

H

H

OH

OH

H

CH2

OH

 

C1= 66.263, C2= 69.995,  

C3= 73.489, C4= 68.080,  

C5= 169.568, C6= 150.758,  

C7= C11=124.680, C8= 121.831, 

C9= 152.307, C10= 161.846, 

C12=129.205, C13= 129.747 

 

 

3-31 
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Figure 3-25: 
13

C-NMR Spectrum of compound [4] 

 

Figure 3-26: 
13

C-NMR Spectrum of compound [5] 
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Figure 3-27: 
13

C-NMR Spectrum of compound [6] 

 

Figure 3-28: 
13

C-NMR Spectrum of compound [7] 
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Figure 3-29: 
13

C-NMR Spectrum of compound [8] 

 

Figure 3-30: 
13

C-NMR Spectrum of compound [9] 
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Figure 3-31: 
13

C-NMR Spectrum of compound [10] 
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3.2. Synthesis of organic compounds [12-16] 

The synthesis routes for synthesis of compounds [12-16] are shown in 

scheme 3-2. 

HS NH
2

+

N

O

HO

O

Abs. Ethanol
G. acetic acid

N

O

O

CH

N SH

N
OO

CH
N

S
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CH
N

S

N
OO

CH
N

S

N
OO

CH
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S
CH2

CH3

CH2
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2
C
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CH2

CH2

H2C
Cl
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C
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H3C

H3C
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H2C
Br

H2C

Cl
C
H2

H2
C Cl

Cl

[12]

[13]

[14]
[15]

[16]

 

Scheme 3-2: The chemical steps for the synthesis of compounds [12-16] 
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3.2.1. Characterization of (E)-4-(4-nitrobenzylideneimino) benzenthiol 

[12]: 

This compound was prepared from the reaction of p-aminothiophenol with 

p-nitrobenzaldehyde in abs. ethanol. 

The FTIR spectrum of compound [12], (see Figure 3-32) shows 

disappearance of bands at (1680- 1715 cm
-1

), (2830- 2695 cm
-1

), and (3400-

3500 cm
-1

) which due to (C=O), (C-H aldehyde) and (-NH2 group), 

respectively, while the appearance of bands at (1624cm
-1 

) for imine bond, 

(2590cm
-1

) for (S-H) bond, (636cm
-1

)  for (C-S) bond, (1516, 1346) cm
-1

 for 

(-NO2) group, (3066 cm
-1

) for (C-H) aromatic and (1593 cm
-1

) for (C=C). 

 

 

Figure 3-32: FTIR Spectrum of compound [12] 
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The UV-visible spectrum of (E)-4-(4-nitrobenzylideneimino) benzenthiol 

[12] (see Figure 3-33) in ethanol as a solvent and at room temperature shows 

max at (373, 269 nm) due to electronic transitions of (n-π*), (π-π*), 

respectively. 

 

 

Figure 3-33: U.V. spectrum of compound [12] 

 

13
C-NMR spectrum of compound [12], (see Figure 3-34), shows the 

following characteristic chemical shifts of  (C5) at δ= 159.05 ppm, while the 

signals appeared at the downfield region in between δ= 122.293- 149.91 

ppm where attributed to aromatic carbons: δ= 122.29 ppm (C7), δ= 124.20 

ppm (C2), δ= 127.90 ppm (C3), δ= 129.15 ppm (C9), δ= 130.57 ppm (C8), 

δ= 141.28 ppm (C4), δ= 148.80 ppm (C6) , δ= 149.91 ppm (C1). 
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Figure 3-34: 
13

C-NMR spectrum of compound [12] 

 

3.2.2. Characterization of S-[substituted] (E)-4-(4-

nitrobenzylideneamino) benzenethiol [13-16]: 

Compounds [13, 14, 15 and 16] were prepared via SN2 reaction of 

compound [12] with alkyl halide in alcoholic potassium hydroxide. 

Mechanism of this reaction involved abstraction of proton from thiol group 

to form nucleophile which can be attacked carbon of alkyl halide  within 

SN2 mechanism to obtain [S-substituted] (E)-4-(4-nitrobenzylideneamino) 

benzenethiol [13-16], mechanism of SN2 reaction is shown below: 
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CH

N

N

S

H

O

O KOH

EtOH
CH

N

N

S

O

O

K

R

H2C

X

CH

N

N

S

O

O

R

KCl +

Where

R: CH3, CH3-CH2,CH2-Cl

X: Cl, Br

 

 

The FTIR spectra of compounds [13-16] in Figures (3-35) to (3-38) are 

shown absorption stretching band of different groups which are also listed in 

Table 3-6.  

 

Table 3-6: FTIR Spectral data of prepared compounds [13-16] in cm
-1

 

Compound 

No. 

Fig. 

No. 

ν 

C=N 

ν C-S ν C-H 

aromatic 

ν C-H 

aliphatic 

ν C=C 

aromatic 

ν 

NO2 

ν C-Cl 

[13] 3-35 1624 636 3097 2889 

2846 

1597 1516 

1342 

- 

[14] 3-36 1624 636 3097 2885 

2843 

1597 1516 

1342 

- 

[15] 3-37 1624 621 3074 2885 

2843 

1597 1516 

1342 

- 

[16] 3-38 1624 628 3050 2885 

2839 

1597 1516 

1342 

541 
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Figure 3-35: FTIR Spectrum of compounds [13] 

 

Figure 3-36: FTIR Spectrum of compounds [14] 
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Figure 3-37: FTIR Spectrum of compounds [15] 

 

Figure 3-38: FTIR Spectrum of compounds [16] 
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The UV-visible spectra for the prepared compounds [13-16] are shown in 

Figures (3-39) to (3-42) and mass of electronic transitions are listed in 

Table 3-7. 

 

Table 3-7: UV-visible spectral data of prepared compounds [13-16] 

Compound No. Fig. No. n→π* (nm)  π→π* (nm) 

[13] 3-39 355 287 

[14] 3-40 356 287 

[15] 3-41 350 285 

[16] 3-42 352 287 

 

 

Figure 3-39: U.V. spectrum of compounds [13] 
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Figure 3-40: U.V. spectrum of compounds [14] 

 

Figure 3-41: U.V. Spectrum of compounds [15] 
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Figure 3-42: U.V. Spectrum of compounds [16] 

 

13
C-NMR spectra of prepared compounds [13], [15] are shown in Figures (3-

43), (3-44) and the characteristic chemical shifts are listed in Table 3-8 

(where DMSO-d6 chemical shifts (as solvent) occurs at δ= 39.51 ppm).  

 

Table 3-8: 
13

C-NMR spectral data of compounds [13], [16] in ppm 

Comp. 

No. 

Compound structure 13
C-NMR  data of ( -C) in 

ppm 

Fig. 

No. 

 

[13] 

NS

N

O

O

CH2H3C

1

3 2

3 2

45

6

8 7

8 7

9

11 10

 

C1, C5, C6= 142.658,  

C2 = 124.006, C3= 128.016, 

C4=142.658, C7= 122.530,  

C8= 122.872, C9= 129.750,  

C10= 38.931, C11= 24.494  

 

 

3-43 

 

[15] 
NS

N

O

O

CH2

1

3 2

3 2

5 4

6

8 7

8 7

9

11 10

13 12

13 12

14

 

C1=150.160, C2=122.979, 

C3=129.313, C4= 134.527, 

C5=160.042, C6=149.386,  

C7= 122.795, C8=129.684,  

C9= C11=130.216 ,C10=41.343, 

C12=C13=C14=124.519 

 

 

3-44 
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Figure 3-43: 
13

C-NMR spectrum of compound [13] 

 

Figure 3-44: 
13

C-NMR spectrum of compound [15] 
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3.3. Synthesis of organic compounds [17-20] 

The synthesis routes for synthesis of compounds [17-20] are shown in 

scheme 3-3. 

 

N

N+

O

O-

S

Cl

NH2

N2
- Cl +

N

N

OH

NaNO2/ HCl

(0--5)0C

phenol

aq. NaOH
[16]

[17]

N

NH2

SH

N

N+

O-O

S
CH2H2C

S

N

N

N
O

O

N
O

O

S
CH2H2C

O

N

N
N

N
O

O
S

CH2H2C
NHN

N

N
O

O

[18]

[19]

[20]

 

Scheme 3-3: The chemical steps for the synthesis of compounds [17-20] 

 

 

 

 



Chapter three                 Result & discussion 

85 
 

3.3.1. Characterization of 4-phenyl azophenol [17]: 

 

NH2 N2
- Cl +

N

N

OHNaNO2/ HCl

(0--5)0C

phenol

aq. NaOH

 

 

The mechanism reaction for the synthesis of compound [17] was the same 

mechanism that mentioned in the preparation of the compound [1]. 

The FTIR spectrum of compound [17] showed a medium stretching 

vibration band at 1415 cm
-1

 that corresponds to (N=N) bond, band at 3363 

cm
-1

 that corresponds to (O-H),band at 1589 cm
-1

 to (C=C), bands at 

3074cm
-1

 due to (C-H) aromatic stretching vibrations (Figure 3-45). That 

means compound [17] is existing in azo form. 

 

 

Figure 3-45: The FTIR spectrum of compound [17] 
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3.3.2. Characterization of C-[substituted] (E)-4-(2-chloroethylthio)-N-(4-

nitrobenzylidene) aniline [18] and [19]: 

 

SN

CHN

O

O

R

N

N

O

[18] [19]

SN

CHN

O

O

Where
R

 

The mechanism reaction for the synthesis of compound [18, 19] is the 

mechanism of SN2 reaction that shown below: 

 

R
X

SN

CHN

O

O

Cl

K

SN

CHN

O

O

X

Where;
X= S, O

R=

R

N

CHN

O

O
N

N

 



Chapter three                 Result & discussion 

87 
 

The FTIR spectra of prepared compounds [18], [19] are shown in Figures (3-

46, 3-47), where (C-Cl) disappear and absorption stretching bands of 

different groups which are also listed in Table 3-9. 

 

Table 3-9: FTIR Spectral data of compounds [18, 19] in cm
-1

  

Compound 

No. 

Fig. 

No. 

ν C=N ν C-S ν C-H 

aromatic 

ν C-H 

alphatic 

ν C=C ν 

NO2 

Other 

[18] 3-46 1624 636 3050 2885 

2839 

1597 1516 

1342 

- 

[19] 3-47 1624 636 3070 2947 

2885 

1597 1516 

1342 

C-O-C 

1238 

 

 

 

Figure 3-46: FTIR Spectrum of compounds [18] 
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Figure 3-47: FTIR Spectrum of compounds [19] 

 

The UV-visible spectra for the prepared compounds [18], [19] are showed in 

figures 3-48, 3-49 and Table 3-10. 

 

Table 3-10: UV-visible spectral data of prepared compounds [18, 19] 

Compound No. Fig. No. n→π* (nm)  π→π* (nm) 

[18] 3-48 330 >250 

[19] 3-49 349 288 
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Figure 3-48: U.V. Spectrum of compounds [18] 

 

 

Figure 3-49: U.V. Spectrum of compounds [19] 
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13
C-NMR spectrum for the prepared compounds [18] is shown in Figure 3-

50, and 
13

C-NMR spectral data of prepared compounds [18] in ppm as 

following: C1=149.061, C5=186.202, (C2, C3, C4, C6, C7, C8 and C9 

within the range=122.432-242.342, C10= 55.027. 

 

 

Figure 3-50: 
13

C-NMR spectrum of compound [18] 

 

 

3.3.3. Characterization of (E)-N-(2-(4-(4-nitrobenzylideneamino) 

phenylthio) ethyl) pyridin-4-amine [20]: 

S

CH
2

H2C

NHN

N

N

O

O
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The FTIR spectrum of prepared compound [20] is shown stretching 

vibration band at 1647 cm
-1

 that corresponds to (C=N) bond. stretching 

vibration band at 3437 cm
-1

 that corresponds to secondary (N-H) bond. 

Stretching vibration bands at 636 cm
-1

,  3055 cm
-1

, 2989 cm
-1

, (1558, 1597 ) 

cm
-1

 and (1516, 1342) cm
-1

 that correspond to (C-S), (C-H) aromatic, (C-H) 

aliphatic, (C-N), (C=C) pyridyl ring and symmetry and asymmetry (NO2) of 

stretching vibrations (see Figure 3-51). 

 

 

Figure 3-51: FTIR spectrum of compound [20] 

 

The UV-visible spectra of Compound [20], (see Figure 3-52) shows 

electronic transition bands with max at (271nm) due to π-π* transition, and 

n-π* at (348nm).  
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Figure 3-52: U.V. Spectrum of Compound [20] 

 

3.4. Weight loss measurement and Theoretical calculations 

3.4.1. Weight loss measurement: 

The prepared compounds [4-16 and 18-20] were used as inhibitors for the 

corrosion, the values of corrosion rate, surface coverage and inhibition 

efficiency from weight loss measurements at different concentrations of 

prepared compounds [4-16 and 18-20] after 8 hours immersion of mild steel 

in 1M H2SO4 at 30
o
C are summarized in Table (3-11) and Table (3-12), 

respectively. 

First, the inhibition efficiency of compounds [4-11] as a function of 

concentration is shown in Figure (3-53). The results of Table (3-11) and 

Figure (3-53) show that as the inhibitor concentration increases, the 

corrosion rate decreases and therefore the inhibition efficiency increases. It 

can be concluded that these prepared compounds act as inhibitor through 

adsorption on mild steel surface and formation of a barrier layer between 
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iron metal and the corrosive media. The inspection of results of E (%) in 

Table (3-11) indicates that the protection efficiency E (%) increases with 

increasing the concentration of suggested inhibitors with the maximum 

inhibition efficiencies were achieved at 10
-3

 M. Thus, the comparative study 

reveals that order of maximum inhibition efficiency as follow: [9]> [4]> 

[5]> [8]> [7]> [6]> [11]> [10]. This order could be explain by the effect of 

molecular structure of organic inhibitors on inhibition efficiency, as well as 

adsorption process. 

In order to confirm the adsorption of compounds [4-11] on mild steel 

surface, adsorption isotherms were studied. Adsorption isotherms can 

provide basic information on the interaction of inhibitor and metal surface. 

Thus, the degree of surface coverage values (), at different inhibitor 

concentrations in 1 M H2SO4 was evaluated from weight loss measurements 

(= E (%)/100, see Table (3-11)) at 30
o
C and tested graphically for fitting to 

a suitable adsorption isotherm. The plot of parameter (C/) against inhibitor 

concentration (C) [see Figure (3-54)] yields a straight line. 

The negative values of G
o

ads as shown in Table (3-11) indicate spontaneous 

adsorption of [4-11] molecules on the mild steel surface and a strong 

interaction between inhibitor molecules and metal surface. The value of 

G
o

ads is less than -40 kJ/mol that indicating electrostatic interaction 

between the charged metal surface is physical adsorption 
(99)

. 
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Table 3-11: Corrosion rate, inhibition efficiency, surface coverage (θ) and 

standard free energy of adsorption in the presence and absence of different 

concentrations of N-[substituted] (E)-4-(phenyldiazenyl) aniline [4-11] for 

the corrosion of mild steel in 1 M H2SO4 from weight loss measurements 

 
Inhibitor 

concentration 

(M) 

1M H2SO4 

 M(g) Corrosion rate 

(mg cm
-2

 h
-1

) 

E% θ  G
o

ads 

(kJ/mol) 

Uninhibited 0.113 2.8790 - -  

-36.08 

(R
2
=0.9970) 

 

 

[4]     

0.001 0.0415 1.0573 63.28 0.6328 

0.0005 0.0491 1.2510 56.55 0.5655 

0.0001 0.0575 1.4650 49.11 0.4911 

0.00005 0.0614 1.5643 45.50 0.4550 

[5]      

-34.90 

(R
2
=0.995) 

0.001 0.0419 1.0675 62.92 0.6292 

0.0005 0.0519 1.3223 54.07 0.5407 

0.0001 0.0563 1.4344 50.18 0.5018 

0.00005 0.0681 1.7350 39.74 0.3974 

[6]      

-35.08 

(R
2
=0.9980) 

0.001 0.0475 1.2102 57.96 0.5796 

0.0005 0.0542 1.3809 52.04 0.5204 

0.0001 0.0607 1.5465 46.28 0.4628 

0.00005 0.0792 2.0178 29.91 0.2991 

[7]      

-35.58 

(R
2
=0.9910) 

0.001 0.0443 1.1287 60.80 0.6080 

0.0005 0.0551 1.4038 51.24 0.5124 

0.0001 0.0603 1.5363 46.64 0.4664 

0.00005 0.0676 1.7223 40.18 0.4018 

[8]      

-38.64 

(R
2
=0.9950) 

0.001 0.0427 1.0879 62.21 0.6221 

0.0005 0.0475 1.2102 57.96 0.5796 

0.0001 0.0496 1.2637 56.11 0.5611 

0.00005 0.0564 1.4350 50.16 0.5016 

[9]      

-34.39 

(R
2
=0.9998) 

0.001 0.0198 0.5045 82.48 0.8248 

0.0005 0.0235 0.5987 79.20 0.7920 

0.0001 0.053 1.3503 53.10 0.5310 

0.00005 0.0688 1.7529 39.11 0.3911 
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Table 3-11: To be continued 

[10]      

-36.77 

(R
2
=0.9980) 

0.001 0.0691 1.7605 38.85 0.3885 

0.0005 0.0731 1.8624 35.31 0.3531 

0.0001 0.0738 1.8803 34.69 0.3469 

0.00005 0.0811 2.0662 28.23 0.2823 

[11]      

-37.59 

(R
2
=0.9998) 

0.001 0.0611 1.5567 45.93 0.4593 

0.0005 0.0629 1.6025 44.34 0.4434 

0.0001 0.0666 1.6968 41.06 0.4106 

0.00005 0.0741 1.8879 34.43 0.3443 

 

 

 

Figure 3-53: Effect of inhibitor concentration on the efficiencies of mild 

steel obtained at 30
o
C in 1 M H2SO4 containing different concentrations of 

prepared inhibitors [4]-[11] 
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Figure 3-54: Langmuir adsorption isotherm plot for mild steel in 1M H2SO4 

solution in the presence of various concentrations of inhibitor [11] 

 

Second, the inhibition efficiency results of prepared compounds [12-16] and 

[18-20] as a function of concentration are shown in Figure (3-55). The 

results of Table (3-12) and Figure (3-55) are showing that as the inhibitor 

concentration increases, the corrosion rate decreases and therefore the 

inhibition efficiency increases. It can be concluded that these prepared 

compounds act as inhibitors through adsorption on mild steel surface and 

formation of a barrier layer between the metal and the corrosive media. The 

inspection of results of E (%) in Table (3-12) indicates that the protection 

efficiency E (%) increases with increasing the concentration of suggested 

inhibitors with the maximum inhibition efficiencies were achieved at 10
-3

 M. 

Thus, the comparative study reveals that order of maximum inhibition 

efficiency as follow: [18]> [15]> [13]> [14]> [16]> [12]> [19]> [20]. This 
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order could be explain by the effect of molecular structure of organic 

inhibitors on inhibition efficiency, as well as adsorption process. 

In order to confirm the adsorption of compounds [12-16] and [18-20] on 

mild steel surface, adsorption isotherms were studied. Adsorption isotherms 

can provide basic information on the interaction of inhibitor and metal 

surface. Thus, the degree of surface coverage values (), at different 

inhibitor concentrations in 1 M H2SO4 was evaluated from weight loss 

measurements (= E (%)/100, see Table (3-12)) at 30
o
C and tested 

graphically for fitting to a suitable adsorption isotherm. The plot of 

parameter (C/) against inhibitor concentration (C) [see Figure (3-56)] 

yields a straight line. 

The negative values of G
o

ads (as shown in Table 3-12) indicate spontaneous 

adsorption of [12-16] and [18-20] molecules on the mild steel surface and 

strong interaction between inhibitor molecules and metal surface. The value 

of G
o

ads is less than (-40 kJ/mol); it’s indicating that electrostatic 

interaction between the charged metal surface is physical adsorption 
(99)

.  
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Table 3-12:Corrosion rate, inhibition efficiency, surface coverage (θ) and 

standard free energy of adsorption in the presence and absence of different 

concentrations of compounds [12-16] and [18-20] for the corrosion of mild 

steel in 1M H2SO4 from weight loss measurements 

 
Inhibitor 

concentration 

(M) 

1M H2SO4 

 M(g) Corrosion rate 

(mg cm
-2

 h
-1

) 

E% θ  G
o

ads 

(kJ/mol) 

Uninhibited 0.113 2.8790 - -  

-32.55 

 

R
2
= 0.9972 

[12]     

0.001 0.0301 0.7669 73.36 0.7336 

0.0005 0.0732 1.8650 35.22 0.3522 

0.0001 0.0744 1.8955 34.16 0.3416 

0.00005 0.0779 1.9847 31.06 0.3106 

[13]      

-32.65 

R
2
= 0.9901 

0.001 0.0275 0.7007 75.66 0.7566 

0.0005 0.0431 1.0981 61.86 0.6186 

0.0001 0.0711 1.8115 37.08 0.3708 

0.00005 0.0715 1.8217 36.72 0.3672 

[14]     -34.28 

 

R
2
= 0.9965 

0.001 0.0283 0.7210 74.96 0.7496 

0.0005 0.0383 0.9758 66.11 0.6611 

0.0001 0.0451 1.1490 60.09 0.6009 

0.00005 0.0711 1.8115 37.08 0.3708 

[15]     -34.65 

R
2
= 0.9992 0.001 0.0239 0.6089 78.85 0.7885 

0.0005 0.0295 0.7516 73.89 0.7389 

0.0001 0.0543 1.3834 51.95 0.5195 

0.00005 0.0566 1.4420 49.91 0.4991 

[16]     -34.05 

R
2
= 0.9963 0.001 0.0290 0.7389 74.33 0.7433 

0.0005 0.0394 1.0038 65.13 0.6513 

0.0001 0.0587 1.4955 48.05 0.4805 

0.00005 0.0610 1.5541 46.02 0.4602 

[18]      

-34.15 

R
2
= 0.9985 

 

 

0.001 0.0206 0.5248 81.77 0.8177 

0.0005 0.0273 0.6955 75.84 0.7584 

0.0001 0.0425 1.0828 62.39 0.6239 

0.00005 0.0746 1.9006 33.98 0.3398 
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  Table 3-12: Continued 
[19]      

-33.53 

R
2
= 0.9972 

 

0.001 0.0309 0.7873 72.65 0.7265 

0.0005 0.0334 0.8510 70.44 0.7044 

0.0001 0.0532 1.3554 52.92 0.5292 

0.00005 0.0834 2.1248 26.20 0.2620 

[20]      

-33.27 

R
2
= 0.9984 

 

 

0.001 0.0355 0.9045 68.58 0.6858 

0.0005 0.0439 1.1185 61.15 0.6115 

0.0001 0.0599 1.5261 46.99 0.4699 

0.00005 0.0768 1.9567 32.04 0.3204 

 

 

 
Figure3-55: Effect of inhibitor concentration on the efficiencies of mild steel 

obtained at 30
o
C in 1 M H2SO4 containing different concentrations of 

prepared inhibitors [12-16] and [18-20] 
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Figure 3-56: Langmuir adsorption isotherm plot for mild steel in 1M H2SO4 

solution in the presence of various concentrations of inhibitor [14] 
 

 

The anodic dissolution of iron in acidic media and the corresponding 

cathodic reaction has been reported as follows 
(100)

: 

Fe   Fe
2+

 + 2e
-
    (anodic reaction)             (3.1) 

2H
+
 + 2e

-
  H2   (cathodic reaction)           (3.2)  

As a result of these reactions, including the high solubility of the corrosion 

products, the metal loses weight in the solution. Corrosion inhibition of mild 

steel in 1 M H2SO4 by prepared compounds [4-16] and [18-20] can be 

explained on the basis of molecular adsorption. The compound inhibits 

corrosion by controlling both the anodic and cathodic reactions. In acidic 

solutions the prepared compounds [4-16] and [18-20] exist as protonated 

species. These protonated species adsorb on the cathodic sites of the mild 



Chapter three                 Result & discussion 

101 
 

steel and decrease the evolution of hydrogen. The adsorption on anodic sites 

occurs through π-electron of aromatic ring and lone pair of electrons of 

nitrogen atom, which decreases anodic dissolution of mild steel 
(101)

. 

 

 

3.4.2. Theoretical calculations 

The purpose of this work is to provide information about the electron 

configuration of several organic inhibitors by quantum chemical calculations 

and to investigate the relationship between molecular structure and 

inhibition efficiency. All the calculations for geometry optimization were 

performed using the semi-empirical calculations with PM3 method. For this 

purpose the Hyperchem Program with complete was used. This 

computational method has been proven to yield satisfactory results
 (102, 103)

. 

The easiest way to compare the inhibition efficiency of compounds [4]-[16] 

and compounds [18]-[20] is to analyze the energies of the highest occupied 

molecular orbital (HOMO) and the lowest unoccupied molecular orbital 

(LUMO). The calculated energies EHOMO, ELUMO, energy gap (E=ELUMO–

EHOMO) and other indices are given in Tables 3-13 and 3-14. 
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Table 3-13: Calculated quantum chemical parameters of prepared 

compounds [4-11] as modeling systems by using PM3 method 

 

Comp. 

No. 

HOMO 

(eV) 

LUMO 

(eV) 

 E
*
 (eV)   

(Debye) 

Natom 
** 

planarity 

[4] -9.0140 -1.2485 -7.7655 2.09 -0.074 Planar 

[5] -8.3462 -1.0692 -7.2769 1.87 -0.054 Planar 

[6] -9.3099 -1.7047 -7.6051 6.76 -0.042 Planar 

[7] -8.8004 -1.1838 -7.6166 1.58 -0.081 Planar 

[8] -8.5258 -1.3765 -7.1493 1.92 -0.083 Semi-planar 

[9] -8.7493 -1.2083 -7.5089 1.58 -0.056 Planar 

[10] -9.0132 -0.9283 -8.0849 3.65 -0.046 Semi-Planar 

[11] -8.6245 -1.2346 -7.3899 1.34 -0.051 Planar 

* E (Energy gap) = EHOMO-ELUMO, ** Formal charge of N atom of imine group 

 

 

Table 3-14: Calculated quantum chemical parameters of prepared 

compounds [12-16] and [18-20] as modeling systems by using PM3 method 

 
Comp. 

No. 

 

HOMO 

(eV) 

 

LUMO 

(eV) 

 

E
*
 (eV) 

 

 (D) 

 

Formal charge
**

 Planarity 

Natom
 

Satom 

[12] -8.9462 -1.6626 -7.2836 5.88 -0.024 0.113 Planar 

[13] -8.7445 -1.6110 -7.1335 6.88 -0.022 0.077 Planar 

[14] -8.7838 -1.6097 -7.1741 6.87 -0.022 0.081 Semi-planar 

[15] -8.7838 -1.6278 -7.1560 6.71 -0.023 0.087 Planar 

[16] -8.9121 -1.6701 -7.2419 5.45 -0.025 0.088 Semi-planar 

[18] -8.9393 -1.7110 -7.2282 0.008 -0.026 0.080 Planar 

[19] -8.8802 -1.6524 -7.2277 6.19 -0.027 0.086 Planar 

[20] -8.94024 -1.6992 -7.2409 3.68 -0.024 0.093 planar 

* E (Energy gap) = EHOMO-ELUMO, ** Formal charge of N atom of imine group 

 

The energy gap (E) between the HOMO and LUMO energy levels of the 

molecules is important factor, whereas, low absolute value of the energy gap 

(E) gives good inhibition efficiencies
 (104)

. The compound [8] showed 



Chapter three                 Result & discussion 

103 
 

lowest energy gap (see Table 3-13) that in good agreement with 

experimental results (see Table 3-11) whereas, (E%=62.21) and also showed 

(G
o

ads=-39 kJ/mol) which is approximately chemisorption behavior 
(105)

. 

Table 3-13 shows different dipole moments for suggested inhibitors [4]-[11]. 

The values of dipole moment can explain due to non-uniform distributions 

of positive and negative charges on the various atoms (see Figure 3-57) and 

concentration of negative charges on N (C=N) for all molecules (see Table 

3-13). Non-uniform distribution of electronic density and planarity of 

molecule 
(106)

 are good factors to improve dipole–dipole interactions between 

organic molecules and mild steel surface.  

 

 
Figure 3-57: Formal charges of compound [1] 

 

The compound [13] showed lowest energy gap (Table 3-14) that in good 

agreement with experimental results (see Table 3-12) whereas, (E%=76) and 

also showed physisorption with value G
o

ads=-33 kJ/mol 
(105)

.  

Non-uniform distributions of positive and negative charges on the various 

atoms (see Figures 3-58) and concentration of negative charges on N (C=N) 
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and S atoms for all molecules (see Table 3-14). Non-uniform distribution of 

electronic density and planarity of molecule 
(106)

 are good factors to improve 

dipole–dipole interactions of organic molecules and mild steel surface.  

 

 

Figure 3-58: Formal charges of compound [12] 

 

 

To the well-known of our knowledgement, the imine moiety in each 

compound plays important role to improve the characteristic of correction 

inhibitors. Therefore, planarity of molecules gave an advantage to enhance 

interactions between an organic inhibitor and mild steel surface. However, 

semi-planarity of an organic inhibitor could be useful in some cases to 

approach the imine moiety to the surface of iron metal. That’s could be 

confirmed by experimental and theoretical data of present work, for the 

value of corrosive efficiencies, free energies adsorption and energy gap.        
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4. Conclusion 

Different organic compounds that contain hetero-atoms (N, S, and O) were 

prepared as corrosion inhibitors for mild steel. The structures of prepared 

compounds were confirmed using spectroscopic techniques.  Weight loss 

measurement was used to evaluate the corrosive efficiency of prepared 

compounds for mild steel in 1M H2SO4 solution at 30
o
C. All suggested 

compounds were shown good inhibition efficiency in range 40-82% and also 

physisorption behavior of prepared compounds were confirmed by values of 

free energy adsorptions. In addition, theoretical calculations were performed 

for prepared compounds as molecular models. These calculations gave 

useful information about the nature of interaction between suggested 

prepared compounds and iron metal.  

 

 

5. Future Work 

1. Preparation of new compounds contains heterocyclic fragments and 

N=N bonds. 

2. Weight loss measurements are applied to study the inhibition 

efficiency of prepared compounds for mild steel in acidic media.  

3. Theoretical calculations will be used as useful tools to investigate the 

relationship between molecular structure and inhibition efficiency by 

using semi-empirical molecular quantum calculation within the PM3 

method. 
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 الخلاصه

فً ْزِ انذساسّ تى تحعٍش بعط انًشكببث انععٌّٕ انحبٌّٔ عهى رساث غٍش يتجبَسّ يٍ لبم -1

 : كبلاتً  انعذٌذ يٍ انخطٕاث

 [11]  فٍُٕل( اصٍَٔم ثُبئً فٍُم)-4ٔ  [1] اٍَهٍٍ( اصٍَٔم ثُبئً فٍٍُم)-4ألا؛ انًشكببث انععٌٕت 

 :أعذث فً خطٕتٍٍ

 .الأٔنٍت )الأٍَهٍٍ( يع حًط انٍُتشٔص نتكٌٍٕ يهح انذٌبصٍَٕٔو تفبعم الأيٍُبث الاسٔيبتٍّ •

 إٌٌٔ انذٌبصٍَٕٔو الاسٔيبتً  يع حهمبث أسيبتٍّ انفعبنّ )الأٍَهٍٍ، انفٍُٕل(.التشاٌ  •

 -2- فٍٕساٌ) -3،  [ 2]   ٌٔ -3- داٌٍ – 1,4 – بُتب فٍُم ثُبئً -1,5ثبٍَب ؛ انًشكببث انععٌٕت 

 . انذٔنً  بٍٍ جضٌئٍٍ يٍ أنذٌٓبٌذ أٔ كٍتٌٕ حعشث بتكبثف [ 3]   انذٌٓبٌذكشٌم ا( اٌم

يع يجًٕعّ  [1] تى تحعٍشْب عٍ غشٌك تفبعم   أدَبِ ]11-4] ثبنثب ؛ انًشكببث انععٌٕت 

 انكبسبٍَٕم فً انذٌٓبٌذاث ٔانكٍتَٕبث ٔ يجًٕعّ الايٍٍ .

[4] N, N- – يٍثم اٍَهٍٍ ])فٍُم ثُبئً اصٍَٔم( فٍُم أيٍُٕ[ -4-ثُبئً يثٍم 

[5]- N-(4- )ٌٍفٍُم ثُبئً اصٍَٔم( اٍَهٍٍ -4-بشٔيٕ بُضٌهذ( 

[6] N--(4- )ٌٍفٍُم ثُبئً اصٍَٔم( اٍَهٍٍ -4-َبٌتشٔ بُضٌهذ( 

[7] -N- ٌفٍُم ثُبئً اصٍَٔم( اٍَهٍٍ -4-اٌم يٍثٍهٍٍٍ(  -2-)فٍٕسا( 

[8]- N-(5 ,1-  ُبئً اصٍَٔم( اٍَهٍٍ)فٍُم ث -4- )ٌلادٌٍ -3-داٌٍ -4, 1-ثُبئً فٍُم بُتب 

[9] -N-(3-)ٌٍفٍُم ثُبئً اصٍَٔم( اٍَهٍٍ-4-فٍُم الاٌذ( 

 سببعً أل  -4, 3, 2, 1-بٍُتبٌٍ  ])فٍُم ثُبئً اصٍَٔم( فٍُم أيٍُٕ-4[-5- [10]

[11] -N- (3-ٌألاٌذٌٍ -2-فٍٕسا )فٍُم ثُبئً اصٍَٔم( اٍَهٍٍ -4-اٌم( 

بٍٍ يجًٕعت  حعش ببنتكبثف [ 12 ]بُضٌٍ ثبٌٕلَبٌتشٔ بُضٌهذٌٍ أيٍُٕ( -4)-4 يشكب ععٕي 

 انكشبٍَٕم يٍ ببسا َبٌتشٔ بُضل انذٌٓبٌذ ٔ يجًٕعت الأيٍٍُت يٍ ببسا ايٍُٕ فٍُٕل .

)اثٍم  يع يجًٕعّ الاكٍهٍّ فً [12]عٍ غشٌك  أدَبِ حعشث [13-16]انًشكببث انععٌّٕ  سابعب؛

 .ُبئً كهٕساٌذ( ٔيجًٕعت انثبٌٕلبشٔبٍم بشٔيبٌذ, بُضل كهٕساٌذ أ أثٍهٍٍ ث-nبشٔيبٌذ, 

 َبٌتشٔ بُضٌهذٌٍ( اٍَهٍٍ -4)-N-)أثٍم ثبٌٕ(-4- [13]



 )بشٔبٍم ثبٌٕ( اٍَهٍٍ-4-َبٌتشٔ بُضٌهذٌٍ( -4)-4- [14]

 َبٌتشٔ بُضٌهذٌٍ( اٍَهٍٍ-4)-N-)بُضل ثبٌٕ(-4- [15]

 َبٌتشٔ بُضٌهذٌٍ( اٍَهٍٍ-4)-N-كهٕسٔ اثٍم ثبٌٕ(-2)-4- [16]

-N-(4-كهٕسٔ اثٍم ثبٌٕ(-2)-4-عٍ غشٌك تفبعم   حعشث أدَبِ [20-18]انًشكببث انععٌّٕ 

)فٍُم ثُبئً -4,  [12]َبٌتشٔ بُضٌهذٌٍ أيٍُٕ( بُضٌٍ ثبٌٕل -4)-4يع) [16]َبٌتشٔ بُضٌهذٌٍ( اٍَهٍٍ 

 , ببسا ايٍُٕ بشٌذٌٍ (. [17]اصٍَٔم( فٍُٕل 

[18] -(N,N)-4,4-] ٌ[ثُبئً ]اٌم(ثُبئً اٌم ثُبئً)سٍهفبٌ ثُبئً  -2,1-أٌثب N-(4- َٔبٌتش

 ]بُضٌهذٌٍ( اٍَهٍٍ

[19] -N-(4-)ٌٍاٍَهٍٍ ]أثٍم ثبٌٕ })فٍُم ثُبئً اصٍَٔم( فٍُٕكسً-4{-2[-4-َبٌتشٔ بُضٌهذ 

 [20] -N-]2-}4-(4-ٌٕفٍُم ثب )ٍُٕايٍٍ-4-ببٌشدٌٍ ]أثٍم }َبٌتشٔ بُضٌهذٌٍ أي 

الاشعّ فٕق انحًشاء ٔتمٍُّ تشخٍص انًشكببث اعلاِ يٍ خلال لٍبط دسجبث الاَصٓبس , غٍف -2

 .الاشعّ انًشئٍّ ٔانغٍش انًشئٍّ

تى استخذايٓب كًثبطبث نتأكم انحذٌذ انصهب فً يحهٕل [20-18]ٔ  [16-4]انًشكببث انععٌّٕ  -3 

يئٌّٕ. انخسبسِ ببنٕصٌ تعتبش غشٌمّ تمٍٍى  33يٕلاسي ٔبذسجّ حشاسِ  1حبيط انكبشٌتٍك بتشكٍض 

 كببث اعلاِ.لأختببس كفبءِ انتثبٍػ نهًش

انحسبببث انُظشٌّ تى حسببٓب نغشض انبحث عٍ انعلالّ بٍٍ انتشكٍب انجضٌئً ٔكفبءِ انتثبٍػ يٍ   -4

 يشكب .HYPERCHEMظًٍ بشَبيج PM3خلال استعًبل حسبببث انًٍكبٍَك انكى انتجشٌبٍّ 

ًٌكٍ تًثٍم  [1-20]انخطٕاث إعذاد يشكببث.دلانّ عهى كفبءِ انًثبػ  انطبلت كفبءة ألم أظٓش [8]

 كًب ْٕ يبٍٍ فً انًخططبث انتبنٍت :
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 [11-1]: انخطٕاث انكًٍٍبئٍّ نتخهٍك انًشكببث 1انًخطػ 
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 [20-17]: انخطٕاث انكًٍٍبئٍّ نتخهٍك انًشكببث 3انًخطػ 
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 ةعهى ررات غٍر متجاوس تحىيأروماتٍه  ةعضىٌ مركباتتحضٍر 

 هتأكم نمعذن انحذٌذ فً محهىل حامضً نكمثبطات نغرض استخذامها 

 

 

 وهً جزء مه متطهبات وٍم جامعه انىهرٌه –انى كهٍه انعهىو  ةمقذمة رسان

 انماجستٍر فً انكٍمٍاء ةدرج 

 

 

 مه قبم

 حىان حسٍه عهً
 انىهرٌه( ة)جامع 0202بكهىرٌىس 

 

 

 

 بأشراف

 د.مهذي صانح شهابأ. و. 

 

 
 

0341                                                                                               0203 
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