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Summary

This study involves the preparations of some pyridine derivatives starting from
Isonicotinic acid (1) following these steps :

First : The Synthesis of Isonicotinoyl acid chloride (2) by The reaction of
Isonicotinic acid (1) and thionylchloride .

Second : The Synthesis of some amide and ester derivatives by reaction between
Isonicotinoyl acid chloride (2) and substituent amine or phenol derivatives (
Semicarbazide, Thiosemicarbazide, Benzohydrazide, Aniline, 4-
phenylazoaniline, 4-phenylazophenol, p-Aminophenol, p-Aminoacetophenone,
m-Toluidine, 4-Bromoaniline ) that yielded these compounds (A1-A10) .

Third : The Synthesis of some pyridinium salt derivatives by The reaction of
(A1-A10) and alkyl halides (ethyl chloroacetate,n-propyl bromide, benzyl
chloride), that yielded these compounds (B1-B24) .

All The prepared structure compounds were confirmed using spectroscopic
techniques (FTIR & "HNMR). Prepared compounds (B1-B24) were successfully
applied as organic corrosion inhibitors for mild steel in 1M H,SO, solution at
30°C by using weight loss method after 24 hours immersion. The results of
weight loss measurements showed that corrosion inhibition efficiency increased
by increasing the concentration of organic inhibitors for mild steel in 1M H,SO,
solution at 30°C.

Vi
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Chapter One Introduction

1. Introduction

1.1. Characteristics of some pyridine derivatives

Isonicotinic acid or 4-carboxypyridine is The organic compound with the
formula (CgHsNOy). This compound was derivated from pyridine and a
substituent of carboxylic group at the 4-position. Isonicotinic acid is soluble in
methanol, ethanol, 1-propanol, 2-propanol, and 1,2-propanediol at (17 — 86 °C)
1" The structure of isonicotinic acid has a structure of pyridine ring (see Figure
1-1) that is like benzene ring, with replacement of CH by N atom. Pyridine ring
Is not regular hexagonal geometry caused by the presence of the heteroatom,
with short carbon — nitrogen bonds, with replacement of a hydrogen in the plane
of the ring with an unshared electron pair, which is responsible for the basic
properties of pyridines, and this ring has a strong permanent dipole, due to

greater electronegativity of nitrogen compared with carbon .

Ion pair of electrons

HH{:i\Jé /_“N?

H H  Pyridine

Figure 1-1: Pyridine ring.

Pyridine is nucleophilic at the nitrogen atom because the electrons pair on
nitrogen atom can not be delocalized around the ring. It is weakly base, and
with hydrochloric acid it forms a crystalline pyridinium hydrochloride salt by
protonation reaction under mild conditions, which is the simplest being 1H —

pyridinium formed by addition of a proton (see Figure 1-2).


https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Pyridine
https://en.wikipedia.org/wiki/Carboxylic_acid
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HCN—H — <r‘! \N—H

1H-pyridinium cation

Figure 1-2: 1H-pyridinium ion

As well as pyridine, isonicotinic acid has been oxidized by oxidative agent to
obtain isonicotic N-oxide through intermediate of isonicotinanilide N-oxide (see
Scheme 1-1) B

O
\
N~ l a, b N~ | c I\|+" I
X"~ COOH XN NHPh S NHE#
0O O
(a) SOCI (b) PhANHY EtsN/ CHCI (¢) H:0/AcOH

Scheme 1-1: isonicotinanilide N-oxide.

Vords et al ) reported that N-oxidations of different nitrogen-containing
heterocyclic molecules (of different pyridine derivative, quinoline and
iIsoquinoline ) were applied using two popular oxidizing reagents (m-CPBA (m-
chloroperoxybenzoic acid) in DCM or with aqueous H,0O, in acetic acid) (see
Scheme 1-2).
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| TR m-CPBA/DCM
N or H,0,/AcOH

m-CPEA/DCM
or H,0,/AcOH

m-CPEA/DCM
or H,0,/AcOH

-
=N

R: 2-methyl, 3-bromo, 4-cyano

Scheme 1-2 pyridine derivative

Introduction

Pyridinium chlorochromate (PCC) (see Scheme 1-3) is a yellow-orange salt with
the formula [CsHsNH][CrOsCl]. It is a good catalyst in the preparative organic
reactions used primarily for oxidation of alcohols to form carbonyls \. PCC
consists of a pyridinium cation, [CsHsNH]", and a tetrahedral chlorochromate
anion, [CrOsCI]. Related salts are also known, such as 1-butylpyridinium
chlorochromate, [CsHsN(C4Hg)][CrOsCl]. The reagent was originally prepared
via addition of pyridine into a cold solution of chromium trioxide in

concentrated hydrochloric acid [ .

7
| +HCI+Ccro; ——
T
N

= fi'I)
~ | O-Cr-Cl
N [
H O
PCC

Scheme 1-3: Pyridinium chlorochromate (PCC).

Some applications of pyridinium salts derivatives:
1-Alkyl-4-(N,N-dimethylamino)pyridinium halides are a class of pyridinium

salts that have found many applications such as phase-transfer catalysts in

3


https://en.wikipedia.org/wiki/Salt_(chemistry)
https://en.wikipedia.org/wiki/Chemical_formula
https://en.wikipedia.org/wiki/Organic_synthesis
https://en.wikipedia.org/wiki/Organic_synthesis
https://en.wikipedia.org/wiki/Organic_redox_reaction
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Carbonyl
https://en.wikipedia.org/wiki/Pyridinium
https://en.wikipedia.org/wiki/Pyridine
https://en.wikipedia.org/wiki/Chromium_trioxide
https://en.wikipedia.org/wiki/Hydrochloric_acid
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organic transformations ', surfactants ®, liquid crystal display mediums®,
ionic crystals for second-order non-linear optics ™, ionic liquids*® and
additives for protein refolding processes 2.

Methods for the preparation of some 1-alkyl-(N,Ndimethylamino) pyridinium
bromides via a quaternization reaction of the alkyl halide with 4-
dimethylaminopyridine in solvents such as 2-propanol, dioxane and acetone. A
homologous series of 1-alkyl-(N,N-dimethylamino)pyridinium bromides,
termed compounds 1-11, was synthesized and studied for antibacterial and

antifungal activity (see Scheme 1-4) 3!,

\
N / N+ CH,(CH,)-Br _acetone \N / +N —(CH,) - CH,
/ — n RT / _

n=1-11 Br

Scheme 1-4: 1-Alkyl-4-(N,N-dimethylamino)pyridinium

Synthetic route to potentially biocidal silsesquioxanes functionalized by
quaternary pyridinium functionalities has been developed. N-Alkylation
reactions of the precursor compounds 4-(2-(trimethoxy silyl) ethyl)-pyridine and
4-(2-trichlorosilylethyl) pyridine with iodomethane, n-hexyl bromide, and n-
hexadecyl bromide cleanly afforded the corresponding N-alkyl pyridinium salts

(see Scheme 1-5) M,

; y @/ SiRs
NN SIRs, cHy —— HsC—N \ "
_ =/ o
R = Cl,OMe
i : ®
NC\>/N Si(OMe)s | prp s R—N_ N Si(OMe)s
— — C)
Br
R" = CgHis, CisHas

Scheme 1-5: N-alkyl pyridinium salts
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A series of new bioactive polymers with pendant choline analogous group was
prepared by anion exchange reaction direct at the quaternary nitrogen of the
polycation. Poly(4-vinyl 2-hydroxyethylpyridinium) chloride (see Figure 1-3)
was prepared in situ by simultaneous polymerization and quaternization of 4-

vinyl pyridine with 2-chloroethanol that also acts as catalyst .

+CH_CHE_}]'I
=

=+
NCI
é‘]‘] +CH-20OH

Figure 1-3: Poly(4-vinyl 2-hydroxyethyl pyridinium) chloride.

Due to the massive outbreaks of pathogen-caused diseases and the increase of
drug-resistant pathogens, there is a particular interest in the development of
novel disinfection agents with broad-spectrum anti-pathogenic activity. Water-
soluble pyridinium-type polyvinyl pyrrolidones with different counter anions
were prepared using azobisisobutyronitrile (AIBN) as initiator. The overall route
of the synthesis of poly (4VP-co-NVP) and quaternization is schematically

shown in Scheme( 1-6) 161
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. oy

d—vlnylpyrldlne N-vinyl pyrrelidone

P{4VP-co-NVP)

\W"\ Benzyl halide

p (Tfﬂ 80 °C
o

My
O/ X=Br or CI
Poly {(BYP-co-NVP)

Scheme 1-6: Poly (4VP-co-NVP).

Piers et al '), found that lithium dialkyl- and diarylcuprates demonstrated good
levels of selectivity on addition to N-acyl pyridinium salt, generated in situ by
the reaction of pyridine with methyl chloroformate, at the 4-position (see
Scheme 1-7).

Me
| Xy MeOCOCI | X Me,CulLi _ m @
z ~ N7 o  Ebo 0°C +
N N~ Gy N N Me
CO,Me CO,Me CO,Me
Ratio=98:2

Scheme 1-7: Selectivity on addition to N-acyl pyridinium salt.

Donohoe et al ™ undertook an efficient, one-pot, synthesis of activated
pyridine from picolinic acid (see Scheme 1-8). Subsequent N-alkylation was
achieved in excellent yield to furnish pyridinium salts. The intermediate
generated by the reduction of such salts can be reacted successfully with a range
of different electrophiles (acids, alkyl halides, and carbonyl compounds) and the

intermediate hydrolyzed in situ to provide a wide range of dihydropyridones.
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OMe OMe
SOCl,, NaBr = Mel
Picollnic acid 2 - el & - : ©
MeOH, /4 N”come Of PMBI, RT NG “CO:Me
R
R: Me, p-methoxybenzyl

Scheme 1-8: Pyridinium salts.

The Zincke reaction is an overall amine exchange process that converts N-(2,4-
dinitrophenyl)pyridinium salts, known as Zincke salts, to N-aryl or N-alkyl
pyridiniums upon treatment with the appropriate aniline or alkyl amine.
Reaction of Zincke salt with (R)-(-)-phenylglycinol offers a practical entry to
chiral 3-substituted pyridinium salt **! (see Scheme 1-9)

,/\/'Et
Cl | |
Sy,
E, | Et 5,”\]/“02 Acetone, A Cl #N
R = NO,
- R J e e
N~ X overnight (79%) (L |
NO, Y
NO,
_Et
j,;x] .t
.
o +N ' )N\HE o8 l ’
J__No — »
N 2 Ph I
I 20h (86%)  p~~_-OH
\\\(/
NO,

Scheme 1-9: The Zincke reaction.

1.2.1. Acid chloride !

Acid chlorides are generally prepared in the same manner as alkyl chlorides, by
replacing the corresponding hydroxy substituents with chlorides. Thus,
carboxylic acids are treated with thionyl chloride (SOCI,), phosphorus
trichloride (PCls), or phosphorus pentachloride (PCls) (see Scheme 1-10).


https://en.wikipedia.org/wiki/Alkyl_chloride
https://en.wikipedia.org/wiki/Thionyl_chloride
https://en.wikipedia.org/wiki/Phosphorus_trichloride
https://en.wikipedia.org/wiki/Phosphorus_trichloride
https://en.wikipedia.org/wiki/Phosphorus_pentachloride
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RCOOH + SOCI, — RCOCI + SO, + HCI
3 RCOOH + PCl; — 3 RCOCI + H;PO;
RCOOH + PCl; — RCOCI + POCI; + HCI

Scheme 1-10: Acid chlorides synthesis.

The reaction mechanisms involving thionyl chloride and phosphorus
pentachloride are similar; the mechanism with thionyl chloride is illustrative at
Scheme (1-11).

H H
- P |
OH _— 0] [ O O o 0 ]
\or | RS ~]] I - I/ -SO,-HCI
S E—— S - el 2

RAO cry el R_)\O cl R0 5~ —— RJLCI

A ( cl

cr

Scheme 1-11: The reaction mechanisms involving thionyl chloride.
1.2.2. Amides

Amides are pervasive in nature and technology as structural materials. Many
methods exist in amide synthesis. The simplest method for making amides is by
coupling a carboxylic acid with an amine. Coupling reactions with acyl
chlorides could be formed amide bond by reacting the acyl chloride with the
desired amine (Aminolysis) (see Scheme 1-12). An additional base is usually
required to trap the formed HCI and to avoid the conversion of the amine into its
unreactive HCI salt. Couplings are usually performed in inert dry solvents, in the
presence of a non-nucleophilic tertiary amine (NEts;, iPr,NEt (also called

Hunig’s base), or N-methylmorpholine) .


https://en.wikipedia.org/wiki/Carboxylic_acid
https://en.wikipedia.org/wiki/Amine
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There are many substituted pyridines having simple structures and greater
pharmacological importance e.g. nicotinamide, nicotinic acid, 4-Amino pyridine
and isoniazid etc. Two drugs can be given simultaneously to the patient in the
form of twin drugs (N-(pyridine-3-carbonyl)-Isonicotinamide) (See Scheme 1-
12) in order to minimize the dose and side effects. Because of increase in

lipophilicity, bioavailability is increased 2,

NH
__-COOH ?
K/\ \”/ SOCI COcCl ~ CHCl, 2 CO-NH
N -~ yridine = =
B N N |
Nicotinic acid Nlcotlnoyl chloride 4-amino-pyridine T

Amide

Scheme 1-12: N-(pyridine-3-carbonyl)-Isonicotinamide synthesis.

Ramalakshmi et al ! | reported that nicotinic acid hydrazide was prepared by
converting nicotinic acid to nicotinyl chloride using phosphorous penta
chloride, then the acid chloride which on reaction with hydrazide yielded

nicotinic acid hydrazide ( see Scheme 1-13).

HO cl ~NH,  HaM—
NH,NH, HN—NH =\

\ /—\  Pcl/cey +NH;
* 4 > 100 D- 10°C !
é i\ :: \ : i\“« y
" A Y/
& - 6/ \—

Scheme 1-13: Nicotinic acid hydrazide preparation.

1.2.3. Reactions of acid chloride with phenols

Phenols react with carboxylic acid anhydrides and acid chlorides to form esters.
These reactions are quite similar to those of alcohols. The reaction of acyl
chlorides with alcohols is one of the best ways to synthesize an ester. The
reaction of an acyl chloride with an alcohol to form an ester occurs rapidly and

does not require an acid catalyst. Pyridine is often added to the reaction mixture
9
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to react with the HCI that forms. (Pyridine may also react with the acyl chloride

to form an acylpyridinium ion, an intermediate that is even more reactive toward
the nucleophile than the acyl chloride (see Scheme 1-14) 24,

0
o} . . O T
; Pyrid N E
R4+ gon e | NN | sroH— R4 |+ (o
cl o 0-R N o
Ester

Scheme 1-14: Ester preparation.

Christensen has been carried out a method for preparation of the p-nitrophenyl-,
N-hydroxysuccinimidyl- and pentafluorophenyl esters of isonicotinic and

picolinic acids from the corresponding acid chlorids (see Scheme 1-15) 2],

F F 0
i
R (yield) D:N@ft}— FAQD— Eém—o—
\
coR F F 0
& 1a (54%) 1b (97%) 1c (84%)

o,

N

@\ 2a (39%) 2b (92%) 2¢ (67%)
COR

Isonicotinic (1) and Picolinic {2) acid esters prepared.

Scheme 1-15: Esters of isonicotinic and picolinic acids.

1.3. Azo compounds

Azo dyes are prepared in a two-step reaction, the first being the synthesis of an
aromatic diazonium ion from an aniline derivative. The next step is coupling of

the diazonium salt with electrons enrich aromatic compound (phenol,

10
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aniline...etc.) ( see Scheme 1-16). The colors of azo dyes include different

shades of yellow, red, orange, brown, and blue %

EJ@,III

D
NaNO,, HCl \ @
azo coupling, HCI O

azo dye

diazonium salt

Scheme 1-16: Azo dye preparation.

1.4. Corrosion phenomena of steel

Corrosion is an electrochemical process in which a metal reacts with its
environment to form an oxide or other compound. The cell which causes this
process has three essential constituents: an anode, a cathode and an electrically
conducting solution. Simply, the anode is the site at which the metal is corroded;
the electrolyte solution is the corrosion medium; and the cathode forms the other
electrode of the cell and is not consumed in the corrosion process. Uniform
corrosion or general corrosion is assumed to be most common form of corrosion
and particularly responsible for most the materials loss. 2!

Mechanism of uniform corrosion includes two electrochemical reactions:

Fe — FeX +2¢ (Reaction at anode)

0,+4H" +4¢ — 2H,0
( Reaction at cathode)

Oy +4e” +2H,O — 40H

Formation of the rust is occurred by the reaction ferrous ions (Fe2+) with the
hydroxyl ions (OH") to yield ferrous hydroxide Fe(OH),, this Iron(ll) hydroxide
IS non-soluble substance and separated in the electrolytic media. Fe(OH),
usually is called a rust with a white green color of substance. Also, Fe(OH),

converted by oxidation with access of oxygen to Fe(OH); which is known as

11
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ferric hydroxide. Finally ferric hydroxide by oxidation could be transformed into
ferric oxide Fe,Os; with water molecules. There are other different rust types,
such as Iron(I1,111) oxide (magnetite) with chemical formula Fe3O4, y-FesO4
(maghemite, brown oxide) and y-FeOOH (lepidocrocite, yellow oxide) are
formed due to diversity the condition reactions in the environment. The rust

formation could be explained by the mechanism that is shown in the Figure(1-4)
[28][29]

Rust
Fe(OH): — FE30,:

f
; Water

Fe(OH); droplet

T

02+H:0 —» 40H" HOH — 0, + H.0+4 2e

e

electron curren
electron current

Formation of Rust.

Figure 1-4 corrosion mechanism

General corrosion can be decelerated or terminated its processing on basis of the
following basic treatments;

(1) Electrons flow can be decelerated or terminated by: (a) Metal surface coating
with inert medium like different types of painting, (b) Reduce the solution
conductivity that in contact with the metal by keeping it dry.

(2) Coating treatments can be decelerated or terminated oxygen to get to the

surface.”!

12
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(3) High resistant metal can be prevented the electrons to flow out in the
electrochemical process, that can be occurred by using sacrificial coating,
cathodic protection and organic and inorganic inhibitors.

(4) Select a metal that is easily produced an oxide film which prevents the

electrochemical reaction .24

1.4.1. Organic inhibitors

Organic compounds used as inhibitors, occasionally, they act as cathodic, anodic
or together, as cathodic and anodic inhibitors, nevertheless, as a general rule, act
through a process of surface adsorption, designated as a film- forming. Naturally
the occurrence of molecules exhibiting a strong affinity for metal surfaces
compounds showing good inhibition efficiency

and low environmental risk ¥4, The organic inhibitors build up a protective
hydrophobic film adsorbed molecules on the metal surface, which provides a
barrier to the dissolution of the metal in the electrolyte. They must be soluble or

dispersible in the medium surrounding the metal %I,

Example (1) The corrosion inhibition of carbon steel in saline solution at 50°C
with hydroxyethyl imidazoline-type inhibitors (see Figure 1-5) has been
evaluated by using electrochemical techniques. The results showed a low
performance of the inhibitors. However, it was observed that inhibitors either
can be adsorbed on the substrate surface or modify the solution resistivity and

thereby enhanced the corrosion performance B4,

13
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NPNPN
\/

R: alkyl group (C12), oleic chain

Figure 1-5 imidazoline-type inhibitors

Example (2) Corrosion inhibitory effects of new synthesized compound namely
5,5-((1Z,1'2)-(1,4-phenylenebis(methanylylidene))bis(azanylylidene))bis(1,3,4-
thiadiazole-2-thiol) (PBB) (see Figure 1-6) on mild steel in 1.0 M HCI was
investigated at different temperatures using electrochemical tests. Results
showed that PBB inhibited mild steel corrosion in acid solution and indicated
that the inhibition efficiencies increased with the concentration of inhibitor.
Changes in impedance parameters suggested the adsorption of PBB on the mild

steel surface, leading to the formation of protective films B,

S

HS% W/N“‘

N—N

N—N
\‘N/QS»\SH

Figure 1-6 effects of new synthesized compound (PBB)

Example (3)The corrosion and inhibitor adsorption processes in mild steel
pyridinium iodide derivatives (see Figure 1-7) hydrochloric acid systems was
studied at different temperatures electrochemical measurements. It was found
that the studied compounds exhibit a very good performance as inhibitors for

mild steel corrosion in 1.5M HCI. Results show that the inhibition efficiency

14



Chapter One Introduction

increases with decreasing temperature and increasing concentration of

inhibitors. A good correlation occurred between the substituent type and the

inhibition efficiency B¢,

H.C—N 4 >_ —
] N
AN
XA B
H.C \'ﬁf .\'-."-
JC—N+ — r.':\
- L ;{’\ / CH_-,
h i
H,C—N+ N ., F‘\
" \—/ Sy —0OCH
W

Figure 1-7 pyridinium iodide derivatives
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1.5. Aim of work :

Synthesis of some new pyridinium salts derivatives as organic corrosion
inhibitors on mild steel ,these compounds were finally characterized using
spectroscopic techniques (FTIR & *HNMR ). Weight loss method was used to

evaluate the efficiency of the synthesis inhibitors.

16
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Chapter Two Experimental part

2- Experimental Part

2.1. Instruments and apparatuses

1- The infra-red spectra of the synthesis compounds were recorded using
FTIR 8300 Fourier transform infrared spectrophotometer of SHIMADZU
Company as a potassium chloride disc in the wave number wave range of
(4000-400)cm-1,AL-Nahrain University, Department of Chemistry and
IbnSina State Company/ the Ministry of Industry Located at Baghdad
University.

2- 'H-NMR spectra were recorded on nuclear magnetic resonance Bruker
spectrophotometer model Ultrasheild 400 MHz using tetramethylsilane
internal standard and DMSO-d6 as solvent (Isfahan University of
Technology (IUT), Iran).

3- Melting point was determined by the open capillary method using hot
stage Gallenkamp melting point apparatus and was uncorrected, AL-
Nahrain University, Department of Chemistry.

4- The element analysis of mild steel was performed by Spectro max-
Germany, 2009, State Company for Inspection and Rehabilitation ,Ministry

of Industry and Materials.

2.2. Chemicals
The chemicals used in this work were supplied from BDH, Fluka and

Merck supplier companies.
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2.3. Preparation methods

2.3.1. Synthesis of Isonicotinoyl chloride (2) B™:

Experimental part

COOH CocCl
X SOCl, S
e
= =
N
(1) (2)

In a Round bottom flask, fitted with magnetic stirrer, a reflux condenser, is

placed (1.23g, 0.01 mol) of Isonicotinic acid. The stirrer is started, and 5
ml. (8.18 g, 0.069 mol) of thionyl chloride was added. After the addition is

complete, the mixture was heated with continuous stirring for 1 hour; then

the excess thionyl chloride is removed by distillation. The prepared acid

chloride was used freshly for the next step.

Table 2-1: Physical properties of compound (2):

Isonicotinoyl Chloride

Molecular formula CsH4NOCI
Color Light yellow
Molecular weight(g/mole) 141.563
M.P., C Solid
Yield%

18
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2.3.2. Preparation of 4-phenylazoaniline: %

NH:

NaNOz/HCI_ ., Aniline N=—N NH;»
e “HCI

a) Diazotization.

In beaker (50 mL) dissolve (2 mL, 0.02 mol) 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. A
yellow solution will be obtained and keep it for the next step.

b) Coupling reaction.

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. The reaction mixture was
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 CCl,.

Table 2-2: Physical properties of 4-phenylazoaniline:

4-phenylazoaniline

Molecular formula C12H11N3

Color Dark red

Molecular weight(g/mole) 197.24

MP., C 124-126 (123 to 126 °C (lit.)) 1**
Yield% 73
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2.3.3. Preparation of 4-phenylazophenol: *!

‘\a\Ch {HC1 _ Phenol

LI}—E}C ag. 1 \EOH
Aniline (3 mL, 0.0374 mol) was dissolved in concentrated hydrochloric
acid (10.25 mL) and water (10.25 mL). Aqueous sodium nitrite [2.85 g,

NHs

0.0425 mole in water (8.75 mL)] was added to the aniline solution drop
wise while stirring at 0°C. 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 CCly.

Table 2-3: Physical properties of 4-phenylazophenol:

4-phenylazophenol

Molecular formula C12H10N20

Color Yellow

Molecular weight(g/mole) 198.22

MP., C 149-151 (150-152 °C (lit.)) “*!
Yield% 80
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Experimental part

2.3.4. Synthesis of Isonicotinoyl amide and Isonicotinoyl ester (Al-

A10): 14
cocl COR
N Pyridine N
+ Reactant (R) ———»
= =
N N
(2) (A1-A10)
R : Semicarbazide, Thiosemicarbazide, Benzohydrazide. Aniline. 4-phenylazoaniline,
4-phenylazophenol, p-Aminophenol, p-Aminoacetophenone, m-Toluidine,
4-Bromoaniline.

An appropriate amount of acid chloride (0.01 mol) and a proper amine

(0.01 mol were added to (20 mL) pyridine. The reaction mixture was

refluxed for 8 hours. The solvent was evaporated. Then (10% NaOH) in

ethanol was added to the obtained product for neutralization. Finally, the

crude yield was recrystallized from ethanol (A1-A10).

Table 2-4: Physical properties of compounds (A1-A10):

Name of compound Chemical Color M.W. M.P., Yield
formula (g/mol) °C (%)
1 | 2-isonicotinoylhydrazinecarboxamide (Al) C;HgN,O, | Brown 180.19 | 294 Dec 79
2 | 2-isonicotinoylhydrazinecarbothioamide (A2) C;sHgN4OS | Yellow | 196.11 | 270-273 73
3 | N-benzoylisonicotinohydrazide (A3) Ci3H11N3O | Yellow | 241.24 | 230-232 67
2
4 | N-phenylisonicotinamide (A4) C12H10N-O Gray 198.22 | 182-185 83
5 | N-(4-(phenyldiazenyl)phenyl) isonicotinamide | CigH14sN,O Dark 302.32 | 167-169 62
(A5) brown
6 | 4-(phenyldiazenyl) phenyl isonicotinate (A6) CigH13N30 Dark 303.31 | 210 Dec 69
2 brown
7 | N-(4-hydroxyphenyl)isonicotinamide (A7) C12HioN,O Dark 214.22 | 189-192 76
2 brown
8 | N-(4-acetylphenyl)isonicotinamide (A8) C1H:N,0O Dark 240.25 | 256-258 60
2 brown
9 | N-(m-tolyl)isonicotinamide (A9) Ci3Hi:N,O | Yellow | 212.24 | 204-206 77
10 | N-(4-bromophenyl)isonicotinamide (A10) CHoBr Brown | 277.11 | 282-285 79
N,O
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2.3.5. Synthesis of Pyridinium salts (B1-B24): 13!

Experimental part

COR COR
\\. R'X \\
|
= Ethanol ®
E N~ ©
N | X
(A1-A10) R (B1-B24)
R'X : Ethylchloroacetate, Benzylchloride, 1- Bromopropane.

A mixture of (0.01 mol) isonicotinoyl amide or ester and (0.01 mol) of a

proper alkyl halide (ethyl chloroacetate, n-propyl bromide, benzyl chloride)

in 10 mL of ethanol was allowed to stand overnight at room temperature.

The mixture was then heated at the reflux temperature for 24 hours. Then
the product was filtered, washed with ethanol and dried (B1-B24).

Table 2-5: Physical properties of compounds (B1-B24):

Name of compound Chemical Color | M.W. M.P. Yiel
formula (g/mol °C d
) (%)
1 | 4-(2-carbamoylhydrazinecarbonyl)-1-(2-ethoxy- | CiHisCIN4O4 Pale | 302.71 280 79
2-oxoethyl)pyridinium chloride (B1) yellow Dec.
2 | 1-benzyl-4-[(2-carbamoylhydrazinyl)carbonyl] C14H15CIN,O, Pale | 306.74 | >310 74
pyridinium chloride (B2) white
3 | 4-[(2-carbamoylhydrazinyl)carbonyl]-1- CioH1sBrN4O, | Orange | 303.15 | 270-273 | 77
propylpyridinium bromide (B3)
4 | 4-[(2-carbamothioylhydrazinyl)carbonyl]-1-(2- CuHisCINGOsS | Yellow | 318.77 270 78
ethoxy-2-oxoethyl)pyridinium chloride (B4) Dec.
5 | 1-benzyl-4-[(2-arbamothioylhydrazinyl) CyHisCIN,OS | White | 322.81 | >310 71
carbonyl] pyridinium chloride (B5)
6 | 4-[(2-carbamothioylhydrazinyl)carbonyl]-1- CioH1sBrN4,OS | Yellow | 319.22 | >310 73
propylpyridinium bromide (B6)
7 | 4-[(2-benzoylhydrazinyl)carbonyl]-1-(2- C1gH20CIN3O5 Pale | 361.82 | 221-223 | 70
ethoxyprop-2-en-1-yl)pyridinium chloride (B7) Yellow
8 | 4-[(2-benzoylhydrazinyl)carbonyl]-1- C2H15CIN3O, Pale | 367.82 | >310 81
benzylpyridinium chloride (B8) white
9 | 4-[(2-benzoylhydrazinyl)carbonyl]-1- C16H1sBrN;O; Pale | 364.23 | >310 76
propylpyridinium bromide (B9) yellow
10 | 1-(2-ethoxy-2-oxoethyl)-4-(phenylcarbamoyl) CyH17CIN,Os | Brown | 320.77 | >310 66
pyridinium chloride (B10)
11 | 1-benzyl-4-(phenylcarbamoyl) pyridinium C19H17CIN,O Brown | 324.80 | >310 83
chloride (B11)
12 | 4-(phenylcarbamoyl)-1-propyl pyridinium CisH17BrN,O Brown | 321.21 >310 70
bromide (B12)
13 | 1-(2-ethoxy-2-oxoethyl)-4-((4-(phenyldiazenyl) C2H2CIN,O3 Dark | 424.88 >310 78
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Experimental part

phenyl)carbamoyl)pyridinium chloride (B13) brown

14 | 1-benzyl-4-((4-(phenyldiazenyl)phenyl) CysH»:CIN,O Dark | 428.91 >310 68
carbamoyl)pyridinium chloride (B14) brown

15 | 4-((4-(phenyldiazenyl)phenyl)carbamoyl)-1- CxnH2:BrN,O Dark | 425.32 | >310 80
propylpyridinium bromide (B15) brown

16 | 1-(2-ethoxy-2-oxoethyl)-4-((4-(phenyldiazenyl) C22H20CIN3O4 Dark | 425.86 | >310 80
phenoxy)carbonyl)pyridinium chloride (B16) brown

17 | 1-benzyl-4-((4-(phenyldiazenyl)phenoxy) CasH2CIN3O, | Brown | 429.89 >310 71
carbonyl)pyridinium chloride (B17)

18 | 4-((4-(phenyldiazenyl)phenoxy)carbonyl)-1- CxH20BrN;O; Deep | 426.30 | >310 77
propyl pyridinium bromide (B18) brown

19 | 1-(2-ethoxy-2-oxoethyl)-4-[(4-hydroxyphenyl) C16H17CINO4 Dark | 336.77 | >310 78
carbamoyl]pyridinium chloride (B19) brown

20 | 1-benzyl-4-[(4-hydroxyphenyl)carbamoyl] C19H17CIN,O, Dark | 340.80 >310 75
pyridinium chloride (B20) brown

21 | 4-[(4-hydroxyphenyl)carbamoyl]-1-propyl C15H17BrN,0O; Dark | 337.21 | >310 68
pyridinium bromide (B21) brown

22 | 4-[(4-acetylphenyl)carbamoyl]-1-(2-ethoxy-2- Ci1sH1oCIN,O, | Brown | 362.80 | >310 79
oxoethyl)pyridinium chloride (B22)

23 | 1-(2-ethoxy-2-oxoethyl)-4-[(3-methylphenyl) C17H1oCIN,O4 Pale 334.79 >310 84
carbamoyl]pyridinium chloride (B23) white

24 | 4-[(4-bromophenyl)carbamoyl]-1-(2-ethoxy-2- C16H1sBrCIN,O | Yellow | 399.66 | 290-292 | 81
oxoethyl)pyridinium chloride (B24) 3

2.4. Weight loss measurements

Weight loss measurements is a good way of measuring the corrosion rate of
a metal by exposing the sample to the test medium (e.g. acidic media) and
measure the loss of weight of the material as a function of time. Although
these tests are simple, there is no simple way to extrapolate the results to
predict the lifetime of the system under investigation. 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, and 0.0005% V) and
the remainder iron. The mild steel sheet was mechanically press-cut into
disc shape with diameter (2.5 cm) 4. These disc shapes were polished
with emery paper of 300, 500, 700, 1000 grits successively to achieve a
smooth mild steel surface. The polished surface was cleaned thoroughly
with distillated water and acetone to expose the micro structure, remove
polishing residuals and possible grease. The treated specimens were then

stored in a moisture-free desiccator before their use in corrosion studies.
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Mild steel specimens were initially weighed in an electronic balance. After
that, the specimens were suspended and completely immersed in 250 mi
beaker containing aqueous solution of 1M sulphuric acid in the presence
and absence of inhibitors in different concentration (0.0005, 0.001,
0.005and 0.01)M for 24 hrs at 30°C. The specimens were removed after 24
hrs exposure period, washed with water to remove any corrosion products
and finally washed with acetone. Then they were dried and reweighed. The
weight loss measurements were taken using the procedures and precautions
described elsewhere %1 Weight loss allowed calculation of the mean
corrosion rate in (mg cm® h™). The corrosion rate of mild steel was

determined using the relation (2.1) *":

where W is corrosion rate of mild steel, (Am) is the mass loss in mg unit,

(S) is the area (cm?) and (t) is the immersion period (hours).

Duplicate experiments were performed in each case and the mean values
reported. The percentage inhibition efficiency (% IE) was calculated using

the following equation (2.2) &!:

%IE=(Q-Wi/Wy)x100.................... (2.2)
where W, and W; are the weight loss in uninhibited and inhibited corroding

solutions, respectively.
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Results & Discussion

3- Results and Discussion

3.1. Synthesis of Pyridinium salts derivatives (B1-B24) : The chemical steps

for the synthesis of compounds (B1-B24) are shown in Scheme 3-1.

COOH
| TRy
N'/
]
lSOC'I;
cocl
| e
N..-'
) Ry—MNH2 “jl Ha—OH
| |
ONH-R; COO—Rs
® “
P W
g
{ALAZALALASATALADALD N (A
Ry—X Jnrx
CONH-R, CO—R;
® ®
[P L
N e N o
¥ ¥
3 (B1-B24) 4

(A1) (A2

(AT) (A8)
e _Q_N :N_Q
(A8
H
R3y: —(c—C—o—H ;

{B1,B4,B7.B10.B13.B16,
B19.B22B13B24)

i

'-I‘-I' ﬁ o
H H Il
Ri: —N—C—NH;; —N—C—NHy; —N—c ; 3 N=N

i]

(A3) A (A%
CH;y

- O

(A9) (A1)

H:
—c H ——CH,;CH;CH;
(B3 B6BO.B1L,

(B1.B5B3.B1L.Bl4,
B17.B10)

X: Cl{B1,B2,B4,B5,B7,B8,B10,B11,B13
,B14,B16,B17,B19,B20,B22,B23,B24)
BI5.BIB21) Br (B3.B6,B9,B12B15,B18,B21)

Scheme 3-1: The chemical steps for the synthesis of compounds (B1-B24).
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The reactions above are included new pyridinium salt derivatives(B1-B24)
through usual preparation methodes by converting isonicotinic acid (1) into
isonicotinoyl chloride (2), and followed to prepare some amide and ester
derivatives (A1-Al10). Finelly, pyridinium salt derivatives (B1-B24) were
synthesized by reaction ester and amide derivatives (A1-A10) with an alkyl

halide (ethyl chloroacetate, benzyl chloride and n-propyl bromide).

The mechanism reaction of preparation of isonicotinoyl chloride (2) is shown in

Scheme (3-2), as a general mechanism. [*°]

H
C /_\ || CO|+ i
—_—
S
‘) ~Cl R/LO/ ~Cl
cr
H
/ -S0, -HCl o}
4\”/80 R c
R o) Cl
Cl

Scheme (3-2): The general mechanism of preparation an acid chloride.

The mechanism reaction for the preparation of amide derivatives is shown in

scheme (3-3), as a general mechanism. 1*°!

26



Chapter Three Results & Discussion
CO 10t :?:_ :C|):_ ]i[
R—C—Cl: — R—é'—(::x: — R—(|3—(:3:1= — R—(lj—(:j:h + H—r|q+—H
H H—TJF—H HONS | N—H R
|
‘N—H R lil H R
| H—N: Tetrahedral carbonyl
R | addition intermediate
’ |
HOR :6:_
[ .. 2
R—C—N—H + C] — R—(|3—(.3.I:
R :N—H

|
R

Scheme (3-3): The general mechanism of preparation of an amide derivative.

In cases in which resulting ester is sensitive to acid, the reaction can be carried

out in the presence of a tertiary amine to neutralize the HCI as it is formed. The

amines most commonly used for this purpose are pyridine and triethylamine.

The mechanism reaction for the preparation of ester derivatives is shown in

scheme (3-4), as a general mechanism.

[49]

Qi} :Cl):

C = C
R ) R/ G
b R/..\_H

R TH

—— ‘J.—: f— ((E‘) + - ;;]H
R \(::1: v/ ‘Cﬁl \ 7
— H<F R O\R
B
7

Scheme (3-4): The general mechanism of preparation of an ester derivative.
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The reaction for the preparation of pyridinium salts derivatives can be followed

SN, mechanism, as shown in scheme (3-5). 1!

H +
H S5— s—1* H
LN | , ]
No + JcLX —s ‘Nu---C---X —»  Nu—C, + X
H" 4 \'H
H HH H

Transition state with simultaneous
bond breaking and bond forming

Scheme (3-5): The general mechanism of preparation of SN2 mechanism.

3.2. FT-IR spectrum of synthesis compounds.

3.2.1. Characterization of amide and ester derivatives of isonicotinic acid
(A1-A10).

Generally, the characterastic stretching bonds of FTIR spectra for amide and
ester derivatives of isonicotinic acid (A1-Al10) are (C=0) bonds. The stretching
(C=0) bonds of the compounds (A1-A10) within the range (1690-1630 cm™)
for amides and (1750-1720 cm™) for esters, that’s comparing with the stretching
(C=0) bond of the compound (1) at 1716 cm™ (see Fig. 3-1). Besides, others
characterastic stretching bonds, as (C-H) aromatic bond at (3100-3000 cm™)
and azo (N=N) bond that exhibits absorptions at (1505-1550 cm™). As well as,
characterastic stretching bond of (N-H) amide which appears at (3100-3500 cm’
) B Figures (3-2) to (3-11) represent the FTIR spectra for amide and ester
derivatives of isonicotinic acid (A1-A10), respectively. Table (3-1) shows the
spectral data of FTIR of compounds (A1-A10).
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Table 3-1: IR spectral data of prepared compounds (A1-A10) incm™.

Comp. | vC-H v C-H v C=C v C=0 vN-H | vN=N | Others
No. aromatic | aliphatic | aromatic amide
1) 3051 - 1616 1716 acid - - 3105
(O-H)
Al 3097 - 1604 1693(CONH,) 3356 - -
1666(CONH) 3163
A2 3047 - 1608 1681 3151 - -
A3 3062 - 1604 1685 3406 - -
Ad 3043 - 1600 1658 3340 - -
A5 3056 - 1597 1685 3356 1504 -
A6 3078 - 1600 1724 - 1546 -
A7 3078 - 1600 1651 3348 - 3348
(O-H)
A8 3043 - 1593 1676 3356 - -
1642
A9 3059 2962 1600 1678 3417 - -
2846
Al10 3082 - 1593 1681 3309 - 520
(C-Br)
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Fig 3-1: FTIR Spectrum of compound (1).
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3.2.2. Characterization of pyridinium salt derivatives (B1-B24).

The characterastic stretching bonds of FTIR spectra for pyridinium salt
derivatives (B1-B24) are different stretching bonds of N-alkylation of pyridine
ring by some alkyl halides (ethyl chloroacetate, benzyl chloride and n-propyl
bromide). These alkyl chains reveal stretching aliphatic (C-H) bonds appear at
(2850-3000 cm™) and stretching ester (C=0) bond at (1730-1750 cm™) %,
Figures (3-12) to (3-35) represent the FTIR spectra for pyridinium salt
derivatives (B1-B24), respectively. Table (3-2) shows the spectral data of FTIR
of compounds (B1-B24).

Table 3-2: IR spectral data of prepared compounds (B1-B24) incm™.

Comp. v C-H v C-H v C=C v C=0 v N-H v N=N
No. Aromatic aliphatic Aromatic
Bl 3051 2947 1570 1743 ester 3120 -
1643 amide 3406

B2 3039 2924 1635 1716 amide 3433 -
2873 1635 amide 3116

B3 3047 2958 1635 1697 amide 3406 -
2850 1635 amide 3448

B4 3062 2981 1643 1743 ester 3444 -
2854 1643 amide 3132

B5 3055 2974 1639 1685 amide 3398 -
2858 3116

B6 3051 2974 1616 1639 amide 3159 -
2881 3417

B7 3055 2981 1604 1735 ester 3398 -
2870 1647 amide 3255

B8 3010 2978 1627 1678 amide 3433 -
2893 1651 amide 3244

B9 3051 2931 1600 1681 amide 3410 -
2877 1639 amide 3363

B10 3032 2997 1600 1751ester 3410 -
2858 1670 amide

B11 3039 2927 1600 1674 amide 3433 -
2839

B12 3043 2935 1600 1674 amide 3414 -
2870

B13 3043 2908 1604 1735 ester 3406 1519
2866 1604 amide

B14 3055 2931 1627 1639 amide 3433 1570
2877

B15 3055 2962 1600 1627 amide 3410 1512
2873

B16 3062 2985 1600 1743 ester - 1508
2939
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B17 3059 2935 1604 1732 ester - 1508
2870

BI18 3059 2924 1600 1732 ester - 1516
2854

B19 3047 2927 1600 1743 ester 3383 -
2877 1666 amide

B20 3051 2981 1612 1666 amide 3232 -
2893

B21 3059 2931 1608 1666 amide 3275 -
2877

B22 3051 2978 1635 1735 ester 3360 -
2931 1635 amide

B23 3055 2924 1608 1735 ester 3402 -
2854 1678 amide

B24 3082 2978 1600 1739 ester 3429 -
2858 1681 amide
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Fig 3-12: FTIR Spectrum of compound (B1).
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3.3. 'H-NMR spectrum of a number of final prepared compounds.

The *H-NMR spectra of pyridinium salt derivatives (B1, B3, B6, B9-B20, B22
and B24) were confirmed their structures by appearing aliphatic hydrogen (C-H)
in differernt chemical shift positions . In pyridinium salt derivative (B1), *H-
NMR spectrum (DMSO-d6), 6, ppm: 8.6-9.3 (3H, s, NH, amide ), 8.4-9.1 (4H,
m, Py-H), 5.7 (2H, s, -CH,-N"-), 3.8 (2H, m, -CH,-O-), 1.3 (3H, t, CH3-), as
showing in Figure 3-36. The Figures (3-36) to (3-51) and Table 3-3 are
predicted 'H-NMR spectral data for a number of final pyridinium salt
derivatives (B1, B3, B6, B9-B20, B22 and B24), respectively.
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Table 3-3: *H-NMR spectral data of prepared compounds in ppm.

Comp. Structure '"H-NMR spectral data, ppm(5)
B1 CONHNHCONH; 8.6-9.3 (4H,d, NH, amide ), 8.4-9.1 (4H, m, Py-H), 5.7
‘ S (2H, s, -CH,-N"-), 3.8 (2H, g, -CH»-0-), 1.3 (3H, t, CHs-)
ﬁi/ o
CH,COOCH,CH3
B3 CONHNHCONH, 8.9-9.1 (4H, d, NH, amide ), 8.1-8.3 (4H, m, Py-H), 4.7
N (2H, t, -CH2-N"-),"-), 1.3 (2H, m, -CH,-), 0.9 (3H, t, CHs-
o )
C|)H2CHZCH3
B6 CONHNHCSNH; 8.7-9.4 (4H, d, NH, amide ), 8.1-8.8 (4H, m, Py-H), 4.6
N (2H, t, -CH2-N"-), 1.9 (2H, m, -CH,-), 0.9 (3H, t, CHs-)
¥ b
(LH:CH]CH3
B9 @ 8.8-9.4 (2H, d, NH, amide ), 8.1-8.8 (4H, m, Py-H), 7.4-
§ 7.9 (5H, m, aromatic-H), 4.6 (2H, t, -CH,-N"-), 1.9 (2H,
L, m, -CHz-), 0.9 (3H, t, CH3-)
‘ =]
B10 CONH@ 9.4 (1H, s, NH, amide ), 8.0-8.8(4H, m, Py-H), 7.2-7.9
(5H, m, aromatic-H), 4.4 (2H, s, -CH>-N*-), 3.4 (2H, q, -
o CH,-0-), 0.9(3H, t, CH3-),
¥ a
C‘HZCOOCHZCHg
B11 Cw@ 9.4 (1H, s, NH, amide ), 7.8-8.8 (4H, m, Py-H), 7.2-8.0
§ (10H, m, aromatic-H), 6.1(2H, s, -CH,-N"-)
|
e
5
B12 CONH@ 9.4(1H, s, NH, amide ), 8.0-8.5(4H, m, Py-H), 7.2-8.0
6.4-7.8 (5H, m, aromatic-H), 4.8 (2H, t, -CH»>-N"-), 1.3
ﬁ? (2H, m, -CH,-), 0.9 (3H, t, CH3-)
I?I/BE;
(‘ZHQCHZCHg
B13 e 9.2 (1H, s, NH, amide ), 7.7-9.0 (4H, m, Py-H), 6.8-8.0

/
CONH—{,

B
N Cl
NT

CH,COO0CH;CH;

(9H, d, aromatic-H), 4.5 (2H, s, -CH,-N*-), 3.8 (2H, m, -
CH,-0-), 1.1 (3H, t, CH3-)
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B14

9.4 (1H, s, NH, amide ), 7.8-8.8 (4H, m, Py-H), 6.8-7.7

J‘g o (14H, d, aromatic-H),6.0 (2H, s, -CH,-N*-)
x
-
B15 ww{ w5 |9.0(1H,s, NH, amide), 7.8-8.3 (4H, m, Py-H), 6.8-7.7
(9H, d, aromatic-H), 4.3 (2H, t, -CH»-N"-), 1.3 (2H, m, -
S CH-), 0.9 (3H, t, CH3-)
B16 oo .;;:"}N:Nﬂ.;:’:; 8.0-9.0 (4H, m, Py-H), 6.8-7.9 (9H, d, aromatic-H), 4.5
Py N/ L (2H, s, -CHz-N+'), 3.9 (2H, m, -CH»-0-), 1.1 (3H, t, CHs-
L) ),
B17 oo wnd ) 7.8-8.8 (4H, m, Py-H), 7.2-7.7 (10H, m, aromatic-H), 6.1
oy " (2H, s, -CH-N'-)
)
B18 oo -  |7.8-8.3(4H, m, Py-H), 6.8-7.7 (9H, d, aromatic-H), 4.6
[,ij — | (2H,t, -CH2-N*-), 1.3 (2H, m, -CH,-), 0.9 (3H, t, CHs-)
B19 11.1 (1H, s, O-H), 9.5 (1H, s, NH, amide ), 8.0-9.0 (4H,
(oM m, Py-H), 6.8-7.9 (4H, d, aromatic-H), 4.6 (2H, s, -CH,-
| N*-), 3.9 (2H, m, -CH,-0-), 1.1 (3H, t, CHz-),
LI
CHQCOOCHZCHa
B20 11.1 (1H, s, O-H), 9.4 (1H, s, NH, amide ), 7.8-8.8 (4H,
m, Py-H), 7.2-7.7 (9H, d, aromatic-H), 6.0 (2H, s, -CH,-
® N™)
T g
B21 11.1 (1H, s, O-H), 9.0 (1H, s, NH, amide ), 7.8-8.3 (4H,
CO”H'@ m, Py-H), 6.8-7.7 (4H, d, aromatic-H), 4.6 (2H, t, -CH>-
(5 N*-), 1.3 (2H, m, -CHy-), 0.9 (3H, t, CH3-)
i Br
C|)HZCHZCH3
B22 9.5 (1H, s, NH, amide ), 8.0-9.0 (4H, m, Py-H), 6.8-7.9
o °°C”3 (4H, d, aromatic-H), 4.6 (2H, s, -CH,-N*-), 3.9 (2H, m, -
S CH,-0-), 2.5 (3H, s, -COCHg), 1.1 (3H, t, CH3-)
/
(|)HZCOOCH2CH3
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Fig. 3-44: *H-NMR spectrum of compound (B15)
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AT ORCTH 0

Fig.3-51: 'H-NMR spectrum of compound (B24)

3.4. Weight loss method

The results of corrosion rate and inhibition efficiency that obtained from weight
loss measurements at different concentrations of suggested inhibitors (B1-B24)
after 24 hours immersion at 30°C are depicted in Figures (3-52, 3-53, 3-54) and
summarized in Table 3-4. These values indicate that the mild steel corrosion is
reduced by the presence of suggested inhibitors in 1M H,SO, at all
concentrations that used in the present study. However, there is remarkable
decreasing in the weight of mild steel specimen after 24 hours without using an
inhibitor. This effect could be explain by adsorption of organic compounds on

the mild steel surface which makes impediment towards corrosion environment.
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Figure 3-52: Effect of inhibitor concentration on the efficiencies of mild steel
obtained at 30°C in 1M H,SO, containing different concentrations of suggested

inhibitors (B1-B8) after 24 hours immersion.
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Figure 3-53: Effect of inhibitor concentration on the efficiencies of mild steel

obtained at 30°C in 1M H,SO, containing different concentrations of suggested
inhibitors (B9-B16) after 24 hours immersion.
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Figure 3-54: Effect of inhibitor concentration on the efficiencies of mild steel

obtained at 30°C in 1M H,SO, containing different concentrations of suggested
inhibitors (B17-B24) after 24 hours immersion.
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Table 3-4: Corrosion rate, inhibition efficiency, surface coverage (0) and
standard free energy of adsorption for mild steel in 1M H,SO,4 by using weight
loss measurements.

Concentration Corrosion rate IE% 0 AG®y4s

(M) (mg.cm® .h™) (kJ. mol™)
Blank 0.344 - - -

(B1)
5x10™ 0.0991 62.35 0.6235 -31.06
1x107 0.0727 78.86 0.7886 (R?=0.999)
5x107 0.0413 87.99 0.8799
1x10° 0.0207 93.98 0.9398

(B2)
5x10™ 0.1769 48.57 0.4857 -28.04
1x10° 0.1564 54.53 0.5453 (R?=0.991)
5x10~ 0.0853 75.20 0.7520
1x10° 0.0298 91.33 0.9133

(B3) -29.34
5x107 0.1594 53.66 0.5366 (R?=0.998)
1x103 0.1046 69.95 0.6995
5x107 0.0541 84.42 0.8442
1x107 0.0212 93.83 0.9383

(B4)
5x10™ 0.2090 39.92 0.3992 -28.46
1x107 0.1290 62.50 0.6250 (R?=0.999)
5x107 0.0283 91.44 0.9144
1x10% 0.0140 95.93 0.9593

(B5)
5x10™ 0.2317 32.64 0.3264 -27.32
1x107 0.1789 47.99 0.4799 (R?=0.999)
5x107 0.0295 91.42 0.9142
1x107 0.0076 97.79 0.9779

(B6)
5x10™ 0.2000 41.86 0.4186 -27.53
1x10° 0.1995 42.00 0.4200 (R?=0.991)
5x10 0.0177 94.85 0.9485
1x10° 0.0107 96.88 0.9688

(B7)
5x10™ 0.1590 53.77 0.5377 -29.23
1x10° 0.1350 60.75 0.6075 (R?=0.999)
5x107 0.0271 92.12 0.9212
1x107 0.0184 94.65 0.9465

(B8)
5x10™ 0.0941 72.35 0.7235 -31.03
1x10° 0.0713 78.86 0.7886 (R?=0.999)
5x107 0.0420 87.79 0.8779
1x107 0.0205 94.04 0.9404

(B9)
5x107 0.0650 81.10 08110 -32.79
1x10° 0.0339 90.14 0.9014 (R?=0.999)
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5x107 0.0113 96.71 0.9671
1x107 0.0095 97.23 0.9723
(B10)
5x107 0.1100 68.02 0.6802 -29.39
1x107° 0.0900 73.83 0.7383 (R?=0.988)
5x10° 0.0700 79.65 0.7965
1x107 0.0100 97.09 0.9709
(B11)
5x10™ 0.1300 62.20 0.6220 -29.84
1x107 0.0800 76.74 0.7674 (R?=0.995)
5x107 0.0600 82.55 0.8255
1x107 0.0190 94.47 0.9447
(B12)
5x10™ 0.1220 64.53 0.6453
1x103 0.0930 72.96 0.7296 -29.50
5x10° 0.0710 79.36 0.7936 (R?=0.991)
1x107 0.0200 94.18 0.9418
(B13)
5x107 0.1500 56.39 0.5639 -29.87

2
1x10° 0.1000 70.93 0.7093 (R"=0.999)
5x10° 0.0200 94.09 0.9409
1x107 0.0100 97.09 0.9709
(B14)
5x107 0.1320 61.62 0.6162 -230.68
1x107 0.0990 71.22 0.7122 (R"=0.999)
5x10° 0.0152 95.58 0.9558
1x107 0.0100 97.09 0.9709
(B15)
5x107 0.1120 67.44 0.6744 -30.97
1x10° 0.080 76.74 0.7674 (R?=0.999)
5x10° 0.0170 95.50 0.9550
1x107 0.0119 96.54 0.9654
(B16)
5x107 0.1270 63.08 0.6308 -30.30
1x10° 0.0690 79.94 0.7994 (R?=0.998)
5x10° 0.0350 89.98 0.8998
1x107 0.0080 97.67 0.9767
(B17)
5x107 0.1010 70.63 0.7063 -32.20
1x10° 0.0340 90.01 0.9001 (R?=0.999)
5x10° 0.0067 98.05 0.9805
1x107 0.0040 98.83 0.9883
(B18)
5x107 0.1300 62.20 0.6220 -29.77
1x107 0.0870 74.70 0.7470 (R*=0.996)
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5x10° 0.0520 84.88 0.8488

1x107 0.0140 95.93 0.9593

(B19)

5x107 0.0570 83.43 0.8343 -232.37
1x10° 0.0540 84.30 0.8430 (R"=0.999)
5x107 0.0202 94.12 0.9412

1x107 0.0102 97.03 0.9703

(B20)

5x10™ 0.0810 76.45 0.7645 -231.84
1x107° 0.0570 83.43 0.8343 (R"=0.999)
5x107 0.0260 92.44 0.9244

1x107 0.0136 96.04 0.9604

(B21)

5x107 0.0930 72.96 0.7296 -230.96
1x107° 0.0750 78.19 0.7819 (R"=0.999)
5x10° 0.0410 88.08 0.8808

1x107 0.0190 94.47 0.9447

(B22)

5x107 0.0370 89.24 0.8924 ;34.91
1x103 0.0224 93.48 0.9348 (R"=0.999)
5x10° 0.0199 94.21 0.9421

1x107 0.0135 96.07 0.9607

(B23)

5x10™ 0.1900 44.76 0.4476 -228.10
1x10° 0.1280 62.79 0.6279 (R"=0.986)
5x10° 0.0870 74.70 0.7470

1x107 0.0220 93.60 0.9360

(B24)

5x107 0.1100 68.02 0.6802 ;30.92
1x10° 0.0800 76.74 0.7674 (R"=0.999)
5x10° 0.0080 97.67 0.9767

1x107 0.0050 98.54 0.9854
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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 (0) at different inhibitor concentrations in 1M
H,SO, was achieved from weight loss measurements (0 = E (%)/100) (see Table

3-4) at 30°C and tested with Langmuir isotherm relationship 2

oY +¢C e (3.)

where K is the equilibrium constant of the adsorption process.

According to the Langmuir isotherm, K,qs values can be calculated from the
intercepts of the straight line of plotting C/0 versus C (see Fig. 3-55). Ky IS
related to the standard free energy of adsorption,AG’gs, as in equation[52]: (The

value 55.5 is the molar concentration of water in the solution in M)

1 —AG,,
Kuas = Tt exp( R; S) e e (3.2)

from Table(3-4), the values of standard free energy of adsorption are negative
which indicate that the processes of adsorption of all suggested inhibitors (B1-
B24) were spontaneous processes on the mild steel surface after 24 h immersion
at 30°C and that’s given sense for remarkable interaction between suggested
inhibitors and metal surface. Adsorbed molecule moves closer to the surface of
metal making electrons start to overlap with that of the surface atoms which

causes physisorption for suggested inhibitors 3,

66



Chapter Three Results & Discussion
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Figure 3-55: Langmuir adsorption isotherm plot for mild steel in 1M H,SO,

solution in the presence of various concentrations of inhibitor (B5).

The mechanism corrosion inhibition™ depends on the formation of mono
protective layer on the metal surface. The protective nature of the surface layer
depends on many factors: interaction between inhibitors and substrate,
incorporation of the inhibitor in the surface layer, chemical reactions, electrode
potentials, concentration of the inhibitor, temperature and properties of the
corresponding surface, etc. The first stage in the action mechanism of the
corrosion inhibitor in aggressive media is adsorption of the surfactant molecules
onto the metal surface. The adsorption process is influenced by the nature and
the surface charge of the metal, the chemical structure of the organic inhibitor,
and the nature of the aggressive electrolyte. Adsorption of the surfactant
molecules on the metal surface can be expressed according to the following

equation:
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Inhibitor . + nHO ) = Inhibitor .+ nHO ),

Where n is the number of water molecules removed from the metal surface for
each molecule of surfactant adsorbed. Adsorption of the surfactant molecules
occurs because the interaction energy between the organic molecules and the
metal surface is higher than that between water molecules and the metal surface.
So the inhibition effect by organic inhibitors is attributed to the adsorption of the
surfactant molecules via their functional groups onto the metal surface. The
adsorption rate is usually rapid and hence the reactive metal is shielded from the
aggressive environment. Higher molecular size and high electron density on the
adsorption centers may be responsible for high corrosion efficiency. Figure (3-
56) shows proposed adsorption model of the one molecule of suggested inhibitor

(B11) on the iron metal surface.

‘ Mild steel ‘

Figure 3-56. Representation model for adsorption process of organic molecule

(B11) on steel surface.
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3.5.CONCLUSION

The prepared and identified new pyridinium salt derivatives (B1-B24) were used
successfully as corrosion inhibitors on the mild steel surface in 1M H,SO,
solution at 30°C. The results of inhibitive efficiency (E%) showed interesting
inhibitive effects of suggested inhibitors. The values AG of adsorption revealed
physisorption effect for (B1-B24) and provided useful information to explain the

interaction between the surface of metal and the organic molecules.

3.6. Future work :
Preparation of some new Pyridinium salt schiff base derivatives and appling

them as corrosion inhibitors for mild steel in acidic media.
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