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ABSTRACT

A new ligand2-(5-(2-(5-hydrazinyl-1,3,4-thiadiazol-2-yl) ~hydrazinyl)-
1,3,4-oxadiazol-2-yl)phenol and its Cu(ll) , Co(lll) and Ni(ll) complexes
were synthesized . the new ligand and its complexes have been
characterization on the basis their spectra of 'HNMR, mass, Fourier
transform infrared (FTIR), as well as magnetic susceptibility, atomic
absorption, elemental analysis [C, H, N, S] and conductance
measurements. The program of Hyperchem 7.51 have been used up
for theoretical accounts using PM3 method [1] to study the
electrostatic potential that Provided good information about the
complexity site. A ligand and its complexes were tested for their
antibacterial activity against two kinds of strains Escherichia coli (gram
negative bacterial strains) and staphylococcus aureus (gram positive

INTRODUCTION

Heterocyclic compounds are the cyclic organic compounds
which contain at least one heteroatom, the most common
heteroatoms are the nitrogen, oxygen, and sulfur but
heterocyclic rings containing other heteroatoms are also
widely known [1]. The chemistry of heterocyclic compounds
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1,3,4-oxadiazole  1,2,4-oxadiazole

Oxadiazoles have occupied a specific place in the field of
medicinal chemistry due to its wide range of activities[4].
From the existing literature we can see that 1,3,4-Oxadiazole
nucleus has been possessing antimicrobial[5], antifungal[6],
anti-inflammatory[7],  anticonvulsant[8],  antioxidant,
analgesic[9], antitubercular[10], mutagenic activity[11],
antioxidant[12] , corrosion inhibitor[13] . Thiadiazole is a
heterocyclic compound featuring both two nitrogen atom
and one sulfur atom as part of the aromatic five-membered
ring , it was found that among the important
pharmacophores responsible for various activities [14]. All
review showed that the thiadiazole nuclei have antibacterial
and antifungal, anti tubercular, anticonvulsant anti-
leishmanial activities[15].

EXPERIMENTAL

Synthesis of 2-hydroxy benzohydrazide

A mixture of methyl benzoate (15.2ml, 0.1mol) and
hydrazine monohydrate (7.5ml , 0.15mol) in ethanol absolute
(25 ml) were refluxed for 6 hours , the mixture was
evaporated to half volume , cooled , filtered and washed with
ethanol absolute[16]. the solid was lighting white ,melting
point 150 °C , yield 95%.
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bacteria strains), This research showed excellent results in
comparison with Ciprofloxacin as standard drug. The ligand was
tested as a corrosion inhibitor for carbon steel in 1 M HCl solution. The
corrosion inhibition efficiency was determined by using the weight
loss methods
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is an interesting field of study since a long time. There are two
classes of heterocyclic very important include oxadiazole and
thiadiazols, the Oxadiazole is a cyclic compound having one
oxygen and two nitrogen atoms in a five-member ring [2].
The Oxadiazoles subsist in different isomeric forms such as
1,2,5-oxadiazoles , 1,2,4-oxadiazoles , 1,2,3-oxadiazoles and
1,3,4-oxadiazoles [3]
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1,2,3-oxadiazole  1,2,5-oxadiazole

Synthesis of 2-(5-mercapto-1,3,4-oxadiazol-2-yl)phenol
2-hydroxybenzohydrazide (15.2 gm, 0.1mol) , (5.6g, 0.1mol)
of Potassium Hydroxide and carbon disulfide (7.6ml,0.1mol)
were refluxed in ethanol absolute (50ml) .the solvent was
evaporated and acidified with HCI (10%) then the
precipitated was filtered and the result solid was recrystallized
from ethanol absolute [17]. the solid was yellow ,melting
point 200 °C, yield 72%.

Synthesis of 1,3,4-thiadiazole-2,5-dithiol

A mixture of (80%) hydrazine hydrate (0.1 mol, 5g), carbon
disulfide (0.2 mol, 15g) and KOH (0.2 mol, 11g) was refluxing
for 25 hrs. The reaction was follow by TLC. Then the excess
solvent was distilled off, and the resulting solid was separated
out by adding (10%) of hydrochloric acid. The mixture was
filtered and dark yellow solid was recrystallized from ethanol.
m.p = (162-164) -C, yield=78 % .[18]

Synthesis 2,5-dihydrazinyl-1,3,4-thiadiazole

A mixture of compound (A1) (0.1 mol, 15g) in 50 ml of
absolute ethanol and (80%) hydrazine hydrate (0.2 mol, 10g)
was refluxing for 5 hrs. The reaction was following by TLC.
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Then cooled to room temperature, poured in (100 ml) of ice
water. The yellow solid result was filtered off, washed with
water and recrystallized from ethanol, yield = 82 % [19].

Synthesis 2-(5-(2-(5-hydrazinyl-1,3,4-thiadiazol-2-
ylhydrazinyl)-1,3,4-oxadiazol-2-yl)phenol

OH
(@)
Il
C

methyl 2-hydroxybenzoate

@( 2) % 10HCI

EtOH
\OCH3 + NH,NH, —

The ligand was synthesized by condensation of 2,5-
dihydrazinyl-1,3,4-thiadiazole (5gm , 0.034 mol) and 2-(5-
mercapto-1,3,4-oxadiazol-2-yl)phenol (6.65gm , 0.034mol)
in 1:1 molar proportions in ethanol absolute (25ml) . then the
mixture refluxed for 8 hours (monitored by TLC). the ligand
was precipitated, filtered and recrystallized from ethanol
absolute to get white ligand melting point 228-230 °C, yield
65%.
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2-hydroxybenzohydrazide
1) CS,

EtOH
KOH

N—N

2-(5-mercapto-1,3,4-oxadiazol-2-yl)phenol

NH,-NH
S 2) % 10HCI

1,3,4-thiadiazole-2,5-dithiol

2.2. Preparation of complexes

The complexes were synthesized by mix (0.001mol) from
ligand with salts (CoCl..6H.0,CuCl2.6H20 and NiCl..6H.0)
both alone in (100ml) ethanol absolute and refluxed for 2 hrs.
(monitored by TLC) .then the precipitate was filtered and
wash several times with ethanol or aqueous ethanol to

1) EtoH HS\( >/ HzNHN\(SYNHNHz
2NH,-NH
+ 2CS, —> S \ /

N——N

N——N
2,5-dihydrazinyl-1,3,4-thiadiazole

removed unreacted salts or ligand ,then precipitated
complexes was dried[27].

2.3. Analysis and physical measurements
Physical properties and elemental microanalysis CHNS
shown in table 1

Table 1: Physical properties, elemental microanalysis data of the ligand and its complexes

No | formula Color (C%)Ex. | (H%)Ex. | (N%)EX. | (S%)Ex. | Atomic A Sem? | M.p peff
C%Cal. | H%Cal. | N%Cal. | S% Cal. absor. mol-1 °C B.M
1 C1oH10NsO2S brown | (39.51) (3.78) (36.12) (1011) | | ----- 200 | -----
(L) 39.21 3.29 36.58 10.47
2 Cu(L)Clz green (15.91) 18 240 19
14.42
3 Co (L)Cl2 Dark (12.15) 22 270 438
grey 13.51
4 Ni( L)Cl2 yellow (15.46) 12 262 0.48
13.46

DISCUSSION AND RESULT

3.1 FT-IRSPECTRAL

FT-IR of the synthesized ligand and its complexes were
carried out using KBr disc to ligand and Csl for complexes.
The free ligand (L) exhibited six major bands at (3448)cm™,
(3348)cm’!, (3026)cm?, (1625)cm™?, (1527)cm?, (1442)cm?,
(1327)cm?, (1273)cm™ and (1081) [28 Jcm-1 Which are
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attributable to (VOH), (VNH), (vC-H)aro., (VC=N) , (vC=C),
(vC-O-C)sym, (v C-O-C)asy, (vC-S-C) and structure
movement bands respectively. New bands were formed
Attributed to the coordinated (M- N), and (M-CI) bonds and
appeared at the region (439-493) cm and (262-316) cm-1
respectively. This indicates that the coordinate occurred
through the (N), and (CI) atoms. As shown in figures (14-17).
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3.2 Nuclear Magnetic Resonance

The 1H-NMR spectra of the ligand showed signals at
(11.82ppm, 1H) , (10.91ppm, 1H), (10.45ppm, 1H),
(9.17ppm , 1H) and (3.17ppm , 1H), due to (N-H)c protons,
(N-H)d protons, (O-H) protons, (N-H)b and (N-H:)a
respectively. signals at [(6.94-7.94)ppm , 4H] due to chemical
shifts of aromatic ring protons linking the oxadiazole
ring[21] as showed in the figure (9).

3.3 Mass spectra

The mass spectra of ligand appeared molecular ion peak at
306 m/z which is in conformity with the molecular formula
C1H10NgO2S. Other peaks are due to the subsequent
fragments like [C10HsN70,S]+=290m/z,
[C10H9NsOS]+=289m/z, [C10H7N6O2S]+=275m/z ,
[C4sHsNgOS]+=213 m/z, [CeH7N4O,]+=191 m/z,
[CsHsN3O,]+=176 m/z, [C2HsNeS]+=145 m/z,
[CaH3N4S]+=115 m/z.

The mass spectral of the Cu(ll) complexes showed molecular
ion peaks at 440m/z corresponding to [Cu(L)Cl2]*
stoichiometry. This complex shows another a fragmentation
peaks at 405m/z, 369m/z, due to loss one and two chlorine
atom respectively.

The mass spectral of the Co(Il) complexes showed molecular
ion peaks at 436m/z corresponding to [Co(L)Cl:]*
stoichiometry. This complex shows another a fragmentation
peaks at 400m/z, 365m/z due to loss one and two chlorine
atom respectively. The mass spectral of the Ni(Il) complexes
showed molecular ion peaks at 435m/z corresponding to

[Ni(L)Cl2]* stoichiometry. This complex shows another a
fragmentation peaks at 400 m/z, 365m/z due to loss one and
two chlorine atom respectively. as shown in figure (10-13)

3.4 magnetic susptibility

The magnetic momentum for each metal complexes is listed
in table 1. these magnetic measurements give an idea about
the electronic state of the transition metal ion of the
complexes. The observed magnetic momentum value of
Cu(ll) complex was 1.9 BM , expected for Square planer
geometry . the magnetic momentum value was 4.8 BM for
Co(Il) suggesting tetrahedral geometry . 0.48 BM for Ni(ll)
suggesting square planar geometry respectively[22] .

3.5 Biological Study

The antibacterial efficiency of ligand and its complexes were
evaluated by using agar spread method. Two type of bacteria
have been used, Gram Positive Bacteria as Staphylococcus
Aureus and Gram-Negative Bacteria as Escherichia Coli (E.
Coli), using Ampicillin as standard drug. The bacteria
inhibition was calculated in millimeter. nutrient agar was
used as culture medium. dimethyl Sulfoxide used as solvent.
the concentration of all compounds in this solvent was
15mg/ml, using disc susceptibility test. This technique
includes the exposure of the zone of inhibition toward the
spread of bacteria on agar dish. The dishes were Put in the
incubator for 24hr. at 37 °C [23]. From the observation of the
results in table (2), Affirms that all compound shows good
anti-bacterial activity

Table 2: Anti-bacterial data of ligand and its complexes

No. compound E. coli Staph.
Inhibition zone | Inhibition zone
(mm) (mm)
A control +++ +++
B L ++ ++
C Co + +
D Ni + +
E Cu + +
+++=(20-30)mm highly active +=(8-12) active ++=(13-19)mm more active,
25
15
A e
- —-—— Staph
i Gool L co N Cu DM SO Eco
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Staph.
Figure 1: Anti - bacterial of E.coli & Staph

3.6 Electrostatic potential (MEP). Molecular

Electrostatic potential is very important in finding the active
site in the molecule system with a positive point charge. The
species that have positive charge tend to attack a molecule
where the electrostatic potential is strongly negative
(electrophilic attack). Electrostatic potential of free ligand
was measured and plotted as 2D contour to find the active
site of molecule [24] as shown in figures [4-8].

Table 3: contents of. Steel specimens

Ecoli

3.7. Anticorrosion inhibitor

Study the effect of the prepared surfactant on the corrosion
inhibition of carbon steel in 1 M HCI solution using weight
loss methods. Steel specimens with dimensions of 2.5 cm x 5
cm x 0.5 cm were immersed in 1 M HCI in a closed beaker
with and without the addition of different concentrations of
inhibitor for (3-15) h at 30-60 °C. Triplicate specimens were
exposed for each condition and the average weight losses
were reported. The contents of. Steel specimens is shown in
table (3)

Element C Si Mn P S

Cr Al \Y Ti Cu Fe

Weight (%) | 0.19 | 0.05 | 0.94 | 0.009 | 0.004

0.014

0.009 | 0.034 | 0.016 | 0.003 | 0.022 | Rest

The corrosion rate (k) was calculated from the following
equation [25]:

K=AW /St mg/cm?h 1)
where AW is the average weight loss of three parallel steel
sheets, S is the total area of the specimen and t is the
immersion time. The corrosion inhibition efficiencies, IE%
and the surfactant area were calculated according to the
following equation [26]:

1E% = (CRuninh-CRinh/ CRuninn) * 100 (2)
0= (CRuninh'CRinh/ CRuninh) (3)
Where IE% = inhibition efficiency, CRuninn= Corrosion Rate
without inhibitor

CRinn= Corrosion Rate with inhibitor

Weight loss data of carbon steel in 1 M HCI in the absence
and presence of various concentrations of inhibitor are listed
in Table 2 Data show that, the corrosion inhibition efficiency
for the synthesized inhibitor increases with increasing the
inhibitor concentration as shown in figure2. The influence of

solution temperature on the inhibition efficiency was studied
at 30, 40,50 and 60 °C. It was observed that the inhibition
efficiency decreases with increasing temperature from 30 to
60 °C as shown in figure3. The reduction in inhibition
efficiency with temperature may be attributed to desorption
of the inhibitor molecules from the metal surface at higher
temperatures.

A large number of organic compounds containing nitrogen,
oxygen or sulphur have been used as inhibitors to control
acid corrosion of iron and steel [27]. Compounds rich in
heteroatoms can be regarded as environmentally friendly
inhibitors because of their characteristic strong chemical
activity and low toxicity [28]. The adsorption characteristics
of organic molecules are also affected by sizes, electron
density at the donor atoms and orbital character of donating
electrons [29].

Table 4: Weight loss data of carbon steel corrosion in 1 M HCI in the absence and presence of different concentrations of the
synthesized inhibitor at 30 °C.

Conc. time 3h 6h 9h 12h 15h
(am) AW(g) 0.0085 0.0115 0.0175 0.0235 0.0286
HCI Rc mgem2ht 0.227 0.153 0.156 0.157 0.152
AW(g) 0.0068 0.0094 0.0108 0.0145 0.0168
20 Rc mgem2ht 0.181 0.125 0.096 0.097 0.089
ppm %IE 20 18 38 38.2 41
(®) 0.20 0.18 0.38 0.382 041
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AW(g) 0.0051 0.0082 0.0095 0.0122 0.0146
40 Rc mgem-2h+t 0.136 0.109 0.084 0.081 0.078
ppm %IE 40 29 46 48 49
(©) 0.40 0.29 0.46 0.48 0.49
AW(g) 0.0038 0.0068 0.0082 0.0105 0.0118
60 Rc mgem-2h+t 0.101 0.091 0.073 0.07 0.063
ppm %IE 56 41 53 55 59
) 0.56 41 053 055 59
0.035 —=_30C v
00— ] e 7
O — e e
——(6Cepm) - - 30.020 //'

T T T T T T T 3
100 200 300 400 500 600 700 800 900 1000
time (min)

0.015 - A o

0.010 4

A e -
0.005 ’//'
-
0.000 T T T T T T
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time (min)

Figure 2: anticorrosion inhibitor of carbon steel in 1M HCI with different concentration of ligand at 30 °C
Figure 3: anticorrosion inhibitor of carbon steel in 1M HCI with 20 ppm concentration of ligand at different temperature

CONCLUSION

The 1,3,4-oxdiazole derivative acts as a bidentate ligand. The
spectroscopic data exhibit the involvement of NH and the
azomethane of heterocyclic groups in coordination to the
central transition metal ion. susceptibility magnetic

technique has been used to characterization of transition
metal complexes. a square plainer geometry for Ni(ll) and
Cu(Il), tetrahedral geometry for Co(ll) complex is proposed.
The results of the electrostatic potential study were quite
consistent with the practical results of the complexity sites.

Figure 4: HOMO Electrostatic Potential as Contours for L

Figure 5: Graphical presentation of stereochemistry of the Ligand
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\ \
Figure 6: Graphical presentation of stereochemistry of the complex [Co(L1)CI2]
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Figure 8: Graphical presentation of stereochemistry of the complex [Cu(L1)Cl:]
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Figure 10: mass spectra of Ligand
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Figure 11: mass spectra of [Co(L)Cl:]
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Figure 12: mass spectra of [Ni(L)Cl]
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Figure 13: mass spectra of [Cu(L)CI2]
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Figure 15: IR spectra of [Ni(L) CI2]

847 Systematic Review Pharmacy Vol 11, Issue 3, 2020



Zainab M. Kareem et al / Synthesis, Characterization, Antimicrobial and Anticorrosion of Studies New 2-(5-(2-(5-hydrazinyl-
1,3,4-thiadiazol-2-yl) hydrazinyl)-1,3,4-oxadiazol-2-yl) Phenol With Some Transition Metal Ions

RO wearrases

100
W T
80 /| ; |
a0 S = 9 1 \ ‘:‘ "|'1I'
Z8 =" v B i
40 -1 3 = & “
E 8
o
20
4000 3500 3000 2500 2000 1500 1000 750 5(')(;;, »;1'50
.Figure 16: IR spectra of [Co(L) CI2]
LD seumamzu
112.5
%T
105
-
a7.5 L g |l
L S
%0 S
82.5 | & - % 8
75 3 = ¥
67.5
4000 3500 3000 2500 2000 1500 1000 750 500 250
1/cm
.lh:Igl].I:e 17: IR spectra of [Cu(L) CI2]
REFRENCES activity of 1,3,4-oxadiazole derivatives", Journal of
1. G.Mishra, A K. Singh, K. Jyoti, "Review article on 1, 3, Pharmacy Research, 4(6), 1696-1698 (2011).
4-thiadiazole derivatives and its pharmacological ~ 5. R.Saini, S. Chaturvedi, A. N. Kesari and S. Kushwaha,"
activities”, Int J Chem Tech Res., 3:1380-1393(2011). Synthesis of 2- (substituted)-5-(benzotriazomethyl)-
A. Pangal and J. A. Shaikh," Various Pharmacological 1,34-oxadiazole  for anti-fungal activity, ~Der
aspects of 2, 5-Disubstituted 1,3,4- PharmaChemica, 2(2), 297-302 (2010). _
OxadiazolDerivatives: A Review", 3(12), 79-89 (2013). 6. M.Amir, S .A.Javed and H. Kumar, "Synthesis of some
B. S. De Oliveira, B. F. Lira, J. M. Barbosa-Filho, J. G. F. 13/4-Oxadiazole derivatives as potential ~anti-
Lorenzo, and P. F. De Athayde-Filho, Synthetic inflammatory agents', Indian Journal of Chemistry,
approaches and pharmacological activity of 1,34- 468, 1014-1019 (2007). _
oxadiazoles: A review of the literature from 2000-2012, /- P.Singhand P. K. Jangra, "Oxadiazole- A novel class of
vol. 17, no. 9. 2012. anticonvulsant agents, Der Chemica Sinica, 1(3), 118-
2. J. Panda, V. J. Patro, C. S. Panda and J. Mishra, 123 (2010). _ _ _
"Synthesis, characterization antibacterial and analgesic ~ 8- R. R. Somani and P. Y. Shirodkar , "Synthesis and
PharmaChemica, 3(2), 485- 490, 2011. Oxadiazole Derivatives", Asian J. Chem., 20(8), 6189
3. R. R. Somani, A. G. Agrawal, P. P. Kalantri, P. S. (2008). _ . _
Gavarkar and E. De Clerg" Investigation of 134- 9 M.V.Aanandhi, M. H. Mansoori, S. apriya, S. George,
OxadiazoleScaffold as Potentially Active Compounds”, P. S. Sundaram, "Synthesis and In-vitro antioxidant
International Journal of Drug, Design and Discovery, activity of substituted Pyridinyl-1,3,4-oxadiazole
2(1), 353-360 (2011). derivatives, Research Journal of Pharmaceutical,
Chaple," Synthesis, characterization and antimicrobial ~ 10. N.Renuka, H. K. Vivek, G. Pavithra, and K. A. Kumar,
848 Systematic Review Pharmacy Vol 11, Issue 3, 2020



Zainab M. Kareem et al / Synthesis, Characterization, Antimicrobial and Anticorrosion of Studies New 2-(5-(2-(5-hydrazinyl-
1,3,4-thiadiazol-2-yl) hydrazinyl)-1,3,4-oxadiazol-2-yl) Phenol With Some Transition Metal Ions

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

849

“Synthesis of Coumarin Appended Pyrazolyl-1,3,4-
Oxadiazoles and Pyrazolyl-1,3,4-Thiadiazoles:
Evaluation of Their In Vitro Antimicrobial and
Antioxidant Activities and Molecular Docking
Studies,” Russ. J. Bioorganic Chem., vol. 43, no. 2, pp.
197-210( 2017).

M. Bouanis, M. Tourabi, A. Nyassi, A. Zarrouk, C.
Jama, and ©F. Bentiss, “Corrosion inhibition
performance of 2,5-bis(4-dimethylaminophenyl)-
1,3,4-oxadiazole for carbon steel in HCI solution:
Gravimetric, electrochemical and XPS studies,”
Applied Surface Science, vol. 389. Elsevier B.V., pp.
952-966( 2016).

N. M. Aljamali, J. Hayfaa, S. Huda, D. Noor, A. Fatima
and M. Nemah, "Bulletin of Environment",
Pharmacology and Life Sciences , 5, 9(2016).

Nagham M. Aljamali., Sura Esam , 1JBPAS, 5(6): 1397-
141(2016).

D. A. Najeeb, “Some Transition Metal Complexes with
2-thioacetic acid-5-pyridyl- 1,3,4-oxadiazol,” J. Al-
Nahrain Univ., vol. 14, no. 3, pp. 35-39(2011).

K. Kishore, A. Samad, Y. Kumar, M. Shaharyar, R. L.
Khosa, J. Jain, V. Kumar, Priyanka Singh, “European
Journal of Medicinal Chemistry Design , synthesis and
biological evaluation of 1, 3, 4-oxadiazole derivatives,”
Eur. J. Med. Chem., vol. 45, no. 11, pp. 4963-4967(
2010).

J. Salimon, N. Salih, E. Yousif, A. Hameed, and H.
Ibraheem, “Synthesis, characterization and biological
activity of Schiff bases of 2, 5-dimercapto-1, 3, 4-
thiadiazole,” Aust. J. Basic Appl. Sci., vol. 4, no. 7, pp.
2016-2021(2010).

[19] A. M. Al-Azzawi and A. S. Hamd, “Synthesis,
Characterization and Evaluation of Biological Activity
of Novel Cyclic Imides Containing Heterocycles Based
on 2, 5-disubstituted-1, 3, 4-thiadiazoles,” Al-Anbar J.
Vet. Sci., vol. 4, no. 2, pp. 152-164,(2011).

C. Anghel, M. Matache, C. C. Paraschivescu, A. M.
Madalan, and M. Andruh, “A novel 1-D coordination
polymer constructed from disilver-1,3,4-oxadiazole
nodes and perchlorato bridges Catalin,” Elsevier-
Inorganic Chem. Commun., vol. 76, pp. 22-25(2017).

X.-B Zhang, B.-C. Tang, P. Zhang, M. Li and W.-J.
Tian, "Synthesis and characterization of 1,3,4-
oxadiazole derivatives containing alkoxy chains with
different lengths", Journal of Molecular Structure, 846,
55-64(2007).

D. . A. T. Gary .L.Miessler, “Inorganic chemistry.”
pearson prentice hall, 1991.

Ahmad and A. Z. Beg,"Antimicrobial and
photochemical studies on 45 Indian medicinal plants
against multi-drug resistant human pathogens”,
Ethnopharmacologyl.,74(2),113-123(2001).

R. Hout,W. J. Pietro and W. J. Herhre,"A pictorial
Approach to Molecular Structure and Reactivity", John
Wiley, New York,1,(1984).

M. H.M. Hussein, M. F. El-Hady, H. A.H. Shehata,
M.A. Hegazy, Hassan H.H. Hefni, Preparation of some
eco-friendly corrosion inhibitors having antibacterial
activity rom sea food waste, J. Surfactant Deterg. 16

Systematic Review Pharmacy

24.

25.

26.

27.

,233-242, 2013.

L. C. laa, J. Kryszen, Anna Stochmal, W. Oleszek, M.
Waksmun - dzka -Hajnosa, Journal of Pharmaceutical
and Biomedical Analysis, 70, 126-135, 2012.

A., M. Al-Agez, and A. S. Fouda, “Phenylhydrazone
derivatives as M. corrosion inhibitors for -a-brass in
hydrochloric acid solutions,” International Journal of
Electrochemical Science, 4, 336—352, 2009.

F. Bentiss, M. Traisnel, H. Vezin, H. F. Hildebrand, and
M. Lagrenee, “2,5-Bis(4- dimethylaminophenyl)-1,3,4-
oxadiazole and 2,5-bis(4-dimethylaminophenyl)-
1,3,4-thiadiazole as corrosion inhibitors for mild steel
in acidic media,” Corrosion Science, vol. 46, pp. 2781-
2792, 2004,

Afidah, E. Rahim, J. Rocca, M. J. Steinmetz, R. A.
Kassim, and M. Sani Ibrahim, “Mangrove tannins and
their flavanoid monomers as alternative steel corrosion
inhibitors in acidic medium,” Corrosion Science, vol.
49, pp. 402-417, 2007.

Vol 11, Issue 3, 2020



