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Abstract

A green microwave-assisted procedure for the patjoar of four new N-alkylpyridazinium ionic liquids
with different functionality in the alkyl chain idescribed. For the first time, target ionic liquidere
prepared using under microwave irradiation in shlortation of time with quantitative yields. The rgw
ionic liquids were tested as corrosion inhibitofssteel in 1.0 M HCI weight loss methods. The ol
results showed that the four ILs are good inhikitfmr steel in 1.0 M HCI and the inhibition effioiey
increased with increasing the inhibitor concentratind reached up to 95% at4m!.

Keywords. Green procedure, pyridazinium-salts, ionic liquidéibitors, Acid corrosion.

1. Introduction

The gradually destroyed of the metallic structuie anodic dissolution by the means of electrochamic
process is known as metals corrosion [1]. To at&@metal corrosion, some specific compounds can be
added and found to be effective for combating o under acid condition [2]. Electronegative
functional groups and-electron in triple or conjugated double bonds aHl &s heteroatoms like sulphur,
phosphorus, nitrogen and oxygen in their structame the major adsorption centres. There are many
condition can be controlled the modes of adsorpsioch as chemical structure of the molecule, smiuti
contents, the metal surface and the electrochempmantial of the metal-solution interface. Theatign
between the chemical structure and corrosion itibibiis the most important issue for the corrosion
researchers [3-5].

lon liquids (ILs) are considered as good solvenksctv formed by the electrostatic interaction betwee
positive and negative charges and they are ligui@m temperature [6-8]. They showed very sounding
properties such as thermal stability, inflammafjlitnoderate solubility for organic and inorganic
compounds, high ionic conductivity and electroclehpotenial properties [9-13]. Variation of thenio
liquids cation and anion led to the tuning of trdiemical and physical properties[14].

Recently, a variety of applications [15-21] of lhave been widely investigated. In particular, thesm
extensively studied ILs is based upon the imidamolcation.

It's reported that, both imidazolium and pyridiniwompounds are reported to represent a good comosi
inhibitors copper [22,23], mild steel [24-27] anturainium [28]. A strong relationship between the
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functional groups of the ionic liquids and the nhatarface due to the presence of the more eleajaiive
nitrogen atom has been discussed.

In the same context, we synthesize and charactéoise new N-alkylpyridazinium ionic liquids
namely, 1-(6-ethoxy-6-oxohexyl)pyridazinium bromide), 1-benzylpyridazinium bromidell(, 1-
phenethylpyridazinium bromidéll) and 1-(4-phenoxybutyl)pyridazin-1-ium bromid¥ , with the aim to
study their applicability as corrosion inhibitorsr fcarbon steel in 1.0 M HCI by gravimetric studye
chemical structures of the studied pyridaziniunmiddiguids are given in Tablel.
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CO,Et

€]
N Br 302.06
</ \e
N
ﬁ
I N Br 250.01
(S
—/ @
o
I \ E/_Q 264.03
(N -
___/®

v 4@/_/70 308.05
N Br
(S
—/®

Table 1. The chemical structure of the studied pyridazinianic liquids.

2. Experimental methods

2.1. Synthesis
2.1.1. Materials

The reagents: pyridazine (98%), ethyl 6-bromoheatn@6%), benzyl bromide (97%), phenetyl bromide
(97%), and 4-phenoxybutyl bromide (98%), werechased from Aldrich and used as received. All
solvents were of HPLC grade.

2.1.2. Measurements and equipments

All new compounds were synthesized and charactefize'H NMR and**C NMR spectroscopiesH
NMR (400 MHz) and*C NMR (100 MHz) spectra were obtained in DMSO aimdemperature. Chemical
shifts (d) were reported in ppm to a scale caléuafior tetramethylsilane (TMS), which is used as an
internal standard. The LCMS spectra were measuiidd avMicromass, LCT mass spectrometer. The
microwave-assisted reactions were performed usingrérollable single-mode microwave reactor, CEM
Discovery, designed for synthetic use. The reastequipped with a magnetic stirrer as well asesgure,
temperature and power controls. The maximum opeyatiessure of the reactor is 20 bar. The power and
temperature range are 15 - 300 W and 60 — 25G%pectively.
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2.1.3. Synthesis of 1-(6-ethoxy-6-oxohexyl)pyridazinium bromide (1)

Pyridazine (2 g, 0.025 mol) and ethyl 6-bromohexad5.66 g, 0.0275 mol) and 10 ml of toluene were
placed in a microwave reactor vessel and irraditge@0 minutes at 80°C. The crude product was @aesh
a few times with dry ethyl acetate and dried owgnhin a vacuum at 70 °C. Brown crystalyjeld 82%,

mp 79-81 °C; IR\{nax €M ):1731 (C=0)H NMR (400MHz, DMSO0)5: 1.15 (t,J = 7.2, 3H), 1.31 (quint,
J=7.6, 2H), 1.55 (quint] = 7.6, 2H), 2.00 (quint] = 7.6, 2H), 2,28 (tJ = 7.6, 2H), 4.03 (¢) = 7.2, 2H),
4.83 (t,J = 7.6, 2H), 8.61-8.64 (m, 1H), 8.74-7.76 (m, 18164-9.65 (dJ = 4.4 1H), 10.03-10.04 (d,=

4.8 1H)."*C NMR (100MHz, DMSO): 14.1 (CH), 23.7 (CH), 24.8 (CH), 29.0 (CH), 33.1 (CH), 59.7
(CHy), 64.2 (CH), 136.0 (CH), 136.6 (CH), 149.9 (CH), 154.5 (CH);2.7 (C); LCMS: m/z 302 (M.
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Figure 1."H NMR spectrum (DMSO) of 1-(6-ethoxy-6-oxohexyl)igazinium bromide!()
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Figure 2. *C NMR spectrum (DMSO) of 1-(6-ethoxy-6-oxohexyl)ghazinium bromide!()
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2.1.4. Synthesisof 1-benzylpyridaziniumbromide (11)

Pyridazine (2 g, 0.025 mol), benzyl bromide (4.60®275 mol) and 10ml of toluene were placed in a
microwave reactor vessel and irradiated for 20 teisat 80 °C. The crude product was washed a fe@sti
with dry ethyl acetate and dried overnight in awan at 70 °C. Brown crystalsyield 87%, mp 165-168
°C.’"H NMR (400MHz, DMS0)5: 6.12 (s, H), 7.39-7.43 (m, 3H), 7.56-7.57 (m, 2Bl62-8.65 (m, 1H),
8.78-7.82 (m, 1H), 9.62-9.64 (d,= 4.8 1H), 10.32-10.34 (d, = 6 1H)."*C NMR (100MHz, DMSO)5:
67.1 (CH), 128.9 (CH), 129.3 (CH), 129.5 (CH), 133.2(C)6IZCH), 136.8(CH), 150.1 (CH), 154.8
(CH); LCMS: m/z 250 (M).
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Figure 3.'"H NMR spectrum (DMSO) of 1-benzylpyridazinium bratai(l )
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Figure 4.%*C NMR spectrum (DMSO) of 1-benzylpyridazinium braimil )
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2.15. Synthesis of 1-phenethyl pyridazinium bromide (111)

Pyridazine (2 g, 0.025 mol), phenetyl bromide (500®.0275 mol) and 10ml of toluene were placed in
microwave reactor vessel and irradiated for 20 peisat 80 °C. The crude product was washed a fe@sti
with dry ethyl acetate and dried overnight in awaa at 70 °C. Brown crystals, yield 89%, mp 177-9C9
'H NMR (400MHz, DMSO)%: 3.35 (t,J = 7.6, 2H), 5.11 () = 7.6, 2H), 7.21-7.27 (m, 5H), 8.60-8.63 (m,
1H), 8.70-7.84 (m, 1H), 9.63-9.65 (m, 1H), 9.998(d,J = 6 1H).**C NMR (100MHz, DMSO): 35.3
(CH,), 65.1 (CH), 127.0 (CH), 128.6 (CH), 128.8 (CH), 135.8(CH3611(C), 136.8(CH), 149.9 (CH),
154.5 (CH); LCMS: m/z 264 (K).
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Figure 5."H NMR spectrum (DMSO) of 1-phenethylpyridaziniunoiwide (11 )
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Figure 6."*C NMR spectrum (DMSO) of 1-phenethylpyridaziniunoimide (11 )
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2.1.6. Synthesis of 1-(4-phenoxybutyl)pyridazinium brom{t\é)

Pyridazine(2 g, 0.025 mol), (4-bromobutoxy)benzene (6.27 §205 mol) and 10ml of toluene were
placed in a microwave reactor vessel and irradifae@0 minutes at 80 °C. The crude product washes
a few times with dry ethyl acetate and dried owgnhin a vacuum at 70 °C. Brown crystalyjeld 85%,
mp 127-129 °C'H NMR (400MHz, DMSO)%: 1.79 (quintJ = 7.6, 2H), 2.18 (quint] = 7.6, 2H), 4,01 (t)

= 6.2, 2H), 4.92 (tJ = 7.4, 2H), 6.89-6.93 (m, 3H), 7.24-7.30 (m, 2Bl50-8.64 (m, 1H), 8.74-7.88 (m,
1H), 9.64-9.66 (m, 1H), 10.04-10.06 (b= 6 1H)."*C NMR (100MHz, DMSOY: 25.2 (CH), 26.4 (CH),
64.2 (CH), 66.5 (CH), 114.4 (CH), 120.5 (CH), 129.4 (CH), 136.0(CH$6.6(CH), 149.9(C), 150.0
(CH), 154.5 (CH), 158.4 (CH). LCMS: m/z 308 (M
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Figure 7."H NMR spectrum (DMSO) of 1-(4-phenoxybutyl)pyridaizim bromide (V)
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Figure 8.%*C NMR spectrum (DMSO) of 1-(4-phenoxybutyl)pyridaizim bromide V)
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2.2. Electrochemical tests

For the weight loss measurements, carbon steelssinme used of chemical composition (wt%): C =
0.15%, Mn = 0.45%, Si = 0.10, S= 0.05%, P% = 0.G8% the reminder Fe and of size 4’ amere used.
The samples were abraded with a series of ememrpajpom a coarse grade 500 and proceeding is step
to fine grade 1500, washed thoroughly with douhlstided water. The cleaned samples were weighed
before and after immersion in 1.0 M HCI for 4 hoilrghe absence and presence of various concemtsati
of the four ILs inhibitors. The mild steel specirsemere rectangular in the form (1.8 cmx1.7 cm »60.0
cm).

3. Results and Discussion
3.1. Microwave assisted synthesis of new pyradizinium-based ionic liquids

Number of procedures is recommended for Green GtgniR9] involving: solvent-free reactions, non-
classical modes of activation such as ultrasoundsicrowaves. The use of MW irradiation leads t@éa
reductions in reaction times, enhancements in agioes, sometimes in selectivity, with several
advantages of the eco-friendly approach. [30-33].

As part of our program aimed, new environmentaligridly pyridazinium-based ionic liquids-1V) were
prepared for the first time by using microwavediedion in short duration of time with quantitatiyeslds

X AN R= EtO,C(CHy)s |

RBr | R= Ph(CH) I

N ; N
N MW /20 min Ng/ L0 R=Ph(CH), I
FL R= PhO(CH), IV

Scheme 1N-alkylation of Pyridazine under microwave irraion (MW).

The nucleophilic alkylation of pyridazine with diffent functionalized alkyl halides afforded the
corresponding pyridazinium halid@s82-89% vyield as solids (Table2).

Entry RX Yield (%) N-Alkylation
| EtO,C(CHy)sBr 82
Il Ph(CH,)Br 87
I Ph(CH),Br 89
\Y, PhO(CH).Br 85

Table 2. Different entries and reaction yields for the swsis of pyridazinium-based ionic liquids under
microwave irradiation (MW).

Interestingly, the alkylation of pyridazine withffdirent molar rations of alkyl halides afforded ywithe
mono alkylated pyridazium-salts by using both S@ BiW methods without any evidence for formation of
dialkylated products. These results were suppatethe basis of NMR (see the spectroscopic masenal
experimental part).
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3.2.Inhihitive effect of the new synthesized pyridazinium salts
3.2.1. Gravimetric measurements

The effect of addition of the pyridazinium saltd\( ) at different concentrations on the corrosion @tim
steel in 1M HCI solution was studied by weight Iéms4 h at 298 K. Table 3 gatheres the values cedlu
of Weorr and E%. In this case, the inhibition efficiency4fis determined by the equation 1:

-W

0
EW% - (WCOH‘ 5 corr) Xloo (1)

corr
where W, and W, are the corrosion rates of steel with and withohibitor, respectively.

Gravimetric measurement shows that the corrosicredses in the presence of all novel pyridazinialts s
(I-1V). The inhibitive action is better expressed by ititebition efficiency which increases with inhibit
concentration to reach 95.3% fiokr andIV, 94.% forll and 92.4 % fot at 10°M. Then all the studied
inhibitors inhibit the corrosion of steel in 1M HQJut the inhibitodll is found to be more effective even
when we used small concentrations*M(Table 3).

Table 3. Gravimetric results of mild steel in 1M HCI withioand with addition of inhibitors at 298 K.

Inhibitors Concentration (M) W, (mg.cn? .h") Ew (%)

Blank 0.424 -

10* 0.2450 42.2

5.10* 0.1297 69.5

| 10° 0.0814 80.8

5.10° 0.0433 89.8

102 0.0322 92.4

10* 0.1458 65.6

5.10* 0.0792 81.3

Il 10° 0.0563 86.7

5.10° 0.0500 88.2

10? 0.0250 94.1

10* 0.0556 86.8

5.10* 0.0446 87.7

1 10° 0.0314 92.6

5.10° 0.0235 94.4

102 0.0196 95.3

10* 0.0557 58.1

5.10* 0.0510 80.6

\Y; 10° 0.0314 92.6

5.10° 0.0235 94.4

10? 0.0196 95.3
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Since 1916, Langmuir adsorption isotherm receivesenand more application to explain interaction
between organic compound and metal surface in agugolution. Its theory is based on the quantiativ
relation of the covered and uncovered surfacelatiom with the inhibitor concentration. #fis the fraction

of the surface area covered by adsorbed molectlasyatime, the rate of desorption is proportiotoad
and equal tdy 6 whereky is a constant at constant temperature. Simildndyrate of adsorption will be
proportional to the area of bare surface and to rdte at which the molecules strike the surface
(proportional to the gas pressure P). At equilioritlhe rate of desorption equals the rate of adsorky;:

k,0=k,(1-8)P )

The Langmuir isotherm can be written in rearranigech as:[34]

6 1 AG.
Z = —+C __ 1 ads
C K With K=gooexp ) )

whereC is the concentration of inhibitoK is the adsorptive equilibrium constaftis the surface coverage

and the standard adsorption free enelz’gﬁgds).

0.012
0.010 -

0.008

0.006

C/96

0.004 A el

0.002

] g
0.000 v

0.000 0.002 0.004 0.006 0.008 0.010
C (mol /L)

Literature pointed that values &iG°,4 around -20 kJ.mdl or lower are related to the electrostatic
interaction between the charged molecules and hlaeged metal (physisorption); those around -40
kJ.mol" or higher involve charge sharing or transfer frorganic molecules to the metal surface to
form a coordinate type of bond (chemisorption) [3Bhe obtained values &G°,4s surrounded -40
kJ.mol" indicating, that the adsorption mechanism of ke tested on mild steel in 1M HCl.solution
was typical of physical adsorption (Table 4).
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Table 4. Adsorption data of ILs on mild steel in 1M HCI.

Slope R2 k AG° s

| 1.068 0.9999 5842.5 -31.44

I 1.063 0.9995 8688.8 -32.42
1] 1.047 0.9999 29325.5 - 35.43
\Y 1.043 0.9999 14130.3 - 33.63

3.2.2.  Surface morphology study

The surface morphologies of C-steel specimen inM.ACI solution free or containing some of the ILs
inhibitors after 4 h immersion were examined ussggnning electron microscopy (SEM) as displayed in
Fig. 9a—c. In the absence of inhibitors (Fig. @ayery rough surface was observed due to rapicsiom
attack of carbon steel by chloride anions. Theecaalarge number of pits surrounded by iron oxalet
which almost fully covers the carbon steel surfaemealing that pit formation under these condiion
occurs continuously during the exposure periodevindn oxide builds up over the surface.

It is important to stress out that when ILs inlobit (Il andIV) are present in the solution (Fg. 9b,c) the
morphology of the carbon steel surface are quitieréint from the previous one and the rough surface
(amount of the formed iron oxide and the numbepits) is visibly reduced indicating the formatioha
protective film.

Figure 9b. SEM micrographs of the surface of the C-steetispens in 1.0 M HCI in absence and in
presence of IOM of compoundll .
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Figure 9c. SEM micrographs of the surface of the C-steetispens in 1.0 M HCl in absence and in
presence of IOM of compoundV .

Conclusion

From the overall experimental results and discustie following conclusions can be deduced:

* New environmentally friendly pyridazinium-based imtiquids were prepared by using microwave
irradiation.

* Many advantages for the MW irradiation comparedlie standard methods have been recorded.
» The four tested ILs behave as inhibitors for theasion of the C-steel in 1 M HCI solution.

* The inhibition efficiency increased with increasithg inhibitor concentration. All of the ILs act as
mixed-type inhibitors

* The inhibition is due to the adsorption of the bitdr molecules on the C-steel surface and the
blocking of active sites.

e the adsorption mechanism of the ILs tested on msilkkl in 1M HCI solution was typical of
physical adsorption.
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