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The corrosion inhibition of mild steel in,BO, by Cloxacillin (CLX) and its synergistic combinatio
with halides (KI, KBr and KCI) was investigated mgigravimetric, thermometric, gasometric and
quantum chemical methods. The results indicatet! @aX is a good adsorption inhibitor for the
corrosion of mild steel in $80;. Inhibition efficiency of CLX on mild steel incrsad with increase in
concentration but decreased with rise in tempegatamging from 90.40 to 93.98%, 80.85 to 86.43%,
78.41 to 84.07% and 58.61 to 77.57% at 303, 313,81 333 K respectively. The combination of
CLX with the halides (KCI, KBr and Kl) enhanced timibitive and adsorption capability of CLX to

a greater extent indicating synergism. The adsamptias spontaneous and the experimental data were
also found to fit into the Langmuir (mearf R 0.9978) adsorption isotherm. Physical adsorption
mechanism has been proposed from the thermodyndetécobtained in the study and the activation
energies of the corrosion inhibition by CLX werger than the value obtained for the blank which
signifies physical adsorption. Some quantum chenasameters and the Mulliken charge densities
on the optimized structure of CLX were calculatesthg the B3LYP/6-31G (d,p) basis set method to
provide further insight into the mechanism of tleerasion inhibition process. The local reactivitpsv
analyzed through the Fukui function and condenséidess indices in order to know the possible sites
of nucleophillic and electrophillic attacks.

Keywords: corrosion inhibition, cloxacillin, halides, synesgi, adsorption, adsorption isotherm, DFT
-B3LYP/6-31G (d,p)., fukui functions, mulliken cloges.

1. INTRODUCTION

Corrosion of metals is a major industrial probldmatthas attracted much investigation and
researches [1-6]. Corrosion is the primary meanwligh metals deteriorate. Most metals corrode on
contact with water (and moisture in the air), aciogses, salts, oils, aggressive metal polishas, an
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other solid and liquid chemicals. The corrosiorsiafel in acidic solution is the most common form of
corrosion and has practical importance during itrtalsprocesses such as acid pickling of iron and
steel, chemical cleaning of the scale in metallugglyrecovery in the petroleum industries, etcl[3-
The rate of corrosion of mild steel depends ondbecentration of k5O, temperature, period of
contact, the presence or absence of an inhibitof7/€l8].

An inhibitor is a substance that retards the rdteoorosion of metals when added in minute
guantity [19]. Most inhibitors in use are synthesisrom cheap raw materials, some are chosen from
compounds having hetero atoms (N, S, O, P) in thematic or long carbon chain [20-22]. In our
research group, we have experimented on the phigsddiusing some antibiotics for the inhibitiorfi o
the corrosion of metals [23, 24]. A few investigas have been reported on the use of antibacterial
drugs as corrosion inhibitors by some other resegroups. Rhodanine azosulpha drugs have been
reported as corrosion inhibitors for the corrosafr804 stainless steel in HCI solutions using weigh
loss and potentiostatic polarization techniquesAlngallah [25]. They inhibited the corrosion by
parallel adsorption on the surface of steel duthéopresence of more than one active centre in the
inhibitor. Abdallah [26] also studied some antilesietl drugs viz. ampicillin, cloxacillin, flucloxatn
and amoxicillin as corrosion inhibitors for alumim in HCI solutions using hydrogen evolution,
weight loss and potentiostat polarization techrsqué&he inhibitive effect of four sulpha drug
compounds viz. sulfaguanidine, sulfamethazine,asuthoxazole and sulfadiazine on mild steel
corrosion in HCI solutions was reported using betight loss and galvanostatic polarization [27].
The sulpha drugs have a large number of functiadabrption centres (e.g. —Migroup, -SG-NH-
group, O and/or N heteroatoms and aromatic ringsy are strongly basic and are readily soluble in
acidic medium. Rhodanine has also been reportecbassion inhibitor for mild steel in HCI by
Solmaz et. al. [28] using potentiodynamic polaiaat electrochemical impedance spectroscopy etc.
Most of the drugs used play important roles in dgatal reactions because of their anticonvulsant,
antibacterial, antidiabetic, inhibitive to mycoba@tim tuberculosis and other properties [29, 30].

Several attempts have been made to predict corrasfobition efficiency with a number of
individual parameters obtained via various quantcimemical calculation methods as a tool for
studying corrosion inhibitors [31-34]. These trialsre aimed at finding possible correlations betwee
corrosion inhibition efficiency and a number of gtian chemical properties/descriptors such as
dipole moment , highest occupied ymo), lowest unoccupied (Bmo) molecular orbital, the
difference between them (LUMO-HOMO gap), mullikemmacges as well as some structural
parameters. We have also recently reported on stmakes using some drugs as corrosion inhibitors
in our laboratories [35- 40].

Our present research is aimed at investigating itiingbitive, adsorption properties and
synergistic behaviour of Cloxacillin (CLX) and rasis for the corrosion of mild steel in$0, using
weight loss, thermometric, gasometric and some tgoarchemical calculations to know the possible
active centre (s) responsible for the adsorptiol€bX onto the mild steel surface which will give
further insight into the adsorption mechanism o ttorrosion process. The chemical structure of
cloxacillin, CLX {(6R) -6- [3-(2-Chlorophenyl) — 5 methylisoxazole-4-carboxamido] penicillanic
acid} with molecular formula of ¢H;1sCIN3OsS = 435.9g/mol is shown on the next page.
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2. EXPERIMENTAL TECHNIQUES

2.1 Materials

Materials used for the study were mild steel sheetomposition (wt %); Mn (0.6), P (0.36),
C (0.15) and Si (0.03) and the rest Fe. The sheest mvechanically pressed cut to form different
coupons, each of dimension, 5x4x0.11cm. Each couwpas degreased by washing with ethanol,
dipped in acetone and allowed to dry in air befitwey were preserved in a desiccator. All reagents
used for the study were Analar grade and doubtédledswater was used for their preparation.

The inhibitor, cloxacillin (CLX) was obtained lotal and was used without further

purification. The concentrations of the inhibitased for the study were 2x1@o 12x10°M in 1L
solution of 0.1M HSQ..

2.2 Gravimetric method

In the gravimetric experiment, a previously weighedld steel coupon was completely
immersed in 250ml of the test solution in an opeaker. The beaker was inserted into a water bath
maintained at 303 K. After every 24hours, each damjas withdrawn from the test solution, washed
in a solution containing 50% NaOH and 100g/l ofczatust. The washed coupons were dipped in
acetone and allowed to dry in air before re-weighifhe difference in weight for a period of 168h (
days) was taken as total weight loss. The expetsnevere repeated at 313, 323 and 333K
respectively. From the weight loss results, thebition efficiency (%l) of the inhibitor, degree of
surface coverage and corrosion rates were calduletieg equations 1,2 and 3 respectively [38];

%l = (1 — W/W>) x 100 (1)
0 = 1-W/W, (2)
CR (gh'cm?®) = W/AL (3)
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where W and W are the weight losses (g) for mild steel in thespnce and absence of the inhibitor
in H,SO, solution, B is the degree of surface coverage of the inhipAois the area of the mild steel
coupon (in crf), t is the period of immersion (in hours) and Wttis weight loss of mild steel after
time, t. All the measurements were performed plittate and the mean value recorded.

2.3 Gasometric method

The gasometric experiment was carried out at 3G8 Klescribed in literature [17]. From the
volume of hydrogen evolved per minute, inhibitiofficeencies were calculated using equations 4
below.

1
%l = (1 - %} x100 )

Ht

where V;, and V,; are the volumes of Hgas evolved at time't’ for inhibited and  uninitéal
solutions respectively.
2.4 Thermometric method

This was also carried out as reported elsewherle IFt@m the rise in temperature of the system
per minute, the reaction number (RN) was calculatgtdg equation 5:

RN(°C min‘l) = Tmt : )

whereT,, andT; are the maximum and initial temperatures respelstiand ‘t’ is the time (min) taken
to reach the maximum temperature. The inhibitiditiehcy (%Il) of the inhibitor was evaluated from
percentage reduction in the reaction number namely.

RN,, - RN,
RN,

%I = x100 (6)

whereRNyqis the reaction number in the absence of inhibifolank solution) andRN,; is the reaction
number of the EEO, containing studied inhibitors.

2.5 Quantum chemical calculations

The molecular sketch of cloxacillin (CLX) was drawsing the Gauss View 3.0. All the
quantum calculations were performed with complet®ngetry optimization by using standard
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Gaussian03 (Review B.05) software package [41]. uentum chemical parameters were calculated
using the density functional theory (DFT) methodhat level of B3LYP/ 6-31G (d,p). The following
quantum chemical parameters were considered: theyerof the highest occupied molecular orbital
(Enomo), the energy of the lowest unoccupied moleculaital (E umo), the dipole moment , total
negative chargeT(NC) on the molecule, intrinsic molecular voluméi)(and dipolar-polarizability
factor @*). The Mulliken and Lowdin charges as well as fheui indices were computed using the
Games software.

3. RESULTS AND DISCUSSION

3.1 Effect of cloxacillin on the corrosion of mdteel

Figs. 1 shows the variation of weight loss withdifior the corrosion of mild steel in 0.1 M
H.SO, containing various concentrations of CLX at 303(fMots for other temperatures are not
shown).
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Figure 1. Variation of weight loss with time for the corrosiof mild steel in 0.1 M k80O, containing
various concentrations of CLX (insert is the plat the blank).

From the Figures, it is apparent that weight loksndd steel increases with the period of
contact and temperature but decreases as the ¢mtmenof CLX is increased indicating that theerat
of corrosion of mild steel increased with increaséhe period of contact and temperature. The tesul
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also indicate that CLX inhibited the corrosion afdvsteel in HSQ,. The values of the corrosion rates
of mild steel in various media are presented inl§db The results revealed that the corrosion rates
mild steel in the presence of the inhibitor werevdo than the corresponding values obtained for the
blank indicating that CLX retarded the rate of osron of mild steel in b5Oy. The values of %

inhibition efficiency of CLX obtained from weighb$s measurements are also presented in Table 1.
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-3.0 1 -4
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-3.5 A 7XxX10"M
e
@) 9 4
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(@]
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Figure 2. Plots of log CR versus 1/T for the corrosion ofdhsiteel in HSO,
containing various concentrations of CLX

The results indicate that the inhibition efficienoy CLX increased with increase in its
concentration but decreased with increase in teatyner indicating that CLX is an adsorption inhibito
for mild steel corrosion and that the mechanismaadorption of the inhibitor is through physical
adsorption [7-10, 26]. From the variation of volumkehydrogen gas evolved with time (plots not
shown) during the corrosion of mild steel in vasotoncentrations of 4$0,. it was seen that the
volume of hydrogen gas evolved decreases as theeotration of CLX is increased. This also
indicates that the rate of corrosion of mild steeH,SQ, is inhibited by various concentrations of
CLX. The values of inhibition efficiencies of CLXalculated from gasometric and thermometric
methods are also presented in Table 1. The inbibiefficiencies obtained from weight loss
measurements were close to those obtained froomgaso and thermometric methods indicating that
the methods are comparable [42].The inhibition cedficies calculated from thermometric and
gasometric methods correlated strongly with thdsteined from gravimetric method (at 303K)*(R
0.9328 and 0.9317 for thermometric and gasomettia tespectively).
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3.2 Effect of temperature

The effect of temperature on the corrosion of nskgel in HSO, containing various
concentrations of CLX was investigated using theh@nius equation below;

logCR =logA - E/2.303RT (7)

Plots of logCR versus 1/T yielded straight linehv® values tending to unity. The linearity of
the plots (Fig. 2) indicates that the corrosiomold steel in the presence of CLX is consistentwit
Arrhenius theory. Values of ealculated from the slopes of the Arrhenius plet i@ecorded in Table
2. These values ranged from 36.93 to 46.05 kJ/Mioké results obtained are consistent with the
mechanism of physical adsorption because valuds, afe lower than threshold value of 80 kJ/mol
[43 - 45].

Table 1. Corrosion rates of mild steel and inhibition efncy of CLX for mild steel corrosion.

Conc. (M) Inhibition efficiency (%]1) Corrosion rates (gh“cm™) x 10 Inhibition
Gravimetric method efficiency (%1) Gasometric
Thermometric

303 K 313K 323K 333K 303K 313K 323K 333K 303K 303K

90.40 78.41 80.85 58.61 0.05 0.09 0.11 0.21 85.70 1.007
2x10*

92.80 82.02 85.24 62.13 0.04 0.06 0.09 0.20 88.00 9.077
5x 10*

92.80 83.45 85.97 73.61 0.03 0.07 0.08 0.14 90.00 2.248
7x10*

92.80 83.72 86.29 74.19 0.03 0.06 0.08 0.12 92.80 6.038
9x10*

93.98 84.07 86.43 77.57 0.03 0.36 0.08 0.13 92.80 8.3%8
12x10*

3.3 Thermodynamic and adsorption considerations

In order to calculate thermodynamic parameterstifi@ adsorption of CLX on mild steel
surface AHagsandAS,q9, the transition state equation below was usedlPi]3

CR = RT/Nh(expfSaadR)exp(AHaadRT) (8)

where N is Avogadro’s number, h is the Planck camist~rom the logarithm of both sides of equation
8, equation 9 was obtained:

log(CRIT) = log(R/Nh) + AS:qd2.303R  £AHaed2.303RT 9)
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Figure 3. Plots of log (CR/T) versus 1/T for the corrosidmuold steel in 0.1 M HSO,
containing various concentrations of CLX.

Plots of log(CR/T) versus 1/T from data obtaineohfrthe weight loss measurements gave
straight lines (Fig.3) and the slope and intercéhe plots are respectively equald,q4d2.303R and
(log(R/Nh) +AS;342.303R). From the results obtained, valued\dfys ranged from 34.31 to 43.43
kJ/mol (mean = 38.54 kJ/mol) indicating that therasion of mild steel in the presence of CLX is
endothermicAS,gsvalues ranged from -204.71 to -217.66J/mol (mea2il¥.6647J/mol).

Adsorption isotherms have been used to explaimtbéde of adsorption of CLX on mild steel
surface. The degree of surface cover&ydqr the different concentrations of the inhibgat different
temperatures evaluated from weight loss measurem@at used to fit curves for the different
adsorption isotherms.

The adsorption of CLX on the surface of mild stegls found to follow the Langmuir
isotherm. The degree of surface coverage of CLXteslto its concentration, C according to equation
10 [4,20]

8 =kC x 1/(1+KC) (10)

where K designates the adsorption equilibrium @mtstFrom the rearrangement of equation 10,
equation 11 is obtained which can also be expressedjuation 12,

1/K+C=CB (11)
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log(Cm®) = logC - logK (12)

From equation 12, a plot of log@/versus logC produced straight lines with intetdegK
Fig. 4 shows Langmuir isotherm for the adsorptib&€bX on mild steel surface. Values of Langmuir
adsorption parameters are recorded in Table 3.

0.0 o 303K
5 82 = 313K
o ° s 323K
2 061 x 333K

0.8 -

1.0 -

1.2 , ‘ ‘ ‘ ‘

1.2 1 08 -06 -04  -0.2

log C

Figure 4. Langmuir adsorption isotherm for the adsorptiol€bX on the surface of mild steel

Table 2. Some thermodynamic parameters for the adsorpfi@iX on mild steel surface.

Conc. (M) Ea (kJ/mol) R? AH o5 (k3/mol) ASags (I/mol) R”

36.93 0.9711 37.33 -204.79 0.9670
2x10*

39.92 0.9824 43.43 -207.90 0.9801
5x 10

40.51 0.9493 37.89 -206.03 0.9371
7x10™*

42.35 0.9400 34.31 -217.66 0.9316
9x10*

46.05 0.9630 39.74 -200.52 0.9585
12 x 10*

Mean 41.15 3854 -207.38

R? = degree of linearity for the plot of log CR versus,

R?" = degree of linearity for the plot of log (CR/T)rees 1/T,
AH,4s= enthalpy of adsorption,

AS,4s= entropy of adsorption
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Table 3. Langmuir adsorption parameters for the adsorpifd@LX on mild steel surface.

N Temperature (K) log K Slope AG ¢ (kJ/mol) R

g 303 0.0216 0.9794 -10.25 0.9999

% 313 0.0602 0.9583 -10.47 0.9997
323 0.0492 0.9628 -10.40 0.9994
333 0.0573 0.9801 -10.45 0.9923

**K = equilibrium constant of adsorption,
AG,q4s= free energy of adsorption,
R? = degree of linearity

Table 4. Inhibition efficiencies of various concentratioofSCLX in combination with 0.06 M halides
and synergistic parameters

conc. %] (303K) %] (333K) S (303K) S(333K)

(M) KBr Kl KClI  KBr Kl KCI KBr Kl KCI KBr KI KCI
2x10*% 93.12 87.63 97.29 85.27 64.23 8545 194 0.55 9.65 6.85 1.20 8.60
5x10% 94.23 89.58 97.69 87.66 65.36 86.24 1.43 0.76 4.75 8.09 1.41 7.21
7x10* 9506 91.33 97.92 89.47 66.95 86.24 1.13 0.54 577 856 0.84 6.43
9x 10" 95.37 94.46 97.90 89.59 67.57 86.34 1.00 1.00 7.00 8.29 0.80 5.70

12x10* 95.52 94.48 98.35 89.75 68.86 87.87 0.64 2.41 4.53 8.77 094 6.33

Based on the linearity of the plots (indicated by tespective values ofRand the closeness
of the slopes to unity, it can be inferred that dgawaiir adsorption isotherm is obeyed.

Values of free energy of adsorption of CLX on mdtkel surface were calculated using
equation 13[46-49]

AGags = -RT In (55.5K) (13)

where K is the equilibrium constant of adsorptidd,is the molar gas constant and T is the
temperature. Using values of K obtained from Langnaglsorption isothermAG,ys values were
obtained (see Table 3) and were found to be negain less than the threshold value (-40 kJ/mol)
indicating that the adsorption of CLX on the suefaaf mild steel is spontaneous and followed the
mechanism of physical adsorption[43-45,50-53].
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Table5. Adsorption parameters for joint adsorption of hadichnd CLX

Parameters 0.06M KBr + CLX 0.06MKI + CLX 0.06MKCI + CLX
AGq5(303K) -4.06 -0.53 -9.60
AGggs(333K) -16.31 -14.84 -16.25
Qads(kJ/mal) -23.83 -48.58 -35.05
ASaas(J/mol) 112.29 185.70 -403.09
Ea(kJ/mol) 18.06 7.44 17.23
3.4 Synergistic study

Synergistic study was carried out by combining dixencentration (0.06 M) of KCI, KBr and
K1 with the inhibitor (cloxacillin) using weight ks method at 303 and 333 K. Synergistic parameter
(S) was calculated for each set of halide-inhibitaxtore using the following equation [54-58];

1- I1+2

14
1-1., 4

Sl:

where |+, = I; + I: 11 is the inhibition efficiency of the halide; is the inhibition efficiency of the
inhibitor (cloxacillin), I'r+2 is the inhibition efficiency of the inhibitor inoenbination with 0.06 M
halide (KI, KBr or KCI). Table 5 shows the valudsSpcalculated from weight loss measurements.

At, 303K, a combination of different concentraticafsCLX with 0.06M KBr and 0.06MKClI
respectively led to enhanced inhibition efficien&.values were greater than unity in all cases,
indicating that the enhancement of inhibition eéficy is due to synergism. When CLX was combined
with KI, synergism was observed at CLX concentraioof 9 x 10" and 12 x 1M but at
concentrations of 2 x 10- 7 x 10*M, values of $were less than unity indicating that the adsomptio
of CLX shows antagonistic effect on the adsorptwdrKl. At 333K, synergism was observed for all
combinations of CLX with 0.06 MKBr and 0.06 MKCI resgiively indicating that the enhancement in
inhibition efficiency of CLX at this temperature ynhe due to synergism. However, when different
concentrations of CLX were added to 0.06MKI, syigrgwas observed at concentrations of 2 X 10
and 5 x 10M but at other concentrations, antagonism was obse(S < 1).

At 303K and 333K, adsorption of CLX on mild stealface was found to occur according to
Langmuir adsorption isotherm. This implies that ¢bacentration of the inhibitor (&) is related to its
degree of surface coverage according to equatiorVaRies of the binding constant (K) calculated
from intercepts of the Langmuir adsorption plotgevesed to calculate the free energies of adsarptio
of CLX on mild steel surface using equation 13.c0kted values aAG,g4s at 303 - 333K shown in
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Table 5 were found to be negative and less thdf kd/mol indicating that the adsorption of CLX on
mild steel surface is spontaneous and proceedguhysical adsorption mechanism.

In order to calculate the heat of adsorptiogs§Cor the combination of inhibitor (cloxacillin)
with halides (KCI, KBr and KiI), equation 15 was dg$&-11, 20]:

Q.4 = 2303R log % -log b T kJmol™ (15)
1-6, 1-6, T,-T,

where 6, and 0; are degrees of surface coverage at temperaturé&32K (T,) and 303K(T)
respectively and R is the molar gas constant.

These values are also presented in Table 5. The vateesegative for all combinations of
inhibitor with 0.06M KCI, KBr and Kl indicating thahe adsorption of the inhibitor-KCI, KBr and KI
IS spontaneous

In order to calculate the activation energy for tleerosion of mild steel in the presence of the
combination of inhibitor (cloxacillin) and halidg&l, KBr and KCI), the logarithmic form of the
Arrhenius equation (equation 16) was used:

IogCRZ: E, [1_1 (16)
CR 2303R\T, T,

where CR and CR are the corrosion rates of mild steel at the teatpees, T(303 K) and }
(333K) respectively.

The activation energies calculated from equatiorisEe Table 5) are positive and lesser than
values obtained for inhibition of corrosion by timibitor alone (see Table 2) when they are not
combined with halides indicating that there is aeréased stability due to halides - inhibitors
combination.

Values of entropy of adsorptiol$.g9 for combinations of CLX with halides (KI, KBr and
KCI) were calculated using Gibbs equation:

AGggs= AHads- TASugs (17)
Calculated values ofAS,ys are recorded in Table 6. These values are positive afl

combinations of 0.06KBr and 0.06KI with cloxacillinut negative for combination of 0.06MKCI with
CLX.
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Table 6. Quantum chemical parameters of cloxacillin usiag ghase B3LYP/6-31G (d,p)

Quantum Cloxacillin
parameters
Vi (cnt/M) 197.52

1N 4.57
Enomo (EV) -0.2422
ELumo (eV) -0.0492

ELn (eV) 0.193
p(Debye) 2.7218

TNC -3.286

3.6 Quantum chemical studies

The effectiveness of an inhibitor can be relatetistgpatial molecular structure, as well as with
their molecular electronic structure [59]. Inhibitfficiency depends on the structure and the cbami
properties of the inhibitor being adsorbed.

@

el
ol

e’»

*‘*t “s
ﬂ ¢
g&

Figure5. Optimized Structure of Cloxacillin (CLX).

The inhibitor layer has been related to the el@itretructure of the molecule [21]. The charge
and orientation of the inhibitor molecule at thetahsurface are also important. Molecular modelling
and frontier orbital theory has been proven to helpredicting the adsorption centre of the inlabit
molecule responsible for principal interaction. Egample, an aromatic ring in the molecule with N
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Figure 6. HOMO of Cloxacillin (CLX) using B3LYP/6-31G (d,p)

Figure 7. LUMO of Cloxacillin (CLX) using B3LYP/6-31G (d,p).

and O atoms are almost always favourable for efieadsorption. Also, there are certain quantum
chemical parameters that can be related to thel4néibitor interaction namely fomo, E.umo,
AE=E umo — Biomo, dipole momentu etc. The Bowo is often associated with the capacity of a
molecule to donate electrons and an increase indhe of the Bomo can facilitate the adsorption and
therefore the inhibition efficiency by indicatinget disposition of the molecule to donate orbital
electrons to an appropriate acceptor with emptyemdér orbital. In the same way, low values of the
energy gapAE=E uvo — Biomo Will render good inhibition efficiencies, becaubke energy needed to
remove an electron from the last occupied orbitdll e low. Similarly, low values of the dipole
moment,u will favour the accumulation of inhibitor molecules the metallic surface [60]. The
optimized structure of CLX is shown in Fig. 5 aree tHOMO and LUMO diagrams of CLX are
shown in Figs. 6 and 7. Figs. 6 and 7 shows theatrtbst susceptible sites for electrophillic attaky
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occur at the nitrogen, oxygen atoms and probaldyctiorine atom attached to the phenyl ring. Big.
shows the Mulliken charge densities calculated lo@ optimized geometry of CLX using the
B3LYP/6-31G (d,p) method. The results of some efdbantum chemical parameters calculated using
the DFT method - B3LYP/6-31G (d,p) basis set aesgnted in Table 6.

Figure 8. Mulliken charges on the optimized structure of X@aillin (CLX) using B3LYP/6-31G
(d.p).

The results seem to indicate that both the valfiéiseoenergy gap\E=E umo — Biomo as well as that

of the dipole momenyy favour CLX implying its effectiveness as a coraosinhibitor. The negative
sign of the Romo value obtained and other thermodynamic parametdrsates that the data obtained
supports physical adsorption mechanism. Also froenrholecular orbital density distribution of CLX,

it is observed that the electron densities of tloatfer orbitals are well proportioned. This type o
structure is difficult to form chemical bond actieentres which supports that the mechanism is by
physical adsorption by-stacking between the interaction sites.

Similar results were obtained for the sulphonamifey. The use of Mulliken population
analyses to probe adsorption centres of inhibit@r¢e been widely reported [61 - 64]. There is a
general consensus by several authors that the megagively charged an heteroatom is the more it can
be adsorbed on the metal surface through the daceaptor type reaction [65 - 67]. It has also been
reported that electrophiles attack molecules asf negative charge [68], which means that frioen t
values of Mulliken charges in Fig. 8, it is possiltb observe that all the nitrogen atoms present a
considerable excess of negative charge -0.28940a58 -0.426 and negative charges around most
carbon atoms of the aromatic rings. Similar obs@wacan be made for the oxygen atoms (-0.355, -
0.501, -0.464, -0.473 and -0.459).

The local selectivity of an inhibitor was analysaeding condensed Fukui and condensed
softness functions. The condensed Fukui functiah@mdensed softness are indices which allow for
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the distinction of each part of a molecule on tlasi® of its chemical behaviour due to different
substituent functional groups. The Fukui functienniotivated by the fact that if an electrdns
transferred to an N electron molecule, it will tetaddistribute so as to minimize the energy of the
resulting N +3 electron system. The resulting change in electemsity is the nucleophillic {f and
electrophillic (f) Fukui functions and can be calculated using thitef difference approximation as
follows,

fy

fx

©p(r)/dN)*, = an+1) — ANy (18)
©p()/dN) v = o) — ON-1) (19)

wherep, gn+1), gy and @1y are the density of electron, the Mulliken (Lowdgharge of the atom
with N+1, N and N-1 electrons. Calculated value$0fnd f (calculated from Mulliken and Lowdin
charges) for the carbon and other electronegateraents are presented in Table 7.

From the results obtained, it is expected thastteefor nucleophillic attack is the place where
the value of f is maximum while the site for electrophillic atkais controlled by the value of f
Therefore, the site for nucleophillic attack istae phenyl carbon atom (C 4) while the site for
electrophillic attack is in the C-Cl bond (Cl 29).

Neutral (at 0.1379 eV) Cation (at 0.0701 eV) Anion (0.14005 eV)

Figure 9. Electron density diagrams of neutral, cationic ansbnic forms of CLX

The local softness, S for an atom is the produdhefcondensed Fukui function (f) and the
global softness (S) and can be calculated usinéptimeving equations

S = (f)S (20)
S¢ (f)s (21)
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The local softness contains information similar thmse in the condensed Fukui function plus
additional information about the total moleculaftsess, which is related to the global reactivityhw
respect to a reaction partner.

Table 7. Fukui and global softness indices for nucleophdind electrophillic attacks on CLX

(calculated from Mulliken (Lowdin) charges

fr f- S+ S
1C 0.204(0.056)  -7.171(-6.998) 1.195(0.329) -42(011.031)
2C 0.006(0.003)  -7.991(-8.014) 0.036(0.016) -45(8%5.988)
3C -0.437(0.171)  -8.155(-7.755) -2.564(1.003) 847(-45.466)
4C 8.588(7.357)  -3.130(-2.532)  50.350(43.136) -18.349(-14.844)
5C 3.916(4.156) 4.466(3.550) 22.958(24.365) 262B812)
6C 6.544(5.309)  -6.816(-5.195)  38.367(31.128)  988(-30.458)
7C -0.036(0.026) 8.033(7.972) -0.211(0.153) 47(087738)
8C 0.000(0.000) 7.996(7.999) 0.000(-0.001) 46.88999)
9C 0.001(0.000) 7.998(8.000) 0.009(0.001) 46.885(6)
100  0.000(0.000) 8.000(7.999) 0.002(0.000) 46 96501)
11N 0.000(0.000) 8.002(7.999) 0.001(0.001) 46.96596)
12C  -0.018(-0.021)  7.994(7.999) -0.104(-0.124)  888(46.901)
13N -0.139(-1.021)  7.469(7.495) -0.817(-5.983) 783(43.945)
140  0.001(0.000) 8.000(7.998) 0.008(-0.001) 46(96393)
15C  4.077(4.049)  -3.452(-3.396)  23.906(23.740)  .220(19.913)
16 C  -0.534(-0.586)  -7.349(-7.076) -3.131(-3.438)  43.088(-41.488)
17N -0.004(0.005)  -8.007(-7.985) -0.023(-0.030)  6.944(-46.814)
18 C  -0.247(-0.003)  -6.906(-6.974) -1.447(-0.019)  40.488(-40.891)
19S  0.020(-0.002)  -3.803(-3.818) 0.115(-0.012)  .293(-22.383)
20C  0.073(-0.049)  -8.127(-7.921) 0.427(-0.287)  .650(-46.439)
21C  -0.001(-0.003)  -8.358(-7.792) -0.003(-0.018)  49.005(-45.683)
22C  -6.474(-6.445)  2.837(2.953)  -37.960(-37.785) 6.633(17.315)
23C  0.001(0.000)  -8.003(-7.998) 0.007(-0.003) 926(-46.893)
240  -1.565(-1.483)  -0.498(-0.722) -9.178(-8.694)  2.923(-4.233)
25C  -0.117(-0.261)  -1.651(-1.801) -0.684(-1.533)  9.682(-10.560)
260  -2.361(-2.214)  2.359(2.186)  -13.845(-12.979) 3.830(12.815)
270  0.000(-0.001)  -5.859(-5.755) 0.002(-0.006)  .334(-33.742)
28C  0.000(0.000) 7.991(8.001) 0.003(0.000) 46 863(12)
20Cl  -4.014(-2.674) 9076(8098)  -23.531(-15.677)  53.213(47.477)
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The relative nucleophillicity and electrophillicitare defined as (&) and (95,
respectively. The local softness indices for ctitka are also presented in Table 7. The results
obtained are in agreement with those obtained fcomdensed Fukui functions. Fig. 9 shows the
electron density diagram of neutral, anionic antioo&c forms of Cloxacillin (red represent positive
while blue represent negative). The figures supploget findings made through Fukui and global
softness indices. It should also be pointed out the anion corresponds to the HOMO while the
cation corresponds to the LUMO hence from the gguit is also true that the sites for nucleophilli
and electrophillic attacks are in the phenyl carod in the C-Cl bond respectively.

4. CONCLUSIONS

From the results of the study, cloxacillin is a d@alsorption inhibitor for the corrosion of mild
steel in HSO,. The inhibition efficiency of cloxacillin was furer enhanced by synergistic
combination with halides. The adsorption of clodacion mild steel surface and in combination with
halides is spontaneous and obeys the mechanismhydical adsorption from the calculated
thermodynamic data. The experimental data obtainethe study fitted the Langmuir adsorption
isotherm (mean R= 0.9978)best. Quantum chemical calculations using the BIBYRG (d,p)
revealed that the sites for nucleophillic and tedghillic attacks are on the phenyl carbon (C4d an
the C-Cl bond (C29) respectively.
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