January 2008

Trade Science Ine.

Volume 4 Issue 1

A Tndéian Yournal

—= Pyl Paper

MSATJ, 4(1), 2008 [1-9]

Norfloxacin and sparfloxacin ascorosion inhibitors. compar ative study

S.A.Odoemalam?, N.O.Eddy?*

Department of Chemistry, Mich. OkparaUniversity of Agriculture, Umudike, (NIGERIA)
2Department of Science Technology Akwa lbom SatePolytechnic, kot Osurua,
P.M .B.1200, Ikot EkpeneAkwalbom Sate, (NIGERIA)

E-mail: nabukeddy@yahoo.com

Received: 28" August, 2007 ; Accepted: 2 September, 2007

ABSTRACT

Effect of norfloxacin and sparfloxacin on the corrosion of zinc in 0.001-
0.005M H,SO, have been studied. Both compounds inhibit the corrosion
of zincin H,SO, medium. Their inhibition efficiency is most affected by
concentration of H,SO, and temperature. A graduation in thermodynamic
parameters of adsorption(AH_,, AG,, and E)of norfloxacin and
sparfloxacin was observed between H,SO, concentration range of 0.01-
0.03M and 0.03-0.05M respectively. Although activation energies of
norfloxacin and sparfloxacininhibited corrosion reaction of zinc were posi-
tive and greater than activation energy of uninhibited corrosion reaction
of zinc, a significant statistical differences (P<0.05) was observed be-
tween the values of E_ obtained for norfloxacin and sparfloxacin.
Corrletaion between the two set of data was also weak. Values of AH_,
and AG_,_ were negative for both inhibitor sand were aso found to be
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significantly difference from each other.
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INTRODUCTION

In our laboratory, we have found that norfloxacin
and sparfloxacinaregoodinhibitorsfor zinc corrosion.
Inhibition efficiency of thiscompound hasbeen attrib-
uted to the presence of heteroatomsintheir e ectron
rich aromatic chaing®3. In addition severa factorsaf-
fectsinhibitioninhibition efficiency of agiveninhibitor
including, temperature, presence or aggressiveions,
concentration of corrodent, acidity(pH), concentration
of inhibitors, etc.[*. Our present study isaimed at in-
vestigating inhibitive action of norfloxacin and
sparfloxacinin H,SO, medium.

MATERIALSAND METHODS

Materials

The samples (norfloxacin and sparfloxacin) were
synthesi zed by chemical method asreported by Ferrera
et d.,lBl. Zinc specimens used for the study were of
dimension, 5x 4x 0.11cm. Theacid solutions (H,SO,)
were prepared from analar grade (manufactured by
BDH chemicds). Doubledistilled water wasused for
all preparations. The concentration range of inhibito
employed was 1103-5x10°M. Thesewere separately
dissolvedin 0.01, 0.02, 0.03, 0.04 and 0.05M.
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Weight |loss measurement

Weight lossmeasurementswere carried out asde-
scribedinliterature®*, Thevolumeof solution used
was 150ml. A maximumimmersiontimewas 168hours.
Solutionswerenot stirred but specimenswereremoved
from their respective sol ution after every 24hours of
immersion. They werewashed in 5% chromic acid so-
lution (containing 1% s Iver nitratein 10% aluminum
chloride solution), rinsed inboilingwater and driedin
acetonebeforewe ghingto thenearest 4 decimd place.

Fromweght lossmeasurement, inhibition efficiency
and degree of surface coveragewere calculated using
equation 1 and 21112
Inhibition efficiency(% )=(1-W /W,)x100 1)
Degreeof surface coverage(0)=(1-W /W) 2
where W, and W, are weight losses (g/dm?) of zinc in the
presence and absence of A respectively.

RESULTSAND DISCUSSION

Effect of concentrations

Figure 1-2 show plots of weight loss versusim-
mersion timefor the corrosion of zincin 0.01-0.05M
H,S0, inthe presence of 0.0001-0.0005M norfloxacin
and sparfloxacin at 303K. Figure 4 shows a plot of
weight lossversusimmersiontimefor thecorrosion of
zincin0.01-0.05M H,SO,. weight lossesof zincinthe
presence and absenceof theinhibitorsarefound tovary
withtheconcentration of H,SO, and temperature. How-
ever va uesof weight losses obtained in the absence of
inhibitorsarehigher than values obtained inthe pres-
enceof inhibitorsindicating that these compoundsin-
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Figure2a: Aplot of weight lossver susimmer sion timefor
the corrosion of zincin 0.03M(C) & 0.04M (D) in the
presence of 0.0001-0.0005M (1-5) nor floxacin0.04M (D) in

the presenceof 0.0001-0.0005M (1-5) norfloxacin
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Figurela: Variation of weight losswith immersion time
for thecorrosion of zincin 0.01M (A) & 0.02M (B) acid in
the presenceof 0.0001-0.0005M norfloxacin
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Figure 1: Weight lossver susimmersion timefor thecor-
rosion of zinin 0.01M (A) & 0.02M (B) in the pr esence of
0.0001-0.0005M (1-5) sparfloxacin at 303K

hibit the corrosion of zinc. Linesontherespectiveplot
werecloseand pardléd to each other implying that they
follow similar corrosion mechanism. Inthe presence of
inhibitors, weight losseswerefound to decrease with
inhibitorsconcentration (in most cases) indicating that
inhibition efficiency of the used compounds decreases
with concentration. At H,SO, concentration ranges of
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Figure 2: Variation of weight losswith immersiontime for
the corrosion of zincin 0.03M (C)& 0.04M (D) in the pres-
enceof 0.0001-0.0005M (1-5) of norfloxacin at 303K
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0.01-0.03M and 0.03-0.04M, wererelatively afar from
each other for norfloxacin and sparfloxacin respectively.
At 313 and 323K, weight losses were a so found to
increasewithimmersion timeand followstrend corre-
sponding to therespective compoundsat similar con-
centration and temperature of 303K .However, values
of weight losseswere generally low at these 313 and
323K indicating that inhibition efficiency of thesecom-
poundsincreaseswith temperature, acharacter com-
mon to chemical adsorption species.
Kineticsconsider ation

Corrosionreactionsof zincin 0.01-0.05M H,SO,
intheabsence and presence of thetwoinhibitorswere
found tofollow first order kinetics.indicating that the
fraction of zincthat corrodesincreases exponentialy
withtimeaccordingto equation 3
[Zn}/[Zn] =K t ©)
Where [Zn] and [Zn] are the concentrations of zinc at time

t=O0andattime, t. K, isthefirst order rate constant. Rearrang-
ing equation 3 4 is obtained:

-log{[Zn] -[Zn] =K ;t/2.303 4

Potting of Log|weght loss] versustime(F guresnot
shown) producesstraight linesfor both norfloxacinand
sparfloxaxcinimplyingthat first order kineticisobey..
From slopes of thekinetic plots, values of K, calcu-
lated whereused to cal culatevalues of half lifeat differ-
ent concentrationsof norfloxacin and sparfloxacin (V-
ues not indicated) using equation 5112);

t,,=0.693/K (5)
Cdculated vauesof haf lifefor inhibited corrosion
reection of zincranged from 54-150daysand werehigher
than values obtai ned for the respective blank(which
ranged from 0.678-1.5days) implying that norfloxacin
and sparfloxacinextendthehdf lifeof zinc corrosionin
H,SO, medium.
Thermodynamicsand adsor ption consider ations

In order to study the effect of temperatureonthe
corrosionreactionof zincinH,SO, inthe presenceand
absence of sparfloxacin and norfloxacin, Arrhenius
equationwasused [“9:

K=Aexp(-E/RT) (6)

where K is the rate constant obtained fom equation 4, A is
Arrhenius or pre-exponential constant, E, is the activation

energy, R isthe gas constant and T is the temperature.
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Taking logarithm of both sides of equation 6, equa:
tion7isobtained:

L ogK =L ogA+E /2.303RT @

Plotting of respectivevauesof K for norfloxacin
and sparfloxacin yielded straight lines representing
Arrhemiusplot for therespectiveinhibitor at different
temperatures. From d opesof lineson each plot, values
of E, werecd culated. Calculated valuesof E, (TABLE
1) for inhibited corrosion reactions of zincin thepres-
enceof sparfloxacinand norfloxacin werepositiveand

TABLE 1: Valuesof thermodynamic par ameter sfor thead-
sorption of norfloxacin and spar floxacin on zinc surface
Thermodynamic par ameter s of

Activation ener gy

nor floxacin

Con. (M) Ea(J/mol) CO”-(M) T(K) AGas AHags

of 0.02M H,SO0, of acid (KJ/mol)  (I/moal)
inhibitor —goarf Norf 303 33.3260

0.001 -41.3329 43.6229 0.01 313 41.4361 34.0520
0.002 -42.1429 71.3557 323 39.3930
0.003 70.2336 16.951 303 34.2250

136.251

0004 603729 ~ 0.02 313 36355 o0 5700
0.005 -21.2552 6.8221 323 43.1827
0.02M H,SO, 303 35.6347

0.001 334692 69.2227 0.03 313 40.0263  -36.4110
0.002 -5.3803 61.9238 323 43.1827
0.003 46.3667 16.0721 303 16.4855

0.004 33.6875 6.8604 0.04 313 14.4897 -16.8420
0.005 24.2767 -5.2176 323 15.4960
0.03M H,SO, 303 24.9756

0.001 68.8838 39.7188 0.05 313 19.3348 95,5190
0.002 58.9866 -86.8036 323 14.5098

0.003 335554 515575 Thermodynamic parametersof
sparfloxacin
0.004 249736 49.6658 - AH

T (K) AGag(KJI/im ads

0.005 235031 43.2917 ol) (I/mol)
0.04M H,SO, 303 31.5795

0.001 75.074 18.9269 0.01 313 37.3811 -88.6850
0.002 45.6506 19.7905 323 39.3930
0.003 47.2571 8.239 303 34.6131

0.004 30.5952 19.9571 0.02 313 40.0263 70,2550
0.005 349474 45226 323 41.4363
0.05M H,SO, 303 35.6347

0.001 29.1802 -6.3779 0.03 313 36.3595 17.6590
0.002 28.1731 -24.5581 323 39.1276
0.003 424492 -23.1106 303 37.3811

0.004 27.1066 -12.6141 0.04 313 47.9627 24578
0.005 20.2672 79.0854 323 41.4363
303 37.3811

005 313 3738l 554050
323 37.3811
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higher than val ues obtained for the respective blank
implying that nofl oxacing and sparfloxacin retardsthe
corrosion of zincin H,S0O,. However, va ues obtained
for norfloxacin(at H,SO, concentration of 0.01 and
0.02M) were greater and significantly differencefrom
val ues obtained for norfloxacin (P=0.05). At H,SO,
concentrations of 0.03, 0.04 and 0.05M, thereverse
wasa sotrue. Thesetrends suggeststhat theretarding
ability of thetwo inhibitors dependson the concentra-
tion of H,SO, Correlation between E_ values for
norfloxacin and sparfloxacin at different concentrations
were weak(r=0.2031, 0.2864, -0.68677 and 0.0503
for H,SO, concentrations of 0.01, 0.02, 0.03, 0.04
and 0.05M respectively). Confirming that norfloxacin
and sparfloxacinexhibit different retarding strength for
thecorrosion of zincin 0.01-0.05M H,SO,

Vauesof degreeof surface coverageca culated for
orfloxacin and sparfloxacin from equation 2 wereused
tofit curvesfor different adsorptionisothermsincluding
lagmuir, Freundlich, Florry Huggins, Frumkin and
Temkinisotherms. Lagmuir adsorptionisothermwas
best applicablefor the adsorption of norfloxacin and
gparfloxacin on zinc e ectrode. According to Lagmuir
isotherm, the surface coverage(0) isrelated to te con-
centration of theinhibitor in thebulk solution by equa-
tion 7116-20;
0=kC(1+kC) )
wherek istheequilibrium constant for the adsorption
process. Rearrangement of equation 8 givesequation
9
C/0=1/k+C 9)

By plotting C/6 versus C for norfloxacin and
sparfloxacinat 303-323K, straight lines(Figure10and
11) wereobtai ned (with R? val uesranging from 0.8897-
1.000 for norfloxacin and from 0.8767-1.000 for
gparfloxadn) indicating that norfloxacinand sparfloxacin
areadsorbed on zinc e ectrodeaccording to the Lagmuir
adsorptionisotherm. In both cases, lineson therespec-
tiveisothermswerevery closeto each other indicating
that themechanism of adsorption of different concen-
trationsof norfloxacin and sprafloxacinaresmilar. In-
terceptsof lineson Lagmuir plot leadsto val uesof equi-
librium congtant (K).

Theequilibrium constant, k for the adsorption of
norfloxacin is related to free energy of adsorption
(AG,_,) according to equation 101313;

0.8 -
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Figure3a: Aplot of weight lossver susimmer sion timefor
thecorrosion of zincin 0.05M (F) acid in thepresence of
0.0001-0.0005M (1-5) norfloxacin at 303K
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Figure 3: A plot of weight lossver susimmer sion timefor
the corrosion of zin in 0.05M (D) acid in the presence of
0.0001-0.0005M (1-5) of sparfloxacin at 303k

AG,_,=-2.303RTlog(55.5k) (10)

Vauesof thefreeenergy of adsorption (TABLE 1)
of norfloxacin and sparfloxacin on zinc el ectrode (im-
mersed in 0.01-0.03M) were nearer to 40KJmol (in
most cases) indicating that inhibition of zinc corroson by
norfloxacinand sprafloxacinisgovern by chemicd ad-
sorption®?. Thenegativevauesof AG_ indicatesspon-
taneous adsorption of norfloxacin and sprafloxacinon
the zinc surface®®”. For norfloxacin, at H,SO, concen-
tration of 0.01-0.03M, theinhibition processis much
favoured asthe temperatureincreasesindicating that
chemical adsorption of norfloxacin on zinc e ectrode
dominate. But for sparfloxacin, thereversewasthecase
except at H,S0, concentrations of 0.04 and 0.05M. A
significant difference between values of freeenergy of
adsorption for bothinhibitorswas observed (P>0.05).
Also, correation between them waswesk (r=2.8017)
indicating that the magnitude of adsorption behaviour of
poafloxacinggnificantly differ fromthat of norfloxacin.

The enthal py of adsorption can becal culated from
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Figure4: A plot of weight lossver susimmer sion timefor
thecorrosion of zincin 0.01-0.05M tetraoxosulphate (V1)
acid at 303K
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Figure5: Arrheniusplot for thecorrosion of zincin 0.01M
acid in thepresenceof sparfloxacin

the Gibb-Helmholtz equation (6):
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Figure 6a: Arrhenius plot for the corrosion of zincin
0.02M acid inthepresence of norfloxacin
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Figure8a: Arrheniusplot for the corrosion of zincin 0.04
M acid in the presence of norfloxacin
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Figure8: Arrheniusplot for thecorrosion of zincin 0.04M
acid in thepresence of sparfloxacin

[8(AG,/T)/ST=AH_ /T (1)
Rearranging andintegrating equation 11, equation
12 isobtained:
AG,_ /T=AH_J/T (12
From equation 12, aplot of AG_ /T versus UT
should give a straight line with slope equal to
AH_, (Figure 12and 13). Values of AH__ are all
negatives(TABLE 1) indicating that adsorption of
norfloxacin and sparfloxacin on zinc eectrodeisexo-
thermic. Themagnitude of AH_,_islessnegativefor
adsorption at H,SO, concentrationsof 0.04 and 0.05M
(for norfloxacin) compares to adsorption at 0.01-
0.05M. Thisindicatesthat norfloxacin isadsorpbed
morestrongly at H,SO, concentration of 0.01-0.03M
sparfloxacinismore adsorbed a H,SO, concentration
range of 0.04 and 0.05M. The strength of the adsorp-
tion can further beattributed to theformation of strong
electrostatic bond(at H,SO, concentration of 0.01-
0.03M) comparesto weak bond when the concentra-
tion of H,SO, is increased from 0.04-0.05M for
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Figure9a: Arrheniusplot for thecorroson of zincin 0.05M
acid in thepresenceof norfloxacin
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Figure9: Arrheniusplot for thecorrosion of zincin 0.05M
acid in thepresence of sparfloxacin
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Figure10: Curvefittingfor adsor ption of norfloxacin on
zinc surfaceaccordingto Lagmuir isotherm

norfloxacin and viceversa. It isal so proposed by the
authorsthat asthe concentration of H,SO, increases
above 0.03M, influences of acidity on solvation and
adsorption of norfloxacin competeswith other factors
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Figure12: Variation of G/T with /T for norfloxacin

to weaken or strengthen the adsorption bond. Values
of entha py of adsorption for norfloxacin significantly
differ from values obtained for sparfloxacin (P>0.05)
and correlation between them was also weak
(r=0.4786).

Inhibition efficiency and mechanismof inhibition by
gparfloxacinand norfloxacin
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TABLE 2: Inhibition efficiency of 0.0001-0.0005M sparflo
xacinin 0.01M-0.05M H_SO,

Con 0.01M tetraoxosulphate 0.02M tetraoxosulphate

(mol/dm?) (V1) acid (VI) acid
303K 313K 323K 303K 313K 323K

0.0001 57.07 6222 7289 806 6821 82.7
0.0002 5766 6497 698 7054 7264 83.06
0.0003 56.8 5657 70.17 6199 70.71 8451
0.0004 59.27 66.42 70.09 57.89 77.44 8451
0.0005 3464 6571 735 6024 7121 84.48

Con 0.03M tetraoxosulphate 0.04M tetraoxosulphate
(mol/dm?) (VI) acid (VI) acid

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

0.0001 7476 7671 8461 8263 8679 67.95
0.0002 9255 76.11 84.15 76.26 852 68.1
0.0003 89.15 66.67 814 8129 8572 8247
0.0004 76.31 7582 8147 7564 84.67 68.76
0.0005 7258 8367 80.74 7557 8519 7051
Con 0.05M tetraoxosulphate (V1) acid
(mol/dm?) 303K 313K 323K
0.0001 88.1 79.03 76.63
0.0002 85.87 87.26 78.32
0.0003 82.01 89.18 65.47
0.0004 77.88 87.12 76.81
0.0005 79.19 77.54 80.23

TABLE 3: Inhibition efficiency of 0.0001-0.0005M norfloxacin
in0.01M-0.05M H,SO,

Con 0.01M tetraoxosulphate 0.02M tetraoxosulphate
(mol/dm®) (VI) acid (VI) acid
303K 313K 323K 303K 313K 323K
0.0001 7839 7019 8501 8284 70.88 81.33
0.0002 8559 7240 8273 8456 7516 87.73
0.0003 60.38 70.19 79.96 66.55 70.02 87.06
0.0004 59.18 70.19 7958 7255 80.30 8248
0.0005 5198 7240 80.35 62.26 64.88 86.54
Con 0.03M tetraoxosulphate 0.04M tetraoxosulphate
(mol/dm®) (VI) acid (VI) acid
303K 313K 323K 303K 313K 323K
0.0001 9246 86.69 8206 80.36 81.23 69.92
0.0002 94.47 92.87 8307 89.09 8211 6219
0.0003 8793 8193 7824 87.34 79.49 67.89
0.0004 8140 8526 8492 80.36 76.43 56.27
0.0005 79.89 8574 8136 77.31 47.63 48.66
Con 0.05M tetraoxosulphate (V1) acid
(mol/dm?) 303K 313K 323K
0.0001 89.93 95.20 34.30
0.0002 91.71 89.09 61.04
0.0003 89.09 86.91 77.83
0.0004 83.42 79.92 74.02
0.0005 81.67 82.98 81.64

TABLE 2 and 3 shows inhibition efficiency of
sparfloxacinand norfloxacin. Inhibition efficiencies of
sparfloxacin and norfloxacinareinfluenced by tempera-
ture, concentration of sparfloxacin/norfloxacin and con-
centration of acid. Ontheaverage, inhibition efficiency
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of both inhibitorsincreases as the concentrations of
H,S0, increases. Enhancement of inhibition efficiency
of the studied compounds by increased concentration
of tetraoxosul phate(V1) impliesthat adsorption of the
used inhibitorsis more activated at higher concentra-
tion of acidthan at lower concentrations.
Themolecular massof sprafloxacinand norfloxacin
are392.41g/mol and 319.33g/moal respectively. A care-
ful ingpection of TABLE 2 and 3revea sthat inhibition
efficiency of sparfloxacinat different temperaturesand
concentrationsarerdatively higher than corresponding

efficienciesobtained for norfloxacin. Several reasons
may beresponsiblefor the observed trend. First, inhi-
bition efficiency of most inhibitor increasesasthemolar
mass of the inhibitor increases* 1. Secondly, the
present of amino group and extra fluorine atom in
sparfloxacinwhich areabsent in norfloxacinmight have
enhanced e ectron donating effect of sparfloxacincom-
parewith norfloxacin, which hasjust onefluorineatom.

From the above, thefollowing mechanismispro-
posed for theinhibition of zinc corroson by sparfloxacin
and norfloxacin;

I. Inacidic medium, theinhibitorsundergo dehydra-
tion to yield anhydronorfl oxacin and anhydrospar
floxacin which suffers further cleavages and
lactorization.

ii. Diluteacid promotes epimerization of carbon at-
omstherefore, it ispropose that adsorption of the
inhibitorson zinc surfaceis stabilized by each mol-
eculeof theinhibitor donating e ectronto avacant
orbita of zinc.

Theproposed mechanismissupported by rel atively
highvauesof activation energy, moderateva uesof en-
tha py changesand negative va ues of entropy change
whichindicatestheformation of astabilised complex.
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