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ABSTRACT

Sulfanilamide was ethoxylated with three degrees of ethylene oxidesgiving
S, S, and S,compounds. Corrosion behavior of carbon steel specimensin
1 M HCI solution was studied for the three sulfanilamides using weight
loss technique. Temperature effect on the corrosion behavior was studied
in the temperature range 298-333 K. The associated activation energy of
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corrosion and other thermodynamic parameterswere cal culated. Theresults
showed that, the inhibition efficiency values increase with increasing
inhibitor concentration, ethylene oxide units (to a certain extent) and with
decreasing temperature. Finally, these sulfanilamides were tested for their
antimicrobial activities against some microorganisms causing microbial

biofilm. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Carbon stedl isone of the most important alloys
used in severa fieldsof industry. It can be exposed to
corrosion when exposed to aggressive environmental
conditions, especidly inenvironment containing Cl-ions.
AsCl-ionisanactiveone, it forcesoxideformation on
metal surface by being adsorbed asan aternativeon
metal surface!tl. Thisincreasesthe corrosion rate of
metal. Acid solutions arewidely used for removal of
undesirablescaleand rust in many industrial processes.
Amongthecommercialy availableacids, themost fre-
guently used oneishydrochloric acid. Inhibitorsare
generaly usedinthese processesto control metal dis-
solution aswell asthe consumption of acid?¥. Most of
acid corrosioninhibitorsare organic compounds con-
taining eectronegativeatoms(suchas, N, S, P, O, etc.),

unsaturated bonds (such as, double bonds or triple
bonds, etc.) and plane conjugated systemsincluding all
kinds of aromatic cycles*™. Theseinhibitors can ad-
sorb onthemeta surface by blocking the active sites
and thereby decreasingthe corrosionrate.

The choiceof optima inhibitor should bebased on
threeconsderations. (i) it should haveaconvenient syn-
thesisfrominexpensiveraw materids, (i) the presence
of phosphorus, nitrogen, oxygen, sulphur and multiple
bondsin theinhibitor moleculeisrequired for its effi-
ciency and (iii) itstoxicity towardstheenvironment must
benegligible®.

Simeon surfacesistheusua manifestation of aphe-
nomenon caled “microbiofouling”. In other words, slime
forming microorganismsarethebiofoulants. Biofouling
generaly leadsto biocorrosion®1Y, It occursinawide
range of industrial processesandinall of themitisa
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nuisance, sometimesavery expensveone. Basicdly, in
microbiofouling (or microbial fouling) the processes
occur asfollows: microorganisms col onize surfaces,
sequester nutrientsfrom the water phase and convert
theminto metabolitesand new biomass. Cooling sys-
temsandindudtrid plantsfrequently offer large surface
areas, whichinvite col onization and subsequent use of
bi odegradable substances, leading to an extent of biofilm
devel opment that interfereswith processparametersor
product. All these phenomenaare subsumed under the
term “biofilm”*3. Cooling tower systems are consid-
ered to be ideal placesfor microbial growth. These
microorganismsincludeagae, bacteria, cysts, and vi-
ruses. It has been shown that Pseudomonas genus
membersform or associatewith biofilmg*®4, Marine
organisms like Escherichia coli and Pseudomonas
aeruginosa have been found to be involved in the
biofouling process. Moreover, inindustrid settings, un-
wanted biofilms of Saphyl ococcusaureusisrespon-
sblefor thebiofouling of cooling-water towers, water
pipelines, membrane unit or food-processing plants*®.

Uncontrollablebiologica growth causesfouling, loss
of heat exchange capacity, equipment failureand en-
ergy wastage. Therefore, it isimportant to understand
thedifferent typesof microbiologica growthsfoundin
cooling water to be controlled correctly.

Inthisstudy, synthes sof ethoxylated sulfanilamides
with different number of ethylene oxideswascarried
out. Then, evauation of these sulfanilamidesascorro-
soninhibitorsand asbiocideswasinvestigated, where
theinfluence of inhibitors concentration and tempera-
tureonthecorrosion ratewas studied in aqueous 1.0
M hydrochloricacid solutionsusing carbon stedl asthe
working dectrode. Findly, antimicrobid activity of the
three ethoxyl ated sulfanilamidesaganst somerepresen-
tatives of the microorganisms causing biofilm
(microbiofouling organisms) was detected.

MATERIALSAND METHODS

Threeethoxylated sulfanilamideswith 2, 12 and 20
ethylene oxideunitswere prepared. Sulfanilamidewas
charged into aclosed reaction vessel with 0.3 gm so-
dium meta ‘“Na metal” as a catalyst and heated to 150
— 180 °C (423-453 K) with continuous stirring while
passing astream of nitrogen gasthroughthesystemfor
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2 minutesthen replaced by ethyleneoxidestream. The
reaction wascarried out for different intervasof time
after whichtheapparatuswasfilled with nitrogen, cooled
and thereaction vessel wasweighed. Thedifferencein
welight indi cated theamount of the ethylene oxide con-
sumedinthereaction fromwhich thenumber of moles
of ethylene oxidewas cd culated**¥. Thetotal num-
ber, n, of ethylene oxide groupswere=2, 12 and 20
and theresulted products can besimplified as(S , S,
and S,) respectively. The product wasthen neutralized
with HCI, dissolved inisopropanol, then salted out with
supersaturated NaCl solution. The organiclayer was
then separated and theisopropanol wasdistilled off.
Theethoxylated product obtained showed abrownvis-
cousliquid appearance.

Thechemica structuresof the synthesized inhibi-
torswere confirmed by FTIR and *H-NMR spectros-

copy.
Weight loss measurements

The corrosive solution (1 M HCI) was prepared
by appropriate dilution of analytical grade 37% HCI
withdoubledistilled water. Testswere performed on
steel specimensof arectangular form (7 cmx 2cmx
0.2 cm and average weight = 37.5 gm). Prior to all
measurements, the steel specimens of composition
(0.15-0.2 wt%C; 0.6-0.9 Mnwt%; 0.05 Si wt%; 0.04
P wt % and the reminder is Fe) were abraded with
different emery papers (grade 320-600-800-1000-
1200), degreased with acetone, then washed with
doubledistilled water and finally dried between two
filter papers. After wei ghing accurately, the specimens
wereimmersed in 150 ml hydrochloric acid with and
without addition of different concentrations (0.4, 0.8,
1.2,1.5and 1.9 mM) of thetested inhibitorsat differ-
ent temperatures (298,303, 313, 323 and 333 K). Af-
ter therequired immersion time (6 hours), thetested
specimenswereremoved, washed with doubledistilled
water, dried by ajet of air and finally weighed.

Antimicrobial bioassay
Microor ganisms

Some representatives of microorgani Smscausing
microbid biofilm (microbid fouling) incoolingwater sys-
tems and cooling towerswere tested. Thetested or-
ganismswere bacterid: (i) Gram positivebacteria Sa-
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phylococcusaureus, NCTC-7447 and (i) Gram nega-
tive bacteria- Pseudomonas aeruginosa, NCTC-
10662 and Escherichia coli, NCTC-10416.
Nutrient broth mediawere used for cultivation and
mai ntenance of the tested bacteria. Thenutrient broth
composition (gm/L) was. Peptone, 5.0gm; NaCl, 5.0
gm; Yeast extract, 2.0 gm and Beef extract,1.0 gm)29,

Test solutions

Different concentrations of each of the three
ethoxylated sulfanilamides(S, S,and S,) wereprepared
from stock solutiong?*2! using distilled water. Tested
concentrationswere0.5, 1.0, 1.5, 2.0and 2.5 ppm for
each oneat different timeintervals. Otime, 24 hrs, 48
hrs, 72 hrsand 96 hrs.

Growth measur ements

Minimuminhibitory concentration (M 1C) deter mi-
nation

MIC of thethreetested sulfanilamides against se-
lected bacterial strains obtained from The National
Collection of Type Cultures(NCTC) wascarried out.
1mL of bacterial suspensonwasinoculatedin 1 mL of
Mudler Hinton Broth (Difco) containing thetested com-
poundsfrom 2-fold dilutions. Thefina inoculumwas
approximately 1 x 10° viablebacteria/mL and thefina
volumewas2 mL. Inocul ated tubeswereincubated at
35°C for 18 - 21 hrs. Readings were made visually (by
observed turbidity). TheMIC wasdefined asthelow-
et concentration of antimicrobia agent showing com-
pleteinhibition of growth. The growth of the tested
srainswasestimated from amethod based on turbidity
(optica density) measurements 23,

Theturbidity of thebacteria suspensonswasmea-
sured (asabsorbance) at 600 nm using the JENWAY
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6300 spectrophotometer. The procedure for prepar-
ing bacteria suspensionsof thedesired concentrations
was standardized by adjusting theturbidity of theinitial
stock suspensions. Optical density wascalculated as
optica dengty per milliliter (i.e,, growth). Theinhibition
percentage was concluded from the foll owing equa
tion4;

% Viablecells(l) =0.D, x 100/ O.D, 1)
where, O.D_ = Test optical density and O.D_= Con-
trol optical dengity.

Thismethod isbased on the principlethat asthe
growth proceeds, cell number increases, leadingto a
proportional increasein the optica density of theme-
dium.

RESULTSAND DISCUSSION

Characterization of thesynthesized inhibitors

The chemical structuresaswell asthe molecular
weights of the prepared sulfanilamidesare shownin
TABLE 1 and confirmed by FTIR (TABLE 2) and *H
NMR spectra(TABLE 3).

FTIR spectra

FTIR spectraof thesynthesized S, S, and S, com-
poundsareshownin TABLE 2, The presence of two
bandsin thevicinity of 2941 and 2884 cm* were as-
signed to stretching vibration of the—CH, groupsin
S,, whileaband appeared at 2876 in case of both S,
and S, compounds. Thepeaksat 1090, 1089 and 1106
cm (for S, S,and S, respectively), are due to C-O
stretching group, indi cating the formation of the ether
bond due to the condensation of ethylene oxides. In
caseof S, therewasan overlap between the peaks of

TABLE 1: Designation and molecular weightsof theethoxylated sulfanilamides (S, S,and S)

Sulfanilamide

Chemical Structure

Molecular Weight

S Hb Ha
S,
Ry
\
N
s /
R,
Hp Ha

260
702
(CH,CH,0),H
SO,N
Rs 1053
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TABLE 2: FTIR spectroscopic analysisof the ethoxylated
sulfanilamides(S;, S,and S)

|.R.(KBr) Bands (v em™)

Fct. Gp.
St S S

C-Hg. 2941 & 2884 2876 2876
C-Hggiss. 1448 1458 1456
vs (S=0) 1148 1119 1106
Vg (S=0) 1311 1324 1326
C-0-C 1090 1089 1106
OH 3367 3373 3384
NH 3367

NH, Aromatic 3367

TABLE 3 : *H-NMR spectral data of the ethoxylated
sulfanilamidesS , S,and S,

'H-NMR (TMS) spectra data
(8)ppm

(2.70-2.72,2H,NH,), (5.95 ,1H, NH),

(4.75-4.78,1H, OH),

s, (3.03-3.16, 2H, SO, N CH,CH,0),
(3.34-3.56, 2H, SO, N CH,CH,0 CH,
CH,), (6.59-6.66, Ha Ar), (7.38-7.47,
HbAr).
(454, 1H , OH), (3.17, 2H, SO, N
CH,CH,0), (3.19-3.26,2H, SO;N

S, CH,CH,0 CH, CH,), (3.27-3.58, 2H
N CH,CH,0), (6.53-6.82, Ha Ar),
(7.40-7.53, Ho Ar).
(4.52-4.53,1H , OH),(3.17,2H, SO,N
CH,CH,0), (3.19-3.27,2H , SO,N

S CH,CH,0 CH, CH,), (3.32-3.56,2H ,

N CH,CH,0), ( 6.66-6.69 ,H, Ar),

(7.45-7.48, Hy An).

OH, NH and NH, giving onebroad peak at 3367 cm™.
'H NMR spectra

H NMR spectra of the synthesized compounds
areshownin TABLE 3, wherethedataconfirmed the
expected hydrogen proton distribution inthe synthe-
sized compounds. Incompound S, the peaks appeared
at 6H” (3.03-3.16) and (3.34-3.56) were assigned to
the—~CH,- groups of (SO,N CH,CH,O) and (SO,N
CH,CH,O CH,CH,) respectively. Also, the peaks ap-
peared at (2.70-2.72) were assigned to NH,, group,
while those appeared at 5.95 & 4.75-4.78 were as-
signedto NH & OH groupsrespectively. Thechemica
shift values of compounds S, , S, were clarified in
TABLE 3, thevalues obtained were nearly the same
for thethree prepared compounds except the presence
of NH and NH, groupswhich only appearedin S .

Sulfanilamides

whereR,=Hincaseof S R,=(CH,CH,0), incase
of S;and S;; R, =R, =H incaseof S R, =
(CH,CH,0),in S, and S; R, = (CH,CH,0), in S,
andS,x +y+w+z=12unitsincaseof S; x+y+w
+z=20unitsincaseof S,w=2incaseof S

Corrogoninhibition application
Effect of chemical structure

Good performanceof theethoxyl ated sulfanilamides
(S, S,and S)) ascorrosioninhibitorsfor carbon stee!
in 1.0 M HCI solutions can be attributed to the pres-
ence of -electrons of thearomatic ring, lone pairs of
eectronsof O, N and S-atomsintheir structures, which
can act asadsorption centersfor theinhibitor molecules
onthemetd surface®.. Figure 1, showstheinhibition
efficienciesof theinhibitorsat different concentrations,
fromwhichwe concluded that, theinhibition efficiency
order isS, > S, > S.. This can be explained on the
basisof the presence of one S-atom, two N-atomsand
12 O-atomsin S,compound, whichfavorsitsgreater
adsorption onthe steel surface, while S, containsone
S-atom, two N-atoms and only 2 O-atoms. So, the
main conclusionisthat the presenceof ethyleneoxide
units(nonionic chainlength) intheinhibitor molecules
increasestheir inhibiting efficiencies. Ontheother hand,
S, hasdlightly lower inhibitionefficiency then S, athough
it contains 20 ethylene oxide units, meaning that the
higher increaseinthenumber of theethyleneoxideunits
may |ead to adecreasein theinhibition efficiency val-
ues, this can be attributed to the coiling effect of the
largechainleadingto areductionintheadsorption pro-
cess, whichinturnleadsto adecreaseintheinhibition
efficiency valuesof S,. Thisresult goesin agreement
with other investigatorg?l,
Effect of inhibitor concentration

Corrosoninhibitionefficienciesy,, (%) and surface
coverage (¢) were ca cul ated according to thefol low-
ing equationg?”;
1, (%) =100 (“W-"W)/ “W @)
0 = (“W-"W)/ “W ©)
where, “Wand “W aretheweight loss of carbon steel
inthe absence and presence of theinhibitors, respec-
tively.

Thevauesof inhibition efficienciesobtained from
weight loss measurementswere plotted against differ-
ent concentrationsof the prepared inhibitorsat differ-
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Figure1: Relationship between theinhibition efficiency and concentration at different temperaturesfor compoundsa) S,

b) S,andc) S..

ent temperatures Figure 1. Datashowed that, the cor-
rosioninhibition efficienciesfor theprepared inhibitors
increased with increasing inhibitor concentrations
TABLE 4. It can be seen also that corrosion rate val -
ues decreased as the concentration of inhibitor in-
creased. Thisresultisdueto thefact that the adsorp-

tion amount and coverage of inhibitorson carbon stedl
aurfaceincreaseswith inhibitor concentration.

Effect of temperature

Thetemperatureeffect on therateof dissol ution of
carbon gted in 1.0 M HCI contai ning different concen-
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TABLE 4: Corrosionrate(k), surface coverage () and corrosion inhibition efficiency (n, %) for carbon steel in absence
and presenceof the prepared inhibitorsin 1M HCI from weight loss measurementsat varioustemper atures.

298°C 303°C 313°C 323°C 333°C
inhibitor _Co_n(_:.of K K K K K
inhibitors i ) i i i
(mM) e (rr;g:i:m Mwo 0 (n;gitlzm Mwo 0 (rr;gj:m Mwo 0 (n;g:(l:m Mwo 0 (rr;gj:m Nwo
h™) h™) h™) h™) h™)
Blank 0.14 0.16 0.21 0.27 0.32
S1 0.4 0.30 0.10 30.770.26 0.12 26.670.24 0.16 24.240.21 0.21 21.050.19 0.26 19.0%
0.8 0.51 0.07 5161044 0.09 4494041 0.13 41.030.37 0.17 37.21034 021 34.04
12 0.64 0.05 64.860.57 007 57.830.53 0.10 53.330.48 0.14 48.980.46 0.17 46.1%
15 0.73 0.04 73.170.65 0.05 65.220.61 0.08 6122056 0.12 56.600.53 0.15 53.57
19 0.80 0.03 80.850.73 0.04 73.790.69 0.07 69.090.64 0.10 64.41061 0.13 61.2¢
S2 0.4 0.61 0.06 6154047 0.09 47.06040 0.13 40.000.36 0.17 36.360.3 0.22 30.77
0.8 0.76 0.03 76.190.64 0.06 64.00057 0.09 57.14051 0.13 51.61045 0.18 45.71
1.2 0.82 0.03 82760.71 0.05 71.010.64 0.08 64.860.60 0.11 60.00055 0.14 55.81
15 0.83 0.02 83.330.75 004 75.000.69 0.07 69.770.64 0.10 64.94061 0.13 612z
19 0.90 0.01 90.000.8 0.03 80.000.74 0.06 74.000.70 0.08 70.000.65 0.11 65.52
S3 0.4 044 0.08 4444036 0.11 36.360.30 0.15 30.770.26 0.20 26.670.22 0.25 22.2Z
0.8 0.66 0.05 66.670.57 007 57.14050 0.11 50.000.44 0.15 44.440.38 0.20 38.1C
1.2 0.77 0.03 77.420.68 0.05 68570.61 0.08 6154055 0.12 55.8105 0.16 50.0C
15 0.83 0.02 83.330.75 004 75.000.68 0.07 68180.62 0.10 6250055 0.14 55.5¢€
19 0.86 0.02 86.000.79 0.04 79.000.73 0.06 73.000.69 0.08 69.000.63 0.12 63.3¢

trationsof inhibitorsat different temperatures (298,303,
313, 323 and 333 K) was studied to calcul ate the ther-
modynamic parameters. Theva ues of inhibition effi-
ciency decreased withincreasing temperatureas shown
inFigurel and TABLE 4, sotheeffect of theseinhibi-
torsappearsto be sol ution temperaturedependent. This
fact can be attributed to the decreasein the strength of
adsorption processat high temperatures, whichledto
desorption of theinhibitor moleculesfromthe stedl sur-
face, meaning that, greater areaof meta will be ex-
posed to aggressive solution. Thisbehavior suggests
theformation of an adsorptivefilm of aphysical char-
acter.

Thermodynamic parameter sfor thecorrosion pro-
cess

Thermodynamic parametersareimportant to study
theinhibitivemechanism. Thethermodynamicfunctions
for dissolution of carbon stedl intheabsenceandinthe
presenceof variousconcentrationsof theinhibitorswere
obtained by applying theArrheniusand thetransition
state equationg?&3Y,

Itisfound that dmost al theregression coefficients
betweenInkand 1/T (Figure 2), arevery closeto 1,
indicating agood linear rel ationship between Inkand
U/T. Thismeansthat the carbon steel corrosionin hy-
drochloric acid can be elucidated using the kinetic
modd.

Therateof corrosion (K) wasca cul ated by thefol -
lowing equation:
k=W St 4
where Wisthe average weight loss of three parallel
carbon steel sheets, Sisthetotal areaof the specimen
andtistheimmersiontime.

Theactivationenergy of themeta dissol ution reac-
tionwasca culated using Arrhenius equation*2.
Ink=-E_/RT + Constant (5)
whereRistheuniversa gasconstant; kistheaverage
corrosion rateand T isthe absol ute temperature.

Plotsof Inthe corrosion rate (k) against the recip-
rocal of the absolute temperature (1/T) were drawn
graphicaly to obtain the activation energy, E, fromthe
dopeof thisplot.
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Figure2: Arrheniusplotsof In k versus L/T for carbon steel dissolution in 1M HCI in the absence and the presence of
different concentrationsof theinhibitorsa) S, b) S, and ) S, at different temper atures.

FromtheArrheniusplotsFigure 2, theobtained data
reved that theincrease of activationenergy in presence
of theinhibitor indicated that aphysical adsorption (dec-
trostatic) occursinthefirst stage™. Thisbehavior was
because corrosion primarily occursat surfacesitesfree

of adsorbed inhibitor molecules, and theincreasein
activation energy leadsto anincreaseintheenergy bar-
rier for the carbon steel corrosion®!, From TABLE5,
it can be found that, the E, valuesin absence of the
prepared inhibitorswerelessthaninther presenceand
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that, the E, val uesincreased by i ncreasing the concen-
tration of theinhibitors. Thehigher E, vaueintheinhib-
ited sol ution can be correlated to theincreased thi ck-
nessof theelectrica doublelayer, which enhancesthe
activation energy of the corrosion process. In other
words, theincreasein the activation energy increases
theenergy barrier which triesto prevent the corrosion
processand enhancestheinhibition process.

and S, compounds. Suchvariationisconcerned with
the phenomenon of ordering and disordering of thein-
hibitor moleculesat theelectrode surface. Thenegative
vauesof AS* dsosuggest anincreasnginorderingtakes
placein going from reactantsto the metal/solutionin-
terface, whichisthedriving forcefor the adsorption of
inhibitors onto the carbon stedl surface®™.

TABLE5: Thevaluesof activation parameterst_, “H* and “S* of the prepared inhibitors on carbon steel in 1M HCI

Surfactant CONC- Correlation Coefficient, R’ E. (I_<1J Correlation Coefficient, R* (In  ?H* (1kJ 25 (J_lmol'1
(mM) (In k # 1/T) mol}) K/T #1UT) mol ) K

Blank 0 0.997 18.83 0.995 16.21 -187.26
0.4 0.994 22.03 0.993 19.41 -179.34

0.8 0.988 25.17 0.985 22.56 -171.51

S 1.2 0.982 27.74 0.978 25.12 -165.30
15 0.975 30.70 0.970 28.08 -157.52

1.9 0.973 33.26 0.968 30.65 -151.29

0.4 0.962 30.90 0.954 28.28 -153.57

0.8 0.958 36.34 0.951 35.30 -139.08

S 1.2 0.943 37.91 0.934 34.30 -135.86
15 0.958 36.91 0.951 41.87 -140.06

1.9 0.919 44.49 0.91 41.87 -117.93

0.4 0.986 26.16 0.982 23.54 -167.11

0.8 0.981 32.04 0.977 29.43 -151.23

S 1.2 0.970 35.81 0.965 33.19 -141.49
15 0.972 40.07 0.968 37.45 -122.96

1.9 0.967 39.72 0.962 37.11 -132.28

Figure 3 showstheArrheniusplotsfromthetrang-
tion state theory and the val uesthus obtained fromthis
figurearerecordedin TABLEDS.

Enthalpy and entropy of activation (AH*and AS¥)
were cal culated from the transition state theory®>3,
In(k/T)=[In(R/N,h) + (4S*/R)] - AH*/ RT (6)
whereN, isAvogadro’s number and hisPlanck’s con-
Sant.

Theplot of In (k/T) versus 1/ Tyielded straight lines
with aslopeof (-AH*/ R) and anintercept of [In (R/
N,h) + (AS*/ R)].

Inspection of datalisted in TABLE 5reved sthat,
the activation parameters (E, and 4H*) of dissolution
of carbon stedl in 1M HCl in presenceof theinhibitors
arehigher than that inther absence. On comparingthe
vauesof theentropy of activation (AS'), itisclear that
lessnegativevaluesareobtained in presenceof S, S,

Adsor ption isotherm

Basi cthermodynamicinformation oninteraction be-
tweeninhibitor moleculesand metd surfacecan bepro-
vided by adsorption isotherm. Thetypeof inhibitor ad-
sorption (chemisorption or physisorption) can bede-
termined using thermodynamic dataobtained fromiso-
therms

In order to obtain adsorptionisotherm, the surface
coveragevaues(6) for different concentrations of the
prepared sulfanilamidesin 1M HCI solution have been
obtained from weight | oss measurements and tested
graphicdly for fittingasuitableadsorptionisotherm. The
plot of C/ 8 versusC (Figure4) gavealinear relation-
shipwith correation coefficient of 0.9998 and thed ope
closed to 1 providing that the adsorption of the pre-
pared sulfanilamides obeys Langmuir adsorption iso-
therm, whichis presented by thefollowing equation:
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Figure3: Arrheniusplotsof Ink/T versus U/T for carbon steel dissolution in 1M HCI in absenceand presence of different
concentrationsof theinhibitorsa) S, b) S,and c) S, at different temper atures(to obtain AH" from thesopeandAS' fromthe

inter cept).

Clo=C+1/K,, ©)
where Cistheinhibitor concentration, 9 isthedegree
of coverageonthe metal surfaceandK__isthe equi-
librium constant for the adsorpti on-desorption process.

Thevalue of theequilibrium constant, K_,_can be
calculated fromthereciprocal of theintercept of the
isotherm ling3.

The dopesof the straight lines obtained from the
plots of Langmuir isothermfor S, S, and S, are all
near the unity especidly S,. Theorder of increasingthe
sopeisasfollowsS, < S, <S,. Thisorder provesthe
good performance of S, in covering thesteel surface
protecting it from the corrosive environment.

The adsorption-desorption equilibrium constant
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different temperatures.

(K ) isrelatedto the standard freeenergy of adsorp-  temperatureandthevaue55.5isthemolar concentra-
tion (AG,,) by theequation: tion of water in solutionin mol dm3. Theenthal py of
AG°, = ™ RT 1ln (55.5 K) ® adsorption (“He_,) was calculated from the Gibbs-

ads

whereRistheuniversal gasconstant; Tistheabsolute  Helmholtz equation®:
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AG®, | T=(AH° /T)+A ©)
whereA isacongtant. Thevariationof “G°,, / Twith 1/
T givesastraight linewith aslopethat equals (AH®, ).
Then the standard adsorption entropy (AS,,) was ob-
tained using thethermodynamic basic equation: AS =
(AG,-AH_)/T (10)
TABLE 6 shows negative values of AG®_. The
absolute values of AG°_,_arelessthan -40 kJ mol .
Indicating that thereared ectrogtati cinteraction between
the inhibitor molecules and the metal surface

(physisorption, physica adsorption)i#49,

= Fyl] Peper

cd or achemical interaction istheadsorption enthal py.
Figure 5 shows the variation of “GU_, / T with T
which givesastraight linewith aslopeequalsto AH_,_
and correlation coefficientsequa t0 0.928, 0.998 and
0.998for S, S, and S, respectively, indicating agood
relationship. Itisclear that, AG_, / T decreaseslinearly
with /T. Thenegativevaluesof AH_ indicatesthat,
the adsorption of the prepared inhibitors was an
exthothermic process. Generally, an exothermic ad-
sorption process s gnifieseither physisorption or chemi-
sorption while endothermic processisattributable un-

TABLE 6: Thermodynamic parameter sfor theadsor ption of the prepared inhibitor sat different temperatures

. Temperature Corre_lation , Koo ?2G%qs Corre_lation , PH %4 ?S"ads_l
Inhibitors K) Coefficient, R Slope (mol) (k.?l Coef£|C|ent, R (kq1 &) rr)lol
(Clo#C) mol ™) (?G s# UT) mol™) K™)

333 0.998 0.6618 548.85  -28.58 -58.49

323 0.999 0.7026 623.05 -28.07 -58.69

S 313 0.999 0.7303 73421 -27.62 0.928 -9.107  -59.16

303 0.999 0.7213 82713 -27.04 -59.19

298 0.999 0.7026 94340 -27.05 -60.22

333 0.999 1.0547 1128.03 -30.58 -36.99

323 0.999 1.0787 1496.33 -30.42 -37.64

S 313 0.999 1.0503 178158 -29.87 0.998 -18.26  -37.08

303 0.999 1.027 2320.72 -29.58 -37.35

298 0.999 0.9914 2777.78 -30.38 -40.68

333 0.997 0.8096 684.46  -29.19 -33.74

323 0.999 0.8394 85543  -28.97 -34.08

S; 313 0.999 0.8659 1054.30 -28.63 0.998 -17.96  -34.08

303 0.999 0.8671 1336.01 -28.33 -34.22

298 0.999 0.8694 153846 -28.67 -35.94

Thehighvauesof K_,_for the studied ethoxyl ated
sulfanilamidesindicated stronger adsorption onthecar-
bon stedl surfacein 1.0 M HCI solution. Thehigher the
K vaue (=100 M), thestronger and morestable
adsorbed layer isformed, which increasestheinhibi-
tion efficiency™". Theinvestigated compoundsfollow
theorder S < S, <S,withK_,_rangeva ues(548.85-
943.40 M) < (684.46-1538.46 M) < (1128.03-
2777.78 M) respectively. Thevaluesof K__decreased
astemperatureincreased (TABLE 6), whichindicates
the presenceof arearrangement and detachment of the
corrosioninhibitor moleculesfromthe metalic surface
with aconsequent decay ininhibitor efficiency!*.

Another parameter that has been used to deter-
minewhether aprocess may be associated to aphysi-

equivocally to chemisorption. Inthe present work, en-
thal py absol ute valueswerelower than 41.8 kJmol*
(9.107kJmol*for S, 18.26 kJmol*for S,and 17.96
kJmoal* for S)) whichindicatesthat; physisorptionwas
the processunder control. The negative valuesof en-
tropy (TABLE 6) suggest that adsorptioniscoupled
with adecreasein the system disorder dueto the ad-
sorption of inhibitor on the steel surface. Correlation
coefficientsequal t00.928,0.998and 0.998for S, S,
and S, respectively, indicating the good relationship.
Antibacterial assessment of ethoxylated
sulfanilamides

Theantimicrobid activitiesof thethreeethoxylated
sulfanilamides against Saphylococcus aureus,
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Figure6: Antimicrobial activity of thethreeethoxylated sulfanilamidesS , S, and S, against StaphylococcusAur eus

Pseudomonas aer uginosa and Escherichia coli were
evaluated by optical density method mentioned previ-
ously. A control test was carried out without
ulfanilamides.

For Staphylococcus aureus S, showed the high-
est activity, whereas S wasthe highest antimicrobial
agent against Escherichiacoli. In case of Pseudomo-
nas aeruginosa, the higher activity belonged to the
sulfanilamides S, and S, equally (Figures 6-8). From
the data obtained, it can be concluded that, in gram
positive bacteria, theantibacterid activity increased as
theethoxylation unitsincreased, and amost viceversa
for gram negative bacteria.

Theactivity of thethree sulfanilamidesagainst the

tested organismswas determined depending onthe start
point of the decline phase of the growth curve plotted.

Concerning modeof action, thesulfanilamidesare
known to act ascompetitiveenzymeinhibitorsand block
thebiosynthesisof thevitaminfolicacidin bacterid cdls
whichiscrucdd to cdl biochemigry. Folicacidisclearly
necessary for the surviva of bacteria cells. A possible
explanation for these observationsmay lieinthesignifi-
cant differencesin the outer layers of Gram-negative
and Gram- positive bacteria. Gram-negative bacteria
possess an outer membrane and aunique periplasmic
space not found in Gram- positive bacterid*?*. The
resistance of Gram-negative bacteriatowards antibac-
teria substanceswasre ated to the hydrophilic surface
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Figure8: Antimicrobial activity of thethreeethoxylated sulfanilamidesS , S, and S, against E. Coli

of their outer membranewhichwasrichinlipopolysac-
charidemol ecules, presenting abarrier to the penetra-
tion of numerous antibiotic moleculesandwasaso as-
sociated with the enzymesin the periplasmic space,
which are capable of breaking down themoleculesin-
troduced from outsidg*+#3. Gram-positive bacteriado
not have such an outer membrane and cell wall struc-
ture. Antibacterial substances can easily destroy the
bacterid cdll wal and cytoplasmic membrane, resulting
inleakage of the cytoplasm and its coagul ation(“c!.

CONCLUSION

Inthisstudy, theinhibition property of S, S, and
S, wastested using weight losstechnique. According
to the results, the prepared compounds are good in-
hibitorsin 1M HCI. Adsorption of theinhibitor mol-
eculeonto carbon steel surface obeysLangmuir iso-

therm. The protection efficiency increased withincress-
ing inhibitor concentration, but decreased dightly with
therise of temperature. The cal cul ated activation en-
ergy va uesindicated that, adsorbed inhibitor molecules
createaphysical barrier to charge and masstransfer
for metal dissolution and hydrogen reduction reaction.
Sel ection of these compoundsascorrosion inhibi-
torswas based on the factsthat these compounds con-
tain lone pair of electronson the N, S and O atoms
through whichit can adsorbed onthemeta surface.
Theantimicrobia activity resultsindicatethat (a)
S, showed rel atively better activity against Gram- posi-
tivebacteriathan Gram- negativebacteria, and (b) S,
S,& S, antibacteria activity increased proportionately
to theincreasing length of the carbon chain between
NH groupsin case of Gram- negative bacterium E.
coli whichisinagreement with theresults of Ozbek*.
Regarding the highest sensitivity of Pseudomonas
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aeruginosa, S, isthemoreactive sulfanilamide.
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