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Abstract In the present work the application of some the synthesized cationic thiol surfactants and their nanostructures
as potential biocides for the Sulfate Reducing Bacteria (SRB) was investigated. The nanostructures of the synthesized
surfactants as nanopowders and with silver nanoparticles (AgNPs) were prepared and characterized using Transmission
electron microscope (TEM). The antimicrobial activity of the synthesized surfactants and their nanostructures was
measured against sulfate reducing bacteria (SRB) by the inhibition zone method. If the bacteria are susceptible to a
particular antibiotic, an area of clearing surrounds the wafer where bacteria are not capable of growing (called a zone of
inhibition). This along with the rate of antibiotic diffusion is used to estimate the bacteria's sensitivity to that particular
antibiotic. In general, larger zones correlate with smaller minimum inhibitory concentration (MIC) of antibiotic for those
bacteria. This information can be used to choose appropriate antibiotics to combat a particular infection. The antibacterial
results showed the improvement in the antibacterial activity of the synthesized surfactants using their nanostructures as

nanopowder forms and with the AgNPs.
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1. Introduction

Sulfate reducing bacteria (SRB) comprise several groups
of bacteria that use sulfate as an oxidizing agent, reducing it
to sulfide. SRB have been implicated in the corrosion of
cast iron and steel, ferrite stainless steels, 300 series stainless
steels (also very highly alloyed stainless steels), copper
nickel alloys, and high nickel molybdenum alloys. They are
almost always present at corrosion sites because they are in

soils, surface water streams and waterside deposits in general.

Their mere presence, however, does not mean they are
causing corrosion. The key symptom that usually indicates
their involvement in the corrosion process of ferrous alloys is
localized corrosion filled with black sulfide corrosion
products.

The sulfate-reducing bacteria (SRB) form a specialized
group of microbes that use sulfate as terminal electron
acceptor for their respiration and generate H2S as terminal
product. The ubiquity of these bacteria leads to a variety of
impressive industrial, economic and ecological effects
because of their proneness to generate large quantities of
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H,S. Many corrosions of industrial equipment have been
ascribed to microbiologically influenced corrosion (MIC)[1,
2]. SRB are the main reason to cause the MIC by
accelerating corrosion rate, inducing stress corrosion and
pitting corrosion[3-5]. Previous studies show that the living
of SRB accelerate corrosion rate and induce stress corrosion
and pitting corrosion of metals[4, 5, 6], and put influences on
the environment parameters[7], which are possible factors
inducing the metal corrosion. No report studies the
relativities among SRB, seawater condition and corrosion
behavior of metals, but the understanding of relativities
among them might be helpful on getting a better insight of
the corrosion mechanism induced by SRB. A wide variety of
bacteria have been isolated or detected in these environments
by molecular techniques, but because of their detrimental
effects, sulfate-reducing bacteria (SRB) have been the most
commonly studied group. The SRB presence in oil
environments was rapidly recognized as responsible for the
production of hydrogen sulfide, which is a toxic and
corrosive gas responsible for a variety of environmental and
economic  problems including reservoir  souring,
contamination of natural gas and oil, corrosion of metal
surfaces, and the plugging of reservoirs due to the
precipitation of metal sulfides and the consequent reduction
in oil recovery[8, 9]. The SRB are most probably a subject of
preoccupation in the oil industry not only because of sulfide



30 Azzam E. M. S. et al.:

Activity Inhibition of Sulfate Reducing Bacteria

Using Some Cationic Thiol Surfactants and Their Nanostructures

production, but also due to their ability, for some of them, to
(i) oxidize hydrogen, (ii) use O, and Fe*'[10], (iii) their
capacity for aliphatic and aromatic hydrocarbons
utilization[11], (iv) their capacity to connect sulfate
reduction to the magnetite intracellular production[12] and
v) their aptitude to compete with
nitrate-reducing/sulfur-oxidizing bacteria (NRB—SOB) since
they may have a nitrite reducing activity[13]. Cationic
surfactants have applicability as biocides against
bacteria[14], fungi and yeast[15]. Studies of the cationic
surfactants as biocides showed a strong relationship between
their surface and biological activity. Increasing the surface
activity was accompanied in several studies by a strong
biocidal activity, and vice versa. That was referred to action
mode of these compounds as biocides towards the different
microorganisms. Several works described the action mode of
the cationic surfactants as biocides[16]. Several applications
utilizing silver nanoparticles as an antimicrobial agent have
been in use for a number of years. There is also continuing
research being performed towards the improvement of
current applications as well as the development of new
nano-silver-containing products. This section briefly
mentions a wide variety of silver nanoparticle applications in
both the medical and consumer products industries. Selected
research case studies are then discussed in detail, followed
by a discussion of potential future applications. It has been
known that silver ions exhibit strong inhibitory effects
towards a broad spectrum of bacterial strains. Studies have
also demonstrated antiviral activities towards human
immunodeficiency virus (HIV-1) by various metal
nanoparticles[17]. However, the exact mechanism by which
silver inhibits microbial growth is not entirely understood.
Several investigations have suggested possible mechanisms
involving the interaction of silver ions. Generally, it is
believed that heavy metals release with biological
macromolecules. Ions which react with the thiol groups (-SH)
of surface proteins. Such proteins protrude through the
bacterial cell membrane, allowing the transport of nutrients
through the cell wall were the first to discover the
accumulation of granules on the membrane surface[18]. The
reaction of mono valent silver with sulthydryl groups
produces a much more stable —S-Ag group only on the
bacterial cell surface. In our previous publication[19], we
investigated the improvement in the surface activity of the
synthesized cationic thiol surfactants using their
nanostructures as nanopowder forms and with silver
nanoparticles (Ag NPs). Here in we investigate the
application of the synthesized surfactants and their
nanostructures as potential biocides for the Sulfate Reducing
Bacteria (SRB).

2. Materials and methods
2.1. Materials

2.1.1. Synthesis of the cationic thiol surfactants (C10, C12
and C16)

A mixture of 2-mercapto pyridine and decyl, dodecyl,
cetyl Bromide respectively at molar ratio 1:1 were dissolved
50 ml acetone and added in 100 ml conical flask. The
reaction mixture was refluxed and stirred for 5 hr. The
reaction mixture was concentrated to evaporate acetone. The
obtained precipitate was crystallized using benzene and
petroleum ether 60-80 %., to give yellow crystals of
2-Mercapto-N-decylpyridinium Bromide (C10)

M P = 91°C), 2-Mercapto-N-dodecylpyridinium
Bromide (C12) (M .P = 97°C) and 2-Mercapto-N-cetylpyrid
inium Bromide (C16) (M .P = 94 °C) surfactants respectively.
The chemical structure of the cationic thiol surfactants as
shown in scheme 1 was confirmed via the FTIR and "HNMR
spectra[19].

2.1.2. Preparation of the colloidal silver nanoparticles
(AgNPs) solution

In typical experiment 50 ml of 1x10° M AgNO; was
heated to boiling. To this solution 5 ml of 1 % trisodium
citrate was added drop by drop. During the process solution
was mixed vigorously. Solution was heated until color’s
change is evident (pale yellow). Then it was removed from
the heating element and stirred until cooled to room
temperature [19].
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Scheme 1. The chemical structure of the synthesized cationic thiol
surfactants (Azzam et al 2011)[19]

2.1.3. Preparation of the cationic thiol surfactants-coated
silver nanoparticles

A 20 mL volume of citrate-capped silver nanoparticles
solution was mixed with 5 mL saturated surfactant solution
in deionized water and stirred effectively. Stirring was
continued for 24 h until the yellow faded[19].

2.2. Preparation of Nanopowder Forms for the
Synthesized Cationic Thiol Surfactants

The nanopowder forms of the synthesized cationic thiol
surfactants were prepared using RETSCH Planetary Ball
Mills Type PM 400. The surfactant sample was milled using
the Ball mill at speed 150 rpm for 6-8 h[19].
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2.3. Methods

2.3.1. Ball milling technique

The nanopowder forms of the synthesized cationic thiol
surfactants were prepared using RETSCH Planetary Ball
Mills Type PM 400.At[19].

Transmission electron microscope (TEM) measurements

A convenient way to produce good TEM samples is to use
copper grids. A copper grid pre-covered with a very thin
amorphous carbon film. To investigate the prepared colloidal
AgNPs, the coating of the synthesized thiol surfactants with
the AgNPs and the nanopowder forms of these surfactants
using TEM, a small droplet of the liquid was placed on the
carbon-coated grid. A photographic plate of the transmission
electron microscopy (Type JEOL JEM-1230 operating at
120 kV attached to a CCD camera) employed on the present
work to investigate the nanostructure of the prepared
samples[19].

2.3.2. Antimicrobial Activity

The antimicrobial activity of aqueous solution of the
nanostructures as

synthesized surfactants and their

Figure 1. TEM image of C10 nanopowder (Azzam etal 2011)[19]

nanopowders and with the prepared AgNPs was measured
against sulfate reducing bacteria (SRB) by the inhibition
zone method, Kirby-Baure disc diffusion method[20 Bauer
etal 1966]. Standard discs of tetracycline (antibacterial agent)
served as positive controls for antibacterial activity but filter
disc impregnated with 10 Ul of solvent (distilled water,
chloroform, DMSO) were used as negative control. The
mean value obtained for three individual replicates was used
to calculate the zone of growth inhibition of each sample.

3. Results

3.1. Transmission Electron Microscope (TEM) of the
Nanopowder Forms of the Synthesized Surfactants

The size and morphology of the nanopowder forms for the
synthesized surfactants were investigated using TEM
(transmission electron microscope). The TEM images of the
nanostructures of the prepared surfactants (C10, C12, and
C16) as nanopowder forms are represented in Figures. 1-3.

. TEM image of C12 nanopowder (Azzam etal 2011)[19]

Figure 3. TEM image of C16 nanopowder (Azzam etal 2011)[19]
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Figure 4. TEM image of AgNPs (Azzam etal 2011)[19]
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Figure 6. TEM image of C12 coated AgNPs (Azzam etal 2011)[19] Figure 7. TEM image of C16 coated AgNPs (Azzam etal 2011)[19]

Table 1. The average size of particles of the AgNPs and the nanostructure of the synthesized surfactants C10-C16 with AgNPs

Sample Average size of particles (nm)
AgNPs 80

C10 coated AgNPs 51

C12 coated AgNPs 40

C16 coated AgNPs 10

3.2. Transmission Electron Microscope (TEM) of the Synthesized Surfactants Assembled on Silver Nanoparticles

The self assembling of the synthesized surfactants (C10, C12 and C16) on the prepared silver nanoparticles was also
studied using the TEM technique as shown in Figures. 5-7. The size and morphology of silver nanoparticles were investigated
by the TEM image in Figure. 4.

3.3. Antibacterial Activity

The results of the antibacterial activity for the synthesized surfactants and their nanostructures as (nanopowder forms and
with the silver nanoparticles) against the sulfate reducing bacteria (SRB) are listed in Tables 2-4.
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Table 2. Antibacterial activity of the synthesized surfactants C10- C16 against the SRB.

Sample

Microorganism: Desulfomonas pigra
gram reaction (G), SRB
Inhibition zone diameter

(mm / mg sample)

Standard: tetracycline 26
C10 13
Cl12 12
Cl6 13

** Data are averages of three replicates with an error ratio of 5%

Table 3. Antibacterial activity of the nanopowder forms for the synthesized surfactants C10- C16 against the SRB

Sample

Microorganism: Desulfomonas pigra
gram reaction (G), SRB
Inhibition zone diameter
(mm / mg sample)

Standard: tetracycline 26
C10 nanopowder 17
C12 nanopowder 14
C16 nanopowder 17

** Data are averages of three replicates with an error ratio of 5%

Table 4. Antibacterial activity of the nanostructures of synthesized surfactants C10-C16 with AgNPs against the SRB

Sample

Microorganism: Desulfomonas pigra
gram reaction (G), SRB
Inhibition zone diameter

(mm / mg sample)

Standard: tetracycline 26

C10 coated AgNPs 16
C12 coated AgNPs 18
C16 coated AgNPs 15

** Data are averages of three replicates with an error ratio of 5%

4. Discussion

The TEM images revealed that the nanopowder forms of
these surfactants are appear as very small particles with
different sizes. The sizes of these particles are different
according to the different in alkyl chain length of the
synthesized surfactants and the small particles size (15-41
nm) was found with the 2- mercapto-N-cetyl pyridinium
bromide (C16) as shown in Figure 3[19].

The TEM image in Figure 4 indicates that the silver
particles are spherical shape and polycrystalline structure.
Figures 5-7 show the nanoshells formed between the
spherical silver nanoparticles and the surfactant molecules,
which related to the self- assembling of the surfactant
molecules on the silver nanoparticles. The TEM images
further revealed the stabilization of the silver nanoparticles
due to the interaction of these nanoparticles with the
surfactant molecules. It was noticed from the TEM images in
Figures 5-7 the effect of the alkyl chain of the synthesized
surfactants on the stabilization of the AgNPs, as the alkyl
chain increase from C10 to C16 the aggregation of the
AgNPs decrease and cause more stabilization of these
particles as shown from the average size of the particles in
Table 1. The adsorption of surfactant-like molecules to
nucleated nanocrystals lowers the free energy of the surface
and, therefore, the reactivity of the particles. The ratio of

surfactant to metal precursor can control the size distribution
of the nanoparticles. The mechanism by which this ratio
controls the nucleation events and limits the growth of the
particles is understood in general qualitative terms. The
steric bulk of the surfactants due to the presence of the alkyl
chain in the hydrophobic part provide a physical barrier that
prevents the metal surfaces from contacting each other
directly. They can also change the surface charge of a cluster
and thus change its stability toward aggregation. The
combination of the energetic stabilization of the metal
surface by the surfactant, the consequences of charge-charge
interactions, and the steric repulsion between particles
prevents the system from forming aggregates[19].

The data in Table 2 represented the inhibition zone
diameter of the SRB sample against the synthesized
surfactants (C10, C12 and C16) samples. The data in Table 1
show that the inhibition zone diameter of the SRB increase as
the alkyl chain length in the hydrophobic moiety of the
synthesized surfactants increase from C12 to C16 (from 12
to 13 mm / mg) surfactant. The difference in activity depends
on the length of hydrophobic chains and the interfacial
properties of the synthesized surfactants. Increasing the
hydrophobic chain length increase the antibacterial
activity[21]. In addition, the biological activity of the
synthesized surfactants is also related to the presence of
quaternary group as a hydrophilic moiety in the pyridinium
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ring of the synthesized surfactants which influence the
adsorption of the synthesized surfactants on the surface of
the bacteria and act by disrupting the cell membrane. The
results in Table 3 show the antibacterial activity of the
nanopowder forms of the synthesized surfactants. The
antibacterial activity of the nanopowder forms (17, 14 and 17
mm / mg) is higher than that of the individual surfactants (13,
12, 13 mm / mg) as shown from Tables 2-3. This is may be
related to that the nanopowder forms have a very small
particle size which improve the permeability of this
nanopowder forms of the synthesized surfactants through the
cell membrane and influence the inhibition of the bacteria
more than with the individual surfactants. The antibacterial
activity of the nanostructures of the synthesized surfactants
with the prepared AgNPs is shown in Table 4. It is clear form
the data in Table 3 that the nanostructures of the synthesized
surfactants have higher inhibition zone diameter values (16,
18 and 15 mm / mg) than that of the individual surfactants
(13, 12, 13 mm / mg) in Table 2. This is due the presence of
the silver nanoparticles which react with the sulthydryl or
thiol (SH) groups on the protein surface and form stable
S-Ag group by replace the hydrogen cation of sulfthydryl or
thiol groups inactivating the protein decreasing membrane
permeability and eventually causing cellular death. The
results in Tables 2-4 indicate that the nanostructure of the
synthesized surfactant 2- mercapto-N-dodecyl pyridinium
(C12) with AgNPs has the higher antibacterial the activity. It
can be conclude form Tables 2-4 that the antibacterial
activity of the synthesized surfactants against the SRB
bacteria was improved using the nanostructures as
nanopowder forms and with the AgNPs.

5. Conclusions

From the obtained results we can conclude the following
points:

The synthesized cationic thiol surfactants have
antibacterial activity against the sulfate reducing bacteria
(SRB) with clear effect of the alkyl chain on this activity.

The nanopowder forms of the synthesized cationic thiol
surfactants under investigation have more antibacterial
activity against the (SRB) than the individual surfactants.

The presence of silver nanoparticles improved the
antibacterial activity of the synthesized cationic thiol
surfactants against the SRB.
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