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OME cationic polysaccharide Schiff base surfactants and their

metal complexes Ni, Cu, Fe, and Co were synthesized and their
chemical structures were confirmed using FTIR, HNMR and UV
spectroscopic analysis. The surface activities of these suractants were
measured, including surface tension (y), critical micelle concentration
(CMC), effectiveness (meme), efficiency (Pcy), maximum surface
excess (['max) and minimum surface area (Anmin), interfacial tension and
emulsification power at 25°C. Adsorption and micellization free
energies of these amphiphiles in their solutions showed a good
tendency towards adsorption at the interfaces. Also, the biocidal
activity of these Schiff base surfactants and their metal complexes
against bacteria (Gram positive and Gram negative) yeast, fungi and
also against sulfate reducing bacteria was studied.

Keywords: Quaternary ammonium amphiphiles, Micellization,
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A large number of chemical compounds have the ability to inhibit the growth and
metabolism of microorganisms®. For example, solutions of some chemical
compounds are used to reduce the microbial flora of the oral cavity. Other
chemicals are used to reduce the microbial population in the dust of hospital
floors®. As a result, several classes of chemicals have been identified as anti
infective agents against microorganisms®. Their mode of action depends on the
nature of these compounds and the type of the target microorganisms.

Most of cationic surfactants and Schiff bases have ability to inhibit the
growth and metabolism of microorganisms“®. When the surfactant molecule
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contains Schiff base group the biocidal activity increases than the crosponding
surfactant”. Also, complexation with transition metals leads to increase the
ability of these compounds to inhibit the growth of microorganism higher than
the uncomplexed bases®?.

Materials and Methods

Chemicals

Fatty amines (decylamine and octadecylamine) were purchased from Sigma
(99%), aldehydes (4-pyridine carboxaldehyde) purchased from Aldrich (97%),
starch (polysaccharide extract from potato) purchased from Aldrich, sulfuric acid
(ADWIC, 99%), dimethyl formamide (ADWIC, 99%), ethyl alcohol (ADWIC,
99%) and paraffin oil (ADWIC, 99%).

Instrumentation

Elemental analysis: (Vario Elementar Analyzer); IR spectroscopy: (Perkin
Elmer FTIR System) (Genesis Fourier Transform FTIR™) using KBr disks, *H-
NMR spectroscopy: (Varian NMR-300, Mercury 300 MHz spectrometers in
CDCl; solvent and TMS as internal standard) and the chemical shifts reported
in & (ppm), UV (Perkin-Elmer S52 spectrophotometer). Atomic absorption
spectroscopy (AAS) was performed using Hitachi 180/80 atomic absorption
spectrometer, surface and interfacial tension: (K6-Kriiss Tensiometer with
platinum ring).

Synthesis

Sulfation of polysaccharides (extract from potato)

1- A complex reagent was prepared by cooling 50 ml of dimethyl formamide
(DMF) in three necked flask immersed in an ice bath (-5°C). The flask was
equipped with a mechanical stirrer, a CaCl, tube and a dropping funnel, for the
addition of the cold chloro sulphonic acid (10 ml.) dropwise during 30-60 min.
The reaction was highly exothermic, so the cooling system was kept continuous
to maintain the temperature at (-5°C) for 180 min. The DMF-SO3; complex was
obtained as a yellowish crystalline product.

2- Polysaccharides extracted from potato (100 gm) dried for 3 hr at (110°C),
was mixed with 700 ml of DMF and kept for 2 days at 25°C. The mixture was
cooled for 12 hr and the DMF-SO5; complex was added dropwise during stirring,
then the mixture was cooled at (-5 C). The total reaction time was about 3 hr.

3- The reaction mixture was then poured to ice and filtered through a
Buchner funnel. The product was precipitated by pouring the solution slowly
onto one volume of methanol and was pressed out and dried to give
polysaccharide sulfate (Fig. 1)®.
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Chemical structure of polysaccharide sulfate was confirmed using:

1-  FTIR which showed bands at 3420 cm™, (2927 cm™ and 1060 cm™),
(1124-1152) cm™ and (612—653) cm™ corresponding to OH group, ether group,
S=0, and S-0O, respectively.

2-  'H-NMR which showed signals at & 2.1 ppm (s, OH), 4.2 (d,
HOCHCHOCH,OH), 3.8 ppm (d, CHO) and 3.6 ppm (d, CH,OH).
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Fig. 1. Structure of polysaccharide sulfate.

Synthesis of decyl amine-4-pyridine carboxaldehyde

A solution of decyl amine (7.8 gm, 0.05 mole) and 4-pyridine
carboxaldehyde (5.3 gm, 0.05 mole) was mixed. The mixture was refluxed in
ethanol for 4 hr and then left to stand over night and then filtered. The product
was recrystallized three times from ethanol and dried in a vacuum oven at 40°C
to afford pale yellow crystals (Q1o) (Fig. 2) yield 90%, m.p.= (97-98°C), 77.45%
(C), 10.23% (H) and 11.21% (N).

Chemical structure of decyl amine-4-pyridine carboxaldehyde was confirmed
using FTIR which showed bands at 1635-1660 cm™, 2920 cm™, 2850 cm™ and
935-987 cm™ corresponding to C=N, CH, groups, CH; groups and C-H aromatic.

Synthesis of octadecyl amine-4-pyridine carboxaldehyde

A solution of octadecyl amine (13.4 gm, 0.05 mole) and 4-pyridine
carboxaldehyde (5.3 gm, 0.05 mole) was mixed. The mixture was refluxed in
ethanol for 12 hr and then left to stand over night and then filtered. The product
was recrystallized three times from ethanol and dried in a vacuum oven at 40°C
to afford pale yellow crystals (Q.s) (Fig. 2) yield 77% and m.p.= (118-119°C),
79.89% (C), 11.72% (H) and 7.74% (N).

Chemical structure of octadecyl amine-4-pyridine carboxaldehyde was
confirmed using FTIR which showed bands at 1635-1660 cm™, 2920 cm™, 2850
cm™ and 935-987 cm™ corresponding to C=N, CH, groups, CH; groups and C-H
stretching of the aromatic pyridine nucleus.

Egypt. J. Chem. 55, No. 3 (2012)



262 M. F. Zaky et al.

N@—CH — N(CH,),CHs

n=9 (Qi) n=17(Q1s)

Fig. 2. Structure of decyl amine-4-pyridine carboxaldehyde (Qiq and octadecyl
amine-4-pyridine carboxaldehyde (Qg).

Synthesis of decyl amine-4-pyridine carboxaldehyde, polysaccharide sulfate

To a mixture of 4-decyl amine pyridine carboxaldehyde Schiff base (1.4 gm,
5.5 x 10 mole), polysaccharide potato sulfate (10 gm, 1.35 x 10 mole) was
added and in presence of 200 ml of methanol. The mixture was refluxed for 12 hr
and then left to stand over night. The product filtered off to remove the unreacted
materials*?. The crystallization by methanol afforded 4-decyl amine pyridine
polysaccharide sulfate (BQ1o) (Fig. 3) yield 83% and m.p.=(137-138C).

Synthesis of octadecyl amine-4-pyridine carboxaldehyde, polysaccharide
sulfate

To a mixture of 4-octadecyl amine pyridine carboxaldehyde Schiff base
(2 gm, 5.5 x 10 mole), polysaccharide potato sulfate (10 gm, 1.35 x 10 mole)
was added and in presence of 200 ml of ethanol. The mixture was refluxed for 22
hr and then left to stand over night. The product was filtered off to remove the
unreacted materials. The crystalization by methanol afforded 4-octadecyl amine
pyridine polysaccharide sulfate (BQys) (Fig. 3) yield 61% and m.p.= (179-181°C).

Chemical  structurs of decyl amine-4-pyridine  carboxaldehyde,
polysaccharide sulfate and octadecyl amine-4-pyridine carboxaldehyde,
polysaccharide sulfate were confirmed using:

1-  FTIR which showed bands at (1635-1660) cm™, 2920 cm™, 2850 cm™,
927 cm™, 1020 cm™, (1114-1150) cm™, 620 cm™ and two bands at (3130 and
1450) cm™ corresponding to C=N, CH, groups, CHs groups, C-H stretching of
the aromatic pyridine nucleus, ether group, S=0O, S-O and [N*] group,
respectively.

2-  'H-NMR which showed signals at 8.5 ppm (d, CH aromatic ring), 7.5
ppm (s, CH=N), 0.9 ppm (t, CH3CH,), 1.2 ppm (m,(CH>),), 5 ppm (d, CHO), 3.5
ppm (d, OHCHCHOH), 4.2 ppm (d, CH,0) and 2.5 ppm (s, OH).
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Fig. 3. Structure of decyl amine-4-pyridine carboxaldehyde, polysaccharide sulfate
and octadecyl amine-4-pyridine carboxaldehyde, polysaccharide sulfate.

Synthesis of Ni (II), Co (Il), Fe (1I1) and/or Cu (Il) metal complexes of
decylamine-4-pyridine carboxaldehyde polysaccharide sulfate(BQ1q)

To a solution of compound (BQy) (3.6 x 10™ mole) in ethanol (100ml) a
solution of anhydrous NiCl, (7.2 x 10 mole), CoCl, .6H,0 (7.2 x 10™* mole),
FeCl; (7.2 x 10™* mole) and/or CuSO, (7.2 x 10 mole) in (50ml) methanol was
added separately and heated under reflux for 6 hr. The reaction mixture was left
overnight to complete the precipitation of the products**®. The product was
then filtered off and recrystallized twice from methanol to give the yellowish
sharp crystalline products of the (BQ4oNi), (BQ1oC0), (BQioFe) and (BQ4,Cu),
respectively (Fig. 4). AAS showed Ni% (1.11), Co% (1.03), Fe%(0.98) and Cu%
(1.15).

Synthesis of Ni (I1), Co (lI), Fe (Ill) and/or Cu (II) metal complexes of
octadecylamine-4-pyridine carboxaldehyde polysaccharide sulfate(BQ1g)

To a solution of compound (BQys) (3.4 x 10 mole) in ethanol (100ml) a
solution of anhydrous NiCl, (6.83 x 10™ mole), CoCl, .6H,0 (6.83 x 10™* mole),
FeCl; (6.83 x 10" mole) and/or CuSO, (6.83 x 10 mole) in (50ml) n-propanol
was added separately and heated under reflux for 6 hr. The reaction mixture was
left overnight to complete the precipitation of the products. The product was then
filtered off and recrystallized twice from methanol to give the yellowish sharp
crystalline products of the (BQgNi), (BQigCo), (BQigsFe) and (BQCu),
respectively (Fig. 4). AAS showed Ni% (1.02), Co% (0.97), Fe% (0.93) and
Cu% (1.17).
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Fig. 4. structure of metal complexes of decylamine -4- pyridine carboxaldehyde
polysaccharide sulfate (BQi,) and octadecylamine -4- pyridine
carboxaldehyde polysaccharide sulfate (BQ1s).

Results and Discussion

Chemical structure

UV spectra

UV spectra were recorded with a Perkin-Elmer S52 spectrophotometer. The
quaternization and their metal complexes were confirmed by the appearance of
new bands in UV spectra (Table 1).
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TABLE 1. UV adsorption maxima of 4-fatty amine pyridine carboxaldehyde
polysaccharide sulfate and their metal complexes.

Compound | Amax (nm) Compound A max (NM)

BQuo 257.5, 203 BQsg 741.5, 225.0, 205.0
BQqoNi 741.0, 257.0, 227.5, 216.0 | BQqgNi 7415, 260.5, 229.5
BQCo 739.0, 256.0, 230.0 BQ.sCo 740.5, 252.0, 229.5
BQFe 740.5, 257.0, 229.5 BQsFe 841.0, 737.0, 252.0, 229.0
BQ,Cu 739.5, 256.0, 229.5 BQsCu 741.5,254.5,229.5
Measurements

Surface tension () and critical micelle concentration (CMC)

Surface tension is a characteristic property for the liquids. That phenomenon
appeared originally from the attraction between the molecules at the surface. The
surface tension value of the bidistilled water at 25°C formed 71.8 mN/m which is
attributed to the attraction forces between water molecules at the water surface
due to the hydrogen bonds.

If any foreign molecules present at the water surface, that results in disturbing
that tension leading to decrease it to lower values. Meanwhile, surfactant
molecules tend to be adsorbed at the air — water interface at lower concentration.
Hence, by increasing the surfactant concentration, the surface tension of the
resulted solution decreased generally.

Figure 5 represents the relation between the surface tension values in (mN/m)
and the concentration (Log C) at 25°C.
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Fig. 5. Variation of surface tension against concentration of the synthesized
guaternary ammonium Schiff bases.
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These curves are characterized by two regions, one at lower concentration at
which surface tension is greatly sensitive towards concentration reaction, the
other at which the surface tension is almost constant up on variation of surfactant
concentration. Extrapolation of these two regions determines the so-called
critical micelle concentration (CMC) 57,

The critical micelle concentration is defined as the concentration of the
surfactant at which no further decrease in the surface tension could be obtained
upon addition of any further amounts of surfactant in the solution. There is
equilibrium between the singly adsorbed surfactant molecules at the interface
and the micellized surfactant molecules. That equilibrium occurred at the
concentration of complete surface tension (CMC) “#9. The micelle formation is
the most vital point of view in the surfactant fundamental, because it is the most
effective geometrical arrangement of the molecules at the desired concentrations
of the synthesized surfactants given from their surface tension isotherms
listed in Table 2.

TABLE 2. Surface properties of the synthesized Schiff base amphiphiles in
bidistilled water at 25°C.

CMC, Yeme, Teme, T maxe X10* Anin,

Compound mole/Lx107 mN/m mN/m | Mol.K*cm™? nm?
BQ1o 23.4 61.7 10.1 9.83 16.88
BOys 5.25 59 12.8 1271 13.06

Obviously, values of the (CMC) is dependent on the chemical structure of the
surfactant Schiff base molecules®. The different (CMC) values of this
surfactant depend on the hydrophobic moieties in its structure. Increasing the
hydrophobic chain length, the number of repeated methylene group (CH,)
decreases the (CMC ) values generally as BQy and BQs.

That effect could be explained on the view of the hydrophobicity of the
molecules. Increasing of the hydrophobic chain length of the surfactant
molecules, increases their non polar characters, resulting in increasing the
repulsion forces between them and the polar water molecules
(thermodynamically unstable). Hence, the molecules tend to lower that
unfavorable situation via forming more stable aggregative structures which are
micelles (thermodynamically stable). Therefore, the (CMC) occurred at lower
concentration .,

All the synthesized Schiff base metal complexes showed good solubility in
aqueous medium. The complxation of the cationic Schiff base surfactant
improves their surface tension. The surface tensions of the synthesized metal
complexes were often decreased remarkably compared with their parent cationic
Schiff base surfactant (Table 3).
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TABLE 3. Surface properties of the synthesized cationic Schiff bases metal
complexes at 25°C.

CMC, Yeme, Teme, T maxs X100 Anin,

Compound mole/Lx107 mN/m mN/m | Mol.Kecm? nm?
BQ10-Ni 14 60 11.8 10.13 16.39
BQ18-Ni 4.79 57.8 14 13.98 11.87
BQ10-Co 355 62 9.8 7.06 23.5
BQ18-Co 11.7 55.4 16.4 13.30 12.48
BQ10-Fe 13.2 61.7 10.1 8.13 20.41
BQ18-Fe 13.2 62.8 9 8.83 18.79
BQ10-Cu 11.9 55.9 16.2 8.89 18.68
BQ18-Cu 10 56.8 15 10.59 15.68

Effectiveness (7zemc)

The effectiveness if defined as the difference between the surface tension of
the bidistilled water (y,) and that of the surfactant solution (yemc) at the critical
micelle concentrations is as follows:

Teme = Yo — Yeme

The values of g, of the synthesized cationic Schiff bases were listed in
Table 2. It is clear that the increasing of the hydrophobic chain length in
surfactant molecule leads to increase the effectiveness at constant temperature as
in surfactants (BQy and BQ)®?. Hence, the chemical structure of the
hydrophobic moieties influences the effectiveness values of the surfactants under
investigation. Increasing the carbon number of the hydrophobic structure,
decreases the surface tension of the surfactant to lower extent, this is
corresponded, by increasing the effectiveness value. The highest ... Vvalue
indicates the maximum surface activity of the surfactant within the same series.
The effectiveness values are considered as a good variable in comparing between
two surfactants in the same series.

But in case of Schiff base metal complexes when the metal is Ni** or Co™ the
effectiveness increase by increasing the hydrophobic chain length and the
effectiveness can be arranged as the following BQgNi > BQoNi and BQ43Co >
BQCo.And also in case of potatoes Schiff base metal complexes when the
metal is Fe™™ or Cu™" the effectiveness decrease by increasing the hydrophobic
chain length and the effectiveness can be arranged as the following BQyoFe >
BQqgFe and BQ;,Cu > BQysCu, (Table 3).

Maximum surface excess (/max)

The maximum surface excess (/na) iS defined as the concentration of the
surfactant molecules at the air-water interface when that interface is completely
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covered by the surfactant molecules. The maximum surface excess (/max) can be
expressed as follows:
Thax = [(69) 1 dlogC]. RT

where, 5= the difference in the surface tension in mNm™,
R = universal gas constant,
T = absolute temperature

(0y) | dlogC is expressed as the surface pressure and describes both the
pumping of surfactant molecules to the interface and into the bulk of the
solution, i.e., at the equilibrium between singly adsorbed molecules at the
interface and the micellized molecules in the aggregative structure (micelles).

The surface pressure increased by increasing the maximum surface excess of the
surfactant molecules at the interface. The surface pressure increased by increasing the
differences between the two surface tension values at very low concentration
intervals. That is directly related to the ability of the surfactant molecules towards the
adsorption at the air-water interfaces. By increasing the hydrophobic chain length of
the surfactant molecules, the hydrophobicity increases®.

The maximum surface excess (I'max) Of the synthesized Schiff base
surfactants was represented in Table 2 at 25°C. It is clear that the increasing of
hydrophobic chain length (repeated methylene group) of the surfactant Schiff
base molecules increases the (I'yax). But also the maximum surface excess (I'max)
of the metal complexes of Schiff base cationic surfactant increases by increasing
the hydrophobic chain length with the same metal (Table 3).

Minimum surface area (Amin)

The minimum surface area is defined as the area occupied by each surfactant
molecule at the air-water interface of the surfactant solution at complete
coverage or at the complete saturation and calculated as follows:

Anin = 10'/ [/ fax- Nav

Anmin = minimum surface area in nanometer square (nmz),
I hax = Maximum surface excess,

N, = Avogadro's number (6.023X10%).

The minimum surface area depends on many factors included in the
molecular structures of surfactant .

Polar groups increase the minimum surface area in the same manner. The
hydrophobic chain length plays an important role in the A, values, that role can
be explained as follow, when the hydrophobic chain length increases, the area
occupied of this molecule at air-water interface increases. Therefore, minimum
surface area of the synthesized Schiff base surfactant can be arranged as follows,
BQ1o> BQgg. In this case the opposite is true. But also the minimum surface area
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of the metal complexes of Schiff base cationic surfactant decrease by increasing
the hydrophobic chain length with the same metal (Table 3).

Thermodynamics of the synthesized Schiff base cationic surfactants

The standard free energy of micellization and adsorption of the synthesized
Schiff base surfactant and its free energy of their solution at 25°C can be
calculated using the following thermodynamic equations!?:

AGpjic = 2.303RTlog (CMC)
AGggs = AGpic - (0.006 Xteme X Anin)

Increasing the number of methylene groups in the hydrophobic chain length,
increases its standard free energy of micellization®®.

From Tables 4&b5 it is clear that AG,,i. and AG,q of values of all synthesized
Schiff bases surfactant are negative. The negativity of this values indicates the
spontaneous behavior of two processes and this refers to the equilibrium between
the two phases of the surfactant molecules (adsorbed and micellized phase) in their
solutions at constant temperature 25°C. Also, it is clear that, when the hydrophobic
chain length of the synthesized Schiff bases surfactant increases AGp;c and AGggs
increase. Also, the slight increase of AG,ys values may be ascribed to the tendency
of the molecules to adsorb at the air-water interface until complete surface
coverage and also the slight increase of AG,;c values indicates the tendency of the
surfactant molecules to migrate to the bulk of solution to form micelle. And also
the negativity values of AG,y are greater than the corresponding AGp.. This
indicates the tendency of surfactant molecules to be adsorbed at the air-water
interface rather than escape to the bulk of their solutions.

TABLE 4. Thermodynamic properties of the synthesized cationic Schiff bases at 25°C.

Compound AGads AGmic
BQ1o -8.71 -7.69
BQ1s -9.57 -8.57

TABLE 5. Thermodynamic properties of the synthesized cationic Schiff bases metal
complexes at 25°C.

Compound AG,q4s AGpic
BQyo-Ni -9.15 -7.99
BQ4s-Ni -9.62 -8.63
BQ,-Co -8.82 -7.44
BQ-Co -9.32 -8.10
BQ-Fe -9.26 -8.03
BQ-Fe -9.04 -8.03
BQ,-Cu -9.90 -8.09
BQs-Cu -9.60 -8.19
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Antimicrobial activity of the synthesized cationic Schiff base surfactant and
its metal complexes against gram positive and gram negative bacterial strains,
yeast, fungi and against sulfur reducing bacteria (SRB)

The biological activities of the synthesized cationic Schiff base (BQy, and
BQ1s) were evaluated for their antibacterial and antifungal potent actions against
several known and highly cytotoxic bacterial, yeast and fungal strains including:
Bacillus subtilis, Micrococcus sp, Pseudomonas aeruginosa, Sarcina sp,Candida
albicans and Aspirgillus niger.

The results of the biocidal activities of the synthesized Schiff base surfactants
were listed in Table 6. The biocidal activity of these surfactants can be explained
according to the diffusion mechanism. The adsorbed Schiff base amphiphiles on
the cellular membranes ease the penetration of the nonpolar chains of these
amphiphiles into these membranes. The charged head groups are also stabilized
that penetration takes place by the interaction with the charges on these
membranes. These charged either negative or positive charge depends on the
bacterial genera (gram +ve/gram -ve). These charges appeared originally from
the presence of teichoic acids or peptidoglycan in these membranes. The
penetration of the hydrophobic chains within the bacterial or fungal cell
membranes and the neutralization of their surface charge disturb their selective
permeability towards the outer environment. That leads to the penetration of
several components to the cellular cytoplasm including counter ions and
combination occurs with the (nucleic acids) DNA and RNA. Hence, the
biological reactions disturbed which causes death for these microorganisms. The
synthesized Schiff base surfactants haven’t got any biocidal activities on all
bacterial, yeast and fungal strains, except BQ, against Micrococcus sp and
sarcina sp. ¢” (Table 6).

It is clear from the biocidal activity data that the metal complexes of these
compounds exhibit higher biocidal activity than the parent schiff bases. That can
be referred to the polarity nature of the Schiff bases in their cationic form. The
quaternary ammonium Schiff bases contain pure positive charge on the nitrogen
atom (N¥). The cellular membrane is highly sensitive towards these positively
charged centers due to the hydrophobic nature of the membrane. So, these
molecules are repelled even though these positive centers attached to the
negative centers on the cellular membrane. It is observed from the biological
study of the synthesized Schiff base metal complexes that they have higher
activity than the free ligand.

Such phenomenon (increasing of the antimicrobial activity upon
complexation) can be explained on the basis of Overtone’s concept and chelation
theory®?) - According to Overtone’s concept of cell permeability the lipid
membrane surrounded the microorganism cell favors the passage of only lipid
soluble materials. On chelation theory basis, the polarity of the metal ion is
reduced to a greater extent due to the overlap between the ligand orbital and
partial sharing of the positive charge of the metal ion with donor groups. Further,
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it increases the delocalization of m-electrons over the whole chelate ring and
enhances the lipophilicity of the complex. The higher lipophilicity enhances the
penetration of the complexes into lipid membranes and blocking of metal binding
sites on the enzymes of the microorganism. As a result, the biocidal activity of
the Schiff base metal complexes increased than their parent compounds.

Another factor was concluded to increase the antimicrobial activity of the
synthesized Schiff base metal complexes which is the presence of the transition
metal ion in their chemical structures. The metal ions, in their nature are
considered a highly potent element due to their tendency towards complexation
with the biological components in the cytoplasm.

The metal complexes of Schiff base surfactant have bacterial activity on
Micrococcus sp. But BQyg and its metal complexes have also bacterial activity on
Sarcina sp. But all these metal complexes haven’t got any biocidal activity on
the yeast and fungi (Table 7).

The petroleum industries including: exploring, refining, transporting and
storing are suffering from the destructive activity of the sulfur reducing bacteria.
That is due to this type of bacteria reduces the sulfur containing compounds
(widely spread in the unrefined oil) to H,S. The H,S is corrosive for the carbon
steel fabricates and causes their destruction and deterioration. Hence, the
biocides for sulfur reducing bacteria are considered the third consumed
compound in the petroleum sector.

The synthesized cationic Schiff base amphiphiles were evaluated for their
cytotoxic action against Desulfomonas pigra as known and spreading sulfur
reducing bacterial genera (Table 6).

From this table we conclouded that, the hydrophobic chain length of the
synthesized cationic Schiff base amphiphiles has an important influence on the
biocidal activity against tested strain of (SRB)®?. This behavior is the same
behavior against gram negative and gram positive bacteria. The sulfur reducing
bacteria (as a potent type of gram negative bacteria) are characterized by thick
cellular membrane which acquires these microorganisms high resistance against
wide range of biocides. When the hydrophobic chain length of the synthesized
compounds increases, the inhibition zone diameter decreases and therefore the
biocidal activity against (SRB) decreases that referred to when the hydrophobic
chain length decreases the number of adsorbed molecule at the cell membrane
interface increases and this leads to increase their potent biocidal action.

From Table 7, it is clear that, when the hydrophobic chain length of the
synthesized Schiff base metal complexes decreases the inhibition zone diameter
increases (biocidal activity against sulfur reducing bacteria increases with the
same metal and this referred to the same previous reason).
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In some cases the complexation of the parent amphiphiles Schiff base
increases their biocidal activity against sulfur reducing bacteria, as the
complexation of BQis with Fe** and Cu®*" metals. But no change occurs in the
biocidal activity against sulfur reducing bacteria in the comlexation of BQg with
Fe?" and Cu®* metals.

The results of the biocidal activity of the synthesized metal complexes
showed two cytotoxic features. First, the complexation of the synthesized
cationic Schiff bases with different transition metal ions increased their biocidal
activities against Desulfomonas pigra. That can be referred to the fact that
cellular membrane is highly sensitive to the positive or negative charges. Hence,
their penetration into the cellular constituents is restricted by the selective
permeability of these membranes. Second, the type of metal ion in the complex
molecules plays an important role in enhancing the cytotoxicity of these metal
complex biocides. That can be refereed to the electronegativity and the ionic
radius of the transition metals under consideration.

The best biocide activities against (SRB) are BQ;oCu and BQ,,Co.

TABLE 6. Antimicrobial activities of the synthesized potatoes cationic Schiff base
surfactants against gram positive, gram negative bacteria, yeast, fungi
and Desulfomonas pigra.

Bacteria Yeast Fungi Desulfomonas
Compounds Gram positive Gram negative pigra
Bacillus | Micrococcus | Pseudomonas | Sarcina | Candida | Aspergillus (mm/mg
subtilis sp. aeruginosa sp. albicans niger
BQio 0 25 0 24 0 0 15
BQis 0 0 0 0 0 0 10

TABLE 7. Antimicrobial activities of the synthesized cationic Schiff base metal
complexes against gram positive, gram negative, yeast, fungi and
Desulfomonas pigra.

Bacteria Yeast Fungi Desulfomonas
Compounds Gram positive Gram negative pigra

Bacillus | Micrococcus | Pseudomonas | Sarcina sp. Candida | Aspergillus (mm/mg

subtilis sp. aeruginosa albicans niger
BQuo-Ni 0 24 0 22 0 0 14
BQig-Ni 0 18 0 0 0 0 0
BQio- Co 0 23 0 0 0 0 15
BQus- Co 0 18 0 0 0 0 0
BQuo- Fe 0 21 0 20 0 0 14
BQus- Fe 0 0 0 0 0 0 13
BQio-Cu 0 22 0 0 0 0 15
BQis- Cu 0 0 0 0 0 0 12
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