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The chemical structures of three prepared amidoamineGemini surfactantwere confirmed using FTIR and 1HNMR
spectroscopicmethods. The synthetic routes passed through two steps, thefirst one is the formation of the amide
and the second one is the quaternization of the prepared amide with dibromo propane. The surface and thermo-
dynamic parameters were determined from surface tension and conductivity measurements. The obtained
critical micelle concentrations from both techniques are similar. The values of CMC were found to depend on
both solution temperature and hydrophobic character. The change in free energy ofmicellization and adsorption
showed a tendency of synthesized Gemini surfactants to adsorb at the interface first then forming micelle in the
bulk. The prepared Gemini surfactants act as good antibiotic against some tested bacteria and fungi.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Gemini surfactants as monomeric surfactants contain two opposing
parts hydrophilic and lipophilic, this amphipathic structure governs in
the ability of surfactants to adsorb at interfaces and aggregate in themi-
celles form of higher concentration. The role of surfactant in various ap-
plications either industrial or medicinal or research arises from that
amphipathic structure. In the recent years the surfactants have a very
important role in nanotechnology where it participates in the nanopar-
ticle synthesis process and also used as capping agent in other meaning
preventing the aggregation of the prepared nanoparticles [1–4]. Due to
the tendency of surfactant to adsorb on interface, it is used in many
applications in industry like corrosion inhibitors, detergents, paints,
drilling mud, petroleum recovery and others [5–9]. Gemini surfactants
structured from two identical hydrophobic tails are connected together
by a spacer carrying two positive charges. Because of this unique
structure of Gemini surfactants, they have much lower critical micelle
concentration and higher efficiency in surface tension reduction than
those monomeric surfactants with similar structure [10]. The microor-
ganism gained self-immunity from conventional antibiotic, so the re-
search articles around the world focused on searching new categories
from antibiotic like surfactants. The literature survey around Gemini
surfactants revealsmuch study around the physiochemical and thermo-
dynamic behavior [11–13], and lowers the focus on the behavior of
Gemini surfactants as antibacterial and antifungal. The research aimed
ban).
to prepare novel Gemini surfactants with low cost of commercial mate-
rials containing amide group. The chemical structure of the prepared
Gemini surfactants was confirmed using different spectroscopic tech-
niques. The critical micelle concentration was determined using surface
tension and conductivity measurements. The surface parameters of
Gemini surfactant determined from surface tension data at three differ-
ent temperatures. The thermodynamic parameters were determined
from both surface tension and conductivity. The synthesized Gemini
surfactants evaluated as antibacterial and antifungal.

2. Materials & experimental

2.1. Materials

Dimethylaminopropylamine, octanoic acid, dodecanoic acid,
hexadecanoic acid and 1,3-dibromo propane all purchased from Sigma
Aldrich Company and were used in the synthesis of amido-amine Gem-
ini surfactants. All the used organic solvents were purchased from
Alnasr Company.

2.2. Synthesis of amidoamine cationic surfactants

2.2.1. Synthesis of N-(3-(dimethylamino) propyl)alkanamide derivatives
The amide is formed by reaction equimolar from fatty acid (octanoic

acid, dodecanoic acid and hexadecanoic acid) and dimethylamino-1-
propylamine in 100mL xylene. The catalyst (0.01% p-toluene sulphonic
acid) was added to the reaction mixture and the reaction completed
by removal of the desired water amount (0.1 mol) using Dean-Stark
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Scheme 1. Synthetic route of novel Gemini amidoamine surfactants.

908 S.M. Shaban et al. / Journal of Molecular Liquids 212 (2015) 907–914
system. The xylene was evaporated and the petroleum ether was used
to remove the catalyst from the product [14].
2.2.2. Synthesis of Gemini surfactants
Twomoles from the different fatty amides which prepared from the

first stepwere refluxedwith onemole from1,3-dibromo propane in ab-
solute ethyl alcohol as solvent for 25–30 h depending on hydrophobic-
ity. After evaporating the absolute alcohol, the residual was purified
with diethyl ether. The obtained Gemini surfactants labeled C8-S3-C8,
Fig. 1. IR spectrum of N1,N1,N3,N3-tetramethyl-N1,N3-bis(3-dodecan
C12-S3-C12 and C16-S3-C16 and the synthetic routes shown in
Scheme 1.
2.3. Structure confirmation

The synthetic routes of novel Gemini surfactants were trappable by
FTIR and 1HNMR spectroscopy. The FTIR analysis was done in Egyptian
Petroleum Research Institute using using ATI Mattsonm Infinity
Series™, Bench top 961 controlled by Win First™ V2.01 Software
amidopropyl)propane-1,3-diaminium bromide (C12-S3-C12).



Fig. 3. The plots of specific conductivity against concentrations of the prepared Gemini
surfactants in distilled water at 25 °C.

Fig. 2. 1H-NMR spectrum of N1,N1,N3,N3-tetramethyl-N1,N3-bis(3-octanamidopropyl)propane-1,3-diaminium bromide (C8-S3-C8).
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while 1HNMR was done in National Research Institute using GEMINI
200 (1H 200 MHz) in DMSO-d6.

2.4. Measurements

2.4.1. Surface tension measurements (γ)
The surface tension of prepared novel Gemini surfactants at three

different temperatures 25, 40 and 60 °C was measured using
tensiometer-K6 Processor using the ring method (KrÜss Company,
Germany). Distilled water was used before each experiment for cal-
ibration. Each concentration was repeated three times and the aver-
age was taken. The critical micelle concentrations were determined
from the break point in surface tension (γ) versus [log c] plots [15].

2.4.2. Conductivity measurements
The critical micelle concentration of synthesized Gemini surfactants

was also determined from conductivity measurements, which corre-
spond to the break point in the plot of specific conductivity against
concentration of specified surfactants. The conductivity was measured
using Cond 3210 SET 1, Probe tetra corn 325 (Wissenschaftlich
Technische Werkstattern) at the same three temperatures where sur-
face tension measured. Water bath was used to adjust the temperature
of the sample [16].

2.4.3. The biological activity of synthesized Gemini surfactants
The antibiotic activity of the prepared novel Gemini surfactants was

tested against some pathogenic bacteria and fungi. The Gram-positive
under test were Bacillus subtilis and Staphylococcus aureus while
Gram-negative were Escherichia coli and Pseudomonas aeruginosa. The
Candida albicans and Aspergillus flavus were used as an example for
fungi. The source of the micro-organism was Operation Development
Center, Egyptian Petroleum Research Institute, Egypt and the filter-
paper disk agar diffusion technique was used to evaluate the prepared
Gemini surfactants as antibiotic. [17] The procedures were as follow:

1. Inoculate flask of melted agarmediumwith the organism to be tested.

2. Pour this inoculated medium into a petri dish.
3. After the agar has solidified, amultilobed disk that impregnatedwith

different antibiotics laid on top of agar.
4. The antibiotic in each lobe of disk diffuses into medium and if the
organism is sensitive to a particular antibiotic, no growth occurs in
a large zone surrounding that lobe (clear zone).

5. The diameters of inhibition zones were measured after 24–48 h. at
35–37 °C (for bacteria) and 3–4 days at 25–27 °C (for yeast and
fungi).

6. Measure each clear zone and compare between them to determine
the antibiotic, which is more effective.

3. Results and discussion

3.1. Structure confirmation

3.1.1. FTIR spectra
The functional groups of the newly prepared Gemini surfactants

were confirmed using FTIR spectroscopy. All the prepared Gemini sur-
factants have the same functional group. Fig. 1 shows the FTIR of C12-



Fig. 4. The plots of specific conductivity against concentrations of the prepared Gemini
surfactants (C8-S3-C8) in distilled water at 25, 40 and 60 °C.
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S3-C12 Gemini surfactant which confirm the transformation of acid to
amide through disappearance the hydroxyl group of carboxylic acid,
which ranged from 2400 to 3400 cm−1 (broad band) and appearance
band for amide NH at 3291 cm−1 and shifting the band of carbonyl
fromacid region to amide region at 1649.66 cm−1. ThepreparedGemini
surfactants show stretching vibration band of−C–H aliphatic symmet-
ric and asymmetric at 2854.25 and 2924.29 cm−1 respectively in addi-
tion −CH2 bending at 1376.56 cm−1, −CH3 bending at 1465.82 cm−1

and absorption band at 1063.44 cm−1 corresponding to C–N bond.

3.1.2. 1HNMR spectra
The number and distribution of proton in the prepared amido-amine

Gemini surfactant were confirmed by 1H-NMR spectra. Fig. 2 show
the 1H-NMR spectra of N1,N1,N3,N3-tetramethyl-N1,N3-bis (3-
octanamidopropyl) propane-1,3-diaminium bromide (C8-S3-C8), show-
ing signals at: δ = 0.8 (t,6 H, 2CH3 alkyl chain); δ = 1.18 (m,20 H, ـــــــ 2
COCH2CH2(CH2)5CH3), δ = 1.44 (m,4 H, 2COCH2CH2(CH2)5(CH3));
δ = 1.76 (m,4 H, 2 N⊕CH2CH2CH2NH); δ = 2.01 (m,4 H, 2
COCH2CH2(CH2)5CH3), δ = 2.23 (m,2 H, N⊕CH2CH2CH2N⊕); δ = 2.71
(t,4 H, N⊕CH2CH2CH2NH); δ= 3.02 (t,4 H, N⊕CH2CH2CH2N⊕); δ= 3.40
(s,6 H, −CH2N⊕(CH3)2CH2−); δ = 4.01 (t,4 H, 2 N⊕CH2CH2CH2NH)
and δ= 8.06 (t,H, CH2CONHCH2).

3.2. Specific conductivity of synthesized Gemini surfactants

The effect of hydrophobic chain length of synthesizedGemini surfac-
tants and the solution temperature on the specific conductivity has been
shown in Figs. (3,4) and appeared in Table 1 through the values of the
degree of counter ion dissociation (α). Fig. 3 shows the effect of chain
length on conductivity, where increasing chain length of synthesized
Gemini surfactants decreases the specific conductivity as appeared
Table 1
The surface properties of synthesized Gemini cationic surfactant at various temperatures.

Comp. Temp.
°C

CMCa/
(mM·L−1)

CMCb/
(mM·L−1)

α

C8-S3-C8 25 1.225 1.235 0.775
40 0.582 0.644 0.794
60 0.387 0.441 0.813

C12-S3-C12 25 0.783 0.810 0.653
40 0.239 0.299 0.685
60 0.123 0.150 0.717

C16-S3-C16 25 0.327 0.462 0.591
40 0.084 0.095 0.611
60 0.051 0.064 0.633

a The values obtained from surface tension measurements.
b The values obtained from conductometry measurements.
from decreasing degree of counter ion dissociation (α) values in
Table 1. The degree of counter ion dissociation (α) obtained using
Frahm's method and equal to the ration between the postmicellar to
premicellar region slops and was recorded in Table 1. The decreasing
in α values with an increasing in chain length ascribed to a decreasing
number of dissociated ions in solution with increasing the molecular
weight of synthesized Gemini surfactants in addition increasing the hy-
drophobicity of synthesized Gemini surfactants, the hydration decrease
and so the charge density formed around the micelle increased so spe-
cific conductivity decreased [18–20]. Fig. 4 shows the effect of solution
temperature on the specific conductivity of synthesized Gemini amido-
amine surfactants. The specific conductivity found to increase with
increasing the temperature as showed by increasing values of α listed
in Table 1. The behavior of conductivity with temperature ascribed to
increasing the dissociation of the counter ion from the head of synthe-
sized Gemini surfactants monomer or their micelle with elevating the
solution temperature and this effect is more predominant than the
columbic attraction force between the head and its counter ion [21–23].

3.3. Critical micelle concentration (CMC)

The characteristic critical micelle concentration for the prepared
Gemini surfactants at the 25, 40 and 60 °C in aqueous solutionwere ob-
tained from two different techniques, surface tension and conductivity.
The critical micelle concentration obtained from conductive measure-
ments through the intersection between the two lines represented in
Figs. (3 & 4) between the concentration and corresponding specific con-
ductivity. The abrupt change in the curves of surface tension represent-
ed in Figs. 5–7 refers to the CMC for the synthesized Gemini surfactants
at specified temperature. The determined critical micelle concentration
from both techniques were listed in Table 1, and by comparing them it
was found that the two CMC are nearly similar but the CMC obtained
from conductance measurements are higher than that obtained from
surface tension one due to premicellar region [24–25].

As shown in Table 1 and Fig. 8 it was found that the CMC values de-
crease by increasing thehydrophobic chain length and solution. Increas-
ing the hydrophobic chain length of synthesized Gemini surfactants
from eight to sixteen carbon atoms, the hydrophobicity increase thus
the free energy of the aqueous system will increase consequently the
surfactant monomers aggregates into clusters in which the tail be inte-
rior to decrease the interaction with the polar medium thus free energy
decrease, and so the CMC decreases [26,27]. In micelle formation, the
hydration around the hydrophilic increase compared to monomers
that observed by an abrupt increase in conductivity as in Fig. 4, due to
increasing the hydration decreases the binding between the counter
ion and head group. When micelle start to be formed, we notice steady
in the values of surface tension as shown in Figs. 5–7, due to themicelle
be formed in the bulk not surface. Elevating the temperature was ac-
companied by a decrease in CMC as shown in Fig. 8 and Table 1, as we
know; the temperature has two opposing effects, the former is decreas-
ing the hydration around the hydrophilic head by which the surfactant
C20 ∗ 10−5

(mol·L−1)
πCMC/
(mN·m−1)

Гmax ∗ 10−10

(mol·cm−2)
Amin/
A2

CMC/C20

1.44 37.50 0.39 425.50 84.88
0.67 36.26 0.35 478.91 87.33
0.42 34.82 0.31 540.14 92.27
0.71 42.50 0.42 396.66 110.46
0.21 41.56 0.38 439.93 114.98
0.10 39.00 0.32 520.87 127.66
0.40 34.17 0.43 388.63 81.11
0.10 35.21 0.39 430.91 83.99
0.06 33.69 0.32 516.42 86.87



Fig. 7. The relation between the surface tension and log concentration of prepared Gemini
surfactant (C8-S3-C8) at various temperatures.

Fig. 5. The relation between surface tension and log concentration of Gemini surfactant
(C8-S3-C8) at various temperatures.
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favor micelle formation; while the second effect is disrupting the water
structure around the hydrophobic tail by which the surfactants disfavor
micellization, therefore the net effect is the sum of the two opposing
effects. From the obtained data in Table 1, the predominate effect is
the former so CMC decreased [28–30].

3.4. Effectiveness and efficiency of synthesized amido-amine Gemini
surfactants

The effectiveness of synthesized Gemini surfactants (πCMC) to reduce
the surface tension have been determined from surface tension mea-
surements using the following equation:

πCMC ¼ γ0−γCMC :

The effectiveness represents the difference in the values of surface
tension at the critical micelle concentration (γCMC) and at blank water
without surfactants (γo). The obtained (πCMC) values were recorded in
Table 1, themost effective surfactant is that onewhich has a higher abil-
ity to decrease the surface tension and confirmed through values of
CMC/C20 which listed in Table 1. The surfactant, which possess higher
CMC/C20, it predicts to be the highest one in reduction surface tension
at critical micelle concentration. By the inspection of the data in
Fig. 6. The relation between surface tension and log concentration of prepared Gemini
surfactant (C12-S3-C12) at various temperatures.
Table 1, it reveals that by increasing the chain length of synthesized
Gemini surfactant the values of CMC/C20 increase then decrease at the
synthesized surfactants with higher chain length (C16-S3-C16 surfac-
tant), from that we can conclude that the synthesized surfactant (C12-
S3-C12) is the most effective one in reduction surface tension at CMC.
The πCMC, of C12-S3-C12 equal to 42.5 mNm−1 at 25 °C and has higher
CMC/C20 equal to 110.46 at the same temperature [31–33]. The higher
value of effectiveness is indicative of the condensed nature of prepared
Gemini surfactantsmonomers at the aqueousmedium/air interface and
the lower value refer to that the formedmonolayer from themonomers
is more expanded.

The efficiency of certain surfactant (C20) is the concentration of sur-
factant required to make a reduction in surface tension by 20 dyne/cm.
The values of surfactants efficiencies were calculated from surface ten-
sion measurements and listed in Table 1. By studying these data, we
noted that the efficiency of synthesized Gemini surfactant increase by
elevating the temperature and increasing the hydrophobicity. By elevat-
ing the temperature, the hydration around the tail and head of synthe-
sized Gemini surfactants monomer decreases and as discussed in the
previous section the magnitude effect of elevating the temperature is
decreasing the CMC. Therefore, the migration of surfactant monomers
to surface is faster and at lower concentration [34,35].
Fig. 8. Temperatures & hydrophobic chain length effect of synthesized Gemini surfactant
on critical micelle concentration values of prepared cationic surfactants.
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3.5. Maximum surface excess (Γmax) and minimum surface area (Amin)

The surface excess of synthesized Gemini surfactants is expressed as
the concentration of Gemini surfactant monomers at the interface per
unit area. The values of maximum surface excess Γmax calculated using
Gibb's adsorption equation from surface tension measurements [36].

Γ max ¼ − 1=2:303nRTð Þ δγ=δ logcð ÞΤ

where R is the gas constant, n is the number of active species (n equal 3
for Gemini surfactant with monovalent counter ion) and T is the abso-
lute temperature.

Minimum average surface area is the average area (in square
angstrom) occupied by each Gemini monomer adsorbed at the system
interface. Amin values give information about the angle between synthe-
sized Gemini surfactant monomer and the interface [37].

The minimum surface area (Amin) of the synthesized Gemini surfac-
tants calculated from Gibb's adsorption equation:

Amin ¼ 1016=ΓMaxN

The calculated maximum surface excess and minimum surface area
for synthesized Gemini surfactants at the three different temperatures
25, 40 and 60 °C were listed in Table 1. By analyzing these data it was
found that both the maximum surface excess and minimum surface
area depend on solution temperature and the hydrophobic chain length
of synthesized Gemini cationic surfactant. Elevating the solution tem-
perature and increasing the hydrophobic chain length lead to an in-
creasing in the free energy of the system and enhance the monomers
of the synthesized Gemini surfactants to migrate to the surface more
rapidly at lower concentration so the packing densities of prepared
Gemini cationic surfactants at the interface decreased consequently,
the surfactant monomers concentration at interface Γmax decreased.
The dense packing of Geminimonomer force them to be less perpendic-
ular so minimum surface area occupied by a surfactant monomer
increase [38–39].

3.6. Micellization and adsorption thermodynamic study

The behavior of synthesized Gemini surfactants in solution was de-
termined from their thermodynamic parameters of adsorption and mi-
cellization using pseudo-phase separationmodel for Gemini surfactants
proposed by Zana, [40].

ΔGo
mic ¼ 2 1:5−αð ÞRT ln XCMCð Þ

ΔGo
ads ¼ ΔGo

mic− πCMC=ΓMaxð Þ
ΔSmic ¼ −d ΔGo

mic=ΔT
� �

ΔSads ¼ −d ΔGo
ads=ΔT

� �

ΔHmic ¼ ΔGo
mic=TΔSmic

ΔHads ¼ ΔGo
ads=TΔSads
Table 2
Micellization and adsorption thermodynamic parameters of the prepared Gemini cationic surf

Comp. Temp.
°C

ΔGo
mic

kJ mol−1
ΔHmic

kJ·mol−1
Δ
kJ

C8-S3-C8 25 −38.52 – –
40 −42.14 33.49 0.
60 −45.10 4.21 0.

C12-S3-C12 25 −46.91 – –
40 −52.42 62.62 0.
60 −56.39 9.83 0.

C16-S3-C16 25 −54.27 – –
40 −61.98 98.89 0.
60 −66.71 12.18 0.
The critical micelle concentration, maximum surface excess and ef-
fectiveness were obtained from surface tension measurements while
the degree of counter ion of dissociation determined from conductance
measurements. By analyzing the data in Table 2, it was found that the
change in the change in the free energy of micellization and adsorption
are negative which indicate that the adsorption and the micellization
behavior of synthesized Gemini surfactants in the solution at the tested
temperatures are spontaneous. The change in free energy of micelliza-
tion alters from −38.52 to−45.1 kJ mol−1 for the synthesized C8-S3-
C8 by changing the solution temperature from 25 to 60 °C. i.e., the
change in free energy of micellization ΔGo

mic increase in the negative
direction by elevating the temperature indicating that process ofmicell-
ization is favorable by rising the temperature. The same trend appeared
with the change in free energy of adsorptionΔGo

ads of synthesizedGem-
ini surfactants for example ΔGo

ads of synthesized C8-S3-C8 change from
−48.13 to−56.43 kJ·mol−1 by increasing the temperature from 25 to
60 °C. By comparing the change in the free energy of micellization and
adsorption, we note that ΔGo

ads is more negative than ΔGo
mic at the

same condition indicating that process of adsorption is more favorable
than micellization process. By increasing the hydrophobic character of
synthesized Gemini surfactants, the change in the free energy of micell-
ization and adsorption increase in the negative direction for example
the change in free energy of micellization were −38.52, −46.91 and
−54.27 for synthesized C8-S3-C8, C12-S3-C12 and C16-S3-C16 respec-
tively at solution temperature 25 °C. The same trend was observed in
adsorption process, where ΔGo

ads increase in the negative direction
with increasing the chain length as indicated in Table 2. Increasing the
chain length of prepared aminoamine Gemini surfactants were accom-
panied by increasing the hydrophobicity of the aqueous system in
which the surfactant be dissolved in addition the amphipathic structure
of synthesized surfactants which will lead to the destroying the water
structure thus increasing the free energy of the system. Therefore, the
surfactant monomers migrate to surface or aggregate in clusters. The
migration to surface or aggregation in cluster decreases the energy
of the system, so the change in the free energy of the prepared
surfactant-solvent system will be decreased and increased in the
negative direction. Increasing the temperature of the surfactant aque-
ous system cause a decrease of hydration around the hydrophilic
group, so the hydrophobicity of the system increase and accompanied
by increasing the energy of the system, so molecules of surfactant
tend to adsorb and form micelle to decrease the energy of the system.
On comparing ΔGo

ads and ΔGo
mic in Table 2, we note that the change

in the free energy of adsorption ΔGo
ads of any synthesized Gemini sur-

factant at any tested temperature higher than the change in free energy
of micellization ΔGo

mic. From that, we conclude that the synthesized
Gemini surfactants tend firstly to adsorb at the air–water interface
until maximum surface saturation then the monomers aggregates in
bulk in clusters forms. The change in the entropy of both micellization
ΔSmic and adsorption ΔSads values was listed in Table 2, and it found to
be positive values indicating the disruption of water structure around
the tail of Gemini surfactant when they transfer from the aqueous
actants.

Smic

·mol−1·K−1
ΔGo

ads

kJ·mol−1
ΔHads

kJ·mol−1
ΔSads
kJ·mol−1·K−1

−48.13 – –
241 −52.60 40.78 0.298
148 −56.43 7.35 0.191

−57.06 – –
367 −63.43 69.53 0.425
199 −68.63 17.98 0.260

−62.27 – –
514 −71.12 113.59 0.590
237 −77.19 24.03 0.304



Table 3
The antibiotic effect of synthesized Gemini surfactants against pathogenic bacteria and fungi.

Microorganism Gram reaction
Inhibition zone diameter (mm/mg sample) Used standard

reference
Ref. inhibition zone diameter
(mm/mg sample)

C8-S3-C8 C12-S3-C12 C16-S3-C16

Bacillus subtilis G+ 15 16 13 Ampicillin 20
Escherichia coli G− 16 18 14 Ampicillin 22
Pseudomonas aeruginosa G− 16 17 13 Ampicillin 17
Staphylococcus aureus G+ 17 17 14 Ampicillin 18
Aspergillus flavus Fungus 0.0 15 12 Amphotericin B 17
Candida albicans Fungus 15 14 12 Amphotericin B 19
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bulk to the air–water interface or to themicellar interior. The change in
the entropy of adsorption ΔSads is more positive than that of micelliza-
tion ΔSmic, this reflect greater freedom of hydrophobic part through
motion to the interface than to form micelle [41–43].

3.7. Antimicrobial activity of synthesized Gemini surfactants

The antibiotic effect of synthesized Gemini surfactants against some
Gram positive and negative bacteria and fungi has been recorded in
Table 3, showing very good activity compared to the reference used.
By analyzing the data in Table 3, it was found that the antibiotic activity
of synthesized Gemini surfactants is hydrophobic chain dependant;
where the activity was found to increase by lengthening the tail until
Gemini surfactants with tail of twelve carbon atoms (C12-S3-C12)
then it decrease with synthesized surfactants of sixteen carbon atom
(C16-S3-C16); this trend known by cut-off effect. [44–46].

There are some parameters, which are responsible for that phenom-
enon like critical micelle concentration (CMC) of the used Synthesized
Gemini surfactant, the change in the free energy of adsorption ΔGo

ads

on the bacteria cell membrane, the size of diffused Gemini monomers
and their micelle and the hydrophobicity of surfactant. Increasing the
chain length of the two tailed of Gemini surfactants accompanied by de-
creasing in the CMC as previously discussed, hence the concentration at
surface becomes lower, consequently the activity of C8-S3-C8 ˃ C12-S3-
C12 ˃ C16-S3-C16. Increasing the hydrophobic character, the adsorption
rate at the membrane interface is higher as discussed previously, so it
predicted that C16-S3-C16 ˃ C12-S3-C12 ˃ C8-S3-C8. Other theories
Fig. 9. The bacterial ce
ascribed the cut-off effect to a decrease in the perturbation of themem-
brane at higher alkyl tail, assuming that the longer chain, the better
mimic molecule in the lipid layer, leading to disruption in the mem-
brane. From the data recorded in Table 3, it was found that the synthe-
sized Gemini surfactants with two tails of twelve-carbon atom have the
maximum antibiotic effect [47–50]. Fig. 9 shows the main composition
of Gram-positive and Gram-negative bacteria membrane. The expected
mechanism of synthesized Gemini surfactant as antibiotic is based on
the affinity of the surfactants to adsorb on the cellular cytoplasmic
membrane and interaction between the positive head group of surfac-
tants and negatively charged membrane where the hydrophobic tail
penetrates and disturb the selective permeability of the membrane
causing cell death in addition the counter ion effect [51–53].

4. Conclusion

A new series from amido-amine Gemini cationic surfactants were
prepared and their chemical structures were confirmed using Fourier
transform infrared spectroscopy and proton nuclear magnetic reso-
nance. The determined critical micelle concentrations from surface ten-
sion and conductive measurements were similar. The critical micelle
concentration obtained from conductive measurements are slightly
higher than that obtained from surface tension measurements due to
premicellar region The determined surface parameters from surface
tension are hydrophobic and temperature dependent. The critical mi-
celle concentration of the synthesized amido-cationic surfactants de-
creases by increasing the hydrophobic chain length and the solution
ll walls structure.



914 S.M. Shaban et al. / Journal of Molecular Liquids 212 (2015) 907–914
temperature. By increasing the length of hydrophobic chain and tem-
perature, the adsorption at air/water interface andmicellization in solu-
tion bulk increase. The conductivity of synthesized Gemini surfactant
solution increases by elevating the temperature and decrease by in-
creasing the hydrophobic chin length. The adsorption process is more
favorable than micellization by increasing the hydrophobicity and
solution temperature. The synthesized cationic surfactant showed
good antibiotic effect against bacteria and the synthesized C12-S3-C12
surfactant has the maximum activity.
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