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Abstract: A series of cationic polyurethane surfactant [PQ14, PQ16 and PQ18] were synthesized by the reaction of alkyl
bromoacetate (namely: tetradecyl-, hexadecyl- and octadecyl bromoacetate) as quaternizing agents and modified polyurethane
contains tertiary amine species. Modified polyurethane was prepared by the reaction of toluene diisocyanate (TDI) and
Triethanol amine mono mercaptoacetate. Grinding method is used to synthesize copper and nickel nanoparticles which
stabilized by Cationic Thiol polyurethane surfactants. The chemical structures of the prepared surfactants were confirmed
using elemental analysis, FTIR, UV and 'H-NMR spectroscopy. The molecular weight measurements of the prepared polymers
showed that the segments of each polymer contain average 10 units of the urethane-Triethanol amine mercaptoacetate. The
surface activities of the prepared surfactants including: surface tension (Y), effectiveness (m.n.), concentration at micelle
formation (CMC), efficiency (Pcyy), maximum concentration at the interface (I .x), average area occupied by each surfactant
molecule at the interface at equilibrium (A,,,) of surfactants solutions were established at 25°C. The surface tension and the
critical micelle concentration values of the prepared surfactants were gradually decreased by the gradual increase of their alkyl
chain length. Antimicrobial activity of the synthesized cationic surfactants and their nanostructure with copper and nickel
nanoparticles were evaluated against pathogenic bacteria and fungi. The antimicrobial activity showed the enhancement in the
antimicrobial activity of the synthesized cationic surfactants in the nanostructures form.

Keywords: Cationic Surfactants, Micellization, Adsorption, Surface Properties, Polyurethane, Antimicrobial Activity

are needed; bifunctional isocyanates compounds and active
hydrogen compounds. Bifunctional isocyanates are used to
produce long chain monolayer polymer systems.
Trifunctional isocyanates e.g., tris (4-isocyanatophenyl)
thiophosphate are wused in production of network
polyurethanes which have higher mechanical, thermal and
chemical resistance properties. The most commercial
isocyanates are toluene diisocyanate and diphenyl methane
diisocyanate. Polyols are used as hydrogen donating
compounds [1]. Polyurethane nanoparticles were synthesized
using several techniques such as suspension-poly
condensation [2], interfacial poly condensation combined to

1. Introduction

Polyurethanes are classified as one of the important
polymers which participated in numerous purposes in almost
all fabrications of nowadays life. Polyurethanes are used in
various and diverse uses such as: furniture, bedclothes, chairs
and instrument panels for automobiles, shoes, thermo
insulation, carpet backings, packaging, and coatings. The
main raw materials for the production of polyurethanes are
polyols, diisocyanates and propylene oxide. For the
preparation of polyurethane polymers, two types of reactants
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spontaneous emulsification [3], suspension poly addition [4],
and dispersion in organic solvent and supercritical carbon
dioxide [5, 6].

Surface active agents are chemical compounds
characterized by lowering the surface tension of the distilled
water when dissolved in it even at infinite molar amounts. As
their high tendency to decrease the interfacial interaction
between the different polar media, surface active agents are
incorporated in several industrial application as additives,
especially in the polymer production as additives during
emulsion polymerization processes.

Generally, cationic surfactants have been widely used
owing to their excellent antibacterial activity, but the
conventional cationic surfactants have strong irritant
properties [7]. The biological activity data showed that the
cationic surfactants and their nanostructure with copper and
nickel nanoparticles exhibit moderate to high efficacy against
the tested microorganisms.

2. Materials and Methods
2.1. Chemicals

Tetradecanol, hexadecanol and octadecanol, toluene
diisocyanate (TDI), mercaptoacetic acid, and Bromoacetic
acid were purchased from Sigma-Aldrich (Germany) in a
purity of 99.9%. Copper Chloride and Nickel chloride were
purchased from BDH, British. Triethanol amine, ethyl
alcohol and paraffin oil were purchased from ADWIC
(Egypt) in a purity of 99.8%.

2.2. Instrumentation

Elemental analysis: Vario Elementar Analyzer; FTIR
spectroscopy: Perkin Elmer Genesis Fourier Transformer
FTIR measured at 4000-400 (cm™) applying potassium
bromide compressed thin pellet technique. The nuclear
magnetic resonance spectra were measured by Varian NMR-
300, Mercury 300 MHz spectrometers using CDCIl; as
solvent and trimethyl silane (TMS) as a reference to
determine the different chemical shifts &(ppm); Ultra violet
was done using Perkin-Elmer S52 spectrophotometer;
Transmission Electron Microscope (TEM) was done using
JEOL JEM-2000, Germany; surface and interfacial tension
measurements were obtained using K6-Kruss tensiometer
with platinum ring. GPC measurements were performed
using GPC-7890A instrument equipped with DB-23 column,
60 mm x 0.25 mm, i.d. of 0.25 pm.

2.3. Synthesis

2.3.1. Preparation of Triethanol Amine Mono
Mercaptoacetate
Triethanol amine (0.1 mole) and mercaptoacetic acid (0.1
mole) were charged in 250 mL round flask in presence of
xylene (75 mL) as a solvent and p-toluene sulfonic acid (0.1

g) as a dehydrating agent. The completion of the reaction was
monitored by obtaining 0.1 mole of H,O (1.8 mL) [8]. At the
end of the reaction, the solvent was removed by evaporated
by the effect of evacuation, while p-toluene sulfonic acid was
eliminated from the reaction medium by take out the
obtained esters by dissolving in ether (diethyl ether). The
evaporated solvent was recovered and purified to reuse. The
unreacted and excess reactants were eliminated from the
products by successive sanitization of the crude products to
afford Triethanol amine mono mercaptoacetate in a yield of
96%.

2.3.2. Preparation of Thiol Polyurethane (P)

Thiol polyurethane polymerization reaction was carried
out in a suitable flat bottom glass reactor (500 mL) connected
to a mechanical rotor, dropping funnel, thermometer and
condenser. Inside the reaction vessel, a mixture of toluene
diisocyanate (TDI, 0.1 mole) dissolved in methyl ethyl
ketone (50 mL), triethanol amine mercaptoacetate (0.2 mole)
and five drops of triethylene diamine dropped during 20 min
was mixed [9]. The reaction medium was continuously
mixed at 30°C for 30 min to obtain the pre-polymer. The
ratio of isocyanates (NCO) to reactive hydroxyl group (OH)
was reserved at 1:2 in polyurethane reaction polymerization.
The prepared polymer was washed twice using appropriate
amounts of methyl ethyl ketone and finally dried (yield
92%).

2.3.3. Preparation of Fatty Esters Bromoacetate (014, Q16,
and Q18)

Fatty esters bromoacetate were prepared throughout
reacting different fatty alcohols (0.1 mole) namely: octanol,
decanol, dodecanol, tetradecanol, hexadecanol and
octadecanol (Cg-Cig) and Bromoacetic acid (0.1 mole) in the
presence of xylene (100 mL) as a solvent and p-toluene
sulphonic acid (0.01 wt%) as dehydrating agent under
heating and stirring conditions until the expected amount of
water (1.8 mL) is produced. At the end of the reaction,
xylene was stripped off using reduced pressure; p-toluene
sulphonic acid was eliminated by extracting the product from
diethyl ether and the solvent was removed [10] to afford the
different fatty esters bromoacetate (yield 95-98%).

2.3.4. Preparation of Cationic Thiol Polyurethane
Surfactants (PQ14, PQ16 and PQ18)

Cationic Thiol polyurethane surfactants (PQ14, PQ16 and
PQ18) were prepared by refluxing equimolar amounts of
thiol polyurethane (P) and tetradecyl, hexadecyl, octadecyl
individually in a suitable amount of dimethyl formamide
(DMF) for 20 h. The produced compounds were filtered off,
washed by excess DMF, and dried under reduced pressure at
50°C to afford yellow to brown viscous liquids designated
as: PQ14, PQ16 and PQ18 (yield 82-89%) [11, 12] (Figure
1).
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Figure 1. Preparation of the cationic Thiol polyurethane surfactants.

2.3.5. Synthesis of Nano Cationic Thiol Polyurethane
Tetrahalo Metallate PQ-M NPs
By grinding (0.1 mole) of Copper chloride dihydrate and
Nickel chloride hexahydrate with (0.2 mole) of cationic Thiol
polyurethane surfactants in the mortar until all components

mixture was refluxed under magnetic stirring for about 2
hours to produce tetra halo metallate complexes and this
indicate by change the color of mixture. The product was
poured into a flat plate and dried in the hood, washed with
alcohol twice and dried. The product is believed to have the
structure in (Figure 2) [13, 14].
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Figure 2. Synthesized Nano cationic Thiol polyurethane tetrahalo metallate PQ-M NPs.
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2.4. Measurements

2.4.1. Surface Tension Measurements

Surface tension measurements were carried out using De-
Nouy Kruss-K6 tensiometer with platinum ring. Freshly
prepared aqueous solutions of the prepared cationic
polyurethane surfactants (PQ14, PQ16 and PQ;g) were used at
a concentration range of 10°~107 M. Apparent surface tension
values were measured at 25 °C in triplicate for each sample
within 2 minutes interval between the readings and the average
was considered [15]. The tensiometer was calibrated before
each measurement using bi-distilled water at 25°C.

2.4.2. GPC Chromatography

GPC Chromatographic analysis of the prepared surfactants
were performed to determine their molecular weights using
GPC-7890A instrument equipped with DB-23 column, 60
mm x 0.25 mm, i.d. of 0.25 um, and water was used as a

solvent, while polyethylene glycols of different molecular
weights were used as references [16].

3. Results and Discussion
3.1. Chemical Structure

Figure 1 and Figure 2 represents the preparation of

polyurethane cationic surfactants and their nano
compounds.
The elemental analysis of the prepared cationic

polyurethane surfactants (Table 1) showed the comparable
values of the predicted and obtained ratios of the different
elements in their chemical structure. The chemical structures
of the prepared cationic polyurethane surfactants were
confirmed using molecular weight measurements, elemental
analysis, FTIR spectroscopy and 'H-NMR spectroscopy.

Table 1. Elemental analysis of the synthesized cationic Thiol polyurethane surfactants.

@ M.Wt,* Formula C% H% N% S% Br%

g/mole Calc. Found Cale. Found Cale. Found Cale. Found Cale. Found
PQ14 23200 (Cs7H10:BraN4O14S0), - 52.04 52.00 774 1.76 476 473 544 541 13.60 13.56
PQI16 24100 (Ce1H110BraN4O14S2) — 53.57 53.54 8.03 8.05 454 451 519 517 12.99 12.96
PQ18 25000 (CosH11sBrN4O14S)),  54.97 54.93 8.31 8.29 435 432 497 495 12.44 12.39

* Obtained molecular weight from GPC measurements, n~18.

3.1.1. FTIR Spectroscopic Analysis

The chemical structures of the prepared cationic surfactants
and their intermediates were confirmed using FTIR
spectroscopic analysis. FTIR spectra of tricthanol amine
mercaptoacetate showed the following absorption bands: broad
absorption band centered at 3435 cm™ corresponds to -OH
stretching; weak absorption band at 2550 cm™ corresponds to
stretching of S-H group; absorption band at 2932 cm’
attributed to symmetric stretching of C-H group; 1018 cm™
corresponds to C-N stretching group of aliphatic amine and
absorption band at 1732 cm™ corresponds to C=0 ester group.

Thiol polyurethane compound (P) showed the following
absorption bands: 1663 cm™ corresponds to C=0 of urethane
group; 1458 and 1462 cm™ corresponds to N-H of urethane
group; 1508-1510 cm™ described for the double bonds in the
phenyl moiety (C=C) in toluene diisocyanate moiety (TDI).

FTIR spectra of alkyl bromoacetate esters represented the
disappearance of the broad band at 3400 cm™ of alcoholic
hydroxyl groups of the reacted fatty alcohols, the appearance
of new absorption bands at: 1736-1738 c¢m™ corresponds to
carbonyl ester indicates the ester (Ql4, Ql6 and QI18)
formation; 1275-1277 cm’ corresponds to ether linkages C-O-
C; 2920-2922 cm” and 2849-2850 cm' corresponded to
symmetric and asymmetric stretching of C-H groups. The
characteristic absorption band of C-Br bond was appeared in
the range of 663-667 em™. IR spectra of the prepared cationic
polyurethane surfactants showed similar absorption bands to
the absorption bands of triethanol amine mercaptoacetate, thiol
polyurethane and alkyl bromoacetate esters. Furthermore, IR
spectra recorded a disappearance of the absorption band at 660
cm’' and the appearance of a new absorption band at 3040 cm™
corresponded to C-N" group (Figure 3).
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Figure 3. FTIR spectra of cationic polyurethane surfactants (PQ14).
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3.1.2. '"H-NMR Spectroscopic Analysis

The H'NMR spectra of the synthesized cationic surfactants
(Figure 4 for PQ14 as representative for the prepared
surfactants) showed the appearance of signals at: & = 0.85
ppm (t, 3H, CH;) assigned to terminal methyl group; 1.25

ppm (m, nH, CH,) attributed to the methylene groups of the
fatty chains; 2.5 ppm (t, 3H, CH3;Ph) assigned to methyl
group of toluene diisocyanate moiety; 7.8 ppm, 8.0 ppm and
8.2 ppm (m, 4H, phenyl group).
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Figure 4. 1H-NMR spectra of PQI14 surfactant.

3.1.3. Molecular Weight Measurements

The molecular weights of the prepared cationic surfactants
were determined using GPC chromatographic measurements
according to the methodology of our colleague [16]. The
results showed that the surfactant molecules contain an
average of 18 repeated units (exactly 17.8 units). The
obtained values of the molecular weights of the different
surfactants were listed in Table 1.

3.1.4. UV-Vis Spectroscopy

UV-Vis absorption spectra were used to determine the
formation of copper and nickel nanoparticles stabilized by
different cationic Thiol polyurethane surfactants. UV—Vis
absorption spectra of the prepared Copper and Nickel
nanoparticles stabilized by different cationic Thiol
polyurethane surfactants were recorded in water as a solvent
in order to monitor their formation and stability (Figures 5
and 6). Cationic Thiol polyurethane surfactants with Copper
and Nickel nanoparticles were confirmed by the appearance
of new bands in UV spectra. UV—Vis spectroscopy is quite

sensitive to the formation of copper and nickel nanoparticles
due to surface Plasmon excitation.

UV spectrum of Copper nanoparticles for characterizing
the metallic nature whose broad peak corresponds to the Cu
range from 350-550 nm.

UV spectrum of Nickel nanoparticles for characterizing the
metallic nature whose broad peak corresponds to the Ni
range from 250-370 nm.

Figures 5 and 6 shows absorption spectra of Cu NPs and
Ni NPs capped by prepared cationic surfactants, which show
absorption band listed in table 2 which an indication on
formation Copper and Nickel nanoparticles, due to surface
Plasmon resonance of Copper and Nickel nanoparticles.
Bands at Amax range from 210 to 314 nm characteristic for
the used capping agents, which matches with the band,
appeared for aqueous solution of the used capping agents
alone. It is known that the amount and size of Copper and
Nickel nanoparticles are positively related with the
adsorption peak intensity and the Amax on the UV-Vis
spectra respectively.
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Figure 5. UV spectra of compounds (PQ14-CuNPs, PQ16-CuNPs and PQ18-CuNPs).
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Figure 6. UV spectra of compounds (PQ14-NiNPs, PQ16-NiNPs and PQ18-NiNPs).
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Table 2. UV absorption maxima of Copper and Nickel nanoparticles with
Cationic Thiol polyurethane surfactants.

Compounds A max (NM)
PQ14-Cu NPs 311,390
PQ16- Cu NPs 311,400
PQ18- Cu NPs 309,402
PQ14-Ni NPs 212,310
PQ16- Ni NPs 220,298
PQ18- Ni NPs 218,308

3.1.5. TEM Spectroscopy
TEM spectroscopy determines the size and morphology of
the formed nanoparticles. The size and morphology of the

prepared Copper and Nickel nanoparticles stabilized by
cationic Thiol polyurethane surfactants were investigated
using transmission electron microscope (TEM). It is clear
from TEM images (Figures 7 and 8) that the Copper and
Nickel nanoparticles stabilized by cationic  Thiol
polyurethane surfactants are predominantly spherical in
shape and polydispersed. The TEM image showed the self-
assembling of the prepared surfactant on the Copper and
Nickel nanoparticles which causes the stabilization of the
Nano size of these nanoparticles due to the formation of
Nano shells with the used surfactant.

Figure 8. TEM image of PQ14-NiNPs.

3.2. Surface Activity

3.2.1. Surface Tension ()) and Critical Micelle
Concentration (CMC)

Surface tension is a characteristic property of aqueous
medium due to the presence of hydrogen bonds between
water molecules. This property is strongly influenced by the
presence of adsorbed molecules at the air-aqueous phase
interface. The surface tension value of the bi-distilled water
at 25°C was reported as 71.8 mN/m.

Figures 9 and 10 represents the variation of the surface
tension of the prepared Nano cationic polyurethane
surfactants in their solutions at different concentrations at
25°C. Obviously, surface tension-concentration profiles of
the prepared Nano cationic surfactants represented two
characterized sections; the first at comparatively low
concentration values that is highly responsive for the change
in the surfactant concentration (pre-micellar region); while

the second at comparatively higher concentrations which
characterized by almost stable surface tension values (post-
micellar region). Extrapolation of the two concentration
regions determines the concentration of the micelles
formation (CMC) [17, 18]. As well, the surface tension
profiles of the prepared surfactants were used to calculate
their surface parameters in their solutions and were listed in
Table 3.

The surface tension values of the prepared surfactants
solutions are considerably lower than conventional polymeric
surfactants [17]. That can be attributed to the cationic and
Nano metals nature of the prepared surfactants. The
calculated critical micelle concentration values of the
prepared Nano cationic polyurethane surfactants are ranged
between 50x10° and 19.9x10° M at 25°C. Generally, the
critical micelle concentration values are gradually decreased
by increasing the hydrophobic chain lengths of the different
surfactant molecules.
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Figure 9. Surface tension vs. log concentration profile of the synthesized cationic Thiol polyurethane CuNp surfactants (PQ14-CuNPs, PQ16-CuNPs and

PQ18-CuNPs) at 25°C.
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Figure 10. Surface tension vs. log concentration profile of the synthesized cationic Thiol polyurethane NiNp surfactants (PQ14- NiNPs, PQ16- NiNPs and

PQI8- NiNPs) at 25°C.

3.2.2. Effectiveness (mcyc) and Efficiency (Pc,y)

The effectiveness values identify the difference between
the apparent surface tension of the bi-distilled water (Y,) and
that of the surfactant solution at the critical micelle
concentration (Ycmc), and can be calculated using Equation 1
[19]:

(1)

meme values of the prepared Nano cationic surfactants were
calculated and listed in Table 3. It is clear that the gradual
increase in the hydrophobic chain length increases the
effectiveness values of the surfactant solutions. That can be

Tieme = Yo — Yome

attributed to the gradual decrease in the surface tension of the
different surfactant solutions at their CMC values (Ycmc)
[20].

The efficiency (PC,y) is defined as the surfactant
concentration which comprises 20 mN/m depressions in the
surface tension of the surfactant solution compared to the bi-
distilled water, i.e., the surfactant concentration which has
52.1 mN/m at 25°C [21]. This value is useful in comparing
between the different surfactant series. It is clear from data in
Table 3 that the gradual increase in the hydrophobic chain
length is gradually increasing the efficiency of the prepared
surfactants.
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Table 3. Surface properties of the synthesized cationic polyurethane surfactants at 25°C.

Compound CMC, Mole/L (x10°) Yeme, MN/m Teme, MN/mM oo X10™" Mol K'em™ Ay, nm? Pc29, Mole/L (x 10°°)
PQ14-Cu NPs 50 35 36.8 19.3 8.6 2.82
PQ16-Cu NPs 40 39 32.8 16.3 10.1 2.13
PQ18-Cu NPs 32 41 30.8 12.4 13.4 1.82
PQ14- Ni NPs 39 37 34.8 15.6 10.6 0.79
PQI16- Ni NPs 31 40 31.8 14.3 11.6 1.99
PQ18- Ni NPs 19.9 42.5 29.3 13.3 12.5 1.95

3.2.3. Maximum Surface Excess (I ,,) and Minimum
Surface Area (A,,;,)

The maximum surface excess (I ,.x) values are defined as
the concentration of the surface active agent molecules at the
air-water interface at the complete coverage of surface, i.e.,
at saturation [22]. The maximum surface excess values (I ,.x)
of the prepared cationic polyurethane surfactants in their
aqueous solutions were calculated at 25°C according to
Equation 2 and listed in Table 3.

[ e = [(8y/010gC)]/[2.303RT] @)

Where, 0y/0logC: slope of pre-micellar region in surface
tension-log C profile, R: universal constant of gases, T:
absolute temperature.

The values of (0y/0log C) are the slopes of the pre-micellar
region of the surface tension profile and also called the
surface pressure. The surface pressure of the surfactant in its
solution represents the movement of the surfactant molecules
upward the interface due to the hydrophobic effect of the
surfactant molecules in the aqueous phase. The hydrophobic
effect is expressed for the process where nonpolar groups
(hydrophobe) in surfactant molecules are moved
spontaneously to the water interface. The presence of the
hydrophobes in the aqueous phase leads to formation of
cavities in the water phase to host these hydrophobe. This
leads to decrease the solubility of the hydrophobes in the
water phase, and also the corresponding CMC values; in
addition to increase the adsorption of surfactant molecules at
the interface [23]. It is clear from Table 3 that the maximum
surface excess ([.) Vvalues are gradually decreased by
increasing the hydrophobic chain length of the surfactant
molecules.

The maximum surface excess values are used to determine
the average area occupied by the adsorbed surfactant
molecules (Ap;,) at air/water interface (in A” unit) based on
Equation 3 [24]:

Amin = 1020 / [rmax- Nav] (3)

N.v: Avogadro's number (6.023x10* molecule/mole).

It is clear from Table 3 that the average area occupied by
the prepared cationic surfactants at the interface is gradually
increased by the gradual increase in the hydrophobic chains.

The surface activity of the prepared surfactants and their
comparable high adsorption tendencies at the interface and
also their compactness at this interface by increasing their
hydrophobic chain length are considered important features
in the surfactant solution and favored properties during their

application [24] as effective corrosion inhibitors for metals in
corrosive media and biocides against microorganisms.

3.2.4. Interfacial Tension and Emulsification Efficiency of
the Synthesized (Copper and Nickel Nanoparticles)
Stabilized by Cationic Thiol Polyurethane Surfactants

Interfacial tension (IT) values of the synthesized nano
cationic Thiol polyurethane surfactants were measured
between their aqueous solutions and paraffin oil at 25°C
(table 4).

The emulsification efficiency in this study was measured
as the time required for separation of 9 ml of pure water from
the emulsion formed between 10 ml of surfactant solution of
the synthesized cationic Thiol polyurethane surfactants and
10 ml of paraffin oil. Increasing the time required for
separation of the desired amount of water from the
emulsification system indicates the stability of that emulsion.

From (table 4) It is clear that the Interfacial tension and
emulsification efficiency of the synthesized surfactants
decreases with increases the hydrophobic chain length.

3.2.5. Thermodynamics of the Synthesized (Copper and
Nickel Nanoparticles) Stabilized by Cationic Thiol
Polyurethane Surfactants

The standard free energy of micellization and adsorption
of the synthesized cationic Thiol polyurethane surfactants
and its free energy of their solution at 25°C can be calculated

using the following thermodynamic equations: [25]

AGic = 2.303RTlog (CMC)
AGads = A(}mic - (0006 X Teme X Amin)

Increasing the number of methylene groups in the
hydrophobic chain length, increases its standard free energy
of micellization [26].

From (table 4) it is clear that AG,,;, and AG,4 of values of
all synthesized nano cationic Thiol polyurethane surfactants
are negative. The negativity of this values indicates the
spontaneous behavior of two process and this refer to the
equilibrium between the two phases of the surfactant
molecules (adsorbed and micellized phase) in their solutions
at constant temperature 25°C.

When the hydrophobic chain length of the synthesized
nano cationic Thiol polyurethane surfactants increase, AG
and AG,ys increases in. Also, the slightly increase of AG,g
values may be ascribed to the tendency of the molecules to
adsorb at the air-water interface until complete surface
coverage and also the slightly increase of AG;. values
indicate to the tendency of the surfactant molecules to
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migrate to the bulk of solution to form micelle. And also the
negativity values of AG,4 are greater than the corresponding
AG,.. This indicates that tendency of surfactant molecules to

be adsorbed at the air-water interface rather than escape to
the bulk of their solutions.

Table 4. Interfacial tension, Emulsification power and Thermodynamic properties of the synthesized nano cationic Thiol polyurethane surfactants at 25°C.

Compound Interfacial tension, mN/m Emulsification power/ sec. AG,46 AG i
PQ14-Cu NPs 10 15 -7.6 -5.9
PQ16-Cu NPs 12 20 -8.3 -6.0
PQ18-Cu NPs 15 34 9.4 -6.1
PQ14-Ni NPs 12 14 -8.4 -6.0
PQ16-Ni NPs 16 19 -8.9 -6.1
PQ18-Ni NPs 18 30 -9.6 -6.4

3.2.6. Antimicrobial Activity of the Synthesized Cationic
Surfactants and Their Nanostructures

The biological activities of the synthesized cationic
surfactants (PQ14, PQ16 and PQ18) and their nanostructures
with copper and nickel nanoparticles was screened against
pathogenic ~ Gram-positive  (Bacillus  subtilis  and
Staphylococcus  aureus), Gram-negative  (Salmonella
typhimurium and Escherichia coli), bacteria and also, some
pathogenic fungi (C. albicans and Asperigllus niger) using
the values of the inhibition zone diameter tests and the results

are summarized in Table 5. Data in Table 5 indicating that the
synthesized compounds have antimicrobial activity rang from
a moderate to slight high effect on Gram negative bacteria
and Gram positive bacteria and moderate effect on fungi and
high effect on yeast compared to the drug reference used.

The biological activities of surfactants often show a non-
linear dependence on their chain length, where bactericides
and fungicide activity increase by increasing hydrophobic
chain length.

Table 5. Antimicrobial activity of synthesized surfactants against pathogenic bacteria, yeast and fungi.

Bacteria

Compounds  Gram positive Gram negative Yeast Fungi
Bacillus subtilis Staphylococcus aureus Salmonella typhimurium Escherichia coli Candida albicans Aspergillus niger

Control 26 25 28 27 28 26

PQl14 23 14 0 10 17 0

PQ16 25 9 0 23 19 0

PQI18 22 0 0 21 27 0

PQ14-CuNPs 33 20 15 17 26 14

PQ16-CuNPs 12 31 13 23 28 0

PQI18-CuNPs 13 33 15 14 31 12

PQI14-NiNPs 28 19 12 15 22 11

PQ16-NiNPs 18 26 19 17 17 20

PQI8-NiNPs 11 24 12 22 18 17

It is clear that the antimicrobial activities are gradually = polyurethane surfactants higher than corresponding

increased by increasing the hydrophobic chain length. The
PQ18 surfactant showed the maximum antimicrobial
activities against the tested bacterial strains. That behavior is
depending on the surface activities of these biocides.
Increasing the hydrophobic chain length increases the
adsorption tendency of the biocide molecules at the various
surfaces (water or microorganism’s membranes). Hence, the
potent action of the molecules is increased due to their high
population at the cellular membrane [27, 28].

General observation for data in Table 5 indicates that the
Gram- positive bacteria are more resistant to the tested
compounds compared with the Gram-negative bacteria. The
data provided from the inhibition zone diameter are
describing the general behavior of the tested biocides against
the different bacterial genera. The results of the antifungal
activity obtained from the biological study showed promising
features of the tested biocides against the most pathogenic
fungal strain (C. albicans).

By inspection data in Table 5, the biological activity of
copper nanoparticle stabilized by synthesized cationic Thiol

synthesized cationic Thiol polyurethane surfactants, this can
be attributed to copper and nickel nanoparticle alone has
biological activity, so prepared surfactant capped copper and
nickel nanoparticles have higher activity, this can be
attributed to the higher surface area of prepared nanoparticles
and the acquired positive charge of prepared copper and
nickel nanoparticles in addition positive charge of cationic
surfactants, where these positive charge facilitate adsorption
at negative cell wall membrane of bacteria. In addition to the
bactericidal effect of metal nanoparticles has been attributed
to their small size and high surface to volume ratio, which
allows them to interact closely with microbial membranes
and is not merely due to the release of metal ions in solution.
A cell wall is present around the outside of the bacterial cell
membrane and it is essential to the survival of bacteria.

4. Conclusion

In this study, Novel polymeric Thiol polyurethane cationic
surfactants were prepared and characterized using different
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spectroscopic tools. The results of the study showed the
acceptable surface activities of these surfactants including
critical micelle concentration, effectiveness, and efficiency.
The maximum surface excess values showed their high
tendency towards adsorption at the interface. Average surface
area of the surfactant molecules at the interface showed their
dense arrangement at the interface, which can be applied in
several industrial applications.

The synthesized cationic Thiol polyurethane surfactants
and their nanoparticles were tested against different strain of
bacteria using inhibition zone diameters and showed good
antimicrobial activities against the tested microorganisms.
Antibacterial activity of the parent cationic Thiol
polyurethane surfactants exhibited high efficiency against the
tested microorganisms compared to the drug reference used.
The antibacterial activity of the synthesized compounds can
be referred to several factors including chemical structure
factors and surface factors. The antibacterial activities are
gradually increased by increasing the hydrophobic chain
length of the synthesized compounds. That behavior is
depending on the surface activities of these biocides.
Increasing the hydrophobic chain length increases the
adsorption tendency of the biocide molecules at the various
surfaces (water or microorganism’s membranes). Hence, the
potent action of the molecules is increased due to their high
population at the cellular membrane. Copper and Nickel
nanoparticles capped by cationic Thiol polyurethane
surfactants have higher antibacterial and antifungal activity
than the parent cationic surfactants; this can be attributed to
the higher surface area of prepared nanoparticles and their
small size and high surface to volume ratio. In addition
copper and nickel nanoparticles alone have biological
activity.
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