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Abstract 

Novel cationic polymeric surfactants were synthesized throughout the reaction of monoester 

of triethanol amine and two saturated fatty acids (palmitic acid and stearic acid) and TDI 

(toluene diisocyanate). The obtained polyurethane (PU) then was reacted by acetyl chloride 

to yield the desired surfactants. The structures of the produced compounds were described by 

using Fourier Transform Infrared Spectroscopy (FTIR) and their average molecular weights. 

Silver nanocomposite of the prepared cationic PU surfactants were characterized via physical 

combination by chemically prepared silver nanoparticles. The structure of the silver 

composite was determined using: Ultra-violet spectroscopy, Transmission Electron 

Microscopy (TEM), and Dynamic Light Scattering (DLS) spectroscopy. The effect of the 

hydrophobic chains on the surface activities of the synthesized cationic polymeric surface 

active agents and their silver nanocomposite was studied.  
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Framework 

PU polymers are playing an imperative character in many activities because of their generally 

going mechanical properties and their skill to be moderately easily machined and molded as 

plastics, foams and elastomers. In actual, urethane materials, such as foams and elastomers, 

have been establish to be well suited for many applications. The manufacture of PU includes 

the reaction between isocyanate groups (diisocyanate) and hydroxyl groups (polyol) leading 

to urethane groups. The second reaction is the gas manufacture by the reaction of isocyanate 

groups with water to form amine and carbon dioxide gas (chemical puffing cause) in the form 

of foams [1]. The PUs are three types: flexible foams when the used polyols molecular 

weights greater than 2500 g/mole; semi-rigid foams used polyols with molecular weights of 

2000-6000 g/mole; while rigid foams used littler chain polyols with molecular weights of 200 

to 4000 g/mole [2]. PU dispersions are polymer dispersions exhibit numerous benefits 

including the low instability of organic solvent, non-toxic and non-flammability properties 

[3]. For this object, PU dispersions gained detailed study and established to more 

environmental, recyclable and well-designed substrates [4]. Among all types of polyurethane 



dispersions, cationic polyurethanes are characterized by high resistivity near the hydrolytic 

effects of acid and alkali and can be used in the mixture of leather surfactant, dye dispersants 

and cloth dying agents [5]. Organic fatty acids are renewable, environmentally friendly and 

recyclable natural materials. The introduction of fatty acids, either clean acids or mixture of 

conformist fatty acids [6] into cationic PU polymeric chains growths their eco-friendly goods. 

Additionally, the attained compounds are provided more potential purposes such as revolving 

the polymer chains to extra homogeneous by organic compounds. These types make cationic 

polyurethanes more industrially arresting fresh material in the polyurethane industry. 

Cationic polyurethane was synthesized directly by the reaction of polyurethane ingredients 

with Tung oil [7]. Additional types of cationic PU were set by functionalized compounds 

enclosing hydroxylated Tung oil from ester and/or by reaction at the double bond [8]. 

Hydroxylated Tung oil is generally used in production of PU foam. Moreover, the existence 

of hydroxyl groups is solid to switch [3]. Cationic PU surfactants had best dispersity, film-

forming facility and permanence [9], environmental affability [10]. In this study, cationic 

polyurethane surfactants and their silver nanocomposite were synthesized and their chemical 

structures were described using various analytical methods. The effect of the hydrophobic 

chains was examined on their surface activities. 

2. Experimental Techniques 

2.1 Materials 

Triethanol amine (TEA), palmitic acid and stearic acid, toluene diisocyanate, acetyl chloride, 

AgNO3 and trisodium citrate were purchased from Sigma Aldrich, Germany. 

2.2 Surfactants synthesis 

2.2.1 Synthesis of triethanol amine esters 

Triethanol amine (0.10 mole, 14.91 g) and 0.10 mole of fatty acids (palmitic acid, 25.64 g, 

stearic acid, 28.44 g) were reacted in xylene (100 mL) using Dean-Stark connection and 

condenser. The reaction was progressed under heating condition (140 oC) to result 1.8 mL of 

water. Finally, the solvent was evaporated under reduced pressure at 70 oC [12]. The obtained 

esters were designated as TP and TS for pamlitate and stearate, respectively. The chemical 

structures of products were determined using FTIR spectroscopy (Scheme 1). 

2.2.2 Synthesis of polyurethane derivatives 

Triethanol amine esters (TP and TS) (0.20 mol) and toluene diisocyanate (0.10 mol) were 

dispersed in 2-butanone (80 mL) and were heated in 500 mL one necked flask at 140 oC for 

24 h, then the reaction medium was permitted to cooled to room temperature. The solvent 

was stripped off under reduced pressure at 40 oC [11]. The yielded polyurethanes were 



washed twice by ethanol and dried in oven at 40 oC for 24 h, then designated as TPU and TPS 

for palmitate and stearate, respectively. The molecular weights of the synthesized 

polyurethanes were determined using HP-5890 gas chromatography provided with flame 

ionization detector, and the average molecular weights of the polyurethanes were found as 

2650 and 2830 g/mole for TPU and TPS (Scheme 2). 

2.2.3 Synthesis of cationic polyurethane surfactants 

The cationic polyurethane surfactants were synthesized throughout the reaction of the 

different polyurethanes TPU and TPS and acetyl chloride as quaternizing agent in acetone as 

a solvent [12] to obtain the corresponding cationic surfactants which were designated as 

PUQP and PUQS for palmitate and stearate derivatives, respectively (Scheme 3). 

2.2.4 Preparation of the Silver nanocomposites 

The colloidal silver nanocomposites of the prepared cationic quaternary polyurethanes were 

assembled by silver nanoparticles obtained from chemical reduction of silver nitrate (AgNO3) 

in using trisodium citrate as reducing agent [13]. 

2.3 Instrumentation 

FTIR spectra were noted using Genesis Fourier modifier spectrophotometer FTIRTM. Ultra 

violet-Visible spectra were noted at 200–800 nm using a 3–5 mm quartz pocket in Specord S-

600 spectrophotometer (Analytik Jena AG). TEM spectroscopy was determined using JEM-

(Jeol)-2000, Japan. Dynamic light scattering (DLS) was determined using Malvern zeta sizer 

nanoseries (Nano-ZS). 

2.4 Measurements 

2.4.1 Measurements of surface tension of the prepared surfactants 

The determination of the surface tension values of the synthesized compounds was performed 

using de-attachment method by De-Nöuy Tensiometer Krüss K-6 equipped by a platinum 

ring. Different concentrations of the prepared cationic polyurethane surfactants in deionized 

water were measured in range of 10 to 0.01 mM at 25 oC. Average of three readings of the 

noticeable surface tension values were taken as the considered values, within 2 minutes 

interval between each reading [16]. 

3. Results and Discussion 

3.1 Structure determination of the prepared intermediates and cationic surfactants 

The chemical structures of the prepared intermediates and the cationic polyurethane 

surfactants were determined using FTIR spectroscopic analysis. 

Figure 1A, B represents the FTIR spectra of the prepared triethanol amine palmitate and 

stearate. The spectra showed a characteristic broad absorption band at 3200-3500 cm-1 



characterized of O-H (carboxylic); appearance of a new band at 1724-1728 cm-1 for carbonyl 

group of the formed ester; 1124 cm-1 corresponds to CO of the ester group. 

Figure 2a,BA,B showed the FTIR spectra of the synthesized polyurethane (PUP) had the 

characteristic sharp absorption band at 3355cm-1 matched to stretching of N-H group; 2850 

and 2923 cm-1 pointed out for symmetric and asymmetric stretching of C-H groups; the band 

at 1460 cm-1 corresponds to C=C aromatic ring of toluene diisocyanate moiety; 1353 cm-1 

band attributed to stretching of C-N group and an absorption band appeared at 1106 cm-1 

pointed out to the stretching of C-O ether group, Figure 2A, B.  

Figure 3A,B represents the FTIR spectra of the synthesized cationic polyurethanes. The 

spectra showed similar absorption bands for the triethanol amine polyurethanes and also the 

appearance of a new absorption band at 1331, 1322 cm-1 corresponds to C-N+, which proves 

the formation of the quaternary cationic derivatives of palmitate derivative (Figure 3A) and 

stearate derivative (Figure 3B). 

FTIR spectroscopic analysis of the prepared esters and polyurethanes and their cationic 

derivatives were proved their chemical structures as represented in Schemes 1-3.  

3.2 Structure determination of the prepared nanocomposites 

3.2.1 Dynamic light scattering (DLS) 

The cationic silver nanocomposites were illustrated using DLS. Generally, DLS studies of the 

synthesized nanocomposite existing bimodal deliveries, (Figure 4A-B). The scattering had a 

main peak at certain particle size diameter with area intensity % for each nanocomposite. 

PUQP = 142 nm (95% area intensity) and PUQS = 118 nm (66% area intensity), Table 1. 

Size (counting size distribution) and zeta potential are essential characteristic parameters for 

nanocomposites formation [17]. 

In agreement with the obtained particle size diameter distribution (by number) (Figure 5A,-

B), the particle size was 155 nm for PUQP, and 63 nm for PUQS, silver nanocomposite. 

Noticeably, the particle size diameter range of the synthesized nanocomposite based on the 

chains of fatty acid incorporated in the polyurethane cationic derivatives [17]. The Fatty acid 

chains are dependable for the shield of the formed nanocomposite. Expanding the Fatty acid 

chain length raises the inter-particle distance between the formed silver nanocomposites. That 

avoids their congealing and consequently reduces the diameter of the assembled 

nanocomposites, Table 1. The obtained particle size diameters of the nanocomposite can be 

organized in the order: PUQSN < PUQPN. 



The polydispersity index (PDI) describes the particle size distributions of the nanocomposite. 

Larger values of PDI than 1 PDI values higher than 1 pointed out to the scattering of the 

assembled nanocomposites diameter with little intensity; though the smaller PDI values than 

unity are specified to narrow nanocomposite diameters. It is well-defined that PDI of the 

synthesized nanocomposites is lower than 1, showing the narrow size, uniform diameters and 

low scattering of the assembled nanocomposites. Clearly, PDI values are always raised for 

long fatty acid chain and ranged between 0.44 and 0.46 (Table 1). Rising PDI values by 

increasing the Fatty acid chain length shows the narrow size distribution of the molded 

nanocomposite.  

Zeta potential (ZP) terms the complete surface charge of the nanocomposite in their colloidal 

system. The aqueous phase around the nanocomposite is separated into two regions; the 

inner region of the Stern layer where the counter ions are powerfully confined, and the 

outer region where the counter ions are less connected. Inside the outer layer, there is a 

boundary at which the ions and particles are stable [18]. Once nanocomposite change by the 

effect of gravity, ions within the inner boundary change. Potential between the boundaries of 

the Stern layer and the diffused layer is the described as zeta potential. Zeta potentials give an 

idea about the potential strength of the formed nanocomposite colloidal systems. High 

negative or positive zeta potentials of the particles in the colloidal solutions repel these 

particles and there will be no inclination for the particles [19]. Obstinately, low zeta potential 

ranges of the particles will increase the particles coagulation [20]. ZPs of the prepared 

cationic polyurethane nanocomposite (Table 1) are in negative values and in the range of -

24.4 to -27.20 mV, indicating the stability of the assembled nanocomposite in their colloidal 

solutions. By other words, the coagulation of the nanoparticles is hardly happen. The results 

are in accordance with PDI and the particle size distribution values. 

3.2.2 Transmission Electron Microscope (TEM) 

The dimensions and morphology of the synthesized silver nanocomposite polyurethane 

cationic surfactants (PUQS and PUQP) were detected using transmission electron microscope 

(TEM). TEM image of the prepared silver nanoparticles indicated their spherical forms with 

narrow diameters, which indicates the uniform, spherical and mono-dispersed silver 

nanoparticles. Figure 6 displays the TEM images of the prepared cationic polyurethane 

nanocomposites. In Figure 7A-,B it can be seen from TEM spectroscopy that the particles 

are non-uniform in shape and have a particle size distribution in various ranges provisional on 

the saturated chain length of each cationic surfactant. It is obvious also that the diameter and 

shape of the silver nanoparticles did not variation after creation of the changed nanohybrids. 

Formatted: Highlight



Capping of silver nanoparticles by the changed cationic polyurethane Palmitate and stearate 

provides high protection of the silver nanoparticles. That can be monitored as no aggregation 

was happened for the silver nanoparticles. The diameter of the silver-cationic polyurethane 

Palmitate and stearate nanohybrids was increased gradually by increasing the fatty acid chain 

length. The fixing of the silver nanoparticles diameters was provided by contact with the 

cationic chains. While the aggregation prevention was delivered by the electrostatic repulsion 

occurred between the capped nanocomposites. That is in a good agreement with the values of 

zeta potential found from dynamic light scattering values (Table 1).    

3.2.3 Ultraviolet-Visible spectroscopy (UV-Vis) 

The assembling of silver nanocomposite of the prepared polyurethane cationic surfactants 

was detected using UV-Vis spectra. It is obvious in Figure 8 the presence of a strong 

absorption peak at 430 nm which is corresponded to the synthesized silver nanoparticles. The 

presence of the UV-Vis absorption peak of the pure silver nanoparticles is due to the plasma 

shell formed around the nanoparticles, which is occurred due to the absorption of the counter 

ions present in the medium of reduction reaction of AgNO3 [19]. The absorption peak of 

silver nanoparticle is quite symmetric in 360-570 nm, which implies that the diameter of the 

silver nanoparticles size formed during the reduction reaction is narrow. Figure 8 displays 

also the UV spectra of silver nanocomposite assembled by PUQP and PUQS cationic 

surfactants as stabilizing agent. The spectra of silver nanocomposite of the polyurethane 

cationic surfactants have individual absorption bands maxima in the range of 410-430 nm, 

which attributed to the plasmon adsorption of silver nanocomposite of polyurethane cationic 

surfactant. The surface plasmon absorption band is owing to the aggregation of silver 

nanocomposite in the surfactants solutions. The surface plasmon absorption band of silver 

nanoparticles vanished by the addition of the different cationic surfactants at 415 nm. Silver 

nanocomposites in their colloidal dispersions are positively charged due to the effect of the 

adsorbed counter ions on their surface. The assembling of the different cationic surfactant 

molecules on the silver nanocomposite prevents the aggregation of the silver nanoparticles 

during their Brownian motion and collision in their colloidal solutions [13]. 

3.3 Surface activity 

3.3.1 Surface activity of polyurethane cationic surfactants. 

Figure 8:- represents the surface tension versus –log concentration of the assembled cationic 

polyurethane palmitate and stearate surfactants in deionized water at 25 oC. It is shown that 

the behavior of the cationic surfactants is normally as the conservative cationic surfactants 

with the two characteristic regions, pre- and post micellar regions. The critical micelle 



concentration (CMC) ideals of these surfactants were mined obtained using extrapolation 

technique and they are registered in Table 2. The got CMC values were ranged between 

1.106 mM for PUQP and 0.07 mM for PUQS. CMC values are decreased gradually by 

increasing the fatty acid chain length from palmitic to stearic acid. The magnitude of CMC 

values registered in Table 2 revealed that the assembled cationic surfactants are micellized at 

concentrations like to some conventional cationic surfactants. [21], BRIJ 35 (0.09 mM) [22] 

and Triton X-100 (0.2 mM) [23]. The maximum CMC value was got displayed for PUQP at 

1.106 mM, while growing the fatty acid chain length decreases their CMC values 

considerably to obtain CMC of PUQS at 0.07 mM at 25 oC. The reduction in CMC ranges 

can be attributed to the rise of the molecules hydrophobicity by increasing the repeated 

methylene groups in the fatty acid chains from 15 methylene group in PUQP to 18 groups in 

PUQS. The supreme utmost surface excess (max) fixes the maximum concentration of 

surfactant molecules at the saturate air/water interface at saturation. The highest surface 

excess value fixes the ability of surfactant molecules to adsorb at the solution interface, and 

consequently the sequence of surface tension reduction in the surfactant solution will be 

parallel to the rise of surface excess values. The maximum surface excess of the assembled 

cationic polyurethane surfactants registered in Table 2 were deliberate based on their surface 

pressure ranges (max) using equation (1). 

max = - (1/nRT) (d/dlnC)   (1) 

AnywhereWhere: d/dlnC is supreme slope and R, T, C are gas constant, temperature and 

concentration  swelling the polyurethane chain length from 2 to 6 units raises the surface 

concentration to the maximum at 6 polyurethane units. A good relation is presented between 

the surface tension ranges and the supreme surface excess concentration. Increasing of fatty 

acid chains reductions the surface tension of surfactant solution due to the rise of the 

maximum surface concentration at the interface. The tendency towards adsorption at the 

interface is governed by the degree of hydrophilcity and lipophilicity of the surfactant 

molecules, which is uttered in term of HLB ranges. Hydrophilic-lipophilic balance (HLB) 

limits the behavior of the many cationic surfactants in their solutions [24] [37]. Oil soluble 

surfactants had HLB values in the values of 1-7, water dispersible surfactants had HLB in the 

range of 7-14, and water soluble surfactants had HLB in the range of 14-20. Surfactants with 

higher HLB values than 16 are effectual as solubilizing agents [25] [38]. Scheming the HLB 

values of the prepared cationic surfactants (Table 2) using Griffin's method [26] shows their 

high tendency to disband in aqueous medium and also their high solubilizing leaning. 



 

 

3.3.2 Surface activity of polyurethane cationic surfactants nanocomposites. 

Surface activity is Rrepresentsed by the surface tension versus -log concentration of the 

cationic polyurethane palmitate and stearate nanocomposite at 25 oC. It is strong evident that 

the colloidal solutions nanocomposite solutions of the cationic surfactants hasve lower 

surface activity than the fathers of the nanocomposite (PUQPN and PUQSN). The lowering 

in the surface activity can be resolute from the relatively higher surface tension ranges. The 

rise in the surface tension values of the nanocomposite than the parent cationic surfactants 

can be ascribed for three reasons. Firstly, decrease the diameter decreasing of the shaped 

nanocomposite (Table 3) rises the fraction between each other which reductions their motion 

in the colloidal solutions and also their pumping into the air-water interface [27],[35]. As a 

data, a strong cohesive force everyday between the molecules, which follow-on higher 

surface tension for the nanohybrids colloidal solutions. 

Secondly, when the concentration of the nanocomposite in the cationic polyurethane colloidal 

solutions increases, the spacing between the nanocomposites is compact filled [28], [36]. 

Hence, an attractive Vvan der Waals force is employed over the electrostatic repulsion force 

between the molecules which increases the surface tension of the cationic polyurethane 

nanocomposite in the colloidal solutions. Finally, the smaller nanocomposite exhibition, the 

higher the surface charge density liken to the larger nanocomposite [29]. As a result, the 

electrostatic repulsion forces between the nanocomposite and the aqueous phase rise. That 

enhances the adsorption into the air-water surface, which decreases the surface tension of 

smaller size nanocomposite [30]. Moreover, when the particle size of the cationic 

polyurethane nanocomposite increases, the surface area and the surface free energy 

reductions, this raises the surface tension of the nanocomposite colloidal solutions. 

Conclusion 

The manuscript showed some concluding points: 

1- Polyurethane cationic surfactants were prepared by the reaction of triethanol amine 

monoester and toluene diisocyanate followed by quaternization with acetyl chloride. 

2- The chemical structures of the prepared compounds were determined using FTIR 

spectroscopy. 

3- Silver nanocomposites of the prepared compounds were prepared by the assembling the 

cationic surfactants on silver nanoparticles. 



4- The silver nanocomposites were characterized using UV and dynamic light scattering and 

TEM analysis. 

5- The surface activity of the prepared cationic surfactants was determined by measuring 

their surface tension values. 
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Scheme 1: Structure of monoester saturated chain palmitate and stearate. 
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Scheme 3: Structure of Polyurethane cationic surfactants saturated chain palmitate and 
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Figure 1: IR spectra of: (A): Ester triethanol amine Palmitic (TEAP), (B): Ester 

triethanol amine Stearic (TEAS). 
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Figure 2: IR spectra of: (A): Polyurethane palmitate (PUP), (B): Polyurethane stearate 

(PUS). 
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Figure 3: FTIR spectra of A: Cationic polyurethane palmitate (PUQP), B: Cationic 

polyurethane stearate (PUQS). 
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Figure 4: Particle size distribution profile by intensity for silver nanocomposite of: (A) 

PUQPN and (B) PUQSN. 
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  Figure 5: Particle size distribution profile by number for silver nanocomposite of: (A) 

PUQPN and (B) PUQSN. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

SNP 

Figure 6: TEM graphs of the prepared Silver nanoparticles. 

 

PUQNS    PUQNP 

Figure 7: TEM graphs of the prepared cationic polymeric surfactants PUQSN and 

PUQPN. 

 



 

Figure 8: UV-Vis spectra of the synthesized silver nanoparticles (SNP) and 

polyurethane cationic surfactants nanocomposites for PUQSN and PUQPN. 

 
 
 

 

 

 

 

 

 

 

Figure 9: Variation of surface tension against Log concentration of the synthesized 

polyurethane cationic surfactants PUQ, PUQP and their nanocomposites PUQSN, PUQPN. 



Table1: Particle size of the synthesized nanocomposite of cationic polyurethane 

surfactants. 

Cationic 
surfactant 

Particle size by 
intensity 

Particle size by 
number 

Polydispersity 
index, 
PDI 

Zeta 
potential,

mV Diameter, 
nm 

% Diameter, nm 

PUQPN 142 94 155 0.44 -24.4 
PUQSN 118 66 63 0.46 -27.2 

 
 

 

 

Table2: Surface parameters of the synthesized polyurethane cationic surfactants. 
 

 Cationic Surfactant CMC, M HLB pC20 max, 

PUQP 1.106x10-3 17.8 5.25x10-5 9.183x-11 
PUQS 2.521x10-4 19.2 

3.55x10-6 1.203x-10 

 

 

 

 

Table3: Surface parameters of the synthesized polyurethane cationic surfactants 
nanocomposites. 

 
Cationic Surfactant CMC, M pC20 max, 

PUQPN 2.14x10-4 7.49x10-5 9.859x-11 
PUQSN 1.38x10-4 2.471x10-5 9.726x-11 

 


