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ABSTRACT: 
In this work, we synthesized a series of nonionic 

polymerizable nonyl phenol ethoxylates (NPEs) as organic 

solvent-soluble surfactants in which straight, branched and 

cyclic alkyls and phenyl acted as solvophilic segment and 

polyoxyethylene, or maleate chains as solvophobic segment. 

In this respect, the new bifunctional surfmers were prepared 

by reacting polyoxyethylene 4-nonyl -2-propylene-phenol 

nonionic reactive surfactant with maleic anhydride followed 

by esterification with poly (ethylene) glycol. The 

polymerizable surfactant has high surface activity used to 

prepare crosslinked N-isopropylacrylamide (NIPAm) and 2-

Acrylamido-2-methylpropane sulfonic acid (AMPS) 

copolymer nanoogel based on nonaqueous emulsion 

copolymerization. The morphology of the NIPAAm/AMPS 

nanogels were characterized and indicated that well 

dispersed nanoparticles were prepared and used as stabilizer 

for nonaqueous polymerization of styrene and AMPS 

monomers. 

Keywords: Surface activity, Amphiphilic gel 

nanoparticles,  non-aqueous media, miniemulsion. 

 

1. INTRODUCTION 
The formation of non-aqueous emulsions in the presence of 

micro- and nano-gel stabilizers has not been extensively 

studied in the past [1]. The emulsifiers used as stabilizers for 

this type of emulsion are based on polymeric surfactant 

molecules [2]. Until recently, nanoscale polymer particles 

have been mainly gained from waterborne heterophase 

techniques in radical processes; herein nonaqueous 

emulsions were reported [3-6]. Recently solid particles alone 

have been used as emulsifiers for aqueous emulsions [7-9]. 

The adsorption of solid particles at interfaces has recently 

attracted great attentions in the preparation of materials 

science [10-12]. It has long been reported that small solid 

particles act like surfactant molecules that adsorb at 

fluid/fluid or gas/fluid interfaces and stabilize emulsions or 

foams [13-14]. For the biphasic systems consisting of two 

aprotic organic immiscible solvents, high molecular weight 

amphipolar block copolymers were developed which show 

selective solubility in both phases and give additional 

stability by sterical shielding [15].  

It is expected that the solid particles based on poly(N-

isopropylacrylamide) (PNIPAM) will be a promising 

candidate as an emulsifier for non-aqueous emulsions. 

PNIPAM possesses an amphiphilic nature because it has 

both amide groups and isopropyl groups, making it surface-

active [16]. Based on previous work this article aims to 

prepare nanogel based on crosslinked N-isopropylacrylamide 

(NIPAAm) and 2-acrylamido-2-methylpropane sulfonic acid 

(AMPS) copolymers using modified technique based on 

non-aqueous emulsion polymerization in the presence of a 

modified reactive surfactant.  

 

2. EXPERIMENTAL: 
2.1. Preparation polyoxyethylene 4-nonyl -2-propyl-

phenyl maleate ester [17]: Maleic anhydride ( MA; 2 mol) 

was reacted with Noigen RN-20 (1 mol) in the presence of 

hydroquinone (0.02 g) at 180°C in a nitrogen atmosphere for 

24hrs. The mixture was then poured into chloroform and 

carefully washed with water (5x50 mL) to remove the 

unreacted maleic anhydride. The chloroform was evaporated 

in vacuum, and the reaction yield 94% was obtained as 

brown oil. A mixture of freshly distilled poly(ethylene 

glycol) having molecular weight 400(PEG 400; 3 mols), 

NRN-20-MA  (1 mol), p-toluene sulfonic acid (PTSA; 1%) 

based on total weight of reactants and 100 ml xylene were 

allowed to heat until the theoretical water was collected 

through azotropic condensation. Xylene was distilled off 

from the reaction product by rotary evaporator under 

reduced pressure. The product was separated by salting out 

with hot saturated NaCl aqueous solution and extracted with 

isopropanol using separating funnel. The purified products 

were isolated after evaporation of isopropanol. The reaction 

products between PEG 400 and NRN-20-MA designated as 

NMA20-(PEG400)3. 

2.3. Copolymerization of NIPAm/AMPS: Crosslinked N-

isopropylacrylamide-co- 2-acrylamido-2-methylpropane 

sulfonic acid microgels, NIPAm/AMPS, were prepared 

through a modified temperature programmed. Three 

different mol ratios of NIPAm (90, 95 and 98 mol %) were 

used to copolymerize with AMPS monomers. The NIPAAm 

monomer was dissolved in 40 ml of formamide and 

preheated to 40 
o
C for 30 minute under nitrogen atmosphere. 

azobisisobutyronitrile (AIBN; 0.04 g) and (0.05 g) of NMA-

(PEG400)3 dissolved in 5 ml toluene were injected to initiate 

the polymerization. The temperature of reaction increased up 

to 55 
o
C with rate 5 

o
C per 15 minute. The monomers of 

NIPAm, AMPS, NMA-(PEG400)3 and MBA were dissolved 
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in 20 ml of formamide and mixed with AIBN dissolved in 

45 ml of toluene and then injected with rate 1 ml/minute by 

means of a syringe pump under stirring. After the feeding 

was stopped, the reaction temperature increased and kept at 

60 
o
C for 2 hrs. The resultant nanogels were purified by 

ultracentrfugation at 20000 rpm.  

 

3. RESULTS AND DISCUSSION 
It is well known that, self-association of block copolymers in 

solution has been applied to prepare polymer-based 

nanostructured materials such as micelles (spherical or 

cylindrical) and vesicles [18]. The present work aims to use 

polymerizable surfactant with a controlled structure to 

prepare nanogel materials based on nonaqueous 

polymerization with only a free-radical mechanism. The 

main idea of the present work is based on preparation of 

self-assembled core-shell nanoparticles formed by a 

hydrophobic core instead of a coacervate core, surrounded 

by a shell made of NIPAm and AMPS hydrophilic polymer. 

In our recently reported results, NMA20-(PEG400)3 

polymerizable surfactant has been synthesized and 

characterized by both FTIR and NMR analyses [17, 19]. The 

surface activity, aggregation and adsorption parameters of 

the prepared PEG-Noigen-MA polymerizable surfactants in 

water and organic solvents such as formamide, toluene and 

hexane were previously discussed [17, 19]. The data 

indicated that the   NMA20-(PEG400)3 polymerizable 

surfactants have ability to adsorb and to form self-assembled 

monolayer at air -water,  air-toluene and air-formamide 

interfaces and form aggregates in hexane solutions. Based on 

these results, we expected that the prepared NMA20-

(PEG400)3 polymerizable surfactants can be used for non-

aqueous free radical crosslinking polymerization of 

NIPAm/AMPS to produce nanogels particles which can 

serve as potential stabilizers for nonaqueous emulsions. 

NMA20-(PEG400)3 does not form a micelle by itself when 

it is dissolved in organic solvent. The hydrophobic 

interaction between NIPAm monomer and plays a primary 

role in the micellization process of NMA20-(PEG400)3. The 

NMA20-(PEG400)3 -P(NIPAm/AMPS) nanoparticles with 

semi-interpenetrating polymer network structures were first 

prepared followed by the direct polymerization of AMPS 

and NIPAAm monomers in a NMA20-(PEG400)3 

nonaqueous toluene-formamide solution containing cross-

linker MBA. It is expected that, the NMA20-(PEG400)3 

triple hydrophilic polymerizable surfactant forms micelle-

like aggregates when interacting with PNIPAm, and that the 

aggregates have much more nanostructures and 

functionalities. The procedure to prepare a core-porous shell 

structure P(NIPAAm/AMPS) nanogel consists of two steps, 

as shown in Scheme1. 3.1. morphology of NMA20-

(PEG400)3 -P(NIPAAm/AMPS) nanoparticles 

TEM was used to confirm the morphology of the dispersed 

and individual NMA20-(PEG400)3 -P(NIPAm/AMPS) 

nanoparticles to elucidate the formation of crosslinked 

nanoparticles as proposed in scheme 1 . Figure (1) 

represented TEM images of nanogels which showed detailed 

insight on the morphology of the nanogels. 

 
                    b) 

 
Scheme1: Synthesis of NMA20-(PEG400)3 -

P(NIPAm/AMPS) nanogels. 

  

(a) 

 
(b) 

 
( c ) 

 
Figure1: TEM images of NMA20-(PEG400)3-

P(NIPAm/AMPS) a) 98/2, b)95/5 and c) 

90/10 mol % nanogels. 

It seemed that the NMA20-(PEG400)3 -P(NIPAm/AMPS) 

particles showed an obvious core–shell structure with a 

black core and surrounding shadows, indicating that the 

nanogels might have an inhomogeneous cross-link density, 

which gradually decreased from the center to the periphery. 

However, as expected NIPAm/AMPS nanogels appear dark 

or with partially transparent, non-uniform periphery which 

fades towards the boundary (Figure 1a and b). This is 

because of the higher crosslinked density and complex 

interlaced structure of NIPAm/AMPS networks. PNIPAm 

was removed from P(NIPAm/AMPS) nanoparticles and a 
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porous nanogel was obtained because PNIPAm mostly 

existed in the core of the particles [20]. Interestingly 

NIPAm/AMPS and PNIPAm interpenetrating networks 

nanogels appear with a smooth, large and completely 

transparent (fades for a large distance) periphery when the 

NIPAm content increased NIPAm (98 mol %)/AMPS (2 mol 

%) (Figure 1c). They spread out completely, because of the 

hydrated free NIPAm/AMPS chains and the surface was 

completely transparent and large. TEM analysis indicated 

that the average particle diameters ranged from 160 up to 

375 nm.  

3.2. Surface Activity of the NIPAm/AMPS nanogels 

Although NIPAm/AMPS microgel was previously prepared 

in the aqueous emulsion polymerization in the presence of 

dodecylbenzene sodium sulfonate (DBSA) as emulsifier at 

NIPAm / AMPS mol ratio (79.2/18.8) [21] very little is 

known about their surface activity and interfacial behavior in 

water or organic solvent. In the present system, the prepared 

amphiphilic NMA20-(PEG400)3 -P(NIPAm/AMPS) 

particles are dissolved in organic solvent because they 

contained both a solvophobic group and a solvophilic group 

in the same molecule. The relation between the surface 

tension and time at different nanogels concentrations were 

represented in figure 2 as representative samples. 

 
 Figure2: Relation between surface tension and time for 

NMA20-(PEG400)3 -P(NIPAm/AMPS) 90/10 mol % 

nanogels in formamide at 25 
o
C. 

The data illustrated in figure 2 indicated that the nanogels 

reached the equilibrium after different time intervals when 

the concentration was lowered than 0.16 mol/L (2 Wt. %).  

These data proved that the prepared NMA20-(PEG400)3 -

P(NIPAm/AMPS) nanogels are highly adsorbed at 

air/formamide interface at concentration of 0.16 mol/L (2 Wt 

%). On the other hand the data of the surface tension 

indicated that the prepared NMA20-(PEG400)3 -

P(NIPAm/AMPS) nanogels reduced the formamide surface 

tension, from 58.2 to 30.1 mN/m, with lowering the nanogel 

concentration. The micellization, aggregation and adsorption 

of surfactants are based on the critical aggregation 

concentrations (cac), which were determined by the surface 

balance method and listed in table 1. Furthermore, it is 

expected the adsorption in a quiescent drop to be influenced 

by the size of the nanogel (i.e., smaller is faster) whereas the 

unfolding should be determined by the mobility of 

individual chain segments in the gel, which in turn is 

influenced by crosslinking content [22]. The data indicated 

that the surface tension increased with increasing the 

temperature for NMA20-(PEG400)3 -P(NIPAm/AMPS) 

(90/10 mol%), (95/5 mol%)  and (98/2 mol%).  

The concentration of NMA20-(PEG400)3 -

P(NIPAAm/AMPS) nanogels at the solvent–air interface can 

be calculated as surface excess concentration Г max. The 

surface excess concentration of NMA20-(PEG400)3 -

P(NIPAm/AMPS) nanogels at the interface can be calculated 

from surface or interfacial tension data using the following 

equation: Г max = 1/RT x (-∂ γ / ∂ ln c)T, where (−∂γ / ∂ ln c) T 

is the slope of the plot of γ versus ln c at constant 

temperature (T) and R is the gas constant (in J mol
−1

 K
−1

). 

The    Гmax values were used for calculating the minimum 

area Amin at the aqueous–air interface. From the surface 

excess concentration, the area per molecule at the interface 

is calculated using the equation: Amin = 10
16

/ N Гmax, where N 

is Avogadro’s number.  The data of Гmax, Amin, and (-∂ γ / ∂ ln 

c) were determined and listed in Table 1. As shown in 

Table1, a larger Гmax means that more NMA20-(PEG400)3 -

P(NIPAm/AMPS) nanogel particles adsorbed on the surface 

of the solution, which also means a lower surface tension. 

The lowest value of Amin obtained is 0.069 nm
2
/molecule 

suggests adsorption of NMA20-(PEG400)3 -

P(NIPAm/AMPS) nanogel with PNIPAm chain which 

oriented away from the liquid in a more tilted position. The 

Amin decreased with increasing the temperature. This can be 

attributed to fact that the Amin decreased at the surface as a 

result of enhanced molecular motion of the NIPAm/AMPS 

at higher temperature [23].  

Table1: Surface properties of the NMA20-(PEG400)3 -

P(NIPAm/AMPS) nanogels in formamide  at different 

temperatures. 

 

 

3.3. Copolymerization of Styrene/AMPS 

Polymerizable miniemulsions were formulated in 

nonaqueous media, and it is shown that these systems 

exhibit characteristics similar to those of aqueous 

miniemulsions [24]. In this work, the surface activity data of 

NMA20-(PEG400)3-P(NIPAm/AMPS) indicated that these 

particles possess excellent surface properties at 

NIPAm 

/AMPS 

Temp. 

(
o
C) 

cac 

mol/L 

 

(-∂ γ / 

∂ ln c) 

Γmax x 

10 
10

 

mol/ 

cm
2

 

 

Amin 

nm
2
/m

olecule 

90/10 25 0.14 2.9 1.16 0.143 

57 0.10 6.4 1.59 0.104 

45 0.08 6.8 1.73 0.096 

95/5 25 0.10 5.1 2.05 0.082 

57 0.08 7.4 2.18 0.076 

45 0.04 7.8 2.26 0.069 

98/2 25 0.08 6.8 1.85 0.096 

57 0.03 6.4 1.64 0.101 

45 0.01 5.3 1.48 0.112 
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air/formamide interface. In this respect, nanogels were used 

to stabilize styrene formamide emulsion. The concentration 

of NMA20-(PEG400)3-P(NIPAm/AMPS), 95/5, nanogel 

was selected and dispersed as 2 Wt % in formamide phase. 

The emulsion composition of styrene: formamide was 50: 50 

volume %. The emulsion phases stabilized by NMA20-

(PEG400)3-P(NIPAm/AMPS) particles were very stable in 

all cases. Their relative phase volumes did not change for 

more than 2 months as long as they were stored at room 

temperature. Figure 3 shows digital and optical images for 

the resulted emulsions.  

 
 Figure 3: Optical image of dispersed St/AMPS nanogels 

(10/90 mol %) nanoparticles in water. 

Upon dispersion of the NMA20-(PEG400)3 -

P(NIPAm/AMPS), 95/5 mol %, nanogels (2 Wt %) with 

formamide into styrene in the presence of AIBN initiator and 

DVB crosslinker, the self-assembly occurs, resulting in the 

formation of nanogels micelles having a hydrophobic core 

and a hydrophilic corona which assists the formation of 

styrene/AMPS particles. 

Three different types of St/AMPS copolymer were prepared 

which designated as 90/10, 50/50 and 10/90 mol %. The 

morphology of the prepared microgel was additionally 

verified by scanning electron microscopy (SEM). Typical 

SEM images of St/AMPS (10/90) and the particle size 

distribution are shown in Figure 4.  

 
Figure 9:  SEM image of St/AMPS nanogels (10/90 mol %) 

nanoparticles. 

The mostly separated particles showed a spherical shape and 

narrow particle size distribution. The SEM-based number 

average diameter was found to be ranged from 280 nm to 

480 nm. The image shows that the particles are well-

dispersed spherical particle. 

 

4. CONCLUSIONS: 

The data of analysis indicated the NMA20-(PEG400)3 

surfmer polymerized with NIPAm and AMPS to produce 

NMA20-(PEG400)3 -P(NIPAm/AMPS) nanoparticles. These 

particles showed an obvious core–shell structure with a 

black core and surrounding shadows, indicating that the 

nanogels might have an inhomogeneous cross-link density. 

The data of surface activity of nanogels in formamide 

indicated that (95/5 mol%) has uniform network and smaller 

particle size which be able to adsorb at interface and has the 

ability to reduce the surface tension more than 

NIPAm/AMPS (90/10 mol%) nanogels.  
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